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ABSTRACT

Background  This systematic review was completed by the Exercise for People with Cancer Guideline Development 
Group, a group organized by Cancer Care Ontario’s Program in Evidence-Based Care (pebc). It provides background 
and guidance for clinicians with respect to exercise for people living with cancer in active and post treatment. It 
focuses on the benefits of specific types of exercise, pre-screening requirements for new referrals, safety concerns, 
and delivery models.

Methods  Using the pebc’s standardized approach, medline and embase were systematically searched for existing 
guidelines, systematic reviews, and primary literature.

Results  The search identified two guidelines, eighteen systematic reviews, and twenty-nine randomized controlled 
trials with relevance to the topic. The present review provides conclusions about the duration, frequency, and intensity 
of exercise appropriate for people living with cancer.

Conclusions  The evidence shows that exercise is safe and provides benefit in quality of life and in muscular and 
aerobic fitness for people with cancer both during and after treatment. The evidence is sufficient to support the 
promotion of exercise for adults with cancer, and some evidence supports the promotion of exercise in group or 
supervised settings and for a long period of time to improve quality of life and muscular and aerobic fitness. Exercise 
at moderate intensities could also be sustainable for longer periods and could encourage exercise to be continued 
over an individual’s lifetime. It is important that a pre-screening assessment be conducted to evaluate the effects of 
disease, treatments, and comorbidities.
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INTRODUCTION

The inclusion of exercise into an individual’s daily life-
style is known to promote many health benefits; the same 
holds true for people with cancer. In addition to improving 
physical wellbeing, exercise can help in the management 
of treatment side effects, and its physiologic and psycho-
logical changes can drastically affect quality of life (qol).

The present systematic review explores the effects 
of exercise for people living with cancer with respect to 
qol, physical fitness, safety, adverse events or injuries, 
intensity levels, types of exercise, and delivery models. 
The exercise-specific recommendations are relevant for 
oncologists, exercise consultants, primary care providers, 
and other members of health care teams who work with 

people with cancer. Guidelines, systematic reviews, and 
primary literature are used as the evidence for the review, 
which was conducted for the purposes of preparing an 
evidence-based guideline by Cancer Care Ontario’s pebc 
in 2015.

METHODS

The pebc uses the methods of the practice guidelines 
development cycle1 to produce evidence-based and 
evidence-informed guidance documents. The process 
consists of conducting a systematic review, conducting 
a quality appraisal and interpretation of the evidence, 
drafting recommendations that undergo internal review, 
and conducting an external review.
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Literature Search Strategy for Guidelines and 
Systematic Reviews
A search of medline, embase, and the Cochrane Database of 
Systematic Reviews (January 2005 to October 2013; updated 
to January 2014) was conducted for published guidelines 
and systematic reviews. The search terms “exercise guide-
line” and “exercise and cancer” were used in searches of 
the Standards and Guidelines Evidence Directory of Cancer 
Guidelines, the U.S. National Guideline Clearinghouse, and 
the Canadian Medical Association Infobase for existing 
evidence-based guidelines. Additional guidelines relevant 
to the present study were found in a general Internet search 
using the Google search engine. The agree ii instrument2 
was used to evaluate the quality of guidelines that had rel-
evant objectives and research questions. The amstar tool3 
served a similar purpose for relevant systematic reviews. 
Two Cochrane reviews that covered all randomized con-
trolled trials (rcts) until 2011 were identified. A systematic 
review of the primary literature was therefore conducted 
to update the Cochrane reviews.

Literature Search Strategy for Primary Studies
A search for primary studies in medline (September 2011 to 
April, week 1, 2015) and embase (September 2011 to April, 
week 2, 2015) used the mesh headings “exercise.mp” and 
“neoplasms.mp.” To be included, studies had to be rcts 
published in the English language between 2011 and 2015. 
The Cochrane Risk of Bias tool4 was used to assess rcts.

Study Selection Criteria: RCTs
Articles were considered for inclusion according to their 
study design and relevance to the research questions. 
Studies were included if they were rcts that

■■ considered adult individuals with cancer in active or 
post treatment,

■■ considered the effects of an exercise regimen compared 
with usual care,

■■ evaluated the outcomes of qol and aerobic capacity 
or muscular fitness,

■■ used an exercise regimen that included repetitive 
aerobic or resistance exercises,

■■ were not included in an identified systematic review,
■■ were published in the English language (because of 

unavailability of translation services), and
■■ were published in 2011 or later.

Studies were excluded if they

■■ compared exercise regimens,
■■ involved non-repetitive exercise regimens (that is, yoga),
■■ were observational studies, or
■■ evaluated outcomes other than qol or muscular or 

aerobic fitness.

Data Extraction and Assessment of Study Quality 
and Potential for Bias
Data extraction was conducted by one author (CZ) and was 
reviewed by a second independent individual using a data 
audit procedure. Disagreements were resolved by consen-
sus. The data extracted from each relevant article were the 

authors, publication year, study population, number of 
participants, treatment phase, intervention characteristics, 
qol scores, fitness measures, adherence, and adverse 
events. All extracted data and information were audited 
by an independent auditor.

RESULTS

Overall Literature Search Results
The literature included in the review were 2 of the 11 
identified guidelines, 18 of the 84 identified systematic 
reviews, and 29 of the 405 identified rcts.

Synthesizing the Evidence
Because of the clinical heterogeneity of the studies (for 
example, disease types, treatment status), the nature of 
the interventions (varying types of exercises), and the 
outcomes assessed (varying measures), a meta-analysis 
was not possible.

Outcomes

QOL and Exercise During Active or Post Treatment
A systematic review of evidence published between 2005 
and 2013 identified two guidelines, eighteen systematic 
reviews, and twenty-nine rcts that examined topics con-
cerning exercise, such as safety, qol, aerobic and muscular 
fitness, delivery models, and types of exercise (Figure 1, 
Table i). Much of the evidence supports an improvement 
in qol and physical fitness for patients participating in 
the interventions.

The evidence is of moderate quality (Tables  ii–iv). 
The guidelines scored well on the agree  ii reporting in-
strument2. The systematic reviews had some issues with 
heterogeneity of outcomes, populations, and interventions. 
Issues with the rcts included active control groups who 

FIGURE 1  Flow diagram of study selection.
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increased their voluntary exercise, variation in adherence 
rates or lack of adherence measurements, performance 
bias, and in some cases, use of questionnaires targeted to 
patients in active treatment that might not be applicable 
in a post-treatment population. The next few subsections 
examine evidence about the safety of exercise and whether, 
for people with cancer, exercise can be used as an inter-
vention to improve qol as well as physical fitness—and, if 
so, what types of exercise accomplish that goal the best.

QOL and Muscular and Aerobic Fitness
For most cancer types, the Belgian Health Care Knowledge 
Centre5 found no conclusive evidence about the benefits of 
exercise treatment for qol. Fourteen systematic reviews6–21 
found an improvement in qol for people with cancer par-
ticipating in an exercise intervention during the active 
treatment or post-treatment periods (Table v). Of the sixteen 
rcts involving patients in active treatment22–37, seven re-
ported significant differences between the intervention and 
control groups (Table vi)23,24,26,31–33,36. In the thirteen post-
treatment intervention studies38–53, two reported significant 
qol improvement in the exercise groups41,42. In particular, 
patients with lymphedema experienced qol benefits, and 

aerobic and resistance exercises were both safe for women 
who had undergone breast and axillary surgery6,7,38,39,44.

All systematic reviews6–21,48,49 found positive changes 
in both muscular and aerobic fitness (Table  v). Of the 
sixteen rcts that measured muscular or aerobic fit-
ness or both22,23,27,28,30,32,33,37,38,40,41,43–47, twelve found 
significant positive changes in the exercise groups (Ta-
ble  vi)22,23,27,28,30,32,37,38,41,43,44,46. One systematic review14 
found substantial increases in muscular strength and en-
durance with resistance training for patients on androgen 
deprivation therapy (Table v).

