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BACKGROUND Osteosarcoma and Ewing sarcoma patients face a significant risk of cardiotoxicity as defined by left

ventricular dysfunction and heart failure (HF).

OBJECTIVES This study sought to evaluate the association between age at sarcoma diagnosis and incident HF.

METHODS A retrospective cohort study was performed at the largest sarcoma center in the Netherlands among

patients with an osteosarcoma or Ewing sarcoma. All patients were diagnosed and treated over a 36-year

period (1982-2018) and followed until August 2021. Incident HF was adjudicated through the universal definition

of heart failure. Determinants including age at diagnosis, doxorubicin dose, and cardiovascular risk factors

were entered as fixed or time-dependent covariates into a cause-specific Cox model to assess their impact on

incident HF.

RESULTS The study population consisted of 528 patients with a median age at diagnosis of 19 years (Q1-Q3: 15-30

years). Over a median follow-up time of 13.2 years (Q1-Q3: 12.5-14.9 years), 18 patients developed HF with an estimated

cumulative incidence of 5.9% (95% CI: 2.8%-9.1%). In a multivariable model, age at diagnosis (HR: 1.23; 95% CI:

1.06-1.43) per 5-year increase, doxorubicin dose per 10-mg/m2 increase (HR: 1.13; 95% CI: 1.03-1.24), and female sex

(HR: 3.17; 95% CI: 1.11-9.10) were associated with HF.

CONCLUSIONS In a large cohort of sarcoma patients, we found that patients diagnosed at an older age are more

prone to develop HF. (J Am Coll Cardiol CardioOnc 2023;5:117–127) © 2023 The Authors. Published by Elsevier on

behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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TABLE 1 Universal Definition of Heart Failure15

� Symptoms and/or signs caused by a structural and/or functional
cardiac abnormality (as determined by left ventricular ejection
fraction <50%, abnormal cardiac chamber enlargement, E/E0 >15,
moderate/severe ventricular hypertrophy or moderate/severe
valvular obstructive or regurgitant lesion)

� And corroborated by at least 1 of the following:
B Elevated natriuretic peptide levels: N-terminal B-type

ABBR EV I A T I ON S

AND ACRONYMS

AYA = adolescent and young

adult

CTX = cardiotoxicity

HF = heart failure
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A lthough bone sarcoma is rare in the
general population, it is the second
most common malignancy among

children and young adults. The incidence of
the most common type of malignant bone
sarcoma—osteosarcoma—is estimated at 0.8
to 1.1 of 100,000 patient-years based on the
natriuretic peptide $125 pg/mL (outpatient setting)
$300 pg/mL (hospitalized patients).

B Objective evidence of cardiogenic pulmonary or systemic
congestion by diagnostic modalities such as imaging (eg, by
chest X-ray or elevated filling pressures by echocardiogra-
phy) or hemodynamic measurement (eg, right heart cathe-
terization or pulmonary artery catheter) at rest or with
provocation (eg, exercise).
EUROCARE database.1 Incidence peaks around pu-
berty and after 40 years of age.2-4 Ewing sarcoma is
less common with an incidence of 0.3 of 100,000
patient-years and is mostly diagnosed in adolescents
and young adults (AYAs). The first-line treatment of
bone sarcoma is surgical treatment in combination
with neo(adjuvant) systemic treatment containing
high-dosage anthracyclines, most frequently
doxorubicin.5,6 Yet, it is well-known that anthracy-
clines carry a lifelong increased risk of cardiotoxicity
(CTX) in the form of cardiomyopathy and heart failure
(HF). The occurrence of CTX is a significant limiting
factor in sarcoma treatment.7-10 Therefore, it is
important to identify patients at increased risk for
CTX and detect CTX at an early stage to promptly
start cardioprotective treatment. Several algorithms
that use clinical parameters including age, pre-
existing cardiovascular disease, and anthracycline
dosage are used in CTX screening.11-13

However, the majority of sarcoma patients are
younger than 30 years of age, and this impairs risk
stratification algorithms for CTX based on clinical
parameters because traditional cardiovascular risk
factors are rarely present in young patients. Little is
known about the incidence compared with sarcoma
patients diagnosed at childhood. Fortunately, child-
hood sarcoma survivors usually are enrolled in life-
time care and research programs for the surveillance
of late effects of cancer treatment.14 Although older
patients are less likely to have long-term surveillance,
they have a much larger burden of cardiovascular risk
factors. More data are also needed to understand the
CTX risk in the older population.

