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Abstract

It is important to clarify the associations between modifiable lifestyle factors such as
physical activity and breast cancer prognosis to enable the development of evidence-
based survivorship recommendations. We performed a systematic review and meta-
analyses to summarise the evidence on the relationship between postbreast cancer
diagnosis physical activity and mortality, recurrence and second primary cancers. We
searched PubMed and Embase through 31st October 2021 and included 20 observa-
tional studies and three follow-up observational analyses of patients enrolled in clinical
trials. In linear dose-response meta-analysis of the observational studies, each 10-unit
increase in metabolic equivalent of task (MET)-h/week higher recreational physical
activity was associated with 15% and 14% lower risk of all-cause (95% confidence
interval [Cl]: 8%-22%, studies = 12, deaths = 3670) and breast cancer-specific mortal-
ity (95% Cl: 4%-23%, studies = 11, deaths = 1632), respectively. Recreational physical
activity was not associated with breast cancer recurrence (HR = 0.97, 95% Cl:
0.91-1.05, studies = 6, deaths = 1705). Nonlinear dose-response meta-analyses indi-
cated 48% lower all-cause and 38% lower breast cancer-specific mortality with increas-
ing recreational physical activity up to 20 MET-h/week, but little further reduction in
risk at higher levels. Predefined subgroup analyses across strata of body mass index,
hormone receptors, adjustment for confounders, number of deaths, menopause and
physical activity intensities were consistent in direction and magnitude to the main ana-
lyses. Considering the methodological limitations of the included studies, the indepen-
dent Expert Panel concluded ‘limited-suggestive’ likelihood of causality for an
association between recreational physical activity and lower risk of all-cause and breast

cancer-specific mortality.

KEYWORDS
breast cancer survival, evidence grading, expert panel judgement, physical activity,
systematic review

What's new?

While being physically active facilitates improvements in various cancer-related health outcomes,
the role of physical activity in breast cancer prognosis remains unclear. Here, the Global Cancer
Update Programme provided a systematic review and meta-analysis of postdiagnosis recreational
physical activity and as-yet-understudied prognosis-related outcomes, namely all-cause and breast
cancer-specific mortality and recurrence. The independent expert panel concluded that there is lim-
ited but suggestive evidence that recreational physical activity is beneficial and can lower all-cause
and breast cancer-specific mortality rates in women diagnosed with breast cancer. The findings
support the development of lifestyle recommendations for breast cancer survivors to be physically

active, within the limits of their ability and specific medical advice.

improved early detection and treatment.? The number of new breast

cancer cases globally is expected to rise from 2.3 million in 2020 to

In 2020, approximately 2.3 million women worldwide were diag-
nosed with incident breast cancer and almost 700 000 died from the
disease.! Incidence rates have increased in western countries from
the 1980s until the late 1990s. Incidence rates continue to increase
in many middle-income countries.?® Breast cancer mortality rates

have been stable or declining since the 1990s, possibly due to

3.2 million in 2040.% It is therefore essential to clarify the relation-
ship between modifiable lifestyle factors (such as physical activity,
adiposity and diet) with survival outcomes, in order to develop
evidence-based cancer survivorship recommendations.*

The role of physical activity in preventing the occurrence of adverse

health outcomes and overall mortality is well-established.” In terms of
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aetiology, being physically active reduces the risk of pre- and postmeno-
pausal breast cancer.** The 2019 American College of Sports Medicine
(ACSM) guidelines indicated that sufficient evidence supports that being
physically active could lead to improvements in various cancer-related
health outcomes such as depression, fatigue and anxiety.”® However,
questions remain about the role of physical activity in disease-free sur-
vival and mortality.” In addition, it is unclear if the benefits of physical
activity equally apply to all cancer patients or only for specific sub-
groups.'®* A number of reviews and meta-analyses have been published
to date that investigated physical activity and mortality after breast cancer
diagnosis.’®*2"% Five of these'®*2*>Y published in 2019-2020, consis-
tently reported that women at the highest levels of physical activity had
lower (summary hazard ratio [HR] range = 0.58-0.74) rate of all-cause
and breast cancer-specific mortality (summary HR range = 0.59-0.72)
compared to those at the lowest levels. The meta-analysis by Geidl et al*?
reported that for each 10 metabolic equivalent of task (MET)-h/week
increase in physical activity there was a 22% lower rate of all-cause mor-
tality and an indication of a nonlinear dose-response association. This
finding was further supported in the meta-analysis by Friedenreich et al in
2019.1° Only one®® of the recently published meta-analyses investigated
physical activity and recurrence, and reported no association (HR = 0.79,
95% confidence interval [Cl]: 0.60-1.05, studies = 5).

As part of its comprehensive assessment of diet, nutrition, adiposity,
and physical activity in breast cancer survivorship, the Global Cancer
Update Programme (CUP Global) formally known as the World Cancer
Research Fund/American Institute for Cancer Research (WCRF/AICR)
Continuous Update Project (CUP), assessed the available evidence on
physical activity and breast cancer prognosis to June 2012 and concluded
‘limited-suggestive’ evidence for an association between physical activity
and lower rate of all-cause and breast cancer-specific mortality in breast
cancer survivors.**® The CUP Global updated this evidence in its 2018
report.* This manuscript further updates the systematic review and meta
analyses findings and Expert Panel evidence grading on postdiagnosis rec-
reational physical activity and breast cancer prognosis. We sought to eval-
uate the evidence, identify gaps in the literature and define future
research directions. This article presents the evidence on physical activity
and breast cancer outcomes, whereas evidence on body fatness, diet and

the overall summary are presented in the accompanied papers.?2!

2 | MATERIALS AND METHODS
This work was conducted as part of the ongoing CUP Global.?? The

peer-reviewed protocol is available online?® and the PRISMA check-

list?* is provided in Table S1.

2.1 | Search strategy, selection criteria and data
extraction

We searched in PubMed and Embase through 31st October 2021 for
peer-reviewed observational studies or randomised controlled trials

(RCTs) in women diagnosed with primary breast cancer during adulthood.

Search terms are listed in Table S2A,B. The search strategy included
terms not only related to physical activity but also diet and anthropome-
try because it was part of the broader CUP Global SLR that also covered
other exposures. Study selection included an initial screening of all titles
and abstracts, followed by full-text and reference list screening. A second
reviewer checked at least 10% of the study selection and data extraction.
Any disagreements on study eligibility were resolved through consensus-
based discussion. For the purposes of this review, we classified physical
activity into types, namely ‘total’ and ‘recreational’. Total physical activity
describes studies that reported on recreational, occupational, transporta-
tion and household physical activities combined. We restricted our
review to studies that assessed physical activity postdiagnosis and we
therefore excluded studies that reported only on prediagnosis physical
activity®>*2 and studies that likely reflected a combination of pre- and
postdiagnosis physical activity.*>*® If a study reported data separately
for pre- and postdiagnosis physical activity, we included it and used the
estimate for postdiagnosis physical activity in analysis. We excluded eco-
logic, cross-sectional, and case-control studies, case reports, surveys,
conference abstracts, commentaries and any studies on passive physical
activity (eg, aided by a physiotherapist). Outcomes of interest were all-
cause and breast cancer-specific mortality, breast cancer recurrence
(as defined in studies) and second primary cancers. We therefore
excluded studies that investigated only quality of life (QolL) outcomes.
From each included study, we extracted study, participant and disease
characteristics, treatment information, exposure/intervention and cancer
outcome/s, HRs or relative risks (RRs), 95% Cls and/or P-values for each
exposure category and covariate adjustments. Based on available litera-
ture, important potential confounders of the association of physical activ-
ity and breast cancer prognosis include age, alcohol intake, smoking,
stage, treatment and relevant prediagnostic exposures. The quality of
individual studies was not graded using a specific tool. Instead, relevant
study characteristics that could be used to explore potential sources of
bias were included into the CUP Global database. Information on poten-
tial for residual confounding, risk of information and selection bias was
retrieved after identifying the most likely influential sources of bias in
cancer survival studies.***’ In the Expert Panel meeting, whether the
studies had serious quality issues was discussed when evaluating the evi-

dence for each exposure-outcome association.

