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ABSTRACT 

BACKGROUND: Anthracyclines and trastuzumab can increase the risk of heart failure 
(HF), but long-term cardiotoxicity data in breast cancer (BC) patients treated at 
younger ages are limited. Furthermore, it is unknown whether aromatase inhibitors 
are associated with HF risk.
METHODS: HF risk was studied in a multicenter cohort of BC survivors treated 
during 2000-2009, at age <61 years. Information on treatment and cardiovascular 
disease incidence was collected through medical records, general practitioners and 
cardiologists. Analyses included multivariable Cox regression and cumulative incidence 
curves. 
RESULTS: In total 10,209 women with a median age at BC diagnosis of 50.3 years 
and a median follow-up of 8.9 years were enrolled in the study. Anthracycline-based 
chemotherapy was associated with HF (hazard ratio [HR]: 2.18, 95% confidence 
interval [CI]: 1.41-3.39) and risk increased with increasing cumulative anthracycline 
dose. For trastuzumab, HF risk was highest within the first two years after treatment 
(HR0-2years: 13.06, 95% CI: 5.70-29.92) and decreased thereafter (HR2-4years: 4.84, 95% CI: 
1.99-11.75 and HR≥4 years: 0.64, 95% CI: 0.23-1.81). The 10-year cumulative incidence 
of HF was 4.8% (95% CI: 3.2-6.8) among patients treated with anthracyclines and 
trastuzumab. One third of patients who developed HF after trastuzumab had long-
term impaired cardiac function. Patients treated with aromatase inhibitors alone also 
had higher HF risk (HR: 2.18, 95% CI: 1.24-3.82) compared to patients not receiving 
endocrine therapy.
CONCLUSION: Our results stress the importance of considering anthracycline-free 
regimens in BC patients who need trastuzumab-containing treatment. The association 
between aromatase inhibitors and HF needs confirmation. 

INTRODUCTION

Over the past decades survival of patients with early breast cancer (BC) has improved 
substantially, mostly due to the development of effective systemic treatments. A large 
meta-analysis showed that introduction of anthracyclines, and later anthracycline-taxane-
based combinations, significantly reduced BC mortality.1 In patients with human epidermal 
growth factor-2 (HER2) positive tumors, the addition of trastuzumab to chemotherapy 
further improved survival.2, 3 In postmenopausal women with hormone receptor-positive 
disease, the use of aromatase inhibitors rather than tamoxifen further decreased 
recurrence rates and BC mortality.4

The absolute benefit of these contemporary systemic treatment modalities is partly 
reduced by treatment-related adverse events such as cardiovascular disease (CVD).5–9 Both 
anthracyclines and trastuzumab are known to increase the risk of heart failure (HF). The 
anthracycline-related risk of HF is dose-dependent and irreversible as cardiomyocytes are 
permanently damaged by these drugs.10, 11 The trastuzumab-related risk of HF is often 
reversible and left ventricular ejection fraction (LVEF) in most patients improves when 
trastuzumab is (temporarily) stopped.12–14 
Although the long-term risk of HF after anthracycline-based chemotherapy has been 
studied widely, data reporting on the risk beyond 10 years are limited.15, 16 Studies 
investigating trastuzumab-related cardiotoxicity generally have a median follow-up <6 
years.17–19 Whether aromatase inhibitors are associated with HF remains unclear, with 
conflicting evidence from clinical trials and cohort studies.20–22

This study aims to determine the risk of HF associated with anthracyclines, trastuzumab 
and aromatase inhibitors in a large cohort of young BC survivors treated during 2000-
2009.

METHODS

Study population and data collection
HF risk was studied in a multicenter cohort of women treated for BC (stage I-III) or ductal 
carcinoma in situ (DCIS) before the age of 61 years, during 2000-2009 in the Netherlands 
Cancer Institute, Amsterdam or the Erasmus MC-Cancer Institute, Rotterdam, the 
Netherlands. Data collection procedures have been described previously.16 Briefly, patient 
and tumor characteristics were obtained through the Netherlands Cancer Registry, hospital 
tumor registries and medical files. Detailed information on (treatment for) primary BC, 
locoregional recurrences, metastases and second cancers, including second BC, were 
collected. Data on CVD risk factors, CVD incidence and causes of death were retrieved 
during 2014-2018 from the medical records and by contacting all patients’ general 



Heart failure after breast cancer; cohort study  |  7170  |  Chapter 3

3

practitioners and, if applicable, cardiologists. Follow-up regarding CVD incidence was 
complete until at least January 1, 2014 for 74% of patients. Date of death was obtained 
through linkage with the population-based municipal registry. 

