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Abstract

Background—Evidence supports the benefits of exercise for cancer patients, however, specific 

guidance for clinical decision making regarding exercise timing, frequency, duration and intensity 

is lacking. Efforts are needed to optimize clinical recommendations for exercise in the cancer 

population.

Objectives—To aggregate information regarding the benefit of exercise through a systematic 

review of existing systematic reviews in the cancer exercise literature.

Data Sources—PubMed, CINAHL Plus, Scopus, Web of Science, EMBASE.

Study Eligibility Criteria—Systematic reviews and meta-analyses of the impact of movement-

based exercise on the adult cancer population.

Methods—Two author teams reviewed 302 abstracts for inclusion with 93 selected for full text 

review. 53 studies were analyzed. A Measurement Tool to Assess Systematic Reviews 

(AMSTAR©) was used as a quality measure of the reviews. Information was extracted using the 

PICO format (participants, intervention, comparison, outcomes). Descriptive findings are reported.

Results—Mean AMSTAR© score = 7.66 / 11 (±2.04) suggests moderate quality of the 

systematic reviews. Exercise is beneficial before, during, and after cancer treatment, across all 

cancer types, and for a variety of cancer-related impairments. Moderate to vigorous exercise is the 

best level of exercise intensity to improve physical function and mitigate cancer-related 
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impairments. Therapeutic exercises are beneficial to manage treatment side effects, may enhance 

tolerance to cancer treatments, and improve functional outcomes. Supervised exercise yielded 

superior benefits versus unsupervised. Serious adverse events were not common.

Limitations—Movement-based exercise intervention outcomes are reported. No analysis of 

pooled effects was calculated across reviews due to significant heterogeneity within the systematic 

reviews. Findings do not consider exercise in advanced cancers or pediatric populations.

Conclusions—Exercise promotes significant improvements in clinical, functional, and in some 

populations, survival outcomes and can be recommended regardless of the type of cancer. 

Although generally safe, patients should be screened and appropriate precautions taken. Efforts to 

strengthen uniformity in clinical trial reporting, develop clinical practice guidelines, and integrate 

exercise and rehabilitation services into the cancer delivery system are needed.

Introduction

Exercise interventions are well-established as safe and beneficial for individuals receiving 

cancer treatment.1 Exercise contributes to improved health and functional outcomes in the 

cancer population.2,3 Although most national guidelines recommend that cancer survivors 

meet the public health guidelines for physical activity, exercise prescription is nuanced and 

requires consideration of many factors to positively and safely impact individuals with a 

cancer diagnosis.4,5 Different types of exercise interventions have been studied in the cancer 

population and have resulted in general recommendations for increasing overall physical 

activity and including specific resistive or aerobic exercise regimens to the cancer care 

plan.1,6,7 Therapeutic exercise is additionally recommended as a rehabilitative approach for 

individuals experiencing more specific functional impairments and disability.8

Oncology care providers are challenged to identify and synthesize the significant volume of 

relevant literature around exercise prescription. The complexities of the health status, 

clinical history, and functional abilities of the individual being treated for cancer introduce a 

spectrum of considerations that further challenge exercise recommendations.4 Models of 

care that provide access to exercise and rehabilitation professionals have been developed but 

are not broadly utilized and the workforce supporting them is still developing.9 As a result, 

exercise prescription is frequently overlooked in cancer care planning.10,11 Although 

recommendations have urged greater integration of exercise into the cancer care continuum, 

active integration will require more precise guidelines to support provider decision 

making.12

The cancer exercise research generally demonstrates significant and positive impact on 

variables of interest however most studies have focused on exercise within specific types of 

cancer (breast, colorectal, etc.) or on a single cancer-related impairment (cancer-related 

fatigue, muscle weakness, etc.) using widely variable modes of exercise. Further 

complicating the ability to harmonize information around exercise prescription is the 

variability across studies regarding optimal timing, frequency, duration, and intensity for 

exercise prescription. Systematic reviews, while prevalent in the cancer exercise literature, 

tend to follow a disease-specific or impairment-specific focus (e.g., systematic review of 

strength training in androgen deprived prostate cancer patients) whereas in the clinical 
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setting, providers see a wide range of oncologic patients with varying disease stages often 

experiencing multiple comorbidities and functional impairments. A review of the existing 

literature is needed to compile and synthesize evidence from the numerous and varied 

systematic reviews in order to aggregate the most meaningful literature with a broad 

perspective on exercise and rehabilitation interventions for individuals with cancer.13

The purpose of this report is to present the results of a systematic review of published 

systematic reviews on exercise interventions for the cancer population in order to identify 

key common features of exercise programs in the cancer population. The aggregate findings 

provide a comprehensive resource of current evidence that support health care providers in 

selecting exercise-based interventions for the individual being treated for or with a history of 

cancer.

Methods

The methodology for conducting a systematic review of systematic reviews is supported by 

the Cochrane group and articulated by Smith et al.13 This approach is recommended when 

attempting to apprise, summarize, and aggregate research findings from separate systematic 

reviews in order to compare and contrast results to provide clinical decision makers with 

relevant evidence.13

Search

The search strategy was designed to identify existing, published systematic reviews and 

meta-analyses. Search terms were formulated using the PICO structure. Participants (P) 

included adults (18 – 80 years old) with any type of cancer who were not considered to have 

advanced cancer or were not receiving palliative care. Intervention (I) included exercise and 

its various forms including therapeutic exercise, physical activity, strength training, aerobic 

conditioning, rehabilitative exercise, stretching, etc. Comparisons (C) broadly addressed 

exercise intervention versus none, supervised versus unsupervised, varied frequency and 

duration of exercise interventions as well as comparison of different types of exercise. 

