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Abstract

Purpose: While clinical heart failure (HF) is recognized as an adverse effect from breast 

cancer (BC) treatment, sparse data exist on specific HF phenotypes in affected BC survivors. 

We examined risk of HF by left ventricular ejection fraction (LVEF) status in women with a 

history of BC.

Methods: 14,804 women diagnosed with all stages of invasive BC from 2005–2013 and with no 

history of HF were matched 1:5 to 74,034 women without BC on birth year, race, and ethnicity. 

LVEF values were extracted from echocardiography studies within 30 days before through 90 

days after the HF clinical encounter. HF was stratified into HF with preserved ejection fraction 
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(HFpEF, LVEF≥45%) and HF with reduced ejection fraction (HFrEF, LVEF<45%). Cumulative 

incidence rates (CIRs) were estimated with competing risk of overall death. Hazard ratios (HR) 

were calculated by multivariable Cox proportional hazards regression.

Results: Mean time to HF diagnosis was 5.31 years (range 0.03–13.03) in cases and 5.25 years 

(range 0.01–12.94) in controls. 10-year CIRs were 1.2% and 0.9% for overall HF, 0.8% and 0.7% 

for HFpEF, and 0.4% and 0.2% for HFrEF in cases and controls, respectively. In fully-adjusted 

models, an overall significant increased risk of HF in cases versus controls was observed (HR: 

1.31, 95% CI: 1.14, 1.51). The increased risk was seen for both HFrEF (HR: 1.59, 95% CI: 1.22, 

2.08) and HFpEF (HR: 1.22; 95% CI: 1.03, 1.45).

Conclusion: BC survivors experienced higher risk of HF compared with women without BC, 

and the risk persisted across LVEF phenotypes. Systematic cardio-oncology surveillance should be 

considered to mitigate this risk in BC patients.
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Introduction

Heart failure with preserved ejection fraction (HFpEF) accounts for approximately 50% of 

incident heart failure (HF) overall in the general population [1]. HFpEF characteristics have 

been described to differ from HF with reduced ejection fraction (HFrEF) in that HFpEF 

patients are older, more often female, and have more cardiovascular and non-cardiovascular 

comorbidities [2].

Recently, a universal definition of HF was proposed to standardize identification and 

classification of HF for clinical practice, preventive and treatment strategies, performance 

measures, and research purposes [3]. The universal definition underscores that HF is 

a clinical syndrome with signs and/or symptoms caused by structural and/or functional 

cardiac abnormality and corroborated by elevated natriuretic peptide levels and/or objective 

evidence of pulmonary or systemic congestion. Within this framework, HFrEF is defined 

as HF with left ventricular ejection fracture (LVEF) ≤40%, while HFpEF includes LVEF 

≥50%.

Identifying specific subpopulations at risk for HFpEF is crucial to develop effective 

screening due to the pathophysiological heterogeneity that exists within HFpEF cohorts [4]. 

Few studies to date have examined HF delineating LVEF phenotype in women with breast 

cancer, a population at higher risk of poor CVD outcomes due to cardiotoxic treatments 

[5]. Most cardio-oncology studies in breast cancer cohorts have focused on LVEF as a 

surrogate for HF [6], due to limited duration of follow-up and use of imaging-based metrics 

rather than hard endpoints for study feasibility. While this clinical framework may ascertain 

some cases of HFrEF, it largely neglects HFpEF, which can occur long after post-cancer 

treatment and is defined by normal LVEF. Herein, we provide a population-based estimate 

of HF by LVEF phenotype in breast cancer survivors, comparing risk of HF in women with 
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and without a history of breast cancer history in Kaiser Permanente Northern California 

(KPNC), a large integrated health system that provides comprehensive medical care for 

more than 4.5 million members covering the San Francisco Bay Area and the Central Valley 

of California.

Methods

The Pathways Heart Study is an ongoing National Cancer Institute (NCI)-funded cohort 

study within KPNC examining the incidence of CVD events and cardiometabolic risk 

factors in women with and without a history of breast cancer treatment (R01 CA214057). 

