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abstract

PURPOSE To examine cardiovascular disease (CVD) and mortality risk in women with breast cancer (BC) by
cancer therapy received relative to women without BC.

METHODS The study population comprised Kaiser Permanente Northern California members. Cases with in-
vasive BC diagnosed from 2005 to 2013 were matched 1:5 to controls without BC on birth year and race/
ethnicity. Cancer treatment, CVD outcomes, and covariate data were from electronic health records. Multi-
variable Cox proportional hazards models estimated hazard ratios (HRs) and 95% CIs of CVD incidence and
mortality by receipt of chemotherapy treatment combinations, radiation therapy, and endocrine therapy.

RESULTS A total of 13,642 women with BC were matched to 68,202 controls without BC. Over a 7-year average
follow-up (range, 1-14 years), women who received anthracyclines and/or trastuzumab had high risk of heart
failure/cardiomyopathy relative to controls, with the highest risk seen in women who received both anthra-
cyclines and trastuzumab (HR, 3.68; 95%CI, 1.79 to 7.59). High risk of heart failure and/or cardiomyopathy was
also observed in women with BC with a history of radiation therapy (HR, 1.38; 95% CI, 1.13 to 1.69) and
aromatase inhibitor use (HR, 1.31; 95% CI, 1.07 to 1.60), relative to their controls. Elevated risks for stroke,
arrhythmia, cardiac arrest, venous thromboembolic disease, CVD-related death, and death from any cause were
also observed in women with BC on the basis of cancer treatment received.

CONCLUSION Women with BC had increased incidence of CVD events, CVD-related mortality, and all-cause
mortality compared with women without BC, and risks varied according to the history of cancer treatment
received. Studies are needed to determine how women who received BC treatment should be cared for to
improve cardiovascular outcomes.

J Clin Oncol 40:1647-1658. © 2022 by American Society of Clinical Oncology

INTRODUCTION

The United States has over 3.8 million female breast
cancer (BC) survivors, with 281,550 new cases expected
in 2021.1,2 The 5-year survival rate for women with in-
vasive BC is 90%,1-3 resulting in a growing population of
long-term BC survivors. Improvements in cancer treat-
ments have reduced rates of BC-specific mortality, but
deaths from other causes, including cardiovascular and
cerebrovascular disease, have been increasing in BC
survivors.4-7

Cardiovascular disease (CVD) is the leading cause of
death among US women and is emerging as an
important health concern of BC survivors.8 Multiple
studies have shown that women with a history of
BC are at higher risk of developing and dying of
CVD compared with women without a history of
BC.9-11 However, our understanding of why a higher
CVD risk occurs in women with BC compared with
women without BC is limited. Likely mechanisms
have been proposed, including cancer-related

treatment exposures, shared risk factors for cancer
and CVD, and differential prevalence of risk factors
before cancer diagnosis or differential incidence of
risk factors after receipt of cancer therapies.8-14 In-
deed, it is well established that many BC therapies are
cardiotoxic. However, most research has focused on
single BC treatment exposures within a sample of BC
patients, thus precluding estimation of CVD risks
relative to women without a history of BC and risk
comparisons across treatments. Population-based
research to help quantify the relative CVD burden
risk for BC survivors is needed.

The Pathways Heart Study is well-poised to address
this knowledge gap as a large cohort study within the
Kaiser Permanente Northern California (KPNC) inte-
grated health system. Herein, we quantify the risk of
CVD incidence and death among women with BC
relative to women without BC over a follow-up of up to
14 years overall and according to the cancer treatment
they received.
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METHODS

Study Population

The Pathways Heart Study is an ongoing, prospective cohort
study within KPNC whose aim is to examine incident CVD and
cardiometabolic risk factors in women with BC. KPNC elec-
tronic health records (EHRs) were used to identify eligible
women and to extract their administrative and clinical data.
Eligible caseswere female patients diagnosedwith stage I-IVBC
from November 2005 to March 2013, at least age 21 years,
enrolled in a KPNC health plan for at least 12 months before
their BC diagnosis date, and had a history of chemotherapy,
radiation therapy, or endocrine therapy. Cases were individually
matched to controls 5:1 on year of birth, race, and ethnicity.

Data Collection and Measures

Covariate data from the EHR included sociodemographic
and socioeconomic characteristics, health plan enrollment
and utilization, health status and behaviors, and CVD risk
factors and conditions at baseline, defined as the date of
BC diagnosis or reference date for controls. Health plan
utilization is the number of primary care outpatient or virtual
visits in the year before diagnosis or reference date. The
Comorbidity Point Score Version 2 (COPS2)15 is a measure
of comorbidity calculated using diagnostic codes of inpa-
tient and outpatient encounters occurring in the year before
diagnosis or reference date. Baseline diabetes was iden-
tified as entry into the KPNC diabetes registry before di-
agnosis or reference date. Baseline dyslipidemia was
defined using International Classification of Diseases (ICD)
diagnostic codes, abnormal laboratory results, and lipid-
lowering medication use within 3 years before diagnosis or
reference date. Baseline hypertension was characterized
using ICD diagnostic codes at primary care visits or hos-
pitalizations and blood pressure medication use within 3
years before diagnosis or reference date.

Data on chemotherapy, radiation therapy, and endocrine
therapy were obtained from the KPNC Cancer Registry and
supplemented by procedure, infusion, and outpatient phar-
macy data sources. Chemotherapy exposures focused on
anthracyclines and trastuzumab on the basis of their known
cardiotoxicity profiles,16,17 clinical applicability, and distribu-
tion of use within the study sample. Four mutually exclusive
chemotherapy exposure groups were created: (1) anthracy-
clines without trastuzumab (group A), (2) anthracyclines with
trastuzumab (group AT), (3) trastuzumab without anthracy-
clines (group T), and (4) neither anthracyclines nor trastu-
zumab (group N). Women in groups A, AT, and T may also
have a history of cyclophosphamide, fluoropyrimidine, and/or
taxane use. However, women in group N had a history of
cyclophosphamide, fluoropyrimidine, and/or taxane use, ei-
ther alone or in combination, but no history of anthracyclines
or trastuzumab use. Radiation therapy included either side of
the body and a subset who received radiation on the left side.
Endocrine therapy was grouped according to receipt of either
aromatase inhibitors or tamoxifen because of their likely op-
posing effects on the cardiovascular system.18

Cardiovascular events through December 31, 2018, were
identified from the KPNC EHR according to the ICD di-
agnostic codes and Current Procedural Terminology codes
from inpatient, ambulatory, and emergency department
encounters and/or hospital discharge records (Appendix
Table A1, online only). Primary CVD outcomes were is-
chemic heart disease, heart failure (HF), cardiomyopathy,
and stroke. Secondary CVD outcomes included arrhythmia,
cardiac arrest, carotid disease, myocarditis/pericarditis,
transient ischemic attack, valvular disease, and venous
thromboembolism (VTE). Cardiomyopathy excluded codes
for inherited cardiomyopathies19 and was combined with HF
events into a single outcome. A small physician-adjudicated
validation study on the ICD diagnostic codes for HF,

CONTEXT

Key Objective
Many breast cancer (BC) treatments confer risk of cardiovascular disease (CVD), but risks by exposure to certain BC

treatments alone or in specific clinically appropriate combinations have not been well quantified. This prospective study
at Kaiser Permanente Northern California compared risk of incident CVD events and death in 13,642 women with BC
diagnosed from 2005 to 2013 who received chemotherapy, radiation therapy, or endocrine therapy with 68,202 women
without BC.

