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CHAPTER 5

ABSTRACT

The effect of physical activity (PA) on cancer survival is still the topic of debate in oncology research focusing
on survivorship, and has been investigated retrospectively in several large clinical trials. PA has been shown
to improve quality of life, fitness and strength, and to reduce depression and fatigue. At present, there is a
growing body of evidence on the effects of PA interventions for cancer survivors on health outcomes. PA
and functional limitations are interrelated in the elderly. However, the relationship between breast cancer
survival and PA in older breast cancer patients has not yet been fully investigated. Our systematic review
of the existing literature on this topic yielded seventeen studies. Most reports demonstrated an improved
overall survival (OS) and breast cancer-specific survival (BCSS). Furthermore, in studies that compared
younger women with older or postmenopausal women, it was suggested that the beneficial effect of PA may
be even greater in older women. Understanding the interaction between physical functioning and cancer
survival in older breast cancer patients is key, and may contribute to successful treatment and survival. In
this population of cancer survivors it is therefore imperative to embark on research focused on improving

physical functioning in the context of comorbidities and functional limitations.



AGE AND THE EFFECT OF PHYSICAL ACTIVITY ON BREAST CANCER SURVIVAL: A SYSTEMATIC REVIEW

INTRODUCTION

There 1s a growing body of evidence on the effects of physical activity (PA) interventions for cancer survivors
on health outcomes. PA in breast cancer has shown to improve quality of life, fitness and strength and to
reduce depression and fatigue.! Also, PA has shown to have an inverse association with postmenopausal
breast cancer risk.” Previous randomized controlled trials have demonstrated better quality of life and other
health outcomes in patients who undertake regular PA.” The effect of PA on cancer survival after breast

cancer diagnosis, however, is still the topic of debate in oncology research.

Breast cancer is increasingly becoming a disease of the elderly and, simultaneously, the number of breast
cancer survivors is steadily rising.” For example, in the United Kingdom, 45% of breast cancer patients are
older than 65 years at diagnosis.” In elderly patients, cancer occurs in a background of normal aging and
comorbidity, thereby making this specific population heterogeneous in nature. Although older patients are
known to have a higher disease-specific mortality, more than 65% of breast cancer patients older than 75
years die of other causes than breast cancer.” In contrast to younger patients, survival in the elderly breast
cancer population has not improved in the last decade.” While breast cancer has a profound effect on
psychological functioning and quality of life in younger females, elderly patients are affected by the disease
physically more than psychologically.’ At an older age, the decline in physical functioning may be induced or
amplified as a result of local and/or systemic treatments. Regardless of age, decline in physical functioning
is associated with higher mortality." Therefore, new strategies to decrease the effect of breast cancer on
physical decline and to improve overall and disease-specific survival are needed. The purpose of this study
was to review the current literature in relation to the effect of PA on survival in breast cancer patients, with

a focus on the elderly breast cancer patient in particular.

MATERIALS AND METHODS

Search strategy

Studies were identified through systematic review of the available literature in the PubMed database,
EMBASe, Cochrane and Web of Science up to November 9th, 2012. PubMed, EMBASE, Cochrane
and Web of Science were all searched using the following set of search terms which described breast
cancer, physical activity, survival and elderly patients according to the following algorithm: (“Breast
Neoplasms”[majr] OR “breast cancer”[ti] OR “Breast Neoplasm”[ti] OR “Breast Tumors”[ti] OR “Breast
Tumor”[ti] OR “Breast Tumours”[ti] OR “Breast Tumour”[ti] OR “Breast Ciarcinoma”[ti] OR “Breast
Carcinomas”[ti] OR “Cancer of the Breast”[t]] OR “Cancer of Breast”[ti]) AND (“physical activity”
OR “Motor activity”[mesh] OR “Sports”[mesh] OR “Exercise”[mesh] OR Exercise[ti] OR Exercises|ti]
OR “Resistance Training”[ti] OR Running[ti] OR Jogging[tii OR Swimming[ti] OR Walking]ti]
OR “Sports”[mesh] OR “Physical Exertion”[Mesh] OR exertion[ti]) AND (survival OR surviv¥ OR
“Survival”’[Mesh] OR “Mortality”[Mesh] OR “mortality”[Subheading] OR “Survival Rate”[Mesh]
OR “Survival Analysis”[Mesh]) AND (“Aged”[mesh] OR Elderly OR aged OR Adult OR Adults OR
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“Adult”[mesh] OR woman[tiab] OR women[tiab]) AND (eng[la]) AND (“Cohort Studies”[mesh] OR

prognosis).

