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BACKGROUND: Statins are hypothesized to reduce the risk of cardiotoxicity associated with anthracyclines and trastuzumab.
Our aim was to study the association of statin exposure with hospitalization or emergency department visits (hospital presen-
tations) for heart failure (HF) after anthracycline- and/or trastuzumab-containing chemotherapy for early breast cancer.

METHODS AND RESULTS: Using linked administrative databases, we conducted a retrospective cohort study of women aged
>66 years without prior HF who received anthracyclines or trastuzumab for newly diagnosed early breast cancer in Ontario be-
tween 2007 to 2017. Statin-exposed and unexposed women were matched 1:1 using propensity scores. Trastuzumab-treated
women were also matched on anthracycline exposure. We matched 666 statin-discordant pairs of anthracycline-treated
women and 390 pairs of trastuzumab-treated women (median age, 69 and 71 years, respectively). The 5-year cumulative
incidence of HF hospital presentations after anthracyclines was 1.2% (95% Cl, 0.5%—-2.6%) in statin-exposed women and
2.9% (95% Cl, 1.7%-4.6%) in unexposed women (P value, 0.01). The cause-specific hazard ratio associated with statins in the
anthracycline cohort was 0.45 (95% Cl, 0.24-0.85; P value, 0.01). After trastuzumab, the 5-year cumulative incidence of HF
hospital presentations was 2.7% (95% Cl, 1.2%-5.2%) in statin-exposed women and 3.7% (95% ClI, 2.0%—6.2%) in unexposed
women (P value 0.09). The cause-specific hazard ratio associated with statins in the trastuzumab cohort was 0.46 (95% Cl,
0.20-1.07; P value, 0.07).

CONCLUSIONS: Statin-exposed women had a lower risk of HF hospital presentations after early breast cancer chemotherapy
involving anthracyclines, with non-significant trends towards lower risk following trastuzumab. These findings support the
development of randomized controlled trials of statins for prevention of cardiotoxicity.
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requires the use of anthracyclines and/ or trastu-
zumab.! Unfortunately, cardiotoxicity is a well-rec-
ognized adverse effect of these agents, contributing to
an increased risk of heart failure (HF).%3 Cardiovascular
disease is a leading cause of death among elderly
EBC survivors,* fueling widespread motivation for

The treatment of early breast cancer (EBC) frequently

reducing the risk of cardiotoxicity after EBC chemother-
apy." Clinical trials of potentially cardioprotective agents
have yielded modest and conflicting results,>® with the
exception of dexrazoxane, whose approval is limited to
women with metastatic disease receiving doxorubicin
doses higher than those typically used for EBC.” The
enthusiasm for other potentially cardioprotective agents,
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Data S1.

Supplemental Methods

Sensitivity analysis with multiple imputation of LDL values

We used multiple imputation (M) to account for missing low-density lipoprotein (LDL)values. We set
the number of imputed datasets at three times the percentage of subjects with missing data (162
datasets for the anthracycline cohort and 153 for the trastuzumab group). The imputation model
included time to the primary outcome, an indicator variable denoting its occurrence, age, rural
residence, income quintile, year of diagnosis, stage, left-sided disease, hypertension, diabetes, chronic
obstructive pulmonary disease, chronic kidney disease, atrial fibrillation, acute myocardial infarction
(AMI), ischemic heart disease without prior AMI, peripheral vascular disease, non-statin lipid lowering
therapy, angiotensin antagonists and beta-blockers. Within each imputed dataset, we estimated the
propensity score (PS) (including LDL as a covariate in PS model) and used it to match statin-exposed
and unexposed women to estimate the statin treatment effect as described above. Subsequently, we
pooled the estimated cumulative incidence functions (CIFs) at 5 years and the cause-specific hazard

ratio (HR), with determination of standard errors using Rubin’s Rules.



Table S1. The pooled cumulative incidence of HF stratified by baseline statin exposure in

the cohorts of anthracycline- and trastuzumab-treated women with breast cancer, after

propensity score matching using a model incorporating imputed LDL levels.

Anthracycline-treated

Trastuzumab-treated

Number of imputed samples

162

153

CIF at 5 years, statin-exposed

1.1% (95% CI 0.3%-3.0%)

2.4% (95% CI 0.6-6.4%)

CIF at 5 years, unexposed

2.3% (95% CI 0.9%-4.9%)

4.0% (95% CI 1.7-8.0%)

p-value for comparison of CIFs*

0.14

0.21

Cause-specific HR

0.47 (95% C1 0.17-1.27)

0.42 (95% ClI 0.11-1.55)

p-value for comparison of HR's*

0.13

0.19

*p-values refer to statistical significance of comparison over all available follow-up.




Figure S1. Flow Diagram.

Diagnosed with breast cancer in Ontario 2007-2017
(N =104,495)

Excluded (n = 97,603)
Aged <18 or> 105 years (n= 12)
Missing age/ sex data (n = < 6)
Non-Ontario residents (n = 78)
Death dates before/ on cancer diagnosis (n = 524)
Male patients (n = 880)
in situ or advanced disease (n = 10,531)
Missing stage data (n = 4,778)
OHIP-eligible < 1 year before cancer diagnosis (n = 851)
Prior cancer, chemotherapy, or radiation (n = 12,633)
Long term care residents (n = 965)
Heart failure (HF) before cancer diagnosis (n = 2,368)
Poorly defined chemotherapy (n = 3,953)
Aged < 66 years (n = 42,959)
Not treated with anthracycline/ trastuzumab (n=20,414)
HF before chemo start or death within 2 weeks (n = 25)

