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ABSTRACT: The considerable progress made in the field of cancer treatment has led to a dramatic improvement in the progno-
sis of patients with cancer. However, toxicities resulting from these treatments represent a cost that can be harmful to short-
and long-term outcomes. Adverse events affecting the cardiovascular system are one of the greatest challenges in the overall
management of patients with cancer, as they can compromise the success of the optimal treatment against the tumor. Such
adverse events are associated not only with older chemotherapy drugs such as anthracyclines but also with many targeted
therapies and immunotherapies. Recognizing this concern, several American and European governing societies in oncology
and cardiology have published guidelines on the cardiovascular monitoring of patients receiving potentially cardiotoxic cancer
therapies, as well as on the management of cardiovascular toxicities. However, the low level of evidence supporting these
guidelines has led to numerous discrepancies, leaving clinicians without a consensus strategy to apply. A cardio-oncology
expert panel from the French Working Group of Cardio-Oncology has undertaken an ambitious effort to analyze and harmo-
nize the most recent American and European guidelines to propose roadmaps and decision algorithms that would be easy
for clinicians to use in their daily practice. In this statement, the experts addressed the cardiovascular monitoring strategies for
the cancer drugs associated with the highest risk of cardiovascular toxicities, as well as the management of such toxicities.
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ardiovascular diseases in patients with cancer

represent a major challenge for cardiologists and

oncologists because of considerable advances in
cancer treatment, which have increased the life expec-
tancy of patients at the cost of short- and long-term
adverse drug reactions, especially in the cardiovas-
cular system. The emergence of the cardio-oncol-
ogy specialty is the result of awareness that patients
treated for cancer may represent a new group with a
high level of cardiovascular risk and a set of specific

management needs.'"® As a result, cardiologists and
oncologists are currently facing a dramatic increase in
the number of patients presenting with a combination
of cancer, cancer treatment, and cancer treatment-re-
lated cardiovascular diseases.*® Several international
guidelines and position articles have been published
on the cardiovascular monitoring and management
of patients treated with cancer drugs.””'® However,
the low level of evidence supporting these statements
has led to numerous discrepancies between them,
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Nonstandard Abbreviations and Acronyms

ACE; angiotensin-converting enzyme
inhibitor

AF atrial fibrillation

ARB angiotensin receptor blocker

AE adverse event

ASCO American Society of Clinical
Oncology

BB B-blocker

Bcr-Abl, Ber-Abl kinase inhibitor

BP blood pressure

CHA,DS,-Vasc congestive heart failure,
hypertension, age >75, diabetes
mellitus, stroke, vascular

disease, age 65-74, and sex

(women)

ESC European Society of Cardiology

ESMO European Society for Medical
Oncology

GLS global longitudinal strain

HAS-BLED hypertension, abnormal renal/
liver function, stroke, bleeding
history or predisposition, labile
INR, elderly (>65 years), drugs/
alcohol

HER2, human epidermal growth

factor-2 inhibitor
HF heart failure

IC, immune checkpoint inhibitor

LVEF left ventricular ejection fraction

LVSD left ventricular systolic
dysfunction

Proteasome; proteasome inhibitor

VEGF, vascular endothelial growth

factor inhibitor

rendering it difficult for clinicians to propose a practical
approach adapted to each clinical situation. Therefore,
a cardio-oncology expert panel was convened to de-
velop roadmaps and pragmatic algorithms that could
be easily used by clinicians. This panel, from the French
Working Group of Cardio-Oncology, was composed
of cardiologists, oncologists, hematologists, and
pharmacologists with expertise in cardiotoxicity. They
analyzed and compared the key components of the
pathways recommended by the most recent guidelines
from the American and European societies of both on-
cology and cardiology; they then proposed pragmatic
approaches based on harmonization of these guide-
lines and the most recent published studies.

This statement analyzed the guidelines from the
American Society of Clinical Oncology (ASCO-201710
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and ASCO-2018"), the European Society for Medical
Oncology (ESMO-2017'? and ESMO-2020%), and the
European Society of Cardiology (ESC-2016°). The
ESMO-2017"° and ASCO-2018" guidelines were spe-
cific to immune checkpoint inhibitor (IC)-related toxic-
ity. For cardiovascular monitoring strategies, only the
cancer drugs associated with a high risk of cardiovas-
cular toxicity were analyzed, including anthracyclines,
human epidermal growth factor-2 inhibitors (HER2;s),
vascular endothelial growth factor inhibitors (VEGFs),
Ber-Abl kinase inhibitors (Bcr-Abls), proteasome inhib-
itors (proteasome;s), IC;s, and ibrutinib. Cardiovascular
complications related to anticancer hormonotherapy
and radiotherapy are not addressed in this article. This
work does not provide detailed information regarding
the cardiovascular toxicities associated with each can-
cer treatment because these data are available in the
existing guidelines; rather, it provides a more practical
harmonization that can be useful in daily clinical prac-
tice for physicians who care for patients with cancer.

CARDIOVASCULAR MONITORING
DURING CANCER TREATMENT

Definition of High-Risk Patients and the
Concept of the “Cardio-Oncological
Evaluation”

All of the guidelines emphasize the need to identify
patients with an increased risk of developing cardio-
vascular toxicity, beginning at treatment initiation and
continuing for years after the end of cancer treatment.
However, differences exist in the definition of high-risk
patients and the recommended strategies for inves-
tigation (Table S1). Although slightly different, all of
the definitions include patients with previous cardio-
vascular diseases or risk factors, high-dose anthra-
cycline, and combination therapy based on several
studies.""® The pragmatic harmonized definition pro-
posed by the working group is shown in Table 1.

For a long time, cardiological assessment of pa-
tients receiving cancer therapy has been limited to
the measurement of left ventricular ejection fraction
(LVEF). It is now clearly established that this evalua-
tion is insufficient and should include a more compre-
hensive cardiovascular risk evaluation allowing earlier
detection of myocardial toxicities as well as other car-
diovascular toxicities (eg, hypertension, QTc interval
prolongation, arrhythmias, and vascular diseases)."*'®
Therefore, it is the proposal of the working group to
develop the concept of the "cardio-oncological eval-
uation," corresponding to a global and standardized
cardiovascular assessment strategy to be proposed to
patients with cancer who are referred to cardiologists,
including risk factor assessment, ECG, biomarkers,
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Table 1.
Toxicity

Patients at Higher Risk for Cardiovascular

¢ High-dose anthracycline (eg, doxorubicin =250 mg/m?, epirubicin
>600 mg/m?)
e High-dose radiotherapy (=30 Gy) where the heart is in the treatment
field
¢ |ower-dose anthracycline (eg, doxorubicin <250 mg/m?, epirubicin
<600 mg/m?) or HER;s or VEGF;s or proteasome;s or Ber-Abls and
presence of any of the following factors:
° Age 260y
o Lower-dose radiotherapy (<30 Gy) where the heart is in the
treatment field
o >2 Risk factors, including smoking, hypertension, diabetes
mellitus, dyslipidemia, chronic renal insufficiency, and obesity
* Previous heart disease
e FElevated cardiac biomarkers* before initiation of anticancer therapy

Ber-Abls indicates Ber-Abl kinase inhibitors; HER;s, human epidermal
growth factor-2 inhibitors; proteasomes, proteasome inhibitors; and VEGFs,
vascular endothelial growth factor inhibitors.

*N-terminal pro-B-type natriuretic peptide (or B-type natriuretic peptide)
and/or troponin.

and imaging evaluation (Table 2). This cardio-onco-
logical evaluation should be comprehensive before
the initiation of cancer therapy in order to estimate
the baseline risk of cardiovascular toxicity, but must
be tailored to the anticancer drugs during follow-up
to avoid repeating unnecessary investigations. This
is particularly relevant for lipid and glucose profiles,
which should be monitored in patients treated with
drugs that alter them (eg, Bcr-Abl kinase inhibitors or
mammalian target of rapamycin inhibitors).

Anthracyclines
What do the Guidelines Say?

Anthracyclines are old drugs that have been associ-
ated with several cardiovascular toxicities, including

Table 2. Cardiovascular Assessment Included in the
“Cardio-Oncological Evaluation”

Clinical consultation (including BP measurement)

ECG

Blood glucose,” lipid profile,” glomerular filtration rate calculation
Cardiovascular global risk assessment using guidelines'"'®

TTE including measurements of LVEF measurements (ideally
3-dimensional but at least 2-dimensional Simpson biplane

method) and GLS. In the absence of GLS quantification of LV
longitudinal function, use mitral annular displacement by M-mode
echocardiography and/or peak systolic velocity of the mitral annulus
by pulsed-wave DTI

e |V contrast agents could be potentially useful in 2-dimensional
echochardiography

CMR is recommended if the quality of TTE is suboptimal

Use the same imaging modality for monitoring

Actively manage modifiable cardiovascular risk factors and diseases

Encourage exercise on a regular basis and healthy dietary habits

BP indicates blood pressure; CMR, cardiac magnetic resonance;
DTI, Doppler tissue imaging; GLS, global longitudinal strain; LV, left
ventricular; LVEF, left ventricular ejection fraction; and TTE, transthoracic
echocardiogram.

*All of these parameters should be measured during the first evaluation
but will be rechecked during follow-up only with cancer treatments that
may modify them (eg, Ber-Abl inhibitors or mammalian target of rapamycin
inhibitors).
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left ventricular systolic dysfunction (LVSD) and heart
failure (HF).'®2° The monitoring strategies of anthracy-
clines proposed by the recent guidelines are shown in
Table S2.

Briefly, all of the guidelines recommend screening
and optimal management of cardiovascular diseases
and risk factors before, during, and after anthracycline
therapy. They emphasize the importance of screening
for early signs of cardiotoxicity, allowing indication of
cardioprotective strategies to prevent the development
of overt LVSD and HF. However, there are many dif-
ferences in the strategies for pretherapy assessment
and monitoring (including the use of cardiac biomark-
ers such as troponin) as well as indications for drug
prophylaxis in the primary prevention of cardiotoxicity.
Regarding the long-term follow-up in survivors, no gen-
eral agreement has emerged from these guidelines.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 1A.

In summary, anthracyclines should not be used in
patients with LVEF <40% unless there is no effective al-
ternative cancer treatment. In patients with LVEF <50%
but >40% and those exposed to multiple cardiotoxic
cancer treatments who have a normal LVEF and as-
sociated cardiovascular risk factors, anthracyclines
can be used with a cardioprotective strategy using an-
giotensin-converting enzyme inhibitors (ACEs) (or an-
giotensin receptor blockers [ARBs]) and/or (3-blockers
(BBs). Regarding monitoring during therapy, the use
of troponin to predict LVSD is highly variable accord-
ing to the guidelines because of conflicting results in
published studies.?-?5 The working group proposed to
use troponin in situations in which it has most clearly
demonstrated its value, namely, high-cumulative-dose
anthracycline (doxorubicin =250 mg/m? or epirubicin
>600 mg/m?), lower-cumulative-dose anthracycline in
association with other cardiotoxic therapy, or cardio-
vascular risk factors.?'=?% It is of importance that assays
be performed by the same laboratory (same type of
troponin, same method of measurement) and at the
same time (within 24 hours after each infusion).

HER2 Inhibitors
What do the Guidelines Say?

HER2;s (monoclonal antibodies: trastuzumab and per-
tuzumab; tyrosine kinase inhibitor: lapatinib) are as-
sociated with the occurrence of LVSD and HF.?® The
monitoring strategies proposed by the current guide-
lines are shown in Table S3.

