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Background: Optimal consolidation for young patilents with relapsed/refractory (R/R) follicular lymphoma (FL) remains
uncertain in the rituximab era, with an unclear benefit of autologous stem cell transplantation (ASCT). The multicenter,
randomized, phase III FLAZ12 (NCT01827605) trial compared anti-CD20 radioimmunotherapy (RIT) with ASCT as
consolidation after chemoimmunotherapy, both followed by rituximab maintenance.
Patients and methods: Patients (age 18-65 years) with R/R FL and without significant comorbidities were enrolled and
treated with three courses of conventional, investigator-chosen chemoimmunotherapies. Those experiencing at least a
partial response were randomized 1 : 1 to ASCT or RIT before CD34þ collection, and all received postconsolidation
rituximabmaintenance. Progression-free survival (PFS)was the primary endpoint.The target sample sizewas 210 (105/group).
Results: Between August 2012 and September 2019, of 164 screened patients, 159 were enrolled [median age 57
(interquartile range 49-62) years, 55% male, 57% stage IV, 20% bulky disease]. The study was closed prematurely
because of low accrual. Data were analyzed on 8 June 2023, on an intention-to-treat basis, with a 77-month median
follow-up from enrollment. Of the 141 patients (89%), 70 were randomized to ASCT and 71 to RIT. The estimated 3-
year PFS in both groups was 62% (hazard ratio 1.11, 95% confidence interval 0.69-1.80, P ¼ 0.6662). The 3-year overall
survival also was similar between the two groups. Rates of grade �3 hematological toxicity were 94% with ASCT
versus 46% with RIT (P < 0.001), and grade �3 neutropenia occurred in 94% versus 41%, respectively (P < 0.001).
Second cancers occurred in nine patients after ASCT and three after radioimmunotherapy (P ¼ 0.189).
Conclusions: Even if prematurely discontinued, our study did not demonstrate the superiority of ASCT versus RIT. ASCT
was more toxic and demanding for patients and health services. Both strategies yielded similar, favorable long-term
outcomes, suggesting that consolidation programs milder than ASCT require further investigation in R/R FL.
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INTRODUCTION

Follicular lymphoma (FL), the second most common non-
Hodgkin’s lymphoma subtype in Western countries,1 is
characterized by BCL-2 overexpression, most often because
of the IGH/BCL2 translocation (14;18) (q32; q21).2 Its nat-
ural history typically involves an indolent clinical course and
good responsiveness to first-line treatment.2,3

Although the introduction of rituximab either alone or in
combination with chemotherapy has significantly improved
outcomes with FL,4-13 most patients still experience clinical
relapse. Relapsed FL tends to respond to second-line
treatment, but further remissions are shorter, and a sub-
stantial proportion of patients ultimately die of the disease
or treatment-related toxicity. There is a lack of consensus on
second-line treatment for patients with relapsed/refractory
(R/R) FL, particularly those aged <65 years, and no
chemotherapeutic program among those available in the
European Union has proved superior over others.14 To in-
crease the complete remission (CR) rate and disease-free
survival after salvage treatment, several guidelines still
suggest consolidation with high-dose chemotherapy and
autologous stem cell transplantation (ASCT).15 This guid-
ance is based mainly on the results of the CUP trial, which
was conducted in the pre-rituximab era.16 No compelling
evidence of an ASCT benefit is available in the context of
modern chemoimmunotherapy, particularly when followed
by rituximab maintenance,17 although some retrospective
evidence suggests a potential advantage.18 Radio-
immunotherapy is an active agent in R/R FL.19 As consoli-
dation, it has been investigated after CHOP at diagnosis but
is often used in the R/R setting as a less toxic consolidation
regimen than ASCT.20,21

To address some of these unresolved issues, the Fonda-
zione Italiana Linfomi (FIL) designed and conducted the
randomized phase III FIL FLAZ-12 trial (ClinicalTrials.gov
NCT01827605) to compare ASCT and radioimmunotherapy,
two widely used consolidation regimens, in patients with R/R
FL who experienced an objective response to conventional,
routinely used chemoimmunotherapy. Treatment in both
groups was completed with rituximab maintenance. Here,
we report safety and efficacy data at a median follow-up of
77 months from enrollment.

METHODS

Study design and participants

A detailed description and schema of the trial are available
in Supplementary Material S1, available at https://doi.org/
10.1016/j.annonc.2023.10.095. Eligible patients had grade
IeIIIa FL (according to the World Health Organization 2008
classification),22 with age 18-65 years, Eastern Cooperative
Oncology Group (ECOG) performance status 0-2 (excepting
lymphoma-related impairment of performance status),
lume 35 - Issue 1 - 2024
clinical indication for systemic treatment (i.e. stage II-IV
disease requiring therapy according to the Italian Society
of Hematology23 and Groupe d’Etude des Lymphomes Fol-
liculaires criteria24), and relapsed or refractory disease after
two or fewer chemotherapy lines at least one containing
rituximab. Patients receiving rituximab monotherapy as a
unique treatment line were not eligible. Although rituximab
maintenance was not considered a therapeutic line, prior
treatment should have included rituximab. Progression of
disease within 24 months (POD24) was assessed retro-
spectively. The diagnosis was based on the local pathology
report, and tumor rebiopsy before study entry was
mandatory only in case of suspected transformation (e.g.
elevated serum lactate dehydrogenase or bulky mass).
Additional eligibility criteria are provided in Supplementary
Material S1, available at https://doi.org/10.1016/j.annonc.
2023.10.095. Following confirmation of eligibility, patients
started treatment.