Selection criteria

Two independent reviewers (D.F., N.G.) selected studies for inclusion in the review. Only reports written in
English were eligible. Articles included original studies in which the effect of PA on survival outcomes was
investigated in breast cancer patients only. Studies were included if the primary or secondary outcome was
related to the influence of PA on OS, BCSS or breast cancer recurrence after breast cancer diagnosis. PA
was defined as any physical activity relating to aerobic, endurance, or strength training for the purposes
of recreation, houschold, commuting, or work. Where evident, activities including yoga, Pilates, Tai
Chi, or stretching were not included in the analyses. There were no restrictions with regard to patient
characteristics, breast cancer subtype, treatment, age, condition, comorbidities, and other features. Only
studies investigating leisure or total activity (occupational and/or non-occupational) were selected. Studies
measuring PA using biological parameters (i.e. cardiorespiratory fitness, energy expenditure (in KJ or Kcal),
oxygen use (in vO, /vCO,), etc.) were not included in our selected abstracts. In case of an update of
previously published data, the most recent publication was included. Reports on pilot data or descriptions
of a study design were excluded from this review. Studies were also excluded if the PA intervention was
combined with another intervention. To ensure that no other studies were missed for inclusion in the
current review, additional articles were identified by a manual search of the reference list of the selected

manuscripts.

Data extraction

Data extraction was performed by 3 reviewers (D.F, N.G. and M.D.). Relevant data was determined
prior to reading the selected articles. For all included studies, we documented the type of study, inclusion
period, year of publication, primary and (where possible) secondary endpoints. Results from each study
was documented and independently reviewed and verified by two independent reviewers (D.F. and N.G.).
Aspects of PA were the type of activity, PA measurement unit (including frequency, duration and intensity,
which were frequently converted into Metabolic Equivalent Task (MET) hours), time and timeframe of
measurement(s), method of data collection, number of patients, mean and median age and age range, in-
and exclusion criteria, as well as tumor- and patient-related characteristics. Results for specific population
subgroups, including age (and/or menopausal status) and Body-Mass Index (BMI) were documented where
available. Due to the fact that ages varied greatly between studies, we defined ‘elderly’ as 65 years or older.
Primary and/or secondary endpoints included all-cause mortality, breast cancer-specific mortality, and

breast cancer recurrence.
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Patients

RESULTS

A SYSTEMATIC REVIEW

A total of 497 unique articles were identified in the PubMed, EMBASe, Cochrane and Web of Science

searches, of which seventeen studies were deemed eligible after applying in- and exclusion criteria to the

titles and abstracts (Table 1 and Figure 1). A total of 35,026 breast cancer patients were included in our

review. Only one study investigated solely postmenopausal patients.11 In most studies, PA was measured in

the first year after primary diagnosis. Two studies only included patients who were diagnosed with early-

stage breast cancer. Fourteen studies also included patients with a more advanced breast cancer stage.

Figure 1. Flow chart
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Studies

The majority of the studies assessed were prospective observational cohort studies.'™ Two studies were

part of the same side study of a randomized controlled trial investigating dictary change.”** A final study

was a retrospective analysis of PA in patients participating in a multicenter case-control study.

Questionnaires

26

In all studies, data collection was through self-administered and/or interviewer-administered questionnaires,

performed either in person or by telephone. Questionnaires were completed either once '*

15, 18, 19, 21-23, 25, 26
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Table 1. Physical activity outcomes in all studies

Srudy Paitents Age Type of study Measurement of PA

231 BC survivors siage i . Deivem physical activity messure

3 18-T0, median age Side study of randomized controdled . "

Bertram ot al.™ 1=111, 1 year post- 5 - 4 adapted from the WHIL Conversion 1o

P, =3 erial of dietary change { WHEL-studv) WET-hes

y . Population-based longatudanal study

L fgyeland et '-‘*'.':m?'-"‘““' B Mican age 586 (Loag Island Bresst Cancer Study MET-hes'weck

pat Project)

oy . - .

Dal Mz ot 1453 BC paticnts M, medinn M i evre cassuconrol study Retrospective quesiionnair: on PA
al” 55 VANKWIS ages
. i S 17-T9, mesan age Populaticn-based survival study . . . LT
Emnaus ¢t al. 1364 BC paticels er (Morwegian Coustics Studv) uestionnaire on pre-diagnostic PA
Friedenneach ot . M Popalation-based saenple of Breast Assesament of liftime PA. Conversion
al" 1182 BC paticons : uge 36 CANCET SUMVINoTs 1o MET:hrs

Heliman ¢ al."

