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The association between use of aromatase inhibitors (AIs) and cardiovascular outcomes is controversial.
While some observational studies have assessed the cardiovascular safety of AIs as upfront treatments, their
cardiotoxicity as sequential treatments with tamoxifen remains unknown. Thus, we conducted a population-
based cohort study using data from the United Kingdom Clinical Practice Research Datalink linked to the
Hospital Episode Statistics and Office for National Statistics databases. We employed a prevalent new-user
design to propensity-score match, in a 1:2 ratio, patients switching from tamoxifen to AIs with patients continuing
tamoxifen between 1998 and 2016. Cox proportional hazards models were used to estimate hazard ratios and
95% confidence intervals for the study outcomes (myocardial infarction, ischemic stroke, heart failure, and
cardiovascular mortality). Overall, 1,962 patients switching to AIs were matched to 3,874 patients continuing
tamoxifen. Compared with tamoxifen, AIs were associated with an increased risk of myocardial infarction (hazard
ratio (HR) = 2.08, 95% confidence interval (CI): 1.02, 4.27). The hazard ratios were elevated for ischemic stroke
(HR = 1.58, 95% CI: 0.85, 2.93) and heart failure (HR = 1.69, 95% CI: 0.79, 3.62) but not cardiovascular
mortality (HR = 0.87, 95% CI: 0.49, 1.54), with confidence intervals including the null value. The elevated
hazard ratios observed for the cardiovascular outcomes should be corroborated in future large observational
studies.

aromatase inhibitors; breast cancer; cardiovascular disease; endocrine therapy; tamoxifen

Abbreviations: AI, aromatase inhibitor; ASA, acetylsalicylic acid; BIG, Breast International Group; CI, confidence interval; CPRD,
Clinical Practice Research Datalink; HES, Hospital Episode Statistics; HR, hazard ratio; ICD-9, International Classification of
Diseases, Ninth Revision; ICD-10, International Classification of Diseases, Tenth Revision; IR, incidence rate; MACE, major
adverse cardiovascular events; ONS, Office for National Statistics; RCT, randomized controlled trial.

Aromatase inhibitors (AIs) used either up front or in the
sequential setting with tamoxifen have become the mainstay
treatment for breast cancer in postmenopausal women (1).
Indeed, compared with tamoxifen, AIs have been associ-
ated with improved efficacy in both upfront and sequen-
tial settings (2), with the latter strategy employed for up
to 35% of patients (3–5). When compared with upfront
tamoxifen treatment, a sequential treatment strategy with
tamoxifen followed by AIs is associated with improved
efficacy while reducing the incidence of the musculoskele-
tal symptoms typically associated with upfront AI treat-
ment (6).

Despite their clinical benefits, there is evidence from
some randomized controlled trials (RCTs) and observational
studies that upfront treatment with AIs may increase the
risk of cardiovascular disease outcomes when compared
with tamoxifen (7–9). As a result, regulatory agencies such
as the US Food and Drug Administration have identified
ischemic heart disease as a potential safety concern (10). The
potential biological mechanism for this association remains
unclear, as some RCTs have implicated the use of AIs with
hypercholesterolemia (11, 12) while other investigators have
reported no association of these medications with serum
cholesterol levels (13–15). Conversely, studies have shown
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that tamoxifen treatment is associated with a reduction in
cholesterol levels (15–19).

While upfront treatment and sequential AI treatment have
been shown to have similar efficacy (6), there is uncertainty
among clinicians as to the choice of treatment strategy. Thus,
it is imperative to fully assess the cardiovascular safety of
AIs in the sequential setting when deciding on the optimal
treatment strategy for patients with estrogen-receptor-
positive breast cancer. To date, few RCT investigators
assessing the sequential treatment strategy have reported on
cardiovascular outcomes. Overall, researchers in these RCTs
have reported that sequential treatment with AIs was asso-
ciated with an increased risk of cardiovascular disease out-
comes when compared with tamoxifen (7). However, these
RCTs were designed to assess efficacy and not cardiovascu-
lar safety and used heterogeneous composite definitions for
the cardiovascular outcomes. To our knowledge, no observa-
tional studies have examined the cardiotoxicity of sequential
treatment with AIs as compared with tamoxifen. Thus, to
address this question, we conducted a population-based
cohort study to determine whether use of AIs in sequential
treatment with tamoxifen is associated with an increased risk
of cardiovascular outcomes when compared with upfront
tamoxifen treatment among women with breast cancer.

