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Abstract

Background: Obesity at breast cancer (BC) diagnosis has been associated with poor outcome, although the magnitude of
effect in different BC subtypes is uncertain. We report on the association of obesity or overweight at diagnosis of
nonmetastatic BC with disease-free (DFS) and overall survival (OS) in the following defined subtypes: hormone receptor posi-
tive/HER2 negative (HR+HER2-), HER2 positive (HER2+), and triple negative (TNBC). Methods: We searched MEDLINE,
EMBASE, and COCHRANE databases up to January 1, 2019. Study eligibility was performed independently by 2 authors.
Studies reporting hazard ratios (HRs) of OS and/or DFS for obesity or overweight in BC subtypes were included. The pooled
hazard ratio was computed and weighted using generic inverse variance and random effects models. Results: Twenty-seven
studies were included. Obese compared with nonobese women had worse DFS in all subtypes: the hazard ratios were 1.26
(95% confidence interval [CI] = 1.13 to 1.41, P <.001) for HR+HER2— BC, 1.16 (95% CI = 1.06 to 1.26, P < .001) for HER2+ BC, and
1.17 (95% CI = 1.06 to 1.29, P=.001) for TNBC. OS was also worse in obese vs nonobese women (HR+HER2— BC HR = 1.39, 95%
CI=1.20to 1.62, P <.001; HER2+ BC HR = 1.18, 95% CI = 1.05 to 1.33, P=.006; and TNBC HR = 1.32, 95% CI = 1.13 to 1.53,

P <.001). As opposed to obesity, overweight was not associated with either DFS or OS in HER2+ BC (HR =1.02, 95% CI = 0.81 to
1.28, P=.85; and HR = 0.96, 95% CI = 0.76 to 1.21, P =.99, respectively) or TNBC (HR = 1.04, 95% CI = 0.93 to 1.18, P = .49; and
HR=1.08, 95% CI = 0.81 to 1.44, P =.17), respectively. In HR+HER2— BC, being overweight was associated with worse OS (HR =
1.14, 95% CI = 1.07 to 1.22, P < .001). Conclusions: Obesity was associated with modestly worse DFS and OS in all BC subtypes.

Obesity is recognized as being associated with poor prognosis in
several cancers, including breast cancer (BC) (1,2). Key prior
meta-analyses of obesity and localized BC outcome have fo-
cused on all BCs (1) (hazard ratio [HR] for mortality in obese vs
nonobese = 1.41, 95% confidence interval [CI] = 1.29 to 1.53)
disease-free survival (DFS) or BC subdivided by hormone recep-
tor status only (2). For example, in a literature-based meta-anal-
ysis, the hazard ratio for overall mortality in obese vs nonobese
was 1.31 (95% CI = 1.17 to 1.46) for hormone receptor positive
(HR+) and 1.18 (95% CI = 1.06 to 1.31) for hormone receptor neg-
ative (HR—) BC (Paifference=-31) (2). In a more recent meta-
analysis that focused on triple-negative BC (TNBC), obesity was
not associated with DFS or overall survival (OS) (HR = 0.93 and

1.07, respectively); however, inclusion of studies was incom-
plete and numbers of patients in the included studies were
small (3).

Differences in obesity associations among studies may re-
flect patient selection, a factor that is particularly important in
the comparison of observational and interventional studies.
Even when body mass index (BMI) is similar, metabolically
healthier patients (ie, those without diabetes or cardiovascular
disease) may be more likely to be enrolled into intervention tri-
als, particularly those that include cardiotoxic treatments.
These metabolically healthy patients are less likely than meta-
bolically unhealthy patients to have obesity-associated attrib-
utes such as hyperinsulinemia, dysglycemia, dyslipidemia, and
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Box 1. Search strategy

exp Breast Neoplasms/or Carcinoma, Ductal, Breast/or (breast adj2 (cancer” or neoplasm* or carcinoma* or tumo? r* or adeno-
carcinoma®)).ti, ab, kw. or ((neoplasms/or carcinoma/or adenocarcinoma/) AND (breast/or mammary glands, human/or nip-
ples/or breast diseases/))

AND

body mass index/or body size/or body weight/or overweight/or obesity/or obesity, abdominal/ or obesity, metabolically be-
nign/or obesity, morbid/or waist circumference/or waist-height ratio/ or waist-hip ratio/or body fat distribution/or adiposity/or
((body adj (mass or size or weight or fat)) or overweight or obes* or adiposity or (waist* adj3 (circumference or ratio))).ti, ab,

