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INTRODUCTION

The overall mortality rate from cancer fell by 27% between 
1991 and 2016.1 This improvement in survival can be attributed 
to several causes, such as early detection, control of risk 
factors, and new chemotherapy treatments, among others. 
However, the benefits of chemotherapy may be partially 
obfuscated by drug-related adverse cardiovascular effects, 
especially cardiomyopathy.2-4 The most typical presentation 
of cardiomyopathy secondary to chemotherapy is dilated 
cardiomyopathy, which manifests in the course of chemotherapy 
or later.3 Prevention of cardiomyopathy and other types of 
chemotherapy-related cardiotoxicity involves approaches that 
minimize exposure of the drug—and therefore its potential 
cardiotoxic effects—and initiating cardioprotective drugs to 
decrease cardiovascular injury. Once cardiac damage is 
established, treatment should be started promptly.

The growing need to manage patients with drug-related 
adverse cardiovascular effects has led to the rapid creation 
and adoption of cardio-oncology, a multidisciplinary science 
aimed at monitoring, treating, and preventing treatment-related 
cardiotoxicity.5 This article addresses chemotherapeutic 
treatments that are associated with adverse cardiovascular 
events and presents strategies to prevent and treat 
chemotherapy-related cardiotoxicity.

CANCER TREATMENTS ASSOCIATED WITH CARDIOTOXICITY

Anthracyclines

The main class of chemotherapeutic agents related to 
cardiotoxicity are anthracyclines, which are used extensively to 
treat solid tumors such as breast cancer, osteosarcoma, and 
hematological malignancies.6 Anthracyclines are responsible 

for early and late cardiotoxicity, particularly heart failure (HF), 
and are related to cumulative dose.7 Since these adverse side 
effects can impact a patient’s quality of life as much as the 
cancer diagnosis, the best approach to anthracycline-induced 
cardiotoxicity is to prevent cardiac injury.8 Table 1 summarizes 
strategies to reduce the cardiotoxic effect of anthracyclines.8,9

According to the American College of Cardiology/American 
Heart Association Task Force on Clinical Practice Guidelines 
and the Heart Failure Society of America, patients who develop 
left ventricular (LV) dysfunction during anthracycline treatment 
should be treated as heart failure (HF) patients,10 and the 
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CARDIOPROTECTIVE STRATEGY

Limit cumulative dose (mg/m2)
• Daunorubicin < 800
• Doxorubicin < 360
• Epirubicin < 720
• Mitoxantrone < 160
• Idarubicin < 150

Alter administration (continuous infusion)

Use fewer cardiotoxic anthracycline analogues (epirubicin, idarubicin, 
and mitoxantrone)

Choose lipossomal formulations

Administer cardioprotective drugs (discussed in “Prevention” section)

Table 1. 
Strategies to reduce anthracycline-induced chemotherapy.9
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decision of whether or not to continue chemotherapy should be 
discussed with the cardio-oncology team. An observational study 
evaluated the efficacy of carvedilol and enalapril in patients with 
LV ejection fraction (LVEF) < 45% under high anthracyclines 
doses, and 42% of treated patients experienced full LVEF 
recovery. In this study, the best predictor for improvement in LVEF 
was the time that cardiovascular drugs were initiated. None of 
the patients who started carvedilol and enalapril after 6 months 
of cardiac injury had recovery of LVEF.11 In another study, this one 
with longer follow-up, HF treatment was also associated with 
improvement in LV dysfunction after chemotherapy.12

There is no evidence regarding cardioprotection in patients with 
signs of subclinical myocardial dysfunction detected through 
biomarkers or changes in global longitudinal strain (GLS). Based 
on strain, chemotherapy should not be stopped or changed.13 
Closer surveillance for signs and symptoms of cardiac 
dysfunction is warranted.14 The SUCCOUR (Strain sUrveillance 
of Chemotherapy for improving Cardiovascular Outcomes) trial 
will be the first randomized controlled trial to investigate the role 
of cardioprotective drugs based on changes in GLS.15