Safety, Adverse Events, or Injuries
The safety of exercise for adults living with cancer is a very 
important outcome. Safety outcomes include measures 
such as the frequencies and types of adverse events during 
exercise sessions or whether treatment delivery or cancer-
specific outcomes were negatively affected.

Two guidelines5,43 concluded that exercise is safe for 
people with cancer both during active treatment and after 
treatment. The Belgian Health Care Knowledge Centre5 
developed recommendations concerning the efficacy and 
safety of exercise treatment during cancer treatment. Based 
on data about the safety of exercise from a systematic litera-
ture review, no harmful effects of exercise during treatment 
were found. Thus, it was concluded that exercise is safe for 
patients undergoing treatment for cancer. The American 
College of Sports Medicine43 convened an expert panel to 
create a roundtable consensus statement about exercise for 
cancer survivors. After reviewing the literature, the panel 
concluded that exercise training is safe during and after can-
cer treatments. They recommended that exercises could be 
specifically adapted based on disease- and treatment-related 
adverse effects such as lymphedema. They also developed 
pre-exercise medical assessments to help ensure safety and 
to guide exercise specialists concerning exercise programs 
for people living with cancer.

In the systematic reviews and rcts, very few ad-
verse events were attributable to exercise; most studies 
reported no adverse events at all that were attributable 
to exercise (Tables v and vi). Of the systematic reviews, 

TABLE I  Sources selected for inclusion

Question (exercise compared with usual care) Sources included (n)

Does exercise improve domains of QOL? 1 Guideline5

16 Systematic reviews6–21

21 RCTs22–42

Does exercise improve physical fitness (that is, strength, VO2 or aerobic capacity, objective 
measures of work done such as distance walked or sit-to-stand test)?

16 Systematic reviews6–21

16 RCTs22,23,27,28,30,32,33,37,38,40,41,43–47

What is the effect of exercise on people with cancer in terms of safety, adverse events,  
or injuries?

2 Guidelines5,43

3 Systematic review6,7,20

3 RCTs38,39,44

Are there differential results or outcomes for different intensity levels of aerobic compared  
with resistance types of exercise in people with cancer?

1 Guideline43

7 Systematic reviews6,10,11,12,18,19,48

12 RCTs22,26,29,31,33,35,39,40,42,45–47

What delivery models are appropriate for patients with different types or stages of cancer? 4 Systematic reviews8,11,15,49

3 RCTs22,36,40

QOL = quality of life; RCT = randomized controlled trial; VO2 = the oxygen consumed during an activity.

TABLE II  AGREE II scores for the included guidelines

Domain Score (%)

ACSM KCE

Scope and purpose 72 94

Stakeholder involvement 50 58

Rigour of domain 52 81

Clarity and presentation 75 69

Applicability 31 4

Editorial independence 42 46

ACSM = American College of Sports Medicine Roundtable on Exercise 
Guideline for Cancer Survivors43; KCE  = Belgium Health Care 
Knowledge Centre Report 185C—Supportive Treatment for Cancer, 
Part 1: Exercise Treatment5.
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TABLE VI  Randomized controlled trial data

Reference Sample size Diagnosis Population

Active treatment

Eakin et al., 201236 68 Exercise intervention, 69 usual care Invasive breast cancer Women

Intervention:  16 Calls with exercise physiologist of 15–30 minutes each
■■ 0–2 Months: Once weekly
■■ 2–4 Months: Twice weekly
■■ 4–8 Months: Once monthly

Target of 45 minutes of moderate-to-vigorous aerobic activity, plus strength-based exercise, at least 2 times weekly  
(exercise workbook provided)

Frequency and Duration:  45 minutes 4 times for 8 months

Measures:  Quality of life scores (FACT-B+4, score range 0–160) assessed at baseline and at 6 and 12 months post-surgery,  
with mean change difference at 12-months post-surgery evaluated

Main Findings: 
■■ Exercise group with telephone calls versus usual care: 3.7; 95% CI: –1.5 to 8.9; p=0.156

Adverse Events:  No serious adverse events, but 2 minor events (muscle soreness and 1 musculoskeletal injury).

Comments: 
■■ Telephone group had a median of 14 calls with exercise physiologist; 79% completed most calls (>75%).
■■ �Change from baseline to 12 months post-surgery was clinically meaningful in quality of life and upper body function for exercise 

group only.

Andersen et al., 201334 106 Exercise intervention,
107 wait-list control

Cancer Adults receiving CTx

Intervention:  4.5 Hours high-intensity training (cardio and heavy resistance), 1.5 hours body awareness, 2 hours relaxation,  
1 hour massage; usual-care group were offered an exercise program after study completion

Frequency and Duration:  9 Hours weekly for 6 weeks

Measures:  Quality-of-life scores (FACT-G)

Main Findings: 
■■ �Quality-of-life score 

No significant difference between exercise and wait-list control group, p=0.21

Adverse Events:  Not reported.

Comments: 
■■ Self-referral of participants who were motivated to participate in group-based physical activity.
■■ Adherence was 75%.

Courneya et al., 201333 96 Aerobic exercise intervention (STAN);
101 high-dose aerobic exercise intervention 

(HIGH); 104 combined aerobic and  
resistance exercise intervention (COMB)

Breast cancer Adult women receiving CTx

Intervention: 
■■ STAN: 75 minutes vigorous aerobic exercise weekly
■■ HIGH: 150 minutes vigorous aerobic exercise weekly
■■ COMB: 75 minutes vigorous aerobic exercise weekly, plus strength-training program

Frequency and Duration: 
■■ All participants: duration of CTx (start within 1–2 weeks and end 3–4 weeks after)
■■ Aerobic activity: 3 times weekly
■■ Strength training: 3 times weekly

Measures:  Quality of life scores (SF-36 general health), aerobic capacity (VO2Peak in millilitres per kilogram per minute),  
and quadriceps strength (leg press in kilograms) by linear mixed-model analysis

Main Findings: 
■■ �Mean quality-of-life score 

COMB vs. STAN: –0.7; 95% CI: –2.6 to 1.1; p=0.44 
HIGH vs. STAN: 0.6; 95% CI: –1.2 to 2.5; p=0.50 
HIGH vs. COMB: 1.4; 95% CI: –0.5 to 3.2; p=0.14

■■ �Mean aerobic capacity 
COMB vs. STAN: –0.2; 95% CI: –1.2 to 0.8; p=0.70 
HIGH vs. STAN: 0.9; 95% CI: –0.1 to 1.9; p=0.08 
HIGH vs. COMB: 1.1; 95% CI: 0.1 to 2.1; p=0.03

■■ �Mean quadriceps strength 
COMB vs. STAN: 6.0; 95% CI: 1.4 to 10.7; p=0.01 
HIGH vs. STAN: 0.0; 95% CI: –4.6 to 4.6; p=0.99 
HIGH vs. COMB: –6.0; 95% CI: –10.7 to –1.4; p=0.01

Adverse Events:  No serious adverse events were related to exercise.