=~
m
S
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S

kw.
AND

or

proportional hazards models/or

recur® or relaps®).ti, ab, kw. exclude animals

prognosis/or disease-free survival/or medical futility/or treatment outcome/or treatment failure/

disease progression/or remission, spontaneous/or morbidity/or incidence/or prevalence/or mortality/or “cause of death”/or fa-
tal outcome/or mortality, premature/or survival rate/ survival analysis/or disease-free survival/or kaplan-meier estimate/or

(prognosis or surviv® or outcome* or disease progres* or remission* or morbid* or mortality or “cause of death” or recover* or

inflammation that may mediate associations of obesity with
poor BC outcomes, even when BMIs are similar, and they have
lower rates of non-BC deaths, leading to different associations
of obesity with outcomes.

Previous comprehensive meta-analyses have not compre-
hensively examined obesity associations across BC subtypes,
nor have they focused on BCs diagnosed since the introduction
of routine HER? testing. Although there is a growing consensus
that obesity is associated with poor outcomes in HR+ BC, there
is less evidence in those HR+ BCs that are also shown to be
HER2-. There has also been limited and inconsistent evidence
regarding the association of obesity with BC outcome in more
aggressive BC subtypes such as TNBC and HER2 positive
(HER2+) (4-6). For example, despite the suboptimal meta-
analysis in TNBC discussed above, Turkoz et al. (4) reported
worse DFS for obese vs nonobese patients in the HER2+ and
TNBC subgroups (HR = 1.51, 95% CI = 1.1 to 2.1; and HR = 1.41,
95% CI = 1.0 to 2.0, respectively), whereas Sparano et al. (5) did
not find statistically significant associations of obesity with DFS
in these 2 populations (HR = 1.06, 95% CI = 0.82 to 1.38; and HR
=1.03, 95% CI = 0.81 to 1.30, respectively). Some of the differen-
ces across studies may reflect patient selection as discussed
above; they may also reflect advances in adjuvant treatment in
HER2+ and TNBC that may result in different associations of
BMI with outcomes than was seen in earlier cohorts receiving
less intensive therapy.

Given the limitations of prior meta-analyses and the con-
tinuing appearance of studies examining the association of obe-
sity with BC outcomes, we conducted a literature-based meta-
analysis with the goal of clarifying the association of body size
with outcomes in nonmetastatic BC across the spectrum of
immunohistochemically defined BC subtypes (HR+HER2—,
HER2+, and TNBC) in women receiving modern adjuvant
therapies.

Methods

Protocol and Literature Search

The study protocol was published by Prospero (registration
number CRD42020130723) (7) and followed the PRISMA guide-
lines for meta-analyses of observational studies (8).

Our main analysis compared DFS and OS in obese and non-
obese groups, accepting obesity as defined in each study. A sen-
sitivity analysis was performed restricted to studies with
obesity defined as BMI > 30kg/m?. The outcome of BC-specific
survival (BCSS) was deemed secondary because fewer studies
reported this outcome. In general, BCSS was defined as survival
until death from BC. We investigated potential sources of het-
erogeneity, notably study design (observational vs interven-
tional studies). In addition to obesity, some studies also
reported results for overweight (BMI = 25-30kg/m? vs lower
BMI; these were analyzed in a prespecified subgroup analysis.

Search Criteria

A comprehensive search of MEDLINE, EMBASE, and COCHRANE
databases from inception to January 1, 2019, was performed.
Abstracts presented at the American Society of Clinical
Oncology Annual Meeting, the American Society of Clinical
Oncology Breast Cancer Symposium, the San Antonio Breast
Cancer Symposium, and the European Society for Medical
Oncology Annual Meeting between 2014 and 2018 were also
searched. Authors were contacted to obtain further data if
abstracts without corresponding articles were identified.
Manual searches of the reference lists of all pertinent reviews
were also undertaken. The first 200 results of a Google Scholar
search of subject headings “obesity” and “breast cancer” and
“prognosis” or “outcome” were also reviewed for additional
studies.

An electronic search was conducted by a professional librar-
ian on the OvidSP search platform in the MEDLINE, EMBASE,
and COCHRANE databases. Both subject headings and text word
terms for BC, obesity, and prognosis terms were used. The
results were limited to nonmetastatic BC study terms. The com-
plete search strategy is provided in Box 1.

