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Abstract

Purpose of Review Cancer treatment—related cardiotoxicity (CTRC) represents a significant cause of morbidity and mortality
worldwide. The purpose of our review is to summarize the epidemiology, natural history, and pathophysiology of cardiotoxicity-
related to cancer treatment. We also summarize appropriate screening, surveillance, and management of CTRC. While
cardiotoxicity is characteristically associated with anthracyclines, HER2-B antagonists, and radiation therapy (XRT), there is
growing recognition of toxicity with immune checkpoint inhibitors (ICI), tyrosine kinase inhibitors, and proteasome inhibitors.
Recent Findings Patients at risk for cardiotoxicity should be screened based on available guidelines, generally with serial
echocardiograms. The role of medical heart failure (HF) therapies is controversial in patients with asymptomatic left ventricular
dysfunction but may be considered in some instances. Once symptomatic HF has developed, treatment should be in accordance
with ACC/AHA guidelines.

Summary The goal in caring for patients receiving cancer treatment is to optimize cardiac function and prevent interruptions in
potentially lifesaving cancer treatment.

Keywords Cardio-oncology - Cardiomyopathy - Chemotherapy - Cancer therapeutics—related cardiac dysfunction - Immune

checkpoint inhibitor - Heart failure

Introduction

Cancer treatment-related cardiomyopathy (CTRC) is an
underrecognized disorder associated with substantial morbid-
ity and mortality. Cancer currently represents the second lead-
ing cause of death worldwide [1]. With an aging population
and advances in cancer treatment, a greater number of patients
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are both diagnosed with and surviving cancer [2]. Improved
outcomes in cancer treatment have led to the increasing inci-
dence of longer-term cardiovascular toxicities following can-
cer treatment, specifically CTRC [3]. Previously, only a rela-
tively small number of cancer therapies were known to cause
cardiomyopathy. However, with introduction of new targeted
and immune-based cancer therapies, many of these agents are
being linked to cardiomyopathy. As the development of car-
diomyopathy may impact patient survival and lead to disrup-
tions in cancer treatment, it is essential that the practicing
cardiologist recognize the importance of CTRC and its man-
agement. The core goal for the cardiologist caring for patients
receiving cardiotoxic cancer therapies is to optimize cardiac
function, minimize treatment interruptions, and allow the pa-
tient to receive appropriate cancer treatment whenever
possible.

The scope of our review focuses on the diagnosis and man-
agement of CTRCs. We will describe the epidemiology and
natural history of CTRC. We will discuss the most common
agents implicated in this disorder including anthracyclines,
HER-2/ERB antagonists, proteasome inhibitors, tyrosine
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kinase inhibitors, immune checkpoint inhibitors (ICI), and
radiation (XRT). We will also outline guidelines and recom-
mendations on the screening, surveillance, and diagnosis of
patients with and at risk for CTRC. We will finally discuss
evidence-based treatment strategies for CTRC including the
management of cancer treatment regimens and appropriate
heart failure (HF) therapies.

Implicated Agents

The list of cancer drugs associated with cardiomyopathy is
exhaustive; thus, we will strategically focus on the following
drug classes which have the most evidence for cardiotoxicity.
Table 1 highlights the cancer treatments most commonly as-
sociated with CTRC and their corresponding incidences:

Anthracyclines

Anthracyclines are widely used in the treatment of both he-
matologic and oncologic malignancies, and their
cardiotoxicity is well described. Anthracycline cardiotoxicity
was first reported in the 1970s, about a decade after their use
began [4]. Multiple mechanisms have been proposed over the
years to explain anthracycline cardiotoxicity. The most widely
accepted theory is that anthracyclines inhibit topoisomerase
II-$ in the cardiomyocytes leading to oxidative stress, mito-
chondrial dysfunction, and cell death (Fig. 1) [5].
Anthracyclines also inhibit the ability of topoisomerase 11-3
to repair double stranded DNA breaks [6].

Table 1  Table depicting cancer treatments most commonly associated
with cardiomyopathy and their respective incidences (adapted from J Am
Coll Cardiol. 2017 Nov 14;70(20):2536-2551, ] Am Coll Cardiol. 2018
Apr 24; 71(16): 1755-1764, and Blood. 2017 Apr 20;129(16):2257—
2265)

Drug class Drug HF incidence
Anthracyclines Doxorubicin 3.0-26%
Epirubicin 0.9-3.3%
Idarubicin 5.0-18%
Alkylating agents Cyclophosphamide  7.0-28%
Tyrosine kinase inhibitors Trastuzumab 2.0-28%
Pertuzumab 0.9-16%
Bevacizumab 1.0-10.9%
Sorafenib 1.9-11%
Sunitinib 1.0-27%
Proteasome inhibitors Carfilzomib 7%
Bortezomib 2-5%
Immune checkpoint inhibitors 1.1%
Radiation 13% (high dose)
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The reported incidence of cardiomyopathy from
anthracyclines is around 3-26%; compared with other
anthracyclines, epirubicin appears to confer the lowest risk
of HF [5]. Toxicity may occur acutely (immediately after in-
fusion), subacutely (<1 year), or chronically (>1 year).
Subacute (2-9%) and chronic (1-9%) toxicities are most com-
mon with acute toxicity being a rare entity [7-9]. Interestingly,
many chronic presentations may actually be missed cases of
subacute toxicity; in a study by Cardinale et al., 98% of
anthracycline toxicity is within the first year with close sur-
veillance [9].

