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A PHASE 3 STUDY OF ENASIDENIB (ENA) VERSUS CONVEN-
TIONAL CARE REGIMENS (CCR) IN OLDER PATIENTS WITH
LATE-STAGE MUTANT-IDH2 (MIDH2) RELAPSED/REFRAC-
TORY ACUTE MYELOID LEUKEMIA (R/R AML)

C. Papayannidis1, C. DiNardo2, P. Montesinos3, A. Schuh4, P. Vyas5, 
A. Wei6, H. Ommen7, S. Semochkin8, H. Kim9, R. Larson10, 
J. Koprivnikar11, O. Frankfurt12, F. Thol13, J. Chromik14, J. Byrne15, 
A. Pigneux16, X. Thomas17, O. Salamero18, M. Vidriales19, V.
Doronin20, H. Döhner21, A. Fathi22, E. Laille23, X. Yu23, M. Hasan23, 
P. Martin-Regueira23, S. de Botton24

1IRCCSAzienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia “Seràgnoli”; 2The University of Texas MD Anderson Cancer
Center; 3Hospital Universitari i Politecnic La Fe; 4Princess Margaret
Cancer Centre; 5Oxford Biomedical Research Centre and Oxford Uni-
versity Hospitals NHS Foundation Trust, 6The Alfred Hospital and
MonashUniversity; 7AarhusUniversityHospital; 8PirogovRussianNa-
tional Research Medical University; 9Catholic Hematology Hospital,
Seoul St. Mary’s Hospital, College of Medicine, The Catholic University
of Korea; 10University of Chicago Medical Center; 11John Theurer Can-
cer Center at Hackensack University Medical Center; 12Robert H. Lurie
Comprehensive Cancer Center, Northwestern University; 13Medizinis-
che Hochschule Hannover: Zentrum Innere Medizin; 14Universi-
tatsklinikum Frankfurt; 15Nottingham University Hospitals Trust;
16Bordeaux Haut-Leveque University Hospital;  17Centre Hospitalier
Universitaire de Lyon-Sud; 18University Hospital Vall d´Hebron; 19Uni-
versity Hospital of Salamanca and IBSAL; 20City Clinical Hospital No.
40; 21UniversitätsklinikumUlm; 22MassachusettsGeneralHospitalCan-
cerCenterandHarvardMedicalSchool; 23BristolMyersSquibb; 24Gus-
tave Roussy

Prognosis is poor for older patients (pts) with R/R AML, especially if
multiple treatments (Tx) have failed. This open-label phase 3 trial en-
rolled pts age ≥60 yrs who received 2-3 prior AML Tx. Pts were first
preselected to a CCR–azacitidine (AZA; 75 mg/m2 ×7d), intermediate-
dose Ara-C (IDAC; 0.5–1.5 g/m2 ×3–6d), low-dose Ara-C (LDAC; 20
mg BID ×10d), or best supportive care (BSC) only—and then random-
ized 1:1 to ENA (100 mg QD) or preselected CCR (28d cycles). End-
points included overall survival (OS), event-free survival (EFS), time to
Tx failure (TTF), overall response rate (ORR), hematologic improve-
ment (HI), and transfusion independence (TI). Endpoints were assessed
in the ITT population, and OS was also estimated in efficacy-evaluable
(E-E) pts (≥1 dose study drug and ≥1 response assessment on-Tx). 158
pts were randomized to ENA and 161 to CCR (AZA 69, IDAC 33,
LDAC 37, BSC-only 22). Median age was 71 yrs, 21% of pts received
≥3 prior AML Tx, 40% had primary refractory AML, and 63% were ad-
verse-risk. Baseline (BL) characteristics were similar between Tx arms.
In the ENA and CCR arms, median Tx durations were 142d (3–1270)
and 36d (1–1166). 20 CCR pts (12%) and 1 ENA pt did not receive study
Tx. 47 ENA pts (30%) and 69 CCR pts (43%) received subsequent AML
Tx, including 19 CCR pts who received subsequent ENA. Median OS

(ITT) was similar with ENA and CCR: 6.5 and 6.2 mo (HR 0.86;
p=0.23); 1-yr survival rates were 37.5% vs 26.1%. Compared with CCR,
ENA significantly improved EFS, TTF, ORR, and CR and HI rates; RBC
and platelet TI favored ENA (Table 1). For pts preselected to lower-in-
tensity Tx (AZA, LDAC, or BSC; ENA 139, CCR 128), median OS was
6.8 vs 6.2 mo with ENA vs CCR (HR 0.74; p=0.029). Median OS in pts
with IDH2-R172 mutations was ~2-fold longer with ENA (n=43)vsCCR
(n=45): 14.6 vs 7.8 mo (HR 0.59; p=0.039). In E-E pts (ENA 147; CCR
129), median OS was 6.8 vs 5.7 mo (HR 0.77; p=0.047). ENA safety was
consistent with prior studies.

OS (ITT) results may be confounded by pts randomized but not
treated, early discontinuation, and subsequent Tx (including ENA)—all
higher in the CCR arm. When the effect of no Tx or early discontinuation
was reduced (E-E population), OS was improved with ENA. ENA also
prolonged OS for pts preselected to lower-intensity Tx and pts with
mIDH2-R172 AML, and meaningfully improved other efficacy end-
points. HI and TI benefits also support ENA outpatient Tx for pts with
mIDH2 R/R AML.

Accepted for presentation at EHA 2021.

Table 1. 
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EFFICACY AND SAFETY OF AVAPRITINIB IN PATIENTS WITH
ADVANCED SYSTEMIC MASTOCYTOSIS: INTERIM RESULTS
FROM THE OPEN-LABEL, SINGLE-ARM, PHASE 2 PATHFINDER
STUDY

A.M. Vannucchi1, D.J. DeAngelo2, A. Reiter3, D. Radia4, 
M.W. Deininger5, T.I. George6, J. Panse7, M. Jentzsch8, I. Alvarez-
Twose9, A. Mital10, O. Hermine11, I. Dybedal12, E.O. Hexner13, 
L.K. Hicks14, L. Span15, R. Mesa16, P. Bose17, K.M. Pettit18, 
M.L. Heaney19, S. Oh20, J. Sen21, H-M. Lin21, B.G. Mar21, J. Gotlib22

1Center for Research and Innovation of Myeloproliferative Neoplasms –
CRIMM, University of Florence, Azienda Ospedaliera Universitaria;
2Department of Medical Oncology, Dana-Farber Cancer Institute; 3De-
partment of Hematology and Oncology, University Hospital Mannheim,
Heidelberg University; 4Guy’s & St Thomas’ NHS Foundation Trust;
5Division of Hematology and Hematologic Malignancies, University of
Utah, Huntsman Cancer Institute; 6ARUP Laboratories, University of
Utah; 7Department of Oncology, Hematology, Hemostaseology and
StemCellTransplantation,UniversityHospitalRWTHAachen; 8Medical
Clinic I – Hematology, Cellular Therapy and Hemostaseology, Leipzig
University Hospital; 9Institute of Mastocytosis Studies of Castilla-La
Mancha, Spanish Reference Center of Mastocytosis; 10Department of
Hematology and Transplantology, Medical University of Gdansk; 11De-
partmentofHematology, CEREMAST, Necker–Enfants Malades Hospi-
tal, APHP and Imagine Institute, INSERM U1163, Paris University;
12Department of Hematology, Oslo University Hospital; 13Abramson
Cancer Center, University of Pennsylvania; 14Division of
Hematology/Oncology, St. Michael’s Hospital, University of Toronto;
15Department of Hematology, University Medical Center Groningen,
University of Groningen; 16Mays Cancer Center at UTHealth SanAnto-
nio MDAnderson; 17The University of Texas MDAnderson Cancer Cen-
ter; 18University of Michigan; 19Columbia University Medical Center;
20Siteman Cancer Center at Barnes-Jewish Hospital and Washington
University School of Medicine; 21Blueprint Medicines Corporation;
22DivisionofHematology,StanfordCancer Institute/StanfordUniversity
School of Medicine

Background: Treatment outcomes remain poor for patients (pts) with
advanced systemic mastocytosis (AdvSM). PATHFINDER
(NCT03580655) is a pivotal open-label, single-arm, phase 2 study eval-
uating avapritinib in pts with AdvSM.

Methods: Pts aged ≥18 years with centrally confirmed diagnosis of an
AdvSM subtype were enrolled. Primary endpoint was overall response
rate (ORR) by modified IWG-MRT-ECNM criteria. Secondary end-
points included overall survival (OS), mean baseline change in AdvSM-
Symptom Assessment Form Total Symptom Score (TSS), and safety.

Results: As of June 23, 2020, 62 pts with AdvSM received avapritinib
primarily at 200 mg orally once daily (QD); 84% pts remained on treat-
ment. Median age was 69 years (range 31–88) and 68% had prior sys-
temic therapy (55% with midostaurin). The primary endpoint was met
with an ORR of 75% (95% confidence interval [CI] 57–89) in 32 ORR-
evaluable pts at the pre-specified interim analysis (median follow-up
10.4 months; Table 1). Median time to response was 2 months (range
0.3–12); responses deepened over time. Median OS in the safety popu-
lation (N=62) was not reached; estimated 12-month OS was 86%. In the
safety population, there were ≥50% reductions from baseline for serum
tryptase (54/58; 93%), marrow mast cells (44/50; 88%), and KIT D816V
variant allele fraction (33/55; 60%). Mean TSS at baseline (n=56) was
18.3/80 (0 represents no symptoms and 80 the most severe symptoms).
Most severe symptoms were fatigue, spots, itching, flushing, and ab-
dominal pain. TSS improved rapidly from baseline at Cycle 3 which was
sustained through Cycle 11 (mean 36% improvement [P<0.001]). Com-
mon (≥25%) adverse events (AEs; any grade, Grade ≥3) were peripheral
(50%, 3%) and periorbital (48%, 3%), edema, thrombocytopenia (45%,
16%), and anemia (32%, 16%). Overall, 3 (5%) pts discontinued due to
a treatment-related AE and 3 (5%) pts discontinued due to disease pro-
gression, including 1 pt with transformation to secondary acute myeloid
leukemia. There were 3 (5%) deaths, all considered unrelated to treat-

ment. Seven (11%) pts had cognitive AEs (all Grade 1–2). One pt with
pre-treatment severe thrombocytopenia (platelets <50×109/L) had Grade
4 subdural hematoma.

Summary: Avapritinib at a 200 mg QD starting dose induced a high
rate of rapid responses (2 months) that deepened over time regardless
prior therapy. Avapritinib was generally well tolerated with few pts dis-
continuing treatment due to AEs.

Table 1. Confirmed ORR and best response by mIWG-MRT-ECNM criteria in pts with AdvSMa .

B003

PEVONEDISTAT (P) PLUS AZACITIDINE (A) VS A ALONE IN
HIGHER-RISK MYELODYSPLASTIC SYNDROMES (HR-MDS):
EFFICACY AND SAFETY RESULTS FROM STUDY P-2001
(NCT02610777)

V. Santini1, M.A. Sekeres2, J. Watts3, A. Radinoff4, M. Arnan5, 
M. Cerrano6, P. Font Lopez7, J.F. Zeidner8, M. Diez Campelo9, 
C. Graux10, J. Liesveld11, D. Selleslag12, N. Tzvetkov13, R.J. Fram14, 
D. Zhao14, S. Friedlander14, K. Galinsky14, D.V. Faller14, L. Adès15

1MDS Unit, Hematology, DMSC,AOU Careggi, University of Florence;
2Division of Hematology, Sylvester Comprehensive Cancer Center, Uni-
versity of Miami; 3Sylvester Comprehensive Cancer Center, University
of Miami; 4University Hospital Sveti Ivan Rislki; 5Hematology Depart-
ment, Institut Català d’Oncologia, Hospital Duran i Reynals, IDIBELL;
6Department of Molecular Biotechnology and Health Sciences, Division
of Hematology, University of Turin; 7Hospital General Universitario
Gregorio Marañón, Instituto de Investigación Sanitaria Gregorio
Marañón IiSGM); 8University of North Carolina, Lineberger Compre-
hensiveCancerCenter; 9DepartmentofHematology,UniversityHospital
of Salamanca HUS/IBSAL), CIBERONC and Center for Cancer Re-
search-IBMCCUSAL-CSIC); 10UniversitéCatholiquedeLouvain,CHU
UCL, Namur-Godinne; 11The James P Wilmot Cancer Institute, Univer-
sity of Rochester; 12AZ Sint Jan Brugge-Oostende; 13MHAT Dr. Georgi
Stranski, Clinic of Haematology; 14Millennium Pharmaceuticals, Inc., a
wholly owned subsidiary of Takeda Pharmaceutical Company Limited;
15Hôpital Saint-Louis Hématologie Clinique

P, an investigational first-in-class inhibitor of NEDD8-activating en-
zyme, disrupts degradation of select proteins leading to cancer cell death.
Patients (pts) with HR-MDS/chronic myelomonocytic leukemia (Re-
vised International Prognostic Scoring System risk >3, including inter-
mediate [≥5% blasts], high or very high risk) or low-blast acute myeloid
leukemia (AML) naive to hypomethylating agents were randomized 1:1
to receive P (20 mg/m2 intravenously [IV] on days 1, 3, 5) + A (75 mg/m2
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IV/subcutaneously on days 1–5, 8, 9) (n=58) or A alone (n=62) in 28-
day cycles until unacceptable toxicity, relapse from complete remission
(CR) or partial remission (PR), transformation to AML or progression.
The study was powered for event-free survival (EFS: time from random-
ization to death/transformation to AML, whichever occurred first). These
analyses focus on clinical, cytogenetic and genetic factors affecting ef-
ficacy and safety in pts with HR-MDS. In the intent-to-treat population
(n=120), EFS trended longer (median 21.0 vs 16.6 months [mos]; hazard
ratio [HR] 0.67; 95% confidence interval [CI] 0.42–1.05; p=.076) with
P+A vs A. In pts with HR-MDS (n=67), baseline characteristics were
balanced between arms. EFS was longer with P+A vs A (median 20.2 vs
14.8 mos; HR 0.54; 95% CI 0.29–1.00; p=.045). For pts with high-risk
MDS, as assessed by the Cleveland Clinic model formula (n=16 per
arm), median EFS was 20.2 vs 11.7 mos (HR 0.39; 95% CI 0.17–0.90;
p=.023) and median overall survival (OS) was 24.2 vs 14.2 mos (HR
0.45; 95% CI 0.19–1.05; p=.056) with P+A vs A. Overall response rate
in response-evaluable pts (n=59, CR+PR+hematologic improvement)
was 79% with P+A vs 57% with A, with a CR rate of 52% vs 27%
(p=.050); median duration of response was 34.6 vs 13.1 mos (p=.106).
Median (range) time to AML transformation in pts who transformed
(P+A [n=5] vs A [n=9]) was 12.2 (4.6–12.6) vs 5.9 (1.7–14.8) mos. Pts
received 13.5 vs 10 cycles (median) of P+A vs A; A dose intensity was
98% (median) in both arms. Exposure-adjusted adverse event (AE) rates
were lower with P+A vs A (Table 1). Clinical activity of P+A was noted
in pts with adverse-risk mutations.

In pts with HR-MDS, P+A vs A led to longer EFS, delayed transfor-
mation to AML, nearly double the CR rate and triple the duration of re-
sponse. EFS and OS favored P+A vs A in pts with MDS assessed as
high-risk by the Cleveland Clinic model formula. Exposure-adjusted AE
rates were lower with P+A vs A, without added myelosuppression.

Table 1. Rates of AEs, SAEs and grade ≥3 AEs normalized by mean number of A cycles dosed.

*Normalized n=AE (n)/A cycles dosed (mean). A, azacitidine; AE, adverse event; P, pevo-
nedistat; SAE, serious adverse event.

B004

ECHELON-2 (NCT01777152), A RANDOMIZED, DOUBLE-
BLIND, PHASE 3 STUDY OF BRENTUXIMAB VEDOTIN + CHP
VS CHOP IN PREVIOUSLY UNTREATED PATIENTS WITH 
CD30-POSITIVE PERIPHERAL T-CELL LYMPHOMA: 5-YEAR
RESULTS

P.L. Zinzani1, T. Illidge2, S.M. Horwitz3, O.A. O’Connor4,5, B. Pro6, 
S.P. Iyer7, R. Advani8, N.L. Bartlett9, J.H. Christensen10, 
F. Morschhauser11, E. Domingo-Domenech12, G. Rossi13, W.S. Kim14,
T.A. Feldman15, T. Menne16, D. Belada17, Á. Illés18, K. Tobinai19, 
K. Tsukasaki20, S-P. Yeh21, A. Hüttmann22, K.J. Savage23, S. Yuen24, 
H. Miao25, V. Bunn25, K. Fenton26, M.A. Fanale26, M. Puhlmann26, 
L. Trümper27

1Institute of Hematology “Seràgnoli” University of Bologna; 2Division
of Cancer Services, Faculty of Biology, Medicine and Health, University
of Manchester, NIHR Biomedical Research Centre, Manchester Aca-
demicHealthSciencesCentre,ChristieHospitalNHSFoundationTrust;
3DepartmentofMedicine,LymphomaService,MemorialSloanKettering
Cancer Center; 4E. Couric Cancer Center, University of Virginia; 5TG
Therapeutics;  6Division of Hematology and Oncology, Department of
Medicine, Northwestern University Feinberg School of Medicine; 7MD
Anderson Cancer Center/University of Texas; 8Stanford Cancer Center,

Blood and Marrow Transplant Program; 9Division of Oncology, Wash-
ington University School of Medicine in St Louis; 10 Odense University
Hospital, 11CHRU de Lille, Lille cedex; 12Institut Catala D’oncologia,
L’HospitaletdeLlobregat; 13AziendaOspedalieraSpedaliCivili diBres-
cia; 14SamsungMedicalCenter; 15HackensackUniversityMedicalCen-
ter, 16Freeman Hospital; 174th Department of Internal Medicine –
Hematology,University,HospitalandFacultyofMedicine; 18Debreceni
Egyetem; 19Department of Hematology, National Cancer Center Hospi-
tal; 20SaitamaMedicalUniversity, InternationalMedicalCenter,Depart-
ment of Hematology; 21Division of Hematology and Oncology,
Department of Internal Medicine, China Medical University Hospital;
22UniversitatsklinikumEssen; 23BCCancerCentre forLymphoidCancer
andTheUniversityofBritishColumbia; 24CalvaryMaterNewcastleHos-
pital; 25Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of
Takeda Pharmaceuticals Limited; 26Seagen Inc.; 27Universitätsmedizin
Göttingen

The ECHELON-2 study established the superiority of frontline bren-
tuximab vedotin + cyclophosphamide, doxorubicin and prednisone
(A+CHP) vs cyclophosphamide, doxorubicin, vincristine and prednisone
(CHOP) in patients (pts) with untreated systemic anaplastic large cell
lymphoma (sALCL) or other CD30-expressing peripheral T-cell lym-
phomas (PTCL). At the primary analysis, A+CHP significantly improved
progression-free survival (PFS), the primary endpoint, and overall sur-
vival (OS) vs CHOP; A+CHP was the first treatment regimen to increase
OS vs CHOP in this population. We report 5-year data from ECHELON-
2. Adults with untreated CD30-positive PTCL were randomised 1:1 to
receive 6–8 cycles of A+CHP or CHOP. We report PFS per investigator
(INV) and the following key secondary endpoints: OS, PFS in sALCL,
complete remission (CR) and objective response rates (ORR) in re-
treated pts. Of 452 pts enrolled, most had sALCL (n=316 [70%]) and
most had advanced disease (27% Stage III, 53% Stage IV; 78% interna-
tional prognostic index ≥2). At data cutoff (2 Oct 2021), median follow-
up was 47.6 months for PFS and 66.8 months for OS. Hazard ratios
(HRs) for PFS per INV (0.70 [95% confidence interval [CI]: 0.53–0.91],
p=0.0077) and OS (0.72 [95% CI: 0.53–0.99], p=0.0424) favoured
A+CHP vs CHOP. Median PFS was 62.3 months (95% CI: 42.0–not
evaluable) for A+CHP vs 23.8 months (95% CI: 13.6–60.8) for CHOP.
Estimated 5-year PFS was 51.4% (95% CI: 42.8–59.4) for A+CHP vs
43.0% (95% CI: 35.8–50.0) for CHOP. Median OS was not reached in
either arm. Estimated 5-year OS was 70.1% (95% CI: 63.3–75.9) for
A+CHP vs 61.0% (95% CI: 54.0–67.3) for CHOP. In pts with sALCL,
the HR for PFS (0.55 [95% CI: 0.39–0.79]) also favoured A+CHP vs
CHOP, estimated 5-year PFS was 60.6% (95% CI: 49.5–69.9) for
A+CHP vs 48.4% (95% CI: 39.6–56.7) for CHOP. In the A+CHP arm
overall, median time to retreatment was 15.0 months (range, 3–64); 17
pts (ORR: 59%) had CR (n=11) or partial remission (n=6) after retreat-
ment with brentuximab vedotin monotherapy (n=25) or brentuximab ve-
dotin-containing regimen (n=4). Treatment-emergent peripheral
neuropathy (PN) occurred in the A+CHP (n=117) and CHOP arms
(n=124), of which, 72% and 78% had resolved or improved, respectively.

At 5 years, frontline A+CHP continued to provide clinically meaning-
ful improvement in PFS and OS vs CHOP, including ongoing remission
in ~60% of pts with sALCL, and a manageable safety profile, including
continued resolution or improvement of PN.

B005

PRELIMINARY RESULTS OF THE SEQUENTIAL CHEMOTHER-
APY-BLINATUMOMAB FRONT-LINE TRIAL FOR NEWLY DIAG-
NOSED ADULT PH-NEGATIVE B-LINEAGE ALL PATIENTS

R. Bassan1, S. Chiaretti2, I. Della Starza2,3, O. Spinelli4, A. Santoro5,
A. Vitale2, L. Elia2, A. Taherinasab2, M. Piccini6, F. Ferrara7, S. Sica8,
P. Zappasodi9, E. Borlenghi10, M. Bocchia11, C. Califano12, 
F. Di Raimondo13, F. Pane14, A. Candoni15, M. Ruggeri16, 
E. Audisio17, G. Gaidano18, P. Tosi19, M. Messina3, M.R Marino3, 
V. Arena3, A. Rambaldi4, R. Foà2

1Ospedaledell’Angelo -Mestre; 2SapienzaUniversity, 3GIMEMAFoun-
dation; 4Azienda Socio-Sanitaria Territoriale Papa Giovanni XXIII;
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5Ospedali Riuniti Villa Sofia Cervello; 6Azienda Ospedaliera Universi-
taria Careggi; 7Cardarelli Hospital; 8Università Cattolica del Sacro
Cuore; 9IRCCS Policlinico San Matteo; 10Spedali Civili Brescia; 11Uni-
versity of Siena; 12Ospedale Umberto I; 13Medical and Surgical Special-
ties,UniversityofCatania; 14Università,Federico IIHospital; 15Azienda
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Outcome of adults with Ph-negative acute lymphoblastic leukemia
(ALL) has improved, with survival rates nowadays being more than
50%, particularly for minimal residual disease (MRD) negative subjects.
To improve the rate of MRD response and of survival, in the GIMEMA
LAL2317 trial 2 doses of blinatumomab were added to chemotherapy.
The study was designed for adults with B-lineage CD19+ Ph- ALL aged
between 18 and 65 years, with the final goal of evaluating the efficacy
of blinatumomab in increasing early MRD negativity, measured by RQ-
PCR (cut-off <10-4). The trial was based on the same backbone of
GIMEMA LAL1913 with two additional blinatumomab cycles given
after early consolidation cycle 3 and late consolidation cycle 6. While
conversion to MRD negativity following blinatumomab 1 was the pri-
mary objective, the drug was given to all study patients regardless of
MRD being assessable or not. Patients were stratified for risk-oriented
therapy: very high risk (VHR, for early switch to allo-SCT) with a WBC
count >100x109/l and/or highly adverse cytogenetics/genetics; high risk
(HR) with >30x109/l WBC, a pro-B phenotype, or a late complete re-
mission (CR); and standard risk (SR) with no risk factors. HR and SR
patients were allocated to allo-SCT only if MRD-positive at weeks 10-
22. Recruitment closed in June 2020: 149 cases were enrolled (146
evaluable). 78 were male (54%), median age was 41 years (18% >55
years). 39 patients (48%) were VHR/HR, with 8.5% KMT2A+ and 28%
Ph-like. A hematological CR was achieved in 131 patients (90.4%), 7
were resistant, 7 died early and 1 was not evaluable. 85 patients were
evaluable for the primary endpoint, i.e. MRD clearance after blinatu-
momab 1. After early consolidation, 73% of patients were MRD-negative
(<10-4). This increased to 96% after blinatumomab 1 (P=0.018), with a
conversion rate of 87% among MRD+ patients (n=20/23), including
10/10 MRD+ Ph-like ALL cases. With a short median follow-up of 10
months (range 0.5-27.4), 12-month overall and disease-free survival (OS,
DFS) are 83.8% and 71.6%, respectively. Favorable prognostic factors
are age <56 years (OS 65.4% in >55 years, 88% 41-55 years and 91% in
18-40 years, P<0.001 vs age >55) and week 10 MRD negativity (OS
94%, P=0.0073; DFS 88%, P=0.0036). 15 relapses occurred, with a 12-
month relapse incidence of 11%. This preliminary analysis highlights
the efficacy of blinatumomab added to chemotherapy in increasing MRD
negativity, translating into a low early relapse rate.

B006

MINIMAL RESIDUAL DISEASE (MRD)-DRIVEN TREATMENT
PERSONALIZATION WITH SEQUENTIAL ADDITION OF IBRUTI-
NIB (IBR) TO VENETOCLAX (VEN) IN RELAPSED/REFRAC-
TORY (R/R) CHRONIC LYMPHOCYTIC LEUKEMIA (CLL): 
THE IMPROVE STUDY

L. Scarfò1,2,3, S. Heltai3, E. Albi1, E. Scarano1, L. Schiattone1, L. Farina4,
G. Gaidano5, M. Deodato6, A. Ferrario7, M. Motta8, G. Reda9, 
R. Sancetta10, M. Coscia11, M. Ladetto12, L. Laurenti13, M. Varettoni14, 
E. Perotta3, A. Capasso1, P. Ranghetti3, M. Colia1, P. Ghia1,2,3

1Strategic Research Program on CLL, IRCCS Ospedale San Raffael;
2Università Vita Salute San Raffaele; 3Laboratory of B-cell Neoplasia,
IRCCS Ospedale San Raffaele; 4Division of Hematology, Fondazione
IRCCS Istituto Nazionale dei Tumori; 5Division of Hematology, Depart-
ment of Translational Medicine, University of Eastern Piedmont; 6De-
partment of Hematology, Niguarda Cancer Center, Niguarda Hospital;
7Hematology Unit, ASST dei Sette Laghi-Ospedale di Circolo di Varese;
8Department of Hematology, ASST Spedali Civili di Brescia; 9Founda-
tion IRCCS Ca’Granda Ospedale Maggiore Policlinico; 10Hematology

Unit, Ospedale dell’Angelo; 11Division of Hematology, A.O.U. Città
della Salute e della Scienza di Torino and Department of Molecular
Biotechnology and Health Sciences, University of Turin; 12Division of
Hematology, Azienda Ospedaliera SS Antonio e Biagio e Cesare Arrig;
13Institute of Hematology, Fondazione Policlinico Universitario A.
Gemelli IRCCS; 14DivisionofHematology,Fondazione IRCCSPoliclin-
ico S. Matteo, Italy

Undetectable MRD (uMRD) has become an achievable endpoint for
patients (pts) with CLL, in particular using the BCL2 inhibitor VEN.
uMRD can be reached in a proportion of pts with VEN mono, and in a
larger fraction in combination with the BTK inhibitor IBR. This phase 2
multicenter MRD-driven Italian study aims at discontinuing treatment
upon reaching uMRD in pts with R/R CLL treated with VEN mono or
through the addition of IBR in pts who did not achieve uMRD with VEN
alone. VEN 400 mg/day was administered for 12 months. MRD in pe-
ripheral blood (PB) and bone marrow (BM) was evaluated using the
ERIC 6-color flow cytometry panel. Pts with uMRD in both PB and BM
at C12D1 discontinued VEN. Pts with detectable MRD added IBR 420
mg/day and continued both drugs up to C24D28, uMRD, progression or
toxicity. After C24D28, pts with detectable MRD continued IBR. 38 pts
started VEN, 61% were previously treated with FC+/-R; 24% carried
del(17p); 33% TP53 mutations, and 80% unmutated IGHV. Overall re-
sponse rate with VEN was 36/38 (94.7%), 19 CR and 17 PR. 17 pts
(45%) with uMRD4 in PB and BM at C12D1 discontinued VEN at
C12D28. 19 (55%) cases with detectable MRD at C12D1 added IBR to
VEN from C13D1. By combining IBR and VEN for a median of 7
months (range 3-10), 5/10 pts in PR improved to CR, 16/19 (84%)
achieved uMRD in both PB and BM (Figure 1), thus stopping both ther-
apies. The remaining 3 (16%) continued IBR. After a median follow up
of 30 months, median PFS was not reached; 3 pts progressed without
treatment need, 1 pt restarted VEN mono, 2 pts developed Richter trans-
formation. 11/33 pts (33.3%) who discontinued treatment in uMRD, after
a median observation of 30 months remain uMRD (6 treated with VEN
only). No cases of tumor lysis syndrome were reported. With prolonged
follow-up no new relevant toxicities occurred. Our updated results
demonstrated that a sequential MRD-guided approach leads to an overall
uMRD in 33/38 pts (87%) with either VEN mono or in combination with
IBR. Interestingly, 84% of pts who did not achieve uMRD after VEN
alone obtained uMRD after the addition of IBR and the remaining 3 pts
who did not obtain uMRD even after the combination, could be selected
for continuous IBR. This MRD-driven strategy allows to reach identical
depth of response in each patient with an individualized time-limited ap-
proach, avoiding treatment intensification in those who achieve uMRD,
and ultimately identifying the few pts that may benefit from continuous
treatment.

Figure 1. 
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IDECABTAGENE VICLEUCEL (IDE-CEL, BB2121), A BCMA-DI-
RECTED CAR T CELL THERAPY, IN PATIENTS WITH RE-
LAPSED AND REFRACTORY MULTIPLE MYELOMA (RRMM):
UPDATED KARMMA RESULTS

M. Cavo1, A. Oriol2, J. San-Miguel3, A. Kansagra4, D. Madduri5, 
N. Shah6, P. Moreau7, I. Yakoub-Agha8, M. Delforge9, H. Einsele10, 
H. Goldschmidt11, K. Weisel12, A. Rambaldi13, D. Reece14, P. Rodríguez-
Otero2, F. Petrocca15, J. Connarn16, P. Patel16, L. Huang16, T. Campbell16,
K. Hege16, N. Munshi17
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Pujol; 3Clinica Universidad de Navarra; 4Simmons Comprehensive
Cancer Center, UT Southwestern Medical Center; 5Mount Sinai Hospi-
tal; 6University of California San Francisco; 7Centre Hospitalier Uni-
versitairedeNantes; 8CHUdeLille,UnivLille, INSERMU1286, Infinite;
9University Hospital Leuven; 10University Hospital Würzburg;  11Uni-
versity Hospital Heidelberg; 12University Medical Center of Hamburg-
Eppendorf; 13University of Milan and ASST Papa Giovanni XXII;
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search was conducted; 16Bristol Myers Squibb;  17The LeBow Institute
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Dana-Farber Cancer Institute, Harvard Medical School

RRMM pts previously exposed to immunomodulatory agents (IMiD
agents), proteasome inhibitors (PIs) and anti-CD38 antibodies (mAbs)
have poor outcomes with subsequent treatments. In the phase 2 KarMMa
trial (NCT03361748), ide-cel, a BCMA-directed CAR T cell therapy,
showed frequent, deep, and durable responses in heavily pretreated pts
with RRMM (Munshi NC, et al. N Engl J Med 2021). Here we report
updated results for pts who had received ≥3 prior regimens (including
an IMiD agent, a PI, and an anti- CD38 mAb) and were refractory to
their last regimen per IMWG criteria. After 3 days of lymphodepletion
(cyclophosphamide 300mg/m2+fludarabine 30mg/m2) pts received 150-
450×106 CAR+ T cells (target dose levels). Endpoints included overall
response rate (ORR; primary) and complete response (CR) rate (key sec-
ondary). 

Figure 1 and Table 1. 

Other secondary endpoints included duration of response (DOR), pro-
gression-free survival (PFS), overall survival (OS) and safety. Of 140
pts enrolled, 128 received ide-cel (median age of 61 y; median of 6

[range, 3-16] prior regimens); 84% were triple-class refractory, 26%
were penta-refractory; 88% had received bridging therapy. Median fol-
low-up was 15.4 mos (data cutoff, 7 Apr 2020). ORR was 73% and the
median PFS was 8.8 mos; both increased with higher dose (Table 1). At
the highest target dose (450×106 CAR+ T cells), ORR was 81%, CR rate
was 39%, and median PFS was 12.2 mos. Responses were observed in
all subgroups, including pts with high tumor burden (71%), ex-
tramedullary disease (70%) and R-ISS stage III disease (48%). OS con-
tinues to mature and the median has not been reached (Figure 1); the
estimated 15-mo OS rate was 71%. The most common any-grade (gr)
toxicities were cytopenia (97%) and cytokine release syndrome (CRS;
84%). CRS was mostly gr 1/2; 5 pts (4%) had gr 3, 1 had gr 4 (at
300×106) and 1 had gr 5 (at 300×106) events. Investigator-identified neu-
rotoxicity was reported in 23 pts (18%; 4 pts (3%) had gr 3 and 0 had gr
≥ 4 events. Tocilizumab was used in 67 and 3 pts with CRS and neuro-
toxicity, respectively. Similarly, steroids were used in 19 and 10 pts with
CRS and neurotoxicity, respectively.

Summary/Conclusion: Updated results from the KarMMa trial con-
tinue to demonstrate deep, durable responses with ide-cel in heavily pre-
treated pts with RRMM. Efficacy and safety results reflect prior reports
and support a favorable clinical benefit-risk profile for ide-cel across the
target dose levels.

Accepted for presentation at EHA 2021.
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CPI-0610, A BROMODOMAIN AND EXTRATERMINAL DOMAIN
(BET) PROTEIN INHIBITOR, IN COMBINATION WITH RUXOLI-
TINIB, IN JAK INHIBITOR-NAÏVE MYELOFIBROSIS PATIENTS:
UPDATE OF MANIFEST PHASE 2 STUDY

F. Palandri1, J. Mascarenhas2, C. Harrison3, A. Patriarca4, T. Devos5, 
R. Rampal6, A. Vannucchi7, F. Passamonti8, A. Mead9, M. Kremyan-
skaya1, T. Somervaille10, M. Wondergem11, R. Hoffman1, K. Luptakova12,
J. Wang12, G. Colak12, J. Shao12, S. Bobba12, P. Trojer12, S. Verstovsek13,
V. Gupta14, on behalf of the MANIFEST Investigators
1IRCCSAzienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia “Seràgnoli”; 2Division of Hematology/Medical Oncology, The
Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai;  3Guy’s
andSt.Thomas’Hospital; 4AziendaOspedalieroUniversitariaMaggiore
dellaCaritàdiNovaraSCDUEmatologia; 5DepartmentofHematology,
University Hospitals Leuven and Laboratory of Molecular Immunology,
Rega Institute, KU Leuven; 6Memorial Sloan-Kettering Cancer Center;
7Azienda Ospedaliero Universitaria Careggi; 8University of Insubria,
9Oxford University Hospitals; 10Cancer Research UK Manchester Insti-
tute & The Christie Hospital; 11Department of Hematology,Academisch
Ziekenhuis Vrije Universiteit; 12Constellation Pharmaceuticals; 13De-
partment of Leukemia, University of Texas MD Anderson Cancer Cen-
ter; 14Princess Margaret Cancer Centre, University of Toronto

CPI-0610 is first-in-class, oral, small-molecule inhibitor of BET pro-
teins with potential for disease-modifying activity through altered gene
regulation of key oncogenic, fibrotic, and inflammatory factors and may
transform the standard of care in myelofibrosis (MF). CPI-0610 in com-
bination with ruxolitinib (CPI-0610 +rux) is currently being studied in
JAK-inhibitor (JAKi) treatment-naïve MF patients (pts) in Arm 3 of
MANIFEST, a global, open-label, phase 2 study. Here we report the
safety and efficacy data from Arm 3 of the ongoing MANIFEST study.

Eligibility: JAKi-treatment-naïve MF pts with DIPSS score ≥Int-2;
platelet ≥100 x 109/L; spleen volume ≥ 450 cc by CT/MRI; ≥2 symptoms
measurable (score ≥3) or a total symptom score (TSS) of ≥10 using the
MFSAF v4.0. Primary endpoint: SVR35 response (≥35% reduction in
spleen volume) at wk 24; key secondary endpoint: TSS50 response
(≥50% reduction in TSS) at wk 24. As of 29 September 2020, 78 pts
treated, 66 pts ongoing. Baseline characteristics: mean age: 67 years old;
72% male; primary MF: 54% pts; DIPSS ≥Int-2: 76% pts; IPSS ≥Int-2:
83%; 65% pts anemic (Hgb <10g/dL); median platelet: 294 x 109/L
(range: 100, 1849); median spleen volume: 1719 cc (range: 451, 4782);
median TSS: 16 (range: 0, 38); high-molecular-risk mutations: 55% pts,
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JAK2 mutation: 72%; ASXL1 mutation: 45%. At week 24, 67% (42/63)
pts achieved SVR35 (median % change from baseline: -50%; range: -
84.4%, 23.7%) and 57% (34/60) pts achieved TSS50 (median % change
from baseline: -59%; range: -100%, 225%). Additionally, 33% (16/48)
of pts had at least one grade improvement in bone marrow fibrosis. 78
pts were evaluable for safety. The most common hematological TEAEs
of any grade were anemia (33%, ≥Gr3: 30%) and thrombocytopenia
(32%, ≥Gr3: 8%). These cytopenias were generally manageable with
dose modifications. CPI-0610 + rux combination is generally well-tol-
erated in JAKi-treatment-naïve MF pts. The encouraging clinical data
demonstrate the potential for the combination treatment to provide en-
hanced efficacy as evidenced by higher SVR35 and TSS50 rates at wk
24 compared with historical data from pivotal phase 3 studies. Overall,
the data suggest that the addition of CPI-0610 to rux is potentially syn-
ergistic in JAKi-naïve MF pts. A phase 3, randomized, double blind, ac-
tive-control study to further evaluate this combination is initiated.
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REAL-LIFE PROSPECTIVE OBSERVATIONAL STUDY “CAR-T
CELL IN DIFFUSE LARGE B-CELL (DLBCL) AND PRIMARY ME-
DIASTINAL LYMPHOMAS (PMBCL)” OF THE ITALIAN SOCIETY
OF HEMATOLOGY (SIE)

A. Chiappella1, A. Guidetti1,2, A. Dodero1, S. Bramanti3, P.L. Zinzani4,
A. Santoro3, B. Casadei4, A. Di Rocco5, M. Carrabba6, P. Chiusolo7, 
M. Martino8, A.M. Barbui9, M.C. Tisi10, R. Miceli11, C. Carniti12, 
P. Corradini1,2

1Division of Hematology and Stem Cell Transplantation, Fondazione
IRCCS Istituto Nazionale dei Tumori di Milano, 2Chair of Hematology,
UniversityofMilano, 3HumanitasClinicalandResearchCenter, IRCCS,
4Institute of Hematology “Seràgnoli”, University of Bologna, 5Depart-
ment of Translational and Precision Medicine, ‘Sapienza’University of
Rome, 6Hematology and Bone Marrow Transplantation Unit, San Raf-
faele Hospital, IRCCS, 7Department of Diagnostica per Immagini, Ra-
dioterapia Oncologica ed Ematologia, Fondazione Policlinico
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Azienda Socio Sanitaria Territoriale ASST), Ospedale Papa Giovanni
XXIII, 10 Cell Therapy and Hematology, San Bortolo Hospital, 11Unit of
Clinical Epidemiology and Trial Organization; Department of Applied
Research and Technological Development, Fondazione IRCCS Istituto
Nazionale dei Tumori di Milano, 12Laboratory of Hematology, Division
of Hematology and Stem Cell Transplantation, Fondazione IRCCS Isti-
tuto Nazionale dei Tumori di Milano, Italy

Introduction: Axicabtagene ciloleucel (axi-cel) and tisagenlecleucel
(tisa-cel) are anti-CD19 chimeric antigen receptor T cells (CAR-T) reg-
istered for the treatment of relapsed/refractory (R/R) DLBCL and
PMBCL patients (pts). Methods. SIE is conducting an observational trial
aimed to: 1. register all DLBCL and PMBCL candidate to CAR-T in the
Italian authorized centers; 2. evaluate the intention to treat overall re-
sponse rate (ORR, complete [CR] and partial response [PR]), duration
of response (DOR), progression free survival (PFS) and overall survival
(OS); 3. evaluate safety in terms of cytokine release syndrome (CRS),
immune effector cell-associated neurotoxicity syndrome (ICANS) and
long-term cytopenia; 5. evaluate different CAR-T products. 

Results:Since March 2019 to January 2021, 126 pts were enrolled and
leukapheresed; 113 were infused. Clinical characteristics were: median
age 53 years (19-70), stage III/IV 77 (68%); median number of prior
lines was 3 (2-7), including 33 (29%) prior autologous stem cell trans-
plantation. For histologies, 59 (52%) were DLBCL, 18 (16%) high-grade
B-cell (HGBCL), 23 (20%) PMBCL, 13 (12%) transformed Follicular
(tFL). Bridging therapy was delivered to 97 pts (86%); all pts received
lymphodepletion. Fifty-nine (52%) infused axi-cel and 54 (48%) tisa-
cel. Median follow-up time for infused pts was 6.9 months (IQR: 3.13-
11.78). At 30-days after the infusion, the response was: 45 (40%) CR,

35 (31%) PR, with ORR of 71%. Median DOR was not reached for CR
pts, 6.6 months in PR pts. In the whole series, 6 and 12-months PFS and
OS were 54% (95% CI:45-65); 46% (95%CI:35-59) and 80%
(95%CI:71-88); 75% (95%CI:65-86), respectively. Six-months PFS and
OS by histotype were: 48% and 78% for DLBCL, 62% and 80% for
HGBCL, 66% and 80% for PMBCL, 59% and 92% for tFL. No differ-
ences between axi-cel and tisa-cel were reported. Severe (grade 3-4) CRS
was observed in only 6 (5%) pts, and severe ICANS in 11 (10%). Sixty-
one (54%) pts received tocilizumab and 38 (34%) steroids. Cytopenia
beyond 30 days was reported in 30 (27%) pts; 27 of them (24%) experi-
enced viral or bacterial infections. No toxic deaths were recorded so far.

Conclusions: In the real-life, axi-cel and tisa-cel showed an ORR sim-
ilar to those of the registrative trial, with no differences across histotypes
and CAR-T products. Toxicities are manageable, relapse beyond 6
months is a rare event. Cytopenias are an emerging problem in real-life
setting.

B010

STANDARDIZATION OF NEXT GENERATION SEQUENCING
(NGS) FOR ADVANCED MOLECULAR DIAGNOSIS OF
MYELOID NEOPLASMS, A GIMEMA LABNET (GRUPPO ITAL-
IANO MALATTIE EMATOLOGICHE DELL’ADULTO) PROJECT

C. Salvadori1,6, G. Rotunno1, E. Fabiani2, L. Bandini4, E. Ottaviani4,
V. Randazzo5, C. Agueli5, R. Cucci7, P. Fazi7, A. Santoro5, 
S. Soverini4, M.T. Voso2,3, A.M. Vannucchi1, P. Guglielmelli1

1CRIMM,CenterofResearchandInnovationofMyeloproliferativeNeo-
plasms, Azienda Ospedaliera Universitaria Careggi and Department of
Experimental and Clinical medicine, University of Florence; 2Depart-
ment of Biomedicine and Prevention, Tor Vergata University, Rome,
Italy; 3SantaLuciaFoundation, IRCCS,Neuro-Oncohematology,Rome,
Italy; 4IRCSSAzienda Ospedaliero-Universitaria di Bologna. Istituto di
Ematologia Seràgnoli. Bologna Italy; 5Department of Oncology, Os-
pedaliRiunitiVillaSofia-Cervello,Palermo, Italy; 6DepartmentofMed-
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NGS is widely used in the molecular diagnostic but there are no clear
and unique indications in the context of somatic variants. Main issues
are identifying low variant allele fraction (VAF) and the interpretation
of clinically relevant variants. Standardizing NGS methodology is crucial
to increase the reliability and reproducibility of diagnostic results in
myeloid neoplasms (MN). From 2019 GIMEMA group started the NGS
standardization activity across the board of LabNet (CML, AML, MDS)
and JakNet projects, aiming to develop shared standard procedures for
advanced molecular analysis and interpretation of variants in MN in
order to establish the analytical and clinical sensitivity and limit of de-
tection/quantification of methods. To develop such an approach, a NGS
committee including 4 referral centers (Firenze, Roma, Palermo and
Bologna) was established. Proficiency Test (PT) was developed by inter-
laboratory comparisons to determine the performance of each center. In
a 1st round of validation, the reference Seraseq Myeloid Mutation DNA
was serially diluted, by Coordinating Laboratory (CL; Firenze), with the
wild-type reference DNA (NA24385) obtaining a spectrum of 11 single
nucleotide variants (SNV) and 10 indels with VAF from 1% to 15%.
After confirming by NGS the presence of all variants, aliquots were de-
livered to each Test Laboratory (TL) to perform the in-house NGS
myeloid panel in triplicate inter/intra runs, following routine diagnostic
procedures. A 2nd round of PT was performed with 3 custom reference
DNA samples with Sanger validated critical variants. Results from 1st
PT showed that a total of 90.4% (N=684/756) variants were correctly
detected by TLs: 99.6% in the whole sample; 96.4% and 75.3% in the
1:2-1:5 diluted samples respectively. The global performance analysis
showed a positive percent agreement (PPA) value ranging from 89.4-
100% for variants with VAF from 1% to 10%. Analyzing variants ac-
cording to the type and VAF, best results of PPA was obtained for variants
with VAF>5% while the percentage decreased in indels compared to
SNVs for VAF 1-2.5% (89.4 vs 95% and 98.5 vs 99% respectively). The
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positive predicted value (PPV) was calculated only for the CL and it was
>95%. The analysis of the 2nd PT round of validation is ongoing, and
results will be showed during the meeting. Next efforts will address de-
velopment of standardized interpretation criteria for variant reporting.

B011

MUTATIONS OF THE EXPORTIN 1 (XPO1) GENE PREDICT
SHORTER TIME TO FIRST TREATMENT IN 1092 EARLY STAGE
CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS. 
TRAINING/VALIDATION STUDY

C. Favini,1 R. Moia,1 V. Ferri,1 R. Bomben,2 S. Sagiraju,1 T. Bittolo,2

L. Scarfò,3 S. Bonfiglio,3 R. Maffei,4 S. Baldoni,5 S. Raponi,6 V. Spina,7
A. Bruscaggin,7 L. Terzi di Bergamo,7 L. De Paoli,1 G. Margiotta
Casaluci,1 C. Deambrogi,1 S. Rasi,1 A. Condoluci,7 M. Schipani,1

D. Talotta,1 W. Al Essa,1 R. Adhinaveni,1 A. Patriarca,1 A. Zucchetto,2

F.M. Rossi,2 I. Del Giudice,6 P. Sportoletti,5 R. Marasca,4 P. Ghia,3

R. Foà,6 D. Rossi,7 V. Gattei,2 G. Gaidano1

1Division of Hematology, Department of Translational Medicine, Uni-
versità del Piemonte Orientale; 2Clinical and Experimental Onco-
Haematology Unit, Centro di Riferimento Oncologico, I.R.C.C.S.; 3

Division of Experimental Oncology, Università Vita-Salute, Ospedale
San Raffaele; 4Hematology Unit, Department of Medical and Surgical
Sciences, University of Modena and Reggio Emilia; 5 Institute of Hema-
tology-Centro di Ricerca Emato-Oncologica CREO), University of Pe-
rugia;6 Haematology, Department of Translational and Precision
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and Oncology Institute of Southern Switzerland

Introduction and aim: Approximately 70% of newly diagnosed
chronic lymphocytic leukemia (CLL) patients present in early Binet or
Rai stage and are managed with the watch and wait strategy. Two studies
have identified clinical and immunogenetic variables associated with
shorter time to first treatment (TTFT). We aimed at identifying novel
molecular biomarkers that may predict early treatment requirement.

Methods: In the training cohort, tumor genomic DNA, isolated at the
time of diagnosis, was analyzed in the most frequently mutated genes in
CLL with a next-generation sequencing (NGS) approach. In the valida-
tion series, the XPO1 gene was analyzed by NGS or by Sanger sequenc-
ing.

Results: In the training cohort (N=295), NGS mutational analysis
showed that XPO1 was mutated in 7 (2.4%) patients. By multivariate
analysis, XPO1 mutations (HR 4.24; 95% CI 1.72-10.44; p=0.002) and
unmutated IGHV genes (HR 3.43; 95% CI 2.08-5.67; p<0.0001) main-
tained an independent association with a shorter TTFT. In the Binet A
validation cohort (N=402), XPO1 was mutated in 15 (3.7%) patients and
was associated with a shorter TTFT (HR 2.59; 95% CI 1.36-4.96;
p=0.004) (Figure 1B). Similarly, in the Rai 0 validation cohort (N=395),
XPO1 was mutated in 8 (2.0%) patients and was associated with a shorter
TTFT (HR 6.02; 95% CI 15.03-4.96; p<0.001) (Figure 1C). In the Rai 0
validation cohort, XPO1 mutations maintained an independent associa-
tion with a shorter TTFT when corrected in multivariate analysis by the
IGHV mutational status (HR 3.31; 95% CI 1.30-8.44; p=0.012). By com-
bining the training and the validation cohorts (N=1092), a total of 30 so-
matically acquired XPO1 mutations, affected codon E571 or D624, were
identified (2.7%). Patients carrying either XPO1 E571 or D624 mutations
showed superimposable outcome in terms of TTFT (p=0.345) (Figure
1D). The integration of XPO1 mutations into the prognostic models for
Binet A (Condoluci et al., 2020) and for Rai 0 (Cohen et al., 2020) CLL
improved the C-statistics of both models (0.775 vs 0.751 and 0.755 vs
0.748, respectively).

Conclusions: Mutations of the XPO1 gene are an independent predic-
tor of shorter TTFT in early stage treatment naïve CLL patients. XPO1
mutations are conceivably gain-of-function and may enhance cell pro-
liferation. XPO1 mutational analysis might be incorporated in other prog-
nostic scores and help clinicians to refine the management of the watch
and wait strategy for early stage CLL.

Figure 1. 
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BETIBEGLOGENE AUTOTEMCEL (BETI-CEL) GENE THERAPY
FOR THE TREATMENT OF TRANSFUSION-DEPENDENT b-THA-
LASSEMIA (TDT): UPDATED LONG-TERM EFFICACY AND
SAFETY RESULTS

F. Locatelli1, E. Yannaki2, J.L. Kwiatkowski3, M.C. Walters4, 
J.B. Porter5, S. Hongeng6, A.E. Kulozik7, M.G. Sauer8, 
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Background: Beti-cel ex vivo gene therapy adds copies of a modified
HBB gene (HbAT87Q) into hematopoietic stem cells of patients with TDT,
aiming to correct the underlying cause of the disease to enable lifelong,
stable production of functional adult hemoglobin (Hb). A total of 63 pa-
tients received beti-cel in 2 completed phase 1/2 (Ph1/2) and 2 ongoing
Ph3 studies; subsequently, patients were enrolled in a long-term safety
and efficacy follow-up study (LTF-303; NCT02633943). Here, we report
LTF-303 interim results of 44 patients with up to 6.4 years [y] follow-
up (planned total: 15 y).

Methods: Endpoints include Hb levels, erythropoiesis, iron concen-
tration, transfusion independence (TI; weighted average Hb ≥9 g/dL
without packed red blood cell transfusions for ≥12 months [mo]) and
safety. Data shown as median (min–max).

Results: By 30/11/2020, 44 patients (22 each from Ph1/2 and Ph3) had
enrolled in LTF-303, with 45.6 (22.9–76.4) mo follow-up. Age at enroll-
ment in Ph3/Ph1/2 was 19.5 (7–35) years. TI was achieved and main-
tained in 15/22 (68.2%; Ph1/2) and 20/22 (90.9%; Ph3) patients.
Weighted average Hb during TI was 10.3 (Ph1/2) and 11.9 g/dL (Ph3).
In patients who achieved TI, unsupported total Hb and HbAT87Q were sta-
ble over time in Ph1/2 (Hb, HbAT87Q [g/dL] at 24 mo: 10.3 [8.6–13.7;
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n=14], 5.8 [3.4–9.6; n=15]; 60 mo: 10.6 [8.5–12.8; n=12], 7.6 [3.7–11.2;
n=10]) and Ph3 (Hb, HbAT87Q [g/dL] at 24 mo: 12.5 [9.7–14.0; n=19],
9.4 [5.0–12.4; n=19]; 36 mo: 12.3 [11.7–13.5; n=4], 10.6 [8.6–13.0;
n=7]), with higher Hb levels in Ph3 due to refinement of beti-cel manu-
facturing process. In Ph3 in patients who achieved TI, markers of dis-
erythropoiesis trended towards normal levels; soluble transferrin receptor
decreased from baseline to 24 mo (129.4 [65.9–235.3] nmol/L [n=20] to
60.0 [17.7–121.2] nmol/L [n=19]). Liver iron concentration decreased
over time in patients who achieved TI (Figure 1). No drug product-re-
lated AEs were reported >2y post-beti-cel infusion. Serious AEs after 2
y of follow-up included gonadotropic insufficiency, ectopic pregnancy,
fetal death, gallbladder wall thickening/polyp, bacteremia with neutrope-
nia, and major depression (all n=1). No deaths, replication competent
lentivirus, or insertional oncogenesis were reported.

Conclusions: After beti-cel treatment, patients with TDT maintained
TI over time with normal or near-normal Hb levels, suggesting that beti-
cel is a potentially curative treatment option for patients with TDT.

Figure 1. 
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Non Hodgkin Lymphoma 1

C001

GLOFITAMAB STEP-UP DOSING: UPDATED EFFICACY DATA
SHOW HIGH COMPLETE RESPONSE RATES IN HEAVILY PRE-
TREATED RELAPSED/REFRACTORY (R/R) NON-HODGKIN
LYMPHOMA (NHL) PATIENTS (PTS)

C. Carlo-Stella,1 M. Hutchings,2 F.C. Offner,3 F. Morschhauser,4
E. Bachy,5 M. Crump,6 A. Sureda,7 G. Iacoboni,8 C. Haioun,9
D. Perez-Callejo,10 L. Lundberg,10 J. Relf,11 E. Clark,11 D. Carlile,11

E. Piccione,12 A. Belousov,10 K. Humphrey,11 M.J. Dickinson,13

P. Corradini14
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Introduction: Glofitamab, a T-cell-engaging, bispecific, full-length an-
tibody, allows bivalent binding to CD20 (B-cells), and monovalent bind-
ing to CD3 (T-cells). In an ongoing multicenter, Phase I dose-escalation
/ expansion study (NCT03075696), 0.6–25mg glofitamab fixed-dosing
with obinutuzumab pretreatment (Gpt), showed high, durable complete
responses and manageable safety in heavily pretreated R/R NHL. Glofi-
tamab step-up dosing (SUD), in addition to Gpt, allowed dose escalation
up to 30mg to maximize efficacy, while mitigating cytokine release syn-
drome (CRS). We present updated efficacy data from glofitamab
monotherapy (mono-tx) SUD cohorts.

Methods: Gpt (1000mg) was given 7 days pre-glofitamab, i.v. SUD
of glofitamab on Day (D) 1 and 8 of Cycle (C) 1 and then at the target
dose from C2D1 (2.5/10/16mg or 2.5/10/30mg); tx continued for up to
12 C, every 21 days.

Results: 52 pts received glofitamab SUD; 17 / 35 pts received
2.5/10/16mg and 2.5/10/30mg, respectively. 28 (54%) had aggressive
(aNHL) and 24 had indolent NHL (iNHL). Median age was 68 (44–85)
years with a median of 3 (1–12) prior tx-lines. 40 (77%) / 38 (73%) pts
were refractory to their most recent / any prior CD20 tx. An updated ef-
ficacy analysis was done after a median follow-up of 6.3 months. In
aNHL, best overall response (OR) / complete metabolic response (CMR)
rates were 64% / 57%; a trend of improved response was observed with
increased target dose, with a CMR rate of 71% at 2.5/10/30mg (N=14).
Notably, 4/5 pts with mantle cell lymphoma (2.5/10/16mg, n=2;
2.5/10/30mg, n=2) had CMR. For aNHL, 13/16 CMRs are ongoing, with
8 CMRs >3 months. For pts with iNHL (N=24), OR and CMR rates were
79% and 71%, respectively; 14/17 CMRs are ongoing, with 10 CMRs
>3 months. Common AEs (Aug 2020) were CRS (64%), neutropenia
(39%), and pyrexia (33%). CRS was mostly confined to C1: 24/50 pts
had CRS after 2.5mg; 20/49 pts after 10mg; 2/16 and 8/32 pts had CRS
after 16 and 30mg (C2D1). Grade [Gr] 1/2 CRS was reported in
35%/23%. 3 pts had Gr 3 CRS; none had Gr 4/5 events. Updated data,
including biomarker data on baseline CD20 expression and CD8 levels
in the tumor, will be presented.

Conclusions: Updated data for glofitamab mono-tx SUD show higher
preliminary response rates than previously reported in pts with R/R NHL
who have failed multiple lines of tx. CRS was mostly manageable, of
low grade, and confined to the first cycle of treatment.

Previously submitted to ASCO 2021. All rights reserved. 

C002

ASPEN: RESULTS OF A PHASE 3 RANDOMIZED TRIAL OF
ZANUBRUTINIB VERSUS IBRUTINIB FOR PATIENTS WITH
WALDENSTRÖM MACROGLOBULINEMIA (WM)
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of Melbourne; 35Royal Melbourne Hospital

Background: Bruton tyrosine kinase (BTK) inhibition is an emerging
standard of care for WM.

Aim/Objective: ASPEN (NCT03053440) is a randomized phase 3
study comparing zanubrutinib (ZANU), a potent and selective BTK in-
hibitor, versus ibrutinib (IBR), a first generation BTK inhibitor, in pa-
tients with WM.

Methods: Patients with MYD88 mutation–positive (MYD88mut+) WM
were randomly assigned 1:1 to receive ZANU (160 mg twice daily) or
IBR (420 mg once daily). Patients without MYD88 mutations were as-
signed to a separate cohort to receive ZANU; these results are reported
separately. Randomization was stratified by CXCR4 mutational status
and lines of prior therapy (0 vs 1-3 vs >3). The primary end point was the
proportion of patients achieving a complete response or very good partial
response (CR+VGPR). Sample size was calculated to provide 81%
power to detect a difference in CR+VGPR rate of 35%vs15% in the sub-
set of patients with relapsed or refractory WM. Primary analysis was
planned to occur at ~12 months after the last patient enrolled.

Table 1.
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Results: In total, 201 patients were randomized to receive ZANU
(n=102) or IBR (n=99) between Jan 2017 and Jul 2018. While the treat-
ment groups were well balanced for most of the important baseline fac-
tors, more elderly patients (aged >75 years, 33.3% vs 22.2%) and more
patients with anemia (hemoglobin ≤110 g/L, 65.7% vs 53.5%) were ran-
domized to receive ZANU. At a median follow-up of 19.4 months, the
rate of VGPR was 28.4% with ZANU and 19.2% with IBR (2-sided
P=.09; Table). No CRs were observed. Rates of atrial fibrillation, con-
tusion, diarrhea, edema peripheral, hemorrhage, muscle spasms, pneu-
monia, and adverse events leading to discontinuation or death were lower
with ZANU compared with IBR. Although the rate of neutropenia was
higher with ZANU (Table 1), grade ≥3 infection rates were similar be-
tween treatment arms (17.8% vs 19.4%).

Conclusions: ASPEN is the largest phase 3 trial of BTK inhibitors in
WM and the first head-to-head comparison of BTK inhibitors in any dis-
ease. Although not statistically significant, compared with IBR, ZANU
was associated with a higher VGPR response rate and demonstrated clin-
ically meaningful advantages in safety and tolerability.

C003

ABSTRACT WITHDRAWN
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OUTCOME OF PRIMARY MEDIASTINAL B CELL LYMPHOMA
(PMBCL) AFTER DIFFERENT INDUCTION REGIMENS IN THE
PRELIMINARY ANALYSIS OF THE IELSG37 TRIAL
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Introduction: Primary mediastinal B-cell lymphoma (PMBCL) is char-
acterized by poor prognosis if an inadequate response is achieved or if
the disease relapses after induction therapy. Therefore, dose�intensive
chemoimmunotherapy regimens are widely used but their superiority
over the standard RCHOP21 regimen has not been proven by random-
ized trials. Radiotherapy (RT) can consolidate responses after induction,
but it may increase the risk of second malignancies and heart diseases.
IELSG37 trial was planned according to a non-inferiority design to
demonstrate that RT may be unnecessary in patients achieving a
metabolic complete remission. The primary-endpoint analysis per arm

will be reported when >80% will have a minimum post-treatment fol-
low-up of 30 months. Herein, we present a preliminary analysis of the
outcomes after different induction regimens in the overall population.

Methods: Patients with untreated PMBCL were enrolled in the study.
Induction therapy was chosen according to local practice among different
regimens containing a combination of rituximab and anthracyclines.
Upon central review of post-induction PET scans, responding patients
were randomized to observation versus consolidative RT. Responses
were defined according to the Lugano classification using the Deauville
5-point scale (DS). Patients progressing during induction did not have
central PET review and were assigned as DS5.

Results: 545 patients (209 men, 336 women) were enrolled and treated
with R-V/MACOP-B (n=168,31%), RCHOP14 (n=146,27%),
RCHOP21 (n=98,18%), DAEPOCH-R (n=88,16%), RmegaCHOP
(n=19,3%), other dose-intensive regimen (n=26,5%). Induction treatment
was completed in 511 patients, while 34 had an early failure. At a median
follow-up of 3 years, almost 95% of patients are alive. The rate of com-
plete metabolic responses (CR, defined by DS1-3) did not differ signif-
icantly across regimens. However, the rate of patients with a probable
induction failure (DS5) was more than 2 times higher for RCHOP21
compared to the other regimens. At univariate analysis, there was no sig-
nificant association of older age, poor PS, advanced stage, extranodal
disease, bulky, higher international prognostic index (IPI) and larger
metabolic tumor volume (MTV) with the use of RCHOP21 (Table
1).Survival analysis and Cox regression will be presented at the meet-
ing.

Conclusions: Induction therapy has a critical role on PMBCL out-
come. According to our preliminary results RCHOP21 appeared inferior
to other dose-dense/dose-intensive regimens.

Table 1.
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THE ADDITION OF ROMIDEPSIN TO CHOEP PLUS UP-FRONT
STEM-CELL TRANSPLANTATION IS NOT EFFECTIVE IN PE-
RIPHERAL T-CELL LYMPHOMA (PTCL): FIRST ANALYSIS OF
THE PHASE II FIL-PTCL13 STUDY

A. Chiappella1, C. Carniti2, A. Re3, C. Castellino4, A. Evangelista5, 
R. Ciancia6, L. Orsucci7, A. Pinto8, S.V. Usai9, A. Arcari10, F. Ilariucci11,
F.G. Rossi12, F. Benedetti13, L. Flenghi14, C. Ghiggi15, A.L. Molinari16, 
V. Stefoni17, S. Volpetti18, V.R. Zilioli19, F. Ballerini20, R. Bruna21, 
F. Cavallo22, G. Musuraca23, C. Patti24, F. Re25, M. Tani26, M. Varettoni27,
M. Zanni28, A. Dodero1, S. Pileri29, G. Ciccone5, P. Corradini1,30

1Division of Hematology and Stem Cell Transplantation, Fondazione
IRCCS Istituto Nazionale dei Tumori di Milano, 2Laboratory of Hema-
tology, Division of Hematology and Stem Cell Transplantation, Fon-
dazione IRCCS Istituto Nazionale dei Tumori di Milano, 3Hematology
Division, ASST Spedali Civili di Brescia, 4Division of Hematology,
Azienda Ospedaliera S. Croce e Carle, 5Unit of Clinical Epidemiology,
Azienda Ospedaliera e Universitaria Città della Salute e della Scienza
and CPO Piemonte, 6Onco-hematology and Stem Cell Transplantation
and Cellular Therapies, Centro di Riferimento Oncologico CROIRCCS,
7Division of Hematology, Azienda Ospedaliera e Universitaria Città
della Salute e della Scienza, 8Hematology-Oncology & Stem Cell Trans-
plantation Unit, Istituto Nazionale Tumori, Fondazione G. Pascale,
IRCCS, 9Hematology,OspedaleOncologicoArmandoBusinco, 10 Hema-
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tology Unit, Ospedale Guglielmo da Saliceto, 11Hematology, Azienda
USL-IRCCS, 12Division of Hematology, Fondazione IRCCS Cà Granda,
OM Policlinico, 13Hematology and Stem Cell Transplantation, Azienda
Ospedaliera Universitaria di Verona, 14Hematology, Azienda Os-
pedaliera di Perugia, 15Hematology, IRCCS Ospedale Policlinico San
Martino, 16Hematology, Ospedale degli Infermi, 17Institute of Hematol-
ogy “Seràgnoli”, University of Bologna, 18Clinic of Hematology, Pre-
sidio Ospedaliero Universitario “Santa Maria della Misericordia” di
Udine, ASUFC, 19Division of Hematology, ASST Grande Ospedale
MetropolitanoNiguarda, 20ClinicofHematology, IRCCSOspedalePoli-
clinico San Martino, 21Division of Hematology, Ospedale Maggiore
Della Carità, 22Division of Hematology, Department of Molecular
Biotechnologies and Health Sciences, University of Torino, 23Division of
Hematology, IRCCS Istituto Romagnolo per lo Studio dei Tumori
IRST“Dino Amadori”, 24Division of Onco-Hematology, Azienda Villa
SofiaCervello, 25HematologyandCTMO,AziendaOspedaliera-Univer-
sitaria di Parma, 26Hematology Unit, Ospedale Santa Maria delle Croci,
27Division of Hematology, Fondazione IRCCS Policlinico San Matteo,
28Division of Hematology,Azienda Ospedaliera SantiAntonio e Biagio e
Cesare Arrigo; 29Division of Haematopathology, European Institute of
Oncology IRCCS; 30Chair of Hematology, University of Milano, Italy

Introduction: Peripheral T-cell lymphomas (PTCL) are a rare disease
with a poor prognosis, even when treated with high dose chemotherapy
and stem cell transplantation (HDC + SCT). Romidepsin (Ro), a histone
deacetylase inhibitor, showed activity in relapsed or refractory PTCLs.

Methods: In the phase Ib FIL-PTCL13 (NCT02223208), we defined
14 mg/ms the maximum tolerated dose of Ro with cyclophosphamide,
doxorubicin, etoposide, vincristine, dexamethasone (CHOEP) plus HDC
+ SCT in young PTCLs patients eligible to transplant. Aim of the phase
II part of the study was to evaluate the efficacy (response rate, progres-
sion free survival, PFS, at 18-months and overall survival, OS) of the
experimental combination. The primary objective was to demonstrate a
15% increase in 18-months PFS for the combination Ro-CHOEP plus
HDC+SCT, compared to the literature data (from 55% to 70%, planned
sample size=110). Patients aged 18-65 eligible to SCT, with advanced
PTCL-NOS, angioimmunoblastic/T-helper follicular and ALK negative
anaplastic large cell lymphoma were eligible. Treatment plan consisted
of 6 courses of Ro-CHOEP every 21 days (14 mg/ms Ro day 1 and 8),
followed by cisplatin-cytarabine-dexamethasone (DHAP) with stem cell
harvest and SCT. Patients in complete response (CR) after induction pro-
ceeded to autoSCT, while those in partial response (PR), with an avail-
able HLA-matched donor, proceeded to alloSCT upfront. 

Results: From September 2017 to October 2020, 83 patients were en-
rolled into the phase II part of the study; median age was 55 years (IQR
49;59); 74 (89%) had stage III-IV and 29 (35%) IPI risk >2. An interim
analysis was performed, according to the statistical plan, when the first
75 patients were enrolled. At a median follow-up of 12 months, the es-
timated 18-months PFS was 53% (95% CI: 0.39-0.64) and the OS was
79% (95% CI: 0.66-0.87). On 74 patients evaluable for response after
induction, the overall response rate (ORR) after 6 Ro-CHOEP was 72%
(53 patients), with 59% (44 patients) complete response (CR). On 65 pa-
tients evaluable for response at the end of treatment, the ORR after SCT
was 42/65 (65%), with 36 (55%) CR. No unexpected toxicities were
recorded. 

Conclusions: The interim analysis demonstrated an 18-months PFS of
53%, that is similar to those obtained with conventional HDC+SCT, the
enrollment was stopped. In conclusion, the addition of Romidepsin to
CHOEP did not improve PFS in PTCLs eligible to SCT.

Myeloma and Monoclonal Gammopathies 1

C006

RISK OF EARLY SEVERE INFECTIONS IN NEWLY DIAGNOSED
MULTIPLE MYELOMA (NDMM) PATIENTS TREATED WITH
NOVEL AGENTS: A POOLED ANALYSIS

F. Bonello, M. D’Agostino, M. Offidani, M.T. Petrucci, 
A.M. Liberati, F. Patriarca, A. Capra, G. Benevolo, G. Gaidano, 
G. Barilà, M. Galli, N. Cascavilla, S. Aquino, S. Ballanti, 
G. Pietrantuono, S. Pulini, D. Derudas, P. De Fabritis, P. Corradini,
C. Conticello, M. Cavo, P. Sonneveld, M. Boccadoro, S. Bringhen

European Myeloma Network, Italy; European Myeloma Network, the
Netherlands

Background: Infections are a major cause of toxicity in myeloma pa-
tients. We investigated the incidence of severe infections and associated
risk-factors in NDMM patients receiving novel agents.

Methods: We pooled together data from Italian patients enrolled in
clinical trials and receiving carfilzomib-based (IST-CAR-506, IST-CAR-
561), bortezomib-based (EMN02) and lenalidomide-based (EMN01, RV-
MM-PI-0752, RV-MM-EMN-441) induction treatment. We assessed the
incidence of severe infections, defined as any grade (G)3-5 event or G2
if involving lung/lower respiratory tract (CTCAE version 4.0). Early Se-
vere Infections (ESI, occurring during the first 4 months of therapy) were
analyzed. Secondary aims were to identify risk factors for ESI and to
evaluate the impact of ESI on outcome.

Results: 1892 patients were included in the analysis. Median age was
65 years, 970 (51%) patients were transplant eligible and 922 (49%)
transplant ineligible. Overall, 1059 (56%) patients received IMiD-based
and 833 (44%) PI-based induction therapy. Median follow-up was 68
months. We recorded 436 severe infections, mainly represented by
lung/lower respiratory tract infections (50%), febrile neutropenia (23%)
and sepsis/septic shock (10%). 377 (20%) patients reported at least one
severe infection, and 129 patients (6.8%) one ESI. In a multivariate anal-
ysis (Table 1), factors associated with increased risk of ESI were ISS
stage 3 (OR 2.14, 95% CI 1.32-3.48), presence of del17p by FISH (OR
1.80, 95% CI 1.1-2.96), intermediate fit status (OR 1.88 95% CI 1.1-
3.21) and frail status (OR 2.12, 95% CI 1.08-4.18) according to IMWG
frailty score. No difference in risk of ESI was observed according to in-
duction therapy with PI vs IMiD (OR 1.10, 95%CI 0.68-1.78). In a time-
dependent Cox regression analysis adjusted for potential confounders
(age, RISS stage and performance status), the risk of disease progres-
sion/death was higher in patients with vs without ESI (median PFS 21.3
vs 31.3 months, HR 1.32, 95% CI 1.07-1.63, p<0.01). A significant im-
pact was observed also on survival (median OS 45.8 vs 95.8 months, HR
1.72, 95% CI 1.34-2.21, p<0.01).

Conclusions: 34% of patients experiencing severe infections had the
event within the first 4 months of therapy. Aggressive disease and frailty
confer a higher risk of ESI, which hamper treatment adherence and affect
PFS and OS. Risk-adapted antimicrobial prophylaxis for patients at
higher risk of infections should be evaluated in clinical trials.

Table 1.
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C007

R2-ISS, A NEW RISK STRATIFICATION MODEL IN NEWLY 
DIAGNOSED MULTIPLE MYELOMA (NDMM): ANALYSIS OF
7077 PATIENT DATA BY THE EUROPEAN MYELOMA 
NETWORK (EMN) WITHIN HARMONY BIG DATA PLATFORM
PROJECT

M. D’Agostino, J.J. Lahuerta, R. Wester, A. Waage, U. Bertsch, 
E. Zamagni, M.V. Mateos, A. Larocca, D. Dall’Olio, N.W.C.J. van de
Donk, D. Cairns, S. Rocchi, H. Salwender, J. Bladé, B. van der Holt,
G. Castellani, G. Ciccone, A. Capra, J. Dürig, S. Bringhen, 
S. Zweegman, M. Cavo, H. Goldschmidt, G. Cook, J.M. Hernandez
Rivas, J. San-Miguel, M. Boccadoro, P. Sonneveld

HARMONY Alliance

Background: In the Revised International Staging System (R-ISS)
(Palumbo, JCO 2015) 60% of pts are R-ISS2, possibly including pts with
different risk of progression/death. The EMN, within the HARMONY
project, revised the R-ISS, including also 1q copy number alterations
(CNAs).

Methods: The EMN collected NDMM data from 15 European clinical
trials in HARMONY platform. All pts received IMiD and/or PI upfront.
We evaluated the impact of each single risk feature on OS and PFS and
used the hazard of death conferred by the most significant variables to
create an additive risk score.

Table 1. Multivariate analysis on OS and PFS of the most impacting prognostic variables in the overall po-
pulation (n=7077). Score calculation and stratification into 4 risk groups according to the total additive
score in pts with complete data (n= 2227) is shown as well.

Results: 7077 NDMM pts were registered in HARMONY platform
and analyzed. Median follow-up was 75 months, median age 62 years.

In a multivariate Cox model, ISS (2 vs 1 HR 1.55 p<0.001, 3 vs 1 HR
2.02 p<0.001), del(17p) (HR 1.74, p<0.001), LDH (HR 1.65, p<0.001),
t(4;14) (HR 1.56, p<0.001) and 1q CNAs (HR 1.45, p<0.001) had the
highest impact on OS. ISS (2 vs 1 HR 1.35 p<0.001, 3 vs 1 HR 1.53
p<0.001), t(4;14) (HR 1.49, p<0.001), del(17p) (HR 1.41, p<0.001), 1q
CNAs (HR 1.37, p<0.001) and LDH (HR 1.33, p<0.001) had the highest
impact on PFS. These prognostic variables were simultaneously present
in 2227 pts and most of the remaining pts were excluded because 1q
CNAs were missing. Based on the OS impact of these risk features in
pts with complete data, we built an additive scoring system (Table 1).
Pts were stratified into 4 groups: Low [n=429 (19.3%), score 0], Low-
Intermediate [n=686 (30.8%), score 0.5-1], Intermediate-High [n=917
(41.2%), score 1.5-2.5] and High [n=195 (8.8%), score 3-5]. Each group
had significantly different OS and PFS (Figure 1A-B). Median OS was
not reached vs 109.2 vs 68.5 vs 37.9 months and median PFS was 68 vs
45.5vs30.2vs19.9 months in the above 4 risk groups, respectively. Using
this new model, R-ISS2 pts (n=1372) were better stratified into Low-In-
termediate (n=517), Intermediate-High (n=811) and High risk (n=44)

groups, confirming their highly different prognosis. Its prognostic value
was maintained also in transplant-eligible and ineligible pts, and in pts
receiving IMiDs, PIs or both.

Conclusion: This new model called “R2-ISS” may improve the current
R-ISS. About 50% of the pts are Low or Low-Intermediate risk and 50%
Intermediate-High or High risk, paving the way to risk-adapted ap-
proaches in a high number of pts. New prognostic variables can easily
be included in the future and validation in an independent cohort is
planned.

Figure 1. OS (A) and PFS (B) according to the newly defined risk groups. The dotted grey lines show the
outcome of the same cohort of pts stratified by R-ISS.

C008

HIGH LEVELS OF CIRCULATING PLASMA CELLS ARE AN IN-
DEPENDENT HIGH-RISK FEATURE IN MULTIPLE MYELOMA
PATIENTS AND THEIR PROGNOSTIC IMPACT IS MODULATED
BY THE ACHIEVEMENT OF MINIMAL RESIDUAL DISEASE 
NEGATIVITY

L. Bertamini, P. Stefanoni, P. Tacchetti, A. Ledda, A. Palmas, 
M. Gentile, S. Palmieri, O. Annibali, C. Musolino, M. Burdisso, 
A. Capra, R. Rizzi, S. Molica, C. Cellini, F. Monaco, G. De Sabbata,
M. Cea, E. Rivolti, F. Fazio, P. Musto, M. Boccadoro, F. Gay

European Myeloma Network, Italy

Introduction and aims: High levels of circulating plasma cells (CPC)
have been long known to be a marker of aggressive disease associated
with poor outcome in multiple myeloma (MM). We aimed to identify
the best prognostic cut-off value for CPC levels and to assess the impact
of high CPC levels (CPC-High) on the clinical outcome of newly diag-
nosed (ND)MM patients (pts) in the context of concomitant risk factors
and minimal residual disease (MRD) evaluation.

Methods: At diagnosis, single-platform flow cytometry was used to
sort and count CPC in patients enrolled in the multicenter randomized
FORTE clinical trial (474 NDMM pts ≤65 years). MRD was assessed
by 2nd-generation multiparameter flow cytometry (MFC, sensitivity 10-

5). Receiver Operating Characteristic (ROC) analysis was used to define
a cut-off based on PFS as outcome. Correlations between CPC-High and
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the most important baseline prognostic features were explored, and a
multivariate (MV) analysis assessed the impact of CPC-High on PFS
and OS. Finally, we evaluated the impact of baseline CPC and MRD
achievement.

Results and conclusions: At diagnosis, CPC were analyzed in 401/474
pts; the median follow-up was 44.2 months (39.6-47.9). The optimal
CPC cut-off to predict PFS was 0.07% (5 cells/ul, 0.005 x109/l). CPC-
High pts (>0.07%) were 130/401 (32%). Baseline features significantly
associated with CPC-High in a MV analysis were: high lactate dehydro-
genase, International Staging System stage II/III, amp1q, t(4;14),
t(14;16), and bone marrow PC (>60%). CPC-High, as compared with
CPC-Low, were associated with lower PFS (3-year PFS 47% vs 78%,
HR 2.49, 95% CI 1.76-3.51, P<0.0001; Figure 1A) and OS (3-year OS
78% vs 93%, HR 2.85, 95% CI 1.56-5.19, P<0.001; Figure 1B) in a MV
analysis including all the baseline features and treatment arm. The prog-
nostic impact of CPC levels on PFS was consistent in all high-risk sub-
groups (Figure 1C), except in patients who achieved pre-maintenance
MRD negativity [(neg); interaction P=0.03]. CPC-Low_MRD-neg pts
showed the best outcome (3-year PFS 84%), while CPC-Low_MRD-
positive (pos) and CPC-High_MRD-neg pts had similar 3-year PFS
(70% vs 68%). CPC-High_MRD-pos pts had a dismal outcome (3-year
PFS 32%; Figure 1D). Elevated CPC levels with a cut-off of 0.07% (5
cells/ul, 0.005 x109/l) are a strong and independent high-risk factor pre-
dicting shorter PFS and OS even in the context of other high-risk fea-
tures. MRD negativity improved the poor prognosis of CPC-High
patients.

Figure 1. 

C009

SURVIVAL ANALYSIS OF NEWLY DIAGNOSED TRANSPLANT-
ELIGIBLE MULTIPLE MYELOMA PATIENTS ENROLLED IN THE
RANDOMIZED FORTE TRIAL

R. Mina, S. Rocchi, M.T. Petrucci, A. Ledda, A. Palmas, M. Gentile,
F. Monaco, O. Annibali, P. Galieni, T. Villanova, A. Capra, P. Curci,
N. Pescosta, F. Pisani, P. Tosi, A. Pascarella, S. Ballanti, M. Grasso,
P. Corradini, P. Musto, M. Boccadoro, F. Gay

European Myeloma Network, Italy

Background: The phase II FORTE study investigated the role of KRd
induction-ASCT-KRd consolidation (KRd_ASCT) vs 12 KRd cycles
(KRd12) vs KCd induction-ASCT-KCd consolidation (KCd_ASCT) in
newly diagnosed multiple myeloma (NDMM) patients (pts) eligible for
ASCT and that of KR vs R maintenance.

Methods: Pts ≤65 years were first randomized (R1) to 4 KRd induction
cycles, MEL200-ASCT and 4 KRd consolidation cycles (KRd_ASCT)
or 12 KRd cycles without ASCT (KRd12) or 4 KCd induction cycles,
MEL200-ASCT and 4 KCd consolidation cycles. Thereafter, pts were
randomized (R2) to maintenance with KR or R alone.

Figure 1. 

Results: A total of 474 NDMM pts were randomized to KRd_ASCT
(n=158), KRd12 (n=157) or KCd_ASCT (n=159). After a median fol-
low-up from R1 of 45 months (m), median progression-free survival
(PFS) was not reached with KRd_ASCT, 57 m with KRd12 and 53 m
with KCd_ASCT (KRd_ASCT vs KCd_ASCT: HR 0.53, P<0.001;
KRd_ASCT vs KRd12: HR 0.64, P=0.023; KRd12 vs KCd_ASCT: HR
0.82, P=0.262). The PFS benefit of KRd_ASCTvsboth KCd_ASCT and
KRd12 was consistent in most subgroups (Figure 1). The 3-year overall
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survival (OS) was 90% with KRd_ASCT and KRd12 vs 83% with KCd.
356 pts (KR, n=178; R, n=178) were randomized to maintenance. After
a median follow-up from R2 of 31 m, 46% of MRD-positive pts at ran-
domization in the KR arm turned negative, as compared to 32% in the R
arm (P=0.04). By ITT analysis, the 3-year PFS from R2 was longer in
KR vs R (75% vs 66%; HR 0.63; P=0.026). The PFS benefit of KR vs R
was observed in most subgroups (Figure 1). 3-year OS was 90% in both
arms. During maintenance, the rate of ≥1 grade (G)3-4 hematologic ad-
verse events (AEs)/serious (S)AEs was similar in the 2 arms (KR 22%
vs R 23%); the most frequent were neutropenia (KR 18% vs R 21%) and
thrombocytopenia (KR 3% vs R 3%). The rate of ≥1 G3-4 non-hemato-
logic AEs/SAEs was higher with KR (27%) than with R (15%, P=0.012);
the most frequent were infections (KR 4% vs R 7%); all other events
were reported in ≤5% of pts and included: gastrointestinal (KR 5% vs R
2%), cardiac (KR 4% vs R 1%), hypertension (KR 3% vs R 0%) and
thrombotic microangiopathy (3% vs 0%). Dose reductions of R were re-
ported in 23% of KR and 29% of R pts; dose reductions of K were re-
ported in 20% of pts. The rate of discontinuation due to AEs was similar
in the 2 arms (KR 10% vs R 9%).

Conclusions: Treatment with KRd_ASCT significantly improved PFS,
as compared with both KRd12 and KCd_ASCT. Maintenance with KR
also improved PFS vs R.

C010

HORIZON (OP-106): MELFLUFEN PLUS DEXAMETHASONE
(DEX) IN 55 PATIENTS (PTS) WITH RELAPSED/REFRACTORY
MULTIPLE MYELOMA (RRMM) WITH EXTRAMEDULLARY 
DISEASE (EMD)—SUBGROUP ANALYSIS

E. Zamagni1, P.G. Richardson2, M.V. Mateos3, A. Oriol4, A. Larocca5, 
M. Cavo1, P. Rodríguez-Otero6, X. Leleu7, M. Norkin8, O. Nadeem2,
J.W. Hiemenz9, H. Hassoun10, C. Touzeau11, A. Alegre12, A. Paner13, 
C. Maisel14, A. Mazumder15, A. Raptis16, N. Puig3, M. Thuresson17, 
J. Harmenberg17, O. Harlin17, J. Bladé18

1IRCCSAzienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia “Seràgnoli”, Dipartimento di Medicina Specialistica, Diagnos-
tica e Sperimentale - Università di Bologna, Bologna, Italy; 2Harvard
Medical School, Boston, MA, USA; 3Hospital Clínico Universitario de
Salamanca/IBSAL/CIC, Salamanca, Spain; 4Hospital Germans Trias i
Pujol, Badalona, Spain; 5University of Torino, Azienda Ospedaliero –
Universitaria Città della Salute e della Scienza, Torino, Italy; 6Clínica
Universidad de Navarra, Pamplona, Spain; 7CHU de Poitiers, Poitiers,
France; 8Baptist MD Anderson Cancer Center, Jacksonville, FL, USA;
9University of Florida, Gainesville, FL, USA; 10 Memorial Sloan Ketter-
ing Cancer Center, New York, NY, USA; 11Université de Nantes, Nantes,
France; 12Hospital Universitario La Princesa and Hospital Universi-
tario Quironsalud, Madrid, Spain; 13Rush University Medical Center,
Chicago, IL, USA; 14Scott & White Charles A. Sammons Cancer Center,
Dallas,TX,USA; 15TheOncologyInstituteofHopeandInnovation,Glen-
dale, CA, USA; 16University of Pittsburgh School of Medicine, Pitts-
burgh, PA, USA; 17Oncopeptides AB, Stockholm; 18IDIBAPS, Hospital
Clinic, Barcelona, Spain

Background: Prognosis for pts with EMD is poor, particularly in the
RRMM setting and no standard therapy has been established for this
high-unmet need population. Melphalan flufenamide (melflufen) is a
first-in-class peptide-drug conjugate that targets aminopeptidases and
rapidly releases alkylating agents into tumor cells. In the phase 2 HORI-
ZON study (NCT02963493), melflufen + dex showed clinically mean-
ingful efficacy and a manageable safety profile in pts with heavily
pretreated RRMM and triple-class–refractory MM. This analysis exam-
ines pts with EMD in HORIZON.

Methods: Pts with RRMM (≥2 lines of prior therapy; refractory to po-
malidomide and/or an anti-CD38 monoclonal antibody) received
melflufen 40 mg (intravenous; d1 of each 28-d cycle) and dex 40 mg/wk.
The primary endpoint was overall response rate (ORR; ≥ partial re-
sponse; investigator-assessed per International Myeloma Working Group
[IMWG] criteria). Secondary endpoints included progression-free sur-

vival (PFS), overall survival (OS), duration of response (DOR), and
safety. For pts with known or suspected EMD (isolated soft-tissue and/or
bone-related extramedullary plasmacytomas with soft-tissue extension)
an assessment was required at screening and to confirm a response per
IMWG criteria.

Results: Of 157 pts enrolled and treated (data cutoff, Jan 14, 2020),
55 (35%) had EMD (49% soft-tissue and 51% bone-related soft-tissue
plasmacytoma). In pts with EMD (median age 64 y [range, 43-82]), 60%
had disease that was refractory to prior alkylator therapy and 91% had
triple-class–refractory MM. ORR (95% CI) was 24% (13-37) in pts with
EMD and 29% (22-37) overall (N=157). In the overall population, me-
dian (95% CI) DOR was 5.5 mo (3.9-7.6), PFS was 4.2 mo (3.4-4.9),
and median OS was 11.6 mo (9.3-15.4). Efficacy results of pts with EMD
are shown in the Table 1. Grade 3/4 treatment-emergent adverse events
(TEAEs) occurred in 89% of the overall population and 78% of pts with
EMD. In pts with EMD, the most common grade 3/4 TEAEs were ane-
mia (42%), thrombocytopenia (40%), and neutropenia (38%). Overall,
no treatment-related deaths were reported.

Conclusions: Melflufen + dex showed activity in advanced RRMM
with EMD and a consistent safety profile with previous reports. To date,
this study provides the largest cohort of pts with EMD, demonstrating
benefit in this population with a high unmet medical need and supporting
further evaluation of melflufen + dex in RRMM with EMD.

Table 1. Efficacy Summary for Patients With EMD.
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UPDATED RESULTS OF THE GIMEMA LAL2116, D-ALBA
TRIAL, FOR NEWLY DIAGNOSED ADULTS WITH PH+ ALL

S. Chiaretti1, R. Bassan2, A. Vitale1, L. Elia1, M. Messina3, P. Viero2,
M. Annunziata4, M. Lunghi5, F. Fabbiano6, M. Bonifacio7, 
N. Fracchiolla8, P. Di Bartolomeo9, L. Gorreo Renzulli3, 
M.S. De Propris2, M. Vignetti3, A. Guarini2, A. Rambaldi10, R. Foà2

1Sapienza University; 2Ospedale dell’Angelo; 3GIMEMA Foundation,
4Cardarelli Hospital; 5AOU Maggiore della Carità; 6Ospedali Riuniti
Villa Sofia Cervello; 7Medicine, Verona University; 8IRCCS Ca’Granda
OspedaleMaggiorePoliclinico; 9OspedaleCivile; 10 AziendaSocio-San-
itaria Territoriale Papa Giovanni XXIII, Italy

The outcome of Philadelphia-positive acute lymphoblastic leukemia
(Ph+ ALL) has dramatically changed since the advent of TKIs. To further
improve the outcome of these cases, we designed an induction/consoli-
dation chemo-free trial (GIMEMA LAL2116, D-ALBA) based on the
administration of dasatinib plus steroids followed by at least two cycles
of blinatumomab (maximum 5) and central nervous system (CNS) pro-
phylaxis. The first results have been published (Foà et al., NEJM 2020):
after the 2nd cycle of blinatumomab, a molecular response was achieved
in 60% of cases, which increased after additional cycles of blinatu-
momab, translating into an overall survival (OS) and disease-free sur-
vival (DFS) of 95% and 88%, respectively. To provide an update of the
study, patients were followed for 12 months and data on subsequent treat-
ment and survival are being collected in the ancillary study GIMEMA
LAL2217. As reported, 63 patients were enrolled (median age 54 years,
range 24-82; no upper age limit); the median follow-up is now 27.2
months (range 0.9-45.2). 3 additional relapses were observed (total= 9):
4 hematologic, 4 at the CNS and 1 nodal; 3additional deaths in complete
hematologic remission (CHR) were recorded (total=6). Of the 58 evalu-
able patients who started blinatumomab, 29 were allografted. Prior to
transplant, 8 patients received 2 and 3 cycles of blinatumomab, respec-
tively, 5 received 4 cycles and 6 5 cycles (2 patient were allografted after
1 cycle, for medical decision). Five deaths occurred, 2 in patients trans-
planted in 2nd CHR. Within not-transplanted patients, 29 continued treat-
ment with a TKI: 21 continued with dasatinib alone, 3 switched to
imatinib due to intolerance and 5 switched to ponatinib for a molecular
increase or medical decision: in the latter group, 1 CNS relapse was ob-
served. In the update, the 24 months estimated OS is 87.8% and DFS is
79.8%; DFS was significantly better in patients achieving a molecular
response (both complete molecular remission and positive non-quantifi-
able response) than in those who did not (100% vs75.9%, p=0.028). Fur-
thermore, we confirm the inferior DFS for patients carrying an
IKZF1-plus genotype compared to cases with no IKZF1 deletions or with
IKZF1 deletions alone (84.5% vs 54.5%, p=0.026). Finally, a low trans-
plant-related mortality rate was recorded. Notably, among the few re-
lapses, we observed a rather high incidence of CNS involvement; thus,
in the upcoming trial, CNS prophylaxis will be increased. 
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COMBINING THE EXPRESSION OF CD33.CAR AND CXCR4 TO
AUGMENT CAR-CIKS HOMING TO BONE MARROW NICHE
AND LEUKEMIC STEM CELL ERADICATION IN ACUTE
MYELOID LEUKEMIA

M. Biondi1, C. Tomasoni1, G. Dotti2, S. Tettamanti1, A. Biondi1,3, 
A. Pievani1, M. Serafini1
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ogy Unit, Fondazione MBBM/San Gerardo Hospital, Italy

Chimeric Antigen Receptor (CAR) cytokine-induced killer (CIK) cell
therapy is a promising treatment for acute myeloid leukemia (AML).
Specifically, it is crucial to improve CAR CIK-cells infiltration ability
into the bone marrow (BM) niche to eradicate leukemia stem cells
(LSCs) at their location. Actually, BM mesenchymal stromal cells
(MSCs) interact with LSCs, residing in the niche, releasing different
chemokines and soluble factors. The chemokine ligand 12 (CXCL12),
produced by MSCs, and its chemokine receptor 4 (CXCR4) regulate
leukocytes trafficking to the BM. In AML, CXCL12 binds CXCR4 over-
expressed on blasts, promoting their homing in the niche. On the con-
trary, CXCR4 expression is drastically downregulated on CIKs during
culture. Combining the expression of CD33.CAR and CXCR4 might fa-
cilitate CAR-CIKs homing to the BM and subsequent leukemia eradi-
cation. We designed two bicistronic Sleeping Beauty transposon vectors:
CXCR4(IRES)CD33.CAR and CD33.CAR(2A)CXCR4. The mono-
cistronic CD33.CAR was used as control. We observed both
CD33.CAR(2A)CXCR4-CIKs (n=22, P<0.0001) and CXCR4
(IRES)CD33. CAR-CIKs (n=9, P<0.0001) maintained CXCR4 overex-
pression during culture, whereas in CD33.CAR-CIKs was drastically
downregulated (n=22). However, CD33.CAR expression was lower in
CXCR4(IRES)CD33.CAR-CIKs (n=8, P<0.0001) compared with
CD33.CAR-CIKs, while CD33.CAR(2A)CXCR4-CIKs (n=11) exhibit
a significant co-expression of both proteins against control (P=0.001).
Chemotaxis assays toward recombinant CXCL12 confirmed both
CXCR4(IRES)CD33.CAR-CIKs (n=7, P=0.01) and CD33.CAR(2A)
CXCR4-CIKs (n=8, P=0.0006) displayed a migration advantage over
CD33.CAR-CIKs (n=12) with a mean percentage of migration of 58.5%
and 67.2% respectively, compared to 40.1%. Interestingly,
CD33.CAR(2A)CXCR4-CIKs (n=2) showed an increased specific
chemotactic response toward HD- (n=3) and AML-MSCs (n=2) super-
natants, as demonstrated by the use of CXCR4 antagonist Plerixafor.
Moreover, CXCR4(IRES)CD33.CAR-CIKs and CD33.CAR
(2A)CXCR4-CIKs retained killing of CD33+ KG1 target cell line, main-
tained their capacity to produce IL-2 and IFN-y and to proliferate after
CD33 antigen exposure. However, CXCR4(IRES) CD33.CAR-CIKs ex-
hibited lower effector responses against control, due to inferior CAR ex-
pression. Taking together, these data demonstrating enhanced migration
while maintaining CAR functionalities, make CD33.CAR(2A)CXCR4
the best candidate for further in vivo homing and anti-leukemic evalua-
tion.
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OUTCOMES OF RELAPSED OR REFRACTORY AND NEWLY DI-
AGNOSED ACUTE MYELOID LEUKEMIA AFTER HYPOMETHY-
LATING AGENT AND VENETOCLAX. THE ITALIAN REAL-LIFE
EXPERIENCE BEFORE PUBLIC HEALTH REIMBURSEMENT
(AVALON STUDY)

E. Todisco1, C. Papayannidis2, N. Fracchiolla3, C. Cerchione4, 
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AVALON (NCT 04070807) is a cooperative retrospective observa-
tional study, co-sponsored by IRST IRCCS and Rete Ematologica Lom-
barda and endorsed by GIMEMA, aimed at collecting real-life data of
the off-label use of Venetoclax (Ven) for acute myeloid leukemia (AML)
in Italy from Jan 2015 to March 2020, before Ven became available
under the Italian Law No.648/96. A total of 218 patients have been en-
rolled in 32 Italian centers. Preliminary data from 155 patients treated
with the combination of Ven and Hypomethylating agents (HMA) are
reported on Table 1. 82/98 (83,7%) patients obtained Ven through a nom-
inal request to the 5% AIFA fund (law no. 326 of 2003). Median time to
get approval was 27 days (IQR 34). For this reason, 50 (32%) patients
started HMA within 3 months before Ven. Ven rump up was performed
in 88% patients and various dosage have been reported during treatment
(data not shown). 60/155 patients (38,7%) received antifungal prophy-
laxis mainly posaconazole (41/60) and 51/155 (33%) antibacterial. Me-
dian time to first disease revaluation was 64 days (IQR 80.5) and in
38/144 patients (26,4%) was performed after 4 months. Response data
were available in 123 patients and are shown on Table 1. Of the 12 pa-
tients relapsing after allotransplant, 4 (30%) achieved CR. Overall me-
dian OS was 8,1 months (5,8-10,2), for newly diagnosed patients median
OS (95%CI) was 12,7 months (5,1-15,7), 9,7 months (5,7-16) for refrac-
tory (R) and 6,4 months (3,6-10,2) for relapsed (Re). Median follow-up
of alive patients was 13,2 months (1,7-29,7) and 16,9 (13,4-17,6) using
the reverse K-M approach. Serious Adverse Events (SAEs) occurred in
49/155 (31,6%) patients, for 33/49 (67.3%) occurred within 60 days from
start of Ven. Tumor lysis syndrome (TLS) occurred in one patient and
was resolved. In conclusion, this is the largest experience reported in the
literature on R/Re AML treated with Ven and HMA. The combination is
confirmed to be an effective treatment for both newly diagnosed and
R/Re patients with acceptable toxicity suggesting that even in heavily
pre-treated setting, can efficiently debulk leukemia “bridging” patients
to allotransplant.

Results can be definitively improved by a more appropriate use of the
combination: simultaneous start of Ven and HMA after rump up, uniform

the Ven dosage, reduce SAEs incidence by hospitalization during first
cycle, administration of antifungal-bacterial prophylaxis and an earlier
disease revaluation.

Table 1. Patient characteristics and response evaluation.
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Di Rilievo Nazionale Antonio Cardarelli, UOC Ematologia Con
Trapianto di Midollo; 17AO Ospedali Riuniti “Papardo Piemonte” - Po
Papardo, SC Ematologia; 18Ospedale Mauriziano Umberto I, SCDU
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In 2016 GIMEMA – with an unconditional grant from Novartis -
launched the LabNet AML project, with the aim of guaranteeing all AML
patients, regardless of the treating institution, a high-level diagnostic
characterization, as well as disease monitoring. To this end, GIMEMA
created a network connecting Italian hematology centers with reference
laboratories, able to accurately diagnose and monitor AML by perform-
ing cytogenetics and molecular biology tests, in accordance to WHO and
ELN recommendations. 

Table 1. 

These laboratories fulfill quality controls and regularly undergo stan-
dardization procedures. Genetic aberrations included in the basic panel
are: PML/RARA, BCR/ABL1, RUNX1/RUNX1T1, CBFB/MYH11, NPM1,
FLT3-ITD and FLT3-D835 mutations. Besides providing a valuable
healthcare service, this effort allows to perform an epidemiologic anal-
ysis of Italian patients with AML, deriving both from real-life and clin-
ical trials. The connection between the hematology centers and
laboratories is managed by a web-based GDPR compliant platform that
allows to: i) request cytogenetics and/or molecular tests, ii) share results,
iii) archive the results Data were exported on the 1st of March 2021 and
those concerning diagnosis were examined. At the time of data export,

the network included 18 active reference laboratories - covering the en-
tire Italian territory - and 55 hematology centers (Table 1). Overall, 1994
patients were registered in the platform, 60% of them were older than
60 years old. A total of 2435 tests were requested: 1742 (72%) at diag-
nosis, 478 (29%) during follow-up, 145 (6%) at relapse and 44 (1.8%)
at refractoriness. At diagnosis, 26.1% of samples were NPM1-mutated,
20.2% FLT3-ITD+, and 5.6% FLT3-D835+. The incidence of NPM1
mutations and FLT3-ITD increased with age (p=0.001 and p=0.029 re-
spectively). As expected, FLT3-ITD mutations prevailed in AML with a
normal karyotype (NK) (26.7% vs 9.3%, p<0.001), while only 10% of
AML with an altered karyotype were NPM1-mutated (p<0.001). The dis-
tribution of main fusion genes was: PML/RARA: 7.1%, CBFB/MYH11:
5.4%, RUNX1/RUNX1T1: 3.9% and BCR/ABL1: 3%. The highest inci-
dence of FLT3 mutations was in PML/RARA+ APL (38.4%), followed
by BCR/ABL1+ AML. NPM1 mutations were rarely detected in
BCR/ABL1+ and CBFB/MYH11+ AML (1 case each). The LabNet AML
project allowed to collect data on roughly 2000 AML patients in the
whole Italian territory, and represents a remarkable resource for future
research project.
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HIGH DOSE THERAPY AND STEM CELL RESCUE IN MANTLE
CELL LYMPHOMA: THE MCL0208 TRIAL FROM FONDAZIONE
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Introduction: High dose therapy (HDT) and autologous stem cell
transplantation (ASCT) dramatically improved outcome of younger man-
tle cell lymphoma (MCL) patients (pts), despite a variable grade of tox-
icity and incomplete hematological recovery (HR). Unfortunately, there
are still no clear correlations between the amount of collected peripheral
blood stem cells (PBSC) and toxic events. FIL�MCL0208 phase III trial
(NCT02354313, HDT, ASCT and randomized lenalidomide maintenance
[LEN] for <65 years MCL) showed a 21% of early treatment interrup-
tions not due to PD. Therefore, we analyzed the PBSC rescue process in
order to monitor its eventual impact on hematological toxicity and LEN
dose reduction. 

Methods: Pts received 3 R-CHOP, R-cyclophosphamide 4 g/sqm, 2
R-cytarabine 3 g/sqm x2/die days 1-3 (R-HD-ARA-C) and BEAM con-
ditioned ASCT: only responding pts with complete HR were randomized.
G-CSF was administered from day 5 after I R-HD-ARA-C until PBSC
collection (LK1). A LK2 was performed after the II R-HD-ARA-C in
pts who collected < 3.5x106 CD34+/kg, did not achieve MRD negativity
in LK1 or lacked a MRD marker. 

Results. Of the 300 enrolled pts 273 proceeded with LK1: 245 (90%)
collected >3.5x106 CD34+/kg (median 11: “good mobilizers”, GM), 7
(3%) mobilized <3.5 (median 3: “poor mobilizers”, PM) and 21 (8%)
failed LK1 (due either to no mobilization [n=6], adverse events or other
reasons). 73 pts proceeded with LK2: 61 (83%) were GM (median 6), 7
(10%) PM (median 2) and 5 (7%) failures; only 1 patient failed both LK.
Overall, 251 pts received ASCT, with a median reinfusion of 5x106

CD34+/kg (IQR 4-7), namely 5 (IQR 4-7) for GM and 3 (IQR 3-6) for
PM. The median HR time to 0.5 and 1x109/L ANC after ASCT was 10
(IQR 10-11) and 11 (IQR 10-13) days, respectively, and to 20 and
50x109/L PLTs was 13 (IQR 10-16) and 19 days (IQR 15-25). Notably,
24 pts (10%) did not achieve complete HR after ASCT. Interestingly, no

significant difference of HR trends was seen neither per mobilizing sub-
type nor per quantity of PBSC reinfused. No PFS advantage was
recorded for GM vsPM (Figure 1). Finally, 27/52 (52%) of pts who com-
pleted LEN treatment, experienced a dose reduction due to toxicity:
again, no impact of any harvest feature was demonstrated. 

Conclusions: Despite high rates of PBSC collection and adequate re-
infusions, incomplete HR after ASCT is still an issue in MCL. This risk
should be considered, as it might hamper the delivery of effective main-
tenance therapies.

Figure 1. Progression-free survival (PFS) in good vs non/poor mobilizers. Landmark analysis starting from
the date of first leukapheresis.
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Nowdays, allogeneic stem cell transplantation (Allo-SCT) can ben of-
fered up to the age of 70- 72 years and represents one of the most effec-
tive curative treatments for hematological malignancies. Here we report
the results of a registry-based retrospective study on behalf of GITMO
(GITMO AlloEld), aimed to describe the transplant activity among el-
derly patients in Italy, between 2000 and 2017. Thirty GITMO Centers
participated to the Study. 2061 allo-SCTs in patients older than 60 years
were exported from PROMISE database. The present analysis focuses
on 1996 first transplants of the series. The median age of the patients at
transplant was 63,5 years (59,5-77,8). The most commonly transplanted
disease was acute leukemias and myelodysplastic syndromes (67,5%).
28% and 27% of the patients showed a HCT-CI of 1-2 or greater than 3,
respectively. The KPS was 100% in 27,2% and 90% in 42,9% of the
cases. With a median follow up of 10,4 years, the NRM at 2 and 5 years
was 31% and 35%, and the RI at 2 and 5 years was 30% and 35%, re-
spectively. The projected OS at 2 and 5 years was 46% and 34%, respec-
tively. The OS at 5 years significantly improved over the time, moving
from 28% (2000-2005) to 37% (2012-2017) (p=0,012). The improve-
ment of survival was related to a significant reduction in RI (45% vs30%,
p<0,0001), whereas NRM remained stable over time (33% vs 35%,
p=0,5). The cumulative incidence of aGVHD did not significantly
changed over time, whereas the incidence of extensive cGVHD at 1 year
was significantly reduced (15,3% vs 10,6%, p=0,004). These differences
can be partially explained considering that increasing proportion of pa-
tients were transplanted in CR (29% -2000-2012 - vs 54% -2012-2017-
p<0,0001), underwent a myeloablative conditioning (14% vs 42%,
p<0,001), and intensified GVHD prevention with in vivo T-cell depletion
(17% vs 43%, p<0,0001). By multivariate analysis factors negatively as-
sociated with OS were MUD or UCB, non-response at the time of SCT
and male recipient, whereas HCT-CI <1, KPS 90-100 and transplant be-
tween 2011-2017 significantly improved the outcome. The HCT-CI sig-

nificantly affected the 5-year OS and NRM between 2000-2011, whereas
it lost its impact in more recent years (2012-2017). These retrospective
data showed that the allo SCT for elderly patients became safer and more
effective over the time, because of a significant reduction of RI. The
HCT-CI score is nowadays probably less efficient to estimate OS and
NRM in the elderly population.
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TRIPLE PTCY BASED GVHD PROPHYLAXIS: HLA MATCHED
VERSUS HLA HAPLOIDENTICAL TRANSPLANTS

E. Galli1,2, E. Metafuni2, S. Giammarco2, M.A. Limongiello2, 
I. Innocenti2, F. Autore2, L. Laurenti1,2, F. Sorà1,2, P. Chiusolo1,2, 
A. Bacigalupo,1,2 S. Sica1,2

1Sezione di Ematologia, Dipartimento di Scienze Radiologiche ed Ema-
tologiche, Università Cattolica del Sacro Cuore, Roma; 2Dipartimento
di Diagnostica per Immagini, Radioterapia Oncologica ed Ematologia,
Fondazione Policlinico Universitario A. Gemelli, Roma, Italy

We report a retrospective analysis of 198 patients who underwent an
allogeneic stem cell transplant (HSCT) from 2016 to 2020. All patients
received the same triple GVHD prophylaxis, namely post-transplant cy-
clophosphamide (PTCy), cyclosporine and mycophenolate mofetil. We
compared 78 HLA matched transplants (32 siblings and 46 MUD), ver-
sus 120 HLA haploidentical related transplants. Patients in matched-HLA
group were younger (median age 49vs56.5), and were transplanted more
recently (median 2020vs2018); no other significant difference was found
among the two groups. The diagnosis was mainly acute leukemia (57%),
myelofibrosis (21%) or lymphoma (12%). Conditioning was myeloab-
lative in 77% and 73% respectively (p=0.57). Overall, 40 (20%) patients
developed acute GVHD grade II-IV: 10% and 27% in the matched and
haplo-HLA group, respectively (p=0.005). Also moderate to severe
chronic GVHD was more frequent in the haplo-HLA group (4% vs 23%,
p<0.001). 

Figure 1. 

The Cumulative Incidence (CI) of transplant related mortality (TRM)
at 1 year for matched-HLA vs haplo-HLA was 10% vs 21% (p=0.04). In
a Cox multivariate analysis, age over 60 years alone predicted TRM (HR
3.41, p<0.001) while haplo-HLA transplants only gave a trend for more
TRM (HR 2.07, p=0.09). The CI of relapse at 1 year for matched-HLA
vs haplo-HLA was 24% vs 10% (p=0.05). In a Cox univariate analysis
matched-HLA had only a trend as risk factor for relapse (p=0.088) when
compared to haplo-HLA. In patients with myeloproliferative or lympho-
proliferative diseases, identical HLA was associated with less TRM (10%
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vs 27%, p=0.04) and no difference in relapses. When selecting for pa-
tients with acute leukemia or with early disease in CR1/CR2, there was
no difference in TRM nor in relapses by HLA matching. Disease free
survival (DFS) at 1 year was 65% and 68% in matched and haplo HLA
group, respectively (p=0.85). The only predictive variable for DFS was
age over 60 years (HR 1.73, p=0.03).

In conclusion: GVHD is reduced in HLA-matched transplants when
receiving PTCy+CSA+MMF, as compared to haploidentical grafts, with
10% grade II-IV acute GVHD and 4% moderate-severe chronic GVHD
in HLA-matched. This translates in significantly reduced TRM. How-
ever, there is a trend of increased relapse which is not apparent in early
diseases, leading to identical disease free survival. One may therefore
consider tailored GVHD prophylaxis strategies according to disease bur-
den and patients characteristics.
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P. Chiusolo4, E. Metafuni4, S. Bellesi4, M. Arpinati5, G.A. Milone6, 
M. Martino7, P. Mazza8, C. Ingrosso8, A. Vacca9, G. Saporiti10, F. Zallio11,
G. Specchia12, F. Albano1,3, P. Musto1,3
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mer Full Professor of Hematology, Università “Aldo Moro” , Italy

Background: While it is well known that tumor site- or bone marrow-
infiltrating Tregs might be correlated with the worst outcome in solid tu-
mors and acute leukemias by promoting immune surveillance escape;
new evidence is emerging in regard to their contribution to the immediate
post allotransplant phase by peripheral blood (PB) allo-graft. In fact,
Tregs content in stem cells harvested from PB has been suggested to be
correlated with aGvHD and immunological recovery after PB stem cell
transplant (PBSCT). 

Aim: The aim of our study was to investigate the impact of graft con-
tent Tregs, as the gCD3/Tregs ratio (gCD3/TregsR), on acute GvHD and
post-PBSCT outcome. Patients. We prospectively enrolled 94 consecu-
tive patients at 9 italian centers belonging to the Gruppo Italiano
Trapianto di Midollo Osseo (GITMO) affected by AML or ALL in com-
plete remission (CR) who underwent MRD (n=35, 37%) or MUD
PBSCT (n=59, 63%). Patient characteristics are summarized in Table 1. 

Results: Any grade and grade II or greater aGVHD occurred in 24
(26%) and 17 (18%) allotransplanted patients, respectively. The median
graft CD3+, Tregs and CD3/TregsR values were 196x106/kg of body
weight (range (r), 17-666x106/kg), 3x106/kg (r, 0.1-35x106/kg) and 71
(r, 1-1883), respectively. According to gCD3/TregsR-ROC value asso-
ciated with the apperance of grade II-IV aGvHD, patients were subdi-
vided into a high gCD3/TregsR (≥70) group (HR; n=48) and a low
gCD3/TregsR (<70) group (LR; n=46). The incidence of grade II-IV
aGvHD was lower in the LR compared with the HR group [4/46 (9%)
vs13/48 (27%)] both in univariate (OR 4.8; CI95%:1.44-16.17; p=0.015)
and in multivariate (OR 5.0; CI95%:1.34-18.93; p=0.017) analysis, while
no differences were documented taking into account any grade aGvHD
events. The OS, DFS, NRM, and relapse rates at 2 and 3 years were 61
and 54%, 62 and 55%, 15 and 23%; 27 and 30%, respectively. By mul-
tivariate analysis, LR did not significantly predict better OS, DFS, NRM

and relapse. 
Conclusions: Our data seem to confirm the value of Tregs in prevent-

ing aGvHD, while maintaining the graft versus leukemia effect. Larger
studies should be performed to investigate the possible additional impact
on post-allotransplant survival outcomes.

Table 1.
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Introduction: The Elderly Prognostic Index (EPI) is based on the in-
tegration of a simplified geriatric assessment (sGA), haemoglobin levels,
and International Prognostic Index (IPI) (figure 1a) and has been vali-
dated to predict overall survival in older patients with DLBCL (Merli et
al, JCO 2021). In this study we evaluated the ability of EPI to predict
the risk of early mortality in older DLBCL patients.

Methods: This analysis was conducted starting from the dataset of the
Elderly Project (EP) study. The main endpoint was early mortality rate
defined as death occurring within 90 days from the date of diagnosis.
Starting from EP we only excluded alive pts with a follow-up shorter
than 90 days. Treatment was classified in three groups: Full Dose (FD;
>70% of theoretical dose of anthracycline), Reduced Dose (RD; <70%),
and Palliative Therapy (PT; no anthracyclines).

Results: This study was conducted on 1150 out of 1163 pts; median
age was 76 years (65 to 94). Thirty-one percent were older than 80 years;
55%, 28% and 17% were FIT, UNFIT, and FRAIL based on sGA. EPI

score was low, intermediate, and high in 24%, 48% and 28%, respec-
tively. Time to Therapy (TTT) was shorter than 15 days in 24%; a pre-
phase therapy was administered in 14% of pts but details were lacking.
Overall, 69 early deaths were observed being 19% of all reported deaths.
The cumulative incidence of early death at 90 days was 6.0%. Compar-
ing the causes of the deaths occurring earlier or later than 90 days we
observed lower frequency of deaths due to lymphoma progression for
early events (42% vs 75%) and higher frequency due to toxicity and to
infections (32%vs4% and 22%vs3%, respectively). In univariable anal-
ysis factors associated with higher risk of early deaths were age >80
years, sGA, anemia, high risk IPI, TTT <15 days, bulky disease, EPI (in-
termediate and high) and the use of PT. A multivariable analysis on 931
patients (excluding PT) confirmed an independent prognostic role to pre-
dict early death for high risk EPI (OR 3.45; 95% CI 1.07–11.2) (Figure
1b) and for bulky disease (OR 2.09; 95% CI 1.09–3.98).

Conclusions: The cumulative incidence of early death for older pts
with DLBCL is not negligible (6%), is mainly associated with non-lym-
phoma related events and suggests the adoption of adequate preventive
measures. For patients treated with an anthracycline containing regimen,
high risk EPI and bulky disease are independent factors to predict the
risk of dying early during treatment.

Figure 1. 
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Background: Two years of rituximab maintenance (RM) after first-
line rituximab-based chemotherapy significantly improved progression-
free survival (PFS) in patients with follicular lymphoma (FL). However,
one important question is whether this approach is really suitable for all
patients. Here, we report the results from the FOLL12 study, comparing
RM with a response adapted post-induction approach.

Methods: We randomly assigned treatment naïve, advanced stage, high
tumor burden FL patients to receive standard RM or a response-oriented
post-induction approach based on metabolic response and molecular as-
sessment of minimal residual disease (MRD). End of Induction (EOI)
metabolic response was centrally defined applying the Deauville scale
(DS) that defined Complete metabolic response (CMR) in case of DS 1-
3. MRD was defined according to nested PCR assessment of Bcl2/IgH
rearrangement on bone marrow and peripheral blood, only for patients
with a molecular marker (MM) at baseline. Post induction therapy in the
experimental arm consisted of: CMR and MRD- patients, observation;
CMR and MRD+, 4 weekly rituximab until MRD- for up to 3 courses;
no CMR, one dose of ibritumomab tiuxetan followed by RM. The pri-
mary endpoint was 3-year PFS.

Figure 1. 

Results: This analysis was conducted on 712 patients who achieved
at least a Partial response at EOI. After a median follow-up of 53 months
(range 1 to 92), patients in the standard arm had a significantly better
PFS than the experimental approach (3-year PFS 86%vs72%, P <0.001).

The improved PFS of the standard vs experimental arm was confirmed
in the study subgroups (Figure 1); CMR patients (A) (N=628: 3-yr PFS
90% and 72% for standard and experimental arm, respectively (P=<
0.001); CMR and MRD- (B) (N=299: 92% vs 78%; P<0.001); CMR and
MRD+ (C) (N=46: 96% and 45%; p=0.004). In the group of 65 patients
without CMR no difference in PFS was observed between reference and
experimental arm (P = 0.274) (D). At time of last update 30 deaths were
reported, of which 15 associated with disease progression or recurrence.
The 3-yr OS was 98% (95%CI 96-99) and 97% (95%CI 95-99) in the
reference and experimental arm, respectively (p=0.238).

Conclusions: A metabolic and a molecular response adapted therapy
as assessed in the FOLL12 study was associated with a significantly in-
ferior PFS compared to 2-year RM. The better efficacy of standard RM
was confirmed in the subgroup analysis and in particular for patients
achieving both CMR and MRD-.
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Background: Inhibitors of Bruton tyrosine kinase (BTK) have shown
significant activity in patients with WM harboring a mutation in the
MYD88 gene. However, lower response rates and shorter progression-
free survival have been reported in patients with WM who lack such mu-
tations.

Aim/Objective: The ASPEN trial (NCT03053440) evaluated zanubru-
tinib (ZANU), a potent and selective BTK inhibitor, in patients with
MYD88 mutation and wildtype MYD88 (MYD88WT) WM. The objective
of this abstract is to detail the safety and efficacy of ZANU in patients
with MYD88WT WM.

Methods: In the ASPEN trial, bone marrow MYD88 mutations were
assessed at study entry by a central laboratory (NeoGenomics). Based
on the results of the MYD88 mutation assay, patients were assigned to
cohort 1 (MYD88 mutation) or cohort 2 (MYD88WT or mutation un-
known). All cohort 2 patients received ZANU 160 mg twice daily until
disease progression.

Results: In total, 28 patients with WM were enrolled in cohort 2; of
which, 26 had MYD88WT. The median age of patients in cohort 2 was 72
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years; five patients were treatment-naïve and 23 patients had relapsed/re-
fractory (≥1 prior therapy) WM. Most patients had intermediate- (39.3%)
or high-risk (42.9%) disease (defined by the International Prognostic
Scoring System for WM). At median follow-up of 17.9 months, two pa-
tients discontinued ZANU due to adverse events (AEs) and six experi-
enced disease progression; there were no cases of disease transformation.
In patients with confirmed MYD88WT, overall response rate by indepen-
dent review committee (IRC) was 80.8%, with a major response rate of
50.0% including a very good partial response rate of 26.9% (Table). Pro-
gression-free survival event-free rate at 12 months was 72.4%. The most
frequently reported AEs were diarrhea, anemia, contusion, pyrexia, and
upper respiratory tract infection. Major hemorrhage was reported in two
patients, and atrial fibrillation was reported in one patient. There were
no fatal AEs.

Conclusions: ZANU showed clinically meaningful antitumor activity,
including achieving major responses and durability of responses, and
was considered well tolerated with a low discontinuation rate due to AEs,
in patients with MYD88WT WM. 

Table 1. Best Overall Response by Independent Central Review in Patients with MYD88WT WM.
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PROGNOSTIC FACTORS, MANAGEMENT AND OUTCOME OF
AN INTERNATIONAL SERIES OF 41 PATIENTS WITH PRIMARY
MEDIASTINAL LARGE B-CELL LYMPHOMA (PMLBCL) AND
CENTRAL NERVOUS SYSTEM (CNS) INVOLVEMENT
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Introduction: CNS dissemination is an uncommon, poorly-investi-
gated event in PMLBCL. International cooperation is needed to define
its management.

Methods: Data from PMLBCL pts with CNS disease at presentation
or relapse treated at 24 Centers from 6 countries were analyzed.

Table 1. 

Results: 41 pts (median age 32, range 14-52; 22 males) were consid-
ered. At PMLBCL diagnosis, 49% had advanced stage, 51% B symp-
toms, 95% bulky disease, 90% raised LDH, 44% extranodal disease
(89% in abdomen), 63% an aaIPI ≥2. First-line treatment was
CHOP14/21 in 20 pts, daEPOCH in 6, M/VACOP-B in 15; with ritux-
imab in 39 pts, and mediastinal irradiation in 14. CNS prophylaxis was
administered in 6 pts. CNS involvement was recorded at initial diagnosis
in one (2%) pt, at first relapse in 34 (83%), at late relapse in 6 (15%).
The median time to CNS relapse was 7 (0-24) months. CNS was the only
site of relapse in 24 (59%) pts, all at first failure. CNS relapse sites were
brain or cerebellum in 38 (93%) pts, associated with meningeal infiltra-
tion in 6; spinal cord in 1; meninges in 2 (5%). Treatment for CNS dis-
ease and responses are reported in the Table: 13 pts (32%; 95%CI=18-46)
achieved a CR, all of them were treated at presentation or first relapse,
and, all except one received high-dose-methotrexate (HD-MTX)-based
therapy plus ASCT ± WBRT. 24 pts experienced further failure (Table),
invariably in the CNS, with concomitant systemic disease in 8; 10 pts
with progressive disease limited to the CNS received WBRT, combined
with ASCT and/or other drugs, 8 achieving a CR lasting 16-84 mo. Pts
with CNS involvement at 3rd-4th relapse also had systemic, uncontrolled
disease, and did not benefit from treatment. At a median follow-up of 61
(10-173) months, 9 pts remain relapse-free, with a 5-yr PFS after CNS
relapse of 21%; 17 pts are alive, with a 5-yr survival after CNS relapse
of 42%.  Systemic disease and meningeal infiltration were not associated
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with outcome. The 5-yr survival after CNS relapse of the 26 pts treated
with HD-MTX-based combinations was 52%.

Conclusions: Advanced stage, abdominal extranodal disease and high
LDH levels often precede CNS recurrence in PMLBCL pts. Unlike other
aggressive lymphomas, CNS involvement at initial diagnosis and
meningeal disease are rare in PMLBCL. Prognosis is poor, but HD-
MTX-based therapy + ASCT are associated with encouraging Results:
WBRT contributes to the achievement of long-lasting remission even in
pts with chemorefractory disease.
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DIRECT-ACTING ANTIVIRALS AS PRIMARY TREATMENT FOR
HCV-ASSOCIATED INDOLENT NON-HODGKIN LYMPHOMAS:
THE PROSPECTIVE BART STUDY OF THE FONDAZIONE 
ITALIANA LINFOMI
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The most convincing argument for the role of hepatitis C virus (HCV)
in the pathogenesis of some indolent non-Hodgkin lymphoma (iNHL)
subtypes, especially marginal-zone lymphomas (MZL), is represented
by retrospective observations of tumor regression after viral eradication
by interferon (IFN)-free direct-acting antivirals (DAAs). However, no
prospective studies in this setting have been performed so far. In 2016
the Fondazione Italiana Linfomi started the prospective, multicenter,
phase 2, BArT study, evaluating IFN-free DAAs regimens in untreated,
HCV-RNA+, non-cirrhotic, iNHL patients (pts) without criteria for im-
mediate conventional treatment. Pts with genotypes (GT) 1 and 4 re-
ceived ledipasvir (LDV)/sofosbuvir (SOF) for 12 (naïve) or 24 weeks
(IFN experienced), GT2 pts SOF + ribavirin (RBV) for 12 weeks and
GT3 pts LDV/SOF+RBV for 24 weeks. After amendment (Jul 2017),
GT2 and 3 pts received the novel SOF/velpatasvir (VEL) regimen for
12 weeks. The primary objective was sustained virological response
(SVR) while the main secondary objectives were overall response rate
(ORR) of lymphoma, progression-free survival (PFS) and toxicity. Forty
pts (17 males, 23 females) were enrolled, including 27 MZL (14 MALT,
9 nodal and 4 splenic), 6 lymphoplasmacytic lymphoma, 4 CD5-negative
iNHL NOS, 2 small lymphocytic lymphoma and 1 follicular lymphoma.
Median age was 68 years (yrs) (45-83). Stage was III/IV in 34 pts (85%).
GT was 1 in 17 (43%), 2 in 21 (52%), 3 in 2 pts (5%). Four pts (10%)
previously failed an IFN-based regimen. All pts received GT-appropriate
DAAs: 17 LDV/SOF, 8 SOF+RBV, 15 SOF/VEL. The primary endpoint
was met as all pts achieved SVR (100%). DAAs were well tolerated,

with 17 pts (43%) experiencing 30 g1-2 (including 2 RBV-related g1
anemia) and 2 g3-4 adverse events (g4 lipase increase; g3 breast cancer).
ORR of lymphoma was 45%, including 8 pts (20%) achieving complete
response (CR) and 10 (25%) partial response (PR), while 16 (40%) ex-
hibited stable disease (SD) and 6 (15%) progressed. No significant dif-
ference in ORR was recorded between MZL and non-MZL cases (48 vs
38%, p=0.74). At a median follow-up of 33 months, no pt died, 3 addi-
tional pts progressed, with a 3-yr PFS of 80% (95%CI 64-89%, Figure
1). This is the first prospective trial investigating the role of DAAs in
HCV+ iNHL pts not requiring immediate conventional treatment. Our
results suggest that HCV eradication with DAAs should be considered
as first-line therapy in this setting.

Figure 1. 
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Background: Despite immunochemotherapy provides durable re-
sponses in follicular lymphoma (FL) patients, the majority of them even-
tually relapse. Minimal residual disease (MRD) analysis, based on the
detection of Bcl-2/IGH rearrangement, by highly standardized and sen-
sitive PCR approach is able to early identify patients at high risk of re-
lapse. Nevertheless, this tool fails in almost 40% of FL cases.
Next-generation sequencing (NGS) is going to overcome this bias. Aims.
We screened by NGS a cohort of 120 FL lacking Bcl-2/IGH marker, en-
rolled in the FIL “FOLL12” prospective clinical trial (EudraCT: 2012-
003170-60), in order to increase the number of patients eligible for MRD.

Methods: Baseline gDNA of “no marker” patients with documented
BM infiltration were screened by IGH-NGS using EuroClonality-NGS
approach. In parallel, targeted locus amplification (TLA) was used to
identify novel Bcl-2/IGH rearrangements in a preliminary cohort of 15
patients. Finally, to test the reliability of newly identified markers we
carried out MRD analysis by ASO qPCR, following EuroMRD guide-
lines.

Results: Overall, 111/120 (93%) sequenced samples passed the quality
control (>10000 raw reads). A clonotype was identified in 56% (63/111):
61 monoclonal and 2 biclonal, 54 productive and 9 unproductive IGH
rearrangements (Figure 1). Moreover, in 8/15 (53%) patients screened
by TLA a novel Bcl-2/IGH rearrangement was found; interestingly, TLA
was able to identify a marker in 2 out of 5 cases failed by IGH-NGS. Fi-
nally, the reliability of these markers for MRD detection was preliminary
assessed in three patients by ASO qPCR (targeting one Bcl2/IGH and
two IGH rearrangements). The assays reached high level of sensitivity
(from 1E-04 to 5E-05) and MRD kinetics well described patients out-
come. 

Conclusions: Preliminary data on wide NGS-based marker screening
in FL patients from a clinical trial lacking a conventional MRD marker
suggested that: 1) EuroClonality-NGS IGH approach was able to provide
a new marker in more than half of the patients with BM infiltration; 2)
TLA approach showed similar success rates in a small patients group;
3) the two techniques are not alternative and should rather be considered

as complementary; 4) the new markers allowed to perform a “proof of
concept” MRD monitoring by ASO qPCR. These data are highly promis-
ing to provide an MRD marker in the majority of FL patients: next steps
of the present project will evaluate MRD by NGS assessing its clinical
impact.

Figure 1. 
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Treatment with Hypometilating Agents (HMA) of unfit patients (pts)
with Acute Myelogenous Leukemia (AML) and High-Risk Myelodys-
plastic Syndromes (HR-MDS) is often difficult in the standard Day-Hos-
pital (DH) setting, due to the number of hospital admissions required
and the frail clinical conditions of pts. In the Viterbo province, account-
ing for 3612 Km2 divided into 60 municipalities, is operative an Unit of
Domiciliary Hematologic Care (UDHC) for clinical assistance to frail
pts with hemopathies. To evaluate the role of the UDHC compared to
standard DH setting in the active frontline treatment with HMA, all pts
with AML/HR-MDS unfit for intensive care and treated frontline with
HMA from 1/2010 to 12/2020 were analysed. In this study period, 93
patients (51 AML/42 HR-MDS) received HMA (azacytidine in 89 cases
and decitabine in 4 cases): of them, 59 (63.4%) were treated in a standard
DH setting and 34 (36.6%) were followed by UDHC: pts were allocated
to DH or home care setting by responsible physician based on clinical
conditions, comorbidities, caregiver availability and distance from hos-
pital. The main features at baseline of HMA in the whole cohort and ac-
cording to management are reported in the Table 1. Median interval from
diagnosis to HMA initiation was 0.9 months (IQR 0.5 – 2.8). Median
number of HMA cycles administered was 8 (IQR 4 – 16). The overall
response rate (ORR), including complete response, partial response and
hematologic improvement, was 40.9% (38/93 pts) in the whole cohort,
without differences according to management [25/59 (42.3%) in DH vs
13/34 (38.2%) in home care, p=0.347]. Infections were also equally re-
ported [39/59 pts (66.1%) in DH vs 24/34 (70.5%) in home care setting
had at least 1 infection, p=0.362]. Median response duration of the whole
cohort was 8.7 months (95%CI 2.9 – 14.4), without differences according
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to management (8.7 months in DH vs 13.8 months in home care,
p=0.569). Median Overall Survival (OS) of the whole cohort was 12.5
months (95%CI 8.4 – 16.5): median OS of pts treated in DH was 13.0
months (95%CI 8.1 – 17.8) compared to 12.5 months (95%CI 6.4 – 18.5)
of pts managed by UDHC (p=0.546). Home care management of HMA
for unfit AML/HR-MDS pts is feasible and effective, with results similar
to those achievable in a standard DH setting: this approach is thus ade-
quate to offer active therapies in a fraction of frail pts considered up to
now ineligible.

Table 1. Clinical features at AZA baseline of the whole cohort and according to management.
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In the Viterbo province (3612 Km2 divided into 60 municipalities) is
operative a Domiciliary Hematologic Care Unit (DHCU) for clinical as-
sistance to frail patients (pts) with hemopathies: DHCU nursing activity
is done by 4 units who were employed during Covid-19 pandemia to
avoid as possible risks of viral contagium due to hospital admissions of
our pts. To evaluate the entity of nursing management for frail pts fol-
lowed by DHCU during Covid-19 pandemia, all activities from 3/2020
to 3/2021 in the lockdown framework were analysed. On the whole, 107
pts in 43 municipalities of Viterbo province were followed by DHCU
nurses in the study period. Main features of the pts at baseline of domi-
ciliary assistance are reported in the Table. At beginning of the study pe-
riod (08/03/2020), 37 pts (34.5%) were already followed by DHCU,
while 70 pts (65.5%) entered domiciliary assistance during the year of
study. Median distance from DHCU central site to pts house was 25 Km
[Interquartile range (IQR) 16 – 34]: distance from DHCU was < 20 Km
in 32 cases (29.9%), ≥ 20 < 40 Km in 57 (53.2%) and ≥ 40 Km in 18
(16.9%). A total number of 2609 nursing accesses was done in the whole
period. According to different procedures, 1152 blood samples were per-

formed, with a median number of 7 (IQR 3 – 15) for each pts: in addition,
there were 1040 accesses for chemotherapy (CHT) administration (108
cycles of azacytidine in 15 pts, 87 bortezomib-based cycles in 30 pts, 16
administrations of other CHTs in 2 pts) and 417 accesses for other pro-
cedures (260 venous catheter medications, 125 therapy other than CHT,
32 nursing assistances of transfusions or marrow aspirates). Finally, 20
pts were vaccinated at home with respective caregivers. During the entire
study period, 2 pts (1.8%) developed Covid-19 infection while in home
care. At the last follow-up (31/03/2021), 59 pts (55.1%) were alive and
still followed by DHCU, 20 pts (18.6%) were alive and returned to sDay-
Hospital (DH) setting due to improvement of clinical conditions and 28
pts (26.3%) died while in domiciliary assistance. Domiciliary nurse as-
sistance during Covid-19 pandemia allowed to follow in a safer way
compared to standard DH/ordinary admission settings > 100 frail pts
with hemopathies, most of them in 1st or subsequent active lines of ther-
apy, in a wide geographic area. In our opinion, this approach should rep-
resent the best type of assistance for a high rate of hematologic pts even
beyond Covid-19 period of pandemia.

Table 1. Patient clinical features at baseline of domiciliary nursing management
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INFLAMMATORY BOWEL DISEASES AND HEMATOLOGICAL
MALIGNANCIES: COULD CLONAL HEMATOPOIESIS BE THE
BIOLOGICAL LINK?
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1DepartmentofEmergencyandOrganTransplantationD.E.T.O.-Hema-
tology and Stem Cell Transplantation Unit - University of Bari “Aldo
Moro”, Bari, Italy; 2School of Medicine, University of Bari “Aldo
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Inflammatory bowel diseases (IBDs) are a group of chronic relapsing
conditions of the gastrointestinal tract. Nationwide studies have revealed
a higher risk of hematological malignancies (HMs) but not colorectal
cancer in IBD patients. Clonal hematopoiesis (CH) is a premalignant
condition defined by the presence of an acquired somatic mutation char-
acterized by a variant allele frequency (VAF) of ≥2% in a gene frequently
associated with HMs. A growing body of evidence suggests a correlation
between inflammation and CH. To assess CH possible co-occurrence in
patients with an IBD associated with HMs, we performed a targeted next-
generation sequencing analysis in a cohort of seven patients who were
referred to our center from February 2011 to December 2019 with IBD
associated with HMs. A customized panel, encompassing 26 target genes
frequently mutated in myeloid malignancies, was performed on genomic

!
 All patients 

N° 93 
Day hospital setting 

N° 59 
Home care setting 

N° 34 
p 

Diagnosis, AML/HR-MDS, n°  
(%): 
             MDS – RCMD 
             MDS – RAEB 1 
             MDS – RAEB 2 
             De novo AML 
             AML post MDS 
             AML post MPN 
             Therapy-related AML 

51/42 
(54.8/45.2) 

1 (1.1) 
18 (19.4) 
23 (24.6) 
30 (32.3) 
6 (6.5) 

12 (12.9) 
3 (3.2) 

30/29 
(50.8/49.2) 

1 (1.7) 
13 (22.0) 
15 (25.4) 
21 (35.6) 
2 (3.4) 
5 (8.5) 
2 (3.4) 

21/13 
(61.8/38.2) 

/ 
5 (14.7) 
8 (23.5) 
9 (26.5) 
4 (11.8) 
7 (20.6) 
1 (2.9) 

0.308 

Gender, M/F  
(%) 

53/40 
(57.0/43.0) 

36/23 
(61.0 – 39.0) 

17/17 
(50.0/50.0) 

0.301 

Median age (years)  
(IQR) 

74.1 
(69.2 – 79.6) 

73.4 
(66.8 – 79.5) 

75.0 
(71.8 – 79.8) 

0.248 

Hb, g/dl 
(IQR) 

8.6 
(7.8 – 9.4) 

8.6 
(7.8 – 9.4) 

8,6 
(7.4 – 9.6) 

0.877 

WBC, x 109/l 
(IQR) 

3.28 
(1.98 – 6.94) 

3.17 
(1.97 – 7.32) 

3.65 
(1.90 – 6.83) 

0.965 

PLTS,  x 109/l 
(IQR) 

80 
(31 – 161) 

93 
(36 – 176) 

54 
(22 – 101) 

0.174 

Marrow blasts, n° (%): 
             < 20% 
             ! 20 – 40% 
             ! 40% 

 
45 (48.4) 
22 (23.6) 
26 (28.0) 

 
31 (52.5) 
16 (27.2) 
12 (20.3) 

 
14 (41.2) 
6 (17.6) 

14 (41.2) 

 
 

0.093 

Karyotype, n° (%): 
             46 XY/46 XX 
             Isolated del 5q-/+ another anomaly 
             Del20q 
             Trisomy 8 
             Other single anomaly 
             Double anomalies 
             Monosomy 7/del7q 
             Complex karyotype 
             Failed/not done 

 
19 (20.4) 
8 (8.6) 
2 (2.2) 
4 (4.3) 

15 (16.1) 
1 (1.1) 
7 (7.5) 

16 (17.2) 
21 (22.6) 

 
13 (22.0) 
4 (6.8) 
1 (1.7) 
3 (5.1) 

10 (16.9) 
1 (1.7) 

6 (10.2) 
12 (20.3) 
9 (15.3) 

 
6 (17.6) 
4 (11.8) 
1 (2.9) 
1 (2.9) 
5 (14.7) 

/ 
1 (2.9) 
4 (11.8) 

12 (35.3) 

 
 
 
 

0.423 

Charlson Comorbidity Index, n° evaluable (%): 
             < 5 
             ! 5 

88 
59 (67.0) 
29 (33.0) 

58 
39 (67.2) 
19 (32.8) 

30 
20 (66.7) 
10 (33.3) 

 
0.957 
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DNA from bone marrow (cases #3, #4, #5, #6, #7) or peripheral blood
(cases #1, #2) samples. Only variants (non-intronic, non-synonymous,
with >1% global MAF in the healthy population) affecting the CH-as-
sociated genes, with ≥2% VAF, and with a depth of coverage >500x were
considered. Overall, 11 variants affecting six CH-associated genes
(ASXL1, DNMT3A, ETV6, EZH2, GATA2, JAK2) were detected; all
patients showed one or more mutations, with a VAF ranging from 2.6%
to 53.0%. The median age of our patient series (59 years, range 47 – 70)
was lower compared to that expected in healthy individuals with CH. In
accordance with previously published data in the IBD context, DNMT3A
was the most frequently mutated gene (4/11, 36.4%), followed by
ASXL1 and ETV6 (2/11, 18.2% each), EZH2, JAK2, and GATA2 (1/11,
9.1% each). All mutations are single nucleotide variants (SNV) with dif-
ferent functions: missense variants (6/11, 54.5%), nonsense variants
(3/11, 27.3%), and unknown variants affecting a splice site or an untrans-
lated region (2/11, 18.2%). It is worth noting that 4 (57%) cases in our
series bore DNMT3A gene mutations. Our report suggests that CH may
be the biological link between the IBD and the onset of HM. Recent
works showed as chronic infection and ulcerative colitis may promote
the selection of the DNMT3A gene mutation associated with CH by the
IFNγ signaling induced in the course of these disorders. If these data are
confirmed, IBD patients screened and positive for CH should undergo
hematologic follow-up to assess the risk of developing HM.
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A NEW TOOL TO DETECT SF3B1 K700E MUTATION IN
MYELODYSPLASTIC SYNDROMES WITH RING SIDEROB-
LASTS AND MYELOFIBROSIS

J. Petiti1, F. Itri1, E. Giugliano2, E. Signorino1, A. Frolli1, C. Fava1, 
A. Morotti1, M. De Gobbi1, S. Marini2, M. Armenio3, M. Lo Iacono1, 
D. Cilloni1

1Department of Clinical and Biological Sciences, University of Turin; 
2 Divisionof InternalMedicineandHematology,SanLuigiGonzagaHos-
pital; 3Department of Molecular Biotechnology and Health Sciences,
University of Turin, Italy

Most human genes encode for several mRNA isoforms by the alter-
native splicing process, whose regulation depends on the spliceosome.
Spliceosome mutations have recently sparked significant interest in
hematological malignancies. Among the spliceosome mutations, those
in the SF3B1 gene were correlated with the presence of ring sideroblasts
(RS) in both myelodysplastic syndromes (MDS) and myelofibrosis
(MF). The SF3B1 mutations in MDS-RS and MF were associated with
a shorter median duration of response to erythropoiesis-stimulating
agents (ESA) and fibrosis. Nowadays, the SF3B1 mutational status is
considered important for both the diagnosis and therapy decision. Indeed,
Luspatercept, a TGF-β superfamily inhibitor, has been proven to be ef-
fective in low-risk MDS patients, particularly in SF3B1-mutated patients,
and in MF-associated anemia patients. Sanger sequencing and Next Gen-
eration Sequencing (NGS) are the currently available methods to identify
the SF3B1 mutations, but both are time-consuming and expensive tech-
niques that are not practicable in most small/medium laboratories. This
can often result in a slow and rough characterization of patients, reducing
their therapeutic choices. Using peptide nucleic acid (PNA)-PCR clamp-
ing technology, we designed and validated a new molecular assay able
to recognize the SF3B1 K700E mutation, which is the most frequent of
all the SF3B1 mutations. A total of 91 DNA samples were collected and
double-blind tested by both PNA-PCR Clamping and Sanger sequencing.
The samples are divided as follows: 67 MDS and 24 MF patients. We
found 11/67 (16,4%) SF3B1 K700E MDS mutated patients and only
1/24 (4,2%) MF patient. All the mutated MDS patients showed RS>5%,
while 3 MDS-RS patients were SF3B1 wild type. The only one SF3B1-
mutated MF was a patient refractory to ESA, who evolved from essential
thrombocythemia. Our data demonstrated that PNA-PCR Clamping and
Sanger sequencing results were perfectly concordant. In contrast, the
PNA-PCR Clamping showed many advantages: it is faster, cheaper, and
showed a lower limit of detection than Sanger sequencing. In conclusion,
considering the relevance of SF3B1 K700E mutation as a biomarker in

MDS and MF patients, PNA-PCR clamping could be considered as a
valid alternative to Sanger sequencing in routine tests. Further, our assay
could be used for a fast and massive screening able to identify the largest
number of patients with the K700E mutation who are candidates for Lus-
patercept treatment.

Figure 1.
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TRAJECTORIES OF CLONAL EVOLUTION AFTER APLASTIC
ANEMIA AND PAROXYSMAL NOCTURNAL HEMOGLOBINURIA

C. Gurnari1,2, S. Pagliuca1, B. Patel1, H. Awada1, W. Shen1, 
S. Kongkiatkamon1, L. Terkawi1, M. Zawit1, V. Visconte1, S. Corey1, 
M.T. Voso2, H.E. Carraway1, J.P. Maciejewski1

1Translational Hematology and Oncology Research Department of
ClevelandClinic,Cleveland,OH,USA; 2DepartmentofBiomedicineand
Prevention, University of Rome Tor Vergata, Rome, Italy

Up to 20% of aplastic anemia (AA) patients treated with immunosup-
pression will evolve to myeloid neoplasia (MN) over a median time of
10 years (Figure 1A).The pathogenesis of MN post-AA (sMN) is diverse
and will often include antecedent clonal facilitating events that herald
progression. Progression to MN may also reflect an immune escape due
to selection pressure e.g., through acquisition of HLA mutations. Here,
we studied the molecular landscape of sMN, to better understand their
pathogenesis and to develop measures of early detection, prevention, and
therapeutic strategies. An integrative mutational analysis of
myeloid/germline (GL) and HLA genes was performed to comprehen-
sively evaluate their role within the scenario of AA/paroxysmal nocturnal
hemoglobinuria (PNH) clonal evolution. Among 350 AA/PNH patients,
11% (median age 61 years) developed a sMN. Evolution was less com-
mon in patients with moderate AA or in the presence of a PNH clone
(p=.0003). Cytogenetics at evolution revealed abnormalities in 83% of
patients, with chromosome 7 alterations in 47% of cases. By comparison,
-7/del(7q) were present in 7.5% of patients with primary MN (p=.0001;
Figure 1B). GL alterations were classified as Tier1 (9/38 patients) and
Tier2 (11/38 patients). Tier1 variants included NF1, CBLC, SBDS and
SAMD9L and were enriched in progressors (p=.008) as well as del(7q)
patients (p=.0001).A total of 148 somatic variants were found at evolu-
tion in 34/38 sMN patients with no differences in cases with or without
chromosome 7 abnormalities (Figure 1C).

Figure 1.

ASXL1 (p=.02) and SETBP1 (p=.005) were more frequent in sMN
(Figure 1D). When comparing patients with chromosome 7 abnormalities
with de novo counterpart, sMN appeared most commonly mutated in
ASXL1 (p=.02), SETBP1 (p=.0007), ETV6 (p=.02) and NF1 (p=.02)
and had a shorter median survival time (p=.0002; Figure 1 E-F).In a
cross-sectional analysis, hits in TET2, DNMT3A and ASXL1 were found
in 9 cases at baseline, with a higher clonal burden at sMN onset
(p=.0001; Figure 1 G-H).The HLA mutational analysis showed the pres-

ence of somatic class I/II loci variants in 21% of sMN, found in only
13% of non-progressing AA cases (Figure 1L).We demonstrate that AA
progression to sMN has distinct molecular characteristics. The presence
of HLA mutations suggests that immune escape/selection may play a
role, while the presence of GL predisposition variants shows that they
not only may facilitate AA but also clonal evolution as described from
classic congenital BMF. 
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MECHANISMS OF RESISTANCE TO THE HYPOMETHYLATING
AGENT AZACITIDINE IN MYELODYSPLASTIC SYNDROMES:
FOCUS ON METHYLATION

A. Brogi1, Q. Yang2, E. Masala1, V. Santini1, M.E. Figueroa2

1Department of Experimental and Clinical Medicine, University of Flo-
rence, Florence, Italy; 2University of Miami Miller School of Medicine,
Miami, Florida, USA

Hypomethylating agents (HMA) are standard of care for Myelodys-
plastic syndromes (MDS) but, still only ~50% of patients with MDS have
a clinical response to HMAs and all of them will lose response after vari-
able length of time. In this scenario, we aimed to investigate how and
why some patients are primary resistant to AZA therapy while others ini-
tially respond and then relapse and develop a secondary resistance. We
evaluated 22 cases of high-risk MDS, treated with the HMA azacitidine
(75 mg/m2/d for 7 days every 28 days). Bone marrow aspirates were col-
lected before and after treatment with the drug. For some cases, samples
at baseline, at remission and at relapse were available. DNA methylation
in CD34+ cells were investigated by ERRBS (Enhanced Reduced Rep-
resentation Bisulfite Sequencing). Thirteen cases were classified as pri-
mary resistant to AZA, 6 as responders and 3 as secondary resistant cases
(patents who initially responded to the therapy and, after a variable length
of time, relapsed). At present, complete methylation analysis is available
for three sets of paired samples. 25.538 (Baseline vs Post treatment),
4.010 (Post treatment vs relapse), 127 (Baseline vs relapse) differentially
methylated regions (DMRs) were identified. The majority of DMRs lo-
calize in intergenic and intronic regions. After treatment with AZA,
global genome DNA methylation decreased due to the widespread hy-
pomethylating effect of the drug, while at relapse methylation increased
in specific genomic regions. 127 DMRs were identified between baseline
and relapse samples, 96 were hypermethylated at baseline, while 31 at
relapse. 

Figure 1.

These 31 DMRs that gained methylation at relapse were different from

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: (A) Volcano plot illustrating methylation differences between baseline and post treatment only in 
paired samples. Mean methylation difference between the two groups is represented on the x axis and 
statistical significance (-log10P value) on the y axis. Beta-binomial test identified 25.538 DMRs represented 

(B) Volcano plot illustrating methylation 
differences between post treatment and relapse in the three paired samples. (C) Volcano plot illustrating 
methylation differences between post treatment and relapse in the three paired samples. (D) Heatmap 
representing DMRs between baseline and relapse in the three paired samples. Samples at baseline are shown 
in red, after treatment in blue and at relapse in green. Representation of DMRs in heatmap with specific loci 
associated with different level of methylation (from low methylation in blue to high methylation in red). (E) 
Go annotation of DMR related genes with top enrichment numbers covering domains of higher methylated 
regions in the relapse group. 
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the baseline ones indicating a reprogramming of DNA methylation in
CD34+ cells. Gene Ontology annotation of DMR-related genes between
baseline and relapse, reveals an enrichment in biological process related
to neutrophil and granulocyte pathways. An increased methylation in
these pathways is correlated with a block in maturation and differentia-
tion of neutrophils. This finding is very important because for the first
time a methylation analysis has identified in relapsed cases that loss of
response to AZA could be caused by emerging reprogrammed clones.
Further analysis of these regions will help in understanding HMA resis-
tance and relapse mechanisms.
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A MULTI-CENTER EXPERIENCE OF HYPOCELLULAR
MYELODYSPLASTIC SYNDROMES (H-MDS): FROM CLINICAL 
DESCRIPTION TO IMMUNOLOGICAL CHARACTERIZATION
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Background: Hypocellular Myelodysplastic Syndromes (h-MDS) are
a rare subgroup of MDS, defined by a reduced age-adjusted bone marrow
(BM) cellularity, irrespective of WHO classification. The distinctive fea-
tures of h-MDS patients suggest a unique underlying pathogenesis and
response to treatment, likely related to an immune-mediated damage, to
the point that they are starting to be considered in a spectrum between
aplastic anemia and normo/hypercellular MDS (n-MDS).

Aim: We aimed at comparing the clinical features, overall survival
(OS) and treatment of h-MDS with respect to n-MDS. In a restricted
number of cases, T and NK cell populations were investigated in h-MDS
patients at diagnosis.

Methods: We compared 336 h-MDS and 1609 n-MDS enrolled in the
national registry of the Italian Foundation of MDS (FISiM). T and NK
cell characterization was performed by immunophenotypic and molec-
ular analyses in both BM and peripheral blood (PB) samples of 12 h-
MDS patients recruited within FISiM NK-hMDS protocol.

Results: No significant difference in median age, gender and R-IPSS
distribution was observed. According to R-IPSS groups, lower-risk h-
MDS had a median OS of 125months (m) versus 74m of n-MDS (p<
0.001). Differently, higher-risk h-MDS had a median OS of 19m, similar
to 20m of n-MDS. Interestingly, immunosuppressive therapy was ad-
ministered in a low proportion of cases of Lower Risk MDS, irrespective
of BM cellularity. Prospective flow cytometry and T cell Receptor (TCR)
rearrangement analyses revealed a clonal CD3+/CD8+/CD57+ T cell ex-
pansion in 6/12 (50%) h-MDS patients; according to the R-IPSS, 5/6
(83%) belong to the Higher Risk. Moreover, 2/6 (33%) Higher Risk pa-

tients harbored a STAT3 mutation. According to the pattern of Killer Im-
munoglobulin-like Receptors (KIR) expression, a restricted CD3-

/CD16bright/CD56dim-neg NK cell expansion was found in 4/12 (33%) cases,
75% of them belonging to the Lower Risk.

Conclusion: Our analysis showed an advantage in OS in Lower Risk
h-MDS, compared to n-MDS. Despite various guidelines recommend
immunosuppressive agent for h-MDS, we revealed that the choice of
therapy is not influenced by BM cellularity. Our data also revealed a pe-
culiar association of T cell clonal expansions with Higher Risk and of
NK cell expansion with Lower Risk R-IPSS h-MDS groups. This evi-
dence highlights a potential prognostic role of T and NK cell clones in
pathogenesis and controlling clonal HSC outgrowth, respectively.
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MARROW BLOOD EVALUATION OF T-LARGE GRANULAR LYM-
PHOCYTES (T-LGL) AND NK CELLS MAY HELP TO BETTER
CHARACTERIZE MYELODYSPLASTIC SYNDROMES
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Several biological features are included among prognostic markers
(PM) of Myelodysplatic syndromes (MDS), but a clear-cut definition of
a personalized prognosis is still challenging. While T-Large Granular
Lymphocyte Leukemia (T-LGLL) might be associated to MDS, a con-
current Chronic Lymphoproliferative Disorder of NK cells (CLPD-NK)
has never been reported, NK cells (NKc) being usually scantly present
in MDS bone marrow (BM). We aimed to characterize putative T-LGL
and NKc expansions to identify potential new MDS PM. BM of 122
MDS patients collected at our Institution were analysed by flow-cytom-
etry (F). T-LGL clonality was assessed by TCR gene rearrangement and
NKc restriction was used as a surrogate of clonality by F. The presence
of STAT3/STAT5b mutations was investigated by Sanger sequencing or
allele-specific PCR. All results were correlated with clinical and lab data.
Ogata score was calculated as reported (Leuk Res. 2018, 71:75-81). Ac-
cording to the Ogata score, MDS patients were classified as score 0
(8.3%), 1 (41.5%), 2 (68%), 3 (66.6%) or 4 (100%). Increased T-LGL
or NKc were homogeneously distributed among the 5 Ogata groups.
More specifically, an increase of T-LGL or NKc was detected in 31%
and 20% of MDS cases, respectively and equally represented in high or
low risk MDS according to IPSS and R-IPSS. Patients requiring 5-Aza-
cytidine had T-LGL or NKc increases in 45% of cases; this proportion
raised to 63% in untreated subjects. The two patients treated with im-
munosuppressive agents (IST) were also affected by T-LGLL. Clonal T-
LGL expansions were found in 13% of MDS cases and were associated
with lymphocytosis (p<0.05). Five % of STAT3 and no STAT5b muta-
tions were identified. A Killer Immunoglobulin Receptors (KIR)-re-
stricted NKc increase was identified in 8% of MDS patients, with one
case satisfying criteria for the CLPD-NK diagnosis. These cells dis-
played a dominant memory phenotype (CD56Dim/CD16High/
CD57+/CD62L-). Of note, the presence of restricted NKc correlated with
excess of blasts (EB, p<0.05). For the first time we found that restricted
NKc expansions might contribute to early identify MDS-EB1/2. In our
cohort we also confirmed the concurrence of MDS and T-LGLL, these
cases often needing IST therapy. Moreover, the high incidence of MDS
diagnosis in the Ogata 1 group further underlines the need to define new
PM. Altogether, a discrete characterization of T-LGL and NKc may help
in the MDS diagnostic workflow.
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ACTIVATE-T: A PHASE 3, OPEN-LABEL, MULTICENTER STUDY
OF MITAPIVAT IN ADULTS WITH PYRUVATE KINASE DEFI-
CIENCY WHO ARE REGULARLY TRANSFUSED

A. Glenthøj1, E.J. van Beers2, H. Al-Samkari3, V. Viprakasit4,
K.H.M. Kuo5, F. Galactéros6, S. Chonat7, J. Porter8, S. Gheuens9,
V. Beynon9, E. Xu9, P. Hawkins9, E. Zagadailov9, A. Oluyadi9, 
W. Barcellini10 

1Department of Hematology, Rigshospitalet, Denmark ; 2Van Creveld-
kliniek, Department of Internal Medicine, University Medical Center
Utrecht,Netherlands; 3DivisionofHematology,MassachusettsGeneral
Hospital, Harvard Medical School, USA; 4Siriraj Hospital, Mahidol
University, Thailand; 5Division of Hematology, University of Toronto,
Canada; 6UnitédesMaladiesGénétiquesduGlobuleRouge,CHUHenri
Mondor,France; 7AflacCancerandBloodDisordersCenter,Children’s
Healthcare of Atlanta and Department of Pediatrics, Emory University,
USA; 8DepartmentofHaematology,UniversityCollegeLondonCancer;
9Agios Pharmaceuticals, Inc., USA; 10Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Italy

Pyruvate kinase (PK) deficiency is a rare hereditary disease caused by
reduced red blood cell PK (PKR) enzyme activity leading to defective
glycolysis and decreased red blood cell (RBC) lifespan, resulting in life-
long hemolytic anemia. ACTIVATE-T (NCT03559699) was a global,
multicenter, open-label, phase 3 study that evaluated the efficacy and
safety of mitapivat, an investigational, first-in-class, oral, allosteric ac-
tivator of PKR, in adult patients (pts) with PK deficiency who were reg-
ularly transfused. A 16-week (wk) dose escalation (5, 20, 50 mg BID)
period (Part 1) was followed by a 24-wk fixed-dose period (Part 2). Key
inclusion criteria: age ≥18 years (yrs), documented presence of ≥2 mu-
tant alleles in PKLR (of which ≥1 was a missense mutation) and ≥6 trans-
fusion episodes in the past 52 wks. Primary endpoint: reduction in
transfusion burden, defined as ≥33% reduction in number of RBC units
transfused during Part 2 compared with the pt’s individual historical
transfusion burden standardized to 24 wks. Pts who discontinued the
study before completing 12 wks of treatment in Part 2 were considered
non-responders. Secondary endpoints included transfusion-free respon-
ders (defined as no transfusions during Part 2) and annualized RBC units
transfused. 

Table 1.

Twenty-seven pts were enrolled: mean age 36.6 yrs, 26% male, mean
baseline Hb 9.2 g/dL. Of the 27 pts treated in the study, 20 (74%) com-
pleted Part 2, 6 (22%) discontinued treatment, and 1 was lost to follow-
up. Ten (37%) pts treated with mitapivat achieved a ≥33% reduction in
transfusion burden (1-sided p=0.0002; Table 1). Mean number of RBC

units transfused (annualized) was 11.38 compared with 16.63 histori-
cally; relative reduction=39%. Six (22%) pts were transfusion-free dur-
ing Part 2. Treatment-emergent adverse events (TEAEs) occurred in all
pts. TEAEs grade ≥3 occurred in 8 (30%) pts. The most common TEAEs
(any grade) were increased alanine aminotransferase (n=10; 37%) and
headache (n=10; 37%). No TEAEs led to discontinuation of treatment.
ACTIVATE-T is the first phase 3 study in pts with PK deficiency who
are regularly transfused. The study demonstrated a significant decrease
in transfusion burden, and 22% of pts were transfusion-free. No new
safety signals were identified. These results support that mitapivat pro-
vides meaningful benefit to regularly transfused pts with PK deficiency
and has the potential to become the first disease-modifying drug therapy
approved for this condition.
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CTX001 FOR SICKLE CELL DISEASE (SCD): SAFETY AND EF-
FICACY RESULTS FROM THE ONGOING CLIMB SCD-121
STUDY OF AUTOLOGOUS CRISPR-CAS9-MODIFIED CD34+
HEMATOPOIETIC STEM AND PROGENITOR CELLS (HSPCS)

M.D. Cappellini,1 S. Grupp,2 N. Bloberger,3 C. Campbell,4
C. Carroll,5 J.S. Hankins, 6 T.W. Ho,3 W. Hobbs,4 S. Imren,4 Y. Lu,4
M. Mapara,7 M. de Montalembert,8 L. Moritz,4 D. Rondelli,9
N. Shanbhag,4 A. Sharma,6 P. Sripakdeevong,3 M.H. Steinberg,10

H. Frangoul5

1University of Milan; 2Children’s Hospital of Philadelphia, Perelman
School of Medicine at the University of Pennsylvania; 3CRISPR Thera-
peutics; 4Vertex Pharmaceuticals Incorporated; 5Sarah Cannon Center
for Blood Cancer at The Children’s Hospital at TriStar Centennial; 6St.
JudeChildren’sResearchHospital; 7ColumbiaUniversity; 8Necker-En-
fantsMaladesHospital,AssistancePublique-HôpitauxdeParisAP-HP),
University of Paris; 9University of Illinois at Chicago; 10Boston Univer-
sity School of Medicine, USA

Introduction: Elevated fetal hemoglobin (HbF) is associated with im-
proved outcomes in patients (pts) with SCD. CTX001™ is a novel cell
therapy using non-viral, ex vivo CRISPR-Cas9 gene editing in autolo-
gous HSPCs at the erythroid-enhancer region of BCL11A to reactivate
HbF by reducing expression of BCL11A. Early data from pts with SCD
infused with CTX001 showed increased total Hb, HbF, and F-cell pan-
cellularity. No vaso-occlusive crises (VOCs) occurred after infusion. The
safety profile was generally consistent with myeloablative conditioning.
We present an interim data cut (Jan 28, 2021) of pts with SCD in CLIMB
SCD-121 (NCT03745287) infused with CTX001 with ≥3 months (mo)
of follow-up (f/u) (N=4).

Methods: Pts aged 12–35 years (ys) with severe SCD (≥2 VOCs/y re-
quiring medical care in the prior 2 ys) were eligible. After mobilization
with plerixafor, peripheral CD34+ HSPCs were collected by apheresis
and edited via a specific single-guide RNA and Cas9 nuclease. Before
infusion, pts received busulfan myeloablation. We monitored for engraft-
ment, hematopoietic recovery, adverse events (AEs), total Hb, HbF,
hemolysis, F-cells, and VOCs.

Results: Mean f/u was 10.1 mo (range 4.3–19.2). At baseline, pts had
mean (SD) total Hb of 7.0 (1.6) g/dL, HbF of 6.3% (2.2%) of total Hb,
and a mean of 5.3 severe VOCs/y in the prior 2 ys. After CTX001 infu-
sion, median neutrophil engraftment occurred on Day 25.5 (range 17–
30) and median platelet engraftment occurred on Day 31.5 (range
30–40). All 4 pts reported AEs, mostly mild/moderate in severity. The
CTX001 safety profile was generally consistent with busulfan myeloab-
lation. No serious AEs related or possibly related to CTX001 were re-
ported. All pts showed increases in total Hb, HbF (Figure), and F-cell
pancellularity. Mean %HbF rose to >30% by mo 3; all pts had %HbF
>30% at the data cut. No pts had VOCs (up to 19.2 mo). Hemolysis
markers (haptoglobin, lactate dehydrogenase, and total bilirubin) im-
proved in all pts and normalized by mo 6.

Conclusions: These data confirm reports showing CTX001 increases
total Hb and %HbF with F-cell pancellularity in pts with SCD, with ef-
ficacy up to 19.2 months of f/u. All pts were VOC-free from infusion to
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analysis. The safety profile remained generally consistent with myeloab-
lative conditioning and autologous hematopoietic stem cell transplanta-
tion. Results support continued investigation of CTX001 as a potential
functional cure for pts with SCD.

Previously presented: EHA 2021

Figure  1.

C038

CTX001 FOR TRANSFUSION-DEPENDENT -THALASSEMIA
(TDT): SAFETY AND EFFICACY RESULTS FROM THE ONGOING
CLIMB THAL-111 STUDY OF AUTOLOGOUS CRISPR-CAS9-
MODIFIED CD34+ HEMATOPOIETIC STEM AND PROGENITOR
CELLS (HSPCS)

F. Locatelli,1 S. Ailinca-Luchian,2 Y. Bobruff,2 M. Domenica Cappellini,3
S. Corbacioglu,4 J. Domm,5 J. Foell,4 J. de la Fuente,6 R. Handgretinger,7
T.W. Ho,2 W. Hobbs,8 A. Kattamis,9 A. Li,10 Y. Lu,8 L. Palomino,2
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Rome; 2CRISPR Therapeutics; 3University of Milan; 4University of Re-
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University of British Columbia; 11Joan and Sanford I Weill Medical Col-
lege of Cornell University; 12The Hospital for Sick Children/University
of Toronto

Introduction: Elevated fetal hemoglobin (HbF) leads to improved out-
comes in patients (pts) with TDT. CTX001™ is a novel cell therapy
using non-viral, ex vivo CRISPR-Cas9 gene editing in autologous HSPCs
at the erythroid-enhancer region of BCL11A to reactivate HbF by reduc-
ing expression of BCL11A. We present an interim data cut (Jan 21, 2021)
of pts in CLIMB THAL-111 (NCT03655678) infused with CTX001 with
≥3 months (mo) follow-up (f/u) (N=10).

Methods: Pts aged 12–35 years (ys) with TDT receiving packed red
blood cell (pRBC) transfusions of ≥100 mL/kg/y or ≥10 units/y in the
prior 2 ys were eligible. After mobilization with G-CSF (filgrastim) and
plerixafor, peripheral CD34+ HSPCs were collected by apheresis and
edited via a specific single-guide RNA and Cas9 nuclease. Before infu-
sion, pts received busulfan myeloablation. We monitored engraftment,
hematopoietic recovery, adverse events (AEs), total Hb, HbF, F-cells,
and pRBC transfusion.

Results: Mean f/u was 9.8 mo (range 4.3–23.8). 4/10 pts had severe
genotypes. Mean (SD) baseline total Hb and HbF was 10.6 (2.2) and 0.2
(0.2) g/dL, respectively; pts received a mean of 14.7 pRBC
transfusions/y. After CTX001 infusion, median neutrophil engraftment
occurred on Day 30 (range 19–39); median platelet engraftment occurred
on Day 38.5 (range 29–52). All pts reported AEs, mostly mild/moderate
in severity. The CTX001 safety profile was generally consistent with

busulfan myeloablation. 1 pt had 4 serious AEs related or possibly related
to CTX001: headache, hemophagocytic lymphohistiocytosis (HLH),
ARDS, and idiopathic pneumonia syndrome, all in the context of HLH;
all resolved. Pts showed increases in Hb (Figure) and F-cell pancellu-
larity. Pts stopped pRBC transfusions ≤2 mo after infusion and all were
transfusion-free at analysis (≤23.8 mo total f/u).

Conclusion: We confirm that CTX001 increases total Hb and HbF in
pts with TDT, with durability up to 23.8 mo f/u. Pts were transfusion-
free ≤2 mo after infusion through analysis. Safety profile was generally
consistent with myeloablative conditioning. Results support continued
investigation of CTX001 as a potential functional cure for pts with TDT.

Previously presented: EHA 2021

Figure  1.
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ELTROMBOPAG ADDED TO STANDARD IMMUNOSUPPRES-
SION IMPROVES RESPONSE RATE IN SEVERE APLASTIC
ANEMIA: RESULTS OF THE MULTICENTER PHASE III
PROSPECTIVE RANDOMIZED RACE TRIAL

A.M. Risitano,1,2,3 A. Kulasekararaj,3,4 S. Iacobelli,3,5 S. Terwel,3
A. Hill,6 C.J.M. Halkes,7 C. Recher,8 F. Barraco,9 E. Forcade,10
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versitaire du Cancer de Toulouse Oncopole; 9Centre Hospitalier Uni-
versitaire Lyon Sud; 10CHU Bordeaux, Hôpital Haut-Leveque;
11University Hospital Donostia; 12University Hospital Basel; 13Univer-
sity Hospital of Rennes; 14Ospedale San Martino; 15University Medical
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lvitge-Hospital Duran i Reynals, L’Hospitalet de Llobregat; 24Hospital
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28IRCCS Istituto Giannina Gaslini.

Introduction: A phase II study suggested that the addition of eltrom-
bopag (EPAG) to standard immunosuppressive therapy (IST) by horse
antithymocyte globulin (hATG) and cyclosporin (CsA) may improve out-
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comes in severe aplastic anemia (SAA). We have compared hATG and
CsA with or without EPAG in an open-label, phase III, investigator-
driven, randomized trial enrolling treatment-naive SAA patients (clini-
caltrials.gov, NCT02009747).

Methods: From July 2015 to April 2019, 197 patients stratified by dis-
ease severity and age were randomized to receive standard IST (hATG
40 mg/kg x4d and CsA 5 mg/kg/d) with (arm B) or without (arm A)
EPAG at the dose of 150 mg/d from day +14. The primary endpoint was
hematological complete response (CR) at 3m. Secondary endpoints in-
cluded hematological response at 6m, clonal evolution, overall survival
(OS), event free survival, and somatic myeloid mutations. The study was
powered to detect an increase in CR from 7% in arm A to 21% in arm B
at 3m.

Results: One-hundred-one and 96 patients were randomized to arm A
and arm B, respectively. Baseline characteristics were comparable be-
tween the 2 arms, including median age (52 and 55 years in arms A and
B), age stratum (age <40 was 35.6% in arm A and 30.2% in arm B), dis-
ease severity (vSAA was 33.7% in arm A and 35.4% in arm B), and pres-
ence of a PNH clone (59.2% in arm A and 45.2% in arm B). Median
follow-up was 24 months. The primary endpoint was reached with 3m
CR rates of 9.9% and 21.9% in arms A and B (pooled Odds Ratio 3.2,
p=0.012). Overall response rates were 31.7% and 59.4%, respectively
(p<0.0001). At 6 months, overall response rate was 40.6% in arm A vs
68.4% in arm B (OR:3.8; p<0.0001). SAE were comparable in both
arms. Eight patients came off study prematurely in arm A and 7 in arm
B requiring second-line transplantation. One patient in arm A and 2 pa-
tients in arm B experienced clonal evolution. High sensitivity NGS anal-
ysis was performed using a 31 gene target molecular bar coded panel.
At baseline, samples from 121 patients showed no difference in term of
somatic myeloid mutations (VAF >1% 38.2% in arm A vs 36.6% in arm
B). Follow up samples were analyzed from 121 and 53 patients at 6 and
24 months, respectively. During the study, 22 patients died (14 in arm
A, OS of 83.2% at 24m and 8 in arm B, OS 86.3% at 24m) (p=0.142).

Conclusions: Standard IST+EPAG improves rate, speed and quality
of hematological response in treatment-naïve SAA patients with no ad-
ditional toxicity.

