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ABSTRACT
Objective
To investigate the effect of endocrine therapies on a
wide range of specific clinical cardiovascular disease
outcomes in women with a history of non-metastatic
breast cancer.
Design
Systematic review and meta-analysis of randomised
controlled trials and observational studies.
Data sources
Medline and Embase up until June 2018.
Eligibility criteria for selecting studies
Studies were included if they investigated the risk of
a specific cardiovascular disease outcome associated
with use of either tamoxifen or an aromatase inhibitor,
or compared the two treatments, in women with a
history of non-metastatic breast cancer.
Appraisal and data extraction
Relevant studies were originally identified and results
extracted by one researcher, with a full replication of
the study identification process by a combination of
two other researchers. The Cochrane Collaboration’s
tool for assessing risk of bias was used to assess risk
of bias in randomised controlled trials, and this tool
was adapted to assess risk of bias in observational
studies.
Results
26 studies were identified, with results for seven
specific cardiovascular disease outcomes (venous
thromboembolism, myocardial infarction, stroke,
angina, heart failure, arrhythmia, and peripheral
vascular disease). Results suggested an increased
risk of venous thromboembolism in tamoxifen users

What is already known on this topic
Several meta-analyses of randomised controlled trials have reported the effect
of endocrine therapies used in adjuvant treatment of breast cancer on the risk of
composite cardiovascular disease outcomes
However, these reviews have not reported the effect of endocrine therapies on a
range of clinically specific cardiovascular diseases
They have also omitted the growing body of evidence from observational studies,
which often include large study populations in real world settings, as well as
longer follow-up

What this study adds
Observational evidence is generally consistent with trial evidence reporting an
increased risk of venous thromboembolism in tamoxifen users compared with
both non-users and aromatase inhibitor users
Evidence also exists of a higher risk of vascular disease in aromatase inhibitor
users compared with tamoxifen users, which may be driven by a protective effect
of tamoxifen
the bmj | BMJ 2018;363:k3845 | doi: 10.1136/bmj.k3845

compared with both non-users and aromatase
inhibitor users. Results were also consistent with
a higher risk of the vascular diseases myocardial
infarction and angina in aromatase inhibitor users
compared with tamoxifen users, but there was also
a suggestion that this may be partly driven by a
protective effect of tamoxifen on these outcomes. Data
were limited, and evidence was generally inconsistent
for all other cardiovascular disease outcomes.
Conclusion
This review has collated substantial randomised
controlled trial and observational evidence on the
effect of endocrine therapies on several specific
cardiovascular disease outcomes including venous
thromboembolism and myocardial infarction,
progressing knowledge. Although the choice of
aromatase inhibitor or tamoxifen will primarily be
based on the effectiveness against the recurrence of
breast cancer, this review shows that the individual
patient’s risk of venous or arterial vascular disease
should be an important secondary consideration.
Systematic review registration
Prospero CRD42017065944.

Introduction
Endocrine
therapies—namely,
tamoxifen
and
aromatase inhibitors—reduce the risk of reoccurrence
of breast cancer in patients diagnosed as having
oestrogen receptor and/or progesterone receptor
positive breast cancer following surgery (adjuvant
treatment). The efficacy of tamoxifen, irrespective of
menopausal status, has been confirmed in several
randomised controlled trials,1 but UK guidelines were
changed in 2006 to reflect the evidence that aromatase
inhibitors are more efficacious in postmenopausal
women.2 Concerns exist that endocrine therapies
could increase the risk of cardiovascular disease—for
example, through suppression of the cardiovascular
protective effects of oestrogens.3 With improved
survival after breast cancer, cardiovascular disease
has become an increasingly important source of long
term morbidity and mortality among breast cancer
survivors.4 Understanding any associations between
treatment of cancer and risk of cardiovascular disease
is critical to inform prevention and management of
adverse cardiovascular effects.
Several systematic reviews and meta-analyses
of randomised controlled trials,2 5-9 and some nonsystematic reviews,10-13 have compared cardiotoxicities
of endocrine therapies in breast cancer survivors
(systematic reviews summarised in appendix 1).
Several reported a higher incidence of adverse
cardiovascular disease outcomes in users of aromatase
1
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Methods
Inclusion criteria
We included randomised controlled trials and
observational studies if they carried out at least
one analysis assessing the risk of a specific
cardiovascular disease outcome associated with
tamoxifen, aromatase inhibitors, or a comparison
of the two treatments after the diagnosis of nonmetastatic breast cancer in women. The outcomes of
interest were vascular disease—angina, myocardial
infarction, revascularisation procedures, sudden
cardiac arrest, stroke (haemorrhagic and ischaemic),
and peripheral vascular disease; myocardial disease—
cardiomyopathy, heart failure, and arrhythmia; venous
thromboembolism; pericarditis; and valvular heart
disease.
We excluded studies if only a composite
cardiovascular disease outcome or mortality from
cardiovascular disease was assessed, only women
with metastatic breast cancer were included in the
study population, or the study exclusively analysed
temporal differences for the same treatment on the risk
of cardiovascular disease. We also excluded previous
systematic reviews and meta-analyses exploring the
cardiotoxicities of systemic breast cancer therapies
(specifically endocrine therapies), but we included
relevant randomised controlled trials captured in these
reviews that were not captured in the main search,
along with any more recent or previously unidentified
2

trials. We also manually searched all randomised
controlled trials of endocrine therapy for breast cancer
published since the most recent systematic review to
ensure that more recent trial papers were not missed.