Knowledge Generated
Compared with age and race/ethnicity-matched controls without BC, women who received anthracyclines and/or tras-

tuzumab, radiation therapy, or aromatase inhibitors had increased risk of developing heart failure/cardiomyopathy,
stroke, arrhythmia, cardiac arrest, and venous thromboembolic disease, and of experiencing a CVD-related or all-cause
death.

Relevance
Women with BC who receive specific treatment therapies may be at increased risk of incident CVD events. Development and

testing of clinical pathways to manage these risks is needed.
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myocardial infarction, and stroke was completed in 337
KPNC patients with BC and controls and found positive
predictive values of code ascertainment versus chart review
validation ranging from 89% to 94% (Appendix Table A2,
online only). Levels of agreement and discrepancy between
the adjudicators were nondifferential.

Death data through December 31, 2018, were obtained
from linkage to the KPNC mortality file, which is regularly
updated with data from the California State Department of
Vital Statistics, US Social Security Administration, National
Death Index, and KPNC membership.

Statistical Analysis

Means and standard deviations for continuous variables
and frequencies for categorical variables were calcu-
lated. Cumulative incidence rates (CIR) were estimated
using 1 minus the Kaplan-Meier estimator of the survival
probabilities for incident ischemic heart disease, HF
and/or cardiomyopathy, and stroke. Women with the
outcome within 2 years before study entry were ex-
cluded. Statistically significant differences comparing

cases with controls were determined using the log-rank
test.

Hazard ratios (HRs) and 95% CIs were estimated by Cox
proportional hazards models for the primary and secondary
incident CVD outcomes among BC cases by relative to
matched controls without BC. Analyses were stratified by
receipt of chemotherapy combinations, radiation therapy, and
endocrine therapy. The time scale was defined as time from
BC diagnosis to the first of the following: incident CVD event,
KPNC disenrollment, death, or end of study. The Cox pro-
portional hazards model adjusted for factors determined a
priori to influence the risk of both BC andCVD: baseline health
characteristics (health care utilization, body mass index,
menopausal status, smoking history, diabetes, dyslipidemia,
hypertension, and COPS2 score) and socioeconomic status
(neighborhoodmedian household income and highest level of
education). The model also adjusted for other BC therapies
received. For example, the models examining chemotherapy
combinations also included receipt of radiation therapy,
aromatase inhibitor, and tamoxifen. Analyses were conducted
using R (version 3.6.2) with the survival package.20

Case selection

Pool of controls (N = 3,276,606)

Female
Born between 1906 and 1991
Age ��21 years at case diagnosis
Alive as of November 2005
No cancer history before November 2005
At least 12 months of KPNC membership
  by the diagnosis date of their matched BC
  case    

Control selection

Excluded                                                             (n = 2,759)

Not continuously enrolled at KPNC for ��12    (n = 1,450)
   months before diagnosis                                
Race or ethnicity unknown                                      (n = 9)
No history of BC treatment             (n = 1,300) 

Eligible BC cases
(n = 13,646)

5:1 controls matched to case

Controls needed                            (n = 68,210)
Controls identified                         (n = 68,202)a

Matching criteria
    Birth year
    Race/ethnicity

Final cohort

BC cases                                               (n = 13,642)
Matched controls                                (n = 68,202)

Excluded (n = 4)
Unable to match to ��4 controls 

Pool of patients with BC (n = 16,405)
  First occurrence of invasive BC 
    AJCC stage I-IV
  Diagnosed between November 2005 and
    March 2013
  Female
  Age ��21 years at diagnosis

FIG 1. Selection of BC case and matched controls for the Pathways Heart Study. aEight cases matched to four controls; all remaining cases matched to five
controls. AJCC, American Joint Committee on Cancer; BC, breast cancer; KPNC, Kaiser Permanente Northern California.
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TABLE 1. Baseline Characteristics of Breast Cancer Cases and Matched Controls

Characteristic
All Cases

(N 5 13,642)

Cases by Cancer Therapy Receiveda

Controls
(N 5 68,202)

P (all cases
v controls)

Any Chemotherapy
(n 5 6,761)

Any Radiation Therapy
(n 5 9,569)

Any Endocrine
Therapy (n 5 7,825)

Demographic characteristics

Age, years, mean (SD) 60.3 (12.3) 55.2 (10.9) 59.8 (11.6) 61.9 (12.1) 60.3 (12.3) .97

KPNC membership,
months, mean (SD)

211.2 (67.0) 202.5 (69.7) 212.9 (66.7) 216.9 (64.3) 208.1 (70.3) , .001

Race and ethnicity, No. (%)

Non-Hispanic White 8,797 (64.5) 3,994 (59.1) 6,244 (65.3) 5,328 (68.1) 43,978 (64.5) 1.00

Non-Hispanic Black 1,014 (7.4) 589 (8.7) 750 (7.8) 432 (5.5) 5,070 (7.4)

Asian 1,999 (14.7) 1,117 (16.5) 1,298 (13.6) 1,107 (14.2) 9,994 (14.7)

Hispanic 1,662 (12.2) 959 (14.2) 1,156 (12.1) 864 (11.0) 8,310 (12.2)

Pacific Islander 60 (0.4) 41 (0.6) 43 (0.4) 27 (0.4) 300 (0.4)

American Indian/Alaskan
Native

110 (0.8) 61 (0.9) 78 (0.8) 67 (0.9) 550 (0.8)

Socioeconomic
characteristics

Median neighborhood
household income,
USD,b mean (SD)

80,770 (34,092) 80,985 (33,848) 81,352 (34,221) 82,059 (34,630) 79,584 (33,956) , .001

Neighborhood education
level, %,b mean (SD)

High school or less 32 (18) 32 (18) 32 (18) 31 (17) 33 (18) , .001

Some college or associate
degree

31 (10) 31 (10) 31 (10) 31 (10) 31 (10) .66

College degree 23 (11) 23 (11) 23 (11) 24 (11) 23 (11) , .001

Graduate degree 14 (12) 13 (11) 14 (12) 14 (12) 13 (11) , .001

Clinical characteristics at
diagnosis

AJCC stage, No. (%)

I 7,166 (52.5) 1,908 (28.2) 5,261 (55.0) 4,743 (60.6) 0 (0) NA

II 4,647 (34.1) 3,321 (49.1) 2,907 (30.4) 2,319 (29.6) 0 (0)

III 1,374 (10.1) 1,219 (18.1) 1,201 (12.5) 533 (6.8) 0 (0)

IV 455 (3.3) 313 (4.6) 200 (2.1) 230 (3.0) 0 (0)

Had mastectomy, No. (%) 13,029 (95.5) 6,330 (93.6) 9,252 (96.7) 7,564 (96.7) 0 (0) NA

Primary care visit utilization,
mean (SD)

2.9 (3.1) 2.6 (2.8) 2.9 (3.0) 3.0 (3.2) 2.8 (3.4) , .001

Smoking status at 6months,
No. (%)

Never smoker 7,512 (55.1) 3,897 (57.6) 5,268 (55.1) 4,237 (54.2) 36,778 (53.9) , .001

Current smoker 1,216 (8.9) 622 (9.2) 832 (8.7) 650 (8.3) 6,387 (9.4)

Former smoker 3,911 (28.7) 1,741 (25.8) 2,786 (29.1) 2,496 (31.9) 14,919 (21.9)

Unknown 1,003 (7.4) 501 (7.4) 683 (7.1) 442 (5.7) 10,118 (14.8)

Postmenopausal, No. (%) 10,089 (74.0) 4,131 (61.1) 7,102 (74.2) 6,095 (77.9) 50,955 (74.7) .07

COPS2 score, mean (SD) 13.2 (13.3) 11.5 (9.2) 12.7 (12) 13.7 (14.1) 13.9 (14.6) , .001

BMI, kg/m2, mean (SD) 28.7 (6.5) 28.8 (6.6) 28.9 (6.5) 28.5 (6.4) 28.4 (6.6) , .001

Prior history of diabetes,
No. (%)

1,802 (13.2) 711 (10.5) 1,201 (12.6) 1,095 (14.0) 8,872 (13.0) .53

(continued on following page)
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RESULTS

A total of 13,642 women with invasive BC and a history of
receipt of chemotherapy, radiation therapy, or endocrine
therapy were identified and matched to 68,202 women
without BC (Fig 1). Mean age and race/ethnicity distri-
butions were similar for cases and controls due to
matching. All other characteristics, except for proportion
with baseline diabetes and dyslipidemia, were signifi-
cantly different between cases and controls (Table 1).
Among cases, women who received any chemotherapy
were younger and had a higher proportion of being a
woman of color, never smoker, and diagnosed with stage
II-IV disease compared with women who received any
endocrine therapy or any radiation therapy. Women who
received any endocrine therapy were more likely to have a
history of diabetes, dyslipidemia, and hypertension.

