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Abstract: Cardiotoxicity is an important complication of several cancer therapeutic agents. Several well 
established and newer anticancer therapies such as anthracyclines, trastuzumab and other HER2 receptor 
blockers, antimetabolites, alkylating agents, tyrosine kinase inhibitors (TKIs), angiogenesis inhibitors, and 
checkpoint inhibitors are associated with significant cardiotoxicity. Cardiovascular imaging employing 
radionuclide imaging, echocardiography and magnetic resonance imaging are helpful in early detection 
and prevention of overt heart failure secondary to cardiotoxicity of cancer therapy. An understanding of the 
mechanism of the cardiotoxicity of cancer therapies can help prevent and treat their adverse cardiovascular 
consequences. Clinical implementation of algorithms based upon cardiac imaging and several non-imaging 
biomarkers can prevent cardiac morbidity and mortality associated with the use of cardiotoxic cancer 
therapies. 
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Introduction

Cancer is the second largest cause of mortality in the USA (1). 
Advances in the early diagnosis, precise staging and therapy 
have significantly reduced the mortality and increased 
longevity in cancer patients. An estimated 14.5 million  
people are currently living with a history of cancer in the 
USA. This number is projected to rise to 19 million over the 
next 10 years (1). Approximately 12,500 new cases of cancer 
are diagnosed annually in the children and adolescents 
in the USA with over 300,000 survivors of childhood 
cancers. A significant proportion of cancer survivors are 
living with long-term adverse effects of cancer therapy, 
involving multiple organ systems. Cardiovascular toxicity 
of cancer therapy is a major concern in this regard. Several 
anticancer agents, such as anthracyclines, trastuzumab, 
cyclophosphamide, 5-fluorouracil, angiogenesis inhibitors 
and tyrosine kinase inhibitors (TKIs) are associated with 

an increase in the risk of cardiovascular morbidity and 
mortality. Childhood cancer survivors face a high lifetime 
risk of late cardiovascular disease (2,3). The spectrum of 
cardiovascular complications of cancer therapy is wide and 
includes left ventricular (LV) dysfunction, congestive heart 
failure (CHF), coronary vasospasm, angina, myocardial 
infarction, arrhythmias, systemic hypertension, pericardial 
effusion, pulmonary fibrosis and pulmonary hypertension. 
The risk of cardiotoxicity is higher in patients with pre-
existing cardiovascular diseases. Cardio-oncology is a newly 
emerging subspecialty to address the complex interaction 
between cancer and cardiovascular system; monitoring, 
early detection, prevention and treatment of cardiotoxicity 
of cancer therapies; development of newer therapies with 
lower or no cardiotoxicity; and careful planning of cancer 
therapy in patients with pre-existing cardiovascular disease 
to avoid overt cardiotoxicity and heart failure (4-6). 

Cancers can affect cardiovascular system in multiple 
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ways. Primary tumors of the heart are relatively rare, but 
often associated with dramatic and catastrophic clinical 
presentations. More commonly, tumors from lungs, breast, 
esophagus and other mediastinal structures or those 
metastasizing to lungs or mediastinum can directly invade 
or compress the heart, great vessels or the pericardial space. 
Malignancies of the plasma cells can result in deposition 
of immunoglobulins or their fragments in multiple organs 
including the heart, resulting in myocardial dysfunction, 
heart failure and arrhythmias. Cancers can affect the 
coagulation cascade resulting in hypercoagulability and 
thromboembolic disorders. All of these aspects are highly 
relevant to the field of cardio-oncology. The current article 
is primarily focused on the direct cardiovascular toxicity of 

cancer therapy. Several recent articles have addressed these 
ancillary aspects of cardio-oncology in detail (5,6).

Table 1 lists the adverse cardiovascular effects of 
commonly used cancer therapies. Following is a brief 
description of most commonly used cancer therapy agents 
and their cardiovascular toxicity

Anthracyclines

Anthracycline agents are antibiotics isolated from soil 
microbe Streptomyces peucetius, and are highly effective, 
broad-spectrum anti-cancer agents. Cardiotoxicity is a 
major limitation of their administration (5-10). These 
agents contain an anthraquinone ring, which results in 

Table 1 Cardiovascular toxicity of commonly used cancer therapies

Class of drugs Agents Cardiac and vascular toxicity

Alkylating agents Cyclophosphamide, ifosfamide, cisplatin, busulfan, 
mitomycin

CHF, arrhythmias, hypertension, myopericarditis, 
thromboembolism

Angiogenesis inhibitors Thalidomide, lenalidomide, pomalidomide Bradycardia, thromboembolism, hypertension

Anthracycline agents Doxorubicin, daunorubicin, epirubicin, idarubicin, 
mitoxantrone