Outcomes (O) included functional gains such as neuromusculoskeletal and cardiometabolic 

function, improvement in physical impairment, functional measures, overall quality of life, 

blood count and biomarker improvements and psychological and psychosocial gains.

The search terms and strategy were developed by an Informationist at the National Institutes 

of Health, NIH Library in consultation with the author team. The comprehensive search 

strategy is provided in Table 1. Five databases were searched: PubMed, CINAHL Plus, Web 

of Science, EMBASE, and Scopus with date range from 2000 to 2017.

Study Identification and Selection

Figure 1 presents the PRISMA flow diagram. The initial search yielded 9337 results. 

Additional filters were then added for systematic reviews, and meta-analyses only, yielding 

5453 records. After removing duplicate records and abstracts not available in English, as 

well as those not relevant to the topic of interest, 302 abstracts were agreed upon by the 

author team for screening. Authors worked in paired teams for the initial abstract screening 

reviews (JB/KWS and AS/NS) and each team reviewed half of the abstracts. In instances of 
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disagreement by the team, the co-lead authors (NS and JB) made a final determination of 

inclusion.

A priori, the authors agreed that reviews focusing on movement-based exercise, such as 

yoga, qigong, etc., would be included as well as studies that used various traditional forms 

of exercise including aerobic and resistive conditioning, flexibility, and muscle retraining 

activities. Studies that reviewed behavioral interventions to promote exercise or to encourage 

lifestyle behaviors to increase exercise engagement were excluded. Reviews of exercise in 

the pediatric population were excluded. The pediatric population was defined as study 

participants who were under the age of eighteen when the exercise intervention took place. 

Studies of exercise in individuals receiving palliative care or those with advanced cancer 

were also excluded.

Eighty abstracts were approved for full text review and an additional 13 abstracts were self-

identified by the author team for inclusion resulting in 93 abstracts retrieved for full text 

review. After final full text review, 51 articles were included in this analysis. Data were 

extracted from the full text articles by one author and reviewed and confirmed by their 

paired counterpart. All authors reviewed and approved the final inclusion list and extracted 

content.

Summary Measures and Study Quality Assessment

Due to significant heterogeneity within the various systematic reviews, pooled effects were 

not assessed and rather descriptive findings are provided. Each author scored her respective 

articles using A Measurement Tool to Assess Systematic Reviews (AMSTAR©). 

AMSTAR© is a validated qualitative tool that evaluates the quality of systematic 

reviews.13,14 The AMSTAR© on-line calculator queries 11 items of relevance that provide 

insight on the quality of the systematic review methodology. The authors scored each of the 

included articles using the online AMSTAR© calculator.*

Results

Information was extracted and synthesized from 51 articles. Table 2 provides a summary of 

the included studies. Quality analysis, revealed a mean score of 7.7 (± 2.0), and median of 8 

with a range of 3 – 11. Descriptive findings are provided as pooled effects were not 

calculated.

In general, findings demonstrate an overall positive benefit of exercise interventions among a 

variety of cancer types using various forms of movement-based exercise. There was 

significant variability regarding frequency, duration, and intensity of commonly prescribed 

exercise regimens. Some reviews cited that many of the studies examined failed to meet the 

definition of physical activity,15 while others reported well defined, if disparate, exercise 

parameters.16–19 The mode of exercise varied widely in reports, spanning both aerobic and 

resistive training protocols16,17,19–30 as well as described mixed (aerobic + resistance 

training) interventions15,18,24,31–44, yoga32,45–50, tai chi47,50,51, dance52, progressive 

*https://amstar.ca/Amstar_Checklist.php
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resistive exercise26,34,53, and therapeutic exercises (focused on targeted body region 

impairments).34,53–56 Exercise programs were structured in various settings (home-based, 

outpatient ambulatory clinic, hospital-based) and provided various levels of provider 

supervision. A general trend towards improved outcomes was noted when exercise was 

conducted in a supervised setting.25,36,41,56,57

The reviews included in this analysis identified exercise intervention across the cancer care 

continuum including exercise interventions prior to the initiation of oncologic 

treatment34,54,58,59, during active oncology-directed treatment33,40,43,56, and following the 

completion of oncologic treatment.18–20,24,26,28 The results suggest that timing and type of 

exercise may impact various biological and physiological markers, psychosocial factors, and 

functional impairments differently15,17,23,27,32,59, and suggest overall improvements in 

tolerance to cancer treatment and functional outcomes when exercise is initiated before or 

during cancer treatment.33,34,54,58 Reviews included a wide sampling of various types of 

cancers with breast, prostate, and colorectal cancers most commonly studied.

Some reviews focused on exercise interventions targeting one specific cancer treatment-

related impairment, such as cancer-related fatigue (CRF)18,21,25,39,41,43 or lymphedema29,60, 

and many reported on the impact of exercise on common treatment-related side effects such 

as body weight and body mass index18,24,26,28,35,36,38, depression15,40,45,49, 

anxiety24,32,40,45,48,49, bone density19, other physical and functional 

impairments23,26,27,29,30,33,42,48,52–54,56, and various biomarkers associated with cancer 

progression.17,18,22,24,28,33,50,51,61

Several large observational cohort study reviews examined patient self-reported levels of 

physical activity at various points in the cancer care continuum and offered longitudinal 

perspective on the association with meaningful endpoints such as disease free survival and 

mortality risks.59,62–64 While these reviews do not reflect comparisons of exercise 

intervention trials, they do provide substantive support for the impact of physical activity on 

meaningful endpoints such as disease progression and overall mortality.

