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Review

Efects of exercise interventions during 
diferent treatments in breast cancer

M
ore than 2 million women in the United 
States are either undergoing active treat-
ment or have completed treatment for 

breast cancer. Despite the established efcacy of 
breast cancer treatments such as chemotherapy and 
radiation, they have adverse efects on patients’ car-
diovascular, metabolic, and quality-of-life (QoL) out-
comes. Some adverse efects can be acute, occurring 
primarily during treatment, whereas others may have 
a delayed onset and persist for years after the cessa-
tion of treatment. Moreover, it seems that the mode 
of treatment a patient receives may determine the 
magnitude and variability of these side efects.1 For 
example, chemotherapy often leads to nausea, vom-
iting, depression,2 reduced bone-mineral density,3 
and cardiac toxicity.4 Cancer-related fatigue has been 
reported in patients who undergo chemotherapy with 
or without radiotherapy.2 Radiation has been linked 
with cardiac toxicity and damage to surrounding 
organs from unintentional irradiation.4,5 Furthermore, 
the use of these treatments sequentially may result in 
more pronounced acute toxicity and fatigue.6

It is becoming more widely recognized that 
exercise is an important intervention in the multi-
disciplinary management of breast cancer. Moreover, 

exercise can play an important role in preserving ft-
ness and function across the survivorship contin-
uum.7 However, if exercise is to be established as 
a standard of cancer care, there is a need for clar-
ity in the evidence supporting the safety and ef-
cacy of exercise interventions during diferent types 
of treatment. To date, most research has focused on 
post-treatment care and the restoration of function. 
Indeed, several review articles have summarized the 
benefts of exercise after treatment in breast can-
cer patients.8-11 However, given that the adverse 
efects are substantially more pronounced during 
treatment, an assessment of the safety and efcacy 
of exercise during primary treatment is warranted. 
Furthermore, since the severity of side efects may 
be dependent on the type of treatment, it is impor-
tant clinically to evaluate the efects of exercise dur-
ing diferent types of breast cancer treatment. 

Te purpose of this systematic review of the efects 
of exercise interventions during chemotherapy and 
radiation in breast cancer patients is to present and 
evaluate the results of randomized controlled trials 
(RCTs) conducted in this area to date. In addition, 
we aim to provide an estimation of the magnitude of 
the change in outcomes using Cohen’s d efect sizes 
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and to summarize recruitment, retention, adherence, and 
overall methodological quality of the interventions.

Methods

Inclusion criteria
Studies were included in the review if they examined exer-
cise during chemotherapy or radiation for breast cancer 
and were published in English. In accordance with previ-
ous literature, interventions during therapy were defned 
as those that began with or after the initiation of treat-
ment and concluded either 1 week after the last radiation 
treatment, 3 weeks after the last intravenous chemotherapy 
treatment, or 3 weeks after the cessation of chemother-
apy.12,13 Also included were studies that used interventions 
aimed at improving cardiovascular endurance, or muscular 
strength and endurance. Interventions that used alterna-
tive techniques such as yoga or tai-chi, were also included. 
For the purposes of this study, only RCTs that allowed for 
efect sizes to be calculated were included. 

Study selection and data abstraction
We performed computer and manual searches following 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA).14 An original search of titles 
and abstracts in PubMed and MEDLINE databases was 
conducted in October 2014. A subsequent search was con-
ducted in April 2015 to ensure inclusion of any additional 
published manuscripts. Search terms including exercise 
(physical activity, weight training, resistance exercise, car-
diovascular training, rehabilitation, aerobic, yoga) and can-
cer treatment (primary therapy, therapy, cancer treatment, 
chemotherapy, radiation, hormonal therapy) were entered 
in diferent combinations. In accordance with PRISMA 
guidelines, a summary of the results of the computerized 
search was outlined (Figure). Manual searches were con-
ducted using reference lists of previous reviews and meta-
analyses of the exercise oncology literature. 

Data synthesis
Quantitative efect size calculations were used to synthesize 
the results from the interventions included in the present 
review. Quantitative synthesis was conducted using Cohen’s 

d efect sizes. Tese were either obtained directly from the 
studies themselves, or calculated using statistical informa-
tion provided in the study. Cohen’s d efect sizes are classifed 
as: small, 0.20; moderate, 0.50; and large, 0.80. Efect sizes 
were calculated by taking the diference of the mean values 
obtained at baseline and follow-up assessments and divid-
ing by the pooled standard deviation. For the purpose of 
this review, positive efect sizes indicated an improvement in 
outcomes and negative efect sizes represented unfavorable 
changes in an outcome. Specifc outcomes of interest were 
QoL, fatigue, and various performance/functional outcomes 
(aerobic capacity, strength, and so on). Study quality was 

assessed by 2 independent freviewers (CMF, BCF) using 
the Delphi list for evaluation of the quality of RCTs.15 Each 
item was rated Yes or No based on the methods reported 
in each study. Studies that did not provide methodological 
information that directly addressed a particular quality indi-
cator were recorded as not having met that indicator in the 
evaluation. Given that there is presently no validated sum-
mary scoring system for the Delphi criteria list, the number 
of indicators met by each of the studies included in the sys-
tematic review was tabulated. 

