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ABSTRACT

Cardiotoxicity is a relatively frequent and potentially serious side effect of traditional and targeted cancer therapies. Both

general measures and specific pharmacologic cardioprotective interventions as well as imaging- and biomarker-based

surveillance strategies to identify patients at high risk have been tested in randomized controlled trials to prevent or

attenuate cancer therapy–related cardiotoxic effects. Although meta-analyses including early trials suggest an overall

beneficial effect, there is substantial heterogeneity in results. Recent randomized controlled trials of neurohormonal

inhibitors in patients receiving anthracyclines and/or human epidermal growth factor receptor 2–targeted therapies have

shown a lower rate of cancer therapy–related cardiac dysfunction than previously reported and a modest or no sustained

effect of the interventions. Data on preventive cardioprotective strategies for novel cancer drugs are lacking. Larger,

prospective multicenter randomized clinical trials testing traditional and novel interventions are required to more

accurately define the benefit of different cardioprotective strategies and to refine risk prediction and identify

patients who are likely to benefit. (J Am Coll Cardiol CardioOnc 2022;4:19–37) © 2022 The Authors. Published by

Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).

A dvances in cancer therapy, including the
development of targeted therapies, have
been associated with improved cancer out-

comes. The resulting increase in the number of
long-term survivors has led to increased attention to
the potential acute and chronic side effects that may
reduce the quality of life, and in some instances the
life expectancy, of cancer survivors. Cardiovascular
disease is considered one of the more frequent and
potentially serious cancer therapy related side ef-
fects. These observations have generated increasing

interest in the potential prevention and treatment of
cancer therapy cardiotoxicity by both general and
specific cardioprotective strategies and form the basis
for the rapidly evolving field of cardio-oncology.

The development and growing use of cancer ther-
apies that block the growth and spread of cancer by
interfering with specific molecules have also charac-
terized medical oncology during the past 20 years.
Targeted therapies include human epidermal growth
factor receptor 2 (HER2)–targeted therapies, tyrosine
kinase inhibitors, immune checkpoint inhibitors,
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proteasome inhibitors, and androgen depri-
vation therapy (ADT). The use of targeted
therapies has markedly improved cancer
outcomes, including progression-free and
overall survival, but their implementation
has also revealed the occurrence of systemic
and cardiovascular off-target toxicities. The
development of left ventricular (LV)
dysfunction and heart failure are common
side effects of several targeted therapies, but
the modes of actions and mechanisms of
cardiotoxicity of various therapies differ.
Targeted therapies have also been associated
with increased incidence of other cardiovas-
cular abnormalities, including myocarditis
and arterial hypertension.1

The term cardiotoxicity is not uniformly or
universally defined. According to the National
Cancer Institute, cardiotoxicity is broadly
defined as “toxicity that affects the heart.”2

The term may thus include toxicity not only
to the myocardium but also the pericardium,
endocardium, and coronary vasculature.

However, the term has commonly been used in a nar-
rower sense to mean a reduction in LV systolic func-
tion and/or the development of clinical heart failure,
on the basis of the classical observations that anthra-
cycline therapy, in a dose-dependent fashion, is
associated with the risk for developing an irreversible
cardiotoxic cardiomyopathy.3 Accordingly, the term
cardiotoxicity has often been used interchangeably
with the more recent term cancer therapy–related
cardiac dysfunction (CTRCD).

In this state-of-the-art review, our emphasis is on
the role different cardioprotective strategies play in
mitigating the cardiotoxic effects of both conven-
tional and targeted cancer therapies in adults. We
include a review of the available evidence with an
emphasis on recently published randomized
controlled trials (Tables 1 and 2) and meta-analyses,
but we also provide an overview of the objectives of
important ongoing randomized trials (Table 3).
Finally, we briefly summarize some practical guid-
ance for clinicians treating patients receiving
conventional and targeted anticancer therapies
(Table 4).

GENERAL CARDIOPROTECTIVE STRATEGIES TO

PREVENT CANCER THERAPY CARDIOTOXICITY

General cardioprotective strategies to prevent cancer
therapy cardiotoxicity include both strategies that are
common to other forms of cardiovascular disease and

some that are specific to cancer and cancer therapy.
The multiple-hit model of heart failure is based on the
observation that heart failure often is a multifactorial
condition.4 Extrapolating this theory to the car-
diotoxicity setting, patients with established or sub-
clinical cardiovascular disease will have less cardiac
functional reserve and therefore tolerate less addi-
tional injury before symptoms and signs of car-
diotoxicity become clinically apparent. Accordingly,
many traditional modifiable and nonmodifiable car-
diovascular risk factors are associated with increased
risk for CTCRD. Strategies aimed at reducing the risk
associated with modifiable risk factors, such as
smoking cessation, weight loss, exercise and
reduction of sedentary time, and pharmacologic in-
terventions including lipid-lowering, antihyperten-
sive, and antidiabetic therapy, thus have the
potential to improve general cardiovascular health
status and thereby reduce risk for cardiotoxicity.5

These insights provide a strong argument for
oncology patients with established cardiovascular
disease or those at substantially increased risk for
unrecognized subclinical cardiovascular disease to be
evaluated by a cardiologist or cardio-oncologist prior
to the initiation of potentially cardiotoxic cancer
therapy.

Cancer-associated risk markers for cardiotoxicity
include the site (eg, pancreatic, kidney, lung, lym-
phoma) and stage (ie, advanced) of cancer. Cancer
associated factors that can increase the risk for car-
diovascular disease include hypercoagulability and
cancer invasion in the heart and blood vessels, as well
as high-output states. Cancer therapy–associated risk
factors include prior radiotherapy, especially if
directed at the heart and mediastinum, and prior
exposure to anthracyclines or hormone therapy.6

Although the risk associated with some of these fac-
tors is not modifiable, strategies to reduce radiation
exposure to the heart and the use of alternative

HIGHLIGHTS

� Traditional and targeted cancer therapies
are associated with risk of cardiotoxicity.

� There is incomplete evidence of the ef-
fect of cardioprotective
pharmacotherapy.

� Treatment of reversible cardiovascular
risk factors is highly recommended.

� Close collaboration between oncologists
and cardiologists is essential.
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chemotherapeutic agents to anthracyclines are ex-
amples of general strategies that have contributed to
a lower risk for cardiotoxicity.

THERAPY-SPECIFIC

CARDIOPROTECTIVE STRATEGIES

ANTHRACYCLINES. Oncolog ic ind i cat ions and
ev idence of card iotox ic i ty . Anthracyclines are
commonly used for the treatment of solid tumors,
including breast cancer and sarcomas, as well as he-
matologic malignancies, and have significantly
improved the prognosis of patients with these can-
cers. Accordingly, withholding anthracyclines may
negatively affect cancer outcomes. However, anthra-
cyclines have well-established, dose-dependent,
irreversible cardiotoxic effects. The association
between cumulative anthracycline dose and risk for
heart failure is exponential, with a 5% incidence of
heart failure associated with a cumulative dose of
400 mg/m2 and a 48% incidence with a cumulative
dose of 700 mg/m2.3 However, the susceptibility to

anthracycline-induced cardiotoxicity varies widely
according to genetic and cardiovascular risk factors.7

Cardioprotection against anthracycline-associated
cardiotoxicity. Measures related to anthracycline

administration. Strategies to prevent anthracycline-
associated cardiotoxicity include general measures
related to anthracycline administration aimed
at reducing cytotoxic effects and specific drug
interventions aimed at attenuating cardiotoxicity
or reducing a deleterious response to injury
(Central Illustration, Table 4). General measures
related to anthracycline administration include
substitution with alternative anticancer drugs,
reduction of anthracycline dose, slow infusion
rather than bolus injection, and special
formulations, such as liposomal doxorubicin. A
meta-analysis of randomized controlled trials
comparing bolus administration vs continuous
infusion and liposomal vs nonliposomal doxorubicin
revealed that bolus administration of doxorubicin
was associated with a higher rate of clinical and

TABLE 1 Recent Randomized Controlled Trials on Cardioprotection During Anthracycline Therapy

Trial Trial Design Trial Intervention Imaging Method N

Result of Primary
Endpoint and

Follow-Up Results

Result of Key
Secondary Endpoints
and Follow-Up Results

Pharmacologic intervention

PRADA22-24 Randomized
Placebo-controlled
Double-blind
2 � 2 factorial

Metoprolol
Candesartan
Metoprolol plus

candesartan
Placebo

CMR 130 Primary trial: candesartan attenuated
the reduction in LVEF

Follow-up: no difference in change
in LVEF from baseline to extended
follow-up in either treatment arm

Primary trial: metoprolol
attenuated the rise in troponins

Follow-up: no difference in
change in troponins from
baseline to extended follow-up
in either treatment arm

CECCY25,26 Randomized
Placebo-controlled
Double-blind

Carvedilol
Placebo

Echocardiography 200 Primary trial: no effect on reduction of
LVEF $10% from baseline

Follow-up: no difference in change of
LVEF at 2-y follow-up

Primary trial: carvedilol attenuated
the rise in troponin I

SAFE27 Randomized
Placebo-controlled
Double-blind

Bisoprolol/enalapril/
bisoprolol plus
enalapril/placebo

Echocardiography (3D) 174 Bisoprolol, enalapril, and bisoprolol
plus enalapril attenuated the
reduction in LVEF

Bisoprolol and enalapril prevented
worsening in peak GLS

Risk-guided strategy

ICOS-ONE33,34 Randomized
Open-label
Multicenter

Enalapril
Preventive treatment vs

Troponin-triggered
treatment

Echocardiography 273 Primary trial: no between-group
differences in the incidence of
troponin elevation