METHODS

Data sources

We conducted a population-based matched cohort study
by linking data from the United Kingdom’s Clinical Prac-
tice Research Datalink (CPRD) with information from the
Hospital Episode Statistics (HES) and Office for National
Statistics (ONS) databases (20). The CPRD is a primary-
care-based database which captures anonymous information
on medical diagnoses, procedures, lifestyle variables (such
as smoking), anthropometric measurements (including body
mass index), and prescriptions written by general practition-
ers (20). The CPRD captures data on over 4 million active
patients in the United Kingdom (20) and has been shown
to be representative of the United Kingdom population in
regards to key characteristics such as age, ethnicity, and body
mass index. Clinical diagnoses and procedures are classified
according to the Read code classification system, whereas
prescriptions are classified according to the United Kingdom
Pricing Authority Dictionary (20). Overall, diagnoses in the
CPRD have been shown to be valid (21, 22). The diagnosis of
breast cancer in the CPRD has been shown to be concordant
with that in the National Cancer Data Repository (96–97%)
(23, 24) and medical profile reviews (98%) (23–25).

The HES is a repository which captures all inpatient
and outpatient hospital admissions. Primary and secondary
diagnoses are recorded in the HES using International
Classification of Diseases, Tenth Revision (ICD-10) codes,
and procedures are recorded using the Office of Population
Censuses and Surveys classification of interventions and
procedures (fourth revision) (26). Last, the ONS database
includes the electronic death certificates of all United
Kingdom residents and includes primary and secondary
causes of death recorded using International Classification

of Diseases, Ninth Revision (ICD-9) and ICD-10 codes
(27). Approximately 75% of general practitioner medical
practices in England have been linked to HES and ONS
databases since April 1, 1997, with linkage restricted to
English practices that have provided consent (20). The
study protocol was approved by the Independent Scientific
Advisory Committee of the CPRD and by the Research
Ethics Board of the Jewish General Hospital (Montreal,
Quebec, Canada).

Study population

We first identified a cohort of women at least 50 years of
age who were newly diagnosed with breast cancer between
April 1, 1998, and February 29, 2016 (see Web Figure
1, available at https://academic.oup.com/aje). We excluded
patients with less than 1 year of medical history data, those
with metastatic disease, and those with prescriptions for AIs
or tamoxifen before their breast cancer diagnosis.

Prevalent new-user design

Using the cohort defined above, we employed a prevalent
new-user design to match and compare patients switching
from tamoxifen to AIs with patients continuing tamoxifen
treatment (Web Figure 2) (28). In this approach, we divided
the elapsed time since the first tamoxifen prescription into
30-day intervals. We then identified patients switching to
AIs and patients receiving a prescription for tamoxifen in
each of these intervals, which corresponds to the treatment
decision point (29). Thus, cohort entry was determined by
the date of a first AI prescription for switchers and the
date of a tamoxifen prescription for patients continuing their
treatment during a given interval. We then excluded patients
diagnosed with metastatic disease at any time before cohort
entry. This approach is illustrated in Web Figure 3.

Time-conditional propensity scores

We generated time-conditional propensity scores to
estimate the predicted probability of switching to AIs versus
continuing tamoxifen during each interval using conditional
logistic regression (28). The propensity score model
included the following variables, measured at cohort entry:
age, body mass index (weight (kg)/height (m)2), Townsend
Deprivation Index (30), ethnicity, cigarette smoking status,
and alcohol-related disorders. The model also included
the following comorbid conditions, all measured at any
time before cohort entry: myocardial infarction, stroke or
transient ischemic attack, heart failure, peripheral vascular
disease, venous thromboembolism, chronic obstructive pul-
monary disease, chronic kidney disease, and cancer (other
than nonmelanoma skin cancer). The model considered
non–breast cancer surgeries and the following prescription
medications (all measured in the year before cohort en-
try): anticoagulants, antidepressants, antidiabetic drugs,
antihypertensive drugs, bisphosphonates, nonsteroidal anti-
inflammatory drugs, opioids, acetylsalicylic acid (ASA;
aspirin), non-ASA antiplatelet agents, statins, and hormone
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replacement therapy. Finally, breast-cancer-related variables
included receipt of chemotherapy, radiation therapy, breast
cancer surgery, and time between the first breast cancer
diagnosis and cohort entry. Calendar time was not included
in the model because it was strongly associated with the
exposure and had a relatively weak association with the
outcomes. This variable acted as an instrumental variable
and was thus excluded from the propensity score model to
minimize bias (31).

