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INTRODUCTION

The advent of modern cancer therapy has considerably improved the outcomes of

oncology patients and, for the first time, has introduced survivorship as a theme in the
management of patients with cancer. However, both traditional and novel chemotherapies
are associated with cardiotoxicity. Increasingly, patients with cancer are older, have
cardiovascular comorbidities, have prior exposure to anticancer therapies, and/or have
received combinations of agents. These factors can predispose to cardiotoxic effects of
chemotherapies and contribute to a growing prevalence of patients with cardiac diseases
related to cancer treatments. Cardio-oncology services are emerging internationally to guide
optimal management of this challenging patient population.

The more common anticancer therapies and their respective cardiotoxicities are outlined

in Table 1. This review focuses on cardiomyopathy associated with anthracycline
chemotherapies and HER-2 targeted therapies, which together constitute a major subset

of referrals to cardio-oncology clinics. Cardiomyopathy in the setting of these agents

can range from asymptomatic reversible myocardial injury to irreversible, symptomatic
congestive heart failure. Surveillance and management strategies used to identify and treat
adverse cardiac effects for these chemotherapies are reviewed. The challenges facing cardio-
oncologists are also explored, including the lack of consensus guidelines to direct clinical
practice.

" Corresponding author. Cardio-Oncology Program, Brigham and Women’s Hospital, Dana-Farber Cancer Institute, 75 Francis Street,
Boston, MA 02115. jmoslehi@partners.org.

SUPPLEMENTARY DATA
Supplementary data related to this article can be found online at: http://dx.doi.org/10.1016/j.mcna.2012.07.008.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Groarke et al. Page 2

ANTHRACYCLINE-INDUCED CARDIOMYOPATHY

Anthracyclines serve as effective chemotherapy for the treatment of breast cancer,

acute leukemia, Hodgkin and non-Hodgkin lymphoma, and sarcomas—all of which are
cancer types that can occur in young people and are potentially curable. Doxorubicin
(Adriamycin) and daunorubicin (daunomycin) are glycoside antibiotics and were the
original anthracyclines isolated from the pigment-producing bacterium Streptomyces
peucetiusin the 1960s. The precise mechanisms of action of anthracyclines are still debated
but likely involve tumor DNA intercalation, DNA binding and alkylation, increased DNA
damage via the generation of reactive oxygen species, inhibition of topoisomerase 11, and
induction of apoptosis. Anthracyclines, and specifically doxorubicin, remain an important
cornerstone of chemotherapy for a vast variety of cancers and are increasingly being used in
older patient populations.

In initial trials with doxorubicin and daunorubicin, toxicities were noted in tissues

with a high mitotic rate, such as the bone marrow, gastrointestinal system, and hair
follicles. Accordingly, many patients suffered from nausea, vomiting, myelosuppression,
and alopecia?; but these toxicities were generally reversible or responsive to drug dose
adjustments. It later came as a surprise when further studies with doxorubicin indicated
that the major limitation of use was cardiac toxicity. Clinicians now widely recognize that
anthracyclines pose a significant cardiac risk, which can manifest as a reversible early (or
acute) cardiac toxicity and/or a later (chronic) presentation of cardiomyopathy with clinical
heart failure and associated mortality. More recently, it has become evident that myocardial
injury can occur at the time of acute treatment with doxorubicin and that, conversely,
doxorubicin-induced chronic cardiomyopathy is potentially reversible.

Acute Cardiotoxicity

Acutely, anthracycline treatment can cause tachycardia, hypotension, electrocardiographic
changes, arrhythmias, and a myocarditis-pericarditis syndrome. In rare cases, myocardial
infarction or even sudden cardiac death can occur within hours following anthracycline
treatment. Nonetheless, acute cardiovascular complications are largely asymptomatic and are
generally thought to be reversible.3 In a study of almost 1700 patients with non-Hodgkin
lymphoma, 55 patients developed acute cardiotoxicity requiring a cardiology referral,
including 5 cases of acute heart failure and 1 case of myocardial infarction.# Older patients,
who are more likely to have coexisting cardiovascular disease, seem to be predisposed

to the acute cardiotoxicities associated with doxorubicin.® In a study evaluating the use

of liposomal doxorubicin in an older patient cohort (mean age of 72 years), 1 out of

every 5 patients developed acute cardiotoxicity, including tachycardia, atrial fibrillation, and
cardiomyopathy.

Although acute cardiotoxicity associated with anthracyclines has been traditionally thought
to be reversible, recent studies have highlighted the potential for irreversible myocardial
injury. At the time of infusion-based administration of anthracyclines, elevation of serum
troponins have been detected.” Furthermore, myocardial biopsies obtained within hours after
anthracycline exposure have demonstrated evidence of myocardial tissue injury and cell
death.8 Evidence of anthracycline-induced myocyte damage has also been seen in children
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in whom troponin elevations have been correlated with later left ventricular remodeling on
echocardiography.® More studies are needed to determine whether acute cardiotoxicity after
anthracycline exposure predicts future cardiomyopathy or heart failure.

