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Abstract

Background: Serum biomarkers have been investigated as predictive risk factors for cancer-related cardiovascular (CV) risk, but their
analysis is limited to their baseline level rather than their overtime change. Besides historically validated causal factors, inflammatory and
oxidative stress (OS) related markers seem to be correlated to CV events but this association needs to be further explored. We conducted
an observational study to determine the predictive role of the longitudinal changes of commonly used and OS-related biomarkers during
the cancer treatment period. Methods: Patients undergoing anticancer therapies, either aged 75+ years old or younger with an increased
CV risk according to European Society of Cardiology guidelines, were enrolled. We assessed the predictive value of biomarkers for the
onset of CV events at baseline and during therapy using Cox model, Subpopulation Treatment-Effect Pattern Plot (STEPP) method and
repeated measures analysis of longitudinal data. Results: From April 2018 to August 2021, 182 subjects were enrolled, of whom 168
were evaluable. Twenty-eight CV events were recorded after a median follow up of 9.2 months (Interquartile range, IQR: 5.1-14.7).
Fibrinogen and troponin levels were independent risk factors for CV events. Specifically, patients with higher than the median levels
of fibrinogen and troponin at baseline had higher risk compared with patients with values below the medians, hazard ratio (HR) = 3.95,
95% CI, 1.25-12.45 and HR = 2.48, 0.67-9.25, respectively. STEPP analysis applied to Cox model showed that cumulative event-free
survival at 18 and 24 months worsened almost linearly as median values of fibrinogen increased. Repeated measure analysis showed an
increase over time of D-Dimer (p-interaction event*time = 0.08), systolic (p = 0.07) and diastolic (p = 0.05) blood pressure and a decrease
of left ventricular ejection fraction (p = 0.15) for subjects who experienced a CV event. Conclusions: Higher levels of fibrinogen and
troponin at baseline and an increase over time of D-Dimer and blood pressure are associated to a higher risk of CV events in patients
undergoing anticancer therapies. The role of OS in fibrinogen increase and the longitudinal monitoring of D-dimer and blood pressure
levels should be further assessed.
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1. Introduction

The American College of Cardiology and American
Heart Association guidelines [1] recommend to consider
patients undergoing antineoplastic treatments at increased
risk of developing a cardiac dysfunction.

The increased incidence of cardiovascular (CV)
events is due on the one hand to the toxicity of the treat-
ments themselves and on the other one to the longer survival
of the patients [2]. The CV damages can be very differ-
ent depending on the time of onset and duration, so that we
can distinguish acute, sub-acute or chronic toxicities; more-
over, adverse events vary substantially according to the an-
tineoplastic agent that caused them. Anthracyclines may
be responsible for ventricular dysfunction [3], fluoropyrim-
idines can cause acute myocardial ischemia [4], anti-human
epidermal growth factor receptor 2 (HER2) agents are in-
volved in left ventricular dysfunction [5], tyrosine kinase
inhibitors and anti-vascular endothelial growth factors are
related to the onset of arterial hypertension [6,7]. More re-
cently, the most frequently reported CV event related to im-
mune checkpoint inhibitors is the onset of myocarditis [8].

In addition, other risk factors for CV events are the du-
ration and dose of drugs exposure and patients-related fac-
tors. These latter, such as age, gender, smoking, cholesterol
levels and blood pressure [9] are essentials, together with
the presence of already known CV or metabolic diseases, to
assign patients to different CV risk classes, in accordance
to the European Society of Cardiology guidelines [10]. The
risk to develop an anti-cancer treatment-related toxicity is
higher in elderly patients and in those with an increased CV
risk even before starting therapy [11,12].

Anti-cancer drugs related CV adverse events (e.g., ar-
rhythmia, hypertension, thromboembolic or vascular dis-
ease, stroke, efc.) [13] are one of the most common causes
of treatment discontinuation. Therefore, it is necessary to
treat these patients in the best and most timely way.

To date, the traditional approach to monitor heart func-
tion is based on the left ventricular ejection function (LVEF)
assessment by echocardiography [1,14]. However, a clini-
cally significant change in heart function is detectable only
after the onset of a CV event and has limited predictive
value.