C040

FINAL RESULTS OF THE PHASE 3 STUDIES NORTHSTAR-2
AND NORTHSTAR-3 IN PATIENTS WITH TRANSFUSION-DE-
PENDENT β-THALASSEMIA (TDT): SUBGROUP ANALYSIS OF
ITALIAN PATIENTS TREATED WITH BETIBEGLOGENE AU-
TOTEMCEL (BETI-CEL), LENTIGLOBIN FOR THALASSEMIA

F. Locatelli1,2, D. Pagliara1, S. Gaspari1, F. Galaverna1, G. Li Pira1, 
V. Coletti1, P. Merli1, G. Palumbo1, G. Leone1, R. Guo3, R.A. Colvin3,
M. Algeri1

1DepartmentofPediatricHematologyandOncology,Cellular andGene
Therapy, Bambino Gesù Children’s Hospital; 2Sapienza University of
Rome; 3bluebird bio, Inc.

After beti-cel gene therapy in the phase 3 Northstar-2 (NCT02906202;
non-β0/β0 genotypes) and Northstar-3 (NCT03207009; β0/β0, β0/β+IVS-I-

110 or β+IVS-I-110/β+IVS-I-110 genotypes) studies, transfusion independence
(TI) was achieved by 30/34 (88.2%) evaluable patients, including 6/7
(85.7%) patients with β0/β0 genotypes and 24/27 (88.9%) patients with
non-β0/β0 genotypes (IVS-I-110 genotype, n=8). Here, we present pooled
results of the Italian patients (n=10) who were enrolled in these studies.
CD34+ hematopoietic stem cells collected via mobilization/apheresis
were transduced with BB305 lentiviral vector, using a refinement of the
phase 1/2 study manufacturing process. Patients were infused with trans-
duced cells after PK-adjusted, single-agent busulfan myeloablation ad-
ministered over 4 days (in 4 refracted doses/day) and followed for 24
months. Data presented as median (min–max). The Table 1 shows base-
line patient and treatment characteristics. All 10 patients achieved and
maintained TI (TI=weighted average haemoglobin [Hb] >9 g/dL without
pRBC transfusions for 12 months). Weighted average Hb during TI was
11.8 (9.7–13.0) g/dL. Last pRBC transfusion post-infusion was at 1.1

(0.7–1.9) months. Duration of ongoing TI is 21.1 (19.4–32.0) months.
At study end (Month 24), total unsupported Hb was 12.3 g/dL (9.6–13.2)
(n=10), mainly driven by HbAT87Q at 9.4 g/dL (5.0–10.8) (n=10). Markers
of erythropoiesis, such as levels of soluble transferrin receptor, serum
ferritin, and hepcidin improved after treatment with beti-cel, tending to-
wards normal levels. Bone marrow evaluations for myeloid:erythroid
ratio showed improved 12-month outcomes versus baseline in all evalu-
able patients, indicating improvement in erythropoiesis. Post-infusion
non-hematologic grade ≥3 adverse events (AEs) were stomatitis (n=7),
pyrexia (n=1), hypertransaminasaemia (n=1) and epistaxis (n=1). Neither
veno-occlusive liver disease nor drug product-related AEs were reported.
All patients are alive and had polyclonal vector integration; no integra-
tion site contributed >3% of all integration sites at last assessment
(n=10). Beti-cel gene therapy is a potentially curative treatment option
in TDT: all Italian patients across a wide range of severity and age
achieved and maintained transfusion independence with median Hb lev-
els of 12.3 at study end (24 months). The treatment regimen had a safety
profile consistent with busulfan myeloablation.

Table 1.

   

 

 

  

Baseline patient and treatment characteristics (median [min-max], unless otherwise noted) 

Parameters N = 10 

Age at consent, median (min max) years 
< 12 years, n 

 < 18 years, n 
 

15 [7 23] 
2 
6 
2 

Male, n (%) 7 (70) 
 

Median (min max), mg Fe/g dw 
6.1 

[1.2 16.8] 
Cardiac T2* 
Median (min max), msec 

36.2 
[23.3 42.4] 

Splenectomy, n (%) 1 (10) 
Genotypes 

Genotypes, n 

+ 0 4 IVS-1-6 / Codon 44 (-C) (n=2) 
IVS1-NT6 / IVS1-NT1 (n=1) 
IVS-I-110 / Codon 39 (C>T) 

(n=1) 
+ + 4 IVS-I-110 / IVS-II-745 (n=2) 

IVS-I-110 / IVS-I-110 (n=1) 
IVS-I-6 / IVS-II-745 (n=1) 

E 0 1 Glu>Lys CAG>AAG / IVS-1-1 
0 0 1 Codon 39 (C>T) 

Pre-study pRBC transfusion history 

Retrospective data 2 years prior to enrollment 

N = 10 

Median (min max) 

Volume, mL/kg/yr 192.5 [165.6 240.5] 
Number, transfusion episodes/yr 20.5 [17.5 37.0] 
Pre-transfusion Hb, g/dL 9.5 [8.8 9.9] 
Conditioning and engraftment characteristics  

Estimated daily average AUC over 4 days, µM*min 5695 [3708 8947] 
 28 [19 38] 

 50 [33 80] 
 

Hb, hemoglobin; LIC, liver iron concentration; pRBC, packed red blood cells 
Data as of 30 November 2020 
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RESULTS OF THE IELSG32 TRIAL AT A MEDIAN FOLLOW-UP
OF 88 MONTHS DEMONSTRATE THAT MATRIX FOLLOWED BY
AUTOLOGOUS TRANSPLANT IS ASSOCIATED WITH EXCEL-
LENT SURVIVAL AND NEUROTOLERABILITY IN PATIENTS
WITH PRIMARY CNS LYMPHOMA

T. Calimeri1, K. Cwynarski2, E. Pulczynski3, C.P. Fox4, E. Schorb5, 
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P. La Rosée 6, M. Binder7, A. Fabbri8, F. Ilariucci9, M. Krampera10, 
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sität München, Munich, Germany; 20 Department of Internal Medicine
III,UlmUniversity,Ulm,Germany; 21UniversityHospitalAachen,Med-
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Civili,Brescia, Italy; 23AOUCittàDellaSaluteeDellaScienzadiTorino,
Turin, Italy; 24Hematology and Stem Cell Transplantation Unit, Istituto
Nazionale dei Tumori Regina Elena, Rome, Italy; 25AO Santi Antonio e
Biagio e Cesare Arrigo, Alessandria, Italy; 26Universitätsklinikum Er-
langen, Erlangen, Germany; 27Martin-Luther Universität, Halle Saale),
Germany; 28KlinikumBremen-Mitte,Bremen,Germany; 29KlinikumDer
Justus-Liebig-Universität, Giessen, Germany; 30 University Hospital
Aintree, Liverpool, UK; 31Universitätsklinik Des Saarlandes, Homburg,
Germany; 32Ospedale Oncologico, Cagliari, Italy; 33Ospedale Civile S.
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IRCCS San Raffaele Scientific Institute, Milan, Italy; Pathology Unit,
IRCCS San Raffaele Scientific Institute, Milan, Italy; 35Institute of Neu-
ropathology,UniversityHospitalofCologne,Cologne,Germany; 36Unit
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37Fondazione Italiana Linfomi, Alessandria, Italy; 38International Ex-
tranodalLymphomaStudyGroup,Bellinzona,Switzerland; 39IstitutoOn-
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Introduction: The MATRix regimen (methotrexate, cytarabine,
thiotepa, rituximab) significantly improved outcome of pts with primary
CNS lymphoma (PCNSL) enrolled in the IELSG32 trial. At a median
follow-up of 40 months, both whole-brain irradiation (WBRT) and au-
tologous transplantation (ASCT) were safe and equally effective. How-
ever, sound assessment of OS, late complications, incidence of secondary
tumors, and cognitive impairment requires longer follow-up. Herein, we
report the results of IELSG32 trial at a median follow-up of 88 (IQR 77-
99) months.

Methods: pts with untreated PCNSL (18-70 years) were randomly as-

signed to methotrexate-cytarabine (arm A), or arm A + rituximab (arm
B), or arm B + thiotepa (MATRix; arm C). A second randomization as-
signed pts with responsive/stable disease after induction to WBRT (arm
D) or BCNU-Thiotepa-conditioning ASCT (arm E). Treatment effect on
cognitive functions and quality of life (QoL) were addressed by IPCG
tests panel and EORTC-QLQ.

Results: 219 pts were randomized (arm A 75; B 69; C 75). After in-
duction, 167 had responsive/stable disease: 118 were assigned to WBRT
(59) or ASCT (59) while 49 were excluded from 2nd randomization. Fif-
teen pts died of iatrogenic toxicity; 87 (40%) pts remain relapse-free (A
17; B 28; C 42), 14 of them died of unrelated causes (Table 1). Among
117 relapsing pts, 96 died of PCNSL, 7 of salvage therapy complications.
Eight pts developed second cancers at 48-96 months from WBRT (5) or
ASCT (3). Second tumors and deaths in relapse-free pts or during sal-
vage were not significantly related to treatments (Table 1). Neuropsy-
chological tests showed a significant impairment in attentiveness and
executive functions in the WBRT arm, while transplanted pts had a sig-
nificant improvement in these functions as well as memory and QoL.
Pts treated with MATRix showed significantly better PFS (7-year: 20%
arm A; 29% arm B; 52% arm C) and OS (7-year: 26% arm A; 37% arm
B; 56% arm C). No significant differences were seen between the con-
solidation arms for either PFS (7-yr: 55% arm D; 50% arm E) or OS (7-
yr: 63% vs 57%). Pts treated with MATRix and consolidation had a 7-yr
OS of 70%, without a difference between WBRT and ASCT.

Conclusions: MATRix was linked to excellent long-lasting outcome.
WBRT and ASCT have comparable efficacy. MATRix and ASCT did
not result in higher non-relapse mortality or second tumors onset. WBRT
led to impairment of specific cognitive functions.

Table 1.
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AN ITALIAN MULTICENTER RETROSPECTIVE OBSERVATIONAL
STUDY TO ASSESS THE CLINICAL CHARACTERISTICS AND
THE OUTCOME OF PATIENTS WITH RELAPSED OR REFRAC-
TORY FOLLICULAR LYMPHOMA TREATED WITH IDELALISIB
IN EVERYDAY CLINICAL PRACTICE

L. Nanni1,2, L. Argnani1,2, B. Casadei1,2, F. D’Alò3, P.M. Stefani4, 
A. Cuneo5, G. Gini6, S. Kovalchuk7, C. Patti8, A. Arcari9, F. Pane10, 
M.C. Tisi11, C. Visco12, M. Tani13, M. Petrini14, G. Gaidano15, 
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IELSG 32 study of PCNSL. Late complications by arm in patients who completed the planned treatment 
 Arm A 

(N=42) 

Arm B 

(N=50) 

Arm C 

(N=63) 

WBRT*  
(N=70) 

ASCT* 
(N=60) 

Second tumors# (n=8) 1 (2%) 2 (  4%) 5 (8%) 5 (  7%) 3 (5%) 

Deaths in relapse-free patients§ (n= 14) 2 (5%) 6 (12%) 6 (9%) 9 (13%) 3 (5%) 

Deaths during salvage treatment (n=7) 4 (9%) 0 (  0%) 3 (5%) 2 (  3%) 2 (3%) 

*Actually delivered consolidation regardless of random allocation. 
#Acute erythroid leukemia, high-grade glioma, melanoma (2), Paget's disease of the breast, prostate cancer, colon cancer, basal cell 
carcinoma; the first two were lethal, the other six remained relapse-free after surgical resection. 
§ Causes of deaths in relapse-free patients were: infections (4), sudden death (4), cognitive decline (3), second tumor (2), 
and car accident (1).    
 
IELSG32 was supported in part by grants from the Agenzia Italiana del Farmaco (Ricerca Indipendente FARM99FS3Y), 
Oncosuisse (KLS 02399-02-2009), the Swiss National Science Foundation (31003B_132924) and by Cancer Research UK 
C36711/A12115). Adienne kindly supplied thiotepa for the treatment of patients registered in the UK. 
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Although current approaches to relapsed/refractory (RR) follicular
lymphoma (FL), including newer agents as the PI3K inhibitor idelalisib,
have greatly improved the outcomes of affected patients, this disease is
still characterized by high relapse rates, with most patients eventually
dying of lymphoma progression. Observational studies are essential for
the continuing monitoring of drugs. Data from patients treated with ide-
lalisib outside a controlled clinical trial could give additional information
about the clinical use, treatment duration, effectiveness, and toxicity of
the drug given to RR FL patients in a real life context. To this aim, an
Italian multicentric observational retrospective study was conducted in
19 hematology centers. We herein report the results of a multicentric,
retrospective observational study conducted on 72 heavily pre-treated
FL patients who received idelalisib after a median of 3 previous lines of
therapy (range 1-10). Fifteen patients (20.8%) were refractory to the last
treatment before idelalisib. After a median of 4 months of treatment
(range 1-40), 30 patients (41.7%) obtained an objective response with
20.8% of complete responses (CR, 15/72 patients); 31 patients experi-
enced a progression of disease (PD, 43%). Median progression-free sur-
vival and overall survival (OS) were reached at 8.4 months and 4 years,
respectively; OS was 37.6% after 5 years of follow-up. Drug-related tox-
icities were observed in 32 patients (44.4%), 24 of which (33.3%) had
to discontinue idelalisib for this reason. Twenty-six adverse events
(36.1%) were grade 3 or higher; one patient died due to severe pneumo-
nia. Seven patients (2 CR, 2 partial responses, 2 PD, 1 stable disease)
underwent stem cell transplantation (SCT), 3 of them receiving an au-
tologous SCT (ASCT) while the remaining 4 patients proceeded to allo-
geneic SCT. The 3 patients who underwent ASCT are still in CR after
24,1, 15,4 and 7 months, respectively, since the first documentation of
response. These results confirm that idelalisib represents a valid treat-
ment alternative for patients with pre-treated FL, even following multiple
lines of therapy. The drug can also have a role as a bridge to transplan-
tation in young and fit patients who fail standard salvage chemotherapy
approaches.
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A COMPLETELY GENETIC PROGNOSTIC MODEL OVERCOMES
CLINICAL PROGNOSTICATORS IN MANTLE CELL LYMPHOMA:
RESULTS FROM THE MCL0208 TRIAL FROM THE FON-
DAZIONE ITALIANA LINFOMI (FIL)

R. Moia1, S. Ferrero2,3, L. Cascione4,5, G.M. Zaccaria6, A. Rinaldi4, 
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Torino”, Torino, Italy; 4Institute of Oncology Research, Faculty of
Biomedical Sciences, USI, Bellinzona, Switzerland; 5SIB Swiss Institute
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Unit of Oncology-Haematology, Humanitas Gavazzeni, Bergamo, Italy

Introduction: TP53 and KMT2D disruptions, as well as high risk
MIPI-c class were independent prognosticators for younger mantle cell
lymphoma (MCL) patients enrolled into the FIL MCL0208 trial and were
thus integrated in the MIPI-g prognostic model. Furthermore, MCL is
characterized by many copy number variations (CNVs), whose clinical
impact is not clearly understood. This study aimed at refining the MIPI-
g model by incorporating CNVs.

Methods: DNA from bone marrow CD19+ sorted cells was profiled
with the Illumina HumanOmni2.5 array in 165 patients. Minimal com-
mon regions were identified by a bioinformatic pipeline and smaller re-
gions with the GISTIC algorithm.

Results: 351 CNVs were identified in at least one patient. Besides
TP53 deletion 10 further CNVs showed predictive by univariate analysis
and were selected for multivariate Cox modelling. Actually, 4 CNVs
maintained independent association with PFS: Loss@chr22 in 10/165
(6%) patients with a HR of 4.14 (p=0.028), LOH@chr17 in 5 (3%) with
a HR of 4.79 (p=0.010), HDEL@chr9 in 3 (2%) with a HR of 18.1
(p=0.001) and CDKN2A loss in 30 (18%) with a HR of 2.6 (p=0.002).
By using the same approach employed for the MIPI-g, we assigned a
score to each single predic-tor based on the Cox regression analysis.
KMT2D mutations (HR 2.43, 95% CI 1.21-4.87, p=0.012) TP53 disrup-
tions (HR 2.63, 95% CI 1.38-5.02, p=0.003) and 4CNVs (HR 2.56, 95%
CI 1.43-4.61, p=0.002) had superimposable HRs for PFS and thus scored
1 point. Interestingly, MIPI-c high risk class lost its independent prog-
nostic value (HR 1.42, 95% CI 0.65-3.12, p=0.382), thus scoring 0
points. Consequently, a novel “genetics-only” model was devel-oped,
with patients grouped into 3 risk classes: i) 0 points, low risk group
(LR=97, 60%); ii) 1 point, intermediate risk (IR=41, 26%); iii) >2 points,
high risk (HR=22, 14%). 3-years PFS for LR, IR and HR was 86%, 50%
and 24%, re-spectively (p<0.0001) (Figure 1A). The novel genetic score
improved the model discrimination ability, with a C-statistics of 0.715
as compared to 0.675 for MIPI-g. Interestingly, this model was highly
promising in terms of OS, too: actually, 3-years OS for LR, IR and HR
was 92%, 74% and 59%, respectively (Figure 1B).

Discussion: The inclusion of 4CNVs into the MIPI-g allowed the de-
velopment of a completely molecular model that improved the stratifi-
cation in MCL and identified addi-tional primary refractory patients or
destined to an early relapse after high dose chemotherapy and ASCT.

Figure 1.
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SAFETY AND EFFICACY OF ZANUBRUTINIB IN PATIENTS
WITH RELAPSED/REFRACTORY MARGINAL ZONE LYM-
PHOMA (MAGNOLIA PHASE 2 STUDY)
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Background: Zanubrutinib is a potent, specific next-generation BTK
inhibitor with higher selectivity for BTK compared with TEC- and
EGFR-family kinases, which may be related to off-target toxicities.

Aim/Objective: The objective of this abstract is to present initial effi-
cacy and safety results of zanubrutinib in patients (pts) with relapsed/re-
fractory marginal zone lymphoma (R/R MZL) enrolled in the
MAGNOLIA study (BGB-3111-214; NCT03846427).

Methods: In this single-arm, multicenter study, adults with R/R MZL
who had received ≥1 prior therapy including at least one CD20 antibody
regimen were treated with zanubrutinib 160 mg twice daily until disease
progression or unacceptable toxicity. The primary endpoint was overall
response rate (ORR) by independent review committee (IRC). Secondary
endpoints included investigator-assessed (INV) ORR, duration of re-
sponse (DOR), progression-free survival (PFS), and safety.

Table 1. Efficacy and Safety Outcomes in R/R MZL.

Results: As of January 11, 2021, 68 pts were enrolled and treated. Me-
dian age was 70 years (range, 37-95), with 28% aged ≥75 years. MZL
subtypes included extranodal (38% of pts), nodal (38%), splenic (18%),
and indeterminate (6%). Median number of prior therapies was 2 (range,
1-6), and 32% of pts had disease refractory to last therapy. Median du-
ration of drug exposure was 59.1 weeks (range, 3.7-84.1). At a median
follow-up of 15.5 months (range, 1.6-21.7), INV ORR was 74% with a
complete response rate of 24%. Responses were observed in all subtypes,
with an ORR of 68%, 84%, 75%, and 50% in extranodal, nodal, splenic,

and indeterminate subtypes, respectively. Median DOR and PFS were
not reached. IRC review is ongoing. Twenty-eight (41%) pts discontin-
ued treatment (20 due to disease progression; 4 due to adverse events
[AEs]). The most common treatment-emergent AEs reported in ≥10%
of pts were diarrhea (22%), bruising (21%), and constipation (15%).
Neutropenia was the most common grade ≥3 AE (10%). All-grade AEs
of interest included neutropenia (13%), thrombocytopenia (13%), atrial
fibrillation/flutter (3%), and hypertension (3%). AEs leading to treatment
discontinuation included fatal COVID-19 pneumonia (n=2), fatal my-
ocardial infarction in one pt with pre-existing coronary artery disease,
and pyrexia attributed to disease transformation. No major/serious hem-
orrhage was reported. No AEs led to dose reductions.

Conclusions: Zanubrutinib demonstrated high response rates and
durable disease control with a favorable safety profile in pts with R/R
MZL.
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LONG TERM CYTOPENIA AND INFECTIONS IN PATIENTS
TREATED WITH ANTI-CD19 CAR T-CELLS: AN ANALYSIS OF
BONE MARROW AND CLINICAL RISK FACTORS
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N. Rampi1, F. Bagnoli1, C. Carniti1, P. Corradini1,2

1Divisione di Ematologia e Trapianto di Midollo, Fondazione IRCCS Is-
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During follow-up after the administration of Chimeric antigen receptor
(CAR) T-cells therapy targeting CD19, patients can have long-lasting
cytopenias and infections, the causes of this late toxicity have not yet
been clearly explained. We investigated the frequency of cytopenias and
infections after CAR T-cells infusion and whether clinical characteristics,
laboratory data and bone marrow (BM) function could be associated to
the risk of long term toxicity. Consecutive patients receiving CAR T-
cells at Fondazione IRCCS Istituto Nazionale dei Tumori in Milano be-
tween 2019 and 2020 with at least 3 months of follow-up were included.
Clinical and laboratory data were collected from electronic medical
records; patients with persistent severe cytopenia (i.e. ANC < 1000/ul
and/or PLT < 50000/ul) at 3 months of follow-up underwent BM biopsy,
cytogenetic, FISH analysis and NGS studies to investigate clonal
hematopoiesis. Forty-six patients receiving anti-CD19 CAR T-cells af-
fected by DLBCL (n=34) and PMBCL (n=12) were included. Median
age was 49 years (range, 21-72) and median follow-up was 9 months
(range, 1-21). Four patients died before 3 months of follow-up. In the
first 3 months we observed 21 infectious events in 15 of 42 patients
(33%). Cytokine Release Syndrome (CRS) of any grade, the use of
steroids and tocilizumab were significantly associated with an increased
risk of infections at 3 months. Severe cytopenia was observed in 11 of
42 (26%) of patients at 3 months and in 9/31 (29%) at 6 months. Neu-
tropenia before lymphodepletion, a peak of ferritin after CAR T-cells >
5 times upper value (i.e > 1375 ng/ml) and female sex were significantly
associated with a higher incidence of cytopenia at 3 months whereas neu-
tropenia before lymphodepletion was associated with cytopenia at 6
months. Three months after CAR T-cells BM examination was per-
formed in 6/11 of patients with severe cytopenia and showed dys-
myelopoiesis (n=1), hypocellular marrow (n=3) and normal morphology
(n=2), cytogenetics and FISH were normal. NGS study was performed
in 4 patients showing a clonal hematopoiesis of indeterminate potential
(CHIP) due to DNMT3A mutations with a VAF of 2% and 9% in two of
them. CRS and consequent treatment seemed to be factors predisposing
to infections whereas cytopenia seemed to be associated to pre CAR T-
cells neutropenia or high ferritin peak. Neither age >65 years nor number
of chemotherapy regimens before CAR T-cells were associated with cy-
topenia or infections.
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MYELOID LEUKEMIA TREATED WITH INTENSIVE
CHEMOTHERAPY. AN OBSERVATIONAL STUDY
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Thrombosis is common in cancer but its frequency in acute myeloid
leukemia (AML) has been evaluated in a few reports only and no vali-
dated predictive model is currently available. We performed a retrospec-
tive observational study in newly diagnosed adult AML patients (pts)
treated with intensive chemotherapy between January 2013 and February
2020, to evaluate the frequency and the potential predictive factors of
thrombosis. 222 pts were included, with a median age of 60 years, 21%
in the ELN2010 adverse risk category. With a median follow-up of 44
months, we observed 50 thrombotic events (90% were venous, VTE).
Twenty-eight pts (62% of VTE) had catheter-related thrombosis (CRT),
93% of which were peripherally inserted central catheter; in 6 and 5 case
VTE occurred in lower and upper extremity, respectively; 3 pts experi-
enced pulmonary embolism. Among arterial thromboses, we observed 2
myocardial infarctions and 3 cerebral vascular accidents. The prevalence
of thrombosis was 23% and 6-months, 1-year and 2-year cumulative in-
cidence was 10%, 22% and 25%, respectively. The median time to
thrombosis was 84 days and 52% of the events occurred within 100 days
from AML diagnosis, during induction/consolidation chemotherapy or
just before starting treatment. History of VTE (p=0.005) and baseline
platelet count higher than 100x109/L (p=0.036) significantly increased
the risk of thrombosis, as confirmed by multivariate analysis (OR=5.5,
95%IC 1.2 -2 4.5, p=0.026 and OR=2.2, 95%IC 1.1 – 4.2, p=0.02, re-
spectively). AML genetic profile did not affect thrombotic risk. Khorana
and DIC score failed to stratify pts according to their thrombotic risk.
Results were confirmed considering only thromboses occurring within
day 100 from diagnosis. In a subgroup analysis excluding CRT, ELN In-
termediate-1 risk group was significantly associated with thromboses
(p=0.039), especially FLT3-ITD/NPM1 mutated pts. No impact of
thrombosis on survival was observed, while DIC score at diagnosis was
independently associated with reduced survival (p=0.004) by multivari-
ate analysis. Thromboses are a frequent complication in AML, but we
did not show an impact on survival. Previous VTE and baseline platelet
count could predict thrombotic risk, while AML genetic profile did not.
Khorana score is not a robust tool in this setting, and we could not vali-
date the association of DIC score with thromboses, warranting further
studies on the subject to better predict thrombosis occurrence.
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CLINICAL AND HISTOLOGICAL DATA MAY PREDICT RE-
SPONSE TO SPLENECTOMY IN ITP PATIENTS

F. D’Amore1, M. Pizzi2, G. Binotto1, G. Carli3, E.S.G. d’Amore4, 
N. Vianelli5, E. Sabattini5, B. Famengo4, G. Auteri5, G. Da Dalt6, 
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Introduction: Primary immune thrombocytopenia (ITP) is an acquired
immune-mediated disorder characterized by isolated thrombocytopenia.
Only a minority of patients will experience remission after the first
episode with up to 70% of patients developing chronic ITP. Splenectomy
remains the most effective therapy for ITP, inducing long-lasting remis-
sions in up to 70% of patients. However, alternative effective treatments,
the potential complications of surgery and the inability to predict re-
sponse are factors limiting splenectomy as therapeutical approach to re-
fractory cases.

Aim: The aim of this study was to: (i) define histological characteris-
tics and the immunological microenvironment of the spleens of ITP pa-
tients; (ii) identify clinical-pathological predictors of response to
splenectomy.

Figure 1. Disease free survival curves of the discovery set and validation set. The curves stratifying patients
according to clinical-pathological risk factors included the following variables: (i) age at surgery >45
years; (ii) concurrent autoimmune diseases; (iii) low splenic T follicular help cell density; (iv) low splenic
marginal zone width.

Material and Methods: Fifty-eight adults with ITP who underwent
splenectomy were considered for the study. Clinical and laboratory data
were available for all patients. With regard to histological and immuno-
logical features the following parameters were considered: (i) density of
lymphoid follicles (FL), (ii) presence of reactive germ centers (GCs),
(iii) density of marginal zones (MZ), (iv) follicular helper T cell density,
(v) thickness of T-cell perivascular covers, (vi) cytotoxic T cell density
and (vii) red pulp characteristics (i.e. sine and histiocyte density; pres-
ence of extramedullary hematopoiesis). Clinical (autoimmune diseases;
age of diagnosis) and histological data were correlated with the post-
splenectomy response to assess its role as predictors of surgical outcome.

Results: We identified 3 histological patterns: (i) presence of white
pulp hyperplasia (many secondary FL with well-developed MZ), (ii) pat-
tern of non-activated white pulp (no GC and secondary FL), and (iii)
presence of white pulp lymphoid depletion (marked FL atrophy and T
perivascular covers). Post-splenectomy ITP recurrence was significantly
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associated with: (i) age at diagnosis; (ii) presence of autoimmune co-
morbidities; (iii) low density of follicular helper T cells in FL; (iv)
marginal zone expansion. (Figure 1). The combination of these parame-
ters identified groups of patients with different risk of post-splenectomy
recurrence.

Conclusions: Specific clinical and histological parameters, including
microenvironment immunological features, may help to predict the re-
sponse to splenectomy. 

C048

EFFICACY OF THROMBOPOIETIN RECEPTOR AGONISTS IN
EVANS SYNDROME: A SINGLE CENTER SERIES

N. Cecchi, J.A. Giannotta, M. Capecchi, W. Barcellini, B. Fattizzo

Università degli studi di Milano, Fondazione IRCCS Ca’Granda Os-
pedale Maggiore Policlinico, Milano, Italy

Evans syndrome (ES) is defined as the presence of two autoimmune
cytopenias, including autoimmune hemolytic anemia and immune
thrombo-cytopenia (ITP). Thrombopoietin receptors agonists (TPO-RA),
romiplostim (ROMI) and eltrombopag (EPAG), are effective in primary
ITP but have never been systematically studied in ES. We therefore as-
sessed the efficacy and safety of TPO-RA in patients with ES treated in
our centre. Base-line hematologic parameters, associated conditions, pre-
vious/concomitant treatments were registered. The time from diagnosis
to first TPO-RA was collected. Response rates were evaluated at 1, 3, 6,
and 12 months and classified as partial (PR) or complete (CR), for
platelets >30x109 or >100x109/L, respectively. Treatment emergent ad-
verse events (TEAE) were registered and graded according to CTCAE.
Eleven patients have been evaluated (table): 4 males and 6 females, me-
dian age at the start of TPO-RA was 55.6 years (24-85); six suffered from
secondary ES (2 primary immune deficiencies, 2 antiphospholipid syn-
dromes, 1 post allogenic stem cells transplant, and 1 lymphoproliferative
disease). All pa-tients had received steroids +/- IVIG, and the majority
(N=7) at least one further line. The median time from diagnosis to TPO-
RA was 25.8 months (0.6-360.4). 

Table 1.

Response rates to the first TPO-RA (9 EPAG and 2 ROMI) were 72%
at month 1 (45% CR, 27% PR, N=11), 60% at month 3 (50% CR, 10%
PR, N=10); 66% at month 6 (55% CR 11% PR, N=9); 100% at 12
months (71% CR, 28% PR, N=7). Notably, 91% of patients required con-
comitant therapies including steroids +/- IVIG (N=10), danazol (N=3),
rituximab, splenectomy and azathioprine (N=1 each). Three patients
switched to the alternative TPO-RA (2 ROMI to EPAG and 1 vice versa)
mainly because of no response (NR) and 2 responded. Four patients
(36%) developed at least one TEAE: 3 venous thromboses (1 deep ve-
nous thrombosis, 1 cerebral vein thrombosis CVT, and 1 splanchnic
thrombosis) and 1 acute myocardial infarction (in the same patients ex-
periencing CVT). Seven patients (63%) stopped TPO-RA for persistent
CR (N=3), thrombosis (N=3), or increased bone marrow reticulin fibrosis

(N=1). TPO-RA were effective in about 70% of ES patients even if the
majority required concur-rent therapies. Moreover, TPO-RA use was
complicated by a high occurrence of thrombotic events (possibly favored
by underlying conditions). These findings highlight that in ES bone mar-
row stimulation alone may be not enough to control disease.
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GLOBAL HAEMOSTASIS ASSAYS AND ACUTE LEUKEMIA: 
RESULTS OF AN OBSERVATIONAL STUDY

S. Raso1, M. Santoro1,2, A. Lucchesi3, M. Sardo2, D. Sirocchi2, S. Vitale4,
L. Lo Coco4, A. Dolce5, M.E. Mitra2, G. Giordano6, M.F. Mansueto2, 
S. Siragusa2, M. Napolitano2
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SpecialtiesDi.Bi.M.I.S),Palermo, Italy; 3HematologyUnit, IstitutoSci-
entifico Romagnolo per lo Studio e la Cura dei Tumori IRSTIRCCS, Mel-
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Hospital“Paolo Giaccone” ofPalermo , Palermo, Italy; 5Istituto diSta-
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Introduction: Acute leukemia (AL) is characterized by a complex
spectrum of coagulopathy ranging from bleeding to thrombotic risk,
varying according to disease phases and treatments. To date platelet
count (PC) and conventional coagulation tests (CCTs) cannot predict
and/or guide therapy in acute hemorrhages and are unable to predict
thrombotic risk in AL. Thromboelastography (TEG) is a global haemo-
static test that measures the viscoelastic properties of the clot, thus pro-
viding information on the entire process of blood coagulation. This was
a prospective study of newly diagnosed AL adult (> 18 years) patients
treated with first line of chemotherapy (CHT). Primary aim was to asses
with TEG haemostatic balance from diagnosis to the end of CHT. 

Table 1. Patient Demographics and Clinical Characteristics.

Methods: Patients were enrolled at Unit of Hematology of University
Hospital of Palermo from May 2008 until December 2019. None of the
patients had a known past medical history of thrombosis or bleeding or
clotting disorders and none were taking any medications that could affect

 
R-M1-12, response at month 1-12; PR, partial response; CR, complete response; NR, non response; DVT, deep venous thrombosis; BMF, bone 
marrow fibrosis; AMI, acute myocardial infarction; CVT cerebral vein thrombosis. 

Pt Gender Age at 
TPO-
RA 

(years) 

Associated 
condition 

Time to 
TPO-RA 

(months) 

Previous 
therapy lines 

TPO-RA type Concurrent 
Therapy 

PLT 
pre-
TPO-
RA 

R-
M1 

R-
M3 

R-
M6 

R-
M12 

AE 
Grade (type) 

STOP 
(reason) 

1 M 24 PID 16.6 steroid, 
rituximab, 
IVIG 

Eltrombopag - 29 PR CR PR PR - NO 

2 F 50 PID 1.5 Steroid, IVIG Eltrombopag Danazol 41 CR NR CR CR - YES (CR) 
3 F 78 LPD 10.2 Steroid, 

rituximab 
Eltrombopag Danazol 11 NR NR NR CR - NO 

4 F 62 - 86.3 Steroid, 
rituximab, 

IVIG, 
splenectomy 

Romiplostim Steroid, 
rituximab 

7 NR NR - - - YES (NR) 

Eltrombopag Steroid 5 NR CR CR CR II (DVT) YES 
(thrombosis) 

5 F 67 - 39 Steroid, 
rituximab, 
danazol,  IVIG 

Eltrombopag Steroid 31 PR PR NR PR II (BMF) YES (BMF) 

6 F 58 - 360.4 Steroid, IVIG Eltrombopag Steroid 45 PR CR CR CR - YES (CR) 
7 M 85 - 25.8 Steroid, IVIG Eltrombopag Steroid 31 CR CR CR - - NO 
8 F 62 - 0.6 Steroid, IVIG Eltrombopag Steroid, IVIG 2 CR CR CR CR - YES (CR) 
9 M 35 HSCT 1.9 Steroid, 

rituximab, 
IVIG 

Eltrombopag Steroid, IVIG 3 NR NR NR - - YES (NR) 
Romiplostim Steroid, IVIG, 

splenectomy 
12 NR - - - - NO 

10 M 54 APS 156.2 Steroid, IVIG, 
splenectomy, 
rituximab, 
azathioprine, 
danazol 

Romiplostim Steroid 8 CR - - - - YES (CR) 
Eltrombopag  IVIG, danazol  CR CR CR PR IV (AMI,CVT) YES 

(thrombosis) 

11 F 37 APS 204 Steroid, IVIG, 
splenectomy, 
azathioprine 

Eltrombopag Steroid, 
azathioprine 

23 CR CR CR CR III (splancnic 
thrombosis) 

YES 
(thrombosis) 
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coagulation. Patients had complete blood counts (CBC), TEG and CCTs
(INR/PT, PTT, fibrinogen and D-dimers) performed at 3 time points: 1)
Diagnosis of AL (T0); 2) during first cycle of CHT (T1); 3) At the end
of CHT (T2). An algorithm of the instrument indirectly calculated throm-
bin generation (TG). Patients were followed-up for bleeding and throm-
botic episodes daily up to the time of hospital discharge or death. 

Results: Forty consecutive patients were included (see Table 1 for de-
mographics). TEG results were compared using repeated measures anal-
ysis of variances (Manova). At T1, maximum amplitude (MA), TG and
K time were significantly (p<0.05) shifted toward a hypocoagulability
state when compared to T0, in presence of mild thrombocytopenia. In
addition, a hypercoagulable in T2 was showed by changes of alpha-
angle, MA and TG values (p<0.05). TEG results showed no differences
between the group with and without hemostatic complications (throm-
bosis or hemorrhages). Additionally, there were no statistically signifi-
cant differences in CCTs between 3 time points and no relationship with
any TEG variables. 

Conclusions: Cumulative, we demonstrate the capacity of TEG re-
vealing complex and dynamic abnormalities in patients with AL accord-
ing to course of disease and treatment, respect CCTs. Further studies will
investigate the role of TEG in defining hemostatic profile and in indi-
vidualizing anticoagulant therapy/prophylaxis in patients with AL.

C050

TREATMENT FREE REMISSION AFTER THROMBOPOIETIN RE-
CEPTOR AGONIST DISCONTINUATION IN NEWLY DIAGNOSED
PERSISTENT, CHRONIC ITP PATIENTS: A SINGLE CENTER EX-
PERIENCE

E. Rivolti, K. Codeluppi, L. Arletti, E. Lugli, M. Nizzoli, F. Merli

Hematology Unit AUSL-IRCCS, Reggio Emilia, Italy

Background: Recent evidence suggests that in patients with immune
thrombocytopenia(ITP) with a stable response on TPO- RAs Eltrom-
bopag ( E) and Romiplostim (R), treatment may be tapered and discon-
tinued. Aim: To observe the rate of discontinuation of TPO- RAs in
patients (pts) with chronic, persistent and newly diagnosed ITP in our
center and to identify predictive factors of treatment free response. 

Patients and Methods: We retrospectively evaluated 59 pts(25F,
34M)treated with TPO RAs from June 2010 to April 2021. The median
age at the start of TPO was 65 years(y). 58 pts were treated with E , 14
pts received E and R , 1 patient was treated with R, (73 total treatments),
11 pts were splenectomized, 31 pts were allocated to chronic ITP, 17 to
persistent ITP, 11 to newly diagnosed ITP. The median follow up from
the start of TPO- RAs was 18 months(m) (range 1- 129), the median of
previous lines of therapy was 2. The median time of treatment was 8 m
( range 1-95 ) for E treatments and 8 m (range 1-40) for R treatments.

Results: In R group 8 pts achived a CR, 3 pts achieved a R, 4 pts were
refractory, 6 pts discontinuated the treatment: 4 for no response, 1 for
adverse event, 1 for loss of response. In E treatments we observed 46
CR, 6 R, while 6 pts were no responders, 31 pts stopped the drug : 6 for
no response, 2 for adverse event, 5 for loss of response, 5 died for other
causes, 1 died for acute myocardial infarction, 9 pts discontinued for sus-
tained CR. These pts were pretreated with a median of 2 therapy lines(
range 1-4) including splenectomy in 4 pts. At starting TPO- RAs 5 pts
were male, their median age was 43 y (range 16-85), the ITP stage was
newly in 2 pts, persistent in 2 pts, chronic in 5 pts, the median duration
of E treatment was 15 m(range 2-95). These pts achieved a CR in a me-
dian time of 28 days, started the tapering (if they required <25 mg/daily
dose) after of a median of 16,7 m of treatment , the median duration of
tapering was 10 m (range 1-20), the pts were tapered at 4 week intervals
in 10-20% dose increments until 25 mg every 10 days (in 2 pts TPO-
RAs exposure was shorter: 2 and 5 m). None pts experienced disease re-
lapse after therapy discontinuation in a median follow of 23,6 m , 4 pts
showed a durable response respectively for 44,42,41 and 38 m. 

Conclusion: In our court of pts the only predictive factor of free treat-
ment response were age ( 43 y in the discontinuation group vs 65 y in the
whole court ) and the achievement of CR (100% vs 73%).

Chronic Lymphatic Leukemias and other Chronic 
Lymphoproliferative Syndromes 1
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Tγδ LARGE GRANULAR LYMPHOCYTE LEUKEMIA: CLINICAL
AND BIOLOGICAL FEATURES OF AN INTERNATIONAL COHORT
OF 137 PATIENTS

G. Barilà1,2, A. Grassi3, H. Cheon4, A. Teramo1,2, G. Calabretto1,2, 
J. Chahal4, C. Vicenzetto1,2, J. Almeida5, B. Shemo4, S. Min6, 
V.R. Gasparini1,2, K. Oshimi7, L. Sokol8, F. Ishida9, T. Lamy10, A. Orfao5,
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Medicine and University of Virginia Cancer Center, Division of Hema-
tology & Oncology, University of Virginia School of Medicine; 5Cancer
ResearchCenter IBMCC-CSIC/USAL),DepartmentofMedicineandCy-
tometryService,UniversityofSalamanca, IBSALandCIBERONC; 6De-
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ment of Malignant Hematology, Moffitt Cancer Center; 9Department of
Biomedical Laboratory Sciences, Shinshu University School of
Medicine; 10Department of Hematology, Pontchaillou University Hos-
pital

T-cell Large Granular Lymphocyte Leukemia (T-LGLL) is a rare lym-
phoproliferative disorder in which a Tαβ and a Tγδ subsets can be rec-
ognized. As compared to the more frequent Tαβ LGLL, Tγδ LGLL has
been less investigated, especially in term of the frequency of novel bio-
logical LGLL markers i.e. STAT3 and STAT5b mutations. The aim of this
collaborative study is to characterize the clinical, phenotypical and bio-
logical features of Tγδ LGLL patients. Clinical, phenotypical and molec-
ular features, including STAT3 and STAT5b mutation status, of 137
patients affected by Tγδ LGLL and followed at eight referral centers
across the world, were retrospectively collected. By phenotype, CD16
and CD57 were the main antigens expressed in 72.3% and 78.4% of
cases, respectively. Neutropenia -Absolute Neutrophil Count (ANC)
<1.5x109/L- and anemia -hemoglobin, Hb <120g/L- were the major clin-
ical features, being present in 54.2% and 49.6% of cases, respectively,
including severe neutropenia (ANC<0.5x109/L- and severe anemia
(Hb<90g/L) in around 20% of cases each. DNA samples of 97 and 94
patients were available for STAT3 and STAT5b mutations analysis, re-
spectively. STAT3 mutations were found in 37/97 cases (38.1%), with
Y640F and D661Y being the most common as in Tαβ LGLL, while only
4 patients were STAT5b mutated (4.2%). STAT3 mutated patients were
characterized by higher frequency of neutropenia (p=0.0288), anemia
(p=0.0726), autoimmune/autoinflammatory disorders (p=0.0139), and
treatment requirement (p=0.0169). On the opposite, STAT5b mutated pa-
tients were mostly asymptomatic. Overall, 53.7% of patients required
therapy with the majority (59.6%) having received methotrexate (MTX)
while 26.3% cyclosporine A (CyA). Of notice, overall response rates
(ORR) and complete response (CR) rates were lower in MTX treated
patients as compared to CyA treated patients (ORR: 26.9% and 53.9%
respectively, CR: 7.7% and 23.1% respectively). Considering the first
line therapy and irrespectively from the subsequent lines of treatments,
responders were characterized by a significantly longer progression free
survival (PFS) with respect to non-responders (p=0.0029) and, most im-
portantly, by significantly better overall survival (OS) (p=0.048). In con-
clusion, our results showed that STAT3 mutation identifies a subset of
Tγδ LGLL patients characterized by more symptomatic disease. In ad-
dition, CyA treatment results in higher response rates, translating in im-
proved patients’ survival.
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Figure 1.
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IBRUTINIB INTERFERES WITH INNATE IMMUNE RESPONSE
DURING COVID-19 INFECTION
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Introduction: Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a novel coronavirus that from December 2019 is
spreading throughout the world causing a pandemic of Coronavirus Dis-
ease 2019 (COVID-19). COVID-19 is posing several challenges to the
management of patients with hematologic malignancies. Chronic lym-
phocytic leukemia (CLL) is characterized by perturbations of the im-
mune system. For this reason, CLL patients might have increased risk
of COVID-19 infection. Ibrutinib, a potent BTK/ITK inhibitor, has
shown potential protective effects against lung injury in COVID-19-in-
fected patients. We examined the impact of ibrutinib treatment on the
cytokine release by immune cells in CLL during stimulation with SARS-
CoV-2 overlapping peptides.

Methods: Two experimental settings were performed. Untreated CLL
PBMC were treated in vitro with ibrutinib and stimulated with SARS-
CoV-2 Protein S, S1, S+, N and M. In the second, PBMC isolated from
patients before and after 3 months of ibrutinib therapy were stimulated
with SARS-CoV-2 peptides. Secretion of TNF-α and IFN-γ was deter-
mined by flow cytometry gating CD3+ and CD14+ populations.

Results: We mimic COVID-19 infection in vitro by pulsing CLL
PBMC with SARS CoV 2 peptides. Following stimulation, we measured

a significant release of pro-inflammatory cytokines by both CD3+ and
CD14+ cells characterized by increased of TNF-α and IFN-γ. Ibrutinib
did not modify TNF-α secretion either in presence or not of stimulation
with SARS-CoV-2 in CD3+ population with a slight increase in IFN-γ
secretion. BTK inhibition affected a productive inflammatory response
of monocytes impairing the release of TNF-α and IFN-γ induced by
SARS-CoV-2. We planned to analyze samples from CLL patients before
and after 3 months of treatment with ibrutinib. Our data show no signif-
icant modifications in pro-inflammatory release by CD3+ cells during
treatment with ibrutinib. On the contrary, the secretion of TNF-α and
IFN-γ by monocytes observed in pre-treatment samples was significantly
reduced during the first 3 months of therapy.

Conclusions: Our results demonstrate how ibrutinib reduces the cy-
tokine response in monocytes stimulated by SARS-CoV-2, supporting
the hyphothesis of a protective effects against major clinical complica-
tions induced by COVID-19 in CLL patients. Ibrutinib skews monocytes
towards an immunosuppressive profile confining the cytokine storm with
the possibility to reduce the inflammation status and prevent lung injury.
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PHASE II CLINICAL TRIAL ON VENETOCLAX, ATEZOLIZUMAB,
OBINUTUZUMAB (AVO) COMBINATION IN RICHTER TRANS-
FORMATION: SAFETY INTERIM ANALYSIS
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Diffuse large B-cell (DLBCL) transformation of chronic lymphocytic
leukemia/small lymphocytic lymphoma, Richter Syndrome (RS), has
poor prognosis. Both atezolizumab (A)+/-obinutuzumab (O) and Vene-
toclax (V), are active in DLBCL. The multicenter international ph II
MOLTO study (EUDRACT2018-005028-40), evaluates AVO combina-
tion in 28 RS. Treatment scheme: 35 cycles (c) with A (1200 mg c1-18)
+ V (400 mg/d c1-35) + O (1000 mg c1-8), in untreated DLBCL-RS. At
initial safety run phase 9 patients (pts) received at least 3 c with possible
premature enrollment stop in case of ≥3 non-infective/non-hematologic
(hema) therapy-related G≥4 adverse events (AEs). Remaining pts re-
ceived same safety cohort schedule. From Oct 2019, in the absence of
safety warning enrollment went on and, as of Feb 2021, 14 pts received
at least 1 c. Table 1 shows pts characteristics. Overall, 110 c have been
administered. 5 serious AE (SAEs) were recorded in 4 pts: 1 fever of un-
known origin (FUO) and 1 autoimmune encephalitis, both G3, resolved
and not leading to discontinuation, and 1 G5 pneumonia. The remaining
2 SAEs were disease progression (PD)-related hospitalizations. 12/14
pts (85.7%) developed G≥1 AE of any grade. Severe (G3-5) hema toxi-
city occurred in 7 pts, while 5 pts (including 2 developing SAEs) expe-
rienced severe non-hema toxicity. The most common hema toxicity was
thrombocytopenia: 20 episodes/110 c (18.2%), 9 being G≥3. Other G≥3
hema toxicities: 10% neutropenia and 0.9% anemia. Three severe non-
hema toxicities were recorded: 1 hyperamylasemia; 1 hypercalcemia; 1
purpura. Seven pts (50%) showed G2 FUO and only 1 major infection
was observed. 2 were the AE of special interest: 1 autoimmune myositis
and 1 autoimmune encephalitis both successfully managed with steroids.

!

"

haematologica | 2021; 106(s3) | 39



Oral Communications

No G≥3 infusion related reactions (IRR) occurred and all G1/2 were O-
related. All pts completed V ramp-up, in 2 cases with accelerated dose-
escalation (Koening et al. 2020) due to rapidly PD. No tumor lysis
syndrome (TLS) was recorded. Overall, 9 pts are still on treatment with
a median time on study of 4.4 (range 1-16.7) m, only 1/5 pts discontinued
due to toxicity. As AVO was well tolerated even in elderly, Independent
Data Monitoring Committee allowed the accomplishment of safety run
phase. O+A combination did not result in an enhanced IRR rate or sever-
ity. In this highly proliferating disease, V did not lead to TLS even with
the accelerated ramp-up. Accrual is ongoing and updated results will be
presented.

Table 1. Patients’ characteristics.
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CLADRIBINE AS FRONTLINE TREATMENT OF HAIRY CELL
LEUKEMIA: A MULTICENTER EUROPEAN EXPERIENCE OF
MORE THAN 30 YEARS ON 384 PATIENTS

A. Broccoli1,2, L. Argnani1,2, M. Cross3, A. Janus4, E. Maitre5, 
X. Troussard5, T. Robak4, C. Dearden3, M. Else6, D. Catovsky6, 
P.L. Zinzani1,2

1Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale,
Università di Bologna; 2IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia “Seràgnoli”; 3Department of Hemato-
Oncology, The Royal Marsden Hospital; 4Department of Hematology,
Medical University of Lodz; 5Department of Hematology, CHU Caen
Normandie; 6Division of Molecular Pathology, The Institute of Cancer
Research

Background: Cladribine is regarded as the first treatment of choice of
symptomatic hairy cell leukemia (HCL): it provides high rates of re-
sponse and very long duration of remission in some cases.

Methods: Disease-specific patients records have been reviewed at four
European centers of excellence (Bologna, Italy; Caen, France; London,
United Kingdom, Lodz, Poland) and all patients requiring treatment who
received frontline cladribine have been extrapolated. Responses have
been classified according to Consensus Resolution Criteria. The main
study objective were long-term overall survival (OS), disease-free sur-
vival (DFS) and progression-free survival (PFS) rates. PFS calculation
involved all patients obtaining at least a partial response; DFS was de-
termined only in patients with a complete response (CR) after treatment.
Determining events for DFS and PFS were disease progression (decline
in hematologic parameters, reappearance of marrow infiltration and/or
organomegaly), initiation of a subsequent treatment, death for any cause.

Results: Three hundred and eighty-four HCL patients (including 3 pa-
tients with HCL variant) have been diagnosed and followed between
1969 and 2018, and all of them received frontline cladribine (either sub-
cutaneously or intravenously, according to era- and site-specific guide-

lines and experience). A CR was obtained in 150 cases (39.1%), a partial
response in 50 (13.0%) and a minor response in 7 (1.8%). Two hundred
and eight patients (54.2%) received no further therapy besides cladribine
as they did not require further treatment for their disease. A continuous
CR was documented in 76 patients (19.8%), at a median follow-up pe-
riod of 8.5 years (range, 1-22 years). Median OS was reached at 25.0
years, with 48.3% of patients being alive at 28 years. Median PFS was
13.0 years, with 43% of patients being free of progression at 22 years.
DFS was 26.5% at 22 years, with median reached at 11 years (Figure).
Retreatment with cladribine in relapsed patients occurred in 106 cases.

Conclusions: Cladribine is effective as frontline treatment of HCL and
may determine deep disease control in a significant proportion of cases,
given that more than 50% of treated patients require no further therapy.
Good quality responses may be maintained for more than 20 years in
nearly 40% of patients. Data obtained from this large international cohort
of patients recapitulate the results obtained from smaller single-center
clinical experiences with purine analogs.

Figure 1.

C055

PROGNOSTIC IMPACT OF SOMATIC MUTATIONS ON TIME TO
FIRST TREATMENT: RESULTS OF TARGETED NEXT-GENERA-
TION SEQUENCING IN 211 PATIENTS WITH EARLY STAGE
CHRONIC LYMPHOCYTIC LEUKEMIA

C. Cristinelli1, M. Varettoni2, E. Orlandi2, S. Zibellini2, M. Rossi2, 
M. Gentile3, E. Flospergher,1 V.V. Ferretti,4 E. Rizzo,5 M.G. Della Porta,6
S. Rattotti2, C. Cavalloni2, F. Bergamini1, N. Fabbri1, A. Gallì1, 
L. Arcaini1,2

1Department of Molecular Medicine, University of Pavia; 2Division of ;

Hematology, Fondazione IRCCS Policlinico San Matteo; 3Department
ofOnco-Hematology,HematologyUnitAOofCosenza; 4ServiceofClin-
ical Epidemiology and Biometry, Fondazione IRCCS Policlinico San
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Background: The clinical course of patients with CLL is highly het-
erogeneous reflecting an underlying biologic heterogeneity of the dis-
ease. Next generation sequencing (NGS) may have a role for the
identification of outcome predictors in early stage, treatment-naïve pa-
tients. 

Methods: In a retrospective study we analyzed by NGS the mutational
status of 10 target genes in a cohort of patients with Binet A stage CLL.
All patients were diagnosed and treated according to the iWCLL 2008
criteria. Mononuclear cells were isolated from peripheral blood in 182
cases or from bone marrow in 29 cases. Targeted mutation analysis for
10 genes (ATM, BIRC3, FBXW7, KRAS, MYD88, NOTCH1, POT1,
SF3B1, TP53, XPO1) was performed using a Truseq Custom Amplicon
Sequencing Panel (Illumina, San Diego, CA, USA). We correlated the
mutational status with time-to-first-treatment (TTFT) and overall sur-
vival (OS). In order to estimate the additional role of NGS mutational
status in the prediction of TTFT, we calculate a new integrated prognostic
model. 

Results: We analyzed 211 patients with stage A CLL. A total of 113
mutations were found in 74/211 (35%) patients and co-occurence of mu-
tations in > 2 genes was observed in 24/74 (32%) of mutated cases. Fre-
quency, type and VAF of mutations are reported in Figure 1. With a
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median follow-up of 8 years from diagnosis, 108 patients (51%) were
treated. The median TTFT was 6 years (95% CI: 5-12) with 10-year treat-
ment free survival (TFS) of 45% (95%CI: 37-52). In univariate analysis,
the presence of one or more mutations by NGS was associated with
shorter TTFT (p<0.001). Mutations in POT1, ATM, FBXW7 and
MYD88 were independently associated with shorter TTFT. Integration
of IPS-E and somatic mutations with p<0.1 in univariable analysis iden-
tified 4 groups of patients with different TFS (10-yrs TFS: 74%, 53%,
32% and not reached for patients with score 0, 1, 2 and≥ 3 respectively).
Median OS was 15 years with 10-years OS of 72%. Patients with 2 or
more mutations by NGS had a significant shorter survival as compared
with those with no or one mutation (p<0.001). POT1 mutation and
SF3B1 mutations were independently associated with shorter OS. 

Conclusions: One third of patients with Binet stage A CLL harbor so-
matic mutations with prognostic relevance. The presence and number of
somatic mutations by NGS was predictive of significantly shorter TTFT
and OS, the former emerging as an important end-point for untreated
CLL patients. 

Figure 1.
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IMMUNE RECONSTITUTION AND CLINICAL OUTCOMES IN
THE SETTING OF HLA-IDENTICAL ALLOGENEIC HEMATOPOI-
ETIC STEM-CELL TRANSPLANTATION
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d’Aosta, Aosta, Italy; 8Divisione di Ematologia, Romagna Transplant
Network, Ravenna, Italy; 9NYU School of Medicine, Perlmutter Cancer
Center, NYU Langone Health, New York, USA

Introduction: Allogeneic hematopoietic stem-cell transplantation (allo-
HSCT) can lead to prolonged immunodeficiency, albeit its curative role
in diverse settings. Deficits both in innate and adaptative immunity can
contribute to treatment-related mortality (TRM). We investigate thymus-
dependent and independent role in immune reconstitution (IR) kinetics
and long-term clinical outcomes.

Figure 1.

Methods: Sixty-four patients (median age 56) undergoing HLA-iden-
tical sibling or unrelated donor allo-HSCT after a reduced intensity con-
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ditioning (RIC) were enrolled. Peripheral blood samples were collected
before conditioning and at 1, 3, 6, 12, 18, 24 months after allo-HSCT
from patients and healthy donors as controls. Evaluation of IR was con-
ducted by flow-cytometry analyses of CD4+ and CD8+ T-cell subsets
[naïve, central memory (CM), effector memory (EM), CD45RA-express-
ing terminal effector memory (EMRA) and revertant] and Real-Time
PCR quantification of signal joint T-cell receptor excision DNA circles
(sjTRECs), performed on genomic DNA extracted from sorted CD4+
and CD8+ T cells.

Results: A constant gradual increase in absolute numbers of T-cell sub-
sets and sjTRECs from the first month up to 2 years post-transplant was
observed. Overall, median CD4+ and CD8+ T-cell and sjTRECs levels
were lower than those observed in healthy donors at +2 years. sjTRECs
kinetics was associated with CD4+ naïve T cells increase (p < 0,001),
clearly suggesting that most of CD4+ naïve T cells derived from thymic
re-education of donor precursor stem cells, whereas CD8+ naive T cells
underwent peripheral expansion. By contrast, CM and EM T cells
showed a faster thymic-independent expansion. By multivariate analysis,
gr.II-III chronic GVHD (p 0.004 in CD4+, p 0.032 in CD8+) and age
>60 (p <0.001 in CD4+, p 0.015 in CD8+) were significantly associated
with low thymic output at +1 year. We also observed a significant effect
of 3-month post allo-HSCT CD4+ sjTRECs levels on the risk of CMV
reactivation: cumulative incidence within 2 years post-alloHSCT was
69.6% in patients with CD4+ sjTRECs levels below the medianvs40.2%
in those with levels above the median (p 0.008).

Conclusions: Active thymic function despite age-dependent involution
substantially contributes to T-cell reconstitution after allo-HSCT. Chronic
GVHD and older age are significantly correlated with thymic activity.
Correlation between IR and clinical outcomes need further investigations
and prospective analyses to be confirmed.

C057

IMMUNOGENETIC LANDSCAPE OF LEUKEMIA RELAPSE
AFTER HEMATOPOIETIC STEM CELL TRANSPLANTATION:
ROLE OF CLASS I AND II SOMATIC HLA MUTATIONS

S. Pagliuca,1,2 C. Gurnari,1,3 S. Hong,4 C.M. Kerr,1

S. Kongtiakamon,1 L. Terkawi,1 M. Zawit,1 V. Visconte,1
B. Hamilton,4 H.E. Carraway,4 N. Majhail,4 J.P. Maciejewski1

1Translational Hematology and Oncology Research Department of
Cleveland Clinic, Cleveland, Ohio; 2Université de Paris, Paris, France;
3DepartmentofBiomedicineandPrevention,UniversityofRomeTorVer-
gata,Rome, Italy; 4BloodandMarrowTransplantProgram,Department
of Hematology and Medical Oncology, Cleveland Clinic, Cleveland,
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Curative potential of allogeneic hematopoietic stem cell transplanta-
tion (HSCT) in myeloid malignancies is principally related to the graft-
versus-leukemia (GvL) effect. Decreased expression of major
histocompatibility complexes (MHC) or genomic aberrations in HLA re-
gion (6p copy-neutral loss of heterozygosis [LOH] or 6pdel) have been
described in haploidentical/mismatched and matched contexts as mech-
anisms facilitating leukemic relapse. Here, we hypothesize that somatic
mutations in class I-II HLA alleles may also contribute to immune escape
from GvL decreasing the presentation of immunodominant peptides on
leukemic blasts. To that end, we performed a comprehensive genetic
characterization of specimens sequentially collected from a cohort of 48
patients with AML and MDS relapsing after HSCT, assessing HLA re-
gion along with 173 genes known to have a role in leukemogenesis.
Ninety-six paired/serial samples (39 at AML/MDS diagnosis, 48 at re-
lapse after HSCT, and 9 at relapse after chemotherapy) were analyzed.
Disruptive HLA mutations were found in 29% of the patients (4% at di-
agnosis and 25% at post-transplant relapse), in both class I and II loci
(median VAF was 33%). In post-transplant group, 75% of those events
were found in patients receiving graft from a matched donor, while the
remaining 25% was observed after haploidentical transplant. Patients
with HLA mutations had more likely a later relapse (median time to re-
lapse: 554 vs 150 days after transplant, p=.00042), underscoring a fitness
advantage under GVL-related immune pressure (less likely in case of

earlier events). Also, HLA mutated subjects were completely refractory
to donor lymphocyte infusion-based regimens, (N=6), whereas HLA wild
type (wt) patients (61% of the 19) tended to have transient or stable re-
sponses, in line with the concept that all the HLA restricted adaptive ma-
nipulations may be ineffective in patients characterized by mechanisms
of immune escape mediated by HLA loss. When examining the somatic
myeloid landscape of those patients, a different pattern of co-mutations
was observed compared to HLA wt cases, with enrichment in genetic
aberrations in epigenetic regulators (such as TET2, EZH2, EP300, and
DNMT3A) in HLA mutated patients.

In conclusion, here we describe the existence of a family of genomic
aberrations in HLA region that unveils a new mechanism of HLA loss,
possibly contributing to post-transplant immune escape and leukemia re-
lapse, similarly to 6pLOH and MHC downregulation.
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EXTRACELLULAR VESICLES AS A CIRCULATING PREDICTIVE
BIOMARKER OF ACUTE GVHD IN ALLEGENEIC HEMATOPOI-
ETIC STEM CELL TRANSPLANTATION
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1IRCCSAOUAzienda Ospedaliero Universitaria S. Orsola-Malpighi di
Bologna, Istituto“L.eA.Seràgnoli”,Bologna, Italy; 2LaboratoryofCel-
lular and Molecular Cardiology, Cardiocentro Ticino and Foundation
for Cardiovascular Research and Education FCRE), Lugano, Switzer-
land; 3DepartmentofExperimental, Diagnosticand Specialtymedicine,
University of Bologna, Bologna, Italy; 4Laboratory for Cardiovascular
Theranostics, Cardiocentro Ticino and Foundation for Cardiovascular
Research and Education FCRE), Lugano, Switzerland

Acute GVHD (aGVHD) is one of the most important early complica-
tion after allogeneic hematopoietic stem cell transplantation (HSCT).
Though many factors (e.g. recipient’s age, comorbidities, conditioning
regimen, HLA compatibility and GVHD prophylaxis) influence the risk
of GVHD, the use of validated predictive biomarkers is still uncommon
in the real life. Almost all biological fluids, including plasma, are rich in
Extracellular Vesicles (EVs). The potential diagnostic power of these
biomarkers stands in their surface protein markers profile, as well as into
their peculiar microRNAs cargo. Here, we analyzed plasma CD9, CD63
and CD81 positive EVs from 39 patients who underwent allogeneic
HSCT for hematological malignancies (AML 41.1%; ALL 17.9%;
MDS/MPN 17.9%; other 23.1%) from unrelated (74.3%), related
matched (10.3%), haploidentical donor (12.8%), and cord blood (2.6%).
EV concentration and size distribution were assessed at different time
points (day-1, day+30, day+90 and day>180) by nanosight tracking anal-
ysis (NTA). EV membrane phenotype was assessed by cytofluorimetric
MACS-Plex assay, which detects an array of 37 membrane proteins, in-
cluding T, B, myeloid, erythroid and lymphocyte activation markers).
Plasma microRNA cargo was assessed by small_RNAseq and droplet
digital PCR. A “day -1 signature” of EVs membrane protein markers
profile was identified as a predictor of aGVHD at day +90. In particular,
high levels of EVs carrying CD3 (p<0.001), CD4 (p<0.001), ROR1
(p=0.002), CD86 (p=0.004), CD133 (p=0.002) and CD69 (p=0.006)
were significantly predictive of aGVHD. In conclusion, we here report
a peculiar distribution of pre-transplant signature of circulating EVs
highly predictive of aGVHD. A validation of these findings is expected
to allow early stratification of GVHD risk and to foresee the feasibility
of a GVHD risk-adapted therapeutic strategy.
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THE IMPACT OF AGE ON HEMATOLOGIC RECOVERY AFTER
ALLOGENEIC TRANSPLANTATION
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Introduction: Hematologic recovery is not satisfactory in every patient
undergoing an allogeneic stem cell transplantation (HSCT). A significant
proportion have been reported to have low platelet counts, despite full
donor chimerism. This condition can be related to several factors includ-
ing: number of CD34+ cells infused , stem cell source, underlying dis-
ease, conditioning regimen, GvHD and CMV infection. Recently
transplant platforms have changed, including the use of haploidentical
transplants and modified GvHD prophylaxis.

Aim of the study: To investigate factors associated with hematological
recovery in current transplant years.

Methods:We included 1311 patients with hematological disease undergo-
ing to HSCT from 2000 to 2020 in two transplant center: Genova and Roma,
as shown in Table 1, in patients stratified according to age </> 60 years.
Platelet counts were taken as a surrogate marker of hematologic recovery.

Results: We first ran a multiple regression analysis on factors influ-
encing platelet counts between 50 and 100 days post-transplant. These
were patients age >60 years, GvHD grade II-IV, non sibling donor and
a diagnosis of myelofibrosis. Platelet recovery at different time points,
up to over 4 years post-transplant, is shown in Figure 1a in patients strat-
ified according to an age cut off of 60 years. Patients younger than 60
years showed significantly improved platelet recovery , at each time
point, when compared to patients younger than 60 years; the difference
persisted beyond 4 years. There was no difference in platelet recovery
in patients aged 18-40 and 41-60. Donor age and year of transplant had
no effect on platelet recovery. Figure 1b shown platelet recovery accord-
ing to risk factors (age, GvHD, myelofibrosis, non sib donor). Transplant
related mortality (TRM). We then asked whether low platelet counts pre-
dicted TRM. Patients with a platelets count higher than 20 and 50x109

on days 50-100 post-HSCT, showed a reduced transplant related mor-
tality (TRM) as compared to patients with a lower platelet count (13%
vs 39%: p<0.000001; 11% vs 31%, p<0.000001) (Figure 1 c,d).

Conclusions: Platelet recovery post-HSCT seems to be strongly influ-
enced by patient’s age, together with GvHD, a diagnosis of myelofibrosis
and donor type. Slow recovery in older patients remains statistically sig-
nificant beyond 4 years after HSCT. Recovery after HSCT has not im-
proved over the past 2 decades. Low platelet counts are a strong risk
factor for mortality after allogeneic HSCT. Clinical trials with TPO ag-
onists post HSCT are warranted to assess whether hematologic recovery
can be improved, and whether this will translate in reduced mortality.

Figure 1.

C060
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MYELOABLATIVE CONDITIONING, FOR MYELOFIBROSIS IN
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Allogeneic transplant can be curative in myelofibrosis (MF). Hap-
loidentical stem cell transplant (Haplo-SCT) allows optimal timing, nev-
ertheless its efficacy might be hampered by rejection.

Aims: To evaluate the Haplo-SCT in homogeneously treated, MF af-
fected, patients (pts) for engraftment, survival, GVHD and the composite
end point of Gr.III-IV aGVHD, severe cGVHD-free/relapse-free survival
(refined-GRFS).

Methods: We collected retrospective data of 51 pts, transplanted from
2012 to 2020 at our Unit, affected by PMF (27/51; 53%) or post-TE/PV
MF (24/51; 47%). The majority had advanced disease (IPSS-Int2/High:
34/51, 67%. Splenomegaly >22cm: 21/51, 41%). The whole cohort re-
ceived Haplo-SCT after a myeloablative conditioning consisting of
thiotepa (day -6 to -5), fludarabine (day -4 to -2), busulfan (day -4 to -2;
one dose omitted in less-fit pts). Overall, 49/ 51 (96%) received unma-
nipulated bone marrow graft with day +3/+5 post-transplant cyclophos-
phamide, cyclosporin and mycophenolate from day 0 as GVHD
prophylaxis; 2/51 (4%) received peripheral stem cells due to donor
needs. 20/51 (39%) received pre-transplant ruxolitinib (RUX).

Figure 1.

Results: Median age was 58. Median FU was 11 months (IQR: 4 –
24). Median time to recovery was 24 (15-168) and 33 (12-176) days for
neutrophils and platelets. Engraftment (EGF), intended as complete pe-
ripheral recovery with full donor chimerism, occurred in 32/49 pts
(66%), rejection in 8/49 (16%), PGF in 9/49 (18%); 2 pts, died before
day 28, were not evaluable. After 24 months, median OS was not reached
(2yr OS: 65%). Lack of EGF was the only factor that significantly im-
pacted OS (multivariate, HR for PGF 3.26; p=0.039; HR for rejection
4.25; p = 0.04). Median PFS was not reached after 24 months (2yr PFS:
52%). Splenectomy negatively impacted PFS (multivariate, HR 5.84; p
= 0.023). A trend towards a better PFS was observed in pts exposed to
RUX prior to SCT (multivariate, HR 0.19; p=0.13). CI of Gr. II-IV
aGVHD was 27% (95% CI: 20% - 33%), Gr.III-IV aGVHD 8% (95%CI:
4% - 12%). 24 months CI of cGVHD was 28% (95%CI: 21%-35%). 24
months refined-GRFS was 51%.

Conclusions: this is the largest experience reported on haplo-SCT in
MF. Engraftment is achievable in an acceptable proportion of pts, pre-
dicting a favourable outcome. GRFS is a suitable objective in pts under-
going SCT: despite concerns about the alternative source and
conditioning intensity, half of the pts are alive, in remission and free from
GVHD after procedure.
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BRENTUXIMAB VEDOTIN PLUS CHEMOTHERAPY FOR PA-
TIENTS WITH PREVIOUSLY UNTREATED, STAGE III OR IV
CLASSICAL HODGKIN LYMPHOMA: 5-YEAR UPDATE OF THE
PHASE 3 ECHELON-1 STUDY (NCT01712490)
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In the ECHELON-1 study, brentuximab vedotin, doxorubicin, vinblas-
tine, and dacarbazine (A+AVD) significantly improved modified pro-
gression-free survival (PFS) per independent review in patients (pts) with
newly diagnosed Stage III/IV classical Hodgkin lymphoma (cHL)vsdox-
orubicin, bleomycin, vinblastine, and dacarbazine (ABVD) (Connors,
NEJM 2018) and durable PFS per investigator (INV) benefits with
A+AVD vs ABVD were seen with extended follow-up (Bartlett, Blood
2019; Straus, Blood 2020). We report updated efficacy and safety data
after 5 years’ follow-up (cutoff date 18 Sep 2020). Pts with newly diag-
nosed Stage III/IV cHL were randomised 1:1 to up to 6 cycles of A+AVD
(n=664) or ABVD (n=670) on days 1 and 15 of a 28-day cycle. Interim
PET scan after cycle 2 (PET2) was mandated. Analyses were performed
for PFS per INV, peripheral neuropathy (PN) resolution and improve-
ment (improvement by ≥1 grade [G] from worst G by latest assessment)
in pts with ongoing PN at end of treatment, rate of secondary malignan-
cies, and pregnancy incidence and outcomes among pts and partners.
After 60.9 months median follow-up (95% confidence interval [CI]
55.2–56.7), estimated 5-year PFS per INV was 82.2% (95% CI 79.0–
85.0) for A+AVD and 75.3% (95% CI 71.7–78.5) for ABVD, favouring
A+AVD vs ABVD (hazard ratio [HR] 0.681; 95% CI 0.534–0.867;
p=0.002). Estimated 5-year PFS with A+AVD vs ABVD in the intention
to treat population was 84.9% vs 78.9% in PET2– pts (HR 0.663; 95%
CI 0.502–0.876; p=0.004) and 60.6% vs 45.9% in PET2+ pts (HR 0.702;
95% CI 0.393–1.255; p=0.229). In A+AVD and ABVD arms, 85% and
86% of pts with treatment-emergent PN had complete resolution or im-
provement of symptoms. In A+AVD and ABVD arms, PN was ongoing
in 29% and 21% of pts, respectively, most of which were G1–2. In total,
131 pregnancies were reported; the proportion of ongoing pregnancies
or live births in female pts was similar in both arms (A+AVD arm 85%,
ABVD arm 74%). With 5 years’ follow-up, sustained PFS benefit was
observed with A+AVD vs ABVD that was independent of disease stage
and PET2 status. In addition, treatment adaptation by interim PET2 status

is not required for A+AVD and bleomycin exposure is avoided. As most
historical cHL relapses occur within the first 5 years (Radford, BMJ
1997), the durable and robust treatment benefit and manageable safety
profile of A+AVD in ECHELON-1, suggest that A+AVD is an attractive
treatment option for all pts with previously untreated Stage III/IV cHL.
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Nodular lymphocyte-predominant Hodgkin lymphoma (NLPHL) is a
rare entity whose neoplastic cells retain a B-cell phenotype with expres-
sion of CD20. Radiotherapy is recommended for favorable stage IA dis-
ease, while for other stages guidelines suggest therapeutic strategies
similar to those used for classic HL (cHL). The role of rituximab, al-
though quite widespread, is not completely elucidated. We retrospec-
tively analyzed baseline characteristics of 308 consecutive patients with
NLPHL diagnosed in 19 Italian centers from 2000 to 2018. With a me-
dian follow up of 8.4 years (IQR: 4.5-12.4) for treated patients, median
OS was not reached and estimated 10-yrs OS was 96.4% (93.2% -
98.1%) and 5-yrs PFS was 84.5% (79.7% - 88.3%). Histological trans-
formation rate to diffuse large B-cell lymphoma was 2 x 1000 person-
year with a median time to transformation of 25.1 months (IQR:
20.2-31.8). Patients with stage II or more showed superior PFS with im-
munochemotherapy in comparison to chemotherapy alone (5-yrs PFS
was 89.6% vs 72.7%, p=0.034). In multivariable analysis no use of rit-

44 | haematologica| 2021; 106(s3)



48° Congress of the Italian Society of Hematology, Milano, Italy, October 24-27, 2021

uximab, splenic involvement and bulky disease were associated with an
inferior PFS (all p<0.05, as showed in the attached Table 1). Our data
suggest an advantage of the use of rituximab combined with chemother-
apy±radiotherapy in the treatment of stage II-III-IV NLPHL.

Table 1. Crude (univariable analysis) and adjusted (multivariable model) effect of rituximab and baseline
characteristics on progression-free survival in 193 patients with stage II/III/IV nodular lymphocyte-pre-
dominant Hodgkin lymphoma who received chemotherapy.
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Introduction: Up to 30% of cHL patients (pts) have a R/R disease. Sal-
vage therapy followed by consolidation with ASCT can save only ap-
proximately half of R/R pts. In the AETHERA trial, cHL pts at high-risk
of progression or relapse who received BV consolidation after ASCT
showed a reduced risk of progression compared to a placebo group, with
5-year progression-free survival (PFS) rates of 59% and 41%, respec-
tively. We report here the results of a real-life study on 105 cHL pts
treated with BV consolidation after ASCT.

Methods: This retrospective study included R/R cHL pts from 15 Ital-
ian centers treated between Apr 2011 and Aug 2020. Eligible pts had re-
ceived at least 2 cycles of BV after ASCT. The primary aim was PFS
and OS assessment and its comparison to data already published.

Results: We included 105 pts, with a median follow-up of 20 months
(range 2-108). Pts received a median of 2 lines of treatment before ASCT.
The 51% (54 pts) received BV also immediately before ASCT. PET-CT
evaluation before and after ASCT reported a Deauville Score (DS) 1-3
in 72 (75%) and 68 (78%) pts, respectively. Considering pre ASCT high-
risk features (refractory disease, CR < 12 months, extranodal disease at
relapse), 30 (29%) pts presented at least 2 factors. The median number
of BV consolidation cycles was 10. A complete schedule of 16 cycles of
BV was administered to 57 (54%) subjects (60% of pts who received
both consolidation and pre ASCT and 43% of pts treated with BV post-
ASCT only). Main causes for treatment interruption were: adverse events
(AEs; 15; 33%), PD (13; 28%), consolidation with allo-SCT (8; 17%).
Among grade 3-4 AEs leading to treatment interruption, there were 8 pe-
ripheral neuropathies, 4 infections, 2 infusion reactions, 1 liver toxicity.
The 3-year PFS and OS were 62% (95% CI: 49-72) and 86% (95% CI:
73-93), respectively (Figure 1). The only feature significantly associated
with both reduced PFS and OS was a DS 4-5 before ASCT (HR 3.81;
95% CI: 1.80-8.09; p<0.001). Administration of BV pre ASCT was not
associated with different risk of progression (HR 0.87, 95% CI 0.44-
1.73, p=0.965) or death (HR 0.71, 95% CI 0.20-2.49, p=0.594).

Conclusions: BV consolidation post ASCT is an effective and safe op-
tion for R/R cHL pts in line with the AETHERA trial. The use of BV
also before ASCT did not negatively impact on its safety and efficacy,
and likely allowed to offer to a higher number of pts the option of ASCT. 

Figure 1.
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In the last decades, a significant improvement in survival of patients
(Pts) affected by lymphoma has been observed. Fertility and gonadal
function represent an important aspects for long-term lymphoma sur-
vivors. We designed a retrospective, multicentric, observational study,
with the primary endpoint to describe the different methods of fertility
preservation during therapy in the real life. Other end points were: to de-
termine amenorrhea rate and possible risk factors in young female lym-
phoma patients and to record rate of pregnancy and miscarriage after
treatment. All pts, aged from 18 to 40 years old, diagnosed with Hodgkin
(HL) or non-Hodgkin’s lymphoma (NHL) in the timeframe between Oct
1st/2010 and May 31st/2018, treated with chemoimmunotherapy regi-
mens and/or radiotherapy (RT) were included in the study. A total of 414
women were enrolled in the study. Median age was 28 years old (range
18-40), histology were: HL 308 (74%), PMBCL 56 (13%), DLBCL 43
(10%), FL plus MCL plus T-cell lymphoma 7 (3%). Advanced Ann Arbor
stage III-IV was seen in 164 (40%) of pts. First line treatment were:
ABVD in 295 (71%), R-CHOP like in 102 (25%), higher intensity reg-
imens (BEACOPP/HD-CHT and ASCT) in 17 (4%) pts. 203 (49%) pa-
tients received RT. A relapsed/refractory disease was observed in 48
(11%) cases, and 52% of them received ASCT. Pretreatment data
recorded: regular period in 80%, previous pregnancy in 26%, previous
miscarriage in 9%. Overall, 76% of the pts received GnRH analogues
during chemotherapy; 10% OCs and 14% nothing. Oocytes and ovarian
tissue cryopreservation were performed in 55 and 42 pts, respectively
(23%). Post treatment data were transient amenorrhea in 216 (75%) and
premature ovarian failure (POF) in 33 (9%). After treatment were
recorded 43 (10%) pregnancies and 17 (4%) miscarriages. Most preg-
nancies (88%) were observed in women under 30 years of age and sub-
jected to a single line of therapy. Median age of menopause onset was
34.5 ± 7.8 years old (19.0-47.0). In multivariate analysis median age at
diagnosis and number of lines of treatment correlate with higher rate of
amenorrhea, risk of POF and menopause. No protective effect of GnRHa
administration of amenorrhea, POF and menopause was observed. In
conclusion, pregnancy in long term lymphoma survivors should be con-
sidered possible and safe. Our study confirm the need to a correct and
multidisciplinary approach to fertility preservation in young lymphoma
pts.
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Introduction: The hypomethylating agents (HMAs) represent an im-
portant therapeutic option for older patients (pts) with AML and have
become the backbone for combination regimens (eg, with Venetoclax).
However, very limited real-life prospective studies are available regard-
ing the clinical outcome of these pts including infectious complications
and infectious related mortality (IRM) during treatment.

Patients and Methods: The recruitment of this prospective multicen-
tric study (CE-Id-study:2908) has been completed on December 31,
2020; the study follow-up is still open. We enrolled 230 pts with a me-
dian age of 75 years (range 25-94); 157 pts (68%) had >2 relevant co-
morbidities. Of the 230 cases, 118 (51%) received a first-line therapy
with a combination of HMAs+Venetoclax(V) while 112 (49%) were
treated with HMAs monotherapy (azacitidine or decitabine). Until now,
1270 cycles of HMAs have been administered (547/1270 with
HMAs+V).

Results: The best response achieved, under HMAs treatment, was: CR
in 40% of cases (52% in HMAs+V and 28% in HMAs alone, P<0,005),
PR in 20% and SD in 14% of cases. The microbiological or radiological
proven infectious complications (almost one) occurred in 144/230(63%)
pts, mainly pneumonia (in 40% of pts) and/or bacteremia/sepsis (one or
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more events in 28% of pts). Febrile neutropenia (one or more episodes)
occurred in 38% of pts; 14 cases of Covid-19 (6%) were reported. After
a median follow-up of 8 months (1-24) from the start of HMAs therapy,
113 (49%) pts died and 117 (51%) were alive. The 1 yr OS probability
was 46% with a median OS of 10 months (9,8 in HMAs+V and 10,5 in
HMAs alone). The primary causes of death were: progression of AML
(31%), Infection (30%-34/113), Infection+AML (23%), other causes
(16%). The directly IRM was 30% and 13/34 pts died of infectious com-
plication while in CR/PR (11/13 in HMAs+V group and only 2/13 in
HMAs group). Data on antibiotic prophylaxis, hospitalization, drug-
doses modulation, are available and will be analyzed in this study.

Conclusions: These preliminary results confirm, in a real-life setting,
a higher CR rate in pts treated with HMAs+V compared to HMAs alone.
However, we detected a high rate of infectious complications and a high
IRM (30%) with higher infection related deaths in CR/PR pts on
HMAs+V group. If confirmed at the end of the study, these data under-
line the great importance of infection prevention, to reduce infectious
deaths, improving OS of this frail AML population.
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Background: Gram-negative bacteria (GNB) blood-stream infections
(BSIs) affect mortality in neutropenic hematological patients (pts), par-
ticularly if multidrug resistant (MDR). Italy has registered during the
past years high prevalence of fluoroquinolone (FQ) resistance and wide
spread of carbapenem resistance. In such a context, the benefit of FQ
prophylaxis is controversial.

Aims: We aim to evaluate the impact of levofloxacin prophylaxis
omission for the prevention of pre-engraftment (PE) BSIs in adult pts
affected by hematologic malignancy treated with autologous (ASCT)
and allogeneic stem cell transplant (alloHSCT). Primary objective was
to compare infection-related mortality (IRM) at day-30 in pts who de-
veloped GNB PE-BSIs. Secondary objectives were the incidence, etiol-
ogy and antimicrobial resistance of PE-BSIs.

Methods: Since February 2019, we modified internal protocol and
omitted FQ prophylaxis in pts undergoing transplant. We collected data
of neutropenic fever (NF) in four groups of pts: ASCT receiving FQ pro-
phylaxis (group-A1, Jan.2018-Jan.2019), ASCT without FQ prophylaxis
(group-A2, Febr.2019-Dec.2020), alloHSCT receiving FQ prophylaxis
(group-B1, Jan.2018-Jan.2019), alloHSCT without FQ prophylaxis
(group-B2, Febr.2019-Dec.2020).

Results: We detected 25 episodes of NF (38 ASCT) in group-A1, 81
episodes (98 ASCT) in group-A2, 69 episodes (71 alloHSCT) in group-
B1, 215 episodes (152 alloHSCT) in group-B2. In group-A1, 2 episodes
of PE-BSIs occurred, both sustained by Gram positive bacteria. In group-
A2, 22 episodes of PE-BSIs occurred. Pathogens were GNB in 13/22
episodes and MDR-GNB in 1/13 episodes (ESBL-producer Kp). IRM
30 day after ASCT was 0% both in group-A1 and group-A2. In group-
B1, 30 PE-BSIs occurred. Pathogens were GNB in 10/30 episodes and
MDR in 7/10 episodes (4 KPC-Kp, 2 ESBL-producer Ec, 1 MDR-Pa).
In group-B2, 87 PE-BSIs occurred. Pathogens were GNB in 55/87
episodes and MDR in 17/55 episodes (7 ESBL-producer Kp, 7 ESBL-
producer Ec, 3 MDR-Pa). Overall regarding alloHSCT in group-B2 we
observed higher incidence of PE-BSIs (p 0.04) and GNB PE-BSIs (p
0.02), with a lower incidence of MDR-GNB PE-BSIs (p 0.005). IRM 30
days after alloHSCT was 5.6% in group-B1 and 5.2% in group-B2.

Conclusions: In this study withdrawing FQ prophylaxis has no impact
on IRM. We observed an increased rate of PE-BSIs among pts without
prophylaxis, whit a decrease in PE-BSIs from MDR-GNB. These data
confirm the safety of an approach based on FQ withdrawal. 
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R. Fanin1,4, G. Fasola2
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Maria della Misericordia, Udine; 2Dipartimento di Oncologia,ASUFC,
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Introduction: There are limited data on efficacy of screening proce-
dures to evaluate prevalence of SARS-CoV-2 infection (including
asymptomatic cases) in cancer outpatients undergoing antineoplastic
therapy.

Patients and Results: From May-1, 2020 to June-15, 2020, during the
first wave of SARS-CoV-2 pandemic, 860 consecutive patients, under-
going active anticancer therapy, were evaluated and tested for SARS-
CoV-2 with a combined screening procedure including self-report
questionnaire, molecular nasopharyngeal swab (NPS) and rapid serolog-
ical immunoassay (for anti SARS-CoV-2 IgG/IgM). Primary endpoint
of the study was to estimate the prevalence of SARS-CoV-2 infection
(including asymptomatic cases) in consecutive cancer outpatients by a
combined screening modality. A total of 2955 SARS-CoV-2 NPS and
860 serological tests, in 475 patients with hematologic cancers and 386
with solid tumors, were performed. A total of 112/860 (13%) patients
self-reported sympthoms potentially COVID-19 related; only 1/860
cases(0.03%) had a positive SARS-CoV-2 NPS and 14 cases(1.62%) had
a positive specific serological test (overall prevalence of infection
1.62%). Of the 112 cases who declared symptoms potentially COVID-
19-related, only 2.7%(3/112) were found SARS-CoV-2 positive. This
suggest that a questionnaire-based triage system, even if accurate and
important, has a low positive-predictive value (0,89%; 95% CI: 0,87-
0,91%) for the identification of cancer patients with SARS-CoV-2 in-
fection since a differential diagnosis between tumor or treatment-related
symptoms and COVID-19-related symptoms is always very difficult.
This is the largest study reporting the feasibility of a combined screening
procedure to evaluate prevalence of SARS-CoV-2 infection in cancer
patients receiving active therapy, during the first epidemic wave, under
the restrictive lockdown measures, in one of the areas of active SARS-
CoV-2 circulation. Lacking specific recommendations for the detection
of asymptomatic SARS-CoV-2 cases, a combined diagnostic screening
might be more effective to detect the exact prevalence of SARS-CoV-2
in neoplastic population. The prevalence can obviously change according
to the territorial context, the entity of the restrictive measures adopted
and the phase of epidemic curve. However, its exact and real-time knowl-
edge could be important to optimally balance risks/benefits of oncologic
treatments avoiding (if the prevalence is low) the reduction of dose in-
tensity or the selection of less intensive anticancer therapies.
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MDW IS A NOVEL INFLAMMATORY BIOMARKER WITH PROG-
NOSTIC RELEVANCE IN COVID-19 PATIENTS

G. Riva1, V. Nasillo1, A. Paolini2, A.M. Ottomano1, G. Bergonzini1,
B. Lusenti1, S. Castellano1, M. Girardis3, G. Guaraldi4, C. Mussini4,
R. Manfredini5, E. Tagliafico1, M. Luppi2, T. Trenti1

1Diagnostic Hematology and Clinical Genomics Laboratory,
AUSL/AOU Policlinico, Modena, Italy; 2Hematology Unit, University
of Modena and Reggio Emilia, AOU Policlinico, Modena, Italy; 3Inten-
sive Care Unit, University of Modena and Reggio Emilia,AOU Policlin-
ico, Modena, Italy; 4Infectious Diseases Unit, University of Modena and
Reggio Emilia, AOU Policlinico, Modena, Italy; 5Centre for Regenera-
tive Medicine, University of Modena and Reggio Emilia, Modena, Italy

Monocyte Distribution Width (MDW), a new cytometry-based hema-
tologic parameter correlating with cytomorphologic changes occurring
during monocyte activation, has recently been described as promising
early biomarker of sepsis. Similar to sepsis, in SARS-CoV-2-associated
disease (COVID-19), monocyte/macrophage subsets are considered key
mediators of the life-threatening hyperinflammatory disorder –com-
monly defined as ‘cytokine storm’– which is part of the complex infec-
tion-associated immune dysregulation observed in severe COVID-19
cases (possibly constituting a kind of viral sepsis). Therefore, here we
aimed at investigating, for the first time, possible prognostic roles of
MDW testing in the monitoring of COVID-19 patients. In this work, we
longitudinally measured MDW values (readily available along with au-
tomated blood cell count) in a cohort of 87 patients with molecularly-
proven COVID-19 diagnosis, consecutively admitted to our
intensive/subintensive clinics in early 2020. Statistical analyses were ap-
plied to correlate MDW values with common inflammatory markers, dis-
ease severity, clinical trajectories and final outcome. We found
significant direct correlations between MDW and different inflammatory
markers routinely assessed during hospitalization, namely CRP
(p<0.001), fibrinogen (p<0.001) and ferritin (p<0.01). Moreover, high
MDW values were remarkably associated with fatal outcome
(AUC=0.76, sensitivity 0.75, specificity 0.70, MDW threshold 26.4;
RR=4.91, OR=7.14) (Figure 1). Furthermore, evaluating MDW dynam-
ics in cases with longer follow-up, we frequently observed progressive
MDW increments in patients with worsening inflammatory conditions,
while clinical recoveries were consistently associated with MDW de-
creases. Of note, MDW testing may also help to assess therapeutic re-
sponse to immunomodulatory treatments, such as tocilizumab. Our pilot
study shows that MDW can be useful in the monitoring of hospitalized
COVID-19 patients, as it is: (i) easy and rapid to obtain, (ii) directly re-
lated to the activation state of a fundamental inflammatory cell subset
(i.e. monocytes, pivotal both in cytokine storm and in sepsis im-
munopathogenesis), (iii) strongly correlated with clinical severity of
COVID-19-associated inflammatory disorder, and, in turn, (iv) endowed
with relevant prognostic significance. Additional studies are needed to
define the clinical impact of MDW testing in other settings, including
COVID-19 patients with hematologic comorbidities.

Figure 1.
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THE FREQUENCY AND SEVERITY OF COVID-19 IN HEMATO-
LOGIC PATIENTS VARIES THROUGOUT DIFFERENT PANDEMIC
PERIODS: 14-MONTH EXPERIENCE IN A HIGH-IMPACT AREA

F. Colnaghi1, C. Cattaneo1, A. Ogna1, R. Daffini1, G. Facchetti1, 
M. Oberti1, E. Cerqui1, N. Bianchetti1, C. Pagani1, A. Tucci1, G. Rossi1

1UO Ematologia, ASST-Spedali Civili, Italy

In March 20 the start of COVID-19 pandemic had devastating effects
in hematologic patients (hem pts), with a reported related mortality of
up to 40%. The aim of our study was to evaluate, in the well-defined epi-
demiological setting of our patient population, the trend of the pandemic
in terms of frequency, severity and prognosis over time after its 1st wave
(Mar-Apr20), which was particularly strong in Brescia. From Mar-20 to
Apr-21, 259 hem pts with acute leukemia (AL) (21), lymphoma (LY)
(90), multiple myeloma (MM) (47), chronic lymphoproliferative disor-
ders (CLD) (38), myelodysplastic syndromes/myeloproliferative neo-
plasms (MDS/MPS) (49), or non-neoplastic disorders (14) acquired
COVID-19 and were consecutively recorded. Median age was 71y (20-
94), M/F ratio 1,4 Distribution of monthly diagnoses over time was
markedly uneven with 108 (42%) in Mar-20, less than 5 from May to
October and a mean of 21 from Nov-20 to Mar-21 (2nd wave). Only 49
pts (19%) were managed at home, 82% of them in the 2nd wave. The
severity of COVID-19 also varied over time. Of 59 asymptomatic pts,
15 were diagnosed in the 1st wave and 35 in the 2nd, representing 11%
and 36% of pts of the two periods, respectively (P=0.0004). Severe/crit-
ical pneumonia developed in 78% of pts in the 1st and in 48% in the 2nd
wave (p<0.0001) (Figure 1). Similarly, COVID-19-related mortality was
36% in the 1st and 21% in the 2nd wave (P=0.0099). However, mortality
due to severe pneumonia remained similar (39% vs 41%). Overall, age
≥70y (60%vs85%, p<0.0001) and male sex (68%vs80%, p=0.045) were
associated with reduced survival. Their mortality rates did not differ sig-
nificantly throughout both pandemic waves. According to hem diagnosis,
the mortality decreased from the 1st wave to the 2nd wave in pts with
LY (39%>24%), MM (26%>17%), MDS/MPS (39%>8%), and CLD
(25%>18%), as opposed to AL (36%>56%). Moreover, pts whose hema-
tologic disease was controlled at COVID diagnosis died more often dur-
ing the 1st wave (39% vs 14%, p=0.009).

In conclusion, the impact of COVID-19 in hem pts varied both in time
and severity, being minimal in summer and less frequent and lethal in
autumn/winter 2020/21, except for pts with AL. However, the prognosis
of hem pts with severe pneumonia did not differ over time, confirming
COVID-19 as a critical issue for them. These results may be useful for
orienting the management policies of hem pts in different periods of the
pandemic. 

Figure 1.
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PROGNOSTIC IMPACT OF MINIMAL REDISUAL DISEASE 
ASSESSMENT IN ELDERLY PATIENTS WITH SECONDARY
ACUTE MYELOID LEUKEMIA. A COMPARISON BETWEEN 
CPX-351 AND INTENSIFIED FLUDARABINE-BASED REGI-
MENS

F. Guolo1 , P. Minetto2 , M. Clavio2, M. Miglino1,2 , R. Marcolin1, 
M. Passannante1, M. Frello1, E. Tedone2,3, N. Colombo2,3, 
E. Carminati2, G. Pugliese1, C. Nurra1, A. Cagnetta2, M. Cea1,2, 
R.M. Lemoli1,2

1ClinicaEmatologica,DipartimentodiMedicina InternaDiMI),Univer-
sità degli Studi di Genova; 2IRCCS Ospedale Policlinico San Martino;
3Servizio di Citofluorimetria, U.O. Anatomia Patologica, Italy

Minimal residual disease (MRD) assessment retains high prognostic
value in Acute Myeloid Leukemia patients (AML) undergoing intensive
induction therapy. However, most of the data on the prognostic value of
MRD come from trials including younger patients treated with conven-
tional 3+7 regimen. AML arising from a previous myelodisplastic syn-
drome (s-AML) and therapy-related AML (t-AML) are usually
under-represented in trial and are unlikely to respond to conventional in-
duction. Few data are available on the kinetics and the prognostic value
of MRD in this setting. We evaluated MRD in a cohort of elderly s-AML
or t-AML patients receiving induction therapy either with a fludarabine-
containing regimen or CPX-351, in order to compare the probability of
achieving MRD negativity, to disclose the prognostic value of MRD in
this setting and to define the best time-points for MRD assessments. A
total of 136 elderly (median age 67, range 60-75) s-AML or t-AML pa-
tients were analyzed treated between Jan 2005 and Jan 2020, either with
CPX-351 (n=35) or fludarabine-high dose cytarabine-idarubicin (FLAI),
with (n=72) or without (n=29) gemtuzumab-ozogamicin (GO). MRD
was retrospectively analyzed in patients achieving hematological com-
plete remission (CR) with both multicolour flow cytometry (MFC) and
WT1 expression levels. CR was achieved in 83 patients (61%). CR rate
was 28/35 in patients treated with CPX-351 (80%), significantly higher
when compared to patients receiving FLAI (55/101, 54.5%, p<0.05). The
addition of GO to FLAI did not increase CR rate. Among CR patients, a
total of 41 (49.4%) and 44 patients (53%) achieved MRD negativity,
with MFC or WT1, respectively. MFC MRD negativity probability was
higher among patients receiving CPX-351 as induction therapy (MFC
MRD negativity rate of 16/28, 57% and 25/55, 45% in CR patients who
received CPX-351 or FLAI, respectively, p<0.05). Adding GO to FLAI
did not improve MRD negativity probability. MRD showed significant
prognostic value in terms of Overall Survival in all treatment group (2-
year OS of 74 and 36% in patients with or without residual MFC MRD
after induction, respectively, p<0.05). WT1-based MRD lead to similar
results. The higher rate of MRD negativity with CPX-351 may be related
to a more efficient anti-leukemic activity in this particular setting. The
evaluation of MRD with both MFC and WT1-based assessment lead to
superimposable conclusions and allowed us to obtain data from virtually
all patients.

C072

INTERLEUKIN-2 RECEPTOR ALPHA CHAIN, ALSO CALLED
CD25, IS A POTENTIAL TARGET IN ACUTE LYMPHOBLASTIC
LEUKEMIA

G. Carrà1, B. Maffeo1, A. Cartellà1, P. Circosta1, J. Petiti1, 
A. Cignetti2, U. Familiari3, A. Guerrasio1, D. Cilloni1, A. Morotti1

1Università di Torino; 2AUO Mauriziano; 3AUO San Luigi Gonzaga,
Italy

Acute lymphoblastic leukemia (ALL) is a molecularly heterogeneous
disease originating from clonal proliferation of precursor B-lineage cells.
In adults, ALL diagnosis is still associated with a dismal prognosis due
to the lack of specific targeted therapies. This study was designed to in-
vestigate the expression of interleukin-2 receptor alpha chain CD25 in
B-ALL and its biological significance, especially following the avail-
ability of specific CD25 targeting compounds. The expression of IL2RA
(CD25 gene) was detected by flow cytometry (FC), immunohistochem-
istry and Western blot analysis, in 25 newly diagnosed ALL patients,
both Philadelphia positive (12 patients) and Philadelphia negative (13
patients). Similarly, CD25 expression was assessed in four B-ALL com-
mercially available cell lines. Infection with shRNA specifically directed
against CD25 was used to evaluate apoptosis induction and cell cycle
arrest in primary B-ALL cells established from two patients. Our data
suggest that ALL, and in particular Ph-positive ALL, aberrantly ex-
presses the interleukin-2 receptor alpha chain, CD25. Whereas normal
B cells display low amounts of CD25, primary ALL cells and ALL cell
lines (over)-express CD25. While the high frequency of CD25 on the
surface of many different hematological tumor cells has been established
and confirmed in our study, there is little investigation focusing on the
significance of CD25 expression. Indeed, CD25 may be present on ALL
cells and enable oncogenic signaling pathways. In such respect, we ob-
served that CD25 silencing in primary cells promotes cell cycle arrest
and apoptosis induction. While these data support the rational to target
CD25, ALL cells did not appear to be in vitro sensitive to basiliximab,
an antibody able to target the Il2RA, but in vivo investigations are needed
to better assess the effects of this therapeutic approach in ALL context.
We concluded that CD25 expression is elevated in patients with B-ALL.
Our results also demonstrate that CD25 silencing induces cell cycle arrest
and apoptosis. The latter result has important implications from a thera-
peutic point of view. Targeting CD25 receptor with anti-CD25 antibodies
or peptide mimetics could be an effective strategy for targeting leukemic
cells. Additionally, high CD25 expression could be exploited for the de-
velopment of CAR-T therapy

C073

PROSPECTIVE STUDY ON 595 NEUTROPENIC EPISODES IN
230 AML PATIENTS: IMPACT OF DIFFERENT CHEMOTHERAPY
REGIMENS ON MUCOSAL DAMAGE DIAGNOSED WITH BED-
SIDE ULTRASOUND

E. Benedetti1^, E. Mazzantini1, G. Traverso1, R. Morganti1, 
P. Lippolis2, F. Caracciolo1, E. Orciuolo1, M. Pelosini1, G. Cervetti1

C. Arena3, F. Cerri3, E. Neri3, E. Bramanti4, B. Bruno5,V. Ricchiuto1,
R. Fazzi1, S. Balducci1, S. Galimberti3

1AziendaOspedalieroUniversitariaPisana,Pisa; 2UOChirurgiaD’Ur-
genza, Pisa; 3Dipartimento di Oncologia, dei Trapianti e delle Nuove
Tecnologie in Medicina U.O. Radiologia Universitaria Pisa; 4Istituto di
Chimica dei Composti Organometallici CNR, Pisa; 5U.O Ematologia
Trapianti di midollo Torino, Italy ; ^ Scuola SIUMB di ecografia di base
e specialistica in ecografia d’urgenza

Introduction: Neutropenic enterocolitis (NEC) is a life threatening
complication of leukemic and solid tumors patients (pts) treated with
chemotherapy (CHT) with mortality rate up to 50-100%. It is character-
ized by abdominal pain (AP), fever (F) and diarrhoea (D). Ultrasound
(US) is used to evaluate bowel-wall thickening (BWT), and > 4 mm is
considered diagnostic of NEC. Early diagnosis and treatment is crucial
especially in the era of multidrug resistant (MDR) enteric bacteria. In
this work we compared the impact of different CHT regimens on mu-
cosal damage and NEC occurrence.

Methods:The study enrolled from 2007 to april 2021 all AML pts ad-
mitted in Hematology Unit, undergoing CHT (N=237). Median age 55
(19-85). Abdominal US was performed, baseline before treatment, and
as only one symptom (or a combination) appeared within 12h from onset:
F and/or D and/or AP in CHT-related neutropenic pts.

Results: N=595 chemotherapy-related neutropenic episodes (NE) oc-
curred. N=39 NEC episodes were diagnosed (6.5% incidence rate). N=6
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patients died as consequence of NEC (15.4%). CHT regimens
number/NEC episodes (15.4%): (i) 3+7 (Idarubicin+ARAC)
N=118/17(14.4%), (ii) AML1310 induction N=17/8(47%), (iii) AML
13010 consolidation N=11/0 (0%), (iv) 3+7 (Daunorubicin+ARAC)
N=21/2 (9.5%), (v)2+5 (Idarubicin+ARAC) N=62/0 (0%); (vi) 3+3+5
(Idarubicin,VP-16,ARAC) N= 103/7 (6.8%), (vii) Decitabine N= 27/0
(0%); (viii) Clofarabine (20mg and 40mg) N=33/0 (0%), (ix) clofara-
bine+ARAC N=26/2 (7.7%); (x) FLANG N=54/2 (3.7%), (xi) HD-
ARA-C (3gr/mq for 3 consecutive days) N=37/0 (0%); (xii) CPX-351
(induction 1) N=13/0 (0%), induction 2 N=3/0 (0%), consolidation
N=5/0 (0%),(xiii) FLAG-Ida N=2/0 (0%), (xiv) ARAC 200mg for 3 days
s.c. N=22/0 (0%), (xv) Mirros N=9/0 (0%), (xvi) AIDA (idarubicin) in-
duction N=13/1, cons1 N= 9/0 (0%), cons2 N=8/0 (0%) maintenance
N=2/0 (0%). AML 1310 induction had the highest statistical impact on
NEC incidence (p=<0.001), it was considered our reference or NEC in-
cidence rate and it was statistically superior to 3+7 Ida, 3+7 Dauno,
CPX-351, FLANG, AIDA induction, Clofarabine+ARAC (p=0.04,
p=9.5, p=<0.001, p= <0.001, p=0.054, p=0.009, respectively).

Conclusions: We found a statistical different impact on intestinal mu-
cosal damage of chemotherapy regimens. Our finding might help warn-
ing the physicians especially in patients colonized with MDR intestinal
bacteria. US allowed to detect early signs of NEC and to start prompt
treatment.
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ACUTE LYMPHOBLASTIC LEUKEMIA (ALL) AND COVID-19 
INFECTION. A REPORT FROM THE CAMPUS ALL

S. Chiaretti1*, M. Bonifacio2*, R. Agrippino1, M. Annunziata3, 
A. Candoni4, M. Cerrano5, M. Cedrone6, M. Ciccone7, P. Chiusolo8,
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tiva di Ematologia, AOU Careggi, Firenze; 30 UOC Ematologia, Os-
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As of February 2020, the Covid-19 pandemic has markedly affected
the overall management of patients with hematologic malignancies. In
order to define the incidence, features, outcome, impact on management
of the Covid-19 infection on adult patients with acute lymphoblastic
leukemia (ALL), throughout the Campus ALL network we carried out
different surveys in Italy during the year of the pandemic. Out of 756
patients with a diagnosis of ALL followed at 34 Italian hematology cen-
ters, 63 (8.3%) developed a SARS-CoV-2 infection, detected by molec-
ular test in all cases but 1. The majority of Covid-19-positive cases was
recorded during the period spanning from September 2020 to beginning
of April 2021 (57/63, 90.5%). Of the infected patients, 43/63 were men;
21 patients were aged 18-35 years, 17 35-50 years, 15 50-65 and 10 were
older than 65. Seventeen (27%) patients had a diagnosis of T-lineage
ALL, 26 (41.3%) of B-lineage Ph- ALL and 20 (31.7%) of B-lineage
Ph+ ALL; 36 (57.1%) of the infected patients had no concomitant co-
morbidities, 11 (17.5%) had one comorbidity and 16 (25.4%) more than
1 comorbidity. Source of the infection was mostly nosocomial (26/63,
41.2%) and familial (23/63, 15.9%). It was documented at the onset of
ALL in 4 (6.3%), during the induction phase in 10 (15.9%), consolidation
in 13 (20.6%), maintenance in 11 (17.5%), after an allogenic transplant
in 15 (23.8%), during maintenance or off-treatment in 8 (12.7%), at re-
lapse in 2 (3.2%). The median time to obtain a viral clearance was 34
days (range 7-91). Management of the infection was variable: 29 (46%)
patients did not require hospitalization, 28 (44.4%) were hospitalized in
a Covid ward and 13 of them required respiratory assistance; 6 (9.5%)
were transferred to an ICU unit. In 48 patients (76%) there were no se-
quelae, in 8 (13%) the infection is still ongoing and 7 (11%) succumbed.
Within the 47 patients on ongoing treatment for ALL, therapy was inter-
rupted in 35 (74.4%). In conclusion, the incidence of SARS-CoV-2 in-
fection in ALL patients was similar to that of the general population and
was recorded mostly in the last wave of the pandemic. No differences
were identified in terms of age, disease subtypes and concomitant co-
morbidities. The infection was manageable, with 46% of patients not re-
quiring any medical intervention. The death rate was 11% among the
infected population. Finally, ALL treatment had to be stopped in most
patients. Further details will be provided at the meeting.
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PEVONEDISTAT (P), VENETOCLAX (V) AND AZACITIDINE (A)
VERSUS V+A IN ADULT PATIENTS WITH NEWLY DIAGNOSED
ACUTE MYELOID LEUKEMIA WHO ARE UNSUITABLE FOR IN-
TENSIVE CHEMOTHERAPY: A RANDOMIZED, PHASE 2 TRIAL
(NCT04266795)

C. Papayannidis1, F. Sedarati2, D. Zhao2, O. Tsukurov2, S. Friedlander2,
D.V. Faller2, N.J. Short3

1IRCCS,AziendaOspedalieroUniversitariadiBologna, IstitutodiEma-
tologia “Seràgnoli” Bologna; 2Millennium Pharmaceuticals, Inc., a
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3Department of Leukemia, Division of Cancer Medicine, The University
of Texas MD Anderson Cancer Center

V is an inhibitor of B-cell lymphoma 2 approved in the USA for pa-
tients (pts) with acute myeloid leukemia (AML) in combination with
low-dose cytarabine or hypomethylating agents. Treatment with V+A
has been shown to improve overall survival (OS) vs A alone and is be-
coming standard of care for pts with newly diagnosed AML unfit for
standard intensive chemotherapy. Despite recent advances prognosis re-
mains poor. Novel combination therapies are needed to improve pt out-
comes without increasing toxicity. P, an investigational, first-in-class
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NEDD8-activating enzyme inhibitor, prevents degradation of select pro-
teins, thereby interfering with protein homeostasis and leading to cancer
cell death. In phase 1/2 studies, treatment with P+A has shown promising
clinical activity and good tolerability in AML. There is preclinical evi-
dence of synergy with P+V (Cojocari et al. Haematologica 2021) likely
mediated by P-induced neutralization of pro-survival proteins, including
myeloid leukemia cell differentiation protein (MCL-1). Upregulation of
MCL-1 may be a primary mode of resistance to V. Thus, P+V may help
to prevent or overcome resistance to V and prolong duration of response
(DOR). The reported clinical benefit of P+A and V+A in AML and the
preclinical evidence of synergy with P+V suggest that combination treat-
ment with all three agents may improve outcomes vs V+A in pts with
newly diagnosed AML. A phase 1/2 study of P+V+A in secondary AML
(NCT03862157) established the recommended phase 2 dose and demon-
strated a high response rate among these poor-risk pts. NCT04266795 is
a randomized, open-label, controlled, phase 2 study (Figure) with ~85
global study sites. The primary endpoint is event-free survival (EFS: time
from randomization to relapse from complete remission [CR] or CR with
incomplete blood count recovery [CRi], treatment failure or death from
any cause, whichever occurs first). Secondary endpoints include: OS;
OS at 6 months, 1 year and 2 years; 30- and 60-day mortality; CR rate;
EFS after cycle 6; DOR; time to first response; time to relapse from
CR/CRi or death; health-related quality of life; pharmacokinetics; rate
of red blood cell and platelet transfusion independence; and hospitaliza-
tion rate. Exploratory mechanism-of-action studies and molecular char-
acterization of bone marrow aspirates will be performed. Elimination of
leukemic stem cells and predictive biomarkers of response will be as-
sessed. Planned enrollment is ~150 pts; recruitment is ongoing.

Figure 1.
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THE BET INHIBITOR, CPI-0610, PROMOTES MYELOID DIFFER-
ENTIATION IN MYELOFIBROSIS (MF) PATIENT BONE MAR-
ROW AND PERIPHERAL CD34+ HEMATOPOIETIC STEM
CELLS

A. Vannucchi1, P.J. Keller2, R.D. Meyer2, O. Zavidij2, J. Cui2, 
S. Verstovsek3, V. Gupta4, M. Talpaz5, C. Harrison6, A.J. Mead7, 
R. Mesa8, J. Mascarenhas9, G. Colak2, J. Shao2, K. Luptakova2, 
J.S. Humphrey2, J. Wang2, P. Trojer2, M.E. Salama10, on behalf of the
MANIFEST Investigators
1Azienda Ospedaliero Universitaria Careggi, 2Constellation Pharma-
ceuticals, 3MD Anderson Cancer Center, 4Princess Margaret Cancer
Centre, University of Toronto 5Rogel Cancer Center, The University of
Michigan, 6Guy’sandStThomas’Hospital, 7OxfordUniversityHospitals
NHS Foundation Trust, 8Mays Cancer Center at UT Health San Antonio
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CPI-0610 is a potent and selective bromodomain and extraterminal
domain (BET) inhibitor, with balanced inhibitory activity against BD1
and BD2, under investigation in MF patients (pts) as monotherapy or in
combination with ruxolitinib in the MANIFEST trial (NCT02158858).
To evaluate the effects of CPI-0610 on bone marrow (BM) biology, cor-
relative analyses were conducted using patient samples from MANI-
FEST. BM fibrosis (BMF) grading was assessed by local pathologists
for BL and post-treatment (most at 24 weeks) biopsies available from
116 evaluable pts. Relative BMF improvement of ≥1 grade was observed
in 33% (38/116) of all pts, with 21% (6/29) in arm 1, 41% (16/39) in arm
2 and 33% (16/48) in arm 3. BMF grade worsening was observed in only
6% (7/116) of pts. Additional BM biopsy pairs collected pre-treatment
and 24-week post-treatment for exploratory histopathological assess-
ments were available from a total of 37 unselected MANIFEST pts. Im-
munohistochemistry (IHC) staining of erythroid and megakaryocyte
(MK) lineages with CD71 and CD61, respectively, were conducted cen-
trally. Semi-quantitative analysis revealed an overt increase in CD71+
erythroid progenitors in 59% (22/37) of pts. Overall improvement in Mk
histotopography, with reduced numbers and tight clusters of CD61+ Mk,
was observed in 65% of pts (24/37). CD34+ hematopoietic stem cells
were isolated from peripheral blood collected from multiple MF pts at
baseline to evaluate the impact of CPI-0610 on MK and erythroid dif-
ferentiation in vitro. When CD34+ cells from MF pts were treated with
CPI-0610 in erythroid differentiation conditions in the presence of SCF,
IL3 and EPO, a dose-dependent increase in more mature erythroid cell
populations was observed. Suppressive effects of ruxolitinib on erythroid
differentiation were partially rescued by CPI-0610 in a dose-dependent
manner. CPI-0610 treatment of CD34+ cells from MF pts in MK differ-
entiating conditions in the presence of SCF, IL6, IL9 and TPO resulted
in a dose-dependent decrease in proliferation of CD34+ cells and an in-
crease in the ratio of late MK (CD34-/CD41a+/CD42b+) and early MK
(CD34+/CD41a+/CD42b+). These paired BM biopsy and in vitro
myeloid maturation results demonstrated an effect of CPI-0610 in pro-
moting erythroid and MK differentiation. These results may partially ex-
plain CPI-0610’s clinical effects in MF pts, including rising hemoglobin,
reduced transfusion dependency and reduction in spleen volume and
symptoms.
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CPI-0610, A BROMODOMAIN AND EXTRATERMINAL DOMAIN
(BET) PROTEIN INHIBITOR, AS MONOTHERAPY IN 
ADVANCED MYELOFIBROSIS (MF) PATIENTS
REFRACTORY/INTOLERANT TO JAK INHIBITOR (JAKI): 
UPDATE FROM PHASE 2 MANIFEST STUDY

A. Vannucchi1, M. Talpaz2, R. Rampal3, S. Verstovsek4, C. Harrison5, 
M. Drummond6, M. Kremyanskaya7, G. Schiller8, A. Patriarca9, 
G. Van Gorkom10, P. Bose3, R. Hoffman7, F. Palandri11, A. Iurlo12, 
K. Luptakova13, J. Wang13, G. Colak13, J. Shao13, S. Bobba13, 
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1Azienda Ospedaliero Universitaria Careggi, 2University of Michigan,
Rogel Cancer Center, 3Memorial Sloan-Kettering Cancer Center, 4De-
partmentofLeukemia,UniversityofTexasMDAndersonCancerCenter,
5Guy’sandSt.Thomas’Hospital, 6BeatsonWestofScotlandCancerCen-
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CPI-0610, a first-in-class, oral, small-molecule inhibitor of BET pro-
teins, potentially promotes disease-modifying activity through altered
gene regulation of key oncogenic, fibrotic, and inflammatory factors and
may transform the standard of care in MF. Here we present results from
MANIFEST Arm 1, a global, open-label Phase 2 study of CPI-0610
monotherapy in advanced MF pts refractory/intolerant to JAKi. Pts are
stratified as transfusion-dependent (TD, defined as ≥2U RBCs/mo over
12 wks) and non-transfusion-dependent (non-TD). Eligibility: MF pts
intolerant/resistant/refractory/lost response to or ineligible for JAKi;
DIPSS ≥Int-2; platelets ≥75x109/L; ≥2 symptoms measurable (score ≥1)
per MFSAF v4.0; TD per IWG-MRT criteria in TD cohort or spleen vol-
ume of ≥450 cc by CT/MRI in non-TD cohort. 1° endpoints-TD cohort:
TD to TI (transfusion independence: no transfusion for 12 wks); non-
TD cohort: SVR35 (≥35% spleen volume reduction) at wk 24. As of 29
Sep 2020, 27 pts were treated in non-TD cohort (median: 51 wks, range:
2, 147). Mean age 68 y, male: 52%; DIPSS ≥Int-2: 74%; hemoglobin
(Hgb) <10g/dL: 63%; primary MF: 70%; 52% with high molecular risk
and 63% with JAK2 mutations. At wk 24, 30% (7/23) pts achieved
SVR35 (median % change: -29%, range: -70%, 14%), 48% (10/21) pts
achieved TSS50 (median % change: -56%, range: -100%, 25%). 50%
(10/20) pts achieved absolute of ≥1.5 g/dL increase in Hgb levels without
transfusions with notable Hgb improvement observed in pts who started
treatment with baseline Hgb <10g/dL. In TD cohort, 19 pts were treated
(median: 32 wks, range: 5, 78). Baseline characteristics: mean age 71 y
(SD: 8), 63% male, 94% with DIPSS ≥Int-2, 95% with Hgb <10g/dL,
58% with primary MF, 58% with high-molecular-risk and 68% with
JAK2 mutations. 21% (3/14) of TD pts converted to TI. At wk 24, median
spleen volume change is -11% (range: -35%, 90%); 8% (1/13) pts
achieved SVR35. 8% (1/13) pts achieved TSS50 (median % change: -
22%, range: -70%, 30%) at 24 wks. A total of 46 pts were evaluable for
safety. The most common hematological TEAEs of any grade were
thrombocytopenia (30%, ≥Gr3: 15%) and anemia (15%, ≥Gr3: 13%).
CPI-0610 monotherapy is generally well-tolerated and provides clinical
benefits in MF pts refractory/intolerant to rux. SVR35 and symptomatic
improvement were observed. Half of non-TD pts demonstrated ≥1.5 g/dL
increase in Hgb. Conversion to TI was observed in the TD cohort.
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ANALYSIS OF EARLY EVENTS DURING THE FIRST YEAR OF
TYROSINE KINASE INHIBITOR THERAPY IN CHRONIC PHASE
CML PATIENTS: A “CAMPUS CML” STUDY
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Hospital; 23Division of Hematology, Sant’Elia Hospital; 24Hematology,
AO Santa Croce e Carle; 25Onco-Hematology Department, AO Santa
Maria; 26 Hematology, AOU Senese; 27Hematology, Mauriziano Hospi-
tal; 28Hematology Unit, Azienda Unità Sanitaria Locale-IRCCS; 29De-
partment of Clinical and Biological Sciences, University of Turin

Tyrosine kinase inhibitors (TKIs) revolutionized treatment of chronic
myeloid leukemia (CML). However, the first months of therapy are cru-
cial, as optimal response is defined as the achievement of molecular
milestones at 3, 6 and 12 months (mo.) and as many toxicities, also caus-
ing a TKI switch, are more frequent in the 1st year. To evaluate achieve-
ment of early molecular response (MR) and incidence of events leading
to a TKI change during the 1st year of therapy, we retrospectively studied
1422 CP-CML patients diagnosed from 2012 and 2019 at 27 Hematology
Centres and treated with frontline imatinib (IM) or second-generation
(2G) TKIs dasatinib or nilotinib. Optimal MR at 3, 6 and 12 mo. were
assessed according to 2020 ELN recommendations. Median age at di-
agnosis was 60.1 years and 59% patients were males. ELTS risk score
was low in 58%, intermediate in 30.6% and high in 11.4% patients. Com-
monest comorbidities were arterial hypertension (39.5%), previous neo-
plasm (13.7%), diabetes (11.8%), peripheral vascular diseases (8.2%),
COPD (7.8%) and ischemic heart disease (7.0%). Frontline TKI was IM
in 795 (55.9%) and 2G-TKIs in 627 (44.1%) cases; IM-treated patients
were older (median age 66.9 vs 51.1, p<0.001), with higher ELTS score
(int/high 65.4% vs 55.3%, p<0.001) and more comorbidities (p<0.005
for all diseases). Optimal MR was achieved at 3 mo. by 1020/1233
(82.7%), at 6 mo. by 874/1166 (75.0%) and at 12 mo. by 674/1077 pa-
tients (62.6%), respectively. Total number of patients discontinuing TKI
in the 1st year was 270/1417 (19.1%), being higher with IM (201/791,
25.4%) than 2G-TKIs (69/626, 11%) (p<0.001). Main causes were pri-
mary resistance (8.2%, 11.9% IM vs 3.5% 2G-TKIs, p<0.001), extra-
hematologic toxicity (6.4%, 8.1% IM vs 4.3% 2G-TKIs, p>0.001),
hematologic toxicity (1.9%, 2.3% IMvs1.4% 2G-TKIs, p=0.25) and pro-
gression (1.1%, 1.3% IM vs 0.8% 2G-TKIs, p=0.56). Cumulative inci-
dence of discontinuation at 3, 6 and 12 mo. were 5.4%, 10.5% and
18.9%, respectively; values for IM and 2G-TKIs at the three timepoints
were 8.1%, 15.1%, 25.2% and 2.1%, 4.6%, 11% (p<0.001) (Figure 1).
This real-world study on over 1400 CML patients shows that almost 20%
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discontinue frontline TKI during the 1st year, mostly for primary resis-
tance or toxicity. Discontinuation rates are higher with IM compared to
2G-TKIs, mostly at 3 mo. due to a lower attainment of early MR. The
impact of higher risks and heavier burden of comorbidities in IM patients
need deeper investigation.

Figure 1. Cumulative incidence of TKI treatment discontinuation according to frontline TKI.
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According to the DIPSS and the MYSEC-PM scores, peripheral blasts
(PB) are a negative prognostic factor in patients (pts) with primary and
secondary myelofibrosis (PMF/SMF). The role of the JAK1/2 inhibitor,
ruxolitinib (RUX), has not been assessed in correlation with PB. After
IRB approval, the “RUX-MF” retrospective study collected 742 RUX-
treated chronic-phase (CP, defined as PB <10%) pts in 25 Hematology
Centers. In 707 pts, PB count was evaluated by morphology at RUX start
and correlated with treatment success and outcome. Spleen (SR) and
symptoms (SyR) response were assessed using IWG-MRT criteria. Pts

were categorized according to PB at RUX start: PB-0 (no PB; n. 444,
62.8%), PB-5 (PB 1-5%; n. 239, 33.8%), and PB-9 (PB 6-9%; n. 24,
3.4%). Pts characteristics at RUX start were: median age 68.1y (24-89);
males 57.9%; PMF 53.2%; JAK2, CALR and MPL mutated: 81%, 12.3%
and 2.2% (4.5% triple negative), high DIPSS: 7.2%; PLT<100/WBC >25
x109/l: 10.7%/17%; spleen length ≥10 cm: 60.3%, TSS ≥20: 60.4%; ≥1
high-risk mutation (HMR): 74/144 evaluable (51.4%); fibrosis grade ≥2:
73.1%; starting/cumulative RUX dose ≥15 mg BID: 62.5%/50.3%.
Higher PB count was associated to lower PLT (p<0.001), higher fibrosis
grade (p=0.001) and higher WBC (p=0.04). At 3 and 6 mos, 26.3% and
28.8% of pts achieved a SR, while 65.5% and 75.2% were in SyR, re-
spectively. At 3 mos, both SR (p=0.03) and SyR (p<0.01) were less fre-
quently achieved by PB-5 and PB-9 pts compared to PB-0 pts. This
association remained significant for SR at 6 mos (p=0.04) and at any
time (p=0.01). After a median RUX exposure of 1.7 y (0.1-7.7), 394
(55.7%) pts stopped RUX, 89 (12.6%) had a leukemic transformation
(LT) and 283 (40%) died. In univariate analysis, at 2y PB-9 pts had
higher rates of RUX stop (70.8% vs 41.9%/33.7% in PB-5/PB-0 pts, log-
rank p=0.001) and LT (36.9% vs 9.6%/7.1% in PB-5/PB-0 pts, log-rank
p=0.003). Median survival times of PB-0, PB-5 and PB-9 patients were
5.9, 5.1 and 2 years, respectively (log-rank p=0.001) (Figure 1). In mul-
tivariable Cox analysis, PB confirmed their association with: 1) RUX
stop (HR 1.3, p=0.005), with high DIPSS (HR 1.7, p=0.004), TSS>20
(HR 1.4, p=0.01), and PMF (HR 1.4, p=0.004); 2) LT (HR 3.2, p=0.01),
with HMR (HR 3.5, p=0.04); 3) survival (HR 1.3, p=0.04) with high
DIPSS (HR 2.9, p<0.001). CP-MF pts with PB>5% have a worse re-
sponse to RUX and a worse outcome. Personalized approaches including
newer JAK-inhibitors and combination strategies are needed in these pts.

Figure 1. 
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SCORING PROPOSAL FOR THE UNDERLYING DIAGNOSIS OF
SYSTEMIC MASTOCYTOSIS IN PATIENTS WITH 
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Osteoporosis may represent the only symptom of onset of systemic
mastocytosis (SM). As distinct from patients with other mediator-related
symptoms, a score to predict the association with an underlying SM in
these patients is lacking. Furthermore, normal serum basal tryptase (sbT)
levels do not exclude SM diagnosis, whereas high sbT levels might be
due to other causes, e.g., familial hypertryptasemia. This study aimed at
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analyzing the clinical features of a large series of adult patients referred
to our multidisciplinary team for unexplained osteoporosis and suspected
SM. Secondly, we aimed at identifying criteria able to predict the diag-
nosis of SM and provide an indication for bone marrow (BM) studies.
One hundred ten patients with unexplained osteoporosis who underwent
BM evaluation were retrospectively studied. Diagnosis of SM was based
on the 2016 World Health Organization (WHO) criteria. Other causes of
secondary osteoporosis had been previously excluded. After BM study,
48 patients (43.6%) were diagnosed with SM, of whom 44 (91.7%) had
bone marrow mastocytosis and four (8.3%) had indolent SM, with pre-
viously unrecognized skin lesions. Other mediator-related symptoms
were reported in 31 patients (64.6%). Sixty-two patients (56.4%) did not
fulfill the diagnostic criteria for SM and were used as a control group.
SM patients were younger than controls (median age 55 vs 63 years, re-
spectively; p=0.005), had higher median sbT level (25.9 vs 16 μg/L,
p<0.001) and presented more frequently fragility fractures (93.7% vs
74.0%, respectively; p=0.009). No significant differences according to
gender and mediator-related symptoms were found between the two
groups. Based on multivariate analysis, a model to predict the diagnosis
of SM before BM study was built, including age <50 years (p<0.001) or
not >70 years (p=0.010), sbT level >= 19.4 μg/L (p<0.001) and the pres-
ence of fragility fractures (p=0.02) as independent predictive factors. Pa-
tients with a score <2 had a lower probability to have mastocytosis
(p<0.001; Figure 1). In conclusion, we remark the importance of con-
sidering the diagnosis of SM in cases of unexplained osteoporosis. How-
ever, our proposed score could avoid unuseful BM studies. In cases with
a score <2, searching for the D816V KIT mutation on peripheral blood
and testing for familial hypertryptasemia could lower the risk of losing
cases of mastocytosis.

Figure 1. 
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OF ANTI-CD19 CAR-T IN PATIENTS WITH RELAPSED/REFRAC-
TORY B-CELL LYMPHOMA
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Chimeric Antigen Receptor T cells (CAR-T) are an outbreaking treat-
ment option for relapsed/refractory (R/R) diffuse large B-cell lymphoma
(DLBCL). Cytokine release syndrome (CRS) and immune effector cell-
associated neurotoxicity syndrome (ICANS) are the most common spe-
cific toxicities, while severe cytopenias and infections are often observed
as well. Severe cytopenias are known to affect at least 80-90% patients
during the first month from CAR-T, with grade 3-4 neutropenia possibly
being present in 40% patients 6 months after treatment. Non viral infec-
tions have been reported in 25% patients during the first months. Cur-
rently, early in vivo treatment with G-CSF has been widely avoided both
in trials and clinical practice as in vitro studies showed that GM-CSF
may empower immunological toxic effects. Real life experiences with
G-CSF and CAR-T patients, however, are anecdotic and do not support
the hypothesis of augmented CRS and ICANS. In this single center
study, we analyzed 122 patients affected by DLBCL treated with both
commercial CAR-T products (tisa-cel and axi-cel). From March 2020,
early G-CSF prophylaxis at day two post-infusion was systematically
proposed to 33 consecutive patients. These patients were compared to a
control group made of patients who did not receive G-CSF (34 pts) or
who received late G-CSF after D5 (55 pts). Efficacy and safety outcomes
of G-CSF were considered. Grade 4 neutropenia duration was similar in
patients who received early G-CSF compared to control group (4 vs 5
days, p=0.18). Nevertheless, significantly decreased incidence of febrile
neutropenia was observed in the former group (58% vs 81%, p=0.018).
Patients experienced similar rate of specific CAR-T toxicities, including
any grade and grade 3-4 CRS (p=0.93 and p=0.28, respectively), and
any grade and grade 3-4 ICANS (p=0.62 and p=0.88, respectively). We
observed no difference in the quality of CAR T-cells expansion, nor in
primary disease response rate (best overall response rate 57.6%vs61.8%,
p=0.93). In conclusion, early G-CSF administration at day two is safe
with no impact on CRS and ICANS and may have a role in reducing
febrile neutropenia without affecting anti-lymphoma activity of CAR-T.
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FDG-PET IMAGING AND RADIOMICS IN RESPONSE ASSESS-
MENT OF LYMPHOMA PATIENTS UNDERGOING CAR T-CELL
THERAPY

B. Casadei1,2, A. Paccagnella3, A. Farolfi3, L. Argnani1,2, C. Malizia3, 
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Radiomics involves the extraction of quantitative features from med-
ical images, such as positron emission tomography (PET), representing
potential surrogate markers of the lymphoma phenotypes. CAR-T cell
therapy has revolutionized the treatment of lymphomas but the relapse
rate is around 30–60% and almost 20% of patients develop severe Cy-
tokine Release Syndrome (CRS): it is of critical importance the early
identification of relapsed/refractory patients and of whom can develop
CRS. Primary aim was to early predict the response to CAR-T based on
metabolic features extracted from the clinical and baseline PET. Sec-
ondary aim was to determine the presence of CRS from the clinical and
image-based features. Twenty patients were treated with CAR T-cell and
all underwent PET evaluation at baseline (PET_0) and 1 month after
(PET_1) CAR T-cell infusion. PET_0 semi-quantitative parameters,
namely SUVmax, metabolic tumor volume (MTV), total lesion glycol-
ysis (TLG), were calculated. Pyradiomics library was used for the ex-
traction of 105 radiomics features from each image. A generalized linear
model (GLM) was trained to predict the outcome and ROC analysis was
used to assess the prediction capability. Patients had a wide range of
baseline disease burden, with a median MTV of 129 ml and a median
TLG of 971 Bq. Ten (53%) patients achieved a complete (CR) and 9
(47%) a partial response (PR). Of these 9 patients, 6 underwent re-eval-
uation at 3 months: 1 converted to CR, 4 had a progression to PD and 1
patient maintained the PR. No correlation was found between baseline
MTV and TLG and tumor response at PET_1, while they were signifi-
cantly associated with the severity of CRS (p<0.5) (AUC: 0.95 for MTV
and AUC: 0.92 for TLG). Two radiomics features, Kurtosis and Median,
were statistically significantly correlated with response at PET_1, while
the surface area was statistically significantly correlated with
moderate/severe CRS. In the GLM, only Median was a prognostic factor
of response, with an AUC of 0.81 (p<0.002) while surface area was a
prognostic factor of moderate/severe CRS with an AUC of 0.81
(p<0.009). Baseline FDG-PET radiomics features were able to differen-
tiate between early responder and non-responder patients and between
patients with/without moderate/severe CRS. Further correlation between
PET_0 radiomics features/clinical baseline characteristics and patients’
outcome will be investigated with larger cohort and longer follow-up.
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EARLY METABOLIC RESPONSE IN FOLLICULAR LYMPHOMA:
A SUBSET ANALYSIS OF THE FOLL12 TRIAL BY THE FON-
DAZIONE ITALIANA LINFOMI (FIL)

S. Luminari1-2, L. Guerra3-4, R. Durmo5, S. Chauvie6, S. Peano7, 
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Background: A proportion of patients with Follicular Lymphoma (FL)
shows an aggressive behavior. Among the prognostic tools, the metabolic
response (MR) after immunochemotherapy (ICT) (fPET) has been con-
firmed with a strong correlation with Progression-free Survival (PFS)
and Overall Survival (OS), but only few data are available to define the
role of an earlier assessment of MR during the initial ICT. We analysed
patients enrolled in the FOLL12 trial, for whom MR was also assessed
during the administration of ICT.

Methods: The FOLL12 trial enrolled treatment naïve patients with
grade 1-3a, stage II-IV and high tumor burden FL. Complete metabolic
response (CMR) was centrally assessed at End of Induction (fPET) using
the Deauville scale (DS). In this study we included only patients for
whom MR was also assessed during ICT between cycle 4 and 5 (iPET).
iPET results were defined based on the local report and were also cen-
trally reviewed applying standard DS. The primary endpoint was PFS.

Results: iPET was performed in 211/807 patients and local report was
available in 186 cases, 48% of whom were older than 60 years, 37% had
a high-risk FLIPI2, 44% received RB as ICT. Based on local report, iPET
was considered positive in 38/186 patients (20%). iPET and fPET were
both available for comparison in 174 cases and showed a concordance
rate of 82%: 131 out of 140 iPET- confirmed their CMR at fPET (94%).
Regarding the 31 iPET+, a fPET- was achieved in 23 cases (68%). In
univariable analysis, the 3-year PFS was lower for the iPET+ patients
compared to the iPET- (52% vs 87%: HR 2.73 (1.51–4.95)) (Figure 1).
Considering both iPET and fPET, a positive iPET was associated with
an increased risk of progression also if a negative fPET was achieved
(HR 2.09 (3.22–19.5)) (Figure 1). iPET was also associated with a dif-
ferent 3-year OS (99% vs 89% for iPET- vs +; p=0.035). In multivariable
analysis the prognostic role of iPET for PFS was confirmed (HR 2.60
(1.41–4.79)) and was independent from FLIPI2 (0-2 vs 3-5 HR 1.88
(1.05–3.35)), and for ICT (RB vs R-CHOP HR 1.39 (0.77–2.51)). The
centralized review of iPET response according to DS is ongoing.

Conclusions: Early MR has a strong prognostic role for PFS in patients
with advanced stage FL treated with standard ICT. Considering the
higher rates of iPET+ cases compared to fPET, iPET may better con-
tribute to anticipate the identification of FL patients at different risk of
progression.

Figure 1. 
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PATIENTS WITH DIFFUSE LARGE B CELL LYMPHOMA
(DLBCL). AN ANALYSIS OF 370 PATIENTS OF THE “ELDERLY
PROJECT” BY THE FONDAZIONE ITALIANA LINFOMI (FIL)
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Introduction: Elderly patients (pts) with DLBCL are progressively in-
creasing. Treatment with anthracyclines and rituximab is potentially cu-
rative but it is not easy to identify pts candidates for this type of
treatment, especially in the late octogenarians (>84 years)(LO). Several
studies on elderly pts have been conducted, but the median age was usu-
ally less than 84 years (y). The Elderly Project (EP) prospectively ana-
lyzed elderly pts with DLBCL applying a sGA and creating an elderly
prognostic index (EPI) (Merli, JCO 2021).

Aims and Methods:The aim of this study is to evaluate the overall sur-
vival (OS) of elderly pts with DLBCL, focusing on LO, in order to define
the best therapeutic strategy. The clinical characteristics and outcome of
octogenarian pts enrolled in the EP were analysed and stratified by age,
sGA and EPI. The type of treatment was defined based on the dose of
anthracyclines administered (full dose therapy (FDT): 70-100% anthra-
cyclines, reduced dose therapy (RDT): <70%, palliation (PLT): 0%) and
the therapeutic choice was left to the individual clinician.

Table 1. 

Results: Among the 1163 pts enrolled in the EP, 241 early octogenar-
ians (EO, 80-84 years) and 129 LO were identified; table 1 shows their
clinical characteristics. Overall, 3 y-OS was 51% and median follow up
30 ms (range 1-59 ms). Survival was significantly lower in pts with high
vs intermediate EPI score (41 vs 71% p<0.001), in frail vs unfit pts (43 vs
60% p 0.001), and in LOvs EO pts (37 vs 57% p 0.001). FDT did not im-
prove survival compared to RDT (3y OS 62% vs 61%), whereas survival
of those who received PLT was lower (3y OS 27%). It should be noted
that LO pts received more often PLT than EO (50%vs23%), despite hav-
ing similar clinical and geriatric characteristics, and that in octogenarians
the 3-y survival in those who received RDT was independent of age
(70% EO vs 69% LO). Furthermore, the outcome of pts receiving PLT
was improved when RTX was included (OS 9% vs 39% at 3y).

Conclusions: The results of this study demonstrate that in LO patients
with DLBCL chronological age should not be a precluding factor for the
curative intent approach; a sGA should always be integrated in the clin-
ical evaluation in order to identify pts who can tolerate treatment and
can also be cured with reduced doses. The addition of RTX can improve
the results obtained with PLT in frail pts.
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Introduction: Non-pegylated liposomal doxorubicin (NPLD) is con-
sidered a good alternative to conventional doxorubicin for the treatment
of older patients (pts) with aggressive lymphomas and/or at high risk for
cardiological toxicity. The use of R-COMP for the treatment of older pts
with DLBCL has been supported by several small retrospective studies.
In this report we describe the characteristics and outcomes of pts who
were prospectively enrolled in the Elderly Project (EP) and who were
treated with R-COMP and compared them with pts treated with conven-
tional R-CHOP.

Methods: This analysis was conducted starting from the dataset of the
EP study. The use of NPLD was allowed according to 648/96 law, treat-
ment decision was left to physician discretion and was independent of
frailty status. For the purposes of this analysis, we included all pts who
were treated with full doses of R-CHOP and R-COMP. The study end-
point were progression free survival (PFS) and overall survival (OS). A
propensity score analysis was conducted to account for the main con-
founding factors.

Results: Overall 691 out of 1163 pts of the EP were treated with R-
CHOP (383; 55%) or R-COMP (308; 45%); median age was 71 and 76
years for R-CHOP and R-COMP, respectively (p<0.001) (Table 1). Pts
were similarly distributed among different IPI groups for R-COMP or
R-CHOP. Based on simplified Geriatric Assessment (sGA) 88%, 11%
and <1% of the R-CHOP treated pts and 61%, 32% and 6% of the R-
COMP pts were FIT, UNFIT, and FRAIL (p<0.001). Elderly Prognostic
Index (EPI) score was low, intermediate, and high in 39%, 54% and 8%
of R-CHOP pts and 27%, 49% and 24% of R-COMP pts (p <0.001). PFS
at 3-years was 70% for R-CHOP and 64% for R-COMP (p=ns). OS at
3-years was 77% for R-CHOP and 71% for R-COMP (p=ns). The
propensity score analysis was conducted in 610 pts and confirmed no
significant differences in terms of PFS and OS in the comparison be-
tween R-CHOP and R-COMP treated pts (PFS; HR 1.17, 95% CI 0.84-
1.63; OS: HR 1.04 95% CI 0.64-1.48). No differences were registered
in terms of interruption of treatment due to toxicities (7% for R-CHOP
and 11% for R-COMP).

Conclusions: Data from the prospective observational EP study did
not show significant differences in terms of efficacy comparing R-COMP
to standard R-CHOP. The higher frequency of UNFIT and FRAIL pts
among those treated with NPLD suggests R-COMP is a good strategy
to offer a curative treatment to these groups of pts.

Table 1. Characteristics of 691 patients treated with R-CHOP or R-COMP.
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PROGNOSTIC IMPACT OF GAIN AND AMPLIFICATION OF 1Q
IN NEWLY DIAGNOSED MULTIPLE MYELOMA PATIENTS 
RECEIVING CARFILZOMIB-BASED TREATMENT IN THE FORTE
TRIAL

M. D’Agostino1, D. Rota-Scalabrini1, P. Corradini1, S. Ballanti1, 
M. Arigoni2, N. Giuliani1, G. Pietrantuono1, M. Olivero3, 
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Torino, Torino, Italy

Background: Copy-number alterations of chromosome 1q are fre-
quently found in multiple myeloma (MM) and are associated with poor
prognosis. Recently, it has been demonstrated that the number of 1q
copies correlates with a high-risk behavior. We aimed to dissect the role
of Gain1q (3 copies of 1q) vs amplification 1q (Amp1q, ≥4 copies of 1q)
in carfilzomib-treated newly diagnosed (ND)MM patients (pts) enrolled
in the randomized FORTE trial (NCT02203643).

Methods; Fluorescence in situ hybridization (FISH) in CD138+ puri-
fied bone marrow plasma cells was centralized and performed at base-
line. The cut-off level for Gain1q was 10% of nuclei with ≥3 copies of
1q, while Amp1q was defined as ≥20% of nuclei with ≥4 copies of 1q.

Figure 1.
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Results: 474 pts were enrolled. Median follow-up was 45 months (m).
Evaluation of 1q by FISH was missing in 70 pts (15%), while in 4 pts
(1%) FISH was present but the number of 1q copies was not evaluable.
Among evaluable pts, chromosome 1q was normal in 219 (55%) pts,
Gain1q was found in 129 (32%) pts, while Amp1q in 52 (13%). Gain1q-
and Amp1q-positive pts were well distributed among treatment arms. In
the Amp1q group, we observed an enrichment of pts with lactate dehy-
drogenase (LDH) > upper limit of normal (p=0.002), as compared to
Gain1q. In a multivariate analysis, the risk of progression/death was sig-
nificantly higher with Gain1qvsNormal 1q (HR 1.65, 95% CI 1.14-2.37,
p=0.007) and the highest with Amp1q vs both Normal 1q (HR 3.04, 95%
CI 1.99-4.65, p<0.001) and Gain1q (HR 1.84, 95% CI 1.21-2.81,
p=0.004; Figure 1A). Median progression-free-survival (PFS) was not
reached in the Normal 1q group, while Gain1q (53 m) and especially
Amp1q (21.8 m) groups performed very poorly. The presence of Amp1q
vs Normal 1q (HR 5.88, 95% CI 3.10-11.17, p<0.001) and Gain1q (HR
3.13, 95% CI 1.73-5.68, p<0.001) predicted a shorter overall survival as
well (Figure 1B). Gain1q predicted a shorter PFS compared to Normal
1q in the presence of concomitant standard-risk features (International
Staging System [ISS] 1, ISS 2, standard-risk cytogenetics), but not in
the presence of high-risk disease (ISS 3, high-risk cytogenetics). On the
other hand, the worse prognosis of Amp1q pts was confirmed across all
subgroups.

Conclusion. This is a first report on the prognostic role of the number
of 1q copies in carfilzomib-treated NDMM pts. Having ≥4 copies of 1q
universally predicts a very poor PFS and OS despite the use of a 2nd-gen-
eration proteasome inhibitor upfront.
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IMPACT OF IMAGING FDG PET/CT MINIMAL RESIDUAL DIS-
EASE ASSESSMENT ON OUTCOMES AND COMPLEMENTAR-
ITY WITH MULTIPARAMETER FLOW CYTOMETRY IN NEWLY
DIAGNOSED TRANSPLANT ELIGIBLE MULTIPLE MYELOMA
(MM) PATIENTS ENROLLED IN THE PHASE II RANDOMIZED
FORTE TRIAL

E. Zamagni, C. Nanni, F. Gay, S. Barbato, D. Rota Scalabrini, 
M. D’Agostino, R. Ribolla, L. Paris, M. Racca, R. Zambello, 
B. Gamberi, D. Albano, A. Versari, M. Grasso, R. Troia, T. Spadano,
F. Patriarca, E. Saraci, M. Rensi, A. Pascarella, P. Zucchetta, 
P. Tacchetti, S. Fanti, M. Boccadoro, P. Musto, M. Cavo, S. Oliva

European Myeloma Network

Background: 18F-FDG-PET/CT is the standard technique to define
imaging-minimal residual disease (MRD) in multiple myeloma (MM)
patients (pts) and proved to be complementary to Multiparameter Flow
Cytometry (MFC). The definition of complete metabolic response
(CMR) has been recently standardized by the application of Deauville
scores (DS). In this analysis, we aimed at confirming the applicability
of DS criteria to define PET CMR, the complementarity with MFC and
their impact on patient’s outcomes in the multicenter phase II randomized
FORTE trial for NDTEMM patients.

Methods: 474 newly diagnosed MM pts ≤ 65 years were randomized
to receive carfilzomib, lenalidomide, dexamethasone (KRd)_autologous
stem cell transplantation (ASCT)vscarfilzomib, cyclophosphamide, dex-
amethasone (KCd)_ASCT vs KRd12 and, thereafter, to KR vs R mainte-
nance. PET/CT scans were performed locally at baseline (B) and prior
to the start of maintenance (PM). DS were applied both in the BM and
FLs; CMR was defined as DS < 4 in both localizations (FS and BMS).
MFC was performed by 8-color second-generation flow cytometry (sen-
sitivity 10-5) in pts who achieved at least VGPR PM.

Results: 182/474 pts enrolled in the trial, reflecting baseline clinical
features of the entire population, had a B and PM PET/CT evaluation
available and were included in this analysis. At B, FS and BMS ≥ 4 were
present in 87% and 57% of pts, respectively. At PM, 63% showed CMR.
73% of the pts achieved MFC MRD negativity. In univariate analysis,
at Landmark time PM, FS <4 significantly influenced both PFS and OS
(HR 0.32, p=0.003; HR 0.28, p=0.038, respectively). Achievement of

CMR was a strong predictor for prolonged PFS (HR 0.38, p=0.012), with
a trend on OS (HR 0.34, p=0.099) (Figure 1). Patients achieving both
CMR and MFC negativity at PM showed significantly extended PFS and
OS (HR 0.21, p<0.001; HR 0.17, p= p0.023, respectively) (Figure 2). In
Cox multivariable analysis achievement of CMR and MFC MRD nega-
tivity were independent predictors of both PFS and OS (HR 0.17,
p<0.001 and HR 0.21, p=0.046, respectively for PFS and OS).

Conclusion: In conclusion, the present analysis confirms the applica-
bility and validity of DS criteria to define PET/CT CMR in an indepen-
dent prospective series of NDTEMM patients. CMR significantly and
independently correlated in uni- and multivariable analysis with patient’s
outcomes in terms of PFS and OS and was complementary to the MFC
MRD negativity.

Figure 1. OS (a) and PFS (b) according to CMR.

Figure 2. OS (a) and PFS (b) according to CMR combined with MFC negativity.
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THE ROLE OF UPFRONT AUTOTRANSPLANTATION AND CON-
SOLIDATION THERAPY IN NEWLY DIAGNOSED MULTIPLE
MYELOMA (NDMM): FINAL ANALYSIS OF THE RANDOMIZED
PHASE 3 EMN02/HO95 STUDY

M. Cavo1, F Gay2, M. Beksac3, M.A. Dimopoulos4, L. Pantani1, 
M.T. Petrucci5, L. Dozza1, B. van der Holt6, S. Zweegman7, 
E. Zamagni1, G.A. Palumbo8, F. Patriarca9, M. Galli10, V. Maisnar11, 
M. Hansson12, A. Belotti13, L. Pour14, P. Ypma15, M. Grasso16, 
S. Croockewit17, M. Offidani18, R. Zambello19, A.M. Liberati20, 
N. Frost Andersen21, A. Broyl22, R. Troia2, P. Musto23, H. Ludwig24,
A.M. Morelli25, R. Hajek26, C. Driessen27, A. Waage28, P. Gimsing29,
U.H. Mellqvist30, T. Zander31, M. Boccadoro2, P. Sonneveld22
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giche e Tecnologie Avanzate “G.F. Ingrassia”, Università degli Studi di
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plant Centre, S Maria della Misericordia University Hospital, DAME,
University of Udine, Udine, Italy; 10Hematology Unit, ASST-Papa Gio-
vanni XXIII, Bergamo, Italy; 11 4th Department of Internal Medicine -
Hematology, Charles University Hospital and Faculty of Medicine,
Hradec Kralove, Czech Republic; 12Skane University Hospital, Lund,
Sweden; 13SC Ematologia e Dipartimento di Oncologia Clinica, A.O.
Spedali Civili, Brescia, Italy; 14University Hospital Brno, Brno, Czech
Republic; 15Department of Hematology, Haga Hospital, The Hague,
Netherlands; 16SC Ematologia, Azienda Ospedaliera S Croce-Carle,
Cuneo, Italy; 17Department of Haematology, Haga Hospital, the Hague,
The Netherlands; 18Clinica di Ematologia,AOU Ospedali Riuniti diAn-
cona, Ancona, Italy; 19Hematology, Azienda Ospedaliera di Padova,
Padova, Italy; 20Faculty of Medicine, Università degli Studi di Perugia,
Perugia, Italy; 21Department of Haematology, Aarhus University Hos-
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28Department of Hematology, St Olavs Hospital and Norwegian Univer-
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partment of Medicine, Section of Hematology and Coagulation, South
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The phase 3 EMN02/HO95 study was aimed at comparing intensifi-
cation therapy with upfront ASCT (either single or double) vs borte-
zomib-melphalan-prednisone (VMP) (R1), and subsequent
bortezomib-lenalidomide-dexamethasone (VRD) consolidation therapy
vs no consolidation (R2), followed by lenalidomide maintenance in
NDMM pts aged ≤ 65 years. Results from the final analysis from R1
showed that at a median follow-up of 60.5 months from R1, PFS (the
primary study endpoint) was significantly improved with ASCT com-
pared with VMP (median, 57 versus 42 months; HR 0.73, 95% CI 0.62-
0.85, adjusted p=0.0001), but not OS (a secondary endpoint). At an
extended median follow-up of 70 mos, the final analysis from R2 showed
a significant improvement in PFS with VRD consolidation therapyvs no
consolidation (HR 0.80, 95% CI 0.68-0.96, p=0.016). Estimated rates of
OS from R1 (a secondary endpoint) for patients randomized to ASCT or
VMP were 69% vs 63% (HR 0.81, 95% CI 0.66-0-98, p=0.034). The OS
benefit with ASCT was greater for patients with ISS disease stage 2-3
(p=0.047), R-ISS stage 2-3 (p=0.042), and a high-risk cytogenetic profile
(p=0.010), and it was the greatest for patients with del(17p) positivity
(HR 0.49, 95% CI 0.28-0.86, p=0.013). PFS on next-line therapy (PFS2)
from R1 was significantly longer for patients in the ASCT group than
for those in the VMP group (HR 0.76, 95% CI 0.64-0.90, p=0.002). Pa-
tients randomized to ASCT had a significantly longer time to next treat-
ment (TTnT) in comparison with those who were randomly assigned to
VMP (HR 0.71, 95% CI 0.60-0.82, p <0.001). Demographic and clinical
characteristics at baseline of patients randomized to upfront ASCT or
who received salvage ASCT at the time of relapse following randomiza-
tion to VMP were comparable. PFS2 and OS in the upfront ASCT group

were significantly longer than in the delayed ASCT group (HR 0.52, 95%
CI 0.40-0.66, p<0.001; and HR 0.68, 95% CI 0.51-0.93, p= 0.016, re-
spectively). Final results from this study, the largest academic one so far
conducted, provided demonstration that upfront ASCT significantly pro-
longed PFS, OS, PFS2 and TTnT compared with VMP, and that consol-
idation therapy significantly reduced the risk of progression or death vs
no consolidation. Patients randomized to upfront ASCT had a signifi-
cantly longer PFS2 and OS compared with those who received delayed
ASCT.
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PREDICTIVE ROLE OF DIFFUSION WEIGHTED WHOLE BODY
MRI (DW-MRI) IMAGING RESPONSE ACCORDING TO MY-
RADS CRITERIA AFTER AUTOLOGOUS STEM CELL TRANS-
PLANTATION IN PATIENTS WITH MULTIPLE MYELOMA AND
COMBINED EVALUATION WITH MRD ASSESSMENT BY FLOW
CYTOMETRY

G.V. Facchetti1, A. Belotti1, R. Ribolla1, V. Cancelli1, A. Villanacci2, 
V. Angelini2, M. Chiarini3, V. Giustini3, A. Roccaro4, S. Ferrari1, A. Peli1,
C. Bottelli1, C. Cattaneo1, M. Micillotta2, B. Frittoli2, L. Grazioli2, 
G. Rossi1, A. Tucci1

1Department of Hematology, ASST Spedali Civili di Brescia; 2Depart-
ment of Radiology, ASST Spedali Civili di Brescia; 3Clinical Chemistry
Laboratory, Diagnostic Department, ASST Spedali Civili di Brescia;
4Clinical Research Development and Phase I Unit, ASST Spedali Civili
di Brescia, Italy

Introduction: Diffusion weighted whole body MRI (DW-MRI) is in-
creasingly used in Multiple Myeloma (MM), but consistent data regard-
ing its prognostic role in the detection of residual disease after treatment
are scarce. The Myeloma Response Assessment and Diagnosis System
(MY-RADS) imaging recommendations proposed criteria for Response
Assessment Category (RAC) with a 5 point scale in order to standardize
response assessment after therapy, but this score still needs to be vali-
dated. We performed an external validation of RAC criteria in newly di-
agnosed MM pts in order to evaluate the prognostic role of this technique
after autologous transplantation (ASCT) performed as part of first line
treatment strategy. Furthermore, we combined the results of MY-RADS
with those of minimal residual disease (MRD) assessment by 8 color
flow cytometry (FCM, Sn 10-5).

Methods: We retrospectively analyzed the outcome of 64 MM pts di-
agnosed between Jan 2016 to Jan 2020 who underwent DW-MRI eval-
uation at day +100 after ASCT (Mel200 conditioning). The predictive
role of MRI RAC response on PFS and OS was analyzed.

Figure 1. 

Results: out of 64 pts, 23 (36%) were ISS stage 3 and 14 (22%)
showed high risk cytogenetics. Single ASCT was performed in 41 pts
(64%), whereas 23 pts (36%) received double ASCT. Response rates
were: VGPR 23%, CR 47% and sCR 14%. MRD after ASCT was avail-
able for 46 pts and was positive in 21 (46%). According to MY-RADS,
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a complete imaging response after transplant was observed in 37 pts
(RAC1: 58%); some residual MM was identified in 27 (42%) [RAC2:
22 (34%), RAC3: 4 (6%), RAC4: 1 (2%)]. After a median follow up of
29 months, a significantly better post ASCT PFS and OS were observed
in pts with complete imaging response (RAC1) compared to pts with
imaging residual disease (RAC≥2): median PFS not reached (NR)vs26,5
months [p 0,0047, HR 0,28 (95% CI: 0,12-0,68)]; 3-year post ASCT OS
92% vs 69% for RAC1 vs RAC≥2, respectively [p 0,047, HR 0,24 (95%
CI: 0,06-0,99)]. Combining MRD and imaging improved prediction of
outcome, with double-negative and double-positive features defining
groups with excellent and dismal PFS, respectively: NR vs 10,6 months
[p 0.001, HR 0,07 – 95% CI: 0,01-0,36)] Figure 1.

Conclusion: The present study supports the applicability of MY-RADS
recommendations in MM pts after ASCT; RAC criteria were able to in-
dependently stratify pts and to better predict their prognosis. The com-
bined use of DW-MRI with FCM allowed a more precise evaluation of
MRD.
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A REAL-LIFE STUDY OF DARATUMUMAB-BORTEZOMIB-DEX-
AMETHASONE (DVD) IN LENALIDOMIDE EXPOSED/REFRAC-
TORY MULTIPLE MYELOMA PATIENTS: A REPORT FROM THE
MYELOMA TRIVENETO WORKING GROUP

G. Barilà1, F.M. Quaglia2, A. Furlan3, N. Pescosta4, F. Patriarca5, 
A. Pascarella6, E. De March7, A. Lico8, R. Sartori9, G. De Sabbata10, 
C. Marcon5, S. Vedovato1, M. Wieczoreck2, D. Nappi4, R. De Marchi9,
F. Gherlinzoni3, M. Krampera2, G. Semenzato1, R. Zambello1

1Department of Medicine DIMED), Hematology and Clinical Immunol-
ogy section, Padova University School of Medicine; 2Department of
Medicine, Section of Hematology, University Hospital of Verona;
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liano Isontina

Treatment of Lenalidomide refractory (Len-R) Multiple Myeloma
(MM) patients still represents an unmet medical need. Up to now, only
the OPTIMISMM study evaluating the efficacy of Pomalidomide-Borte-
zomib-Dexamethasone (PVD) recruited a high percentage of Len-R pa-
tients, however this combination was only recently approved.
Consequently, in the last years Daratumumab-Bortezomib-Dexametha-
sone (D-VD) combination was extensively used in this setting, even
though only a small fraction of Len-R patients was included in the pivotal
trial In this context, the aim of this real-life study was to evaluate the ef-
ficacy and the safety of D-VD in Lenalidomide exposed or refractory
patients The study cohort included 57 patients (median age 69 years) af-
fected by relapsed/refractory MM. All patients were previously exposed
to Lenalidomide, with 77.2% being refractory. Moreover, 89% of cases
received ad least a proteasome inhibitor (PI), 17.5% of them being PI
refractory. Median line of previous therapy was 2 (1-6), with 22/57
(39%) having received ≥2 lines of therapy. FISH analysis at relapse was
available in 30/57 (52.6%) cases and high-risk FISH according to R-ISS
was detected in 33.3% of patients. Responses were assessable in 54/57
patients, with overall response rate (ORR) of 79.6% and 43% of cases
obtaining at least a Very Good Partial Response (VGPR). D-VD regimen
showed a favorable safety profile, with low frequency of grade 3-4 ad-
verse events, except for thrombocytopenia in 21.4% of patients. With a
median follow up of 13 months, median progression free survival (PFS)
and overall survival (OS) were 17 months and not reached, respectively.
Patients achieving at least a VGPR showed improved PFS and OS as
compared to patients who did not (p=0.0005 and p=0.0443, respectively).

No significant PFS differences were found according to previous lines
of therapies (≤2 or >2, 20 vs 15 months, p=0.2682) or to high-risk FISH
(16 vs 20 months, p=0.5432). Len R patients displayed reduced median
PFS (16 months) as compared to no Len-R patients (29 months), al-
though not statistically significant (p=0.2876). In conclusion, D-VD rep-
resents a reliable therapeutic option in previously Lenalidomide treated
patients, with high ORR and VGPR rates and favorable safety profile.
Finally, even though a higher validation cohort is required, the benefit
of this regimen in Len-R patients in real life is remarkable, placing D-
VD as one of the standard of care in this setting.

Figure 1. 
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PREVALENCE OF SECOND CANCER DURING LONG TERM
FOLLOW-UP IN HAIRY CELL LEUKEMIA PATIENTS TREATED
WITH CLADRIBINE: A THIRTY-YEAR EXPERIENCE
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Hairy cell leukemia (HCL) is a lymphoproliferative disease with an
excellent prognosis after therapy with purine analogs. Conflicting results
have been published concerning second cancer in these patients:we aim
to report on the prevalence of second cancer among HCL patients treated
with cladribine (2CDA) in first line in the last 30 years. We retrospec-
tively reviewed data of patients treated with 2CDA between March 1991
and May 2019 at 18 Italian Hematological centers. Among 513 evaluable
patients (because treated with 2CDA alone), M/F ratio was 4.5 with a
median age of 54 years (range 24-88) and ECOG was 0 in 85% of cases.
Twenty-seven (5%) patients were diagnosed with a previous cancer: no
relapse was reported during follow-up. At a median follow-up of 6.96
years (range 3.81-12.47), 19 second neoplasms were reported in 18 pa-
tients (3.5%), lower than what reported in the literature. Six patients had
a cancer of urinary tract (4 prostate, 2 kidney, 1 bladder), 5 had a GI can-
cer (1 esofagus, 1 stomach, 3 colorectal), 4 had an hematological neo-
plasm (2 multiple myeloma, 1 mantle cell lymphoma and 1 diffuse large
B cell lymphoma), 2 had breast cancer and 1 had lung cancer. Precan-
cerous lesions were reported in 1.2% of patients: 4 presented with skin
cancer (3 basocellular carcinoma and 1 dysplastic nevus), 1 with pleo-
morfic parotid adenoma and 1 with colorectal displastic adenoma. Sur-
gical therapy alone was a curative option in 8 patients, while
chemotherapy alone was reported in 5 cases. A combination of surgery
and chemotherapy +/- hormone therapy was used in 5 cases. Median OS
of the population was not reached; 95.7%, 92.8% and 82.3% of patients
are expected to be alive at 5, 10 and 15 years, respectively. Among 45
dead patients, 6 cases (1.2%) were due to second cancer. Comparing our

data with the Italian registries of cancer for the same period of observa-
tion, among the general population the cumulative standard incidence of
cancer was 704.4 casesx100.000 inhabitants for males and 484.7 cas-
esx100.000 inhabitants for females. In our population, the cumulative
standard incidence of cancer was 543.3 x 100,000 (IC 95%: 283.6-803.1)
for males and 492.6 x 100,000 (IC 95%: 0.0-1099.0) for females. No
statistically significant differences were identified between the two co-
horts. While 2CDA is greatly effective in treating HCL, the occurrence
of second cancer is rare. The cumulative incidence of second neoplasms
in our population did not significantly differ from that reported among
the Italian population.
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DIGITAL DROPLET PCR (DDPCR) FOR THE ASSESSMENT OF
DISEASE BURDEN IN HAIRY CELL LEUKEMIA
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Università di Bologna; 2IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia “Seràgnoli”, Italy

Background: BRAF-V600E mutation is the pathogenic driver of hairy
cell leukemia (HCL), as it is found in the vast majority of cases (> 95%)
both at onset and during recurrences. It is absent in other lymphoprolif-
erative diseases thus being highly specific for HCL. The identification
of the mutated allele in blood and marrow correlates with the presence
of neoplastic cells, therefore it may be considered a marker of active dis-
ease. Likewise, the absence of the mutation after treatment may indicate
a state of deep response.

Methods: The allelic burden of BRAF-V600E was measured by digital
droplet PCR (ddPCR) and expressed as fractional abundance (FA) in 35
HCL patients at different stages of disease (onset, relapse, complete re-
sponse [CR] after treatment, long-term remission), for an overall number
of 55 assays. Peripheral blood (PB) was preferentially used (39/55 as-
says). Bone marrow (BM) was tested in 16/55 assays. PB was collected
in 12 patients at diagnosis, in 7 patients at relapse, in 6 patients at post-
treatment assessment of CR and in 14 patients in CR for more than 5
years. BM was analyzed in 4 newly diagnosed cases, 6 relapsed cases
and in 6 patients at response.

Figure 1. 

Results: Mean FA values in PB for patients at diagnosis, relapse and
response were 12.26%, 15.07% and 0.02%, respectively. Likewise, mean
FA in BM was 23.51%, 13.96% and 0.26%, respectively. Importantly, 4
patients out of 6 evaluated at response were molecularly negative for
BRAF-V600E in PB. Mean FA in PB for the 14 patients with long lasting
complete response was 0.05%. Ten patients out of 14 achieved a BRAF-
V600E negativity in PB. Point values for each of the performed assay
are represented in figure (logarithmic scale). Figure shows that BRAF-
V600E FA varies considerably when patients with active disease and pa-
tients in complete response are considered. In this case series, patients
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in CR may still display a positive BRAF-V600E burden, but generally
below 1%. Some patients, instead, are indeed molecularly negative.

Conclusions: These preliminary results suggest that ddPCR permits
to assess the active tumor burden in HCL at different stages of disease
and support the hypothesis that some patients in CR qualify for a com-
plete molecular response. Data are not conclusive on the comparability
of PB and BM. An ongoing study is aimed at following patients prospec-
tively by sampling serially PB and BM at each stage (onset, response,
relapse, follow-up).
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VENETOCLAX AND RITUXIMAB (VENR) FOR THE FRONT-LINE
TREATMENT OF YOUNG PATIENTS WITH CHRONIC LYMPHO-
CYTIC LEUKEMIA (CLL) AND AN UNFAVORABLE BIOLOGIC
PROFILE. PRELIMINARY RESULTS OF THE GIMEMA VERITAS
STUDY

F.R. Mauro1, G. Reda2, V. Arena3, A. Visentin4, M. Coscia5, 
P. Sportoletti6, L. Laurenti7, G. Gaidano8, R. Marasca9, L. Orsucci10,
R. Murru11, C. Stelitano12, F. Ilariucci13, D. Mannina14, M. Massaia15,
G.M. Rigolin16, L. Scarfò17, M. Marchetti18, L. Levato19, M. Tani20, 
A. Arcari21, G. Musuraca22, M. Deodato23, P. Galieni24, 
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S. Molica19, R. Cassin2, C. Vitale5, C. Ielo1, M.S. De Propris1, 
I. Della Starza1, S. Raponi1, M. Nanni1, I. Del Giudice1, F. Paoloni3,
P. Fazi3, F. Albano28, A. Neri2, A. Piciocchi3, L. Trentin4, 
A. Cuneo16, A. Guarini 1, R. Foà1
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5Division of Hematology, A.O.U. Città della Salute e della Scienza di
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ences, University of Turin, Turin; 6Institute of Hematology and Center
for Hemato-Oncological Research, Ospedale S. Maria della Misericor-
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dazione Policlinico UniversitarioAGemelli, Roma; 8AmedeoAvogadro
University of Eastern Piedmont, Novara; 9University of Modena and
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Stem Cell Transplantation Unit, Ospedale Oncologico A. Businco, AO
Brotzu, Cagliari,; 12Division of Haematology, Azienda Ospedaliera
Bianchi-Melacrino-Morelli, Reggio Calabria; 13Azienda Ausl IRCCS
Santa Maria Nuova, Reggio Emilia; 14AO Papardo, Messina; 15Hema-
tology Unit, ASO Santa Croce e Carle, Cuneo; 16Hematology, St. Anna
University Hospital, Ferrara; 17IRCCS San Raffaele Scientific Institute,
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Arrigo, Alessandria, ; 19Haematology Unit, A. Pugliese Hospital,
AziendaOspedalieraPuglieseCiaccio,Catanzaro; 20U.O.CdiEmatolo-
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pedale Guglielmo da Saliceto, Piacenza; 22IRCCS - Istituto Scientifico
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The efficacy and safety of the venetoclax and rituximab (VenR) com-
bination has been investigated in a multicenter study of the GIMEMA
group (VERITAS study) that included young patients (≤65 years) with
previously untreated CLL and an unfavorable biologic profile, an unmu-
tated IGHV and or a TP53 disruption. Treatment consisted of the Ven
dose ramp-up (from 20 to 400 mg daily over 5 weeks) followed by Ven

400 mg daily, combined with R for six 28-day courses (375 mg/m2,
course 1; 500 mg/m2, courses 2-6). Patients continued with Ven single
agent, 400 mg daily, until month 13. Tumor lysis syndrome (TLS) pro-
phylaxis measures included hydration, allopurinol, or rasburicase. Re-
sponse assessment included clinical examination, PB and BM evaluation,
BM biopsy, and CT scan. MRD was tested centrally in the PB and BM
by 8 color flow-cytometry with a sensitivity of at least 10–4. MRD was
further evaluated by ASO-PCR with a sensitivity up to 10–5 in patients
who showed an undetectable (u) MRD4 by flow-cytometry both in the
PB and BM. This study included 75 patients with a median age of 53
years (range 38-65), 56 males, and 37 (84%) patients with Binet stage
B/C. Deletion 17p was recorded in 4 (6%) cases and aTP53 mutation in
8 (11%). Seventy-two (96%) patients were IGHV unmutated and 3 (4%)
IGHV mutated carried a TP53 mutation. Response at the end of the VenR
combination was achieved by 72 (96%) patients and included 41 (55%)
CRs and 31 (41%) PRs. Early discontinuation of treatment due to an ad-
verse event (AE) was censored as a treatment failure in 3 (4%) patients.
A response with uMRD4 by flow-cytometry was recorded in 61 (81%)
cases in the PB, and in both the PB and BM in 41 (57%), while no de-
tectable disease by ASO-PCR, both in the PB and BM, was recorded in
17 (23%). After a median follow-up of 13 months, no patient has pro-
gressed with a 12-month progression-free survival of 97.3%. A transient
laboratory TLS was observed in 2 patients. Grade ≥3 AEs included neu-
tropenia in 25 (33%) patients, while grade ≥3 infections were recorded
in 7 (9%) and included COVID-19 pneumonia in 3. Two patients (2.7%)
died due to severe neurologic toxicity related to the concomitant admin-
istration of fentanyl in 1 and Covid19 pneumonia in 1. In conclusion,
the preliminary results of this study demonstrate the high efficacy in
young patients with CLL and an unfavorable biologic profile of the front-
line VenR combination, which resulted in a high proportion of CRs and
responses with uMRD4.
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OBINUTUZUMAB PLUS CHLORAMBUCIL VERSUS IBRUTINIB
IN PREVIOUSLY UNTREATED PATIENTS WITH CHRONIC LYM-
PHOCYTIC LEUKEMIA WITHOUT TP53 DISRUPTIONS. 
A CAMPUS CLL STUDY
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pedalieraPugliese-Ciaccio,Catanzaro; 17HematologyDayService,On-
cology SOC, Cardinal Massaia Hospital, Asti; 18Strategic program on
CLL, University health and Science “San Raffaele”, Milan, Italy;
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Introduction: Although, Ibrutinib (IB) and obinutuzumab (G) have sig-
nificantly improved the treatment landscape of chronic lymphocytic
leukemia (CLL), no head-to-head comparison has been reported for IB
vs G-chlorambucil (G-CHL) in CLL patients.

Aim: The aim of this study was to compare the clinical efficacy of G-
CHL and IB in a real-life retrospective study within the Italian CLL Cam-
pus network.