Search strategy and data extraction
We used the health and medical literature databases
Medline and Embase to search for relevant publications.
The searches were performed in June 2018. Conference
abstracts, grey literature, and unpublished studies
were not included. To identify all relevant literature,
the search strategy for each database included a
comprehensive list of both index and free text terms for
breast cancer, endocrine therapies, and cardiovascular
disease. The full search terms used are outlined in
appendix 2. We manually searched the reference lists
of all studies identified in the search to further identify
relevant studies that were originally missed.
We extracted relative risks, odds ratios, or hazard
ratios if they were calculated in the paper. We
calculated the relative risk and 95% confidence
interval if effect estimates were not presented but
data on the number of outcome events in follow-up
allowed their calculation. We also collated information
on the country in which the study was based, study
type (randomised controlled trial or observational),
data source (if an observational study), study design
(if an observational study), age of included patients,
inclusion criteria, exclusion criteria, intervention
arm (and number of patients in the arm), reference
arm (and number of patients in the arm), primary
endpoint, cardiovascular disease outcome(s) assessed,
mean/median follow-up time, statistical methods, and
covariates adjusted for.
One researcher (AM) identified all relevant studies
from the original literature search and extracted
the results of these studies. The study identification
process was repeated by a combination of two other
authors (RF and HS). The extraction table was also
piloted on two studies by two researchers (AM and RF)
to check reproducibility of key information.
Risk of bias assessment
We used the Cochrane Collaboration’s tool for assessing
risk of bias to assess risk of bias in randomised
controlled trials.14 We then adapted this tool to produce
separate risk of bias assessments for cohort and casecontrol studies, with domains for each type of bias that
could be encountered within both observational study
designs (appendices 3 and 4).
Statistical analysis
We organised seven possible comparisons between
study arms/exposures during follow-up into three
groups defined a priori to aid presentation. Group 1
included the direct comparison between aromatase
inhibitor use and tamoxifen use during follow-up.
Group 2 included three comparisons, all characterised
as addition of tamoxifen in the intervention arm during
follow-up (tamoxifen versus placebo, tamoxifen versus
no tamoxifen, sequenced therapy (tamoxifen followed
doi: 10.1136/bmj.k3845 | BMJ 2018;363:k3845 | the bmj
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inhibitors compared with tamoxifen, but results were
not universally in agreement. The most recent metaanalysis suggested a 19% higher risk of a composite
of cardiovascular disease outcomes, excluding
venous thromboembolism, in users of aromatase
inhibitors compared with tamoxifen but hypothesised
that this may reflect the cardioprotective effects of
tamoxifen.5 Important limitations of the randomised
controlled trial evidence included in these reviews
may have contributed to the mixed picture, including
high degrees of trial heterogeneity, limited power
of individual trials, and inconsistent reporting of
cardiovascular disease outcomes in trials focusing on
anticancer effects. Previous reviews have also mainly
reported results for composite cardiovascular disease
outcomes rather than clinically specific cardiovascular
diseases and omitted the growing body of evidence
from observational studies on this topic, which often
include large study populations in real world settings
and longer follow-up.
The aims of this systematic review were to identify
and summarise both randomised controlled trial
and observational evidence on associations between
endocrine therapies and a wide range of specific
clinical cardiovascular disease outcomes in women
with a history of early breast cancer, to describe
the differences between findings from randomised
controlled trials and real world observational studies,
and to assess the quality and potential for bias in
studies investigating this topic.
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Patient involvement
No patients were involved in setting the research
question or the outcome choices, nor were they involved
in developing plans for design or implementation
of the study. No patients were asked to advise on
interpretation or writing up of results.
Results
Figure 1 outlines the screening process. We included
26 studies after applying the inclusion and exclusion
criteria.18-44 Six previous meta-analyses or systematic
reviews of randomised trials were also identified.2 5-9
We identified 12 individual randomised controlled
trials that met the inclusion criteria from within these
meta-analyses and included them in our review.
One further study was identified from scanning the
reference lists of the other papers. The final 26 included
studies consisted of 15 randomised controlled trials
and 11 observational studies. Table 1 summarises
the included studies, with a more detailed breakdown
in appendix 5. There were minimal discrepancies
between authors in the duplication of the search
strategy.
The most commonly investigated outcomes were
venous thromboembolism (n=15), myocardial
infarction (n=14), and stroke (n=12). Arrhythmia and
peripheral vascular disease were each investigated
in a single study. Studied outcomes did not
include revascularisation, sudden cardiac arrest,
cardiomyopathy, pericarditis, or valvular heart disease.
the bmj | BMJ 2018;363:k3845 | doi: 10.1136/bmj.k3845

Studies identified from database search (n=1346)
Excluded (n=1062):
Duplicates (n=59)
Based on title: Clinical guidelines, lecture abstract,
mouse models, metastatic breast cancer, trial
protocol, male breast cancer, review/meta
analysis, commentary, case study (n=1003)
Studies for which abstract was screened (n=284)
Excluded based on abstract:
Only temporal effects, biomarker outcomes,
treatment in breast cancer prevention (n=205)
Studies for which full text was screened (n=79)
Full text did not meet inclusion criteria:
Composite outcome, mortality outcomes (n=60)
Meta-analyses/systematic reviews (n=6)
Randomised controlled trials identified from
meta-analyses/systematic reviews (n=12)
Further studies identified
from reference lists (n=1)
Studies included in systematic review (n=26)

Fig 1 | Flow diagram of screening process of studies
included in systematic review. RCT=randomised
controlled trial

Bias assessment
Table 2 and table 3 show an overview of the risk of bias
assessment of all randomised controlled trials and
observational studies, with more detailed information
in appendices 6 and 7. The main problem when
assessing bias in randomised controlled trials was the
incomplete reporting of methods, which in many cases
made fully judging whether studies were prone to
certain biases impossible. Three of the 15 randomised
controlled trials were open label trials, and so were at
higher risk of performance bias. Only one randomised
controlled trial reported sufficient information to
assess potential selective reporting of cardiovascular
disease outcomes.
All observational studies had at least one domain
categorised as being at high risk of bias. Six out
of the 11 studies had a high risk of bias for the
methods used to define exposure, which was mostly
owing to not requiring women to have a minimum
exposure period or several prescriptions before
being categorised as exposed, raising the possibility
of exposure misclassification. Risk of bias due to
residual confounding was also present across both
cohort and case-control observational studies. Seven
studies adjusted only for basic risk factors and did not
consider cardiovascular disease related treatment,
cancer severity at diagnosis, or other cancer treatments
such as chemotherapy or biological therapy.
We did not assess publication bias because no
cardiovascular disease outcome, study type, or
comparison strata included more than 10 studies.
3
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by aromatase inhibitor or vice versa) versus aromatase
inhibitor). Group 3 also included three comparisons,
with addition of aromatase inhibitor in the intervention
arm during follow-up (aromatase inhibitor versus
placebo, aromatase inhibitor versus no aromatase
inhibitor, sequenced therapy versus tamoxifen).
To investigate differences in study findings for the
same cardiovascular disease outcome, study type
(randomised controlled trial or observational), and
comparison (for the seven possible comparisons
outlined above), we used I2 tests and P values for
Cochrane Q tests to assess heterogeneity.15 We
considered an I2 value of above 25% to be evidence
of between study heterogeneity.16 We used a fixed
effect meta-analysis to combine individual study
effects estimates if there was more than one study and
no evidence of heterogeneity within cardiovascular
disease outcome, study type, and comparison strata. If
we found evidence of between study heterogeneity, we
assessed studies within the same strata for differences
in study population, statistical analysis methods,
and covariate adjustments, but they were not metaanalysed. For the purposes of exploring heterogeneity
and meta-analysing results, we considered randomised
controlled trials and observational studies separately.
We used a test for funnel plot asymmetry to examine
publication bias if there were more than 10 studies
within the same cardiovascular disease outcome,
study type, and comparison strata.17
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Value (n=26)
Study type
Randomised controlled trial
Observational
Case-control
Cohort
Country/region
North America
Canada
USA
USA and Canada
Europe
Denmark
Germany
Italy
Scotland
Sweden
UK
Europe-wide
Rest of world
Taiwan
Egypt
International
Study population
<80 years old
<70 years old
35-70 years old
45-69 years old
All women
Postmenopausal
Premenopausal
Year of study
Before 2000
2000-10
After 2010
Outcomes*
Vascular disease
Myocardial infarction
Stroke
Angina
Peripheral vascular disease
Myocardial disease
Heart failure
Arrhythmia
Thromboembolic events

