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Abstract
Purpose Anthracyclines are an integral component of breast
cancer chemotherapy. They exert many cardiotoxic effects,
including heart failure. The onset of anthracycline-induced
heart failure (AIHF) can occur years after completion of
chemotherapy and incurs significant morbidity and mortality.
Few studies have attempted to characterize risk factors for its
development. Our purpose was to determine the incidence of
early and late AIHF in breast cancer survivors and to identify
factors that increase the risk for late-onset AIHF.
Methods Patients with invasive breast cancer who received
doxorubicin-containing chemotherapy at University Hospitals
Case Medical Center from 1998 to 2006 were included.
Medical history and tumor and treatment characteristics were
abstracted from medical records. Patients who developed
heart failure were compared to those who did not and were
also stratified based on timing of heart failure.
Results One thousand one hundred fifty-three patients re-
ceived doxorubicin-based chemotherapy for invasive breast
cancer with an average follow-up of 7.6 years (standard devi-
ation (SD)=3.4). The overall incidence of heart failure was
10.4, with a 2.9 and 7.6 % incidence of early- and late-onset

heart failure, respectively. Human epidermal growth factor
receptor 2 (HER2) status, hypertension, and coronary artery
disease were significant predictors for both heart failure
groups (p<0.001). Type II diabetes was a risk factor for the
late-onset AIHF group (p<0.001).
Conclusions HER2 status and cardiovascular risk factors in-
creased the risk of heart failure among doxorubicin users.
Patients with type II diabetes were at increased risk of late-
onset AIHF.
Implications for cancer survivors We identified at risk survi-
vors whomay benefit from prolonged monitoring and/or early
intervention.
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Introduction

Anthracyclines have been shown to improve survival and
decrease mortality in breast cancer [1–3]. However,
anthracycline-induced cardiomyopathy is a well-documented
and often therapy-limiting toxicity [4, 5]. Anthracycline
cardiotoxicity can occur at three different time periods: during
administration of the drug (acute), within 1 year after therapy
(early-onset), or more than 1 year after exposure (late-onset)
[6, 7]. While acute and early-onset anthracycline
cardiotoxicity manifesting as transient arrhythmias or asymp-
tomatic decreases in ejection fraction usually resolve, late-
onset anthracycline cardiotoxicity can progress to symptom-
atic and persistent heart failure [8]. Breast cancer patients who
develop anthracycline-induced heart failure (AIHF) carry a
poor prognosis as it is lethal 27 to 60 % of the time [9].

Late-onset AIHF is well-documented in the pediatric can-
cer survivor population [10]. Pediatric cancer survivors who
received an anthracycline-containing treatment are 15 times
more likely to develop heart failure compared to matched
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counterparts [11]. Population studies using SEER data also
show that late-onset AIHF does occur in the adult breast
cancer survivor population [12, 13], with the risk increasing
significantly 5 years after completion of treatment [13]. The
incidence of late-onset AIHF in the breast cancer varies great-
ly depending on how AIHF was assessed, with studies
reporting between 1.6 and 5 % [4] and as high as 30 % [14].

Very few studies have been done looking specifically at
risk factors for late-onset AIHF especially in the breast cancer
survivor population [15], though late-onset anthracycline
cardiotoxicity is well-documented in this group [16]. Howev-
er, there are a number of patient and treatment characteristics
that have been shown to increase the risk of developing
anthracycline cardiotoxicity overall. Not surprisingly, comor-
bidities such as hypertension, diabetes mellitus, and dyslipid-
emia as well as patient age, which are known risk factors for
heart disease, also increase the risk for anthracycline
cardiotoxicity [12, 17]. Treatment characteristics such as con-
current left chest wall radiation therapy and total anthracycline
dose have also been shown to be risk factors [18, 19]. The
incidence of anthracycline cardiotoxicity rises with cumula-
tive anthracycline dose [20] with incidences of 5 % at a
cumulative dose of 400 mg/m2, 16 % at 500 mg/m2, 26 % at
550 mg/m2, and 48% at 700 mg/m2. Cardiac enzymes such as
troponin I and BNP have been found to be persistently ele-
vated years after completion of anthracycline therapy, demon-
strating its lasting cardiotoxic effects [21–23].