Follow-up: no increased
concentrations of cardiac
troponin I at 3-y follow-up

Primary trial: no between-group
differences in the incidence of
CTRCD, defined as a reduction in
LVEF of $10% to a value <50%

Follow-up: no new cases of incident
CTRCD at 3-y follow-up

SUCCOUR35 Randomized
Open-label
Multicenter

Surveillance with serial
measurements of
LVEF or with
measurement of peak
GLS

Echocardiography 331 No between-group difference in
change in LVEF at 1-y

Use of neurohormonal therapy was
significantly higher in the GLS-
guided than in the LVEF-guided
trial arm

3D ¼ 3-dimensional; CECCY ¼ Carvedilol for Prevention of Chemotherapy-Related Cardiotoxicity; CMR ¼ cardiovascular magnetic resonance; CTRCD ¼ cancer therapy–related cardiac dysfunction;
GLS ¼ global longitudinal strain; ICOS-ONE ¼ International CardioOncology Society-one; LVEF ¼ left ventricular ejection fraction; PRADA ¼ Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer
Therapy; SAFE ¼ Cardiotoxicity Prevention in Breast Cancer Patients Treated With Anthracyclines and/or Trastuzumab; SUCCOUR ¼ Strain Surveillance of Chemotherapy for Improving Cardiovascular
Outcomes.
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subclinical cardiotoxicity (OR: 4.13; 95% CI: 1.75-
9.72), and liposomal formulation was associated
with a reduced rate (OR: 0.18; 95% CI: 0.08-0.38).8

Moreover, epirubicin was associated with lower risk
for clinical cardiotoxicity than doxorubicin (OR:
0.39; 95% CI: 0.20-0.78). Other meta-analyses also
are in support of liposomal vs nonliposomal
doxorubicin, although the benefit vs epirubicin is
less clear.9,10

Pharmacologic cardioprotective interventions. Specific
cardioprotective interventions that have been tested
in randomized controlled trials include concurrent
treatment with dexrazoxane and concurrent or sub-
sequent treatment with inhibitors of the renin-
angiotensin-aldosterone system, beta-adrenoceptor
blockers, and statins. Several other potentially
protective therapies have also been studied, but the
aforementioned interventions have the most robust
evidence.11

Dexrazoxane. Dexrazoxane is an iron-chelating agent
with documented cardioprotective effects. Although
it was originally thought that the cardioprotective
effect of dexrazoxane was related to its iron-
chelating properties, leading to cytosolic iron
sequestration, more recent evidence suggests that
inhibition of doxorubicin-topoisomerase complex
formation, leading to reduced apoptosis, ferroptosis,
and necroptosis, may also play a role.12

Dexrazoxane was approved by the U.S. Food and
Drug Administration in 1995 and in 2014 was desig-
nated an orphan drug for “prevention of cardiomy-
opathy for children and adolescents 0 through 16

years of age treated with anthracyclines.”11 Concerns
related to a potential for reduced anticancer effect
and increased risk for secondary malignancies led the
European Medicines Agency in 2011 to restrict its use
to patients with advanced metastatic breast cancer
receiving high cumulative doses of doxorubicin or
epirubicin. However, in 2017, the European Medicines
Agency overturned its prior decision and allowed
dexrazoxane also to be given to children and adoles-
cents who are likely to be treated with high cumula-
tive doses of anthracyclines (>300 mg/m2

doxorubicin).
The cardioprotective effect of dexrazoxane has

been evaluated in several randomized controlled trials
in children, adolescents, and adults. For instance, in
the pediatric setting, dexrazoxane administered as a
bolus infusion immediately prior to doxorubicin was
associated with less reduction in LV fractional short-
ening and wall thickness than with doxorubicin
alone.13 An early Cochrane review meta-analysis that
included 10 studies of 1,619 patients showed that
dexrazoxane was associated with a significant reduc-
tion in the pooled estimate of the incidence of heart
failure (risk ratio [RR]: 0.29; 95% CI: 0.20-0.41).14 In a
recent systematic review and meta-analysis that
incorporated 2,177 patients from 7 prospective clinical
trials and 2 retrospective studies of patients with
breast cancer, dexrazoxane significantly reduced the
risk for clinical heart failure (RR: 0.19; 95% CI: 0.09-
0.40) and cardiac events (RR: 0.36; 95% CI: 0.27-0.49),
while the rate of a partial or complete oncological
response, overall survival, and progression-free

TABLE 2 Recent Randomized Controlled Trials on Cardioprotection During Trastuzumab Therapy

Trial Trial Design
Trial

Intervention
Imaging
Method N

Result of
Primary Endpoint

Result of Key
Secondary Endpoints

Pharmacologic intervention

MANTICORE
101-Breast44

Randomized
Placebo-controlled
Double-blind
Few were treated with

anthracyclines

Bisoprolol/
perindopril/placebo

CMR 99 No between-group difference in
LVEDVi

� Bisoprolol attenuated the
decline in LVEF

� Perindopril attenuated the
decline in LVEF

Boekhout et al45 Randomized
Multicenter
Placebo-controlled
Double-blind
All were treated with

anthracycline in advance

Candesartan/placebo MUGA 210 No between-group difference in
incidence of cardiotoxicity,
defined as decline in LVEF
of $15% or #15% to an absolute
value < 45%

No between-group differences in
changes in LVEF, troponin T, or
NT-proBNP

Guglin et al46 Randomized
Multicenter
Placebo-controlled
189 were treated with

anthracyclines

Lisinopril/carvedilol/
placebo

Echocardiography
MUGA

468 No between-group difference in
incidence of cardiotoxicity,
defined as a reduction in LVEF
of $10% or a decrease of $5%
to a value <50%

� Reduction in the incidence of
cardiotoxicity if patients
treated with sequential
anthracyclines in both lisinopril
and carvedilol arms

� No between-group difference if
no anthracycline exposure

LVEDVi ¼ left ventricular end-diastolic indexed volume; MANTICORE 101-Breast ¼ Multidisciplinary Approach to Novel Therapies in Cardio-Oncology Research; MUGA ¼ multigated acquisition;
NT-proBNP ¼ N-terminal pro–B-type natriuretic peptide; other abbreviations as in Table 1.
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TABLE 3 Ongoing Randomized Trials Evaluating Cardioprotection Strategies

Trial Trial Number Cancer
Cancer
Therapy

Trial
Intervention

Masking/
Design N

Primary
Outcome
Measures

Pharmacologic intervention: neurohormonal blockade

PRADA II (Prevention of Cardiac
Dysfunction During Breast
Cancer Therapy)

NCT03760588 Breast cancer Anthracyclines with/
without

trastuzumab/
pertuzumab

Sacubitril-valsartan/
placebo

Blinded 214 Change in LVEF assessed
by CMR from
baseline to 18 mo

Carvedilol in Preventing Cardiac
Toxicity in Patients With
Metastatic HER-2-Positive
Breast Cancer

NCT03418961 Metastatic HER2-
positive breast cancer

HER2-targeted
therapy without

concurrent
anthracyclines

Carvedilol/no study
intervention/
observation in
patients with

increased risk for
cardiotoxicity

Single-blinded
(outcomes
assessor)

817 Time to the first
identification of
cardiac dysfunction
assessed by
echocardiography

PROACT (Can We Prevent
Chemotherapy-Related
Heart Damage in Patients
With Breast Cancer and
Lymphoma?)

NCT03265574 Breast cancer/
lymphoma

Epirubicin Enalapril/usual care Single-blinded
(outcomes
assessor)

170 Cardiac troponin T
release during
anthracycline
treatment (1 mo
after last dose of
anthracycline)

Effect of Angiotensin
Converting Enzyme and
Sacubitril Valsartan in
Patients After Bone Marrow
Transplantation

NCT04092309 Hematological
malignancies

Hematopoietic cell
transplantation

ACE inhibitor/
sacubitril-valsartan/

control

Open 90 LVEF by 3D
echocardiography/
GLS/PWV/
glycocalyx
thickness

CardioTox (Effects of Carvedilol
on Cardiotoxicity in Cancer
Patients Submitted to
Anthracycline Therapy)

NCT04939883 Cancer patients
submitted to

anthracycline therapy

Anthracyclines Carvedilol/placebo Blinded 1,018 Decline in ejection
fraction within
12 mo of starting
treatment (>10%
to values <50%)/
cardiac events

Carvedilol in Preventing
Heart Failure in Childhood
Cancer Survivors

NCT02717507 Childhood cancer
survivors

Anthracyclines 2-y course of low-
dose carvedilol/

placebo

Blinded 182 LV posterior wall
thickness, LV
systolic and diastolic
function, and
afterload; natriuretic
peptides, troponins,
and galectin-3

Pharmacological interventions: statins

PREVENT (Preventing
Anthracycline Cardiovascular
Toxicity With Statins)

NCT01988571 Breast cancer/
lymphoma

Anthracyclines Atorvastatin/placebo Blinded 279 Change in LVEF by CMR
from baseline to
24 mo

STOP-CA (Statins to Prevent the
Cardiotoxicity From
Anthracyclines)

NCT02943590 Lymphoma Anthracyclines Atorvastatin/placebo Blinded 300 Change in LVEF from
baseline to 12 mo
assessed by CMR

SPARE-HF (Statins for the
Primary Prevention of
Heart Failure in Patients
Receiving Anthracycline
Pilot Study)

