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Cardiovascular diseases and cancer continue to remain major causes of mortality and 
morbidity. However, overall cancer death rates have declined 20% from their peak in 
1991. These declines reflect changing patterns in smoking, prevention, earlier diagno-
sis, and better treatment options in chemotherapy. It is recognized that this improved 
survival with better cancer therapies has put patients at risk for cardiovascular disease 
later in life; this may be secondary to risk factors for developing cardiovascular disease 
or the effect of anticancer therapies. Earlier detection, identifying patients at risk of 
developing cardiotoxicity, and early institution of treatment are paramount to decreas-
ing morbidity associated with cardiotoxicity. Adverse cardiac effects have been observed 
and reported with a wide variety of chemotherapeutic agents. Herein we review cardiac 
effects of some of the common agents used in oncology.
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Cardiovascular diseases and cancer remain 
major causes of mortality and morbidity in 
the United States and across Europe. From 

1935 to 2010, heart disease and cancer were the 
first and second most common causes of death in 
the United States.1 More than 1.6 million new can-
cer cases and 580,350 cancer-related deaths were 
projected in 2013.2 However, overall cancer death 
rates have declined 20% from their peak in 1991 and 
death rates continue to decline for all four major 

cancer sites (lung, colon/rectum, breast, and pros-
tate).2 These declines reflect changing patterns in 
smoking, prevention, earlier diagnosis, and better 
treatment options in chemotherapy. It is, however, 
recognized that this improved survival with better 
cancer therapies has put patients at risk for cardio-
vascular disease later in life; this may be secondary 
to risk factors for developing cardiovascular dis-
ease or the effects of anticancer therapies.3 In some 
studies, the risk of cardiovascular disease among 
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may promote the formation of 
ROS through redox cycling of 
their aglycones, as well as their 
 anthracycline-iron complexes.9–11 
The heart is thought to be particu-
larly vulnerable to toxicity due to an 
abundance of mitochondria pres-
ent in cardiomyocytes; mitochon-
dria are thought to be key players 
in the development of cardiotoxic-
ity.9,12 There are other theories that 
attempt to explain the mechanism 
of anthracycline-induced cardio-
toxicity, including cardiac apopto-
sis,13 inhibition of transcription and 
translation, and production of vaso-
active amines.14 By uncoupling the 
electron transport chain, anthracy-
clines create highly ROS, which can 
impair oxidative phosphorylation 

and adenosine triphosphate (ATP) 
synthesis.9,15 Anthracyclines can 
also impair mitochondrial calcium 
homeostasis, leading to the loss 
of stability of the mitochondrial 
membrane, decreased ATP, and cell 
death (Figure 1). 

Clinical Spectrum of  
Cardiotoxicity
Anthracycline toxicity can be clas-
sified as acute, subacute, or chronic. 
It can present acutely within a week 
of administration, and subacutely 
within 1 year or even after 1 year.1 
Cardiac side effects that develop 
early are typically reversible and 
include arrhythmias, QTc changes 
on electrocardiogram (ECG), peri-
carditis, and, sometimes, myocar-
ditis. It remains uncertain whether 
patients who have these early car-
diac side effects are also more likely 
to develop chronic effects. Late 
effects typically cause cardiomyop-
athy. In severe forms it can present 

is clearly increased with increas-
ing cumulative doses of anthra-
cyclines.6 In the Surveillance, 
Epidemiology, and End Results 
(SEER) database, which studied 
43,338 women who were diagnosed 
with breast cancer, risk factors for 
development of congestive heart 
failure included older age, hyper-
tension, diabetes, use of trastu-
zumab, and pre-existing coronary 
artery disease (CAD).8