Comments: 
■■ Higher doses of exercise were achievable and safe.
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Active treatment continued

Hayes et al., 201332 67 Exercise group with face-to-face support,
67 exercise group with telephone support,

60 usual care

Breast cancer Adult women
6 weeks post-surgery

Intervention:  Individually tailored program of 16 sessions (in person or by telephone) with exercise physiologist weekly,  
then tapered to monthly

■■ Weeks 1–4: Aerobic, low-to-moderate intensity, 20–30 minutes
■■ Weeks 5–8: Aerobic with strength introduced, moderate intensity, 30–40 minutes
■■ Week 9–32: Aerobic and strength, moderate-to-high intensity, 45 minutes or more

Frequency and Duration:  By end of program, 45 minutes or more 4 times weekly using both aerobic exercise and strength-based 
exercise at least 2 times weekly for 8 months

Measures:  Quality of life scores (FACT-B+4), aerobic fitness (change in heart rate with modified 3-minute step test),  
and upper-body function strength and endurance (in kilograms) at baseline and 12 months [measures were taken at pre-intervention  
(5 weeks), mid-intervention (6 months), and post-intervention (12 months post-surgery)]

■■ �Quality of life score 
Exercise (face-to-face): 9.5; 95% CI: 5.3 to 3.8 
Exercise (telephone): 13.5; 95% CI: 10.0 to 17.0 (p≤0.05) 
Usual care: 6.5; 95% CI: 1.8 to 11.1 
Face to face and telephone group experienced clinically meaningful change over time. 
Significant differences between telephone group and usual care group (p≤0.05)

■■ �Aerobic fitness 
Exercise (face-to-face): –9.0; 95% CI: –12.9 to –5.2; p≤0.05 
Exercise (telephone): –6.3; 95% CI: –10.2 to –2.4; p≤0.05 
Usual care group: 2.7; 95% CI: –3.0 to 8.4 
Face-to-face group experienced clinically meaningful change over time. 
Significant differences were found between the face-to-face and telephone groups compared with the usual-care group, p≤0.05

■■ �Strength and endurance 
Exercise (face-to-face): 7.3; 95% CI: 6.7 to 7.9; 9.2; 95% CI: 8.6 to 9.8 
Exercise (telephone): 6.8; 95% CI: 6.1 to 7.5; 8.3; 95% CI: 7.8 to 8.8 
Usual care: 6.3; 95% CI: 5.4 to 7.2; 8.0; 95% CI: 7.1 to 9.0 
All values statistically significantly different for time and group effect, p<0.05

Adverse Events:  No adverse effects, events, or lymphedema were found.
Comments: 

■■ Scheduled sessions with exercise physiologist were completed by 88% of face-to-face group and 81% of telephone group.
■■ Intervention goal of increasing total physical activity was not met by 25% of face-to-face and telephone groups between measures.
■■ �In the usual-care group, 66% participated in 180 minutes or more of activity weekly, or increased their activity by 30 minutes 

weekly, or both.

Rogers et al., 201331 7 Exercise intervention, 8 control group Head-and-neck cancer Adults receiving radiation

Intervention:  Resistance exercise in 2 weekly supervised sessions for 6 weeks, and 2 weekly home-based sessions;  
9 different exercises using resistance bands and increasing in repetitions and band thickness as strength increased

Frequency and Duration:  1 hour 2 times weekly for 12 weeks

Measures:  Quality of life scores (FACT-G) at baseline and at 6 and 12 weeks

Main Findings: 
■■ �Quality-of-life score 

Exercise: 73.8±14.8; 66.8±18.4; 70.6±18.2 
Control: 90.4±10.8; 76.0±16.0; 84.6±13.8 
Difference between groups 
Baseline to 6 weeks: 7.4±14.2, d=0.52 
Baseline to 12 weeks: 6.6±16.9, d=0.39

Adverse Events:  No serious adverse events occurred related to resistance exercise, but 3 unrelated events occurred.

Comments: 
■■ Very small sample size
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Active treatment continued

Samuel et al., 201330 24 Exercise intervention, 24 usual care Head-and-neck cancer Adults receiving CTx

Intervention:  Brisk walking 15–20 minutes at 3–5 rate of perceived exertion, and active weight program for major muscle groups  
of upper and lower limbs at 3–5/10 rate of perceived exertion; 8–10 repetitions for 2–3 sets

Frequency and Duration:  5 Times weekly for 6 weeks

Measures:  Quality of life scores (SF-36 mental component summary) and aerobic capacity (6-minute walk distance in metres)

Main Findings: 
■■ �Quality of life score 

Exercise: 11.73% increase 
Usual care: 75.21% decrease 
Significant difference between groups, p<0.001

■■ �Aerobic capacity 
Exercise: 42 m increase 
Usual care: 96 m decrease 
Significant difference between groups, p<0.001

Adverse Events:  None were found.

Comments: 
■■ Adherence not measured.

Santa Mina et al., 201329 32 Aerobic exercise intervention,
34 resistance exercise intervention

Prostate cancer Adults receiving ADT

Intervention:  Moderate- to vigorous-intensity home-based sessions, plus 1.5-hour group-based booster sessions every other week  
(12 sessions)

■■ Aerobic group: Any modality of aerobic exercise available at 60%–80% maximum heart rate, with progression (focused on walking)
■■ �Resistance training group: 2–3 Sets of 8–12 repetitions at an intensity of 60%–80%, 1 repetition maximum, with resistance bands, 

exercise mat, and stability ball

Frequency and Duration:  30–60 minutes, 3–5 days weekly for 6 months

Measures:  Quality of life scores (FACT-P and PORPUS), aerobic capacity (VO2Peak in millilitres per kilogram per minute)  
and grip strength (in kilograms) at baseline and at 6 months (reported as mean with standard error)

Main Findings: 
■■ �Quality-of-life score (FACT-P) 

Aerobic: 123.9±3.2; 124.2±3.2 
Resistance: 119.3±3.6; 117.4±4.1 
Difference between groups: p=0.935

■■ �Quality-of-life score (PORPUS) 
Aerobic: 67.3±2.0; 65.8±2.1 
Resistance: 62.2±2.0; 62.3±2.2 
Difference between groups: p=0.625

■■ �Aerobic capacity 
Aerobic: 25.1±1.8; 27.9±2.0 
Resistance: 28.4±1.6; 30.5±1.6 
Difference between groups: p=0.565

■■ �Grip strength 
Aerobic: 63.9±2.6; 64.5±2.7 
Resistance: 69.6±2.0; 68.9±2.3 
Difference between group: p=0.865

Adverse Events:  There were no serious adverse events related to exercise interventions beyond the expected muscle soreness  
associated with novel exercise.

Comments: 
■■ �Aerobic group attended 16.4% of booster sessions; 27 participants did not attend any such session.  

Resistance group attended 5.5% of sessions; 22 did not attend any.
■■ Log books not completed effectively.
■■ No control group
■■ Small sample size
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Active treatment continued

Stigt et al., 201328 23 Exercise intervention, 26 usual care NSCLC Adults 4 weeks
after thoracotomy

Intervention:  Cycling between 60% and 80% of peak cycling load plus muscle training

Frequency and Duration:  1 hour 2 times weekly for 3 months

Measures:  Quality of life scores (SF-36, general health) and aerobic capacity (6-minute walk test, metres)

Main Findings: 
■■ �Quality-of-life score 

No significant difference between exercise and usual care groups
■■ �Aerobic capacity 

Exercise: 35 m increase 
Usual care: 59 m decrease 
Significant difference between groups, p=0.024

Adverse Events:  Not reported

Comments: 
■■ High dropout rate
■■ Conclusion: waiting 3–4 months may be better
■■ Increase in exercise tolerance caused more pain and physical limitations
■■ In exercise group, only 33% of patients on ACT completed the program; 83% of patients not on ACT completed it

Backman et al., 201426 35 Exercise intervention, 36 usual care Breast or colorectal cancer Adults

Intervention:  To walk 10,000 steps daily, plus 1 group walk for 1 hour each week; usual-care group was provided with  
information on physical activity

Frequency and Duration:  1 Time daily for 10 weeks

Measures:  Quality of life score (EORTC QLQ-C30) at baseline and at 10 weeks

Main Findings: 
■■ �Quality-of-life score 

Exercise: 64.4±17.7; 59.1±18.2 
Usual care: 62.9±19.1; 56.7±24.3 
No significant difference between groups at the observed time points (p=0.881)

Adverse Events:  Not reported

Comments: 
■■ Average of 91% adherence during intervention period
■■ Exercise intervention completed by 74% of participants
■■ Of the participants, 34% reached the goal of 10,000 steps every week
■■ The EORTC QLQ-BR23 (breast cancer specific) found a significant difference of p=0.045 between groups.