Overall, across all reviews, there was poor reporting of trial and intervention adherence, 

adverse events, and a lack of specific characterization of exercise interventions.

Exercise Intensity

A general theme emerged regarding the intensity of aerobic exercise, favoring moderate to 

vigorous exercise, as compared to controls who did not exercise or who exercised at a lower 

level of intensity.27,28,30–32,36,64 This effect was noted in trials both during and after cancer 

treatment and was supported by observational study reviews that identified high vs low self-

reported levels of physical activity.59,63,64 Results differ regarding the superiority of 

vigorous versus moderate intensity exercise with no clear evidence to demonstrate more 

significant or longer term carry over of positive outcomes based on the level of intensity. In 

general, exercise interventions at moderate and vigorous intensity are safe in supervised 

settings with small numbers of adverse events noted.17,40 Moderate and vigorous exercise 

resulted in improvements in measures of fitness including: VO2peak24,26,35, VO2 max38, 

muscle strength and endurance26,30, and in measures of function including 6 and 12 minute 
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walk distance outcomes27,65, as well as improved measures of immune function.17,24,28,61 

While moderate to vigorous exercise interventions significantly improved various physical 

and functional indicators, the impact on cognitive recovery, depression, and anxiety was 

mixed in several reports with some noting no significant impact from exercise.15,27,32,41,49 

Low intensity exercise interventions demonstrated improvements for more deconditioned 

populations over time and positively impacted cancer-related fatigue, depression, anxiety 

and overall physical functioning.20,31,40,48

Reviews that looked specifically at therapeutic exercises, targeting one body region or 

specific impairment, frequently did not characterize intensity of the intervention. These 

interventions focused on a set of rehabilitative exercises based on a practice protocol and 

frequently included progressive forms of exercise. Although progressive resistive exercises 

(PRE) were frequently identified as a therapeutic exercise intervention, rarely was the 

specific intensity, number of repetitions, or activity duration defined. Many of the PRE 

interventions were targeted therapeutic exercises designed for impairment rehabilitation.53,55 

In general, these interventions were supervised by a health care provider in a structured care 

setting and resulted in significant improvements in various domains of physical and 

functional status as compared to controls.33,53–56

Reviews of yoga, tai chi, and qigong exercise interventions frequently identified the type of 

yoga or specific tai chi exercises, program duration, and frequency.46–51,61,66 Although the 

intensity of these programs was not frequently defined most are characteristically lower 

intensity exercises as defined by the level of energy demand produced by the activity.67,68 

The benefits from yoga were stronger with a greater duration of yoga practice (>3 months) 

and yoga tended to have greater impact on affective and psychosocial domains with mixed 

positive benefits on physical domains and inflammatory biomarkers.46–48,61

Exercise program structure

Most reviews examined exercise interventions in ambulatory settings, with some including a 

home-based component. One review, exclusive to hematological cancers, examined exercise 

interventions in hospital-based settings and demonstrated positive impact on various 

physical, functional, and psychological outcomes.40 Of importance, this review identified no 

significant adverse events reported with exercise in this controlled study population.40

Several reviews reported that supervised exercise interventions yielded superior benefits as 

compared to non-supervised exercise programs in a variety of outcome measures including 

health-related quality of life (HRQOL) and adherence to exercise, as well as other physical 

and psychosocial outcomes.15,36,41,57 Unsupervised programs were found to be useful in 

promoting adherence to exercise recommendations over time.57 Structured group exercise 

programs such as yoga, qigong, and other group movement-based classes demonstrated 

outcomes superior to controls.32,46,48,49,51,61 The question was raised in one report as to 

whether the impact of supervision by a health care provider creates an environment where 

more attention is given to the participant and therefore positive outcomes are attributable to 

the individualized experience rather than to the physiological impact of the exercise 

intervention.36 In the context of therapeutic exercise interventions, supervision was regarded 

as necessary due to the targeted nature of the prescribed exercise and the need to correct a 
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physical or functional deficit. Supervision of therapeutic exercise interventions yielded 

significant improvements in overall functional outcomes.34,41,53,54,56

No evidence was found in these reviews to suggest superior impact of one setting over 

another on outcomes; however, considering that supervised exercise programs exceeded 

unsupervised in effect, supervision should be considered regardless of the setting. There 

were several reviews that included aspects of computer aided technology and telehealth as 

supportive adjuncts to the exercise intervention and suggest positive outcomes were 

enhanced when technology complemented the exercise intervention.16

Aside from setting and supervision, an additional factor considered in the structure of the 

exercise program was highlighted in a Cochrane review regarding multidimensional 

rehabilitation programs.57 Multidimensional rehabilitation programs (MDRP) were defined 

as addressing both a physical and a psychosocial component through the same intervention. 

Interestingly, while MDRPs contributed to greater improvements in physical health, the 

greatest successes were notable when the program focused on a single physical domain (e.g., 

exercise or dietary change) rather than when trying to impact multiple domains at once.