2.2 | Data synthesis

We computed summary HRs and 95% Cls for the highest vs the low-
est levels of physical activity and for dose-response analyses using
random-effects models to account for the variation within and
between studies.*® For dose-response analysis, we summarised HR
estimates and 95% Cls for continuous increments as reported in the
articles, if provided, and for studies that only reported categorised
exposures, dose-response estimates were derived using the method
described by Greenland and Longnecker.*”*° Details of the estima-
tions are provided in Appendix S2. In analyses of ‘highest’ vs ‘lowest’
categories, we included studies that reported results of physical activ-

ity either in h/week or metabolic equivalent of task (MET)-h/week.
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One MET is defined as the amount of oxygen consumed while sitting
at rest that equals to 3.5 mL/O, per kg of body-weight*min.> Dose-
response analyses are presented using 10 MET-h/week as the unit
increment, that reflects approximately 1.25 hours of vigorous activity
per week or 2.5 hours of moderate activity per week. If there were
multiple publications from the same study, we selected the one with
the largest number of events for analysis if it provided the necessary
data. We used results of pooling projects instead of their component
studies when available for analysis. We conducted nonlinear dose-
response analyses when we had at least five studies with three or
more exposure categories by using restricted cubic splines, with knots
at 10th, 50th, and 90th percentiles of the exposure distribution and
combined them using multivariate meta-analysis.>>>2 For each study,
the results from fully adjusted models were included in analyses.
Cochran's Q and the [ squared statistic (%) were used to examine
between-study heterogeneity. A P-value <.10 for Q test was considered
significant and an I? statistic greater or equal to 25%, 50% and 75% indi-
cated a low, moderate and high proportion of variation attributable to
heterogeneity.>*>> 95% Cls of I?> were calculated to aid interpretation.>®
We further investigated potential sources of heterogeneity by conducting
predefined subgroup analyses across strata of BMI, menopausal and hor-
mone receptor status, recreational physical activity intensity (ie, moderate,
moderate-to-vigorous, vigorous), adjustment for confounders (stage,
treatments, smoking and alcohol), number of deaths and analyses
restricted to studies that assessed physical activity after completion of ini-
tial treatment. This analysis assumes that physical activity after initial
treatment is a less variable measure and amount of physical activity may
differ from during-to-after treatment. It is therefore important to clarify
these associations with outcomes, especially for women who survive long
term to allow more targeted recommendations and/or interventions. We
performed sensitivity analyses by sequential omission of one study at a
time (leave-one-out analyses)®” to explore the potential influence of single
studies on results. Egger's regression asymmetry test and visual inspection
of funnel plots were used to assess presence of small-study effects such
as publication bias, when there were 10 or more studies in analyses. A
P-value less than .10 indicated evidence of small-study effects, as the test
has limited power in the presence of few studies.’® We used fixed-effect
model as sensitivity analysis, to compare with the random-effects

59-61

models and results are presented in tables.

We used R®? version 4.0.5. packages: ‘meta’,®® ‘metafor’,** ‘dos-

265 > 66

resmeta’®” and ‘tidyverse’.

2.3 | Evidence grading criteria

The independent Expert Panel (ELG, MJG, AAJ, EK, VL, SKC, AMT)
graded the quality of the evidence as strong (subgrades evaluating likeli-
hood of causality: substantial effect on risk unlikely, probable or convinc-
ing) or limited (subgrades evaluating likelihood of causality: limited—no
conclusion or limited—suggestive) according to predefined criteria listed
in Table S3 which evaluate the quantity, consistency, magnitude and pre-
cision of the summary estimates, existence of a dose-response, risk of

bias, generalisability and mechanistic plausibility of the results.
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3 | RESULTS

Study selection is shown in Figure 1. Of 3212 full texts assessed

11,67-90

for inclusion, 20 cohort studies and three follow-up ana-

91,92

lyses of patients enrolled in clinical trials met our inclusion cri-

teria. Among these, two publications were from the After Breast
Cancer Pooling Project (ABCPP). Beasley et al”> comprised four
individual cohort studies, three from the United States that is, The
Women's Healthy Eating and Living Study (WHEL), Life After Can-
cer Epidemiology study (LACE), Nurses' Health Study (NHS) and
one from China that is, the Shanghai Breast Cancer Survival Study
(SBCSS). Nechuta et al’® comprised the three US cohorts (WHEL,
LACE, NHS). When possible, we used Beasley et al in analyses oth-
erwise we used Nechuta et al.

The sample size of the identified studies ranged from 103 to 13 302
women. Most (n = 17, 65%) originated from the United
States,11:67:6870.73.76.77.79-868893 e (4%) from Mexico,®” two (8%) from
China,”?”® one (4%) from Germany,®’ one (4%) from Denmark,?® one
(4%) from Norway,”* one (4%) from Turkey”™ and one (4%)”* included
women from various countries. Most studies reported on recreational
physical activity.12¢7-70727981-86 One reported on total physical activity
only,”* one reported total and recreational physical activities,”® one
reported household and recreational physical activities®” and another one
reported results on household physical activity.” One study” reported
on sedentary time (television watching). Our review concentrated on rec-
reational physical activities (eg, aerobics, walking, running) since most of
the studies published data for this domain and we were unable to per-
form analyses across other domains of activity. Details of the physical
activity definitions are presented in Table S4. Characteristics of the stud-
ies included in the meta-analyses are presented in Table S5A,B. The two
publications’*”? that investigated total physical activity (ie, combined:
occupational, household, recreational and transportation) reported null
associations for all-cause mortality, breast cancer-specific mortality and
breast cancer recurrence (Figure S1). Seven publications®”%76778289.90
examined the association between physical activity changes from before
to after diagnosis and breast cancer prognosis but could not be meta-ana-
lysed; therefore, we provide a descriptive synthesis of these results
(Appendix S3).

