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Abstract

Background: There is a rising concern about treatment-associated cardiotoxicities in breast cancer
patients. This study aimed to determine the time- and treatment-specific incidence of arrhythmia,
heart failure, and ischemic heart disease in women diagnosed with breast cancer.

Methods: A register-based matched cohort study was conducted including 8015 breast cancer
patients diagnosed from 2001 to 2008 in the Stockholm-Gotland region and followed up until
2017. Time-dependent risks of arrhythmia, heart failure, and ischemic heart disease in breast cancer
patients were assessed using flexible parametric models as compared to matched controls from
general population. Treatment-specific effects were estimated in breast cancer patients using Cox
model.

Results: Time-dependent analyses revealed long-term increased risks of arrhythmia and heart
failure following breast cancer diagnosis. Hazard ratios (HRs) within the first year of diagnosis were
2.14 (95% Cl = 1.63-2.81) for arrhythmia and 2.71 (95% Cl = 1.70-4.33) for heart failure. HR more
than 10 years following diagnosis was 1.42 (95% Cl = 1.21-1.67) for arrhythmia and 1.28 (95% Cl =
1.03-1.59) for heart failure. The risk for ischemic heart disease was significantly increased only during
the first year after diagnosis (HR = 1.45, 95% Cl| = 1.03-2.04). Trastuzumab and anthracyclines were
associated with increased risk of heart failure. Aromatase inhibitors, but not tamoxifen, were associ-
ated with risk of ischemic heart disease. No increased risk of heart disease was identified following
locoregional radiotherapy.

Conclusions: Administration of systemic adjuvant therapies appears to be associated with increased
risks of heart disease. The risk estimates observed in this study may aid adjuvant therapy decision-
making and patient counseling in oncology practices.

Funding: This work was supported by the Swedish Research Council (grant no: 2018-02547);
Swedish Cancer Society (grant no: CAN-19-0266); and FORTE (grant no: 2016-00081).
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Editor's evaluation

We feel that your work will be of interest to breast medical oncologists, cardiologists, and primary
care providers who treat patients with breast cancer. We commend you for this study, which achieves
its goal of identifying the incidence and hazard ratio of cardio-toxicity associated with breast cancer
treatment within a general breast cancer population. The international nature of your collabora-

tive study along with its large patient cohort size and long horizontal follow up are quite attractive
features in solidifying previous findings and discovering future areas of exploration.

Introduction

The use of adjuvant systemic therapies at least halves the risk of dying from breast cancer (Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG), 2005; Dowsett et al., 2015; Goldvaser
et al., 2019, Gray et al., 2019). Nowadays, 80% of the breast cancer patients survive for at least
10 years and many will become long-term survivors. There are, however, concerns about therapy-
associated late adverse health effects, including cardiovascular events (Khouri et al., 2012). Use of
common (neo-)adjuvant therapies for breast cancer has been associated with an increased risk of heart
diseases including heart failure, arrhythmias, and ischemic heart disease (Darby et al., 2013; Doyle
et al., 2005; Harris et al., 2006, Hooning et al., 2007; Pinder et al., 2007, Taylor et al., 2017,
Yeh and Bickford, 2009). However, this evidence mostly comes from studies focusing on specific
subgroups of patients based on age, cancer stage, or treatment regimen.

Although the benefits of radiotherapy far outweigh the risk of heart diseases, some studies have
found increased incidence of and mortality due to heart disease in women subjected to radio-
therapy techniques (Darby et al., 2013; Taylor et al., 2017). Knowledge on cardiotoxic effects of
anthracycline-based chemotherapy regimens have led to lowering of doses and less use of bolus
injections to reduce peak concentrations of anthracyclines (Foukakis et al., 2016), but it is estimated
that the risk of heart failure associated with anthracyclines remains increased for standard low-dose
group as compared to non-users (Chung et al., 2020). While trastuzumab has been shown to reduce
the risk of breast cancer mortality at 11 years of follow-up (Cameron et al., 2017), evidence on its
cardiotoxicity is conflicting (Bowles et al., 2012, Papakonstantinou et al., 2020). In addition, recent
evidence suggests that use of aromatase inhibitors in women with hormone receptor positive breast
cancer may increase the risk of heart failure, compared to tamoxifen (Khosrow-Khavar et al., 2020).