Briefly, all of the guidelines recommend a cardio-
logical assessment before HERZ, initiation, including
a physical examination, ECG, and cardiac imaging,
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HER2 inhibitors

Anthracyclines
(e.g., trastuzumab, pertuzumab, lapatinib)

(e.g., doxorubicin, epirubicin, idarubicin, daunorubicin, mitoxantrone)

Cardio-oncological evaluation’, BNP or NT-proBNP, and troponin®
before cancer treatment begins

evaluation’, BNP or NT-pr
before cancer treatment begins

, and troponin'

[ cumutative dose doxorubicin 2250 mgimor epirubicin 2600 mg/m) | | Cumlative dose doxorubicin <250 mgimor epirubicin <600 mgim)
yes o
Presence of any of the following factors: ¥

before each cycle

Cardio-oncological evaluation®
every 3 months during treatment

‘ Cardio-oncological evaluation”

AND 1
Troponin' after each cycle (end of infusion) pa

Troponin'
after each cycle (end of infusion)

[ CV symptoms/signs OR Troponin +

every 3 months during treatment
AND

Troponin'

Cardio-oncological evaluation® ‘
after each cycle (end of infusion)

[ CV symptoms/signs OR Troponin +

is r*o Yt$ r*o
T v v v

Cardio-oncological evaluation’
at the end of cancer treatment and at 6 months, 1 year, 2 years,
and periodically thereatter if prior anthracyclines

Cardio-oncological evaluation’

Cardio-oncological evaluation”
before the next cycle and tailored monitoring on case-by-case basis

before the next cycle and tailored monitoring on case-by-case basis

at the end of cancer treatment and at 6 months, 1 year, 2 years,
and periodically thereafter

Cardio-oncological evaluation" ‘

Figure 1. Pragmatic approach for monitoring patients treated with anthracyclines (A) and human epidermal growth factor-2

(HER2) inhibitors (B).

*The cardio-oncological evaluation will systematically include at least 1 visit with:

e Clinical consultation (including BP measurement).

e ECG.

e Blood glucose, lipid profile, and glomerular filtration rate calculation should be evaluated before initiation of anthracyclines and
HER?2 inhibitors. Recheck at least at 1 year, 2 years, and periodically thereafter for patients who received anthracyclines.

e TTE including measurements of LVEF measurements (ideally 3-dimensional but at least 2-dimensional Simpson biplane
method) and GLS. In the absence of GLS quantification of LV longitudinal function, use mitral annular displacement by M-mode
echocardiography and/or peak systolic velocity of the mitral annulus by pulsed-wave DTI.

e LV contrast agents could be potentially useful in 2-dimensional echocardiography.

e CMR is recommended if the quality of TTE is suboptimal.

e Use the same imaging modality for monitoring.

e Actively manage modifiable cardiovascular risk factors and diseases.

e Encourage exercise on a regular basis and healthy dietary habits.

TFor monitoring, assays should be performed by the same laboratory (same type of troponin, same method of measurement) and at

the same time (before or within 24 hours after each cycle). Troponin+ if >99th percentile of the upper reference limit or significantly

increased compared with baseline. ACE; indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB,

[3-blocker; BNP, B-type natriuretic peptide; BP, blood pressure; CMR, cardiac magnetic resonance; CV, cardiovascular; DTI, Doppler

tissue imaging; GLS, global longitudinal strain; LV, left ventricular; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-

B-type natriuretic peptide; and TTE, transthoracic echocardiogram.

preferably transthoracic echocardiogram. However,
there are important differences regarding initial and
subsequent evaluation of cardiac biomarkers and
pretherapeutic introduction of ACEs (or ARBSs) and/or
BBs in high-risk patients. While most guidelines rec-
ommend cardiac imaging monitoring every 3 months
during treatment, the ASCO-2016 guidelines leave
the choice of timing to the physician’s discretion. No
specific recommendations for HER2;s are proposed
by the guidelines regarding the long-term follow-up
in survivors.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 1B.

In summary, HER2;s should not be used in pa-
tients with LVEF <40% unless there is no effective
alternative cancer treatment. In patients with LVEF
<560% but >40% and those exposed to multiple car-
diotoxic cancer treatments with a normal LVEF and
associated cardiovascular risk factors, HER2;s can
be used with a cardioprotective strategy using ACE;s
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(or ARBSs) and/or BBs. The working group proposes
not only an imaging evaluation but also a com-
plete cardio-oncological evaluation every 3 months
during HERZ2; treatment in all patients. The benefit
of troponins to predict intravenous or subcutaneous
HER2;s cardiotoxicity is somewhat equivocal and ap-
pears to be more helpful, especially in patients with
prior exposure to anthracyclines.?” Troponin evalua-
tion may be used after each infusion in patients at
higher risk of cardiotoxicity.

VEGF Inhibitors
What do the Guidelines Say?

VEGF;s are associated with an increased risk of hy-
pertension, myocardial ischemia, LVSD, QTc prolon-
gation, and arterial thromboembolic events.?® The
mammalian target of rapamycin inhibitors share simi-
lar potential cardiovascular adverse events (AEs) and
can also cause hypercholesterolemia, hypertriglyc-
eridemia, and hyperglycemia. The monitoring strate-
gies proposed by the current guidelines are shown
in Table S4.
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Briefly, all of the guidelines recommend an initial
cardiovascular evaluation including screening and
management of cardiovascular risk factors, baseline
blood pressure (BP) value, and LVEF measurement.
During VEGF, therapy, the guidelines recommend the
same general rules as for other cancer treatments with
potential cardiotoxicity but highlight the importance
of performing appropriate and close BP monitoring
and screening of early signs and symptoms of HF.
However, there is no consensus on the use of cardiac
biomarkers or the timing of evaluations.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 2A.
In summary, all patients eligible for VEGF, therapy

Cardio-Oncology Guidelines Pragmatic Approach

treatment initiation because of the high frequency
and rapid onset of cardiovascular AEs (a few days
after VEGF, initiation).® Then, the working group pro-
poses to repeat it every 3 months the first year, then
every 6 months during VEGF, therapy.?® Moreover,
the patients should be educated on home BP mon-
itoring. As the value of troponin in monitoring these
molecules has not been demonstrated, its use is not
recommended.

Bcr-Abl Kinase Inhibitors
What do the Guidelines Say?
Ber-Abl kinase inhibitors (imatinib, dasatinib, nilotinib,
bosutinib, and ponatinib) are associated with ac-
celerated atherosclerosis, peripheral artery disease
development, acute coronary syndrome, stroke, hy-

should have a cardio-oncological evaluation before  pertension, hyperglycemia, hypercholesterolemia,
VEGF; and mTOR; Bcr-Abl inhibitors
VEGF,TK;s (e.g., imatinib, dasatinib, bosutinib, nilotinib, ponatinib)
(e.g., sunitinib, sorafenib, ponatinib, pazopanib, cabozantinib, lenvatinib, nintedanib, vandetanib, axitinib, regorafenib) |
VEGF; monociona} antibodies ;
(e.g., bevacizumab, aflibercept, ramucirumab) imatinib, bosutinib, dasatinib' ‘ ponatinib ‘ | nilotinib ‘
mTOR,
(e.g., everolimus, temsirolimus)
High or very high CV risk |
Cardio-oncological evaluation’ no yes
before cancer treatment begins ¥
¥ Clinical examination by the Cardio-oncological evaluation® ‘ Cardio-oncological evaluation*
‘ Cardio-oncological evaluation' AND home blood pressure monitoring ‘ ';’;:ﬂ'ﬂ;gc‘:: :c"a‘l’:c‘;?blc‘g:g befors cancer traatmant begina PAD scresning by ankie brachlalIndex
every 3 months for 1 year, then every 6 months during cancer treatment measurement and Doppler of supra-
aortic/lower extremity arteries
Normal | | CV symptoms OR before cancer treatment begins
ECG abnormality
Cardio-oncological evaluation’ AND home blood pressure monitoring
every 3 months for 1 year, then every 6 months during
the Bor-Abl, therapy
Monitoring )
by the
hematologist PAD screening by ankle brachial index
measurement and Doppler of supra-
aortic/lower extremity arteries.
every 6 months if high and very high CV risk
yearly if intermediate CV risk

Proteasome inhibitors
(e.g., bortezomib, carfilzomib, ixazomib)

Cardio-oncological evaluation’ AND BNP or NT-proBNP*
before cancer treatment begins

Cardio-oncological evaluation” AND home blood pressure monitoring, BNP or NT-proBNP*
every 3 months for 1 year, then every 6 months during all proteasome inhibitors therapy

D

Ibrutinib

Cardio-oncological evaluation’
before cancer treatment begins

Cardio-oncological evaluation” AND home blood pressure monitoring
every 3 months for 1 year, then every 6 months during all ibrutinib therapy

) )

Asymptomatic | [ Symptomatic |

Holter-ECG monitoring
in addition to the cardio-oncological follow-up’

Continue cardio-oncological follow-up" ] [

Figure 2. Pragmatic approach for monitoring patients treated with VEGF, and mTOR;s (A), Bcr-Abls (B), proteasome

inhibitors (C), and ibrutinib (D).

*The cardio-oncological evaluation will systematically include at least 1 visit with

e (Clinical consultation (including BP measurement).
e ECG.

e Blood glucose, lipid profile, and glomerular filtration rate calculation should be evaluated before initiation of these drugs. Recheck
at least every 3 months for 1 year, then every 6 months for patients who received VEGF,, mTOR,, and Bcr-Abl..

e TTE including measurements of LVEF measurements (ideally 3-dimensional but at least 2-dimensional Simpson biplane
method) and GLS. In the absence of GLS quantification of LV longitudinal function, use mitral annular displacement by M-mode
echocardiography and/or peak systolic velocity of the mitral annulus by pulsed-wave DTI.

Use the same imaging modality for monitoring.

LV contrast agents could be potentially useful in 2-dimensional echocardiography.
CMR imaging is recommended if the quality of TTE is suboptimal.

Actively manage modifiable cardiovascular risk factors and diseases.
Encourage to exercise on a regular basis and healthy dietary habits.

TTransthoracic echocardiogram (TTE) is recommended for baseline pulmonary pressure assessment. ¥TTE and B-type natriuretic
peptide (BNP)/NT-proBNP (N-terminal pro-B-type natriuretic peptide) must not be performed the day of proteasome inhibitor infusion.
SHolter-ECG monitoring can be considered even in asymptomatic patients to asymptomatic atrial fibrillation or ventricular arrhythmia.
Ber-Abl, indicates Ber-Abl kinase inhibitor; BP, blood pressure; CV, cardiovascular; CMR, cardiac magnetic resonance; DTI, Doppler
tissue imaging; GLS, global longitudinal strain; LV, left ventricular; LVEF, left ventricular ejection fraction; mTOR;, mammalian target
of rapamycin inhibitor; PAD, peripheral artery disease; TK,, tyrosine kinase inhibitor; and VEGF, vascular endothelial growth factor
inhibitor.
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pericardial effusion, pulmonary arterial hypertension,
QTc prolongation, and occasionally LVSD.2%-%? The
monitoring strategies proposed by the current guide-
lines are shown in Table S4.

Briefly, despite this potential cardiovascular toxicity,
none of the current guidelines specifically address Ber-
Abl kinase inhibitor monitoring; they simply recommend
the same general rules of monitoring as those for the
other cancer treatments with potential cardiotoxicity.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is shown in Figure 2B.