Time Course

The timing of exercise interventions spanned pre-treatment, active cancer treatment, and 

post treatment through survivorship. Exercise and physical activity interventions 

demonstrated beneficial effects regardless of the specific timing of exercise; however, 

introducing exercise at different time points in the cancer care continuum demonstrated 

different magnitude of effects on cancer treatment tolerance33, overall function17, mitigation 

of side effects21,35, and improvements in QOL.23,36,46,65 Effect sizes suggest that the impact 

of exercise on QOL, upper body and lower body strength, and physical function may be 

somewhat greater when exercise is introduced after the completion of cancer treatment, but 

the effect of exercise has greater impact on cancer-related fatigue during treatment.23,27,46 

This suggests that the timing of the intervention is important in the context of individual 

factors including cancer type32,59 and adjuvant treatment phase.23,33,35,62

A small number of systematic reviews explored pre-treatment or prehabilitation exercise 

interventions.27,34,54,58 The prehabilitation and pre-surgical exercise reviews demonstrated 

improvements in adherence to exercise, tolerance to active cancer treatment specifically to 

chemotherapy, and mitigation of functional decline after the initiation of active cancer 

treatment.34,58 The concept of prehabilitation is relatively new in oncology rehabilitation 

practice, and although the body of evidence is maturing, a robust systematic review has not 

yet been conducted to inform broad intervention recommendations. The existing qualitative 

reviews identified improvements in meaningful endpoints related to post-treatment 

functional recovery54,58 and demonstrated reductions in post-operative hospital length of 

stay34,58, post-operative complications34, and return to pre-operative functional status.58

Numerous reviews highlighted the benefits of exercise programs during active cancer 

treatment with notable positive impact on a variety of side effects of cancer treatment 

including: cancer-related fatigue21,23,25,32,37–41,43,49,66, depression32,40,49,66, anxiety32,49,66, 

sleep32, HRQOL15,17,23,27,32,37,40,57,66, and physical function.23,27,32,33,37,40,57 

Stout et al. Page 7

PM R. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Additionally, support for early targeted therapeutic exercises to alleviate impairments of 

specific body structures and function was identified for upper limb and shoulder in both the 

breast and head and neck cancer populations37,53 as well as for the pelvic floor in the 

gynecological and prostate cancer populations.54 These reviews support early therapeutic 

exercise to restore upper limb ROM53,55,56 and to prevent or reverse incontinence.54

Importantly, two reviews noted no adverse events associated with blood counts when the 

exercise intervention was undertaken during active cancer treatment.17,40 Additionally, 

several reviews cited improved immune function33,61 and tolerance to chemotherapy33 with 

exercise during cancer treatment. Reviews suggest that timing of exercise interventions 

should consider the phase of treatment in order to maintain blood counts.24,32,40 This may 

be beneficial to improving tolerance to treatment and may mitigate the risk for adverse 

events related to blood counts such as neutropenia and thrombocytopenia. Several reviews 

identified no adverse events associated with either the onset or progression of lymphedema 

as a result of exercise interventions both during and after breast cancer 

treatment.17,26,29,52,55,56,60

Cancer Type

The majority of reviews examined exercise across various types of cancer and demonstrated 

overall positive results from exercise regardless of the primary cancer 

diagnosis.17,20,21,24–26,31,32,36,38,39,42,47,57–59 Some reviews provided breakout comparisons 

that demonstrated slightly different nuanced outcomes from exercise interventions based on 

the type of cancer.32,59 For example, one report identified that breast cancer patients 

experienced greater reduction in anxiety with exercise as compared to other cancer types but 

made notably fewer gains in physical functioning and role function as compared to other 

cancer types.32 Table 3 outlines the clinical implications of exercise across different types of 

cancer.

Cancer treatment-related side effects and functional impairments

Systemic and local antineoplastic treatments often include similar treatment modalities, 

chemotherapeutic drugs, and poly-pharmacy administered in different doses and 

combinations based on the disease and disease severity introducing anticipated side effects 

that contribute to greater risk for cardiovascular and neuromuscular impairments. Several 

reviews focused on the effect of exercise on a single physical impairment19,25,29,39,60 while 

the majority aggregated findings and provided sub-analyses data on specific impairments.

Cancer-related Fatigue—Cancer-related fatigue (CRF) was the most commonly 

identified physical impairment in systematic reviews examining the impact of exercise in the 

cancer population. The evidence presented in these reviews overwhelmingly supports a 

significant benefit from exercise in reducing cancer-related 

fatigue.17,18,21,24,25,30,32,37–43,49,52,66 Two reviews reported greater magnitude of effect from 

exercise during active cancer treatment than after.23,35 Yoga interventions demonstrated 

mixed results regarding impact on CRF.47,48,66
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Most notably a recent, large, high-quality systematic review by Mustian and colleagues 

identified exercise as the most impactful intervention to reduce CRF when compared to 

pharmaceutical intervention or psychological intervention alone.39 The elements of effective 

exercise programs identified by Mustian et al. averaged 14 weeks in duration with 60-minute 

average session length and included aerobic, resistive, and mixed aerobic and resistive forms 

of exercise.

Physical Fitness—Exercise interventions demonstrated a strong positive impact on 

physical fitness measures including: VO2peak18,23,24,35,38, aerobic exercise tolerance31,34,65, 

peak power,24,38 strength,17,24,26,30,33,37,65, flexibility33, and various measures of 

cardiorespiratory fitness.17,20,26,33,38,58 These trials included aerobic, resistance, and mixed 

forms of exercise interventions with the majority of positive outcomes and larger effects 

associated with moderate to vigorous exercise intensity.