Chronic Cardiotoxicity

Chronic cardiovascular toxicities associated with anthracyclines are a cause for even greater
concern. Cardiomyopathy and clinical heart failure are the main dose-limiting side effects

of anthracyclines. Anthracycline-induced cardiomyopathy can occur within the first year
and up to a decade after completion of therapy. A recent meta-analysis showed that the

use of an anthracycline-based chemotherapy was associated with a significant increased

risk of both clinical and subclinical cardiotoxicity over use of a non-anthracycline-based
chemotherapy.10 Initial studies suggested an incidence of 2.2% of developing clinical
congestive heart failure after doxorubicin treatment.1! A significantly higher percentage of
patients have evidence of subclinical heart failure. Fifty-seven percent of children exposed to
doxorubicin had echocardiographic evidence of cardiac dysfunction, although only 10% had
clinical heart failure.12 In a separate study of adult survivors of childhood cancer, most of
whom were treated with anthracyclines, 27% of the patients had echocardiographic evidence
of cardiac dysfunction.13

Several risk factors predispose patients to anthracycline-induced cardiomyopathy. The
strongest predictor for cardiac dysfunction is the cumulative dose of anthracyclines
administered.14 In the case of doxorubicin, general recommendations dictate the cumulative
dose of doxorubicin not to exceed 450 mg/m? in adults. However, there is variability

seen among patients, with some developing heart failure at a cumulative dose of 300
mg/m2. Other risk factors predisposing to anthracyclines-induced cardiomyopathy include
age extremes, concomitant chemotherapy and radiation, and a history of cardiovascular
disease. Although preexisting cardiac history or cardiac risk factors may potentiate the
development of doxorubicin-induced heart failure in older patients, it is less clear why
children are at an increased risk of developing anthracycline-induced cardiomyopathy, where
a younger age is associated with echocardiographic evidence of cardiac dysfunction.1®

Pathogenesis—Most proposed models for anthracycline-induced cardiomyopathy suggest
progressive myocardial cell death following successive anthracycline exposure.18 Although
earlier stages of anthracycline-induced cardiac damage may be undetectable via standard
cardiac imaging, cumulative exposure to anthracyclines eventually exceeds a threshold

of myocardial damage that manifests initially as overt structural cardiac changes (eg,
myocardial dilatation, cardiomyopathy) and ultimately as frank heart failure. Acute exposure
to anthracyclines leads to myocardial damage, as evidenced by elevated cardiac serum
biomarkers and histologic changes on myocardial biopsy, including mitochondrial swelling
and chromatin contraction, consistent with apoptosis.18

Less clear are the upstream pathways leading to myocardial cell death. The presumed
mechanism of action of anthracyclines is interference with DNA replication in rapidly
dividing cells, such as cancer cells. Consistent with this hypothesis, some side effects of
anthracyclines are seen in organs with high turnover, such as bone marrow and hair follicles.
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It is, therefore, surprising that the heart (an organ with limited regenerative capacity) is

the major organ of toxicity. The proposed mechanism of cardiotoxicity is the generation of
reactive oxygen species by various mechanisms including redox cycling, iron complexation,
and electron transport chain uncoupling. Accordingly, overexpression of free of radical
scavengers, or co-treatment with strong antioxidants, protects against anthracyclines-induced
cardiomyopathy in animal models. However, these preclinical studies have not translated

to human clinical trials, indicating that oxidative stress may not be the sole mechanism of
toxicity.1’

Aside from standard cardioprotective medications, the only compound that has been
found to be consistently protective in anthracycline-mediated cardiomyopathy has been
dexrazoxane, an iron chelator that can attenuate iron-catalyzed hydroxyl radical formation.
Dexrazoxane prevents or reduces cardiac injury, as reflected by elevations in troponin T
and long-term echocardiographic measures of cardiac remodeling in children treated with
leukemia.1819 More studies are needed to assess clinical end points such as incident heart
failure or cardiac death. Notably, the use of dexrazoxane has met some resistance in the
adult oncology community due to a perceived risk of secondary malignant formation.

HER2 TARGETED THERAPY

The human epidermal growth factor receptors (EGF receptors or ErbB) are a family of
transmembrane receptor tyrosine kinases involved in the regulation of cell growth and
cell survival, with important roles in tumor genesis and growth.2021 HER2, one of the
4 members of this family, is overexpressed in about 20% to 30% of breast cancers and
is often associated with a more aggressive tumor phenotype associated with a poorer
prognosis.22-25 HER2 overexpression in cancer cells leads to continuous stimulation of
downstream signaling pathways and uncontrolled cell proliferation.26