Therefore, the aim of this study was to determine
the incidence of HF in a large cohort of osteosarcoma
and Ewing sarcoma patients across diverse age groups
treated with doxorubicin and to evaluate the effect of
age at sarcoma diagnosis on HF risk. Furthermore, the
competing risk of death was studied because the 5-
year overall survival rate after diagnosis is approxi-
mately 60% depending on the age group.2

METHODS

DESIGN AND SETTING. This single-center retrospec-
tive analysis of CTX of sarcoma treatment was per-
formed at the largest tertiary sarcoma center in the
Netherlands (Leiden University Medical Center)
among patients with an osteosarcoma or Ewing sar-
coma. All patients were diagnosed and treated over a
36-year period (1982-2018) at Leiden University
Medical Center and followed until August 2021. Data
collection on exposure to cardiotoxic chemotherapy,
traditional cardiovascular risk factors, medications,
and HF at follow-up was performed between March
and August 2021. This study was conducted in
collaboration between the departments of cardiology,
medical oncology, and orthopedic surgery. The study
was approved by the regional Institutional Review
Board (Medical Ethics Committee Leiden The Hague
Delft [METC-LDD], approval code: G21.041), and the
requirement for informed consent was waived. The
study complies with the Declaration of Helsinki.

PATIENT SELECTION. All patients from the institu-
tional osteosarcoma and Ewing sarcoma registries
were considered for this study. The main inclusion
criterion was exposure to doxorubicin-containing
chemotherapy regimens. The study population was
derived from 2 separate cohorts: 1) skeletal nonfacial
high-grade osteosarcoma patients treated with sur-
gery and (neo)adjuvant chemotherapy who had been
reported on in a previous study;2 and 2) all treated
Ewing sarcoma patients identified through hospital
billing codes. All diagnoses were histology proven.
Patients were excluded if they were treated with
palliative intent, if the cumulative doxorubicin
dosage was missing, or if follow-up data were un-
available. Follow-up was performed through a review
of electronic health records and the institutional
oncology registry (OncDoc).

MEASUREMENT OF STUDY ENDPOINTS AND EXPOSURES.

The primary study endpoint was defined as incident
HF according to the 2021 universal definition of heart
failure15 as summarized in Table 1. The secondary
study endpoints were urgent HF-related hospitaliza-
tions and non–HF-related cardiac hospitalizations.
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Endpoints were adjudicated by 2 independent re-
viewers; in case of disagreement, a third reviewer was
requested, and the decision was made by
the majority.

In patients hospitalized for HF, sepsis is an
important differential diagnosis. To assess for this
alternative explanation for hospitalization, we have
added the systemic inflammatory response
syndrome þ documented infection criteria to the
adjudication process.16

Information regarding demographics, cancer diag-
nosis, location, relapse, chemotherapy regimen, the
use of radiotherapy, and/or surgery was extracted
from the sarcoma registries. Relapse of disease was
defined as local recurrence, progression of metas-
tasis, or new metastasis. The cumulative chemo-
therapy dose was extracted from pharmacy records.
This was based on the chemotherapy protocol,
admitted cycles, treatment alterations, and/or dis-
continuations. Prevalent cardiovascular history,
traditional cardiovascular risk factors, smoking sta-
tus, and medications at the time of diagnosis
were acquired through chart review of medical re-
cords. Hypercholesterolemia was defined as total
cholesterol >5.0 mmol/L, a low-density lipoprotein
cholesterol >2.5 mmol/L, the use of lipid-lowering
drugs, or a diagnosis of hypercholesterolemia.
Diabetes was diagnosed as a random glucose
measurement $11.1 mmol/L, the use of diabetes
medication, or a history of diabetes mellitus. Arterial
hypertension was defined as the use of antihyper-
tensive medication or having a history of
hypertension.

STATISTICAL METHODS. Patients were categorized
based on sarcoma type and age group by a cutoff $40
years (children/AYAs vs older adults at diagnosis).
This cutoff was chosen based on the Evenhuis et al2

cutoff for “older adults” opposed to children and
AYAs. Baseline characteristics were stratified by sar-
coma type and compared using the Student’s t-test or
Fisher exact test as appropriate. Overall and accord-
ing to age group, cumulative incidence curves of HF
were constructed and compared using Fine and
Gray’s method.