Intermediate statin exposure status (n = 275)

Eligible forinclusion in study
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Anthracycline-treated Trastuzumab-treated
women women
(n =2,545) (n=1,371)
1:1 matching
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Figure S2. Probability density function for observed and imputed LDL values stratified by statin
exposure status in the anthracycline (162 samples) and trastuzumab (153 samples) cohorts.
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This demonstrates that the multiple imputation process yielded a comparable distribution of LDL
values to observed data. A: Anthracycline cohort, non-exposed to statins; B: Anthracycline cohort,

statin-exposed; C: Trastuzumab cohort, non-exposed to statins; D: Trastuzumab cohort, statin-exposed.
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CLINICAL PERSPECTIVE

What Is New?

e This observational study suggests that statins
may reduce the risk of heart failure following
chemotherapy for women with early breast
cancer.

e |f statins protect against cardiotoxicity, the un-
derlying mechanisms are not limited to preven-
tion of acute myocardial infarction by lowering
cholesterol levels.

What Are the Clinical Implications?

e The retrospective nature of this study precludes
attribution of a causal relationship between
statins and the lowered risk of heart failure fol-
lowing cardiotoxic chemotherapy, supporting
the need for randomized controlled trials on this
topic.

e Statin use should be encouraged in women
with established indications who are starting
potentially cardiotoxic chemotherapy for early
breast cancer.

Nonstandard Abbreviations and Acronyms

EBC early breast cancer
PS propensity score
ROS reactive oxygen species

such as angiotensin antagonists and beta-blockers, is
tempered by their hemodynamic adverse effects, which
may be amplified in patients undergoing chemotherapy.
Angiotensin antagonists also come with a risk of renal
compromise and hyperkalemia.®

Statins have recently emerged as promising can-
didates to attenuate anthracycline- and trastuzum-
ab-mediated cardiac injury based on a few small,
single-center studies.®"? Here, we present a popula-
tion-based propensity-matched retrospective cohort
study to examine the association of statin exposure
with the risk of HF among older women with EBC who
received anthracyclines and/ or trastuzumab. In this
high-risk population, we hypothesized that statin-ex-
posed women would have a lower risk of HF com-
pared with non-exposed patients.

METHODS

Cohort Creation

Residents of Ontario (Canada’s most populous prov-
ince) receive universal health coverage for medically
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necessary physician and hospital services through
the Ontario Health Insurance Plan. Prescription medi-
cations are covered for residents aged >65 years
through the Ontario Drug Benefit program, enabling
determination of exposure to prescription medications
in older adults. The Ontario Cancer Registry records
data on patients diagnosed with malignancy, includ-
ing breast cancer. The Cancer Activity Level Reporting
database records details of systemic cancer therapy at
Ontario’s regional cancer centers while the New Drug
Funding Program records exposure to higher-cost sys-
temic therapies including trastuzumab and epirubicin.
These databases can be used to determine exposure
to anthracyclines or trastuzumab as we previously
described.®

The Canadian Institute of Health Information’s
Discharge Abstract Database records hospitalization
data, while the National Ambulatory Care Reporting
System captures data on emergency department
(ED) visits. Physician billing claims are recorded in the
Ontario Health Insurance Plan claims database. The
Registered Persons Database maintains vital statistics
data. The Ontario Laboratory Information System is
a province-wide repository of laboratory test results,
including low-density lipoprotein (LDL) cholesterol lev-
els. Validated algorithms'®—2? have been developed for
determination of medical diagnoses from these data-
bases. These data sets were linked using unique en-
coded identifiers and analyzed at ICES (formerly the
Institute for Clinical Evaluative Sciences). The use of
data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act,
which does not require review by a Research Ethics
Board. While data sharing agreements prohibit ICES
from making the data set publicly available, access
may be granted to those who meet pre-specified cri-
teria for confidential access, available at www.ices.
on.ca/DAS.

Using these data sets, we identified all women who
received anthracyclines and/ or trastuzumab within a
year of being diagnosed with EBC at age >66 years
between January 1, 2007 to December 31, 2017.
Women who had hospitalizations, ED visits, or physi-
cian billings meeting criteria for a diagnosis of HF (as
per validated algorithms for administrative data)?® be-
fore starting chemotherapy were excluded. We also ex-
cluded women who were eligible for the Ontario Health
Insurance Plan for less than a year before starting che-
motherapy, those with previous cancer, long-term care
residents, and women whose chemotherapy details
could not be ascertained (including women in clinical
trials). We created a cohort of anthracycline-exposed
women, whose index date was the anthracycline start
date, and a distinct cohort of trastuzumab-exposed
women, whose index date was the trastuzumab start
date. Women treated with trastuzumab following


http://www.ices.on.ca/DAS
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anthracyclines were included in both cohorts, with the
cohort-specific index date being the start date of the
specific medication under study.

For each cohort, we surveyed the Ontario Drug
Benefit database to identify women who were dispensed
at least 2 statin prescriptions in the 365 days preceding
the index date, with the second prescription dispensed
within 150% of the number of days supplied by the first
prescription, and with 1 of the prescriptions’ supply
period containing the index date; these women were
classified as statin-exposed. Women were classified as
unexposed if no statin prescriptions were dispensed for
365 days preceding the index date. We excluded women
who had dispensed a statin within a year before chemo-
therapy initiation but did not fulfill the requirement for 2
overlapping scripts encompassing that index date. We
matched statin-exposed and unexposed women (1:1)
within each of the 2 cohorts as described below. The
primary outcome was a composite of hospitalizations or
ED visits where HF was the most responsible diagnosis
(herein referred to as hospital presentations). Death was
treated as a competing risk. The date of last follow-up
was December 31, 2018.