Trastuzumab (Herceptin), a humanized monoclonal antibody against the extracellular
domain of the HER2 protein that can inhibit proliferation of malignant cells, is approved for
the treatment of both metastatic and early stage breast cancer with HER2 overexpression.22
A meta-analysis of 5 randomized controlled trials comparing chemotherapy with and
without trastuzumab in 13 493 women with HER2-positive breast cancer reported a 34%
lower relative risk of mortality, a 36% lower relative risk of locoregional recurrence, and

a 40% lower relative risk of distant recurrence among patients receiving trastuzumab.?
Lapatinib is another Food and Drug Administration—-approved second-line agent for use
with capecitabine for HER2-positive metastatic breast cancer, or for use in combination
with letrozole for hormone receptor—positive disease.2’” Unlike trastuzumab, lapatinib is

an oral small tyrosine kinase inhibitor (TKI) that competes with ATP for binding to the
ATP binding pocket of kinases HER1 and HER2, blocking phosphorylation and activation
of both receptors.28 Phase 111 trials showed that adjuvant lapatinib improves outcomes in
patients with advanced breast cancer overexpressing HER2.29:30 More recently, pertuzumab,
a monoclonal antibody that inhibits HER2 dimerization and activation, as well as the
antibody-drug composite, trastuzumab emtansine (also known as T-DM1), have shown
efficacy in patients with HER2-positive breast cancer. These novel therapies illustrate an
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expanding arsenal of HER2-targeted therapies that are being used, often in combination, for
HER2-positive breast cancer.

Cardiotoxicity

Trastuzumab can cause an asymptomatic decline in cardiac function as well as symptomatic
congestive heart failure. In early clinical trials, trastuzumab was given concomitantly with
other chemotherapies for breast cancer treatment, resulting in a variable incidence of

heart failure. For example, patients treated with trastuzumab and along with concurrent
anthracycline and cyclophosphamide had an incidence of symptomatic cardiac dysfunction
of 27%, with the incidence decreasing to 13% in the setting of paclitaxel and trastuzumab
combination therapy.22 In subsequent trials, trastuzumab was given sequentially following
other chemotherapies, resulting in a significant decrease in the incidence of cardiomyopathy.
In these studies, the incidence of severe symptomatic (New York Heart Association class

I11 or IV) heart failure in patients treated with chemotherapy and adjuvant trastuzumab was
found to range from 0.5% to 3.7% compared with 0% up to 0.7% among patients treated
with chemotherapy alone.! The incidence of asymptomatic reductions in LVEF was higher
and resulted in the discontinuation of trastuzumab in approximately 14% of patients in one
study.3! In contrast, in a pooled analysis of 44 clinical trials, only 1.6% of 3689 patients
treated with lapatinib experienced a 20% or more decrease in LVEF relative to baseline and
most were asymptomatic.32

Cardiac dysfunction caused by trastuzumab differs from anthracycline-induced
cardiomyopathy in that it is not dose dependent; it can occur acutely, even after the

first exposure; and, it is largely reversible on treatment withdrawal. These differences

have led to the subclassification of chemotherapy-associated cardiomyopathies into type |
(anthracycline-like, which presumably involves myocyte death) and type Il cardiomyopathy
(trastuzumab-like, where there is reversibility of myocardial impairment).33 These subtypes
are not mutually exclusive and may coexist in patients treated with contemporary multi-
agent treatment regimens.

Pathophysiology

The pathophysiological mechanisms underlying trastuzumab-induced cardiotoxicity are not
fully understood. The activation of HER2/HER4 heterodimers by neuregulinl (NRG1), a
growth factor produced by cardiac endothelial cells, stimulates many important downstream
signaling pathways that promote cardiomyocyte growth and survival.34-37 By specifically
blocking HER2, trastuzumab treatment appears to compromise the ability of myocytes to
withstand or recover from stressors, such as anthracycline-induced damage. Mitochondrial
dysfunction and disruption of ATP production have also been postulated as a possible
mechanism for trastuzumab-associated cardiotoxicity.38:39 The relatively lower incidence
of cardiotoxicity observed with lapatinib, which also blocks the NRG/ErbB pathway, is
puzzling. A few hypotheses have been proposed. As a monoclonal antibody, trastuzumab
may mediate antibody-dependent cell cytotoxicity and complement-dependent cytotoxicity,
thus augmenting cardiotoxicity.28:49 Furthermore, differential inhibition or activation of
downstream signaling pathways by lapatinib versus trastuzumab may also explain observed
discrepancies in outcomes.*!
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Groarke et al.

Page 6

DIAGNOSIS

Maintaining an index of suspicion for cardiotoxicity in patients receiving cancer therapies is
fundamental for timely diagnosis. A review of symptoms and clinical examination at regular
intervals before, during, and after chemotherapy are necessary. However, cardiotoxicity is
often subclinical until a certain threshold of injury is exceeded, limiting the sensitivity

of symptoms and signs of heart failure in early diagnosis of cardiac injury. Therefore,
cardiac imaging and cardiac biomarkers are complementary in the diagnosis and screening
of patients with possible chemotherapy-induced cardiotoxicity.

Cardiac Imaging

Transthoracic echocardiography—In current clinical practice, transthoracic
echocardiography (TTE) and multi-gated radionuclide angiography (MUGA) are the most
commonly used modalities for non-invasive baseline and serial assessment of LVEF in
patients receiving chemotherapeutic agents. TTE provides a qualitative and quantitative
assessment of LVEF, in addition to useful information regarding valvular function,
pericardial processes, and diastolic function. It should be noted that TTE image quality and
interpretation can be limited in patients with obesity, chronic obstructive pulmonary disease,
and musculoskeletal deformities. For such cases, contrast-enhanced echocardiography can
improve endocardial definition allowing for accurate and reproducible assessments of
LVEF.4243 The diagnosis of cardiotoxicity relies on the detection of often subtle differences
in LVEF, underscoring the need for echocardiogram reports to detail any quality issues that
might compromise the reliability of results.