Treatment
Most commonly prescribed chemotherapy regimens in this cohort were anthracycline-
based combinations. From 2004 onwards taxanes were added to these regimens. 
Generally, 4-6 cycles of chemotherapy were applied. In 2005 adjuvant trastuzumab became 
available for patients with HER2-positive BC. The majority of premenopausal patients with 
hormone receptor-positive BC received tamoxifen for 5 years. In 2005 upfront aromatase 
inhibitors and sequential use of tamoxifen and aromatase inhibitors became standard of 
care for post- and premenopausal women, respectively. Most patients who underwent 
breast-conserving surgery also received whole breast irradiation. Chest wall irradiation 
was indicated for patients who had a mastectomy and positive resection margins, lymph 
node involvement and/or unfavorable tumor characteristics. Indications for irradiation 
of locoregional nodes changed over time e.g. because of new staging techniques. In 
the Netherlands Cancer Institute the internal mammary nodes (IMN) were irradiated in 
patients with extensive nodal involvement and/or high suspicion or proven metastases 
in the IMN. Patients with DCIS were treated with breast-conserving surgery followed by 
radiotherapy or with mastectomy; no adjuvant systemic treatment was given.

Statistical analysis
HF was defined as incident HF or cardiomyopathy (reported by the general practitioner 
and/or cardiologist) or death due to HF/cardiomyopathy. Time at risk started at BC 
diagnosis and ended at date of death, date of metastasis, date of last follow-up or date of 
HF, whichever came first. Associations between patient- and treatment-related risk factors 
and HF were evaluated using multivariable Cox regression, with follow-up duration as 
time-scale. Treatments for second BC and/or locoregional recurrence were modeled time-
dependently. Patients were classified into mutually exclusive treatment categories for all 
treatment modalities. We performed separate analyses for the outcomes “any HF” and 
“HF as first cardiac event”, because patients with myocardial infarction and/or valvular 
heart disease have an increased risk of developing HF. In analyses considering only HF as 
first event, patients were censored at date of myocardial infarction and/or valvular heart 
disease and additionally at date of second cancer (other than BC and skin cancer) diagnosis. 
All analyses were adjusted for age at BC diagnosis and stratified for hospital. Model fit 
and proportional hazard assumptions were evaluated using graphical and residual-based 
methods. Because the proportional hazards assumption was not met for trastuzumab, 
an interaction term between trastuzumab and follow-up time was added to the model 
and HF risks are presented per time-period. We evaluated whether the joint effect of 

anthracyclines and age was consistent with an additive or multiplicative relation, using the 
model HR=exp(β*x)*[1+exp(γ1*anthra)+exp(γ2*age)+ exp(γ3*anthra*age)] and likelihood 
ratio test of γ3=0. The cumulative incidence of HF was estimated in the presence of death 
from any cause as competing risk. Overall survival rates following first HF were estimated 
using the Kaplan-Meier method and patients were censored at last known follow-up date 
or date of death. Significance tests were two-sided and p<0.05 was considered statistically 
significant. Analyses were performed using Stata/SE (version 13.0; StataCorp LP, College 
Station, TX) and Epicure 1.8 (Hiro Soft International Inc, Seattle, WA).

RESULTS

In total 10,209 women were enrolled. Median age at BC diagnosis was 50.3 years 
(interquartile range [IQR]: 44.2-55.3 years) and 27.7% of patients was aged <45 years at 
diagnosis (Table 1). Women were followed for a median of 8.9 years (IQR: 5.3-12.1 years) 
and 40% of the cohort was followed ≥10 years. Fifty-three percent of patients (n=5,415) 
received chemotherapy as part of their systemic treatment for their first BC. Anthracycline-
based combinations were prescribed in 4,863 patients (47.6%) and 1,497 patients (14.7%) 
also received taxanes. In 569/4,863 patients (11.7%), anthracycline-combinations were 
combined with sequential trastuzumab treatment. Aromatase inhibitors were given to 
2,132 patients (20.9%). At the end of follow-up 18% of patients had died. Most common 
cause of death was BC, followed by second malignancy. 