Diagnosis of AIHF is currently based on a decrease in left
ventricular ejection fraction (LVEF) during and after
anthracycline therapy, as measured by either echocardiogram
or multi-gated acquisition scan (MUGA). However, studies
show that acute decrease in LVEF does not necessarily predict
late-onset AIHF [19, 23] and that patients who do not initially
demonstrate any LVEF changes may develop AIHF years
after completion of treatment [24]. Furthermore, as
trastuzumab has become a part of standard adjuvant treatment
for human epidermal growth factor receptor 2 (HER2)-posi-
tive breast cancers, studies have demonstrated an increased
risk of heart failure with addition of trastuzumab to
anthracyclines [25].

Currently, there are no standard guidelines for the monitor-
ing and evaluation of AIHF in adult breast cancer survivors
[16]. Patients typically undergo evaluation of heart function
with an echocardiogram orMUGA before starting chemother-
apy to determine eligibility for treatment with anthracyclines.
Most patients are not again routinely evaluated unless they
present with symptoms suggestive of heart failure. There is
increasing thought that cardiac risks in breast cancer patients
who have received anthracycline-based chemotherapy are not
being adequately assessed [26, 27]. More importantly, while
much research has been published regarding risk factors for,
diagnosis of, possible prevention, and treatment of
anthracycline cardiotoxicity, few studies have focused

specifically on late-onset AIHF in breast cancer survivors.
Even fewer of these studies have attempted to differentiate
what, if any, characteristics separate acute/early anthracycline
cardiotoxicity from late-onset AIHF. With an estimated 2.5
million breast cancer survivors [28] and an 89.2 % 5-year
survival rate [29], it is likely that a significant number of breast
cancer patients will experience heart failure in their lifetime
due to exposure to anthracycline-containing chemotherapy.
The objectives of this retrospective study are to calculate the
incidence of anthracycline-induced heart failure and to assess
the impact of various risk factors on the development of late-
onset AIHF. We hope to identify an at risk patient population
that would benefit from long-term follow-up or alternative
cancer treatment strategies.

Materials and methods

Study design

This retrospective study was conducted at University Hospi-
tals Case Medical Center (UHCMC) with IRB approval. We
initially sought all patients in our institution’s tumor registry
who received chemotherapy for invasive breast cancer be-
tween 1998 and 2006, including only those who received
anthracyclines in this study. Patient comorbidities and dates
of diagnoses were identified via linking with International
Classification of Diseases (ICD)-9 billing codes for each
patient encounter. Medical records were used to gather addi-
tional information and to confirm billing diagnoses. A random
study number was then assigned to each patient to protect
personal health information.

Data collection

The first author abstracted the data for all patients in this study.
For each patient, the following information was collected from
the tumor registry: histopathology, cancer laterality, chemo-
therapy start date, radiation start date, chemotherapy regimen
(if anthracycline-containing regimen then type and cumulative
dose), age at diagnosis, tobacco history (former, current, nev-
er), staging, hormone receptor status, HER2 status, and mor-
tality status (deceased/alive) at the time of query. From the
billing codes, the following information was obtained: diag-
noses of type II diabetes mellitus, coronary artery disease,
hypertension, dyslipidemia, and heart failure (if yes, date of
diagnosis). From the medical record, the following data was
obtained: cardiac imaging data (MUGA or echocardiogram)
and date of last follow-up visit (inpatient, outpatient, or date of
death). The medical record was also used to confirm heart
failure diagnoses, comorbidities, and mortality. Cause of death
usually could not be determined from the medical record. The
anthracycline dose was calculated based on the standard for
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each regimen, e.g., 240 mg/m2 of doxorubicin in “ACx4,”
unless otherwise stated by oncology notes in the medical
record.

