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Abstract
Background Breast cancer is the leading cancer type among women, accounting for 24.5% of female cancer cases worldwide.
Objective The purpose of this study is to systematically review and conduct a meta-analysis to evaluate the effects of exercise 
interventions on breast cancer patients at different stages of treatment.
Methods Databases including PubMed, Cochrane Library, and Embase were searched for English-language randomized 
controlled trials (RCTs) published since 2000. The study included data from women aged 18 and above with breast cancer, 
either undergoing treatment or after treatment. Effect sizes were calculated using the standardized mean difference.
Results Out of 2845 studies, 40 met the inclusion criteria, with 17 studies focusing on patients undergoing treatment and 
23 on after treatment patients. Exercise significantly reduced fatigue both undergoing (d =  − 0.20) and after treatment 
(d =  − 1.11). After treatment exercise interventions resulted in improvements in lean mass (d = 1.27), fat mass (d =  − 1.33), 
percentage body fat (d =  − 1.22), and waist circumference (d =  − 0.69). Additionally, biomarkers such as IL-6, HDL, LDL, 
glucose, systolic blood pressure (SBP), and diastolic blood pressure (DBP) showed improvements after treatment.
Conclusions Exercise interventions are effective in reducing fatigue and enhancing fitness while undergoing treatment and 
have positive effects on body composition and biomarkers after treatment. Low-to-moderate intensity exercise is recom-
mended undergoing treatment, while moderate-to-high intensity exercise is beneficial after treatment.
Implications for Cancer Survivors.
Personalized exercise programs should be incorporated as a standard part of care in clinical settings to alleviate fatigue 
undergoing treatment and improve body composition and biomarkers following treatment.

Keywords Breast cancer · Exercise · Meta-analysis · Fatigue · Body composition · Biomarkers · Personalized exercise 
programs

Introduction

Breast cancer is the most common cancer among women, 
accounting for approximately 24.5% of all female cancer 
cases worldwide [1]. According to the most recent 2022 
estimates by GLOBOCAN, breast cancer remains the most 
prevalent cancer globally, with approximately 2.3 million 
new cases, emphasizing the urgent need for effective inter-
ventions [1]. In addition, breast cancer is the second leading 

cause of cancer-related deaths among women, with approxi-
mately 685,000 global deaths attributed to this cancer in 
2020.

Breast cancer stages are categorized based on tumor 
size, lymph node involvement, and metastasis, with treat-
ment options including chemotherapy, radiation, and immu-
notherapy [2–4]. The treatment methods, symptoms, and 
side effects vary by stage. Managing breast cancer during 
and after treatment to reduce recurrence rates and mitigate 
side effects is crucial. Breast cancer treatment includes 
chemotherapy and radiation therapy, with treatment dura-
tion ranging from several months to a year, depending on 
the patient’s condition, cancer stage, and medication used. 
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Physical fitness is essential for breast cancer patients because 
it helps them endure the rigors of treatment and recover 
more effectively. Consequently, personalized exercise pro-
grams tailored to each patient’s fitness level, health status, 
and cancer stage are needed to optimize treatment outcomes 
and improve overall well-being.

Exercise training has been supported by several previous 
studies for its role in improving health and fitness mark-
ers, as well as cancer-related indicators, in breast cancer 
patients [5–8]. It has been shown to be safe and effective, 
enhancing physical fitness and quality of life, and reduc-
ing cancer-related fatigue among these patients. Previous 
studies have reported that combining aerobic and resistance 
exercises during adjuvant chemotherapy can reduce fatigue 
and improve the quality of life for breast cancer patients [12, 
13]. Additionally, research has shown that exercise can miti-
gate the negative cardiovascular effects of early breast can-
cer treatment [11]. Weight training, in particular, has been 
found to significantly improve fitness and reduce fatigue in 
women at risk of lymphedema post-treatment [12]. Moreo-
ver, studies have highlighted that exercise interventions can 
positively impact body composition and biomarkers associ-
ated with breast cancer prognosis [13–16]. Exercise has been 
linked to reductions in body fat and improvements in lean 
body mass, both of which are crucial for long-term health 
outcomes [13, 14]. Furthermore, regular physical activity 
has been associated with favorable changes in biomarkers, 
such as insulin, inflammatory markers, and oxidative stress 
indicators, which play a role in cancer progression and recur-
rence [15, 16]. The increasing popularity and applicability 
of exercise among breast cancer survivors emphasize the 
importance of integrating physical activity into survivorship 
care plans [5, 6]. Therefore, participating in scientifically 
evidence-based personalized exercise programs, tailored to 
address specific needs related to fatigue, body composition, 
physical fitness, and biomarkers during and after treatment, 
is essential.

The American College of Sports Medicine (ACSM) [17] 
provides exercise guidelines for breast cancer patients, rec-
ommending 3–5 sessions of aerobic exercise per week at 
50–70% of maximum heart rate, lasting 20–60 min, and 2–3 
sessions of resistance exercises per week, with 8–15 rep-
etitions and 2–3 sets. However, understanding the specific 
effects of exercise at different treatment stages and effec-
tive exercise programs is necessary. This systematic review 
and meta-analysis addresses the gap in the current literature 
regarding the specific effects of exercise interventions at var-
ious stages of breast cancer treatment. Understanding how 
tailored exercise programs can enhance patient outcomes is 
crucial, as highlighted by previous studies that have demon-
strated improvements in fatigue and quality of life through 
combined aerobic and resistance exercise. Therefore, the 
purpose of this systematic review and meta-analysis is to 

evaluate the effects of exercise interventions during the 
active treatment phase and post-treatment phase in breast 
cancer patients.

Methods

Search strategy

This meta-analysis adhered to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [18]. A comprehensive search for relevant stud-
ies published in English from January 2000 to August 2024 
was conducted using PubMed, the Cochrane Library, and 
EMBASE. The search strategy included the terms “breast 
cancer,” “exercise,” and “randomized controlled trial,” 
which were combined to identify pertinent studies. The 
search was primarily conducted in the titles and abstracts 
of articles. Additionally, the reference lists of previously 
published review articles and meta-analyses were scruti-
nized to identify further relevant studies. Two researchers 
independently screened and selected relevant articles. Any 
disagreements during the selection process were resolved 
through discussion between the researchers.

The terms “during treatment” and “after treatment” are 
defined as follows: “during treatment” refers to the period 
when patients are actively receiving chemotherapy or radia-
tion therapy, while “after treatment” refers to the period fol-
lowing the completion of all treatments, typically ranging 
from several months to years depending on individual recov-
ery and follow-up care. This study employed the Quality 
Assessment of Controlled Intervention Studies tool to eval-
uate the methodological quality, focusing on criteria such 
as random sequence generation, allocation concealment, 
blinding of participants and personnel, incomplete outcome 
data, selective reporting, and other potential sources of bias 
[19]. Additionally, the Cochrane Collaboration’s Risk of 
Bias Tool was used to assess the risk of bias in randomized 
controlled trials, examining aspects such as selection bias 
(random sequence generation and allocation concealment), 
performance bias (blinding of participants and personnel), 
detection bias (blinding of outcome assessment), attrition 
bias (incomplete outcome data), reporting bias (selective 
reporting), and other biases [20].

Inclusion and exclusion criteria

The inclusion criteria focused on randomized controlled tri-
als involving breast cancer patients aged 18 and older, under-
going or having completed treatment, to assess the impact 
of exercise interventions on physical fitness and biomarkers. 
The inclusion criteria also required that the outcomes of 
the intervention be reported with mean ± standard deviation 
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(SD). Studies were excluded if they were reviews, case–con-
trol studies, or did not focus on exercise interventions.

Data extraction

Data extracted and summarized included author, publication 
year, country and ethnicity of study participants, participant 
age and number, exercise intervention duration and methods, 
and main findings (Table 1 for under treatment and Table 2 
for after treatment). Data extraction was meticulously per-
formed by two independent reviewers, with discrepancies 
resolved through consensus discussions to ensure data integ-
rity and reliability.

Statistical analysis

The standardized mean difference statistic that measures the 
difference between the means of the treatment and control 
groups divided by the pooled standard deviation was used 
to compute the effect size for outcome variables that showed 
comparable results in at least two studies. The interpreta-
tion of effect size magnitude was classified as follows: a 
small effect size ranged from 0.2 to 0.5, a medium effect size 
from 0.5 to 0.8, and a large effect size was greater than 0.8. 
Heterogeneity was assessed using the I2 statistic, with fixed-
effects models applied for I2 values ≤ 50% and random-
effects models for I2 > 50%, aligning with best practices in 
meta-analytic methods. Sensitivity analysis systematically 
excludes specific studies, particularly those of lower qual-
ity, to assess their impact on the overall results; this often 
involves removing studies one at a time or based on qual-
ity assessments to see how these exclusions affect conclu-
sions. Funnel plots, meanwhile, are used to detect publica-
tion bias by plotting study effect sizes against their standard 
errors; a symmetrical plot suggests minimal bias, whereas 
asymmetry may indicate underrepresentation of smaller or 
negative studies. All analyses were conducted using Com-
prehensive Meta-Analysis Version 1.25 software (Biostatic 
Inc, Englewood, NJ, USA). The inter-rater reliability of this 
study, which describes the level of agreement between two 
raters on the quality of selected studies, was assessed using 
Cohen’s Kappa coefficient calculated with SPSS software.

Results

A total of 4271 participants were included in this system-
atic review and meta-analysis. Among them, 2425 partici-
pants were undergoing treatment, and 1947 participants had 
completed treatment. The study included women diagnosed 
with breast cancer. All participants were over 18 years old. 
The selection process for this systematic review and meta-
analysis is detailed in Fig. 1. From an initial screening of 

1506 studies, 40 were included in the analysis: 17 in which 
participants were undergoing treatment [21–37] and 22 
involving patients after treatment [38–59]. The included 
studies span various countries, primarily in North America 
and Europe, with participant demographics predominantly 
comprising women aged 18 and over. Sample sizes ranged 
from 30 to 300 participants. The methodological quality 
was assessed using the Quality Assessment of Controlled 
Intervention Studies tool, as shown in Supplementary 
Tables 1 and 2, which indicated that the studies met the 
required standards. Each RCT’s quality was further evalu-
ated using the Cochrane Collaboration’s Risk of Bias Tool, 
with detailed assessments provided in Supplementary Fig. 1, 
confirming that the studies were of high qualitative stand-
ards. The analysis yielded a Kappa value of 0.75, indicat-
ing substantial agreement between the raters regarding the 
quality of the selected studies. No adverse side effects were 
reported for exercise interventions in breast cancer patients 
undergoing treatment or after treatment. Studies on exercise 
programs for breast cancer stages were selected for this sys-
tematic review and meta-analysis and analyzed separately 
for patients undergoing treatment or who had completed 
treatment. Figure 2 shows the effect size of exercise inter-
vention during and after therapy. The forest plot in this study 
provides a visual representation of the effect sizes and their 
corresponding confidence intervals for each included study. 
Statistical significance was assessed by determining whether 
the confidence intervals crossed zero. Confidence intervals 
that do not cross zero indicate statistical significance. A 
p-value of less than 0.05 was considered indicative of sta-
tistical significance. No studies were found that excluded 
based on sensitivity analysis and funnel plot reviews.

Undergoing treatment

Fatigue

Nine studies analyzing the effects of exercise on fatigue in 
breast cancer patients undergoing treatment showed a sig-
nificant reduction in fatigue (d =  − 0.20, 95% confidence 
interval (CI); − 0.32 – − 0.08, p = 0.00).

Body composition

To analyze the effects of exercise on body composition dur-
ing breast cancer treatment, three studies on body mass index 
(BMI) and four studies on weight were included. Patients 
undergoing treatment did not show a significant reduction 
in BMI (d =  − 0.17, 95% CI; − 0.35 – 0.01, p = 0.07) and 
weight (d =  − 0.10, 95% CI; − 0.27 – 0.06, p = 0.22).
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Physical fitness

Three studies analyzed the effects of exercise on physical fit-
ness in breast cancer patients undergoing treatment. Patients 
participating in exercise interventions showed a significant 
improvement in the 12-min walk test (d =  − 0.29, 95% 
CI; − 0.52 – − 0.06, p = 0.01).

After treatment

Fatigue

Four studies examining the effects of exercise on fatigue in 
breast cancer patients who completed treatment showed a 
significant reduction in fatigue (d =  − 1.11, 95% CI; − 1.36 
– − 0.85, p = 0.00).

Body composition

To understand changes in body composition after exercise 
interventions in breast cancer patients after treatment, two 
studies each on lean mass, fat mass, and % body fat and four 
studies on waist circumference were included. Participants 
showed significant improvements in lean mass (d = 1.27, 
95% CI; 0.96 – 1.59, p = 0.00), fat mass (d =  − 1.33, 95% 
CI; − 1.67 – − 0.99, p = 0.00), % body fat (d =  − 1.22, 95% 
CI; − 1.57 – − 0.88, p = 0.00), and waist circumference 
(d =  − 0.69, 95% CI; − 0.97 – − 0.42, p = 0.00).

Physical fitness

Exercise participation in women after breast cancer treat-
ment did not produce significant differences in cardiores-
piratory fitness  (VO2max, d = 0.25, 95% CI; − 0.05 – 0.55, 
p = 0.10) or handgrip strength (d =  − 0.05, 95% CI; − 0.28 
– 0.18, p = 0.69).

Biomarkers

The analysis of the effects of exercise on biomarkers in 
breast cancer survivors after treatment showed significant 
improvements in IL-6 (d =  − 0.95, 95% CI; − 1.31 – − 0.59, 
p = 0.00), HDL (d = 2.16, 95% CI; 1.80 – 2.52, p = 0.00), 
LDL (d =  − 1.49, 95% CI; − 1.89 – − 1.08, p = 0.00), glucose 
(d =  − 0.66, 95% CI; − 0.13, p = 0.00), systolic blood pres-
sure (SBP, d =  − 1.23, 95% CI; − 1.50 – − 0.95, p = 0.00), 
and diastolic blood pressure (DBP, d =  − 0.87, 95% 
CI; − 1.21 – − 0.53, p = 0.00). However, insulin (d = 0.24, 
95% CI; − 0.04 – 0.52, p = 0.10) did not show a significant 
effect.