I8 prinsary BU paticnts

1395, median age
G

Prospective population-based study
(Copenhagen City Hean Study )

Sell-admanissored geestionsasne om MA

Halick et al.™”

HEI B pationls. 91%

J0-T9, mean age

Prospective population-based study
(Collshorative Women's Longevity

CWLS questionsaine, Conversion i

pasimenopausal. SRS Study (CWLS]]
Halmes et al'* TIRT maarses wilh stage 30-55 0n Prospective ohservational study Questhonnaire on PA, caloulaed in
| 1 Be enrolment in NHS (Murses’ Healih Snsdyv) MET:heswhk (<3309 147 5-23=24)
) 933 B patiests with Moan age $5.8(6 | P on e “':::;‘_""}T:ﬂm Musdifiable Activity Questivenaire in
Nrwimi et al.'! local or regional breast months post= Eating. Activity and Lifestyle {HEALY MET:hes'wk (sl types of PA) light
cancer dizgnosis) '-Slud:rglr . . {=3) moderate | 3-6), vigorous | =6)
Iewin etal!! 463 posst-menopassal 079 Prospeciive longitudinal study Questionnaire on PA, Conversion to
. BC patienis {Womaon's Health Initiative (W HI) MET-hrs
+ 1490 carly-stage BL Side study ol randomieed controlled Deitem A mcasure adapled from the
L+ ) 1
Piervs et a paricns “T0.mean 330 i of dhetary change (WHEL-stidy)  WHL Coavershon to MET-hes
Questkonnaire on recrestional A,
Rohan et al."* 451 B patients M. T4 Populntion-hased cobon Co jon b0 ioeal keal expended per
wick
) Prospective, observational siudy (Life Questionnaire hased on the Ariroas
fj_‘ﬁ';““'” “ m.:ﬂ";:"’““’““ BC 1579, mean 6006 After Cancer Epidemiology (LACE) Activity Frequency Qucstionnaire.
pat Susdv Comversion to MET-hrs
Kot st al® ;’;ﬂfﬂp‘:”'"! ‘Iﬂ 1o Populmtion-hased cancer registrics Questionnaires sdminissered post-
¥ Avastralian y {Bercast Cancer Family Fogistry b diagnesis. Conversson 1o MET-hrs.
. . . - PP A questionnaire on recreational A,
:??anhd if::::’ggtuﬂsmlh 3‘:-:!. mean age #rmpecl:\;('“;;m Seudy (Califomia hruseek and nsonihs per year
o nacha recordid,
- = TI7 B patients with in - . Lifetime PA measured in hrs'week of
Enger et ol =il or invasive BC -4 Populstioe-based case-control study recrcational exercises.
Relative MET scores for vigorous (%
Abwahamson ¢l 1264 B patiens with 154, median 43 Populmion-tased cobon stady (panent METs) and mosderane (3 METs)
al® invasive B0 ' - sty ) activities, Scores weighted by

Ireyuency of the activity por weck.

B, breast cancer; HR. Hazard Ratso; A, phosical activity: bis, housss MET-hes, Meabolic Equivabent Task hosrs
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Dretaits of sty

Primary sutcome

Crerall resalts

Ouestivemire at baseling
and 12-months. Fost-
wreatment and change in PA

Invasive hreast-cancer
events and all-cause
msaralin

High haseling {posi-i I PA {coaforms guidelines) lead 1o 33% redaction in all-casse mortality
(MR 0039 (0,210 72) For highest quingibe total PA v mo PAL Change in PA had no effect on
AHHE IR

g.“"@k':‘mwhmis }’ﬁiﬂ_'ﬁ“&._ Significant lower risk for BC-specific morality (I 063 (043-0.92)) Cany 1otal ifetime RIFA v no
mn scenal PA spﬂ:i!l'ic- lity RIPA), significamby lowver risk for all-cause monaliy (HR 0U38 (0 43-0.T2))

racatiosmanne compleicd
once max | yesr post-
diagnoss

All-cause monality and
BC-specific morality

Leisurs time [*A wars nit associsted with BC meonaling: HR=08S068- 1,07 for PA <Iheiwk v,
=Xwk Leisure tinse PA was sot associated with all-cause momality: HE=0092 {0,67-1,00 ) for
PA=Mhewk, ve > 2wk Occupational PA was sol associabed with BC montality or all-cause momality

(puestioanaine on pre-
diagnosis PA {for the yvear
preceding each survey)