Starting with the first interval, each patient switching from
tamoxifen to an AI was matched to 2 patients (to obtain
the best balance of bias reduction and precision) who had
received a tamoxifen prescription. Patients were matched
within the same 30-day interval on duration of tamoxifen
treatment and on propensity score using nearest-neighbor
matching without replacement, with a caliper of 0.2 standard
deviations of the logit of the propensity score (32). Tamox-
ifen users could contribute to the AI group, but only after the
time of their switch.

Exposure ascertainment

We used an as-treated exposure definition whereby pa-
tients were followed while continuously exposed to AIs or
tamoxifen. Patients were considered continuously exposed if
a prescription plus a 30-day grace period overlapped with the
date of the next prescription of a medication from the same
class. Thus, patients were followed until reaching a study
outcome (defined below, with separate follow-up for each
outcome), treatment discontinuation (the end of a 30-day
grace period or the date of a switch between prescriptions
from different medication classes), noncardiovascular death,
the end of registration with the general practice, or the end
of the study period (February 29, 2016).

Cardiovascular outcomes

Separate analyses were conducted for each of the follow-
ing cardiovascular outcomes: myocardial infarction, ischemic
stroke, heart failure, and cardiovascular mortality (Web
Table 1). Myocardial infarction, stroke, and heart failure
were defined using ICD-9 and ICD-10 codes in the HES
(primary or secondary diagnosis) or the ONS (underlying
cause of death), and cardiovascular death was defined using
ICD-9 and ICD-10 codes in the ONS. The HES has been
shown to have a high (92%) positive predictive value for
myocardial infarction (33), 96% specificity and negative
predictive value for coronary heart disease, and perfect
specificity and negative predictive value for stroke (34).

Statistical analysis

We calculated incidence rates and corresponding 95%
confidence intervals based on the Poisson distribution for
each exposure group. The Kaplan-Meier method was used to
plot cumulative incidence curves for each exposure group.
Cox proportional hazards models were used to estimate
hazard ratios and 95% confidence intervals for each out-
come, comparing use of AIs with tamoxifen. In a secondary

analysis, we examined the association with the composite
outcome of major adverse cardiovascular events (MACE),
including nonfatal myocardial infarction, nonfatal stroke,
and cardiovascular mortality. We also assessed the risk of
cardiovascular outcomes by duration of use and flexibly
modeled the hazard using restricted cubic splines with 3
interior knots at tertiles of follow-up time. We also assessed
the hazard of MACE by previous duration of tamoxifen use.

Sensitivity analyses

We conducted 4 sensitivity analyses to assess the robust-
ness of the analyses. First, we extended the grace period
between consecutive prescriptions to 60 days. Second, we
conducted an analysis using inverse probability of censoring
weighting with separate weights for mortality, discontinua-
tion, and switching between treatments as competing risks.
Third, we lagged the exposures by 90 days to account for
a potential minimum latency period. Fourth, we adjusted
for calendar time in the outcome model to account for
temporal trends in the management of breast cancer and
cardiovascular disease during the study period. All analyses
were conducted with SAS, version 9.4 (SAS Institute, Inc.,
Cary, North Carolina), and R (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

Study population

In total, there were 23,525 patients with nonmetastatic
breast cancer, of whom 9,783 initiated treatment with ta-
moxifen (Web Figures 1 and 2). These patients generated
231,988 intervals during the study period (Web Figure
2). Overall, there were 2,145 intervals in which patients
switched from tamoxifen to AIs and 150,673 intervals in
which patients received repeat prescription of tamoxifen. A
total of 1,962 patients who switched to AIs were propensity-
score-matched to 3,874 patients continuing tamoxifen (Web
Figure 2). Overall, a lower proportion of the study pop-
ulation received AIs than continued on tamoxifen between
1998 and 2002 (8.5% vs. 17.9%), whereas a higher pro-
portion of patients received AIs after 2002 (Web Table 2).
Approximately 5% of patients were censored due to the
ending of the study period, 9% due to loss to follow-up,
19% due to a treatment switch, and 62% due to treatment
discontinuation.