Within cohort comparisons
In total 130 HF events were identified. Anthracycline-based chemotherapy was associated 
with an increased HF risk (hazard ratio [HR]: 2.18, 95% confidence interval [CI]: 1.41-
3.39, Table 2) and the risk increased with increasing cumulative dose, resulting in a HR 
of 5.24 (95% CI: 2.92-2.41) for patients who received ≥360 mg/m2 doxorubicin dose-
equivalent compared to those who received no anthracyclines (Table 3). HF risk was 
strongly increased within the first two years after trastuzumab (HR0-2years: 13.06, 95% CI: 
5.70-29.92) and decreased thereafter (HR2-4years: 4.84, 95% CI: 1.99-11.75 and HR≥4 years: 
0.64, 95% CI: 0.23-1.81). Patients treated with aromatase inhibitors alone had a 2-fold 
increased HF-risk, compared to patients not receiving endocrine therapy (HR: 2.18, 95% 
CI: 1.24-3.82). The HRs for tamoxifen alone and sequential treatment with tamoxifen 
and aromatase inhibitors were not increased (HR: 1.35, 95% CI: 0.82-2.19 and HR: 1.10, 
95% CI: 0.65-1.84, respectively). When only first HF events were taken into account, 
associations between HF and anthracyclines, trastuzumab and aromatase inhibitors 
became stronger (Table 2). 
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Table 1. Patient characteristics

Total cohort

N %

Total 10,209 100

Age at breast cancer diagnosis

Median (IQR) 50.3 (44.2-55.3)

<35 576 5.6

35-44 2,254 22.1

45-54 4,694 46.0

55-60 2,685 26.3

Year of breast cancer diagnosis

2000-2004 4,874 47.7

2005-2009 5,335 52.3

Follow-up time

Median (IQR) 8.9 (5.3-12.1)

<5 2,331 22.8

5-9 3,753 36.8

≥10 (10-19) 4,125 40.4

Stage†

I 3,946 38.7

II 3,546 34.7

III 1,285 12.6

DCIS 940 9.2

Unknown 492 4.8

Surgery‡

Wide local excision 6,595 64.6

Mastectomy 2,948 28.9

Unknown 666 6.5

Radiotherapy fields*

No radiotherapy 1,490 14.6

Breast 5,807 56.9

Chest wall 1,074 10.5

IMN +/- breast or chest wall 1,432 14.0

Unknown radiotherapy fields 406 4.0

Chemotherapy and targeted therapy*‡

No chemotherapy 4,794 47.0

Anthracyclines only 3,296 32.3

Anthracyclines + taxanes 999 9.8

Anthracyclines + taxanes + trastuzumab 499 4.9

Table 1. Continued

Total cohort

N %

Taxanes + trastuzumab 139 1.4

Other§ 147 1.5

Unknown chemotherapy agents 335 3.3

Endocrine therapy*

No endocrine therapy 5,690 55.7

Tamoxifen 2,106 20.6

Aromatase inhibitor 554 5.4

Tamoxifen + aromatase inhibitor 1,578 15.5

Unknown endocrine therapy 281 2.8

Treatment categories*

Surgery only 817 8.0

Surgery + RT 3,026 29.6

Surgery + RT + HT 824 16.1

Surgery + RT + CT 1,647 8.1

Surgery + RT + CT + HT 3,224 31.6

Surgery + CT + HT 344 3.4

OtherII 327 3.2

Vital status at end of follow-up

Alive 8,362 81.9

Deceased 1,847 18.1

Cause of death

Breast cancer 1,202 65.1

Second malignancy 236 12.8

Cardiovascular disease 35 1.9

Other 84 4.6

Unknown 290 15.7

Abbreviations: IQR, interquartile range; DCIS, ductal carcinoma in situ; IMN, internal mammary nodes; RT, 
radiotherapy; HT, endocrine therapy; CT, chemotherapy.
† Based on pTNM stage.
* Treatment for primary breast cancer.
‡ 15% of patients received chemotherapy in neoadjuvant setting.
§ This category includes patients treated with CMF (cyclophosphamide, methotrexate and 5-fluorouracil. 
n=43), anthracyclines + trastuzumab (n=70) and taxanes only (n=34).
II This category includes patients treated with surgery + CT (n=200) and surgery + HT (n=127).
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Table 2. Risk of heart failure after breast cancer according to treatment- and patient-related risk factors

All events* First events†

N PYs HR 95% CI N PYs HR 95% CI

Chemotherapy

No anthracyclines‡ 38 40,117 1.00 Ref. 23 39,138 1.00 Ref.

Anthracyclines§ 92 40,882 2.18 1.41-3.39 80 40,055 2.78 1.64-4.71

Targeted therapy

No trastuzumab, <2 years fup 10 16,538 1.00 Ref. 9 16,456 1.00 Ref.

