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Introduction

Cancer and cardiovascular disease are by far the
two leading causes of death in the developed
countries. Modern developments in diagnostic
and treatment strategies within all aspects of can-
cer management—medical, surgical, and radia-
tion oncology—mean that an increasing number
of patients who are diagnosed with cancer today
will live to become long-term cancer survivors.
The majority of these individuals would have
received some form of anticancer treatment dur-
ing the course of their illness as a means to con-
trol their cancer or manage their symptoms.
Because many systemic therapeutic agents as
well as radiation techniques can be associated
with acute, early, or late cardiac toxicities, a sig-
nificant number of patients with a prior history of
cancer are at risk of developing cardiovascular
complications. Manifestations are diverse and
can span the full spectrum of cardiac diseases
such as cardiac arrhythmias, cardiomyopathies,
and ischemic heart diseases. In addition to wors-
ening overall quality of life, these conditions are
not infrequently irreversible or fatal; therefore,
they highlight the importance for members of the
cancer care team to share a basic awareness of the
potential risk factors, causes, and management of
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these various cardiac toxicities. Additionally,
recent advances in basic and translational cancer
research have led to an explosion in the use of
mechanistically based therapies many of which
have been shown to cause cardiovascular
complications.

Cancer survivors who develop cardiac dys-
function as a result of their treatment could face
devastating consequences and worse survival [1].
Consequently, early identification, monitoring,
and prevention are essential to minimize irrevers-
ible damage. Chemotherapy-related cachexia,
emesis, and myelosuppression are dose-limiting
toxicities which in the past have prevented the
administration of chemotherapy doses that are
sufficiently high enough to cause cardiac toxici-
ties. Over the last decade, however, advances in
symptom control and supportive care measures,
including the frequent use of 5-HT; antagonists
(e.g., ondansetron, granisetron) and granulocyte
colony-stimulating factors, have not only
improved patient tolerability toward chemother-
apy, but they have also allowed clinicians to
deliver more intensive and prolonged courses of
treatment in an effort to maximize cancer control.
With the uptake of more aggressive systemic
treatment regimens, cardiac complications are
increasingly recognized in a growing population
of cancer patients and survivors. The more wide-
spread availability of imaging facilities coupled
with recent improvements in radiographic modal-
ities has further resulted in the detection of more

165

L. Olver (ed.), The MASCC Textbook of Cancer Supportive Care and Survivorship,

https://doi.org/10.1007/978-3-319-90990-5_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90990-5_11&domain=pdf
https://doi.org/10.1007/978-3-319-90990-5_11
mailto:winson.cheung@ahs.ca

166

H. H. Samawi and W. Y. Cheung

subclinical cardiac abnormalities. Conversely,
newer radiation techniques are designed to limit
unnecessary exposure to vital organs, such as the
heart. Such efforts have decreased the incidence
of radiation-related cardiac dysfunction, but
some degree of risk remains.

At the cellular level, the effect of antineoplas-
tic drugs on cardiomyocytes has been divided
into two main categories: type I cardiotoxicity, as
seen with anthracyclines, is characterized by
structural changes in cardiomyocytes leading to
apoptosis and death. This process is dose depen-
dent and irreversible. Conversely, in type II car-
diotoxicity, myocardial dysfunction and loss of
contractility (stunning) occur with minimal struc-
tural changes. Classically seen with trastuzumab,
type II injury is not dose dependent and is often
reversible with discontinuation of the drug.
Cardiac toxicities have traditionally been classi-
fied as “acute” (e.g., those that occur during or
immediately after chemotherapy administration),
“early” (typically within the first year after treat-
ment), or “late/delayed” (e.g., years to decades
after chemotherapy or radiation exposure).
Recent evidence suggests, at least with anthracy-
clines, that cardiotoxicity represents a continuum
that begins with subclinical decline in LVEF that
can progress to symptomatic heart failure [2, 3].
As clinicians develop a higher vigilance for the
risk of treatment-related cardiac toxicities, a vari-
ety of strategies have been employed to minimize
this serious risk without unnecessarily compro-
mising treatment efficacy. These various strate-
gies include modifying the schedule of drug
administration or radiation exposure, altering the
actual drug molecule or the vehicle for drug
delivery, or using adjunctive “cardioprotective”
agents during active treatment. Unfortunately,
none of these approaches have proven to be com-
pletely successful, thereby underscoring the
ongoing need to closely monitor patients who are
either currently receiving or have previously
received potentially cardiotoxic agents.

In this chapter, the cardiotoxicity profiles of
several pertinent, commonly used classes of anti-
cancer agents, including anthracyclines (e.g.,
doxorubicin, epirubicin), molecularly targeted
drugs (e.g., trastuzumab), and radiotherapy will

be introduced and discussed. There will be an
emphasis on anthracyclines since they are the
most frequently implicated agents for cancer
treatment-related cardiac dysfunction. Potential
cardiovascular side effects of hormonal antican-
cer treatments are beyond the scope of this review.

Anthracyclines
Background

A class of chemotherapy drugs widely used in
oncology to treat a variety of solid tumors and
hematologic malignancies, anthracyclines exert
their cytocidal activity by several mechanisms
including inhibition of DNA and RNA synthesis
by directly binding to the DNA of replicating
cells, impairing DNA repair by inhibition of the
enzyme topoisomerase II and generation of cyto-
toxic free radicals. Because cancer cells are rap-
idly proliferating, these various actions of
anthracyclines can confer effective antitumor
activity. The exact mechanisms by which anthra-
cyclines contribute to cardiac dysfunction and
myocardial damage are not entirely understood
and might differ from its anticancer effects, par-
ticularly since myocytes of the heart are not
actively replicating. One possible mechanism for
their cardiotoxicity is that anthracyclines cause
an increase in the generation of reactive oxygen
species as well as a decrease in endogenous lev-
els of antioxidant enzymes that are normally
responsible for scavenging oxygen free radicals
throughout the body. This can lead to an increase
in oxidative stress, which may then result in irre-
versible myocardial damage [4, 5]. More recent
evidence suggests that anthracyclines form a
complex with the topoisomerase II beta enzyme
present in cardiomyocytes leading to DNA dou-
ble-strand breakage and cell death [6].