NCT03186404 Cancer patients with
high CVD risk

Anthracyclines Atorvastatin/placebo Blinded 112 Change in LVEF
assessed by CMR
from baseline to
within 4 wk of
anthracycline
completion

Pharmacological interventions: other

IPAC (Ivabradine to Prevent
Anthracycline-Induced
Cardiotoxicity)

NCT03650205 Cancer diagnosis Anthracyclines Ivabradine/placebo Blinded 160 Reduction in GLS
of $10% from
baseline to 12 mo

IPAC (Ivabradine to Prevent
Anthracycline-Induced
Cardiotoxicity)

NCT04030546 Cancer diagnosis Anthracyclines Ivabradine/usual care Single-blinded
(outcomes
assessor)

128 Change in GLS at 1, 3,
and 6 mo of $3%

TRIMETA EudraCT: 2016-
002270-12

HER2-positive breast
cancer

Anthracyclines,
taxanes, and
trastuzumab

Trimetazidine/control Open 242 Absolute and relative
frequency of
cardiotoxicity (24
mo) assessed by
echocardiography/
CREC criteria

Effect of Trimetazidine on
Radiotherapy-Induced Heart
Damage

NCT04939857 Lung cancer Stereotactic
radiotherapy

Trimetazidine/control Single-blinded
(outcomes
assessor)

80 GLS by
echocardiography
from baseline to
12 mo

Protective Effects of the
Nutritional Supplement
Sulforaphane on
Doxorubicin-Associated
Cardiac Dysfunction

NCT03934905 Breast cancer Doxorubicin Sulforaphane/
placebo

Blinded 70 Change in cardiac
function by 2D
echocardiography
from baseline to
12 mo

Continued on the next page
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survival appeared to be unaffected in patients with
early or metastatic breast cancer receiving anthracy-
clines with or without trastuzumab.15 However, the
evidence in early-stage breast cancer is limited, and in
the meta-analysis <10% of the cohort had early-stage
breast cancer. Notably, none of the included random-
ized trials were considered to be at low risk for bias

across bias domains. Several studies were classified as
being at high risk for performance bias because of the
unblinded design and attrition bias because of the
amount and handling of incomplete outcome data.
The investigators appropriately concluded that
because of the low quality of the available evidence,
further randomized trials are warranted before

TABLE 3 Continued

Trial Trial Number Cancer
Cancer
Therapy

Trial
Intervention

Masking/
Design N

Primary
Outcome
Measures

Risk/surveillance-guided therapy

CCT Pilot Guide (Risk-Guided
Cardioprotection With
Carvedilol in Breast Cancer
Patients Treated With
Doxorubicin and/or
Trastuzumab)

NCT04023110 Breast cancer Anthracyclines,
trastuzumab, or the

combination

Risk-guided
cardioprotective
treatment with

carvedilol/usual care

Open 110 Change in LVEF from
baseline to 24 mo
assessed by
echocardiography,
treatment
adherence, adverse
events

COBC (The Cardio-Oncology
Breast Cancer Study)

NCT02571894 Breast cancer Neoadjuvant or
adjuvant

chemotherapy, with
or without
trastuzumab

Subclinical
cardiotoxicity

surveillance and
treatment/standard

care

Open 320 Event-free survival at
1 y after the
completion of
chemotherapy

TACTIC (Trastuzumab
Cardiomyopathy
Therapeutic Intervention
With Carvedilol)

NCT03879629 Breast cancer HER2-targeting
therapy

Preemptive vs GLS/
troponin guide vs

LVEF-guided
carvedilol therapy

Open 450 Rate of cardiotoxicity/
reversible decline in
systolic function
assessed by
echocardiography
from baseline to
12 mo

Strain vs. Left Ventricular
Ejection Fraction–Based
Cardiotoxicity Prevention in
Breast Cancer

NCT04429633 HER2-positive breast
cancer

Trastuzumab Initiation of
candesartan guided
by decline in LVEF vs

GLS

Open 136 Maximum change in
LVEF by
echocardiography
over 18 mo

Cardiac CARE (a randomized
trial with breast cancer and
lymphoma patients to test if
medication can prevent
cardiac damage caused by
anthracycline
chemotherapy)

EudraCT: 2017-0008
96-99

Breast cancer/
lymphoma

Anthracyclines Troponin-triggered
candesartan cilexetil

and carvedilol/
standard care

Single-blinded
(outcomes
assessor)

160 Change in LVEF
assessed by CMR
from baseline to 6
mo after the final
anthracycline dose

CARTIER (Cardiovascular
Prevention Strategies in
Elderly Patients With
Cancer)

NCT03711110 Elderly patients with
cancer

Standardized
antitumor treatment

Intensive
cardiovascular

monitoring/usual
care

Open 514 All-cause mortality: 2
(mid-term analysis)
and 5 y of follow-up

TITAN (Multidisciplinary Team
Intervention in Cardio-
Oncology)

NCT01621659 Breast cancer/
lymphoma

Anthracycline and/or
trastuzumab-based

chemotherapy

Multidisciplinary
team intervention/

usual care

Single-blinded
(outcomes
assessor)

80 Change in LVEF
assessed by CMR
from baseline to
12 mo

NTproBNP-Guide (Pilot Study of
an NTproBNP Guided
Strategy of
Cardioprotection)

NCT04737265 Breast cancer/
lymphoma

Anthracyclines NT-proBNP-guided
intervention vs usual

care

Open 100 Recruitment, retention,
and compliance
rate, maximum
tolerated dose,
incidence of
adverse events

SCHOLAR-2 (Safety of
Continuing HER-2 Directed
Therapy in Overt Left
Ventricular Dysfunction)

NCT04680442 HER2-positive breast
cancer and evidence
of LV dysfunction

Trastuzumab/
pertuzumab/
trastuzumab-
emtansine

Comparing two
thresholds of
withholding or

discontinuing therapy

Blinded 130 Proportion of
participants
completing
trastuzumab/LVEF
at the close-out
visit and the
composite of NYHA
functional class III
or IV heart failure or
cardiovascular
death

Continued on the next page
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systematic implementation of dexrazoxane for pri-
mary prevention of cardiotoxicity can be recom-
mended in this setting.

Dexrazoxane has also been suggested as a sec-
ondary cardioprotective therapy during anthracycline
treatment in patients with preexisting ventricular
dysfunction. In one consecutive case series, dexra-
zoxane was used off label concomitantly with

anthracyclines. During chemotherapy, mean LV
ejection fraction (LVEF) decreased from 39% to 34%,
but no patient developed symptomatic heart failure.16

Neurohormonal blockade strategies. Complex neuro-
hormonal activation may occur as a response to
myocardial injury and correlate with the severity of
subsequent ventricular dysfunction and heart failure
development. These observations form the rationale

TABLE 3 Continued

Trial Trial Number Cancer
Cancer
Therapy

Trial
Intervention

Masking/
Design N

Primary
Outcome
Measures

Exercise

ATOPE (Attenuating Cancer
Treatment-Related Toxicity
in Oncology Patients With a
Tailored Physical Exercise
Program)

NCT03787966 Breast cancer Surgery,
chemotherapy, and

radiotherapy

Therapeutic exercise
before vs after

medical treatment

Single-blinded
(outcomes
assessor)

110 Change in LVEF by
echocardiography
from baseline to
12 mo

CAPRICE (Cancer Adverse
Effects Prevention With Care
& Exercise)

NCT03850171 Breast cancer/
lymphoma

Anthracyclines Exercise training/
usual care

Single-blinded
(outcomes
assessor)

120 Changes in GLS from
baseline to 13 wk

ONCORE (Exercise-Based
Cardiac Rehabilitation for
the Prevention of Breast
Cancer Chemotherapy-
Induced Cardiotoxicity)

NCT03964142 Breast cancer Anthracyclines
and/or anti-HER2

antibodies

Cardiac rehabilitation
program/usual care

Open 122 Change in LVEF and
GLS by
transthoracic
echocardiography
during and every
year after study
completion up to a
maximum of 5 y

EXACT2 (Exercise to Prevent
Anthracycline-Based Cardio-
Toxicity Study 2.0)

NCT03748550 Breast cancer Anthracyclines Aerobic exercise/
standard care

Single-blinded
(outcomes
assessor)

100 Change in LVEF from
baseline,
postintervention
(week 13) and 6 mo

Choice of therapy

RadComp (Pragmatic
Randomized Trial of Proton
vs Photon Therapy for
Patients With Non-
Metastatic Breast Cancer: A
Radiotherapy Comparative
Effectiveness)

NCT02603341 Breast cancer Radiotherapy Proton or photon Open 1,278 Major cardiovascular
events at 10 y

RadComp ancillary NCT04361240 Patients with breast
cancer enrolling in
the RadComp trial

Radiotherapy Proton or photon Open 155 Change in LVEF and RV
FAC assessed by
echocardiography
and NT-proBNP,
PIGF, and GDF-15
from baseline to
14 mo

The DBCG Proton Trial: Photon
Versus Proton Radiation
Therapy for Early Breast
Cancer

NCT04291378 Early breast cancer Radiotherapy Proton or photon Open 1,502 Radiation-associated
ischemic and
valvular heart
disease (10 y)

Remote ischemic preconditioning

ERIC-ONC (Effect of Remote
Ischemic Conditioning in
Oncology Patients)

NCT02471885 Cancer diagnosis Anthracyclines Remote ischemic
preconditioning/
placebo (sham)

Blinded 128 High-sensitivity
troponin T AUC
before and after
each chemotherapy
cycle and at 1-, 3-,
6-, and 12-mo
follow-up

Selected ongoing randomized trials of cardioprotection interventions in patients with cancer identified at ClinicalTrials.gov among randomized interventional studies that had not been completed, suspended,
terminated, or withdrawn and ClinicalTrialsRegister.eu among randomized trials without results, using the following search terms: “cardiotoxicity,” “cancer and heart failure,” “cancer and cardioprotection,”
“cancer and cardiomyopathy,” “cardiovascular toxicity,” and “heart failure and radiotherapy.” In addition, we included selected ongoing trials presented in methods or design papers and recent reviews.

