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1 | INTRODUCTION

In 2020, breast cancer was the most common cancer and the leading
cause of cancer death in women globally, with 2.3 million incident
cases and 0.7 million deaths estimated.® As of the end of 2020, there
were 7.8 million women worldwide who had survived at least 5 years
after a breast cancer diagnosis.*

Higher body fatness and adult weight gain have been established
as risk factors for postmenopausal breast cancer, in particular hor-
mone-sensitive breast cancers.>®> With the increasing global preva-
lence of overweight and obesity,* it is expected that many women
diagnosed with breast cancer will have excess body weight, but the
impact on breast cancer outcomes has been less clear than for
incidence.

Previous meta-analyses of epidemiologic studies published up to
30 June, 2012 included in the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR) Third Export Report
showed increased risks of all-cause mortality and breast cancer-

postdiagnosis BMI was associated with higher risk of recurrence, nonbreast cancer
deaths and cardiovascular deaths. The evidence for postdiagnosis (unexplained)
weight or BMI change and all outcomes was graded as limited-no conclusion. The
RCT showed potential beneficial effect of intentional weight loss on disease-free-sur-
vival, but more intervention trials and well-designed observational studies in diverse
populations are needed to elucidate the impact of body composition and their

changes on breast cancer outcomes.

Body fatness, breast cancer survival, evidence grading, systematic review, weight change

Greater body fatness and adult weight gain are established risk factors for postmenopausal
breast cancer, but the impact of excess body weight on breast cancer outcomes remains
unclear. In this systematic review and meta-analysis of the Global Cancer Update Program, the
independent expert panel concluded that there was strong evidence (likelihood of causality:
probable) that postdiagnosis body fatness increases the risks of all-cause mortality, breast can-
cer-specific mortality and second primary breast cancer in women diagnosed with breast cancer.
The findings support the development of lifestyle recommendations for breast cancer survivors

to avoid obesity and be physically active, within the limits of their ability and specific medical

specific mortality with higher postdiagnosis BMI.® In addition, women
of normal body weight (BMI of 18.5-24.9 kg/m?) after a breast cancer
diagnosis were shown to have a more favorable overall survival than
women of other weight statuses.®

Despite these statistically significant associations, the evidence
was judged as limited-suggestive because of limitations in the design
or conduct of the observational studies. In particular, the potential
for residual confounding and reverse causation limited the confi-
dence to determine causality.” Women with obesity may have more
treatment complications and may receive less effective treatment
compared with women without obesity.” Furthermore, cancer treat-
ments may alter body weight and composition and could lead to
adverse metabolic consequences.® Not all studies included in the
meta-analyses reported information on breast cancer subtypes;
although the association appeared to be similar in women with hor-
mone receptor-positive or -negative breast cancers,®? the relation-
ship was less clear in women with aggressive tumors, such as triple-

negative breast cancers.'%*!
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Breast cancer patients can have a long survival time and remain
at risk of recurrence long after diagnosis.!? Therefore, understanding
the impact of postdiagnosis body fatness on breast cancer outcomes
is important for identifying potentially actionable lifestyle targets for
the growing number of women living with and beyond breast can-
cer.’®> We conducted updated systematic literature reviews and
meta-analyses to summarize the evidence published until and after
30 June 2012 of the previous report® and an independent Expert
Panel evaluated the accumulated evidence. This paper presents the
evidence on body fatness, weight change and breast cancer out-
comes, whereas evidence on physical activity, diet and the overall

summary is presented in the accompanied papers.?>*’

2 | MATERIALS AND METHODS

The present review forms part of the on-going Global Cancer
Update Program (CUP Global), formally known as the WCRF/AICR
Continuous Update Project (CUP).1® The peer-reviewed protocol is
available online.?” Full details on the methods and search strategies
are provided in Text S1. The PRISMA checklist is available in
Table S1.

2.1 | Search strategy, selection criteria and data
extraction

PubMed and Embase were searched for relevant publications through
31st October, 2021. The reference lists of identified articles were
screened for any additional publications not identified in the primary
searches.

Inclusion criteria were (1) Randomized controlled trials (RCTs),
longitudinal observational studies, or pooled analyses of individual
data of these studies; (2) With at least 100 women diagnosed with
first primary breast cancer during adulthood; (3) Reported results
on postdiagnosis BMI, waist circumference or waist-hip-ratio, and
changes in weight or BMI in relation to all-cause mortality, breast
and nonbreast cancer-specific mortality, breast cancer recurrence
(or “recurrence/relapse-free survival”, “disease-free survival”,
“event-free survival”, “progression-free survival” and “additional
breast cancer events”), any second primary cancers, or cardiovascu-
lar mortality.

In the case of multiple publications from the same or overlapping
populations, the publication with the largest number of events was
selected for inclusion in the meta-analysis. Study and participants'
characteristics and results were extracted into the CUP Global data-
base. Study selection and data extraction was checked by a second
reviewer. Any disagreements were resolved by consensus. The quality
of individual studies was not graded using a specific tool. Instead, rele-
vant study characteristics that could be used to explore potential
sources of bias were included into the CUP Global database. For all
the included studies, information on potential for selection bias, infor-

mation bias of exposure and outcome assessment, and residual
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confounding by cancer stage and treatment was retrieved after identi-
fying the most likely influential sources of bias in cancer survival stud-
ies.2%21 The potential influence of measurement error, length of
follow-up and loss to follow-up, and adjustment for confounding
factors on results was tested in subgroup meta-analyses and
meta-regression analyses. Details on how the study authors
addressed the potential biases were also included. In the Expert
Panel meeting, whether the studies had serious quality issues
were discussed when judging the evidence for each exposure-out-

come association.

2.2 | Statistical methods for meta-analysis

The summary relative risk (RR) estimates and their 95% confidence
intervals (Cls) were calculated using the inverse variance random-
effects model.?? When at least three (additional) studies were identi-
fied in the updated search, a linear dose-response meta-analysis was
conducted (or updated if reviewed previously with evidence up to
30 June, 2012°) if the studies reported sufficient information for anal-
ysis, otherwise the studies were descriptively synthesized. The multi-
variable adjusted RR estimates per exposure increment unit were
pooled in a dose-response meta-analysis either with estimates pro-
vided in the original publications or estimated by us using the
generalized weighted least-squares regression model.?>?* Standard
imputations were conducted to calculate the required information
when missing (0-57% across analyses)?>2¢ (Text S1).

In the linear dose-response meta-analysis, the underweight group
(BMI <18.5 kg/m? or as defined by studies) was excluded to avoid
possible impact on the risk estimation. Pre- to postdiagnosis (21 year)
weight change was grouped into moderate (5-10%), or high (>10%)
weight loss or gain.2”?® The RR estimates for the weight change vs
stable weight (+5% or as defined by studies) groups were pooled in
categorical meta-analyses.

Between-study heterogeneity was assessed by the Cochran's Q
test and I? statistic,?’ accompanied by visual inspection of the forest
plots for consistency of associations, which contributes towards evi-
dence grading. Pre-defined subgroup meta-analyses and random-
effects meta-regression analyses were conducted to explore if a cer-
tain disease or study characteristics or aspect of risk of bias explain
between-study heterogeneity.*° This included the exploration of the
potential influence of changes in treatment regimens, over time, on
the associations, by grouping the studies according to the diagnosis or
treatment period: before 2000 or after 2000 for the shift to include
doxorubicin/cyclophosphamide in chemotherapy,! and before 2005
or after 2005 for the reduced anthracycline use and the introduction
of taxanes,®? and human epidermal growth factor receptor 2 (HER2)
targeted therapy—trastuzumab.®®

Small study effects such as publication bias was examined using
Egger's test and visual inspection of the funnel plots for asymmetry,
when there were more than 10 studies.®* Individual studies may
potentially influence the summary RR estimate and was examined by

leave-one-out analysis.>
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Restricted cubic spline regression with three knots at 10th, 50th
and 90th percentiles of distribution of the exposure was conducted
and pooled in random-effects meta-analysis when five or more studies,
each with data for at least three exposure categories, including the
underweight group if presented, were available.>¢%” The linear and
nonlinear models were compared using a likelihood ratio test.>®

A two-tailed P value of <.1 was considered as evidence for small
study effects or between-study heterogeneity in the generally low-

powered Egger's test and meta-regression analyses.