LV dysfunction, CHF, myopericarditis

Antiandrogens Abiraterone, degarelix, enzalutamide Hyperlipidemia, thromboembolism, QT prolongation

Antiestrogens Tamoxifen, letrozole Thromboembolism, hypertension

Antiangiogenic antibodies Bevacizumab Hypertension, myocardial ischemia

Antimetabolites 5-fluorouracil, capecitabine, cytarabine, 
methotrexate, fludarabine

CHF, arrhythmias, coronary vasospasm, myocardial 
ischemia, myopericarditis

Antimicrotubule agents Docetaxel, paclitexa, etoposide, teniposide, 
vincristine, vinblastin

CHF, myocardial ischemia, QT prolongation, 
bradycardia, hypotension, myocardial ischemia

Checkpoint inhibitors Nivolumab (Opdivo), pembrolizumab (Keytruda), 
ipilimumab (Yervoy)

Myopericarditis, atrial fibrillation, ventricular 
arrhythmias, CHF

HER2/Neu receptor blockers Trastuzumab, pertuzumab Left ventricular dysfunction and CHF

Histone deacetylase inhibitors Romidepsin, vorinostat QT prolongation, thromboembolism

Proteosome inhibitors Bortezomib, carfilzomib CHF, myocardial ischemia

TKI Imatinib, dasatinib, erlotinib, lapatinib, lenvatinib, 
nilotinib, pazopanib, ponatinib, sorafenib, 
vandetanib, sunitinib

CHF, QT prolongation, hypertension, myocardial 
ischemia, thromboembolism

Miscellaneous Bleomycin Myopericarditis

Interferone Hypertension, hypotension, myocardial ischemia

Interleukin-2 Arrhythmias, hypotension, myocardial ischemia

Tretinoin CHF, hypotension

Arsenic trioxide QT prolongation

CHF, congestive heart failure; LV, left ventricular; TKI, tyrosine kinase inhibitors.R E T R A C T E D
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the formation of hydrogen peroxide and reactive oxygen 
species through redox cycling (10). Anthracyclines inhibit 
DNA and RNA synthesis by intercalating between the base 
pairs and by inhibiting the activity of topoisomerase II, 
which prevents DNA repair (11). Oxidative injury from free 
radicals, peroxidation of membrane lipids, altered calcium 
handling by sarcoplasmic reticulum, and impaired protein 
synthesis also contribute to anthracycline cardiotoxicity 
(7,11). Anthracyclines result in progressive and cumulative 
myocellular injury, myocyte loss due to apoptosis and 
necrosis, LV dilation, adverse remodeling, impaired 
contractility and CHF. Anthracycline cardiotoxicity is 
categorized as acute and chronic. Acute cardiotoxicity 
occurs during or soon after initiation of therapy. This is 
usually transient and self-limiting with a myopericarditis 
like picture, non-specific repolarization changes on 
ECG, dysrhythmias, troponin elevation, and transient 
LV dysfunction (12). These abnormalities usually resolve 
spontaneously with only supportive therapy. In contrast, 
chronic cardiotoxicity is the most common and relevant 
form of anthracycline cardiotoxicity. This comprises of 
LV systolic dysfunction, which is insidious in onset and 
asymptomatic in the early stages, but can progress to 
dilated cardiomyopathy and overt CHF, which is generally 
irreversible. Chronic cardiotoxicity is arbitrarily classified 
as type 1 or early onset (typically detected within one year 
of completion of chemotherapy) and type 2 or late-onset 
(usually detected after the first year with an unlimited time 
frame of up to decades after completion of chemotherapy) 
(6,13,14). Majority of the patients develop chronic 
cardiotoxicity within the first year of completing therapy (9).  
The total lifetime cumulative dose of anthracycline is the most 
important determinant of anthracycline cardiotoxicity (15).  
High intensity chemotherapy increases the risk of 
cardiotoxicity. Age above 65 years or below 5 years, 
hypertension, female gender, preexisting cardiac disease, 
concomitant mediastinal irradiation or therapy with 
other cardiotoxic agents, high dose cyclophosphamide 
therapy, a higher cumulative dose (above 450 mg/m2) and 
larger individual anthracycline doses increase the risk of 
developing anthracycline cardiotoxicity. Subclinical iron 
overload due to multiple blood transfusions, therapeutic 
iron supplementation, and genetic mutations of iron 
handling are also suspected to confer increased susceptibility 
to anthracycline cardiotoxicity (16,17).