Cause-specific Cox regression models were used to
evaluate the effect of covariates on the occurrence of
HF in the presence of competing risks (death) as well
as all-cause mortality.17 Subjects were followed until
the event of interest occurred, the competing risk
occurred (HF model), the last known follow-up, or
August 1, 2021, whichever occurred first. In this way,
the association of each predictor with incident HF
could be assessed together with the impact on overall
survival. All variables in Table 4 were considered for
the multivariable all-cause death model, whereas
only the top 4 variables with P < 0.10 in the uni-
variable analysis were considered for the multivari-
able HF model because of a low number of events.
Because of the limited number of events and multi-
collinearity, we chose to include the “any cardiovas-
cular risk factor as a summary measure in our
adjusted analysis instead of the individual covariates
hypercholesterolemia and hypertension. Both unad-
justed and adjusted HRs with 95% CIs are presented.
Age at diagnosis was analyzed both as a continuous
variable and, for illustrative purposes, stratified by
age group. To account for a change in the cardiovas-
cular risk profile and cancer stage over follow-up,
arterial hypertension, hypercholesterolemia, dia-
betes mellitus, and relapse of sarcoma were analyzed
as time-dependent covariates. Sex, cumulative
doxorubicin dose, radiotherapy use, and smoking
status at baseline were treated as fixed covariates.
The proportional hazard assumption was evaluated
using the Schoenfeld residuals method. As a sensi-
tivity analysis, Fine and Gray’s competing risk
regression was performed to estimate the sub-
distribution HR (sHR) of several covariates on inci-
dent HF. Traditional cardiovascular risk factors could
only be entered in the model as time-fixed covariates
because of the risk of bias when using Fine and Gray’s
method and time-varying covariates.18 Kaplan-Meier
methods were used to estimate the median follow-
up time and the median overall survival and to
construct survival curves. The log-rank test was used
to compare survival curves.

Interaction terms were constructed for sex and
sarcoma types to assess for effect modification.
Because of prior reports on conflicting findings
regarding anthracycline-induced CTX, menopausal
status, and age at diagnosis,19 a table with observed
crude risk per age group (children/AYA vs older adults
at diagnosis) and sex was constructed. Continuous
variables are presented as mean � SD or median with
25th and 75th percentiles (Q1-Q3), and categoric data
are presented as frequencies and percentages.
Normality of variable distribution was evaluated
graphically. The Wilcoxon rank sum test was used to
compare non-normally distributed continuous data.
Available case analysis was used to handle missing
data.

P < 0.05 was considered statistically significant.
Stata version 16.1 (Stata Corp) was used for all
analyses.



FIGURE 1 Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Diagram of Patient Selection

All patients of the institutional Ewing sarcoma and osteosarcoma registries were considered for study participation. Patients are enrolled in

these registries based on International Classification of Diseases-10th Revision diagnoses and have histologically confirmed disease. The

study population was composed of 528 patients who were exposed to doxorubicin-containing chemotherapy regimens and were treated with

curative intent.
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RESULTS

STUDY POPULATION. A total of 582 subjects (401
osteosarcoma patients and 181 Ewing sarcoma pa-
tients) were considered for this study. After the
exclusion of 54 patients, the study population was
composed of 528 patients (Figure 1). The baseline
characteristics are provided in Table 2. On average,
the study population was young (median age ¼ 19
[Q1-Q3: 15-30; range: 1-70] years at diagnosis), the
majority were male (60.6%), and the baseline car-
diovascular disease or cardiovascular risk factors
were infrequently observed (0.6% and 3.8%,
respectively, excluding active smoking). None of the
patients had prevalent HF at sarcoma diagnosis. The
cumulative doxorubicin dose was high in the study
population with a mean administered dose of 396 �
83 mg/m2 (range 75-750 mg/m2). Compared with
osteosarcoma patients (n ¼ 365), Ewing sarcoma
patients (n ¼ 163) received a lower cumulative dose
of anthracyclines (414 � 93 vs 357 � 29; P < 0.001).
Twenty-four- to 72-hour infusion protocols were
used in line with the EURAMOS-1 (European and
American Osteosarcoma Study-1) and EuroEwing-99
protocol.5,20,21 Dexrazoxane was not used at our
institution. Furthermore, Ewing sarcoma patients
were more likely to undergo concurrent radio-
therapy (56.7% vs 12.3%). Although all osteosarcoma
patients underwent surgery, this was the case for
73.0% of Ewing sarcoma patients. There were no