Methods: Patients received ibrutinib 420 mg daily until progression
or unacceptable toxicity, while G was administrated at 100 mg on day 1,
900 mg on day 2 and 1000 mg on days 8 and 15 of the 1st cycle, then at
1000 mg for cycles 2-6. An IGHV gene sequence homology >98% was
considered as unmutated (U-IGHV), as opposed to mutated (M-IGHV).
Progression-free survival (PFS), time-to-next treatment (TTNT) and
overall survival (OS) were compared with the log-rank test. Minimal
residual disease (MRD), assessed by flow cytometry, was considered un-
detectable when <10-4 (uMRD4). A propensity score matching analysis
1:1 was also done, caliper 0.2. The study was approved by the Ethic
Committee.

Results: This study included patients without TP53 disruption who re-
ceived IB (102 patients) or G-CHL at 16 hematologic centers till De-
cember 2020. Clinical features of enrolled patients are summarized in
Table 1. Patients in treated with G-CHL had a higher CIRS score
(p=0.0015), lower creatinine clearance (p=0.0041) and were enriched in
M-IGHV cases (p=0.0004). The best overall response rates in the G-CHL
and IB arms were 87% vs 77%, including 25% vs 6% complete remis-
sions (CR, p=0.0029). After a median follow-up of 30 months, the PFS,
TTNT and OS was 70%vs93% (p=0.0061), 88%vs97% (p=0.0043) and
91% vs 96% (p=0.6642) for the G-CHL and IB arms, respectively. In the
G-CHL arm the depth of response in terms of iwCLL responses (No re-
sponse vs partial remission vs CR: 30-month PFS, 38%, 68% and 79%;
p<0.0001) and responses with uMRD in the PB influenced PFS (data on
87 patients: 30-month PFS, 78% vs 53% for uMRD4 vs MRD+,
p=0.0203). PFS and TTNT were better with IB than G-CHL in U-IGHV
(p=0.0190 and 0.0137, Figure 1A and 1C), while they were superimpos-
able for M-IGHV patients (p=0.1900 and 0.1380, Figure 1B and 1D).
Similar results were found after patients matching analysis.

Conclusions: Although continuous ibrutinib provides a better disease
control in CLL, M-IGHV patients and those achieving an uMRD4 show
a marked clinical benefit from a fixed-duration obinutuzumab-based
therapy.

Table 1 and Figure 1. 
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CPI-0610, A BROMODOMAIN AND EXTRATERMINAL DOMAIN
(BET) PROTEIN INHIBITOR, AS “ADD-ON” TO RUXOLITINIB, IN
ADVANCED MYELOFIBROSIS PATIENTS WITH SUBOPTIMAL
RESPONSE: UPDATE OF MANIFEST PHASE 2 STUDY

A. Patriarca1, S. Verstovsek2, J. Mascarenhas3, M. Kremyanskaya3, 
R. Hoffman3, R. Rampal4, V. Gupta5, M. Talpaz6, N. Granacher7, 
B. Leber8, A. Vannucchi9, P. Bose2, M. McMullin10, S. Sirhan11, 
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CPI-0610, a first-in-class, oral, small-molecule inhibitor of bromod-
omain and extraterminal domain (BET) proteins, potentially promotes
disease-modifying activity through altered gene regulation of key onco-
genic, fibrotic, and inflammatory factors and may transform the standard
of care in myelofibrosis (MF). Here we present results from Arm 2 of
the ongoing Phase 2 MANIFEST study, investigating CPI-0610 as “add-
on” to rux in advanced MF pts with suboptimal response to rux. Pts are
stratified as transfusion dependent (TD, defined as ≥2U RBCs/month
over 12 wks), and non-transfusion dependent (non-TD). Eligibility: MF
pts having a suboptimal or lost response to rux; DIPSS ≥Int-2; platelets
≥75 x 109/L; ≥2 symptoms measurable (score ≥1) per MFSAF v4.0; RBC
TD (TD cohort) or spleen volume of ≥450 cc by CT/MRI (non-TD co-
hort). Pts treated with rux for ≥6 months and on a stable dose for ≥8 wks
prior to enrollment. Rux dose escalation is not allowed during the study.
Primary endpoints: TD cohort: TD to TI (transfusion independence) [de-
fined as no transfusion for 12 wks per IWG-MRT criteria]; non-TD co-
hort: SVR35 response (≥35% spleen volume reduction) at wk 24.
Secondary endpoints: TSS50 response (≥50% total symptom score re-
duction) per MFSAF v4.0 at wk 24, safety and PK. As of 29 Sep 2020,
52 pts were treated in the TD cohort (median treatment duration 30 wks,
range: 1, 166 wks). 36% (13/36) of TD pts converted to TI 12 weeks. At
wk 24, 21% (7/33) pts achieved SVR35 (median % change from base-
line: -19%, range: -54%, 48%), and 46% (15/33) pts achieved TSS50
(median % change from baseline: -58%, range: -100%, 24%). In non-
TD cohort, 26 pts were treated (median treatment duration 51 wks, range:
2, 111 wks). At wk 24, 29% (6/21) pts achieved SVR35 (median %
change from baseline: -17%, range: -90%, 16%), and 38% (8/21) pts
achieved TSS50 (median % change from baseline: -45%, range: -100%,
22%). 78 pts were evaluable for safety across the TD and non-TD co-
horts. Median exposure was 45 wks. The most common hematological
treatment-emergent adverse events (TEAEs) of any grade were throm-
bocytopenia (45%, ≥Gr3: 23%) and anemia (14%, ≥Gr3: 10%). Early
clinical data indicate that CPI-0610 as “add-on” to rux is generally well
tolerated. The combination therapy provided clinical benefits in most pts
as assessed by SVR, and symptomatic responses. In addition, conversion
to TI was also observed in TD patients.
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DIFFERENTIAL TREATMENT STRATEGY IN POLYCYTHEMIA
VERA PATIENTS WITH STABLE SUBOPTIMAL RESPONSE TO
HYDROXYUREA: CLINICAL CORRELATIONS AND IMPACT ON
SURVIVAL

F. Palandri1, D. Bartoletti1,2, E. Rossi3, M. Breccia4, G. Benevolo5, 
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Hydroxyurea (HU) is the most used cytoreductive therapy (tx) for pa-
tients (pts) with polycythemia vera (PV). However, many pts may have
suboptimal responses (SubOR) to HU. After HU, Ruxolitinib (RUX)
may achieve significant responses. The “PV-NET” retrospective study
collected 882 WHO2016-defined PV pts in 22 Hematology Centers to
investigate if: 1)SubOR influences overall survival (OS); 2)type of
SubOR drives 2nd-line tx; 2)RUX switch affects OS. Among the 662 pts
who received HU for ≥3 mos, 195 had a complete response (CR), while
467 (70.5%) a SubOR (WBC/PLT count >10/400x109/l or need for phle-
botomies (PHL) or splenomegaly/symptoms persistence/occurrence at
maximum tolerated dose). The index date (ID) was set at 3 mos from
HU start (Barosi G et al, BJH 2009). 152 pts (22.9%) had ≥1 HU-related
toxicity, comparably in CR and SubOR (p=0.51). Compared to SubOR,
CR pts were older (p<0.001), more frequently females (p=0.003), and
less frequently had splenomegaly/symptoms (p=0.001) and JAK2V617F

≥50% (p=0.004). HU dose ≥1 g/d was more used in CR pts (47.5% vs
27.8% in SubOR, p=0.001) but resulted in higher toxicity (33.3%vs17%,
p=0.001). 

Figure 1. 

No association was found between response and HU doses ≥1.5 or ≥

2g/d. SubOR consisted of: uncontrolled WBC/PLT (n.254, 54.4%), PHL
need (n.233, 49.9%), failure to reduce splenomegaly (n. 151, 32.3%) or
PV-related symptoms (n.199, 42.6%). Overall, 140 (30%) SubOR pts
switched to RUX (HU-RUX) while 327 (70%) continued HU (HU-
alone). Uncontrolled myeloproliferation (HR 2.92, p=0.005),
splenomegaly (HR 2.59, p=0.003) and symptoms (HR 1.91, p=0.040)
significantly predicted an early RUX switch. PHL need (HR 1.89,
p=0.004) was also associated with a late (>24 mos) switch. At 12 mos,
22.2% of HU-RUX pts were in CR. OS of SubOR was comparable to
CR pts after age adjustment (86.8% vs 89.9% at 10 yrs from ID, p=0.33).
In SubOR pts, age ≥65 (HR 11.6, p<0.001) and uncontrolled
splenomegaly (HR 3.7, p=0.001) predicted a lower OS, while RUX
switch correlated with better OS (HR 0.10, p=0.003) (Figure 1). This
study highlights the real-world use of low-dose HU, with delayed tx
change in SubOR. Notably, baseline absence of splenomegaly/symp-
toms, JAK2V617F burden <50% and use of HU dose ≥1 g/d were associ-
ated with CR. Finally, RUX switch achieved significant responses and
was associated with longer OS. A more careful management of HU and
particularly of SubOR pts may improve outcome in PV.

C098

A MOLECULAR-BASED MODEL TO PREDICT MYELOFIBROSIS
PROGRESSION IN PATIENTS WITH 2016-WHO DEFINED 
ESSENTIAL THROMBOCYTHEMIA

G.G. Loscocco1, P. Guglielmelli1, N. Gangat2, E. Rossi3,4, C. Mannarelli1,
S. Betti4, C. Maccari1, F. Ramundo3, F. Gesullo1, S. Ceglie3, E. Ravenda1,
V. De Stefano3,4, A. Tefferi2, A.M. Vannucchi1

1Department of Experimental and Clinical Medicine, CRIMM, Center of
Research and Innovation of Myeloproliferative Neoplasms,Azienda Os-
pedaliero-UniversitariaCareggi,UniversityofFlorence, Italy; 2Division
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Medicine, Mayo Clinic, MN, USA; 3Section of Hematology, Department
of Radiological and Hematological Sciences, Catholic University, Italy;
4Fondazione Policlinico Universitario A. Gemelli IRCCS, Italy

Background: Essential thrombocythemia (ET) is associated with an
increased risk of thrombosis (thr) and progression to myelofibrosis (MF).
Thrombosis risk stratification model (IPSET) is based on variables in-
cluding age >60y, history of thr, JAK2V617F genotype and cardiovas-
cular risk factors.

Aim and methods: Aim of this study was to develop a simple, muta-
tion-based, score, to predict MF progression in WHO-2016 defined ET
pts. In Florence database (training cohort), 718 pts (65.6% JAK2, 12.8%
CALR1, 7.1% CALR2, 3.6% MPL and 10.9% triple-negative-TN) were
identified. All JAK2 pts were annotated for variant allele frequency
(VAF).

Results: Median age at diagnosis was 57.9y (range 12.9-92.9), women
were 64.8%. Median FU was 106.4 months (6.1-421.6) during which 53
pts (7.4%) progressed to MF (23 JAK2, 20 CALR1, 4 CALR2, 5 MPL, 1
TN; p<0.0001), and 106 pts (14.8%) died. Palpable splenomegaly was
present in 97 (13.5%) patients. 43 (6%) and 235 (33.1 %) patients had
constitutional and microcirculatory symptoms, respectively. Univariate
analysis for MF-free survival (MFS) identified CALR1/MPL genotype
(p<0.0001, HR 3.8; 95% CI 2.2-6.6), as risk factor for MF progression.
JAK2V617F VAF as a continue variable was also correlated with a higher
risk of MF (p=0.002; HR 1; 1-1.1). A ROC curve was used to determine
the best JAK2 VAF cut-off level predicting MF progression; the curve
showed an AUC of 0.76, and the best VAF value was 35%. Accordingly,
we divided JAK2 cohort in those with a VAF ≤35% (77.3%) and >35%
(22.7%), the latter displayed a higher risk for MF progression in univari-
ate analysis (Figure 1A; p<0.0001; HR 5.9; 2.4-14.4). Therefore, a two-
tiered molecular based model was develop identifying high molecular
risk patients (JAK2VAF>35%/CALR1/MPL; 34.7% of total) and low
molecular risk patients (JAK2VAF≤35%/CALR2/TN; 65.3%), (Figure
1B, p<0.0001; HR 6.1; 3.2-11.7) with respective rate of MF evolution
of 8% and 1.2% at 10 yrs. The predictive accuracy of the training set
was confirmed in external validation cohort of 410 pts from Rome
(p<0.01) and 479 from Mayo Clinic, Rochester (p<0.01).
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Conclusions: This model, based on simple molecular variables that
are routinely required by WHO criteria, identified a high-risk category
for MF progression among 2016-WHO defined ET pts.

Figure 1. 
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SINGLE CELL ANALYSIS OF CLONAL ARCHITECTURE IN
LEUKEMIC TRANSFORMATION OF MYELOPROLIFERATIVE
NEOPLASMS (MPN)

L. Calabresi, G. Rotunno, C. Mannarelli, F. Gesullo, S. Romagnoli,
G. Coltro, A. Atanasio, A.M. Vannucchi, P. Guglielmelli

CRIMM, Center of Research and Innovation of Myeloproliferative Neo-
plasms, Azienda Ospedaliera Universitaria Careggi and Department of
Experimental and Clinical medicine, University of Florence, Florence,
Italy

Background: Evolution to acute myeloid leukemia (sAML) occurs in
15-20% of MPN, it is largely unresponsive to conventional therapy and
prognosis is extremely poor. A restricted set of mutations is associated
to leukemic evolution (Vannucchi, 2013; Tefferi, 2016), however, the
molecular mechanisms underlying progression to AML have not been
defined yet. Bulk next generation sequencing (NGS) cannot resolve mu-
tation co-occurrence in the same cell nor elucidate the order of mutations.
Aimed at resolving clonal architecture during leukemic progression of
MPN, we performed whole exome (WES) and single-cell sequencing
(SCS) on paired samples (chronic (CP)/blast phase (BP)).

Figure 1. 

Methods: We analyzed 12 MPN patients who progressed to sAML.
Paired CD34+ cells samples (CP/BP) were subjected to WES and vali-
dated by NGS. Concurrently, in five paired samples a targeted SCS for
45 myeloid genes was performed using the Mission-Bio Tapestri plat-
form.

Results: On average 60.000 variants we identified by WES that were
unique to BP compared with CP. However, evolution to BP was not as-
sociated with recurrent abnormalities. By SCS, of the 5 paired samples,
a total of 57375 single cells were sequenced (average 5216, range 2344-
8268) with an average of 29628 reads per cell (range 17590-40269) and
coverage of 104X (range 56-215). SCS was able to identified 14 low-
frequency variants not detected in bulk analysis; however, it failed to
discriminate homopolymeric regions including the ASXL1 G646Wfs*12
and 5 variants not covered by the target myeloid-genes panel. We found
a significant correlation between variant allele frequency (VAF) from
the 2 methods (R =0.84, p<.0001). Driver mutation in CP became unde-
tectable during progression in BP. For all patients we are able to distin-
guish at least 4 mutated clones and in 3 cases the dynamics of the clones
allowed to identify the ones responsible for evolution to sAML. Among
these, in all but one, the leukemic clones were already detectable at low
frequency (<2%) at CP and became dominant in the BP (FIG.1), but were
missed by bulk NGS analysis.

Conclusions: Although bulk NGS is highly informative, only SCS ac-
curately resolves clonal architecture and complexity, identifying rare
clones and their dynamics. Moreover, custom panel, rather than com-
mercial ones, might be more effective to avoid misidentification of in-
formative variants. Overall, our findings provide insights into the
pathogenesis of AML transformation of MPN.
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A DIGITAL DROPLET PCR CUT-OFF TO IDENTIFY POTENTIAL
CHRONIC MYELOID LEUKEMIA PATIENTS CANDIDATE TO
TREATMENT DISCONTINUATION AND MAINTAINANCE OF A
TREATMENT-FREE REMISSION

G. Colafigli, S. Pepe, E. Scalzulli, G. Maestrini, G. Ciotti, 
D. Diverio, M. Martelli, R. Foà, M. Breccia

Dipartimento di Medicina Traslazionale e di Precisione, Università
Sapienza di Roma, Italy

Discontinuation has become a new therapeutic endpoint in chronic
myeloid leukemia (CML). Unfortunately, about 50% of patients experi-
ence loss of major molecular response (MMR). Sustained treatment-free
remission (TFR) is based only on the median duration of TKI treatment
and sustained stable deep molecular response evaluated by RQ-PCR. We
evaluated retrospectively a series of CML patients in deep MR who at-
tempted a TFR with the aim of finding a droplet digital PCR (ddPCR)
cut-off predictive of a low rate of molecular recurrence free-survival
(MRFS) after discontinuation. Fifty-seven patients, female prevalence
(64.9%) and a median age of 47 years (range 21-82) at diagnosis, dis-
continued treatment in a real-life setting. Sokal score stratification iden-
tified 31 patients (54%) as low risk, 22 (38.5%) as intermediate and 4
(7%) as high risk. Thirty-eight patients (67%) carried the b3a2 type of
transcript, whereas 19 (33%) the b2a2 type. Seventeen patients received
previously interferon-alpha (IFN) (median duration 25 months). Median
duration of TKI treatment was 13.8 years. The median duration of deep
MR was 2.7 years. Forty-six patients (80.7%) attempted discontinuation
after first-line treatment and 11 (17.5%) after subsequent lines (39 pa-
tients had received imatinib, 6 patients dasatinib, 12 nilotinib). Fifteen
patients (26%) relapsed at a median time of 4.4 months with a MRFS of
68.6% at 30 months. The 57 cases were tested by ddPCR prior to treat-
ment discontinuation: 31 (54.4%) were ddPCR-negative and only 4 of
them relapsed (13%), while 26 (45.6%) proved ddPCR-positive and 13
(50%, p=0.002) relapsed. To optimize the use of ddPCR as a possible
tool to predict the success of treatment discontinuation we applied a ROC
curve analysis to detect a cut-off of molecular residual disease that can
better identify candidates to TFR. We obtained an AUC of 68.7%
(95%CI 53.1-84.4) and identified a cut-off value of 0.001 copies/µl
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JAK2 V617F %
N=364 (77.3%)
MF progression=7 (1.9%)

A B

JAK2 V617F >35%
N=107 (22.7%)
MF progression=16 (14.9%)

p<0.0001 

JAK2 V617F %/CALR 2-2like/TN
N=493 (65.3%)
MF progression=12 (2.4%)

JAK2 V617F >35%/CALR 1-1like/MPL
N=225 (34.7%)
MF progression=41 (18.2%)
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(cp/µl) (Figure 1). Sensitivity, specificity, positive and negative predic-
tive value were 73.3%, 64.3%, 42% and 87%, respectively. Before stop-
ping the TKI, 4/15 (27%) relapsed patients had a molecular residual
disease ≤0.001 cp/µl vs 11/15 (73%) with >0.001 cp/µl (p<0.001).

In conclusion, ddPCR can be a more sensitive and accurate method
for the detection of molecular residual disease prior to treatment discon-
tinuation. The proposed cut-off value should be validated in a large co-
hort of CML patients considered eligible to stop TKI treatment. 

Figure 1. 
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WIDE LOSS OF B-CELL ANTIGENS AS A NEW ESCAPE MECH-
ANISM AFTER CD19-DIRECTED CAR-T CELLS IN DIFFUSE
LARGE B-CELL LYMPHOMA

L. Falini1, V.M. Perriello1, L. Ruggeri1, S. Ballanti1, S. Saldi2, 
R. Moretti3, C. Quintarelli4, A. Pierini1, E. Tiacci1, C. Aristei2, R. Foà5,
A. Velardi1, F. Locatelli4, L. Brunetti1, B. Falini1

1InstituteofHaematology,CentroRicercheEmato-OncologicheCREO),
OspedaleS.MariadellaMisericordia,UniversityofPerugia; 2 Radiation
Oncology Section, University of Perugia and Perugia General Hospita;
3Department of Radiology, Santa Maria Della Misericordia Hospital;
4Department of Pediatric Hematology and Oncology, Bambino Gesù
Children’s Hospital; 5Hematology, Department of Translational and
Precision Medicine, ‘Sapienza’University, Italy

Chimeric antigen receptor (CAR) T-cells targeting CD19 represent a
promising therapeutic strategy in B-cell malignancies. However, about
60% of Diffuse Large B-cell Lymphoma (DLBCL) patients do not respond
or relapse after CAR-T cells, mainly due to high tumor burden and/or low
T cell fitness. A significant percentage of B lymphoblastic leukemia (B-
ALL) relapses are CD19-negative, indicating a tumor escape mechanism
from the immunological pressure driven by CD19-directed CAR-T cells.
Molecular mechanisms of CD19 loss have been well studied in B-ALL
and include nonsense/frameshift mutations (usually mapping to exons 2
to 5) disrupting the epitope conformation targeted by CAR-T cells, mis-
sense mutations retaining CD19 in the endoplasmic reticulum (in-frame
insertion in exon 2) and noncoding mutations causing intron retention.
Conversely, the mechanism of CD19 loss in DLBCL remains poorly un-
derstood, due to the difficulty to study small needle biopsies. In at least
one patient, splice sites noncoding mutations were reported.

Figure 1. 

Here, we describe for the first time a new mechanism of CD19 escape
to CD19-directed CAR-T cells (Tisa-cel) in a 67-year-old male patient
with refractory DLBCL transformed from follicular lymphoma. PET-CT
scan performed 4 weeks post CAR-T cells revealed >90% reduction in
all tumor abdominal masses but, unexpectedly, 3 months later, PET-CT
documented a new retroperitoneal mass. Immunohistochemistry of the
tumor needle biopsy showed large tumor cells lacking the typical CD19,
CD20, CD22 and CD79a B-antigens, that were instead detectable before
CAR-T therapy. Notably, CD79b was the only B-cell antigen to remain
expressed together with the B-cell transcription factor PAX5. RNA-se-
quencing of paired samples before CAR-T cell therapy and at relapse,
showed the absence of mRNAs translating for all B-cell antigens with
the exception of CD79b, indicating a complete loss of expression rather
than epitope alternative splicing. Results of whole exome sequencing are
ongoing and will be presented. This extraordinary case highlights the
importance of investigating the nature of relapse after anti-CD19 CAR-
T cells in DLBCL. Interestingly, the wide loss of B-cell antigens with
preservation of PAX5 observed in our case is reminiscent of what oc-
curring in Hodgkin lymphoma. Moreover, our results point to the im-
portance of developing novel anti-CD79b CAR-T cells as salvage
therapy for DLBCL relapsing as CD19-negative tumors after anti-CD19
CAR-T cells. 
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RITUXIMAB, BENDAMUSTINE, AND CYTARABINE (R-BAC)
COMPARED WITH RITUXIMAB AND BENDAMUSTINE (BR) IN
PREVIOUSLY UNTREATED ELDERLY PATIENTS WITH MANTLE
CELL LYMPHOMA (BE-VE-BAC STUDY)

G. Bega1, J. Olivieri2, M. Riva3, G. Scapinello4, R. Paolini5, 
S. Finotto6, R. Sartori7, E. Lucchini8, G. Guandalini1, D. Facchinelli3,
M.C. Tisi3, M. Basso7, L. Ballotta8, F. Piazza4, I. Ferrarini1, C. Visco1

1Department of Medicine, Section of Hematology, University of Verona;
2Hematology and SCT Unit, Azienda Sanitaria Universitaria Integrata
Santa Maria della Misericordia; 3Cell Therapy and Hematology, San
Bortolo Hospital; 4Hematology and Clinical Immunology Unit, Univer-
sity of Padova; 5Oncohematology, Santa Maria della Misericordia Hos-
pital; 6Oncology 1Unit, Department of Oncology, Istituto Oncologico
Veneto IOV-IRCSS; 7OncoHematologyUnit, IstitutoOncologicoVeneto
IOV-IRCSS; 8SCHematology,AziendasanitariaUniversitaria Integrata
Giuliano-Isontina, Italy

Both rituximab plus bendamustine (BR), and rituximab, bendamus-
tine, and cytarabine (R-BAC) are considered suitable induction therapies
in elderly patients with mantle cell lymphoma (MCL) not candidate to
autologous transplant. A direct comparison between the two regimens
has never been performed. With this multicenter retrospective observa-
tional study, we compared the outcome and the safety features of patients
with newly diagnosed MCL, treated with BR or R-BAC between 2009
and 2020 in 8 Departments from north-east of Italy. Primary endpoint
was 2-years progression-free survival (PFS). All patients included had a
minimum follow-up of 12 months since start of treatment. Inclusion bias
were estimated by a propensity score stratified by gender, age, MCL mor-
phology, and MIPI score. 180 patients with MCL with a median age of
72 years (range 53-90) were retrospectively analyzed. According to our
propensity score calculation, the probability of receiving R-BAC was
higher in younger patients (P<0.0001), but no other significant difference
in the distribution of above mentioned prognostic variables was observed
between the two groups. We limited our survival analysis to patients with
80 years or less, which allowed us a fair comparison between the two
groups (P=NS). This cohort included 155 patients (53 BR, 102 R-BAC)
that represented the subjects for the present analysis. Of them, 109 (70%)
were males, MIPI was elevated in 63%, 11% had blastoid or pleomorphic
morphology, and median follow-up was 46 months (range 12-133). Pa-
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tients treated with R-BAC achieved CR in 91% of cases, as compared
with 60% for BR (P<0.0001). The 2-years PFS was 87%±3% and
64%±7% for R-BAC and BR, respectively (P=0.001, Figure 1). Median
overall survival (OS) was 121 months for R-BAC and 78 months for BR
(P=0.08). MIPI score was the only predictive significant variable both
in terms of PFS and OS. R-BAC was associated with significantly more
pronounced grade 3-4 thrombocytopenia than BR (55% versus 18%). R-
BAC doses were frequently reduced (2 days schedule in 38%) as com-
pared to the original scheme. The BE-ve-BAC study indicates that
R-BAC, even when administered in the 2-days schedule or with attenu-
ated dose, is associated with significantly prolonged 2-years PFS than
BR in elderly patients with previously untreated MCL. As hypotesized
hematological toxicity was significantly higher for the latter regimen as
compared to BR. Our results will need confirmation in prospective set-
tings.

Figure 1. 
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GUT MICROBIOTA ROLE IN THE RESPONSE TO CHECKPOINT
INHIBITOR TREATMENT IN PATIENTS WITH RELAPSED/RE-
FRACTORY HODGKIN LYMPHOMA: AN INTERIM ANALYSIS OF
THE MICRO-LINF STUDY

B. Casadei1,2, S. Guadagnuolo1,2, M. Barone3, S. Turroni4, L. Argnani1,2,
P. Brigidi3, P.L. Zinzani1,2

1Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale,
Università di Bologna; 2IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia “Seràgnoli”; 3Department of Medical
andSurgicalSciences,UniversityofBologna; 4DepartmentofPharmacy
and Biotechnology, University of Bologna, Italy

Single-agent monoclonal antibodies targeting the immune checkpoint
PD-1 (programmed death 1) are an efficient and safe therapeutic option
in patients with relapsed/refractory B-cell lymphoma. However, many
patients progress or lose response to anti-PD1. Recent studies have high-
lighted the role of the gut microbiota (GM) in influencing the response
to chemo-immunotherapeutic agents. Here we hypothesize that the GM
dynamics in B-cell lymphoma patients during anti-PD1 therapy correlate
with treatment response. From December 2017 to December 2020 we
enrolled 17 patients (12 with classical Hodgkin lymphoma [cHL] and 5
with primary mediastinal B-cell lymphoma) treated with anti-PD1 due
to relapsed/refractory disease. Feces were collected at baseline, before
each therapy cycle, at response assessment (during both therapeutic
course and follow-up) and for grade>2 adverse events, and profiled
through Illumina sequencing. At each time point, patients compiled a 7-
day weighted food intake record that was analyzed by MètaDieta
(METEDA). We report the results of the first 6 patients enrolled, all af-
fected by cHL. Median age was 31 years (range 26-71), 5 patients were
female. Five patients were refractory to the last therapy, with a median
of previous treatments of 3 (range 3-5). All patients discontinued treat-
ment: 3 due to disease progression; 2 achieved complete remission and
interrupted to consolidate with autologous stem cell transplantation; the

last due to grade 3 adverse event despite partial remission. The median
number of anti-PD1 cycles was 15 (range 7-18). The baseline GM sep-
arated from that of age/gender-matched healthy controls, being enriched
in the pathobiont Collinsella while depleted of health-associated taxa,
e.g. Faecalibacterium, Ruminococcus, Coprococcus and Roseburia
(p<0.05). The GM dynamics along anti-PD1 treatment were distinct in
relation to the therapeutic response, with greater temporal variability of
alpha diversity in responders. The latter consumed more fat and fewer
carbohydrates. The GM of patients with relapsed/refractory B-cell
Hodgkin lymphoma is dysbiotic and shows distinct trajectories during
anti-PD1 treatment, closely related to the therapeutic response.

P05

RITUXIMAB PLUS BENDAMUSTINE AND CYTARABINE 
(R-BAC) IN ELDERLY PATIENTS WITH NEWLY DIAGNOSED
MANTLE CELL LYMPHOMA: LONG TERM FOLLOW-UP 
RESULTS OF A PHASE 2 STUDY FROM THE FONDAZIONE
ITALIANA LINFOMI

M.C. Tisi1, L. Nassi2,3, C. Patti4, M. Spina5, S. Ferrero6, M. Tani7, 
B. Botto8, A.L. Molinari9, B. Puccini3, E. Cencini10, A. Di Rocco11, 
C. Chini12, C. Ghiggi13, R. Zambello14, M. Zanni15, R. Sciarra16, 
M. Ferrante17, C. Stelitano18, A. Re19, S. Volpetti20, V.R. Zilioli21, 
A. Arcari22, F. Merli23, C. Visco24

1Cell Therapy and Hematology, San Bortolo Hospital, Vicenza, Italy;
2Hematology, Department of translational medicine, AOU Maggiore
dellaCaritàandUniversityofEasternPiedmont; 3DepartmentofHema-
tology, Careggi Hospital and University of Florence, Italy; 4Oncohema-
tology Azienda Ospedali Riuniti Villa Sofia- V. Cervello Palermo;
5Division of Medical Oncology and Immune-related Tumors, Centro di
Riferimento Oncologico di Aviano CROIRCCS, Aviano (PN), Italy;
6Hematology 1U, Department of Molecular Biotechnologies and Health
Sciences, University of Torino, Torino, Italy/AOU “Città della Salute e
della Scienza di Torino”, Torino, Italy; 7Hematology, Ospedale di
Ravenna,Ravenna, Italy; 8Hematology,Citta’dellasaluteedellascienza
UniversityHospital,Torino, Italy; 9Hematology,Ospedaledegli Infermi,
Rimini, Italy; 10 UOC Ematologia, Azienda Ospedaliera Universitaria
Senese & University of Siena; 11Department of Translational and Preci-
sion Medicine; ‘Sapienza’University of Rome; 12Oncology ASST-sette-
laghi, Varese, Italy; 13Hematology unit IRCCS San Martino, Genova,
Italy; 14Hematology,UniversityofPadova,Padova, Italy; 15Hematology,
SS Antonio e Biagio e Cesare Arrigo Hospital, Alessandria, Italy;
16Hematology Oncology, Fondazione IRCCS Policlinico San Matteo,
Pavia, Italy;17Hematology 1U,DepartmentofMolecularBiotechnologies
and Health Sciences, University of Torino, Torino, Italy; 18Hematology
Ospedale Bianchi Melacrino Morelli, Reggio Calabria, Italy; 19Depart-
ment of Hematology, Spedali Civili, Brescia, Italy; 20 Hematology De-
partment, Santa Maria della Misericordia Hospital - ASUFC, Udine,
Italy; 21Hematology, ASST Grande Ospedale Metropolitano Niguarda,
Milan, Italy; 22Department of Oncology and Hematology, G. da Saliceto
Hospital, Piacenza, Italy; 23Hematology, AUSL/IRCCS Reggio Emilia;
24Department of Medicine, Section of Hematology, University of Verona,
Verona, Italy

The activity of the combination of rituximab, bendamustine, and low
dose cytarabine (R-BAC) was evaluated in a phase 2 multicentre trial
from the Fondazione Italiana Linfomi (FIL RBAC500) in previously un-
treated patients with mantle cell lymphoma (MCL) who were not eligible
to stem cell transplant. Fifty-seven patients (median age 71 years, range
61-79) were recruited and treated with 4 to 6 cycles between 2012 and
2014. Despite some concern in terms of hematological toxicity, the R-
BAC regimen was associated with high complete remission (CR) rate
(91%), 2-years overall survival (OS) of 86% (74-93), and 2-years pro-
gression free survival (PFS) of 81% (68-89). Here, we present long-term
survival outcomes. After 7 years of median follow-up (86 months, range
57-107), the median OS and PFS for all patients were not reached (Figure
1A and 1B). The 7-years PFS and OS rates were 56% (95%CI 41-67)
and 63% (95%CI 46-72), respectively. Patients who achieved CR (n=53)
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had a 7 years PFS of 59% (95% CI 44-71), with the curve that appears
to plateau after 6 years. Adverse predictive factors affecting PFS were
blastoid morphology (p<0.05), elevated Ki67 > 30% (p<0.05), and fail-
ure to achieve CR after 2 cycles (p=0.03). Early-progression of disease
(<24 months from start of R-BAC) was associated with impaired overall
survival (p<0.05). Eight patients (14%) developed a secondary neoplasia:
1 parotid heteroplasia, 1 parotid nodular hyperplasia, 1 prostate cancer,
1 bladder cancer, 1 larynx, 1 thyroid cancer, 1 lung cancer and 1 sec-
ondary acute myeloid leukemia. Among the 25 relapsed patients, 8 did
not receive any other treatment. Six had Ibrutinib monotherapy as second
line, of whom 4 responded (3 are still in CR), 4 had CHOP or CHOP-
like regimens with only partial responses. As per protocol, 23 patients
with available marker at diagnosis were followed-up for minimal resid-
ual disease (MRD) with ASO-droplet digital polymerase chain reaction
(D-PCR). The 4 patients with MRD persistence at the end of induction,
either in peripheral blood or bone marrow, had significantly worse 7
years-PFS (p<0.05 for them both). In conclusion, in elderly patients with
newly diagnosed MCL, R-BAC showed sustained efficacy over time,
which compared favorably with any other reported immuno-chemother-
apy regimen (with or without maintenance) in similar populations. With
a median OS exceeding 60% after 7-years this regimen has significantly
impacted on the life-expectancy of elderly patients with MCL.

Figure 1. 
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POLATUZUMAB VEDOTIN PLUS BENDAMUSTINE AND RITUX-
IMAB (POLA+BR) IN RELAPSED/REFRACTORY DIFFUSE
LARGE B-CELL LYMPHOMA (R/R DLBCL): UPDATED RESULTS
OF A PHASE IB/II RANDOMIZED STUDY AND PRELIMINARY
RESULTS OF A SINGLE ARM EXTENSION

A. Pinto1, L.H. Sehn2, M. Hertzberg3, S. Opat4, A.F. Herrera5, 
S. Assouline6, C.R. Flowers7, T.M. Kim8, A. McMillan9, M. Ozcan10, 
V. Safar11, G. Salles11, L. Musick12, J. Hirata12, Y.M. Chang13, G. Ku12,
M.J. Matasar14

1National Cancer Institute, Fondazione ‘G. Pascale’, IRCCS; 2BC Can-
cer Centre for Lymphoid Cancer; 3Prince of Wales Hospital and Univer-
sity of NSW; 4Clinical Haematology, Monash Health and Monash
University; 5City of Hope Medical Centre; 6Jewish General Hospital;
7Winship Cancer Institute of Emory University; 8Seoul National Univer-
sity Hospital; 9Center for Clinical Haematology and Nottingham Uni-
versity Hospitals NHS Trust; 10 Ankara University; 11Centre Hospitalier
Lyon-Sud; 12Genentech Inc.; 13F. Hoffmann-La Roche Ltd; 14Memorial
Sloan Kettering Cancer Center

In the randomized arm of the GO29365 Ph Ib/II study
(NCT02257567) Pola+BR improved progression-free survival (PFS) and
overall survival (OS) vs BR alone in patients (pts) with R/R DLBCL
(Sehn et al. 2020). A Ph II extension (Ext) cohort of pts receiving
Pola+BR was later included. We report updated data from the random-
ized Ph II arms and Ext cohort. Pts with R/R DLBCL were aged ≥18
years and stem cell transplant-ineligible. Pts with Gr >1 peripheral neu-
ropathy [PN] were excluded. Pola+BR efficacy/safety was assessed with
Pola 1.8mg/kg IV and 6 cycles of BR. Primary endpoint was complete
response (CR) by PET-CT (modified Lugano) at end of treatment (EOT).
Secondary endpoints were objective response rate (ORR), best objective
response (BOR), duration of response (DOR), PFS, OS, and safety (end-

points assessed by independent review committee; IRC). Median fol-
low-up on Jan 2, 2020, for Pola+BR pts was 42.9 months (mo; random-
ized N=40), and 9.7 mo (Ext N=106). Baseline characteristics (Table 1)
were similar in the study groups. In the randomized Pola+BR arm, 6 pts
(15%) had a DOR of >24 mo (range, 26.6–38.6). In the randomized co-
horts (Pola+BR vs BR), median (m) PFS (95% CI) was 9.2 (6.0–13.0) vs
3.7 (2.1–4.5) mo (HR 0.2–0.7); mOS (95% CI) was 12.4 mo (9.0–32.0)
vs 4.7 (3.7–8.3) (HR 0.4; 0.2–0.7) (Figure). In the Ext cohort (N=106),
PET-CR at EOT was 39.6% (n=42; 30.3–49.6; Table 2), consistent with
the randomized Pola+BR arm (16/40; 40.0%); BOR rate was 56.6% and
best CR was 52.8%. mPFS and mOS (95% CI) were 6.1 mo (5.1–8.0)
and 11.0 (8.3–14.2), respectively; however, OS was not mature. In all
Pola+BR pts (N=152), mPFS and mOS in primary refractory (n=97) vs
non-primary refractory (N=55) were 4.8 vs 12.6 mo and 7.8 vs 32 mo; re-
fractory to last treatment (N=116) vs non-refractory (N=36), 5.3 vs 14.2
mo and 9.1 mo vs not reached; 1 (N=50) vs ≥2 (N=102) prior therapies,
10.4 vs 6 mo and 14 vs 9.5 mo, respectively. There were no new safety
signals with Pola+BR. In all pts receiving Pola+BR, 121/151 (80.1%)
had Gr 3–4 AEs (mainly cytopenias), 84 (55.6%) had serious AEs and
18 (11.9%) had Gr 5 AEs (mainly infections). 46 (30.5%) pts had PN
events of any grade. 4 (2.6%) pts had secondary malignancies. The im-
provement in PFS and OS seen with Pola+BR vs BR persisted with ad-
ditional follow-up. Efficacy was consistent in the Ext cohort and
randomized Pola+BR arm. These data confirm that Pola+BR is effective
for pts with R/R DLBCL.

Figure 1.  Baseline characteristics.
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PATIENTS WITH RELAPSED/REFRACTORY AGGRESSIVE B
LYMPHOMA: RESULTS OF THE PROSPECTIVE RECANZ
STUDY BY THE “FONDAZIONE ITALIANA LINFOMI
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pardo; 8 Haematology Transplant and Cell Therapy Unit; 9Division of
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tology, Ospedale delle Croci; 11Hematology Unit, Azienda Unità Sani-
taria Locale – IRCCS Reggio Emilia; 12Hematology Unit, AOU di
Parma; 13Fondazione Italiana Linfomi Onlus

Introduction: The majority of patients (pts) with aggressive B lym-
phoma (aL) are older than 60, and their prognosis is poor when the dis-
ease is resistant or relapsed (R/R) after first-line therapy. Standard
second-line treatment usually consists of platinum-containing regimens
and autologous transplantation (ASCT), but not all elderly pts are eligible
for this therapy. Simplified geriatric assessment (sGA) has recently been
used to identify elderly lymphoma pts fit for intensive first-line treatment
and could also be used in subsequent lines to identify pts FIT to high-
dose therapies.

Table 1. Patient Characteristics.

Aims and Methods: This prospective multicenter observational study
was designed to evaluate the feasibility and tolerance of ASCT after sec-
ond line treatment in pts aged 65-75 years (y) with R/R aL and FIT to
sGA. Salvage regimens containing platinum (RDHAP, RICE) or gemc-
itabine were used; stem cell harvest was performed after 1 or 2 cycles
and pts with at least partial response (PR) after 3 cycles and FIT to a sec-
ond sGA underwent ASCT with BEAM or FEAM conditioning.

Results: From May 2014 to August 2019, 75 pts were enrolled from
16 FIL centers and 70 considered eligible. Twenty-seven pts underwent
ASCT, a median of 5.6x10^6/kg CD34 were infused. The clinical char-
acteristics of the pts are shown in table 1a, there were no differences be-
tween pts reaching ASCT or not. Overall, the most common grade 3-4
non-haematological adverse events were gastrointestinal (11%) and in-
fectious (9%). Forty-three pts did not perform ASCT because: progres-
sive (32) or stable (4) disease, death (1 cardiac event and 1 septic shock),
personal or clinician choice (4/1). With a median follow up of 31 months
(range 1-62), 2y overall (OS) and event free survival (EFS) by intention

to treat were 65% (95%CI:50-76%) and 34% (95%CI:22-46%) respec-
tively. After ASCT OS and EFS were 79% (95%CI:31-86%) and 56%
(95%CI:32-75%), respectively, without difference according to age
(table 1b): twenty-four (89%) pts achieved CR and 3 progressed and died
after 1-8 months.

Conclusions: This study confirms the feasibility and efficacy of ASCT
program in R/R elderly pts with aL selected with sGA. Only a minority
of pts can benefit from this procedure due to poor response to salvage
treatment. These data may constitute a comparative parameter for eval-
uating the effectiveness of other second-line therapies (CAR-T, bispecific
antibodies, biological drugs) in the near future.
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BRENTUXIMAB VEDOTIN IN THE TREATMENT OF RE-
LAPSED/REFRACTORY CD30 POSITIVE PERIPHERAL T-CELL
LYMPHOMA PATIENTS: A PHASE 2 STUDY OF THE FON-
DAZIONE ITALIANA LINFOMI

M. Carella1,2, C. Pellegrini2, P. Corradini3, L. Orsucci4, S. Volpetti5, 
L. Argnani1,2, A. Dodero3, V. Stefoni1,2, P.L. Zinzani1,2

1Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale,
Università di Bologna; 2IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia “Seràgnoli; 3IRCCS Istituto Nazionale
dei Tumori, University of Milano; Milano, Italy; 4Unit of Hematology,
University-Hospital Città della Salute e della Scienza di Torino, Torino;
5Department of Hematology,Azienda Sanitaria Universitaria Integrata.

Options are limited for patients with relapsed or refractory (R/R) pe-
ripheral T-cell lymphoma (PTCL) for whom the median overall survival
(OS) and progression free survival (PFS) are less than 6 months. Only
four agents are FDA-approved for the treatment of R/R PTCL including
pralatrexate, romidepsin and belinostat and the objective response rate
(ORR) is 25–30% with limited duration of response (DoR) is. For a spe-
cific subtype of PTCL, namely R/R systemic anaplastic large-cell lym-
phoma, single-agent brentuximab vedotin (BV) treatment resulted in an
86% ORR and a 57% complete response (CR) rate. We conducted a
phase 2 study to determine the antitumor efficacy of single-agent BV as
measured by overall ORR in R/R CD30+ PTCL patients (PTCL not oth-
erwise specified, AITL and transformed mycosis fungoides). The sec-
ondary endpoints were: DoR, CR rate, PFS, OS, disease free survival
and type, incidence, severity, and relatedness of adverse events. Addi-
tional endpoint was the correlation between CD30 expression in patients’
biopsy at baseline and response after BV. ClinicalTrials.gov Identifier:
NCT02497131. Twenty-five patients were enrolled and 23 received at
least one BV infusion (median 5, range 2-16). There were 10 females,
18 patients were in stage IV and 16 subjects were refractory to the last
therapy. Median number of therapies received prior to BV was 2 (range
1-6). Final ORR was 28.6%, with 3 CR. CR patients were 2 PTCL not
otherwise specified and 1 AITL with response duration of 3.3, 4.5 and
10.7 months, respectively. Best response was achieved at the III cycle.
Median PFS was reached at 4.4 months, median OS at 11.4 months and
median DoR at 3.4 months, respectively. No correlation between CD30
expression (centrally reviewed) and type of response was observed.
Twenty-one hematological toxicities occurred in 12 patients, 14 of them
were grade ≥3. Among extra-hematological toxicities (3.5% grade ≥3),
7 were serious adverse events (SAE). To note, 6 out of 7 SAE were lung
infection/pneumonia. Five episodes of mild peripheral neuropathy oc-
curred in 4 patients. In terms of response, the ORR and PFS in this trial
are comparable to those in similar populations studied with both recently
approved agents, such as pralatrexate and romidepsin, and with the other
phase 2 study on BV. The ORR and the OS of in the present study places
BV among the active agents for PTCL. Safety concerns emerged about
infections, claiming for a strict monitoring for these toxicities.
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CAR-T CELL THERAPY IN AGGRESSIVE LYMPHOMAS: THE
REAL LIFE EXPERIENCE OF “L. E A. SERÀGNOLI” INSTITUTE
OF BOLOGNA

C. Pellegrini1, B. Casadei1,2, V. Stefoni1,2, A. Broccoli1,2, L. Argnani1,2, 
L. Nanni1,2, A. Morigi1,2, M. Carella1,2, G. Lolli1,2, P.E. Coppola1,2, 
G. Bagnato1,2, M. Gentilini1,2, S. Guadagnuolo1,2, F. Bonifazi1, 
P.L. Zinzani1,2

1IRCCSAzienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia“Seràgnoli”; 2DipartimentodiMedicinaSpecialistica,Diagnos-
tica e Sperimentale, Università di Bologna, Italy

Two anti-CD19 chimeric antigen receptors (CAR) T cell, axicabtagene
ciloleucel [axi-cel] and tisagenlecleucel [tisa-cel]) were recently ap-
proved for relapsed/refractory (R/R) diffuse large B-cell lymphoma
(DLBCL) and primary mediastinal B-cell lymphoma (PMBCL) and real-
life data are still scarce in literature. Here, we report our real word expe-
rience in terms of efficacy, safety and outcome. Sixty-one patients (pts)
were screened, 37 of whom were leukapheresed and, to date, 28 pts re-
ceived CAR-T (4 pts are waiting for infusion while 5 ones obtained a
complete response [CR] with the bridging therapy). At time of writing,
24 pts are valuable for analysis. Fourteen pts received axi-cel and 10
ones received tisa-cel, based on slot production availability and histol-
ogy. Median age at therapy was 57 years (range 20-69), 17 (70.8%) were
males, 16 (66.6%) in stage III/IV. Bulky disease was present in 14 pts
(58.3%). The median number of previous therapies was 3 (1-7); 6 pts
(25%) failed a previous autologous transplantation and 20 (83.3%) ones
were refractory to the most recent therapy. Eighteen pts (75%) received
a bridging therapy. The median time from apheresis to CAR-T infusion
was 46 days (29-91). All pts received lymphodepletion with Flu-Cy. At
one months after the infusion, responses were as follows: 9 (37.5%) CR
and 9 (37.5%) partial response (PR), with an overall response rate (ORR)
of 75%. At three months after infusion 17/24 pts were valuable for re-
sponse: 10 (58.8%) CR and 3 (21.4%) PR, with an ORR of 76.4%. In
particular 3 pts converted from PR at 1 month to CR and 1 pts converted
from progressive disease (PD) at 1 month to PR. Two/24 patients were
already re-staged after 1 year and are still in CR. Progression free sur-
vival was 57.8 % and overall survival was 74.8% at 18 months, respec-
tively. Regarding toxicity, 20 (83.3%) pts developed cytochine release
syndrome of any grade (8.3% grade 3 or higher). Immune cell-associated
neurotoxicity syndrome (ICANS) of any grade occurred in 33.3% of pa-
tients (2.5% grade 3 or higher). One patients died due to ICANS grade
4. One patient experienced a hemofhagocytic syndrome histologically
documented and died due to PD. Hematological toxicity was observed
in 19 pts (79%) including neutropenia grade 3 or higher in 16 pts (66.6%)
without severe infection. Our real-life experience on CAR-T confirms
the efficacy reported in clinical studies and the manageability of the re-
lated toxicity.

Myeloma and Monoclonal Gammopathies 1
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EFFICACY OF CARFILZOMIB-BASED INDUCTION/CONSOLI-
DATION WITH OR WITHOUT AUTOLOGOUS TRANSPLANT AND
LENALIDOMIDE OR CARFILZOMIB-LENALIDOMIDE MAINTE-
NANCE IN HIGH-RISK PATIENTS IN THE FORTE TRIAL

R. Mina, A. Belotti, M. Offidani, M. Quaresima, P. de Fabritiis, 
F. Patriarca, G. De Sabbata, V. Pavone, C. Velluti, A. Capra, 
N. Sgherza, S. Ronconi, A.M. Liberati, P. Bresciani, M. Cea, 
A. Spadano, R. Zambello, L. Paris, K. Mancuso, P. Musto, 
M. Boccadoro, F. Gay

European Myeloma Network, Italy

Background. In the FORTE trial, carfilzomib-lenalidomide-dexam-
ethasone-ASCT (KRd_ASCT) improved progression-free survival (PFS)
vs KRd without ASCT (KRd12) or carfilzomib-cyclophosphamide-dex-
amethasone-ASCT (KCd_ASCT). KR maintenance significantly im-
proved PFS vs R. The primary aim of this analysis was the impact of
treatment on PFS and 1-year sustained MRD negativity (1y-MRD neg)
rates according to patient (pt) risk based on cytogenetic data.

Methods. 474 newly diagnosed MM pts were randomized to
KRd_ASCT vs KCd_ASCT vs KRd12 and, thereafter, to KR vs R main-
tenance. Subgroup analyses according to FISH assessed the impact of
each single high-risk (HiR) CA [del17p, t(4;14), t(14;16), del1p and 1q
gain (3 copies) or amp1q (≥4 copies)] and that of combined HiR CA,
defining HiR and double hit (DH) by the presence of ≥1 HiR CA and ≥2
HiR CA, respectively. Standard risk (SR) was defined by the absence of
all CA.

Results. SR pts benefited from intensification with KRd_ASCT vs
KRd12 (HR 0.47, p=0.05) and KCd_ASCT (HR 0.38, p=0.01), with a
4y PFS of 80%, 67% and 57%, respectively. In HiR pts, KRd_ASCT im-
proved PFS vs KRd12 (HR 0.6, p=0.04) and KCd_ASCT (HR 0.57,
p=0.01). The advantage with KRd_ASCT vs KRd12 (HR 0.53, p=0.07)
and KCd_ASCT (HR 0.49; p=0.03) was also observed in DH pts. A PFS
benefit from KRd_ASCTvsKRd12 was observed in pts with del17p (HR
0.61, p=0.3), t(4;14) (HR 0.59, p=0.2) and 1q gain (HR 0.45, p=0.02),
while amp1q pts had the worst outcome regardless of treatment
(KRd_ASCT vs KCd_ASCT, HR 1.16, p=0.73; KRd12 vs KCd_ASCT,
HR 1.34, p=0.45). KRd_ASCT induced similar 1y-MRD neg rates in SR
(50%), HiR (50%) and DH (47%) pts. Lower 1y-MRD neg rates were
observed with KRd12 in SR (36%), HiR (39%) and DH (25%) pts. With
KCd_ASCT, HiR (48% vs 29%, p=0.04) and DH (48% vs 17%, p=0.03)
pts had significantly lower 1y-MRD neg rates than SR pts. 1y-MRD neg
pts showed similar 4y PFS regardless of risk status (SR, 87%, HiR 87%,
DH 83%) and treatment arm. KR improved PFS vs R in SR (3y PFS 90%
vs 73%, HR 0.42, p=0.06), HiR (3y PFS 69% vs 56%, HR 0.6, p=0.04)
and DH pts (3y PFS 67% vs 42%, HR 0.53, p=0.1). A benefit from KR
vs R was observed in pts with del17p (HR 0.59, p=0.37), t(4;14) (HR
0.59, p=0.3), 1q gain (HR 0.54, p=0.07) and del1p (HR 0.23, p=0.08).

Conclusion. KRd_ASCT and KR maintenance were highly effective
in SR, HiR and DH pts, with impressive 1y-MRD neg rates, 4y PFS from
diagnosis and 3y PFS from maintenance, thus supporting their use in
HiR pts.
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ICOS AND ICOSL ARE NOVEL BIOMARKERS FOR MULTIPLE
MYELOMA
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Introduction and aim. Multiple myeloma (MM) is generally preceded
by monoclonal gammopathy of undetermined significance (MGUS) and
smoldering MM (SMM). The ICOS/ICOSL interaction, an important
signaling pathway in the T/B cell crosstalk, also plays a role in the os-
teoclast function and in neoplastic angiogenesis. The aim of the present
study was to assess the biological and potentially prognostic role of ICOS
and ICOSL in plasma cell dyscrasia.

Methods: The study enrolled 204 patients with plasma cell dyscrasias
followed in a five-year period at our institution. Serum levels of soluble
ICOS (sICOS) and sICOSL, were assessed by ELISA. The mice MOPC-
21 and human RPMI-8226 myeloma cells and the NOD-SCID-IL2Rg-
null mice were used for in vitro and in vivo studies.

Results. Serum levels of sICOS and sICOSL were analyzed in 36
(17.6%) MGUS, 97 (47.5%) SMM, 71 (34.8%) MM, and 59 healthy con-
trols. Both sICOS and sICOSL were higher in MM than in MGUS and
SMM, whose levels were similar to controls (Figure 1A,B). sICOS was
higher in Salmon-Durie (SD)-II/III than SD-I (Figure 1C). Levels of
sICOS directly correlated with Beta-2-Microglobulin (B2M) levels
(p=0.025), M protein (p=0.0003), bone marrow plasma cells (p=0.00035)
and, inversely with Hb (p=0.0002). sICOSL correlated with B2M level
(p=0.01) and total M protein (p=0.026). Levels of sICOS above the me-
dian value significantly associated with shorter overall survival (OS).
The optimized sICOS threshold of 40 pg/ml was the best cut-off for OS
in our cohort, that, at 36-months, was 67.2% for patients above the cut-
off and 89.2% for those below (p=0.00017) (Figure 1D). Multivariate
analysis showed that sICOS levels above 40 pg/ml maintained an inde-
pendent association with an increased risk of death (HR 2.78, 95% CI
1.07-7.20, p=0.035) when adjusted for the SD staging system. Im-
munophenotyping analysis demonstrated that ICOS and ICOSL can be
expressed in myeloma cells. To assess the potential pathogenetic role of
ICOS/ICOSL interaction in MM we documented that ICOS-Fc, a recom-
binant soluble form of ICOS composed by the extracellular portion of
ICOS fused to the IgG1Fc portion, inhibited migration of ICOSL+
myeloma cell lines in vitro (Figure 1E) and growth of ICOSL+ MOPC-
21 myeloma cells in vivo (Figure 1F).

Conclusions: The ICOS/ICOSL system may represent a novel prog-
nostic and druggable biomarker that identifies MM patients with a more
aggressive disease for whom novel therapeutic strategies are needed.

Figure 1.  
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MELFLUFEN PLUS DEXAMETHASONE (DEX) IN PATIENTS
(PTS) WITH RELAPSED/REFRACTORY MULTIPLE MYELOMA
(RRMM) EXPOSED/REFRACTORY TO PRIOR ALKYLATORS – A
POOLED ANALYSIS OF THE O-12-M1 AND HORIZON STUDIES
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A. Raptis16, M. Thuresson17, J. Harmenberg17, O. Harlin17, 
P.G. Richardson18
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cologia and Josep Carreras Research Institute; 5IDIBAPS, Hospital
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CancerCenter; 15TheOncology InstituteofHopeandInnovation; 16Uni-
versityofPittsburghSchoolofMedicine; 17OncopeptidesAB; 18Richard-
son: Harvard Medical School

Background: Melphalan flufenamide (melflufen) is a first-in-class
peptide-drug conjugate (PDC) that targets aminopeptidases and rapidly
releases alkylating agents inside tumor cells. Melflufen has a mechanism
of action distinct from other alkylating agents (Slipicevic et al. AACR
2020. Abs. 1843). In the O-12-M1 (NCT01897714) and HORIZON (OP-
106; NCT02963493) studies, melflufen plus dex showed meaningful ef-
ficacy and a clinically manageable safety profile in pts with RRMM
(Richardson et al. Lancet Haematol. 2020;7:5; Richardson et al. J Clin
Oncol. 2020;Dec 9 [Epub]). This pooled analysis examines pts from
these studies exposed to prior alkylators.

Methods: Both the O-12-M1 and HORIZON studies included pts with
RRMM who received ≥ 2 prior lines of therapy (LoTs) and had a primary
endpoint of overall response rate (ORR). Secondary endpoints included
progression-free survival (PFS) and safety. Data from the 2 studies were
pooled and analyzed according to previous exposure and refractoriness
to alkylators before study entry. Refractoriness to prior alkylator therapy
was defined as disease that failed to achieve a minimal response or pro-
gressed while on therapy, or within 60 d of last therapy.

Table 1. Efficacy by Subgroup.

Results: Of 202 pts (HORIZON: n = 157, cutoff January 14, 2020; O-
12-M1: n = 45, cutoff October 29, 2019), 178 (88%) had been exposed
to alkylators in ≥ 1 prior LoT (see Table for subgroups). Pts exposed and
refractory to alkylators in ≥ 2 LoTs had the highest number of pts refrac-
tory to an alkylator in the last LoT (61%), and 82% were refractory to
an alkylator within 12 mo of study entry. Meaningful response rates were
seen in all subgroups, except for pts who were exposed and refractory
to alkylators in ≥ 2 prior LoTs (see Table 1). PFS trended toward being
shorter with higher exposure and refractoriness to prior alkylators. Re-
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sults should be interpreted with caution due to limited pt numbers. Grade
3/4 adverse events (AEs) were similar between pts exposed to prior alky-
lators (O-12-M1: 85%; HORIZON: 89%) and the overall population (O-
12-M1: 84%; HORIZON: 89%). The most common AEs were
hematologic, but were mostly reversible and clinically manageable. Non-
hematologic AEs were infrequent and primarily grade 1/2.

Conclusions: Melflufen in combination with dex showed meaningful
efficacy and a clinically manageable safety profile in pts with RRMM
exposed/refractory to prior alkylators. 
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FORCED CRISPR/CAS9-MEDIATED EXPRESSION OF NEAT1
CORRELATES WITH THE ACQUISITION OF A CHEMORESIS-
TANT PHENOTYPE IN MULTIPLE MYELOMA

E. Taiana1,2, C. Bandini3,4, V.K. Favasuli1,2, I. Silvestris1,2, N. Puccio1,2, 
D. Ronchetti1,2, K. Todoerti1,2, R. Piva3,4, A. Neri1,2

1Hematology, Fondazione Cà Granda IRCCS Policlinico, Milan; 2De-
partmentofOncologyandHemato-oncology,UniversityofMilan,Milan;
3Department of Molecular Biotechnology and Health Sciences, Univer-
sity of Torino, Torino; 4Città Della Salute e della Scienza Hospital,
Torino, Italy

Multiple myeloma (MM) is a fatal malignant proliferation of antibody-
secreting bone marrow plasma cells characterized by a marked genomic
instability. The discovery of lncRNAs has added a further layer of com-
plexity to the pathobiology of the disease. NEAT1 is a highly expressed
lncRNA located at 11q13, retained in the nucleus where it forms the core
structural component of the paraspeckle sub-organelles. It may act as
transcriptional regulator for numerous genes, some of which involved in
cancer progression, and it has been reported to play a role in cellular
stress response. NEAT1 silencing negatively regulates proliferation and
viability of MM cells and negatively affects the expression levels of
genes and active fraction of proteins involved in initial and crucial steps
of the Homologus Recombination (HR) pathway, highlighting NEAT1
as a pivotal player in the control of DNA integrity. Here, we evaluated
whether MM cells could gain survival advantages from the forced ex-
pression of NEAT1. We adopted a CRISPR/Cas9 Synergistic Activation
Mediator editing system to establish a NEAT1-forced expressing MM
cell line. NEAT1-forced expression, validated using qRT-PCR and
NEAT1-specif RNA-FISH approaches, did not resulted in significant
modulation of MM cells viability or growth rate. Furthermore, NEAT1-
forced expression affected the expression levels of two essential
paraspeckles proteins, NONO and SFPQ, both reported to be involved
in DNA damage response, by acting at post transcriptional level. Accord-
ingly, NEAT1-forced expression directly correlated with an increase in
both number and size of paraspeckle sub-organelles. Finally, the forced
expression of NEAT1 led to an upregulation of the active form of RPA32
and CHK2 proteins, suggesting a higher efficiency of HR pathway. These
results are in line with the lower sensitivity to Bortezomib, Carfilzomib,
and Melphalan observed in NEAT1-forced expressing cells, allowing to
hypothesize that the NEAT1-mediated upregulation of key responder
proteins of the HR pathway could be considered a determinant of
chemoresistance in MM cells. Overall, we provided novel important in-
sights into the role of NEAT1 in DNA damage response, contributing to
shed light on one of the possible mechanism of action of this lncRNA
deregulated in MM. Our result, together with previous data, strongly sug-
gest that NEAT1 should be considered as a new potential powerful ther-
apeutic target for MM treatment.

P15

AUTOLOGOUS STEM CELL TRANSPLANTATION IN MULTIPLE
MYELOMA PATIENTS AGED BETWEEN 65 AND 74 YEARS:
NOT TOO OLD TO DO THE BEST

C. Rosignoli, G. Petruzzellis, P. Deias, C. Marcon, S. Buttignol, 
R. Stocchi, M. Battista, G. Facchin, R. Stella, F. Patriarca, R. Fanin

Division of Hematology and Stem Cell Transplantation, ASUFC

Background: Autologous stem cell transplant (ASCT) is currently
considered the golden standard treatment for newly diagnosed multiple
myeloma patients under the age of 65; however, strong evidence of fea-
sibility and safety of ASCT in elderly population is lacking and its role
is still controversial.

Aim: To evaluate safety and effectiveness of ASCT in elderly MM pa-
tients treated between 2010 and 2019 in our center.

Patients and Methods: 52 newly diagnosed MM patients were in-
cluded, 30 males and 22 females with a median age of 67 years (range
65-74). ISS was I in 21%, ISS II in 46%, ISS III 32%. Karyotype was
evaluated in 80% patients; of them, 7% presented high-risk karyotype.
Myeloma frailty score, ECOG, R-MCI and HCT-CI before ASCT were
calculated. Bortezomib-based regimens were adopted before ASCT in
most patients; conditioning regimen with Melphalan was administered
(100 or 140 or 200 mg/mq, according to clinical evaluation). A second
ASCT was performed on the basis of clinical response to the first proce-
dure and cryopreserved PBSC availability. Maintenance with Thalido-
mide or Lenalidomide was administered in a subset of patients.

Statistical analysis: COX regression model, log-rank test and Kaplan-
Meier estimator.

Results: Overall response rate (ORR) after induction was 96%, with
36% (19/52) CR, 50% (26/52) VGPR and 9% (5/52) PR. 68% of patients
were conditioned with Melphalan 200 mg/mq, 17% with 140 mg/mq and
15% with 100 mg/mq. 85% of patient underwent a single ASCT and 15%
double ASCT. Three months after the procedure, 86% patients reached
CR or VGPR, obtaining a significant response improvement (p=.006).
Median PFS and OS were 35 (95%CI 18-41) and 75 (95%CI 43-77)
months, respectively. No patients died because of TRM. In multivariate
analysis, disease status after induction was significantly related to better
PFS [HR 1.80 (95%CI 1.03-3.14); p=.038] and OS [HR 2.04 (95%CI
1.05-3.96); p=.034]; similarly, disease status after ASCT strongly im-
pacted on PFS [HR 5.22 (95%CI 2.17-12.57); p=.000] and OS [HR 4.40
(95%CI 1.75-11.08); p=.001]. Factors related to patient (age, frailty
score, HCT-CI or R-MCI, ECOG), disease (ISS, karyotype) and treat-
ment (ASCT number, maintenance) did not impact on PFS and OS in
multivariate analysis.

Conclusion: Our data confirmed that ASCT was a safe procedure in
elderly MM patients and its efficacy was strongly associated with the
clinical responses achieved after the subsequent steps of the frontline
therapy.

P16

ON-DEMAND PLERIXAFOR WITH CYCLOPHOSPHAMIDE AND
G-CSF FOR HEMATOPOIETIC STEM-CELL MOBILIZATION IN
MULTIPLE MYELOMA PATIENTS: PRELIMINARY RESULTS OF
A PROSPECTIVE OBSERVATIONAL STUDY (MOZOBL06877)

R. Mina, F. Bonello, M.T. Petrucci, V. Bongarzoni, R. Saccardi, 
A. Capra, F. Marchesi, C. Priola, D. Rota-Scalabrini, S. Ballanti, 
R. Lemoli, P. Tosi, R. Floris, T. Dentamaro, A. Olivieri, P. Curci, 
C. Cangialosi, M. Cavo, P. Corradini, F. Di Raimondo, 
M. Boccadoro, A. Larocca

European Myeloma Network, Italy

Background: Autologous stem cell transplantation is a standard of care
in transplant-eligible newly diagnosed multiple myeloma (NDMM). 5-
15% of MM pts mobilized with granulocyte colony-stimulating factor
(G-CSF) or G-CSF+cyclophosphamide (G-CSF/CY) fail stem-cell col-
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lection (<2×106/kg CD34+). Plerixafor (PLX) with G-CSF or G-CSF/CY
increases stem-cell yield and lowers the rate of poor mobilizers (PM).
We present preliminary results of the prospective, observational MO-
ZOBL06877 study (partially supported by Sanofi investigation funds)
to evaluate the performance of stem-cell mobilization with G-CSF/CY
plus on-demand PLX in NDMM patients.

Methods: NDMM pts undergoing stem-cell mobilization with CY (2-
4 g/m2) and G-CSF (5-10 mcg/kg/day), with on-demand PLX according
to clinical practice (<20 CD34+/ul on 1st count day or <1×106 CD34+
cells/kg collected on first apheresis day), could be enrolled. Primary end-
point was the PM rate (patients collecting <2×106 CD34+ cells/kg); sec-
ondary endpoints were number of patients requiring PLX, stem-cell
yields, predictive factors for PLX use and adverse events (AEs).

Results. 192 patients were analysed. 187/192 (97%) patients success-
fully collected ≥2×106/Kg CD34: of these, 153/192 (80%) collected with
G-CSF/CY, 29/192 (15%) required the administration of PLX. The PM
rate was 5/192 (2.5%): of these, 3/5 did not receive PLX in addition to
G-CSF/CY, while 2/5 failed stem-cell collection despite the use of PLX.
The median number of CD34 collected was 9.8×106/Kg (6.7-14.2), 5.1
(4.3-9.1) with and 10.6 (8.1-14.4) without PLX. The median number of
apheresis days was 1 without PLX and 2 with PLX; stem-cell collection
efficiency (CD34 number collected/ days of apheresis) was 8.8 without
PLX and 3 with PLX. The median number of CD34/ul pre-apheresis was
16 (10-19.5) before and 46 (21-81) after the administration of PLX.
Grade 3-4 non hematological AEs occurred in 2% of pts. Factors pre-
dicting the use of PLX were ISS 3 (vs. 1, OR 4.43; p=0.008), bone mar-
row plasma cells at diagnosis >60% (OR 3.85; p=0.006), white blood
cell (WBC) count pre-mobilization (OR 6.66; p<0.001) and lenalido-
mide-based therapy (OR 3.85; p=0.03).

Conclusion. On-demand PLX combined with G-CSF/CY is a safe and
effective rescue strategy for stem-cell collection in MM, reducing the
PM rate to 2.5%. Extensive bone marrow plasmacytosis, ISS 3 disease
at diagnosis, use of lenalidomide during induction and a low WBC count
pre-mobilization predicted the use of PLX.

Table 1. Multivariate analysis of factors associated with increased risk of plerixafor need in the study po-
pulation.
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MINIMAL RESIDUAL DISEASE (MRD) BY MULTIPARAMETER
FLOW CYTOMETRY (MFC) AND NEXT-GENERATION SEQUENC-
ING (NGS) IN NEWLY DIAGNOSED TRANSPLANT-ELIGIBLE
MULTIPLE MYELOMA (NDMM): RESULTS FROM THE FORTE
TRIAL

S. Oliva1, E. Genuardi1, D. Rota-Scalabrini1, E. Zamagni1,
D. Auclair2, A.P. Jacob3, R. Zambello1, A. Spadano1, N. Giuliani1, 
A. Cuoghi1, L. De Rosa1, L. Visca1, A. Gozzetti1, G. Pietrantuono1, 
F. Patriarca1, P. de Fabritiis1, S. Aquino1, I.R. Kirsch3, M. Offidani1,
A. Belotti1, P. Musto1, M. Boccadoro1, F. Gay1

1European Myeloma Network, Italy; 2Multiple Myeloma Research
Foundation, Norwalk, US-CT; 3Adaptive Biotechnologies, Seattle,
US-WA

Background. In the FORTE trial, we evaluated MRD results by MFC
and NGS techniques, focusing on outcomes and rates of conversion in
different treatment arms.

Methods. NDMM pts ≤65 years (y) were randomized (R1) to KRd in-
duction plus ASCT and KRd consolidation (KRd_ASCT), 12 KRd cycles
(KRd12), or KCd induction plus ASCT and KCd consolidation

(KCd_ASCT). Pts were then randomized (R2) to KR vs R maintenance.
MRD was assessed by 8-color 2nd-generation flow cytometry (sensitivity
10-5) in ≥VGPR pts. In ≥CR pts, MRD was also assessed by NGS (Adap-
tive Biotechnologies, Seattle, US-WA; sensitivity 10-5–10-6). In a logistic
regression analysis adjusted for ISS stage (I vs II/III) and R1, we evalu-
ated MRD-positive (pos) to -negative (neg) conversions during mainte-
nance and we assessed PFS and OS of MRD-neg vs -pos pts in the ITT
population. MFC-pos pts also included < VGPR pts; NGS-pos pts in-
cluded MRD-pos plus < CR pts (excluding CR pts not evaluable by
NGS). 1-y sustained MRD-neg by MFC and NGS was evaluated in pts
with ≥2 samples available ≥1 y apart.

Results. We previously presented MRD-neg rates by MFC and NGS be-
fore maintenance (EHA 2020). At R2, 65% of randomized pts were MRD-
neg by MFC (equally distributed in the 2 arms); 39% (48/123) of
MRD-pos pts turned neg: 46% (29/63) in KR vs 32% (19/60) in R arms
(OR 2.27, P=0.04). At R2, 72% of CR-evaluable pts were MRD-neg by
NGS (equally distributed in the 2 arms); 44% of MRD-pos pts (21/47)
turned neg at 10-5: 14/25 (56%) in KR vs 7/23 (30%) in R arms (OR 3.72,
P=0.04). In the ITT analysis, after a median follow-up of 45 mo from R1,
MRD-neg pts before maintenance by both techniques had superimposable
prolonged PFS and OS vs MRD-pos pts: 3-y PFS was 80% vs 52% (HR
0.36, 95% CI 0.26-0.49, P<0.001) in MFC-neg vs MFC-pos pts and 83%
vs 55% (HR 0.34, 95% CI 0.22-0.52, P<0.001) in NGS-neg vs NGS-pos
pts (Figure 1); 3-y OS was 96% vs 79% (HR 0.24, 95% CI 0.14-0.42,
P<0.001) in MFC-neg vs MFC-pos pts and 97% vs 82% (HR 0.30, 95%
CI 0.15-0.61, P<0.001) in NGS-negvsNGS-pos pts. MRD-neg confirmed
a PFS advantage in all subgroups, particularly in the high-risk setting. PFS
in 1-y sustained MRD-neg pts was superimposable between MFC and
NGS (4-y PFS 88% by MFC and 94% by NGS at 10-5).

Conclusion. We confirmed a high clinical concordance between MFC
and NGS. With both techniques, conversions to MRD-neg were high
with KR maintenance and the outcomes of MRD-neg pts were similar,
as well as those of 1-y sustained MRD-neg pts.

Figure 1. PFS results in ITT pre-maintenance patients.
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GAIN1Q IMPACTS ON SURVIVAL OF CYTOGENETIC STAN-
DARD RISK MULTIPLE MYELOMA PATIENTS

S. Vedovato1, G. Barilà1, L. Bonaldi2, A. Martines2, N. Macrì2, 
S. Nalio2, B. Filippi2, M. Arangio Febbo1, M. Lo Schirico1, 
G. Scotton1, T. Berno1, A. Branca1, L. Pavan1, F. Piazza1, L. Trentin1, 
G. Semenzato1, R. Zambello1

1Department of Medicine DIMED), Hematology and Clinical Immunol-
ogy section, Padua University School of Medicine; 2Immunology and
Molecular Oncology Unit, Veneto Institute of Oncology, IOV-IRCCS

Current multiple myeloma (MM) prognostic stratification is based on
cytogenetic aberrations identified by interphase fluorescence in situ hy-
bridization (FISH). According to the Revised International Staging Sys-
tem (R-ISS), t(4;14), t(14;16) and deletion of 17p13 are considered high
risk (HR) aberrations, while all other abnormalities are considered stan-
dard risk (SR). However, some recent studies suggest a worse outcome
for t(11;14) cases and growing evidence associates gain 1q21 (+1q) with
a poor prognosis. The aim of this study was to evaluate the prognostic
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significance of t(11;14) and +1q in a cohort of cytogenetic SR MM pa-
tients according to R-ISS. Among 352 newly diagnosed MM patients
admitted to our Center, 186 cases of SR MM were identified by FISH.
Within this latter group, 71 (38%) cases harbored t(11;14). Comparing
t(11;14) versus non-t(11;14) SR patients, there were no differences in
terms of ISS III stage, lactate dehydrogenase (LDH) levels, serum-free
light chain (sFLC) ratio ≥ 100, renal impairment, hypercalcemia, anemia
and bone disease at the diagnosis. Considering treatments, no difference
was found in type and median number of previous therapies (median =
2 lines). Overall, chromosome 1 alterations, namely +1q and del1p, were
present in 36% and 8.6% of cases, respectively, with 7.5% of patients
showing > 3 copies of 1q. Of notice, +1q and del1p were significantly
higher in the non-t(11;14) compared to the t(11;14) subgroup (42.6% vs
25.8%, p=0.0342; 12.1% vs 3.0%, p=0.05, respectively).

With a median follow-up of 37 months, median overall survival (OS)
of the entire cohort was 102 months. No difference in OS was found be-
tween the t(11;14) and non-t(11;14) subgroups (80 vs 110 months,
p=0.2282). Interestingly, the presence of +1q was associated with a re-
duced OS in the entire case study (57 vs 105 months, p=0.004) and in the
t(11;14) and non-t(11;14) subgroups separately (31 vs 102 months,
p=0.0032 and 62 months vs not reached, p=0.0268, respectively). The
role of +1q in SR MM was further confirmed by the fact that, excluding
+1q, no difference in survival between t(11;14) and non-t(11;14) was
demonstrated (102 months vs not reached, p=0.65).

In conclusion, the presence of +1q impacts on OS in cytogenetic SR
MM and particularly in the t(11;14) subgroup, suggesting that this alter-
ation might be helpful in the risk stratification of non-HR MM. Within
SR MM, t(11;14) without +1q does not identify a subset of patients with
worse outcome.

Figure 1. 
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DIS3 MUTATIONS IN MULTIPLE MYELOMA IMPACT THE TRAN-
SCRIPTIONAL SIGNATURE AND CLINICAL OUTCOME

K. Todoerti1,2, D. Ronchetti1,2, V. Favasuli2, F. Maura3, F. Morabito4,5, 
N. Bolli1,2, L. Baldini1,2, E. Taiana1,2, A. Neri1,2

1 Hematology, Fondazione Cà Granda IRCCS Policlinico; 2Department
ofOncologyandHemato-oncology,UniversityofMilan; 3 MyelomaPro-
gram, Sylvester Comprehensive Cancer Center, University of Miami; 
4BiotechnologyResearchUnit,Aprigliano,A.O./ASP,Cosenza; 5Depart-
mentofHematologyandBoneMarrowTransplantUnit,AugustaVictoria
Hospital

Multiple myeloma (MM) is characterized by a profound genomic in-
stability involving ploidy, structural rearrangements, and a wide array of
mutations affecting both putative oncogenes and tumor suppressor genes,
among which great attention deserves DIS3 that maps at 13q22 and en-
codes for a highly conserved ribonuclease indispensable for survival in
vertebrates. DIS3 gene mutations (DIS3mts) occur in roughly 10% of

MM patients; furthermore, DIS3 expression could be affected by mono-
somy 13 or del(13q), which occur in approximately 40% of MM cases.
Despite several reports on the prevalence of DIS3mts, their contribution
to the pathobiology of MM remains largely unknown. We took advantage
of the large public Multiple Myeloma Research Foundation (MMRF)
CoMMpass dataset to investigate the spectrum of DIS3mts in MM and
its impact on the transcriptome and clinical outcome. Among the identi-
fied DIS3mts, 80% occurred in the active domains of the protein, 42%
of which in three mutational hotspots within the RNase II/R (RNB) do-
main. DIS3mts showed a clear pattern of co-occurrence with other
molecular alterations, mainly del(13q), 1q gain, t(4;14) or MAF translo-
cations. We found that DIS3mts clinical relevance strictly depended on
DIS3 RNA mutational load (>20%) and del(13q) co-occurrence. In par-
ticular, bi-allelic DIS3 lesions significantly affected PFS, independently
from other predictors of poor clinical outcome, while mono-allelic events
mostly impacted OS. DIS3 is a key component of the multi-subunit RNA
exosome complex in eukaryotic cells involved in the processing, quality
control and degradation of virtually all classes of RNA. Our study further
supports and extends the notion that DIS3mts affect the transcriptome,
showing a stronger impact on non-coding RNA species, mainly lncR-
NAs. Indeed, we found that approximately half of the transcripts pre-
dicted to be specifically deregulated by the presence of DIS3mts are
represented by novel, largely uncharacterized lncRNAs. Among them
we identified five distinct transcripts as independent predictors of poorer
OS and nine of worse PFS, some of which (AC015982.2 and
AL445228.3) predicting both. These findings strongly prompt further
studies investigating the relevance of these lncRNAs in MM. Overall,
our comprehensive evaluation of the clinically and transcriptional con-
sequences of DIS3mts/deficiency in MM strongly indicates that they
may play an important role in the mechanisms of MM transformation
and progression.

P20

FRONTLINE THERAPY FOR NON-TRANSPLANT ELIGIBLE MUL-
TIPLE MYELOMA: A CRITICAL APPRAISAL OF PUBLISHED
NETWORK META-ANALYSES

M. Marchetti1, A. Vasile2, A.E. Payedimarri2, M. Panella2

1SC di Ematologia dell’Azienda Ospedaliera SS Antonio e Biagio e Ce-
sare Arrigo; 2Facoltà di Igiene Pubblica dell’Università del Piemonte
Orientale, Italy

Newly diagnosed multiple myeloma (MM) who are transplant ineli-
gible (NTE NDMM) are usually treated with multiple-drug combinations
including proteasome inhibitors, immunomodulatory drugs and alkylat-
ing agents. Recently approved combo therapies including anti-CD38
monoclonal agents and/or lenalidomide improve progression-free sur-
vival (PFS) as compared with one of the standard treatments. We thus
aimed at assessing the relative efficacy of novel daratumumab-based and
lenalidomide based triplets/quadruplets as compared with overall stan-
dard treatments for NTE NDMM, namely Rd and VMP. Network meta-
analyses (NMA) are accepted evidence-based tools for conducting
indirect comparisons among treatments, however, the scientific commu-
nity is still skeptical regarding their robustness. We, therefore conducted
an umbrella review: fully published NMAs were retrieved by standard
searches (EBMASE, Cochrane Library, MEDLINE/PubMed) and ap-
praised by AMSTAR-2 and ROBIS tools. Three indirect comparisons of
PFS were targeted: 1) VRD versus VMP, 2) DaraRd versus VMP, 3) Dar-
aVMP versus Rd. Overall 17 NMA addressing NDMM were published
since Jan 2017: 6 fully published ones including both daratumumab- and
lenalidomide-based novel treatments were appraised. The overall quality
of the NMAs was poor to moderate according to AMSTAR-2 and
ROBIS. Each NMA analyzed 6 to 27 trials and 2 ones were company
sponsored.

1) VRD was compared to VMP by 3 moderate-quality NMAs, which
consistently reported a significant amelioration of PFS or higher SUCRA
of VRD, while OS-HR was not conclusive.

2) DaraRd was compared to VMP by 4 NMAs and the pooled PFS-
HR ranged from 0.39 to 0.61. A significant amelioration of OS was also
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reported by the unique NMA assessing this endpoint.
3) DaraVMP was compared versus Rd by 4 NMAs. Pooled HR ranged

from 0.35 to 0.71, which was statistically significant in two ones. Dar-
aVMP achieved the highest SUCRA (0.960) in the latest and largest
NMA (Giri et al 2020). Only one NMA compared OS of the two regi-
mens and did not report a significant advantage of DaraVMP.

In conclusion, Dara-VMP, VRD and Dara-Rd show mostly a favorable
PFS profile as both directly and indirectly compared with standard front-
line treatments for NTE NDMM. NMAs are valuable evidence-based
tools, however, their quality needs to be appraised before using their re-
sult to support clinical recommendations. Future NMAs are expected to
incorporate also safety endpoints in order to allow benefit to risk assess-
ments.

Acute Leukemias and Myelodisplastic Syndromes 1

P21

ROLE OF ALLOGENEIC STEM CELL TRANSPLANTATION IN
MYELODYSPLASTIC SYNDROME: A STUDY FROM THE 
ITALIAN FISIM REGISTRY

E. Crisà1, F. Zallio2, G. Zacchi2, G.M. Rivolta1, M. Cerrano3,4, 
D. Ferrero3, C. Deambrogi1, W. Al Essa1, B. Awikeh1, M. Nicolosi1, 
V. Santini5, G. Gaidano1, B. Bruno4, A. Patriarca1

1Division of Hematology, Department of Translational Medicine, Uni-
versità del Piemonte Orientale and Azienda Ospedaliero-Universitaria
Maggiore della Carità, Novara; 2SC Ematologia AO SS Antonio e Bi-
agio e Cesare Arrigo, Alessandria; 3Division of Hematology,, Univer-
sità degli Studi di Torino, Torino; 4Division of Hematology, A.O.U.
Città della Salute e della Scienza, Torino; 5MDS UNIT, AOU Careggi
Università degli studi di Firenze,  Italy

Background: Allogeneic stem cell transplantation (HSCT) is the only
curative treatment for Myelodysplastic Syndromes (MDS), however few
MDS patients (pts) are transplant eligible and only a small subgroup of
them actually proceed to HSCT. Moreover, what is the best treatment
bridge to HSCT remains unknown.

Aims: To assess the actual proportion of MDS pts undergoing HSCT,
the impact of pre-HSCT therapies on outcome and the reasons preventing
eligible pts to undergo HSCT.

Methods: We included in this study 1293 MDS pts diagnosed between
1994 and 2019 in Piedmont and prospectively enrolled in the FISiM reg-
istry. HSCT eligible pts (n=211) were selected with the following con-
sensus criteria (De Witte, Blood 2017): age<70, performance status
ECOG≤2, higher r-IPSS risk or lower risk with severe transfusion de-
pendency or life-threatening cytopenia.

Results: Median age of HSCT-eligible pts was 64. According to IPSS-
R, 46% of pts were at high/very high risk and 39% at intermediate risk.
Sixty-seven pts underwent HSCT, representing 5% of the study popula-
tion and 32% of HSCT-eligible pts, 42% after intensive chemotherapy
(IC), 41% after azacitidine (AZA) and 17% upfront. Response rate to
AZA (43%) and IC (50%) were similar, but only 41% of pts treated with
AZA eventually underwent HSCT, as compared to 61% in IC group. Me-
dian overall survival (OS) after HSCT was 45 months and was not af-
fected by pre-HSCT treatment. HSCT improved OS only in pts at higher
IPSS-R risk (median OS 33 vs 14 months, p<0.001). The main reasons
that prevented eligible pts to receive HSCT were procrastination of
HSCT in intermediate risk pts and failure of cytoreductive treatment in
the higher risk ones. Some lower risk pts (n=21) were considered for
HSCT at progression, when it was no longer an option for lack of eligi-
bility criteria, others (n=16) progressed directly to AML and failed in-
duction treatment. MDS with excess of blasts (n=134) received a
cytoreductive treatment as bridge to HSCT that failed in 60% of cases,
and only a 16% was rescued by II line therapy and underwent HSCT,
whereas 40% progressed to AML.

Conclusions: HSCT should be promptly proposed to high-risk pts to
improve survival. Pts at lower IPSS-R risk should be singularly evaluated
to balance the risk of transplant-related mortality and progression, to find
the best window for transplant. Prospective studies are needed to opti-
mize the best bridge to HSCT, also considering HSCT upfront or in a se-
quential scheme with IC.

P22

CORRELATIONS OF TYPE OF RESPONSE TO EPO, WHO DIAG-
NOSIS AND SERUM EPO WITH IMMUNOPHENOTYPE OF ERY-
THROID PROGENITORS AND PRECURSORS OF PATIENTS
WITH LOW RISK MYELODYSPLASTIC SYNDROMES

M.G. Raddi1, E. Attardi1, A. Consagra1, C. Amato1, V. Santini1, 
A. Brogi2, E. Masala2, B. Peruzzi3, S. Bencini3, R. Caporale3, A. Sanna4
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Erythropoietin(EPO) promotes differentiation of committed erythroid
cells(COMe) into early erythroid precursors(EEP). Flow cytometry
(FCM) analysis can characterize COMe and erythroid precursors(EP
comprised of EEP and late erythroid precursors,LEP, that are EPO inde-
pendent).The RED score assesses erythroid dysplasia using FCM mark-
ers. Anemia in lower-risk myelodysplastic syndromes (LR-MDS) is
treated with erythropoietic stimulating agents (ESA),but some patients
fail to respond(primary refractory, PR) or lose response(secondary re-
fractory, SR). Serum erythropoietin (sEPO) at diagnosis >200mU/mL is
the main negative predictor. We aimed at correlating distinctive im-
munophenotypic erythroid patterns and RED score with type of response
to ESA,WHO 2016 category and baseline sEPO in 44 LR-MDS patients.
We evaluated and compared with 10 negative controls, 17 PR pts, 17 SR
pts and 10 long responders to ESA(LR, meaning a response duration of
at least 24 months). 59% of pts had sEPO<200mU/mL (L-EPO), 25%
had 200-500mU/mL (M-EPO) and 16% had >500mU/mL(H-EPO).
23%had MDS with single lineage dysplasia(MDS-SLD), 34% multilin-
eage dysplasia(MDS-MLD), 23% ring sideroblasts(MDS-RS) and 20%
deletion of 5q(MDS 5q-). FCM analysis was performed on bone marrow
aspirates (BMA) for all subgroups at time of diagnosis and, within SR
subgroup, at loss of response to ESA(SRII). We used anti-CD34, CD36,
CD105, CD117, CD33, CD71 and CD45 antibodies to identify COMe,
total BM eryhroid cells (TOTe) and EP. Coefficient of variation of CD71
and CD36 along with hemoglobin level were used to calculate RED
score. LR-MDS showed increased TOTe and COMe compared to con-
trols (p=0.013 and p=0.04 respectively), with the exception of MDS 5q-
cases where they were reduced (p=0.047). In PR subgroup there was a
trend of increased LEP and reduced COMe compared to LR. At SRII
COMe were lower than diagnosis(SRI,p=0.039). Finally, RED score was
higher in PR compared to LR and SR(p=0.011). MDS 5q- showed lower
fraction of TOTe (p=0.047), while MDS-RS cases had increased LEP
and RED score (p=0.008 and p=0.012, respectively). H-EPO group
showed increased LEP compared to L-EPO cases (p=0.023). These data
suggest that increased COMe seems to be positively associated with ESA
response, whereas higher LEP and RED score are negatively associated
and correlate with MDS-RS and H-EPO. Finally, MDS-5q- cases dis-
played fewer TOTe and COMe, suggesting a premature erythroid matu-
ration block.
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REAL-WORLD TREATMENT PATTERNS AND PATIENT MANAGE-
MENT IN UNFIT PATIENTS WITH AML RECEIVING FIRST LINE
SYSTEMIC TREATMENT OR BEST SUPPORTIVE CARE (CUR-
RENT): ANALYSIS OF THE ITALIAN STUDY POPULATION

M.P. Martelli1, A. Olivieri2, N. Di Renzo3, A. Curti4, N. Fracchiolla5, 
L. Maurillo6, G. Gualberti7, P. Finsinger7, R.M. D’Attino7, L. Scalise7,
F. Ferrara8

1HematologyandClinical ImmunologySection,DepartmentofMedicine
and Surgery, University of Perugia, Italy; 2Hematology Unit, Depart-
ment of Clinical and Molecular Science, Università Politecnica delle
Marche, Ancona, Italy; 3Department of Hematology and Stem Cell
Transplant, Presidio Ospedaliero Vito Fazzi, Lecce, Italy; 4IRCCS
Azienda Ospedaliero-Universitaria di Bologna, Istituto di Ematologia
“Seràgnoli”,Bologna, Italy; 5UOCEmatologia,Fondazione IRCCSCa’
Granda - Ospedale Maggiore Policlinico, Milan, Italy; 6Hematology
Unit,FondazionePoliclinicoTorVergataHospital,Rome, Italy; 7AbbVie
s.r.l.; 8Division of Hematology, Cardarelli Hospital, Naples, Italy

Introduction: CURRENT is a multi-country non-interventional, ret-
rospective study aimed at evaluating the treatment pathways and out-
comes, and economic impact of AML patients (pts) unfit for intensive
chemotherapy and who received first line systemic treatment (1stL) or

Best Supportive Care (BSC) in the real-world setting.
Methods: Here, we analyzed the Italian population of pts enrolled be-

tween Jan 2015 and Dec 2018. Pts were followed up until the last
recorded visit or death. The main objective was to evaluate the overall
survival. Secondary objectives were description of clinical outcomes,
patient characteristics, cytogenetic/molecular profiles, treatment patterns
and healthcare resource utilization.

Results: 74/81 enrolled pts had complete data for the analysis, 62
treated with 1stL therapy and 12 with BSC; patients and treatment char-
acteristics are shown in Table1. Of the 62 pts in the 1stL arm, 31 (50%)
achieved a response (CR+CRi+PR, respectively 15/6/10 pts). CR/CRi
had a median duration of 246 days; no CR/CRi/PR was reached in the
BSC group. Median time to best response was 134 days in 1stL pts. The
median OS from diagnosis was 13.4 months, with the highest among pa-
tients receiving HMAs. Median OS was the lowest in BSC pts group
(2.7 months). Median PFS ranged from 2.5 months in the BSC arm to
11.8 months in the HMA arm. The most common 1stL treatment was 5-
azacytidine (AZA, around 60% of pts). Among those who started 1stL
of therapy, only 11.3% received a second or later line of treatment. In-
dependently of the treatment received, most patients needed hospitaliza-
tion (66.1% and 66.7% of 1stL and BSC pts). Main reason for 1stL
patients was infections (45.6%). The use of antibiotics and antivirals
(92% and 75% of 1stL and BSC pts), antifungal (58% and 51%) through-
out lines of treatment was frequent, for both prophylaxis and curative
reasons, while growth factors were less used (6.5% only in 1stL pts).
Most patients had blood transfusions (85.5% of 1stL and 100% of BSC
pts) during treatment.

Conclusions: Even with some limitations, this study provides a de-
tailed real-world insight in treatment patterns, clinical outcomes, clini-
copathologic characteristics, and use of health resources in AML patients
unfit to receive intensive chemotherapy in Italy. Caring for these patients
requires the use of a variety of resources within the health care system.
Outcome for AML patients remains poor, and novel agents or combina-
tions are needed.

Table 1.

Table 1. Patient characteristics and treatment patterns 

 Fist-Line Systemic Therapy (n=62) BSC only  
Male 30/62 (48.4%) 10/12 (83.3%) 
Median age at diagnosis, years (range) 76.5 (58-88) 77.5 (52-89) 
Secondary AML 21/62 (33.9%) 3/12 (25%) 
 Type of secondary AML:   

-       MDS 11 (52.4%) 3 (100%) 
-       CMML 1 (4.8%) 0 
-       MPN 2 (9.5%) 0 

-       t-AML 7 (33.3%) 0 
Prior HMA treatment for antecedent disorder:  

 Yes 2 (9.5%) 1 (33.3%) 
  No 17 (81%) 2 (66.7%) 

 Unknown 2 (9.5%) 0 
ECOG performance status   

·         0-1 26/62 (41.9%) 3/12 (25%) 
·          13/62 (20.9%) 3/12 (25%) 

·         unknown 23 (37.1%) 6 (50%) 
Molecular profile   
Any mutation  9 (14.5%) 3 (25%) 

·         TP53 2 (22.2%) 0 
·         RUNX1 mutation 1 (11.1%) 0 
·         ASXL1 mutation 1 (11.1%) 0 
·         FLT3 mutation 0 1 (33.3%) 

·         FLT3ITD mutation 3 (33.3%) 1 (33.3%) 
·         FLT3TKD mutation 1 (11.1%) 0 
·         CEBPA mutation 1 (11.1%) 0 
·         NPM1 mutation 2 (22.2%) 2 (66.6%) 

No mutation 43 (69.4%) 8 (66.7%) 
Unknown molecular profile 10 (16.1%) 1 (8.3%) 

Cytogenetic risk   
·         Favorable 5 (8.1%) 1 (8.3%) 

·         Intermediate 27 (43.5%) 6 (50%) 
·         Poor 24 (38.7%) 3 (25%) 

·         Unknown 6 (9.7%) 2 (16.7%) 
First-line treatment received*:    
Systemic therapy 62 (100%) - 

·         HMA (azacitidine) 37 (59.7%) - 
·         HMA (decitabine) 25 (40.3%) - 

·         LDCA 1 (1.6%) - 
·         Venetoclax 1 (1.6%) - 

·         Other 1 (1.6%) - 

  - 
Treatment combinations:   

·         Azacitidine + Decitabine 2 (3.2%) - 
·         Azacitidine + Venetoclax 1 (1.6%) - 

   
BSC only  12 (100%) 
Hospitalized Patients   

 Yes 41/62 (66.1%) 8/12 (66.7%) 
Median Number of Hospitalization (range) 2.0 (1-5) 2.0 (1-2) 
*Patients could be treated also with combination of therapies.  
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REFINED EVALUATION OF MINIMAL RESIDUAL DISEASE BY
DIGITAL DROPLET PCR IN ADULTS WITH PHILADEPHIA-NEGA-
TIVE ACUTE LYMPHOBLASTIC LEUKEMIA: IMPACT OF BLINA-
TUMOMAB ADMINISTRATION IN THE FRONT-LINE SETTING
AND OF THE PH-LIKE SIGNATURE

I. Della Starza1,2, M. Ansuinelli1, L. De Novi1, A. Taherinasab1, 
D. Cardinali1, A. Guarini3, R. Foà1, S. Chiaretti1

1Hematology, Department of Translational and Precision Medicine
SapienzaUniversity; 2GIMEMAFoundation; 3DepartmentofMolecular
Medicine, Sapienza University, Italy

Despite high complete remission rates (80-90%) with multi-agent
chemotherapy, a significant proportion of adults with Philadelphia-neg-
ative acute lymphoblastic leukemia (Ph- ALL) relapse and long-term
survival rate is slight more than 50%. In the GIMEMA LAL2317, de-
signed for adults with newly diagnosed B-lineage Ph- ALL, two doses
of blinatumomab were added in the consolidation phase. Real-time quan-
titative polymerase chain reaction (RQ-PCR) is the gold-standard tool
for minimal residual disease (MRD) monitoring in ALL. However, in
samples with a very low MRD burden, digital droplet PCR (ddPCR)
proved to be reliable for MRD monitoring with sensitivity at least com-
parable to RQ-PCR, but with a greater accuracy. We analyzed MRD sta-
tus by RQ-PCR and ddPCR in a cohort of patients enrolled in the
GIMEMA LAL2317 trial and evaluated the efficacy of the first cycle of
blinatumomab in eradicating MRD also according to the Ph-like status
We performed a sub-analysis on a small cohort of patients that underwent
a centralized comprehensive molecular screening at diagnosis including
Ig/TR target screening, BCR/ABL1-like predictor assay1, targeted DNA-
and RNA- sequencing. MRD status was monitored at specific time-
points (TP), i.e. TP2 and TP3, by RQ-PCR and ddPCR2,3. We analyzed
30 Ph- ALL patients: 9/30 (30%) patients were Ph-like according to the
BCR/ABL1-like predictor and in 7/9 at least one Ph-like associated ge-
netic lesion was identified. All patients received at least one course of
blinatumomab. Before blinatumomab, RQ-PCR showed MRD positivity
in 6/9 (66.7%) Ph-like patients and 8/21 (38.1%) non Ph-like patients.
DdPCR analysis, evaluable in 29 samples, showed MRD positivity in
5/8 (62.5%) Ph-like cases and 10/21 (47.6%) non Ph-like cases. After
blinatumomab, all patients proved MRD negative by RQ-PCR; in con-
trast, ddPCR proved positive in 3/9 (33%) Ph-like cases (1 being positive
not quantifiable) and in 2/21 (9.5%) non Ph-like patients. In this small
series, we confirm that Ph-like patients show a slower MRD clearance
compared to the non-Ph-like ones, with 66.7% being MRD positive vs
38.1%. Importantly, blinatumomab was capable of inducing MRD neg-
ative status in all patients analyzed by RQ-PCR in spite of the Ph-like
signature. Nevertheless, DdPCR allowed to recover MRD positivity,
mostly in Ph-like patients. Survival data are not proved due to the short
follow up of the trial. The screening of a larger cohort is warranted.
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FLOW-CYTOMETRIC ASSESSMENT OF BONE MARROW MI-
CROENVIRONMENT IN LOW-RISK MYELODYSPLASTIC 
SYNDROMES

J.A. Giannotta, B. Fattizzo, L. Cro, M. Barbieri, G.V. Levati, 
L. Porretti, W. Barcellini

U.O. Oncoematologia, Fondazione IRCCS Ca’Granda Ospedale Mag-
giorePoliclinico,Milano; DipartimentodiOncoematologia,Università
degli Studi di Milano; Servizio di Citofluorimetria, Fondazione IRCCS
Ca’Granda Ospedale Maggiore Policlinico, Milano, Italy

There is growing interest on the immunologic bone marrow (BM) mi-
croenvironment of low risk myelodysplastic syndromes (LR-MDS) for
its pathogenic and therapeutic relevance. BM flow cytometry (CFM) of
LR-MDS patients have been retrospectively evaluated by 2 CFM experts
to evaluate BM microenvironment (BMM) relationship with MDS fea-

tures, somatic mutations, and response to recombinant EPO (rEPO).
Lymphocyte (ly) populations, monocytes, and mastocytes have been
evaluated. A total of 136 LR-MDS patients, 60% males (median age
73.6years, 36-90.6), have been studied. As shown in table 1, MDS-RS
showed lower B-ly and monocytes compared to MDS-SLD (p=0.008
and p=0.03, respectively) and MDS-MLD (p=0.01 for B-ly). Elderly pa-
tients showed higher mastocytes (1.88+1.3% in >65years vs 1.2+0.7%
in younger patients, p=0.05). Patients with Hb<10g/dL showed lower
monocytes (3.4+2.2 vs 4.45+3%, p=0.02) compared to not anemic pa-
tients; those with PLT<100x109/L showed lower T-ly (67.2+15.4 vs
72.4+10.3%, p=0.02) and higher B-ly (14.2+11.5 vs 10.5+6.5%, p=0.02)
compared to those with higher PLT; and subjects with neutrophils
<1x109/L displayed higher mastocytes (2.5+2 vs 1.6+1%, p=0.004) and
monocytes (5.5+4.08 vs 3.7+2.3%, p=0.004), as compared to those with
higher values. Hypocellular patients showed increased total ly (20+9.3
vs13+7.5%, p<0.0001) and NK (21+17vs16.6+8%), and decreased mas-
tocytes (1.2+1 vs 1.8+1.2%, p=0.03) compared to normo-hypercellular
ones. The presence of >3 somatic mutations was associated with in-
creased total ly (22.4+14vs10.8+3.7%, p<0.001). Specifically, mutations
in DNA methylation were related to lower T-ly (69+11 vs 76+9%,
p=0.04) and higher NK (18+8 vs 14+7%); mutated chromatin and tran-
scription factors were associated with higher total ly (25+14 vs 11+6%,
p=0.001 and 22.5+16.5 vs 12.3+6.8%, p=0.02, respectively). Mutations
in TP53 or PHF6 were associated with increased T-ly (83+0.7 vs
73+10%, p<0.001), mastocytes (2.4+1.4 vs 1.7+0.7, p<0.01), and mono-
cytes (7.5+5 vs 3.8+2.3%, p=0.05), and decreased NK (7+1.4 vs 16+8,
p<0.001). Patients responsive to rEPO had reduced T-ly (69+14vs76+10,
p=0.05) and increased B-ly (13+11 vs 7.5+5%, p=0.01). Different WHO
types of LR-MDS show variable levels of BM ly, mastocyte and mono-
cyte percentages. BMM characteristics correlate with cellularity and pe-
culiar molecular alterations. Patients with greater T-infiltrate display
higher frequency of disrupting mutations (i.e. TP53) and lower response
to rEPO.

Table 1.
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TREATMENT OF NEWLY DIAGNOSED ACUTE MYELOID
LEUKEMIA IN ELDERLY PATIENTS: OUTCOME OF A REAL LIFE
POPULATION FROM A MULTICENTRIC OBSERVATIONAL
STUDY BETWEEN 2016 AND 2018

S. Pravato1, M. Gottardi2, F. Cera1, F. Mosna3, G. Nadali4, V. Bonuomo4,
A. Scattolin5, L. Frison5, A. Liço6, M. Danini7, G. Bertoldero8, 
N. Maschio9, R. Paolini10, E. De March11, M. Ermani12, S. Imbergamo1,
C. Gurrieri1, A. Visentin1, L. Trentin1, F. Lessi1
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Introduction: The outcome of acute myeloid leukemia (AML) in el-
derly patients is poor due to the heterogeneous biology of the disease
and the concurrent comorbidities. Authorized treatments of AML include
intensive chemotherapy (IC), hypomethylating agents (HMA) and best
supportive care (BSC), but no direct superiority has been demonstrated
in the elderly population.

Aim: To describe the approach to the treatment of elderly AML pa-
tients and to compare outcome in order to identify clinical and molecular
features that could help choosing the right tailored treatment.

Methods: 306 patients aged ≥65 years with newly diagnosed AML be-
tween 2016 and 2018 from 11 Italian hematological centers were ana-
lyzed to describe clinical and biological characteristics of the disease,
patients’ comorbidities, kind of treatment, outcome and toxicity (days of
hospitalization and severe infectious adverse events, SIAE).

Results: Median age of the study population was 73.6 years (range 65-
94); ECOG was ≤2 in 79% of patients; 58% had a hematopoietic cell
transplantation-specific comorbidity index (HCT-CI) ≤2 (range 0-11);
36% had unfavorable characteristics (adverse ELN 2017 cytogenetic-
molecular markers or secondary AML). Patients were treated with IC
(36%), HMA (45%) and BSC (19%); allogenic transplantation was per-
formed in 6%. Complete marrow response (CR) was reached by 64%
and 24% for IC and HMA treatment, respectively. In multivariate anal-
ysis, median OS was 9.5 months, increasing with lower ECOG at diag-
nosis (18 months for ECOG 0, p<0.01), achievement of CR (20 months,
p<0.01) and allogenic transplantation (4 years-median OS not reached,
p<0.05). No differences in OS were found in unfavorable cytogenetic
disease despite different treatments (9 months for IC vs 10 for HMA,
p>0.05). In the other cytogenetic groups, in spite of age, comorbidities
or molecular abnormalities, IC showed a better outcome (15 vs 11
months, p<0.01, fig.1). Days of hospitalization and SIAE were both
higher in the IC treatment (71 vs 24 and 1.9 vs 1.2 respectively, p<0.01).

Conclusions: IC and HMA confirmed superiority over BSC. Both ef-
ficacy and toxicity were higher in the IC group for patients without high
risk-disease features. While allogenic transplantation remains the only
durable disease-modifying treatment, elderly patients with high risk fea-
tures remain an unmet clinical need. Further studies are needed to guide
the approach to elderly patients in the era of new target therapies.

Figure 1.
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SEQUENTIAL DEEP AND ULTRA-DEEP SEQUENCING IN LOW-
RISK NPM1-MUTATED ACUTE MYELOID LEUKEMIA WITH AN
ADVERSE CLINICAL OUTCOME

M. Rossi1, M.E. Nizzoli2, A. Gallì1, E. Roncoroni1, S. Zibellini1, 
G. Merati11, E. Rizzo3, B. Rocca1, D. Pietra1, C. Picone1, 
M. Brociner2, C.P. Tobar Cabrera2, E. Gelli2, E. Santacroce2, 
L. Arcaini1,2, P. Zappasodi1

1Division of Hematology, Fondazione IRCCS Policlinico San Matteo,
2Department of Molecular Medicine, University of Pavia, 3enGenome
s.r.l., Italy

NPM1 is the most frequently mutated gene in adult acute myeloid
leukemia (AML) defining a distinct entity of the 2016 WHO classifica-
tion. NPM1 mutated (NPMmut) AML without FLT3-ITD is classified
as a low risk AML; however, relapse rate is set around 50%. This het-
erogeneity of clinical outcome highlights the unmet clinical need of iden-
tifying patients at high risk of relapse.

Aim of this study was to assess the presence of co-occurring mutations
and their clonal evolution at relapse in de novo low-risk NPM1mut and
FLT3-ITDneg AML, in order to gain insights into the molecular patho-
genesis of relapse mechanisms, through the application of a deep and
ultra-deep targeted NGS. Among 54 patients with low-risk NPM1mut
AML diagnosed at our Division, 50% (24/48) relapsed and, among them,
11 subjects with available DNA at multiple time points were included in
this study. By NGS a remarkable overlap of mutations between diagnosis
and relapse was detected (mutation persistence rate of 75%). At diagnosis
the 64% of patients displayed CHIP-related mutations (DNMT3A and/or
TET2). Nine complete remission (CR) samples (2 CRMRD- and 7 CR
with mMRD) and 6 molecular relapse/progression samples were ana-
lyzed by ultra-deep NGS in order to improve the sensitivity of the anal-
ysis. Despite the high depth of sequencing coverage, NPM1mut was
detected in only 2 out of 13 samples that tested positive at RTqPCR. Se-
quential analysis of both groups with or without CHIP mutations re-
vealed a uniform evolution pattern, characterized by the disappearance
of all co-occurring mutations at CR and the subsequent reappearance at
relapse, displaying a high rate of stability and an overlapping allele bur-
den between NPM1 and co-mutations (Figure 1). In the present study,
ultra-deep NGS displayed significant inferior sensitivity compared to
RTqPCR in detecting mMRD, likely due to discrepancies between ge-
nomic sequencing and expression-based assays and to the presence of
pseudogenes that could interfere with sequencing. Therefore, we do not
consider ultra-deep NGS of a large gene panel a reliable technique to in-
vestigate mMRD.

In conclusion, NPM1 mutations, although late driver mutations, occur
very early before the expansion of a dominating pre-leukemic
hematopoietic clone, suggesting that relapse may rely on the persistence
of a chemo-resistant leukemic stem cell clone that harbors both pre-
leukemic and NPM1 mutations and persists at very low levels in the ab-
sence of an evident clonal hematopoiesis.

Figure 1.
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DARATUMUMAB NELLA LEUCEMIA ACUTA LINFOBLASTICA
RECIDIVATA O REFRATTARIA. UNO STUDIO DEL CAMPUS ALL
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Raffaele, Milano; 15Unità Operativa Complessa di Ematologia, AOUS,
Università di Siena, Siena ; 16Unità Operativa di Oncologia ed Ematolo-
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Napoli; 19Divisione di Ematologia, Dipartimento di Medicina
traslazionale e di Precisione, Università La Sapienza, Roma, Italy

Acute lymphoblastic leukemia (ALL) blasts express high levels of
CD38. The anti-CD38 monoclonal antibody daratumumab (DARA) is
being explored in this setting. Pre-clinical studies have documented the
activity of DARA in human xenograft models of ALL. The clinical ex-
perience is, however, very limited with only few case reports showing
some evidence of anti-leukemic activity. In the context of the Campus
ALL national framework, we retrospectively collected data on patients
(pts) with relapsed/refractory(R/R) or measurable residual disease
(MRD)-positive ALL who received DARA. DARA was used off label
or was obtained in a compassionate use program between December
2018 and December 2020 in 17 Italian hematological centers. DARA
was administered at the approved multiple myeloma schedule. Overall
response rate (ORR) was defined as the proportion of pts who obtained
a complete (CR) or partial (PR) response or, in MRD-positive pts, a
MRD negativity.

Table 1.

We obtained information from 20 treated pts (85% males), with a me-
dian age of 34 years (range 6-72), 70% of which had a T-lineage ALL.
DARA was started at a median time of 13 months from diagnosis and
pts had received a median of 3 previous lines of therapy; 80% of pts had
a bone marrow (BM) relapse (either isolated or with a concomitant ex-
tramedullary localization), with a median BM blast count of 45%. Nine
pts had previously received an allogeneic hematopoietic cell transplan-
tation (HCT). DARA was administered with concomitant chemotherapy
in 9 cases. At the time of starting DARA, the median ECOG was 2. The
ORR was 20%: 2 pts obtained a MRD-negative CR, 1 a MRD-positive
CR, 1 a PR, Table 1. 4 pts (2 responders, 2 refractory) proceeded to a

HCT after DARA. At the last follow-up, all but 1 pt had stopped DARA
and 2 pts are alive and in CR. The median OS was 4 weeks, with a 3-
month OS rate of 25%. No unexpected toxicity was observed, with only
1 case of grade 2 infusion reaction. In the largest series so far reported,
we confirm the activity of DARA in R/R ALL. Most pts were heavily
pretreated, with a poor ECOG and a high disease burden, probably ex-
plaining the relatively low ORR. DARA represents a potentially useful
therapeutic option, especially for T-ALL for which novel options are
fewer than in B-ALL. Pts’ selection, as well as an earlier use of the com-
pound (e.g., in MRD-positive cases), is crucial to obtain meaningful re-
sults. Clinical trials exploring DARA in combination with chemotherapy
in ALL are ongoing.

P29

VENETOCLAX COMBINED WITH HYPOMETHYLATING AGENT
HAS SHOWN PROMISING RESULTS IN ACUTE MYELOID
LEUKEMIA AND MAY BE A GOOD BRIDGE TO TRANSPLANT: 
A REAL LIFE EXPERIENCE OF “RETE EMATOLOGICA PUGLIESE”

V. Federico1, M. Dargenio1, M. Abbenante2, V.F. Fesce3, G. Greco4,
M. Urbano5, C. Buquicchio6, A.M. Mazzone7, C. Pasciolla8, 
M. Delia9, D. Carlino1, M. Fina1, N. Cascavilla2, C. Vergine1, 
V. Pavone4,  C. Ferrandina3, R. Matera1, D. Pastore5, G. Tarantini6, 
P. Mazza7, A. Guarini8, P. Musto9, N. Di Renzo1

1Haematology “Vito Fazzi” Hospital, Lecce; 2Haematology “Casa Sol-
lievodella sofferenza”Hospital, San Giovanni Rotondo; 3Haematology
“Riuniti” Hospital, Foggia; 4Haematology “Cardinale Panico” Hos-
pital, Tricase; 5Haematology “A. Perrino” Hospital, Brindisi; 6Haema-
tology “Mons.Dimiccoli”Hospital, Barletta; 7Haematology “Moscati”
Hospital, Taranto; 8Haematology “IRCCSOncologico”Hospital, Bari;
9Haematology “Policlinico” Hospital, Bari Italy

Background: VEN-HMA combination represent a significant advance
in AML therapy given the very high complete response rates and pro-
longed response durations both in newly diagnosis (ND) and relapsed/re-
fractory (R/R)-AML setting. Here we report the outcome of patients with
ND-AML or R/R-AML treated with VEN-HMA aimed to evaluate effi-
cacy and safety of this combination and its role as a bridge to transplant.

Method: From May 2018 to March 2021, a total of 100 patients (Pts),
median age 70 years (range 23-88), 54 with ND-AML and 46 with R/R
AML, were included in the analysis. Among R/R AML, 39 (84,7%) re-
lapsed after induction therapy [24 after AML-like therapy (52,1%), 15
after HMA (32,6%)] and 7 (15,3%) after allogenic transplant. After rum-
up, all pts received Venetoclax 400 mg/daily orally in 28-day cycles com-
bined with decitabine 20 mg/m2 days 1-5 of each 28-day cycle 74
patients (74%) or azacitidine 75 mg/m2 days 1-7 of each 28-day cycle,
26 patients . All pts received a median of 3 cycles (range 1- 20) of vene-
toclax in combination with HMA. Allogeneic SCT was performed in first
or second remission in all eligible patients.  

Figure 1.
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Results: CR+iCR rate was 68% and 50% for ND- and R/R AML, re-
spectively. In both groups, the median time to response was 2 months
(range 1-5). After a median follow-up of 7 mo. (range 2-27), 56 out of
100 patients are alive, including 27 patients (27%) still on therapy and
in CR while 44 pts. died, mostly for progressive disease. With a median
FU of 11 mo. (range 4-26), 13 R/R and 6 ND-AML underwent to allo-
genic HSCT, and additional 6 pts are waiting for allo-SCT. Grade 3/4
hematological toxicity was observed in 60% of Pts while 35% experi-
enced non-hematological toxicity (FN 35%, sepsis 16% and clostridium
enterocolitis in 2%). There was no statistically significant difference in
EFS and OS between ND-AML or R/R AML (p=0.99) as well as be-
tween those receiving venetoclax combined with decitabina or azacitid-
ina (p=0.44). In contrast, both median EFS 19 vs 6 mo. (p=0.0001) and
OS NR vs 7 mo. (p=0.0001) was better for transplanted patients com-
pared to did not. The estimate 24 mo. EFS and OS rate was 84% and 93
% respectively in transplant population FIG1. 

Conclusion: These real life data demonstrate how the combination
Venetoclax and azacitidine or decitabine is safe and effective both ND-
and R/R-AML Pts. Most of eligible Pts underwent allo-SCT suggesting
as this combination represents a good bridge to transplant.

P30

SYSTEMIC INFLAMMATORY AND AUTOIMMUNE DISEASES
ASSOCIATED TO MYELODYSPLASTIC SYNDROMES HAVE NO
IMPACT ON OUTCOME

A. Carturan, E. Morsia, M. Pianelli, E. Busilacchi-Marinelli, 
D. Lame, A. Olivieri, A. Poloni

Università Politecnica Marche-AOU Ospedali Riuniti, Ancona, Italy

MDS is associated with features of immunological dysregulation. The
coexistence of systemic inflammatory and autoimmune diseases (SIADs)
in patients with myelodysplastic syndrome (MDS) or chronic
myelomonocytic leukemia (CMML) has been widely recognized, al-
though with distinct results regarding their prevalence and impact on the
outcomes. Here, we investigated the prevalence of autoimmune diseases
among MDS and CMML patients, comparing characteristics and out-
comes in those with and without autoimmune diseases in a monocentric
retrospective study in A.O.U. Ospedali Riuniti of Ancona. We analyzed
199 patients with MDS and CMML with median age of 73.5 years
(range, 29-94) and 54.8% were male. According to the IPSS-R, 31
(19,1%) patients were classified as very low risk; low risk in 81 (49.7%);
intermediate risk in 29 (17,8%); high risk in 12 (7,4%); and very high
risk in 10 (6,1%). Clinical autoimmune diseases were identified in 39 of
199 patients (19.6%). The most common autoimmune disease was hy-
pothyroidism (25,6% of patients) followed by rheumatic polymyalgia
(15.4% of patients). Autoimmune diseases were more common in female
MDS patients, those with RCMD WHO subtype, and those with low or
very low risk R-IPSS. Survival analysis showed that median OS was
68.2 months (95%C.I. 37.7-NR) and 92.2 (95% C.I. 62.5-NR) in patients
with MDS-SIADs and MDS-noSIADs, respectively (p=0.62). No statis-
tically significant differences were noted grouping patients based on R-
IPSS and also there was not any difference in progression free survival
comparing patients with MDS-SIADs and MDS-noSIADs. Moreover,
in a group of these patients we studied the levels of serum inflammatory
cytokines and we found that many of them resulted to be altered: IL6,
IL8, IL10, IL18, MCP1, and S100A8/9 were significantly overexpressed
respect to normal controls, IL12 was significantly downexpressed. In the
MDS patients with SIADs we found the same value of cytokines of pa-
tients without SIAD, except for a significant downregulation of IL12
(p=0.0145).

In conclusion, our study shows that SIADs are prevalent in patients
with MDS and CMML but they are not associated with different prog-
nosis in MDS patients in terms of OS and PFS, and they may share sim-
ilar inflammatory mechanisms that underlie MDS pathogenesis.

Chronic Myeloproliferative Diseases 1
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MANIFEST-2, A GLOBAL, PHASE 3, RANDOMIZED, DOUBLE-
BLIND, ACTIVE-CONTROL STUDY OF CPI 0610 AND 
RUXOLITINIB VS. PLACEBO AND RUXOLITINIB IN JAK 
INHIBITOR-TREATMENT-NAÏVE MYELOFIBROSIS PATIENTS

F. Passamonti1, F. Palandri2, J. Mascarenhas3, C. Harrison4, 
A. Patriarca5, A. Vannucchi6, K. Luptakova7, J. Wang7, G. Colak7, 
J. Shao7, S. Bobba7, P. Trojer7, J. Humphrey7, S. Verstovsek8, 
On Behalf Of The Manifest-2 Investigators
1Universityof Insubria; 2InstituteofHematology“L.&A.Seragnoli”,St.
Orsola-MalpighiUniversityHospital, 3DivisionofHematology/Medical
Oncology,TheTischCancer Institute, IcahnSchoolofMedicineatMount
Sinai; 4Guy’s and St. Thomas’Hospital; 5Azienda Ospedaliero Universi-
taria Maggiore della Carità di Novara SCDU Ematologia; 6Azienda Os-
pedaliero Universitaria Careggi; 7Constellation Pharmaceuticals,
8Department of Leukemia, University of Texas MD Anderson Cancer
Center

CPI-0610 is a unique, first-in-class, oral, small-molecule inhibitor of
BET (BETi) proteins, designed to promote disease-modifying activity
through selective gene regulation of key oncogenic, fibrotic, and inflam-
matory factors with potential to transform the standard of care in MF.
JAK inhibitors (JAKi) are currently approved for treatment of MF, in-
cluding ruxolitinib (rux) and fedratinib. Approximately one third of
JAKi-naïve MF pts treated with rux (35%; 106 of 301) or fedratinib
(37%; 35 of 96) achieved a spleen volume reduction ≥35% (SVR35) at
6-12 months. CPI-0610, a potential disease-modifying therapeutic agent
with a novel mechanism of action may improve the outcome in MF pts.
Clinical activity of CPI-0610 in combination with rux in JAKi-naïve MF
pts observed in the phase 2 MANIFEST study was higher (SVR35 at wk
24: 67%) than that observed with rux alone in historical phase 3 trials
(Mascarenhas, ASH 2020).

Figure 1.

MANIFEST-2 is designed as a global, phase 3, 1:1 randomized, dou-
ble-blind, active-control study of CPI 0610 + rux vs. placebo + rux in
JAKi treatment-naïve pts with primary MF, post-polycythemia-vera MF,
or post essential-thrombocythemia MF. Key eligibility criteria: DIPSS
score ≥Int-1; platelet ≥100 x 109/L; spleen volume ≥450 cc by CT/MRI;
≥2 symptoms measurable (score ≥3) or a total symptom score (TSS) of
≥10 using the MFSAF v4.0; peripheral blast count <5%, ECOG ≤2. Ap-
proximately 310 pts (155 in each arm) will be enrolled in the study. Pa-
tient randomization will be stratified by DIPSS risk category
(Intermediate-1 vs. Intermediate-2 vs. High), platelet count (>200 × 109/L
vs. 100 – 200 × 109/L), and spleen volume (≥1800 cm3 vs. <1800 cm3).
Double-blind treatment (CPI-0610 or matching placebo) will be admin-
istered once daily (QD) for 14 consecutive days followed by a 7 day
break, which is considered 1 cycle of treatment (1 cycle = 21 days). Rux
will be administered twice daily (BID) for all 21 days within each cycle.
Primary endpoint: SVR35 response (≥35% reduction in spleen volume)
at wk 24; key secondary endpoint: TSS50 response (≥50% reduction in
TSS) at wk 24; other secondary endpoints: safety, PK, PD, changes in
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bone marrow fibrosis and myeloid differentiation during treatment, du-
ration of SVR35 response, duration of TSS50 response, PFS, OS, con-
version from transfusion dependence to independence, rate of RBC
transfusion for the first 24 wks, hemoglobin response, peripheral proin-
flammatory cytokines.

P32

THE HIGH MOLECULAR RISK (HMR) STATUS DOES NOT AC-
CURATELY PREDICT POOR OUTCOME IN PATIENTS WITH
POST-ESSENTIAL THROMBOCYTHEMIA AND POST-POLY-
CYTHEMIA VERA MYELOFIBROSIS

P. Guglielmelli, G. Coltro, G. Rotunno, S. Romagnoli, C. Maccari, 
C. Paoli, F. Gesullo, G.G. Loscocco, A.M. Vannucchi

CRIMM, Centro di Ricerca ed Innovazione per le Malattie Mieloprolif-
erative, Azienda Ospedaliero-Universitaria Careggi, Università degli
Studi di Firenze, Italy

In patients with primary myelofibrosis (PMF) a number of non-driver
gene mutations have been associated with impaired outcomes (High
Molecular Risk (HMR) category), and are currently incorporated in
molecularly annotated prognostic models (MIPSS-70/plus). However,
the prognostic value of HMR status in the setting of secondary myelofi-
brosis (sMF) remains unclear. The aim was to evaluate the prognostic
value of HMR status in sMF, 249 consecutive pts with IWG-MRT-de-
fined sMF were included in the study: 133 (53.4%) PPV, 116 (46.6%)
PET. Mutational analysis by targeted NGS was performed for all pts.
HMR category included ASXL1, EZH2, IDH1/2, SRSF2. The nonpara-
metric Wilcoxon rank-sum test, Kaplan-Meier estimate of survival and
log-rank test were used as appropriate. For comparison, 661 WHO 2016-
defined patients with PMF was included in the analysis. 

Figure 1.

Results: All PPV pts harbored the JAK2V617F mutation compared
with 47.6% of PET; 25.0%, 13.8% and 12.1% of PET were CALR-
type1(T1), type2 (T2) or MPL mutated, respectively; while 2.6% were
triple negative. In sMF cohort, 86 (34.5%) patients were HMR: 16
(6.4%) had had two or more mutated genes, without significant differ-
ences among PPV, PET or PMF. PMF were more frequently EZH2
(8.5%) and SRSF2 (10.0%) mutated compared to sMF (respectively
5.6% and 2.4%, p=.04 and P< .0001). With an median follow-up of 4.0
years (yrs) (4.5 yrs PPV and 3.5 yrs PET) 109 deaths were recorded
(43.8%), accounting for 42.9% and 44.8% of PPV and PET. 16 PPV
(12.0%) and 14 PET (12.1%) pts transformed to acute leukemia. The
median survival (OS) in sMF was 8.5 yrs without significant differences
between PPV and PET. In PET CALR T1 mutation was the most favor-
able, with median OS of 8.8 yrs, while the OS of pts with JAK2V617F
and CALR T2 mutations was not statistically different, with a OS of 4.7
and 4.1 yrs, respectively. HMR status or ≥ 2 mutations were not predic-
tive of reduced OS (Figure 1), while we found a strong correlation of

SRSF2 mutation with shortened survival (HR 3.5, 95%CI 1.40–8.6;
P=0.02); median survival was 8.5 yrs in SRSF2 WT compared with 2.1
yrs in SRSF2 mutated pts. No impact of HMR or >2 mutations on
leukemia-free survival was demonstrated. However, we found that the
prognostic impact of SRSF2 mutations on sMF was restricted to PPV
pts. We conclude that at variance with PMF, the only HMR-pertinent
mutated gene associated with reduced survival in sMF is SRSF2. Specific
integrated molecular risk scores for sMF are needed.

P33

STIFFER SPLEEN PREDICTS HIGHER BONE MARROW FIBRO-
SIS AND HIGHER JAK2 ALLELE BURDEN IN PATIENTS WITH
MYELOPROLIFERATIVE NEOPLASMS

R. Moia1, P. Boggione1, M. Cittone2, G. Manfredi2, C. Favini1, 
B. Awikeh1, M. Pirisi2, G. Gaidano1, A. Patriarca1, C. Rigamonti2

1Division of Hematology, Department of Translational Medicine, Uni-
versità del Piemonte Orientale and Azienda Ospedaliero-Universitaria
Maggiore della Carità, Novara, Italy; 2Division of Internal Medicine,
Department of Translational Medicine, Università del Piemonte Orien-
taleandAzienda Ospedaliero-Universitaria Maggioredella Carità, No-
vara, Italy

Introduction and aim: Philadelphia negative (Ph-) myeloproliferative
neoplasms (MPNs) are characterized by a variable grade of bone marrow
(BM) fibrosis that is higher in primary myelofibrosis (MF), but also pre-
sent, albeit to a lower extent, in polycythemia vera (PV) and essential
thrombocythemia (ET). We aimed at evaluating whether non-invasive
spleen stiffness (SS) measurement with a novel spleen-specific and ded-
icated probe might have a potential role in predicting BM fibrosis and
disease severity in Ph- MPNs.

Figure 1.

Methods: In this cross-sectional study, a vibration-controlled transient
elastography (VCTE) examination with measurement of SS and liver
stiffness (LS) using FibroScan® 630 Expert (Echosens, Paris, France)
was applied to consecutive series of Ph- MPNs followed at our center
during a 4-week interval. Tumor genomic DNA was analyzed for JAK2,
CALR and MPL status by Sanger sequencing. Patients were also ana-
lyzed by NGS using the TruSight Myeloid Sequencing Panel (Illumina).

Results: A total 63 patients (9 PV, 32 ET, 22 MF) were included: 52.4%
male; median age 72 years (IQR 59-80); 76.2% had JAK2 mutation and
9.5% CALR mutation. The median SS was 26.3 (IQR 22.3-33.6) and the
median LS 5.7 kPa (IQR 4.5-7.2). Median SS, but not LS, was signifi-
cantly higher in patients with grade 2-3 BM fibrosis (28.7 kPa vs. 25.0
kPa, respectively; p=0.035) (Figure 1A), in those with hemoglobin level
<10 g/dl (31.5 kPa vs 25.4 kPa, respectively; p=0.014) (Figure 1B) and
in those with white blood cells (WBC) >10,000/uL (33.5 kPavs25.5 kPa,
respectively; p=0.008) (Figure 1C). The median SS was significantly
higher in MF compared to ET, with a median SS of 28.8 kPa (IQR 25.6-
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36.3) and 24.3 kPa (IQR 21.1-28.4), respectively (p=0.01) (Figure 1D).
SS did not differ between PV vs ET (p=0.313) and PV vs MF (p=0.317)
(Figure 1D). Among the 51 patients who were subjected to NGS analysis,
the median variant allele frequency (VAF) of JAK2 was 22.9%. Notably,
patients with a JAK2 VAF above the median (22.9%) value had a signif-
icantly higher SS (p=0.02) (Figure 1E) and, as expected, a higher grade
of BM fibrosis (p=0.003). Among the other non-driver genes, TET2 mu-
tations, occurring in 3 (5.9%) patients, showed a trend toward a higher
SS (38.0 kPa vs. 25.2 kPa, respectively; p=0.118).

Conclusions. SS emerges as a non-invasive tool that may reflect the
grade of BM fibrosis and the disease burden according to blood count
parameters as well as to the JAK2 VAF value.

P34

AGE-RELATED DNA DAMAGE RESPONSE (DDR) IN
HEMATOPOIETIC STEM CELLS FROM CHRONIC MYELOID
LEUKAEMIA PATIENTS WHO ATTEMPTED TKI DISCONTINUATION

C. Manfroni1, G. Arosio1, M. Mauri1, M. Villa1, G. Giudici2, S. Bombelli1,
B. Manghisi3, E. Inzoli3, R. Perego1, L. Mologni,1 C. Gambacorti-
Passerini1,3

1Department of Medicine and Surgery, University of Milano-Bicocca,
Monza, Italy; 2Tettamanti Research Center, Pediatric Clinic, San Ger-
ardo Hospital, Monza, Italy; 3Hematology and Clinical Research Unit,
San Gerardo Hospital, Monza, Italy

Chronic Myeloid Leukemia (CML) is a myeloproliferative disease
caused by the 9;22 chromosomal translocation which leads to the for-
mation of the chimeric kinase BCR-ABL. The introduction of imatinib
and other tyrosine kinase inhibitors (TKI) allowed excellent control of
the disease in the majority of patients. In a number of patients, after a
prolonged treatment, Ph+ cells become undetectable or below 10-4, thus
allowing a TKI discontinuation attempt. However, about half of CML
patients experience a molecular relapse, which in 80% of cases occurs
within 6 months from interruption, and need to resume treatment. There
is currently no marker to predict the outcome of discontinuation.

Previous studies have shown that age can predict relapse after TKI
discontinuation. We hypothesized that this may be linked to the DDR
phenotype of leukemic stem cells (LSCs). We aimed to analyze the DDR
status of LSCs, measured at diagnosis, in CML patients who attempted
TKI discontinuation, and correlated it with treatment-free remission
(TFR) duration. CD26 has been proposed as a marker of CML LSCs.
We sorted LSCs (CD45+CD34+CD38-CD26+) and normal HSCs
(CD45+CD34+CD38-CD26-) from bone marrow samples obtained at
diagnosis in 27 CP-CML patients who later discontinued TKI (imatinib,
n=15; other TKIs, n=12). The analysis of DDR phenotype was performed
by γH2AX immunofluorescence at confocal microscope. Clinical and
molecular data were correlated with discontinuation outcome. CD26
staining correctly identified Ph+ cells within CD34+CD38- cells (Figure
1). We found that DDR in the CD34+CD38- population correlates with
patients’ age (p=0.05) and that CD26+ LSCs present greater DDR com-
pared to normal CD26- stem cells (117±48.9 vs 48.8±19.9; p<0.0001).
A correlation was also found between DDR at diagnoses and the outcome
of TKI discontinuation, which identifies patients in durable TFR as those
with less DNA damage at onset (72.2±32.4 vs 107.6±18; p=0.034). An-
other interesting finding of this study was the duration of molecular re-
mission before the discontinuation: in fact, it was clear that the longer
the duration of deep molecular remission, the lower the probability of
relapse after the TKI discontinuation (p=0.026). We identified DDR and
duration of remission as potential biomarkers of relapse in CML patients
after TKI discontinuation. Our data also indicate that CML LSCs possess
a more pronounced DDR phenotype compared to normal HSCs. These
results need to be validated in a larger cohort of patients.
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CLINICAL FEATURES AT ONSET AND DURING FOLLOW-UP IN
PATIENTS WITH ESSENTIAL THROMBOCYTHEMIA AND JAK2-
V617F ALLELE BURDEN ≤ 10%

A. Di Veroli1, I. Carmosino2, A. Sorrentino3, G. Colafigli2, 
C. De Gregoris1, E. Scalzulli2, S. Pepe2, F. Natoni3, M.G. D’Errigo4,
A. Fiorini1, C. Ditto1, G. Maestrini2, C. Mammì4, P. Cercola3, 
G. Pessina3, R. Latagliata1, M. Breccia2

1UOCEmatologia -ASLViterbo–OspedaleBelcolle,Viterbo, 2Ematolo-
gia,DipartimentodiMedicinadiPrecisioneeTranslazionale–Policlin-
ico Umberto I – Università Sapienza, Roma, 3Laboratorio di Genetica
Medica – ASL Viterbo – Ospedale Belcolle, Viterbo, 4UOSD Genetica
Medica - Grande Ospedale Metropolitano Bianchi Melacrino Morelli,
Reggio Calabria, Italy

Essential Thrombocythemia (ET) cases with JAK2-V617F mutation
(JAK2+) are generally characterized at diagnosis by a low allele burden
(< 50%): however, it is relatively common to diagnose patients with ET
JAK2+ and a very low allele burden (≤ 10%). We evaluate the rate and
the clinical features of ET JAK2+ patients with very low allele burden
(≤ 10%) at diagnosis and we correlate it with major events in the follow-
up compared to ET JAK-2+ patients with a relatively higher allele bur-
den. A whole cohort of 222 patients with ET JAK2+ according to WHO
2016 criteria and with an available allele burden measurement behind 2
years from diagnosis in 2 different hematologic Centers was analysed.
Allele burden was assessed in granulocyte DNA by quantitative poly-
merase chain reaction–based allelic discrimination assay. Patients were
divided in 2 groups, based on a 10% threshold of JAK2-V617F allele
burden. Eighty-four patients (37.8%) were allocated in the very-low al-
lele burden group (≤10AB) and 138 (62.2%) in the higher allele burden
group (>10AB). The main clinical features at diagnosis of the whole co-
hort and according to allele burden are reported in the table: no statisti-
cally significant differences were observed between the 2 groups. After
a median follow-up observation of 57.2 months (IQR 33.7 – 85.7), 26
thrombotic events (11.7%) occurred in the whole cohort [8/84 (9.5%) in
the ≤10AB groupvs18/138 (13.0%) in the >10AB group, p=0.429]. Evo-
lution in a myelofibrotic phase was observed in 3 patients (1.4%) of the
whole cohort, [1/84 (1.2%) in the ≤10AB group vs 2/138 (1.4%) in the
>10AB group, p=0.844]: moreover, in the whole cohort 4 patients (1.8%)
developed a blastic phase, all in the >10AB group [4/138 (2.9%)] but
without a statistically significant difference (p=0.109). At the last fol-
low-up, 5 patients died in the whole cohort, with a 5-year and a 10-year
overall survival (OS) of 97.0% (95%CI 94.1 – 99.8) and 93.9% (95%CI
87.3 – 98.6), respectively, without differences between the 2 groups
(p=0.398). The presence of a very low allele burden at diagnosis in pa-
tients with ET JAK2+ does not seem to correlate with any specific phe-
notypic feature compared to ET cases with higher allele burden.
Furthermore, a very low allele burden is irrelevant in predicting throm-
botic episodes, myelofibrotic transformation and OS: some suggestion
could be raised as to a lower incidence of blastic evolution in ET patients
with very low allele burden, but a larger cohort and further analyses are
needed to highlight this issue.

Table 1. Clinical features at diagnosis in the whole cohort and according to allele burden.
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IMPACT OF RUXOLITINIB ON THE MANAGEMENT OF POLY-
CYTHEMIA VERA: A COLLABORATIVE RETROSPECTIVE
STUDY BY PH-NEGATIVE MPN LATIAL GROUP

S. Pepe1, E. Rossi2, M. Trawinska3, C. Tatarelli4, A. Di Veroli5, 
L. Maurillo6, A. Romano7, S. Leonetti Crescenzi8, 
T. Caravita di Toritto9, A. Tafuri4, R. Latagliata5, A. Andriani10, 
V. De Stefano2, M. Brecci1

1Hematology,Az.PoliclinicoUmbertoI,SapienzaUniversity; 2Hematology,
Catholic University, “A. Gemelli” Hospital; 3Hematology, Sant’Eugenio
Hospital; 4Hematology,Sant’AndreaUniversityHospital,SapienzaUniver-
sity; 5Hematology,BelcolleHospital; 6Hematology,TorVergataUniversity;
7Hematology, IFO, Regina Elena National Cancer Institute; 8Hematology,
SanGiovanniHospital; 9Hematology,ASLROMA1,SantoSpiritoHospital;
10 Hematology,FabrizioSpazianiHospital

Ruxolitinib (RUXO) is a JAK1/2 inhibitor that demonstrated its effi-
cacy in patients (pts) affected by Polycythemia Vera (PV) after resistance
and/or intolerance to conventional treatments. We report the experience
of Latial group with the aim to analyse efficacy and safety of RUXO
second line in PV patients. Eighty-three pts started RUXO after a median
time of 8.3 years (range 0.7-29.7) from diagnosis of PV due to intoler-
ance (53%) or resistance (47%) to previous therapy. Median age was 70
years (range 31-87). Starting dose of RUXO was 10 mg BID for 78
(94%) pts, 5 mg BID for 5 (6%) pts. The median duration of RUXO ex-
posure was 21.9 months (range 1.2-48.6). Median haematocrit (Ht) level
significantly decreased from start of therapy 46%) compared to 3 months
(41.2%, p=0.002), 12 (39.9%; p=0.004) and 24-months (39%, p=0.019)
during RUXO treatment. Phlebotomy need significantly decreased from
baseline (36%) to 3 months of treatment (4%) (p<0.001). WBC count
was significantly reduced from baseline to 3-month time point (p=0.003)
whereas no significant difference was observed regarding median
platelets value or splenomegaly. Constitutional symptoms decreased
from 30% at baseline to 3% at 3-month follow-up (p<0.001). No deaths
were reported during treatment. Dose reduction occurred in 32 (39%)
pts at least once: the majority (66%) occurred within the first year of
treatment. Five (5%) pts permanently discontinued RUXO after a median
time of 4.7 months (range 0.5-17.3) due to intolerance (80%) or resis-
tance (20%). Nine infectious episodes of grade ≤3 were documented in
8 (10%) pts after a median time of 7.6 months (range 0.8-40.6): 3 bron-
chitis, 2 cystitis, and 3 viral reactivation (1 HSV1, 2 HZV). Four (5%)
pts experienced thrombotic events (2 deep vein thrombosis, 1 splenic
vein thrombosis) and an acute myocardial infarction after a median time
of 9.1 months (range 4.6-21.1). Mild bleeding events were reported in
6% of the cohort after a median time of 10.5 months (range 5.3-27.5).
After a median time of 18.8 months (range 5.2-32.8), 4/83 (5%) pts
evolved to secondary myelofibrosis. Five cases of secondary primary
malignancy (1 prostate, 1 bladder, 2 non-melanoma skin cancer, 1 laryn-
geal) occurred after RUXO-start median time of 17.1 months (range
14.9-24.0). None of 83 pts developed a lymphoproliferative disorder. In
conclusion, our results confirmed the efficacy and safety profile of
RUXO in PV pts outside of clinical trial. 
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HIGH MOLECULAR RISK MUTATIONS ARE ASSOCIATED WITH
CLINICAL RESPONSE AND OUTCOME IN INTERMEDIATE-1
RISK MYELOFIBROSIS PATIENTS TREATED WITH 
RUXOLITINIB

F. Palandri1, D. Bartoletti1,2, M. Bonifacio3, A. Iurlo4, G. Benevolo5, 
E.M. Elli6, G. Auteri1,2, E. Beggiato7, A. Tieghi8, M. Crugnola9, C. Bosi10,
E. Ottaviani1, G. Caocci11, N. Polverelli12, F. Cavazzini13, M. Tiribelli14,
N. Pugliese15, G. Binotto16, A. Isidori17, R.M. Lemoli18,19, D. Cilloni20,21,
B. Martino22, E. Abruzzese23, M. Bocchia24, R. Latagliata25, M. Cavo1,2,
N. Vianelli1, M. Breccia26, G.A. Palumbo27

1IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto di
Ematologia “Seràgnoli”; 2Dipartimento di Medicina Specialistica, Di-
agnostica e Sperimentale, Università di Bologna; 3A.O.U. Integrata
Verona; 4Foundation IRCCS Ca’Granda, Ospedale Maggiore Policlin-
ico; 5A.O.U. Città della Salute e della Scienza; 6Ospedale San Gerardo,
ASST Monza; 7Dipartimento di Oncologia, Università di Torino;
8Azienda USL- IRCCS di Reggio Emilia; 9Azienda Ospedaliero-Univer-
sitaria di Parma; 10AUSLdi Piacenza; 11Polo oncologico “A. Businco”,
Università degli studi di Cagliari; 12ASST Spedali Civili di Brescia;
13A.O.U. Arcispedale S. Anna; 14A.O.U. Integrata di Udine; 15Diparti-
mento di Medicina clinica e Chirurgia, Università degli Studi di Napoli
Federico II; 16A.O.U. di Padova; 17A.O. Ospedali Riuniti Marche Nord
AORMN), A.O. San Salvatore; 18IRCCS Policlinico San Martino; 19Di-
partimento di Medicina interna e Specialità mediche, Università di Gen-
ova; 20AOU San Luigi Gonzaga; 21A.O. Ordine Mauriziano di Torino;
22A.O.“BianchiMelacrinoMorelli”; 23OspedaleS.Eugenio,Università
TorVergata; 24PoliclinicoS.MariaalleScotte,AOUSenese; 25Ospedale
Belcolle; 26A.O.U.PoliclinicoUmberto I,UniversitàdegliStudidiRoma
“La Sapienza”; 27Dipartimento di Scienze Mediche, Chirurgiche e Tec-
nologie Avanzate “G.F. Ingrassia”, Università di Catania, Italy

Ruxolitinib (RUX) is widely used in patients with myelofibrosis (MF)
at intermediate (int)-1 risk. However, information on the impact of high
molecular risk (HMR) mutations on response and outcome is scant. After
IRB approval, the “RUX-MF” retrospective study collected 742 RUX-
treated MF pts in 25 Hematology Centers. Overall, 363 (48.9%) pts re-
ceived RUX while at int-1 risk according to DIPSS (primary MF, PMF)
or to MYSEC-PM (secondary MF, SMF). In 68 int-1 pts, HMR status
was evaluated by next generation sequencing (NGS) at RUX start and
was correlated with treatment success and outcome. Spleen (SR) and
symptoms (SyR) response were evaluated according to IWG-MRT cri-
teria. 

Figure 1.

Outcomes were estimated from RUX start to death/RUX
stop/leukemic transformation (LT) or last contact (log-rank p). Charac-
teristics of the 68 int-1 MF pts at RUX start were: median age 66.2y (24-
83); males 55.9%; PMF 42.7%; JAK2, CALR and MPL mutated: 75%,
23.5% and 0 (1.5% triple negative); spleen length >10 cm: 39.7%; TSS
≥20: 60.3%; starting/cumulative RUX dose >10mg BID: 73.1%/55.9%.
≥1 HMR was detected in 30 pts (44.1%) (≥2HMR in 7 pts). Specifically,
ASXL-1 was found in 26 pts, IDH1 in 1, IDH2 in 2, SRSF2 in 4 and
EZH2 in 5. SRSF2 mutations were detected only in PMF (p=0.02); dis-
tributions of the other HMR mutations were comparable in PMF and
SMF. HMR pts started RUX more frequently with large spleen (p=0.04)
compared to no-HMR pts. At 3 and 6 mos, 33.9% and 36.1% of pts
achieved a SR, while 67.2% and 72.4% were in SyR, respectively. SR
was less frequently achieved by HMR pts at 3 (20% vs 45.7%, p=0.03)
and 6 mos (22.2% vs 47.1%, p=0.04). SyR was not influenced by HMR
status. PLT count at 3 and 6 mos was >50 x109/l in all cases but two. At
6 months, Hb more frequently decreased <10 g/dL in HMR transfusion
independent pts compared to no-HMR (p=0.05). After a median RUX
exposure of 2.3 y (0.1-7.7), 35 (51.5%) pts stopped RUX, 4 (5.9%) had
a LT and 21 (30.3%) died. In HMR pts, RUX stop (53.3% vs 22.4% at
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3y, p=0.002) and LT (12.7%vs0 at 3y, p=0.03) were significantly higher.
Overall survival was also significantly shorter for HMR pts (log-rank
p=0.01) (Figure 1). In int-1 pts, presence of HMR mutations at RUX
start is associated with lower responses, increased risk of LT and worse
survival. HMR evaluation is crucial for personalized management of
these pts.
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MYELOPROLIFERATIVE NEOPLASMS AND SPLANCHNIC
VEIN THROMBOSIS: CLINICAL AND MOLECULAR FEATURES.
A SINGLE-CENTER COHORT STUDY

D. Cattaneo1, C. Bucelli1, M. Oldini1, E. Barozzi1, P. Bianchi1, 
S. Fabris1, U. Gianelli2,3, A. Iurlo1

1Hematology Division, Foundation IRCCS Ca’Granda Ospedale Mag-
giore Policlinico, Milan, Italy; 2Department of Pathophysiology and
Transplantation, University of Milan, Milan, Italy; 3Division of Pathol-
ogy, Foundation IRCCS Ca’ Granda Ospedale Maggiore Policlinico,
Milan, Italy

Venous thromboses account for approximately 30-40% of vascular
complications in MPN, also involving the splanchnic circulation (SVT)
with a prevalence of 1-23%. Here, we reported a consecutive single-cen-
ter series of 54 MPN patients (pts), who developed an SVT at diagnosis
or during follow-up between 1979 and 2020. 

Table 1. Characteristics of the patients.

Abbreviations: MPN, myeloproliferative neoplasm; PV, polycythemia vera; ET, essential thrombocythemia; PMF, primary mye-
lofibrosis; MPN-U, myeloproliferative neoplasm, unclassifiable; PPV-MF, post-PV myelofibrosis; PET-MF, post-ET myelofibrosis;
HMR, high molecular risk; AML, acute myeloid leukemia; SVT, splanchnic vein thrombosis; PVT, portal vein thrombosis; BCS,
Budd-Chiari syndrome; AMI, acute myocardial infarction; CVT, cerebral vein thrombosis; PE, pulmonary embolism.

We identified 13% of PV, 16.7% of ET, 44.4% of MF, and 25.9% of
MPN-U. Most of the cases (83.3%) bear a JAK2V617F mutation,
whereas seven (13%) pts were characterized by other molecular markers,

i.e., MPL in four and CALR mutations in three cases. The remaining two
(3.7%) pts were defined as triple-negative. NGS was performed in 17
(31.5%) cases: the most frequent mutations were found in TET2 (35.3%)
and DNMT3A (23.5%) genes, whereas seven (41.2%) pts had no addi-
tional mutation. At the time of SVT onset, active antiplatelet therapy was
documented in 18.5% of the cases. Among the 16 (29.6%) pts who suf-
fered from SVT during follow-up, cytoreduction was already on-going
in 56.3% of the cases, whereas it was then started in all but 16 pts, mainly
due to a normal blood cells count. Anticoagulants were started in 43
(79.6%) pts, including ten (18.5%) cases treated with DOACs. After a
median follow-up from MPN diagnosis of 8.3 years, nine (16.7%) deaths
were recorded: it was due to leukemic transformation in five pts, hem-
orrhages in three and infections in the remaining patient. 38.9% of the
pts suffered from recurrent vascular events, either involving the arterial
(13%) or the venous district (25.9%), with 10 (18.5%) pts experiencing
a recurrent SVT. In the present study MPN-U seems to represent a dis-
tinct clinical entity when compared to other MPN subtypes, as SVT was
the initial manifestation in all these cases. Interestingly, during follow-
up none of these pts developed clinical features which enabled physicians
to re-classify them among one of the classical MPN. Being aware of its
limitations, our study confirm that SVT associated with MPN-U repre-
sents a more indolent disease as compared with full-diagnosed MPN.
Notably, all leukemic evolutions were reported among MF pts after a
median follow-up of 15.6 years. Furthermore, our preliminary data sup-
port the use of NGS analysis in MPN-related SVT management as it can
provide useful diagnostic and prognostic information. However, more
than one third of our pts developed recurrent vascular events, confirming
the limited efficacy of conventional therapeutic approaches. Updated re-
sults will be presented.
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PNH CLONES PREVALENCE STUDY IN PH-NEGATIVE MYELO-
PROLIFERATIVE DISORDERS

A. D’Addio1, M. Rondoni1, M. Salvucci1, M. Bonifacio2, I. Tanasi2, 
O. Perbellini3, G. Carli3, P. Tosi4, S. Tomassetti4, G. Poletti5, E. Massari5, 
M. Rosetti5, E. Fabbri6, C. Zingaretti7, M. Krampera2, F. Lanza1

1U.O.C. di Ematologia,Azienda Unità Sanitaria Locale della Romagna;
2Department of Medicine, Section of Hematology University of Verona;
3ULSS8Berica, Ospedale San Bortolo, 4U.O Ematologia, Azienda Unità
Sanitaria Locale della Romagna; 5U.O. Patologia Clinica, Laboratorio
Unico AUSL Romagna; 6S.S. Ricerca Clinica e Organizzativa, AUSL
della Romagna 7IRCCS Istituto Romagnolo per lo Studio dei Tumori
“Dino Amadori” - IRST S.r.l, Meldola (FC)

Background: Myeloproliferative neoplasms (MPN) are clonal diseases
that confer an increased risk of thrombotic events. Paroxysmal nocturnal
hemoglobinuria (PNH) is a rare clonal disease associated with an in-
creased thrombotic risk. The prevalence of PNH clones is little investi-
gated in MPN patients. Early identification of PNH clones may play a
role in the etiology of thrombotic event and may provide insights on the
pathogenesis and new therapeutic approach.

Objective: The aim of this multicentric study, started in 2017, was to
evaluate the prevalence of PNH clones (GPI lacking) in MPN PH nega-
tive patients with or without JAK-2, MPL or CARL mutations with
hemolytic signs.

Methods: All the participating centers performed the diagnostic test
by using a single lyophilized template for granulocytes and monocytes
consisting of FLAER-Alexafluor488/CD157-PE/CD64-PC7/CD15-
PC5/CD45-PB and a single lyophilized template for erythrocytes con-
sisting of CD235a-FITC/CD59-PE/CD45-APC. Specific calibration
beads were provided to standardize the method.

Results: Ninenty-three patients were included in the study, fourty-
seven males and fourthy-six females. Median age was 69 years. Anemia,
LDH elevation, asthenia and history of thrombosis were considered as
major clinical signs and symptoms that may suggest the presence of PNH
clone. The prevalence of PNH positive clones was 3.23% (three pa-
tients). All three patients had splenomegaly at the time of study enroll-
ment; none of them had thrombosis at the time of PNH suspicion. One

 

 Patients n. 54 
Male/female 24/30 
Age at MPN diagnosis (years), median (range) 47 (18-78) 
MPN subtype, n (%) 
     - PV 
     - ET 
     - pre-PMF 
     - overt PMF 
     - MPN-U 
     - PPV-MF 
     - PET-MF 

 
7 (13) 
9 (16.7) 
15 (27.7) 
4 (7.4) 
14 (25.9) 
2 (3.7) 
3 (5.6) 

Molecular status, n (%) 
     - JAK2 mutated 
          - JAK2 allele burden (%), median (range) 
          - JAK2 allele burden >50%, n (%) 
     - CALR mutated 
     - MPL mutated 
     - triple-negative 

 
45 (83.3) 
27.3 (3.8-97) 
12 (22.2) 
3 (5.6) 
4 (7.4) 
2 (3.7) 

NGS, n (%) 
     Wild-type 
     HMR 
     DNMT3A 
     TET2 
     TP53 
     Others 

 
7 (41.2) 
3 (17.6) 
4 (23.5) 
6 (35.3) 
1 (5.9) 
2 (11.8) 

Cytogenetic abnormalities, n (%) 4 (7.4) 
Thrombophilia abnormalities, n (%) 18 (33.3) 
Follow-up from MPN diagnosis (years), median (range) 8.3 (0.4-41.1) 
Death, n (%) 
     - AML evolution, n (%) 
     - Hemorrhagic complications, n (%) 
     - Infections, n (%) 

9 (16.7) 
5 (9.3) 
3 (5.6) 
1 (1.8) 

Type of SVT, n (%) 
     - PVT 
     - portal and splenic vein thrombosis 
     - portal and mesenteric vein thrombosis 
     - portal, splenic, and mesenteric vein thrombosis 
     - splenic vein thrombosis 
     - mesenteric vein thrombosis 
     - BCS 

 
18 (33.3) 
11 (20.4) 
5 (9.3) 
8 (14.8) 
4 (7.4) 
1 (1.8) 
7 (13) 

Age at SVT diagnosis (years), median (range) 46 (20-78) 
Follow-up from SVT diagnosis (years), median (range) 7.0 (0.6-42) 
Recurrence of SVT, n (%) 10 (18.5) 
Esophageal varices, n (%) 25 (46.3) 
Bleeding from varices, n (%) 9 (16.7) 
Other thrombotic complications after SVT, n (%) 
     - arterial thrombosis 
          - AMI 
          - ischemic stroke 
          - others 
     - venous thrombosis 
          - CVT 
          - PE 
         - others 

11 (20.4) 
7 (13) 
4 (7.4) 
2 (3.7) 
1 (1.8) 
4 (7.4) 
2 (3.7) 
1 (1.8) 
1 (1.8) 

Bleeding events (excluding variceal ones), n (%) 6 (11.1) 
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patient affected by CALR positive essential thrombocytopenia, had a
small clone (0.52%), clinically irrelevant; one patient affected by JAK-
2 V617F- positive myelofibrosis showed a PNH clone of 89.8%, severe
anemia and hemoglobinuria and started eculizumab therapy; the third
patient affected by CALR positive myelofibrosis showed a PNH clone
of 92.6% but without severe anemia and breakthrough hemolysis and
eculizumab therapy hasn’t started yet.

Conclusion: These data show a prevalence of PNH clones in PH neg-
ative MPN patients around 3%. We found association with CALR mu-
tation and JAK-2 V617F mutation and PNH positive clones suggesting
that the worsening of malignant process may be bridged by the acquisi-
tion of multiple genetic mutations. Furthermore the concurrence of PIG-
A mutations with genetic mutations such as JAK2 and CALR may lead
to more accurate diagnosis, pathogenic understanding of disease process
and development of targeted therapies.
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JAK2 NEGATIVE ERYTHROCYTOSIS ASSOCIATED WITH JAK2
GGCC_46/1 HAPLOTYPE, CALR RS1049481_G, AND NOR-
MAL ERYTHROPOIETIN LEVEL: IS THIS A NEW ENTITY?

A. Zagaria1, F. Tarantini1, L. Anelli1, P. Orsini1, A. Minervini1, 
N. Coccaro1, E. Parciante1, C.F. Minervini1, C. Cumbo1, G. Tota1, 
L. Impera1, M.R. Conserva1, I. Redavid1, A. Ricco1, I. Attolico1, 
C. Presicce1, G. Specchia2, P. Musto1, F. Albano1

1DepartmentofEmergencyandOrganTransplantationD.E.T.O.-Hema-
tology and Stem cell Transplantation Unit - University of Bari - Bari,
Italy; 2School of Medicine, University of Bari “Aldo Moro”, Bari, Italy

The JAK2 haplotype known as “GGCC or 46/1 haplotype” consists
of a germline combination of single nucleotide polymorphisms (SNPs)
that are inherited together and are frequently associated with the onset
of myeloproliferative neoplasms positive for JAK2 mutations. It has been
reported a significant association between JAK2 negative erythrocytosis
and the simultaneous occurrence of JAK2 haplotype and CALR
rs1049481_G allele. In the present study, we investigated the presence
of JAK2 haplotype and CALR rs1049481_G allele in a more extensive
series of erythrocytosis patients and evaluated a possible correlation with
serum erythropoietin (EPO) level. Seventy erythrocytosis patients neg-
ative for canonical JAK2 mutations and secondary causes were analyzed.
The occurrence of the JAK2 haplotype and of SNP rs1049481 in the
CALR gene was investigated by PCR, followed by Sanger sequencing.
In silico data from 2504 healthy individuals of the 1000G Project
(1000G) were used as a control group. Forty-seven (67.1%) and 23
(32.9%) cases resulted in being positive and negative for the JAK2 hap-
lotype, respectively. The JAK2 haplotype occurred to be associated with
erythrocytosis as a statistically significant difference in frequency was
detected as respect to 2504 healthy individuals from the 1000G Project
(p<0.0001). The association was also demonstrated in terms of allelic
frequency (p=0.0010) and genotype distribution (p=0.0003). Regarding
CALR rs1049481 SNP, a significant difference in the rs1049481_G al-
lelic rate was confirmed in our cohort compared to 1000G controls
(p=0.0352). Based on the EPO level, erythrocytosis patients were divided
into two groups: normal (58 cases) or subnormal (12 cases). Interestingly,
the simultaneous presence of JAK2 haplotype and CALR rs1049481_G
was statistically significantly associated with the erythrocytosis group
showing normal EPO (p<0.0001). This study suggests that the JAK2
haplotype and the presence of the CALR rs1049481_G allele were sig-
nificantly associated with erythrocytosis cases, negative for JAK2 mu-
tations. Moreover, patients showing two major WHO 2016 diagnostic
criteria (erythrocytosis and panmyelosis) without JAK2 mutations and
with normal EPO levels can benefit from the search for germline poly-
morphisms combination in JAK2 and CALR driver genes for a better di-
agnostic classification. Therefore, the presence of these polymorphisms
could represent a novel minor criterion for the diagnosis of “JAK2 neg-
ative PV”.

Lymphomas 2
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THE ROLE OF END OF TREATMENT-PET CT EVALUATED BY
DEAUVILLE FIVE-POINT SCALE AS PROGNOSTIC TOOL IN
HODGKIN LYMPHOMA

M.L. De Luca1,2, G.M. Assanto2, A. Chiaravalloti3,4, R. Agrippino2, 
G. La Pietra2, G. Annechåini2, G.M. D’Elia2, O. Schillaci3, M. Martelli2,
A. Pulsoni2

1Azienda USL Toscana Centro Nuovo Ospedale San Giovanni di Dio; 2

Hematology division Department of Translational and Precision
MedicineSapienzaUniversity; 3DepartmentofBiomedicineandPreven-
tion Nuclear Medicine University Tor Vergata; 4IRCCS Neuromed

Introduction: Positron Emission Tomography Computed Tomography
(PET CT) is crucial in staging and response assessment in Hodgkin lym-
phoma (HL). Interim-PET CT (I-PET CT) allows a first patients strati-
fication and customize treatment continuation. Deauville Score (DS) has
been developed for I-PET CT interpretation to reduce inter-operator vari-
ability [1,2]. End of treatment (EoT) PET CT showed superiority to stan-
dard CT in evaluating residual disease. In clinical practice it is used to
assess absence or presence of metabolic residual disease, lacking scien-
tific evidence of a correlation between specific DS and prognosis [3].
Our study aimed to analyze EoT PET CT response to demonstrate a pos-
sible prognostic correlation between DS and patient prognosis in terms
of Relapse Free Survival (RFS) and Overall Survival (OS).

Methods: We conducted a monocentric retrospective study in patients
with Classic HL, consecutively treated with ABVD between 2007 and
2018 with at least 1 year of follow-up and with favourable I-PET CT
(DS1-3). EoT and I-PET CT images were submitted to blind central re-
vision and DS assessment. Different values of DS at EoT PET CT were
compared in terms of RFS. Survival analysis was performed by Kaplan-
Meier curves and Log-Rank test. Statistical significance was considered
for values of p <0.05.

Results: PET CT images of 78 patients were centrally reviewed. All
patients are currently alive (OS=100%). After a median follow-up of 60
months (range 17-139) 17 patients (21%) had disease recurrence, with
RFS of 60% at 104 months (median not reached). The median time to
relapse was 8 months (range 3-39). Patients with EoT DS1 (56 cases)
showed a 83% RFS at 100 months (median not reached). Median RFS
worsened for higher DS: 77 months for DS2 (12 cases), 2 months for
DS3 (2 cases), 26 months for DS 4 (3 cases), and 14 months for DS5 (p
<0.001) [Fig. 1]. There was a longer time frame to relapse in DS1/2 com-
pared to DS≥3 (median time of 34 and 4 months respectively). Compar-
ing I-PET DS with EoT PET DS, higher RFS was observed in stable or
reduced metabolic activity, unlike worsened DS indicates increased risk
of relapse (p <0.001).

Conclusion: Our study suggests that a systematic evaluation of EoT
PET according to DS allows more accurate identification of patients with
an unsatisfactory metabolic response and a better prognostic stratifica-
tion. The joint evaluation of the I-PET and EoT PET show a higher risk
of recurrence in case of increased DS.

Figure 1.
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MIR-22 A SERUM PREDICTOR OF OUTCOME AND TREATMENT
RESPONSE IN DIFFUSE LARGE B-CELL LYMPHOMA 
PATIENTS

F. Marchesi1, F. Rinaldi1, F. Palombi1, A. Pelosi2, A.L. Di Pace2, 
O. Annibali3, V. Tomarchio3, M. Marino1, M. Cantonetti4, 
S. Vaccarini4, E. Papa1, L. Moretta2, F. Bertoni5, A. Mengarelli1, 
G. Regazzo1, M.G. Rizzo1

1IRCCSReginaElenaNationalCancer Institute; 2. IRCCSBambinoGesù
Children’s Hospital; 3University Campus Bio-Medico; 4 Policlinico Tor
Vergata PTVFoundation; 5 Oncology Institute of Southern Switzerland

The available prognostic tools for patients with DLBCL are not able
to identify all the patients refractory to R-CHOP. Liquid biopsies facili-
tate serial sampling and dynamic patients monitoring. MiRNAs are pre-
sent in body fluids in a highly stable form, making them interesting
candidates as biomarkers. We have previously performed a pilot study
on serum miRNAs profile in DLBCL patients, and found that serum
miR-22-3p was significantly correlated with PFS. In order to validate
the value of circulating miR-22 as reliable non-invasive biomarker and
investigate its biological function in DLBCL, we aimed: a) to analyze
serum miR-22 in an independent validation cohort of DLBCL patients;
b) to compare miR-22 expression in serum and matched tumor samples
and c) to assess its functional role in DLBCL pathogenesis and response
to R-CHOP. This is a multicentre prospective study on DLBCL patients
treated with R-CHOP. 

Figure 1.

miR-22 expression profile was evaluated by qRT-PCR in serum sam-
ples, in matched tissue samples and in six DLBCL cell lines and related
conditioned culture medium. Sensitivity to R-CHOP for each cell line
was evaluated determining RCHOP IC50 by cytotoxicity MTT assays
after 72h hours of treatment. HBL1 DLBCL cell line was transfected
with miR-22 mimic by electroporation, 24h hours post transfection cells
were plated and vital cells were counted at 24h, 48h and 72h hours. Our
data on 78 DLBCL patients (training + validation cohorts) show that pa-
tients with baseline higher serum miR-22 levels had a significant worse
clinical outcome in terms of 2-year PFS (p=0.001). Moreover, serum
miR-22 was differentially expressed in refractory patients compared to
responders (p=0.047). The comparison results of miR-22 expression in
serum and paired tumour samples indicate a significant and inverse cor-
relation (Spearman’s Rho: -0.469). Assessing miR-22 expression in ex-
tracellular (conditioned medium) and intracellular fraction of DLBCL
cell lines we observe that the value of extracellular to intracellular ratio
of miR-22 levels is directly correlated with the cell resistance to R-CHOP
treatment (Spearman’s Rho: 0.928). Moreover, a decreased proliferation
rate was found upon miR-22 overexpression in HBL1 cells (a cell line
with low miR-22 basal expression). Altogether the results of our study
suggest that miR-22 may represent a prognostic and predictive biomarker

in DLBCL, and may be involved in lymphoma pathogenesis and in
mechanisms of response to treatment.

P43

BRENTUXIMAB VEDOTIN (BV) FOLLOWED BY BENDAMUS-
TINE SUPERCHARGE (BS) FOR REFRACTORY OR RELAPSED
(R/R) CLASSICAL-HODGKIN LYMPHOMA (C-HL): 3-YEAR 
UPDATE OF THE BV+BS-21 STUDY

C. Giordano1, M. Picardi1, R. Della Pepa1, N. Pugliese1, M. Monteverde1,
G. Muccioli1, A. Salemme1, A. Leone1, K. Ferraro1, G. Scairati1, F. Pane1

1Department of Clinical Medicine and Surgery, Hematology Unit, Fed-
erico II University Medical School, Naples, Italy

Real-world experience in R/R c-HL has shown a gradual transition
from traditional cytotoxic agent-based treatment to selectively active
agent-based treatment. Clinical trials conducted to define the best part-
ner(s) that can synergize with Bv in R/R HLs present convincing evi-
dence that increasing dosage of bendamustine had good anticancer
activity with no dose-limiting toxicity, especially when Bv infusion was
followed by increasing doses of bendamustine (enhanced synergistic ef-
fect). We report here a prospective series of 34 patients (median age, 44
years; range, 23-59) receiving Bv+Bs-21 (Figure 1) for R/R c-HL during
the 2013-2021 period at the Hematology Unit of the Federico II Univer-
sity of Naples, whose clinical presentations were aggressive (>3 lines of
previous treatments in 75% of patients, primary refractory disease in
70% of patients, autologous HSCT failure in 35% of patients). Ten pa-
tients (29%) experienced grade ≥3 treatment-related adverse events con-
sisting of cytomegalovirus reactivation (median CMV-DNA, 1810
IU/mL; range, 620-170 000 IU/mL) with fever (successfully treated with
preemptive therapy with valganciclovir) in 7 cases and neutropenia in 3
cases, all resolved without requiring hospitalization. At post-Bv+Bs-21
re-evaluation, 100% of patients had deep metabolic responses (Deauville
scores ≤3) at FDG-PET/CT scans. Thereafter, 5 patients received two
additional courses of Bv+Bs-21, 7 patients received allogeneic HSCT,
and the remaining 22 patients received autologous HSCT. In this last
sub-group, for 12 patients PBSC were previously harvested after two
courses of Ifosfamide, Gemcitabine, Vinorelbine and Prednisolone; in
the remaining 10 cases PBSC were successfully collected after Bv+Bs-
21, with mobilization with G-CSF, vinorelbine-cyclophosphamide and/or
plerixafor regimen. The median peak value of CD34+ cells was on day
12 after mobilization treatment (median number CD34+ cells: 3.1 x 106
per kilogram of body weight; range 1.6-4.2 x 106). After HSCT, median
day of engraftment of neutrophils and platelets was recorded on day 11
(9-21 days) and day 12 (9-25 days), respectively. At a median follow-up
of 42 months (1-94 months) from Bv+Bs-21 regimen termination, the
estimated 3-year PFS of the entire population was 94% (95% confidence
interval, 84.4%-100%).

In conclusion, our clinical data indicate that bendamustine (an old and
low-cost cytotoxic agent) used in a new schedule modality (i.e., admin-
istered at increased dose and afterward the first-in-class antibody drug
conjugate targeting CD30), has highly synergistic activity in outpatient
salvage regimen against R/R HRS cells of patients aged <60 years.

Figure 1. Bv+BS -21 schedule and prophylactic treatment.
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ARGO, AUTOMATIC RECORD GENERATOR IN ONCOLOGY:
MULTICENTRIC VALIDATION OF A NEW TOOL FOR AUTO-
MATIC CONVERSION OF “REAL-LIFE” HEMOLYMPHOPATHOL-
OGY REPORTS IN STANDARDIZED ECRF

G.M. Zaccaria1, V. Colella2, S. Colucci2, F. Clemente1, M.C. Vegliante1,
A. Fama3, S. Ferrero4,5, R. Moia6, A. Di Rocco7, F.M. Quaglia8, 
V. Tabanelli9, A. Scattone10, L.A. Grieco2, S. Ciavarella1, A. Guarini1

1Hematology and Cell Therapy Unit, IRCCS Istituto Tumori ‘Giovanni
Paolo II’; 2Department of Electrical and Information Engineering, Po-
litecnico of Bari; 3Hematology, AUSL/IRCCS di Reggio Emilia; 4Divi-
sionofHematology 1,AOU“CittàdellaSaluteedellaScienzadiTorino”;
5Department of Molecular Biotechnologies and Health Sciences, Uni-
versity of Torino; 6Division of Hematology, Azienda Ospedaliero-Uni-
versitaria Maggiore della Carità di Novara; 7Unit of Hematology,
AziendaOspedaliero-UniversitariaPoliclinicoUmberto I; 8Department
of Medicine, Section of Hematology, University Verona; 9Division of Di-
agnostic Haematopathology, European Institute of Oncology, IRCCS;
10Pathology Department, IRCCS Istituto Tumori ‘Giovanni Paolo II’

Background: The unstructured nature of medical data from Real-
World (RW) patients and the scarce accessibility for researchers to inte-
grated systems restrain the use of RW information for clinical and
translational research purposes. Natural Language Processing (NLP)
might help in transposing unstructured reports in standardized electronic
case report forms (eCRFs). We aimed at designing a tool to capture
pathological features directly from hemo-lymphopathology reports and
automatically record them into eCRFs.

Figure 1.

Method: By Optical Character Recognition and NLP techniques, we
built up a tool, named ARGO (Automatic Record Generator for Oncol-
ogy), and measured its efficiency in recognizing unstructured informa-
tion from diagnostic paper-based reports of diffuse large B-cell
lymphomas (DLBCL), follicular lymphomas (FL), and mantle cell lym-
phomas (MCL). ARGO was programmed to match data with standard
diagnostic criteria, automatically assign diagnosis according to the In-
ternational Classification of Diseases 10th Revision (ICD10) and popu-
late eCRFs on the REDCap platform. A selection of 239 reports (n. 106
DLBCL, n. 79 FL, and n. 54 MCL) from the Pathology Unit at the
IRCCS – Istituto Tumori “Giovanni Paolo II” of Bari and of 93 external
reports (n. 49 DLBCL, n. 24 FL, and n. 20 MCL) from other six Italian
centers was used to assess ARGO performance in terms of accuracy (A),
precision (P), recall (R) and F1-score (F1).