Risk assessment of immediate and later occurring heart disease events following breast cancer
is important for the planning of cardiac surveillance programs and possible prophylactic pharmaco-
therapy. Here, we report the risks of heart diseases in a cohort representative of the general breast
cancer population with long-term follow-up. We specifically aimed to assess risks of heart diseases by
time since diagnosis, and according to adjuvant treatments.

Materials and methods

Breast cancer cohort
This study took advantage of the Stockholm-Gotland Breast Cancer Register comprising all women
diagnosed with primary invasive breast cancer between 2001 and 2008 in the Stockholm-Gotland
region. The Stockholm-Gotland Breast Cancer Register has about 99% completeness and provides
detailed information on tumor and treatment characteristics, as well as routine follow-up on locore-
gional recurrences and distant metastases (Colzani et al., 2011; Wigertz et al., 2012). Detailed
description of the breast cancer cohort can be found elsewhere (Holm et al., 2016). We included
all patients diagnosed with non-metastatic breast cancer (stages I-Ill) and without prior diagnosis of
heart disease at age 25-75 years (N = 8015). To compare the risk of heart diseases after breast cancer
diagnosis, we randomly sampled up to 10 women from the general female population in Stockholm-
Gotland region matched on year of birth (Appendix 1—figure 1). Each reference individual was alive
and free of breast cancer on the date of the matched patient’s diagnosis of breast cancer (the index
date).

The matched cohort was linked through the unique personal identity number to the Swedish Cancer
Register, Patient Register, Cause of Death Register and Migration Register, and follow-up started from
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the index date until the date of heart disease diagnosis, emigration, death, breast cancer relapse, or
end of follow-up (December 31, 2017), whichever occurred first. We also performed linkage with the
Prescribed Drug Register which contains data on all drugs dispensed from Swedish pharmacies from
July 2005 onward to validate the use of hormone therapy.

The study was approved by the Regional Ethical Review Board in Stockholm.

Heart diseases

We identified the following heart diseases according to relevant ICD (International Classification of
Disease) codes in the Swedish Patient Register and the Cause of Death Register (Appendix 2—table
1): heart failure (ICD-10: 150, ICD-9: 428A, 428B, 428X), arrhythmias (ICD-10: 147-149, ICD-9: 427),
and ischemic heart disease (ICD-10: 120-125, ICD-9: 410-414). We included both inpatient and outpa-
tient diagnoses, as well as cause of death records in our outcome definition, except for myocardial
infarction, which was based on inpatient and cause of death records solely. To ensure specificity of the
outcomes studied, only primary, and not underlying, diagnoses were considered for analyses.

Breast cancer treatment specifics

We extracted the treatment data from the Stockholm-Gotland Breast Cancer Register. As ~90% of
HER-2 positive cancers were treated with trastuzumab between 2005 and 2008 in the Stockholm-
Gotland region and the Swedish Prescribed Drug Register does not cover data on treatment with
trastuzumab, HER-2 positivity was used as a proxy when no registry data on trastuzumab was available
during this time period (30% of the HER-2 positive patients had missing information on trastuzumab).
Data on adjuvant endocrine therapy was verified against the Prescribed Drug Register and cate-
gorized into tamoxifen and/or aromatase inhibitor use. Since radiotherapy to the left breast has, in
particular, been implicated in heart complications, radiotherapy was categorized according to tumor
laterality (left vs. right). Bilateral tumors were coded separately in this analysis. Chemotherapy was
coded as anthracycline-based, anthracycline plus taxane-based, cyclophosphamide, methotrexate,
and fluorouracil (CMF)-based regimens.

Covariates

The Stockholm Breast Cancer Register contains data on date of diagnosis, menopausal status at diag-
nosis, and type of surgery (breast conserving surgery vs. mastectomy). Tumor characteristics were
also retrieved from this register, including tumor size (T), regional lymph node involvement (N), and
presence of metastases (M), all from pathology records and summarized in TNM stage as defined
according to the American Joint Committee on Cancer, 2010. Information on inpatient comor-
bidities at diagnosis was extracted through the Swedish Patient Register and summarized into the
Charlson comorbidity index (CCl) score, a widely used method for classifying chronic comorbid condi-
tions (Charlson et al., 1987). To account for the potential confounding effect from tobacco abuse,
chronic pulmonary disease, and hypertension in the associations, we further identified associated
diagnoses before cancer using ICD codes from the patient register (Appendix 2—table 1).