1-
RM

 1
 re

pe
tit

io
n 

m
ax

im
um

, 6
M

W
T 

6-
m

in
 w

al
ki

ng
 te

st,
 A

E 
ae

ro
bi

c 
ex

er
ci

se
, A

ET
 a

er
ob

ic
 e

xe
rc

is
e 

tra
in

in
g,

 A
oD

ia
m

 a
or

tic
 d

ia
m

et
er

, B
D

I B
ec

k 
D

ep
re

ss
io

n 
In

ve
nt

or
y,

 B
FI

 B
rie

f F
at

ig
ue

 In
ve

n-
to

ry
, B

IS
 b

io
im

pe
da

nc
e 

sp
ec

tro
sc

op
y,

 B
M

C
 b

on
e 

m
in

er
al

 c
on

te
nt

, B
M

D
 b

on
e 

m
in

er
al

 d
en

si
ty

, C
ES

-D
 C

en
te

r o
f D

is
ea

se
s 

D
ep

re
ss

io
n 

Sc
al

e,
 c

IM
T 

ca
ro

tid
 in

tim
a 

m
ed

ia
 th

ic
kn

es
s, 

C
O

M
B 

co
m

-
bi

ne
d 

of
 a

er
ob

ic
 a

nd
 r

es
ist

an
ce

 e
xe

rc
is

e,
 C

O
N

 c
on

tro
l 

gr
ou

p,
 C

RF
 c

an
ce

r-r
el

at
ed

 f
at

ig
ue

, 
cT

nT
 p

la
sm

a 
ca

rd
ia

c 
Tr

op
oN

in
-T

, 
D

BP
 d

ia
sto

lic
 b

lo
od

 p
re

ss
ur

e,
 D

D
FS

 d
ist

an
t 

di
se

as
e-

fr
ee

 
su

rv
iv

al
, D

FS
 d

is
ea

se
-f

re
e 

su
rv

iv
al

, D
T 

de
ce

le
ra

tio
n 

tim
e,

 E
 v

el
oc

ity
 m

itr
al

 in
flo

w
 v

el
oc

ity
, E

/A
 ra

tio
 b

et
w

ee
n 

ea
rly

 a
nd

 la
te

 v
en

tri
cu

la
r fi

lli
ng

 v
el

oc
ity

, E
D

V 
en

d-
di

as
to

lic
 v

ol
um

e,
 E

O
RT

C
  E

ur
o-

pe
an

 O
rg

an
iz

at
io

n 
fo

r R
es

ea
rc

h 
an

d 
Tr

ea
tm

en
t o

f C
an

ce
r, 

ES
V 

en
d-

sy
sto

lic
 v

ol
um

e,
 F

AC
 fr

ac
tio

na
l a

re
a 

ch
an

ge
, F

AC
IT

-T
, F

un
ct

io
na

l A
ss

es
sm

en
t o

f C
hr

on
ic

 Il
ln

es
s 

Th
er

ap
y-

Fa
tig

ue
 V

er
si

on
 

IV
, F

AC
IT

 F
un

ct
io

na
l A

ss
es

sm
en

t o
f C

hr
on

ic
 Il

ln
es

s 
Th

er
ap

y,
 F

AC
T-

An
, t

he
 F

un
ct

io
na

l A
ss

es
sm

en
t o

f C
an

ce
r T

he
ra

py
-A

ne
m

ia
, F

AC
T-

B 
Fu

nc
tio

na
l A

ss
es

sm
en

t o
f C

hr
on

ic
 Il

ln
es

s 
Th

er
ap

y-
B

es
t, 

FA
C

T-
F 

Fu
nc

tio
na

l A
ss

es
sm

en
t o

f C
hr

on
ic

 Il
ln

es
s T

he
ra

py
-F

at
ig

ue
, F

AC
T  

Fu
nc

tio
na

l A
ss

es
sm

en
t o

f C
an

ce
r T

he
ra

py
, G

I s
id

e 
eff

ec
t g

as
tro

in
te

sti
na

l s
id

e 
eff

ec
t, 

H
AD

S-
A 

H
os

pi
ta

l A
nx

ie
ty

 
an

d 
D

ep
re

ss
io

n 
Sc

al
e-

A
nx

ie
ty

, H
AD

S-
D

 H
os

pi
ta

l A
nx

ie
ty

 a
nd

 D
ep

re
ss

io
n 

Sc
al

e-
D

ep
re

ss
io

n,
 H

b 
he

m
og

lo
bi

n 
le

ve
ls

, H
ER

2-
 h

um
an

 e
pi

de
rm

al
 g

ro
w

th
 fa

ct
or

 re
ce

pt
or

 2
-n

eg
at

iv
e,

 H
ER

2 +
  h

um
an

 
ep

id
er

m
al

 g
ro

w
th

 fa
ct

or
 re

ce
pt

or
 2

-p
os

iti
ve

, H
II

T 
hi

gh
 in

te
ns

ity
 in

te
rv

al
 tr

ai
ni

ng
, H

IG
H

 h
ig

he
r d

os
e 

of
 a

er
ob

ic
 e

xe
rc

is
e,

 H
R 

+
 , 

ho
rm

on
e 

re
ce

pt
or

-p
os

iti
ve

, H
RQ

O
L 

C
−

30
 h

ea
lth

-r
el

at
ed

 q
ua

l-
ity

 o
f l

ife
, H

RR
 h

ea
rt 

ra
te

 re
se

rv
e,

 IL
-1

ra
 in

te
rle

uk
in

-1
 re

ce
pt

or
 a

nt
ag

on
ist

, I
L-

6 
in

te
rle

uk
in

-6
, I

VS
d 

in
te

rv
en

tri
cu

la
r s

ep
tu

m
 th

ic
kn

es
s 

at
 e

nd
-d

ia
sto

le
, K

PS
 K

ar
no

fs
ky

 P
er

fo
rm

an
ce

 S
ca

le
, L

A/
Ao

 ra
tio

 o
f l

ef
t a

tri
al

 d
im

en
si

on
 to

 a
or

tic
 a

nn
ul

us
 d

im
en

si
on

, L
AD

ia
m

 le
ft 

at
ria

l d
ia

m
et

er
, L

BM
 le

an
 b

od
y 

m
as

s, 
LV

 m
as

s 
at

 e
nd

-d
ia

sto
le

, L
VE

F,
 le

ft 
ve

nt
ric

le
 e

je
ct

io
n 

fr
ac

tio
n,

 L
VF

S 
lv

 fr
ac

-
tio

na
l 

sh
or

te
ni

ng
, L

VI
D

d 
le

ft 
ve

nt
ric

ul
ar

 i
nt

er
na

l 
di

m
en

si
on

 a
t 

en
d-

di
as

to
le

, L
VI

D
s 

le
ft 

ve
nt

ric
ul

ar
 i

nt
er

na
l 

di
m

en
si

on
 a

t 
en

d-
sy

sto
le

, L
VM

I 
LV

 m
as

s 
in

de
x,

 L
VP

W
d 

le
ft 

ve
nt

ric
ul

ar
 p

os
te

-
rio

r w
al

l t
hi

ck
ne

ss
 a

t e
nd

-d
ia

sto
le

, M
ET

 m
et

ab
ol

ic
 e

qu
iv

al
en

t o
f t

as
k,

 M
ST

 m
ax

im
al

 s
tre

ng
th

 tr
ai

ni
ng

, M
SA

S 
M

em
or

ia
l S

ym
pt

om
 A

ss
es

sm
en

t S
ca

le
, N

IS
 n

ut
rit

io
n 

im
pa

ct
 s

ym
pt

om
s, 

N
T-

pr
o-

BN
P 

N
-T

er
m

in
al

 f
ra

gm
en

t o
f 

th
e 

PR
O

ho
rm

on
e 

B
ra

in
-T

yp
e 

N
at

riu
re

tic
 P

ep
tid

e,
 O

S 
ov

er
al

l s
ur

vi
va

l, 
PA

 p
hy

si
ca

l a
ct

iv
ity

, P
AN

AS
 P

os
iti

ve
 A

nd
 N

eg
at

iv
e 

A
ffe

ct
 S

ca
le

, P
AR

 p
hy

si
ca

l a
ct

iv
ity

 
re

ca
ll,

 P
cr

 p
at

ho
lo

gi
c 

co
m

pl
et

e 
re

sp
on

se
, P

ET
C

O
2 

en
d-

tid
al

 c
ar

bo
n 

di
ox

id
e,

 P
ET

O
2 

en
d-

tid
al

 o
xy

ge
n,

 P
FS

 P
ip

er
 F

at
ig

ue
 S

ca
le

, P
PO

 p
ea

k 
po

w
er

 o
ut

pu
t, 

PP
T 

pr
es

su
re

-p
ai

n 
th

re
sh

ol
d,

 P
RO

-
C

TC
AE

 p
at

ie
nt

-r
ep

or
te

d 
ou

tc
om

es
 v

er
si

on
 o

f 
th

e 
co

m
m

on
 t

er
m

in
ol

og
y 

cr
ite

ria
 f

or
 a

dv
er

se
 e

ve
nt

s, 
PR

O
s 

pa
tie

nt
-r

ep
or

te
d 

ou
tc

om
es

, P
SQ

I 
Pi

tts
bu

rg
h 

Sl
ee

p 
Q

ua
lit

y 
In

de
x,

 Q
oL

 q
ua

lit
y 

of
 

lif
e,

 R
C

T  
ra

nd
om

iz
ed

 c
lin

ic
al

 tr
ia

l, 
RD

I r
el

at
iv

e 
do

se
 in

de
x,

 R
E 

re
si

st
an

ce
 e

xe
rc

is
e,

 R
ET

 re
si

st
an

ce
 e

xe
rc

is
e 

tra
in

in
g,

 R
ER

 re
sp

ira
to

ry
 e

xc
ha

ng
e 

ra
tio

, R
FI

 re
cu

rr
en

ce
-f

re
e 

in
te

rv
al

, R
PE

 ra
tin

g 
of

 
pe

rc
ei

ve
d 

ex
er

tio
n,

 R
Vs

’ r
ig

ht
 v

en
tri

cu
la

r p
ea

k 
sy

sto
lic

 tr
ic

us
pi

d 
an

nu
lu

s 
ve

lo
ci

ty
, S

BP
 s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e,
 S

PA
Q

 S
co

tti
sh

 P
hy

si
ca

l A
ct

iv
ity

 Q
ue

sti
on

na
ire

, S
TA

N
 s

ta
nd

ar
d 

do
se

 o
f a

er
ob

ic
 

ex
er

ci
se

, S
V 

str
ok

e 
vo

lu
m

e,
 T

N
BC

 tr
ip

le
-n

eg
at

iv
e 

br
ea

st 
ca

nc
er

, T
O

I-
An

 T
ria

l O
ut

co
m

e 
In

de
x-

A
ne

m
ia

 s
ca

le
, U

C
 u

su
al

 c
ar

e 
co

nt
ro

l, 
VE

/V
C

O
2 

sl
op

e 
sl

op
e 

of
 v

en
til

at
or

y 
eq

ui
va

le
nt

 fo
r c

ar
bo

n 
di

ox
id

e 
ou

tp
ut

, V
E/

VC
O

2 
m

in
ut

e 
ve

nt
ila

tio
n 

re
la

tiv
e 

to
 C

O
2 

pr
od

uc
tio

n,
 V

E/
VO

2 
m

in
ut

e 
ve

nt
ila

tio
n 

re
la

tiv
e 

to
 O

2 
pr

od
uc

tio
n,

 V
O

2p
ea

k 
pe

ak
 o

xy
ge

n 
co

ns
um

pt
io

n

Ta
bl

e 
1 

 (c
on

tin
ue

d)



Journal of Cancer Survivorship 

Ta
bl

e 
2 

 E
xe

rc
is

e 
in

te
rv

en
tio

n 
ch

ar
ac

te
ris

tic
s o

f s
el

ec
te

d 
stu

di
es

 a
fte

r t
re

at
m

en
t

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

B
ar

ut
h 

(2
01

5)
, U

SA
 

[2
4]

RC
T:

 in
te

rv
en

tio
n 

(n
 =

 20
) 

vs
. c

on
tro

l (
n =

 12
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I 

~ 
II

I, 
no

t r
eg

ul
ar

ly
 

ac
tiv

e 
(<

 5 
da

ys
/w

ee
k)

12
 w

ee
ks

, a
er

ob
ic

 e
xe

rc
is

e 
(w

al
ki

ng
), 

if 
pa

rti
ci

pa
nt

s c
ou

ld
 d

o 
m

or
e,

 th
ey

 w
er

e 
en

co
ur

ag
ed

 to
 d

o 
so

W
ee

k 
1:

 3
 d

ay
s/

w
ee

k,
 2

0-
m

in
, m

od
er

-
at

e-
in

te
ns

ity
W

ee
k 

8:
 5

 d
ay

s/
w

ee
k,

 3
0–

40
 m

in
, m

od
-

er
at

e 
to

 v
ig

or
ou

s-
in

te
ns

ity
H

om
e-

ba
se

d 
un

su
pe

rv
is

ed
 e

xe
rc

is
e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
FA

C
T-

Fa
tig

ue
, I

B
C

SG
 Q

ua
l-

ity
 o

f L
ife

 C
or

e 
Q

ue
sti

on
-

na
ire

, p
hy

si
ca

l w
el

l-b
ei

ng
 

(m
oo

d,
 ti

re
dn

es
s, 

ap
pe

tit
e,

 
eff

or
t i

n 
co

pi
ng

, c
ur

re
nt

 
he

al
th

, h
ot

 fl
as

he
s, 

fe
el

-
in

g 
si

ck
, s

oc
ia

l s
up

po
rt,

 
re

str
ic

te
d 

us
e 

of
 a

rm
), 

SF
-3

6 
Q

ua
lit

y 
of

 L
ife

 Q
ue

sti
on

-
na

ire
 (p

hy
si

ca
l f

un
ct

io
ni

ng
, 

ro
le

-p
hy

si
ca

l, 
pa

in
, g

en
er

al
 

he
al

th
, v

ita
lit

y,
 so

ci
al

 
fu

nc
tio

ni
ng

, r
ol

e-
em

ot
io

na
l, 

m
en

ta
l h

ea
lth

, p
hy

si
ca

l 
co

m
po

ne
nt

 sc
al

e,
 m

en
ta

l 
co

m
po

ne
nt

 sc
al

e)
C

as
la

 (2
01

5)
, S

pa
in

 
[2

5]
RC

T:
 E

X
 (n

 =
 44

) v
s. 

CO
N

 
(n

 =
 45

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 I 
~ 

II
I, 

EX
 

(4
5.

91
 ±

 8.
21

 y
ea

rs
 o

ld
), 

CO
N

 (5
1.

87
 ±

 8.
21

 y
ea

rs
 

ol
d)

12
 w

ee
ks

, 2
 ti

m
es

/w
ee

k,
 a

er
ob

ic
 a

nd
 

re
si

st
an

ce
 e

xe
rc

is
e,

 1
0 

m
in

 o
f w

ar
m

-
up

 (a
rti

cu
la

r m
ob

ili
za

tio
n,

 w
al

ki
ng

 
ex

er
ci

se
s, 

ru
nn

in
g 

at
 5

0–
60

%
 o

f 
H

R
R

), 
25

–3
0 

m
in

 o
f a

er
ob

ic
 e

xe
rc

is
e 

(d
an

ce
 c

la
ss

es
, p

ow
er

 c
irc

ui
ts

, 
w

al
ki

ng
-r

un
ni

ng
 a

t 5
5–

70
%

 o
f H

R
R

), 
10

–1
5 

m
in

 o
f r

es
ist

an
ce

 e
xe

rc
is

e 
(s

ho
ul

de
r c

irc
le

s, 
do

rs
al

 a
nd

 c
he

st 
ex

er
ci

se
s w

ith
 e

la
sti

c 
ba

nd
s, 

8–
15

 
re

ps
, 2

 se
ts

), 
10

 m
in

 o
f c

oo
l-d

ow
n 

(w
ho

le
-b

od
y 

str
et

ch
in

g)
, s

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
C

ar
di

or
es

pi
ra

to
ry

 c
ap

ac
-

ity
  (V

O
2m

ax
), 

m
us

cl
e 

str
en

gt
h 

(is
om

et
ric

 m
us

cl
e 

str
en

gt
h,

 d
yn

am
ic

 m
us

cl
e 

str
en

gt
h)

, s
ho

ul
de

r r
an

ge
 

of
 m

ot
io

n,
 p

hy
si

ca
l a

ct
iv

ity
 

(s
ed

en
ta

ry
, l

ow
 p

hy
si

ca
l 

ac
tiv

ity
, m

ed
iu

m
 p

hy
si

ca
l 

ac
tiv

ity
, h

ig
h 

le
ve

l),
 p

hy
si

ca
l 

va
ria

bl
es

 (p
hy

si
ca

l c
ap

ac
ity

, 
IG

S,
 m

ax
im

al
 st

re
ng

th
 c

he
st 

m
ax

im
al

 st
re

ng
th

 le
gs

, 
re

si
st

an
ce

 st
re

ng
th

 c
he

st,
 

re
si

st
an

ce
 st

re
ng

th
 le

gs
, 

m
ax

im
al

 st
re

ng
th

 c
he

st/
w

ei
gh

t, 
m

ax
im

al
 st

re
ng

th
 

le
gs

/w
ei

gh
t),

 b
od

y 
co

m
po

si
-

tio
n 

(B
M

I, 
w

ei
gh

t, 
hi

p-
w

ai
st 

ra
tio

, %
 b

od
y 

fa
t m

as
s, 

le
an

 
bo

dy
 m

as
s)

, Q
oL

 (S
F3

6 
m

en
ta

l, 
SF

36
 p

hy
si

ca
l, 

ph
ys

ic
al

 fu
nc

tio
ni

ng
, r

ol
e 

im
ita

tio
n-

ph
ys

ic
al

 h
ea

lth
, 

bo
di

ly
 p

ai
n,

 g
en

er
al

 h
ea

lth
 

pe
rc

ep
tio

n,
 v

ita
lit

y,
 so

ci
al

 
fu

nc
tio

ni
ng

, r
ol

e 
lim

ita
tio

n-
em

ot
io

na
l h

ea
lth

, m
en

ta
l 

he
al

th
)



 Journal of Cancer Survivorship

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

C
ou

rn
ey

a 
(2

00
3)

, 
C

an
ad

a 
[2

6]
RC

T:
 e

xe
rc

is
e 

(n
 =

 25
) v

s. 
co

nt
ro

l (
n =

 28
)

Po
st-

su
rg

er
y,

 fe
m

al
e,

 st
ag

es
 

I ~
 II

Ia
, 6

9 ≥
 P

 ≥
 50

15
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 1

5–
35

 m
in

, 
ae

ro
bi

c 
ex

er
ci

se
 (r

ec
um

be
nt

 o
r u

pr
ig

ht
 

cy
cl

e 
er

go
m

et
er

), 
at

 7
0–

75
%

 o
f 

 V
O

2m
ax

, s
up

er
vi

se
d 

ex
er

ci
se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
C

ar
di

op
ul

m
on

ar
y 

ou
tc

om
es

 
(p

ea
k 

ox
yg

en
 c

on
su

m
pt

io
n,

 
pe

ak
 p

ow
er

 o
ut

pu
t, 

pe
ak

 
re

sp
ira

to
ry

 e
xc

ha
ng

e 
ra

tio
, 

pe
ak

 h
ea

rt 
ra

te
, v

en
til

a-
to

ry
 e

qu
iv

al
en

t f
or

 o
xy

ge
n,

 
po

w
er

 o
ut

pu
t a

t t
he

 v
en

til
a-

to
ry

 e
qu

iv
al

en
t f

or
 o

xy
ge

n,
 

ve
nt

ila
to

ry
 e

qu
iv

al
en

t f
or

 
ca

rb
on

 d
io

xi
de

, p
ow

er
 o

ut
-

pu
t a

t t
he

 v
en

til
at

or
y 

eq
ui

va
-

le
nt

 fo
r c

ar
bo

n 
di

ox
id

e)
, 

Q
oL

 (F
A

C
T-

B
, T

O
I, 

ha
p-

pi
ne

ss
, s

el
f-

es
te

em
, f

at
ig

ue
, 

co
m

po
ne

nt
s o

f F
A

C
T-

B
, 

ph
ys

ic
al

 w
el

l-b
ei

ng
, f

un
c-

tio
na

l w
el

l-b
ei

ng
, e

m
ot

io
na

l 
w

el
l-b

ei
ng

, s
oc

ia
l/f

am
ily

 
w

el
l-b

ei
ng

, b
re

as
t c

an
ce

r 
su

bs
ca

le
), 

bo
dy

 c
om

po
si

tio
n 

(b
od

y 
w

ei
gh

t, 
B

M
I, 

su
m

 o
f 

sk
in

fo
ld

s)
D

ie
li-

C
on

w
rig

ht
 

(2
01

8)
, U

SA
 [2

8]
RC

T:
 e

xe
rc

is
e 

(n
 =

 50
) v

s. 
us

ua
l c

ar
e 

(n
 =

 50
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 st

ag
es

 0
 ~

 II
I, 

B
M

I ≥
 25

.0
 k

g/
m

2 , b
od

y 
fa

t >
 30

%
, w

ai
st 

ci
rc

um
fe

r-
en

ce
 >

 88
 c

m
, n

on
sm

ok
er

, 
se

de
nt

ar
y <

 60
 m

in
 o

f 
str

uc
tu

re
d 

ex
er

ci
se

/w
ee

k

16
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 m

od
er

at
e-

to
-

vi
go

ro
us

 (6
5–

85
%

 o
f  H

R
m

ax
) a

er
ob

ic
 

an
d 

re
si

st
an

ce
 e

xe
rc

is
e,

 5
-m

in
 o

f a
er

o-
bi

c 
ex

er
ci

se
 a

t 4
0–

50
%

 o
f e

sti
m

at
ed

 
 V

O
2m

ax
, r

es
ist

an
ce

 e
xe

rc
is

es
: l

ow
er

-
bo

dy
 e

xe
rc

is
es

 (l
eg

 p
re

ss
, l

un
ge

s, 
le

g 
ex

te
ns

io
n,

 le
g 

fle
xi

on
 a

t 8
0%

 o
f 

1-
R

M
), 

up
pe

r-b
od

y 
ex

er
ci

se
s (

ch
es

t 
pr

es
s, 

se
at

ed
 ro

w
, t

ric
ep

s e
xt

en
si

on
, 

bi
ce

ps
 c

ur
l a

t 6
0%

 o
f 1

-R
M

), 
10

–1
5 

re
ps

, s
el

f-
se

le
ct

ed
 a

er
ob

ic
 e

xe
rc

is
e 

se
ss

io
n 

(tr
ea

dm
ill

 w
al

ki
ng

/ru
nn

in
g,

 
ro

w
in

g 
m

ac
hi

ne
, s

ta
tio

na
ry

 b
ic

yc
le

) 
at

 6
5–

80
%

 o
f  H

R
m

ax
 fo

r 3
0–

50
 m

in
, 

5-
m

in
 o

f c
oo

l d
ow

n 
at

 4
0–

50
%

 o
f e

sti
-

m
at

ed
  V

O
2m

ax
, s

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
M

et
ab

ol
ic

 sy
nd

ro
m

e 
va

ria
bl

es
 

(w
ai

st 
ci

rc
um

fe
re

nc
e,

 S
B

P,
 

D
B

P,
 H

D
L-

C
, t

rig
ly

ce
r-

id
es

, g
lu

co
se

, m
et

ab
ol

ic
 

sy
nd

ro
m

e 
z-

sc
or

e,
 A

TP
 II

I 
sc

or
e)