Mechanisms of Cardiotoxicity
Anthracyclines act by two differ-
ent mechanisms: (1) intercalation 
between base pairs of DNA and 
prevention of the replication of 
cancer cells, and (2) inhibition of 
type II topoisomerase, which pre-

vents uncoiling of the DNA strand 
and thereby prevents replication of 
cancer cells. The molecular patho-
genesis of anthracycline cardiotox-
icity remains highly controversial, 
although the oxidative stress-based 
hypothesis involving intramyocar-
dial production of reactive oxygen 
species (ROS) has gained the wid-
est acceptance. Anthracyclines 

patients surviving cancer has been 
equal to or higher than the risk of 
developing recurrent cancer, which 
underscores the scope of this prob-
lem.4 Additionally, because of newer 
modalities for detecting cardiac 
injury, including biomarkers, strain 
imaging, and cardiac magnetic res-
onance imaging (MRI), the effects 
of these anticancer therapies are 
recognized more frequently. Earlier 
detection, identification of patients 
at risk of developing cardiotoxic-
ity, and early institution of treat-
ment are paramount to decreasing 
morbidity associated with cardio-
toxicity. Collaboration between 
oncologists and cardiologists is  
crucial throughout treatment.5

Adverse cardiac effects have been 
observed and reported with a wide 
variety of chemotherapeutic agents 
(Table 1). We review cardiac effects 
of some of the common agents used 
in oncology.

Anthracycline Agents
Anthracycline agents are a group of 
highly effective anticancer agents 
used for treatment of breast cancer, 
Hodgkin lymphoma, leukemia, and 
other cancers. The risk of cardio-
myopathy and heart failure from 
anthracycline agents was recog-
nized in retrospective studies in the 
1970s.6,7 The risk of cardiotoxicity 

The molecular pathogenesis of anthracycline cardiotoxicity remains 
highly controversial, although the oxidative stress-based hypothesis 
involving intramyocardial production of reactive oxygen species has 
gained the widest acceptance.

Adverse Effects Anticancer Therapies

Cardiomyopathy, heart failure Anthracyclines, anthraquinones, 
 trastuzumab, tyrosine kinase inhibitors

Ischemia Antimetabolites (5-fluorouracil)
Hypertension Tyrosine kinase inhibitors
Endomyocardial fibrosis Busulfan
Hemorrhagic myocarditis Cyclophosphamide
Bradycardia Paclitaxel
QT prolongation Arsenic trioxide

TABLe 1

Adverse Effects of Common Anticancer Therapies
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of treatment in both early and 
advanced breast cancers. It is used 
in both neoadjuvant and adju-
vant settings. Cardiotoxicity as 
an adverse effect of trastuzumab 
therapy did not become evident 
until phase  III clinical trials.18 
Unlike anthracycline cardiotoxic-
ity, trastuzumab-associated car-
diotoxicity is not dose dependent 
and is believed to be reversible 
on withdrawal of therapy; trastu-
zumab possibly can be reinstituted 
after recovery of systolic function. 
In patients with trastuzumab- 
associated cardiac dysfunction, 
myocytes appear histologically 
normal; changes may be seen only 
by using electron microscopy, in 
keeping with a reversible cardiomy-
opathy.19 Therefore, it is classified as 
a type  II cardiomyopathy, because 
there is chance of recovery of car-
diac function, as compared with 
type I cardiomyopathy, in which 
the cardiac damage is irreversible 
(as with anthracycline use).20

Mechanisms of Cardiotoxicity. 
The ErbB/HER family of receptor 
tyrosine kinases consists of four 
different proteins: Her1 (EGFR, 
ErbB1), Her2 (Neu, ErbB2), Her3 
(ErbB3), and Her4 (ErbB4). Under 
normal physiologic conditions, the 
ErbB receptors play crucial roles 
in propagating signals regulating 
cell proliferation, differentiation, 
motility, and apoptosis. Signal 
transduction pathways are initi-
ated upon ligand-induced receptor 
homo- or heterodimerization and 
activation of tyrosine kinase activ-
ity. ErbB signaling is best known 
for its indispensable role during 
cardiac and neuronal development; 
blockage of this pathway has been 
postulated as the cause of cardio-
toxicity.