Procedures

After an optional prephase with vincristine and steroids
[intravenous vincristine 1.4 mg/m2 on day 1, oral predni-
sone 100 mg (total dose) on days 1-5], patients were
administered, as induction treatment, three courses of
standard-dose immunochemotherapy at physician’s discre-
tion and based on prior therapy received as first- or second-
line treatment. Potential choices were R-CHOP, R-DHAP,
R-FM, R-ICE, R-IEV, or R-Bendamustine. For further
information, see Supplementary Material S1, available at
https://doi.org/10.1016/j.annonc.2023.10.095.

At the end of induction, the response was assessed by
computed tomography according to the 2007 International
Working Group Criteria for nonpositron emission tomogra-
phy (PET)-avid lymphomas.25 Patients experiencing CR or
partial remission (PR) underwent 1 : 1 randomization to
ASCT or radioimmunotherapy. The treatment arm was
revealed only at the end of the mobilization procedure to
ensure appropriate collection in the radioimmunotherapy
arm for salvage purposes. Additional information is pro-
vided in Supplementary Material S1, Figure S1, available at
https://doi.org/10.1016/j.annonc.2023.10.095.

All randomized patients underwent stem cell mobilization
with rituximabehigh-dose cytarabine. CD34þ peripheral
blood stem cells were harvested by local procedures and at
least 6 � 106 CD34þ cells/kg were required. After the
mobilization response assessment, treatment was un-
blinded. Patients experiencing PR/CR in the ASCT arm but
with a collection of <2 � 106 CD34þ cells/kg did not un-
dergo ASCT and proceeded directly to rituximab mainte-
nance. Patients in the radioimmunotherapy arm with
inadequate platelet counts (<100,000/mm3) and bone
marrow clearance (infiltration >25% at the restaging pre-
consolidation) proceeded directly to maintenance. All other
https://doi.org/10.1016/j.annonc.2023.10.095 119
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patients25 with PR or CR25 proceeded to the respective
consolidation procedures (ASCT or radioimmunotherapy).
Consolidation was started at least >6 weeks after periph-
eral blood stem cell collection.

Patients randomized to ASCT underwent conditioning
with BEAM (BCNU, etoposide, cytarabine, melphalan) or
FEAM (fotemustine, etoposide, cytarabine, melphalan). The
TEAM conditioning regimen (thiotepa, etoposide, cytar-
abine, melphalan) was also allowed. For further informa-
tion, see Supplementary Material S1, available at https://
doi.org/10.1016/j.annonc.2023.10.095.

Patients randomized to radioimmunotherapy received
intravenous rituximab 250 mg/m2 on days 1 and 8. Imme-
diately after the second rituximab infusion (day 8, range 7-9),
they were administered 90Y-ibritumomab tiuxetan (0.4 mCi/
kg if platelets �150,000/mm3, 0.3 mCi/kg if platelets 100,000
to <150,000/mm3). 90Y-ibritumomab tiuxetan was delivered
as per indication. Following response assessment, patients
experiencing CR/PR with adequate hematological recovery
(absolute neutrophil count >1.5 � 106 cells/L and platelets
>60 � 106 cells/L) within a maximum of 90 days after
consolidation started rituximab maintenance for eight cour-
ses. If toxic effects developed, treatment was discontinued or
modified as described in Supplementary Material S1, avail-
able at https://doi.org/10.1016/j.annonc.2023.10.095.

Neutropenia prophylaxis with granulocyte colony-
stimulating factor was required every cycle per local prac-
tices. Growth factor prophylaxis was recommended, and
blood product transfusions were allowed in accordance with
the American Society of Clinical Oncology/European Society
for Medical Oncology guidelines.26,27 Additional prophylactic
recommendations are detailed in Supplementary Material S1,
available at https://doi.org/10.1016/j.annonc.2023.10.095.

This study was conducted according to the principles of
the Declaration of Helsinki and in adherence with good
clinical practice standards. All patients gave written
informed consent. The final version of the protocol was
reviewed and approved by the independent ethics com-
mittees of all participating centers.

Randomization and masking

Patients experiencing at least PR (according to Cheson
et al.25) were stratified by enrolling center characteristics
(carrying out ASCT and radioimmunotherapy locally, car-
rying out exclusively ASCT locally, not carrying out ASCT
locally) and clinical response (PR or CR) after induction and
then randomized 1 : 1 to ASCT or radioimmunotherapy. The
web-based randomization procedure was continuously
accessible (24 hours/day). The treatment arm was con-
cealed from the treating physician until the completion of
the mobilization phase (Supplementary Material S1, avail-
able at https://doi.org/10.1016/j.annonc.2023.10.095).

Assessments

Response to therapy was assessed locally according to
the 2007 Revised Criteria for Malignant Lymphoma for
non-PET-avid disorders.25 The response was assessed by
120 https://doi.org/10.1016/j.annonc.2023.10.095
computed tomography and evaluation of laboratory or
clinical data. PET was not mandatory and was not used for
response assessment, as established by response criteria.24

Outcomes

For the primary efficacy analysis, the intention-to-treat (ITT)
population included all randomly assigned patients regard-
less of receipt of the mobilization phase. The primary
endpoint was progression-free survival (PFS), measured
from the date of randomization to progression, relapse, or
death from any cause, according to the 2007 Revised
Criteria for Malignant Lymphoma for non-PET-avid disor-
ders.25 Secondary endpoints were overall survival (OS),
event-free survival (EFS), treatment-free survival (TFS),
overall response rate (ORR), CR rate,25 and safety
(Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095). Additional secondary end-
points were minimal residual disease, within-arm rate of
minimal residual disease conversion, and molecular relapse
(Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095) that will be presented in a
separate manuscript.

The safety population included all patients receiving at
least one dose of any study treatment. The frequency and
severity of adverse events (AEs) were recorded based on
the National Cancer Institute Common Terminology Criteria
for Adverse Events version 4.03. AEs were assessed during
follow-up visits or when otherwise notified.

