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Risk of Incident
Heart Failure Among
Young Adult Cancer
Survivors
Among young adult (YA) cancer survivors aged 18 to
39 years at diagnosis, cardiovascular disease (CVD)
risk factors are prevalent, and CVD is a leading cause
of death among cancer survivors.1-5 However, limited
data exist on the risk for heart failure (HF) among YA
cancer survivors, especially when stratified by com-
mon cancer sites or accounting for anthracycline
chemotherapy. In the present study, we leveraged the
Northwestern Medicine Enterprise Data Warehouse
(NMEDW), an electronic health record (EHR) re-
pository, to examine associations between cancer
diagnosis and risk for HF among YAs.

We identified YA patients aged 18 to 39 years
diagnosed with incident cancer in the Northwestern
Medicine system between January 2000 and January
2019. The NMEDW captures EHRs for patients
treated in the Chicagoland area and multiple sur-
rounding satellite locations. Both cancer and HF
diagnoses were based on International Classification
of Diseases, Ninth and 10th Revisions. We identified
the date of first cancer diagnosis and excluded pa-
tients with HF diagnoses prior to their dates of
cancer diagnosis. To ensure that patients were
treated long term at Northwestern Medicine, we
required at least 2 International Classification of
Diseases codes for the same cancer within 1 year and
excluded individuals with <6 months of follow-up
time. We compared the risk for incident HF among
cancer types commonly treated with anthracycline
chemotherapy (leukemia, lymphoma, breast, kidney,
and orthopedic cancers [bone and sarcomas])
compared with all other cancer types in YA patients.
We also examined risk for HF according to receipt of
anthracycline chemotherapy, defined by generic or
trade drug names in the chemotherapy protocol or
drug ingredient fields. We estimated the cumulative
incidence of HF using Kaplan-Meier methods and
calculated unadjusted and adjusted HRs for incident
HF using Cox proportional hazards models. We also
conducted a sensitivity analysis to account for
competing risks for death prior to HF using Fine and
Gray regression models. We examined confounding
by age; sex; race; ethnicity; body mass index; sec-
ondary cancer diagnosis; left-sided chest radiation;
and history of hypertension, diabetes, or CVD
before HF diagnosis. The study was approved by
the Northwestern University Institutional Review
Board.

Among 12,879 YA cancer survivors, 35% were men,
and 68% reported White race. The mean age at the
time of cancer diagnosis was 31.5 � 5.7 years, and
mean body mass index was 26.7 � 6.6 kg/m2. Breast
cancer was the most common YA cancer (17.2%), fol-
lowed by lymphoma (14.8%), thyroid cancer (12.6%),
and melanoma (11.0%). Frequencies of cardiovascular
comorbidities were not significantly different by
anthracycline use. During a median follow-up period
of 3.4 years (IQR: 1.3-7.1 years), we observed 180
incident HF events and 714 deaths (5.5%). Death dates
were missing in a subset of cases (n ¼ 255 [36%]), so
we conservatively used the date of last follow-up in
the EHR for those with missing death dates. Mean age
at time of HF diagnosis was 31.6 � 5.7 years. We
observed higher 5-year incidence of HF among YA
cancer survivors with anthracycline exposure
(n ¼ 738) compared with none (4.0% vs 1.3%, log-rank
P < 0.01) (Figure 1A). The risk for incident HF was 2.6
times higher (95% CI: 1.6-4.9; P < 0.01) for YA survi-
vors with anthracycline exposure compared with
none. The risk for incident HF was not significantly
different when adjusting for competing risk for death
(HR: 2.4; 95% CI: 1.5-3.7; P < 0.01). Both models were
adjusted for age, sex, race-ethnicity, history of hy-
pertension or CVD, and secondary cancer diagnosis.
Additional covariates did not significantly change the
either HR estimate. The 5-year cumulative incidence
of HF was highest for leukemia, though HF incidence
among kidney, lymphoma, bone, and breast cancer
survivors was also higher compared with other cancer
types (P < 0.01) (Figure 1B).

We found that YA survivors of common cancers,
specifically those treated with anthracycline chemo-
therapy, are at increased risk not only for HF but also
for early onset (<45 years of age). This association
remained significant even when accounting for the
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FIGURE 1 Incident Heart Failure Among YA Cancer Survivors
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Five-year incident rates (per 1,000 person-years)
2.9 (95% CI: 2.4-3.5) vs 9.6 (95% CI: 6.3-14.4)

Median follow-up period, 3.4 (IQR: 1.3-5.0) years
Log-rank test, P-value < 0.001
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(A) Comparison of history of anthracycline treatment vs none. (B) Stratified by young adult (YA) cancers commonly treated with anthra-

cyclines compared with all other cancer types (breast, kidney, leukemia, lymphoma, and orthopedic cancers). The results show significantly

higher risk for heart failure for YA cancer survivors exposed to anthracycline chemotherapy and with histories of cancer commonly treated with

anthracycline chemotherapy.
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competing risk for death. No other YA studies have
estimated this risk. However, the CCSS (Childhood
Cancer Survivor Study) showed that childhood cancer
survivors (<21 years of age at diagnosis; n ¼ 14,358),
at least 5 years after treatment, were more likely to
have HF (HR: 5.9; 95% CI: 3.4-9.6) compared with
healthy siblings (n ¼ 3,899).2 However, the CCSS
population had a markedly longer follow-up period
and a healthy control population, both of which are
necessary for direct comparison with our results. We
also found increased risk for HF following exposure to
anthracycline chemotherapies, even among YAs.
Anthracyclines are cardiotoxic and may predispose to
the development of HF3 through a potential impact
on shared biological pathways between cancer cells3-5

and cardiomyocytes.2 Thus, there is strong epidemi-
ologic and biological evidence to support an
increased risk for HF among YA cancer survivors
exposed to anthracycline chemotherapy.

The strengths of this study include a large sample
size of YA cancer survivors and time-to-event anal-
ysis for short-term incidence of HF following cancer
treatment. Study limitations include the lack of di-
versity in the NMEDW population as well as missing
or incomplete data for chemotherapy dose, radiation
treatment, and traditional CVD risk factors. Longer
term longitudinal studies are needed among diverse
YA cancer survivors with adjudicated outcomes to
better understand the combined impact of cancer
treatment and traditional CVD risk factors on YA
health and longevity.
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