Statistical Analysis

All analyses were conducted in parallel for the anthra-
cycline and the trastuzumab cohorts. We summarized
baseline characteristics based on statin exposure
using the median (with interquartile ranges) for continu-
ous data and counts (with percentages) for categori-
cal data. The magnitude of difference between groups
was compared using standardized differences.

We used logistic regression to model the odds
of being statin-exposed at baseline conditional on
a woman’s baseline characteristics. This was used
to derive a propensity score (PS) for statin exposure
for each woman. We developed 3 sets of propensity
scores: for the anthracycline cohort, for trastuzum-
ab-treated women without prior anthracyclines, and for
trastuzumab-treated women with prior anthracyclines.
The variables considered for inclusion in the models
were age, rural residence, income quintile, year of EBC
diagnosis, stage, left-sided disease, hypertension,
diabetes mellitus, chronic obstructive pulmonary dis-
ease, chronic kidney disease, atrial fibrillation, acute
myocardial infarction (AMI), ischemic heart disease
without prior myocardial infarction, peripheral vascular
disease, non-statin lipid-lowering therapy, angiotensin
antagonists, beta-blockers, and the Charlson score.
We used greedy nearest neighbor matching to match
statin-exposed and unexposed patients in a 1:1 ratio
with a caliper distance of 0.2 of the standard devia-
tion of the logit of the PS.2* Women in the trastuzumab
cohort were also matched on anthracycline exposure
before trastuzumab initiation. Standardized differences
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were used to assess for residual differences in base-
line characteristics of the subset of matched patients.?®

To measure crossover after the index date, we iden-
tified women who were alive 12 months after starting
chemotherapy and calculated the proportion who dis-
pensed a prescription for statins during months 6 to 12.
We used cumulative incidence functions to determine
the risk of HF hospital presentations over time in sta-
tin-treated women and unexposed women while treat-
ing death as a competing risk. Statistical significance
of the difference in cumulative incidence functions was
assessed using a univariable Fine-Gray model in which
the sub-distribution hazard of HF hospital presentation
was regressed on a binary variable denoting treatment
group. A robust variance estimator was used that ac-
counted for the matched nature of the sample. We also
used univariable cause-specific regression models to
quantify the relative rate of HF associated with statin
exposure among women who were still alive, which
was expressed as a hazard ratio (HR). These models
also accounted for the matched nature of the sample
using a robust variance estimator. Estimated 95% Cls
for the cause-specific HR were extracted from the fit-
ted model with the robust variance estimator. For the
trastuzumab cohort, we conducted stratified analyses
based on prior anthracycline exposure.

Sensitivity Analyses
We repeated the analyses above while censoring women
with an interim AMI hospitalization to explore whether dif-
ferences in HF risk can be explained by reductions in AMI
among statin-exposed women. We also studied if the
association between statins and HF risk was explained
by differences in LDL levels (LDL was not included in the
primary analysis because of the large proportion of sub-
jects with missing LDL). This is described within Data S1.
All analyses were performed using SAS Enterprise
Guide 7.1 (SAS Institute Inc., Cary, NC) in a Unix envi-
ronment. Since the study used administrative data sets
from a universal healthcare system encompassing the
entire population, we assumed missing data were neg-
ligible unless stated otherwise. Statistical significance
was defined as a 2-tailed P value <0.05.

RESULTS

Cohort Characteristics

After exclusions (Figure S1), we retained 2545 anthra-
cycline-treated women (of whom 859 were statin-ex-
posed at the index date) and 1371 trastuzumab-treated
women (of whom 520 were statin-exposed at the
index date). Their baseline characteristics are listed
in Table 1. As expected, statin-exposed women had
a higher prevalence of pre-existing cardiovascular dis-
ease and associated risk factors. Accordingly, they



Abdel-Qadir et al

Statins and Heart Failure After Chemotherapy

Table 1. Baseline Characteristics of Statin-Exposed and Unexposed Women in the Anthracycline and Trastuzumab
Cohorts Before Propensity Score Matching
Anthracycline Cohort Trastuzumab Cohort
Statin- Statin-

Variable Unexposed Exposed Std Diff P Value Unexposed Exposed Std Diff P Value
No. 1686 859 851 520
Median age, y (IQR) 69 (67-72) 69 (67-73) 0.16 <0.001 70 (68-74) 71 (68-75) 0.19 <0.001
Cohort entry, y

2007, n (%) 142 (8.4%) 2 (7.2%) 0.04 012 42 (4.9%) (3.5%) 0.07 0.42

2008, n (%) 143 (8.5%) 52 (6.1%) 0.09 4 (6.3%) 23 (4.4%) 0.09

2009, n (%) 119 (7.1%) 69 (8.0%) 0.04 54 (6.3%) (6.2%) 0.01

2010, n (%) 127 (7.5%) 72 (8.4%) 0.03 52 (6.1%) (7.3%) 0.05

2011, n (%) 140 (8.3%) 76 (8.8%) 0.02 3 (7.4%) 40 (7.7%) 0.01

2012, n (%) 156 (9.3%) 62 (7.2%) 0.07 0 (9.4%) (7.7%) 0.06

2013, n (%) 154 (9.1%) 8 (11.4%) 0.07 9 (11.6%) 54 (10.4%) 0.04

2014, n (%) 181 (10.7%) 81 (9.4%) 0.04 98 (11.5%) 5 (10.6%) 0.03

2015, n (%) 174 (10.3%) 90 (10.5%) 0.01 99 (11.6%) 68 (13.1%) 0.04

2016, n (%) 191 (11.3%) 101 (11.8%) 0.01 103 (12.1%) 2 (15.8%) 0.1

2017, n (%) 159 (9.4%) 96 (11.2%) 0.06 107 (12.6%) 70 (13.5%) 0.03
Nearest census based neighbourhood income quintile

