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Abstract
Background  The relationship between obesity and prognosis of early breast cancer is complex. Increased levels of aromatase 
present in adipose tissue of obese postmenopausal women may lead to suboptimal suppression of systemic estrogens. How-
ever, studies have been mixed with respect to the association between use of aromatase inhibitors (AIs) and clinical outcomes 
in obese women with early breast cancer.
Methods  We conducted a systematic literature review following PRISMA guidelines to examine the impact of obesity on 
the efficacy of AIs in early-stage hormone receptor-positive breast cancer. Primary outcome measures included disease-free 
survival, relapse-free survival, distant recurrence-free survival, breast cancer-free survival, and overall survival.
Results  Of 491 studies identified, eight studies met criteria for inclusion: three retrospective cohort studies, one prospective 
cohort study and four randomized controlled trials. Four studies limited eligibility to postmenopausal women. Percentage 
of obese patients in studies ranged from 10 to 30%. Two studies examined use of AIs alone while the remainder included 
patients treated with either AIs or tamoxifen. Five out of seven studies suggested a negative impact of obesity on AI efficacy.
Conclusions  The results of our systematic review highlight a need for further research exploring the optimal endocrine 
therapies for obese women. There is insufficient evidence at present to recommend tailoring adjuvant endocrine therapy 
with use of specific AIs or for dosing modifications of AIs in this patient population.
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Abbreviations
AI	� Aromatase inhibitor
BMI	� Body mass index
DFS	� Disease-free survival
RFS	� Relapse-free survival
DFRS	� Distant recurrence-free survival

BCFS	� Breast cancer-free survival
OS	� Overall survival
ER	� Estrogen receptor
HR	� Hormone receptor

Introduction

Obesity, defined as a body mass index (BMI) greater than or 
equal to 30 kg/m2, according to the WHO classification, is 
associated with an increased risk of breast cancer [1, 2]. In 
a large prospectively studied cohort of U.S. adults, obesity 
was associated with increased mortality from a number of 
solid tumors, including breast cancer [3, 4]. While there are 
many possible underlying reasons for a worsened prognosis 
including the negative impact of increased body mass on 
tumor biology [5–9], the type of adjuvant endocrine therapy 
used in obese breast cancer patients may play an important 
role [10, 11]

Both tamoxifen and AIs are commonly used adjuvant 
endocrine therapies in breast cancer [12, 13]. AIs are often 
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the preferred treatment for postmenopausal women and 
are combined with ovarian suppression in premenopau-
sal women. However, there is a lack of large prospective 
randomized studies examining the impact of the type of 
endocrine therapy on clinical outcomes for obese breast 
cancer patients. Although endocrine therapies such as AIs 
and tamoxifen are not dosed according to BMI, standard 
treatment doses may not be sufficient to antagonize circu-
lating estrogens in obese women [14]. This is possibly due 
to the higher levels of aromatase in peripheral fatty tissue 
of obese women [15, 16]. Since obesity is associated with 
increased adipose tissue and aromatase activity (the target 
of AIs), there is concern that these agents may be less effec-
tive in women who are overweight or obese [10]. However, 
the literature is mixed on this association [17–24] and there 
are no specific recommendations regarding use of adjuvant 
AIs in this patient population. Therefore, we performed a 
systematic review of observational cohort studies and inter-
ventional clinical trials to examine the impact of obesity 
on clinical outcomes for women treated with adjuvant aro-
matase inhibitors versus tamoxifen for early breast cancer.

Materials and methods

Data sources

A systematic review was conducted based on the guide-
lines outlined in The PRISMA Statement [25], using the 
databases Medline (January 1946–July 2019), EMBASE 
(January 1947–2019 Week 29), and the Cochrane Central 
Database on Controlled Trials (June 2019). The following 
Search terms were used: breast neoplasms; obesity; estro-
gens; receptor, estrogens; neoplasm recurrence, local. Sub-
ject headings and keywords were modified for each database 
according to its unique indexing terms. The search (Sup-
plementary Tables 1–3) was conducted by a medical infor-
mation specialist and limited to humans, without language 
restrictions. Reference lists of retrieved articles were also 
screened for additional relevant studies.