, s
ar

co
pe

ni
c 

ob
es

ity
 

(a
pp

en
di

cu
la

r s
ke

le
ta

l 
m

us
cl

e 
in

de
x)

, b
od

y 
co

m
po

-
si

tio
n 

(B
M

I, 
w

ei
gh

t, 
hi

p 
ci

r-
cu

m
fe

re
nc

e,
 le

an
 m

as
s, 

fa
t 

m
as

s, 
%

 b
od

y 
fa

t, 
tru

nk
 fa

t),
 

se
ru

m
 b

io
m

ar
ke

rs
(in

su
lin

, 
H

O
M

A
-I

R
, I

G
F-

1,
 IG

FB
P-

3,
 h

s-
C

R
P,

 le
pt

in
, a

di
-

po
ne

ct
in

, t
ot

al
 c

ho
le

ste
ro

l, 
IL

-6
, I

L-
8,

 T
N

F-
α,

 S
H

B
G

, 
es

tra
di

ol
, f

re
e 

te
sto

ste
ro

ne
)



Journal of Cancer Survivorship 

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

D
ie

li-
C

on
w

rig
ht

 
(2

01
8)

, U
SA

 [2
9]

RC
T:

 e
xe

rc
is

e 
(n

 =
 50

) v
s. 

co
nt

ro
l (

n =
 50

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 st
ag

es
 0

 ~
 II

I, 
B

M
I ≥

 25
.0

 k
g/

m
2 , w

ai
st 

ci
rc

um
fe

re
nc

e >
 88

 c
m

16
 w

ee
ks

, 3
 se

ss
io

ns
/w

ee
k,

 a
er

ob
ic

 
ex

er
ci

se
: 1

50
 m

in
/w

ee
k,

 a
 5

-m
in

 
w

ar
m

-u
p 

(4
0–

50
%

 e
sti

m
at

ed
  V

O
2m

ax
), 

50
–8

0 
m

in
 o

f t
re

ad
m

ill
 w

al
ki

ng
/ru

n-
ni

ng
, r

ow
in

g 
m

ac
hi

ne
, s

ta
tio

na
ry

 b
ic

y-
cl

e 
(6

5–
80

%
 o

f  H
R

m
ax

), 
5-

m
in

 c
oo

l-
do

w
n 

(4
0–

50
%

 o
f e

sti
m

at
ed

  V
O

2m
ax

), 
re

si
st

an
ce

 e
xe

rc
is

e:
 2

–3
 d

ay
s/

w
ee

k,
 a

 
80

-m
in

 o
f 6

0%
 e

sti
m

at
ed

 1
-R

M
 fo

r 4
 

U
pp

er
 b

od
y 

re
si

st
an

ce
 e

xe
rc

is
es

 (c
he

st 
pr

es
s, 

se
at

ed
 ro

w
, t

ric
ep

s e
xt

en
si

on
, 

bi
ce

ps
 c

ur
l) 

an
d 

80
%

 e
sti

m
at

ed
 1

-R
M

 
fo

r 4
 lo

w
er

 b
od

y 
re

si
st

an
ce

 e
xe

rc
is

es
 

(le
g 

pr
es

s, 
lu

ng
es

, l
eg

 e
xt

en
si

on
, l

eg
 

fle
xi

on
), 

3 
se

ts
, 1

0–
15

 re
ps

, s
up

er
vi

se
d 

ex
er

ci
se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
Q

oL
 (p

hy
si

ca
l w

el
l-b

ei
ng

, 
so

ci
al

 w
el

l-b
ei

ng
, e

m
ot

io
na

l 
w

el
l-b

ei
ng

, f
un

ct
io

na
l 

w
el

l-b
ei

ng
, a

dd
iti

on
al

 
co

nc
er

ns
, F

A
C

T-
ge

ne
ra

l, 
FA

C
T-

br
ea

st)
, h

ea
lth

 
st

at
us

(p
hy

si
ca

l f
un

ct
io

n-
in

g,
 ro

le
-p

hy
si

ca
l, 

bo
di

ly
 

pa
in

, g
en

er
al

 h
ea

lth
, m

en
ta

l 
he

al
th

, r
op

e-
em

ot
io

na
l, 

so
ci

al
 fu

nc
tio

ni
ng

, v
ita

lit
y,

 
ph

ys
ic

al
 c

om
po

ne
nt

 su
m

-
m

ar
y,

 m
en

ta
l c

om
po

ne
nt

 
su

m
m

ar
y,

 B
FI

, C
ES

-D
) 

fa
tig

ue
, d

ep
re

ss
io

n,
 p

hy
si

ca
l 

fit
ne

ss
 (e

sti
m

at
ed

  V
O

2m
ax

, 
R

H
R

, m
us

cu
la

r s
tre

ng
th

; 
le

g 
ex

te
ns

io
n,

 le
g 

fle
xi

on
, 

la
tis

si
m

us
 p

ul
ld

ow
n,

 c
he

st 
pr

es
s)

, b
on

e 
he

al
th

 (c
al

ci
um

, 
25

(O
H

)D
, o

ste
oc

al
ci

n,
 

B
SA

P:
 b

on
e-

sp
ec

ifi
c 

al
ka

lin
e 

ph
os

ph
at

as
e,

 C
TX

, 
N

TX
, R

A
N

K
, R

A
N

K
L,

 
w

ho
le

 b
od

y 
B

M
D

, l
um

ba
r 

sp
in

e 
B

M
D

, t
ot

al
 h

ip
 B

M
D

, 
tro

ch
an

te
r B

M
D

, f
em

or
al

 
ne

ck
 B

M
D

)
D

ie
li-

C
on

w
rig

ht
 

(2
01

8)
, U

SA
 [2

9]
RC

T:
 E

X
 g

ro
up

 (n
 =

 10
) v

s. 
CO

N
 g

ro
up

 (n
 =

 10
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I 

~ 
II

I, 
EX

 
(5

3.
0 ±

 10
.0

 y
ea

rs
 o

ld
), 

CO
N

 (5
5.

0 ±
 4.

5 
ye

ar
s 

ol
d)

, o
be

se
 (B

M
I ≥

 30
 k

g/
m

2 ), 
<

 60
-m

in
 o

f p
hy

si
ca

l 
ac

tiv
ity

/w
ee

k

16
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 p

ro
gr

es
si

ve
, 

co
m

bi
ne

d 
ae

ro
bi

c 
an

d 
re

si
st

an
ce

 e
xe

r-
ci

se
, 5

-m
in

 a
er

ob
ic

 e
xe

rc
is

e 
w

ar
m

-u
p 

at
 4

0–
50

%
 e

sti
m

at
ed

  V
O

2m
ax

, 2
/3

 d
ay

s/
w

ee
k 

of
 re

si
st

an
ce

 e
xe

rc
is

e 
(3

 se
ts

 o
f 

10
-r

ep
, w

ei
gh

t i
nc

re
as

in
g 

by
 1

0%
, r

ep
s 

in
cr

ea
si

ng
 1

0,
 1

2,
 1

5 
ev

er
y 

4 
w

ee
ks

, 
80

%
 o

f e
sti

m
at

ed
 1

-R
M

 fo
r l

ow
er

 
bo

dy
 e

xe
rc

is
es

: l
eg

 p
re

ss
, l

un
ge

s, 
le

g 
ex

te
ns

io
n,

 le
g 

fle
xi

on
, 6

0%
 o

f 
es

tim
at

ed
 1

-R
M

 fo
r u

pp
er

 b
od

y 
ex

er
-

ci
se

s:
 c

he
st 

pr
es

s, 
se

at
ed

 ro
w

, t
ric

ep
s 

ex
te

ns
io

n,
 b

ic
ep

s c
ur

l),
 1

50
-m

in
/w

ee
k 

of
 m

od
er

at
e-

vi
go

ro
us

 a
er

ob
ic

 e
xe

rc
is

e 
(tr

ea
dm

ill
 w

al
ki

ng
/ru

nn
in

g,
 ro

w
in

g 
m

ac
hi

ne
, s

ta
tio

na
ry

 b
ic

yc
le

 a
t 6

5–
80

%
 

of
  H

R
m

ax
), 

5-
m

in
 a

er
ob

ic
 e

xe
rc

is
e 

co
ol

 
do

w
n 

at
 4

0–
50

%
 e

sti
m

at
ed

  V
O

2m
ax

, 
su

pe
rv

is
ed

 e
xe

rc
is

e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
W

ei
gh

t, 
le

an
 m

as
s, 

fa
t m

as
s, 

%
 

bo
dy

 fa
t, 

w
ai

st 
ci

rc
um

fe
r-

en
ce

, h
ip

 c
irc

um
fe

re
nc

e,
 

ca
rd

io
m

et
ab

ol
ic

 p
ro

fil
e 

(g
lu

co
se

, i
ns

ul
in

, H
O

M
A

-
IR

, t
ot

al
 c

ho
le

ste
ro

l, 
LD

L,
 

H
D

L,
 tr

ig
ly

ce
rid

es
, H

bA
1c

), 
ad

ip
os

e 
tis

su
e 

in
fla

m
m

at
io

n 
(C

R
P,

 le
pt

in
, a

di
po

ne
ct

in
, 

TN
F-

α,
 IL

-6
, I

L-
8,

 M
1,

 M
2,

 
IL

-1
2 

p4
0,

 IL
-1

2 
p7

0)



 Journal of Cancer Survivorship

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

D
ol

an
 (2

01
6)

, 
C

an
ad

a 
[3

0]
RC

T:
 A

IT
 (n

 =
 12

) v
s. 

C
M

T 
(n

 =
 11

) v
s. 

CO
N

 (n
 =

 10
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I 

~ 
II

IA
, a

ge
 

57
.2

 ±
 9 

ye
ar

s o
ld

, w
ei

gh
t 

67
.6

 ±
 12

 k
g

6 
w

ee
ks

, 3
 se

ss
io

ns
/w

ee
k

A
IT

: 2
–4

 m
in

, 9
5–

50
%

, p
ro

gr
es

si
ve

ly
 

hi
gh

er
 in

te
ns

ity
C

M
T:

 2
 w

ee
ks

 o
f i

nt
ro

du
ct

or
y 

in
te

rv
al

s 
at

 8
0%

  V
O

2m
ax

 fo
llo

w
ed

 b
y 

pr
og

re
s-

si
ve

ly
 h

ig
he

r i
nt

en
si

ty
, s

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

re
po

rti
ng

 a
dv

er
se

 
si

de
 e

ffe
ct

s o
f e

xe
rc

is
e 

in
te

rv
en

tio
ns

V
O

2m
ax

, w
ei

gh
t, 

ci
rc

um
fe

re
nc

e 
(w

ai
st,

 h
ip

,  H
R

re
st,

 st
re

ng
th

 
1R

M
), 

bl
oo

d 
(fa

sti
ng

: 
in

su
lin

, g
lu

co
se

, h
s-

C
R

P,
 

H
O

M
A

1-
IR

, t
ot

al
 se

ss
io

ns
, 

to
ta

l d
ist

an
ce

, t
ot

al
 ti

m
e,

 
to

ta
l t

im
e >

 80
%

  V
O

2m
ax

, 
av

er
ag

e 
in

te
ns

ity
, 3

-m
on

th
 

fo
llo

w
-u

p)
Fa

ire
y 

(2
00

5)
, 

C
an

ad
a 

[3
1]

RC
T:

 e
xe

rc
is

e 
(n

 =
 24

) v
s. 

co
nt

ro
l (

n =
 28

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 I 
~ 

II
IB

, e
xe

rc
is

e 
(5

9 ±
 5 

ye
ar

s o
ld

), 
co

nt
ro

l 
(5

8 ±
 6 

ye
ar

s o
ld

)

15
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 a

er
ob

ic
 

ex
er

ci
se

 (r
ec

um
be

nt
/u

pr
ig

ht
 c

yc
le

 
er

go
m

et
er

s)
 a

t 7
0–

78
%

 o
f p

ea
k 

ox
yg

en
 

co
ns

um
pt

io
n,

 1
5-

m
in

 fo
r w

ee
ks

 1
–3

, 
in

cr
ea

si
ng

 b
y 

5-
m

in
 e

ve
ry

 3
 w

ee
ks

, 
35

-m
in

 fo
r w

ee
ks

 1
3–

15
, 5

-m
in

 o
f 

cy
cl

in
g 

at
 5

0%
 o

f p
ea

k 
ox

yg
en

 c
on

-
su

m
pt

io
n 

fo
r w

ar
m

-u
p 

an
d 

co
ol

-d
ow

n 
pe

rio
ds

, s
up

er
vi

se
d 

ex
er

ci
se

A
sk

ed
 n

ot
 to

 b
eg

in
 a

 st
ru

c-
tu

re
d 

ex
er

ci
se

 p
ro

gr
am

N
o 

re
po

rti
ng

 a
dv

er
se

 
si

de
 e

ffe
ct

s o
f e

xe
rc

is
e 

in
te

rv
en

tio
ns

H
ea

rt 
ra

te
 v

ar
ia

bl
es

 (R
H

R
, 

H
R

R
), 

bl
oo

d 
pr

es
su

re
 (S

B
P,

 
D

B
P)

, l
ip

id
s (

TC
, H

D
L-

C
, 

LD
L-

C
, T

G
, T

C
:H

D
L-

C
 

ra
tio

), 
in

fla
m

m
at

or
y 

bi
o-

m
ar

ke
r (

C
R

P)

G
al

 R
ox

an
ne

 
(2

02
1)

, N
et

he
r-

la
nd

s [
32

]

RC
T:

 in
te

rv
en

tio
n 

(n
 =

 68
) 

vs
. c

on
tro

l (
n =

 13
0)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I~

 II
I, 

in
te

rv
en

tio
n 

ac
ce

pt
ed

 (5
6.

6 ±
 9.

8 
ye

ar
s 

ol
d)

, c
on

tro
l (

58
.3

 ±
 9.

5)
, 

ph
ys

ic
al

ly
 in

ac
tiv

e 
lif

es
ty

le
 

(<
 15

0-
m

in
/w

ee
k 

pe
rfo

rm
-

in
g 

m
od

er
at

e-
to

-v
ig

or
ou

s 
le

is
ur

e 
tim

e/
sp

or
ts

 a
ct

iv
i-

tie
s)

12
 w

ee
ks

, 2
 ti

m
es

/w
ee

k,
 1

-h
 c

om
bi

ne
d 

ae
ro

bi
c 

an
d 

re
si

st
an

ce
 tr

ai
ni

ng
, 

en
co

ur
ag

ed
 to

 b
e 

ph
ys

ic
al

ly
 a

ct
iv

e 
w

ith
 m

od
er

at
e 

in
te

ns
ity

 fo
r a

t l
ea

st 
30

-m
in

/d
ay

, s
up

er
vi

se
d 

ex
er

ci
se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
Ph

ys
ic

al
 a

ct
iv

ity
, q

ua
lit

y 
of

 li
fe

, f
at

ig
ue

, a
nx

ie
ty

, 
de

pr
es

si
on

Jo
ne

s S
.B

 (2
01

3)
, 

U
SA

 [3
3]

RC
T:

 e
xe

rc
is

e 
(n

 =
 37

) v
s. 

us
ua

l c
ar

e 
(n

 =
 38

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 0
 ~

 II
IA

, p
hy

si
ca

lly
 

in
ac

tiv
e 

(<
 60

-m
in

/w
ee

k 
of

 re
cr

ea
tio

na
l p

hy
si

ca
l 

ac
tiv

ity
)

A
er

ob
ic

 e
xe

rc
is

e 
(b

ris
k 

w
al

ki
ng

, 
st

at
io

na
ry

 b
ik

in
g,

 e
lli

pt
ic

al
 tr

ai
ni

ng
, 

no
t i

nv
ol

ve
 su

st
ai

ne
d 

ae
ro

bi
c 

eff
or

t: 
re

si
st

an
ce

 tr
ai

ni
ng

, y
og

a)
: 1

50
-m

in
 

of
 m

od
er

at
e 

in
te

ns
ity

, 3
 ti

m
es

 o
f 

su
pe

rv
is

ed
 e

xe
rc

is
es

/w
ee

k,
 2

 ti
m

es
 

of
 u

ns
up

er
vi

se
d 

ex
er

ci
se

s/
w

ee
k,

 st
ar

t 
at

 5
0%

 o
f p

re
di

ct
ed

  H
R

m
ax

 (2
20

-
ag

e)
, g

ra
du

al
ly

 in
cr

ea
si

ng
 m

in
ut

es
 

of
 e

xe
rc

is
e/

w
ee

k 
(3

 1
5-

 m
in

 se
ss

io
ns

 
du

rin
g 

w
ee

k 
1,

 b
ui

ld
in

g 
to

 5
 3

0-
m

in
 

m
od

er
at

e-
in

te
ns

ity
 se

ss
io

ns
 b

y 
w

ee
k 

5)
, s

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
In

fla
m

m
at

or
y 

m
ar

ke
rs

 (I
L-

6,
 

C
R

P,
 T

N
F-

α)

La
ha

rt 
(2

01
8)

, U
K

 
[3

4]
RC

T:
 in

te
rv

en
tio

n 
(n

 =
 40

) 
vs

. c
on

tro
l (

n =
 40

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 I 
~ 

II
I, 

in
te

rv
en

tio
n 

(5
2.