In summary, a monitoring strategy based on the
specific risk of toxicity for each Ber-Abl kinase inhib-
itor drug and the individual global cardiovascular risk
should be performed. Special attention should be
paid to patients at very high or high individual cardio-
vascular risk (estimated by the current guidelines)'”'®
and those treated with nilotinib and ponatinib. Indeed,
previously unrecognized and severe peripheral ath-
erosclerosis has emerged as a critical concern with
nilotinib, along with serious arterial thrombotic events
with ponatinib.®3-3% The results of several studies
support the utilization of the ankle-brachial index
in this setting. An abnormal ankle-brachial index
(<0.9) is sensitive and specific for peripheral artery
disease and could indicate systemic atherosclerotic
disease.®5:37

Proteasome Inhibitors
What do the Guidelines Say?

Proteasomes (carfilzomib, bortezomib, and ixazomib)
are associated mainly with LVSD, HF, arterial hyper-
tension, and myocardial ischemia.®®%% The monitor-
ing strategies proposed by the current guidelines are
shown in Table S4.

Briefly, despite a cardiovascular toxicity profile
clearly established with a high frequency of occur-
rence, none of the current guidelines specifically
address proteasome; monitoring. They simply rec-
ommend the same general rules of monitoring as
those for the other cancer treatments with potential
cardiovascular toxicity.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 2C.

In summary, all patients eligible for proteasome;s
and particularly for carfilzomib should have a baseline
cardio-oncological evaluation before treatment begins.
This initial evaluation should also contain a baseline
measurement of natriuretic peptides and baseline
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home BP monitoring. This proposal is based on the
fact that median time to first cardiovascular AE from
proteasome;s start was 31 days, with 86% of cardio-
vascular events occurring within the first 3 months,
and that baseline natriuretic peptides were also pre-
dictive of cardiovascular events.34° After the baseline
evaluation, it is suggested to repeat cardio-oncological
evaluation, including natriuretic peptides, and home
BP monitoring every 3 months the first year, and every
6 months thereafter, throughout the course of protea-
some, therapy.“°

Ibrutinib
What do the Guidelines Say?

Ibrutinib has been associated with atrial fibrillation (AF)
since the early drug development phases. More re-
cently, other cardiovascular toxicities were described,
including hypertension, HF, ventricular arrhythmias,
and conduction disorders.*’

Briefly, although the ibrutinib cardiovascular toxicity
profile has been clearly established, especially the risk
of AF, none of the current guidelines specifically ad-
dress ibrutinib monitoring.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 2D.

In summary, all patients eligible for ibrutinib therapy
should have a baseline cardio-oncological evaluation
before treatment begins because of the multiple car-
diovascular side effects associated with ibrutini.4!42
After the baseline evaluation, asymptomatic patients
should receive repeat cardio-oncological evaluation
every 3 months the first year (and every 6 months af-
terward) associated with home BP monitoring during
all ibrutinib therapy. The decision to perform car-
dio-oncological evaluations every 3 months during the
first year is based on the fact that conduction disorders
mainly develop during the first 30 days and AF, ventric-
ular arrhythmias, and HF have a peak incidence at 2 to
3 months, whereas hypertension occurs mainly after 4
to 5 months. Overall, cardiac AEs steadily occur during
the first year after ibrutinib initiation.*' In symptomatic
patients, we suggest adding repeated Holter-ECG
monitoring for AF screening.

Immune Checkpoint Inhibitors
What do the Guidelines Say?

IC;s are associated with the occurrence of immune-
related myocarditis, which has a high mortality of
~50%.43-46 Pericarditis, supraventricular arrhythmias,
acute coronary syndrome, and Takotsubo syndrome
are other potential cardiovascular immune-related
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AEs.*®4748 The monitoring strategies proposed by the
current guidelines are shown in Table S5.

Briefly, before IC, therapy, only the ASCO-2018"
recommend performing ECG and considering tropo-
nin, especially in patients treated with combination
immune therapies but there is no consensus among
the guidelines for either the pretherapeutic cardio-
vascular assessment or the monitoring of asymptom-
atic patients. The ASCO-2018" and ESMO-2020"®
guidelines recommend promptly performing an ap-
propriate workup (ECG, troponin, B-type natriuretic
peptide or N-terminal pro-B-type natriuretic peptide,
C-reactive protein, viral titer, echocardiogram with
global longitudinal strain [GLS], and cardiac magnetic
resonance) for patients who develop new cardiovas-
cular symptoms or are incidentally noted to have ar-
rhythmia or conduction abnormality on ECG or LVSD
on echocardiogram while undergoing IC, therapy (or
after recent completion).

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 3.

In summary, it should be kept in mind that the clin-
ical suspicion of IC-associated myocarditis is usually
made by oncologists during patient monitoring. Hence,
the proposed algorithm should be available in the on-
cology department, easy to perform, and easy for a
noncardiologist to analyze.*® It is the proposal of the
working group to consider 2 strategies that best reflect
the entire possible clinical scenario. Strategy 1 con-
siders baseline cardiovascular signs/symptoms, ECG,
and troponin | or T for each patient deemed to receive

Cardio-Oncology Guidelines Pragmatic Approach

IC, therapy. These parameters should be checked and
compared with baseline values before each IC, admin-
istration and in case of noncardiovascular immune-re-
lated AE occurrence. Strategy 2 considers that only
cardiovascular signs/symptoms be checked before
each IC, administration, and only patients with new
cardiovascular signs/symptoms or noncardiovascular
immune-related AEs be evaluated with ECG and tro-
ponin. Strategies 1 and 2 consider that asymptomatic
patients with a rise in troponin or new ECG abnormal-
ities or patients with new cardiovascular signs/symp-
toms be rapidly referred to a cardio-oncology unit
able to confirm or deny the diagnosis of IC-related
myocarditis.

MANAGEMENT OF
CARDIOVASCULAR TOXICITY

LVSD and HF
What do the Guidelines Say?

Definitions and management of LVSD and HF pro-
posed by the recent guidelines are shown in Table S6.

Briefly, several anticancer drugs have direct myo-
cardial toxicity that can lead to LVSD and HF. Various
terms are used according to the guidelines to define
the different grades of myocardial involvement, such
as “cancer treatment-related cardiac dysfunction,”
“cardiac dysfunction,” “LVSD,” or “subclinical LVD.”
The guidelines defined significant LVSD as a de-
crease in LVEF but with different cutoff values. While
they agree with the recommendation to measure
GLS with transthoracic echocardiogram and tropo-
nin for screening of early myocardial toxicity in some

Immune checkpoint inhibitors (IC;)
(e.g., nivolumab, pembrolizumab, cemiplimab, avelumab, atezolizumab, durvalumab, ipilimumab, tremelimumab)

ECG AND troponin®
before cancer treatment begins
)
ECG AND troponin®
within 48h before each administration AND if other irAEs

3 )
[ Strategy 1 ‘ ‘ Strategy 2 ‘
2

Check new CV symptoms/signs
before cancer treatment begins
Check ECG AND troponin’
in case of other irAEs

v

¥

New CV symptoms/signs OR
Troponin + OR
ECG abnormality

¥

Suspect myocarditis

¥

Hold cancer treatment
Refer to a cardio-oncology unit for monitoring and diagnostic work-up

Figure 3. Pragmatic approach for monitoring patients treated withimmune checkpointinhibitors.
*For monitoring, assays should be performed by the same laboratory (same type of troponin, same
method of measurement) and before each administration. Troponin+ if >99th percentile of the upper
reference limit or significantly increased compared with baseline. CV indicates cardiovascular; irAEs,

immune-related adverse events.
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situations, the cutoff values also vary according to
the guidelines as well as the indications for initiating
cardioprotective therapy in these situations because
of lack of strong evidence.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 4.

In summary, the following terms, definitions, and
management of the different grades of left ven-
tricular toxicity are proposed. “Overt cancer treat-
ment-related LVSD” is defined as an LVEF drop of
>10 percentage points to a value <50% or an LVEF
drop of >20 percentage points. Its management is
based on the presence of symptoms/signs of HF,
LVEF value, and the type of cancer treatment. “Early
cancer treatment-related myocardial toxicity” is de-
fined as troponin level rise and/or GLS drop without
overt myocardial toxicity. In accordance with all of
the guidelines, troponin can be considered an early

Cardio-Oncology Guidelines Pragmatic Approach

sign of myocardial toxicity if its level rises from base-
line and exceeds the upper reference limit of the
laboratory (same type of troponin, same method of
measurement). Regarding the GLS cutoff value, the
working group proposes to use the definition used by
the ESMO-2020" guidelines because it is the most
sensitive, ie, an absolute GLS drop >5% or a relative
drop >12%. Waiting for more results from ongoing
randomized clinical trials,*® the initiation of ACEs
(or ARBs) and/or BBs in these patients has been
proposed.

Hypertension
What do the Guidelines Say?

The diagnostic criteria and management of cancer
treatment-related hypertension proposed by the re-
cent guidelines are shown in Table S7.

Briefly, although the guidelines differ in the definition
of high BP and BP target, they agree on the need for

A

LVEF drop of 10 percentage points to a value <50% OR
LVEF drop of 20 percentage points

(coronary heart disease, hyperthyroidism, severe anemia,...)

Early cancer treatment-related myocardial toxicity
Troponin rises 299" percentile of the upper reference limit

Absolute GLS drop 25% OR AGLS 212%

Check and treat other/associated conditions
(coronary heart disease, hyperthyroidism, severe anemia,...)

Overt cancer treatement-related left ventricular systolic dysfunction ‘

‘ Check and treat other/associated conditions

] [ ‘Symptomatic (HFrEF)
Cardio-oncological evaluation’ and initiate ACEi and BB’ | Cardio-oncological evaluation’, initiate ACEi and BB', and
¥ hold the involved cancer treatment
LVEF 240% ] LVEF <40% )
v [ Close cardio-oncological monitoring |
Anthracyclines Hold the involved cancer
treatment ‘ No more symptoms Peristence of symptoms
no s ¥
v v Physical exam, TTE, BNP (NYHAT) (NYHAII-IV)
Continue the same N
Gancer reatment at3 weoks, then overy

aslong as

and LVEF 240% 2

Discuss permanent stop
of the involved cancer
treatment

Physical exam, TTE, BNP
or NT-proBNP
at 3 weeks, then every 3

if LVEF increase

Discuss resuming the involved cancer treatment
(reversibility* or partial reversibilty’)

12

Troponin+!| OR
Absolute GLS drop 5% or AGLS 212%

Absolute GLS drop 5% or AGLS >12%

Cardio-oncological evaluation®
before the next administration and
at 3 weeks

before the next administration and

‘ Troponin+!I AND
‘ at 3 weeks

Cardio-oncological evaluation’ ‘ ‘

Initiate ACEi and/or BB* Discuss ACEi and/or BB*

Cardio-oncological evaluation®
at 3 weeks and every 3 months unless symptoms develop

Cardio-oncological evaluation®
at 3 weeks and every 3 months unless symptoms develop

Continue the same cancer treatment
as soon as no LVEF drop and asymptomatic

Figure 4. Definitions and management of overt cancer therapy-related left ventricular systolic dysfunction (A) and early

cancer therapy-related myocardial toxicity (B).

*The cardio-oncological evaluation will systematically include at least 1 visit with

e Clinical consultation (including BP measurement).
e ECG.

e Blood glucose, lipid profile, glomerular filtration rate calculation.

e TTE including measurements of LVEF measurements (ideally 3-dimensional but at least 2-dimensional Simpson biplane
method) and GLS. In the absence of GLS quantification of LV longitudinal function, use mitral annular displacement by M-mode
echocardiography and/or peak systolic velocity of the mitral annulus by pulsed-wave DTI.

e LV contrast agents could be potentially useful in 2-dimensional echocardiography.

e CMR is recommended if the quality of TTE is suboptimal.
e Use the same imaging modality for monitoring.

e Actively manage modifiable cardiovascular risk factors and diseases.

e Encourage to exercise on a regular basis and healthy dietary habits.