Statistical analysis

The 3-year PFS with radioimmunotherapy consolidation was
expected to be 40%.19 According to the O’Brien and Fleming
group sequential design with a maximum of two stages, a
total of 210 randomized patients (105 per group) was
required (including a 5% precautionary increase in sample
size) to detect an increase in 3-year PFS from 40% to 60%
[hazard ratio (HR) 0.56] in the ASCT group, assessed with a
two-sided log-rank test with a of 5% and a power of 85%.
According to the literature,w80% of enrolled patients were
expected to experience CR or PR after induction. Therefore
an enrollment of 265 patients was required to randomize
the estimated needed number of patients.

Because of lower-than-expected accrual, a protocol
amendment in February 2014 increased the enrollment
period. Despite this prolongation, however, the rate of pa-
tient registration was lower than expected, prompting the
sponsor to discontinue enrollment on October 18, 2019. At
that time, 164 patients were enrolled, and 138 had been
randomized. Protocol procedures were continued as previ-
ously described. Further details are provided in
Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095.

Statistical analyses were conducted in the enrolled pop-
ulation (all patients enrolled in the study), the induction
treatment population (all enrolled patients who started
induction), the ITT population (all patients randomly
assigned to radioimmunotherapy or ASCT), and the safety
Volume 35 - Issue 1 - 2024
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population (all patients who received at least one dose of
the assigned treatment). Time-to-event efficacy endpoints
(PFS, OS, EFS, treatment-free survival) were estimated by
the KaplaneMeier method starting from the date of
enrollment in the enrolled population and the date of
randomization in the ITT population. Differences between
groups were assessed in the ITT population by stratified log-
rank test according to stratified randomization. HRs were
estimated with the stratified Cox model. Subgroup analyses
were carried out using the Cox model with adjustments for
the stratification variables. The presence of interaction was
tested by including an interaction term between the ran-
domized group and the subgroup covariate of interest. The
cumulative incidence of secondary malignancies was esti-
mated using the method proposed by Gooley and col-
leagues.28 Death without secondary malignancy was
defined as a competing event, and comparisons between
groups were made using the Fine and Gray model. Fisher’s
exact test was used to compare the proportion of patients
between groups who experienced grade 3-4 toxic effects,
with the P value calculated by doubling the probability. See
Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095 for more details about the sta-
tistical analysis plan. This study was registered with EudraCT
(2012-000251-14) and ClinicalTrials.gov (NCT01827605).

RESULTS

Patients and treatment

From 30 August 2012 to 19 September 2019, a total of 164
patients were screened for inclusion (Figure 1). As noted, due
to lowenrollment, the sponsor, in accordancewith the steering
committee, decided to close enrollment on October 18, 2019
before, reaching the planned number of patients
(Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095). Neither the members of the FIL
executive board nor theprimary investigators had access to the
clinical results by arm when the decision was made.

Of 164 patients, five patients were screened out (one
unconfirmed diagnosis, two not needing treatment nor in
overt relapse, one not previously treated with rituximab,
and one without adequate cardiac function), and the
remaining 159 were enrolled.

The clinical baseline characteristics of enrolled patients
are presented in Table 1. The median age was 57 years
(interquartile range 49-62), and 87 (55%) were male. Tumor
rebiopsy was not mandatory but was nevertheless carried
out before or after the start of screening in 126 (79%) pa-
tients, confirming FL histology in 125 (99%).

A total of 157 (99%) patients started treatment (one was
excluded because of a high-grade histology rebiopsy). Of
these 157 patients, 84 (53%) received R-Bendamustine, 60
(38%) R-DHAP, 7 (5%) R-CHOP, and 6 (4%) R-ICE. Treatment
was stopped during induction or after restaging in 16 (10%)
patients because of progression or stable disease (n¼ 10, 6%)
and other causes [n ¼ 6, 4%: three AEs (one renal, one
cardiovascular, and one secondary tumor), one study
withdrawal, and two poor compliance].
Volume 35 - Issue 1 - 2024
After induction, 141 (89%) patients experienced a clinical
response (52 CR and 89 PR), meeting the eligibility criteria
for randomization (Figure 1). Baseline demographics were
similar between the two arms (Table 1). Of these 141
randomized patients, 70 were assigned to ASCT and 71 to
radioimmunotherapy.

In the ASCT arm, 3 (2%) of 70 were not mobilized
because of two hematological AEs and one withdrawal of
consent, whereas in the radioimmunotherapy arm, all pa-
tients underwent the mobilization treatment. For two pa-
tients in the ASCT arm, adequate peripheral blood stem cell
amounts could not be collected, and these patients were
moved directly to rituximab maintenance as per protocol.

After mobilization, in the ASCT arm, 6 (16%) of 70 patients
did not undergo ASCT despite successful mobilization (three
progressive disease/relapses, one hematological AE, one
withdrawal from treatment, and onemedical decision), and 57
received ASCT (81.4%). In the radioimmunotherapy arm, 8
(11.2%) patients did not start the study drug (four progressive
disease/relapses, two local unexpected logistic difficulties in
carrying out radioimmunotherapy, one hematological AE, one
poor adherence) and 63 (89%) received radioimmunotherapy.
Of these, 11 were referred to a different center for radio-
immunotherapy as prespecified in the protocol for centers
without an adequate facility for this treatment.

In the ASCT arm, seven (11%) patients did not start
maintenance (five AEs: two infective complications, two he-
matological, one cardiological, one progressive disease, and
one medical decision). Fifty-four (77%) started rituximab
maintenance, and 24 (34%) patients discontinued treatment
[one toxic death, 12 relapses, seven AEs (four hematological
and three infective), three medical decisions, and one lost to
follow-up]. In the radioimmunotherapy arm, 58 of 71 (82%)
patients started maintenance, and 5 did not (three progres-
sive disease and two hematological AEs). Of those random-
ized to radioimmunotherapy, 23 (32%) did not complete
maintenance [14 progressive disease/relapse, six AEs (three
infective complications, one pulmonary, one hematological,
one muscular pain), one poor adherence, one medical deci-
sion, and one severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection].