15 (58)
11 (42)
4 (15)
7 (27)
8 (31)
2 (8)
5 (19)
1 (4)
11 (42)
2 (8)
1 (4)
1 (4)
1 (4)
1 (4)
3 (12)
2 (8)
3 (12)
2 (8)
1 (3)
4 (15)
1 (4)
1 (4)
1 (4)
2 (8)
7 (27)
13 (50)
1 (4)
4 (15)
13 (50)
9 (35)

14 (54)
12 (46)
4 (15)
1 (4)
4 (15)
1 (4)
15 (58)

*Individual studies often included more than one outcome.

Vascular disease
Figure 2 shows relative risks and 95% confidence
intervals for all vascular disease outcomes. Three
of the four randomised controlled trials and one
observational study that directly compared aromatase
inhibitors with tamoxifen showed increased risks
of myocardial infarction in the aromatase inhibitor
group, with relative risks ranging from 1.50 to
2.29.18 30 32 38 44 However, the effect was statistically
significant only in the observational study and one
randomised controlled trial. Most (five out of eight)
of the studies that explored the addition of tamoxifen
observed a lower risk of myocardial infarction in
the tamoxifen group,19 22 24 26 27 35 36 43 including
one trial and two observational studies that found
a significantly protective relative risk. Although 12
studies explored the risk of stroke in users of endocrine
therapy,21 24 26 27 33 38-44 the picture was much more
4

mixed and included estimates in both directions.
Three of the five observational studies that compared
tamoxifen use with non-tamoxifen use suggested a
decreased risk of stroke in tamoxifen users.21 24 26 43
Furthermore, the results for angina were consistent
with patterns seen for myocardial infarction, but only
four studies explored this outcome.19 28 41-43 However,
one randomised controlled trial reported an increased
risk of angina in aromatase inhibitor users compared
with placebo users (relative risk 1.35, 95% confidence
interval 1.17 to 1.56). Finally, only one inconclusive
randomised controlled trial explored the risk of
peripheral vascular disease in aromatase inhibitor
users compared with tamoxifen users.30

Myocardial disease
Figure 3 shows relative risks and 95% confidence
intervals for all myocardial disease outcomes. One
randomised controlled trial suggested an increased
risk of heart failure in aromatase inhibitor users
compared with tamoxifen users (aromatase inhibitor
versus tamoxifen: relative risk 1.20, 1.04 to 1.38),39
but this was not replicated in an observational cohort
study.42 A fixed effects meta-analysis based on two
observational studies pointed towards a decreased risk
of heart failure in tamoxifen users compared with nonusers, albeit with a wide confidence interval (relative
risk 0.84, 0.65 to 1.07; I2=0; Cochrane T test P=0.33;
appendix 8),42 43 which was replicated in a randomised
controlled trial.36 One inconclusive study explored the
risk of arrhythmia in tamoxifen users compared with
non-users.36
Venous thromboembolism
Figure 4 shows relative risks and 95% confidence
intervals for all venous thromboembolism outcomes.
Five out of six randomised controlled trials directly
comparing the risk of venous thromboembolism in
aromatase inhibitor users versus tamoxifen users
estimated large protective relative risks ranging
from 0.25 to 0.61,28 29 32 38 39 44 with one further
randomised controlled trial finding no association
(I2=0%, Cochrane Q test P=0.70, fig 4). A fixed effects
meta-analysis (appendix 9) suggested a decreased
risk of thromboembolic events in aromatase inhibitor
users compared with tamoxifen users (relative risk
0.61, 0.58 to 0.63). Five randomised controlled trials
in which the key difference between treatment arms
was use of tamoxifen reported an increased risk of
thromboembolic events in the tamoxifen arm, with
relative risks ranging from 1.06 to 4.49.27 31 35-37
The three randomised controlled trials comparing
tamoxifen with placebo reported an increased risk
of venous thromboembolism in tamoxifen users, but
with 95% confidence intervals that crossed the null
association (I2=45%; Cochrane Q test P=0.16).31 35 37
A further three observational studies compared the
risk of thromboembolic events in tamoxifen users
and non-tamoxifen users (I2=92%, Cochrane Q test
P=0.00).20 23 25 Two found large increased risks in
tamoxifen users (relative risks 2.40, 1.60 to 3.40,
doi: 10.1136/bmj.k3845 | BMJ 2018;363:k3845 | the bmj
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Table 1 | Overview of characteristics of studies included
in systematic review. Values are numbers (percentages)
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Table 2 | Risk of bias assessment overview: observational studies
Study design
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Case-control
Case-control
Case-control
Case-control

Exposure definition
High
High
High
Unknown
Unknown
High
High
High
Low
Low
Low

Outcome/case definition
High
Low
Low
Low
Low
Low
Low
High
Low
Low
Low

Control selection
NA
NA
NA
NA
NA
NA
NA
Low
Low
Low
Low

Confounding
Low
High
Low
Low
Low
High
High
High
High
High
High

Missing data
Unknown
Unknown
Low
Unknown
High
Unknown
Unknown
Low
High
High
High

Censoring
Low
Low
Low
Low
Low
Low
Unknown
NA
NA
NA
NA

NA=not applicable

and 7.10, 1.50 to 33.0023 25), and one reported no
difference in risk of thromboembolic events (0.94,
0.78 to 1.1320), although this study had a high risk
of bias owing to how exposure was defined. One
randomised controlled trial reported an increased risk
of thromboembolic events in aromatase inhibitor users
compared with those given a placebo (relative risk
1.84, 1.11 to 3.04).41