Immunotherapy

Immunotherapy has improved outcomes of breast cancer when 
combined with anthracyclines, although it is known to have 
some cardiotoxic effects. The human epidermal growth factor 
receptor 2 (HER2) is overexpressed in approximately 20% 
to 25% of patients with breast cancer and is associated with 
poor prognosis.16 Monoclonal antibodies (eg, trastuzumab, 
pertuzumab) can inhibit HER2 and substantially improve the 
efficacy of cancer therapy. The first study that demonstrated 
correlation between trastuzumab and cardiotoxicity evaluated 
the efficacy and safety of trastuzumab in women with metastatic 
breast cancer that overexpressed HER2. The study concluded 
that trastuzumab increases the clinical benefit of chemotherapy 
for metastatic breast cancer with overexpressed HER2; 
however, there was a 27% incidence of cardiac dysfunction 
in the group receiving anthracycline, cyclophosphamide, and 
trastuzumab, although the symptoms generally improved with 
standard medical management.17 The Herceptin Adjuvant 
(HERA) trial showed that 1-year treatment with trastuzumab 
after adjuvant chemotherapy improves disease-free survival. 
However, trastuzumab was correlated with a major risk of HF 
and decrease in LVEF.18,19 Other trials demonstrated a higher 
incidence of cardiotoxicity when trastuzumab was used as 
adjuvant treatment in breast cancer19 and an increased risk 
of cardiac dysfunction and heart failure when it was given 
concomitantly with anthracyclines.20

Trastuzumab cardiotoxicity appears to be highly reversible and 
not dose related.21 Fei et al. found 68% full or partial reversibility 

in patients with breast cancer who developed cardiotoxicity 
after anthracyclines and trastuzumab in a retrospective 
study.22 Management of trastuzumab cardiotoxicity has two 
aspects: withdrawal of the medication and treatment of cardiac 
dysfunction based on heart failure guidelines.10 All patients with 
LVEF < 40% should be treated with an angiotensin-converting 
enzyme inhibitor (ACEI) and beta-blocker, the standard 
treatment for heart failure.23 Median time to LVEF recovery is 
1.5 months after withdrawal of the agent.21 If retreatment with 
trastuzumab is needed after recovery of cardiac function, it is 
fundamental to maintain the use of ACEIs and beta-blockers.21,23

Inhibition of the Vascular Endothelial Growth Factor Signal-
ing Pathway

Hormone receptor-negative tumors are associated with high 
concentrations of vascular endothelial growth factor (VEGF). 
Bevacizumab, a monoclonal antibody, can inhibit VEGF and 
benefit patients with this kind of solid tumor.24 However, it 
appears that these agents are associated with severe systemic 
arterial hypertension, ischemic events, pulmonary hypertension, 
and heart failure.24,25 The development of cardiotoxicity in 
these patients may be related to transient impairment of the 
contractile elements within the cell or to the increased afterload 
on a compromised ventricle.26 Other tyrosine-kinase inhibitor 
agents have been associated with congestive heart failure. 
A meta-analysis including 21 trials analyzed the association 
of congestive heart failure with VEGF tyrosine-kinase 
inhibitors—including sorafenib, sunitib, vandetanib, axitinib, and 
panzopanib—and found congestive heart failure in 138 of 5,752 
patients (2.4%).27

There is no specific treatment for cardiac dysfunction 
caused by VEGF tyrosine-kinase inhibitors. Like the others, 
management of chemotherapy-related cardiotoxicity is based 
on standard treatment of HF.10 Since anti-VEGF therapy can 
worsen hypertension, and uncontrolled pressure can lead to 
HF, cardioprotective antihypertensive drugs such as ACEIs 
and beta-blockers should be considered over other agents.28 
Discontinuing anti-VEGF therapy and treating the HF can 
reverse the cardiomyopathy.29

Immune Checkpoint Inhibitors

Immune checkpoint inhibitors (ICIs) are a new category of 
antitumor agents that interrupt the mechanism used by several 
tumors cells to evade destruction by the body’s activated T 
lymphocytes and other immune cells, thus unleashing the 
body’s own immune system to destroy cancer cells.30 The 
most commonly used agents are ipilimumab, nivolumab, 
and pembrolizumab. The systemic augmentation of immune 
responses by ICIs, especially when used in combination, leads 
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to a range of immune-related toxicities, including myocarditis, 
colitis, hepatitis, pneumonitis, thyroiditis, myositis, hypophysitis, 
and dermatitis.31,32

Myocarditis is the most lethal among these, with an incidence 
of between 0.27% and 1.14%.33,34 About half of these patients 
may present with ventricular dysfunction.34 Clinical presentation 
of myocarditis includes signs of acute heart failure manifesting 
as dyspnea, pulmonary edema, chest pain, arrhythmias, 
syncope, and even cardiogenic shock or sudden death.34 
Treatment of ICI-related myocarditis includes preventing new 
episodes of toxicity, immunosuppression to relieve inflammation, 
and clinical support to avoid cardiac worsening.32 Guidelines 
from the American Society for Clinical Oncology recommend 
the use of intravenous prednisone 1 to 2 mg/kg intravenously 
or methylprednisolone 500 to 1000 mg/kg. Mycophenolate 
mofetil or infliximab are recommended for those unresponsive 
to first-line treatment.35 In this scenario, collaboration between 
the cardiologist, oncologist, and immunologist is crucial to 
gain a better understanding of the myocarditis and prevent its 
progression without interrupting treatment.32

PREVENTION

The majority of published research in prevention of 
chemotherapy-induced cardiotoxicity focuses on anthracyclines 
and HER2 inhibitors. Prevention of cardiotoxicity should begin 
before cancer treatment is initiated, with the cardiologist and 
oncologist evaluating the patient for cardiovascular risk and, 
based on results, determining the best treatment approach.