Primary CVD Outcomes

Controls had higher 10-year CIRs for ischemic heart disease
compared with cases, but differences were statistically
significant only among women in chemotherapy groups A
(2.4% v 1.7%,P5 .04) and T (2.4% v 1.5%,P5 .02; Fig 2).
In contrast, women in chemotherapy groups A and AT had
higher 10-year CIRs for HF/cardiomyopathy compared with
controls (A: 4.1% v 2.3%; AT: 4.4% v 2.0%; both P, .01).
Higher 10-year CIRs for HF and/or cardiomyopathy were
similarly observed for women who received radiation therapy
(left-sided only: 5.0% v 4.0%, P 5 .02; either side: 4.8% v
4.1%, P 5 .04) compared with controls (Fig 3). For stroke,
controls for chemotherapy group A had higher 10-year CIRs
compared with cases (3.7% v 2.6%, P 5 .01), but no other
differences were noted.

Over an average 7-year follow-up (range , 1 to 14 years),
multivariable analyses showed that receipt of chemo-
therapy, radiation therapy, or endocrine therapy was not
associated with incidence of ischemic heart disease.
However, women in chemotherapy groups A, AT, and T
had higher adjusted HR of HF and/or cardiomyopathy
relative to their controls (Table 2). For groups A, AT, and T,
the HR for HF/cardiomyopathy relative to matched con-
trols without BC was 1.84 (95% CI, 1.21 to 2.80), 3.68

(95% CI, 1.79 to 7.59), and 2.53 (95% CI, 1.33 to 4.81),
respectively. No risk associations for HF and/or cardiomy-
opathy were observed for women in chemotherapy group N.
Left-sided radiation was associated with an HR of 1.52 (95%
CI, 1.16 to 2.01), radiation on either side was associated with
an HR of 1.38 (95% CI, 1.13 to 1.69), and aromatase in-
hibitors use was associated with an HR of 1.31 (95% CI, 1.07
to 1.60) of HF and/or cardiomyopathy relative to matched
controls without BC (Table 3).

Inverse associations of 0.51 (95% CI, 0.28 to 0.91) for stroke
were found among group A relative to controls (Table 2).
However, risk associations for stroke were not observed
among groups AT, T, and N women compared with controls.
Finally, women with a history of aromatase inhibitor use had
an HR of 1.29 (95% CI, 1.07 to 1.55) for stroke, but no risk
associations were observed for tamoxifen or radiation therapy
recipients (Table 3).

Secondary CVD Outcomes

Statistically significant elevated HRs were observed for ar-
rhythmia among chemotherapy groups A (HR, 1.54; 95%CI,
1.08 to 2.20) and AT (HR, 2.57; 95% CI, 1.30 to 5.07) and
aromatase inhibitor (HR, 1.26; 95% CI, 1.06 to 1.51) users
compared with controls. Similarly, 1.91 (95% CI, 1.08 to
3.40), 1.59 (95% CI, 1.02 to 2.46), and 1.58 (95% CI, 1.04
to 2.42) higher risks were observed for cardiac arrest among
left-sided radiation, any-sided radiation, and aromatase in-
hibitor recipients, respectively, relative to controls (Table 3),
but no associations were seen for the chemotherapy groups
(Table 2). All treatment groups had increased risks for VTE,
but statistically significant risks were only observed for the
chemotherapy and radiation groups only (Tables 2 and 3).
Because of few carotid disease and myocarditis/pericarditis
events, these outcomes were excluded in the tables.

CVD and All-Cause Mortality

Except for women in chemotherapy group AT, risk of car-
diovascular death was higher among all BC therapy groups
compared with their matched controls without BC. Risk of
all-cause death was higher relative to controls for women in
chemotherapy groups A, T, and N (Table 2) and for women

TABLE 1. Baseline Characteristics of Breast Cancer Cases and Matched Controls (continued)

Characteristic
All Cases

(N 5 13,642)

Cases by Cancer Therapy Receiveda

Controls
(N 5 68,202)

P (all cases
v controls)

Any Chemotherapy
(n 5 6,761)

Any Radiation Therapy
(n 5 9,569)

Any Endocrine
Therapy (n 5 7,825)

Prior history of dyslipidemia,
No. (%)

5,723 (42.0) 2,270 (33.6) 3,986 (41.7) 3,500 (44.7) 28,201 (41.4) .20

Prior history of
hypertension, No. (%)

5,817 (42.6) 2,250 (33.3) 3,997 (41.8) 3,582 (45.8) 27,532 (40.4) , .001

Abbreviations: AJCC, American Joint Committee on Cancer; COPS2, comorbidity point score version 215; KPNC, Kaiser Permanente Northern California;
SD, standard deviation; USD, US dollars.

aWomen may have received more than one therapy.
bCensus block-group level.
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FIG 3. Ten-year cumulative incidence rate curves of (A, left column) ischemic heart disease, (B, middle column) heart failure and/or cardiomyopathy, and
(C, right column) stroke in breast cancer cases by receipt of aromatase inhibitors, tamoxifen, left-sided radiation, and radiation (either side) treatment
compared with age and race/ethnicity-matched controls without breast cancer. Statistically significant differences were determined with the log-rank test.
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who received radiation on either side or aromatase inhibitors
(Table 3).

DISCUSSION

Our access to comprehensive KPNC EHR data in a large
cohort of 13,642 women with and 68,202 women without
BC enabled a detailed investigation of incident CVD out-
comes and deaths across distinct and clinically appropriate
groups of BC therapies. Over an average follow-up of 7
years, women with BC had an increased risk of developing
HF and/or cardiomyopathy, stroke, arrhythmia, cardiac

arrest, and VTE, and of dying from a CVD-related event that
varied by the history of BC treatment. We examined CVD
outcomes in women according to receipt of anthracyclines
and/or trastuzumab, which are known to confer the greatest
risk of cardiotoxicity.16,17 We also estimated incident CVD
risks associated with aromatase inhibitor and tamoxifen use
as well as radiation therapy, including a subgroup exposed
to left-sided radiation.