Trastuzumab, <2 years fup 15 1,335 13.06 5.70-29.92 15 1,329 13.54 5.73-31.99

No trastuzumab, 2-4 years fup 15 14,940 1.00 Ref. 14 14,770 1.00 Ref.

Trastuzumab, 2-4 years fup 8 1,155 4.84 1.99-11.75 8 1,142 4.81 1.95-11.86

No trastuzumab, ≥4 years fup 78 44,499 1.00 Ref. 53 43,028 1.00 Ref.

Trastuzumab, ≥4 years fup 4 2,532 0.64 0.23-1.81 4 2,468 0.87 0.30-2.49

Radiotherapy fields

No radiotherapy 19 11,888 1.00 Ref. 13 11,667 1.00 Ref.

Breast 60 48,537 0.62 0.37-1.07 44 47,292 0.65 0.35-1.23

Chest wall 19 7,018 0.97 0.49-1.92 18 6,896 1.17 0.55-2.49

IMN +/- breast or chest wall 24 10,556 1.06 0.55-2.01 22 10,392 1.16 0.56-2.41

Unknown radiotherapy fields 8 3,000 1.35 0.58-3.13 6 2,945 1.44 0.54-3.83

Endocrine therapy

No endocrine therapy 50 44,256 1.00 Ref. 36 43,265 1.00 Ref.

Tamoxifen only 29 16,445 1.35 0.82-2.19 24 16,079 1.39 0.80-2.41

Aromatase inhibitor only 21 4,268 2.18 1.24-3.82 19 4,222 2.20 1.20-4.05

Tamoxifen + aromatase inhibitor 25 14,194 1.10 0.65-1.84 21 13,810 1.19 0.67-2.13

Unknown endocrine therapy 5 1,836 1.41 0.55-3.62 3 1,816 1.04 0.31-3.44

Smoking at BC diagnosis

NoII 94 64,225 1.00 Ref. 78 76,313 1.00 Ref.

Yes 36 16,774 1.56 1.05-2.34 25 2,880 1.39 0.87-2.23

History of CVD before BC diagnosis

No 114 77,932 1.00 Ref. 93 62,921 1.00 Ref.

Yes 16 3,067 3.26 1.91-5.58 10 16,272 2.75 1.41-5.37

Abbreviations: PYs, person years; HR, hazard ratio; CI, confidence interval; Ref., reference category; fup, 
follow-up; IMN, internal mammary nodes; BC, breast cancer; CVD, cardiovascular disease.
* In this model all heart failure events are taken into account.
† In this model only first heart failure events are taken into account. 
‡ This category includes patients treated with non-anthracycline chemotherapy.
§ Patients for whom chemotherapy agents were unknown are classified as anthracycline-treated patients, 
since the vast majority of patients treated during 2000-2009 received anthracyclines as part of their 
chemotherapy combination. 
II Patients for whom it was not known whether they smoked at BC diagnosis were categorized as non-smokers.

Smoking independently increased HF risk (HR: 1.56, 95% CI: 1.05-2.34), but not when only 
first HF events were considered (HR: 1.39, 95% CI: 0.87-2.23). Hypertension and diabetes 
mellitus, present at BC diagnosis, were also associated with increased HF risk (Supplemental 
table 1). Sensitivity analyses excluding patients who were treated with trastuzumab 
yielded similar results for anthracyclines and aromatase inhibitors (Supplemental table 2).  
Anthracycline-associated HF risk among women treated ≤50 years was higher during the 
first years after treatment and decreased over time (HR<5years: 13.61, 95% CI: 1.81-102.32 
and HR≥5 years: 0.80, 95% CI: 0.33-1.97 ), whereas for women treated >50 years the risk 
remained increased (HR<5years: 3.92, 95% CI: 1.52-10.09 and HR≥5 years: 1.97, 95% CI: 1.03-
3.78, Supplemental table 3). The joint effect of anthracyclines and age on HF risk was 
compatible with either a multiplicative relation or an additive relation, while there was 
no evidence of effect modification by age of the anthracycline-HF association (data not 
shown).

Table 3. Risk of heart failure after breast cancer according to cumulative anthracycline dose

All events* First events†

N PYs HR‡ 95% CI N PYs HR‡ 95% CI

Cumulative anthracycline dose§ 

No anthracyclines 38 40,117 1.00 Ref. 23 39,138 1.00 Ref.