5 ±
 10

.7
 y

ea
rs

 o
ld

), 
co

nt
ro

l (
52

.0
 ±

 8.
6 

ye
ar

s 
ol

d)
,

24
 w

ee
ks

M
on

th
s 1

–3
: 3

–5
 d

ay
s/

w
ee

k,
 3

0-
m

in
 

of
 m

od
er

at
e-

in
te

ns
ity

 P
A

 (w
al

ki
ng

, 
ae

ro
bi

c 
ex

er
ci

se
)

M
on

th
s 3

–6
: 5

–7
 d

ay
s/

w
ee

k,
 a

t l
ea

st 
30

-m
in

 o
f m

od
er

at
e-

in
te

ns
ity

 P
A

 
(w

al
ki

ng
, a

er
ob

ic
 e

xe
rc

is
e)

, h
om

e-
ba

se
d 

un
su

pe
rv

is
ed

 e
xe

rc
is

e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
V

O
2m

ax
, t

im
e 

to
 e

xh
au

sti
on

, 
pe

ak
 H

R
, r

es
tin

g 
SB

P,
 

re
sti

ng
 D

B
P,

 re
sti

ng
 M

A
P,

 
m

as
s, 

to
ta

l P
A

, l
ei

su
re

 P
A

, 
w

al
k 

PA
, m

od
er

at
e 

PA
, 

vi
go

ro
us

 P
A

, B
M

I



Journal of Cancer Survivorship 

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

Le
e,

 K
. (

20
19

), 
U

SA
 [3

5]
RC

T:
 e

xe
rc

is
e 

(n
 =

 50
) v

s. 
us

ua
l c

ar
e 

(n
 =

 50
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 st

ag
es

 I 
~ 

II
I, 

B
M

I ≥
 25

.0
 k

g/
m

2 , b
od

y 
fa

t >
 30

%
, w

ai
st 

ci
rc

um
fe

r-
en

ce
 >

 88
 c

m
, s

ed
en

ta
ry

 
(<

 60
-m

in
 o

f s
tru

ct
ur

ed
 

ex
er

ci
se

/w
ee

k)

16
 w

ee
ks

, ≥
 15

0-
m

in
 o

f a
er

ob
ic

 e
xe

rc
is

e 
(tr

ea
dm

ill
 w

al
ki

ng
, m

ac
hi

ne
 ro

w
in

g,
 

cy
cl

in
g)

, 2
–3

 d
ay

s o
f r

es
ist

an
ce

 
ex

er
ci

se
 (l

eg
 p

re
ss

, l
eg

 fl
ex

io
n/

ex
te

n-
si

on
, c

he
st 

pr
es

s, 
se

at
ed

 ro
w

, b
ic

ep
 

cu
rl,

 tr
ic

ep
s p

ul
ld

ow
n 

at
 6

0–
80

%
 o

f 
1-

R
M

)/w
ee

k,
 3

 d
ay

s/
w

ee
k 

(D
ay

1 
an

d 
3:

 a
er

ob
ic

, r
es

ist
an

ce
 e

xe
rc

is
e 

fo
r 8

0-
m

in
, D

ay
2:

 a
er

ob
ic

 e
xe

rc
is

e 
at

 6
5–

98
0%

 o
f  H

R
m

ax
 fo

r 5
0-

m
in

), 
su

pe
rv

is
ed

 e
xe

rc
is

e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
SB

P,
 H

D
L-

C
, L

D
L-

C
, d

ia
gn

o-
si

s o
f d

ia
be

te
s, 

FR
S 

pr
es

et
 

po
in

t f
or

 S
B

P/
H

D
L-

C
/

LD
L-

C
/d

ia
be

te
s, 

to
ta

l F
R

S,
 

FR
S-

pr
ed

ic
te

d 
10

—
y 

ris
k

M
ur

te
za

ni
 (2

01
4)

, 
K

os
ov

o 
[3

6]
RC

T:
 e

xe
rc

is
e 

(n
 =

 30
) v

s. 
co

nt
ro

l (
n =

 32
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

ea
rly

-s
ta

ge
 B

.C
 (s

ta
ge

s 
I ~

 II
Ia

)

10
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 5

-m
in

 o
f 

w
ar

m
-u

p 
(c

yc
lin

g)
, 3

 a
er

ob
ic

 e
xe

rc
is

es
 

(tr
ea

dm
ill

, s
ta

tio
na

ry
 b

ic
yc

le
, s

ta
ir 

cl
im

bi
ng

, e
ac

h 
fo

r 1
5-

m
in

), 
5-

m
in

 o
f 

co
ol

-d
ow

n 
(s

lo
w

 w
al

ki
ng

), 
50

–7
5%

 
H

R
R

, 2
0–

45
 m

in
/s

es
si

on
, s

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

n =
 4;

 lo
w

 b
ac

k 
pa

in
 

(n
 =

 1)
, l

ym
ph

ed
em

a 
(n

 =
 3)

O
ve

ra
ll 

Q
oL

 (F
A

C
T-

B
, F

A
C

T-
G

, p
hy

si
ca

l w
el

l-b
ei

ng
, 

fu
nc

tio
na

l w
el

l-b
ei

ng
, e

m
o-

tio
na

l w
el

l-b
ei

ng
, s

oc
ia

l/
fa

m
ily

 w
el

l-b
ei

ng
, b

re
as

t 
ca

nc
er

 su
bs

ca
le

), 
bo

dy
 

co
m

po
si

tio
n 

ou
tc

om
es

, b
od

y 
w

ei
gh

t, 
B

M
I, 

12
-M

W
T

Pi
nt

o 
(2

00
5)

, U
SA

 
[3

7]
RC

T:
 P

A
 g

ro
up

 (n
 =

 43
) 

vs
. c

on
ta

ct
 c

on
tro

l g
ro

up
 

(n
 =

 43
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

58
.6

9 ±
 7.

5 
ye

ar
s o

ld
), 

ea
rly

-s
ta

ge
 B

.C
 (s

ta
ge

s 
0 ~

 II
)

12
 w

ee
ks

, f
ro

m
 a

t l
ea

st 
10

 m
in

, 2
 d

ay
s/

w
ee

k,
 to

 3
0-

m
in

, 5
 d

ay
s/

w
ee

k,
 a

t 
55

–6
5%

 o
f  H

R
m

ax
 o

f m
od

er
at

e-
in

te
n-

si
ty

 a
ct

iv
iti

es
 (b

ris
k 

w
al

ki
ng

, b
ik

in
g,

 
sw

im
m

in
g,

 u
se

 o
f h

om
e 

ex
er

ci
se

 
eq

ui
pm

en
t),

 h
om

e-
ba

se
d 

un
su

pe
rv

is
ed

 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

n =
 1;

 sy
m

pt
om

s o
f c

he
st 

pa
in

B
M

I, 
pe

rc
en

t b
od

y 
fa

t, 
7-

da
y 

PA
R

 (t
ot

al
 w

ee
kl

y 
en

er
gy

 
ex

pe
nd

itu
re

, k
al

/k
g/

w
ee

k,
 

m
od

er
at

e-
in

te
ns

ity
 w

ee
kl

y 
en

er
gy

 e
xp

en
di

tu
re

, k
ca

l/
kg

/w
ee

k,
 h

ar
d +

 ve
ry

 h
ar

d 
w

ee
kl

y 
en

er
gy

 e
xp

en
di

tu
re

, 
kc

al
/k

g/
w

ee
k,

 to
ta

l m
in

ut
es

 
of

 w
ee

kl
y 

ex
er

ci
se

, t
ot

al
 

m
in

ut
es

 o
f m

od
er

at
e-

in
te

n-
si

ty
 e

xe
rc

is
e,

 to
ta

l m
in

ut
es

 
of

 h
ar

d +
 ve

ry
 h

ar
d 

in
te

ns
ity

 
ex

er
ci

se
), 

on
e-

m
ile

 w
al

k 
te

st,
 m

in
ut

es
, C

al
tra

c,
 k

ca
l, 

PO
M

S,
 B

ES
, f

at
ig

ue
Pi

nt
o 

(2
01

3)
, U

SA
 

[3
8]

RC
T:

 T
C

 (n
 =

 10
6)

 v
s. 

co
n-

ta
ct

 c
on

tro
l (

n =
 86

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 0
 ~

 IV
, P

A
 

(5
6.

1 ±
 9.

9 
ye

ar
s 

ol
d)

, c
on

ta
ct

 c
on

tro
l 

(5
5.

9 ±
 9.

9 
ye

ar
s o

ld
), 

re
la

-
tiv

el
y 

in
ac

tiv
e 

(<
 30

-m
in

/
w

ee
k 

of
 v

ig
or

ou
s-

in
te

ns
ity

 
ex

er
ci

se
 o

r 9
0-

m
in

/w
ee

k 
of

 m
od

er
at

e-
in

te
ns

ity
 

ex
er

ci
se

)

12
 w

ee
ks

, s
ta

rt 
fro

m
 1

0-
m

in
/d

ay
 o

n 
at

 
le

as
t 2

 d
ay

s/
w

ee
k,

 e
nd

 w
ith

 3
0-

m
in

/
da

y 
on

 a
t l

ea
st 

5 
da

ys
/w

ee
k,

 m
od

er
at

e-
in

te
ns

ity
 a

er
ob

ic
 e

xe
rc

is
e 

at
 5

5–
65

%
 

of
  H

R
m

ax
 (b

ris
k 

w
al

ki
ng

, b
ik

in
g,

 
sw

im
m

in
g)

, u
ns

up
er

vi
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

n =
 2;

 su
st

ai
ne

d 
m

in
or

 
in

ju
rie

s r
el

at
ed

 to
 fa

ll-
in

g 
off

 a
 tr

ea
dm

ill

7-
da

y 
PA

R
, S

F-
36

 P
F,

 
FA

C
T-

F



 Journal of Cancer Survivorship

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

Ro
ge

rs
 (2

00
9)

, U
SA

 
[3

9]
RC

T:
 in

te
rv

en
tio

n 
(n

 =
 21

) 
vs

. u
su

al
 c

ar
e 

(n
 =

 20
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I 

~ 
II

IA
, i

nt
er

ve
n-

tio
n 

(5
2 ±

 15
 y

ea
rs

 o
ld

), 
us

ua
l c

ar
e 

(5
4 ±

 8 
ye

ar
s 

ol
d)

, <
 60

-m
in

/w
ee

k 
of

 v
ig

or
ou

s p
hy

si
ca

l 
ac

tiv
ity

, <
 15

0-
m

in
/w

ee
k 

of
 m

od
er

at
e +

 vi
go

ro
us

 
ac

tiv
ity

12
 w

ee
ks

, ~
 15

0-
m

in
 o

f m
od

er
at

e 
w

al
ki

ng
/w

ee
k,

 g
ro

up
 a

nd
 in

di
vi

du
al

 
se

ss
io

ns
, a

dd
in

g 
fle

xi
bi

lit
y 

ex
er

ci
se

s, 
su

pe
rv

is
ed

 e
xe

rc
is

e,
 a

nd
 h

om
e-

ba
se

d 
ex

er
ci

se

U
su

al
 c

ar
e 

co
nd

iti
on

 (o
nl

y 
pr

ov
id

ed
 m

at
er

ia
ls

 re
la

te
d 

to
 P

A
 o

bt
ai

ne
d 

fro
m

 th
e 

A
m

er
ic

an
 C

an
ce

r S
oc

ie
ty

)

C
ha

ng
es

 in
 e

nd
oc

rin
e 

sy
m

pt
om

s a
nd

 jo
in

t 
pa

in
s

A
ct

iv
ity

 c
ou

nt
s, 

ste
ps

, 
m

od
er

at
e 

m
in

ut
es

 (≥
 ha

rd
 

m
in

ut
es

, ≥
 m

od
er

at
e 

se
lf-

re
po

rt 
m

in
ut

es
), 

fit
ne

ss
, r

ig
ht

 
ha

nd
gr

ip
, l

ef
t h

an
dg

rip
, 

ba
ck

/le
g 

ex
te

ns
or

s, 
BI

M
, 

w
ai

st-
to

-h
ip

 ra
tio

, %
 b

od
y 

fa
t, 

Q
oL

 (p
hy

sic
al

 w
el

l-b
ei

ng
, 

so
ci

al
 w

el
l-b

ei
ng

, e
m

ot
io

na
l 

w
el

l-b
ei

ng
, f

un
ct

io
na

l w
el

l-
be

in
g,

 a
dd

iti
on

al
 c

on
ce

rn
s, 

FA
CT

-G
, F

A
CT

-B
), 

co
gn

i-
tiv

e 
fu

nc
tio

n 
(m

en
ta

l a
cu

ity
, 

co
nc

en
tra

tio
n,

 m
em

or
y,

 
ve

rb
al

 fl
ue

nc
y,

 in
te

rfe
re

nc
e 

in
 fu

nc
tio

ni
ng

, o
th

er
 p

eo
pl

e 
no

tic
e 

de
fic

its
, c

ha
ng

e 
fro

m
 

pr
ev

io
us

 fu
nc

tio
n,

 im
pa

ct
 o

n 
qu

al
ity

 o
f l

ife
, t

ot
al

 F
A

CT
-

Co
g)

, s
le

ep
 d

ys
fu

nc
tio

n 
(s

le
ep

 q
ua

lit
y,

 sl
ee

p 
la

te
nc

y,
 

sle
ep

 d
ur

at
io

n,
 sl

ee
p 

effi
-

ci
en

cy
, s

le
ep

 m
ed

ia
tio

ns
, d

ay
-

tim
e 

dy
sf

un
ct

io
n,

 to
ta

l P
SQ

I 
sc

or
e)

, j
oi

nt
 sy

m
pt

om
s (

jo
in

t 
pa

in
, j

oi
nt

 st
iff

ne
ss

), 
ph

ys
ic

al
 

fu
nc

tio
n,

 W
O

M
A

C 
to

ta
l

Sc
hm

itz
 (2

00
5)

, 
U

SA
 [4

0]
RC

T:
 im

m
ed

ia
te

 tr
ea

tm
en

t 
gr

ou
p 

(n
 =

 42
) v

s. 
de

la
ye

d 
tre

at
m

en
t g

ro
up

 (n
 =

 43
), 

de
la

ye
d 

tre
at

m
en

t g
ro

up
’s

 
fir

st 
6 

m
on

th
s v

s. 
de

la
ye

d 
tre

at
m

en
t g

ro
up

’s
 la

st 
6 

m
on

th
s

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 I 

~ 
II

I, 
im

m
ed

ia
te

 
tre

at
m

en
t (

53
.3

 ±
 8.

7 
ye

ar
s 

ol
d)

, d
el

ay
ed

 tr
ea

t-
m

en
t (

52
.8

 ±
 7.

6 
ye

ar
s 

ol
d)

, B
M

I ≤
 40

 k
g/

m
2 , S

B
P 

<
 16

0 
m

m
 H

g,
 

D
B

P 
<

 99
 m

m
 H

g

48
 w

ee
ks

, 2
 se

ss
io

ns
/w

ee
k,

 ~
 60

 m
in

/
se

ss
io

n,
 w

ei
gh

t t
ra

in
in

g 
in

te
rv

en
tio

n 
(ta

rg
et

in
g 

ch
es

t, 
ba

ck
, s

ho
ul

de
rs

, a
rm

s, 
bu

tto
ck

s, 
hi

ps
, t

hi
gh

s)
, fi

rs
t 3

 m
on

th
s 

su
pe

rv
is

ed
 (2

 se
ss

io
ns

/w
ee

k 
fo

r 
13

 w
ee

ks
, 3

 se
ts

, 8
–1

0 
re

ps
/s

et
), 

se
c-

on
d 

3 
m

on
th

s s
up

er
vi

se
d 

(2
 se

ss
io

ns
/

w
ee

k 
fo

r 1
3 

w
ee

ks
, 3

 se
ts

, 1
0,

 1
0,

 
12

 re
ps

 fo
r s

et
s 1

,2
, 3

, r
es

pe
ct

iv
el

y)
, 

str
et

ch
in

g 
ex

er
ci

se
s b

ef
or

e 
an

d 
af

te
r 

ea
ch

 se
ss

io
n,

 u
pp

er
-b

od
y 

(s
ta

rt 
fro

m
 

0–
0.

5 
lb

 a
nd

 p
ro

gr
es

si
ve

ly
 in

cr
ea

s-
in

g)
, l

ow
er

-b
od

y 
(s

ta
nd

ar
d 

pr
og

re
ss

iv
e 

tra
in

in
g)

, l
as

t 6
 m

on
th

s u
ns

up
er

-
vi

se
d 

(n
o 

ca
ll 

to
 e

nc
ou

ra
ge

 w
or

ko
ut

 
co

m
pl

et
io

n)
, s

up
er

vi
se

d/
un

su
pe

rv
is

ed
 

ex
er

ci
se

U
su

al
 c

ar
e 

co
nd

iti
on

Im
m

ed
ia

te
 v

s. 
de

la
ye

d:
 

n =
 5;

 b
ac

k 
in

ju
ry

 
(n

 =
 4)

, s
ho

ul
de

r t
en

do
-

ni
tis

 (n
 =

 1)
D

el
ay

ed
 fi

rs
t 6

 m
on

th
s 

vs
. d

el
ay

ed
 la

st 
6 

m
on

th
s:

 ~
 6 

m
on

th
s 

(n
 =

 1;
 sh

ou
ld

er
 te

n-
do

ni
tis

)
7 ~

 12
 m

on
th

s (
n =

 7;
 

ba
ck

 in
ju

ry
 n

 =
 2,

 h
ee

l 
sp

ur
s n

 =
 1,

 a
nk

le
 

in
ju

ry
 n

 =
 3,

 ro
ta

to
r 

cu
ff 

in
ju

ry
 n

 =
 1)

B
od

y 
w

ei
gh

t, 
B

M
I, 

bo
dy

 
fa

t, 
le

an
 m

as
s, 

w
ai

st 
ci

rc
um

fe
re

nc
e,

 g
lu

co
se

, 
in

su
lin

, H
O

M
A

, I
G

F-
I, 

IG
F-

II
, I

G
FB

P-
1,

 IG
FB

P-
2,

 
IG

FB
P-

3



Journal of Cancer Survivorship 

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

Sh
ob

ei
ri 

(2
01

6)
, 

Ir
an

 [4
1]

RC
T:

 e
xe

rc
is

e 
(n

 =
 30

) v
s. 

co
nt

ro
l (

n =
 30

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 I 
~ 

II
, e

xe
rc

is
e 

(4
2.

70
 ±

 9.
6 

ye
ar

s o
ld

), 
co

nt
ro

l (
43

.5
0 ±

 8.
60

 y
ea

rs
 

ol
d)

10
 w

ee
ks

, F
.I.

T.
T.

, 2
 ti

m
es

/w
ee

k,
 

40
–6

0 
m

in
, 5

–1
0 

m
in

 w
ar

m
-u

p 
(s

lo
w

 
w

al
ki

ng
, m

od
er

at
e 

str
et

ch
in

g 
ph

ys
ic

al
 

ac
tiv

ity
), 

15
 m

in
 m

od
er

at
e 

w
al

ki
ng

, 
15

 m
in

 st
re

tc
hi

ng
 p

hy
si

ca
l a

ct
iv

-
ity

, s
pe

ci
fic

 m
ov

em
en

ts
 o

f a
rm

s a
nd

 
sh

ou
ld

er
s, 

5 
m

in
 c

oo
l-d

ow
n 

(s
lo

w
 

w
al

ki
ng

), 
su

pe
rv

is
ed

 e
xe

rc
is

e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
Q

oL
 (g

lo
ba

l h
ea

lth
 st

at
us

), 
fu

nc
tio

na
l s

ca
le

s (
ph

ys
ic

al
 

fu
nc

tio
ni

ng
, r

ol
e 

fu
nc

tio
n-

in
g,

 e
m

ot
io

na
l f

un
ct

io
ni

ng
, 

co
gn

iti
ve

 fu
nc

tio
ni

ng
, s

oc
ia

l 
fu

nc
tio

ni
ng

), 
sy

m
pt

om
 

sc
al

es
 (f

at
ig

ue
, n

au
se

a,
 

vo
m

iti
ng

, p
ai

n,
 d

ys
pn

ea
, 

in
so

m
ni

a,
 a

pp
et

ite
 lo

ss
, c

on
-

sti
pa

tio
n,

 d
ia

rr
he

a,
 fi

na
nc

ia
l 

di
ffi

cu
lti

es
), 

co
m

po
ne

nt
s 

of
 fu

nc
tio

n 
(b

od
y 

im
ag

es
, 

se
xu

al
 fu

nc
tio

n,
 se

xu
al

 
pl

ea
su

re
, f

ut
ur

e 
pr

os
pe

ct
, 

to
ta

l s
co

re
 o

f f
un

ct
io

ns
), 

co
m

po
ne

nt
s o

f s
ym

pt
om

s 
(s

id
e 

eff
ec

t o
f t

re
at

m
en

ts
, 

br
ea

st 
sy

m
pt

om
s, 

ar
m

 sy
m

p-
to

m
s, 

w
or

ry
 o

f h
ai

r l
os

s, 
to

ta
l s

co
re

 o
f s

ym
pt

om
s)

Sw
ee

ne
y 

(2
01

9)
, 

U
SA

 [4
2]

RC
T:

 E
X

E 
in

te
rv

en
tio

n 
(n

 =
 50

) v
s. 