Clinical Spectrum of Cardio
toxicity. In a review of six phase 
III clinical trials in patients with 
metastatic breast cancer, it was 

originally developed to reduce car-
diotoxicity while still preserving 
the antitumor effect of the anthra-
cycline agents. Mitoxantrone is 
associated with fewer cardiotoxic 
effects than doxorubicin; however, 
it still has an incidence of subclini-
cal decline in ejection fraction (EF) 
of 13% and a 2.6% incidence of 
overt heart failure.17

Monocloncal Antibodies
Trastuzumab
Trastuzumab is a humanized 
monoclonal antibody that targets 
epidermal growth factor receptor 
2 (ERB2) on the surface of ERB2-
overexpressing tumor cells. It is 
overexpressed in approximately 
25% of human breast cancer. 
Herceptin is a critical component 

as progressive heart failure and car-
diac death.6 Cumulative doses and 
pre-existing risk factors determine 
the risk of developing cardiomyop-
athy. The probability of developing 
clinical heart failure at cumulative 
doses of doxorubicin , 300 mg/m2 
is . 2%.16 Above this cumulative 
dose the incidence of heart failure 
increases exponentially (Figure  2). 
The incidence of HF was approxi-
mately 3.0% in patients receiving 
a cumulative dose of doxorubi-
cin of 400 mg/m2, 7.5% at doses of 
550  mg/m2, and 18.0% at doses of 
700 mg/m2. 

Mitoxantrone
Mitoxantrone is an anthraquinone 
that is very similar in structure to 
anthracyclines. Mitoxantrone was 
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Figure 1. Mechanism of anthracycline-induced cardiomyopathy. ATP, adenosine triphosphate.
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Figure 2. The probability of developing clinical heart failure at cumulative doses of doxorubicin.
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pathologic survival and prolifera-
tion of cancer cells also play a role 
in regulating the survival of nor-
mal cells, including those found in 
the heart. When these pathways are 
blocked by TKIs the cardiomyo-
cytes are also inhibited, causing 
cardiomyopathy. It is postulated 
that the mechanism of action of 
other TKIs, including sunitinib 
and sorafenib, causes heart failure 
by blocking the signaling path-
way that is involved in developing 
healthy cardiomyocytes, leading 
to cardiomyocyte dysfunction and 
death.29 TKIs have also been linked 
to the development of proteinuria 
and hypertension.30 Hypertensive 
crises after initiation of TKI ther-
apy have been described.

Detection of Cardiotoxicity. 
Given the multitude of cardio-
vascular effects of these agents, a 
baseline comprehensive cardiovas-
cular assessment is warranted in 
all patients undergoing treatment. 
Depending on their risk profile, 
decisions about therapy can then 
be made on a case-by-case basis. 
Presence of hypertension, hyperlip-
idemia, thrombosis, peripheral vas-
cular disease, diabetes, and CAD 
should be investigated because they 
can increase risk of cardiotoxicity. 
An ECG at baseline may identify 
occult CAD and, on follow-up with 
serial monitoring, may also show 
signs of cardiac toxicity and/or 
arrhythmias. A baseline evaluation 
of LVEF is imperative with agents 
that may cause cardiomyopathy. 
On follow-up echocardiograms 
diastolic function assessment of 
the left ventricle with pulse wave 
Doppler of mitral inflow and tissue 
Doppler indices of the mitral annu-
lus should be evaluated to detect 
any early signs of LV dysfunction 
before reduction of LVEF.31 Heart 
failure with preserved EF may be 
the presenting symptom in these 
patients with evidence of decreased 

