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Background: Aromatase inhibitors (Als) have been associated with cardiovascular disease in adjuvant randomized controlled
trials (RCTs) comparing these drugs to tamoxifen. However, it is unclear whether this risk is real or due to cardioprotective
effects of tamoxifen. To address this question, we conducted a systematic review and meta-analysis of all RCTs of Als and tam-
oxifen in adjuvant and extended adjuvant setting.

Patients and methods: We searched PubMed, Embase (OVID), Cochrane CENTRAL, WHO International Clinical Trials Registry
Platform, and ClinicalTrials.gov from inception to June 2016 for all RCTs comparing cardiovascular and cerebrovascular safety
of Als to tamoxifen, Als to placebo or no-treatment, or tamoxifen to placebo or no-treatment in the adjuvant or extended adju-
vant setting. Relative risks (RRs) were pooled using DerSimonian and Laird random-effects models with analyses stratified by
RCT design.

Results: A total of 19 RCTs were included in the meta-analysis (n = 62 345). In the adjuvant setting, Als were associated with
a 19% (RR: 1.19, 95% confidence interval [Cl]: 1.07-1.34) increased risk of cardiovascular events compared with tamoxifen. Als
were not associated with an increased risk compared with placebo in the extended-adjuvant setting (RR: 1.01, 95% Cl: 0.85—
1.20). In the adjuvant setting, tamoxifen was associated with a 33% (RR: 0.67, 95% Cl: 0.45-0.98) decreased risk compared with
placebo or no-treatment. The results from extended adjuvant RCTs comparing tamoxifen to placebo were inconclusive but
suggestive of a small protective effect (RR: 0.91, 95% Cl: 0.77-1.07).

Conclusions: The increased risk of cardiovascular events with Als relative to tamoxifen is likely the result of cardioprotective
effects of the latter. This new evidence should be considered when assessing the benefits and risks of Als in the treatment of
breast cancer.
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comprehensive individual patient data meta-analysis, Als signifi-
cantly reduce breast cancer recurrence and breast cancer-related
Third generation aromatase inhibitors (Als) have replaced tam-  mortality and increase overall survival in comparison with tam-
oxifen as the mainstay treatment of estrogen-receptor (ER) posi-  oxifen [2]. However, there have been concerns regarding the car-
tive breast cancer in postmenopausal women [1]. Accordingtoa  diovascular safety of Als. Indeed, several adjuvant RCTs
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comparing Als with tamoxifen have indicated that Als increase
the risk of cardiovascular disease [3—6] and as a result, current
guidelines indicate that Als are associated with increased ische-
mic heart disease [7].

To date, several systematic reviews and meta-analyses have
compared the cardiovascular safety of Als to tamoxifen [8-13],
with several of these reporting increased risks with Als [8—10].
However, previous clinical studies have demonstrated that tam-
oxifen may have favorable cardiovascular effects, including
reducing total cholesterol levels and low-density lipoprotein
cholesterol (LDL-C) levels, increasing high-density lipoprotein
cholesterol levels, and reducing C-protein and fibrinogen levels
[14-19]. Thus, the observed increased risk of cardiovascular
events associated with Als in RCTs comparing Als to tamoxifen
may be due to cardioprotective effects of the latter.

Given the known benefits of Al therapy [2], there is an urgent
need to better understand the cardiovascular safety of these
drugs. We therefore conducted a systematic review and meta-
analysis of RCTs to determine whether Als are associated with an
increased risk of cardiovascular events and if present, whether
this association is due to cardioprotective effects of tamoxifen.

Methods

Search strategy

We systematic searched PubMed, Embase, Cochrane CENTRAL,
WHO International Clinical Trials Registry Platform (ICTRP), and
ClinicalTrials.gov from inception to March 2015 for all RCTs con-
sisting of tamoxifen or Als. The electronic search was updated in
June 2016. Medical Subject Heading (MeSH) terms were used in
PubMed and Cochrane CENTRAL, EMTREE terms in Embase,
and keyword search terms for tamoxifen and Als (including generic
and brand names) in all databases. In PubMed and Embase, the
BMJ RCT filter that optimizes sensitivity and specificity was applied
to restrict inclusion to RCTs [20]. The search was also restricted to
articles published in English. The detailed search strategy of each
electronic database is shown in supplementary Tables 1-5 (available
at Annals of Oncology online). Manual searches of the bibliographies
of previous systematic reviews and relevant RCTs were conducted
to retrieve additional RCTs that may not have been identified in
our electronic search.

Study selection

The title and abstracts of identified publications were screened in-
dependently by two reviewers (FKK and SQ), with any publica-
tion deemed potentially relevant by either reviewer carried
forward to full-text evaluation. Disagreements during full-text re-
view were resolved by consensus or, when necessary, by a third in-
dependent reviewer (LA).