Two publications reported follow-up observational analyses of
patients enrolled in three RCTs. The Supervised Trial of Aerobic vs
Resistance Training (START) trial®? evaluated the effect of participa-
tion in a 17 week highly-supervised, moderate-intensity resistance-
only or aerobic-only intervention during chemotherapy. The impact
of physical activity on survival was reported, although the trial was
not originally designed to address these outcomes. The two Exercise
for Health trials (EfH)’! involved a mixed-type (aerobic- and
resistance-based), unsupervised moderate-intensity intervention,
monitored by frequent face-to-face or telephone-based contact
with an exercise physiologist after surgery. These follow-up analyses

of patients enrolled RCTs"172

suggest a beneficial impact of physical
activity on outcomes after breast cancer. The interpretation of these
results was limited by the post hoc analysis, small number of events

and wide Cls (Figure S2 and Table Sé).
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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

28 269 publications after duplicates removed

A\ 4

v

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

3 212 full texts retrieved and assessed for
inclusion

A 4

A

the review

689 potentially relevant publications identified for

2 523 publications excluded

1 353 outside of research topic area
280 quality of life studies

4 pretest and posttest trials

2 case studies

5 case-control studies

14 cross-sectional studies

3 ecological studies

76 meta-analyses

582 reviews

11 news

127 editorials/Commentaries/letters
4 conference papers

9 foreign language articles

11 protocols

4 erratum

34 with less than 100 participants

3 included men

1 no original data

A 4

144 publications on prediagnosis
exposures only

15 combined pre- and postdiagnosis
exposures

500 publications on exposures other

FIGURE 1 Flow chart of study
selection process

than physical activity

30 publications were on postdiagnosis physical
activity

A 4

2 superseded publications

28 publications on physical activity were meta-
analysed or descriptively synthesised.

(20 cohort studies from 26 publications and
three RCTs with post hoc survival analyses
from two publications

3.1 |
mortality

Recreational physical activity and all-cause

Recreational physical activity was associated with lower risk of all-
cause mortality. Twelve observational studies were included in the
dose-response meta-analysis comprising 31 563 women, of whom
3670 (~12%) died.6”%:74-76.81.828489 Most of these studies had less

than 10 years median follow-up (Table S5B). The summary HR per

10 MET-h/week was 0.85 (95% Cl: 0.78-0.92) with evidence of sub-
stantial heterogeneity (1> = 87%, P-heterogeneity < .01), and an indi-
cation of small-study effects (P-Egger's = .01; Figures 2A, S3 and
Table 1). Highest vs lowest levels of physical activity were associated
with a 44% lower risk of all-cause mortality (HR = 0.56, 95% CI:
0.49-0.64: 1> = 34%, P-heterogeneity = .08, P-Egger's = .34, 15
studies)®” 6773 7681.82858889 (Figres 2B, S4 and Table 1). Sequential

omission of studies did not change the direction or magnitude of the
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; Author Year Hazard ratio HR 95%Cl  (random) Study Comparison
95% Cl per Weight
Author Year Hazard ratio HR 10 MET-h/week (random) Study
Cannioto 2021 057 (026-1.26) DELCaP study 16 vs <8.3 MET-hiweek
J 2019 — 0.43 (0.26-0.72) MARIE stud) 275 0 MET-hA k.
Jung 2019 047 (030-0.73) 27% MARIE study un9 ( ) study Vs < el
Maliniak 2018 s o 070  (0.56-0.87) CPS-II Nutrition Cohort ~ >17.5 vs 3.5-8.75 MET-h/week
Maliniak 2018 078 (0.710.89) 18.1%  CPS-II Nutriion Cohort
Tarasenko 2018 —— 0.61 (0.46-0.81) NHIS sufficiently active vs inactive
Palesh 2018 0.97 (0.94-1.00) 17.3% Stanford USA
Veal 2017 085 (038-1.91) wisc >5vs 0 hiweek
‘Ammitzboll 2016 0.94 (0.86-1.03) 14.4% DCH
Ammitzboll 2016 — 075 (0.42-1.33) DCH 39-273 vs 0-8 MET-h/week
de Glas 2014 0.97 (0.92-1.03) 16.4% TEAM-L side study
Bradshaw 2014 — 037 (025055) LiBCSP 9 MET vs 0 MET-h/week
Beasley 2012 087 (0.830.01) 16.9% ABCPP
de Glas 2014 057  (0.23-1.40) TEAM-L side study 65.6-258 vs 0-21.0 MET-h/week
Inwin 2011 063 (0.46:0.85) 49% WHI
Beasley 2012 = 0.60 (0.50-0.72) ABCPP 29.7-48.0 vs 0-0.2 MET-h/week
Holick 2008 0.74 (0.66-0.83) 12.7% CwWLS
° Irwin 2011 —— 054 (037-0.79) WHI 95 0 MET-hweek
Irwin 2008 0.46 (0.25-0.82) 1.6% HEAL
Holick 2008 — 044  (0.32-0.61) cwLs 221 vs <2.8 MET-h/week
Irwin 2008 —_— 033 (0.15-0.73) HEAL 9 vs 0 MET-hiweek
085 (0.78-0.92) 100.0%
Heterogeneity: 12 = 87%, 1% < 01, P < 01
- 056 (0.49-0.64) 100.0%
Heterogeneily:/° = 30%, 1 = 01, P = 15
02 05 1 2 5
: Weight
95% Cl per Weight ) )
5 Author Year Hazard ratio HR 95%Cl  (random) Study Comparison
Author Year Hazard ratio HR 10 MET-hiweek (random) Study
Jung 2019 | 048 (025:091) 103% MARIE study 27.5 vs <0 MET-hiweek
Jung 2019 — 051 (0.290.89) 3.2% MARIE study
Maliniak 2018 082 (056-1.16) 16.9%  CPS-Il Nutition Cohort  217.5 vs 35-8.75 MET-hweek
Maliniak 2018 0.88 (0.70-1.09) 13.3%  CPS-II Nutrition Cohort
Bradshaw 2014 —- 0.30  (0.16-0.56) 10.6% LIBCSP 29 vs 0 MET-h/week
de Glas 2014 0.99 (0.93-1.06) 27.2% TEAM-L side study
N de Glas 2014 077 (0.28-2.12) 5.6% TEAM-L side study 65.6-258 vs 0-21.0 MET-h/week
Willams_runners 2014 —_ 031 (0.14-065) 19% NRWHS
Williams_runners 2014 —_— 0.05 (0.01-0.29) 21% NRWHS 225.1 vs <7.5 MET-h/week
Williams_walkers 2014 1.00 (0.67-1.49) 5.8% NRWHS
Williams_walkers 2014 113 (0.37-3.43) 4.9% NRWHS 225.1 vs <7.5 MET-h/week
Beasley 2012 0.91 (0.86-0.95) 27.9% ABCPP
Beasley 2012 073 (059-091) 20.0% ABCPP 20.7-48.0 vs 0-0.2 MET-hiweek
Irwin 2011 0.70 (0.45-1.07) 5.2% WHI
Irwin 2011 0.61 (0.38-0.99) 13.4% WHI >9 vs 0 MET-h/week
Holick 2008 0.78 (0.62-0.96) 13.6% CwLS
Holick 2008 | 049  (0.27-0.89) 11.1% CWLS =21 vs <3 MET-h/week
Irwin 2008 0.77 (0.37-1.61) 2.0% HEAL
Irwin 2008 065 (0.23-1.87) 5.3% HEAL 29 vs 0 MET-h/week
9 086  (0.77-0.96) 100.0%
) , - 058 (0.440.77) 100.0%
Heterogenety: /= 65%, 1" = .01, P<.01 .
02051 2 5 Heterogeneity: 1% = 54%, 7* = .09, P = .02
001 01 1 10 100
95% Cl per Weight Weight
Author Year Hazard ratio HR 10 MET-hweek  (random) Study Author Year Hazard ratio HR 95%Cl  (random) Study Comparison
Jung 2019 —_— 0.65 (0.47-0.92) 4.5% MARIE study Jung 2019 — 059  (0.40-0.86) 35.5% MARIE study 27.5 vs <0 MET-h/week
de Glas 2014 1.00 (0.95-1.06) 46.0%  TEAM-L side study de Glas 2014 090 (0.39-2.10) 136% TEAM-L side study  65.6-258 vs 0-21.0 MET-h/week
Beasley 2012 0.98 (0.94-1.03) 49.6% ABCPP Beasley 2012 —— 095 (0.79-1.14) 50.9% ABCPP 29.7-48.0 vs 0-0.2 MET-h/week
l 097 (0.91-1.05) 100.0% 080 (0.56-1.14) 100.0%
Heterogeneity: I = 68%, 12 < .01, P= .05 Heterogeneity: /2 = 60%, * = .06, P= 08
05 1 2 05 1 2