Statistical analyses
We compared the risk of heart diseases in breast cancer patients with that observed in the matched
cohort, using flexible parametric model (FPM) with time since index date as underlying time scale. The
FPM is similar to the Cox proportional hazards model in that it provides a hazard ratio (HR) as measure
of association. In our analysis, a restricted cubic spline with four internal and two boundary knots
(five degrees of freedom) placed at quintiles of the event times was used in the FPM for the baseline
hazard. The key advantage of FPM is that non-proportional hazards can easily be fitted by adding a
second spline for the interaction with time. Considering the correlation within the matched clusters, a
shared frailty term (as random effects) was incorporated into the model and the maximum (penalized)
marginal likelihood method was used to estimate the regression coefficients and the variance for the
frailty. Aalen-Johansen estimation was used to assess the cumulative incidences of heart diseases in
breast cancer patients and matched reference individuals, while other causes of death were consid-
ered as competing events.

Next, we studied the association of adjuvant breast cancer therapy with heart disease risk in
breast cancer patients using Cox proportional hazards models. We adjusted these analyses for age

Yang et al. eLife 2022;11:e71562. DOI: https://doi.org/10.7554/eLife.71562 30of 17


https://doi.org/10.7554/eLife.71562

e Llfe Research article

and year of diagnosis (model 1), and addition-
ally for menopausal status at diagnosis, cancer
stage, type of surgery, CCl score, hypertension,
chronic pulmonary disease, and tobacco abuse.
All treatment-specific models were mutually
adjusted for adjuvant therapies. Considering the
possible selection bias in the administration of
radiotherapy (Wadsten et al., 2018), the analysis
for radiotherapy only included patients receiving
radiotherapy, making a comparison between
left-sided, right-sided, and both-sided breast
cancer. Multiple imputation with chained equa-
tions was used to deal with the treatment cate-
gories with missing information. We replaced the
missing data with 10 rounds of imputations and
all the covariates were included in the imputation
model. Considering the time-dependent effect of
treatment, we separated the analysis according to
different follow-up periods, within 10 years after
breast cancer diagnosis and beyond, respectively.

All statistical analyses were performed using
STATA version 15.1.

Results

Descriptive characteristics of the study popula-
tion are described in Table 1. The median age at
breast cancer diagnosis was 59 years, with 74.3%
of patients aged less than 65 years (Table 1).
Approximately 40% of all patients received adju-
vant chemotherapy, with anthracyline-based
regimens being most frequently administered.
Endocrine therapy was received by more than
80% of patients (constituting mainly of tamox-
ifen). Of all patients diagnosed between mid-
2005 and 2008, 13% were coded as receivers of
trastuzumab.

Over a median follow-up of 10.8 years (inter-
quartile range = 6.5 years), arrhythmias were the
most frequently reported heart disease (n = 570),
followed by ischemic heart disease (n = 307) and
heart failure (n = 243). The cumulative incidence
of arrhythmias, ischemic heart disease, and heart
failure in the breast cancer patients cohort was
11.0%, 5.7%, and 4.8% after 15 years of follow-up,
while the cumulative incidence was 8.2%, 5.9%,
and 3.8% in the matched cohort, respectively
(Appendix 2—table 2 and Appendix 3—figure
1).

Figure 1 shows the time-dependent risks of
heart diseases in breast cancer patients compared
to the reference population. A short-term increase
in risks of arrhythmia and heart failure was found
in breast cancer patients (Table 2, Figure 1, HR
at first year for arrhythmia = 2.14; 95% Cl = 1.63-
2.81, for heart failure = 2.71; 95% Cl = 1.70-4.33,

Epidemiology and Global Health | Medicine

Table 1. Descriptive characteristics of the study
population.

