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INTRODUCTION

Based on currently available estimates, there are
13.7 million patients with a history of cancer in
the United States who are either cancer free or
undergoing treatment, and about 1.7 million
new cases are expected to be diagnosed in
2014.1 Owing to significant progress made in
diagnostic and treatment capabilities over the
past few decades, a sizable proportion of these
individuals have an increased chance of long-
term survival.1 Like diabetes or hypertension,
cancer may now be considered as a chronic
manageable disease and as such it requires not
only early detection, periodic surveillance, and
appropriate therapy but also control of comorbid
conditions.2 Cardio-oncology has emerged as a
unique interface between the two fields, because
cardiovascular events are increasingly being re-
cognized as major sources of morbidity and

mortality in cancer survivors, because of either
direct cardiac toxicity of chemotherapeutic
agents2 or the presence of underlying concomi-
tant cardiovascular comorbidities.3,4

Cancer can affect the cardiovascular system in
multiple ways ranging from direct invasion of car-
diac structures from primary or metastatic tumors
of the heart to short-term or long-term cardiotoxic
effects of treatment modalities, such as chemo-
therapy and radiation. The traditional focus of car-
diac imaging has been on monitoring baseline and
posttreatment left ventricular ejection fraction
(LVEF), mostly through the use of echocardiogra-
phy or multiple gated acquisition nuclear scans.5

Cardiac magnetic resonance (CMR) imaging, by
virtue of its accurate depiction of cardiac
morphology and function, is rapidly being adopted
as an imaging modality that can provide a compre-
hensive assessment in cardio-oncology (Fig. 1).6
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KEY POINTS

� Patients with cancer are at risk for developing short-term and long-term adverse cardiovascular
outcomes, due to both direct and indirect off-target effects of cancer treatment.

� Cardiac magnetic resonance (CMR) imaging provides accurate assessment of left ventricular ejec-
tion fraction and should be used for monitoring cardiac function of patients both during and after
cancer therapy.

� CMR imaging can additionally evaluate for myocardial, valvular, pericardial abnormalities; assess
vascular compliance and provide tissue characterization of cardiac masses.
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This article discusses the role of CMR imaging in
the following 4 broad categories:

1. Cardiotoxicity of chemotherapeutic agents
2. Radiation-induced heart disease (RIHD)
3. Cardiac tumors
4. Other conditions pertinent to cardio-oncology

CARDIAC MAGNETIC RESONANCE IN THE
DETECTION OF CARDIOTOXICITY FROM
CHEMOTHERAPEUTIC AGENTS
Brief Overview of Cardiotoxicity

The occurrence of cardiotoxicity in the setting of
chemotherapy can be variable and depends on
the type of agent used, the overall cumulative
dose administered, patient-related factors
including age and comorbidities, as well as the
use of adjunct therapies such as radiation.5,7 Of
the different classes of chemotherapeutic drugs
that are implicated in causing cardiotoxicity, an-
thracyclines and tyrosine kinase inhibitor toxicities

are well described.7 In the case of anthracyclines,
the incidence rates of acute, early-onset, and late-
onset chronic progressive forms of cardiotoxicity
are less than 1%, 1.6% to 2.1%, and 1.6% to
5% respectively.7,8 Incidence rates of cardiomy-
opathy and congestive heart failure greater than
36% have also been reported in patients receiving
anthracycline doses of more than 600 mg per me-
ter square of body surface area.9 In a clinical trial
of women receiving trastuzumab, a monoclonal
antibody–based tyrosine kinase inhibitor, for
HER2-positive breast cancer, symptomatic
congestive heart failure and asymptomatic 10%
or more reduction in LVEF occurred in 1.7% and
7% of patients respectively.10 The incidence of
trastuzumab-induced cardiotoxicity is even higher
in real-life settings than is observed in clinical
trials.11,12

The pathophysiologic mechanisms underlying
chemotherapy-induced cardiotoxicity are com-
plex and incompletely understood. Anthracyclines
are thought to promote formation of free radicals,

Fig. 1. The various applications of cardiovascular MR imaging in cardio-oncology. ECV, extracellular volume.
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