Identification of Studies

Studies that reported outcomes only in relation to hormone re-
ceptor status without stratifying by HER2 status were excluded.
Only studies that reported hormone receptor and HER?2 identi-
fied by immunohistochemistry or fluorescence in situ hybridi-
zation were included. Hormone receptor positivity included



estrogen receptor and/or progesterone receptor-positive BCs as
defined by the authors. Reports of observational or interven-
tional studies in any language involving newly diagnosed non-
metastatic invasive BC populations that compared DFS, OS,
and/or BCSS in obese vs nonobese patients were included if
they contained the following information: 1) OS, DFS, and/or
BCSS reported by BMI category according to hormone receptor
and HER?2 status; 2) measurement of body size around the time
of diagnosis, reported as BMI, to allow classification as
obese (World Health Organization definition of obesity of BMI
> 30kg/m? vs the reference category normal weight (BMI =
18.5-24.9kg/m?), or nonobese category (BMI < 25kg/m?). If simi-
lar, authors’ definition of body size categories was accepted;
and 3) explicit reporting of hazard ratios associating body size
with DFS, OS, and or BCSS by BC subtype. Of note, individual
studies’ definitions of these outcomes were accepted.

Data Extraction

Data were extracted independently by 2 authors (A.E.L. and
S.V.S.) using standardized data collection forms. Any discrepan-
cies were resolved by consensus. Reasons for exclusion of stud-
ies were recorded. When necessary, additional information was
requested from study authors.

AEL. and S.V.S. used the Newcastle-Ottawa Scale indepen-
dently to assess risk of bias (9). We applied this assessment to
both observational and interventional studies because in the
clinical trials, authors performed post hoc analyses using a pop-
ulation that was randomly assigned to a different treatment;
obesity was not relatedto the randomization in these trials.

Statistical Analysis

Meta-analysis was performed using Review Manager 5.3 soft-
ware (The Cochrane Collaboration, 2014). Outcomes were in-
cluded if at least 3 studies that met the criteria were available.
Pooled estimates of HR outcomes were computed using
random-effects modeling (10) and generic inverse variance (11),
and forest plots were used to display the results. Random
effects modeling was chosen because it was possible effects
would differ across studies due to differences in population and
treatment, irrespective of the magnitude of statistical heteroge-
neity. Clinical heterogeneity of included studies was assessed
using Cochran Q test, the I statistic (11). I? greater than 50% was
classified as having substantial heterogeneity, and this was dis-
cussed accordingly. Publication bias was assessed using visual
inspection of a funnel plot, which was most useful with more
than 10 studies. Statistical tests were 2-sided, and statistical sig-
nificance was defined as Pless than .05.

Results

Included Studies

Reviewed publications are summarized in Figure 1. A total of
10703 studies were identified, with most excluded on the basis
of titles and abstracts. There were 188 reports retrieved for de-
tailed assessment, of which 161 were excluded: 153 studies did
not report results by BC subtype, 1 study reported only odds ra-
tios, 1 investigated change in BMI rather than BMI at diagnosis,
2 used BMI as a continuous variable, 2 reported percentage of
patients alive or dead, and 2 classified BC by genomic assays.
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The remaining 27 studies, 21 observational and 6 interventional,
met the eligibility criteria.

The characteristics of included publications are summarized
in Table 1, and baseline patient and tumor characteristics are
provided in Supplementary Table 1 (available online). All stud-
ies used BMI to characterize body size; the majority (19 studies;
Table 1, subset A1) defined obesity as BMI > 30kg/m?, and
8 reports used lower cut-points (subset A2), for example, BMI
greater than or equal to 28, 25, or 24kg/m?. For the main analy-
sis, we included the 27 studies in subsets Al and A2 (plots
shown in Figures 2 and 3), and for the sensitivity analysis, only
the 19 in subset Al (Supplementary Figure 2, available online).
Eleven studies included information on associations of over-
weight vs lower BMI with BC outcomes (subset B). All 6 interven-
tional studies (5,13,19-22) had longer than 5years of follow-up
and larger sample sizes (from 1250 to 8381). After request, De la
Cruz et al. (27) provided additional information on all BC sub-
types. Some studies reported information on tumor stage, histo-
logic subtype, and menopausal status (see Supplementary
Table 1, available online); however, associations of body size
with BC outcomes in relation to these variables in combination
with BC subtype were infrequently reported. As a result, it was
not possible to conduct meta-analyses of BMI prognostic associ-
ations by BC subtype within these subsets apart from TNBC in
pre- or postmenopausal patients.