Efficacy

ORR. At the end of induction or at study discontinuation for
those not completing treatment because of toxic effects or
withdrawal, clinical response occurred in 145/159 (ORR
91%) patients, with CR in 52 (33%) and PR in 93 (58%). Ten
(6%) patients had disease progression or stable disease.
After consolidation, response occurred in 113 of 141 [ORR
80%, 95% confidence interval (CI) 73% to 86%]. Of these, 54
(77%, 95% CI 66% to 86%) were in the ASCT arm [CR in 48
(69%) and PR in 6 (9%)] and 59 (83%, 95% CI 72% to 91%) in
the radioimmunotherapy arm [CR in 43 (61%) and PR in 16
(22%)], for a stratified odds ratio of 0.69 (95% CI 0.31-1.56,
P ¼ 0.366). Conversion from PR to CR occurred in 25 of 41
(61%) in the ASCT group versus 23 of 48 (48%) in the
radioimmunotherapy group (stratified odds ratio 1.70, 95%
CI 0.72-4.03, P ¼ 0.233).
https://doi.org/10.1016/j.annonc.2023.10.095 121
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159 pts were included 
2 pts did not started induction

� 1 Withdrawal of consent
� 1  Other (not confirmed histology)

157  pts started Induction
16 pts did not randomized

� 7 SD/NR 
� 3 PD/Relapse 
� 3 Adverse event 
� 1 Withdrawal of consent 
� 2 Poor compliance 

141  pts Randomized

71 Arm A (RIT) 70 Arm B (ASCT)

71 pts started Mobilization 67 pts started Mobilization

3 pts did not started  
mobilization 

� 1 Withdrawal 
of consent

� 2 AE

35  pts completed  Maintenance

63 pts started RIT 59  pts started ASCT +2 
directly to maintenance 

without ASCT 

58  pts started Maintenance 54 pts  started Maintenance

5 pts did not started 
maintenance

� 3 PD/Relapse 
� 2 AE

30  pts completed  Maintenance

23 pts did not completed
maintenance

� 14 PD/Relapse 
� 6 Adverse event
� 1 Poor Compliance 
� 1 Medical decision
� 1 COVID pandemia

6 pts discontinued 
� 3 PD/Relapse 
� 1 Adverse event 
� 1 Withdrawal of 

consent 
� 1 Medical decision

8 pts discontinued 
� 4 PD/Relapse 
� 1 Poor 

compliance
� 2 Breach of 

the protocol
� 1 AE

7 pts did not started 
maintenance

� 1 Medical decision
� 5 AE
� 1 PD

24 pts did not completed
maintenance

� 12 PD/Relapse 
� 7 Adverse event
� 3 Medical decision
� 1 Death
� 1 Dispersed

0 pts did not started 
mobilization 

164 pts screened 

5 pts were screening failures

Figure 1. CONSORT diagram.
AE, adverse event; COVID-19, coronavirus disease 2019; PD, RIT, radioimmunotherapy.

Annals of Oncology M. Ladetto et al.
PFS. Data were analyzed on an ITT basis on June 8, 2023
with a median follow-up of 77 months (interquartile range
50-100) from enrollment and 77 months (interquartile
range 49-96) from randomization. For the enrolled popu-
lation, the median PFS was 57 months (95% CI 38-85) with
122 https://doi.org/10.1016/j.annonc.2023.10.095
3- and 6-year PFS of 60% (95% CI 52% to 67%) and 44%
(95% CI 36% to 53%), respectively. The PFS of the entire
population is shown in Supplementary Material S1,
Figure S2, available at https://doi.org/10.1016/j.annonc.
2023.10.095.
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Table 1. Baseline patients and disease characteristics of all population

Characteristics Enrolled
(n [ 159)

Nonrandomized
(n [ 18)

Randomized
(n [ 141)

Radioimmunotherapy
(n [ 71)

Autologous stem cell
transplantation
(n [ 70)

Median age, years (range) 57 (50-62) 57 (51-62) 57 (48-62) 56 (49-62) 58 (48-62)
Male sex 87 (55) 10 (56) 77 (55) 41 (58) 36 (51)
Rebiopsy carried out at
enrollment

126 (79) 12 (67) 114 (81) 58 (82) 56 (80)

Histologya Follicular lymphoma G1 33 (21) 6 (33) 27 (19) 17 (24) 10 (14)
Follicular lymphoma G2 84 (53) 8 (44) 76 (53) 34 (48) 42 (60)
Follicular lymphoma G3a 42 (26) 4 (22) 38 (27) 20 (28) 18 (26)

Ann Arbor stageb III 35 (22) 2 (11) 33 (23) 22 (31) 11 (16)
IV 91 (57) 12 (67) 79 (56) 31 (44) 48 (69)

Systemic symptomsb A 136 (86) 15 (83) 121 (86) 61 (86) 60 (86)
B 23 (15) 3 (17) 20 (14) 10 (14) 10 (14)

Bone marrow involvementb 52 (33) 3 (17) 49 (35) 18 (25) 31 (44)
Not available 14 (9) 4 (22) 10 (7) 6 (8) 4 (6)

Extranodal sitesb At least one positive 51 (32) 6 (33) 45 (32) 19 (27) 26 (37)
High lactate dehydrogenase >
upper limit of normalb

36 (23) 4 (22) 32 (23) 18 (25) 14 (20)

Bulky disease �7 cmb 128 (80) 14 (78) 114 (81) 56 (79) 58 (83)
Eastern Cooperative Oncology
Group performance statusb

0 129 (81) 14 (78) 115 (82) 59 (83) 56 (80)