All patient records were queried for ICD-9 codes for heart
failure (see Supplementary Table 1). These codes have been
validated in a prior study identifying patients with heart failure
[30]. The medical records of these patients were then used to
validate the diagnosis of heart failure. In those patients, heart
failure was defined as sonographic evaluation of LVEF ≤45%
combined with recorded clinical assessment of signs and
symptoms, which has been used in a prior study assessing
for AIHF [31]. Patients with heart failure were coded as
having either early-onset heart failure or late-onset heart fail-
ure. Early-onset AIHF was defined as diagnosis of heart
failure within 1 year of initiation of chemotherapy, and late-
onset AIHF was defined as occurring more than a year after
chemotherapy. Patients were then classified into the early
heart failure, late heart failure, or control group (patients that
received anthracycline-based chemotherapy that did not de-
velop any heart failure). Length of follow-up was defined as
time between initial date of cancer diagnosis and date of last
follow-up visit (inpatient, outpatient, or date of death). Time to
onset of heart failure was defined as the time between initial
date of cancer diagnosis and the date of heart failure diagnosis.

Statistical analysis

Early or late heart failure patients were compared to the
control (no heart failure) group and then to each other using
either a chi-square test (for categorical variables) or a standard
t test (for continuous variables). All statistics were done using
SAS 9.3 and a p value<0.05 was considered statistically
significant.

Results

One thousand six hundred twenty-two breast cancer patients
were considered for systemic chemotherapy between 1998
and 2006 at our institution. Of those not lost to follow-up,
1,169 received an anthracycline-containing regimen and were
included for further study. One hundred twenty patients de-
veloped heart failure after receiving chemotherapy; 34 were
classified as early-onset while 86 were classified as late-onset.
Of the 1,049 patients who did not develop heart failure, the
anthracycline doses was unknown in 16 patients and were
excluded, leaving 1,033 patients in the control group (Fig. 1).
Doxorubicin was the only anthracycline that any of these
patients received. The most common regimen was four cycles
of doxorubicin and cyclophosphamide for a cumulative doxo-
rubicin dose of 240 mg/m2. Table 1 provides a summary of the
population characteristics of these patients.

The overall incidence of heart failure after doxorubicin at
our institution was 10.4 %, with the incidence of early-onset
AIHF being 2.9 % and late-onset AIHF being 7.6 %. The
average time to onset of heart failure in the early group was
0.57 years (standard deviation (SD)=0.2) compared to
5.16 years (SD=3.2) in the late-onset group. The average
length of follow-up was 7.6 years (SD=3.5) in the control
group and 7.7 years (SD=3.3) in the heart failure group.
Table 2 summarizes the key patient, cancer, and treatment
characteristics that were examined in this study. The early-
and late-onset AIHF groups were compared to the control
group and then to each other.

Risk factors for early- or late-onset AIHF

The early- and late-onset AIHF groups were first individually
compared to the control group. Patients who developed early-
onset AIHF were significantly older than those in the control
group (p=0.01). Such a difference did not exist between the
late-onset group and control group. The only disease charac-
teristic that was statistically significantly different from the
control group in both early and late heart failure groups was
HER2 status. Similar to the results of other studies looking at
heart failure in patients who received anthracyclines, patient
comorbidities such as coronary artery disease, hypertension,
and dyslipidemia were all significant risk factors (p<0.01) for
heart failure in both the early- and late-onset AIHF groups.
The use of trastuzumab was significantly higher in both heart
failure groups compared to the control. Type II diabetes was
only a significant risk factor in the late-onset AIHF group
(p<0.001) but not the early-onset AIHF group (p=0.45).
Current and former smoking status, a known cardiovascular
risk factor, was not significant (p>0.05) across all groups.
Contrary to what other studies have shown, left-sided radia-
tion was not a significant risk factor in either group. Early-
onset AIHF was not significantly associated with increased
mortality compared to the control group (29.4 versus 20.6 %,
p>0.05), whereas late-onset AIHF did confer a significant
mortality risk (38.4 versus 20.6 %, p<0.001, see Table 1).