TABLE 2 Baseline Characteristics of the Study Population

Total
(N ¼ 528)

Osteosarcoma
(n ¼ 365)

Ewing Sarcoma
(n ¼ 163) P Value

Age at diagnosis, y 19 (15-30) 19 (16-33) 19 (14-28) 0.046

Female 208 (39.4) 156 (42.7) 52 (31.9) 0.019

Cumulative doxorubicin dose, mg/m2 396 � 83 414 � 93 357 � 29 <0.001

>300 479 (90.7) 324 (88.8) 155 (95.1) 0.021

>400 294 (55.7) 294 (80.5) 0 (0.0) <0.001

Neo(adjuvant) radiotherapy 134 (25.7) 45 (12.3) 89 (56.7) <0.001

Radiotherapy protocol (n ¼ 522) <0.001

Definitive radiotherapy 35 (6.6) 1 (0.3) 34 (20.9)

Preoperative radiotherapy 16 (3.0) 2 (0.5) 14 (8.6)

Postoperative radiotherapy 80 (15.2) 42 (11.5) 38 (23.3)

Other 3 (0.6) 0 (0.0) 3 (1.8)

Surgery as part of treatment 484 (91.7) 365 (100.0) 119 (73.0) <0.001

Prior cardiovascular disease at time of sarcoma diagnosis 3 (0.6) 2 (0.5) 1 (0.6) 0.93

Coronary artery disease 1 (0.2) 0 (0.0) 1 (0.6)

Supraventricular arrythmia 1 (0.2) 1 (0.3) 0 (0.0)

Renal disease 1 (0.2) 1 (0.3) 0 (0.0)

Traditional cardiovascular risk factor at time of diagnosisa 20 (3.8) 16 (4.4) 4 (2.5) 0.28

Arterial hypertension 9 (1.7) 8 (2.2) 1 (0.6) 0.20

Hypercholesterolemia 8 (1.5) 5 (1.4) 3 (1.8) 0.68

Diabetes mellitus 4 (0.8) 4 (1.1) 0 (0.0) 0.18

Active smoking 52 (9.8) 37 (10.1) 15 (9.2) 0.74

Use of cardiovascular medication 5 (0.9) 4 (1.1) 1 (0.6) 0.60

Values are median (Q1-Q3), n (%), or mean � SD. Data per variable are complete unless noted in parentheses after variable name. aExcluding active smoking.

TABLE 3 Crude Primary and Secondary Event Rates During Follow-Up (N ¼ 528)

Median follow-up time,a y (95% CI) 13.2 (12.5-14.9)

Died during follow-up,a % (95% CI) 65.5 (51.2-79.4)

Primary endpoint: incident heart failure 18 (3.4)

Secondary endpoints

Relapse 280 (54.7)

Heart failure admission 11 (2.1)

Reasons for hospitalization

Coronary artery disease 5 (0.9)

Supraventricular tachycardia including atrial fibrillation 4 (0.8)

Valvular heart disease 1 (0.2)

VA/OHCA not relating to decreased LVEF 1 (0.2)

Conduction abnormalities requiring pacemaker implantation 1 (0.2)

Pericardial disease excluding pericarditis carcinomatosis 1 (0.2)

Values are n (%) unless otherwise indicated. aEstimated by the Kaplan-Meier method.
LVEF ¼ left ventricular ejection fraction; VA/OHCA ¼ ventricular arrhythmia/out-of-hospital cardiac arrest.
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significant differences observed in baseline cardio-
vascular burden between sarcoma types.