MUGA—MUGA assessments of LV systolic and diastolic function are commonly used.
MUGA provides a well-established, simple, reproducible, and accurate measurement of

LV function. Oncologists’ familiarity with this technique and interpreting results likely
contribute to the pervasive presence of MUGA in contemporary surveillance strategies.
Unlike TTE, MUGA exposes patients to radiation and fails to provide additional information
on valvular and pericardial processes, which are not infrequent complications of cancer

and cancer therapies. Surveillance schedules have been suggested for monitoring patients
with serial MUGA s for doxorubicin-induced cardiotoxicity; monitoring LVEF in accordance
with these protocols has been associated with a fourfold reduction in the incidence of
doxorubicin-associated heart failure.44

Novel imaging techniques

Echocardiography: myocardial strain and tissue Doppler imaging: Deterioration in LV
systolic function to the point that it is manifest as a noticeable change in LVEF is a

relatively late and potentially irreversible finding. More sensitive imaging strategies that may
identify cardiotoxicity at an earlier, modifiable stage in the disease process are under review.
Interest has focused particularly on the contemporary echocardiographic techniques of tissue
Doppler and myocardial strain imaging.

Reductions in LV diastolic function may precede LV systolic function in chemotherapy-
induced cardiotoxicity (Fig. 1).4>46 Several small and largely single-center studies have

Med Clin North Am. Author manuscript; available in PMC 2023 July 10.
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reported observing utility in assessing serial changes in radionuclide angiography or
TTE-derived measurements of LV diastolic function in the effort to detect subclinical
cardiotoxicity.1247:48 However, serial echocardiographic assessment of diastolic parameters
failed to predict cardiotoxicity among 43 patients receiving anthracycline and trastuzumab as
the treatment of breast cancer.4® Such small, single-center studies with inconsistent findings
highlight the need for larger multicenter prospective studies to determine the role for serial
quantification of diastolic function.

Longitudinal myocardial strain echocardiography has also been reported in several small
studies as more sensitive than conventional LVEF assessment in the early detection of
LV cardiotoxicity (Fig. 2).5%:51 An early decrease (>10%) in peak systolic myocardial
longitudinal strain predicted the later occurrence of cardiotoxicity among 43 patients
receiving anthracyclines and trastuzumab with a sensitivity and specificity of 78% and
79%, respectively.*® Among 81 women treated with anthracyclines followed by taxanes
and trastuzumab, abnormalities of peak systolic longitudinal myocardial strain measured
after completion of anthracycline therapy predicted subsequent cardiotoxicity.” Eighteen
(51%) out of 35 patients undergoing trastuzumab therapy for breast cancer demonstrated
significant reductions in longitudinal strain, identifying preclinical myocardial dysfunction
before standard echocardiographic measures, such as LVEF.52

Serial real-time 3-dimensional TTE (RT3DTTE) assessment of LV end-diastolic volumes
(LVEDVs) has been shown to strongly correlate with measurements of cardiac magnetic
resonance imaging (CMR) and/or MUGA-derived measurements of LVEDV in a cohort
of 50 female patients with breast cancer who received trastuzumab after doxorubicin.53
As imaging technology advances and experience with acquisition and post-processing
accumulates, RT3DTE may assume an important role as a reliable and reproducible
alternative to 2-dimensional TTE assessment of LV volumes. The additive value of
dobutamine or exercise stress echocardiography in the early detection and surveillance of
cardiotoxicity is uncertain, with inconsistent results from small single-center studies.>4-56

Nuclear imaging techniques: Nuclear imaging techniques that detect myocardial

injury at an early stage preceding the development of overt LV systolic dysfunction

are under investigation. Such techniques include 123|-labeled meta-iodobenzylguanidine
(MIBG) scintigraphy (decreased 1231-MIBG uptake in cases of doxorubicin-induced
cardiomyopathy), cardiac sympathetic neuronal imaging using positron-emission
tomography (PET), and 111In-antimyosin scintigraphy (111In-antimyosin binds to
intracellular myosin of injured myocytes).®’ It will be necessary to standardize acquisition
protocols and to clarify the role and utility of these techniques through clinical studies
before their application in practice.

