
CANCER RESEARCH | CANCER RESEARCH HIGHLIGHTS

A Role for Genetics in Racial Disparities of
Therapy-Related Cardiomyopathy
Austin L. Brown and Melissa A. Richard

Cardiomyopathy is a significant source of morbidity and early
mortality among survivors of childhood cancer, and may dispro-
portionately affect minorities. However, there have been few studies
evaluating these outcomes among racially and ethnically diverse
survivor populations. A study by Sapkota and colleagues system-
atically characterizes disparities in the incidence of treatment-
associated cardiomyopathy on the basis of genetic ancestry and
investigates genetic variants responsible for this inequality. The
noteworthy findings include a disproportionate risk of cardiomy-

opathy among African-American childhood cancer survivors and
the identification of inherited genetic variants, which may confer
increased susceptibility to cardiomyopathy among these indivi-
duals. Although larger studies are needed to confirm these findings,
incorporating this knowledge into clinical risk profiles may help
focus attention on patient populations who are particularly vulner-
able to adverse cardiovascular outcomes and most likely to benefit
from preventive strategies.

See related article by Sapkota et al., p. 2556

There has been considerable progress in the treatment of child-
hood cancer over the past several decades. As a result, the majority
of children diagnosed with cancer in high-income countries are now
expected to achieve long-term survival. Unfortunately, the health
and quality of life of many childhood cancer survivors is compro-
mised by cardiovascular complications of curative therapy. Com-
pared with their peers in the general population, survivors of
childhood cancer are approximately 15 times more likely to be
diagnosed with congestive heart failure and seven times more likely
to die from cardiac causes (1, 2). Despite racial disparities in
cardiomyopathies being well characterized in the general popula-
tion, researchers have only recently started to investigate potential
disparities in cardiac late effects among childhood cancer survivors.
In this issue of Cancer Research, Sapkota and colleagues (3) examine
disparities in cardiomyopathy among long-term survivors through
the lens of genetic ancestry and evaluate genetic variation that may
contribute to these disparities.

The rarity of childhood cancer and long latency to the develop-
ment of clinically overt cardiovascular disease are major barriers to
characterizing the complex etiology of treatment-associated car-
diomyopathy. To address these challenges, collaborative cohort
studies established over the past 25 years have collected detailed
follow-up information on tens of thousands of childhood cancer
survivors. The results of these efforts demonstrate a clear dose-
dependent relationship between cardiomyopathy risk and anthra-
cycline or chest radiotherapy (4). This elevated risk may be further
exacerbated by the accelerated development of traditional cardio-
vascular risk factors, such as hypertension, among survivors of
childhood cancer (5). Despite the tremendous knowledge gained
from these large survivor cohorts, most of the included participants

are of European ancestry. Therefore, we have a limited understand-
ing of the differences in risk of cardiac late effects among diverse
populations, many of whom exhibit higher prevalence of comorbid
conditions that might increase the effects of therapy on cardiac
outcomes.

The results described by Sapkota and colleagues provide perhaps
the most compelling evidence to date that disparities in the
incidence and severity of cardiomyopathy observed in the general
population are also seen among survivors of childhood cancer
exposed to cardiotoxic therapies (3). African Americans in the
general population experience a disproportionate burden of both
cardiovascular morbidity and mortality when compared with their
white counterparts. For example, idiopathic dilated cardiomyop-
athy occurs 2.6 times more frequently among African Americans
than whites, a disparity that is not explained by racial differences in
cardiac risk factors (6). Sapkota and colleagues reported similar
findings in their analysis of genetic ancestry estimated among
childhood cancer survivors treated with cardiotoxic therapies.
Specifically, survivors of predominantly African genetic ancestry
had a 2.5-fold increased risk of severe or life-threatening cardio-
myopathy compared with survivors of predominantly European
genetic ancestry. Importantly, ancestral differences in cardiomy-
opathy risk following childhood cancer therapy persisted after
accounting for treatment, lifestyle, and traditional cardiovascular
risk factors. Other factors not considered in this analysis, such as
systemic racism and societal bias, likely lead to inequalities in risk.
With that being said, the magnitude of the difference in cardio-
myopathy risk after factoring in nongenetic factors highlights the
need for genetic studies to provide additional insight into potential
drivers of these disparities.

Previous efforts to identify genetic predictors of cardiomyopathy
in survivors of childhood cancer have largely been limited to smaller
scale candidate gene or genome-wide investigations conducted in
populations of European ancestry. Even in the general population,
the genetic landscape of cardiomyopathy is not well-characterized
among African Americans. To date, only a single genome-wide
association study has focused specifically on idiopathic dilated
cardiomyopathy in 1,800 African Americans. Notably, this study
identified the novel CACNB4 locus not identified in previous studies
comprised of individuals of European ancestry (7). It is noteworthy
that of ten population-based susceptibility variants evaluated by
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Sapkota and colleagues (3), only the CACNB4 index variant was
significantly associated with cardiomyopathy in African-American
survivors of childhood cancer.