We observed that women with a history of anthracycline use
had consistently higher cumulative incidence of HF and/or
cardiomyopathy, which was not apparent in women who

TABLE 2. Adjusteda Hazard Ratios and 95% CIs of CVD Outcomes for Women With Breast Cancer Stratified by Receipt of Chemotherapy Combinations
Relative to Matched Controls
Cardiovascular
Disease
Outcome

Anthracyclines Without
Trastuzumabb (group A)

Anthracyclines With
Trastuzumabb (group AT)

Trastuzumab Without
Anthracyclinesb (group T)

Cyclophosphamide,
Fluoropyrimidine, and/or Taxanec

(group N)

No. of cases 3,447 670 855 1,789

No. of controls 17,231 3,550 4,275 8,945

Primary CVD outcomes,
aHR (95% CI)

Ischemic heart
disease

0.58 (0.30 to 1.12) 1.87 (0.79 to 4.42) 0.20 (0.02 to 1.68) 0.43 (0.15 to 1.22)

Heart failure and/or
cardiomyopathy

1.84 (1.21 to 2.80) 3.68 (1.79 to 7.59) 2.53 (1.33 to 4.81) 0.78 (0.39 to 1.55)

Stroke 0.51 (0.28 to 0.91) 1.54 (0.72 to 3.29) 1.16 (0.57 to 2.37) 1.45 (0.89 to 2.35)

Secondary CVD
outcomes, aHR
(95% CI)

Arrhythmia 1.54 (1.08 to 2.20) 2.57 (1.30 to 5.07) 1.48 (0.84 to 2.61) 1.40 (0.88 to 2.23)

Cardiac arrest 1.67 (0.96 to 2.90) 1.58 (0.28 to 8.83) 1.71 (0.51 to 5.71) 1.96 (0.71 to 5.39)

Transient ischemic
attack

0.54 (0.07 to 4.13) 9.98 (1.60 to 62.13) 4.47 (0.96 to 20.88) NE

Valvular disease 0.73 (0.21 to 2.54) 3.96 (0.46 to 33.87) 0.96 (0.23 to 4.11) 2.27 (0.89 to 5.82)

Venous
thromboembolic
disease

3.28 (2.18 to 4.91) 3.44 (1.43 to 8.28) 3.23 (1.41 to 7.37) 5.22 (3.15 to 8.66)

Any primary or
secondary CVD
event

1.56 (1.27 to 1.93) 2.34 (1.58 to 3.45) 1.54 (1.06 to 2.23) 1.50 (1.14 to 1.97)

CVD and all-cause
mortality, aHR
(95% CI)

Any primary or
secondary CVD
death

2.91 (1.96 to 4.33) 0.96 (0.28 to 3.24) 2.00 (1.07 to 3.74) 2.87 (1.82 to 4.51)

Death from any cause 2.09 (1.78 to 2.45) 1.18 (0.69 to 2.03) 1.77 (1.32 to 2.36) 2.09 (1.70 to 2.57)

Abbreviations: aHR, adjusted hazard ratio; CVD, cardiovascular disease; NE, not estimable.
aAdjusted for baseline body mass index, menopausal status, smoking status, neighborhood median household income and education level, health plan

utilization, comorbidity point score version 2, hypertension, diabetes, dyslipidemia, prevalent CVD conditions (arrhythmia, heart failure/cardiomyopathy,
myocarditis/pericarditis, stroke/transient ischemic attack, valvular disease, venous thromboembolic disease, ischemic heart disease), and history of receiving
aromatase inhibitors, tamoxifen, and/or radiation therapy.

bWomen may also have a history of cyclophosphamide, fluoropyrimidine, and/or taxane use.
cWomen may have taken these alone or in combination but did not take anthracyclines or trastuzumab.
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received only trastuzumab or received neither anthracy-
clines nor trastuzumab. Anthracyclines and trastuzumab
are cancer treatments both recognized as cardiotoxic, but
damage from anthracyclines is generally considered irre-
versible and dose-dependent while toxicity from trastuzu-
mab is often reversible and dose-independent.21,22

Our multivariable analysis showed a hierarchy of HF and/or
cardiomyopathy risk with lowest elevated risk in women on
anthracyclines without trastuzumab, followed by women on
trastuzumab without anthracyclines, and finally, the highest
risk in women with a history of using both drugs. This is
consistent with other studies.17,23-29 A study of 613 BC sur-
vivors reported a 1.02 risk for cardiotoxicity within 2 years of
doxorubicin initiation among women on doxorubicin only that
increased four-fold among women on doxorubicin and
concomitant trastuzumab.24 A cohort study of nearly 9,000
patients with BC followed for a median 5.4 years reported a
nearly two-fold risk for HF at least 18 months post-treatment
associated with chemotherapy and trastuzumab compared
with chemotherapy alone.27 In a retrospective study of US
insurance claims data in approximately 16,500 female BC
survivors followed for up to 6 years, trastuzumab use had a
two-fold risk and anthracycline use had a 1.5-fold risk of
incident HF relative to nonusers, but no associations were
seen for taxane or radiation exposure.23 A Canadian study

using administrative data from over 78,000 patients with BC
and nearly 235,000 age-matched controls reported a mul-
tivariable adjusted HR of 1.81 for hospitalized HF among
those exposed to either anthracyclines or trastuzumab.30

Similar to our own analysis, this study used a control group
without BC, thus illustrating the general burden of these
exposures on HF and/or cardiomyopathy in BC survivors.

Our analysis identified higher risk of arrhythmia among BC
cases with anthracycline exposure and risks three-fold and
higher for VTE in all chemotherapy groups, with the highest
observed in womenwith neither anthracycline nor trastuzumab
use. The aforementioned Canadian study reported an adjusted
1.89 risk of arrhythmia among BC patients with anthracycline
and/or trastuzumab use compared with age-matched con-
trols.30 Arrhythmia can be a consequence of HF and/or car-
diomyopathy and vice versa in a bidirectional manner; thus, the
same cause of cardiovascular damagemay affect risks for both
outcomes. Numerous studies and reviews have identified
chemotherapy exposure in many cancers to be a risk factor for
venous thrombosis31-34 including alkylating agents such as
cyclophosphamide.35

We observed a higher risk of CVD-related and all-cause
mortality associated with all chemotherapy groups, except
the anthracycline with trastuzumab group. It is unclear why
this combination group showed no associations, although it

TABLE 3. Adjusteda Hazard Ratios and 95% CIs of CVD Outcomes for Women With Breast Cancer Stratified by Receipt of Endocrine and Radiation Therapy
Relative to Matched Controls

Cardiovascular Disease Outcome

Radiation Therapy Endocrine Therapy

Left-Sided Radiation Any Radiation (either side) Aromatase Inhibitor Tamoxifen

No. of cases 4,846 9,569 6,070 1,755

No. of controls 24,226 47,840 30,347 8,775

Primary CVD outcomes, aHR (95% CI)

Ischemic heart disease 0.85 (0.57 to 1.27) 1.00 (0.76 to 1.31) 1.00 (0.75 to 1.32) 0.62 (0.27 to 1.43)

Heart failure and/or cardiomyopathy 1.52 (1.16 to 2.01) 1.38 (1.13 to 1.69) 1.31 (1.07 to 1.60) 1.39 (0.82 to 2.35)

Stroke 0.99 (0.75 to 1.31) 1.15 (0.95 to 1.39) 1.29 (1.07 to 1.55) 1.15 (0.73 to 1.83)

Secondary CVD outcomes, aHR (95% CI)

Arrhythmia 1.03 (0.78 to 1.35) 1.12 (0.93 to 1.35) 1.26 (1.06 to 1.51) 1.03 (0.64 to 1.66)

Cardiac arrest 1.91 (1.08 to 3.40) 1.59 (1.02 to 2.46) 1.58 (1.04 to 2.42) 1.87 (0.69 to 5.05)

Transient ischemic attack 1.75 (0.97 to 3.16) 1.38 (0.67 to 2.83) 0.65 (0.26 to 1.64) 1.16 (0.26 to 5.07)