In the unmatched population, AI users were generally
similar to tamoxifen users, with the exception of venous
thromboembolism, non–breast cancer malignancies, use of
vitamin K antagonists, and chemotherapy, which had higher
prevalences in the former group (Web Table 3). The preva-
lence of breast cancer surgery was higher among tamox-
ifen users (Web Table 3). After propensity score match-
ing, all characteristics were well balanced between groups
(Table 1). Depending on the outcome, AI users generated
3,820–3,843 person-years of follow-up, whereas tamoxifen
users generated 7,120–7,134 person-years of follow-up. The
median duration of follow-up for AI and tamoxifen users
was 1.5 years.
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Table 1. Baseline Characteristics of Breast Cancer Patients by Type of Treatment (Aromatase Inhibitor Switchers Versus Those Continuing
Tamoxifen) After Matching on Propensity Scores, United Kingdom, 1998–2016

Characteristic

Treatment Type

Standardized
DifferenceAIs (n = 1,962) Tamoxifen (n = 3,874)

No. % No. %

Age, yearsa 68.2 (10.7) 67.7 (11.1) 0.04

Body mass indexb

≤24.9 732 37.3 1,486 38.4 0.02

25.0–29.9 633 32.3 1,287 33.2 0.02

≥30.0 440 22.4 796 20.5 0.05

Unknown 157 8.0 305 7.9 0.00

Quintile of Townsend deprivation
score

1 527 26.9 1,045 27.0 0.00

2 536 27.3 1,066 27.5 0.00

3 413 21.1 799 20.6 0.01

4 332 16.9 669 17.3 0.01

5 154 7.8 295 7.6 0.01

Ethnicity

Caucasian 1,869 95.3 3,685 95.1 0.01

Other 38 1.9 88 2.3 0.02

Unknown 55 2.8 101 2.6 0.01

Cigarette smoking status

Current smoker 284 14.5 553 14.3 0.01

Past smoker 476 24.3 940 24.3 0.00

Never smoker 1,132 57.7 2,256 58.2 0.01

Unknown 70 3.6 125 3.2 0.02

Comorbid conditions

Alcohol-related disorder 119 6.1 217 5.6 0.02

Myocardial infarction 41 2.1 75 1.9 0.01

Stroke or transient ischemic attack 74 3.8 136 3.5 0.01

Heart failure 67 3.4 126 3.3 0.01

Peripheral vascular disease 43 2.2 85 2.2 0.00

Venous thromboembolism 166 8.5 314 8.1 0.01

COPD 91 4.6 162 4.2 0.02

Chronic kidney disease 123 6.3 212 5.5 0.03

Other cancer 467 23.8 954 24.6 0.02

Non–breast cancer surgery 480 24.5 910 23.5 0.02
Medication use

Anticoagulants

Vitamin K antagonists 81 4.1 141 3.6 0.03

Direct oral anticoagulants —c — — — 0.00

Heparin 17 0.9 28 0.7 0.02

Antidepressants

SSRIs 208 10.6 371 9.6 0.03

SNRIs 48 2.4 81 2.1 0.02

Tricyclic antidepressants 217 11.1 425 11.0 0.00

Other 22 1.1 34 0.9 0.02

Table continues
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Table 1. Continued

Characteristic

Treatment Type

Standardized
DifferenceAIs (n = 1,962) Tamoxifen (n = 3,874)