41 907 publications identified through database
searching and other sources:

19 918 publications from PubMed

21 958 publications from Embase

31 publications from handsearching

A4

2.3 | Evidence grading criteria

An independent Expert Panel (ELG, MJG, AAJ, EK, VL, SKC and AMT)
graded the quality of the evidence into strong (subgrades evaluating
likelihood of causality: convincing, probable, or substantial effect on
risk unlikely) or limited (subgrades evaluating likelihood of causality:
limited-suggestive or limited-no conclusion) level, using pre-defined

evidence grading criteria (Table S2).

28 269 publications after duplicates removed

A 4

review

25 057 publications excluded based on
title and abstract not relevant to the

v

3 212 full texts retrieved and assessed for
inclusion

A4

11 News

689 potentially relevant publications identified for
the review

4 Erratum

2 523 publications excluded:
1 353 Outside of research topic area
280 Quality of life studies
4 Pre-test and post-test trials
2 Case studies
5 Case-control studies
14 Cross-sectional studies
3 Ecological studies
76 Meta-analyses
582 Reviews

127 Editorials/‘Commentaries/letters
4 Conference papers

9 Foreign language articles

11 Protocols

34 With less than 100 participants
3 Included men
1 No original data

144 publications on pre-diagnosis
exposures only

169 publications on exposures other than
body fatness or weight change

376 publications were on post-diagnosis body
fatness or weight change

156 further excluded publications

v
220 publications on post-diagnosis body fatness
or weight change were meta-analysed or
narratively synthesised

FIGURE 1 Flow chart of study
selection process
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TABLE 1

Evidence grades and main findings from the meta-analyses and narrative syntheses

Diet, nutrition, physical activity and survival in women with breast cancer
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Increases risk

Exposure

Outcome

Summary of findings RR
(95% confidence interval)

Conclusions

Strong evidence Convincing -

Probable All-cause

Limited
evidence

Limited
suggestive

Postdiagnosis BMI

greater body
fatness

Postdiagnosis
greater body
fatness

mortality

wC

WHR

BMI  Breast cancer-
specific
mortality

wC

WHR

BMI  Second primary
breast cancer
(BMI)

BMI  Recurrence

wWC

WHR

BMI  Nonbreast cancer
related
mortality (BMI)

BMI  CVD mortality
(BMI)

64 studies, 32 507 deaths
1.07 (1.05-1.10) per

5 kg/m?
17 56%, P Egger .16

5 studies, 983 deaths
1.18 (1.07-1.31) per 10 cm
I =55%
8 studies, 2443 deaths
1.30 (1.20-1.40) per 0.1
unit
12 0%
39 studies, 14 106 deaths
1.10 (1.06-1.14) per
5 kg/m?
12 60%, P Egger <.001

3 studies, 262 deaths
1.12 (1.03-1.22) per 10 cm
12 0%
6 studies, 1307 deaths
1.21 (1.08-1.35) per 0.1
unit
12 6%
11 studies, 5248 events
1.14 (1.04-1.26) per
5 kg/m?
12 66%
63 studies, 29 749 deaths
1.05 (1.03-1.08) per
5 kg/m?
1% 54%, P Egger .46

RRs ranged from 1.18 to
1.70 for the highest vs
lowest WC in 5 out of
the 6 studies, 2 of the
95% Cls did not include
one

2 studies, no association

10 studies, 2307 deaths
1.06 (0.94-1.19) per

5 kg/m?
I? 78%, P Egger .30

2 studies, 124 deaths

1.16 (0.96-1.41) per
5 kg/m?

17 0%

The evidence is substantial,

generally consistent, and shows

evidence of a dose-response

relationship. The observed

associations are unlikely to be
caused solely by chance or bias.
More RCT evidence is required
for the evidence to be judged

“convincing.”

The evidence is substantial,
generally consistent and shows
evidence of a dose-response
relationship, but is limited in
methodological quality relating
to outcome assessment.

The evidence is substantial, but
there is inconsistency.

The evidence is sparse but is
suggestive of a positive

association.

Limited—no Postdiagnosis Pre- to postdiagnosis weight/BMI change

The evidence is sparse and

conclusion

BMI or weight
change (gain or

Any period postdiagnosis weight/BMI change
Weight/BMI change during cancer treatment

inconsistent and is limited in

methodological quality. Relating

loss)

Abbreviations: BMI, Body mass index; CVD, cardiovascular disease; WC, waist circumference; WHR, waist-hip-ratio.

to exposure assessment.
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Bandera 2021
Martel 2021
Desmedt 2020
Gondo 2020
Oudanonh 2020
Walsh 2020
Kim 2019
Vernaci 2019
Abubakar 2018
Caan 2018
Elwood 2018
Maliniak 2018
Moore 2018
Behrouzi 2017
Nakamura 2017
Rier 2017
Veal 2017
Bergom 2016
Cecchini 2016
Cecchini 2016
Cecchini 2016
Cecchini 2016
Erbes 2016
Nelson 2016
Jeon 2015
Kogawa 2015
Ligibel 2015
Sun 2015
Tichy 2015
Widschwendter 2015
Tait 2014
Connor 2013
Gennari 2013
Hartog 2013
Jiralerspong 2013
Mazzarella 2013
Pajares 2013
Pfeiler 2013
Ewertz 2012
Goodwin 2012
Jung 2012
Kawai 2012
Ademuyiwa 2011
Baumgartner 2011
Maskarinec 2011
Chen 2010
Nichols 2009
Labidi 2008
Majed 2008
Abrahamson 2006
Dignam 2006
Tao 2006
Berclaz 2004
Dignam 2003
Ewertz 1991

Overall (I-squared = 55.5%, P = 0.000)

5 7 1
3.07 Best fitting cubic spline
254 "m0 95% confidence interval
204 P non-linearity < .001

0.5+
15 20

Legend on next page.
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Weight Study

2.74 WCHFS

2.23 ALTTO BIG 2-06

2.90 BIG 02-98

0.80 Aichi Japan

1.93 Quebec Canada

1.50 MSKCC 2005-2010
0.60 Samsung Med Center Korea 2003-2011
1.11 Padua ltaly

1.24 Sarawak Malaysia
2.49 KPNC and DFCI 2000-2013
1.48 Waikato New Zealand
3.27 CPS-II Nutrition Cohort
3.24 POC-BP

1.50 Cancer Institute Iran
0.95 BBJ

1.46 Dordrecht Netherlands
1.86 WISC

0.41 MCW

2.03 NSABP B-31

2.42 NSABP B-38

1.85 NSABP B-34

3.02 NSABP B-30

0.33 Freiburg Germany
3.62 ABCPP

3.60 KBCR

0.89 MDACC 2006-2012
3.26 CALGB 9741

1.67 CBCS

1.88 LCCC

2.27 Success A

1.48 Oncology Clinic Saint Louis USA
0.97 NMWHS

1.19 Italian trials

0.35 Northern Netherlands
2.58 MDACC 1996-2005
1.01 EIO Milan

3.10 GEICAM

0.83 ABCSG-06

2.48 BIG 1-98

1.18 Toronto

1.48 UPMC and UPCI

0.17 Miyagi Japan

0.57 RPCI

1.84 Munchen Germany
0.74 POCO

1.71 SBCSS

2.00 CWLS

0.48 Tunis Tunisia

3.71 CIBCG

1.69 Atlanta, New Jersey
3.05 NSABP B-13, B-19, B-23
0.67 SBCS

3.52 IBCSG

2.95 NSABP B-14

1.68 DBCG and DCR
100.00

I I
15 2.2
Relative Risk (RR)