We restricted inclusion to phase ITI RCTs examining third gen-
eration Als and tamoxifen among postmenopausal women with a
diagnosis of breast cancer. These RCTs consisted of adjuvant
phase III RCTs comparing Als to tamoxifen, extended-adjuvant
RCTs comparing Als or tamoxifen to placebo or no-treatment,
and adjuvant and extended adjuvant RCTs comparing tamoxifen
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to placebo or no-treatment. We only included studies if cardio-
vascular or cerebrovascular adverse events were reported.

We excluded phase I and 1I trials of Als and tamoxifen, RCTs
of first and second-generation Als or raloxifene, RCTs comparing
third generation Als in combination with other adjuvant therapy
including radiation therapy or chemotherapy, cancer prevention
RCTs, and RCTs administered in premenopausal women
(defined as any study where premenopausal population was
greater than 50% of the study population). In addition, we also
excluded RCTs that reported the combined results of RCTs, those
that included non-cardiovascular events as part of their compos-
ite endpoints, and those published in a language other than
English. Finally, we excluded RCTs where the primary indication
for use of adjuvant hormonal therapy was not breast cancer (e.g.
polycystic ovarian syndrome, ovulation induction, and uterine
adenomyosis).

Data extraction

Data extraction was conducted independently by two reviewers
(FKK and SQ) using a standardized, pilot-tested data extraction
form. Disagreements between reviewers were resolved by consen-
sus or by a third reviewer (LA). For each RCT, the following data
were extracted: year of publication, total number of randomized
patients, number of patients included in analysis, dosage, and
duration of follow-up time. We also extracted the following base-
line demographic and clinical characteristics: mean age, propor-
tion of postmenopausal women, proportion of node-positive
patients, proportion of ER/progesterone-receptor positive pa-
tients, tumor size, and previous breast cancer therapy (chemo-
therapy, radiation therapy, and mastectomy). Count data for all
cardiovascular and cerebrovascular events were extracted from
included RCTs. When multiple follow-up periods were reported
for a given RCT, we selected the trial with the most comprehen-
sive reporting of cardiovascular and cerebrovascular events and/
or the longest follow-up reported.

Quality assessment

The quality of each included RCT was assessed using the
Cochrane Collaboration’s tool for assessing risk of bias [21]. Each
RCT was evaluated for random sequence generation, allocation
concealment, blinding of outcome assessment, incomplete out-
come data, selective outcome reporting, and other potential sour-
ces of bias. Potential conflicts of interest were determined by
considering funding sources. Each domain was assigned a “high,”
“low,” or “unclear” risk of bias independently by two reviewers
(FKK and SQ), with disagreements adjudicated by a third re-
viewer (LA).

Statistical analysis

The cardiovascular endpoints reported in RCTs of Als and tam-
oxifen are presented in supplementary Table 6 (available at
Annals of Oncology online) and the definition of composite end-
points and corresponding counts that we used in the quantitative
analysis are reported in supplementary Table 7 ((available at
Annals of Oncology online). Where possible composite endpoints
of cardiovascular disease reported in RCT's were used as the defin-
ition of cardiovascular events in the quantitative analysis. For
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Figure 1. PRISMA flow diagram describing systematic search for RCTs of aromatase inhibitors and tamoxifen. RCTs, randomized controlled trials.

trials for which composite endpoints were not reported, cardio-
vascular events were combined (excluding hypertension, hyper-
cholesterolemia, and thromboembolism). Cardiovascular death
was not pooled with ischemic heart disease when these endpoints
were reported separately as more than half of cardiovascular
deaths are attributed to ischemic heart disease, and thus these
events are not mutually-exclusive [22]. Cardiovascular death was
used to define cardiovascular events when only this outcome was
reported. Similarly, cerebrovascular death was not combined
with stroke or transient ischemic attack when reported separately.
We conducted secondary analysis using the outcome of ischemic
heart disease. Similar to cardiovascular events, in the absence of a
composite endpoint of ischemic heart disease, we combined
myocardial infarction and angina (for RCTs that reported both
events separately). Finally, we conducted sensitivity analyses for
this endpoint using myocardial infarctions only for such trials since
the occurrences of these two events are not mutually exclusive.
Data were meta-analyzed across RCTs to obtained pooled rela-
tive risks (RRs) and corresponding 95% confidence intervals
(CIs) using DerSimonian and Laird random-effects models with
inverse variance weighting [23]. All analyses were stratified by

RCT design: (i) adjuvant RCTs of upfront Als in comparison to
upfront tamoxifen, (ii) sequential treatment with tamoxifen and
Als (or vice versa) in comparison to tamoxifen, (iii) sequential
treatment with Als and tamoxifen (or vice versa) in comparison
to Als, (iv) extended adjuvant RCTs comparing Als to placebo,
(v) adjuvant RCTs comparing tamoxifen to placebo or no treat-
ment, and (vi) extended adjuvant RCTs comparing tamoxifen to
placebo. The amount of heterogeneity across the RCTs was esti-
mated using the I* statistic [24]. To examine the impact of our
choice of meta-analytic model, we conducted sensitivity analyses
using the fixed-effects models with inverse variance weighting. A
continuity correction was applied in RCTs with zero events [25].
All statistical analyses were conducted using R metafor package [26].