Asymptomatic and subclinical LV dysfunction generally 
precedes overt CHF (18-21). A prompt discontinuation 
of anthracycline therapy with the onset of asymptomatic 

LV dysfunction can prevent its progression to CHF and 
is pivotal to the current strategies for the prevention 
of anthracycline related CHF. Chronic anthracycline 
cardiotoxicity can also present as restrictive cardiomyopathy 
with diastol ic  dysfunction and heart  fai lure with 
concomitant mediastinal irradiation. Prior to the widespread 
use of serial LV function monitoring, the incidence of CHF 
with doxorubicin was 4–7% in patients receiving 400 to  
550 mg/m2, 18% in those receiving 551 to 700 mg/m2, and 
30% at doses above 701 mg/m2 (20-22). 

A large inter-individual variation in susceptibility to  
anthracycline cardiotoxicity is likely related, to polymorphisms 
in genes related to the metabolism of anthracyclines (23), 
detoxification of free radicals or variations in body iron 
levels (16,17). However, the exact molecular, biochemical, 
cel lular,  and genetic  mechanisms of  var iat ion in 
susceptibility to anthracycline cardiotoxicity are not fully 
understood. Trastuzumab (Herceptin), TKIs and taxanes 
potentiate the cardiotoxicity of anthracyclines (24). With 
a marked inter-individual variation in the susceptibility to 
anthracycline cardiotoxicity it is not practical to choose an 
arbitrary dose ceiling to prevent CHF, since this would deny 
the benefit of therapy to those who can tolerate higher doses 
without developing cardiotoxicity. Therefore, an approach 
of serial LV function monitoring during anthracycline 
therapy and discontinuing further therapy at the appearance 
of subclinical LV dysfunction remains the most effective 
strategy for preventing overt CHF. There are some 
important considerations regarding LV function monitoring 
for the purpose preventing anthracycline cardiotoxicity. 
Serial LV ejection fraction (EF) is the most widely studied 
and well-established parameter for preventing anthracycline 
induced CHF. Since, this approach relies on the detection 
of a small sub-clinical, but definite fall in LVEF on serial 
monitoring, for discontinuing anthracycline therapy, the 
reliability, precision, reproducibility, variability and cost 
are important considerations while choosing a technique 
for LVEF monitoring. Several techniques are readily 
available for LVEF monitoring. They are often used 
interchangeably in clinical practice. However, for the 
prevention of anthracycline cardiotoxicity, techniques with 
higher variability of the measurement are less optimal, 
whereas techniques with higher reproducibility and less 
inter-observer variability are far better suited. Equilibrium 
radionuclide angiography (ERNA) more commonly 
known as multigated acquisition (MUGA) or radionuclide 
ventriculography (RNV), and cardiac MR imaging, meet 
these requirements. Of these, MUGA has been the most 
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widely studied and used technique over the last 35 years. 
Zaret, Alexander, Schwartz, and colleagues pioneered 
the concept of predicting doxorubicin-induced CHF by 
monitoring LVEF using MUGA (18-21). Recommendations 
for monitoring LVEF during doxorubicin therapy to 
prevent CHF were developed based on the analysis of these 
studies (Figure 1). A baseline MUGA is recommended 
prior to initiating doxorubicin. Subsequent measurements 
are performed prior to the administration of the next 
planned dose at predefined intervals. With a normal 
baseline LVEF, the next measurements are performed at 
cumulative doses of 250–300 and 400–450 mg/m2 and 
then prior to each subsequent dose. Discontinuation of 
doxorubicin is recommended if LVEF decreases ≥10% 
units from the baseline and reaches an LVEF ≤50%. 
For patients with abnormal baseline LVEF <50%, serial 
studies are recommended prior to each subsequent 
dose of doxorubicin. Discontinuation of doxorubicin is 
recommended if LVEF decreases ≥10% units from the 
baseline or reaches LVEF ≤30% (19,20). Anthracycline 
therapy should be avoided with a baseline LVEF ≤30%. 
Management concordant with these guidelines resulted 
in a seven-fold reduction in the incidence of CHF (21). 
The variability of measured LVEF with 2-dimensional 
echocardiography is up to 10% (25), making it difficult to 
detect small changes in LVEF required for the prediction 
of CHF (21,26). The role of echocardiographic assessment 
of LVEF in monitoring the risk of CHF in cancer patients 