Early-onset AIHF versus late-onset AIHF

The early-onset group was then compared to the late-onset
group. The patients were not significantly different in age at
diagnosis. There was also no difference in the tumor charac-
teristics between the two groups. While HER2 status did not
differ between the two groups, there were significantly more
patients in the early-onset group who received trastuzumab
compared to the late-onset group (38.2 versus 19.8 %, p=
0.035). There was also no difference in the incidence of
cardiac comorbidities such as coronary artery disease and
hypertension. Though the incidence of type II diabetes was
much higher in the late-onset heart failure group compared to
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Table 1 Study population characteristics. Patient characteristics for each group are described in the table. These characteristics are descriptive of the
study population and are not risk factors for the development of AIHF

Early-onset heart failure Late-onset heart failure Control

N 34 86 1,033

Age at cancer diagnosis, mean (SD) 57.3 (10.7) 53.7 (11.2) 52.4 (11.1)

Length of follow-up, years, mean (SD) 6.9 (3.1) 8.0 (3.4) 8.6 (31.2)

AJCC stage at dx

1, N (%) 7 (20.6 %) 7 (8.1 %) 194 (18.8 %)

4, N (%) 1 (2.9 %) 6 (7.0 %) 26 (2.5 %)

Smoking status, current and former, N (%) 12 (35.3) 25 (29.1) 355 (34.4)

Doxorubicin

≤240 mg/m2, N (%) 31 (91.2 %) 78 (90.7 %) 951 (92.1 %)

>240 mg/m2, N (%) 3 (8.8 %) 8 (9.3 %) 82 (7.9 %)

Time to HF onset, years (SD) 0.57 (0.2) 5.16 (3.2) N/A

Deceased, N (%)a 10 (29.4 %) 33 (38.4 %) 213 (20.6 %)

dx diagnosis, HF heart failure
a The late-onset heart failure group had a statistically significant higher mortality rate (p<0.001) compared to the control group, whereas there was no
statistical significance between the early-onset heart failure group in terms of mortality compared to the control group

1622 breast cancer patients considered 
for systemic chemotherapy between 

1998 and 2006 at UHCMC

1169 patients received anthracyclines

120 patients with confirmed 
diagnosis of heart failure after 

initiation of chemotherapy

34 patients with early onset 
heart failure

86 patients with late onset 
heart failure

1049 patients without heart failure

1033 patients in the control group

16 patients with unknown 
anthracycline dose

453 patients lost to follow-up or did 
not receive anthracyclines

Fig. 1 Patient selection. Reasons for exclusion from the original 1,622 patients were (1) did not receive anthracycline-containing regimen, (2) did not
receive subsequent cancer care at UHCMC, and (3) there was no available information in the physician portal to verify billing codes

J Cancer Surviv (2015) 9:252–259 255



control, and which was not significant when comparing the
early-onset and control group, there was no significant differ-
ence between the incidence of type II diabetes between the
early- and late-onset heart failure group (p=0.16).

Discussion

The purpose of this retrospective study was to examine the
incidence of heart failure in breast cancer patients treated with
anthracyclines, with focus on identifying unique risk factors
for early and late AIHF. Due to the increase risk for mortality,
as was seen in our study, the most serious manifestation of
anthracycline cardiotoxicity is late-onset AIHF. In our popu-
lation, the mortality in those who developed late-onset AIHF
was 38.4 % compared to 20.6 % in the control group
(p<0.001). Although we cannot conclude that the increased
mortality in the late-onset heart failure group was exclusively
due to the cardiomyopathy as the mortality data did not
specify cause of death, the significantly higher mortality is
still a significant finding. Few studies have evaluated late-
onset AIHF in breast cancer patients as a distinct entity, and
therefore its incidence and predisposing factors are not well
known. We used a common clinical definition of heart failure
in our study, which is an absolute LVEF ≤45 % in the setting
of confirmed clinical assessment.

We found the incidence of late-onset AIHF to be 7.6 %,
which is comparable to other studies especially of adult sur-
vivors of pediatric cancers [6]. An important contribution to

this area is the Romond et al. long-term follow-up study of the
NSABP B-31 trial [32]. In this report, cardiac events in
patients treated with and without trastuzumab after adjuvant
doxorubicin and cyclophosphamide were described. Patients
with an early drop in LVEF were excluded from receiving
trastuzumab and therefore from analysis for late events.
Romond et al. described a 3.4 % incidence of cardiac events,
which is lower than what we found. However, because 7.8 %
of patients experienced an early decrease in LVEF and were
excluded from analysis, the patients included in the Romond
et al. study were by definition a subset of those receiving
anthracycline chemotherapy. This rate of early-onset AIHF
is higher than found in our study (2.9 %) which may be
because we only included symptomatic LV failure. The dif-
ferences in incidence of heart failure between the two studies
highlight the importance of standardizing the definition of
anthracycline-associated heart failure when conducting
cardiotoxicity research in cancer survivors [33].