Results

Search results

The flow diagram for our electronic search strategy and study se-
lection is shown in Figure 1. Our electronic search identified
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16 697 potentially relevant publications. After removing dupli-
cates and screening titles, abstracts, and full-texts, we identified
35 publications corresponding to 19 different RCTs that met our
inclusion criteria and were included in our systematic review and
meta-analysis.

Study and patient characteristics

The study design and population characteristics of included
RCTs are shown in Table 1. The mean age ranged across RCTs
from 55 to 71 years. Most of the RCTs were completely restricted
to postmenopausal women (n=12, 63%). RCTs that did not
have this restriction (n = 7, 37%) predominantly randomized
postmenopausal women, including Breast International Group
1-98 (BIG 1-98) (98%) [27], SITAM-01 (94%) [28], Adjuvant
Tamoxifen, Longer Against Shorter (90%) [29], Scottish (82%)
[30], NSABP-B14 (73%) [31], NSABP-B14 phase I trial (70%)
[31], and UK Over 50s (52%) [32]. In addition, the majority of
RCTs were restricted to patients with hormone-receptor (estro-
gen or progesterone receptor) positive breast cancer. The tamoxi-
fen dose was 20 mg/day in the majority of the RCTs (n = 15,
88%). In terms of individual Als, the dose was consistent across
RCTs using anastrozole (1 mg/day), letrozole (2.5 mg/day), and
exemestane (25 mg/day).

Quality assessment

The majority of RCTs were of low risk of bias in different do-
mains of Cochrane Collaboration’s tool (Table 1 and supplemen
tary Table 8, available at Annals of Oncology online) and were
funded by industry. In the BIG 1-98 trial, 25% of patients select-
ively crossed over from the tamoxifen arm to the letrozole arm in
2005 after it was demonstrated that letrozole significantly reduces
distance recurrences and improves disease-free progression in
comparison to tamoxifen [4]. However, all adverse events were
reported within 30 days of selective crossover from tamoxifen to
letrozole, and thus the crossover did not bias the results reported
[4]. Similarly, in MA.17 trial, participants were unblinded at a
median 2.4 years of follow-up [33]. However, the cardiovascular
and cerebrovascular events were reported at 30 months of follow-
up. Finally, in the Scottish trial, 330 patients out of 656 patients
randomized to the control arm received tamoxifen during the
study period due to relapse or suspicion of relapse [34]. The car-
diovascular and cerebrovascular events were reported by treat-
ment allocation at randomization and patients were censored at
the date of systemic relapse [30].

Cardiovascular disease

The counts for cardiovascular events for all RCTs meeting the in-
clusion and exclusion and included in the quantitative analysis
are reported in supplementary Tables 6 and 7 (available at Annals
of Oncology online). Pooled analysis of eight RCTs comparing up-
front adjuvant Als to tamoxifen showed a 19% increased risk of
cardiovascular events (RR: 1.19, 95% CI: 1.07-1.34; Figure 2).
Similar results were obtained among RCTs comparing Als to
tamoxifen (RR: 1.19, 95% CI: 1.02-1.39; supplementary Figure 1,
available at Annals of Oncology online) and among RCT's compar-
ing these two drugs after initial adjuvant treatment with tamoxi-
fen (RR: 1.20, 95% CI: 1.02-1.41; supplementary Figure 1,
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available at Annals of Oncology online). These results are also con-
sistent when examining different Als independently (supplemen
tary Figure 2, available at Annals of Oncology online). Similar re-
sults were also observed when comparing sequential treatment
with tamoxifen and Als to upfront treatment with tamoxifen
alone (RR: 1.23, 95% CI: 0.93—1.61; Figure 2), although the 95%
CIs were wide and included unity. Pooled analyses of RCTs com-
paring Als to sequential treatment with tamoxifen and Als (RR:
1.16, 95% CI: 1.03—1.32; Figure 2) also demonstrate an increased
risk of cardiovascular events associated with Als. RCTs compar-
ing sequential treatment with Als and tamoxifen to upfront treat-
ment with tamoxifen (RR: 1.07, 95% CI: 0.80-1.42; Figure 2), and
RCTs of upfront treatment with Als to sequential treatment with
Als and tamoxifen (RR: 1.10, 95% CI: 0.84-1.45; Figure 2) were
all inconclusive due to wide 95% Cls. In the MA.17 trial, patients
initially treated for a median 5 years with tamoxifen were
randomized to additional 5 years of additional treatment with ei-
ther letrozole or placebo [33]. In the MA.17R trial, patients ini-
tially treated with 4.5-6 years of adjuvant treatment with any Al
(preceded in most patients with tamoxifen treatment) were
randomized to letrozole of placebo for an additional five years
[35]. In this extended adjuvant setting, Als were not associated
with cardiovascular events (RR: 1.01, 95% CI: 0.85-1.20; Figure
2) when pooling data across these RCTs or when considering
each RCT independently. Consistent with these results, pooled
estimate showed a 33% decreased risk when comparing upfront
tamoxifen to placebo or no treatment in the adjuvant setting
(RR:0.67, 95% CI: 0.45-0.98; Figure 2). In Scottish trial, approxi-
mately 50% of participants in the control arm received the treat-
ment, which could lead to a dilution of the effect. However,
similar results were obtained in a sensitivity analysis that
excluded this study (RR: 0.65, 95% CI: 0.28-1.49), though esti-
mates were less precise (supplementary Figure 3, available at
Annals of Oncology online). The cardiovascular effects of tamoxi-
fen in RCTs comparing tamoxifen to placebo or no treatment in
the extended adjuvant setting is inconclusive due to lack of preci-
sion (RR: 0.91, 95% CI: 0.77-1.07). Similar results were obtained
for all the above contrasts using fixed-effects analyses (supplemen
tary Figure 4, available at Annals of Oncology online).