In their genome-wide analysis, Sapkota and colleagues identified
novel loci at 1p13.2 and 15q25.3 significantly (P < 5.0 � 10�8)
associatedwith ejection fraction in≥5-year childhood cancer survivors
with predominantly African genetic ancestry (n ¼ 246). Lacking a
replication cohort of African-American survivors, the authors
attempted to replicate these variants in 1,645 survivors of European
ancestry. The 15q25.3 variant wasmonomorphic in European ancestry
survivors and could not be evaluated; thus, risk allele frequency
differences at this locus may underscore racial disparities in cardiac
function. In addition, the 1p13.2 variant nominally replicated (P <
0.05) with a consistent, albeit attenuated, effect estimate in European
ancestry survivors. It is notable that consideration of these two variants
explained approximately 13% of the racial disparity observed in severe
or life-threatening cardiomyopathy, but did not fully account for the
excess burden of treatment-associated cardiomyopathy in African-
American survivors.

Untangling the intermediate molecular mechanisms linking these
variants to cardiomyopathy will require additional research. However,
the authors present evidence that the 1p13.2 locus is an eQTL for
MAGI3 and PHTF1 (putative homeodomain transcription factor 1)
and impacts methylation of a CpG site near a PHTF1 promoter region.
Hypomethylation of this site was associated with cardiomyopathy
severity in survivors of African ancestry, an association that was not
statistically significant in survivors of European ancestry. Variants
mapped to the purported functional gene PHTF1 (also PTPN22) are
strongly associated withmultiple forms of autoimmune disease among
individuals of European ancestry never treated for cancer in the
NHGRI-EBI GWAS Catalog, including type 1 diabetes, rheumatoid
arthritis, systemic lupus erythematosus, and celiac disease. Chronic
autoimmune dysfunction can have substantial impacts on cardiac
health, and cardiomyopathies can occur as a consequence of the
autoimmune–inflammatory mechanisms of each of these diseases.
Given the striking association of this novel cardiomyopathy locus with
autoimmune dysfunction in the general population, we hypothesize
that autoimmune dysfunction may underlie the association of this
genomic regionwith cardiac function in survivors of childhood cancer.
However, we are not aware of longitudinal assessments of inflamma-
tory markers coupled with long-term health endpoints on large
populations of childhood cancer survivors. Given the treatment
toxicity disparities experienced by African Americans, it is imperative
to design studies to better understand the long-term effects of child-
hood cancer treatment in these unique populations.

Independent replication of these variants, ideally in African-
American survivors, is daunting given the paucity of racial diversity
in existing childhood cancer survivor cohorts. While validation of

these findings will likely require the pooling of resources across
collaborative networks, replication is an important hurdle that must
be cleared before these findings can be translated into clinical practice.
Therefore, these results should be interpreted with caution. Still, this
work provides important novel insight into potential mechanisms
responsible for racial disparities in treatment-related cardiomyopathy.

Although the clinical implications are limited at present, the work
outlined by Sapkota and colleagues could ultimately inform primary
and secondary prevention strategies geared toward cardiovascular late
effects. More recent treatment approaches for childhood cancer that
limit exposure to radiation and anthracycline have resulted in less
cardiac-specific mortality among survivors (8), suggesting primary
prevention approaches may hold the most promise to avoid unfavor-
able cardiovascular outcomes. Several upfront modifications to ther-
apeutic regimens have been proposed in recent years, including the use
of less cardiotoxic chemotherapy analogues, modified anthracycline
infusion durations, cardioprotective therapies, and radiation tech-
niques, which reduce the dose and volume delivered to the heart (4, 9).
The ability to identify individuals with a genetic predisposition to
treatment-related cardiomyopathy is an attractive mechanism for
further evaluating and implementing these cardioprotective interven-
tions. However, even effective primary prevention strategies are
unlikely to fully eradicate the elevated risk of cardiomyopathy asso-
ciated with cardiotoxic cancer therapy. Therefore, secondary preven-
tion will remain an important component of comprehensive survi-
vorship care. Current guidelines support routine cardiomyopathy
surveillance in survivors identified as high risk based on treatment
history (i.e., cumulative anthracycline equivalent dose ≥250 mg/m2,
cumulative chest radiation ≥35 Gy, or cumulative anthracycline
equivalent dose ≥100 mg/m2 and cumulative chest radiation ≥15 Gy),
while the benefit of screening is less clear in low-to-moderate
risk survivors (10). Consideration of validated genetic variants
may improve cardiomyopathy risk stratification, facilitating the devel-
opment of more targeted follow-up guidelines. Therefore, the work of
Sapkota and colleagues (3) and others represents an important
advance along the continuum of research needed to guide the
delivery of targeted first-line interventions and to improve surveillance
strategies in patients at heightened risk of treatment-associated
cardiomyopathy.
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