1,n (%) 267 (15.8%) 161 (18.7%) 0.08 0.003 136 (16.0%) 95 (18.3%) 0.06 0.006

2,n (%) 319 (18.9%) 183 (21.3%) 0.06 169 (19.9%) 114 (21.9%) 0.05

3, n (%) 319 (18.9%) 179 (20.8%) 0.05 161 (18.9%) 129 (24.8%) 0.14

4,1 (%) 369 (21.9%) 185 (21.5%) 0.01 168 (19.7%) 88 (16.9%) 0.07

5,1 (%) 409 (24.3%) 150 (17.5%) 017 215 (25.3%) 93 (17.9%) 0.18
Rural residence, n (%) 274 (16.3%) 106 (12.3%) 0.11 0.009 124 (14.6%) 66 (12.7%) 0.05 0.45
Prior anthracycline, n (%) 389 (45.7%) 216 (41.5%) 0.08 0.13
Breast cancer stage

1,n (%) 259 (15.4%) 135 (15.7%) 0.01 0.96 263 (30.9%) | 162 (31.2%) 0.01 079

2,1 (%) 879 (52.1%) 449 (52.3%) <0.01 393 (46.2%) 247 (47.5%) 0.03

3,n (%) 548 (32.5%) 275 (32.0%) 0.01 195 (22.9%) 111 (21.3%) 0.04
Left-sided disease®, n (%) 851 (50.5%) 471 (54.8%) 0.09 0.04 468 (55.0%) | 282 (54.2%) 0.02 0.95
Charlson index, median (IQR) 0 (0-6) 1(0-6) 0.33 <0.001 (0-6) 0 (0-6) 0.29 <0.001
Myocardial infarction, n (%) <6 8 (0.9%) 0.12 <0.001 <6 8 (1.5%) 0.14 0.006
Ischemic heart disease 58 (3.4%) 109 (12.7%) 0.34 <0.001 40 (4.7%) 80 (15.4%) 0.36 <0.001
without myocardial
infarction, n (%)
Peripheral vascular disease, 6 (0.4%) 3 (2.7%) 0.19 <0.001 <6 0 (3.8%) 0.23 <0.001
n (%)
Atrial fibrillation, n (%) 3(2.6%) 8 (4.4%) 0.1 0.01 41 (4.8%) 24 (4.6%) 0.01 0.86
Diabetes mellitus, n (%) 178 (10.6%) 317 (36.9%) 0.65 <0.001 109 (12.8%) 199 (38.3%) 0.61 <0.001
Hypertension, n (%) 915 (54.3%) 692 (80.6%) 0.58 <0.001 487 (57.2%) 433 (83.3%) 0.59 <0.001
Chronic kidney disease, 6 (1.5%) 6 (3.0%) 0.1 0.01 8 (2.1%) 28 (5.4%) 0.17 0.001
n (%)
Chronic obstructive 231 (13.7%) 153 (17.8%) 0.1 0.006 124 (14.6%) 99 (19.0%) 0.12 0.03
pulmonary disease, n (%)
Angiotensin antagonists, 504 (29.9%) 546 (63.6%) 0.72 <0.001 283 (33.3%) | 341 (65.6%) 0.68 <0.001
n (%)
Beta blockers, n (%) 184 (10.9%) 209 (24.3%) 0.36 <0.001 138 (16.2%) 131 (25.2%) 0.22 <0.001
Non-statin lipid-lowering 45 (2.7%) 68 (7.9%) 0.24 <0.001 34 (4.0%) 40 (7.7%) 0.16 0.003
drugs, n (%)

(Continued)
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Table 1. Continued
Anthracycline Cohort Trastuzumab Cohort
Statin- Statin-
Variable Unexposed Exposed Std Diff P Value Unexposed Exposed Std Diff P Value
LDL level at baseline
Missing, n (%) 1035 (61.4%) 346 (40.3%) 0.43 <0.001 497 (58.4%) 196 (37.7%) 0.42 <0.001
<2.0,n (%) 36 (2.1%) 248 (28.9%) 0.79 23 (2.7%) 169 (32.5%) 0.85
2.0-3.49, n (%) 388 (23.0%) 232 (27.0%) 0.09 220 (25.9%) 142 (27.3%) 0.03
3.5-5.0, n (%) 217 (12.9%) 28-32 0.34 105 (12.3%) 8-12 0.39
>5.0, n (%) 10 (0.6%) <6 0.08 6 (0.7%) <6 0.08

In accordance with ICES privacy policies, cells with <6 counts are suppressed. LDL indicates low-density lipoprotein; IQR, interquartile range; and Std diff

indicates standardized difference.

*Breast cancer laterality data missing for 7 anthracycline-treated and <6 trastuzumab-treated women.

were more likely to have received anti-hypertensives
and other lipid-lowering agents before chemotherapy.
In keeping with their older age and higher cardiovascu-
lar risk, statin-exposed patients in the trastuzumab co-
hort were less likely to have received anthracyclines. In
general, statin-exposed women were older and more
commonly residents of neighborhoods with lower in-
come levels.