Ischemic heart disease

Restricting the definition of cardiovascular events to ischemic
heart disease yielded similar results (supplementary Figures 5 and
6, available at Annals of Oncology online). In RCTs comparing up-
front Als to tamoxifen in the adjuvant setting, there was a 30%
increased risk of ischemic heart disease when comparing Als to
tamoxifen (RR: 1.30, 95% CI: 1.11-1.53). In the extended adju-
vant setting, Als were not associated with an increased risk of is-
chemic heart disease in comparison to placebo (RR: 0.82, 95%
CI: 0.60-1.13). Pooled analysis showed a significant 34%
decreased risk when comparing upfront tamoxifen to placebo or
no-treatment in the adjuvant setting (RR: 0.66, 95% CI: 0.45-0.
98). The association between tamoxifen and cardiovascular ische-
mic events in the extended adjuvant setting remained inconclu-
sive due to low precision (RR: 1.21, 95% CI: 0.58-2.53) and high
degree of heterogeneity (I* statistic: 60.6%). Similar results were
also obtained when restricting the definition of ischemic heart
disease to myocardial infarction in RCTs reporting myocardial
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Table 1. Patient characteristics at baseline in randomized controlled trials of Als and tamoxifen included in the study

Trial Trial Funding Trial arm Age PM (%) Node HR-positive Tumor Primary treatment
(randomized) (mean) positive (%) size >2
(%) cm (%) Mastectomy Radiotherapy Chemotherapy
(%) (%) (%)
ATAC [53] Industry A-3125 A-64 A-100 A-35 A-84 A-35 A-48 A-63 A-22
T-3116 T-64 T-100 T-34 T-83 T-36 T-47 T-63 T-21
BIG 1-98 [27] Industry & [-4003 L-61° [-99 [-42 [-~100 [-37 L-44 L-72 [-25
Nonprofit ~ T-4007 T-61° T-98 T-41 T-~100 T-38 T-42 T-72 T-25
Abo-Touk N NA L-60 L-NA [-100 -48 [-100 L-87 L-70 L-95 L-NA
et al. [54] T-60 T-NA T-100 =35 T-100 T-83 T-68 T-93 T-NA
N-SAS BCO3 [55] Industry & A-347 A-60 A-100 A-41 A-100 A-21¢ A-48 A-NA A-54
Nonprofit ~ T-349 T-60 T-100 T-40 T-100 T-21¢ T-48 T-NA =53
ITA [56] Industry A-223 A-63° A-100 A-100 A-91 A-24 A-52 A-54 A-67
T-225 T-63° T-100 T-100 T-86 T-19 T-55 T-49 T-67
ARNO95 [57] Industry A-489 A-61 A-100 A-26 A-97 A-36 A-33 A-67 A-NA
T-490 T-61 T-100 T-27 T-96 T1-37 T-30 T-68 T-NA
IES [58] Industry & E-2352 E-64 E-100 E-44 E-81° E-NA E-52 E-NA E-32
Nonprofit T -2372 T-64 T-100 T-44 T-81° T-NA T-52 T-NA T-32
Paridaens RJ Industry & E-190 E-63° E-100 E-NA E-92 E-NA E-NA E-41 E-30
et al. [59] Nonprofit T-192 T-62° T-100 T-NA T-94 T-NA T-NA T-42 T-33
TEAM [6] Industry E-4904 E-64° E-100 E-47 E-100 E-42 E-44 E-69 E-36
T—E-4875 T—E-64° T—E-100 T—E-47 T—E-100 T—E-41 T—E-45 T—E-68 T—E-36
N-SAS BCO04 [60] Industry & A-55 A-63 A-100 A-66 A-95° A-NA A-33 A-62 A-38
Nonprofit ~ E-55 E-63 E-100 E-62 E-96° E-NA E-27 E-64 E-38
T—E-56 T—E-63 T—E-100 T—E-66 T—E-96° T—E-NA T—E-32 T—E-64 T—E-41
MA.17 [33] Industry & [-2593 L-62° L-100 L-46 -98 L-NA L-50 L-60 L-46