is based upon extrapolation from the role of ERNA in this 
population. Echocardiography is perhaps more suited for 
pediatric patient population (13), where smaller patient size 
permits use of higher frequency transducers, better image 
quality and less acoustic artifact than in adults. Contrast 
echocardiography represents an important opportunity 
for further investigation, although its use did not improve 
accuracy or reproducibility of LVEF measurements (25). 
3D echocardiography has been observed to improve 
the reproducibility of the LVEF on serial studies. LV 
diastolic dysfunction (prolonged isovolumic relaxation 
period, reduction in peak flow velocity, the ratio of early 
peak flow velocity/atrial peak flow velocity, and reduction 
in the deceleration rate of the early peak flow velocity) 
precede systolic dysfunction (27). Stoddard et al reported 
prolongation of isovolumic relaxation time (IVRT) by 
Doppler echocardiography to predict doxorubicin-induced 
systolic dysfunction in a study of 26 patients (28). A greater 
than 37% increase in IVRT had 78% sensitivity and 88% 
specificity for predicting the development of doxorubicin-
induced systolic dysfunction (28). Echocardiographic 
diastolic parameters are more complex to interpret, 
have poor reproducibility and not well established for 
preventing doxorubicin induced CHF (29,30). Several other 
parameters of LV systolic and diastolic function, such as LV 
strain (longitudinal strain, short axis strain, tissue Doppler 
imaging) have also been proposed and studied. Of these, 
only longitudinal strain has shown promise for routine 
use. Myocardial strain imaging by echocardiography for 
the detection of cardiotoxicity of cancer chemotherapy 
was studied in a meta-analysis of 1,504 patients. Peak 
systolic longitudinal strain using tissue Doppler-based 
strain imaging, or by speckle tracking echocardiography 
detected early myocardial changes during therapy (31). 
A 10–15% reduction in global longitudinal strain during 
therapy appears to be a useful parameter for predicting 
cardiotoxicity and CHF (32,33). However, the specificity 
of this measure is less well established. Late survivors of 
cancers, frequently show abnormalities in global, radial, 
circumferential and longitudinal strain despite normal 
LVEF. Their value in predicting late LV dysfunction or 
CHF has not been explored. Larger prospective multicenter 
studies are required to establish the role of strain imaging 
to predict anthracycline cardiotoxicity and to prevent 
CHF. The role of longitudinal strain imaging may be 
limited in patients with obesity, valvular heart disease, LV 
hypertrophy, coronary artery disease and old age.

MUGA derived LVEF remains the most widely studied 

Figure 1 Algorithm for LVEF monitoring with MUGA to 
prevent doxorubicin induced cardiotoxicity. *, risk factors include 
known heart disease, radiation exposure, treatment with high 
dose cyclophosphamide, and electrocardiographic abnormalities. 
MUGA, multigated acquisition.

Baseline LVEF LVEF assessment Discontinue to 

prevent CHF

Normal

(≥50%)

Prior to starting therapy
at 250-300 mg/m2

at 400-450 mg/m2 *
Prior to each subsequent dose

≥10% LVEF Fall

to <50%

30- <50% Prior to starting therapy and
Prior to each subsequent dose

≥10% LVEF fall or 

EF <30%

<30% Avoid doxorubicin

Guidelines for LVEF Monitoring during Doxorubicin Therapy (based 
upon recommendations by Schwartz et al AJM 1987:82:1109 ref 23) 

* at 400 mg/m2 with known heart disease, hypertension, radiation 
exposure, abnormal ECG, high dose cyclophosphamide therapy
While using other anthracycline agents use these guidelines after 
converting their doses to isotoxic doses (see text for details)
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and most reliable parameter for monitoring cardiac function 
in patients undergoing anthracycline therapy to detect 
an early fall in LVEF, which is predictive of impending 
CHF with continuation of anthracycline therapy. 
Echocardiographically derived longitudinal strain imaging 
of the LV appears to be promising for detecting early LV 
dysfunction. However, further studies are warranted.

Recent emphasis on the development of biomarkers 
indicative of specific tissue and organ damage have 
resulted in the identification of highly sensitive biomarkers 
for myocardial injury and damage, such as troponin-T, 
troponin-I,  myoglobin,  BNP and proBNP. These 
biomarkers have been extensively studied and are used 
routinely in the context of coronary artery disease, 
acute myocardial infarction and unstable angina. These 
biomarkers are also being used for the evaluation of 
conditions associated with myocardial injury and damage 
not related to coronary artery disease (33). High sensitivity 
troponin elevation following anthracycline therapy 
indicates myocardial injury and is predictive of larger 
and more sustained decline in LVEF compared to those 
without troponin elevation (34). However, a consistent 
correlation between troponin elevation and anthracycline 
or trastuzumab cardiotoxicity has not been found (35-37).  
Recent availability of high-sensitivity troponin assays may 
add incremental value to the risk of cardiotoxicity and 
CHF with cancer therapy. An increase in pro-BNP (brain-
type natriuretic peptide) has been reported early after 
anthracycline administration. However, elevated pro-BNP 
is not predictive of LV dysfunction. The role of biomarkers 
is under evaluation in a multicenter NIH funded PREDICT 
study (ClinicalTrials.gov identifier NCT01032278).

