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Exercise and Cancer Treatment - Review Article

Introduction

According to Global Cancer Statistics (2018), the global can-
cer burden has risen to 18.1 million new cases and 9.6 million 
cancer deaths.1 The most common symptoms that patients 
with cancer exhibit are pain and fatigue as a result of treat-
ment.2 Additionally, in the general population, depression 
and anxiety affect up to 20% and 10% of patients with cancer, 
respectively, in contrast to 5% and 7%, respectively, in the 
past year.3 Muscle dysfunction is also a common phenome-
non in cancer, where patients across a wide range of diagno-
ses are subject to impaired muscle function.4 Because patients 
with cancer experience various symptoms, their quality of 
life (QOL) is of major concern.5 Muscle dysfunction and sar-
copenia have been associated with poor performance status, 
increased mortality risk, and greater prevalence of treatment 
side effects.6 However, as indicated by systematic reviews 
and meta-analyses, physical exercise has beneficial effects on 

QOL,7 muscle strength, muscle function, and aerobic fit-
ness,8 and cancer-related fatigue in patients with cancer.9-11 
Adults with cancer are advised that exercise can provide 
QOL and fitness benefits during or after treatment. Systematic 
reviews examining patients with all cancer types have shown 
the positive influence of physical exercise on QOL during the 
course of active treatment.12
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Abstract
Purpose: Exercise could lower the risk of cancer recurrence and improve mortality, exercise capacity, physical and 
cardiovascular function, strength, and quality of life in patients with cancer. This systematic review and meta-analysis of 
randomized controlled trials (RCTs) aimed to determine the effects of exercise on mortality and recurrence in patients 
with cancer. Methods: We searched for articles published before May 2019 in MEDLINE, CINAHL, the Cochrane Library, 
Scopus, ProQuest, and PEDro. We included RCTs of exercise interventions, such as resistance exercise and aerobic 
exercise, in patients with cancer that evaluated the risk of mortality and recurrence. The standardized mean difference 
with 95% confidence intervals (CIs) was calculated for quantitative indices. The random-effect model was used as the 
pooling method. Results: Of 2868 retrieved articles, 8 RCTs were included in the meta-analysis, with a mean PEDro score 
of 4.50 (SD = 1.25). Exercise significantly reduced the risk of mortality in patients with cancer and in cancer survivors 
(risk ratio [RR] = 0.76, 95% CI = 0.40-0.93, I2 = 0%, P = .009). Exercise significantly reduced the risk of recurrence in 
cancer survivors (RR = 0.52, 95% CI = 0.29-0.92, I2 = 25%, P = .030). Conclusion: This study found that exercise has 
a favorable effect on mortality and recurrence in patients with cancer. However, the effect could not be fully determined 
due to data insufficiency.
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Physical exercise can also be an effective method of 
improving the patient’s exercise capacity, physical and car-
diovascular function, and strength. It can also lower the risk 
of cancer recurrence and improve the odds of mortality.13 
Another review also showed that patients with cancer who 
performed physical exercise following their diagnosis were 
observed to have a lower relative risk of cancer mortality and 
recurrence and experienced fewer or less severe adverse 
effects. Therefore, it is safe to speculate that physical exercise 
is an important adjunct therapy for cancer.14 This systematic 
review and meta-analysis of randomized controlled trials 
(RCTs) aimed to determine how physical exercise, such as 
resistance exercise and aerobic exercise, affects mortality and 
recurrence in patients with cancer at all survival time.

Methods

Protocol

We adhered to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.15 We used a pre-
specified protocol, registered with PROSPERO (CRD: 
42019140268).

Search Strategy

Literature searches were conducted in MEDLINE, CINAHL, 
the Cochrane Library, Scopus, ProQuest, and PEDro for 

articles published before May 2019. The search strategy was 
conducted on the aforementioned databases based on the fol-
lowing MeSH terms: “cancer,” “tumor,” “randomized con-
trolled trial,” “exercise,” “rehabilitation,” and “physical 
therapy.” The phrase “disorder for cancer” was also used for 
the search (eg, lymphoma, hematopoietic malignancy, carci-
nosarcoma). In addition, the words “mortality,” “recurrence,” 
and “prevalence” were added to the search terms.

