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INTRODUCTION 

Cardiovascular disease remains the leading cause of 

mortality and morbidity in men and women both in the US 

and worldwide.1,2 With increased access to healthcare, it is 

predicted that life expectancies in developed countries will 

continue to rise and thus, lead to an increase in both 

cardiovascular disease and cancer. Similarly, improved 

survival rates in cancer patients have led to an increased 

awareness of the presence and potential worsening of 

cardiovascular disease in these patients. Cardiovascular 

complications due to side effects from cancer therapy or 

from cancer progression can be a common occurrence.1,2 

Although recent advances in cancer therapeutics have led 

to improved survival rates and quality of life, the increase 

in life expectancy may be counteracted by the increased 

morbidity and mortality from progressive cardiac 

pathology. Examples of such complications include local 

invasion or distant metastatic spread, which can lead to 

superior vena cava syndrome, cardiac tamponade, or 

hyperviscosity syndromes. In addition, many chemo and 

radiation therapies can be directly toxic to the 

cardiovascular system. This review aims to discuss the 

potential cardiac toxicities of the most commonly used 

chemotherapeutics along with some strategies to manage 

these complex patients. 

CARDIAC TOXICITY RELATED TO CANCER 

THERAPY: DEFINITIONS 

The definition of cancer therapy induced cardiotoxicity 

remains controversial with no consensus on official 

criteria. One classification that is used is the definition 

provided by the Cardiac Review and Evaluation 
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Committee (CREC) who studied cardiac dysfunction rates 

for patients receiving trastuzumab.3  

CREC’s criteria for cardiac dysfunction included the 

presence of any of the following:  

1. Cardiomyopathy characterized by the decrease in 

cardiac left ventricular ejection fraction (LVEF) that 

was either global or more severe in the septum;  

2. Symptoms of congestive heart failure (CHF);  

3. Associated signs of CHF, including but not limited to 

S3 gallop, tachycardia, or both;  

4. Decline in LVEF of at least 5% to <55% with 

accompanying signs or symptoms of CHF, or a 

decline in LVEF of at least 10% to <55% without 

accompanying signs or symptoms.  

The American College of Cardiology and the American 

Heart Association classification of heart failure patients 

emphasizes development and progression of the disease by 

delineation into stages.  

• Stage A patients are targeted to reduce risk factors 

that could lead to heart failure.  

• Stage B patients have asymptomatic heart failure and 

are prescribed beta blockers and ACE-inhibitors to 

prevent further left ventricular remodeling.  

• Stage C patients are provided diuretics, digoxin, 

and/or aldosterone antagonists in addition to 

therapies mentioned above to further manage 

symptoms.  

• Stage D patients have severe heart failure that is 

refractory to treatment. These patients may need to 

be evaluated for more invasive cardiac interventions. 

The New York Heart Association (NYHA) provides an 

alternative classification of heart failure, categorizing 

patients according to limitations on physical activity.  

• Class I patients generally do not have any restrictions 

with normal every day physical activity. These 

patients should participate in lifestyle modifications 

to reduce risk factors (proper diet, exercise, smoking 

cessation etc.).  

• Class II patients may have slight restrictions with 

normal every day activities and will benefit from beta 

blockers and ace inhibitors.  

• Class III patient experience definite limitations with 

activity with dyspnea on exertion and orthopnea. 

These patients will benefit from dietary 

modifications and diuretics (in addition to the 

medications listed above) to control fluid retention 

and overload.  

• Patients who are Class IV have significant symptoms 

even at rest and will require more invasive 

intervention in addition to the medical therapies 

described above. 

 

Cancer therapy: associated cardiac toxicity 

Cardiotoxicity from chemotherapy is determined by 

numerous factors that depend on both the characteristics of 

the patient and the chemotherapy itself. Some patient 

factors include age, underlying disease, previous history of 

cardiovascular disease, prior mediastinal radiation, and the 

presence of various modifiable cardiovascular risk factors 

such as hypertension, diabetes, obesity, and smoking 

status.4 Chemotherapeutic factors include the class of 

drug, potential drug-drug interactions, route of 

administration, cumulative dosage, and allergic effects.1-3 

It is important for all cancer patients to be properly 

evaluated to assess for baseline cardiovascular function 

prior to initiation of therapy. 

Evaluation of cardiovascular function and assessment of 

potential modifiable cardiac risk factors are an important 

aspect of cancer management and can be initiated in the 

primary care setting, beginning with a comprehensive 

clinical exam to assess baseline function such as exercise 

capacity and resting heart rate.5 Electrocardiograms 

(EKGs) can be useful in evaluating for conduction 

abnormalities, QT interval prolongations, and other 

underlying cardiac disease. Echocardiograms can 

determine baseline ejection fraction, systolic and diastolic 

cardiac dysfunction, and wall motion abnormalities, all of 

which may be worsened by chemotherapy and lead to 

arrhythmias and/or heart failure.  