Risk Factors
Several clinical factors have been identified that

predispose individuals to an elevated risk of
developing anthracycline-induced cardiac toxici-
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ties such as dose of the drug, age, female gender,
prior mediastinal radiation, use of other cardio-
toxic agents, and preexisting cardiac conditions.
One of the strongest and most reliable predictors
is the cumulative dose of anthracycline drug
delivered. With doxorubicin, for example, a com-
bined analysis of three prospective trials showed
that congestive heart failure (CHF) occurred in
5%, 26%, and 48% of patients who have received
a cumulative dose of 400 mg/m?, 550 mg/m?, and
700 mg/m?, receptively [7]. Based on these obser-
vations, it is recommended that the cumulative
dose of doxorubicin not exceed 400-500 mg/m?>.
While for epirubicin, the maximal cumulative
dose is set at 900 mg/m?. While these cumulative
dose thresholds serve as a general guideline for
clinicians and patients, treatments should be indi-
vidualized. With the availability of noninvasive
surveillance techniques, such as echocardio-
grams and MUGA scans that can assess cardiac
function, therapy should be stopped at much
lower cumulative doses if there is early evidence
of cardiac dysfunction. Conversely, treatment to
higher cumulative doses may also be considered
if there are no signs of cardiac toxicities and
anthracyclines are clinically indicated for main-
taining tumor control.

Extremes of age is another well-established
risk factor. Children have been consistently
shown to develop cardiac toxicities at much
lower cumulative doses than in adults. A similar
relationship is observed in older patients, many
of whom have preexisting hypertension or heart
conditions. The precise reasons for this age-
related association are unclear, but it is possible
that the very young and very old age groups have
less functional cardiac reserve to accommodate
the strain that anthracyclines place on myocytes
[8]. In a similar manner, a prior history of radio-
therapy also increases susceptibility to cardio-
toxic effects, possibly because of diminished
cardiac reserve caused by previous radiation
exposure. This is particularly evident for those
who have received mediastinal or chest wall irra-
diation. Such exposures probably introduce mod-
erate degrees of damage to the -cardiac
endothelium and coronary blood vessels, and
subsequent treatment with anthracyclines results

in further insults to the heart [9]. Likewise, the
use of cardiotoxic nonanthracycline agents in
combination with anthracyclines often poses a
synergistic toxic effect. One common example
would be the concurrent or sequential adminis-
tration of taxanes and trastuzumab, both of which
are cardiotoxic, along with anthracyclines for the
management of both early- and advanced-stage
breast cancers [10, 11].

The risk of cardiac toxicity after anthracycline
exposure is variable between different individu-
als suggesting that genetic disposition is in play.
Polymorphism in genes encoding several pro-
teins involved in tissue remodeling, protection
from oxidative damage, and drug efflux have
been suggested [4, 12].

Clinical Manifestations

The clinical presentation, the severity of dysfunc-
tion, as well as the onset of cardiac toxicities are
highly variable. Acute toxicities may present as
rhythm disturbances (such as atrial fibrillation),
constitutional symptoms from pericarditis or
myocarditis, chest discomfort due to cardiac
ischemia, or dyspnea as a result of heart failure.
Fortunately, early cardiac events are rare, and
many are actually subclinical in nature with mini-
mal sequelae. Therefore, formal cardiac monitor-
ing is usually not warranted during the initial
administration of anthracyclines, unless there are
pertinent findings on patient history, physical
examination, or recent cardiac tests that suggest a
heightened risk for complications. While acute
cardiac dysfunction may occur, the peak time for
the appearance of cardiac toxicities is typically
about 3-6 months after the last anthracycline
dose, at which point serial monitoring of cardiac
function should be considered. If early symptoms
and signs of possible cardiomyopathy are left
undetected or untreated, mortality can exceed
50% [13].

Chronic cardiac toxicity is most commonly
seen within the first year following chemotherapy
and ranges from asymptomatic left ventricular
(LV) dysfunction to CHF. In one prospective
study, the vast majority of LV dysfunction (98%)
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occurred within the first year?. Nonetheless, the
onset of cardiac dysfunction can rarely occur
more than 10 years after the last dose of anthracy-
cline administered, as evidenced by cases of seri-
ous heart failure found among long-term
childhood cancer survivors, who were previously
treated with high doses of anthracyclines as part
of their chemotherapy regimens. In most of these
situations, the cardiac abnormality presents as
nonischemic dilated cardiomyopathy.
Interestingly, the risk of such late cardiac prob-
lems appears to be lower among young women
with early-stage breast cancers who have received
only a short, adjuvant course of anthracycline-
based chemotherapy, with the proviso that the
cumulative dose did not exceed 300 mg/m? [9].
This finding further emphasizes the strong dose—
response pattern that exists between the cumula-
tive dose administered and the risk of cardiac
toxicities. One important consideration remains:
when compared to those receiving chemotherapy
without anthracyclines or those not given any
chemotherapy at all, the overall cardiac risk
remains higher in patients who have previously
been treated with any anthracyclines, irrespective
of dose.

Minimizing the Risk

First and foremost, to minimize the risk, limit the
lifetime cumulative dose as described above.
Several other approaches have been introduced to
potentially lower the risk of anthracycline-
induced cardiac toxicities, including (1) altering
the mode of drug administration, (2) encapsulat-
ing the anthracycline drug molecule within lipo-
somes, and (3) using adjunctive “cardioprotective”
agents during treatment. Along with these strate-
gies, intensive and serial monitoring with nonin-
vasive cardiac imaging techniques has also been
advocated to detect the earliest possible evidence
of cardiotoxicity, at which point prompt and nec-
essary measures can be taken to prevent the
development of more severe forms of cardiac
dysfunction.