As in other studies, we found that coronary artery disease,
hypertension, and dyslipidemia were significant risk factors for
the development of AIHF. Contrary to other studies, we did not
find that higher cumulative doses of doxorubicin (>240 mg/m2)
to be a significant heart failure risk factor. However, only three
patients in the early-onset group and eight patients in the late-
onset group received doxorubicin doses >240 mg/m2, and
therefore, we may be underpowered to detect this effect. Fur-
thermore, we also did not find that left-sided radiation was a
significant risk for the development of heart failure, which was
also seen in the Romond et al. study. This finding suggests that
further studies are needed to assess the true cardiotoxic effect of

Table 2 Potential heart failure risk factors. The two heart failure groups were compared to the control group and then to one another for each of the risk
factors

Early HF
(N=34)

Late HF
(N=86)

Control
(N=1,033)

p value
(early versus control)

p value
(late versus control)

p value
(early versus late)

Age at diagnosis, mean (SD) 57.3 (10.7) 53.7 (11.2) 52.4 (11.1) 0.012 0.31 0.11

ER-positive, N (%) 22 (64.7 %) 55 (64.0 %) 680 (65.8 %) 0.89 0.73 0.94

PR-positive, N (%) 20 (58.8 %) 44 (51.2 %) 601 (58.2 %) 0.94 0.21 0.45

HER2-positive, N (%) 15 (44.1 %) 26 (30.2 %) 205 (19.9 %) 0.001 0.02 0.14

Left-sided radiation, N (%) 15 (44.1 %) 36 (41.9 %) 423 (41.0 %) 0.71 0.87 0.82

Doxorubicin

≤240 mg/m2, N (%) 31 (91.2 %) 78 (90.7 %) 951 (92.1 %) 0.75 0.65 0.99

>240 mg/m2, N (%) 3 (8.8 %) 8 (9.3 %) 82 (7.9 %)

Trastuzumab received, N (%) 13 (38.2 %) 17 (19.8 %) 92 (8.9 %) <0.0001 0.001 0.035

DMII, N (%) 4 (11.8 %) 20 (23.3 %) 84 (8.1 %) 0.45 <0.001 0.16

CAD, N (%) 4 (11.8 %) 15 (17.4 %) 32 (3.1 %) 0.006 <0.001 0.59

HTN, N (%) 21 (61.8 %) 54 (62.8 %) 367 (35.5 %) 0.002 <0.001 0.55

DLD, N (%) 14 (41.2 %) 29 (33.7 %) 221 (21.4 %) 0.006 0.008 0.44

Smoking, former/current, N (%) 12 (35.3 %) 25 (29.1 %) 355 (34.4 %) 0.91 0.32 0.51

DMII type II diabetes mellitus, CAD coronary artery disease, DLD dyslipidemia, HTN hypertension, HF heart failure
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left-sided radiation, which has been historically believed to be a
significant risk factor for the development of heart failure.

HER2 status was a significant predictor for the develop-
ment of heart failure. This finding is in concordance to nu-
merous other studies that have showed trastuzumab to exert
cardiotoxic effects [34]. Because not all patients who were
HER2-positive received trastuzumab, HER2 status may be an
independent risk factor for AIHF regardless of anti-HER2
therapy. However in our study, we did not examine the effect
of HER2 independently of trastuzumab because given the few
numbers of HER2-positive patients who did not receive
trastuzumab, our study was not powered to evaluate this.
Nevertheless, recent studies have shown that HER2 signaling
plays a crucial role in cardiomyocyte physiology. Specifically,
HER2 overexpression in transgenic mice has resulted in a
phenotype with a condition resembling hypertrophic cardio-
myopathy [35]. These studies reveal the intimate relationship
between HER2 expression, anti-HER2 therapy, and cardiac
myocyte structure/function.