Recently, a correlation was found between CV events
and oxidative stress (OS)/inflammation-related markers
[15] (e.g., C-reactive protein, Interleukin-6, fibrinogen).
Myeloperoxidase (MPO) is the main source of OS. When
vascular damage occurs, neutrophils and macrophages in
the vasculature overproduce MPO, which contributes to the
formation of atheromatous plaques in the vessel walls with
the production of reactive oxidant species (ROS), which in-
duce plaques dissection [16].

So, MPO can be used as an early diagnostic and prog-
nostic marker for the onset of some CV diseases. In fact,
high levels of MPO identified high-risk patients according
to the Global Registry of Coronary Artery Events (GRACE)
scores [17]. In these patients, a correlation between MPO

levels and inflammatory markers, such as fibrinogen, has
been proved. Moreover, endothelial (e.g., Albumine-to-
creatine ratio), renal function (creatinine) and coagulation
biomarkers (e.g., D-dimer) may predict CV risk in addi-
tion to high-sensitive troponins (hs-Tn) [18] and natriuretic
peptide (N-terminal-pro hormone brain natriuretic peptide
(BNP)) [19]. However, only troponins and BNP are cur-
rently recognized as potential predictors of CV toxicities
[14]. The main limitations of the current algorithms are the
use of the only baseline information, collected before the
start of therapy. A predictive approach using the histori-
cal evolution of biomarkers collected longitudinally during
treatment could be useful to calculate a dynamic estimate of
CV risk and to identify and promptly treat patients at high
risk of complications. This could end in a better prognosis
and a higher quality of life, in addition to allow the nor-
mal continuation of antineoplastic therapy. The aim of this
study is to explore the predictive role of a set of commonly
used and OS-related biomarkers, considering the change
of their value from baseline over time during antineoplas-
tic treatment. For the identification of patients with an in-
creased risk of CV events based on the change of their cir-
culating biomarkers during treatment, we adopted repeated
measure analysis through mixed effect modelling and the
Subpopulation Treatment-Effect Pattern Plot (STEPP) tech-
nique [20]. The longitudinal monitoring of each biomarker
represents an innovation compared to the traditional ap-
proach that uses only baseline data.

2. Materials and Methods
2.1 Study Design and Target Population

CARIOCA (CArdiovascular RlIsk of OncologiC ther-
Apy) study is a multicenter observational study with mixed
study population formed of, both retrospective and prospec-
tive patients. This type of design was possible because all
the planned assessments are part of the current clinical prac-
tice in all of the three specialized centers involved in the
study, where a specific CV monitoring for patients receiv-
ing cancer therapy is already ongoing. Target population
consisted of adult cancer patients treated with antineoplas-
tic drugs that could predispose to an increased risk of CV
events, either because aged over 75 years or <75 with mod-
erate/high CV risk according to European Society of Cardi-
ology (ESC) guidelines [14]. In particular, risk was defined
“moderate” in the presence of at least two of the following
conditions: age (men >55, women >65 years); cigarette
smoke; dyslipidemia (total cholesterol >190 mg/dL or LDL
cholesterol >130 mg/dL or triglycerides >150 mg/dL or
high density lipoprotein (HDL) cholesterol <40 mg/dL for
men and <50 mg/dL for women); fasting hyperglycemia
(>100 and <126 mg/dL); family history of early CV event
(first-degree relatives, men <55 years, women <65 years);
obesity (waist circumference >102 cm for men, >88 cm
for women). Risk was defined “high” in the presence of at
least one of the following conditions: severe hypertension
(di-astolic pressure >110; systolic pressure >180 mmHg);
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diabetes mellitus (or baseline blood glucose >126 mg/dL);
previous cardio/cerebro or peripheral vascular event; evi-
dence of organ damage.

Eligible drugs for the enrollment in the study were: an-
thracyclines, docetaxel, paclitaxel, cisplatin, 5-fluorouracil
(5FU), capecitabine, trastuzumab, bevacizumab, per-
tuzumab, sorafenib, sunitinib, pazopanib, lapatinib, axi-
tinib, regorafenib, everolimus, tamoxifen and abiraterone.
These drugs are known to be associated with CV toxicity,
according to 2020 European Society of Medical Oncology
(ESMO) consensus recommendations [21].