A continuous infusion of anthracycline over
the course of 48-96 h may lower the incidence of

cardiotoxicity. This potential benefit has been
suggested based on small observational studies,
which showed that patients treated with pro-
longed infusions of anthracyclines were less
likely to develop heart problems, defined as
>10% reduction in left ventricular ejection frac-
tion, when compared to those who received the
conventional bolus treatment [14]. Infusional
delivery, however, is less practical and resource
intensive and might be associated with worse
outcomes. For these reasons, anthracyclines are
still typically administered by the bolus route.

There are also ongoing efforts aimed at modi-
fying the anthracycline molecule to minimize
cardiotoxic effects, while maintaining its antitu-
mor efficacy. A prime example of this strategy is
the incorporation of anthracyclines into lipo-
somes, which has been shown in studies to have a
similar efficacy as free, unbound anthracyclines.
In addition, this formulation is appealing because
it lowers the incidence of cardiac dysfunction and
also permits substantially higher cumulative
doses to be delivered [15].

Finally, the use of adjunctive cardioprotective
agents, such as dexrazoxane, in conjunction with
anthracyclines may reduce cardiotoxicity.
Dexrazoxane is an EDTA-like chelator [16]
believed to prevent cardiac damage by binding to
iron stores that are released from intracellular
storage during oxidative stress. It has been shown
in randomized controlled trials to reduce the inci-
dence of anthracycline-associated heart failure
and subclinical cardiac toxicity [17, 18]. While
this cardioprotective agent can be helpful, it is
imperfect due to concerns about its potential to
interfere with cancer therapy, its apparent asso-
ciation with lower treatment response rates, and
its possible exacerbation of anthracycline-
induced myelosuppression [19]. Unfortunately,
data in these areas have been inconsistent; thus, it
is currently unclear whether the benefits of dexra-
zoxane truly outweigh its risks. At the present
time, the American Society of Clinical Oncology
endorses the use of dexrazoxane only for patients
who have received a cumulative dose of doxoru-
bicin >300 mg/m? or an equivalent dose of
epirubicin for the treatment of metastatic disease.
Given its potential detrimental impact on antitu-
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mor efficacy as well as on myelosuppression,
dexrazoxane is not recommended for use in the
adjuvant setting when the goal of therapy is cure.
The use of dexrazoxane does not entirely elimi-
nate the risk of cardiotoxicity. As such, patients
who receive dexrazoxane should continue on
regular cardiac monitoring.

Preliminary research points toward a possible
benefit of concurrently administering p-blockers
and ACE inhibitors with anthracyclines as a pri-
mary preventive measure against cardiotoxicity.
In some of these prior studies, the prophylactic
use of p-blockers, ACE inhibitors, or both was
associated with better preservation of left ven-
tricular ejection fraction [20-22]. Definitive con-
clusions, however, are difficult to draw as data in
this regard have been based on retrospective anal-
yses or small randomized trials. Whether benefit
from prophylactic use of these agents is clinically
meaningful remains to be seen.

Cardiac Monitoring

Serial noninvasive cardiac monitoring continues
to be an essential component in the ongoing man-
agement of anthracycline-treated patients so that
the earliest possible evidence of cardiotoxicity
can be detected. A variety of monitoring tech-
niques that mostly rely on measuring changes in
LV ejection fraction have been employed; and
guidelines have been developed for monitoring
and drug discontinuation by expert groups. One
set of proposed guidelines is shown in Table 11.1.
These guidelines are mostly based on consensus
rather than evidence. Echocardiography is per-
haps the most frequently used noninvasive strat-
egy for evaluating left ventricular ejection
fraction. This modality is currently endorsed by
the American College of Cardiology for monitor-
ing anthracycline-induced cardiotoxicity. Owing
to its widespread availability and its lack of radia-
tion exposure, echocardiograms remain a popular
standard. Disadvantages, however, include its
poor reproducibility and variability in interpreta-
tion among clinicians. In addition, it can be occa-
sionally difficult to accurately quantify the global
ventricular function.

Table 11.1 Recommendations for cardiac monitoring in
patients receiving anthracyclines

A baseline assessment of left ventricular ejection
fraction is recommended before starting treatment with
an anthracycline

Anthracyclines should not be administered if left
ventricular ejection fraction is less than 30%

If ejection fraction is between 30 and 50%, ejection
fraction should be reevaluated prior to each dose of
anthracycline

Anthracyclines should be discontinued if there is
cardiotoxicity, defined as an absolute decrease in
ejection fraction by greater than 10% or a final ejection
fraction of less than 30%

Serial reassessments of ejection fraction should be
performed once the cumulative dose threshold has been
reached and even sooner in patients with known heart
disease, radiation exposure, or abnormal
electrocardiographic results

Radionuclide imaging, using multi-gated car-
diac blood pool imaging (MUGA scan), has
become a common technique for monitoring car-
diac dysfunction because it provides results that
are highly reproducible making it ideal for serial
measurements. It also can detect subtle changes
in systolic and diastolic function. As a result of
such early detection, some cardiac abnormalities
may be potentially reversible. Disadvantages of
MUGA scans, however, include limited ability to
assess structural cardiac abnormalities (such as
valvular heart disease), small radiation exposure,
and the need for intravenous access.