ventricular EF (LVEF), no decline 
in EF was seen in the first 12 months 
of treatment.23 Multiple second-
generation multitargeted TKIs have 
been developed since then. These 
second-generation TKIs have 
been approved in the treatment of 
Philadelphia chromosome-positive 
CML; they include nilotinib, dasat-
inib, and ponatinib, all of which 
have cardiotoxic effects. Both 
nilotinib and dasatinib have been 
associated with QT prolongation, 
and dasatinib and ponatinib have 
been associated with heart failure 
and LV dysfunction. Patients tak-
ing ponatinib have a 4% incidence 
of developing heart failure while 
on treatment.24 Sorafenib and suni-
tinib are both multitargeted agents 
used in the treatment of renal cell 
carcinoma and GISTs, and both 
have been associated with a decline 
in LVEF. A study published in 2007 
described a decline in LVEF in up 
to 28% and clinical heart failure 
in 3% to 15% of patients taking 
these drugs.25,26 The largest review 
was a meta-analysis that included 
6936 patients being treated with 
sunitinib for a variety of cancers. 
The results recorded an incidence 
of 4.1% for grade 1-4 heart failure 
and 1.5% in grade 3-4 heart fail-
ure.27 Although data have been 
published, unfortunately, none of 
these studies had cardiac endpoints 
and incidence is based on reports of 
clinical symptoms. LVEF returned 
to baseline and clinical symptoms 
of heart failure resolved upon dis-
continuation of the drug.

The mechanism of action of 
 imatinib-induced heart failure 
is mediated by the inhibition of 
c-Abl. A study published in 2006 
by Kerkelä and colleagues28 iden-
tified that mice with an imatinib- 
resistant mutant of c-Abl were pro-
tected from the cardiotoxic effects 
of imatinib, suggesting that c-Abl 
has a protective function in myo-
cytes. Pathways that induce the 

noted that patients treated with 
trastuzumab had an increased inci-
dence of cardiac dysfunction.18 The 
incidence was greatest in patients 
receiving concomitant trastu-
zumab and anthracycline plus 
cyclophosphamide (27%). The risk 
was substantially lower in patients 
receiving paclitaxel and trastu-
zumab (13%) or trastuzumab alone 
(3%-7%); however, most of these 
patients had received prior anthra-
cycline therapy. Most trastuzumab-
treated patients who developed 
cardiac dysfunction were symp-
tomatic (75%), and most improved 
with standard treatment for con-
gestive heart failure (79%). 

Antitumor Antibiotics
Antitumor antibiotics, including 
mitomycin C and bleomycin, have 
also been associated with cardio-
toxic effects, ranging from heart 
failure to CAD. The risk of heart 
failure increases substantially when 
cumulative doses . 30 mg/  m2 of 
mitomycin C are given or when 
given in combination with an 
anthracycline.21

Tyrosine Kinase Inhibitors
Imatinib is a tyrosine kinase inhib-
itor (TKI) that is commonly used 
in the treatment of chronic myeloid 
leukemia and gastrointestinal stro-
mal tumors (GISTs). The mecha-
nism of action is the inhibition of 
Bcr-Abl, KIT, the platelet-derived 
growth factor receptor, and the Src 
family of tyrosine kinases. Early in 
the treatment of chronic myeloid 
leukemia (CML) with imatinib, an 
association with heart failure was 
discovered; however, further stud-
ies have identified the incidence of 
heart failure to be in the range of 
1% to 2%.22 It is likely that the inci-
dence of heart failure was overes-
timated, as early occurrences were 
based on adverse events. In the 
only prospective study to assess left 
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at baseline and serial monitoring 
with therapy can diagnose subclin-
ical cardiomyopathy.37-39 However, 
further studies are warranted in 
order to follow these patients for 
an extended amount of time after 
chemotherapy and to confirm 
whether these biomarkers are accu-
rate enough to be able to stratify 
patients based on the early results.

Guidelines for monitoring doxo-
rubicin therapy with serial MUGA 
scanning are listed in Table 2.40 

The European Society for 
Medical Oncology clinical practice 
guidelines31 provide a broad frame-
work for cardiotoxicity monitor-
ing and management. Some of the 
recommendations are summarized 
below.