Valvular disease 1.80 (1.00 to 3.23) 1.47 (0.96 to 2.27) 1.13 (0.71 to 1.80) NE

Venous thromboembolic disease 1.61 (1.09 to 2.37) 1.41 (1.07 to 1.86) 1.09 (0.78 to 1.53) 1.69 (0.76 to 3.77)

Any primary or secondary CVD event 1.19 (1.02 to 1.39) 1.19 (1.07 to 1.33) 1.19 (1.06 to 1.33) 1.13 (0.86 to 1.50)

CVD and all-cause mortality, aHR (95% CI)

Any primary or secondary CVD death 1.52 (1.16 to 1.98) 1.49 (1.21 to 1.79) 1.43 (1.18 to 1.73) 1.80 (1.15 to 2.82)

Death from any cause 1.11 (0.98 to 1.26) 1.14 (1.04 to 1.25) 1.29 (1.17 to 1.41) 1.07 (0.85 to 1.36)

Abbreviations: aHR, adjusted hazard ratio; CVD, cardiovascular disease; NE, not estimable.
aAdjusted for baseline body mass index, menopausal status, smoking status, neighborhood median household income and education level, health plan

utilization, comorbidity point score version 2, hypertension, diabetes, dyslipidemia, prevalent CVD conditions (arrhythmia, heart failure/cardiomyopathy,
myocarditis/pericarditis, stroke/transient ischemic attack, valvular disease, venous thromboembolic disease, ischemic heart disease), and history of receiving
aromatase inhibitors or tamoxifen (for radiation therapy models only) or history of receiving radiation therapy (for endocrine therapy models only).
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had the lowest number of womenwith BC andmay not have
been as well-powered as the other groups. Of note, women
in the cyclophosphamide, fluoropyrimidine, and/or taxane
group had nearly three-fold and two-fold risks of CVD-
related and all-cause mortality, respectively. This group
also had high risk of VTE, which might be driving the higher
risk of death since VTE is a leading cause of CVD-related
mortality among patients with cancer.36,37

We found that BC cases with a history of radiation therapy
on either side had higher risks of HF and/or cardiomyop-
athy, cardiac arrest, VTE, CVD-related death, and all-cause
mortality, and those with left-sided radiation exposure had
higher risk of HF and/or cardiomyopathy, cardiac arrest,
valvular disease, VTE, and CVD-related death. Our findings
are generally consistent with the literature.38-41 Our analysis
of radiation therapy adjusted for chemotherapy exposures
but did not account for the specific timing or order of
therapy, as other studies have been able to do.23,42 More
work is needed to understand the possible additive effects
of various BC treatments and the implications of the timing
of receipt of these therapies.

Our analysis of endocrine therapies distinguished aromatase
inhibitor and tamoxifen exposures because of opposing ef-
fects on the cardiovascular system.18 Many prior studies
examining the role of endocrine therapies on CVD compared
women receiving aromatase inhibitors with those receiving
tamoxifen,43-45 making it challenging to understand the in-
dependent impacts of these exposures. We identified a higher
risk of CVD-related death associated with tamoxifen use
compared with controls without BC, but no associations with
any other CVD outcome. We observed that the risk of cardiac
arrest was not statistically significant among tamoxifen users,
a finding consistent with two other published studies, al-
though those studies compared tamoxifen with aromatase
inhibitor use, as opposed to women without BC.46,47

Previous studies reported an increased risk of VTE asso-
ciated with tamoxifen use,18,43,48 especially in comparison
with aromatase inhibitor users. However, we observed risks
that were not statistically significant in tamoxifen and
aromatase inhibitor users relative to controls without BC. In
contrast to tamoxifen, aromatase inhibitor use was asso-
ciated with increased risk of HF and/or cardiomyopathy,
stroke, arrhythmia, cardiac arrest, CVD-related death, and
all-cause death. Similar to the models testing receipt of
radiation therapy, these risks included adjustment with
other BC treatments, prompting the need for further in-
vestigation of sequential or concomitant associations of
various BC treatments.

Study strengths include a large sample of BC cases with
statistical power to stratify across combinations of various
treatments, a racially and ethnically diverse patient pop-
ulation from an integrated health care system with robust
EHR data, and a large pool of matched controls without BC.
Limitations include reduced generalizability because
women in our study had higher household median incomes
and education levels compared with the general US pop-
ulation. However, KPNC provides care to over 30% of the
population in counties with a physical service presence
and, aside from having health insurance, is generally
representative of this catchment area. Finally, our analysis
did not include data about treatment combinations across
different therapy types, dosage, and duration, but future
analyses to examine these details are planned.

In this prospective cohort study, women with BC com-
pared with those without BC had higher risk of developing
HF and/or cardiomyopathy, stroke, arrhythmia, cardiac
arrest, and VTE, and of dying. Importantly, risks varied by
the history of chemotherapy, radiation therapy, or endo-
crine therapy. These findings support the need to develop
effective clinical strategies to reduce CVD incidence in BC
survivors.
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APPENDIX

TABLE A1. Standard Codes for the Ascertainment of Nonfatal and Fatal Major Cardiovascular Events

Major Cardiovascular Event Primary ICD-9-CM Diagnosis or Procedure Codes Primary ICD-10-CM Diagnosis or Procedure Codes
Current Procedural Terminology (CPT4) Codes for

Medical Billing Services

Ischemic heart disease

1. Acute myocardial infarction 410.X I21.01, I21.02, I21.3, I21.4, I21.09, I21.11, I21.19, I21.21, I21.29, I22.0,
I22.1, I22.2, I22.8, I22.9

Not applicable

2. Other acute and subacute forms of ischemic
heart disease

411.X I20.0, I24.0, I24.1, I24.8, I24.9, I25.720, I25.750, I25.760, I25.790 Not applicable

3. Angina pectoris 413.X I20.1, I20.8, I20.9, I25.110,I25.111, I25.118, I25.119, I25.701, I25.708,
I25.709, I25.711, I25.718, I25.719, I25.721, I25.728, I25.729, I25.730,
I25.731, I25.738, I25.739, I25.751, I25.758, I25.759, I25.761, I25.768,
I25.769, I25.700, I25.710, I25.791, I25.798, I25.799

Not applicable

4. Other ischemic heart disease 414.0
414.8
414.9

I25.10, I25.110, I25.5, I25.6, I25.701, I25.711, I25.720, I25.721, I25.728,
I25.729, I25.731, I25.738, I25.739, I25.750, I25.751, I25.758, I25.759,
I25.760, I25.761, I25.768, I25.769, I25.790, I25.791, I25.798, I25.799,
I25.810, I25.811, I25.812, I25.89, I25.9