CMR: CMR allows very accurate and reproducible assessment of ventricular volumes

and estimation of LVEF. T2-weighted imaging with fat suppression can detect myocardial
edema that may be a feature of acute myocardial inflammation and injury secondary

to carditoxicity>8; the role of this technique in the diagnosis of cardiotoxicity and the
clinical significance of myocardial edema in this context requires evaluation in prospective
studies. The pattern and significance of late gadolinium enhancement (LGE) in patients with

Med Clin North Am. Author manuscript; available in PMC 2023 July 10.
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cardiotoxicity also requires investigation. Subepicardial linear LGE of the lateral segments
of the LV has been described in patients with trastuzumab-induced cardiomyopathy.>®
Relatively limited access, cost, and time required for acquisition and post-processing limit
the practical use of CMR technology in routine surveillance for cardiotoxicity. However,
CMR may be more practically employed in the single-use evaluation of patients with
manifest LV dysfunction following exposure to chemotherapy. In such patients, CMR can
assist in evaluating for alternative or contributing disease processes such as ischemic heart
disease and infiltrative disorders.

Appropriate use criteria—Concerns about potential overutilization of various cardiac
imaging modalities led to the development of appropriate use criteria for each modality by
the various academic bodies, such as the American College of Cardiology and American
Heart Association. The use of TTE or MUGA is considered appropriate in the baseline
and serial evaluation of patients undergoing therapy with cardiotoxic agents.f.61 CMR

is considered appropriate in the evaluation of LV function in patients with technically
challenging echocardiograms and/or in the evaluation of cardiomyopathies caused by
cardiotoxic therapies.%?

Cardiac Biomarkers—Elevated troponin or NT-pro-brain natriuretic peptide (BNP) in
the early post-exposure period can identify an at-risk subgroup that may benefit from
increased frequency of cardiac function testing.”:63-66 Elevated ultrasensitive troponin |
assays exceeding 30 pg/mL at the completion of anthracycline therapy were predictive of
subsequent cardiotoxicity in a study of 81 patients with breast cancer.” Persistently elevated
NT-pro-BNP assays in the early aftermath of high-dose chemotherapy were strongly
associated with downstream cardiac dysfunction among 52 patients treated with high-dose
chemotherapy.®® In clinical practice, it is likely that the utility of biomarkers will prove
most helpful as an adjunct to cardiac imaging in the intensified surveillance of patients
predisposed to cardiotoxicity for the detection of earlier subclinical toxicity, directing more
timely interventions and surveillance schedules.

MANAGEMENT

Surveillance

The management of chemotherapy-induced cardiomyopathy requires a multidisciplinary
approach with input from both the oncology and cardiology teams. Benefits of continuing
chemotherapy and/or modifying treatment regimens must be weighed against the risk of
irreversible cardiovascular outcomes. The development of cardio-oncology programs will
help to deliver experience and expertise in the management of this growing and challenging
patient population.

Cardiac imaging—based surveillance of LV function during treatment with agents other than
trastuzumab remains controversial. In the case of trastuzumab, the timing of surveillance
cardiac function tests generally adheres to pretreatment baseline studies and then quarterly
studies for the duration of chemotherapy.#9:67.68 The frequency of studies following the
completion of chemotherapy varies without consensus. The protocol followed in the authors’
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institution for patients receiving trastuzumab is outlined in Fig. 3. There are currently
no published consensus guidelines on the prospective surveillance and management of
cardiotoxic effects of cancer therapies in adults.%®

The concept of a standard surveillance schedule is arbitrary. Individual susceptibility

to cardiotoxicity and the cardiotoxic potential of all anticancer treatments are not

uniform. Thus, a reasonable approach is to tailor surveillance schedules according to

patient susceptibility and the agent involved. Patients require pretreatment screening for
characteristics associated with increased risk of cardiotoxicity. ldentifying high-risk patients
should prompt intensified surveillance of cardiac function.”® High-risk features that are
largely relevant in the context of exposure to any potentially cardiotoxic drug treatment are
outlined in Box 1.

Pharmacotherapy

In the context of established LV systolic impairment that is presumed secondary

to anticancer therapy, heart failure therapies, including beta-blockers and angiotensin
converting enzyme (ACE) inhibitors or angiotensin receptor blockers, are introduced and
up-titrated according to contemporary guidelines for the management of heart failure.”?
Studies of heart failure treatments specifically in patients with chemotherapy-induced
cardiomyopathy are few. The addition of enalapril, with or without carvedilol, was studied in
a single-center prospective study of 201 patients with anthracycline-induced cardiomyopathy
(LVEF <45%), and was associated with some improvement in LV function in 55% of
patients.”2 In the absence of specific guidelines, standard pharmacotherapy of heart failure
should also be initiated in the setting of trastuzumab-induced cardiomyopathy. Given the
preclinical and clinical evidence in favor of dexrazoxane, prophylactic use should be
considered in high-risk patients being treated with anthracyclines. The optimal heart failure
regimen for chemotherapy-induced cardiotoxicity requires evaluation through dedicated
clinical trials.