FIGURE 2

Summary hazard ratio estimate (95% Cl) of (A) all-cause mortality for every 10 MET-h/week of recreational physical activity after

diagnosis, (B) all-cause mortality for the highest compared to the lowest level of recreational physical activity after diagnosis, (C) breast cancer-
specific mortality for every 10 MET-h/week of recreational physical activity after diagnosis, (D) breast cancer-specific mortality for the highest
compared to the lowest level of recreational physical activity after diagnosis, (E) recurrence for every 10 MET-h/week of recreational physical
activity after diagnosis and (F) recurrence for the highest compared to the lowest level of recreational physical activity after diagnosis. Forest plot
shows results from the random effects model. Diamond represents the summary hazard ratio. Each square represents the hazard ratio estimate of
each study and the horizontal line across each square represents the 95% confidence interval (Cl) of the hazard ratio estimate. ABCPP (Beasley
2012) included data from three US cohorts that is, LACE, NHS, WHEL and one Chinese cohort SBCSS. For the CPS-Il Nutrition Cohort (Maliniak
2018), the HR estimates for the two age groups reported were combined using fixed effects models before inclusion in the meta-analysis

summary estimates (Figure S5). Analysis of 10 studies®?7476818289

showed a dose-dependent 47% reduction in risk of all-cause mortality
at 20 MET-h/week, but little or no further reduction in risk at higher
levels. The data were sparse at higher physical activity levels (P-non-
linearity < .001) (Figure 3A and Table S7).

We conducted predefined subgroup meta-analyses to explore poten-
tial sources of heterogeneity (Table 1). Among women with hormone pos-
itive tumours, a marginal inverse association was observed (HR per
10 MET-h/week = 091, 95% Cl: 0.80-1.04; > =89%, P-hetero-
geneity < .01, four studies, deaths = 1267, Figure S6).7074 Highest vs
lowest levels of recreational physical activity were associated with a 48%
(HR = 052, 95% CI: 0.33-0.81; P =84%, P-heterogeneity < .01,
deaths = 1583) and 50% (HR = 0.50, 95% Cl: 0.38-0.66; [> = 14%, P-het-
erogeneity = .33, deaths = 219) lower risk of all-cause mortality among

70,73,74,76,78,82

women with hormone receptor positive and hormone

7376787982 respectively (Figure S7 and

receptor negative tumours,
Table 1).

In linear dose-response analysis restricted to postmenopausal
women, a 10 MET-h/week higher recreational physical activity was

associated with a 28% lower risk of all-cause mortality (HR = 0.72,

95% Cl: 0.58-0.89; > =89%, P-heterogeneity < .01, five
studies,®”74767887 deaths = 1773) (Figure S8). Highest vs lowest
levels of recreational physical activity were associated with a 40%
(HR = 0.60, 95% Cl: 0.51-0.71; I*> = 11%, P-heterogeneity = .34,
deaths = 1773) lower risk of all-cause mortality among postmeno-
pausal women.®”7476788% (Figure S9 and Table 1). One study’®
restricted to premenopausal women and was indicative of an inverse
association between recreational physical activity and all-cause mor-
tality; however, the Cl was wide and included the null both in dose-
response and categorical analysis (Table 1).

We could not conduct dose-response analyses within strata of
BMI due to insufficient data. Highest vs lowest levels of recreational
activity were associated with a 56% lower risk of all-cause mortality in
women with BMI < 25 kg/m2 (HR = 0.44, 95% Cl: 0.30-0.64;
I? = 51%, P-heterogeneity = .09, five studies”>7¢7%7782) and 50%
lower risk for those with BMI 2 25 kg/m? (HR = 0.50, 95% Cl:
0.32-0.78; I?> = 51%, P-heterogeneity = .14, three studies”>7882), The
summary HR was 0.62 (95% Cl: 0.29-1.35; ? = 65%, P-heterogene-
ity = .09) among women with BMI 25-29.9 kg/m? and 0.83 (95% ClI:
0.51-1.34; 1> = 0%, P-heterogeneity = .82) among women with
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TABLE 1
Number of
studies (number Number
Analysis of publications) of events®

Dose-response meta-analyses (HR per 10 MET-h/week)

Main analysis (all-studies) 12 (9)

Stratified by hormone receptor status
Negative® -
Positive™® 4(2)

Stratified by menopausal status
Premenopausal 1(1)
Postmenopausal 5(5)

Stratified by adjustment variables
Adjusted for stage: Yes 10(7)
Adjusted for stage: No 1(1)
Adjusted for treatments: Yes 9 (6)
Adjusted for treatments: No 3(3)
Adjusted for smoking: Yes 7 (4)
Adjusted for smoking: No 5(5)
Adjusted for alcohol: Yes 3(3)
Adjusted for alcohol: No 9 (6)

Stratified by median deaths
Less than median deaths 5(5)
More than median deaths 7 (4)

Stratified by timing of physical activity assessment in
After the end of primary 5(4)

cancer treatment
Highest vs lowest meta-analyses
Main analysis (all-studies) 15(12)

Stratified by BMI
BMI < 25 (kg/m?)° 5 (5)
BMI 25-29.9 (kg/m?)f 2(2)
BMI = 25 kg/m® 3(3)
BMI > 30 kg/m" 2(2)

Stratified by hormone receptor status

Negative®® 5(5)
Positive® 8 (6)
Stratified by menopausal status
Premenopausal 1(1)
Postmenopausal 5(5)
Stratified by adjustment variables
Adjusted for stage: Yes 0(7)
Adjusted for stage: No 5 (5)
Adjusted for treatments: Yes 10 (7)
Adjusted for treatments: No 5(5)
Adjusted for smoking: Yes 9 (6)

3670

1267

186
1773

3484

186
2205
1465
2906

764
1438
2232

511
3159

Summary HR
(95% Cl)
random-effects

0.85(0.78-0.92)