Baseline clinical and ECG eval-
uation are recommended in all 
patients undergoing anthracy-
cline therapy. Assessment of base-
line systolic and diastolic cardiac 
function with Doppler echocar-
diography should be conducted 
before treatment with monoclonal 
antibodies or anthracyclines and 
their derivates in patients older 
than 60  years, or those with car-
diovascular risk factors such as 
hypertension, hypercholesterol-
emia, diabetes, obesity, or previous 

graphic evaluation of LV function. 
However, availability and cost may 
preclude their use in all patients. In 
a recent study of patients with post-
anthracycline MRI, myocardial 
T1 and extracellular volume were 
found to be early tissue markers 
of ventricular remodeling. These 
changes may represent diffuse 
fibrosis in children with normal 
EF after anthracycline therapy.35 
Endomyocardial biopsy may be 
helpful in patients in whom it is 
important to exclude cardiac tox-
icity with greater specificity, or in 
whom noninvasive tests are incon-
clusive.36 The invasive nature of the 
procedure and the risk of complica-
tions, including but not limited to 
bleeding, arrhythmias, and perfo-
ration, restricts its use to high-risk 
patients.

Serum biomarkers are also being 
increasingly recognized as hav-

ing value in diagnosing subclini-
cal cardiovascular disease, and 
for monitoring for cardiotoxicity. 
Serum B-type natriuretic peptide 
(BNP) and troponin measurements 

tissue Doppler indices. Contrast 
echocardiography can be used in 
patients in whom the endocar-
dial border is not well defined to 
make an accurate evaluation of 
LV function; it has been shown 
to have better intra- and interob-
server agreement.11,32 In patients in 
whom a determination of LV func-
tion cannot be accurately done sec-
ondary to poor acoustic windows, 
radionuclide angiography using 
multigated blood pool imaging 
(multigated acquisition [MUGA] 
scan) is an established technique.33 
However, the test involves exposure 
to radiation and diastolic properties 
of the left ventricle cannot be ade-
quately evaluated. Two- and three- 
dimensional speckle tracking 
 echocardiography is an area of 
interest that may be used to detect 
early changes in the myocardium 
and identify patients at risk of car-

diotoxicity.34 Cardiac MRI can 
be used as a primary modality to 
evaluate LV function or in cases in 
which there is discrepancy between 
the MUGA scan and echocardio-

Normal EF . 50% at Baseline
• Baseline MUGA within first 100 mg/m2

• Next MUGA 250-300 mg/m2

• Next MUGA at 450 mg/m2

• Next MUGA prior to each dose > 450 mg/m2

•  Discontinue doxorubicin if decline of 10% or more in EF from baseline and EF < 50%

Abnormal EF < 50% at Baseline
• Baseline MUGA in all patients within 100 mg/m2

• Serial MUGA prior to each subsequent dose
•  Discontinue doxorubicin if decline of 10% or more in EF from baseline or EF , 30%

EF, ejection fraction; MUGA, multigated acquisition. 
Data from Schwartz RG et al.40

TABLe 2

Guidelines for Monitoring Doxorubicin Therapy With Serial MUGA Scanning

Cardiac MRI can be used as a primary modality to evaluate LV func-
tion or in cases in which there is discrepancy between the MUGA 
scan and echocardiographic evaluation of LV function.
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who were treated when they were 
15 years of age, or over age 15 years 
with a cumulative dose of doxoru-
bicin .  240 mg/m2 or epirubicin 
.  360 mg/m2. LVEF reduction 
of $  20% from baseline despite 
normal function or LVEF decline 
,  50% necessitates reassessment 
or discontinuation of therapy and 
further frequent clinical and echo-
cardiographic checks.

A predictive role for biomark-
ers of cardiotoxicity caused by 
cancer therapy is not well defined 
enough to include them as routine 
screening measurements. However, 
persistent increases in cardiac 

of a cumulative dose of doxoru-
bicin of 240 mg/m2 or epirubicin 
of 360  mg/m2 in patients younger 
than 15 years or older than 60 years; 
before every next administration 
of anthracycline; and 3, 6, and 
12 months after the end of therapy 
with anthracycline (Figure 3).