Diabetic cardiomyopathy is defined as cardiac ventricular
dysfunction in diabetes mellitus in the absence of underlying
coronary artery disease or hypertension. Both diastolic and
systolic dysfunction can result from the culmination of oxida-
tive stress, inflammation, and multiple other molecular de-
rangements [36, 37]. Diastolic dysfunction is often one of the
earliest observable changes in cardiac function, whereas sys-
tolic dysfunction typically develops in later stages of the
disease [38]. In our study, we found that type II diabetes
mellitus was significantly associated with late-onset AIHF
but not early-onset AIHF when compared to the control group
(p<0.001 versus p=0.45, respectively). Again, to our knowl-
edge, this association has not yet been reported in other
studies. A plausible explanation for this association is that
similar molecular mechanisms underlie the pathophysiology
of both late-onset AIHF and diabetic cardiomyopathy, which
is why systolic dysfunction is a cardinal manifestation of both
disease processes that occur after many years of injury. This
novel association highlights the importance of glycemic con-
trol in diabetic breast cancer survivors. Furthermore, it opens
the door for further research regarding late-onset AIHF
prevention.

The power of this study, due to the large number of pa-
tients, allowed significant associations to be revealed. It
allowed us to examine the early-onset AIHF group and the
late-onset AIHF group independently. Bias in the data abstrac-
tion process was minimized because there was only one
abstractor and this eliminated abstractor conflicts. Limitations
of our study stem primarily from its retrospective nature.
Doxorubicin dosing was assumed to be standard per the
regimen unless otherwise stated in the medical record. Timing
of diagnosis of AIHF was based on outpatient billing and
follow-up visit dates which can overestimate the true date of
development of symptomatic heart failure. Furthermore, as

heart failure in our study was defined as LVEF≤45% andwith
symptoms documented in clinical assessment, we undoubted-
ly underestimated the incidence of anthracycline-associated
cardiotoxicity by not factoring in asymptomatic LV dysfunc-
tion. It is not yet known whether asymptomatic LV dysfunc-
tion secondary to anthracyclines increases morbidity and mor-
tality, and therefore, we focused on symptomatic systolic heart
failure in this study. Studies such as this can be inherently
biased because patients with cardiac risk factors are likely to
be evaluated with imaging and followed by a cardiologist, and
therefore, more heart failure may be diagnosed. Finally, be-
cause we only had access to our institution’s health records,
we also cannot know for certain that the diagnosis of heart
failure was not made elsewhere.

We report the first study to look at risk factors for both
early-onset and late-onset anthracycline-induced heart fail-
ure, with focus on late-onset. We provide data that there are
key differences between early-onset AIHF and late-onset
AIHF. We found that HER2 status was a risk factor for
both early- and late-onset AIHF, which may be indepen-
dent of trastuzumab administration. We also found that
type II diabetes mellitus was significantly associated only
with late-onset AIHF, which is a novel association. We also
found that there was no significantly increased risk for
heart failure secondary to cumulative anthracycline dose
and concurrent left-sided radiation. These findings com-
prise a shift in the paradigm of thinking regarding
anthracycline cardiotoxicity, as it may be an individual’s
genetic makeup and pre-existent comorbidities rather than
the treatment itself that elevate the risk for heart failure. In
the age of molecular profiling, it may be possible to 1 day
determine the risk of developing AIHF based on a patient’s
genomic map [39]. Our findings also suggest that breast
cancer survivors with these characteristics (diabetes and
HER2-positive disease) may benefit from longer monitor-
ing for the development of cardiac toxicity. Recent ad-
vancements in strain echocardiography technology demon-
strate subclinical changes in cardiomyocyte function after
anthracycline administration without any overt changes in
LVEF [40, 41]. Therefore, these patients may also benefit
from earlier intervention to attempt to prevent the devel-
opment of late-onset toxicity. Further studies are needed to
validate our findings and to assess the utility of
implementing these interventions. There is also potential
to develop a heart failure risk model based on these char-
acteristics to determine whether a patient should be con-
sidered for an alternative non-anthracycline-based chemo-
therapy regimen. Furthermore, there currently are no stan-
dardized guidelines for monitoring the development of
cardiotoxicity post-anthracycline administration [33], and
our study attempts to take the first step in developing these
guidelines by identifying at risk patients. However data
from a larger number of patients from a variety of
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institutions will be needed for development of an accurate
risk prediction model.
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