0.91 (0.80-1.04)

0.89 (0.65-1.22)
0.72 (0.58-0.89)

0.86 (0.80-0.93)
0.63 (0.46-0.85)
0.89 (0.83-0.96)
0.65 (0.49-0.87)
0.85(0.77-0.93)
0.84 (0.74-0.95)
0.81(0.68-0.97)
0.86 (0.78-0.94)

0.93(0.86-1.00)
0.77 (0.68-0.88)

relation to cancer treatment

1815

4919

359
55
194
63

219
1583

186
1773

3414
1505
2642
2277
3737

0.91 (0.83-0.98)

0.56 (0.49-0.64)

0.44 (0.30-0.64)
0.62 (0.29-1.35)
0.50 (0.32-0.78)
0.83(0.51-1.34)

0.50 (0.38-0.66)
0.52 (0.33-0.81)

0.86 (0.58-1.27)
0.60 (0.51-0.71)

0.57 (0.47-0.68)
0.54 (0.42-0.68)
0.51 (0.41-0.64)
0.62 (0.53-0.72)
0.63 (0.56-0.71)

Recreational physical activity after diagnosis and all-cause mortality, summary of results

Summary HR
(95% Cl)
fixed-effect

0.93(0.91-0.94)

0.93(0.89-0.97)

0.89 (0.65-1.22)
0.91 (0.87-0.95)

0.93(0.91-0.95)
0.93(0.91-0.95)
0.75 (0.68-0.83)
0.87 (0.84-0.90)
0.95 (0.93-0.98)
0.86 (0.81-0.92)

(

0.93(0.91-0.95)

0.96 (0.94-0.99)
0.84 (0.81-0.88)

0.97 (0.96-0.99)

0.58 (0.53 to 0.64)

0.49 (0.38-0.61)
0.59 (0.38-0.92)
0.53 (0.40-0.72)
0.83(0.51-1.34)

0.48 (0.38-0.62)
0.65 (0.58-0.74)

0.61 (0.53-0.71)

0.59 (0.52-0.66)
0.54 (0.45-0.65)
0.54 (0.47-0.62)
0.62 (0.53-0.72)
0.63 (0.56-0.71)

Heterogeneity

2% (95% Cl)

87 (78-93)

89 (58-97)

89 (76-95)

86 (78-93)
87 (74-94)
71(0-91)

70 (14-90)
89 (77-95)
80 (36-94)
90 (80-95)

72 (30-89)
80 (48-93)

87 (70-95)

34 (0-67)

51(0-82)

65 (0-92)

49 (0-85)
0 (n/a)

14 (0-82)
84 (67-92)

11 (0-82)

37 (0-74)
26 (0-71)
41 (0-75)
0(0-77)
0(0-53)

Q value, df,
Q P-value

62,8, <.01

9.0,1,<.01

35.0,4,<.01

56,7,<.01
39,5, <01
6.8,2,.03
9.9,3,.02
35.9,4,<.01
9.9,2,.01
48, 5, <.01

144, 4, .01
15.2,3,.00

235,3,<.01

170,11, .12

8.2,4,.09
29,1,.09
39,2 .14
0.05,1, .82

4.6,4, .33
31.6,5,<.01

45,4, .34

9.6,6,.14
54,4,.25
10.2, 6, .11
3.6, 4, .46
27,5,.75

Small-study
effects

Egger's
P-value

.01

.34
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TABLE 1 (Continued)

Small-study
Heterogeneity effects
Number of Summary HR ~ Summary HR
studies (number Number (95% Cl) (95% ClI) Q value, df, Egger's
Analysis of publications) of events® random-effects fixed-effect ’%(95% Cl)  Q P-value P-value
Adjusted for smoking: No 6 (6) 1182 0.42 (0.35-0.52) 0.42(0.35-0.52) 0(0-31) 1.8, 5, .87 =
Adjusted for alcohol: Yes 4 (4) 1548 0.67 (0.56-0.80) 0.67 (0.56-0.80) 0(0-75) 19,3,.60 -
Adjusted for alcohol: No 10 (8) 3371 0.51 (0.44-0.60) 0.53 (0.47-0.60) 24 (0-65) 9.2,7,.24 -
Stratified by median deaths
Less than median deaths 6 (6) 581 0.55(0.41-0.73) 0.55(0.41-0.73) 0(0-73) 47,5, .45 -
More than median deaths 9 (6) 4338 0.55(0.47-0.66) 0.58 (0.52-0.64) 54 (0-82) 10.8,5,.06 -
Stratified by timing of physical activity assessment after in relation to cancer treatment
After the end of primary 6 (6) 2093 0.70(0.59-0.84) 0.70(0.59-0.84) 25 (0-69) 6.7,5,.25 -
cancer treatment

Stratified by physical activity intensity

Moderate 2(2) 599 0.54 (0.39-0.74) 0.53(0.41-0.69) 31(n/a) 151,23 -
Moderate-vigorous 4 (4) 1629 0.62 (0.50-0.78) 0.65(0.56-0.76) 34 (0-77) 45,3,.21 =
Vigorous 2(2) 599 0.93(0.72-1.20) 0.93 (0.72-1.20) 0 (n/a) 05,1,.49 -

Note: Where the number of studies differs from the number of publications is because we have used the pooling project ABCPP in analyses.
Abbreviations: BMI, body mass index; Cl, confidence interval; df, degrees of freedom; ER—, oestrogen receptor negative; ER+, oestrogen receptor positive;
HR, hazard ratio; MET, metabolic equivalent of task; PR—, progesterone receptor negative; PR+, progesterone receptor positive.

@Not all studies that are included in the analyses reported the number of events. Bradshaw 2014 (LIBCSP) and Sternfeld 2009 (LACE) do not provide the
number of events for each receptor or BMI subgroup.

PHormone receptor negative analysis includes ER— or PR—, ER — PR—, ER—.

“Hormone receptor positive analysis includes ER + PR+, ER+.

9Bradshaw 2014 (LIBCSP) is used in analysis.

®Both Sternfeld and Bradshaw are in the analysis.

fSternfeld 2009 (LACE) is used in analysis.
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FIGURE 3 Nonlinear association between recreational physical activity after diagnosis and (A) all-cause mortality and (B) breast cancer-
specific mortality. The curves show the nonlinear dose-response associations between recreational physical activity after diagnosis and (A) all-
cause mortality and (B) breast cancer-specific mortality, estimated using restricted cubic spline regression with three knots at 10th, 50th and 90th
percentiles of distribution of the exposure and pooled with random-effects meta-analysis. Recreational physical activity at O metabolic equivalent
of task (MET) was chosen as reference.
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TABLE 2 Recreational physical activity after diagnosis and breast cancer-specific mortality, summary of results