Periodic monitoring (every 
12  weeks) of cardiac function is 
also suggested for those patients 
receiving monoclonal antibod-
ies, especially if they were previ-
ously treated with anthracycline. 
Assessment of cardiac function is 
recommended 4 and 10 years after 
anthracycline therapy in patients 

treatment with 5-hydroxytryp-
tamine-2B agonists (in patients 
with Parkinson disease and obese 
patients) potentially inducing car-
diac valvulopathy, or documented 
cardiopathy or previous thoracic 
radiotherapy.

Further evaluations of LVEF are 
recommended, even in asymp-
tomatic patients, according to the 
following schedule: after adminis-
tration of half the planned dose of 
anthracycline, or after administra-
tion of a cumulative dose of doxo-
rubicin of 300 mg/m2, epirubicin 
of 450 mg/m2, or mitoxantrone of 
60  mg/m2, or after administration 

Planned Anthracycline Treatment

Baseline clinical examination and
ECG in all patients

Age � 60 OR
Cardiovascular risk factors OR 
Previous treatment with anthracyclines or monoclonal antibodies OR
Cardiomyopathy from previous radiation

No

Start
treatment

Baseline echocardiogram

No LV dysfunction

No LV dysfunction

Echocardiogram every year

LV
dysfunction

LV dysfunction

LVEF reduction of � 15% from
baseline with normal function

(LFEV � 50%)

Continue anthracyclines with
clinical follow-up

LVEF decline to � 40%

Stop chemotherapy and
discuss alternatives

LVEF decline to � 50%

Reassessment after 3 weeks;
if confirmed, hold

chemotherapy

Echocardiogram in 3, 6, 9, 12 months

Yes

Figure 3. Algorithm for screening echocardiography and recommendations for stopping therapy with anthracyclines. ECG, electrocardiogram; 
LV, left ventricular; LVEF, left ventricular ejection fraction.
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combined event of death or heart 
failure (6.7% vs 22%; P 5  .036) 
and of death, heart failure, or a 
final LVEF , 45% (6.7% vs 24.4%; 
P 5 .02). 

Other strategies to reduce or 
prevent cardiotoxicity are to lower 
doses, use continuous infusions to 
reduce peak drug levels in plasma, 
or use different drug formulations.49 
The use of cardioprotective agents 
can reduce cardiotoxicity and 
should be used when indicated.50 
Prior studies have clearly shown 
that the incidence of cardiotoxicity 
increases dramatically when doxo-
rubicin and trastuzumab are used 
concurrently. This problem can 
be minimized by having a drug-
free interval between the admin-
istrations of these agents.51 Earlier 
treatment of patients with angio-
tensin-converting enzyme (ACE) 
inhibitors may decrease the pro-
gression of disease.52 Dexrazoxane 
is an iron chelating agent that may 
prevent ROS-related cardiotoxic-
ity.53 Several randomized controlled 
trials54-57 have shown effective-
ness of dexrazoxane in prevent-
ing cardiotoxicity resulting from 
anthracycline use. This also allows 
delivery of higher doses of anthra-
cyclines. In their 2008 guidelines 
on the use of cardioprotectants,50 
the American Society of Clinical 
Oncology suggests the use of dexra-
zoxane in the following settings:

1. Consider using for patients with 
metastatic breast cancer who 
have received . 300 mg/m2

of doxorubicin in the meta-
static setting and who might 
benefit from continued doxo-
rubicin therapy.

2. Management of patients 
who received . 300 mg/m2 
of doxorubicin in the adju-
vant setting and are now ini-
tiating  doxorubicin-based 
 chemotherapy in the meta-
static setting who should be 

agents, prior or ongoing radiation 
therapy (XRT), and known cardio-
vascular disease.42 The strongest 
predictor of cardiotoxicity has been 
shown to be cumulative dose. Once 
cumulative doses of anthracyclines 
exceed 400  mg/m2 the incidence 
of cardiac toxicity is dramatically 
increased.43 Early treatment of risk 