Results

Study characteristics
A total of 17 studies involving 1,175 participants met the 
inclusion criteria of this review (Table 1). Sample sizes 
ranged from 20-242 participants. Te resistance exer-
cise (RE) intervention characteristics included a range of 
1-3 sets of 8-12 repetitions at training loads ranging from 
40%-80% 1 repetition maximum (1RM), lasting from 12 
weeks to 6 months. Te aerobic exercise (AE) intervention 
characteristics included training intensities ranging from 
50%-80% age-predicted maximal heart rate (APM HR), 
for 10-60 minutes, 3-6 days a week, lasting from 6 weeks 
to 6 months. Combined interventions included a combi-
nation of aerobic and resistance training. Specifc details 
about these interventions were not reported in the studies. 

Recruitment, retention, and adherence rates
A summary of the recruitment, retention, and adher-
ence rates are reported in Table 1. For 11 of the 17 stud-
ies, an average of 53% (range, 15%-95%) of eligible  

FIGURE PRISMA fow diagram showing the results of the computerized 
search
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TABLE 1 Study characteristics and description of the feasibility outcomes from the exercise interventions

Study Sample 
size

Intervention characteristics
(mode, duration, 
supervision, sets, reps, load) Overall fndings

Recruitment 
rate, %

Retention 
rate, %

Adherence 
rate, %

Adverse 
events

Battaglini32 20 15 wk of supervised RE; 2-3 sets 
of 6-12 reps at 40%-60% 1RM

Improvements in muscu-
lar strength and fatigue

na 100 na No events 
reported

Battaglini20 20 15 wk of supervised RE+AE; 2-3 
sets of 6-12 reps at 40%-60% 
1RM, 6-12 min AE

Improvements in lean 
body mass, body fat, 
and strength

na 100 na No events 
reported

Cadmus29 50 6 mo of home-based AE; 150 
min/wk, 60%-80% AP-MHR

Improvements in depres-
sion and happiness

15 90 64 No events 
reported

Chandwani28 132 6 wk of yoga 3 d/wk during 
radiation

Improvements in QoL, 
fatigue, sleep quality, 
and depression

55 69 na No events 
reported

Courneya22 242 RE: Supervised for duration of 
chemo, 2 sets of 8-12 reps at 
60%-70% 1RM.
AE: Supervised 3 d/wk, 15-45 
min, 60%-80% VO2max. 

RE yielded improvements 
in upper- and lower-body 
strength. Both exercise 
groups had a higher 
completion rate of che-
motherapy, compared 
with control group.

33 92.1 72 (AE)
68 (RE)

2 mild/mod-
erate events 
involving 
nausea, diz-
ziness and 
weakness

Dolan23 242 RE: Supervised for duration of 
chemo, 2 sets of 8-12 reps at 
60%-70% 1RM.
AE: Supervised 3 d/wk, 15-45 
min, 60%-80% VO2max.

Participants in both 
groups experienced 
decline in hemoglobin 
regardless of interven-
tion. RE and AE inter-
ventions maintained 
VO2max throughout 
treatment. 

33 92 72 (AE)
68 (RE)

2 mild/mod-
erate events 
involving 
nausea, diz-
ziness and 
weakness

Hornsby16 20 12 wk of supervised AE, 3 d/
wk, 15-45 min, 60%-100% 
VO2peak

Improvements in social 
well-being. Non-
signifcant improvements 
in VO2peak and QoL.

73 95 66 1 mild/mod-
erate involv-
ing leg pain 
during AE

Husebø25 67 Home-based RE+AE:
RE: total body exercises 3 d/wk
AE: 30 min/d light-vigorous 
intensity

Increase in fatigue at 
completion of chemo, 
with return to base-
line at 6-mo follow-up. 
Improvement in 6MWT 
and MET at 6-mo 
follow-up.

72 76 58 1 mild/
moderate 
event involv-
ing knee 
discomfort

Hwang26 40 5 wk mixed AE+RE 50 min, 3 
d/wk

Improvement in QoL na 92.5 na No events 
reported

Kim30 41 8-wk supervised AE, 3 d/wk, 
30 min, 60%-70% VO2peak

Improvement in 
VO2peak and voluntary 
exercise

na 55 78.3 No events 
reported

Mock31 52 Home-based walking inter-
vention for duration of treat-
ment, 150 min/wk, 50%-70% 
AP-MHR

Participants in High 
Walkers group experi-
enced improvements in 
fatigue, activity level, 
and aerobic capacity 
compared with partici-
pants in Low Walkers 
group.  

na 96 70 No events 
reported

Mock19 119 Home-based walking interven-
tion for duration of treatment, 
150 min/wk, 50%-70% APM- 
HR

Participants in High 
Walkers group experi-
enced in improvements 
in12MWT and physical 
activity compared with 
Low Walkers group.