Not applicable

5. Aortocoronary bypass status convert V45.81 Z95.1 Not applicable

6. Percutaneous transluminal coronary
angioplasty status

V45.82 Z95.5, Z98.61 Not applicable

7. CABG 36.10
36.11
36.12
36.13
36.14
36.15
36.16
36.17
36.19
36.03

0210083, 0210088, 0210089, 021008C, 021008F, 021008W, 0210093,
0210098, 0210099, 021009C, 021009F, 021009W, 02100A3, 02100A8,
02100A9, 02100AC, 02100AF, 02100AW, 02100J3, 02100J8, 02100J9,
02100JC, 02100JF, 02100JW, 02100K3, 02100K8, 02100K9, 02100KC,
02100KF, 02100KW, 02100Z3, 02100Z8, 02100Z9, 02100ZC, 02100ZF,
0210483, 0210488, 0210489, 021048C, 021048F, 021048W, 0210493,
0210498, 0210499, 021049C, 021049F, 021049W, 02104A3, 02104A8,
02104A9, 02104AC, 02104AF, 02104AW, 02104J3, 02104J8, 02104J9,
02104JC, 02104JF, 02104JW, 02104K3, 02104K8, 02104K9, 02104KC,
02104KF, 02104KW, 02104Z3, 02104Z8, 02104Z9, 02104ZC, 02104ZF,
0211083, 0211088, 0211089, 021108C, 021108F, 021108W, 0211093,
0211098, 0211099, 021109C, 021109F, 021109W, 02110A3, 02110A8,
02110A9, 02110AC, 02110AF, 02110AW, 02110J3, 02110J8, 02110J9,
02110JC, 02110JF, 02110JW, 02110K3, 02110K8, 02110K9, 02110KC,
02110KF, 02110KW, 02110Z3, 02110Z8, 02110Z9, 02110ZC, 02110ZF,
0211483, 0211488, 0211489, 021148C, 021148F, 021148W, 0211493,
0211498, 0211499, 021149C, 021149F, 021149W, 02114A3, 02114A8,
02114A9, 02114AC, 02114AF, 02114AW, 02114J3, 02114J8, 02114J9,
02114JC, 02114JF, 02114JW, 02114K3, 02114K8, 02114K9, 02114KC,
02114KF, 02114KW, 02114Z3, 02114Z8, 02114Z9, 02114ZC, 02114ZF,
0212083, 0212088, 0212089, 021208C, 021208F, 021208W, 0212093,
0212098, 0212099, 021209C, 021209F, 021209W, 02120A3, 02120A8,
02120A9, 02120AC, 02120AF, 02120AW, 02120J3, 02120J8, 02120J9,
02120JC, 02120JF, 02120JW, 02120K3, 02120K8, 02120K9, 02120KC,
02120KF, 02120KW, 02120Z3, 02120Z8, 02120Z9, 02120ZC, 02120ZF,
0212483, 0212488, 0212489, 021248C, 021248F, 021248W, 0212493,
0212498, 0212499, 021249C, 021249F, 021249W, 02124A3, 02124A8,
02124A9, 02124AC, 02124AF, 02124AW, 02124J3, 02124J8, 02124J9,
02124JC, 02124JF, 02124JW, 02124K3, 02124K8, 02124K9, 02124KC,
02124KF, 02124KW, 02124Z3, 02124Z8, 02124Z9, 02124ZC, 02124ZF,
0213083, 0213088, 0213089, 021308C, 021308F, 021308W, 0213093,
0213098, 0213099, 021309C, 021309F, 021309W, 02130A3, 02130A8,
02130A9, 02130AC, 02130AF, 02130AW, 02130J3, 02130J8, 02130J9,
02130JC, 02130JF, 02130JW, 02130K3, 02130K8, 02130K9, 02130KC,
02130KF, 02130KW, 02130Z3, 02130Z8, 02130Z9, 02130ZC, 02130ZF,
0213483, 0213488, 0213489, 021348C, 021348F, 021348W, 0213493,
0213498, 0213499, 021349C, 021349F, 021349W, 02134A3, 02134A8,
02134A9, 02134AC, 02134AF, 02134AW, 02134J3, 02134J8, 02134J9,
02134JC, 02134JF, 02134JW, 02134K3, 02134K8, 02134K9, 02134KC,
02134KF, 02134KW, 02134Z3, 02134Z8, 02134Z9, 02134ZC, 02134ZF,
0270046, 0270056, 027005Z, 0270066, 027006Z, 0270076, 027007Z,
02700D6, 02700DZ, 02700E6, 02700EZ, 02700F6, 02700FZ, 02700G6,
02700GZ, 02700T6, 02700TZ, 02700Z6, 02700ZZ, 0271046, 027104Z,
0271056, 027105Z, 0271066, 027106Z, 0271076, 027107Z, 02710D6,
02710DZ, 02710E6, 02710EZ, 02710F6, 02710FZ, 02710G6, 02710GZ,
02710T6, 02710TZ, 02710Z6, 02710ZZ, 0272046, 027204Z, 0272056,
027205Z, 0272066, 027206Z, 0272076, 027207Z, 02720D6, 02720DZ,
02720E6, 02720EZ, 02720F6, 02720FZ, 02720G6, 02720GZ, 02720T6,
02720TZ, 02720Z6, 02720ZZ, 0273046, 027304Z, 0273056, 027305Z,
0273066, 027306Z, 0273076, 027307Z, 02730D6, 02730DZ, 02730E6,
02730EZ, 02730F6, 02730FZ, 02730G6, 02730GZ, 02730T6, 02730TZ,
02730Z6, 02730ZZ, 02C00Z6, 02C00ZZ, 02C10Z6, 02C10ZZ, 02C20Z6,
02C20ZZ, 02C30Z6, 02C30ZZ

33510, 33511, 33512, 33513, 33514, 33515,
33516, 33517, 33518, 33519, 33520, 33521,
33522, 33523, 33525, 33530, 33533, 33534,
33535, 33536

(continued on following page)
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TABLE A1. Standard Codes for the Ascertainment of Nonfatal and Fatal Major Cardiovascular Events (continued)

Major Cardiovascular Event Primary ICD-9-CM Diagnosis or Procedure Codes Primary ICD-10-CM Diagnosis or Procedure Codes
Current Procedural Terminology (CPT4) Codes for

Medical Billing Services

8. Percutaneous transluminal coronary
angioplasty

00.66 0270376, 02703D6, 02703E6, 02703EZ, 02703F6, 02703FZ, 02703G6,
02703GZ, 02703T6, 02703TZ, 02703Z6, 02703ZZ, 0270446, 0270456,
027045Z, 0270466, 027046Z, 0270476, 027047Z, 02704D6, 02704DZ,
02704E6, 02704EZ, 02704F6, 02704FZ, 02704G6, 02704GZ, 02704T6,
02704TZ, 02704Z6, 02704ZZ, 0271376, 02713D6, 02713DZ, 02713E6,
02713EZ, 02713F6, 02713FZ, 02713G6, 02713GZ, 02713T6, 02713TZ,
02713Z6, 02713ZZ, 0271446, 027144Z, 0271456, 027145Z, 0271466,
027146Z, 0271476, 027147Z, 02714D6, 02714DZ, 02714E6, 02714EZ,
02714F6, 02714FZ, 02714G6, 02714GZ, 02714T6, 02714TZ, 02714Z6,
02714ZZ, 0272346, 027235Z, 0272366, 0272376, 02723D6, 02723DZ,
02723E6, 02723EZ, 02723F6, 02723FZ, 02723G6, 02723GZ, 02723T6,
02723TZ, 02723Z6, 02723ZZ, 0272446, 027244Z, 0272456, 027245Z,
0272466, 027246Z, 0272476, 027247Z, 02724D6, 02724DZ, 02724E6,
02724EZ, 02724F6, 02724FZ, 02724G6, 02724GZ, 02724T6, 02724TZ,
02724Z6, 02724ZZ, 0273356, 027335Z, 0273366, 02733D6, 02733DZ,
02733E6, 02733EZ, 02733F6, 02733FZ, 02733G6, 02733GZ, 02733T6,
02733TZ, 02733Z6, 02733ZZ, 0273446, 027344Z, 0273456, 027345Z,
0273466, 027346Z, 0273476, 027347Z, 02734D6, 02734DZ, 02734E6,
02734EZ, 02734F6, 02734FZ, 02734G6, 02734GZ, 02734T6, 02734TZ,
02734Z6, 02734ZZ

