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Abstract
Background
This meta-analysis evaluated the safety, feasibility and effect of exercise among individuals with colorectal cancer.

Methods
A database search (CINAHL, Ebscohost, MEDLINE, Pubmed, ProQuest Health and Medical Complete, ProQuest Nursing, Science Direct) for randomised, controlled, exercise trials involving individuals with colorectal cancer, published before January 1, 2020 was undertaken. Safety (adverse events), feasibility (withdrawal and adherence rates) and effect data (health outcomes including quality of life, QoL) were abstracted. Risk difference (RD) and standardised mean differences (SMD) were calculated to compare safety and effects between exercise and usual care (UC). Subgroup analyses were conducted to assess whether outcomes differed by exercise mode, duration, supervision and treatment. Risk of bias was assessed using the Physiotherapy Evidence Database tool.

Results
For the 19 trials included, there was no difference in adverse event risk between exercise and UC (RD = 0.00; 95% CI:–0.01, 0.01, p = 0.92). Median withdrawal rate was 12% (0–22%) and adherence was 86% (42–91%). Significant effects of exercise compared to UC were observed for QoL, fatigue, aerobic fitness, upper-body strength, depression, sleep and reduced body fat (SMD = 0.21–0.66, p < 0.05). Subgroup analyses suggested larger benefits (p < 0.05) for QoL and fatigue for supervised interventions; for QoL, aerobic fitness and reduced body fat for ≥12-week interventions; and for aerobic fitness when interventions were during chemotherapy.