factors has been shown to prevent 
the development of cardiotoxicity. 
-blockers have been well studied 
and have been shown to be protec-
tive when started prior to initia-
tion of anthracycline treatment.44-47 
The Prevention of Left Ventricular 
Dysfunction With Enalapril and 
Carvedilol in Patients Submitted 
to Intensive Chemotherapy 
for Malignant Hemopathies 
(OVERCOME) trial48 enrolled 
90 patients with recently diag-
nosed acute leukemia (n 5 36) or 
patients with malignant hemopa-
thies undergoing autologous hema-
topoietic stem cell transplantation 
(n 5 54) without LV systolic dys-
function; patients were randomly 
assigned to a group receiving 
enalapril and carvedilol (n 5  45) 
or to a control group (n 5  45). 
Echocardiographic and cardiac 
MRI studies were performed before 
and at 6  months after randomiza-
tion. The primary efficacy endpoint 
was the absolute change from base-
line in LVEF. At 6  months, LVEF 
did not change in the intervention 
group but significantly decreased 
in control subjects, resulting in a 
3.1% absolute difference by echo-
cardiography (P 5 .035) and a 3.4% 
absolute difference (P 5 .09) in the 
59 patients who underwent cardiac 
MRI. Compared with control sub-
jects, patients in the intervention 
group had a lower incidence of the 

troponin I or BNP concentrations 
seem to identify patients at risk of 
cardiotoxicity.

Prevention of Cardiotoxicity. 
Close surveillance and early detec-
tion of cardiac manifestations are 
paramount to avoiding serious 
complications of cardiac toxicity. 

The effects of anticancer therapy 
can arise acutely or subacutely dur-
ing administration, or may arise 
even chronically several years after 
treatment. Although the average 
time to diagnosis of LV dysfunc-
tion is 2.2  years, it may develop 
as late as 10 to 20  years follow-
ing chemotherapy treatment. 
Often it is asymptomatic; there-
fore, diagnosis is often delayed 
until the onset of signs and symp-
toms of heart failure. In a study by 
Ammon and colleagues,41 timing 
of LV dysfunction was unknown 
in the majority of patients; only 
25% had a screening echocar-
diography within the 12  months 
preceding diagnosis. Types of 
cancers included lymphoma 
(32%), breast cancer (32%), leuke-
mia (22%), and other/ unspecified 
(8%). Chemotherapeutic regimens 
included anthracyclines (73%), 
alkylating agents (73%), tubulin-
active agents (43%), antimetabolites 
(33%), and trastuzumab (16%).

Understanding the risk factors 
that are associated with cardiotox-
icity should aid in earlier identifi-
cation of cardiac manifestations 
of therapy. Previous studies have 
identified factors associated with 
increased risk of cardiotoxicity with 
anthracyclines. These include older 
age at the time of exposure, cumu-
lative dose of anthracyclines, con-
comitant administration of other 

The strongest predictor of cardiotoxicity has been shown to be 
cumulative dose. Once cumulative doses of anthracyclines exceed 
400 mg/m2 the incidence of cardiac toxicity is dramatically increased.
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fibrotic changes, leading to diastolic 
dysfunction64 and heart failure. 
Additionally, fibrotic degeneration 
of specialized conduction tissue 
may result in heart block as well 
as ventricular arrhythmias. ECG 
changes are frequent and include 
bundle branch block and prolonga-
tion of the QT interval.65

XRT treatment of cancers in the 
region of cardiac structures leads 
to significant risk for damage to 
critical cardiac tissue that includes 
myocardium, pericardium, valves, 
and specialized conduction path-
ways. Patients with traditional 
risks for CAD may be at enhanced 
risk for complications and should 
be identified prior to treatment. 
Younger patients are also at risk 
for long-term complications and 
special care should be taken to 
limit XRT dose and adjuvant che-
motherapeutic agents with known 
 cardiotoxicity, as is feasible.