Administrative and clinical data were extracted from KPNC electronic health records (EHR) 

for this data-only analysis. All women diagnosed with incident American Joint Committee 

on Cancer 7th Edition (AJCC 7) Stage I-IV breast cancer from 2005–2013 with no prior 

history of invasive breast cancer were identified from the NCI’s Surveillance, Epidemiology, 

and End Results (SEER)-affiliated KPNC Cancer Registry. They were then matched 1:5 

to women without a history of breast cancer on birth year, race (White, Black, Asian, 

Native Hawaiian and/or Pacific Islander, or American Indian and/or Alaska Native), and 

ethnicity (Hispanic or Non-Hispanic) identified from KPNC membership and demographic 

data sources.

Cardiometabolic risk factors and CVD events were ascertained according to the International 

Classification of Diseases (ICD) Ninth and Tenth diagnosis codes and Current Procedural 

Terminology codes from inpatient, ambulatory, and emergency department encounters 

and/or hospital discharge. Specifically, clinical HF diagnoses were determined by validated 

ICD-9 and ICD-10 diagnosis codes: 398.91, 402.01, 402.11, 402.91, 404.11, 404.13, 428.0, 

428.1, 428.9, 404.01, 404.03, 404.91, 404.93, 428.20, 428.21, 428.22, 428.23, 428.30, 

428.31, 428.32, 428.33, 428.40, 428.41, 428.42, 428.43, I09.81, I11.0, I13.0, I13.2, I50, 

I50.1, I50.2, I50.20, I50.21, I50.22, I50.23, I50.3, I50.30, I50.31, I50.32, I50.33, I50.4, 

I50.40, I50.41, I50.42, I50.43, I50.8, I50.81, I50.810, I50.811, I50.812, I50.813, I50.814, 

I50.82, I50.83, I50.84, I50.89, I50.9, I97.13. A physician-adjudicated validation study of 

ICD diagnosis codes for HF (428.0, 428.1, I11.0, I13.0, I50.21, I50.30, I50.31, I59.0) 

was completed in a small sample of KPNC patients (n=47) and found 91% (43 out of 

47) positive predictive value of code ascertainment versus chart review. All events were 

independently reviewed by the two study cardiologists at KPNC (J.S.R. and C.I.), and any 

discrepancies were resolved via discussion and consensus.

LVEF values were obtained from echocardiography (ECHO) exams 30 days before the 

HF clinical encounter through 90 days after the encounter. Specifically, LVEF values 

were extracted from ECHO reports using text string searches and then supplemented by 

manual chart review by an experienced medical records abstractor for missing data. If any 

inconsistencies in dates of HF diagnosis relative to LVEF value were ascertained in the 

breast cancer cases, these patients were also manually adjudicated by a clinical cardiologist 

(JSR). Patients with an HF diagnosis for whom we could not ascertain their LVEF status, 

along with those having any prior history of HF, were excluded from the analysis. We 

recognize that measurement of LVEF is a continuum and requires clinical interpretation. 

For the present analysis, we selected LVEF status for HFpEF (LVEF≥45%) and HFrEF 
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(LVEF<45%) based on prior major clinical trials testing the efficacy of emerging therapies 

for HFpEF [7, 8]. We also conducted a sensitivity analysis defining HFpEF as LVEF≥40% 

and HFrEF as LVEF<40% [9].

Baseline characteristics of the case and control populations were summarized by mean and 

standard deviation for continuous variables and frequency and percentage for categorical 

variables. Cumulative incidence rates of overall HF, HFpEF, and HFrEF were estimated 

using the cumulative incidence function accounting for the competing risk of overall death 

and censoring individuals at the end of follow-up.

Hazard ratios (HR) and 95% confidence intervals (CI) representing the association between 

having breast cancer and risk of incident HF by LVEF status were estimated from 

multivariable Cox proportional hazards regression. The index date was date of confirmed 

breast cancer diagnosis in the cases, usually from pathological confirmation, and the 

same (reference) date in the controls. The time scale was defined as time from the index 

date to earliest date of first incident HF, health plan disenrollment, death, or December 

31, 2018. The proportional hazards assumption was tested using Schoenfeld residuals, 

and no evidence of violation was found. Models were adjusted for baseline body mass 

index; menopausal status; smoking status; prior history of hypertension, diabetes, and 

dyslipidemia; neighborhood median household income and education level; and prior 

history of CVD conditions (arrhythmia, HF, cardiomyopathy, myocarditis/pericarditis, 

stroke/transient ischemic attack (TIA), valvular disease, venous thromboembolic disease, 

ischemic heart disease) and chronic kidney disease within the two years before breast 

cancer diagnosis. Pre-specified case subgroups who received any cardiotoxic chemotherapy, 

left-sided radiation therapy, and/or endocrine therapy, were compared with their matched 

controls.