Study selection

The aim of this systematic review was to examine clini-
cal outcomes for obese patients treated with AIs for early 
breast cancer. Inclusion criteria included women with hor-
mone receptor-positive (HR +) breast cancer on treatment 
with AIs in which BMI was recorded. Primary outcome 
measures included disease-free survival (DFS), relapse-
free survival (RFS), distant recurrence-free survival 
(DFRS), breast cancer-free survival (BCFS), and overall 
survival (OS). Secondary outcome measures were not 
included in selection of studies. Studies were excluded if 

the patient population did not include early breast cancer 
patients; if trials were evaluating systemic therapies other 
than endocrine therapies; if trials did not report clinical 
outcomes for obese breast cancer patients on adjuvant AIs 
or if duplicate data were reported. Only studies in Eng-
lish language were included. Included publication types 
were published and unpublished studies including peer-
reviewed publications and conference abstracts in which 
full study results could be obtained. When full articles 
were not available, the authors were contacted and full-
study publications requested. If full publication could not 
be obtained, the conference abstract was excluded. Edi-
torials, letters, commentaries, reviews, case series, case 
reports and case–control studies were excluded.

One reviewer (MS) selected potentially eligible studies 
by independently screening titles and abstracts of iden-
tified studies following literature searches on the three 
chosen databases. A second reviewer (RCP) confirmed 
the selection of eligible studies. Full texts of the studies 
identified were subsequently retrieved and independently 
assessed for eligibility by two reviewers (MS and RCP).

Data extraction

Data from selected studies were then independently 
extracted by the two study authors (MS and RCP) using 
duplicate Excel spreadsheets. The data extracted included 
information on study author, date of publication, article 
title, type of publication, study design, inclusion/exclusion 
criteria, age, gender, disease characteristics, number of 
participants enrolled on each study arm, measurement tool 
or methods used, setting, intervention and control, descrip-
tion of interventions, analysis units, statistical tests used, 
pre-specified outcomes, length of follow-up, summary of 
outcomes data and additional outcomes of the included 
studies for the purposes of this systematic review.

Risk of bias assessment

The Cochrane Risk of Bias Tool for Randomized Con-
trolled Trials 2.0 (RoB 2.0) was used to assess the quality 
of included studies. In this checklist tool, domains per-
taining to randomized studies only were indicated as “not 
applicable” for the analysis of the four cohort studies. 
The RoB 2.0 rates studies as “low risk”, “unclear risk” or 
“high risk” of bias using pre-established criteria to evalu-
ate both study design and applicability. Risk of bias was 
determined by a single reviewer (RCP).
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Results

Our search yielded a total of 491 publications of which 40 
were duplications. 419 studies were excluded with reasons 
after reviewing the abstracts and titles. For the remaining 
32 studies, full manuscripts were retrieved and assessed 
for eligibility of which 24 were excluded with reasons and 
8 articles met inclusion criteria (Fig. 1 PRISMA flow dia-
gram). Study characteristics are summarized in Table 1. 
Comparison of study outcomes based on treatment are 
shown in Table 2. Included studies were deemed to have a 
low risk of bias (Supplementary Data Fig. 1).

Three studies focused on treatment with anastrozole 
specifically and reported a difference in efficacy of anas-
trozole according to BMI. Pfeiler et al. [26] retrospectively 
analyzed premenopausal patients from ABCSG-12 trial to 
investigate the influence of BMI on the efficacy of adju-
vant endocrine therapy. ABCSG-12 examined the efficacy 
of goserelin in combination with anastrozole or tamoxifen 

with or without zoledronic acid in premenopausal women 
with HR + breast cancer. They compared overweight and 
obese patients (BMI ≥ 25  kg/m2) with normal weight 
patients (BMI 18.5–24.9 kg/m2) and found that overweight 
patients treated with anastrozole had a 60% increase in the 
risk of disease recurrence (HR 1.60; 95% CI 1.06–2.41; 
P = 0.02) and more than a doubling in the risk of death 
(HR 2.14; 95% CI 1.17–3.92; P = 0.01) compared with 
normal weight patients treated with anastrozole. In con-
trast, BMI showed no prognostic impact in patients treated 
with tamoxifen. In tamoxifen-treated patients, DFS (HR 
0.94; 95% CI 0.60–1.64; P = 0.76) and OS (HR 0.83; 95% 
CI 0.35–1.93; P = 0.65) were not significantly different 
between normal weight patients and overweight patients.