Results: We successfully converted 326 (98.2%) paper-based reports
into structured eCRFs incorporating information about diagnosis and tis-
sue of origin of samples (lymph-node, extra-nodal, medullary, and pe-
ripheral blood), immunohistochemistry expression of major molecular

markers (MYC, BCL2, BCL6, CD10, CD20, Cyclin D1, and the quan-
titative assessment of Ki-67/MIB1 proliferation index) and DLBCL cell-
of-origin subtype [Hans et al., Blood, 2007]. Overall, ARGO showed
high performance (nearly 90% of A, P, R and F1 from 7/8 data fields an-
alyzed from internal and external series of reports) in capturing identifi-
cation report number, biopsy date, specimen type, diagnosis, and
additional molecular features (Figure 1A-H). Conclusions. We developed
and validated an easy-to-use tool that converts RW paper-based diagnos-
tic reports of major lymphoma subtypes into structured eCRFs. ARGO
is cheap, feasible, and easily transferable into the daily practice to gen-
erate REDCap-based eCRFs for clinical and translational research pur-
poses.
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PATTERN OF CARE IN INDOLENT NON-FOLLICULAR 
LYMPHOMA: A REPORT FROM NF10 PROJECT, AN
INTERNATIONAL, PROSPECTIVE, OBSERVATIONAL STUDY 
OF FONDAZIONE ITALIANA LINFOMI

N. Fabbri1, V. Tarantino2, L. Marcheselli3, S. Ferrero4,5, S. Rattotti6, 
M. Merli7, A. Ferrari8, S.V. Usai9, A. Tedeschi10, A. Pulsoni11, 
E. Cencini12, F. Re13, O. Perbellini14, M. Torresan Delamain15, M. Spina16,
O. Annibali17, N. Cenfra18, D. Mannina19, F. Cavallo4,5, A. Ferreri2, 
D. Marino20, G. Gaidano21, C. Stelitano22, C. Mannarella23, D. Ferrari24,
E. Pennese25, S. Luminari8,26*,  L. Arcaini1,6*
*equally contributed
1Department of Molecular Medicine, University of Pavia; 2Lymphoma
Unit, Istituto di Ricovero e Cura a Carattere Scientifico IRCCSSan Raf-
faeleScientific Institute; 3Fondazione ItalianaLinfomiOnlus; 4Division
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versityofTorino; 6DivisionofHematology,Fondazione IRCCSPoliclin-
icoSanMatteo; 7Hematology,UniversityHospital“OspedalediCircolo
e Fondazione Macchi”-ASST Sette Laghi, University of Insubria;
8HematologyUnit,AziendaUnitàSanitariaLocale-IRCCS; 9Divisionof
Hematology, Ospedale OncologicoArmando Businco; 10 Department of
Hematology, ASST Grande Ospedale Metropolitano Niguarda; 11De-
partment of Translational and Precision Medicine, Sapienza University
of Rome; 12Unit of Hematology, Azienda Ospedaliera Universitaria
Senese and University of Siena; 13Hematology and Bone Marrow Trans-
plant Center,Azienda Ospedaliera Universitaria di Parma; 14Advanced
Cellular Therapy Laboratory, Haematology Unit, Vicenza Hospital;
15Hemocentro-Unicamp, University of Campinas;16Division of Medical
OncologyandImmune-related tumors, IRCCSCentrodiRiferimentoOn-
cologicoCRO); 17UnitofHaematology,StemCellTransplantation,Cam-
pus Bio-Medico University Hospital; 18Hematology Unit, Santa Maria
Goretti Hospital, AUSL; 19Department of Hematology, Azienda Os-
pedaliera Papardo; 20 Department of Clinical and Experimental Oncol-
ogy, Medical Oncology 1, Veneto Institute of Oncology IOV-IRCCS;
21Division of Hematology, Department of Translational Medicine, Uni-
versity of Eastern Piedmont; 22UOC Ematologia, Grande Ospedale
Metropolitano Bianchi-Melacrino-Morelli; 23Hematology Unit,
Madonna delle Grazie Hospital; 24Division of Medical Oncology,
Azienda Ospedaliera San Paolo; 25Lymphoma Unit, Department of
Hematology, Ospedale Spirito Santo; 26Department CHIMOMO, Uni-
versity of Modena and Reggio Emilia, Italy 

Background: Indolent non follicular B-Cell Lymphomas (INFL) in-
clude small lymphocytic lymphoma (SLL), lymphoplasmacytic lym-
phomas (LPL) and marginal zone lymphomas of splenic (SMZL), nodal
(NMZL) and extranodal (ENMZL) subtypes. In 2010 the NF10 study
was started by the Fondazione Italiana Linfomi as a prospective registry
specifically devised for investigating the prognosis of this group of lym-
phomas.

Methods: The prospective enrollment of consecutive adult patients
with newly diagnosed INFL with no exclusion criteria was activated in
47 centers in Europe and South America.

Results: From July 2010 to January 2020, 1535 cases were registered
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and 1328 validated. One hundred thirty-six (10%) cases were SLL, 316
(24%) LPL, 95 (7%) CD5-low grade and 781 (59%) MZL, including
259 (19%) SMZL, 84 (6%) NMZL, 334 (25%) ENMZL or 104 (8%) dis-
seminated subtypes. Median age was 67 years (range 22-93), 54% of pa-
tients were males; Ann Arbor stage was III-IV in 82%; 11% had B
symptoms, 6% had ECOG performance status > 1, lactate dehydrogenase
and b2-microglobulin were elevated in 24% and 54% of cases, respec-
tively. Six percent of cases were HCV positive (HCV+ rate was 7.8%
among MZL cases). Regarding HBV infection, 14% of patients were
HBcAb-positive and 2% of patients were HBsAg-positive. Immediate
systemic therapy was planned in 50% of patients. SMZL, SLL and CD5-
low grade were the subtypes with the lower rates of immediate therapy
(48%, 47% and 14% respectively) whereas ENMZL were addressed to
systemic therapy in 63% of cases. When systemic therapy was prescribed
rituximab (R) was used in 85%. In 76% of patients R was combined to
cytotoxic therapy. Regarding immunochemotherapy regimens, R was
combined with bendamustine in 49%, alkylating agents in 34%, CHOP-
like in 13%, and fludarabine in 3%. With 43 months of median follow
up, 5-year progression free survival and overall survival (OS) were 61%
(95CI: 58-65) and 87% (95CI: 84-89) respectively; the initial choice of
deferring immediate therapy did not impact on OS.

Conclusions: We provide a complete report on the approach to patients
with INFL showing that immediate therapy is required in half of the
cases with a heterogeneous approach among INFL subtypes. The NF10
study confirms that a web-based world-wide cooperation allows the col-
lection of a relevant and complete data set, providing a platform for fu-
ture prognostic and pathobiological studies.
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IMPACT OF PRE TRANSPLANT SALVAGE THERAPIES ON OUT-
COME OF HODGKIN LYMPHOMA PATIENTS PERFORMING AL-
LOGENEIC TRANSPLANT

F. Fanelli1, R. Battistini1, E. Galli2, A. Proia1, V.M. Rapisarda3, 
A. Carpaneto1, F. Fatone2, M. Salvatori4, A. Zizzari3, G. La Pietra4, 
R. Secchi3, S. Hohaus2, M. Cantonetti3, A. Pulsoni4,  L. Rigacci1

1UOC Hematology and Stem Cell Transplantation, AO San Camillo
Forlanini, Roma; 2Hematology Unit, Policlinico Gemelli, Roma;
3UOC Hematology, AOU Policlinico Tor Vergata, Roma; 4Hematology
Unit, Department of Translational and Precision Medicine Sapienza
University of Rome, Roma, Italy

Allogeneic transplant is an effective salvage therapy in Hodgkin lym-
phoma (HL) patients relapsed or refractory to previous treatments. In re-
cent years immunotherapies (conjugated antibody and check point
inhibitors) showed interesting results and were used as bridge therapies
to allotransplant. The aim of this retrospective study in Lazio Region
was to evaluate the impact of this new therapies on allogeneic
hematopoietic stem cell transplantation (HSCT) outcome in comparison
with the standard chemotherapies used in the past. We selected all con-
secutive patients with diagnosis of HL transplanted in four Hematology
Transplant Unit and we collected data obtained from patients’ records
concerning all the treatments before HSCT. Forty-six patients were ob-
served, 40 patients performed salvage chemotherapy and autologous
stem cell transplant as consolidation therapy 6 were treated with standard
chemotherapy without transplant because of progressive disease. Sixteen
patients relapsed after transplant and 30 showed a progressive disease.
Therapies used as a bridge to HSCT were: Brentuximab Vedotin (BV)
in 22 patients, Nivolumab alone in 2, BV and Nivolumab in 11 and
chemotherapy in 11 patients. Response to these salvage therapies before
HSCT were: 19 complete remission, 6 partial remission, 12 stable disease
and 9 progressive disease. The transplant source was bone marrow in
19, peripheral stem cells in 25 and cord blood in 2 patients. Fiftheen pa-
tients experienced relapse after HSCT and 20 patients died: 7 for pro-
gressive disease, 8 due to infections and 5 due to acute or chronic GVHD
all in complete remission. After a median observation period from HSCT
of 32 months (range 0.3-144 months) the overall survival is 49% the

event free survival is 41% and the progression free survival is 54%. No
differences in overall survival were observed according to bridging ther-
apy. Analysing salvage treatments we observed no relapses in patients
treated with Nivolumab, 41% of relapse in patients treated with BV and
55% in patients treated with chemotherapy. The causes of deaths were
progressive disease or infections (79%) in patients treated with BV or
chemotherapy and GVH or infections (100%) in patients treated with
Nivolumab. In conclusion it seems that whatever the treatment used be-
fore HSCT results depend on the response obtained, check point in-
hibitors cancel relapse incidence but could increase the risk of GVH.
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CIRCULATING TUMOR DNA (CT-DNA) FOR MINIMAL RESID-
UAL DISEASE MONITORING THROUGH IMMUNOGLOBULIN
GENE REARRANGEMENTS IN PATIENTS WITH LYMPHOID
NEOPLASMS

R. Soscia1*, I. Della Starza1,2*, L.A. De Novi1, C. Ilari1, M. Ansuinelli1,
M. Cavalli1, S. Raponi1, L. Cafforio1, T. Bellissimo1, S. Chiaretti1, 
A. Di Rocco1, A. Guarini1,3, M. Martelli1, I. Del Giudice1, R. Foà1

*Equal contribution
1Hematology, Department of Translational and Precision Medicine,
“Sapienza” University; 2Fondazione GIMEMA Onlus; 3Department of
Molecular Medicine, “Sapienza” University, Italy

The ease of acquiring cell-free DNA (cfDNA) from peripheral blood
(PB) makes it an interesting tool for minimal residual disease (MRD)
assessment in patients with hematological malignancies. Several pre-an-
alytical factors must be solved, since the quantity and quality of extracted
cfDNA can significantly affect the sensitivity of MRD analysis. The
PreAmp system successfully increases the amount of the tumor fraction
of PB-derived cfDNA (ctDNA) at diagnosis, with a complete correspon-
dence between genomic DNA (gDNA) and ctDNA post-amplification
sequence analysis (Della Starza et al., SIES 2020). Here, we studied the
feasibility of MRD evaluation on ctDNA in acute lymphoblastic
leukemia (ALL), chronic lymphocytic leukemia (CLL) and diffuse large
B-cell lymphoma (DLBCL) samples by immunoglobulin gene rearrange-
ments (IGH) quantification. We screened by PCR the diagnostic gDNA
of 7 CLLs (PB), 4 ALLs (bone marrow) and 7 DLBCLs (lymph node)
to identify the disease-specific IGH rearrangement. The SsoAd-
vancedTM PreAmp Supermix (BioRad) was applied to all 18 diagnostic
ctDNA and 27 follow-up (FU) ctDNA samples (6 CLLs, 7 ALLs, 14 DL-
BCLs). All post-amplification products were sequenced for comparison
with gDNA and analyzed by ddPCR for quantification. The sequence of
all amplified products resulted superimposable to that of gDNA. The
amplification system allowed to detect ctDNA by ddPCR (otherwise not
detectable) that reached the gDNA levels of quantification. Of 6 CLL
FU samples, MRD on gDNA was positive in 1 case at 4E-03. MRD on
ctDNA of the same sample was quantified at 1E-02 and negative in the
other 5. In ALL FU samples, both gDNA and ctDNA were negative. At
diagnosis, ctDNA was positive in 5/7 DLBCL patients and gDNA in 4/7.
In 14 PB FU samples, either at interim and end of induction timepoints,
gDNA was always negative and ctDNA positive in 4/7. Interestingly, a
persistence of positive ctDNA with a gDNA negativity has been observed
in 2 of 3 DLBCL relapsed patients. The PreAmp system increases the
ctDNA amount, making the ddPCR MRD monitoring possible without
an analytical bias. The limitations of the IGH monitoring in DLBCL re-
sides in the low sensitivity of patient-specific primers. Thus, we are mov-
ing towards NGS approaches to identify the target and to monitor MRD,
in order to validate the predictive value of MRD monitoring in DLBCL
in a non-invasive manner on a larger cohort of patients.
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THE PROGNOSTIC SIGNIFICANCE OF MYC AND BCL2 
PROTEIN DOUBLE EXPRESSION IN PATIENTS WITH DIFFUSE
LARGE B-CELL LYMPHOMA, NOS, IN THE ABSENCE OF MYC
REARRANGEMENT

C. Fraenza1, R. Bernasconi1, A. Parisi1, M.C. Tisi2, M. Riva2, 
F. Moretta3, A. Brighenti3, I. Ferrarini1, I. Tanasi1, F.M. Quaglia1, 
M. Krampera1, C. Visco1

1Università degli Studi di Verona; 2Ospedale San Bortolo; 3IRCSS Os-
pedale Sacro Cuore Don Calabria, Italy

The revised 2016 WHO Classification distinguishes diffuse large B-
cell lymphoma, not otherwise specified (DLBCL, NOS) from high grade
B-cell Lymphomas (HG with MYC and BLC2 or BCL6 gene rearrange-
ment, or NOS) and other entities. DLBCLs NOS with MYC and BCL2
protein double-expression by immunohistochemistry, also known as dou-
ble expressor lymphomas (DEL), have been associated with a worse out-
come in all categories. However, unlike MYC rearranged cases, DEL
have been managed with standard R-CHOP when not associated with
HG features or gene rearrangements. In this retrospective observational
study we enrolled all consecutive patients with a diagnosis of DLBCL,
NOS, between 2013 and 2019 treated and followed-up at University of
Verona. Exclusion criteria were age >80, different treatment than R-
CHOP, transformation from indolent lymphoma, HG histology, and pres-
ence of MYC rearrangement. Expression of MYC and BCL2 proteins
was defined with standard cut-offs (MYC ≥ 40% and BCL2 ≥ 50%). One
hundred and ninety seven patients were included in the study. Median
age was 63 (22-80), 117 were males, and median follow up was 24
months (4-94). Progression free survival (PFS) at 2 years was 68% ± 4%
and overall survival was 77% ± 3%. Forty-nine patients (25%) were
DEL, and 86 (44%) had international prognostic index (IPI) 3 to 5. Mul-
tivariate analysis showed that the IPI of 3-5 (HR 2.56; 4.34-1.53), and
DEL (HR 2.77; 4.76-1.66) were the only independent significant vari-
ables associated with adverse PFS. Considering these two factors, a
three-risk group model was built, recognizing a low-risk group (43% of
all patients analyzed, no risk factors), an intermediate-risk group (45%,
one risk factor), and a high-risk group (12%, both risk factors) with
highly significantly different 2-year rates of PFS of 85%, 62%, and 33%,
respectively as illustrated in Figure 1. Our analysis showed that DEL,
together with IPI, can easily recognize patients with DLBCL, NOS, in
the absence of MYC rearrangements, who do not benefit of R-CHOP.
This score should be tested in prospective settings, in order to early iden-
tify patients that may be candidate to alternative therapies.

Figure 1.
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A NON-INTERVENTIONAL STUDY OF OBINUTUZUMAB IN 
PATIENTS WITH PREVIOUSLY UNTREATED ADVANCED 
FOLLICULAR LYMPHOMA (URBAN): IMPACT OF COVID-19
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Background: The introduction of new agents has improved the prog-
nosis of follicular lymphoma (FL). Unfortunately, COVID-19 pandemic
may have affected disease management.

Objective. The URBAN study is the only study that aims to assess ef-
fectiveness and safety of Obinutuzumab-based treatment in patients with
untreated advanced FL with FLIPI≥2 in a real-world setting. The objec-
tive of this interim analysis is to evaluate patient characteristics, potential
changes in the management due to COVID-19 pandemic, preliminary
efficacy at the end of induction (EOI) and safety data 1 year after the
first patient enrolled.

Methods: Participants should have received at least 2 cycles of Obin-
utuzumab-chemotherapy induction before the accrual (retrospective part
of the study). The study, as per clinical practice, includes 6-8 induction
courses, 2-year maintenance, and 1-year follow-up period after the last
dose of Obinutuzumab. Two time periods have been analyzed: pre-
COVID-19 phase (until 24-Feb-2020) and COVID-19 phase (25-Feb-
2020 to 09-Oct-2020; clinical cut-off date).

Results. 266 patients (median age 61 years, 56% females) were en-
rolled: 186 patients began the treatment pre-COVID-19 (pre-C group)
and 80 patients during COVID-19 (C group). Among the observed
trends, not statistically significant, more patients in the C group vs pre-
C group initiated treatment with B-symptoms (26.2% vs 19.4%) and
more advanced (III-IV) disease stage (95% vs 90.9%). Fewer patients in
the C group than in the pre-C one (41.2% vs 48.9%) received bendamus-
tine, resulting in reversed rates for CHOP (55% vs 44.1%). As to safety,
in the retrospective part of the study neutropenia occurred in 22.9% of
patients, infusion-related reactions in 12.8%, thrombocytopenia in 9.4%,
and infections in 7.5%. In the prospective part they were 17.7%, 0.8%,
2.3%, and 8.6%, respectively. One patient had a grade 3 COVID-19 in-
fection. No data about potential COVID-19 impact on maintenance
strategies, yet. Preliminary efficacy data, available for 164 patients at
EOI, show that 134 patients (81.7%) achieved a PET-CT CR, and 25
(15.2%) a PR.

Conclusions: The interim analysis of the URBAN study shows that
Obinutuzumab-based treatment is associated with a good safety and ef-
ficacy profile. Furthermore, the observed trends might suggest that
COVID-19 might have influenced the clinical approach to the treatment
of FL patients: the adoption of a watch-and-wait strategy could be wider
and the use of bendamustine reduced.
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COMPARISON OF FIRST-LINE TREATMENT WITH BENDAMUS-
TINE PLUS RITUXIMAB VERSUS R-CHOP FOR PATIENTS WITH
FOLLICULAR LYMPHOMA GRADE 3A: RESULTS OF AN
ITALIAN MULTICENTER, RETROSPECTIVE STUDY

G. Margiotta-Casaluci1, S. Bigliardi2, F. Cocito3, E. Meli4, L. Petrucci5,
M. Nicolosi1, O. Annibali6, C. Boccomini7, V. Bozzola8, A. Castellino9,
F. Cattina10, N. Cenfra11, S. Ciavarella12, S. Kovalchuk13, F. Rotondo14,
A. Fama15, J. Olivieri16, F. Zaja17

1Divisions of Hematology, Department of Translation Medicine, AOU
MaggioredellaCarità; 2UOSDOncology,AUSLModena,AreaSudSede
di Sassuolo; 3UO Hematology, ASST Monza Ospedale San Gerardo;
4DepartmentofHematology ,ASSTGrandeOspedaleMetropolitano Ni-
guarda; 5Divisions of Hematology, Department of Translation and Pre-
cision Medicine, AOU Policlinico Umberto I; 6Hematology and Bone
MarrowTransplantUnit,UniversitàCampusBio-Medico; 7Hematology
Unit, Città della Salute e della Scienza, University and Hospital Torino;
8Hematology Unit, P.O. Vito Fazzi; 9Hematology Unit , AO Santa Croce
e Carle; 10 UO Medical Oncology,ASSTCrema; 11Department of Hema-
tology, Ospedale Santa Maria Goretti; 12Hematology and Cell Therapy
Unit, IRCCS Istituto Tumori “G. Paolo II”; 13Divisions of Hematology,
AOSPCareggi; 14Divisons of Hematology, Ospedale Papardo; 15Hema-
tology Unit, Azienda USL - IRCCS di Reggio Emilia; 16Hematology and
BoneMarrowTransplantUnit,UniversityandHospitalUdine; 17Depart-
ment of Medical, Surgical and Health Sciences, University of Trieste,
Italy

Background: In the setting of follicular lymphoma (FL), frontline ther-
apeutic regimen with R-CHOP represented for many years standard of
care for patients with symptomatic advanced FL, but more recently also
bendamustine plus rituximab has become an option of treatment. In clin-
ical practice, the choice of the therapeutic regimen for grade 3A FL is
still an open question. 

Aims: We designed a retrospective, multicenter, observational study,
to compare outcomes and toxicities of patients diagnosed grade 3A FL
treated either with R-CHOP or RB first-line therapy. Methods. We ret-
rospectively assessed 145 patients affected by FL grade 3A treated with
a first line therapy in 15 Italian FIL (Fondazione Italiana Linfomi) centers
between January 1, 2014, through 30 May, 2018. 

Results: Seventy patients were treated with RB and 75 with R-CHOP.
In the RB group the median age at time of diagnosis was 67 (range 36-
85 years) compared with 59 years (range 29-77 years) in the R-CHOP
group, with a statistically significant difference between the two groups
(p<0.001). Patients in RB group achieved a similar percentage of overall
response rate (96% vs 100%) and a better complete remission (87% vs
80%, p=0.035) compared with patients in R-CHOP group. Rates of toxic
effects did not differ between the treatment groups. Late toxicity in terms
of secondary malignancies occurred in 7 patients (10%) in RB group and
5 in R-CHOP group (7%). A total of 64 patients (85%) received mainte-
nance treatment with rituximab after R-CHOP and 59 patients (84%)
after RB. The progression free survival (PFS) difference between indi-
vidual treated with R-CHOP and RB did not show differences, with a 4-
year PFS 76.6% in RB group and 77.7% in R-CHOP group (p=0.745).
Overall survival OS was significantly longer with R-CHOP than with
RB (HR=0.16; 95% IC, 0.04-0.74; p=0.007), but mainly influenced by
different median age in the two groups; in a final analysis adjusted by
age and gender, no statistical difference was observed for OS. Conclu-
sion. With the limitations of the study design, our results suggest that
RB and R-CHOP as first-line treatment in FL3A seem to be valid treat-
ment options, with similar outcomes and toxicities. PFS and OS showed
no statistical difference in a final analysis adjusted by age and gender.
We consider possible selection biases in the choice of chemotherapy ther-
apy related to clinical variables of patient and disease that are challenging
to handle in a retrospective analysis.
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NINE HUNDRED DARATUMUMAB INFUSIONS IN NINETY 
MINUTES FOR RELAPSED AND REFRACTORY MULTIPLE
MYELOMA: A SINGLE-CENTRE OBSERVATIONAL STUDY

E. Attardi2, S. Pilerci2, I. Attucci2, A. Buzzichelli2, M. Messeri2, 
M. Staderini1,3, A.M. Vannucchi1,2, E. Antonioli1

1Haematology Department, Careggi Hospital, Florence, Italy; 2Depart-
mentofExperimentalandClinicalMedicine,UniversityofFlorence,Flo-
rence, Italy; 3Haematology Unit, San Jacopo Hospital, Pistoia and SS
Cosma e Damiano Hospital, Pescia, Italy

Background: Daratumumab was the first fully human anti-CD38 mon-
oclonal antibody (mAb) tested in clinical trials, demonstrating efficacy
as a single agent and in combination with proteasome inhibitors (PIs,
DaraVD) or immunomodulatory drugs (IMiDs, DaraRD) in patients with
relapsed/refractory multiple myeloma (RRMM). Daratumumab displays
an excellent safety profile, with moderate-grade infusion-related reac-
tions (IRRs) occurring mostly during the first infusion. Although evalu-
ated in a few patients, some retrospective single-centre experiences of
rapid infusion of 90 minutes (min) of daratumumab starting from the
third infusion are reported in the literature, confirming that the procedure
is safe even for patients undergoing fractional doses.

Aim: Moving from the observation of a low rate of adverse reactions
even in patients with advanced disease, we adopted 90 min of rapid in-
fusion protocol since February 2019, in order to confirm safety and de-
scribe the potential advantages.

Methods: Single-center study of 900 daratumumab fast infusions, be-
tween February 2019 and December 2020, administered in 72 patients.
The only inclusion criterion was the previous delivery of four doses of
daratumumab, according to standard practice. Previous IRR was not an
exclusion criterion. All patients were treated at our institution (Haema-
tology Unit, Careggi Hospital of Florence, Italy).

Results: No adverse events were observed during rapid infusion, nei-
ther 30 min after completion. We confirmed safety of rapid infusion on
38 (53%) patients defined “at risk” by the presence of cardiovascular
diseases (arterial hypertension, arrhythmia or valvulopathy) or pul-
monary comorbidities (COPD, asthma and allergic rhinitis). Ninety-min-
utes daratumumab administration was also well tolerated in 8 patients
with cardiac or renal amyloidotic involvement. Reducing the duration
of the daratumumab infusion not only improved the patient’s quality of
life by reducing hospitalization times, but also had an impact on cost
savings for the healthcare system: our 2 years of experience of 90 min
infusion of Daratumumab resulted in a potential cost saving of € 13.707,
€ 8.177 in 2020 alone.

Conclusion: Daratumumab infusion time of 90 minutes is well toler-
ated, thus allowing a considerable saving of time for RRMM patients
and potentially ameliorating their adherence to treatment.
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IDENTIFYING TRANSPLANT-INELIGIBLE PATIENTS (NTE) WITH
MULTIPLE MYELOMA (MM) WHO MAY NOT BENEFIT FROM
NEW STANDARD THERAPIES: A RETROSPECTIVE ANALYSIS
OF A SINGLE CENTRE

S. Morè1, L. Corvatta2, V.M. Manieri1, A. Olivieri1, M. Offidani1

1ClinicadiEmatologiaAziendaOspedaliero-UniversitariaOspedaliRi-
unitidiAncona,Ancona, Italy; 2U.O.C.Medicina,OspedaleProfili,Fab-
riano, Italy

Background: Daratumumab incorporated into frontline regimens has
significantly prolonged PFS in NTE patients with multiple myeloma but
it has to be administered indefinitely until progression and it is a high-
cost treatment so it would be extremely relevant to identify specific pop-
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ulations that may not benefit from daratumumab within the marked het-
erogeneity of elderly patients. Understanding factors affecting early mor-
tality (EM: death within 6 months) could help with this aim.

Methods: We analyzed NTE MM patients recorded in our database
from 2010 to 2020, calculating retrospectively simplified frailty scores,
based on age, ECOG PS and CCI (Facon et al., 2000) to evaluate its ap-
plicability in a real-world population. Secondly, logistic analysis and
Cox regression analysis were performed to search factors affecting EM
with the aim to improve discriminating power of Facon frailty score.

Results: Among 189 patients, 44 (23%) were older than 80 years.
CCI>1 was detected in 40% of patients, PS ≥2 in 33%, R-ISS stage 2-3
in 81% and renal failure in 23% of patients. All patients received IMiDs-
and PIs-based regimes and EM occurred in 23 (12.2%). According to
Facon frailty scale, 132 patients (70%) were classified as frail and 57
(30%) non-frail with EM of 12% and 0, respectively (p=0.02), compa-
rable with published data. In order to improve the predictive value of
this score, we looked for all potential variables affecting EM by binary
logistic analysis that selected CCI>1, PS ≥2 and albumin level ≤ 3g/dL
but not age. Therefore, replacing age (included in the Facon simplified
score) with albumin (albumin level ≤3g/dL at the same weight as age>
80), we built a new score able to stratify patients in frail (score 3-5, n=
55, 29.5%) and non-frail (score 0-2, n=155, 70.5%). Univariate Cox
analysis found CCI>1, PS ≥2, albumin level ≤3 g/d, Facon frailty score
and our new frailty score as factors significantly affecting EM but step-
wise Cox regression analysis selected only our new score system with
EM of 23% in frail and 6% in non-frail patients (p=0.002).

Conclusion: our analysis suggests that simplified frailty score over-
estimates the number of frail patients in the real life setting, not allowing
to identify true frail individuals. Using other parameters instead of
chronological age such as albumin level, Facon score could be improved
in the ability to detect patients with the highest risk of EM and could
help in developing personalized treatments in NTE MM patients.
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DARATUMUMAB COMBINED WITH DEXAMETHASONE AND
LENALIDOMIDE OR BORTEZOMIB IN RELAPSED/REFRAC-
TORY MULTIPLE MYELOMA (RRMM) PATIENTS: REPORT
FROM THE MULTIPLE MYELOMA GIMEMA LAZIO GROUP

F. Fazio1, L. Franceschini2, V. Tomarchio3, A. Rago4, M.G. Garzia5,
L. Cupelli6, V. Bongarzoni7, S. Rosati8, S. Gumenyku9, G. Antolino10,
A. Siniscalchi4, G. Proietti1, A. Piciocchi11, P. De Fabritiis6, 
L. De Rosa5, T. Caravita4, O. Annibali3, M. Cantonetti2, 
M.T. Petrucci1
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anti ; 10DivisionediEmatologia,OspedaleS.Andrea; 11ItalianGroup for
Adult Hematologic Diseases GIMEMA), Data Center and Health Out-
comes Research Unit

The multiple myeloma (MM) treatment has changed over the last years
due to the introduction of novel drugs such as proteasome inhibitors (PIs)
and immunomodulatory drugs (IMiDs). Despite improvements in the
MM outcome, MM remains an incurable disease. Daratumumab is a
human IgGK monoclonal antibody targeting CD38 with tumor activity
associated with immunomodulatory mechanism. In combination with
standard of care regimens, including bortezomib and dexamethasone
(Vd) or lenalidomide and dexamethasone (Rd), daratumumab prolonged

progression-free survival (PFS) in patients (pts) with RRMM as well as
in new diagnosis MM. This led its approval for MM patients requiring
treatment. We report the real life experience of the Multiple Myeloma
GIMEMA Lazio Group in 171 heavily treated pts who received daratu-
mumab in combination with Vd or Rd. Ninety-one pts (53%) were male
and 80 pts (47%) were female. Median age was 64 years (range 37-83),
median level of hemoglobin was 10.9 g/dL (6.9-16.7); median level of
creatinine was 0.9 mg/dL (range 0.4-7.4). According to ISS, 71 pts (48%)
were ISS I, 41 pts (28%) were ISS II, 36 pts (24%) were ISS III. One
hundred eight pts (71%) have bone lesions. One hundred twenty pts
(70%) received a single previous line of therapy; 32 pts (19%) received
2 previous lines of therapy and 19 pts (11%) received ≥ 3 lines of previ-
ous therapy. One hundred thirty-three (78%) pts received DRd and 38
pts (22%) DVd. One hundred sixty three pts were evaluable for hemato-
logical response. The overall response rate was 80%: 85 pts (52%) ob-
tained a PR; 34 (21%) pts a VGPR; 15 (9%) pts a CR and 3 (1.8%) pts
a sCR. After a median follow-up of 13.5 months (range 0-30), the overall
survival (OS) and PFS at 12 months were 84% and 77%, respectively.
No statistical difference was found in OS stratified according to treat-
ment; pts treated with DRd have a better PFS compared to pts treated
with DVd (p=0.007). According to the number of line of therapy, pts
treated with daratumumab at II line have a better PFS compared to pts
treated at ≥ 3 lines of therapy (p=0.003). The most common grade 3/4
hematologic treatment-emergent adverse events (TAEs) were neutrope-
nia, thrombocytopenia and anemia. The most common non-hematologic
TAEs of grade 3/2 were peripheral sensory neuropathy (19%) and infec-
tions (23%), specifically pneumonia (10%). No grade 3/4 infusion-re-
lated reactions were observed. Our data support that DRd or DVd therapy
is effective and safety in RRMM pts.
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CLINICAL FEATURES OF LONG SURVIVING MYELOMA PA-
TIENTS

M. Viscovo1, M. Raimondo1, S.F. Capalbo2, F. Fazio3, G. Lapietra3, 
M.T. Petrucci3, F. Pisani4, S. Gumenyuk4, E. Papa4, G. Perrone5, 
F. Bagnoli5, D. Deglinnocenti5, A. Furlan6, C. Zaina6, F. Comello6, 
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IRCCS INT, Milano. 6UOC Hematology, ULSS Treviso. 7IRCCS CROB
Rionero in Vulture, PZ. 8Medical Oncology Unit, ICS Maugeri-IRCCS
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In January 2020 an invitation to collect data of patients living longer
than ten years after initial treatment for multiple myeloma was extended
to Italian haematological centres. After ethical approval, 9 centres sent
data of 151 patients. A preliminary analysis shows slight excess of young
(median 60 yrs, r.:33-82) women (53%); 85% of the whole population
is alive. Previous MGUS was documentable in 56% of cases; Ig type
were: Gkappa 47%, Glambda 25%, Akappa 10%, A lambda 9%, BJ 9%.
Increased (> 2 mg/dl) serum creatinine was detected in 43% of cases,
DS stage III A/B 43%. After first line, 46% of patients were in CR, all
treated by transplant procedures, 20% are in CCR, 20% were in VGPR,
25% in PR, 9% in PD. 53% of CR patients relapsed after an average time
of 66 months (r.: 8-): 30% of them attained a second CR, the others did
not. Thirteen patients were refractory to the initial therapy: 5 of them
have never reached CR after other lines of therapy and 4 are alive. Ap-
proximately 75% of patients received second line treatment, 45% third
line, 35% fourth line, 20% fifth line, 10% sixth line. We do not report
persons attaining 20 years of survival, for which is difficult to accept
even the possibility of operational cure. We cannot consider CR after in-
duction as necessary and sufficient condition for long survival, as about
half of the patients never attained CR. However, all patients living longer
than 15 years (14 very long survivors, 12 of which are alive) were in CR
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after induction and had received intensive high dose therapy (6 tandem
auto-, 5 single auto-, 3 allo-BMT). The impact of treatments for relapsing
disease seems significant, as one third of the patients survived more than
10 years thanks to four lines of therapy.
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NETWORK META-ANALYSIS OF RANDOMIZED TRIALS IN
MULTIPLE MYELOMA: EFFICACY AND SAFETY IN FRONTLINE
THERAPY FOR PATIENTS NOT ELIGIBLE FOR TRANSPLANT

C. Botta1, M. Carlisi2, S. Mancuso1, M.G. Lipari2, M. Gentile3, 
S. Siragusa1

1UniversityofPalermo,“G.Giaccone”; 2HospitalofPalermo; 3Annun-
ziata” hospital of Cosenza, Italy

The treatment scenario for newly diagnosed multiple myeloma not el-
igible for transplant (NEMM) currently include the combination of borte-
zomib (V), melphalan (M) and prednisone (P)(VMP) +/- daratumumab
(D)(D-VMP) or lenalidomide (R) and dexamethasone (d) (Rd) +/-
V(VRD) or D(D-Rd). However, the lack of direct head-to-head compar-
isons between approved regimens strongly complicate the decision-mak-
ing process. Here we performed a network meta-analysis (NMA) of
phase 2/3 trials in this setting to determine the potential best regimen(s)
according to efficacy and safety. A total of 27 studies including 16,456
patients and 21 therapeutic regimens (thalidomide (T)/d (Td), MP, Vd,
Rd, cyclophosphamide (C)/R/P (CPR), MPT, MPT+T maintenance,
MPR, MPR+R maintenance, VMP, Rd for 18 months (Rd_18),
MP+carfilzomib (KMP), VRd, VTd, CTd, D-VMP, VMPT+VT mainte-
nance (VMPT), D-Rd, VMP+siltuximab (VMPS), ixazomib+Rd (IRD),
pembrolizumab+Rd (PRD)) were identified in the timeframe 1999-2021.
4 efficacy (progression free survival, overall survival, complete response
rate and overall response rate) and one safety (rate of the most frequent
grade 3-4 adverse event) indicators, were extracted from each study and
used within the NMA to build a ranking chart. With a mean surface under
the cumulative ranking curve (SUCRA) of 87.58, D-VMP reached the
highest position in the chart. Unfortunately, the integration of all SUCRA
scores by calculating a mean value could be misleading. To overcome
this limitation, we undertook a principal component analysis approach,
that automatically and unbiasedly grouped the 19 regimens into 3 dif-
ferent subgroups according to their efficacy/safety profile. On these bases
we identified: 1) D-VMP, D-Rd, VMPT and VMPS as the preferred reg-
imens to be used as first line approach; 2) Nine (VMP, IRd, Rd, Rd(18),
Vd, KMP, VRd, VTd, CTd) less effective more “safe” regimens; among
them, VRd and IRd represent the best compromise between safety and
efficacy; 3) Nine regimens with a low probability of being beneficial in
frontline. Interestingly, we observed that 3 out of 4 regimens within the
best group include melphalan. Overall, we demonstrated that 1) first line
treatment for NEMM should include a regimen between D-VMP (pre-
ferred), D-Rd, VMPT or, for frail patients, VRd or IRd; these results sup-
port the possibility of using highly effective Rd-based regimens (KRd)
at first relapse; 2) melphalan still deserves a role within the overall treat-
ment strategy of NEMM.
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CLINICAL VALUE OF COMBINED SEROLOGICAL ANF 
WHOLE-BODY DIFFUSION WEIGHTED MRI (WB DW-MRI)
MONITORING DURING CONTINUOUS TREATMENT FOR 
MULTIPLE MYELOMA

C.S. Cartia1*, A. Maggi2*, S. Mangiacavalli1, M. Zacchino2, 
G. Savietto3, P. Benvenuti1, G. Pagani4, V. Masoni4, M. Palumbo4, 
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1Division of Hematology, Fondazione IRCCS Policlinico San Matteo;
2Radiology Unit, Fondazione IRCCS Policlinico San Matteo; 3Depart-
mentofClinical-Surgical,DiagnosticandPediatricSciences,UnitofRa-
diology, University of Pavia; 4Department of Molecular Medicine,
University of Pavia, Italy

Background: Continuous treatment with novel agents is a standard of
care for Multiple Myeloma (MM). Whole Body Diffusion Weighted
Magnetic Resonance (WB DW-MRI) has great sensitivity for MM focal
lesions. IMWG radiological algorithm recommend radiological re-eval-
uation under treatment in case of suspected serological relapse. We ex-
plore the role of combined serological and WB-DW-MRI monitoring
during continuous therapy.

Methods: We analyzed 47 MM patients (pts) who underwent sequen-
tial serological and assessment before therapy (T0) and at six month in-
tervals during continuous treatment (T1 and T2). WB DW-MRI response
was rated according to My-RADS 5 points scale. Serological response
was evaluated using IMWG criteria. Weighted Cohen’s kappa was used
to test concordance between hematological and radiological response.

Results: 11 pts (23%) received transplant plus lenalidomide (R) main-
tenance, 15 pts (32%) were treated with continuous Rd, 21 pts (45%)
were addressed to R-based triplet in first relapse. Median time between
T0-T1 was 7 months; T2 was available both for serological and radio-
logical response in 27 pts (67%) (median time between T0-T2 13
months). Figure 1 a and b showed RAC distribution according to sero-
logical response at time points T1 and T2. Serological response at T1
was as follow: ≥VGPR 58%, PR 27%, MR+PD 15%. Radiological re-
sponse at T1 was as follow: complete imaging response (RAC 1) 30%
(12 pts), partial response (RAC 2+3+4) 48% (19 pts), radiological pro-
gression (RAC 5) 22% (9 pts). Serological response at T2 was as follow:
≥VGPR 74%, PR11%, MR+PD 15%. Radiological response at T2 was
as follow: complete response (RAC 1) 52% (14 pts), partial response
(RAC 2+3+4) 22% (6 pts), radiological progression (RAC 5) 26% (7
pts). We found a fair concordance between radiological and hematolog-
ical response at T1 (agreement: 68%, kappa coefficient 0.22, p=0.021)
as well as at T2 (72%, kappa coefficient 0.32, p=0.015). Radiological
progression (RAC5) with sustained hematological response (≥VGPR)
was observed in 3 pts at T1 and in 3 pts at T2 (cfr figure 1). In these
cases of suspected radiological progression, after confirming focal le-
sions increase, change of treatment was made according to local guide-
line.

Conclusions: Our retrospective data suggested the potential role of
WB DW-MRI longitudinal monitoring at specific time points for early
detection of focal progression under continuous treatment, regardless of
persistence of serological good quality remission. 

Figure 1.
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ROLE OF SERUM FREE LIGHT CHAIN ASSAY FOR DEFINING
RESPONSE AND PROGRESSIVE DISEASE IN IMMUNOGLOBULIN
SECRETORY MULTIPLE MIELOMA
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1IRCCSAzienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia “Seràgnoli”; 2IRCCS Azienda Ospedaliero-Universitaria di
Bologna, Istituto di Ematologia “Seràgnoli”, Dipartimento di Medicina
Specialistica, Diagnostica e Sperimentale, Università di Bologna, Italy

The IMWG guidelines recommend using electrophoresis and im-
munofixation to define response and progression (PD) in immunoglob-
ulin (Ig) secretory multiple myeloma (Ig-MM). Empirical modified
criteria including the serum free light chain (sFLC) assay have been pro-
posed, however the impact on clinical outcomes evaluation has to be ex-
plored and validation is needed. We analyzed the inclusion of sFLC
assays (Freelite) in the definition of response and PD for Ig-MM. Re-
sponse and PD were categorized as by IMWG criteria. Progression-free
survival (PFS) and overall survival (OS) were conventionally defined.
Increasing sFLC levels (defined as for oligosecretory MM) at the time
of conventional PD as well as an sFLC escape (sFLCe, i.e. increase in
sFLC without any IMWG criteria of PD) were noted as sFLC PD. Pro-
gression/sFLCe-free survival (ePFS) was the time from the start of treat-
ment to the date of first PD or sFLCe, or death. Second time to
progression/sFLCe (2nd TTPe) and OS after progression/sFLCe (OS
after Pe) were the time from first PD or sFLCe to second PD or sFLCe,
and to the date of death, respectively. 339 Ig-MM patients (pts) treated
with a first line novel agent-based therapy and who had sFLC measure-
ments serially available (i.e. every 3 months) were retrospectively ana-
lyzed. The median follow-up was 54 (IQR 25-84) months. At baseline,
231 (68%) pts showed an sFLC measurable disease. 148 (44%) pts
achieved a complete response and 198 (60%) a normal sFLC ratio
(sFLCR). sFLCR normalization was an independent prognostic factor
for extended PFS (HR=0.46, p=0.001) and OS (HR=0.47, p=0.006) by
multivariable analysis. 175 (52%) pts experienced PD by either increased
monoclonal Ig (M-Ig) (n=137) or development of organ damage without
changes in M-Ig (n=38). Overall, 77 (23%) pts showed a sFLC PD, in-
cluding 31 (9%) who experienced sFLCe. Median values for PFS and
ePFS were both equal to 36 (95% CI=32-42, and 32-40, respectively)
months. The median 2nd TTPe was 14 months for PD with no M-Ig
and/or sFLC changes, 20 for sFLC PD, and 26 for M-Ig PD without in-
creased sFLC (p=n.s.). sFLC PD adversely affected the OS after Pe com-
pared to M-Ig PD without increased sFLC (median 30 vs 48 months,
HR=0.52, p=0.012). These data strongly support including the sFLC
assay for definition of response and PD in Ig-MM. sFLCR normalization
has a prognostic role regardless of conventional response. PFS and ePFS
are similar. Increasing sFLC levels negatively impacts the OS after Pe.
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IXAZOMIB-BASED INDUCTION FOLLOWED BY SINGLE-AGENT
IXAZOMIB MAINTENANCE IN TRANSPLANT INELIGIBLE,
NEWLY DIAGNOSED MULTIPLE MYELOMA PATIENTS: 
UPDATED RESULTS OF THE EMN10-UNITO TRIAL

R. Mina, A. Larocca, P. Corradini, N. Cascavilla, A.M. Liberati, 
N. Pescosta, F. Fazio, G. Ciccone, A. Capra, F. Patriarca, 
D. Rota-Scalabrini, D. Gerace, C. Priola, M. Cea, R. Zambello, 
F. Monaco, A. Belotti, C. Cellini, L. Paris, M. Grasso, S. Aquino, 
G. Margiotta Casaluci, G. De Sabbata, S. Ballanti, M. Offidani, 
M. Cavo, M. Boccadoro, S. Bringhen

European Myeloma Network, Italy

Introduction: Ixazomib represents an appealing option for the man-

agement of elderly patients (pts) with multiple myeloma (MM), due to
its oral administration and the lack of peripheral neuropathy. Here we
present updated results of the phase II EMN10-Unito study investigating
Ixazomib in combination with dexamethasone (Id), Cyclophosphamide-
dexamethasone (ICd), Thalidomide-dexamethasone (ITd) or Bendamus-
tine-dexamethasone (IBd) as induction therapy followed by single-agent
Ixazomib maintenance in transplant-ineligible newly diagnosed (ND)
MM pts.

Methods: Treatment consisted of 9 28-day induction cycles of Ixa-
zomib 4 mg on days 1,8,15 and dexamethasone 40 mg on days 1,8,15,22
or Id plus either Cyclophosphamide 300 mg/m2 orally on days 1,8,15 or
Thalidomide 100 mg/day or Bendamustine 75 mg/m2 iv on days 1,8; fol-
lowed by Ixazomib maintenance (4 mg on days 1,8,15) for up to 2 years.
The primary endpoint was the selection of the most effective induction
regimen considering a 2-year progression-free survival (PFS) ≥65% as
satisfactory.

Results. 175 pts (Id 42, ICd 61, ITd 61 and IBd 11) with a median age
of 74 years were enrolled. Two of the four investigational arms were pre-
maturely closed due to low-enrollment (IBd arm, 11 patients enrolled)
and high risk of inefficacy (Id, 42 patients enrolled). The median PFS
was 10 months with Id, 19 with ICd, 12 with ITd, and 14 with IBd, with
a 2-year PFS probability of 32%, 41%, 25% and 40%, respectively. After
the induction phase, ICd and ITd resulted in higher ≥ partial response
(PR; 75%-84% vs. 57%; p<0.05) and VGPR (46%-48%vs24%; p<0.05)
rates as compared to Id. Grade 3-4 non-hematological adverse events
(AEs) were more frequent in the ITd arm (48%) as compared to the Id
(17%), ICd (19%) and IBd (36%) arms. Overall, 58% of patients started
ixazomib maintenance. 19% of pts improved the response obtained dur-
ing induction by at least one IMWG category. The median PFS from start
of maintenance was 14.9 months. Grade 3-4 AEs occurred in 14% of pa-
tients. Grade 1-2 peripheral neuropathy (PN) was reported in 16% of pa-
tients without grade 3-4 events.

Conclusions: Safety and efficacy data suggest that ICd was the most
promising induction strategy. Continuous treatment with single-agent Ix-
azomib confirmed its efficacy and tolerability in elderly NDMM pts.
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EFFICACY AND SAFETY OF IXAZOMIB INDUCTION AND
MAINTENANCE IN NEWLY DIAGNOSED MULTIPLE MYELOMA
(NDMM) PATIENTS ACCORDING TO THE IMWG FRAILTY
SCORE: A POST-HOC ANALYSIS OF THE EMN10-UNITO TRIAL

F. Bonello, R. Mina, G. Perrone, N. Cascavilla, A.M. Liberati, 
N. Pescosta, F. Fazio, G. Ciccone, A. Capra, F. Patriarca, 
D. Rota-Scalabrini, D. Gerace, M. Cea, R. Zambello, F. Monaco, 
A. Belotti, C. Cellini, P. Stefanoni, I. Celeghini, S. Aquino, 
G. Margiotta Casaluci, G. De Sabbata, S. Ballanti, M. Offidani, 
S. Bringhen, M. Cavo, M. Boccadoro, A. Larocca

European Myeloma Network, Italy

Introduction: The IMWG frailty score stratifies NDMM patients ≥65
years in 3 categories (fit, intermediate-fit and frail), according to age,
comorbidities and functional abilities, with different prognosis. The
phase II EMN10 study investigates 4 Ixazomib-based induction regimens
followed by Ixazomib maintenance in elderly NDMM patients. We con-
ducted a post-hoc analysis of safety and efficacy of these combinations
according to IMWG frailty score.

Methods: NDMM, transplant-ineligible pts were enrolled. Treatment
consisted of 9 induction cycles of Ixazomib combined with dexametha-
sone (Id), Cyclophosphamide-dexamethasone (ICd), Thalidomide-dex-
amethasone (ITd) or Bendamustine-dexamethasone (IBd), followed by
ixazomib maintenance. Pts were classified fit, intermediate-fit or frail
according to IMWG frailty score.

Results. 171 pts started treatment, 75(44%) were fit, 53(31%) inter-
mediate-fit and 43(25%) frail. Median follow-up was 27 months. ORR
and VGPR rates after induction were similar in fit (71%;42%), interme-
diate-fit (74%;38%) and frail pts (76%;40%). No significant differences
in PFS were observed among fit (14.1 months; HR: 0.75, p=0.27), inter-
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mediate-fit (14.8, HR: 0.68, p=0.12) as compared to frail pts (12.2
months). OS was longer in fit pts (NR; HR: 0.36, p=0.02) and interme-
diate-fit (NR; HR: 0.58, p=0.15) as compared to frail ones (36.7 months).
Grade(G) 3-4 non-hematological AEs during induction were higher in
frail pts (37%) vs fit (24%) and intermediate-fit (26%) ones. Treatment
discontinuation was higher in frail (21%) vs fit (11%) and intermediate-
fit pts (9%). When comparing PFS with three- vs two-drug induction,
both fit (HR: 0.75) and intermediate-fit (HR: 0.69) pts benefited from
the use a triplet; no difference was observed in frail pts (HR: 1.01). Over-
all, 102 pts (60%) started maintenance: 46(45%) were fit, 35(34%) in-
termediate-fit and 21(21%) frail. No difference in PFS from start of
maintenance was observed in intermediate-fit (HR: 0.92) and frail (HR:
1.14) ptsvs fit ones. Maintenance discontinuation due to AEs was similar
in the three groups (fit: 11%; intermediate-fit: 15%; frail: 10%).

Conclusions: Ixazomib-based regimens showed similar efficacy irre-
spectively of frailty status, although toxicity was higher in frail pts. Frail
pts did not seem to benefit from a triplet over a doublet. Ixazomib main-
tenance was effective and well tolerated in all frailty subgroups, repre-
senting an appealing option in elderly MM.

Acute Leukemias and Myelodisplastic Syndromes 2
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GENETIC LANDSCAPE AND CLONAL EVOLUTION PATTERNS
OF CEBPA-DOUBLE-MUTATED ACUTE MYELOID LEUKEMIA
BASED ON NEXT-GENERATION SEQUENCING: A SINGLE 
CENTER RETROSPECTIVE ANALYSIS

L. Leuzzi1, V. Mancini1, S. Veronese2, V. Motta2, M. Nichelatti3, 
A. Beghini4, R. Cairoli1

1Department of Hematology and Oncology, ASST Grande Ospedale
Metropolitano Niguarda; 2Department of Laboratory Medicine ASST
Grande Ospedale Metropolitano Niguarda; 3Service of Statistics, Fon-
dazione Malattie del Sangue ASST Grande Ospedale Metropolitano Ni-
guarda; 4Department of Health Sciences, University of Milan, Italy

Introduction: Although CCAAT/enhancer binding protein alpha dou-
ble mutated (CEBPA DM) acute myeloid leukemia (AML) is considered
a low-risk disease according to 2017 ELN recommendations, relapse re-
mains a major cause of treatment failure and death. To assess the broader
prognostic impact of the genetic landscape, we sequenced a panel of 40
myeloid disorders-related genes in a single center patient cohort (n=25).

Methods: 16 CEBPA DM AML diagnosis samples, along with 9
CEBPA single mutated (SM) samples, were sequenced by targeted next-
generation sequencing (Ion Torrent) using Oncomine Myeloid Research
Assay. 4 CEBPA DM and 2 CEBPA SM AML relapse samples were an-
alyzed as well. All patients received intensive chemotherapy according
to 2017 ELN recommendations.

Results: With a median follow-up of 3.2 years (range 0.4-12), 5y OS
was 61% and 14% for CEBPA DM and CEBPA SM patients respectively.
CEBPA DM patients had a significantly lower risk of death as compared
to SM patients (OR 1.65; 95%CI 0.02-0.9, p=0.049). Overall, the most
frequently mutated genes were FLT3 (45.8%), NPM1 (33.3%),
DNMT3A (33.3%), WT1 (29.2%), GATA2 (29.2%), STAG2 (16.7%)
and TET2 (16.7%). CEBPA DM and SM patients had a different muta-
tional pattern, with GATA2, FLT3, DNMT3A and TET being the most
frequently mutated genes in CEBPA DMvsNPM1, FLT3, DNMT3A and
WT1 in CEBPA SM patients. NPM1 (77,8%% vs 6,7%; p<0.01) and
ASXL1 mutations (44,4%vs0%; P=0.02) were more frequent in CEBPA
SM patients, confirming their mutually exclusivity with CEBPA biallelic
lesions. Overall, mutations in WT1 and FLT3 were associated with in-
creased relapse rate (p=0.02 and p=0.01 respectively), while patients
with GATA2 mutations had a strong trend towards better 5y OS (83% vs
32%, p=0.053). Patients with less than 5 concurrent mutations had a
lower OR of death (OR 0.21, 95% CI: 0.06-0.7, p=0.015). Each single
unitary gain in the number of mutated genes increased the hazard ratio
(HR) of death by 27.7% (95% CI: -1.4%-+65%, p=0.064). Matched di-
agnosis and relapse samples analysis suggested different features of
clonal evolution: while WT1, DNMT3A, NPM1, and IDH1 consistently
persisted at relapse, CEBPA and GATA2 mutations were unstable during
disease course. ZRSR2 and PRPF8 mutations were found in relapse sam-
ples only.

Summary: Our study offers insights into the genetic landscape of
CEBPA mutated AML highlighting the potential contribution for the risk
stratification and individualized treatment strategies.
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COMPREHENSIVE GERIATRIC ASSESSMENT, ALLOGENEIC
HSCT AND SURVIVAL IN AML PATIENTS 65-75 YEARS OLD
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Background: Acute myeloid leukemia (AML) in patients over the age
of 65 carries a dismal prognosis, due to poor control of the disease with
chemotherapy alone. Allogeneic hematopoietic stem cell transplantation
(HSCT) can provide significant anti-leukemic effect in eligible patients.

Methods: 44 consecutive de novo or secondary AML patients, aged
65-75 years, were diagnosed in our Unit between September 2018 and
August 2020. Patients were risk-stratified according to ELN 2017 criteria
and classified as FIT, UNFIT and FRAIL according to a comprehensive
geriatric assessment (CGA), which included ECOG,CIRS,ADL and
IADL scores. Only fit patients with intermediate-adverse ELN 2017 risk
score were eligible for HSCT.

Results: Median age was 70 years (range 65-75). 9 patients presented
with favorable, 16 with intermediate and 15 with adverse risk. 19 patients
were classified as FIT, 12 as UNFIT and 13 as FRAIL. All FRAIL pa-
tients were treated with best supportive care. UNFIT patients were
treated with HMAs (n=8), Flt-3 inhibitors (n=1), CPX-351 (n=1), FLA
(n=1), one refused therapy. In the FIT group, induction was standard
chemotherapy (n=9), CPX-351 (n=5), HMAs (n=1), LDAC (n=1), allo-
HSCT upfront (n=3). Median CIRS score was 1 (1-4). 12/19 had ECOG
score 0, 18/19 had IADL over 5/8. Complete remission (CR) was
achieved in 15/44 patients (39%) and in 15/19 FIT patients (79%). At
last follow-up,14/44 patients were alive (median 135 days, range 1-813),
with an actuarial 2 year survival of 21%. Survival was 0% for FRAIL
and UNFIT patients,52% for FIT patients (Figure 1). 13/19 FIT patients
were allografted. Reasons for not grafting were early relapse (n=2), re-
fusal (n=2), waiting list (n=2).Donor type was HLA haploidentical (n=6),
MUD (n=4), MSD (n=2), cord blood (n=1).Conditioning was non
myeloblative (n=2), reduced intensity (n=9) or myeloablative(n=2).
GvHD prophylaxis consisted of CsA, MMF and post transplant cy-
clophosphamide in 9/13. Acute GvHD grade II-IV developed in 5 pa-
tients (38%) and chronic GvHD in 3 (23%). Actuarial 2 year survival is
60%, and median survival from diagnosis is 365 days (60-813); cause
of death was transplant related (n=2, 15%) and relapse (n=2, 15%).

Conclusions: CGA has a strong influence on treatment strategies in
elderly AML. An allo-HSCT was performed in 68% of FIT patients with
promising resultsbed availability was the most important factor delaying
transplantation. New therapies are required for UNFIT and FRAIL pa-
tients.

Figure 1.
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VITAMIN C DEFICIENCY IN PATIENTS WITH ACUTE MYELOID
LEUKEMIA (AML)
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Vitamin C has been shown to play a significant role in suppressing pro-
gression of leukemia through epigenetic mechanisms, suggesting that ad-
ministration of vitamin C may help to restore normal hematopoietic stem
cell function and differentiation. We aimed to study the levels of vitamin
C in plasma and within blasts in pts with AML, to characterize the role
of this vitamin on AML biology and clinical course. To this aim, we stud-
ied the serum levels of vitamins A and E, and the plasma levels of vitamin
C in 56 pts with AML, 9 with APL, and 7 with MDS, and in 15 healthy
donors (HDs). Vitamin A, E and C levels were studied by high perfor-
mance liquid chromatography at diagnosis, while vitamin C plasma levels
were also studied in 14 pts in CR and 10 in progression. Intracellular vi-
tamin C levels were also assessed in AML MNCs (n=9), blasts and lym-
phocytes (n=7), and MNCs from HDs (n=7). Expression of the main
vitamin C transporters (encoded by SLC23A2, SLC2A1 and SLC2A3
genes) were assessed by QPCR in 22 AML and 16 HDs. There were no
significant differences in vitamin A and E levels between pts and HDs. 

Figure 1. (A) Plasma levels of vitamin C in Myeloid Neoplasms and healthy donors. (B) Spearman's corre-
lation between PB blasts count and plasma concentration of vitamin C. (C) Vitamin C plasma levels eva-
luated in 14 patients in CR and (D) in 10 cases in AML progression. HDs: healthy donors. AML: acute
myeloid leukemia. APL: acute promyelocytic leukemia: MDS: myelodysplastic syndrome. PB: peripheral
blood. 
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On the contrary, vitamin C concentration was significantly lower in
pts as compared to controls (p<0.0001) (Figure 1A), was inversely cor-
related with peripheral blast counts (p=0.011) (Fig.1B), and significantly
increased at the time of CR in 14 pts (p=0.0046) (Figure 1C). On the
contrary, we observed a significant reduction of vitamin C concentration
in 10 cases of refractory AML when compared to corresponding diag-
nostic samples (p=0.019) (Figure1D). Cytoplasmic vitamin C was also
significantly reduced in MNCs purified from pts with AML versus HDs
(p=0.0003), and when comparing sorted blasts to lymphocytes in indi-
vidual pts. In this line, expression of the main vitamin C transporters
SLC23A2, SLC2A1 and SLC2A3 was also significantly reduced in AML
compared to HDs. There were no significant differences in vitamin C
plasma level when grouping pts according to cytogenetics (p=0.367) or
2017 ELN risk stratification groups (p=0.855). Vitamin C levels did not
play a predictive role for overall or relapse free survival.

In conclusion, our study shows that vitamin C levels are significantly
decreased in pts with AML at the time of initial diagnosis, further de-
crease during disease progression and return to normal by achievement
of CR. Correspondingly low intracellular levels may mirror increased
Vitamin C metabolic consumption in proliferating AML cells.
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L-CARNITINE FOR ASPARAGINASE-INDUCED HEPATO-TOXIC-
ITY IN ADULT ACUTE LYMPHOBLASTIC LEUKEMIA PATIENTS:
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GROUP
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Asparaginase is an important component of the multi-agent
chemotherapy for treatment of adult acute lymphoblastic leukemia
(ALL) patients. The toxicity profile includes allergy, pancreatitis, coag-
ulopathy and liver toxicity that ranges from mild bilirubin and/or
transaminase increase to fulminant hepatic failure. Risk factors for liver
injury are age, previous liver disease, overweight and obesity conditions.
L-Carnitine can help to overcome the mitochondrial dysfunction under-
lying asparaginase-induced liver toxicity. Up to date, there are only few
published case reports about the use of carnitine for the treatment of hep-
ato-toxicity after asparaginase therapy in patients with ALL. We retro-
spectively analysed 25 adult patients with ALL treated with L-Carnitine
for liver toxicity after pediatric-like chemotherapy, including asparagi-
nase, in 12 italian centers of the ALL-CAMPUS group. Briefly, 15 pa-
tients were males and 10 females, the median age at diagnosis was 43
years (range 22-67); 17/25 patients (68%) had B-ALL, 7/25 (28%) T-
ALL and 1/25 (4%) MPAL; 14/25 patients (56%) were classified as stan-
dard risk, 2/25 (8%) as high risk, 8/25 (32%) as very high risk while in
one patient the risk was not available. Assessing the risk factors for liver
toxicity, 10/25 patients (40%) were of normal weight, 11/25 (44%) over-
weight and 4/25 (16%) obese; 2/25% (8%) were HBV positive, while

23 patients (92%) were HBV/HCV negative. None of the 25 patients had
a previous liver disease. The hepato-toxicity appeared during the first
course of chemotherapy in 23/25 patients (92%), while 2 patients showed
liver toxicity after 3 and 5 chemotherapy courses, respectively. 21/25 pa-
tients (84%) received peg-asparaginase, while 4/25 (16%) were treated
with levo-asparaginase. In 15/25 patients (60%) L-Carnitine was admin-
istered intravenously and in 10/25 (40%) orally. L-Carnitine was started
after a median time of 3 days since the beginning of liver toxicity (range
0-51). The median time of administration was 16 days (range 2-61). The
resolution of liver injury was achieved in 24/25 patients (96%), and it
was complete in 18/24 patients (75%). No carnitine related side-effects
were reported. Our study describes the largest serie of cases currently
available and confirms that the overweight and obesity condition repre-
sents a predisposing conditions to the liver toxicity. We also confirm the
efficacy and safety of L-Carnitine in the management of liver toxicity
after asparaginase treatment.
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ENRICHMENT OF DOUBLE RUNX1 MUTATIONS IN ACUTE
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The WHO 2016 classification recognizes 7 entities under the category
of acute leukemias of ambiguous lineage. The immunophenotypic het-
erogeneity of ALAL likely reflects a heterogeneous mutational profile
that has been so far poorly characterized. To address the need of a better
biological definition of ALAL, we conducted a mutational analysis using
a targeted sequencing approach with a 54 myeloid and a 138 lymphoid
gene panels on 10 patients diagnosed between 2008 and 2020 at the Di-
vision of Hematology, Fondazione IRCCS Policlinico San Matteo of
Pavia. Our study cohort consists of 5 AUL, 2 MPAL B/myeloid NOS, 1
MPAL T/myeloid NOS and 2 ALAL NOS. The most frequently mutated
genes within the myeloid panel were NRAS (40%), RUNX1 (40%),
ASXL1 (30%), DNMT3A (20%), BCOR (20%), EZH2 (20%), U2AF1
(20%). The only recurrently mutated lymphoid gene was KMT2C (25%),
but mutations within this gene were mainly subclonal. The median num-
ber of mutations in myeloid genes was superior to the lymphoid ones (p
0.012). We then focused our attention on the RUNX1 gene, which is
known to be essential for the development of lymphoid and myeloid lin-
eages. Interestingly, all 4 RUNX1 mutated cases presented two mutations
in the gene, mainly of founding type: 3 AUL and 1 patient with a MPAL
B/myeloid NOS. All RUNX1 mutations resulted somatic. The allelic dis-
tribution of the RUNX1 mutations were in cis for one patient and in trans
for two patients. In addition, the analysis of RUNX1 variants on RNA
sequences in one patient revealed that virtually no functional RNA was
present. This suggests that there is a complete loss of function of the
RUNX1 protein which might influence blast phenotype. Sequencing of
a case at relapse showed the loss of the double RUNX1 mutant asset; in-
triguingly, this change in the mutational profile was associated with the
disappearance of the lineage ambiguity. Double RUNX1 mutations have
been previously reported to be associated with AML with minimal dif-
ferentiation, but not in ALAL.

In conclusion, we found that myeloid gene mutations are enriched in
a cohort of ALAL cases strictly diagnosed according to WHO 2016 cri-
teria. Moreover, our data seem to suggest that double RUNX1 mutation
is a recurrent mutational pattern in leukemias with an undifferentiated
phenotype and may support the hypothesis that AUL and AML with min-
imal differentiation represent a continuum of disease with a similar ge-
netic background.
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RETROSPECTIVE ANALYSIS ON EFFICACY OF HYPOMETHY-
LATING AGENTS IN AML-MRC
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Acute myeloid leukemia with myelodysplasia-related changes (AML-
MRC) is a well-defined subtype of AML characterized by a very poor
prognosis. We retrospectively reviewed 132 elderly AML pts treated
frontline with hypomethylating agents (HMAs); 70% and 30% of pts re-
ceived azacitidine and decitabine, respectively. The median follow-up
was 6.8 months (range 0.3-55.5). Sixty-five (49%) pts had an AML-
MRC, 62 (47%) AML-NOS while 5 (4%) had therapy-related AML. Re-
garding AML-MRC pts, the median age was 75 years (range 58-86) and
87% had a Charlson Comorbidity Index score ≥3. The median BM blast
count resulted significantly lower in pts with a previous history of
MDS/MPN than pts with de novo AML-MRC (25% and 41%, p=0.001)
and there was a male predominance for pts of the former group (82%,
p=0.003). Cytogenetic assessment showed that 24% and 44% of pts car-
ried a complex karyotype (CK) and adverse cytogenetic features, respec-
tively. On the contrary, among AML-NOS, no cases of CK were
reported. ELN-based risk assessment was globally available for 66 pa-
tients: 15 (71%) out of 21 high risk pts had an AML-MRC (p=0.039).
AML MRC and AML-NOS pts differed only for the median bone mar-
row (BM) blast count that was significantly lower in AML-MRC group
than AML-NOS (27% vs 44%, respectively, p<0.001). No other patient
and disease-related differences, including the median number of HMA
cycles received and overall response rates (AML-MRC 56%, AML-NOS
52%), were found. Median overall survival (OS) was significantly higher
in AML-MRC than AML-NOS [9.6 months (95%CI 2.8-16.5) vs 7.6
months (95%CI 5.2-10.0) p=0.025]. A statistical trend toward signifi-
cance was found for median progression free-survival (PFS) for AML-
MRC compared to AML-NOS [(8.6 months (95%CI 6.0-11.3) vs 6
months (95%CI 2.3-9.7), p=0.076]. Pts with only multilineage dysplastic
features (n=7) exhibited a trend of superior OS compared to other AML-
MRC categories [26.9 months (95%CI 0.7-53.1) vs 9.4 months (95%CI
7.6-11.3) p=0.075]. BM blast count ≥30% was associated with inferior
survival (p<0.001). Achieving partial remission or better (≥PR) or a sta-
ble disease (SD) after four HMA cycles did not confer different survival
outcome (p=0.105). On the contrary, SD as best response was signifi-
cantly associated with inferior survival than ≥PR (<0.001). The results
of our retrospective analysis indicated that HMAs seems to be a valid
option in unfit AML-MRC not suitable for intensive chemotherapies.
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HIGH RATE OF MINIMAL RESIDUAL DISEASE NEGATIVITY IN
PATIENTS ACHIEVING COMPLETE REMISSION AFTER TREAT-
MENT WITH VENETOCLAX-BASED REGIMENS FOR RE-
LAPSED/REFRACTORY ACUTE MYELOID LEUKEMIA

M. Piccini1, S. Pilerci1, M. Merlini1, B. Scappini1, P. Grieco3, S. Bencini4,
B. Peruzzi4, R. Caporale4, L. Signori2, F. Pancani2, A. Vannucchi2, 
G. Gianfaldoni1

1Università degli Studi di Firenze e Azienda Ospedaliera Universitaria
Careggi, SOD Ematologia; 2Centro di Ricerca e Innovazione per le
Malattie Mieloproliferative CRIMMUniversità degli Studi di Firenze e
AziendaOspedalieraUniversitariaCareggi; 3AziendaUslToscanaSud-
Est,OspedaleSanDonato,SODEmatologia; 4AziendaOspedalieraUni-
versitaria Careggi, SOD Centro Diagnostico di Citofluorimetria e
Immunoterapia, Italy

Relapsed/refractory (R/R) acute myeloid leukemia (AML) is an unmet
medical need. The only curative option is allogeneic hematopoietic stem
cell transplantation (HSCT) which is only applicable in a fraction of pa-
tients due to the scarce efficacy and toxicity profiles of salvage regimens.

Moreover, the efficacy of HSCT in disease control can be hampered by
the persistence of residual leukemic populations, represented by minimal
residual disease (MRD) positivity at the time of conditioning initiation.
MRD persistence at the time of HSCT has been associated with high cu-
mulative relapse incidence, comparable to those observed in the scenario
of transplant with active disease; therefore, salvage approaches with po-
tential for MRD eradication are needed. Between March 2018 and De-
cember 2020, 47 patients with R/R AML were treated at our institution
with VEN-based regimens for primary induction failure (n=11), relapsed
disease (n=25) or relapse after HSCT (n=11); 24 patients were treated
with an intention-to-transplant (ITT). Reasons for the lack of ITT were
age or precluding medical conditions. Partner drugs for VEN were azac-
itidine (n=29), LDAC (n=13) and decitabine (n=5). MRD evaluation was
carried out for all CCR patients. MRD was measured at first CR achieve-
ment and as clinically indicated thereafter. Overall composite CR (CCR)
rate was 55% (26/47). All CRs invariably occurred during the first six
weeks of treatment. Of all patients in the CCR group, 16 patients (61%)
achieved an MRD negative status evaluated by flow cytometry or RT-
qPCR when applicable. MRD negativity status was invariably achieved
by cycle 3. The only factor impacting on the likelihood of MRD nega-
tivity was the presence of a NPM1 mutation (p=0.014). In the CCR
group, 16 patients were treated with on an ITT basis. Of those, 14 pa-
tients were ultimately able to proceed to HSCT without further treatment,
while two patients experienced relapse before HSCT. With a median fol-
low up of 11.7 months, overall survival for all CCR patients was 19.2
months (MRD-, not reached; MRD+, 11.9 months; non significant); dis-
ease-free survival was 10.6 months (MRD-, not reached; MRD+: 10.6
months, NS). Even if limited by the small number of patients and its ret-
rospective nature, our study provides an interesting glimpse on the qual-
ity of responses achieved with VEN-based regimens in R/R AML and
its clinical significance. Further validation in larger prospective studies
is warranted. 

P68

ALTERATION OF OSTEOGENIC DIFFERENTIATION INDUCED BY
ACUTE MYELOID LEUKEMIA IN THE HEMATOPOIETIC NICHE:
A POSSIBLE ROLE OF NOTCH SIGNALING

C. Tomasoni, C. Arsuffi, A. Biondi, A. Pievani, M. Serafini

TettamantiResearchCenter,DepartmentofPediatrics,UniversityofMi-
lano-Bicocca/Fondazione MBBM, Monza, Italy

Acute myeloid leukemia (AML) is characterized by the abnormal
clonal proliferation of undifferentiated blasts and by a high relapse rate,
associated with chemoresistance and bone marrow (BM) failure. These
processes are supported by the alterations in the stromal component of
the hematopoietic niche due to the interactions with leukemic cells. We
have previously demonstrated that mesenchymal stromal cells (MSC)
obtained from patients’ BM presented intrinsic alterations in osteogene-
sis, characterized by a high presence of osteoblast precursors and a sig-
nificant reduction of mature osteoblasts. We wondered whether the
alteration of osteogenesis is specifically due to AML infiltration by the
Notch signaling. We therefore established an in vitro co-culture system
in which osteogenesis is induced in normal MSC in the presence of dif-
ferent AML cell lines, primary AML cells, or healthy CD34+ cells. MSC
cocultured for 3 days with AML cell lines showed an increased expres-
sion of Tissue Non-specific Alkaline Phosphatase (TNAP), a marker of
early osteogenesis, and reduction of osteopontin and osteocalcin, markers
of late osteogenesis. Of note, only direct cell contact, but not AML-con-
ditioned medium affected TNAP expression on MSC. Furthermore, co-
culture of primary AML cells with MSC from healthy donors showed
significant upregulation of TNAP expression in 13 of 20 AML samples,
independent of either genetic or morphologic AML subtype. Coculture
with normal CD34+ cells from different healthy donors did not affect
TNAP levels. Then we assessed the activity of the Notch pathway on
MSC in the presence of different AML cell lines and we found that
Notch1-2-3, Hes1 and Hey1 levels were markedly increased in cocul-
tured MSC. To prove the association between increased Notch signaling
and altered osteogenesis in MSC cocultured with AML, we added DAPT,
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a γ-secretase inhibitor, which proved to efficiently reduce activation of
Notch signaling in MSC. Adding DAPT successfully abrogated TNAP
upregulation in MSC cocultured with AML cell lines and primary AML
cells. Furthermore, stimulation with recombinant Jagged1 induced a
strong upregulation of TNAP on MSC, which is abrogated in presence
of DAPT. Overall, these results demonstrate that Notch signaling is ac-
tivated by AML cells in MSC and induces early osteogenesis. These
novel insights into the human AML BM microenvironment may help
identify new targets which might pave the way for niche-targeted thera-
pies in AML patients.
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A REAL LIFE STUDY OF ACTIVITY OF ATO PLUS ATRA REGI-
MEN IN TREATMENT OF ACUTE PROMYELOCITIC LEUKEMIA

A. Giordano1, F. Grimaldi2, G. Rossi3, P. Zappasodi4, D. De Novellis2,
O. Finizio5, L. Pagano1, F. Ferrara5

1Fondazione Policlinico Universitario Agostino Gemelli IRCCS;
2AziendaOspedalieraUniversitariaFederico II; 3ASSTSpedaliCivili di
Brescia; 4Fondazione IRCCS Policlinico San Matteo; 5Azienda Os-
pedaliera di Rilievo Nazionale Antonio Cardarelli, Italy

Background: All-trans retinoic acid (ATRA) with Arsenic Trioxide
(ATO) has become standard of care for low-intermediate risk acute
promyelocitic leukemia. Pilot APL0406 and NCRI AML17 trials have
shown high efficacy and reduced hematologic toxicity with ATO and
ATRA. However real-life studies confirming activity of this regimen in
real life setting are lacking and required.

Methods: APL cases from fuor experienced hematological institution,
treated with ATO and ATRA, were retrospectively collected. Analysis
included APL with low/intermediate Sanz risk at first diagnosis, or APL
relapsed after ATRA plus chemotherapy treatment. Primary end points
were Overall Survival (OS) and Event-Free Survival (EFS). Secondary
end-points included analysis of quality of response, factor affecting sur-
vival and toxicity.

Results: From 2014 to 2019, 77 patients treated with ATO and ATRA
protocol were identified. Median 5y-OS was 97.4%, and median EFS
was 96.1%. Complete remission was achieved in all 77 patients (100%),
with persistent molecular remission in all but on patient, where a molec-
ular relapse was observed. Survival analysis didn’t show statistically sig-
nificant differences among age categories (under 60 years old vs over 60
years old ), risk stratification (low, intermediate, high) and frontline ther-
apy vs salvage therapy. However epatoxicity and hyperleucocitosis was
observed in 21% and 40% of patients respectively. QTc prolongation
with needing for ATRA reduction was not observed. ATRA and ATO was
associated with a good safety profile, with no treatment discontinuation.

Conclusions: Advances in the treatment of APL have changed the nat-
ural history from a highly fatal disease up to be definitely curable. Our
real-life data confirm efficacy of ATO and ATRA regimen outside clinical
trials. Furthermore, toxicity data show how this regimen could poten-
tially be a curative strategy for all patients who are frail or unfit for age
and comorbidities.

Figure 1. 
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ROLE OF BMI AND COMORBIDITY IN SURVIVAL OF PATIENTS
AFFECTED BY MYELODYSPLASTIC SYNDROME WITH DEL5Q
DURING LENALIDOMIDE TREATMENT

A. Consagra1,2 , A. Sanna3 , A. Brogi1,2, E. Masala1,2 , E. Attardi1,2,
M.G. Raddi1,2, V. Santini1,2

1MDS Unit, Division of Hematology, AOU Careggi-University of Flo-
rence; 2Department of Experimental and Clinical Medicine, University
of Florence; 3Hematology Department, Careggi Hospital, Italy

Introduction: Myelodysplastic syndrome (MDS) with del-5q repre-
sents a clinical and pathological entity recognized by WHO classifica-
tion. Karyotype abnormalities involving isolated del-5q are the most
frequently occurring in MDS (14%). Lenalidomide (LEN) is an im-
munomodulatory agent and represents the standard of treatment in pa-
tients with transfusion dependent del(5q)-MDS patients (pts).
Achievement of TD and CCyR after LEN, presence of additional +2 cy-
togenetic abnormalities (with or without complex karyotype), biallelic
TP53 mutations are consolidated disease specific predictors of overall
survival. Individual pt variables have not been evaluated in this setting.

Aims and methods: We evaluated the impact of obesity (BMI) and co-
morbidity measured with Cumulative Illness Rating Scale (CIRS) on the
outcome after LEN treatment. We analyzed 21 consecutive MDS-del5q
pts treated with LEN as second line therapy after ESAs. Median age at
start of LEN was 78 (44,8-98); M/F 11:10; Revised International Prog-
nostic Scoring System (IPSS-R) before treatment was: 2 very low, 17
low, 1 intermediate and 1 high. Median time from diagnosis to treatment
was 21 months, median follow up was 41.8 months. 2 pts underwent to
allogeneic bone marrow transplantation, and survival was censored at
time of transplant.

Results: Overall response rate was 95%, CCyR was 3/13. Median
Overall Survival (OS) was 32 months. Disease progression was observed
in 52% of cases (MDS-EB1 2 pts, MDS-EB2 4 pts and AML 5 pts). We
observed a trend to better OS in pts who received 10 mg vs 5 mg (33.9
vs 18.1 months, p=0.054). The most prevalent baseline comorbidities in-
cluded hypertension (28,6%), atrial fibrillation (19%), ischemic cardiac
disease (9%), diabetes (19%), congestive heart failure (9%), renal insuf-
ficiency (9%) and thyroid disease (14,2%), prior solid tumor malignancy
(23.8%) and prior venous thromboembolism (9%). Seven pts have a BMI
>25. CIRS score was 0 in 7 pts, 1 in 5, 2 in 7 and 3 in only one case. A
significant better OS was observed in pts with BMI<25 (49vs30 months,
p=0.04). Median OS of pts with 0 CIRS was 30,9 vs 17 months in pts
with CIRS ≥3 (p=0.02). We did not observe any correlation between
CIRS and BMI (p=0.38).

Discussion: Our Cohort of elderly MDS del5q pts showed an OS con-
sistent with data previously published. Beside disease specific variables,
we evaluated individual variables and demonstrated the prognostic im-
pact of BMI and elevated CIRS score on OS after LEN treatment.
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CD200 AND CHRONIC LYMPHOCYTIC LEUKEMIA (CLL):
MORE THAN A SURFACE MARKER. THE RELEVANCE OF ITS
SERUM LEVELS IN PREDICTING PROGNOSIS

G. D’Arena1, C. Vitale2, M. Coscia2, D. Lamorte3, G. Pietrantuono4,
F. Perutelli2, F. D’Auria5 , T. Statuto5, T. Valvano5, S. Tomassi6, 
V. Griggio2, R. Jones2, G. Mansueto4 , O. Villani4 , S. D’Agostino4, 
V. De Feo7, D. Efremov8, L. Laurenti6

1Hematology, P.O. S. Luca, ASL Salerno; 2 Hematology, Department of
Molecular Biotechnology and Health Sciences, AOU Città della Salute
e della Scienza di Torino, University of Torino; 3 Laboratory of Pre-Clin-
ical and Translational Research, IRCCS-CROB Referral Cancer Center
ofBasilicata; 4HematologyandStemCellTransplantationUnit, IRCCS-
CROB Referral Cancer Center of Basilicata; 5 Laboratory of Clinical
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Center of Basilicata;  6 Hematology Unit, Catholic University of Sacred
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versity of Salerno; 8 Molecular Hematology, International Center for
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The evaluation of CD200 expression has shown to be a useful tool to
better classify chronic lymphoproliferative diseases. CLL overexpress
CD200 with respect to other lymphoid leukemias. There is some evi-
dence that serum levels of soluble CD200 (sCD200) could be related to
disease progression in pts with CLL. However, very little is known about
its prognostic significance. Serum samples were collected at diagnosis
from 272 pts with CLL (median age 66 yrs, range 33-90) and from 78
age- and sex-matched healthy subjects (median age 63 yrs, range 42-
100), as normal controls. Human CD200 (OX-2 membrane glycoprotein)
ELISA kit (Wuhan Fine Biotech Co., Ltd., Wuhan, China) was used to
quantify sCD200 in serum samples. We found a significantly higher con-
centration of sCD200 in serum samples from CLL pts than in controls
(median, 1281 pg/ml vs 799 pg/ml; p=0.0002). In pts with CLL, sCD200
was significantly higher in those ≥66 vs <66 yrs old (median, 1560 pg/ml
vs1193 pg/ml; p=0.0001), in those with Binet stage CvsA/B (2055 pg/ml
vs 1274 pg/ml; p=0.0045), in those with unmutated vs mutated IgVH
(1601 pg/ml vs 1131 pg/ml; p<0.0001), and in those with unfavorable
(del11q or del17p) vs favorable (normal or del13q or tris12) FISH (1897
pg/ml vs 1239 pg/ml; p=0.0077). On the contrary, gender, bulky disease,
whole blood cell or lymphocyte count, beta2-microglobulin serum levels
and presence of autoimmune complications did not significantly corre-
late with sCD200. Time-to-first-treatment (TTFT) was shorter in pts with
higher sCD200 levels (sCD200 >1281 pg/ml vs <1281 pg/ml, median
TTFT, 61 vs 109 months; p<0.001). Baseline sCD200 values appear to
have an impact on response to therapy (median in CRvsPR/NR pts, 1308
pg/ml vs 1590 pg/ml; p 0.0468), and this difference seems to increase if
only pts who received chemotherapy or chemo-immunotherapy are con-
sidered (1244 pg/ml vs 1602 pg/ml; p=0.0193). On the contrary, an as-
sociation between baseline sCD200 values and response to targeted
agents was not found. Finally, sCD200 also had an impact on overall
survival (OS) (sCD200 >1281 pg/ml vs <1281 pg/ml; median OS, 222
vs299 months; p=0.005). Higher sCD200 correlated with a more aggres-
sive behavior and was able to predict a worse prognosis. CD200 can be
released from CD200+ neoplastic cells by ectodomain shedding and both
surface and sCD200 are able to engage CD200 receptor, which in turn
can result in increased tumor growth, by means of a negative control of
immunosurveillance
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BASELINE HISTOPATHOLOGICAL FEATURES DID NOT CORRE-
LATE WITH OUTCOME IN PATIENTS AFFECTED BY MYELOFI-
BROSIS TREATED WITH RUXOLITINIB
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C. Giordano2, M. Breccia1
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Myelofibrosis (MF) is a myeloproliferative neoplasm associated with
ineffective hematopoiesis, splenomegaly, and bone marrow (BM) fibro-
sis. Ruxolitinib (RUXO) has been shown to improve splenomegaly,
symptom burden, and overall survival (OS) in pts with intermediate-2
or high-risk MF compared with placebo or best available therapy. It has
previously been reported that the drug may reverse or markedly delay
BM fibrosis with disease-modifying effect. The outcome of MF pts
treated with RUXO was correlated with baseline histopathological fea-
tures. We retrospectively reviewed initial trephine biopsy in 62 pts re-
ceiving RUXO outside clinical trials focusing on cellularity,
megakaryocyte (MK) morphology and distribution, grade of fibrosis and
vascular density. Sixty-two pts in 1:1 male/female ratio with a median
age of 67 years received a diagnosis of primary MF (PMF) in 40.3% and
secondary MF (SMF) in 59.7% of the cases. The 4-year estimated OS
was 94.2%. An increased cellularity was observed in 87.1% of pts with
a grade 2-3 fibrosis in 67% of patients. No histological differences are
correlated with gender, age, hemoglobin and leucocytes. Prevalent MK
bulbous nuclei were revealed in 93% in SMF and 7% in PMF (p=0.014).
Pts with numerous giant MK had more frequently splenomegaly ≥5 cm
from LCM (p=0.03). The median baseline ferritin was significantly
higher in pts with homogeneous expression of CD3 (172.5 vs 123 ng/ml)
(p=0.036), while, non-homogenous CD3 expression is more frequent in
pts with constitutional symptoms (40% vs 8%) (p=0.009). Moreover,
there was a tendency toward the presence of osteosclerosis in pts with
constitutional symptoms (p=0.057). No differences in terms of median
platelets count, thrombotic events and transfusion requirement were
found according to MK distribution, dimension and nuclear features. The
median age at diagnosis is increased in the presence of hypersegmented
MK nuclei (p=0.031) and normal vascular density (p=0.045). No corre-
lations in terms of splenic response (reduction of spleen volume of
≥35%) or symptoms reduction with vascular density (p=0.082, p=0.969),
cellularity (p=0.402, p=0.716) or fibrosis (p=0.056, p=0.549) were ob-
served. Unless not reaching a statistical significance, the absence of os-
teosclerosis was reported in 67% of pts who achieved a splenic response
after RUXO. In conclusion, it seems that some histopathological features
correlate with baseline features but the achievement of clinical responses
with RUXO are not affected by these.
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IMPACT OF RELATIVE DOSE INTENSITY AND COMORBIDITIES
ON OUTCOME OF FRONTLINE TREATMENT WITH OBINU-
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Introduction: Since its approval in Italy in 2017, the use of Obinu-
tuzumab (G) and Chlorambucil (Chl) as frontline treatment for chronic
lymphocytic leukemia (CLL) patients (pts) has progressively increased.
Whether the comorbidity burden and G-Chl relative dose intensity (RDI)
may have an impact on outcome has not been investigated.

Aim: Our study aims to evaluate the impact of reduced RDI G-Chl
treatment and identify pts at higher risk of dose reductions due to clinical
or laboratory characteristics.

Methods: We conducted a retrospective multicenter study using sec-
ondary data involving 12 Italian centers, enrolling 130 pts with CLL
treated with a frontline G-Chl regimen. For each patient we analyzed
clinical and biological characteristics, focusing on comorbidities: we in-
vestigated the impact on RDI reduction of ECOG PS, each CIRS param-
eters individually, CIRS >6, CIRS >8, and at least one CIRS component
≥3 (CIRS 3+).

Figure 1. 

Results: In our cohort, median age was 76 years (range 42-88); 91%
of pts were aged over 65 years old. Median CIRS score was 7 (range 1-
18) and 72% of pts had a CrCl <70 ml/min. At the end of treatment, over-
all response rate (ORR) was 88%, with 26% of CR and 62% of PR.
Median follow-up was 29.1 months (range 1.8-55.7). The only factor
that independently impacted outcome in terms of PFS and TTNT was G

RDI reduction >20%: hazard ratios were 3.03 (range 1.49-6.25, p=0.002)
and 2.94 (range 1.37-6.25, p=0.006) respectively. ECOG ≥2 showed a
trend towards significance in influencing both PFS (HR 1.73, range 0.98-
3.16, p=0.078) and TTNT (HR 1.91, range 0.94-3.49, p=0.076). While
dose modifications of Chlorambucil did not show to have an impact, pts
who received a decrease <20% of RDI in Obinutuzumab showed a better
outcome in terms of ORR, PFS and TTNT, but not OS (ORR 93% vs
61%, median PFS 37.3vs17.2 months, median TTNT not reachedvs24.4
months, p=0.001, Figure 1). These results are similar to those obtained
with a 100% RDI. ECOG PS ≥2 was the clinical factor with an impact
on reducing RDI >20% (50% vs 24%, p=0.027).

Conclusions: Our study shows that a decrease >20% of G RDI results
in a worse outcome in terms of ORR, PFS and TTNT. A <20% dose re-
duction, in contrast, showed no difference when compared with 100%
RDI. High comorbidity burden had an impact on the RDI reduction
>20%, not as single CIRS variable, but as a whole, focusing our attention
on pts with ECOG PS ≥2, who are at higher risk of recurrences that will
need earlier treatment.
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VERY ELDERLY CML PATIENTS: A “CAMPUS CML” STUDY
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Treatment of chronic phase (CP) chronic myeloid leukemia (CML)
with tyrosine kinase inhibitors (TKIs) proved to be almost equally ef-
fective in young and elderly patients. Three TKIs, imatinib (IM), dasa-
tinib (DAS) and nilotinib (NIL), are approved for frontline therapy in
Italy. Choice of frontline TKI is based on a combined evaluation of pa-
tient’s characteristics and expectations, with age usually playing a promi-
nent role. However, to date, few data are available on patterns of TKI
selection in very elderly patients. To analyse the use of frontline TKI
therapy in a large and unselected cohort of very elderly CP-CML patients
we retrospectively evaluated 300 patients aged ≥75 year diagnosed from
1/2012 to 12/2019 at 31 Hematology Centres participating at the “Cam-
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pus CML” project. Clinical features at diagnosis for the whole cohort
and according to frontline TKI are reported in Table 1. As to frontline
TKI, 260 patients (86.7%) received IM and 40 (13.3%) a 2G-TKI (DAS
n=26, 65%; NIL n=14, 35%). Of the 260 IM-treated patients, 179
(68.9%) started with standard dose (400 mg/day) and 81 (31.1%) with a
reduced dose (300 mg/day n=58, 22.3%; <300 mg/day n=21, 8.8%).
Among the 40 patients starting a 2G-TKIs, 30 (75%) received standard
dose and 10 (25%) a reduced dose (NIL <600 mg/day n=2; DAS 80
mg/day n=4 and 50 mg/day n=4). There were no differences between
patients treated with imatinib or 2G-TKI (Table 1); only a previous cere-
brovascular event had a trend in favour of IM. It is however evident that
the distinct toxicity profiles of NIL and DAS had an impact on TKI
choice as, for example, no patient with diabetes or ischemic heart disease
received NIL. Following widespread introduction of generic IM in Italy
in early 2018, patients were divided in 2 groups: among 219 patients di-
agnosed from 2012 to 2017, 184 (84%) received IM and 35 (16%) a 2G-
TKI, while patients diagnosed in 2018-2019 were treated with IM in
76/81 (93.8%) cases and with a 2G-TKI in 5 (6.2%) cases only
(p=0.026). IM remains the frontline drug of choice in very elderly CML
patients, and this trend seems to increase after the introduction of the
generic formulation. However, 2G-TKI are used in a small but sizeable
group of patients, without a clear correlation with baseline CML features,
thus probably reflecting a physician’s evaluation of patient’s fitness
and/or expectation. Efficacy and safety of initial reduced TKIs doses in
the setting of very elderly patients warrant further analyses.

Table 1. Clinical features of the whole cohort and according frontline TKI treatment.
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The choice of frontline tyrosine kinase inhibitor (TKI) in chronic
phase (CP) chronic myeloid leukemia (CML) is based on a combined
evaluation of disease and patient’s characteristics. The presence of co-
morbidities is of pivotal importance, as incidence of toxicities of different
TKIs are prevalent among patients with specific clinical condition. How-
ever, the weight of comorbidities on TKI selection has not been specif-
ically investigated. To analyse the use of frontline TKIs according to
concomitant diseases and drug burden we retrospectively evaluated 1752
CP-CML patients that started imatinib (IM), dasatinib (DAS) or nilotinib
(NIL) between 1/2012 and 12/2019 at 31 Hematology Centres involved
in the national “Campus CML” project. For all patients we recorded co-
morbidities at the time of CML diagnosis and the number of concomitant
drugs taken. Frontline TKI was IM in 964 (55%), DAS in 297 (17%)
and NIL in 491 (28%) patients, respectively. Incidence of 6 main comor-
bidities was recorded: arterial hypertension (AH) (n=692, 39.5%), dia-
betes (n=199, 11.4%), chronic obstructive pulmonary disease (COPD)
(n=137, 7.8%), previous neoplasm (n=239, 13.6%), ischemic heart dis-
ease (IHD) (n=123,7%) and cerebrovascular events (CE) (n=49, 2.8%).
The relative rates of comorbidities according to the three TKIs are re-
ported in Table 1. 

Table 1. Frontline TKI choice according to main comorbidities and number of concomitant drugs.

Compared to NIL, all comorbidities were significantly more frequent
in patients receiving IM; compared to DAS, rates of AH, previous neo-
plasm, IHD and CE were higher for IM, while no difference was reported
for diabetes and COPD. Compared to NIL, the rates of AH, diabetes and
IHD were significantly higher for DAS. Among 1663 patients evaluable
for concomitant medications, 644 (38.7%) took no drugs, 460 (27.7%)
took 1-2 drugs, 356 (21.4%) took 3-5 drugs and 203 (12.2%) took ≥6
drugs. A higher burden of co-medications was recorded in the IM cohort
compared to 2G-TKIs (p<0.001), but also for DAS compared to NIL
(p<0.001). Our data highlight the role of comorbidities and concomitant

 

 All patients 
(300) 

Frontline imatinib 
(260) 

Frontline 2G-TKI 
(40) 

p 

Gender, M/F  
(%) 

172/128 
(57.3 – 42.7) 

150/110 
(57.7 – 42.3) 

22/18 
(55.0 – 45.0) 

0.749 

Median age (years)  
(IQR) 

79.4 
(77.1 – 82.7) 

79.6 
(77.2 – 82.9) 

78.9 
(76.9 – 81.1) 

0.234 

Hb, g/dl 
(IQR) 

12.3 
(10.9 – 13.7) 

12.2 
(10.7 – 13.7) 

12.9 
(11.3 – 14.8) 

0.118 

WBC, x 109/l 
(IQR) 

43.1 
(26.7 – 86.7) 

46.7 
(26.3 – 91.1) 

40.8 
(30.7 – 63.8) 

0.224 

PLTS, x 109/l 
(IQR) 

360 
(222 – 580) 

354 
(227 – 555) 

418 
(197 – 676) 

0.602 

Spleen, n° evaluable (%): 
               Not palpable 
               < 5 cm below costal margin 
               ! 5 cm below costal margin 

291 
182 (62.5) 
88 (30.2) 
21 (7.3) 

254 
161 (63.4) 
75 (29.5) 
18 (7.1) 

37 
21 (56.8) 
13 (35.1) 
3 (8.1) 

 
 

0.737 

Sokal score, n° evaluable (%): 
              Low 
              Intermediate 
              High  

289 
13 (4.5) 

198 (68.5) 
78 (27.0) 

251 
12 (4.8) 

173 (68.9) 
66 (26.3) 

38 
1 (2.6) 

25 (65.8) 
12 (31.6) 

 
 

0.695 

ELTS score, n° evaluable (%): 
              Low 
              Intermediate 
              High 

279 
38 (13.6) 
147 (52.7) 
94 (33.7) 

244 
30 (12.3) 
128 (52.5) 
86 (35.2) 

35 
8 (22.9) 

19 (54.2) 
8 (22.9) 

 
 

0.141 

Arterial hypertension, n° (%) 202 (67.3) 176 (67.7) 26 (65.0) 0.710 
Diabetes, n° (%) 60 (20.0) 52 (20.1) 8 (20.0) 0.991 
Previous neoplasm, n° (%) 70 (23.3) 59 (22.8) 11 (27.5) 0.512 
COPD, n° (%) 54 (18.0) 45 (7.4) 9 (22.5) 0.440 
Ischemic heart disease, n° (%) 40 (13.3) 37 (14.3) 3 (7.5) 0.241 
Cerebrovascular events, n° (%) 22 (7.3) 22 (8.5) 0 0.055 
Concomitant drugs, n° evaluable (%): 
                 0 - 2 
                 3 – 5 
                 > 5 

284 
88 (31.0) 
118 (41.5) 
78 (27.5) 

245 
72 (29.4) 
105 (42.9) 
68 (27.7) 

39 
16 (41.2) 
13 (33.3) 
10 (25.5) 

 
 

0.429 

!

!

!
 Imatinib 

964 (55%) 
Dasatinib 
297 (17%) 

Nilotinib 
491 (28%) 

P 
(I vs D) 

P 
(I vs N) 

P 
(D vs N) 

Arterial hypertension, n° (%): 
                  YES 
                  NO 

 
475 (49.3) 
489 (50.7) 

 
99 (33.3) 

198 (66.7) 

 
117 (23.8) 
374 (76.2) 

 
<0.001 

 
<0.001 

 
0.004 

Diabetes, n° (%): 
                  YES 
                  NO 

 
138 (14.3) 
826 (85.7) 

 
51 (17.2) 

246 (82.8) 

 
10 (2.0) 

481 (98.0) 

 
0.446 

 
<0.001 

 
<0.001 

Chronic obstructive pulmonary disease, n° (%): 
                  YES 
                  NO 

 
100 (10.4) 
864 (89.6) 

 
18 (6.1) 

279 (93.9) 

 
19 (3.9) 

472 (96.1) 

 
0.076 

 
<0.001 

 
0.159 

Previous neoplasm, n° (%): 
                  YES 
                  NO 

 
172 (17.8) 
792 (82.2) 

 
32 (10.8) 

264 (89.2) 

 
35 (7.1) 

456 (92.9) 

 
0.014 

 
<0.001 

 
0.073 

Ischemic heart disease, n° (%): 
                  YES 
                  NO  

 
106 (11.0) 
858 (89.0) 

 
13 (4.4) 

284 (95.6) 

 
4 (0.8) 

487 (99.2) 

 
0.003 

 
<0.001 

 
0.001 

Cerebrovascular events, n° (%): 
                  YES 
                  NO 

 
45 (4.7) 

919 (45.3) 

 
2 (0.7) 

295 (99.3) 

 
2 (0.4) 

489 (99.6) 

 
0.006 

 
<0.001 

 
0.611 

Concomitant drugs, n° evaluable (%): 
                     0 
                  1 – 2  
                  3 – 5 
                    >5 

885 
222 (25.1) 
241 (27.2) 
255 (28.8) 
167 (18.9) 

292 
139 (47.6) 
75 (25.7) 
50 (17.1) 
28 (9.6) 

484 
282 (58.2) 
144 (29.8) 
50 (10.3) 

8 (1.7) 

 
 

<0.001 
 

 

 
 

<0.001 

 
 

<0.001 
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drugs on frontline TKI choice in the real-world. Patients treated with 2G-
TKIs had significantly fewer comorbidities and concomitant therapies
than those receiving IM, thus making comparisons on toxicity and effi-
cacy difficult. Among 2G-TKIs, burden of concomitant diseases and
medications was bigger in patients receiving DAS than NIL. Further cor-
relations with other features (e.g. age) are warranted to define the relative
weight of comorbidities on TKI choice.
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Chronic lymphocytic leukemia (CLL) is an incurable disease charac-
terized by an extremely variable clinical course. Along with the under-
standing of the molecular heterogeneity of the disease, growing interest
is emerging in redox metabolism in CLL. We have recently documented
a differential catalase expression in CLL associated with divergent clin-
ical behaviors. However, the mechanisms controlling the transcription
of catalase gene are poorly understood. The main objective of this study
is to investigate regulatory mechanisms underlying differential expres-
sion of catalase in CLL. We investigated the role of the rs1001179 SNP
and methylation levels of the catalase promoter on catalase expression
in primary CLL cells, using RFLP-PCR and pyrosequencing. Catalase
expression has been assessed using qPCR and flow cytometry. The
rs1001179 SNP genotyping shows that CLL cells harboring the T allele
exhibit a significantly higher catalase expression compared with cells
bearing the CC genotype. Moreover, we show that methylation of cata-
lase promoter influences catalase expression. First, CLL cells exhibit
lower methylation levels compared with healthy donor (HD) B cells, in
line with the higher catalase mRNA and protein levels expressed by CLL
in comparison with HD B cells. Then, the methylation levels at specific
CpG sites negatively correlate with the catalase gene expression level in
CLL cells. Remarkably, the role of promoter methylation in regulating
catalase expression was functionally validated inhibiting the activity of
methyltransferase in primary CLL cells, using 2’-deoxy-5-azacitidine
(DAC). Treatment of leukemic cells with DAC induces a significant in-
crease in catalase gene expression, thus showing that DNA methylation
controls catalase expression in CLL. Finally, we investigated the rela-
tionship between the genetic and epigenetic regulatory levels, in con-
trolling catalase expression using a mathematical linear model.
Remarkably, the rs1001179 T allele and methylation interact in regulat-
ing catalase gene expression, thus indicating that the CT/TT genotypes
show a lower methylation levels and a higher catalase gene expression
level. The key result of this study is to provide new insights into the
knowledge of genetic and epigenetic mechanisms at the basis of differ-
ential expression of catalase in CLL, which could be of crucial relevance
for the development of therapies targeting redox pathways. We thank
Gilead for funding support.

P77

PREGNANCY OUTCOME IN WOMEN WITH ESSENTIAL
THROMBOCYTHEMIA: A 30 YEAR SINGLE-CENTER EXPERI-
ENCE
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Background: Obstetric complications are common in ET women.
There is a higher risk than in the general population of early pregnancy
loss and fetal growth retardation (FGR) (respectively 10–15% and 5%).
Furthermore, the live birth rate ranged from 50% to 70%. A variety of
therapeutic strategies has been proposed, with a risk-driven intensity of
treatment. Still, there is a lack of an international agreement for the man-
agement of women during pregnancy.

Aim: This study aims to describe our monocenter experience rate of
obstetrics complications in ET patients.

Patients and Methods: We recorded 110 pregnancies in 61 ET women
(median age 34.5 years) from 1990 to 2020 (1.8 pregnancies per woman).
Eight pregnancies were excluded from our analysis for lack of data. We
detected JAK2 mutation in 30 women (49.2%), CALR in 7 (11.5%),
CMPL in 4 (6.5%). Antepartum prophylaxis consisted of aspirin (ASA)
in 25 pregnancies, low molecular weight heparin (LMWH) in 22, both
in 37; 18 pregnancies were untreated. Cytoreduction with interferon was
needed only in 17 pregnancies.

Results: Among the evaluable pregnancies, 74 pregnancies (72.5%)
ended up with live childbirth. The rate of miscarriages was 24.5%
(n=25), and stillbirth 1.9% (n=2). In 1 case (0.9%), a newborn died few
hours after birth. Other obstetric complications occurred in 23 pregnan-
cies (22.5%). FGR was the most frequent (8.8%). We registered 3 throm-
botic events, 1 during pregnancy (TIA during ASA) and 2 during
puerperium (1 DVT of the leg during LMWH, and 1 cerebral vein throm-
bosis without). The rate of live births using for at least 6 months ASA or
LMWH or both was 80% (20/25), 77% (17/22), and 84% (31/37), re-
spectively. Overall the rate of live births was 81% (68/84) using an-
tithrombotic prophylaxis and 33% (6/18) without (odds ratio, OR, 0.11,
95%CI 0.03-0.36, p=0.0002). Logistic regression showed that the OR of
live birth was 3.49-fold (95%CI 1.37-8.89, p=0.008) using ASA and 2.92
(95%CI 1.14-7.43, p=0.02) using LMWH; age >35 years, JAK2 V617F
mutation, a history of thrombosis, and use of interferon did not affect
the probability of live birth. We recorded 5 non-fatal peripartum bleeding
events during LMWH and 1 without (OR 1.07, 95%CI 0.11-9.8, p=0.98).

Conclusions: Antithrombotic prophylaxis in ET pregnant women re-
duces the probability of fetal loss by 89% without a significant increase
in bleeding. The pregnancy outcome is not influenced by the JAK2 mu-
tational status either by the use of interferon.
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To evaluate incidence and severity of COVID-19 cases in a well-de-
fined cohort of patients with CLL receiving venetoclax-based combina-
tions a questionnaire was sent to a cohort of CLL treating hematologists
from hematological centers in southern Italy. Participants were asked: a)
to indicate whether they had offered a test for detection of COVID-19
infection (mainly nasopharyngeal swabs) only to CLL patients who re-
ported symptoms or universally; b) to provide information on the inci-
dence of COVID-19 infection and its severity; c) to specify reasons of
possible treatment modifications. The survey was restricted to R/R CLL
patients treated from Feb 1st to Dec 31th 2020 with time-limited vene-
toclax/rituximab (VR) combination as recommended by MURANO pro-
tocol (venetoclax for up to 2 years plus rituximab for the first 6 months),
within their clinical practice. A specific questionnaire was sent to 30 CLL
hematologists. Twenty-six responded but only 24 declared to have treated
at least one patient with VR combination in the observation period. Of
those, 20.8% worked in academic hospitals. Overall, the survey allowed
to collect data on 124 patients. The median number of patients treated in
each center was 5 (range,1-15). COVID-19 surveillance based on viral
RNA RT-PCR on nasopharyngeal swabs was performed in most patients
before beginning the ramp-up with venetoclax (66.9%) and before each
rituximab infusion (53.2%). Adherence to treatment was relatively high
(70.8%). Only 29.1% physicians modified the therapeutic program
mainly because of grade 3 neutropenia. Changes consisted of transient
interruption of venetoclax, reduction of doses, and delay of rituximab
infusion. Only 2/124 patients (1.6%) had a symptomatic RT-PCR proven
diagnosis of COVID-19 infection and required hospitalization. Both pa-
tients needed oxygen therapy and admission into an intensive care unit.
Of those, 1 patient who was receiving VR combination at the time of
COVID infection, eventually died. The second patient developed
COVID-19 infection while receiving venetoclax monotherapy. He re-
covered from COVID-19 infection and after 21 days of treatment inter-
ruption, he was able to restart venetoclax. This survey, performed on a
large number of CLL patients treated with VR combination in real-world
clinical practice provides relevant information on safe treatment of CLL
with a venetoclax-based regimen during the COVID19 pandemic.
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1Department of Medicine and Surgery, University of Milano Bicocca;
2Division of Hematology,ASSTMonza San Gerardo Hospital; 3Division
of Hematology, Department of Translational Medicine, Università del
Piemonte Orientale and Azienda Ospedaliero-Universitaria Maggiore
della Carità; 4Department of Clinical Medicine and Surgery, University

of Naples Federico II; 5SC Hematology Unit, AOU Città della Salute e
della Scienza di Torino, PO Molinette, Italy

Background: Erythropoiesis stimulating agents (ESA) are a useful
treatment for anemia in many hematological malignancies. However, the
role of ESA, especially biosimilar ESA, in myelofibrosis (MF) is not
well established.

Aims: To evaluate efficacy and safety of biosimilar epoetin (B-ESA)
alpha and zeta in management of anemia in MF patients (pts).

Methods: We retrospectively evaluated pts with MF from 4 Italian
Centres who received B-ESA for at least 1 month to treat anemia. Ane-
mia response (AR) was defined as Complete Response (CR) according
to the International Working Group criteria (Tefferi et al,2013) or as Par-
tial Response (PR) in case of transfusion decrease of >50% or sustained
Hb increase between 1-2 g/dL in transfusion independent pts (Cervantes
et al,2004). All other cases were included in Non Responder (NR) group.

Results; We included 79 pts (41 males, 38 females) affected by pri-
mary (44) or secondary (35) MF treated with B-ESA (50 alpha, 29 zeta)
from 2009 to 2021. At B-ESA start (baseline) median age was 75 years
(range 39-92), median endogenous erythropoietin (EPO) level was 44
U/L (range 7-1742), median Hb was 9 g/dL (range 7-10) and 15 pts
(19%) were transfusion dependent. AR was observed in 62 pts (78%)
with 49 CR (62%) and 13 PR (16%), 17 pts were NR (22%), 6 pts (9.7%)
lost response after a median time of 12.3 months (range 4-17). Median
time to response and median exposition time to B-ESA were 2.2 months
(range 1-17) and 15.4 months (range 1-107), respectively. In univariate
analysis significant predictors of response at baseline were transfusion
independency (Fisher’s exact test, p<0.001), EPO<50 U/L (p=0.028),
ferritin<200 ng/mL (p=0.002) and Hb>8.5 g/dL (p=0.004). After a me-
dian follow-up of 40.3 months (range 4-338) from diagnosis and 19.1
months (range 1-107) from baseline, 33 pts (42%) died, 10 of them
(13%) for leukemic evolution. Only 2 pts (2.5%) stopped B-ESA for tox-
icity, 1 of whom for pulmonary embolism. Median survival from base-
line was significantly affected by transfusion dependency (59.4 vs 14.9
months in transfusion independent vs dependent pts at baseline,
p=0.0014, Figure 1) and response to B-ESA (58.4 months in AR vs 14.4
in NR group, p=0.07).

Conclusion: B-ESA seem to be an effective and well-tolerated option
for anemia treatment in MF setting. Transfusion independent pts show a
significant survival advantage compared to transfusion dependent pts,
suggesting the possibility of better outcome with an early B-ESA treat-
ment.

Figure 1.
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TYROSINE KINASE INHIBITORS (TKIS) DOSE REDUCTION IN
CHRONIC PHASE–CHRONIC MYELOID LEUKEMIA (CP-CML)
PATIENTS (PTS) CAN BE SAFE AND DOES NOT PRECLUDE
THE POSSIBILITY OF ACHIEVING A MAJOR MOLECULAR RE-
SPONSE (MMR) AND ENTERING TREATMENT FREE REMIS-
SION (TFR)

M. D’Adda, V. Cancelli, A. Ogna, S. Ferrari, N. Bianchetti, 
R. Daffini, C. Bottelli, G. Rossi, A. Tucci

U.O. Ematologia ASST Spedali Civili, Italy

TKIs in CP-CML pts allow a near normal life expectancy; hence it be-
comes crucial to avoid adverse events due to therapy with potential sig-
nificant morbidity and mortality. In this landscape, TKI dose reduction
may be considered to optimize treatment strategy. We analyzed the im-
pact of TKI dose reduction in 195 CP-CML pts with a minimum follow
up (f.u.) of 12 months (mos), treated in our center, divided into 2 groups:
pts receiving full dose TKI (FDT) and pts receiving reduced dose TKI
(RDT) at least in the 6 mos before the last f.u. or, for pts in TFR, in the
6 mos preceding TKI discontinuation. RDT pts received imatinib < 400
mg/d, nilotinib < 300 mg BID (or < 400 BID for 2nd line therapy), bo-
sutinib < 500 mg/d, ponatinib < 45 mg/d.

Results: 148 pts, including 31 in molecular relapse after TFR, are cur-
rently on TKI, with a median f.u. of 91 (12-397) mos from diagnosis. Of
them 74 receive FDT (22/74 after TFR failure), 74 RDT (9/74 after TKI
failure), mostly due to side effects during FDT. Forty six pts are in TFR,
with a median f.u. of 58 (3-86) mos from TKI discontinuation: 13/46
(28%) pts received RDT for at least 6 mos before TKI stop. One patient
didn’t resume TKI after TFR failure because of renal failure. We ana-
lyzed different parameters in the 2 groups (including in each group both
pts currently treated and pts in TFR): in the RDT group, age at the last
f.u. is significantly higher (71 vs 58 years, p 0.00018) while median f.u.,
type of transcript, Sokal risk score, type of 1st line TKI (imatinib vs 2nd
generationTKI) don’t differ in the 2 groups. Considering the 148 pts cur-
rently on TKI, the number of pts in deep molecular response (DMR) at
the last f.u. is significantly lower (p 0.01) in RDT group but the number
of pts with MMR and with molecular response < MMR don’t differ be-
tween RDT and FDT pts. Overall, 77 pts followed in our center at-
tempted TKI discontinuation, median f.u. 56 (3-123) mos from
discontinuation, and 46/77 (59%) are presently in TFR. Of these 77 pts,
22 (28%) assumed RDT for at least 6 mos before TKI stop. The reduced
TKI dosage didn’t significantly influence TFR duration.

In conclusion, reduced TKI dose treatment in selected pts, chiefly in
the elderly, can be safe and seems not to influence the MMR achievement
that is the goal to offer a normal life expectancy. A RDT could reduce,
but not preclude, a DMR achievement as well as the possibility of a TKI
discontinuation but doesn’t seem to influence the TFR duration.
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ACTIVATE: A PHASE 3, RANDOMIZED, MULTICENTER, DOU-
BLE-BLIND, PLACEBO-CONTROLLED STUDY OF MITAPIVAT IN
ADULTS WITH PYRUVATE KINASE DEFICIENCY WHO ARE
NOT REGULARLY TRANSFUSED

H. Al-Samkari1,2, F. Galactéros2, A. Glenthøj3, J.A. Rothman4,
O. Andres5, R.F. Grace6, M. Morado Arias7, D.M. Layton8,
K. Onodera9, M. Verhovsek10, W. Barcellini11, M.P. Judge12, 
V. Beynon12,  E. Xu12, P. Hawkins12,  E. Zagadailov12, S. Gheuens12,
E.J. van Beers13

1Division of Hematology, Massachusetts General Hospital, Harvard
Medical School, USA; 2Unité des Maladies Génétiques du Globule
Rouge, CHU Henri Mondor, France; 3Department of Hematology,
Rigshospitalet, Denmark; 4Duke University Medical Center, USA; 5De-
partmentofPaediatrics,UniversityofWürzburg,Germany; 6Dana-Far-
ber/Boston Children’s Cancer and Blood Disorders Center, USA;
7HematologyDepartment,HospitalUniversitarioLaPaz,Spain; 8 Ham-
mersmith Hospital, Imperial College Healthcare NHS Trust, UK; 9To-
hoku University Hospital, Japan; 10McMaster University, Canada;
11Fondazione IRCCS Ca’Granda Ospedale Maggiore Policlinico, Italy;
12Agios Pharmaceuticals, Inc., USA; 13Van Creveldkliniek, Department
of Internal Medicine, University Medical Center Utrecht, Netherlands

Pyruvate kinase (PK) deficiency is a rare hereditary disease caused by
reduced red blood cell PK (PKR) enzyme activity leading to defective
glycolysis and hemolytic anemia. ACTIVATE (NCT03548220) evalu-
ated the efficacy and safety of mitapivat, an investigational, first-in-class,
oral, allosteric activator of PKR, in adult patients (pts) with PK defi-
ciency who were not regularly transfused. It was a phase 3, randomized,
double-blind, placebo (PBO)-controlled study. A 12-week (wk) dose es-
calation (5, 20, 50 mg BID) period was followed by a 12-wk fixed-dose
period. 

Figure 1.

Primary endpoint was hemoglobin (Hb) response, defined as ≥1.5 g/dL

increase from baseline (BL), sustained at ≥2 scheduled visits at Wks 16,
20, or 24. Secondary endpoints were prespecified: change from BL in
Hb concentration, indirect bilirubin, reticulocyte %, lactate dehydroge-
nase (LDH), haptoglobin, and PK deficiency diary (PKDD) and PK de-
ficiency impact assessment (PKDIA). 80 pts were randomized (mitapivat
n=40; PBO n=40); mean age 36 vs 37, 40% vs 40% male, mean BL Hb
8.6 vs 8.5 g/dL. The primary endpoint was met, with 16 mitapivat pts
(40%) achieving a sustained Hb response vs 0 PBO pts (p<0.0001). Sec-
ondary endpoints were met, including significant improvements with mi-
tapivat compared with PBO in BL Hb, hemolysis (figure), and PROs:
average change from BL (difference in least squares mean [95% CI]) in
Hb concentration, 1.8 g/dL (1.2, 2.4; p<0.0001), indirect bilirubin, –
26.26 µmol/L (–37.82, –14.70; p<0.0001), reticulocyte %, –0.1011 (–
0.1391, –0.0632; p<0.0001), LDH, –70.81 U/L (–115.88, –25.74;
p=0.0027), haptoglobin 0.158 g/L (0.043, 0.273; p=0.0079), and PKDD
–3.11 (–5.80, –0.41; p=0.0247) and PKDIA –3.25 (–6.39, –0.12;
p=0.0421). Treatment-emergent adverse events (TEAEs) occurred in 35
pts in each arm. The most common TEAEs with mitapivat were nausea
and headache, which were less frequent for mitapivat vs PBO (n=7;
17.5% vs n=9; 23.1% and n=6; 15.0% vs n=13; 33.3%). TEAEs grade ≥3
occurred in 10 (25.0%) mitapivat vs 5 (12.8%) PBO pts. The most com-
mon TEAEs grade ≥3 with mitapivat were hypertriglyceridemia and hy-
pertension (both n=2; 5.0%). No TEAEs led to discontinuation.
ACTIVATE is the first PBO-controlled study in PK deficiency. Primary
and secondary endpoints were met, indicating clinically meaningful ben-
efit for pts treated with mitapivat. No new safety signals were identified.
Mitapivat has the potential to be the first disease-modifying drug therapy
approved for PK deficiency.

D002

ABSTRACT WITHDRAWN

D003

THE ORAL COMPLEMENT FACTOR B INHIBITOR IPTACOPAN
IS SAFE AND EFFECTIVE IN IMPROVING HEMATOLOGICAL
RESPONSE IN PAROXYSMAL NOCTURNAL HEMOGLOBIN-
URIA PATIENTS WITH POOR RESPONSE TO ECULIZUMAB,
EVEN IN MONOTHERAPY

A.M. Risitano1,2, A. Röth3, J. Soret4, C. Frieri2,4, 
F. Sicre de Fontbrune4, L. Marano1,2, F. Alashkar,3, L. Benajiba4, 
S. Marotta2,5, I. Rozenberg6, J. Milojevic6, P. End6, P.K. Nidamarthy7,
G. Junge6, R. Peffault de Latour4

1AORN S. Giuseppe Moscati; 2Federico II University; 3University Hos-
pital Essen; 4Hôpital Saint-Louis; 5AORN Cardarelli; 6Novartis Insti-
tutes for Biomedical Research; 7Novartis Healthcare Private Limited

Background: The hematological benefit of paroxysmal nocturnal
hemoglobinuria (PNH) with anti-C5 treatment is limited by residual in-
travascular hemolysis (IVH) and/or emerging C3-mediated extravascular
hemolysis (EVH). Therefore, the aim of this phase 2 study was to assess
the safety, tolerability, pharmacokinetic/-dynamic and efficacy of the
new complement factor B inhibitor (iptacopan) in PNH patients with ac-
tive hemolysis despite anti-C5 therapy.

Methods: This is a multi-center, open-label phase 2 trial
[NCT03439839] enrolling adult PNH patients who showed signs of ac-
tive hemolysis despite receiving eculizumab treatment. For enrollment,
patients were required to demonstrate lactate dehydrogenase (LDH) >1.5
ULN and a PNH Type III erythrocyte or granulocyte clone size >10%.
Iptacopan was given orally as add-on therapy at a dose level of 200 mg
BID. The primary endpoint was the effect of iptacopan on the reduction
of hemolysis measured as change in LDH from baseline (BL) value to
Week 13. At 13 weeks patients could enter into a long-term study exten-
sion (ongoing), allowing discontinuation of eculizumab.

Findings: In the ten patients enrolled, iptacopan was well tolerated.
There were no fatal events and no treatment-related serious adverse
events (SAE) during the core study. At Week 13, iptacopan resulted in
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marked reduction of LDH (mean ±SD 539±263 vs 235±44 IU/L;
p=0.008), associated with significant improvement of Hb levels (mean
±SD 97.7±10.5 vs 129.5±18.3 g/L; p<0.001). All but 2 patients achieved
Hb levels >12 g/L. All biomarkers of hemolysis improved on iptacopan
treatment, including bilirubin (mean±SD 12.6±4.8 vs 36.3±14.7 µmol/L;
p<0.001), and reticulocyte count (mean±SD 80.1±32.9 vs 194.1±71.2
x109/L; p<0.001). All patients experienced complete abrogation of C3
deposition during iptacopan treatment (mean±SD 0.18±0.12% vs
20.5±15.4%; p=0.007) and marked increase of the size of PNH erythro-
cyte population (mean±SD 79.8±41.3% vs 37.7±24.8), consistent with a
full prevention of EVH. Seven patients stopped eculizumab and contin-
ued iptacopan as monotherapy for at least 3 months, with no change in
any laboratory value (LDH, Hb, bilirubin, reticulocyte count, C3 depo-
sition and PNH erythrocyte population).

Conclusions: Iptacopan is a new oral factor B inhibitor that blocks
both, intra- and extra-vascular hemolysis in patients with hemolytic
PNH; current phase 3 trials may establish it as new standard of care for
PNH.
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INHIBITION OF COMPLEMENT C1S WITH SUTIMLIMAB IN 
PATIENTS WITH COLD AGGLUTININ DISEASE (CAD): INTERIM
RESULTS OF THE PHASE 3 CARDINAL STUDY LONG -TERM
FOLLOW-UP

W. Barcellini1a, A. Röth2, S. D’Sa3, Y. Miyakawa4, C.M. Broome5, 
M. Michel6, D.J. Kuter7, B. Jilma8, T.H. Anderson Tvedt9, 
I.C. Weitz10, P. Patel11, X. Jiang11, C. Reuter11, J. Su11, F. Shafer11, 
M. Lee11, W. Hobbs11b, S. Berentsen12
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search and Innovation, Haugesund Hospital, Haugesund, Norway
aPresenting author; bEmployee at time of study; Data first presented at
ASH 2020

Introduction: CAD is a rare autoimmune hemolytic anemia character-
ized by classical complement pathway–mediated chronic hemolysis, ane-
mia and fatigue as well as increased risk for thromboembolism and early
mortality. Sutimlimab is a first-in-class humanized monoclonal antibody
that selectively targets the classical complement pathway at C1s, while
leaving the lectin and alternative pathways intact. The CARDINAL study
(NCT03347396) evaluated the efficacy and safety of sutimlimab in
adults with CAD and a recent history of transfusion. Here we present
the interim 1-year long-term follow-up data from CARDINAL.

Methods: CARDINAL is a Phase 3, open-label, single-arm, multicen-
ter study with a 26-week treatment period (Part A) and an ongoing 2-
year extension (Part B). Key inclusion criteria included confirmed CAD
diagnosis, baseline hemoglobin (Hb) ≤10 g/dL, and ≥1 red blood cell
transfusion in the previous 6 months. Sutimlimab (<75 kg or ≥75 kg with
a dose of 6.5 g or 7.5 g) was administered intravenously on days 0 and
7, then every two weeks. This interim analysis up to 1 year (data cut:
January 16, 2020) evaluates safety and tolerability (primary objectives),
with change in hemolytic anemia markers and the FACIT-Fatigue scale
score (efficacy endpoints).

Results: At Part A baseline, 24 patients (mean age 71.3 years; 62.5%

female) had a mean Hb of 8.6 g/dL and received a median of 2 transfu-
sions <6 months prior to enrollment. All patients who completed Part A
(n=22) enrolled in Part B. Sutimlimab treatment lead to rapid and sus-
tained improvements in hemolytic anemia (mean Hb >11 g/dL from
Weeks 5–53; mean bilirubin <20 µmol/L from Weeks 3–53), and im-
provement in QOL (FACIT-Fatigue score >40 from Weeks 3–51), all of
which coincided with near-complete classical pathway inhibition. From
Week 5 to 26 and Week 26 to 53, 17 (70.8%) and 19 (86.4%) patients
remained transfusion-free, respectively. Across the entire study period,
all 24 patients experienced ≥1 treatment-emergent adverse event (TEAE)
and 12 patients experienced a serious TEAE. One serious TEAE (viral
infection) was assessed as sutimlimab-related by the investigator. No
meningococcal infections were reported.

Conclusions: The 1-year interim results of the ongoing CARDINAL
long-term study demonstrates that continued inhibition of the classical
complement pathway upstream at C1s with sutimlimab provides sus-
tained and durable treatment effects in patients with chronic CAD.

Figure 1.
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HORT OF PATIENTS DIAGNOSED WITH PYRUVATE KINASE
DEFICIENCY – A DESCRIPTIVE ANALYSIS FROM THE PEAK
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Pyruvate kinase (PK) deficiency is the most common hereditary red
cell glycolytic enzyme defect leading to lifelong hemolytic anemia. This
descriptive analysis aimed to characterize the clinical manifestations and
disease management strategies for the pediatric (<18 years [yrs]) and
adult cohort (≥18 yrs) with PK deficiency enrolled in the Peak Registry
(NCT03481738). The Peak Registry is an ongoing, global prospective
and retrospective study of adult and pediatric patients (pts) diagnosed
with PK deficiency. Demographic, medical history, laboratory, and treat-
ment data were collected from eligible pts enrolled in the Registry as of
the latest data cut. A total of 140 pts (56 pediatric and 84 adult), with
non-missing data at time of enrollment, were included in this analysis.
Mean age of participants at enrollment was 7.8 yrs (SD 4.6) for the pe-
diatric cohort vs 37.4 yrs (SD 15.5) for adults. Hemoglobin levels (me-
dian [range]) were 8.4 g/dL (5.8–12.3) in the pediatric cohort and 9.5
g/dL (6.7–12.9) in adults. Ferritin levels (median [range]) in the pediatric
cohort were 772 ng/mL (78–2499) and 404 ng/mL (19–2263) in adults.
History of chelation therapy was 50.0% (0–5 yrs), 54.5% (6–11 yrs), and
63.6% (12–17 yrs) in pediatric subgroups and 30.6% in adults. The me-
dian age at splenectomy for pediatric and the adult groups were at 5 yrs
(2–12 yrs) and 6 yrs (1–27 yrs), respectively. The higher frequency of
splenectomy (0% [0–5 yrs], 52.2% [6–11 yrs], 61.5% [12–17 yrs]) with
increasing age across pediatric cohorts matches a decreased frequency
in those who were treated with regular transfusions (≥6 transfusions
within 1 yr prior to enrollment), 46.7% (0–5 yrs), 14.3% (6–11 yrs), and
10.0% (12–17 yrs). The frequency of splenectomy and regular transfu-
sions was similar between the 6–17 yrs old cohort (55.6% and 12.9%)
and the adult cohort (51.3% and 9.4%). This analysis provides early in-
sight into PK deficiency disease manifestations, confirming that com-
plications start early on, with pediatric pts experiencing significant
anemia and treatment with transfusions and chelation before age 6. De-
spite the high rate of splenectomy in this cohort, many children and
adults continue to have substantial anemia and disease burden. The Reg-
istry will continue to collect data in pts to better understand the clinical
manifestations and complications of PK deficiency over time. 

Table 1.
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EARLY-ONSET OSTEOPENIA AND OSTEOPOROSIS IN PA-
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Hereditary pyruvate kinase (PK) deficiency results in lifelong
hemolytic anemia and several significant comorbidities. Among these is
reduced bone mineral density (BMD), which can result in premature os-
teopenia, osteoporosis, and fractures. This study evaluated the prevalence
of BMD abnormalities in pooled pre-treatment baseline data from 3 clin-
ical trials involving patients (pts) with PK deficiency investigating mi-
tapivat, an allosteric activator of PK: DRIVE-PK (NCT02476916),
ACTIVATE (NCT03548220), and ACTIVATE-T (NCT03559699). This
is the first large PK deficiency cohort in which dual-energy x-ray ab-
sorptiometry (DXA) scores were systematically assessed. All 3 studies
included pts ≥18 years (yrs) of age with a confirmed diagnosis of PK de-
ficiency. Pts were eligible for DRIVE-PK and ACTIVATE if they were
not regularly transfused and ACTIVATE-T if they were regularly trans-
fused. BMD was measured using DXA at baseline, and osteopenia and
osteoporosis were identified on DXA according to standard definitions.
Of 159 pts evaluated (DRIVE-PK, n=52; ACTIVATE, n=80; ACTI-
VATE-T, n=27), median age was 34 yrs and majority were female
(55.3%). Of 155 pts who had baseline T-scores for total femur, spine,
and femoral neck, 38 (24.5%) had a T-score of ≥–1.0 at all locations, in-
dicating normal BMD; 91 (58.7%) had a T-score of >–2.5 to <–1.0 at ≥1
locations, indicating osteopenia; and 26 (16.8%) had a T-score of ≤–2.5
at ≥1 locations, indicating osteoporosis. The proportion of pts in each T-
score range for the 3 locations is shown in the Figure 1. In contrast to
the DXA findings, only 28 (17.6%) pts had a known medical history of
osteopenia and 23 (14.5%) had a known medical history of osteoporosis.
Taking together DXA results and medical history for all 159 pts, 85
(53.5%) had osteopenia and 33 (20.8%) had osteoporosis. Median age
for pts with osteopenia or osteoporosis (n=118) was 36 yrs (range, 18–
78). Of these, 20 pts (16.9%) were regularly transfused and 98 pts
(83.1%) were not regularly transfused. In this cohort, universal DXA re-
vealed that >75% of adults with PK deficiency had osteopenia or osteo-
porosis, irrespective of transfusion requirements. Given the young
median age of the cohort (34 yrs), findings have considerable signifi-
cance and implications for the screening and care of pts with PK defi-
ciency throughout their adult lives. Early monitoring with DXA to ensure
a prompt diagnosis of bone density abnormalities and indicated treatment
may be warranted. 

Figure 1. 
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A NEW SUSPECTED CAUSE OF ERYTHROCYTOSIS: EPAS1
MUTATIONS ASSOCIATED WITH MUTATIONS IN OTHER
GENES

A. Benetti1, G. Biagetti1, I. Bertozzi1, I. Barzon1, G. Ceolotto2, 
M.L. Randi1

1DIMED - Clinica Medica 1- University of Padua; 2DIMED - Campus
Biomedico Pietro D’Abano - University of Padua, Italy

Introduction: Patients with Idiopathic Erythrocytosis (IE) exhibit per-
sistently elevated hemoglobin (Hb) and hematocrit (Ht) and variable
serum erythropoietin (EPO) levels. Mutations of the genes of the oxygen
sensing pathway may cause an erythrocytosis. While mutations in VHL
and EGLN1 are relatively common, EPAS1 mutations are rarely found
in erythrocytotic patients: in two families, carrying EPAS1 G537R mu-
tation, erythrocytosis was present, associated with normal EPO level.
Other mutations in EPAS1 were described but at present not correlated
to erythrocytosis.bRecent studies underlined that mutations in HFE gene
are present in some IE patients, even if its relation with erythrocytosis is
not clearly defined. We report EPAS1 mutations associated with other
molecular alterations in erythrocytotic patients evaluated with an ad hoc
Next Generation Sequencing (NGS) panel.

Methods: We studied 118 sporadic patients with IE in whom primary
and secondary acquired causes of erythrocytosis were excluded. Our
NGS panel evaluate all the exonic parts of fifteen genes: JAK2, EGLN1,
EPOR, FTL, FTH, ASXL1, HFE, HFE2, TFR2, HAMP, SLC40A1,
SLC11A2, VHL, BPMG, and EPAS1. Bioinformatics tools analyzed data
and all the mutations found were validated with Sanger Sequencing.

Results: In 80 (67.8%) patients (Hb 148-191 g/L, Ht 50-54%) we
found at least one germline mutation: 55 patients have only 1 mutation
and 25 have 2 to 4 mutations. Six males (7.4%) carry a missense muta-
tion in the EPAS1 gene (4 F374Y, 1 T766P and 1 R550W) (Table 1); 2
of these patients have associated EGLN1 C127S, 3 heterozygous HFE
H63D mutation and 1 compound HFE H63D/C282Y. Finally, one has a
germline JAK2 G48E mutation. All these patients had normal serum EPO
levels.

Conclusions: Our NGS panel investigates a number of genes and
found patients with more than one gene mutated. The EPAS1 mutations
have yet been described but their pathogenic effect is still now unknown.
We speculate that EPAS1 molecular alterations may become clinically
significant in association with another one, being in 2/3 of cases a HFE
mutation. Interestingly, in two cases the EPAS1 associated mutation is
Tibetan EGLN1 considered a key condition of Tibetans adaptation to al-
titude, but whose functional role is unclear still now. We conclude that
NGS study of larger number of patients with erythrocytosis will help in
identifying the molecular causes of more patients with IE.

Table 1. 

D008

EPIDEMIOLOGY OF SICKLE CELL DISEASE IN ITALY: 
FINDINGS FROM THE GREATALYS (GENERATING REAL
WORLD EVIDENCE ACROSS ITALY IN SCD) STUDY

G.L. Forni1, L. De Franceschi2, C. Castiglioni3, C. Condorelli3, 
D. Valsecchi3, E. Premoli3, V. Perrone4, L. Degli Esposti4, C. Fiocchi3

on behalf of the GREATalyS study Group
1Centro della Microcitemia e Anemie Congenite, Ospedale Galliera;

2DepartmentofMedicine,UniversityofVerona; 3NovartisFarmaS.p.A.;
4CliCon Srl, Health, Economics & Outcomes Research

Aim: The epidemiologic profile of sickle cell disease (SCD) in Italy
is rapidly evolving. The study aims to evaluate the prevalence of SCD
in clinical practice settings, and to estimate the number of SCD patients
currently living in Italy.

Methods:Within the GREATalyS study, an observational retrospective
analysis was conducted based on administrative databases from 2 Re-
gions and 15 Local Health Units geographically distributed across Italy,
covering around 15.3 million individuals (about 25% of the whole Italian
population). Patients with ≥1 hospitalization discharge diagnosis for SCD
(primary or secondary) between January 2010-December 2018 were in-
cluded. Prevalence was stratified by age, sex, presence of crisis (based
on diagnosis at inclusion) and geographic area. Data were re-propor-
tioned to the total Italian population.

Results: Prevalence of SCD diagnosis in 2018 was calculated of
13.1/100,000 individuals (10.9/100,000 males, 15.3/100,000 females).
Stratification by age showed a prevalence of 17.2/100,000 cases in young
(<18 years old) and 12.4/100,000 cases in adult (≥18 years old) individ-
uals. Data reproportioned to the Italian population estimated a total of
7,977 patients (1,690 young, 6,287 adult) with SCD in Italy in 2018.
When the number of SCD patients with/without crisis were projected to
the Italian population, 1,279 SCD patients with crisis and 5,894 without
crisis were estimated (804 unspecified). Among adult patients, preva-
lence of SCD diagnosis with crisis was higher in those with <45years,
from 2.45/100,000 (age group 35-44) to 3.04/100,000 (age group 25-29)
while a significant descending trend was observed after 54 years down
to 0.34 in age group 75-84 years. Higher prevalence of SCD diagnosis
without crisis was observed in Southern (12.44/100,000) compared to
the North (6.93/100,000) and Center (4.34/100,000) areas.

Conclusion: The GREATalys study provided up-to-date insights into
the epidemiologic burden and overall distribution of SCD in Italy. When
prevalence calculated for year 2018 (13/100,000) was reproportioned to
national population, 7,977 SCD patients were estimated, three-fourth of
which without a concomitant diagnosis of crisis, suggesting a high dis-
ease burden beyond severe crisis. The real-world settings could have
considered patients not referred to specialistic centers potentially under-
reported in previous SCD epidemiology analysis, thus providing a more
realistic scenario of the highly variable presentation of SCD.

Figure 1. 
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A MULTICENTRIC GIMEMA LABNET VALIDATION AND STAN-
DARDIZATION NON-TRANSFERRIN-BOUND-IRON (NTBI)
STUDY. FIRST ROUND ROBIN

S. Geroldi1, L. Duca2, M. Cappellini2, D. Cilloni3, J. Petiti3, 
D. Girelli4, A. Castagna4, G. Forni5, V. Marini9, F. Pilo6, 
R. Latagliata7, R. Cucci8, M. Vignetti8,  E. Angelucci1

1U.O. Ematologia e Centro Trapianto IRCCS Ospedale Policlinico San
Martino Genova; 2Fondazione IRCCS Ca’Granda Ospedale Maggiore
Policlinico,UOCMedicinaGenerale,Milano; 3Dip.diScienzeCliniche
e Biologiche, Università degli Studi di Torino, Orbassano (TO); 4Dipar-
timento di Medicina, Sezione di Medicina Interna, Università di Verona;
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Centro di Riferimento EuroBloodNet, Azienda Ospedaliera Universi-
taria Integrata Verona; 5Centro della Microcitemia e delleAnemie Con-
genite E.O. Ospedali Galliera Genova; 6U.O.Ematologia e CTMO
Ospedale “A.Businco” Cagliari; 7Ematologia Ospedale Belcolle
Viterbo; 8GIMEMAFoundation,ROMA; 9UniversitàdegliStudidiGen-
ova, DiMI dip di Medicina Interna Sezione di Farmacologia, Italy

Under normal conditions, iron circulates in the body bound to serum
transferrin. However, in iron overload conditions, the ability of transfer-
rin to bind iron is exceeded, forming “free” or “unbound” iron: non-
transferrin-bound-iron (NTBI). Free iron is a toxic reactive oxygen
species, capable of causing oxidative stress and cellular structures dam-
age finally leading to cell necrosis. Of relevance NTBI is chelable by
available chelators. Iron overload markers are: transferrin saturation,
serum ferritin, number and quantity of red blood cell transfusions, liver
iron concentration. However, all these parameters reflect iron burden and
not iron toxicity that is highly variable and dependent by different fac-
tors. The trigger of iron induced damage is NTBI and summary of NTBI
level over time is the most important parameter included in the Coates
formula. Therefore, once available, NTBI dosage can be a fundamental
factor in predicting iron-related damage and the target for iron chelation
therapy. Unfortunately, NTBI measure is still not standardized and not
widely available. Therefore, the GIMEMA LABNET started a national
project to homogenize NTBI level. To this end, a standard protocol based
on HPLC, developed at the Lab. Med. Gen. Policlinico Milano, was
adopted for the determination of NTBI. Serum samples from 14 patients
with or without iron disturbance were collected, stored and blindly sent
to 3 Italian laboratories (Milano, Orbassano, Verona). Each center
worked blindly and independently. Data analysis reveal a discrepancy in
the NTBI values, with a wide quantitative inter laboratory difference
possibly operator dependent (mean: MI 0.45±0.83; ORB 1.31±1.29; VR
1.70±3.06 microM/L) (Figure 1). However, all values agreed in the de-
tection of free iron in samples with pathological percentage of transferrin
saturation (> 70%). The goodness of the detection technique used is
therefore evident, but also the need to identify the internal cut-offs in
each laboratory to establish the pathogenicity ranges of the NTBI values.
After extensive discussion and procedure adjustment of the processes
steps a second-round robin has been completed. Results will be reported
at the study presentation. The possibility of directly determining iron re-
active species without resorting to indirect techniques would lead acting
on the direct, chelable, iron related damage triggering factor improving
diagnostic and therapeutic capability.

Figure 1. Box-plots graph-The mean of the measurement and relative dispersion of NTBI values by3 labo-
ratories presented.
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USE OF CYCLOSPORINE IN THE TREATMENT OF 
AUTOIMMUNE CYTOPENIAS: EFFICACY AND SAFETY

B. Fattizzo, R. Zavaglia, J. Giannotta, N. Cecchi, W. Barcellini

FondazioneIRCCSCa’GrandaOspedaleMaggiorePoliclinicoandUni-
versity of Milan, Italy

Background: Autommune cytopenias (autoimmune hemolytic anemia

AIHA, autoimmune thrombocytopenia ITP, and chronic idiopathic neu-
tropenia CIN) are a heterogeneous group of diseases characterized by
the presence of autoantibodies directed against erythrocytes, platelets
(PLT) and neutrophils (ANC). Available therapies are based on the use
of frontline steroids, followed by different treatments different depending
on the disease considered (i.e. splenectomy, rituximab and thrombopoi-
etin-receptor agonists). Cyclosporine (CyA) is an immunosuppressant
widely used in post transplant settings and aplastic anemia.

Aim: The aim of this study was to evaluate the efficacy and safety of
cyclosporine in a cohort of patients with AIHA, ITP, and CIN, followed
at a reference hematologic center in Milan.

Methods: All patients treated with CyA 3-5 mg/ kg day in the last 20
years were evaluated. Responses were evaluated at 3, 6 and 12 months,
and divided into partial (PR, for Hb> 10 g/dL; PLT> 30x 109/L and
ANC> 0.8x109/L) and complete (CR, for Hb> 12 g/dL; PLT> 100x109/L;
ANC>1x109/L). Adverse events were recorded according to CTCAE cri-
teria.

Results: 23 patients, 9 had ITP (39%), 11 AIHA (48%) and 3 CIN
(13%), were included, 9 men (39%) and 14 women (61%), with a median
age of 60 year (21-81). The median time from diagnosis to CyA was of
10 years (5-15), and patients had required a median of 3 (1-6) previous
therapy lines. On the whole, 16 patients (69.5%) responded (table1): 34%
CR, 44% PR at month+3; 39% CR and 39% PR at month+6; and 26%CR
and 43%PR at month+12. A progressive increase in PLT, Hb and ANC
was observed along the study period, and median duration of therapy
was 5 years (1-9). Interestingly, better responses were observed in pa-
tients with baseline bone marrow hypocellularity by age (p=0.01). Ad-
verse events were mainly G1-2, occurring in 52% of patients, and
included asthenia, dyspnea, myalgia, nausea, vomiting, diarrhea and ab-
dominal pain, epistaxis, petechiae and an Escherichia Coli cystitis. Only
3 patients developed a G3 event: 1 TEP, 1 Aspergillus lung infection and
1 bronchitis.

Conclusion: Cyclosporine was effective in about 70% of pretreated
patients with ITP, AIHA, and CIN, particularly in those with hypocellular
bone marrow at diagnosis. The occurrence of infectious episodes, in-
cluding a fungal pneumonia, warrants careful surveillance in this heavily
pretreated patient population.

Table 1.
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ENERGIZE AND ENERGIZE-T: TWO PHASE 3, RANDOMIZED,
DOUBLE-BLIND, PLACEBO-CONTROLLED STUDIES OF MITAPI-
VAT IN ADULTS WITH NON–TRANSFUSION-DEPENDENT OR
TRANSFUSION-DEPENDENT ALPHA- OR BETA-THALASSEMIA

M. Cappellini1, K.H.M. Kuo2, D.M. Layton3, H. Al-Samkari4,
A. Kattamis5, S. Sheth6,A. Taher7, V. Viprakasit8, C. Chamberlain9, 
L. Czapla9, S. Gheuens9, L. Jiang9, M. Lynch9, B. Tong9, K. Uhlig9

1University of Milan, Italy; 2Division of Hematology, University of
Toronto,Canada; 3HammersmithHospital, ImperialCollegeHealthcare

Table1 Month+3 Month+6 Month+12 
ITP (N=9) CR 5 

PR 8 
CR 7 
PR 7  

CR 4 
PR 9  

AIHA (N=11) CR 1 
PR 2 

CR 1  
PR 2 

CR 1 
PR 1 

CIN (N=3) CR 2 
PR 0 

CR 1 
PR 0 

CR 1  
PR 0 

Tot = 23 
 

CR: 8 (34) 
PR: 10 (44) 

CR: 9 (39) 
PR: 9 (39) 

CR: 6 (26) 
PR: 10 (43) 

Hb g/dL, PLTx10^9/L, and ANCx10^9/L values during CyA therapy 
Baseline Plt x 10^9/L baseline, median (range) 

Hb g/dL baseline, median (range) 
ANC x 10^9/L baseline, median (range) 

8 (4-12) 
9 (8-10) 
1.65 (0.1-3.2) 

Month+3 Plt x 10^9/L, median (range) 
Hb g/dL, median (range) 
ANC x 10^9/L, median (range) 

40 (14-67) 
9,5 (9-10.7) 
0.954 (0.18-1.7) 

Month+6 Plt x 10^9/L, median (range) 
Hb g/dL, median (range) 
ANC x 10^9/L, median (range) 

130 (109-150) 
10 (9,4-10,7) 
1.7 (0.21-3.2) 

Month+12 Plt x 10^9/L, median (range) 
Hb g/dL, median (range) 
ANC x 10^9/L, median (range) 

52 (45- 58) 
11,6 (9,3-14) 
1.7 (0.13-3.4) 
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NHS Trust, UK; 4Division of Hematology, Massachusetts General Hos-
pital, Harvard Medical School, USA; 5First Department of Pediatrics,
National and Kapodistrian University ofAthens BR, Greece;  Weill Cor-
nell Medical College, USA; 7American University of Beirut, Lebanon;
8Siriraj-ThalassemiaCenter,FacultyofMedicineSirirajHospital,Mahi-
dol University, Thailand; 9Agios Pharmaceuticals, Inc., USA

Background: Thalassemias are characterized by ineffective erythro-
poiesis and hemolysis due to imbalanced α- and β-globin-chain produc-
tion and precipitation. Adenosine triphosphate (ATP) levels are reduced
in thalassemic red blood cells (RBCs), despite increased energy de-
mands. Mitapivat is an oral activator of RBC pyruvate kinase (PKR), a
glycolytic enzyme that regulates ATP production. In a phase 2 study of
patients (pts) with α- or β-non–transfusion-dependent thalassemia
(NTDT), twice-daily (BID) dosing with mitapivat increased hemoglobin
(Hb) levels by ≥1.0 g/dL in 80% of pts, supporting the broadening of
mitapivat’s development in thalassemia.

Aims: To report the study designs of ENERGIZE (2021-000211-23)
and ENERGIZE-T (2021-000212-34), two phase 3 trials to assess the
efficacy and safety of mitapivat in adults with α- or β-NTDT or transfu-
sion-dependent thalassemia (TDT), respectively.

Methods: Both studies are multicenter, randomized, double-blind,
placebo-controlled trials (Figure 1). In ENERGIZE, ~171 pts with NTDT
will be randomized to receive 100 mg mitapivat BID or placebo for 24
weeks (wks). Pts then have the option to transition to a 5-year, open-
label extension. Key inclusion criteria: documented diagnosis of tha-
lassemia (β-thalassemia ± α-globin mutations, Hb E β-thalassemia, or
α-thalassemia), Hb concentration ≤10.0 g/dL, and NTDT. Primary end-
point: Hb response defined as a ≥1.0 g/dL increase in average Hb con-
centration from Wk 12 through 24 compared with baseline (BL).
Secondary endpoints: pt-reported outcomes, changes in Hb, markers of
hemolysis and erythropoiesis, and safety. In ENERGIZE-T, ~240 pts
with TDT will be randomized to receive 100 mg mitapivat BID or
placebo for 48 wks. Pts can then transition to a 5-year, open-label exten-
sion. Key inclusion criteria: documented diagnosis of thalassemia (same
genotypes as detailed for ENERGIZE), and TDT. Primary endpoint:
transfusion reduction response, defined as a ≥50% reduction in trans-
fused RBC units with a reduction of ≥2 units of transfused RBCs in any
consecutive 12-wk period through Wk 48 compared with BL. Secondary
endpoints: additional measures of transfusion burden, changes in iron
markers, and safety.

Results: Not yet available.
Conclusions: ENERGIZE and ENERGIZE-T are the first pivotal stud-

ies to assess the efficacy and safety of mitapivat across a broad spectrum
of pts with thalassemia (ie, pts with TDT and NTDT; α- and β-tha-
lassemias). Both studies will start enrollment in 2021.

Figure 1.
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SUTIMLIMAB, A COMPLEMENT C1S INHIBITOR, IMPROVES
QUALITY OF LIFE IN PATIENTS WITH COLD AGGLUTININ DIS-
EASE: PATIENT-REPORTED OUTCOMES RESULTS OF THE
PHASE 3 CARDINAL STUDY

W. Barcellini1a, A. Röth2, T.H. Anderson Tvedt3, Y. Miyakawa4, 
D.J. Kuter5, W. Hobbs6b, J. Su6b, X. Jiang6, J. Morales Arias6b, I.C. Weitz7

1Fondazione IRCCSCa’GrandaOspedaleMaggiorePoliclinico,Milan,
Italy; 2DepartmentofHematology,WestGermanCancerCenter,Univer-
sity Hospital Essen, University of Duisburg-Essen, Essen, Germany;
3Section forHematology,DepartmentofMedicine,HaukelandUniversity
Hospital, Bergen, Norway; 4Thrombosis and Hemostasis Center,
Saitama Medical University Hospital, Saitama, Japan; 5Division of
Hematology,MassachusettsGeneralHospital,HarvardMedicalSchool,
Boston, MA, USA; 6Sanofi, Cambridge, MA, USA; 7Jane Anne Nohl Di-
vision of Hematology, Department of Medicine, University of Southern
California – Keck School of Medicine, Los Angeles, CA, USA; aPresent-
ingauthor; bEmployeeat timeof study; Data firstpresentedatEHA2020

Introduction: Cold agglutinin disease (CAD) is a rare autoimmune
hemolytic anemia characterized by classical complement pathway (CP)-
mediated hemolysis. Patients with CAD also experience profound fatigue
and poor quality of life (QoL). Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-Fatigue) and other QoL measures are uneval-
uated in CAD. Sutimlimab, a humanized monoclonal antibody that pre-
vents CP activation by selectively targeting C1s, was shown to rapidly
stop hemolysis and significantly improve anemia in CAD (Röth et al.
New Engl J Med 2021). Here we present the effect of sutimlimab on pa-
tient-reported outcomes (PRO) from Part A of the Phase 3 Cardinal study
(NCT03347396).

Figure 1.

Methods: Cardinal Part A is a 26-week, open-label, single-arm study
of sutimlimab efficacy and safety in patients with CAD who had ≥1 red
blood cell transfusion in the prior 6 months. Intravenous sutimlimab
(dosed 6.5 g if <75 kg or 7.5 g if ≥75 kg) was given on Days 0 and 7,
then biweekly. Mean change from baseline for fatigue was a secondary
endpoint using FACIT-Fatigue scores at the treatment assessment time-
point (TAT; average of values from Weeks 23, 25, and 26). Exploratory
QoL endpoints were assessed using the EuroQol 5-dimension 5-level
(EQ-5D-5L) questionnaire and the 12-Item Short Form Health Survey
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(SF-12). Results were reported using descriptive statistics.
Results: Enrolled patients at baseline (n=24) had abnormal QoL con-

sistent with cancer or autoimmune disease. Mean (standard deviation
[SD]) FACIT-Fatigue increased from 32.5 (10.6) at baseline to 44.3 (6.5)
at the TAT (n=17), with an estimated mean (standard error) increase of
10.9 (1.4). Clinically meaningful FACIT-Fatigue improvements (≥3-
point increases) occurred in ≥75% of patients (interquartile range: 5.0–
15.5 points). For EQ-5D-5L (n=16), the mean (SD) increases in index
and visual analog scale scores from baseline to Week 26 were 0.074
(0.185) and 16.8 (16.9), respectively. Mean (SD) increases in SF-12
physical and mental component scores (n=16) from baseline to Week 26
were 5.37 (7.60) and 4.37 (10.02) points, respectively. QoL improve-
ments correlated with resolution of hemolysis, near-complete inhibition
of CP activity, and rapid normalization of complement C4 (Figure 1
A/B).

Conclusions: CP activation with subsequent hemolysis plays a critical
role driving fatigue and poor QoL in patients with CAD. Treatment with
sutimlimab resulted in rapid, clinically meaningful improvements in all
PROs measured.

D013

A CASE OF EVANS SYNDROME SECONDARY TO COVID-19
VACCINATION

S. Iaccarino1, M. De Felice2, G. Farina1, M. Troiano1, G. Monaco1, 
F. Frigeri1

1UOC Ematologia ad Indirizzo Oncologico; 2UOC Oncologia, AORN
“Sant’Anna e San Sebastiano”, Italy

Evan’s syndrome (ES) is a rare condition, defined as the concomitant
immune thrombocytopenia (ITP) and autoimmune haemolytic anaemia,
due to warm antibodies, usually of IgG isotype. Course is chronic in
more than 80%, with multiple relapses 2. it is associated to other diseases
in 30-40% cases, most particularly haematologic malignancies and sys-
temic lupus erythematosus3. We describe, at our knowledge, the first
case of ES induced by mRNA COVID-19 vaccine. 

Figure 1.

Case Report: A 84-year-old male patient presented at the Emergency
Department of our Institution on March 31th 2020, for appearance of a
large hematoma extending from the left deltoid to the omolateral fore-
arm, and evidence of ecchymosis at counterlateral arm and legs. He prac-

ticed mRNA COVID-19 vaccine thirteen days before and detected first
local ecchymosis after 48 hours. Blood counts showed severe thrombo-
cytopenia (platelets = 8x103 /mL), normochromic normocytic anaemia
(haemoglobin= 10.0 g/dl). Haemolysis labs were positive with positive
direct Coombs test. SARS-COVID 2 antibodies was negative. Peripheral
blood smear highlighted reticulocytes and nucleated RBCs, in the ab-
sence of schistocytes. An osteomedullary biopsy highlighted normal cel-
lularity, slight notes of erytroid iprplasia, slightly increased
megakaryocyte series with some elements in terminal thrombocy-
topoiesis and dismorphic elements. This clinical picture raised concern
for post-vaccination Evans Syndrome. We immediately began treatment
with methylprednisolone 1 mg/kg every 12 hours to be continued for 4
weeks and IVIG 400 µg/kg for 5 days. Gradually we obtained a normal-
ization of platelet count (Figure 1, upper level), and LDH and serum
bilirubin levels (Figure 1 lower level). At third week haemoglobin value
has risen to 12.4 g/dl, while the platelets have stabilized at 170 x 103/µL.
So we started steroid tapering. Unfortunately platelets drop to 65 x
103/mmc and hemoglobin to 10.5 gr/dl with a concomitant increase of
total bilirubine and LDH. We decided to begin a new cycle of IVIG. In-
terestingly SARS-COVID 2 antibodies continue to be negative. ES has
been reported in association to COVID-19 infection. To our knowledge,
this is the first evidence of association with SARS-CoV-2 vaccination.
Patients who do not develop antibodies against spike protein may be
more at risk of developing autoimmune diseases due to a predisposition
for a heterologous immunological response. 
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HIGH RESOLUTION GENOME-WIDE NGS METHODOLOGY FOR
CHROMOSOMAL COPY NUMBER ABERRATIONS IN ACUTE
MYELOID LEUKEMIA

D. Salemi, S. Cannella, C. Agueli, A. Marfia, G. Bruno, V. Randazzo,
M. Passantino, F. Monte, A. Mulè, V. Calafiore, C. Patti, A. Santoro

Dipartimento di Oncologia, AOR Villa Sofia-Cervello, Italy

Introduction: Chromosomal aberrations have deeply impact on diag-
nosis, risk stratification and treatment of acute myeloid leukemia (AML).
Complex karyotype (CK) represents an adverse prognostic factor asso-
ciated with inferior outcomes in patients with AML. Cariogram recon-
struction is laborious and difficult to interpret, above all in complex cases
or when the quality of the cytogenetic preparation is not optimal.

Methods: Bone marrow from 25 AML and 15 bone marrow donor
were provided for chromosomal aneuploidy (copy number variation
analysis-CNV) and conventional cytogenetic. We developed a high-res-
olution genome-wide NGS-based analysis providing >98% coverage of
the genome with a resolution of 500 kb. For CNV 100 ngr of genomic
DNA was employed for an fragment-based library preparation and anal-
ysis was performed by Ion Torrent Chef-S5 platform. CNV was per-
formed according a modificated-protocols based on Ion Express Plus
gDNA Fragment Library Preparation. Analyses is performed with a spe-
cific workflow (Low-pass aneuploidy) built to individuate CNV with
>30% and 500Kb resolution. 15 male donor samples are used to create
a comparative baseline. At least 1 million reads were evaluated for CNV

Results: We studied 25 AML patients for karyotipe and CNV. We iden-
tified 8 normal karyotipes by conventional cytogenetic, 7 were confirmed
by CNV, 1 sample show a deletion of chromosome 9 not identifiable to
standard cytogenetic resolution. In 3 cases we found one isolated aber-
ration by standard cytogenetic while CNV analysis identified additional
aberration which change cytogenetic risk assessment. For 2 samples, cul-
ture preparation don’t allowed a cytogenetic analysis, NGS-CNV iden-
tified an abnormal kariotype with cytogenetic adverse prognosis.
Conventional cytogenetic identified 7 complex karyotypes difficult to
interpret, in these cases CNV adding more accurate identification of
chromosomal abnormalities (3 or >5)

Conclusions: We have developed genome-wide methodology to iden-
tify chromosomal aneuploidy. NGS approach shows good concordance
with standard cytogenetic, excellent intra-laboratory reproducibility and
reduction of labour time consuming. NGS improve resolution and cari-
ogram reconstruction to lead a gain in cases of difficult interpretation,
in failed or not optimal cytogenetic analysis. NGS methodology repre-
sent an aid in cytogenetic analyses to improve patient stratification and
optimize therapeutic decisions in AML

Supported by PSN 2016 Sicilia
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CLINICAL VALIDATION OF A NEW MYELOID NEXT GENERA-
TION SEQUENCING PANEL FOR DETECTION OF SINGLE 
NUCLEOTIDE VARIANTS AND INSERTIONS/DELETIONS

G. Iaquinta1, S. Angeloni1, V. Siravo1, G. Parise1, M. Santopietro2, 
G. Luzi2, F. Spirito2, L. Rigacci2, P. Grammatico1

1U.O.C. Laboratorio di Genetica Medica, Sapienza Università degli
Studi di Roma, Azienda Ospedaliera San Camillo-Forlanini, Roma;
2U.O.C. di Ematologia e Trapianti di Cellule Staminali, Azienda Os-
pedaliera San Camillo-Forlanini, Roma, Italy

Myeloid neoplasms are a heterogeneous group of neoplasms including
acute myeloid leukemia (AML), myeloproliferative neoplasms (MPN),
myelodysplastic syndrome (MDS), and myeloproliferative neoplasms/
myelodysplastic syndrome. Genetic abnormalities are used as diagnostic,

prognostic, and predictive biomarkers in patients with these diseases.
Next-generation sequencing (NGS) enables reliable detection of patient-
specific mutations covering complete genes in molecularly heteroge-
neous diseases such as AML, MPN and MDS. NGS should, therefore,
be incorporated in the routine work-up of preferably bone marrow spec-
imens for accurate risk stratification in AML, MDS and MPN. Mutations
in several genes, such as TP53, EZH2, ETV6, RUNX1, and ASXL1, are
independent prognostic predictors of reduced overall survival in MDS.
Currently, the European Leukemia Network (ELN) and National Com-
prehensive Cancer Network (NCCN) recommends genetic testing for all
patients with newly diagnosed AML. This includes: conventional cyto-
genetics, screening for nine gene mutations including NPM1, CEBPA,
RUNX1, FLT3, TP53, ASXL1, IDH1, IDH2 and c-KIT and screening
for gene rearrangements including PML-RARA, CBFB-MYH11,
RUNX1-RUNX1T1 and BCR-ABL1. Both institutions acknowledge
that the recommended mutational testing has to be interpreted as a “min-
imum” for daily clinical practice in order to accurately assess genomic
risk and use targeted therapy where appropriate. Herein, we describe the
clinical validation of the Archer VariantPlex® NGS panel that interro-
gates for 75 genes commonly seen in myeloid neoplasms and some Lym-
phoid malignancy markers. Our validation set of 50 DNA samples
included acute and chronic myeloid neoplasms, with single-nucleotide
variants and small insertions/deletions. The Archer VariantPlex® on the
NextSeq® 550Dx platform shows good performance in terms of depth
of coverage, on-target reads, and uniformity. The panel achieved 98%
and 100% concordance with reference DNA and DNA samples, respec-
tively, with a clinical sensitivity and specificity of 99% and 100% for
DNA respectively. Precision and reproducibility were 100%, and the
lower limit of detection was generally 5% variant allele fraction for
DNA. In conclusion, the Archer VariantPlex® panel is a highly accurate
and reproducible next-generation sequencing panel for the detection of
common genetic alterations in myeloid neoplasms.

D016

A NEW PCR-BASED SENSITIVE MOLECULAR TOOL FOR DE-
TECTION OF FLT3-TKD MUTATIONS IN ACUTE MYELOID
LEUKEMIA

S. Balducci, E. Mazzantini, F. Caracciolo, G. Consani, M. Pelosini,
E. Benedetti, E. Orciuolo, M. Petrini, M.R. Metelli, C. Domenichini,
E. Ciabatti, S. Pacini, F. Guerrini, S. Grassi, S. Galimberti

Dipartimento di Medicina Clinica e Sperimentale, Università di Pisa,
UO Ematologia AOUP, Italy

Background: FLT3 mutations characterize 20-30% of AML patients;
their detection is today crucial after the recent approval of FLT3 in-
hibitors (midostaurin for upfront treatment and gilteritinib for
relapsed/refractory AML).

Aim: We retrospectively employed a new accurate and more sensitive
PCR-based molecular technique for detecting FLT3-TKD mutationsand
we compared it to the “classic” assay.

Patients: We assessed76 AML patients; 45male and 31 female, median
age was 56 (19-75). In 22% of cases AML was classified as “with recur-
rent genetic abnormalities”, in 22% as “with MRC”, in 11% “therapy-
related” and in 45% as “NOS”. According to the ELN risk stratification,
16% of subjects were at favorable, 50% at intermediate, and 34% at ad-
verse risk.

Methods: We checked both FLT3 mutation types at diagnosis and at
the eventual relapse using GeneScan PCR for FLT3-ITD and PCR fol-
lowed by EcoRV digestion and agarose gel run (in case of mutated sam-
ples, the PCR product is not digested). The GeneScan method reaches
the sensitivity of 5x10-5, while the second one of 5x10-2.As new method,
we adopted the ARMS-PCR technique (qBiomarker Somatic Mutation
PCR Assays, Qiagen),with a sensitivity>1x10-2 (half than a log higher
than the classic technique).

Results: At diagnosis, FLT3-ITD and -TKD mutations were detected
in 15 (20%) and 3 (4%) patients, respectively. When patients were re-
assessed by the new PCR method, FLT3-TKD mutations were detected
in 12 patients (15.8%). No patient simultaneously carried FLT3-ITD and
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-TKD mutations. In 15 cases, FLT3 mutations occurred in NPM1-mu-
tated patients; 2 subjects were mutated also for CBF/MYH11, other 2
for JAK2V617F, 2 for c-KIT, 2 for N-RAS and 1 for BCR-ABL1. Nine
FLT3-mutated patients received FLT3 inhibitors;CR was achieved by 36
patients (47.3%), but 18 of them (50%) relapsed, after a median time of
7.6 months.In our series, OS was significantly conditioned by CR, age
(>65y), ELN score. Presence of FLT3-ITD did not change prognosis,
whereas FLT3-TKD mutated patients had a poorer outcome (2y-OS, 34%
for FLT3-TKD wild-type vs 11% for mutated cases; p=0.003) (Figure1).
The prognostic value of FLT3-TKD remained also in multivariate anal-
ysis, independently from age.

Conclusions: Our study presents a new PCR-based technique, with
higher sensitivity, able to increase the identification of FLT3-TKD-mu-
tated cases. Since these patients showed a poorer prognosis, these cases
are candidate to receive FLT3 inhibitors.
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DOES THE SAME DOSE FIT FOR ALL? A NEW METHOD TO DE-
TERMINE PONATINIB PLASMATIC CONCENTRATION

S. Balducci1, S. Galimberti1, A. Iurlo2, D. Cattaneo2, C. Bucelli2, 
S. Chericoni3, F. Stefanelli3, G. Luci3, M. Del Re4, M.C. Caparello4,
F. Ricci1, M. Petrini1, C. Baratè1, A. Di Paolo2

1Dipartimento di Medicina Clinica e Sperimentale, Università di Pisa,
UO Ematologia, AOUP; 2Fondazione IRCCS Ca’ Granda Ospedale
Maggiore Policlinico; 3UO Farmacologia Universitaria,AOUP; 4U.O.
Farmacologia clinica e Farmacogenetica, AOUP, Italy

Background: Ponatinib is a 3rd generation tyrosine kinase inhibitor
(TKI)very effective in Chronic Myeloid Leukemia (CML);nevertheless,
cardiovascular (CV) adverse events represent a major issue during ther-
apy and some groups proposed to reduce the drug dose for avoiding CV
complications. It has been established that the therapeutic plasmatic con-
centration of Ponatinib must be ≥ 20 ng/mL, but little is known about
the relationship between drug dose, plasmatic concentration and toxicity
or response to treatment.

Aim: We present here a new high resolution mass spectrometry-based
method to determine Ponatinib plasma concentration.

Method: We collected 15 peripheral blood samples from 11 CML pa-
tients (6 males and 5 female, mean age 44) in treatment with Ponatinib
at different doses (from 45 mg daily to 30 mg weekly). The reason for
switch to Ponatinib was toxicity in 4 and resistance in 7 cases. In the re-
sistant cohort, Ponatinib allowed to reach major (MMR) and deep molec-
ular response (DMR) in 28.5% and 71.5% of cases, respectively.
Samples were analyzed by LC/HRMS (Ultimate 3000 LC system with
TurboFlow technology coupled to a Q-Exactive system). After depro-
teinization with an acetonitrile/methanol solution (75/25), the samples
were injected directly into the system, using Tracefinder® software for
quantification analysis. The procedure was validated and successfully
applied to the blood samples in routine laboratory analyses and can be
considered fast and easy. 

Results: The method proves to be reliable with both precision and ac-
curacy higher than 85% and showing a very good specificity and sensi-
tivity. The therapeutic Ponatinib concentration of 20.0 ng/mL was
reached in 73.3% of tested samples, regardless of the dosage scheme (15,
30 or 45 mg daily), except for 2 samples from the same patient treated
with a very-low dose (30 mg weekly) because of a very-high cardiovas-
cular risk.

Conclusions: 1) even if on a small series, our data confirm the high
response rate achievable with Ponatinib; 2) the achievement of the min-
imal therapeutic concentration regardless of the dosing regimen can ex-
plain the dose-independent Ponatinib efficacy also reported in the OPTIC
Trial; 3) the method resulted to be accurate and easily applicable for a
patient-tailored treatment in clinical practice. In the further steps, we’ll
investigate if the cytochromeP450 or efflux-pump polymorphisms might
condition the Ponatinib plasma levels.