The Newcastle-Ottawa quality rating of these studies is pro-
vided in Table 2. The overall quality of studies was good (mean
overall score =6) with moderate risk of bias. As expected, stud-
ies reported as abstracts only received lower scores.

Outcomes

Prognostic Association of Obesity and Overweight in HR+HER2— BC
In the HR+HER2- subgroup, obesity was associated with worse
DFS (HR = 1.26, 95% CI = 1.13 to 1.41, P <.001; Figure 2, A) (4-
6,13,19,24-26,28,31,32) and OS (HR = 1.39, 95% CI = 1.20 to 1.62,
P<.001; Figure 2, B) (5,6,12,14,19,24,26,28,31). The sensitivity
analysis of studies that defined obesity as BMI > 30kg/m?
showed similar results for both DFS (HR = 1.26, 95% CI = 1.12 to
1.41, P <.001; Supplementary Figure 1, A, available online) and
OS (HR = 1.31, 95% CI = 1.16 to 1.49, P <.001; Supplementary
Figure 1, B, available online). The associations of obesity with
DFS and OS were similar in observational vs interventional
studies (DFS HR = 1.30, 95% CI = 1.08 to 1.56 vs HR = 1.24, 95% CI
=1.08 to 1.41, subgroup difference P =.66; and OS HR = 1.39, 95%
CI =1.06 to 1.83 vs HR = 1.36, 95% CI = 1.16 to 1.58, subgroup dif-
ference P =.88).

An analysis of the impact of overweight status on DFS was
not performed because only 2 studies (19,25) reported on this
association in the HR+HER2— BC subtype. For OS, overweight
was associated with worse OS (HR = 1.14, 95% CI = 1.07 to 1.22,
P=.001) in a meta-analysis of 3 studies (12,14,19). An adverse
association of obesity with BCSS was also observed (HR = 1.33,
95% CI = 1.19 to 1.48, P<.001) in a meta-analysis of 6 studies
(4,5,12,14,24,25).

Prognostic Associations of Obesity and Overweight in HER2+ BC

In the HER2+ subgroup, obesity was associated with worse DFS
(HR = 1.16, 95% CI = 1.06 to 1.26, P < .001; Figure 2, C) (4-6,13,20-
23,25,26,28,31) and OS (HR = 1.18, 95% CI = 1.05 to 1.33, P=.006;
Figure 2, D) (5,6,13,19,20,22,23,26,28,31). The sensitivity analysis
of studies that defined obesity as BMI of 30kg/m? or greater
showed similar results for both DFS (HR = 1.17, 95% CI = 1.07 to
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10 703 titles identified from initial search of Medline, Embase, and Cochrane until January 1, 2019
ASCO Annual Meetings, ASCO Breast Cancer Symposium, ESMO, and SABCS (2013-2018)

v

10 515 Unique citations excluded on basis of title
and abstract:
9284 Do not address research question
558 Nonclinical studies
403 Analyzed risk of breast cancer
206 Not breast cancer
54 Citations did not analyze breast cancer
subtypes
10 Used different definition for obesity

\ 4

detailed assessment

188 Potentially relevant publications retrieved for

153 Did not report results by BC subtype

1 Study used OR and did not report HR

1 Study reported change in BMI

2 Studies reported HR as continuous variable

2 Studies reported percentage of patients
alive/dead, not HR

2 Studies reported subgroups by genomic assays

v

27 Included studies

Figure 1. Flow diagram. ASCO = American Society of Clinical Oncology; BC = breast cancer; BMI = body mass index; ESMO = European Society for Medical Oncology; HR

= hazard ratio; OR = odds ratio; SABCS = San Antonio Breast Cancer Symposium.

1.27, P<.001; Supplementary Figure 1, C, available online) and
OS (HR = 1.19, 1.04 to 1.36, P <.009; Supplementary Figure 1, D,
available online).

When comparing observational vs interventional studies,
obesity associations with DFS (HR = 1.20, 95% CI = 0.98 to 1.46
vs HR = 1.14, 95% CI = 1.04 to 1.26, respectively, subgroup differ-
ence P=.68) and for OS did not differ statistically significantly
in observational vs in interventional studies (HR = 1.34, 95% CI
= 1.13 to 1.57 vs HR = 1.10, 95% CI = 0.95 to 1.27, respectively,
subgroup difference P =.08).