Prevention of anthracycline cardiotoxicity

Approaches to reduce anthracycline cardiotoxicity have 
met with limited success. Continuous slow infusion of 
doxorubicin over 24–96 h instead of a single bolus injection 
was found to lower cardiotoxicity in early clinical studies (38).  
But  reduced cardiotox ic i ty  was  not  cons i s tent ly 
demonstrated in subsequent studies. Moreover, due to 
the logistical limitations, this approach has not found 
acceptance in clinical practice. Novel drug delivery 
system using liposomal incorporation of doxorubicin was 
developed to improve tumor delivery of doxorubicin and 
lower its cardiotoxicity. However, the clinical studies have 
been inconclusive regarding cardiotoxicity of liposomal 
doxorubicin (39). Several analogues of doxorubicin 

were evaluated for reduced cardiotoxicity. However, all 
anthracycline agents have cardiotoxicity. Isotoxic dose 
conversion is recommended while comparing cardiotoxicity 
of various anthracycline agents: with a factor of 1.0 for 
doxorubicin and daunorubicin, 0.67 for epirubicin, 4.0 for 
mitoxantrone, and 5.0 for idarubicin (40). Perhaps, future 
genomic and molecular studies may help to identify and 
develop biomarkers to predict individual predisposition to 
anthracycline cardiotoxicity prior to starting anthracycline 
therapy. Such an approach would allow a more effective 
analysis of risk-benefit ratio, and pre-emptive institution 
of preventive therapies in high risk-individuals even prior 
to initiation of anthracycline therapy, and perhaps consider 
alternative therapies in very high-risk patients. 

Treatment of anthracycline cardiotoxicity

Treatment strategies rely on CHF therapy with ACE 
inhibitor/ARB and beta-blockers. Use of these agents 
can stabilize, or even improve, LV systolic function (41). 
Whereas, any ACE inhibitor/ARB can be used for this 
indication, only carvedilol or nebivolol amongst the beta-
blockers have been found to be effective in anthracycline 
cardiotoxicity. An early detection and early treatment 
with these agents is associated with a better response 
compared to those with advanced and long-standing 
LV dysfunction. Given the high cost associated with the 
treatment and follow up of CHF (42), serial noninvasive 
LVEF monitoring is highly cost-effective in preventing 
CHF (20). Dexrazoxane is an iron chelator, which reduces 
cardiotoxicity of anthracyclines. However, adverse effects 
including myelotoxicity and concerns about leukemia have 
limited its use in clinical practice. This is approved for use 
only in patients receiving >300 mg/m2 of doxorubicin (43). 

Trastuzumab and other HER2 blockers

Trastuzumab (Herceptin) is a humanized monoclonal 
antibody targeted against a growth receptor protein (HER2/
neu) expressed on the cell membranes (44-51). This is used 
in patients with HER2/neu overexpressing breast cancers 
and is given as weekly intravenous injection for up to  
one year. HER2 is a member of HER receptor family. 
There are 4 types of HER receptors HER1, HER2, HER3 
and HER4 (47). These receptors have extracellular, trans-
membrane and intracellular domain. Binding of ligand 
to these receptors results in receptor dimerization and 
activation, and signaling of PI3K/AKT/mTOR/Ras/
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MAPK pathways downstream. These pathways signal 
growth, proliferation and survival of the cells. Blockage 
of these pathways promotes apoptosis and cell death (44). 
Approximately 20–25% of breast cancers overexpress 
HER2/neu. Trastuzumab is effective in combination with 
other chemotherapy in HER2 over-expressing breast 
cancers. Trastuzumab can also result in cardiotoxicity. 
However, the spectrum, mechanism and clinical course of 
its cardiotoxicity and cardiac dysfunction are quite different 
and distinct from anthracyclines. Trastuzumab results in LV 
dysfunction and CHF, which is generally reversible upon 
discontinuation of therapy (45,46). Unlike anthracyclines, 
the cardiac dysfunction caused by trastuzumab is not related 
to cumulative dose and is not associated with cardiomyocyte 
ultrastructural changes observed with anthracyclines (44). 
In addition, the risk factors for developing trastuzumab-
associated LV dysfunction are not adequately defined except 
age >65 years and concomitant or prior anthracycline 
therapy. HER2 receptors are also found on myocytes 
membrane, where they serve a cardioprotective and 
proangiogenic role. This explains, in part, the cardiotoxic 
effects of trastuzumab (46,47), which blocks the HER2 
receptor activation.

Trastuzumab was approved in 1998 for first line therapy 
in HER2 overexpressing breast cancers. Trastuzumab binds 
to extracellular domain 4 of HER2 receptor, which blocks 
HER2 signaling. This also activates antibody dependent 
cytotoxicity and cytolysis. This is approved for early stage 
as well as metastatic breast cancers overexpressing HER2. 
Pertuzumab is another humanized monoclonal antibody 
that binds to extracellular domain 2 of HER2 and was 
approved for use in HER2 overexpressing breast cancers 
in 2012 in combination with other chemotherapy (49). 
Trastuzumab and pertuzumab show synergistic activity and 
their combined use increase time to tumor progression 
and overall survival (49). Lapatinib is an intracellular TKI 
of HER1 and HER2 receptors (50). Dual blockade of the 
HER2 signaling by both HER2 monoclonal antibody and 
lapatinib may be more effective than the either agent alone 
and is under study. All of these agents show cardiotoxicity. 
Whether combined therapy with these agents increase 
cardiotoxicity warrants further study. 