There is also an emerging interest in exploring
newer approaches to cardiac monitoring. Cardiac
magnetic resonance (CMR) imaging, for instance,
may be particularly useful when other imaging
modalities yield suboptimal images. CMR can
also demonstrate subclinical changes such as
myocardial edema prior to the onset of LV dys-
function [23]. Alternately, there is ongoing
research to clarify the role of cardiac biomarkers,
such as troponin and natriuretic peptide. The
hypothesis is that these biomarkers may provide
earlier signs of cardiac damage than any standard
imaging techniques. In preliminary studies, ele-
vations in troponin and natriuretic peptide were
associated with the severity of myocardial
damage secondary to anthracyclines, correlated
with the degree of decrease in left ventricular
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ejection fraction, and were predictive of subse-
quent cardiac-related morbidity and mortality
[24]. Whether early elevations in these biomark-
ers predict any protective benefit from the pro-
phylactic use of conventional therapeutic agents
for heart failure, such as p-blockers and ACE
inhibitors, is uncertain. Overall, these early data
are promising for identifying early anthracycline-
related cardiotoxicity, but there is insufficient
evidence to support their routine use at the pres-
ent time.

Finally, it is important to recognize that the
“gold standard” of assessing anthracycline car-
diotoxicity is the endomyocardial biopsy since
this method allows for direct evaluation of both
the presence and the degree of cardiac damage
[25]. Characteristic features of chemotherapy-
related injury include depletion of myofibrillary
bundles, evidence of myofibrillar lysis, mito-
chondrial disruption, and intramyocyte vacuol-
ization. Understandably, this procedure is
invasive and itself carries the risk of complica-
tions, such as arrhythmias and bleeding.
Furthermore, the interpretation of the biopsy
specimens requires special expertise in histology
and pathology. For these reasons, endomyocar-
dial biopsy has typically been reserved for
patients in whom a definitive diagnosis is required
or for those in whom noninvasive imaging
modalities fail to provide adequate information
regarding the cardiac functional status.

Prognosis and Management

The short- and long-term prognosis of individu-
als affected by anthracycline-induced cardiac
toxicities appears to depend heavily on the sever-
ity and stage of cardiac symptoms at the time
when dysfunction is initially diagnosed. This
observation further underscores the importance
of prompt and early detection. Patients who man-
ifest with clinical symptoms at diagnosis have a
worse outcome when compared with those who
present with an asymptomatic decrease in left
ventricular ejection fraction. In a prospective
study of 2625 women treated with anthracyclines
for a variety of solid tumors, 226 (9%) developed

cardiac toxicity of whom full or partial recovery
of LVEF was observed in 82% of cases after
prompt initiation of enalapril, either alone or in
conjunction with a f-blocker [2]. These data indi-
cate significant potential for reversibility with
early detection and treatment and challenge the
concept of irreversible myocardial damage.
However, the potential for spontaneous recovery
in asymptomatic patients is unclear.

Currently, anthracycline-associated cardiac
dysfunction is treated in a similar fashion to other
causes of LV dysfunction with the use of medical
therapy, such as -blockers and ACE inhibitors. At
least one study suggests that ACE inhibitors should
be considered as first-line treatment for both
asymptomatic left ventricular dysfunction and
symptomatic heart failure. In this small series of
women with metastatic breast cancer who received
epirubicin, 7 of 8 women treated with ACE inhibi-
tors had an increase in ejection fraction >15%
whereas only 1 of 33 women without ACE inhibi-
tor therapy demonstrated a similar response [26].
Until more evidence becomes available, medical
management of chemotherapy-related heart fail-
ure should incorporate the use of these medica-
tions. To this end, most experts also concur that for
patients in whom anthracycline-induced cardio-
toxicity is refractory to standard medical therapy,
interventions such as cardiac resynchronization
therapy should at the very least be considered in
the appropriate setting.

HER-2-Targeted Therapy
Trastuzumab

Background

Trastuzumab is a humanized monoclonal anti-
body that targets the human epidermal growth
factor receptor-2 (HER-2), a receptor tyrosine
kinase that is overexpressed in up to 25% of
breast cancer patients. Binding of trastuzumab to
the extracellular domain of HER-2 results in inhi-
bition of downstream signal transduction, thereby
resulting in cellular growth inhibition. This
molecularly targeted agent has led to dramatic
improvement in outcomes and has become a crit-
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ical component in the management of both adju-
vant and metastatic HER-2-positive breast cancer.
These benefits must be carefully weighed against
the added risk of cardiac toxicities from trastu-
zumab treatment.

The precise mechanisms underlying trastu-
zumab-associated cardiac dysfunction are as yet
unclear. Of note, considering that many patients
who receive trastuzumab have also been previ-
ously treated with anthracyclines, it was once
postulated that potentiation of prior anthracy-
cline-induced cardiac damage was the most
responsible factor. However, histopathological
studies from endomyocardial biopsy specimens
from individuals with trastuzumab-related car-
diac dysfunction have refuted this hypothesis,
since anthracycline-based structural changes
were not always observed. Moreover, trastu-
zumab dysfunction can develop even in the set-
ting of anthracycline-naive patients. Preliminary
studies indicate that trastuzumab cardiotoxicity
may be directly related to HER-2 blockade (on-
target toxicity) [27]. Early animal models, for
instance, suggest that HER-2 signaling is an
important step in embryonic cardiac develop-
ment. It also participates in protecting the heart
from potential cardiotoxins where studies show
that HER-2 gene knockout mice are more likely
to develop dilated cardiomyopathy and their
myocytes demonstrate increased susceptibility to
anthracycline-induced cell death [28]. In further
support, serum HER-2 levels appear to be
increased in patients with chronic heart failure
with levels correlating inversely with left ven-
tricular function [29].

The following section briefly reviews the clin-
ical manifestations of trastuzumab cardiotoxicity,
the guidelines for monitoring cardiac function
during treatment, and the management of patients
who experience cardiotoxicity as a result of
trastuzumab exposure.