Few studies further classified the HER2+ population accord-
ing to hormone receptor status [HER2+/HR+ (12,23,31) and
HER2+/HR—- (12,23,25,31,35)]. No statistically significant prog-
nostic association was observed in either subgroup (DFS HER2+/
HR+ HR = 0.98, 95% CI = 0.77 to 1.25, P=.88; HER2+/HR— HR =
1.12,95% CI = 0.95 to 1.31, P =.24; OS HER2+/HR+ HR = 0.96, 95%

CI = 0.76 to 1.21, P=.74; and HER2+/HR— HR = 1.24, 95% CI =
0.94 t0 1.64, P=.14).

Four studies (13,20,21,23) presented data in women who did
not receive adjuvant trastuzumab; in this subgroup, higher vs
lower BMI was not associated with DFS (HR = 1.03, 95% CI = 0.88
to 1.22, P=.70). Because only 2 studies (20,21) provided informa-
tion on outcome in women who received adjuvant trastuzumab,
a meta-analysis was not possible. Given only 2 studies reported
prognostic associations of BMI with OS in the HER2+ in popula-
tions [Pajares et al. (13) HR = 1.41, 95% CI = 0.80 to 2.50; and
Mazzarella et al. (23) HR = 1.46, 95% CI 0.95 to 2.24] that did not
receive adjuvant trastuzumab, a meta-analysis was not feasible.
No studies reported OS in the HER2+ group that received adju-
vant trastuzumab.