Nonprofit P-2594 p-62° P-100 P-46 P-98 P-NA P-50 P-59 P-46
MA.17R [35] Industry & [-959 L-66% [-100 =51 L-99 -9 -48 L-NA L-59
Non-profit ~ P-959 P-65° P-100 P52 P-99 pP-8 P-49 P-NA P-58
ATLAS [29] Industry & T-6454 T-NA T-90 T-41 T-53° T-52 T-72 T-NA T-NA
Nonprofit NT-6440 NT-NA  NT-90 NT-40 NT-53° NT-52 NT-71 NT-NA NT-NA
SITAM-01 [28] Industry T-943 T-61 T-94 T-44 T-59P T-45 T-63 T-40 T-1
NT-958 NT-61 NT-95 NT-43 NT-61° NT-43  NT-64 NT-39 NT-9
NSABP B-14 [31] Nonprofit T-583 T-56 T-73 T-0 T-100° T-32 T-56 T-NA T-NA
P-570 P-56 p-74 P-0 P-100P P=35 P-56 P-NA P-NA
UK Over 50s Nonprofit T-1725 T-62° T-53 T-25 T-NA T-NA T-38 T-62 T-NA
[61,62] NT-1724 NT-62¢  NT-52 p-26 NT-NA NT-NA  NT-37 NT-62 NT-NA
Scottish [63] Industry & T-661 T-59 T-82 T-32 T-41° T-68 T-100 T1-32 T-NA
Nonprofit ~ NT-651 NT-59  NT-82 NT-33 NT-39P NT-71 NT-100 NT-31 NT-NA
NSABP-B14 Nonprofit T-1404 T-55 T-71 T-0 T-100° T-43 T-62 T-NA T-NA
phase | [31] P-1414 P-55 P-68 P-0 P-100P P-41 P-62 P-NA P-NA
Cummings Nonprofit T-85 T-71° T-100 T-100 T-86° T-33¢ T-100 T-NA T-NA
et al. [64] P-83 p-70° P-100 P-100 p-84° p-28¢ P-100 P-NA P-NA

Proportions do not include patients with unknown, uncertain, or other status, arrow indicates switch between endocrine therapy.

“Median age.

bEstrogem—receptor positive.

€>3cm.

A, Anastrozole; E, Exemestane; HR, Hormone-receptor (estrogen or progesterone) positive; L, Letrozole; NT, No treatment; P, Placebo; PM, postmenopausal;
T, Tamoxifen; ARNO 95, German Adjuvant Breast Cancer Group/Arimidex-Novaldex 95; ATAC, Anastrozole, Tamoxifen, Alone or in Combination; ATLAS,
Adjuvant Tamoxifen, Longer Against Shorter trial; BIG 1-98, Breast International Group 1-98; IES, Intergroup Exemestane Study; ITA, Italian Tamoxifen
Anastrozole trial; NSABP-B14, National Surgical Adjuvant Breast and Bowel Project B14; N-SAS BCO03, National Surgical Adjuvant Study Breast Cancer 03 trial;
N-SAS BC04, National Surgical Adjuvant Study Breast Cancer 04 trial; SITAM-01, Italian Study of Adjuvant Treatment in Breast Cancer-01; TEAM, Tamoxifen
Exemestane Adjuvant Multinational trial; Al, Aromatase Inhibitors; Cl, Confidence Interval; NT, No treatment; RR, Relative risk. Arrow indicates switch be-
tween endocrine therapy.
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Trial Experimental Control Weight RR [95% CI)
Events Total Events Total

Adjuvant - Upfront (Al vs T)

ATAC 127 3092 104 3094 FEH 19.89 1.22 [0.95, 1.58]
BIG 1-98 169 2448 152 2447 HEH 28.68 1.11[0.90,1.37]
Abo-Touk N et al. 4 60 3 60 ——7>=—>» 0.61 1.33[0.31, 5.70]
N-SAS BCO03 2 347 3 349 4«—s+— 04 0.67[0.11, 3.99]
ITA 17 223 14 225 —a— 2.76 1.23 [0.62, 2.42]
ARNO95 9 445 4 452 ——-—a—>» 0.94 2.29[0.71,7.37]
IES 259 2105 211 2036 =] 43.88 1.19[1.00, 1.41]
Paridaens RJ et al. 22 182 12 189 —a— 2.84 1.90[0.97, 3.73]
Subtotal (I-squared: 0%) 609 8902 503 8852 0 100 1.19[1.07, 1.34]
Adjuvant - Upfront vs Sequential (Al vs T->Al)