Risk Factors

The overall incidence of cardiac dysfunction in
trastuzumab-treated patients ranges between 3%
and 19%, while the incidence of symptomatic
heart failure is 2-4%. Cardiac toxicity is modest
when trastuzumab is used alone, but the rate

becomes significantly higher among individuals
who receive trastuzumab concurrently with other
potentially cardiotoxic agents, especially anthra-
cyclines [30]. In the pivotal phase III trial that
evaluated the benefit of adding trastuzumab to
conventional cytotoxic chemotherapy for meta-
static breast cancer, the incidence of any cardiac
dysfunction was 27% for trastuzumab plus doxo-
rubicin and cyclophosphamide (AC) vs. 8% for
AC alone and 13% for trastuzumab plus pacli-
taxel vs. 1% for paclitaxel alone. As expected, the
incidence of severe heart failure, consisting of
either class III or IV symptoms, was substantially
lower: 16% with trastuzumab plus AC vs. 4% for
AC alone and 2% with trastuzumab plus pacli-
taxel vs. 1% for paclitaxel alone [11]. These find-
ings resulted in the recommendation that
concurrent delivery of anthracyclines and trastu-
zumab be generally avoided or used with great
caution in favor of sequential therapy because of
the increased risk of cardiotoxicity associated
with concurrent administration. Subsequent trials
employing frequent cardiac monitoring showed
lower incidence of LV dysfunction and symp-
tomatic heart failure with trastuzumab use in
combination with anthracyclines and to much
lower extent with the use of taxanes. The precise
mechanisms underlying the additive cardiotoxic-
ity of anthracyclines and trastuzumab are unclear,
but upregulation of HER-2 blockade by anthracy-
clines is thought to be at least partially responsi-
ble for this synergistic effect.

Aside from concurrent anthracycline use,
additional risk factors have been proposed to
identify individuals with a higher likelihood of
developing trastuzumab-related cardiotoxicity
including older age, preexisting LV dysfunction,
use of antihypertensive medications, higher body
weight, prior chest radiation, and prior therapy
with anthracyclines.

Clinical Manifestations

Unlike the adverse events observed with anthra-
cyclines, trastuzumab-related cardiac toxicities
tend to manifest as asymptomatic reductions in
ejection fraction as opposed to overt heart failure.
In further contrast, trastuzumab-associated car-
diac disease is not dependent on the cumulative
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dose of drug administered. It is commonly revers-
ible with treatment cessation and frequently ame-
nable to treatment rechallenge if cardiac function
recovers after a planned treatment break.
Because of these differences, chemotherapy-
related cardiac abnormalities are categorized by
some experts into type I and type II dysfunction
[31]. The former “type I refers to anthracycline-
associated injury, which results in permanent myo-
cyte destruction and clinical heart failure.
Conversely, the latter “type II” refers to trastu-
zumab-associated damage, which is more often
associated with transient loss of cardiac contractil-
ity and less likely to involve myocyte death or clini-
cal heart failure. Owing to its somewhat transient
nature, this form of dysfunction may be reversible.

Minimizing the Risk
Atleast in the adjuvant setting, several approaches
have been proposed as potential ways to lower
the risk of trastuzumab-related cardiotoxicity.
First, attempts at shortening the duration of
trastuzumab treatment were examined in clinical
trials. Most adjuvant breast cancer trials involv-
ing trastuzumab have administered the agent over
the course of 12 months. In the FinHer trial, an
anthracycline- and taxane-containing regimen
was compared to the same chemotherapy regi-
men plus a 9-week course of trastuzumab [32].
The trastuzumab arm showed a 35% improve-
ment in distant disease-free survival (DFS), albeit
nonsignificant. No cardiac dysfunction was
observed in the trastuzumab study arm, suggest-
ing that a decrease in the duration of exposure to
trastuzumab may confer substantially less car-
diac risk. However, the large phase III trial
PHARE that involved 3384 patients failed to
demonstrate non-inferiority with a shorter
6-month duration of trastuzumab compared with
12 months [33]. Therefore, despite more cardiac
events, the currently recommended duration of
adjuvant trastuzumab remains 12 months.
Another method is integrating trastuzumab
into nonanthracycline-containing adjuvant regi-
mens. One example consists of docetaxel and
carboplatin, plus trastuzumab (TCH). Indeed,
results from the BCIRG 006 trial, in which one of
the three arms utilized the nonanthracycline-con-

taining TCH adjuvant chemotherapy regimen,
are promising with respect to lowering cardiac
risk [34]. However, the anthracycline-containing
regimen showed a nonsignificant trend toward
improvement in survival. Until further evidence,
anthracycline-based chemotherapy in combina-
tion with trastuzumab is preferred for locally
advanced HER-2-positive breast cancer with
larger tumors or involvement of locoregional
lymph nodes. TCH is an acceptable alternative in
select patients with small tumors.

As outlined previously, concurrent adminis-
tration of trastuzumab with anthracyclines con-
ferred a high rate of cardiac events and should be
avoided.

Cardiac Monitoring
Heart function should be evaluated prior to the
instigation of trastuzumab therapy as well as reg-
ularly during treatment. Patients with a normal
baseline ejection fraction based on imaging, and
neither symptoms nor signs of heart failure on
history and physical examination, respectively,
should be considered eligible for trastuzumab
therapy. Patients with LVEF 40-50% may be
considered on a case-by-case basis and warrant
careful monitoring. While the following are not
contraindications to therapy, special caution
should be taken when patients with a prior his-
tory of hypertension, coronary artery disease, and
valvular heart disease are receiving trastuzumab.
Currently, there are no universal recommenda-
tions on the optimal methods or schedules for moni-
toring patients for trastuzumab cardiotoxicity.
However, clinical guidelines have been proposed by
expert groups and major organizations. Expert
consensus by the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging [35] recommends a base-
line assessment with history and physical examina-
tion and a cardiac imaging test. Additionally,
measurement of troponin level is desirable. Patients
should also undergo follow-up cardiac imaging
every 3 months while on trastuzumab therapy.
Likewise, guidelines for the management of
cardiac complications during trastuzumab ther-
apy have been developed. A set of proposed
guidelines is outlined in Table 11.2.
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Table 11.2 Recommendations for trastuzumab adjust-
ments based on changes in left ventricular ejection frac-
tion during cardiac monitoring®