To be enrolled in the study, patients should have at
baseline a normal cardiac function (LVEF >50%). Alter-
ations of BNP values were accepted if minimal and consid-
erable physiologically related to the age of subjects.

Exclusion criteria were previous treatment with the
mentioned above anti-cancer drugs and the presence of on-
going CV diseases, such as heart failure (i.e., LVEF <50%)
or presence of symptoms, uncontrolled arterial hyperten-
sion, unstable angina pectoris, cardiac arrhythmias associ-
ated with symptoms or CV instability or psychiatric dis-
eases.

Inclusion and exclusion criteria are reported in Sup-
plementary Table 1.

2.2 Primary Endpoint

The primary endpoint measure was composite and
represented by the onset of at least one CV event. The
CV toxicities considered for the study included ischemic
events, heart failure, blood pressure rises, kidney damage
(Supplementary Table 2).

2.3 Secondary Endpoints

Secondary endpoints measures were the serum
biomarkers levels which were measured at baseline, before
the beginning of the treatment, during the therapy and,
finally, during the follow-up period after the last cycle of
therapy as defined in the monitoring plan.

Standard biochemical and metabolic profile biomark-
ers, the assessment of LVEF (two-dimensional echocardio-
graphy - Simpson-Biplane method), 24 hour blood pressure
monitoring (BPM Holter) and the assessment of the CV
risk were evaluated, according to ESC guidelines [14], at
each time point. In addition, the main serum biomarkers
included in our study were the following: high-sensitive
(hs) troponin T or I [22-25]; N-terminal proB-type natri-
uretic peptide (NT-proBNP) [26,27]; Fibrinogen [28-30];
D-dimer [31,32]; C-reactive protein [23,33]; Albumin to
creatinine ratio (ACR) [34,35]; type, administration dose
and duration of anticancer therapy were be also recorded.
The correlation between changes in these biomarkers over-
time and the onset of CV events was analyzed.

2.4 Sample Size

Given that the incidence of CV toxicity (as previous
defined) in cancer patients undergoing antineoplastic treat-
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ment is about 5-10% (>15% in patients treated with anthra-
cyclines), we initially calculated that a total of 200 patients
to be enrolled in 2 years, plus 1 year of follow-up, would
have been sufficient to observe a total of 40 CV events,
which would had provided an adequate power (80%) to as-
sess risk factors with a relative risk of event higher than 2.0.

2.5 Statistical Methods

Data were explored by using the common descriptive
statistics such as mean and standard deviation, median and
interquartile range (IQR) for continuous variables or abso-
lute and relative frequency (%) for categorical variables.
Based on the distance from normality of biomarkers dis-
tribution, we adopted quantiles (quartiles or medians) as
cut-off values in the analyses. The onset of a CV event
was evaluated primarily by using a classic “time to event”
approach (i.e., Kaplan-Meier curves and Cox Proportional
Hazard model) and a more complex Cox model with time-
varying information acquired during the treatment (change
and suspension of therapy), to study the possible variation
in the effect on CV toxicity over time. Event-free survival
(EFS) was defined as the time from the start of antineo-
plastic treatment and the date of a CV event or the date of
last follow-up visit. STEPP methodology [20] was used to
explore and display graphically how the risk of CV events
changes as a function of the continuous scale of biomark-
ers, along the continuous scale of the biomarkers levels
[36], using overlapping subject subgroups. The impact of
longitudinal biomarkers changes on the CV risk prediction
was addressed through a mixed effects model, which allows
accounting for the correlation between repeated measure-
ments of biomarkers collected on the same patients. We
adopted as fixed effects age, sex, enrollment center, CV
risk (high vs. medium/low) and CV event. The random
effects were the intercept variance and the residual vari-
ance, which correspond to the between-subjects and within-
subjects variances, respectively. To evaluate the difference
of linear trend over time of biomarkers in subjects who had
a CV event compared to those who did not, we assessed the
interaction term between the CV event (yes/no) and time
elapsed since the visit baseline to biomarker measurement:
we considered as worthy of being evaluated p-values for in-
teraction <0.2. Given the exploratory nature of the study,
no correction technique for multiplicity was adopted and a
2-tailed alpha error of 5% was considered as a cut-off value
to declare the statistical significance of the tests used. We
included all participants for whom the variables of interest
were available in the final analysis, without imputing miss-
ing data. Results are shown with 95% confidence intervals
(95% CI) and statistical significance was considered for
two-sided p values < 5%. All analyses were performed us-
ing STATA, version 17.0 (StataCorp, College Station, TX,
USA).
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3. Results