Small-study
Heterogeneity effects
Number of studies Summary HR  Summary
(number of Number (95% Cl) HR (95% Cl) Q value, df, Egger's
Analysis publications) of events® random-effects fixed-effect ’%(95% Cl) QP-value P-value
Dose-response meta-analyses (HR per 10 MET-h/week)
Main analysis (all-studies) 11(8) 1632 0.86 (0.77-0.96) 0.93 (0.89-0.96) 65 (28-83) 22.7,8,.01 .05
Stratified by menopausal status
Postmenopausal 4 (4) 476 0.84 (0.68-1.04) 0.97 (0.91-1.03) 65 (0-88) 8.6, 3,.04
Stratified by timing of physical activity assessment in relation to cancer treatment
After the end of primary cancer 3(3) 585 0.91 (0.80-1.04) 0.95 (0.90-1.01) 69 (0-91) 6.53,2,.04
treatment
Stratified by adjustment variables
Adjusted for stage: Yes 9 (6) 1500 0.90 (0.82-0.98) 0.93 (0.89-0.97) 61 (3-84) 12.7,5,.03 -
Adjusted for stage: No 2(2) 132 0.65(0.37-1.14) 0.74 (0.56-0.98) 73 (10-92) 752,02 -
Adjusted for treatments: Yes 7 (4) 1149 0.90 (0.85-0.95) 0.90(0.85-0.95) 1 (0-90) 2,2,.37 -
Adjusted for treatments: No 4(4) 483 0.70 (0.50-0.96) 0.79 (0.67-0.93) 63 (3-86) 11,4,.03 -
Adjusted for smoking: Yes 6(3) 1323 0.90 (0.85-0.95) 0.90(0.85-0.95) 0 (0-86) 14,2, 49 -
Adjusted for smoking: No 5(5) 309 0.77 (0.59-0.99) 0.96 (0.90-1.02) 73 (39-88) 18.8,5,.002 -
Adjusted for alcohol: Yes 2(2) 352 0.84 (0.69-1.02) 0.84 (0.69-1.02) 0 (NA) 0.84,1,.36 -
Adjusted for alcohol: No 9(7) 1280 0.87 (0.76-0.98) 0.93 (0.89-0.97) 71 (37-87) 20.8, 6,.002 -
Stratified by median deaths
Less than median deaths 4(4) 200 0.72 (0.50-1.05) 0.98 (0.92-1.04) 73 (32-89) 14.8,4,.01 -
More than median deaths 8 (4) 1432 0.89 (0.83-0.94) 0.89 (0.85-0.94) 5 (0-85) 32,337 -
Highest vs lowest meta-analyses
Main analysis (all-studies) 12(9) 1827 0.60 (0.47-0.77) 0.66 (0.57-0.77) 42 (0-72) 16,9,.08 0.11
Stratified by BMI
BMI < 25 (kg/m?)° 3(3) 185 0.47 (0.20-1.10) 0.51 (0.35-0.75) 76 (21-93)  8.36,2,.02 -
BMI = 25 (kg/m?)° 3(3) 196 0.51 (0.35-0.74) 0.51 (0.36-0.73) 10 (0-91) 2.23,2,.33 -
Stratified by menopausal status
Premenopausal 1(1) 58 0.58 (0.32-1.05) 0.58 (0.32-1.05) - -
Postmenopausal 5(5) 682 0.71 (0.59-0.87) 0.71 (0.59-0.87) 0 (0-67) 25,4,.65 -
Stratified by adjustment variables
Adjusted for stage: Yes 9 (6) 1500 0.71 (0.60-0.83) 0.71 (0.60-0.83) 0 (0-66) 37,559 -
Adjusted for stage: No 3(3) 327 0.40 (0.17-0.91) 0.47 (0.33-0.67) 74 (28-91) 11, 3,.01 -
Adjusted for treatments: Yes 9(5) 1344 0.56 (0.38-0.82) 0.64 (0.53-0.78) 50 (0-82) 79,4,10 -
Adjusted for treatments: No 3(4) 483 0.58 (0.35-0.97) 0.68 (0.53-0.87) 66 (10-87) 12,4, .02 -
Adjusted for smoking: Yes 6(3) 1323 0.74 (0.62-0.87) 0.74 (0.62-0.87) 0(0-79) 0.98,2,.61 -
Adjusted for smoking: No 6 (6) 504 0.47 (0.30-0.74) 0.46 (0.34-0.63) 49 (0-79) 11.8,6,.07 -
Adjusted for alcohol: Yes 2(2) 352 0.74 (0.56-0.99) 0.74 (0.56-0.99) 0 (NA) 0.97,1,.32 -
Adjusted for alcohol: No 10 (8) 1475 0.52(0.35-0.77) 0.62 (0.52-0.75) 60 (13-82) 17,7,01 -
Stratified by median deaths
Less than median deaths 5(5) 286 0.56 (0.34-0.91) 0.57 (0.42-0.79) 47 (0-79) 94,5 .09 -
More than median deaths 7 (4) 1541 0.60 (0.42-0.85) 0.68 (0.57-0.81) 68 (7-89) 9.33,3,.03 -

Stratified by timing of physical activity assessment after in relation to cancer treatment

After the end of primary cancer 4 (4) 687 0.83(0.61-1.12) 0.94 (0.90-0.98) O 041,3,94 -
treatment
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TABLE 2 (Continued)
Small-study
Heterogeneity effects
Number of studies Summary HR ~ Summary
(number of Number (95% Cl) HR (95% Cl) Q value, df, Egger's
Analysis publications) of events® random-effects fixed-effect ’%(95% Cl) QP-value P-value
Stratified by physical activity intensity

Moderate 2(2) 211 0.59 (0.38-0.90) 0.59 (0.38-0.89) 4 1.04,1,.31 -
Moderate to vigorous 3(3) 528 0.77 (0.60-0.99) 0.77 (0.60-0.99) 0 (0-83) 1.20,2,.52 -
Vigorous 2(2) 211 1.10 (0.74-1.63) 1.10(0.74-1.63) 0 (n/a) 0.00, 1, 1.00 -

Note: Where the number of studies differs from the number of publications is because we have used the pooling project ABCPP in analyses.
Abbreviations: BMI, body mass index; Cl, confidence interval; df, degrees of freedom; HR, hazard ratio; MET, metabolic equivalent of task.
@Not all studies that are included in the analyses reported the number of events. Bradshaw 2014 (LIBCSP) did not provide the number of events for each

BMI subgroup.
bBradshaw 2014 (LIBCSP) is used in analysis.

BMI = 30 kg/mz; however, these analyses were based on only two
studies (Figure $10).

We explored the association between different recreational physical
activity intensities and breast cancer prognosis, but dose-response meta-
analysis was not possible due to limited data. With few available studies,
categorical meta-analyses were indicative of an inverse association
between moderate (HR = 0.54, 95% Cl: 0.39-0.74; I> = 31%, P-heteroge-
neity = .23, two studies,”?®? deaths = 599) and moderate-to-vigorous
intensity recreational physical activity (HR = 0.62, 95% Cl: 0.50-0.78;
? = 34%; P-heterogeneity = .21, four studies®”74777? deaths = 1629)
and all-cause mortality (Table 1). There was little evidence of an associa-
tion for vigorous recreational physical activity (HR = 0.93, 95% Cl:
0.72-1.20, I> = 0%; P-heterogeneity = .49; deaths = 599) (Figure S11)
but this analysis was based on two studies.””®! No studies reported on
light-intensity recreational physical activity.