Cardiotoxicity as a result of chemotherapy can occur at any 

time during the course of treatment, with side effects 

ranging from asymptomatic presentation and transient 

cardiac abnormalities (i.e. arrhythmias, hyper or 

hypotension, left ventricular dysfunction, QT 

prolongation), to life-threatening acute coronary 

syndrome, acute decompensated heart failure, or even 

death.1-3 Since initial changes in cardiac function can be 

subclinical and can occur at any time, it is important to 

maintain chronic, close monitoring of cardiac function 

throughout the treatment process.  

Cardiovascular morbidity and mortality depends on the 

class of agent involved in therapy. The three broad 

categories of agents that are implicated in cardiovascular 

toxicity are the anthracyclines, non-anthracyclines, and 

biological or targeted agents. 

Anthracyclines 

Anthracycline cancer chemotherapeutics include 

doxorubicin, daunorubicin, idarubicin, epirubicin, and 

mitoxantrone. Historically, these agents were limited by 

dose-dependent myelosuppression, which prevented use of 

high-dose therapy that could possibly lead to 

cardiotoxicity. Recent advancements in both 

chemotherapy and supportive management has led to 

utilization of higher doses, which has resulted in an 

increased risk of side effects.4,6 Currently, anthracyclines 

are the class of chemotherapeutic agents most commonly 
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associated with cardiotoxicity. For example, patients who 

develop doxorubicin-induced heart failure have a mortality 

rate of 50% within two years.4,6 

Doxorubicin interacts with DNA by binding to the enzyme 

Topoisomerase-II and stopping the replication of DNA. In 

the process, toxic free oxygen radicals are generated, 

leading to lipid peroxidation and destruction of cell 

membranes.7,8 Topoisomerase-II alpha is overexpressed in 

tumors, but its analog, Topoisomerase-II beta, is expressed 

in normal cardiac myocytes. Binding of doxorubicin to this 

subset of enzymes leads to destruction of cardiomyocytes.9  

In addition, multiple studies have shown that doxorubicin-

induced cardiotoxicity may be a multifactorial event. 

Other potential mechanisms of action include decreased 

adenosine triphosphate (ATP) production, mitochondrial 

dysfunction, and alterations in the respiratory chain and 

oxidative phosphorylation systems, which when combined 

with the generation of the toxic free oxygen radicals as 

above, lead to cardiomyocyte toxicity.10,11 

Cardiac function assessment and monitoring should occur 

prior to initiation of doxorubicin therapy.12 Although 

standard echocardiograms can provide a generalized 

cardiac function and dysfunction profile, serially 

performed radionuclide-based exams have been shown to 

provide a more sensitive assessment of cardiac function.13 

Baseline radionuclide angiocardiography should be 

performed to calculate LVEF and then a subsequent study 

should be done at least three weeks after the completion of 

one cycle, but prior to the next dosing cycle. Patients with 

a normal baseline LVEF of ≥50% should have additional 

angiocardiography performed after 250-300mg/m2 

cumulative dose. In patients with known cardiac disease, 

abnormal EKG findings, a history of radiation exposure, 

or concurrent cyclophosphamide therapy, 

angiocardiography should be repeated at 400mg/m2 

cumulative dose. If these risk factors are not present, the 

study can be done at 450mg/m2 cumulative dose. 

Additionally, doxorubicin therapy should be discontinued 

if the LVEF decreases below 50%.12 

Patients with a baseline LVEF ≤50% require closer 

monitoring. In patients with LVEF between 30% and 50%, 

radionuclide angiocardiography should be performed prior 

to each dosing cycle. In patients with LVEF <30%, 

doxorubicin should not be initiated. Additionally, patients 

with a baseline LVEF ≤50% who experience a decrease in 

EF ≥10% or have a final EF ≤30% should immediately 

cease doxorubicin therapy.12  

Clinical manifestations of anthracycline-induced 

cardiomyopathy can occur within one year of initiation of 

chemotherapy, or up to 20 years afterwards, but the peak 

time to appearance of heart failure symptoms is within 3 

months of completing therapy.4 Anthracycline infusion 

can cause an acute decline in myocardial contractility, 

which may lead to arrhythmias, heart failure, or subclinical 

EKG variations such as non-specific ST-T wave changes, 

however, this acute change is usually reversible. Overall, 

acute cardiotoxicity is a rare event, but subclinical changes 

may cause progressive cardiomyocyte injury leading to 

eventual cardiac dysfunction many years after therapy 

completion.  

Chronic cardiotoxicity resulting from anthracycline use 

may not be seen until 10-20 years after therapy initiation. 