2D¼ 2-dimensional; ACE ¼ angiotensin-converting enzyme; AUC ¼ area under the curve; CREC ¼ Cardiac Review and Evaluation Committee of trastuzumab-associated cardiotoxicity; CVD ¼ cardiovascular
disease; FAC ¼ fractional area change; GDF ¼ growth differentiation factor; HER2 ¼ human epidermal growth factor receptor 2; NYHA ¼ New York Heart Association; PIGF ¼ placental growth factor;
PWV ¼ pulse-wave velocity; RV ¼ right ventricular; other abbreviations as in Tables 1 and 2.

J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 1 , 2 0 2 2 Omland et al
M A R C H 2 0 2 2 : 1 9 – 3 7 Cardioprotection in Cancer Therapy Cardiotoxicity

25

https://clinicaltrials.gov/ct2/show/NCT03787966
https://clinicaltrials.gov/ct2/show/NCT03850171
https://clinicaltrials.gov/ct2/show/NCT03964142
https://clinicaltrials.gov/ct2/show/NCT03748550
https://clinicaltrials.gov/ct2/show/NCT02603341
https://clinicaltrials.gov/ct2/show/NCT04361240
https://clinicaltrials.gov/ct2/show/NCT04291378
https://clinicaltrials.gov/ct2/show/NCT02471885


for neurohormonal antagonists for treatment and
prevention of heart failure with beta-adrenergic
receptor blockers, angiotensin-converting enzyme
(ACE) inhibitors, angiotensin receptor blockers
(ARBs), and mineralocorticoid receptor antagonists
(MRAs). Intervention with neurohormonal
antagonists to attenuate or prevent the deleterious
effects of cardiotoxic cancer therapy may therefore
seem intuitive.

In 2006, Cardinale et al,17 published a seminal pa-
per reporting the results of a randomized, controlled,
open-label study of intervention with the ACE inhib-
itor enalapril initiated 1 month after completion of
high-dose chemotherapy and continued for 1 year in a
heterogenous cohort of patients with cancer with
evidence of acute myocardial injury, reflected in
raised cardiac troponin I concentration (>70 ng/L) at
the time of high-dose chemotherapy. The effect of
enalapril was impressive, with 43% of patients in the
control group, but none in the enalapril group,
reaching the primary cardiotoxicity outcome of an
absolute reduction in LVEF >10% points to a
level <50%. The remarkable results of the interven-
tion and the attractive personalized approach to
select patients for therapy provided a rationale for
further studies with neurohormonal interventions
started concomitantly with chemotherapy and for
potentially applying this approach to all patients
receiving anthracycline therapy.

Following the very promising results of early
studies suggesting that intervention with ACE
inhibitors and beta-blockers was effective in

reversing or attenuating anthracycline-associated
cardiotoxicity,18,19 several randomized controlled
trials using ACE inhibitors, ARBs, and beta-blockers
or their combination were initiated. However, the
results of these more recent trials have been mixed,
with most reporting modest or no effect of the
intervention on the predefined primary outcome
measures (Table 1).

Two meta-analyses have recently been published
evaluating the results of neurohormonal inhibition in
patients receiving anthracyclines and/or trastuzu-
mab.20,21 The larger included 17 trials encompassing
1,984 patients receiving anthracyclines and/or tras-
tuzumab for breast cancer or hematologic malig-
nancies. In pooled analysis, neurohormonal
antagonist therapy was associated with higher LVEF
on follow-up compared with placebo (mean differ-
ence 3.96%; 95% CI: 2.9-5.0). However, because of a
high proportion of missing baseline LVEF values, the
between-group difference in the change in LVEF was
not assessed. Moreover, the incidence of adverse
clinical events did not differ significantly between
groups (RR: 0.80; 95% CI: 0.53-1.20). Notably, there
was significant heterogeneity of the pooled estimates
and indications of publication bias, suggesting a need
for caution when interpreting the results.20

Given the heterogeneity of the studies included in
the meta-analyses, some recent randomized
controlled cardioprotective trials merit particular
discussion. The PRADA (Prevention of Cardiac
Dysfunction During Adjuvant Breast Cancer Therapy)
trial was a 2 � 2 factorial design trial that randomized
130 patients with early breast cancer to neurohor-
monal blockade with the ARB candesartan and the
beta-blocker metoprolol given concomitantly with
anthracycline-containing adjuvant therapy. At the
time of completion of blinded therapy (ie, at the time
of completion of adjuvant therapy), treatment with
candesartan, but not metoprolol, was associated with
a statistically significant but numerically modest
attenuation in the reduction in LVEF measured by
cardiovascular magnetic resonance (CMR), the pri-
mary outcome measure, observed in the non-
candesartan group (candesartan vs noncandesartan:
0.8% [95% CI: �0.4% to 1.9%] vs 2.6% [95% CI: 1.5%
to 3.8%] [P ¼ 0.026]; metoprolol vs no metoprolol:
1.6% [95% CI: 0.4% to 2.8%] vs 1.8% [95% CI: 0.7% to
3.0%] [P ¼ 0.77]).22 When all 4 groups were consid-
ered, the decline in LVEF was 2.8% (95% CI: 1.3% to
4.3%) in the placebo-placebo group, 0.9% (95%
CI: �0.4% to 2.3%) in the candesartan-placebo group,
2.5% (95% CI: 1.1% to 3.9%) in the metoprolol-placebo
group, and 0.6% (95% CI: �0.8% to 2.1%) in the

TABLE 4 Practical Recommendations for Cardiac Prevention and Treatment Strategies

During Anthracycline and/or Trastuzumab Therapya

Identify and treat modifiable cardiovascular risk factors.

In patients with moderate to high cardiovascular risk profile (including but not limited to
elevated cardiac troponins and high cumulative anthracycline dose), consider treatment with
beta-blockers and/or ACE inhibitors/ARBs.

If cardiac function deteriorates during cancer treatment, suggest treatment with beta-blockers
and/or ACE inhibitors/ARBs.

The optimal cardioprotective duration is unknown but should as a minimum be continued during
cancer treatment.

If the patient develops signs or symptoms of heart failure, the ability to continue cancer therapy
should be discussed with the oncologist/hematologist. Temporary cessation may be
necessary, and heart failure treatment should be initiated according to guidelines.

MRAs are considered safe to use.

Sacubitril-valsartan has been associated with beneficial outcomes, but RCTs are lacking.

Reintroduction of cancer therapy under close monitoring and heart failure therapy may be
considered after multidisciplinary deliberation depending on cancer type, prognosis, therapy
options, severity of cardiotoxicity, and patient preferences.

Optimal treatment duration is unknown.

aAuthor group’s recommendations on the basis of expert consensus.

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker; MRA¼mineralocorticoid receptor
antagonist; RCT ¼ randomized controlled trials.
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candesartan-metoprolol group. Conversely, treat-
ment with metoprolol was associated with an atten-
uation of the increase in cardiac troponin I during
anthracycline therapy (metoprolol vs no metoprolol:
0.8 ng/L [IQR: 0.8 to 1.2 ng/L] to 4.4 ng/L [IQR: 2.5 to
7.6 ng/L] vs 1.2 ng/L [IQR: 0.8 to 1.5 ng/L] to 7.2 ng/L
[IQR: 3.4 to 11.8 ng/L]; between-group difference
P ¼ 0.019) not observed for candesartan.23 Similar
results (P ¼ 0.020) were observed for cardiac troponin
T. Whether the beneficial effects of candesartan and
metoprolol were sustained was unclear until
extended follow-up data obtained 16 months (IQR: 15
to 19 months) after the completion of blinded therapy
were reported.24 The extended follow-up data

showed no difference in change in LVEF from base-
line to extended follow-up between the candesartan
vs noncandesartan group or between the metoprolol
and nonmetoprolol group (candesartan vs non-
candesartan: 1.7% [95% CI: 0.5% to 2.8%] vs 1.8%
[95% CI: 0.6% to 3.0%] [between-group difference
P ¼ 0.91]; metoprolol vs no metoprolol: 1.6% [95% CI:
0.4% to 2.7%] vs 1.9% [95% CI: 0.7% to 3.0%]
[between-group difference P ¼ 0.73]), or cardiac
troponin I (candesartan vs no candesartan: 1.2 ng/L
(IQR: �0.6 to 2.9 ng/L) vs 1.9 ng/L [IQR: 0.1 to 3.7 ng/
L] [between-group difference P ¼ 0.56]; metoprolol vs
no metoprolol: 1.4 ng/L [IQR: �0.5 to 3.2 ng/L] vs
1.7 ng/L [95% CI: 0.0 to 3.5 ng/L] [between-group

CENTRAL ILLUSTRATION Selected Cardiotoxicities and Potential Preventive Strategies

Omland, T. et al. J Am Coll Cardiol CardioOnc. 2022;4(1):19–37.