1 26 (16) 3 (17) 23 (16) 10 (14) 13 (19)
2 4 (2) 1 (6) 3 (2) 2 (3) 1 (1)

Progression of disease within
24 monthsc

Yes 51 (32) 5 (28) 46 (33) 21 (30) 25 (36)

Missing 9 (6) 4 (22) 5 (3) 1 (1) 4 (6)
Refractory to the last regimen 17 (11) 5 (28) 12 (8) 5 (7) 7 (10)
Number of prior antilymphoma
regimens >1 line

19 (12) 5 (28) 14 (10) 7 (10) 7 (10)

Missing 5 (3) 2 (11) 3 (2) 0 (0) 3 (4)
Prior rituximabechemotherapy
regimen

154 (97) 16 (89) 138 (98) 71 (100) 67 (96)

Prior anthracycline-based
regimen

122 (77) 13 (72) 109 (77) 55 (77) 54 (77)

Prior bendamustine or
fludarabine-based regimen

23 (15) 2 (11) 21 (15) 9 (13) 12 (17)

Prior rituximabemaintenance 86 (54) 8 (4) 78 (55) 44 (62) 34 (49)

Data are presented as n (%) unless indicated otherwise.
aAt least determination.
bAt enrollment.
cRelapse/progression <2 years of initial diagnosis
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In the ITT randomized population, PFS (95% CI) was
similar between the two groups (Figure 2A), with 33 (47%)
events with ASCT (3-year PFS 62%, 49% to 73%; 6-year PFS
46%, 33% to 58%; median PFS 62 months) and 32 (45%)
with radioimmunotherapy (3-year PFS 62%, 49% to 72%;
6-year PFS 52%, 38% to 63%; median PFS 78 months; HR
1.11, 95% CI 0.69-1.80, P ¼ 0.6662).

An exploratory multivariable analysis indicated that re-
fractory status at enrollment and POD24 were associated
with worse PFS (enrollment HR 2.65, 95% CI 1.28-5.49,
P ¼ 0.008; POD24 HR 2.61, 95% CI 1.52-4.48, P ¼ 0.001;
Table 2). The results were the same in the entire population
(Supplementary Material S1, Table S1, available at https://
doi.org/10.1016/j.annonc.2023.10.095).

According to subgroup analysis, in the small population
with refractory disease, ASCT seemed to perform better
than radioimmunotherapy (HR 0.11 versus 1.27, interaction
P ¼ 0.001). Moreover, a trend in favor of radio-
immunotherapy was noted in patients with stage I-II disease
at enrollment (HR 5.64 versus 0.75 with ASCT, interaction
P ¼ 0.09). No other investigated variables (e.g. sex, age, FL
Volume 35 - Issue 1 - 2024
histology, ECOG performance stage, lactate dehydrogenase,
extranodal sites, and POD24) showed any PFS difference
between the consolidation strategies (Supplementary
Material S1, Figure S3, available at https://doi.org/10.
1016/j.annonc.2023.10.095).

OS, EFS, and TFS. The 3- and 6-year OS (95% CI) rates of the
enrolled population calculated from study inclusion were
87% (81% to 92%) and 77% (68% to 83%), respectively. The
median OS for the enrolled population was not reached.
The 3- and 6-year OS (95% CI) rates for the randomized
population were 87% (79% to 91%) and 77% (68% to 84%).
The OS (95% CI) rates were similar between the two
consolidation groups. At 3 and 6 years, OS rates were 87%
(76% to 93%) and 76% (63% to 86%) with ASCT versus 86%
(74% to 92%) and 78% (65% to 87%) with radio-
immunotherapy, respectively (HR 0.94, 95% CI 0.45-1.94,
P ¼ 0.8588; Figure 2B). The median OS for the randomized
population was not reached in both arms.

The 3- and 6-year EFS (95% CI) rates for the enrolled
population were 38% (30% to 45%) and 27% (20% to 35%),
https://doi.org/10.1016/j.annonc.2023.10.095 123
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A B

Figure 2. (A) PFS randomized population. (B) OS randomized population.
ASCT, autologous stem cell transplantation; OS, overall survival; PFS, progression-free survival; RIT, radioimmunotherapy.
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respectively. The median EFS was 24 months (95% CI 19-30).
The EFS rates were similar between the two consolidation
groups. At 3 and 6 years, EFS (95% CI) rates were 38% (26%
to 49%) and 27% (17% to 39%) with ASCT versus 42% (31%
to 54%) and 33% (22% to 45%) with radioimmunotherapy,
respectively (HR 1.19, 95% CI 0.79-1.80, P ¼ 0.3963; see
Supplementary Material S1, available at https://doi.org/10.
1016/j.annonc.2023.10.095). The median EFS was 23
months in the ASCT group and 25 months in the radio-
immunotherapy group. Likewise, TFS was similar between
groups. At 3 and 6 years, TFS (95% CI) rates were 80% (65%
to 89%) and 74% (58% to 85%) with ASCT compared with
78% (65% to 87%) and 78% (65% to 87%) with radio-
immunotherapy, respectively (HR 1.09, 95% CI 0.50-2.39,
P ¼ 0.8340; Supplementary Material S1, Figure S4, available
at https://doi.org/10.1016/j.annonc.2023.10.095).
Safety

During induction, no toxic death was reported. During
maintenance, there was one death unrelated to lymphoma
Table 2. Multivariable analysis on progression-free survival from randomization

Analysis variables

Autologous stem cell transplantation versus radioimmunotherapy
Age at consent, per 1-point increase
Male gender
Ann Arbor stage III-IV
Eastern Cooperative Oncology Group performance status �1
High lactate dehydrogenase
At least one extranodal positive
Systemic symptoms B
Enrolled statusa

First progression (reference)
Second progression
Refractory
Progression of disease within 24 monthsa

No (ref)
Yes
Miss/Unknown/Not applicable

aEnrolled status and progression of disease within 24 months are not adjusted to each oth

124 https://doi.org/10.1016/j.annonc.2023.10.095
(1%) in the radioimmunotherapy arm (one acute myeloge-
nous leukemia) and one death (1%) from pneumonia in the
ASCT group. During follow-up, we recorded two deaths in
the radioimmunotherapy arm from SARS-CoV-2 infection.

