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“If the thunder don’t get you then the lightning will.”
“The Wheel”
Grateful Dead
Ten years ago, few people would have imagined an entire issue
of a journal devoted to the field of cardio-oncology or dreamt
that there would be entire journals—such as Cardio-Oncology or
JACC Cardio-Oncology—dedicated solely to this field. Cancer
and cardiac disease race neck and neck as the leading causes
of death, which makes the field of cardio-oncology almost an
inevitable amalgam. While anthracyclines are the forerunners of
this field, novel cancer therapies with potential for cardiotoxicity
are being created on a weekly basis. Scientific vigilance and
clinical experience have led to discoveries that many of these
“targeted” therapies have off-target cardiac side effects. In
fact, recent discoveries have been made regarding coexisting
genetic and environmental risk factors for both cancer and
cardiac disease. For example, age-related clonal hematopoiesis,
a common condition associated with an increased risk of
malignancy, has also been associated with an increased risk of
cardiovascular disease.1
THERAPIES ASSOCIATED WITH CARDIOTOXICITY

As the field of cardio-oncology has progressed beyond just
anthracyclines, the adverse cardiovascular effects of other
cancer therapies, such as immune checkpoint inhibitors,
have generated a great deal of interest. The meteoric rise and
therapeutic benefit of immune checkpoint inhibitors and other
immunotherapies has led to expanded indications for different
malignancy types every year. While we are learning more about
which types of immunotherapies work for which patients and
malignancies, we are only beginning to understand their role
in immune-related adverse cardiovascular events such as
myocarditis and pericarditis. This is an area ripe for discovery,
particularly related to pressing questions such as (1) what are
the true risk factors and incidence of immune-related adverse
cardiovascular events, (2) is there any specific biomarker or
cardiac test that can predict the onset of myocarditis, (3) what
is the ideal treatment, and (4) can survivors be re-challenged
with immunotherapy if they recover from myocarditis? Ongoing
multicenter studies will hopefully begin to answer these
questions. One thing is certain, however: immunotherapy is here
to stay, and indications for its use will continue to expand.

In addition to immunotherapies, the use of tyrosine kinase
inhibitors and vascular endothelial growth factor inhibitors is
also rapidly increasing. These drugs are critical for the treatment
of various cancers, including renal, lung, and gastrointestinal
cancers and certain hematological malignancies. As with
anthracyclines and immunotherapies, these treatments are
increasingly being associated with heart failure and other
cardiovascular side effects, and efforts are ongoing to define
the true incidence and associated risks.
GENETIC FACTORS IN CARDIOTOXICITY

The role of genetic risk factors in determining risk of
cardiotoxicity is actively being investigated (Figure 1). Genetics
have long been postulated to be one of the reasons why some
patients develop cardiotoxicity while others with the same
apparent risk factors do not. There are numerous retrospective
studies suggesting that pharmacogenetic testing may be
beneficial prior to starting anthracycline-based treatment, but
there is not enough data to guide clinical decision making.2
In a recent study that sequenced DNA for genes that cause
dilated cardiomyopathy, 12% of patients with anthracycline
cardiotoxicity had mutations, particularly truncating variants
in the titin (TTN) gene.3 In addition, the study developed a
mouse model of TTN cardiomyopathy, wherein TTN-variant
mice and wild-type mice were administered doxorubicin. TTNvariant mice without doxorubicin exposure and wild-type mice
exposed to doxorubicin maintained normal cardiac function
over time, whereas TTN-variant mice exposed to doxorubicin
had cardiac dysfunction. This proof of concept suggests that
patients may have predisposing genetic risks that are triggered
by the “second hit” of chemotherapy. Ongoing studies, such as
the Dilated Cardiomyopathy Discovery trial, are exploring this
concept in a multicenter prospective study.
BIOMARKERS AND IMAGING IN PREDICTING CARDIOTOXICITY

In addition to genetic variants, researchers are exploring genomic
and proteomic biomarkers for disease. Pilot trials have shown
that circulating microRNA biomarkers may be used to predict
subsequent cardiotoxicity, and further studies in this area are
ongoing.4 The use of transcriptome profiling also has been used
to elucidate mechanisms of disease and potential therapeutic
targets. For example, Gupta et al. used transcriptome from
murine myocardium to show that the RNA-binding protein QKI
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Figure 1.
Potential future paradigm for cardiotoxicity risk assessment, prevention, and treatment. CMR: cardiac magnetic resonance imaging; PET: positron emission
tomography; CVD: cardiovascular disease

plays a role in anthracycline-induced cardiomyopathy and may be
a therapeutic target.5 Preliminary data also supports the use of
human-induced pluripotent stem cell-derived cardiomyocytes in
vivo to predict patient-specific risk of developing cardiotoxicity,
showing potential for a tailored approach to treatment.6
Additionally, it has been shown that anthracycline-related
cardiotoxicity is dependent on topoisomerase II beta in the heart,
and perhaps levels of topoisomerase II beta gene expression will
help predict who will get cardiotoxicity.7

aortic pulse wave velocity can be early markers of cardiotoxicity; in
fact, a recent study showed that a drop in left ventricular mass can
occur and is independently associated with cardiotoxicity.9,10 CMR
strain is also under investigation to determine its role as a potential
early marker. Finally, there is evidence that various PET imaging
protocols may play a role in early detection of cardiotoxicity and in
predicting who may be at risk.11,12

The role of state-of-the-art imaging techniques such as cardiac
magnetic resonance imaging (CMR) or positon emission
tomography (PET) in detecting cardiotoxicity is just beginning
to be elucidated. Pigs that received doxorubicin had an early
increase in T2 mapping (in the absence of other abnormal
CMR findings) that correlated with cardiomyocyte edema on
autopsy. Stopping doxorubicin at this early stage reversed the
cardiomyocyte edema, suggesting that CMR may be able to
detect a reversible and early form of cardiotoxicity; however,
human data is lacking regarding this novel early CMR marker.8
CMR is useful for patients with poor acoustic windows—including
women with bilateral mastectomies and breast implants—as well as
patients with limited windows or discrepant ejection fractions (EF)
on echocardiogram. In addition to EF, volume measurements and

There is considerable interest in regenerative therapies
for cardiomyopathy caused by anthracyclines, and animal
models have shown some promise. For example, in a study
of sheep with anthracycline cardiotoxicity, those receiving
transendocardial injection of allogeneic mesenchymal stem
cells (MSC) showed attenuation of fibrosis and ventricular
remodeling compared to controls.13 The National Heart, Lung,
and Blood Institute recently completed the SENECA trial, which
evaluated the safety and feasibility of delivering allogeneic
MSCs via direct cardiac injection in patients with anthracycline
cardiotoxicity, and results are forthcoming.14

REGENERATIVE THERAPY

Education and training in cardio-oncology is also burgeoning.
There are several scientific meetings wholly devoted to the field,
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and there is a growing presence of cardio-oncology topics at
major national oncology and cardiology meetings. The number
of fellowship programs dedicated to training the next generation
of cardio-oncologists is also increasing. In summary, the field
of cardio-oncology is experiencing tremendous recognition
and growth as a scientific study. Hopefully, these efforts will
translate into long-term cancer survivorship without cardiac
compromise, so we can focus on the thunder without fearing
the lightning.
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