Not applicable

9. PCI with or without intracoronary stenting 36.01, 36.02, 36.05, 36.06, 36.07, 36.09 0270046, 027004Z, 0270056, 027005Z, 0270066, 027006Z, 0270076,
027007Z, 02700D6, 02700DZ, 02700E6, 02700EZ, 02700F6, 02700FZ,
02700G6, 02700GZ, 02700T6, 02700TZ, 0270346, 027034Z, 0270356,
027035Z, 0270366, 027036Z, 0270376, 027037Z, 02703D6, 02703DZ,
02703E6, 02703EZ, 02703F6, 02703FZ, 02703G6, 02703GZ, 02703T6,
02703TZ, 0270446, 027044Z, 0270456, 027045Z, 0270466, 027046Z,
0270476, 027047Z, 02704D6, 02704DZ, 02704E6, 02704EZ, 02704F6,
02704FZ, 02704G6, 02704GZ, 02704T6, 02704TZ, 0271046, 027104Z,
0271056, 027105Z, 0271066, 027106Z, 0271076, 027107Z, 02710D6,
02710DZ, 02710E6, 02710EZ, 02710F6, 02710FZ, 02710G6, 02710GZ,
02710T6, 02710TZ, 0271346, 027134Z, 0271356, 027135Z, 0271366,
027136Z, 0271376, 027137Z, 02713D6, 02713E6, 02713F6, 02713FZ,
02713G6, 02713GZ, 02713T6, 02713TZ, 0271446, 027144Z, 0271456,
027145Z, 0271466, 027146Z, 0271476, 027147Z, 02714D6, 02714DZ,
02714E6, 02714EZ, 02714F6, 02714FZ, 02714G6, 02714GZ, 02714T6,
02714TZ, 0272046, 027204Z, 0272056, 027205Z, 0272066, 027206Z,
0272076, 027207Z, 02720D6, 02720DZ, 02720E6, 02720EZ, 02720F6,
02720FZ, 02720G6, 02720GZ, 02720T6, 02720TZ, 0272346, 027234Z,
0272356, 027235Z, 0272366, 027236Z, 0272376, 027237Z, 02723D6,
02723DZ, 02723E6, 02723EZ, 02723FZ, 02723G6, 02723GZ, 02723T6,
02723TZ, 0272446, 027244Z, 0272456, 027245Z, 0272466, 027246Z,
0272476, 027247Z, 02724D6, 02724DZ, 02724E6, 02724EZ, 02724F6,
02724FZ, 02724G6, 02724GZ, 02724T6, 02724TZ, 0273046, 027304Z,
0273056, 027305Z, 0273066, 027306Z, 0273076, 027307Z, 02730D6,
02730DZ, 02730E6, 02730EZ, 02730F6, 02730FZ, 02730G6, 02730GZ,
02730T6, 02730TZ, 0273346, 027334Z, 0273356, 027335Z, 0273366,
027336Z, 0273376, 027337Z, 02733D6, 02733E6, 02733EZ, 02733F6,
02733FZ, 02733G6, 02733GZ, 02733T6, 02733TZ, 0273446, 027344Z,
0273456, 027345Z, 0273466, 027346Z, 0273476, 027347Z, 02734D6,
02734DZ, 02734E6, 02734EZ, 02734F6, 02734FZ, 02734G6, 02734GZ,
02734T6, 02734TZ, 02C03Z6, 02C03ZZ, 02C04Z6, 02C04ZZ, 02C13Z6,
02C13ZZ, 02C14Z6, 02C14ZZ, 02C23Z6, 02C23ZZ, 02C24Z6, 02C24ZZ,
02C33Z6, 02C33ZZ, 02C34Z6, 02C34ZZ

92973, 92980, 92981, 92982, 92984, 92995,
92996

Stroke, including TIA

1. TIA 435.X G45.0, G45.1, G45.2, G45.8, G45.9, G46.0, G46.1, G46.2, I67.841, I67.848 Not applicable

2. Acute ischemic stroke 433.01
433.11
433.21
433.31
433.81
433.91
434.01
434.11
434.91
436

I63.00, I63.02, I63.6, I63.8, I63.09, I63.9, I63.10, I63.011, I63.012, I63.12,
I63.013, I63.019, I63.19, I63.20, I63.22, I63.29, I63.30, I63.031, I63.032,
I63.033, I63.039, I63.39, I63.40, I63.49, I63.50, I63.59, I63.111, I63.112,
I63.113, I63.119, I63.131, I63.132, I63.133, I63.139, I63.211, I63.212,
I63.213, I63.219, I63.231, I63.232, I63.233, I63.239, I63.311, I63.312,
I63.313, I63.319, I63.321, I63.322, I63.323, I63.329, I63.331, I63.332,
I63.333, I63.339, I63.341, I63.342, I63.343, I63.349, I63.411, I63.412,
I63.413, I63.419, I63.421, I63.422, I63.423, I63.429, I63.431, I63.432,
I63.433, I63.439, I63.441, I63.442, I63.443, I63.449, I63.511, I63.512,
I63.513, I63.519, I63.521, I63.522, I63.523, I63.529, I63.531, I63.532,
I63.533, I63.539, I63.541, I63.542, I63.543, I63.549, I67.89

Not applicable

3. Subarachnoid hemorrhage 430.X I60.00, I60.01, I60.02, I60.2, I60.4, I60.6, I60.7, I60.8, I60.9, I60.10, I60.11,
I60.12, I60.30, I60.31, I60.32, I60.50, I60.51, I60.52

Not applicable

4. Intracerebral hemorrhage 431.X I61.0, I61.1, I61.2, I61.3, I61.4, I61.5, I61.6, I61.8, I61.9 Not applicable

5. Retinal vascular occlusion 362.3 G45.3, H34.00, H34.01, H34.02, H34.03, H34.9, H34.10, H34.11, H34.12,
H34.13, H34.211, H34.212, H34.213, H34.219, H34.231, H34.232,
H34.233, H34.239, H34.821, H34.822, H34.823, H34.829, H34.8110,
H34.8111, H34.8112, H34.8120, H34.8121, H34.8122, H34.8130,
H34.8131, H34.8132, H34.8190, H34.8191, H34.8192, H34.8310,
H34.8311, H34.8312, H34.8320, H34.8321, H34.8322, H34.8330,
H34.8331, H34.8332, H34.8390, H34.8391, H34.8392

Not applicable

(continued on following page)
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TABLE A1. Standard Codes for the Ascertainment of Nonfatal and Fatal Major Cardiovascular Events (continued)

Major Cardiovascular Event Primary ICD-9-CM Diagnosis or Procedure Codes Primary ICD-10-CM Diagnosis or Procedure Codes
Current Procedural Terminology (CPT4) Codes for