During induction, 60 (32%) of 159 patients had grade 3-4
hematological AEs, most frequently following R-DHAP. The
most frequent hematological AE was neutropenia, which
occurred in 38 (24%) patients overall during the induction
phase (Supplementary Material S1, Table S2, available at
https://doi.org/10.1016/j.annonc.2023.10.095). Further de-
tails on hematological AEs during the induction phase are
given in Supplementary Material S1, available at https://doi.
org/10.1016/j.annonc.2023.10.095.

During induction, 9% (n ¼14) of all enrolled patients had
grade 3-4 nonhematological AEs. The most frequent of
these events was gastrointestinal, which occurred in 39
(25%) patients, more commonly after R-DHAP therapy [21
(35%), Supplementary Material S1, Table S3, available at
https://doi.org/10.1016/j.annonc.2023.10.095].

After randomization, we reported 75 (54%) grade 3-4
hematological AEs and 6 (4%) grade 3-4 nonhematological
Hazard ratio 95% Confidence interval P

0.99 0.59-1.65 0.965
1.02 0.99-1.05 0.210
2.42 1.42-4.12 0.001
1.52 0.72-3.20 0.276
1.00 0.52-1.93 0.996
2.36 1.32-4.23 0.004
1.86 1.04-3.32 0.037
1.23 0.62-2.44 0.547

1 d d
1.04 0.40-2.74 0.929
2.65 1.28-5.49 0.008

1 d d
2.61 1.52-4.48 0.001
0.87 0.19-3.92 0.854

er.
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AEs during the blinded mobilization phase (Supplementary
Material S1, available at https://doi.org/10.1016/j.annonc.
2023.10.095). During consolidation, 29 (46%) patients in
the radioimmunotherapy safety population had grade 3-4
hematological AEs, compared with 55 (93%) patients in the
ASCT group (Fisher’s exact test P < 0.0001; Table 3). Grade
3-4 nonhematological AEs occurred in three (5%) patients in
the radioimmunotherapy safety population and 22 (37%)
patients in the ASCT group (P < 0.0001), mostly caused by
gastrointestinal disorders [20 (37%) of 60 patients in the
ASCT group versus no events in the radioimmunotherapy
group, P < 0.0001; Table 3]. During maintenance, 7 (13%)
patients in the radioimmunotherapy safety population re-
ported grade 3-4 hematological events, compared with 13
(25%) in the ASCT population (P ¼ 0.168). Further details
are provided in Supplementary Material S1, available at
https://doi.org/10.1016/j.annonc.2023.10.095.

Among the 159 patients, we recorded noncutaneous
solid tumors in five (3%, one in the radioimmunotherapy
group and four in the ASCT arm), skin cancers in two (1%, all
in the ASCT arm), and secondary myelodysplastic syndrome
or acute myeloid leukemia in five (3%, two in the radio-
immunotherapy group and three in the ASCT arm, one
received R-CHOP as induction and four R-B). One (6%) of 18
patients in the nonrandomized population had a secondary
malignancy (cumulative incidence 7.1%, 95% CI 0.5% to
27.5%, 36 months after enrollment) compared with 10 (7%)
of 141 patients in the randomized population (cumulative
incidence 6.4%, 95% CI 4.5% to 15.1%, 36 months after
enrollment). One of these 10 secondary tumors was fatal.
Secondary malignancies were reported in three (4%) pa-
tients in the radioimmunotherapy safety population and
seven (10%) patients in the ASCT group. The cumulative
incidence (95% CI) of any secondary malignancy at 36
months was 7.4% (2.4% to 16.5%) in the ASCT group versus
5.7% (1.5% to 14.2%) in the radioimmunotherapy safety
population (HR 1.65, 95% CI 0.41-6.70, P ¼ 0.480).
DISCUSSION

The FIL FLAZ-12 randomized phase III trial compared two
widely used consolidation strategies (ASCT and radio-
immunotherapy) in R/R FL. Both regimens were used in the
context of a rituximab-dense program, with an anti-CD20
antibody used during both induction (five doses) and
maintenance (eight doses). The main results of our study do
not support any efficacy superiority of ASCT versus radio-
immunotherapy and confirm a higher toxicity and clinical
complexity with ASCT. Most notably, PFS differences were
not observed at both 3 years (the primary endpoint of the
study) and in the long term-analysis at 6 years. No differ-
ences were observed also in terms of OS, EFS, and TFS.

For decades, ASCT has been considered a good consoli-
dation strategy following rituximab chemotherapy in R/R FL.
Evidence for this indication stemmed from the CUP trial,16

which compared ASCT with no further treatment in the
pre-rituximab era and showed an impressive benefit with
ASCT. Our study had a different design from that trial, as
Volume 35 - Issue 1 - 2024
ASCT was compared with radioimmunotherapy rather than
with further chemotherapy. Moreover, the CUP trial16 was
conducted in the pre-PET scan era and did not require tu-
mor rebiopsy. Therefore the trial population probably
included a substantial number of patients with transformed
disease compared with our trial. Moreover, ASCT might
exert a less prominent effect if rituximab is added in in-
duction and maintenance, as in our study. In addition, one
might speculate that rituximab maintenance might have
equalized the benefit of the two consolidation programs.
Regardless of which among several possible explanations
may be correct, our study indicates that in a modern setting
(which includes rituximab in both induction and mainte-
nance) results achieved with ASCT are not superior to those
achievable with radioimmunotherapy, which offers a
considerably less toxic and demanding approach that is
suitable for the outpatient setting.