FOLLOW-UP. A summary of follow-up and study
endpoints is provided in Table 3. In total, 18 pa-
tients developed HF (crude rate 3.4%) in a median
observation time of 5.7 (Q1-Q3: 2.1-13.1) years. The
estimated cumulative incidence of HF was 5.9%
(95% CI: 2.8%-9.1%). Eleven patients were hospi-
talized for HF during follow-up (2.1%). An overview
of the results of the adjudication process can be
found in Supplemental Table 1. Systemic inflam-
matory response syndrome criteria could be
assessed in 10 of 11 hospitalized HF patients and
met the criteria for a sepsis diagnosis in none of the
cases. In 9 of 18 patients who developed HF, HF
admission was the first manifestation of HF.
Furthermore, during follow-up, 14 urgent non-HF,
cardiac-related hospitalizations occurred. The most
common indications were coronary artery disease
(n ¼ 5) and supraventricular tachycardia/atrial
fibrillation (n ¼ 4).

At the end of the follow-up, 65.5% (95% CI:
51.2%-79.4%) of patients had died. The overall me-
dian survival after sarcoma diagnosis in the study
population was estimated at 12.4 years (Q1-Q3: 2.3-
not available [NA] years), but Ewing sarcoma
patients had a significantly worse prognosis (5.7
years [Q1-Q3: 2.5-NA years] vs 22.8 years [Q1-Q3:
2.5-NA years] in osteosarcoma patients; log-rank
test: P ¼ 0.014). The vast majority of patients died
of malignancy-related causes (86.3%) (Supplemental
Table 2). The cumulative incidence curves of HF for
children/AYAs and older adults are presented in
Figure 2. There was a borderline significant

https://doi.org/10.1016/j.jaccao.2022.11.016
https://doi.org/10.1016/j.jaccao.2022.11.016
https://doi.org/10.1016/j.jaccao.2022.11.016


FIGURE 2 Cumulative Incidence of HF at Follow-Up

The estimated cumulative incidence of heart failure (HF) was 5.9%, but older adults (aged $40 years, dashed line) at diagnosis showed a

higher cumulative incidence of HF compared with patients diagnosed at childhood or adolescents and young adults (solid line). Cumulative

incidence curves were constructed and compared using Fine and Gray’s method.

TABLE 4 Cause-Spec

Determinant (No. of Su

Age at diagnosis, per 5

Female sex (n ¼ 208)

Doxorubicin dose, per-

Any cardiovascular risk

Received radiotherapy

Ewing sarcomac (n ¼ 1

Relapseb (n ¼ 280)

aOnly the top 4 univaria
category ¼ osteosarcoma.
P ¼ 0.010) and 1.26 (95%
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difference in the cumulative incidence function
(P ¼ 0.054).
ASSOCIATION BETWEEN CARDIOVASCULAR AND

ONCOLOGIC PREDICTORS AND CTX. Table 4 pre-
sents the regression estimates. Age at diagnosis
showed a significant association with incident HF
with an increase in risk of 23% per 5-year increase in
age (HR ¼ 1.23; 95% CI: 1.06-1.43; P ¼ 0.007). A nearly
4-fold increased risk of HF was observed in
ific Cox Proportional Hazard Regression With the Competing Risk of Dea

bjects With Exposure)

Heart Failure Modela

Univariable Multivariable

HR (95% CI) P Value HR P V

-y increase 1.27 (1.11-1.45) <0.001 1.23 (1.06-1.43) 0.0

3.29 (1.17-9.24) 0.024 3.17 (1.11-9.10) 0.0

10 mg/m2 increase 1.10 (1.02-1.18) 0.011 1.13 (1.03-1.24) 0.0

factorb (n ¼ 50) 3.83 (1.25-11.71) 0.019 2.10 (0.57-7.72) 0.2

(n ¼ 140) 0.61 (0.14-2.68) 0.52

63) 0.18 (0.02-1.36) 0.097

1.07 (0.35-3.26) 0.91

ble predictors were chosen for the multivariable heart failure model because of the
In separate multivariable models, the HR for age $ 40 years at diagnosis adjusted for femal
CI: 0.90-1.75; P ¼ 0.18) for the heart failure and all-cause death models, respectively.
older adult sarcoma patients (age $40 years vs age
< 40 years) when adjusted for sex, the cumulative
doxorubicin dose, and $1 (time-dependent) cardio-
vascular risk factor (HR: 3.85; 95% CI: 1.37-10.79; P ¼
0.010). Furthermore, the cumulative doxorubicin
dose (per 10-mg/m2 increase) and female sex were
both significantly associated with incident HF (HR:
1.13; 95% CI: 1.03-1.24; P ¼ 0.008 and HR: 3.17; 95% CI:
1.11-9.10; P ¼ 0.032, respectively).
th