30, 35
BMI (kg/m®)

jl—l—ljl_u_Lll_l_Llj_l_LLl_lﬁ_l_Llﬁ—Llﬁ

RR estimates
BMI (kg/m?2) (95% Cl)
16 1.08
(1.04-1.13)
18 1.04
(1.02-1.06)
20 1.00
22 0.97
(0.95-0.99)
25 0.95
(0.91-0.99)
27 0.96
(0.92-1.01)
30 1.02
(0.97-1.08)
32 1.09
(1.03-1.16)
35 1.21
(1.12-1.30)
40 37 1.29
(1.19-1.41)
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Overall, 376 publications were identified reporting results on postdiagno-
sis body fatness and weight or BMI change and selected outcomes in
breast cancer survivors; Figure 1 shows the flowchart of the search pro-
cess. The meta-analyses included 101 publications reporting postdiagno-
sis BMI (assessed from at-diagnosis to on average 5.8 years
postdiagnosis), waist circumference (at-diagnosis to 7.9 years postdiag-
nosis), waist-to-hip ratio (at-diagnosis to 2.5 years postdiagnosis) and
pre- to postdiagnosis weight gain or loss (from 1 year before to 1 year or
more after diagnosis).2”>?%8 |n addition, 119 publications were descrip-
tively synthesized*®*-2>” and 156 publications were excluded.?>%413

The 220 included publications comprised 226 studies and included
over 456 000 women diagnosed with breast cancer, of whom over
36 000 died of any causes, approximately 21 000 died of breast cancer
and approximately 30 000 experienced an additional breast cancer event.
Geographically, 79 publications were from North America,2”3%41:4647.49-
51,53,54,56-58,61-64,69,71-74,77,79-81,84,87,88,91,93,95,98-100,107,109,111,113-115,117,
118,124,126-128,132,140,146,147,149,150,154,165,166,168,170,171,174,175,177-179,183,
184190192200201,203,211,217,225235248 253256257 ¢4 from Europe, 3436066
67,70,76,89,90,92,94,101,103-105,108,116,130,133,135-137,141-145,148,155-162,164,173,181,
182,186,187,191,193-195,198,199,204,207,208,212,218,219,224,229,230,232,237,240,243,245,
246255 5O from East or Southeast Asia?0425575788283869697.110,
112,119,122,125,129,131,134,151-153,163,167,169,172,176,180,189,202,205,209,210,213,214,
216,220,222,226-228,231,236,239,241,242,244,247,250.251,254 204 97 from

45,52,59,68,102,106,120,121,123,138,221,238,252

international locations or else-
Where.44’65'85'139'185’188'1%'197’206'215'223'233'234'249 One RCT was identi-
fied.2%¢ All others were observational studies. The publications included
or excluded in each specific meta-analysis or descriptive synthesis
and the reasons for exclusion, and the corresponding study description
and participants' characteristics are provided in Tables S3 and S4-S8.
Below is an overview of the findings. Table 1 shows the summary

findings and the judgment of the Expert Panel.

3.1 | Postdiagnosis body mass index
The respective linear dose-response meta-analyses included 64 studies

that reported all-cause mortality (52 publications, 32 507
39-41,43-46,53-55,57,63-68,70,72,78,79,81,82,84,85,88,89,91,93-95,97,98,100,102,104,
deaths),

105,109,111-114,116,118,120,123,125-127,129,130,135 39 studies that reported

breast cancer-specific mortality (31 publications, 14 106 deaths),>”
63-65,74,75,77-79,82,86,91,93,95,96,98-103,106,109,110,117,118,122,125,126,128,137 63

studies that reported breast cancer recurrence (49 publications, 29 749

events)’40,41,43746,48,5 1,54-56,59,63-66,68-70,72-74,76,79,83-85,88,89,92,94,96,102,104,

106,110,112,115,116,120-125,127,130,131,136 11 studies that reported second
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primary breast cancer (eight publications, 5248
events),>8:63:6487.90.108.132.138 1 (3 gt djes that reported nonbreast cancer-

57,63-65,77,95,106 and

related mortality (seven publications, 2307 deaths),
two studies that reported cardiovascular mortality (two publications,
124 deaths). 100114

Higher postdiagnosis BMI was associated with higher risks of all-
cause mortality (summary RR per 5 kg/mz: 1.07, 95% CI: 1.05-1.10;
Figure 2), breast cancer-specific mortality (1.10, 95% CI: 1.06-1.14;
Figure 3), breast cancer recurrence (1.05, 95% Cl: 1.03-1.08;
Figure S1) and second primary breast cancer (1.14, 95% Cl: 1.04-1.26;
Figure S2). There was evidence of between-study heterogeneity for
all outcomes. The 12 was 56%, 60%, 54% and 66% (all P heterogene-
ity <.001), respectively. There was suggestion of positive associa-
tions between BMI (per 5 kg/m?) and nonbreast cancer-related
mortality (1.06, 95% Cl: 0.94-1.19; 12 78%, P heterogeneity <.001)
and cardiovascular mortality (1.16, 95% Cl: 0.96-1.41; 2 0%, P het-
erogeneity = .38; Figures S3 and S4).

Nonlinear dose-response analysis detected a J-shaped relation-

ship with all-cause mortality (P nonlinearity <.001; 52 studies, 27 478
deathS’ 40 publications) 39-41,45,53-55,57,63-65,67,68,70,72,78,79,81,82,85,91,

93-95,97,98,100,102,104,109,111,112,116,118,120,123,125,126,129,130 Compared

with BMI arbitrary chosen at 20 kg/m?, increased all-cause mortality
risks were observed for BMI below 18 kg/m? and above 32 kg/m?
with the most favorable survival in the upper normal to low over-
weight range (24-26 kg/m?). Increased risk of breast cancer-specific
mortality was evident for BMI above 29 kg/m? (P nonlinearity = .02;
34 studies, 13324 deaths; 27 pubIications)57'63'65'75'78'
79,82,86,91,93,95,96,98-103,106,109,110,118,125,126,128,137 (Figures 2 and 3)
The curves for breast cancer recurrence (P nonlinearity = .71; 47
studies, 28 165 events; 37 publications)*0:#1:454851.54.55,59,63-65,68-

70,72,73,79,83,85,89,94,96,102,104,106,110,112,115,116,119,120,123-125,130,131,133

and second primary breast cancer (P nonlinearity = .19; nine studies,

)58,63,64,87,108,132,138 appeared linear

2925 events; seven publications
(Figures S1 and S2).