D018

IDENTIFICATION OF ATYPICAL PML/RARA FUSION TRAN-
SCRIPT BY MOLECULAR, CYTOGENETICS AND FLOW CYTOM-
ETRY ANALYSIS

F. Ferrara1, S.M. Muggianu2, R. Peluso2, A. Gravetti1, 
M. De Simone1, M.G. Rascato1, C. Copia1, D. Graziano, B. Scarpati3, 
A. Curci3, S. Piscitelli3, G. Russo3, M. Tarsitano4, M. Chetta4, 
B. Izzo5, S. Errichiello6, A. Viola1,2

1U.O.C.EmatologiaAO.A.Cardarelli,Naples; 2LaboratoriodiBiologia
Molecolare- Ematologia e Trapianto CSE AO. A. Cardarelli, Naples;
3SIMT Laboratorio Immunologia Cellulare in Oncoematologia AO. A.
Cardarelli, Naples; 4U.O.C. Genetica medica e di laboratorio AO. A.
Cardarelli,Naples; 5DipartimentodiMedicinaMolecolareeBiotecnolo-
gie Mediche e Centro Ingegneria Genetica CEINGE)- Biotecnologie
Avanzate Università Federico II, Naples; 6Centro Ingegneria Genetica
CEINGE)-BiotecnologieAvanzate,UniversitàFederico II,Naples, Italy

Acute promyelocytic leukemia (APL) is characterized by the PML-
RARA fusion gene, as a consequence of the t(15;17)(q22;q21)translo-
cation. Depending on the PML breakpoint,usually located within
intron6,exon6,or intron 3, different PML/RARA transcript isoforms may
be generated: long (bcr1), variant(bcr2), and short (bcr3),respectively.We
report molecular characterization of a APL case with atypical
PML/RARA transcript , not clearly detectable using standard molecular
procedure. Differential detection of PML-RARA bcr1, bcr2, bcr3 fusion
transcripts were analyzed using a LAMP technology based kit (DiaSorin
Molecular) and no amplification was detected. Subsequently a Real time
PCR was performed using HemaVision-28Q kit (DNA Diagnostic), no
detecting amplification. Given the strong clinical and morphological sus-
picion, we tested the sample for RT-PCR (Biomed protocol) using PML-
A2 and RARA-B primers. Analysis of PCR product showed one specific
band of 440 bp, a size that does not correspond with the recognized size
of the typical transcripts. The immunophenotipic characterization carried
out on FACS CANTO II BD, showed 90 % of abnormal mononuclear
cells 45% of which expressed CD34 and a myeloid phenotype (CD117
CD13 CD33 partial CD2 MPO). Apart from this population with the help
of logical gate, we found a population that didn’t express CD34 and HLA
DR and had cytometric characteristics of APL. Bone marrow aspirate
demonstrated hypercellular marrow with 40% blasts, characterized by
medium to large cells with altered nucleus/cytoplasm ratio, and 30% ab-
normal medium-sized promyelocytes, with bilobed nuclei, hypergranu-
lated cytoplasm and rare Auer bodies. The traditional cytogenetic
analysis at the diagnosis, assayed by the R-banding, revealed the follow-
ing karyotype 46,XY,t(15;16;17) (q24;p13;q21)[18]/47,XY,+8,
t(15;16;17)(q24;p13;q2). This is the first description of specific translo-
cation involving three chromosome: 15, 17 and 16. In order to get a cor-
rect identification of transcript and perform sensitive and specific
quantitative evaluation of MRD during the follow up we are now per-
forming direct sequencing of PCR product. The final diagnosis made
was APL and the patient started therapy with arsenic trioxide and all-
trans retinoic acid. Nowadays he is responding to therapy and the clinical
picture improved. This case indicates that the use of different experi-
mental approaches and different techniques is fundamental to confirm
the diagnosis of difficult cases of APL.
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A CASE WITH VACCINE-INDUCED IMMUNE THROMBOTIC
THROMBOCYTOPENIA (VITT) AFTER CHADOX1 NCOV-19 VAC-
CINATION WITH UNDETERMINED ANTIBODIES INDUCING
ATYPICAL PLATELET ACTIVATION DEMONSTRATED BY FLOW
CITOMETRY: CLINICAL AND BIOLOGICAL CONSIDERATIONS

E. Ortu La Barbera1, A. Biagi 1, S. Mecarocci1, S. Perrone1, 
N. Cenfra1, D. Di Sanzo2, M. Aiuti2, E. De Candia3,4, S. Sorrentino4,
P. Giovangrossi5, F. Equitani5, V. De Stefano6, G. Avvisati7, 
G. Cimino1,8

1UOC Ematologia con Trapianto, Ospedale S.M. Goretti, Latina, Italy;
2UOC Medicina d’Urgenza, Ospedale S.M. Goretti, Latina, Italy; 3Di-
partimento di Medicina e chirurgia Traslazionale, Università Cattolica
delSacroCuore,FondazionePoliclinicoUniversitarioAgostinoGemelli
IRCCS, Roma, Italy; 4Dipartimento di Diagnostica per immagini, Ra-
dioterapia oncologica ed Ematologia, Fondazione Policlinico Univer-
sitario Agostino Gemelli IRCCS, Roma, Italy; 5UOC Medicina
Trasfusionale, Ospedale S.M. Goretti, Latina, Italy; 6Sezione di Ema-
tologia Università Cattolica del Sacro Cuore, Fondazione Policlinico
UniversitarioAgostino Gemelli IRCCS, Roma, Italy; 7UOC Ematologia
e Trapianti di cellule staminali, Università Campus Bio-Medico, Roma,
Italy; 8Dipartimento di Medicina Traslazionale e di Precisione, Univer-
sità “La Sapienza”, Roma, Italy

A 34 yo woman with headache 1 week after vaccination with ChA-
dOx1 nCoV-19 went to Emergency. She take contraceptive pill from 12
years, without thromboembolic events, platelets were 30.000/mm3.
Computed Tomography (CT) and magnetic resonance showed thrombo-
sis of superior sagittal sinus. High dose corticosteroid and a reduced dose
of Fondaparinux was started. Platelets were transfused to maintain a
value >30.000/mm3. For the D-dimer increase (>80 mg/L) and the fib-
rinogen decrease (74 mg/dl), fresh frozen plasma and intravenous im-
munoglobulins (IvIg) 2 g/kg were administered. Worsening of clinical
conditions associated to portal vein thrombosis complicated by bleeding
tendency, forced the stop of IvIg and the start of plasma-exchange (PEX).
After 12 hours a CT documented a massive cerebral hemorrhage in pari-
etal-temporo-occipital and a worsening of thrombosis. PEX and Fonda-
parinux were stopped and IvIg were resumed to complete the total dose
of 120 gr. The first increase in platelet at 42000/mm3 and the initial im-
provement of coagulative tests were observed just after the PEX. At day
+6 the platelets increased to 60.000/mm3 and a clinical improvement was
noticed. Full dosage of Fondaparinux was resumed. At day +10 platelets
count reached the normal value. She was discharged at day 40 with
thrombosis resolution. 

Figure 1.

Laboratory results:patient was negative for antiPF4-Ab (AccuStar
method), but platelets activating antibodies were detected by a flow cy-
tometric measuring P-selectin exposure of control platelets incubated
with patient’s plasma for 1 hour at room temperature in the presence of
buffer, 0.3UI/uL UFH, 100 UI/uL UFH. PE-conjugated P-selectin
CD62p and FITC-conjugated CD42 antibodies were added to the mix-
ture. The sample from a HIT+ patient was used as control. At day+1
plasma from our VITT patient induced activation of platelets in absence
of heparin. Heparin addition inhibited platelet activation by VITT
plasma. Stimulating activity became undetectable at d+12 and +24 after
treatment (Figure 1). Present report shows a negative AbantiPF4 VITT
case in whom undetermined antibodies inducing atypical platelet acti-
vation were documented by a functional flow cytometric test. The ob-
servation that high concentration of heparin exposure inhibits platelet
activation may support the heparin use in these cases. Finally, the sudden
increase in platelets immediately after PEX may suggest its efficacy to-
gether with the immunosuppression in removing platelets antibodies.
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CLINICAL PRESENTATION, DIAGNOSIS, TREATMENT AND
OUTCOME OF A SEVERE CASE OF VITT (VACCINE-INDUCED
IMMUNE THROMBOTIC THROMBOCYTOPENIA) POST
VAXZEVRIA VACCINE EXPOSURE, MIMICKING HEPARIN-IN-
DUCED THROMBOCYTOPENIA (HIT)

S. Pulini1, P. Ranalli2, P. Di Carlo1, R. Spadano1, L. Carriero1, 
D. Bruno3, M.C. Turi4, E. Di Lembo5, E. Monteferrante6, R. Marcucci7,
M. Di Ianni1,2, P. Accorsi1,2,3 

1Hematology Unit, Spirito Santo Hospital; 2Center for Haemorrhagic,
Thrombotic and Rare Hematologic Diseases, Spirito Santo Hospital;
3Blood Transfusion Center, Spirito Santo Hospital; 4Emergency Unit,
Spirito Santo Hospital; 5Ultrasound Department, Spirito Santo Hospi-
tal; 6Surgery Department, Spirito Santo Hospital; 7Department of Ex-
perimental and Clinical Medicine, University of Florence, Italy

A healthy smoker 57 year-old female went to Emergency Unit for
headache and petechiae 11 days after her first Vaxzevria vaccine dose.
Blood tests showed severe thrombocytopenia (10x109/L) and increased
d-dimer (5.09 mg/L). A CT scan showed a presumably longstanding
thrombotic apposition in the aorta. Brain angio MR resulted negative.
During the hospitalization in absence of other cytopenias or morpholog-
ical findings immunoglobulins (Ig) 1 g/kg on the first day and methyl-
prednisolone 0.8 mg/kg/day were started; at discharging platelets were
70x109/L and d-dimer furtherly rose. The patient was prescribed oral
prednisone 1 mg/kg/day at home. Five days later she was hospitalized
for abdominal pain. CT showed pulmonary embolism, portal vein throm-
bosis, increased thrombus in aorta, splenic artery thrombosis and splenic
infarcts. Platelets were 55x109/L. Despite negative rapid test for HIT
available in Pescara Hospital, heparin was avoided; after replacement
therapy for hypofibrinogenemia (86 mg/dL) the patient was treated with
Ig 1 g/kg for 2 days, dexamethasone 40 mg/die for 4 days, acetylsalicylic
acid 100 mg/die and fondaparinux 7.5 mg/die (this latter replaced with
dabigatran 150 mg twice a day once liver function tests improved). A
complete acquired and congenital thrombophilia screening, paroxysmal
nocturnal hemoglobinuria phenotype, ADAMTS-13 (activity and anti-
bodies), Jak2V617F, CALR, MPL mutations were also performed, re-
sulting negative. VITT diagnosis was confirmed based on positive results
of functional HIPA test (heparin-induced platelet activation) at low dose
and also in absence of heparin (despite negativity of immunoassay), all
performed at Careggi Hospital in Florence. Platelets progressively and
firmly increased to normal range. Last CT scan showed the resolution
of pulmonary embolism and portal vein thrombosis. Despite the plausible
functional asplenism there aren’t indications for splenectomy. Dabigatran
dosage at peak time and through was in the recommended range, with
no evidence of bleeding. The patient was discharged without severe com-
plications thanks to early diagnosis and treatment, in absence of cerebral
thrombosis. A clinical and laboratory monitoring should be suggested in
patients receiving viral vectors vaccines becoming symptomatic for
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headache, abdominal pain, dyspnea or leg pain at 4-28 days post expo-
sure. In suspected case of VITT, even before confirming tests, HIT-com-
patible anticoagulants should be used, associated with Ig.

Figure 1.
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RISK ASSESSMENT MODELS (RAM) OF VENOUS THROM-
BOEMBOLISM (VTE) IN PATIENTS WITH BLOOD CANCERS: 
A SYSTEMATIC REVIEW

M. Marchetti1, A. Vasile2, A.B. Payedimarri2, M. Panella2

1SC di Ematologia,Az Ospedaliera SSAntonio e Biagio e CesareArrigo;
2Facoltàdi IgienePubblicadell’UniversitàdelPiemonteOrientale, Italy

Blood cancer patients face a relative risk of VTE 28fold higher than
the general population. Nevertheless, they also face a significantly higher
risk of bleeding than overall cancer patients, thus prevention of VTE is
not systematically implemented in this population. A more detailed esti-
mation of VTE risk might support personalized primary prevention de-
cisions. We therefore aimed at reviewing the VTE risk score that have
been validated in blood cancer patients. According to GRADE-18 guide-
lines, we conducted at Nov 2020 a systematic search of literature
databases (Cochrane Library, EMBASE, PubMed/MEDLINE) including
the studies reported at meetings since Jan 2010. The search was limited
to the following blood cancers: multiple myeloma (MM), lymphoma,
acute leukemia (AL). Six-month VTE rates for risk categories, sensitiv-
ity, specificity, AUC or C-statistics and predictive values of the retrieved
scores were recorded. Moreover, PROBASt score was applied for quality
appriasal. We retrieved 82 records which resulted in 9 VTE RAMs: 3
ones were devloped in patients with MM, 5 ones in patients with lym-
phoma and only one was retrieved for AL. Sensitivity of lymphoma
RAMs ranged from <50% to 93% and specificity from 54% to 90%.
AUC ranged from 0.579 to 0.783. The negative predictive vale of the 5
RAMs was consistently higher than 95% except for the Khorana score
(88%). The positive predictive value, however, was very low, ranging
from 20% to 35%. Also C-statistics was higher for RAMs specifically
developed in lymphoma patients (0.76-0.88) rather than Khorana score
(0.60). The expected rate of VTE in high-risk patients ranged from 16%
to 25% in lymphoma-specific RAMs, while it was lower than 15% for
Khorana score. The expected rate of VTE in low-risk patients was lower
than 3.8% in lymphoma specific RAMs. As a result, prophylaxis deci-
sions based on lymphoma specific RAMw achieved a number need to
treat lower than 10, namely less than 10 high-VTE-risk lymphoma pa-
tients need to receive primary prophylaxis in order to avert 1 VTE.

Throly score reported the highest quality. In MM patients, four RAMS
were validated: sensitivity ranged from 40% to 85% and specificity from
43% to 72%. C-statistics of the RAMs was poor, ranging from 0.51 to
0.66. Only the IMPEDE-VTE score allowed to discriminate risk cate-
gories differing by >10% VTE risk at 6 months.

In conclusion, disease-specific VTE RAMs outperform general
RAMs, however they still have suboptimal positive predictive values.
Specific bleeding RAMs are also awaited.
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ATYPICAL SITE VEIN THROMBOSIS ASSOCIATED WITH
THROMBOCYTOPENIA AFTER THE FIRST DOSE OF CHADOX1
NCOV19 VACCINE: REPORT OF TWO CASES WITH DIFFERENT
CLINICAL OUTCOMES

R. Tomasello, F. Vaccarino, F. Romano, G. Vajana, M. Santoro, 
M. Napolitano, S. Siragusa

Università degli Studi di Palermo, Italy

Introduction: Following the first administration of the ChAdOx1
nCoV19 vaccine, rare adverse events characterized by VTE in typical
and atypical sites accompanied by variable degrees of thrombocytopenia
were recorded, generally occurring from 1w to 3w after inoculation, es-
pecially in young women. Most involved sites were cerebral and splanch-
nic veins. Aim of the current work is to report on the diagnosis and
management of atypical site vein thrombosis associated with severe
thrombocytopenia after exposure to the first dose in two women present-
ing with different clinical scenarios and outcomes.

Case 1: 45-year-old woman, obese, mute medical history. Ten days
after the inoculation of the first dose, she was admitted to the emergency
room for abdominal pain unresponsive to analgesics. Blood tests showed
severe thrombocytopenia and D-dimer increase. Contrast CT scan of ab-
domen showed extensive thrombosis of the spleno-mesenteric-portal
axis. Continuous i.v. infusion of HMW heparin therapy was initiated with
target range aPTT ratio 1.4-1.7. Severe hematemesis with acute anemia
occurred about 36h after the start of therapy. Endoscopy didn’t detect
gastrointestinal bleeding, but haemorrhagic foci from the pharynx with-
out any detectable lesions. Due to severe secondary hypotension, the pa-
tients was transferred to ICU. The latest blood tests suggested a pattern
of DIC. A new CT scan confirmed the known thrombosis plus early signs
of arterial distress, and abdominal free effusion. Rescue therapy with HD
IVIG and off-label use of the anti-IL-6 Ab Tocilizumab was undertaken.
Despite the therapy death occurred in 4 days after admission.

Case 2: 61-year-old woman with endometriosis. 14 days after the first
dose, she had pain in the right lower limb and headache. The echo-color-
doppler showed evidence of popliteal and tibial vein DVT. CT scan
showed left internal jugular DVT and bilateral PE. Blood tests found
thrombocytopenia and D-dimer increase. She began therapy with corti-
costeroids, HD IVIG and Fondaparinux. Five days after treatment she
had a clinical-laboratory improvement. The patient was discharged
asymptomatic with a DOAC therapy.

Conclusions: ChAdOx1 nCoV19 vaccination can result in rare cases
of thrombotic thrombocytopenia, a mechanism still being studied as it
is mainly attributed to the production of anti PF-4 Ab. Our deeper aware-
ness of the disease after the first case allowed us to act more effectively
in the accurate management of the second patient.
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SAFETY AND EFFICACY OF DOACS IN CANCER PATIENTS UN-
DERGOING IMMUNOTHERAPY

V. Cetoretta1, G. Rosati2, E. Branca2, P. Bironzo1, S. Novello1, 
A. Morotti2

1University of Turin, Dept. of Oncology; 2University of Turin, Dept. of
Clinical and Biological Sciences, Italy

Direct oral anticoagulants (DOACs) are increasingly used for venous

 
 
 
 
 
 

 
  
Table 1. Laboratory findings. Results of blood exams performed in the days indicates. *Day 0 = Vaccine day. 
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 Day 6 Day 11 Day 16 Day 20 Day 21 Day 23 Day 28 Day 34 Day 40 Day 49 Day 53 

Hemoglobin (g/L)      (NV 12-16) 14.9 13.4 11.6 13.3 12 9.1 9.8 8.7 9.7 11.2 10 

WBC x103/ul              (NV 4.000-10.000) 7.300 11.700 12.300 21.200 18.200 29.900 23.400 18.740 8650 10.210 9.490 
Platelets   x103/ul      (NV 130-400) 120 10 79 55 48 145 364 309 109 513 385 

Fibrinogen (mg/dl)   (NV 180-400) 458 345 265 86 240 202 190 603 610 517 427 
D-Dimer (mg/l)           (NV 0,0-0,5) 1.31 5.09 37.8 7.10 4.82 4.55 3.82 3.47 3.21 2.4 1.74 

PT (%)                         (NV 70-120) 79 76 82 79.9 74 75 74 64 75 76 75 
PTT (sec)                    (NV 28-40) 36.3 33 38 26.2 30.9 30 48 49 41 41 40 

AT III (%)                    (NV 80-120) 112 109 113 124 129 114 111 97 100 106 102 
AST (U/L)                   (NV 5-34) 30 66 221 66 1782 330 45 46 46 33 29 

ALT (U/L)                   (NV 0-55) 25 43 103 68 636 394 68 20 13 8 8 
LDH (U/L)                   (NV 125-220) 227 264 284 635 2126 677 368 476 380 372 315 
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thromboembolism (VTE) treatment in patients with solid tumors. Re-
cently, Moik et al. reported on Blood that lung cancer patients treated
with immune checkpoint inhibitors (ICIs) have a high risk of developing
both venous (VTE) and arterial thromboembolic (ATE) complications.
However, whether the increased risk of VTEs under ICIs depends on the
treatment itself or reflects baseline patient risk has not yet been estab-
lished. Moreover, the role of DOACs in advanced NSCLC patients
treated with ICIs has never been studied. We reviewed advanced NSCLC
treated with ICIs and DOACs in our Institution and we identified 10 pa-
tients with locally advanced or metastatic NSCLC. The median duration
of DOAC treatment was 17 months. Reason for starting anticoagulant
treatment was pulmonary embolism (PE) in five patients (50%), deep
vein thrombosis (DVT) in one patient (10%), and prophylaxis in four
patients (40%). In the latter group, 3 received DOAC for previous PE
and 1 one after diagnosis of NVAF. All PEs were occasionally found dur-
ing cancer staging and asymptomatic, while DVTs were symptomatic.
Six out of ten patients (60%) experienced VTEs under immunotherapy,
and four of them showed PD-L1 tumor proportion score (TPS) >50%.
In two out of six cases VTE occurred within the first three months of
starting immunotherapy. One of these six patients was already on fon-
daparinux full dose treatment due to previous DVT. All patients received
edoxaban 60 mg daily dose. None of our patients discontinued DOAC
during immunotherapy and any VTE recurrence was described during
DOAC treatment. No major or minor bleeding complications were ob-
served. Our retrospective series suggests these considerations. First, none
of our patients developed major or minor bleedings on DOACs, and no
delays or changes in planned cancer treatment occurred. Second, none
of our patients experienced VTEs recurrence after starting DOAC. In
contrast, a patient developed a recurrence of VTEs despite being on a
full dose of fondaparinux even if we can’t exclude poor compliance with
injective therapy. Type and timing of prophylactic or anticoagulant treat-
ment in long-term responder NSCLC patients treated with ICIs currently
represents an unmet need. Further studies are warranted to better defined
the role of DOACs in this subgroup of patients.
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Thrombotic microangiopathies (TMA) are a group of disorders caused
by multiple etiologies. Thrombotic Thrombocytopenic Purpura(TTP) is
due to congenital or acquired deficiency of ADAMTS 13 (including im-
mune inhibition); secondary Hemolytic Uremic Syndrome (s-HUS) is
linked to complement pathway activation by precipitating cause, includ-
ing rheumatological diseases. Systemic Lupus Erythematosus(SLE) is
an autoimmune disease potentially affecting each organ. One of its patho-
genetic pathways involves a defect in B cell suppression leading to the
production of many autoantibodies(Ab).

Case report: We describe the case of a 68-year-old woman affected
by SLE. She was hospitalized due to anemia (Hb 7,7 g/dl), thrombocy-
topenia (PLTs 75000/mmc), left arm hypostenia and distal paraesthesia.
We found high CRP and SLE specific Ab levels, hypocomplementemia,
mild proteinuria and schistocytes in blood smears. She showed sensory-
motor polyneuropathy and microhaemorragic and vasculitic abnormali-
ties on brain MRI. We excluded immune hemolysis, disseminated
intravascular coagulation, infections and bone marrow neoplastic infil-
tration. We hypotized a SLE flare with polyneuropathy, vasculitis,

nephritis and sHUS, and so we started steroid boluses and plasmaphere-
sis. We marvilled of admission ADAMTS13 tests showing presence of
specific Ab and enzymatic activity < 5% as in TTP. In the meantime pa-
tient’s neurological state and biochemical parameters had improved and
blood count normalized. A prompt ADAMTS13 reassessment showed
its normalization.So we decided to continue SLE treatment adding my-
cophenolate, strictly monitoring exams and clinical state. 3 months after
the flare, the patient is still asymptomatic, persisting only mild left arm
hypostenia. Lab tests show satisfactory Hb and normalization of CRP,
PLTs, proteinuria, SLE Ab, ADAMTs 13 inhibitor and activity.

Conclusions: Scientific recommendations suggest to suspect TMA in
patients showing schistocytosis associated with thrombocytopenia and
non-immune hemolytic anemia. Rarely TMAs may present without pe-
ripheral hemolysis or significative thrombocytopenia, as in our case.

We think that in our patient TTP resolved thanks to treatment of un-
derlying SLE, because it eliminated ADAMTs13 Ab production restoring
normal enzymatic activity. This suggests that, in TMAs associated to
SLE, treatment of underlying disease is mandatory because it could be
decisive even on its own and even in case of associated TTP.
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SUCCESSFUL TREATMENT OF SEVERE ACQUIRED
HEMOPHILIA (AHA) WITH SERIOUS BLEEDING IN AN 
ELDERLY PATIENT (PT)

S. Rosati, F. Saltarelli, L. Solinas, V. Martini, A. Andriani

ASL FR, Ospedale F. Spaziani, UOC di Ematologia, Italy

AHA is a rare but life threatening disorder resulting in appearance of
spontaneous bleeding in individuals without past medical history or fam-
ily health history of bleeding disorders. It is induced by autoantibodies
targeting and inhibiting endogenous FVIII. Half of the cases are idio-
pathic (iAHA), whereas other recognised causes include autoimmune
disorders, malignancies, pregnancy, infections, dermatologic conditions
or medications. Laboratory hallmark is prolongation of the aPTT with
normal PT. Treatment of AHA is based on two goals: administration of
a clotting factor to reduce bleeding and use of immunomodulatory agents
in order to obtain blood clearance of the inhibitor.

Clinical Case: In October 2020, a 76 years old man was admitted to
hospital due to symptomatic and severe anaemia and appearance of sig-
nificant right upper-extremity, axillary, and breast hematoma without
previous trauma or anticoagulant use. His medical past history reported
hypertension. He did not report any family health history of bleeding or
thrombosis. At presentation, complete blood count showed WBC
8.27x109 /L, Hb 69 g/L and PLTs 263x109 /L. Coagulation tests showed
normal PT and INR but aPTT was unmeasurable. Hepatic and renal func-
tion tests were normal. Mixing study revealed presence of inhibitors.
FVIII activity was <0.25%, with high titre of FVIIIi (16.2 Bethesda units
BU). FIX, XI, XII, XIII, and vWF activities were normal. LAC testing
was negative. Secondary causes of AHA were excluded so patient was
diagnosed with iAHA. Treatment with recombinant FVIIa (NovoSeven®)
90 mcg/kg every 4 hours, methylprednisolone (1 mg/kg) and rituximab
375 mg/m2 IV weekly for 4 doses was started. After the first administra-
tion of rituximab, patient experienced a severe bleeding from femoral
artery and urgent angio-embolization was performed. Following such
complication and as a result of persistent low F VIII activity level of
1,4% with FVIII 3.9 BU, Cyclophosphamide 1 mg/Kg daily was added
to treatment. One month after the first dose of rituximab, FVIII titre in-
creased to 52% and inhibitor titre decreased to 0.9 BU. Coagulation tests
showed normal PT and aPTT. Pt did not experience any bleeding after
discontinuation of immunosuppressive therapy. FU at 3 months showed
absence of clinical symptoms and normal coagulation tests with an in-
crease in Hb levels (119 g/L). FVIII activity level was 55% and FVIIIi
was 0.5 BU. Pt continues monthly FU showing normal complete blood
count and aPTT.
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SCREENING WITH ANTI SARS COV2 NOSOPHARYNGAL
SWAB BEFORE HOSPITALIZATION AND/OR ADMINISTRATION
OF CHEMOTHERAPY: EXPERIENCE OF A SINGLE INSTITU-
TION ON 765 ONCOLOGICAL AND HEMATOLOGICAL 
PATIENTS
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G. Monaco1, G. Errichiello2, A. Annecchiarico3, M.M. Mensorio4, 
V. Letizia5, G.P. Ianniello2, F. Frigeri1
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Cancer patients (Pts), particularly those with hematological or lung
cancers and metastatic disease, are at an increased risk of developing a
severe COVID-19 infection. A meta-analysis from the CCC19 registry
(Covid-19 and Cancer Consortium) and other cohorts showed a mortality
risk in this subgroup of pts about 10 times higher (26% vs 2-3%) than in
the general population. In addition, a reduced protective effect of the
vaccine has been shown in pts treated with immunosuppressive and/or
B-cell-depleting drugs. Usually, the best technique used for early detec-
tion of viral infection is RT-PCR performed on nasopharyngeal swab
(NPS) samples, but it is time-consuming (takes several hours) and re-
quires specialized laboratory personnel. Rapid antigen tests on NPS are
also available recently, which give a response in about 20-30 minutes.
We explored the use of SARS COV2 rapid antigen testing in pts before
hospitalization and/or starting chemotherapy.

Patients and Methods: A total of 765 pts, 250 affected by haemato-
logical diseases and 515 by advanced solid tumors, were enrolled. NPS
samples were collected by trained medical staff for both RT-PCR and
SARS-CoV-2 Rapid Antigen Test (Roche Diagnostics Gmbh), according
with manufacturer’s instructions. A first validation of the techniques was
performed on 361 patients who received both RT-PCR and rapid antigen
tests. PPV and NPV were calculated, and correlation data were analysed
with Chi Square test, using the SPSS statistical package. Subsequently,
3768 additional rapid antigenic tests were carried out.

Results: In the validation cohort, 336 pts tested negative for both tech-
niques, 2 pts were false negative (antigenic test negative and RT-PCR
positive), 22 pts tested positive for both techniques and 1 was false pos-
itive (antigenic test positive and RT-PCR negative). Statistical analysis
showed a very high correlation (p<0.0001) between tests. NPV and PPV
were 99.4% and 95.7%, respectively. A series of 3768 negative antigen
tests belonged to patients who showed no clinical signs of SARS COV2
infection.

Conclusion: NPS antigen test is a rapid, reproducible, high-sensitive
and inexpensive tool able to identify a SARS COV2 infection. It allows
to select pts for a safe administration of chemotherapeutic drugs and, if
routinely used, it could avoid the risk of admitting COVID-19 positive
pts into the ward. In our hands, results totally overlap RT-PCR data and
are obtained quickly without any lab support.
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ADENOVIRUS INFECTION IN ADULT PATIENTS UNDERGOING
ALLOGENEIC HEMATOPOIETIC STEM CELL TRANSPLANT: IN-
CIDENCE, CLINICAL MANAGEMENT AND OUTCOME
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Background: Adenovirus infection (ADVi) is a known complication
in paediatric patients (pts) undergoing allogeneic hematopoietic stem
cell transplant (alloHSCT). In adult alloHSCT pts incidence of ADVi is
lower (6% vs 32%), but with reported mortality rate up to 80%. Guide-
lines for diagnosis and management of ADVi in alloHSCT come mainly
from paediatric studies including the established cut-off to start pre-emp-
tive treatment at ADV viremia (ADVv) > 103 cp/mL.

Aim of the study was to describe incidence and outcome of ADVi with
particular attention to timing and progression to systemic ADV disease
(sADVd) in adult alloHSCT.

Methods: We performed a retrospective study in alloHSCT performed
between 01/01/2014 and 31/12/2019 at the Bone Marrow Transplant
Centre of the San Martino Hospital in Genoa, Italy. ADVi and ADVd
were defined according to ECIL criteria.

Results:Overall, 445 pts underwent alloHSCT during the study period.
Median age was 52 years (rage, 18-73), 54% were male and 51% had an
acute myeloproliferative disease. Most patients (75%) received trans-
plant from a haploidentical donor with post-transplant cyclophosphamide
GVHD prophylaxis. The ADVv monitoring increased from 35% in 2014
to 91% in 2019. Any ADVi occurred in 59 pts, including 37 ADVv (Fig-
ure 1). None of the patients developed > 1 ADVv episode. At day +180
after HSCT, the incidence of ADVv was 6% and 3.1% for ADV-DNA >
103 cp/mL. The median time to first positive ADVv was day +55 in all,
and +111 in patients who later developed sADVd. The rate of sADVd in
viremic pts was 38%. No case of sADVd occurred in patients with max-
imum ADVv < 103 cp/mL (Figure 1). Antiviral treatments were cidofovir
in 9 cases and brincidofovir in 2. ADV-related death was 1.6% in the
whole cohort, 18.9% among those with ADVv, and 53.8% among those
with max ADVv > 105 cp/mL. During the study period, AdV-DNA test-
ing was also performed in 132 blood samples from non-HSCT pts with
haematological malignancies. None of the patients had ADVv > 250
cp/ml.

Conclusions: There was a progressive increase in the rate of ADVv
testing from 2014 to 2019. The overall incidence of ADVv was similar
to what reported for other adult HSCT centres (6%). Most cases of
sADVd had a late onset. ADVv > 105 cp/mL was associated with high
mortality, despite antiviral treatment. AdV viremia was not detected in
haematological patients without HSCT. Unlike for conventional hema-
tological malignancies, AdV is a major problem for HSCT.

Figure 1. ADV-infections in alloHSCT adult patients.
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SERUM IGA RATHER THAN IGG LEVELS CORRELATE WITH
LONGER SARS-COV2 VIRAL CLEARANCE AND SHORTER
SURVIVAL OF ONCOHEMATOLOGIC PATIENTS
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Introduction: Recent works demonstrated that in cancer patients, se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV2) shedding
can persist for many weeks after disease onset. IgA protect mucosal sur-
faces against pathogens by neutralizing respiratory viruses or impairing
their attachment to epithelial cells. However, a relevant number of pa-
tients with hematological malignancies have low serum IgA levels and
it is unknown whether they have a higher risk of severe coronavirus dis-
ease (COVID) or delayed viral clearance.

Aim: The aim of this study was to correlate immunological parameters
with SARS-CoV2 clearance and COVID outcome in onco-hematologic
patients.

Methods: Electronic medical charts of patients followed at the Hema-
tology unit of Azienda Ospedale - Università di Padova were retrospec-
tively reviewed to identify cases with COVID since March 2020.
SARS-CoV2 infection was assessed by real-time reverse transcription
PCR from a nasopharyngeal swab. Categorical variables were compared
with Chi-square test. Time to viral clearance (TTVC) and overall survival
(OS) were calculated from SARS-CoV2 swab positivity to negativity
and last available follow-up, respectively. Survival curves where com-
pared with Log-rank test.

Figure 1. 

Results: Eighty-three patients had SARS-CoV2 infection till February
2021. The median age was 71 years, 72% were male, and 41% were
under treatment at COVID. Overall 53% of the patients were hospitalized
and 9.6% required intensive care unit (ICU) admission. The median ab-
solute lymphocyte count was 1,419/uL of which CD3+ were 48%, 37%
CD8+ T cells and 9% normal B cells. Mean CD4+ were 1,160/uL, serum
IgG level 8.46g/L, IgA 1.10g/L and IgM 0.81g/L. After a median fol-
low-up of 4 months 88% patients were alive and the median TTVC was
28 days. We observed that patients with serum IgA<0.7g/L, more com-

monly were hospitalized (67% vs 52%) and required ICU admission
(13% vs 4%, p=0.004, Figure 1A). In addition, patients with low IgA had
a longer TTVC (34 vs 23 days, p=0.0127, Figure 1B) and shorter OS
(9.2monthsvs not reached, p=0.0087, Figure 1C). Conversely serum IgG
or IgM, CD4 levels did not correlate with TTVC and OS. These data
were confirmed in multivariate analysis.

Conclusions: We herein compared the outcome of SARS-CoV2 infec-
tion in patients with hematological malignancies with immunological
parameters. Serum IgA emerged as a key variable in limiting SARS-
CoV2 shedding and patients’ survival, that deserves further investiga-
tion.
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Hepatitis E virus (HEV) infection is an emerging disease in industri-
alized countries. HEV is a positive-sense single-stranded RNA virus,
whose infection is not limited to the liver but may affect other organs.
Indeed, HEV infection shares with hepatitis C virus (HCV) several ex-
trahepatic manifestations, such as glomerulonephritis, pancreatitis, thy-
roiditis and thrombocytopenia, among others. There have been claims
that HEV might reactivate and induce liver toxicity in patients treated
for hematological malignancies (HM). For this reason, since 1st of June
2019 to 1st of April 2021 we tested for HEV antibodies all consecutive
patients with HM presenting to our out-patient department in need of
therapy. Serological tests for HEV infection for IgM and IgG were per-
formed by enzyme-linked fluorescent assay (bioMerieux SA), and con-
firmed by WANTAI test. Serum HEV-RNA was determined by RT-PCR
(Cobas 6800-HEV-Roche). Liver function was assessed by means of
AST, ALT and bilirubin levels, which were monitored at every cycle,
while upper abdomen echography was performed at baseline and at the
end of treatment. Four-hundred and twenty-four patients were included.
HEV serology was positive in 23 patients (5.42%). All positive patients
had IgG antibodies, with no patient either IgM- or RNA-positive. Inter-
estingly, all IgG+ patients had lymphoproliferative disorders (7 DLBCL,
5 FL, 1 HL, 2 NHL T, 3 MM, 4 NHL different from FL and DLBCL),
except one myelodysplastic syndrome. At baseline no patient had signs
or symptoms related to liver disfunction (maximum level of ALT 47
U/L). All patients received antineoplastic treatment: immunochemother-
apy (i.e. rituximab-chemotherapy) in 22, BTK inhibitors in 1, and 3 pro-
ceeded to autologous transplant. Liver function remained in the range of
normality in all patients, except two. These were both affected by FL in
second relapse, and had sudden but reversible increase of ALT (x3) after
a cycle of R-DHAOX. No further sign of liver dysfunction (bilirubin
level, AST, echography) was noted in the other patients. No extrahepatic
manifestations were registered. In conclusion, patients with HM and
HEV previous infection can reliably undergo standard therapy, inclusive
of immunotherapy, with reversible hepatic flares not exceeding 10% of
them. Epidemiological studies are ongoing to address the impact of the
virus in HM.
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INFECTIONS DUE TO SAPROCHAETE SPECIES IN PATIENTS
AFFECTED BY HEMATOLOGICAL MALIGNANCIES. A MULTI-
CENTER STUDY ON BEHALF OF SEIFEM/FUNGISCOPE REGISTRY
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Invasive Saprochaeta species (S.spp.) infections are an emerging threat
in patients with hematological malignancies (HM). Owing the difficulty
of isolation and the intrinsic resistance to echinocandins, these infections
are associated with high mortality rates. To identify baseline factors and
provide a basis for therapeutic decisions, we conducted a retrospective
multicenter study. All cases of proven S. capitata and S. clavata infec-
tion, observed from January 2010 to December 2020 in HM patients,
were collected from SEIFEM (Sorveglianza Epidemiologica Infezioni
nelle Emopatie) group and from FUNGISCOPE (Global Emerging Fun-
gal Infection Registry) database. The characteristics of our patients were
compared with those of a group of HM patients with Candida (C.) spp.
infection, matched for age and treatment. We recorded 88 S.spp cases,
median age 54 years (range 2-78), 44 patients (50%) were female and
65(74%) had a diagnosis of acute leukemia. Of these, 63(72%) were clas-

sified as S. capitata infections and 25(28%) as S. clavata. In univariate
analysis, the infection of S. clavata was associated with age <60 years
(21/25 patients, p= .01). Overall, 86% cases presented fungemia. Focal
or disseminated organ involvement was observed in 36% of cases. An-
tifungal prophylaxis (AP) and the central venous catheter (CVC) corre-
lated with S.spp (p=.000) and C. spp infections (p=.004), respectively.
Thirty-six (40%) S.spp cases were breakthrough infections as occurring
during AP, mainly anti- mold AP. Two patients didn’t receive antifungal
therapy (AT). The AT was liposomal amphotericin B (L-AMB) in
37(42%), azoles in 25 (29%), echinocandins in 24(27%) and combina-
tion (azoles plus L-AMB) in 7 (8%) patients. The efficacy of first AT
was observed in 8/37 (22%), 15/25 (60%) and 1/24(4%) of patients who
received L-AMB, azoles and echinocandins, respectively (p=ns). CVC
was removed after fungal isolation in 42/77 (54%). Mortality rate at 30
days was 39%. Parameters that influenced outcome were the
age>60years (p=.007), the septic shock (p=.01), the duration of steroid
treatment (p=.03) and the neutrophil recovery (p=.000). In multivariate
analysis, only parameter influencing the outcome was the neutrophil re-
covery (OR: 8.18, 95%CI 1.942-33,112, p=.004). In conclusion, S.spp
infections are often breakthrough infections, the most effective treatment
for which has not yet been established, but neutrophil recovery appears
to play an important role in the favorable outcome.

D031

SARS-COV2 INFECTION AND HAEMATOLOGICAL MALIGNAN-
CIES: A PROSPECTIVE OBSERVATIONAL SINGLE CENTRE 
1-YEAR-LONG EXPERIENCE

V. Bonuomo, I. Ferrarini, E. Sbisà, M. Dell’Eva, E. Tamellini, 
M. Krampera, C. Visco

Hematology Section, Department of Medicine, University of Verona,
Verona, Italy

SARS-CoV-2 infection represents a major threat for frail patient pop-
ulations. Case series suggested that cancer patients have a poor outcome
following COVID-19, due to their underlying conditions and cytotoxic
treatments. We prospectively enrolled all consecutive patients with
hematological malignancy (HM) and RT-PCR positive nasopharyngeal
swab for severe acute respiratory syndrome coronavirus 2 (SARS-CoV2)
at the hematology department of Verona, Italy, since March 1st 2020 to
March 1st 2021. The aim of this study was to evaluate overall survival
(OS) and infection fatality rate (IFR) according to patients’ clinical and
laboratory characteristics. One-hundred and ten patients were included.
Median age was 69 years (range 24-93), and 70 were males (64%). Me-
dian Charlson comorbidity index was 3 (0-13). Fifty-eight percent of pa-
tients were admitted to the hospital, while the remaining were
followed-up as outpatient. Overall, 34% had a diagnosis of lymphopro-
liferative disorder (13% chronic lymphocytic leukemia), 32% multiple
myeloma, 27% myeloproliferative diseases (10% MDS/LAM), and 8%
Hodgkin lymphoma. Median time from HM diagnosis to SARS-CoV2
infection was 29 months (1-300). Among admitted patients, the severity
of disease was mild in 32%, and severe or critical in 68%, with 21% ne-
cessitating intensive care procedures. 61% of patients had active HM at
the time of SARS-COV2 diagnosis, and 58% were on active therapy.
Overall, IFR was 35.8%. Three-months OS was 62%+/-6% (Figure 1A).
As expected, admitted patients had significantly worse OS than not ad-
mitted (p<0.0001). No significant difference for OS was observed be-
tween different histologies (p=0.91), and active ongoing treatment for
HM at the time of COVID infection also did not impact on OS (p=0.69).
Univariate analysis revealed that age, male gender, anemia, thrombocy-
topenia, active smokers, active HM, and COVID severity at the time of
the positive swab were associated with impaired OS. In multivariate
analysis anemia (Hb<10 g/dL; HR 3.6) and COVID severity (severe/crit-
ical; HR 4.3) retained independent significance. OS curves stratified for
the number of these 2 independent risk factors are shown in Figure 1B.

In conclusion, this unicentric series confirmed the high IFR of patients
with SARS-CoV2 and HM. Our study highlights the importance of not
postponing life-saving therapies in HM patients in need of therapy and
emphasizes the importance of early vaccination strategies.
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Figure 1. 
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BLOODSTREAM INFECTIONS CAUSED BY STRONG BIOFILM-
PRODUCING BACTERIA INCREASE THE RISK OF END-ORGAN
DISEASE AND MORTALITY IN PATIENTS WITH HEMATOLOGIC
MALIGNANCIES

F. Marchesi1, E.G. Di Domenico2, I. Cavallo2, L. Toma1, G. Prignano2,
F. Pimpinelli2, E. Papa1, I. Terrenato1, A. Mengarelli1, F. Ensoli2

1IRCCS Regina Elena National Cancer Institute; 2IRCCS San Gallicano
Dermatological Institute, Italy

Bacterial bloodstream infection (BSI) represents a significant compli-
cation in patients with hematological malignancies (HM). However, fac-
tors leading to BSI and progression to end-organ disease and death are
only partially understood. The study analyzes host and microbial risk
factors and assesses their predicted impact on the development of BSI
and mortality. A total of 96 patients with HM and BSI were included in
the study. Host-associated risk factors and all-causes of mortality were
analyzed by multivariable logistic regression at 30 days after the onset
of the first BSI in the first neutropenic episode. The level of biofilm pro-
duction of bacterial isolates was analyzed by the clinical BioFilm Ring
Test. The median age was 60 years (range 20-77 years). The underlying
diagnoses were acute leukemia n=53 (55%), lymphoma n=30 (31%) and
myeloma n=13 (14%). Bacterial isolates from BSI were 96. Escherichia
coli was the most common isolate (n=28, 29.2%), followed by Pseu-
domonas aeruginosa (n=16, 16.7%). MDR (n=10) caused 10.4% of bac-
teremia episodes. Weak biofilm producers were significantly (p<0.0001)
more abundant (72.2%) than strong (27.8%) biofilm-producers. Specif-
ically, strong biofilm-producers were 9.6% for E. coli, 100% for P.
aeruginosa, 50% for K. pneumoniae, and 23.3% for Coagulase-negative
Staphylococcus spp. (CoNS). Mortality at day 30 was 8.3% (8/96), and
all deaths were attributable to Gram-negatives. About 22% of all BSI
were catheter-related (CRBSI). The mortality rate (p=0.62) and biofilm
production level (p=0.75) were not correlated with CRBSI. Notably,
strong biofilm-producing bacteria were an independent risk factor
(p=0.018) associated with the end-organ disease. Besides, multivariate
analysis indicated that the presence of strong biofilm-producing bacteria
(p=0.013) and MDR strains (p=0.006) were independent risk factors as-
sociated with 30-day mortality. Strong biofilm-producing bacteria and
MDR strains caused a limited fraction of BSI in patients with HM.
Strong biofilm-producing bacteria present a high risk of end-organ dis-
ease and that, together with an MDR phenotype, are significantly and
independently associated with an increased risk of death. The rapid iden-
tification of biofilm-producing bacteria from BSI can offer a key
biomarker to predict the clinical and therapeutic outcomes in patients
with HM.
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OUTCOMES OF COVID-19 IN CELLULAR THERAPY RECIPI-
ENTS: REAL-LIFE APPLICATION OF CIBMTR RISK FACTORS

A. Bruno1, F. Lorentino1, A.A. Assanelli1, S. Marktel1, R. Greco1, 
F. Farina1, F. Giglio1, C. Liberatore1, F. Lunghi1, S. Mastaglio1, 
P. Angelillo1, S. Piemontese1, E. Xue1, F. Erbella1, R. Nitti1, 
G. Catalano1, B. Marchetti1, E. Campodonico1, M.G. Carrabba1, 
J. Peccatori1, M. Bernardi1, C. Corti1, M.T. Lupo-Stanghellini1, 
F. Ciceri1,2

1IRCCS Ospedale San Raffaele - U.O. di Ematologia e Trapianto di
Midollo Osseo; 2Facoltà di Medicina e Chirurgia - Università Vita-Sa-
lute San Raffaele, Italy

Patients with haematological malignancies and COVID-19 have worse
outcomes than both the general population with COVID-19 and patients
with haematological malignancies without COVID-19. According to a
CIMBTR analysis, Allo-HSCT patients who develop COVID-19 showed
poor overall survival (OS), with age 50 years or older, male sex and de-
velopment of COVID-19 within 12 months of transplantation as factors
associated with a higher risk of mortality. We analyzed data from 40 con-
secutive patients (38 allo-HSCT and 2 patients treated with CAR-T cell)
with COVID-19 (inclusion criteria: SARS-CoV-2 positivity, aged >/=
18 years) with available data on outcome who were followed at our
Hematology and Bone-Marrow Transplantation Unit as previously re-
ported between 23 February 2020 and 15 March 2021. The median time
from allo-HSCT to COVID-19 diagnosis was 34 months (range 2-209
months). The median follow-up of survivors after COVID-19 was 115
days (range 15-379). 15 (37,5%) allo-HSCT recipients were receiving
immunosuppression within 6 months of COVID-19 diagnosis, active
GvHD was reported in 16 (40%) allo-HSCT recipients. COVID-19
severity was mild in 30 (75%), while severe disease requiring mechanical
ventilation occurred in 4 (10%). At 30 days after the diagnosis of
COVID-19, OS was 95% (95% CI 81-99%). Patients’ stratification ac-
cording to risk-factors (age >/= 50 years, male sex, time from transplan-
tation <12 months) underlined the intrinsic impact on time to clearance
of viremia: 40 days (median, range 7-87) in patients with 2-3 risk factors
(11 patients), 21 days (median, range 7-63) in patients with 0-1 risk fac-
tors (25 patients) - p 0.05 (Mann-Whitney U test). The need for stringent
surveillance and aggressive treatment measures in allo-HSCT recipients
who develop COVID-19 is widely acknowledged. We presented better
OS data than other reports, even though time to resolution of infection
is influenced by the number of risk factors. The massive campaign of
vaccination will hopefully reshape this scenario, improving the possibil-
ity of resolution of COVID-19 in a high-vulnerable population. More-
over, the awareness of the impact of the three risk factors is crucial for
a patient tailored counseling.

D035

REGULAR SCREENING FOR SARS-COV-2 IN PATIENTS WITH
HEMATOLOGICAL MALIGNANCIES ON ACTIVE ANTICANCER
TREATMENT IN THE OUTPATIENT SETTING

F. Bergamini1, M. Varettoni2, S. Mangiacavalli2, S. Rattotti2, C.S. Cartia2,
C. Cavalloni2, F. Rossetti2, V.V. Ferretti3, C. Trotti1, N. Fiorelli1, 
G. Pagani1, C. Zerbi1, J. Ferrari1, C. Cristinelli1, A. Muzzi4, C. Marena4,
F. Baldanti5,6, R. Bruno6,7, L. Arcaini1,2

1Department of Molecular Medicine; 2Division of Hematology, Fon-
dazione IRCCS Policlinico San Matteo; 3Service of Biometry and Clini-
calEpidemiology,Fondazione IRCCSPoliclinicoSanMatteo; 4Medical
Direction, Fondazione IRCCS Policlinico San Matteo; 5Molecular Vi-
rologyUnit,MicrobiologyandVirologyDepartment,Fondazione IRCCS
Policlinico San Matteo; 6Department of Clinical, Surgical, Diagnostic,
and Paediatric Sciences; 7Division of Infectious Diseases, Fondazione
IRCCS Policlinico San Matteo

Introduction: SARS-CoV-2 infection has a heterogeneous and unpre-
dictable course, ranging from asymptomatic patients to fatal cases. Sev-
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eral studies demonstrated that patients with cancer have higher morbidity
and mortality from COVID-19 as compared with the general population.
During the epidemic outbreaks, the delivery of anticancer treatments in
outpatient facilities has been preferred over in-patient treatment to reduce
both the burden on healthcare system and the exposure of patients to in-
fection. Early recognition and management of suspected cases are also
determinant to improve patients’ outcome and to reduce the in-hospital
spread of virus. Here we report the results of systematic screening for
SARS-CoV2 infection in asymptomatic patients with hematologic ma-
lignancies on active anticancer treatment in the outpatient setting.

Patients and Methods: Patients with hematological malignancies
treated with chemotherapy and/or immunotherapy in the outpatient fa-
cility of the Division of Hematology of Fondazione IRCCS Policlinico
San Matteo between November 15th 2020 and April 15th 2021 were tested
for SARS-CoV-2 infection before each cycle of therapy. SARS-CoV-2
infection was ascertained on nasopharyngeal swab specimens by means
of reverse transcriptase-polymerase chain reaction (RT-PCR) assay.

Results. We analyzed 846 nasopharyngeal swabs from 253 consecutive
patients. The median number of swabs per patient was 3 (range: 1-7).
The diagnosis and type of treatment are shown in Table 1. Eleven of 253
patients (4%) tested positive to screening swab, corresponding to 11 out
of 846 swabs (1.3%). One of 11 patients (9%) died, 10 (91%) recovered
from infection and 8 could restart treatment. Characteristics and outcome
of patients positive to a screening swab are reported in Table 2. Outside
screening, SARS-CoV-2 infection was diagnosed in 10 additional pa-
tients (4%), who were tested for fever (n=6), contact with a positive sub-
ject (n=2), hospitalization for other reasons (n=2). Six of 10 patients
developed interstitial pneumonia and 3/10 (30%) died.

Conclusions: Over a 5-month period, 4% of asymptomatic patients on
active anticancer treatment tested positive to screening swab. Most of
them had a good outcome and could successfully resume therapy. The
early identification of these asymptomatic cases lead to prompt interrup-
tion of immunosuppressive therapy and immediate isolation of patients,
likely improving their outcome and preventing in-hospital spread of
virus. 

Tables 1 and 2. 

D036

PRO-ADRENOMEDULLIN IN PREDICTING SEVERE INFEC-
TIONS IN PATIENTS WITH HEMATOLOGICAL MALIGNANCIES

P. Casciani1, G. Paterno1, F. Meconi1, M.S. Lia2, E. Buzzatti1, 
L. Guarnera1, F. Bonanni1, F. Moretti1, R. Laureana1, A. Savi1, 
M. Cantonetti1, S. Angeletti3, M. Minieri2, A. Venditti1, 
M.I. Del Principe1

1Departement of Biomedicine and Prevention University of Rome Tor
Vergata; 2Departement of Experimental Medicine and Surgery Univer-
sityofRomeTorVergata; 3UniversityCampusBio-MedicoofRome, Italy

Despite progresses in treatment, infections remain an important cause
of morbidity and mortality, in patients with hematological malignancies
(HM). However, no biochemical marker has yet been identified that can

direct the diagnosis of infection in febrile HM patients and predict its
severity and outcome. This study evaluates the ability of two biochemical
markers, pro-calcitonin (PCT) and pro-adrenomedullin (proADM) to
identify the development of sepsis or septic shock in febrile HM patients,
neutropenic (FN, 81%) and non-neutropenic (FNN, 19%), as well as the
ability of these markers to predict patient mortality at 30 days. Between
January 2019 and August 2020 73 cases of febrile episodes were regis-
tered from 53 patients followed at the Hematology Unit of Policlinico
Tor Vergata in Rome, Italy. The median age was 59 years (range 18 to
79 years) and 62% of patients were male. Thirty-six patients (68%) had
acute leukemia. Febrile episodes were: fever (18%), pneumonia (52%),
sepsis (47%) and septic shock (23%). (Table 1). PCT and proADM were
assessed at different endpoints (day 1, 3, and 5 from the onset of fever).
We observed that PCT was able to predict sepsis both in FNN patients
from day 3 (p<0,001, cut-off 0,32 ng/mL) and in FN patients from day
5 (p<0,03, cut-off 0,13 ng/mL). ProADM was not useful in diagnosing
sepsis in FN patients, but was able to identify sepsis in FNN patients al-
ready from the day 1 (p<0,001, cut-off 0,80 nmol/L). With regard to the
ability to predict septic shock, both markers were effective from day 1
both in FN (PCT p<0,001, cut-off 0,33 ng/mL; proADM p<0,001, cut-
off 2,07 nmol/L) and in FNN patients (PCT p<0,001, cut-off 1,03 ng/mL;
proADM p<0,001, cut-off 2,07 nmol/L). While PCT was able to predict
mortality at 30 days only in FNN patients (p<0,001, cut-off 1,03 ng/mL),
proADM predicted 30 days mortality in both groups even when using
the sample collected at fever onset (p<0,002, cut-off 0,87 nmol/L in FN;
p<0,0001, cut-off 1,08 nmol/L in FNN). Moreover, Pro-ADM levels
were significantly lower in FN (p<0,044, cut-off 0,8 nmol/L) than in the
FNN group (p<0,001, cut-off 1,7 nmol/L) possibly indicating a likeli-
hood of poor prognosis. Given the characteristics of proADM as a
marker of organ dysfunction and our results in FNN, larger prospective
studies are warranted to clarify the role of proADM in identifying FN
patients with HM at risk of developing severe infections and, therefore,
in need of specific and timely therapeutic interventions.

Table 1. Patients and Febrile Episode Characteristics.

D037

INCIDENCE OF PNEUMOCYSTIS JIROVECII PNEUMONIA IN
PATIENTS WITH PREVUOUSLY UNTREATED ACUTE MYELOID
LEUKEMIA AND DURING INDUCTION THERAPY

G. Paterno1, L. Guarnera1, R. Palmieri1, V. Del Prete2, F. Bonanni1, 
E. Buzzatti1, F. Moretti1, P. Casciani1, D. Di Cave2, L. Maurillo1, 
F. Buccisano1, A. Venditti1, M.I. Del Principe1

1DepartmentofBiomedicineandPrevention,UniversityofRomeTorVer-
gata; 2DepartmentofClinicalSciencesandTranslationalMedicine,Uni-
versity of Rome Tor Vergata, Italy

Background: Several studies in immunocompromised patients (pts),

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

TTaable 1 - Characteristics of patients with hematologic

malignancies on active anticancer treatment

screened for SARS-CoV2

Characteristic

Sex, n. of patients (%)

male

female

145 (57%)

108 (43%)

Age (years), median (IQR) 68 (59-75)

Diagnosis

Multiple myeloma

Indolent lymphoma

92 (36%)

61 (24%)

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

     

       

        
  

  

   
    
    

 

  
  

     
 

    
    
     
     
      
     
     
    
   

 

 
  
  
  
  

  
  
   

  
     
     

 

  
   

 

 

Indolent lymphoma

Aggressive lymphoma

Hodgkin lymphoma

Acute myeloid leukemia/myelodysplastic syndrome

Acute lymphoblastic leukemia

Chronic lymphoid leukemias

Other

61 (24%)

42 (17%)

20 (8%)

15 (6%)

9 (4%)

8 (3%)

6 (2%)

TTyype of therapy

Including monoclonal antibodies

Without monoclonal antibodies

168 (66%)

85 (34%)
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such as those with HIV infection, undergoing cancer chemotherapy or
organ transplant, have led to the development of guidelines for the use
of prophylaxis to prevent Pneumocystis jirovecii pneumonia (PJP) in
these specific categories. Instead, since the association between PJP and
acute myeloid leukemia (AML) is not clearly defined, the role of pro-
phylaxis in pts with AML is not yet established.

Methods: We retrospectively analyzed all consecutive pts with newly
diagnosed non-M3 AML, admitted to the Hematology Department of
University Tor Vergata in Rome, during the period 2010-2020.

Table 1. 

Results: Among 251 consecutive pts with non M3-AML (61% males,
median age 62 years), 179 were submitted to intensive chemotherapy
(IC), 36 to non-intensive treatment (NIT) and 36 received only support-
ive care. Bronchoalveolar lavage (BAL) was performed in 67 patients,
in 39 (58,2%) of them before starting any antineoplastic treatment, in 28
(43,3%) during aplasia induced by the first cycle of antineoplastic ther-
apy-(20 after IC and 8 after NIT). PJ infection was demonstrated in 11/67
(16,7%) of BAL (11 males, median age 71 years), with an incidence of
4,3% among our series of pts. Two PJP (18,2%) occurred in untreated
pts, 7/11 (63,6%) in pts submitted to IC and 2/11 (18,2%) after the first
cycle of NIT. A chest Computed Tomography in all pts with PJP revealed
ground-glass opacities, 5/11 (45%) pts showed also atypical features as
consolidations and nodules (Table 1). Eight pts (73%) presented fever
before BAL. Following PJP diagnosis, all pts were treated with trimetho-
prim/sulfamethoxazole intravenously. Nine (82%) pts developed severe
hypoxemia, requiring high-flow oxygen with at least 50% FiO2. One pa-
tient died because of PJP, while two pts (18%) died because of AML pro-
gression with active PJP. Eight pts (73%) survived until discharge from
hospital. In univariate analysis, being older than 65 years (OR 15, 95%CI
1,89-119,08; p=0.001), the presence of one or more comorbidities (OR
7,65, 95%CI 0,96-60,69; p=0.028), smoke habits (OR 14, 95%CI 1,76-
111,12; p=0.001) were significantly associated with PJP. In multivariate
analysis older age and smoking habit remain significant as independent
factors associated with PJP (p=0.021 and 0.017 respectively).

Conclusion. In our experience, PJP is not uncommon among pts with
AML. In clinical care of AML, awareness of PJP should be heightened
and prophylaxis should be considered, particularly in older pts.

D038

SEROLOGICAL RESPONSE TO SARS-COV2 VACCINATION IN
PATIENTS WITH HEMATOLOGICAL MALIGNANCIES: 
PRELIMINARY DATA OF A PROSPECTIVE, MULTICENTER, 
OBSERVATIONAL STUDY “CERVAX”

S. Mohamed1, E. Lucchini1, M. Porrazzo1, L. Ballotta1, 
G.M. De Sabbata1, M. Ballerini1, M. Poiani1, E. De Bellis1, 
I. Cappuccio1, D. Griguolo1, M. Stulle1, M. Granzotto3, 
B. Toffoletto3, F. Sirianni3, M. Ruscio3, C. Visco4, M. Krampera4, 
F. Zaja1,2

1SC Ematologia, Azienda Sanitaria Universitaria Giuliano Isontina;
2DipartimentodiScienzeMediche,ChirurgicheedellaSalute,Università
di Trieste; 3SC Laboratorio Analisi, Azienda Sanitaria Universitaria
GiulianoIsontina; 4DipartimentodiMedicina, sezioneEmatologia,Uni-
versità di Verona, Italy

Patients (pts) with hematological malignancies are, usually, poor re-
sponder to vaccinations due to the immune incompetence induced by the
disease and/or the treatments received, resulting in profound and lasting
suppression of B, CD4-T lymphocytes, and hypogammaglobulinemia.
In the SARS-COV2 pandemic era, their vulnerability exposes them to a
fatal outcome, due to COVID19 infection, in up to 40% of cases. Previ-
ous studies with mRNA SARS-COV2 vaccination, did not test this for-
mulation on hematologic pts. Therefore, a prospective, multicenter,
observational study (CERVAX) to assess the post-vaccination serological
response (time of acquisition and maintenance of immunity) in a cohort
of pts with hematological malignancies, negative for COVID19 infec-
tion, undergoing mRNA SARS-COV2 vaccination, was developed. Sub-
jects with lymphomas/chronic lymphoproliferative disorders
(NHL/CLL) and, multiple myeloma (MM), off therapy for at least 3
months, in watch-and-wait or, in treatment with BTK inhibitors, BCL-2
inhibitors, IMIDs are included. 

Table 1. Clinical and biologic features of patients evaluable at T1 (N=19)

Complete blood count (CBC), IgG, IgA, IgM, B/T lymphocyte sub-
populations and IgG anti-SARS-COV2 are evaluated as baseline (T0).
The assessment of serological response to vaccination will be performed
at different time points: before the second dose (T1), and then at 3-6-12
months after first dose (T2-3-4, respectively). The SARS-CoV2 IgG II
Quant Assay (Abbott Core Laboratory) will be used. Two hundred pts
are expected to be enrolled. Since March 2021, 36 pts have been included
in the study: 24 (67%) with NHL/CLL and 12 (33%) with MM. Median
age was 80 years (range 63-91). In 19/36 (53%), T1 is available. Clinical
and biologic features of patients evaluable at T1 are shown in Table 1. A
positive response (IgG anti-SARS-COV2 >50 AU/ml) to first dose (T1)
was observed in 9/19 pts: 5/14 (36%) with NHL/CLL and 4/5 (80%) with
MM. Current data are preliminary, as enrollment is still ongoing. More
consistent data will be available in the upcoming months.

 

N. of patients 251 
Sex   
Male 153 (61%) 
Female 98 (39%) 
Age median 62 yrs 
<65 yrs 145 (57,8%) 
>65 yrs 106 (42,2%) 
BAL performed: 67 
prior first line therapy 39 (58,2%) 
after first line therapy 28 (43,3%) 
AML treatment   
intensive chemotherapy 179 (71,3%) 
non intensive treatment 36 (14,3%) 
supportive care 36 (14,3%) 
PJ+ BAL 11/67 (16,4%) 
prior first line therapy 2/39 (5,1%) 
after first line therapy 9/28 (32%) 
Comorbidities   
none 105 (41,8%) 
one or more 146 (58,2%) 
Co-present lung infections   
Aspergillosis 5/11 (45,5%) 
Bacterial pneumonia 1/11 (9%) 
CMV 1/11 (9%) 
None 3/11 (27,3%) 
Lung HRTC scan findings   
Typical 6/11 (54,5%) 
Atypical 5/11 (45,5%) 
! !

BAL, bronchoalveolar lavage; AML, Acute Myeloid Leukemia; PJ, Pneumocystis jirovecii; 
CMV, Cytomegalovirus; HRTC, High-Resolution Computed Tomography 
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CLINICAL CHARACTERISTICS AND OUTCOME OF 125
POLYMICROBIAL BLOODSTREAM INFECTIONS IN HEMATO-
LOGIC PATIENTS. AN 11 YEARS EPIDEMIOLOGIC SURVEY

G. Facchin1, A. Candoni1, D. Lazzarotto1, M.E. Zannier1, M. Peghin2, 
E. Sozio2, N. Pellegrini1, C. Filì1, A. Sartor3, C. Tascini2, R. Fanin1

1DivisionofHematologyandStemCellTransplantation,UniversityHos-
pital ASUFC; 2Division of Infectious Diseases, University Hospital
ASUFC; 3Clinical Microbiology, University Hospital ASUFC, Italy

Background: Polymicrobial-Bloodstream-Infections (pBSI) occurring
in hematological patients are still poorly understood and specific infor-
mation are very limited.

Objectives and methods: in this epidemiologic survey we describe
clinical characteristics and outcome of 125 consecutive p-BSI occurred
in onco-hematological patients. Polymicrobial-Bloodstream-Infections
(pBSI) was defined with the isolation of 2 or more bacteria from blood
culture specimens obtained within 72h.

Results: over an 11-years period we documented 500 bacterial-blood-
stream-infections (BSI) in 4542 hospital admissions and 25% (125) of
these were pBSI (Figure 1). Most common underlying hematological
disease was acute myeloid leukemia and 89% of patients had severe neu-
tropenia. Fifty pBSI (40%) occurred in SCT-patients, mostly within 30
days from SCT (42/50-84%). Principal bacterial association was Gram-
positive plus Gram-negative (57%). Resolution rate of pBSI was 82%,
without differences between SCT and non-SCT cases. pBSI-related mor-
tality was 15% (6% in SCT-cases). Septic shock occurred in 16% of
cases and septic shock-related mortality was 65% (75% in SCT-cases
and 63% in non-SCT-cases; p=0,6). Multidrug-Resistant (MDR) bacteria
were involved in 22% of pBSI and the MDR-pBSI-related mortality was
significantly higher in SCT-patients (p=0,007).

Conclusions: this observational study highlights that pBSI is not a rare
bloodstream infectious complication in onco-hematological patients.
pBSI-related mortality is lower than 20% but, if septic shock occurs,
mortality reaches 65%. MDR-bacteria were involved in 22% of cases
and pBSI-MDR-related mortality was significantly higher in SCT pa-
tients.

Figure 1.
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CLINICAL FEATURES AND OUTCOME OF SARS-COV2 INFEC-
TION IN PATIENTS WITH HEMATOLOGICAL MALIGNANCIES. 
A REAL-LIFE STUDY FROM PADUA UNIVERSITY HOSPITAL

G. Scapinello1,2, S. Pravato1, F. D’Amore1, A.M. Cattelan3, I. Tiberio4, 
P. Navalesi4, L. Rossi5, F. Crimì6, A. Branca1, T. Berno1, I. Gianesello1,
S. Imbergamo1, F. Lessi1, L. Pavan1, G. Binotto1, R. Zambello1, 
C. Gurrieri1,2, R. Vettor6, F. Vianello1,2, F. Piazza1,2, L. Trentin1,2, 
A. Visentin1,2

Hematology and Clinical Immunology Unit, Department of Medicine,
University of Padua, Padua, Italy; 2Veneto Institute of Molecular

Medicine, Padua, Italy; 3Unit of Infective and tropical diseases, Padua
University Hospital, Padua, Italy;  4Intensive care unit, University hos-
pital of Padua, Padua, Italy; 5Microbiology and Virology Unit, Depart-
ment of Molecular Medicine, University of Padua, Padua, Italy;
6Radiology unit, Padua University Hospital, Padua, Italy; 7Internal
Medicine III unit, Department of Medicine, University of Padua, Padua,
Italy

Introduction: Severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) causes a heterogeneous coronavirus disease (COVID19),
ranging from an asymptomatic infection to a life-threatening inflamma-
tory syndrome. Recent data suggest that the illness from COVID19 is
more severe among patients with hematologic malignancies. However,
the median follow-up in most studies is short (range 30-60days).

Aim: The aim of this study is to describe the clinical features and out-
come of COVID19 in onco-hematologic patients followed at Padova
University Hospital.

Methods: Medical charts of patients followed at the Hematology Unit
of Padova University were retrospectively reviewed to identify cases
with COVID19 till 28 Feb 2021. SARS-CoV2 infection was assessed by
real-time reverse transcription polymerase chain reaction from nasopha-
ryngeal swabs. Continuous variables were compared with Wilcoxon sum
test, while categorical variables were compared with Fisher’s exact or
Chi-square test. Overall survival (OS) was calculated from SARS-CoV2
swab positivity to last available follow-up or death. Survival curves were
compared with Log-rank test.

Results: RESULTS. Eighty-three patients had SARS-CoV2 infection
between March 2020 and February 2021. Their median age was 71 years
(range 40-93), 36% ≥75years, 72% were male, 84% had comorbidities
and in 29% CIRS was ≥6. Sixty-six % of patients received therapy for
their hematologic disease and 41% were under treatment at COVID19.

Overall 53% of the patients needed hospitalization and 9.6% required
Intensive Care Unit (ICU) admission. After a median follow-up of 4
months, 12 patients died, 9 due to SARS-CoV2 infection. Mortality was
similar to general population in patients managed at home (2.7%), but
increases among hospitalized patients (22.5%) and those needing ICU
admission (33.3%, p=0.0187, Figure 1A). Patients who died were older
(66.7%≥75years) and more comorbid (78% CIRS≥6).

The median OS was not reached and after 6 months from COVID19
88% of patients were alive. In univariate analysis CIRS≥6 (HR 10.5,
p=0.0001), age>75years (HR 4.4, p=0.0154) (Figure 1B-C) and hospi-
talization (HR 4.1, p=0.0065) were associated with a shorter OS. Con-
versely, gender, the type of the disease, active treatment and low IgG
had no impact on OS.

Conclusions: We herein analyzed the outcome of SARS-CoV2 infec-
tion in patients with hematological malignancies. We found that elderly,
comorbid patients, with a severe infection requiring hospitalization had
a poor outcome.

Figure 1.

!"#!"##$%&"'($
$%&'()*+%,)-&.,/)

#00.,/)

12#!"##$%)"'($
(%3%()*+%,)-&.,/).

!"#$%&'() *+%,$,%&'() -.
!"#$%%&

4#4".-5()//)%3/.
*+,-./0/12$3+4-5.,+6.

!"#$%'&

4"6!"#.71489.
&'() */&'() *

2!6!"#.7#289.
&'() */&'() -

4"6!"#.71489
&'() -/&'() -

!"#$%(& !"#$%'& !"#$%)&

:);<+=.!7$389.58:;.8/6$/<$=0//>9.5+-,$?6<+@.8/69$%=A?( -6>$?6<+@.8/6 B+0-.+> C/5.-08.2 %?BC(7

124 | haematologica| 2021; 106(s3)



48° Congress of the Italian Society of Hematology, Milano, Italy, October 24-27, 2021

D041

HEALTH CARE-ASSOCIATED INFECTIONS AND VISITING POLI-
CIES IN A HEMATOLOGY UNIT: A RETROSPECTIVE OBSERVA-
TIONAL STUDY TO ASSESS THE IMPACT OF RESTRICTIVE
VISITING POLICY ON THE INCIDENCE OF INFECTIONS

V.P. Gagliardi1, M. Delia1, G. Dell’Olio1,2, C.P. Schifone1,2, F. Albano1,2,
P. Musto1,2

1Hematology and Stem Cell Transplantation Unit – A.O.U. Consorziale
Policlinico; 2Department of Emergency and Organ Transplantation –
University of Bari “Aldo Moro”, Italy

Most Intensive Care Units (ICUs) worldwide adopt restrictive visiting
policies to avoid the risk of an increased rate of acquired infections,
though there is no evidence demonstrating a correlation between partially
unrestrictive visiting policies and an increased incidence of infections.
This concept is particularly stressed in Hematology Units, where restric-
tive visiting policies are often an integral part of the non-pharmacological
prophylaxis of infections in the immunocompromised patient setting.
The COVID19 pandemic required us to adopt a restrictive visiting policy.
No visits have been permitted since the 24th of March 2020 (Restrictive
Visiting Policy: RVP). Before this time, one visitor per patient was al-
lowed twice a day and visitors were required to wear gloves, shoe covers
and a mask, and wash their hands before admission and on departure
(Partially Unrestrictive Visiting Policy: UVP). We compared the inci-
dence of fever, bacteremia and pneumonia during a 6-month period in
patients admitted during UVP and to those admitted during RVP. The
aim of our study was to demonstrate if the presence of visitors in the
ward increases the risk of infections. We analyzed data from a group of
43 patients during the UVP, and a group of 50 patients during the RVP.
Patients were admitted for acute leukemias (48.8% during UVP and 62%
during RVP), pathologies other than leukemias (39.5% during UVP and
32% during RVP), diagnostic procedures or complications due to treat-
ment (11.6% during UVP and 6% during RVP). There was no difference
in incidence of fever between the two groups (39.5% in UVP group, 54%
in RVP group, test Chi-square p:0.24). There was no difference in inci-
dence of bacteremia (13.9% in UVP group, 28% in RVP group, test Chi-
square p: 0.164) and there was no difference in incidence of pneumonia
(11.6% in UVP group, 8% in RVP group, test di Fisher p:0.73). There
was no increased detection of community-acquired microorganisms re-
sponsible for the observed infections. These data support the evidence,
which is already reported in literature for ICUs but not for the Hematol-
ogy Units, that the shift from a partially unrestricted visiting policy to a
restricted visiting policy is not associated with a decreased incidence of
acquired infections. Larger cohorts of patients are warranted to confirm
these preliminary data.

D042

MICROBIOLOGICAL EFFECTS OF TAUROLIDINE CONTAINING
LOCK SOLUTION IN PERIPHERALLY INSERTED CENTRAL
CATHETER (PICC) OF HEMATOLOGICAL PATIENTS: 
A PROSPECTIVE STUDY

F. Trastulli, G. Scairati, K. Ferrara, F. Antonucci, R. Della Pepa, 
C. Giordano, A. Leone, M. Monteverde, G. Muccioli, P. Ricci, 
M. Picardi, F. Pane

Department of Internal Medicine and Surgery, AOU Federico II, Italy

A catheter lock solution containing active antimicrobials including
taurolidine (1,35%) plus citrate (4%), i.e., Taurolock 3ml fl, could affect
Gram-positive, Gram-negative and fungal pathogens growth, that causes
catheter-related (CR) bloodstream infection (BSI) in immunocompro-
mised patients. Tunneled lines (TLs) and, most recently, PICCs are com-
mon access devices for inpatient care of patients undergoing
chemotherapy. From September 2020 to March 2021, we prospectively
evaluated PICC-related BSI and/or venous thrombosis (VT) in 40 adult
patients (lymphoma, n=17; multiple myeloma, n=12; acute leukemia,

n=11) receiving intraluminal installation of Taurolock (3ml for single
lumen; and 1,5 ml for each lumen in case of double lumen) during PICC
insertion and weekly during medications (Arm A). Thirty PICCs were
inserted in the right basilica vein, 9 PICCs in the left basilica vein and 1
PICC in the right brachial vein [single lumen PICCs (4 Fr), in 30 pa-
tients; double lumen PICCs (5 Fr), in 10 patients]. Arm A median fol-
low-up was 4 months. PICC-related BSI and/or VT rates were compared
with that of a historical cohort of 40 patients with similar characteristics,
except for placed TLs (Port-a-cath, n=18; Broviac, n=12; Hickman,
n=10) which were managed without lock solution installation (Arm B).
All patients in the Arm A received catheter lock solution as scheduled,
with a median of 25 mL of Taurolock (r., 3-40 mL). The CR-BSI and
CR-VT rate in Arm A and in Arm B was 5% and 30%, with a difference
of 25 percentage points (relative risk for CR-BSI or CR-VT 0,1667; P=
0.0064; Figure1). CR-BSI events in Arm B were 10: six oxacillin-resis-
tant coagulase-negative Staphylococcus spp. (haemolyticus, 4; epider-
midis, 2); three Enterobacteriaceae spp. (E.coli, 2; K. pneumonia, 1) and
one C. parapsilosis. The CR-BSI incidence was zero and 3,9 per 1000
catheters daily in Arm A and Arm B. Among CR-thromboses, symp-
tomatic VT rate was 5% in Arm A and 5% in Arm B (with two cases of
septic thrombophlebitis in the latter group). Our preliminary data have
confirmed that BSI and VT are the major complications affecting in-
travascular device-related morbidity in the hematological setting, and
Taurolock infusion is effective against pathogens especially involved in
biofilm formation. The use of routinely irrigated PICCs with prophylac-
tic Taurolock, led to an approximately six-fold lower risk of CR-infec-
tion/thrombosis than that of TLs without Taurolock prophylaxis in
patients undergoing chemotherapy

Figure 1.
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SEVERE SARS-COV-2 INFECTION AND AUTOIMMUNE 
CYTOPENIAS: A CASE SERIES

V.M. Sciumbata1, A. Di Gregorio1, A. Blago1, G. Pugliese1

1Serviziodi ImmunoematologiaeMedicinaTrasfusionale, ASST-Meleg-
nano-Martesana, presidio ospedaliero di Cernusco Sul Naviglio (MI),
Italy

Background: SARS-CoV-2 is associated with host’s immune dysreg-
ulation and autoimmunity. Here we describe the clinical course and man-
agement of 4 consecutive cases of autoimmune cytopenias (AIC)
associated to COVID, observed in Cernusco s/N Hospital from 03/2020
to 04/2021.

Case 1: 81y, M. Comorbidities: MGUS, cold agglutinin disease (CAD)
in remission without therapy, COPD, diabetes, hypertension. He was ad-
mitted for COVID in 03/2020 with Hb of 6 g/dl and DAT positive for
C3d. Treatment: transfusion of 1 unit of PRCs, prednisone 1 mg/kg/d
p.o with antibiotic cover and glicemic control, folic acid, darbepoetin
100 mcg/w. In two weeks, Hb rose to 9.5 g/dl (without other transfu-
sions) and COVID gradually resolved. The patient was then evaluated
as an outpatient, Hb normalized and steroids were slowly tapered and
stopped in 07/2020.
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Case 2: 40y, F. Hematologic diseases: LGL Leukaemia in W/W with
blood count values unremarkable. No other conditions. She was admitted
for COVID with need of ICU support in 11/2020. Severe neutropenia
was noted (PMN 400/cmm). Treatment: remdesivir, LMWH, 3 Units of
hyperimmune plasma, G-CSF 30 MU/d i.v. for 5 days and
piperacillin/tazobactam with neutrofil count recovery and gradual im-
provement of COVID disease.

Case 3: 67y, F. No relevant comorbidity. She was admitted for COVID
in 03/2021 with need of ICU support. She developed severe thrombocy-
topenia (PLT 14,000/cmm) and renal failure during LMWH treatment.
We stopped LMWH and started fondaparinux 1,5mg/d and support with
1 pool of PLTs (oral cavity bleeding). PF-4 antibodies were negative. We
started high dose IVIG (400 mg/kg/d for 5 days) without steroids because
of P. aeruginosa superinfection. PLT fully recovered (> 100,000/cmm).
The patient is still in hospital.

Case 4:. 86y F. Comorbidities: CKD, intestinal teleangectasias with
mild chronic anemia. She was admitted for severe COVID in 04/2021
with Hb levels 10.6 g/dl (nadir Hb 5.6 g/dl). Blood tests showed IAT and
DAT positivity (DAT positive for C3d with anti-I auto-antibodies and
C4 complement consumption). She was transfused with 1 U PRCs and
treated with steroid boluses (dexamethasone 20 mg/d i.v. for 4 days then
methylprednisolone 1 mg/kg/d i.v), darbepoetin 40 mcg twyce/w, folic
acid with no benefit. She developed Evans‘ syndrome and died.

Conclusions: AIC can complicate SARS-CoV-2 but can be managed
(if treated promptly) without hindering recovery from COVID.

Acute Leukemia

D044

EFFICACY OF VENETOCLAX IN RELAPSED TRIPLE NEGATIVE
ACUTE LYMPHOBLASTIC LEUKEMIA WITH JAK/STAT PATH-
WAY ALTERATIONS

A. Ferrari1, D. Cangini2, A. Condorelli3, A. Ghelli Luserna di Rorà1,
M. Pogliese3, G. Schininà3, G. Milone3, S. Leotta3, E. Fonzi4, 
G. Martinelli5,  G. Milone3

1Biosciences Laboratory, IRCCS Istituto Romagnolo per lo Studio dei
Tumori IRST“Dino Amadori”, Meldola (FC), Italy; 2Hematology Unit,
IRCCS Istituto Romagnolo per lo Studio dei Tumori IRST“Dino
Amadori”, Meldola (FC), Italy;3Divisione Clinicizzata di Ematologia -
Programma Trapianto EmopoieticoAzienda Policlinico “G. Rodolico”
–Catania, Italy; 4UnitofBiostatisticsandClinicalTrials, IRCCSIstituto
Romagnolo per lo Studio dei Tumori IRST“Dino Amadori”, Meldola
(FC), Italy; 5ScientificDirectorate, IRCCSIstitutoRomagnoloper loStu-
dio dei Tumori IRST“Dino Amadori”, Meldola (FC), Italy

Introduction: Acute Lymphoblastic Leukemia (ALL) prognosis in pa-
tients (pts) relapsing after Hematopoietic Transplant (HCT) is poor and
needs new drugs. Venetoclax (VEN) is a BCL2-inhibitor (i) showing a
promising role in ALL preclinical models. It is mandatory to identify pts
that might benefit from BCL2-i. 

Methods: We describe the case of a 28 y-old-male affected by B-ALL
Triple-Negative (TN) for Ph, t(4;11) and t(1;19). After entering the
GIMEMA LAL1913 trial the pt underwent HCT (due to MRD at C5)
from a 10/10 HLA-matched unrelated (UD) reaching complete remission
(CR) lasting 6 months (m). At relapse he received chemotherapy and 2nd
HCT from a 9/10 UD. A 2nd relapse, 5m later, was treated with Blinatu-
momab (4 cycles) and 2 DLIs achieving CR. After 3m a 3rd relapse at
bone marrow (BM) and pelvic nodes (PET-scan: SUV10) was treated
with Inotuzumab-Ozogamicin (6 cycles) and radiotherapy reaching
MRD-neg and nodal partial response (PET-scan: SUV2.9). In December
2019 started VEN 400 mg/d. Up to April 2021 MRD and PET are neg
and VEN is well tolerated. In order to characterize molecular back-
ground, we analyzed on relapse samples transcriptome profiling
(TruSight RNA Pan-Cancer, Illumina-1385 genes), flow cytometry
(CRLF2), FISH, mutational screening [TP53 CDS (NGS), JAK1,
CRLF2, IL7R, JAK2 (by SS), IKZF1 deletions (Δ4-7, 2-7, 4-8; SS).
Gene-expression profile (GEP) analysis were performed on 16 Ph+, 10
Ph-like, 53 TN and 9 donors. 

Results: We found no mutations in TP53, JAK2, CRLF2, IL7R genes
and no rearrangements with RNAseq analysis. CRLF2 was not expressed
in blasts. GEP analysis was neg. for Ph-like CRLF2-up pattern. We de-
tected and validated JAK1 mutation in kinase domain (KD), while Sanger
showed IKZF1 deletion. GEP compared to normal controls, Ph+, Ph-like
adult and TN pts not harboring Ph-like features showed a significant
down-regulation of BCL6, MPL and STAT5B. 

Conclusions: Abnormal activation in JAK/STAT pathway is thought
to play an important role in malignancies and in particular in ALL patho-
genesis. These alterations translate in modified transcription of genes in-
volved in cell survival, proliferation and differentiation including STAT3,
STAT5 and BCL2. In our pt we found JAK/STAT pathway alterations in
terms of JAK1 KD-mutation and MPL, STAT5B downregulation. Inhibi-
tion of BCL2, by acting downstream of the JAK/STAT pathway, might
explain the efficacy of VEN in our pt and this suggests use of BCL2-is
in B-ALL showing JAK/STAT dysregulation.
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PRE-EXISTING CYTOPENIA HERALDING DE NOVO ACUTE
MYELOID LEUKEMIA: UNUSUAL PRESENTATION OF NPM1-
MUTATED AML IN A SINGLE-CENTER RETROSPECTIVE STUDY

L. Galassi1, C. Colasante1, F. Bettelli1, A. Gilioli1, V. Pioli1, 
D. Giusti1, M. Morselli1, A. Paolini1, V. Nasillo2, B. Lusenti2, 
E. Colaci1, F. Donatelli1, R. Giubbolini1, H. Catellani1, S. Pozzi1, 
E. Barbieri1, M.N. del Rosso1, P. Barozzi1, I. Lagreca1, S. Martinelli1,
R. Maffei1, G. Riva2, E. Tenedini3, L. Roncati4, R. Marasca1, 
L. Potenza1, P. Comoli5, T. Trenti2, E. Tagliafico3, M. Luppi1, 
F. Forghieri1

1Section of Hematology. Department of Medical and Surgical Sciences.
University of Modena and Reggio Emilia, Azienda Ospedaliero-Uni-
versitaria di Modena; 2Department of Laboratory Medicine and Pa-
thology, Unità Sanitaria Locale di Modena; 3Center for Genome
Research. Department of Medical and Surgical Sciences. University of
Modena and Reggio Emilia, Azienda Ospedaliero-Universitaria di Mo-
dena; 4Institute of Pathology, Department of Medical and Surgical
Sciences, University of Modena and Reggio Emilia, Azienda Ospeda-
liero-Universitaria di Modena; 5Pediatric Hematology/Oncology Unit
and Cell Factory. Istituto di Ricovero e Cura a Carattere Scientifi-
coIRCCS Policlinico San Matteo di Pavia, Italy

While NPM1 mutation is not detectable in individuals with CHIP, it
is widely recognized that NPM1-mutated AML could develop from pre-
existing clonal hematopoiesis, with NPM1 mutation acting as gatekeeper
for AML. 

Table 1. Single-center AML patient series: clinical and biological characteristics, focusing on cases with
pre-existing unexplained cytopenia.

Scanty information is actually available on the frequency of NPM1-
mutated AML arising in patients observed for unexplained cytopenia.
We unexpectedly diagnosed NPM1-mutated AML with concurrent IDH1
mutation in a 65-year old man observed for 36-month history of isolated
moderate to severe neutropenia, without evidence of NPM1 mutation or
myelodysplastic features on BM examination, performed 6 months ear-

lier. Based upon this observation, we retrospectively analyzed the fre-
quency of pre-existing unexplained cytopenia among 226 consecutive
AML patients over a 11-year period (2010-2020). Of interest, 11 (4.9%)
subjects had previous, mainly mild to moderate, unexplained cytopenia
(unilineage or multilineage in 5 and 6 cases, respectively), with a median
duration of 12 months (range 4-48). After having excluded 44 patients
with secondary AML, we compared clinical features of the 11 AML pa-
tients with a history of cytopenia to those of remaining 171 de novo AML
cases, as summarized in Table. Surprisingly, in 4 of 11 cases (36.4%),
NPM1 mutation was eventually documented at AML diagnosis, compa-
rable to the frequency found in de novo AML. Overall, NPM1-mutated
AML with previous unexplained cytopenia was thus observed in 4 of
226 patients from the entire cohort (1.8%), accounting for 5.2% of the
77 NPM1-mutated AML cases. Only one of these 4 patients showed
leukocytosis at AML onset. Moreover, somatic mutations mainly involv-
ing either DNA methylation or spliceosome genes were retrospectively
found by NGS analysis at AML diagnosis from 8 patients with previous
cytopenia, including 3 NPM1-mutated AML. This observation suggests
that clonal cytopenia of undetermined significance could potentially have
been identified at least in some cases before AML occurrence. In con-
clusion, although de novo NPM1-mutated AML usually shows high
WBC count, in a small subgroup of patients pre-existing unexplained
cytopenia may herald NPM1-mutated AML, presenting with leukopenia.
This uncommon picture could be under-recognized, therefore extensive
sequential molecular analyses in patients with persistent/worsening
ICUS could be suggested to investigate the presence of somatic muta-
tions in myeloid-relevant genes, including NPM1, which could eventu-
ally drive clonal evolution to AML.

D046

GOOD RISK AML, A HETEROGENEOUS GROUP: ANALYSIS OF
OUTCOME ACCORDING TO MOLECULAR SUBGROUPS

A. Fiorentini, F. Saraceni, D. Capelli, D. Menotti, A. Olivieri

Clinica Ematologica, Dipartimento di Medicina Interna, OspedaliRiu-
niti, Ancona, Italy

Introduction: ELN-2017 guidelines are a critical tool for risk stratifi-
cation in AML patients. NPM1-mut AML has been “historically” asso-
ciated with higher rates of remission and longer survival compared to
other subtypes of AML. Recent studies have shown that the prognostic
role of NPM1 mutation in several subsets of patients is still controversial
as it may depend on a variety of accompanying mutations other than
FLT3-ITD.

Methods: In our retrospective analysis, we included all consecutive
patients diagnosed with AML at Hematology Clinic, Ospedali Riuniti
Ancona, between 1997 and 2020.When cryopreserved sample was avail-
able, retrospective genetic analysis, including FLT3-ITD allelic-ratio cal-
culation, were performed. Patients were subsequently assigned to genetic
risk group following ELN 2017 recommendations. For time-to-event
analysis, we calculated survival estimates using the Kaplan–Meier
method and compared groups by the log-rank test. Patient classified as
“ELN risk unknown” (e.g patients without available genetic studies)
were excluded from survival analysis.

Results: Outcome analysis included a total cohort of 608 patients. Four
hundred-twenty-eight patients underwent intensive chemotherapy. Ac-
cording to the ELN-2017 recommendations, they were classified as fol-
lows: 95 patients favorable risk ; 172 patients intermediate risk ; 125
patients adverse risk. NPM1mut-FLT3-ITDwt AML and NPM1mut-
FLT3-ITDlow AML had no significant difference in terms of OS
(p=0.62). NPM1-mutated AML had a significantly lower OS (p<0.01)
compared to CBF AML.

Conclusions: Our study demonstrated that NPM1-mut AML, indepen-
dently from FLT3-ITD mutational status/allelic ratio, had a significantly
worse outcome compared to CBF AML, despite sharing the same ELN
2017 risk class. This could be explained by small sample size and lack
of extended evaluation of co-occurring mutations, such as DNMT3a,
IDH1 and IDH2, whose prognostic influence on NPM1-mut AML has
been already demonstrated. Our data suggest that NPM1-mut AML has

 
Number of patients/Sex (entire cohort) 226 (120 M/126 F) 

Age at AML diagnosis (years), median (range) 63 (21-90) 

WBC count at diagnosis (x 109/L), median (range) 9.5 (0.3-390) 

Hemoglobin level (g/dl), median (range) 9.2 (4-15) 

Platelet count (x 109/L), median (range) 62 (6-516) 

Normal karyotype, number of cases (%) 127 (56.2%) 

  

NPM1-mutated AML, number of cases (%) 77 (34%) 

 Positive for FLT3-ITD 24 (31.2%) 

 Positive for FLT3-TKD mutation 10 (13%) 

WBC count at diagnosis (x 109/L), median (range) 31.9 (1.1-280) / 17 (1.1-280) when FLT3 WT 

WBC count >10 x 109/L, number of cases (%) 52 (67.5%) 

WBC count <2 x 109/L, number of cases (%) 5 (6.5%) 

ANC (x 109/L), median (range)/number of cases with <1.5 x 109/L (%) 3.0 (0.1-110)/25 (32.5%) 

  

Patients with AML diagnosis following pre-existing unexplained cytopenia* (11 cases) Patients with de novo AML (171 cases) 

Age at AML diagnosis (years), median (range) 63 (44-79) 61 (21-90) p=0.77 

Patients aged <60 years, number of cases (%) 5 (44.5%) 80 (46.8%) p=0.93 

WBC count at diagnosis (x 109/L), median (range) 1.8 (1.3-18.7) 12.6 (0.6-390) p=0.001 

ANC (x 109/L), median (range) 0.5 (0.2-3.3) 1.7 (0-110) p= 0.02 

Hemoglobin level (g/dl), median (range) 11.2 (6.6-13.2) 9 (3.5-15.9) p=0.61 

Platelet count (x 109/L), median (range) 99 (34-270) 62 (8-516) p=0.01 

Normal karyotype, number of cases (%) 10 (90.9%) 90 (52.6%) p=0.01 

BM cellularity (%), median (range) 72 (30-95) 90 (15-100) p=0.055 

BM blast count (%), median (range) 30 (20-80) 50 (20-100) p=0.2 

MDS morphologic features, number of cases (%) 4 (36.4%) 46 (26.9%) p=0.49 

Positivity for NPM1 mutation, number of cases (%) 4 (36.4%) 68 (39.7%) p=0.8 

Frequency (median, range) of gene mutations by 
NGS analysis on BM samples at AML diagnosis 

(8 cases with pre-existing cytopenia) 
2.5 (1-5) mutations   

Epigenetic/Chromatin regulators (n° of cases, %) 
DNMT3A 

IDH1 
IDH2 
TET2 

ASXL1 

 
4 (50%) 

1 (12.5%) 
2 (25%) 

1 (12.5%) 
1 (12.5%) 

  

Spliceosome factors (n° of cases, %) 
SRSF2 
ZRSR2 

 
2 (25%) 

1 (12.5%) 
  

Cell signaling (n° of cases, %) 
NRAS 
FLT3 

PTPN11 

 
2 (25%) 

1 (12.5%) 
1 (12.5%) 

  

Transcription factors (n° of cases, %) 
RUNX1 

 
2 (25%)   

 
AML, acute myeloid leukemia; WBC, white blood cell; ANC, absolute neutrophil count; BM; bone marrow; MDS, myelodysplastic; NGS, next generation sequencing 
 
* Cytopenia was defined as hemoglobin level <11 g/dl, platelet count <100 x 109/L or ANC <1.5 x 109/L, persisting for at least 4 months. 

haematologica | 2021; 106(s3) | 127



Published Only

not an estabilished favorable outcome per se, but rather the favorable
prognostic impact of NPM1 mutation is context-dependent and is par-
ticularly influenced by the presence of other genomic mutations that
should be evaluated at diagnosis. A multi-center project , with the aim
to confirm our speculations, is actually underway.

Figure 1.
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INVASIVE FUNGAL INFECTIONS IN FLT3-POSITIVE ACUTE
MYELOID LEUKAEMIA PATIENTS TREATED WITH
CHEMOTHERAPY AND MIDOSTAURIN: PRELIMINARY RE-
SULTS OF A MULTICENTER OBSERVATIONAL SEIFEM STUDY

C. Cattaneo1, F. Marchesi2, V. Bonuomo3, A. Candoni4, C. Pasciolla5, 
E. Buzzatti6, M. Dargenio7, M.E. Mitra8, F. Colnaghi1, L. Prezioso9, 
A. Busca10, G. Rossi1, L. Pagano11

1Hematology,ASST-SpedaliCivili,Brescia; 2HematologyandStemCell
Transplantation Unit, IRCCS Regina Elena National Cancer Institute,
HematologyUnit,Roma; 3AziendaOspedalieraUniversitaria Integrata,
Verona; 4Division of Haematology and Stem Cell Transplantation, Uni-
versity Hospital of Udine, Udine; 5IRCCS Istituto Tumori Giovanni
Paolo II, Hematology, Bari; 6Department of BioMedicine and Preven-
tion, Tor Vergata University of Rome, Roma; 7Hematology, Ospedale
VitoFazzi,Lecce; 8Hematology,PoliclinicoUniversitario“PaoloGiac-
cone”, Palermo; 9Hematology and Stem cell Transplant Unit, Ospedale
Maggiore,Parma; 10StemCellTransplantCenter,AOUCittàdellaSalute
e Della Scienza, Torino; 11Institute of hematology, Università Cattolica
del Sacro Cuore, Roma, Italy

The potential interactions of midostaurin (M) with cyp450 inhibitors
may influence the choice of antifungal (AF) prophylaxis in FLT3-pos
acute myeloid leukemia (AML) patients (pts). To evaluate the incidence
of invasive fungal infections (IFI) during induction and consolidation of
FLT3-pos AML pts, within the SEIFEM Group we planned a retrospec-
tive/prospective observational study enrolling all AML FLT3-pos pts
treated with M+chemotherapy in 20 Italian Centers. Potential relation-
ships between IFI and AML characteristics, phase of treatment and type
of AF prophylaxis were evaluated. Forty-one pts have been enrolled,
M/F ratio 14/27, median age 56 years (range 29-73). NPM1 was ex-
pressed in 22 (54%) and patients were classified according to ELN clas-
sification as low risk in 9 (22%) of cases, intermediate 18 (44%) and
high in 14 (34%). A total of 109 courses have been delivered (41 induc-
tion and 65 consolidation). Twenty-eight (68%) pts achieved complete
remission after the first induction. AF prophylaxis was delivered in all
but one pt during induction (13 posaconazole, 10 echinocandins, 11
posaconazole for 7 days followed by either micafungin or caspofungin
50 mg/d, 6 other AF prophylaxis) and in 36 (55%) during 65 consolida-

tion courses (15 posaconazole, 9 echinocandins, 5 posaconazole for 7
days followed by either micafungin or caspofungin 50 mg/d, 10 other
AF prophylaxis). M was discontinued in 6 pts during induction and in 2
during consolidation; reasons for discontinuation were interaction with
voriconazole in 2 cases, gastroenteric toxicity in 3, refractory thrombo-
cytopenia in 1 and severe infections in 2. Overall, IFI incidence during
induction was 27% (11/41); probable/proven IFIs were 4 (10%), 3 as-
pergillosis and 1 candidemia. IFI incidence was higher in pts older than
60 years (7/15, 47% vs 4/22, 18%, p=0.064), while it was lower in those
receiving posaconazole containing AF prophylaxis (4/25, 16%) than
other AF regimens (7/16, 44%) (p=0.074). Four IFIs (3 possible and 1
probable) have been observed during consolidation (6%), all in pts not
on anti-mold prophylaxis. IFIs did not correlate with NPM expression
nor with ELN risk category. IFI-related 30-day mortality was 7% (1
probable aspergillosis during induction). IFI incidence is quite high
among FLT3-pos AML pts, probably also because of the different AF
prophylaxis strategies adopted. Posaconazole containing regimens, in-
cluding the sequential schedule, seem to be protective for IFI develop-
ment.
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CPX-351 TREATMENT IN SECONDARY ACUTE MYELOID
LEUKEMIA (SAML): THE REAL LIFE EXPERIENCE FROM THE
“ITALIAN TRIVENETO REGISTRY”

C. Filì1, A. Candoni1, E. Mauro2, A.M. Scattolin3 , M. Leoncin3, 
C. Gurrieri4, G. Nadali5, F. Mosna6 , M.G. Michieli7, A. Lico8, 
D. Lazzarotto1, M.E. Zannier1, E. Simeone1, G. Facchin1, G. Battaglia1,
F. Gherlinzoni2, R. Bassan3, G. Semenzato4, R. Fanin1

1S.O.C Clinica Ematologica, Centro Trapianti e Terapie Cellulari,
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sorio Sanitario di Bolzano, Azienda Sanitaria dell’Alto Adige; 7S.O.S.D
Terapia Cellulare e Chemioterapia alte dosi, Centro Riferimento Onco-
logico CRO), Aviano; 8Unità Operativa Ematologia, Ospedale S.Bor-
tolo, Vicenza, Italy

Background: CPX-351, a liposomal encapsulation of cytarabine and
daunorubicin, has been approved for the treatment of patients affected
by therapy-related Acute Myeloid Leukemia (t-AML) or AML with
myelodisplasia-related changes (MRC-AML), improving survival prob-
abilities in comparison with standard chemotherapy. However, outside
of clinical trials or compassionate use program, no data are available re-
garding efficacy and safety of CPX-351 in clinical practice after his com-
mercial approval.

Patients and Methods: We performed a preliminary analysis from co-
hort of 57 newly diagnosed secondary AML pts treated with CPX-351
in 8 Italian Hematological Centers (Udine, Treviso, Mestre, Padua,
Verona, Bolzano, Aviano, Vicenza) from August 2019 to April 2021 (the
recruitment of cases is still open). Median age was 65 yrs, 31/57 (54%)
have sAML evolving from myelodysplastic syndrome, 19/57 (33%) pts
have been previously treated with hypomethylating agent. The median
baseline bone marrow blast percentage was 30%. Median WBC count
at diagnosis was 3,5x109/L. All pts received the induction cycle at a stan-
dard dose of 44 mg/mq repeated on day 1,3,5 and 21/57 (36,8%) pts pro-
ceeded to HSCT of which seven after only the first course.

Results: In 49/57 evaluable pts the Overall Response Rate
(ORR=CR+CRi) after the induction course was 72% after a median of
36 days from first day of CPX-351 administration. After a median follow
up of 7 months (range 0,3-22) relapse was observed in 10/57pts (17%).
At last follow-up 42/57 pts (74%) are still alive and 15/ 57 (26%) are
dead. The main cause of death was disease progression. The drug was
generally well tolerated without onset of severe mucositis. The most
common toxicities were myelosuppression and documented infectious
complications (9 pneumonias and 13 sepsis; 3/57 pts died early from in-
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fections during the aplasia post induction). Twelve-months OS from the
start of CPX-351 therapy was 77%. Univariate and Multivariate analysis
of factors affecting response and OS are ongoing (pts recruitment still
open).

Conclusion: These data show the efficacy and the emerging role of
CPX-351 in the real word management of secondary AML. Future di-
rections include evaluating dose intensification with CPX-351, combin-
ing this agent with targeted therapies, and better understanding the
mechanism of improved responses.
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INCIDENCE, TREATMENT AND OUTCOME OF CENTRAL NER-
VOUS SYSTEM RELAPSE IN ADULTS WITH ACUTE LYM-
PHOBLASTIC LEUKEMIA TREATED FRONT-LINE WITH
PEDIATRIC-INSPIRED REGIMENS. A RETROSPECTIVE MULTI-
CENTER STUDY OF THE CAMPUS ALL
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Despite great progress in the management of acute lymphoblastic
leukemia (ALL) with modern pediatric-inspired regimens, the prognosis
of patients (pts) with a central nervous system (CNS) relapse remains
very poor. We aimed at analyzing the incidence, characteristics, treatment
and overall survival (OS) of CNS relapse in adult ALL pts treated front-
line with pediatric-inspired regimens. In the framework of Campus ALL
group we retrospectively analyzed a total of 1,035 consecutive, newly
diagnosed adult ALL pts (B 757, T 278) who were treated in 25 Centers
between 2009 and 2020. Philadelphia (Ph)+ pts were included if treated
with chemotherapy (CT) in addition to TKIs. A total of 71 pts (6.8%)
experienced a CNS relapse: 41 (58%) had an isolated CNS relapse, 21
(29%) had a concomitant bone marrow (BM) relapse and 9 (13%) had a
molecular BM involvement. Overall, CNS relapse was more frequent in
T-ALL (28/278; 10%) than in B-ALL (43/757; 5.7%) (p=0.017). CNS
relapse was observed in 9 Ph+ pts (21% of B-ALL cases). Notably,
within B-ALL pts devoid of major molecular lesions (n=32), the
BCR/ABL1-like status was available in 13, and 6 of them proved Ph-

like (46 %). An early CNS relapses - defined as occurring <12 months
from diagnosis - was observed in 41 pts. Risk factors for early CNS re-
lapse included T-cell phenotype (p=0.006) and hyperleukocytosis
>100x109/L (p<0.001). Treatments were heterogeneous, including sys-
temic CT, radiotherapy, intrathecal therapy, TKI and novel agents. A CR
was obtained in 39 pts (55%). No treatment modality was associated to
a superior CR rate compared to the others. After CR achievement, 26 pts
underwent an allogeneic transplant, with a significant OS benefit com-
pared to non-transplanted pts (p=0.039). The use of TBI as part of the
conditioning regimen did not affect OS compared to non-TBI-based reg-
imens (p=0.56). After a median observation of 31.5 months (range 3-
99), 23 pts (32%) are still alive. Median OS after isolated CNS relapse,
CNS plus molecular BM relapse and CNS plus hematologic relapse was
14, 10 and 5 months, respectively (p=0.01). Pts with early CNS relapse
had a particularly poor outcome, with a 5-year OS rate of 2.1% (p<0.05).

In the era of pediatric-inspired regimens, CNS relapse still represents
a major challenge. Some biological subsets of pts, including Ph-like,
might be at a higher risk and may deserve a more aggressive prophylaxis.
After CNS relapse, subsequent transplant of pts achieving CR improves
survival.
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VENETOCLAX IN COMBINATION WITH HYPOMETHYLATING
AGENTS IN PREVIOUSLY UNTREATED PATIENTS WITH ACUTE
MYELOID LEUKEMIA INELIGIBLE FOR INTENSIVE TREAT-
MENT: REAL-LIFE RESULTS FROM A SINGLE CENTRE 
EXPERIENCE
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Midollo Osseo, Dipartimento di Area Medica, Università di Udine; 7SC
Farmacia, Azienda Sanitaria Universitaria Giuliano Isontina; 8Dipar-
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Introduction: The addition of Venetoclax to hypomethylating agents
(HMA-V) improved the outcome of elderly patients with newly diag-
nosed acute myeloid leukemia (AML), in terms of response and survival.
The aim of our study was to confirm, in a real-life single center experi-
ence, the efficacy and safety of HMA-V in elderly AML naïve patients.

Patients and methods: We retrospectively evaluated naïve AML pa-
tients who received HMA-V at the Hematology Department of the Mag-
giore Hospital-ASUGI, Trieste. We collected cytogenetic and molecular
data and stratified patients by genetic risk according to the 2017 Euro-
pean Leukemia net (ELN) recommendations, while considering that mu-
tational status of TP53, ASXL1 and RUNX1 was not available for all
patients. Patients were treated with HMA at standard labeled dose and
V was added starting from cycle 1 to 3. Dose adjustments of either V or
HMA were allowed in case of toxicities. Time-to-response (TTR) was
the period for achieving complete response (CR) or CR with incomplete
hematological recovery (CRi). Response duration (RD) was the time be-
tween CR/CRi and relapse. Transfusion independence (TI) was defined
as ≥ 8 weeks without red blood cell and/or platelet transfusion. Finally,
we evaluated overall survival (OS).

Results: Between September 2018 and June 2020, 16 previously un-
treated AML patients started HMA-V treatment, with a median age of
76.5 years (range 63-79). Patients characteristics are summarized in
Table1. The median number of cycles was 8 (range 1-24). With a median
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follow-up of 12.5 months (range 2-27), CR and CRi were achieved in 9
(56%) and 4 (25%) cases, respectively, with a median TTR was 2 months
(range 1-6). Seven out of 13 responders (53.8%) relapsed. The median
RD was 10 months (range 2-24), with a projected 12 and 24-months RD
rate of 58% and 35% respectively. TI was obtained in 9 (60%) patients.
Four patients (25%) died, all for leukemia-related causes. Median OS
was not reached, and the 12 and 24-months OS were 80% and 69%, re-
spectively. All 13 responders required transient V interruption, and 4 pa-
tients needed HMA dose reduction, due to hematological toxicity. Three
patients (18%) had febrile neutropenia, and 4 (25%) had serious grade
3-4 pneumonia. Diarrhea and nausea were reported in 4 (25%) and 7
(43%) patients, respectively.

Conclusions: In conclusion, our real-life single center experience con-
firms that HMA-V is a feasible and active front-line treatment for elderly
AML patients.

Table 1. Baseline characteristics of 16 patients evaluated for the analysis. A: azacitidine; AML-MRC: acute
myeloid leukemia with myelodysplasia related changes; AML-NOS: acute myeloid leukemia not otherwise
specified; AR: allelic ratio; CR: complete response; CRi: complete response with incomplete hematological
recovery; D: decitabine; HMA: hypomethylating agents; NE: not available; OS: overall survival; PE: provisional
entity; RD: response duration; TTR: time to response; V: venetoclax.
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EXPLORING THE ATR-CHK1 PATHWAY IN THE RESPONSE OF
DOXORUBICIN-INDUCED DNA DAMAGES IN ACUTE LYMPHO-
BLASTIC LEUKEMIA CELLS

A. Ghelli Luserna Di Rorà1*, M. Ghetti1, L. Ledda1, A. Ferrari1, 
M. Bocconcelli2, A. Padella1, R. Napolitano1, M.C. Fontana1, 
C. Liverani1, E. Imbrogno1, M.T. Bochicchio1, M. Paganelli1, 
V. Robustelli2, S. Sanogo1, C. Cerchione1, M. Fumagalli3, 
M. Rondoni4, A. Imovilli5, G. Musuraca1, G. Martinelli1, G. Simonetti1

1Biosciences Laboratory, IRCCS Istituto Romagnolo per lo Studio dei
Tumori (IRST) “Dino Amadori”; 2Department of Experimental, Dia-
gnostic and Specialty Medicine, University of Bologna, Institute of He-
matology “L. e A. Seràgnoli”; 3Hematology Division and Bone
Marrow Transplantation Unit, San Gerardo Hospital, Monza, Italy;
4Hematology Unit, Ospedale Santa Maria delle Croci, Ravenna, Italy;
5Hematology, AUSL-IRCCS di Reggio Emilia, Reggio Emilia, Italy

Doxorubicin (Dox) is one of the most commonly used anthracyclines
for the treatment of solid and hematological tumors such as B-/T-cell
acute lymphoblastic leukemia (ALL). Dox compromises topoisomerase-
II enzyme functionality, thus inducing structural damages during DNA
replication and causes direct damages intercalating into DNA double
helix. Eukaryotic cells respond to DNA damages by activating the ATM-
CHK2 and/or ATR-CHK1 pathway, whose function is to regulate cell
cycle progression, to promote damage repair and to control apoptosis.
We evaluated the efficacy of a new drug schedule combining Dox and
specific ATR (VE-821) or CHK1 (prexasertib, PX) inhibitors in the treat-
ment of human B-/T- cell precursor ALL cell lines and primary ALL
leukemic cells. We found that ALL cell lines respond to Dox activating
the G2/M cell cycle checkpoint. Exposure of Dox-pretreated ALL cell
lines to VE-821 or PX enhanced Dox cytotoxic effect. This phenomenon
was associated with the abrogation of the G2/M cell cycle checkpoint
with changes in the expression pCDK1 and cyclin B1, and cell entry in
mitosis, followed by the induction of apoptosis. Indeed, the inhibition
of the G2/M checkpoint led to a significant increment of normal and

aberrant mitotic cells, including those showing tripolar spindles,
metaphases with lagging chromosomes and massive chromosomes frag-
mentation. In conclusion, we found that the ATR-CHK1 pathway is in-
volved in the response to Dox-induced DNA damages and we
demonstrated that our new in vitro drug schedule that combines Dox fol-
lowed by ATR/CHK1 inhibitors can increase Dox cytotoxicity against
ALL cells, while using lower drug doses. 
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SAFETY AND EFFICACY OF COMBINED HMAS AND VENETO-
CLAX AS FIRST LINE TREATMENT IN AML PATIENTS UNFIT
FOR INTENSIVE CHEMOTHERAPY

C. Vetro1, L. Gozzo2,3, C. Maugeri1, A. Santoro4, M.S. Parisi1, 
E. Mauro1, P.F. Fiumara1, I. Dulcamare1, B. Garibaldi5, 
A. Duminuco5, G.A. Palumbo1,6, S. Brancati2, L. Longo2, 
D.C. Vitale2, F. Drago2,3, F. Di Raimondo1,7

1Division ofHaematology,A.O.U. Policlinico “G.Rodolico” - S.Marco;
2Clinical Pharmacology Unit/Regional Pharmacovigilance Centre,
A.O.U. Policlinico “G.Rodolico”,  S.Marco; 3Department of Biomedi-
calandBiotechnologicalSciences,UniversityofCatania; 4DivofHema-
tology & Bone Marrow Transplantation,Ospedali Riuniti Villa
Sofia-Cervello; 5Postgraduate School of Hematology, University of
Catania; 6Department of Scienze Mediche Chirurgiche e Tecnologie
Avanzate “G.F. Ingrassia”, University of Catania; 7Department of
Chirurgia Generale e Specialità Medico-Chirurgiche, University of
Catania, Italy

Venetoclax (VEN) is an oral BCL-2 protein inhibitor, used, in combi-
nation with hypomethylating agents (HMA) (azacytidine – AZA- or
decitabine – DEC-), for the first-line treatment of unfit adult acute
myeloid leukemia (AML). From March to December 2020, we collected
data about treated patients at the University Hospital of Catania, Italy,
focusing on adverse drug reactions (ADRs), grouped according to the
Medical Dictionary for Regulatory Activities (MedDRA®), and re-
sponse, as per ELN guidelines. 24 patients were treated with VEN com-
bined with AZA (15 patients, 63%) or DEC (9, 38%) (Table 1).

Table 1. Patients characteristics 
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Median age was 73.7 years (range 54-86). 13 patients out of 24 (54%)
were male. Median follow-up was 4 months (range 0.5-13.8). 2 patients
did not complete the first cycle due to adverse events (intolerance to the
drug) and 1 was lost-to-follow-up. Patients pursuing treatment received
on average 5 cycles 10 patients out of the remaining 21 (48%) discon-
tinued permanently treatment due to disease progression (n=5/10; 50%),
drug-related death due to febrile neutropenia (FN) (n=2/10; 20%), FN
in resistant patient (n=1/10; 10%) or malaise (n=2, 20%). 21 patients
(88%) were assessed for treatment response. Best response was complete
remission (CR) in 11 (52%) and CR with partial hematological recovery
(CRh) in 3 patients (14%). Median duration of response was 3.6 months
(range 0.14-13.8). 3 patients (15%) showed partial remission (PR) and
4 (19%) stable disease. Among the 14 patients showing CR/CRh, 3
(21%) relapsed and among the 3 patients with PR, 2 progressed (66%)
and 1 died cause FN. Response assessment did not differ depending on
used HMA (100% vs 66% in DEC and AZA groups respectively, p=0.1).
Regarding ADRs, 19 patients (9 females and 10 males) experienced at
least one ADR, 10 of them more than one. Reported ADRs were mostly
serious (n = 28, 87.5%), including 3 deaths (11% of serious ADRs;
12.5% of patients) in FN, 1 in a patient with resistant disease and 2 in
patients in CRh. More than half of them showed a positive outcome (n
= 4, 12.5% improved, and n = 15, 47% fully recovered). Hematological
toxicity and infections were the most reported ADRs (84%). Causality
assessment with treatment was ‘possible’ in 23/28 (82%) and ‘probable’
in 5/28 (17%). In conclusion, we found that the combination VEN plus
HMA is active in unfit AML patients with an overall response rate of
66%, although frequently complicated by FN (46% of cases).
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IMPACT OF COVID-19 ON DIAGNOSIS AND MANAGEMENT OF
ACUTE LEUKEMIA IN THE REAL LIFE: THE EXPERIENCE OF
THE GIMEMA NETWORK

M. Molica1, M. Messina2, C. Mazzone1, S. Soddu2, E. Audisio3, 
A. Curti4, N. Di Renzo5, N. Fracchiolla6, M. Lunghi7, M.P. Martelli8,
G. Tarantini9, A. Piciocchi2, P. Fazi2, M. Vignetti2, P. de Fabritiis10

1HematologyUnitSEugenioHospital; 2GIMEMAFoundation; 3Azienda
Ospedaliero-Universitaria Città della Salute e della Scienza di Torino;

4Department of Hematology/Oncology “L. and A. Seràgnoli”; 5Hema-
tologyandTransplantUnitOspedaleVitoFazzi;6UOCEmatologiaFon-
dazione IRCCS Ca’Granda Ospedale Maggiore; 7AOU Maggiore della
Carità; 8Institute of Hematology Centro Ricerche Emato-Oncologiche
Ospedale S. Maria della Misericordia; 9UOC Ematologia Ospedale
Dimiccoli;10Department of Biomedicine and Prevention Tor Vergata
University, Italy

The overwhelming information on the growth of SARS-CoV-2 cases
and related deaths, as well as the necessity to avoid interpersonal contacts
produced significant anxiety in the general population. This phenomenon
has led patients with hematological disorders to underestimate a variety
of symptoms other than fever and respiratory failures, to postpone labo-
ratory and radiological tests and to defer medical and hematological ex-
aminations. We retrospectively analyzed data from 25 Italian
hematological centers, listed in Table 1, collected in a pre-pandemic (Dec
2019-Feb 2020) and in two pandemic trimesters (Mar-May 2020 and
Sep-Dec 2020) investigating on the impact of SARS-CoV-2 lockdown
and restriction measures on the number and delay of leukemia diagnosis
and outcome, focusing on the mortality rate within 30 days. Eight centers
were COVID-free, 16 COVID-mixed and 1 COVID-dedicated. During
the first pandemic wave, the period with the most restricted measures
and therefore with the greatest anxiety and fear of the population to go
to hospitals, we observed a significant reduction of the average number
of diagnosis compared with the second (35 vs 48 cases). In particular, the
average number of AML was significantly lower in the first pandemic
wave (25 vs 33), while no differences were noted between the pre-pan-
demic and the pandemic periods when ALL were considered. To assess
whether the delay of leukemia diagnosis was homogeneous in the dif-
ferent periods, patients were stratified in three different groups: high (≥30
days), intermediate (10-30 days) and low (≤10 days) delay, respectively.

A high delay was observed more frequently in the first outbreak (16%)
compared with the second (7.9%) and the pre-pandemic period (0%). An
intermediate delay was more frequently observed in the second pandemic
wave (20%) in comparison with other trimesters (10% each). Although
the most significant delay on diagnosis was in the first pandemic wave,
we observed an increased rate of early mortality in the second pandemic
period, as compared with both the pre-pandemic and the first pandemic
wave (10.7% vs 4.1% vs 5.7%, respectively). The assessment of patients’
clinical and biological characteristics at diagnosis, the development of
co-morbidities, the response to induction treatment and a longer follow-
up will clarify how much anxiety and restrictive measures can affect the
results on acute hematological diseases and indicate the possible mea-
sures to prevent this critical aspect.

Table 1. 
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COVID19 AND ACUTE LEUKEMIAS: A REAL-LIFE PERSPECTIVE

M.G. Rascato¹,², F. Grimaldi¹, S. Vitiello¹, M.C. De Simone², 
A. Gravetti², C. Copia², C. Cimmino², F. Pane¹, F. Ferrara²

¹Department of Clinical Medicine and Surgery, Hematology Unit, Fe-
derico II University Medical School; ²Division of Hematology, Carda-
relli Hospital, Italy

Background: In 2020 COVID19 was declared a new pandemic virus.
Since then, major concerns have been expressed regarding its impact on
hematological patients treatment and mortality. Few data are available
for sarsCOV-2 and acute leukemias; here we present a small real-life co-
hort of patients from a high-incidence region.

Methods and Results: From December 2020, 20 patients received di-
agnosis of acute leukemia and COVID19, confirmed by molecular

 

Center PI  Survey 
AML 

Survey 
ALL 

AOU CITTÀ DELLA SALUTE E DELLA SCIENZA, OSPEDALE S. GIOVANNI BATTISTA 
MOLINETTE - TORINO - SC EMATOLOGIA 2 Audisio Ernesta Yes Yes 

AULSS 3 SERENISSIMA, OSPEDALE DELL'ANGELO - MESTRE - UO EMATOLOGIA Bassan Renato  Yes 

AOU INTEGRATA DI VERONA, POLICLINICO G.B. ROSSI - UOC EMATOLOGIA Bonifacio 
Massimiliano  Yes 

ASST DEGLI SPEDALI CIVILI DI BRESCIA - UO EMATOLOGIA Borlenghi Erika  Yes 

ASST GRANDE OSPEDALE METROPOLITANO NIGUARDA - MILANO - SC 
EMATOLOGIA Cairoli Roberto Yes  

OSPEDALE MAURIZIANO UMBERTO I - TORINO - SCDU EMATOLOGIA Cignetti 
Alessandro  Yes 

AOU DI BOLOGNA - POLICLINICO S. ORSOLA-MALPIGHI - UOC EMATOLOGIA Curti Antonio Yes Yes 

ASL ROMA 2, OSPEDALE S. EUGENIO- OSPEDALE S.EUGENIO - UOC EMATOLOGIA De Fabritiis Paolo Yes Yes 

AOU POLICLINICO TOR VERGATA - ROMA - UOC TRAPIANTO CELLULE STAMINALI Del Principe 
Maria Ilaria  Yes 

CTC U.O DI EMATOLOGIA CON TRAPIANTO DI MIDOLLO OSSEO - CATANIA Di Raimondo 
Francesco  Yes 

ASL LECCE, OSPEDALE 'V. FAZZI' - UO EMATOLOGIA Di Renzo Nicola Yes Yes 

AOU CITTÀ DELLA SALUTE E DELLA SCIENZA, OSPEDALE S. GIOVANNI BATTISTA 
MOLINETTE - TORINO - SC EMATOLOGIA - UNIVERSITÀ DEGLI STUDI DI TORINO Ferrero Dario  Yes 

032 - AOU DI SASSARI - CLINICHE UNIVERSITARIE - STABILIMENTO CLINICHE DI 
SAN PIETRO  - UOC EMATOLOGIA Fozza Claudio Yes  

FONDAZIONE IRCCS CA' GRANDA, OSPEDALE MAGGIORE POLICLINICO - MILANO - 
EMATOLOGIA - PADIGLIONE MARCORA Fracchiolla Nicola Yes Yes 

IRCCS ONCOLOGICO ISTITUTO TUMORI GIOVANNI PAOLO II - BARI  - UO 
EMATOLOGIA Guarini Attilio  Yes 

AOU MAGGIORE DELLA CARITA' DI NOVARA - SCDU EMATOLOGIA Lunghi Monia Yes Yes 

AO DI PERUGIA, OSPEDALE S. MARIA DELLA MISERICORDIA - EMATOLOGIA E 
TRAPIANTO MIDOLLO OSSEO 

Martelli Maria 
Paola Yes Yes 

AOU POLICLINICO P. GIACCONE - PALERMO - UO EMATOLOGIA Mitra Maria Enza  Yes 

AS DELL'ALTO ADIGE, OSPEDALE CENTRALE DI BOLZANO  - EMATOLOGIA E 
CENTRO TRAPIANTO MIDOLLO OSSEO Mosna Federico  Yes 

AO OSPEDALI RIUNITI VILLA SOFIA CERVELLO - PALERMO - UO EMATOLOGIA 
CON UTMO Mulè Antonino  Yes 

AOU SAN LUIGI GONZAGA - ORBASSANO - SCDU EMATOLOGIA GENERALE E 
ONCOEMATOLOGIA 

Rege Cambrin 
Giovanna  Yes 

AO BROTZU, PRESIDIO OSPEDALIERO A. BUSINCO - CAGLIARI - SC EMATOLOGIA E 
CTMO Romani Claudio  Yes 

ASL PESCARA, PRESIDIO OSPEDALIERO 'SPIRITO SANTO' - UOC EMATOLOGIA 
CLINICA Salutari Prassede  Yes 

AOU "SAN GIOVANNI DI DIO E RUGGI D'ARAGONA" - SALERNO - UOC 
EMATOLOGIA E TRAPIANTI DI CELLULE STAMINALI EMOPOIETICHE Selleri Carmine  Yes 

ASL DELLA PROVINCIA DI BARLETTA, ANDRIA, TRANI, OSPEDALE "MONS. 
DIMICCOLI" - BARLETTA - UO EMATOLOGIA 

Tarantini 
Giuseppe Yes Yes 
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transnasal swab. Among infected patients, 10 were acute myeloid
leukemia (AML), 6 were acute Lymphoid leukemia (ALL), and 4 acute
promyelocitic leukemia (APL); male/female 11/9, median age 50 (21-
69). Concomitant comorbidities were present in 12 (60%), with a median
number of medication of 2 (range 1-3). In 17 patients (85%) COVID19
was diagnosed at the end of a cycle of chemotherapy; 2 (10%) patients
received concurrent diagnosis of AML and COVID19; 1 patient (5%)
received diagnosis of COVID19 during treatment with TKI. Interstitial
pneumonia was confirmed in 9 patients (5 AML/2 APL/2 ALL) by CT
scan; supportive measures included oxygen in all patients, with need of
Non Invasive Positive Pressure Ventilation for 2 of them, and transfer to
ICU unit and intubation for 4 of them (2 AML/2 APL). All intubated pa-
tients died of interstitial pneumonia. The patient on TKI continued treat-
ment without interruption. 3 patients with persistent swab positivity
started treatment with targeted agents (2 venetoclax; 1 gilteritinib). In-
tensive chemotherapy was restarted in 12 patients (10 AML/2 ALL); in
ALL patients, treatment was restarted despite a low COVID19 positivity.
In evaluable patients (16/20), median time to swab negativization was
of 39 days (11-60), with no impact on type of diagnosis (AML vs ALL,
39 vs 38 days, p=0.44), and significant impact in type of treatment (In-
tensive vs No-intensive, 42 vs 14 days, p=0.0009).Only one atypical
extra-hematological toxicity with pleural effusion, responsive to steroids
and drainage, was observed.

Conclusion: SARS-CoV-2 infection is associated with worst outcome
in patients who develop interstitial pneumonia, with an observed death
rate of 20%. In our cohort, 2 of deaths occurred in APL. This suggests
that treatment intensity do not necessarily correlate with pneumonia
severity. However swab negativization time suggest to avoid intensive
therapy when a treatment need to be started due to disease progression.
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T(10;11)(P13;P14-21) PICALM-MLLT10 ACUTE LEUKEMIA:
CHARACTERIZATION OF TWO CASES WITH DIFFERENT PHE-
NOTYPIC PRESENTATION

A. Rinaldi1, B. Cambò2, L. Prezioso2, M.T. Giaimo1, L. Pagliaro1,
A.B. Dalla Palma2, G. Sammarelli2, R. Lastarza3, D. Vallisa2, G. Roti1

1Università di Parma, Dipartimento di Medicina e Chirurgia, Ematolo-
gia e Centro Trapianti Midollo Osseo; 2Azienda-Ospedaliera di Parma,
Ematologia e Centro Trapianti Midollo Osseo; 3Università di Perugia,
Dipartimento di Medicina, Ematologia e Immunologia clinica, Italy

Introduction: Recurrent chromosomal translocations identify specific
leukemia subtypes. The translocation t(10;11)(p13;p14-21), results in PI-
CALM-MLLT10 fusion gene and is described in a wide spectrum of
hematologic malignancies most frequently T-Acute Lymphoblastic
Leukemia (T-ALL) and Acute Myeloid Leukemia (AML), especially
with immature phenotype (FAB M0-M1). This fusion is very rare in
AML and accounts for <1% of ALL. Clinical presentation includes high
platelet count, deep vein thrombosis and extramedullary involvement
(spleen, liver, mediastinum, central nervous system). Due to the rarity
and variety of clinical manifestations treatment is not well defined and
the outcome remains poor in the majority of patients. Here we described
two new cases with different phenotypes and mutational profiles (Table
1).

CASE 1: A 32 years old man was referred to our Center with hyper-
leukocytosis, mediastinal mass, and lower-limb thrombosis. He was di-
agnosed with AML with minimal differentiation (AML NOS) and a
PICALM-MLLT10 t(10;11)(p12-13;q14?) rearrangement. He received
D3A7 induction obtaining on day 31 a full hematological recovery with
the persistence of disease quantified by flow cytometry in the 3.5% of
the cells. FLA-Ida regimen was administered as intensification, leading
to a complete remission (CR) with minimal residual disease (MRD) neg-
ativity by flow and FISH. The patient received haploidentical hematopoi-
etic stem cell transplant (HSCT) in first CR, with PTCy, CSA, and MMF
as GVHD prophylaxis. On day +80 after HSCT he maintains CR and
full donor chimerism.

Table 1. 

CASE 2: 36 years old man, with hyperleukocytosis, mediastinal mass,
massive splenomegaly, lymphadenopathies, and lower-limb thrombosis,
was diagnosed with Acute Undifferentiated leukemia (AUL) with PI-
CALM-MLLT10. He received an ALL-like induction regimen with Hy-
perCVAD but displayed a refractory disease. FLA-Ida was used as
salvage treatment and allowed to obtain a CR with low MRD positivity
(0.2% by flow). The patient underwent splenectomy and after one-month
sibling HSCT, with CSA and ATG as GVHD prophylaxis. On day+80
after HSCT he maintains CR and full donor chimerism.

Conclusions: Despite different phenotypes and mutational profiles,
Acute Leukemias with PICALM-MLLT10 confirm similar clinical fea-
tures. FLA-Ida regimen was feasible and led to CR in two high-risk pa-
tients. This approach allowed to proceed to HSCT as consolidation
treatment, and suggest a Fludarabine-based induction regimen in these
patients.
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COAGULOPATHY IN PATIENTS WITH ACUTE PROMYELOCYTIC
LEUKEMIA TREATED WITH FIRST LINE ARSENIC TRIOXIDE IN
COMBINATION WITH ALL TRANS RETINOIC ACID: A MONO-
CENTRIC EXPERIENCE

F. Autore1, P. Chiusolo2, F. Sorà2, L. Laurenti2, S. Giammarco1, 
I. Innocenti1, E. Metafuni1, E. Galli1, M.A. Limongiello1, 
M. Colangelo3, L. Pagano2, V. De Stefano2, S. Sica2

1Fondazione Policlinico Universitario A. Gemelli IRCCS, Diagnostica
per Immagini, Radioterapia Oncologica ed Ematologia; 2Fondazione
Policlinico Universitario A. Gemelli IRCCS, Università Cattolica del
Sacro Cuore, Diagnostica per Immagini, Radioterapia Oncologica ed
Ematologia; 3Fondazione Policlinico Universitario A. Gemelli IRCCS,
UOC Genetica Medica, Italy

Patients with acute promyelocytic leukemia (APL) often show some
clinical and/or laboratory features of coagulopathy. The characteristic
coagulopathy in APL is unique among the leukaemias with a frequency
of thrombosis higher than all other forms of leukemia. Few data exist
about the effect on hemorrhagic risk by the use of arsenic trioxide (ATO)
plus all-trans retinoic acid (ATRA). The aim of our study is to evaluate
coagulation-related parameters in APL patients at presentation, and ex-
plore the mechanism of APL coagulopathy by measuring changes in
these parameters prior to and during ATO plus ATRA treatment through
our real life monocentric experience. We censored each patient affected
by APL who was treated according to ATO plus ATRA at low and inter-
mediate risk; high-risk patients were excluded as per protocol. Twenty-
two patients admitted to our Department from January 2009 were
included in the study and their characteristics are shown in Table 1. The
first parameter to normalize was fibrinogen, after a median time of 11
days (range 3-44 days) after the beginning of the therapy, but only 5 pa-
tients received fresh frozen plasma. The need of platelet transfusion was
higher with a median of 8 units (range 3-23); the 13 patients requiring
platelet transfusion normalized platelets count (> 30000/mmc without
transfusion) in 25 days (range 11-31). No major hemorrhagic events were
registered. D-dimer levels normalized after a median of 35 days without
any clinical evidence of complications except for 2 thrombotic events (1

 WHO 2016 PHENOTYPE KARYOTYPE/FISH NGS (VAF%) CLINICAL 
PRESENTATION 

Pt 1 AML NOS 
(minimal 
differentiation) 
 

CD34+, CD33+ 
HLA-DR+, CD38+ 
CD11b+, cCD68+ 
CD11c+, CD117+/-
CD7+/-, CD15+/-
cCD3-, cMPO-
CD79a- 

46 XY,  
add10(p12-13)del11(q14) 
 
 
PICAL-MLLT10 fusion gene 

ETV6  (1%) 
p.(Gln289Argfs*29) 
RUNX1 (50.7%) 
p.(Leu56Ser) 

Iperleukocytosis 
mediastinal mass, 
lower limb thrombosis 

Pt 2 Acute Leukemia of 
ambigous lineage  
(Undifferentiated) 

CD34+, CD33+, 
CD38+, HLADR+ 
CD71+, CD7 
CD123dim+ 
cCD79a +/-, CD11+/-
CD56 +/, cMPO-
cCD3-, CD117-  

 
46 XY del (14)(q21),         
add (10)(p12) add(17) 
t(10;11)(p12-13; q14-21) 
 
 
PICAL-MLLT10 fusion gene 
 
 
 

FLT3 ITD (2.2%) 
p.(Leu610_Glu611ins20) 
FLT3 ITD (1.1%) 
p.(Leu601_Leu610dup) 
NRAS (50%) 
p.(Gly12Cys) 
ETV6 (46.9%) 
p.(Met319Thr) 
EZH2 (46.7%) 
p.(Asp664Ala) 
TET2 (48.8%) 
p.(Leu1721Trp) 
 

Iperleukocytosis 
mediastinal mass 
splenomegaly 
lymphoadenopaties 
lower limb thrombosis 
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deep vein thrombosis and 1 superficial vein thrombosis of the leg after
34 days from ATRA introduction) properly managed with low molecular
weight heparin treatment. All patients were discharged after the comple-
tion of ATO plus ATRA induction and the achievement of hematologic
complete remission. All patients obtained molecular remission after a
median time of 3 months (range 1-6) and all, but one patient, dead for
progressive disease, are alive and in molecular response at a median fol-
low-up of 48 months (range 8-145). Our data on coagulation pattern are
in line with previously published data in terms of trombocytopenia and
coagulation profile. The evidence of alterations of blood clotting tests
seems not to correspond to clinically significant thrombotic or hemor-
rhagic complications. ATO plus ATRA regimen allows to treat patients
non eligible to chemotherapy and to reduce possible complications, also
in the setting of coagulopathy.

Table 1. Patients’ clinical and lab characteristics at diagnosis.

D057

EFFICACY AND TOLERABILITY OF THERAPY WITH 
SORAFENIB OR GILTERITINIB AFTER ALLOGENIC
HEMATOPOIETIC STEM CELL TRANSPLANTATION IN 13 FLT3
POSITIVE AML PATIENTS

G. Facchin, A. Sperotto, G. Battaglia, A. Candoni, M.E. Zannier, 
R. Fanin

Division of Hematology and Stem Cell Transplantation, University Hos-
pital ASUFC

Background: Acute myeloid leukemia with FLT3 mutation
(FLT3+AML) still represents a therapeutic challenge due to high rate of
relapses even after allogeneic hematopoietic stem cell transplantation
(HSCT) particularly in patients (pts) without cytologic complete remis-
sion (CR) at HSCT or transplanted with positive Minimal Residual Dis-
ease (MRD).

Patients and results: In our center, from January 2018 to March 2021,
we treated 13 FLT3+AML pts, at high risk of relapse after HSCT, with
sorafenib or gilteritinib. Table 1 resumes characteristics of pts. Median
age was 60,1 years (range 32-73). Nine pts received FLT3-inhibitor (mi-
dostaurin in 5/13 cases) during induction or as salvage therapy pre-
HSCT. In 11/13 (85%) pts at high risk of relapse, FLT3-inhibitors were
administered as prophylaxis and in 2/13 (15%) as pre-emptive therapy.
Treatment was started at a median time of 3,9 months (range 3,0-10,0)
post-HSCT; most pts had a complete hematological recovery after HSCT
(Table 1), 11 pts were in immunosuppressive therapy and 10 in prophy-
laxis with azoles. Initial dose of sorafenib was 200 mg/day; 8 pts treated
with gilteritinib started with 40 mg/day and 1 with 80 mg/day. In 9/13

(69%) cases the dose was rapidly increased with only one temporary
treatment suspension due to transitory toxicity (grade 3 cytopenia). In
7/13 (54%) pts, drug was discontinued because of cytologic relapse
(2/13), GVHD (2/13), infection (2/13) or other causes (1/13). The median
follow-up was 11 months (range 4,6-41,3). At the last follow-up, 10/13
(77%) pts were alive (7 of them were in complete remission with nega-
tive MRD and 3 were in cytologic relapse). Of these pts, 7/10 (70%)
were still in therapy with FLT3-inhibitors. No significant side effects
were reported.

Conclusions: In our case series, FTL-3-ihibitors post-HSCT have
proven to be effective and globally well tolerated. Most of our pts (7/13,
54%) were alive and in CR at last follow-up. FLT3-inhibitors didn’t in-
crease risk of severe GVHD even if administered in the early phase post-
HSCT. Probably, in very high-risk AML pts (with active disease or MRD
positive at HSCT), FLT3-inhibitors should be initiated as soon as possi-
ble after HSCT to reduce relapse risk. Prospective controlled studies are
ongoing and may clarify efficacy, timing, best drug and dose for post-
HSCT maintenance therapy in FLT3+AML pts.

Table 1. Patients characteristics.

D058

PRELIMINARY DATA OF CPX-351 TREATMENT IN A MULTI-
CENTER REAL-LIFE EXPERIENCE IN YOUNG PATIENTS (<60
YEARS OLD) AFFECTED BY THERAPHY RELATED ACUTE
MYELOID LEUKEMIA AND ACUTE MYELOID LEUKEMIA WITH
MYELODYSPLASIA-RELATED CHANGES

B. Garibaldi1, L. Brunetti2, E. Vigna3, E. Mauro4, C. Maugeri4, 
M.S. Parisi4, P.F. Fiumara4, A. Duminuco1, E. Martino3, 
E. Mazzantini5, S. Galimberti5, M. Gentile3, G.A. Palumbo1,6, 
F. Di Raimondo4,7, C. Vetro4

1Scuola di Specializzazione in Ematologia, Università di Catania; 2Di-
visione di Ematologia,A.O. S. Maria della Misericordia; 3Unità di Ema-
tologia A.O. di Cosenza; 4Divisione di Ematologia, A.O.U. Policlinico
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Therapy-related acute myeloid leukemia (t-AML) and AML with
myelodysplasia-related changes (AML-MRC) are two AML subtypes
with very poor prognosis. The CLTR0310-301 study showed survival
advantages in favour of CPX-351 compared to “7+3” in newly diagnosed
t-AML or AML-MRC, 60-75 years old. The aim of our study is to ex-
plore the efficacy of CPX-351 in younger patients in a real-life setting.
Since September 2019 we treated 13 patients with CPX-351, with a me-
dian age of 51 (range 32-59) and ECOG range 0-2. Our cohort consisted
in 9 patients with MRC-AML, 3 patients with t-AML and 1 patient with
t-AML after a therapy-related myelodysplastic syndrome (t-MDS). 2 pa-
tients (both with AML-MRC) harboured FLT3-ITD (Allelic Ratio 0.1),
1 patient FLT3-TKD, 1 patient NPM1 (with AML secondary to MDS), 2
patient IDH1 and 1 patient TP53 mutation. 7 patients had a complex
karyotype and 2 patients had received prior treatment with hypomethy-
lating agents (HMA). All patients underwent induction therapy with in-
travenous administration of CPX-351 at day 1, 3 and 5 except 1 patient
who received just two doses due to pneumonia outbreak. Twelve out of
13 patients were evaluable at the end of treatment. One patient died dur-
ing induction by sepsis event. Seven patients reached a complete remis-
sion (CR) and 1 patient a CR with incomplete haematological recovery
(CRi), with 66% overall response rate (ORR). One patient showed a par-
tial remission (PR), while 3 patients were refractory (two showed com-
plex karyotype and one in addition was TP53 mutated) and were
switched to other regimens. Median days of severe neutropenia (defined
as neutrophils lower than 500/uL) were 30. Median days of severe throm-
bocytopenia (defined as platelets lower than 20.000/uL) were 24. We
were able to bridge 6 out of 12 (50%) evaluable candidate patients to
HSCT. In conclusion we found that CPX-351 is active in young patients
with t-AML and AML-MRC with a rate of ORR higher than that reported
in the pivotal study (66% vs 47%). Regarding the safety profile, the most
frequent complication was febrile neutropenia (66%), successfully man-
aged with supportive therapy. Finally, our results are in line with those
reported by other institution real-life data in patients <60 years.

D059

VENETOCLAX PLUS AZACITIDINE AS FIRST LINE THERAPY
IN PATIENTS AFFECTED BY ACUTE MYELOID LEUKEMIA: 
A REAL-LIFE EXPERIENCE

A. Lico1, G. Greco1, O. Perbellini1, D. Facchinelli1, M. Riva1, 
M.C. Miggiano1, F. Pomponi1, C. Schiavotto1, E. Scomazzon2, 
E. Di Bona3, M. Ruggeri1

1Division of Hematology, San Bortolo Hospital; 2Division of Internal
Medicine,SanBassianoHospital; 3OncohematologyUnit, SanBassiano
Hospital, Italy

Older or unfit patients (pts) with acute myeloid leukemia (AML) retain
a poor outcome, also after treatment with an hypomethylating single
agent. Recently Venetoclax (Ven) and Azacitidine (Aza) combination has
been approved for newly diagnosed AML (ND-AML) pts > or = 75 years
or ineligible for standard induction chemotherapy, after publication of a
Phase -3 trial. However, data on real world efficacy and safety are still
limited.

Figure 1. 

In this retrospective study we have evaluated the efficacy in terms of
overall response rate (ORR), progression free survival (PFS) and overall
survival (OS) and the safety profile of Ven-Aza combination in a real-
life cohort of ND-AML. Ten consecutive pts with ND-AML (median age
72 y, range 67-77 y), 6 (60%) unfit for standard induction chemotherapy
according to Ferrara score have been evaluated. Six had de novo AML
and 4 myelodysplastic related changes (MRC)-AML. According to ELN
2017, one patient presented standard, 4 intermediate and 5 high cytoge-
netic risk. Next generation sequencing (NGS) was available in 6 (60%)
cases showing 1 to 4 mutations per patient, 3 cases being TP53 mutated.
Except for one case who progressed after one cycle, all pts received at
least 2 cycles of Aza 75 mg/m2 for 7 days every 28 days plus Ven at max-
imum dose 200 mg/daily in association with azole prophylaxis. Subse-
quently, most pts received Aza 75 mg/m2 in 5 days and Ven 200 mg/day
for 21 days every 28 due to infections and prolonged cytopenias. All pts
started treatment during hospital admission. No tumor lysis syndrome
was observed. Four pts (40%) developed grade 3 pneumonia of whom
one (10%) complicated with septic shock and cardiac arrest while in se-
vere neutropenia during the first two cycles. Two pts (20%) developed
SARS-Cov2 infection, one asymptomatic while in severe neutropenia
during the first cycle, the other died due to bilateral pneumonia despite
being in CR. ORR evaluated in 9 pts after 2 cycles was 77%, five pts
(55%) obtaining a complete response (CR) and 1 (10%) patient a CR
with incomplete hematological recovery (CRi). With a median follow
up of 8.2 months, median PFS and OS were 11 months and not reached,
respectively. Responding pts (CR+Cri) within two cycles showed im-
proved PFS (not reached vs 2.8 months, p=0.0011) and OS (not reached
vs 9.1 months, p=0.0717) (Figure 1). In conclusion, Ven-Aza combina-
tion proved efficacy with an acceptable safety profile in this group of pts
with ND-AML and unfavorable profile as for age, fitness and cytogenetic
risk. 

D060

COVID-19 IN ACUTE LEUKEMIA PATIENTS: A SINGLE CENTER
EXPERIENCE

A. Malato, A. Mulè, V. Calafiore, F. Dibassiano, R. Mauro, 
C. Cangialosi, U. Biondo, C. Patti

UOC di OncoEmatologia, Ospedali Riuniti Villa Sofia-Cervello, Italy

Background: Patients with hematologic malignancies appear to have
a greater risk of SARS-CoV-2 infection and severe disease due to myelo-
suppression; delays in treatment of patients with hematologic malignan-
cies are associated with a risk of disease progression. Data on COVID-19
in hematology are still limited. 

Methods: Since February 2020 to February 2021, a total of 310 Hos-
pitalizations, ➔ 163 adult patients were admitted in our Center for treat-
ment of hematologic malignancies. The indication for admission was
AML in 50 (30%) patients, ALL in 14 (8%), LNH in 54 (33%), MM in
14 (8%), other 31 (19%). Diagnosis of SARS-CoV-2 infection was based
on virus detection by RT-PCR in respiratory tract specimens. Standard
preventive measures were applied to all patients care, accordance with
National disease control and prevention GL.
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Table 1. 

Results: Ten (6%) patients tested positive for SARS-CoV-2 via PCR
in a unique Covid-19 outbreak during hospitalization stay, and they were
transferred to Covid Infectious Unit. All these patients, were affected by
Acute Leukemia (8 pts AML, 2 pts ALL ph negative), the majority of
them was in peak of cytopenia at the Covid-19 infection time. Nine pa-
tients had been treated with intensive chemotherapy before SARS-CoV-
2 confirmation. At SARS-CoV-2 diagnosis, 1 patient had untreated,
newly diagnosed AML; 3 patients had refractory/relapsed AML. One pa-
tient was in CR. DVT complicated by PE and interstitial pneumonia was
observed in a patient despite anticoagulation and in thrombocytopenia.
After SARS-CoV-2 infection, no leukemia-specific treatment was ad-
justed.Three patients (30%) died due to severe acute respiratory distress
syndrome in deep aplasia, all of them in refractory disease. Seven pa-
tients delayed in chemotherapy for a media of 34 days; chemotherapy
started until COVID-19 symptoms have completely resolved and two
viral testing becomes negative. However, these patients are still alive
and maintained their CR, remaining for long-time negative for SARS-
CoV-2. One patient underwent to bone marrow transplantation.

Conclusions:We reported a high COVID-19 infection mortality of
30%, in accordance with other hematological case series. However,
deaths owing to Covid-19 were observed in patients in disease leukemia
progression; furthermore, our recovered COVID-19 leukemia patients
remained negative for SARS-CoV-2 after delivery of chemotherapy, and
underwent to their following chemotherapy and allo-BMT program with-
out any other complications

D061

CPX 351: A THERAPEUTIC CHALLANGE IN SECONDARY
ACUTE MYELOID LEUKEMIA: A SINGLE INSTITUTION EXPERI-
ENCE

A.L. Piccioni, M. Cedrone, E. Ceresoli, B. Anaclerico, 
P. Anticoli Borza, V. Bongarzoni, S. Fenu, E. Finolezzi, 
S. Leonetti Crescenzi, A. Tamburini, L. Cudillo

UOC Ematologia Azienda Ospedaliera S. Giovanni Addolorata, Italy

Secondary acute myeloid leukemia(sAML) accounts for about 25%
of AML. Previous hematological disorders,age,cytogenetics and
biomolecolar featurs affect the poor prognosis.The standard induction
therapy 3+7 (daunorubicina plus cytarabine)has been associated to lower
overall response rate,relapse-free survival and overall survival in sAML
when compared with de novo AML.CPX351 is a dual-drug liposomal

encapsulation of cytarabine (C)and daunorubicin (D) that has improved
the outcome in sAML. From december 2019 to december 2020 we ob-
served six consecutive patients (pts)with sAML eligible for intensive
chemotherapy as bridge to Allogenic Hematopoietic Stem Cell Trans-
plant (alloHSCT). Patient’s characteristics are listed inTable1. All pts re-
ceveid CPX351: three pts one induction cycle (ind1):D44mg/m2+
C100mg/m2 on days 1,3,5; three pts second induction cycle
(ind2):D44mg/m2+C100mg/m2 on days 1,3,5.

Five pts receveid one consolidation cycle D29mg/m2+C65mg/m2 on
days 1,3.Response to first induction was evaluated in six pts after a me-
dian of 45 days.CR was observed in three pts (50%),PR in two pts
(33.3%).One pt (16.6%) had a resistant disease. At the end of treatment
(EOT) five pts achieved a CR (83.3%).The median time to neutrophil
recovery>0.5x109/L was 45,44 and 66 days at the ind1,ind2 and consol-
idation respectively. The median time to platelet recovery>25x109/L was
40,35 and 50 days at ind1,ind2 and consolidation respectively. AEs-
Grade>1CTCAE.5 were febrile neutropenia in all pts, skin rash in two
pts (33.3%)and pneumonia in four pts (66.7%). One pt (16.6 %) died in
CRat day 60 for sepsis; the other two pts died in refractory/relapsed dis-
ease seven and eight month later since EOT respectively. Two latter pts
were carriers of complex karyotype and TP53 mutation. Four pts(66.6%)
were alive in CR after a median of seven months from the end of therapy.
One of them underwent alloHSCT. Our data confirm that CPX351 is an
effective therapy for sAML.The slow molecular release could facilitate
the overcoming chemoresistence by neoplastic cells with better therapy
efficacy. The delayed blood recovery did not impact on safety. The allo
HSCT could be offered to larger number of selected patients fit to inten-
sive chemotherapy with an advantage for disease-related mortality and
risk of relapse. Even if on small size population sample, our data overlap
with the literature data, describing the use of CPX351 in a single center
so as in the “real life experience”.

Table 1. 

 

  BASELINE  DEMOGRAPHIC AND  CLINICAL  PATIENT  CHARACTERISTICS 

Age (y) N (%) 

50-59 1 (16.6) 

60-69 4 (66.7) 

70-75 1 (16.6) 

Sex 
 

F/M 4/2 (66.7/33.3) 

ECOG PS 
 

0 4 (66.7) 

1 2  (33.3) 

s-AML subtype  

AML-MRC 4 (66.7) 

t-AML 2 (33.3) 

Bone marrow blast (%) 
 

< 50 5 (83.4) 

>50 1 (16.6) 

White blood  cell count  (x10 ³/µl) 
 

<10 5  (83.4) 

>10 1 (16.6) 

Karyotype 
 

Favorable 1 (16.6) 

Intermediate 1 (16.6) 

Adverse 4 (66.7) 

TP53 
 

Wild type/Mutated 4/2 (66.7/33.3) 

IDH1 
 

Wild type/Mutated 5/1 (83.4/16.6)      
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PRESENTATION, EFFECTS ON TUMOR TREATMENT AND OUT-
COME OF SARS-COV-2 INFECTION IN 50 PATIENTS WITH PRI-
MARY CNS LYMPHOMA: A STUDY OF THE INTERNATIONAL
PCNSL COLLABORATIVE GROUP

S. Steffanoni1, T. Calimeri1, A. Laurenge2, C.P. Fox3, C. Soussain4, 
C. Grommes5, M.C. Sassone1, J. Boot6, N. Crosbie7, S. Chaganti8, 
J. Dietrich9, A. Alencar10, G. Itchaki11, K. Hoang Xuan2, 
T.T. Batchelor12, K. Cwynarski13, P. Angelillo1, E. Flospergher1, 
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Introduction: COVID-19 is associated with high mortality in cancer
patients (pts); its course varies greatly among pt subgroups and tumor
status. Herein, we report an study on pts with primary CNS lymphoma
(PCNSL), an aggressive tumor where dose intensity is crucial, and con-
current SARS-CoV-2 infection diagnosed in 12 centers of 5 countries.

Methods: Presentation, management and outcome of pts with PCNSL
and SARS-CoV-2 infection were analyzed to define effects of infection
on timing of PCNSL treatment and outcome. Pts were grouped in 1st and
2nd pandemic waves (cut-off: July 31, 2020).

Table 1. 

Results. 50 pts were registered (Table 1): 30 at 1st and 20 at 2nd wave.
SARS-CoV-2 was diagnosed before/during 1st line PCNSL therapy in 35
(70%) pts, with a median time between PCNSL diagnosis and virus de-
tection of 45 days (d) (range -27-179); 26 (75%) of them were hospital-
ized (median 22 d) for pneumonia, 9 admitted to ICU (median 14 d);

13/26 (50%) cleared the virus (median 31 d), resumed PCNSL treatment
(median delay 27 d) and are alive. The 13 pts with pneumonia who did
not clear virus died of COVID-19 or related infections within 25 d from
symptoms onset. 8/9 pts without pneumonia cleared virus and
resumed/initiated PCNSL treatment (median delay 16 d); none died of
COVID-19. Virus clearance and pneumonia were significantly associated
with resumption of PCNSL therapy. 5/11 pts affected by SARS-CoV-2
during follow-up required hospitalization for pneumonia (median 25 d);
all 11 pts cleared virus and are alive. Conversely, the 4 pts infected during
salvage PCNSL therapy interrupted treatment, did not clear virus and
died of lymphoma or COVID-19. At a median follow-up since virus de-
tection of 214 d, 30 (60%) pts are alive, 15 without evidence of lym-
phoma and 28 cleared virus. 12 (24%) pts died of COVID-19, 4 of other
infections, 4 of lymphoma. The 6-month OS was 63%; virus persistence
was independently associated with poor outcome. Mortality among pts
in 1st line treatment was higher during the 2nd wave (4-month OS 75% vs
37%; p=0.03), and associated with lower viral eradication rate (75% vs
40%; p=0.03).

Conclusions: COVID-19 was a strong outcome-defining event, espe-
cially in pts receiving PCNSL therapy and diagnosed during the 2nd wave.
Virus eradication and completion of planned therapy, with acceptable
timing and short-term OS, were achieved in half of pts with pneumonia.
For pts in follow up, SARS-CoV-2 infection was not associated with
worse OS.
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TIME TO TREATMENT START IN PATIENTS WITH FOLLICULAR
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Introduction: Patients with low tumor burden follicular lymphoma
(FL) are often managed with a watchful waiting (WW) strategy. Clinical
prognostic models as Follicular Lymphoma International Prognostic
Index (FLIPI) are used to predict progression-free survival (PFS) for pa-
tients treated with systemic therapy. Measuring baseline tumor burden
by PET-CT is a promising parameter to predict PFS following therapy.
No prognostic parameters have been established for patients with FL
candidates to WW.

Aim: Our study aims to evaluate baseline PET-TC parameters, total
metabolic tumor volume (tMTV) and total lesion glycolysis (TLG) as
predictors for time to treatment (TTT) in patients with FL and low dis-
ease activity according to GELF criteria.

Methods: We included 54 patients with FL diagnosed between 2010-
2019 who performed initial FDG PET/CT at our center and were fol-
lowed by WW approach. TMTV and tTLG were calculated using
automatic whole-body segmentation (LesionID, MIM Software Inc).
TTT was calculated from the date of diagnosis until start of treatment.
Using Receiver operating characteristic (ROC) analysis we identified
optimal cutoff of PET parameters for prediction of TTT within 24
months. Survival functions were calculated by Kaplan-Meier estimates.
Cox regression model was applied to evaluate PET prognostic power
and Wilcoxon-Mann Whitney test for multivariable analysis.

Results: With a median follow-up of 33 months, 22 (41%) patients
started therapy due to progression reaching GELF criteria and 32 (59%)
patients were on observational strategy at a median of 43 months. The
optimal cut-points identified for TTT within 24 months were 14 cm3 for
tMTV (AUC 0.70, 95% CI 0.51-0.88) and 64 for tTLG (AUC 0.71, 95%
CI 0.52-088) (p<0.005). The probability of not starting treatment at 24
months after diagnosis was 87% (95% CI, 69-95) in patients with
tMTV<14cm3 and 53% (95%, CI, 28-74) in patients with tMTV>14cm3

(p<0.005). The median TTT was 28 months for tMTV>14cm3; it was
not reached for tMTV<14cm3. We obtained similar results for tTLG.
Combining FLIPI and tMTV, we identified a subgroup of patients with
both intermediate-high FLIPI and tMTV>14cm3 who had only 18%
probability of not starting therapy at 36 months.

Conclusion: Results suggest that PET-CT functional parameters at di-
agnosis may help to predict time to treatment in patients with low tumor
burden FL managed by WW strategy. This might help to stratify these
patients for interventional studies.
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RISK-ADAPTED PREEMPTIVE TOCILIZUMAB TO PREVENT 
SEVERE CYTOKINE RELEASE SYNDROME AFTER CD19 CAR
T CELLS: THE HUMANITAS CANCER CENTER EXPERIENCE

C. De Philippis, D. Mannina, E. Costantini, S. Marcheselli, G. Pieri,
S. Bramanti, A. Santoro

Humanitas Clinical and Research Center, IRCCS, Italy

CAR T-cell therapy has revolutionized treatment for patients with re-
lapsed/refractory (r/r) Diffuse Large B Cell Lymphoma (DLBCL) or Pri-
mary Mediastinal B Cell Lymphoma (PMBCL). Although impressive

durable responses can be achieved, this is weighted by adverse events.
Cytokine release syndrome (CRS) immune effector cell–associated neu-
rotoxicity syndrome (ICANS) are the most notable toxicities of CAR T-
cell therapy. We report about 20 patients with r/r DLBCL (n=15) and
PMBCL (n=5) treated with CD19 CAR T-cells at Humanitas Cancer
Center from November 2019 to April 2021, according to AIFA restric-
tions. The aim of the study is to evaluate the effectiveness of risk-adapted
preemptive Tocilizumab administration in preventing severe (grade 3-4)
CRS after CAR T-cell. Patients received a dose of Tocilizumab (8 mg/kg)
at the time of developing persistent grade 1 CRS, defined as fever (TC
≥ 38°C) for a 24-hour period. ASCT grading system was used to grade
CRS and ICANS. Patients characteristics are listed in Table 1. Seventeen
(85%) patients developed CRS: CRS was graded as G1 in 8 patients, G2
in 8 patients and G3 in 1 patient. No patients developed grade 4 CRS.
Median time to CRS onset was 3 days (range, 0-8). Tocilizumab was ad-
ministered in 15 cases and only 3 patients received steroids. ICANS was
observed in 3 patients (15%). Median time to ICANS onset was 8 days
(range, 7-10). ICANS grading was G2 in 1 patient, G3 in 1 patient and
G4 in 1 patient. All patients with ICANS were treated with steroids with
resolution of symptoms. Intensive care unit (ICU) admission was re-
quired for only 3 patients, 2 of them with severe ICANS and one with
severe pleural effusion due to uncontrolled progressive disease. Two
patents developed infections: one probable pulmonary aspergillosis and
one Pneumocystis Carinii pneumonia. Non relapse mortality was 0%.
The best overall and complete response rates were 70% and 60%, re-
spectively. The progression free survival and overall survival at 12
months were 48% and 62%, respectively. In conclusion, although the
small number of patients analyzes, we found that preemptive adminis-
tration of Tocilizumab decreased the expected incidence of severe CRS
with no impact on neurotoxicity or infections and no death from CAR-
T toxicity. Moreover, early intervention with Tocilizumab reduced the
ICU admission without adversely impacting on the antitumor efficacy
of CD19 CAR T cells, compared with previously reported real world ex-
periences. 

Table 1. 
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ORBIT IRRADIATION AS SALVAGE TREATMENT FOR PATIENTS
WITH OCULAR ADNEXAL MALT LYMPHOMA (OAML) 
RELAPSED AFTER OR REFRACTORY TO CHLAMYDIA
PSITTACI-ERADICATING ANTIBIOTIC THERAPY
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Background: OAML is related to Chlamydia psittaci (Cp) in ~75% of
Italian patients (pts). Cp eradication with doxycycline has been followed
by lymphoma regression in two-thirds of pts enrolled in prospective tri-
als. Several therapies, in particular radiation therapy (RT), are available
for pts with unresponsive or relapsed disease; however, postponing RT
while waiting for the tumor response to antibiotic could be a cause of
concern. Herein, we report safety and efficacy of salvage RT in pts with
OAML relapsed after or refractory to Cp eradication.

Methods: Pts with stage-IEA OAML diagnosed at our institution be-
tween 2005 and 2019 were reviewed. Selection criteria were: 1) first-
line Cp-eradicating therapy with doxycycline; 2) lymphoma relapsed or
progressed locally after doxycycline; 3) orbital irradiation as salvage
treatment. Data of diagnosis, treatment and outcome of selected pts were
analyzed to establish safety and efficacy of RT as salvage treatment after
doxycycline.

Results. 25 pts (median age 66; range 37-92; 14 males) were assess-
able. Eleven pts had conjunctival lesions, 6 had viral hepatitis, 9 had gas-
tric H. pylori infection, one had Sjögren syndrome. All considered pts
but one (partial response) experienced progressive disease during doxy-
cycline (n=10) or after a period of disease stability (n=14), with a median
time to progression from doxycycline of 14 months (IQR 4-40). RT dose
was 30/30.6 Gy delivered in 15/17 fractions; ocular function was main-
tained in all pts with mild side effects (only 2 cases of grade-1 blephar-
itis). RT was followed by objective response in all pts (ORR=100%),
with a complete response in 23 (92%; 95%CI= 82-100). At a median fol-
low-up from RT of 42 months (range: 5-168), 8 pts experienced relapse:
within the irradiated volume in 2 (8%), at the contralateral orbit in 1 (4%)
and at distant organs in 5 (20%), with a 4-year PFS of 68±10%. The 8
relapsed pts received 10 further lines of treatment: antibiotics (n=5), RT
(n=2; distant), tumor resection (2; distant), and lenalidomide (1). All pts
are alive; 20 (80%) pts are disease-free.

Conclusions: To postpone RT until relapse after Cp-eradicating an-
tibiotic therapy is a safe and effective strategy in pts with limited-stage
OAML. In-field, contralateral and distant relapse rates after this strategy
are similar to those reported in large OAML series treated with upfront
RT. Treatment without chemotherapeutic agents and delaying RT until
relapse does not affect survival of OAML pts.
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SAFETY AND EFFICACY OF THE “CARMEN” REGIMEN, A NEW
DOSE-DENSE SHORT-TERM THERAPY, IN PATIENTS WITH AG-
GRESSIVE B-CELL LYMPHOMA AND MYC REARRANGEMENT.
A MULTICENTER ITALIAN EXPERIENCE
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1LymphomaUnit,DepartmentofOnco-Hematology, IRCCSSanRaffaele
Scientific Institute; 2Division of Hematology, Ospedali Civili di Brescia;
3Division of Hematology, Azienda Ospedaliera San Gerardo; 4Division
of Medical Oncology and Immune-related tumors, IRCCS Centro di
Riferimento Oncologico CRO; 5A.O. Città della Salute e della Scienza -
Le Molinette; 6Pathology Unit, Ospedali Civili di Brescia; 7Pathology
Unit, IRCCS San Raffaele Scientific Institute, Italy

Introduction: Pts with aggressive B-cell lymphoma and MYC rear-
rangement exhibit poor outcome after R-CHOP. In the last decade, pts
with Burkitt lymphoma (BL) or high-grade B-cell lymphoma with MYC
rearrangement (HGBCL) were treated with a new dose-dense, short-term
therapy termed “CARMEN regimen”, at seven Italian Centers. Herein,
we report efficacy and tolerability of CARMEN in a multicenter series
of 66 pts with BL or HGBCL.

Methods: Adults (18-80 years) with BL or HGBCL and MYC rear-
rangement at FISH were treated with CARMEN: a single 36-day course
of sequential doses of cyclophosphamide, vincristine, rituximab,
methotrexate, etoposide, and doxorubicin (induction) plus intrathecal

chemotherapy, followed by high-dose-cytarabine-based consolidation
(plus cisplatin in HIV-negative pts). Pts who did not achieve CR after
induction received BEAM/ASCT after consolidation.

Results: 25 pts with HGBCL and 41 with BL were treated (Table 1).
Treatment was well tolerated: 21 (84%) HGBCL and 38 (93%) BL pts
completed induction, 20 (80%) and 38 (93%), respectively, completed
consolidation. Per protocol, 8 HGBCL and 9 BL pts received ASCT. G4
hematological toxicity during induction was: neutropenia in 50 (76%)
pts, thrombocytopenia in 24 (36%) and anemia in 7 (11%), which were
recorded after consolidation in 34 (59%), 38 (66%) and 1 (2%) pt, re-
spectively. G4 non-hematological toxicity was uncommon: mucositis in
4 (6%) pts and TLS in 1 (2%) during induction; heart failure and bleeding
in 1 (2%) pt each after consolidation. G4 infections were recorded in 4
(6%) pts during induction and in 2 (3%) after consolidation. 4 HGBCL
and 2 BL pts died of toxicity (sepsis in 4; respiratory failure; COVID-
19), with a TRM of 9%. After induction, 21 (84%) HGBCL and 37 (90%)
BL pts achieved a response, which was CR in 11 (44%) and 26 (63%)
pts, respectively. After the whole treatment, CRR was 68% for HGBCL
pts and 78% for BL pts. At a median follow-up of 54 (2-131) months,
17 (68%) HGBCL and 29 (71%) BL pts remain relapse-free, with a 5-yr
PFS of 67% and 70%, respectively. 17 HGBCL and 32 BL pts are alive,
with a 5-yr OS of 66% and 77%, respectively. HIV seropositivity did not
modify outcome. Age and LDH serum level were independently associ-
ated with OS.

Conclusions: With the limitations of a retrospective series, this study
shows that CARMEN regimen is a safe and active treatment in HGBCL
with MYC rearrangement and BL pts, independently from HIV positiv-
ity.

Table 1. 
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PROGRESSION-FREE SURVIVAL IN ADVANCED CLASSICAL
HODGKIN LYMPHOMA PATIENTS WITH BULKY DISEASE
AFTER ABVD WITHOUT RADIATION THERAPY IN ERA PET

B. Puccini1, L. Rigacci1, I. Romano2, V. Berti3, M. Palazzo2, 
E. Galli2, G. Ciolli2, M. Merlini2, A.M. Vannucchi1-2, L. Nassi1

1Lymphoma Unit, Haematology Department, Careggi Hospital, Flo-
rence, Italy; 2Department of Experimental and Clinical Medicine, Uni-
versity of Florence, Italy; 3Department of Experimental and Clinical
biomedical sciences, University of Florence, nuclear medicine unit

Introduction: The role of radiotherapy (RT) in patients (pts) with clas-
sical Hodgkin lymphoma (cHL) in advanced stage and bulky disease
who present a complete metabolic responseafter chemotherapy is cur-
rently debated. We report here our experience in a cohort of pts with ad-
vanced cHL with bulky disease who did not receive RT.

Methods: We retrospectively collected data of pts with cHL stage IIB-
IV with bulky disease, defined as >5 cm, treated at our Institution from
2010 to 2020. We excluded pts with positive interim PET-CT (iPET-CT)
or positive end-of-treatmentPET-CT (EOT-PET-CT), as well asthose who
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received RT as part of first-line treatment. PET-CT scans were evaluate-
dinitially with the Juweid criteria, then with the Lugano criteria based
on the Deauville score. We performed a descriptive analysis of the prin-
cipal pts’ characteristics and Kaplan-Meier analysis of progression-free
survival (PFS) and overall survival (OS). 

Results: We report data from 49 consecutive advanced stage cHL pts
with bulky disease and negative iPET-CT and EOT-PET-CT. Median age
was 36.7 years (range, 16.5–61.07),63.3% pts were male, nodular scle-
rosis was the most frequent histologic subtype (55.1%), B-symptoms
were present in 69.4% of pts. 14 pts were in stage IIB, 17 in stage III, 18
in stage IV. In 37 pts bulky lesions were localized in mediastinum, in 7
pts in the abdomen, while a laterocervical and inguinal bulky was present
in 2 and 3 pts, respectively. Dimension of the bulky lesion was 5-7 cm
in 24 pts, 8-9 cm in 14 pts, > 10 cm in 9 pts; in 2cases dimension was
not available. All pts were treated with six cycles of ABVD. After a me-
dian follow-up of 43.5 months (range, 8-136) all pts were alive, andtwo
pts relapsed at 6 and 18 months after restaging, both outside of the bulky
area. 5-years PFS was 95.0%; according to bulky dimension 5-years PFS
was 95% in pts with 5-7 cm bulky, 92.3% in pts with 8-9 cm bulky, 100%
in pts with a bulky larger than 10 cm.

Conclusions:With the limitations of a monocentric and retrospective
studyour results showed a high PFS in a selected cohort of pts withad-
vanced stage, bulky cHL pts with negative iPET-CT and EOT-PET-CT-
despite the omission of RT, as previously assessed by Gallamini et al (J
Clin Oncol 2020; 38:3905-13) in a large randomized, phase III trial. Re-
sults of other randomized trials are awaited to appropriatelyevaluate the
role of RT as consolidation in advanced cHL in the PET era.
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IMMUNE-RELATED ADVERSE EVENTS IN THE TREATMENT OF
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HIBITORS: A RETRO-PROSPECTIVE CASE SERIES
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Immune checkpoint inhibitors (ICIs) show efficacy in the treatment of
non-Hodgkin lymphomas (NHL). However, the improved immune re-
sponse induced by this class of agents is related with a peculiar group of
adverse events, known as immune-related AEs (irAEs). Currently, no real-
world prospective data were already published on these peculiar AEs, and
recommendations for their management are based on information coming
from the ongoing clinical trials. An observational retrospective/prospective
study was conducted on patients with relapsed/refractory NHL treated with
ICI to determine the incidence of irAEs assessing the type, severity, and
timing of onset, management, outcome and relationship with ICIs of these
events. Secondary objectives were activity and disease control of ICIs
along with their relationship with irAEs onset. Thirty-two patients under-
went ICI as single agent (N=20) or in combination (N=12). Ten patients
(31.3%) developed at least one irAE for a total of 17 irAEs. Median time
to presentation of irAEs was 69 days (range, 0-407) with a median reso-
lution time of 16 days (ranges 0-98). No statistically significant difference
in irAEs frequency resulted between different ICIs, histologies and out-
comes. Progression free survival at 24 months for patients who developed
an irAE was 40% and 31.8% for who did not. Overall survival for the two
groups did not differ (at 24 months 40.0% and 62.5% for patients without
and with irAE, respectively), but the median for patients who developed
an irAE was not reached. No dose reduction for ICIs has been necessary
and only 2 patients had an early drug discontinuation due to AEs. The in-
cidence of irAEs was associated with better long-term survival in NHL
treated with ICI but patients’ disease conditions need to be carefully eval-
uated to decide the optimal actions to be adopted. Lymphomas-adapted
guidelines for irAEs diagnosis and management are needed.
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FOMI) “MIRO” STUDY, A MULTICENTER PHASE II TRIAL COM-
BINING LOCAL RADIOTHERAPY AND MRD-DRIVEN
IMMUNOTHERAPY IN EARLY-STAGE FOLLICULAR 
LYMPHOMA
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Early-stage follicular lymphoma (FL) is managed with involved-field
radiotherapy (IFRT), allowing eradication only in 40-50% of patients
(pts). The aim of this multicenter phase II prospective study was to eval-
uate the role of MRD in identifying pts unlikely to be cured by IFRT, for
whom an immunotherapy (IT) could improve outcome. 110 pts with
stage I/II FL were treated with 24 Gy IFRT. Peripheral blood (PB) and
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bone marrow (BM) samples were centralized to the FIL (Fondazione
Italiani Linfomi) MRD Network. In BCL2/IGH+ pts at baseline by both
nested PCR (NEST) and RQ-PCR (RQ) in BM a/o PB, MRD was ana-
lyzed after IFRT and every 6 months over 3 years. Pts with MRD+ by
both NEST and RQ in BM a/o PB after IFRT or who became MRD+
during FU were treated with 8 weekly doses of the anti-CD20 MoAb
ofatumumab (OFA). Primary objective: to define the efficacy of IT in
obtaining a negative MRD. Of 106 evaluable pts at baseline, 32 (30%)
were BCL2/IGH+ in BM a/o PB. All but one obtained a clinical response
after IFRT; one additional pt died soon after IFRT for unrelated causes.
MRD evaluation after IFRT revealed the persistence of BCL2/IGH+ cells
in PB a/o BM in 60% of pts. MRD+ pts, either after IFRT (n=18) or in
case of conversion to MRD+ during FU (n=8), received OFA, obtaining
a conversion to MRD- in 22/24 pts (91.7% - CI 73.0-99.0), significantly
superior to the expected 50% (Figure  1). After a median FU of 38
months, 17 pts who achieved a MRD- with OFA are still negative; 5 con-
verted to MRD+. Of the latter, 2 received OFA retreatment, achieving a
second MRD-; 2 pts were not retreated due to Sars-Cov2 pandemic. Clin-
ical relapse or progression was observed in 23 pts: 18 (24.6%) among
the 73 “no marker” pts and 5 (15.6%) among the 32 BCL2/IGH+ at base-
line (p=0.3), with no significant difference in PFS (p=0.25). Two early
relapses were observed among the 12 pts who became MRD- after IFRT
and 3 among the 24 treated at least once with OFA (1 MRD+, 1 MRD-,
1 converted from MRD- to MRD+). Only 1 Pt relapsed while MRD-
after OFA. MRD data indicate that IFRT alone is often insufficient to
eradicate the disease, inducing a MRD- only in 40% of pts, long-lasting
in half of them. The primary objective, MRD conversion after IT, was
largely achieved. The strategy of an IT consolidation after IFRT in
MRD+ pts allowed to increase molecular responses, although applicable
only to 30% of pts. A clinical advantage of the MRD-driven treatment
strategy is suggested although not significant.