Balancing Cancer and Cardiovascular Outcomes

The main challenge of cardio-oncology is to balance cancer and cardiovascular outcomes.
An overall aim is to avoid compromising the efficacy of anti-cancer therapy while
minimizing the risk of cardiac side effects. The evidence base to achieve such goals is
deficient and consensus is lacking. This deficiency emphasizes the need to include cardiac
outcomes in the design of trials for anti-cancer therapies, extend follow-up periods to

detect late cardiotoxicity, and determine optimal cost-effective surveillance strategies and
schedules for the early detection of cardiotoxicity. The clinical significance of abnormalities
in ventricular strain and diastolic measurements, myocardial edema on T2-weighted
magnetic resonance imaging, and abnormalities on nuclear functional imaging need to be
evaluated by prospective trials. Overinterpreting the clinical significance of such findings
may prompt modifications to anti-cancer therapies at the cost of efficacy. On the other hand,
such findings may present an opportunity for early intervention that may reduce the risk of
downstream, irreversible cardiac morbidity.

Med Clin North Am. Author manuscript; available in PMC 2023 July 10.
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Recommendations

There are certain key concepts that are clinically applied at the authors’ institution.

All patients undergoing therapy with a potentially cardiotoxic agent require a baseline
pretreatment study of cardiac function. Although the need is apparent, cardiac testing
pretreatment is underutilized. For example, less than 30% of 3779 women with metastatic
breast cancer receiving trastuzumab between 2001 and 2010 had pretreatment cardiac
function testing.”3 The authors encourage pretreatment screening of all patients for the
high-risk features outlined in Box 1 and advocate surveillance for specific high-risk cohorts.
Serial TTE with the measurement of LV systolic and diastolic parameters, in addition to
myocardial strain and strain rate imaging, and direct comparison with equivalent measures
on prior studies is the contemporary default surveillance strategy in the authors’ institution,
maintaining a low threshold for using ultrasound contrast agents as needed.

It is important to remember that LVEF measured by the differing modalities of MUGA,
TTE, and CMR are not interchangeable.”* Therefore, the same modality is used throughout
surveillance for reliable interval comparisons.

For patients with established LV systolic dysfunction, additional cardiac testing is
considered on an individual patient basis. Stress imaging can help exclude ischemia as

an alternative cause of or contributor to LV impairment. Several stress-imaging modalities
are useful in this context and selection will be governed by local availability and expertise.
Stress CMR offers the advantage of evaluating for ischemia while also providing useful
additional information, including accurate quantification of LV volumes and information on
the pattern of any myocardial edema or LGE that may be present. However, patients with
contraindications to magnetic resonance imaging (MRI) (eg, pacemaker) or significant renal
dysfunction precluding administration of gadolinium are not suitable for this technique.
Stress myocardial perfusion imaging with single-photon emission computed tomography or
PET-computed tomography (CT) are alternatives for evaluating for ischemia; PET-CT offers
the advantages of lower radiation exposure and the ability to quantify coronary flow reserve.

SUMMARY

The pharmacologic armamentarium used in the treatment of all stages of cancer has evolved
in recent decades, and ongoing oncology clinical trials promise further progress. As such,
drug regimens used in the treatment of cancer are increasingly complex with combinations
of agents with differing, and sometimes synergistic, cardiotoxic potential.

Clinical trials of chemotherapeutic approaches have been criticized for inconsistent
definitions of cardiotoxicity, variable cardiac surveillance strategies and schedules, and
failure to monitor diastolic function.” Furthermore, trials may fail to include cardiac
endpoints in the study design, and follow-up durations are often insufficient to detect late
cardiotoxicity. These factors contribute to uncertainty of the true incidence of cardiotoxicity
for many anticancer agents. The prevalence of chemotherapy-related cardiac disease is
increasing and management demands a multidisciplinary approach from cardiologists and
oncologists.

Med Clin North Am. Author manuscript; available in PMC 2023 July 10.
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Pretreatment identification of predisposing risk factors and the assessment of cardiac
function before and at intervals during and after therapy with cardiotoxic agents are
necessary. In clinical practice, surveillance is largely performed using TTE or MUGA.
Imaging strategies that detect cardiac injury before overt LV systolic dysfunction provide an
opportunity for early intervention and improved cardiac outcomes. Appropriately designed
clinical trials are needed to clarify optimal surveillance strategies and schedules, the cost-
effectiveness of various approaches, and the appropriate management based on imaging
findings.

EPILOGUE

The patient presented in the case vignette was immediately initiated on an ACE inhibitor
and a beta-blocker, with up-titration of each to the maximum tolerated doses. Cardiovascular
risk factor screening did not identify any additional contributing or alternative cause for
cardiomyopathy. Cardiac MRI was negative for stress-induced perfusion abnormalities,
demonstrating a nonspecific, nondilated cardiomyopathy with an LVEF of 41%. A diagnosis
of anthracycline-associated cardiomyopathy was made.

Repeat TTE performed 4 weeks after the initiation of heart failure therapy confirmed an
interval improvement in LVEF from 45% to 50%. Given the compelling survival advantage
offered by trastuzumab for the patient’s cancer type, the multidisciplinary consensus was to
commence trastuzumab and continue heart failure therapies concurrently.