Figures S5-S7 show the RR estimates for the analyses comparing
the highest to lowest BMI category, including the studies that were
not available in the dose-response meta-analyses (Table S3). Most
studies showed that higher BMI was associated with poorer survival

after breast cancer.
3.2 | Subgroup dose-response meta-analyses and
meta-regression analyses of postdiagnosis BMI

The results from the subgroup dose-response meta-analyses (by men-

opausal status, hormone receptor subtype, nodal status, geographic

FIGURE 2

Linear and nonlinear dose-response meta-analyses of postdiagnosis body mass index and all-cause mortality. Forest plot shows

the linear dose-response results for postdiagnosis body mass index (BMI) and all-cause mortality from the inverse variance DerSimonian-Laird
random-effects model. Diamond represents the summary relative risk (RR) estimate and its width as the 95% confidence interval (Cl). Each square
represents the RR estimate of each study and the horizontal line across each square represents the 95% Cl of the RR estimate. The increment
unit was per 5 kg/m?. Nonlinear curve was estimated using restricted cubic spline regression with three knots at 10th, 50th and 90th percentiles
of distribution of the exposure and pooled in random-effects meta-analysis. BMI at 20 kg/m? was selected as reference. The table shows selected
BMI values and their corresponding RR (95% Cl) estimated in the nonlinear dose-response meta-analysis.
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Author Year
Bandera 2021
Tan 2021
Gondo 2020
Oudanonh 2020
Blair 2019
Elwood 2018
Maliniak 2018
Moore 2018
Sun 2018
Andersson 2017
Mu 2017
Nelson 2016
Jeon 2015
Sun 2015
Izano 2014
Williams 2014
Connor 2013
Hou 2013
Jiralerspong 2013
Pajares 2013
Kawai 2012
Lee 2012

Panagopoulou 2012
Maskarinec 2011

Sestak 2010
Nichols 2009
Olsson 2009
Dignam 2006
Dignam 2003
Hebert 1998
Newman 1997

Overall (I-squared = 59.5%, P = 0.000)

NOTE: Weights are from random effects nélysis
I

1.5 2.2
Relative Risk (RR)

5 7 1
3.0 Best fitting cubic spline
254 —"===-- 95% confidence interval
2.014 P non-linearity 0.02
1.5+
1.0 To==sss———esIst -
0'57 ni 1 ] Lim n B | 1
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FIGURE 3

1 T T
20 25 ,30
BMI (kg/m®)

BMI RR estimates
(kg/m?) (95% Cl)
16 1.01
(0.96-1.06)
18 1.00
(0.98-1.03)
20 1.00
22 1.00
(0.98-1.02)
25 1.01
(0.97-1.06)
27 1.04
(0.98-1.09)
29 1.08
(1.02-1.14)
32 1.16
(1.08-1.24)
35 1.25
(1.13-1.39)
37 1.32
(1.16-1.50)

Duicc CHAN ET AL
%
RR (95% Cl)  Weight Study
_|._ 1.11 (1.00, 1.23) 4.52 WCHFS
—_— 0.77 (0.50, 1.16) 0.65 Southern China
i——s—— 1.50(1.07,2.10) 0.96  AichiJapan
i 1.16 (0.98, 1.37) 2.82 Quebec Canada
—!-I— 1.17 (1.00, 1.36) 3.12 New Mexico USA
—— 0.95 (0.82, 1.10) 3.14 Waikato New Zealand
i 1.10 (0.98, 1.23) 4.17 CPS-Il Nutrition Cohort
[ 0.98 (0.94,1.02) 669  POC-BP
, 1.43(1.13,1.82) 1.68  Hospital Nanjing China
-.I- 1.08 (0.99, 1.17) 5.09 Sweden 1993-1995
- 1.19(0.93, 1.52) 1.64 Tianjin Cancer Institute 2005-2010
! 1.00 (0.94,1.07) 592  ABCPP
- 1.10 (1.04,1.17) 6.22  KBCR
L 0.99 (0.83,1.17) 264  CBCS
il 1.16 (1.00, 1.28) 3.93 HFW
—— 1.07 (0.79, 1.40) 1.25 NRWHS
1 1.25(0.97,1.62) 1.51 NMWHS
- : 0.98 (0.92, 1.05) 5.90 Tianjin Cancer Institute 2002-2006
i 1.11 (1.00, 1.23) 4.48 MDACC 1996-2005
- 1.06 (0.98,1.14) 550  GEICAM
; > 1.48 (0.80,2.74) 0.32 Miyagi Japan
€ T 0.77 (0.30, 1.96) 0.14 Seoul National University Hospital
—m— 1.13(1.00,1.27) 3.97  HeCOG
r————3 1.64(1.08,248) 066 POCO
= 1.15(1.05,1.26) 4.87  ATAC
| —— 1.48 (1.19, 1.83) 1.97 CWLS
—g— 1.11(0.97,1.26) 3.64  MMST
- 1.03 (0.95, 1.12) 5.26 NSABP B-13, B-19, B-23
Fo- 1.08(0.98,1.19) 4.75  NSABP B-14
—:—I— 1.34 (1.00, 1.76) 1.29 MSKCC
—_ 1.34 (1.01,1.78) 1.29  Northern Alberta
Q 1.10 (1.06, 1.14) 100.00
I

Linear and nonlinear dose-response meta-analyses of postdiagnosis body mass index and breast cancer-specific mortality.

Forest plot shows the linear dose-response results for postdiagnosis body mass index (BMI) and breast cancer-specific mortality from the
inverse variance DerSimonian-Laird random-effects model. Diamond represents the summary relative risk (RR) estimate and its width as the
95% confidence interval (Cl). Each square represents the RR estimate of each study and the horizontal line across each square represents
the 95% Cl of the RR estimate. The increment unit was per 5 kg/m?2. Nonlinear curve was estimated using restricted cubic spline regression
with three knots at 10th, 50th and 90th percentiles of distribution of the exposure and pooled in random-effects meta-analysis. BMI at

20 kg/m? was selected as reference. The table shows selected BMI values and their corresponding RR (95% Cl) estimated in the nonlinear

dose-response meta-analysis.
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TABLE 2 Subgroup meta-analyses of postdiagnosis body mass index and breast cancer outcomes by disease characteristics

Subgroup by disease
characteristics®

Menopausal status

Premenopausal

Postmenopausal

Hormone receptor subtype
ER+ and/or PR+

ER+

ER+/PR+

ER—

ER—/PR—

Molecular subtype
ER+ and/or PR+/
HER2—

ER+ and/or PR+/
HER2+

Triple negative/basal-
like

HER2+

Invasiveness of tumor

Invasive

Invasive and in situ

Nodal status

Node+

All-cause mortality
Summary RR (95% Cl)
I2, P heterogeneity

5 studies, 1812 deaths
1.10(1.02-1.20)
27%, 0.24

10 studies, 4924 deaths
1.06 (0.99-1.13)

68%, 0.001

P meta-regression .52

5 studies, 1048 deaths
1.10(0.96-1.26)
67%, 0.02

8 studies, 4640 deaths
1.11 (1.07-1.15)
0%, 0.45

2 studies, 433 deaths
1.03 (0.90-1.17)
2%, 0.31

6 studies, 2005 deaths
1.09 (1.04-1.14)
0%, 0.55

3 studies, 235 deaths
1.20 (1.00-1.42)

35%, 0.22

P meta-regression .18

2 studies, 1491 deaths
1.24(1.14-1.33)
0%, 0.66

3 studies, 794 deaths
1.04 (0.94-1.16)
0%, 0.79

7 studies, 2364 deaths
1.03 (0.98-1.09)
0%, 0.42

4 studies, 1566 deaths
1.03 (0.96-1.11)

19%, 0.30

P meta-regression .12

55 studies, 30 735 deaths
1.07 (1.04-1.09)
58%, <0.001

8 studies, 1576 deaths
1.12(1.04-1.22)

34%, 0.16

P meta-regression .41

6 studies, 5556 deaths
1.06 (1.03-1.10)
0%, 0.48

Breast cancer mortality
Summary RR (95% Cl)
I2, P heterogeneity

4 studies, 193 deaths
1.35(1.08-1.70)
21%, 0.29

6 studies, 1329 deaths
1.12(1.07-1.18)