No. % No. %

Antidiabetic drugs

Metformin 90 4.6 169 4.4 0.01

Sulfonylureas 52 2.7 108 2.8 0.01

Thiazolidinediones 12 0.6 25 0.6 0.00

Incretin-based drugs — — — — 0.01

Insulin 25 1.3 37 1.0 0.03

Other — — — — 0.00

Antihypertensive drugs

Diuretics 556 28.3 1,022 26.4 0.04

β-blockers 380 19.4 682 17.6 0.05

Calcium channel blockers 305 15.5 578 14.9 0.02

ACE inhibitors 308 15.7 575 14.8 0.02

Angiotensin II receptor blockers 138 7.0 250 6.5 0.02

Other 109 5.6 199 5.1 0.02

Other drugs

Bisphosphonates 93 4.7 176 4.5 0.01

NSAIDs 338 17.2 667 17.2 0.00

Opioids 541 27.6 1,030 26.6 0.02

ASA 315 16.1 581 15.0 0.03

Non-ASA antiplatelet agents 30 1.5 72 1.9 0.03

Statins 350 17.8 669 17.3 0.02

Hormone replacement therapy 119 6.1 235 6.1 0.00

Breast cancer-related variables

Chemotherapy 281 14.3 537 13.9 0.01

Radiation therapy 379 19.3 760 19.6 0.01

Breast cancer surgery 1,639 83.5 3,282 84.7 0.03

Time since diagnosis, monthsa 19.5 (13.5) 19.2 (13.6) 0.02

Duration of previous tamoxifen use,
monthsa

16.4 (13.0) 16.1 (12.8) 0.02

Abbreviations: ACE, angiotensin-converting enzyme; AI, aromatase inhibitor; ASA, acetylsalicylic acid; COPD, chronic obstructive pulmonary
disease; NSAID, nonsteroidal antiinf lammatory drug; SNRI, serotonin and noradrenaline reuptake inhibitor; SSRI, selective serotonin reuptake
inhibitor.

a Values are expressed as mean (standard deviation).
b Weight (kg)/height (m2).
c Cells with fewer than 5 observations are masked, as per the confidentiality policies of the Clinical Practice Research Datalink.

Primary analysis

Switching to AIs was associated with a doubling of the
risk of myocardial infarction compared with continuing
tamoxifen (incidence rate (IR) = 4.7 per 1,000 person-years
(95% confidence interval (CI): 2.8, 7.5) and IR = 2.0 per
1,000 person-years (95% CI: 1.1, 3.3), respectively; hazard
ratio (HR) = 2.08, 95% CI: 1.02, 4.27) (Table 2). With
respect to ischemic stroke, the use of AIs was associated

with an elevated hazard ratio, with a confidence interval
that included the null value, in comparison with continuing
tamoxifen (IR = 5.0 per 1,000 person-years (95% CI: 3.0,
7.7) and IR = 3.1 per 1,000 person-years (95% CI: 1.9,
4.7), respectively; HR = 1.58, 95% CI: 0.85, 2.93) (Table 2).
Overall, the use of AIs generated a higher incidence rate
for heart failure than continuation of tamoxifen (IR = 3.4
per 1,000 person-years (95% CI: 1.8, 5.8) and IR = 2.0 per
1,000 person-years (95% CI: 1.1, 3.3), respectively). This
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Table 2. Risk of Adverse Cardiovascular Outcomes Among Breast Cancer Patients When Aromatase Inhibitor Switchers Are Compared With
Those Continuing Tamoxifen, United Kingdom, 1998–2016

Outcome and
Treatment Type

No. of
Events

Person-Years
of Follow-up

Incidence Risk Estimate

IRa 95% CI HRb 95% CI

Myocardial infarction

Tamoxifen 14 7,126 2.0 1.1, 3.3 1.00 Referent

AIs 18 3,820 4.7 2.8, 7.5 2.08 1.02, 4.27

Ischemic stroke

Tamoxifen 22 7,120 3.1 1.9, 4.7 1.00 Referent

AIs 19 3,831 5.0 3.0, 7.7 1.58 0.85, 2.93

Heart failure

Tamoxifen 14 7,128 2.0 1.1, 3.3 1.00 Referent

AIs 13 3,835 3.4 1.8, 5.8 1.69 0.79, 3.62

Cardiovascular
mortality

Tamoxifen 36 7,134 5.0 3.5, 7.0 1.00 Referent

AIs 19 3,843 4.9 3.0, 7.7 0.87 0.49, 1.54

Abbreviations: AI, aromatase inhibitor; CI, confidence interval; HR, hazard ratio; IR, incidence rate.
a Number of cases per 1,000 person-years.
b HR obtained from the matched population.