Surveillance TTE was performed every 3 weeks before each trastuzumab dose; a troponin
assay and NT-pro-BNP were drawn after each dose. At 3 months, LVEF remained stable

at 50% in the absence of symptoms, and all biomarkers since trastuzumab initiation

were within normal limits. Intervals between surveillance echocardiograms were extended
to every 2 months for the remainder of trastuzumab therapy, and post-dose biomarker
surveillance was discontinued. Trastuzumab therapy was then continued for 1 year without
event. The patient currently remains free of recurrent cancer 2 years following the
completion of trastuzumab, continues on ACE inhibitor and beta-blocker therapy, and
undergoes a routine surveillance TTE annually. The most recent TTE confirms a recovery of
LVEF to 60% (Video 2).
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KEY POINTS
. The prevalence of chemotherapy-related cardiac disease is increasing and
management requires a multidisciplinary approach from cardiologists and
oncologists.
. Pretreatment identification of predisposing risk factors and assessment of

cardiac function before and at intervals during and after therapy with
cardiotoxic agents are necessary.

. In clinical practice, surveillance is largely performed using transthoracic
echocardiography or multi-gated radionuclide angiography. Imaging
strategies that detect cardiac injury before overt left ventricular systolic
dysfunction provide an opportunity for early intervention and improved
cardiac outcomes.
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CASE VIGNETTE

A 41-year-old woman with no previous cardiac history was diagnosed with stage Il
invasive ductal carcinoma of the right breast. Pathology confirmed that the tumor was
estrogen receptor negative, progesterone receptor negative, and human epidermal receptor
(HER)-2 positive. Initial chemotherapy consisted of doxorubicin, to a cumulative

dose of 240 mg/m2, and adjuvant cyclophosphamide. Transthoracic echocardiography
on completion of this regimen revealed left ventricular systolic dysfunction, with

an estimated left ventricular ejection fraction (LVEF) of 40% to 45% (Video 1),

whereas pretreatment LVEF had been normal at 60%. Her oncologist had planned to
commence adjuvant trastuzumab, a monoclonal antibody targeting HER2, because a
meta-analysis of randomized controlled trials suggested that adjuvant trastuzumab would
offer this patient a 34% lower relative risk of mortality, a 36% lower relative risk of
locoregional recurrence, and 40% lower relative risk of distant recurrence compared with
chemotherapy without trastuzumab.! She was referred to the cardio-oncology clinic for
further evaluation and management of her cardiomyopathy and for assessment of cardiac
suitability for trastuzumab therapy.
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Box 1

General risk factors that predispose to cardiotoxic effects of anti-cancer
drugs

Very young (applies to anthracyclines) or old age at exposure

Combination of anti-cancer agents

Prior exposure to anti-cancer agents

Radiation therapy that included the heart or part of the heart in the irradiated volume
Cumulative dose (applies to anthracyclines)

Baseline LV dysfunction

Cardiovascular risk factors (eg, hypertension, diabetes mellitus)

Elevated troponin and/or NT-pro-BNP assays early following exposure
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Fig. 1.
(A) Pulsed-wave (PW) analysis of mitral annular velocity at the septal wall is obtained with

tissue Doppler imaging (TDI). Med E” Vel (medial early myocardial velocity) of 4.19 cm/s
is lower than the reference range of normal (12.2 + 2.3cm/s) for this 46-year-old female
patient with preserved LVEF receiving doxorubicin. (B) PW of the mitral annulus (lateral
wall) obtained by TDI from the same patient. Lat E” Vel (lateral early myocardial velocity)
of 4.97 cm/s is also lower than the reference range of normal for this patient (16.1 + 2.3
cm/s). These findings confirm the presence of impaired left ventricular relaxation (diastolic
dysfunction), which may be an earlier marker of cardiotoxicity compared to overt changes in
LV systolic function.

Med Clin North Am. Author manuscript; available in PMC 2023 July 10.



1duosnue Joyiny

1duosnuely Joyiny

Groarke et al. Page 22

18.000 Longitudinal Strain (Endo) [accuracy +/-2.827] ) 0899 ms.

14.400-
329 B 10.800-|
7.200-

2958 ——] §325]

Time To Peak
Longitudinal Strain (Endo) 1 901 ms 3.600-
TPk ms |

—— 0.000-{ -
329

329
-3.600

09-mid lateral -13.9578

-7.200-
Average -11.3499

IMaximum Opposing Wall Delay: 100 10.800-

Phase  +50 -14.400-

450 ms

= .18.000
ms.

Fig. 2.
Longitudinal strain analysis performed on the apical 4-chamber view. The 7 curves represent

longitudinal myocardial strain () axis) over a single cardiac cycle (xaxis) for each of 6

LV segments (basal septum [greer], midseptal [white], apical septal [/ight blue], apical
lateral [aark blue], midlateral [yellow], basal lateral [pink]) and a gray curve that represents
the average (global) longitudinal strain of these 6 segments. The numerical values for

peak longitudinal strain for each of these segments are outlined in the adjacent table. In a
study of 240 healthy volunteers, mean (£SD) overall global longitudinal strain was —18.6
+ 5.1%. The strain analysis in this figure was performed on a 46-year-old woman with
normal LVEF who recently completed anthracycline chemotherapy; a mean peak systolic
longitudinal myocardial strain of —11.4% is abnormal and is associated with increased risk
of subsequent cardiomyopathy, indicating the need for surveillance assessment of LVEF.
(Data fromMarwick TH, Leano RL, Brown J, et al. Myocardial Strain Measurement With
2-Dimensional Speckle-Tracking Echocardiography. J Am Coll Cardiol Img 2009;2:80-4.)
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Baseline TTE/MUGA

Repeat LVEF every 3 months [after 2 months if high risk

Normal baseline LVEF

feature(s)]

LVEF remains normal

[Repeat TTE/MUGA every 3 months|

during treatment and at 3 and 12

months following completion of
therapy.