0%, 0.45

P meta-regression .14

2 studies, 520 deaths
1.70 (0.57-5.06)
65%, 0.09

3 studies, 925 deaths
1.09 (1.01-1.18)
0%, 0.75

4 studies, 700 deaths
1.05(0.97-1.13)

1%, 0.32

P meta-regression .50

2 studies, 973 deaths
1.01 (0.78-1.31)
86%, 0.008

2 studies, 726 deaths
1.03 (0.88-1.20)
13%, 0.28

32 studies, 13 160
deaths

1.08 (1.04-1.13)

62%, <0.001

5 studies, 631 deaths
1.26 (1.09-1.46)
41%,0.15

P meta-regression .21

Breast cancer recurrence
Summary RR (95% Cl)
I2, P heterogeneity

6 studies, 2575 events
1.23(1.06-1.42)
77%, 0.001

9 studies, 5059 events
1.06 (1.02-1.11)
23%,0.24

P meta-regression .17

5 studies, 2557 events
1.06 (1.01-1.11)
0%, 0.51

7 studies, 4097 events
1.06 (1.02-1.11)
25%, 0.24

6 studies, 2989 events
1.06 (1.02-1.11)
0%, 0.91

2 studies, 189 events
1.22 (1.06-1.40)

0%, 0.48

P meta-regression .60

2 studies, 691 events
1.01(0.92-1.11)
0%, 0.65

5 studies, 1174 events
0.97 (0.83-1.13)
46%,0.12

5 studies, 2056 events
1.06 (1.00-1.11)

4%, 0.38

P meta-regression .59

50 studies, 27 035 events
1.05 (1.03-1.07)
38%, 0.007

5 studies, 1377 events
1.19 (1.08-1.30)

34%, 0.20

P meta-regression .02

6 studies, 6504 events
1.06 (1.03-1.09)
0%, 0.68

(Continues)
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TABLE 2 (Continued)
All-cause mortality
Subgroup by disease Summary RR (95% Cl)
characteristics® I, P heterogeneity
Node- 6 studies, 2168 deaths
1.09 (1.04-1.15)
0%, 0.78

P meta-regression .35
Cancer stage

30 studies, 20 393 deaths
1.08 (1.04-1.12)
67%, <0.001

2 studies, 438 deaths
1.20 (1.02-1.40)
22%, 0.26

4 studies, 411 deaths
0.98 (0.88-1.09)
35%,0.21

5 studies, 761 deaths
0.95 (0.87-1.04)

0%, 0.66

P meta-regression .14

Early stage/stage O-ll/
nonmetastatic

Stage O-I

Locally advanced/
stage Ill

Stage IV/distant/
metastatic

Breast cancer recurrence
Summary RR (95% Cl)
I2, P heterogeneity

Breast cancer mortality
Summary RR (95% Cl)
I2, P heterogeneity

5 studies, 1292 deaths
1.08 (0.98-1.19)
45%,0.17

5 studies, 2618 events
1.04 (1.00-1.09)

0%, 0.46

P meta-regression .50

16 studies, 7856 deaths
1.11 (1.05-1.17) 1.06 (1.04-1.07)
72%, <0.001 0%, 0.54

= 3 studies, 659 events
1.06 (0.77-1.45)
80%, 0.002

— 3 studies, 396 events
1.02 (0.87-1.20)
52%,0.13

— 8 studies, 1057 events
0.91 (0.86-0.96)
0%, 0.74
P meta-regression .003

27 studies, 15 677 events

Abbreviations: Cl, Confidence interval; ER, oestrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor;

RR, relative risk.

?Results not shown for the strata with only one study or the few studies with unknown information.

location, study type, exposure time, treatment period, length of fol-
low-up, loss to follow-up, BMI assessment and covariate adjustment)
largely resembled those of the main analyses, with few exceptions
(Tables 2 and 3). However, few studies were included in some sub-
groups leading to wide 95% Cls and limiting the ability to assess/
explain heterogeneity. Meta-regression analyses indicated that tumor
invasiveness or stage may partly explain the heterogeneity observed
for breast cancer recurrence (> = 54%), with the studies of invasive
and in situ breast cancers showing a higher average positive associa-

tion (five studies/publications)®>?¢110112.127 compared with studies

with only invasive cancers (50 studies, 41 publications),**414%

46,48,51,54,56,59,63-66,68-70,72,74,79,84,85,88,89,92,94,102,104,106,115,116,120-

125130.131136 4nd the studies of metastatic breast cancers showing

)70,121

inverse associations (eight studies, two publications, compared with

the positive associations observed for early stage disease cases (27 stud-

ies/pu bl icatiOns)41,43,44,46,48,51,54,56,59,63,66,68,69,72,74,79,88,89,94,106,116,120,122-

124,127130 (P meta-regression = .02 and .003, respectively). A similar pat-

tern by tumor stage was observed for all-cause mortality (30 studies, 28

publications on early stage diseasest143:44:46,54,63,66-

68,72,78,79,88,89,.91,94,9598,100,111,116,120,123,125-127,129,130, ¢; :
. five studies, three

publications on metastatic disease’081:105, p meta-regression .14; Table 2).
The studies with fewer breast cancer deaths (four studies/publications

with <100 events’48%73117. 1¢ studies, 15 publications with 100-500

65,77,82,91,96,99,100,106,109,110,118,125,126,137)

events®” observed stronger posi-

tive associations compared with the studies with more breast cancer
deaths (18 studies, 11 publications with >500 events®3647>7879,9598,101-

103.128) "\which may have contributed to the heterogeneity observed for

breast cancer-specific mortality (> = 60%; P meta-regression = .04;
Table 3).

3.3 | Postdiagnosis waist circumference and waist-
to-hip ratio

The respective linear dose-response meta-analyses of postdiagnosis
waist circumference included five studies reporting on all-cause mor-
tality (983 deaths)®?7172112118 44 three on breast cancer-specific
mortality (262 deaths),”**171*® and of postdiagnosis waist-to-hip
ratio included eight studies reporting on all-cause mortality (2443
deaths)37:5>:60.71,107,109.112.118 44 six on breast cancer-specific mor-
tality (1307 deaths).4%:60.71:107:109.118

Higher waist circumference and waist-to-hip ratio were associated
with higher risks of all-cause mortality and breast cancer-specific mortality.
The summary RRs per 10 cm increase in waist circumference were 1.18
(95% Cl: 1.07-1.31; I? = 55%) and 1.12 (95% Cl: 1.03-1.22; I? = 0%), and
per 0.1 unit increase in waist-to-hip ratio were 1.30 (95% Cl: 1.20-1.40;
I? = 0%) and 1.21 (95% Cl: 1.08-1.35; I> = 6%), respectively.

Nonlinear dose-response meta-analyses including the same stud-
ies showed linear relationships (P nonlinearity = .47, .08 and .73,
respectively; Figures S8-S11).