generated an elevated hazard ratio, but with a confidence
interval that included the null value (HR = 1.69, 95% CI:
0.79, 3.62) when AI use was compared with continuing
tamoxifen (Table 2). Finally, the use of AIs was not asso-
ciated with increased risk of cardiovascular mortality in
comparison with continuous tamoxifen use (IR = 4.9 per
1,000 person-years (95% CI: 3.0, 7.7) and IR = 5.0 per 1,000
person-years (95% CI: 3.5, 7.0), respectively; HR = 0.87,
95% CI: 0.49, 1.54) (Table 2). The cumulative incidence
curves for myocardial infarction (Figure 1A) and ischemic
stroke (Figure 1B) diverged starting 3 years after switching
to AIs, while the curves diverged after 2 years for heart
failure (Figure 1C), albeit with fewer patients remaining at
risk with long-term use (Web Table 4). For cardiovascular
mortality, cumulative incidence curves overlapped during
the follow-up period (Figure 1D).

Secondary analyses

The hazard ratio for MACE was elevated though nonsigni-
ficant with switching to AIs, as compared with continuing
tamoxifen (Web Table 5; HR = 1.47, 95% CI: 0.98, 2.18).
There were no systematic differences in the hazard ratio by
duration of previous tamoxifen use when comparing AIs
with continuing tamoxifen (Web Table 6), albeit the event
rate was low in some strata. When modeling the hazard ratio
with restricted cubic splines (Web Figure 4), the hazards for
myocardial infarction and heart failure increased with dura-
tion of use, whereas for ischemic stroke there was an initially
elevated hazard ratio that declined over time. For cardiovas-
cular mortality, the hazard ratio remained around the null
value. The hazard ratio remained elevated for MACE by

time in tamoxifen treatment or duration of previous tamoxi-
fen use (Web Figure 5).

Sensitivity analyses

Sensitivity analysis using inverse probability of censoring
weighting led to results that were consistent with those of
the primary analyses (Web Table 7). In contrast, extending
the grace period for each prescription to 60 days (Web
Table 8) led to dilution of the association towards the null
value. Imposing a 90-day exposure lag period led to effect
estimates that were consistent with those of the primary
analysis, albeit with slightly wider confidence intervals due
to a lower number of events (Web Table 9). Similarly,
adjusting for calendar time in the outcome model led to
results that were consistent with the primary analysis (Web
Table 10).

DISCUSSION

In this population-based cohort study, treatment with AIs
in the sequential setting with tamoxifen, when compared
with continuing tamoxifen, was associated with a doubling
of risk of myocardial infarction. The hazard ratios were
also elevated, albeit nonsignificantly, for ischemic stroke
and heart failure, while no association with cardiovascular
mortality was seen. These results remained consistent in
secondary and sensitivity analyses.

The results of this study are consistent with previous
meta-analyses of RCTs, where AIs were associated with
an increased the risk of ischemic events as compared with
tamoxifen in the upfront setting (7, 35, 36). They also
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Figure 1. Cumulative incidence of myocardial infarction (A), ischemic stroke (B), heart failure (C), and cardiovascular mortality (D) among breast
cancer patients when aromatase inhibitor switchers are compared with those continuing tamoxifen, United Kingdom, 1998–2016. Numbers of
patients at risk by time since cohort entry are shown in Web Table 4.

corroborate the signal for severe heart failure observed in
the Breast International Group (BIG) 1-98 Trial (letrozole:
0.65%; tamoxifen: 0.33%) (13). To date, however, few RCTs
have assessed the cardiovascular safety of AIs in the sequen-
tial setting with tamoxifen. In a meta-analysis of RCTs
comparing AIs in sequential treatment with tamoxifen, ver-
sus upfront tamoxifen treatment, AIs were associated with
a 16% increased risk of cardiovascular outcomes (relative
risk = 1.16, 95% CI: 1.03, 1.32), with an elevated relative risk
of ischemic cardiovascular outcomes (relative risk = 1.21,
95% CI: 0.93, 1.57) (7). In the BIG 1-98 Trial, there were
imbalances in cardiovascular outcomes and ischemic heart
disease in the sequential AI arm versus upfront tamoxifen
(7.0% vs. 5.7% and 2.3% vs. 1.5%) after 71 months and
76 months, respectively (37). Similarly, in RCTs which
randomized patients to receive AIs or continued tamoxifen
after 2–3 years of tamoxifen treatment, there was a 20%
increased risk of cardiovascular outcomes associated with
AIs (relative risk = 1.20, 95% CI: 1.02, 1.41) (7). However,
this association was not observed in RCTs that compared
AIs with placebo or no treatment after 5 years of tamoxifen
treatment (7). Overall, these RCTs were designed to assess
efficacy and not cardiovascular safety and used a heteroge-
neous composite outcome definition (7, 8).