U
C

 (n
 =

 50
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

53
.5

 ±
 10

.4
 y

ea
rs

 
ol

d,
 st

ag
es

 0
 ~

 II
I, 

B
M

I ≥
 25

.0
 k

g/
m

2 , b
od

y 
fa

t >
 30

%
, w

ai
st 

ci
rc

um
fe

r-
en

ce
 >

 88
 c

m
, s

ed
en

ta
ry

 
(<

 60
 m

in
 o

f s
tru

ct
ur

ed
 

ex
er

ci
se

/w
ee

k)

16
 w

ee
ks

, 3
 ti

m
es

/w
ee

k,
 1

50
-m

in
 o

f 
ae

ro
bi

c 
an

d 
2/

3 
da

ys
 o

f r
es

ist
an

ce
 

ex
er

ci
se

/w
ee

k,
 8

0-
m

in
 o

f a
er

ob
ic

 a
nd

 
re

si
st

an
ce

 e
xe

rc
is

es
 fo

r D
ay

s 1
 a

nd
 3

, 
50

-m
in

 o
f a

er
ob

ic
 e

xe
rc

is
e 

fo
r d

ay
 2

, 
pr

og
re

ss
iv

e,
 m

od
er

at
ed

 to
 v

ig
or

ou
s, 

se
qu

en
ce

d 
re

si
st

an
ce

 e
xe

rc
is

es
 a

t 8
0%

 
of

 1
-R

M
 fo

r l
ow

er
 b

od
y 

ex
er

ci
se

s(
le

g 
pr

es
s, 

lu
ng

es
, k

ne
e 

ex
te

ns
io

n,
 k

ne
e 

fle
xi

on
), 

60
%

 o
f 1

-R
M

 fo
r u

pp
er

 
bo

dy
 e

xe
rc

is
es

(c
he

st 
pr

es
s, 

se
at

ed
 

ro
w

, t
ric

ep
s e

xt
en

si
on

, b
ic

ep
s c

ur
l),

 3
 

se
ts

, 1
0–

15
 re

ps
, s

el
f-

se
le

ct
ed

 a
er

ob
ic

 
ex

er
ci

se
(tr

ea
dm

ill
 w

al
ki

ng
/ru

nn
in

g,
 

ro
w

in
g 

m
ac

hi
ne

, s
ta

tio
na

ry
 b

ic
yc

le
) 

at
 6

5–
80

%
 o

f  H
R

m
ax

, 3
0–

50
 m

in
, 

su
pe

rv
is

ed
 e

xe
rc

is
e

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
B

od
y 

str
uc

tu
re

/fu
nc

tio
n 

(a
ct

iv
e 

ra
ng

e 
of

 m
ot

io
n:

 
su

pi
ne

 fl
ex

io
n,

 e
xt

er
na

l r
ot

a-
tio

n 
at

 0
°, 

ex
te

rn
al

 ro
ta

tio
n 

at
 9

0°
, i

so
m

et
ric

 st
re

ng
th

: 
sh

ou
ld

er
 fl

ex
io

n,
 sh

ou
ld

er
 

ex
te

rn
al

 ro
ta

tio
n,

 sh
ou

ld
er

 
in

te
rn

al
 ro

ta
tio

n,
 sh

ou
ld

er
 

ho
riz

on
ta

l a
dd

uc
tio

n)
, 

pa
tie

nt
-r

ep
or

te
d 

ou
tc

om
e 

m
ea

su
re

s (
up

pe
r l

im
b 

m
us

cu
lo

sk
el

et
al

 d
is

or
de

rs
: 

D
A

SH
, P

SS
, P

SS
 p

ai
n 

su
bs

ca
le

, P
SS

 sa
tis

fa
ct

io
n 

su
bs

ca
le

, P
SS

 fu
nc

tio
n 

su
bs

ca
le



 Journal of Cancer Survivorship

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

Tw
is

s (
20

09
), 

U
SA

 
[4

3]
RC

T:
 e

xe
rc

is
e 

(n
 =

 11
0)

 v
s. 

co
m

pa
ris

on
 (n

 =
 11

3)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
53

.1
4 ±

 9.
70

 y
ea

rs
 o

ld
), 

st
ag

es
 0

 ~
 II

, ≤
 B

M
D

 
T-

sc
or

e 
of

 −
 1.

0 
at

 a
ny

 
of

 th
re

e 
si

te
s (

hi
p,

 sp
in

e,
 

fo
re

ar
m

)

96
 w

ee
ks

, 2
 ti

m
es

/w
ee

k,
 4

5-
m

in
Ph

as
e 

A
: h

om
e,

 m
on

th
s 1

–2
 (2

 se
ts

, 
8–

10
 re

ps
, 3

 u
pp

er
 e

xt
re

m
iti

es
 e

xe
r-

ci
se

s:
 b

ic
ep

s c
ur

l, 
ov

er
he

ad
 tr

ic
ep

s/
pr

es
s, 

up
w

ar
d 

ro
w

, 3
 w

ris
t e

xe
rc

is
es

: 
cu

rls
, e

xt
en

si
on

, b
al

l-g
rip

pi
ng

, 3
 lo

w
er

 
ex

tre
m

iti
es

 e
xe

rc
is

es
: k

ne
e 

ex
te

ns
io

n,
 

si
de

 h
ip

 ra
is

e,
 h

ip
 e

xt
en

si
on

, 2
 b

al
an

ce
 

ex
er

ci
se

s:
 to

e-
st

an
d,

 h
ee

l-s
ta

nd
)

Ph
as

e 
B

: h
om

e,
 m

on
th

s 3
–8

 (p
ha

se
 

A
 +

 2 
ex

er
ci

se
s:

 o
ve

rh
ea

d 
pr

es
s f

or
 

ov
er

he
ad

 tr
ic

ep
s, 

di
ag

on
al

 h
ip

 ra
is

e 
fo

r s
id

e 
hi

p 
ra

is
e,

 4
 su

pp
le

m
en

ta
l 

ex
er

ci
se

s;
 b

ac
k 

ex
te

ns
io

n,
 a

bd
om

in
al

 
cu

rl,
 p

us
h-

up
, h

ip
 fl

ex
io

n)
Ph

as
e 

C
: fi

tn
es

s c
en

te
r, 

m
on

th
s 9

–1
2 

(8
 

ex
er

ci
se

s o
n 

m
ac

hi
ne

s:
 k

ne
e 

ex
te

n-
si

on
, o

ve
rh

ea
d 

pr
es

s, 
do

ub
le

 le
g 

pr
es

s, 
la

tis
si

m
us

 p
ul

l d
ow

n,
 le

g 
cu

rl,
 b

ic
ep

s 
cu

rl,
 b

ac
k 

ex
te

ns
io

n,
 a

bd
om

in
al

 c
ur

l, 
3 

w
ris

t e
xe

rc
is

es
: c

ur
ls

, e
xt

en
si

on
, 

ba
ll-

gr
ip

pi
ng

, 2
 b

al
an

ce
 e

xe
rc

is
e:

 to
e-

st
an

d,
 h

ee
l s

ta
nd

)
Ph

as
e 

D
: fi

tn
es

s c
en

te
r, 

m
on

th
s 1

3–
24

 
(a

lte
rn

at
e 

ev
er

y 
2 

m
on

th
s b

et
w

ee
n 

m
us

cl
e 

bu
ild

in
g:

 3
 se

ts
, 8

–1
2 

re
ps

, 
1–

1.
5 

m
in

 o
f r

ec
ov

er
y 

tim
e 

an
d 

str
en

gt
h 

bu
ild

in
g:

 3
 se

ts
, 8

–1
2 

re
ps

, 
2–

3 
m

in
 o

f r
ec

ov
er

y 
tim

e,
 p

ha
se

 C
 fo

r 
fir

st 
w

ee
k,

 a
lte

rn
at

e 
ex

er
ci

se
s f

or
 v

ar
i-

et
y 

an
d 

m
us

cl
e 

lo
ad

 fo
r s

ec
on

d 
w

ee
k:

 
lu

ng
e,

 p
us

hu
p 

on
 k

ne
es

, b
ic

ep
s c

ur
l 

w
ith

 h
an

d 
he

ld
 d

ow
n,

 p
ul

l b
ar

 to
 c

he
st,

 
ab

do
m

in
al

 fl
oo

r c
ur

l),
 h

om
e-

ba
se

d/
fit

-
ne

ss
 e

xe
rc

is
e,

 u
n/

su
pe

rv
is

ed
 e

xe
rc

is
e

U
su

al
 c

ar
e 

co
nd

iti
on

Te
m

po
ra

ry
 m

us
cl

e 
so

re
-

ne
ss

 fo
r u

p 
to

 2
 d

ay
s 

fo
llo

w
in

g 
in

iti
at

io
n 

of
 

ex
er

ci
se

s o
r i

nc
re

as
e 

in
 

w
ei

gh
ts

 li
fte

d,
 n

o 
lo

ng
-

te
rm

 a
dv

er
se

 e
ffe

ct
s

M
us

cl
e 

str
en

gt
h 

(h
ip

 fl
ex

io
n/

ex
te

ns
io

n,
 k

ne
e 

fle
xi

on
/

ex
te

ns
io

n,
 w

ris
t fl

ex
io

n/
ex

te
ns

io
n)

, t
an

de
m

 b
al

an
ce

 
(w

al
ki

ng
 b

ac
kw

ar
d 

20
 fe

et
)



Journal of Cancer Survivorship 

Ta
bl

e 
2 

 (c
on

tin
ue

d)

Fi
rs

t a
ut

ho
r (

[)
, 

co
un

try
D

es
ig

n,
 #

 o
f p

ar
tic

ip
an

ts
 p

er
 

gr
ou

p
Pa

rti
ci

pa
nt

s
Ex

er
ci

se
 in

te
rv

en
tio

ns
C

on
tro

l
A

dv
er

se
 si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

O
ut

co
m

es

W
in

te
rs

-S
to

ne
, 

K
.M

. (
20

12
), 

U
SA

 [4
4]

RC
T:

 st
re

ng
th

 tr
ai

ni
ng

 
(n

 =
 52

) v
s. 

fle
xi

bi
lit

y 
tra

in
-

in
g 

(n
 =

 54
)

Po
st-

tre
at

m
en

t, 
fe

m
al

e,
 

st
ag

es
 0

 ~
 II

Ia
, ≥

 50
 y

ea
rs

 
ol

d,
 n

on
-o

ste
op

or
ot

ic
, <

 2,
 

30
-m

in
 se

ss
io

ns
/w

ee
k 

in
 

th
e 

pa
st 

m
on

th

1 
ye

ar
, 2

 se
ss

io
ns

/w
ee

k,
 2

-h
/s

es
si

on
 

(1
-h

 su
pe

rv
is

ed
 c

la
ss

, 1
-h

 h
om

e-
ba

se
d 

ex
er

ci
se

), 
pr

og
re

ss
iv

e,
 st

re
ng

th
 

tra
in

in
g:

 m
od

er
at

e-
in

te
ns

ity
 re

si
st-

an
ce

 +
 im

pa
ct

 tr
ai

ni
ng

, 1
–3

 se
ts

 o
f 

8–
10

 e
xe

rc
is

es
 (t

ar
ge

tin
g 

le
g,

 h
ip

, 
ch

es
t, 

ba
ck

 w
ith

 d
um

be
lls

, b
ar

be
lls

/
re

si
st

an
ce

 b
an

ds
) f

or
 8

–1
2 

re
ps

 
(6

0–
80

%
 o

f 1
-R

M
) w

ith
 1

–2
 m

in
 re

st 
be

tw
ee

n 
se

ts
, fl

ex
ib

ili
ty

 tr
ai

ni
ng

: l
ow

-
in

te
ns

ity
 st

re
tc

hi
ng

 (a
 se

rie
s o

f w
ho

le
 

bo
dy

 st
re

tc
hi

ng
, r

el
ax

at
io

n 
ex

er
ci

se
s 

in
 a

 se
at

ed
/ly

in
g 

po
si

tio
n)

, s
up

er
vi

se
d 

ex
er

ci
se

, h
om

e-
ba

se
d 

un
su

pe
rv

is
ed

 
ex

er
ci

se

Lo
w

-in
te

ns
ity

 st
re

tc
hi

ng
N

o 
ad

ve
rs

e 
si

de
 e

ffe
ct

s o
f 

ex
er

ci
se

 in
te

rv
en

tio
ns

B
en

ch
 p

re
ss

 1
-R

M
, l

eg
 p

re
ss

 
1-

R
M

, g
rip

 st
re

ng
th

 le
ft/

rig
ht

 h
an

d,
 c

ha
ir 

st
an

d,
 

be
st 

4 
m

 u
su

al
 w

al
k,

 1
 le

g 
st

an
di

ng
 b

al
an

ce
-E

O
, 1

 le
g 

st
an

di
ng

 b
al

an
ce

-E
C

, P
PB

, 
SF

-3
6 

ph
ys

ic
al

 fu
nc

tio
n,

 
LL

FD
I f

un
ct

io
n 

up
pe

r/
lo

w
er

 e
xt

re
m

iti
es

, L
LF

D
I 

ad
va

nc
ed

 lo
w

er
 e

xt
re

m
iti

es
, 

LL
FD

I d
is

ab
ili

ty
 li

m
ita

tio
n 

sc
or

e,
 S

ch
w

ar
tz

 c
an

ce
r 

fa
tig

ue
 sc

al
e

Zh
ao

, F
.Y

. (
20

24
), 

C
hi

na
 [4

5]
RC

T:
 in

te
rv

en
tio

n 
(n

 =
 30

) 
vs

. c
on

tro
l (

n =
 30

)
Po

st-
tre

at
m

en
t, 

fe
m

al
e,

 
st

ag
es

 0
 ~

 II
I, 

18
 to

 
65

 y
ea

rs
 o

ld
, o

ve
rw

ei
gh

t/
ob

es
e(

B
M

I ≥
 24

 k
g/

m
2 ) 

se
ss

io
ns

/w
ee

k 
in

 th
e 

pa
st 

m
on

th

12
 w

ee
ks

, 5
-m

in
 w

ar
m

-u
p 

of
 st

at
ic

 
str

et
ch

in
g,

 a
er

ob
ic

 e
xe

rc
is

es
 (1

–2
/3

–
5/

4–
5 

da
ys

/w
ee

k,
 1

0–
20

/1
5–

20
/1

5–
30

/3
0–

50
/4

0–
60

 m
in

/d
ay

, w
al

ki
ng

, 
da

nc
in

g,
 jo

gg
in

g,
 sw

im
m

in
g,

 c
yc

lin
g 

at
 4

0–
60

%
 o

f r
es

er
ve

 H
R

), 
re

si
st

an
ce

 
ex

er
ci

se
 w

ith
 1

0-
po

un
d 

el
as

tic
 b

an
ds

 
(2

/3
 d

ay
s/

w
ee

k,
 1

 se
t o

f 8
–1

0 
re

ps
/1

 
se

t o
f 1

0–
12

 re
ps

/1
 se

t o
f 1

0–
15

 re
ps

/2
 

se
ts

 o
f 1

0–
12

 re
ps

/2
 se

ts
 o

f 1
2–

15
 

re
ps

, s
ho

ul
de

r p
ro

na
tio

n,
 st

ra
ig

ht
 a

rm
 

ab
du

ct
io

n,
 a

rm
 c

ur
l, 

le
g 

ab
du

ct
io

n,
 

le
g 

ex
te

ns
io

n,
 k

ne
e 

lif
tin

g)
, 1

0-
m

in
 

co
ol

in
g 

do
w

n 
of

 st
at

ic
 st

re
tc

hi
ng

, 
m

on
ito

re
d 

ex
er

ci
se

 b
y 

w
or

n 
ex

er
ci

se
 

br
ac

el
et

U
su

al
 c

ar
e 

co
nd

iti
on

N
o 

ad
ve

rs
e 

si
de

 e
ffe

ct
s o

f 
ex

er
ci

se
 in

te
rv

en
tio

ns
W

ei
gh

t, 
B

M
I, 

w
ai

st 
ci

rc
um

fe
r-

en
ce

, b
od

y 
co

m
po

si
tio

n 
(%

B
F,

 F
FM

), 
PA

L 
(P

A
), 

ae
ro

bi
c 

en
du

ra
nc

e 
(T

M
ST

), 
lo

w
er

-b
od

y 
m

us
cu

la
r 

str
en

gt
h 

(C
ST

), 
up

pe
r-b

od
y 

m
us

cu
la

r s
tre

ng
th

 (g
rip

 
str

en
gt

h-
le

ft/
rig

ht
)