Asymptomatic patients

If LVEF decreases by less than 10%, continue with
trastuzumab. IF LVEF is more than 5 points below
LLN, repeat LVEF assessment in 4 weeks®

If LVEF decreases by 10-15% but is still above LLN,
continue with trastuzumab; otherwise, hold trastuzumab
and repeat ejection fraction assessment in 4 weeks®

If LVEF decreases by more than 15%, hold trastuzumab
and repeat ejection fraction assessment in 4 weeks
Once held, trastuzumab can be resumed if the overall
ejection returns to more than 50%; otherwise,
trastuzumab should be stopped

After two holds, permanent discontinuation of
trastuzumab should be considered

Symptomatic patients

Trastuzumab should be discontinued, and appropriate
therapy and referral to cardiology should be instituted

LLN Lower limit of normal

“Modified from National Surgical Adjuvant Breast and
Bowel Project B-31 trial protocol [36, 37]

®Consider referral to cardiology and initiation of therapy
in all patients with LVEF below LLN

Prognosis and Management

In contrast to anthracyclines, data indicate that
trastuzumab-related cardiac toxicities are fre-
quently reversible in the majority of cases.
Moreover, early evidence suggests that reintroduc-
tion of trastuzumab appears to be safe as long as
cardiac abnormalities that develop while receiving
the drug have resolved. In the phase III trial by
Slamon et al., for instance, 33 patients continued
trastuzumab for a median of 26 weeks despite
developing an asymptomatic decline in ejection
fraction. The cardiac status of 85% improved or
remained the same, while symptoms were revers-
ible for 75% of those who received standard medi-
cal therapy for heart failure [11]. Similarly, in a
retrospective review from MD Anderson Cancer
Center, the majority of those who stopped trastu-
zumab after developing symptomatic heart failure
recovered with appropriate medical therapy, which
consisted of p-blockers and ACE inhibitors [38].
While recovery was not universal, treatment was
reinitiated in more than half of patients who inter-
rupted trastuzumab for either an asymptomatic or
symptomatic cardiac event, of whom most
remained free of subsequent cardiac problems.

Other HER-2-Targeted Agents

A number of HER-2-targeted agents are now
approved for the treatment of HER-2-positive
breast cancer such as lapatinib, pertuzumab, and
ado-trastuzumab emtansine (T-DM1). Each has a
unique mechanism of action that differs from
trastuzumab. Preliminary results from clinical tri-
als have suggested that these agents have a favor-
able cardiac safety profile compared to
trastuzumab. For example, in a pooled analysis of
over 3600 patients using lapatinib, an oral small
molecule tyrosine kinase inhibitor that affects
both HER-2 and epidermal growth factor recep-
tor (EGFR), cardiac events occurred in only 1.6%
of patients, and mostly were asymptomatic
declines in LV function [39]. Similarly, only
1.7% had a cardiac event in a phase III trial using
T-DM1 which is an antibody-drug conjugate
composed of trastuzumab linked to an antimitotic
agent [40]. Nonetheless, these trials included
highly selected patients, and the experience with
these agents has been less extensive.

More recently, combining trastuzumab with
other HER-2-targeted therapy was associated with
improved outcomes. In the Cleopatra trial, com-
bining pertuzumab with trastuzumab and docetaxel
for first-line treatment in women with metastatic
HER-2-positive breast cancer has resulted in an
impressive 15-month improvement in OS estab-
lishing this regimen as the new standard in this set-
ting. This combination was not associated with
significantly worse cardiac toxicity.

Similar to trastuzumab, cardiac monitoring
with use of these agents is recommended at base-
line and at regular intervals.

Radiation Therapy
Background

Radiation therapy, which can be applied either by
itself or in combination with systemic treatment
agents, has contributed to significant improve-
ments in the survival of patients with specific
cancers, including the breast, Hodgkin disease, as
well as malignancies involving the thorax (e.g.,
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lung, esophagus). Such advances have resulted in
a higher prevalence of cancer survivors, who are
now at increased risk for late complications of
radiation treatment, which can frequently involve
the heart. Most of the data pertaining to the car-
diovascular toxicities of radiation therapy are
derived primarily from survivors of breast cancer
and Hodgkin lymphoma, since these are diseases
in which radiation is a frequent component of ini-
tial management and for which survival is often
prolonged to a significant degree.

Radiation, if administered in sufficiently high
doses or large volumes, can potentially damage
any and all aspects of the heart, including the
pericardium, myocardium, heart valves, coronary
blood vessels, and conduction system. Pericarditis
is a common manifestation of acute radiation
injury, while chronic pericardial disease, coro-
nary artery disease, restrictive cardiomyopathy,
valvular disease, and conduction abnormalities
can present years or decades after the original
treatment. All of these conditions can potentially
result in significant morbidity and mortality. The
increasing recognition of radiation-induced car-
diac toxicities has led to the development of
improved radiotherapy techniques that aim to
minimize the dose and volume of exposure to the
heart. These contemporary measures appear to
have drastically reduced the incidence of radia-
tion-related cardiac complications, although
there is still some residual risk.