Non-Pharmacological Prevention

The first step in preventing chemotherapy-related cardiotoxicity 
is to recommend that patients reduce their cardiovascular 
risk, ie, control blood pressure, lower cholesterol, maintain 
a healthy blood glucose level, consume a healthy diet, and 
stop smoking. Moderate aerobic exercise is a promising non-
pharmacological strategy to prevent and/or treat chemotherapy-
induced cardiotoxicity.36 A review of 56 studies involving 4,826 
participants showed improved quality of life and physical 
capacity during and after a physical training program.37

Pharmacological Strategies

Dexrazoxane is the only cardioprotective agent approved by 
the US Food and Drug Administration (FDA) for anthracycline-
induced cardiotoxicity. Dexrazoxane changes the configuration 
of topoisomerase IIb to prevent the binding of doxorubicin.38 
There is strong evidence that patients who were treated with 
dexrazoxane had a lower incidence of HF compared to those 
who did not receive treatment. However, dexrazoxane is only 

FDA approved for patients with metastatic breast cancer 
who have already received > 300 mg/m2 of doxorubicin. This 
threshold may be due in part to evidence that dexrazoxane can 
interfere in anthracycline’s antitumor efficacy.39

The use of cardiovascular drugs such as beta-blockers, ACEIs, 
and angiotensin receptor blockers to prevent cardiotoxicity 
is controversial and based on a limited number of clinical 
trials. In a randomized clinical trial comparing placebo versus 
carvedilol in patients treated with high doses of anthracycline 
chemotherapy, Kalay et al. found a greater reduction in LVEF 
in the placebo group (69% to 53%) than in the carvedilol 
group (70% to 69%, P < .001).40 Another randomized study 
of nebivolol evaluated 45 women with breast cancer who 
underwent anthracycline treatment and demonstrated that 
nebivolol was protective against LVEF changes, ventricular 
diameters, and increased NT-pro-BNP levels compared to 
placebo.41

The recent PRADA (Prevention of Cardiac Dysfunction 
During Adjuvant Breast Cancer Therapy) Trial evaluated 
cardioprotection using metoprolol and candesartan in 130 
breast cancer patients undergoing contemporary doses 
of anthracyclines (240 mg/m2).42 This study demonstrated 
benefit of candesartan in preventing cardiotoxicity, with a less-
pronounced decrease in LVEF compared to the metoprolol 
group. However, it did not show benefit from metoprolol, with 

Figure 1.
Sequential levels of troponin I during chemotherapy treatment.43
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STUDY PATIENTS CHEMOTHERAPY 
REGIMEN

CARDIOPROTECTIVE 
DRUG PRIMARY OUTCOME FOLLOW-UP 

(MONTHS)

Cardinale44 
2006

114 Epirubicin 
Idarubicin 
Daunorubicin

Enalapril Cardiotoxicity incidence: 
Control: 43% 
Enalapril: 0% 
P < .001

12

Kalay40 
2006

50 Doxorubicin 
Epirubicin

Carvedilol LVEF change pre/post chemotherapy: 
Placebo: 68.9%/52.3%; P < .001 
Carvedilol: 70.5%/69.7%; P = .30

6

Georgakopoulos45 
2010

125 Doxorubicin Metoprolol 
Enalapril

No difference in cardiotoxicity 
P = .55

12

Bosch46 
2013

201 Idarubicin 
Daunorubicin

Carvedilol 
Enalapril

Mean change in LVEF reduction (%): 
Control: -3.28 
Enalapril + Carvedilol: -0.17% 
P = .04

6

Kaya41 
2013

45 Doxorubicin 
Epirubicin

Nebivolol LVEF change pre/post chemotherapy: 
Placebo: 66.6%/57.5%; P = .001 
Nebivolol: 65.6%/63.8%; P = .50

6

Gulati42 
2016

126 Epirubicin Metoprolol 
Candesartan

Mean change in LVEF reduction (%): 
Placebo: -2.6 
Candesartan: 0.8; P = .026 
Metoprolol: -1.6%; P = .77