All-cause monality and
BC-speeific monality

Overall mortality was nid signilicantly better in active patients (HE 074 (0.50-1.08)) (highest
categony va howgst category of PA of with BC-spocific monality (HR 0,75 (0491150

uesdionmaine on lifetime

All-cause monality, BL-

Vigoroas intemsity was nod nelated to recurrence, BC-specific monality and all-cause morality.

recreational, howschold and  specific monality, However, moderate inersity necreational physical activity was beneficial for all the oucomes (HR
occupational PA, recorded PECLETENCE, PIOETESEitN, BCspecific moeadity 066 (0480911, HR ol-cause mortality 0,76 (0U58= 1 .06 with p=0.05), HR
at haseline onby W primany recurrems (LAS-0.91 )
High PA (>8h'wk) vs moderate PA (2-8h/wk) vs no PA was not sssocinled with reduced all-cause
Self-reported pre-diagnosis All-cause liey mostality afler BC disgnosis {Moderate: HR= 107, 0.77-1.49; High: HR=1.00, 0U69-1.45),
A oA High vs maderate vs no PA was nod sssocioied with reduced BC-specific monality | Moderme:
HR=0.T3, 0.50. 1 08; High: HR=0.70, 0.46-1.09)
Telephane interview within Com ; ; 5 ; 5
3 aldi N . Emtdw_llhhn recend pqu-dlw recreafional PA I,'\:_?...EM]'.'IWH\-'}\l:].hlgin_Fﬁ_“u )
Sm“.hm! Mw . . All-cause monality asd sssocinied with o decreased risk of BC dﬂlh Creradl rI'H:l'I.I|Il} wis also impeoved with increasing

questicnnaire for recent

—posi-deagnosis PA.

BC-specific morality

levels of PA. When stratified, J ity nee
an Both acomes, bul vigorous-istonsity PA did sot

| P hadd a significam benelicial effect

Cruestionmaines every 1
vears from 1976-2004 for
curreni PA,

BC-specific monality

The HR for BC morality was 08D (0.60-1.06) for 3= 8.9 MIET-hrs'wk; 050 (0.31-0082) for 910 14.9
MET-hetwhe 056 (0,38 D84 for 1500 23,9 MET-he'wk: and 0060 (0,40-0,89) lor 24 o mose MET-
hriwk

Ineperson baseline
interview (4-8 months)
post-disgmosis. Follow-up
inlerview 3 years posi-

—dingnosis

BCspecific monality
and all-cause mortality

Cemnparad with inactive swomen (0 MET-he'wk) BC monality in pre-diagnostic AL =9MET-hr was.
not significansly begier (HE (069 (0,431, 065)), bt post-dingnosis PA was beneficial (HR 0033 0,1 3=
0.735). Inorease im PA bead 8o nose-gignificant 45% lower risk of all=cavse mortality (HR 0055 ,00.22-
13840 devrease in PA: HR=3.95 (1.45-10.5)

Ouestioemnuine on
recreational and howsehold
A al bascling, year 3 and

vear i porl-diagnosis

All-cause monality and
BC-specific morality

Mosderaic- 1o viporous-iniensity post-diagnosis PA lead to 3 lower risk for all-cause moriality (HR
0154 (0UER-0.7%)) and a lower risk for BC-specific mortaliny (HR 061 (0.35-0.99) 1 Increase of PA
after diagmosis of ¢ MET-hr'wk or more kad to 33% kess risk ol all-cause msortality (HE 0067 (0.46-
L]

Baseline PA questionnain

All-gause momaliny

Compared with low PA (0-225 MET-min"wk], high PA was associated with lower all-cause mostality
225-636 MET-min'wk: HR=086, 636-1320 MET-min'wk: HR=0,76, 1320-6420 MET-minsk: HR
1158 {p=0.02, no 95%-C1 repartod

Keporied pre-diagnosis

recreathonal PA (divided
into winter and summer
FA)

BCspecific monality

There was mo assoiation between PA and BC-specific monality in the whole sady group (el 0
keal'wk), There was alse mo association between PA and BC-specific mortality when stratified by PA
level ilight, moderate, amd vigonous PAL

Semi-anmeal questionnaine
abown primary oulcomes
{sell-reportcd)

All-cause msomaliny, BC-
specific monality, B
POCUETONCS

There was mo assoiation between iotal PA and all-cause monality, BC-specific monality asd
recurrence, bt there was a significamtly beneficial effect of moderate activity on all-cause mortality
{HE 056 (0.A42-1.03, p for rend=0.04§), bt not on BC-specific montality and recurmence.