Characteristics Overall (N = 8015)

Year of diagnosis % (N)

2001-2002 25.6 (2072)
2003-2004 24.4 (1952)
2005-2006 25.8 (2064)
2007-2008 24.0 (1927)
Age at diagnosis % (N)

<50 years 23.0(1842)
50-65 years 51.3(4111)
>65 years 25.7 (2062)
Menopausal status % (N)
Premenopausal 30.4 (2289)
Postmenopausal 69.6 (5251)
Missing (N) 475
Stage % (N)

Stage | 48.2 (3690)
Stage Il 39.4 (3014)
Stage IlI 12.4 (948)
Missing (N) 363
Tumor size % (N)

<2cm 25.7 (2000)
2-5cm 44.0 (3418)
>5cm 30.3 (2351)
Missing (N) 246
Comorbidity % (N)

None 90.1 (7222)
1 5.5 (439)
>2 4.4 (354)
History of hypertension

No 94.6 (7579)
Yes 5.4 (436)
History of chronic

pulmonary disease or

tobacco abuse

No 96.6 (7746)
Yes 3.4 (269)
Surgery % (N)

No 1.0(79)
Yes, breast-conserving 60.7 (4852)
Yes, mastectomy 38.3 (3058)

Table 1 continued on next page
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Table 1 continued respectively). An elevated risk of ischemic heart
Characteristics Overall (N = 8015) disease was also observed in the first year after
diagnosis (HR = 1.45; 95% CI = 1.03-2.04),

Missing (N) 26 followed by a decline with increasing follow-up
Radiotherapy % (N) time. Interestingly, increased risks for arrhythmia
No 22.5(1774) and heart failure were noted beyond 10 years
' (Table 2, Figure 1, HR for arrhythmia = 1.42;
Yes, left-sided 37.5(2962) 95% Cl = 1.21-1.67; HR for heart failure = 1.28;

Yes, right-sided 39.1 (3088) 95% Cl = 1.03-1.59).
Yes, both-sided 0.85 (67) Table 3 presents the HRs in breast cancer
— patients by adjuvant therapy. Patients treated with
Missing (N) 124 chemotherapy and trastuzumab had an increased
Chemotherapy % (N) risk of heart failure compared to patients not
No 58.5 (4604) receiving these treatments (for patients receiving
anthracyclines-based chemotherapy, HR = 1.74,

Yes 41.5 (3262)

95% Cl = 1.20-2.52; for patients receiving trastu-
Missing (N) 149 zumab, HR = 2.34, 95% Cl = 1.05-5.22) (Table 3).
The risk of heart failure in patients receiving
anthracyclines potentially persisted for 10 years

Hormone therapy % (N)

No 1810 (1424) beyond the diagnosis of breast cancer (HR =
Yes, tamoxifen 53.0 (4247) 1.66, 95% Cl = 0.86-3.19, Appendix 2—table 3).
Yes, aromatase inhibitors 19.3 (1550) Receipt of aromatase inhibitors was associated

with risk of ischemic heart disease (HR = 1.52,
Yes, type unknown 8.1 (645) 95% Cl = 1.03-2.26 compared to patients without
Missing (N) 149 hormonal therapy), but not with risk of heart failure
Trastuzumab therapy % or arrhythmlas' (Table 3)‘. A c.hrect co.mparlson
(N) * between left-sided and right-sided radiotherapy
No 87.3 (2180) showed n? evidence 'of an association of radio-

therapy with heart disease except for a some-
Yes 127 (316) what increased risk of ischemic heart disease in
Missing (N) 1497 women with left-sided breast cancer, particularly

after 10 years after cancer diagnosis, although
*Missingness on individual variables is less than - R o
5%, except for menopausal status (5.9%, N = 488). not statlstlca||y05|gn|f|cant (Appendix 2 table’3,
Treatment-specific analysis of trastuzumab was HR = 1.16, 95% ClI = 0.89-1.51; HR for the risk

restricted to patients diagnosed between 2005 and beyond 10 years = 1.29, 95% CI = 0.70-2.37).
2008 (missingness = 37.5%, N = 1497).