Obesity was not statistically significantly associated with
BCSS in the HER2+ subtype (HR = 1.22, 95% CI = 0.98 to 1.52,
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QW ) P =.07); however, the hazard ratio was similar to that observed
g L2822 E E in meta-analyses of BCSS in HR+HER2— and TNBC, and it is pos-
Q “ w | 8 E sible the small number of studies reporting this outcome
E o | & zo § S '“T" g (4,5,12,24,25) contributed to this lack of statistical significance.
" o ) ? No studies provided BCSS according to patients who received
A2 E 3 ;UJ) 2. ) adjuvant anti-HER2 treatment such as trastuzumab.
§ = Overweight was not associated with DFS (HR = 1.02, 95% CI
8 %8 o0 38 = 0.81 to 1.28, P=.85) or OS (HR = 0.96, 95% CI = 0.76 to 1.21,
A | =2z 2Zz ) gE P =.99) in HER2+ BC.
+ o 28
o %] %] 9 o
4 v O O o el
= > ZZ > ol Prognostic Associations of Obesity and Overweight in TNBC
" o Z ’_8_ In the TNBC subgroup, obesity was associated with poor DFS
£ 2898 T8 (HR = 1.17, 95% CI = 1.06 to 1.29, P=.001; Figure 2, E) (4
g & 6,13,19,25-27) and OS (HR = 1.32, 95% CI = 1.13 to 1.53, P<.001,;
B w o o o e g Figure 2, F) (5,6,13-17,19,26-31,33,35). The sensitivity analysis of
AR . . .
d B ==22z fg R studies that defined obesity as BMI 30kg/m? or greater showed
hel . .
£, 8008 = similar results for both DFS (HR = 1.12, 95% CI = 1.01 to 1.25,
T 0 | Hzzx> g o P =.03; Supplementary Figure 1, E, available online) and OS (HR
% n s g & = 1.17, 95% CI = 1.00 to 1.37, P=.05; Supplementary Figure 1, F,
g 2 é 2 é g g available online)
g £ § . . .
© s 2 Pooled HRs for obesity for both DFS and OS did not differ sta-
§< 3 N - B ; tistically significantly in observational vs interventional studies
SE RnUTV | B (DFS HR = 1.16, 95% CI = 1.04 to 1.30 vs HR = 1.25, 95% CI = 0.94
g P = Teeg 84 to 1.65, P =.64 for subgroup difference; OS HR = 1.34 95% CI =
25 E g2 § E 1.16 to 1.60 vs HR = 1.27, 95% CI = 0.93 to 1.75, P=.80 for sub-
o .
éﬁi L oo ¢ E group difference).
8 - & 2 o« g ﬁ Seven studies (4,5,14,22,24,25,34) reported associations of
o § % g obesity with BCSS in the TNBC subgroup, and a meta-analysis
g 2 g ;E‘ of these findings also demonstrated an adverse prognostic asso-
£ - o 5 ¥y ciation (HR = 1.27, 95% CI = 1.07 to 1.50, P=.006).
- S ; & 23 s | ) % g Limited meta-analyses of obesity associations in TNBC by
2 = ] 8 & % menopausal status were possible (see Supplementary Table 2,
151 = §2¢ available online). In 3 meta-analyses (which each included 3
g 5 . 8 l *090 studies) (31,33,34), obesity was associated with worse OS but not
] é _é’ é g EZ § DFS in premenopausal women (4,31,33) (HR = 2.40, 95% CI =
oo &g 8 1.50 to 3.86, P <.001; and HR = 1.4, 95% CI = 0.68 to 3.03, P= .34,
TR g g z respectively). Obesity was not associated with OS in postmeno-
% 2 g g g 8 g g pausal women (HR = 1.03, 95% CI = 0.70 to 1.50, P=.89)
E ,[; g g ® ; & ﬁ E (31,33,34). Due to the small number of included reports, these
= g S Z— £ z" 2 3 results should be interpreted cautiously. Overweight was not
b4 £ESYE | Buw associated with worse DFS (HR = 1.04, 95% CI = 0.93 to 1.18,
S % g o & &8 TT’ P =.49) or OS (HR = 1.08, 95% CI = 0.81 to 1.44, P=.17) in TNBC.
E 8 o
n M0
Sy >
S ‘2 S w3 ] é g Heterogeneity and Publication Bias
2 '% g § 35 z E g Low heterogeneity was observed for DFS, OS, and BCSS meta-
= o
) £ 3 analyses in the HR+HER2— (I = 35.0%, P =.13; I* = 39.0%, P=.11;
8 E £ and I? = 0.0%, P = .46, respectively) and HER2+ subgroups (I> =
Gl
=58 0.0%, P=.57; I> = 11.0%, P=.33; and I?> = 19.0%, P=.29, respec-
§ 5 & tively). However, in TNBC, whereas low heterogeneity was iden-
- tified in the DFS (I? = 22.0%, P =.19) and BCCS meta-analyses (I*
.- .:':f“NE' 5 = 0.0%, P =.55), high heterogeneity (I* = 56.0%, P =.002) was ob-
& E © i fm_j served in the OS analysis. No notable asymmetry or evidence of
i’ < % 235 publication bias was observed in relation to studies included in
§ gb Z.ﬂ ; :0: % any of the BC subtype primary analyses (Supplementary Figure
& =28 E R 1, A-E, available online).
— S | @ =
. IR AE SR A
=) 9] - o @ T
E nEys EERE N
g SNZ85 2T es 4= Discussion
2 VENE wofwy TF
8 GRS E :g’ S %’ E £ B & Our results suggest that obesity is modestly, but statistically sig-
2oaa e M = e . . .
“ . t g9 é % ] § ‘i ) ﬁ nificantly, associated with worse DFS and OS in all BC subtypes.
% g § S [f:“ 52 E a8 % o § % & Obesity was also statistically significantly associated with
3 &a SERPFEZES worse BCSS in the HR+HER2— and TNBC populations.
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Figure 2. Association of obesity with disease-free survival (DFS) and overall survival (OS) in relation to breast cancer (BC) subtypes: hormone receptor positive and
HER?2 negative (HR+HER2-), HER2 positive (HER2+), and triple negative. A) Association of obesity at breast cancer diagnosis with DFS in HR+HER2— BC is shown. B)
Association of obesity at BC diagnosis with OS in HR+HER2— BC is shown. C) Association of obesity at BC diagnosis with DFS in HER2-+ BC is shown. D) Association of
obesity at BC diagnosis with OS in HER2+ BC is shown. E) Association of obesity at BC diagnosis with DFS in triple-negative (TN) BC is shown. F) Association of obesity
at BC diagnosis with OS in TNBC is shown. BMI = body mass index; CI = confidence interval; IV = inverse variance; SE = standard error.