Lifetime hisiory of
recreational PA and 3 years
pre-diagnensis

All-cause monality

Ay roecent moderate vigorous A versus no activity showed @ signalicantly bower all-cause momality
(HIR=0, 73, (953401 0L6040,8%), Stratified by Estrogen Receptor (ER) status, only ER positive patients
had a bonelit of PA (HR=06T (95301 0.4-0094]) lor active vs non-active patients, ER-negative
patents: HE= 105 (%3501 0.066-1 68)

PA questionnales for long-
term and recent pre=
deagmosis recreational PA

B specific morality,
all-caurse mortality

BC-specific monality was significantly beiter for long-term intermediate PA HR (063 (939501 (043-
0.93) and high PA HR 0.53 (0.35-0.80) vs kew PA, (p=0.003). For recont PA there was no beneficial
effect for BC-specific morality imermedinte PA HRE 117 (0,84=1 68 high PA HE 1,08 (0,731,538,
P69, Overall survival was better in long-tom PA: intormediate PA HE 0083 (0,65-1.07) and high
A (LT3 (0S5-0.56) vs loww PPA (p=0.03 ). Recent A was borderline sigaificasly bemeficial for
averall survival: imermediate PA HR 009 00,711,001, high PA HE 072 (0060-1,02) vs low PA
(pe={h0é)

In-person imorview on
Fifetime PA { from first

There was no significant benefit of PA: 0010, Thrs: HR 0086 §0.56<1,32)c 0,8- 1.6 brs; HR 0,5% (0,33

merese) wp 1o 12 months BC-apecific mortality 1015 .73 Thra: MR 08T (0,571 33k 3.8+ hrs: HR 120 (0.81-2.09); plirend j=0.88
pre-diagnosis
In-person imtorview for

. 5 L i . E . ! . N
average PA a1 12-13 vears, AlL moetality There wars ni signdficasly benseficlal effict of PA In vear before diagnosts for: Q2 HR 0,86 (063

200 years, and the vear
before diagnosis.

1.18); O3z HR OB (00600123 Oz HR OUTR (0, 56- 1 0R) vs quanile Q1 {p=0.110)
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1,16, 17, 20, 24, 27

or on two or more occasions.’ Questionnaires included inquiries on occupational, recreational

and/or household activities, either combined or separately. Furthermore, data were collected on either
current, pre-diagnostic or post-diagnostic PA, or a combination of these. For most studies'" ' 017 20 23 2
27 Metabolic Equivalent Task (MET)-hours were used (or calculated) to assess PA in relation to survival
outcomes. MET-hours are a validated measurement of PA, and are frequently used to define intensity
and duration of PA. One MET-hour is defined as the equivalent of sitting quietly, or 3.5ml oxygen*kg-1
body weight*minute-1 (1 keal*kg-1 body weight*hour-1).* The remaining studies used either the absolute
number of hours of PA'™ 5?1222 or the total kcal expended per week'” A majority of studies used
validated questionnaires, including the Modifiable Activity Questionnaire " and the Collaborative Women’s
Longevity Study (CWLS) questionnaire.” In most studies, tumor and treatment characteristics, socio-
demographic characteristics, lifestyle habits (education, occupation, smoking, alcohol use), menstrual and

reproductive history, exogenous hormone use, and comorbidities were also documented.

Primary endpoints

Fourteen studies assessed all-cause mortality!!'* 17 16 20 21 25-27

16,17, 19-22, 26, 27

¥, and three studies investigated breast cancer recurrence as primary endpoint(s)."*

, 12 studies assessed breast cancer-specific
mortality'"*
028 All hazard ratios (HR) reported in this review concern the highest amount of PA versus the lowest

amount of PA, the lowest level of PA being the reference value. All reported HRs are multivariable adjusted.

Effects of physical activity on breast cancer-specific and all-cause mortality

Eight out of 12 studies that investigated the effect of PA on BCSS found a significant advantage of PA on survival,
ranging from a 36-67% reduction in risk of death for the highest amount of PA versus no PA (HR ranging from
0.53 (95%CI 0.35-0.80) to 0.80 (no 95%CI reported " '**%"_ Three of the remaining four studies found a non-
significant benefit (HR 0.85 (95%CI 0.68-1.07), HR 0.72 (95%CI 0.29-1.81), HR 0.90 (95%CI 0.51-1.58))"" **
while the fourth study found a non-significant worse BCSS (HR 1.30 (95%CI 0.81-2.09)).