The risk of cardiotoxicity with anthracyclines is related to
the lifetime dosage received [9]. In one large meta-analysis,
the risk of HF increased exponentially after receipt of >
400 mg/m [2] of doxorubicin with 5% risk at 400 mg/m [2],
16% at 500 mg/m?, 26% at 550 mg/m?, and 48% at 700 mg/
m? [10]. Based on this and other trials, the American Society
of Clinical Oncology (ASCO) defines patients receiving >
250 mg/m* of doxorubicin and > 600 mg/m?® of epirubicin as
high risk [11¢]. Additionally, advanced age, female gender,
coronary artery disease (CAD), diabetes, hypertension, base-
line left ventricular (LV) dysfunction, or concomitant radia-
tion or trastuzumab use further increase the risk of HF
[10-13]. Certain polymorphisms in the topoisomerase 23
and iron metabolism genes are also associated with increased
cardiotoxicity with anthracyclines [14].

Once developed, anthracycline-associated cardiomyopathy
carries a poor prognosis with as low as 50% survival at 5 years
[15]. Cardiotoxicity from anthracyclines was previously
thought to be permanent. However, there is some evidence
that LV function may improve with early diagnosis and
prompt initiation of appropriate medical therapy for HF [9].

HER-2/ERB Antagonists

Monoclonal antibodies targeting the HER-2/ERB receptor are
frequently used in patients suffering from breast cancer.
Overexpression of the HER-2/ERB receptor on the surface of
breast cancer cells helps to promote abnormal cell proliferation
through the PI3K/AKT/mTOR/kRAS pathway [7]. When added
to anthracycline based regimens, the use of trastuzumab is asso-
ciated with a significant survival benefit [16]. Therefore, these
agents have become an integral part of therapy for patients with
HER-2/ERB positive breast cancer. HER-2/ERB is also
expressed by myocytes and is thought to play a role in protecting
the myocyte against cellular stress. Non-selective inhibition of
this receptor on cardiomyocytes is thought to be the mechanism
of cardiotoxicity with these agents [17, 18e¢].

Rates of cardiotoxicity are reported around 2-28%, com-
parable to that of anthracyclines [5]. However, unlike with
anthracyclines, asymptomatic LV dysfunction is the most
common presentation (7-19%) with HER-2/ERB antagonists
and severe HF is much less common (1-4%) [18<+—20].
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Fig. 1 Pathophysiology of
anthracycline induced
cardiotoxicity. Cardiotoxicity is
generally thought to occur due to
inhibition of topoisomerase 11-f3.
Inhibition of this enzyme leads to
impaired ability to repair double
stranded breaks, mitochondrial
dysfunction, and the generation of
reactive oxygen species (ROS)
(adapted from J Am Coll Cardiol.
2014 Sep 2;64(9):938-45)

Mitochondrial
dysfunction

Concomitant use of anthracyclines is associated with as much
as a sevenfold increase in the risk of cardiomyopathy [21, 22].
Similar to anthracyclines, advanced age, impaired baseline LV
function, and cardiovascular comorbidities also appear to in-
crease HF risk [20, 23].

Immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICI) exert their effect by inhibi-
tion of either CTLA-4 or PDL-1, which are ligands responsible
for bolstering regulatory T cell function and inhibiting the host T
cell immune response. By blocking these receptors, ICI enhance
the host antitumor immune response. ICI use has drastically im-
proved mortality in subtypes of advanced stage non-small cell
lung cancer, melanoma, renal cell carcinoma, and others.
Unfortunately, upregulation of the immune response may lead
to collateral damage in the form of autoimmune adverse effects.
Enhanced host immune response against cardiomyocytes is
thought to be the mechanism of cardiotoxicity and has been
demonstrated in mouse models [24]. Myopericarditis, atrial and
ventricular tachyarrhythmias, and heart failure are all recognized

Anthracydine

Dexrazoxane mechanism

v
A

DNA double-strand breaks

complications of ICI [25]. Myocardial biopsy of patients with ICI
myocarditis may show an inflammatory T cell infiltrate similar to
that seen in acute allograft rejection [26].