50.8 90 72 No events 
reported

continued/
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Study Sample 
size

Intervention characteristics
(mode, duration, 
supervision, sets, reps, load) Overall fndings

Recruitment 
rate, %

Retention 
rate, %

Adherence 
rate, %

Adverse 
events

Schmidt21 95 12-wk RE intervention, 3 sets, 
8-12 reps, 60%-80% 1RM

RE resulted in negligible 
changes in fatigue, QoL, 
depression, and cogni-
tive function. 

na 96 71 No events 
reported

Schwartz24 66 RE: Home-based for duration of 
treatment, 2 sets 8-10 reps.
AE: Home-based 4 d/wk, 
15-30 min, moderate intensity. 

RE yielded improvements 
in leg extension and 
seated-row 1RM. AE 
yielded improvements in 
12MWT, leg extension, 
and seated-row 1RM.

95 93 n/a No events 
reported

Vadiraja27 88 6-wk supervised yoga, 60 min, 
3 d/wk

Improvements in anxiety, 
stress, depression, and 6 
am cortisol levels 

53.3 63.6 na No events 
reported

Wang17 72 6-wk home-based AE interven-
tion, 10-30 min, 3-5 d/wk, 
40%-60% AP-MHR

Improvements in QoL, 
sleep, ESE, GLTEQ score

45 80.6 93.6 No events 
reported

Yang18 40 6-wk supervised AE intervention, 
20-30 min, 2-3 d/wk, 40%-
65% AP-MHR

Improvements in MET, 
and MDSAI and POMS 
scores

na 90.9 77 No events 
reported

AE, aerobic exercise; AP-MHR, age-predicted maximal heart rate; ESE, exercise stress echocardiography; GLTEQ,  Godin Leisure-Time Exercise Questionnaire; MDSAI, MD 
Anderson Symptom Inventory; MET, metabolic equivalent task; min, minute; mo, month; MWT, minute walk test; na, not applicable; POMS, Profle of Mood States;  RE, resistance 
exercise; RM, repetition maximum; VO2, oxygen consumption; QoL, quality of life; wk, week

TABLE 2 Methodologic quality indicators from the Delphi consensus criteria list

Study Randomized
Allocation 
concealed

Key outcomes 
similar at 
baseline

Eligibility 
criteria 

specifed Single blind

Key descrip-
tive statistics 

reported
Intent-to- 

treat analysis

Battaglini32 Yes No Yes Yes No Yes No

Battaglini20 Yes Yes Yes Yes No Yes No

Cadmus29 Yes No Yes Yes No Yes No

Chandwani28 Yes Yes Yes Yes No Yes No

Courneya22 Yes Yes Yes Yes No Yes Yes

Dolan23 Yes Yes Yes Yes No Yes Yes

Hornsby16 Yes Yes Yes No Yes Yes Yes

Husebø 25 Yes No Yes Yes Yes Yes No

Hwang26 Yes No Yes Yes No Yes No

Kim30 Yes No Yes Yes No Yes No

Mock31 No No Yes Yes No Yes No

Mock19 Yes No Yes Yes No Yes No

Schmidt21 Yes Yes Yes Yes No Yes Yes

Schwartz24 Yes No Yes Yes No Yes No

Vadiraja27 Yes No Yes Yes No Yes No

Wang17 Yes No Yes Yes No Yes No

Yang18 Yes No Yes Yes No Yes No

Fairman et al



204 THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY  g  May 2016 www.jcso-online.com 

Review

participants screened for inclusion, were enrolled for the tri-
als. Retention rates (participants who completed baselines 
and post assessments) averaged 86% (range, 55%-100%). Of 
the 17 studies, 6 did not report adherence to the interven-
tions. Adherence (attendance to each exercise session) for 
the remaining interventions was 71% (range, 58%-95%). 

Methodological quality assessment
A summary of the methodological assessment is presented 
in Table 2. Overall, the studies met an average of 64% of 
the quality indicators (range, 43%-86%). Te most com-
monly observed problems were a lack of intent-to-treat 
analysis, testing not conducted by blinded evaluators, and 
lack of concealment of treatment allocation. Notable meth-
odological strengths of the RCTs were specifcity of eligi-
bility criteria, similarity of key outcomes at baseline, and 
consistent reporting of relevant descriptive statistics. 