Risk Factors

Several factors increase the risk for developing
radiation-induced cardiac toxicities. These
include the total radiation dose administered, the
dose per fraction, the volume of heart irradiated,
and the concurrent delivery of cardiotoxic sys-
temic therapeutic agents, such as anthracyclines
and trastuzumab [41]. In breast cancer, for exam-
ple, the older generation of radiation techniques
used in the management of this disease has
almost always involved irradiation to the chest
wall and surrounding lymph nodes. This classi-
cally resulted in a relatively high dose of radia-
tion being delivered to a substantial volume of

the heart. There is abundant evidence that this
form of radiation delivery was associated with
excess cardiovascular morbidity and mortality.
Modern techniques currently deliver much less
radiation to the heart and appear to have reduced
the number of cases and degree of associated car-
diotoxicity. In many of these cases, however, lon-
ger follow-up is required to confirm these safety
findings.

Patient dependent factors, such as younger
age at the time of initial radiation exposure and
the presence of other personal risk factors for
coronary heart disease, including hypertension,
high serum cholesterol, and smoking history,
may also increase the risk of radiation-associated
cardiac dysfunction [41].

Clinical Manifestations

The main mechanism for radiation-related car-
diac toxicities involves radiation damage to coro-
nary blood vessels. This injury is believed to
subsequently lead to the production of reactive
oxygen species that disrupts DNA strands, which
then results in secondary inflammatory changes
and ultimately fibrosis. The classic hallmarks of
radiation-induced cardiotoxicity consist of dif-
fuse fibrosis of the myocardium coupled with
narrowing of arterial and capillary lumens [42].
The ratio of capillaries to cardiac myocytes
decreases by 50%, which contributes to cell
death, cardiac ischemia, and further fibrosis.
Collagen replaces the normal adipose tissue that
usually forms around the outer layer of the heart,
leading to pericardial fibrosis, effusion, and pos-
sibly tamponade. All of these changes can culmi-
nate in various forms of coronary artery diseases,
valvular heart diseases, pericardial diseases, dia-
stolic dysfunction, and dysrhythmias.

There are subtle differences between chemo-
therapy-related cardiac dysfunction and radia-
tion-induced cardiac toxicities. First, irradiation
causes fibrosis of the myocardium, which can
lead to a restrictive cardiomyopathy. This appears
to have a greater impact on diastolic rather than
systolic cardiac function. This contrasts with the
general effects of anthracyclines, which predomi-
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nantly cause systolic dysfunction. Second, radio-
therapy (specifically mediastinal irradiation) has
been associated with an increased risk of clini-
cally significant valvular abnormalities. Of
potential clinical importance, many of the com-
mon abnormalities found in mediastinal irradi-
ated patients are slowly progressive and may
necessitate lifelong follow-up, some of which
may also require antibiotic prophylaxis for endo-
carditis. Third, radiation can cause fibrosis of the
conduction pathways in the heart, potentially
leading to life-threatening arrhythmias and con-
duction defects that develop years after initial
radiation therapy. Examples of such dysfunction
include bradycardia and sick sinus syndrome, as
well as complete and lesser degrees of heart
block.

Additional Aspects

Unlike chemotherapy-induced cardiotoxicity,
cardiac dysfunction related to radiation may be
more challenging to manage in part because of its
diverse manifestations. Improvements in radio-
therapeutic techniques have been the primary
means of decreasing the cardiac risk by minimiz-
ing the amount of radiation received by the heart.
It is noteworthy that cardiovascular complica-
tions still appear more frequently in patients with
left-sided than right-sided tumors, providing
some evidence that the risk associated with radia-
tion has not been completely eliminated with the
newer generation of methods for radiotherapy.
Awareness of key factors that modify the risk
of cardiovascular toxicity is another channel in
which complications can be reduced. The size of
the radiation field and the dose of exposure, for
instance, determine the amount of incidental
irradiation to the heart. Studies that compared
breast cancer patients who received internal
mammary lymph node irradiation were noted to
have an increased risk of cardiovascular compli-
cations compared to those in whom the internal
mammary lymph nodes were not included in the
field [43]. Thus, radiation field and radiation
dose are parameters that should be minimized,
whenever possible. Care must also be taken to

modify other risk factors for cardiovascular dis-
ease, such as hypertension, hyperlipidemia, and
smoking, as well as to adequately manage preex-
isting coronary artery disease, since all of these
variables may increase and potentiate radiation-
related cardiotoxicity. Special attention is further
warranted when radiation is used in patients who
have or will receive known cardiotoxic agents,
such as anthracyclines and trastuzumab.

Nonanthracycline Agents
Fluoropyrimidines

5-Fluorouracil is widely used in various chemo-
therapy regimens to fight a diverse array of can-
cers. Because of its frequent use, it is the second
most common cause of chemotherapy-related
cardiotoxicity after anthracyclines. The most fre-
quent cardiac side effect from 5-fluorouracil is
anginal chest pain. Myocardial infarction, acute
pulmonary edema, and pericarditis can also
occur, but these events are much rarer. The under-
lying mechanism for 5-flourouracil cardiotoxic-
ity is thought to be due to coronary artery
vasospasm. Its incidence is estimated to be
around 8% [44]. The risk may be related to the
mode of 5-flourouracil administration where
infusional therapy is associated with a higher risk
than bolus treatment. A prior history of coronary
artery disease and concurrent use of cardiotoxic
agents, including chemotherapy and radiation,
also increase the risk. Fortunately, cardiac symp-
toms typically resolve with the cessation of
5-flourouracil treatment and the instigation of
standard antianginal medical therapy.
Rechallenging patients who have previously
experienced 5-fluoruracil-related cardiac toxici-
ties is somewhat controversial and generally not
recommended due to high rates of recurrence. If
rechallenge is being considered, it should be
done under cardiac monitoring and close obser-
vation by specialized medical personnel.
Alternatively, switching to non-fluoropyrimidine
regimens is preferred. Furthermore, symptomatic
patients should ideally undergo cardiac testing to
rule out occult coronary ischemia.
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Capecitabine is an oral fluoropyrimidine that
is metabolized to 5-flourouracil, which is the
active anticancer form of the drug. Thus, the car-
diac toxicity profile of capecitabine is very simi-
lar to that observed for 5-flourouracil [45].