The most common presentation is systolic or diastolic 

cardiac dysfunction with progression to cardiomyopathy 

and clinical heart failure due to permanent and irreversible 

cardiomyocyte loss. The incidence of cardiotoxicity 

depends on the cumulative dose used, with rates of 0.14% 

with cumulative doses <400 mg/m2, 7% between 400-550 

mg/m2, and 18% at doses >700 mg/m2.4 Some studies have 

suggested cardiotoxic rates as high as 36% as cumulative 

doses exceed 600 mg/m2.14 

The prognosis of anthracycline-induced cardiotoxicity is 

directly related to the severity of symptoms. Some studies 

have suggested that carvedilol, a non-selective beta 

blocker, may be able to mitigate cardiac damage by 

protecting the mitochondrial membrane through its 

antioxidant properties, however, there is no clear evidence 

to suggest any mortality or morbidity benefit to the 

prophylactic use of medical therapy (such as beta blockers 

or ACE inhibitors) prior to initiation of anthracycline 

therapy.15 It is unclear if management of anthracycline-

induced cardiac dysfunction should be addressed similarly 

to heart failure, arrhythmias, or coronary artery disease 

caused by other factors. 

Non-anthracyclines 

Non-anthracyline agents can be broadly categorized into 

antimetabolites, microtubule agents, and alkylating agents. 

Within these classes, 5-fluorouracil (5-FU), an 

antimetabolite, is the most common agent associated with 

cardiotoxicity, and is the second most common agent 

overall after the anthracyclines.16,17 The reported incidence 

of cardiotoxicity of 5-FU varies from 1-68% and is most 

commonly associated with anginal pain that occurs within 

72 hours of treatment initiation, however, rare life 

threatening cardiac pathology such as ventricular 

tachycardia, cardiogenic shock, and myocardial infarction 

have also been reported.16,18,19  

5-fluorouracil has multiple mechanisms of action but acts 

predominantly as a thymidylate synthase inhibitor leading 

to decreased DNA synthesis and repair of cancer cells. 

However, the pathogenic mechanism leading to cardiac 

injury is not fully understood and based off a limited 

number of studies, but thought to be due to coronary 

vasospasm from transient vasoconstriction.20,21 Several 

studies have shown that both the coronary artery and 

brachial artery exhibit vasospasm after 5-FU 

administration.20 Studies in animal models have shown a 

dose-related vasospasm that resolves after 5-FU is 

discontinued.21 Other potential causes are endothelial 

damage and transient stress-induced cardiomyopathies, as 
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well as coronary thrombosis and arteritis, leading to 

manifestations such as asymptomatic EKG changes to 

acute pulmonary edema, arrhythmias, and myocardial 

infarctions with ST segment and cardiac biomarker 

elevations.22  

The risk of cardiotoxicity of 5-FU depends on the route 

and schedule of administration but is not necessarily 

dependent on underlying cardiovascular disease.19 Several 

studies in animal models have shown that 5-FU 

administration can lead to depletion of high energy 

phosphates in both a time and dosing dependent fashion 

which may be the etiology of angina.23,24 In addition, 

infusions have a higher risk of cardiotoxicity in 

comparison to bolus regimens but the relationship between 

cumulative dosage and cardiotoxicity risk is unclear.16,17  If 

signs and symptoms of cardiotoxicity arise, 5-FU therapy 

should be stopped immediately to assess whether the onset 

of symptoms correlate directly with the therapy involved. 

Anti-anginal agents should be provided for symptomatic 

relief. In general, re-challenging the patient should be 

avoided, although switching to a bolus regimen is a 

reasonable option. 

Capecitabine, an oral fluoropyrimidine antimetabolite, has 

a similar cardiotoxic profiles to 5-fluorouracil.25 A recent 

retrospective analysis of capecitabine usage in metastatic 

colorectal cancer patients revealed cardiac toxicity in 5.9% 

of patients, with ischemia/infarction and arrhythmias the 

most common findings.26  

Other antimetabolites include fludarabine and cytarabine. 

Fludarabine is not associated with cardiac toxicity as a 

single agent, but when combined with melphalan, an 

alkylating agent, can cause severe cardiac toxicity such as 

acute left ventricular failure and flash pulmonary edema.27 

Cytarabine can lead to pericarditis, pericardial effusion, 

and/or pericardial tamponade, which should be treated 

with high-dose corticosteroids.  

Monoclonal antibodies to HER2  

Monoclonal antibodies against HER-2 receptors include 

trastuzumab and pertuzumab. HER-2 receptors are 

involved in gene signalling and are important in 

stimulating cell proliferation. In certain types of breast 

cancers, these genes are over-expressed, allowing cancer 

cells to bypass the checkpoints of normal mitotic cell 

division and multiply uncontrollably. Trastuzumab binds 

to the HER2/neu receptor to cause arrest of cells in the G1 

phase of the cell cycle to restrict cellular growth and 

turnover. 