To avoid the influence of possible change of physical activity
habits due to active treatment, we conducted meta-analysis restricted
to studies that assessed physical activity after completion of initial
treatment, excluding hormone therapy. Recreational physical activity
was associated with a 9% lower risk of all-cause mortality in dose-
response analysis (HR per 10 MET-h/week = 0.91 95% Cl: 0.83-0.98;
> = 87%, P-heterogeneity < .01, four studies,®”747783 deaths = 1815),
and a 30% lower risk in categorical meta-analysis (HR = 0.70 95% CI:
0.59-0.84; I> = 25%, P-heterogeneity = .25, six studies,®”-7477:79:83.88
deaths = 2093; Figure S12).

Subgroup analyses by adjustment factors and by median number

of deaths gave similar results to the main analyses (Table 1).

3.2 | Recreational physical activity and breast
cancer-specific mortality

The findings for breast cancer-specific mortality were similar, in gen-
eral, to those for all-cause mortality (Table 2). A 14% lower risk was
observed between recreational physical activity and breast cancer-
specific mortality (HR per 10 MET-h/week = 0.86, 95% ClI: 0.77-0.96;

I? = 65%, P-heterogeneity = .01, 11 studies®”747681828689 ¢ompris-
ing 31 242 women, 1632 [5%] of whom died; Figure 2C and Table 2).
Results were consistent in the categorical analysis (HR = 0.60, 95%
Cl: 047-0.77; > =42%, P-heterogeneity = .08, 12 stud-
jesé7:73-7681828689. Lioyres 2D, 513 and Table 2). The summary esti-
mates did not materially change in the leave-one-out analysis
(Figure S14). We found evidence of nonlinearity in dose-response
meta-analysis with 10 studies.”4 7481828689 There was a dose-depen-
dent, 38% reduction in risk of breast cancer-specific mortality with
increasing physical activity levels observed at 20 MET-h/week, but no
further reduction in risk was observed at higher levels (P-non-
linearity < .001; Figure 3B and Table S7). We could not perform
meta-analysis stratified by hormone receptor status in three publica-
tions738% due to high heterogeneity across these subgroups.
Results by menopausal status and across BMI strata were consistent
with the main analysis (Figures S15-S17 and Table 2).

Women who participated in moderate intensity recreational phys-
ical activity had 41% lower risk of breast cancer-specific mortality
(HR = 0.59, 95% Cl: 0.38-0.90; I?> = 4%; P-heterogeneity = .31, two
studies,””®! deaths = 211; Figure $18 and Table 2). There was a mar-
ginal inverse association for moderate-to-vigorous recreational activi-
ties (HR = 0.77, 95% Cl: 0.60-0.99; I?> = 0%: P-heterogeneity = .52,
three studies,®”7%7? deaths = 528). There was no association
between vigorous physical activity and breast cancer-specific mortal-
ity (HR = 1.10, 95% Cl: 0.74-1.63; 1> =0%; two studies,’®®?
deaths = 211; Figure S18 and Table 2).

In linear dose-response meta-analysis that investigated the asso-
ciation between recreational physical activity and breast cancer-
specific mortality after primary cancer treatment, a marginal inverse
association was observed (HR per 10 MET-h/week = 0.91, 95% ClI:
0.80-1.04; > = 69%, P-heterogeneity = .04, three studies,®”’483
deaths = 585). Findings were similar in categorical meta-analysis
(HR = 0.83, 95% Cl: 0.61-1.12, I> = 0.0%, P-heterogeneity = .99, four
studies®”747982 deaths = 687; Figure S19 and Table 2).

Subgroup analyses by adjustment factors and number of deaths

gave similar results to the main analyses (Table 2).
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3.3 | Recreational physical activity and breast
cancer recurrence

Recreational physical activity was not associated with the risk of

747589 were included in cate-

breast cancer recurrence. Six studies
gorical and dose-response analyses. The 95% Cl included the null;
both in linear dose-response (HR per 10 MET-h/week = 0.97, 95%
Cl: 0.91-1.05; I?> = 68%, P-heterogeneity = .05, events = 1705)
and categorical analyses (HR = 0.80, 95% Cl: 0.56-1.14; 1?2 = 60%,
P-heterogeneity = .08, events = 1705) (Figure 2E,F). Data were

insufficient to conduct further analyses.

34 |
cancers

Recreational activity and second primary

No data for meta-analysis or descriptive synthesis.

3.5 | Evidence grading

The judgement of the independent Expert Panel is presented in
Table S8. The Expert Panel concluded that the observed dose-
response relationship for all-cause and breast cancer-specific
mortality was limited by the methodological quality of the studies.
The diversity of breast cancer subtypes and patient characteristics
could not be appropriately assessed in the available studies, and
control of treatment completion was considered inadequate. The
Expert Panel judged the evidence for the likely causality for the
association between recreational physical activity and lower risk of

all-cause and breast cancer-specific mortality as ‘limited-
suggestive’.
4 | DISCUSSION

Our systematic review and meta-analysis showed that higher levels (up to
20 MET-h/week) of postdiagnosis recreational physical activity were
associated with a 48% lower all-cause and a 38% lower breast cancer-
specific mortality (10 studies). Twenty MET-h/week is equivalent to
about 5 hours of moderate-intensity physical activity/week (assuming
4 METS for moderate activity).”* There was little further reduction in risk
at higher levels of activity. There was no evidence of an association with
risk of breast cancer recurrence in linear dose-response meta-analysis,
but the number of included studies was smaller. Subgroup analyses
(by BMI, hormone receptor, menopausal status, restricted to assessing
physical activity after primary cancer treatment, adjustment variables and
number of deaths) were generally consistent in direction and magnitude
to the main analyses.

Strengths of our review include the comprehensive search strat-
egy covering literature up to 31st October 2021, the predefined sub-
group analyses and the rigorous independent process of evaluating

the evidence by the independent Expert Panel. Our results are

consistent with previously published reviews and meta-analyses with
similar inclusion criteria and methods.1®1219596 Five recent meta-
analyses'®1215-17 puplished between 2019 and 2020 consistently
reported that women at the highest levels of physical activity had
lower (summary HR range = 0.58-0.74) risk of all-cause and breast-
cancer specific mortality (summary HR range = 0.59-0.72) compared

1517 of these five

|12

to those at the lowest physical activity levels. Three
meta-analyses only conducted categorical analyses. Geidl et a
reported that for every 10 MET-h/week increase of physical activity
there was a 22% lower risk of all-cause mortality. These results are in
line with our observed 15% lower risk of all-cause mortality. Our
review is the first one to conduct both categorical and linear dose-
response meta-analyses for the three core outcomes that is, all-cause,
breast cancer-specific mortality and recurrence. The accumulated data
allowed the performance of linear and nonlinear dose-response meta-
analyses that were not possible in the 2012 SLR.#

The studies identified and evaluated have limitations. All the
included studies assessed physical activity via self-reported or
interview-based validated questionnaires. This is a potential source of
measurement error due to recall and social desirability bias.”” Self-
reporting is usually associated with overreporting exercise’® when
compared to objective, device-based, measurements.’® Furthermore,
variability in physical activity assessment methods across different
studies could have created misclassification of the physical activity
definition and introduced heterogeneity in the evidence synthesis.
Physical activity assessment was implemented once, at the beginning
of the studies with no subsequent measurements that could have
informed on possible changes during follow-up. Physical activity
encompasses a heterogenous and complex set of behaviours including
everyday activities (eg, housework), transportation and occupational
activities, which may be performed at different patterns and multiple
times throughout a day.”® Overall patterns of activity are difficult to
assess and it is clear that the current literature is concentrated on rec-
reational physical activity while studies on other physical activity
domains are limited. Studies on sedentary lifestyle are also limited.
Only one study was found examining the effect of sedentary time on

breast cancer survival.”?