THeart failure (HF) therapy should be continued indefinitely unless normal systolic left ventricular (LV) function remains stable after
cessation of HF therapy and no further cancer therapy is planned. In patients with trastuzumab-induced cardiac dysfunction, HF
treatment can be stopped after normalization. *If recovery to the initial LV ejection fraction (LVEF) to within 5 units. SIf recovery of at
least 10 units of LVEF but still >5 units below baseline. IFor monitoring, assays should be performed by the same laboratory (same type
of troponin, same method of measurement) and at the same time (before or within 24 hours after each cycle). Low level of evidence
for this strategy. Angiotensin-converting enzyme inhibitors (ACE;s) and 3-blockers (BBs) can be stopped if normal systolic LV function
remains stable after cessation of HF therapy and no further cancer therapy is planned. ARB indicates angiotensin receptor blocker;
BNP, B-type natriuretic peptide; BP, blood pressure; CMR, cardiac magnetic resonance; CV, cardiovascular; DTI, Doppler tissue
imaging; GLS, global longitudinal strain; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; and TTE, transthoracic echocardiogram.
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early and aggressive pharmacological treatment in case
of hypertension associated with a cancer treatment
to prevent the development of cardiovascular compli-
cations. ACEs (or ARBs) and dihydropyridine calcium
channel blockers are the preferred antihypertensive
drugs in this situation, especially with VEGF, therapy.
The nondihydropyridine calcium channel blockers (dilti-
azem and verapamil) should be avoided because of the
risk of drug-drug interactions. Discontinuation or dose
reduction of cancer treatment may become necessary
to control hypertension in a certain subset of patients
not responding to any of the outlined measures. Once
BP control is achieved, cancer treatment can be re-
started to achieve maximum anticancer efficacy.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 5A.

In summary, high BP is defined as BP >140/90
mm Hg during the visit, measured with home BP mon-
itoring >135/85 mm Hg or measured with 24-hour
Holter >135/85 mm Hg, which are the more accepted
thresholds in current guidelines on hypertension®
and in line with expert statements.5? All patients ex-
periencing new hypertension or worsening of preex-
isting hypertension associated with cancer treatment
should benefit from a cardio-oncology evaluation and
the search for any proteinuria as well as the analysis
of urine cytology. Unless there is presence of any hy-
pertensive emergency or any hypertension-mediated
organ damage, the same cancer treatment should
typically be continued, and an antihypertensive ther-
apy must be quickly started or optimized. In cases of
proteinuria >1 g/d, hematuria, or acute renal failure, pa-
tients must be referred to a nephrologist. When cancer
treatment is interrupted, resumption can be discussed
once hypertension is under control.

QTc Interval Prolongation
What do the Guidelines Say?

Only the ESC-2016 guidelines provide recommenda-
tions regarding the management of QTc interval pro-
longation associated with cancer treatment (Table S8).°

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 5B.

In summary, Fridericia correction should be pre-
ferred to Bazett correction, as it was also recom-
mended by the E14 ICH guideline adopted by the Food
and Drug Administration and European Medicines
Agency in 2005.%%54 This formula is more accurate®®5¢
and may be preferable in the cancer population
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because there is less overcorrection and undercor-
rection in patients with tachycardia or bradycardia.®
If possible, manual QTc interval measurement is sug-
gested using the recommended stepwise method.®”
The QTc interval is prolonged when >450 ms in men
and >460 ms in women.>” Cancer treatment can be
continued as long as QTc interval is <500 ms and a
change in QTc is <60 ms and there is no occurrence of
any ventricular arrhythmias or syncope.®® Electrolyte
abnormalities must be checked at each medical eval-
uation, as patients with cancer tend to be particularly
at risk for developing hypokalemia (eg, caused by
vomiting and diarrhea). Whenever possible, discon-
tinuation of noncancer treatment drugs that induce
QTc prolongation is warranted.

Atrial Fibrillation
What do the Guidelines Say?

Only the ESC-2016 guidelines provide recommenda-
tions regarding the management of AF associated with
cancer treatments (Table S9).°

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by the
working group is depicted in Figure 5C.

In summary, the initial approach to manage AF
associated with cancer treatment has been chosen
according to the 2 usual considerations, namely, the
rhythm versus the rate-control strategy and thrombo-
embolic prophylaxis.®-%" Although no score has been
validated to predict the thromboembolic and bleeding
risk in the context of active cancer, the working group
suggests to indicate anticoagulation according to a
multiparametric evaluation including the CHA,DS,-
VASc score; thromboembolic and bleeding risk of the
cancer; hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile INR,
elderly (>65 years), drugs/alcohol (HAS-BLED) score;
platelet count; and life expectancy. It seems that lung,
gastric, and pancreatic cancer are associated with a
high risk of thromboembolic events.®? Low-molecular-
weight heparin may be considered as a short-term
measure, while warfarin and direct oral anticoagulants
may be considered as long-term anticoagulation op-
tions. The choice should be based on the risk assess-
ment of drug-drug interactions of each anticoagulant
with cancer treatments and the specific bleeding risk
of each cancer. Regarding direct oral anticoagulants,
Xa inhibitors may be preferred to lla inhibitors. The
uptake of all direct oral anticoagulants is influenced
by the P-glycoprotein system,®° but dabigatran ap-
pears to be the most at-risk direct oral anticoagulants
because of its low bioavailability and important renal
elimination, which exposes it to a theoretical increased
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QTc interval prolongation
QTe 2450 ms for male and 2460 ms for female*

QTcF 450-500 ms AND QTcF >500 ms OR Unexplained syncope OR
2 QTCF <60 ms AND QTcF >60 ms OR pre-syncope
no ventricular arrhythmias and no syncope ventricular arrhythmias

| cancer treatment can be continued [ Hold the involved cancer treatment | Hold the involved cancer treatment

Rapid cardio-oncological evaluation’ Rapid cardio-oncological evaluation’
Hospitalization if ventricular arrythmias and hospitalization
or very long QTe

Blood pressure (visit) 2140/90mmHg
Blood pressure (home blood monitoring) 2135/85mmHg
Blood pressure (Holter) 2135/85mmHg

Hypertension ‘

Pu quantitative assessment
AND Urine cytology
|

Cardio-oncological evaluation’ AND ‘

Cardio-oncological evaluation”

Pu igiday
OR

Check and correct electrolyte
No acute hypertension-mediated
organ damage

Acute hypertension-mediated
organ damage

Hematuria Search for QTc prolongation and

No hypertensive emergencies’
AND
ventricular arrhythmias

. . Check and correct electrolyte
If possible, stop other drug-induced imbalan

QTc interval prolongations

OR
Acute renal failure

Refer to nephrologist
Discuss the benefitirisk ratio to continue
the same cancer treatment

Hypertensive emergencies’ ‘

Check correct electrolyte imbalance
Start or optimize
anti-hypertensive treatment
Prefer ACEi or ARB
Avoid verapamil and diltiazem
(CYP3A4 interactions)

Continue the same cancer treatment ‘

- If possible, stop other drug-induced
Hold the involved cancer treatment are "

Definitive discontinuation if cancer
treatment involved

jen
Urgent hypotensive treatment

Definitive discontinuation if cancer
treatment involved in ventricular
arrhythmias

Discuss resuming the involved cancer
treatment when hypertension is
controlled
Dosage can be modulated

In absence of ventricular arrhythmias,
discuss resuming the involved cancer
treatment at a reduced dosage once the
QTc normalizes

C D

Atrial fibrillation

Cardio-oncological evaluation’
Usualy, continuation of cancer treatment is possible,

CV signs/symptoms OR troponin +*

Suspected IC-related myocarditis
OR new ECG abnormality

12

Search for another etiology/precipitating factors:

. Hold IC, therapy
myocardial ischemia, electrolyte imbalance, hyperthyroidism, hypovolemia, sepsis, anemia, other drugs (corticosteroids...)

1
2. Urgent admission to coronary care unit

3. CV evaluation with ECG, TTE, troponin, CK, CK-MB, CMR
4. Rule out acute coronary syndrome
5.
6.

Rate vs. rhythm control
Usually prefer rate control, especially if the suspected
cancer treatment is continued) with beta-blockers! .

. Thmmhoer:::ﬁ:iigs";ff"::éﬁ';‘:ss'?‘%;c <core AND . Check for other IrAEs (myosis, myasthenia gravis, preumoriis..)
type of cancer” . Discuss endomyocardial biopsy
« Bleeding risk: use HAS-BLED score, type of cancer ) ¥
Discuss rhythm control* if AND platelet count'! Definite, probable or possible IC,-related myocarditis Other
= Symptomatic despite rate control ¥ 3 according to diagnostic criteria and clinical judgment diagnosis
« Hemodynamic instability
« Cancer treatment is completed or low probabilty of
causality
« No risk of interaction with anti-arrhythmic drugs
+ No contraindications for anticoagulants

CHA,DS,VASc 22 AND:OR
cancer with high arterial thromboembolic

CHA,DS,VASc <2 OR
major bleeding risk'*

Methylprednisolone (1g/day i.v. for 3 days)

Symptomatic treatment (HF, arrhythmias, conduction abnormality) ‘

risk AND
no major bleeding risk

Unfavorable evolution’* | Favorable evolution |
Choose anticoagulants on individual
profile and interactions with cancer
treatment
+ Warfarin with close INR monitoring

No anticoagulation
* Regular reassessment
« Consider left appendage

Discuss!!!
abatacept, alemtuzumab, antithymocyte globulin,
mycophenolate mofeti, plasmapheresis, tacrolimus, tocilizumab

Oral prednisolone
2mgikgiday for 14 days, then 1mgfKgiday for 14
= LMWH for short term treatment expectancy if CHA,DS,,- days and then tapered over 4-6 weeks
« DOAC: prefer Xa inhibitors and discuss VASC is high Troponin* monitoring at dosage change
dose reduction — i

occlusion according to lfe

[ No resuming IC, therapy

Figure 5. Definitions and management of cancer therapy-related hypertension (A), QTc interval prolongation (B), atrial
fibrillation (C), and immune checkpoint inhibitors-related myocarditis (D).

*The cardio-oncological evaluation will systematically include at least one visit with

Clinical consultation (including BP measurement).

ECG.

Blood glucose, lipid profile, glomerular filtration rate calculation.

TTE including measurements of LVEF measurements (ideally 3-dimensional but at least 2-dimensional Simpson biplane
method) and GLS. In the absence of GLS quantification of LV longitudinal function, use mitral annular displacement by M-mode
echocardiography and/or peak systolic velocity of the mitral annulus by pulsed-wave DTI.

LV contrast agents could be potentially useful in 2-dimensional echocardiography.

CMR is recommended if the quality of TTE is suboptimal.

Use the same imaging modality for monitoring.

Actively manage modifiable cardiovascular risk factors and diseases.

Encourage to exercise on a regular basis and healthy dietary habits.