To date, 4 observational studies have compared the risk
of cardiovascular outcomes between AIs and tamoxifen (9,
38–40). In one study, the use of AIs was associated with
a doubling in the risk of myocardial infarction (9), while
other studies did not find an association with ischemic
cardiovascular outcomes (38–40). However, none of these
studies specifically examined the association between AIs
and cardiovascular outcomes in the sequential setting with
tamoxifen. Overall, patients treated up front with AIs had
more comorbidity and history of cardiovascular disease than
patients treated up front with tamoxifen. However, in the
present study, patients who switched to AIs were similar to
patients on continuous tamoxifen treatment.

There is some evidence that an increased risk of cardio-
vascular events with AIs may be due to their effects on lipid
levels. Indeed, in RCTs comparing AIs with tamoxifen,
the use of anastrozole and letrozole was associated with an
increased risk of hypercholesterolemia (41–43). However,
it remains unclear whether this increased risk is due to the
lipid-lowering effects of tamoxifen or to unfavorable effects
of AIs. In RCTs, tamoxifen has been shown to decrease low-
density lipoprotein cholesterol and total cholesterol levels
between 25 mg/dL and 39 mg/dL within 3 months–1 year
of initiation of tamoxifen treatment, with effects persisting
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for up to 5 years when on tamoxifen treatment (15, 16,
44, 45). These results are consistent with a meta-analysis
of RCTs that showed that tamoxifen decreased the risks
of ischemic heart disease by 34%, nonfatal myocardial
infarction by 26%, and fatal myocardial infarction by 45%
(7, 46). Evidence from one trial suggests that there may
be a rebound effect where lipid levels return to baseline
levels after discontinuation of treatment for 5 years with
tamoxifen (47).

This study had several strengths. First, to our knowledge,
it was the first study to specifically examine the association
between AIs and cardiovascular outcomes in the sequential
setting. Second, the cardiovascular outcomes in this study
were defined using data from the HES and the ONS, which
have been shown to have high specificity (33, 34). Third,
we applied a rigorous study design whereby patients who
switched to AIs were matched with patients using tamoxifen
on duration of previous tamoxifen use and time-conditional
propensity scores. Finally, we observed consistent results in
secondary and sensitivity analyses.

This study also had some limitations. Because the CPRD
records medication prescriptions issued by general prac-
titioners, exposure misclassification is possible. However,
76% of patients in the study population initiated treatment
with either tamoxifen or AIs, which is concordant with
the prevalence of hormone-receptor-positive breast cancer
(48–50). In addition, general practitioners in the United
Kingdom are involved in routine management and treat-
ment of patients with breast cancer (51, 52). However,
some patients’ nonadherence to treatment could have led
to nondifferential exposure misclassification and underesti-
mation of the effect estimates. Second, given the observa-
tional nature of this study, residual confounding is possible.
Reassuringly, the exposure groups were already similar in
the unmatched population, indicating that the reason for
switching was not motivated by comorbidity. In addition, we
achieved near-perfect balance when matching the exposure
groups on time-conditional propensity score. Finally, some
secondary analyses had low statistical power because of
fewer exposure events, and it was not possible to assess the
risk of cardiovascular outcomes by specific AIs.

In conclusion, in this population-based study, AIs in the
sequential setting were associated with a doubling of the risk
of myocardial infarction, in comparison with continuous
tamoxifen, among women with breast cancer. The hazard
ratio was also elevated, though nonsignificantly, for ische-
mic stroke and heart failure, while no association with car-
diovascular mortality was seen. Overall, additional large
observational studies are needed to corroborate these find-
ings in the sequential setting among patients with breast
cancer.
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