Figure 1. 
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HIGH GRADE B-CELL LYMPHOMA WITH MYC, BCL2 AND/OR
BCL6 REARRANGEMENTS: UNRAVELING THE GENETIC LAND-
SCAPE OF A RARE AGGRESSIVE SUBTYPE OF NHL
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Background: High-grade B-cell lymphomas, with MYC and BCL2
and/or BCL6 translocations, i.e, double-hit or triple-hit lymphoma
(HGBL-DH/TH) are a distinct subgroup among high-grade lymphomas
(WHO 2017) characterized by an increased risk of central nervous sys-
tem involvement and low sensitivity to standard chemotherapy. Al-
though, they are well defined by cytogenetic markers, concurrent genetic
events contributing to their genomic landscape are still largely unknown.

Aim: Elucidating the genomic background of HGBL-DH/TH by iden-
tifying concomitant molecular cytogenetic events. Patients. Eighty pa-
tients with a diagnosis of diffuse large B-cell lymphoma (DLBCL) were
recruited. DNA was extracted from Formalin-Fixed Paraffin-Embedded
samples or bone marrow (QIAamp DNA FFPE and AllPrep DNA/RNA,
Qiagen). 

Materials and methods: FISH with break-apart assays (Vysis-Abbott)
was done for MYC, BCL2, and BCL6. CytoscanHD/OncoscanCN-
VPlusAssay (=5 cases) was performed according to manufacturer’s pro-
tocols (Affymetrix). Filters were set at 1,5Mb for CNA and at 10 Mb for
cnLOH with at least 50 markers. On 6 cases, targeted NGS (Lymphoma
Solution) was performed with Sophia Genetics tools (SOPHiA DDM
software).

Results: HGBL-DH/TH accounted for 13/80 cases (16%). There were
5 TH and 8 DH. Overall, 43 CNA were detected (range: 4-14; median:
8), i.e. 21 losses, 16 gains, and 6 cnLOH. There were no common events.
One case of HGBL-DH showed chromothripsis of chromosome 3. Mu-
tational analysis identified 49 variants (range: 7-11; median: 8) in 20
genes. Mutations mainly involved epigenetic modulators and transcrip-
tional factors (Figure 1A). BCL2 (n =8), KMT2D (n =7), and MYC (n
=4) (Figure 1B). FOXO1 was mutated in 2/3 cases of TH (Figure 1A).
All six patients presented potentially druggable marker(s).

Conclusions. Our FISH screening on unselected DLBCL reclassified
15% of cases as HGBL-DT/H, confirming FISH testing as the preferen-
tial diagnostic approach (Friedberg JW, Blood 2017). Mutational screen-
ing revealed that: a) BCL2 and MYC are frequently mutated, suggesting
that limiting their evaluation to the rearrangement probably underesti-
mates their pathologic impact and b) the SNVs median number per pa-
tient, the kind of genes affected by mutations, and the specific inhibitor
availability (HDAC, EZH2, BCL2, AKT, MALT1 inhibitors) suggest the
need for deeper diagnostic evaluation to design new target treatments in
this poor risk lymphoma subgroup. Supported by GILEAD Fellowship
program 2018/2019

Figure 1. 
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NAÏVE T CELLS ARE REDUCED FOR PROLONGED PERIODS
AFTER BENDAMUSTINE TREATMENT IN PATIENTS WITH 
FOLLICULAR LYMPHOMA
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Treatment of follicular lymphoma (FL) can induce severe and pro-
longed lymphocytopenia, more common after Rituximab-Bendamustine
(RB) regimen. Limited data exist on the composition of the peripheral T
cell pool after RB. The single-platform Lyotube Immunomonitoring was
used to determine the percentage and absolute count of lymphocyte sub-
sets in peripheral blood. T cell maturation was studied as follow:
CD45RA-FITC, CCR7-PE, CD95-PerCP-Cy5.5, CD4-PE-Cy7, CD27-
APC, CD8-APC-H7, CD3-BV450, CD31-BV500. Data were acquired
on FACSCantoII and analyzed with Diva Software (BD Biosciences).
CD4 and CD8 maturational subsets were defined as Naïve
(CD45RA+CCR7+), Central Memory (CD45RA-CCR7+), and Effector
Memory (EM, CD45RA-CCR7-). Wilcoxon-Mann-Whitney test was
used for statistical analysis. We prospectively studied patients (pts) with
FL (8 F, median age 55 and 6 M, median age 62) in complete remission
after RB induction therapy. We analyzed 22 samples, 14 in female and 8
in men, between 18 and 24 months during Rituximab maintenance. We
compared these data to a group of 26 age-matched healthy controls (HC).
We observed a lower CD4+ count in pts compared to HC (median value
248x106/Lvs780x106/L, p<0.00001). CD8+ count did not differ between
pts and HC. The CD4/CD8 ratio was significantly lower in pts (median
0.7vs 1.6, p<0.00001). Regarding the maturational subset the percentage
and absolute count of CD4+ Naïve cells were significantly lower in pts
compared to HC (median 23.5%vs44.4% p=0.001 and median 72x106/L
vs 275x106/L p<0.00001, respectively), while CD4+ EM cells were
higher in pts (median 31%vs22% p=0.001). The percentage and absolute
count of CD4+ and CD8+ naïve cells were significantly lower in males
pts than in females (11.7% vs 29% p=0.001 and 18x106/L vs 89x106/L
p=0.001 for CD4+; 8.4% vs 23% p=0.007 and 44x106/L vs 88x106/L
p=0.009 for CD8+, respectively). Four pts developed infections: pneu-
monia in 2 male pts (Haemophilus Influenzae, Klebsiella), recurrent cys-
titis in 1 female pt, recurrent bronchitis and Pseudomonas cellulitis in 1
male pt. CD4+ counts are significantly reduced for a prolonged period
up to two years in FL pts after RB. Most strikingly, we observed a severe
long-term reduction of CD4+ naive T cells in pts compared to HC, most
evident in male pts. This might have clinical implication for the risk of
viral and opportunistic infections. Further studies are warranted to cor-
roborate the clinical significance of our finding.
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Background: Chimeric antigen receptor (CAR)-T cell therapy is as-
sociated with relevant, life-threatening side-effects such as cytokines re-
lease syndrome (CRS), macrophage activation syndrome (MAS),
ipo/agammaglobulinemia, immune effector cell-associated neurotoxicity
syndrome (ICANS) and infections. Here, we show the preliminary re-
sults of a prospective biological study conducted on a cohort of patients

affected by Relapsed/Refractory B-cell non-Hodgkin Lymphoma sub-
types receiving commercial/AIFA approved anti-CD19 CAR-T cell prod-
ucts at IRCCS-Azienda Ospedaliera-Universitaria of Bologna. 

Methods: We report on the kinetics of CAR-expressing and CAR-non-
expressing cell subpopulations in 3 consecutive patients who developed
ICANS by multiparametric flow cytometry at various time points (pre-
apheresis, pre-lympho-depletion, after 1 hours and 3, 7, 13, 21, 30, 90
days post infusion). Surface markers of maturation (CD45RA, CD95,
CD62L), differentiation/senescence (CD28, CD57) and exhaustion (PD-
1, BTLA) status were analyzed within the CD45+CD3+CAR-expressing
and CD45+CD3+CAR-non-expressing-cell subsets by incubation with
CD19 CAR Detection Reagent and anti-Biotin (Miltenyi Biotec). 

Results: ICANS occurred on day 6, and first-line therapy with dexam-
ethason (10 mg/kg per 4) was administered. CD45+CD3+CAR-express-
ing cells peaked at day 7 (ranging from 1% to 30%). A dramatic decrease
in the percentage of the CAR-cell population was observed after steroid
administration, and was paralleled by the CAR-non expressing cell pop-
ulation shrinkage. CAR-non-expressing cell population reappraisal was
observed after steroid withdrawal. Notably, the CD3+CD8+ T cells
showed a more differentiated phenotype (CD45RA+CD28-CD57high)
within the CAR-expressing cell compartment at day 7, whereas most
CD3+CD4+ T cells (CD45RA-CD28+CD57-) acquired a central and ef-
fector memory phenotype. Interestingly, one patient showed an increase
in the PD-1 expression within the CD3+CD8+CAR-expressing cells. Pa-
tients showed short-term response to therapy, in spite of the important
corticosteroid-induced lympho-depletion. 

Conclusion: The treatment of clinical complications related to CAR
T-cell therapy can significantly modify CAR-expressing and CAR-non-
expressing cell population kinetics. A larger series of patients is war-
ranted to correlate the lymphocyte populations expansion kinetic to
clinical complications and disease response to therapy.
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Background: Follow-up of the pivotal trial and large case series report
that a proportion of patients between 5% and 9% with relapsed or re-
fractory Hodgkin lymphoma (HL) failing autologous stem cell transplan-
tation (ASCT) and treated with brentuximab vedotin (BV) achieve and
maintain long lasting complete responses (CR) with no further treatment.
Very long-term data on the outcomes of such patients are indeed under-
reported.

Methods: Our institutional experience with patients failing ASCT and
receiving BV as their last treatment line was reviewed. Records of pa-
tients in CR for more than 5 years after BV discontinuation have been
analyzed in more details. Five patients who received BV at a median
time since HL diagnosis of 50 (range 14-71) months met these charac-
teristics.

Results: The median number of previous treatment lines was 3 (range
3-4) including ASCT. ASCT was the last therapy in all patients but one,
who received an ifosfamide-containing regimen immediately before BV.
Three patients relapsed at a median time of 9 (range 7-9) months after
ASCT; one was true refractory to ASCT; the one who relapsed after ifos-
famide did so after 29 months. All but one patients received 16 cycles
of BV. One patients interrupted the treatment after 12 courses because
of grade 3 peripheral sensory neuropathy. All patients obtained an initial
response after 4 courses, which was a CR in 3 out of 5 cases. Four
achieved a CR at the end of their treatment. In one patient, a partial re-
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sponse converted into a CR 6 months after the 16th course of BV. Pa-
tients have a median duration of CR of 7.5 (range 6.9-8.9) years, and
none of them encountered disease relapse nor received any subsequent
consolidation, including allogeneic transplantation at the latest available
follow-up.

Conclusions: BV confirms its efficacy in inducing CR in HL patients
failing ASCT. A proportion of them reach a long-lasting CR with no need
of further treatment and are therefore considered cured. The role of al-
logeneic transplantation in patients in CR after BV remains matter of de-
bate.
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LARGE B CELL LYMPHOMA: FINAL RESULTS FROM THE
PHASE II FIL GIOTTO STUDY

R. Battistini1, S. Kovalchuk2, V. Zoli1, B. Puccini2, L. Arcaini3, 
L. Flenghi4, C. Visco5, M. Mian6, A. Evangelista7, M. Gotti3, 
R. Bassan8, F. Palombi9, S. Pozzi10, D. Gioia11, M. Martelli12, 
L. Rigacci1

1UOCHematologyandStemCellTransplantation,AOSanCamilloFor-
lanini, Roma; 2SOD Hematology, AOU Careggi, Firenze; 3Policlinico
San Matteo Pavia Fondazione IRCCS, Pavia; 4Institute of Hematology,
Ospedale S. Maria della Misericordia, University of Perugia, Perugia;
5Hematology Unit, Ospedale Vicenza; 6Division of Hematology and
BMT, General Hospital of Bolzano; 7Unit of Cancer Epidemiology, AO
Città della Salute e della Scienza di Torino and FIL Secretary; 8UOC
Ematologia dell’Ospedale dell’Angelo, Venezia; 9UOSD Ematologia e
Trapianti, Istituto Nazionale Tumori Regina Elena IFO, Roma; 10 UOC
Ematologia,AziendaOspedalieroUniversitariaModena; 11Fondazione
Italiana Linfomi FILtrial office; 12Hematology Unit, Department of Cel-
lularBiotechnologiesandHematology,“Sapienza”UniversityofRome,
Rome, Italy

Second line chemotherapy do not permit to obtain satisfactory results
particularly in patients previously treated with Rituximab. Patients with
first R/R DLBCL were prospectively treated with a combination of the
new anti-CD20 antibody Obinutuzumab in association with DHAP (G-
DHAP). The primary end point was to demonstrate an increase in the
complete metabolic response (CMR) with this regimen. Secondary end
points were stem cell mobilization and stem cell engraftment. In this
prospective, phase-2, single-arm trial (EudraCT 2014-004014-17), R/R
DLBCL patients received the standard three doses (1000 mg) of Obinu-
tuzumab in the first cycle ad then one dose for the remaining three cycles.
The stem cells apheresis was programmed after the third or the fourth
cycle. At the end of therapy a restaging was performed and patients with
CMR were consolidated with BEAM/FEAM conditioning regimen and
autologous stem cell transplantation (ASCT). The protocol provided an
interim analysis after the first 29 patients enrolled to confirm the null
hypothesis of obtaining at least 10 CMR. At first interim analysis 29 pa-
tients were evaluated. The median age was 56 years, 17 patients (59%)
had a primary refractory lymphoma and 12 were relapsed. Fifteen pa-
tients completed therapy and were evaluated for CMR. In an intention
to treat analysis six patients obtained a CMR (6/29 patients: 21%). Ac-
cording to the results of the interim analysis study enrolment was
stopped. We have evaluated the peripheral blood progenitors harvest.
Nineteen patients started stem cell mobilization, one failed and 18 pa-
tients mobilized. Sixteen patients (89%) mobilized after 1 or 2 apheresis
and the other two patients after 3 or 4. The median number of CD34+
cells was 5.5 (IQR: 5 – 6.75). Nine out 18 patients reinfused and 9 did
not. The mean number of reinfused CD34+ cells was 4.1 (IQR: 3.5 – 5).

Seven out 9 (78%), after a median follow up of 41 months, are alive
and without evidence of disease. Overall after a median follow-up period
of 46 months survival and progression free survival were 45% and 41%
respectively. The GIOTTO study did not pass the interim analysis be-
cause a lower rate of CMR reported in comparison with the hypothesis.
Obinutuzumab associated with a standard mobilizing chemotherapy did

not compromise stem cell mobilization and engraftment after ASCT in
DLBCL patients. Globally 13 patients are alive and seven patients are
alive and free from disease after a median follow-up of 41 months.
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INCREASE OF BONE EVENTS (FRACTURES) IN PATIENTS
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Low molecular weight heparins (LMWH) are widely used in throm-
bosis prophylaxis in lymphoma patients with central peripheral venous
device (PVD). The negative effect of heparin on osteogenesis is known,
it is not clear how anticoagulants vit K inhibitors act while the role of
LMWH is controversial. The negative effect of steroids on osteogenesis
is also documented but there are no data on negative synergy related to
the simultaneous intake of steroids and LMWH. The aim of our study is
to evaluate the bone events (bone fractures) observed retrospectively in
a consecutive cohort of lymphoma patients treated with chemotherapy
(with or without steroids) with at least 6 months of follow-up. From Jan-
uary 2014 to January 2021 we observed 197 patients with a median fol-
low-up of 38 months (range 6-85 months); 90 with NHL treated with
CHOP or similar 34 female and 56 male with a median age of 59 years
(range 23-77 years); 53 with NHL treated with bendamustine based ther-
apy; 23 female and 30 male with median age of 65 years (range 42-81
years) and 54 with HD treated with ABVD or similar; 26 female and 28
male with a median age of 34 years (range 16-75 years). All patients with
PVD and all treated in prophylaxis with LMWH (enoxaparin or
nadroparin) 4000 U / day. In the NHL group treated with steroids and
LMWH the observed bone events (fractures) were 13/90 patients
(14.5%), 6 M and 7 F with a mean age of 63 years (range 39-73 years)
all patients had vertebral involvement, while in 2 patients, in addition to
the vertebral, with the femur involvement were documented. In the NHL
group treated with LMWH but non-steroids, the observed bone events
were 3/53 patients (5.5%) all female with a mean age of 66 years, while
in the HD group it was 2/54 patients (3.8%) all females with a mean age
of 72 years, all with vertebral involvement only. These data show a
higher incidence of bone events in patients receiving steroid and LMWH
therapy. This evidence suggests a negative synergism between the asso-
ciation of steroids and LMWH on bone metabolism and also probably
confirms that vitamin D metabolism in patients with aggressive NHL
may be implicated in the prognosis of these lymphomas. This evidence
suggests the need to integrate vit D with or without calcifying into the
therapy of patients with aggressive NHL and to evaluate the possibility
of proposing prophylaxis for thrombosis not with LMWH but with the
new oral anticoagulants. A prospective study is needed which also in-
cludes the study of calcium metabolism and bone mineralization both at
diagnosis and over time in the various subtypes of NHL and which sup-
portive treatments they have received.
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IBRUTINIB IN PATIENTS WITH RELAPSED/REFRACTORY
MANTLE CELL LYMPHOMA: A REAL-LIFE, RETROSPECTIVE,
MULTICENTER TRIAL ON BEHALF OF THE “RTL” (REGIONAL
TUSCAN LYMPHOMA NETWORK)

E. Cencini1, B. Mecacci1, F. Morelli2, F. Ghio3, I. Romano2, S. Birtolo4,
F. Simonetti5, V. Zoi6, S. Moretti7, E. Sant’Antonio8, A. Cuccaro9, 
S. Santini10, S. Kovalchuk10, B. Puccini2, S. Galimberti3, M. Bocchia1, 
A. Fabbri1

1Unit of Hematology, Azienda Ospedaliera Universitaria Senese and
University of Siena, Italy; 2Lymphoma Unit, Hematology Department,
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CareggiHospitalandUniversityofFlorence, Italy; 3UnitofHematology,
Azienda Ospedaliera Universitaria Pisana and University of Pisa; 4SOS
Oncoematologia Pistoia e Pescia; 5UOC Ematologia Dipartimentale
ATNO,OspedaleVersilia,LidodiCamaiore; 6UOSOncoematologiaUsl
Toscana Sud Est, Arezzo; 7SOC Ematologia Clinica e Oncoematologia,
Firenze; 8UOC EmatologiaAziendale, azienda USLToscana Nordovest,
Ospedale S.Luca, Lucca; 9UOC Ematologia Aziendale, azienda USL
Toscana Nordovest, Spedali Riuniti, Livorno; 10SOS Oncoematologia,
Ospedale S. Stefano, Prato, Italy

Background: Relapsed or refractory (R/R) mantle-cell lymphoma
(MCL) patients have a poor prognosis and their management is chal-
lenging, in absence of a golden standard as salvage treatment. Bruton’s
tyrosine kinase inhibitor ibrutinib represents an effective treatment for
R/R MCL patients.

Aim: We investigated ibrutinib efficacy and safety in daily clinical
practice in Tuscany, together with factors that could predict disease out-
come.

Patients and Methods: In this multicentre, single-arm, observational
study we retrospectively analyzed a cohort of 69 consecutive, R/R MCL
patients managed at 10 onco-hematological centers in Tuscany from
2005 to 2019. We identified PFS as primary endpoint, while OS, DOR,
ORR and CR rate were secondary endpoints; we also investigated the
potential predictive factors associated with disease response and survival.
In addition, we analyzed overall toxicities and therapeutic strategies used
in patients who relapsed during treatment.The treatment regimen con-
sisted of oral, continuous, single-agent ibrutinib, maximum dosage of
560 mg once per day, until disease progression.

Results: Median duration of treatment was 9 cycles (range 1-45);
66/69 patients were evaluable for response (95.7%), the remaining 3 pa-
tients died within 3 months from the beginning of treatment due to in-
fections. Overall response rate was 62.3%, with a CR rate of 39.1%.
Reasons for treatment discontinuation included PD (30/69 cases, 43.5%),
second malignancies (2 cases), acute renal insufficiency (1 case, consid-
ered as unrelated to ibrutinib), treatment toxicity (8/69 cases). After a
median follow-up of 15.6 months, 40/69 patients (58%) were alive, the
main cause of death was progressive disease (PD, 22/69 cases, 31.9%).
Median PFS was 17 months, median DOR was not reached (estimated
2-y DoR 68%), median OS was 34.8 months. Inferior PFS was associ-
ated with >1 prior line of therapy and B symptoms. Ibrutinib refractori-
ness was associated with inferior OS, median OS after ibrutinib failure
was only 5 months. The majority of the adverse events (AE) were mild
to moderate (grade 1-2). Grade 3-4 neutropenia occurred in 7/69 cases
(10.1%).

Discussion and Conclusion: In this real-life setting ibrutinib treatment
prolonged survival in R/R MCL patients, with PFS and OS comparable
to clinical trials, without unexpected adverse events. Patients receiving
ibrutinib as 2nd line regimen had the most favorable outcome, while sur-
vival was dismal after ibrutinib failure.

Figure 1. 
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R-VEMP FOR ELDERLY DLBCL PATIENTS: DATA FROM A 
MULTICENTER RETROSPECTIVE STUDY

M. Riva1, M.C. Tisi1, D. Facchinelli1, G. Scapinello2, O. Perbellini1, 
F. Pomponi1, C. Schiavotto1, S. Fortuna3, F. Pavanello4, B. Famengo5,
M. Pizzi6, G. Semenzato2, L. Trentin2, C. Visco7, M. Ruggeri1, F. Piazza2

1Cell Therapy and Hematology, San Bortolo Hospital, Vicenza; 2He-
matology and Clinical Immunology Unit, Department of Medicine,
University of Padua, Padova, Italy; 3Medicine Unit, Alto Vicentino
Hospital, Santorso; 4Department of Transfusion Medicine, University
Hospital of Padua, Italy; 5Pathology Department, San Bortolo Hospi-
tal, Vicenza; 6Surgical Pathology and Cytopathology Unit, Department
of Medicine, University of Padua, Padua, Italy; 7Department of Medi-
cine, Section of Hematology, University of Verona, Verona, Italy

Background: About 30% of diffuse large B-cell lymphoma (DLBCL)
occur in patients older than 70 years. The outcome of these patients with
standard first line regimens remains poor, compared with that of younger
patients, with an excess of early toxicity and discontinuation. The asso-
ciation of etoposide, cyclophosphamide, mitoxantrone and prednisolone
(VEMP) demonstrated a good efficacy in a previous study (Santini G.
et al. Haematologica. 1991).

Aims: We retrospectively evaluated the outcome and the tolerability
of the association Rituximab-VEMP (R-VEMP), in 115 newly diagnosed
elderly DLBCL not eligible for standard R-CHOP or R-CHOP like,
treated between 2004 and 2020 in two hematological centers from
Veneto region.

Methods: Median age was 77 years (range 60-91, only one patient <65
years). The majority were female (63%). Baseline characteristics were:
62% Ann Arbor Stage III/IV, 22% bulky disease (>10 cm), 43% high-
int/high aaIPI and 30% high CNS-IPI. Median number of cycles was 6
(1-8). Seventy-one (62%) patients received from 70 to 100% of the dose
and 44 (38%) had a dose reduction (20 to 69% of the full dose). Four
patients received Lenalidomide maintenance. Response was assessed
using the revised Lugano criteria.

Figure 1. 

Results: ORR was 77%, with 74 patients achieving a CR (64%); 26
patients (23%) were in SD or PD at the end of the treatment. With a me-
dian follow-up of 51 (9-166) months, 2 years PFS and OS were 64%
(95%CI 54-72) and 74% (95%CI 65-81), respectively (Figure 1a-1b);
among the 40 patients >80 years, 2 years PFS and OS of 59% (95% CI
42-72) and 74% (CI 56-85). In univariate analysis advanced stage, poor
aaIPI, bulky disease, dose reduction and achieving a CR at the end of
treatment were significatively associated to a better PFS (p<0.05). In
multivariate analysis only response at the end of the treatment (p<0.05,
HR 10, 95% CI 3.9-30-2) retained significance. Eighty (70%) patients
developed hematological toxicity (≥ grade 2) while the most frequent
non-hematological toxicity were infectious events (27%). Only 7 (6%)
patients suffered from cardiovascular complications. The main cause of
death was disease progression in 26 patients (51%).

Figure 1A: PFS Figure 1B: OS
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Conclusion: With the limits of a retrospective analysis, R-VEMP is a
feasible and well-tolerated treatment in elderly patients with de novo
DLBCL, and could represent a valid alternative choice with curative po-
tential for those patients not eligible for more toxic first-line regimens.

D080

COMPARISON BETWEEN LUGANO AND RECIL CRITERIA FOR
TREATMENT RESPONSE ASSESSMENT TO FIRST-LINE 
THERAPY IN DIFFUSE LARGE B-CELL LYMPHOMA PATIENTS

E. Cencini1, N. Di Meglio2, A. Fabbri1, I. Monteleone2, B. Mecacci1, 
G. Pinton1, M. Malchiodi1, M. Bocchia1, M.A. Mazzei2

1Unit of Hematology, Azienda Ospedaliera Universitaria Senese &
University of Siena, Siena, Italy; 2Department of Medical, Surgical and
Neuro Sciences, University of Siena, Unit of Diagnostic Imaging,
Azienda Ospedaliera Universitaria Senese, Siena, Italy

Background: Diffuse large cell B-lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphomas (NHL). The Lugano 2014
criteria are currently used for response assessment. In order to make ra-
diological evaluation less time-consuming, in 2017 the RECIL criteria
were created, in which only the longest diameter of target lesions is con-
sidered and the number of target lesions is reduced (max 3 instead of 6).
18F-FDG PET scan was evaluated according to Deauville score (DS) in
both Lugano and RECIL criteria. Despite a good agreement demon-
strated by analyzing imaging from patients enrolled on clinical trials,
there is a paucity of real-life data.

Aims: The primary objective was to verify the level of concordance
of RECIL and Lugano response criteria in a cohort of newly diagnosed
and homogeneously treated DLBCL patients.

Methods: In this single-center study, 33 patients with available clinical
and radiological data were retrospectively analyzed. All cases received
R-CHOP or R-COMP. Response evaluation was performed as early as-
sessment by CT and at final re-staging by CT and 18F-FDG PET (con-
sidered negative if DS 1-3). Radiological images were retrospectively
evaluated according to RECIL criteria and compared with Lugano crite-
ria. Agreement between the 2 criteria was assessed by Cohen’s k index.
At the end of treatment only patients achieving a CR were considered as
responsive.

Figure 1.  Response evaluation at final restaging.

Results: At the early assessment, response was comparable in 31/32
cases; the only discordant case showed a SD according to Lugano and a
PR according to RECIL (k index 0.652, good agreement). At final re-
staging, 30/33 patients had a negative PET result and achieved a CR ac-
cording to Lugano criteria. According to RECIL criteria, 29 patients
obtained a CR, 3 a PR and 1 a PD because of the appearance of a new
nodal lesion defined as target, even if PET-negative (thus considered in
CR for Lugano criteria). The concordance index was 0.841 (excellent).
It should be noted that the patient given as PD according to RECIL and
CR according to Lugano criteria had never relapsed.

Summary/Conclusion: Response assessment according to Lugano and
RECIL criteria showed a good agreement in our cohort of DLBCL pa-

tients. The main problem is represented by PET-negative patients with a
RECIL morphological response <30%, who would have been considered
as poorly responsive, with the risk of overtreatment. We suggest the pos-
sibility of re-evaluating PET role in RECIL criteria in future studies.

D081

RITUXIMAB AND NONPEGYLATED LIPOSOMIAL DOXORU-
BICIN (R-NPLD) TREATMENT IN PATIENTS 80 YEARS OF AGE
OR OLDER AFFECTED BY DIFFUSE LARGE B CELL 
LYMPHOMA (DLBCL): A 2020 UPDATE AND IMPLICATIONS
OF CLINICAL AND PATHOLOGICAL FACTORS

C. Cantò1, E. Pennese1, M. DI Nicola2, G. Ricciuti3, F. Restuccia1, 
S. Luciani1, F. Angrilli1

1Centro Diagnosi e Terapia dei Linfomi,Dipartimento oncologico Ema-
tologico, Ospedale Civile “Santo Spirito”; 2Dipartimento di scienze
mediche orali e biotecnologiche, Università Degli Studi “G. d’Annun-
zio”; 3Dipartimento di Ematologia, IRCCS “Casa Sollievo della Sof-
ferenza”, Italy

Background: In 2018 we report a rituximab plus nonpegylated lipo-
somial doxorubicin (R-NPLD) combination for patients 80 years or older
with diffuse B cell lymphoma (DLBCL) or grade 3 b follicular lym-
phoma. The overall 3-year survival, cause-specific survival and progres-
sion-free survival rates were 46%, 55%, and 44%, respectively.
According to these results, R-NPLD has become the new standard treat-
ment in patients > 80 years old with aggressive B lymphoma, in our in-
stitution. To better investigate the prognostic role of clinical and
pathological factors, we analyzed the same immunochemotherapy com-
bination in a larger cohort of patient 80 years or older with DLBCL.

Methods: We retrospectively and prospectively analyzed data of pa-
tients 80 years or older with untreated histologically-proven CD20-pos-
itive DLBCL, Ann Arbor stage I to IV from our institution. Patients
received a combination treatment with rituximab plus nonpegylated li-
posomial doxorubicin. The regimen consisted of R 375 mg/sqm and
NPLD 50 mg/sqm administered intravenously on cycle day 1, plus pred-
nisone 50 mg orally on days 1 to 5, every 21 days for 6 courses. 

Results: Between May 2010 and April 2019, we enrolled 50 patients
(median age 84, range 80-96, M/F:27/23). The median follow-up time
was 28 months (range 10-104). The overall 3-years survival, cause-spe-
cific survival, and disease free survival rates were 49.9+7.6%,
55.5+7.9%, and 48.5+7.8%, respectively. Treatment was well tolerated
with only mild toxicities, without treatment related hospitalization or
toxic deaths. Patients achieving EFS12 and EFS18 had an overall3-years
survival of 66+13.0% and 67.9+7.0%, respectively. 

Conclusion: Our results confirm that, in patients 80 years or older with
DLBCL, R-NPDL is very effective and safe combination. Among prog-
nostic factors, only the elevated LDH (> 1.25 upper limit) strongly cor-
relates with overall survival and risk of relapse, in univariate (p=0.001,
p=0.003) and multivariate (p=0.002, p=0.005) analysis, respectively. In
patients who achieved EFS18 the probability to survive 24 and 36
months is of 90.5 and 67.9%, respectively. This analysis suggests that
EFS18 will be useful in patient counseling and should be considered as
a robust end point for future studies of newly diagnosed very elderly
DLBCL patients.

D082

IN VITRO 3D CO-CULTURE MODEL FOR DRUGS SCREENING IN
DIFFUSE LARGE B CELL LYMPHOMA

J. Ceccato1, I. Caputo1, M. Piazza1, F. Cinetto1,2, S. Manni1, M. Pizzi1, 
F. Piazza1,3, L. Trentin1, F. Vianello1

1Department of Medicine, University of Padova, Italy; 2Ca’ Foncello
Hospital, Treviso, Italy; 3Venetian Institute of Molecular Medicine
(VIMM), Padova, Italy

Purpose: Diffuse large B cell lymphoma represents the most common
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type of non-Hodgkin lymphoma. Although the curability rate is high,
around 40% of patients will relapse or exhibit refractory disease (r/r
DLBCL). About 15% of DLBCL patients have bone marrow (BM) in-
volvement and this represents a poor prognostic factor. The close inter-
action of lymphoma cells with stromal and immune cells within the BM
directly influence lymphoma survival and drug resistance. Thus, we want
to develop a three-dimensional (3D) in-vitro model to reproduce the tu-
mour microenvironment and study MSC/DLBCL interaction with the
aim to establish a tool for evaluating patients-specific therapies.

Methods: Human decellularized femoral bone fragments were used as
a scaffold and recellularized with MSC. 3D spatial configuration was
analyzed with two photon microscopy. DLBCL cells were allowed to
flow into the model by a microfluidic system and spatial interaction was
studied. Viability of DLBCL cells after drugs treatments was also eval-
uated by in vitro co-culture and analyzed with cytofluorimetric assays.

Results: We optimized a two-step recellularization protocol providing
direct MSC seeding on the scaffold surface and MSC flowing through it
by an in-house made device. We digitally recreated the 3D structure of
the model identifying that MSC autonomously adhered and grew on scaf-
fold (Figure 1). MSC formed a 3D web creating niches in which DLBCL
cells stably adhere. Preliminary data suggest that this physical interaction
reduces spontaneous and Dexamethasone-induced apoptosis upon treat-
ments. Interestingly, Ibrutinib treatments inhibited the protection given
by MSC in the 3D model.

Discussion: We found that DLBCL cells are able to migrate, adapt and
grow in a 3D scaffold generated from human decellularized femoral bone
fragments. In this setting, we could confirm the previously described
ability of human MSC to promote neoplastic cell growth. We also ob-
served that sensitivity of DLBCL to dexamethasone-induced apoptosis
was significantly blunted by physical interaction with MSC in the 3D
model. Interestingly, MSC lost their protective activity when DLBCL in
the 3D scaffold were exposed to ibrutinib.

Conclusions: A 3D scaffold reproducing a bone marrow microenvi-
ronment is a promising tool for exploring MSC/DLBCL cells interaction
and may be exploited to develop a patient-specific platform for drug
screening and personalized therapy in r/r DLBCL.

Figure 1. 

D083

HIGH BASAL MAXIMAL STANDARDIZED UPTAKE VALUE IN
FOLLICULAR LYMPHOMA IDENTIFIES PATIENTS WITH LOW
RISK OF LONG-TERM RELAPSE

G.M. Assanto1, G. Ciotti1, M. Brescini1, M.L. De Luca1, G. Annechini1,
G.M. D’Elia1, R. Agrippino1, I.D. Giudice1, M. Martelli1, 
A. Chiaravalloti2,3, A. Pulsoni1

1Haematology, Department of Translational and Precision Medicine,
Sapienza University of Rome; 2Department of Biomedicine and Preven-
tion, Nuclear Medicine, University Tor Vergata; 3IRCCS, Neuromed

Background: Follicular Lymphoma (FL) is an indolent disease: despite
the efficacy of treatment strategies in inducing remission, high risk pa-
tients relapse within two years and others relapse on long term. Despite

encouraging studies on the prognostic role of Total Metabolic Tumor
Volume (TMTV) the role of SUVmax at baseline PET/CT needs to be
better defined.

Patients and Methods: Retrospective observational monocentric co-
hort study performed at Sapienza University of Rome. Patients affected
by FL who underwent baseline PET/CT were included. According to the
SUVmax value assessed at baseline two subgroups were identified and
compared in terms of PFS and OS: A) Basal SUVmax ≤ 6; B) Basal SU-
Vmax > 6.

Results: Ninety-four patients were included, 34 in group A (36,2%)
and 60 in group B (63,8%). Five-year PFS in the whole cohort was
87,5%, 74,5% for group A and 95% for group B (p 0.005). Nevertheless,
PFS at two years was comparable in the two groups (97%). A correlation
between PFS and baseline SUVmax was observed in patients in different
FLIPI risk categories. In low-risk FLIPI patients (48.3%) a significantly
superior long term PFS was observed in group B compared to A, PFS at
follow-up was 92% and 66,7% respectively (p 0.012) (Figure 1A-B). No
significant association between PFS and baseline SUVmax was observed
in the subgroup of intermediate (p 0.180) and high-risk FLIPI (p 0.317).
Multivariate analysis of all the parameters assessed, confirmed the pres-
ence of a basal SUVmax >6 as an independent favorable prognostic fac-
tor for PSF (OR 0.234; 95% IC 0.58-0.934; p 0.04) as well as a
correlation between a BM involvement at diagnosis and unfavorable PFS
(odds ratio [OR] 5.98; 95% IC 1.5-23.3; p 0.011). Was finally explored
the PFS of groups A and B based on the presence of at least two baseline
features considered as an indicator of aggressive disease (bone marrow
involvement, elevated LDH, elevated β2-microglobulin, extra-nodal dis-
ease, bulky disease, presence of B-symptoms) (Figure 1D).

Conclusion: Our data demonstrate the independent prognostic role of
baseline SUVmax as a PFS predictor, especially in patients with low-
risk follicular lymphoma. Even without other risk factors, patients with
low tumor metabolic activity exhibit a higher long-term relapse proba-
bility. Baseline SUVmax evaluation, with its simple assessment, could
help identify patients at risk for late relapse, requiring strict follow-up
and, potentially, MRD monitoring.

Figure 1. 
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ENDOSCOPIC ULTRASOUND (EUS)-GUIDED BIOPSY IN THE
DIAGNOSTIC WORK OF DEEP LYMPHADENOPATIES AND
SPLEEN LESIONS

F. Bellisario1, F. Attili4, F. Campana1, R. Malafronte1, S. Bellesi2, 
E. Maiolo2, E. Alma1,2, L.M. Larocca4 ,5, F. D’Alò1,2, S. Hohaus1,2
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Introduction: Endoscopic Ultrasound (EUS) has emerged as a safe and
effective diagnostic procedure to histologic characterization of deep le-
sions reached through the gastrointestinal tract. EUS-guided biopsy rep-
resents a less invasive approach respect to surgical biopsy, and may allow
an easier access to deep masses than external CT or ultrasound-guided
biopsy.

Aim: To establish the accuracy of EUS as diagnostic tool for diagnosis
of deep lymphadenopaties and spleen lesions.

Methods: We retrospectively collected data about 160 EUS-guided
biopsies performed in our Center from June 2017 until March 2021.
Three to four core biopsy samplings were performed using 22G needles
in 156 cases, and 19G needles in 4 cases.

Results: Among 160 procedures revised, 76 were performed as outpa-
tient, 84 as inpatient. 43 patients had already a previous diagnosis of can-
cer and EUS-guided biopsy was performed for suspected relapse or for
disease staging. In 10 patients, the procedure was not completed for poor
compliance of patients or inability to visualize pathologic lesions, iden-
tified by CT or PET imaging. In 8 patients multiple sites were biopsied.
Sites of EUS-guided biopsy were: 61 supradiaphragmatic nodes includ-
ing 27 subcarenal nodes,18 posterior mediastinal nodes,16 other medi-
astinal nodes; 67 subdiaphragmatic nodes including 6 at hepatic hilum,4
at splenic hilum,5 close to duodenum/jejunum,2 pelvic,7 perigastric, 5
peripancreatic,42 subdiaphragmatic not further specified;13 splenic focal
lesions;14 extranodal lesions (7 stomach, 2 liver, 2 duodenum/jejunum,
1 peritoneum). Histopathologic reports were consistent with lymphoma
in 51 patients, granulocytic sarcoma in 1 patient, solid neoplasm in 40
patients, chronic granulomatous nodal inflammation in 20 patients, with
an Overall Diagnostic Rate of 74.6%. 38 biopsies were not diagnostic
due to the insufficient material, no abnormality, reactive tissue or exten-
sive necrosis. Lymphoma histotypes were:31 DLBCL, 3 HG-BCL, 5 FL,
4 HL, 2 ALCL, 1 MCL, 1 MZL, 1 PBL, 3 lymphoma not specified. 13
of 38 patients whose first biopsy was not diagnostic, performed a second
biopsy, among them 2 EUS-guided biopsy, identifying 5 more cases of
lymphomas (3 DLBCL, 1 FL, 1 ALCL).

Conclusion: EUS-guided biopsy is an effective procedure for histo-
logical definition of deep lymphoadenopaties and parenchimal lesions
and allows an accurate diagnosis in about 75% of cases providing suffi-
cient material for histology, flow-cytometry and molecular studies.

D085

IDENTIFICATION OF DIFFERENT GENE EXPRESSION RELATED
TO CHEMORESISTANCE IN PRIMARY MEDIASTINAL B CELL
LYMPHOMA: CLUES FROM RNA SEQUENCING ANALYSIS

A. Morotti1, D. Incarnato1, D. Torti1, U. Familiari2, F. Vassallo3, 
G. Carrà1, A. Guerrasio1, G. Saglio1, G. Parvis4

1UniversitàdegliStudidiTorino; 2AUOSanLuigiGonzaga,Orbassano;
A.O.U., Città della Salute e della Scienza di Torino; 4AUO Mauriziano,
Torino, Italy

Primary mediastinal large B cell lymphoma (PMLBCL) is a rare sub-
type of non-Hodgkin lymphoma mostly diagnosed in young women and
is currently recognized as a distinct clinical and biological entity. First
line therapy with R-CHOP allows to achieve good remission rates even
if chemoresistant cases remain highly challenging from the therapeutic
standpoint. As such, we aimed to compare the transcriptome of R-CHOP
resistant PMBCL patients to those of chemosensitive patients. We ex-
tracted RNA from embedded paraffin samples and then we performed

whole RNA sequencing on 7 patients. Four of them were selected as
chemoresistant (Group A), while three of them were classified as respon-
der to R-CHOP (Group B). A First bioinformatics analysis selected a
panel of 200 genes significantly differentially expressed in chemoresis-
tant (A) samples versus chemosensitive (B). An unbiased analysis based
on different ontology of the genes led to easily identify common signa-
tures that may better profile the two groups of patients. Finally, on a bias
analysis, genes were divided into categories in order to identify potential
new targets and/or mechanisms of chemoresistance. We identified three
genes which may be frankly related to chemoresistance in PMLBCLs
due to an overexpression in the group A or a suppression of expression
in group B. We selected NFKBIA, the gene which encodes for the IκBα
protein, mutated in numerous Hodgkin’s lymphoma cells, which cause
NFkB to be chronically active in the lymphoma tumor cells. For this rea-
son, we imagine that it could have a major role in the modulation of
PMLBCLs sensitivity to chemotherapy. EPHB1 was selected for its very
strong expression in the poor prognosis group, since it is one of the most
expressed genes and for his association with numerous cancers. The ki-
nase STK 33 appeared overexpressed in group A. A more thorough in-
vestigation of this gene might lead to new, significant findings. Our in
silico analyses allowed to identify in PMBCL an unique profile that may
modulate sensitivity to chemotherapy. Further analyses may address
whether this unique phenotype has clinical implications. We may expect
to: i) develop specific therapeutic strategies to target NFkB, EPHB1 and
STK33 pathways in PMBCL with a chemoresistant behaviour; ii) corre-
late the expression profile of resistant PMBCL to other transcriptomes,
including those of Hodgkin Lymphomas, DLBCL, in order to better pro-
file those clinical and biological overlapping features. 
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B-CELL RECEPTOR SIGNALING PROFILES IN MANTLE CELL
LYMPHOMA: A BARCODING AND PHOSPHO-SPECIFIC FLOW
CYTOMETRY APPROACH

S. Gambino1, F.M. Quaglia2, C. Cavallini3, P. Sindaco4, A. Parisi5, 
C. Visco2, M.T. Scupoli1,3

1Department of Neurosciences, Biomedicine and Movement Sciences,
University of Verona; 2Department of Medicine, Section of Hematology,
University of Verona; 3Research Center LURM, Interdepartmental Lab-
oratory of Medical Research, University of Verona; 4Genetics of B Cells
andLymphomasUnit, IFOM, theFIRCInstituteofMolecularOncology;
5Department of Pathology and Diagnostic, Section of Pathology,
A.O.U.I. Verona, Italy

Mantle cell lymphoma (MCL) is an aggressive and incurable disease.
B-cell receptor (BCR) signaling, constitutively activated in MCL, pro-
motes tumor growth and is target of BTK inhibitors (BTKi). BTKi
showed high response rates in relapsed/refractory (R/R) MCL but resis-
tance inevitably emerges for reasons largely unknown. Recent evidence
supports that resistance mechanisms can involve BCR signaling. With
the aim to characterize BCR signaling profiles related to lymphoma drug
responses in MCL, we used phospho-specific flow cytometry, which
measures the phosphorylation status of intracellular signaling proteins
at the single-cell level. To improve throughput capacity of this analysis,
we combined phospho-specific flow cytometry with fluorescent cell bar-
coding (FCB), a multiplexing technique. In FCB each sample is labeled
with different fluorescent-dye concentrations obtaining a different sig-
nature, or barcode, and then mixed with other samples before antibody
staining and analysis by flow cytometry. We analyzed BCR phosphopro-
teins (pERK1/2, pp38, pPLCγ2, and pNF-kB p65) in both MCL cell lines
and peripheral blood cells from R/R MCL patients, in the basal condi-
tions or following BCR or CXCR4 stimulation with anti-IgM or
CXCL12, respectively. H2O2, which inhibits phosphatases, or phorbol
myristate acetate (PMA) were used as control stimuli. First, we set the
FCB: based on their barcode fluorescence we deconvoluted mixed sam-
ples back to each individual condition. Then, we observed that in both
basal and stimulated conditions phosphoproteins levels were heteroge-
neous among MCL samples, with each sample having distinct respon-
siveness profiles. Although further studies are needed to associate BCR
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signaling profiles to drug responsiveness, this study shows that phos-
pho-specific flow cytometry combined with FCB is a robust and repro-
ducible approach to characterize signaling profiles in complex cells
populations such as those found in MCL. Importantly, FCB reduces an-
tibody consumption and cells need, eliminating staining variability be-
tween samples. These results form the basis for future studies aimed at
generating maps of BCR signaling profiles related to lymphoma drug
responses. The long-term goal is to define a predictive model based on
BCR signaling features in MCL within MANTLE-FIRST BIO Project.
We thank Fondazione Italiana Linfomi (PGR Ed. 2019) and the Platform
of Flow Cytometry and Cellular Analysis (Verona University).
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CLINICO-PATHOLOGICAL FEATURES OF RELAPSED/REFRAC-
TORY DIFFUSE LARGE B-CELL LYMPHOMA: THE IMPACT OF
THE TIME TO RELAPSE AS A STRATIFYING FACTOR

G. Scapinello1,2, M. Pizzi3, P. Del Bianco4, G. Bonetto1, M. Riva5, 
A. Branca1, T. Berno1, C. Gurrieri1, F. Vianello1,2, A. Visentin1,2, 
R. Zambello1,2, A. Dei Tos3, G. Semenzato2, L. Trentin1,2, F. Piazza1,2

1Hematology and Clinical Immunology Unit, Department of Medicine,
University of Padua, Padua, Italy; 2Veneto Institute of Molecular
Medicine, Padua, Italy; 3Surgical Pathology and Cytopathology Unit,
Department of Medicine, University of Padua, Padua, Italy; 4Veneto In-
stitute of Oncology, Padua, Italy. 5Cell Therapy and Hematology, San
Bortolo Hospital, Vicenza, Italy

Introduction: Diffuse Large B Cell Lymphoma (DLBCL) is the most
common type of non-Hodgkin Lymphoma. Approximately 2/3 of cases
reach remission after 1st line therapy, while refractory and relapsed (R/R)
patients are characterized by a dismal prognosis. Despite the recent ad-
vances in the comprehension of lymphomagenesis, early recognition of
high-risk disease is still unpredictable. Besides, just few studies have
considered the stratification by time to relapse as a paramether to identify
distinct groups of patients.

Aim: The aim of this study was to describe the clinicopathological fea-
tures of patients affected by R/R DLBCL stratified according to the time
to relapse and to identify potential prognostic and predictive factors.

Figure 1. 

Methods: After retrospective revision of medical charts of patients fol-
lowed at the Hematology Unit of Padua University Hospital between
2001 and 2020, 100 R/R DLBCL cases were selected. The immunohis-
tochemical analysis was performed on slices of formalin-fixed paraffin-
embedded tissue biopsies obtained with Tissue Arrayer Minicore3.
Variables were compared with Kruskall-Wallis, Fisher’s exact or Chi-
square test when appropriate. Survival curves were calculated according

to Kaplan-Meier method and compared with Log-rank test. Hazard ratio
and confidence interval were calculated with univariate Cox proportional
hazards models.

Results: The R/R patients (pts) were divided into 4 groups: primary
refractory, PR (no response to 1st line therapy, 43pts), early relapsed,
ER (within 12 months from diagnosis, 29pts), intermediate relapsed, IR
(between 12-60 months,18pts), and late relapsed, LR (after 60 months,
10pts). Male predominance, increased LDH, bulky disease and neu-
trophil/lymphocyte ratio ≥3.5 characterized PR-ER versus LR patients,
with significance (p<0.05). In the whole R/R cohort, male gender, ECOG
2-4, stage IV and poor secondary R-IPI associated with worse overall
survival (OS) both from diagnosis and after relapse, while poor primary
R-IPI and intermediate-high CNS-IPI affected only OS from diagnosis.
Moreover, bone marrow involvement, increased LDH, bulky/extranodal
disease, cell of origin, expression of BLC2 or MYC and time to progres-
sion did not impact OS from relapse (Figure1).

Conclusion: Our data suggest the use of the time to progression as a
mean to distinguish groups of R/R DLBCL with different features; how-
ever, no differences were found in terms of OS from progression among
the four groups.

D089

BRIDGING RADIOTHERAPY TO CAR-T CELL THERAPY IN RE-
FRACTORY NON-HODGKIN B LYMPHOMA: SINGLE-CENTER
EXPERIENCE

D. Mannina, P. Navarria, M. Scorsetti, C. De Philippis, A. Santoro, 
S. Bramanti 

IRCCS Istituto Clinico Humanitas, Humanitas University, Italy

Anti-CD19 chimeric antigen receptor (CAR) T-cell therapy is an ef-
fective option for the treatment of relapsed/refractory diffuse large B-
cell lymphoma. In order to control lymphoma progression during the
manufacturing period, a bridge therapy regimen is required for most pa-
tients. Radiotherapy (RT) may be used for patients with localized
chemorefractory disease as a bridge therapy. Here we report a case series
of 6 patients (1 primary mediastinal, PMBCL, and 5 diffuse large B-cell
lymphoma, DLBCL) treated with radiotherapy as bridge to CAR-T. Fig-
ure 1 summarizes the treatment history. Four patients received tisagen-
lecleucel (tisa-cel), and one axicabtagene-ciloleucel (axi-cel); one patient
died before reinfusion of CAR-T. The dose of RT was 30 Gy in 15 frac-
tions, the site was mediastinum for pt 001, abdominal adenopathy for pt
002, 003 and 005, inguinal adenopathy for pt 004, laterocervical
adenopathy for pt 007). 

Figure 1. 

Median volume of irradiation was 210 ml (avg. 270 ml, min 79,6 ml,
max 635 ml). Response to bridging RT was achieved in 3/6 patients (2
PR, 1 CR), one patient had stable disease, and one patient ha disease pro-
gression at the time of CAR-T infusion. One patient died for severe
Covid19 pneumonia before receiving the planned CART infusion. The
outcome is favorable at the time of writing for all infused patient but
one, who died for progression 3 months after infusion (the one with pro-
gressive disease at the time of infusion). Toxicity was manageable, with
no grade 3-4 CRS; maximum CRS grade was 2 in 3 cases. Only one pa-
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tient receiving axi-cel needed admission at ICU for grade 4 ICANS, with
complete resolution after treatment with high dose steroids. We showed
in this report that RT is feasible and effective as bridging therapy for pa-
tients with localized disease before CAR-T therapy.
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EFFECTS OF CAR-T TREATMENT ON THE NK CELL POPULATION
IN DLBCL PATIENTS

S. Carlomagno1, M. Gambella2, A.M. Raiola2, M. Della Chiesa1, 
L. Giannoni2, A. Bo3, E. Tedone4, S. Sivori1, E. Angelucci2

1Università degli Studi di Genova, Dipartimento di Medicina Sperimen-
tale; 2IRCCS Ospedale Policlinico San Martino, UO Ematologia e Cen-
tro Trapianti; 3IRCCS Ospedale Policlinico San Martino, SS Centro
Cellule Staminali; 4IRCCS Ospedale Policlinico San Martino, UO
Anatomia Patologica, Italy

Natural killer (NK) cells are a component of the innate immune system
and are important both as effector cells and as efficient producers of sol-
uble factors, important for regulating both innate and adaptive immune
responses. With the aim to gather immune phenomena after autologous,
anti-CD19 CAR-T cell (tisagenlecleucel, Kymriah®) infusion for Dif-
fuse Large B-Cell Lymphoma, we investigated their behaviour together
with the peripheral blood NK cell repertoire. In particular, the effect of
the CAR-T treatment on the phenotype of NK cells developing in pa-
tients after lymphodepletion has been evaluated at different time points.
We evaluated patients treated at our Unit since 2020. Median number of
previous lines is 2 (IC:2-4). 37% received a previous autologous trans-
plant. 64% had a post-germinal center phenotype, 12% a double or triple
hit lymphoma, 75% were refractory to the last line. CAR-T cell levels
are determined through cytofluorimetric analysis: a median of 2.7x108

CAR-T cells were infused; median time to maximum concentration
t(max) was 10 days, with a median of 13 CAR-T/mcl. At t(max), CD8+
CAR-T levels were not significantly different compared to CD4+ (8 vs
4; p=n.s.). By comparing responders to non-responders, no differences
were identified among maximum IL6 (993 vs 2520, p=n.s.) and CAR-T
levels (32 vs 56, p=n.s.), respectively. NK cells are detectable and evalu-
able by cytofluorimetric analysis, even very early after CAR-T infusion
(3 days). A large array of both inhibitory and activating NK receptors
(including KIRs, NKG2A, NKG2C, NCRs, DNAM-1, immune check-
points) and chemokine receptors have been investigated by multipara-
metric flow cytometric analyses. Preliminary results indicate that the NK
cell population is enriched in less differentiated cell subsets, i.e.CD56bright

NK cells and CD56dim NK cells characterized by a NKG2A+ KIR- phe-
notype. The natural cytotoxicity receptors, NKp30 and NKp46, are well
expressed after treatment at any time points, while the expression of ac-
tivation markers on CD56dim NK cells decreases along the period time
considered. These analyses could be useful in defining whether CAR-T
treatment may affect the phenotype and function of NK cells that develop
in the patient after lymphodepletion and whether the development of par-
ticular NK cell subsets can correlate with better patient follow-up, sug-
gesting a possible synergy between NK and CAR-T in the fight against
tumor cells.
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VENETOCLAX IN MULTI-RELAPSED MANTLE CELL LYM-
PHOMA PATIENTS: A REAL-LIFE MULTICENTRIC EXPERIENCE

S. Galimberti1, E. Marchi1, M. Pelosini1, E. Benedetti1, A. Urso2, 
A. Cuneo2, G. Musuraca3, G. Martinelli3, F.M. Quaglia4, C. Visco4, 
R. Vallone5, C. Muzi6, R. Cairoli6, G. Loseto7, A. Guarini7, 
M. Clerico8, S. Ferrero8, M. Petrini1

1Dipartimento di Medicina Clinica e Sperimentale, Università di Pisa,
2Dipartimento di Scienze Mediche, Università di Ferrara, 3Istituto Ro-
magnolo per lo studio dei tumori, Meldola 4Dipartimento di Medicina,
Università di Verona, 5EmatologiaAORN Benevento, 6IRCCS Ospedale
Niguarda, Milano, 7IRCCS istituto dei Tumori Giovanni Paolo II, Bari,
8Dipartimento di Biotecnologie Molecolari e Scienze per la Salute, uni-
versità di Torino, Italy

Background: Mantle cell lymphoma (MCL) is a very heterogeneous
disease, ranging from indolent forms - candidates to the “watch & wait”
strategy – to the aggressive ones - that need an intensive treatment. Re-
cently, ibrutinib and venetoclax, alone or in combination, have been re-
ported to be effective in relapsed patients, with overall response rate
(ORR) of 40-50%, and median progression-free-survival (PFS) ranging
from 3.2 to 8 months. 

Aim: to describe the clinical outcomes of 12 multiply relapsed MCL
patients (10 in fourth-fifth line of therapy) who received venetoclax (10
cases) or venetoclax in combination with ibrutinib (2 cases) in the vene-
toclax compassionate use in 8 Italian centers. Ten patients already re-
ceived ibrutinib, 25% had blastoid histology and 80% presented with a
poor performance status. 

Results: Median follow-up from diagnosis was 7 years; at the time of
venetoclax treatment all patients failed the previous therapy. Median
WBC value was 8.8x109/L, median Hb 11.3 and median PLT count
164.7x109/L. Seven patients, after ramp-up, received a full dose of 800
mg; the median duration of treatment was 5 months (range, 1-15). Sig-
nificant adverse events were observed in 7/12 cases, but only 2 patients
discontinued therapy for hematological toxicity: comparison of WBC,
Hb and PLT values before and after venetoclax showed a significant de-
crease of PLT only, with stable WBC and Hb levels. The extra-hemato-
logical adverse events included gastro-intestinal toxicity and one case of
tumor lysis syndrome. Two patients are still receiving venetoclax after
more than 30 months; 4 patients underwent allogeneic transplantation
and other 4 received a further treatment after venetoclax discontinuation.
ORR was 50%; 9 patients had progressed and 5 died; median overall and
progression-free post-venetoclax survivals were 8 and 6 months, respec-
tively, and they were not conditioned by sex, age or blastoid histology.

Conclusions: our real-life multicenter experience, even if still limited,
is perfectly in line with data from literature, both for ORR and duration
of response (50% vs 42-50%; 5 vs 4 months). Notwithstanding our pa-
tients were heavily pre-treated and ibrutinib resistant, survival was sat-
isfying and venetoclax functioned as bridge to transplant in 4 cases.
Toxicity also had a low impact, with thrombocytopenia being the most
frequent adverse event, making venetoclax an attracting therapy for re-
lapsed MCL patients. 
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LUNG INVOLVEMENT IN HODGKIN’S LYMPHOMA

F. Gaudio, P. Masciopinto, E. Arcuti, C. Vitucci, C. Longo, 
A. Giordano, T. Perrone, P. Musto

Hematology and Stem Cell Transplantation Unit, AOU Consorziale
Policlinico, Bari, Italy

Hodgkin’s lymphoma (HL) is a malignant disease mostly affecting
lymphatic system and it is characterized by high cure and survival rates,
exceeding 80% after first-line therapy. Extranodal lymphomas would ac-
count for 25–50% of all non-Hodgkin lymphomas and only 2–5% of HL.
Although lungs are the extralymphatic site most commonly involved,
data regarding the behavior and the consequences concerning this local-
ization are poor. To further assess the presenting features and the prog-
nostic significance of HL with pulmonary disease, we performed a
retrospective single institution study of 25 patients affected by HL and
treated at the University Hospital of Bari (Italy) between 2000 and 2021.
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Figure 1. 

The average age at time of diagnosis was 35 years (range: 16-83).
Among these patients 17 (68%) were female and 8 (32%) male; 21 (84%)
had stage 4, 2 (8%) had stage 2 and 2 (8%) stage 1. In 17 cases (68%)
pulmonary localization was the single extranodal site, while in 8 cases
(32%) it was associated with other extranodal sites (only liver in 2, only
bone in 3, both in 2 cases and only breast in 1 case). All 25 patients had
ABVD protocol as first line chemotherapy, 5 had second line chemother-
apy and 4 had undergone to Autologous stem cell transplant (ASCT).
We found that the most frequent localization at diagnosis was a nodular
lesion (72%) involving both lungs (48%). In 7 patients (28%), we found
a consolidated mass with or without cavitation and these patients had a
worse outcome. At a median follow-up of 120 months 17 patients (68%)
were in complete remission and 5 patients (20%) had refractory/relapsed
disease, among them, after first line chemotherapy, 2 had a resolution of
pulmonary localization and 3 had persistence of lung lesions with signs
of progression. The progression free survival (PFS) and the overall sur-
vival (OS) at 3 years were respectively 76% and 81%. In our study we
found that pulmonary HL has a wide range of clinical and radiologic pre-
sentations, often associated with other extranodal sites, and that only a
high burden disease seems to be associated with a poor prognosis. Fur-
ther studies on a wider series will be able to evaluate the prognostic value
of the different presentation modalities.
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INTENSIFICATION AND MAINTENANCE WITH RITUXIMAB IN
PATIENTS WITH DLBCL IN UNCERTAIN CR OR PR (PET-ORI-
ENTED) AFTER INDUCTION THERAPY WITH R-CHOP OR 
SIMILAR THERAPIES; OUR EXPERIENCE

L. Pezzullo, M. D’Addona, I. Ferrara, S. Luponio, V. Giudice, 
R. Fontana, B. Serio, L. Mettivier, C. Martorelli, R. Guariglia, 
C. Selleri

A.U.O. San Giovanni di Dio e Ruggi D’Aragona, Italy

The addition of rituximab to induction chemotherapy improved the
outcome of patients with diffuse large B-cell lymphoma (DLBCL). How-
ever the maintenance with immunotherapy not improved outcome.We
have studied, in patients who achieved an uncertain or unsatisfactory re-
sponse (CRu or PR) oriented by final PET (after R-CHOP or similar ther-

apy) with a deauville score of 2-3, a intensification therapy with ritux-
imab (R) (R 375 mg/m2 per week for 4 weeks) followed by maintenance
(R 375 mg/m2 every 2 months for a total of 12 administrations or until
any progression or unacceptable toxicity) to assess whether we observe
an improvement outcome in this cohort of patients. From January 2014
to April 2021 we studied 75 consecutive patients with DLBCL (45 M
and 30 F, mean age: 65 years (range 28-82); 37 ABC, 25 GC; 5 NOS; 5
T-rich and 3 immunoblastic, treated with R-CHOP or similar therapy. Of
the 75 patients (with a median follow-up of 30 months) the ORR was
77% (58/75 patients: CR 39; CRu 16 and PR 3); 7 NR (9%); 7 (9%) died
before completion of therapy and 3 (5%) has still on R-CHOP treatment.
The total OS, PFS and EFS of this group projected at 54 months was of
75%; 78% and 75% respectively. We considered the patients in CRu or
PR to evaluate responses to intensification and maintenance treatment
with R oriented by PET. We treated 18/58 patients 31%, 16 in CRu and
2 in PR, with intensification and maintenance with R, 13 M and 5 F with
median age 66 (range 44-77) 8 ABC; 7 GC; 2 immunoblastic and 1 rich
in T. No significant side effects were observed in this patient group.After
a median follow-up of 40 months (range 8-88 months) 17/18 (94%) pa-
tients are in CR (only one patient relapsed after 18 months). While after
a median follow-up of 30 months of 40/58 patients in CR after induction
of R-CHOP, 33 (83%)are in CR while 7 (17%) had a relapse.Observa-
tions of these 2 groups projected at 85 months were similar for OS (94%
and 93% respectively); while PFS and EFS were 94% and 82% in the
maintenance or non-maintenance groups, respectively.These our retro-
spective data, demonstrate an improvement in PFS and EFS in patients
with RP or CRu with DLBCL compared to the literature. In particular
an overall advantage was noted for the DLBCL ABC subgroup perform-
ing this treatment ( total patients DLBCL ABC and GC with OS at 70
months 82% and 76% respectively). This improvement may be due to
intensification and maintenance with R. A larger cohort of patients and
a randomized trial are needed to confirm these preliminary data
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EFFECTIVENESS AND SAFETY OF PIXANTRONE THERAPY IN
AGGRESSIVE AND REFRACTORY LYMPHOMAS: EXPERIENCE
OF A SINGLE CENTER

M. Troiano, A. Camera, S. Iaccarino, G. Farina, T. Izzo, M. Iovine, 
F. Frigeri

UOC Ematologia ad Indirizzo Oncologico,AORN “Sant’Anna e San Se-
bastiano”, Italy

Introduction: Pixantrone (Pixuvri®) is an aza-anthracenedione with a
new mechanism of action, recently approved in Europe for using as
monotherapy in adult patients (pts) affected by aggressive B-cell non-
Hodgkin’s lymphoma (NHL) relapsed after at least 2 previous line of
chemotherapy or with refractory disease. Diffuse large B-cell lymphoma
(DLBCL) and transformed follicular lymphoma (tFCL) are clinically
and molecularly heterogeneous aggressive diseases with different out-
comes. One third of patients has a more aggressive clinical course show-
ing refractory disease or an early relapse to standard first line regimen
such as R-CHOP. We experienced the use of Pixantrone as salvage ther-
apy in this setting of patients.

Patients and Methods: Between 2019-2021, 9 consecutive elderly pts
affected by relapsed or refractory DLBCL or tFCL were treated with Pix-
antrone. Median age was 74 years (r 65-82), and the median number of
previous treatment was 2.5 (r 1-4); 2 pts had refractory disease. Treat-
ment schedule included pixantrone 50 mg/m2 day 1,8,15 q28 for a max-
imum of six cycles.

Results: Eight out of 9 pts (89%) achieved at least a stable disease,
with 1 CR and 4 PR. Median PFS was 3.7 months (r 2.8-21.9) with 2
patient 91 CR and 1 PR) still alive after more than 1 year. Only one pa-
tient experienced a progressive disease and dead after the first cycle of
therapy. Toxicity was mostly hematological with G3/G4 neutropenia,
thrombocytopenia and anemia (75, 86 and 70%, respectively. One patient
had treatment-related mortality.

Conclusions: Our data overlap, both for response rate and PFS, with
previous reported series of Pixantrone treatment in elderly and heavily
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pretreated pts. Treatment appears feasible and safe also in frail patients.
More data are needed to confirm efficacy as single agent and could be
interesting to test Pixantrone in combo therapy in refractory and/or re-
lapsed pts.
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DA-EPOCH-R PLUS HIGH DOSE METHOTREXATE AS FIRST
LINE THERAPY IN ADVANCED STAGE AGGRESSIVE 
LYMPHOMAS: A FEASIBILITY STUDY

G. Farina, S. Iaccarino, A. Camera, M. Iovine, M. Troiano, T. Izzo,
G. Monaco, F. Frigeri

UOC Ematologia ad Indirizzo Oncologico,AORN “Sant’Anna e San Se-
bastiano”, Italy

DA-EPOCH is an infusional regimen designed to improve the re-
sponse rate in highly proliferative tumors by prolonging cell exposure
to low concentrations of chemotherapeutic agents. It was demonstrated
as effective regimen in both T and B cell high grade lymphomas with an
elevated proliferative index. Moreover, the addition of Rituximab is cur-
rently the standard of care in any B cell lymphoma treatment strategy.
Previous studies seem to suggest that high dose methotrexate (HD-MTX)
therapy is better than intrathecal MTX administration to prevent CNS
relapse in high-risk patients. Few reports are available exploring the fea-
sibility of a combination therapy including HDMTX into the DA-
EPOCH-R scheme. Our study reported the result of the above
combination therapy in a series of high-risk advanced stage lymphoma
patients (pts).

Patients and Method: 12 pts affected by aggressive lymphoma were
enrolled: 4 double expressor DLBCL, 4 DLBCL with very high prolif-
eration index, 1 PMDLBCL, 1 nodal ALK+ ALCL, 1 Richter and 1 Gray
zone lymphoma with MYC overexpression. All out of one pts showed a
stage IV disease with extranodal sites involvement, high LDH level, el-
evated Ki67 (median 90%, range 60-100%) and intermediate/high IPI
score. Combination therapy included classical DA-EPOCH-R scheme,
with exception of Rituximab in ALCL, with the addition of high dose
(3.5 g/m2) Methotrexate at day 9 after urine alkalinization and hydration.
All patients were scheduled to receive a total of 6 courses, two of which
including HDMTX. G-CSF prophylaxis was administered to all patients
starting on day +9 and day +12 in the case of DA-EPOCH or combina-
tion therapy, respectively.

Results: A total of 24 combination cycles (DA-EPOCH-R+HDMTX)
were administered without any delay of the q21 regimen. 9 patients are
evaluable for response: 7 got a CR and 2 a PD. At 15.3 months of median
time of observation, 6 pts are in CCR and only 1 experienced a relapse.
No CNS relapse were observed. All pts showed a favorable toxicity pro-
file without severe extra-hematological AE. G3/G4 neutropenia, anemia
and thrombocytopenia were observed without severe infectious compli-
cations.

Conclusion: Our preliminary results showed the feasibility of the com-
bination therapy DA-EPOCH-R/HD-MTX with satisfactory results on
controlling very aggressive disease. However, a prospective trial is
needed to confirm the possibility to use this scheme as standard therapy
in very aggressive lymphomas with high risk of CNS relapse.
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LATE CARDIAC COMPLICATIONS HODGKIN AND NON
HODGKIN LYMPHOMA PATIENTS UNDERGOING CHEMOTHER-
APY AND RADIOTHERAPY

G. Vullo1, S. Fiorelli1, M. Massaro1, M.P. Bianchi2, S. Pelliccia2, 
S. Mariani2, L. De Biase3, M. Buonfrate3, C. Maggiore4, 
V. Brainovich5, C. Marchioni5, A. Tafuri2, M.F. Osti1, V. De Sanctis1

1UO Radioterapia Oncologica, Sapienza Università di Roma, AOU
Sant’Andrea; 2UOC Ematologia, Sapienza Università di Roma, AOU
Sant’Andrea; Hematology, University Hospital Sant’Andrea, Sapienza

University of Rome; 3UOD Scompenso Cardiaco, Sapienza Università
di Roma,AOU Sant’Andrea; 4UOC Chirurgia Vascolare, Sapienza Uni-
versità di Roma, AOU Sant’Andrea; 5UOD Fisica Sanitaria, Sapienza
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Aims: The primary endpoint of this multicenter prospective observa-
tional study was to evaluate the prevalence of late (five years from the
end of therapy) cardiovascular toxicity in patients with Hodgkin (HD)
and non-Hodgkin lymphoma (LNH) treated with antracycline-based
chemotherapy (CHT) and 3D conformal radiation (3D-CRT) on the me-
diastinum. Secondarily, we correlate clinical and/or subclinical cardiac
damage with cardiac substructures RT dosimetric data. 

Materials and Methods Patients underwent cardiovascular screening
based on cardiological examination, complete blood chemistry tests,
blood thyroid function, blood troponin and NT proBNP o BNP, electro-
cardiogram, echocardiogram, cardio-pulmonary exercise test and
supraortic trunk echocolor-doppler. The assessment of toxicity was ob-
tained through retrospectively contouring and evaluating 3D-CRT dosi-
metric data of the heart chambers and cardiac structures, lungs, thyroid
and carotids and the dose volume histogram (DVH) evaluation. Based
on the expected prevalence of the primary endpoint of 16%, after 5 years,
a sample of 207 patients was estimated assuming a margin of error of
5% and a confidence interval of 95% (CI 95%). For time to event end-
points the survival curve will be estimated using the Kaplan Meier
method and the comparisons will be based on the log-rank test. RE-
SULTS Since November 2019 to date we enrolled 10 patients affected
by mediastinal HD and LNH, respectively one and nine Patient ages
ranged from 31 to 73 years (median 42 years). All patients were treated
since July 2006 to April 2016 with CHT and 30 Gy/15 fractions 3D-CRT
on the mediastinum. Median FUP was 89 months (range 50-1470
months). Five patients underwent complete blood chemistry tests, blood
thyroid function, blood troponin and NT proBNP o BNP: median BNP
serum level 13.4 (range 10 – 108.5) and median Troponin I serum level
1.2 (range 0.9 – 12.4). Eight patients underwent electrocardiogram and
echocardiogram: only one patient showed grade I left ventricular dys-
function and high BNP serum level (108.5 pg/ml). Eight patients under-
went supraortic trunk echocolor-doppler without significant alterations.
The expected duration of the study is 24 months so the study itself and
its results are still ongoing. CONCLUSIONS The results of this study
could have an impact on daily clinical practice, proposing a specific car-
diological screening program reserved for selected category of patients
considered at risk of developing late cardiotoxicity
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CASTLEMAN DISEASE OF MESENTERY TEN YEARS FOLLOW-UP

A. Darbesio, D. Gottardi, D. Ferrero
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Torino, Italy

Castleman disease (CD) is a rare disorder of unknown etiology defined
by characteristic lymph node histopathology hyaline vascular, plasmacell
and mixed ; unicentric UCD,benign,usually asymptomatic or at multiple
sites MCDwith systemic inflammation and cytochine driven multiorgan
dysfunction,involving more than one node and type B symptoms. (Dis-
penzieri BloodApr2020) MCD often presents with infection of immun-
odeficiency virusHIVand/or Human Herpes virus 8 HHV8 that plays a
critical etiopathogenetic role. (Rhee OncClin.feb2018) Other viral
drivers as Ebstein Barr virus (EBV)are under investigation.(Nabel
PlosOne jun2019) The most common UCD presentation is mediastinal,
exceptionally in the mesentery as only55 cases in leterature and the stan-
dard treatment is a complete an bloc surgical resection.(Bracale
B.M.C.Surg apr2017).

Case presentation: We report on a case of UCD of angiofollicular/
hyalin-vascular type with mesenteryc mass treated by laparoscopic as-
sisted procedure with active EBVinfection at 10 years of follow-up.A 55
year’s old woman was admitted on 28/10/2011to Oncology for
widespread arthralgia ,mild anemia Hb11,4,ESR117;CPR61,lc adenopa-
thy 1cm. Pet Scan revealed diffuse captation in left mesogastric area at
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high metabolic activity confermed by Ct andUs scan of 3c.m.Aspirate
needle diagnosed lymphoproliferative disorder and on9/12 the mass was
excised by laparoscopic surgery. Bone marrow biopsy and PET total
body performed on19/1/2012in the norm. At histologic examination
mass of fibrotic lymphnode 4x3x3 u.c.m : B-cellCD20+ and follicular
dendritic cells CD21+, hypervascular zone,smallCD3+Tcells: YA-
LINEVASCULAR/ANGIOFOLLICULAR TYPE CASTLEMAN. Evi-
denced past CMVinfection and persistent active EBV infection
EBV-VCA IgM32,7; EBV-VCA IgG 700 ;EBV-NA IgG 600. US scan
in the norm ten years after surgery. 

Discussion: UCD in the abdominal cavity is very rare, most commonly
presents as a mediastinal nodal mass(55 only mesentery cases described)
Our female had an uneventful curable postoperative course and a in norm
PET 3 months after surgery. Although UCD is often asynthomatic our
patient presents autoimmune artralgia. Persistent active EBV infection
and past CMV infection is of difficult interpretation as the primary driver
in UCD is not known and seems to highlight the heterogeneous nature
of the disease:autoimmune? autoinflammatory?paraneoplastic?autoim-
mune reaction initiated by viral infection?

Chronic Myeloproliferative Diseases
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COVID-19 IN ESSENTIAL THROMBOCYTHEMIA: COAGULOPATHY
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Essential thrombocytemia (ET) is characterized by platelet and coag-
ulation activation and thrombosis such as COVID-19 is disease. There-
fore, COVID-19 may be an ad ditive and synergistic thrombotic factor in
ET. We studied Interleukin-1a (IL-1a) and IL-8, and Tissue Factor Path-
way Inhibitor (TFPI) as inflammation and endotheliopathy markers,
thrombin antithrombin complex (TAT) and b-Thromboglobulin ( b-TG),
as coagulation and platelet activation markers, and thromboelastometric
parameters. This study included 100 WHO-defined ET patients (60 men,
40 women; mean age 50 years, range 30-50). Of 100 patients, 50 had pos-
itive RT-PCR on nasopharyngeal swab COVID-19 and thrombosis (25
men, 25 women) and 50 were without COVID-19 and without thrombo-
sis. Of 50 with thrombosis, 20 developed nonfatal myocardial infarction
(15 men, 5 women) on electrocardiography, 15 had nonfatal stroke (10
men, 5 women) on magnetic resonance imaging, and 15 had deep venous
thrombosis (8 men, 7 women) on ultrasonography. The mean duration of
disease was 10 years. All patients were on ASA 100 mg once daily and
treatments standard (hydroxyurea, interferon, anagrelide). None had co-
morbidities or thrombophilia. Interleukin-1a (IL-1a) and IL-8, and TFPI
were measured using ELISA kits (R&D Systems) on Luminex machine
and ELISA kit (American Diagnostica Inc., Greenwich, CT), respec-
tively.TAT and β-TG were measured by ELISA (Diagnostic Stago,
Boehringer Mannheim, Mannheim, Germany and R&D Systems, respec-
tively). The viscoelastic properties of blood were analyzed using Throm-
boelastometry ROTEM (Pentapharm GmbH, Germany). The patients
with thrombosis had high IL-1a and IL-8 (2.9±1 pg/ml vs 0.20±0.5 pg/ml
and 60±10 pg/ml vs 21±3 pg/ml, respectively) as well as TFPI (166±69
ng/mlvs81±12 ng/ml),and increased TAT and  b-TG (70±10 mg/lvs (3±1
mg/l and 245±15 IU/mlvs10±5 IU/ml). A positive correlation was found
between inflammatory, endothelial and coagulation markers. A p-value
of <.05 was considered statistically significant. Shortened CT (CT, unit:
s. n.v. 100-240 s) (50±30 s),shortened CFT (CFT, unit: s, n.v. 30-160 s
(12±10 s), increased MCF (MCF, unit: mm, n.v. 50-72 mm) (130±10 mm)
and lower LY-30 (LY-30, %: v.n. 15%) (0.7%) there were in ET with
thrombosiscompared with ET without thrombosis (CT 100±50 s and
CFT50±5 s and MCF 0±10 mm and LY-30 15%). These findings suggest
that COVID-19-associated ET has a higher thrombotic risk and needs
more appropriate antithrombotic therapy.
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According to ASH suggestions for CLL management during
COVID19 pandemic, “venetoclax (V) initiation, that requires multiple
and extended clinic visits with lab testing, should be avoided if possible
unless considered the most appropriate treatment for a particular patient”.
It is also recommended to skip/avoid antiCD20 monoclonal MoAb. In
this analysis we evaluated V management during pandemic in 21 cen-
tre-north Italian centers. From February 2020 to March 2021, 130 pts re-
ceived V+/- MoAb; 37% were treated in Lombardia, the most impacted
region by COVID19. In table pts’ characteristics. 33 pts received V
monotherapy, 97 combined with MoAb. In 61 BTKi pretreated pts, V
was considered the only available salvage option and was administered
as: time-fixed combined with MoAb (36 pts); continuously as monother-
apy (25 pts). The remaining 69 BTKi-naïve pts (16 TN) received
V+MoAb; the choice was driven by: fixed-duration schedule (69%);
BTKi conflicting comorbidities (28%); biologic profile (3%). 

Table 1. Patients’ characteristics

Except 2 pts, screening procedures were performed regularly as per
local standards. COVID19 swab was tested in 28% of pts before tx. No
changes were applied to ramp-up and standard lab monitoring. In only
22 pts (17%) tx schedule was modified: V dose reduced in 1 pt, MoAb
initiation postponed in 18, monthly time-interval extended in 3. Overall,

16 pts (12%), 4 TN, 12 R/R, developed COVID19 infection while on V;
all but 2 were in clinical response. Planned schedule was monotherapy
in 6; MoAb combination in 10. 13 infections occurred while on V full
dose, 3 during ramp-up. In 6/16 infected pts, 6 MoAb cycles had been
completed before COVID19 diagnosis, in 4 the planned MoAb initiation
was postponed due to the epidemiological situation. 12 pts (75%) were
hospitalized; 2 had mild symptoms; 1 was pauci-symptomatic; 1 asymp-
tomatic. V was discontinued in 14 pts with mild/severe symptoms. In
the remaining 2 less severe cases, V dosage was lowered. Infection re-
solved with no sequelae in 10 pts, 8 of them restarted V. 6 pts (37.5%)
died due to COVID19, 4 of them having received prior MoAb. Up to
now 44 pts have been COVID19 vaccinated without V modifications.
With a median follow up of 8 m, 120 pts (92%) are alive and 108 (83%)
are still on V, after a median time of 7.8 m. COVID19 pandemic did not
impact on V-based regimen choice or tx schedule. Infection rate in
MoAb-pretreated pts was 6.5%. COVID19 related hospitalizations and
deaths are in line with those reported in literature.
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IMPACT OF ADMINISTERED DOSE ON EFFICACY AND
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Ponatinib is currently indicated for the treatment of chronic myeloid
leukemia (CML) patients resistant and/or intolerant to II gen TKIs, for
Ph+ acute lymphoblastic leukemia (ALL) and for patients carrying the
T315I mutation. The recommended starting dose is 45 mg once daily.
The data from PACE suggested a relationship between dose and safety
events, including arterial occlusive events, indicated that AOEs are dose
related. Interim analysis of OPTIC trial shows a trend toward dose-de-
pendent efficacy and safety. The aim of our study was to assess the im-
pact of administered dose on efficacy and safety of ponatinib in a
retrospective analysis of a real-life cohort of 68 patients with resistant/re-
fractory CML from 17 Italian Hematological Institution. 60 patients were
in CP, 5 in AP and 3 in BP, all failing at least one line of therapy with a
first or second generation TKI. The monitoring plan, definition for re-
sponse to the treatment and molecular responses were defined according
to the ELN 2013. Regardless of age, 33 patients received 45 mg/day of
ponatinib as starting dose, while the lower doses of 30 mg/day and 15
mg/day were selected in 24 and 11 patients, respectively. Overall, 48 of
the 60 CP patients achieved at least CCyR at any time (80%). Most of
these patients had a deep and sustained response to the therapy (21 pa-
tients achieved MR3 and 17 to MR4 or better). Adverse events were re-
ported in 41 pts, all grade 1/2. the most common were dermatological,
thrombocytopenia and pancytopenia. Cardiovascular events, no severe,
were observed only in 12 patients, 8 of whom continued the treatment.
43 of the 68 patients reduced Ponatinib daily dose. In the statistical anal-
ysis using SPSS package the median of daily administered dose, treat-

 

Characteristic Value N° (%) 
Median Age (range) 68 (41-91) 
Sex: Male/Female 86 (66)/44 (34) 
Prior Tx median (range) 
0 
1-2 
!3 

1 (0-8) 
16 (12.3) 
85 (65.4)  
29 (22.3) 

Prior BTKi 61 (47) 
Neutropenia 12 (9.2) 
Renal Impairment 
CrCl < 50 
CrCl < 30 

14 (10.7) 
13 (10) 
1 (0.7) 

Major Comorbidities 72 (55.4) 
TLS risk 
Low 
Intermediate 
High 

 
25 (19.2) 
71 (54.6) 
34 (26.2) 

IGVH unmutated 98 (75.4) 
Del(17p) and/or TP53mut 55 (42.3) 
Del(11q) 23 (17.7) 
Venetoclax single agent 
Venetoclax + MoAb 

33 (25.4) 
97 (74.6) 

!
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ment duration and total administered dose were 30 mg/day, 773 days and
22000 mg, respectively. In both univariate and multivariate analysis, re-
sponse to treatment was significantly influenced only from daily admin-
istered dose with a cutoff of 30 mg (best response with a dose lower than
the median of 30 mg/day, with about 40% of patients obtaining at least
an MR3). On the other hand, both duration of treatment and total dose
administered do not seem to influence the response rate. Our real-world
results suggest that the effective dose of Ponatinib could be 30 mg/day,
even in resistant patients, with a reduction in exposure to side effects.
Once response is achieved, the dosage could be reduced to the safety
dose of 15 mg/day.
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MANAGEMENT OF BLAST PHASE OF PH NEGATIVE CHRONIC
MYELOPROLIFERATIVE DISEASE: A REAL LIFE SINGLE INSTI-
TUTION EXPERIENCE
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E.M. Elli1

1Ospedale San Gerardo - ASST Monza, U.O. Ematologia Adulti ;2Uni-
versità degli Studi di Milano-Bicocca, Dipartimento di Medicina e Chi-
rurgia, Italy

Background: The evolution into blast phase (BP) of a myeloprolifer-
ative disease (MPN), including polycythemia vera (PV), essential throm-
bocythemia (ET), or myelofibrosis (MF) is a sign of bad prognosis.
Currently, there is no standard of care for managing this event.

Methods: We have retrospectively analyzed 25 consecutive patients
(pts) with BP-MPN, diagnosed in the last decade according to WHO
2016 criteria. We collected data regarding clinical and biological features
of chronic phase (CP)-MPN and BP-MPN and treatments options, in
order to evaluate differences in response rate (Mascarenhas consensus
criteria, 2012) and survival from evolution in BP.

Figure 1. 

Results: Median age of pts was 74 years (range 53-88) with prevalence
of females (56%); the BP occurred in 12 (48%), 4 (16%) and 9 (36%)
pts belonging to the MF, PV and ET groups respectively. BP occurred
on average 9.4 years after MPN diagnosis (range 0-29). A total of 21
(84%) pts had JAK2V617F mutation. At the time of BP, 8 pts (47%) pre-
sented a complex karyotype; according to mutational profile, 5/22 pts
had a FLT3 mutation (23%), one a NPM1 mutation (5%). The treatment
choice was at the discretion of the physician, according to age and fitness
status of pts. A total of 12 (48%) pts received hypomethylating therapy
(HM), 5 (20%) induction with intensive chemotherapy (CH), the remain-
ing 8 pts (32%) received supportive care (SC) (transfusions and/or oral
cytoreduction). Overall response rate (ORR) was 25% and included com-
plete remission in 3 pts (12%), 1 after HM and 2 after conventional CH,

and partial remission in 5 (20%), all after HM treatment. No response
was seen in SC group. Five pts (20%) received allogeneic transplantation
(ASCT) as post-remission therapy: 3 after CH, 2 after HM. In univariate
analysis, older age (>70 years, p=0.018) and higher blast count on pe-
ripheral blood (>20%, p=0.01) at BP onset, were related with poor out-
come. The obtainment of ORR was associated with better outcome
(p=0.007). After a median time of 3.1 months (range 0.2-24.8) from BP,
13 pts (52%) already died. According to type of remission treatment, no
difference in survival was showed between CH vs HM (p=0.59). Only
ASCT was associated to better survival (12vs 2.1 months, p<0.001, Fig-
ure 1). In pts unfit to ASCT, no difference in survival was seen in SC vs
HM group (1.86 vs 3 months, p=0.35).

Conclusion: Outcome of BP-MPN pts in the last decade remains dis-
mal. Only ASCT can be an effective cure for these pts.
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LONG-TERM EFFICACY AND SAFETY OF LOW-DOSE PEGY-
LATED INTERFERON ALPHA2B IN CHRONIC 
MYELOPROLIFERATIVE MALIGNANCIES: A MONOCENTRIC
REAL-LIFE EXPERIENCE

S. Balducci, F. Ricci, G. Fontanelli, C. Domenichini, S. Grassi, 
F. Guerrini, E. Ciabatti, M.R. Metelli, M. Petrini, S. Galimberti, 
C. Baratè

Dipartimento di Medicina Clinica e Sperimentale, Università di Pisa,
UO Ematologia AOUP, Italy

Background: A remarkable issue in the use of Interferon for cytore-
duction in chronic myeloproliferative malignancies (MPN) is the scarce
tolerability and the high rate of discontinuation. Nevertheless, many im-
provements have been made since the introduction of pegylated formu-
lation.

Aim: We present a series of 41 patients (17 M and 24 F) with Philadel-
phia-negative MPNs treated with pegylated INF alfa2B (Peg-INF) since
2003 as off-label use and observed for a median time of 153 months.

Patients: Median age was 36.8 years (14.8 – 5.9); 68.3% of patients
were affected by Essential Thrombocythemia (ET), 17.1% by Poli-
cythemia Vera (PV) and 14.6% by Hypereosinophilia (HE). At diagnosis,
MPNs-related systemic symptoms were reported by 41.5% of patients
and 34.1% presented splenomegaly. JAK2V617F and CALR mutations
were found in 71.4% and 17.2% of cases, respectively, while 11.4% were
triple negative. Before Peg-INF, 63.4% of patients had been treated with
at least one line of cytoreductive therapy (HU or INF), while 36.6% was
untreated. First-line treatment discontinuation cause was intolerance in
13 cases, resistance in 2 and for patient’s request in 8 cases. The admin-
istered dose was 50 mcg weekly (68.3%) or 25 mcg weekly (31.7%).

Figure 1.  JAK2V617F allele burden at baseline and after 1 year of therapy with Peg-INF.
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Results: According to ELN criteria ORR was 94.6% (CR 48.7% and
PR 45.9%) at 1 year, 75% 100% at 5 years (CR 75.0%) and 100% at 10
years (CR 63.6%). ORR was independent from age, sex, drug dosage,
MPN10 score or driver-mutations. After a median time of 17 months in
39.0% of cases adverse events occurred, including flu-like syndrome
(43.8%), thyroid dysfunction (18.8%), hematological toxicities (12.5%)
and tachycardia (12.5%). Discontinuation rate was 7.5% at 1 year, 40%
at 5-years and 60% at 10-years follow-up, mainly due to toxicity. More-
over, JAK2V617F allele burden was measured at baseline and after 1
year of therapy in 10 cases: interestingly, in 90% a mean reduction of
12.5% was observed (Figure1).

Conclusions: Our results remark 1) the long-term efficacy of Peg INF
in MPNs, even at low dose, also proven by the progressive increase of
CR rate 2) a good safety profile with 60% of patients still in treatment
after 5 years. These data are comparable to those already reported in lit-
erature.
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CLINICAL FEATURES AT ONSET AND DURING FOLLOW-UP IN
PATIENTS WITH POLYCYTHEMIA VERA AND JAK2-V617F AL-
LELE BURDEN < 25%
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Polycythemia Vera (PV) is generally characterized at diagnosis by a
high allele burden (≥ 25%) of JAK2-V617F mutation, even if some pa-
tients may have at onset lower levels. The aim of our study is to evaluate
the rate and clinical features of PV patients with low allele burden
(<25%) at diagnosis and to correlate it with major events in the follow-
up compared to PV patients with higher allele burden. A whole cohort
of 212 patients with PV according WHO 2016 criteria and with an avail-
able allele burden measurement behind 2 years from diagnosis in 2 dif-
ferent hematologic Centers was analysed. Allele burden was assessed in
granulocyte DNA by quantitative polymerase chain reaction–based al-
lelic discrimination assay. Patients were divided in low-allele burden
(LAB) and high allele burden (HAB) groups, based on a 25% threshold.
According to allele burden, 52 patients (24.5%) were allocated in the
LAB group and 160 (75.5%) in the HAB group. 

Table 1. Clinical features at diagnosis of the whole cohort and according to allele burden.

The main clinical features at diagnosis of the whole cohort and ac-

cording to allele burden are reported in the table: patients in the LAB
group had lower Hb, Ht and WBC levels with a low incidence of palpa-
ble spleen size, but presented a significantly higher PLTS median count.
After a median follow-up observation of 63.9 months (IQR 37.7 –
107.1), 26 thrombotic events (12.3%) occurred in the whole cohort [5/52
(9.6%) in the LAB groupvs21/160 (13.1%) in the HAB group, p=0.494].
Evolution in a myelofibrotic phase was observed in 15 patients (7.1%)
of the whole cohort, with a trend for an higher incidence in HAB group
[14/160 (8.8%) compared to 1/52 (1.9%) in the LAB group, p=0.09]: in
the whole cohort, 8 patients (3.8%) developed a blastic phase, without
differences according to allele burden [2/52 (3.8%) in the LAB group vs
6/160 (3.9%) in the HAB group, p=0.975]. At the last follow-up, 24 pa-
tients died in the whole cohort, with a 5-year and a 10-year overall sur-
vival (OS) of 94.8% (95%CI 91.3 – 98.3) and 84.4% (95%CI 77.6 –
91.2), respectively; 5-year and 10-year OS in the LAB group were 96.9%
(95%CI 90.8 – 100) and 86.1% (95%CI 71.0 – 100) compared to 94.2%
(95%CI 90.1 – 98.3) and 84.1% (95%CI 76.5 – 91.7) in the HAB group,
respectively (p=0.550). Low allele burden at diagnosis in PV patients
seems to be related to a less “policytemic” phenotype and probably to a
lower incidence of myelofibrotic transformation, but did not have an im-
pact on the occurrence of thrombotic complications and the long-term
OS.
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PROSPECTIVE CROSS-SECTIONAL STUDY ON USEFULNESS
OF ULTRASOUND ASSESSMENT IN CLL PATIENTS 
COMPARED TO PALPATION

E. Benedetti, F. Mavilia, R. Morganti, C. Baratè, E. Bramani, 
S. Galimberti

Azienda Ospedaliero Universitaria Pisana, Istituto di Chimica dei Com-
posti Organometallici CNR, Università di Pisa, Italy

Introduction: The 2018 IWCLL and the 2020 ESMO guidelines suggested
ultrasonography (US) as imaging technique to evaluate visceral involvement
and palpation to evaluate superficial lymph nodes (SupLN) outside the context
of clinical trials. US features of normal and diseased SupLN, and normal value
of spleen dimensions have been published. In our study we tested the hypothe-
ses that US can be a reliable tool to assess SupLN and spleen dimensions in
clinical practice and verify the degree of concordance with palpation.

Methods: We enrolled N=55 consecutive CLL patients. Each patient
was assessed by two independent physicians (P1 and P2) with palpation
of SupLN and spleen. A third physician, blinded to P1 and P2 assessed
splenic dimensions and SupLN with US using two different US ma-
chines. SupLN regions evaluated: inguinal, axillary, supra/subclavicular,
and cervical. Parameters assessed by both palpation and US of SupLNs:
presence/absence, dimensions, pathological vs normal.

Results: We found poor concordance in SupLNs assessment between
P1 and P2 and good concordance between the two US machines in
SupLN and spleen dimensions assessment. We found no concordance
between palpation and US in: (i) in splenic assessment (Choen k=0.063),
(ii) in SupLN: inguinal right and left (k=0.031 and k=0.001, respec-
tively), (iii) axillary right and left (k=0.001 and k=0.00, respectively),
(iv) cervical right and left (k=0.005 and k=0.001, respectively). In sub-
clavicular regions inaccessible by palpation, US found N=19 right and
N=22 left pathological lymphnodes. In the supraclavicular regions,
hardly accessible with palpation, US found N=10 right and N=6 left
pathological LN. Age and BMI did not have a statistical impact on con-
cordance/discordance between US and palpation of spleen (p=0.925 and
p= 0.529, respectively) and SupLN (p=0.322 and p=0.607, respectively).

Discussion. This is the first cross-sectional study to evaluate compar-
ison between palpation and US assessment in CLL patients. We found a
low concordance between 2 independent physicians using palpation and
good concordance between 2 different sonographers. We found no con-
cordance between palpation of SupLN and spleen size and US neither
in the number of SupLN detected for each anatomical region, nor in their
dimensions and pathological assessment. US is a non-invasive, radiation
free tool to assess SupLN and spleen in CLL patients and allows a more
precise staging of both SupLN and spleen dimensions.
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NANOPORE SEQUENCING APPROACH FOR IMMUNOGLOBU-
LIN GENE ANALYSIS IN CHRONIC LYMPHOCYTIC LEUKEMIA

C.F. Minervini1, C. Cumbo1, I. Redavid1, M.R. Conserva1, 
P. Orsini1, A. Zagaria1, L. Anelli1, N. Coccaro1, G. Tota1, L. Impera1, 
E. Parciante1, F. Tarantini1, A. Giordano1, G. Specchia2, P. Musto1, 
F. Albano1

1DepartmentofEmergencyandOrganTransplantationD.E.T.O.-Hema-
tology and Stem Cell Transplantation Unit - University of Bari “Aldo
Moro”, Bari, Italy; 2School of Medicine, University of Bari “Aldo
Moro”, Bari, Italy

The evaluation of the somatic hypermutation (SHM) of the clonotypic
immunoglobulin heavy variable (IGHV) gene has become essential in
the management of chronic lymphocytic leukemia (CLL) patients. The
gold standard method is performed in two steps: a) clonality detection
by PCR and capillary electrophoresis (CE); b) sanger sequencing (SS)
of the clonotypic IGHV gene. The sequencing result is then evaluated
for its deviation compared with the closest matched germline IGH gene,
and the 2% threshold is used to discriminate unmutated from mutated
status. Next-generation sequencing (NGS) for SHM analysis has widely
tested, showing comparable accuracy but distinct advantages. However,
the adoption of NGS requires a high sample number (run batching) to
be economically convenient, which could lead to a longer turnaround
time. Here we present data from nanopore sequencing (NS) for the SHM
evaluation compared to the standard method. Thirty-six CLL patients
were included in this study. According to the European BIOMED-2 col-
laborative study and the ERIC recommendations, the IGHV region was
amplified for clonality and SHM assessment. To the aim of NS data anal-
ysis, we developed a pipeline starting from nanopore basecalled, and de-
multiplexed reads to perform sequence assembly, correction, clonality
assessment, and mutational status analysis in 12h. The amplification re-
sults were assigned to SS and NS in a blinded manner.

The analysis produced the following results: 27 single VDJ (12 un-
mutated, 15 mutated), and 9 double (7 productive/unproductive with con-
cordant status, 2 double productive with concordant status). Based on
the final mutational status, data from both methods are then compared:
28 (78%) on 36 showed concordance, whereas 8 (22%) were discordant.
In detail, in two cases, NS analysis was not able to produce the rear-
rangement consensus but reported correct clonality, and in one case, the
rearrangement was not detected. On the other hand, NS analysis for the
remaining five discordant cases showed additional VDJ recombinations
not detected by SS methodology. Moreover, in four of these latter cases,
the additional VDJs were validated and confirmed by specific VH-PCR.

In conclusion, our results show that NS is suitable for IGHV muta-
tional analysis in terms of sensitivity, accuracy, simplicity of analysis
and is less time-consuming. Moreover, our work showed that the devel-
opment of an appropriate data analysis pipeline could lower the NS error
rate attitude.
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HIDE AND SEEK OF CIRCULATING CD34+CD38-CD26+
LEUKEMIC STEM CELLS IN DE NOVO CML BLASTIC PHASE

A. Sicuranza, D. Raspadori, P. Pacelli, E. Bestoso, A. Santoni, 
M.M. Trawinska, M. Bocchia

U.O.C. Ematologia, Dip. Scienze Mediche, Chirurgiche e Neuroscienze,
Università degli Studi Siena; U.O.C Ematologia AOUS, Siena; Dip.
BiotecnologieMedicheUniversitàdegliStudidiSiena; U.O.C.Ematolo-
gia Ospedale S. Eugenio, Roma, Italy

Recent investigations in peripheral blood (PB) samples of Chronic
Myeloid Leukemia (CML) patients (pts) demonstrated that
CD34+CD38-CD26+ cell population represent a “CML specific”
leukemia stem cell (LSC) circulating compartment. We earlier confirmed
that CD26 expression discriminates CML leukemic stem cells (LSCs)
from normal HSCs or from LSCs of other myeloid neoplasms and we

demonstrated that CD26+LSCs are measurable by flow cytometry in
100% of CML pts at diagnosis. In a prospective study, we documented
that circulating CD26+LSCs persist, at lower level, in most pts during
treatment with tyrosine kinase inhibitors (TKIs) and even after successful
TKI discontinuation. Up to date, CD26+LSCs in CML Blastic Phase
(BP) were not fully investigated yet. We reported here the behavior of
circulating LSCs at diagnosis and after induction treatment in a 34-years-
old female in which we diagnosed a de novo lymphoid BP CML (i.e. not
preceded by a recognized CP CML). Using flow cytometry technique
we assessed the antigenic expression of PB CD34+CD38-CD26+ LSCs;
qualitative and quantitative BCR-ABL transcript detection were per-
formed by RT-PCR. Cell blood count showed leukocytosis, anemia and
thrombocytopenia, morphological examination of blood smear showed
a consistent quote of myeloid immature cells and 23% of blasts with in-
creased nuclear-cytoplasmatic ratio and prominent nucleoli. PB flow cy-
tometry test showed the presence of lymphoid blasts
CD34+CD19+CD10+TdT+ and RT-PCR detected the presence of p210
BCR-ABL transcript (b3a2). Bone marrow aspirate confirmed a B-Lym-
phoid BP of CML. As expected, circulating CD26+LSCs have not been
documented. The patient underwent induction treatment with HyperCvad
and at recovery, concomitantly with the response to treatment and PB
blasts disappearance, we documented a slight, but evident population of
CD34+/CD38-/CD26+ LSCs. Our results indicated that CD26+LSCs,
yet possibly present, are not detectable during BP-CML. Indeed, a quote
of CD26+LSCs resulted detectable after induction chemotherapy, sug-
gesting the reappearance of a Chronic Phase clone that anteceded the
Blastic Phase. Considering that blast cells are predominant during the
BP, we hypothesized that they could surmount LSCs and mask their de-
tection. Based on this evidence we suggest to explore the compartment
CD34+CD38-CD26+ in de novo BP CML both at diagnosis and during
treatment to confirm the presence of a previous, yet undetected, CP
phase.
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IBRUTINIB TREATMENT IS FEASIBLE IN VERY ELDERLY PA-
TIENTS INDEPENDENTLY FROM FITNESS AND POLYPHAR-
MACY

G. Zamprogna1, A.M. Frustaci1, P. Sportoletti2, F. Morelli3, C. Ielo4, 
C. Vitale5, A. Noto6, A. Greco7, A. Chiarenza8, A. Tomasso9, 
R. Murru10, M. Varettoni11, C. Baratè12, F. Mazzon1, M. Deodato1, 
M. Montillo1, G. Del Poeta13, A. Tedeschi1

1Department of Haematology, Niguarda Cancer Center, ASST Grande
Ospedale Metropolitano Niguarda; 2Department of Medicine, Division
of Hematology and Clinical Immunology, University of Perugia; 3De-
partmentofHematology,UniversitàdegliStudidiFirenze; 4Hematology,
Department of Translational and Precision Medicine, Sapienza Univer-
sity, Policlinico Umberto I; 5Division of Hematology,A.O.U. Città della
Salute e della Scienza di Torino and Department of Molecular Biotech-
nologyandHealthSciences,UniversityofTorino; 6DepartmentofHema-
tology, Fondazione IRCCS Cà Granda Ospedale Maggiore Policlinico;
7Department of Hematology, Azienda Ospedaliera Giovanni Panìco;
8DivisionofHematology,A.O.U.“Policlinico-VittorioEmanuele”,Uni-
versity of Catania; 9 Hematology Institute, Fondazione Policlinico Uni-
versitario Agostino Gemelli IRCSS; 10  Haematology and Stem Cell
Transplantation Unit, OspedaleA. Businco; 11Deppartment of Hematol-
ogyFondazioneIRCCSPoliclinicoSanMatteo; 12DepartmentofClinical
and Experimental Medicine, Section of Hematology, University of Pisa;
13Division of hematology, University of Tor Vergata, Italy

Ibrutinib changed CLL treatment paradigm. Pts>80y often struggle
with comorbidities, polypharmacy, functional dependence and are there-
fore excluded from trials. The aim of this analysis is to evaluate whether
fitness may play a role on treatment management. Overall, 81 pts≥80y
who started ibrutinib outside clinical trials in 15 Italian centres between
March 2014 and March 2020 were included. We analyzed the impact of
baseline CIRS (≤6 vs >6), CIRS3+ (at least one organ with a CIRS≥3),
ECOG (0-2 vs >2), cardio/renal comorbidities, polypharmacy (>3), use
of antiPLT/anticoagulant and CYP3A4i on definitive treatment discon-
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tinuation due to toxicity (tox-DTD), permanent dose reduction (PDR),
EFS (event: tox-DTD, PDR and tox-related death) and OS. CLL com-
plications and CLL diagnosis itself, were not included in CIRS calcula-
tion. In table pts characteristics. Median mo on ibrutinib were 17.7 (range
0.9- 72.3). Overall 41 pts (51%) discontinued treatment ≥7 days with a
median of 20 days/pts interruption. A total of 34 pts (41.9%) permanently
discontinued ibrutinib due to: toxicity, 21(26%); PD/Richter Transfor-
mation, 10 (12%); other reasons, 3 (4%). Most frequent adverse events
(AEs) leading to tox-DTD were: cytopenia (19%), cardiological (19%),
hemorrage (10%) and gastrointestinal (10%). Definitive discontinuation
due to AEs was observed within the first 6 mo in 25% of pts and reached
a plateau after 32 mo. At least one dose reduction occurred in 27 pts
(33%) while in 21 (26%) dosage was permanently lowered. Hematologic
and cardiological toxicities were the main reasons for PDR in 9 and 3
pts respectively. At univariate analysis none of fitness’ variables (ECOG,
CIRS>6, CIRS3+) nor cardiological/renal impairment had an impact on
tox-DTD, PDR or EFS. Similarly number and type of concomitant med-
ications influenced treatment management. We could only observe a
trend (p .0710) of increased PDR in patients taking >3 drugs. Overall
survival instead, was significantly affected by ECOG-PS>2 (p .0208),
CIRS>6 (p .0461) and CIRS3+ (p .0280). In conclusion, our data show
that ibrutinib treatment is feasible in the elderly population even when
presenting high comorbidity burden or polipharmacy. Rate of tox-DTD
in this series is in line with that reported in literature in younger pts. We
could also confirm in this setting the occurrence of AEs leading to per-
manent ibrutinib discontinuation as an early event.

Table 1. Patients and disease characteristics at ibrutinib initiation.
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ATYPICAL CHRONIC MYELOID LEUKEMIA: NGS CHARACTERI-
ZATION AND THERAPEUTIC APPROACH

L. Luciano1, B. Izzo2, S. Errichiello3, G. Rascato1, I. Pisano3, 
S. Di Folca1, N. Aiossa1, F. Pane1

1Hematology - Department of Clinical Medicine and Surgery, Federico
II University; 2Dipartment of Molecular Medicine and Medical Biote-
chnologies (DBBM), University Federico II; 3CEINGE-Advanced Bio-
technologies, Italy

Atypical chronic myeloid leukemia is a rare clonal hematopoietic stem
cell disorder with absence of a detectable BCRABL1 fusion that WHO

includes in the group of MDS/MPN neoplasms. It displays both prolif-
erative (neutrophil leukocytosis) and dysplastic (prominent granulocyte
dysplasia) features. Clinical presentation includes anemia, splenomegaly,
and thrombocytopenia, preceded by a myeloproliferative step with leuko-
cytosis and/or thrombocytosis. The normal disease course typically ends
in complications from cytopenias, or transformation to acute myeloid
leukemia (AML) in 30–40% of cases. The cytogenetic analysis reveals
recurrent abnormalities including -7, -5, del(20q), i(17)(q10). Advance-
ments in next generation sequencing have shown an array of recurrently
mutated genes involved in epigenetic regulation, RNA splicing, tran-
scription, and cell signaling. Each entity displays a unique spectrum of
somatic mutations supporting their unique pathobiology and clinical fea-
tures. In aCML, the most frequent mutations (to varying degrees) have
been found in SETBP1, ASXL1, (N/K) RAS, SRSF2, TET2, CBL,
CSF3R, and ETNK1. Of these, mutations in SETBP1 and ETNK1 ap-
pear to be the most recurrent and are seen in up to a third of patients,
while co-mutated SETBP1 and ASXL1 occurred in 48% of aCML pa-
tients. We describe here five cases of aCML, seen in the last 5 years, 4
male and 1 female showing similar clinical characteristics and evolution;
in particular they show the same NGS mutation profiles with a similar
percentage of VAF. All exhibited myeloproliferative features at diagnosis
followed by high-grade myelodysplastic features in a median of 13.9
months in four patients, 44 months in one patient. The NGS analysis per-
formed at diagnosis showed the prevalent presence of mutation on
SETBP1, ASLX1 and SRSF2 genes in all of them with a median VAF
of 42 %. Patients were treated in the myeloproliferative phase with hy-
droxyurea and with hypomethylating agents in the myelodysplastic
phase. 2 patients died for progression, while 3 younger patients are wait-
ing for SCT which could represent the only treatment with favorable out-
comes. It will be discussed the NGS pattern in detail of all 5 patients, a
review of literature and new therapeutic approach. Importantly, a detailed
molecular profile with improved molecular characterization will give
hope for a targeted therapy.
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REAL LIFE OF SARS-COV-2 (COV 2) INFECTION IN PATIENTS
WITH CHRONIC MYELOPROLIFERATIVE NEOPLASM PH 
NEGATIVE: EXEPERIENCE OF THE LAZIO GROUP

M. de Muro1, S. Leonetti Crescenzi2, K. Paciaroni3, 
M.M. Trawinska4, E. Abruzzese4 , C. Tatarelli5, A. Biagi6, 
C. Santoro7, E. Baldacci7, M. Mancini7, A. Romano8, L. Rigacci9, 
F. Fanelli9, M. Santopietro9, R. Porrini1 , E. Cerchiara10, M. Breccia7, 
A. di Veroli11, R. Latagliata11, A. Andriani1

1Department of Hematology, Fabrizio Spaziani Hospital; 2Department
of Hematology, S. Giovanni Addolorata Hospital; 3UOSD Ematologia
ASL Roma 1, Santo Spirito Hospital; 4Department of Hematology S. Eu-
genio Hospital; 5Hematology, University Hospital Sant’Andrea,
Sapienza; 6Hematology Unit 2UICOT/S, Maria Goretti Hospital, AUSL
Latina; 7Department of Cellular Biotechnology and Hematology, Uni-
versity of Rome “La Sapienza”, Italy ; 8Hematology Unit Clinical and
Research oncology Department, Regina Elena National Cancer Insti-
tute;9Hematology, Camillo-Forlanini Hospital, 1); 10Department of
Hematology,StemCellTransplantation,CampusBio-MedicoUniversity
Hospital, 7; 11Department of Hematology, Belcolle Hospital 1, Italy

Background: The CoV 2 infection started to spread in Italy in Febru-
ary 2020. This infection is highly contagious. The clinical spectrum of
this infection can vary from asymptomatic to symptomatic infection,
with interstitial pneumonia and respiratory failure and can cause an in-
creased risk of arterial and venous thromboembolism. Little information
is available on the course of this infection in patients with Chronic
Myeloproliferative Neoplasms Ph Negative (MPN), Essential Thrombo-
cythemia (ET), Polycythemia Vera (PV) and Myelofibrosis (MF) which
are characterized by an increased thrombotic risk. 

Method: This observational study involved 60 patients recruited from
10 haematological Centers (2 academic and 8 non-academic hospitals)
in the region of Lazio, from 03/2020 to 03/2021. Results during the pe-
riod of study, a cohort of 60 patients, 27 males and 33 females (median
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age73 years, range 28-81) infected by CoV2 were analysed for the clin-
ical outcome. Out of 60 patients, 22 had ET, 15 PV, 22 MF and 1 was
unclassifiable. Regarding treatment, 10(16.6%) were managed by phle-
botomies, 31(51.6%) received Hydroxyurea, 8 (13.3%) received Rux-
olitinib, 1 (1.6%) received both drugs, 4 (6.6%) received other drugs and
6 (10%) patients did not receive any treatment. 37 patients with an-
tithrombotic prophylaxis were treated with aspirin, 6 with oral antico-
agulants, 2 with clopidogrel, and 2 with combinations (5 patients did not
receive any prophylaxis, in 8 cases it was not known). From March to
June 2020, 9 patients were infected, from July to September, 3 patients,
from October to December, 31 patients, and from January to March
2021, 17 patients. Diagnosis was made by molecular swab in 42, anti-
genic swab in 5, antibody test 6, not known in 7 cases. The infection was
asymptomatic in 26 (43.6%) patients and symptomatic in 34 (56.6%); 3
(8.8%) of the symptomatic patients had thromboembolic complications
(2 MFI and 1 PV). Only 9 symptomatic patients died (5 male and 4 fe-
male), 6 were MFI, 2 PV and 1 ET; 5/9 patients were treated with Rux-
olitinib. No patients in oral anticoagulants therapy died. 

Conclusions: data from this study indicate a mortality rate of 15%
(10% MFI, 1.6% ET, and 3.3% PV). No differences between males and
females (for both infection and deaths). No deaths among patients with
prior oral anticoagulant therapy treatment. There is an increased inci-
dence of infected patients during the period October to December 2020
(during the second wave of the pandemic).

Figure 1.
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SAFETY AND ECONOMIC IMPACT OF CONTINUOUS TREAT-
MENT WITH IBRUTINIB COMPARED TO FIXED-DURARATION
OBINUTUZUMAB-CHLORAMBUCIL THERAPY IN CHRONIC
LYMPHOCYTIC LEUKEMIA PATIENTS. A SUBANALYSIS OF A
CLL CAMPUS STUDY

A. Visentin1,2, S. Pravato1, D. Pietrasanta3, A. Fresa4, P. Sportoletti5, 
M. Gentile6, S. Molica7, E. Guardalben8, A. Avitabile8, M. Coscia9, 
L. Laurenti4, G. Pizzolo10, R. Foà11, A. Cuneo12, F.R. Mauro11, 
L. Trentin1,2

1Hematology and Clinical Immunology Unit, Department of Medicine,
UniversityofPadua,Padova; 2Venetian InstituteofMolecularMedicine,
Padua; 3Division of Hematology, A.O. SS Antonio e Biagio and Cesare
Arrigo,Alessandria; 4Hematology Institute,FondazionePoliclinicoUni-
versitarioAgostinoGemelli IRCSS,Rome; 5HematologyandClinical Im-
munology unit, University of Perugia, Perugia; 6Hematology section,
Cosenza Hospital, Cosenza; 7Department Hematology-Oncology,
AziendaOspedalieraPugliese-Ciaccio,Catanzaro; 8Roche ItaliaS.p.A.,
Monza; 9Department of Molecular Biotechnology and health Sciences,
University of Torino and Division of Hematology, A.O.U. Città della
Salute e della Scienza di Torino, Torino;10Hematology unit, Azienda Os-
pedaliera Universitaria integrata, Verona; 11Hematology, Department
ofTranslationalandPrecisionMedicine,“Sapienza”University,Rome;
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Introduction: The BTK inhibitor ibrutinib (IB) and obinutuzumab plus
chlorambucil (G-CHL) are approved as first line therapies in chronic
lymphocytic leukemia (CLL) unfit for fludarabine-based treatment.
While IB has proven to be superior to chemoimmunotherapy in clinical
trials, a relevant number of patients discontinue IB due to adverse events
(AE).

Aim: The aim of this real-world project was to compare the economic
impact of the fixed duration G-CHL vs continuous IB treatment.

Method: Patients received IB 420mg daily until progression or unac-
ceptable toxicity, while G-CHL at standard dose up to 6 cycles (Goede
V, NEJM2011). Economic outcomes (available for 4 centers: Alessan-
dria, Roma Cattolica, Padova and Perugia) included ex-factory drug
costs and administration, hospitalizations, visits and AEs management.
Regional current tariffs (DRG and outpatient specialist care) were used
to estimate the economic value of visits and hospitalizations. Generalized
linear regression models were used to estimate differences in outcomes.
The project was approved by the Ethic Committees.

Results: We recruited 183 CLL patients without TP53 disruption from
16 hematologic centers, 103 were treated with G-CHL and 80 with IB
as first-line treatment. G and CHL doses were decreased in 12% and
35%, respectively. Eighty-two % of the 103 patients received all the 6
G-CHL cycles. After a median follow-up of 30 months, 44% of patients
decreased the dose of ibrutinib and 79% were still under treatment. The
2-year progression free survival and time to next treatment was 76% vs
92% (p=0.0061) and 93% vs 97% (p=0.0043, Figure1A) for G-CHL and
IB. Economic data were available for about 50% of the total cohort (69
G-CHL and 23 IB). Patients treated with G-CHL seemed to experience
comparable AEs of any grade than those taking IB (2.98 vs 1.68
AE/month/person, rate ratio [RR] 1.13, 95%CI 0.6-2.37), but less clinical
visits (RR 0.17, 95%CI 0.15-0.20) and hospitalizations (RR 0.42, 95%CI
0.17-1.10). Mean total monthly cost per patient was €1,545 with G-CHL
and €5,587 with IB, resulting in a mean savings of €4,074 (95%CI 3,267-
4,881) due mostly to the savings in first line drug cost (€1,029 vs €5,297)
and slightly to reduction in hospitalization and outpatient visits (€95 vs
290€) (Figure1B).

Conclusions: The costs of continuous treatment with IB for treatment
naive CLL patients is significantly higher than that of fixed duration of
G-CHL, that should be carefully considered in health policy planning.

Figure 1.
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Background: Chemo-immunotherapy (CIT) is associated to an in-
creased risk of HBV reactivation in patients (pts) affected by lympho-
proliferative disorders. Occult hepatitis B infection (OBI) is defined by
the presence of anti-HBc antibodies, HBsAg negativity with or without
anti-HBs antibodies and HBV-DNA serum negativity. Guidelines suggest
lamivudine prophylaxis in OBI/CLL pts treated with CIT. No data are
available about the need for prophylaxis in OBI/CLL pts treated with
BTK inhibitors.

Aims: The objective of this study is to evaluate if OBI/CLL pts need
lamivudine or HBV-DNA monitoring.

Table 1.

Methods: We analyzed 111 OBI/CLL pts (14%), among 781 CLL pts
treated with IBR in 22 Italian GIMEMA centres until January 2019. Me-
dian age was 64 years. At IBR start, 9%, 48%, 42% pts were on Binet
stage A, B, C respectively; 71% pts had unmutated IGHV, 26% pts had

17p deletion. Twenty-six (23%) OBI/CLL pts were treatment naïve at
IBR start; 44 (40%) pts, 18 (16%) and 23 (20%) had been previously
treated with 1, 2 or >2 lines of CIT respectively. Seventy-three OBI/CLL
pts on IBR underwent prophylaxis with lamivudine, while 38 pts were
only subjected to HBV-DNA monitoring every 3 months. Table1.

Results: Viral reactivation was observed in 5 pts. Four of them (2 with
clinical reactivation and 2 with serological one) belonged to the HBV-
DNA monitoring group; one patient experienced clinical reactivation on
the lamivudine prophylaxis group (p=0.046). Both kinds of reactivation
occurred in the first 3-6 months of IBR. In the HBV-DNA monitoring
group, one patient was treatment naïve and experienced only serological
reactivation; 3 pts were previously treated with CIT, at least 12 months
before the IBR, and experienced both serological (1) and clinical (2) ac-
tivation Table1. Serological reactivation was only recorded on the HBV-
DNA monitoring group as those were the only pts who underwent a
systematic screening schedule in the following months, thus were diag-
nosed with HBV reactivation (and treated with lamivudine) in the ab-
sence of any clinical suspicion.

Conclusions: From the collected evidence, it seems reasonable to sug-
gest that prophylactic treatment should be considered appropriate and
started in pts who were previously treated with CIT. For the treatment
naïve group, a clinical choice could be performed, knowing that reacti-
vation could seldomly occur and be detected in time to promptly treat
the pts, but prophylaxis is not mandatory for a favourable clinical course.
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Systemic mastocytosis (SM) is a rare hematological neoplasm char-
acterized by the abnormal proliferation and accumulation of mast cells.
Clinical manifestations are heterogeneous depending on the tissue infil-
tration and mast cell mediators released by their degranulation. The gain-
of-function point mutations at codon 816 of KIT gene, high serum
tryptase level, and expression of CD25 represent minor diagnostic crite-
ria, however, the unique major one is depicted by bone marrow (BM)
biopsy. A subset of SM occurs with other hematological neoplasms, most
frequently myeloid malignancies such as myeloproliferative neoplasms
(MPN), chronic myelomonocytic leukemia and myelodysplasia (MDS).
Here we report the case of a 56-year-old female patient affected by SM
associated with a hematological neoplasm: she presented with thorax
skin rash and a blood test revealed white blood cell count of 12.3 x 109/L,
increased basophils (3.08 x 109/L) and platelets 567 x 109/L. Screening
of JAK2, CALR, MPL and BCR/ABL1 mutations was negative. There-
fore, the patient underwent a BM biopsy, which showed the typical clus-
ters of mast cells associated with an MDS/MPN and a grade 2 reticulin
fibrosis. Second-level analyses showed an increased serum tryptase level
(148 ng/mL) and peripheral CD34+ cells (172/µL). The abdominal ul-
trasonography showed a spleen diameter of 19 cm. NGS myeloid panel
(Illumina MiSeqTM) detected no mutations in any of the 30 genes ana-
lyzed, among them, KIT mutations were negative. Therefore, imatinib
400 mg daily was started, and after 3 months of therapy the patient
achieved a significant symptoms improvement. In addition, the BM
biopsy showed an outstanding response of SM and an improvement in
both MDS/MPN and the grade of fibrosis (MF-1) (Figure 1). Serum
tryptase level decreased up to 3 ng/ml and spleen diameter up to 16 cm.
The therapy with imatinib was well tolerated, except for grade 3 throm-
bocytopenia. Platelet count was restored after 2 weeks of imatinib inter-
ruption; treatment was resumed at lower dosage with no
thrombocytopenia recurrence. To our knowledge, there are no data in the

Table 1: OBI/CLL patients characteristics and results. 
 

 

22 Italian GIMEMA centres 
 

Prophylactic antiviral therapy with 
lamivudine and HBV-DNA monitoring 

Characteristics 

Overall 111 pts No =38 Yes =73 p- value 
Sex: M/F, n 76/35 26/12 50/23 >0.99 

Median age (range) 64 (39-86) 63 (48-81) 65 (39-83) 0.43 
Binet stage, n 

(%) 
106/111 

A 
B 
C 

10 (9) 
51 (48) 
45 (42) 

2 (5) 
21 (55) 
15 (39) 

8 (12) 
30 (44) 
30 (44) 

0.44 

IGHV, 
n (%) 
84/111 

unMut 
Mut 

60 (71) 
24 (29) 

25 (83) 
5 (17) 

35 (65) 
1 (35) 

0.083 

FISH, 
n (%) 

106/111 

NK 
Del 13q 
Tris 12 
Del 11q 
Del 17p 

33 (31) 
20 (19) 
12 (11) 
13 (12) 
28 (26) 

13 (34) 
8 (21) 
3 (8) 
4 (11) 
10 (26) 

20 (29) 
12 (18) 
9 (13) 
18 (26) 
20 (29) 

0.92 

Response of CLL 
after IBR at 12 

months,  
n (%) 
98/111 

CR/CRi, n (%) 10 (10) 3 (9) 7 (11) 

0.56 
PR/PR-L, n (%) 74 (75) 23 (72) 53 (77) 

Time to IBR,  
n (%) 

107/111 

IBR 1 line 26 (24) 9 (24) 17 (25) 

0.66 

After less than 12 months 
from last treatment 

31 (29) 13 (34) 18 (26) 

After more than 12 months 
from last treatment 

50 (47) 16 (42) 34 (49) 

Unknown 4 0 4 

Reactivation overall 
by therapy, n (%) 

Reactivation overall,  
n (%) 

5 (4.5) 4 (11) 1 (1.4) 0.046 

Reactivation (serological) 
overall, n (%) 

2 (1.8) 2 (5.3) 0 0.12 

Reactivation (clinical) 
overall, n (%) 

3 (2.7) 2 (5.3) 1 (1.4) 0.27 

Details for Pts with 
reactivation, n  

IBR 1 line  1 1 occult 0 

 IBR > 2 lines 
After more than 12 months 

from last treatment 
4 

 1 occult  0  

2 clinical 1 clinical 
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literature concerning effective therapeutic option in this specific setting.
Being aware of the limits of the present report, mainly the short follow-
up, we can speculate that imatinib may represent a safe and effective op-
tion, not only in the context of non-KIT D816V mutated SM, but also
leading to a clinical and histological improvement as far as MDS/MPN
is concerned.

Figure 1.
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The covalent inhibition of Bruton tyrosine kinase with ibrutinib has
demonstrated a significant clinical impact in patients with de novo and
relapsed/refractory chronic lymphocytic leukemia (CLL) in need of treat-
ment, with benefits in progression-free survival (PFS) and overall sur-
vival (OS) even in cases with unfavorable cytogenetics and molecular
markers. All patients records with symptomatic CLL treated with ibru-
tinib have been retrospectively reviewed. Forty-six patients received
ibrutinib either as frontline (N=10) or second or more advanced treatment
(N=36). Median age at disease diagnosis was 62 years, with 41 male and
15 female patients. Median number of previous treatments for pretreated
patients was 1 (range 1-4), mainly including chemoimmunotherapy.
Eighteen patients presented with TP53 mutations; 17 had the deletion of
chromosome 17p; 19 displayed an unmutated immunoglobulin variable
heavy chain status. Median overall number of cycles was 26 (12-80).
Among patients treated frontline, 4 patients were in Binet stage A, 5 in
stage B and 1 in stage C, with a median cumulative illness rating scale
(CIRS) of 5 (range 1-8). Best responses included 1 complete response
(CR) and 6 partial responses (PR), for an overall response rate (ORR)
of 70%. Patients receiving ibrutinib as a second or later line presented
with Binet stage A in 9 cases, B in 14 and C in 10 (3 cases unavailable)
and had a median CIRS of 5 (range 0-16). Best responses were 1 CR and
27 PR (ORR 72.2%). Median PFS was 28.8 and 21.1 months for patients
treated frontline and as second/later line, respectively. Median OS was
not reached for those treated frontline and 4.9 years for patients treated
as second/later line. Richter transformation occurred in 5 patients (11%)
at a median time of 16 months since the initial dose. At a median time of
3.8 years, 12 patients required further therapy (10 patients shifted to
venetoclax). Hematological adverse events (AEs) consisted of grade 4
neutropenia, thrombocytopenia and anemia in 6, 4 and 1 case; grade 3
neutropenia in 6 cases and grade 1-2 thrombocytopenia in 2 cases. Grade
3-4 extrahematological AEs were: diarrhea, cutaneous rash, utero-vesical

prolapse, vasculitis and urosepsis. No atrial fibrillation or bleeding were
registered. Ibrutinib is effective and well tolerated in CLL patients treated
frontline and with relapsed disease. Responses obtained in a real life set-
ting are comparable with results from registration trials.
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Introduction: Obinutuzumab-Chlorambucil (G-Chl) actually is the
standard of care in untreated chronic lymphocytic leukemia (CLL) pa-
tients (pts) with comorbidities. The treatment has been approved since
2017 and proved to be safe and effective with a good toxicity profile.
Although chemo-immune treatment in target-therapy era plays a
marginal role, the time-limited schedule of G-Chl represents a valid op-
tion for elderly unfit pts.

Aims: We conducted this retrospective study to evaluate efficacy and
safety of G-Chl in a real-life setting.

Methods and patients: We enrolled 36 consecutives untreated CLL pts
in six Tuscan centers, median age was 73 years (59-85). Twenty patients
were male, 16 females. FISH status was available in 27/30 pts (14 neg-
ative, 7 deletion 13q, 4 trisomy 12 and 2 deletion 11q), IGHV status was
analyzed in 22 pts only (13 mutated, 9 unmutated), TP53 mutation was
investigated in 8 pts without any evidence of mutation. RAI stage at time
of treatment was I in 5, II in 13, III in 12 and IV in 6 pts, respectively.
CIRS>= 6 was in 14 pts. G-Chl was administered as normal clinical prac-
tice. Median follow-up was 23.4 months

Results: The overall response rate (ORR) was 75%: 12 pts (33%)
achieved complete response, 15 pts (42%) partial response, 2 pts (6%)
progression disease, in 7 pts (19%) the response was not available due
to the ongoing treatment. Minimal residual disease (MRD) in peripheral
blood was evaluated in 14 pts (9 negative, 5 positive). Median PFS was
28 months (16-40 months). We did not observe any significant impact
on PFS by FISH status, IGHV status, RAI stage, CIRS>=6 and age>=70
years, respectively (p=0.882; p=0.181; p=0.848; p=0.501; p=0.305). In
our cohort, MRD status was the only statistically significant prognostic
factor on PFS (median PFS: 41 months for MRD- and 26 months for
MRD+; p=0.049). Median time to next treatment was 36 months: as sec-
ond-line therapy 7 pts received BTKi, 1 venetoclax, 1 idelalisib and 1
chlorambucil. We observed 1 clinical TLS, 7 infusion reactions, 7 throm-
bocytopenia (29% G>=3), 10 neutropenia (33% G>=3), 2 febrile neu-
tropenia and 1 pneumonia (G2).

Conclusions: Our experience is consistent with PFS and ORR data,
as reported in literature. G-Chl seems to maintain a good safety and tol-
erability profile. The time-limited schedule makes this treatment a valid
option for elderly patients, especially for those who did not have a care-
giver or did not display a good treatment compliance.
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Background: Secondary immunodeficiency was observed in 25-85%
of patients (pts) with chronic lymphocytic leukaemia (CLL), increasing
the risk of infections, morbidity and mortality. No real guideline leads
the eligibility for prophylaxis, but many indications warrant im-
munoglobulins replacement therapy (IgRT) in selected pts without clear
indications about delivery route (intravenous or subcutaneous), dosage,
frequency of administration and duration.

Aims: The aim of this study is to assess efficacy and safety of subcu-
taneous IgRT (SCIg) and its impact on quality of life (QoL) for CLL pts
in Covid-19 era.

Table 1.

Methods: Ten CLL pts have been treated with SCIg from October 2019
to December 2020. Median age and body weight were 66 years and 68
Kg. Comorbidities were present in 5 pts. Median number of prior thera-
pies was 2. At that time, 7 pts were on therapy. None presented neutrope-
nia. All pts underwent antibiotic prophylaxis and influenza vaccinations.

Median baseline IgG level was 485 mg/dl, with a median of 3 infec-
tions/year. Table 1. All pts received 10 g total dose of hyaluronidase-free
SCIg, self-administered at home with a personal pump every 15 days,
independently from body weight. The IgG level and CD4/CD8, CD19
and CD16/56 (natural killer, NK) lymphocytes subset were recorded both
at baseline and during the observation period to monitor the immuno-
logical reconstitution.

Results: No patient experienced infectious events nor Covid-19 me-
diated interstitial pneumonia. Nobody interrupted nor modified the
dosage and only one patient presented a skin rash (grade 2). Dealing with
humoral immunity, IgG levels arose to a stable median value >600 mg/dl
from 6 months onward. About cellular immunity, T-cells including CD4
and CD8 and NK cells displayed a stable fashion until 6 months. The
CD19 B cells values reflect both the disease status and the ongoing treat-
ment effects. Table 1. Finally, we observed advantages on both QoL and
costs, since pts did not need to go to the hospital nor the help of a care-
giver, rather they could comfortably get their SCIg at home without any
assistance.

Conclusions: SCIg administration in CLL pts is safe and efficacious
as infectious prophylaxis, with higher median IgG levels, thanks to its
pharmacokinetic advantages and improved adherence to treatment. Es-
pecially in the Covid-19 era, the subcutaneous route is preferred to the
intravenous one, because of the self-administration at home and the
granted availability to the drug itself.
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Hematological diseases are at increased risk of SARS-CoV2 infection
but limited information has been reported in chronic myeloid leukemia
(CML) patients. The Campus CML Italian group carried out a survey in
order to observe the temporal course of the infection and the character-
istics of positive patients. Retrospective information on 8665 CML pa-
tients followed at 46 centers throughout the country were recorded.
Within this cohort, 217 Covid-19-positive patients (2.5%) were reported.
Most patients (57%) were diagnosed as having Covid-19 infection be-
tween September 2020 and January 2021; 30% were diagnosed in phase
1 (March-April 2020) and 13% between May and August. Most of the
positive patients were between 50 and 65 years (35%), while 26% had
less than 50 years, 18.8% were between 65 and 75 years, and 11% had
more than 75 years. A male prevalence was observed (73%). The median
time from CML diagnosis to Covid-19 infection was 6 years (3 months-
18 years). Fifty-six percent of patients presented concomitant comor-
bidities at the time of infection. When Covid-19 was diagnosed, 27% of
patients were receiving imatinib, 26% nilotinib, 18% dasatinib, 8% pona-
tinib, 8% bosutinib, 2% asciminib, while 11% were not receive on treat-
ment. At the time of infection, 74% of patients were in molecular
remission, 6% in complete cytogenetic remission, 3% in partial cytoge-
netic remission, 6% in complete hematological response and 11% in
treatment-free remission. At diagnosis, 28% of patients presented fever
and respiratory symptoms, 13% cough, 10% isolated fever, 13% ageusia,
12% anosmia, 4% had more than 1 symptom, while 20% were com-
pletely asymptomatic. Twenty-one patients (9.6%) required hospitaliza-
tion without the need of respiratory assistance, 18 (8.2%) were
hospitalized for respiratory assistance, 8 (3.6%) were admitted to an ICU,
while 150 patients (69%) were only quarantined; 23% of patients dis-
continued TKI therapy during the infection. The source of contagion was
familiar in 49% of patients, 18% due to work, 3% in healthcare profes-
sionals, whereas in 30% was not known. Twelve patients died due to
Covid-19 infection with a mortality rate of 5.5% in the positive cohort
and of 0.13% in the whole cohort. This study reports the 1-year of data
on the Covid-19 infection in a specific hematological malignancy in the
European country first hit by the pandemic. A longer follow-up is needed
to further define the impact of Covid-19 infection sequelae in CML pa-
tients.
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ZANUBRUTINIB WAS ACTIVE IN HEAVILY TREATED PATIENTS
WITH CHRONIC LYMPHOCYTIC LEUKEMIA OR WALDEN-
STRÖM MACROGLOBULINEMIA. EARLY OBSERVATIONS
FROM THE ITALIAN NAMED PATIENTS PROGRAM
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D. Weber7, F.R. Mauro8, A. Tedeschi9, C. Visco4, M. Coscia5, 
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1Hematology and Clinical Immunology Unit, Department of Medicine,
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of Translational and Precision Medicine, Hematology unit, ‘Sapienza’
University, Rome, Italy; 9Hematology unit, Niguarda Cancer Centre,
ASST Grande Ospedale Metropolitano Niguarda, Milan, Italy

Introduction: Zanubrutinib is a second generation, highly specific
BTK inhibitor that has proved to be active in patients with chronic lym-
phocytic leukemia (CLL, SEQUOIA trial) and Waldenström macroglob-
ulinemia (WM, ASPEN trial). A phase 2 clinical trial of zanubrutinib in
ibrutinib intolerant patients is also ongoing (NCT04116437).

Aims: To describe the clinical features and early observations of pa-
tients with CLL or WM treated with zanubrutinib within the named pa-
tient program (NPP).

Methods: Inclusion criteria for NPP were patients with relapsed or re-
fractory CLL or WM, either previously untreated with a BTK inhibitor
due to comorbidities or previously treated with ibrutinib but discontinued
due to an adverse event (AE). Patients must have adequate liver and kid-
ney functions. Patients were excluded if they had disease progression
with a BTK inhibitor, had active central nervous system disease, or were
not able to read and sign the informed consent form. All patients received
160 mg zanubrutinib twice daily in 28-day cycles until disease progres-
sion or intolerance. All treatments were made available by BeiGene com-
pany and authorized by company local ethics committees.

Results: Six Italian patients were enrolled, 4 were affected by CLL
and 2 with WM. The median age was 71 years (range 69-75), median
CIRS score and creatinine clearance were 6 (range 3-11) and 69ml/min
(range 41-113), respectively. The median line of previous treatments was
4, ranging from 2 to 7. Four patients previously discontinued ibrutinib
due to AEs (1 infection, 2 atrial fibrillation), while the other 2 did not
receive ibrutinib due to severe comorbidities (1 hypokinetic cardiomy-
opathy and 1 atrial fibrillation needing anticoagulation). Three/4 CLL
patients harbored TP53 mutation or complex karyotype. At last follow-
up (15 mar 2021), 4 patients started zanubrutinib and 2 were still on treat-
ment (Figure 1A). The median treatment duration was 69 days (range
12-79 days). Two patients discontinued for AEs (1 invasive fungal in-
fection and 1 acute myeloid leukemia). At the best response assessment,
2/3 CLL and the WM patient showed at least a 70% decrease of lym-
phocyte count and monoclonal component, respectively (Figure 1B).

Conclusion: Preliminary observations from the NPP showed that
zanubrutinib was a highly active and feasible drug, in heavily treated pa-
tients either intolerant to or not-candidates for ibrutinib, with CLL or
WM. Updated results observations on all the patients will be presented.

Figure 1.
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TIENTS WITH CHRONIC MYELOID LEUKEMIA IN CHRONIC
PHASE TREATED WITH FIRST-LINE NILOTINIB: THE ITALIAN
DANTE STUDY
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Background: Treatment-free remission (TFR) is an important goal for
chronic myeloid leukemia (CML) treatment, with 40-60% of patients
(pts) in sustained deep molecular response (sDMR) remaining in TFR
after stopping first-line therapy, with novel strategies being explored to
optimize these Results: The UK DESTINY study investigated tyrosine
kinase inhibitor de-escalation before TFR in mainly imatinib-treated pts.
Here, we report the design of phase 2, multicenter DANTE study
(NCT03874858) aimed at investigating de-escalation and TFR in Italian
pts with CML in chronic phase (CML-CP) treated with nilotinib (NIL).

Methods: Adults with CML-CP treated with NIL 300 mg BID in first-
line for ≥3 years who achieved sDMR for ≥1 year (≥MR 4.0; BCR-ABL
level ≤0.01% IS) are enrolled. The study consists of 4 phases: screening
(week [wk] −4-0), consolidation (wk 0-48), TFR (wk 48-144), and fol-
low-up (until wk 144). Ongoing treatment with ≥400 mg/day dose is al-
lowed at study entry. During consolidation phase, pts are treated with
NIL 300 mg QD. At the end of consolidation phase, pts with sDMR enter
TFR phase and NIL is discontinued; pts with loss of major molecular re-
sponse (MMR; BCR-ABL ≤0.1% IS) at any time return to NIL 300 mg
BID; and pts with ≥MMR, but without sDMR, continue NIL 300 mg
QD. During TFR phase, BCR-ABL levels are monitored monthly from
wk 52-96, and then every 3 months. Patients who remain on half-dose
treatment after wk 48 and pts with loss of MMR during study are mon-
itored every 3 months. Primary endpoint is the percentage of pts in full

treatment-free remission (FTFR) 96 wks after the start of consolidation
phase. FTFR is defined as pts with MMR or better, including those who
discontinued treatment during TFR phase and those who are treated with
half the standard dose. Key secondary endpoints include percentage of
pts with sDMR at wk 48; TFR rate at wk 96 and 144; BCR-ABL kinetics
and safety. Efficiency of digital droplet PCR is also evaluated.

Conclusions: Currently, the patient enrollment target has been reached
(104 pts recruited from 27 centers in Italy). DANTE is the first study
evaluating TFR optimization with NIL, and informs on feasibility and
safety of de-escalation before discontinuation in CML-CP pts who have
achieved sDMR with ≥3-year NIL treatment. The study also appraises
if maintaining NIL at half the standard dose for pts with ≥MMR, but not
eligible for TFR, is safe. Promising results are expected to bring further
advance in CML management.

Figure 1.
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FAMILIAL ESSENTIAL THROMBOCYTHEMIA: SAME 
PATHOLOGY AND DIFFERENT MUTATIONAL STATE

V. Accurso, M. Santoro, G. Camarda, F. Russello, G. Vaiana, 
M. Mattana, S. Siragusa

U.O.C. Ematologia AO.U.P. Paolo Giaccone, Palermo, Italy

Essential thrombocythemia is chronic myeloproliferative neoplasia,
as defined by WHO in 2016, with the best prognosis. A small percentage
of ET cases can be considered familial ET. In this report we describe 6
cases of Familial ET, evaluating the heterogeneity of the mutational state
and the clinical presentation.In all cases diagnosis of ET was performed
by Bone medullary Biopsy.

Case 1: Patient A: A 52.2 year old male patient with hypertension and
dyslipidemia, the diagnosis was made in 2002 . Subsequently in 2014
mutation of JAK2, CALR and MPL were absent. Negative search for
BCR-ABL transcript.The patient is at high risk (R-IPSET): Patient B:
66.9-year-old male patient, brother of patient A, Presence of JAK2 mu-
tation V617F with burden 39.1%,.Patient High risk (R-IPSET).

Case 2: Patient C. A 39.6-year-old woman came t with the presence
of a V617F mutation of Jak2 with 28% burden, According to the R-
IPSET the patient was classified as low Risk. Patient D. 37.8-year-old
male, brother of patient C (with a father in common and a different
mother), came to our observation in 2016. Is positive to the mutation of
exon 9 of calreticulin type 2 like.Is classified with very low risk. (R-
IPSET).

Case 3. Patient E. 38.8-year-old woman ,she came to our observation
in 2007. The search for the V617F mutation of JAK2 was negative, Sub-
sequently in 2016 a mutation search was performed for CALR and MPL
who were absent, the BCR-ABL transcript search was also absent.The
patient was classified as very low Risk. (R-IPSET). Patient F. 44.9-year-
old female sister of patient E , negative for JAK2 mutations, CALR and
MPL, BCR-ABL transcript search negative .. High Risk (R.IPSET)
(DVT IN 2013).

Conclusion: The consideration that the same mutation can be put in
relation to three different diseases (ET, PV, MF) arouses the plausible
suspicion that other mechanisms may contribute to determining the phe-
notypic aspects of the pathologies. Several authors have hypothesized
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that the underlying germline may predispose to the acquisition of onco-
genic mutations. In this regard Harutyunyan, AS et al report the presence
of the three different driver mutations in 3 subjects belonging to the same
family.The cases of ET reported by us despite all presenting the same
pathology, confirmed by the histological examination, show extreme
variability from the point of view of the presence of driver mutations,
confirming what was reported by the various authors.
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HIGH RATE OF DEATH IN PH-NEGATIVE MYELOPROLIFERA-
TIVE NEOPLASMS WHO DEVELOP COVID-19

V. Accurso, M. Santoro, F. Romano. F. Vaccarino, A. Rizzuto, 
C. Vullo, R. Tomasello, C. Rotolo, S. Siragusa

U.O.C. Ematologia A.O.U.P. Paolo Giaccone, Italy

Several authors reviewed possible causes of poor prognosis of patients
with chronic Ph-negative myeloproliferative diseases diagnosed with
SARS-COV2 infection. The dysregulation of the cell-mediated immu-
nity, which may worsen the antiviral response in these patients, and the
overproduction of cytokines, which could cause an altered inflammatory
response towards CoV2 infection and cause more severe clinical mani-
festations and possible complications leading to death. Finally, ruxoli-
tinib treatment may have a role in the response to CoV2, via the known
alterations of the cell-mediated immunity, consisting in the suppression
of NK and T-cells activity. Another important factor may contribute to a
worse prognosis of MPN patients who develop COVID19: we refer to
the higher incidence of cardiovascular risk factors that characterize this
group of patients. It is known as the coexistence of cardiovascular risk
factors such as diabetes, hypertension and obesity significantly worsen
the prognosis of patients with COVID19 . In our patients , cardiovascular
risk factors are present in 74.7% of patients with ET. , in 165 patients
with polycythemia vera cardiovascular risk factors are reported in 77.6%:
. in patients with prefibrotic myelofibrosis (preMF) (N = 48) risk factors
are present in 75% and in patients with overt myelofibrosis (overtMF)
(N = 138). Overall, these risk factors are present in 75% of patients with
prePMF, and in 75.4% of patients with overtMF (Table 1). Our data show
overall the high frequency of cardiovascular risk factors in patients with
myeloproliferative diseases probably related also to the advanced age of
these patients at the time of diagnosis. In a retrospective analysis, the
presence of cardiovascular risk factors was demonstrated to increase the
thrombotic risk in patients with MPNs and negatively affect survival In
conclusion, we believe that in addition to immunological factors and to
the immunodepressive role of ruxolitinib, the high frequency of cardio-
vascular risk factors in MPNs patients could significantly contribute to
the poorer prognosis of COVID19 infection in this subset of subjects.

Table 1.
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ESSENTIAL THROMBOCYTEMIA TRIPLE NEGATIVE, CLINICAL
FEATURE AND OUTCOME

V. Accurso, M. Santoro, G. Camarda, G. Vaiana, M. Mattana, 
F. Russello , R. Tomasello, S. Siragusa

U.O.C. Ematologia A.O.U.P. Paolo Giaccone, Italy

Essential thrombocythemia (ET) as defined by WHO in 2016, is a
philadelphia negative chronic myeloproliferative neoplasm showing a
better prognosis than polycythemia vera and myelofibrosis. In a variable
percentage, patients with Essential Thrombocythemia show none of the
known drivers mutations (JAK2, CALR and MPL). Such patients are
classified as triple negative (TN). In this study we evaluated some of the
characteristics of this population by comparing them with those of ET
patients with driver mutations.The estimated survival in patients with
ET is about 20 years. In our experience TN patients show a survival of
24.5 years higher than that found in patients with driver mutations.
(21.66 years) could be related to the younger age at the diagnosis of TN
patients. This finding is confirmed in other previous experiences. Patients
with ET TN show significantly a lower symptom load evaluated by MPN
10 score, significant appears furthermore, the lower frequency of
splenomegaly in TN patients. Splenomegaly is present in about 15% in
patients with ET and appears to correlate with a worse prognosis. Our
data do not show in the two groups of patients with Et a different fre-
quency of thrombotic and cardiovascular events, this occurrence is in-
stead reported in other similar studies.Finally, the role of subdriver
mutations occurring in several genes (TET2, SH2B3, and ASXL1) that
may be present in TN patients in fact the correlation with thrombotic
events and survival has not been demonstrated. Atypical JAK2 CALR
and MPL mutations have been identified in some TN patients .Overall,
our data, even within the limits of a mono-institutional case series, show
a better prognosis in patients with TN ET. Atypical JAK2 CALR and
MPL mutations have been identified in some TN patients .In the litera-
ture there are no studies with large case series that address in detail the
clinical and molecular characteristics of patients with triple negative
ET.The hypothesis that ET TN patients represent a population with clin-
ical characteristics different from those of patients with driver mutations
and with a better prognosis must be supported by prospeptic studies with
an adequate number of patients.
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ORAL IXAZOMIB, LENALIDOMIDE, AND DEXAMETHASONE
FOR R/R MULTIPLE MYELOMA. EXPERIENCE OF REP (RETE
EMATOLOGICA PUGLIESE)

A.P. Falcone1, G. Ricciuti1, R. Rizzi2, P. Curci2, P. Musto2, 
C. De Risi3, M. Mele3, V. Pavone3, B. Rossini4, A. Quinto4, 
A. Guarini4, G. Mele5, D. Pastore5, G. Reddiconto6, N. Di Renzo6, 
N. Cascavilla1 Rete Ematologica Pugliese
1IRCCS Casa Sollievo della Sofferenza, San Giovanni Rotondo, Unità di
Ematologia; 2PoliclinicodiBari,UnitàdiEmatologia;  3A.O.Cardinale
G. Panico, Tricase, Unità di Ematologia; 4IRCCS Ospedale Oncologico
di Bari, Unità di Ematologia; 5Ospedale A. Perrino, Brindisi, Unità di
Ematologia; 6Ospedale Vito Fazzi, Lecce, Unità di Ematologia, Italy

Outcomes of multiple myeloma have improved substantially over the
past 15 years with the introduction of proteasome inhibitors and im-
munomodulatory drugs. The Tourmaline study showed that in patients
with relapsed and/or refractory multiple myeloma (R/R MM), treatment
with oral ixazomib plus lenalidomide–dexamethasone (IRd regimen) was
associated with significantly longer progression-free survival (PFS) by
a median duration of approximately 6 months than the PFS observed
with the use of placebo plus lenalidomide–dexamethasone (20.6 months
in the ixazomib group and 14.7 months in the placebo group).

Aims: With the aim to verify the efficacy of IRd regimen in heavily
pre-treated R/R MM patients and/or with poor cytogenetic profile, we
retrospectively analysed 31 patients from hematological centers of Rete
Ematologica Pugliese (REP).

Results: From May 2019 to January 2021, 31 patients were treated
with IRd regimen. Table 1 reports baseline characteristic of all patients:
median age was 76 years. 

Table 1.

Cytogenetic features were available in 20 (64,5%) of the patients and
showed that 22.6% patient population had high-risk, including 4
del(17p). All patients received prior regimens Bortezomib-based and 25
prior regimens Lenalidomide-containing; 10 and 6 patients also received
prior Daratumumab and Carlfizomib, respectively. Nine patients under-

went SCT. The median time between diagnosis and IRd treatment has
been 66 months (9-156). The median follow-up was 16 months (2-23
months). Twenty (64.5%) of the 31 patients obtained a response and 8
(25.8%) of these patients obtained a VGPR at least (Table 2). 

Table 2.

Five, out of 7 patients with cytogenetic high-risk, achieved at least a
PR (2 CR e 3 PR). Only one cycle was necessary to obtain a response
while a median of 5 (range 1-15) cycles was necessary to achieve the
best response. Hematological and not hematological toxicity profile was
acceptable and the therapy was stopped in 3 patients due to adverse
events. To date, 17 patients are alive and IRd-treatment is ongoing for
14 patients.

Conclusion: Our experience shows that the IRd regimen has a good
safety profile and an high response rate in heavily pretreated patients
with advanced disease. This retrospective analysis confirms that this oral
regimen is also effective in high –risk cytogenetic group.
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UTILITY OF SFLC ASSAY IN RELAPSED/REFRACTORY MULTI-
PLE MYELOMA PATIENTS. A REAL-LIFE UNICENTRIC 
RETROSPECTIVE STUDY

U. Markovic1,2, A. Romano1, C. Bellofiore1, A. Condorelli1, 
B. Garibaldi1, A. Bulla1, V. Del Fabro1, F. Di Raimondo1, 
C. Conticello1

1Division of Hematology, Azienda Policlinico-OVE, University of Cata-
nia; 2Unità Operativa di Oncoematologia e BMT Unit, Istituto Onco-
logico del Mediteraneo, Italy

Introduction: Serum free light chain (sFLC) assays represents a tool
in diagnosis, prognosis and response assessment in multiple myeloma
(MM) patients. Its use in response monitoring in course of treatment and
predictive value at disease relapse outside of oligosecretory/micromolec-
ular MM setting is still uncertain.

Methods: A total of 130 RRMM patients treated with at least three
lines of therapy at our center between 2000 and 2020 were investigated
in a retrospective cohort. In this work, we have focused on the predictive
role of sFLC ratio and involved sFLC in MM patients beyond the first
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two lines of treatment.
Results: Median age at diagnosis was 64 years (range 31-80 years),

more than half of patients being male. Median number of treatment lines
was 4 (range 3-8). Forty patients had oligosecretory/ micromolecular
disease at diagnosis, while around 25% of t normosecretory patients un-
derwent oligosecretory switch at disease relapse. Around 60-70% of the
patients had altered sFLC values at disease relapse. Predictive role of in-
volved sFLC at second disease relapse on PFS3 was demonstrated with
value >100 mg/ml (p=0.04). The analysis showed that both involved
sFLC <250 mg/ml (p=0.001) and ratio <25 (p=0.0009) at second disease
relapse (“pre-sFLC”) were associated with longer PFS3, based on roc
analysis. Involved sFLC <100 mg/ml and ratio >25 at third disease re-
lapse (“post-sFLC”) had negative impact on PFS3 as well, p=0.03 each
respectively. Post-sFLC ratio >25 at fourth disease relapse was also sig-
nificant in terms of PFS4 (p=0.01). Statistical significance on PFS3 of
both involved pre-sFLC and its ratio at second disease relapse was con-
firmed in patients between 65 and 75 years, patients treated with im-
munotherapy-based regimens, in clinical relapse, including both
normosecretory and oligo/micromolecular subcohort. As for PFS4 pre-
dictive utility of pre-sFLC at third disease relapse was shown in protea-
soma inhibitor-based regimen, p=0.004 for sFLC >250 and p=0.02 for
ratio >25 respectively. On the other hand post-sFLC ratio at fourth dis-
ease relapse was significant in terms of PFS4 in patients with clinical re-
lapse (p=0.003) and those treated with immunotherapy (p=0.01).

Conclusions: With growing number of treatment lines, monoclonal
component dosage could underestimate disease evolution. Periodical
monitoring of sFLC could be of aid, not only as predictive factor prior
to treatment change, but also in order to evaluate response in course of
treatment.

Figure 1.
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A REAL LIFE SINGLE CENTER EXPERIENCE OF 
DARATUMUMAB, LENALDOMIDE AND DEXAMETHASONE
COMBINATION IN MULTIPLE MYELOMA PATIENTS

I. Attucci2, G. Formica2, S. Pilerci2, A. Buzzichelli2, M. Messeri2, 
A.M. Vannucchi1,2, E. Antonioli1

1Haematology Department, Careggi Hospital, Florence, Italy; 2Depart-
ment of Experimental and Clinical Medicine, University of Florence,
Italy

Background: The introduction of monoclonal antibodies represented
a significant breakthrough in the myeloma therapy scenario. Among the
MoAbs currently approved for myeloma treatment, daratumumab is the
most advanced in terms of clinical development. The combination dara-
tumumab-lenalidomide-dexamethasone (Dara-Rd) has shown promising
results in the treatment of relapsed/refractory disease (POLLUX) and
subsequently also in newly diagnosed myeloma (MAIA).

Aims: Clinical data regarding the efficacy and tolerability of this drug
combination are relatively scarce in frail patients, as well as in those with
renal failure or amyloidosis. Against this background, we retrospectively
evaluated the safety and efficacy of Dara-Rd combination in a cohort of
real-life patients.

Methods: We collected baseline data at diagnosis and at the time of
daratumumab therapy initiation of each patient. All patients received
Dara-Rd treatment according to POLLUX/MAIA schedule.

Results: Our observational retrospective study included 62 patients,
M/F=29/33, median age 66, high-risk cytogenetic in 26%, amyloidotic
involvement in 13%, renal impairment in 16%, and a single case of PC
leukemia. After a median follow up of 14 months, the overall response
rate was 87%, with high-quality response (≥VGPR) in 62% of the pa-
tients. Nine patients (15%) underwent ASCT after a median of 9 cycles
of Dara-Rd, obtaining a CR in 67% of them. The 12-month progression-
free survival rate was 72%, whereas the overall survival rate was 83%.
By multivariable analysis, the achievement of at least a VGPR (HR: 0,10;
IC 95%: 0,04-0,5; p=0,002), absence of high-risk cytogenetics (HR:
0,06; IC 95%: 0,01-0,20; p<0,001) and ECOG value <2 (HR: 0,05; IC
95%: 0,01-0,22; p<0,001) were found to be associated with increased
PFS. Meaningful factors for the overall survival were: response ≥VGPR
(HR: 0,21; IC 95%: 0,05-0,79; p=0,021) and high-risk cytogenetics ab-
sence (HR: 0,3; IC 95%: 0,09-0,98; p=0,047). The most common G3-4
adverse events were hematological ones: neutropenia (54%), lymphope-
nia (21%), thrombocytopenia (8%) and anemia (6,5%). Infections (G≥3)
were a common occurrence among non-hematological adverse events
(16%). A case of secondary primary prostatic cancer was reported. Dara-
tumumab-associated IRR occurred in 68% of the patients and were
mostly of G1-2.

Conclusions: In conclusion, even in real-life, Dara-Rd treatment is ef-
fective and well tolerated, even by patients with comorbidities
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FLUORESCENT IN SITU HYBRIDIZATION (FISH) ABNORMALI-
TIES IN LIGHT CHAIN AMYLOIDOSIS (AL) PATIENTS: VARIA-
TION WITH THERAPY AND EFFECT ON PROGRESSION FREE
SURVIVAL (PFS)

C. Giordano1, G. Cerciello1,  N. Pugliese1,  A. Vincenzi1, 
G. Delle Cave1,  A. D’Ambrosio1,  I. Pisano2,  M. Capone2,  B. Izzo2,3,
M. Picardi1, F. Pane1

1Department of Clinical Medicine and Surgery, Hematology Unit, Fed-
erico II University Medical School; 2CEINGE Biotecnologie Avanzate,
Federico II University Medical School; 3Dipartimento di Medicina
Molecolare e Biotecnologie Mediche (DMMBM), Federico II , Univer-
sity Medical School

Introduction: Cytogenetic aberrations and their patterns in systemic
AL are still relatively unknown.

Aims: to evaluate FISH abnormalities in AL and assess the impact on
PFS.

Material and methods: a prospective study on bone marrow biopsy
(BMB) with interphase FISH at diagnosis and then after treatment if
achieved at least a PR. The iFISH panel covered: t(11;14), t(4;14),
t(14;16) and probes for 1q21, 11q22.3, 13q14, 17p13 and was performed
after enrichment of plasma cells using magnetic activated cell sorting
with CD138 immunobeads.

Results: AL patients attending our Department from January 2020 to
April 2021: 18 patients (median age 60, 57% male), 2 with localized and
16 with systemic AL (sAL), were enrolled. According to PS and age,
sAL patients received CYBORD (n=10) and VMD (n=6). Currently, 4
patients still haven’t achieved a PR; 5 died before receiving BMB re-
evaluation: 4 in the first cycle for PD (median age 73) and one after 3
cycles of CYBORD due to Sars-COV19; 7 patients achieved PR after a
median of 4 cycles (3-6). In total 25 BMB were performed and fully
analysed. At diagnosis, median bone marrow plasma cells count (PC)
was 5% (0-26); 4/18 were>10%; median CD38+,138+,56+,19-,45- PC
was 3.5%(1.2-8). CD138+ enriched PC was inadequate (<10%) for FISH
in 5/18; abnormal findings in 10/13 and negative in 3/13. Translocation
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(11;14) in 6/13 [3 had a translocation with an unknown partner: “t(11;14)
variant”] and hyperdiploidy-overall in 5/13 were the most prevalent. We
also found trisomies of 1q21, 11q13 and 17p and deletion of 13q and
14q32. BMB re-evaluation after treatment was performed in 7 patients.
After 6 cycles, two patients with t(11;14) variant had a CR and a VGPR
but FISH couldn’t be performed for inadequate PC; after 3 cycles,
t(11;14) persisted in 1patient with VGPR; after 6 cycles, trisomies per-
sisted in one patient with VGPR; median PC [2% (0-3)] resulted still in-
adequate for FISH in one case with PR after 6 cycles and in 2 CR cases
after a median of 4 cycles (negative and inadequate at diagnosis). OS
and PFS of the entire population [median FUP 5 months (1-16)] were
68% and 43%, respectively. PFS according to the presence/absence FISH
alteration, type and PC at diagnosis were analysed (Figure 1).

Discussion: We observed a favourable trend of PFS e ORR in our pa-
tients with both t(11;14) and variant at diagnosis (in comparison with
negative FISH) was observed, although yielding adequate CD138+ PC
for FISH represents a limit for cytogenetic abnormalities identification
and MRD evaluation in AL patients.

Figure 1. PFS according to FISH findings at diagnosis.
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COMPREHENSIVE EVALUATION BY NEXT-GENERATION FLOW
ANALYSIS OF CIRCULATING PLASMA CELLS, EXPRESSION
OF PD-L1, BCL-2 AND CORRELATION WITH FISH ABNORMALI-
TIES IN PATIENTS AFFECTED BY SMOLDERING MULTIPLE
MYELOMA AT THE DIAGNOSIS

F. Bacchiarri, A. Gozzetti, D. Raspadori, E. Bestoso, P. Pacelli, 
D. Tocci, R. Crupi, M. Bocchia

University of Siena, Italy

Background: Smoldering myeloma (SMM) represents an intermediate
disease in a spectrum of step-wise progressive diseases termed plasma
cell dyscrasias.

Aim: The aim of the present study is to evaluate by next-generation
flow (NGF) the characteristics of PCs in bone marrow (BM) and the
presence of circulating PCs in SMM and MM patients at diagnosis and
during follow-up, studying the expression of BCL-2 and PD-L1 on BM
and correlating the results with FISH analysis (IgH translocations, del
17p). NGF is performed using the two 8 colours tubes panel developed
by the EuroFlow Consortium (BD OneFLOW Tm PCST and BD One-
FLOW Tm PCD. BD BioSciences). Data analysis is performed on a
FASCantoII cytometer (BD BioSciences).

Results: From October, 2019 to February, 2021 we selected 38 cases
of suspected SMM, and only in 24 of these diagnosis was confirmed.
The median age of patients is 66,5 years old, blood cell count showed
normal values, serum kappa/lambda ratio was abnormal in 16/20 cases.
Currently circulating PCs were not detected. Flow Analysis showed that
the most expressed markers were CD56/CD27/CD81/CD28dim/
CD117dim. CD200 was expressed in 2/24 cases (8.3%), CD20 in 4/24
cases (17%), CD19 was low expressed in 1/24 (4.1%) and CD45 was
negative in 23/24 cases (96%). BCL-2 (MFI) was highly expressed in

all cases (Mean 14,18 ±5,26; Median 13,5; ≥ 13,5 10/24 42%) while PD-
L1 was positive in 8/24 (Median 23,5). FISH analysis was performed
and resulted negative in 9 cases. 8/24 (33%) SMM patients, who had di-
agnosis from at least 2015 and that were in stable disease, had the same
results of expression of BCL-2 and PD-L1.

Conclusions: Our preliminary results demonstrated a variable expres-
sion of PD-L1, while BCL-2 is highly expressed (not all studies demon-
strated early expression of these markers) and all cases did not have FISH
abnormalities, demonstrating a less genetic instability compared to MM
cases. The diversified expression of analyzed markers confirms the high
heterogeneity and complexity of the smoldering phase in MM. NGF and
genetic status could correlate with clinical characteristics, explaining the
heterogeneous clinical course of this disease, improving the prognostic
risk stratification. In the future the assessment of aberrant CPCs with
NGF can be a powerful, minimally-invasive blood test to discriminate
both SMM cases at high-risk of progression to MM, becoming a surro-
gate marker for progression to MM.
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LENALIDOMIDE (R) AND DESAMETASONE (D) IS A VALID
THERAPEUTIC OPTION AS BRIDGE TO ASCT AND TO SAL-
VAGE TREATMENT IN RELAPSED/REFRACTORY (R/R) TO
BORTEZOMIB LIGHT-CHAIN AMYLOIDOSIS (AL) PATIENTS

C. Giordano, G. Cerciello, A. D’Ambrosio, N. Pugliese, G. Delle Cave,
A.M. Vincenzi, M. Picardi, F. Pane 

Department of Clinical Medicine and Surgery, Hematology Unit, Fed-
erico II University Medical School, Italy

Introduction: Studies on intermediate dose of R for AL treatment are
scanty and few are in ASCT eligible patients.

Aim: assess RD effect and toxicity as bridge to ASCT and to salvage
therapy in R/R to bortezomib AL patients.

Table 1.

Material and Methods: A retrospective analysis of 13 patients with
R/R AL (median age 59 years) treated with RD in our department from
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Values are n (%) unless otherwise notified. CYBORD: Cyclophosfamide, bortezomib, desametasone. Median cycles 5, range 1-8. 
ASCT: autologous stem cell transplant; EGFR: Estimated Glomerular Filtration Rate.                                                                                                                                
CR: complete remission; VGPR: very good partial response; PR: partial response; SD: stable disease; (according to the updated international 
amyloidosis consensus criteria, Comenzo et al, 2012). 

 
 

Patients characteristics at RD treatment (n=13)                                         Values 
Age, median (range) 59 (48-82) 
Time from AL diagnosis, median 
(range) 

9 mo (3-21) 

Previous lines received 
 

     CYBORD 13 (100) 
ASCT 1 (7) 

Lambda isotype  12 (92) 
Monoclonal component g/l, median (range)                                          0.5 (0-0.8) 
Dflc mg/l, median (range) 0,23 (0,20-0,90) 
Cardiac involvement  9 (70) 

Revised Mayo clinic stage I - 
Revised Mayo clinic stage II 1 (0.12) 

Revised Mayo clinic stage III 4 (0.44) 
Revised Mayo clinic stage IV 4 (0.44) 

Troponin (median,ng/l) 2469 (48-15060) 
NT-ProBNP (median,ng/l) 4815(1550-15440) 

Renal involvement  7 (53) 
Proteinuria g/24h, median (range) 2.9 (1.4-14.5) 

EGFR ml/min median (range) 65 (45-80) 
Neurological involvement  1 (7) 
Liver involvement  1 (7) 
Gastrointestinal involvement  1 (7) 
Soft tissue involvement 4 (30) 
Number of organs involved  

 

                                                   1 organ                                                                                     5 (41) 
2 organs                                                                                  5 (41) 
3 organs 2 (16) 

                                               
                                                 responses and evolution with RD treatment 

 
Hematologic responses  
CR 3(23) 
VGPR 4 (30) 
PR 3(23) 
SD 3 (23) 
RD cycles, median (range) 6 (4-13) 
ASCT procedure 3 (23) 
Re-treament  5 (38) 
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March 2017 to March 2021 was performed.
Results: ORR (≥ PR) was 76%.  Three had a CR: two received ASCT

while the other suspended after 6 cycles and died at 10 months, in off
therapy, for pulmonary embolism following atrial fibrillation. Four had
a VGPR after a median of 5 cycles: one received ASCT while 3 main-
tained the response for a median of 13 months; 2/3 relapsed and died at
6 months from Pomalidomide treatment for PD. Three PR after a median
of 4 cycles: 2 not eligible for therapy shift died at a median of 24 months
(heart failure following atrial fibrillation and sepsis fatal episode); the
last one, due to loss of response, is now treated with Pomalidomide.
Organ responses were recorded in 5 patients (4 had cardiac involvement
as single organ or with renal/nervous system). After a median of 5 cycles,
3 refractory patients suspended RD (one for renal failure who died short
after, while the other two died within the start of Pomalidomide treatment
for AL progression). Median Freedom-From-Treatment-Failure was 8
months (3-60). Median survival from enrollment was 14 months (3-60).

All received anti-thrombotic prophylaxis, antihistamines prophylaxis
in the first cycle and closely monitoring with frequent blood cell count
to promptly start anti-infective prophylaxis (growth factors, antibacterial
and anti-fungal treatment). R starting dose was 15 mg in 6 patients and
10 mg in 7 patients. Rash was quite common without need of dose mod-
ifications; 45% of grade 1/2 anemia and neutropenia without need of
delay, 23% of R reduction until episodes resolution (to 5mg in two grade
2 infections and to 10mg for grade 2 diarrhea) and one case of treatment
discontinuation due to renal failure were recorded.

Conclusions: RD is a valid therapeutic option. Three patients (2 with
MAYO stage III) achieved a VGPR and RC (n=2) and organ responses
after 6 cycles becoming unexpectedly ASCT eligible since 2/3 patients
received scant CYBORD treatment (one for rapid intolerance to Borte-
zomib while the other shifted for progression after 2 cycles).
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CARFILZOMIB – LENALIDOMIDE – DEXAMETHASONE (KRD)
IN PATIENTS WITH MULTIPLE MYELOMA REFRACTORY TO
FIRST LINE THERAPY WITH VTD: FOCUS ON STEM CELL MO-
BILIZATION AND OVERALL RESPONSE RATE BEFORE AUTOL-
OGOUS TRANSPLANT

F. Trastulli1, S. Avilia1, S. Vitiello1, G. Scairati1, M. Esposito1, 
M. Iannalfo1, F. D’Agostino1, L. De Fazio1, A. Fiumarella1, 
C. Fatigati1, I. Pisano2, M. Capone2, O. Vitagliano3, B. Izzo4, F. Pane1,
L. Catalano1

1Department of Internal Medicine and Surgery, AOU Federico II;
2CEINGEBiotecnologieAvanzate; 3DivisionofHematology,Cardarelli
Hospital; 4Dipartimento di Medicina Molecolare e Biotecnologie
Mediche (DBBM), Italy

VTD plus ASCT is the standard treatment for fit patients with new di-
agnosis of MM. Patients not achieving ≥PR are not considered good can-
didates for ASCT and this can lead to poor OS. There is no standard
therapy in this subset of patients: the alternative of second line induction
vs mobilization without further treatment is still matter of debate. We are
trying to investigate the role of KRD before mobilization in these pa-
tients, due to good ORR in the refractory setting, with its ability to pre-
serve the collection of CD34+ cells. From May 2017 to March 2021, we
treated 12 patients with MM and refractory to first line VTD, with 2-4
courses of KRD. Median age was 58 years with male sex 75% (Table
1). All patients were considered refractory to VTD if they did not achieve
≥PR at the third cycle or in PD. Nine patients (75%) had stage III at di-
agnosis. Seven patients had cytogenetic evaluation (58%) with high cy-
togenetic risk in 4 patients (57%). Two patients (29%) had del17p. All
patients were evaluable for treatment response. Median cycles of VTD
were 2 (r. 1-3). Response to VTD were MR in 3 patients (25%), SD in 7
patients (58%) and PD in 2 patients (17%). Carfizomib was administered
at 27 mg/m2 days 1-2, 8-9, 15-16 in cycle of 28 days with lenalidomide
at 25 mg for 14 days and dexamethasone at 40 mg each week. After a
median of 3 KRD cycles (r. 2-4), ORR was 75% with 1 CR, 4 VGPR
and 5 PR. Two patients had progressive disease and received salvage

chemotherapy: both patients had del17p observed by cytogenetics before
VTD. One patient refused ASCT, hence nine patients proceeded to CD34
mobilization after induction therapy with navelbine at 25 mg/m2 d+1 and
cyclophosphamide 1,5 gr/m2 d+2 followed by G-CSF from d+4. No pa-
tients needed plerixafor. All patients reached the goal of mobilization in
single day apheresis with a median CD34+ of 6,7x106/Kg (r. 1,9–10,2).
Seven patients underwent to single ASCT and 2 patients to a tandem
ASCT. After a median follow up of 22 months (r. 5-30) 6 patients (67%)
were in remission, while 3 patients relapsed and died for refractory dis-
ease. Median OS from diagnosis was 22 months (r. 5-30), PFS after
ASCT was 12 months (r. 2-21). Our data suggest that KRD can be an ef-
fective salvage induction therapy. This scheme did not compromise
CD34+ mobilization and allowed patients to receive ASCT. Controlled
clinical trials could investigate this scheme in a subset of patients still
characterized by uncertain prognosis, also to define the real impact on
OS.