Psychological Function—Reviews demonstrated variable impact of exercise on 

psychological functioning and ranged from positive benefits17,24,33,48,49,66 to 

inconclusive15,40,42 results regarding mood, depression and anxiety. Rationale for the 

disparity in findings among was attributed to the use of varied and disparate measurement 

tools in the trials of interest.15,66 Cognitive improvements with exercise were also reported 

to be absent or only moderate in effect, though the volume of studies that included cognitive 

outcomes were more limited in our sample.41,47

Physical Function—Measures of physical function were positively impacted by exercise 

interventions.18,23,32,37,40,42,57,58 The outcome measures varied widely among studies and 

included positive gains in measures of endurance and general physical 

function.23,24,26,27,30,34,40,65 Therapeutic exercises, targeting restoration of function in 

specific body regions, including flexibility and progressive resistive exercises for the upper 

extremity53,55,56 and pelvic floor strengthening were beneficial.54

Body composition—Reviews regarding the impact of exercise on various measures of 

body composition varied in the type of measures used as well as the body tissue 

compartment measured (e.g., fat, lean mass, bone mass etc.). Body mass index (BMI) and 

body weight ranged from positive impact from exercise,17,38 to mixed results from 

exercise24,28,30 to null findings18,26,35,36. Weight gain was not found to impact mortality in 

one cohort study62; however, subset analysis by one review suggested that individuals with 

higher BMI experienced less benefit from exercise interventions in both physical and 

psychosocial measures.17 Disparity was reported in the use of measures of adiposity as well 

as in measurement methodology which may account for the variation in findings. Exercise 

positively impacted lean mass33,37 and weak evidence supported benefits of exercise on 

bone mineral density.19

QOL and HRQOL—QOL and HRQOL were defined and delineated by the specific 

research report reviewed and based on the measurement tools used in the trial. Generally, the 

impact of exercise on both QOL and HRQOL measures was 

positive15–17,24,30,32,35,37,38,40,48,50,54,57,66 or showed an overall positive trend towards 

significance although effect size was relatively small in many of the QOL 
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outcomes.23,49,52,58 A small number of reviews failed to demonstrate significant impact on 

QOL.20,27,34,46,65

One report identified that higher BMI was associated with lower reported QOL.16 One 

review reported the effect of supervised exercise on HRQOL to be twice as high compared 

to unsupervised exercise.36

Biomarkers associated with cancer progression—Exercise positively impacted 

biomarkers, specifically immune and inflammatory markers, both during and after cancer 

treatment. Significant improvements in biomarker profiles were noted with exercise 

interventions including: improved IGF-I17,22,24,50 and IGF-II24,28,33, increased CD-4 cells33, 

improved immune function18,22, and decreased inflammatory markers.20,47,61 No effect was 

noted on prostate specific antigen nor on testosterone in prostate cancer survivors.44 

Reviews on the effects of exercise on circulating insulin levels were mixed, with some 

reporting an exercise-lowering effect26,50 and others reporting mixed results or no response 

on insulin and insulin-like markers.18,28,51 Exercise interventions that supported positive 

outcomes favored moderate or vigorous exercise versus low intensity or non-exercising 

controls.24,26

Observational studies

Several systematic reviews aggregated information from longitudinal, observational 

studies.59,62,64 These studies relied on patient self-reported levels of physical activity during 

and after treatment. Although no specific exercise interventions are articulated through these 

reports, the results provide consistent epidemiological evidence of the positive association 

between reported levels of physical activity and meaningful endpoints such as overall 

mortality59,62,64, disease-specific mortality59, and quality of life62 in individuals with breast, 

prostate, or colorectal cancers. Additionally, one study demonstrated incremental 

improvements in mortality with increasing intensity of self-reported physical activity.59

Limitations

A significant limitation of this report is the inability to pool results and calculate effects 

across systematic reviews regarding specific exercise interventions and exercise parameters. 

Within individual systematic reviews, heterogeneity was often reported as significant which 

challenged valid calculation of effects. Based on the AMSTAR© scores of the selected 

studies, there was also significant concern about the lack of data extraction and disparity in 

reported outcomes. To maintain the integrity of the findings, the authors decided against 

pooled effects and instead provide descriptive findings. Additionally, there is significant 

variability in the type of studies analyzed in the included systematic reviews. Many reviews 

included uncontrolled, observational, or case series design studies. Those that identified as 

controlled studies often poorly identified the control group intervention. These 

methodological shortcomings have the potential to introduce significant bias into these 

findings.

This review is limited in that it focused only on movement-based forms of exercise. As a 

result, some therapeutic exercise interventions that restore and support vital aspects of 
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function, such as swallowing and daily task retraining, were not included. Additionally, 

behavioral interventions designed to increase exercise participation and attitude towards 

physical activity were not included. While behavioral interventions are an important 

supportive element of exercise prescription, the inclusion of these strategies was beyond the 

scope of the stated goals of this manuscript.

Additionally, these systematic reviews largely assess findings from controlled trials that are 

likely to have exclusion criteria that aim to optimize safety. In the relatively controlled 

setting of a study protocol fewer safety issues and adverse events would be anticipated 

compared to an uncontrolled clinical setting. Therefore, safety considerations should not be 

overlooked in exercise the prescription and ongoing vigilance for safety during training is 

necessary.