As the use of these medications is fairly recent, the true
incidence of cardiotoxicity is not well characterized. In one
multicenter study, the incidence of myocarditis was 1.1% [27].
The median onset of myocarditis was at 34 days with 81%
presenting within 3 months of therapy initiation [28]. The risk
of myocarditis appeared to be highest with combination ICIL.
Troponin was elevated in majority of the patients presenting
with ICl-associated myocarditis (94%). Interestingly, LV ejec-
tion fraction (LVEF) may be normal in up to 21-51% of cases
[25]. Outcomes with ICI-associated myocarditis are extremely
poor with mortality as high as 17-27% [28, 29]. In the study
by Mahmood et al., 46% (16/35) of patients with ICI-
associated myocarditis developed cardiogenic shock, com-
plete heart block, cardiac arrest, or death [28]. Combination
therapy was also associated with worse survival [29]. Normal
LV function also does not appear to be protective, and 38% of
major adverse events occurred in patients with normal LVEF
[28].
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Radiation

Radiation-induced cardiotoxicity has been described for
over 50 years [28]. As cardiac tumors are exceedingly
rare, cardiotoxicity is usually due to collateral damage
from irradiation of nearby structures such as the lung,
lymphoid, or breast tissue. The mechanism of injury is
multifactorial due to inflammatory vascular damage lead-
ing to accelerated atherosclerosis and myocardial fibrosis
and consequently systolic/diastolic dysfunction (Fig. 2)
[30].

Radiation-induced cardiac injury can manifest as con-
strictive pericarditis, coronary artery disease (CAD), val-
vular disease, or heart failure [30]. In patients receiving
chest wall radiation for Hodgkin’s lymphoma, rates of
heart failure were around 13% and as high as 33% with
concomitant anthracycline use [29]. The risk of
cardiotoxicity was even higher in patients receiving radi-
ation therapy (XRT) in the 1970s—1980s due to the use of
high dose mantle radiation for lymphoma [30]. Diastolic
HF is far more commonly associated with XRT than

Prior Chest
Radiotherapy (XRT)

Microvascular Injury Macrovascular Injury

Reduced myocardial
capillary density

Myocardial oxygen
supply/demand
mismatch

Accelerated
atherosclerosis

Myocardial ischemia
or infarction

Myocardial fibrosis

Progressive
systolic/diastolic
dysfunction

Symptomatic HF

Fig. 2 Pathophysiology of radiation-induced cardiotoxicity. Radiation is
thought to result in micro and macrovascular damage which results in
impaired myocardial perfusion, myocardial fibrosis, and progressive
systolic/diastolic dysfunction. Radiation may also lead to epicardial
coronary disease, resulting in further impairment of myocardial
performance (adapted from J Am Coll Cardiol. 2019 Aug 20;74(7):905-927)
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systolic. Given the known association between XRT and
CAD, the development of systolic dysfunction should
raise concern for concomitant ischemia [31].
Cardiotoxicity is most common within 1-5 years follow-
ing exposure, although cases have been reported immedi-
ately or up to 15 years after treatment [32, 33]. Given the
time to toxicity, it is difficult to determine the true inci-
dence of cardiotoxicity with modern radiation regimens,
although it would be expected to be lower with newer
strategies aimed at reducing cardiac exposure. The overall
risk depends on cardiac structure involved in the radiation
field and the dose received®® [32]. Additional risk factors
for cardiotoxicity include younger age at the time of XRT,
the presence of pre-existing heart disease, and concomi-
tant use of anthracycline chemotherapy [34, 35]

Other Implicated Agents

Multiple additional chemotherapy drugs are associated
with cardiotoxicity. The alkylating agent cyclophospha-
mide has been associated with as high as 7-28% risk of
HF [5, 36]. The prognosis with cyclophosphamide-
associated CTRC is poor with mortality around 20%.
Cardiac dysfunction tends to manifest earlier in the
treatment course with older patients being at higher risk
[37]. Proteasome inhibitors such as bortezomib and
carfilzomib are commonly used to treat multiple myelo-
ma. Rates of cardiac adverse events and heart failure in
patients treated with carfilzomib were 22% and 7%,
respectively [38]. Tyrosine kinase inhibitors and mono-
clonal antibodies directed against vascular endothelial
growth factor (VEGF) such as sorafenib, sunitinib, and
bevacizumab have grown in popularity in the treatment
of various cancers. While hypertension and arterial em-
boli appear most common, systolic heart failure is noted
in 7-8% of patients [39, 40]. Rates of HF with sunitinib
appear higher in patients with pre-existing hypertension
or CAD [41]. Cardiac function generally improved with
cessation of the offending agent and institution of
guideline-directed therapy.

Risk Factors for Cancer Treatment-Related
Cardiomyopathy

Certain patient characteristics portend a particularly high risk
of developing cardiotoxicity. In their guidelines, the American
Society of Clinical Oncologists (ASCO) defined the following
patient populations as being at increased risk of developing
cardiomyopathy (Fig. 3) [11e]:

Risk scores have been developed to help predict risk of
cardiotoxicity in patients receiving anthracyclines and
trastuzumab [42, 43].
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Classifications of Heart Failure Due to Cancer
Treatment

Stages of HF due to cancer treatment should be categorized in
accordance with the ACC/AHA stages (Fig. 4). By definition,
all patients receiving potentially cardiotoxic chemotherapy are
designated as having ACC/AHA stage A (at risk) heart failure
[2, 44, 45].