From April 2018 to August 2021, 182 subjects were
enrolled, of whom 168 were evaluable (Fig. 1).

Subjects screened
N=211

—Contact information not available or not reachable
(retrospective patients) (n=11)

— Death before enrollment (retrospective patients) (n=2)
— Not able to participate (n=9)

- Declined (n=7)

Subjects enrolled
N=182

n=10: Errors in the screening selection:

* n=4: not started any therapy in the inclusion criteria;

* n=3: LVEF<50;

* n=2:not >75y nor at moderate/high CV risk according to
ESC guidelines;

* n=1: already had capecitabine chemo;

n=3: Consent withdrawal before the start of treatment;

n=1: Severe psychotic crisis, the patient was judged not able

to be compliant with the study protocol.

Subjects analysed
N=168

Fig. 1. Flow-chart diagram of the study. Abbreviations: LVEF,
left ventricular ejection fraction; y, years; CV, cardiovascular;
ESC, European Society of Cardiology.

The enrollment phase was slower than expected for
the COVID-19 pandemia so we had to stop it before reach-
ing the expected number of subjects. Detailed enrolled pa-
tients’ characteristics are showed in Table 1.

The mean age was 70 years, and 55% of patients
were females. The most frequent tumors were colorec-
tal or breast cancers (28% and 21% respectively), fol-
lowed by kidney (11%), ovary (7%), lung (4%) and HCC
(2%). After a median follow-up of 9.2 months (interquar-
tile range, IQR: 5.1-14.7) a total of 28 CV events occurred
(Supplementary Table 3).

Among all the biomarkers analyzed (Supplementary
Table 4), time-to-event Kaplan-Meier analyses showed sig-
nificant log-rank p-values only considering the median lev-
els of troponin-T (p = 0.008) and fibrinogen (p = 0.016) at
baseline. Kaplan-Meier curves and univariate hazard ratios
(95% CI) are shown in Fig. 2.

Multivariable Cox model was used to evaluate the pre-
dictive value of risk biomarkers at baseline. A value of fib-
rinogen above the median of 419 mg/dL, emerged as an in-
dependent factor significantly associated with the compos-
ite CV event (Table 2). Main subjects’ characteristics, by
fibrinogen median value at baseline, are reported in Sup-
plementary Table 5.

Besides, a value of Troponin-T higher than the median
of 9.7 pg/mL was strongly associated, even if not in a statis-
tically significant manner: the Cox model estimated an ap-
proximately 3.5-fold increased risk for fibrinogen (hazard

Table 1. Subjects’ characteristics at baseline (n = 168).

Sex, n (%)
Male 75 (44.6)
Female 93 (55.4)
Age, mean (SD) 70 (9.9)
Tumor type, n (%)
Colorectal 47 (27.8)
Breast 36 (21.4)
Lung 7(4.2)
Kidney 19 (11.3)
Ovary 12 (7.1)
HCC 4(2.4)
Other sites 43 (25.6)
ECOG Performance status, n (%)
0 103 (61.3)
1 13 (7.7)
Unknown 52 (31.0)
Stage of cancer, n (%)
Metastatic 94 (56.0)
In situ 45 (26.8)
Locally advanced 29 (17.3)

BMI, kg/m?, median (IQR)
Cardiovascular Risk*

25.0 (22.7-27.6)