All-Cause Death Model

Univariable Multivariable

alue HR (95% CI) P Value HR P Value

07 1.07 (1.03-1.11) 0.001 1.04 (1.00-1.09) 0.074

32 0.74 (0.57-0.96) 0.021 0.93 (0.71-1.20) 0.57

08 0.97 (0.96-0.98) <0.001 0.99 (0.97-1.00) 0.038

64 0.77 (0.42-1.42) 0.41 0.73 (0.38-1.39) 0.34

2.25 (1.74-2.90) <0.001 1.65 (1.24-2.18) 0.001

1.37 (1.06-1.79) 0.007 1.18 (0.87-1.58) 0.29

20.50 (14.05-29.91) 0.015 19.24 (13.14 -28.18) <0.001

limited number of events. bAnalyzed as a time-varying covariate. cReference
e sex, doxorubicin dose, and cardiovascular risk factors was 3.85 (95% CI: 1.37-10.79;
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In a sensitivity analysis, when Fine and Gray’s
competing risk regression was used instead of cause-
specific Cox regression, similar adjusted results were
observed for age per 5-year increase (sHR: 1.18; 95%
CI: 1.01-1.39; P ¼ 0.042) and age $40 years at diag-
nosis (sHR: 3.55; 95% CI: 1.22-10.31; P ¼ 0.020). The
full estimates table is provided in Supplemental
Table 3.

After adjusting for several cancer-related factors
and cardiovascular risk factors, age at diagnosis was
not significantly associated with the competing risk of
all-cause death. Conversely, there was a very strong
association between sarcoma relapse and all-cause
death (HR: 19.24; 95% CI: 13.14-28.18; P < 0.001).

Furthermore, the interaction between older adults
and female sex was assessed. Although the interac-
tion term was nonsignificant (P ¼ 0.193), based on the
observed absolute risk per age group and sex, women
diagnosed as older adults had the highest risk of HF
after treatment (11.1% vs 0.7% in child/AYA males and
4.9% in child/AYA females) (Table 5).

DISCUSSION

In this 36-year experience of CTX in a tertiary sar-
coma center, the estimated cumulative incidence of
HF was 5.9% (95% CI: 2.8%-9.1%). A sarcoma
diagnosed later in life was associated with a nearly 4-
fold increased risk of HF during follow-up. In this
paper, we present a large, comprehensive study of
CTX in sarcoma patients that used a standardized
definition of HF, included a broad range of patients,
followed patients for an extended period of time, and
considered the competing risk of death (Central
Illustration).

ANTHRACYCLINE-RELATED CTX IN SARCOMA. Over
the past few decades, many studies have focused on
CTX of anthracyclines, but only a few have focused on
sarcoma patients. This is remarkable because in sar-
coma treatment, although it is a rare malignancy, the
cumulative dosage of anthracyclines used is higher
than in many other cancers; therefore, the risk of CTX
TABLE 5 Observed Crude Rate of HF by Age Group and Sex

Age Group/Sex Category Observed Crude Rate of HF

Male children/AYA at diagnosis 0.7 (2/279)

Female children/AYA at diagnosis 4.9 (8/163)

Male older adults at diagnosis 7.3 (3/41)

Female older adults at diagnosis 11.1 (5/45)

Values are % (n/N).

AYA ¼ adolescents and young adults (<40 years of age); HF ¼ heart failure.
is substantial.10,22-24 Furthermore, the available
studies on CTX in sarcoma patients primarily focus on
childhood and adolescent patients, and data
regarding patients diagnosed at an older age are
lacking. The largest study on CTX in sarcoma patients
(n ¼ 883 osteosarcoma, n ¼ 543 Ewing sarcoma) by
Longhi et al25 found in a child and adolescent popu-
lation an incidence of 2.0% and 1.3% CTX for osteo-
sarcoma and Ewing sarcoma, respectively. Paulides
et al22 also reported on CTX in pediatric sarcoma pa-
tients enrolled in the prospective Late Effects Sur-
veillance System. Among 265 patients, they found
that 7.5% of patients developed CTX, but only 1.5%
developed clinically relevant CTX.