25
(O

H
)D

 2
5-

hy
dr

ox
yv

ita
m

in
 D

 le
ve

l, 
%

BF
 p

er
ce

nt
 b

od
y 

fa
t, 

6M
W

T 
6-

m
in

 w
al

k 
te

st
, A

IT
 a

er
ob

ic
 in

te
rv

al
 tr

ai
ni

ng
, A

TP
 II

I a
du

lt 
tre

at
m

en
t p

an
el

 II
I, 

BA
SP

 b
on

e-
sp

ec
ifi

c 
al

ka
lin

e 
ph

os
-

ph
at

as
e,

 B
ES

 B
od

y 
Es

te
em

 S
ca

le
, B

FI
 B

rie
f F

at
ig

ue
 In

de
x,

 B
M

D
 b

on
e 

m
in

er
al

 d
en

si
ty

, C
FS

 C
an

ce
r F

at
ig

ue
 S

ca
le

, C
ES

-D
 C

en
te

r f
or

 E
pi

de
m

io
lo

gi
c 

St
ud

ie
s-

D
ep

re
ss

io
n 

Sc
al

e,
 C

ES
-D

 C
en

te
r f

or
 

Ep
id

em
io

lo
gi

ca
l S

tu
di

es
 D

ep
re

ss
io

n,
 C

M
T 

co
nt

in
uo

us
 m

od
er

at
e 

tra
in

in
g,

 C
O

N
 c

on
tro

l g
ro

up
, C

RP
 C

-r
ea

ct
iv

e 
pr

ot
ei

n,
 C

ST
 C

ha
ir-

St
an

d 
Te

st
, C

TX
 C

-te
lo

pe
pt

id
e 

of
 ty

pe
 1

 c
ol

la
ge

n,
 D

AS
H

 d
is

-
ab

ili
tie

s o
f t

he
 a

rm
, s

ho
ul

de
r, 

an
d 

ha
nd

, D
BP

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e,
 D

EG
 d

el
ay

ed
 ex

er
ci

se
 g

ro
up

, E
C

 ey
es

 c
lo

se
d 

co
nd

iti
on

, E
O

 ey
es

 o
pe

n 
co

nd
iti

on
, E

O
RT

C
 Q

LQ
 B

R2
3 

th
e 

Eu
ro

pe
an

 O
rg

an
i-

za
tio

n 
fo

r R
es

ea
rc

h 
an

d 
Tr

ea
tm

en
t o

f C
an

ce
r Q

ua
lit

y 
of

 li
fe

 Q
ue

st
io

nn
ai

re
 B

re
as

t C
an

ce
r m

od
ul

e,
 E

W
B 

em
ot

io
na

l w
el

l-b
ei

ng
, F

AC
T-

F/
B 

Fu
nc

tio
na

l A
ss

es
sm

en
t o

f C
an

ce
r T

he
ra

py
-F

at
ig

ue
/

B
re

as
t, 

FF
M

 fa
t-f

re
e 

m
as

s, 
FR

AM
 F

ra
m

in
gh

am
 R

is
k 

Sc
or

e,
 F

W
B 

fu
nc

tio
na

l w
el

l-b
ei

ng
, H

bA
1c

 g
ly

ca
te

d 
he

m
og

lo
bi

n,
 H

D
L-

C
 h

ig
h-

de
ns

ity
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l, 
H

O
M

A 
H

om
eO

st
as

is
 M

od
el

 
A

ss
es

sm
en

t, 
hs

-C
RP

 h
ig

h-
se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n,

 IE
G

 im
m

ed
ia

te
 e

xe
rc

is
e 

gr
ou

p,
 IG

F 
in

su
lin

-li
ke

 g
ro

w
th

 fa
ct

or
, I

G
FB

P 
in

su
lin

-li
ke

 g
ro

w
th

 fa
ct

or
 b

in
di

ng
 p

ro
te

in
, I

L-
6/

8 
in

te
rle

u-
ki

n-
6/

8,
 IM

TP
 is

om
et

ric
 m

id
-th

ig
h 

pu
ll,

 L
LF

D
I l

at
e 

lif
e 

fu
nc

tio
n 

an
d 

di
sa

bi
lit

y,
 L

-D
ex

 d
ua

l e
ne

rg
y 

X
-r

ay
 a

bs
or

pt
io

m
et

ry
 ex

tra
ce

llu
la

r fl
ui

d,
 L

D
L-

C
 lo

w
-d

en
si

ty
 li

po
pr

ot
ei

n 
ch

ol
es

te
ro

l, 
M

AP
 m

ea
n 

ar
te

ria
l p

re
ss

ur
e,

 N
TX

 N
-te

lo
pe

pt
id

es
 o

f t
yp

e 
1 

co
lla

ge
n,

 P
A 

ph
ys

ic
al

 a
ct

iv
ity

, P
AL

 p
hy

si
ca

l a
ct

iv
ity

 le
ve

l, 
PA

R 
ph

ys
ic

al
 a

ct
iv

ity
 re

ca
ll,

 P
O

M
S 

pr
ofi

le
 o

f m
oo

d 
st

at
es

, P
SS

 P
en

n 
Sh

ou
ld

er
 

Sc
al

e,
 P

W
B 

ph
ys

ic
al

 w
el

l-b
ei

ng
, Q

oL
 q

ua
lit

y 
of

 li
fe

, R
AN

K
 re

ce
pt

or
 a

ct
iv

at
or

 fa
ct

or
-k

ap
pa

 B
, R

AN
K

L 
re

ce
pt

or
 a

ct
iv

at
or

 fa
ct

or
- k

ap
pa

 B
 li

ga
nd

, R
C

T  
ra

nd
om

iz
ed

 c
lin

ic
al

 tr
ia

l, 
RH

R 
re

st
in

g 
he

ar
t 

ra
te

, S
BP

 s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 S
F-

36
 S

ho
rt-

Fo
rm

 3
6,

 S
F-

36
 P

F 
M

O
S 

36
-I

te
m

 S
ho

rt 
Fo

rm
 H

ea
lth

 S
ur

ve
y 

Ph
ys

ic
al

 F
un

ct
io

ni
ng

 s
ub

sc
al

e,
 S

H
BG

 s
ex

 h
or

m
on

e 
bi

nd
in

g 
gl

ob
ul

in
, S

H
BG

 s
ex

 
ho

rm
on

e-
bi

nd
in

g 
gl

ob
ul

in
, S

PA
 s

oc
ia

l p
hy

si
qu

e 
an

xi
et

y,
 S

W
B 

so
ci

al
 w

el
l-b

ei
ng

, S
W

LS
 S

at
is

fa
ct

io
n 

W
ith

 L
ife

 S
ca

le
, T

C
 te

le
ph

on
e 

co
un

se
lin

g,
 T

M
ST

 2
-m

in
 s

te
p 

te
st

, T
N

F-
α 

tu
m

or
 n

ec
ro

si
s 

fa
ct

or
-α

, T
O

I t
ria

l f
un

ct
io

na
l w

el
l-b

ei
ng

, T
O

I T
ria

l O
ut

co
m

e 
In

de
x,

 W
O

M
AC

 T
he

 W
es

te
rn

 O
nt

ar
io

 a
nd

 M
cM

as
te

r U
ni

ve
rs

iti
es

 O
st

eo
ar

th
rit

is
 In

de
x



 Journal of Cancer Survivorship

Exercise interventions

Exercise training protocols for breast cancer patients, pri-
marily inactive women in their 50 s, include those post-
treatment and those undergoing treatment. Both protocols 
include combined aerobic and resistance exercises with pro-
gressive intensity. Common aerobic activities include walk-
ing, cycling, and treadmill running, and examples of resist-
ance exercises are chest press and leg extension. Training 
duration is typically 12 weeks during treatment and longer 
for patients after treatment. Exercise frequency varies, with 
subjects undergoing treatment often having 1–2 sessions per 
week for aerobic and 2 days per week for resistance exer-
cises. Patients after treatment are recommended to engage 
in 2–3 sessions weekly for both types of exercises. Aerobic 
exercise intensity ranges from 50 to 80% HRmax for subjects 
undergoing treatment and 55–85% HRmax after treatment. 
Resistance exercises are performed at 60% of 1-RM for the 
upper body and 80% for the lower body in both groups. 
Combined exercise regimens including both aerobic and 
resistance training are frequently used for enhancing physi-
cal health among breast cancer patients.

Discussion

This study systematically analyzed the effects of exercise 
interventions on breast cancer patients and the effects on 
fatigue, body composition, physical fitness, and biomarkers 
during and after treatment. The results demonstrated that 
exercise significantly reduced fatigue and improved physical 
fitness during treatment and significantly reduced fatigue, 
improved physical fitness, and positively affected body com-
position and biomarkers after treatment.

The main findings indicate that exercise plays a crucial 
role in alleviating fatigue and enhancing physical fitness 
in breast cancer patients undergoing treatment. Exercise 
was shown to significantly reduce fatigue, consistent with 
the results of previous studies [10, 60]. In addition, exer-
cise significantly improved the results of the 12-min walk 
test, indicating that breast cancer patients can maintain 
and improve their physical fitness through exercise during 
treatment. However, the effect on BMI and weight was not 
significant, indicating limited effects on body composition. 
Although similar findings have been reported [61], our 
study more clearly highlighted the effectiveness of exercise 

Fig. 1  Selection process flow 
diagram
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During Treatment

Fatigue

Body Mass Index

Weight

12-minute walk

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Mock, 2005 -0.57 0.19 0.03 -0.94 -0.21 -3.06 0.00
Mutrie, 2007 0.38 0.14 0.02 0.10 0.66 2.69 0.01
Steindorf, 2014 -0.29 0.16 0.03 -0.60 0.03 -1.80 0.07
Husebo, 2014 0.00 0.24 0.06 -0.48 0.48 0.01 0.99
Ligibel, 2016 0.11 0.20 0.04 -0.28 0.51 0.56 0.58
Ceseiko, 2019 -0.70 0.28 0.08 -1.25 -0.16 -2.52 0.01
Mijwel, 2019 aerobic -0.41 0.18 0.03 -0.75 -0.06 -2.31 0.02
Mijwel, 2018 resistance -0.45 0.18 0.03 -0.79 -0.10 -2.55 0.01
Schmidt, 2014 -0.42 0.20 0.04 -0.81 -0.02 -2.08 0.04
Pooled -0.20 0.06 0.00 -0.32 -0.08 -3.28 0.00

-1.00 -0.50 0.00 0.50 1.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Mutrie, 2007 -0.17 0.14 0.02 -0.45 0.10 -1.24 0.22
Mijwel, 2019 aerobic -0.24 0.18 0.03 -0.58 0.11 -1.36 0.18
Mijwel, 2019 resistance -0.09 0.17 0.03 -0.43 0.25 -0.51 0.61
Pooled -0.17 0.09 0.01 -0.35 0.01 -1.80 0.07

-1.00 -0.50 0.00 0.50 1.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Ceseiko, 2019 0.22 0.27 0.07 -0.31 0.75 0.81 0.42
Sanft, 2023 -0.02 0.15 0.02 -0.31 0.28 -0.10 0.92
Mijwel, 2019 aerobic -0.28 0.16 0.03 -0.59 0.03 -1.77 0.08
Mijwel, 2019, resistance -0.14 0.16 0.03 -0.45 0.17 -0.87 0.39
Pooled -0.10 0.09 0.01 -0.27 0.06 -1.22 0.22

-1.00 -0.50 0.00 0.50 1.00

Test for heterogeneity: (Q = 38.70, P = 0.15, I
2
= 94.83%)

Test for heterogeneity: (Q = 32.00, P = 0.00, I
2
= 75.00%)

Test for heterogeneity: (Q = 0.37, P = 0.83, I
2
= 0.00%)

Test for heterogeneity: (Q = 3.04, P = 0.39, I
2
= 1.20%)

Fig. 2  Effect size of exercise interventions during and after treatment
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After Treatment

Fatigue

Lean mass

Fat mass (kg)

% Body fat

Waist Circumference 

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Pinto, 2005 -0.64 0.22 0.05 -1.07 -0.20 -2.87 0.00
Dieli-Conwright, 2018 -2.40 0.26 0.07 -2.91 -1.88 -9.15 0.00
Shobeiri, 2016 -1.45 0.29 0.08 -2.02 -0.88 -4.99 0.00
Courneya, 2003 -0.06 0.28 0.08 -0.62 0.49 -0.22 0.83
Pooled -1.11 0.13 0.02 -1.36 -0.85 -8.55 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Schmitz, 2005 1.45 0.24 0.06 0.98 1.93 5.96 0.00
Dieil-Conwright 2018 1.13 0.22 0.05 0.71 1.55 5.25 0.00
Pooled 1.27 0.16 0.03 0.96 1.59 7.88 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Schmitz, 2005 -0.40 0.22 0.05 -0.83 0.03 -1.82 0.07
Dieli-Conwirght, 2018 -2.97 0.29 0.08 -3.54 -2.40 -10.24 0.00
Pooled -1.33 0.17 0.03 -1.67 -0.99 -7.62 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Pinto, 2005 -0.21 0.22 0.05 -0.64 0.21 -0.98 0.33
Dieli-Conwirght, 2018 -3.17 0.30 0.09 -3.76 -2.58 -10.55 0.00
Pooled -1.22 0.18 0.03 -1.57 -0.88 -6.96 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli-Conwirght, 2018 -1.18 0.22 0.05 -1.60 -0.75 -5.43 0.00
Schmitz, 2005 0.07 0.22 0.05 -0.36 0.50 0.32 0.75
Dolan, 2016 interval airobic -1.29 0.47 0.22 -2.21 -0.37 -2.74 0.01
Dolan, 2016 continuous airobic -1.50 0.49 0.24 -2.47 -0.53 -3.03 0.00
Pooled -0.69 0.14 0.02 -0.97 -0.42 -4.97 0.00

-2.00 -1.00 0.00 1.00 2.00

Test for heterogeneity: (Q = 48.82, P = 0.00, I
2
= 93.15%)

Test for heterogeneity: (Q = 63.77, P = 0.00, I
2
= 98.43%)

Test for heterogeneity: (Q = 21.59, P = 0.00, I
2
= 81.10%)

Test for heterogeneity: (Q = 50.02, P = 0.00, I
2
= 98.00%)

Test for heterogeneity: (Q = 0.99, P = 0.32, I
2
= 0.00%)

Fig. 2  (continued)
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VO2

Handgrip Strength

Insulin

IL-6

HDL-C

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Lahart, 2018 -0.09 0.22 0.05 -0.53 0.35 -0.40 0.69
Courneya, 2003 0.81 0.29 0.08 0.25 1.38 2.84 0.00
Dolan, 2016 interval airobic 0.48 0.43 0.19 -0.37 1.33 1.11 0.27
Dolan, 2016 continuous airobic 0.00 0.44 0.19 -0.86 0.86 0.00 1.00
Pooled 0.25 0.15 0.02 -0.05 0.55 1.63 0.10

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Winters-Stonem, 2012 left 0.19 0.19 0.04 -0.20 0.57 0.95 0.34
Winters-Stonem 2012 right 0.07 0.19 0.04 -0.31 0.45 0.37 0.71
Rogers, 2009 left -0.36 0.31 0.10 -0.98 0.25 -1.15 0.25
Rogers, 2009 right -0.68 0.32 0.10 -1.31 -0.05 -2.12 0.03
Pooled -0.05 0.12 0.01 -0.28 0.18 -0.40 0.69

-1.00 -0.50 0.00 0.50 1.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli Conwirght, 2018 -1.70 0.23 0.05 -2.16 -1.25 -7.30 0.00
Dolan, 2016 3.47 0.32 0.10 2.85 4.10 10.97 0.00
Schmitz, 2005 0.40 0.22 0.05 -0.03 0.83 1.81 0.07
Pooled 0.24 0.14 0.02 -0.04 0.52 1.66 0.10

-4.00 -2.00 0.00 2.00 4.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieil-Conwright 2018 -3.15 0.30 0.09 -3.74 -2.57 -10.53 0.00
Jones, 2014 0.39 0.23 0.05 -0.07 0.85 1.67 0.10
Pooled -0.95 0.18 0.03 -1.31 -0.59 -5.15 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli-Conwright, 2018 4.00 0.35 0.12 3.32 4.68 11.55 0.00
Lee, 2019 4.00 0.35 0.12 3.32 4.68 11.55 0.00
Fairey, 2002 -0.24 0.28 0.08 -0.79 0.31 -0.86 0.39
Pooled 2.16 0.18 0.03 1.80 2.52 11.71 0.00

-8.00 -4.00 0.00 4.00 8.00

Test for heterogeneity: (Q = 6.81, P = 0.08, I
2
= 55.97%)

Test for heterogeneity: (Q = 87.09, P = 0.00, I
2
= 98.85%)

Test for heterogeneity: (Q = 174.13, P = 0.00, I
2
= 98.85%)

Test for heterogeneity: (Q = 130.350, P = 0.00, I
2
= 98.47%)

Test for heterogeneity: (Q = 6.71, P = 0.08, I
2
= 55.31%)

Fig. 2  (continued)
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LDL-C

Glucose

Systolic Blood Pressure

Diastolic Blood Pressure

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Lee, 2019 -3.36 0.31 0.10 -3.97 -2.75 -10.82 0.00
Fairey, 2002 0.01 0.28 0.08 -0.53 0.56 0.05 0.96
Pooled -1.49 0.21 0.04 -1.89 -1.08 -7.18 0.00

-4.00 -2.00 0.00 2.00 4.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli-Conwirght, 2018 -1.10 0.21 0.05 -1.52 -0.68 -5.14 0.00
Schmitz, 2005 0.08 0.22 0.05 -0.35 0.50 0.35 0.73
Dolan, 2016 interval airobic 0.32 0.43 0.19 -0.52 1.16 0.74 0.46
Dolan, 2016 continuous airobic -0.10 0.44 0.19 -0.96 0.76 -0.23 0.82
Pooled -0.39 0.14 0.02 -0.66 -0.13 -2.89 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli-Conwirght, 2018 -1.57 0.23 0.05 -2.02 -1.13 -6.88 0.00
Lee, 2019 -1.57 0.23 0.05 -2.02 -1.13 -6.88 0.00
Fairey, 2002 -0.19 0.28 0.08 -0.74 0.35 -0.69 0.49
Pooled -1.23 0.14 0.02 -1.50 -0.95 -8.76 0.00

-2.00 -1.00 0.00 1.00 2.00

Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Dieli-Conwirght, 2018 -1.40 0.22 0.05 -1.84 -0.97 -6.28 0.00
Fairey, 2002 -0.05 0.28 0.08 -0.60 0.50 -0.18 0.86
Pooled -0.87 0.17 0.03 -1.21 -0.53 -5.01 0.00

-2.00 -1.00 0.00 1.00 2.00

Test for heterogeneity: (Q = 62.48, P = 0.00, I
2
= 98.47%)

Test for heterogeneity: (Q = 18.80, P = 0.00, I
2
= 84.04%)

Test for heterogeneity: (Q = 18.37, P = 0.00, I
2
= 89.11%)

Test for heterogeneity: (Q = 14.37, P = 0.00, I
2
= 93.04%)

Fig. 2  (continued)
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in reducing fatigue during treatment. Recent research indi-
cates that exercise may reduce inflammation and enhance 
immune function, contributing to fatigue reduction [62, 63]. 
Although adverse effects were not reported in our study, 
recent research indicates that exercise is generally safe and 
does not cause severe side effects in breast cancer patients 
[64]. Similar findings emphasize the positive effect of exer-
cise on fatigue and quality of life during breast cancer treat-
ment [65]. Therefore, exercising can be effective in reduc-
ing fatigue and enhancing physical fitness in breast cancer 
patients undergoing or having undergone treatment.