THypertension emergencies are situations in which grade 3 hypertension (systolic arterial pressure >180 mm Hg and/or diastolic
arterial pressure >110 mm Hg) is associated with acute hypertension-mediated organ damage (eg, acute heart failure [HF], acute aortic
dissection, acute coronary syndrome, retina hemorrhages and/or edema, encephalopathy, acute renal failure). ¥ Fridericia correction
(QTcF=QT/\3/ﬁ) should be preferred to Bazett correction (QTcB=QT/\/ﬁ). If possible, manual measurement is recommended
using DIl first, or V5 or V6, or DI, or in the best lead (stepwise method). $Several drugs increase QTc interval: antibiotics, antiemetics,
CNS drugs.list available on https://www.crediblemeds.org/index.php/login/dicheck. 3-Blockers present no/few drug-drug interaction
with cancer treatments, particularly atenolol and nebivolol. Avoid digoxin and calcium channel blockers (verapamil, diltiazem). “The
potential for drug-drug interactions (through P-glycoprotein and cytochrome P450 systems) and QTc interval prolongation must be
considered when associating antiarrhythmic with an anticancer drugs. **Congestive heart failure, hypertension, age >75, diabetes
mellitus, stroke, vascular disease, age 65 to 74, and sex (women) (CHA,DS,-VASc) and hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile INR, elderly (>65 years), drugs/alcohol (HAS-BLED) scores have not been validated
in patients with cancer. Cancer associated with higher bleeding risks are lung, gastric, and pancreatic cancers. T"/No anticoagulation
if major bleeding risk or estimated life expectancy <3 months or thrombocytopenia <50 000. *For monitoring, assays should be
peformed by the same laboratory (same type of troponin, same method of measurement) and before each administration. Troponin+
if >99th percentile of the URL or significantly increased compared with baseline. $SHemodynamic instability OR electric instability
OR increasing troponin OR decreasing left ventricular ejection fraction (LVEF). llStrategies are alphabetically presented. There is no
consensus. *#Consider no dosage change or other immunosuppressive therapy if troponin does not recover to baseline value or rise
again. ACE, indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, 3-blocker; BP, blood pressure;
CK, creatine phosphokinase; CMR, cardiac magnetic resonance; CV, cardiovascular; DOAC, direct oral anticoagulant; DTI, Doppler
tissue imaging; GLS, global longitudinal strain; ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; LMWH, low-
molecular-weight heparin; LV, left ventricular; PET, positron emission tomography; and TTE, transthoracic echocardiogram.
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risk for drug levels outside of the therapeutic range.
Regarding the decision on rate versus rhythm con-
trol, rate control rather than rhythm control strategy
should be preferred, especially if the suspected can-
cer treatment causing AF is continued.®%%63 BBs rep-
resent the first-line pharmacological class because
of no/few drug-drug interactions with cancer treat-
ments. Digoxin and nondihydropyridine calcium chan-
nel blockers (verapamil, diltiazem) must be avoided
because of the high risk of drug-drug interactions
with cancer treatments (P-glycoprotein system, cyto-
chrome P450 system).846% A rhythm control strategy
can be discussed in patients who remain symptom-
atic despite rate control or in cases of hemodynamic
instability.®*° However, the potential for drug-drug and
QTc interval prolongation must be considered when
associating antiarrhythmic with anticancer drugs.

IC,-Related Myocarditis
What do the Guidelines Say?

The diagnostic criteria and management of IC,-related
myocarditis proposed by the recent guidelines are
shown in Table S10. Briefly, although the ASCO-2018"
and the ESMO-2017'? guidelines gave specific rec-
ommendations for the management of IC-related
myocarditis, there is no consensus on diagnostic and
therapeutic strategies in the absence of strong evi-
dence. The diagnosis of IC-related myocarditis remains
challenging, especially because patients with definite
myocarditis on endomyocardial biopsy may have no
signs of myocarditis on cardiac magnetic resonance in
up to 50% of cases.®® Moreover, physicians are faced
with the issue of asymptomatic patients with only a rise
in troponin levels during their follow-up.*® Regarding
management, all available guidelines agree on the need
to discontinue IC, therapy in patients with a suspected
or proven IC-related myocarditis and to rapidly initiate
high-dose corticosteroids. For corticosteroid-refractory
or high-grade myocarditis with hemodynamic instabil-
ity, other immunosuppressive therapies such as antithy-
mocyte globulin, infliximab (except in patients with HF),
mycophenolate mofetil, or abatacept are suggested.
However, their potential interest has not been demon-
strated in prospective well-designed trials.

Which Pragmatic Approach May be Suggested?

The pragmatic harmonized approach proposed by our
group is depicted in Figure 5D.

In summary, although they were developed to be
used in clinical trials and have never been validated,
the working group suggests using diagnostic criteria
developed by Bonaca et al®’ (Figure S1); however, they
cannot replace clinical judgment. Moreover, it should
be kept in mind that concomitant myositis may result
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in significant elevations of creatine kinase, creatine ki-
nase isoforms, and even troponin T. In this scenario,
troponin | would be the most specific option for myo-
cardial injury, and creatine kinase-MB should be used
if troponin | is not available as recommmended by other
experts.*® Regarding management, halting IC, therapy
and initiating high-dose corticosteroids rapidly as soon
as myocarditis is suspected is highly recommended.
Intensification of immunosuppressive therapy should
be discussed in case of unfavorable evolution. Recently,
case reports have suggested the potential efficacy of
abatacept, alemtuzumab, and tocilizumab associated
or not with plasmapheresis.®85° Finally, we suggest that
IC, therapy not be resumed even after recovery.’

CONCLUSIONS

Cardiovascular monitoring and management of cancer
therapy-related cardiovascular toxicity are key points
that should be integrated into the course of each pa-
tient’s cancer treatment to improve its overall prognosis.
However, the lack of strong supporting evidence does
not allow a consensus between the international guide-
lines. Although the harmonized protocols proposed by
the working group are not based on further evidence
and do not consider all of the situations, they build on the
most up-to-date version of each guideline and data from
recent studies. These protocols provide practical easy-
to-use algorithms to help clinicians make daily decisions.
In therapeutic trials that test new anticancer drugs with
potential cardiovascular AEs, cardio-oncologists will
have to apply the monitoring procedures specified in the
prespecified research protocol. Nevertheless, if cardio-
vascular toxicity occurs, the algorithms proposed in the
present statement might be helpful in management if the
putative mechanisms are similar to those of the drugs
addressed in this statement.

Further research in cardio-oncology is needed to:
(1) determine accurate and consensus-based defini-
tions of cardiovascular toxicity; (2) develop molecular
approaches to better understand patient susceptibil-
ity; (8) develop cardiovascular strategies to screen for
adverse effects, including the definition of high-risk
groups of patients and the monitoring that should be
used; (4) develop clinical trials identifying the most effec-
tive treatments in cases of cardiovascular toxicity; and
(6) recommend standardized long-term cardiovascular
monitoring in pediatric and adult cancer survivors.
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Table S1. Patients at higher risk for cardiovascular toxicity according to the recent guidelines.

Guidelines High-risk patients

ESC-2016 = High doses of anthracyclines
=  Female sex
= >65 years old or <18 years old
= Renal failure
= Concomitant or previous radiotherapy involving the heart
= Combination chemotherapy with both type | and type Il agents
= Established or risk factors for cardiovascular disease
= Genetic factors
ASCO-2017 = High-dose anthracycline (eg, doxorubicin >250 mg/m?, epirubicin >600 mg/m?)
= High-dose radiotherapy (>30 Gy) where the heart is in the treatment field
= Lower-dose anthracycline (eg, doxorubicin <250mg/m?, epirubicin <600mg/m?) in combination with lower-dose RT (<30 Gy)
= Treatment with lower-dose anthracycline (doxorubicin <250 mg/m?, epirubicin <600 mg/m?) or trastuzumab alone, and presence of any of the following risk factors:
o Multiple cardiovascular risk factors (> two risk factors), including smoking, hypertension, diabetes, dyslipidemia, and obesity, during or after completion of therapy
o Older age (> 60 years old) at cancer treatment
o Compromised cardiac function (eg, borderline low LVEF [50% to 55%], history of myocardial infarction, > moderate valvular heart disease) at any time before or during
treatment
= Treatment with lower-dose anthracycline (eg, doxorubicin <250 mg/m?, epirubicin <600 mg/m?) followed by trastuzumab (sequential therapy)
ESMO-2020 = Prior anthracycline-based treatment
= >75years old or <10 years old
= Prior mediastinal or chest radiotherapy
= Hypertension (before or at the time of treatment)
= Smoking exposure (current or previous)
=  Previous combined treatment with trastuzumab and an anthracycline
= Elevated cardiac biomarkers before initiation of anticancer therapy
= Baseline abnormal systolic left ventricular function with LVEF <50%
= Pre-existing diabetes mellitus

LVD=left ventricular dysfunction; LVEF=left ventricular ejection fraction



Table S2. Baseline evaluation, monitoring and primary prevention in patients treated with anthracyclines according to the current guidelines.

Guidelines

Before cancer treatment

During cancer treatment

After cancer treatment

ESC-2016 = Baseline evaluation = Monitoring = Monitoring
o Clinical", ECG, TTE' with GLS. o TTE" with GLS should be performed at the end of the o Clinical*, ECG, TTE' with GLS at 1 and 5 years after
o Troponins, BNP or NT pro-BNP may be treatment in all patients. completion of cancer treatment in survivors who have
considered. o For higher-dose anthracycline-containing regimens and completed higher-dose anthracycline-containing
o CMR is recommended if the quality of TTE is sub- in patients with high baseline risk, earlier assessment of chemotherapy (>300 mg/m? of doxorubicin or equivalent)
optimal. cardiac function after a cumulative total doxorubicin or or who developed cardiotoxicity requiring treatment.
equivalent dose of 240 mg/m? should be considered. o Clinical*, ECG, TTET with GLS in elderly patients and in
= Primary prevention o Troponins may be used at each cycle of anthracyclines. patients with risk factors for cardiotoxicity.
o Actively manage modifiable cardiovascular risk . . o Periodic screening with cardiac imaging and biomarkers,
factors and diseases. Encourage to exercise on a = Primary prevention such as BNP. should be considered in survivors
regular basis and healthy dietary habits. o Actively manage modifiable cardiovascular risk factors particularly those treated with high cumulative doses or
o If HF or significant LVD the patient should be and diseases. Encourage to exercise on a regular basis who demonstrated reversible LVD during cancer
discussed with the oncology team and options for and healthy dietary habits. treatment.
non-anthracycline—containing chemotherapy o Dexrazoxane can be considered in adults with advanced
and/or cardioprotection should be considered. or metastatic breast cancer who have received a *  Primary prevention
o If baseline cardiotoxicity risk is high due to pre- cumulative dose of >300 mg/m? doxorubicin or >540 Actively manage modifiable cardiovascular risk factors
existing cardiovascular disease, previous mg/m? epirubicin and would benefit from continued and diseases. Encourage to exercise on a regular basis and
anthracycline-containing chemotherapy or poorly anthracycline-based therapy. healthy di eta.ry habits.
controlled cardiovascular risk factors,
anthracyclines dose (>250-300 mg/m?
doxorubicin or equivalent), a prophylactic
cardioprotective medication regimen should be
considered.
ASCO-2017 = Baseline evaluation = Monitoring = Monitoring
Clinical”, ECG, TTE with GLS. o Clinical”, ECG o Clinical”, ECG

Primary prevention
Actively manage modifiable cardiovascular risk
factors and diseases. Encourage to exercise on a
regular basis and healthy dietary habits.

o In patients with clinical signs or symptoms of HF the
following strategy is recommended:

- TTE'with GLS, CMR or MUGA scan if TTE is not
available or technically feasible, with preference given
to CMR.

- Troponin, BNP or NT pro-BNP.

- Referral to a cardiologist.

o Routine surveillance imaging (including TTE" with GLS)
may be offered during treatment in asymptomatic
patients considered to be at increased risk of developing
LVvDE, Frequency of surveillance should be determined
by health care providers.

Primary prevention
o Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis
and healthy dietary habits.

o In patients with clinical signs or symptoms of HF the
following strategy is recommended:

- TTE with GLS, CMR or MUGA scan if TTE is not
available or technically feasible, with preference given to
CMR.

- Troponin, BNP or NT pro-BNP.