The mechanism of trastuzumab leading to cardiotoxicity is 

not well understood even though it has been studied in 

multiple phase 3 trials.28-31 However, the cardiotoxicity 

risk for trastuzumab appears to be small-to-moderate 

compared to more toxic agents such as the anthracyclines 

and 5-fluorouracil.32 Anthracycline usage leads to type I 

cardiac dysfunction which is associated with myocyte 

destruction. Trastuzumab, however, is associated with 

type II dysfunction, which leads to myocyte “stunning” as 

opposed to destruction, resulting in transient changes.33 In 

addition, the cardiotoxicity caused by trastuzumab is not 

dose-dependent like other chemotherapeutic agent and is 

usually reversible, unlike the well-known dose-dependent 

cardiotoxicity seen with anthracycline usage.32,34 Thus, the 

manifestations of toxicity are more subtle, with 

asymptomatic decrease in left ventricular ejection fraction 

and transient EKG changes the most common 

presentations.28-30,32 Acute decompensated heart failure 

does occur, but at lower rates than other agents, which 

suggests that less intensive cardiac monitoring may be 

reasonable in patients receiving isolated trastuzumab 

chemotherapy.28-30,32 

Pertuzumab is a newer recombinant monoclonal antibody 

that is used in combination with trastuzumab as 

neoadjuvant therapy to limit the dimerization of the HER2 

receptor with other HER receptors.36-38 Dual therapy 

against the HER2 receptor shown to decrease disease 

progression and increase survival.36-38 However, the 

addition of pertuzumab has not been shown to increase 

cardiac toxicity when compared to trastuzumab therapy 

alone, with the majority of the events being both reversible 

and clinically manageable.36-38  

According to the United States Food and Drug 

Administration guidelines, patients treated with 

pertuzumab are recommended to have LVEF evaluated at 

the beginning of treatment and every 3 months for 

individuals with metastatic disease and every 6 weeks for 

those undergoing neoadjuvant treatment.39 If the LVEF 

drops below 45%, or is between 45-49% with a 10% or 

greater drop in absolute value, pertuzumab (and 

trastuzumab) should be held and a repeat assessment 

should be performed within three weeks. At this point, the 

clinician should take into account the benefits versus the 

risks for the individual before deciding to reinitiate 

therapy. Despite these warnings, the overall risk for 

cardiotoxicity remains low as described above.  

Tyrosine kinase inhibitors 

Tyrosine kinase is an enzyme that activates other proteins 

through signal transduction. Lapatinib is a tyrosine kinase 

inhibitor that is used in combination with other regimens 

(i.e. capecitabine) in breast cancer patients who are 

resistant to trastuzumab, targeting both the epidermal 

growth factor receptor (EGFR) and HER2/neu pathways 

by attaching to tyrosine kinases to reversibly block ATP 

and downstream signaling pathways. Lapatinib is usually 

used as a combination therapy with other HER2 agents for 

breast cancers that express the HER2 receptor to inhibit 

tumor cell proliferation and neoangiogenesis.40 

Lapatinib-associated cardiotoxicity is generally reversible 

and non-progressive.41,42 If present, it is associated with a 

decrease in left ventricular ejection fraction (~20%), which 

can be symptomatic or asymptomatic.42 Another rare 
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manifestation is QT interval prolongation, especially in 

patients on other QT prolonging agents.40 However, 

although the overall Lapatinib-related cardiotoxicity rates 

remain unclear, they do not appear to be dose-related.  

Sunitinib is another tyrosine kinase inhibitor used for the 

treatment of renal cell and hepatocellular carcinomas. 

Studies regarding its safety profile are limited, however, 

one study noted modest decreases in LVEF of 

approximately 10%, with the majority of these effects 

occurring in the first treatment cycle.43 Another study 

noted that 47% of patients developed new- onset 

hypertension as well.44 However, these side effects were 

noted to be manageable with proper monitoring of both 

blood pressure and LVEF changes.43  

Other monoclonal antibodies 

Bevacizumab is a recombinant monoclonal antibody that 

blocks angiogenesis by inhibiting vascular endothelial 

growth factor A. Although the occurrence of hypertension 

is a known side effect, the incidence of heart failure or 

cardiomyopathy is low (<3%) in patients receiving 

isolated bevacizumab therapy.45,46 Given that this data is 

mostly collected from the adverse events of clinical trials 

involving breast cancer patients, the actual cardiotoxicity 

rates of bevacizumab remain unknown. However, 

combination therapy with capecitabine can increase severe 

cardiotoxicity risk up to 12%.26 Physicians should be 

cognizant of the increased risk of cardiotoxicity in patients 

receiving concurrent chemotherapy. 
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