6

Pituskin16 
2017

94 Trastuzumab Bisoprolol 
Perindopril

Mean change in LVEF reduction (%): 
Placebo: 5% 
Perindopril: 3% 
Bisoprolol: -1 % 
P = .01

12

Avila43 
2018

200 Doxorubicin Carvedilol No change in LVEF 
P = .84

6

Guglin47 
2019

468 Trastuzumab Lisinopril 
Carvedilol

Cardiotoxicity rate: 
Placebo: 32% x lisinopril 30%,  
carvedilol 29% 
P = .27, P = .35

12

Table 2. 
A summary of the most important clinical trials in primary prevention of cardiotoxicity.16,40-47 LVEF: left ventricular ejection fraction
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a 1.8% reduction of LVEF in the placebo group versus 1.6% in 
the metoprolol group.

The CECCY (Carvedilol Effect in Preventing Chemotherapy 
Induced Cardiotoxicity) trial tested the use of carvedilol versus 
placebo in 200 patients with breast cancer and normal LVEF 
receiving anthracycline 240 mg/m2 (Figure 1).43 A small 
percentage of patients developed cardiotoxicity, characterized 
by < 10% reduction in LVEF (14.5% in the carvedilol group vs 
13.5% in placebo), and there was a modest 1.3% decrease in 
LVEF in the placebo group versus 0.9% in the carvedilol group. 
However, carvedilol was associated with attenuated troponin I 
values, a lower incidence of diastolic dysfunction, and a slight 
decrease in LV diastolic diameter.

The MANTICORE (Multidisciplinary Approach to Novel 
Therapies in Cardiology Oncology Research) trial, which 
evaluated bisoprolol and perindopril in the prevention of 
cardiotoxicity in patients with breast cancer receiving 
trastuzumab, demonstrated a decline in LVEF attenuated in 
the bisoprolol group compared to the perindopril and placebo 
groups.16 Table 2 sumarizes the most important clinical trials in 
primary prevention of cardiotoxicity.16,40-47

It is believed that patients who develop increased troponin 
during chemotherapy treatment have a higher risk of 
developing cardiotoxicity. Under this premise, Cardinale 
et al. tested cardioprotection with enalapril in 114 patients 
who developed positive troponin during treatment with high 
doses of anthracyclines. Compared to placebo, patients 
randomized to enalapril had significantly lower rates of cardiac 
events, including heart failure and asymptomatic ventricular 
dysfunction.44 Another study proposed testing enalapril with two 
strategies—enalapril started in all patients before chemotherapy, 
and enalapril started only in patients with an increase in troponin 
during or after chemotherapy—and concluded that enalapril did 
not impact troponin levels in either strategy.48

Aldosterone antagonists were evaluated in a randomized clinical 
trial that included 83 women with breast cancer receiving 
spironolactone or placebo during anthracycline chemotherapy. 
The trial demonstrated a benefit in both systolic and diastolic 
function in patients who received spironolactone compared to 
placebo.49

Statins are thought to have antioxidative and pleiotropic 
properties in addition to their inflammatory and lipid-lowering 
effects, which led to testing of its potential role in anthracycline-
induced cardiotoxicity. There is some evidence in preclinical 
and small clinical trials showing a benefit of statins in 
maintaining LVEF in patients treated with anthracycline.50,51 
Recently, a retrospective study evaluated statin exposure during 

trastuzumab treatment, with or without anthracyclines, in 129 
women with HER2+ breast cancer and found a significant 
change in LVEF in the control group but not in the statin group.52

CONCLUSION

The survival rates of cancer patients have improved substantially 
with the development of immune checkpoint inhibitors and 
other therapies with specific molecular targets. However, the 
potential cardiotoxicity of these treatments requires clinicians to 
pay special attention to clinical signs and symptoms in order to 
manage cardiovascular complications. Preventive, diagnostic, 
and therapeutic algorithms must be continuously re-evaluated in 
interdisciplinary cardio-oncology boards, and additional studies 
are needed to develop more specific strategies for preventing 
and treating chemotherapy-related cardiotoxicity.

KEY POINTS

• Chemotherapeutic agents can be associated with 
cardiovascular events that can increase morbidity and 
mortality among cancer patients.

• The majority of prevention studies focusing on 
anthracyclines and HER2 inhibitors demonstrate the 
importance of minimizing exposure to the chemotherapy 
and initiating cardioprotective drugs at the right time.

• Cardio-oncology is a growing field that is increasing 
knowledge about chemotherapy-induced cardiotoxicity 
and enabling more effective monitoring, treatment, and 
prevention.
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