BIG 1-98 103 1534 108 1540 E=8 22.43 0.96 [0.74, 1.24]
TEAM 405 4852 326 4814 =] 77.37 1.23[1.07, 1.42]
N-SAS BCO04 (A vs T->E) 0 55 0 56 <4+—&5—>» 0.1 1.02 [0.02, 50.41]
N-SAS BCO04 (E vs T->E) 0 55 0 56 <+«—&——>» 0.1 1.02 [0.02, 50.41]
Subtotal (I-squared: 0%) 508 6496 434 6466 0 100 1.16 [1.03, 1.32]
Adjuvant - Upfront vs Sequential (T->Al vs T)

BIG 1-98 108 1540 88 1540 #EH NA 1.23[0.93, 1.61]
Adjuvant - Upfront vs Sequential (Al->T vs T)

BIG 1-98 93 1526 88 1540 HEH NA 1.07 [0.80, 1.42]
Adjuvant - Upfront vs Sequential (Al vs Al->T)

BIG 1-98 103 1534 93 1526 HeH NA 1.10 [0.84, 1.45]
Extended Adjuvant (Al vs P)

MA.17 148 2572 148 2577 HEH 59.82 1.00 [0.80, 1.25]
MA.17R 96 959 94 954 HEH 40.18 1.02 [0.78, 1.33]
Subtotal (I-squared: 0%) 244 3531 242 3531 0 100 1.01 [0.85, 1.20]
Extended Adjuvant (T vs NT)

ATLAS 127 6454 163 6440 HeH 34.22 0.78 [0.62, 0.98]
SITAM-01 24 943 21 958 F—a— 7.67 1.16 [0.65, 2.07]
NSABP-B14 6 583 3 569 ——a—> 144 1.95[0.49, 7.77]
UK Over 50s 302 1725 319 1724 tEH 56.67 0.95[0.82, 1.09]
Subtotal (I-squared: 24.05%) 459 9705 506 9691 0 100 0.91[0.77, 1.07]
Adjuvant - Upfront (T vs P or NT)

Scottish 32 661 47 651 e 78.58 0.67 [0.43, 1.04]
NSABP-B14 phase 1 8 1435 12 1450 8+ 18.79 0.67 [0.28, 1.64]
Cummings FJ et al. 1 85 2 83 «—=——> 263 0.49 [0.05, 5.28]
Subtotal (I-squared: 0%) 41 2181 61 2184 0 100 0.67 [0.45, 0.98]

0.20 1.00 5.00
Experimental decreases risk Experimental increases risk
RR

Figure 2. forest plot of relative risks of cardiovascular events with Als and tamoxifen by trial design. Pooled relative risks and confidence intervals were obtained using DerSimonian and

Laird random-effects models. Als, aromatase inhibitors.

infarction and angina (rather than a composite endpoint of ische-
mic heart disease). However, in this analysis, there was loss of
precision in the pooled estimate when comparing tamoxifen to
placebo in the adjuvant setting and tamoxifen to placebo or no-
treatment in the extended adjuvant setting (supplementary
Figures 7 and 8, available at Annals of Oncology online).

Cerebrovascular disease

Cerebrovascular endpoints were reported inconsistently across
RCTs, leading to low events rates. When data were pooled across