<240 mg/m2 1 2,865 0.33 0.04-2.41 0 2,821 - -

240-299 mg/m2 36 17,598 1.79 1.06-3.00 33 17,172 2.41 1.32-4.39

300-359 mg/m2 9 2,502 4.44 2.08-9.48 8 2,472 6.07 2.62-14.05

≥360 (360-600) mg/m2 25 6,586 5.24 2.92-9.41 23 6,488 6.89 3.56-13.35

Cumulative dose unknown 21 11,332 1.81 1.01-3.27 16 11,100 2.02 1.01-4.05

Abbreviations: PYs, person years; HR, hazard ratio; CI, confidence interval; Ref., reference category.
* In this model all heart failure events are taken into account.
† In this model only first heart failure events are taken into account. 
‡ Hazard ratios are adjusted for trastuzumab, radiotherapy field, endocrine treatment, smoking at BC 
diagnosis, CVD before BC diagnosis and age at BC diagnosis.
§ Standard chemotherapy doses were assigned per administered cycle of epirubicin-containing (90 mg/m2) 
or doxorubicin-containing (60 mg/m2) chemotherapy combinations. For epirubicin a conversion factor of 0.6 
was used to calculate a doxorubicin-dose equivalent. Anthracycline doses for second breast cancer and/or 
locoregional recurrences were modeled as time-dependent covariates.
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The 5- and 10-year cumulative incidences of HF after anthracycline-based chemotherapy 
were 0.8% (95% CI: 0.5-1.1) and 1.8% (95% CI: 1.4-2.3), respectively, compared to 0.2% 
(95% CI: 0.1-0.4) and 0.9% (95% CI: 0.6-1.3) for patients not treated with anthracyclines 
(Figure 1A). The 5- and 10-year cumulative incidence were highest for patients treated 
with anthracyclines and trastuzumab (4.5%, 95% CI: 3.0-6.5 and 4.8%, 95% CI: 3.2-6.8). 
Stratification by age group showed that absolute HF risks were higher for all treatment 
categories in women treated >50 years compared to patients who were treated ≤50 years 
(Figure 1B and Figure 1C). 
The overall 5-year cumulative survival among patients who developed HF as a first event 
was 80% (95% CI: 70-87%) and did not significantly differ between the treatment groups 
(p=0.36, Figure 2). Among patients who died after HF diagnosis (n=24), CVD was the most 
common cause of death (8/24).

A B

C

Figure 1: Cumulative incidence of heart failure (any event, %) in total cohort (A), in patients ≤50 years of age 
at breast cancer diagnosis (B), in patients >50 years of age at breast cancer diagnosis (C) 

Figure 2: Cumulative survival after heart failure by treatment

LVEF measurements in patients who developed HF after trastuzumab and anthracycline-
based chemotherapy are shown in Table 4. LVEF was ≥50% at the start of trastuzumab 
for most patients with a known LVEF at baseline (12/14). The lowest LVEF at any point 
in time after start of trastuzumab ranged from 6%-50%. One third of patients (9/27) 
had a decreased LVEF (<50%) at last known measurement. In 12/27 patients a medical 
intervention was needed to (temporarily) support cardiac function. In 3/27 patients LVEF 
recovered spontaneously when trastuzumab was withdrawn.
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Table 4. LVEF measurements in patients who developed heart failure after treatment with trastuzumab and 
anthracyclines

All events

N %

Total 27 100

Baseline LVEF

≥60% 7 25.9

55-59% 2 7.4

50-54% 3 11.1

<50% 2 7.4

Unknown 13 48.2

Lowest LVEF at any point in time

<20% 1 3.7

20-29% 5 18.5

30-39% 5 18.5

40-49% 11 40.7

≥50% 1 3.7

Unknown 4 14.8

Last known LVEF 

<20% - -

20-29% 3 11.1

30-39% 3 11.1

40-49% 3 11.1

≥50% 15 55.6

Unknown 3 11.1

LVEF recovery ≥50%*

Yes, without medical intervention 3 11.1

Yes, but medical intervention needed 12 44.4

No† 6 22.2

Unknown 6 22.2

Abbreviations: LVEF, left ventricular ejection fraction.
* LVEF recovery at last known measurement.
† Last known LVEF were 25%, 38%, 39%, 45%, 46% and 48%, respectively and measured 8, 2, 9, 9, 4 and 6 
years after heart failure diagnosis.