Selection Criteria

The inclusion criteria consisted of randomized controlled 
clinical trials that included patients with cancer and cancer 
survivors in any setting; the intervention group performed 
physical exercise and its effects on mortality were evaluated. 
Systematic reviews, editorials, cross-sectional studies, case 
reports, and case series were excluded. Exercise guidance 
was also excluded from the intervention. A control group, 
which did not receive any (major) exercise intervention, was 
used for comparisons. The different stages of study selection 
are shown in Figure 1. The titles and abstracts of all retrieved 
articles were screened by 5 independent reviewers to ensure 
their eligibility. Full-text articles were retrieved for review 
when there was an indication that they met the inclusion cri-
teria or when there was insufficient information in the 
abstract and title to make a decision. To perform meta-anal-
ysis, data details were examined. Final inclusion of eligible 

Figure 1. Study flow diagram of the selection process.
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RCTs was determined in consensus meetings in which all 
authors participated.

Data Extraction

Two reviewers were responsible for data extraction. When 
the data in the full text of an article were deemed insuffi-
cient, the authors of the article were contacted by email for 
further information. The following data were extracted from 
each included study: first author’s last name, publication 
year, cancer type, sample size, type of exercise, duration and 
timing of exercise, and observation period. Mortality, recur-
rence, and prevalence data were selected for meta-analysis.

Quality Assessment

Assessment of the methodological quality of studies, includ-
ing their risk of bias, was conducted using the Cochrane tool 
for assessing risk of bias.16 This tool includes the following 7 
domains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective 
reporting, and other potential sources of bias. Two trained 
reviewers scored each item according to the criteria estab-
lished by Higgins et al in 2011.16 Potential disagreements 
were resolved during consensus meetings with all authors 
present. The quality of studies was rated using the Grading of 
Recommendation Assessment, Development, and Evaluation 
(GRADE) criteria.17

Data Analysis

All statistical analyses were conducted using the Review 
Manager software, version 5.1.18 We calculated the risk 
ratio (RR) for each report to investigate the effect of exer-
cise on mortality and recurrence. The standardized mean 
difference with 95% confidence intervals (CIs) was calcu-
lated for quantitative indices. The random-effect model was 
used as the pooling method. We also assessed the statistical 
heterogeneity using the I2 statistic. Furthermore, we adopted 
the levels of I2 that were suggested by the Cochrane 
Handbook for Systematic Reviews of Interventions (I2 val-
ues of 0%, 25%, 50%, and 75% represented no, low, moder-
ate, and high heterogeneity, respectively). The threshold for 
interpreting the I2 value can be misleading. Therefore, we 
determined the importance of the observed I2 value by 
assessing the magnitude and direction of the effect, as well 
as the strength of evidence for clinical heterogeneity.

Results

Study Selection

The database searches retrieved 2868 references, which 
were reduced to 2698 after the exclusion of duplicate 

articles. The remaining 2698 studies were screened by title 
and abstract, resulting in the exclusion of 2384 studies due 
to irrelevant study designs or discrepancies regarding the 
population or the intervention type. A full-text review was 
performed for 314 RCTs, and 306 RCTs were excluded. 
Figure 1 shows the outcome of the search and study selec-
tion process. The included studies were conducted in the 
following countries: 3 in Germany,19-21 2 in Australia,22,23 
and 1 each in Canada,24 the United States,25 and 
Switzerland.26

Study Characteristics

Detailed characteristics of the 8 RCTs are shown in Table 1. 
Subjects in 2 of the RCTs23,24 were patients with breast can-
cer postsurgery. These studies showed that aerobic exercise 
and resistance exercise had a positive effect on the survival 
of cancer patients. In other RCTs, the subjects were patients 
who were diagnosed with lung cancer. In this study, aerobic 
exercise had a positive effect on the survival period.22 
Patients in other RCTs26 received any intervention before 
surgery. This study showed that high-intensity interval 
training resulted in mortality reduction. One RCT was 
intended for patients who were candidates for allogeneic 
hematopoietic stem cell transplantation.21 The rest of the 
RCTs included patients with various cancer diagnoses,19,20 
with one of the RCTs targeting patients with cancer who 
had heart failure.25 This study showed that aerobic exercise 
had an effect on the reduction of all-cause mortality.