Discussion
Among 26 studies providing data on seven specific
cardiovascular disease outcomes, we found
consistent evidence of an increased risk of venous
thromboembolism in tamoxifen users compared
with non-users in both randomised controlled trials
and observational studies, with a correspondingly
decreased risk of venous thromboembolism when
aromatase inhibitor users were compared directly with
tamoxifen users. However, the direct effect of aromatase
inhibitors on venous thromboembolism was less clear,
as only a single randomised controlled trial compared
aromatase inhibitor with placebo, finding an increased
risk in aromatase inhibitor users. The evidence on the
effects of endocrine therapies on vascular disease risks
was mixed: most studies were consistent with a higher
risk of myocardial infarction and angina in aromatase
inhibitor users compared with tamoxifen users, and
there was a suggestion that this may be partly driven
by a protective effect of tamoxifen on these outcomes;
inconsistent results were found for the associations

with stroke. Of the few studies assessing other
outcomes, data were limited and very mixed patterns
were observed, making drawing conclusions difficult.

Quality and limitations of evidence
Thirteen of the 15 randomised controlled trials
identified disease-free survival as the primary outcome
of the study, whereas all observational studies
identified either one or several specific cardiovascular
disease events as their primary outcome. Women
with previous cardiovascular disease were therefore
excluded from many observational studies but
not from randomised controlled trials. Overall,
women included in the randomised controlled trial
populations were therefore likely to be at a higher
absolute risk of cardiovascular disease during followup, which would be problematic only if the prevalence
of cardiovascular disease at baseline was different
between the treatment arms. In theory, randomisation
should result in an equal prevalence of cardiovascular
disease at baseline between arms. However, many
included studies did not report information on
randomisation and concealment of allocation,
meaning that selection bias in relation to prevalent
cardiovascular disease at the point of randomisation
cannot be disregarded. Randomised controlled trials
also did not report data on cardiovascular disease
risk at baseline, but participants in trials are likely
to be healthier than the general population and thus
may have had less previous cardiovascular disease. As

Table 3 | Risk of bias assessment overview: randomised controlled trials
Paper
Bliss 2012
Boccardo 2006
Coombes 2007
Fisher 1999
Fisher 2001
Forbes 2008
Jakesz 2005
Kaufmann 2007
McDonald 1995
Colleoni 2011
Rutqvist 1993
van de Velde 2001
Abo-Touk 2010
Goss 2005
Pagani 2014

Random sequence generation
Low
Unknown
Low
Unknown
Low
Low
Low
Low
Unknown
Low
Unknown
Low
Low
Low
Low

Allocation concealment
Unknown
Unknown
Unknown
Unknown
Unknown
Low
Low
Low
Unknown
Unknown
Unknown
Low
Unknown
Unknown
Unknown

the bmj | BMJ 2018;363:k3845 | doi: 10.1136/bmj.k3845

Blinding
Low
Unknown
Low
Unknown
Unknown
Unknown
High
Unknown
Unknown
Low
Unknown
High
Unknown
Low
High

Incomplete outcome data
Low
Low
Low
Low
Low
Unknown
Unknown
Low
Unknown
Low
Low
Unknown
Low
Low
Low

Selective reporting
Low
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

Other sources of bias
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

5
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Paper
Abdel-Qadir 2016
Chen 2014
Haque 2016
Hernandez 2008
Hernandez 2009
Ligibel 2012
Yang 2014
Bradbury 2005
Geiger 2004
Geiger 2005
Meier 1998

Forbes 200838

AI v tamoxifen

0.99 (0.62 to 1.42)

6186

68.7

0.020

Jakesz 200532

AI v tamoxifen

1.50 (0.17 to 17.90)

3224

68.7

0.020

Coombes 200730

AI v tamoxifen

1.63 (0.92 to 2.88)

4724

68.7

0.020

Pagani 201444

AI v tamoxifen

2.29 (1.56 to 3.03)

4643

68.7

0.020

Abdel-Qadir 201618

AI v tamoxifen

2.02 (1.16 to 3.53)

9350

NA

NA

Missing data (Obs)

Adjustments (Obs)

Aromatase inhibitor v tamoxifen

Outcome definition (Obs)

I2 (%) Q test*

Exposure definition (Obs)

No

Incomplete outcome data (RCT)

Myocardial infarction

Relative risk
(95% CI)

Blinding (RCT)

Relative risk
(95% CI)

Comparison

Addition of tamoxifen
Tamoxifen v no tamoxifen

0.49 (0.26 to 0.95)

1312

NA

NA

van de Velde 201136

Tamoxifen → AI v AI

0.79 (0.57 to 1.09)

9766

NA

NA

Rutqvist 199335

Tamoxifen v placebo

0.83 (0.45 to 1.56)

2365

NA

NA

Bradbury 200519

Tamoxifen v no tamoxifen

0.20 (0.10 to 0.80)

7263

74.8

0.003

Yang 201426

Tamoxifen v no tamoxifen

0.22 (0.07 to 0.70)

3960

74.8

0.003

Hernandez 200843

Tamoxifen v no tamoxifen

1.00 (0.67 to 1.60) 16 289

74.8

0.003

Ligibel 201224

Tamoxifen v no tamoxifen

1.04 (0.73 to 1.49) 88 052

74.8

0.003

Geiger 200522

Tamoxifen v no tamoxifen

1.20 (0.70 to 1.90)

396

74.8

0.003

0.82 (0.55 to 1.22)

5170

NA

NA

NA

NA

McDonald 199527

Addition of aromatase inhibitor
AI v placebo

Goss 200541

0.90 (0.65 to 1.25) 88 052

AI v no AI

Ligibel 201224
Stroke
Aromatase inhibitor v tamoxifen
Pagani 201444

AI v tamoxifen

0.46 (0.37 to 1.29)

4643

92.1

0.000

Forbes 200838

AI v tamoxifen

0.59 (0.47 to 0.68)

6186

92.1

0.000

Colleoni 201139

AI v tamoxifen

1.18 (1.08 to 1.30)

4922

92.1

0.000

Abo-Touk 201040

AI v tamoxifen

2.00 (0.11 to 35.44)