Discussion

In a population-based setting, we demonstrated
that the incidence of heart disease in breast cancer patients was significantly higher than the inci-
dence observed in matched reference individuals from the general population. The risks of arrhythmia
and heart failure were increased even beyond 10 years after diagnosis. Receipt of trastuzumab, as
well as administration of anthracycline+taxane-based regimens, was independently associated with
an increased risk of heart failure, while receipt of aromatase inhibitor therapy was associated with an
increased risk of ischemic heart disease.

We found an increased risk of arrhythmia and heart failure in breast cancer patients as compared
with the matched reference individuals from the general population, which is similar to the risk of
heart failure reported by a previous Dutch study (Hooning et al., 2007), indicating the generalizability
of our findings to European countries. However, as patients in our cohort were aged between 25 and
75 years, caution is needed when generalizing these findings to older patients, who may have more
comorbidities.

Analysis by time since diagnosis revealed long-term increased risks of arrhythmia and heart failure
following breast cancer diagnosis, suggesting that a longitudinal cardiac monitoring schedule might
be helpful to improve cardiac health in breast cancer patients. As the long-term risk was observed for
heart failure but not ischemic heart disease, the cardiotoxic effect of chemotherapy might be mainly
on the myocardium mediated by the effect of DNA double-strand breaks through topoisomerase
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Figure 1. Time-dependent hazard ratio of heart diseases in breast cancer patients compared to age-matched women. In all models, time since index
date was the underlying time scale and a restricted cubic spline with four internal and two boundary knots (five degrees of freedom) placed at quintiles
of the event times was used for the baseline hazard. Time-dependent effects were modelled by adding interaction terms with time using a second
spline with three degrees of freedom.

The online version of this article includes the following source data for figure 1:

Source data 1. Summary data for Figure 1.

Table 2. Hazard ratios for heart diseases in breast cancer patients compared to the matched cohort.

Ischemic heart

Arrhythmia Heart failure disease
No. HR (95% ClI) No. HR (95% CI) No. HR (95% CI)

Time since diagnosis

<1 year 64 2.14 (1.63-2.81) 22 2.71(1.70-4.33) 38 1.45(1.03-2.04)
1-2 years 34 1.08 (0.76-1.53) 19 2.07 (1.27-3.37) 34 1.12(0.79-1.61)
2-5 years 107 1.07 (0.88-1.30) 38 1.14 (0.82-1.59) 72 0.84 (0.66-1.07)
5-10 years 204 1.13(0.98-1.30) 78 1.02 (0.81-1.29) 104 0.82 (0.67-1.00)
10-17 years 161 1.42 (1.21-1.67) 86 1.28 (1.03-1.59) 59 0.79 (0.61-1.03)

Abbreviations: No. = number of cases. HR = hazard ratio. Cl = confidence interval. The HRs are estimated using

flexible parametric model and conditioned on matching criteria (year of birth). In all models, time since index date
was the underlying time scale and a restricted cubic spline with four internal and two boundary knots (five degrees
of freedom) placed at quintiles of the event times was used for the baseline hazard. All analyses were stratified by

time since index date. Statistically significant results with p-value<0.05 are bolded.
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(Top) 2B, but not the cardiac vessels (Lyu et al., 2007). The finding that risk of ischemic heart disease
in breast cancer patients was only transiently elevated after diagnosis is not unexpected, considering
the emotional distress of dealing with a new cancer diagnosis in the patients, which may lead to higher
short-term rates of ischemic heart disease (Fang et al., 2012; Schoormans et al., 2016). In addition,
surgery after breast cancer diagnosis might increase the risk of arterial thromboembolism (Gervaso
et al., 2021), which includes myocardial infarction, and the effect appears to attenuate 1 year after
diagnosis (Navi et al., 2017; Navi et al., 2019). The long-term lower risk of ischemic heart disease
in breast cancer patients compared to age-matched women might be explained by the opposite
role of reproductive factors in breast cancer and ischemic heart disease. Women with younger age
at menarche and older age at menopause were associated with increased risk of breast cancer, while
decreased risk of ischemic heart disease were found among these women (Collaborative Group on
Hormonal Factors in Breast, 2012; Okoth et al., 2020).