- Referral to a cardiologist.

o TTET with GLS may be performed between 6 and 12
months after completion of cancer therapy in
asymptomatic patients considered to be at increased risk of
LvD%

o CMR or MUGA scan may be offered if an TTE is not
available or technically feasible, with preference given to
CMR.

o No recommendations can be made regarding the frequency

and duration of surveillance in patients at increased riskt




o Cardioprotection strategies may be incorporated,
including use of dexrazoxane, continuous infusion, or
liposomal formulation of doxorubicin, in patients
planning to receive high-dose anthracyclines
(doxorubicin =250 mg/m?, epirubicin =600 mg/m?).

who are asymptomatic and have no evidence of LVD on
their 6- to 12-month post-treatment TTE.

Primary prevention
Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis and
healthy dietary habits.

ESMO0-2020

= Baseline evaluation

o Clinical’, ECG, TTET with GLS measurement.

o Troponins, BNP or NT pro-BNP should be
considered in high-risk patients (with pre- existing
significant cardiovascular disease) and those
receiving high doses of anthracyclines.

= Primary prevention

o Actively manage modifiable cardiovascular risk
factors and diseases. Encourage to exercise on a
regular basis and healthy dietary habits.

o In patients with LVEF <50% but >40%, medical
therapy with an ACE;, ARB and/ or BB is
recommended before treatment.

o In patients with LVEF <40%, anthracycline
therapy is not recommended unless there are no
effective alternative anticancer treatment options.

o In patients with a normal LVEF and
cardiovascular risk factors particularly those
exposed to multiple cardiotoxic agents,
prophylactic use of ACE; or ARB (if intolerant to
ACE;) and/or selected BBs may be considered.

= Monitoring
o In patients with clinical signs or symptoms of HF,
cardiology consultation with reassessment of LVEF and
potentially measuring cardiac biomarkers is
recommended.
o In asymptomatic patients with normal LVEF the
following strategy is recommended:

- Troponins, BNP or NT pro-BNP measurement (every
3-6 weeks or before each cycle), using the same
institutional laboratory.

- TTE® with GLS is recommended after a cumulative
dose of doxorubicin 250 mg/m? or its equivalent
anthracycline, after approximately each additional 100
mg/m? (or approximately epirubicin 200 mg/m?)
beyond 250 mg/m? and at the end of therapy, even if
<400 mg/m2,

= Primary prevention

o Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis
and healthy dietary habits.

o Dexrazoxane has been validated in selected populations
who are receiving >300 mg/m? doxorubucin or
equivalent.

o Dexrazoxane can be considered regardless of the type of
cancer, in patients with pre-existing cardiomyopathy,
who require anthracyclines.

Monitoring
In asymptomatic patients with normal cardiac function,
periodic consultation, ECG, TTE' with GLS should be
considered at 6-12 months, at 2 years post-treatment and
possibly periodically thereafter.

Primary prevention
Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis and
healthy dietary habits.

*) T’ i’ §’ ||9 #) Hx

*Including cardiological consultation with screening of cardiovascular diseases and risk factors.
T Including LVEF measurement (ideally 3D).

i

Including:

High-dose anthracycline (eg, doxorubicin >250 mg/m?, epirubicin >600 mg/m?)
High-dose radiotherapy (=30 Gy) where the heart is in the treatment field
Lower-dose anthracycline (eg, doxorubicin <250mg/m?, epirubicin <600mg/m?) in combination with lower-dose RT (<30 Gy)

Treatment with lower-dose anthracycline (doxorubicin <250 mg/m?, epirubicin <600 mg/m?) or trastuzumab alone, and presence of any of the following risk factors:




o Multiple cardiovascular risk factors (> two risk factors), including smoking, hypertension, diabetes, dyslipidemia, and obesity, during or after completion of therapy
o Older age (> 60 years old) at cancer treatment
o Compromised cardiac function (eg, borderline low LVEF [50% to 55%], history of myocardial infarction, > moderate valvular heart disease) at any time before or
during treatment
= Treatment with lower-dose anthracycline (eg, doxorubicin <250 mg/m?, epirubicin <600 mg/m?) followed by trastuzumab (sequential therapy)

ACE;=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; BB=betablocker; CMR=cardiac magnetic resonance; DTI=Doppler tissue imaging;
GLS=global longitudinal strain; HF=heart failure; LLN=low limit of normal; LV=left ventricle; LVD=left ventricular dysfunction; LVEF=left ventricular ejection fraction;
MUGA=multigated acquisition; TTE=transthoracic echocardiogram



Table S3. Baseline evaluation, monitoring and primary prevention in patients treated with HER?2 inhibitors according to the current guidelines.

Guidelines

Before cancer treatment

During cancer treatment

After cancer treatment

Primary prevention
Actively manage modifiable cardiovascular
risk factors and diseases. Encourage to exercise
on a regular basis and healthy dietary habits.

o In patients with clinical signs or symptoms of HF the
following strategy is recommended:

- TTE with GLS, CMR or MUGA scan if TTE is not
available or technically feasible, with preference given
to CMR.

- Troponin, BNP or NT pro-BNP.

- Referral to a cardiologist.

o Routine surveillance imaging (including TTEP with GLS)
may be offered during treatment in asymptomatic
patients considered to be at increased risk of developing
LVvDE, Frequency of surveillance should be determined
by health care providers.

Primary prevention

ESC-2016 = Baseline evaluation = Monitoring = Monitoring
o Clinical”, ECG, TTET with GLS. o For low-risk patients (normal baseline echocardiogram, o Clinical”, ECG, TTE' with GLS in elderly patients and in
o Troponins, BNP or NT pro-BNP may be no clinical risk factors), surveillance should be patients with risk factors for cardiotoxicity.
considered. considered with TTE" every 4 cycles of anti-HER2 o Periodic screening with cardiac imaging and biomarkers,
o CMR is recommended if the quality of TTE is treatment. such as BNP, should be considered in survivors,
sub-optimal. o Troponin with every cycle may be considered in patients particularly those treated with high cumulative doses of
with high baseline risk. anthracyclines or who demonstrated reversible LVD
=  Primary prevention o More frequent surveillance may be considered for during cancer treatment.
o Actively manage modifiable cardiovascular patients with abnormal baseline echocardiography (e.g.
risk factors and diseases. Encourage to reduced or low normal LVEF, structural heart disease) =  Primary prevention
exercise on a regular basis and healthy dietary and those with higher baseline clinical risk (e.g. prior Actively manage modifiable cardiovascular risk factors
habits. anthracyclines, previous myocardial infarction, treated and diseases. Encourage to exercise on a regular basis and
o If HF or significant LVD the patient should be HF) healthy dietary habits.
discussed with the oncology team and options o TTE' with GLS should be performed at the end of the
for cardioprotection should be considered. treatment in all patients.
o If baseline cardiotoxicity risk is high due to
pre-existing cardiovascular disease, previous *  Primary prevention
anthracycline-containing chemotherapy or Actively manage modifiable cardiovascular risk factors
poorly controlled cardiovascular risk factors, and diseases. Encourage to exercise on a regular basis
anthracyclines dose (>250-300 mg/m? and healthy dietary habits.
doxorubicin or equivalent), a prophylactic
cardioprotective medication regimen should be
considered.
ASCO-2017 = Baseline evaluation = Monitoring = Monitoring
Clinical”, ECG, TTE with GLS. o Clinical”, ECG o Clinical”, ECG

o In patients with clinical signs or symptoms of HF the
following strategy is recommended:

- TTE' with GLS, CMR or MUGA scan if TTE is not
available or technically feasible, with preference given to
CMR.

- Troponin, BNP or NT pro-BNP.

- Referral to a cardiologist.

o TTE with GLS may be performed between 6 and 12
months after completion of cancer therapy in
asymptomatic patients considered to be at increased risk of
LVD*,

o CMR or MUGA scan may be offered if an TTE is not
available or technically feasible, with preference given to
CMR.




Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis
and healthy dietary habits.

o No recommendations can be made regarding the frequency
and duration of surveillance in patients at increased risk
who are asymptomatic and have no evidence of LVD on
their 6- to 12-month post-treatment TTE.

Primary prevention
Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis and
healthy dietary habits.

ESMO0-2020

Baseline evaluation
o Clinical®, ECG, TTE' with GLS measurement.
o Troponins, BNP or NT pro-BNP should be
considered in high-risk patients (with pre-
existing significant cardiovascular disease) and
those receiving high doses of anthracyclines.

Primary prevention

o Actively manage modifiable cardiovascular
risk factors and diseases. Encourage to exercise
on a regular basis and healthy dietary habits.

o In patients with LVEF <50% but >40%,
medical therapy with an ACE;, ARB and/ or
BB is recommended before treatment.

o In patients with a normal LVEF and
cardiovascular risk factors particularly those
exposed to multiple cardiotoxic agents,
prophylactic use of ACE; or ARB (if intolerant
to ACE;) and/or selected BBs may be
considered.

Monitoring

o In patients with clinical signs or symptoms of HF,

cardiology consultation with reassessment of LVEF and
potentially measuring cardiac biomarkers is
recommended.

In asymptomatic non-metastatic patients undergoing
adjuvant trastuzumab treatment, routine surveillance
consisting of cardiac imaging every 3 months should be
considered.

In asymptomatic patients undergoing anti-HER2-based
treatment of metastatic disease, surveillance for CV
toxicity that may consist of periodic cardiac physical
examination, cardiac biomarkers and/or cardiac imaging
should be considered.

Cardiac biomarker assessment may be considered as a
valuable tool for cardiac safety surveillance in patients
receiving adjuvant anti-HER2-based treatment.

Primary prevention
Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis
and healthy dietary habits.

Monitoring
For asymptomatic patients with normal cardiac function,
periodic consultation, ECG, TTE' with GLS should be
considered at 6-12 months, at 2 years post-treatment and
possibly periodically thereafter.

Primary prevention
Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis and
healthy dietary habits.

" Including cardiological consultation with screening of cardiovascular diseases and risk factors.
T Including LVEF measurement (ideally 3D).

i

Including:

High-dose anthracycline (eg, doxorubicin >250 mg/m?, epirubicin >600 mg/m?)
High-dose radiotherapy (=30 Gy) where the heart is in the treatment field
Lower-dose anthracycline (eg, doxorubicin <250mg/m?, epirubicin <600mg/m?) in combination with lower-dose RT (<30 Gy)

Treatment with lower-dose anthracycline (doxorubicin <250 mg/m?, epirubicin <600 mg/m?) or trastuzumab alone, and presence of any of the following risk factors:

o Multiple cardiovascular risk factors (> two risk factors), including smoking, hypertension, diabetes, dyslipidemia, and obesity, during or after completion of therapy
o Older age (> 60 years old) at cancer treatment




o Compromised cardiac function (eg, borderline low LVEF [50% to 55%], history of myocardial infarction, > moderate valvular heart disease) at any time before or

during treatment
= Treatment with lower-dose anthracycline (eg, doxorubicin <250 mg/m?, epirubicin <600 mg/m?) followed by trastuzumab (sequential therapy)

ACE;=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; BB=betablocker; CMR=cardiac magnetic resonance; DTI=Doppler tissue imaging;
GLS=global longitudinal strain; HF=heart failure; LLN=low limit of normal; L\V=left ventricle; LVD=left ventricular dysfunction; LVEF=left ventricular ejection fraction;

MUGA=multigated acquisition; TTE=transthoracic echocardiogram



Table S4. Baseline evaluation, monitoring and primary prevention in patients treated with VEGF inhibitors, Bcr-Abl kinase inhibitors, and proteasome inhibitors
according to the current guidelines.