Fourteen studies described the effect of PA on all-cause mortality, of which ten studies found a significant
improvement in all-cause mortality with increasing PA. ' 14 17: 16202025 2.27 T'hjg effect ranged from 14% to
56% (HR ranged from 0.39 (95%CI 0.21-0.72) to 0.73 (95%CI 0.60-0.89). The remaining studies reported

a non-significant protective effect of PA on all-cause mortality.

Physical activity outcomes in elderly patients

There were no studies that investigated elderly patients (defined as older than 65 years) separately. However,

3, 15-19, 27

eight studies stratified their analyses by menopausal status or age'* ' , and one study included

postmenopausal patients only (Table 2)." Five studies grouped their patients by pre- and postmenopausal
3,15-17,19

status'"!

significantly lower risk of either breast cancer-specific mortality'® (HR 0.80 (95%CI 0.60-1.06)) or overall

, while the remaining studies stratified their analyses by age.' """ *" Three studies found a

mortality'” (HR 0.29 (95%CI 0.14-0.60)) in the older or postmenopausal active group (highest versus lowest
amount of PA) (data from Keegan et al.” not shown). The study in which exclusively postmenopausal

patients were included demonstrated a significantly lower risk of all-cause mortality (HR 0.67 (95%CI 0.46-
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0.96)) and breast cancer-specific mortality (HR 0.61 (95%CI 0.35-0.99)) in patients who were moderate- to
vigorously active after diagnosis."" The remaining five studies all reported a non-significant benefit of PA

on outcomes, > 1% 151927

Differences in outcomes between pre- and post-diagnostic physical activity
Out of all studies, eleven investigated the effect of pre-diagnostic PA on overall mortality, breast cancer-

specific mortality and/or disease-free survival, ' 18 19, 21-23. 25,20

Three studies assessed the effect of post-
diagnostic PA"*# one study investigated the effect of post-diagnostic PA at different time points’!, and the
remaining two studies examined both pre- and post-diagnostic PA.""'" These two studies looked at the effect

of pre-diagnostic PA as well as the effect of change in PA after diagnosis on at least one of the outcomes.

Table 2. Physical activity outcomes in older breast cancer patients

Study L] Age Primary owloeme Mge-aperilic resulis

Supenr allcause moealiy and Postmenopauial active women had a non-sagnificant decreased risk of BC-

Cleveland et al,” 508 e 58,6 8 - - specilic marality (HR 0,79 (0,45- 1,39, and a bordorise sipmlicant decreased
BC-specific morality risk of all-cause mortaliy [HIR 0.65 10.42-1,001)
" - Al-cause maviality and BC- Mom-signilicant docreased everall morality in patsents =55 (HE 060 (0,36-
Fmaus et al. B 1099, meanS18 el oty 0,59 el non-sigificans sisk of 1B death (HI 0,57 (0.31-1,041)
Hhellmaen 1 o™ $39 3308 median 669 All-cause momaliy :Tﬂm“m:ﬂrﬂ'* HE. for overall desth was 1.71 (1.16-254) im
; o - All-cause mavdality and BC- The maos active patients =59 years had a mon-sigeificanily lower risk of BC-
Hollck ot ul. M 20-Te meam 305 specilic mortality mortality (HR .85 (0471543 -
r—— T WLES BCapecific - mla;w;al women bad a significantly kower risk of BC-death (HE
. ” All-cause momality and - Active women =33 years had a signiflcanily lower risk of all-case monality
frwin et 41 #I3 - men 55 specific mortality (HEL 0,20 41k | 413
Moderaies 10 vigirous-imtensity post-dingnosis PA lead 10 8 lower nsk for sl
Iewiin et sl 643 8070 All-cause momality and L. cause mortalicy (HE 0,54 (058:0.79)) and a lower risk of BC-specific monaliny
) specilic moriality CHE 61 (03500990, Inorcase in PA afier disgnosis of @ MET-h'weck or more
lead 10 33 devrcased risk of all-cause mortality (HR 0.67 (0046-0.96 1)
Rohan et al"* 451 0,74 BCpecific - nw?ﬁm’:-ll?ll;: woonmeen did not have a decreased risk of BC moriality
K ol 153 160 Alb-cause monalicy Mo diifference between different ages m diagnosis of menopausal stage (no HERs

reported)

18, Breat cancer; 11K, barand ratic; FA, physical scenity; MET, Metaholic Paaivaiont Task