Analyses were conducted in R with the survival package (https://cran.r-project.org/web/

packages/survival/index.html). This data-only study received human subjects research 

approval from the KPNC Institutional Review Board.

Results

A total of 14,804 women diagnosed with invasive breast cancer and with no history of HF 

were identified and matched to 74,034 women without breast cancer (Table 1). Women were 

mean 61.1 years (SD=12.8) at breast cancer diagnosis and 65% white, 15% Asian, 12% 

Hispanic, 7% Black, and 1% American Indian and/or Alaska Native. Breast cancer cases 

were comprised of more overweight and obese women and more non-smokers and former 

smokers compared with their matched controls. In the breast cancer cases, 182 women had 

HFpEF and 90 had HFrEF, whereas in the matched non-breast cancer controls, 732 women 

had HFpEF and 258 had HFrEF. In both groups, women with HFpEF were older and more 

likely to have hypertension (p<0.05) compared to those with HFrEF.

Mean time to HF diagnosis was 5.31 years (range 0.03–13.03) in the cases and 5.25 years 

(range 0.01–12.94) in the controls over a mean follow-up period of 7.0 years (range <1.0–

13.4). In cases and controls, 10-year cumulative incidence rates were 1.2% and 0.9% for 
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overall HF, 0.8% and 0.7% for HFpEF, and 0.4% and 0.2% for HFrEF in cases and controls, 

respectively.

In fully adjusted models, an overall significant increased risk of HF in breast cancer cases 

compared with controls was observed (HR: 1.31, 95% CI: 1.14, 1.51). When examined by 

LVEF phenotype, the risk was higher for HFrEF (HR: 1.59, 95% CI: 1.22, 2.08) compared 

with HFpEF (HR: 1.22; 95% CI: 1.03, 1.45). In further analyses by breast cancer treatment 

and HF phenotype, women treated with chemotherapy with or without any radiation therapy 

and/or endocrine therapy were 3.1 times more likely to develop HFrEF (HR: 3.10, 95% CI: 

2.06, 4.67) and over 1.6 times more likely to develop HFpEF (HR=1.67, 95% CI: 1.19, 2.35) 

compared with their controls (Figure 1). Women who received left-sided radiation therapy 

with or without any chemotherapy and/or endocrine therapy compared with their controls 

had 1.6 times the risk of developing HFrEF (HR=1.61, 95% CI: 1.00, 2.60) and 1.4 times 

the risk of developing HFpEF (HR=1.40; 95% CI: 1.04, 1.87). In women who received 

endocrine therapy compared with their controls, no significant associations were observed 

for risk of HFrEF (HR=1.30; 95% CI: 0.88, 1.92) or HFpEF (HR=1.15; 95% CI: 0.92, 1.44).

When defining HFpEF as LVEF≥40% and HFrEF as LVEF<40%, the results were very 

similar in magnitude to those observed using the 45% LVEF cutoff, overall and within 

treatment subgroups for breast cancer cases compared with controls (Supplemental Table 1).

Discussion

As expected, breast cancer survivors experienced significantly higher 1.3 fold risk of 

incident HF compared to women without breast cancer. Moreover, the risk persisted by 

LVEF phenotype, being 1.6 fold for HFrEF and 1.2 fold for HFpEF. When examining 

by primary breast cancer treatment received, women who had chemotherapy or left-sided 

radiation therapy were at even higher risk for HFrEF (2.0–3.0 fold) and HFpEF (1.5–2.0 

fold) compared with women without breast cancer. Receipt of any endocrine therapy was not 

associated with HF of either LVEF phenotype.