Bourke et al., 201425 50 Exercise intervention, 50 usual care Advanced prostate cancer Adults on long-term ADT

Intervention:  Supervised aerobic and resistance exercise (aerobic: 30 minutes at 55%–75% of age-predicted maximum heart rate; 
resistance: training of major muscle groups), plus, in weeks 1–6, do 1 self-directed exercise session, and in weeks 7–12,  
do 2 self-directed exercise sessions

Frequency and Duration:  2 Times weekly for weeks 1–6, 1 time weekly for weeks 7–12

Measures:  Mean difference in quality-of-life score (FACT-P) at 12-weeks and 6-months

Main Findings: 
■■ 12 Weeks: 8.9 points; 95% CI: 3.7 to 14.2 (adjusted p=0.001)
■■ 6 Months: 3.3 points; 95% CI: 2.6 to 9.3 (adjusted p=0.27)

Adverse Events:  One man in the intervention arm developed atrial fibrillation, and 1 death occurred in the usual care arm.  
No skeletal-related adverse events occurred during follow-up.

Comments: 
■■ Adherence was 94% for the supervised exercise sessions.
■■ Participants performed 82% of the prescribed independent exercise sessions over the first 12 weeks.
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Active treatment continued

Oechsle et al., 201424 24 Exercise intervention, 24 usual care Acute myeloid leukemia Adults undergoing
myeloablative CTx
and high-dose CTx

Intervention:  Individually supervised, with ergometer training (10–20 minutes) and strength exercises for major muscle groups 
(20 minutes) 5 times weekly while in hospital. Control group received no specific physical training, but were allowed to undergo 
physiotherapy as medically indicated.

Frequency and Duration:  5 Times weekly for duration of hospitalization (median duration: 21 days; range: 16–33 days)

Measures:  Quality-of-life score (EORTC QLQ-C30, overall score for physical functioning)

Main Findings: 
■■ �Quality-of-life score 

Exercise: 50 
Usual care: 50 
Between-group difference: p=0.66

Adverse Events:  No adverse events were found.

Comments: 
■■ No comparison for muscle strength
■■ Small sample size
■■ No significant difference for physical function in quality of life

Cormie et al., 201523 32 Exercise intervention, 31 usual care Prostate cancer Adults receiving ADT

Intervention:  Supervised group sessions involving moderate- to high-intensity aerobic (70%–85% maximum heart rate)  
and resistance exercises involving major muscle groups. Sessions were progressive, and participants were encouraged to  
supplement with home-based moderate-intensity aerobic exercise for at least 150 minutes. The usual-care group was  
offered the program after the study was completed.

Frequency and Duration:  1 Hour twice weekly for 3 months plus home-based 150 minutes weekly

Measures:  Quality-of-life score (SF-36 mental component summary) and aerobic capacity (VO2Peak in millilitres per kilogram per 
minute) and quadriceps strength (leg press, 1 repetition maximum, kilograms) scores at baseline and at 3 months

Main Findings: 
■■  �Quality-of-life score 

Exercise: 54.1±7.9; 56.0±6.3 
Usual care: 53.1±10.0; 51.8±9.6 
Difference between groups: p=0.022

■■ �Aerobic capacity score 
Exercise: 22.1±3.5; 22.7±3.8 
Usual care: 23.2±3.4; 22.7±3.6 
Difference between groups: p=0.004

■■ �Leg press score 
Exercise: 134.3±50.0; 157.9±52.9 
Usual care: 143.6±52.4; 141.7±9.6 
Difference between groups: p<0.001

Adverse Events:  No adverse events occurred.

Winters-Stone et al., 201522 29 Exercise intervention, 22 control group Prostate cancer Adults receiving ADT

Intervention:  Two supervised resistance training sessions with free weights, and one home-based resistance band session weekly; 
control group did stretching exercises

Frequency and Duration:  3 Times weekly for 12 months

Measures:  Quality-of-life score (EORTC QLQ-C30, physical functioning) and quadriceps strength  
(leg press, 1 repetition maximum, kilograms) at baseline and at 6 and 12 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 87.5±14.3; 92.2±11.7; 93.3±9.0 
Control: 89.7±15.3; 82.4±20.1; 86.7±20.7 
Difference between groups at 6 months: p<0.01 
Difference between groups at 12 months: p<0.01

■■ �Leg press score 
Exercise: 121.3±33.5; 137.5±44.3; 142.4±52.2 
Control: 119.9±30.3; 121.8±33.4; 120.8±30.6 
Difference between groups at 6 months: p=0.03 
Difference between groups at 12 months: p=0.01

Adverse Events:  No study-related injuries occurred.

Comments: 
■■ Retention in the study was 84% (90% in the exercise group and 75% in the control group).
■■ Median attendance to supervised classes was 84% in the resistance group.
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Post treatment

Anderson et al., 201238 52 Exercise intervention, 52 usual care Stages I–III breast cancer Adult women

Intervention:  RESTORE (centre-based tailored moderate exercise program, with assessments at baseline  
and at 6, 9, 12, 15, and 18 months):

■■ 0–3 Months: 2 Times weekly for 60 minutes; 20 minutes resistance training, and 30 minutes walking
■■ 4–6 Months: Option for home-based, 1 time weekly at centre
■■ 7–12 Months: Exercise at home or facility

Frequency and Duration:  65 Minutes 2 times weekly for 12 months

Measures:  Mean quality-of-life scores (FACT-B) at baseline and at 18 months, and mean aerobic capacity  
(6-minute walk test in metres) at 18 months

Main Findings: 
■■ �Quality-of-life score (mean and standard deviation) 

Exercise: 102.6±16.9; 115.8±1.6 
Usual care: 103.7±22.1; 114.4±2.5 
No significant differences between groups: p=0.57

■■ �Aerobic capacity (mean and standard error)  
Exercise: 593.2±13.0 
Usual care: 558.9±11.8 
The exercise group walked significantly further: p=0.0098

Adverse Events:  39 Adverse events occurred (7 serious), but only 2 events were deemed study-related  
(pectoral muscle pain and stress fracture in foot).

Comments: 
■■ Primarily examined exercise-induced lymphedema
■■ Of the participants, 71.2% completed all prescribed sessions (0%–97%).
■■ Of the participants, 61% attended more than 75% of the sessions; 13% attended fewer than 50% of the sessions.

Saarto et al., 201240 263 Exercise intervention,
237 usual care

Breast cancer Pre- or postmenopausal
survivors

Intervention:  12 Months of step aerobics and circuit training (BREX) in supervised 60-minute sessions (1 time weekly),  
and at home (2 times weekly), with a rate of perceived exertion of 14–16 (or approximately 86%–92% maximum heart rate  
or 76%–85% of VO2Max) and 5–7 METs

Frequency and Duration:  60 Minutes 3–4 times weekly for 12 months

Measures:  Quality-of-life scores (EORTC QLQ-C30) and aerobic capacity (2-minute walk test in metres),  
evaluating the difference from baseline to 12 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 4.2; 95% CI: 1.9 to 6.6 
Usual care: 5.6; 95% CI: 3.1 to 8.1 
No significant difference between groups: p=0.43

■■ �Aerobic capacity 
Exercise: –0.89; 95% CI: –1.03 to –0.76 
Usual care: –0.72; 95% CI: –0.85 to –0.58 
No significant difference between groups: p=0.15

■■ �For all participants, a significant linear trend between higher physical activity (increase in METs per week)  
and improved quality of life was observed (p=0.011)

Adverse Events:  Adverse events were not reported.

Comments: 
■■ Adherence for supervised weekly training sessions was 62%.
■■ Of the participants, 88% trained for a mean of 3.2 hours weekly.
■■ Median number of training sessions was 3.8 weekly.
■■ Very active usual-care group; therefore, no difference between groups was observed.
■■ �The exercise group increased physical activity by 3.10 MET–hours weekly. The usual-care group increased physical activity  

by 3.57 MET–hours weekly (approximately 17%). Increases in both groups were similar (p=0.97). All participants were also  
very active before the study.