Several classes of anticancer therapies, including anthracyclines, human epidermal growth factor receptor 2 (HER2)–targeted therapy (eg, trastuzumab), radiotherapy,

and fluoropyrimidines may cause cardiotoxicity. Whereas the principal cardiotoxic problem associated with anthracyclines and HER2-targeted therapy is left ven-

tricular dysfunction, fluoropyrimidines have been associated with vasospasm and subsequent myocardial ischemia. Radiotherapy may cause a variety of cardiovascular

diseases, including ischemic heart disease, valvular and pericardial disease, and cardiomyopathy. Preventive strategies include treatment of modifiable cardiovascular

risk factors, modification of cancer treatments, and potentially preventive cardioprotective interventions, but there is need for additional research.
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difference P ¼ 0.76]).24 Accordingly, in this relatively
low-risk population, the promising early signals dur-
ing ongoing neurohormonal blockade did not trans-
late into a sustained beneficial effect on LV systolic
function or chronic myocardial injury.

The CECCY (Carvedilol for Prevention of
Chemotherapy-Related Cardiotoxicity) trial was a
randomized, double-blind, placebo-controlled study
of the beta-blocker carvedilol to prevent anthracy-
cline cardiotoxicity in 200 patients with HER2-
negative breast cancer.25 No between-group
difference concerning the primary outcome measure
of the incidence of cardiotoxicity, defined as an LVEF
reduction of 10% or greater by echocardiography from
baseline to 6 months, was observed (carvedilol vs
placebo: 14.5% vs 13.5%; P ¼ 0.99). Moreover, no
between-group difference in the change in LVEF as a
continuous variable from baseline to 6 months was
observed (P ¼ 0.84). However, similar to the obser-
vations for metoprolol in PRADA, carvedilol was
associated with an attenuation of cardiac troponin I
increase during anthracycline therapy (carvedilol vs
placebo: 26% vs 41% with values $40 ng/L;
P ¼ 0.003), suggesting a beneficial effect on
anthracycline-associated acute myocardial injury. At
2-year follow-up, no differences in the incidence of
cardiotoxicity (10% with carvedilol vs 11% with pla-
cebo), diastolic dysfunction, change in LVEF, or LV
end-diastolic diameter were observed.26

Very recently, the preliminary, interim analysis
results of a 4-arm, randomized trial (SAFE

[Cardiotoxicity Prevention in Breast Cancer Patients
Treated With Anthracyclines and/or Trastuzumab])
that evaluated the effect of bisoprolol, ramipril, or
their combination to reduce anthracycline-
associated subclinical cardiac injury were published
as a brief report.27 Although the investigators on the
ClinicalTrials.gov study site (NCT02236806) state
that trial is placebo controlled and double blind and
do not specify that interim data will be presented,
the published results are based on 12-month follow-
up (ie, at end of blinded treatment) with interim
data from the first 174 patients included. The interim
analysis suggests that the interventions protect
against anthracycline-associated decline in LVEF as
evaluated using 3-dimensional echocardiography.
Accordingly, at 12 months the reduction in LVEF was
4.4% in the placebo group compared with 3.0 %,
1.9%, and 1.3% in the ramipril, bisoprolol, and ram-
ipril plus bisoprolol arms, respectively (P ¼ 0.01).
Moreover, the coprimary endpoint, worsening of
global longitudinal strain (GLS), was 6.0% in the
placebo arm and 1.5%, 0.6%, and �0.1% in the
ramipril, bisoprolol, and ramipril plus bisoprolol
arms, respectively (P < 0.001). Although it is un-
common that interim analysis data are published in
a double-blind trial if the stopping rule or futility
threshold is not reached and the study halted, the
primary, end-of-study results at 24 months (ie,
12 months after completion of blinded treatment) of
the complete patient sample will provide important
information.

TABLE 5 Safety Trials for Trastuzumab if Left Ventricular Ejection Fraction Is Reduced

Trial Trial Inclusion Trial Intervention Imaging Method N Primary Endpoint Results

SAFE-HEART49 LVEF 40%-49% prior to
study participation

Carvedilol and any
angiotensin antagonist

Echocardiography 30 Patients completed planned
HER2-targeted therapy
without developing

� Asymptomatic decline in
LVEF of >10% from baseline
and/or LVEF #35% or

� Cardiac event, defined as
B Symptomatic heart failure
B Cardiac arrhythmia
B Requiring intervention
B Myocardial infarction
B Sudden cardiac death

27 (90%) completed HER2-
targeted therapies.

2 developed symptomatic
heart failure

1 had asymptomatic LVEF
decline to 32%

SCHOLAR50 LVEF 40%-54% or LVEF
>54% and an absolute fall
in LVEF of $15% from
baseline

Angiotensin-converting
enzyme inhibitor and

beta-blocker

Echocardiography 20 Cardiac dose-limiting toxicity,
defined as

� Occurrence of any of the
following
B Cardiovascular death
B LVEF <40% together with

any heart failure
symptoms

B LVEF <35%

2 developed cardiac dose-
limiting toxicity

SAFE-HEaRt ¼ Cardiac Safety Study in Patients With HER2 þ Breast Cancer; SCHOLAR ¼ Safety of Continuing Chemotherapy in Overt Left Ventricular Dysfunction Using Antibodies to HER-2; other ab-
breviations as in Tables 1 and 3.
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The observation that aldosterone is stimulated by
angiotensin II and plays an important role in the
fibrotic response to myocardial injury provides a
rationale for the use of MRAs as a strategy for car-
dioprotection. So far, sparse and conflicting data
exist concerning the effect of MRAs. In a Turkish
study, 83 patients with breast cancer receiving
anthracycline-containing chemotherapy were ran-
domized to preventive therapy with low-dose spi-
ronolactone (25 mg/d) or placebo in a double-blind
fashion.28 During anthracycline therapy, spi-
ronolactone treatment was associated with attenu-
ated deterioration in echocardiographic LVEF (from
67.0% � 6.1% to 65.7% � 7.4% in the spironolactone
group vs 67.7% � 6.3% to 53.6% � 6.8% in the control
group; between-group difference P < 0.001) and
attenuated increase in cardiac troponin I (median
10 to 15 ng/L in the spironolactone group vs 10 to
26 ng/L in the control group; between-group differ-
ence P ¼ 0.006). However, there was no between-
group difference in change in E/e0 ratio (from 8.3 �
1.6 to 8.5 � 2.6 in the spironolactone group vs 8.3 �
2.1 to 9.3 � 2.8 in the control group; P ¼ 0.18).
Another study from Canada evaluating the effect of
eplerenone on diastolic function (primary endpoint
average E0) in patients with breast cancer receiving
anthracycline therapy was stopped early because of
futility.29

The use of combined angiotensin receptor and
neprilysin inhibition with sacubitril-valsartan pro-
vides more complete neurohormonal inhibition and
was associated with reduced mortality and morbidity
compared with standard treatment in patients with
heart failure with reduced ejection fraction.30 The
preventive cardioprotective effect of sacubitril-
valsartan during (neo)adjuvant therapy in patients
scheduled to receive anthracycline-containing ther-
apy is currently being tested in a randomized,
placebo-controlled, multicenter trial of patients
with early breast cancer (PRADA II [Prevention of
Cardiac Dysfunction During Breast Cancer Therapy];
NCT03760588) (Table 3).31

Statins. In addition to their lipid-lowering effect,
statins are known to have pleiotropic anti-
inflammatory effects that theoretically may
attenuate cancer therapy cardiotoxicity. In a recent
meta-analysis, statin therapy was associated with a
reduced risk for cardiotoxicity in patients with
cancer receiving anthracyclines and/or
trastuzumab.32 However, most data were derived
from observational studies; only 2 small randomized
controlled trials with a total of 117 patients were
included in the meta-analysis. Although the
observational studies suggested significant