Interventions in the RCTs were roughly classified into 2 
categories: a short-term intervention rehabilitation program 
(with a duration of 2 weeks) that was performed in a hospital 
setting19,20 and ambulatory treatment or home exercise (with 
a duration of 2-8 months) for long-term outpatients.21-26 
Regarding the content of the interventions, aerobic exercise 
and/or resistance training was conducted in all RCTs.

Study Quality

Risk of bias assessment is shown in Figures 2 and 3. Risk of 
bias for other bias domains varied across the included stud-
ies. Due to the nature of the interventions, it was expected 
that blinding of the participants and the personnel who 
delivered the interventions would be impossible. 
Consequently, the risk of performance bias in all studies 
was high. The quality of the studies rated by GRADE was 
moderate in each outcome (Table 2).

Effect of Exercise on Risk of Mortality and 
Recurrence

As a result, 9 exercise groups from 8 RCTs were included in 
a random-effects meta-analysis. This analysis comprised 
656 patients in the exercise groups and 579 patients in the 
control groups. The efficacy of exercise in terms of risk of 
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mortality and recurrence in patients with cancer was then 
estimated using a forest plot.

The meta-analysis of 9 exercise groups from 8 RCTs 
showed that physical exercise significantly reduced the risk 
of mortality in patients with cancer and in cancer survivors 
(RR = 0.76, 95% CI = 0.40-0.93, I2 = 0%, P = .009, n = 
1235; Figure 4).

Cancer recurrence data were available in only 2 
RCTs,23,24 one of which included 2 exercise groups. Thus, 
meta-analysis of 3 groups from 2 RCTs was performed, 
showing the effect of exercise on significant reduction of 
recurrence risk in cancer survivors (RR = 0.52, 95% CI = 
0.29-0.92, I2 = 25%, P = .030, n = 661; Figure 5).

Discussion

This systematic review and meta-analysis attempted to 
examine the evidence regarding the benefits of physical 
exercise on mortality and recurrence in patients with cancer. 
This review included breast, lung, hematological malig-
nancy, and various cancer diagnoses. To the best of our 
knowledge, this is the first meta-analysis to determine the 
effects of exercise on mortality and recurrence in patients 
with cancer. Our quantitative analysis indicated that there is 
evidence to support the notion that physical exercise can 
improve the rates of mortality and recurrence in patients 
with cancer.

This meta-analysis also revealed that exercise interven-
tions positively affect mortality rates in patients with can-
cer. The existing literature has shown the benefits of 
physical exercise training in patients with heart failure, 
including the reduction of cardiovascular mortality rates.27 
Physical exercise has also been shown to improve exercise 
tolerance and QOL in patients with chronic obstructive pul-
monary disease (COPD), as well as reduce hospital admis-
sions and mortality rates.28 Another study showed that 
physical exercise interventions improve exercise capacity 
in patients with chronic kidney disease (CKD) and may 
reduce the risk of mortality.29 Patients with cancer may 

Figure 2. Risk of bias graph based on the Cochrane Collaboration’s tool for assessing risk of bias.