The available studies that included patients diag-
nosed at an older age were either of small sample size
or limited follow-up. Our study is the first study to
report the incidence of a standardized HF definition
with a sufficiently long follow-up for older sarcoma
patients. A report from the prospective Israel Cardio-
Oncology Registry showed a 14% incidence of CTX
(defined as a reduction in echocardiography-derived
left ventricular ejection fraction #53%) among 43
patients with a mean age of 58 years.23 About one-
third had traditional cardiovascular risk factors at
baseline; however, the investigators did not find a
significant association between baseline cardiovas-
cular risk factor burden and CTX during follow-up,
similar to our study after adjusting for age at diag-
nosis and cumulative doxorubicin dosage. In a post
hoc analysis of CTX in the ANNOUNCE (A Study of
Doxorubicin Plus Olaratumab [LY3012207] in Partici-
pants With Advanced or Metastatic Soft Tissue Sar-
coma) phase III randomized trial among 504 soft
tissue sarcoma patients with a median age of 57 years,
symptomatic cardiac events were reported through
the Common Terminology Criteria for Adverse Events
4.0.26 Among all doxorubicin dose ranges, they found
a low incidence of $ grade 3 events (1.1%-2%), but this
study was limited by a 28-week follow-up for CTX
adverse events.

A noteworthy finding is that there was a suggestion
of effect modification, although nonsignificant, of
female sex on the effect of older age at diagnosis; the
highest absolute risk of HF was observed among
women diagnosed as older adults followed by older
adult men and child/AYA females. These findings are
roughly in line with conclusions of a review of the
literature regarding this topic by Wilcox et al19 that
showed that menopausal state, sex, and age at diag-
nosis are key determinants of anthracycline CTX. In
childhood cancer survivors, prepubertal females were
at an increased risk for CTX, whereas older age
women and men had a similar risk. However, there is

https://doi.org/10.1016/j.jaccao.2022.11.016
https://doi.org/10.1016/j.jaccao.2022.11.016
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considerable heterogeneity in the definitions of CTX,
treatment regimens, malignancies, and follow-up
times, which limits the ability to make solid
conclusions.

Another interesting finding was that a higher cu-
mulative doxorubicin dose was not only associated
with higher rates of HF but also with slightly lower
HR of all-cause death (HR: 0.99; 95% CI: 0.97-1.00). A
higher on-target cumulative dose of doxorubicin is
likely the result of complete doxorubicin adminis-
tration. Conversely, a lower cumulative doxorubicin
dose is likely caused by interrupted or discontinued
treatment because of cancer treatment–related
complications or cancer progression, which is asso-
ciated with a poor prognosis.
AGE AND CTX RISK. Although a very young age at
diagnosis has been described previously as a risk
factor for anthracycline-induced CTX,27 to our
knowledge this is 1 of the few studies that evaluated
all age groups. In a meta-analysis of 18 studies with
49,017 patients with all malignancy types, the authors
found an increased risk of CTX with increasing age at
diagnosis and a higher cumulative doxorubicin dose,
which is similar to our findings. However, unlike our
study, they also found that prevalent arterial hyper-
tension and diabetes was associated with CTX.28
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Furthermore, in a heterogeneous cohort of cancer
patients over 65 years of age, the incidence of CTX
was approximately 10%.8 For this reason, older age is
mentioned as a risk factor in the 2016 European
Society of Cardiology consensus document on car-
diovascular toxicity of cancer treatment.29 The prev-
alence of arterial hypertension and diabetes in our
study was too low at baseline to make conclusions on
their impact on incident HF. In any case, previous
studies in cancer patients have shown the importance
of optimizing cardiovascular risk factors in cancer
patients on mitigating the risk of CTX.30,31

One can speculate that at older age the accumu-
lated burden of subclinical cardiovascular disease and
the increasing prevalence of left ventricular (dia-
stolic) dysfunction reduce the resilience of the
myocardium to cardiotoxic exposure and make these
patients more prone to deterioration of left ventric-
ular function after cardiotoxic chemotherapy.
Another explanation was suggested by Robert et al32

in 1983. They observed that with increasing age the
clearance of doxorubicin declined, which may add to
increased CTX risk.