The use of radioimmunotherapy as consolidation has
been tested in the frontline setting, showing a substantial
benefit versus no further treatment in a rituximab-free
context. Morschhauser et al.20 reported a better outcome
with radioimmunotherapy, with a median PFS of 36.5 versus
13.3 months with no further treatment (P < 0.0001). FL
cells are exquisitely sensitive to radiation-mediated killing,
and radioimmunotherapy has an excellent safety profile. In
terms of efficacy in the current trial, radioimmunotherapy
performed as well as a highly toxic ASCT program. This
finding suggests that radioimmunotherapy should be
favorably considered even if logistical and practical con-
siderations and limited availability hamper its wider use.

The main limitation of ibritumomab is that it uses CD20
as a target, which is already heavily exploited by naked
antibodies and bispecifics. Radioimmunotherapy-based ap-
proaches focusing on alternative targets probably deserve
further investigation. For example, CD37 is a highly prom-
ising target. A first-generation, single-dose CD37-directed
radioimmunotherapy, 177Lu-lilotomab satetraxetan, has
been extensively investigated in preclinical models and has
shown efficacy in clinical trials, including a phase I/IIa
study.29

Our study first evaluated ASCT or radioimmunotherapy
consolidation strategies in the context of immunological
maintenance. The therapeutic role of rituximab mainte-
nance is better described following first-line treatment or
salvage treatment. The European pivotal phase III study
conducted by van Oers et al.17 (EORTC 20981) demon-
strated the advantage of rituximab maintenance given
every 3 months for a maximum of 2 years compared with
observation alone. Its benefit after ASCT or radio-
immunotherapy also has been investigated exclusively in a
small nonrandomized series, showing durable responses
and an improved CRR in patients with untreated indolent
lymphomas.21 Our trial findings confirm that rituximab
maintenance is similarly feasible after radioimmunotherapy
and ASCT, possibly contributing to the clinical activity of
both schedules.

Our study has several limitations, including a prolonged
enrollment period and premature discontinuation. Despite
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Table 3. Randomized population adverse events during mobilization, consolidations, and maintenance phases

Mobilization (N [ 138) Radioimmunotherapy
(n [ 63)

Autologous stem cell
transplantation (n [
59)

Maintenance
radioimmunotherapy
(n [ 56)

Maintenance
autologous stem cell
transplantation
(n [ 53)

CTCAE grade 1-2 �3 1-2 �3 1-2 �3 1-2 �3 1-2 �3
Hematological 5 (4) 95 (69) 5 (8) 29 (46) d 55 (93) 13 (23) 7 (13) 8 (15) 13 (25)
Granulocytes 8 (6) 75 (54) 2 (3) 26 (41) 1 (2) 53 (90) 8 (14) 5 (9) 7 (13) 12 (23)
Hemoglobin 70 (51) 15 (11) 22 (35) 2 (3) 38 (64) 15 (25) 10 (18) d 8 (15) d
Platelets 2 (2) 92 (67) 9 (14) 23 (37) 1 (2) 54 (92) 10 (18) 2 (4) 8 (15) 1 (2)
White blood cells 14 (10) 75 (54) 10 (16) 17 (27) 1 (2) 52 (88) 10 (18) 5 (9) 11 (21) 5 (9)
Febrile neutropenia d 6 (4) d d 0 (0) 19 (32) d d d d
Nonhematological 22 (16) 6 (5) 11 (17) 3 (5) 17 (29) 22 (37) 22 (39) d 17 (32) 3 (6)
Cardiac disorders 1 (1) d 1 (2) d 1 (2) d 2 (4) d 1 (2) d
Ischemia/Infarct 1 (1) d d d d d d d d d
Palpitations d d d d d d d d 1 (2) d
Supraventricular arrhythmia d d 1 (2) d d d d d d d
Tinnitus d d d d d d 2 (4) d 1 (2) d

Restrictive cardiomyopathy d d d d 1 (2) d d d d d
Eye disorders 1 (1) d d d d d d d d d
Eye pain 1 (1) d d d d d d d d d

Gastrointestinal disorders 12 (9) 1 (1) 2 (3) d 12 (20) 20 (34) 6 (11) d 8 (15) 1 (2)
Constipation 4 (3) d d d 1 (2) d 2 (4) d 2 (4) d
Diarrhea d 1 (1) d d 12 (20) 6 (10) 6 (11) d 7 (14) 1 (2)
Flatulence d d d d d d d d d d
Gastritis d d d d d d 1 (2) d 1 (2) d
Mucositis 2 (2) d d d 9 (15) 18 (31) d d d d
Nausea 6 (5) d 2 (3) d d 1 (2) d d 1 (2) d
Pancreatitis d d d d d d d d 1 (2) d
Gastrointestinal pain d d d d d d d d 1 (2) d
Vomiting 3 (2) d d d d 1 (2) d d d d

General disease and administration 9 (7) d 8 (13) 1 (2) 6 (10) 1 (2) 11 (20) d 8 (15) d
site conditions
Fatigue 4 (3) d 8 (13) d 1 (2) d 6 (11) d 3 (6) d
Fever 4 (3) d d 1 (2) 5 (9) 1 (2) 5 (9) d 5 (10) d
Injection site reaction d d d d 1 (2) d d d d d
Flu-like symptoms 1 (1) d d d d d d d 1 (2) d
Hepatic failure 1 (1) d d d d d d d 1 (2) d
Pain d d d 1 (2) d d d d d d
Hypothermia d d d d d d 1 (2) d d d