Our results for overall HF risk are consistent with a large retrospective study of 78,318 

early-stage breast cancer patients and 234,954 matched non-cancer control subjects in 

Ontario, Canada using health care administrative data [10]. They reported a 1.2 fold higher 

risk of hospitalized HF in women with breast cancer compared with women without breast 

cancer. Previous studies have also reported elevated risk of overall HF in women with breast 

cancer [11, 12]. However, to our knowledge, we are one of the first to examine risk of HF in 

these clinically distinct HF phenotype subgroups, as most of these prior studies did not have 

data on LVEF.

Our findings are important for breast cancer survivors because HFpEF is common in 

older women, yet this higher risk for HFpEF is often not considered in the context of 

a breast cancer diagnosis and survivorship [2]. Furthermore, incident breast cancer and 

cardiovascular disease have shared risk factors and mechanisms, making the breast cancer 

patient population particularly susceptible and vulnerable to HFpEF [13]. Similarly, a 

bidirectional risk exists between the two diseases, partially led by a pro-inflammatory 

Kwan et al. Page 5

Breast Cancer Res Treat. Author manuscript; available in PMC 2023 August 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



environment underlying both cancer and/or HF [14]. Therefore, it is paramount to 

understand the risk for HFpEF in addition to the traditional focus on reduced LVEF with 

resultant HFrEF in breast cancer survivors.

Our analysis might be subject to selection bias as only HF events with an associated LVEF 

value were included. Also, analyses by breast cancer treatment focused on receipt of any 

chemotherapy, radiation therapy, and endocrine therapy and did not examine combinations 

of treatments due to limited sample size. Further, chemotherapy regimens have changed 

somewhat since the inception of our cohort in 2005. However, exposure to cardiotoxic 

chemotherapy drugs such as anthracyclines continues to be common [15, 16], lending more 

support and relevance of this study on subsequent risk of HF subtypes for today’s breast 

cancer patients. Despite these limitations, our study is the largest to date of breast cancer 

patients to examine LVEF phenotypes, especially HFpEF, as well as consider not only the 

impact of chemotherapy but also radiation therapy and endocrine therapy.

Improving the care experience and clinical outcomes of patients with HF remains 

challenging in the patient’s ecosystem of clinician teams, caregivers, payers, and clinical 

research findings [17]. Our study is one of few studies to characterize HF risk by 

LVEF phenotype in breast cancer survivors, a population at higher risk from exposure 

to cardiotoxic cancer treatments, thus prompting more focus on precision medicine and 

population health. Importantly, we found that women who had chemotherapy or left-sided 

radiation therapy were also at higher risk of HFpEF, a phenotype that has been under-

recognized and under-characterized in breast cancer cohorts. In fact, in our study, the 

overall cumulative incidence of HFpEF at 10 years was higher than HFrEF. Therefore, 

timely recognition and diagnosis of HFpEF is critical to mitigate morbidity and mortality 

in an era of emerging therapies for HFpEF. These include definitive benefit with sodium-

glucose cotransporter-2 inhibitors [18] and potential reduction of hospitalization for HF with 

angiotensin receptor-neprilysin inhibitors and mineralocorticoid inhibitors [2].

In conclusion, understanding the extent to which breast cancer survivors are at risk of 

preserved and reduced HF is clinically important to guide tailored cardiac therapies. Our 

findings lend support for systematic cardio-oncology surveillance and care of breast cancer 

patients receiving cardiotoxic treatments for managing risk of both HFpEF and HFrEF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Relative risks estimated from multivariable Cox proportional hazards regression of any 

incident heart failure, heart failure with preserved ejection fraction (HFpEF, ≥45%), and 

heart failure with reduced ejection fraction (HFrEF, LVEF<45%), overall and by primary 

breast cancer treatment received. Models were adjusted for baseline body mass index, 

menopausal status, smoking status, prior history of hypertension, diabetes, and dyslipidemia, 

neighborhood median household income and education level, and prior history of CVD 

conditions (arrhythmia, HF, cardiomyopathy, myocarditis/pericarditis, stroke/TIA, valvular 

disease, venous thromboembolic disease, ischemic heart disease) and chronic kidney disease 

within the two years before breast cancer diagnosis. The treatment subgroups presented are 

not mutually exclusive (i.e., they can overlap).
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