Both studies with39495571107 J0d  \without39:6072109.112,118
BMI adjustment on average showed a positive association
(Figures S12-S14). No further subgroup and sensitivity analyses were

conducted because of the low number of included studies.
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Breast cancer recurrence
Summary RR (95% Cl)

CHAN ET AL.
TABLE 3 Subgroup meta-analyses of postdiagnosis body mass index and breast cancer outcomes by study characteristics
All-cause mortality Breast cancer mortality
Subgroup by study Summary RR (95% Cl) Summary RR (95% ClI)
characteristics® I, P heterogeneity I2, P heterogeneity

Geographic location

East or Southeast Asia

Europe

Multi-national

North America

Study type
Secondary analysis of

clinical trials

Prospective cohort studies

Retrospective cohort
studies

Follow-up of cases from
case-control studies

Population-based studies/
Follow-up of cases from a
noncancer cohort

Pooled analyses

Exposure time®

Before chemotherapy

During chemotherapy

After chemotherapy

Before hormonal therapy

Treatment period

<2000

8 studies, 6375 deaths
1.13(1.05-1.21)
33%, 0.17

13 studies, 5555 deaths
1.04 (0.99-1.10)
32%,0.14

8 studies, 5460 deaths
1.08 (1.05-1.12)
0%, 0.59

32 studies, 14 435 deaths
1.06 (1.03-1.10)

62%, <0.001

P meta-regression .22

22 studies, 11 069 deaths
1.08 (1.06-1.11)
2%, 0.43

12 studies, 10 840 deaths
1.07 (1.02-1.12)
40%, 0.07

20 studies, 5199 deaths
1.06 (1.00-1.12)
67%, <0.001

5 studies, 1565 deaths
1.16 (1.07-1.26)
27%, 0.25

2 studies, 1622 deaths
1.04 (0.91-1.18)
84%, 0.012

3 studies (1 publication), 2212
deaths

1.02 (0.97-1.07)

P meta-regression .43

40 studies, 22 641 deaths
1.06 (1.03-1.09)
56%, <0.001

2 studies, 723 deaths
1.16 (0.99-1.37)
68%, 0.08

6 studies, 3345 deaths
1.04 (0.96-1.12)
63%, 0.05

2 studies, 991 deaths
1.16 (0.97-1.40)

60%, 0.11

P meta-regression .41

16 studies, 11 045 deaths
1.09 (1.05-1.12)
43%, 0.05

8 studies, 4847 deaths
1.12 (1.00-1.26)
69%, 0.002

3 studies, 1593 deaths
1.10(1.08-1.17)
0%, 0.82

5 studies, 1145 deaths
1.10(1.01-1.19)
44%, 0.18

22 studies, 6204 deaths
1.11(1.05-1.16)

64%, <0.001

P meta-regression .81

10 studies, 2871 deaths
1.08 (1.04-1.12)
0%, 0.46

8 studies, 3932 deaths
1.15(1.04-1.27)
50%, 0.06

9 studies, 3336 deaths
1.08 (1.00-1.18)
69%, 0.001

4 studies, 775 deaths
1.16 (0.99-1.35)
69%, 0.02

3 studies, 547 deaths
1.10(1.02-1.19)
0%, 0.97

3 studies (1 publication), 1131
deaths

1.00 (0.94-1.07)

P meta-regression .91

24 studies, 8213 deaths
1.09 (1.04-1.15)
61%, 0.001

4 studies, 1072 deaths
1.12(1.06-1.19)

0%, 0.93

P meta-regression .50

12 studies, 2956 deaths
1.18 (1.08-1.28)
55%, 0.02

12, P heterogeneity

9 studies, 3406 events
1.13 (1.00-1.27)
78%, <0.001

14 studies, 7498 events
1.05 (1.00-1.10)
45%, 0.04

15 studies, 9913 events
1.04 (1.00-1.08)
68%, 0.003

22 studies, 8163 events
1.05 (1.03-1.08)
13%,0.29

P meta-regression .73

30 studies, 17 098 events
1.05 (1.03-1.08)
51%, 0.01

9 studies, 6798 events
1.05 (1.02-1.09)
0%, 0.67

22 studies, 5044 events
1.04 (0.98-1.11)

62%, <0.001

P meta-regression .67

40 studies, 21 643 events
1.06 (1.03-1.08)
52%, <0.001

3 studies, 1572 events
1.05(1.00-1.11)
0%, 0.69

7 studies, 2375 events
1.02 (0.89-1.17)

86%, 0.001

P meta-regression .50

17 studies, 13 519 events
1.05 (1.02-1.08)
33%, 0.10

(Continues)
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TABLE 3 (Continued)

Subgroup by study
characteristics®

>2000

<2005

>2005

Length of follow-up

<5 years

5-10 years

>10 years

Loss to follow-up

Complete/<10% loss

210% loss

No description

Number of events

<100

100-500

>500

BMI assessment

Measured

Self-reported

From records

All-cause mortality
Summary RR (95% Cl)
I, P heterogeneity

16 studies, 4761 deaths
1.08 (1.01-1.14)

66%, <0.001

P meta-regression .63

26 studies, 15 404 deaths
1.08 (1.06-1.11)
21%,0.19

2 studies, 154 deaths
0.98 (0.87-1.11)

0%, 0.71

P meta-regression .20

13 studies, 2820 deaths
1.07 (1.00-1.14)
35%, 0.12

35 studies, 20 706 deaths
1.07 (1.03-1.10)
65%, <0.001

12 studies, 8123 deaths
1.09 (1.04-1.13)

45%,0.06

P meta-regression .91

18 studies, 7171 deaths
1.05 (1.00-1.11)
64%, <0.001

1 study, 189 deaths
1.38 (1.10-1.73)

45 studies, 25 147 deaths
1.08 (1.05-1.10)

42%, 0.005

P meta-regression .10

5 studies, 329 deaths
1.06 (0.96-1.17)
0%, 0.75

30 studies, 7759 deaths
1.09 (1.05-1.14)
50%, 0.001

22 studies, 24 419 deaths
1.06 (1.03-1.09)

63%, <0.001

P meta-regression .61

23 studies, 12 539 deaths
1.07 (1.03-1.10)
54%, 0.002

9 studies, 3710 deaths
1.08 (1.01-1.16)
58%, 0.02

22 studies, 11 879 deaths
1.07 (1.03-1.11)
53%, 0.003

Breast cancer mortality
Summary RR (95% ClI)
I2, P heterogeneity

7 studies, 2555 deaths
1.08 (0.98-1.18)

74%, 0.01

P meta-regression .28

16 studies, 4487 deaths
1.14 (1.08-1.21)
43%, 0.05

5 studies, 1254 deaths
1.14(0.97-1.34)
57%, 0.05

21 studies, 9478 deaths
1.11 (1.06-1.16)
67%, <0.001

10 studies, 2750 deaths
1.08 (1.01-1.15)

50%, 0.07

P meta-regression .87

10 studies, 3676 deaths
1.11 (1.03-1.19)
70%, <0.001

2 studies, 137 deaths
1.08 (0.56-2.09)
83%, 0.02

27 studies, 10 293 deaths
1.09 (1.05-1.13)

40%, 0.04

P meta-regression .96

4 studies, 211 deaths
1.25(1.01-1.56)
24%,0.27

16 studies, 3425 deaths
1.15(1.09-1.21)
43%, 0.04

18 studies, 10 470 deaths
1.05(1.01-1.09)

58%, 0.008

P meta-regression .04

9 studies, 1719 deaths
1.08 (0.99-1.18)
66%,0.01

10 studies, 2050 deaths
1.14 (1.08-1.20)
11%, 0.34

14 studies, 8582 deaths
1.10(1.04-1.16)
59%, 0.002

Breast cancer recurrence
Summary RR (95% Cl)
12, P heterogeneity

16 studies, 4041 events
1.09 (1.03-1.16)

41%, 0.04

P meta-regression .10

27 studies, 19 817 events
1.05 (1.03-1.07)
23%, 0.16

3 studies, 365 events
0.97 (0.86-1.09)

0%, 0.78

P meta-regression .23

19 studies, 4326 events
1.02 (0.95-1.10)
62%, 0.002

30 studies, 16 409 events
1.06 (1.03-1.09)
57%, <0.001

8 studies, 6983 events
1.05 (1.04-1.07)