Discussion and Clinical Considerations

This systematic review of existing cancer-related exercise-specific systematic reviews is the 

first of its kind to aggregate outcomes associated with movement-based exercise across 

cancer types, cancer treatment time course, and cancer-related impairments. The overall 

quality of the included systematic reviews was moderate, limiting the ability to draw 

decisive conclusions about specific elements of exercise prescription. The evidence 

presented in this review strongly supports a multitude of physical and functional benefits 

from exercise at any time point before, during, or after cancer treatment with consideration 

for the cancer type, presenting or anticipated side effects of treatment, and the presence of 

physical impairments. Moderate to vigorous intensity exercise is safe and appears to provide 

greater benefit than lower intensity exercise. However, low intensity exercise benefits 

deconditioned individuals and promotes a dose response that positively impacts physical 

function and fitness.

The impact of exercise interventions was better when the program was supervised versus 

unsupervised. This may be attributed to greater individualized attention from the health care 

provider. The actual dose of exercise may be greater in supervised settings where effort and 

volume are better controlled, thereby enabling greater impact of exercise effects.

These findings are a useful beginning to guide health care providers in exercise prescription 

and planning. Any health care provider interfacing with individuals before, during, and after 

cancer treatment should encourage exercise as a part of the cancer care plan and should work 

to incorporate specific recommendations for exercise. It is important to recognize however, 

that these findings were elucidated through controlled trials that possibly excluded 

participants deemed unsafe based on exclusion criteria and therefore these results should be 

interpreted with appropriate caution in a clinical setting where exercise capacity among 

patients could vary widely. The individual with cancer does require different attention to 

their exercise recommendations and a plan should be developed in the context of their 

known and anticipated risk for disease treatment-related side effects. This is ideally guided 

by a health care provider who is an exercise specialist such as a physical therapist, 

occupational therapist, exercise physiologist, or other medical rehabilitation professional 

with robust knowledge of cancer and its treatment. It is of critical importance that providers 
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understand the limitations of exercise training to alleviate more complex, underlying 

neuromusculoskeletal conditions as well as recognize that exercise prescription, when 

incorrectly applied, may magnify such conditions. Rehabilitative, i.e. therapeutic, 

interventions may be more appropriate to manage these underlying conditions and 

discipline-specific triage is warranted. Exercise and rehabilitation disciplines should work 

collaboratively to ensure that safe and effective exercise training is implemented. The 

exercise prescription should ultimately seek to optimize an individuals’ ability to 

independently perform their exercise program while affording them a supportive care 

interface if complications or physical impairments limit their ability to complete the exercise 

program or disrupt their ability to function. For example, a physical therapist could prescribe 

therapeutic exercises to address balance impairments associated with chemotherapy-induced 

neuropathy to better prepare the individual to safely work with an exercise physiologist to 

engage in a moderate to vigorous intensity exercise conditioning program to restore aerobic 

fitness.

This review supports exercise prescription for the cancer population should follow the 

principles of exercise training as they are applied to other impaired or chronic disease 

populations. Consideration for specificity of exercise based on the individual’s initial fitness 

and functional levels, treatment-related side effects and personal health goals should guide 

recommended exercise interventions.5 Initial values and baseline measures should be 

obtained and repeated over time to gauge meaningful change and assure the effectiveness of 

the program. Exercise precautions / contraindications, and safety monitoring should be 

readily observed specific to cancer treatment-related side effects.4

Our findings demonstrate that the elements of exercise prescription should be relatively 

controlled and guided by a health care provider to optimize benefit and overall safety. This 

review, however, demonstrates that positive outcomes can be achieved using widely variable 

exercise frequency, intensity, duration and mode, suggesting that recommendations can be 

flexible while still enabling overall benefits. The significant heterogeneity in exercise 

interventions exposed by these systematic reviews is both a shortcoming and an opportunity 

for providers seeking optimal exercise prescription guidance and enables providers to use 

broad license in recommending exercise. This is also beneficial for individuals as it enables 

them to engage in activities that may be meaningful and enjoyable to them, rather than 

constraining them to highly specified parameters.

This review demonstrates a significant challenge regarding clinical measurement. One 

primary barrier identified by many systematic reviews was the significant variability in the 

clinical measurement tools, both objective and patient-reported, across trials and studies. 

The differences between trials prevent strong statistical analysis to support definitive 

recommendations. Specifically, robust analysis is impeded by: disparity in domain-specific 

outcomes measurement tools, disparate methods of quantifying exercise dose, lack of 

reporting of specific elements of the exercise prescription including frequency, duration, and 

intensity, and dissimilarity in terminology used to quantify and qualify exercise 

interventions. Outcome reporting could be markedly improved if the exercise and medical 

rehabilitation communities collaborated towards a common lexicon to define the various 

modalities and interventions that comprise this body of knowledge. Exercise, physical 
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activity, therapeutic exercise, aerobic conditioning, physical fitness, physical functioning and 

other terminology are often used interchangeably and without clear delineation among them. 

Standardized reporting of intervention parameters in exercise trials would also be helpful to 

researchers and would enable aggregation of findings across trials. Peer-review journals and 

entities such as the Cochrane Rehabilitation group† could encourage standardized exercise 

reporting to include the specific intervention protocol as well as basic parameters such as 

frequency, intensity, and duration. This would enable significant contribution to the evidence 

base to guide intervention recommendations in the future.