Another significant finding here is the positive effects of 
exercise on fatigue, body composition, and biomarkers in 
breast cancer patients after treatment. Similar findings in a 
previous study also showed exercise interventions signifi-
cantly reduce fatigue, consistent with previous research [66]. 
Significant improvements in lean mass, fat mass, % body fat, 
and waist circumference, as well as in biomarkers such as 
IL-6, HDL, LDL, glucose, SBP, and DBP, were observed. 
These results indicate that moderate-to-high-intensity aero-
bic and resistance exercises are effective in improving body 
composition, cardiovascular health, and biomarkers in breast 
cancer patients after treatment. The central message of our 
findings emphasizes that exercise interventions not only 
reduce fatigue but also play a significant role in optimiz-
ing body composition, particularly by decreasing fat mass 
and increasing lean muscle mass. This highlights the holis-
tic benefits of exercise beyond mere weight loss. Similar 
findings were reported in previous research [67], and our 
updated meta-analysis further supports the effectiveness of 
exercise interventions. As shown in recent studies, exercise 
may exert anti-inflammatory effects and enhance insulin sen-
sitivity to positively influence body composition and meta-
bolic health [68, 69]. The meta-analysis revealed significant 
reductions in fatigue and improvements in biomarkers such 
as IL-6 and HDL, aligning with previous findings that sug-
gest exercise interventions can effectively manage treatment-
related side effects [70]. Similar findings in other studies 
emphasize the positive effect of exercise on fatigue, body 
composition, and cardiovascular health in breast cancer sur-
vivors after treatment [71]. The improvements in biomarkers 
such as IL-6 and HDL are clinically relevant as they indicate 
a reduction in systemic inflammation and improved cardio-
vascular health, respectively, which are critical for long-term 
survivorship and reduced cancer recurrence.

This systematic review and meta-analysis provide valu-
able insights into the effects of exercise interventions for 
breast cancer patients, comparing the undergoing treatment 
and after treatment phases. During the undergoing treatment 
phase, exercise significantly reduced fatigue (effect size 
d =  − 0.20) and improved physical fitness, as demonstrated 
by the 12-min walk test (d =  − 0.29). However, changes 
in body composition, such as BMI and weight, were not 

statistically significant. In contrast, after treatment exercise 
interventions showed remarkable improvements across sev-
eral parameters. There was a substantial reduction in fatigue 
(d =  − 1.11), along with significant enhancements in body 
composition, including increases in lean mass (d = 1.27) and 
reductions in fat mass (d =  − 1.33), % body fat (d =  − 1.22), 
and waist circumference (d =  − 0.69). Additionally, exercise 
after treatment improved various biomarkers such as IL-6, 
HDL, and LDL, indicating better metabolic health. Despite 
these improvements, there were no significant changes in 
cardiorespiratory fitness and handgrip strength during the 
after treatment phase. These findings underscore the differ-
ential impact of exercise relative to the timing of cancer 
treatment. While both phases offer benefits, the after treat-
ment phase appears to yield more pronounced improve-
ments in body composition and biomarkers, suggesting that 
the physiological recovery stage may be more receptive to 
exercise-induced changes. Therefore, tailored exercise pro-
grams should consider these temporal differences to opti-
mize therapeutic outcomes for breast cancer patients. Future 
research should further explore the mechanisms behind these 
differential effects and refine exercise recommendations 
accordingly.

Effective exercise programs for breast cancer patients 
should be tailored to the treatment phase. For patients under-
going treatment, suitable programs include low-to-moderate-
intensity aerobic and resistance exercises, performed 1–2 
times per week, with each session comprising 20–40 min of 
aerobic exercise and 15–20 min of resistance exercises. Aer-
obic activities may include walking, stationary cycling, and 
swimming, and resistance exercises may involve light dumb-
bells or resistance bands [72]. Exercise intensity should be 
gradually increased based on the patient’s fitness and condi-
tion. For patients who have completed treatment, suitable 
programs include moderate-to-high-intensity aerobic and 
resistance exercises, performed 2–3 times per week, with 
each session comprising 30–60 min of aerobic exercise and 
20–30 min of resistance exercises. Aerobic activities may 
include jogging, cycling, and high-intensity interval training 
(HIIT), and resistance exercises may involve weight training 
or high-intensity resistance bands [73]. Exercise intensity 
should be gradually increased, focusing on body composi-
tion and cardiovascular health.

Previous studies consistently emphasize the effi-
cacy of exercise interventions for breast cancer patients 
[74–76]. They highlight that circuit training and hybrid 
training are the most effective for improving cardiometa-
bolic health, reporting that a combination of aerobic and 
muscle-strengthening exercises positively impacts body 
composition and health indicators [74]. Furthermore, the 
combination of high-intensity interval training (HIIT) 
and resistance training has been concluded to result in 
significant improvements in muscle strength and body fat 
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reduction, as well as enhancements in biomarkers related 
to inflammation and metabolic health [75]. Additionally, 
a network meta-analysis has confirmed that circuit train-
ing is the most efficient exercise type for improving body 
composition and cardiometabolic health [76]. These find-
ings suggest that exercise interventions play a crucial role 
in managing fatigue, improving body composition, and 
enhancing overall physical health in breast cancer patients. 
Therefore, there is an emphasized need for personalized 
exercise programs tailored to the treatment and recovery 
phases of breast cancer patients to optimize both short-
term and long-term health outcomes.

The physiological mechanisms through which exercise 
interventions positively affect fatigue, body composition, 
and biomarkers in breast cancer patients are diverse. 
Aerobic exercise improves cardiovascular health and reduces 
inflammation [77], and resistance exercise enhances muscle 
strength and maintenance [78]. Exercise also regulates the 
secretion of cortisol, a stress hormone [79], and enhances 
immune function, potentially reducing cancer recurrence risk 
[69]. These physiological mechanisms explain how exercise 
contributes to overall health improvement in breast cancer 
patients during and after treatment.

There are several limitations to our systematic review and 
meta-analysis study. First, despite the promising findings, 
the systematic review and meta-analysis is constrained by a 
limited number of studies and variability in intervention pro-
tocols, which may impact the generalizability of the result. 
Future research should include a larger number of studies for 
more comprehensive meta-analyses. Second, the variabil-
ity in exercise intervention types, intensities, and durations 
across studies hindered comparative analyses. Standardized 
protocols for exercise interventions should be used in future 
studies to enhance comparability. Third, some heterogeneity 
existed that may be associated with inconsistent measure-
ment methods. Fourth, a limitation of this systematic review 
and meta-analysis is the inclusion of only English-language 
publications, which may exclude relevant studies published 
in other languages. Finally, this study concentrated on the 
“under treatment” and “post-treatment” phases, but further 
studies need to conduct additional analysis on potential mod-
erator variables, such as the duration or type of intervention.

This systematic review and meta-analysis study system-
atically analyzed the effects of exercise interventions on dif-
ferent stages of breast cancer and the effects on fatigue, body 
composition, physical fitness, and biomarkers. The findings 
emphasize the need for personalized exercise programs 
tailored to the condition of breast cancer patients, supple-
menting ACSM guidelines with scientific evidence. Future 
research should investigate the effects of different exercise 
intensities and modalities on diverse biomarkers and long-
term outcomes, as this area remains underexplored.

Implications for practice

This systematic review and meta-analysis presents several 
critical implications for the practice of implementing 
exercise interventions among breast cancer patients. 
Firstly, for effective integration into clinical practice, 
exercise programs should be personalized according 
to treatment stages, enhancing both safety and efficacy. 
Such customization will address the distinct physiological 
and psychological needs of patients during and after 
their treatment. Secondly, given the significant reduction 
in fatigue and improvement in physical fitness and 
body composition, exercise should be integrated as a 
standard component of care for breast cancer patients. 
Healthcare providers should advocate for and facilitate 
regular physical activity as part of the recovery process. 
Thirdly, the findings confirm that exercise interventions 
are generally safe and do not induce significant adverse 
effects. Practitioners can confidently recommend exercise 
to breast cancer patients, ensuring that the exercise 
regimens are appropriately monitored and adjusted as 
needed. Furthermore, the variability observed in exercise 
types, intensities, and durations calls for the development 
of standardized exercise protocols. Standardized 
guidelines will improve the consistency and comparability 
of exercise interventions across different clinical settings 
and studies. Finally, beyond reducing fatigue, exercise 
interventions have shown improvements in cardiovascular 
health markers and body composition. These holistic 
benefits highlight the importance of physical activity not 
only for immediate recovery but also for long-term health 
and reduced risk of cancer recurrence.

Conclusions

This systematic review and meta-analysis provides com-
pelling evidence for the beneficial effects of exercise inter-
ventions in breast cancer patients. The key findings are 
that exercise significantly mitigates fatigue during and 
after breast cancer treatment, enhancing patients’ quality 
of life. Regular exercise leads to improvements in physi-
cal fitness, body composition, and cardiovascular health 
markers, contributing to overall well-being. Exercise inter-
ventions are safe for breast cancer patients and can be fea-
sibly incorporated into their treatment and recovery plans. 
Tailoring exercise programs to the treatment stages and 
individual needs of patients is essential for maximizing 
the therapeutic benefits of physical activity. Additionally, 
there is a need for large-scale, randomized controlled trials 
involving diverse patient populations to further validate 
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the specific effects and optimal protocols for exercise 
interventions in breast cancer care. These conclusions sup-
port the integration of exercise into the comprehensive 
care plan for breast cancer patients, emphasizing its role in 
improving both short-term and long-term health outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11764- 025- 01772-x.

Author contribution JL contributed to the study conception and design. 
Material preparation, data collection and analysis were performed by 
JL and YSH. The first draft of the manuscript was written by JL and all 
authors commented on previous versions of the manuscript. All authors 
read and approved the final manuscript.

Funding This research was supported by the Basic Science Research 
Program through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Education (2022R1F1A10626810).

Data availability No datasets were generated or analysed during the 
current study.

Declarations 

Ethics approval and consent to participate Not applicable.

Consent for publication Not applicable.

Conflict of interest The authors declare no competing interests.

References

 1. Bray F. Global cancer statistics 2022: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clin. 2024;74(3):229–63. https:// doi. org/ 10. 
3322/ caac. 21834.

 2. American Cancer Society. Title of subordinate document, In: 
Breast Cancer. American Cancer Society. 2021. https:// www. 
cancer. org/ cancer/ breast- cancer/ under stand ing-a- breast- cancer- 
diagn osis/ stages- of- breast- cancer. Accessed 8 Nov 2021.

 3. National Cancer Institute. Title of subordinate document, In: 
Breast Cancer Treatment (PDQ)Patient Version. 2024. https:// 
www. cancer. gov/ types/ breast/ patie nt/ breast- treat ment- pdq. 
Accessed 11 Dec 2024.

 4. Edge SB, Compton CC. The American Joint Committee on Can-
cer: the 7th edition of the AJCC cancer staging manual and the 
future of TNM. Ann Surg Oncol. 2010;17(6):1471–1474. https:// 
doi. org/ 10. 1245/ s10434- 010- 0985-4

 5. Campbell KL, Winters-Stone KM, Wiskemann J. Exercise 
guidelines for cancer survivors: consensus statement from inter-
national multidisciplinary roundtable. Med Sci Sports Exerc. 
2019;51(11):2375–90. https:// doi. org/ 10. 1249/ MSS. 00000 00000 
002116.

 6. Ligibel JA, Schmitz KH, Berger NA, Sarwer DB, Sweeney FC, 
Aziz N. Exercise, diet, and weight management during cancer 
treatment: ASCO guideline. CA. 2019;69(2):171–84. https:// doi. 
org/ 10. 1200/ JCO. 22. 00687.

 7. Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried 
W, Galvão DA, Pinto BM, ..., Schwartz AL. American College 
of Sports Medicine roundtable on exercise guidelines for cancer 

survivors. Med Sci Sports Exerc. 2010;42(7):1409–1426. https:// 
doi. org/ 10. 1249/ MSS. 0b013 e3182 02a02c

 8. Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, 
Sami N, Lee K, Sweeney FC, ..., Tripathy D. Aerobic and 
resistance exercise improves physical fitness, bone health, 
and quality of life in overweight and obese breast cancer 
survivors: a randomized controlled trial. Breast Cancer Res. 
2018;20(1):124. https:// doi. org/ 10. 1186/ s13058- 018- 1051-6

 9. Courneya KS. Effects of aerobic and resistance exercise in breast 
cancer patients receiving adjuvant chemotherapy: a multicenter 
randomized controlled trial. J Clin Oncol. 2007;25(28):4396–
404. https:// doi. org/ 10. 1200/ JCO. 2006. 08. 2024.

 10. Courneya KS. Associations between health-related fitness and 
quality of life in newly diagnosed breast cancer patients. Breast 
Cancer Res Treat. 2023;199(3):533–44. https:// doi. org/ 10. 1007/ 
s10549- 023- 06935-x.

 11. Jones LW. Early breast cancer therapy and cardiovascular injury. 
J Am Coll Cardiol. 2007;50(15):1435–41. https:// doi. org/ 10. 
1016/j. jacc. 2007. 06. 037.

 12. Schmitz KH. Weight lifting in women with breast-cancer-related 
lymphedema. N Engl J Med. 2009;361(7):664–73. https:// doi. 
org/ 10. 1056/ NEJMo a0810 118.

 13. Jones LW, Habel LA, Weltzien E, Castillo A, Gupta D, 
Kroenke CH, ..., Kwan ML. Exercise and risk of cardiovas-
cular events in women with nonmetastatic breast cancer. JCO. 
2016;34(23):2743–2749. https:// doi. org/ 10. 1200/ JCO. 2015. 65. 
6603.

 14. Irwin ML, McTiernan A, Manson JE, Thomson CA, Sternfeld 
B, Stefanick ML, ..., Chlebowski RT. Physical activity and sur-
vival in postmenopausal women with breast cancer: results from 
the women’s health initiative. Cancer Prev Res. 2017;10(8):471–
479. https:// doi. org/ 10. 1158/ 1940- 6207. CAPR- 10- 0295.

 15. Ballard-Barbash R, Friedenreich CM, Courneya KS, Siddiqi SM, 
McTiernan A, Alfano CM. Physical activity, biomarkers, and dis-
ease outcomes in cancer survivors: a systematic review. JNCI. 
2012;104(11):815–40. https:// doi. org/ 10. 1093/ jnci/ djs207.

 16. Hamer M, Stamatakis E. Physical activity and risk of cardiovas-
cular disease events: inflammatory and metabolic mechanisms. 
Med Sci Sports Exerc. 2013;45(8):1486–93. https:// doi. org/ 10. 
1249/ MSS. 0b013 e3182 251077.

 17. Liguori G. Title of subordinate document. In: ACSM’s guidelines 
for exercise testing and prescription. 10 ed. ACSM. 2019. https:// 
www. acsm. org/ docs/ defau lt- source/ publi catio ns- files/ getp10_ 
tables- 4-4- 4-5- updat ed. pdf. Accessed 13 Jun 2024

 18. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioan-
nidis JP, Moher D. The PRISMA statement for reporting sys-
tematic reviews and meta-analyses of studies that evaluate health 
care interventions: explanation and elaboration. Ann Intern Med. 
2009;151(4):65–94. https:// doi. org/ 10. 7326/ 0003- 4819- 151-4- 
20090 8180- 00136.

 19. Higgins JP. The Cochrane Collaboration’s tool for assessing risk 
of bias in randomised trials. BMJ. 2011;343:1–9. https:// doi. org/ 
10. 1136/ bmj. d5928.

 20. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, 
Welch VA (editors). Cochrane handbook for systematic reviews of 
interventions version 6.2. Cochrance. 2021. www. train ing. cochr 
ane. org/ handb ook. Accessed Feb 2021.

 21. Cešeiko R. The impact of maximal strength training on quality of 
life among women with breast cancer undergoing treatment. Exp 
oncol. 2019;41(2):166–72. https:// doi. org/ 10. 32471/ exp- oncol ogy. 
2312- 8852. vol- 41- no-2. 13249.

 22. Chung W-P. Real-time exercise reduces impaired cardiac function 
in breast cancer patients undergoing chemotherapy: a randomized 
controlled trial. Ann Phys Rehabil Med. 2022;65(2): 101485. 
https:// doi. org/ 10. 1016/j. rehab. 2021. 101485.

https://doi.org/10.1007/s11764-025-01772-x
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/stages-of-breast-cancer
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/stages-of-breast-cancer
https://www.cancer.org/cancer/breast-cancer/understanding-a-breast-cancer-diagnosis/stages-of-breast-cancer
https://www.cancer.gov/types/breast/patient/breast-treatment-pdq
https://www.cancer.gov/types/breast/patient/breast-treatment-pdq
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1200/JCO.22.00687
https://doi.org/10.1200/JCO.22.00687
https://doi.org/10.1249/MSS.0b013e318202a02c
https://doi.org/10.1249/MSS.0b013e318202a02c
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1200/JCO.2006.08.2024
https://doi.org/10.1007/s10549-023-06935-x
https://doi.org/10.1007/s10549-023-06935-x
https://doi.org/10.1016/j.jacc.2007.06.037
https://doi.org/10.1016/j.jacc.2007.06.037
https://doi.org/10.1056/NEJMoa0810118
https://doi.org/10.1056/NEJMoa0810118
https://doi.org/10.1200/JCO.2015.65.6603
https://doi.org/10.1200/JCO.2015.65.6603
https://doi.org/10.1158/1940-6207.CAPR-10-0295
https://doi.org/10.1093/jnci/djs207
https://doi.org/10.1249/MSS.0b013e3182251077
https://doi.org/10.1249/MSS.0b013e3182251077
https://www.acsm.org/docs/default-source/publications-files/getp10_tables-4-4-4-5-updated.pdf
https://www.acsm.org/docs/default-source/publications-files/getp10_tables-4-4-4-5-updated.pdf
https://www.acsm.org/docs/default-source/publications-files/getp10_tables-4-4-4-5-updated.pdf
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://doi.org/10.7326/0003-4819-151-4-200908180-00136
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1136/bmj.d5928
http://www.training.cochrane.org/handbook
http://www.training.cochrane.org/handbook
https://doi.org/10.32471/exp-oncology.2312-8852.vol-41-no-2.13249
https://doi.org/10.32471/exp-oncology.2312-8852.vol-41-no-2.13249
https://doi.org/10.1016/j.rehab.2021.101485


 Journal of Cancer Survivorship

 23. Courneya KS. Effects of exercise dose and type during breast 
cancer chemotherapy: multicenter randomized trial. JNCI. 
2013;105(23):1821–32. https:// doi. org/ 10. 1093/ jnci/ djt297.

 24. Husebø AML. Effects of scheduled exercise on cancer-related 
fatigue in women with early breast cancer. Sci World J. 
2014;2014(1): 271828. https:// doi. org/ 10. 1155/ 2014/ 27182.

 25. Kilbreath SL. Upper limb progressive resistance training and 
stretching exercises following surgery for early breast can-
cer: a randomized controlled trial. Breast Cancer Res Treat. 
2012;133:667–76. https:// doi. org/ 10. 1007/ s10549- 012- 1964-1.