The findings that administration of anthracycline+taxanes, as well as trastuzumab, is associated
with increased risks of heart failure are in agreement with previous observational studies (Bowles
et al., 2012, Chavez-MacGregor et al., 2013; Doyle et al., 2005; Du et al., 2009, Goldhar et al.,
2016; Thavendiranathan et al., 2016) and clinical trials (Chen et al., 2011) in specific subgroups
of breast cancer patients. While (poly)chemotherapy is thought to lead to heart failure through a
plethora of mechanisms that damage cardiomyocytes (Yeh and Bickford, 2009), taxanes may also
interrupt the metabolism and excretion of anthracyclines, hence accentuating their toxicity (Bird and
Swain, 2008). The cardiotoxic effect of trastuzumab meanwhile may be explained by inhibition of the
HER-2 receptors in myocytes, which activates the mitochondrial apoptosis pathway through modu-
lation of Bel-xL and -xS, which regulates cell development and growth (Grazette et al., 2004; Yeh
and Bickford, 2009). As there is no cardiac monitoring for chemotherapy in routine clinical practice
and cardiac assessment is only performed prior to and during the treatment period for HER-2 positive
patients in Sweden, a longer-term cardiac monitoring program might be helpful for these patients.

Population-based estimates of incidence of ischemic heart disease following treatment with
aromatase inhibitors have not been extensively reported in the literature (Matthews et al., 2018).
Abdel-Qadir et al. also found an increased risk of myocardial infarction in patients treated with
aromatase inhibitors, as compared to those treated with tamoxifen (Abdel-Qadir et al., 2016). It has
been posited that this apparent increase in risk of ischemic heart disease might in fact be attributed
to reduced risk of heart disease following tamoxifen treatment (Hackshaw et al., 2011; Rosell et al.,
2013). Nonetheless, given that in the present study, an increased risk of ischemic heart disease was
observed in patients treated with aromatase inhibitors compared to patients not receiving hormone
treatment, the protective effect from tamoxifen could not fully explain the previously reported risk
increase of ischemic heart disease in patients treated with aromatase inhibitors.

While several previous studies have shown that radiotherapy for breast cancer increase the risk of
ischemic heart disease and heart failure (Darby et al., 2013; Harris et al., 2006; Pinder et al., 2007),
some studies, particularly those including patients diagnosed in recent decades, have not seen such
an increase (Boekel et al., 2014; Wadsten et al., 2018; Wennstig et al., 2020). Indeed, the time
trends of heart dose improvement and the use of modern heart dose sparing techniques, together
with individualized doses of therapy, may result in lower doses of radiation to the heart (Taylor et al.,
2017; Taylor and Kirby, 2015; Taylor et al., 2009). Another reason for inconsistent results in the
literature could be that patients with a left-sided breast cancer who are susceptible to cardiovas-
cular diseases are less likely to be selected for radiotherapy (Darby et al., 2013; Taylor and Kirby,
2015). Therefore, in our study, we compared risk of ischemic heart disease in patients treated with
radiotherapy for left-sided to those treated for right-sided breast cancer. We found slightly increased
non-significant risk of ischemic heart disease, this risk appeared (as expected) more pronounced in
the follow-up period after 10 years. Overall, our results indicate only small risk of heart disease due to
radiotherapy in women treated in Sweden after year 2000. Further studies with detailed information
on the mean heart dose of radiation or total cumulative radiation dose administered are therefore
needed to confirm and provide more context to this finding.

A major strength of our study is that we were able to investigate risks of heart disease by time
since diagnosis and adjuvant treatment. The risk estimates presented in this study therefore provide
an insight into the short-term and long-term effects of adjuvant breast cancer therapy in routine
clinical practice. Notably, all breast cancer patients were followed-up for a relatively long period. The

Yang et al. eLife 2022;11:e71562. DOI: https://doi.org/10.7554/eLife.71562 8 of 17


https://doi.org/10.7554/eLife.71562

ELlfe Research article Epidemiology and Global Health | Medicine

population-based nature of the study and linkage to registry-based data further minimized the risk of
selection and information biases.