mitigation of cardiotoxicity after receiving
anthracyclines and/or trastuzumab therapy (RR:
0.46; 95% CI: 0.27-0.78; P ¼ 0.004), the reduction in
risk was not significant in the pooled results of the
randomized controlled trials (RR: 0.49; 95% CI: 0.17
to 1.45; P ¼ 0.20). Accordingly, the results of the
PREVENT (Preventing Anthracycline Cardiotoxicity
With Statins; NCT01988571) trial, which has
randomized 279 patients with early breast cancer or
lymphoma receiving anthracyclines to preventive
therapy with atorvastatin vs placebo for 24 months,
the STOP-CA (Statins to Prevent the Cardiotoxicity
From Anthracyclines; NCT02943590) trial, which has
randomized 300 patients with Hodgkin and non-
Hodgkin lymphoma receiving doxorubicin to
preventive therapy with atorvastatin vs placebo,
and SPARE-HF (Statins for the Primary Prevention
of Heart Failure in Patients Receiving
Anthracyclines Pilot Study; NCT03186404), which
aims to randomize 112 patients with cancer
scheduled to receive anthracyclines to preventive
therapy with atorvastatin vs placebo (Table 3), are
eagerly awaited. The primary outcome measures in
PREVENT, STOP-CA, and SPARE-HF are change in
LV function expressed as LVEF.
Risk-guided strategies. A central question concerning
cardioprotective therapy to prevent cancer therapy–
associated cardiotoxicity is whether the preventive
therapy should be administered broadly or in
selected groups of patients believed to be at high
risk and therefore more likely to benefit from the
intervention. Risk-guided strategies rely on the
premise that baseline risk or change in risk for
cardiotoxicity can be assessed during cancer therapy
using imaging markers such as echocardiographic
GLS or biochemical markers such as cardiac troponin
measured with high-sensitivity assays. A second
premise is that the intervention tested has a
beneficial effect. Two recent trials have evaluated
the effect of a risk-guided strategy, and a third
(Cardiac CARE) is ongoing (Table 3). The ICOS-ONE
(International CardioOncology Society-one) trial was
a randomized, controlled, open-label, multicenter
study in which first-in-life patients with cancer from
21 centers in Italy with indications for
anthracyclines were assigned to 1 of 2
cardioprotective strategies. One arm of the study
started enalapril prior to chemotherapy in all
patients, whereas in the other arm enalapril was
first given after an abnormal cardiac troponin test
result.33 The primary outcome was the incidence of
cardiac troponin elevation. The study included 273
patients, predominantly women with breast cancer
at low cardiovascular risk with a low prevalence of
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hypertension and diabetes (3% and 4%, respectively).
At trial completion, no between-group difference
between the 2 approaches was reported for the
primary outcome of cardiac troponin elevation (23%
in the early prevention vs 26% in the troponin-
triggered arm), and the incidence of CTRCD, defined
as a reduction in LVEF of 10% or greater to a
value <50%, was very low (2 cases in the prevention
group, 1 in the troponin-triggered group, 1.1%
overall) in both study arms. Moreover, at extended
3-year follow-up, no new cases of incident CTRCD or
increased concentrations of cardiac troponin I were
reported.34 Given the lack of a control group not
receiving enalapril, the interpretation of these
results remains unclear. Theoretically, both
enalapril strategies may have been highly effective
in preventing myocardial injury and subsequent
CTRCD. Alternatively, and potentially more likely,
the results suggest that in a population at low
cardiovascular risk receiving contemporary doses of
anthracyclines, the risk for sustained myocardial
injury and development of CTRCD is modest.

The SUCCOUR (Strain Surveillance of Chemo-
therapy for Improving Cardiovascular Outcomes) trial
was an open, multicenter study randomizing 331 pa-
tients receiving anthracycline-containing chemo-
therapy with 1 or more additional heart failure risk
factors to 1 of 2 echocardiographic surveillance stra-
tegies for cardiotoxicity using blinded endpoint
assessment.35

Included patients were assigned to either surveil-
lance with serial measurements of LVEF or with
measurement of peak GLS. If incident cardiotoxicity
occurred, defined in the standard-of-care arm as an
absolute reduction in LVEF of >10% points to <55% or
by >5% if accompanied by symptoms, and in the GLS
arm as a relative reduction in GLS of $12%, therapy
with ACE inhibitors or ARBs followed by beta-
blockers was initiated. The primary outcome mea-
sure in SUCCOUR was the change in LVEF. At 1 year,
no significant between-group difference was
observed for the primary outcome (�3.0% vs �2.7%;
P ¼ 0.69) or in secondary outcomes such as change in
GLS at 1 year (1.5% vs 1.4%), even though the use of
neurohormonal inhibitory therapy was significantly
higher in the GLS-guided arm (in 44 of 154 vs 20 of 153
participants). Another secondary endpoint, the inci-
dence of CTRCD, defined as symptomatic LVEF
reduction of >5% or >10% asymptomatic to <55%,
was lower (5.8 vs 13.7%; P ¼ 0.02) in the GLS-guided
than in the LVEF-guided trial arm. Although the
study design and significance of these results have
been debated,36,37 one reasonable interpretation may
be that neurohormonal inhibition may be less

effective in this setting than previously assumed, as
contemporary low to moderate doses of anthracy-
clines may not induce a strong neurohormonal
response. Given that neurohormonal inhibition pre-
dominantly modulates the response to injury rather
than the cardiotoxic process per se, the effect will be
modest in most cases. However, in the absence of a
control group not receiving neurohormonal antago-
nists, the interpretation of the observations of a
disconnect between increased use of neurohormonal
antagonists and effect on LVEF change remains
speculative.

Cardiac CARE (EudraCT 2017-000896-99) is an
ongoing, multicenter, prospective, randomized,
open-label, endpoint-blinded controlled trial testing
a high-sensitivity cardiac troponin–guided combined
intervention with the ARB candesartan and the beta-
blocker carvedilol to prevent cardiotoxicity in pa-
tients with breast cancer and those with lymphoma
receiving anthracycline-containing chemotherapy
>300 mg/m2 (Table 3). The inclusion target is 168
patients, among whom one-third (n ¼ 56) are ex-
pected to reach the predefined high-risk cardiac
troponin I concentration profile criterion during
anthracycline treatment. Patients reaching the high-
risk cardiac troponin I criterion will be randomized
to candesartan plus carvedilol vs standard care. The
primary endpoint will be change in LVEF on CMR
from baseline to 6 months after final anthracycline
dose in randomized patients. Although sharing some
similarities with ICOS-ONE, the use of a standard-of-
care arm will provide additional information on the
efficacy of combined neurohormonal blockade in
high-risk patients.
Exercise and lifestyle interventions. Cancer and cancer
therapies, in particular anthracyclines, are associ-
ated with significant reductions in cardiorespiratory
fitness and accelerated physiological aging. Decline
in cardiorespiratory fitness in patients receiving
cancer therapy should not, however, be ascribed
solely to cardiotoxicity but also to the systemic ef-
fects of cancer therapy on the skeletal muscle sys-
tem, which are associated with fatigue and
deconditioning. Exercise training and more
comprehensive strategies to modify lifestyle may
therefore have beneficial effects. In a systematic
review and meta-analysis of randomized trials of
exercise training in adult patients with cancer,
exercise therapy was associated with improved
cardiorespiratory fitness (þ2.80 mL O2 $ kg�1 $

min�1 vs 0.02 mL O2 $ kg�1 $ min�1; P < 0.001).38

However, randomized controlled trial data
specifically evaluating the effect of exercise
therapy to prevent or reduce cardiotoxicity are
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sparse, but this research question will be addressed
in ongoing studies (Table 3).
HER2 TARGETED THERAPIES. Oncolog ic ind icat ions
and ev idence of card iotox ic i ty . Trastuzumab is a
humanized monoclonal antibody that targets and in-
hibits HER2. The use of trastuzumab and other
monoclonal antibodies directed at HER2, such as
pertuzumab, has resulted in markedly improved
prognosis for women with HER2-positive breast
cancers, both by prolonging survival in advanced,
metastatic disease and by reducing the risk for
cancer recurrence in the adjuvant setting. Antibody-
drug conjugates such as ado-trastuzumab emtansine
and trastuzumab-deruxtecan are also used in
specific settings for HER2-positive metastatic breast
cancer. In addition to breast cancer, antibodies
targeting HER2 are also used in HER2-positive
gastric and gastroesophageal cancers.

Increased risk for cardiac dysfunction and clinical
heart failure in patients receiving trastuzumab was
recognized in early trials and occurred most
frequently during concurrent anthracycline and
trastuzumab treatment. In contrast to anthracycline-
associated cardiotoxicity, cardiotoxicity caused by
trastuzumab is not associated with cardiomyocyte
necrosis histologically, frequently occurs during
ongoing therapy, and is commonly considered fully or
partly reversible following therapy interruption.39

Sequential anthracycline and trastuzumab therapy
is associated with increased risk for CTRCD but
overall a lower rate of cardiac dysfunction than that
observed during concurrent use. In a meta-analysis
published in 2011, the incidence was still reported to
be relatively high, with asymptomatic declines in
systolic function reported to occur in 7.5% and
symptomatic heart failure in 2% of patients.40 More
recent data from clinical trials suggest lower inci-
dence rates. For instance, in the SafeHer (A Safety and
Tolerability Study of Assisted and Self-Administered
Subcutaneous [SC] Herceptin [Trastuzumab] as
Adjuvant Therapy in Early Human Epidermal Growth
Factor Receptor 2 (HER2)–Positive Breast Cancer)
phase 3 study of subcutaneous trastuzumab for the
treatment of HER2-positive early breast cancer,
grade $3 cardiac disorders were reported in 0.9%,
including heart failure in 0.3% of patients, with low
event rates both for patients treated with sequential
or concurrent chemotherapy.41 However, recent
population-based studies report higher rates of LV
dysfunction than in clinical trials, probably reflecting
patients with a higher cardiovascular risk profile.
Accordingly, a multicenter cohort study of 10,209
breast cancer survivors demonstrated a 5-year

cumulative heart failure incidence of 4.5% among
patients treated with sequential anthracycline and
trastuzumab therapy, compared with 0.8% in patients
treated with anthracyclines only.42

Since 2017 the Food and Drug Administration has
approved pertuzumab in combination with trastuzu-
mab in adjuvant treatment of HER2-positive breast
cancer patients with high risk for recurrence. A higher
rate of cardiac dysfunction was anticipated because
of the double hit on the HER2 pathway, but major
clinical trials suggest that the rate of LV dysfunction
is not substantially increased when both drugs are
used concomitantly. The cardiotoxicity associated
with newer antibody-drug conjugates such as
ado-trastuzumab emtansine and trastuzumab-
deruxtecan is thought to be lower than for trastuzu-
mab, but data are sparse in patients with previous LV
dysfunction.43

Cardioprotection against trastuzumab-associated
cardiotoxicity. Pharmacologic cardioprotective

interventions. Three recent studies have evaluated
the preventive effect of neurohormonal inhibition
concomitantly with trastuzumab and provided
somewhat diverging results (Table 2). In the MANTI-
CORE 101-Breast (Multidisciplinary Approach to
Novel Therapies in Cardio-Oncology Research) trial,
99 patients with HER2-positive early breast cancer,
most of whom (77%) had not received prior anthra-
cycline therapy, were randomized in a 1:1:1 double-
blind fashion to the beta-blocker bisoprolol, the ACE
inhibitor perindopril, or placebo for the duration of
trastuzumab therapy.44 The trial was stopped early
after an interim analysis suggested futility. Accord-
ingly, at the completion of the study, there was no
significant difference among groups concerning the
primary outcome, LV remodeling expressed as
change in indexed LV end-diastolic volume as eval-
uated by CMR (þ7 � 14 mL/m2 with perindopril vs þ8
� 9 mL/m2 with bisoprolol vs þ4 � 11 mL/m2 with
placebo; P ¼ 0.36), and MANTICORE 101-Breast
should be considered a negative trial. However, in
secondary analyses, both perindopril and bisoprolol
attenuated the decline in LVEF associated with tras-
tuzumab therapy CMR (�3% � 4% with perindopril
vs �1% � 5% with bisoprolol vs �5% � 5% with pla-
cebo; P ¼ 0.001). Notably, the cardioprotective in-
terventions were well tolerated and associated with
fewer interruptions of trastuzumab therapy than
placebo.