Medical Billing Services

6. Other cerebrovascular disease 437.X
438.X

G45.4, G46.3, G46.4, G46.5, G46.6, G46.7, G46.8, I67.1, I67.2, I67.4, I67.5,
I67.6, I67.7, I67.9, I67.81, I67.82, I68.0, I68.2, I68.8, I69.00, I69.010,
I69.10, I69.011, I69.012, I69.013, I69.014, I69.015, I69.018, I69.019,
I69.020, I69.20, I69.021, I69.022, I69.023, I69.028, I69.30, I69.031,
I69.032, I69.033, I69.034, I69.039, I69.041, I69.042, I69.043, I69.044,
I69.049, I69.051, I69.052, I69.053, I69.054, I69.059, I69.061, I69.062,
I69.063, I69.064, I69.065, I69.069, I69.80, I69.090, I69.90, I69.091,
I69.092, I69.093, I69.098, I69.110, I69.111, I69.112, I69.113, I69.114,
I69.115, I69.118, I69.119, I69.120, I69.121, I69.122, I69.123, I69.128,
I69.131, I69.132, I69.133, I69.134, I69.139, I69.141, I69.142, I69.143,
I69.144, I69.149, I69.151, I69.152, I69.153, I69.154, I69.159, I69.161,
I69.162, I69.163, I69.164, I69.165, I69.169, I69.190, I69.191, I69.192,
I69.193, I69.198, I69.210, I69.211, I69.212, I69.213, I69.214, I69.215,
I69.218, I69.219, I69.220, I69.221, I69.222, I69.223, I69.228, I69.231,
I69.232, I69.233, I69.234, I69.239, I69.241, I69.242, I69.243, I69.244,
I69.249, I69.251, I69.252, I69.253, I69.254, I69.259, I69.261, I69.262,
I69.263, I69.264, I69.265, I69.269, I69.290, I69.291, I69.292, I69.293,
I69.298, I69.310, I69.311, I69.312, I69.313, I69.314, I69.315, I69.318,
I69.319, I69.320, I69.321, I69.322, I69.323, I69.328, I69.331, I69.332,
I69.333, I69.334, I69.339, I69.341, I69.342, I69.343, I69.344, I69.349,
I69.351, I69.352, I69.353, I69.354, I69.359, I69.361, I69.362, I69.363,
I69.364, I69.365, I69.369, I69.390, I69.391, I69.392, I69.393, I69.398,
I69.810, I69.811, I69.812, I69.813, I69.814, I69.815, I69.818, I69.819,
I69.820, I69.821, I69.822, I69.823, I69.828, I69.831, I69.832, I69.833,
I69.834, I69.839, I69.841, I69.842, I69.843, I69.844, I69.849, I69.851,
I69.852, I69.853, I69.854, I69.859, I69.861, I69.862, I69.863, I69.864,
I69.865, I69.869, I69.890, I69.891, I69.892, I69.893, I69.898, I69.910,
I69.911, I69.912, I69.913, I69.914, I69.915, I69.918, I69.919, I69.920,
I69.921, I69.922, I69.923, I69.928, I69.931, I69.932, I69.933, I69.934,
I69.939, I69.941, I69.942, I69.943, I69.944, I69.949, I69.951, I69.952,
I69.953, I69.954, I69.959, I69.961, I69.962, I69.963, I69.964, I69.965,
I69.969, I69.990, I69.991, I69.992, I69.993, I69.998

Not applicable

Heart failure, including cardiomyopathy

1. Heart failure 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

Not applicable

2. Cardiomyopathya 425.2, 425.4, 425.5, 425.7, 425.8, 425.9 I42.0, I42.5, I42.6, I42.7, I42.8, I42.9, I43, Not applicable

Other CVD outcomes

Arrhythmia 426.0, 426.11, 426.12, 426.13, 426.3, 426.4,
426.6, 426.7, 427.0, 427.3X, 427.4X, 427.6,
427.8X, 427.9

I44.0, I44.1, I44.2, I44.7, I45.0, I45.5, I45.6, I45.10, I45.19, I47.1, I48.0,
I48.1, I48.2, I48.3, I48.4, I48.91, I48.92, I49.01, I49.1, I49.02, I49.2,
I49.3, I49.5, I49.8, I49.9, I49.40, I49.49, R00.1

Not applicable

Venous thromboembolic disease 415.1
415.11
415.19
451.1
451.2
451.8, 451.81, 451.83, 451.84, 451.89
451.9
452
453.0
453.1
453.2
453.3
453.40, 453.41, 453.42
453.5, 453.51, 453.52
453.72, 453.73, 453.74, 453.75, 453.76,

453.77, 453.79
453.8, 453.82, 453.83, 453.84, 453.85, 453.86,

453.87, 453.89
453.9

I26.01, I26.02, I26.09, I26.90, I26.92, I26.99, I80.3, I80.8, I80.9, I80.10,
I80.11, I80.12, I80.13, I80.201, I80.202, I80.203, I80.209, I80.211,
I80.212, I80.213, I80.219, I80.221, I80.222, I80.223, I80.229, I80.231,
I80.232, I80.233, I80.239, I80.291, I80.292, I80.293, I80.299, I82.0,
I82.1, I82.90, I82.91, I82.210, I82.220, I82.221, I82.290, I82.601,
I82.602, I82.603, I82.609, I82.611, I82.612, I82.613, I82.619, I82.621,
I82.622, I82.623, I82.629, I82.890, I82.A11, I82.A12, I82.A13, I82.A19,
I82.B11, I82.B12, I82.B13, I82.B19, I82.C11, I82.C12, I82.C13, I82.C19,
T80.0XXA, T81.72XA, T81.718A, T82.817A, T82.818A

Not applicable

Cardiac arrest 427.5 I46.2, I46.8, I46.9

Myocarditis/pericarditis 422.0, 422.90, 422.91, 422.92, 422.93, 422.99,
429.0, 420.0, 420.90, 420.91, 420.99

A18.84, I30.0, I30.1, I30.8, I30.9, I32, I40.0, I40.1, I40.8, I40.9, I41, I51.4,
M32.12

Not applicable

Valvular disease 424.0, 424.1, 424.2, 424.3
424.90, 424.91, 424.99

A18.84, I34.0, I34.1, I34.2, I34.8, I34.9, I35.0, I35.1, I35.2, I35.8, I35.9,
I36.0, I36.1, I36.2, I36.8, I36.9, I37.0, I37.1, I37.2, I37.8, I37.9, I38, I39,
M32.11

Not applicable

Carotid disease 412.X
414.X

I25.2, I25.3, I25.41, I25.42, I25.82, I25.83, I25.84 Not applicable

Abbreviations: CABG, coronary artery bypass surgery; CVD, cardiovascular disease, ICD-9-CM, International Classification of Diseases, Ninth Revision,
Clinical Modification; ICD-10-CM, International Classification of Diseases, Tenth Revision, Clinical Modification; PCI, percutaneous coronary intervention; TIA,
transient ischemic attack.

aExcludes inherited cardiomyopathies.
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TABLE A2. Results of an Internal Validation Study of Heart Failure, Myocardial Infarction, and Stroke in Random Sample of Breast Cancer Cases and Controls

Event, No. of Events Notes Encounter Types Codes Reviewed
No. of Confirmed Events

From Chart Review

Heart failure, 50 events Excludes cardiomyopathy Inpatient, outpatient,
emergency
department

428.0, 428.1, I11.0, I13.0, I50.21, I50.30,
I50.31, I59.0

43 of 47 (91%)

Myocardial infarction,
50 events

Acute myocardial
infarction only

Inpatient, outpatient,
emergency
department

410.0, 410.01, 410.11, 410.40, 410.41,
410.50, 410.70, 410.71, 410.80, 410.81,
410.90, 410.91, I21.09, I21.3, I21.4

47 of 50 (94%)

Stroke, 237 events
(represents 5% of
stroke events per year
from 2006 to 2018)

Excludes transient
ischemic attack and
stroke procedures

Inpatient 430, 431, 433.01, 433.11, 433.21, 433.31,
433.81, 434.01, 434.11, 434.91, 436,
437.2, 437.3, 437.4, 437.5, 438.11,
438.20, 438.89, G45.4, I60.00, I60.02,
I60.6, I60.8, I60.9, I61.0, I61.1, I61.4,
I61.5, I61.6, I61.8, I61.9, I63.10, I63.12,
63.132, I63.19, I63.231, I63.232, I63.233,
I63.311, I63.312, I63.40, I63.411, I63.412,
I63.441, I63.511, I63.512, I63.8, I63.9,
I67.1, I67.4, I67.82, I69.154, I69.320,
I69.328, I69.351, I69.352, I69.354,
I69.393, I69.398, I69.952

212 of 237 (89%)
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