Summary of exercise interventions by treatment type 
and mode of exercise
A brief summary of each study’s sample, outcome assess-
ments, and feasibility measures, and their accompanying 

efect sizes are outlined in the following section. Te stud-
ies are organized by type of treatment and mode of exercise. 
A summary of the efect size changes in the outcomes of 
each trial is provided in Table 3. 

Chemotherapy
AE interventions. Tree trials examined AE during che-
motherapy. Te duration of the interventions varied from 
6-12 weeks, with an average of 40 participants (range, 
19-62). Adherence to the interventions ranged from 66%-
93%. Tree nonserious adverse events were reported among 
the 3 trials. One was a participant experiencing unexplained 
leg pain that subsided after exercise cessation. Two partici-
pants dropped out of a trial after reports of anemia and diz-
ziness. AE yielded improvements in QoL (d = .56; range, 
.50-.64), sleep (d = .41), self-efcacy (d = .64), behavior (d = 
1.30), social well-being (d = .90), metabolic equivalent tasks 
(MET; d  = .60), MD Anderson Symptom Inventory score 
(severity, d = .56; interference, d = .78) and Profle of Mood 
States score (d = .59). AE yielded moderate-in-magnitude 
improvements in measures of aerobic ftness (d = .47; range, 
.28-.79).16,17,18 19

TABLE 3 Summary of effect sizes for the physiological and psychosocial QoL outcomes

Study Design, treatment
Effect sizes

Physiological outcomes Psychosocial QoL outcomes

Battaglini32 RCT, COMB-S/R/C Strength  1.39 Fatigue  Wk 8, .4; Wk 11, .17;
    Wk 15, .92; Wk 21, .43

Battaglini20 RCT, COMB-S/C LBM  Wk 8, .3; Wk 11, .47;
    Wk 15, .55; Wk 21, .9
BF%  Wk 8, .31; Wk 11, .5;
    Wk 15, .53, Wk 21, .98
Strength  1.4

NA

Cadmus29 RCT, MIX – R/C NA Happiness  .49
Fatigue  -.1
FACT-G  .30
SF-36 MH  .28; SF-36 Soc  .58; SF-36 VIT  .01;
    SF-36 ROLE  .33; SF-36 PHY  .19;
    SF-36 Pain  .42; SF-36 GEN  .16;
    SF-36 ROLP  .45

Chandwani28 RCT, R NA Fatigue  post, 1.0; 1-month post, 1.4;
    3-month post 2.0; 6-month post, 1.13
Depression  post, 1.3; 1-month post, -1.4;
    3-month post 0.93; 6-month post, 0.90
QoL  post, 1.5; 1-month post, 2.1;
    3-month post 3.0; 6-month post, 1.8
Sleep quality  post, 2.8; 1-month post, 2.1;
    3-month post 3.2; 6-month post, 2.17

Courneya22 RCT, C Chest press strength  RE, .9; AE, .34
Leg press strength  RE, .7; AE, .25
VO2peak  RE, .21; AE, .06
BW  RE, .09; AE, .07
BF%  RE, 0; AE, 0
FM  RE, .05; AE, .04
LBM  RE, .21; AE, .12

FACT- A  RE: mid, .01, post, .3;
    AE: mid, -.007; post, .33
SE  RE: mid,  -.24; post, -.18;
    AE: mid, .00; post, .24
Anxiety  RE: mid, .42; post, .45
    AE: mid, 0.46; post, .49
Depression  RE: mid, .12; post, .32;
    AE: mid, .06; post, +.32

continued/
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Study Design, treatment
Effect sizes

Physiological outcomes Psychosocial QoL outcomes

Dolan23 RCT, C Hb  RE, 1.7; AE, 1.1
VO2  RE, .21; AE, .06 

NA

Hornsby16 RCT, C RHR  .55
VO2  .35
Vent  .74
CO  1.0
LVEF%  .13

FACT-B, .22
FACT-G, .16

Husebø 25 RCT, MIX – R/C 6MWT  post, -.2; FU, .31
MET  post, .18; FU, .43

Fatigue  post, -.41; FU, -.02

Hwang26 RCT, R NA QoL,  .63
QoL Overall Health,  .36
QoL Physical,  1.67
QoL Psychological,  .48
QoL Social,  .54
QoL Environmental,  .11

Kim30 RCT, MIX – R/C RHR  .5
MHR  .26
RBP  .24
MBP  .41
VO2  .38

NA

Mock31 RCT, MIX – R/C 12MWT  Hi, .33; Lo, .02
ALRS  Hi, .76; Lo, .25

Fatigue  Hi, 1.41; Lo, .48

Mock19 RCT, MIX – R/C PF  Hi, .2; Lo, .39
12MWT  Hi, .57; Lo, -.20
PA  Hi, .40; Lo, -.14

Fatigue  Hi, -.22; Lo, -70

Schwartz24 RCT, C 12MWT  AE, .79; RE, .13
OHP strength  AE, .24; RE, .21
SR strength  AE, .61; RE, .5
Leg ext strength  AE, .5; RE, .45