Taxanes

For taxanes such as paclitaxel, mild bradycardia
and heart blocks can occur, although these are
usually relatively asymptomatic. Overall, the
incidence of these events is very low, and thus
routine cardiac monitoring is not required for
typical patients without risk factors. It is impor-
tant to note that the nanoparticle albumin-bound
paclitaxel (e.g., nab-paclitaxel) bodes the same
cardiac toxicity profile as the regular, non-albu-
min-bound formulation. Similarly, conduction
abnormalities and angina have been reported in
users of docetaxel. Both paclitaxel and docetaxel
also appear to potentiate the cardiotoxic effects
of anthracyclines, as described previously [46].

Anti-angiogenic Agents

The vascular endothelial growth factor (VEGF)
signaling pathway plays a critical role in tumor
angiogenesis and has been a major target for can-
cer therapies leading to approval of more than a
dozen drugs for a variety of cancers. Inhibition of
the VEGF pathway can be achieved by several
ways including the use monoclonal antibodies
that block VEGF (such as bevacizumab) or its
receptor (VEGFR2) such as ramucirumab or the
use of VEGF-trap as in the case of aflibercept
which acts as a decoy receptor for
VEGEF. Alternatively, sunitinib and pazopanib are
examples of small molecule inhibitors of VEGF
receptor tyrosine kinases (TKIs).

VEGEF inhibitors have been associated with a
variety of cardiovascular complications such as
hypertension, thromboembolic events, cardiac
arrhythmia, and cardiomyopathy, to name a few.
Hypertension, in particular, is very common and
ranges from 20% with bevacizumab to upward of
50% with some of the newer agents such as len-

vatinib. This association is likely multifactorial.
Inhibition of the VEGF pathway may result in an
imbalance between vasodilators and vasocon-
strictors and loss of capillary circulation [47].
Interestingly, the development of hypertension
was associated with improved outcomes in some
reports [48]. Active monitoring and management
with standard antihypertensive therapy are rec-
ommended specially during the first few weeks
of therapy.

LV dysfunction has been reported with several
of these agents. For instance, in trials of sunitinib,
a VEFG TKI commonly used in the treatment of
metastatic renal cancer and gastrointestinal stro-
mal tumors was associated with a decrease in LV
function and overt heart failure in 10-3%, respec-
tively [49]. Retrospective analyses suggest an
even higher incidence of cardiovascular compli-
cations. Similar to trastuzumab, functional recov-
ery of myocardial function is frequently (albeit
not invariably) seen after their interruption sug-
gesting a type II injury.

Arterial thromboembolic events such as stroke
and myocardial infarction have also been linked
to some of these agents such as bevacizumab
(twofold increase in risk), whereas the associa-
tion with venous thromboembolism has also been
suggested but is less clear.

Small Molecule Tyrosine Kinase
Inhibitors

TKIs block the function of tyrosine kinases
which are enzymes responsible for the activation
of several proteins integral in the signal transduc-
tion pathways responsible for cell growth,
proliferation, and differentiation. These drugs
have emerged as a major component in the treat-
ment of several cancers, and their use has
increased exponentially in the past few years.
Unlike traditional chemotherapy, these agents are
administered orally and often used for prolonged
periods of time ranging from months to even
years as in the case of imatinib and other ABL1
kinase inhibitors used in the treatment of chronic
myeloid leukemia (CML). These factors further
emphasize the potential for being “overlooked”



11 Victims of Our Own Success: Cardiac Toxicities from Conventional and Emerging Cancer Therapies

177

as a potential cause for cardiac diseases and
underscores the importance of familiarity with
their side effect profiles not only for oncologists
but also for primary care physicians and
cardiologists.

The range of cardiac complications seen with
these small molecule inhibitors is wide; however,
individual drugs have unique side effect profiles.
For example, vandetanib, a multi-kinase inhibitor
used to treat patients with medullary thyroid can-
cer, is known to cause prolongation of QTc in
16% of patients [50]. Torsades de pointes and
sudden death have also been reported leading the
Food and Drug Administration (FDA) to issue a
US box warning. It should be avoided in patients
using other drugs known to cause QT prolonga-
tion and in patients with electrolyte
abnormalities.

A detailed discussion of these agents and their
cardiac manifestations is beyond the scope of this
chapter.

Cardio-oncology

As more cancer therapies become available, a
growing number of cancer survivors face many
challenges including the consequences of can-
cer treatment. The field of cardio-oncology
addresses the cardiovascular issues arising
from cancer therapy. It has evolved over the last
decade in response to a massive expansion of
novel therapies in cancer, many of which carry
significant cardiac morbidity. In addition, the
interplay between cancer and the cardiovascu-
lar system extends beyond toxicology as cancer
by itself is associated with cardiovascular and
metabolic complications [47]. Finally, cancer
and the cardiovascular system seem to share
common pathways which are not fully under-
stood; therefore, cardio-oncology can serve as a
novel platform for clinical and translational
research to help cardiovascular drug discovery
[51] and provides an excellent opportunity for
collaboration between oncologists and cardiol-
ogists both in the care of patients and in clinical
trial design.

Summary

In summary, advances in early detection and
treatment strategies have prolonged the natural
history of many cancers and contributed to an
increasing prevalence of cancer survivors. Some
of these patients are now faced with the sequelae
of early and late treatment-related toxicities,
many of which involve the cardiovascular sys-
tem. Cardiotoxic chemotherapy, molecular tar-
geted therapy, and radiation are increasingly
incorporated into current treatment paradigms,
but each agent is associated with a spectrum of
cardiac side effects. As members of the cancer
team, a basic awareness of the mechanisms, risk
factors, management, and prognosis of these var-
ious treatment-associated cardiac toxicities is
important for addressing the specific needs and
optimizing care for present and future cancer
survivors.
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