0%, 0.65

P meta-regression .65

17 studies, 5944 events
1.08 (1.03-1.13)
41%, 0.04

2 studies, 329 events
1.14 (0.82-1.58)
55%,0.14

44 studies, 23 476 events
1.04 (1.02-1.07)

57%, <0.001

P meta-regression .20

5 studies, 364 events
0.92 (0.74-1.15)
61%, 0.04

23 studies, 5971 events
1.09 (1.04-1.15)
35%, 0.06

28 studies, 23 414 events
1.04 (1.02-1.07)

64%, <0.001

P meta-regression .21

25 studies, 13 911 events
1.04 (1.01-1.08)
45%, 0.02

5 studies, 1048 events
1.09 (1.01-1.19)
21%, 0.28

25 studies, 10 948 events
1.04 (1.00-1.08)
62%, <0.001
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TABLE 3 (Continued)

Subgroup by study
characteristics®

Covariate adjustment

Age, disease, treatment,

comorbidity, smoking,
alcohol or physical activity

Age, disease, treatment,

comorbidity or smoking

Age, disease, treatment

Not adjusted for age,

disease characteristics, or

treatment

All-cause mortality
Summary RR (95% Cl)
I, P heterogeneity

P meta-regression .48

6 studies, 4030 deaths
1.02 (0.97-1.08)
53%, 0.09

10 studies, 4727 deaths
1.11 (1.06-1.17)
26%,0.21

30 studies, 12 336 deaths
1.07 (1.04-1.11)

32%, 0.07

18 studies, 11 414 deaths
1.06 (1.02-1.11)

70%, <0.001

P meta-regression .31

Breast cancer mortality
Summary RR (95% ClI)
2, P heterogeneity

P meta-regression .44

5 studies, 1632 deaths
1.06 (0.98-1.14)
49%, 0.14

8 studies, 1818 deaths
1.13(1.04-1.24)
38%, 0.14

16 studies, 7830 deaths
1.09 (1.04-1.14)
55%,0.01

10 studies, 2826 deaths
1.12(1.00-1.24)

69%, 0.001

P meta-regression .84

Breast cancer recurrence
Summary RR (95% Cl)
12, P heterogeneity

P meta-regression .32

6 studies, 4422 events
1.06 (1.02-1.10)
0%, 0.90

38 studies, 12 754 events
1.06 (1.02-1.10)
68%, <0.001

19 studies, 12 573 events
1.05(1.02-1.08)
24%,0.16

P meta-regression .93

Abbreviations: Cl, Confidence interval; RR, relative risk.

?Results not shown for the strata with only one study or the few studies with unknown information, except for loss to follow-up that was mostly not

described in the studies.

PExposure time relative to cancer treatment was defined according to when the exposure assessment was conducted in the studies. Some study

participants might not have received the treatment.

Fivel12143.151207.255 ot of six studies reported higher breast

cancer recurrence with higher waist circumference’?112143:151.207.255
(Hazard ratios for the highest vs lowest category ranged from 1.18 to
1.76; Figure S15). No clear trend of association with breast cancer
recurrence was observed for waist-to-hip ratio (two studies and four

publications).4?5>112.214

3.4 | Postdiagnosis weight and BMI change

One weight loss intervention trial, of 338 postmenopausal, stage |-
Illa, hormone receptor-positive breast cancer survivors receiving
adjuvant letrozole and with BMI at least 24 kg/m? was identi-
fied.2>® The results suggested improved survival (but the Cls were
wide) in women randomized into the 24-month lifestyle interven-
tion group compared with the education group (HRs 0.71, 95% CI:
0.41-1.24 for disease-free survival; 0.86, 0.35-2.14 for overall sur-
vival; 52 breast cancer events, 19 deaths, 8 years median follow-
up). Weight loss in the intervention group was not sustainable
(—=5.5% vs —0.6% at 12 months; —3.7% vs —0.4% at 24 months;
—2.0% vs —1.6% at 36 months). Additional landmark analysis of
weight loss up to 24 months in disease-free participants showed
attenuated results.?>¢

In  observational studies, postdiagnosis weight or BMI
change were evaluated for the timeframes from before diagnosis
to one or more years after diagnosis (pre- to postdiagnosis;

10?27:89:42,50-52,55,100,107.146 54 2178.225 1y plications, respectively),

for any period postdiagnosis (7120:132:138,149,172218.240 5,4 1211

publications, respectively), or specifically during cancer treatment

(539,147,191,204,257 and 784,132,160,177,200,236,254 pUb“CatiOnS, respec-

tively), and these exposures were separately reviewed.

Categorical meta-analyses of percentage weight change from
before to after diagnosis were possible in seven studies reporting
results on all-cause and breast cancer-specific mortality (three pub-
lications, 2784 total deaths, 1752 breast cancer deaths),>?>%1%7
but substantial between-study heterogeneity was present in some
analyses. There was a suggestion that weight loss (unknown
causes) across the investigated timeframes, was associated with
higher all-cause mortality compared with stable weight (RRs: 1.15-
5.29; Figures S16-518).

Meta-analysis was not possible for BMI change. There was a sug-
gestion that, compared with stable BMI, pre- to postdiagnosis BMI

178225 \yas associated with higher all-cause mortality, breast can-

gain
cer-specific mortality and breast cancer recurrence, and that BMI gain
after neoadjuvant chemotherapy was associated with higher all-cause
mortality among nonmetastatic survivors.t’”2%¢ Only two studies
each reported results (Figure S19).

No clear trend of association was observed for other investigated
postdiagnosis changes of weight or BMI and breast cancer outcomes

(Figures $16-520).

3.5 | Sensitivity analyses and tests of
publication bias

The overall summary RR estimates remained materially unchanged in
leave-one-out sensitivity analyses. There was evidence of small study
effects in the analysis of BMI and breast cancer-specific mortality
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(Egger P = .001; Figure S21), with the average positive associations
being stronger in studies of fewer compared with more events
(Table 3). No evidence of publication bias was detected in analyses of

other pre-specified outcomes (Egger P values 2.19).

3.6 | Evidence grading
Table 1 shows the summary of findings and the corresponding evi-
dence grades (Table S2).

The evidence on body fatness (BMI, waist circumference, waist-to-
hip ratio) and all-cause mortality, breast cancer-specific mortality and sec-
ond primary breast cancer (BMI only) was substantial, consistent in general
and across different study designs and populations and showed evidence
of a dose-response relationship, which was unlikely to be caused by
chance or bias. This evidence was graded as strong (subgrade: probable),
but not convincing, as more supporting evidence from RCTs is needed.

The evidence for body fatness and breast cancer recurrence was
limited in quality relating to outcome assessment but suggestive of a
positive dose-response relationship. The evidence suggesting an
increased risk of nonbreast cancer-related mortality (BMI only) and
cardiovascular mortality (BMI only) with greater body fatness was also
limited suggestive.

The evidence on weight or BMI change was sparse and inconsis-
tent and was limited in quality relating to exposure assessment and no

conclusions could be made.

4 | DISCUSSION

The epidemiologic evidence on body fatness, weight change and
breast cancer prognosis was systematically synthesized and inde-
pendently evaluated. The estimated increase in risk per 5 kg/m?
higher postdiagnosis BMI was 7% for all-cause mortality, 10% for
breast cancer-specific mortality and 14% for second primary breast
cancer. There was high, partially explained, between-study hetero-
geneity, but the positive associations were generally consistent
across several study and disease subgroups. However, most sub-
groups included a low number of studies and will require further
analyses in the future.