While our study found no association
between television watching time and all-cause mortality, additional
research in larger cohorts of breast cancer survivors is warranted to
clarify the prognostic effect of sedentary behaviour. It is important to
study the effect of both physical activity and sedentary behaviour on
breast cancer survivorship. Various ongoing prospective cohort stud-
ies are assessing physical activity, sedentary lifestyle, and cardiorespi-
ratory fitness in relation to prognosis in breast cancer survivors.1°9-192
The Alberta Moving Beyond Breast Cancer (AMBER) is the first large
ongoing prospective cohort study that aims to address limitations of
existing observational studies conducted to date by including objec-
tive measurements for physical activity, sedentary behaviour and
health-related fitness at multiple time points postdiagnosis in relation
to breast cancer survival.1°

Our work highlighted that among women with breast cancer, few
studies investigate associations by varying physical activity intensities

and mortality. The inverse association between physical activity with
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all-cause and breast cancer-specific mortality appeared to be stronger
(but Cls overlapped) with moderate-intensity physical activity com-
pared to vigorous activity. While this is an important finding, we
acknowledge that these analyses were based on a limited number of
studies and more research is warranted in this area. In terms of meth-
odology, this observation could be attributable to measurement error
in different exercise intensities. It should be noted that null results in
some meta-analyses with few studies and wide Cls may not imply
absence of an association and more studies are needed to draw defin-
itive conclusions. It is likely that women with more advanced cancer
were unable to participate or died before an opportunity to partici-
pate in the study and therefore we cannot exclude survival bias. Also,
some studies reported differences between eligible study participants
and nonparticipants (eg, higher proportion of older women among
participants’?; nonparticipants more likely to have stage | breast can-
cer’?). Selection bias may have an unpredictable impact on study
results. Moreover, standardised, cancer-specific recurrence definitions
are required to consistently assess this body of epidemiologic evi-
dence.'°® We performed a subgroup analysis restricted to studies that
assessed physical activity after treatment completion and while we
acknowledge the importance of assessing the role of physical activity
across the cancer continuum, the level of physical activity during can-
cer treatment may not be entirely representative of posttreatment
physical activity levels.'®* It is also possible that the recommended
physical activity levels during treatment may differ from the recom-
mended levels postcancer treatment.'®> Moreover, physical activity
after treatment is considered a less variable measure and therefore
associations with outcomes (especially for women with breast cancer
who survive long term) are important to clarify and would allow more
targeted interventions and recommendations.

Mechanisms that may contribute to reduced cancer progression
mediated by physical activity have been proposed.'®'% These include
alterations in sex hormones, metabolic dysregulation, chronic low-grade
inflammation, immune function, oxidative stress and gene mutations. It is
unclear if physical activity independently influences these pathways or if
it exerts its action via reductions in adipose tissue volume. In addition,
prolonged sedentariness is hypothesised to be a cancer prognosis risk fac-
tor that may act independently of physical inactivity and body fat, by ele-
vating circulating concentrations of numerous protumorigenic growth
factors and hormones.'°*1%7 Animal model studies have shown that exer-
cise can normalise abnormal tumour blood vessels leading to greater
tumour oxygenation and perfusion. Exercise and drug delivery could act
in a synergistic manner to increase treatment efficacy.l” More than half
of women with breast cancer gain weight during and after cancer treat-
ment that is correlated with the treatment duration and type 82108109
Changes, such as higher fat mass and maintenance or lean tissue atrophy,
increase the risk of comorbidities such as cardiovascular disease or type
2 diabetes, which consequently impact recurrence and survival.'®® Pro-
moting exercise during and after cancer treatment could therefore help to
prevent critical alterations in body composition and possibly improve
breast cancer prognosis.'®

The 2019 ACSM updated recommendations,” concluded that
sufficient evidence supports that exercise training is safe
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throughout cancer treatment and could facilitate improvements in
cancer-related health outcomes. The authors have provided the
‘Moving Through Cancer’ guidelines® to aid oncologists and practi-
tioners to continue prescribing exercise. Our review supports the
2018 WCRF/AICR Cancer Prevention Recommendations that is,
for women with breast cancer diagnosis to be physically active for
at least 150 minutes a week and sit less, when they can and as
advised by their cancer management team.* These recommenda-
tions are in line with the guidelines issued by other authoritative
organisations, such as the American Cancer Society (ACS),110
World Health Organisation (WHO)''! and US Department of
Health and Human Services Physical Activity Guidelines Advisory
(PAGA) 2018,12 for those with chronic medical conditions, includ-
ing cancer. Certain unique aspects of the CUP Global work are that
it offers up to date meta-analyses of physical activity and several
prognosis-related outcomes that have not been well-studied in the
past (all-cause and breast cancer-specific mortality, recurrence).
Nonlinear meta-analyses were also performed to better character-
ise the shape of the associations and important predefined sub-
group and sensitivity analyses. The evidence was then reviewed
and graded by the independent Expert Panel using a standardised
grading system that is evaluating several nutrition-related factors
and survivorship.

Considering the potential methodological limitations of this
observational body of evidence, the independent Expert Panel did
not reach a unanimous decision on physical activity and breast can-
cer prognosis and therefore agreed to cautiously grade the evi-
dence as ‘limited-suggestive’. The Expert Panel could not rule out
residual confounding, selection bias and reverse causation as a fac-
tor in the observed associations. In general, most of the studies we
reviewed controlled for age, stage, and type of treatment, but less
studies adjusted for other critical factors such as alcohol consump-
tion and smoking. No study adjusted for cancer treatment dose and
completion. Few studies adjusted for prediagnosis physical activity
and other relevant important prediagnosis exposures. Moreover,
variables such as BMI could be in the causal pathway between
physical activity and outcomes after breast cancer diagnosis there-
fore studies should consider this in analyses.'*® Carefully designed
prospective cohort studies with long follow-up, repeated measures,
individual-level data and objective measures of physical activity are
needed to further solidify our results, determine the most benefi-
cial levels of activity, and further investigate these associations
across important subgroups. Well-designed RCTs of physical activ-
ity with recurrence and survival outcomes could be useful in
addressing limitations of observational studies such as residual con-
founding and reverse causation.!3114

In conclusion, our findings provide limited but suggestive
evidence that higher postdiagnostic levels of recreational physical
activity are beneficial and can lower mortality rates in women diag-
nosed with breast cancer. These results support the development
of lifestyle recommendations for breast cancer survivors to be
physically active if they can and depending on their specific medical

advice.
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