Diagnosis of Cancer Treatment-Related
Cardiomyopathy

Multiple imaging modalities aid in the detection of car-
diomyopathy due to cancer treatment. Given its wide-
spread availability and low cost, echocardiography is the
most common modality for diagnosing and monitoring for
CTRC. Serial echocardiograms can be performed prior to
and during therapy to evaluate for systolic dysfunction.
The American Society of Echocardiography (ASE) au-
thors define CTRC as a decline in EF of >10% to <
53% which is confirmed on subsequent imaging [46].
While our authors agree with this definition, this is expert
opinion due to the lack of studies validating this cutoff.
The addition of 3-D volumetric analysis, diastolic function,
and myocardial strain imaging compliment EF in the echocar-
diographic evaluation of CTRC [ 47]. Changes in longitudinal

High dose anthracycline dosages (>250 mg/m?
of doxorubicin or >600 mg/m? of epirubicin)
High dose X-ray therapy (XRT) involving the
heart in the radiation field (> 30 gy)
Low dose anthracycline (doxorubicin < 250
mg/m? or epirubicin < 600 mg/m?) plus low dose
XRT involving the heart (< 30 gy)
Low dose anthracycline plus trastuzumab
Low dose anthracycline or trastuzumab plus
one of the following:
> 2 cardiovascular risk factors (smoking,
hypertension, diabetes, hyperlipidemia,
metabolic syndrome, or obesity)
Age > 60
Compromised baseline left ventricular function
(EF <55%)
History of prior myocardial infarction
Any moderate or greater valve disease

Fig. 3 Risk factors for cancer treatment associated cardiotoxicity
proposed in the ASCO clinical guidelines for the prevention and
monitoring of cardiac dysfunction in cancer survivors (adapted from J
Oncol Pract. 2017 Apr;13(4):270-275)

strain precede EF decline and appear to predict the subsequent
development of systolic dysfunction in patients receiving
anthracyclines [48, 49]. Strain also appears to be more sensi-
tive for detecting myocardial dysfunction than LVEF in pa-
tients with prior XRT [13]. Based on several trials, the ASE
define subclinical LV dysfunction as baseline strain > lower
limit of normal (LLN) in the setting of normal LVEF [47]. A
relative decrease in longitudinal strain of > 15% from baseline
is highly predictive of subsequent cardiotoxicity [47]. Further
research is necessary to determine whether early detection of
strain abnormalities impact clinical outcomes in patients re-
ceiving cancer treatment. The Strain Surveillance of
Chemotherapy for Improving Cardiovascular Outcomes
(SUCCOUR) trial is currently underway to help answer this
important question [50].

Additionally, cardiac magnetic resonance imaging
(CMR) is an increasingly used modality in the assess-
ment of CTRC. In addition to being the gold standard
for assessment of ventricular volumes and systolic func-
tion, it also has the added ability of tissue characteriza-
tion. In this setting, CMR can still be useful to rule out
other potential etiologies of cardiomyopathy such as is-
chemia, hypertrophic cardiomyopathy, or infiltrative car-
diomyopathies [47]. CMR is particularly useful in the
diagnosis of ICI-associated myocarditis. CMR findings
of ICl-associated myocarditis include mid-myocardial or
epicardial fibrosis via late gadolinium enhancement
(LGE), global or focal hypokinesis, and elevation in T2
relaxation time indicative of myocardial inflammation/
edema (Fig. 5) [51].

Biomarkers also are a novel method of screening for
subclinical cardiotoxicity in patients receiving cancer
treatment. Elevation in troponin in response to
anthracyclines is common and predictive of subsequent
LV dysfunction [52]. Multiple other studies have validat-
ed the association between troponin elevation and future
LVEF decline in patients receiving both anthracyclines
and trastuzumab [47, 53, 54]. B-type natriuretic peptide
(BNP) and NT-proBNP may also be of prognostic utility,
although the data is less robust [55, 56]. Biomarkers are
generally cheap and accessible, suggesting a promising
role in screening for subclinical LV dysfunction.