No Risk 6(3.6)
Low Risk 35 (20.8)
Medium Risk 76 (45.2)
High Risk 51(30.4)
Previous antineoplastic treatment
No 140 (83.3)
Yes 28 (16.7)
Antineoplastic agent
Bevacizumab 32 (19.1)
Taxanes 30(17.9)
TKIs 28 (16.8)
Trastuzumab 24 (14.3)
5—Fluorouracil/Capecitabine 17 (10.2)
Cisplatin 16 (9.5)
Anthracyclines 10 (6)
Others 7(4.2)
Abiraterone Acetate 4(2.4)

Arterial pressure, mmHg

Systolic 130 (120-140)
Diastolic 80 (70-80)
LVEF, % 63 (60—68)

Abbreviations and notes: SD, standard deviation; HCC, hepa-
tocellular carcinoma; ECOG, Eastern Cooperative Oncology
Group; IQR, interquartile range; TKIs, tyrosine kinase in-
hibitors; *see text for the definition of cardiovascular risk cat-
egories; LVEF, left ventricular ejection fraction; BMI, body
mass index.

ratio (HR) = 3.53, 1.06—11.77), and 2.5-fold for troponin
(HR = 2.63, 0.65-10.56), compared to the risk of subjects
with values below the median at the baseline visit.

The STEPP graphical technique applied to the time-
to-event data clearly showed a relationship between sub-
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Fig. 2. Kaplan-Meier estimates of cumulative event-free survival rate, by median levels of Troponin (hs) (panel A), and of Fib-

rinogen (panel B). Numbers in parentheses represent the number of events within each time interval. The estimate of the hazard ratio

(HR) was based on a univariate Cox proportional hazards regression model. hs, high-sensitivity.

Table 2. Multivariable Cox model.

Hazard ratio 95% CI p-value
Troponin-T, pg/mL
<9.7 (median) 1.00
>9.7 2.63 0.65-10.56 0.174
Fibrinogen, mg/dL
<419 (median) 1.00
>419 3.53 1.06-11.77 0.040

Notes: Hazard ratios are adjusted for age, sex and enrollment
centre. Harrell’s C concordance statistic of the model =0.8083.
Abbreviations: 95% CI, 95% confidence interval.

populations with increasing fibrinogen levels and decreased
event free survival over time (Fig. 3).

There was a trend for EFS up to 12 months to almost
linearly decrease for values slightly below the median of
fibrinogen level at baseline (<436 mg/dL) and then plateau
at EFS = ~80% for higher values. Conversely, for longer
follow-up there was a cumulative effect with a dramatic
drop of EFS up to ~40-60% for fibrinogen levels higher
than the median at baseline.

During the study period a total of 81 (48%) patients
discontinued treatment. Of these, 37 (46%) changed, 25
(31%) discontinued, and 19 (23%) both changed and dis-
continued therapy. 14 of 28 patients who experienced the
CV event (50%) discontinued treatment after the CV event.
A consequential link between the CV event and the varia-
tion of the treatment was observed in 9 of these patients:
7 changed and 2 definitely discontinued the ongoing treat-
ment which was considered cause of the CV event. The
other 5 patients changed or discontinued therapy due to dis-
ease progression.

&% IMR Press

% Event-free survival

~ At 6 months
At 12 months
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Median fibrinogen in subpopulation (mg/dL)

Fig. 3. Subpopulation Treatment Effect Pattern Plot (STEPP)
of the 6-months (A), 9 months (B), 18-months (C), 24-months
(D) cumulative CV event free-survival rate. The plot was drawn
adopting the sliding window pattern, considering 7 consecutive
subpopulations of n =25 subjects, with n= 15 subjects in common.

CV, cardiovascular.