The 3 logistic regression models used to estimate
the PS are summarized in Table 2. The PS were used
to match 666 anthracycline-treated women who were
statin-exposed to 666 anthracycline-treated women
who did not dispense a prescription for a statin in the
year before the index date. Similarly, 390 trastuzum-
ab-treated women who were statin-exposed were
matched on the logit of the PS and prior anthracycline
exposure to 390 trastuzumab-treated women who did
not dispense statins in the year before the index date.
Within the anthracycline cohort, 309 women (46.4%)
used rosuvastatin, 272 (40.8%) used atorvastatin, 51
(7.7%) used simvastatin, and 27 (4.1%) used pravas-
tatin. In the trastuzumab cohort, 182 women (46.7%)
used rosuvastatin, 161 (41.3%) used atorvastatin, and
31 (8.0 %) used simvastatin.

The baseline characteristics of the matched anthra-
cycline and trastuzumab cohorts are listed in Table 3.
The median age was 69 (interquartile range, 67-73)
years for the anthracycline PS-matched cohort and 71
(interquartile range, 68-75) years for the trastuzumab
PS-matched cohort. The standardized differences for
most variables included in the PS were <0.1, indicating
that the matched cohorts were well balanced on these
characteristics. There was a greater proportion of
missing LDL levels among statin-unexposed women.
Among women with available LDL data, statin-ex-
posed patients had lower LDL levels. Among anthra-
cycline-treated women, 179 statin-exposed women
(26.9%) later received trastuzumab, compared with
162 (24.3%) non-exposed women (P value, 0.29; stan-
dardized difference, 0.06).

J Am Heart Assoc. 2021;10:e018393. DOI: 10.1161/JAHA.119.018393

There was minimal crossover between groups after
starting chemotherapy. In the anthracycline cohort,
658 women who were initially statin-exposed were
alive at 12 months, of whom 614 (93.3%) continued
to receive statins during months 6 to 12. Conversely,
648 women in the unexposed group were alive at
12 months; only 28 (4.3%) received statins during
months 6 to 12. In the trastuzumalb cohort, 387 pa-
tients were alive at 12 months, of whom 372 (96.1%)
continued to receive statins during months 6 to 12.
Conversely, 380 women in the unexposed group were
alive at 12 months; only 15 (4.0%) received statins
during months 6 to 12.

Heart Failure in PS—Matched Cohorts

In the PS—-matched anthracycline cohort, there were
43 HF hospital presentations over mean follow-up
of 5.1 (8D, 3.1) years. Figure 1 illustrates the cu-
mulative incidence of HF hospital presentations by
statin exposure in the anthracycline-treated cohort,
indicating that the risk of HF hospital presentations
was significantly lower in statin-exposed women (P
value, 0.01). At 5 years, the cumulative incidence of
HF hospital presentation was 1.2% (95% CI, 0.5%-
2.6%) in statin-exposed women, compared with
2.9% (95% ClI, 1.7%-4.6%) in unexposed women.
The cause-specific HR was 0.45 (95% CI 0.24-0.85)
for statin-exposed relative to unexposed women (P
value, 0.01).

In the trastuzumab-treated cohort, there were 27
HF hospital presentations over mean follow-up of 4.4
(SD, 2.8) years. Figure 2 illustrates a non-significant
trend towards a lower risk of HF hospital presentations
in statin-exposed women (P value, 0.09). At 5 years,
the cumulative incidence of HF hospital presentation
was 2.7% (95% Cl, 1.2%-5.2%) in statin-exposed
women and 3.7% (95% Cl, 2.0%-6.2%) in unexposed
women. The cause-specific HR associated with statin
exposure was 0.46 (95% 0.20-1.07; P value, 0.07).



Abdel-Qadir et al

Statins and Heart Failure After Chemotherapy

Table 2. Summary of the Results of the Logistic Regression Models Underlying the Propensity Scores Which Were Used to

Match Statin-Exposed and Unexposed Patients

Trastuzumab, Prior Trastuzumab, No Prior
Anthracyclines Anthracyclines Anthracyclines
Parameter Parameter Parameter
Variable Estimate P value Estimate P Value Estimate P Value
Age, y 0.02 0.08 0.03 0.14 0.02 0.23
Y (relative to 2007) 0.03 0.05 0.06 0.07 0.02 0.56
Income quintile (relative to lowest income quintile)
2 0.03 0.85 -0.39 0.23 012 0.64
3 -0.01 0.93 -0.08 0.79 0.29 0.27
4 0.01 0.95 -0.22 0.47 -0.31 0.3
5 -0.25 0.11 -0.07 0.82 -0.52 0.06
Missing income quintile data -1.03 0.39 0.1 0.94
Rural residence -0.38 0.007 -0.15 0.59 -0.2 0.42
Breast cancer stage (relative to stage 1)
2 -0.12 0.40 -0.06 0.81 -0.3 0.13
3 -0.26 0.08 -0.42 0.15 -0.21 0.46
Left-sided breast cancer (relative to 0.20 0.04 0.07 0.72 -0.11 0.52
right-sided)
Missing cancer laterality data (relative 1.63 0.06 -11.8 0.99 0.38 0.83
to right-sided)
Charlson index 0.04 0.02 0.08 0.02 -0.03 0.36
Myocardial infarction 2.55 0.02 1.68 0.05
Ischemic heart disease without 1.08 <0.0001 0.75 0.1 1.42 <0.001
myocardial infarction
Peripheral vascular disease 0.18 0.75 0.72 0.29
Atrial fibrillation 0.08 0.76 0.14 0.8 -0.89 0.02
Diabetes mellitus 1.20 <0.0001 1.16 <.001 1.14 <0.001
Hypertension 0.51 <0.0001 0.98 0.001 0.41 0.08
Chronic kidney disease 0.23 0.47 -0.48 0.48 0.54 0.19
Chronic obstructive pulmonary 0.20 0.1 0.36 0.2 0.22 0.31
disease
Angiotensin antagonist 0.85 <0.0001 0.71 0.002 0.71 0.0005
Beta blockers 0.49 0.00 -0.07 0.8 -0.08 0.72
Non-statin lipid-lowering drugs 0.44 0.05 1.61 0.01 -0.57 0.11