NA

Vadiraja27 RCT, R Cortisol  6 am, .68; 9 am, .46; 9 
pm, .19

Anxiety  .87
Depression  .91
Stress  1.01

Wang17 RCT, MIX –R/C NA FACT-G TP1  .15; TP2, -.12; TP3, .65
FACIT-F TP1  .38; TP2, -.15; TP3, .66
PSQI TP1  .19; TP2, .40; TP3, .40
ESES TP1  .48; TP2, .68; TP3, .64 
GLTEQ TP1  .96; TP2, .87; TP3, 1.36

Yang18 RCT, C MET   6 mo, .64; 12 mo, .6 Fatigue severity  6 mo, -.5; 12 mo, .56
Fatigue intensity  6 mo, -.85; 12 mo, -.78
POMS-SF  6 mo, .68; 12 mo, .59

Schmidt21 RCT, C NA Total fatigue  .015
Physical fatigue  .02
Affective fatigue  .11
Cognitive fatigue  .18
QLQ-C30 Global  .01
CES-D Depression  .008

6MWT, 6-minute walk test; 12MWT, 12-minute walk test; ALRS, activity level rating scale; BF%, body fat percentage; BW, body weight; CES-D, Center for 
Epidemiologic Studies Depression Scale; CO, cardiac output; EDV, end diastolic volume; ESES, Exercise Self-Effcacy Scale; ESV, end systolic volume; FACIT-F, 
Functional Assessment of Chronic Illness Therapy-Fatigue; FACT, Functional Assessment of Cancer Therapy (A, Anemia; B, Breast; G, General) FM, fat mass; FU, follow-
up; GLTEQ, Godin and Shepherd’s Leisure Time Exercise Questionnaire; Hb, hemoglobin; LBM, lean body mass; leg ext, leg extension; LEVF%, left ventricle ejection 
fraction; MBP, max blood pressure; MET, metabolic equivalent task; MHR, max heart rate; na, not applicable; 02 pulse, oxygen pulse (mL02/beat); OHP, overhead 
press; PA, physical activity, PBP, peak blood pressure; PF, physical function; PHR, peak heart rate; POMS-SF, Profle of Mood State-Short Form; PSQI, Pittsburgh Sleep 
Quality Index; QLQ-C30, Quality of Life Questionnaire-Core 36;  RBP, resting blood pressure; RHR, resting heart rate; SE, self-effcacy, SF-36, Short Form Health 
Survey (GEN, general health; MH, mental health; PHY, physical functioning; PAIN, bodily pain; ROLE, role limitations-emotional; ROLE, role limitations-physical; SOC, 
social functioning; VIT, vitality); SR, seated row; Vent, ventilation (L02/min); VO2, oxygen consumption;

Fairman et al
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RE interventions. Two trials examined RE in partici-
pants undergoing chemotherapy. Te duration of the trials 
were 12 and 21 weeks, and the number of participants in 
the trials was 20 and 72 patients. Adherence to the 1 inter-
vention was 71%; adherence rates were not reported in the 
other. RE interventions yielded improvements in body fat 
(d = 0.98), lean body mass (d = 0.90), and strength (d = 0.78; 
range, 0.43-1.4) with negligible changes in fatigue (total d 

= 0.02) QoL (global d = 0.01), depression (d = 0.01) and 
cognitive function (d = 0.30).20,21

AE and RE interventions. Tree studies compared the 
efects of RE and AE interventions during chemotherapy. 
Te 3 interventions examined exercise for the duration of 
chemotherapy (mean, 17 weeks; range, 9-24 weeks). Te 
number of participants in the studies ranged from 67-242. 
Adherence to the interventions ranged from 68%-72%. Two 
nonserious adverse events were reported during 1 interven-
tion and related to nausea, dizziness, and weakness, with 
both participants recovering quickly. RE yielded improve-
ments in the upper body (d = .47; range, .21-.70) and lower 
body (d = .60; range, .43-.90), and strength and anxiety (d = 
.45). A decline in hemoglobin was observed in 1 RE inter-
vention (d = -1.70), with a concurrent maintenance of aer-
obic capacity. A decline in hemoglobin (d = -1.10) with 
maintenance of aerobic capacity was also observed with the 
AE. AE yielded improvements in upper body (d = .61) and 
lower body (d = .50) strength, and anxiety (d = .47). One 
intervention examined chemotherapy completion rates, 
with 84.1% in the usual-care group, compared with 89% in 
the RE group and 87.4% in the AE group. Both AE and 
RE served to maintain bone-mineral density throughout 
chemotherapy (RE: d = .22; AE: d = .10).22,23,24 