DISCUSSION

In this large cohort study, assessing HF risk after contemporary systemic treatments among 
young BC survivors (median age at BC diagnosis: 50 years), we show an increased HF risk 
after trastuzumab within the first four years after treatment. This finding is consistent with 
previous reports that also observed a temporal increase of HF risk for trastuzumab.17, 18 
A novel finding is that upfront use of aromatase inhibitors was also associated with an 
increased HF risk. Furthermore, our data confirm recent findings showing that younger 
BC patients have a similar relative risk of developing HF compared to patients treated at 
older ages.19

In our study trastuzumab was associated with a strongly increased HF risk within the 
first two years after diagnosis (HR: 13.06). Bowles et al found a 7.2-fold increased HF 
risk after a median follow-up of 4.4 years among women treated with anthracyclines 
plus trastuzumab.17 In another population-based study a HR of 5.8 within the first 1.5 
years after trastuzumab plus chemotherapy was reported.18 An explanation for this 
difference may be that we did not rely on registry data, but used physician-reported 
HF events. We could thereby have included less severe HF events and (temporary) 
LVEF declines during trastuzumab treatment, resulting in higher relative risk estimates. 
Furthermore, our data indicate that cardiac surveillance deserves consideration in the 
first four years after sequential therapy with anthracyclines and trastuzumab. 
Although our estimated risk of developing HF after trastuzumab is higher than previously 
observed, the estimated 5-year HF cumulative incidence among patients treated with 
anthracyclines and trastuzumab (4.5%) is comparable to rates reported by others. The 
estimated 3-year cumulative incidence in the study of Thavendiranathan et al. (median 
age at BC diagnosis: 54 years) was 6.6% for sequential therapy.19 In the studies of Bowles 
et al.17 (mean age: 60 years) and Goldhar et al.18 (median age: 52 years) 5-year cumulative 
incidences were 20.1% and 5.2%, respectively. Median age at BC diagnosis of patients in 
our study was only 50 years and thereby the prevalence of age-related cardiovascular risk 
factors low, which may have attenuated estimated absolute risks. 
Data from clinical trials suggest that HF after trastuzumab is reversible.12–14 In our study one 
third of trastuzumab-treated patients had a decreased LVEF (<50%) up to 9 years after HF 
diagnosis and in 12/27 of patients a medical intervention was needed to support cardiac 
function. It should be noted that among all trastuzumab-treated patients who developed 
HF, trastuzumab was preceded by anthracycline-therapy. This finding warrants physicians 
to carefully weigh the benefits and harms of exposing BC patients to sequential treatment 
with these two potentially cardiotoxic drugs. Results from trials investigating the efficacy 
of anthracycline-free regimens for the treatment of HER2 positive BC are promising23–25 
and shorter duration of trastuzumab (i.e. 6 months compared to 12 months26), may also 
result in fewer cardiac side effects. 
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We found that anthracycline-related HF risk did not differ by age at BC treatment, confirming 
the results of Thavendiranathan et al.19 We did observe that the anthracycline-related HF 
risk was substantially higher during the first five years after treatment in patients treated 
≤50 years, whereas no time-dependency was observed in patients treated at older ages. 
This result should, however, be interpreted with caution as the number of HF events and 
patients at risk were small ≥10 years after treatment and confirmation in future studies 
is necessary.
Interestingly, aromatase inhibitors alone were also associated with an increased HF risk. 
In clinical trials a trend towards an increased incidence of ischemic heart disease in the 
aromatase inhibitor arms was seen.21 Since HRs for aromatase inhibitors were also increased 
in our first event analysis, it unlikely that the risk is driven by ischemic HF, although we 
cannot rule out the influence of undetected ischemic heart disease. We did not observe 
an increased HF risk for tamoxifen plus aromatase inhibitors and this raises the question 
whether the duration of aromatase inhibitor treatment plays a role in the observed HF 
association. In the Netherlands upfront aromatase inhibitors were generally prescribed 
for 5 years compared to 2.5 years when combined with tamoxifen. We, however, had no 
individual data on duration of endocrine treatment nor on treatment compliance and could 
not account for duration in our analysis. Hypercholesterolemia is a known side effect of 
aromatase inhibitors and a risk factor for HF with preserved ejection fraction.27, 28 A higher 
prevalence of hypercholesterolemia in the aromatase inhibitor group could therefore have 
contributed to the HF risk. The long-term use of aromatase inhibitors in postmenopausal 
BC patients might add to the increasing prevalence of HF with preserved ejection fraction 
in the elderly female population29, and further investigation is needed.
An important strength of our study is that we used detailed treatment information 
from the medical record and physician-reported HF as outcome variable, which reduces 
misclassification of exposure and event status compared to register-based studies. 
A potential limitation is that we could not study the (synergistic) interaction between 
anthracyclines and trastuzumab, nor confirm the cardiac safety of trastuzumab and 
anthracycline-free chemotherapy combinations as the trastuzumab only group was very 
small.
In conclusion, we found that anthracycline-based chemotherapy, trastuzumab and 
aromatase inhibitors were associated with an increased HF risk. Trastuzumab-related HF 
risk was highest during the first years after treatment and subsequently declined. Absolute 
10-year HF risk, however, was still low (<5%) for patients treated with anthracyclines and 
trastuzumab. Our results do stress the importance of considering anthracycline-free 
regimens with equal therapeutic effectiveness in patients who need HER2-directed therapy 
to limit the risk of treatment-related HF. Further development of evidence-based guidelines 
for cardiac surveillance of BC survivors at highest risk could help physicians tailoring cardiac 
follow-up of these patients.
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Supplemental table 1. Risk of heart failure after breast cancer according to established cardiovascular 
risk factors 