Table 1.
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A NON-INTERVENTIONAL OBSERVATIONAL RETROSPECTIVE
STUDY OF SECOND-LINE TREATMENT WITH THE COMBINA-
TION DARATUMUMAB – BORTEZOMIB - DEXAMETHASONE
(DARAVD) IN MULTIPLE MYELOMA PATIENTS REFRACTORY
TO LENALIDOMIDE

I. Rizzello, E. Zamagni, V. Solli, A. Poletti, P. Tacchetti, L. Pantani,
K. Mancuso, S. Rocchi, G. De Cicco, A. Fusco, M. Ursi, S. Barbato,
C. Terragna, M. Martello, N. Testoni, G. Marzocchi, M. Cavo

IRCCS Azienda Ospedaliero-Universitaria di Bologna, Istituto di Ema-
tologia“Seràgnoli” -DipartimentodiMedicinaSpecialistica,Diagnos-
tica e Sperimentale, Università di Bologna, Italy

With the progressively increasing use of lenalidomide (len) as main-
tenance therapy after ASCT or as continuous treatment for newly diag-
nosed multiple myeloma (MM) patients (pts), the condition of
len-refractoriness at first relapse has become an unmet clinical need in
the last years, characterized by the lack of availability of the most effec-
tive combinations. Nowadays, one of the few alternatives available in
clinical practice is the triplet daratumumab(dara)-bortezomib(B)-dex-
amethasone (DaraVd). This regimen has been explored so far in a small
fraction of pts refractory to upfront lenalidomide. We conducted a retro-
spective observational study aimed at defining the outcomes of len-re-
fractory pts treated with DaraVd at first relapse. Eighteen pts were

Caratteristiche dei pazienti  
Sesso M/F 9/3 (75) 
Età mediana (range) 58 (35  68) 
Stadio III 9 (75) 
Caratteristiche del trattamento 
Mediana cicli VTD (range) 2 (1 - 3) 
Risposte dopo VTD 

 MR 
 SD 
 PD 

 
3 (25) 
7 (58) 
2 (17) 

Mediana KRD effettuati (range) 3 (2  4) 
Best response a KRD 

 CR 
 VGPR 
 PR 
 SD 
 MR 
 PD 

 
1 (8) 
4 (33) 
5 (42) 
0 
0 
2 (17) 

Pazienti sottoposti a mobilizzazione CD34+ 9 (75) 
Esclusi dalla mobilizzazione 

 Malattia refrattaria 
 Decisione del paziente 

3 (25) 
2 (67) 
1 (33) 

CD34+ mobilizzate x106/kg, mediana (range) 6,7 (1,9 10,2) 
Pazienti sottoposti ad ASCT 

 Singolo ASCT 
 Doppio ASCT 

9 (75) 
7 (78) 
2 (22) 

Mantenimento post ASCT 3 (33) 
Follow up mediano post ASCT (range) 4,33 (2,07  21,25) 
Mediana PFS dopo ASCT, mesi (range) 12 (2  21) 
Mediana OS, mesi (range) 22 (5  30) 
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included in the present analysis; additional pts, with a prolonged follow-
up, will be available and presented at the meeting. Baseline characteris-
tics were comparable with general MM population; pts with high risk
(HR) cytogenetics (t(4;14) and/or t(14;16) and/or del17) were 4 (22%).
B dose-reduction, due to toxicity, was needed in 5 pts (28%). All the pts
showed at least one adverse event (AE) of grade ≥ 2. Infusion related re-
actions (IRR) were 39%, always at first infusion, of grade 1 or 2. Most
common toxicities were infections (39% of grade 2-3, no herpes zoster),
pneumonia (6%), gastrointestinal disorders (22% diarrhea and 17% con-
stipation) and asthenia (33%). Haematological AEs presented in 100%
of the pts (89% thrombocytopenia of which 56% grade ≥3, 28% neu-
tropenia of which 6% grade 3). Peripheral neuropathy (PN) rate was 44%
(8 pts), of which 16% grade 3. No pts discontinued the treatment for tox-
icity. The overall response rate (ORR) was 83% (44% ≥VGPR). With a
median follow-up of 8.5 months, median PFS was 8 months (5.5 and 8.5
months in HR and SR pts, respectively) and median OS was not reached.
PFS wasn’t influenced by dose and duration of previous len exposure,
while it was positively influenced by the absence of del17 (p=0.007),
normal platelets count (p=0,029) and a response ≥CR (p=0.058) or
≥VGPR (p=0.048). Our data show that, even when used at first relapse,
DaraVd has limited efficacy in len-refractory pts, in comparison to the
general population treated with the same regimen. Newer more effective
triplets, such as combination of monoclonal antibodies with carfilzomib
and/or pomalidomide, are eagerly awaited.
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RESIDUAL DISEASE DETECTION AT PREFIXED TIME IN 26
MULTIPLE MYELOMA PATIENTS TREATED WITH VTD AND
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A UNICENTRIC REAL-LIFE EXPERIENCE
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Background: The clinical value of measurable residual disease (MRD)
in Multiple Myeloma (MM) still deserves to be defined clearly. In pre-
sent study we verify MRD status in 26 MM patients treated up-front with
bortezomib, thalidomide, and dexamethasone (VTD) plus tandem autol-
ogous stem-cell transplantation with high dose melphalan
(HDM/ASCT), to assess whether significant differences in MRD depth
exist after 4 or 6 VTD cycles, or after the end of induction and after the
first HDM/ASCT or after first and second HDM/ASCT.

Methods: We evaluated MRD in 26 consecutive MM patients who un-
derwent induction with 6 courses of VTD followed by up-front tandem
ASCT, treated at our institution starting from 2017. Bone marrow MM
plasma cells were detected using a single eight colours tube (PCST one
flow, Becton Dickinson) flow cytometry assay (FC), allowing to identify
the aberrant phenotype CD38+/CD138+/CD19-/CD56+/Cy Kappa/Cy
Lambda.

Results: the median age of the 26 MM patients was 61.92 years (range
41-71 years). Seven (46.7%) of the 15 patients with an evaluable ISS
could be classified as advanced clinical stage. Non IgG type M-protein
was found in 9 patients (36.0 %). A lambda light chain was detected in
10 cases (41.7%). Cytogenetic was available in 13 patients. An adverse
risk karyotype was detected in 11 cases. At the prefixed time points,
MRD levels were expressed as the ratio between clonal and normal plas-
macells (PC/P ratio) and were 46.1 (± SD 32.6) vs 48.5 (± SD 38.3) (p =
n.s.) in the 19 patients assessable at the 4 and 6 VTD cycles, 40.2 (± SD
38.6) vs 14.0 (± SD 14.1) (p = 0.01) in 15 patients receiving 6 VTD and
the first HDM/ASCT, and 12.9 (± SD 10.1) vs 15.9 (± SD 15.7) (p = n.s.)

in 10 patients assessed after the first and second HDM/ASCT. No MRD
negative patients were observed; 9 cases (34.6%) achieved a PC/P ratio
≤5 at some points during their clinical course. At this time none of these
9 patients progressed, while 5 of the 15 patients with a ratio ≥5 pro-
gressed at 5, 5, 6, 6 and 9 months, respectively.

Conclusions: Our data confirm the effectiveness of HDM/ASCT in
MM patients to improve not just the clinical response but also MRD lev-
els. The detection of a PC/P ratio ≤ 5 (MGUS like) seems to predict a
better prognosis. In addition, the similar MRD levels detected after 4 or
6 VTD cycles might suggest the possibility of early mobilization of
HSCs.
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ANTITHROMBOTIC TREATMENTS IN THE REAL LIFE OF PA-
TIENTS WITH MULTIPLE MYELOMA IN THERAPY WITH IM-
MUNOMODULANTS: A MONOCENTRIC EXPERIENCE
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A. Tafuri 

Sant’Andrea University Hospital – Sapienza, Italy

Venous thromboembolism (VTE) is a common complication in pa-
tients with Multiple Myeloma (MM), with more than 10% of patients
still developing thromboembolic events. Particularly, treatment with im-
munomodulating agents (IMiDs) is characterized by frequent thrombotic
complications. Although the International Myeloma Working Group
(IMWG) since 2014 has developed the thrombotic risk stratification
model and the recommendations for thromboprophylaxis (TPX), the fre-
quency of VTE remains high, prompting more appropriate risk stratifi-
cation tools and revised TPX strategies. Our aim was to determine in the
real-life the prophylaxis treatments adopted to avoid VTE during IMIDs
therapy. At Sant’Andrea University Hospital – Sapienza a total of 119
MM patients were treated with different IMIDs-based regimens from
October 2013 to February 2020. Anti-MM treatment included combina-
tions of bortezomib, thalidomide and dexamethasone (VTD, N=35),
lenalidomide and dexamethasone (Rd, N=63) pomalidomide and dex-
amethasone (PomaD, N=8), carfilzomib, lenalidomide and dexametha-
sone (KRd, N=6), and elotuzumab, lenalidomide and dexamethasone
(EloRd, N=1) and daratumumab, lenalidomide and dexamethasone
(DaraRd, N=6). All Patients treated with IMIDs underwent TPX to pre-
vent the risk of VTE. In particular, Low Molecular Weight Heparin
(LMWH) was used in 116/119 patients. The remaining three patients
were already on different TPX: Cardioaspirin, Rivaroxaban and Dabi-
gatran. VTE (without pulmonary embolism) was recorded in six patients
(5%), all of them during LMWH prophylaxis. In particular, two patients
were newly diagnosed on VTD therapy and four were relapsing patients
treated with Lenalidomide-based combination therapy. No VTE occurred
in patients treated with Pomalidomide. All patients suffering from VTE
episodes were characterized by high thromboembolic risk according to
IMWG. Interestingly, in our experience, the bleeding risk was low
(1.68%): two minor bleeding events during LMWH treatment. In sum-
mary, in our monocentric experience the LMWH antithrombotic prophy-
laxis resulted safety and effective with low incidence of thrombotic and
bleeding events. However, the subcutaneously administration of LMWH
was not well perceived affecting daily quality of life and compliance.
Therefore, we are now opening for further investigate a clinical trial
aimed to evaluate the efficacy and safety of direct oral anticoagulants
(DOACs) for prophylaxis of VTE during IMIDs treatment.
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Aggressive multiple myeloma (MM) is defined as presence of renal
failure or hypercalcemia, extramedullary disease (EMD), elevated LDH,
skeletal-related complications, presence of peripheral blood plasma cells,
high increase in M protein rate, adverse cytogenetic abnormalities and
short duration of response to prior therapy or progression while on cur-
rent therapy. Randomized controlled clinical trials usually do not include
aggressive disease except for high cytogenetic risk. Here we describe
five MM patients characterized by an aggressive presentation success-
fully treated with Carfilzomib-Lenalidomide-Dexamethasone regimen
(KRd). Patient #1 presented with severe hypercalcemia at the time of di-
agnosis, patient #2 developed acute renal failure in course of first line
treatment, patient #3 had a massive disabling plasmacytoma, patient #4
experienced intracranial EMD at first relapse and patient #5 was diag-
nosed with primary plasma cell leukemia (pPCL). When aggressive dis-
ease occurred, patients were suddenly treated with KRd. Treatment is
ongoing for patients #2, #3, #4 and #5, while patient #1 is on lenalido-
mide maintenance after KRd induction therapy and tandem ASCT. Two
VGPR (patient #3 and #4) and three PR (#1, #2, #5) were achieved after
only one cycle. In addition to biochemical response a prompt resolution
of neurological symptoms in patient #1, a reduction of EMD in patients
#3 and #4 and the normalization of complete blood count in patient #5
were obtained. FISH analyses revealed high risk cytogenetic alterations
in 4 out of 5 patients (#1, #2, #3, #5). KRd is known to improve PFS and
OS regardless of cytogenetic risk. ENDEAVOR trial sub-analysis
showed that a quick disease response can be achieved with proteasome
inhibitors (PIs) in patients with aggressive renal impairment. In a similar
way PIs induced a quick remission in patient with EMD, also in those
with soft-tissue and CNS involvement who usually have worse OS than
those who developed bone-related EMD (5.59 vs 4 vs 9.21 months re-
spectively). Preliminary data of EMN12/HO129 trial investigating carfil-
zomib and lenalidomide-based treatment for PCL showed that KRd
induced deep hematologic responses after 4 cycles (≥VGPR in 80% and
≥CR in 33%). Our reported data suggest that KRd regimen could be an
excellent choice in a cohort of patients with aggressive disease usually
excluded from pivotal registrative studies because of its quick efficacy
with an acceptable toxicity profile.
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A SINGLE-CENTER REAL-LIFE EXPERIENCE WITH BELAN-
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Although the therapeutic landscape for multiple myeloma (MM) has
expanded, it remains an incurable disease. Novel, well-tolerated and
highly effective therapies in the relapsed/refractory (RRMM) setting rep-
resent a real hope. Belantamab mafodotin is a first-in-class monoclonal
antibody-drug conjugate whose target is B-cell maturation antigen
(BCMA) conjugated to the cytotoxic microtubule inhibitor monomethyl
auristatin F. In the DREAMM-2 study involving patients with relapsed
MM after at least three prior therapies, including an immunomodulatory
drug, a proteasome inhibitor and an anti-CD38 monoclonal antibody,
Belantamab mafodotin achieved an ORR of 32% with DoR of 11 months
and a PFS of 2.9 months. Preliminary results from the DREAMM-2 trial
allowed its approval in August 2020 in the USA and in Europe for the
treatment of this setting of RRMM patients. In our center five heavily
pre-treated patients with RRMM are currently in treatment with Belan-

tamab mafodotin as monotherapy outside of clinical trials. The drug was
obtained through a compassionate use request. Particularly, two patients
completed eleven cycles of treatment achieving clinical and biochemical
response without any grade 3-4 side effects. Patient #1 is a 69 year old
patient diagnosed with MM in August 2009 that underwent extra-
medullary relapse of disease in the skin accompanied by an increased
FLC ratio after seven previous lines of therapy. After only one cycle, the
patient achieved a complete remission of disease as skin lesions re-
gressed and FLC ratio returned within normal ranges. During treatment
(third cycle) she experienced eye pain and photophobia accompanied by
grade 2 corneal events. She was successfully treated with lipid tear sub-
stitutes and vitamin A oinment. Patient #2 was diagnosed with MM in
April 2008 and underwent six lines of therapy before initiating treatment
with Belantamab. Before treatment, she was dependent on analgesics
and tranfusion support. After one cycle, hemoglobin values returned
within normal values and bone pains notably improved and treatment
with morphine was stopped. The patient obtained a reduction of more
than 50% of the monoclonal component after five cycles. Treatment was
well tolerated. From our experience, Belantamab mafodotin is a safe and
effective therapy for heavily pretreated RRMM patients. In addition, oc-
ular toxicity is manageable. 
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LATE TOXICITIES AND LONG-TERM MONITORING IN CLASSI-
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LYMPHOMA SURVIVORS: A SERIES OF SYSTEMATIC 
REVIEWS OF THE FONDAZIONE ITALIANA LINFOMI
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Background: In the current years it is estimated that cancer survivors
are more than 16 million and it is predicted to reach 22 million by 2030.
Up today there is a paucity of data on monitoring of late toxicities af-
fecting lymphoma survivors, thus we still need more information to set
up an evidence based follow-up strategy.

Aim: Researchers of the Fondazione Italiana Linfomi (FIL) drawn a
series of systematic reviews with the aim to: i) evaluate evidence for an
homogeneous monitoring of lymphoma survivors; ii) find a balance be-
tween the unmet medical need and the sustainability of healthcare sys-
tem.

Methods: The research work was carried out by a multidisciplinary
team of 16 FIL Researchers under the methodological supervision of the
Istituto di Ricerche Farmacologiche Mario Negri (Milan). The systematic
reviews focused on 6 topics: cardiotoxicity, secondary cancers, en-
docrine-metabolic sequelae, fertility and neurological/ cognitive toxici-
ties, healthy lifestyles. The following questions were analyzed,
considering the population of classical Hodgkin lymphoma (cHL) and
Diffuse large B-cell lymphoma (DLBCL) survivors treated at ≥ 18 years
old: i) incidence of the long-term toxicity; ii) comparison with recent
therapies (e.i. modern radiation therapy); iii) best monitoring. The search
was carry out on PubMed, Embase and the Cochrane Library, and hand
searching, up to December, 2020. Selection process and data extraction
were conducted according to the Preferred Reporting Items for System-
atic reviews and Meta-analyses (PRISMA) guidelines.

Results: Six independent systematic reviews were conducted. 170 full
text papers were included in the final analysis. They concerned: car-
diotoxicity (n=22), secondary cancers (n=21), endocrine-metabolic se-
quelae (n=9), fertility (n=46), neurologic and cognitive toxicity (n=62),
healthy lifestyles (n=10). The optimal monitoring was found out for: i)
early left ventricular ejection fraction dysfunction, coronary artery dis-
ease, valvular heart disease; ii) secondary acute myeloid
leukemias/myelodisplastic syndromes and solid tumors; iii) metabolic

syndrome, thyroid, gonadal, and mineral bone disorders; iv) fatigue, cog-
nitive impairment, anxiety and depression. Fertility preservation and cor-
rection of unhealthy lifestyles were also examined.

Conclusion: The final documents could be a reasonable bridge from
evidence to decision in order to improve the clinical practice and cus-
tomize the general follow-up approach of cHL and DLBCL survivors.
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HOMECARE FOR HEMATOLOGICAL PATIENTS (PTS): 
A GROUNDED THEORY STUDY
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Background: The Reggio Emilia Haematological Home Care
(HHC)programme was implemented in 2012.The success of this service
is strongly connected to the way in which all the actors live and experi-
ence it.Grasping the different perspectives means understanding HHC
in its complexity without reducing it to a mere organizational issue.

Aim: The study aimed to understand the HHC process through the per-
spectives of pts, caregivers(CGS) and healthcare professionals (HPs).
The generative research question was: “What happens when a haemato-
logical pt is cared for at home”? We wanted to understand the various
points of view of the actors included in this type of assistance to define
its limits and positive aspects.

Materials and Methods: We conducted a qualitative study according
to the Grounded Theory methodology through semi-structured inter-
views. We identified 22 participants (4 pts,14 CGS,4 HPs). The inter-
views were transcribed, analysed through the initial coding and finally a
conceptual framework was built to do focused coding (identification and
definition of conceptual macro-categories).On the basis of the focused
coding, 3 additional participants were selected (theoretical sampling).
From the macro-areas identified,the core category of the research was
extracted and condensed through theoretical coding.

Results: The results demonstrated the existence of 3 phases of the care
process: “knowledge”, “learning”, and “routinization” of HHC. In phase
1, the pts were offered HHC, and the therapeutic plan was explained to
them together with their CGS. HHC guarantees comfort because the pts
can live in their home environment,but on the other hand it is frighten-
ing,because HHC is different form hospital care the pt is used to. Phase
2 is “learning”: the pts and the CGS gradually learn to manage clinical
practices at home, but they also learn to recognize signs and symptoms
to report to HPs and to have a constant confrontation with them. In phase
3, the pts, the CGS and the HPs struggled to find a balance in which
home assistance becomes part of the daily routine and a trusting bond.
The core category is the implementation of pts’ wishes for assistance.

Conclusion: HHC require strong mutual understanding among ac-
tors.HHC reaches its main goal when the pt and family are prepared and
when their care needs are met. Accompaniment in the various stages of
the disease and being close to family members and pts increases their
quality of life and guarantees personalized assistance.
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Most males diagnosed with Hodgkin lymphoma (HL) are of repro-
ductive age, and as average paternal age in many industrialized countries
rises, proportion of men diagnosed with HL before having children will
increase. Furthermore, reproductive function is impaired in a consider-
able number of patients at the time of diagnosis, compromising possi-
bility of spontaneous fertilization and opportunity for sperm
cryopreservation before treatment. This study aimed to analyze the in-
fluence of HL and its treatment on spermatogenic status of 46 male pa-
tients with HL treated between 2008 and 2016, with spermiogram
available at diagnosis; in 24 spermiogram was also available after treat-
ment. All patients underwent ABVD as first-line chemotherapy, of which
12 patients with relapsed/refractory disease underwent haematopoietic
stem cell transplantation (HSCT). Analyzing prognostic factors, we
found that number of spermatozoa at diagnosis was reduced in stage 3-
4 (19x106/ml vs. 49x106/ml; p=0.001); motility and vitality were reduced
in stage 3-4 (motility: 29% vs. 43%, p=0.015; vitality: 49% vs 71%,
p=0.011) and in presence of B symptoms (motility: 30% vs. 44%, p =
0.016; vitality: 53% vs. 69%, p=0.04;) abnormal forms were increased
in patients with high ESR (84% vs. 75%, p=0.017) and albumin <4 gr/dl
(87% vs 75%, p=0.002). Analyzing the sperm before and after treatment
we observed that in 8 (33%) there was a worsening of the number of
spermatozoa (of these 50% underwent HSCT), while in 16 there was an
increase in spermatozoa (of these 87% did not undergo HSCT). The
number of normal forms was reduced in 20 patients, motility in 9 (of
these 56% underwent HSCT), vitality in 15 (of these 33% underwent
HSCT). Furthermore, we found that patients undergoing HSCT were as-
sociated with severe impairment of fertility in terms of sperm motility
(74% at diagnosis vs 22% after HSCT; p=0.025). In patients who did not
undergo HSCT we found a statistically significant improvement in fer-
tility in terms of motility (35% at diagnosis vs. 50% after treatment; p =
0.009). In this study, we found that HSCT induced infertility in majority
of male patients with HL and that first line treatment could improve fer-
tility status caused by disease. Further studies are needed in a larger case
series to investigate risk factors for impaired fertility at diagnosis and
after treatment.
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Introduction: Lymphomas are rising in incidence whereas new thera-
pies are under development. As therapies improve, so survival rates do,
highlighting long-term complications such as anxiety-depressive disor-
der and decreased quality of life in lymphoma patients. The complica-
tions above, underdiagnosed and undertreated, can negatively affect
patients’ lives and interfere with their treatment compliance.

Purpose: This systematic review investigates the association between
the development of anxiety-depressive disorder and lymphoma summa-
rizing the current literature on prevalence, incidence, the impact of the
disease on patients and survivors. Moreover, this study highlights pa-
tients at high risks of developing anxiety-depressive disorder and sensi-
tizes health practitioners.

Materials and Methods: PubMed, Embase, and Cochrane Library
databases were screened to perform an extensive review. Inclusion cri-
teria were studies of any level of evidence published, from 1986 to 2020,
in peer-reviewed journals reporting clinical and written in English. Rel-
ative data were extracted and critically analyzed. PRISMA guidelines
were applied, and the risk of bias was assessed, as was the methodolog-
ical quality of the included studies. Twenty-three studies were included
after applying the inclusion and exclusion criteria. Of these, all were
human clinical studies.

Results: Twenty-three studies were included in our systematic review
for a total of more than 27.000 patients. Among lymphoma patients, the

prevalence of anxiety was between 8% and 25%, the prevalence of de-
pression was between 9% and 18%. We found that age, sex, comorbidi-
ties, cancer stage, type of treatment, unmet needs, depression, type of
hospital, doctor-patient relationship, educational status, previous psychi-
atric issues were significantly associated with anxiety. Moreover, time
from diagnosis, age, sex, comorbidities, physical health scores, anxiety,
unmet needs, type of hospital, internet use, doctor-patient relationship,
educational status, previous psychiatric issues were significantly asso-
ciated with depression. Anxiety and depression were also found to reduce
survival and quality of life in hematological cancer survivors.

Conclusion: Anxious-depressive symptoms are highly prevalent
among lymphoma patients and their development is strongly linked to
the risk factors aforementioned. Health practitioners should be sensitized
to these complications frequently underdiagnosed.
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Cancer patients are a population at high risk of contracting COVID-
19 and, also of developing severe complications due to the infection,
which is especially true when they are undergoing immunosuppressive
treatment. Despite this, they had still to go to hospital to receive
chemotherapy during lockdown. In this context, we have evaluated the
psychological status of onco-hematological outpatients receiving infu-
sion and not deferrable anti-neoplastic treatment for lymphoproliferative
neoplasms, with the aim of both measuring the levels of post-traumatic
symptoms, depression, and anxiety during the pandemic and also of in-
vestigating the perception of risk of potential nosocomial infection. The
Impact of Event Scale-Revised (IES-R) and the Hospital Anxiety and
Depression Scale (HADS) were administered to all patients. Moreover,
patients were investigated about their worries regarding the impact of
COVID-19 on their lives as onco-hematologic patients. Since the 2nd to
the 29th April 2020 (during the first phase of the lockdown period in
Italy), 77 outpatients were prospectively evaluated. They were diagnosed
with non-Hodgkin’s lymphoma, classical Hodgkin lymphoma, and
Chronic lymphocytic leukemia/Small lymphocytic lymphoma. The mean
age was 56.6 (range 22-85). We found that 36% of patients had anxiety
(HADS-A), 31% depression (HADS-D), and 43% were above the cut-
off for the HADS-General Scale; 36% fulfilled the diagnostic criteria for
post-traumatic stress disorder (PTSD). Women and younger patients
were found to be more vulnerable to anxiety and PTSD. The study firstly
analyzes the psychological impact of the COVID-19 pandemic on the
frail population of patients affected by lymphoproliferative neoplasms,
to underly the importance of screening patients for emotional and distress
conditions and then offering them psychological support.
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ED can be an early AL feature. Aim: investigate the incidence and
evaluate the presence and possible causes of ED.  Methods: All male pa-
tients with AL attending the Haematology Department of Federico II
University were enrolled, from July to November 2020. Patients older
than 70y and/or with ECOG ≥ 2 were excluded. Andrological assessment
was performed by G.F and P.R and consisted in physical examination,
power Doppler ultra-sound evaluation and a questionnaire concerning
sexual activity (IIEF-15). Mayo clinic staging assessment was reported
for all patients at diagnosis and enrolment.

Results: 13 patients were enrolled: 5 at AL diagnosis (“treatment
naïve”) while 8 in follow-up after AL treatment (“Off-therapy”). In the
latter, hematologic CR and VGPR were recorded in 5/8 and 3/8 patients,
respectively (median 38 and 57 mo); complete organ response was
recorded in all. Hormonal dosages resulted within the reference limit for
all patients and nobody suffered from pathological depression according
to our psychologist consultant (S.A). ED prevalence was 92%: 9 severe,
1 moderate and 2 mild ED. The flowmetric indices showed a reduction
of peak systolic value (PSV) in 77% of patients and a pathological ac-
celeration (Acc) in 4/13. Patients with pathological Acc showed a higher
age (p=0.05) and worse scores at IIEF-TOT (p=0.006), at Desire Func-
tion (p=0.01), at Overall Satisfaction (p=0.03); patients with severe ED
showed a higher age (p=0.003) and a pathological left Acc value
(p=0.04); patients with mild ED and normal erectile function (localized
AL) showed normal right PSV (p= 0.004) and normal left PSV (p=0.006)
compared with patients with moderate and severe ED. For the two groups
ED prevalence and ED stage was homogenous as the flowmetric char-
acteristics. In the “off-therapy” group no differences were found accord-
ing to hematologic response.  Conclusion: a strong association between
arterial inflow deficit, penile hemodynamic alteration, and ED was out-
lined. A possible cardiotoxic effect of extracellular light chain was dis-
closed by the presence of early endothelial dysfunction in systemic AL
independently of treatment received, time from AL diagnosis and organ
involvement. A possible indication our study may provide is that any pa-
tient seeking medical advice for unexplained ED should undergo AL
screening.

Table 1.
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MUTATIONAL ANALYSIS IN LOW RISK MYELODYSPLASTIC
SYNDROMES: A SINGLE CENTER REPORT

G. Cassanello1, G. Levati2, J.A. Giannotta3, W. Barcellini3, B. Fattizzo1,3

1Department of Oncology and Onco-hematology, University of Milan,
Milan, Italy; 2Division of Hematology and Stem Cell Transplantation,
Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy; 3Hema-
tology,Fondazione IstitutodiRicoveroeCuraaCarattereScientifico IR-
CCSCa’Granda Ospedale Maggiore Policlinico, Milan, Italy

Background: Myelodysplastic syndromes (MDS) are a very heteroge-
neous group of diseases. Recently, a deeper knowledge of low risk MDS
(LR-MDS) molecular landscape lead to novel treatments, such as luspa-
tercept for SF3B1 mutated patients with ring sideroblasts. Less is known
about the prevalence and type of other mutations and their clinical sig-
nificance.

Table 1.
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Aim: To evaluate the prevalence of somatic mutations of myeloid
genes in LR-MDS patients and their relationship with clinical/laboratory
features and outcome.

Methods: 50 LR-MDS patients have been evaluated by next genera-
tion sequence (NGS) technology Ion Reporters software 5.2 (Ion Tor-
rents5), screening 69 potentially oncogenic genes present in the
Oncomine Myeloid Research Assay diagnostic panel. Only variants with
an allelic frequency (VAF) > 5% were reported.

Results: Table 1 shows the clinical features in mutated and unmutated
patients. Seventy-two % of cases showed at least one mutation involving
genes such as SF3B1 (N=16), TET2 (N=10), SRSF2 (N=6), ASXL1
(N=5), DNMT3A (N=4) and many others. Subjects harbouring at least
one mutation were older as compared to NGS negative cases (p<0.01),
and more frequently displayed a normo/hypercellular bone marrow
(p=0.01). Interestingly, mutated cases showed a higher response rate to
recombinant erythropoietin (70.3% versus 50%), although not signifi-
cantly. Subsequent analyses were made according to the number and type
of genetic defects: harbouring 2 or more mutations was associated with
older age [76 (41-86) versus 71 (48-85) years, p< 0.05], lower neutrophil
counts at diagnosis [1.47 (0.4-4.2) versus 2.71 (0.4-5.8) x109/L, p<0.01],
and to shorter time to response to recombinant EPO [2.2 (1.5-8.8) months
versus 6.3 (1.5-16) months, p=0.06]. Mutations involving the splicing
pathway (i.e. SF3B1, U2AF1, and ZRSR2) were the most common, and
correlated with older age (76 versus 71, p=0.01), increased bone marrow
cellularity [50 (25-90) versus 40 (20-50)%, p<0.01], higher platelet [209
(41-564) versus 105 (20-332) x109/L, p=0.02] and neutrophil counts [2.8
(0.37-5.8 versus 1.8 (0.4-3.5) x109/L, p=0.03].

Conclusions: somatic mutations involving myeloid genes were fre-
quent in patients with LR-MDS and mainly correlated with older age
and deeper cytopenias. Considering mutation types, expectedly, those
involving splicing pathway correlated with a more proliferative pheno-
type. Of note, somatic mutations did not negatively impact on response
to recombinant erythropoietin.
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SWITCHING TO AN ALTERNATIVE RECOMBINANT ERYTHRO-
POIETIN AGENT MAY BE EFFECTIVE IN PATIENTS WITH LOW-
RISK MYELODYSPLASTIC SYNDROME

B. Fattizzo, L. Rizzo, J.A. Giannotta, N. Cecchi, F. Mazzon, 
W. Barcellini, M. Riva

Hematology, University of Milan, Hematology, Ospedale Niguarda Ca’
Granda, Hematology, Fondazione IRCCS Ca’Granda Policlinico Hos-
pital, Milan, Italy

Low risk myelodysplastic syndromes (MDS) mainly present with ane-
mia that may benefit from recombinant erythropoietin (rEPO) in about
70% of cases. Several types of rEPO are available, and it is a matter of
debate which one is the most effective and at what dose. Moreover, me-
dian duration of response is limited, and subsequent therapeutic options
are scanty, so that most subjects would finally become transfusion de-
pendent. We evaluated the efficacy of an alternative rEPO product in pa-
tients with MDS refractory or relapsed after the first rEPO course. MDS
patients followed at two tertiary hematologic centers in Milan, Italy, sub-
sequently treated with two different rEPO products have been included,
and response rates have been evaluated according to the International
Working Group 2006 criteria. A total of 25 patients with a median age
of 74 years (59-85), followed for a median of 51 months (12-225) have
been included. Considering the first course, median endogenous (e)EPO
was 59 U/L (3-257) and 12 patients were transfusion dependent. The first
product utilized was mainly epoetin alpha (N=16, biosimilar in 9), fol-
lowed by epoetin zeta (N=4), beta (N=3), and darbepoietin (N=2), re-
sulting in an overall response rate of 60% after 2.4 months (0.8-18).
Median treatment duration was 20 months (2.4-81) with the first product,
and patients were switched to an alternative compound due to loss of re-
sponse (N=17), inefficacy (N=8). At switching, 14 patients were trans-
fusion dependant, and pre-dose eEPO was 142 U/L (43-390). Most
patients shifted from alpha biosimilar to epoetin alpha (N=9) or vice
versa (N=2), from alpha to zeta (N=4) or vice versa (N=4), from beta to

alpha (N=3) or vice vera (N=1), and from darbepoietin to alpha (N=2).
44% of patients responded after a median of 1.9 months (0.7-5.2), in-
cluding 3 cases refractory to the first rEPO. Interestingly, 10/11 respon-
ders had been switched to epoetin alpha (p=0.03), and only 27% were
transfusion dependent before the switch (versus 78% in non-responders
p=0.01). At the last follow up, 3 patients were still on rEPO, whilst 8
stopped it due to loss of response (N=6) or intolerance (N=2) after a me-
dian of 15.8 months (11.6-17.5). Switching to an alternative rEPO was
effective in 44% of cases, particularly in transfusion independent patients
shifted to epoetin alpha. These results may suggest a try of an alternative
rEPO product in both primary refractory MDS patients and in those re-
lapsing after a first agent.
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REAL LIFE DATA ON AZACITIDINE THERAPY FOR INTERMEDI-
ATE-2/HIGH-RISK MDS, AML WITH MDS-RELATED CHANGES
AND CMML-2: AN UPDATE OF A SINGLE CENTRE EXPERI-
ENCE

G. Cametti1, C. Ceretto1, A. Grasso1, C. Paparo2, L. Godio3, P. Artoni1

1Medicina Interna; 2Laboratorio Analisi, Ospedale Maggiore ASLTO5;
3Anatomia Patologica, Città della Salute e della Scienza, Italy

Azacitidine is currently the most common treatment in patients (pts)
with intermediate-2/high risk MDS, AML with MDS related changes
and CMML-2 ineligible for intensive chemotherapy or transplantation.
Compared to registration studies, real life data often performed worse
or contradictory results. In 2019 we published our data in line with the
best results in the literature. Now we propose an update with more pts
and longer follow up. From march 2007 to june 2020 we treated 44 pts:
4 MDS-EB-1, 13 MDS-EB-2, 24 AML with MDS-related changes, 3
CMML-2. 36 were male, 8 female. Median age was 77 years (range 64-
90). ECOG PS was 0 or 1. Diagnosis and risk stratification were estab-
lished according to 2016 WHO and IPSS. Treatment were carried out on
a outpatient regimen, limiting hospitalization to complications only.
Azacitidine was administred according to the usual schedule of 75
mg/sqm for 7 days every 28 and continued without dose reductions up
to tolerance or progression. Response was evaluated in 32 pts who have
performed at least 4 cycles and classified according the 2006 IWG cri-
teria: complete remission (CR), marrow CR (mCR), partial remission
(PR), hematological improvement (HI), stable disease (SD), failure (F)
for progression or death. Therapy was prematurely interrupted in 12 pts
due to infection (5), intolerance (2), progression (3), cardiovascular cause
(1), lost to follow up (1). The 32 pts evaluable for response received a
median of 16 cycles (range 4-56). ORR (CR, mCR, PR, HI) was 54,5%
(24 out of 44) of all pts and 75% (24 out of 32) of pts who have carried
out at least 4 cycles; 5 among these pts (15.6%) had a SD and 3 (9.4%)
a F; 20 out 32 were trasfusion dependent and 9 of them achieved trasfu-
sion independence. Of the 24 responders pts, 9 got CR, 7 mCR, 2 PR, 6
HI. Response was observed after a median of 6 cycles (range 4-18); in 7
pts (29.2%) was achieved after 12 or more cycles. Median duration of
response was 7 months (range 1-30). Median survival of 29 responders
+ SD was 20 months (range 4-65); in the failure pts was 3 months (range
1-30). In conclusioin therapy with azacitidine is safe and effective in pts
with intermediate-2/high risk MDS, AML with MDS related changes
and CMML-2 ineligible for intensive chemotherapy or transplantation.
The late responses observed in almost 30% of responders confirm the
importance of continuing therapy beyond 6 cycles until tolerance or pro-
gression in order to increase number and quality of responses. 
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POLIGENIC PREDISPOSITION TO LATE ONSET SEVERE
HAEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS IN A PATIENT
WITH MDS

G. Rivoli1, G. Bartalucci1, M. Laurino1, E. Coviello1, G. Beltrami1, 
M.L. Coniglio2, E. Sieni2, E. Angelucci1

1 HematologyUnit&TransplantCenter -OspedalePoliclinicoSanMar-
tino, Italy; 2PediatricHematology-Oncology,MeyerChildren’sUniver-
sity Hospital, USA

Haemophagocytic lymphohistiocytosis (HLH) is a life-threatening
condition characterized by uncontrolled hyperinflammatory response,
caused by hereditary genetic defects (primary HLH) or associated with
infections, malignancies, rheumatological or immunological conditions
(secondary HLH). We report a case of secondary HLH in a 64-year-old
man, referred to our Centre in January 2020. He had a history of
leuko/thrombocytopenia, splenomegaly and psoriatic arthritis, treated
with etanercept between January 2018 and November 2019. Haemato-
logic workup (bone marrow morphology, biopsy, karyotype) led to di-
agnosis of myelodysplastic syndrome with multilineage dysplasia
(WHO2016 MDS-ML) with no blast excess, chromosome 12 inversion
(p11q13), absence of fibrosis, IPSS-R intermediate 1. Since November
2019, the patient had been complaining of persistent fever and night
sweats; infections and immunological causes were ruled out. As fever
was considered a symptom of the hematologic condition, in August 2020
5-azacitidine was started. Shortly after the first cycle, fever and pancy-
topenia worsened, leading to hospital admission. Subsequently, labora-
tory data showed hepatic impairment (total/direct bilirubin 8.6/6.6
mg/dl), hypofibrinogenemia (0.89 g/L), markedly increased ferritin
(>24000 µg/L), triglycerides (316 mg/dl) and LDH (> 720 U/L) and bone
marrow features of haemophagocytosis, with no evidence of infection.
H-score resulted in 80-88% probability of HLH/MAS. Clinical scenario
also included a severe ulcerative hemorrhagic esophago-gastro-duodeni-
tis unresponsive to antimicrobial therapy, considered as secondary to the
haemophagocytic process. As treatment with dexamethasone 40 mg/day
led to no improvement, HLH-94 protocol was started (etoposide, dex-
amethasone, cyclosporine). Exome sequencing analysis showed the
A91V monoallelic mutation in the PRF1 gene, known as a possible pre-
disposing factor for HLH. Two additional potentially pathogenetic vari-
ants of uncertain significance were identified in the AK2 (P205E) and
the GATA2 gene (P161A), the latter associated with genetic susceptibil-
ity to myelodysplastic syndromes. These findings support the diagnosis
of late onset HLH syndrome, possibly triggered by immunosuppressive
therapy administered for MDS and psoriatic arthritis, in the presence of
pre-existing predisposing genetic factors. At the time of writing, the pa-
tient is well, in complete remission, tapering immunosuppressive ther-
apy.

Allogeneic and Autologous Transplantation
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TOTAL MARROW IRRADIATION FOR SECOND ALLOGENEIC
HAEMATOPOIETIC STEM CELL TRANSPLANTATION IN PA-
TIENTS WITH ADVANCED ACUTE LEUKEMIA

A. Dominietto1, S. Vagge2, S. Hui3, C. di Grazia1, T. Lamparelli1, 
S. Bregante1, A.M. Raiola1, R. Varaldo1, F. Gualandi1, E. Angelucci1

1Ematologia e Centro Trapianti, IRCCS Ospedale Policlinico San Mar-
tino, Genova, Italy; 2Department of Radiation, IRCCS Ospedale Poli-
clinicoSanMartino,Genova, Italy; 3DepartmentofRadiationOncology,
Beckman Research Institute, City of Hope National Medical Center,
Duarte, CA, USA

Background: Relapse after allogeneic haematopoietic stem cell trans-
plantation (HSCT) is associated with very poor outcomes. Total Marrow
Irradiation (TMI) is a novel high precision radiation treatment allows to
deliver therapeutic radiation doses over extensive selected targets while
substantially reducing radiation to vital organs to preserve their func-
tions.

Aim of the pilot study: To evaluate the efficacy of high dose per frac-
tion TMI in combination with thiotepa, fludarabine and alkeran as con-
ditioning regimen in 9 patients with acute leukemia relapsed after a first
allogeneic HSCT.

Patients and Methods: The conditioning regimen consisted of: TMI 8
Gy in 5 patients on day -8 -7 or TMI 12 Gy in 4 patients on day -9 -8 -
7, plus Thiotepa 5 mg/Kg on day -6, Fludarabine 50 mg/mq on day -5 -
4 -3, alkeran 140 mg/mq on day -2. TMI was delivered in daily single
fraction dose of 4 Gy. The median age was 45 years (range, 19-70 years);
3 patients were in remission, 6 had active disease at the time of the sec-
ond allogeneic HSCT. The median number of nucleated cells infused
was 4.3x108/Kg (range 2.6-7.7).

Results: The median time to neutrophil counts of > 0.5x109/L was 16
days (range 13-22) and to platelet counts of > 20x109/L was 19 days
(range 11-27) respectively. None of the patients had any rejection; all
the patients showed a full donor chimerism on day 30 after transplant.
The cumulative incidence of grade I II acute GVHD (aGVHD) was 30%,
and of moderate chronic GVHD (cGVHD) 11%. Neutropenic fever was
shown in 7 patients, only one patient developed a sepsis from Pseu-
domonas Aeruginosa; one patient had pericardial effusion; one patient
had mucositis grade II. The median follow up was 528 days (range 227-
858). Day +30 and day +100 transplant related mortality was 0. The
overall cumulative incidence of transplant related mortality was 22%;
both patients died of interstitial pneumonia received TMI 12 Gy. The re-
lapse rate was 22% and the two patients died of leukemia were not in
remission at the time of the transplant. The actuarial 17 months disease
free-survival (DFS) was 53%.

Conclusions: This is the first report demonstrating the safety and the
efficacy of the TMI conditioning regimen in patients with advanced acute
leukemia receiving second allogeneic transplantation with encouraging
outcome in terms of engraftment, early toxocity, GvHD and relapse.
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ALLOGENEIC STEM CELL TRANSPLATANTION WITH THIOTEPA
BUSULFAN AND FLUDARABINE (TBF) FOR MYELOFIBROSIS:
A RETROSPECTIVE ANALYSIS
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Allogeneic hematopoietic stem-cell transplantation (HSCT) currently
remains the only curative therapy for intermediate or high risk
disease.myelofibrosis (MF). We are reporting 56 patients who underwent
an allogeneic HSCT in our Centre between 2016 and 2020, and assessed
factors predictive of outcome. The median age was 59 years (36-72).
Most patients (72%) were JAK2+ and had int2-high DIPSS (92%). The
conditioning regimen consisted of thiotepa, busulfan , fludarabine (TBF).
All pts received thiotepa 10 mg/kg and fludarabine 150 mg/m^2. The
dose of busulfan was adjusted considering the age and the comorbidity
score. One patient received 3 days of busulfan (total dose 9.6 mg/kg);
47 received 2 days (total dose 6.4 mg/kg) and 8 received one day of
busulfan iv (3.2 mg/kg). Donor was an identical sibling in 13 pt, hap-
loidentical in 18, matched unrelated donor (UD) in 18 and a mis-
matchedUD in 7. Thus we had 31 HLA matched and 25 HLA
mismatched grafts. Fortytwo patients received post-transplant cyclophos-
phamide (PTCy)-based GVHD (Graft versus host disease ) prophylaxis
with cyclosporine and mycophenolate mofetil only 14 received a stan-
dard GvHD prophylaxis. The 2 year survival (OS) was 73 % and disease
free survival (DFS) was 66 % and the cumulative incidence (CI) of TRM
was 23% and of relapse 11%. The incidence of acute GvHD grade II-IV
was 22% in HLA matched and 50% in HLA mismatched pts (p=0.022),
grade III-IV was 6% and 25% respectively (p=0.042) . The incidence of
moderate-severe chronic GvHD was 25% in HLA matched and 36% in
HLA mismatched grafts (p=0.36). HLA had a major impact on survival
: 85%vs49% survival for matchedvsmismatched patients (p=0.01). Also
age >60 years had a major impact : 51% 2 year survival in patients over
60 years of age (n=24) and 88% in younger patients (n=32) (p=0.007,
with a DFS of 46 % and 80% respectively and a CI of TRM of 42% vs
9%. As to the total dose of busulfan, we found 26% TRM in patients re-
ceiving busulfan for 2 days (n=47) and 0% in patients receiving 1 day
only (n=8) ; relapse rate was 10% and 20% respectively. In multivariate
cox analysis including age, spleen size ,DIPSS score, number of trans-
fusion received and donor type, only HLA identical donor influences the
incidence of acute GvHD, transfusion burden and age plays a role in
NRM and OS, but no variables predict relapse. In conclusion: older pa-
tients with MF have a high NRM and need to be prepared with a milder
conditioning regimen.
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Background: Gene therapy usually requires the collection of a greater
number of hematopoietic stem and progenitor cells (HSPCs) than con-
ventional HSPC transplantation, to account for cell manipulation and for
unmanipulated backup storage. While pediatric donors usually undergo
bone marrow (BM) harvest, HSPC mobilization and apheresis may more
suitable for autologous GT.

Methods: We analyzed the mobilization and apheresis procedures of
all GT patients <18 years treated at IRCCS Ospedale San Raffaele be-
tween April 1st 2010 and March 31st 2020. Patients were affected by

adenosine deaminase deficiency (ADA-SCID), b-thalassemia, metachro-
matic leukodystrophy (MLD), mucopolysaccharidosis 1 Hurler
(MPSIH), or Wiskott-Aldrich syndrome (WAS).

Results: Forty-five consecutive patients (ADA-SCID=4, b-tha-
lassemia=7, MLD=10, MPSIH=8, WAS=16) underwent mobilization
with lenograstim, alone (n=4) or with plerixafor (n=41), and 1-3 cycles
of apheresis. Median weight was 15.8 kg (range 7-54.1); median age was
3.7 years (range 0.4-14.4). Forty patients were enrolled upfront for col-
lection of both the drug product (DP) starting material and an unmanip-
ulated backup, whilst 5 were enrolled for reasons of potential or actual
limitations of BM harvest. HSPCs were used as a starting material for
DP manufacture (n = 2), cryopreserved for backup (n=2), or both (n=41).
We recorded 108 adverse events in the 14 days following the last aphere-
sis, mostly of grade 1-2 (87%). Minimum collection targets were usually
7-13x106 CD34+ cells/kg; median total apheresis yield was 37x106

CD34+ cells/kg (range of 3.3-63.8 x106). 3/40 that underwent mobiliza-
tion upfront required an additional HSPC collection. 42/43 backups were
>2x106 CD34+ cells/kg; 41/42 patients received a DP dose in the target
infusion range (4 to 30.9x106 CD34+ cells/kg), and all those that received
the DP engrafted. As compared to our historical BM harvest cohort, mo-
bilization and apheresis allowed the collection of more HSPCs, in a short
period of time. Shorter anesthesia, lower fluctuations in intravascular
volume and reduced pain are additional advantages.

Conclusions: Mobilization and leukapheresis allow the safe collection
of a large number of HSPCs, even in young pediatric donors, meeting
GT requirements. Beyond GT, high HSPC yields may allow to overcome
significant weight discrepancies between a pediatric donor and a familial
HSCT recipient, and prospectively allow to implement HSPC selection
strategies.
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pedali RiunitiAncona; 3Clinical Immunology, Ospedali RiunitiAncona,
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On March 2021, the Italian National COVID-19 vaccination campaign
was extended to patients with high risk chronic medical conditions, in-
cluding recipients of allogeneic stem cell transplant (allo-SCT). In the
present study, we prospectively assessed serological response following
the first BNT162b2 SARS-CoV-2 vaccine dose in recipients of allo-SCT
in our centre. Inclusion criteria for the participation in this study in-
cluded: (1) age above 18 years; (2) allo-SCT for any hematological dis-
ease; (3) eligibility for vaccination. Patient serum was collected on day
1 (D1; before the first BNT162b2 dose), and on day 21 (D21; before the
second dose of the vaccine). IgG antibodies to the receptor binding do-
main (RBD) of the S1 subunit of the spike protein of SARS-CoV-2 were
analyzed by CMIA assay. The study population included 34 recipients
of allo-SCT (22 males/12 females; median age: 59 years, range 28-70
years). Patients characteristics are depicted in Table 1. Thirty-one pa-
tients were evaluable for serological assessments on D1 and D21. On
D1, only 1 patient with known previous exposure to SARS-CoV-2 had
detectable anti-S and anti-N IgG antibodies. After the first dose of vac-
cine, on D21, 4/31 (13%) patients had detectable anti-S IgG antibodies
above the cut-off of 7,1 BAU, excluding the patient who had experienced
natural infection. Median anti-S IgG titer of responders was 121,6 BAU
(range 32,8-481). Interestingly, all these four patients were receiving ty-
rosine kinase (TKI) inhibitors for an ongoing cGVHD (Ruxolitinib, 2
pts; Imatinib, 2 pts) at the time of vaccination. Median time from trans-
plant to vaccination was 51 months (range 32-74) in responders, as com-
pared to 10 months (range 4-142) in non responders. In fact, no patients
who had undergone allo-SCT from less than 2 years showed an antibody

haematologica | 2021; 106(s3) | 175



Published Only

response. Our preliminary data suggest that the first dose of BNT162b2
vaccine leads to production of SARS-CoV-2 IgG antibodies in a minority
of recipients of allogeneic stem cell transplant. Further, patients who re-
ceived vaccination later after transplant seem more likely to show anti-
body production.

Table 1. Patient characteristics.

D154

ABSTRACT WITHDRAWN

D155

IMPACT OF CRYOPRESERVATION OF PERIPHERAL BLOOD
STEM CELLS (PBSC) IN TRANSPLANTION FROM UNRELATED
DONOR
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M. Cerno1, A. Bertone2, G. Barillari2, F. Patriarca1, R. Fanin1
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partment of Transfusion Medicine, ASUFC, Italy

Background: Cryopreservation of PBSC for allogenic hematopoietic
stem cell transplantation (allo-HSCT) was implemented due to the cur-
rent Coronavirus Disease 2019 pandemic. Impact of unrelated donor
(UD) graft freezing on outcome of allo-HSCT in terms of hematological
recovery, graft versus host disease (GVHD) and survival is still contro-
versial.

Methods: In this study we compared graft composition, clinical char-
acteristics and outcome of 23 allo-HSCT from UD cryopreserved PBSC
(Cryo Group) with 23 matched-pair allo-HSCT from fresh UD PBSC
(Fresh Group) performed in our Center between January 2020 and March
2021.

Results: Table 1 shows no significant differences in clinical charac-
teristics of patients, donors and transplants between the Cryo and the
Fresh group. In Cryo Group median time from apheresis to cryopreser-
vation was 1.78 days (range 0.99-2.23) while median time from cells
collection and reinfusion was 15.04 days (range 7.66-25.45). In the Fresh
Group median time from apheresis to reinfusion was 1.57 days (range
0.89-2.4). The number of viable (7-AAD negative) CD34+ and CD3+
cells per kg patient infused were significantly lower in Cryo Group
(4.98x106/kgvs7.02x106/kg; p=0.001 and 15,29x108/kgvs20,75x108/kg,

p=0.034 respectively). Indeed, there was a 37% median loss of viable
CD34+/kg cells after freezing. All patients engrafted. Median time to
neutrophil engraftment (>0.5 x109 /uL) was 14 days for both groups. Me-
dian time to reach 20x109/uL platelets was 15 days for the Cryo Group
and 16 days for the Fresh group (p=0.224), while median time for platelet
engraftment >50x109/uL was 19 days in both series. No differences in
the need of red blood cells and platelets transfusions were recorded
(p=0.169; p=0.429). No differences in acute GVHD grade ≥ 2 incidence
was observed (36% Cryo Group vs 39% Fresh Group; p=0.463). All 22
evaluable patients were alive 100 days after transplant in Cryo Group,
of which 21 were in complete remission. Two out 23 patients died due
to infections in Fresh Group and 18 of 21 alive patients were in complete
molecular remission.

Conclusions: In our series no differences between Cryo and Fresh
groups were found in engraftment, acute GVHD ≥ 2 incidence and 100
days survival, despite a lower CD34+ infused dose in Cryo Group.
Frozen PBSCs could be considered a safe option also for allo-HSCT
from MUD but higher amount of PBSC should be collected to warrant
an adequate viable CD34+ post-thawing.

Table 1. Patient characteristics.
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REAL-WORLD EXPERIENCE IN 251 CONSECUTIVE – SINGLE
CENTER, TRANSPLANTS FOR ACUTE MYELOID LEUKEMIA

M. Gambella, C. Di Grazia, G. Beltrami, R. Varaldo, L. Giannoni, 
S. Bregante, A. Ghiso, A.M. Raiola, E. Angelucci

IRCCS Ospedale Policlinico San Martino, UO Ematologia e Centro
Trapianti, Italy

Here we report outcomes of 251 consecutive patients with intermedi-
ate-high risk AML (primary: 202, secondary:49) who received a 1st al-
logeneic hematopoietic stem cell transplant (HSCT) in our Unit (from
Jan-2012 to Oct-2020). Median age was 51 yrs (range 18 – 74). 133 pts
were in 1st Complete Remission (CR), 66 in 2ndCR and 52 in active dis-
ease at HSCT. The donor was HLA identical sibling, haploidentical re-
lated (haplo), matched unrelated donor (MUD), or mismatched unrelated
donor (MMUD) in 42 (17%), 179 (71%), 24 (10%) and 6 (2%) pts, re-
spectively. The myeloablative conditioning regimen consisted of
thiotepa, fludarabine and busulfan (TBF) (n.103) or TBI with fludarabine
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or cyclophosphamide (n.43). Patients over 60yrs or with comorbidities
received TBF with 2 or 1 days of busulfan (n.105) as reduced intensity
conditioning. The GvHD prophylaxis was performed with cyclosporine
(CS), methotrexate and ATG for HLA identical sibling donor (without
ATG in bone marrow related) and high dose post transplant cyclophos-
phamide, CS and mycophenolate for haplo. Median FU was 1262 days
(range 171 – 3088). Median time to neutrophil engraftment was 17 days
(range: 9 – 56). 11 pts (4%) rejected the graft (9 haplo, 2 MMUD). En-
graftment was achieved in all others (95%). Incidence of acute gr.II-IV
GvHD was 16% (n.41). Incidence of relapse and non-relapse mortality
was 26% (n.67) and 18% (n.46), respectively. The relapse incidence was
higher for pts transplanted in active disease (50% vs 18%in CR1, 22%
in CR2) (p=0.05). Major causes of death were relapse (54%), infections
(23%) and GvHD (16%). The 5yrs OS is 55% and the 5yrs PFS is 50%.

The 5yrs OS is 64% in CR1, 58% in CR2 pts (p=n.s.) and 22% in those
transplanted in active disease (p<0,001). No significant differences were
detected among primary and secondary AML, 5yrs OS 56% versus 48%
(p=n.s.). We detected a worse outcome in pts receiving HSCT from
MMUD: 3 yrs OS was 72%,55%,58% and 28% for HLA-identical,
MUD, haplo and MMUD respectively (p<0,05). This large real world-
experience confirms that allo-HSCT is a feasible, long-term curative op-
tion for int-high risk AML patients and that an haplo donor can be safely
considered. As expected, better results were obtained in pts in remission.
Moreover, in the latter, even if relapse was the major detrimental factor,
engraftment and remission were achieved, demonstrating that transplant
can be a platform for further targeted prophylactic / MRD based / treat-
ment strategies

Figure 1.
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FLIT3-INHIBITORS IN COMBINATION WITH CHEMOTHERAPY
IN NEWLY DIAGNOSED AML-FLIT3+ , OR AS SINGLE AGENT
IN RELAPSED/REFRACTORY AML-FLT3+ SHOULDE BE FOL-
LOWED BY ALLO-SCT IN ALL ELEGIBLE PATIENTS. REAL LIFE
EXPERIENCE OF “RETE EMATOLOGICA PUGLIESE”

V. Federico1, S. Sibilla2, M. Abbenante3, C. Pasciolla4, 
V.P. Gagliardi5, C. Ingrosso6, M. Urbano7, C. Buquicchio8, A. Messa1,
D. Seripa1, V. Pavone2, N. Cascavilla3, A. Guarini4, P. Musto5, 
M. Delia5, G. Rossi3, G. Greco2, P. Mazza6, M. Dargenio1, 
D. Pastore7, G. Tarantini8, N. Di Renzo1

1Haematology “Vito Fazzi” Hospital; 2Haematology  “Cardinale Pa-
nico” Hospital; 3 Haematology  “Casa Sollievo della sofferenza” Ho-
spital; 4Haematology  “IRCCS Oncologico” Hospital; 5Haematology
“Policlinico” Hospital; 6Haematology  “Moscati” Hospital; 7Haema-
tology “A. Perrino” Hospital; 8Haematology  “Mons. Dimiccoli” Ho-
spital, Italy

Background: Mutations in the FMS-like tyrosine kinase3 (FLIT3)

gene are present in 25%-30% of all AML. Patients with FLIT3 mutations
have a high relapse risk and inferior cure rates. In the last years three
multi-kinase inhibitor, midostaurin, gilteritinib and quizartinib become
available as single agent or in combination for FLT3-mutated AML pa-
tients. Here we report the outcome of patients with newly diagnosis
(ND)- or relapse/refractory (R/R) AML-FLIT3 mutated treated with
FLT3 inhibitor in combination or as single agent in order to evaluate its
efficacy and safety and its role as bridge to transplant in a real life set-
ting.

Method: From November 2018 to April 2021, 57 patients (Pts) with
AML-FLT3+ were selected in the haematology department belonging to
the REP. Median age was 54 years (range 27-87), 43 patients (75%) had
ND-AML-FLIT3+ and 14 (25%) R/R-AML-FLIT3+. Among R/R Pts,
6 relapsed after 3+7 associated to midostaurin, 3 after FLAG +/- Idaru-
bicin, 3 after HMA, 1 after fixed combination of daunorubicin and cy-
tarabine and 1 after HSCT. The ND-AML-FLIT3+ received induction
therapy 3+7 plus midostaurin 50 mg twice daily on day 8 through 21 fol-
lowed by consolidation therapy with HD-ARA-C plus midostaurin and
maintenance therapy (n=3). Among 14 R/R-AML-FLIT3+, 12 (72%) Pts
received gilteritinib 120 mg orally once daily and 2 quizartinib 60 mg
orally once daily. All eligible Pts received allo-SCT in first or second re-
mission. 

Results: ORR (CR+iCR and PR) was 71,9 % including CR+iCR rate
of 72,9% in ND- and 35,7% in R/R-AML-FLIT3+. The median time to
response was 1 mo. (range 1-2). After median follow-up of 10 mo. (range
1-28), 39 Pts (68,4%) are alive, including 3 Pts still on maintenance ther-
apy post allo-SCT with midostaurin. Nine out of 18 died of progressive
disease. Overall 31 pts became eligible for allo-SCT (54,3%), 27 with
ND- (62,7%) and 4 with R/R-AML-FLIT3+(28,3%). Grade 3/4 hema-
tological toxicity was observed in 30% of Pts and 42% experienced non-
hematological toxicity (FN 20%, sepsis 16% and invasive fungal
infection 6%). The median EFS and OS was not reached in ND- vs 3 mo.
in R/R-AML-FLIT3+ (p=0.0001). The median OS for all transplanted
Pts was NR vs 10 mo. (p=0.059). The estimate 24 mo. OS rate among
ND-AML-FLIT3+ was better for transplanted Pts 71% vs 41%,
(p=0.071) Figure 1. 

Conclusion: After FLIT3 inhibitors therapy allo-SCT is feasible and
highly effective mainly in patients with ND-AML-FLIT3+ improving
EFS and OS in this high risk population.

Figure 1.
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GVHD PREVENTION IN ALLOGENEIC HSCT FOR 
LYMPHOMAS: A SINGLE CENTER RETROSPECTIVE ANALYSIS

F. Barbato1, I. Defrancesco2,3, J. Olivieri4, M. Dicataldo1, 
L. Zazzeroni1-5, S. Rizzi5, C. Tassi5, B. Casadei1,5, M. Cavo1,5, 
P.L. Zinzani1,5, M. Arpinati5, F. Bonifazi5

1Dipartimento di Medicina Specialistica, Diagnostica e Sperimentale,
Università di Bologna; 2Dipartimento di Scienze Clinico-Chirurgiche,
DiagnosticheePediatriche,UniversitàdiPavia ; 3DivisionediEmatolo-
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Introduction: cGvHD is the major complication after allogeneic
HSCT. Intensification of GvHD prevention, without losing GVL effect
is particularly important when PBSC are used. While the Addition of
ATLG to the standard CNI based GVHD prophylaxis has already been
demonstrated to be efficacious in several hematological diseases, no fo-
cused trial has been ever run in the setting of lymphomas.

Methods: We retrospectively evaluated the role of low doses ATLG in
addition to cyclosporine and either short-term methotrexate or mycophe-
nolate as GvHD prevention in HSCT in 75 patients affected by Hodgkin
(45) and non-Hodgkin lymphomas (30) consecutively performed in our
Center. ATLG dose ranged from 15 to 30 mg/kg according to stem cell
source and HLA mismatching.

Results: Patients (median age 39) underwent allogeneic HSCT (PBSC
51, BM 24) from MRD (10) and URD (only 32/65 were well matched)
after a thiotepa-based RIC regimen. Cumulative incidence of grade 3-4
aGvHD was 10.6% at 1 year. In multivariate analysis the only prognostic
factor for aGvHD was HLA mismatching (p=0.021). Two-year incidence
of cGvHD was 22.7%. cGvHD was mild in 17%, moderate in 57% and
severe in 26% of patients. It was correlated in multivariate analysis with
female donor sex (p=0.01), HLA mismatching (p=0.05) and PBSC
source (p=0.05). Two-year cumulative incidence of NRM and progres-
sion/relapse was 17.5% and 26.2%. OS and PFS at 2 years were 75.2%
and 56.6%, respectively. Disease status at transplant was the most sig-
nificant prognostic factor for both OS (p=0.043) and PFS (p=0.003).

Conclusions: This study shows that low doses ATLG are associated
with a low incidence of cGvHD without increasing the risk of disease
recurrence. Moreover, our results suggest that the major effect of ATLG
is prevention of severe GvHD.
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EXTRACORPOREAL PHOTOPHERESIS AS RELIABLE SECOND
LINE THERAPY FOR STEROID-RESISTANT CHRONIC GRAFT-
VERSUS-HOST DISEASE

E. Metafuni1, N. Piccirillo1,2, S. Giammarco1, R. Putzulu1, 
M.A. Limongiello1, G. Massini1, F. Frioni1, G. Zini1,2, S. Sica1,2, 
A. Bacigalupo1,2 P. Chiusolo1,2

1Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica
ed Ematologia, Fondazione Policlinico Universitario Agostino Gemelli
IRCCS, Rome, Italy; 2Dipartimento di Scienze Radiologiche ed Emato-
logiche, Sezione di Ematologia, Università Cattolica del Sacro Cuore,
Rome, Italy

Chronic graft-versus-host disease (cGvHD) is a major complication
after allogeneic hematopoietic cell transplantation. The incidence of
steroid refractory chronic GvHD is approximatively of 50%. Extracor-
poreal photopheresis (ECP) represents one of the possible option as sec-
ond line therapy for steroid-resistant GvHD (SR-cGvHD). We reported
data of 46 patients submitted to allogeneic stem cell transplantation in
our Department between april 1998 and april 2020 who received ECP
for SR-cGvHD. The total number of ECP performed until December
2020 was of 1800, with approximatively 360 procedures performed for
year. Each patients received a median number of 39 procedures (4-116)
starting at a median time of 311 days after transplant (112-7738). Median
age of the patients was 51 years (22-73). Donor source was as follows:
matched related donor (n=20), matched unrelated donor (n=13), mis-
matched unrelated donor (n=4) and haplidentical donor (n=9). Chronic
GvHD score was mild in 16 patients, moderate in 23 patients and severe
in 7 patients. Before starting ECP treatment, 33 patients were receiving
a median dose of 37 mg of prednisone (5-140), whereas 35 patients were
receiving a median dose of 150 mg of cyclosporine A (20-400). At the
observation time fixed at December 2020, ECP treatment was ongoing
in 22 patients, after a median duration of 475 days, with an overall re-
sponse rate of 91% divided as follows: complete response (CR, n=1),

partial response (PR, n=9) and very good partial response (VGPR, n=10).
On the other hand, ECP treatment was stopped in 16 patients. Among
them the overall response rate was of 94% (CR n=10, PR n=2, VGPR
n=3), whereas only one patient maintained a stable disease (SD). Finally,
eight patients died after transplant while ECP was ongoing and the death
causes were GvHD in 5 patients (PD n=4, SD n=1) and underlying dis-
ease relapse in 3 patients (GvHD response CR n=1, SD n=2). Regardless
of the final GvHD response, median dose of prednisone after ECP treat-
ment was significantly knocked down as compared to that assumed be-
fore starting ECP (6 mg vs. 30 mg, Wilcoxon signed rank p<0.0001,
Figure 1A). Similarly to that, cyclosporine dose after ECP treatment was
significantly reduced as compared to that administered before ECP ini-
tiation (35 mg vs. 140 mg, Wilcoxon signed rank p<0.0001, Figure 1B).
In conclusion, ECP represents in our centre a reliable option for chronic
SR-GvHD with an overall response of approximatively 78%. 

Figure 1. Reduction of steroid (A) and cyclosporine A (B) dose induced by ECP treatment.
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ANTI HLA DONOR SPECIFIC ANTIBODIES (DAS) DOES NOT
AFFECT GRAFT AND SURVIVAL IN UNMANIPULATED 
HAPLOIDENTICAL HAEMATOPOIETIC STEM CELL 
TRANSPLANT (HAPLO-HSCT) WITH ORIGINAL POST-
TRANSPLANT CYCLOFOSFAMIDE (PT-CY) SCHEDULE. 
A SINGLE CENTRE EXPERIENCE

A. Proia, M. Santopietro, F. Fanelli, F. Blandino, F. Ipsevich, 
A. Matteocci, M.B. Pinazzi, A. Severino, M.D. Simone, L. Pierelli, 
L. Rigacci

AO San Camillo-Forlanini, Italy

In haplo-HSCT using PT-Cy, according to Luznik regimen, CSA
started at the day +5. Recently, Raiola et al., on a large cohort of patients
(treated early with CSA at day 0), demonstrated that HLA disparity in
haplo-HSC with PT-Cy did not affect neither engraftment or relapse. The
aim of our monocentric retrospective study was to evaluate the impact
of anti-HLA DSA on graft and survival in haplo-HSCT with PT-CY, de-
laying start of CSA prophylaxis (day +5), as original schedule. From
2008, 52 patients received TBF MAC (n=47) or RIC (n =5) conditioning:
Thiotepa (10 or 5 mg/kg), iv Busulfan (9,6 or 6,4 mg/kg) and Fludarabine
(120 mg/mq). GVHD prophylaxis was PT-Cy (50 mg/kg) at day +3 and
+4, CSA 2 mg/kg/day and MMF 45 mg/kg/day from day +5. In 32 pa-
tients stem cells source was BM, while in 19 was PB, and in 1 case BM
plus PB. Forty-nine adults (median age 45 yrs, range 19-69) and 3 chil-
dren (age 2, 4 and 6 yrs), with 11 high risk ALL, 26 AML/MDS, 1
myelofibrosis, 11 Lymphomas, 2 multiple myeloma, and 1 Richter evo-
lution of CLL underwent unmanipulated haplo-HSCT. Disease status at
transplant was CR1 in 22 patients (42%), CR2 in 11(21%), 6 resistent/re-
fractory (11.5%), 8 PR1(15.5%) and 5 PR2(10%). From 2011, DAS were
analyzed in 45 consecutive cases. Sustained donor engraftment occurred
in 44 patients (85%), with a median time to neutrophils (>0,5x109/L) and
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platelets recovery (>20x109/L) of 19 and 25 days from HSCT, respec-
tively. Eight patients were not evaluable for engraftment: 5 early deaths,
1 early relapse and 2 graft-failure. The incidence of grade II-IV aGVHD
and cGVHD was 29% and 25%, respectively. With a median follow-up
of 33 months (range, 1-103), 28 patients are alive and 25 are disease free.
Causes of deaths were relapse for 7 patients (13%) and transplant-related
mortality(TRM) for 17 patients(33%) (infections 8; aGVHD 8; cardiac
failure 1). Considering only 33 patients in CR at transplant TRM was
25%. The overall survival (OS) was 52.1% and disease free survival
(DFS) was 47.4%. DAS were detected in 6 (11,5%) patients, 4/6 treated
with plasma-exchange based protocol. No differences were observed in
OS, DFS, engraftment or development of acute or chronic GVHD ac-
cording to DSA levels or detection. In haplo-HSCT with PT-Cy, starting
CSA prophylaxis at day +5, no significative influence on engraftment or
GVHD incidence was observed, even in case of patients with positive
anti-HLA DSA.
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PERFORMANCE OF HIGH-FREQUENCY ULTRASOUND IN THE
EVALUATION OF SKIN INVOLVEMENT IN CUTANEOUS
CHRONIC GRAFT-VERSUS-HOST DISEASE

G. Mancini1, E. Molinelli2, V. Brisigotti2, F.R. Colaneri1, G. Urbano1,
A.F. Lotito1, S. Guerzoni1, B. Puglisi1, A. Fiorentini1, M.V. Dubbini1,
F. Saraceni1, I. Scortechini1, A. Campanati2, A. Offidani2, A. Olivieri1

1Haematological and Stem Cell Transplant Unit , Polytechnic Marche
University, AOU Ospedali Riuniti; 2Dermatological Unit, Department
of Clinical and Molecular Sciences, Polytechnic Marche University,
AOU Ospedali Riuniti, Italy

Introduction: The availability of sensitive and standardized tools for
detecting the subclinical fibrotic skin alterations of cGVHD is crucial
both for an early intervention and for a standardized response evaluation.
High frequency ultrasound (HFUS), currently used in the assessment of
several inflammatory cutaneneous disorders (e.g. hidradenitis suppura-
tiva), represents an easy diagnostic tool characterized by low cost and
high performance.

Materials and Methods: Eighteen patients with cutaneous cGVHD
and 10 healthy controls have been evaluated with HFUS between June
2018 and June 2020. 16 patients had active cGVHD (3 severe, 11 mod-
erate, 2 mild cGVHD) and 2 had previous history of cGVHD: 9 had skin
score < 2; 6 skin score 2 (n = 3 with superficial scleroderma; n= 3 with-
out scleroderma); 3 had severe cGvHD with skin score 3. A standard US
technique was used (B-mode and color Doppler US) of MyLabOne ul-
trasound unit (Esaote, Genova, Italy) with high-resolution (>18MHz) by
the same physicians. We measured the epidermal, dermal, and hypoder-
mal thickness (in mm) and echogenicity (as percentage density: hypoe-
chogenic 0–15%, isoechogenic 15–20%, hyperechogenic >20%) of the
right side abdomen, ventral surface of the forearm, and neck sternoclei-
domastoid region.

Results: Overall a statistically significant reduction of the epidermis
thickness has been observed in cGVHD patients, compared to the normal
controls, while a significant increase in dermal thickness was observed
in all evaluated areas (p<0.05). The increase in dermal thickness and hy-
poechogenicity was more evident in moderate skin cGVHD (with skin
score 2), compared to patients with mild and severe cutaneous cGVHD,
probably due to an increase deposition of collagen and in the amount of
inflammatory cells and oedema in this phase of cGVHD (but patholog-
ical samples were not available). In addition in the 3 patients with
cGVHD without clinically overt skin involvement, HFUS were able to
show a reduction of the 3 skin layers; and indeed after 3 months of follow
up they developed cutaneous cGVHD.

Conclusions: Our findings suggest that HFUS can represent a promis-
ing tool both for the early detection and for the quantitative assessment
of sclerodermatous changes in skin cGVHD; interestingly, in the early
SSc, US abnormalities can anticipate clinical signs of skin involvement.

However, this tool should be prospectively tested in larger trials, for
assessing the efficacy of novel therapies.

Figure 1. 
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GVHD PROPHYLAXIS WITH POST-TRANSPLANT 
CYCLOPHOSPHAMIDE (PTCY) IN HEMATOPOIETIC STEM
CELL TRANSPLANTATION

G. Storti1, L. Santoro1, L. Marano1,2, G. De Santis1, I. Manfra1, 
E. Urciuoli1, S. Marotta2, C. Frieri2, F. Cacace2, S. Pagliuca2, 
B. Serio3, M. D’Addona3, V. Giudice3, R. Guariglia3, F. Palmieri1, 
C. Selleri3, N. Cantore1, A.M. Risitano1,2

1SanG.MoscatiHospital; 2UniversityFederico IIof Naples; 3University
of Salerno, Italy

Background: In hematopoietic stem cell transplantation (HSCT) from
both sibling and mismatched related donors, Graft Versus Host Disease
(GVHD) remains the most feared complication. Use of post-transplant
cyclophosphamide (PTCY) in GVHD prophylaxis has allowed safe pro-
cedures even across the HLA barrier.

Methods: We studied 14 patients undergoing HSCT from sibling
donors who practiced PTCY (Cohort1=A); there were 2 comparison co-
horts: Cohort2=B (n=47 sibling donors, standard prophylaxis with cy-
closporine±methotrexate±anti-thymocyte globulin) and Cohort3=C
(n=54, mismatched related donors, PTCY+cyclosporine+mycophenolate
mofetil prophylaxis). All transplants were performed between 2011 and
2020 at transplant centers in Avellino (n=14, A), Naples, and Salerno
(n=71 and n=30). The outcomes were overall survival (OS), non-relapse
mortality (NRM), acute and chronic GVHD and relapse.

Results: PTCY was well tolerated in HSCT without recurrent, clini-
cally meaningful treatment-emerging adverse event. Myeloablative con-
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ditioning regimens were given to 71.4, 91.5 and 96.3% of patients in
A,B,C, acute leukemias were 91.5, 100 and 81.5%, the stem cell source
was bone marrow in 64.3, 31.9 and 83.3% in the 3 cohorts. Median age
was 52.5 (range 20-62), 52 (range 18-64) and 47.6 (range 19-71) in A,B
and C. The OS at 36 months was 43% in A, not statistically different
from B (45%; p>0.05) and C (54%; p>0.05). The day-100 NRM rate
was 14% in A, not statistically different from B (21%; p>0.05) and C
(20%; p>0.05). The rate of grade II-IV and III-IV acute GVHD were
42.9% and 14% in A, which were not statistically different from B
(29.8% and 8.5%; p>0.05) and C (31.5% and 13%; p>0.05). The chronic
GVHD was 15.4% in A, which was significantly reduced as compared
to B (68.4%; p=0.01) and C (57.5%; p=0.011). The rate of relapse was
21.4% in A, which was overlapping to that of C (15.2%; p=0.685), and
slightly lower, not statistically different, to that of B (36.6%; p=0.3). The
leading cause of death was relapse, which accounted for 50, 63 and 40%
of events in A, B and C.

Conclusions: PTCY gave a good NRM and survival with reduction of
chronic GvHD, it was safe and effective as single agent GvHD prophy-
laxis in HSCT from sibling donors, but PTCY alone was unable to reduce
acute GvHD rate as compared with standard Csa+MTX±ATG regimens,
for this reason we want to start a prospective trial with PTCY-CsA dou-
ble-agent immunosuppressive regimen for HSCT from HLA-matched
sibling donors.
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THE DISASTER PLAN ADJUSTMENT TO THE COVID-19 PAN-
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Background: Covid-19 pandemic had a significant impact on Trans-
plant Program (TP), often demanding the disaster plans adjustment in
the clinical practice, according to JACIE Standards. We report the dis-
aster plan adopted at AORN Cardarelli TP. 

Methods: From June 2019, TP of AORN Cardarelli has started the al-
logeneic activity. From January 2019 to date, 171 transplant procedures
has been carried out (126 auto/45 allo). Since March 2020, no visitors
were allowed in our clinical unit and Covid-19 swabs were performed
48 hours before transplant admission and anamnestic questionnaire and
capillary serologic test were performed in outpatients. Subsequently, Na-
tional and EBMT guidelines were followed. Outcomes: 17 cases of
Covid-19 infection occurred. Among outpatients, 4 were in post-allo-
geneic, 1 in post-autologous transplantation follow-up and 11 (5 pts and
6 stem cell donors) were in pre-transplant screening. During hospital-
ization for allogeneic transplantation, one AML patient experienced
Covid-19 pneumonia at day +32. Coronavirus spread among healthcare
workers too: 3 physicians, 6 nurses,3 cleaning and 2 health workers ,with
shortage of trained staff. Nobody of transplant team need hospitalization,
2 pts (1 NHL/1MM) died for Covid-19 pneumonia at 6 months from al-
logeneic and autologous HSCT, respectively; the patient who developed
Covid-19 pneumonia during hospitalitation, is well and was discharged
on d +62. 

Discussion: The occurrence of Covid-19 pneumonia in a hospitalized
patient with inability of transfer to the Covid unit, led to the disaster plan
adjustment including: switching the positive in negative pressure of the
HEPA filtered room in which patient was hospitalized; implementation
of clean and dirty path for accessing to the patient’s room; training of all
personnel on the Covid-19 dressing procedure; block of admissions;
communication of the emergency to the National and Regional compe-
tent authority to transfer patients on the waiting list to other TP; FFP2
mask use for hospitalized patients, during the contact with health care
workers; screening for Covid-19 through molecular swab for staff
(weekly) and hospitalized patients (twice a week). 

Conclusion: The prompt adjustment of the disaster plan allowed no
further spread of Covid19 infection among patients and staff. JACIE ac-
creditation system represents a useful tool for the transplant programs
allowing the management even of unprecedented clinical condition as
Covid19 pandemic.
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IS ALLOGENEIC TRANPLANTATION AN OPTION IN PATIENTS
AFFECTED BY CONCURRENT MYELOFIBROSIS AND CHRONIC
MYELOID LEUKEMIA (CML)?
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Classification of Chronic Myeloproliferative Disease (CMPD) is based
on hematologic, histopathologic and molecular characteristics including
the presence of the BCR-ABL1 and JAK2 V617F or MPL and CALR.
Although the different gene mutations ought to be mutually exclusive, a
number of cases with co-occurring BCR-ABL1 and JAK2 V617F or
CALR, have been identified with a frequency of 0.2-2.5%in the Euro-
pean population. We describe 4 patients treated in our institution with
coexistence of BCR/ABL chronic myeloid leukemia and another Ph−
CMPD. The median age was 52 years (41-58), 2 were females. Two pa-
tients developed myelofibrosis (MF) first and CML afterwards, and pa-
tients the oppositve:the median interval between the 2 diseases was 31
months. Characteristic “driver mutations” detected were Jak2 in 3 pa-
tients and Calreticulin (CALR) gene, type1 in 1. Two patients receveid
imatinib and 2 nilotinib as treatment for CML obtaining an optimal
molecular response according to ELN criteria. Ph−CMPDs were man-
aged with conventional therapy, including hydroxiurea, transfusions and
also JAK 2 inhibitors such as ruxolitinib in all patients, with temporary
symptom control. A dose reduction of ruxolitinib and imatinib or nilo-
tinib was required in order to manage extra–hematologic and hemato-
logic toxicity. Despite deep control of CML, all of them were eligible
for allogenic hemapoietic stem cell transplant ( HSCT) as the only cura-
tive option in intermediate- or high risk MF. All but one patient showed
a normal karyotype before transplant. Three patients received Thiotepa,
Busulfan and fludarabine based conditioning regimen and peripheral
blood HSCT from a matched unrelated donor. One patient died from
multi-organ failure 7 months after HSCT and no evidence of diseases.
Two patients are alive in CR after a median of 12 months. The last patient
is waiting for transplant, with a high comorbidity score.

This is a rare condition of CMPD, which should be considered : evo-
lution to myelofibrosis prevails over CML, making an allogeneic HSCT
a therapeutic option.
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DECITABINE PLUS VENETOCLAX IN REFRACTORY ACUTE
MYELOID LEUKEMIA AS BRIDGE TO ALLOGENIC STEM CELL
TRANSPLANT: A SINGLE ISTITUTION EXPERIENCE

F. Colasante, M.C. Abbenante, E. Merla, M.M. Minervini, G. Rossi,
L. Savino, V. Chiello, N. Cascavilla, A.M. Carella

Unità di Terapia Intensiva Ematologica e Terapie Cellulari. Divisione di
Ematologia - IRCCS Fondazione Casa Sollievo della Sofferenza, Italy

Acute Myeloid Leukemia (AML) is a hematopoietic stem cell disorder
that is characterized by the clonal expansion of myeloid blast and sup-
pression of normal hematopoiesis. In the relapsed or refractory AML
(R/R AML) adult patients (pts), the prognosis remains poor and the al-
logeneic stem cell transplant (alloSCT) is possible for only a minor pro-
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portion of patients. We describe a single centre experience of 5 patients
with R/R AML treated with Decitabine plus Venetoclax regimen (DEC-
VEN) as salvage therapy followed by an alloSCT. Patients were 42, 48,
50, 65 and 68 years old respectively. Four pts had de novo AML and 1
patient s-AML. Complex cariotype was detected in 2 pts while molecular
mutations were undetected. Patients showed to be refractory after FLAG-
IDA (n=3) and 3+7 regimen (n=2) as previous treatment. Decitabine 20
mg/mq intravenously daily on days 1-5 and oral Venetoclax 400 mg daily
were used as a salvage treatment. The median number of cycles was 3
(range 2-5). All pts achieved a complete remission (blast count < 5% in
bone marrow, ACN ≥ 10x109/L; platelet count≥ 100 x 109/L) before al-
loSCT but minimal residual disease (MRD) negativity by flow cytometry
was achieved in only one of them. Between February and August 2020,
pts subsequently received allogenic transplant: 2 full-matched related
donor PBSCT and 3 full-matched unrelated donor (MUD) PBSCT; 3 and
2 patients after a MAC (TBF) and after a RIC regimen (TBF Ric) re-
spectively. GVHD prophylaxis was based on the use of methotrexate and
cyclosporine with 2 days of anti-thymocyte globulin in MUD-trans-
plants. The main complications post-transplant were nonESBL-E. Coli
sepsis occurred in one patient during aplastic phase, and Cy-
tomegalovirus colitis in another one at day 180 after alloSCT. No patients
experienced acute and/or chronic GvHD. All pts achieved successful en-
graftment and stable full donor chimerism. Nowdays four pts are CR
(MRD negative) 1 year (2 pts) and 6 months (2 pts) after transplant,
while one patient relapsed at day 90. In conclusion our real-world expe-
rience showed the DEC-VEN may be an active and a well tollerated reg-
imen for R/R AML patients. This combination allowed achieving a
complete remission before alloSCT, thus showing to be also a favorable
treatment option as bridge to alloSCT in R/R AML. AlloSCT was able
to eradicate MRD from patients, thus confirming its central role in the
treatment of R/R AML. However, further studies with larger numbers of
patients are needed to confirm these data. 
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Grey-Zone Lymphoma (GZL) is a rare lymphoma with histological
features that are intermediate between classical Hodgkin’s Lymphoma
(cHL) and diffuse large B-cell lymphoma (DLBCL). GZL has a poor
prognosis and there are no standard treatments. Chemotherapy regimens
used for DLBCL, autologous (auto-) and allogeneic (allo-) stem cell
transplantations (SCT) are effective therapeutic options. Nivolumab, an
anti-PD1 checkpoint inhibitor (CPI) that rescues T cell activity against
lymphoma, is approved for cHL. There are only few reports with CPIs
for GZL. Also, nivolumab before or after allo-SCT increases the risk of
acute graft-versus-host disease (aGvHD), a life-threatening complication
(Merryman, Blood 2017). Here we report a peculiar case of a 37 years
old female with refractory GZL who was successfully treated with
nivolumab after allo-SCT. She had supraclavicular and mediastinal dis-
ease at presentation (IIB Ann-Arbor stage). 

Figure 1. 

Biopsy of the supraclavicular node showed GZL infiltration. The dis-
ease was refractory to 4 chemotherapy lines including auto-SCT. Upon
progression of the disease (mediastinal mass, lung nodes and disease-re-
lated symptoms), reduced-intensity conditioning HLA-haploidentical
allo-SCT with post-transplant cyclophosphamide was performed. Dys-
pnea with tirage, hypoxemia, and respiratory failure due to further dis-
ease progression (12x7 cm mediastinal mass) occurred 80 days after
allo-SCT. Biopsy revision showed PDL-1 expression on 70% of the neo-
plastic cells (mainly on Hodgkin-like cells, Figure 1A). Thus, post-trans-
plant immune suppression was suspended and nivolumab 3 mg/kg every
21 days was started. Symptoms resolved in less than one week after the
first drug infusion and the mediastinal mass gradually disappeared (Fig-
ure 1B-E). Radiotherapy (RT; 36 Gy, 15 fractions) was also given to the
mediastinum and to the only lung node still active after 6 nivolumab in-
fusions. Nivolumab was used early after transplant and it was followed
by a very fast immune recovery (CD4+ T cells 16-195/mmc, CD8+ T
cells 83-352/mmc). However, no aGvHD occur. The patient is currently
in complete remission and is continuing nivolumab (12 infusions) with
no GvHD so far. This case suggests that nivolumab may be a valid and
safe option in patients with refractory GZL when delivered early after
allo-SCT. Indeed, arming donor T cells with nivolumab after allo-SCT
boosted their anti-lymphoma activity with no aGvHD. RT delivered after
nivolumab may have increased its efficacy.
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IMPACT OF COVID 19 PANDEMIC ON HSCT ACTIVITIES: 
REPORT FROM A SINGLE CENTER
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Background: The current COVID-19 pandemic, caused by SARS-
CoV-2, is responsible of a severe acute respiratory syndrome. This pan-
demic poses unprecedented stress on the health care system including
HSCT. Several international organization such as EBMT, WBMT,
CIBMTR, produced guidelines for the management of different aspects
of HSCT.

Aim of the study: To assess how COVID-19 pandemic has modified
internal management of different steps of HSCT, during pandemic.

Methods:We compared HSCT activity between 2019 and 2020, taking
into account the same six months period from March to September.

Results:During pandemic Covid19, our transplant center has modified
his procedures and activities according to the EBMT guidelines. Non-
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urgent transplants were deferred as much as possible, especially for non-
malignant disorders. The decision was made based on individual con-
siderations. All patients were tested for SARS-CoV-2 before start of the
conditioning and all donors too before start of donation. We started to
cryopreserve all stem cell product before start of conditioning. Compar-
ing HSCT activity between 2019 and 2020, we performed the same num-
bers of HSCT. In both periods, patients submitted to HSCT were
predominantly with acute leukemia, so we respected the urgency criteria.
Sibling donors and cord blood unit remained the same, but we increased
MUD donors, in particular from European registry and we reduced the
haploidentical ones. This change is due to mandatory cryopreservation
for all apheresis products. We have avoided to cryopreserve bone marrow
products due to the higher risk to drastically reduce CD34+ cell count
during the process. For urgent patients with only haploidentical donors,
we decide to use PBSC after G-CSF stimulation and so we modified
GVHD prophylaxis. We used PTCY on day+3 +5, cyclosporine, tapering
dose from day+100 and mycophenolic acid until day+90 post HSCT. So
use of bone marrow as stem cell source was drastically reduced. Despite
this changes, outcome post transplant were not affected: graft failure,
sepsis and acute GVHD did not differ between the two time period.
(Table 1). We stopped Car-T infusion after the beginning of lockdown
on March 2020, due to logistic difficulties and we started again on
September 2020. For the outpatient follow up, we increased telehealth
method, using telephone and/or televideo conferences for patients over
six months after transplant, without serious complications.

Conclusion: According to the international guidelines, we were able
to continue HSCT activities in the order to ensure a lifesaving treatment
for patients for whom this procedure cannot be postponed

Table 1. Patients’ characteristics.
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Primary cutaneous aggressive epidermotropic cytotoxic CD8-positive
T-cell lymphoma (CD8+ PCAETL) is a rare T-cell lymphoma charac-
terized by disseminated ulcerative lesions, frequent extracutaneous in-
volvement and poor prognosis. Several retrospective series generally
suggest resistance to chemotherapy agents while hematopoietic stem cell
transplantation (HSCT) might represent the definitive curative therapy.
However, as those patients receive HSCT after several lines of treatment
the relapse after HSCT still represents an unmeet challenge. A 56-year
old man presented with extensive annular erythematous plaques with ul-
ceration on the trunk, inguinal region, and lower extremities. Skin biopsy
showed an epidermotropic CD3+, predominantly CD8+ lymphoid infil-
trate with expression of cytotoxic markers (granzyme B, TIA1, perforin,
βf1) and expression of CD30. Before HSCT the patient underwent sev-
eral systemic chemotherapy, without achieving a significant response;
finally the patient received MTX and α-INF achieving a partial response.
He received a HSCT from HLA-matched unrelated donor after a reduced
intensity conditioning (RIC) with cyclophosphamide, fludarabine and
low dose total body irradiation. Post-transplantation course was compli-
cated by skin aGVHD (grade II), responsive to prednisone. Three month
after HSCT, a new onset of annular plaques with erosive features were
positive at the skin biopsy for CD8+ PCAETL, suggesting a relapse with
loss of CD30 expression. Skins lesions improved after early tapering of
immunosuppression, followed by the combination of chemotherapy with
MTX and α-INF and multiple donor lymphocyte infusions (DLI). After
a 9-month remission, a second relapse has been documented, in associ-
ation with moderate chronic GVHD, requiring oral steroids and extra-
corporeal photopheresis achieving a partial response of cGVHD and the
disappearance of lymphoma. At 2-years after the HSCT the patient has
neither lymphoma lesions nor skin cGVHD. In this setting HSCT with
RIC has shown promising activity thanks to the reduced toxicity and to
a potent GVL effect; indeed the hematopoietic graft creates a chimeric
marrow with an immunological platform allowing an immune boost with
the DLI. When relapse occurs after HSCT, rapid withdrawal of immuno-
suppressive therapy and DLI could be a valid therapeutic option for re-
curring disease in CD8+ PCAETL and interestingly in this case the
concomitant cGVHD treatment did not adversely influence the lym-
phoma relapse. 

D170

CATASTROPHIC COMPLEMENT-MEDIATED ENDOTELIAL 
DAMAGE IN A PATIENT WITH NEUTROPHILIC LEUKEMIA 
RECEIVING ALLOGENEIC TRANSPLANTATION

G. Mancini1, F.R. Colaneri1, G. Urbano1, K. Garvey1, S. Guerzoni1,
A.F. Lotito1, E. Morsia1, B. Puglisi1, E. Torre1, A. Fiorentini1, 
M.V. Dubbini1, F. Saraceni1, I. Scortechini1, A.R. Scortechini,1
S. Rupoli1, A. Ranghino2, R. Montironi3, A. Olivieri1

1Haematological and Stem Cell Transplant Unit, Polytechnic Marche
University,AOUOspedaliRiuniti; 2SODNefrologia,Dialisi eTrapianto
Rene, AOU Ospedali Riuniti; 3Section of Pathological Anatomy, Poly-
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A 52-year old man presented with splenomegaly, anemia and a severe
neutrophilic leukocytosis. The diagnostic work up concluded for accel-
erated phase chronic neutrophilic leukemia with mutated CSFR3; he
started therapy with Hydroxyurea. He suddenly developed acute renal
failure with severe tubular damage, worsening of anemia and thrombo-
cytopenia, without signs of autoimmunity or microangiopathy. The pa-
tient was treated with dialysis, steroids and IVHDIG with progressive
recovery of renal function and platelet count. However, the chest CT
scan showed a “ground glass” micronodules spread bilaterally, confluent,
with “patching” distribution.The bronchoalveolar lavage was negative
while the lung biopsy showed destruction of the basement membrane of
the alveolar capillaries with hemorrhagic and macrophage infarction sug-
gesting hemorrhagic alveolitis; the kidney biopsy showed signs of fi-
broyaline glomerulosclerosis, deposits of complement fractions,
compatible with C3-glomerulopathy. We concluded for a diffuse com-
plement-mediated endothelial damage secondary to neutrophilic
leukemia, improving after increase of cytoreduction therapy. The patient
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31 
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Graft failure n°(%) 2/34 (6%) 2/33 (6%) 
Sepsis n°(%) 18/33 (54%) 19/34 (56%) 
Relapse n°(%) 8/33 (24%) 10/34 (29%) 
Overall Survival n°(%) 27/33 (82%) 27/34 (79%) 
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undergo allogeneic transplantation from HLA-matched unrelated donor,
with reduced toxicity conditioning including Treosulphane-Fludarabine.
Post-transplantation course was complicated by a flare of the previous
microangiopathy injury, requiring dialysis plus Eculizumab administra-
tion, weekly. After a transient improvement, simultaneously with the
neutrophils recovery, we observed a severe capillary leak syndrome as-
sociated to PERDS (periengraftment respiratory distress syndrome); de-
spite the intensification of therapy and support, the patient died. The
study of complement gene mutations, performed before transplant, did
not reveal pathogenetic variants directly associated with aHUS/C3
glomerulopathy or with congenital purpura, but genetic variants have
been identified in heterozygosity at the level of the C3 gene (a variant
of unknown significance), in homozygous at the level of CFH and of
THBD associated with C3-glomerulopathy. It is well known that neu-
trophils can trigger the inflammatory response of the endothelium; in
this case, both the conditioning-induced injury and the concomitant pres-
ence of a myeloproliferative disease with abnormal neutrophils prolif-
eration, associated with the genetic variants of the complement, probably
triggered a severe endothelial damage with catastrophic evolution.
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AND IMPLICATIONS FOR FIRST-LINE TREATMENT 
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Peripheral T-cell lymphoma classification
Peripheral T-cell lymphomas (PTCLs) represent a rare and hetero-

geneous disease entity, accounting fo only 6% to 10% of all non-Hogkin
lymphomas. The 2017 World Health Organization (WHO) classification
describes 29 different subtypes of PTCLs1. 

These entities are now defined as Mature T-cell lymphomas
(MTCLs), the term “mature” indicating that in these lymphoproliferative
disorders, the neoplastic T-cells have undergone T-cell receptor (TCR)
rearrangement. MTCLs are currently divided in 4 categories reflecting
the predominant disease sites and clinical manifestations: 1) Nodal, 2)
Extranodal, 3) Cutaneous and 4) Leukemic MTCLs2.

The present review will focus on first line treatments of the the most
common forms of Nodal and Extranodal MTCLs in adults, i.e. PTCL
not otherwise specified (PTCL-NOS), systemic Anaplastic Large Cell
Lymphoma (ALCL), Nodal PTCL with T-follicular helper (TFH) phe-
notype which includes Angioimmunoblastic T-cell lymphoma (AITL),
TFH lymphoma and nodal PTCL with TFH phenotype, (the latter 2 cat-
egories being previously considered under the PTCL-NOS subtype), ex-
tranodal natural-killer T-cell lymphoma nasal-type (ENKTCL
nasal-type), Enteropathy associated T-cell lymhoma (EATL), He-
patosplenic T-cell lymphoma (HSTCL), breast implant - associated
ALCL (BI-ALCL). It should be noted that PTCL-NOS represents a het-
erogeneous category constituted by MTCLs which do not meet the cri-
teria for being included in precise disease entities. 

However, despite this intrinsic diversity MTCLs have historically
been uniformly treated with the same therapeutic approach used for ag-
gressive B-cell non-Hodgkin lymphomas (NHLs) such as Diffuse Large
B-cell lymphoma (DLBCL), i.e. antracycline-based chemotherapy. As
compared to DLBCL which can be cured in a substantial fraction of
cases, the CHOP regimen (cyclophosphamide, doxorubicin, vincristine,
prednisone) is now considered largely ineffective in most MTCL sub-
types, with the exception of ALCL carrying NPM1-ALK and DUSP22
rearrangements. Despite the lack of significant clinical activity, several
efforts have been made in the past to build novel therapeutic strategies
based on the ineffective CHOP backbone, trying to derive treatment par-
adigms and clinical research strategies from the B-cell NHL field. As
expected, this strategy has not produced relevant improvements in out-
come over the past 20 years. However, recent advances in the under-
standing of the biology of PTCL have led to the development and
approval of novel targeted agents specifically active in MTCL, such as
epigenetic modifiers and small molecule inhibitors, which could repre-
sent the backbone for more effective therapies and for a chemofree treat-
ment era in the MTCL field.

Biology of MTCL: implications for chemosensitivity and first-line
treatment strategies

Given the clinical and histopathologic heterogeneity of MTCLs it is
no surprise that recent biologic and genomic studies uncovered precise
genomic signatures underlying specific MTCL subtypes, which in some
cases translated in a better risk stratification and rationale for targeted
therapeutic approaches. Mechanistically, it is well known that antracy-
cline-based chemotherapy induces a p53-mediated response by directly
hindering ribosome biogenesis through inhibition of rRNA synthesis. In
normal proliferating cells, the level of p53 is maintained low because of
the binding with MDM2 with consequent p53 ubiquitination and pro-
teasome degradation. When rRNA synthesis is inhibited, it results in the
binding of several ribosomal proteins, no longer used for rRNA binding
and ribosome building, to MDM2. This binding relieves the inhibitory
activity of MDM2 toward p533.

ALCLs carrying NPM1-ALK and DUSP22 rearrangements represent
the MTCL subtypes characterized by the most favorable outcome following
standard antracycline-based chemotherapy, with cure rates exceeding 80%.
Much attention has been given to the pathogenetic role of the pro-survival
signaling cascades triggered by the NPM-ALK fusion kinase. It is important
to note that NPM-ALK mediated signaling also modulates the activity of
the Murine Double minute 2 (MDM2) protein, which in turn targets p53
for proteasome-dependent protein degradation, thus inhibiting p53-medi-
ated responses. According to this model, TP53 mutations are relatively rare
in ALK rearranged ALCL. Given these premises it is clear that inhibition
of MDM2 activity through rRNA synthesis blockade represents a potential
vulnerability for TP53 wild-type ALCL, which may explain the high effi-
cacy of CHOP chemotherapy in this specific ALCL subset. Similar con-
siderations could apply for DUSP22 rearranged ALCL, which represent
another ALCL subtype characterized by good outcome following antracy-
cline based chemotherapy. One of the main consequences of DUSP22 re-
arrangement is DUSP22 protein dowregulation. Since DUSP22 has been
reported to negatively regulate mitogen-activated protein kinase (MAPK)
kinase signaling, which in turn increases MDM2 phosphorylation and ac-
tivity, one could hypothesize a similar inhibition of p53-mediated response
as a common mechanism underlying lymphomagenesis in NPM1-ALK and
DUSP22 rearranged ALCLs. This model of activity provides the rationale
for exploring chemofree treatment alternatives to doxorubicin, based on
MDM2 and rRNA synthesis inhibitors, in NPM1-ALK and DUSP22 re-
arranged ALCL. Besides these 2 “outliers”, the outcome of MTCL follow-
ing CHOP chemotherapy is generally poor. The recently described
mutational landscape of MTCL provides mechanistic explanation of these
unsatisfactory results. Being an intact p53-mediated response a requirement
for the efficacy of antracycline-based chemotherapy, it is no surprise that
ALCL carrying TP53 genomic alterations have a dismal outcome. Simi-
larly, TP63 mutations predict poor prognosis in ALCL, being TP63 impli-
cated in the apoptotic response to oxidative stress. Notably NPM1-ALK,
DUSP22, and TP63 alterations are mutually exclusive in ALCL. As de-
scribed above PTCL-NOS is now considered an heterogeneous disease en-
tity including those MTCL which do not meet the diagnostic criteria for
other specific subtypes. PTCL-NOS are characterized by high genetic com-
plexity, and frequent TP53 genomic alterations. Gene expression profiling

48° Congress of the Italian Society of Hematology
Milano, Italy, October 24-27, 2021

MAIN PROGRAM



48° Congress of the Italian Society of Hematology, Milano, Italy, October 24-27, 2021

studies identified 2 PTCL-NOS subtypes characterized by overexpression
of TBX21 and GATA-3 transcription factors, the latter characterized by poor
outcome and frequent genomic alterations of the CDKN2A-TP53 axis and
the PTEN-PI3K pathway. Epigenetic dysregulation represents a main uni-
fying feature of MTCL. Mutations of epigenetic genes such as DNMT3A,
TET2, IDH2 are common in AITL, PTCL-NOS and PTCL with TFH phe-
notype. SETD2 mutations are prevalent in rare MTCL subtypes character-
ized by poor outcome such as EATL and HSTCL. Notably DNMT3A and
SETD2 are directly involved in anthracycline resistance, which may provide
molecular explanation for the poor outcome observed in those MTCL sub-
types. In conclusion, these data demostrate that most MTCLs are currently
treated with a suboptimal and molecularly flawed treatment approach. On
the contrary, the good outcome of ALK and DUSP22 rearranged ALCL with
DNA damaging agents and drugs inhibiting ribosome biogenesis seems to
have a precise molecular explanation (Figure 1).       

Figure 1. Genomic alterations with potential impact on disease outcome
following anthracycline-based chemotherapy in MTCL. ALK and DUSP22-re-
arranged ALCL are characterized by good curability following anthracycline-
based induction therapy, in the absence of genomic alterations impairing
p53-mediated responses. On the contrary ALK-negative ALCL and the re-
maining MTCL subtypes frequently show genomic alterations involved in
disruption of p53-mediated responses and resistance to DNA damage, thus
explaining the inferior prognosis compared to ALK and DUSP22-rearranged
ALCL.   

Data supporting the inclusion of etoposide in first-line chemotherapy
regimens

Current MTCL treatment guidelines recommend the addition of
etoposide to standard CHOP (CHOEP regimen) as first line therapy in
young (< 60 years od age) fit patients (Figure 2). This recommendation
is based on data from a retrospective study on 289 patients with MTCL
treated with 6-8 cycles of standard CHOP or CHOP plus etoposide,
demostrating an event-free survival (EFS) advantage for patients treated
with CHOEP with less 60 years (y) of age with normal lactate dehidro-
genase (LDH) levels4. It should be noted that in this study the majority
of patients had ALCL (n=191). A second retrospective study from the
Swedish lymphoma registry demonstrated a similar progression-free sur-
vival (PFS) advantage for young (< 60 y) patients tretaed with CHOEP,
but no difference in overall survival (OS) (reviwed in 2). These data
could be explained at the molecular level by the fact that etoposide acti-
vates a p53-mediated response irrespective of ribosome biogenesis in-
hibition, thus generating an additive effect to standard
anthracycline-based chemotherapy on p53 activation at best. Moreover
from the clinical point of view, data from retrospective studies compris-
ing heterogeneous MTCL categories are often of difficult interpretation
and subjected to many biases. In any case, the addition of etoposide to
CHOP did not dramatically change the poor outcome of MTCL; the fact
that etoposide still requires an intact p53 function to induce apoptosis in

target cells, provides molecular explanation of the suboptimal results ob-
tained with this strategy.  

Integration of novel agents in MCTL first-line treatment: the pitfalls
of the “CHOP + X” strategy 

Several attempts have been made to add novel agents to standard
CHOP in order to improve the unsatisfactory results of standard
chemotherapy, using a “CHOP + X” strategy mutuated from the B-cell
NHL field. However, the idea to use CHOP as a backbone for designing
novel combination strategies in MTCL is questionable, given the sub-
optimal results of this regimen in virtually all MTCL subtypes excluding
ALK and DUSP22 rearranged ALCL. In line with this and not supris-
ingly, most clinical trial investigating the efficacy of novel agents in com-
bination with CHOP (such as romidepsin, belinostat, lenalidomide,
pralatrexate, alemtuzumab) failed to show significant advantages over stan-
dard CHOP, often with additional toxicities. More recently a phase II trial
of first-line oral azacitidine (CC-486) plus CHOP yelded promising results
in 21 patients with MTCL (17 had PTCL with TFH phenotype)5. A ran-
domized trial comparing oral azacitidine-CHO(E)P with duvelisib-
CHO(E)P against CHO(E)P in CD30 negative PTCL is ongoing. 

Brentuximab Vedotin plus CHP as first-line treatment for CD30 pos-
itive MTCL

So far the only positive randomized study employing the “CHOP +
X” strategy, has been the ECHELON-2 study investigating the efficacy
of the antibody drug-conjugate Brentuximab Vedotin (BV) in combina-
tion with CHP (CHOP without vincristine), in a population of CD30 pos-
itive (>10% of CD30+ cells) MCTL constituted predominantly by ALCL
(75% of all patients included in the trial), which is ubiquitously and
strongly CD30 positive6. The results, showing a clear PFS advantage for
the CHP+ BV arm, were considered practice-changing only for the
ALCL subtype. In fact, given the imbalance in the composition of the
patient population (75% ALCL), the study was not powered enough to
show the benefit of CHP + BV over CHOP in non-ALCL subtypes. In
line with this, while the Food and Drug Administration (FDA) approved
BV+CHP as first line therapy for CD30 + MTCL, the European Medi-
cines Agency (EMA) approved this combination only for newly diag-
nosed ALCL. The results of this study established CHP+BV as the
recommended first-line therapy for ALCL (Figure 2).   

Figure 2. MCTL first-line treatment algorithm. *Follow-up if CR after induc-
tion in ALK-rearranged ALCL and in limited stage ENKTCL nasal-type; **Con-
sider allo-SCT in first remission or maximal response after induction in case
of HSTCL. *** Minimal residual disease could be evaluated in leukapheresis
products in case of CR before ASCT, in order to assess the suitability of ASCT
vs allo-SCT consolidation strategies.  ESHAP: Etoposide, cisplatin, high-dose
cytarabine, metiprednisolone. IVE/MTX: ifosfamide, etoposide,
epirubicin/methotrexate-ASCT. SMILE: dexamethasone, methotrexate, ifos-
famide, L-asparaginase, etoposide. DDGP: dexamethasone, cisplatin, gem-
citabine, pegasparaginase. HyperCIDDDoxil: fractionated cyclophosphamide,
liposomal doxorubicin, vincristine, and dexamethasone, alternating with
methotrexate and high-dose cytarabine. MRD: minimal residual disease.
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Data supporting first-line intensification strategies: autologous and
allogeneic stem cell transplantation  

International guidelines recommend front-line intensification with
autologous stem cell transplantation (ASCT) in MTCL responding to
first-line induction, excluding ALK-rearranged ALCL (Figure 2). It is
important to note that this recommendation comes from the interpretation
of limited data from non-randomized studies composed of very hetero-
geneous patients populations. One of the largest prospective studies on
ASCT consolidation in MTCL was published by D’Amore and cowork-
ers in 20127. The study included 160 MTCL patients excluding ALK-re-
arranged ALCL. With a 5-year OS of 51%, the results of this study
supported the use of ASCT as first-line consolidation for MTCL patients
responding to first-line induction chemotherapy. In this study the relative
majority of patients had PTCL-NOS, however compared to all other
MTCL subtypes a relative OS advantage was observed only for ALK-
negative ALCL. The role of first-line intensification with ASCT in ALCL
patients after CHP+BV is unclear, although available data seem to show
a PFS advantage for ASCT consolidation. Despite its widespread use,
the role of first-line ASCT consolidation in the MTCL is still debated. A
recent study by Park and coworkers8, showed that whether ASCT in first
complete remission (CR) could be of value in high-risk MTCL patients
considered as a whole, it did not provide significant PFS and OS advan-
tages in specific MTCL subsets such as PTCL-NOS and ALK-negative
ALCL. As opposite, ASCT intensification produced a clear OS benefit
in the AITL subset. 

Following the evidence of graft versus lymphoma effect in MTCL9,
the role of first-line allogeneic stem transplant (allo-SCT) consolidation
has been evaluated in retrospective and prospective studies. A recent
phase 3 randomized study from Schmitz and coworkers investigated the
role of allo-SCT consolidation in first CR in PTCL10. While confirming
a strong graft versus lymphoma (GvL) effect and a lower relapse rate,
this study did not demonstrate a significant OS advantage for allo-SCT,
due to increased transplant related mortality (TRM) compared to ASCT.
However, the interpretation of this study is affected by the very limited
available tools to evaluate the benefit-risk ratio in this particular patient’s
population. In this light, strategies based on minimal residual disease
(MRD) detection in leukapheresis products could be of value in evalu-
ating the suitability of ASCT consolidation. The risk of allo-SCT could
be taken preferentially in MRD positive patients, who otherwise would
be at very high risk of relapse following ASCT. Clinically applicable
biomarkers for predicting allo-SCT outcome and thus for selecting those
MTCL patients who would derive maximal benefit from allo-SCT are
warranted. In any case first line intensification strategies are applicable
only in the minority of patients responding to first line chemotherapy
and a substantial fraction of patients does not achieve CR with regimens
based on the CHOP-backbone. Thus, refractoriness to first line treatment
remains the key unsolved problem in MTCL therapy. 

Rare MTCL subtypes: current clinical management 
Extranodal NK-T cell lymphoma nasal-type

Extranodal NK T-cell lymphoma (ENKTCL) nasal-type represents
1-2% of all NHL and has a very poor outcome with standard anthracy-
cline-based chemotherapy.  ENKTCL nasal-type is more frequenti in
Asia and South America and more than two thirds of patients with ENK-
TCL have stage I or II disease localized in the upper aerodigestive tract.
Two thirds of cases present with localized disease to the upper aerodi-
gestive tract, tipically with nose lesions. This MTCL subtype is charac-
terized by an intrinsic chemoresistance due to frequent overexpression
of P-glycoprotein genes and frequent dysruption of the p53 pathway
(TP53 mutations/deletions). There is global hypermethylation in ENK-
TCL, leading to epigenetic inactivation of key genes regulating
chemosensitivity such as TP53, BIM, DDX3X. The frequent inactivation
of the asparaginase synthetase gene ASNS explains the sensitivity of this
particular subtype to L-asparaginase therapy. In fact the combination of
radiotherapy plus L-asparaginase containing regimens such as SMILE

(dexamethasone, methotrexate, ifosfamide, L-asparaginase, etoposide)
or more recently DDGP (dexamethasone, cisplatin, gemcitabine, pegas-
paraginase) represents the standard of care for localized-stage disease.
In particular, the DDGP regimen seems to be more effective and less
toxic compared to the SMILE regimen (Figure 2).

Intestinal T-cell lymphoma
These lymphoma subtypes are derived from intraepitheliod lympho-

cytes and express the mucosal homing receptor CD103. There are 3 types
of intestinal T-cell lymphoma: Enteropathy associated t-cell lymphoma
(EATL), monomorphic epitheliotropic intestinal T-cell lymphoma
(MEITL) and indolent T-cell lymphoma. EATL and MEITL are consid-
ered aggressive MTCL subtypes, the first being associated with gluten
sensitivity. Due to the extremely poor prognosis with CHOP-based
chemotherapy, alternative regimens are currently employed. The New-
castle Regimen (ifosfamide, etoposide, epirubicin/methotrexate-ASCT)
provides best results with a 5-year PFS of 52% and OS of 60%. The rel-
atively high rate of SETD2 mutations and 1q gains (harboring the anti-
apoptotic MCL-1 gene) provides some mechanistic explanation of the
intrinsic chemoresistance observed in EATL. 

Hepatosplenic T-cell lymphoma (HSTCL)
This rare MTCL subtype constituted by gamma/delta T cells, affects

predominantly young males with a median age of 35 years. There is an
association with autoimmune disorders and chronic immune suppression.
Genomic alterations of SETD2, INO80 and ARID1B are frequently ob-
served. Besides SETD2, whose contribution to doxorubicin resistance is
well established, ARID1B and INO80 are a key components of the nu-
cleosome remodelling complexes and are directly implicated in doxoru-
bicin resistance.

Due to the dismal outcome with reported 5-year OS rates < 10% ,
when feasible intensive chemotherapy regimens such as ESHAP (Etopo-
side, cisplatin, high-dose cytarabine, metiprednisolone) or HyperCID-
DDoxil (fractionated cyclophosphamide, liposomal doxorubicin,
vincristine, and dexamethasone, alternating with methotrexate and high-
dose cytarabine) has been employed. First-line consolidation with allo-
geneic stem cell transplant should be attempted as early as possibile in
this difficult-to-treat MTCL subtype.  

Breast implant associated ALCL (BI-ALCL)
BI-ALCL was first described in late 1990s and is associated with

specific types of textured breast implants. The overall prognosis is ex-
tremely good with 5-year OS approaching 100%. This is the only lym-
phoma subtype where surgery, with implant removal and capsulectomy,
is usually curative. Systemic therapies have no role in the treatment of
localized BI-ALCL, however BI-ALCL cases with evidence of systemic
spreading are usually treated with the same regimens employed for sys-
temic ALCL. Dysruption of epigenetic modifiers with genomic alter-
ations of KMT2C, KMT2D, CHD2 and alterations of the JAK/STAT
signaling pathway are the main pathogenetic features of BI-ALCL. No-
tably epigenetic alterations involved in chemoresistance such as
DNMT3A and SETD2, commonly observed in poor prognosis TFH and
extranodal MTCL subtypes (primarely EATL and HSTCL) are uncom-
mon in BI-ALCL.  

MTCL therapy: future directions and conclusions
Recent advances in the definition of the molecular mechanisms of

action of anthracycline-based regimens could provide the rationale for
the use of specific rRNA synthesis and MDM2 inhibitors as potential
chemofree alternatives to doxorubicin in NPM1-ALK and DUSP22 re-
arranged ALCL. However, since anthracycline-based chemotherapy is
effective only in these 2 ALCL subtypes, alternative molecularly-driven
therapeutic options are strongly needed for all the remaining MTCL sub-
sets. Epigenetic dysregulation is one of the main recurrent molecular al-
terations in many MTCL subtypes, especially in the nodal TCL with TFH
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phenotype subgroup comprising AITL, TFH lymphoma and PTCL with
TFH phenotype, and in PTCL-NOS, which provides the rationale for the
use of HDAC inhibitors (HDACi) and hypomethylating agents (HMAs).
In line with these findings HDACi plus HMA based combinations (Ro-
midepsin + Azacitidine) demonstrated efficacy in MTCL, with CR rates
exceeding 50%2. The fact that this HDACi+HMAs-based combo was
found to be more active in MTCL than B-cell NHL, may indicate a rather
specific activity in MTCL further corroborating the underlying molecular
rationale. Additional recurrent alterations amenable for targeted thera-
peutic interventions include RHOA mutations in AITL and PTCL-NOS
and genomic alterations of the JAK/STAT pathway found in EATL and
HSTCL. In this light, the HDACi+HMA combo could be a promising
novel therapeutic backbone in MTCL, which could be further optimized
with the addition of different targeted agents including PI3Ki, JAKi and
immunotherapy-based treatments such as immune-checkpoints in-
hibitors. Clinical trials with doublets and triplets combinations are cur-
rently underway.

New insights in the molecular pathogenesis of MTCL provided the
rationale for novel tailored therapeutic approaches for MTCL, and led
to the FDA approval of 5 novel drugs in the last decade: Pralatrexate,
the histone deacetylase (HDAC) inhibitors Romidepsin and Belinostat
and the antibody-drug conjugate Brentuximab Vedotin.

Despite these advances, the antibody drug conjugate BV and L-as-
paraginase remain at the time being the only targeted agents succesfully
incorporated into first-line MTCL regimens available in real-life clinical
practice. In conclusion, the rarity and extreme heterogeneity of MTCL
represented major obstacles for successful drug development in the field.
Results from prospective and retrospective studies (often prone to inter-
pretation biases) generated treatment controversies regarding first-line
intensification strategies and management of responding patients. How-
ever, refractoriness to standard first line induction chemotherapy remains
a major challenge in everyday clinical practice and novel effective reg-
imens are urgently needed for the majority of non-ALCL subtypes.  
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HEMOPOIETIC CELL TRANSPLANTATION FOR THALASSEMIA
IN YEAR 2021

E. Angelucci 
Ematologia e Centro Trapianti. IRCCS Ospedale Policlincio San Mar-
tino, Genova, Italy

The hallmark of beta thalassemia is the imbalance in the alpha/beta
globin chains production that results in variable grades of ineffective
erythropoiesis for apoptosis of late-stage erythroid precursors. It follows
chronic hemolytic anemia, compensatory hemopoietic expansion, hy-
percoagulability and increased iron absorption. 

Hemopoietic cell transplantation (HCT) has proved, since almost 40
years, to be able to correct the clinical disease. The rationale for HCT in
thalassemia  is to replace ineffective endogenous erythropoiesis and to
correct the phenotypic expression of the disease, sparing patients from
lifelong transfusion treatment and long-term complications.1 HCT is, so
far, the only consolidated approach with a curative potential in this dis-
ease. 

Transplantation in TDT has been executed in thousands of patients
and is today implemented worldwide, with excellent results.2–5 The latest
report from the European bone marrow registry (EBMT) registry showed
global overall survival (OS) and event free survival (EFS) of 88% and
81%, with best results obtained in patients £ 14 years of age (OS and
EFS of 90% and 83%, respectively).6 Current recommendations identify
young TDT patients, before development of iron-related organ damage,
as the ideal candidates for HCT;7 adults can also be offered this strategy
in the setting of dedicated programs, provided that they have been well-
chelated since infancy.  According to the afore-mentioned EBMT registry
data, better outcomes are still deriving from transplants with HLA-
matched siblings, with a stunning 91% of OS and 83% of EFS.  More
recently outstanding rsults have been published by Chinese8 and Indian9

studies demonstrating the wide diffusion and affordability of transplan-
tation even in low income countries.

In the era of high resolution HLA typing, transplantation from
matched unrelated donors in TDT is considered feasible and effective
providing a full compatibility (i.e. 10/10 matched) between patient and
unrelated donor.

Transplantation from alternative donors has resulted in conflicting
results so far. Primary graft failure appears as the major complication of
unrelated cord blood unit transplants while the need to abate the risk of
GVHD has driven the search for effective modalities of ex-vivo or in-
vivo T-cell depletion with grafts from haploidentical donors. Recent re-
ports of alternative donors HCT are summarized in table 1. Of relevance
the recent approach by Anurathapan10 with a deeply immunosuppressive
regimen in haploidentical transplantation. In this experience, that prom-
ise to extend the transplant option to almost all patients, an outstanding,
96% OS and EFS have been reported.

Last 50 years have witnessed dramatic improvements in thalassemia
understanding and patients’ care. These improvements have built a series
of previously unimaginable therapeutic opportunities for patients with
thalassemia and many others are coming. All this was made possible by
a synergy between the various fields of biological and clinical research
that have mutually reinforced each other leading to a common success. 

Having access to many therapeutic opportunities is undoubtedly a
benefit for our patients but it also leads to a problem of choice. As op-
portunities have grown, the costs of optimal therapies have increased
dramatically and so has the demand for a better selection of the appro-
priate sequence of treatments in terms of best cost / benefit ratio. 
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Table 1. Reports on HCT from alternative donors in transfusion dependent thalassemia patients. Abbreviations=OS Overall Survival ; TFS Thalassemia-free
Survival ; TRM Transplant-related Mortality ; BU Busulfan ; TT Thiotepa ; Cy Ciclophosphamide ; Flu Fludarabine ; CsA Cyclosporin A ; MTX Methotrexate ;
MAC myeloablative conditioning ; MUD matched unrelated donor ; MMUD mismatched unrelated donor ; UCB umbilical cord blood ; GF Graft Failure; GVHD
Graft versus Host Disease ; MP Methylprednisolone ; MMF Mycophenolate Mofetil ; Hu Hydroxyurea ; Az azathioprine ; ATG Anti-thymocyte Globulin ; Dxm
Dexamethasone ; Vel Velcade ; Rit Rituximab ; PT-Cy post transplant Cyclophosphamide  NR Not reported.
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DRUGS TARGETING INEFFECTIVE AND STRESS ERYTHROPO-
IESIS

S. Perrotta, M. Casale, I. Tartaglione 

Dipartimento della Donna, del Bambino e di Chirurgia Generale e Spe-
cialistica, Centro di Riferimento Europeo per le malattie ematologiche
rare (ERN-EuroBloodNet), Università della Campania “L. Vanvitelli”,
Napoli, Italia

Beta-thalassemia is an inherited monogenic disorder characterized
by chronic anaemia caused by the reduced or absent production of func-
tional haemoglobin (Hb). A broad spectrum of phenotype is observed in
this condition, mainly defined by the degree of anaemia: transfusion-de-
pendent-thalassemia (TDT) is characterized by a lifelong requirement
for blood transfusions, while non-transfusion-dependent-thalassemia
(NTDT) may require limited transfusions for a restricted period.

The TDT patients (beta-thalassemia major and severe forms of
HbE/beta-thalassemia) are those who commonly present in early child-
hood with severe anemia and require lifelong transfusion therapy for sur-
vival. Although the introduction of transfusions improved survival in
TDT patients, it did not come without its own side-effect, systemic iron
overload leading to end-organ damage and increased mortality from car-
diac or hepatic disease. Advances in iron chelation therapy and the in-
troduction of MRI techniques to detect organ-specific iron overload have
led to improved management and patient outcomes. Still, TDT comes
with considerable burden to the patient, clinician, and overall healthcare
system owing to persistent morbidity and high healthcare utilization,
poor access to optimal care and high treatment cost especially in re-

source-limited countries, and several unmet needs in terms of efficacy,
safety and adherence to conventional therapies. 

Patients with NTDT (beta-thalassemia intermedia and mild–moder-
ate forms of HbE/beta-thalassemia) usually present later in childhood or
even in adolescence with mild–moderate anemia that does not require
immediate placement on a regular transfusion program. Progress made
over the past few decades has indicated that the diagnosis of NTDT car-
ries greater morbidity than previously recognized. Ineffective erythro-
poiesis and anemia have been linked to an array of morbidities stemming
from chronic hypoxia and an established hypercoagulable state. There
are currently no approved agents for the management of anemia in
NTDT. Transfusions are used in settings of expected drop in Hb such as
pregnancy, infection or surgery; and some physicians also elect to use
short courses of regular transfusions to promote growth in childhood or
prevent/treat morbidity in adulthood in view of evidence of benefit from
observational studies. Even in the absence of transfusions, NTDT pa-
tients remain at risk of iron overload secondary to ineffective erythro-
poiesis, low hepcidin levels, and increased intestinal iron absorption. 

In the past decade several promising targets and associated thera-
peutic options have emerged for patients with thalassemia, though pri-
marily for those with beta-thalassemia, which is reasonable considering
the patient’s more complex and advanced management needs. These
therapeutic options can be classified into three major categories on the
basis of their attempts to address different aspects of the underlying
pathophysiology of thalassemia: fetal hemoglobin inducing agents, ad-
dressing ineffective erythropoiesis, and improving how the body handles
iron (Tables 1 and 2). Here, we will shortly discuss some of the emerging
approaches in each of these areas.
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Table 1. Key completed or ongoing clinical trials of novel therapies in β-thalassemia targeting ineffective erythropoiesis and red blood cell pathology.
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Fetal hemoglobin inducing agents
There has also been a considerable effort to stimulate gamma-globin

and HbF production through various pharmacological agents. In general,
data in beta-thalassemia were never as encouraging as in sickle cell dis-
ease. Several agents have been evaluated mostly off-label, as monother-
apy or in combination, including DNA-methylation inhibitors, cytotoxic
agents, short-chain fatty acids, erythropoietic-stimulating agents, and im-
munomodulatory imide drugs. 

Hydroxyurea (also known as hydroxycarbamide) is the first drug ap-
proved for treating sickle cell anaemia. Evidence suggested that hydrox-
yurea exerts a dose-dependent, bimodal effect on erythropoiesis by
downregulating the expression of GATA1 and upregulating GATA2, and
favours the Hb balance towards HbF by delaying RBC maturation and
stimulating-globin expression. Moreover, the main globin gene repressor
BCL11A is inhibited by hydroxyurea, and this promotes the reactivation
of globin and induction of HbF synthesis. Hydroxyurea use has been as-
sociated with durable hematologic responses in both TDT and NTDT
patients, but this was mostly observed in patients from India or Iran, es-
pecially those with homozygosity for the XmnI polymorphism. Studies
from Italy have conversely shown limited durability of response. A pos-
itive effect of hydroxyurea in reducing the risk of leg ulcers, pulmonary
hypertension, and osteoporosis emerged from a study in a large cohort
of NTDT patients. Furthermore, several case reports showed efficacy of
hydroxyurea in treating masses of extramedullary haematopoiesis. How-
ever, robust and consistent data are still missing, and the usefulness of
the compound in this pathology is still debated.

Thalidomide is commonly known for its immunomodulating and an-
tiangiogenic activity. Thalidomide has also been associated with hema-
tologic responses in both NTDT and TDT patients in observational
studies and small trials from India or China. Polymorphisms in HBG2
and HBS1L-MYB contributed significantly to thalidomide response in
these patients.

However, these studies involved a very limited number of patients,
and high variability was observed in baseline characteristics of the study
populations, including extreme conditions such as baseline Hb 4.0 g/dL
in 4 out of 25 patients. Larger clinical trials with thalidomide in TDT pa-
tients are ongoing in Pakistan (NCT03651102) and China. 

A recent study investigated the association of thalidomide and hy-
droxyurea in TDT patients and showed that almost half of them main-
tained about Hb 9 g/dL without any transfusion for 6 months
consecutively. A high rate of adverse events was reported, including se-

dation and liver disease.  IMR-687 is a highly selective and potent small-
molecule inhibitor of phosphodiesterase (PDE) 9. Although the precise
mechanism needs to be fully clarified, the blockage of PDE9 acts to in-
crease cGMP levels, which is associated with the reactivation of HbF.
The effect of this compound was firstly proved in sickle-cell disease, re-
sulting in a significant increase in HbF in phase 1 and early stage of
phase 2. A phase 2, randomized, double-blind, placebo-controlled study
is currently underway to evaluate the safety, tolerability, pharmacokinet-
ics, and pharmacodynamics of IMR-687 administered once daily for 36
weeks in two populations of 120 adult subjects with beta-thalassemia
(NCT04411082). The primary objective of this study is to assess the
safety and tolerability of IMR-687 in adult subjects with TDT and NTDT.
Secondary objectives in the TDT patients include reduction in transfu-
sion burden, iron load rate, iron chelation dose requirements, and serum
ferritin levels. Secondary objectives in NTDT patients include increase
in Hb and HbF levels and in the absence of a transfusion. 

Benserazide is a small compound that has been recently added to the
candidate drugs able to induce HbF expression. It was originally ap-
proved in its racemic form for the treatment of Parkinson’s disease to
enhance plasma levels of L-dopa. A phase 1b sequential, open-label,
dose-ranging study is currently evaluating the safety, pharmacokinetics,
and preliminary activity of benserazide in 36 adult patients with NTDT
and a baseline Hb of 6–10 g/dl (NCT04432623).

Targeting ineffective erythropoiesis and red blood cell pathology 
Erythroid maturation agents

Luspatercept (formerly ACE-536) is the first disease-modifying drug
for beta-thalassemia, currently approved by the US Food and Drug Ad-
ministration (FDA) in 2019 and the European Medicines Agency (EMA)
in 2020 for TDT patients (REBLOZYL, Celgene Corporation).  It is a
recombinant fusion protein with an adjusted extracellular domain of the
activin receptor type IIB (ActRIIB) linked to the Fc domain of human
IgG1. Together, the domain binds to select transforming growth factor
(TGF) beta superfamily ligands, block SMAD2/3 signaling. The reduc-
tion in aberrant Smad2/3 intracellular signaling removes the erythro-
poiesis inhibition on promoting late-stage red blood cell precursor
differentiation and maturation. A multicenter, open-label, dose-ranging
phase 2 study of luspatercept in 64 adults with beta-thalassemia
(NCT01749540, with 5-year extension NCT02268409) confirmed its
safety and effectiveness in reducing transfusion requirement in TDT and
improving Hb level in NTDT. On the basis of encouraging data in this

Table 2. Key completed or ongoing clinical trials of novel therapies in β-thalassemia targeting iron dysregulation.
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phase 2 study, a recent phase 3, double-blind trial (BELIEVE,
NCT02604433) involving adults with transfusion-dependent beta-tha-
lassemia who were randomly assigned to receive subcutaneous luspa-
tercept at a dose of 1.00 to 1.25 mg per kilogram of body weight (224
patients) or placebo (112 patients) every 3 weeks showed that luspater-
cept reduced the transfusion burden by at least 33% (in 21.4% of the lus-
patercept group vs. 4.5% of the placebo group) over a fixed 12-week
period. Secondary endpoints of a ≥ 33% reduction in transfusion burden
versus baseline from weeks 37–48 and over any 12-week or 24-week
rolling periods also favored treatment with luspatercept over placebo.
Adverse events, consisting of transient bone pain, arthralgia, dizziness,
hypertension, and hyperuricemia, were more common with luspatercept
than with placebo. Higher rates of thrombosis were noted in the luspa-
tercept-treated patients. Although these thrombotic events occurred
mainly in patients with known risk factors, monitoring patients for signs
and symptoms of thrombotic events is recommended. A 5-year open-
label extension phase of the BELIEVE trial is under way to provide long-
term data on the safety of luspatercept and its effects on transfusion
burden and iron overload outcomes. Initial data show that patients on
luspatercept continue to experience reductions in transfusion burden and
events over 2 years of therapy. A higher proportion of luspatercept-treated
patients also shifted to lower serum ferritin, LIC, and myocardial iron
levels during the first 48 weeks, with long-term luspatercept treatment
leading to an increased proportion of patients with serum ferritin levels
< 1000 ng/ml and decreasing trends of overall iron chelation use. Luspa-
tercept could also have a place in the treatment of NTDT patients. The
BEYOND trial (NCT03342404) is a phase 2 study to define the effec-
tiveness and safety of luspatercept in 145 adults with NTDT. The primary
objective is the increase of mean Hb without any transfusions over a 12-
week period, from week 13 to 24, compared to the initial phase. The
study has been completed and the results are expected. Luspatercept is
now also being evaluated in pediatric TDT patients between the ages of
6 years and 18 years (NCT04143724).

Pyruvate kinase activators
The enzyme pyruvate kinase (PK) has recently become of interest

in thalassemia. Preclinical studies on PK-deficient mice have indicated
that the metabolic disturbance in PK deficiency alters not only the sur-
vival of RBCs but also the maturation of erythroid progenitors, resulting
in ineffective erythropoiesis.  Mitapivat (AG-348) is an oral, small-mol-
ecule allosteric activator of RBC pyruvate kinase (PKR), a pivotal en-
zyme to regulate ATP production via glycolysis. In a phase 2 study on
patients with pyruvate kinase deficiency, mitapivat administration re-
sulted in a sustained Hb increase In mouse models of beta-thalassemia,
mitapivat increased ATP levels, reduced markers of ineffective erythro-
poiesis, and improved anemia, RBC survival, and indexes of iron over-
load. An ongoing phase 2, open-label, multicenter study (NCT03692052)
is evaluating mitapivat in 20 NTDT (including alpha-thalassemia) adults
with a Hb level ≤ 10 g/dl, and assessing safety and efficacy in achieving
Hb increase ≥ 1.0 g/dl and changes in markers of hemolysis and ineffec-
tive erythropoiesis. Mitapivat showed a significant effect on Hb level
and improved markers of haemolysis and ineffective erythropoiesis in
almost all patients, suggesting a promising role in the treatment of the
late phase of ineffective erythropoiesis. Among the reported adverse
events, some could negatively affect the overall burden of the disease
on thalassemia patients, such as osteoporosis or hormonal alterations.
Particular caution will be necessary for addressing their relevance and
causal relation to the study drug during later trials. Two phase-3 studies
evaluating the efficacy and safety of mitapivat in patients with - or -TDT
(ENERGIZE-T, NCT04770779) and NTDT (ENERGIZE,
NCT04770753) have been recently started, but they are not yet recruiting
patients.

Janus kinase 2 inhibitors
Janus kinase 2 (JAK2) is another signaling molecule that regulates

proliferation, differentiation, and survival of erythroid progenitors in re-
sponse to erythropoietin. Several studies have provided evidence on the
role of JAK2 as a potential target to treat disorders of ineffective ery-
thropoiesis.

Studies in mouse models of beta-thalassemia major and intermedia
indicated that a short treatment with a JAK2 inhibitor can ameliorate in-
effective erythropoiesis and decrease spleen size. A single-arm, phase
2A study to evaluate the efficacy and safety of the JAK2 inhibitor rux-
olitinib (INCB018424; INC424) administered orally at a starting dose
of 10 mg twice daily among 30 adults with TDT and splenomegaly has
been conducted (NCT02049450). A decrease in spleen size from baseline
was observed in ruxolitinib-treated patients. No clinically significant im-
provements in pre-transfusion Hb were seen, thus there was no related
reduction in transfusion needs. For these reasons, the study did not pro-
ceed into phase 3.

Targeting iron dysregulation 
Improving iron dysregulation could represent an effective therapeutic

strategy to control ineffective erythropoiesis of thalassemia. Several mol-
ecules were proved able to restrict iron availability to the erythron and
improving RBC survival in preclinical studies and a few of them are cur-
rently under clinical trial.

Hepcidin mimetics
In beta-thalassemia, ineffective erythropoiesis and hypoxia lead to

decreased production of the hepatic hormone hepcidin which in turn re-
sults in increased intestinal iron absorption and its release from
macrophages in the reticuloendothelial system, contributing to a state of
iron overload with preferential hepatic iron storage. Erythroferrone, a
hormone secreted by erythroblasts as a consequence of
EPOR/JAK2/STAT5 pathway activation, has been identified as the main
erythroid regulator of this process although other factors have also been
proposed. Recently, pre-clinical studies have suggested that synthetic
long-acting hepcidin analogues (often called minihepcidins) in combi-
nation with chronic red blood cell transfusion, ameliorated ineffective
erythropoiesis, splenomegaly, and cardiac iron overload in a new model
of TDT mice. Thus, although initial interest in the hepcidin pathway was
to ameliorate iron dysregulation, it prompted the initiation of several
clinical trials targeting both hematologic improvement and iron overload
in beta-thalassemia. However, clinical trial data were not as encouraging.
LJPC-401, a synthetic human hepcidin given as a subcutaneous injection,
was being evaluated in a phase 2, multicenter, randomized, open-label
study (NCT03381833) in adult patients with TDT and a primary endpoint
of improvement in myocardial iron overload detected by MRI. The trial
was prematurely terminated, as an interim analysis showed absence of
efficacy thus indicating an unfavorable risk–benefit profile. The TRAN-
SCEND study (NCT03802201) was another phase 2, open-label, single-
arm, dose-escalation study evaluating another injectable hepcidin
mimetic PTG-300, in adult patients with NTDT (to increase Hb level)
and TDT (to decrease transfusion burden). Altogether, although theoret-
ically favourable and technically feasible, the direct administration of
hepcidin, both in a complete or truncated form, did not show relevant
benefits in the clinical setting until now. Different approaches to the mod-
ulation of iron metabolism target the upstream regulation of hepcidin
and are now on a clinical trial.

Stimulators of hepcidin production
Other novel therapeutic approaches to target iron dysregulation in-

clude increasing the hepatic synthesis of hepcidin. This can be achieved
by suppressing a metalloprotease, transmembrane serine protease 6 (TM-
PRSS6) which plays a key role in hepcidin expression from the liver,
and its inactivation leads to increased hepcidin levels, ameliorated iron
overload, and improved ineffective erythropoiesis.

The use of second-generation antisense oligonucleotides (ASOs) and
small interfering RNA (siRNA) targeting TMPRSS6 have also been de-
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scribed in mouse models of beta-thalassemia intermedia. Anti-sense
oligonucleotides (ASO) and small interfering RNA (siRNA) targeting
TMPRSS6 have been effectively used to stimulate hepcidin, reduce iron
burden, and improve ineffective erythropoiesis and RBC survival in
mouse models of beta-thalassemia intermedia.

A phase 2a study by Ionis Pharmaceuticals using TMPRSS6 in-
hibitors will soon be initiated in 36 adult patients with NTDT and base-
line Hb ≤ 10 g/dl. In this study patients will be subcutaneously
administered IONIS TMPRSS6-LRx every 4 weeks (NCT04059406)

A randomized, single-blind, placebo-controlled, phase 1b, single-as-
cending and multiple-dose study in adult patients with NTDT and very
low- and low-risk myelodysplastic syndrome (MDS) is currently under-
way to investigate the safety, tolerability, pharmacokinetics, and phar-
macodynamic response of SLN124 (NCT04176653).

Ferroportin inhibitors
A more recent approach to target ineffective erythropoiesis through

the modulation of iron metabolism involves the use of ferroportin in-
hibitors. A newly described compound in the field is VIT-2763, a small
oral molecule that acts as a ferroportin inhibitor. In beta-thalassemia in-
termedia mouse models, it restricted iron availability, ameliorated ane-
mia, and reversed the dysregulated iron homeostasis. It reduced the
percentages of early erythroid precursors in the bone marrow and spleen,
and increased the percentage of mature erythrocytes, providing evidence
of improved ineffective erythropoiesis; while extending the lifespan of
RBCs, thereby improving anemia and tissue oxygenation. 

In order to determine the safety, tolerability, pharmacokinetic prop-
erties, and pharmacodynamic effects of VIT-2763, a phase 1 randomized,
double-blind, placebo-controlled, parallel-group, dose-escalation study,
comprising a single ascending phase (SAD) and multiple ascending
phases (MADs), was performed on healthy male and female volunteers
aging between 18 and 65 years. There were no serious or severe AEs or
discontinuations due to AEs. Following VIT-2763, a rapid, temporary
decrease in serum iron levels was observed.

Based on the data from this study, an ongoing  phase 2 study by Vifor
Pharma has been  initiated in NTDT patients, assessing the efficacy,
safety, tolerability, pharmacokinetics, and pharmacodynamics of VIT-
2763 in 36 NTDT patients aged ≥ 12 years with a baseline Hb ≤ 11 g/dl
(NCT04364269).

Conclusion
The treatment landscape for beta-thalassemia is swiftly evolving, so

it remains of utmost importance to pause and reflect on successes and
failures to inform gradual integration of such advances into routine clin-
ical practice over the next decade. Despite the large array of pharmaco-
logic agents in development, the goals of therapy remain the same:
transfusion reduction in TDT and improvement of Hb level in NTDT.
The first lesson learned from recent trials is that observations in animal
models do not always translate to similar effects in humans, as exempli-
fied by data from ruxolitinib. This further strengthens the importance of
relying on data from multicenter, large clinical trials representative of
the global patient population; and more importantly, the need for con-
tinued data generation through real-world evidence. 

In patients with NTDT, improvement in Hb level should also lead to
short-term and long-term benefits in patient reported outcomes and mor-
bidity risk, respectively. Luspatercept now has available clinical evidence
for its ability to achieve hematologic responses in patients with NTDT,
and long-term data on durability of such effects would be of merit. 

To conclude, all these emerging treatment modalities require long-
term experience in order to further establish their efficacy and safety.
Another concern is the availability and the high cost, especially in low-
and middle-income countries. All novel developments need to go in par-
allel with programs that ensure access to patients in these countries, since
the majority of beta-thalassemia patients live in such regions.
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Over the past 20 years, significant therapeutic progresses have oc-
curred in the treatment of adult B-cell precursor Philadelphia-negative
acute lymphoblastic leukemia (Ph-ALL). Reasons of this progress in-
clude a better definition of the cytogenetic and molecular profile of the
disease at presentation, the use of pediatric-inspired chemotherapy pro-
grams and precise monitoring of minimal residual disease (MRD). All
these factors have led to a modern, risk-adapted treatment strategy of
this disease. More recently, novel targeted immunotherapies have further
improved our ability to treat not only relapsed and refractory patients
but also those with evidence of MRD. These topics will be covered dur-
ing my presentation.

Monitoring and treating minimal residual disease
We have recently reported results with an updated strategy combin-

ing pediatric-based chemotherapy with a risk-oriented indication to an
allogeneic hematopoietic cell transplant (HCT)1. Following induction–
consolidation chemotherapy, responsive patients received maintenance
chemotherapy or underwent an early HCT according to the risk stratifi-
cation criteria and MRD status. Of the 117 study patients with B-cell
precursor Ph- ALL (median age 42 years, range 17-67), 97 achieved a
complete remission (CR, 82.9%); 46 patients were assigned to mainte-
nance chemotherapy and 51 to HCT due to very high-risk characteristics
(hyperleukocytosis, adverse genetics and MRD persistence). The median
overall and relapse-free survival were 47% and 49% at 5 years, respec-
tively. In an intent-to-treat analysis, no significant differences between
maintenance and HCT cohorts were documented, strongly supporting
the concept that only high-risk patient should be exposed to the trans-
plant-related risks (Figure 1). MRD negativity and age ≤55 years were
the most favorable independent prognostic factors. 
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Figure 1. Intent to treat analysis of Overall Survival in adult, Ph-negative B-
precursor ALL patients treated according to the NILG 10/07 protocol. Pa-
tients were allocated to allogeneic transplant if defined at high risk of
leukemia relapse (hyperleukocytosis, adverse genetics and MRD persistence
at week 10 of treatment). 

Overall, no matter the underlying disease subset, the clinical risk
profile and the treatment itself that played a primary key prognostic role,
the course of MRD proved to be a fundamental, independent prognostic
parameter that reflects the dynamics of chemo-sensitivity. For these rea-
sons, our data confirm that the collection of MRD data is an essential
component of modern treatment strategies for ALL at all ages. In the re-
lapsed/refractory disease blinatumomab, the first bispecific T-cell en-
gager (BiTE), proved more effective and better tolerated than
conventional chemotherapy. For its efficacy and safety profile in the re-
lapsed/refractory setting, blinatumomab has been extensively evaluated
for the treatment of patients with molecular evidence of MRD persist-
ence in first or later CR. Interestingly, in this setting, the clinical outcome
after achieving a molecular remission was not different for patients hav-
ing or not a subsequent allo-HSCT. In addition, in patients who pro-
ceeded to an allogeneic transplant, a reduced transplant-related mortality
was observed, suggesting that the sequence of inducing a MRD response
by blinatumomab followed by an allo-HSCT is effective and safe2. For
these reasons, in the GIMEMA LAL2317 trial we have added two doses
of the bispecific monoclonal antibody blinatumomab to the same
chemotherapy backbone used for the NILG 10/07 and GIMEMA
LAL1913 studies3. The two blinatumomab cycles were given sequen-
tially after early consolidation cycle 3 (high-dose methotrexate and Cy-
tarabine) and late consolidation cycle 6, to all study patients regardless
of MRD being assessable. The preliminary results have been presented
by Renato Bassan during the recent EHA meeting 20214. A hematolog-
ical CR was achieved in 131/149 patients (90.4%). After early consoli-
dation, 73% of these patients were MRD-negative (<10-4). MRD
negativity increased to 96% after the first blinatumomab administration
(P=0.018), with a conversion rate from MRD positivity to MRD nega-
tivity of 87% (20/23) patients. These results are in line with those ob-
served in the front-line GIMEMA LAL2116 protocol for Ph+ ALL
patients treated with dasatinib followed by blinatumomab5.Blinatu-
momab was also capable of eradicating MRD in Ph-like patients who
are usually resistant to chemotherapy programs3. With a median follow-
up of 10 months, the 12-month overall and disease-free survival rates
are 83.8% and 71.6%, respectively. However, in many Ph-like positive
patients a remarkable incidence of leukemia relapse occurs despite the
promising early response to blinatumomab4. 

The promise of cellular therapy
Over the last few years, chimeric antigen receptor (CAR) T-cell ther-

apy has rapidly moved from early phase trials to registered pharmaceu-
tical products and daily clinical practice. Results are particularly
impressive in the treatment of relapsed/refractory pediatric and young

adult B-lineage ALL6 where a reproducible CR rate has been reported
in more than 80% and a convincing duration of response is consistently
observed even in patients not receiving a subsequent allogeneic trans-
plant. In the adult setting results are less impressive 7–9, but the field is
rapidly expanding and novel CAR-T cell products are underway9,10.
Among these, we have developed a new product based on donor-derived
CD19 CAR cytokine induced killer (CIK) cells. These cells are engi-
neered with the Sleeping Beauty transposon and demonstrate a high ex-
pansion rate, low toxicity and lead to complete remission in
relapsed/refractory B-ALL.11
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Despite the significant advances in the genetic characterization of
acute lymphoblastic leukemia (ALL) and the identification of putative
druggable targets, treatment options in the relapsed or refractory (R/R)
setting have been limited to conventional cytotoxic chemotherapies, with
survival of less than 6 months.1 T-cell ALL represents approximately
12% to 15% of all newly diagnosed ALL cases and, historically, out-
comes for T-ALL were inferior to those of B-ALL. However, with mod-
ern therapeutic approaches, event-free survival (EFS) rates have been
gradually improving both in adult and pediatric newly diagnosed T-ALL
patients. For R/R T-ALL patients instead, little has been achieved and
nelarabine, a purine nucleoside antimetabolite, remains the most recently
approved drug.2 Furthermore, genetically engineered autologous
chimeric antigen receptor T (CAR T) cells approaches or immunothera-
pies are just in the early phase of clinical trials,3,4 suggesting that new
therapeutic modalities are much needed.
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Differently from other kinase-driven leukemias, T-ALL arises from
genetic alterations, often chromosomal defects, that lead to dysregulated
transcriptional programs and cause the ectopic expression of transcription
factors (TF). Altered TF activity initiates leukemogenesis and defines the
majority of T-ALL subgroups as TAL1, TLX1, TLX3, HOXA9/10, LMO2,
or NKX2-1. Similarly, hyperactive NOTCH1 signaling, secondary to gain-
of-function mutations occurring in more than 50% of the patients, plays a
critical role in the pathogenesis of this disease.5 Full leukemic transforma-
tion requires additional genetic lesions that in many cases occur within
druggable pathways and serve as therapeutic vulnerabilities. This is, for
example, the case of mutations in the kinase receptors signaling cascade
(e.g. IL7R, JAK1, JAK3, and/or STAT5), or in the PI3K-AKT pathway, or
the impairment of the CDKN2A/2B cell cycle regulators. However, direct
and reverse targeting strategies have proven challenging and stumbled dur-
ing clinical development such as the γ-secretase inhibitors in NOTCH1
mutated T-ALL. An alternative strategy for R/R T-ALL may involve func-
tional precision medicine approaches to repurpose available or innovative
therapeutic agents based on information by drug response profiling (DRP)
of leukemia cells.6-8 For example, we designed the combination of vene-
toclax and bortezomib as potential salvage regimen based on recurrent pat-
terns with DRP using a selection of 85 drugs in three in R/R Early T-cell
precursor (ETP). More recently ex-vivo pharmacothyping of a large cohort
of ALL, revealed that 41% of T-ALL cases respond to dasatinib. Further-
more, dasatinib-sensitive cases are venotoclax resistant suggesting a clin-
ically attractive solution for mature T-ALL where leukemic cells express
little BCL-2 and more abundantly BCL-XL.9 In conclusion, drug-screens
of leukemia primary T-ALL samples on panels of targeted inhibitors are a
promising forward genetic approach to establish pharmacogenomics mod-
els for clinical decision making and explore biological basis controlling
drug response. These approaches have the potential to improve individual
patient survival by the selection of individualized sensitivity-directed reg-
imens.
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Disseminated intravascular coagulation (DIC) is a systemic syn-
drome secondary to several clinical conditions, particularly conditions
associated with a systemic inflammatory response. DIC is characterized
by the extensive and uncontrolled activation of blood clotting and is man-
ifested by failure of several organs, caused by small thrombi of platelets
and fibrin in the microcirculation, and by profuse bleeding, caused by
the massive consumption of clotting factors and platelets (1). However,
clinically, the severity of manifestations can vary widely, from nearly
asymptomatic or paucisymptomatic clinical pictures to extremely severe
conditions with multi-organ failure and severe or fatal bleeding (1,2). In
any case, the progressive loss of the patient hemostatic capacity, once
established, is difficult to control, as it occurs with simultaneous throm-
bosis and bleeding, with predominance of one over the other depending
on specific cases. The clinical conditions most frequently associated with
DIC are: sepsis and severe infections; extensive tissue damage, from
burns or trauma; obstetric complications, eg. abruptio placentae or am-
niotic fluid embolism; neoplasms, both solid and hematological (3).
Given the heterogeneity of the clinical manifestations of DIC and the
lack of a simple test for diagnosis in the early stages, it is very difficult
to establish the real incidence of this potentially catastrophic condition.
From the available data, an incidence of about 5% is estimated in inten-
sive care units, with peaks of up to 30-40% if only patients with severe
sepsis are considered. The molecular mechanisms of inflammation play
an important role in the activation of coagulation that determines DIC,
particularly in sepsis- and cancer-associated DIC. Inflammatory cy-
tokines (i.e. IL-1β, TNFα) can trigger the exposure of tissue factor (TF),
the most important activator of blood coagulation in humans, by endothe-
lial cells and circulating monocytes. The extensive activation/damage
exerted by cytokines on the endothelium also causes the reduction of the
anticoagulant Protein C/Protein S/thrombomodulin system and the im-
balance of fibrinolytic proteins (1,3). Finally, cytokines stimulate the
production of neutrophil extracellular traps (NETs), the highly procoag-
ulant DNA filaments, from activated leukocytes, and the release of pro-
coagulant microparticles from platelets, neutrophils and endothelial cells.
Bacterial sepsis DIC may present differently from viral sepsis DIC. In
patients with DIC, systemic abnormalities of hemostasis are found, such
as thrombocytopenia, hypofibrinogenemia, prolongation of clotting
times (PT, aPTT, and TT), increased levels of fibrin degradation products
(FDPs, D- Dimer). There are non-routine specific tests detecting peptides
derived from activated coagulation factors (eg F1 + 2), abnormal fibri-
nolytic proteins (t-PA, u-PA, PAI 1 and 2) and enzyme-inhibitor com-
plexes (eg TAT, PAP), which may allow to detect hypercoagulability and
hyperfibrinolysis at pre-clinical stages. However, the results of routine
clotting tests along with thrombocytopenia and clinical symptoms are
usually sufficient to establish the diagnosis of DIC. For this purpose,
several diagnostic algorithms have been proposed, based on scoring sys-
tems. The two most popular ones come from the International Society
of Thrombosis and Haemostasis (ISTH) and the Japanese Association of
Acute Medicine (JAAM) (4-6). However, it is important to remember
that the parameters can vary greatly depending on the underlying disease
associated with DIC. Since DIC is a result of an acute medical illness,
prognosis depends almost entirely upon the speed in handling the bleed-
ing emergency, as well as the ability to treat the underlying disorder. The
underlying disease that causes the disorder will usually predict the prob-
able outcome. Concerning the management, the cornerstone treatment
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is to treat the underlying disorder. In addition, supportive treatment di-
rected towards the coagulation system may be essential in restoring mi-
crovascular failure and reducing organ dysfunction, i.e.: replacement
therapy (plasma, platelet, fibrinogen), anticoagulants (heparins), other
treatments (antithrombin concentrates, thrombomodulin, antifibrinolyt-
ics).
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COVID-19, the disease caused in humans by severe acquired respi-
ratory syndrome Corona Virus-2 (SARS-CoV-2) has been and is still
today a global health emergency, with more than 214 millions of con-
firmed cases and more than 4 millions deaths.1

Besides respiratory failure, thromboembolic complications are
among the most frequently reported severe clinical manifestations of se-
vere COVID-19. Indeed, a recent meta-analysis showed an estimated
overall prevalence of venous thromboembolism of 14·1% (95% CI 11·6–
16·9) in COVID-19 patients, raising up to 45% in studies that applied
routine screening strategies to patients admitted to ICU.2

Notably, even in the absence of clinically relevant macrothrombi, a
pro-thrombotic derangement of the hemostatic system is often seen in
COVID-19 patients, as assessed by either conventional (D-Dimer) or
viscoelastic (TEG® and ROTEM®) laboratory methods. 

Moreover, the severity of the derangement of coagulation parameters
in COVID-19 patients has been associated with a poor prognosis, and
the use of low molecular weight heparin (LMWH) at doses registered
for prevention of venous thromboembolism (VTE) has been endorsed
by the World Health Organization and by Several Scientific societies.3

Despite a rapidly growing amount of literature on this topic4 the
pathophysiological mechanisms underlying the derangement of the
hemostatic system induced by SARS-Cov2 is not yet completely unrav-
elled. As there is no evidence of a procoagulant effect directly exerted
by SARS-CoV-2 virus, it is reasonable to assume that the virus activates
the coagulation cascade by eliciting a large-scale inflammatory response,
as already observed in any form of severe sepsis. 

Several studies have already demonstrated the tight interconnection
between thrombosis and inflammation, two processes mutually reinforc-
ing each other, and named “immunothrombosis”.5

Both coagulation factors and platelets are directly implicated in the
modulation of the host immune response, displaying proinflammatory
functions independent of their haemostatic effects [In turn, cytokines
elicited bay the virus stimulate the expression of tissue factor on mono-
cytes/macrophages and vascular endothelial cells, on whose surfaces the
coagulation cascade is initiated. The thrombus formation at the microvas-
cular level contributes to tissue ischemia and organ dysfunction.

Respect to such a simple pathophysiological scheme, shared with

many other forms of acquired microangiopathy, the COVID-Associated
Coagulopathy (CAC) shows some peculiar features, making it a distinct
clinical entity respect to both Sepsis-Associated Coagulopathy (SIC) and
Disseminated Intravascular Coagulation (DIC).6

The most striking one is the prominent involvement of the pul-
monary microvascular bed respect to that observed in other diseases. In-
deed, a higher incidence of in situ pulmonary arterial thrombosis has
been reported in COVID-19 patients as compared to those affects by sep-
sis-associated acute respiratory distress syndrome.  This could be linked
to the mechanism of SARS-CoV-2 infection, as , the surface Spike (S)
protein of SARS-CoV-2 contains a receptor-binding domain (RBD)
specifically recognizing ACE2, which represents the main gate entry of
SARS-CoV-2 into the cells, namely type II pneumocytes and endothelial
cells. 

Following attachment to ACE2, SARS-CoV-2 is internalized into
susceptible cells and downregulates this receptor, thus impairing the con-
version of Ang I to Ang 1-9 and AngII to Ang 1-7.

This results in an intracellular accumulation of Ang II which induces
the expression of PAI-1 in endothelial cells.  The increase of PAI1 trig-
gers hypofibrinolysis, which leads to vascular microthrombosis. More-
over, increased angiotensin II stimulates vascular constriction and
decreased angiotensin 1-7 suppresses nitric oxide production, which in
turn triggers increased thrombogenicity because of leucocyte and platelet
adhesion and vasoconstriction. Infected endothelial cells also release Von
Willebrand factor (VWF), factor VIII and Angiopoietin2 from Weibel
Palade bodies into the circulation. Angiopoietin2 competitively antago-
nizes Angiopoietin1/Tie2 signaling, thus turning the anticoagulant and
anti-inflammatory features of endothelial cells to the opposite ways. This
prothrombotic and pro inflammatory scenario is further enhanced by the
direct infection of macrophage by SARS-CoV-2 always via binding to
ACE2 receptor.  Viral RNA has been shown to activate Toll-like recep-
tors (TLR)-3 and -7 to enhance the NF-jB pathway and the interferon
regulatory factors (IRFs), which consequently increases the synthesis
and release of pro-inflammatory cytokines. Overall, severe COVID-19
infection leads to systemic hyperinflammation similar to macrophage
activation syndrome or cytokine storms characterised by increased
plasma concentrations of interferon c (IFNc), IFNc-inducible protein 10,
tumour necrosis factor a (TNFa), interleukin (IL)-1b, IL2, IL6, IL7, IL8,
IL10, IL17, monocyte chemoattractant protein 1 (MCP1), and
macrophage inflammatory protein (MIP). 

Elevated IL-1, IL-6, and TNFa could further activate endothelial
cells to promote thrombosis, and elevated TNFa and angiotensin II have
been implicated in the enhancement of tissue factor overexpression in
platelets and macrophages. In addition, damaged alveolar endothelial
cells also expose TF to promote fibrin deposition and thrombosis

In addition, the complement system and innate immunity contribute
to the endothelial damage.8  Lectin and classical pathways of Comple-
ment activation (LP and CP, respectively) are triggered by interactions
of mannose binding lectin (MBL) and C1q, respectively, to pathogens
and damaged cells. When associated with a mannose-rich foreign particle
(such as a virus-infected cell surface), Mannose Binding Lectins triggers
MBL-associated serine protease (MASP)-mediated prothrombin (FII)
activation to thrombin (FIIa), which feedback amplifies its own genera-
tion via the coagulation cascade (black lines). MASP and thrombin share
substrate specificity resulting in cell modulation and crosslink-stabilized
clot formation. 

Thrombin crosses-over into complement by cleaving C3 and C5,
propagating inflammation, anaphylaxis and deposition of membrane at-
tach complex (MAC) on infected cell surfaces. C5a and C3a receptors
stimulates P-selectin (P-Sel), which can localize complement cofactors
C3b and C3(H2O) on the endothelium and platelets. The MACs damage
cellular membrane and activate neutrophil release of neutrophil extra-
cellular traps (NETs), damage�associated molecular patterns (DAMPs)
and chemical mediators that further hurt the vasculature. Moreover,
MAC induces release of extracellular vesicles (EV), which contain Tis-
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sue Factor.   Thrombin and MASP directly cleave Protease Activated Re-
ceptors (PAR) leading to activation of endothelial cells, leukocytes and
platelets and additional production of thrombin. The process of inflam-
mation and coagulation activation induced by SARS-CoV-2 infection is
also supported by an altered platelet activation status.9 As the SARS-
Cov-2 infection progresses, the uncontrolled overproduction of inflam-
matory cytokines activates platelets, with an increased exposure of
P-selectin and Tissue Factor on their surface.  Platelet hyperreactivity
may also be a consequence of the effect of SARS-CoV-2 on megakary-
ocytes. Indeed, virus proliferation within lung tissue may induce activa-
tion of megakaryocyte leading to the production of platelets with a
significantly altered gene expression profile.  Of note, the COVID-19-
associated transcriptome differs by hundreds of transcripts from that ob-
served in influenza and sepsis suggesting a unique transcriptional
footprint that characterizes SARS-COV -2 infection. The altered platelet
activation also can be a direct consequence of the virus activity that, once
internalized, can determine a Toll like receptor 7-mediated release of
platelet granules. It is noteworthy that this platelet activation is peculiar
of COVID-19, being characterized by the formation of platelet-leuko-
cytes rather than platelet–platelet aggregates and by an increased proco-
agulant potential supported by elevated levels of TF positive platelets
and microvesicles.

Finally, activation of endothelial cells, which is another hallmark of
COVID-19 disease, may result in a NO pathway dysfunction that can
promote and sustain further platelet activation. 

These mechanisms, not reciprocally exclusive, are responsible for
(a) an increase in circulating procoagulant platelets expressing Tissue
Factor, which are therefore able to support thrombin generation, and P-
selectin-positive platelets available for the formation of heteroaggregates
with monocytes and neutrophils (b). 

Neutrophil recruitment and activation with subsequent NETosis, en-
dothelial cell damage and activation, and platelet activation and aggre-
gation, together with coagulation protease activation, all participate in
the complex process of immunothrombosis, especially located in the
lungs. 

The key components of NETs released from cell death are cell-free
DNA (cfDNA) and extracellular histones, which enhance host inflam-
mation and induce thrombosis. Histones directly bind to prothrombin
fragments F1 and F2, to facilitate FXa cleavage of prothrombin to release
active thrombin, even in absence of phospholipid surfaces to anchor the
classical prothrombinase complex. Overall, CAC features of the resem-
ble those of an unique thrombotic microangiopathy (TMA) syndrome
that is non- identical to other TMAs but shares key features with com-
plement- mediated TMA conditions that involve infection- induced,
organ transplant- related, autoimmune- mediated or inherited disorders
of the complement system. 

Relevant to this, a significant alteration of the VWF-ADAMTS13
axis in COVID-19 patients, with an elevated VWF:Ag to ADAMTS13
activity ratio, strongly associated with disease severity,  has been demon-
strated. Such an imbalance enhances the hypercoagulable state of
COVID-19 patients and their risk of microthrombosis. A deeper knowl-
edge of the CAC pathophysiology is crucial to a more effective approach
to such a compelling disease.  The simplest approach is to tackle the co-
agulation activation by the most widely used antithrombotic agent, i.e.
heparin. In addition to anticoagulation, heparin also has anti-inflamma-
tory effects and has even shown potential antiviral effects in pre-clinical
trials in COVID-19. Heparin also acts to prevent histone-mediated cy-
totoxicity and has been shown to improve survival in sepsis.  This may
have relevance to recent findings on the role of extracellular histones in
severe COVID-19. The importance of pharmacologic prophylaxis for
venous thromboembolism in COVID-19 hospitalized pts has repeatedly
been reported. In a recent meta-analysis, Patell et al.10 reported data from
35 cohort studies to compare pharmacologic dosing strategies among
nearly 11,000 hospitalized COVID-19 patients and found a lower inci-

dence of venous and arterial thromboembolism in patients who received
pharmacologic prophylaxis. However, the optimal anticoagulation dose
continues remains to be defined, and strong evidence in favour of more
intensive anticoagulation treatments are still pending, while we are wait-
ing for the results of several randomized controlled trials and of two
planned meta-analyses. The key role played by platelets in the develop-
ment and progression of CAC has led to consideration of the possible
efficacy of antiplatelet therapy. Indeed, aspirin is effective in reducing
replication, propagation, and infectivity of several DNA and RNA
viruses, including different human coronavirus (such as the human CoV-
229E and the MERS-CoV). Moreover, aspirin is able to reduce NETs’
release in a sepsis model, thus limiting their potential to induce thrombin
generation and drive intravascular coagulation. Also, the antiplatelet
agent dipyridamole may prevent NETosis by promoting 3′,5′-cyclic
adenosine monophosphate (cAMP) generation in neutrophils, as was
shown in the context of antiphospholipid syndrome. Furthermore, this
agent, apart from its antiplatelet function, was shown to provide broad-
spectrum antiviral activity (especially against positive-stranded RNA
viruses), suppress inflammation and favour mucosal healing, and prevent
acute injury and fibrosis in the lungs, heart and kidney. 

Overall, these data provide a strong rationale for proposing the use
of antiplatelet drugs in the treatment of COVID-19, but only few obser-
vational studies on this issue have been published, and several random-
ized clinical trials are currently in progress to clarify whether the use of
antiplatelet drugs could be potentially useful to mitigate the clinical con-
sequence of SARS- CoV-2 infection.

Several other therapeutic approaches, based on the above described
pathophysiology of COVID-19 coagulopathy, have been proposed and
are currently under evaluation in clinical trials.

Given the key role played by Neutrophil-mediated activation and in-
jury of the endothelium in the pathogenesis of COVID-19, polyanionic
compounds such as the recently FDA-approved defibrotide have gained
attention for their potential role in protecting the endothelium from
thromboinflammation with potential implications for myriad NET- and
histone-accelerated disease states. Defibrotide (DF) is a naturally de-
rived, complex mixture of poly-deoxyribonuleotides extracted originally
from bovine lung and now exclusively from porcine gut mucosa with lo-
cally acting pro-fibrinolytic, antithrombotic, anti-ischaemic and anti-in-
flammatory activities, which exert protective effects on small vessel
endothelia. DF is currently approved for the treatment of paediatric and
adult hepatic VOD/SOS with MOF, thanks to its demonstrated potential
to decrease levels of pro-inflammatory proteins, such as TNF-a, IL-6,
vascular endothelial growth factor (VEGF), to downregulate major his-
tocompatibility complex (MHC) Class I and Class II molecules and to
decrease interaction between leucocytes and ECs by downregulating P-
selectin, ICAM- and VCAM-1.  Based on such properties, the use of DF
can be reasonably extended to other microangiopathies involving CRS
complicating a variety of disease states and treatment modalities, such
as chimeric antigen receptor (CAR) T-cell therapy, or severe COVID-
19. Actively accruing, international Phase II clinical trials are now un-
derway and should shed critical light on DF’s therapeutic potential in
patients with COVID-19 (examples include clinicaltrials.gov;
NCT04348383, NCT04530604, NCT04335201 and NCT04652115)

Besides the several, overwhelming downsides of the COVID-19 pan-
demic, we are forced to look for a few upsides. In this context, we have
to recognise that COVID-19 has taught us a lot about the various aspects
in the field of haemostasis and thrombosis, revisiting our framework of
the tight interplay between haemostasis and inflammation.  Due to global
warming and the rapid spread of international trade and traveling, the
risk of new and revisited viral infectious diseases is real.

In this perspective, the lesson learnt from the present pandemic in
terms of  basic and clinical research will be crucial  to effectively face
future threats for the global health. 
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HEMOPOIETIC STEM CELL TRANSPLANTATION: 2021

A. Bacigalupo 

Ematologia e Trapianto di Cellule Staminali Emopoietiche, Fonda-
zione Policlinico Universitario A Gemelli IRCCS, Universita Cattolica,
Roma, Italy

Hemopoietic stem cell transplantation (HSCT) has been increasing
in numbers from a few transplants/year in the early seventies, to almost
100.000/year in 2020, and now totlling over 1 million procedures (Figure
1). Increasing numbers indicate increasing success, expanding indica-
tions, increasing upper age limit. The Italian scientific community has
made a significant contribution to the evolution of HSCT : Ruggero Cep-
pelini , for the discovery of HLA and first chairman of the International
HLA Workshop in 1967, Alberto Marmont who started allogeneic trans-
plants in 1976, Guido Lucarelli, pioneer of allogeneic HSCT in tha-
lassemia, Massimo Martelli starting haploidentical transplants in the
nineties, and Massimo Gianni, who mobilized autologous CD34+ cells
with cyclophosphamiode (CY), before the advent of GCSF (!), just to
mention a few (more in my presentation).

Autologous HSCT for multiple myeloma , remains standard of care
for patients under the age of 70, despite the introduction of several ef-
fective disease modifying agents. Autologous HSCT remains an impor-
tant therapeutic option for patients with severe autoimmune disease, such
as multiple sclerosis (MS): randomized trials have proven autologous
HSCT to be superior to monoclonal antibodies in relapsing remitting
MS. High dose chemotherapy followed by gene modified autologous
stem cells, is an exciting and expanding field of research, for diseases
such as thalassemia major and sickle cell disease. 

There are several areas of investigation in the field of allogeneic
HSCT. HLA matching with high resolution typing, is now standard of
care, but recent studies have focused on variations in HLA DP expression
due to changes in regulatory regions, patient germline variations in
DRB1, influencing peptide binding regions and the function of HLA B
leading genotype. Unmanipulated HLA haploidentical mismatched
grafts, were first introduced in 2006 by the Bejing group, with intensive
anti-thymocyte (ATG) based, GvHD prophylaxis. In the same year the
Baltimore group reported the use of post-transplant CY (PTCY) com-

bined with a calcineurin inbitor and mycophenolate, for unmanipulated
HAPLOs . The triple PTCY based GvHD parophylaxis has proven to be
so effective, that unmanipulated HAPLOs have rapidly increased world
wide, also in countries without a strong unrelated donor (UD) program.
The triple PTCY based regimen is now being tested in HLA matched
grafts. The Baltimore group has more recently reported a quadruple
PTCY-ATG based GvHD prophylaxis, for patients with non malignant
diseases, resulting in GvHD free survival close to 100%. T cell depletion
programs have become more sophisticated with alfa/beta and CD19 de-
pletion, or with selection and expansion of regulatory T cells. 

Relapse of the original disease remains a major cause of failure: this
is being addressed by assessment of minimal residual disease (MRD) at
transplant, changes in the conditioning regimen, selection of donors,
modulation of immunsuppressive therapy, targeted and cellular therapy
post-transplant . Prospective randomized trials are underway to optimize
transplant outcomes for patients with acute leukemia.

Fifty years down the line the field of HSCT is healthy and growing
steadily.

Figure 1.

SMOLDERING MULTIPLE MYELOMA: TREATMENT VERSUS
OBSERVATION

F. Patriarca1, P. Musto2

1Department of Medical Area, University of Udine, Division of Hema-
tology and Cellular Therapies Unit,  Azienda Sanitaria Universitaria
del Friuli Centrale, Udine, Italy; 2Department of Emergency and
Organ Transplantation, “Aldo Moro” University School of Medicine,
and Unit of Hematology and Stem Cell Transplantation, AOU Consor-
ziale Policlinico, Bari, Italy

Smoldering multiple myeloma (SMM) is an asymptomatic plasma
cell neoplasm consisting in an intermediate condition between mono-
clonal gammopathy of undetermined significance (MGUS) and active
multiple myeloma (MM).1 The rate of progression from SMM to MM is
approximately 10%/year during the first 5 years and is slower thereafter.
However, SMM is characterized by a deep genomic heterogeneity2 that
is reflected in a markedly variable progression risk among patients, with
individual cases that may go from a true “MGUS-like” behavior, where
patients will never progress during their lives, to that of an “early MM”,
in which transformation into symptomatic disease, based on genomic
evolution, may be rapid and aggressive. This variable clinical outcome
poses challenges for prognostication and management of individual pa-
tients. 