Combined exercise interventions. Only 1 trial exam-
ined the efects of a combined exercise intervention dur-
ing chemotherapy. Specifcally, in a 2-arm randomized 
controlled trial, HusebØ and colleagues compared patients 
in a home-based exercise (resistance and aerobic) inter-
vention for the duration of chemotherapy with those in a 
usual-care group in a total of 67 breast cancer patients.25 
Of 92 eligible participants, 67 (76%) were enrolled in 
the study, and 64 participants completed 6-month fol-
low-up. Adherence to the exercise intervention was 
58%. Assessments of fatigue (using the 6-item Schwartz 
Cancer Fatigue Scale), physical activity (International 
Physical Activity Questionnaires) and physical ftness 
(6MWT or 6-minute walk test) were obtained at base-
line, end of chemotherapy, and 6-month follow-up. Tere 
was a signifcant increase in fatigue at end of chemother-
apy (d = -.41), with a return to baseline at 6-month fol-
low-up (d = .02), while there was a negligible change in 
6MWT (d = .20) and MET (d = .18) at end of chemo-
therapy with a signifcant improvement at 6-month fol-
low-up (6MWT, d = .31; MET, d = .43). Tere were 2 
nonserious adverse events related to the intervention with 

1 account of knee pain, and another due to syncope from 
a secondary chronic condition. 

Alternative modes of exercise interventions. No study 
that met our inclusion criteria focused specifcally on alter-
native modes of exercise, such as yoga, during chemother-
apy alone.

Radiation
AE interventions. No studies that met our inclusion cri-
teria focused specifcally on AE during radiation treatment 
alone. 

RE interventions. No studies that met our inclusion cri-
teria focused specifcally on RE during radiation treatment 
alone

AE and RE interventions. No studies that met our 
inclusion criteria focused specifcally on AE and RE dur-
ing radiation treatment alone

Combined exercise interventions. Only 1 trial exam-
ined the efect of a combined exercise intervention dur-
ing radiation treatment. Hwang and colleagues conducted 
a 2-arm randomized controlled trial to examine the efcacy 
of a 5-week supervised exercise intervention in 40 breast 
cancer patients undergoing radiotherapy.26 Assessments of 
QoL, fatigue (BFI), range of motion (RoM) of the shoul-
der, and pain were obtained at baseline and 5-week follow-
up. Recruitment to the study was not reported. In all, 37 
of the 40 enrolled (92.5%) completed baseline and follow-
up assessments. No adverse events related to the interven-
tion were reported. Te descriptive statistics necessary to 
calculate efect sizes for fatigue, RoM, and pain were not 
provided. However, the exercise intervention resulted in an 
improvement in overall QoL (d = .63). 

Alternative modes of exercise interventions. Two stud-
ies were included examining the efects of yoga in breast 
cancer patients undergoing radiation. Both interventions 
lasted 2 weeks. Te number of participants who completed 
baseline and follow-up assessments were 56 and 132 respec-
tively. Adherence to either intervention wasn’t reported. No 
adverse events related to the interventions were reported. 
Yoga resulted in signifcant improvements in anxiety (d = 
.61), depression (d = 1.0; range, 0.91-1.30), stress (d = 1.01), 
fatigue (d = 1.13), sleep (d = 2.10), and QoL (d = 2.00).27,28

Combination treatment (1 or more variations of 
chemotherapy, radiation, etc.)
AE interventions. Four studies examined AE during 
mixed therapy during combination treatment. Te dura-
tion of the interventions ranged from 8 weeks to 6 months. 
Te number of participants in the AE interventions ranged 
from 41-108. Adherence to the interventions ranged from 
64%-78%. No adverse events related to any of the inter-
ventions were reported. Te AE interventions yielded 
small efect size improvements in SBP (d = .25), maximum 
heart rate (MHR; d = .26), mild-to-moderate efect size 
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improvements in depression (d = .38), happiness (d  = .49), 
aerobic capacity (d = .45; range, .31-.57), activity level (d = 
.66; range, .62-.76), and resting heart rate (RHR; d = .50). 
Large efect size improvements were seen in fatigue (d = 
.82; range, .22-1.41). Negligible changes were observed in 
Functional Assessment of Cancer Terapy-General scores 
(d = .30), anxiety (d = .13), physical functioning (d = .2), and 
self-esteem (d = .10).29,30,31 

RE interventions. Only 1 trial examined the efect of an 
RE intervention during combination treatment. Battaglini 
and colleagues (2006) examined the efects of a 15-week 
supervised RE intervention on muscular strength and fatigue 
in 20 breast cancer patients undergoing radiation, chemo-
therapy, or a combination of both.32 Te number of women 
prescreened for inclusion was not reported. Although all 
of the participants completed the study, adherence to RE 
interventions sessions was not reported. No adverse events 
were reported. Te RE intervention resulted in signifcant 
improvements in muscular strength (d  = 1.39) and fatigue 
(week 8, .40; week 11, .17; week 15, .92; week 21, .43). 