If still normal at 1 year post-
treatment, reassess LVEF only if
symptoms of CHF develop.

Interval decrease in LVEF, but [nterval decrease in LVEF to < 40% a(l)clizecreasi in vag}t{%< 40%
remains > 40% AND asymptomatic R symptoms ol LEE
o o
Introduce/intensify HF treatment as Trastuzumab ‘holiday” for 4 weeks

per ACC/AHA guidelines Introduce/intensify HF treatment as
Evaluate for other causes of LV per ACC/AHA guidelines
ldysfunction (including stress cardiac Evaluate for other causes of LV
imaging) dysfunction (including stress cardiac
imaging)

Proceed with trastuzumab?®

Repeat TTE/MUGA at 1 month Repeat TTE/MUGA at 1 month

If LVEF improved:
Continue trastuzamab

Continue HF treatment

weeks pre-trastuzamab

Repeat TTE/MUGA every 3 Repeat TTE/MUGA every 3

If LVEF improved:
Recommence trastuzamab®

Continue HF treatment

weeks pre-trastuzamab

Fig. 3.

If LVEF unchanged/worse:
Intensify HF treatment
Early repeat TTE/MUGA

Consider termination of trastuzumab, at least until
EF recovers®

Abnormal Baseline LVEF

I.I

Evaluate for other causes of LV
dysfunction (including stress
cardiac imaging)

Treat HF as per ACC/AHA
guidelines
Proceed with trastuzumab if
patient is clinically asymptomatic
AND LVEF > 40%*
Repeat TTE/MUGA at 1 month

If LVEF deteriorates:
Intensify HF treatment
Early repeat TTE/MUGA

Consider termination of
trastuzumab, at least until EF
recovers®

If LVEF unchanged/ improved:|
Continue trastuzamab

Continue HF treatment

Repeat TTE/MUGA every 3
weeks pre-trastuzamab

Local institutional algorithm for cardiac surveillance of patients receiving trastuzumab
with or without prior exposure to chemotherapy.  Requires consensus of cardiologist and
oncologist following risk-benefit analysis. ACC, American College of Cardiology; AHA,

American Heart Association; HF, Heart Failure; EF, Ejection Fraction.
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Table 1

Commonly prescribed anticancer agents with summary of respective cardiotoxicity profiles
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Incidence of Cardiotoxicity? (%)

Inhibitors (TKIs)

Commonly (Incidence of Left Ventricular

Class Prescribed Agents Trade Name Dysfuntion -%) Reversibility

Anthracyclines Doxorubicin Adriamycin Dose dependent; up to 260 +
Epirubicin Ellence

HER-2 targeted therapies

A. Monoclonal Antibodies Trastuzumab Herceptin 4.5€ (up to 30% with asymptomatic e+

cardiomyopathy)

B. TKls Lapatinib Tykerb 1.5-2.29 Uncertain

V'SP inhibitors

A. Monoclonal Antibodies Bevacizumab Avastin 2.0h Uncertain

B. TKils Sorafenib Nexavar 21d +++
Sunitinib Sutent 418

Other Tyrosine Kinase Imatinib Gleevec 1.7F Uncertain

Abbreviations: HER2, human epidermal growth factor receptor 2; TKI, tyrosine kinase inhibitor; VSP, vascular endothelial growth factor signaling

pathway.

aNote: Definitions of cardiotoxicity used by sources vary, limiting direct comparisons of incidence between agents. Reversibility indicates the

percentage of patients who have cardiomyopathy reversibility after cessation of drug treatment and/or initiation of cardioprotective medications.
“+” denotes least likely to reverse and “++++"” most reversible. We additionally suggest changing the class grades as follow: anthracyclines “+”,
Her-2 receptor targeted therapies “+++” and TKIs under VSP inhibitors (see below for clarification of table 1) “+++”.

bJensen. Semin Oncol. 2006;33:515-21.

cSuter, Procter M, van Veldhuisen DJ, et al. J Clin Oncol. 2007:25:3859-65.

dEscudier, Eisen T, Stadler WM, et al. N Engl J Med. 2007;356(2):125.
eRichards, Je Y, Schutz FA, et al. J Clin Oncol. 2011;29(25):3450.
’jAtaIIah, Durand JB, Kantarjian H, et al. Blood. 2007;110(4):1233.

gPerez, Koehler M, Byrne J, et al. Mayo Clin Proc. 2008;83(6):679.

hBrana Choueiri TK, Mayer EL, Je Y, et al. J Clin Oncol. 2011;29(6):632-8.
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