trials, no evidence of a difference was observed (Figure 3).
However, these analyses were inconclusive due to wide 95% Cls
(upfront treatment with Als versus tamoxifen: RR: 0.96, 95% CI:
0.61-1.51; Als versus sequential treatment with tamoxifen and
Als: RR: 0.96, 95% CI: 0.53—1.73; tamoxifen versus no treatment
in the extended adjuvant setting: RR: 1.00, 95% CI: 0.44-2.24;
and tamoxifen versus placebo or no treatment in the adjuvant set-
ting: RR: 1.18, 95% CI: 0.67-2.08). Similar results were obtained
using fixed-effects analysis (supplementary Figure 9, available at
Annals of Oncology online).
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Trial Experimental Control Weight RR [95% CI)
Events Total Events Total
Adjuvant - Upfront (Al vs T)
ATAC 62 3092 88 3094 ?—EH 50.54 0.71[0.51, 0.97]
BIG 1-98 45 2448 38 2447 e 42.21 1.18[0.77,1.82]
Abo-Touk N et al. 2 60 1 60 4——5—» 3.46 2.00[0.19, 21.47]
ARNO95 3 445 1 452 F————5a% 338 3.05[0.32, 29.18]
Subtotal (I-squared: 43.28%) 112 6045 128 6053 ’ 100 0.96 [0.61, 1.51]
Adjuvant - Upfront vs Sequential (Al vs T->Al)
BIG 1-98 22 1534 30 1540 }—E}—‘—{ 56.3 0.74[0.43, 1.27]
TEAM 19 4898 14 4868 ?—‘—E}—{ 43.7 1.35[0.68, 2.69]
Subtotal (I-squared: 45.14%) 41 6432 44 6408 ’ 100 0.96 [0.53, 1.73]
Adjuvant - Upfront vs Sequential (T->Al vs T)
BIG 1-98 30 1540 27 1540 —E— NA 1.11[0.66, 1.86]
Adjuvant - Upfront vs Sequential (Al->T vs T)
BIG 1-98 26 1526 27 1540 }—E}—{ NA 0.97 [0.57, 1.66]
Adjuvant - Upfront vs Sequential (Al vs Al->T)
BIG 1-98 22 1534 26 1526 o NA 0.84 [0.48, 1.48]
Extended Adjuvant (Al vs P)
MA.17 17 2572 15 2577 —a— 42.29 1.14[0.57, 2.27]
MA.17R 23 959 20 954 }—E}—{ 57.71 1.14[0.63, 2.07]
Subtotal (I-squared: 0%) 40 3531 35 3531 ’ 100 1.140.73, 1.79]
Extended Adjuvant (T vs NT)
ATLAS 130 6454 119 6440 HEH 62.27 1.09 [0.85, 1.39]
SITAM-01 5 943 10 958 +—8—— 30.79 0.51[0.17, 1.48]
NSABP-B14 4 583 0 569 ———%» 6.93 8.78[0.47, 162.78]
Subtotal (I-squared: 48.46%) 139 7980 129 7967 - 100 1.00 [0.44, 2.24]
Adjuvant - Upfront (T vs P or NT)
Scottish 25 661 20 651 e 96.82 1.23[0.69, 2.19]
Cummings FJ et al. 0 85 1 83 <4&5—+F+——>» 3.18 0.33[0.01, 7.88]
Subtotal (I-squared: 0%) 25 746 21 734 ’ 100 1.18[0.67, 2.08]
n—;—|
0.20 1.00 5.00

Experimental decreases risk

Experimental increases risk

Figure 3. forest plot of relative risks of cerebrovascular events with Als and tamoxifen by trial design. Pooled relative risks and confidence intervals were obtained using DerSimonian and

Laird random-effects models. Als: aromatase inhibitors.

Discussion

The risk of cardiovascular disease increases with age and is con-
siderably higher in postmenopausal women in comparison to
premenopausal women [36]. Thus, in postmenopausal women,
excess risk of cardiovascular disease from breast cancer treatment
is a major health concern. Similar to previous studies, we found
that adjuvant treatment with Als increases the risk of cardiovas-
cular events in comparison to tamoxifen in postmenopausal
women with breast cancer. However, we also found that tamoxi-
fen is associated with 33% reduction in risk of cardiovascular
events in RCTs comparing tamoxifen to placebo or no treatment.
Thus, the cardioprotective effects of tamoxifen can completely
account for the increase risk in cardiovascular events observed in

the RCTs comparing Als to tamoxifen. This conclusion is further
supported by the MA.17 and MA.17R RCTs, where there was no
association between Als and cardiovascular event or ischemic
heart disease in the extended adjuvant setting [35, 37]. The car-
diovascular safety of Als may also be compared with placebo in
the MAP.3 breast cancer prevention RCT [38]. In this setting,
there was also no increased risk of cardiovascular events when
comparing exemestane to placebo in postmenopausal women at
moderate risk of breast cancer at 35 months of follow-up [38].
Tamoxifen has been shown to decrease cardiovascular disease
in previous studies. A meta-analysis of all RCTs comparing tam-
oxifen to placebo or no-treatment (in the presence of co-
interventions) demonstrated that tamoxifen decreases the risk of
myocardial infarction by 26% (RR: 0.74, 95% CI: 0.47-1.16) and

Volume 28 | Issue 3 | 2017

doi:10.1093/annonc/mdw673 | 493


Deleted Text: D
Deleted Text: DISCUSSION
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: to 
Deleted Text: -
Deleted Text: -

the risk of myocardial infarction-associated mortality by 45%
(RR: 0.55, 95% CI: 0.36—0.87) in breast cancer treatment RCTs
[39]. In the Swedish Breast Cancer Group RCT, postmenopausal
women with early stage breast cancer were randomized to either
5 or 2 years of treatment with tamoxifen [40, 41]. In this setting,
treatment with tamoxifen for 5 years led to lower incidence of
coronary heart disease and coronary heart disease-associated
mortality in comparison to 2 years of treatment with tamoxifen
during the treatment period [40]. There remained a decrease in
the risk of coronary heart disease (HR: 0.83, 95% CI: 0.70-1.00)
and coronary heart disease mortality (HR: 0.72, 95% CI: 0.53—
0.97) at a median 12 years of follow-up [40]. Finally, in IBIS-I
tamoxifen breast-cancer prevention RCT, there remained a non-
significant decrease in the incidence of myocardial infarction
when comparing tamoxifen to placebo at 16 years of median
follow-up in healthy women at risk of breast cancer (OR: 0.76,
CI: 0.34-1.67) [42].