However, we did not observe the association be-
tween a very young age at diagnosis and an increased
risk of HF. Lipshultz et al33 included 33 osteosarcoma
patients (median age at diagnosis ¼ 14 years, range
2.8-28.9 years) in an echocardiographic study with a
minimum of 2 years of follow-up and found that
younger age was associated with higher rates of car-
diac abnormalities. However, in our study, 35 patients
were diagnosed below 10 years of age, and none of
these patients developed HF. The competing risk of
death by malignancy was not likely to play a role
because 30 of 35 patients were alive at the end of the
follow-up.

CLINICAL IMPLICATIONS. The implications of our
findings are 3-fold: 1) periodic monitoring for CTX in
patients diagnosed with sarcoma at an older age
should be considered; 2) this older age group may
benefit from specific preventive strategies, including
dexrazoxane34; and 3) prompt initiation of HF treat-
ment may be useful to prevent clinical deterioration.

Our study shows that sarcoma patients diagnosed
at an older age may need additional monitoring sur-
veillance for 2 reasons. First, patients diagnosed at a
younger age are frequently enrolled in long-term, late
effect of cancer treatment surveillance protocols that
include periodic echocardiograms, whereas patients
diagnosed at an older age may not be included in such
programs. Second, as demonstrated earlier, our study
shows that patients diagnosed at an older age have a
higher risk of acquiring HF.
Although for the past several decades
anthracycline-induced cardiomyopathy was consid-
ered irreversible, this has been debated in recent
years.35 In our population, we observed that only 1 of
5 patients in whom cardioprotective medications
were started because of a decrease in left ventricular
ejection fraction in the outpatient clinic were subse-
quently hospitalized for HF in follow-up. This sug-
gests that with timely detection and treatment of CTX
on monitoring visits through echocardiography or
cardiac magnetic resonance, clinical deterioration
may be averted. Our work may help to further provide
data to support screening guidelines.

Sarcoma is a cancer diagnosis with a poor prog-
nosis; the 5-year overall survival rate is estimated at
59% depending on the age group and sarcoma type.
Long-term survivors still face a myriad of long-term
sequelae that include both CTX (w5%) and second
malignant neoplasms (w5%).25

STUDY LIMITATIONS. We present a large cohort
study across a broad age range in a rare patient pop-
ulation within the limits of a single-center study.
There is a risk of misclassification of the endpoint
because cardiac biomarkers (1 of 2 minor criteria in
the universal definition of HF) were not routinely
measured at our institution in the 1980s and 1990s in
sarcoma patients. This makes the probability of
meeting the endpoint lower for patients followed in
this time period or delays the HF diagnosis until the
occurrence of clinical symptoms of HF. However,
there was no association between age group and
missing biomarker assessment. Therefore, these
measurements are considered missing at random for
both age groups. Also, there is a risk of differential
follow-up for childhood cancer survivors enrolled in
intensive and lifelong late effect monitoring pro-
grams compared with patients diagnosed as older
adults. However, the follow-up interval and length
were similar for both groups; the median follow-up
time in children and AYAs was 5.8 years (Q1-Q3: 2.0-
13.3) vs 5.5 years (Q1-Q3: 2.2-11.0) in older adults.
Therefore, we assume that the effect of differential
follow-up is limited. Lastly, the cause of death could
not be recovered in w10% of patients. In most cases,
this was because of treatment discontinuation after
cancer progression, after which follow-up
was suspended.

CONCLUSIONS

In a large cohort of osteosarcoma and Ewing sarcoma
patients across a broad age range, we found that pa-
tients diagnosed at an older age are more prone to
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develop HF. Age at diagnosis was not associated
with the competing risk of all-cause death after cor-
recting for cancer-related factors such as relapse of
disease.
patients treated for sarcoma with doxorubicin, the

cumulative incidence of HF was 5.9% (95% CI: 2.8%-

9.1%). When patients were diagnosed at >40 years of

age, they had nearly a 4-fold increased risk of devel-

oping CTX compared with sarcoma patients diagnosed

at childhood or AYA age.

TRANSLATIONAL OUTLOOK: Sarcoma patients

diagnosed at an older age may have the most benefit

from long-term CTX monitoring and preventive mea-

sures during treatment. Future studies should eval-

uate the effect of these measures in this subgroup of

sarcoma patients.
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