Figure 3. Summary of risk of bias based on the Cochrane 
Collaboration’s tool for assessing risk of bias.
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Figure 4. Risk ratio for the effect of exercise on mortality in cancer patients and survivors.

receive the same reduced mortality benefits from physical 
exercise as do patients with heart failure, COPD, and CKD. 
A previous report showed that physical activity was associ-
ated with significantly decreased hazards of cancer-specific 
and all-cause mortality in breast cancer survivors.30 In addi-
tion, the same study also illustrated that physical exercise 
can reduce cardiovascular mortality among breast cancer 
survivors.30 Furthermore, the intensity of leisure-time phys-
ical activity should be at least moderate, so that the benefi-
cial effects of reducing overall cancer mortality can be 
achieved.31 Promoting physical activity of any intensity and 
duration is an important approach in reducing mortality risk 
in the general population.32 A dose-response association has 
also been observed between total leisure-time physical 
activity and risk of cancer-specific mortality. More vigor-
ous physical activities have added benefits in the reduction 
of mortality rate in contrast to moderate physical activity.32 
Increasing physical activity after or during an exercise 

intervention may have an effect on the reduction of mortal-
ity rates in patients with cancer. The American College of 
Sports Medicine reported that physical exercise (among 
others) is associated with numerous health benefits, includ-
ing lower risk of cardiovascular disease, type 2 diabetes 
mellitus, some forms of cancer, and age-adjusted all-cause 
mortality.33 Exercise also contributes to the increase of 
muscle strength, muscle mass, and aerobic exercise stamina 
in patients with cancer.

This meta-analysis also showed that exercise has a posi-
tive effect on recurrence in patients with cancer. More par-
ticularly, an exercise intervention may help reduce the risk 
of recurrence of breast,34,35 colorectal,36 and prostate37 can-
cers. Moderate exercise seems to exert a protective effect on 
the immune system of the general population.38 Dhabhar39 
suggests that the immunopotentiation from moderate exer-
cise is due to the bidirectional effect of stress hormones on 
immunity, where subtle elevations are beneficial, whereas 

Figure 5. Risk ratio for the effect of exercise on recurrence in cancer survivors.
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significant and sustained elevations (as seen with prolonged 
and/or intensive exertion) are detrimental to the host. The 
function of the immune system during or after anticancer 
therapy is important to cancer outcomes such as complica-
tions and/or the risk of recurrence.40 Strengthening the 
immune system may help patients with breast cancer at 
increased risk of disease recurrence.41 The knowledge of 
fundamental immunology suggests a suitable appreciation 
of the role of physical exercise in reducing the risk of cancer 
recurrence.40 Furthermore, it is reported that exercise can 
induce apoptosis of cancer cell and inhibit the growth of 
cancer in animal and in vitro experiments, although the 
mechanism of these effects of exercise is not clear.42,43

For the findings we obtained in this study, there is no 
particular limitation on the type of cancer to target, and the 
patient population may or may not have been treated for 
cancer. In addition, resistance training and aerobic exercise 
are listed as exercise interventions, so patients with high 
performance status are assumed to have been targeted (the 
intervention for patients with low performance status needs 
to be considered).

This review had several limitations that should be con-
sidered. The number of studies was too small for in-depth 
analysis with stratification according to cancer type, treat-
ment time frame, and type of physical exercise. Particularly, 
this review included various cancer diagnoses including 
breast, lung, hematological malignancy, and other cancers. 
Physical symptoms and functions were distinguished by 
cancer type. This meta-analysis included 8 RCTs that exam-
ined the following physical exercise types: aerobic exercise, 
resistance training, or a combination of the two. Differences 
in the types of physical exercise may have had an impact on 
mortality and recurrence rates in patients with cancer. In 
addition, false-positive results could not be excluded 
because trial sequential analysis could not be performed. 
Finally, this review was limited to studies published in 
English; relevant studies published in other languages may 
offer other findings.

Conclusion

This systematic review and meta-analysis demonstrated 
that physical exercise has a positive effect on mortality and 
recurrence rates in patients with cancer. However, the exist-
ing data may be insufficient for determining this potential 
beneficial effect. In conclusion, there is need for better 
understanding of the different types of cancer, different 
treatment time frames, and the implementation of an exer-
cise intervention, as well as the best objective or subjective 
measure for RCT studies.
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