Trastuzumab induced decline of LVEF generally 
improves spontaneously upon discontinuation of 
trastuzumab. Interestingly, re-introduction of trastuzumab 
after the recovery of LVEF does not necessarily result 
in recurrence of LV dysfunction (48). The effect of 
trastuzumab on patients with prior cardiac disease remains 

unclear. A closer monitoring of LVEF is recommended 
in such patients (48). Algorithms for LVEF monitoring 
during adjuvant trastuzumab therapy have been published 
by Panjrath et al. (48) (Figure 2), and by the Canadian 
Trastuzumab Working Group (44) and the European 
Society of Medical Oncologists. 

Indium-111 labeled trastuzumab (111In-trastuzumab) 
imaging can be used to image HER2 receptors expression 
in the heart. The extent of myocardial HER2 expression 
as determined by the intensity of myocardial radiotracer 
uptake on 111In-trastuzumab imaging can predict the 
susceptibility to trastuzumab cardiotoxicity. Twenty patients 
with breast cancer underwent 111In-trastuzumab imaging 
prior to initiating trastuzumab therapy (51). Seven patients 
showed cardiac radiotracer uptake. Six of these individuals 
subsequently developed trastuzumab-associated heart 
failure (51). However, subsequent studies were unable 
to demonstrate any relationship between cardiac uptake 
of radiolabeled trastuzumab and development of LV 
dysfunction. Further studies are needed to determine if 
molecular imaging techniques such as 111In-trastuzumab 
imaging can provide any further insight into the mechanism 
of trastuzumab cardiotoxicity.

Radiation therapy

When heart is included even partially in the radiation 
field, this can result in cardiovascular injury, which 
includes CHF, restrictive cardiomyopathy, coronary artery 
disease, valvular heart disease, constrictive pericarditis 
and pericardial effusion (52-56). Heart can get radiation 
in patients undergoing radiation therapy for breast, lung, 
esophageal and mediastinal malignancies. The risk of 
cardiac disease is related to the total radiation dose and 
volume of the heart receiving radiation. A significant 
increase in the incidence for cardiovascular disease has 
been observed in long-term cancer survivors exposed to 
radiation therapy, including increased need for CABG and 
coronary interventions (52-54). Radiation therapy reduces 
local recurrence and improved survival in early stage breast 
cancers. Breast radiation including regional lymph nodes is 
often used following lumpectomy. Radiation injury to the 
heart is far more common with left breast irradiation (55).  
Anthracycline use, older age, and prior CAD are all risk 
factors for radiation-induced cardiovascular toxicity. Newer 
techniques for more focused radiation delivery such as 
three-dimensional planning, which minimizes radiation 
to the non-target organs, are less cardiotoxic. Myocardial 
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perfusion defects have been reported on myocardial 
perfusion imaging after radiation treatment of left-sided 
breast cancer (54,55). Most of these perfusion defects are 
otherwise asymptomatic, and the long-term consequence 
of these asymptomatic perfusion abnormalities is not clear. 
The clinical presentation of CAD following radiotherapy 
is typically 10 years after completion of treatment (56). 
Patients undergoing breast, chest or mediastina radiation 
should undergo long term follow up for development of 
cardiac disease. Stress myocardial perfusion imaging and 
echocardiography can detect the presence of coronary artery 
disease, valvular and pericardial disease in this population. 

5-flourouracil and other antimetabolites

Cardiotoxicity has been reported in up to 2–4% of 

patients receiving the antimetabolite 5-fluorouracil or 
its analogues (57-60). 5-flurouracil can cause coronary 
vasospasm resulting in chest pain, myocardial ischemia, 
myocardial infarction, and death. These adverse effects 
are more likely to occur in those with pre-existing or 
previously undocumented CAD, prior radiation therapy, 
or concomitant use of cisplatin, which by itself can 
predispose to ischemia (59). These adverse effects resolve 
with discontinuation of the 5-fluoroucil. Capecitabine, 
which is a prodrug that is metabolized to 5-FU in the body, 
has similar cardiotoxic effects (60). 5-fluorouracil and its 
analogues should be avoided in patients with known CAD 
and ischemia, who have not undergone revascularization. 
Elderly patients or those with multiple CAD risk factors 
should undergo myocardial perfusion imaging prior to 
undergoing therapy with 5-fluorouracil.