In a Dutch randomized, multicenter, placebo-
controlled, double-blind clinical trial, Boekhout
et al45 included 210 patients with HER2-positive early
breast cancer considered for adjuvant treatment with
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anthracycline-containing chemotherapy who were
randomized to candesartan vs placebo. The pre-
defined primary outcome measure was the incidence
of cardiotoxicity, defined as a decline in LVEF, as
evaluated by multigated acquisition scanning, of 15%
or more or a decrease of <15% to an absolute
value <45%. No significant difference in the rate of
cardiotoxicity according to this definition was
observed 40 weeks after discontinuation of trastu-
zumab (20 events in the candesartan group vs 16
events in the placebo group, corresponding to 3.8%
[95% CI: �7% to 15%; P ¼ 0.58] more primary outcome
events in the candesartan group). Moreover, cande-
sartan did not affect changes in LVEF, cardiac
troponin T, or N-terminal pro–B-type natriuretic
peptide as continuous variables compared with
placebo.

In a U.S. multicenter, randomized, placebo-
controlled, double-blind trial, Guglin et al46 included
468 patients with HER2-positive early breast cancer
treated with trastuzumab from 127 participating sites
who were stratified by prior anthracycline use and
assigned in a 1:1:1 fashion to treatment with lisinopril,
carvedilol, or placebo. The study intervention started
at the beginning of trastuzumab therapy, and follow-
up was 12 months after completion of trastuzumab
treatment. The primary outcome measure was the
incidence of cardiotoxicity, defined as a reduction in
LVEF, as evaluated by echocardiography ormultigated
acquisition scans, of 10% or greater or a decrease of
more than 5% if to an absolute value <50%. In the
overall cohort, consisting of 189 patients with prior
anthracycline exposure and 279 without, there was no
significant effect of lisinopril or carvedilol on the pri-
mary endpoint (1-tailed P values of 0.163 and 0.187 for
carvedilol vs placebo and lisinopril vs placebo,
respectively). The incidence of cardiotoxicity in this
trial was much higher than in most other recent trials,
38% in the stratum with prior anthracycline exposure
and 25% in the stratum without, suggesting that
potentially this was a higher risk cohort (alternatively,
this may be related to study design and outcomes
definitions). In stratified analyses, treatment with
both lisinopril (HR: 0.53; 95% CI: 0.30-0.94) and car-
vedilol (HR: 0.49; 95% CI: 0.27-0.89) were associated
with a significant reduction in the incidence of car-
diotoxicity in the stratum with prior anthracycline
exposure. These results seem to favor the theory that
the effect of preventive cardioprotective therapy may
be greater in high-risk populations.
Trastuzumab treatment in patients with preexisting

ventricular dysfunction. Even though heart failure

has a poor prognosis, a halt in cancer treatment often
may portend an even worse prognosis.47,48 Hence,
studies on the use of secondary cardioprotective
therapy in patients with preexisting, asymptomatic
LV dysfunction have been conducted and shown
encouraging preliminary results49,50 (Table 5). In
SAFE-HEaRt (Cardiac Safety Study in Patients With
HER2 þ Breast Cancer), 30 women with HER2-positive
breast cancer and mildly reduced LVEFs (ie, between
40% and 50%) and no symptoms of heart failure were
enrolled. Prior to study start, treatment with
beta-blockers and ACE inhibitors was initiated, and
during and 6 months after HER2-targeted therapy,
patients were carefully monitored with echocardiog-
raphy and cardiac visits. Treatment was stopped if a
cardiac event, defined as heart failure, myocardial
infarction, or arrhythmia, occurred or if there was an
absolute decline in LVEF of >10% from baseline or
LVEF declined to #35%. Mean LVEF at baseline was
45% and 46% at the end of treatment. Twenty-seven
patients (90%) completed the planned HER2-targeted
therapy. Two patients experienced symptomatic
heart failure, while 1 had asymptomatic worsening of
LVEF to #35%.49 In SCHOLAR (Safety of Continuing
Chemotherapy in Overt Left Ventricular Dysfunction
Using Antibodies to HER-2), 20 women with HER2-
positive breast cancer, LVEF between 40% and 54%,
or a decline in LVEF of $15% from baseline were
enrolled to examine whether it is safe to continue
trastuzumab despite mild cardiotoxicity. Patients
received beta-blockers and ACE inhibitors and were
followed clinically with echocardiography at a cardio-
oncology outpatient clinic. Treatment was stopped if
LVEF declined to <40%, accompanied by any heart
failure symptoms, or if LVEF declined to <35%. Mean
LVEF was 49% at enrollment and 55% at the end of
treatment. Eighteen patients (90%) completed the
planned HER2-targeted therapy. Two patients devel-
oped heart failure with LVEF <40%. Although these
results are promising and suggest that in the setting
of cardio-oncology care, it may be feasible to continue
trastuzumab despite the occurrence of mild car-
diotoxicity, larger trials are clearly needed to confirm
the safety of HER2-targeted therapy in patients with
preexisting mild, asymptomatic ventricular
dysfunction.50

CARDIAC PREVENTION AND TREATMENT STRATEGIES

DURING ANTHRACYCLINE AND TRASTUZUMAB:

PRACTICAL RECOMMENDATIONS. Prevention and
treatment strategies in the different cardiology
and oncology guidelines are to some extent
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inconsistent. This may be due to slightly differing
focus of interest and reflect the time they were writ-
ten. A summary of practical clinical recommendations
is presented in Table 4. In general, an important
strategy is to treat modifiable cardiovascular risk
factors.51 Other preventive measures are modifica-
tions of cancer therapy dose and administration
method and the administration of potentially car-
dioprotective drugs such as beta-blockers and or ACE
inhibitors or ARBs. The long-term beneficial effects of
cardioprotection with these drugs remain unclear,
hence a risk-based cardioprotective approach rather
than universal implementation may be appropriate at
this point.52 Accordingly, primary preventive car-
dioprotective therapy with angiotensin antagonists
and/or beta-blockers could be considered in those
with moderate to high cardiovascular risk profiles,
including elevated cardiac troponin concentrations at
baseline or during cancer treatment, and those who
receive high cumulative anthracycline doses or
display signs of decline in cardiac function.5,51 If
symptoms of heart failure develop, cardiac imaging
should be performed to assess cardiac function and to
determine if cancer treatment should be stopped
temporarily and heart failure treatment initiated ac-
cording to guidelines.53 During trastuzumab treat-
ment, it is recommended to halt cancer treatment if
LVEF declines to <45% or if the reduction is $10% to
a value between 45% and 49%.51 Before deciding to
stop cancer therapy permanently, cardiac imaging
should be repeated after 3 weeks to confirm the
reduction in LVEF, as there is a significant variability
in echocardiographic LVEF measurements.54 It is now
widely accepted to start cardioprotective treatment
with neurohormonal blockade while waiting for a
repeat scan, particularly if 3-dimensional LVEF and
GLS values also have deteriorated since the last ex-
amination. The strongest evidence for dexrazoxane
use may be in patients with advanced disease who
reach a high cumulative dose of anthracyclines.
Definitive data on the efficacy of angiotensin receptor
and neprilysin inhibitors, statins, MRAs, and exercise
interventions on cardiotoxicity are currently lacking.
RADIATION THERAPY. Radiotherapy contributes to
improved survival rates in a number of thoracic ma-
lignancies, such as lymphoma, breast cancer, lung
cancer, and esophageal cancer. However, mediastinal
radiotherapy may deliver significant radiation doses
to the heart and is associated with endocardial,
myocardial, and pericardial injury.