■■ Questionnaire was not sensitive enough (for patients, not survivors).
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Post treatment continued

Schmidt et al., 201250 15 Exercise intervention, 18 usual care Breast cancer Adult patients

Intervention: 
■■ �Exercise group: Strength endurance training based on training load of hypothetical maximum force test (1 repetition maximum)  

set at 50%; a training plan was developed for each participant, with 20 repetitions during 1 training set or device (11 devices)
■■ Usual-care group: Weekly conventional gymnastics exercises, such as chair or floor exercises

Frequency and Duration:  1 hour 1 time weekly for 6 months

Measures:  Quality-of-life scores (EORTC QLQ-C30) at baseline and at 3 and 6 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 59±16.6; 67±19.9; 76±12.9; p<0.01 
Usual care: 67±17.2; 75±18.0; 77±15.3; p<0.01 
No significant difference between groups

Adverse Events:  Adverse events were not reported.

Comments: 
■■ Usual-care group in this study used conventional exercise gymnastics.

Yeo et al., 201235 54 Exercise intervention, 48 usual care Pancreatic and periampullary cancer Adult patients

Intervention:  Every Step Counts (home walking program), with monthly diary and monthly telephone call, involving warm-up,  
brisk walking, and cool down (low-to-moderate intensity):

■■ Month 1: 5 Minutes, 10 minutes, 5 minutes
■■ Month 2: 5 Minutes, 20 minutes, 5 minutes
■■ Month 3: 5 Minutes, 25–30, minutes 5 minutes

Frequency and Duration:  3–5 Times weekly for 3 months

Measures:  Quality-of-life scores (SF-36 mental component summary) at baseline and at 3 months

Main Findings: 
■■ �Exercise: 45; 51 

Usual care: 44; 48 
Significant difference between groups: p≤0.05

Adverse Events:  Adverse events were not reported.

Comments: 
■■ Of the participants, 79 completed the study at final follow-up (19 months).
■■ Adherence not measured.

Broderick et al., 201347 23 Exercise intervention, 20 usual care Cancer Adults who completed  
therapy 2–6 months earlier

Intervention:  Aerobic-based group sessions, plus home exercise program, working up to 75% of heart rate reserve; incremental 
increases in time for brisk walking at home 3–5 times weekly (usual-care group was offered an exercise program after study completion)

Frequency and Duration:  2 Times weekly plus brisk walking for 8 weeks

Measures:  Quality-of-life scores (FACT-G total score) and aerobic capacity (VO2Peak in millilitres per kilogram per minute) at baseline 
and at 2 and 3 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 86.2±14.8; 90.0± 12.5; 92.1±14.0 
Usual care: 91.6±7.5; 95.4±11.3; 93.3±19.0 
No significant difference between groups at time points: p=0.94, p=0.37

■■ �Aerobic capacity 
Exercise: 19.7; 24.1; 22.8 
Usual care: 19.1; 20.2; 20.4 
No significant difference between groups at time points: p=0.14, p=0.61

Adverse Events:  None found

Comments: 
■■ Of the participants, 60.9% attended more than 70% of group exercise classes and 78.3% met home exercise program guidelines
■■ Participants had very low fitness levels at start



EXERCISE FOR PEOPLE WITH CANCER, Segal et al.

e307Current Oncology, Vol. 24, No. 4, August 2017 © 2017 Multimed Inc.

TABLE VI  Continued

Reference Sample size Diagnosis Population

Post treatment continued

Cormie et al., 201339 22 High-load resistance exercise  
intervention, 21 low-load resistance  
exercise intervention, 19 usual care

Breast cancer Adult women
with cancer-related

lymphedema

Intervention:  6–10 Repetitions maximum (75%–85% of 1 repetition maximum) for the high-load group or 15–20 repetitions maximum 
(55%–65% of 1 repetition maximum) for the low-load group (usual-care group was offered an exercise program after study completion)

Frequency and Duration:  1 hour, 2 times weekly for 3 months

Measures:  Quality-of-life scores (SF-36 mental component summary), evaluating change in scores (mean with standard error)

Main Findings: 
■■ �Quality-of-life score  

High-load exercise: 2.9±1.7 
Low-load exercise: 6.6±1.6 
Usual care: 1.7±1.7 
No significant difference between groups, p=0.195

■■ �Significant difference between exercise groups and usual-care group for muscle endurance for chest press and seated row,  
but not for leg press and grip strength in affected arm.

Adverse Events:  No lymphedema exacerbations or other adverse events occurred.

Comments: 
■■ Change to the extent of swelling during the 3-month intervention did not differ between groups.
■■ Significant difference between groups for SF-36 physical functioning.

Cormie et al., 201345 10 Exercise intervention, 10 usual care Prostate cancer Adults with bone metastases

Intervention:  Resistance-based exercises of major muscle groups with an exercise specialist in groups of 1–5  
(usual-care group was offered an exercise program after study completion)

Frequency and Duration:  1 Hour 2 times weekly for 12 weeks

Measures:  Quality-of-life scores (SF-36 mental component summary) at baseline and 3 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 44.1±10.1; 42.6±12.9 
Usual care: 43.5±7.2; 43.9±11.4 
No significant difference between groups: p=0.475

Adverse Events:  No adverse events or skeletal complications occurred during the supervised exercise sessions.

Comments: 
■■ High attendance (83%) and compliance rates (93%)

Ergun et al., 201351 20 Supervised exercise, 20 home exercise,
20 education only

Breast cancer Adult female patients

Intervention:  Supervised exercise: aerobic exercise plus resistive exercise (upper and lower limb exercises with flexible band,  
moderate intensity, and brisk walking under the supervision of a specialist doctor); home exercise: brisk walking at home,  
moderate intensity, plus weekly telephone calls

Frequency and Duration: 
■■ Group 1: 45 Minutes 3 times weekly for 12 weeks, plus brisk walking for 30 minutes daily, 3 times weekly for 12 weeks
■■ Group 2: 30 Minutes 3 times weekly for 12 weeks
■■ All groups: 30-Minute education program

Measures:  Quality-of-life scores (EORTC QLQ-C30) at baseline and 12 weeks

Main Findings: 
■■ �Supervised exercise: 67.91±16.5; 74.16±18.7; p=0.038 

Home exercise: 61.24±23.3; 68.97±21.2; p=0.489 
Control (education only): 74.58±23.5; 67.9±16.7; p=0.265 
No significant difference between groups: p=0.085

Adverse Events:  No adverse effects, events or safety failures were found.

Comments: 
■■ Primary objective was to look at angiogenesis and apoptosis-related molecules.
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TABLE VI  Continued

Reference Sample size Diagnosis Population

Post treatment continued

Lønbro et al., 201342 20 Early exercise intervention,
21 delayed exercise intervention

Head-and-neck cancer Adults after radiotherapy

Intervention:  Progressive resistance training and self-chosen physical activity supervised 2–3 times, then left on own;  
telephone calls every 2 weeks to deal with training-related issues

Frequency and Duration:  30 Sessions in 12 weeks

Measures:  Quality-of-life scores (EORTC QLQ-C30), evaluating change from baseline to 12 weeks

Main Findings: 
■■ �Quality-of-life score 

Early exercise group: 19±14 
Delayed exercise group: 6±12 
Between-group difference: p<0.05

Adverse Events:  None found.

Comments: 
■■ Delayed group: 10 of 15 patients returned their training logs. Based on those patients, the mean training adherence rate was 98%.
■■ Early group: 17 of 19 patients returned their training logs. Based on those patients, the mean training adherence rate was 91%.

Midtgaard et al., 201344 108 Exercise intervention,
106 health evaluation program

Cancer Adult patients

Intervention:  Supervised progressive training: high-intensity aerobic interval training and resistance training of major muscle groups, 
plus counselling sessions (PACT)

■■ Goal was to have participants exercise at least 3 hours weekly.
■■ �The heath evaluation group had 3 health evaluation sessions that included feedback after fitness testing and education  

about the health benefits of regular exercise.