Sestak et al. [21] retrospectively analyzed data from the 
ATAC trial, which randomized women HR + early breast 
cancer to either anastrozole or tamoxifen, to investigate 
the effect of BMI on treatment efficacy. They found that 
anastrozole was more effective than tamoxifen across all 
BMI groups. Recurrence rate in the anastrozole group was 

Fig. 1   Flowchart for the search 
strategy conducted as per 
PRISMA guidelines. BMI body 
mass index, n/a not applicable
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Table 2   Comparison of treatment studies by obesity

Study Endpoint Comparison Treatment Result 95% CI P value

Ewartz (2012) DFS BMI ≥ 30 vs. BMI < 25 All HR 1.09 0.94–1.27 NA
DFS Letrozole HR 1.09 0.87–1.35
DFS Tamoxifen HR 1.10 0.89–1.35
OS BMI ≥ 30 vs. BMI < 25 All HR 1.19 0.99–1.44 NA
OS Letrozole HR 1.22 0.93–1.60
OS Tamoxifen HR 1.18 0.91–1.52

Gnant et al. [24] DFS BMI > 25 vs. BMI < 25 All HR 1.05 0.75–1.49 NA
DFS Anastrozole HR 1.55 0.87–2.77
DFS No treatment HR 0.79 0.52–1.23
OS All HR 1.05 0.67–1.64
OS Anastrozole HR 1.58 0.72–3.49
OS No treatment HR 0.81 0.47–1.4

Jiralerspong et al. [30] RFS BMI < 25 vs. BMI 
25–30 vs. BMI ≥ 30

Tamoxifen NA NA 0.0124

RFS BMI < 25 vs. BMI 
25–30 vs. BMI ≥ 30

Aromatase inhibitor NA NA 0.7419

OS BMI < 25 vs. BMI 
25–30 vs. BMI ≥ 30

Tamoxifen NA NA 0.0043

OS BMI < 25 vs. BMI 
25–30 vs. BMI ≥ 30

Aromatase inhibitor NA NA 0.5808

Pfeiler et al. [26] DFS BMI < 25 vs. BMI > 25 Tamoxifen HR 0.94 0.60–1.46 NA
DFS BMI < 25 vs. BMI > 25 Anastrozole HR 1.60 1.06–2.41
OS BMI < 25 vs. BMI > 25 Tamoxifen HR 0.83 0.35–1.93 NA
OS BMI < 25 vs. BMI > 25 Anastrozole HR 2.14 1.17–3.92

Sendur et al. [27] DFS BMI < 25 vs. BMI ≥ 25 Anastrozole Median DFS 96 mo. 
for BMI < 25 vs. 118 
mo. for BMI ≥ 25

N/A 0.08

Sestak et al. [21] All recurrences BMI > 35 vs. BMI < 23 All HR 1.39 1.06–1.82 NA
Anastrozole HR 1.53 1.01–2.32
Tamoxifen HR 1.18 0.90–1.84

All recurrences BMI 30–35 vs. 
BMI < 23

All HR 1.14 0.91–1.44 NA
Anastrozole HR 1.3 0.91–1.85
Tamoxifen HR 0.99 0.74–1.35

All recurrences BMI 28–30 vs. 
BMI < 23

All HR 1.25 0.97–1.61 NA
Anastrozole HR 1.42 0.97–2.08
Tamoxifen HR 1.02 0.80–1.56

All recurrences BMI 25–28 vs. 
BMI < 23

All HR 1.21 0.97–1.50 NA
Anastrozole HR 1.29 0.92–1.81
Tamoxifen HR 1.13 0.84–1.50

All recurrences BMI 23–25 vs. 
BMI < 23

All HR 1.14 0.90–1.45 NA
Anastrozole HR 1.1 0.75–1.60
Tamoxifen HR 1.18 0.86–1.61