Plausible biological mechanisms underpinning the observed associ-
ations of increased body fatness with poorer survival have been widely
studied.****'” Increased conversion of androgens to oestrogens by
aromatase in adipose fat, decreased levels of sex-hormone binding
globulin and the resulting increased circulating oestrogen levels may
drive breast cancer progression in postmenopausal women with obe-
sity.*'® Other potential mediators include insulin resistance and associ-

ated increased insulin levels*!?; chronic sub-clinical inflammation*?°;

421 including increased leptin that is pro-

and altered adipokine levels,
inflammatory and decreased adiponectin and the consequent reduced
anti-inflammatory and insulin-sensitising effects.*?2 These inter-con-
nected signaling pathways could promote tumor growth and prolifera-

tion in women with obesity. In the present review, there was evidence

that the association with breast cancer recurrence were, on average,
inverse among women with metastatic disease but positive among
women with early-stage diseases. The results may reflect disease char-
acteristics (tumor biology and treatment responses) rather than host
factors (obesity and its metabolic consequences) may have greater
impact on recurrence and survival in these distinctive survivors. Further
studies are needed to elucidate such findings.

The present nonlinear analysis of postdiagnosis BMI and all-cause
mortality revealed a J-shaped relationship suggesting a more favorable
survival in women of high normal to low overweight (24-26 kg/m?)
compared with women of low normal weight (arbitrary chosen at
20 kg/m?). This observation relates somewhat to the phenomenon of
the “obesity paradox” that has been reported in other cancer
patients.*?®> The exact causes are unclear but could include metabolic
advantage, collider stratification bias (selection bias), confounding
and/or reverse causation bias.*?* In addition, BMI does not reflect fat
distribution and cannot distinguish lean from fat mass.*?>42¢ Analyses
conducted for waist circumference and waist-to-hip ratio in the present
review showed positive associations with all-cause and breast cancer-
specific mortality, which may be independent of BMI. Sarcopenia and
sarcopenic obesity may also be independent prognostic factors for
breast cancer,*?” but further investigations are needed to study in more
detail associations with body shape and composition.*?®

Taken together, the evidence was graded as strong (subgrade:
probable) for body fatness and all-cause mortality, breast cancer-spe-
cific mortality and second primary breast cancer. The evidence for
BMI and higher risk of breast cancer recurrence was graded as lim-
ited-suggestive since the outcomes were inconsistently defined across
the studies,*?? and could be misclassified and/or incompletely ascer-
tained in observational studies that used participants' reported or reg-
istry record linkage data.*3®*3! The evidence for BMI and higher risks
of nonbreast cancer-related mortality and cardiovascular mortality
was also graded as limited-suggestive. There was a paucity of data on
cardiovascular mortality, despite cardiovascular deaths being the most
common cause of nonbreast cancer deaths in breast cancer

432433 and high BMI may increase cardiovascular events in

patients,
general.*** More research is needed to investigate these important
outcomes.

Relatively few numbers of studies investigated weight or BMI
change and the results were substantially heterogeneous. Weight loss
after cancer diagnosis may be associated with higher all-cause mortal-
ity, but the intentionality of weight loss was unclear and could
be related to cancer cachexia.**® In the pooling project, the positive
association with large weight loss was only restricted to the under or
normal weight individuals, those with comorbidities, and who ever
smoked,’? hence the overall results could be affected by reverse causa-
tion. In addition, we found no apparent associations between weight or
BMI gain and breast cancer outcomes across the timeframes, unlike a
recent published meta-analysis that reported negative prognostic
impact with large weight gain overall.*3¢ The association may be dis-
torted, as chemotherapy may cause weight gain particularly in patients
treated with older regimens that often incorporated high doses of corti-

costeroids.**” The evidence was judged as limited-no conclusion.
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We only identified one small weight loss intervention trial pub-
lishing results on survival outcomes, which suggested beneficial
effects of intervention through diet, physical activity and behavioral
change compared with education.?>® Whether sustainable, intentional
weight loss can reverse the adverse pathological sequelae and
improve survival outcomes in breast cancer patients with overweight
and obesity requires elucidation. Findings on the combined influence
of body fatness and physical activity could provide important lifestyle
and cancer care information.

The substantial body of evidence (226 studies with over 456 000
women) accumulated over the years was comprehensively and sys-
tematically synthesized, and independently graded using standardized
criteria. All postdiagnosis data were pooled, and subgroup analyses
were conducted by timeframe relative to cancer treatment to better
account for any influence from treatment on body measurements.
Other subgroup analyses were conducted, however, individual studies
may not report enough, comparable information required for inclusion
in a dose-response meta-analysis. For the analyses by breast cancer
subtype, the low numbers of studies, coupled with the low numbers
of the less common breast cancers, that were differently assessed and
classified in the studies, had hindered definitive conclusions on these
associations. As shown, recent published meta-analyses with largely

the same included studies reported conflicting results,*3¢438437

sug-
gesting further investigation in studies using comparable classification
is warranted.

Several limitations in relation to the evidence require discussion.
First, survival benefit may present in studies that recruited partici-
pants who were well enough to survive the cancer years after diagno-
sis. Second, most studies did not have repeated body measurements

440441 o1 changes in mus-

to account for postdiagnosis weight change
cle and fat mass**2 perhaps because of chemotherapy or changes in
lifestyle or hormonal metabolism.**® Third, reverse causation because
of undetected disease outcome that leads to changes in exposure was
possible, but most studies included only early stage (I-1ll) breast cancer
survivors, who on average showed positive associations that were not
observed among metastatic breast cancer survivors in the present
subgroup meta-analyses across the outcomes. Fourth, uncontrolled or
residual confounding, from lifestyle factors for which information
were often missing, tumor stage and treatment that could lack details
and pre-diagnosis body fatness that may drive the development of
aggressive tumors,*** was possible. However, studies adjusted at least
for age, tumor stage, cancer treatment, and either comorbidities or
smoking, on average, showed positive associations. Consistent posi-
tive associations were also observed among the secondary analysis of

clinical triaIS45,48,54,59,63,64,68,70,88,1027104,106,116,120,121,123,147,159,161,

162,164,181,191,193,199,203,211,221,222,238,252,253,283 which were expected
to have better treatment protocols and management. The evidence of
greater body fatness causing increased mortality was unlikely to be
caused solely by chance or bias, and was graded as strong probable
evidence. To reach the strong convincing grade, more definitive
evidence from RCTs (body composition, weight control or weight loss

trials**°) is needed.
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The present review supports the advice for women who have
completed primary treatment for breast cancer to follow the WCRF/
AICR Cancer Prevention Recommendations to eat a healthy diet,
be physically active and maintain a healthy weight if it fits with the
specific medical advice given by their cancer management team.®
Adherence to such lifestyle recommendations, in line with the
recently released American Cancer Society Guideline on Diet and
Activity for Cancer Survivors 2022,%4 has shown to lower all-cause
mortality.*4”

Continual research effort is needed to inform whether
specific recommendations are needed for different breast cancer

survivors.

5 | CONCLUSIONS

There was strong probable evidence that higher postdiagnosis body
fatness increases risks of all-cause mortality, breast cancer-specific
mortality and second primary breast cancer in women diagnosed with
breast cancer. The evidence for breast cancer recurrence, nonbreast
cancer-related mortality and cardiovascular mortality was limited sug-
gestive. For postdiagnosis weight or BMI change, the evidence was
limited-no conclusion. Intervention trials, well-designed observational
studies and biological mechanistic studies in diverse populations are
needed to elucidate the impact of body composition and distribution

and their changes on outcomes across the cancer continuum.
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