Hazard ratios for OS and DFS were modestly higher in the
HR+HER2— BC meta-analyses than the other 2 subtypes, but
95% confidence intervals overlapped, and it cannot be con-
cluded that statistically significant differences in prognostic
associations of obesity exist across BC subtypes. Although a sta-
tistically significant association of obesity with BCSS was not
identified in HER2+ BC, only 5 studies were included in that
meta-analysis and the hazard ratio of 1.22 was similar to the
hazard ratios seen in the HR+HER2— and TNBC meta-analyses
(HRs = 1.33in 6 studies and 1.22 in 7 studies, respectively), with
overlapping 95% confidence intervals across the BC subtypes.
As a result, it cannot be concluded that the association of obe-
sity with BCSS differs among BC subtypes. As opposed to obe-
sity, overweight status was not associated with worse outcomes
in HER2+ or TNBC. Because only 2 studies reported associations
of overweight with DFS in the HR+HER2— subgroup, a meta-
analysis could not be performed. A modest but statistically sig-
nificant association of overweight (BMI = 25-30kg/m?) with OS
in the HR+HER2— was observed in a meta-analysis of 3 studies
(HR = 1.14, 95% CI = 1.07 to 1.22). Additional research examining
associations of overweight in all BC subtypes is needed.
Evaluation of HER2 status in the large adjuvant aromatase

inhibitor trials would be of particular interest because that
would allow investigation of obesity associations in large
groups of women with HR+HER2— as well as HR+HER2+ BC.

Previous meta-analyses have not examined prognostic asso-
ciations of BMI in BC subtypes that included assessment of
HER2 status. Similar to previous meta-analyses in HR+ BC that
did not consider HER2 status, obesity was associated with poor
outcomes in HR+HER2— BC in our study. There is little overlap
between the studies included in the prior meta-analysis and
our current analysis, reflecting our requirement that HER2 sta-
tus be used to define BC subtypes. Obesity was also associated
with worse outcomes in TNBC, similar to a prior meta-analysis
in HR— BC that did not consider HER2 status (with little overlap
in included studies), but it is inconsistent with a small meta-
analysis (3) that included fewer studies.

In our analysis of the HER2+ subgroup, although there was
an overall adverse association of BMI with DFS and OS, associa-
tions were not consistently seen when this subgroup was fur-
ther classified according to hormone receptor status. We were
not able to analyze the particular subgroup that received adju-
vant HER2-targeted treatment such as trastuzumab because
fewer (<2) studies reported this subanalysis. It is possible
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Figure 3. Association of obesity with breast cancer (BC)-specific survival in relation to BC subtypes. Results for (A) hormone receptor-positive and HER2 negative
(HR+HER2-), (B) HER2 positive (HER2+), and (C) triple-negative BC subtypes are shown. BMI = body mass index; CI = confidence interval; IV = inverse variance; SE =

standard error.

prognostic associations are different in the presence or absence
of HER2 targeted treatment, affecting the results of our meta-
analyses in this BC subtype. Furthermore, although obesity was
not statistically significantly associated with BCSS in HER2+ BC,
only 5 studies were included in this BCSS meta-analysis, and
the observed HR was numerically similar to the HRs observed
for DFS and OS in HER2+ BC (HR = 1.16, 95% CI = 1.06 to 1.26;
and HR = 1.18, 95% CI = 1.05 to 1.33, respectively). As a result, it
should not be concluded that obesity has different associations
with DFS, OS, and BCSS in HER2+ BC. Any observed inconsisten-
cies in HER2+ meta-analyses may reflect these treatment differ-
ences; they may also reflect low power or heterogeneity or
nonrepresentativeness of studies that reported results in
HER2+ BC by HR subgroups. Additional research in HER2+ BC,
particularly in those receiving targeted adjuvant therapy, is ur-
gently needed.

We were unable to comprehensively examine associations
of obesity with outcome according to menopausal status

because few of the included studies reported these associations.
Meta-analyses were possible only in TNBC where a small sub-
group of studies provided the required information. Results
were inconsistent with no evidence of an association of obesity
with OS in postmenopausal women but some evidence of
poorer OS (and possibly DFS) in premenopausal women. These
limited data do not allow conclusions to be drawn regarding dif-
ferential associations of obesity with BC outcomes in pre- vs
postmenopausal women.