Figure 2 Recommendations for the management of trastuzumab therapy based on serial assessment of LVEF. *, risk factors include age  
≥65 years, hypertension, and history of heart disease. Reproduced with permission (48).

Baseline LVEF assessment, physical exam, ECG

Continue treatment 
until completion

LVEF every 4–6 weeks
Continue if no further deterioration

Discontinue if LVEF <40%/CHF symptoms

Careful risk-benefit analysis
Resume treatment if LVEF improves ≥40%

 and CHF symptoms resolve 
LVEF every 4 weeks until completion

No sig LVEF fall (<10%)
Final LVEF ≥50%

Asymptomatic

Sig LVEF fall (≥10%)
Final LVEF <50%

Asymptomatic

Discontinue if LVEF fall ≥10%
Final LVEF <50%

Symptomatic

Continue until LVEF fall >40%
Discontinue if LVEF <40% of 

CHF symptoms

LVEF every 
4–6 weeks

LVEF every 
8–10 weeks

LVEF every 
6–8 weeks

No risk factors Risk factors* Risk-benefit analysis

LVEF ≥50% 40%< LVEF <50%
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TKIs

Well over 25 TKIs are in clinical use or are undergoing 
advanced clinical studies (61-64). Tyrosine kinases 
are enzymes that activate proteins by transferring a 
phosphate group to the tyrosine residue of the proteins 
(phosphorylation) in signal transduction cascade. TKIs 
inhibit the activation of these proteins by tyrosine kinases 
and interrupt the signal transduction cascade. TKIs are 
highly selective for inhibiting tyrosine phosphorylation 
and do not inhibit other protein kinases that phosphorylate 
serine or threonine residues. These agents inhibit epidermal 
growth factor receptors (EGRF), and vascular endothelial 
growth factor (VEGF) signaling pathway thereby inhibiting 
angiogenesis and growth (62,63). The most common 
cardiovascular adverse effect associated with these drugs 
is hypertension, due to decreased nitric oxide signaling, 
increased endothelin-1 production and capillary rarefaction 
in the endothelium (63).  Coronary microvascular 
dysfunction caused by loss of vascular pericytes has been 
reported in in vivo studies of sunitinib (64). 

In addition to the anti-VEGF-mediated hypertension, 
TKIs may also cause LV dysfunction. Eleven percent of 
patients receiving sunitinib developed CHF or a significant 
decrease in LVEF (63). The potential for cardiotoxicity exists 
for many other agents of this class because the pathways 
targeted by these compounds are important not only in 
malignant cells but also in heart and endothelial cells (61).

BCR-Abl kinase is a tyrosine kinase target in chronic 
myelogenous leukemia. Several TKIs including imatinib, 
dasatinib, erlotinib and nilotinib have targeted this kinase. 
These agents have been reported to cause pulmonary 
hypertension and thromboembolism. Unlike other 
chemotherapeutic agents, this group of TKIs is given for an 
indefinite period to suppress chronic myelogenous leukemia 
rather than being given for a finite period of time.

Patients on TKI therapy should be monitored and 
treated for hypertension and thromboembolism. Cardiac 
function should be monitored in patients on sunitinib and 
medication should be discontinued at the appearance of 
significant LV dysfunction.

Taxanes

Taxanes such as paclitaxel and docetaxel are used to 
treat breast, lung, and ovarian cancer. These agents can 
produce ischemia, arrhythmias and CHF (65,66). Up to 
5% of patients receiving docetaxel have been reported 

to experience myocardial ischemia. Taxanes can impair 
normal microtubular transport systems in cardiomyocytes, 
which can impair the storage and mobilization of free fatty 
acids from the cytosolic pool to the mitochondria (65). 
Taxanes potentiate the cardiotoxicity of anthracyclines 
and trastuzumab. Cardiac function should be monitored 
closely in patients receiving combinations of taxanes, 
anthracyclines and or trastuzumab. Molecular imaging with 
radiolabeled free fatty acids may provide further insight into 
the mechanism of impaired cardiac fatty acid metabolism 
and cardiotoxicity. 

Interleukin-2 therapy

High-dose interleukin-2 therapy is used for renal cell 
carcinoma and malignant melanomas. This is associated 
with the capillary leak syndrome, hypotension, tachycardia 
and myocardial ischemia. Early studies of this agent 
demonstrated an incidence of myocardial infarction of 2–4% 
(67,68), although subsequent studies showed much lower 
rates of myocardial infarction. Cardiac examination should 
be performed prior to and during the course of high dose 
interleukin therapy. 