There were 224 PS-matched pairs of trastuzum-
ab-treated women who were anthracycline-naive and
166 pairs who previously received anthracyclines. Of
the 166 trastuzumab-treated women who were also
exposed to anthracyclines and statins, >160 women
were dispensed a statin before anthracycline initi-
ation, while <6 women started statin therapy after
receiving anthracyclines but before starting tras-
tuzumab. There were 17 HF presentations in anth-
racycline-naive women and 10 HF presentations in
anthracycline-exposed women. The cause-specific
HR associated with statin exposure was 0.51 (95%
Cl, 0.19-1.41; P value, 0.19) in trastuzumab-treated
women without prior anthracyclines and 0.39 (95%
Cl, 0.10-1.58; P value, 0.19) in anthracycline-exposed
pairs.
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Sensitivity Analyses

In the sensitivity analysis censoring women at time
of interim AMI hospitalization, the 5-year cumulative
incidence of HF hospital presentations in the anthra-
cycline cohort was 1.2% (95% Cl, 0.5%-2.6%) in sta-
tin-exposed women and 2.7% (95% Cl, 1.6%—4.4%)
in unexposed patients (P value, 0.02). The cause-
specific HR associated with statin exposure was 0.44
(95% CI 0.22-0.87; P value, 0.02). In the trastuzumab
cohort, the 5-year cumulative incidence was 2.7%
(1.2%-5.2%) among statin-exposed women and 3.7%
(95% Cl, 2.0%-6.2%) in unexposed patients (P value,
0.056). The cause-specific HR associated with statin
exposure was 0.41 (95% Cl, 0.17-0.97: P value, 0.04).
The sensitivity analysis with multiple imputation of LDL
values yielded effect estimates were comparable to the
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Table 3. Baseline Characteristics of Statin-Exposed and Unexposed Women in the Anthracycline and Trastuzumab
Cohorts After Propensity Score Matching

Anthracycline Cohort Trastuzumab Cohort
Variable Unexposed Exposed Std Diff Unexposed Exposed Std Diff
No. 666 666 390 390
Median age, y (IQR) 69 (67-72) 69 (67-73) 0.02 71 (68-75) 71 (68-75) <0.01
Cohort entry, y
2007, n (%) (9.0%) 49 (7.4%) 0.06 3 (5.9%) 6 (4.1%) 0.08
2008, n (%) (7.2%) 44 (6.6%) 0.02 ( 4%) (4.6%) 0.08
2009, n (%) (7.4%) 50 (7.5%) 0.01 0 (5.1%) (7.2%) 0.09
2010, n (%) 48 (7.2%) 52 (7.8%) 0.02 9 (4.9%) 31 (7.9%) 013
2011, n (%) (7.4%) 63 (9.5%) 0.08 (7.4%) ( .2%) 0.01
2012, n (%) 61 (9.2%) 43 (6.5%) 01 31 (7.9%) 0 (7.7%) 0.01
2013, n (%) 8 (10.2%) 71 (10.7%) 0.01 5 (11.5%) 4 (11.3%) 0.01
2014, n (%) 67 (10.1%) 65 (9.8%) 0.01 48 (12.3%) 45 (11.5%) 0.02
2015, n (%) 70 (10.5%) 70 (10.5%) <0.01 46 (11.8%) 48 (12.3%) 0.02
2016, n (%) 0 (12.0%) 75 (11.3%) 0.02 48 (12.3%) 50 (12.8%) 0.02
2017, n (%) 66 (9.9%) 84 (12.6%) 0.09 6 (14.4%) 2 (13.3%) 0.03
Nearest census based neighbourhood income quintile
1,n (%) 127 (19.1%) 123 (18.5%) 0.02 3 (18.7%) 72 (18.5%) 0.01
2,n (%) 141 (21.2%) 135 (20.3%) 0.02 3 (21.3%) 8 (22.6%) 0.03
3, n (%) 132 (19.8%) 140 (21.0%) 0.03 88 (22.6%) 88 (22.6%) <0.01
4,n (%) 149 (22.4%) 145 (21.8%) 0.01 3 (16.2%) 69 (17.7%) 0.04
5,n (%) 116 (17.4%) 122 (18.3%) 0.02 83 (21.3%) 2 (18.5%) 0.07
Rural residence, n (%) 92 (13.8%) 91 (13.7%) <0.01 2 (13.3%) 54 (13.8%) 0.01
Prior anthracycline, n (%) 166 (42.6%) 166 (42.6%) <0.01
Breast cancer stage
1,n (%) 111 (16.7%) 109 (16.4%) 0.01 127 (32.6%) 121 (31.0%)
2,n (%) 339 (50.9%) 345 (51.8%) 0.02 178 (45.6%) 190 (48.7%)
3,n (%) 216 (32.4%) 212 (31.8%) 0.01 85 (21.8%) 79 (20.3%)
Left-sided disease®, n (%) 359 (53.9%) 360 (54.1%) <0.01 210 (53.8%) 212 (54.4%) 0.01
Charlson index, median (IQR) 0 (0-6) 1(0-6) 0.08 0 (0-6) 0 (0-6) 0.04
Myocardial infarction, n (%) <6 <6 <0.01 <6 <6 0.06
Ischemic heart disease without myocardial 44 (6.6%) 4 (8.1%) 0.06 29 (7.4%) 31 (7.9%) 0.02
infarction, n (%)
Peripheral vascular disease, n (%) <6 <6 <0.01 <6 <6 0.08
Atrial fibrillation, n (%) 25 (3.8%) 28 (4.2%) 0.02 17 (4.4%) 7 (4.4%) <0.01
Diabetes mellitus, n (%) 153 (23.0%) 155 (23.3%) 0.01 94 (24.1%) 100 (25.6%) 0.04
Hypertension, n (%) 530 (79.6%) 507 (76.1%) 0.08 316 (81.0%) 305 (78.2%) 0.07
Chronic kidney disease, n (%) 8 (2.7%) 8 (2.7%) <0.01 3 (3.3%) 4 (3.6%) 0.01
Chronic obstructive pulmonary disease, n (%) 112 (16.8%) 114 (17.1%) 0.01 69 (17.7%) 65 (16.7%) 0.03
Angiotensin antagonists, n (%) 361 (54.2%) 363 (54.5%) 0.01 222 (56.9%) 220 (56.4%) 0.01
Beta blockers, n (%) 44 (21.6%) 136 (20.4%) 0.03 87 (22.3%) 86 (22.1%) 0.01
Non-statin lipid-lowering drugs, n (%) 34 (5.1%) 33 (5.0%) 0.01 19 (4.9%) 24 (6.2%) 0.06
LDL level at baseline
Missing, n (%) 374 (56.2%) 283 (42.5%) 0.28 219 (56.2%) 157 (40.3%) 0.32
<2.0,n (%) 20 (3.0%) 162 (24.3%) 0.65 16 (4.1%) 108 (27.7%) 0.68
2.0-3.49, n (%) 191 (28.7%) 193 (29.0%) 0.01 113 (29.0%) 114 (29.2%) 0.01
3.5-5.0, n (%) 76-80 28 (4.2%) 0.28 37-41 6-10 0.33
>5.0, n (%) <6 0 01 <6 <6 <0.01