We acknowledge several limitations. The Swedish Patient Register has high validity for heart
failure, arrhythmia, and ischemic heart disease (with positive predictive value between 88% and 98%)
(Hammar et al., 2001; Ludvigsson et al., 2011), by analyzing main diagnoses only. However, misclas-
sification of heart diseases may still have occurred. In addition, pre-existing comorbidities extracted
from the patient register may not include those patients with mild symptoms. Second, we did not have
complete data on trastuzumab during the study period and relied on HER-2 status as proxy, which
may have resulted in some misclassification. The numbers of heart disease after treatment with trastu-
zumab and taxane were also relatively small in our study, and might have resulted in limited power or
chance finding when identifying an association between trastuzumab/taxane and the relevant cardiac
events. Besides, the Stockholm-Gotland Breast Cancer Register only records intended treatment, not
whether patients actually received these therapies. However, the agreement between the intended
and administered breast cancer treatment in Sweden has been previously reported to be about 95%
(Léfgren et al., 2019). Finally, it should be noted that cancer patients are subject to increased medical
surveillance, especially in the initial period after diagnosis. This could explain the increased rates
of heart disease events especially within the first year of follow-up, although psychological distress
following recent diagnosis with cancer represents an alternative plausible explanation for this obser-
vation (Fang et al., 2012; Schoormans et al., 2016).

Through this study, we demonstrate that compared to the general population, women with breast
cancer have increased risks of heart disease including heart failure and arrhythmia. The short-term risk
of ischemic heart disease diminished after 1 year post diagnosis. The increased risk of arrhythmia and
heart failure however appears to persist long-term, beyond the first decade after diagnosis. Admin-
istration of systemic adjuvant therapies is associated with risks of heart disease. The risk estimates
observed in this study may serve as reference to aid adjuvant therapy decision-making and patient
counselling in oncology practices.
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Appendix 1

Regional Breast Cancer cohort

Patients living in the Stockholm /Gotland
region during 2001-2008

n =10,007

Women diagnosed with primary invasive
breast cancer (Follow up to Dec 31, 2017)
Age= 25-75

n=28,658

Women diagnosed with primary invasive
stage I-1ll breast cancer without history of
heart diseases (Follow up to Dec 31, 2017)
Age=25-75

n=38,015

Appendix 1—figure 1. Flowchart of the data.
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during 2001-2017
n=729,183

Corresponding General Population
Women living in Stockholm/Gotland

Matched cohort on year of birth (Follow
up to Dec 31, 2017)
Age=25-75

n=80072
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Appendix 2
Appendix 2—table 1. ICD codes used in the analyses.
Disease codes ICD-10 ICD-9
Arrhythmia 147,148, 149 427

Atrial fibrillation 148 427D

Tachycardia and other cardiac

arrhythmias 147,149 427A-C, 427E-]
Heart failure 150 428A, 428B, 428X
Ischemic heart disease 120-125 410-414

Myocardial infarction 121, 122 410

Angina pectoris 120 411B, 413, 414A
Hypertension [10-115 401-405
Tobacco abuse and Chronic JAa0-J47, J60-J67, F17, 1278, 490-496,500-505, 416W, 416X, 506E,
Pulmonary Disease 1279, J684, J701, J703 508B, 508W, 305B

ICD = International Classification of Diseases.

Appendix 2—table 2. Cumulative incidence estimates of heart diseases in breast cancer patients
and age matched controls.

Cumulative incidence, % (95% Cl)

6 months 1 year 2 years 5 years 10 years 15 years
Arrhythmia
Breast cancer 0.49 (0.35-0.66) 0.81(0.63-1.02) 1.25(1.02-1.52) 2.77 (2.41-3.16) 6.04 (5.49-6.63) 11.03 (10.04-12.08)
Matched control 0.20 (0.17-0.23) 0.38(0.34-0.42) 0.79 (0.73-0.85) 2.18 (2.08-2.29) 4.98 (4.83-5.13) 8.21 (7.99-8.45)
Heart failure
Breast cancer 0.09 (0.04-0.18) 0.28 (0.18-0.42) 0.53(0.38-0.71) 1.06(0.85-1.32) 2.32(1.98-2.70) 4.80 (4.13-5.54)
Matched control 0.05 (0.03-0.06) 0.10(0.08-0.13) 0.22(0.19-0.26) 0.68 (0.63-0.74) 1.87 (1.77-1.96)  3.78 (3.62-3.95)
Ischemic heart disease
Breast cancer 0.26 (0.17-0.40) 0.48 (0.35-0.65) 0.92(0.73-1.16) 1.93 (1.64-2.27) 3.59 (3.17-4.05)  5.68 (4.98-6.44)
Matched control 0.13(0.11-0.16) 0.33(0.29-0.37) 0.72(0.67-0.78) 1.91(1.81-2.00) 3.85(3.72-3.99) 5.90 (5.71-6.09)