Combined AE and RE exercise. No studies meeting the 
inclusion criteria focused specifcally on combined exercise 
during mixed combination therapy. 

Alternative modes of exercise interventions. No stud-
ies meeting the inclusion criteria focused specifcally on 
alternative exercise (eg, yoga) during mixed combination 
therapy. 

Synthesis of overall interventions during combination 
therapy. One intervention examined RE during mixed 
therapy, yielding improvements in muscular strength  
(d = 1.39) and fatigue (week 8, d = .40; week 11, d = .17; 
week 15, d = .92; week 21, d = .43). Four studies examin-
ing AE during mixed therapy were included in the review. 
Most notable improvements were seen in depression  
(d = .38), happiness (d = .49), aerobic capacity (d = 0.45; 
range, .31-.57), activity level (d = .66; range, .62-.76), RHR 
(d = .50),   and fatigue (d = .82; range, .22-1.41) 29,30,31

Overall, our results revealed that the magnitude of 
improvement observed with exercise interventions dur-
ing breast cancer treatment varied across outcomes and 
appeared to be specifc to the mode of exercise. RE yielded 
large average efect size increases in muscular strength  
(d = .87; range, .21 to 1.40) and low efect size improve-
ments in cardiovascular function (d = .17; range, .13 to .21) 
and QoL (d = .28; range, .01 to .30). AE was associated 
with moderate improvements in strength (d = .55; range, 
.51 to .60), cardiovascular function (d = .45; range, .28 to 
.79.), and QoL (d = .50; range, .30 to .64). 

Discussion

Te purpose of this review was to systematically evaluate 
of the efcacy of implementing exercise interventions in 
the adjuvant treatment of breast cancer patients undergo-
ing diferent modes of primary therapy. Te results indicate 

that AE alone, RE alone, interventions combining aerobic 
and resistance exercise, as well as alternative modes of exer-
cise (eg, yoga) are safe, well-tolerated lifestyle interventions 
that can not only attenuate many of the adverse efects 
accompanying treatment, but can yield signifcant, clini-
cally meaningful improvements in select ftness, physiolog-
ical, and patient-reported outcomes (PROs) in breast can-
cer patients who are undergoing cancer treatment. Tese 
fndings are consistent with those of other studies of exer-
cise in breast cancer patients7-9 and they provide evidence 
supporting the safety and utility of integrating exercise as 
a supportive-care intervention for breast cancer patients 
undergoing diferent types of active treatment. 

Te most consistently assessed outcomes across the tri-
als were disease specifc QoL and PROs such as mood, 
depression, and anxiety. Results revealed that irrespec-
tive of the type of exercise, interventions yielded compa-
rable, small-to-moderate efect size improvements in both 
disease-specifc indices of QoL and PROs. We view the 
observation that various modes of exercise yielded similar 
improvements in key PROs during breast cancer treatment 
as a promising fnding because it provides oncologists and 
health/ftness professionals multiple options when consid-
ering implementing exercise as a supportive-care approach 
during breast cancer treatment. We also contend this fnd-
ing provides the opportunity to better personalize the exer-
cise modality to patients’ individual exercise capacity, toler-
ance, and preference, which could augment the utility of 
integrating exercise as an approach for managing adverse 
efects that often accompany active breast cancer treatment. 

Although the dearth of studies precludes a comprehensive 
evaluation of the comparable efcacy of various modes of 
exercise during diferent primary breast cancer treatments, 
there were several particularly relevant benefts accompany-
ing exercise during specifc types of primary breast cancer 
treatment that warrant attention. For example, RE elicited 
the most pronounced improvements in body composition 
observed across trials during chemotherapy. Furthermore, 
the clinically meaningful improvements in select cardiovas-
cular outcomes accompanying AE during both chemother-
apy and the combination of radiation and chemotherapy was 
also notable. It has been well established that chemotherapy 
is associated with signifcant decline in cardiovascular func-
tion and unfavorable change in body composition among 
breast cancer patients. Te clinically meaningful benefts 
highlight the potential utility of integrating these modes 
of exercise as supportive care approaches for breast cancer 
patients undergoing chemotherapy or the combination of 
chemotherapy and radiation. 

Another particularly relevant fnding was the efects of RE 
and combined aerobic and RE on fatigue observed during 
the combination of radiation and chemotherapy. Notably, 
whereas RE resulted in signifcant improvement in fatigue, 
an intervention combining aerobic and RE did not yield 
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favorable change in fatigue during the combination treat-
ment. Although this fnding may represent an important 
diference in the efects of exercise on fatigue symptoms of 
breast cancer patients during combination therapy, the lim-
ited number of studies makes such conclusions premature. 
Nonetheless, given the profound impact of fatigue symp-
toms on QoL of patients during breast cancer treatment, this 
fnding underscores the critical need to further evaluate the 
extent to which RE alone, AE alone, and interventions com-
bining these modes of exercise may yield a unique trajectory 
of change in fatigue during active breast cancer treatment.