All events* First events†

N PYs HR‡ 95% CI N PYs HR‡ 95% CI

Chemotherapy

No anthracyclines§ 22 16929 1.00 Ref. 12 16383 1.00 Ref.

AnthracyclinesII 41 19694 1.48 0.78-2.81 36 19191 2.13 0.97-4.67

Targeted therapy

No trastuzumab, <2 years fup 3 8096 1.00 Ref. 2 8044 1.00 Ref.

Trastuzumab, <2 years fup 5 566 16.06 0.78-2.81 5 561 22.99 4.29-123.30

No trastuzumab, 2-4 years fup 6 6942 1.00 Ref. 5 6848 1.00 Ref.

Trastuzumab, 2-4 years fup 3 461 4.91 1.17-20.64 3 450 5.59 1.26-24.74

No trastuzumab, ≥4 years fup 42 19571 1.00 Ref. 29 18722 1.00 Ref.

Trastuzumab, ≥4 years fup 4 987 1.36 0.45-4.12 4 948 1.92 0.62-5.97

Endocrine therapy

No endocrine therapy 7 20458 1.00 Ref. 20 19874 1.00 Ref.

Tamoxifen only 36 7726 0.98 0.48-2.00 11 7524 1.12 0.51-2.45

Aromatase inhibitor only 16 1147 2.25 0.91-5.55 6 1112 1.67 0.59-4.72

Tamoxifen + aromatase inhibitor 1 5991 0.92 0.42-2.02 9 5783 1.05 0.45-2.48

Unknown endocrine therapy 3 1300 1.62 0.54-4.87 2 1281 1.11 0.25-4.93

Hypertension

No 45 30925 1.00 Ref. 31 30107 1.00 Ref.

Yes 18 5698 1.60 0.86-2.99 17 5467 2.63 1.33-5.22

Diabetes

No 54 35547 1.00 Ref. 41 34541 1.00 Ref

Yes 9 1076 3.85 1.76-8.40 7 1033 3.61 1.47-8.88

Hypercholesterolemia

No 57 35024 1.00 Ref. 43 34021 1.00 Ref.

Yes 6 1599 1.02 0.40-2.62 5 1553 1.02 0.35-2.96

Smoking

No¶ 38 24995 1.00 Ref. 31 24317 1.00 Ref.

Yes 25 11628 1.55 0.93-2.59 17 11257 1.34 0.74-2.46

History of CVD before BC diagnosis

No 55 34711 1.00 1.00 42 33744 1.00 Ref.

Yes 8 1912 1.71 0.77-3.78 6 1829 1.62 0.64-4.10

Supplemental table 1. Continued

Abbreviations: PYs, person years; HR, hazard ratio; CI, confidence interval; Ref., reference category; fup, 
follow-up; BC, breast cancer; CVD, cardiovascular disease.
* In this model all heart failure events in patients treated in the Erasmus Medical Centre (n=63) are taken 
into account. For AVL patients information on hypertension, diabetes and hypercholesterolemia at BC 
diagnosis was not available.
† In this model only first heart failure events in patients treated in the Erasmus Medical Centre (n=48) are 
taken into account. 
‡ Hazard ratios are adjusted for trastuzumab, radiotherapy field, endocrine treatment, smoking at BC 
diagnosis, CVD before BC diagnosis and age at BC diagnosis.
§ This category includes patients treated with non-anthracycline chemotherapy.
II Patients for whom chemotherapy agents were unknown are classified as anthracycline-treated patients, 
since the vast majority of patients treated during 2000-2009 received anthracyclines as part of their 
chemotherapy combination. 
¶ Patients for whom it was not known whether they smoked at BC diagnosis were categorized as non-
smokers.
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Supplemental table 2. Risk of heart failure after breast cancer according to treatment- and patient-related 
risk factors, excluding patients who ever received trastuzumab

All events* First events†

N PYs HR 95% CI N PYs HR 95% CI

Chemotherapy

No anthracyclines‡ 38 39307 1.00 Ref. 23 38330 1.00 Ref.