Infections and infestations 5 (4) 5 (4) d 2 (3) 9 (15) 4 (7) 10 (18) d 9 (17) 1 (2)
Lung 1 (1) d d d d 1 (2) 5 (9) d 2 (4) 1 (2)
Sepsis d 5 (4) d 1 (2) 3 (5) 2 (3) d d d d
Mucosal d d d d 1 (2) 1 (2) 1 (2) d 2 (4) d
Catheter related 1 (1) d d d d d d d d d
Conjunctiva 1 (1) d d d d d d d d d
Bacterial NOS 2 (2) d d 1 (2) d d 6 (11) d 4 (8) 1 (2)
Viral d d d d 1 (2) d 1 (2) d 4 (8) d
Fungal NOS 1 (1) d d d d d d d d d

Investigation 2 (2) d 1 (2) 1 (2) 1 (2) d 1 (2) d 1 (2) d
ALT increased d d 1 (2) d 1 (2) d 1 (2) d 1 (2) d
AST increased d d d d d d d d d d
Blood bilirubin increased 1 (1) d d 1 (2) d d d d 1 (2) d
Creatinine increased 1 (1) d d d d d d d d d
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Table 3. Continued

Mobilization (N [ 138) Radioimmunotherapy
(n [ 63)

Autologous stem cell
transplantation (n [
59)

Maintenance
radioimmunotherapy
(n [ 56)

Maintenance
autologous stem cell
transplantation
(n [ 53)

Metabolism and nutrition disorders 1 (1) d d d d d 1 (2) d 2 (4) d
Hyperglycemia d d d d d d 1 (2) d 1 (2) d
Hyperuricemia d d d d d d d d 1 (2) d
Hypokalemia 1 (1) d d d d d d d d d

Musculoskeletal and connect tissue disorders. 2 (2) d 3 (5) d d d 6 (11) d 1 (2) d
Back pain d d d d d d 1 (2) d d d
Bone pain 1 (1) d 1 (2) d d d 5 (9) d d d

Muscle weakness upper limb d d 1 (2) d d d d d d d
Generalized muscle weakness d d 1 (2) d d d d d d d
Myalgia d d d d d d 2 (4) d 1 (2) d

Nervous system disorders 1 (1) d 1 (2) d d 1 (2) 3 (6) d 2 (4) d
Headache d d d d d d d d d d
Acoustic nerve disorder NOS d d d d d d 1 (2) d 2 (4) d
Peripheral motor neuropathy 1 (1) d 1 (2) d d d 1 (2) d 1 (2) d
Paresthesia d d d d d d 1 (2) d d d
Peripheral sensory neuropathy d d d d d d 1 (2) d d d

Tremor d d d d d d d d d d
Cranial neuropathy d d d d d 1 (2) d d d d
Depression d d d d d d 1 (2) d d d
Renal and urinary disorders d d d d d 1 (2) 2 (4) d 1 (2) d
Acute kidney injury d d d d d 1 (2) 1 (2) d d d
Urinary retention d d d d d d 1 (2) d d d
Renal colic d d d d d d 2 (4) d d d

Respiratory, thoracic, and
mediastinal disorders

2 (2) d 1 (2) d d d 4 (7) d 4 (8) d

Cough 1 (1) d 1 (2) d d d 4 (7) d 4 (8) d
Dyspnea d d d d d d d d d d
Pharyngolaryngeal pain 1 (1) d d d d d d d d d

Skin and subcutaneous tissue disorders 2 (2) d 1 (2) d 4 (7) d d d d d
Skin other d d 1 (2) d 3 (5) d d d 2 (4) d
Pruritus d d d d d d d d 2 (4) d
Rash 2 (2) d d d 1 (2) d d d d d
Urticaria d d d d d d d d d d

Vascular disorders 1 (1) d 1 (2) d 2 (3) d d d 1 (2) d
Phlebitis d d d d d d d d d d
Other hemorrhage d d 1 (2) d 1 (2) d d d d d
Hypertension d d d d d d d d 1 (2) d
Hypotension d d d d 1 (2) d d d d d

Thromboembolic event 1 (1) d d d d d d d d d

Data are presented as n (%) unless stated otherwise.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse Events; NOS, not otherwise specified.
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these limitations, the enrolled population appears to be
representative of an R/R FL cohort, and the prolonged
median follow-up (77 months for the randomized popula-
tion) partially mitigated the loss of statistical power. The
implications of our study findings, with a 95% lower limit of
0.69 for PFS HR, are that a hypothesized benefit of ASCT in
improving PFS (HR 0.56) is highly unlikely.

Clearly, the treatment of FL is rapidly changing, with a
straightforward shift toward noncytotoxic/non-DNA-
damaging treatments instead of chemotherapy. Good
results observed with the combination of an anti-CD20 (rit-
uximab or obinutuzumab) and lenalidomide30-32 and with
the obinutuzumab/zanubrutinib31 combination are clearly
indicative of a paradigm shift. This shift will be further
enhanced by novel treatments such as novel antibodies and
novel cell therapies entering routine treatment.30-38 There is
little doubt that in the context of novel treatments,
chemotherapy-based consolidation will find limited room for
use. Our study indicates that ASCT should no longer be
considered intrinsically superior to less intensified programs
and therefore its use appears no longer justified, particularly
considering its toxicity. By contrast, the observation that
radio immunotherapy consolidation provided good disease
control with little toxicity may suggest that consolidation
approaches with agents at lower toxicity could be a
reasonable strategy. Conversely, despite a full program with
salvage chemoimmunotherapy, consolidation, and mainte-
nance as used in our study, the overall results showed a
continuous tendency to relapse (3- and 6-year PFS rate of
60% and 44%). This highlights a different strategy including a
long-term treatment with novel immunotherapy as bispecific
antibodies and/or biological agents at low toxicity. Both
strategies are worthy of future investigations to improve the
outcome of patients with R/R FL.
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