Frequency and Duration:  90 Minutes 1 time weekly for 12 months

Measures:  Quality of life scores (EORTC QLQ-C30), aerobic capacity (VO2Peak in millilitres per minute), and quadriceps strength  
(leg press in kilograms) mean at baseline and at 12 months

Main Findings: 
■■ �Exercise: 67.21; 95% CI: 62.70 to 71.56; 84.53; 95% CI: 80.27 to 88.36 

Control: 67.16; 95% CI: 62.65 to 71.52; 81.17; 95% CI: 76.78 to 85.19 
Treatment effect ratio: 1.04; 95% CI: 0.95 to 1.14; p=0.276

■■ �Aerobic capacity 
Exercise: 1.97; 95% CI: 1.89 to 2.05; 2.34; 95% CI: 2.24 to 2.44 
Control: 1.99; 95% CI: 1.91 to 2.08; 2.28; 95% CI: 2.18 to 2.38 
Treatment effect ratio: 1.04; 95% CI: 1.00 to 1.07; p=0.032

■■ �Quadriceps strength 
Exercise: 81.76; 95% CI: 76.34 to 87.57; 109.68; 95% CI: 101.98 to 117.97 
Control: 84.54; 95% CI: 78.89 to 90.60; 92.84; 95% CI: 86.38 to 99.77 
Treatment effect ratio: 1.22; 95% CI: 1.15 to 1.30; p<0.001

Adverse Events:  Six participants in the PACT group developed lymphedema, but continued to follow the progressive resistance training 
without exacerbation of symptoms.

Comments: 
■■ Adherence to the weekly-supervised exercise training sessions was 66.6%.
■■ Heart rate during supervised exercise sessions was 77%±7% of the measured heart rate maximum.
■■ Significant improvements in physical activity occurred in the control group.
■■ High attrition rate: 24% in control group; 32% in exercise group
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Post treatment continued

Pinto et al., 201346 20 Exercise intervention, 26 usual care Stages I–III colorectal cancer Adults

Intervention:  Weekly calls, physical acivity counselling, home logs, and a pedometer, then monthly calls for 3 months;  
start at 10 minutes daily for 2 days weekly, reaching 30 minutes daily for 5 days weekly (brisk walking or use of home exercise 
equipment at 64%–76% of estimated maximum heart rate)

Frequency and Duration:  Start: 2 times weekly; end: 5 times weekly for 12 weeks

Measures:  Quality-of-life scores (FACT-C) and aerobic capacity (VO2Peak in millilitres per kilogram per minute) at baseline  
and at 3, 6, and 12 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 105.3; 111.3; 111.7; 110.7 
Usual care: 105.3; 110.8; 108.7; 110.6 
No significant difference

■■ �Aerobic capacity 
Exercise: 22.97; 27.65; 28.43; 27.06 
Usual care: 22.97; 23.71; 24.36; 22.12 
Significant difference between groups at time points: p=0.017 at 3 months, p=0.017 at 6 months, and p=0.002 at 12 months

Adverse Events:  Adverse events were not reported.

Comments: 
■■ �7-Day physical activity recall showed that, compared with the usual-care group, the exercise group exercised significantly more  

at 3 months but not at 6 and 12 months.
■■ No real exercise program.
■■ Primary outcome was increase in physical activity, with an emphasis on behavioural counselling.

Brocki et al., 201452 41 Exercise intervention,  
37 control group

Lung cancer Adult patients,
surgically resected

Intervention:  Supervised, group-based exercise training sessions that included aerobic exercises with a target intensity of  
60%–80% of work capacity and resistance training (both groups were given home exercise instructions and training diaries)

Frequency and Duration:  1 hour 1 time weekly for 10 weeks

Measures:  Quality of life scores (SF-36 version 2, mental component summary) and aerobic capacity (6-minute walk test, metres)  
at baseline, with change score at 4 months and 1 year

Main Findings: 
■■ �Quality-of-life score 

Exercise: 45.67; 4.4; 5.33 
Control: 44.88; 5.4; 9.6 
Between-group difference at 4 months: p=0.99 
Between-group difference at 1 year: p=0.27

■■ �Aerobic capacity 
Exercise: 427 m; 61 m; 65 m 
Control: 407 m; 55 m; 60 m 
Between-group difference at 4 months: p=0.57 
Between-group difference at 1 year: p=0.93

Adverse Events:  None found

Comments: 
■■ In the control group, 43% regularly exercised at home or joined an exercise program.
■■ In the exercise group, 43% reported exercising at home at least 2 times weekly.
■■ Supervised only once weekly.
■■ Lost in follow-up: 43% of exercise group and 13% of control group
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Post treatment continued

Galvao et al., 201441 50 exercise intervention,
50 control group

Prostate cancer Adults previously treated
with ADT and radiation

(>5 years)

Intervention:  Combined supervised progressive group resistance training of major muscle groups and 20–30 minutes cardiovascular 
exercises at 70%–85% maximum heart rate, plus two aerobic exercise sessions at home each week; control group received printed 
materials about physical activity and a pedometer

Frequency and Duration:  4 Times weekly for 6 months, then home-based sessions for months 7–12

Measures:  Quality of life scores (SF-36 version 2, mental component summary), aerobic capacity (400 m walk time in seconds),  
and quadriceps strength (leg extension in kilograms) at baseline and at 6 and 12 months

Main Findings: 
■■ �Quality-of-life score 

Exercise: 50.3±9.6; 51.6±6.6; 51.2± 7.5 
Control: 47.4±10.4; 47.1±9.5; 48.7±9.5 
Between-group difference at 6 months: p=0.025 
Between-group difference at 12 months: p=0.649

■■ �Aerobic capacity 
Exercise: 288.0±7.6; 269.4±8.4; 270.4± 7.3 
Control: 276.5±7.6; 279.4±8.4; 274.1±7.3 
Between-group difference at 6 months: p=0.029 
Between-group difference at 12 months: p=0.028

■■ �Quadriceps strength 
Exercise: 50.7±3.0; 59.3±3.0; 56.6±2.8 
Control: 51.0±2.9; 49.9±2.9; 50.2±2.8 
Between group difference at 6 months: p<0.001 
Between group difference at 12 months: p=0.011

Adverse Events:  One participant with pre-existing back pain, and one with pre-existing knee injury withdrew from exercising;  
one died from lung cancer, and one had a nonfatal myocardial infarction.

Comments: 
■■ Physical activity recommendations given to the control group (should do more than 150 minutes of moderate activity weekly)

Porserud et al., 201453 9 Exercise intervention,
9 usual care

Urinary bladder cancer Adults after  
radical cystectomy

Intervention:  Supervised group strength and endurance training for lower extremities, such as walking and strengthening exercises, 
balance, mobility, and stretching exercises; participants were also instructed to take self-paced walks for at least 15 minutes 3–5 days 
weekly. The usual-care group was offered the program after the study was completed.

Frequency and Duration:  45 minutes 2 times weekly for 12 weeks, plus 15 minute walks 3–5 times weekly

Measures:  Quality-of-life scores (SF-36 mental health component) and aerobic capacity (6-minute walk test),  
evaluating increase from baseline to 12 weeks and from 12 weeks to 1 year

Main Findings: 
■■ �Quality-of-life score 

Exercise: 5.6±10.0; 2.4±5.6 
Usual care: 2.1±16.0; 0.4±8.1 
Difference between groups after training: p=1.00 
Difference between groups at 1 year: p=0.67

■■ �Aerobic capacity 
Exercise: 112.9±40.1; 23.8±8.2 
Usual care: 62.8±26.3; –19.2±15.3 
Difference between groups after training: p=0.013  
Difference between groups at 1 year: p=0.010

Adverse Events:  None attributable to the intervention were reported.