Wisse et al. [28] Breast cancer-free 
interval

BMI < 25 vs. BMI > 25 Tamoxifen HR 1.72 1.00–2.95 0.032

Breast cancer-free 
interval

BMI < 25 vs. BMI > 25 Aromatase inhibitor HR 1.71 0.91–3.20 0.055

OS BMI < 25 vs. BMI > 25 Tamoxifen HR 2.28 1.29–4.03 0.001
OS BMI < 25 vs. BMI > 25 Aromatase inhibitor HR 1.75 0.92–3.30 0.019
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significantly lower than the tamoxifen-treated group. How-
ever, this benefit was non-significantly greater in thinner 
women (BMI < 23 kg/m2) for all recurrences compared 
to obese women (BMI ≥ 30 kg/m2) (HR 0.64, 95% CI 
0.45–0.91). Anastrozole was significantly less effective in 
postmenopausal women with a BMI higher than 30 kg/m2 
compared to those women with a BMI lower than 28 kg/m2 
(P = 0.01), while the efficacy of tamoxifen was comparable 
across all BMI groups (P = 0.54). Moreover, women with a 
high BMI (BMI ≥ 35 kg/m2) had a significantly higher rate 
of breast cancer recurrences compared to those women 
with a low BMI (HR 1.39; 95% CI 1.06–1.82).

Gnant et al. [23] retrospectively investigated the impact 
of BMI on disease outcome from the ABCSG-6a trial, in 
which postmenopausal HR + early breast cancer patients 
were randomly assigned to receive either 3 years of anas-
trozole or no further treatment. DFS and OS were com-
pared in obese and overweight patients (BMI ≥ 25 kg/
m2) versus normal weight and underweight patients 
(BMI < 25 kg/m2). No difference was found in DFS (HR 
1.05; 95% CI 0.75–1.49, P = 0.76) and OS (HR 1.05; 95% 
CI 0.67–1.64, P = 0.83) between these BMI groups. The 
two BMI groups were also compared according to treat-
ment arm. In the control group, no difference was observed 
between the two BMI groups with regards to DFS (HR 
0.79; 95% CI 0.52–1.23, P = 0.3) and OS (HR 0.81; 95% 
CI 0.47–1.4, P = 0.45). However, in the group treated with 
additional anastrozole, overweight and obese patients had 
a non-significant worse DFS compared with normal weight 
patients (HR 1.55; 95% CI 0.87–2.77, P = 0.14), and a 
non-significant worse OS (HR 1.58; 95% CI 0.72–3.49, 
P = 0.25).

In contrast, two studies that focused on postmenopausal 
women treated with letrozole reported no difference in effi-
cacy of this drug between obese and non-obese patients. In 
a retrospective cohort study, Sendur et al. [27] compared the 
efficacy of anastrozole or letrozole in overweight and obese 
(BMI ≥ 25 kg/m2) versus normal weight (BMI < 25 kg/m2) 
postmenopausal women with HR + breast cancer, and found 
no difference in DFS. Both letrozole- and anastrozole-treated 
patients had similar DFS and OS rates in normal weight 
patients, overweight and obese patients. Analysis of DFS 
according to BMI also revealed a non-significant difference 

between BMI < 25  kg/m2 and BMI ≥ 25  kg/m2 patients 
(P = 0.08).

Ewertz et al. [22] performed a sub-analysis of the BIG 
1–98 trial in which 4760 postmenopausal women with 
HR + early breast cancer were randomly assigned to receive 
5 years of monotherapy with either letrozole or tamox-
ifen. They compared DFS and OS outcomes for obese 
patients (BMI ≥ 30 kg/m2) versus normal weight patients 
(BMI < 25 kg/m2) and efficacy of endocrine therapy. OS 
was worse for obese patients (HR 1.19; 95% CI 0.99–1.44) 
compared to normal weight patients, but there was no sig-
nificant difference in DFS between these two groups. Analy-
sis by treatment showed no significant difference between 
obese and normal weight patients in OS (P = 0.74) and DFS 
(P = 0.89) for both the letrozole- and tamoxifen-treated 
groups.