Guidelines

Before cancer treatment

After cancer treatment

\ During cancer treatment

Clinical”, ECG, TTE' with GLS measurement.
Establishment of a baseline blood pressure
measurement.

Troponins, BNP or NT pro-BNP should be
considered in high-risk patients (with pre-
existing significant cardiovascular disease).

Primary prevention

o Serial BP monitoring is recommended along with
surveillance for the early detection of cardiovascular
toxicity that may consist of periodic cardiac physical
examination, cardiac biomarkers and/or cardiac imaging.

o In patients with clinical signs or symptoms of HF,
cardiology consultation with reassessment of LVEF and
potentially measuring cardiac biomarkers is
recommended.

ESC-2016 = Baseline evaluation = Monitoring = Monitoring
Clinical”, ECG, TTE" with GLS. o Clinical evaluation in the first 2-4 weeks after starting Clinical”, ECG, TTE" with GLS in elderly patients and
VEGEF; if baseline risk is high. in patients with risk factors for cardiotoxicity.
= Primary prevention o Consider periodic TTE, for example, every 6 months Periodic screening with cardiac imaging and
o Actively manage modifiable cardiovascular risk during VEGF; therapy. biomarkers, such as BNP, should be considered in
factors and diseases. Encourage to exercise on a . . survivors, particularly those who demonstrated
regular basis and healthy dietary habits. = Primaryprevention ) ) reversible LVD during cancer treatment.
o If baseline cardiotoxicity risk is high due to pre- o Actlv_ely manage modifiable card_lovascular risk fact_ors
existing cardiovascular disease, previous and diseases. Encourage to exercise on aregularbasis . primary prevention
anthracycline-containing chemotherapy or and healthy dietary habits. . Actively manage modifiable cardiovascular risk factors
poorly controlled cardiovascular risk factors, o If baseline cardiotoxicity risk is high due to pre-existing and diseases. Encourage to exercise on a regular basis
anthracyclines dose (>250-300 mg/m? cardiovascular disease, previous anthracycline- and healthy dietary habits.
doxorubicin or equivalent), a prophylactic containing chemotherapy or poorly controlled
cardioprotective medication regimen should be cardiovascular risk f_a<_:tors, ant_hracycllnes dose (>25_0—
considered. 300 mg/m? doxorubicin or equivalent), a prophylactic
cardioprotective medication regimen should be
considered.
ASCO-2017 = Baseline evaluation = Monitoring = Monitoring
Clinical”, ECG, TTE" with GLS. o Clinical”, ECG o Clinical", ECG
o In patients with clinical signs or symptoms of HF the o In patients with clinical signs or symptoms of HF the
= Primary prevention following strategy is recommended: following strategy is recommended:
Actively manage modifiable cardiovascular risk - TTEPwith GLS, CMR or MUGA scan if TTE is not - TTE with GLS, CMR or MUGA scan if TTE is not
factors and diseases. Encourage to exercise on a available or technically feasible, with preference given available or technically feasible, with preference
regular basis and healthy dietary habits. to CMR. given to CMR.
- Troponin, BNP or NT pro-BNP. - Troponin, BNP or NT pro-BNP.
- Referral to a cardiologist. - Referral to a cardiologist.
= Primary prevention = Primary prevention
Actively manage modifiable cardiovascular risk factors Actively manage modifiable cardiovascular risk factors
and diseases. Encourage to exercise on a regular basis and and diseases. Encourage to exercise on a regular basis
healthy dietary habits. and healthy dietary habits.
ESMO-2020 = Baseline evaluation = Monitoring = Monitoring

For asymptomatic patients with normal cardiac
function, periodic consultation, ECG, TTE with GLS

should be considered at 6-12 months, at 2 years post-
treatment and possibly periodically thereafter.

Primary prevention




o Actively manage modifiable cardiovascular risk Actively manage modifiable cardiovascular risk factors

factors and diseases. Encourage to exerciseona |= Primary prevention and diseases. Encourage to exercise on a regular basis
regular basis and healthy dietary habits. o Actively manage modifiable cardiovascular risk factors and healthy dietary habits
o In patients with LVEF <50% but >40%, medical and diseases. Encourage to exercise on a regular basis and
therapy with an ACE;, ARB and/ or BB is healthy dietary habits.
recommended before treatment. o Optimization of blood pressure control.
o Optimization of blood pressure control. o For patient with VEGF;therapy, avoid non-
o Avoid non-dihydropyridine calcium channel dihydropyridine calcium channel blockers (diltiazem and
blockers (diltiazem and verapamil) are typically verapamil) because they are inhibitors of cytochrome
contraindicated, since they are inducers of P450 3A4 (CYP3AA4) resulting in increased VEGF; levels.

cytochrome P450 3A4 (CYP3A4) resulting in
increased VEGF signaling pathway inhibitors
levels.

o In patients with a normal LVEF and
cardiovascular risk factors particularly those
exposed to multiple cardiotoxic agents,
prophylactic use of ACE; or ARB (if intolerant to
ACE;) and/or selected BBs may be considered.

" Including cardiological consultation with screening of cardiovascular diseases and risk factors.

T Including LVEF measurement (ideally 3D).

ACE;=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; BB=betablocker; BP=blood pressure; CMR=cardiac magnetic resonance; DTI=Doppler
tissue imaging; GLS=global longitudinal strain; HF=heart failure; LLN=Ilow limit of normal; LV=left ventricle; LVD=left ventricular dysfunction; LVEF=left ventricular
ejection fraction; MUGA=multigated acquisition; TTE=transthoracic echocardiogram; VEGF;; vascular-endothelium growth factor signaling pathway inhibitors.



Table S5. Baseline evaluation, monitoring and primary prevention in patients treated with immune checkpoint inhibitors according to the current guidelines.

Guidelines

ESC-2016

No recommendations.

During cancer treat

No recommendations.

No recommendations.

ASCO-2017

No recommendations.

No recommendations.

No recommendations.

ESMO0-2020

No recommendations.

For patients who develop new CV symptoms or are

No recommendations.

incidentally noted to have arrhythmia conduction
abnormality on ECG or LVSD on echocardiogram, while
undergoing of ICI therapy

Further appropriate work-up

ECG

Troponin

BNP or NT-pro BNP

CRP

Viral titer

Echo with GLS

CMR

EMB for diagnosis should be considered if the diagnosis is
highly suspected with otherwise negative work-up

ESMO - specific for
ICI toxicity-2017

No recommendations. No recommendations. No recommendations.

ASCO - specific for = ECG Upon signs/symptoms (consider cardiology consult): No recommendations.
ICI toxicity-2018 = Consider troponin, especially in patient treated with = ECG
combination immune therapies = Troponin
= BNP
= Echocardiogram
= Chest X-ray

Additional testing guided by cardiology and may include:
= Stress test

= Cardiac catherization

= CMR

CMR=cardiac magnetic resonance; CRP=c-reactive protein; GLS=global longitudinal strain; ICI=immune checkpoint inhibitor; L\VSD=left ventricular systolic dysfunction;



Table S6. Diagnostic criteria and management of myocardial toxicity and heart failure according to the recent guidelines.

Guidelines

Diagnostic criteria

Management of CTRCD and “subclinical” myocardial toxicity

o Absolute decrease in the LVEF of >20 percentage
points OR

o Absolute decrease in the LVEF of >10 percentage
points to a value of <50% OR

o Absolute decrease in the LVEF to a value of <50%.

“Subclinical” cardiac dysfunction

o Absolute decrease from baseline in the GLS of >5%
OR

o Relative decrease from baseline in the GLS of >12%
OR

o Troponins elevation (as defined by the cut-offs
specific to the assay platform used in the individual
labs) from baseline.

ESC-2016 = Cancer therapeutics-related cardiac dysfunction = Cancer therapeutics-related cardiac dysfunction
Absolute decrease in the LVEF of >10 percentage o ACE; (or ARB) in combination with BB are recommended.
points, to a value <50% o HF therapy should be continued indefinitely unless normal systolic LV function remains stable after cessation of HF
therapy and no further cancer therapy is planned.
= “Subclinical” left ventricular dysfunction o In patients with trastuzumab-induced cardiac dysfunction, HF treatment can be stopped after normalization.
o Relative decrease from baseline in the GLS of >15%"
OR = “Subclinical” left ventricular dysfunction
o Troponins elevation (as defined by the cut-offs o In patients with decrease in_LVEF >10 percentage points but to a value >50% should undergo repeated assessment of
specific to the assay platform used in the individual LVEF shortl)_/ after and (!Ur_lng the duraFlon of cancer treatment. ) ) _
labs) from baseline and measured before and/or 24 o In patients with a troponin increase during treatment with high dose of anthracyclines, cardioprotection may be
hours after each chemotherapy cycle. considered. )
o In patients with a GLS decrease, cancer treatment should not be stopped, interrupted or reduced.
ASCO-2017 Cardiac dysfunction Cardiac dysfunction
No definition provided. o Referral to a cardiologist or a health care provider with cardio-oncology expertise.
o No recommendations can be made regarding continuation or discontinuation of cancer therapy in individuals with
evidence of cardiac dysfunction. This decision, made by the oncologist, should be informed by close collaboration with a
cardiologist, fully evaluating the clinical circumstances and considering the risks and benefits of continuation of therapy
responsible for the cardiac dysfunction.
ESMO-2020 = Anti-cancer therapy-related cardiac dysfunction = Anti-cancer therapy-related cardiac dysfunction

o In asymptomatic patients undergoing treatment with anthracyclines, with an LVEF decrease of >10% from baseline to
50%, or a decrease in LVEF to >40% but <50%, the following evaluations are recommended:

- Cardiology consultation (preferably a cardio-oncology specialist).

- Consider initiation of cardioprotective treatments (ACEi, ARBs and/or BB), if not already prescribed.

- Astatin may be considered if concomitant coronary disease is present.

- Consider BNP or NT-proBNP and troponins and a cardiac-focused physical exam after each dose of anthracycline.

- Repeat LVEF assessment after alternate doses of anthracyclines.

- If further anthracycline-based chemotherapy is planned, the benefit-risk assessment of continued anthracyclines use
as well as options of non-anthracycline regimens should be discussed, and the use of dexrazoxane and/or liposomal
doxorubicin should be considered.

o Inasymptomatic patients undergoing treatment with trastuzumab, with an LVEF decrease of >10% from baseline or a
drop in LVEF to >40% but <50%, the following evaluations are recommended:

- Cardiology consultation, preferably a cardio-oncology specialist.

- Consider initiation of cardioprotective treatments (ACE;, ARBs and/or BB), if not already prescribed.

- Consider BNP or NT-proBNP and troponins monthly and periodic cardiac-focused physical exam.

- If trastuzumab is stopped, repeat LVEF within 3-6weeks, and resume trastuzumab therapy if LVEF has normalized to
>50%.