Comments: 
■■ Small sample size
■■ Many dropouts
■■ Exercise group attended 76%±67%–95% of group exercise sessions and took daily walks 87%±56%–100% of the days.
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Immediately postoperative

Arbane et al., 201427 64 Exercise intervention, 67 usual care NSCLC Adults after curative surgery

Intervention:  1 30-minute daily cycle strength and mobility training days 1–5 post-op, and home-based walking program with weekly 
telephone call to encourage continued 30 minutes of walking daily (walking and strength training adapted to the patient)

Frequency and Duration:  1 Time daily for 1–5 days; when at home, 1 time daily (30 minutes of walking for 4 weeks)

Measures:  Quality-of-life scores (SF-36, EORTC QLQ-LC13) and quadriceps strength (kilograms force)

Main Findings: 
■■ �Quality-of-life score: 

No significant differences between groups from baseline to 4 weeks after surgery.
■■ �Quadriceps strength: 

A significant difference in muscle strength was found between the groups at the 4-week postoperative assessment (p=0.04).  
No other significant differences were found.

Adverse Events:  There were complications from surgery, but no other adverse events were reported.

Comments: 
■■ The inpatient goals were not met because of short stay or discomfort.
■■ An airflow obstruction sub-analysis found a significant difference between groups for quality of life (p=0.01).

Arbane et al., 201137 27 Exercise intervention,
26 usual care

NSCLC Adults referred for lung  
resection by open  

thoracotomy or visually  
assisted thoracotomy

Intervention:  Strength and mobility training 2 times daily on days 1–5 postoperatively, and 12-week home-based program with 3 visits 
(once monthly) to encourage continued use of exercise program (walking and strength training adapted to patient, reaching 60%–80% of 
maximal heart rate)

Frequency and Duration:  5–10 Minutes to start, then adapted to individual 2 times daily for 5 days post surgery, and then for 12 weeks

Measures:  12-Week change in quality-of-life scores (EORTC QLQ-C30, global health score), and change in mean aerobic fitness 
(6-minute walk test in metres) and in mean quadriceps strength (magnetic stimulation of femoral nerve, kilograms) preoperatively,  
5 days postoperatively, and at 12-week follow-up

Main Findings: 
■■ �Quality-of-life score 

Exercise: 6.5; 95% CI: –7.7 to 20.7 
Usual care: 2.2; 95% CI: –5.2 to 9.6 
No significant difference were observed over time or between groups.

■■ �Mean aerobic fitness 
Exercise: 466.6±102.1; 336.7±84.1; 480.2±110.0 
Usual care: 455.7±98.0; 308.7±124.8; 448.2±95.1 
Repeated measures analysis, overall within-subject time effect: p<0.001; group effect, p=0.47 
Preoperatively to 5 days postoperatively (paired t-tests): inter-subject group time effect: p=0.89

■■ �Mean quadriceps strength 
Exercise: 33.2±15.2; 37.6±27.1; 34.2±9.4 
Usual care: 29.1±10.9; 21.5±7.7; 26.4±9.7 
Repeated measures analysis within-subject time effect: p=0.70 
Preoperatively to 5 days postoperatively inter-subject group effect: p=0.04

Adverse Events:  Adverse events were not reported.

Comments: 
■■ No adherence information
■■ No clear intervention information after 5 days postoperatively
■■ Some loss to follow-up
■■ �Many participants could not complete the quadriceps strength measures because of metal implants, and many did not repeat the 

quadriceps strength measures.

FACT-B[+4]  = Functional Assessment of Cancer Therapy–Breast [patients with lymphedema]; CI  = confidence interval; CTx  = chemotherapy; 
FACT-G = Functional Assessment of Cancer Therapy–General; SF-36 = Short Form (36) Health Survey; VO2 = volume of oxygen; ADT = androgen 
deprivation therapy; FACT-P = Functional Assessment of Cancer Therapy–Prostate; PORPUS = Patient Oriented Prostate Utility Scale; ACT = Adjuvant 
chemotherapy; EORTC = European Organisation for Research and Treatment of Cancer; QLQ-C30 = 30-question quality-of-life survey; QLQ-BR23 = 
23-question breast cancer–specific quality-of-life survey; MET = metabolic equivalents; PACT = Physical Activity after Cancer Treatment; FACT-C = 
Functional Assessment of Cancer Therapy–Colorectal; QLQ-LC13 = 13-question module for lung cancer trials.
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nine6–9,13,15,16,19,21 made no mention of adverse events, 
two10,48 indicated that no adverse events were reported in 
the studies, and six12,14,17,18,20,49 indicated that adverse events 
had been reported in studies, but did not provide informa-
tion about the events. One systematic review20 found that 
cardiopulmonary exercise testing was a safe, noninvasive 
method to measure cardiopulmonary fitness in people 
living with cancer, both during and after treatment.

Seventeen rcts22–24,27,29,30–33,37,39,42,45,47,51–53 found that 
no adverse events or side effects were attributable to the 
exercise program. Seven26,28,34,35,40,46,50 did not report on 
adverse events at all. Three rcts25,41,44 reported adverse 
events that were deemed not to be related to the interven-
tion; two36,38 reported events that were attributable to the 
intervention (3 patients experienced muscle soreness, and 
2 experienced musculoskeletal injury).

Delivery Models and Supervised Settings
Four systematic reviews8,11,15,49 detected a greater and 
more consistent benefit of exercise for qol and muscular 
and aerobic fitness when the intervention was offered in a 
group or supervised setting compared with a home-based 
or unsupervised setting (Table v). Two rcts32,36 compared 
various settings for interventions and found that the ben-
eficial effects were greater when exercise was supervised, 
either in groups or by telephone. One rct40 found a signifi-
cant linear trend between an increase in weekly metabolic 
equivalents of task performed and an improved qol score 
for all patients in the study.

Intensity Levels and Types of Exercise
Intensity Levels:  Three systematic reviews6,11,18 stud-
ied exercise intensity levels and found that studies of 
longer length (more weeks) and those that included at 
least moderate-intensity exercise were associated with 
improved qol and muscular and aerobic fitness (Table v). 
Another systematic review19 that evaluated interventions 
with positive results for qol found that moderate-intensity 
aerobic exercise programs used in those interventions 
resulted in a benefit for qol (Table v). Two rcts33,39 com-
pared various exercise intensity levels and found improve-
ments in muscular endurance and aerobic capacity for 
the higher-intensity groups (Table vi). One rct40 found, 
for all participants, a significant linear trend between 
an increase in weekly energy expenditure or metabolic 
equivalents of task performed and an improved qol score 
(Table vi).

Resistance Training:  Focht et al.12 analyzed only re-
sistance exercise interventions used in fifteen studies in 
both active- and post-treatment patients, finding a small 
and meaningful increase in effect size for qol (Cohen d = 
0.25; range: –0.72 to 1.14). In a systematic review, Cramer 
et al.10 examined resistance training in three studies with 
colorectal cancer patients, finding that resistance training 
improved colorectal cancer–specific qol. Strasser et al.48 
looked at both active- and post-treatment groups in four 
rcts that compared a resistance training group with a 
non-exercise group and that measured qol (five other rcts 
examined muscle strength): two rcts detected a significant 
effect of resistance training for qol (compared with usual 

care), and two rcts detected a trend for improved qol in 
the resistance training group.

Five rcts22,31,39,42,45 used resistance training alone for 
their exercise intervention. Winters-Stone et al.22 and Lon-
bro et al.42 both found a significant difference in qol for the 
exercise group (p < 0.01 and p < 0.05 respectively). Rogers et 
al.31 found a positive minimally important difference effect 
size of d = 0.52 at 6 weeks and d = 0.39 at 12 weeks. Cormie et 
al.39,45 did not find a significant difference between groups 
for qol in both of their rcts (p = 0.195, p = 0.475).

Aerobic Training:  Ferrer et al.11 found that aerobic activity 
intensity was a significant predictor of qol improvement as 
a quadratic trend (bivariate moderator analyses: β = 0.25, 
p = 0.03). Four rcts26,35,46,47 used only aerobic interventions. 
Three26,46,47 showed no significant differences between 
the intervention and control groups for qol, but in one35, 
paired pre–post t-tests showed a significant difference 
between groups on the Short Form-36 mental component 
summary (p ≤ 0.05).

Resistance Versus Aerobic Training:  Santa Mina et al.29 
compared aerobic and resistance training programs, both 
moderate-to-vigorous intensity and home-based. No dif-
ference in qol was found between the training groups.