Screening and Surveillance for CTRC

The basis of screening for CTRC is the notion that by
screening high-risk patients, cardiotoxicity may be identi-
fied at earlier stages where interventions may be most
beneficial. Our authors generally agree with the approach
to screening and surveillance proposed by the authors of
the ASE consensus document [47]. Baseline assessment
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Stage B:
Structural Heart
Disease without
symptoms

Stage A: At Risk

for Heart Failure

Stage D:
Advanced or
refractory HF.
Symptoms with
minimal exertion
or rest

Stage C: Prior or
current HF with
symptoms

Fig. 4 ACC/AHA stages of heart failure (adapted from J Am Coll Cardiol. 2013 Oct 15;62(16):e147-239)

of LV function—ideally with strain—should be strongly
considered in anyone initiating cardiotoxic cancer treat-
ment, particularly those at high risk [11, 47]. CMR should
be considered if the echocardiogram images are subopti-
mal or if the diagnosis is in question [47]. Those with
overt LV dysfunction or subclinical dysfunction (as de-
fined by abnormal strain or biomarkers) at baseline should
generally be referred to cardiology prior to initiation of
cardiotoxic therapy (Fig. 6a). Therapy may still be initiat-
ed if the benefits outweigh the risk but done with close
monitoring.

In patients receiving low doses of anthracyclines (<
240 mg/m [2]), it is reasonable to repeat LV assessment at
the conclusion of chemotherapy and 6—12 months later
(Fig. 6b). More frequent screening is indicated in patients
receiving higher doses of anthracycline. In patients taking
trastuzumab, screening should be considered every 3 months
while on therapy and at the completion of treatment. These
surveillance intervals are consistent with the current FDA rec-
ommendations [57].

There is no clear consensus on screening and surveillance
for HF in patients receiving XRT. The ASE guidelines recom-
mend obtaining a screening echocardiogram 10 years after
XRT in all patients and every 5 years after XRT in high-risk
patients (Fig. 7) [36]. They further recommend considering

surveillance stress testing beginning at 5-10 years in high-
risk patients, although there is no evidence that such screening
reduces adverse events. These recommendations are expert
opinion and sound evidence is lacking on proper surveillance
intervals. There should be a low threshold for echocardiogram
and ischemic evaluation in any symptomatic patient with a
history of prior chest XRT. Pericardial constriction due to
XRT should also be considered in any patient presenting with
HF symptoms.

There are no formal guidelines for monitoring ICI, but
based on a consensus document by ASCO, it is reasonable
to obtain baseline troponin and EKG prior to therapy, partic-
ularly in those on multiple ICI [58]. In symptomatic patients,
additional testing is necessary to establish the diagnosis. As
discussed above, normal LV function does not rule out ICI-
associated myocarditis, and CMR or myocardial biopsy
should be considered in anyone on ICI presenting with HF
symptoms, atrial/ventricular arrhythmias, or heart block.

There are similarly no formal guidelines for screening or
surveillance with other chemotherapeutic agents such as tyro-
sine kinase inhibitors, checkpoint inhibitors, or proteasome
inhibitors, although a baseline assessment of LV function is
reasonable prior to initiating these agents.

Patients with > 10% drop in EF to < 53% or > 15% relative
decrease in longitudinal strain from baseline should generally

Figure 5 Cardiac MRI in a 61 year old male with Immune Checkpoint
Inhibitor myocarditis due to nivolumab. The patient was recieving ICI for
Hodgkin’s Lymphoma. There is inferior and septal myocardial edema
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(solid arrow) on T2 mapping (A) and patchy replacement fibrosis
(dashed arrow) on late gadolinium enhancement images (B) in a non —
coronary distribution suggesting an inflammatory cardiomyopathy.
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Patient at High Risk for
Cardiotoxicity'

Screening LV Function
Assessment +
Biomarkers

*« EF<53%orLLN
« GLS=zLLN
« Positive Biomarkers (eg
hs-trop, BNP)

- g Initiate Therapy with
Cardiology Consultation

Fig. 6 Management algorithm for screening (a) and surveillance (b) in
patients receiving anthracycline or HER2B antagonist therapy as
proposed in the American Society of Echocardiography (ASE)

*« EF>53%orLLN
¢+ GLS<LLN
* Negative Biomarkers

be referred to a cardiologist. While some studies have less
strict cutoffs, our authors agree with the ASE cutoff of >
10% decline in EF given the £5% interobserver variability
seen with echocardiography [48]. Additionally, anyone with
signs and symptoms suggestive of heart failure should have
repeat imaging and cardiology evaluation. Overall, these rec-
ommendations are expert opinion and further studies are need-
ed to validate appropriate screening/surveillance intervals.

Approach to Cancer Therapies in Patients
with Cardiotoxicity

Neither ASCO nor the European Society for Medical
Oncology (ESMO) provides concrete recommendations on
when cardiotoxic cancer therapies should be held in those with
LV dysfunction [11+, 59]. This decision should be a multidis-
ciplinary and involve both the treating oncologist and cardiol-
ogist. In general, all efforts should be made to continue poten-
tial lifesaving cancer treatments whenever possible. The role
of the cardiologist is to optimize cardiac function to allow for
further chemotherapy, particularly when alternative treatment
regimens are not available.