 26. Ligibel JA. Randomized trial of a physical activity intervention in 
women with metastatic breast cancer. Cancer. 2016;122(8):1169–
77. https:// doi. org/ 10. 1002/ cncr. 29899.

 27. Mijwel S. Highly favorable physiological responses to concurrent 
resistance and high-intensity interval training during chemother-
apy: the OptiTrain breast cancer trial. Breast Cancer Res Treat. 
2018;169:93–103. https:// doi. org/ 10. 1007/ s10549- 018- 4663-8.

 28. Mijwel S. High-intensity exercise during chemotherapy induces 
beneficial effects 12 months into breast cancer survivorship. 
J Cancer Surviv. 2019;13:244–56. https:// doi. org/ 10. 1007/ 
s11764- 019- 00747-z.

 29. Mijwel S. Effects of exercise on chemotherapy completion and 
hospitalization rates: the OptiTrain breast cancer trial. Oncolo-
gist. 2020;25(1):23–32. https:// doi. org/ 10. 1634/ theon colog ist. 
2019- 0262.

 30. Mock V. Exercise manages fatigue during breast cancer treatment: 
a randomized controlled trial. Psychooncology. 2005;14(6):464–
77. https:// doi. org/ 10. 1002/ pon. 863.

 31. Mutrie N. Benefits of supervised group exercise programme for 
women being treated for early stage breast cancer: pragmatic ran-
domised controlled trial. BMJ. 2007;334(7592):517. https:// doi. 
org/ 10. 1136/ bmj. 39094. 648553. AE.

 32. Nikander R. Effect of exercise on bone structural traits, physi-
cal performance and body composition in breast cancer 
patients–a 12-month RCT. J Musculoskelet Neuronal Interact. 
2012;12(3):127–35.

 33. Sanft T. Randomized trial of exercise and nutrition on chemo-
therapy completion and pathologic complete response in women 
with breast cancer: the lifestyle, exercise, and nutrition early after 
diagnosis study. JCO. 2023;41(34):5285–95. https:// doi. org/ 10. 
1200/ JCO. 23. 00871.

 34. Schmidt ME. Effects of resistance exercise on fatigue and quality 
of life in breast cancer patients undergoing adjuvant chemother-
apy: a randomized controlled trial. Int J Cancer. 2015;137(2):471–
80. https:// doi. org/ 10. 1002/ ijc. 29383.

 35. Schmidt, M.E. Resistance exercise and inflammation in breast 
cancer patients undergoing adjuvant radiation therapy: mediation 
analysis from a randomized, controlled intervention trial. Int J 
Radiation Oncol Biol Phys. 2016;94(2): https:// doi. org/ 10. 1016/j. 
ijrobp. 2015. 10. 058

 36. Schwartz AL, Winters-Stone K, Gallucci B. Exercise effects on 
bone mineral density in women with breast cancer receiving adju-
vant chemotherapy. Oncol Nurs Forum. 2007;34(3):627–33.

 37. Steindorf K. Randomized, controlled trial of resistance train-
ing in breast cancer patients receiving adjuvant radiotherapy: 
results on cancer-related fatigue and quality of life. Ann Oncol. 
2014;25:2237–43. https:// doi. org/ 10. 1093/ annonc/ mdu374.

 38. Baruth M. Effects of home-based walking on quality of life and 
fatigue outcomes in early stage breast cancer survivors: a 12-week 
pilot study. J Phys Act Health. 2015;12(s1):S110–8. https:// doi. 
org/ 10. 1123/ jpah. 2012- 0339.

 39. Casla S. Supervised physical exercise improves VO 2max, quality 
of life, and health in early stage breast cancer patients: a rand-
omized controlled trial. Breast Cancer Res Treat. 2015;153:371–
82. https:// doi. org/ 10. 1007/ s10549- 015- 3541-x.

 40. Courneya KS. Randomized controlled trial of exercise training 
in postmenopausal breast cancer survivors: cardiopulmonary and 
quality of life outcomes. JCO. 2003;21(9):1660–8. https:// doi. org/ 
10. 1200/ JCO. 2003. 04. 093.

 41. Dieli-Conwright CM. Effects of aerobic and resistance exer-
cise on metabolic syndrome, sarcopenic obesity, and circulating 
biomarkers in overweight or obese survivors of breast cancer: a 
randomized controlled trial. JCO. 2018;36(9):875–83. https:// 
doi. org/ 10. 1200/ JCO. 2017. 75. 7526.

 42. Dieli-Conwright CM. Aerobic and resistance exercise improves 
physical fitness, bone health, and quality of life in overweight 
and obese breast cancer survivors: a randomized controlled 
trial. Breast Cancer Res. 2018;20:1–10. https:// doi. org/ 10. 1186/ 
s13058- 018- 1051-6.

 43. Dieli-Conwright CM. Adipose tissue inflammation in breast can-
cer survivors: effects of a 16-week combined aerobic and resist-
ance exercise training intervention. Breast Cancer Res Treat. 
2018;168:147–57. https:// doi. org/ 10. 1007/ s10549- 017- 4576-y.

 44. Dolan LB. Interval versus continuous aerobic exercise training 
in breast cancer survivors—a pilot RCT. Support Care Cancer. 
2016;24:119–27. https:// doi. org/ 10. 1007/ s00520- 015- 2749-y.

 45. Fairey AS. Effect of exercise training on C-reactive protein in 
postmenopausal breast cancer survivors: a randomized con-
trolled trial. Brain Behav Immun. 2005;19(5):381–8. https:// 
doi. org/ 10. 1016/j. bbi. 2005. 04. 001.

 46. Gal R. Effects of exercise in breast cancer patients: implications 
of the trials within cohorts (TwiCs) design in the UMBRELLA 
Fit trial. Breast Cancer Res Treat. 2021;190(1):89–101. https:// 
doi. org/ 10. 1007/ s10549- 021- 06363-9.

 47. Jones SB. Effect of exercise on markers of inflammation in 
breast cancer survivors: the Yale exercise and survivorship 
study. Cancer Prev Res. 2013;6(2):109–18. https:// doi. org/ 10. 
1158/ 1940- 6207. CAPR- 12- 0278.

 48. Lahart IM. The effects of a home-based physical activity inter-
vention on cardiorespiratory fitness in breast cancer survivors; a 
randomised controlled trial. J Sports Sci. 2018;36(10):1077–86. 
https:// doi. org/ 10. 1080/ 02640 414. 2017. 13560 25.

 49. Lee K. Effect of aerobic and resistance exercise intervention 
on cardiovascular disease risk in women with early-stage 
breast cancer: a randomized clinical trial. JAMA Oncol. 
2019;5(5):710–4. https:// doi. org/ 10. 1001/ jamao ncol. 2019. 0038.

 50. Murtezani A. The effect of aerobic exercise on quality of life among 
breast cancer survivors: a randomized controlled trial. JCRT. 
2014;10(3):658–64. https:// doi. org/ 10. 4103/ 0973- 1482. 137985.

 51. Pinto BM. Home-based physical activity intervention for breast 
cancer patients. JCO. 2005;23(15):3577–87. https:// doi. org/ 10. 
1200/ JCO. 2005. 03. 080.

 52. Pinto BM. A randomized trial to promote physical activity 
among breast cancer patients. Health Psychol. 2013;32(56):616. 
https:// doi. org/ 10. 1037/ a0029 886.

 53. Rogers LQ. A randomized trial to increase physical activity in 
breast cancer survivors. Med Sci Sports Exerc. 2009;41(4):935–
46. https:// doi. org/ 10. 1249/ mss. 0b013 e3181 8e0e1b.

 54. Schmitz KH. Safety and efficacy of weight training in recent 
breast cancer survivors to alter body composition, insulin, and 
insulin-like growth factor axis proteins. Cancer Epidemiol Bio-
markers Prev. 2005;14(7):1672–80. https:// doi. org/ 10. 1158/ 
1055- 9965. EPI- 04- 0736.

 55. Shobeiri F. The impact of aerobic exercise on quality of life in 
women with breast cancer: a randomized controlled trial. J Res 
Health Sci. 2016;16(3):127.

 56. Sweeney FC. Aerobic and resistance exercise improves shoul-
der function in women who are overweight or obese and 
have breast cancer: a randomized controlled trial. Phys Ther. 
2019;99(10):1334–45. https:// doi. org/ 10. 1093/ ptj/ pzz096.

https://doi.org/10.1093/jnci/djt297
https://doi.org/10.1155/2014/27182
https://doi.org/10.1007/s10549-012-1964-1
https://doi.org/10.1002/cncr.29899
https://doi.org/10.1007/s10549-018-4663-8
https://doi.org/10.1007/s11764-019-00747-z
https://doi.org/10.1007/s11764-019-00747-z
https://doi.org/10.1634/theoncologist.2019-0262
https://doi.org/10.1634/theoncologist.2019-0262
https://doi.org/10.1002/pon.863
https://doi.org/10.1136/bmj.39094.648553.AE
https://doi.org/10.1136/bmj.39094.648553.AE
https://doi.org/10.1200/JCO.23.00871
https://doi.org/10.1200/JCO.23.00871
https://doi.org/10.1002/ijc.29383
https://doi.org/10.1016/j.ijrobp.2015.10.058
https://doi.org/10.1016/j.ijrobp.2015.10.058
https://doi.org/10.1093/annonc/mdu374
https://doi.org/10.1123/jpah.2012-0339
https://doi.org/10.1123/jpah.2012-0339
https://doi.org/10.1007/s10549-015-3541-x
https://doi.org/10.1200/JCO.2003.04.093
https://doi.org/10.1200/JCO.2003.04.093
https://doi.org/10.1200/JCO.2017.75.7526
https://doi.org/10.1200/JCO.2017.75.7526
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1007/s10549-017-4576-y
https://doi.org/10.1007/s00520-015-2749-y
https://doi.org/10.1016/j.bbi.2005.04.001
https://doi.org/10.1016/j.bbi.2005.04.001
https://doi.org/10.1007/s10549-021-06363-9
https://doi.org/10.1007/s10549-021-06363-9
https://doi.org/10.1158/1940-6207.CAPR-12-0278
https://doi.org/10.1158/1940-6207.CAPR-12-0278
https://doi.org/10.1080/02640414.2017.1356025
https://doi.org/10.1001/jamaoncol.2019.0038
https://doi.org/10.4103/0973-1482.137985
https://doi.org/10.1200/JCO.2005.03.080
https://doi.org/10.1200/JCO.2005.03.080
https://doi.org/10.1037/a0029886
https://doi.org/10.1249/mss.0b013e31818e0e1b
https://doi.org/10.1158/1055-9965.EPI-04-0736
https://doi.org/10.1158/1055-9965.EPI-04-0736
https://doi.org/10.1093/ptj/pzz096


Journal of Cancer Survivorship 

 57. Twiss JJ. An exercise intervention for breast cancer survivors 
with bone loss. J Nurs Scholarsh. 2009;41(1):20–7. https:// doi. 
org/ 10. 1111/j. 1547- 5069. 2009. 01247.x.

 58. Winters-Stone KM. The effect of resistance training on muscle 
strength and physical function in older, postmenopausal breast 
cancer survivors: a randomized controlled trial. J Cancer Surviv. 
2012;6:189–99. https:// doi. org/ 10. 1007/ s11764- 011- 0210-x.

 59. Zhao F-Y. Effects of a 12-week exercise-based intervention on 
weight management in overweight or obese breast cancer sur-
vivors: a randomized controlled trial. Support Care Cancer. 
2024;32(2):98. https:// doi. org/ 10. 1007/ s00520- 023- 08300-6.

 60. Zhou R. Effects of exercise on cancer-related fatigue in breast can-
cer patients: a systematic review and meta-analysis of randomized 
controlled trials. Life. 2024;14(8):1011. https:// doi. org/ 10. 3390/ 
life1 40810 11.

 61. McNeely ML. Effects of exercise on breast cancer patients 
and survivors: a systematic review and meta-analysis. CMAJ. 
2006;175(1):34–41.

 62. Brown JC, Ligibel JA. Lifestyle interventions for breast cancer 
prevention. Curr Breast Cancer Rep. 2018;10(3):202–8. https:// 
doi. org/ 10. 1007/ s12609- 018- 0281-z.

 63. Mustian KM. Comparison of pharmaceutical, psychological, and 
exercise treatments for cancer-related fatigue: a meta-analysis. 
JAMA Oncol. 2017;3(7):961–8. https:// doi. org/ 10. 1001/ jamao 
ncol. 2016. 6914.

 64. Campbell KL. Exercise guidelines for cancer survivors: consensus 
statement from international multidisciplinary roundtable. Med 
Sci Sports Exerc. 2019;51(11):2375–90. https:// doi. org/ 10. 1249/ 
MSS. 00000 00000 002116.

 65. Stout NL. A systematic review of exercise systematic reviews in 
the cancer literature. PM R. 2017;9(9S2):S347-S384. https:// doi. 
org/ 10. 1016/j. pmrj. 2017. 07. 074.

 66. Lin HP. Exercise effects on fatigue in breast cancer survivors after 
treatments: a systematic review and meta-analysis. Int J Nurs 
Pract. 2022;28(4): e12989. https:// doi. org/ 10. 1111/ ijn. 1298.

 67. Irwin ML. Randomized exercise trial of aromatase inhibitor-
induced arthralgia in breast cancer survivors. J Clin Oncol. 
2015;33(10):1104–11. https:// doi. org/ 10. 1200/ JCO. 2014. 57. 1547.

 68. Ligibel JA. Is it time to give breast cancer patients a prescription 
for a low-fat diet?. JNCI Cancer Spectr. 2018;2(4):pky066. https:// 
doi. org/ 10. 1093/ jncics/ pky066

 69. Hojman P. Exercise protects from cancer through regulation 
of immune function and inflammation. Biochem Soc Trans. 
2017;45(4):905–11. https:// doi. org/ 10. 1042/ BST20 160466.

 70. Scott H. Associations between symptoms and exercise barriers in 
breast cancer survivors. J Clin Med. 2023;12(20):6531. https:// 
doi. org/ 10. 3390/ jcm12 206531.

 71. Mishra SI. Exercise interventions on health-related qual-
ity of life for cancer survivors. Cochrane Database Syst Rev. 
2012;2012(8):CK007566.  https:// doi. org/ 10. 1002/ 14651 858. 
CD008 465. pub2.

 72. Dieli-Conwright CM. Aerobic and resistance exercise improves 
physical fitness, bone health, and quality of life in overweight 
and obese breast cancer survivors: a randomized controlled trial. 
Breast Cancer Res. 2018;20(1):124. https:// doi. org/ 10. 1186/ 
s13058- 018- 1051-6.

 73. Ligibel JA. Impact of a mixed strength and endurance exercise 
intervention on levels of adiponectin, high molecular weight 
adiponectin and leptin in breast cancer survivors. Cancer 
Causes Control. 2009;20(8):1523–8. https:// doi. org/ 10. 1007/ 
s10552- 009- 9358-3.

 74. Al-Mhanna SB, Rocha-Rodriguesc S, Mohamed M. Effects of 
combined aerobic exercise and diet on cardiometabolic health in 
patients with obesity and type 2 diabetes: a systematic review and 
meta-analysis. BMC Sports Sci Med Rehabil. 2023;15(1):165. 
https:// doi. org/ 10. 1186/ s13102- 023- 00766-5.

 75. Batrakoulis A. Comparative efficacy of 5 exercise types on car-
diometabolic health in overweight and obese adults: a systematic 
review and network meta-analysis of 81 randomized controlled tri-
als. Circ Cardiovasc Qual Outcomes. 2022;15(6):e008243. https:// 
doi. org/ 10. 1161/ CIRCO UTCOM ES. 121. 008243.

 76. Al-Mhanna, Sameer Badri. Combined aerobic and resistance 
training improves body composition, alters cardiometabolic risk, 
and ameliorates cancer-related indicators in breast cancer patients 
and survivors with overweight/obesity: a systematic review and 
meta-analysis of randomized controlled trials. J Sports Sci Med. 
2024;23(2):366–395. https:// doi. org/ 10. 52082/ jssm. 2024. 366.

 77. Pedersen BK, Saltin B. Exercise as medicine - evidence for pre-
scribing exercise as therapy in 26 different chronic diseases. Scand 
J Med Sci Sports. 2015;25(3):1–72. https:// doi. org/ 10. 1111/ sms. 
12581.

 78. Winett RA, Carpinelli RN. Potential health-related benefits of 
resistance training. Prev Med. 2001;33(5):503–13. https:// doi. 
org/ 10. 1006/ pmed. 2001. 0909.

 79. Tsatsoulis A, Fountoulakis S. The protective role of exercise on 
stress system dysregulation and comorbidities. Ann N Y Acad Sci. 
2006;1083:196–213. https:// doi. org/ 10. 1196/ annals. 1367. 020.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1111/j.1547-5069.2009.01247.x
https://doi.org/10.1111/j.1547-5069.2009.01247.x
https://doi.org/10.1007/s11764-011-0210-x
https://doi.org/10.1007/s00520-023-08300-6
https://doi.org/10.3390/life14081011
https://doi.org/10.3390/life14081011
https://doi.org/10.1007/s12609-018-0281-z
https://doi.org/10.1007/s12609-018-0281-z
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1001/jamaoncol.2016.6914
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1249/MSS.0000000000002116
https://doi.org/10.1016/j.pmrj.2017.07.074
https://doi.org/10.1016/j.pmrj.2017.07.074
https://doi.org/10.1111/ijn.1298
https://doi.org/10.1200/JCO.2014.57.1547
https://doi.org/10.1093/jncics/pky066
https://doi.org/10.1093/jncics/pky066
https://doi.org/10.1042/BST20160466
https://doi.org/10.3390/jcm12206531
https://doi.org/10.3390/jcm12206531
https://doi.org/10.1002/14651858.CD008465.pub2
https://doi.org/10.1002/14651858.CD008465.pub2
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1007/s10552-009-9358-3
https://doi.org/10.1007/s10552-009-9358-3
https://doi.org/10.1186/s13102-023-00766-5
https://doi.org/10.1161/CIRCOUTCOMES.121.008243
https://doi.org/10.1161/CIRCOUTCOMES.121.008243
https://doi.org/10.52082/jssm.2024.366
https://doi.org/10.1111/sms.12581
https://doi.org/10.1111/sms.12581
https://doi.org/10.1006/pmed.2001.0909
https://doi.org/10.1006/pmed.2001.0909
https://doi.org/10.1196/annals.1367.020

	The effects of exercise interventions on fatigue, body composition, physical fitness, and biomarkers in breast cancer patients during and after treatment: a systematic review and meta-analysis of randomized controlled trials
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Undergoing treatment
	Fatigue
	Body composition
	Physical fitness

	After treatment
	Fatigue
	Body composition
	Physical fitness
	Biomarkers

	Exercise interventions
	Discussion
	Implications for practice
	Conclusions
	References