Checkpoint inhibitor immune therapy

The use of recently developed checkpoint inhibitors has 
significantly improved the clinical outcome in several 
tumors such as metastatic melanoma, lung, renal, and 
bladder cancers (69-75). Several other cancers are also 
under study. Checkpoint inhibitors block the mechanism 
used by the tumors to evade activated T lymphocytes 
from binding and killing the tumor cells (69,70). This 
system comprises of PD-1/PD-L1, PD-L2 system. PD-1 
is expressed on activated T cells, natural killer cells, 
macrophages and B cells. PD-L1 and PD-L2 are its 
natural substrates present in a subset of macrophages and a 
variety of peripheral tissue. PD-1/PD-L1, PD-L2 binding 
negatively regulates the immune responses and controls and 
regulates the inflammatory responses in the tissues. Tumors 
use this mechanism to evade body’s immune response by 
overexpressing PD-L1 and PD-L2 ligands. Blockade of 
PD1/PD-L1, PD-L2 interaction by antibodies directed 
against any of these targets, results in unleashing of body’s 
immune response to the tumors. Pembrolizumab (Keytruda) 
and nivolumab (Opdivo) are antibodies directed against 
PD-1, which are used to treat metastatic melanoma and 
several other cancers. Several other antibodies targeting 
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PD-1/PD-L1, PD-L2 are under development and likely 
to be available in near future. Cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) is another mechanism 
protecting the tumors from T lymphocytes. T lymphocytes 
can recognize and destroy cancer cells. However, an 
inhibitory mechanism interrupts this destruction. Cancer 
cells produce antigens, which are used by the immune 
system to identify them. These antigens are recognized by 
the dendritic cells. Dendritic cells present these antigens to 
cytotoxic T lymphocytes in the lymph nodes for them to 
identify and destroy the cancer cells. However, along with 
the antigens, the dendritic cells also present an inhibitory 
signal to the cytotoxic lymphocytes that binds to a receptor, 
called CTLA-4, on the tumor cells that turns off the 
cytotoxic reaction. This allows the cancer cells to evade 
cytotoxic T cells. Antibodies directed against the CTLA-4 
receptor block this inhibitory signal and promoted cytotoxic 
T cell mediated tumor cell lysis (71). Ipilimumab (Yervoy) is 
an antibody against CTLA-4.

PD-1 antibody and CTLA-4 antibodies are synergistic and 
often used in combination, which enhances the therapeutic 
efficacy of the either agent. Unfortunately, these immune 
modulatory agents, particularly when used in combination 
also cause a variety of immune mediated diseases, including 
thyroiditis and myositis. Thyroiditis can result in thyroid 
storm, atrial fibrillation, rapid ventricular rates and heart 
failure (72,73). Recently two cases of fatal myocarditis 
with the combined use of ipilimumab and nivolumab for 
metastatic melanoma have been described (74). Both patient 
developed myositis, rhabdomyolysis and myocarditis 
and fatal arrhythmias and were found to have intense 
myocardial infiltration by T and B lymphocytes. So far, 
no specific guidelines are available for the monitoring and 
treating cardiotoxicity of these agents. With an anticipated 
increase in the use of these agents and a wider availability 
of more agents of this class, more cases of cardiotoxicity 
due to thyroid storm or due to direct myocardial leukocytic 
infiltration are expected and algorithms for monitoring for 
cardiotoxicity are required.

Angiogenesis inhibitors

Monoclonal antibody bevacizumab and several TKIs, such as 
sunitinib, inhibit angiogenesis in tumors. This has resulted 
in significant improvements in survival for certain forms of 
cancer. As discussed earlier, these agents also have adverse 
cardiovascular effects based on their inhibition of the VEGF 
receptor and the platelet derived growth factor receptor. 

Such side effects could alter the coronary flow reserve, or 
the resting blood flow to the myocardium (75). Therefore, 
patients receiving antiangiogenic therapies may benefit from 
study of myocardial perfusion and coronary flow reserve 
prior to initiating therapy with these agents (76).

Conclusions

The development of newer and more potent chemotherapeutic 
agents has improved the outcome of patients with cancers. 
However, many of these agents are associated with significant 
short term as well as long-term toxicities. Cardiotoxicity is 
a serious concern with several of the established as well as 
newer anticancer agents. Cardio-oncology has emerged 
as a sub-specialty to meet the challenges posed by a 
complex interaction between cancer and the cardiovascular 
system and the cardiotoxicity of established and newly 
developed cancer therapeutic agents. The traditional 
emphasis in this field has been a careful serial monitoring 
of the cardiovascular system for an early detection of the 
cardiotoxicity and therapy interruption to prevent more 
serious and life-threatening cardiotoxicity with continued 
therapy. However, with better understanding of the 
precise cellular, biochemical and genomic mechanism(s) 
of cardiotoxicity, it may be possible to identify and predict 
individual susceptibility to cardiotoxicity prior to starting 
therapy and tailor therapeutic regimens based upon tumor 
sensitivity and patients’ susceptibility to toxicity. 
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