Fig. 7 Screening algorithm for
cardiac dysfunction in patients
receiving cardiac radiation
exposure (XRT). Screening is
generally recommended at

10 years in low-risk patients and
every 5 years following exposure
in higher risk individuals (adapted
from J Am Soc Echocardiogr.
2013 Sep;26(9):1013-32)

<240 mg/m?

Repeat LVEF at end of
chemotherapy and
6-12 months after

Echocardiogram at 10
years (5 years if high
risk?)

Cardiotoxic Therapy
Initiated

Anthracycline Trastuzumab

Repeat LVEF Q 3 months
and at completion of
therapy

=240 mg/m?

Repeat LVEF with each
50 mg/m2received

guidelines (adapted from J Am Soc Echocardiogr. 2014 Sep;27(9):911—
39)

Anthracyclines

The ESMO recommend holding anthracyclines in patients
with LVEF if EF <40% or >10% decrease from baseline to
<50% [60]. With anthracyclines, toxicity is cumulative and
dose-dependent; therefore, patients who develop symptomatic
HF from anthracycline cardiotoxicity should generally not be
re-challenged unless the benefits outweigh the risks.

In patients at high risk for cardiotoxicity who need to re-
ceive anthracyclines, several strategies have been shown to
reduce the risk of CRTC. Compared with bolus dosing, con-
tinuous infusion of anthracycline is associated with reduced
cardiotoxicity [60]. Anthracycline mediated cardiotoxicity is
related to peak drug levels whereas anti-tumor effects are gen-
erally related to area under the curve (AUC), which perhaps
explains this finding [14]. The use of the liposomal form of
doxorubicin may also reduce the risk of cardiotoxicity due to
altered tissue distribution [11e, 14]. Additionally, epirubicin
appears to be less cardiotoxic than other anthracyclines and
may be considered in high-risk patients [S¢]. One promising
agent in the prevention of anthracycline toxicity has been
dexrazoxane. This medication is an iron chelator which
also inhibits topoisomerase II, but its mechanism of

Cardiac Radiation
Exposure (XRT)

Asymptomatic Symptomatic

Functional non-
invasive stress testing
at 5-10 years

Echo = CMR, CT, ischemic
evaluation

Reassess every 5
years
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cardioprotection is poorly understood [5¢]. Multiple studies
have demonstrated a reduction in HF incidence with
dexrazoxane [61, 62]. Unfortunately, few small studies re-
vealed an increased risk of subsequent hematologic malignan-
cies with dexrazoxane [62, 63]. Though subsequent meta-
analysis refuted these findings, the FDA has only approved
the use of dexrazoxane in adult patients with metastatic breast
cancer who have received > 300 mg/m [2] of lifetime doxoru-
bicin and may need additional anthracycline-based chemo-
therapy [S¢].

HER-2/ERB Antagonists

In patients receiving HER-2/ERB antagonists, the FDA rec-
ommends holding therapy in patients who develop > 16%
drop in EF from baseline or > 10 to <50% [58]. Unlike with
anthracyclines, cardiotoxicity due to trastuzumab is often re-
versible, and it appears safe to re-challenge patients following
EF recovery [23, 64]. Therefore, HER-2/ERB antagonists
may be safely resumed once EF normalizes. Moreover, sever-
al studies have even demonstrated the safety of continuing
trastuzumab in patients with asymptomatic LV dysfunction
(stage B) [65]. In the 30 patient, prospective SAFE-HEaRt
study, 90% of patients with asymptomatic LV dysfunction
were able to complete their HER-2/ERB therapy with the
use of beta blockers and angiotensin-converting enzyme in-
hibitors (ACEI) and angiotensin receptor blockers (ARBs)
[66]. Of the HER-2/ERB antagonists, lapatinib, pertuzumab,
and T-DM1 appear to be less cardiotoxic compared to
trastuzumab, and these agents may be appropriate in certain
high-risk patients [67, 68].

Immune Checkpoint Inhibitors

As IClI-associated myocarditis is an autoimmune phenome-
non, it is best treated with immunosuppression. The available
evidence to date supports the use of steroids. In previous ret-
rospective studies, the use of steroids was associated with
improved systolic function and reduced major adverse cardio-
vascular events [25, 27]. The ASCO consensus authors rec-
ommend initial doses of prednisone 1-2 mg/kg/day for severe
cases of myocarditis [58]. Patients who develop myocarditis
should generally not be re-challenged with ICI given the sub-
stantial morbidity and mortality associated with ICI myocar-
ditis, although further investigation is needed.

Radiation

There is no specific management for radiation induced cardiac
dysfunction. Treatment is focused on the specific
cardiotoxicity developed such as valvular heart disease, peri-
cardial constriction, coronary disease, or restrictive cardiomy-
opathy. Therefore, it is imperative to reduce radiation

@ Springer

exposure to the heart whenever possible. Newer techniques
such as cardiac shielding, breath holding, and proton therapy
have helped to reduce collateral cardiac exposure [28, 69].
Modification of other cardiovascular risk factors is also rec-
ommended given their association with worse outcomes [28].