Few studies, outside of population-based cohort studies, reported long-term follow up 

regarding survival and disease-specific endpoints. Controlled intervention trials rarely 

reported the long-term impact of exercise and often failed to investigate any carry over of the 

positive outcomes achieved through the intervention. While it is widely accepted that 

exercise is positive under controlled circumstances, uncertainty persists regarding adherence 

to exercise and long term impact. Future research should seek to better understand the long-

term impact of exercise on endpoints such as time to disease recurrence, duration of overall 

survival, and overall mortality rates.

While not illustrated in the included systematic reviews, there is a body of evidence that 

speaks to the importance of exercise preferences and individual personality and attitudinal 

preferences of significant factors impacting the effectiveness of exercise interventions.69 

These preferences should be considered along with other factors that are known to underlie 

adherence and intention. Although behavioral modification studies were excluded from our 

review, strong support for the theory of planned behavior is evident in the cancer literature as 

a driver of motivation towards exercise.70 Behavioral models such as this should be 

considered by health care providers who are prescribing exercise and encouraging exercise 

behavior carry over in the cancer population. One review did identify a significant increase 

in participants willingness to seek physical activity counseling as a result of their 

participation in the exercise intervention study.37 This suggests that exercise interventions 

present an opportunity to initiate behavior change. Critical questions for future research 

should include long term adherence to exercise and carry over of physiological and 

psychological changes following a trial of supervised exercise as well as the impact an 

exercise trial has on patient attitudes and self-activation towards health behavior changes. 

This will require the use of research paradigms that follow a more protracted timeline and 

will encourage longitudinal studies to closely examine and document exercise interventions, 

in addition to patient self-report, to track survival endpoints.

The findings reported in this review suggest that timing of an exercise intervention may 

impact the overall benefit for some populations. The prehabilitation model of care shows 

promise in promoting a proactive approach to introducing exercise and rehabilitation into the 

cancer care plan from the point of diagnosis. Important findings regarding improved 

recovery and tolerance to treatment are reported and suggest not only functional 

improvements but economic benefits. Accelerated functional recovery as well as potential 

cost mitigation from prehabilitation should be further explored.

†http://rehabilitation.cochrane.org/
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Very little description was provided in any review regarding screening to identify indications 

for conditioning exercise or therapeutic exercise during or after cancer treatment. Screening 

for deconditioning and early identification of emerging impairments such as cancer-related 

fatigue, neuropathy, lymphedema, or depression may expedite triage for early therapeutic 

exercise intervention to mitigate functional decline.71,72 While the body of evidence 

continues to grow in support of therapeutic exercise and rehabilitative exercise programs for 

individuals with cancer treatment-related impairments, trials are generally small and poorly 

controlled making it difficult to provide guidance regarding optimal timing for functional 

impairment screening and management. The prehabilitation and prospective surveillance 

models of care should be studied in future research to identify optimal indications and 

timing for screening as well as triage models that enable application of exercise 

interventions at the right time and of appropriate intensity.

This review also highlights the importance of timing of exercise and its impact on 

physiological markers like insulin-like growth factor (IGF) I and II, and other immune 

protective biomarkers. The current evidence base regarding exercise, in general, supports 

improvements in critical biomarkers and inflammatory profiles. Reduction of inflammatory 

markers has significant metabolic and immune protective implications for an individual 

recovering from cancer treatments. IGF overexpression is linked to breast, prostate, and lung 

cancers. A recent meta-analysis found that exercise reduced serum levels of IGF I and II in 

the breast cancer population.73 Further, although exercise has been found to increase local 

levels of IGF-I after aerobic exercise, which may be helpful to rebuild skeletal muscle, 

exercise does not impact circulating IGF serum levels nor receptor overexpression.74 This is 

an important consideration unique to the cancer population which requires further research 

to investigate optimal timing and dose of exercise to maximize the positive effect on 

biomarkers of relevance.

Overall the impact of exercise is positive and significantly improves a wide range of 

functional, psychological, and physiological markers in individuals before, during, and after 

cancer treatment. The synthesis of these findings enables high level recommendations in the 

areas of functional and fitness assessment, exercise prescription, and therapeutic exercise 

throughout the time course of the cancer treatment continuum. Currently no interdisciplinary 

guidelines exist to provide insight to optimal timing, intensity, duration and frequency of 

exercise and therapeutic exercise screening and intervention. While the American Cancer 

Society (ACS) provides general guidelines for physical activity and nutrition for the cancer 

survivor75 and the American College of Sports Medicine (ACSM) has published general 

guidelines for exercise in the cancer population1, these efforts fall short of providing specific 

context for timing of exercise interventions and the necessary screening for side effects, 

toxicities, and functional impairments that define the specialized needs of the cancer 

population. Greater attention is needed to promote exercise prescription and future work 

should focus on developing exercise guidelines that support recommendations at various 

time points in the cancer care continuum with consideration for the presenting and 

anticipated treatment side effects, and with regard for the individual’s health status. A 

suggested framework for exercise prescription is outlined in Table 4 and could serve as the 

basic construct for future work in guideline development.
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An interdisciplinary effort to create a set of exercise guidelines would be an important step 

forward in integrating exercise into the continuum of oncology care and acknowledging the 

nuances of prescribing exercise for individuals versus sample study populations. Wide 

stakeholder input would be required for the success of such an effort and should be sought 

from a variety of disciplines including: oncologic, psychological, psychosocial, exercise, 

rehabilitation, nutrition, and other supportive services.