Pre-exercise Assessment for Evaluation of the Effects of 
Disease Treatments or Comorbidities:  The American 
College of Sports Medicine’s guideline expert panel 
developed recommendations for pre-exercise medical 
assessments to help ensure patient safety and to guide 
exercise specialists with respect to an exercise program 
for people living with cancer43. One systematic review in 
the panel’s literature review20 found that cardiopulmo-
nary exercise testing is a safe, noninvasive method for 
measuring the cardiopulmonary fitness of people living 
with cancer, both during and after treatment. No rct in 
the literature review reported any adverse events during 
pre-screening or baseline assessments before initiation 
of the study intervention22–42,44–47,50–53.

DISCUSSION

Safety, QOL, and Muscular and Aerobic Capacity
Outcomes of importance to the current guideline included 
safety, qol, and aerobic and muscular fitness. Numerous 
studies provide evidence that supports an improvement 
in qol for patients participating in the interventions. The 
published guidelines concluded that exercise is safe for 
people with cancer. Exercise is beneficial for enhancing 
qol and aerobic and muscular fitness. As with any exercise 
intervention in an adult population, harm or adverse events 
can occur, but a cancer diagnosis or its therapy does not 
exert a negative influence.

Exercising in Group or Supervised Setting
Studies detected a greater and more consistent benefit 
when the intervention occurred in a group compared 
with a home (individual) setting. Several systematic 
reviews assessed the components that were included in 
successful interventions, concluding that the positive 
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changes in group settings and supervised interventions 
are substantial.

Almost every intervention started in a supervised set-
ting. A supervised setting can provide not only motivation 
for an individual to perform exercise, but might also allow 
for an educational component—especially for individuals 
receiving resistance-type interventions. Safety and exer-
cise options would then both be optimized. Supervision 
can also allow individuals who might prefer to exercise 
outside a group setting to learn about their options and can 
ensure that exercise professionals have the opportunity to 
review and instruct people on how to safely perform or use 
a specific exercise modality.

Exercising at Moderate Intensity and Length  
of Intervention
No studies directly compared various intensities or lengths 
of exercise interventions for people with cancer. The sys-
tematic reviews detected a benefit for increasing intensities 
up to a moderate level (3–6 metabolic equivalents of task), 
but greater amounts of exercise did not necessarily further 
improve outcomes, including qol.

Longer interventions (18 weeks and ongoing) detected 
a benefit for qol as well as for aerobic and muscular fitness. 
Compared with high intensities, moderate intensities of ex-
ercise might be sustainable for a longer period and might en-
courage exercise to be continued throughout a person’s life.

The rcts were not conducted for a period adequate to 
study the long-term effects of exercise. Study lengths were 
associated with the funding and time available to complete 
the study rather than with the feasibility or sustainability 
of an exercise regimen.

Pre-exercise Assessment for Evaluation of Effects of 
Disease Treatments or Comorbidities
It is a standard recommendation that healthy adults in the 
general population undergo a fitness assessment before ini-
tiating exercise; people living with cancer should therefore 
also participate in a pre-exercise fitness assessment. The 
assessment should evaluate comorbidities and any possible 
latent effects from treatment that might alter a person’s 
ability to safely engage in exercise. Such an assessment 
also allows the exercise consultant to modify an exercise 
program, individualizing it for the person and giving con-
sideration to modifications of standard programs based on 
physical limitations or vulnerabilities.

The time and personnel required to perform a pre-
exercise assessment are acknowledged. However, such 
assessments can allow clinicians and people living with 
cancer to feel more safe and secure before an exercise 
regimen commences. Assessments can also ensure that 
individuals are aware of potential vulnerabilities con-
nected to their condition.

Implementation Considerations
Some of the issues identified here include concerns about 
the lack of exercise knowledge, funding, facilities, pro-
grams, qualified staff, and exercise specialists in cancer. 
Clinicians or health care professionals might be inexperi-
enced with exercise regimens, and pre-exercise screening 
for all cancer survivors could be difficult to achieve, given 

the additional time and personnel requirements. The type 
of activity and exercise will depend on the individual pa-
tient and his or her preferences, and the choice should be 
promoted as a part of rehabilitative recovery or the survi-
vorship phase of a treatment program.

Evidence Limitations
The present systematic review was conducted to provide 
a background and guidance for clinicians with respect to 
exercise for people living with cancer. It focuses on the 
benefits of specific types of exercise, pre-screening re-
quirements for new referrals, safety concerns, and delivery 
models. It covers all cancer types; aerobic and resistance 
exercise; and qol, muscular, and aerobic outcomes. Other 
reviews were more specialized in their objectives. Unfor-
tunately, evidence to create specific exercise regimens 
for specific types of cancer was not available to provide 
guidance for clinicians. In addition, evidence that met the 
inclusion criteria was insufficient to produce recommenda-
tions based on survival outcomes.

The evidence found in this review showed some weak-
nesses. A systematic review was not undertaken to inform 
the guideline from the American College of Sports Medicine; 
that guideline depended on expert opinion for some topics 
(such as the pre-screening recommendation). Many of the 
systematic reviews had issues with heterogeneity in their 
analysis. Sources of heterogeneity included a population 
with varying cancer types; varied timing of the exercise 
intervention (during or after completion of therapy); vary-
ing interventions (aerobic compared with resistance train-
ing); various lengths of intervention (4–24 weeks); variable 
exercise intensities; varying frequencies of the intervention 
(daily to 2, 3, or 5 times per week); multiple measures of qol, 
aerobic capacity, and strength; varying use of individual 
or group sessions; and variable timing of the assessments.

The risk of bias in lifestyle trials is an acknowledged 
issue. Within the rcts reviewed, the following concerns 
were noted: participants could not be blinded; some as-
sessments (especially qol) were subjective; many trials had 
performance bias; many trials did not measure exercise 
activity before entry into the study; adherence during the 
intervention was variable or not reported; and the exercise 
level of the control group quite often increased during the 
intervention, sometimes as much as it did in the exercise 
group. The lengths of the rcts were not sufficient to fully 
study a long-term exercise duration. The study lengths were 
connected to the money and time needed to complete a 
study rather than to the feasibility or sustainability of the 
exercise regimen.

CONCLUSIONS

Exercise is safe and can provide qol and fitness benefits for 
adults living with cancer, whether during active treatment 
or after treatment. During active treatment, systematic 
reviews examining patients with all cancers demonstrated 
a positive influence of exercise on qol. In rcts, benefits 
within and between groups were found for exercise in-
terventions of moderate intensity. For the post-treatment 
period, systematic reviews found a positive influence for all 
exercise interventions. Thus, people living with cancer can 
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be allowed to determine the type of exercise that they would 
prefer to do for aerobic and resistance training (for example, 
running, brisk walking, cycling, weight lifting, body weight 
or elastic band exercises), with similar benefits.

So far, studies have not been designed to determine 
more exact exercise programs for specific cancer types. 
Studies with a longer duration are also needed to de-
termine the long-term effects of exercise, as are studies 
that compare various exercise intensities to determine 
any difference in benefit. In the present review, evidence 
that met the inclusion criteria was insufficient to provide 
recommendations based on survival outcomes. However, 
sufficient evidence is available to promote exercise to adults 
with cancer, and some evidence is available to promote ex-
ercise in a group or supervised setting and for a long period 
of time to improve qol and muscular and aerobic fitness. 
Exercise at a moderate intensity might be sustainable for 
longer periods and could potentially encourage continu-
ation over a lifetime. It is important that a pre-screening 
assessment be conducted to evaluate for the effects of dis-
ease, treatments, or comorbidities. More research to help 
create more exact exercise programs for specific cancer 
types would be beneficial.

REVIEW AND UPDATE

Practice guidelines and literature reviews developed by 
the pebc are reviewed and updated regularly. For the full 
guideline and subsequent updates, please visit the Cancer 
Care Ontario Web site at https://www.cancercare.on.ca/
toolbox/qualityguidelines/clin-program/psychonc/.
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