120

92.1

0.000

Kaufmann 200733

AI v tamoxifen

3.05 (0.32 to 29.18)

1040

92.1

0.000

Haque 201642

AI v tamoxifen

0.82 (0.63 to 1.06) 13 273

NA

NA

Addition of tamoxifen
McDonald 199527

Tamoxifen v no tamoxifen

1.15 (0.63 to 2.13)

1312

NA

NA

Yang 201426

Tamoxifen v no tamoxifen

0.52 (0.35 to 0.78)

3960

41.9

0.140

Ligibel 201224

Tamoxifen v no tamoxifen

0.78 (0.50 to 1.20) 88 052

41.9

0.140

Hernandez 200843

Tamoxifen v no tamoxifen

0.81 (0.44 to 1.50) 16 289

41.9

0.140

Geiger 200421

Tamoxifen v no tamoxifen

1.00 (0.60 to 1.60)

532

41.9

0.140

Haque 201642

Tamoxifen v no tamoxifen

1.03 (0.71 to 1.54)

13 273

41.9

0.140

1.14 (0.89 to 1.45)

5170

NA

NA

NA

NA

Addition of aromatase inhibitor
AI v placebo

Goss 200541

0.71 (0.43 to 1.03) 88 052

AI v no AI

Ligibel 201224
Angina
Aromatase inhibitor v tamoxifen

AI v tamoxifen

1.37 (0.92 to 2.05)

4599

NA

NA

Bradbury 200519

Tamoxifen v no tamoxifen

0.40 (0.20 to 0.80)

7263

75.9

0.041

Hernandez 200843

Tamoxifen v no tamoxifen

0.88 (0.65 to 1.20) 16 289

75.9

0.041

Bliss 201228
Addition of tamoxifen

Addition of aromatase inhibitor
Goss 200541

AI v placebo

1.35 (1.17 to 1.56)

5170

NA

NA

AI v tamoxifen

1.25 (0.68 to 2.29)

4724

NA

NA

Peripheral vascular disease
Aromatase inhibitor v tamoxifen
Coombes 200730

0.125 0.25

0.5

1

2

4
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Fig 3 | Estimated relative risk (95% CI) for studies examining use of endocrine therapy and risk of specific myocardial diseases, with corresponding I2
tests, Q tests and assessment of bias according to prespecified criteria

people with previous cardiovascular disease are likely
to be underrepresented in randomised controlled
trials, and are excluded from observational studies,
the evidence on the association between endocrine
therapies and risk of cardiovascular disease in this
population remains limited. Furthermore, as the
randomised controlled trials were mainly designed
to assess disease-free survival, they were not always
adequately powered to detect relative differences in
the risk of clinical cardiovascular disease outcomes
between treatment arms.
Definitions of cardiovascular disease outcomes were
generally poorly recorded in the included studies.
Between study variation could therefore exist in the
measurement or coding of cardiovascular disease
outcomes. Most oncology trials use the CTCAE criteria
for adverse events, which have definitions that do
not align with definitions in cardiology guidelines,
although even the latter have variability. Furthermore,
as observational studies rely on definitions of outcomes
suggested by researchers and clinicians, differences
in coding of outcomes could be a further source of
heterogeneity in the observational studies. Without
access to the outcome definitions and code lists used in
these studies, fully understanding the extent to which
the differences are problematic is challenging.

Explanation of key findings
A biological rationale exists for the use of aromatase
inhibitors increasing the risk of cardiovascular
disease outcomes, as they reduce oestrogen
concentrations and therefore the oestrogen-mediated
protective effects on cardiovascular disease, such
as regulation of serum lipid metabolism, increasing
vasodilation, and inhibition of the development of
the bmj | BMJ 2018;363:k3845 | doi: 10.1136/bmj.k3845

atherosclerosis.45 Aromatase inhibitors could also
increase the risk of hyperlipidaemia.36 Evidence from
randomised controlled trials suggests that tamoxifen
has cardioprotective effects by decreasing lipid
concentrations.46 47 This systematic review postulates
that some evidence exists for aromatase inhibitor users
having an increased risk of myocardial infarction,
relative to women treated with tamoxifen. However,
whether this is driven by a decreased risk of myocardial
infarction in tamoxifen users or an increased risk in
aromatase inhibitor users is unclear, as results on the
individual effects of tamoxifen and aromatase inhibitor
are inconclusive.
We found evidence of heterogeneity between all
four strata of observational studies exploring the same
exposure and outcome (risk of myocardial infarction,
stroke, angina, and venous thromboembolism with
the addition of tamoxifen), which was potentially
driven by the differences in study populations,
statistical techniques used, and covariates adjusted for
(appendix 5). For example, one cohort and one casecontrol study reported an increased risk of venous
thromboembolism in tamoxifen users compared with
non-tamoxifen users in European study populations
(Denmark and the UK, respectively), whereas a study
in Taiwan reported no evidence of a difference in risk.
More broadly, as this systematic review attempted to
cover a wide range of clinical cardiovascular disease
outcomes, some included observational studies
focused on one cardiovascular disease outcome,
whereas others covered a broad range of cardiovascular
disease outcomes. Different statistical techniques and
covariate adjustments were therefore needed. The effect
of this heterogeneity between studies was witnessed in
the varying relative risks reported within these strata of
7
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Fig 4 | Estimated relative risk (95% CI) for studies examining use of endocrine therapy and risk of venous thromboembolism, with corresponding I2
tests, Q tests, and assessment of bias according to prespecified criteria

observational studies, which could be either a product
of genuine discrepancies in risks between contrasting
populations or the effect of residual confounding and
different statistical techniques.