Pre-diagnostic PA lead to a significantly better OS in five out of 11 studies' ' '®?"-% of which three studies
also ascertained a significantly better BCSS!*'*#' The remaining studies found beneficial effects, although
they did not reach statistical significance. All studies investigating post-diagnostic PA found a beneficial effect
on OS.! 1617202827 BCSS was significantly lower in three out of five studies that had this endpoint.'® '"-%

An increase in PA was beneficial in one out of two studies, with a HR of 0.67 (95%CI 0.46-0.99) (for the
greatest increase in physical activity).!" Although the second study investigating change in physical activity
found a non-significant benefit of increased physical activity (HR 0.55 (95%CI 0.22-1.38)), a much higher
risk of all-cause mortality was established in patients with a reduction in PA (HR 3.95 (95%CI 1.45-10.5))
(Table 3)."

73



74

CHAPTER 5

Table 3. Effect of physical activity on outcomes

Hreast cancer All-canse Breast cancer
Study " Age specific mortality maortality recurrence
T 2361 BC sarvivors stage [-111, | 5-T
seriram ed 2l | year past-realment Madian age 543 ) l
Cleveland et al.” 1508 early-stage B patbents Muan age 586 I - -
et b ] T . 23.74 - ——
Dl Maso et al. 1453 BC patients Median age 55 Mo difference Mo difTerence
. i x Y 17-79 3 a .
Emaus 1 al. 1364 B patients Miean age $7.5 o difference Mo dalTerem:
Friedenseich et al." 1183 BC patients. Mean age 56 1 1 1
5 . . 33935 e .
Hellman ot al,” 328 primary BC paticns “1"3 ape 66,9 Mo difference Mo difference =
L
b oy TP 4482 BC patients, 91% 20-79
Hotict o ol postmeripansal. Mean age SRS I- l
] B 98T nurses with stage LILAN N
Hulmes et al BC in-5% l -
frwin et ol 0 933 B patienis with local or Mlean age 555 (6 months
’ regional breast cancer post-dingnosis) 1
P 4643 post-menopawsal BC -
Irwin et al, paaienes 50.7% I_ l
. : . o]
H—— " ; . T <
Pierce ef al. 1400 carly-stage BC patbents Mean age $0 l
Foohan ¢t al,"™ 431 BC panberis 0-74 Na difference - -
X » T e 1879 o e
Sternfebd e al, 1970 early-singe BC patienis Mean age S6 Mo difference l Mo difference
4153 BC patients (320 palienls
Keegan ¢ al.'® excluded from Australian 156 l
cases)
. . 3 1,539 BC patients with 2694
Wes-W L : . -
est-Wright et nvasive BC Mean ape S84 l l
. 2 TIT BL patsents with im situ or -
a1 4 Jut -
Enger 1 al; wvasive B 2140 o differencs
- 126k BC patients with invasive  20-34 .
Abeabamson ¢t al, BC Median ae 42 Mo difference - -
BC, Beeast cancer.
Physical activity in different BMI-groups
11-13,17,18,20,21

Nine studies stratified their analyses by different BMI-groups. 227 Two studies reported on breast
cancer-specific mortality as well as all-cause mortality for the stratified groups, while one study reported on
breast cancer-specific mortality only. The remaining six studies reported all-cause mortality only for the
different groups. The study by Cleveland et al."” showed a non-significant lower risk of breast cancer-specific
mortality in active patients with a BMI under 25 (HR 0.57 (95%CI 0.30-1.09)) and a significantly lower risk
in active patients with a BMI over 25 (HR 0.63 (95%CI 0.40-0.99))."” Similarly, the study by Holick et al.”’
found a better BCSS for active patients with a BMI below 25 (although not statistically significant), and a
borderline significant effect in patients with a BMI above 25 (HR 0.63 (95%CI 0.39-1.02)).”” West-wright et
al.” did not find a significant benefit for active patients with a BMI under 25 (HR 1.15 (95%CI 0.32-0.86)),
but a significantly better BCSS in patients with a BMI above 25 (HR 0.41 (95%CI 0.23-0.74) for high PA
versus low PA). In patients with a BMI below 25, all-cause mortality was significantly lower in four out of

12,13, 20,27

cight studies. One study reported a benefit that was even greater in patients who were 55 years or

older."” Four studies found a lower all-cause mortality in active patients with a BMI over 25."% 1% %7
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DISCUSSION

We present an overview of the available literature on the effect of PA on breast cancer outcomes. Most
studies demonstrate that PA has a positive effect on OS and BCSS. Post-diagnostic PA was most beneficial
for breast cancer outcomes. Most investigations were observational studies with low median ages, with the
exception of one study that investigated only postmenopausal breast cancer patients. Although no study
specifically addressed patients who were 65 years or older, we observed that older and/or postmenopausal

patients acquired the greatest advantage of PA.