In accordance with ICES privacy policies, cells with <6 counts are suppressed. LDL indicates low-density lipoprotein; IQR, interquartile range; and Std diff
indicates standardized difference.
Breast cancer laterality data missing for 7 anthracycline-treated and <6 trastuzumab-treated women.
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Statin-exposed 542 363 228 135 58
Unexposed 540 379 236 144 66
Figure 1. Cumulative incidence of hospitalization

or emergency department visit for heart failure in
anthracycline-treated women according to statin-exposure
after 1:1 matching on the logit of the propensity score.

HF indicates heart failure.

primary analyses but did not meet threshold for statis-
tical significance. Details are provided in Figure S2 and
Table S1.

DISCUSSION

In this population-based, PS—-matched cohort study,
statin-exposed EBC patients at high cardiovascular
risk based on older age (=65 years) had a significantly
lower risk of HF hospital presentations following an-
thracycline-containing chemotherapy compared with
matched women who were unexposed to statins.
There was a non-significant trend towards a lower
risk of HF hospital presentations associated with
statin exposure among trastuzumab-treated women
compared with statin unexposed women. These re-
sults are summarized in Figure 3. We observed simi-
lar associations in sensitivity analyses that censored
women who developed interim AMI and accounted
for LDL levels.

Mounting evidence suggests that anthracycline-in-
duced cardiotoxicity is mediated by topoisomerase-23
inhibition and oxidative stress secondary to reactive ox-
ygen species (ROS) generation by anthracyclines.?6-3!
Oxidative stress may also play a role in trastuzumab-in-
duced cardiotoxicity. Neuregulin-1 is an epidermal
growth factor produced in endocardial and myocardial
microvasculature in response to stress that activates
HER4 (human epidermal growth factor receptor 4) to
dimerize with HER2 (human epidermal growth factor
receptor 2).?632 The consequent signaling cascade
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regulates ROS-induced cardiomyocyte apoptotic cell
death and sarcomere organization.?%33 By blocking this
pathway, trastuzumab may potentiate ROS-mediated
cardiomyocyte death and interfere with myocyte-myo-
cyte and myocyte—matrix interactions.?®33 Inhibition of
HMG-CoA (3-hydroxy-3-methylglutaryl coenzyme A)
reductase by statins may decrease the production of
isoprenoid intermediates,®* which are required to acti-
vate Rho (Ras homologous) GTPases. Rho GTPases
promote ROS production via the pro-oxidative nic-
otinamide adenine dinucleotide phosphate oxidase
complex®* and affect cardiac myocyte cell size and
sarcomere organization.®® Thus, it is plausible that
statins may ameliorate anthracycline- and trastuzum-
ab-induced cardiotoxicity by decreasing ROS produc-
tion and promoting cardiomyocyte survival.26-31:34.35
Our data corroborate prior findings of a lower risk
of cardiotoxicity in statin-exposed patients receiving
anthracyclines. Seicean et al. reported that statin-ex-
posure was associated with a HR of 0.3 (95% ClI, 0.1—
0.9; P=0.03) for HF in a PS-matched analysis of 67
statin-exposed (8 [11.9%] received trastuzumab) and
134 unexposed women (mean age, 60 years) who re-
ceived anthracycline-based chemotherapy for breast
cancer at the Cleveland Clinic Health System be-
tween January 2005 and December 2010."> However,
32.3% of the cohort were hospitalized for HF, which
is a markedly higher rate than is expected with con-
temporary chemotherapy.?® Given the small sample
size, the investigators included only a limited number
of potential confounders in their PS. Acar et al. ran-
domized 40 anthracycline-treated patients (mean age,