Comparison with other studies
The addition of observational studies in this review
allowed comparison of results between real world
populations and randomised controlled trials that
generally use homogeneous study populations.
Overall, we mostly found agreement in the direction
of effect between randomised controlled trials and
observational studies, but several observational studies
reported more extreme effect estimates in comparison
with randomised controlled trials (the risk of myocardial
infarction with the addition of tamoxifen and the risk
of venous thromboembolism with the addition of
tamoxifen). However, these observational studies all
had a high risk of bias in at least two assessment of
bias categories. Including observational studies also
enabled further evidence to be gathered where little or
no evidence from randomised controlled trials existed.
For example, we identified six observational analyses
of vascular endpoints finding good or strong evidence
for a higher risk for aromatase inhibitor compared
with tamoxifen or a lower risk for tamoxifen compared
with no tamoxifen. Most randomised controlled trial
analyses were underpowered to detect differences in
8

vascular endpoints, with only three finding similar
clear evidence despite several others being suggestive
of associations in the same direction.
We grouped comparisons on the basis of the drug
women were given at the beginning of follow-up. For
example, in several randomised controlled trials,
women were given two to three years of tamoxifen
before being randomised to either aromatase inhibitor
or the continuation of tamoxifen for a further two to
three years, with follow-up beginning at the point
of randomisation. We classed these as a direct
comparison of aromatase inhibitor versus tamoxifen,
whereas previous reviews classed these comparisons
as sequenced therapy versus tamoxifen alone. As all
women had had the same treatment regimen before
randomisation, classing these as aromatase inhibitor
versus tamoxifen was a reasonable comparison to
make.
The most recent meta-analysis by Khosrow
concluded that randomised controlled trials directly
comparing aromatase inhibitors with tamoxifen
suggest that aromatase inhibitors are associated with
an increased risk of cardiovascular events, but the
cardioprotective effects of tamoxifen may account
for this increased risk.5 However, Khosrow et al
used composite cardiovascular disease endpoints
(excluding venous thromboembolism), which are
defined slightly differently within each trial. We
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Strengths and limitations of this review
This study focused on individual clinical cardiovascular
disease outcomes, excluding studies that reported
composite outcomes. Understanding the effect of
endocrine therapies on cardiovascular disease as a
whole has several advantages, such as the potential
to change the modifiable risk factors weight, smoking,
statin use, and alcohol intake, which are present
across all clinical cardiovascular diseases. However,
understanding the effect of endocrine therapies on
more specific clinical cardiovascular disease outcomes
has the potential to enable clinicians to be targeted
in their approach to preventing these outcomes in
breast cancer survivors. The only composite outcome
that we explored was venous thromboembolism,
as some studies in this group included only deep
vein thrombosis outcomes whereas others also
included pulmonary embolism within a venous
thromboembolism outcome. However, this grouping is
relevant owing to the clinical similarities of deep vein
thrombosis and pulmonary embolism.
Some relevant studies may have been missed, as
searches of literature database take into account
only indexed key terms or words used in the title and
abstract. Studies in which the secondary outcome was
a cardiovascular disease would therefore not have
been identified in the original search. For example,
several randomised controlled trials that focused on
anticancer efficacy do not mention cardiovascular
diseases in the title, abstract, or indexed keywords.
However, we searched multiple large databases,
manually searched the included studies’ reference
lists and relevant meta-analyses, and searched all
endocrine therapy trials since the most recent metaanalysis, which was an indirect way of identifying
the aforementioned randomised controlled trials and
made this review as comprehensive as possible within
the restricted framework imposed by the literature
databases.
Implications of findings
This review establishes the need for clinical vigilance
and possible preventive measures when prescribing
endocrine therapies to women at risk of venous
the bmj | BMJ 2018;363:k3845 | doi: 10.1136/bmj.k3845

thromboembolism. Knowledge has also been
progressed on the effects of endocrine therapies on
the risk of vascular cardiovascular diseases, for which
little evidence previously existed. However, we also
showed that little or no evidence is available on the
effect of endocrine therapies on several other specific
cardiovascular disease outcomes, although substantial
trial evidence outlines the effect on cardiovascular
diseases generally. This is unlikely to be studied
in future randomised controlled trials, so it is vital
that large observational studies are carried out with
details of baseline cardiovascular disease risk and
drug treatment and clear definitions of cardiovascular
disease events to fully understand the effects
that endocrine therapies have on potentially fatal
cardiovascular disease outcomes such as myocardial
infarction, stroke, and heart failure.

Conclusions
Overall, the totality of the randomised controlled trial
and observational evidence suggests a decreased risk of
venous thromboembolism in aromatase inhibitor users
compared with tamoxifen users, which is probably
accounted for by an increased risk in tamoxifen users.
The evidence also suggests that tamoxifen may have
a protective association with vascular cardiovascular
diseases, which may drive the higher risk of these
outcomes in aromatase inhibitor users when directly
compared with tamoxifen users. The results for some
cardiovascular disease outcomes is still a mixed
picture, many of the existing studies are susceptible
to various sources of bias, and cardiovascular disease
outcomes collected in oncology trials are generally
limited. Nevertheless, the addition of observational
studies alongside randomised controlled trials has
substantially increased the amount of evidence
supporting these conclusions. However, further
high quality evidence is still needed for several
cardiovascular disease outcomes. Although choice
of aromatase inhibitor or tamoxifen will primarily
be based on the effectiveness against recurrence of
breast cancer, the individual patient’s risk of venous
or arterial vascular disease is an important secondary
consideration, and the totality of evidence we present
will thus help to inform prescribing.
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stratified cardiovascular disease events into more
specific outcomes and found a similar pattern for
several vascular cardiovascular disease outcomes.
The results for other cardiovascular disease outcomes
including heart failure suggest a similar trend, but few
studies have specifically explored these outcomes,
so definite conclusions are unattainable. Like our
study, that of Khosrow et al was inconclusive about
the effects of endocrine therapy on cerebrovascular
events. Another recent review by Rydén reported,
with a high quality of evidence, that the risk of venous
thromboembolism was higher in tamoxifen users than
aromatase inhibitor users in randomised controlled
trials.2 Our study agrees with these results but also
shows that this may be accounted for by the increased
risk in tamoxifen users.