Stage A Heart Failure Management

Clinicians should take all possible steps to minimize
cardiotoxicity for patients receiving potentially cardiotoxic
cancer therapies. In addition to appropriate screening and sur-
veillance detailed above, additional steps may help to prevent
the development of CTRC.

All patients at risk for cardiotoxicity should clearly be
screened for potential cardiovascular risk factors such as hy-
pertension, diabetes, tobacco use, and hyperlipidemia [11e,
59]. As mentioned above, these risk factors increase the risk
of CTRC. Risk factors should be optimized before and during
cancer treatment with a low threshold for cardiology consul-
tation. Hypertension should be treated in accordance with the
ACC/AHA guidelines for stage A HF with a blood pressure
target of < 130/80 [44]. Statins have been associated with
attenuated EF decline in patients receiving anthracyclines
and should be considered in anyone with an indication for
one [70].

The role of neurohormonal antagonists in patients receiv-
ing anthracyclines is controversial due to conflicting findings
from multiple small trials. Carvedilol may attenuate the de-
cline in systolic function in patients receiving anthracyclines
[71-73]. However, other studies did not show benefit with
beta-blockers [74, 75]. In the recently published CECCY trial,
prophylactic use of carvedilol did not protect against LV sys-
tolic dysfunction in patients receiving anthracycline-based
chemotherapy [76]. Similarly, there is some evidence to sup-
port the use of ACEI and ARBs in patients receiving
anthracycline-based cancer therapy. The Prevention of
Cardiac Dysfunction During Adjuvant Breast Cancer
Therapy (PRADA) trial, involving 130 patients, showed that
candesartan reduced LVEF decline in patients receiving
anthracycline-based cancer therapy [77]. As with beta
blockers, the evidence is somewhat conflicting [75]. In the
OVERCOME trial, the use of enalapril and carvedilol was
associated with a significant attenuation in EF decline in pa-
tients receiving anthracyclines, perhaps highlighting a poten-
tial benefit of combination therapy [78]. Interestingly, patients
treated with both enalapril and carvedilol also had significant-
ly lower rates of the combined endpoint of death or heart
failure. To date, this is the only trial that demonstrated an
effect of neurohormonal blockade on major HF events in stage
A heart failure.

Similarly, the use of neurohormonal blockade is controver-
sial in stage A HF patients receiving trastuzumab [79]. In the
MANTICORE (Multidisciplinary Approach to Novel
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Therapies in Cardiology Oncology Research) trial, the com-
bination of perindopril and bisoprolol was associated with
attenuated decline in LV function [80]. Perhaps more impor-
tantly, the use of these medications was associated with less
interruption in trastuzumab therapy. Similar to anthracyclines,
there is little data demonstrating a reduction in major HF end-
points with the use of ACEI/ARBs or beta blockers in stage A
HF.

At this time, there is insufficient evidence to recommend
the widespread use of beta blockers or ACEI/ARBs in all
stage A HF patients receiving cardiotoxic cancer treatment.
Decisions regarding these medications should be individual-
ized by the treating physician. We agree with the ESMO con-
sensus statement which states that beta blockers and ACE/
ARB should be considered in patients at high risk for
cardiotoxicity; however, what defines high risk and which
stage A HF patients most benefit is poorly understood [59].
Our authors recommend the use of ACEI/ARBs and beta
blockers in patients with subclinical LV dysfunction as de-
fined by abnormal strain or positive biomarkers in response
to cardiotoxic cancer treatment (Fig. 8). This is supported by a
study by Cardinale et al. in which the use of enalapril resulted
in less cardiotoxicity in patients with elevated troponin after
high dose chemotherapy [81]. As above, the SUCCOUR trial
is also currently underway to evaluate the prognostic benefit
of strain imaging in this population [50].

Stage B Heart Failure Management

In patients who develop overt LV dysfunction (ACC/AHA
stage B), multidisciplinary care is required to determine the
optimal management of HF and cancer treatment.

The medical management of patients with stage B heart
failure secondary to cancer treatment should be in accordance
with the 2017 ACC/AHA Heart failure guidelines [44].
ACEI/ARBsS, and beta blockers are recommended in anyone

Stage A

Stage B

ACEIl or ARB

Beta Blockers?!
Multidisciplinary
decision regarding
future cardiotoxic
treatment

Baseline Imaging (Echo,
CMR, eg)
Screening & Surveilance
Risk Factor Control
BP control
Statins when
indicated
Consider ACEI, ARB,
and beta blockers,
particularly in:
High Risk patients
Positive biomarkers
(trop, BNP)

Fig. 8 Adapted from J Am Coll Cardiol. 2017 Aug 8;70(6):776-803

with LVEF <50% (class I, LOE-A). In a study by Cardinale
et al., earlier intervention with neurohormonal blockade in
patients who developed anthracycline-mediated LV dysfunc-
tion resulted in improved LV recovery and lower cardiovas-
cular event rates [82]. The benefit of early initiation of HF
therapies has been supported in other small trials as well [9].