10% '
— Statin-exposed p=0.09¢
----- Unexposed
8%
-
" 6%
E
2
e 1 &« % a4
4%
] Y i
i v
g 2%
o
0%
0 2 4 6 8 10
At risk Time (Years)
Statin-exposed 317 204 120 56 16
Unexposed 292 181 101 49 21

Figure 2. Cumulative incidence of hospitalization or
emergency department visit for heart failure in trastuzumab-
treated women according to statin-exposure after 1:1
matching on the logit of the propensity score and prior
exposure to anthracyclines.

HF indicates heart failure.
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Are statins associated with a lower rate of hospitalization or ED visits for heart
failure after anthracyclines and/or trastuzumab for early stage breast cancer?

Anthracycline-treated women
(n =2,545)

Trastuzumab-treated women

(n=1,371)

1:1 propensity score matching;

prior anthracycline exposure

trastuzumab group also matched on

MM

M

Anthracycline-treated matched pairs with
discordant statin exposure (n = 666 x 2)

Trastuzumab-treated matched pairs with
discordant statin exposure (n = 390 x 2)

Hospital visits for HF following
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Figure 3. Overall study summary.
ED indicates emergency department; HF, heart failure;

53 years) with hematological malignancies to 40 mg/
day of atorvastatin versus control. At 6 months, they
observed a significantly greater mean left ventricular
ejection fraction (LVEF) decline in controls (absolute
mean decline —7.9% to final mean LVEF 55.0%) without
a significant change in statin-exposed patients; LVEF
declined to a final value <50% in 1 statin-exposed pa-
tient compared with 5 in the control group.!® Another
study used cardiac magnetic resonance imaging to
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and HR: hazard ratio.

evaluate the association between statin exposure and
LVEF among 14 statin-exposed and 37 unexposed
patients who received anthracycline-based chemo-
therapy for breast (2 [14%] received trastuzumab in
the statin group) or hematological malignancies.®
They observed that the mean LVEF was unchanged
in statin-treated patients, compared with a significant
absolute decline of —6.5% in non-exposed patients to
a final mean LVEF of 52.4%.
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Common limitations across these studies were
their single-center design and small sample sizes
involving heterogeneous cancer patients. Moreover,
only 1 study evaluated clinically overt HF; the others
reported small changes in LVEF with questionable
long-term clinical relevance.®®3” Qur study extends
prior observations by studying this question in a
population-based sample encompassing a larger
number of patients than prior studies. We focused
on HF requiring hospital-based care since it is a less
ambiguous outcome that carries more relevance to
cancer patients and their physicians. We also studied
older patients, the fastest growing group of cancer
survivors®® with the highest absolute risks of clinical-
ly-overt cardiotoxicity®®+' but who remain underrep-
resented in clinical trials.*?> Furthermore, our study
examined the relationship between statin exposure
and HF while adjusting for LDL values and censoring
upon development of interim AMI. Our observations
suggest that the potential protective mechanism of
statins against HF in older adults may be indepen-
dent of their ability to prevent AMI by lowering LDL
levels.

There are fewer data on the association of statin
exposure with trastuzumab-associated cardiotoxicity.
Previously, we published a single-center study of 129
trastuzumab-treated patients with EBC' where statin
exposure was associated with 68% lower odds of car-
diotoxicity. There was no significant change in LVEF
in statin-exposed women in contrast to a significant
decline in unexposed women. The population-wide
analysis reported here reveals a non-significant as-
sociation with lower risk of HF hospital presentations
following trastuzumab in statin-exposed older women.
This analysis was limited by low event counts, with
trastuzumab-associated cardiotoxicity less likely to
lead to decompensated HF requiring hospitalization
or ED visits. However, our data suggest that this area
merits further study.

The results of this study should be interpreted with
caution given its retrospective design and dependence
on administrative data. A key limitation is our inability to
account for LVEF, diastolic function, cardiac biomark-
ers, or biohumoral data. Thus, we cannot determine
if the HF events occurred with reduced or preserved
LVEF. The study excluded women with established
diagnoses of HF before chemotherapy but may have
included women with asymptomatic cardiomyopathy,
although this is not expected to occur more commonly
in the non-statin groups. There was a large propor-
tion of missing LDL values, requiring us to use multiple
imputation. The outcome definition (hospitalization/ED
visits for HF) was chosen to prioritize specificity, but
the trade-off is that we likely underestimated the abso-
lute risk of cardiotoxicity. We also did not account for
“cross-over” attributable to initiation or discontinuation
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of statins after the index date. Furthermore, we cannot
exclude that the lower risk of HF in statin-exposed pa-
tients may represent residual confounding.

CONCLUSIONS

Statin exposure was associated with a lower risk of
hospitalizations and/ or ED visits for HF after chemo-
therapy with anthracyclines for older women with EBC.
We also observed a non-significant association with
lower risk of HF following trastuzumab in statin-ex-
posed women. Our findings provide further support for
definitive randomized controlled trials on this topic. The
current data can inform the design and power calcula-
tions of such trials to determine whether pre-treatment
with statins is effective at preventing HF after anthracy-
clines or trastuzumab.
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