RESEARCH

Ethical approval: Not needed.
Data sharing: All data are freely available within the appendices. No
additional data available.
Transparency: The lead author affirms that the manuscript is
an honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if relevant,
registered) have been explained.
This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/.
1

2

3
4

5

6

7

8

9

10
11
12
13
14
15
16
17

18

10

Davies C, Godwin J, Gray R, et al, Early Breast Cancer Trialists’
Collaborative Group (EBCTCG). Relevance of breast cancer
hormone receptors and other factors to the efficacy of
adjuvant tamoxifen: patient-level meta-analysis of
randomised trials. Lancet 2011;378:771-84.
doi:10.1016/S0140-6736(11)60993-8
Rydén L, Heibert Arnlind M, Vitols S, Höistad M, Ahlgren J.
Aromatase inhibitors alone or sequentially combined with
tamoxifen in postmenopausal early breast cancer compared
with tamoxifen or placebo - Meta-analyses on efficacy and
adverse events based on randomized clinical trials.
Breast 2016;26:106-14. doi:10.1016/j.breast.2016.01.006
Mendelsohn ME. Protective effects of estrogen on the
cardiovascular system. Am J Cardiol 2002;89(12A):12E-7E,
discussion 17E-8E. doi:10.1016/S0002-9149(02)02405-0
Patnaik JL, Byers T, DiGuiseppi C, Dabelea D, Denberg TD.
Cardiovascular disease competes with breast cancer as the leading
cause of death for older females diagnosed with breast cancer:
a retrospective cohort study. Breast Cancer Res 2011;13:R64.
doi:10.1186/bcr2901
Khosrow-Khavar F, Filion KB, Al-Qurashi S, et al. Cardiotoxicity of
aromatase inhibitors and tamoxifen in postmenopausal women with
breast cancer: a systematic review and meta-analysis of randomized
controlled trials. Ann Oncol 2017;28:487-96.
Aydiner A. Meta-analysis of breast cancer outcome and
toxicity in adjuvant trials of aromatase inhibitors in
postmenopausal women. Breast 2013;22:121-9.
doi:10.1016/j.breast.2013.01.014
Amir E, Seruga B, Niraula S, Carlsson L, Ocaña A. Toxicity of
adjuvant endocrine therapy in postmenopausal breast cancer
patients: a systematic review and meta-analysis. J Natl Cancer
Inst 2011;103:1299-309. doi:10.1093/jnci/djr242
Cuppone F, Bria E, Verma S, et al. Do adjuvant aromatase inhibitors
increase the cardiovascular risk in postmenopausal women
with early breast cancer? Meta-analysis of randomized trials.
Cancer 2008;112:260-7. doi:10.1002/cncr.23171
Braithwaite RS, Chlebowski RT, Lau J, George S, Hess R, Col NF.
Meta-analysis of vascular and neoplastic events associated
with tamoxifen. J Gen Intern Med 2003;18:937-47.
doi:10.1046/j.1525-1497.2003.20724.x
Foglietta J, Inno A, de Iuliis F, et al. Cardiotoxicity of
Aromatase Inhibitors in Breast Cancer Patients. Clin Breast
Cancer 2017;17:11-7. doi:10.1016/j.clbc.2016.07.003
Zagar TM, Cardinale DM, Marks LB. Breast cancer therapy-associated
cardiovascular disease. Nat Rev Clin Oncol 2016;13:172-84.
doi:10.1038/nrclinonc.2015.171
Giordano G, Spagnuolo A, Olivieri N, et al. Cancer drug related
cardiotoxicity during breast cancer treatment. Expert Opin Drug
Saf 2016;15:1063-74. doi:10.1080/14740338.2016.1182493
Bird BR, Swain SM. Cardiac toxicity in breast cancer survivors: review
of potential cardiac problems. Clin Cancer Res 2008;14:14-24.
doi:10.1158/1078-0432.CCR-07-1033
Higgins J, Green S. Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0. Cochrane Collaboration, 2011.
Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003;327:557-60.
doi:10.1136/bmj.327.7414.557
Riley RD, Higgins JP, Deeks JJ. Interpretation of random effects
meta-analyses. BMJ 2011;342:d549. doi:10.1136/bmj.d549
Sterne JA, Sutton AJ, Ioannidis JP, et al. Recommendations for
examining and interpreting funnel plot asymmetry in
meta-analyses of randomised controlled trials.
BMJ 2011;343:d4002. doi:10.1136/bmj.d4002
Abdel-Qadir H, Amir E, Fischer HD, et al. The risk of myocardial
infarction with aromatase inhibitors relative to tamoxifen in
post-menopausal women with early stage breast cancer. Eur J
Cancer 2016;68:11-21. doi:10.1016/j.ejca.2016.08.022