Several explanations have been proposed for the age-related benefit. In addition to concurrent comorbid
conditions, aging is associated with declines in physical and cognitive functioning. A large cohort study
of breast cancer survivors showed that functional limitations were associated with worse all-cause and
competing-cause mortality.”’ Cancer patients are at increased risk of reporting limitations in their activities
of daily living compared to non-cancer patients.” ™ Several exercise programs demonstrated varying positive
effects in older people, including improved muscle strength and gait speed, reduction in falls, improved
balance, bone mineral density and increased mental health.”” The Canadian Study of Health and Aging
showed that older persons who participated in high levels of PA had a lower risk of death than those who
did little or no exercise; the absolute benefits were greatest for those with the highest number of health
deficits.”

Investigators have speculated on the biological mechanism behind these findings. The effect of PA on
breast cancer specific survival was stronger for overweight patients (BMI>25) than normal-weight patients.
Although these findings were not paralleled for all-cause mortality, the effect of PA on the reduction in
weight and, subsequently, on insulin levels are a likely explanation. It is well-known that postmenopausal
patients with obesity and high insulin levels and/or diabetes mellitus have a greater risk of breast cancer.”*’
Insulin resistance is thought to influence the risk of breast cancer recurrence and mortality' " Pasanisi
et al. found that higher insulin levels and insulin resistance syndrome are associated with breast cancer
mortality.'" Importantly, PA can significantly lower insulin levels in women with breast cancer. It has also
been suggested that PA reduces breast cancer risk by improving metabolic profiles as well as by decreasing

levels of endogenous estrogens and body fat."

Aging is a strong predictor of functional decline and comorbidities, and literature suggests that older cancer
patients are more likely to be affected by cancer in terms of physical than cognitive functioning.” * *°
Physical domains are especially important in elderly patients, as they can make the difference between
independent and assisted living. As breast cancer in elderly patients is predominantly estrogen receptor
(ER)-positive, systemic endocrine treatment is frequently warranted. Toxicities of endocrine therapy and
the larger number of comorbid conditions with increasing age may result in patients being more vulnerable

to the clinical consequences of adverse events. Previous reports have demonstrated that PA can improve
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comorbid conditions and adverse effects of adjuvant treatment *-*, therefore, PA can provide an additional
benefit in these patients.

Because of the heterogeneity of the data collected and different definitions of low, moderate and high
intensity PA; we could not perform a pooled meta-analysis of the reported HRs. Furthermore, this study is
limited to some extent by the lack of evidence that focuses on the effect of PA on breast cancer outcomes in
the elderly breast cancer patients specifically. Consequently, the effect of PA on overall and breast cancer-
specific mortality in elderly patients may reveal an even greater benefit, given the prevalence of more
ER-positive tumors as well as frailer patients who are likely to gain most from PA. To add, it is important
to realize that other factors may also influence the possibility for patients to partake in PA at all. One can
presume that, generally speaking, patients without functional limitations are more likely to be healthy and
capable of exercising, while patients who are restricted due to health deficits are already less physically
active, and thus at an increased risk of adverse outcomes. For this reason, further investigations into the
cancer-aging interface and the influence of breast cancer on functional decline in elderly patients are
indispensable. We have initiated ‘Climb Every Mountain’, a longitudinal, prospective cohort study that
measures physical, cognitive, and social health during and after breast cancer treatment. The purpose of
this study 1s to generate new knowledge on the prevalence and impact of functional, cognitive, and social
limitations in elderly breast cancer survivors. A second phase will use those domains most affected by cancer
diagnosis and treatment, to develop a patient-tailored physical intervention study aimed specifically at the

elderly breast cancer patient.

CONCLUSION

This review covers a very heterogencous group of patients, consisting of pre-and postmenopausal breast
cancer patients with varying tumor-biological and clinical characteristics. In older breast cancer patients
specifically, the majority of studies demonstrated a decrease in both all-cause and breast cancer-specific
mortality with increasing levels of PA. To add, the decrease in breast cancer-specific mortality was more
prominent in overweight patients than in normal-weight patients. Overall, it can be concluded that some
degree of PA leads to improved survival outcomes in breast cancer patients, which provides the prospect of

employing a practical intervention that can act as a targeted treatment for breast cancer.
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