Abbreviations: Cl = confidence interval. Cumulative incidence estimates of heart diseases in all breast cancer patients (N = 8015) at
different time-points following the index date ( = date of diagnosis in breast cancer patients). Cumulative incidence estimates are
obtained from Aalen-Johansen estimation.

Appendix 2—table 3. Hazard ratios for heart diseases by different adjuvant therapies and time
since diagnosis.

HR (95% Cl) for ischemic heart

HR (95% ClI) for arrhythmia HR (95% ClI) for heart failure disease
Treatment variables <10 years >10 years <10 years >10 years <10 years >10 years
Radiotherapy
Right-sided REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00)
0.99 (0.79- 0.80 (0.57- 1.13(0.77- 0.94 (0.56- 1.13(0.84-
Left-sided 1.24) 1.14) 1.66) 1.56) 1.53) 1.29(0.70-2.37)
0.26 (0.04— 1.01(0.30- 1.49 (0.36- 2.37 (0.54- 0.84 (0.20— 1.64(0.21-
Both-sided 1.90) 3.36) 6.24) 10.41) 3.43) 12.89)
Chemotherapy

Appendix 2—table 3 Continued on next page
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Appendix 2—table 3 Continued
HR (95% Cl) for ischemic heart

HR (95% ClI) for arrhythmia HR (95% CI) for heart failure disease
No REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00)
1.08 (0.81- 1.07 (0.65— 1.75 (1.11- 1.66 (0.86— 1.27 (0.87-
Anthracyclines-based 1.46) 1.76) 2.76) 3.19) 1.85) 1.36 (0.60-3.09)
Anthracyclines + 1.02 (0.51- 0.87 (0.13- 3.72(1.72- 0.00 (0.00- 1.38 (0.60-
taxanes 2.01) 5.77) 8.03) 0.00) 3.18) 0.00 (0.00-0.00)
1.24 (0.59- 0.74 (0.18- 1.16 (0.33- 0.00 (0.00- 0.97 (0.33-
CMF 2.61) 3.15) 4.05) 0.00) 2.84) 1.17 (0.16-8.41)
Hormone therapy
No REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00)
0.91 (0.67- 1.08 (0.67- 0.76 (0.49- 0.98 (0.52- 0.93 (0.62-
Tamoxifen 1.23) 1.73) 1.20) 1.84) 1.39) 1.50 (0.64-3.53)
0.97 (0.70- 1.05 (0.56— 0.93 (0.58- 1.47 (0.66— 1.47 (0.96—
Aromatase inhibitors 1.36) 1.95) 1.49) 3.27) 2.24) 1.31(0.43-4.01)
Trastuzumab *
No REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00) REF (1.00)
1.56 (0.82- 0.00 (0.00- 2.60 (1.14- 0.00 (0.00—~ 1.71(0.76- 6.95 (0.56-
Yes 2.97) 0.00) 5.89) 0.00) 3.87) 85.58)

HR = hazard ratio; Cl = confidence interval. Hazard ratios are estimated from Cox proportional hazards models with time since diagnosis
as underlying time scale. Hazard ratios are multivariable adjusted including age at diagnosis, year of diagnosis, menopausal status,
Charlson comorbidity index, clinical stage, type of surgery, hypertension, chronic pulmonary disease and tobacco abuse, and all treatment
variables listed in the table. * Treatment-specific analysis of trastuzumab was restricted to patients diagnosed between 2005 and 2008.
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Appendix 3—figure 1. Cumulative incidence of heart disease in breast cancer patients and matched women.
Aalen-Johansen estimates of the cumulative risk of heart disease by time since index date, in breast cancer
patients and matched women from the general population. BC: breast cancer; REF: reference women in the
matched controls from the general population; No.: number.
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