Anthracyclines§ 65 36515 1.95 1.20-3.16 53 35770 2.37 1.32-4.27

Radiotherapy fields

No radiotherapy 14 11320 1.00 Ref. 9 11114 1.00 Ref.

Breast 51 46048 0.64 0.35-1.16 35 44862 0.69 0.33-1.46

Chest wall 12 6085 0.94 0.42-2.13 11 5968 1.25 0.49-3.18

IMN +/- breast or chest wall 20 9515 1.19 0.56-2.53 17 9355 1.38 0.57-3.34

Unknown radiotherapy fields 6 2853 1.15 0.43-3.04 4 2801 1.23 0.37-4.06

Endocrine therapy

No endocrine therapy 41 42100 1.00 Ref. 27 41160 1.00 Ref.

Tamoxifen only 26 15671 1.45 0.85-2.47 21 15324 1.52 0.82-2.84

Aromatase inhibitor only 10 2805 2.50 1.21-5.17 8 2768 2.65 1.16-6.09

Tamoxifen + aromatase inhibitor 21 13568 1.04 0.58-1.86 17 13190 1.12 0.57-2.20

Unknown endocrine therapy 5 1678 1.93 0.73-5.08 3 1658 1.53 0.44-5.27

Smoking at BC diagnosis

NoII 70 59803 1.00 Ref. 68 71366 1.00 Ref.

Yes 33 16019 1.78 1.15-2.73 8 2734 1.63 0.97-2.73

History of CVD before BC diagnosis

No 89 72908 1.00 Ref. 54 58554 1.00 1.00

Yes 14 2914 3.20 1.80-5.71 22 15545 2.59 1.22-5.47

Abbreviations: PYs, person years; HR, hazard ratio; CI, confidence interval; Ref., reference category; IMN, 
internal mammary nodes; BC, breast cancer; CVD, cardiovascular disease.
* In this model all heart failure events (n=103) are taken into account.
† In this model only first heart failure events (n=76) are taken into account. 
‡ This category includes patients treated with non-anthracycline chemotherapy.
§ Patients for whom chemotherapy agents were unknown are classified as anthracycline-treated patients, 
since the vast majority of patients treated during 2000-2009 received anthracyclines as part of their 
chemotherapy combination. 
II Patients for whom it was not known whether they smoked at BC diagnosis were categorized as non-smokers.

Supplemental table 3. Anthracycline-related risk of heart failure after breast cancer according to age at 
treatment and follow-up time

All events First events

N PYs HR* 95% CI N PYs HR* 95% CI

Chemotherapy at age ≤50 years

No anthracyclines, <5 years fup 1 8825 1.00 Ref. 1 8762 1.00 Ref.

Anthracyclines, <5 years fup 29 13605 13.61 1.81-102.32 28 13508 12.86 1.71-96.91

No anthracyclines, ≥5 years fup 10 8783 1.00 Ref. 6 8599 1.00 Ref.

Anthracyclines, ≥5 years fup 13 13026 0.80 0.33-1.97 9 12709 0.77 0.24-2.37

Chemotherapy at age >50 years

No anthracyclines, <5 years fup 6 11530 1.00 Ref. 4 11390 1.00 Ref.

Anthracyclines, <5 years fup 25 7313 3.92 1.52-10.09 24 7219 5.53 1.83-16.73

No anthracyclines, ≥5 years fup 21 11448 1.00 Ref. 12 10851 1.00 Ref.

Anthracyclines, ≥5 years fup 25 6468 1.97 1.03-3.78 19 6156 2.21 0.98-4.98

Abbreviations: PYs, person years; HR, hazard ratio; CI, confidence interval; fup, follow-up; Ref., reference 
category.
* Hazard ratios are adjusted for trastuzumab, radiotherapy field, endocrine treatment, smoking at breast 
cancer diagnosis, cardiovascular disease before breast cancer diagnosis and age at breast cancer diagnosis.