A major mechanism proposed for the cardioprotective effects
of tamoxifen is alterations in serum lipid levels. In RCTs compar-
ing tamoxifen to placebo, tamoxifen decreases serum total and
LDL cholesterol, while increasing apoliprotein A-I levels in
postmenopausal women with breast cancer [16, 19] and in
healthy postmenopausal women [18]. Tamoxifen may lower LDL
and total cholesterol by inhibiting enzymes involve in cholesterol
metabolism pathway including sterol-A8,7 isomerase and Acetyl-
Coenzyme A acetyltransferase [17]. In contrast, evidence from
RCTs that suggests Als do not significantly alter plasma lipopro-
teins. In ATENA and a MA.17L substudy, there were no differ-
ences in plasma lipoprotein between patients who received Als
and those who received placebo or no treatment [43-45].
Consistent with these results, it has been demonstrated that Als
do not systematically alter plasma lipoproteins from baseline
to follow-up assessments [12]. Tamoxifen also has anti-
inflammatory effects and lowers C-reactive protein and fibrino-
gen levels, both of which are strong predictors of cardiovascular
disease [19, 46-49]. The anti-inflammatory effects of tamoxifen
may also be mediated through cytokine TGF-f3, which maintains
vessel wall structure during atherogenesis [17, 50]. Finally, tam-
oxifen has been shown to have antioxidant properties which pro-
tect LDL cholesterol from harmful oxidation [51, 52].

Previous systematic reviews and meta-analyses have compared
the cardiovascular effects of Als to tamoxifen with discordant re-
sults [8—13]. The discordance between these studies may be due
to consideration of trials comparing Als to tamoxifen in adjuvant
setting only [8], absence of a systematic search or limited search
of electronic databases [9, 10, 13], and qualitative assessment of
evidence [12]. This is the first study to date to additionally in-
clude adjuvant and extended-adjuvant RCTs comparing the car-
diovascular effects of tamoxifen to placebo or no treatment. We
have also included up-to-date results from adjuvant RCTs com-
paring Als to tamoxifen and the extended-adjuvant RCTs com-
paring Als to placebo. Thus, the major strength of this study is
the consideration of the totality of evidence from all RCTs of Als
and tamoxifen in the adjuvant and extended-adjuvant setting.

There are also some limitations to this study. First, there was
heterogeneity in reporting of cardiovascular and cerebrovascular
endpoints between studies. However, we additionally used ische-
mic heart disease as definition of cardiovascular event in our sec-
ondary analysis and found similar results in comparison to using

Annals of Oncology

composite endpoint of cardiovascular events. Second, there was
some heterogeneity present among RCTs with respect to dur-
ation of follow-up, patient recruitment periods, and patient char-
acteristics. Nevertheless, results were consistent when analysis
was conducted across trial subtypes. We used random-effects
models to account for between-study heterogeneity and found
results were consistent with fixed-effects analysis. Efficacy was the
primary endpoint of RCTs of Als and tamoxifen included in this
study and thus publication bias in regards to cardiotoxicity of these
drugs is not anticipated. In addition, there was not sufficient infor-
mation to assess risk of cardiovascular events by patients’ baseline
cardiovascular disease risk. We were also not able to conduct ana-
lysis for cardiovascular mortality as this endpoint was reported in-
consistently across trials. Pharmacoepidemiologic studies will need
to address whether Als increase the risk of cardiovascular-
associated mortality in comparison to tamoxifen.

Conclusions

RCTs directly comparing Als to tamoxifen suggest that Als are
associated with an increased risk of cardiovascular events. As a re-
sult, current clinical practice guidelines indicate that ischemic
heart disease is a major adverse event associated with Als [7].
However, the results from this study demonstrate that the cardio-
vascular events associated with Als in RCTs directly comparing
Als to tamoxifen may be accounted for by the cardioprotective ef-
fects of tamoxifen. Concordant with these results, Als are not
associated with cardiovascular events when compared with pla-
cebo in the extended-adjuvant setting. The results from this study
are consistent with the putative mechanisms for cardioprotective
actions of tamoxifen in previous studies. The findings of this sys-
tematic review and meta-analysis should be considered when as-
sessing the benefits and risks of Als in treatment of breast cancer
in postmenopausal women.
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