Three studies assessed efficacy of AI (type not specified) 
versus tamoxifen, two of which found an inferior AI effi-
cacy in patients with higher BMI. Similarly, in a prospective 
cohort study, Wisse et al. [28] analyzed 1640 patients with 
primary breast cancer to investigate the impact of preopera-
tive BMI on breast cancer-free interval and OS. They found 
that patients ≥ 50 years with ER + tumors and BMI ≥ 25 kg/
m2 had a shorter breast cancer-free interval when treated 
with tamoxifen (HR 1.72; 95% CI 1.00–2.95; P = 0.032) or 
an AI (HR 1.71; 95% CI 0.91–3.20; P = 0.055) compared 
to patients with a lower BMI. These patients also had a 
shorter OS when treated with tamoxifen (HR 2.28; 95% CI 
1.29–4.03; P = 0.001) or AIs (HR 1.75; 95% CI 0.92–3.30; 
P = 0.019) compared to patients with lower BMI.

Similarly, in a retrospective analysis, Wolters et al. [29] 
compared efficacy of AI and tamoxifen based on BMI with-
out specifying the type of AI used. They examined 4636 
patients with primary breast cancer, 74.6% of which were 
postmenopausal and 84% of whom had HR + tumors. RFS 
and efficacy of endocrine therapy was compared in obese 
(BMI ≥ 30 kg/m2) and non-obese (BMI < 30 kg/m2) patients. 
They found that in contrast to tamoxifen, AI efficacy was 
dependent on BMI. A non-significant RFS benefit was 
observed for AI versus tamoxifen in the non-obese patients 
(HR 1.29, 95% CI 0.63–2.62); whereas there was an RFS 
benefit for tamoxifen versus AI in the obese group (HR 0.65, 
95% CI 0.29–1.45).

BMI body mass index, DFS disease-free survival, RFS relapse-free survival, OS overall survival, HR hazard ratio, NA not available

Table 2   (continued)

Study Endpoint Comparison Treatment Result 95% CI P value

Wolters et al. [29] RFS BMI < 30 Aromatase inhibitor 
vs. tamoxifen

HR 1.29 0.63- 2.62 0.486

RFS BMI ≥ 30 Aromatase inhibitor 
vs. tamoxifen

HR 0.65 0.29- 1.45 0.289



762	 Breast Cancer (2021) 28:755–764

1 3

In contrast, Jiralerspong et al. [30] assessed outcomes 
for 6342 breast cancer patients with a median follow-up 
of 5.4 years and found that overweight and obese groups 
(BMI > 25 kg/m2) had significantly worse RFS (P = 0.01) 
and OS (P = 0.004) in patients treated with tamoxifen, but 
not in patients treated with AI (RFS P = 0.74, OS P = 0.58).

Discussion

Five out of eight included studies suggest a positive associa-
tion between high BMI and inferior breast cancer outcomes 
in patients treated with AIs. Most studies only included post-
menopausal patients, but a single study focused on premeno-
pausal women and also found a positive association between 
higher BMI and decreased AI efficacy.

Obesity is associated with poor breast cancer prognosis in 
both premenopausal and postmenopausal women [31–33]. 
In ER + breast cancer patients, the outcome can be improved 
through inhibition of the estrogen receptor with drugs such 
as tamoxifen or through decreasing estrogen production with 
AIs. AIs have been shown to be more effective than tamox-
ifen in improving the disease-free (or recurrence-free) out-
comes in postmenopausal early breast cancer patients [13]. 
In obese postmenopausal women, increased production of 
estrogen by aromatase in excess adipose tissue is associ-
ated with higher estrogen levels. These patients may require 
higher doses of AIs for sufficient estrogen suppression. 
However, AIs are currently not dosed according to body 
weight and the same dose of a particular AI is prescribed 
for all patients [19]. Evidence suggests that AIs (particu-
larly letrozole) may be more beneficial than tamoxifen in 
postmenopausal women regardless of BMI, although this 
benefit may be smaller in overweight and obese women [34]. 
Our results provide further support for these findings with an 
overall trend toward a negative impact of obesity on clinical 
outcomes with anastrozole but not with letrozole treatment.