- Trastuzumab therapy may be continued with mild asymptomatic reductions in LVEF.

o In patients undergoing treatment with trastuzumab (or any HER2-targeted molecular therapy) with signs and symptoms
of HF, or an asymptomatic patient with an LVEF <40%, the same assessments as those for an LVEF >40% are
recommended. In addition, trastuzumab (or any HER2-based therapy) should be withheld until the cardiac status has
stabilized. A discussion regarding the risks and benefits of continuation should be held with the multidisciplinary team
and the patient.




o In patients in whom trastuzumab therapy (or any HER2-targeted molecular therapy) has been interrupted, whose LVEF is
>40% and/or whose signs and symptoms of HF have resolved, resumption of trastuzumab therapy should be considered,
supported by:

- Continued medical therapy for HF and ongoing cardiology care.
- Periodic cardiac biomarker assessments.
- Periodic LVEF assessments during ongoing treatment.

o In patients in whom trastuzumab therapy (or any HER2-targeted molecular therapy) has been interrupted, whose signs
and symptoms of HF do not resolve and/or LVEF remains <40%, resumption of trastuzumab therapy may be considered
if no alternative therapeutic option exists. The risk-benefit assessment of prognosis from cancer versus HF should be
discussed with the multidisciplinary team and the patient.

o In patients undergoing treatment with sunitinib (or other anti-VEGF-based therapy), who shows signs and symptoms of
HF, assessment and optimization of blood pressure control is recommended and measurement of LVEF and/or cardiac
biomarkers should be considered. In addition, sunitinib (or other anti-VEGF-based therapies) should be interrupted. The
patient should be assessed to determine whether reinstituting those therapies is appropriate.

o For patients who developed LVD or HF due to any anticancer therapies, cardiovascular care including medical treatment
with ACE;, ARB and/or BB and regular cardiology review (e.g. annual if asymptomatic) should be continued indefinitely,
regardless of improvement in LVEF or symptoms. Any decision to withdraw HF-based therapy should only be done after
a period of stability, no active cardiac risk factors and no further active anticancer therapy.

= “Subclinical” cardiac dysfunction
o Inasymptomatic patients undergoing treatment with any cardiotoxic anticancer therapy, with normal LVEF but a
decrease in average GLS from baseline assessment (>12% relative decrease or >5% absolute decrease), the following
evaluations/treatments should be considered:
- Consider initiation of cardioprotective treatments (ACE;, ARBs and/or BB), if not already prescribed.
- Repeat LVEF/GLS measurement every 3 months unless a cardiac physical exam is required or symptoms develop (if
this occurs, LVEF/GLS should be repeated with suspected cardiac toxicity).
- Life-saving chemotherapy should not be altered solely based on changes in GLS.
o In asymptomatic patients undergoing treatment with cardiotoxic anticancer therapy and an elevation in cardiac troponin,
the following measures should be considered:
- Cardiology consultation, preferably a cardio-oncology specialist.
- Consider LVEF and GLS assessment with TTE.
- Appropriate evaluation to exclude ischemic heart disease as a comorbidity.
- Consider initiation of cardioprotective treatments (ACE;, ARB and/or BB), if not already prescribed.
- Consider initiation of dexrazoxane in patients with anthracyclines.
- Anticancer therapy may be continued without interruption if only mild elevations in cardiac biomarkers occur
without significant LVD.

*This decrease should be confirmed by repeated imaging done after 2-3 weeks.

ACE;=angiotensin-converting-enzyme inhibitor; ARB=angiotensin receptor blocker; BB=betablocker; CMR=cardiac magnetic resonance; CTRCD=cancer treatment-related
cardiac dysfunction; GLS=global longitudinal strain; HF=heart failure; L\V=left ventricle; LVD=left ventricular dysfunction; LVEF=left ventricular ejection fraction;
TTE=transthoracic echocardiogram.



Table S7. Diagnostic criteria and management of cancer treatment-related hypertension according to current guidelines.

Guidelines

ESC-2016

BP >140/90 mmHg.

Baseline assessment of cardiovascular risk factors, BP monitoring and optimal management of hypertension.

Search for other medications may also increase BP (e.g. steroids, non-steroidal anti-inflammatory drugs, erythropoietin).

Ambulatory blood pressure measurement should be considered, and lifestyle modification encouraged.

After the initiation of a cancer treatment that may increase BP, early detection and reactive management of BP elevations are necessary and early and
aggressive pharmacological management is recommended to prevent the development of cardiovascular complications

Hypertension should be adequately treated according to the current standing clinical practice guidelines (treatment target is <140/90 mmHg).

ACE; or ARBs, BB and dihydropyridine calcium channel blockers (amlodipine, felodipine) are the preferred antihypertensive drugs. Non-
dihydropyridine calcium channel blockers should preferably be avoided due to the risk of drug-drug interactions. Diuretics have the risk of electrolyte
depletion and consequent QT prolongation and, although they may be used, caution is advised.

Dose reduction or discontinuation of cancer treatment can be considered if BP is not controlled.

Once BP control is achieved, cancer treatment can be restarted to achieve maximum cancer efficacy.

ASCO-2017

No recommendations.

Aggressive monitoring and management of hypertension can significantly lower the incidence of cardiotoxicity.

ESMO-2020

No recommendations.

Factors that can contribute to BP elevation need to be addressed: obstructive sleep apnea, excessive alcohol consumption, nonsteroidal anti-
inflammatory drugs, adrenal steroid hormones, erythropoietin, oral contraceptive hormones and sympathomimetics.

Once stable BPs are achieved, home BP monitoring or routine clinical evaluations, at least every 2-3 weeks, should be performed for the remainder of
cancer treatment

Hypertension should be adequately treated according to the 2017 ACC/AHA guidelines (treatment target is <130/80 mmHg).

ACE; or ARBs and dihydropyridine calcium channel blockers (amlodipine, nifedipine) are the preferred antihypertensive drugs. The non-
dihydropyridine calcium channel blockers (diltiazem and verapamil) are typically contraindicated due to the risk of drug-drug interactions.
Discontinuation or dose reduction of cancer treatment might become necessary to control hypertension in a certain subset of patients not responding to
any of the outlined measures.

BP=blood pressure; ACE;j=angiotensin-converting enzyme inhibitor; ARB=angiotensin receptor blocker; BB=beta-blocker.




Table S8. Diagnostic criteria and management of cancer treatment-related QTc interval prolongation according to current guidelines.

Guidelines

Diagnostic criteria

Management of cancer treatment-related QTc interval prolongation

ESC-2016 = Standardized formulas = Cancer treatment must be temporarily interrupted.

o Bazett’s QT/VRR or Fridericia’s QT/YRR.

o The comparative measurements during treatment should all utilize = Correction of electrolyte abnormalities and cardiac risk factors.

the same chosen method.
= Cancer treatment may be rechallenge at a reduced dose once the QTc normalizes.
= QTc interval prolongation

o QTc prolongation >500 ms AND/OR

o AQTec (i.e. change from baseline) of >60 ms AND/OR

o Ventricular arrhythmias occurrence
ASCO-2017 No recommendations. No recommendations.

ESMO0-2020

No recommendations.

No recommendations.




Table S9. Management of cancer treatment-related atrial fibrillation according to current guidelines.

Guidelines Rhythm vs. rate control Thromboembolic prophylaxis
ESC-2016 = Decision should be patient-based and symptom directed = Decision based on CHA;DS,-VASc and HAS-BLED scores
= In case of rate control strategy, beta-blockers, digoxin or the non- = Anticoagulation can generally be considered if CHA,DS,.VASc >2 and platelet count is
dihydropyridine calcium channel blockers can be used >50 000/mm?

=  Anticoagulation options include LMWH (as a short- to intermediate-term measure),
warfarin and DOAC

ASCO-2017 No recommendations. No recommendations.

ESMO-2020 No recommendations. No recommendations.

CHA2DS;VASc=congestive heart failure, hypertension, age >75, diabetes, stroke, vascular disecase, age 65—74, and Sex (female); HAS-BLED=hypertension, abnormal,
renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly (>65years), drugs/alcohol; LMWH=low molecular weight heparin; DOAC= direct oral anti-
coagulants.



Table S10. Diagnostic criteria and management of immune checkpoint inhibitor-related myocarditis according to the recent guidelines.

Guidelines Diagnostic criteria Management of immune checkpoint inhibitor-related myocarditis

ESC-2016 Not defined. No recommendations.

ASCO-2017 Not defined. No recommendations.

ESMO-2020 Not defined. =  For patients who develop new CV symptoms or are incidentally noted to have any arrhythmia, conduction abnormality on

ECG or LVSD on echocardiogram, while undergoing (or after recent completion) of ICI therapy, further appropriate work-up
(ECG, troponin, BNP or NT-pro-BNP, C-reactive protein, viral titer, echocardiogram with GLS, cardiac MRI) for ICI-
associated CV toxicity, particularly myocarditis and other common differential diagnoses should be carried out promptly.

= Endomyocardial biopsy for diagnosis should be considered if the diagnosis is highly suspected with otherwise negative work-
up.

= With either suspicion or confirmation of ICI-associated myocarditis, further therapy with ICIs should be withheld and high-
dose corticosteroids (methylprednisolone 1000 mg/day followed by oral prednisone 1 mg/kg/day) should be initiated
promptly. Corticosteroids should be continued until resolution of symptoms and normalization of troponin, LV systolic
function and conduction abnormalities.

= For steroid-refractory or high-grade myocarditis with hemodynamic instability, other immunosuppressive therapies such as
anti-thymocyte globulin, infliximab (except in patients with HF), mycophenolate mofetil or abatacept should be considered.

=  For patients with cardiomyopathy and/or HF, appropriate guideline-directed medical therapy and hemodynamic support
should be provided as indicated.

=  For patients with atrial or ventricular tachyarrhythmia or heart block, appropriate medical and supportive care should be
provided as indicated.

= IClI therapy should be permanently discontinued with any clinical myocarditis. The decision regarding restarting ICI therapy
in the absence of alternative available antineoplastic therapy needs to be individualized with multidisciplinary discussion
considering the cancer status, response to prior therapy, severity of cardiotoxicity, regression of toxicity with
immunosuppressive therapy and patient preference after weighing the risks and benefits. If ICI therapy needs to be restarted,
monotherapy with an anti-programmed cell death protein 1 (anti-PD-1) agent might be considered with very close surveillance
for cardiotoxicity development.

ESMO - specific for Not defined. = Early consultation with a cardiologist.
ICI toxicity-2017 = Admit the patient an immediately start high-dose (methyl) prednisone (1-2mg/kg).
= In case of deterioration, consider adding another immunosuppressive drug (mycophenolate mofetil or tacrolimus).

ASCO - specific for Not defined.
ICI toxicity-2018

Hold ICI and permanently discontinue after grade 1.

Administer high-dose corticosteroids (1 to 2 mg/kg of prednisone) initiated rapidly (oral or 1V depending on symptoms).
Admit patient and consult cardiology.

Manage cardiac symptoms according to American College of Cardiology (ACC)/AHA guidelines and with guidance from
cardiology.

= Offer immediate transfer to a coronary care unit for patients with elevated troponin or conduction abnormalities.

= |n patients without an immediate response to high-dose corticosteroids, offer early institution of cardiac transplant rejection
doses of corticosteroids (methylprednisolone 1 g every day) and the addition of either mycophenolate, infliximab, or
antithymocyte globulin.




CV=cardiovascular; GLS=global longitudinal strain; HF=heart failure; ICI=immune checkpoint inhibitor; LV=left ventricle; LVSD=left ventricular systolic dysfunction;
MRI=magnetic resonance imaging;



Figure S1. Myocarditis Definition.
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T Troponin >99™ percentile of the upper reference limit. Concomitant myositis may result in significant
elevations of CK, CK isoforms, and even troponin T. In this scenario, troponin | would be the most specific
option for myocardial injury. CK-MB should be used if troponin | is not available.

TECG changes should be dynamic (change from baseline) in a timeframe consistent with the onset of the
myocarditis syndrome. Possible changes are broad including arrhythmia, ST-T wave abnormalities, PR segment
changes, or new arrhythmias (eg, new heart block or ectopy). ECG findings diagnostic for an alternative
diagnosis (eg, regional ST segment elevation in the con- text of known acute coronary syndrome) should not be
counted as changes consistent with myocarditis with- out appropriate investigation.

CMR=cardiac magnetic resonance; WMA=wall motion abnormality.

“Reprinted from Bonaca et al®” with permission. Copyright ©2019, Wolters Kluwer Health, Inc.