A number of biologic mechanisms linking obesity to BC out-
comes have been proposed; the contributions of these mecha-
nisms may differ across BC subtypes. Excess estradiol
production in adipose tissue of obese participants may lead to
higher estrogen exposure, particularly in postmenopausal
women, contributing to the association of obesity with out-
come in HR+ BG; it is possible these associations may differ in
Luminal A (less aggressive) and Luminal B (more aggressive)
BCs. Only 1 of the included studies examined obesity
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associations in luminal A vs luminal B HR+ BCs and did not
find an association of obesity with DFS or BCSS in either group
(25). Observations (36) that obesity is associated with risk of
developing less aggressive (HR per 5kg/m? = 1.44, 95% CI =
1.10 to 1.90, P=.009) but not more aggressive postmenopausal
HR+HER2— BC and that postmenopausal hormone therapy
users have a lower risk of developing less aggressive
HR+HER2— BC (HR per 5kg/m? = 0.68, 95% CI = 0.50 t0 0.94, P =
.018) suggest that these associations are complex and under-
score the importance of additional research to examine these
associations. Other biologic factors that appear to contribute
to the association of obesity with BC prognosis include insulin
resistance with associated hyperinsulinemia and dysglycemia,
altered adipokines (notably higher leptin and lower adiponec-
tin), and localized or systemic inflammation. These biologic
effects are present in central obesity (37), and they are likely to
be highly relevant to differing degrees across BC subtypes and
to be highly relevant in HR— BCs, regardless of HER2 status,
which are unlikely to be affected by endogenous estrogen lev-
els. Research is needed to explore the potential contributions
of these and other biologic mediators to outcomes across BC
subtypes.

These obesity-associated alterations are also associated
with an increased risk of type 2 diabetes, cardiovascular disease,
and other conditions that may lead to worse OS independent of
BC recurrence or death. This may have affected our analyses of
DFS and OS outcomes (both of which include deaths from non-
BC causes) but would be unlikely to affect BCSS. The persistence
of adverse prognostic associations of obesity in meta-analyses
of BCSS discussed above provides evidence that the associations
we have identified reflect, at least in part, potential direct
impacts of obesity on BC.

Other possible explanations for the worse BC outcomes in
obese individuals include underdosing of administered treat-
ments with the widespread practice of dose capping in obese
patients rather than prescribing full weight-based cytotoxic
chemotherapy. This practice is less common in recent years as
appreciation of the tolerance and/or benefits of full-dose che-
motherapy in obese individuals has gained greater apprecia-
tion (38). Our observations that prognostic associations of
obesity were more similar in observational studies (where
underdosing may have been more common) than in interven-
tion studies (where standard dosing would be required) sug-
gests this is not the major mechanism underlying these
prognostic associations. Obesity has also been associated with
multiple potentially confounding factors such as increased
age and delayed diagnosis with associated higher stage, which
could contribute in part to worse outcomes. However, the im-
pact of these potential confounders was minimized in our
meta-analyses because most included studies controlled for
these factors in their prognostic analyses as shown in Table 2.
The distribution of molecular subtypes differs by race or eth-
nicity, and this may partially account for racial or ethnic dis-
parities in BC outcomes, particularly among younger women
(20,21). The extent to which obesity associations with BC out-
comes may differ by race and BC subtype deserves further
study (39).

In this meta-analysis, higher heterogeneity was observed in
studies of TNBC. This likely reflects, at least in part, greater bio-
logic heterogeneity in this BC subtype; associations of obesity
with BC outcomes may vary across different TNBC subtypes.
Recent research using genomic analysis identified at least 6
TNBC subtypes (40,41); future research is needed to investigate
the role of obesity in biologically different subtypes of TNBC.

Our study has limitations. Few studies reported obesity asso-
ciations according to menopausal status, and a meta-analysis
of obesity associations across BC subtypes by menopausal sta-
tus was not feasible except for 3 studies in the TNBC case. Some
caution is needed in interpreting results of BCSS analyses, par-
ticularly in the HER2+ subtype because fewer studies reported
this outcome. As discussed above, this is an important outcome
because it excludes obesity-related deaths that are not due to
BC; future studies should prioritize this outcome. The use of a
literature-based vs individual patient approach did not permit
detailed adjustment for key covariates (including stage and
treatment) in our meta-analyses.

Strengths of our research include the broad literature
search process, the evaluation of study quality, and inclusion
of modern cohorts that included HER2 data. Major confound-
ing factors such as age and stage were adjusted for in many
studies. The ascertainment of outcome was through record
linkage or direct inquiry in all the studies. Included studies
were carried out in diverse locations around the world, with a
variety of population of BC contributing to generalizability of
the results.

We found evidence that obesity was associated with poorer
BC outcomes in all BC subgroups, with the potential for larger
prognostic associations in HR+HER2—. Overweight was not as-
sociated with DFS in any BC subtype and with OS only in the
HR+HER2—, although data were limited. Priorities for future re-
search have been discussed above.
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