Radiotherapy may cause microvascular and mac-
rovascular damage, diffuse interstitial fibrosis, and
pericardial and valve disease. Radiotherapy-induced
myocardial damage progresses over time, and

clinical manifestations include ischemic heart disease
due to accelerated coronary artery disease, restrictive
cardiomyopathy, heart failure with preserved LVEF,
valve regurgitation or stenosis, conduction system
injury and arrhythmias, autonomic dysfunction, and
pericarditis and pericardial constriction.55,56 In pa-
tients with Hodgkin lymphoma, mediastinal radio-
therapy was associated with a 2- to 7-fold increase in
risk for ischemic heart disease, heart failure, and
valvular disease from 10 years after therapy and on-
ward. The risk for radiation-induced heart disease is
closely related to cumulative irradiation dose, and a
large population-based study of patients with breast
cancer demonstrated a linear increase in the rate of
major coronary events of 7.4% per Gray mean dose to
the heart.57 Other identified risk factors include
young age, concomitant anthracycline treatment,
cardiovascular risk factors, and preexisting cardio-
vascular disease.56-58 Different techniques have been
introduced to reduce the heart dose during radio-
therapy. Conformal and intensity-modulated radio-
therapy reduce the dose to organs at risk. Prone
positioning and different breathing techniques are
used to distance the myocardium from the target
volume.55,57-60 Deep-inspiration breath-hold reduces
cardiac radiation dose by administrating radiation
when the heart is pulled away from the chest wall
during deep breath-holds. In a recent meta-analysis,
deep-inspiration breath-hold during radiotherapy
for breast cancer was associated with lower radiation
dose to the heart (standardized mean
difference �1.36; 95% CI: �1.64 to �1.09) and the left
anterior descending coronary artery (standardized
mean difference �1.45; 95% CI: �1.62 to �1.27).61 In a
study of 89 patients with left-sided breast cancer,
mean heart doses were reduced by 35% (IQR: 23% to
46%) compared with free breathing.62 With proton
therapy, the finite proton range and increasing dose
with depth that peak near the end of range make it
possible to adapt the dose distribution and reduce the
off-target radiation dose.63 The ongoing randomized
RadComp (Radiotherapy Comparative Effectiveness)
trial will assess the effectiveness of proton vs photon
therapy in reducing major cardiovascular events in
patients with breast cancer.64 However, because of
the long latency, radiotherapy-related heart disease
from dated treatment regimens is a current issue. In
addition, even with contemporary techniques, car-
diac irradiation cannot always be avoided, and con-
cerns about radiotherapy-related heart disease
remain.

There is a paucity of randomized, controlled trials
on the use of cardioprotective medication to prevent
radiotherapy-induced myocardial damage in humans,
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and cardioprotective therapy is not a part of current
recommendations.65 However, preclinical and obser-
vational studies have investigated the potential of
statins to decrease the risk for radiotherapy-induced
cardiovascular disease.66,67 Colchicine, aspirin, and
novel therapies targeting inflammatory pathways
may attenuate myocardial inflammation and fibrosis,
but clinical evidence of the effect during radiotherapy
is lacking.
HORMONE THERAPY. ADT is the cornerstone of sys-
temic prostate cancer treatment. Patients with pros-
tate cancer are often at elevated risk for
cardiovascular disease, as they tend to have a high
occurrence of smoking, diabetes, prior myocardial
infarction and prior stroke, hypercholesterolemia,
hypertension, high body mass index (>30 kg/m2),
lower muscle strength, and low physical activity.68

Additionally, ADT causes changes in risk profile
with weight gain, hypertension, and dyslipidemia.
Observational studies suggest increased risk for car-
diovascular disease, including myocardial infarction,
sudden cardiac death, and stroke during ADT treat-
ment.69 However, this has not been reproduced in
randomized controlled trials.70 ADT is commonly
given as a gonadotropin-releasing hormone (GnRH)
agonist or GnRH antagonist. Observational studies
have suggested a stronger relationship with cardio-
vascular adverse events with GnRH agonists
compared with GnRH antagonists.71,72 Meta-analyses
confirm the increased risk for cardiovascular disease
when comparing GnRH agonist with non-ADT, but
this has not been shown for GnRH antagonists.73,74

However, the first international, randomized clinical
trial to prospectively compare the cardiovascular
safety of a GnRH antagonist with that of a GnRH
agonist was published recently and showed no dif-
ference between the 2 drugs.75 In this study, a total of
545 patients with cardiovascular disease were
enrolled, and all patients were seen by a cardiologist.
Cardiovascular events were defined as a composite of
all-cause death, myocardial infarction, or stroke
through 12 months and occurred in 5.5% of patients
assigned to the GnRH antagonist compared with 4.1%
in in those assigned to GnRH antagonist (HR: 1.28;
95% CI: 0.59-2.79; P ¼ 0.53). However, the study was
underpowered, as it did not reach its planned inclu-
sion of 900 participants in addition to having fewer
than projected primary outcome events.

So far, conventional primary preventive strategies
have been suggested and seem reasonable in these
patients. Systematic approaches to cardiovascular
risk factor modification in these men are being
studied.68

Two second-generation antiandrogen agents
deserve to be mentioned specifically: enzalutamide
(an androgen receptor antagonist) and abiraterone (a
CYP17 inhibitor). Enzalutamide has in randomized
controlled trials been associated with an increased
risk for hypertension but not cardiac events.76,77

Abiraterone has been associated with increased risk
for both cardiac events and hypertension.77,78

Antiestrogen therapy, including tamoxifen or aro-
matase inhibitors, may mimic a postmenopausal state
but has not been shown to aggravate cardiovascular
disease in patients with breast cancer.79 Neither
tamoxifen nor aromatase inhibitors have been shown
to increase the risk for cardiovascular disease in
comparison with placebo.80 However, tamoxifen has
been shown to have a favorable effect on the lipid
profile,80-82 and in a population-based study of 17,922
patients with breast cancer, aromatase inhibitors
were associated with increased risks for heart failure
and cardiovascular mortality compared with the use
of tamoxifen.83

FLUOROPYRIMIDINES. Fluoropyrimidines are comm-
only used for (neo)adjuvant and palliative treatment
of colorectal cancer. They can be administrated as
bolus (2-15 min), continuous infusion (25-96 h), or
orally. Fluoropyrimidines may cause coronary vaso-
spasm resulting in myocardial ischemia with or
without electrocardiographic changes.84 Symptoms
may occur at any time during the treatment period.

Even though randomized placebo-controlled trials
are lacking, a commonly accepted strategy to prevent
cardiotoxicity from fluoropyrimidines is to optimize
modifiable cardiac risk factors. Through case studies
it has been shown that reintroduction can be
attempted in patients with suspected vasospasm after
initiation of long-acting nitrates and/or calcium-
channel blockers.85,86 Additionally, bolus injection
may be less cardiotoxic, as the vasospasm is thought
to be related to accumulated metabolites rather than
peak dose. The role of dihydropyrimidine dehydro-
genase enzyme deficiency on cardiotoxicity is
unclear.

OTHER CARDIOTOXIC THERAPIES. There is increasing
documentation of a range of cardiovascular toxicities
in other commonly used cancer therapeutics, such as
immune checkpoint inhibitors, chimeric antigen re-
ceptor T-cell therapies, rapidly accelerated fibrosar-
coma and mitogen-activated protein kinase kinase
inhibitors, proteasome inhibitors, and tyrosine kinase
inhibitors. Even though there are some data on how
to treat these cardiotoxicities, robust data on primary
cardioprotective strategies are lacking.

Omland et al J A C C : C A R D I O O N C O L O G Y , V O L . 4 , N O . 1 , 2 0 2 2

Cardioprotection in Cancer Therapy Cardiotoxicity M A R C H 2 0 2 2 : 1 9 – 3 7

34



CONCLUSIONS: PERSPECTIVES AND

REMAINING CHALLENGES

Given the incomplete evidence base, there is no clear
consensus concerning recommendations for car-
dioprotective pharmacotherapy. In contrast, there is
broad agreement concerning the importance of
rigorous risk factor control and treatment, particu-
larly of hypertension. In that context, interaction and
collaboration among oncologists, cardiologists, and
cardio-oncologists play a central role.

In the absence of definitive, large-scale clinical
outcome studies, the question of in whom preventive
cardioprotective therapy treatment with neurohor-
monal antagonists should be initiated remains
controversial. Although risk-based strategies to
identify patients who will benefit the most are intui-
tively attractive, existing randomized studies do not
yet support the use of imaging- or biomarker-guided
interventions. One potential reason for this may be
that the effect of neurohormonal antagonist in-
terventions may be relatively minor in the absence of
a marked neurohormonal activation. Moreover,
neurohormonal antagonists are generally not directed
specifically at the cardiotoxic effect of cancer thera-
pies but rather at attenuating the harmful effect of
the activation of neurohormonal systems that may
occur as a response to myocardial injury. A goal for
the future should therefore be to identify new tar-
geted cardioprotective agents.

Clear weaknesses of the existing evidence base
concerning cardioprotective therapies for cancer
therapy cardiotoxicity are the heterogeneity and
modest sample size of most trials. Although many
small inconclusive studies should be ideally suited
for the conduct of meta-analyses, the considerable
heterogeneity in the design, methodology, and pa-
tient risk among studies makes the interpretation
and generalizability of meta-analyses results

challenging. To design larger, collaborative, inter-
national multicenter trials should be a high priority
to the field of cardio-oncology. The design of con-
ventional clinical trials in oncology has to a large
extent been centered exclusively on the efficacy of
cancer treatment and has not exploited the potential
for obtaining valuable information concerning car-
diovascular risk factors and outcomes. To better
balance the efficacy of cancer treatment and the risk
for cardiotoxicity, collaborative efforts with the
pharmaceutical industry and other funders of
studies should aim of integrating cardiovascular
baseline and outcomes data.

The current use of low to moderate anthracycline
doses, the increasing use of non-anthracycline-based
chemotherapy alternatives, and enhanced risk factor
control have reduced the incidence of CTRCD sub-
stantially. Still, the current risk is not negligible and
remains high in patient subsets. A continued search
for methods to more accurately identify those at
increased risk must continue, together with a search
for new and more targeted interventions.
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