Conclusions
With better survival with newer 
anticancer therapies and an aging 
population, more cardiovascular 
effects of anticancer therapies are 
being recognized. Detection of 
underlying cardiovascular disease 
prior to onset of therapy, close sur-
veillance during and after therapy 
to monitor for cardiotoxicity, and 
early treatment all help prevent 
complications and decrease mor-
bidity. Cardiologists and oncolo-
gists should collaborate closely 
with every patient to minimize the 
risk of cardiotoxicity and maxi-
mize the effect of anticancer thera-
pies. Cardiotoxicity from 
chemotherapy may not be apparent 
until years after first chemotherapy 
treatment. Routine echocardio-
graphic screening allows for detec-
tion of LV dysfunction prior to 
development of clinical signs and 
symptoms of heart failure. Patients 
with LV dysfunction should be 

Cardiac Toxicity of Radiation 
Treatment for Malignancy. 
Radiation injury can result from 
treatment to the mediastinum and 
can damage any cardiac structure. 
Two major cancers that benefit 
from XRT are breast cancer and 
Hodgkin disease. XRT is often 
utilized in concert with chemo-
therapeutic agents, some of which 
may have cardiotoxic risks of their 
own. Structures at risk for damage 
include heart muscle, pericardium, 
heart valves, coronary circulation, 
and electrical system. Valves on 
the left side of the heart are more 
commonly affected than those on 
the right. Pericardial disease can 
include any and all inflamma-
tory processes, including effusive- 
constrictive disease. Such risks may 
be immediate or delayed. 

Risk factors for XRT cardiotoxic-
ity include total XRT dose, portals 
of irradiation, adjuvant chemother-
apy, age, and traditional risks for 
CAD, and can extend for as long 
as two decades after treatment.59 
Pathophysiology may involve vas-
cular damage and inflammatory 
reactions that ultimately result in 
fibrosis.60 However, the risk of car-
diotoxicity has been reduced by 
lowering total XRT dose, aware-
ness of other potential cardiotoxic 
therapies, and shielding. Studies in 
breast cancer patients61 have found 
that risk for toxicity was increased 
in women with left-sided disease, 
was longitudinal over a time frame 
of 20 years, and increased in those 
with risks for CAD. In patients 
with Hodgkin disease, XRT portals 
can include lower cardiac struc-
tures and thus result in complica-
tions that include pericarditis, LV 
dysfunction, valvular disease, and 
conduction abnormalities.62 Risk 
for cardiac morbidity may last 
decades and, as expected, anthra-
cycline use enhances these risks.62,63 
Myocardial damage may result in 

 individualized with consider-
ation given to the potential of 
dexrazoxane to decrease re-
sponse rates as well as decreas-
ing the risk of cardiac toxicity.

3. Not recommended for routine 
use in patients with metastatic 
breast cancer receiving doxo-
rubicin-based chemotherapy.

4. In other malignancies in 
adults consider the use of 
dexrazoxane in patients who 
have received . 300 mg/m2 
of doxorubicin-based therapy. 
Exercise caution in the use 
of dexrazoxane in settings in 
which doxorubicin-based che-
motherapy has been shown to 
improve survival.

Treatment. ACE inhibitors con-
stitute first-line therapy for an 
asymptomatic drop in LV function 
or clinical heart failure. The offend-
ing agent responsible for drop in LV 
function or heart failure should be 
temporarily stopped or discontinued. 
Guideline-suggested -blockers, 
diuretics, and other medications 
should be used as clinically appro-
priate. Treatment of clinical heart 
failure should be based on guidelines 
for management of heart failure in 
adults and advanced therapies should 
be used accordingly.58 The prognosis 
of heart failure with treatment is bet-
ter if patients are asymptomatic at 
the time of diagnosis of a drop in LV 
function. Guideline-recommended 
heart failure therapies may improve 
EF and cardiac outcomes. In one 
study,41 only 54% of patients received 
a cardiology consult, yet survival was 
significantly better for those who 
were followed in collaboration with 
a cardiologist. Only 78% of patients 
received ACE inhibitors or angioten-
sin receptor blockers, 70% received 
-blockers, and 65% received both; 
15% of patients who died during 
 follow-up had heart failure listed as 
the primary cause of death.
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