Conclusion

The growing population of cancer survivors warrants an urgent need to define clinical 

interventions that optimize function and survival. Symptom management over the course of 

cancer treatment and through the lifespan of survivorship is noted to be one of the most 

significant challenges faced by both patients and health care providers. Based on this review, 

exercise interventions have a strong evidence base to support their ubiquitous inclusion in 

every individual’s cancer care plan. The exercise plan of care is ideally designed in the 

context of known disease treatments and anticipated side effects of treatment and is overseen 

by a health care provider with specialized knowledge and skills in cancer-specific exercise 

and cancer rehabilitation. Despite a robust and growing body of evidence to support myriad 

exercise interventions across various cancer disease states and cancer treatment-related 

impairments, the supporting infrastructure for exercise planning and implementation for the 

cancer population is essentially absent. Efforts to strengthen uniformity in clinical trial 

reporting, develop clinical practice guidelines, and integrate exercise and rehabilitation 

services into the cancer delivery system are needed.
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Table 1

Search Terms and Yield

Search Criteria

(neoplasms[majr] OR cancer[tiab] OR cancers[tiab] OR carcinoma[tiab] OR carcinomas[tiab] OR leukemia[tiab] OR lymphoma[tiab] OR 
neoplasm[tiab] OR neoplasms[tiab]) AND (exercise[majr] OR exercise movement techniques[majr] OR exercise therapy[majr] OR 
rehabilitation[majr] OR activity[tiab] OR activities[tiab] OR aerobic[tiab] OR aerobics[tiab] OR exercise[tiab] OR exercises[tiab] OR 
exercising[tiab] OR exertion[tiab] OR “occupational therapy”[tiab] OR “physical therapy”[tiab] OR physiotherapy[tiab] OR recreation[tiab] 
OR recreational[tiab] OR reflexology[tiab] OR rehabilitate[tiab] OR rehabilitated[tiab] OR rehabilitation[tiab] OR rehabilitative[tiab] OR 
stretch[tiab] OR stretching[tiab] OR strengthen[tiab] OR strengthened[tiab] OR strengthening[tiab] OR “tai chi”[tiab] OR train[ti] OR 
trained[ti] OR training[ti] OR walk[tiab] OR walks[tiab] OR walked[tiab] OR walking[tiab] OR yoga[tiab]) AND (activities of daily 
living[majr] OR emotions[majr] OR pain management[majr] OR physical fitness[majr] OR exercise test[majr] OR recovery of function[majr] 
OR mobility limitation[majr] OR “activities of daily living”[tiab] OR “aerobic capacity”[tiab] OR “aerobic endurance”[tiab] OR anemia[tiab] 
OR anorexia[tiab] OR anxiety[tiab] OR anxious[tiab] OR balance[tiab] OR balancing[tiab] OR “body image”[tiab] OR biomarker[tiab] OR 
biomarkers[tiab] OR “blood count”[tiab] OR “blood counts”[tiab] OR “body mass index”[tiab] OR “body strength”[tiab] OR “bone density”
[tiab] OR breathless[tiab] OR “breathlessness”[tiab] OR “cardiopulmonary strength”[tiab] OR depressed[tiab] OR depression[tiab] OR 
discomfort[tiab] OR distress[tiab] OR distressed[tiab] OR drowsy[tiab] OR drowsiness[tiab] OR dyspnea[tiab] OR edema[tiab] OR 
edematous[tiab] OR endurance[tiab] OR energy[tiab] OR “exercise capacity”[tiab] OR fall[tiab] OR falls[tiab] OR falling[tiab] OR 
fatigue[tiab] OR fatigued[tiab] OR fitness[tiab] OR flexible[tiab] OR flexibility[tiab] OR fracture[tiab] OR fractures[tiab] OR fractured[tiab] 
OR frailty[tiab] OR function[tiab] OR functions[tiab] OR functioning[tiab] OR functional[tiab] OR happiness[tiab] OR “heart failure”[tiab] OR 
immobile[tiab] OR immobility[tiab] OR impairment[tiab] OR impairments[tiab] OR insomnia[tiab] OR “lean mass”[tiab] OR 
lymphedema[tiab] OR lymphoedema[tiab] OR mental[tiab] OR mobile[tiab] OR mobility[tiab] OR mood[tiab] OR moods[tiab] OR 
morbidity[tiab] OR “muscle strength”[tiab] OR nausea[tiab] OR neuropathy[tiab] OR neuropathies[tiab] OR “quality of life”[tiab] OR 
pain[tiab] OR “physical performance”[tiab] OR “physical strength”[tiab] OR “psychological stress”[tiab] OR “range of motion”[tiab] OR 
relax[tiab] OR relaxed[tiab] OR relaxing[tiab] OR relaxation[tiab] OR “self-care”[tiab] OR “self-concept”[ tiab] OR “self-esteem”[tiab] OR 
“shortness of breath”[tiab] OR “sit to stand”[tiab] OR sleep[tiab] OR swelling[tiab] OR symptom[tiab] OR symptoms[tiab] OR vigor[tiab] OR 
vigorous[tiab] OR vomiting[tiab] OR “walk test”[tiab] OR “walk tests”[tiab] OR weakness[tiab] OR weight[tiab] OR “well-being”[tiab] OR 
wellbeing[tiab]) AND (randomized controlled trial[ptyp] OR systematic[sb] OR “randomized controlled trial”[tiab] OR “randomised controlled 
trial”[tiab] OR “systematic review”[tiab])

Search Yield = 9337

PubMed: 2526 CINAHL Plus: 544 EMBASE: 4313 Scopus: 827 Web of Science: 
1127
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