To estimate the prognostic value, in terms of CV event,
of the change or suspension of therapy of subjects enrolled
in study, we treated them as time-varying covariates using
the “stsplit” command of STATA. The dataset was restruc-
tured in order to separately take into account the observa-
tion times of each subject who had a change in treatment
and/or a suspension of therapy. Therefore, for each sub-
ject who had a change in treatment or suspension of ther-
apy before the CV event a new record was generated and
it was thus possible to run the Cox model considering the
“time dependence” of these covariates. Actually, their pa-
rameters in the model resulted to be far from the statistical
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significance and not able to modify the parameters of other
factors included in the model, i.e., fibrinogen and troponin.
Thus, to reduce model complexity and keep stable risk es-
timates, we decided to exclude them from the final model.
Levels of biomarkers at baseline are described in Supple-
mentary Table 4. We longitudinally collected biomarkers
levels for a total of 1314 measurements on the 168 patients
enrolled (median number of measurements per subject: 5,
IQR: 2-8). For some of the biomarkers, the mixed model
for repeated measures on longitudinal data showed a dif-
ferent linear trend over time between subjects who experi-
enced a CV event vs. those who did not. Specifically, we
found an increase over time of D-dimer (p for interaction
time x event = 0.084), systolic (p-interaction = 0.071) and
diastolic (p =0.050) blood pressure values, while a decrease
of LVEF (p = 0.154) values for subjects who developed a
CV event (Table 3).

Table 3. Mixed model for longitudinal biomarkers data.

Coeff.* 95% CI p-value
D-Dimer 108.97 —14.48,232.42 0.084
Systolic blood pressure 0.43 —0.04,0.90 0.071
Diastolic blood pressure 0.27 0.00, 0.54 0.050
LVEF —-0.15 -0.36, 0.06 0.154

Notes: *coefficient of the interaction term “time x event CV”. Ab-
breviations: 95% CI, 95% confidence interval; LVEEF, left ventric-
ular ejection fraction; CV, cardiovascular.

Predicted linear trends are graphically depicted in
Supplementary Fig. 1.

4. Discussion

This study assessed the onset of CV events in patients
undergoing cancer therapies. Changes in biomarkers levels
over time have been evaluated as possible predictive risk
factors. A total of 28 out of 182 enrolled patients (about
15%) developed an event, confirming that cardiotoxicity is
a rather common occurrence and that any possible preven-
tion method to decrease risk needs to be investigated.

Moreover, among these 28 patients, we observed 9
(32%) variations (7 changes and 2 discontinuations) of
treatment directly due to the CV event. This evidence
strengthens the need of finding a useful tool for early estab-
lishing the risk of the onset of a CV event, to prevent this
event from influencing the patient’s therapeutic history.

The most significant finding obtained from our study
is the identification of two independent variables related to
an increased risk of developing a CV event for patients un-
dergoing antineoplastic therapy: high values (above the me-
dian in our cohort) of troponin and fibrinogen. Troponin
and BNP are the only two biomarkers whose serial dosage
is universally recognized for early identification of the on-
set of cardiac damage [22—27]. In particular, an increase in
troponins is a sign of cardiomyocyte necrosis and above all

high values of troponin I are able to reveal cardiac toxicity
before it is clinically significant and the damage becomes
irreversible [37]. In cancer patients setting, this correla-
tion is observed mostly for those undergoing anthracyclines
and trastuzumab [18]. Since it has been shown that in ad-
vanced stage tumors high values of troponins and BNP can
be recorded even before starting chemotherapy [38], the ob-
servation of its increase over time, during and after oncolog-
ical therapy, seems to be more effective rather than a punc-
tual assessment of troponin at baseline [23,39]. Our study
is in line with this approach: although not formally statisti-
cally significant, approximately 3-fold increased risk of CV
event for patients in whom an increase in troponin has been
observed over time.

Interestingly, we found an even stronger association
between high fibrinogen levels and CV risk, with a 3.5-fold
increased onset of CV events. This association can be ex-
plained by the fact that fibrinogen is considered a marker of
inflammation, which is both a cause and a consequence of
OS [40]. Oxidative Stress is in turn not only a direct cause
of CV diseases [41], but also of other pathological condi-
tions predisposing to CV, such as diabetes [42], obesity [43]
and metabolic syndrome [44]. With reference to the latter,
outside the oncology setting, increased plasma fibrinogen
levels have been demonstrated in subjects with metabolic
syndrome [45]. Moreover, therapeutic strategies for cancer,
in particular chemotherapy and hormone treatments, can in-
duce alterations in the metabolic pattern of patients, which
may induce an increased risk of occurrence of CV events
[46,47].