All cardiomyopathy in patients receiving cancer treatment
should not be assumed to be related to CTRC. The diagnosis
of cancer treatment-related cardiomyopathy is a diagnosis of
exclusion, and a comprehensive search for alternative
etiologies—particularly ischemia—should also be
undertaken.

Stage C Heart Failure Management

Just as in stage B patients, those who develop symptomatic
HF due to cancer treatment should be managed in accordance
with the ACC/AHA HF guidelines [44]. All patients with
LVEF <50% should receive beta blockers and ACEI/ARBs
(class I, LOE-A). In addition, patients with symptomatic HF
(NYHA classes II-1V) with LVEF <35% should receive min-
eralocorticoid antagonists such as eplerenone or
spironolactone (class I, LOE-A). Based on data from the land-
mark PARADIGM trial, the angiotensin neprolysin inhibitor
(ARNI) sacubitril-valsartan is also recommended for all pa-
tients with LVEF <35% with NYHA class II-III symptoms
[83].

Device-based interventions in patients with CTRC should
also be in accordance with the ACC/AHA guidelines.
Implantable cardioverter-defibrillator (ICD) should be consid-
ered in patients with LVEF <35% with NYHA class II-II
symptoms (class I-LOE A) [44]. Patients being considered
for ICD should have a prognosis > 1 year, as the benefit of
ICD is generally only seen beyond this point. Clarification of
hematologic/oncologic prognosis is necessary prior to implan-
tation. Cardiac resynchronization therapy (CRT) should also

Stage C Stage D

ACEI or ARB
Beta Blockers Beta Blockers
If EF < 35% + EF<35%
Mineralocorticoid « MRA
Antagonist? * ARNI
ARNI3 Consider Advanced
Consider ICD/CRT-D Therapies evaluation
Multidisciplinary (transplant/LVAD)
decision regarding Palliative Care
future cardiotoxic Involvement
treatment

ACE or ARB
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be considered in patients with LVEF <35% and QRS >
150 ms with left bundle branch block morphology on electro-
cardiogram (class I-LOE A). There is evidence that benefits
with CRT are similar in anthracycline-mediated cardiomyop-
athy when compared with non-ischemic cardiomyopathy
(NICM) [84].

Stage D Heart Failure

In patients with stage D heart failure, survival is poor without
advanced heart failure therapies such as heart transplantation or
left ventricular assist device (LVAD). Post-transplant survival of
patients with CTRC appears to be comparable to cardiomyopa-
thy from other causes. In a large retrospective registry study of
232 CTRC and 8890 NICM patients, there was no difference in
survival at 1, 3, or 5 years amongst groups [85]. Unsurprisingly,
rates of post-transplant malignancies were higher in the CTRC
group. This highlights the need for careful patient selection in
CRTC given the increased risk of post-transplant malignancy due
to immunosuppression.

Outcomes with LVAD in CTRC patients are comparable to
patients with other forms of cardiomyopathy [86]. Rates of
RV dysfunction and need for right ventricular assist device
(RVAD) after LVAD do appear to be higher in patients with
CTRC [86]. This is unsurprising as patients with CTRC tend
to have biventricular dysfunction [87].

Conclusion

Overall, cardiomyopathy is a significant cause of morbidity
and mortality in patients receiving cancer treatment. While
best described in patients receiving anthracyclines,
trastuzumab, and radiation therapy, CTRC is being increasing-
ly recognized in patients being treated with other cancer ther-
apies including immune checkpoint inhibitors, tyrosine kinase
inhibitors, and proteasome inhibitors. With an increasing
number of cancer survivors, it is imperative for cardiologists
to be able to diagnose and manage patients with CTRC. While
high-quality evidence is lacking, expert consensus recom-
mends initial imaging and close surveillance in patients re-
ceiving anthracyclines and HER-2/ERB antagonists, particu-
larly in those at high risk. While echocardiogram remains the
screening modality of choice, the role of biomarkers as well as
advanced imaging modalities such as CMR is rapidly evolv-
ing. In patients with stage A HF, neurohormonal blockade
such as ACEI, ARBs, or beta blockers may be considered,
although the body of evidence supporting this is currently
weak. Once symptomatic heart failure has developed, treat-
ment should be in accordance with the ACC/AHA HF guide-
lines. Patients with advanced heart failure due to cancer treat-
ment appear to have good clinical outcomes with advanced
HF therapies. Therefore, LVAD and heart transplantation may

@ Springer

be considered in appropriate candidates. The primary goal of
the treating cardiologist is to optimize cardiac function and
continue life-saving cancer treatment whenever possible.
Decisions regarding the withholding or modification of cancer
treatment are complex and should involve multidisciplinary
discussions between the treating cardiologist and hematolo-
gist/oncologist.
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