The impact of obesity on AI efficacy in early breast cancer 
deserves further investigation as there were only a handful of 
studies that we were able to identify that specifically focused 
on this question. Furthermore, it is important to investigate 
whether the impact of obesity on AI efficacy is specific to 
the AI used for treatment. Analyses of the ABCSG-12 [26], 
ATAC [21], and ABCSG-6a [24] trials by BMI, found a sig-
nificant decrease in efficacy of anastrozole in patients with 
higher BMI. In contrast, the studies by Sendur et al. [27] 
and Ewertz et al. [22], which investigated use of letrozole, 
found no difference in outcomes across BMI groups. These 
findings have led to the notion that the impact of BMI on AI 
efficacy may be drug dependent. Indeed, third-generation 
AIs (letrozole, anastrozole, and exemestane) are not equi-
potent. It has been found that letrozole is 10–30 times more 
potent than anastrozole in its ability to inhibit intracellular 

aromatase and is also used at a 2.5-fold higher dose [35, 
36]. Letrozole is in fact a more potent estrogen suppres-
sor than either anastrozole or exemestane [37]. This could 
account for the studies with letrozole as the AI showing lit-
tle or no difference in outcomes compared to studies using 
anastrozole.

There are a few limitations to note in our systematic 
review. Significant variability in study factors limit our 
ability to combine the study results in a meta-analysis to 
draw generalized conclusions. The definition of obesity and 
the comparison groups varied significantly amongst the 
included studies. In our opinion, obesity should be defined 
as per the World Health Organization (WHO) guidelines, 
in which obesity is defined as a BMI of 30 kg/m2 or higher. 
While the majority of studies followed the WHO classifica-
tion of BMI to compare obese (BMI ≥ 30 kg/m2) patients 
to normal weight (BMI 18.5–24.9 kg/m2) patients [22, 26, 
30], one study compared obese (BMI ≥ 30 kg/m2) versus 
non-obese (BMI < 30 kg/m2) patients [29]. Some studies 
included overweight and obese patients together in one 
group (BMI ≥ 25 kg/m2) and compared them to normal 
weight (BMI 18.5–24.9 kg/m2) patients [24, 27, 28]. The 
study by Sestak et al.[21] followed a different classification 
and compared women with a ‘low’ BMI (BMI < 23 kg/m2) 
with either morbidly obese (BMI ≥ 35 kg/m2) or obese (BMI 
30–35 kg/m2) women.

Differences in patient populations included further impact 
on the clinical outcome data and limited the ability to pool 
study results. Included studies differed in terms of meno-
pausal status, presence of comorbidities, and the treatment 
regimens used. While majority of the studies included both 
premenopausal and postmenopausal women, four studies 
only included postmenopausal patients [21, 22, 24, 27], 
and one study [26] only included premenopausal women. 
Whether there may be a differential impact of obesity in 
postmenopausal women on AI alone versus premenopausal 
women on the combination of AI and ovarian suppression 
is unknown.

Use of adjuvant chemotherapy also differed significantly 
among the studies and may further account for the observed 
differences in clinical outcomes in the studies. Perhaps dif-
ferential dosing of chemotherapy in obese versus non-obese 
patients may have played an important role in the variability 
of survival outcomes across studies.

In conclusion, despite the observed poorer survival 
outcomes in obese versus non-obese women noted in our 
review, there is not sufficient evidence at present to sug-
gest that obese women have inferior outcomes on AIs versus 
tamoxifen. Selection of optimal adjuvant endocrine therapies 
must also take into account the risk–benefit ratio. The risk of 
common AI toxicities such as joint symptoms [38] and car-
diovascular effects [39] may be higher in obese compared to 
normal weight women. This may result in lower compliance 
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to AI in obese women, and therefore, potentially translate to 
poorer clinical outcomes in this population. Future prospec-
tive studies are needed to better understand the efficacy and 
toxicities of AIs in obese women and to determine whether 
specific AIs or altered dosage of these drugs would benefit 
obese patients.
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