Oxidative Stress is a pathological condition conse-
quent to an accumulation of ROS due to an increase in
their production, as precisely occurs in inflammation, and
a reduction in their elimination. Furthermore, it has been
demonstrated that during cancer treatment there is a reduc-
tion of total radical antioxidant parameters [48]. Our find-
ing of an increasing cumulative risk of CV event at higher
levels of fibrinogen and longer follow-up strengthen the hy-
pothesis that fibrinogen is a marker of a major OS due to the
chronic inflammatory condition present in cancer patients,
together with a reduced antioxidant defense. The conse-
quent accumulation of ROS could explain an easier predis-
position to develop CV events.

We observed a reduction in LVEF in patients who ex-
perienced a CV event, confirming that monitoring systolic
function via repeated echocardiograms over time is a useful
strategy. Historically, this was the most used test to assess
cardiotoxicity of anti-cancer drugs but has limited predic-
tive value [1,14], whereas more recently developed myocar-
dial mechanic parameters, such as global longitudinal strain
(GLS), have emerged as an effective method for early de-
tection of systolic dysfunction [49]. A reduction of GLS
>15% during the treatment is the cut-off value for suspect-
ing cardiac dysfunction despite the absence of symptoms
[50].
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In our patients, we observed a correlation between
an increase in systolic blood pressure (SBP) and diastolic
blood pressure (DBP) and the onset of a CV event. Hy-
pertension is a well-known side effects related to oncolog-
ical therapies, in particular to vascular endothelial growth
factor inhibitors [51], but its onset may also be related to
the use of ancillary drugs such as steroids, which usually
are associated with the antineoplastic treatment [52]. Re-
cently, OS has recently been identified as one of the patho-
physiological mechanisms underlying hypertension, which
in turn induces OS on the arterial wall, exerting an athero-
genic mechanism [53].

We observed an increase in the value of the D-dimer
in patients who underwent a CV event. This correlation
is known for healthy patients [31,32], but a recent study
underlined this association [54] also in cancer patients set-
ting the hypothesis already validated by a larger trial which
demonstrated how the increase in D-dimer values is related
to heart failure with preserved ejection fraction [19].

Alongside “classical” biomarkers, others which are re-
lated to inflammation and metabolism are emerging as fac-
tors able to predict and early detect the onset of CV tox-
icity in patients undergoing cancer treatments, but further
in-depth studies are needed [55,56].

This is an observational study based on real life clin-
ical practice, with some consequent limits. Enrolled sub-
jects have very variable characteristics due to the type of
tumor, the stage of the disease, the type of drugs adminis-
tered and the different lines of therapy they have taken. Cer-
tainly, the heterogeneity of the population and of the levels
of the biomarkers measured is one of the major limitations
of this study which could be an issue of generalizability.
This is partly due to the fact that follow-up parameters, col-
lected according to clinical practice, were referred to both
prospective and retrospective data.

Anyway, we are convinced that our findings put the
basis for a more in-depth study of the correlation between
a progressive increase in serum fibrinogen and the onset
of CV events, suggesting to routinely include its measure-
ment before, during and after chemotherapy, also consider-
ing that this parameter is easily detectable and inexpensive.

The predictive algorithms currently available for esti-
mating CV risk during oncologic therapy use only informa-
tion obtained before the beginning of the treatment. This re-
sults in a poor discriminating and predictive power and the
difficulty to update the risk prediction during therapy (“dy-
namic” prediction). The approach we propose, on the con-
trary, should lead to new and dynamic tool that incorporate
all the information acquired during the treatment, providing
the clinicians with continuous update of the risk estimates
for the CV risk.

5. Conclusions

The definition of a model able to estimate a CV risk
based on follow-up data could influence physicians’ deci-
sion making and impact on the quality of life of patients.
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Our study highlights the role of fibrinogen and troponin
as predictive factors of CV event for patients undergoing
antineoplastic treatments. Moreover, it might be useful to
closely monitor the D-dimer values together with the blood
pressure and the LVEF during the therapy as, over time,
they move in a significantly different way for patients who
will develop a CV event and those who will not.

The use of longitudinal information able to personal-
ize the risk assessment and prediction during antineoplas-
tic therapy should have immediate impact on the decision-
making of clinicians and on prognosis and quality of life of
patients.
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