19 Bradbury BD, Lash TL, Kaye JA, Jick SS. Tamoxifen-treated breast
carcinoma patients and the risk of acute myocardial infarction
and newly-diagnosed angina. Cancer 2005;103:1114-21.
doi:10.1002/cncr.20900
20 Chen TW, Chen HM, Lin CH, et al. No increased venous
thromboembolism risk in Asian breast cancer patients receiving
adjuvant tamoxifen. Breast Cancer Res Treat 2014;148:135-42.
doi:10.1007/s10549-014-3140-2
21 Geiger AM, Fischberg GM, Chen W, Bernstein L. Stroke risk
and tamoxifen therapy for breast cancer. J Natl Cancer
Inst 2004;96:1528-36. doi:10.1093/jnci/djh285
22 Geiger AM, Chen W, Bernstein L. Myocardial infarction risk and
tamoxifen therapy for breast cancer. Br J Cancer 2005;92:1614-20.
doi:10.1038/sj.bjc.6602562
23 Hernandez RK, Sørensen HT, Pedersen L, Jacobsen J, Lash TL.
Tamoxifen treatment and risk of deep venous thrombosis and
pulmonary embolism: a Danish population-based cohort study.
Cancer 2009;115:4442-9. doi:10.1002/cncr.24508
24 Ligibel JA, James O’Malley A, Fisher M, Daniel GW, Winer EP,
Keating NL. Risk of myocardial infarction, stroke, and fracture in a
cohort of community-based breast cancer patients. Breast Cancer Res
Treat 2012;131:589-97. doi:10.1007/s10549-011-1754-1
25 Meier CR, Jick H. Tamoxifen and risk of idiopathic venous
thromboembolism. Br J Clin Pharmacol 1998;45:608-12.
doi:10.1046/j.1365-2125.1998.00733.x
26 Yang TL, Wu TC, Huang CC, et al. Association of tamoxifen use and
reduced cardiovascular events among asian females with breast
cancer. Circ J 2014;78:135-40. doi:10.1253/circj.CJ-13-0266
27 McDonald CC, Alexander FE, Whyte BW, Forrest AP, Stewart HJ,
The Scottish Cancer Trials Breast Group. Cardiac and vascular
morbidity in women receiving adjuvant tamoxifen for breast
cancer in a randomised trial. BMJ 1995;311:977-80.
doi:10.1136/bmj.311.7011.977
28 Bliss JM, Kilburn LS, Coleman RE, et al. Disease-related
outcomes with long-term follow-up: an updated analysis of the
intergroup exemestane study. J Clin Oncol 2012;30:709-17.
doi:10.1200/JCO.2010.33.7899
29 Boccardo F, Rubagotti A, Guglielmini P, et al. Switching to anastrozole
versus continued tamoxifen treatment of early breast cancer.
Updated results of the Italian tamoxifen anastrozole (ITA) trial. Ann
Oncol 2006;17(Suppl 7):vii10-4. doi:10.1093/annonc/mdl941
30 Coombes RC, Kilburn LS, Snowdon CF, et al, Intergroup Exemestane
Study. Survival and safety of exemestane versus tamoxifen after
2-3 years’ tamoxifen treatment (Intergroup Exemestane Study):
a randomised controlled trial. Lancet 2007;369:559-70.
doi:10.1016/S0140-6736(07)60200-1
31 Fisher B, Dignam J, Wolmark N, et al. Tamoxifen in treatment of
intraductal breast cancer: National Surgical Adjuvant
Breast and Bowel Project B-24 randomised
controlled trial. Lancet 1999;353:1993-2000.
doi:10.1016/S0140-6736(99)05036-9
32 Jakesz R, Jonat W, Gnant M, et al, ABCSG and the GABG.
Switching of postmenopausal women with endocrine-responsive
early breast cancer to anastrozole after 2 years’ adjuvant
tamoxifen: combined results of ABCSG trial 8 and ARNO 95 trial.
Lancet 2005;366:455-62. doi:10.1016/S0140-6736(05)67059-6
33 Kaufmann M, Jonat W, Hilfrich J, et al. Improved overall survival in
postmenopausal women with early breast cancer after anastrozole
initiated after treatment with tamoxifen compared with continued
tamoxifen: the ARNO 95 Study. J Clin Oncol 2007;25:2664-70.
doi:10.1200/JCO.2006.08.8054
34 Mouridsen H, Giobbie-Hurder , Goldhirsch A, et al, ABIG 1-98
Collaborative Group. Letrozole therapy alone or in sequence
with tamoxifen in women with breast cancer. N Engl J
Med 2009;361:766-76. doi:10.1056/NEJMoa0810818
35 Rutqvist LE, Mattsson A, The Stockholm Breast Cancer Study Group.
Cardiac and thromboembolic morbidity among postmenopausal
women with early-stage breast cancer in a randomized trial
of adjuvant tamoxifen. J Natl Cancer Inst 1993;85:1398-406.
doi:10.1093/jnci/85.17.1398
36 van de Velde CJ, Rea D, Seynaeve C, et al. Adjuvant tamoxifen
and exemestane in early breast cancer (TEAM): a randomised
phase 3 trial. Lancet 2011;377:321-31. doi:10.1016/S01406736(10)62312-4
37 Fisher B, Anderson S, Tan-Chiu E, et al. Tamoxifen and
chemotherapy for axillary node-negative, estrogen
receptor-negative breast cancer: findings from National
Surgical Adjuvant Breast and Bowel Project B-23. J Clin
Oncol 2001;19:931-42. doi:10.1200/JCO.2001.19.4.931
38 Forbes JF, Cuzick J, Buzdar A, Howell A, Tobias JS, Baum M,
Arimidex, Tamoxifen, Alone or in Combination (ATAC) Trialists’
Group. Effect of anastrozole and tamoxifen as adjuvant treatment
for early-stage breast cancer: 100-month analysis of the ATAC
trial. Lancet Oncol 2008;9:45-53. doi:10.1016/S14702045(07)70385-6

doi: 10.1136/bmj.k3845 | BMJ 2018;363:k3845 | the bmj

BMJ: first published as 10.1136/bmj.k3845 on 8 October 2018. Downloaded from http://www.bmj.com/ on 19 October 2018 by guest. Protected by copyright.

other relationships or activities that could appear to have influenced
the submitted work.

RESEARCH

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

44 Pagani O, Regan MM, Walley BA, et al, TEXT and SOFT Investigators,
International Breast Cancer Study Group. Adjuvant exemestane
with ovarian suppression in premenopausal breast cancer. N Engl J
Med 2014;371:107-18. doi:10.1056/NEJMoa1404037
45 Mendelsohn ME, Karas RH. The protective effects of estrogen on
the cardiovascular system. N Engl J Med 1999;340:1801-11.
doi:10.1056/NEJM199906103402306
46 Dewar JA, Horobin JM, Preece PE, Tavendale R, Tunstall-Pedoe H,
Wood RA. Long term effects of tamoxifen on blood lipid
values in breast cancer. BMJ 1992;305:225-6.
doi:10.1136/bmj.305.6847.225
47 Love RR, Wiebe DA, Feyzi JM, Newcomb PA, Chappell RJ. Effects of
tamoxifen on cardiovascular risk factors in postmenopausal women
after 5 years of treatment. J Natl Cancer Inst 1994;86:1534-9.
doi:10.1093/jnci/86.20.1534

Supplementary appendices

Subscribe: http://www.bmj.com/subscribe

BMJ: first published as 10.1136/bmj.k3845 on 8 October 2018. Downloaded from http://www.bmj.com/ on 19 October 2018 by guest. Protected by copyright.

39 Colleoni M, Giobbie-Hurder A, Regan MM, et al. Analyses adjusting
for selective crossover show improved overall survival with adjuvant
letrozole compared with tamoxifen in the BIG 1-98 study. J Clin
Oncol 2011;29:1117-24. doi:10.1200/JCO.2010.31.6455
40 Abo-Touk NA, Sakr HA, Abd El-Lattef A. Switching to letrozole versus
continued tamoxifen therapy in treatment of postmenopausal women
with early breast cancer. J Egypt Natl Canc Inst 2010;22:79-85.
41 Goss PE, Ingle JN, Martino S, et al. Randomized trial of letrozole
following tamoxifen as extended adjuvant therapy in receptorpositive breast cancer: updated findings from NCIC CTG MA.17. J Natl
Cancer Inst 2005;97:1262-71. doi:10.1093/jnci/dji250
42 Haque R, Shi J, Schottinger JE, et al. Cardiovascular Disease
After Aromatase Inhibitor Use. JAMA Oncol 2016;2:1590-7.
doi:10.1001/jamaoncol.2016.0429
43 Hernandez RK, Sørensen HT, Jacobsen J, Pedersen L, Lash TL.
Tamoxifen treatment in Danish breast cancer patients and 5-year
risk of arterial atherosclerotic events: a null association.
Cancer Epidemiol Biomarkers Prev 2008;17:2509-11.
doi:10.1158/1055-9965.EPI-08-0570