Te improvements in multiple relevant PROs around 
yoga are also noteworthy. Yoga was consistently associ-
ated with moderate-to-large efect size improvements in 
patients’ self-reported mood, stress, and QoL. Tese fnd-
ings suggest that yoga may be a particularly benefcial sup-
portive-care intervention for managing the distress that is 
often reported by breast cancer patients during active treat-
ment. In addition, yoga may also represent an alternative 
form of exercise for many breast cancer patients with lim-
ited tolerance or capacity to perform traditional aerobic 
and/or RE prescriptions.

A prominent observation of this review is the consider-
able variability in the quality of the interventions. On aver-
age, studies met 4 of the 7 Delphi quality indicators (range, 
2-6). Based on the percentage of Delphi quality indicators 
met across the included RCTs, the methodological qual-
ity of exercise intervention studies in breast cancer patients 
undergoing diferent primary treatments can be classi-
fed as moderate. Accordingly, the methodological rigor 
of future exercise intervention trials targeting breast can-
cer patients during active treatment should be improved 
with additional focus on key design considerations such as 
inclusion of blinded evaluation of key outcomes, conceal-
ment of treatment allocation, and intent-to-treat analyses. 

Moreover, there was a large degree in variability in the 
exercise testing and prescription during these trials. For 
instance, measures of aerobic capacity included VO2max, 
VO2peak, 6MWT and 12MWT. Consequently, the lack 
of specifcity makes the pooling and aggregation of data 
difcult. Tere was a large variability in the exercise pre-
scription with diferent times, intensities, and overall dura-
tion being prescribed. Tis variation makes it difcult to 
conclude a dose-response efect of exercise during cancer 
therapy. Overall, there is a glaring need for standardiza-
tion of methods of assessment, and exercise prescription to 
improve clarity on the role of exercise interventions during 
primary therapy for breast cancer patients. 

It should be acknowledged that our approach to quan-
titatively evaluating the efects of exercise during diferent 
treatments using calculation of efect sizes is not as robust 
as conducting meta-analytic procedures that systematically 
adjust for bias in the efect size estimate. However, given 
the limited number of randomized controlled studies eval-

uating exercise during diferent breast cancer treatments, 
we believe the present approach represents an important 
frst step in synthesizing the efects of exercise during 
multiple breast cancer treatments. As this area of inquiry 
expands, future reviews incorporating standardized meta-
analytic procedures will allow for a more comprehensive 
assessment of the potential diferential efects of exercise 
during diferent primary breast cancer treatments. 

It has been suggested that for the feld of exercise oncol-
ogy to progress, there is a need for researchers to increase 
our understanding of how exercise can afect cancer vari-
ables (treatment completion rate, tumor biology, disease 
outcomes, and so on). To date, only 1 study has examined 
treatment completion rates in breast cancer patients, with 
an approximate 5% improvement in chemotherapy com-
pletion rate among breast cancer patients engaging in resis-
tance training.22 Although these initial results are promis-
ing, future research is needed in this area to determine the 
efect of exercise on treatment response as an outcome to 
fully elucidate its efcacy.

Delineating the extent to which the various modes of 
exercise may be of particular beneft during chemotherapy, 
radiation therapy, or the sequential combination of these 
treatments, would be of considerable importance in refn-
ing exercise prescription approaches during active breast 
cancer treatment. Consistent with this position, it is criti-
cal to develop consistency in the assessment of key clinical, 
ftness, and PROs across trials in order to advance under-
standing of best practices in implementing exercise dur-
ing primary breast cancer treatment. Finally, the extent 
to which personalizing the exercise prescription to the 
individual exercise tolerance, capacity, and preferences of 
patients during breast cancer treatment is also critical in 
determining the efcacy of implementing exercise as an 
efective adjuvant supportive care intervention.

In summary, this is one of the frst systematic reviews to 
evaluate the comparable efcacy of exercise as a support-
ive care intervention during diferent primary breast can-
cer treatments. Te fndings demonstrate that exercise is a 
safe, feasible intervention that yields signifcant, clinically 
meaningful improvements in relevant ftness, physiologi-
cal, and patient reported outcomes in breast cancer patients 
undergoing diferent treatment. Despite these promising 
fndings, the limited number of studies specifcally address-
ing the diferent modes during each type of treatment lim-
its the ability to adequately assess the comparable efcacy 
of the various exercise modes during established primary 
breast cancer treatments. Accordingly, additional research 
that systematically evaluates the potential unique bene-
fts that various modes of exercise may ofer women while 
undergoing diferent primary breast cancer treatment is 
warranted to help guide the oncologists and health/ftness 
professionals in implementing exercise as a supportive care 
intervention for breast cancer patients.
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