In the last decade several biological and clinical advances have im-
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proved the definition and the risk stratification of SMM. The 2014 In-
ternational Myeloma Working Group (IMWG) diagnostic criteria were
a milestone in the definition of the new borders between SMM and MM.3
In fact, the consensus allowed to upstage a proportion of asymptomatic
patients having active disease and requiring  first-line treatment, since it
recognized low dose whole  body computer tomography (CT) as the stan-
dard tool to detect bone lytic lesions and 3 biomarkers of impending
myeloma progression [marrow plasma cell infiltration  ≥ 60%, free light
chain ratio ≥100 and more than one focal lesion by magnetic resonance
imaging (MRI) or positron emission tomography (PET)-CT scan] as MM
defining-events (3). Furthermore, the risk stratification of SMM, histor-
ically based on the “PETHEMA” and the “Mayo Clinic” prognostic
models,  was recently implemented by the 2/20/20 IMWG system (in-
cluding serum M-protein >2 g/dL, free light chain ratio >20 and marrow
plasma cell infiltration >20%),  integrated with the presence of at least
1 unfavorable cytogenetic abnormality [among t(4;14), t(14;16), +1q,
and/or del13q)]  and validated in nearly 2000 SMM patients, allowing
the separation of 4 groups of patients with significantly different risk of
progression at 2 years.4 Notably, the intermediate and high categories
had 46% and 63%  risk of progression at 2 years, respectively, thus rep-
resenting homogeneous subgroups  of patients, potentially eligible for
early treatment inside clinical studies. 

Observation and regular monitoring have been the standard of care
suggested by scientific societies and guidelines for SMM up to now days.
However, several prospective studies with active treatments have been
conducted in recent years in SMM and the most significant of them are

summarized in Table 1. These trials are likely to pursue two different
aims: low-intense treatments, to delay progression, and more intense
therapies, with the goal of reaching minimal residual disease (MRD)
negativity and potentially cure the patents. In particular, two independent
randomized trials comparing lenalidomide ± dexamethasone vs obser-
vation have so far demonstrated a significant advantage for selected pa-
tients with SMM in terms of  progression-free survival  (PFS) in both
studies  and overall survival (OS) only in one study (OS difference in
the other trial, but too short follow-up).5-7 These studies, however, have
not changed  the current “no treatment” paradigm, due to several limita-
tions: 1) both trials had a limited number of patients and started before
the 2014 update criteria had been settled, therefore, a proportion  of the
patients enrolled were likely  to be reclassified as having active disease;
2) a relevant number of patients discontinued the experimental treatment
voluntarily or because of adverse effects; 3) clinical results of the studies
were not presented to the regulatory agencies for the drug authorization
in the market.

Monoclonal antibodies as monotherapy were also tested in SMM.
Elotuzumab as single agent showed low clinical activity and failed the
biological study end-point based on the demonstration of a relationship
between NK cell stimulation and M protein decrease.8 A prolonged
schedule of daratumumab delayed clinical and biochemical progression
more efficiently than a shorter schedule9 and is going to be tested as sub-
cutaneous administration in a phase 3 in comparison with observation
in selected patients with  SMM. A phase 2 study is exploring the efficacy
of isatuximab in high-risk SMM.10 Best responses occurred in 64% of
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Table 1. Clinical results of selected clinical trials in smoldering multiple myeloma (Legend: Len: lenalidomide; Dexa: dexamethasone; KRd: carfilzomib,
lenalidomide, dexamethasone; ASCT: autologous stem cell transplantation; Rd: lenalidomide, dexamethasone; C: cycle; prog: progression; obs: observation;
elo: elotuzumab; dara: daratumumab; isa: isatuximab; elo: elotuzumab; ixa: ixazomib;  d: day; w: week; OR: overall response; CR: complete response; MRD:
minimal residual disease; NGS: next generation sequencing; NGF: next generation flow ; NA: not available; NR: not reached; m: median; y: year; TTP: time
to progression; PFS: progression free survival; OS :overall survival; MM multiple myeloma; * p <0.05 ). 
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initially enrolled patients, including 5% MRD negativity. Health-related
quality of life scores were improved by treatment. 

The backbone of lenalidomide plus dexamethasone was tested in as-
sociation of the proteosome inhibitor carfilzomib or ixazomib. KRd has
been experimented in 2 phase II trials including small groups of patients:
in the first pilot study KRd was administered for 2 years.11 in the second
trial an autologous stem cell transplantation followed the KRD
induction.12 In both these studies the “proof of principle” of the achieve-
ment of MRD negativity was obyained in the majority of the selected
patients with good tolerability and prompted  another ongoing  phase II
study testing the combination of daratumumab plus KRd.13 Only prelim-
inary data are available for the combination of Rd with ixazomib14 or
elotuzumab,15 showing 19% and 6%  complete responses,  respectively,
and no case of progression at a short follow up. At present it is difficult
to reach firm conclusions on the basis of the previously reported studies
testing novel combinations, since they do not include an untreated con-
trol group or compare two arms with active treatments. Results of the
ongoing multi-center, open-label phase 2 trial promoted by HOVON
group randomizing between  KRd and Rd, followed by lenalidomide
maintenance for 2 years are eagerly awaited and will provide a direct
comparison of the efficacy of the regimens described above. Likewise,
a phase 3, randomized, multicenter study comparing isatuximab-
lenalidomide-dexamethasone versus lenalidomide-dexamethasone in
higher risk SMM is ongoing. 

In conclusion, we endorse the 2021 European Myeloma Network
consensus on SMM for clinical practice.16 In particular, we recommend
an extensive work-up at diagnosis: beside routine serum and urine exam,
marrow should be evaluated with morphological and (possibly) pheno-
typic quantification of clonal plasma cells, bone trephine biopsy and
FISH cytogenetics, while  bone disease should be detected with low dose
whole body CT and with whole body MRI, if CT is negative. Axial MRI
or PET-CT are reasonable alternatives. The 2/20/20 model integrated
with cytogenetics is a useful tool in order to define the risk of progres-
sion, inform the patients and decide the timing of the follow-up, that,
importantly, should be risk-adapted.

Regarding possible early treatments, in patients with lower risk
SMM, diagnosed according to current criteria, only careful observation
is recommended. On the other hand, a treatment similar to patients with
active MM might be considered for selected, high-risk patients, particu-
larly for those showing the coexistence and/or the deterioration of mul-
tiple risk factors over the time. Such an approach, however, should be
still administered in the controlled setting of a  clinical study,  after a
thorough risk/benefit discussion with the patient considering that im-
proving OS, without negatively affecting quality of life, remains  the pri-
mary objective. In the close future, it will be of great importance to
identify new predictive biomarkers for further refining risk prediction
and selecting SMM patients who require simply observation and those
who instead warrant more stringent attention in order to establish the
most appropriate moment to start an appropriate treatment. The key
issue, in fact, will be to identify patients with high-risk SMM who “must”
receive therapy, because they could obtain a significantly longer survival.
In this case, the necessary balance between reduced risk of progression
with early treatment vs short- and long-term possible adverse effects also
warrants to be   further investigated, particularly by choosing  between
intensive approaches with “curative” intent vs prolonged immunological
control of the disease, according to  “preventive” strategies.  
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COMPLEMENT-MEDIATED DISEASE: FROM BASIC RESEARCH
TO THERAPY

M. Noris 

Istituto di Ricerche Farmacologiche Mario Negri IRCCS, Bergamo,
Italy

Introduction
Complement is part of the innate immune system and plays a funda-

mental role in the clearance of immune-complexes and cell debris. The
main effector mechanisms of complement activation are induction of in-
flammatory response as well as phagocytosis and cell lysis. However,
complement activation is a double-edged sword and has a potential for
damage self-tissues. In order to avoid self-damage, there is an absolute
need for strict control by fluid-phase and membrane-bound regulatory
proteins. Thus, an underperforming regulatory system (due to either ge-
netic or acquired abnormalities) can shift the balance between regulation
and activation toward the latter and lead to tissue injury in response to
otherwise innocuous stimuli. Both deposition of plasma active comple-
ment fragments in glomeruli, and complement locally produced and ac-
tivated in the kidney may contribute to many kidney disorders, including
lupus nephritis, postinfectious glomerulonephritis, membranous
nephropathy, anti-neutrophil cytoplasmic antibody-vasculitis, membra-
noproliferative glomerulonephritis, and anti-glomerular basement mem-
brane glomerulonephritis.  Interest in the complement system was
boosted in the past 20 years by discovery that a rare devastating kidney
disease, the atypical hemolytic uremic syndrome (aHUS) is caused by
excessive activation of the alternative complement pathway.
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Definitions
The hemolytic uremic syndrome belongs to a group of rare diseases,

the thrombotic microangiopathies (TMA) that manifest with thrombo-
cytopenia and microangiopathic hemolytic anemia accompained by renal
and neurological dysfunction.1 Thrombocytopenia is due to platelet con-
sumption by platelet-rich thrombi in the microcirculation. Hemoglobin
levels are low and the peripheral smear reveals fragmented erythrocytes,
which is crucial to confirm the microangiopathic hemolytic anemia.
Other indicators of intravascular hemolysis include elevated lactate de-
hydrogenase (LDH), increased indirect bilirubin, and low haptoglobin
levels. The Coombs test is negative. 

In the last twenty years different pathophysiologic mechanisms have
been identified that have allowed differentiation of the different forms.
Most childhood cases of HUS are caused by certain strains of E.coli bac-
teria that produce potent exotoxins, the Shiga-like toxins that damage
microvascular endothelial cells. The other form of HUS, atypical HUS
(aHUS), accounts for 10% of HUS cases.2 The majority of patients with
aHUS have genetic abnormalities in complement genes that lead to un-
controlled activation of the alternative pathway of complement. On the
other hand, abnormal Von Willebrand Factor processing has been re-
ported in TTP due to either genetic or acquired deficiency of
ADAMTS13, a plasma metalloprotease that cleaves Willebrand Factor
multimers. Kidney involvement is present in all patients with HUS and
in about 25% of patients with TTP and manifests with hematuria, pro-
teinuria, and kidney insufficiency of different severity. 

Atypical Hemolytic Uremic Syndrome: pathogenesis and diagnosis
Currently, the term aHUS is used when a genetic or autoimmune ab-

normality causing complement dysregulation is strongly suspected and
other causes have been excluded. Secondary HUS or secondary TMA
instead includes a broad group of patients in whom TMA occurs in the
context of another condition such as malignant hypertension, autoim-
mune disease, certain infections, malignancy, transplantation, or drugs.3
However, this differentiation is not absolute because in more than 50%
of patients with primary aHUS and genetic risk factors, a trigger is re-
quired for disease to manifest, including viral and bacterial infections,
and pregnancy. Conversely, complement gene abnormalities have been
identified in subgroups of patients with secondary HUS, indicating the
relevance of genetic background for disease susceptibility. 

Several genetic abnormalities in members of the alternative pathway
of complement have been described in aHUS, which account for about
60% of cases.2 Functional studies revealed that aHUS-associated muta-
tions mainly result in complement activation that is restricted on the cell
surface and proceeds until the formation of C5b-9. This explains why
circulating complement parameters (C3, C5a, sC5b-9) are normal in
about 50% of patients even during the acute phase of the disease. 

In search of biomarkers of cell surface-restricted complement acti-
vation for the diagnosis of  aHUS, we established an ex vivo test based
on complement deposits on human microvascular endothelial cells
(HMEC-1) incubated with serum collected from patients.4 We found that
serum from all patients with acute aHUS, but not serum from the same
patients studied in remission (after recovery of hematological parame-
ters), caused more C5b-9 deposition on unstimulated (resting) HMEC-1
than control serum.  In the same studies, we pre-exposed HMEC-1 to
ADP to mimic a condition of activated/perturbed endothelium that may
trigger complement activation. Under these conditions aHUS sera in-
duced more C5b-9 deposition than control sera independently from the
phase of the disease (either taken during the acute phase or in remission
out of treatment), and increased C5b-9 deposition was also observed with
the sera from unaffected relatives carrying the same complement gene
mutations of aHUS patients.4 Thus, the assay based on ADP-activated
endothelial cells is useful to identify subjects with genetically determined
predisposition to complement dysregulation on cell surface. In an ex vivo
thrombus formation system in which microvascular endothelial cells pre-
exposed to serum were perfused in a flow-chamber with normal whole
blood, massive thrombus formation occurred on cells pre-exposed to

aHUS serum. Thrombus formation was significantly prevented by adding
complement inhibitors to aHUS serum.

Genetic abnormalities associated with aHUS 
The large majority of aHUS-associated genetic abnormalities are het-

erozygous and involve different genes encoding both regulatory and ef-
fector proteins of the alternative pathway of complement.5,6 The
alternative complement pathway is initiated spontaneously in plasma by
C3 hydrolysis responsible for deposition of a low amount of C3b onto
all plasma-exposed surfaces. On bacterial surfaces, C3b leads to phago-
cytosis by neutrophils and macrophages. Without regulation, a small ini-
tiating stimulus is quickly amplified to a self-harming response. On host
cells, such a dangerous cascade is controlled by membrane-anchored and
fluid-phase regulators that favor the inactivation of C3b by the plasma
serine protease factor I (CFI, cofactor activity) and dissociate the C3 and
C5 convertases (decay acceleration activity). 

Complement factor H (CFH) regulates the alternative pathway both
in the fluid phase and on the cell surface by exerting cofactor activity
and decay acceleration activity. CFH pathogenetic or likely pathogenetic
variants have been identified in about 30% of aHUS patients. These ge-
netic abnormalities result in dysfunctional protein that cannot regulate
complement on endothelial cells and platelets. A high degree of sequence
identity between CFH and the genes CFHR1-5 for five factor H–related
proteins (CFHR) predispose to gene conversions and genomic rearrange-
ments. Hybrid CFH/CFHR1 and CFH/CFHR3 genes, coding abnormal
FH proteins in which the carboxy-terminal domains that mediate com-
plement regulation on cell surface are substituted for those of FHR1 or
by the entire FHR3 have been identified in 3-5% of aHUS patients. Dif-
ferent gene conversion events between the CFH and CFHR1 genes have
been reported, which convert the FHR-1 C-terminus into that of CFH.
The resulting FHR1 mutant competes with CFH for cell surface binding.
Anti-CFH inhibitory antibodies have been found in 5% to 10% of aHUS
patients and around 25% to 50% of pediatric cases.

MCP is a transmembrane complement regulator widely expressed
on all cells that serves as a cofactor for CFI. MCP gene abnormalities
account for 8% to 10% aHUS cases. Expression on cell surface was re-
duced for about 75% of mutants. Others MCP mutants have decreased
cofactor activity.

CFI genetic abnormalities affect 4% to 8% of patients. Approxi-
mately 50% of mutants are not secreted in blood; however, some mutants
are secreted but have impaired proteolytic activity.

Gain-of-function mutations can affect genes encoding the alternative
pathway C3 convertase components, CFB and C3. CFB variants are rare
(1% to 2% of patients). Some CFB mutants have excess C3b affinity and
form a hyperactive C3 convertase resistant to dissociation. 

About 9% of aHUS patients carry heterozygous variants in C3, usu-
ally with low C3 levels. Most mutations reduce C3b binding to comple-
ment regulators, severely impairing its inactivation and result in
increased C3 deposition on endothelial cells.

Heterozygous mutations in the gene THBD encoding thrombomod-
ulin, an endothelial surface anticoagulant protein that also modulates
complement on cell surfaces, have been found in 3% to 4% of patients
with aHUS.

Penetrance of aHUS in carriers of complement gene abnormalities
is incomplete and ranges from 20 to 50%. A further mutation in one of
the above genes occurs in about 10% of aHUS patients and increases the
risk for developing the disease. Common genetic risk variants (single-
nucleotide polymorphisms and haplotype blocks) in CFH, MCP, and
CFHR1 have been shown to act as susceptibility factors for the devel-
opment of aHUS.7 Full analysis of disease-associated genes and testing
for anti-CFH antibodies is recommended since the nature of the under-
lying complement defect influences disease progression, the risk of re-
lapses after kidney transplantation and responses to therapies. 

Disease recurred in 60% to 80% of transplanted patients with muta-
tions in complement circulating proteins (CFH, CFI, CFB, and C3).
Lowest incidence of recurrence was observed in patients with MCP mu-
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tations. MCP is highly expressed in the kidney, and a graft that brings
normal proteins corrects the defect. However, about 20% of patients with
MCP mutations also carry a mutation in another complement gene and
have a worse graft outcome, with higher incidence of recurrences than
patients with an isolated MCP genetic abnormality.

Testing affected patients for mutations on all disease-associated
genes should allow patients and clinicians to make informed decisions
regarding listing for transplantation based on risk for recurrence.

Complement C5 inhibition in aHUS
The humanized anti-C5 monoclonal antibody eculizumab induces

remission of acute episodes of aHUS and maintains long-term remission,
both in native kidneys and in the kidney grafts.8 The drug is now widely
used as a first-line therapy for aHUS, provided that other causes of TMA
are excluded. aHUS serum-induced C5b-9 deposition on resting and
ADP-activated HMEC-1 fully normalized during treatment with
eculizumab. Eculizumab prophylaxis is used to prevent aHUS relapses
after kidney transplantation however controlled prospective studies are
required to evaluate the advantage of eculizumab prophylaxis vs.
eculizumab treatment at the time of aHUS recurrence in kidney trans-
plant patients.

The main concern with eculizumab is increased susceptibility to in-
fection with encapsulated organisms, particularly Neisseria infections.
For this reason, patients must receive vaccination against meningococ-
cus. It is not clear how long anti-C5 therapy should be extended, a rele-
vant issue because of the very high cost of the drug, and the risk of
infections. In a prospective multicenter study of eculizumab discontinu-
ation in 55 children and adults with aHUS, 13 patients experienced a re-
lapse and this was predicted by the presence of a rare complement gene
variant. Reliable biomarkers of early relapse are strongly needed. In this
regard, abnormally elevated serum-induced C5b-9 deposition on cultured
endothelial cells highlighted aHUS relapses during eculizumab taper-
ing/discontinuation.4

Thrombotic microangiopathy associated with allogeneic bone mar-
row/hematopoietic stem cell transplantation

Among secondary forms, TMA associated with hematopoietic stem
cell transplantation (HSCT) or bone marrow transplantation (BMT) is
of great relevance for hematologists. It is a severe complication, which
may present in 20-30% of recipients usually between 20 days and 100
days after transplantation. The clinical presentation ranges from mild
(laboratory test changes only) to severe life-threatening disease. Multi-
organ involvement typically manifests as pulmonary hypertension, pol-
yserositis, gastrointestinal symptoms, central nervous system injury, and
renal impairment.9

There is increasing evidence that complement is involved in the
pathophysiology of HSCT/BMT-associated TMA and ensuing renal in-
jury, similar to what occurs in aHUS. Pre-transplant screening of 17 com-
plement genes in 77 HSCT recipients revealed variants with minor allele
frequency (MAF) <1% in 65% of patients who developed TMA com-
pared with 9% of patients without TMA.10 Reports showing remission
of HSCT-associated TMA after administration of eculizumab further in-
dicated a central role of the complement cascade in the pathogenesis of
this HSCT/BMT complication.

In preliminary experiments, we found that serum from 6 patients
with acute TMA associated with HSCT or BMT, induced higher than
normal C5b-9 deposits both on resting and on ADP-activated HMEC-1.
In addition, 3 patients who underwent remission of HSCT-associated
TMA by eculizumab treatment showed normal serum-induced C5b-9 de-
posits both on resting and on ADP-activated endothelial cells (4). The
above preliminary results indicate that complement activation at endothe-
lial cell level occurs in HSCT/BMT-associated TMA.  

Conclusions
In summary in aHUS a complex set of genetic abnormalities causes

complement dysregulation mainly restricted on cell surfaces rather than
in fluid phase. The ex vivo test with serum and cultured endothelial cells
may reproduce this feature in vitro and is useful for a rapid diagnosis
and for personalized therapy in aHUS but the test can also to pick up
other secondary forms of the disease associated with complement acti-
vation.
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Diffuse large B-cell lymphoma (DLBCL) is the most common sub-
type of Non-Hodgkin lymphoma (NHL), accounting for 30% to 40% of
all newly diagnosed NHL worldwide. About 55% of DLBCL patients
are cured with initial standard chemo-immunotherapy (R-CHOP). How-
ever, it is estimated that 35% to 45% of DLBCL patients treated with R-
CHOP will have primary refractory disease or will experience disease
relapse after attaining a complete response.1 Salvage therapy, including
high-dose chemotherapy and autologous stem cell transplant (ASCT),
can effectively treat DLBCL with chemotherapy-sensitive relapse. How-
ever, over half of the patients will not have long-term disease control,
and a significant proportion of patients are not eligible for aggressive
treatment.2 Therapy failure is common for patients who are refractory to
first-line therapy or exhibiting unfavorable characteristics, such as MYC
and BCL2 and/or BCL6 translocations (‘double/triple hit’ lymphoma),
MYC and BCL2 and/or BCL6 protein overexpression (‘double/triple ex-
pressor’ lymphoma) or harboring TP53 mutations/deletions. For numer-
ous years, patients failing conventional second-line therapy remained
with no valid therapeutical alternatives and had a dismal short-term out-
come. Likewise, no specific agents or combinations have been identified
for high-risk patients. On the contrary, a wide variety of novel im-
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munotherapies, targeted therapies, and cellular therapies have flourished
in recent years, revolutionizing treatment for DLBCL and promising to
have a significant impact in future years (Table 1). 

Genetically modified autologous T cells targeting CD19 (CAR T-
cells) have had the highest resonance and have been granted rapid ap-
proval by the FDA and EMA for use in r/r DLBCL. CAR T-cells induce
durable remissions in 30-40% of patients and are currently the preferred
third-line therapy in r/r DLBCL.3-5 Specific toxicities, such as cytokine
release syndrome and immune effector cell-associated neurotoxicity syn-
drome (ICANS), have become more manageable and preventable. Com-
pared to the current standard, CAR-T cells have also been tested as
second-line therapy; results from such trials are greatly awaited.

Other CD19-targeting agents have shown considerable efficacy.
Among these, the combination of Tafasitamab and Lenalidomide re-
ported an ORR of 60% (43% CR rate) in phase II registrative trial, in-
cluding DLBCL patients ineligible for ASCT.6 Despite several
limitations, such as the lack of chemorefractory and biological high-risk
patients, such combination was granted approval from the FDA and
EMA for the treatment of r/r DLBCL not otherwise specified, including
DLBCL arising from low-grade lymphoma or who are not eligible for
ASCT. Updated follow-up studies have reported an impressive median
overall survival of 31.6 months. More recently, Loncastuximab tesirine,
a humanized CD19-targeting antibody-drug conjugate (ADC), was also
approved in monotherapy by the FDA to treat r/r DLBCL after at least
two lines of the therapy. The phase II clinical trial reported an ORR of
48% (24% CR rate), with an acceptable safety profile, and included
many heavily pre-treated patients. Some of them were already failing
CAR T-cell therapy.7 Currently, Loncastuximab is under investigation in
combination with other agents as well as in the second-line setting.

Other recent additions to the therapeutic armamentarium include the
anti-CD79 ADC Polatuzumab, which has been approved for clinical use
in combination with Bendamustine/Rituximab after two or more lines
of therapy based on promising results from a phase II clinical trial (ORR
45%, CR 40%),8 and Selinexor, an inhibitor of the nuclear export recep-
tor XPO1, which has also been approved for the same indication.9 Re-
ported response rates to Selinexor are significantly inferior compared to
other novel therapies (ORR 28%, CR 12%); however, the drug was well
tolerated and may represent a reasonable alternative for more fragile pa-
tients ineligible for CAR T-cells. Among future therapies still under in-
vestigation, bispecific agents targeting CD20 and CD3 are of primary
interest. They are designed to bring T cells close to tumor cells to trigger
T-cell-mediated cytotoxicity and have shown highly promising activity.
Specifically, Glofitamab (RO7082859) exhibits a longer half-life and su-
perior in vitro cytotoxicity when compared to other CD20xCD3 bispe-
cific antibodies. Co-administration with Obinotuzumab and
implementation of a step-up dosing schedule resulted in a complete
metabolic response rate of 71.4% in aggressive lymphoma, most of
which was ongoing at 18 months. No safety issues have emerged, with
CRS being mild (mainly grade 1 and 2) and manageable.10 Other prom-
ising bispecifics currently being tested in phase I/II clinical trials include
Mosunetuzumab, Odronextamab, and Epcoritamab. With such an in-
creasing availability of novel therapeutic agents, the current challenge
is to identify the correct sequence of such therapies, the patient popula-
tion that may best benefit from each type of therapy, and, possibly, the
addition of such treatments to standard treatment to achieve higher rates
of frontline cure. 
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Table 1. Novel FDA/EMA approved therapies for the treatment of r/r DLBCL.

CLINICAL IMPACT OF MEASURABLE RESIDUAL DISEASE
(MRD) IN ACUTE MYELOID LEUKEMIA (AML)

A. Venditti,1,2 E. Buzzatti,1,2 L. Guarnera,1,2 F. Bonanni,1,2

F. Moretti,1,2 M.R. Pascale,1,2 F. Mallegni,1,2 R. Palmieri,1,2

G. Paterno,1 M.I. Del Principe,1,2 L. Maurillo ,2 M.T. Voso,1,2

F. Buccisano1,2

1Department of Biomedicine and Prevention, University Tor Vergata,
Rome, Italy; 2Department of Onco-Hematology, Policlinico Tor Ver-
gata, Rome, Italy

MRD denotes the presence of leukemia cells that survives chemother-
apy and persist in the bone marrow (BM) below the threshold of morpho-
logic complete remission (mCR). Increasing evidence indicates that MRD
is a very powerful, independent prognostic factor associated with an in-
creased risk of relapse and a shorter overall survival (OS), in patients with
AML. In a large meta-analysis of 81 publications, including 11151 pa-
tients with AML, the estimated 5-year disease-free survival (DFS) was
64% for patients without MRD and 25%for those with MRD. The esti-
mated OS was 68% for patients without MRD and 34% for those with
MRD. Although based on the analysis of retrospective or non-MRD di-
rected trials, these finding confirm that, in patients with AML, eradication
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of MRD and the achievement of a MRD negative mCR is associated with
a significantly longer survival estimate. Indeed, the ELN2017 recommen-
dations have acknowledged the prognostic role of MRD including, among
the criteria of response, the one of mCR without MRD. According to the
recommendations, MRD negativity should be demonstrated by flow cy-
tometry or RT-q-PCR. The whole body of this evidence suggests that
MRD determination warrants consideration as a clinical trial end point
that may allow for a more accurate evaluation of the quality of response,
after chemotherapy. Numerous trials that are MRD-directed or that have
MRD as a primary end-point are ongoing (Tables 1 and 2); at the same
time, the results of some pivotal trials have already been published. The
HOVON-SAKK 132 trial randomized patients with de novo AML, aged
18-65, between conventional chemotherapy and conventional chemother-
apy plus lenalidomide. After induction and consolidation, patients be-
longing to the ELN2017 favorable risk category were submitted to
autologous stem cell transplant (AuSCT) whereas those in the ELN2017
adverse risk category to allogeneic stem cell transplant (ASCT). Patients
belonging to the intermediate risk category received AuSCT if MRD neg-
ative after consolidation or ASCT if MRD positive. After AuSCT the pa-
tients randomized in the lenalidomide arm were to continue lenalidomide
as a maintenance. No lenalidomide maintenance was allowed after ASCT.
Besides showing the lack of any additive effect by the addition of
lenalidomide to chemotherapy, the authors demonstrated an equivalent
duration of relapse free survival (RFS) of the MRD positive and MRD
negative patients, within the intermediate risk category. By applying a
MRD directed, risk adapted strategy they were able to prolong RFS of
MRD positive patients, to equalize that of MRD negative ones. Such a
strategy relies on the use of the greatest intensity (ASCT) for patients at
higher risk of relapse (MRD positive) and on avoiding over treatment
(AuSCT rather than ASCT) for those with lower risk of disease recur-

rence. Similar results were reported by “Gruppo Italiano Malattie Ema-
tologiche dell’Adulto” (GIMEMA) in the AML1310 trial. This was a trial
of risk-adapted, MRD-directed therapy for young adults with newly di-
agnosed AML. Similarly to the HOVON-SAKK trial, in the AML1310
trial patients belonging to the intermediate risk category were to receive
AuSCT or ASCT according to the level of MRD, as assessed after the
first consolidation course. Again, by applying such a MRD driven ap-
proach, the investigators demonstrated that the OS and DFS of MRD pos-
itive patients can be prolonged to match the one of MRD negative
subjects. Once established that patients belonging to the adverse risk cat-
egory should receive ASCT regardless of the level of MRD, the next crit-
ical question is whether such a MRD directed therapy represents an option
also for patients within the favorable risk category. Ivey investigated, by
RT-q-PCR, MRD in 2569 peripheral blood (PB) samples obtained from
346 patients with NPM1-mutated AML who had undergone intensive
treatment in the National Cancer Research Institute (NCRI) AML17 trial.
The authors demonstrated that the persistence of MRD in the PB after 2
courses of chemotherapy was significantly associated with a shorter du-
ration of OS and higher cumulative incidence of relapse (CIR) (Ivey A et
al, NEJM 2016;374:422-433). A Chinese study has demonstrated that pa-
tients with RUNX1/RUNX1T1 positive AML benefit from the delivery
of ASCT if MRD reduction, after 2 courses of chemotherapy, is lower
than 3 log. Indeed, patients receiving ASCT had a lower CIR, longer du-
ration of OS and DFS than those receiving chemotherapy alone. These
results were replicated in a retrospective French study analyzing patients
with NPM1 mutated AML. Those with a MRD reduction < 4 log after in-
duction, if addressed to ASCT, had a longer duration of OS and DFS than
those receiving an AuSCT. On the other hand, in situation of deep MRD
clearance (> 4 log), patients treated with AuSCT had a longer duration of
OS and DFS than those treated with ASCT. Once again, such an obser-

Table 1. Ongoing clinical trials of MRD-directed therapy for patients with acute myeloid leukemia (by Ngai LL et al., Front.Oncol. 2021;10:1-14).

               
      

 
  



vation emphasizes the favorable impact of ASCT in patients who are
MRD positive and the excess of non relapse mortality in those MRD neg-
ative and with lower risk of relapse. Based on this, the GIMEMA has re-
cently activated the AML1819 trial (Figure 1), to explore the role of MRD
detection in patients with an ELN2017 favorable/intermediate risk profile. 

Similarly to the AML1310 trial, the post remission therapeutic decision
(AuSCT or ASCT) is made based on the level of MRD after the first con-
solidation course. Major differences with AML1310 trial consist in the ad-
dition of gentuzumab ozogamicin (GO) to intensive chemotherapy, to
explore its impact on the level of MRD, and the addition of glasdegib as a
maintenance after AuSCT or ASCT. Indeed, in the AML1819 trial, MRD
assessment is used not only for therapeutic purposes, but it is a co-primary
end-point, together with DFS. There are data representing a strong clinico-
biologic background for the GIMEMA AML1819 trial. In a post hoc analy-
sis of the ALFA 0701 trial (Castaigne S et al., The Lancet
2012;9825:1508-1516), it was demonstrated that patients randomized in
the GO arm achieved more frequently a status of BM MRD negativity than
those randomized in the no GO (chemotherapy alone) arm. In this post hoc
analysis, MRD was assessed by RT-q-PCR at the end of induction and at
the end of treatment in patients with NPM1 mutated AML (Lambert J et
al., Oncotarget 2014;5:6280-6288). In the phase 3, 09-09 trial from the Ger-
man AML Study Group, patients with de novo NPM1 mutated AML were
randomized between chemotherapy plus ATRA and chemotherapy plus
ATRA plus GO (Kapp-Schwoerer S, et al. Blood 2020;136(26):3041-3050).
At any time point of evaluation (post induction 1 through post consolidation

3), patients receiving GO had significantly lower BM MRD levels than
those randomized in the control arm and such a difference translated into a
lower CIR. A further piece of information comes from the results of the
NCRI AML18 trial presented at the EHA meeting in 2020 (Russell N, et
al. EHA Library. 06/12/20; 294955; S135). Older patients with AML, after
1 cycle of GO containing induction and a second no GO induction were
addressed to conventional chemotherapy or intensified regimens based on
the level of MRD after induction 2. The addition of GO to chemotherapy
and the intensification strategy in MRD positive patients resulted in an
equivalent duration of OS of MRD negative and MRD positive patients (3
year OS 46.6% versus 51.1%).

Figure 1. GIMEMA AML1819 Trial design.
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Table 2. Ongoing clinical trials, which include MRD determination as a primary end-point, for patients with acute myeloid leukemia (by Ngai LL et al.,
Front.Oncol. 2021;10:1-14).
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This represented a promising change as compared to the previous
NCRI AML16 trial in which the absence of an intensified arm resulted in
a 3 year OS of 46% versus 24% in MRD negative and MRD positive pa-
tients, respectively. All together, these results indicate that GO may have
a role in reducing the level of MRD as compared to chemotherapy alone,
therefore generating a superior quality of the mCR. A final issue pertains
the role of MRD positivity prior to the ASCT. Publications of some ret-
rospective analysis demonstrated that patients with a MRD positive status
prior to the ASCT had, after the transplant, an OS superimposable to the
one of subjects with active disease. (Araki D et al, JCO 2016;34:329- 336
– Hourigan C et al, JCO 2016;34:2557-2558). Based on this, the scientific
community may derive the erroneous indication that patients who are
MRD positive pre-ASCT should not be transplanted. Indeed, these pub-
lications suffer from biases that should induce caution and that deserve
interpretations. These were retrospective analysis, including a heteroge-
neous population of patients (< and > 60 years) and heterogeneous con-
ditioning regimens (reduced intensity or myeloablative). Moreover, there
was a higher proportion of adverse karyotype and secondary AML in the
group of MRD positive patients. At variance with the conclusions of these
publications, a HOVON-SAKK retrospective analysis of 547 patients
demonstrates that, even though all categories benefit from the ASCT, the
absolute benefit was greater in the pre-ASCT MRD positive patients than
pre-ASCT MRD negative. Although MRD assessment appears as a valu-
able prognostic tool to include in clinical trials, some issues are still await-
ing solution: the role of leukemic stem cell, the role of MRD in older
patients, the role of MRD in the era of new agents. Most of our knowl-
edges in terms of MRD detection have been generated in the context of
trials of intensive chemotherapy. Therefore, there is a need to understand
the kinetic of MRD and its prognostic implications when new agents are
delivered. In strict correlation with this, there is need to understand the
role of MRD during maintenance therapy. The advent of new agents has
revived such an approach and MRD assessment may have a critical role
also in this context. Finally, the role of MRD assessment as a surrogate
end point should be pointed out. The scientific community, the regulatory
agencies and the pharmaceutical companies are hugely interested in such
a topic in the attempt to accelerate the approval process of new drugs.
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Introduction
In the recent years, research in the underlying pathogenic mecha-

nisms of acute myeloid leukaemia (AML) has led to remarkable advan-
ces in our understanding of the disease. In addition, different  newly
approved treatment options, with the majority of new drugs targeting
specific gene mutations and/or pivotal cell survival pathways have be-
come available. This has expanded the access of treatment for patients
with high risk AML, including those with relapsed/refractory disease
who are not eligible to receive traditional salvage chemotherapy. Noti-
ceably, these newer treatments have the potential to outperform traditio-
nal chemotherapy as well. Currently, approximately 60% to 80 % of
young/adults with AML are expected to attain complete remission (CR)
after appropriate induction therapy based on intensive chemotherapy;
comparable CR rates have been more recently reported in older patients
with new approaches based on venetoclax combination with hypome-
thylating agents or low dose cytarabine (ARA-C). Notwithstanding,
more than half of patients still relapse and 10-40 % fail to achieve CR
following two induction courses (primary refractory AML according to
European Leukemia Net definition). A general agreement exists concer-
ning the administration of aggressive salvage therapy in young adults
followed by allogeneic stem cell transplantation; on the contrary, diffe-
rent therapeutic approaches varying in intensity, from conventional sal-
vage chemotherapy based on intermediate-high-dose ARA-C to best
supportive care, are currently considered in the relapsed older AML pa-
tient population. In general, treatment of relapsed and refractory AML
is very challenging, with poor response rates and low chance for cure.
This is especially true when treating patients who are elderly, have cli-
nically relevant comorbidities and therefore unfit for traditional salvage
chemotherapy regimens. Additionally, these patients are often not can-
didates for allogeneic stem cell transplant (allo-SCT) given comorbid
conditions and lack of suitable donors.  Notwithstanding, while relapsed
AML remains a challenge for both patients and clinicians, knowledge of
the molecular pathogenesis of the disease is fast in progress, potentially
leading to further improvement of therapeutic results with potentially
personalized approaches in most patients.

Pathogenesis of AML relapse
AML is an extremely heterogenous disease caused by mutations oc-

curring during the process of myeloid differentiation and
proliferation. Recent multiomic-studies, including analysis of genetic al-
terations at the single-cell resolution, have revealed a high heterogeneity
of lesions in over 200 recurrently mutated genes affecting disease initia-
tion, clonal evolution and clinical outcome. Following induction chemo-
therapy, whatever its intensity, residual AML cells survive in an altered
chemoresistant state and result in disease relapse. Leukemia cells with
stem cell characteristics,  commonly defined as leukemic stem cells
(LSCs), are thought to be at the origin of relapse initiation.. In an indi-
vidual patient, the underlying model of clonal evolution can be assessed
by comparing the extent of any single mutation at multiple time points.
Clonal evolution during disease progression and therapy occurs in both
linear and branched models, with a clear order of mutational events. In
linear evolution, mutations of the major clone present at diagnosis are
also found at relapse, accompanied by additional mutations and are un-
likely to get lost; in particular,  mutations reverting a mutated allele back
to its wild type configuration are very rare events. In contrast, the loss
of a mutation is typical of branching evolution. The dominant clone at
diagnosis disappears after treatment and a new clone that is resistant to
the therapy is found at relapse. A further possibility is represented by ad-
ditional mutations  which are detected at relapse; in these cases , the
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clone detected at relapse is the result of an evolution from a common an-
cestor that was found at diagnosis. In general, in neither of the two mo-
dels, the relapse has evolved from the dominant clone at diagnosis itself.
In conclusion, during the disease progression, individual AML popula-
tions may follow distinct models of clonal evolution and the presence
and the extent of mutations at different time points define distinct dyna-
mic changes. Linear evolution is chracterized by stepwise acquisition of
single mutations, whereas the eradication of the dominant clone, follo-
wed by outgrowth of a subclone define the branching evolution. Given
that the molecular profile of AML is changing during the disease, any
patient in relapse must be reinvestgated at molecular level for the possi-
bility of detection of druggable mutation. 

Prognostic factors in relapsed AML
Different prognostic factors, in the context of an extremely disap-

pointing overall survival (OS), have been demostrated as determinant in
affecting OS in relapsed patients with AML (Table 1); in particular, age
at relapse, the duration of the first CR, cytogenetic risk at diagnosis and
previous allo-SCT in CR1 were found in most studies as particularly re-
levant. These four easily appliable clinical parameters were integrated
in a prognostic index, which was  effective for estimating the outcome
of AML patients in first relapse.A  simplified prognostic score based on
the multivariate analysis of 138 refractory/relapsed AML patients con-
sidered three subgroups with striking different outcomes at 2 years: no
adverse factor (favourable, N=36): OS 58%, EFS 45%; one adverse fac-
tor (intermediate, N=54): OS 37%, EFS 31%; two or three adverse fac-
tors (poor, N=43): OS 12%, EFS 12% (P<10(-4), P=0.001). This
Prognostic Scoring System was then validated on an independent cohort
of 111 refractory/relapsed AML patients and used three clinical and bio-
logical parameters routinely applied, i.e. disease status (relapse <12
months, including refractory patients), FLT3-ITD-positive status and
high-risk cytogenetics, It allow to discriminate around two third of the
patients who should benefit from a salvage intensive regimen in the set-
ting of refractory/relapsed AML patients. The other one third of the pa-
tients should receive investigational therapy.4 In a Japanese experience,
Kurosawa et al. found that both achieving second complete remission
and salvage bone marrow transplantation in second complete remission
were crucial for improving the prognosis of AML patients after first re-
lapse. 

Table 1. More relevant prognostic factors in relapsed/refractory AML.

Treatment of relapsed/refractory AML
For many years, intensive salvage chemotherapy having interme-

diate/high dose ARA-C as backbone has been the standard of care for
R/R patients with AML. In absence of a standard regimen which can be
universally  reccomended, we prefer IDA-FLAG for patients managed
with three plus seven regimens in induction and MEC for those pretrea-
ted with fludarabine based regimens. Expected CR rates with these re-
gimens are around 29%–66%, depending on CR1 duration, age of
patients, cytogenetic and molecular findings at diagnosis and previous
allo-SCT. None of these regimens have shown superiority over the
others, highlighting negligible progress over the years. The situation is

more complex now, in that new options are available. In particular, it is
fundamental that any patient is reinvestigated at relapse for cytogenetic
and molecular profiling, given the possibility of druggable mutations. In
general, medical assessment, cytogenetic and mutational analysis and
potential eligibility in a clinical trial (preferred) must be considered. Al-
logeneic HSCT is the treatment of choice for AML patients relapsing
after salvage chemotherapy provided that CR2 or substantial reduction
of bone marrow blast precentage (at least less than 10%) is achieved.
Transplant eligibility depends on patients’ age as well as comorbidities
and this is particuarly relevant on a clinical ground in a disease whose
median age is 65 yeras. A subgroup of patients with particularly unfavo-
rable genetic charcteristics and therefore unlikely to benefit from con-
ventional salvage chemotherapy (early relapse, complex Karyotype, tp53
mutations) could benefit from direct allogeneic . Ideally, all poor-risk
AML patients, particularly older ones with refractory/relapsed diseas
would be enrolled in clinical trials based on the use of new agents. Ho-
wever, in daily practice, different factors represent common obstacles,
including patient frailty and comorbidities, caregiver availability, and
social support dynamics. In addition, protocol eligibility criteria are often
stringent and account for further exclusion.

An emerging clinical challenge concerns the treatment of older AML
patients who relapse after CR or progress after any response following
initial therapy with HMAs. In this category, intensive chemotherapy in
most cases was already excluded at the time of diagnosis and therefore
it should be even more so at the time of relapse. Moreover, low CR rate
and high treatment-related mortality further discourage any intensive ap-
proach.  In the absence of a clinical trial based on the use of experimental
drugs, best supportive care and/or hydroxyurea for the control of leuko-
cytosis still represent the best option for this subset of patients, with the
only aim of improving quality of life in an outpatient setting. The use of
venetoclax in combination with azacitidine or decitabne (depending on
the drug used at diagnosis) could be considered in the context of clinical
trials. Therapeutic options are summarized in Table 2. 

Table 2. Therapeutic options for refractory/relapsed AML 

Hypomethylating agents (HMAs)
Several retrospective study has investigated the efficacy of HMAs

in R/R AMl. Recently, the efficacy of HMAs in R/R AML was investi-
gated in a large international patient cohort. Using an international mul-
ticenter retrospective database, the authors investigated the effectiveness
of HMAs in R/R AML and evaluated for predictors of response and OS. 

655 patients (median age: 65 years) received azacitidine (57%) or
decitabine (43%), including 290 refractory patients (44%) and 365 re-
lapsed patients (56%). The best response to HMAs was CR (11%) or CR
with incomplete haematological recovery (CRi; 5.3%), with an addi-
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tional 8.5% of patients showing hematologic improvement. The median
OS was 6.7 months, with significant differences based on best response:
patients who achieved CR and CRi had a median OS of 25.3 and 14.6
months, respectively, compared to 6.7 months for the overall population.
In multivariate analysis, the presence of ≤5% circulating blasts and 10-
day decitabine therapy were associated with improved response rates,
whereas a shorter OS was reported for patients with >5% circulating
blasts and >20% bone marrow blasts. Given the paucity of patients
achieving CR with HMAs, it is easy to understand that such therapy
should not be considered the best options for these patients.

Novel agents
in case of relapse, the first evaluation to be done concerns the iden-

tification of patients with molecular alterations, which can be treated
with targeted therapies. Molecularly targeted therapies have been shown
to be more effective and less toxic than chemotherapy, and therefore
should be preferred both in the young fit and in the elderly unfit popula-
tion, at relapse.

FLT-3 inhibitors
FLT-3 mutation is the most frequently identified genetic mutation in
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Table 3. Ongoing clinical trials for R/R AML.
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AML, and it is frequently associated with unfavorable outcome. Cur-
rently, FLT3 inhibitors, namely gilteritinib, quizartinib, sorafenib, mi-
dostaurin and crenolanib which have shown promising activity as single
agent, are under evaluation in clinical trials, in combination with HMAs
or chemotherapy. At present, gilteritinib is the only FLT-3 inhibitors ap-
proved by regulatory authorities and available on the market for R/R
AML. In the phase III ADMIRAL study, 371 adult patients with R/R
AML were randomly assigned in a 2: 1 ratio to receive gilteritinib (120
mg per day) or salvage chemotherapy. The two primary endpoints were
OS and the percentage of patients in CR with complete or partial hema-
tological recovery (CRh). The drug was generally well tolerated. In a
challenging scenario, characterized by low response rates and median
survival in the 4-6 months range with conventional chemotherapy, single
agent gilteritinib doubled the composite response rate (cCR), with a sig-
nificant improvement in median OS (9.3 versus 5.6 months for standard
chemotherapy). Furthermore, a reduction in transfusion requirements
was also observed for most patients, in absence of CR achievement, thus
resulting in a clinical benefit, and survival benefit was observed in most
subgroups. 

The data from the Admiral trial showed a significant advantage for
gilteritinib, if compared to chemotherapy, but remain not entirely satis-
factory. For this reason, novel combinations are under evaluation. Among
others, venetoclax plus gilteritinib combination was able to induce a
modified composite complete remission (mCRc) rate of 83.8% in a co-
hort of  AML patients with FLT3 mutation, heavily pretreated, most of
whom had previous exposure to FLT3 inhibitors. Cytopenias were evi-
dent but manageable with dose interruption/modification in subsequent
cycles. Non-hematological toxicities were modest and the combination
was well tolerated.

IDH1/IDH2 inhibitors
Isocitrate dehydrogenases (IDH) 1 and 2 mutations  affect approxi-

mately 20% of AML patients. Targeting IDH1 and 2 mutations has re-
cently led to the development of an individualized treatment strategy, by
promoting differentiation and maturation of the malignant clone. Ivosi-
denib is the first-in-class, selective, allosteric IDH1R132 inhibitor ap-
proved by the U.S. Food and Drug Administration FDA for patients with
R/R IDH1-mutated AML. 

Ivosidenib 500 mg daily was administered to 174 adults with IDH1-
mutated R/R AML in a single-arm trial, resulting in CR + CRh rate of
33%, with a median follow-up of 8.3 months.  Median duration of re-
sponse was 8.2 months, and an additional 37% of patients became trans-
fusion independent (20). A subsequent trial with 125 R/R AML patients
showed ORR, cCR, and CR rates of 41%, 30%, and 22%, respectively.
After a median follow-up of 14.8 months, the median OS was 8.8
months, with 18-month survival for cCR patients of 50%. Molecular re-
mission was observed in 21% of patients with cCR and was associated
with longer OS. Enasidenib is the first-in-class selective inhibitor of
mIDH2. Enasidenib at 100 mg daily in 28-days cycles was initially tested
in 119 R/R AML patients (median age 67 years), including 32% refrac-
tory to initial induction, 23% who had relapsed within 1 year of treat-
ment, and 11% who relapsed after prior allo-SCT). ORR was 40.3%
(95% CI, 33-48%), and CR rate 19.3%. Median time to first response
was 1.9 months (range, 0.5-9.4 months). The median duration of re-
sponse was 5.8 months and median OS in patients with R/R AML was
9.3 months (8.2–10.9 months) with an estimated one-year survival of
39%. In patients who achieved a CR, the median OS was 19.7 months.

Both ivosidenib and enasidenib showed a better clinical activity in
comparison to intensive chemotherapy, with a significant decrease in
side effect and a dramatic increase in quality of life. Accordingly, these
drugs should be preferred to intensive chemotherapy in R/R AML pa-
tients bearing IDH1 or IDH2 mutations.

Venetoclax +/-HMAs
Quite a few clinical trials with venetoclax alone, venetoclax + HMA

or venetoclax + low dose cytarabine plus a third novel agent are currently

underway in patients with R/R AML. As the large majority of these stud-
ies are not randomized, it is difficult to assess the weight of venetoclax,
alone or in combination, in the R/R-AML setting.

Recently, a systematic review and a meta-analysis was performed to
evaluate the efficacy of venetoclax in R/R AML. Seven studies enrolling
in total 224 R/R AML patients (median age 68.9 years), treated with
venetoclax alone in 2 studies and with venetoclax plus HMA/LDAC in
5, were analyzed. The primary outcome was a combined CR/CRi rate.
A total of 156 patients (69.6%) had previously received HMA and 48
patients (21.4%) had a previous allo-SCT. The ORR was 31.1% (20.7%
venetoclax monotherapy, 38.7% combinations), with a CR/CRi rate of
26.7% (20.7% monotherapy, 32.8% combinations). The median duration
of follow-up was 7.3 months (range: 1.8-15.8). There was significant
heterogeneity between studies examining venetoclax + HMA/LDAC for
both ORR (p= 0.02) and CR/CRi (p = 0.004). Although response rates
were encouraging, median OS was disappointing, ranging from 1.8 to
7.8 months for Venetoclax monotherapy and from 3.0 to 6.6 months for
combinations. Among responding patients, the median OS was higher,
and approached 1 year, for both patients receiving venetoclax alone and
in combination. As a whole, these data do not support the routinely use
of venetoclax in the R/R AML setting. 

Immunotherapy 
Immunotherapy is an emerging, promising strategy in AML that will

be further investigated in ongoing trials. Currently, it is still unclear its
ideal setting, and are still lacking biomarkers predictive for response.
Immune-based therapeutic modalities comprise monoclonal antibodies,
T cell engager antibodies, alloreactive NK cell, checkpoint blockade via
blockade of PD-1/PD-L1, CTLA4, TIM3 and macrophage checkpoint
blockade via the CD47/SIRPa axis. Several agents, such as Flote-
tuzumab, Magrolimab, Sabatoliomab and many others are now being
tested in monotherapy or in combination with chemotherapy, venetoclax
or HMA. Phase II trials demonstrated that immunotherapy could provide
long-term disease control and may contribute to improving quality of
life of R/R AML patients. Expansion cohorts phase 3 trials of agents are
ongoing or planned in a near future. Immunotherapies seems to be par-
ticularly effective in high-risk patients with TP53 mutations. 

Future Directions
Progress in the treatment of AML is strictly related to a more precise

understanding of the pathobiology of the disease. Not by chance, after
more than twenty years of substantial lack of therapeutic innovation, in
the last 5 years the FDA approved several different new drugs. Among
these, three were specifically approved for patients with R/R disease and
represent a paradigm of precision medicine, even though results of either
gilteritinib or IDH inhibitors are still unsatisfactory and must be im-
proved. Of interest, targeted therapy can also represent and ideal bridge
to allogenic transplantation. For high-risk patients such as older, early
relapsing and primary refractory ones as well as those relapsing after
allo-SCT, it is clear that conventional salvage chemotherapy has a very
limited or absent role and, in most cases, should be avoided. These pa-
tients represent an ideal subset for experimental trials, based on novel
agents possibly addressing specific leukemia pathways and/or targeting
the immune system.
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Identifying high-risk multiple myeloma at diagnosis
Criteria allowing the identification of high-risk multiple myeloma

(MM) are standardized in the Revised International Staging System (R-
ISS), that include markers of tumour burden and replication (beta-2 mi-
croglobulin, LDH and albumin serum level) and biological prognostic
factors [represented by 3 FISH karyotype abnormalities del(17p), t(4;14)
and t(14:20)].1 The outcome impairment of R-ISS 2 and R-ISS 3 stages
patients appeared to be independent from the treatment administered.
However, several other clinical features have been recognized to com-
promise the outcome, including age, renal failure, extramedullary local-
izations, circulating plasma cells and IgD M protein. Recently, the
biological high-risk factors have became more and more important and
are represented by further FISH cytogenetic abnormalities such as
t(14;16), gain1q and del1p and  alterations of groups of genes (genetic
signatures)  recognized through  gene expression profile (GEP) by dif-
ferent research groups (e.g. UAMS, IFM, HOVON). Ultra high-risk MM
and double or triple hit MM are new definitions to identify patients with
a very poor outcome and an expected OS inferior to 2-3 years, mostly
characterized by the combination of 2 or more unfavourable genetic ab-
normalities.2

A risk-adapted strategy or a “one fit all” treatment approach
Although there is a scientific consensus about the heterogeneity of

the biology and the clinical outcome of MM patients, a risk-adapted strat-
egy is not the standardized policy yet due to  the following factors: 1)
the identification of high-risk patients is still somewhat uncertain, since
the previously mentioned R-ISS staging is just “the tip of the iceberg”
of a complex biology; 2) very few clinical studies have been dedicated
to high-risk patients, therefore responses to different classes of drugs,
single compounds or  drug combinations should be deduced by compar-
isons among subgroups of patients, that are not the specific study objec-
tives or have no adequate statistical power or are not uniformly
identified, explaining the frequently conflicting clinical results; 3) the
regulatory agencies, especially in Europe and in Italy, are late to author-
ize new drugs in comparison with USA, so that there are no enough drugs
in the market to construct risk-adapted strategies in the real-word popu-
lation. While in USA the policy of the Majo Clinic has been orientated
to differentiated courses  from induction to maintenance between stan-
dard and  high-risk patients for several years, either in the setting of trans-
plant-eligible candidates or in  elderly patients (2), the majority of the
current clinical guidelines of the scientific society such as  the European
society of Medical Oncology (ESMO)  or the Società Italiana di Emato-
logica (SIE)  recommended  a uniform first-line treatment approach, sug-
gesting less evidence-based modifications for high-risk patients  in a few
steps of the front-line therapy. 

Induction
The standard first-line treatment for fit patients younger than 70

years consists of 4-6 cycles of bortezomib-based induction, one or two
autologous stem cell transplantations (ASCT) and lenalidomide mainte-
nance until progression. Triplets containing bortezomib before ASCT
demonstrated superiority in terms of responses and long-term outcome
in comparison with duplets both in standard and high-risk patients in
prospective studies and in meta-analysis.3-4 Recently, quadruplets com-
bining monoclonal antibodies with triplets have demonstrated higher and
deeper responses in comparison to standard triplets, but data on sub-
groups of high-risk patients are still conflicting and immature (Table1).
In the phase 3 CASSIOPEIA trial the benefit of Daratumumab-VTD in
comparison to VTD alone as a pre-ASCT and post-ASCT regimen was
not statistically significant  in the high-risk  group [defined as del(17p)
or t(4;14) or ISS 3] in reaching stringent complete response (sCR) (HR,
0.83; 95% CI, 0.42–1.66) and in the risk of progression or death at  a
median follow-up of 18 months  (HR, 0.67; 95% CI, 0.35–1.3) (5). More-
over, in the phase 2 randomized GRIFFIN the subgroup analysis on high-
risk patients did not favor Daratumumab-VRD versus VRD arm, neither
in achieving sCR (HR, 0.52; 95% CI, 0.09–2.90) nor in achieving min-
imal residual disease (MRD)-negativity (HR, 1.5; 95% CI, 0.32–6.99).6
Two recent prospective studies enrolled exclusively patients with high-
risk clinical and/or cytogenetical features. The GMMG-CONCEPT trial
consists of 6 cycles of Isatuximab-KRD induction, 4 cycles of Isatux-
imab-KRd consolidation followed by Isatuximab-Kd maintenance: pre-
liminary data showed deep responses (46%CR, 44%VGPR) after
induction, adequate peripheral blood stem cell collection and low rates
of non-hematological toxicity.7 The second study specifically addressed
to high-risk disease was the phase 2 SWOG-1211 trial, randomizing pa-
tients to receive VRd induction and maintenance, with or without Elo-
tuzumab and deferring ASCT until progression.  Even though the
addition of Elotuzumab to VRd backbone did not improve patient out-
come, in both arms  PFS and OS exceeded the original statistical as-
sumption (PFS >30 months, OS >60 months), which supports the notion
that continuous triplet therapy might be favorable in this group of pa-
tients.8 The current practical approach to high-risk patients is to admin-
ister a four-drug induction combining daratumumab to VTD or VRD,
since these associations showed to achieve the highest rates of complete
remission, waiting for mature clinical results of longterm outcome and
subgroups comparison.   In patients with primary plasma-cell leukemia
or significant extramedullary disease, multi-agent combination
chemotherapy such as bortezomib/dexamethasone/ thalidomide/cis-
platin/doxorubicin/ cyclophosphamide/ etoposide (VDT-PACE) may be
preferred initially to achieve rapid disease control.

Autologous stem cell transplantation: single versus double 
It is a standard of care to proceed to ASCT in eligible patients as a

consolidation of the first-line treatment, including high-risk patients, even
in the era of novel drugs. The long-term results of 2 recently published
randomized studies highlighted the benefit of a second ASCT performed
2-3 months after the first procedure in the high-risk population. In the
EMN02/H095 double ASCT significantly improved 5-year OS in com-
parison with single ASCT and the HR favoring tandem ASCT was higher
in patients carrying one or more cytogenetic abnormalities and particularly
in those with del(17p). In fact, in this latter subgroup double SCT was
likely to overcome the adverse prognostic factor of del(17p) on OS and
PFS.9 The update of the STAMINA study comparing lenalidomide main-
tenance or RVd consolidation followed by lenalidomide maintenance or
second transplant reported a significantly higher 6-year PFS when high-
risk patients received tandem ASCT in comparison to single ASCT (43.6%
and 26%, respectively; p = .03).10 Moreover, tandem ASCT was associated
with longer OS in comparison to single ASCT and to ASCT followed by
a reduced-intensity allogeneic stem cell transplantation (RIC Allo-SCT)
in 488 patients with extramedullary disease (100%) and unfavourable cy-
togenetics (41%) in a EBMT retrospective study.11
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Consolidation and maintenance
Consolidation consists of the administration after ASCT of 2-4 cycles

of the same drug combination given at induction. Generally, a short 3-4
cycles induction has been followed by the same combination at attenu-
ated doses. In clinical trials consolidation has showed to increase rate
and deepness of responses and has continued to be planned in several
recent study designs incorporating monoclonal antibodies and aiming to
improve MRD (mentioned in the above sections). In real word, consol-
idation lacks formal authorization (at least in Italy). Moreover, it not
clear if the same response improvement demonstrated by consolidation
can be achieved also with a longer induction (from 4 to 6 cycles)

Lenalidomide maintenance until progression has been shown to be
associated with a significant improvement of PFS and OS following
ASCT in comparison with placebo or no therapy. The impact of lenalido-
mide maintenance in patients with high-risk MM is unclear. In a meta-
analysis, no significant OS benefit was seen in these subsets of high-risk
patients.12 However, in the Myeloma XI trial that was not part of the
meta-analysis, PFS and OS were prolonged across all subgroups, either
standard risk patients (no cytogenetical abnormality), or high-risk pa-
tients (one cytogenetical abnormality), or ultra-high risk patients (two
or more cytogenetical abnormalities). However, these subgroup analyses
should be interpreted with caution since results were not powered to de-
tect significant differences and could be influenced by the fact that most
patients did not received a standard bortezomib-based induction.13

The suggestion that high-risk patients may benefit from a mainte-
nance including a proteosome inhibitor came from the long-term follow-
up of the HOVON-65/GMMG-HD4 trial study, where patients with
del(17p) (but not the subsets with other adverse cytogenetic abnormali-
ties)  treated with a bortezomib-based regimen before and after ASCT
exhibited better PFS and OS than patients in the VAD arm followed by
thalidomide maintenance (60-month PFS 22% vs 5%, respectively, and
60-month OS 65% vs 18%, respectively) (14). Maintenance with the oral
proteosome inhibitor ixazomib for 2 years after ASCT improved PFS in
patients with poorer prognosis, such as ISS stage 3 or presence of high
risk cytogenetic; however, we should acknowledge that the study was
not powered for these subgroups and the median PFS  after ixazomib in
the whole population  was much shorter than that reported after lenalido-
mide (16). Collecting these few clinical data on maintenance and the

larger evidence about activity of proteosome inhibitors in transplant in-
eligible and relapsed/refractory patients, we can hypothesize that  borte-
zomib alone given every other week or low intensity VRd for a limited
period of time after ASCT is preferable for high-risk patients, even if an
evidence based recommendation cannot be made and bortezomib main-
tenance has not been authorized in clinical practice yet. 

Although the standard maintenance is recommended until progres-
sion on the basis of the design and the clinical results of the studies lead-
ing to lenalidomide approval, several factors  such as cost, toxicity,
patient compliance have been raised the challenging issue  of the optimal
duration of maintenance . Maintenance is now evolving towards the ad-
ministration of a combination of drugs including monoclonal antibodies,
a limited period of treatment (up to 2-3 years) and MRD monitoring as
potential tool for modulating maintenance. The results of  the ongoing
prospective clinical trials are eagerly waited in standard and high risk
MM patients. 

Allogeneic stem cell transplantation (allo-SCT)
Evidence that the graft versus myeloma effect can overcome high-

risk clinical and biological features is scarce. Large randomized studies
comparing upfront ASCT versus ASCT followed by a RIC allo-SCT
were conducted in the last 2 decades, but they were not informative for
the current clinical practice, since high-risk patients were selected  with
obsolete prognostic factors and novel drugs were not integrated in the
treatment plans. One exception was the long-term follow-up of the Ger-
man study, which suggested some survival benefit in patients with
del(17p) treated with ASCT/allo-SCT in comparison with tandem ASCT
(median OS 61 vs 23 months), although in small subsets of patients.15

However, the risk of non relapse mortality non inferior to 15%, the sig-
nificant morbidity associated to chronic graft versus host disease and the
low rate of tumour eradication have substantially limited the application
of up-front allo-SCT and shifted it at the time of relapse, in selected and
motivated fit patients, with early relapse after ASCT, clinical or cytoge-
netical poor features and HLA matched donors. It can be hypothesized
that the availability of new cellular immunotherapies such as bispecific
monoclonal antibodies and CAR-T in the clinical practice and in earlier
phases of disease will make the option of allo-SCT increasingly rare. 
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Table 1. Clinical results of monoclonal antibodies in the first-line treatment of high-risk patients (sCR: stringent complete remission; MRD: Minimal residual
disease)
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Conclusions
High-risk patients should be enrolled in prospective studies, if pos-

sible. An algorithm of a risk-adapted strategy in clinical practice is pro-
posed in Figure 1. Results of ongoing clinical trials are warranted in order
to improve the long-term treatment after ASCT . 

Figure 1. Proposed algorithm of first-line treatment  in high-risk patients.
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TREATMENT OF ELDERLY NEWLY DIAGNOSED MULTIPLE
MYELOMA PATIENTS: NEW THERAPEUTIC INDICATIONS 

S. Bringhen, F. Bonello 

SSD Clinical trials in onco-ematologia e mieloma multiplo, Division
of Hematology, University of Torino, Azienda Ospedaliero-Universita-
ria Città della Salute e della Scienza di Torino, Italy

Multiple myeloma (MM) is a disease of the elderly, with a median
age at diagnosis of approximatively 70 years and more than one third of
patients being older than 75 years. Historically, elderly patients would
include those older than 65 years, usually assigned to non-intensive treat-
ments, without autologous transplantation (ASCT), and therefore defined
as transplant ineligible (NTE). Nevertheless, elderly MM patients rep-
resent a very heterogeneous population, including individuals in good
physical conditions and without comorbidities, as well as frail ones with
compromised health and functional status. Consequently, choosing and
modulating treatment intensity in this population according to patient
characteristics represent a big challenge for clinicians. The International
Myeloma Working Group (IMWG) frailty score stratifies patients ≥65
years old into fit, intermediate fit and frail according to age, functional
impairment and comorbidities, and it is a valid tool to guide clinicians
in the choice of the most appropriate treatment.1 Recommendations about
the management of elderly patients according to their frailty status were
published in the past years.2 For example not all elderly patients are un-
suitable for ASCT, and the age cut-off for ASCT eligibility has been
moved to 70 years in clinical practice, as well as in ongoing clinical trials.
Up to just two years ago, standard first-line treatment options for NTE
MM patients outside clinical trials included lenalidomide-dexametha-
sone (Rd), bortezomib-melphalan-prednisone (VMP) and bortezomib-
lenalidomide-dexamethasone (VRD). These combinations proved to be
effective, albeit progression-free survival (PFS) and overall survival (OS)
were inferior compared to ASCT-containing regimens.  The addition of
anti CD38 monoclonal antibody daratumumab (dara) to standard VMP
and Rd induced unprecedented results in two pivotal phase III clinical
trials, completely revolutionizing the treatment algorithm for elderly MM
patients (Table 1). 

The ALCYONE trial compared standard VMP for 9 cycles to dara-
VMP for 9 cycles followed by dara maintenance until disease progres-
sion in patients ≥ 65 years of age or considered NTE. Patients receiving
dara-VMP had a significant PFS benefit (median PFS 36.4 vs 19.3
months, HR 0.42, p < 0.001), and a 40% reduction in the risk of death
(HR 0.60, p=0.003) compared to those receiving VMP. Rates of minimal
residual disease negativity (MRD, by next generation sequencing [NGS],
sensitivity 10-5) were significantly higher in the dara-VMP arm (28% vs
7%, p < 0.001), and MRD negativity was sustained at one year in 14%
vs 3% of patients, likely also due to the effect of dara maintenance rather
than fixed duration treatment. Dara-VMP was well tolerated, with similar
rates of treatment discontinuation (7% vs 9%) and  grade (G) ≥3 adverse
events compared to VMP, besides a slightly higher incidence of G≥3 in-

!"#$%&'($)*%")+%,)$%*#!*-(.-&"(/0*,,*1+%()$%/*

!"#$$%&%'()%*%+,'-.%//%

)'0',1212'3"456%7%8%

9$:5%7%&%;<10+.+

3<0,.=<2>3 3.?..@AB C<0%&%B.'0+
<0D%>C 1('E'>A'3A.D%A.('A>)<2>).

1(,>A F0<-0.++><(

%

haematologica | 2021; 106(s3) | 211



Main Program

fections (22% vs 15%) during cycle 1-9, that were also the most common
toxicity during dara maintenance (11%).3

The MAIA trial compared standard continuous Rd to dara-Rd in a
similar patient population. Again, the PFS advantage of dara-Rd was
striking, with a median PFS that has not yet been reached after 48 months
follow-up vs 34 months in the Rd arm (HR 0.54, p < 0.001). Rates of
MRD negativity (NGS, sensitivity 10-5) and sustained MRD negativity
at one year were higher in the dara-Rd arm (31% vs 10%, p < 0.001; and
16% vs 3%, p < 0.001 respectively). Concerning safety, patients in the
dara-Rd arm experienced higher rates of G ≥3 neutropenia (53% vs 37%)
and infections (40% vs 29%), although treatment discontinuations due
to toxicity were lower compared to Rd (11% vs 22%).4

The impressive results obtained in these trials led to the approval of
dara-VMP in 2018 and dara-Rd in 2019 by FDA and EMA. Both regi-
mens are currently used in clinical practice in several countries, including
Italy, with more and more patients receiving these combinations. Nev-
ertheless, given the heterogeneity of the elderly population, particularly
in the real-life setting - which is very different compared with the se-
lected patient population of clinical trials - some challenges still remain
in everyday clinical practice.

How to treat elderly fit patients
According to the IMWG frailty score, fit patients are those under 75

years of age, without significant comorbidities (Charlson Comorbidity
Index [CCI] ≤1) and with preserved functional status (ADL score > 4
and IADL score >5).1 In the presence of good organ function, ASCT can
be a valid option for fit patients and in most countries, including Italy,
ASCT is the first choice of treatment in patients ≤ 70 years old (Figure
1). Ongoing clinical trials in transplant eligible patients evaluating the
addition of antiCD38 monoclonal antibodies to induction and consoli-
dation/maintenance regimens (eg EMN17/Perseus trial: daratumumab-

VRD vs VRD; EMN24/Iskia trial: isatuximab-KRD vs KRD) enroll MM
patients up to 70 years old. In patients over 70 years the advantage of
ASCT is debatable. In the United States, ASCT is offered to virtually all
patients with adequate renal, hepatic, pulmonary and cardiac function
independently of age, with data about feasibility also in selected patients
aged ≥ 75 years.5 This approach is supported by data showing compara-
ble outcome in terms of toxicity (non-relapse mortality 1% vs 0) and
PFS (2-years PFS 66% vs 68%, p 0.4) in patients ≥ 70 years vs 60-69
years undergoing ASCT.  In Europe, this approach is rarely pursued, and
patients aged > 70 years are usually offered a non-transplant option, al-
though ASCT can be considered for fit patients older than 70 years, pos-
sibly with a reduced intensity conditioning (eg melphalan 100-140
mg/m2). Nevertheless, considering the safety and efficacy of dara-VMP
and dara-Rd regimens, the advantage of ASCT in those patients is ques-
tionable. Dara-based combinations in > 70 years old patients offer similar
outcome in comparison with ASCT, with the advantage of sparing pa-
tients from the burden of high-dose therapy requiring hospitalization and
longer recovery. No data about ASCT with dara-containing
induction/consolidation regimens in elderly patients are available yet,
and it is still to be defined whether this strategy could further improve
the outcome. Data from prospective comparisons in a selected population
of fit elderly patients > 70 years old receiving dara-based regimens
with/without ASCT are needed to shed light on this issue. Currently, in
Europe dara-containing combinations without ASCT represent the first
choice of treatment for fit patients aged > 70 years. 

How to treat frail older patients 
Several definitions of frailty have been proposed over the past few

years to define reliable parameters to characterize vulnerable MM pa-
tients in whom the main goal is to preserve quality of life by modulating
treatment intensity to prevent toxicity. According to the IMWG frailty

Table 1. Efficacy and safety from regulatory trials on approved treatment regimens for elderly newly diagnosed myeloma patients.

!

  
Abbreviations: PFS, progression-free survival; OS, overall survival; G, grade; AE, adverse event; Rd, lenalidomide-dexamethasone; MPT, melphalan-pred-
nisone-thalidomide; VMP, bortezomib-melphalanprednisone; Dara, daratumumab; VRD, bortezomib-lenalidomide-dexamethasone; VTE, venous thromboem-
bolism; PNP, peripheral neuropathy; NR, not reached; HR, Hazard Ratio.
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score, “frail” patients can be ≥ 80 years of age or younger but with sig-
nificant comorbidities or functional impairments. These patients repre-
sent an unmet clinical need, since they are excluded from most clinical
trials. Indeed, the feasibility of daratumumab-based triplets/quadruplets
in frail patients is debatable.  A retrospective analysis of the ALCYONE
trial demonstrated that the advantage of dara-VMP over VMP was main-
tained in frail patients (according to age, ECOG PS and CCI; median
PFS 32.9 vs 19.5 months, respectively, HR 0.51, p <0.001), with non-
frail patients showing longer PFS with dara-VMP but not with VMP (me-
dian PFS 45.7 vs 19.1 months, HR 0.36, p < 0.001) compared to frail
ones.6 Frail patients experienced higher rates of G 3-4 adverse events
and toxic deaths occurred in 10.9% of frail patients (dara-VMP vs VMP
13% vs 8.6%). In the MAIA trial, the PFS advantage of dara-RD over
Rd was maintained in frail patients (HR 0.62, p=0.003), and toxic deaths
occurred in 12% of frail patients, with no differences between the two
arms.7 These data suggest that dara-based triplet/quadruplets might be
suitable for frail patients. Nevertheless, one can argue that a real-life frail
population was not included in the two studies. Indeed, in that study, ex-
clusion criteria were Eastern Cooperative Oncology Group (ECOG) per-
formance status > 2, impaired renal function with creatinine clearance <
30/40 mL/min, active cardiovascular disease or elevated hepatic en-
zymes.6,7 A prospective study evaluating the combination of daratu-
mumab, ixazomib and dexamethasone in frail patients according to the
IMWG frailty score showed a median PFS of 14 months, and 51% rate
of premature treatment discontinuation, due to toxic deaths in 9% of pa-
tients.8 To date, no prospective real-life analysis on frail patients receiv-
ing daratumumab-Rd/VMP is available and further data are needed to
confirm the feasibility of these regimens in frail patients. Possible strate-
gies to make these regimens safer include reducing treatment intensity

over time (eg discontinuing steroids), or adjusting the doses of the de-
livered drugs (eg reduced doses of lenalidomide or weekly bortezomib).
A recent study demonstrated that in patients receiving Rd, reducing
lenalidomide dose and discontinuing steroids after 9 cycles did not im-
pair treatment efficacy while ameliorating safety.9 The IFM2017-03
study will evaluate daratumumab plus lenalidomide vs. standard Rd in
frail patients as a similar steroid-sparing strategy. Frail patients have been
traditionally treated with doublets (eg low-dose Rd or Vd); nevertheless,
the addition of daratumumab, especially to Rd, with dose-adjustment
strategies to avoid toxicities, might be beneficial also for frail patients
and could spare a proportion of them from the need of second line treat-
ment, by inducing longer first line remissions (Figure 1).

How to choose between dara-VMP/Rd in real life 
Although caution is needed when making cross-trial comparisons, the

addition of daratumumab to Rd seems to induce a greater benefit compared
to dara-VMP (median PFS not reached after 48 months of follow-up with
dara-Rd; 36.4 months with dara-VMP). Nevertheless, to date no prospective
comparison between dara-VMP and dara-Rd is available. Similarly, no
prospective data evaluating VMP vs Rd are currently available. Yet, the on-
going REAL-MM study, comparing the two regimens in a real-life popu-
lation, will provide some answers. Retrospective data showed no benefit
of one regimen over the other (HR for PFS 0.96).10 Consequently, to date,
treatment choice between  dara-VMP vs dara-Rd  relies on their safety pro-
files and patient preference. Patients with pre-existing neuropathy might
benefit more from dara-Rd, given the higher risk of peripheral neuropathy
related to bortezomib, which might result in dose reductions and discon-
tinuations. In the ALCYONE trial, peripheral neuropathy of any grade was
reported in 29% of patients (1.4% G ≥ 3). For patients with severe renal

Table 2. Advantages and limitations of treatment strategies for elderly myeloma patients.

!

!Abbreviations: ASCT, autologous-stem cell transplantation; Rd, lenalidomide-dexamethasone; VMP, bortezomib-melphalan-prednisone; VRD, bortezomib-
lenalidomide-dexamethasone; TRM, treatment-related mortality; IRR, infusion-related reactions.
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impairment, dara-VMP (with dose-adjusted melphalan) could potentially
be less nephrotoxic compared to dara-Rd. The incidence of G ≥ 3 neutrope-
nia was similar with dara-VMP and dara-Rd (50% and 54%), but a higher
incidence of infections was reported in the MAIA trial for patients receiving
dara-Rd in comparison to that reported in the ALCYONE trial with dara-
VMP (40% and 22%). Because of the high rate of infections with both reg-
imens, and particularly with dara-Rd, antibiotic prophylaxis for the first
months of treatment (eg levofloxacin 500 mg once daily for 12 weeks)
should be considered, especially for intermediate-fit and frail patients, con-
sidering the benefit reported in the TEAMM trial (HR 0.66 for febrile in-
fections or deaths in patients receiving vs not receiving prophylactic
levofloxacin, p=0.001).11 Finally, patient preference should be taken into
account as well: some patients might prefer a more intensive regimen for
the first year of treatment followed by a lighter maintenance with daratu-
mumab (dara-VMP) compared to a continuous triplet (dara-Rd).

Figure 1. Frailty-tailored treatment options for elderly newly diagnosed
myeloma patients. Abbreviations: IMWG, International Myeloma Working
Group; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily
Living; CCI, Charlson Comorbidity Index; VMP, bortezomib, melphalan, pred-
nisone; Rd, lenalidomide, dexamethasone; VRd, bortezomib, lenalidomide,
dexamethasone; ASCT, autologous stem-cell transplantation; KRD, carfil-
zomib, lenalidomide, dexamethasone; pts, patients.

Is there space for other triplets in first line treatment for NTE patients? 
The addition of daratumumab to both VMP and Rd induced impres-

sive results in terms of efficacy and did not add excessive toxicity to the
regimens. Daratumumab can be administered to virtually all patients, ex-
cept in the case of severely compromised pulmonary function, due to the
increased risk of severe respiratory infusion reactions. Consequently, to
date, no other regimen can compete with the efficacy and safety of these
dara-based combinations (Table 2). The triplet VRD for 8 cycles fol-
lowed by Rd maintenance until progression - approved both in the United
States and in Europe - can be considered as an alternative option. In the
SWOG S0777 trial, VRD reduced the risk of disease progression/death
by 30% compared to standard Rd (median PFS 41 vs 29 months, p=0.003
in the overall population), a benefit that was maintained also in ≥ 65
years old patients.12 Again, no direct comparison between VRD and dara-
Rd/VMP is available; prospective data are needed to guide physicians,
particularly focusing on high-risk patients, in whom the advantage of
dara-based combinations is less striking. The ongoing IMROZ and
CEPEHUS trials are evaluating safety and efficacy of the addition of ei-
ther isatuximab or daratumumab to VRD in NTE myeloma patients.  The
ongoing EMN20 trial is comparing carfilzomib-Rd (KRD) to Rd in fit
and intermediate fit patients, though the use of carfilzomib in elderly pa-
tients is haunted by its risk of cardiotoxicity, that might limit its use as a
first choice. In the ENDURANCE trial comparing KRD to VRD in

newly diagnosed NTE MM patients, no benefit of KRD over VRD was
noted (median PFS 34.6 vs 34.4 months, HR 1.04, p=0.74), with median
PFS similar to that observed with dara-VMP in the ALCYONE trial.13

High-risk patients were excluded from the trial, therefore the outcome
of KRD over VRD in these patients cannot be determined. KRD was as-
sociated with higher toxicity compared to VRd, especially in terms of
cardio-pulmonary and renal adverse events and toxic deaths. To date,
this triplet is not approved as first line treatment for NTE patients.  

An interesting treatment option for intermediate-fit/frail patients
willing to receive an oral treatment (eg with impaired performance status
or unable to undergo frequent hospital accesses for drug delivery due to
lack of care-giver or distance from Health Care facilities) is the fully oral
triplet ixazomib-Rd. In the TOURMALINE-MM2 trial, the triplet ixa-
zomib-Rd, with dexamethasone discontinuation and lenalidomide and
ixazomib dose reductions beyond cycle 18, resulted in longer – yet not
statistically significant - PFS compared to Rd (median PFS 35 vs 22
months, HR 0.8, p=0.07). The triplet was well tolerated with no partic-
ular safety concerns compared to Rd.14 To date, ixazomib-Rd is available
outside of clinical trials only at relapse, and whether it will be introduced
into clinical practice in front-line is yet uncertain.

Conclusions
Moving daratumumab to the frontline setting completely revolution-

ized the treatment landscape for newly diagnosed, elderly MM patients,
with dara-VMP and dara-Rd becoming new standards of care for most
fit and intermediate fit patients. The approval of subcutaneous daratu-
mumab, which will soon enter the clinical practice also in Italy, further
improved the accessibility of these regimens, sparing long in-hospital
stays for intravenous drug delivery. Moreover, subcutaneous daratu-
mumab seems to induce lower rate of infusion related reactions, which
represent the most common daratumumab-related toxicity. Alternative
options for elderly patients include ASCT for fit individuals up to 70
years of age or VRD; while other triplets, such as KRD and the fully oral
ixazomib-Rd, are still under investigation. The doublets Rd or Vd are
mainly used for frail patients ineligible for triplets/quadruplets, despite
dose-adjusted dara-Rd might be considered. Special attention is needed
in managing and preventing toxicities, since elderly patients are at higher
risk of treatment related adverse events compared to younger ones. This
is particularly true for infections, and standardized prophylactic and sup-
portive measures should be developed and implemented. A personalized
frailty-driven treatment approach is the core of the management of eld-
erly MM patients. More real-life data are needed to better assess the fea-
sibility and safety of the available regimens in different frailty subgroups.
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The treatment of multiple myeloma (MM) has changed drastically
in the past decade with the incorporation of novel agents into therapeutic
strategies. These new drugs, in various combinations, have been added
to national and international clinical guidelines and have transformed
the approach to the treatment of patients with MM, resulting in substan-
tial improvements in overall survival (OS).1,2

With the availability of at least seven different classes of approved
agents, which can be combined in doublet, triplet, or even quadruplet
regimens, or in some cases as continuous treatment, the choice of the
optimal strategy at diagnosis and at relapse yet represents a challenge
for physicians. Novel options include alkylators, steroids, proteasome
inhibitors (PIs), immunomodulatory agents (IMiDs), histone deacetylase
inhibitors, monoclonal antibodies (MoAbs), and selective inhibitors of
nuclear export, with or without high-dose therapy and autologous stem-
cell transplantation (ASCT),  Moreover, next-generation immunothera-
pies or targeted agents will soon improve the therapeutic
armamentarium. Thus far, several phase 3 trials have shown improved
survival outcomes (progression-free survival, PFS, OS or both) with the
use of triplet combinations, suggesting that at least two active drugs
should be combined with steroids, if patients can safely tolerate this the-
rapeutic regimen. At the time of relapse, the treatment choice is affected
by many patient- and disease-related factors, such as patient preference,
age, cytogenetic profile, pre-existing toxicities, comorbidities, and ag-
gressiveness of the relapse, but mostly by the type of, and the response
to, previous therapies.4 At first relapse, treatment is at the moment mainly
tailored on the presence or absence of refractoriness to lenalidomide
(len); however, from the second relapse the scenario is far more complex,
and mainly influenced by previous therapies.

Treatment of relapsed and refractory MM (RRMM) in patients who
have received one previous line of therapy (Table 1)

The most important question for most cases of MM relapse, or the-
rapy-resistant disease, is whether a patient has a len-refractory disease
or not. A second consideration that will be increasingly important in the
up-coming years is whether the disease is progressing on front-line the-
rapies that include daratumumab.

Table 1. Treatment selection at the time of first relapse based on lenalido-
mide refractoriness.

Abbreviations: dara=daratumumab; elo=elotuzumab; I=isatuximab; isa=isat-
uximab; Kd=carfilzomib-dexamethasone; pano=panobinostat; Pd= poma-
lidomide-dexamethasone; pts=patients; Rd=lenalidomide-dexamethasone;
S=selinexor; Vd=bortezomib-dexamethasone.

On the basis of the OS benefits seen in randomised trials and meta-
analyses, len is used as part of the front-line therapy for newly diagnosed
MM. In patients treated with upfront ASCT, len- monotherapy at a low
dose is approved as a maintenance therapy until disease progression.3 In
patients with previously untreated, newly diagnosed MM who are not
eligible for ASCT, len is also approved in combination with low-dose
dexamethasone until disease progression, on the basis of several rando-
mized trials. As a consequence, a high number of patients are progressing
while taking continuous treatment with len.3

First relapse in patients with lenalidomide-refractory disease
Patients with len-refractory disease were rightly excluded from ran-

domised phase 3 trials testing len plus dexamethasone versus len plus
dexamethasone plus a third agent. The precise effect of len-based triplet
combinations in patients with len-refractory disease is unknown, but it
would most likely lead to suboptimal results, and these regimens are the-
refore rarely used in this setting; only few restrospective small studies
showed a modest effect of adding a third agent to a len-refractory disease.
Moreover, despite not formally proven, no significant difference, in
terms of response to subsequent len-triplet combinations, seems to exhist
after the development of refractoriness to len at different doses (full ver-
sus maintenance dose).1,2

For a patient who incurs disease progression while taking len as part
of front-line therapy, a reasonable approach would be to switch the class
of agent, from an IMiD to a PI.  Several phase 3 trials have evaluated
PIs-based combinations using bortezomib plus dexamethasone as the
control regimen in RRMM, but few patients with true len-refractory di-
sease were included in most of those trials.4,5

In the randomised, phase 3 ENDEAVOR trial, bortezomib plus de-
xamethasone was prospectively compared with carfilzomib plus dexa-
methasone (Kd) in patients with relapse after one to three previous lines
of therapy, until disease progression occurred; PFS and OS were signi-
ficantly extended with the second generation PI carfilzomib. However,
in patients with len-refractory disease after any line of therapy PFS of
Kd treated patients was quite insatisfactory (median 8·6 months) and OS
non significantly superior to bortezomib-dex, suggesting that patients
with len-refractory disease might not benefit as much from Kd combi-
nation therapy as those with a previous response to len.

In the CASTOR trial, bortezomib plus dexamethasone was compared
with daratumumab plus bortezomib plus dexamethasone in patients with
RRMM who had received at least one previous line of therapy. The tri-
plet combination was associated with significantly longer PFS in all pa-
tients; however, as in the ENDEAVOR study, the total number of patients
whose disease had progressed during front-line len treatment was not
specified. The only information available is based on a subgroup analysis

Lenalidomide-refractory pts 
Non frail (triplets) Frail (doublets) 

Bortezomib-based Carfilzomib-based Pomalidomide-based  
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showing that, in patients with len-refractory disease (regardless of the
number of previous lines of therapy), similarly to the ENDEAVOR study,
median PFS was 7.8 months, suggesting that daratumumab plus borte-
zomib plus dexamethasone is suboptimal for this patient population. OS
data for this subgroup of patients in the CASTOR trial are not yet avai-
lable. 

The phase 3 PANORAMA 1 study, comparing bortezomib plus de-
xamethasone with bortezomib plus dexamethasone plus panobinostat,
enrolled a subgroup of patients progressing on len as front-line therapy,
but the number of patients in this setting was very small and previous
treatment with lenalidomide was not a stratification factor. Overall, the
study showed that the combination of bortezomib plus dexamethasone
plus panobinostat improved PFS, without OS benefit; however, the to-
xicity associated with panobinostat does not support the use of this triplet
combination.

In the phase 3 OPTIMISMM trial, the combination of pomalidomide
plus bortezomib plus dexamethasone was prospectively compared with
bortezomib plus dexamethasone in patients with RRMM who had recei-
ved one to three previous lines of therapy that included len. More than
70% of the patients had len-refractory disease. The triplet combination
resulted in an improved median PFS in the whole population and in pa-
tients with len-refractory disease, either after 1 or any prior line of the-
rapy. OS are not yet available.

Combinations of Kd plus anti-CD38 antibodies have been evaluated
in 2 phase 3 studies. In the CANDOR trial, Kd was compared with Kd
plus daratumumab in patients with RRMM who had received one to three
previous lines of therapy; 33% had len-refractory disease. Daratumumab
plus Kd was superior in terms of high quality response, minimal residula
disease (MRD) negativity and PFS, both in patients with previous len
exposure and in len-refractory patients. The phase 3 IKEMA trial com-
pared Kd to Kd plus Isatuximab in patients with RRMM and one to three
previous lines of therapy. Isatuximab-Kd was superior in terms of re-
sponse and PFS, both in patients with previous len exposure and in len-
refractory patients (30% of the population). Anti-CD38 MoAbs plus Kd
are considered important treatment options for first relapse in patients
with len-refractory disease.

Other combinations were tesetd in len-exposed/refractory patients
in phase 1-2 studies. The combination of daratumumab plus pomalido-
mide plus dexamethasone was investigated in the POM MM 014 phase
2 trial, which included patients who had disease progression after len-
based therapy (median two previous lines of treatment), 75% of which
had len-refractory disease; the 9 month PFS was 86·3%. Pomalidomide
was also combined with Kd in the prospective phase2 EMN011/HO114
trial, designed for patients with refractory disease or first progression
after front-line therapy as part of the EMN02 trial, in which patients were
randomly assigned to front-line ASCT versus no front-line ASCT, fol-
lowed by consolidation and lenalidomide maintenance until progression.
After reinduction with carfilzomib plus pomalidomide plus dexametha-
sone, patients were offered either salvage ASCT, if they had not received
it as front-line intensive therapy. The analysis of the first 60 patients, 95%
of whom had progressed on len maintenance, showed that responses to car-
filzomib plus pomalidomide plus dexamethasone were rapid, with a median
time to best response of 2 months and the median PFS was 18 months. 

First relapse in patients with disease not refractory to lenalidomide
In patients who have received bortezomib-based front-line therapy wi-

thout len maintenance, or patients treated with a fixed duration of len with
progression occurring more than 6 months after cessation of therapy, se-
cond-line therapy should be based on len and dexamethasone regimens,
such as carfilzomib plus len plus dexamethasone, daratumumab plus len
plus dexamethasone, ixazomib plus len plus dexamethasone, or elotuzumab
plus len plus dexamethasone.4,5 In pivotal phase 3 trials with PFS as the pri-
mary endpoint, all of these combinations were found to be superior to le-
nalidomide plus dexamethasone. Carfilzomib plus lenalidomide plus
dexamethasone and elotuzumab plus lenalidomide plus dexamethasone, in-

vestigated in the two trials with the longest follow-up also showed an OS
benefit. As far as the hazard ratio and PFS is concerned, the most effective
combination available in the setting of first relapse of myeloma not refrac-
tory to len is daratumumab plus len plus dexamethasone (POLLUX trial).
With a longer follow-up, these results are expected to translate into an OS
benefit. The daratumumab plus len plus dexamethasone triplet combination
is well tolerated, and the forthcoming availability of a subcutaneous mode
of administration of daratumumab will increase convenience.

After front-line therapy based on combinations including a PI, a retre-
atment including a PI can also be considered. Four trials have shown a PFS
benefit of other regimens versus bortezomib plus dexamethasone alone,
also in patient previously receiving, but not refractory to bortezomib: EN-
DEAVOR, CASTOR, BOSTON (evaluating selinexor plus bortezomib plus
dexamethasone), and BELLINI (evaluating venetoclax plus bortezomib
plus dexamethasone).1,2 The phase 3 BOSTON trial compared bortezomib
plus dexamethasone versus selinexor plus bortezomib plus dexamethasone
in patients who had received one to three previous lines of therapy. Seline-
xor plus bortezomib plus dexamethasone significantly prolonged median
PFS versus bortezomib plus dexamethasone, but this benefit was less ap-
parent in patients previously exposed to a PI. The phase 3 BELLINI trial
has compared bortezomib plus dexamethasone versus bortezomib plus de-
xamethasone plus venetoclax, a selective BCL2 inhibitor, in patients who
had received one to three previous lines of therapy. A significant PFS benefit
was reported with bortezomib plus dexamethasone plus venetoclax in pa-
tients with a t(11;14) translocation and those with high BCL2 expression.
By contrast, in patients without t(11;14) and with low BCL2 expression,
median PFS did not differ significantly between the two treatment groups,
and increased mortality was seen in the bortezomib plus dexamethasone
plus venetoclax group, mostly because of a higher rate of fatal infections
(septic shock and pneumonia). Finally, the in CANDOR trial an improved
PFS of the triplet over the doublet combination was confirmed in patients
with previous proteasome inhibitor exposure; results are less clear in the
IKEMA trial.

First relapse in patients progressing on front-line daratumumab-based
combinations

The approval of daratumumab-based regimens as standard of care for
front-line therapy in newly diagnosed MM patients, eligible or not for tran-
splantation, is making treatment decisions challenging.1,2 So far, no data
exist to support daratumumab retreatment at second line, and salvage the-
rapy with isatuximab in patients progressing on daratumumab is unlikely
to be a suitable option because both antibodies target the same antigen
(CD38). A suitable option for patients relapsing after daratumumab-borte-
zomib-melphalan-prednisone (ALCYONE trial) would be carfilzomib plus
lenalidomide plus dexamethasone for fit patients, but for frail patients, de-
xamethasone in combination with ixazomib or elotuzumab might be the
best approaches. For patients relapsing after having received up-front da-
ratumumab plus lenalidomide plus dexamethasone until disease progression
(MAIA trial), a PI-based combination without daratumumab is the logical
approach. In this setting, carfilzomib plus dexamethasone, bortezomib plus
cyclophosphamide plus dexamethasone, pomalidomide plus bortezomib
plus dexamethasone, bortezomib plus melphalan plus prednisone, or car-
filzomib plus pomalidomide plus dexamethasone are reasonable options.
Alternatively, elotuzumab plus bortezomib plus dexamethasone, selinexor
plus bortezomib plus dexamethasone, or ixazomib plus pomalidomide plus
dexamethasone could be considered. The use of daratumumab up-front in
transplant eligible patients does not represent an obstacle to the use at re-
lapse, as the current approval is for fixed duration as induction/consolida-
tion, and not maintenance.

Salvage ASCT
Front-line ASCT is the standard of care for fit patients younger than 70

years of age in many countries. Nevertheless, given the absence of an OS
benefit of front-line ASCT in patients with standard-risk disease, compared
with bortezomib plus lenalidomide plus dexamethasone followed by lena-
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lidomide maintenance, for example, some investigators and patients prefer
to delay ASCT to the time of the first relapse, after harvesting and storing
stem cells during induction.3 In this setting, salvage ASCT should be sy-
stematically considered in patients who have never previously received a
transplant. One issue is the selection of the optimal reinduction regimen
before salvage ASCT, especially for patients progressing on front-line, long-
term len therapy. Few data are available regarding reinduction regimens.
Salvage ASCT can also be considered in patients progressing after front-
line ASCT.6 The most important prognostic factor for PFS after salvage
ASCT is the duration of remission after the first ASCT procedure. Since
front-line ASCT followed by len maintenance is associated with a median
duration of response of 50 months, salvage ASCT should not be recom-
mended for patients with a response duration of less than 3 years after the
first ASCT, but this cutoff is arbitrary and could be reduced to 2 years if the
patient has not received maintenance therapy.

Treatment of relapsed and refractory disease after two or more pre-
vious lines of therapy (Table 2)

The treatment of patients with RRMM who have received two or more
previous lines of therapy is becoming particularly challenging. Lenalido-
mide and bortezomib are often used as part of front-line therapy or at first
relapse. MoAbs (eg, daratumumab and elotuzumab) and carfilzomib are
also being increasingly used during the first two lines of treatment. There-
fore, at the time of the second relapse, all agents considered but not used
for first relapse can be considered again. Enrolling the patient in a clinical
trial, when available, should always be considered.1,2

Table 2. Treatment of patients with relapsed and refractory disease who
have received two or more previous lines of therapy.

Abbreviations: BCMA=B-cell maturation antigen; CAR=chimeric antigen re-
ceptor; DKd=daratumumab plus carfilzomib plus dexamethasone;
DPd=daratumumab plus pomalidomide plus dexamethasone; Elo-Pd=elo-
tuzumab plus pomalidomide plus dexamethasone; Isa-Kd=isatuximab plus
carfilzomib plus dexamethasone; Isa-Pd=isatuximab plus pomalidomide plus
dexamethasone; KPd=carfilzomib plus pomalidomide plus dexamethasone;
PCd=pomalidomide plus cyclophosphamide plus dexamethasone; Pd=po-
malidomide plus dexamethasone; VdT-PACE=bortezomib plus dexametha-
sone plus thalidomide plus cisplatin plus doxorubicin plus cyclophosphamide
plus etoposide. 

Few phase 3 trials have focused on patients who have received two
or more previous lines of therapy. In patients whose disease has progres-
sed after treatment with bortezomib and lenalidomide, pomalidomide
plus dexamethasone has been considered as standard of care. This com-
bination has been compared with isatuximab plus pomalidomide plus
dexamethasone in the ICARIA trial in patients previously treated with
two or more lines of therapy including lenalidomide (92% refractory)
and a proteasome inhibitor. Isatuximab-pomalidomide-dexamethasone
significantly extended PFS in comparison with the doublet. Two other
antibody-based combinations can be considered for patients with advan-
ced disease. In the randomised phase 2 ELOQUENT-3 trial, patients who
had received at least two previous lines of therapy were randomly assi-
gned to receive either elotuzumab plus pomalidomide plus dexametha-

sone or pomalidomide plus dexamethasone; the triplet combination sho-
wed significantly prolonged PFS. The phase 3 APOLLO study (EMN14)
compared pomalidomide plus dexamethasone versus daratumumab plus
pomalidomide plus dexamethasone in patients refractory to lenalidomide
and proteasome inhibitors. 11% of the patients had received at least one
previous line of therapy (median 2), and 80% were refractory to lenali-
domide. Again, the triplet combination significantly prolonged PFS. A
simple and inexpensive option to improve the results of pomalidomide
plus dexamethasone when other agents are not available is the addition
of cyclophosphamide to this treatment combination. Although no direct
comparisons are available from phase 3 studies, several phase 2 trials
have shown that the median PFS of pomalidomide plus cyclophospha-
mide plus dexamethasone is approximately 7–9 months, compared with
4–6 months for the same subgroup of patients treated with pomalidomide
plus dexamethasone alone. 

Additional options for patients with relapsed and refractory disease
after two or more previous lines of therapy

The outcome is very poor for patients whose MM has become re-
fractory to PIs, IMiDs, and anti-CD38 Abs, with one study showing that
these patients have a median overall survival of only 5·6 months.7 In this
setting, intensive chemotherapeutic combinations, such as bortezomib
plus dexamethasone plus thalidomide plus cisplatin plus doxorubicin
plus cyclophosphamide plus etoposide, can be used, although prospec-
tive data are not available for these combinations.

Selinexor, a selective inhibitor of nuclear export compound that
blocks exportin 1 and forces nuclear accumulation and activation of tu-
mour suppressor proteins, has been evaluated in combination with de-
xamethasone in patients previously exposed to (individually or in
combination) bortezomib, carfilzomib, lenalidomide, pomalidomide, da-
ratumumab, or an alkylating agent and had disease refractory to at least
one proteasome inhibitor, one immunomodulatory agent, and daratumu-
mab (triple-class refractory) in the phase 2 STORM study, showing an
overall response rate of 30% and PFS of 3.7 months. One problem with
selinexor is its safety profile: about 25% of the patients experienced
grade 3 fatigue, gastrointestinal toxicity, and thrombocytopenia, but these
side-effects are more manageable with less frequent doses and supportive
care. 

Melflufen (melphalan flufenamide) is a first-in-class anti-cancer pep-
tide-drug conjugate that rapidly delivers an alkylating payload into tu-
mour cells. This agent has been tested in combination with
dexamethasone in patients with RRMM who had received two or more
previous lines of therapy (including lenalidomide and bortezomib) and
were refractory to their last line of therapy. The overall response rate is
approximately 30%, median PFS 4.2 months, and median OS was 11.6
months.

B-cell maturation antigen (BCMA; also known as TNFSRS17) pro-
motes multiple myeloma pathogenesis in the bone marrow microenvi-
ronment and is a very specific multiple myeloma target antigen.
Immunologically based therapies targeting BCMA show promise in
phase I/II studies, independent of genetic heterogeneity and genetic risk,
even in patients with multiple myeloma with no other treatment options.
These agents include antibody–drug conjugates, autologous chimeric an-
tigen receptor engineered T cells (CAR T cells), and bispecific T cell or
NK engagers. Little data are yet available for bispecific agents, and early
clinical trials are ongoing. 
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HEMATOPOIETIC STEM CELL TRANSPLANTATION ACTIVITY
DURING COVID-19 PANDEMIA

F. Ciceri 

Presidente GITMO

Gitmo centers conducted a retrospective survey on HSC transplanta-
tion activity at time of Covid-19 pandemia.

The period March 2020- July 2020 was comopared to same period in
2019. 

Overall, 2020 allogeneic HSCT activity was 2.4% reduced as com-
pared to 2019. Interestingly, HSCT in acute leukemias was + 5.7% in-
creased.

HSCT source was preferentially peripheral blood in 2020 (+10%) and
overall 97.4% of transplant products were cryopreserved after collection
for safety reasons, given the uncertainty of transportation during pan-
demia.

Gitmo centers, Italian Bone Marrow Donor registry and Centro
Nazionale Trapianti overall guaranteed the continuity of transplant activ-
ity during Covid-19 pandemia.

CORD BLOOD TRANSPLANTATION: IS STILL AN OPTION? 

Ruggeri A.

Hematology and BMT unit, IRCCS San Raffaele Scientific Institute,
Milano, Italy; Eurocord, Hopital Saint Louis, Paris, France

Hematopoietic stem cell transplantation (HSCT) has significantly
improved and changed over time and nowadays, when an HLA-matched
sibling is lacking, matched or mismatched unrelated donors (MUD,
MMUD), umbilical cord blood (UCB) units and full-haplotype mis-
matched family members (haploidentical donors) are largely used.1 Cord
blood has been widely adopted for the treatment of both non-malignant
and malignant hematological diseases2. Due to the immaturity of the im-
mune system at birth, less alloreactive T cells are present in the graft.
Consequently, after UCBT the incidence and severity of acute and
chronic graft-versus host disease (GVHD) is decreased in comparison
to other graft sources3 with, on the other hand, a delayed immune-recov-
ery and an increased risk of infections. UCB allows for less stringent
matching criteria for HLA-donor recipient selection and extends the ac-
cess to transplantation to patients for whom a MUD cannot be identified,
especially in racial and ethnic minorities, still underrepresented in inter-
national registries.4 To date, the global inventory of UCB units available
for transplant in public cord blood banks (CBB) is more than 750 000
and more than 35 000 umbilical cord blood transplantation (UCBT) have
been performed worldwide (www.wmda.info). New application of cord
blood derived stem cells, also for immunotherapy using chimeric antigen
receptors, are currently under investigation in clinical trials, opening new
horizons for the use of UCB units. 

Criteria for cord blood unit selection in patients: cell dose and HLA
matching 

TNC, colony-forming units, and CD34+ cells are the most important

prognostic factors for outcomes of UCBT, mainly engraftment, mortality
and overall survival, as demonstrated over the last years5. 

The minimum of 2.5-3×10e7/kg of TNC at cryopreservation should
be obtained in a single UCB unit for transplantation in patients with ma-
lignant diseases6. The threshold for TNC should be higher reaching
5x10e7/Kg at cryopreservation in non-malignant diseases, to overcome
the higher risk of associated graft failure7. When selecting the UCB unit,
TNC is the standard requirement for the selection of the UCB unit in the
CBB, in association with the CD34+ cell dose, whose dose is not clearly
standardized across the different cell therapy laboratories. However, the
mainly recommended threshold for CD34+ cell dose is 1-1.5x10e5/Kg
at cryopreservation, especially when more than one unit meeting the
required TNC criteria are available.

Low resolution HLA matching for UCB units is generally based on
3 loci (HLA-A, -B at antigenic level, and -DRB1 at allelic level), with a
maximum of 2 out of 6 HLA mismatches being considered acceptable,
as a higher incidence of NRM is associated with greater mismatches.
More recently, in a study analyzing the effect of the HLA C on UCBT,
Eurocord and NMDP/CIBMTR8 reported higher NRM in patients re-
ceiving an UCB unit with a mismatch at HLA locus-C. In addition, con-
comitant mismatching at HLA-C and -DRB1 was associated with a
highest risk of mortality. Later, a collaborative study from the same
group9 analyzed the effect of full allelic typing for HLA-A, -B; -C; and
–DRB1 on UCBT outcomes, reporting significant reduction in mortality
for 8/8 and 7/8. The advantage of allelic level matching was also recently
confirmed in children with non-malignant disease10. These important
findings helped in reassessing the strategy for UCB unit selection and
supported the need for public CBB to expand the UCB unit inventory
including the typing at locus C and the allele level matching.

The current criteria for donor selection recommend considering
allele-level HLA matching at HLA-A, HLA-B, HLA-C, and HLA-DRB1
both for malignant and non-malignant diseases and to select UCB unit
with no more than 2 HLA mismatches.

Ex-vivo expansion of cord blood stem cells
Currently, multiple strategies are under investigation mainly aiming

to increase the progenitor cells of a cord blood graft. Delaney et al.
showed that a rapid myeloid reconstitution after UCBT was possible with
a Notch-mediated ex-vivo expansion of human cord blood progenitor
cells and infusion of a non-manipulated cord blood unit along with
another unit expanded ex-vivo. The same group is currently assessing
the use of an “off-the-shelf’” expanded UCB product in a phase II study
that is currently ongoing (NCT01690520).

A different platform for progenitor cell expansion was reported by
De Lima and colleagues using mesenchymal stromal cell co-culture
(mesoblast) allowing shorter time to engraftment than the historical
control. The use of a single cord blood unit expanded ex vivo with
nicotinamide, as “stand alone graft”, was recently reported by Horwitz
et al on patients with hematological diseases. 

Other strategies of UCB ex vivo expansion, or the use of agents to
enhance UCB homing to the marrow have also been described. In
addition, some groups have also reported encouraging results using the
direct intra-bone marrow injection of the UCB unit, or co-infusion of a
cord blood unit with a haploidentical T cell depleted graft. Promising
results have been reported with the above-mentioned strategies, however
they remain experimental and definitive conclusions cannot yet be drawn
on their reproducibility, cost-efficiency, and long-term outcomes. 
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HLA-HAPLOIDENTICAL STEM CELL TRANSPLANTATION FOR
NON-MALIGNANT DISORDERS

M. Algeri 

Department of Pediatric Hematology and Oncology, Scientific Institute
for Research and Healthcare (IRCCS), Bambino Gesù Childrens’ Ho-
spital, Rome, Italy

Introduction
Allogeneic hematopoietic stem cell transplantation (HSCT) has com-

pletely revolutionized the natural history of several life-threatening or
invalidating non-malignant disorders (NMDs), including primary im-
mune deficiencies (PIDs), bone marrow failure syndromes and
hemoglobinopathies. Over the last decades, the advent of reduced toxi-
city conditioning regimens, progress in high-resolution HLA-typing
techniques and advances in supportive care have enormously enhanced
the safety and efficacy of HSCT. As the outcome of transplantation im-
proved, the number of non-malignant conditions amenable to definitive
treatment by HSCT has continued to grow, placing ever-increasing de-
mands on the pool of stem cell donors. However, the probability of iden-
tifying a fully compatible, non-affected sibling is theoretically less than
25%; in western countries it has been calculated that, mainly because of
low birth rate, this probability drops to less than 20% in the first 5 years
of life. For those patients lacking an HLA-identical sibling, the likelihood
of identifying a fully-matched unrelated donor (MUD) depends mainly
on the ethnicity of the patient, this reflecting the number of donors pre-
sent in the international databases. Caucasian patients of European de-
scent have the highest probability of finding such a donor (around 75%),
while blacks of South or Central American descent have the lowest
(16%). Furthermore, the search for an HLA-matched volunteer donor
may result in unacceptable delay in certain diseases, such as severe com-
bined immunodeficiency (SCID), for which the goal is to proceed to
transplantation as early as possible after diagnosis. In the absence of an
HLA-matched donor, HLA-haploidentical relatives are being increas-
ingly used to offer the chance of an allograft to any patient in need of
transplantation. Indeed, the majority of patients has a family member,
identical for one HLA haplotype and fully mismatched for the other (i.e.,
HLA-haploidentical), who can immediately serve as hematopoietic stem
cell (HSC) donor. Besides availability for almost all patients, transplan-
tation from an HLA-haplotype-mismatched family member offers other
several advantages, among which no delay in graft procurement, the pos-
sibility to select the best donor from a panel of candidate members, and
easy access to donor-derived cellular therapies whenever required after
transplantation. The significant growth in the use of haploidentical
donors is primarily the result of the successful development of several

novel methods to overcome the alloreactivity generated by major donor–
recipient human leukocyte antigen (HLA)-disparity, and improvements
in prevention and treatment of post-transplant complications, such as pri-
mary graft failure, delayed immunologic recovery or graft-versus-host
disease (GvHD) (Figure 1). 

Figure 1. T cell-depleted and T cell-replete haploidentical HSCT strategies
employed in non-malignant diseases.

History of haploidentical HSCT in non-malignant disorders
In the context of NMDs, the great majority of studies regarding

haplo-HSCT have historically focused on T-cell depleted (TCD) plat-
forms. Since donor-derived T lymphocytes contained in the graft are the
major mediators of severe alloreactions in haploidentical HSCT (haplo-
HSCT), various attempts have been made to overcome the risk of GvHD
by depleting T cells from the graft prior to infusion. In 1983, Reisner
and colleagues reported the first successful correction of severe com-
bined immunodeficiency (SCID) by T-cell depleted haplo-HSCT using
differential agglutination with soybean agglutinin (SBA) and subsequent
E-rosette depletion (SBA-E). In the Stem Cell Transplant for primary
Immune Deficiencies in Europe (SCETIDE) report on children with
SCID transplanted from 1983–1995, the majority of HLA haplo–HSCT
performed in European centers using marrow as graft source were de-
pleted of T-cells by using SBA-E. The overall survival (OS) following
such grafts was 52%. However, subsequent studies revealed that, outside
of the SCID setting, graft failure (GF) represented a non-negligible prob-
lem in TCD transplantation from donors other than HLA-matched sib-
lings. The introduction of more effective and standardized approaches
for TCD based on immune-adsorption to antibody�coated paramagnetic
beads, allowed rapid purification of CD34+ progenitor from granulocyte
colony-stimulating factor (G-CSF)-mobilized peripheral blood stem cells
(PBSC). Thanks to this strategy, it was possible to obtain high doses of
CD34+ progenitors (>10 × 106/ kg) to be infused, while limiting T-cell
doses to <104 CD3+ T cells/kg. The use of such “megadoses” of
hematopoietic progenitors represented another milestone in the field of
haplo-HSCT, allowing to overcome the barrier of HLA incompatibility
in the donor/recipient pair and to elude the residual anti-donor cytotoxic
T-lymphocyte activity of the recipient. This approach has been widely
employed in SCID patients, offering the opportunity to improve the out-
come of HSCT from mismatched donors, as documented by both SCE-
TIDE and Primary Immune Deficiency Treatment Consortium (PDTIC)
reports. The feasibility of TCD haplo-HSCT using CD34+ stem cell se-
lection, after a reduced-intensity, fludarabine-based conditioning regi-
men, has been also demonstrated in pediatric patients affected by
Fanconi anemia (FA). In addition, the Pesaro group reported in 2010 the
outcomes of 22 children given a TCD HSCT from a haploidentical rel-
ative after a busulfan-based conditioning regimen. The majority of pa-
tients (n=14) received CD34+-mobilized peripheral blood and bone
marrow progenitor cells. The pretransplant protocol consisted of an in-
tensive hypertransfusion regimen combined with a ‘preconditioning’ reg-
imen with hydroxyurea and azathioprine. Two patients died (cerebral
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Epstein-Barr virus lymphoma or cytomegalovirus pneumonia), 6 patients
rejected their grafts, and 14 showed full chimerism with functioning
grafts at a median follow-up of 40 months.

Evolution of T Cell Depletion Strategies: From Positive Selection to
Negative Depletion

The main limitation of haplo-HSCT platform based on positive se-
lection of CD34+ cells is represented by delayed immune reconstitution
consequent to the elimination of T cells from the graft, essential for pre-
venting GvHD occurrence. In fact, with this procedure, recipients cannot
benefit from the adoptive transfer of donor memory T lymphocytes,
which, through peripheral expansion, are mainly responsible for protec-
tion from infections in the first months after transplantation. A profound
immune deficiency has been documented to last for at least 4–6 months
after CD34+ TCD haplo-HSCT and to translate into an increased risk of
transplant-related mortality (TRM), mainly attributable to severe infec-
tions.  In the last decade, technical improvements in immunomagnetic
cell selection have enabled further refinements in graft manipulation
strategies. In particular, the introduction of negative depletion of T-cell
receptor (TCR) αβ+ T lymphocytes and CD19+ B-cells has allowed to
retain in the graft not only donor hematopoietic stem cells, but also com-
mitted hematopoietic progenitors, as well as mature natural killer (NK)
and TCRγδ+ T cells. These two latter subsets may exert a first line of
defense against pathogens and it has been hypothesized that they may
also facilitate engraftment¸ without increasing the risk of both acute and
chronic GVHD. In 2014, Bertaina et al published the first report on 23
children affected by life-threatening NMDs given an HLA-haploidentical
graft manipulated through this innovative approach. No patient received
any post-transplant pharmacologic GVHD prophylaxis. In view of the
high OS and DFS (91.1%) coupled with the low incidence of acute
GVHD (13.1%) and the absence of chronic GVHD, these pilot study
suggested that TCRαβ+/CD19 TCD haplo-HSCT could represent a suit-
able treatment option for children with life-threatening diseases lacking
an HLA-identical sibling. More recently, the same group reported the re-
sults of 70 consecutive children affected by primary immunodeficiencies,
inherited/acquired bone marrow failure syndromes, red blood cell dis-
orders or metabolic diseases, lacking a fully-matched donor or requiring
urgent transplantation, and given a TCRαβ/CD19 TCD haploidentical
HSCT from an HLA-partially matched relative. Nineteen patients were
already reported in 2014. Median age at transplant was 3.5 years (range
0.3-16.1); median time from diagnosis to transplant was 10.5 months
(2.7 for SCID patients). Primary engraftment was obtained in 51 patients.
Median time to neutrophil and platelet recovery was 14.5 (range 9-33)
and 10 days (range 7-51), respectively. Nineteen and 2 patients experi-
enced either primary or secondary GF, the overall incidence of this com-
plication being 30.4%. Most GF cases were observed in children with
disease at risk for this complication (e.g., aplastic anemia, thalassemia).
All but 5 patients experiencing GF were successfully retransplanted. Six
patients died of infectious complications (4 had active/recent infections
at time of HSCT), the cumulative incidence of TRM being 8.5%. Cu-
mulative incidence of grade I-II acute GVHD was 14.4% (no patient de-
veloped grade III-IV acute GVHD). Only one patient at risk developed
mild chronic GVHD. With a median follow-up of 3.5 years, the 5-year
probability of overall and disease-free survival was 91.4% and 86.8%,
respectively.  These results have been paralleled by other groups, which
focused mainly on primary immunodeficiencies (PIDs). In addition,
promising results were observed in patients with advanced stage sickle
cell disease and given an TCRαβ/CD19 TCD haplo-HSCT after a treo-
sulfan-based condition regimen.  All studies confirmed the low incidence
of both acute and chronic GVHD, with encouraging survival results, in-
fections being the main cause of TRM. Since viral infections in particular
still represent one of the major limitations of TCRαβ/CD19 TCD haplo-
HSCT, carrying significant morbidity and mortality, several strategies

have been investigated in order to facilitate the recovery of adaptive im-
munity in this setting. A recent randomized trial testing the efficacy of
repeated infusions of naïve-depleted (CD45RA-depleted) DLI after
TCRαβ+/CD19-depleted haplo-HSCT failed to demonstrate a clinical
effect in the study population. On the contrary, Roy and colleagues
demonstrated a reduction of TRM in TCD haplo-HSCT setting with the
use of allo-depleted DLI as compared to TCD-HSCT alone. Our group
recently tested the use of genetically-modified donor T-lymphocytes
(transduced with the inducible Caspase-9 safety switch, which can be
activated in case of uncontrolled GVHD), showing feasibility and en-
couraging results in terms of survival and immune-recovery. 

T Cell-Replete Haploidentical Transplantation platforms 
Literature has been largely silent on the use of unmanipulated haplo-

HSCT for the treatment of non-malignant disorders. The main reason for
this lack of interest must be found in the unacceptably high rates of graft
rejection and severe GVHD documented by first attempts with this ap-
proach in both the malignant and non-malignant setting. However, the
situation has dramatically changed in the last decade, thanks to the im-
pressive results obtained with unmanipulated haplo-HSCT strategies in
adult patients affected by malignant diseases. On the basis of these data,
T-cell repleted haplo-HSCT is increasingly considered as alternative ther-
apeutic strategy for patients with selected non-malignant diseases who
do not have a matched sibling or a MUD.

The first unmanipulated approach, pioneered by the Johns Hopkins
group, relies on the use of post-transplantation cyclophosphamide
(PTCY). In the non-malignant setting, T-cell repleted haploidentical
HSCT followed by PTCY was employed for the first time for the treat-
ment of 2 adult patients with hemolytic paroxysmal nocturnal hemoglo-
binuria (PNH) and 1 with both PNH and SCD, following a
nonmyeloablative conditioning regimen. Rapid and sustained engraft-
ment without GVHD occurred in two patients, including the one with
SCD, while one died of fungal sepsis.  In 2012, the same group reported
the outcome of 14 adult patients with SCD who underwent HSCT from
related haploidentical donors.  These patients were conditioned with a
nonmyeloablative conditioning regimen including 2 Gy total body irra-
diation (TBI), while GVHD prophylaxis consisted of  PTCY, mycophe-
nolate mofetil (MMF) , and tacrolimus or sirolimus. Although this cohort
had an OS of 100% at almost 2 years post transplantation, with no doc-
umented cases of GVHD, graft rejection was a major problem, being ob-
served in 6 patients. With the aim of reducing the rate of GF, de la Fuente
and colleagues evaluated the addition of thiotepa to the Johns Hopkins
nonmyeloablative conditioning platform followed by infusion of marrow
allografts and PTCy-based GVHD prophylaxis regimen. Among the 15
patients who were treated with this approach, no cases of GF were de-
tected and greater than 95% myeloid engraftment was noted after at least
6 months of follow-up in 93% (14/15) patients. Another strategy to im-
prove the rate of engraftment is based on the increase of the TBI dose in
the nonmyeloablative conditioning regimen to 400 cGy from 200 cGy.
Recently, a group from Thailand investigated the use of PCTY-based
haplo-HSCT in 83 children and young adults affected by severe TM and
β-thalassemia/hemoglobin E. In this study, all patients received intensive
pre-transplant immunosuppressive therapy and two courses of fludara-
bine and dexamethasone, followed by a busulfan-based conditioning reg-
imen. T-cell-replete progenitor cells were collected from peripheral blood
after G-CSF administration. The 3-year OS and EFS were 96%, without
cases of secondary graft failures. Six (7%) of 83 patients developed se-
vere GVHD. In addition, several groups reported encouraging results
with the use of PCTY-based haplo-HSCT in patients affected by SAA.
Despite that, until very recently there were only isolated reports on the
successful use of PCTY-based haplo-HSCT in benign disorders other
than SAA and hemoglobinopathies. Results from the 2 largest studies
published so far, including 27 and 73 patients, respectively (most of
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whom affected by PIDs), showed that haplo-HSCT followed by PCTY
is feasible and characterized by high engraftment rate, but at the price
of high incidence of both acute and chronic GVHD (ranging between
33-46% and 16-24%, respectively). Indeed, suboptimal control allore-
activity, resulting from variable Cy metabolism in children, may be one
of the major drawbacks of this approach in the treatment of NMDs.

Another unmaninuplated haplo-HSCT strategy, pioneered by the
Beijing group, combines myeloablative conditioning, T-cell modulation
with G-CSF-primed BM and PBSC grafts, ATG and intensive multiagent
GVHD prophylaxis with cyclosporine, MMF and methotrexate. In the
non-malignant setting, this approach has been almost exclusively inves-
tigated, with some modifications, for the treatment of refractory SAA.
Although results obtained with this protocol in SAA are promising, avail-
able data also suggest that it carries a higher incidence of both acute and
chronic GVHD when compared with PCTY-based or TCD haplo-HSCT.

Conclusions
Available data suggest that haplo-HSCT is a suitable option for the

definitive treatment of an ever-widening spectrum of non-malignant dis-
orders, in the absence of an HLA-identical donor. Moreover, while the
use of haploidentical donors can extend safe transplantation to virtually
all patients in need, the immediate availability of the haploidentical donor
allows performing such procedure without undue delay, anticipating the
development of life-threatening infections or severe disease-specific
organ complications.  In recent years, gene therapy, either through gene
addition or genome-editing is increasingly being tested in advanced clin-
ical trials for several NMDs and has already received regulatory approval
for the treatment of ADA-SCID and transfusion-dependent Beta-Tha-
lassemia. However, since specific vectors or genome-editing targets have
to be identified, developed and studied individually for each disease-
causing gene, HSCT remains the sole curative option for several different
conditions.

The excellent results obtained with TCR αβ+/CD19+ TCD haplo-
HSCT, for which success rates exceeding 90% have been reported, could
challenge, in the near future, the current hierarchical algorithm in which
MUD and UCBT are preferred to haploidentical donors. Moreover, the
platform of TCRαβ+/CD19+ TCD haplo-HSCT is amenable of further
refinements by the adoptive transfer of donor T lymphocytes transduced
with suicide genes, thereby paving the way for even better results.

Alternatively, an unmanipulated haploidentical graft could represent
an option in selected, life-threatening conditions. However, with respect
to TCD haplo-HSCT, T-cell replete approaches have been so far charac-
terized by a higher incidence of both acute and chronic GVHD, compli-
cation that are particularly detrimental in children with NMDs. Indeed,
in the comparison between TCD and T-cell replete strategies, it is critical
to consider that any risk of GVHD  is unacceptable in NMDs, since it
cannot be balanced by a stronger graft-versus-leukemia effect as seen in
malignant diseases and may severely impair the quality of life in subjects
with a long life expectancy. On the other hand, the risk of GF is the most
challenging obstacles to be overcome with TCRαβ+/CD19+ TCD haplo-
HSCT, particularly in those sub-groups of patients at known risk for this
type of complication (such as HLH, thalassemia, SAA or osteopetrosis).
It may be argued that T-cell depletion in conjunction with adoptive trans-
fer of selected T-cell populations for accelerating immune reconstitution
requires adequate graft manipulation facilities and specialized personnel,
and might therefore be more costly. However, expenses related to T-cell
depletion may be counterbalanced by the fact that this approach does not
require GVHD prophylaxis and, nonetheless, has a reduced GVHD in-
cidence compared to T-cell replete transplants. In addition, a recent phar-
maco-economic analysis suggested that TCRαβ+/CD19+ TCD
haplo-HSCT may be cost-effective as compared to HSCT from MUD.
It is important to note that randomized studies have never been conducted
to compare T-replete and T-depleted haplo-HSCT, and the majority of
clinical data currently gathered for haploidentical transplants come from
non-randomized trials with retrospective analysis, making difficult to

prove the superiority of one specific method. Despite that, given the im-
pressive results observed in newer approaches of TCR αβ+/CD19+ TCD
haplo-HSCT, it would not be unwise to postulate that, in the near future,
this strategy might become the preferred alternative option for patients
with benign disorders without an HLA-identical sibling. Prospective
studies comparing TCD haplo-HSCT to other alternative donor sources,
including MUD and UCB, are warranted in the next few years to support
more definitive recommendations.
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IMPAIRED MEGACARYOPOIESIS IN IMMUNE THROMBOCYTO-
PENIA (ITP) 

E. Petito, E. Giglio, L. Bury, A.M. Mezzasoma, S. Mom , P. Gresele 

Section of Internal and Cardiovascular Medicine, Department of Me-
dicine and Surgery, University of Perugia, Italy

Megacaryocytes (MKs) are polyploid specialized myeloid cells localized
primarily in the bone marrow which give rise to circulating blood platelets by
a complex process called thrombopoiesis allowing to generate 1011 platelets
per day in adult humans.1 MKs differentiate from the hematopoietic stem cell
(HSC) through a complex and finely regulated process called megakaryocy-
topoiesis that includes several steps synthesized below: 
- the commitment of hematopoietic stem cell (HSC) toward the MK lineage 
- the proliferation of committed progenitors 
- megakaryocyte maturation. 

During the process of MK maturation from hematopoietic stem cell, MKs
undergo endomitosis, i.e. the replication of DNA without cell division, cyto-
plasm maturation, cytoskeletal re-organization and demarcation membrane
system (DMS) formation and expansion.1 DMS is a complex network of in-
tracytoplasmic membranes that serves as a membrane reservoir for platelet
production. DMS polarization is crucial for transendothelial proplatelet for-
mation, and must take place exclusively in the direction of the bone marrow
sinusoids to avoid ectopic platelet production.2 Ectopic platelet production in
the bone marrow has been shown to contribute to thrombocytopenia in disor-
ders, like MYH9-RD, PT-VWD and ADAP deficiency.3,4 The migration of
MKs from the osteoblastic to the vascular niche, where they release platelets
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in bone marrow sinusoids, is an essential step in thrombopoiesis and its defect
may lead to ectopic platelet production in the bone marrow and thus to throm-
bocytopenia. MKs interaction with extracellular matrix proteins of the bone
marrow microenvironment finely regulate MK maturation and platelet release
within bone marrow. Interactions with matrices of the vascular niche, such as
fibrinogen (FBG) or von Willebrand factor (vWF), trigger pro-platelet release
in blood, while the interaction with type I collagen totally suppresses platelet
release in the osteoblastic niche thus preventing ectopic platelet production.1
Immune thrombocytopenia (ITP) is a complex, multifactorial and heteroge-
neous disorder in terms of clinical manifestations and response to therapy, with
a not completely elucidated pathogenesis. It is characterized by isolated throm-
bocytopenia and bleeding. It is an autoimmune disorder caused by the gener-
ation of autoantibodies directed against some platelet and megakaryocyte
surface glycoproteins. To date, the glycoproteins against which autoantibodies
have been found are αIIbβ3-GPIIb/IIIa, α2β1-GPIa/IIa, GPIb/IX/V, GPIV,
GPVI, αvβ3

5. Thrombocytopenia in ITP is caused by increased platelet destruc-
tion in peripheral blood with shortened life span but also by impaired platelet
production. Increased peripheral platelet clearance is caused by phagocytosis
of autoantibodies opsonized platelets platelet recognized by phagocytes bear-
ing Fcγ-receptors (FcγRs). Moreover, autoantibody-independent mechanisms,
such as T cell-mediated cytotoxicity, are also involved in platelet destruction5.
However, platelet autoantibodies were also detected in the bone marrow aspi-
rate samples of more than half (56%) of patients with ITP, that together with
the reported higher levels of immunoglobulin G (IgG)-coated megakaryocytes
in some ITP patients, suggest that the bone marrow may be a pathologically
relevant site where autoimmune reactions occur.6 In support of the pathogenetic
role of antiplatelet autoantodies on megakaryopoiesis and thrombopoiesis in
ITP, some observations have been reported evaluating the effect of these au-
toantibodies on megakaryocyte differentiation, maturation and survival;
megakaryocyte migration and adhesion on extracellular matrix proteins present
in bone marrow microenvironment and proplatelet formation. Conflicting re-
sults regarding the link between a defective megakaryocyte differentiation,
maturation and survival and thrombocytopenia in ITP patients are present in
literature. McMillan R. et al. demonstrated that MK differentiation and mat-
uration were impaired in the presence of some of the tested plasma from pa-
tients with chronic ITP.7 While Yang L. et al. supposed that abnormal
megakaryocyte apoptosis and maturation observed in the presence of ITP plas-
mas might be responsible for persistent thrombocytopenia in ITP8, Lev P.R. et
al reported that MK maturation was not influenced by the presence of ITP
plasma, while MK apoptosis, was significantly increased in the presence of
ITP plasma, but this reduction of viable MKs did not correlate with the ob-
served reduction in proplatelet formation.9 αvβ3 autoantibody seems do not
have a role in MK maturation and survival.10 An impaired MK adhesion and
spreading on type I collagen, fibrinogen and VWF in the presence of ITP serum
bearing autoantibodies against anti-α2β1, anti-αIIbβ3 and anti-GPIb/IX/V, re-
spectively11, has been reported, pointing out the role of these autoantibodies in
altering the interaction between megakaryocyte glycoproteins and their cor-
responding extracellular matrix ligands and thus, megakaryocytic behavior
within the BM environment.11 Autoantibodies against integrin αvβ3 impair
MK adhesion to fibrinogen and to vascular endothelial cells, as well as MK
migration towards SDF-1α probably through suppression of cellular signals
mediated by AKT, SRC and FAK10. Proplatelet formation evaluated in MKs
cultured on surface coated with VWF was reduced in the presence of ITP plas-
mas bearing anti-GPIb/IX/V autoantibodies11 and on fibrinogen in the presence
of anti-αIIbβ3 and anti-αvβ3 autoantibodies.9–11 Recalcified plasma from ITP
patients bearing anti-α2β1 autoantibodies interfere with the normal inhibition
of proplatelet formation exerted by type I collagen.9 However, apart from the
effect of anti-αvβ3 autoantibodies on MK migration, there is a lack of studies
on the effect of ITP autoantibodies on MK migration and no studies at all on
the impact of ITP autoantibodies on MK polarization and DMS formation.
Thus the effect of antiplatelet autoantibodies on these crucial steps of platelet
production should be the next step to further investigate the pathogenesis of
ITP. In fact, it has been hypothesized that the heterogeneity among ITP patients,
with regard to both clinical features and response to treatment, could be the
results of the multiple mechanisms contributing to ITP immunopathogenesis.11

Moreover, given the growing importance given to the bone marrow as a patho-
logically relevant site where autoimmune reactions occur, further studies, per-
haps standardizing the experimental conditions used to evaluate all the steps
of megakaryocytopoiesis and thrombopoiesis, should be conducted. In addi-
tion, a larger and perhaps multicentric study including a huge number of ITP
serum samples, thus trying to resolve the heterogeneity of the epitope, titer
and avidity of antiplatelet autoantibodies often highlighted as a limitation of
the studies reported in literature, seems to be necessary to further shed light
on the pathogenetic mechanisms of thrombocytopenia in ITP patients that re-
mains still unclear.
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PATHOGENETIC MECHANISMS OF THROMBOCYTOPENIA IN
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Policlinico Universitario “A. Gemelli” IRCC - e  Università Cattolica
S. Cuore, Roma, Italy

The pathogenetic mechanisms of thrombocytopenia in thrombotic mi-
croangiopathies (TMAs) are complex and involve different factors with a wide
range of clinical severity. Thrombotic thrombocytopenic purpura (TTP) is an
acquired rare thrombotic microangiopathy characterized by microangiopathic
hemolytic anemia, severe thrombocytopenia, and ischemic end-organ injury
due to microvascular platelet-rich thrombi. TTP results from a severe defi-
ciency of the von Willebrand factor (VWF)-cleaving protease, ADAMTS13
(a disintegrin and metalloprotease with thrombospondin type. The ADAMTS-
13 deficiency leads to an accumulation of the ultra-large VWF multimers that
are the most efficient VWF forms able to interact and activate platelets. The
increased interaction between these ultra-large VWF multimers and platelets
(via the GpIb receptor) activates and aggregates these cells in the microcircu-
lation, causing a severe thrombocytopenia with ischemic lesions occurring
downstream of the platelet-rich thrombi. Other forms of TMAs are character-
ized by different pathogenesis. Hemolytic uremic syndrome (HUS) is a throm-
botic microangiopathy characterized by intravascular hemolysis,
thrombocytopenia, and acute kidney failure. HUS is usually categorized as
typical, caused by Shiga toxin-producing Escherichia coli (STEC) infection,
as atypical HUS (aHUS), usually caused by uncontrolled complement activa-
tion, or as secondary HUS with a coexisting disease. In recent years, a general
understanding of the pathogenetic mechanisms driving HUS has increased.
The common pathogenetic features in STEC-HUS, aHUS, and secondary
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HUS are simultaneous damage to endothelial cells, intravascular hemolysis,
and activation of platelets leading to a pro-coagulative status, formation of mi-
crothrombi, and tissue damage. Common for the pathogenesis in        STEC-
HUS, aHUS, and secondary HUS seems to be the vicious cycle of complement
activation, endothelial cell damage, platelet activation, and thrombosis. The
knowledge of the above pathogenetic mechanisms   of TMAs has recently al-
lowed identifying successfully tailored therapies with recently developed
drugs, proved helpful in clinical practice.

DIAGNOSTIC VALUE OF MORPHOLOGY IN MYELOPROLIFE-
RATIVE NEOPLASMS

Orazi A1, Zini G2

1Tenured Professor of Pathology, Paul L. Foster School of Medicine,
Texas Tech University Health Sciences Center, El Paso, Texas; 2He-
matology Associated Professor. Fondazione Policlinico Universitario
A. Gemelli IRCCS – Roma, Università Cattolica del Sacro Cuore

Myeloproliferative neoplasms (MPN) are clonal hematopoietic stem cell
disorders characterized by proliferation of one or more of the three myeloid
lineage. According to the revised WHO 2017 classification, the entities in-
cluded into MPN are Chronic Myeloid leukaemia BCR-ABL1 positive
(CML), Chronic neutrophilic leukaemia (CNL), Polycythaemia vera (PV) Pri-
mary myelofibrosis (PMF), Essential thrombocythaemia (ET), Chronic
eosinophilic leukaemia, not otherwise specified (CEL-NOS), MPN unclassi-
fiable (MPN-U). All these forms are characterized at onset by an increased
cell proliferation associated with an effective maturation that determines an
increase in the peripheral blood (PB) of red blood cells, granulocytes and / or
platelets, depending on the type and the number of involved lineage(s). The
natural course of these forms is chronic and is characterized, depending on the
entity, by progressive clonal evolution towards bone marrow failure (due to
ineffective hematopoiesis or myelofibrosis) or towards acute leukemia (due
to the loss of maturation capacity with progressive increase of blasts). The cur-
rent knowledge of onco-genetic mechanisms and the availability of specific
therapeutic treatments has profoundly modified the survival and natural course
of these haematological neoplasms. An early diagnosis is essential to start spe-
cific therapeutic treatments as soon as possible to improve the quality of life
and survival of patients.The WHO 2017 classification provides specific diag-
nostic criteria for each entity both at the time of diagnosis and in the follow-
up for the identification of disease progression phases. A careful evaluation of
quantitative and qualitative aspects of peripheral blood and bone marrow as-
pirate allows an immediate diagnostic predictivity. In Table 1 are listed the
characteristics of the PB and of the bone marrow aspirate (BMA) that can pre-
dict the final diagnosis and/or the progression phases. In Table 2 are summa-
rized the distribution among subgroups of specific molecular abnormalities.
Final diagnosis must necessarily include histological evaluation of the bone
marrow in the most of the cases and always the search for specific genetic and
molecular alterations.
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PRIMARY PROPHYLAXIS OF VENOUS THROMBOEMBOLISM
IN PATIENTS AFFECTED BY HAEMATOLOGICAL MALIGNAN-
CIES (LYMPHOMA, MULTIPLE MYELOMA, ACUTE LEUKAE-
MIA): GUIDELINES FORM THE ITALIAN SOCIETY OF
HAEMATOLOGY 
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Several risk factors are involved in the pathogenesis of venous throm-
boembolism (VTE) in patients affected by cancer, these include cancer type,
central venous catheters placement, chemotherapy, radiotherapy, im-
munomodulatory drugs. The management of VTE may be quite complex
in patients with cancer, this is mainly due to an increased risk of recurrent
VTE, haemorrhages, morbidity, and hospital admissions.  With reference
to haematological malignancies, a high intrinsic risk of VTE is related to
several disease-specific factors (high blood viscosity, JAK-2 hyper activa-
tion, nephrotic syndrome and elevated cytokines levels) and treatment re-
lated factors (immunomodulatory drugs and asparaginase).  VTE
occurrence may negatively affect treatment of the underlying blood cancer
and expose patients to a higher risk of death. Furthermore, patients affected
by haematological malignancies have a particularly higher risk of bleeding
because of thrombocytopenia and hyperfibrinolysis. Defining the clinical
indication to prophylaxis of VTE is quite challenging, based on the varying
risks of VTE and bleeding complications across different haematological
malignancies and their specific treatments. Options for the treatment and
prevention of cancer associated VTE, previously mainly based on low-mol-
ecular-weight heparin (LMWH), have recently been enriched by direct oral
anticoagulants (DOACs). These agents have shown a good risk/benefit pro-
file, however they require an accurate patient-based evaluation for their po-
tential interactions with other treatments and bleeding risks. Up-to-date,
studies on the treatment of VTE in patients affected by acute leukaemia are
scant  and specific guidelines on prophylaxis of VTE in patients affected
by leukaemia and lymphoma are not available, while single consensus doc-
uments  have been developed for patients affected by multiple myeloma
and chronic myeloproliferative neoplasm (MPN)  with several limits;
guidelines on the prevention of VTE in patients with cancer have been re-
cently updated by several scientific societies,  and one National Society
(AIOM 2020).  These recommendations, however, have not been specifi-
cally conceived for patients with haematological malignancies, thus the So-
cietà Italiana di Ematologia (SIE) has recently developed the first national
evidence-based clinical practice guidelines on the administration of phar-
macological primary prophylaxis of VTE in patients affected by haemato-
logical malignancies. The SIE guidelines have used the Grading of

Recommendations Assessment, Development and Evaluation (GRADE)
methodology and adopted as reference international guideline, the last up-
dated guidelines from ITAC. The primary aim of these guidelines was to
define the primary prophylaxis of VTE schedule in patients affected by
haematological malignancies, managed in national structures, including
available options, approved for this indication in Italy and published evi-
dences. The target population of these guidelines includes patients affected
by acute leukemia, lymphoma and multiple myeloma, not under chronic
anticoagulant treatments.  The SIE guideline working group (WG) involved
Italian haematologists expert in this field (AF, VdS ,MM, AV), three
methodology experts (MM,MP, PB) one coordinator (MN), volunteer rep-
resentatives from scientific societies (MdN, AT,PT,GL) and patients (AP).
Guidelines were peer reviewed by 3 external academic clinicians (SS, FR,
RS). During the first WG teleconference encounter, recommendations from
ITAC guidelines were selected for their further analysis.  The following
benchmarks were selected:  Patients were deemed at high risk of VTE for
an estimated VTE risk of more than 5% at 6 months; A pharmacological
prophylaxis of VTE was judged acceptable for a ratio of the number needed
to treat (NNT) for symptomatic VTE prevention and the number needed to
harm (NNH) for major bleeding complications of more than 3;  The avail-
ability of oral pharmacological prophylaxis of VTE was deemed relevant
for patients’ quality of life.PICO questions and recommendations are sum-
marised in Table 1 and 2. Further studies in this field will allow to improve
the intricate management of VTE in haematological malignancies.
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CLINICAL PRACTICE FOR MULTIPLE MYELOMA PATIENTS

M.T. Petrucci 

Azienda Policlinico Umberto I, Sapienza Università di Roma, Italia

Introduction: Multiple myeloma (MM) is a malignant disease char-
acterized by proliferation of plasma cells in the bone marrow that results
in bone, renal, and hematologic complications.1,2 Similar annual inci-
dences of MM are seen across Europe and the United States, in Italy the
incidence was estimated at 11.1/ 100,000 persons (5.759 new cases per
year) [AIRTUM 2020]. The treatment of MM has drastically changed in
the past decade with the incorporation of novel agents into therapeutic
strategies resulting in substantial improvements in overall survival.3,4 The
median number of treatment lines for MM patients is two5 and the health
care cost in Italy is more than €15,000/year6-8 with a higher social cost.9
Considering the availability of several different classes of approved
agents, which can be combined in doublet, triplet, or even quadruplet, the
choice of the optimal strategy at diagnosis and at relapse represents a chal-
lenge for physicians. 

Aim: The aim of this Clinical Practice Guideline is to define the min-
imal level of therapeutic assistance and routine practice of MM patients
followed in the Italian centres according to the currently available inter-
national data and the drug accessibility in Europe. No recommendations
for the treatment of plasma cell leukaemia, POEMS and amyloidosis as
well as diagnostic process and supportive care are provided here. 

Method: An interdisciplinary panel of clinical experts on MM, mem-
bers of scientific societies (SIES, GITMO, AIOM) and a patient repre-
sentatives developed these recommendations that, before publication,
were sent for comments to external reviewers. According to the method-
ology manual of SIE (Italian Society of Haematology) guidelines, the
ASCO and CCO (American Society of Clinical Oncology / Cancer Care
Ontario) Joint Clinical Practice Guideline published in 2019 were used
as backbone, and articles, available since 2018, in EMBASE, Cochrane,
MEDLINE/PubMed were selected to provide the additional systematic
review. The Expert Panel met via teleconference, webinars, and corre-
sponded through e-mail. During the first meeting the panel decided to re-
view the clinical questions concerning the high quality of new evidence
published in the last 18 months and the new treatments approved by EMA
and decided which are the recommendations that can be “adopted” from
the ASCO/CCO guidelines and which that are to develop “de novo”.
Since January 2019, EMA approved different drug combination:
1. Daratumumab-Bortezomib-Talidomide-Desametasone for NDMM

(Newly diagnosed) transplant eligible (TE) patients 
2. Daratumumab-Bortezomib-Melfalan-Prednisone for NDMM no

transplant eligible (NTE) patients 
3. Daratumumab-Lenalidomide-Desametasone for NDMM-NTE
4. Bortezomib-Lenalidomide- Desametasone for NDMM-NTE 
5. Isatuximab-Pomalidomide-Desametasone for refractory/relapse

(RRMM) > 3^ line
6. Elotuzumab-Pomalidomide-Desametasone for refractory/relapse

(RRMM) > 3^ line
7. Bortezomib-Pomalidomide-Desametasone for refractory/relapse

(RRMM) > 2^ line (lenalidomide in one of the previous line of ther-
apy) and the subcutaneous administration of daratumumab as well as
the generic drug

1. Bortezomib Fresenius Kabi (Committee for Medicinal Products for
Human Use - CHMP 20-9-2019)

2. Lenalidomide Accord (CHMP 7-01-2020)
Based on these criteria 7 clinical questions are identify:

1. NDMM-TE: Dara-VTD vs SoC (standard of care) (VTD)
2. NDMM-TE: VRD vs SoC (VTD)
3. NDMM-NTE: Dara-VMP vs SoC (VMP, Rd)
4. NDMM-NTE: VRD vs SoC (VMP, Rd)
5. NDMM-NTE: DaraRd vs SoC (VMP, Rd)
6. MM refractory/relapse (RRMM) – 1^ or 2^ relapse: triplet’s vs dou-

blets

7. MM RRMM – 3^ relapse or more: Belantamab Mafodotin, Selinexor
Questions adopted from ASCO/CCO guidelines are:

1. Which are the response goals for the transplant-eligible patient? How
to assess it?

2. What are the options for initial therapy before transplant?
3. How many stem-cell collections we need to collect for 

NDMM-TE?
4. Which are the patient candidate to transplant?
5. How select NDMM-TE patients?
6. Which conditioning regimen for ASCT?
7. When tandem ASCT must be recommended?
8. Which patients must receive consolidation therapy?
9. Which patients must receive maintenance therapy?
10. Which strategy for high risk cytogenetic patient?  
11. When the response assessment is recommended?
12. It’s possible to make modifications to maintenance therapy 

based on depth of response?
13. Which factors must be considered to decide the initial therapy 

for transplant ineligible patients?
14. Which are the response goals for the NDMM-NTE patient?
15. Which therapy should be preferred for the NDMM-NTE patient: con-

tinuous or fixed?
16. How personalize the treatment for the NDMM-NTE patient?
17. When treatment at relapse need to be start?
18. Which therapy should be recommended for the first and second re-

lapse?
19. How long relapse treatment need to be continued?
20. Can response to second line treatment be consolidated with ASCT?
21. When allogeneic transplant should be recommended?

QUESTIONS/RECOMMENDATIONS
TRANSPLANT-ELIGIBLE POPULATION

Which are the response goals for the transplant-eligible patient? How
to assess it

The goal of initial therapy for transplant-eligible patients should be
the achievement of the best depth of remission. The quality and depth of
response should be assessed by IMWG criteria (Type: evidence based;
Evidence quality: high, benefit outweighs harm; Strength of recommen-
dation: strong). (adopted recommendation)
What are the options for initial therapy before transplant?

At least four (maximum 6) cycles of induction therapy including an
immunomodulatory drug, proteasome inhibitor, and steroids for NDMM-
TE patients. (Type: evidence based; Evidence quality: intermediate, ben-
efit outweighs harm; Strength of recommendation: moderate). (adopted
recommendation)
For NDMM-TE patients DaraVTD or VTD?

Daratumumab should be add to VTD (Type: evidence based; Evi-
dence quality: intermediate, benefit outweighs harm; Strength of recom-
mendation: moderate). (de novo recommendation)
How many stem-cell collections we need to collect for NDMM-TE?  

Ample stem-cell collection (sufficient for more than one SCT) should
be considered up front, due to concern for limited ability for future stem-
cell collection after prolonged treatment exposure (Type: evidence based;
Evidence quality: intermediate, benefit outweighs harm; Strength of rec-
ommendation: moderate). (adopted recommendation)
Which are the patient candidate to transplant?

Up-front transplant should be offered to all transplant-eligible pa-
tients. (Type: evidence based; Evidence quality: high, benefit outweighs
harm; Strength of recommendation: strong). (adopted recommendation)
How select NDMM-TE patients?

To determine eligibility for SCT, patients must be evaluated for risks
diseases, depth of response to treatment, type of induction treatment
(Type: evidence based; Evidence quality: intermediate, benefit outweighs
harm; Strength of recommendation: moderate). (adopted recommenda-
tion)
Which conditioning regimen for ASCT?
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High-dose melphalan is the recommended conditioning regimen for
ASCT (Type: evidence based; Evidence quality: high, benefit outweighs
harm; Strength of recommendation: strong). (adopted recommendation)
When tandem ASCT must be recommended?

Tandem ASCT should not be routinely recommended. It’s important
to evaluate biological risk factors, response to first ASCT and patient’s
clinical conditions. (Type: evidence based; Evidence quality: intermedi-
ate, benefit equals harm; Strength of recommendation: strong). (adopted
recommendation)
Which patients must receive consolidation therapy?

Consolidation therapy is not routinely recommended. For patients in-
eligible or unwilling to consider maintenance therapy, consolidation ther-
apy for at least two cycles may be considered (Type: evidence based;
Evidence quality: intermediate, benefit outweighs harm; Strength of rec-
ommendation: moderate). (adopted recommendation)
Which patients must receive maintenance therapy?

Lenalidomide maintenance therapy should be routinely offered to all pa-
tients starting at approximately day 90 to 110 at 10 to 15 mg daily until pro-
gression. (Type: evidence based; Evidence quality: high, benefit outweighs
harm; Strength of recommendation: strong). (adopted recommendation)
Which strategy for high risk cytogenetic patient?  

Induction therapy must be consolidated with tandem ASCT and main-
tenance therapy. When patients cannot receive lenalidomide as mainte-
nance therapy two cycles of consolidation treatment must be considerate.
(Type: evidence based; Evidence quality: low, benefit outweighs harm;
Strength of recommendation: weak). (adapted recommendation according
to Italian contest)
When the response assessment is recommended?

It is recommended that depth of response be assessed with each cycle.
Frequency of assessment once best response is attained or on mainte-
nance therapy may be assessed less frequently but at minimum every 3
months (Type: evidence based; Evidence quality: low, benefit outweighs
harm; Strength of recommendation: weak). (adopted recommendation)
It’s possible to make modifications to maintenance therapy based on
depth of response?

There is insufficient evidence to make modifications to maintenance
therapy based on depth of response, including minimal residual disease
(MRD) status (Type: informal consensus/evidence based; Evidence qual-
ity: low/intermediate, benefit outweighs harm; Strength of recommenda-
tion: moderate). (adopted recommendation)

TRANSPLANT-INELIGIBLE POPULATION
Which factors must be considered to decide the initial therapy for
transplant ineligible patients?

Initial treatment recommendations for patients with multiple myeloma
who are transplant ineligible should be individualized based on shared
decision making between physicians and patients. Multiple factors should
be considered: disease-specific factors such as stage and cytogenetic ab-
normalities, and patient-specific factors including age, comorbidities,
functional status, frailty status, and patient preferences should also be
considered (Type: evidence based; Evidence quality: intermediate, benefit
outweighs harm; Strength of recommendation: strong). (adopted recom-
mendation)
Which are the response goals for the transplant-ineligible patient?

The goal of initial therapy for transplant-ineligible patients should be
achievement of the best quality and depth of remission (Type: evidence
based; Evidence quality: intermediate, benefit outweighs harm; Strength
of recommendation: moderate). (adopted recommendation)
Which therapy should be preferred: continuous or fixed?

Continuous therapy should be preferred over fixed-duration (Type:
evidence based; Evidence quality: high, benefit outweighs harm; Strength
of recommendation: strong). (adopted recommendation)
Which therapy should be preferred: DaraVMP or standard of care
(VMP or Rd)?

DaraVMP therapy should be preferred over the standard of care
(VMP and Rd) (Type: evidence based; Evidence quality: intermediate,

benefit outweighs harm; Strength of recommendation: moderate). (de
novo recommendation)
Which therapy should be preferred: VRd or standard of care (VMP
or Rd)?

VRd therapy should be preferred over the standard of care (VMP and
Rd). Patients need to be selected with attention due to toxicity profile of
VRd. (Type: evidence based; Evidence quality: low, benefit outweighs
harm; Strength of recommendation: weak). (de novo recommendation).
Which therapy should be preferred: DaraRd or standard of care
(VMP or Rd)?

DaraRd therapy should be preferred over the standard of care (VMP
and Rd) (Type: evidence based; Evidence quality: intermediate, benefit
outweighs harm; Strength of recommendation: moderate). (de novo rec-
ommendation).
How personalize the treatment?

It is recommended that patients be monitored closely with consider-
ation of dose modifications based on levels of toxicity, neutropenia,
fever/infection, tolerability of adverse effects, performance status, liver
and kidney function, and in keeping with the goals of treatment. (Type:
informal consensus; Evidence quality: low, benefit outweighs harm;
Strength of recommendation: moderate). (adopted recommendation)

RELAPSED POPULATION
When treatment at relapse need to be start?

All clinically relapsed patients with symptoms due to myeloma should
be treated immediately (Type: evidence based; Evidence quality: high,
benefit outweighs harm; Strength of recommendation: strong). (adopted
recommendation).

Which therapy should be recommended for the first and second
relapse?

Triplet therapy should be administered on first relapse, though the
patient’s tolerance for increased toxicity should be considered. A triplet
is defined as a regimen with two novel agents (PIs, immunomodulatory
drugs, or monoclonal antibodies) (Type: evidence based; Evidence qual-
ity: high, benefit outweighs harm; Strength of recommendation: strong).
(adapted recommendation: to second relapse too)
How long relapse treatment need to be continued?

Treatment of relapsed multiple myeloma may be continued until dis-
ease progression. There are not enough data to recommend risk-based
versus response-based duration of treatment (such as MRD) (Type: evi-
dence-based; Evidence quality: intermediate, benefit outweighs harm;
Strength of recommendation: moderate). (adopted recommendation).
Can response to second line treatment be consolidated with ASCT?

ASCT, if not received after primary induction therapy, should be of-
fered to transplant eligible patients with relapsed multiple myeloma. Re-
peat SCT may be considered in relapsed multiple myeloma if
progression-free survival after first transplant is > 24-36 months or
greater (Type: evidence-based; Evidence quality: low, benefit outweighs
harm; Strength of recommendation: weak). (adopted recommendation).
When allogeneic transplant should be recommended?

Allogeneic transplant for multiple myeloma is not routinely recom-
mended but may be considered in select high-risk patients or in the con-
text of a clinical trial (Type: evidence based; Evidence quality:
intermediate, harm outweighs benefit; Strength of recommendation:
strong). (adopted recommendation).
CAR-T and other immunotherapy strategies can be recommended
at the moment?

Immunotherapy strategies targeting BCMA or other antigens on the
surface of myeloma cells, including chimeric antigen receptor T (CAR-
T) and cells bispecific T-cell engagers (BiTEs), are under clinical inves-
tigation in RRMM patients. Results of phase III studies are awaited so,
at the moment, it's not possible to give recommendations based on scien-
tific evidence.

More information is available at: https://siematologia.it/raccoman-
dazioni-linee-guida.html
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The Italian Guidelines (GL) for the management of the adult patient
with immune thrombocytopenia (ITP) represent an adaptation according
to the AGREE II tool of the 2019 ASH GL, in accordance with the
GRADE-ADOLOPMENT approach. The terminology proposed by the
Consensus of the "International Working Group (IWG) on ITP", pub-
lished in 2009, was used (Table 1). 

Table 1. Terminology and definitions based on published literature.

Table 2. Clinical questions selected by the expert panel and agreement rate.

What was recently published by the IWG in 2019, although obtained
through the Consensus mode, was also considered as a reference. The Ex-
pert Panel (EP) was composed of 5 hematologists, 1 pediatric hematolo-
gist, 1 representative of ITP patients ITP, and 2 methodologic
hematologists. The purpose of these GL was to produce clinical recom-
mendations regarding the management of adult patients with ITP. With
an estimated annual incidence of 1 to 6/100,000 people in the general
population, ITP is listed in the Rare Diseases Registry in Italy. The ab-
sence of large, randomized trials characterizes its variability in clinical
practice on the national territory. The main aim of these GL is to produce
recommendations that take the indication to start treatment, the impact of
individual treatments on the patient, the response in terms of platelet
count, adverse events and outcomes into consideration, based on the sys-
tematic review and critical evaluation of the evidence available in litera-
ture, in order to optimize physician's care and improve patient outcomes.
The targeted audience is represented by the health care providers in-
volved, stakeholders, and patients. The questions of the ASH GL were
presented by email to the panel members. The panel subsequently agreed
on consensus by vote. Ten clinical questions were considered relevant,
with the exception of the question regarding the use of Rituximab 1st line,
because it conflicted with the current Italian legislation on the pre-
scriptibility of the drug. Another aspect of deviation from the ASH 2019
GL regarded the non-prescribability on the national territory of Throm-
bopoietin (TPO) mimetic drugs before the 6th month from the diagnosis
of ITP. This led to the need to introduce a recommendation in the form of
an Indicator of Good Clinical Practice adapted to the national territory in
the 2nd line treatment of patients before 6 months from diagnosis. The
EP therefore formulated, in complete agreement, 11 clinical questions
(Table 2), to be answered with strong (S) or weak-conditional (C) recom-
mendation, according to the analysis of available evidence.  "Notes" and
"Indicators of Good Clinical Practice (IGCP)" were used as tools to ex-
press suggestions derived from the direct experience of the EP or slight
deviations from the GL adopted as a model. Therapy of patients with ITP
should be customized and should prevent major bleedings and optimize
quality of life. In general, treatment should at least aim to achieve and

TERMINOLOGY  DEFINITION 

Corticosteroid dependent Continued need for Prednisone >5 mg/day (or equivalent 
cortisone) to maintain platelet count !30,000/mm3 and/or to 
prevent bleeding 

Sustained response  Platelet count !30,000/mm3 and at least a two-fold increase from 
baseline at 6 months 

Early response  Platelet count !30,000/mm3 and at least a twofold increase from 
baseline at 1 week 

Response Platelet count !30,000/mm3 and at least a two-fold increase from 
baseline at 1 month 

Major bleeding  Grade 3-4 bleedings according to the WHO classification  

Minor bleeding  All bleedings not classifiable as major 

Newly diagnosed ITP Duration of ITP within 3 months 

Persistent ITP  ITP duration 3-12 months 

Chronic ITP  ITP duration > 12 months 

 

 

!

 Clinical questions  % of agreement 

1 In adult patients with newly diagnosed thrombocytopenia and platelet 
count <30,000/mm3 who are asymptomatic or have minor muco-
cutaneous bleeding, is corticosteroid treatment or observation 
preferable? 

 

100 

2 In adult patients with newly diagnosed ITP, asymptomatic or with 
minor muco-cutaneous bleeding, and platelet count >30,000/mm3, is 
corticosteroid treatment or observation indicated? 

100 

3 In adult patients with newly diagnosed ITP, asymptomatic or with 
minor muco-cutaneous bleeding, and platelet count <20,000/mm3, is 
inpatient or outpatient management indicated? 

100 

4 In adult patients with newly diagnosed ITP, asymptomatic or with 
minor muco-cutaneous bleeding, and with platelet count 
>20,000/mm3, is inpatient or outpatient management indicated? 

100 

5 Should adult patients with newly diagnosed ITP be initially treated 
with a prolonged course (>8 weeks including discontinuation) or short 
(<8 weeks) course of corticosteroid therapy? 

80 

6 In adult patients with newly diagnosed ITP, should the initial 
corticosteroid treatment be prednisone (0.5-2 mg/Kg/day) or 
dexamethasone (40 mg/day for 4 days)? 

100 

7 In adult patients with ITP of >6 months duration, and who are 
dependent or unresponsive to corticosteroids and candidates for TPO 
mimetics, is treatment with eltrombopag or romiplostim preferable? 

100 

8 In adult patients with ITP of >6 months duration who are dependent 
on or unresponsive to corticosteroids, is treatment with TPO mimetics 
or splenectomy preferable? 

100 

9 In adult patients with ITP of > 6 months duration who are dependent 
or unresponsive to corticosteroids, is treatment with splenectomy or 
rituximab preferable? 

100 

10 In adult patients with ITP of >6 months duration who are dependent 
on or unresponsive to corticosteroids, is treatment with TPO mimetics 
or Rituximab preferable? 

100 

11 In adult patients with ITP lasting >2 months but <6 months, 
dependent on or unresponsive to corticosteroids, is treatment with 
splenectomy or Rituximab preferable? 

100 

 
 
 

!
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maintain a platelet count >20-30,000/mm3, in the absence of additional
bleeding risk factors. 

In recommendation 1, the panel suggests treatment with corticos-
teroids rather than observation (C recommendation) in adult patients with
newly diagnosed ITP, platelet count <30,000/mm3 and asymptomatic, or
with minor mucocutaneous bleedings.

In recommendation 2, the panel recommends observation rather than
corticosteroid treatment (S recommendation, based on very low evidence
certainty) in patients with platelet count >30,000/mm3 who are asympto-
matic or have minor mucocutaneous bleedings.  

In recommendation 3, the panel recommends inpatient rather than
outpatient management in newly diagnosed patients with platelet count
<20,000/mm3, asymptomatic or with minor mucocutaneous bleedings.
The benefit of inpatient management is considered moderate, but ele-
ments such as confirmation of diagnosis, therapeutic choice, observation
of platelet count trend, response to therapy, assessment of additional
bleeding risk, and prompt therapy in case of major bleeding (C recom-
mendation) are valued.

In patients with a previously confirmed diagnosis of ITP, asympto-
matic or with minor mucocutaneous bleedings and with a platelet count
<20,000/mm3, the panel considered the benefit of inpatient management
to be negligible.

In recommendation 4, the panel recommends outpatient management
rather than hospitalization (C recommendation) in patients with a platelet
count >20,000/mm3, asymptomatic, or with minor mucocutaneous bleed-
ings.

In recommendation 5, the EP considered a total duration of steroid
therapy until definitive discontinuation of less than 6 weeks, as suggested
by the U.S. panel, unfeasible. However, a total duration ≤8 weeks was
considered more practicable. In fact, maintenance of the induction dose
for 3-4 weeks is generally recommended. Moreover, in the last weeks of
tapering, the steroid dose is low and therefore less undesired effects are
observed. The panel considered that the evidence and the EtD framework
related to the question of the duration of steroid therapy shorter or longer
than 6 weeks did not differ significantly (except for the above-mentioned
feasibility) from those of the same question with a threshold time of 8
weeks. Therefore, they adopted the evidence profile and the EtD tables,
only modifying the text of the question and the corresponding recommen-
dation. Therefore, a S recommendation was formulated, given the high-
quality evidence regarding the potential side effects of prolonged
cortisone therapy (>8 weeks) in other patient populations. Side effects
considered included: hypertension, hyperglycemia, sleep and mood dis-
orders, epigastralgia, glaucoma, myopathy, and osteoporosis.

In recommendation 6, with regard to the type of corticosteroid to be
used, the panel suggests the use of prednisone (0.5-2 mg/Kg/day) or dex-
amethasone (40 mg/day for 4 days) (C recommendation), suggesting the
preferential use of dexamethasone if a more rapid increase in platelet
count is needed.

In recommendation 7, in patients with ITP of >6 months duration, de-
pendent or unresponsive to corticosteroids, and candidates for TPO
mimetics, the panel suggests treatment with eltrombopag or romiplostim,
considering the choice of the drug based on the patient's preference in the
method of administration (C recommendation) plausible. 

In recommendation 8, in patients with ITP of >6 months duration who
are corticosteroid-dependent or nonresponsive, the panel suggests treat-
ment with TPO mimetics or splenectomy, the latter preferably performed
after 12 months from diagnosis and after vaccination against capsulated
bacteria (C recommendation).

In recommendation 9, in patients with ITP of >6 months duration, de-
pendent or unresponsive to corticosteroids, the panel suggests treatment
with Rituximab rather than splenectomy (C recommendation).

In recommendation 10, in patients with ITP of > 6 months duration,
dependent or non-responsive to corticosteroids, the panel suggests treat-
ment with TPO-mimetics rather than Rituximab, given the longer duration
of response achievable with the former (C recommendation).

In recommendation 11 (IGCP), in patients with ITP of ≤ 6 months
duration, who are dependent or unresponsive to first-line corticosteroid
therapy, treatment with repeated administrations of high-dose im-
munoglobulins or Rituximab is suggested, rather than splenectomy, after
12 months from diagnosis. Alternatively, in selected cases, maintenance
therapy with low doses of cortisone or the use of other immunosuppres-
sive drugs can be considered and are to be continued until the 6th month
(see current Italian regulations on the prescriptibility of TPO-ra). A flow-
chart of the recommendations is illustrated in Figure 1.

The EP concluded that in clinical practice there is no single optimal
second line for all ITP patients. Treatment should be tailored according
to disease duration, frequency of bleedings requiring hospitalization or
antihemorrhagic therapy, comorbidities, age, adherence to therapy, cost
of medical and social support, patient values and preferences, and avail-
ability of the treatment options.

The EP is in agreement to postpone splenectomy to after the first year
from ITP diagnosis, because of the possibility that some patients may
achieve spontaneous remission within this timeframe. For patients with
disease duration <12 months, the panel made a conditional recommen-
dation, favoring TPO-mimetics over Rituximab, because of the longer
duration of the response achievable with the former. Moreover, Rituximab
might be preferred in patients who prefer to avoid long-term treatment.
For patients with disease duration >12 months, the panel considered
splenectomy, TPO mimetics, and Rituximab all to be possible choices.

Finally, the panel discussed the criteria for updating these GL, agree-
ing on a timeline consistent with the authorization for prescribing new
drugs, or on any changes regarding the criteria for prescribing drugs al-
ready in use for the treatment of immune thrombocytopenia in the national
territory.

Figure 1. Flowchart of the questions and recommendations.
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MARGINAL ZONE LYMPHOMAS

N. Fabbri1, L. Arcaini1,2

1Departement of Molecular Medicine, University of Pavia, Pavia; 2Di-
vision of Hematology, Fondazione IRCCS Policlinico San Matteo,
Pavia, Italia

Marginal Zone Lymphoma (MZL) are a group of indolent lympho-
proliferative disorders arising from post- germinal center marginal-zone
B cell. MZLs accounts for 7% of all non-Hodgkin lymphomas in adults
in the Western world.1

The current 2017 World Health Organization classification recog-
nized three different subtypes of MZLs including the extranodal MZL
(EMZL) of mucosa-associated lymphoid tissue (MALT) which can be
subdivided into gastric and extragastric EMZL, the splenic MZL (SMZL)
and the nodal MZL (NMZL) accounting for approximately 70%, 20%,
and 10% of MZLs, respectively.2,3,4 The median age at the diagnosis is
60 years for NZML and EZML and 65 years for SMZL and most patients
experience long term survival. These three entities present a common
immunophenotype pattern, expressing positivity for pan B-cell markers
(CD19, CD20, CD22, CD79a) and negativity for CD5, CD10 and (usu-
ally) CD23; at the same time, they differ in diagnostic criteria, molecular
cytogenetic characteristics, clinical courses and therapeutic approaches.
For the diagnosis is mandatory an accurate tumor biopsy and a bone mar-
row aspirate and biopsy are required for NMZL and SMZL and highly
recommended for EMZL. 

The disease staging follows the Lugano modification of Ann Arbor
staging system and requires specific blood tests, computed tomography
(CT) scan of head, neck, chest, abdomen, pelvis and specific investin-
gation for EMZL (upper gastrointestinal endoscopy, orbit MRI, etc).

The use of positron emission tomography (PET) scan is still contro-
versial and remains investigational. Frontline treatment is usually tailored
on patients, depending on the MZL’s subtype, lymphoma’s stage and
clinical features. 

Asymptomatic patients (early or advanced stage) may benefit from

a “watch and wait” approach with follow-up evaluation every 3- 6
months. 

Treatment’s criteria are rappresented by systemic B symptoms, cy-
topenias, bulky disease or rapid and symptomatic lymphoma enlarge-
ment. Involved site radiotherapy (ISRT)/involved field radiotherapy
(IFRT) is indicated in localized NMZL or EMZL (stage I/II).  Eradication
therapy with antibiotics anti-Helicobacter Pylori is strongly recom-
mended in all gastric MALT lymphomas.

Multiple terapeutic options are available for patients with SMZL
ranging from ‘watchful waiting’ approach to hepatitis-C antiviral therapy
in HCV-positive patients5, splenectomy and immunotherapy. Chemoim-
munotherapy or immunotherapy alone (with anti-CD20 monoclonal an-
tibody, rituximab) are effective in all patients with MZL who require
systemic treatment. In relapsed MZL a re-treatment with chemoim-
munotherapy can be indicated after a long remission (> 24 months).
Novel targeted therapies such as bruton tyrosine kinase  (BTK)  in-
hibitors  or  phosphoinositide 3-kinase (PI3K) inhibitors  show promising
results in chemo-immune-resistance MZL.6

References 

1.  James R Cerhan  1 , Thomas M Habermann  2 Epidemiology of Marginal Zone
Lymphoma

Ann Lymphoma. 2021 Mar;5:1.doi: 10.21037/aol-20-28. Epub 2021 Mar 30
2. Campo E, Pileri SA, Jaffe ES, et al. Nodal marginal zone B-cell lymphoma. In:

Swerdlow SH, Campo E, Harris NL, et al., eds. WHO Clas- sification of Tu-
mours of Haematopoietic and Lymphoid Tissues. Revised 4th ed. Lyon: IARC;
2017:263e265.

3. Cook JR, Isaacson PG, Chott A, et al. Extranodal marginal zone B-cell lym-
phoma of mucosa-associated lymphoid tissue (MALT lymphoma). In: Swerd-
low SH, Campo E, Harris NL, et al., eds. WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues. Revised 4th ed. Lyon: IARC Press;
2017:259e262.

4. Piris MA, Isaacson PI, Swerdlow SH, et al. Splenic marginal zone lym-
phoma. In: Swerdlow SH, Campo E, Harris NL, et al., eds. WHO Clas- sifi-
cation of Tumours of Haematopoietic and Lymphoid Tissues. Revised 4th ed.
Lyon: IARC Press; 2017:223e225.

5. Arcaini, L. et al. Antiviral treatment in patients with indolent B-cell lym-
phomas associated with HCV infection: a study of the Fondazione Italiana
Linfomi. Ann. Oncol. 25, 1404–1410 (2014).

6. Zucca, E. et al. Marginal zone lymphomas: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Ann. Oncol. 31, 17–29 (2020).

COVID-19 IN HEMATOLOGICAL MALIGNANCIES

F. Passamonti

Università degli Studi dell’Insubria, Varese, Italia

An outbreak caused by a novel human coronavirus, named severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first de-
tected in Wuhan (China) in December 2019.1 Infection rapidly spread
and on March 11, 2020, the World Health Organization declared 2019
Coronavirus Disease (Covid-19), caused by SARS-CoV-2, a global pan-
demic. The potential threat of Covid-19 to patients immuno-compro-
mised because of cancer was thought to be significant from the
beginning.2 Hematological malignancies (HMs) can be cured or have a
long survival in a sizeable fraction of cases, therefore infections can
shorten life expectancy. Patients have usually long-lasting immunodefi-
ciency because of malignancy itself, anticancer treatments, or hematopoi-
etic cell transplantation. Thus, they are more susceptible to infections
and less efficient in mounting an effective immune response. 

In this scenario, the ITA-HEMA-COV project was developed to col-
lect and analyze the data in adult HM patients requiring hospitalization
for Covid-19. This study was registered in the ClinicalTrials.gov,
NCT04352556 and now includes 2768 cases. The initial report analyzed
536 patients admitted during the first wave of Covid-19 in Italy.3 As of
June 22, death occurred in 198 subjects (37%). The ratio between ob-
served death in the study cohort and expected death of the Italian popu-
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lation was 2.0 in the whole population and 3.7 in individuals younger
than 70 years. Older age (HR, 1.0), progressive disease status (HR, 2.1),
diagnosis of acute myeloid leukemia (HR, 3.5), indolent (HR, 2.2) and
aggressive non Hodgkin lymphomas (HR, 2.5), plasma cell neoplasms
(HR, 2.5), and severe/critical Covid-19 (HR, 4.0) were associated with
death. In addition, the analysis showed that withholding specific effective
treatments during the pandemic is not justified. This information was
subsequently confirmed by the American Society of Hematology Reg-
istry4 and a meta-analysis including 3,210 persons with HM.5

Several studies have shown that 95-100% of immunocompetent pa-
tients with Covid�19 have seroconverted about 3 weeks after symptoms
onset.6 The ITA-HEMA-COV analyzed 237 HM patients (62 myeloid
neoplasms, 121 lymphoid neoplasms, and 54 plasma cell neoplasms) to
assess different patterns of immune response and found that Covid-19
elicits an impaired antibody response against SARS-CoV-2 in HM.(7)
Overall, 69% of patients had detectable IgG SARS-CoV-2 serum anti-
bodies. Serological negative patients (31%) were evenly distributed
across patients with myeloid, lymphoid and plasma cell neoplasms.
Overall, chemoimmunotherapy (OR: 3.4) was associated with a lower
rate of seroconversion with an effect lasting more than 180 days from
treatment withdrawal. Based on these data, a lower rate of seroconver-
sion after Covid-19 vaccination is expected. At present, the anti-SARS-
CoV-2 vaccination represents the most effective strategy for the
prevention of Covid-19 in the general population. Limited information
on the immunological response to anti-SARS-CoV-2 vaccines in patients
with chronic lymphocytic leukemia,8 multiple myeloma9 and other HMs
disclosed a low rate of seroconversion. Neutralizing monoclonal anti-
bodies, that seem promising in immunocompetent patients to reduce viral
load and hospitalization,10 need to be studies in HM.

In conclusion, Covid-19 severely impacted outcome of HM patients.
Vaccination of patients and caregivers should be favored, but SARS-
CoV-2 swab monitoring of HM patients should be continued and early
treatment with neutralizing monoclonal antibodies advised in the case
of positive test.
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