Conclusion
Although reporting of safety and compliance data was lacking in most trials, findings support that exercise is safe and feasible in colorectal cancer. Further, participation in mixed-mode exercise, including unsupervised exercise, leads to improvements in various health-related outcomes.
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Background
Colorectal cancer is the third most common cancer worldwide, with approximately 1.8 million new cases diagnosed in 2018 [1]. Median age at diagnosis is 69 and 66 years for females and males, respectively [2, 3], and over the past 20 years, improvements in screening, diagnosis and treatment have contributed to improvements in survival rates of up to 30% [4–6]. The 5-year relative survival rate currently sits at 65% [3], making colorectal cancer survivors the largest group of cancer survivors involving both females and males [7].
Treatment for colorectal cancer involves surgery, radiation therapy, chemotherapy, and/or targeted therapies (either alone or in combination). The majority (up to 98%) of patients diagnosed will receive surgery and at least one-third will receive chemotherapy and/or radiotherapy [8]. Surgery is associated with a high-risk of complication; approximately one-third of patients experience surgical treatment-related issues including wound complications, chest infections, anastomotic leakage and haemorrhaging [9]. Other common adverse effects associated with adjuvant treatments include pain, weakness, fatigue, diarrhea, cardiotoxicity, bowel dysfunction, anorectal dysfunction, sexual dysfunction, anxiety, depression, reduced physical fitness and function, and reduced quality of life (QoL, [10–13]). Impairments in social and role functioning, particularly the ability to participate in community activities, social activities, and undertake work and employment have also been reported by colorectal cancer survivors [14]. Further, more than 30% of patients will experience disease recurrence, contributing to threatened long-term survival [2]. Nonetheless, the number of individuals living with and beyond colorectal cancer is expected to continue to increase [15]. As such, there is a need for effective strategies to address common adverse treatment-related effects and improve the quality and duration of survivorship following colorectal cancer [16].
Observational findings indicate that physical activity is associated with higher overall, as well as disease-specific survival in individuals with colorectal cancer. Specifically, following colorectal cancer, higher post-diagnosis physical activity has shown to be protective against cancer-specific mortality (Hazard ratio, HR: 0.76 [95% CI: 0.58–0.99]) and all-cause mortality (HR: females: 0.62 [95% CI, 0.47–0.83]; males: 0.80 [95% CI, 0.74–0.87]) [17]. The effects of exercise following colorectal cancer on a limited number of survivorship outcomes (including fatigue, QoL and physical fitness) has been evaluated in three previous meta-analyses, each involving pooled analyses of 2 to 7 randomized controlled trials (RCTs), involving a total of 238 [18], 630 [19] and 628 participants who had completed treatment [20]. Findings showed no effect of exercise on fatigue (standardized mean difference, SMD = 0.08–0.21, [18–20] and QoL (SMD = 0.18–0.22, [18, 20]), and improvements in physical fitness (SMD = 0.59–0.72, [18, 20]). Due to the small number of studies contributing to the pooled analyses, as well as degree of heterogeneity among the included studies, the overall strength of review findings, and information about effect on various health outcomes across different phases of the cancer continuum was limited. Overall, previous systematic reviews and meta-analyses have focussed on evaluating the effects of exercise on health outcomes (e.g., QoL) post-treatment. To date, there has been no evaluation of the feasibility of exercise, and the potential risks associated with exercise pre-, during and following treatment (surgery and/or surgery plus adjuvant treatment) for colorectal cancer.
Over the past 10 years, there has been an exponential increase in the number of published exercise intervention trials among cancer populations, including individuals with colorectal cancer, providing opportunity to evaluate: 1) safety: the number, type and severity of adverse events; 2) feasibility: study recruitment, withdrawal and adherence rates; and 3) effect of exercise (as assessed immediately post-intervention) on colorectal survivorship outcomes including QoL, aerobic fitness and fatigue. As a secondary objective, we also explored the relationship between safety, feasibility, and effect, and intervention characteristics including exercise mode, degree of intervention supervision, intervention duration and timing with respect to treatment.
Methods
Search strategy and selection criteria
The protocol for this systematic review and meta-analysis was pre-registered on the PROSPRO registry (ID: CRD42020164152). The inclusion criteria were developed using the Participants, Intervention, Comparator, and Outcome (PICO) approach [21]. Participants: RCTs that involved participants with all stages of colorectal cancer, either preparing for, undergoing or having completed treatment were eligible. If a study involved participants with multiple cancer types (in addition to colorectal cancer), the study was eligible if results for the participants with colorectal cancer were reported separately. Intervention: RCTs that evaluated exercise interventions were eligible. Exercise was considered to be any form of planned, structured, and repetitive bodily movement undertaken to improve or maintain fitness, performance or health [22]. An RCT evaluating an exercise intervention was considered as a comparative study designed to test the safety, feasibility, or efficacy of an exercise intervention with random allocation of participants to groups. Subgroups for exercise mode were aerobic, resistance, combined (mixed-mode) or other. Any form of exercise that was not aerobic or resistance was considered ‘other exercise’ (e.g., yoga). Studies were eligible regardless of supervision, type of intervention delivery, intervention duration or exercise dose. Interventions conducted at any time pre-, during or following treatment were eligible. Studies that involved exercise in addition to other interventions were excluded if the results of exercise could not be isolated. Comparators: To be eligible, studies needed to include a usual care group.
An electronic database search was undertaken using combinations of MeSH and free-text words for “colorectal” and “physical activity” (see Supplementary content 1 for the full search details for all databases). The following databases were searched: Allied Health Source, CINAHL, Cochrane, Ebscohost, PubMed, ProQuest Health and Medical Complete, ProQuest Nursing, MEDLINE, Science Direct and SPORTDiscus. Database searches were limited to peer-reviewed journal articles published in English-language prior to January 1, 2020.
Outcomes of interest
Safety and feasibility
We evaluated exercise safety by assessing adverse events, defined as any undesirable health- or medical-related event that occurred during the trial. Adverse events were grouped as either non-exercise adverse events (events reported in the paper as unrelated to exercise) or exercise-related adverse events (events which were reported to occur during, or as a direct result of exercise) [23]. We categorised adverse events based on severity using the Common Terminology Criteria for Adverse Event (Version 5.0) as either grade 1 (asymptomatic or mild symptoms, clinical or diagnostic observations only and/or intervention not indicated); grade 2 (moderate, minimal, local or non-invasive intervention required and/or limiting age-appropriate activities of daily living); grade 3 (severe or medically significant but not immediately life-threatening, hospitalisation and/or prolongation of hospitalisation indicated, disabling and limiting self-care activities of daily living); grade 4 (life-threatening consequences and urgent intervention indicated), or; grade 5 (death). To minimise under-reporting of adverse events, we considered any withdrawal that occurred due to health, medical or disease-related reasons as an adverse event (e.g., illness or cancer recurrence) [23]. Withdrawals that occurred due to non-health-related reasons (e.g., time/travel constraints) were not considered adverse events. If the severity of an adverse event was not reported and the event resulted in study withdrawal, or if a participant withdrew from a trial due to health, medical or disease-related reasons, these events were categorised as grade 3 [23]. If a study did not report on the occurrence of adverse events, and no health, medical or disease-related withdrawals occurred, it was considered that no adverse events had occurred.
Recruitment, withdrawal (plus reasons for withdrawals) and exercise adherence rates were assessed to determine feasibility. Recruitment rates were calculated as the percentage of individuals who were eligible and consented to participate in the study. Withdrawal rates were computed as the percentage of participants who commenced but did not complete the study. Adherence rates were calculated as a percentage of scheduled exercise sessions that were completed.
Health outcomes
Meta-analyses (including subgroup analyses) were undertaken on health-related outcomes that were assessed and reported in at least 2 studies. These were objectively-assessed and/or self-reported QoL, aerobic fitness, fatigue, upper-body strength, lower-body strength, anxiety, depression, sleep, body fat percentage and body mass index.
Data extraction
One investigator (BS) screened the titles and abstracts of all records that were identified during the electronic database search. The reference lists of relevant articles (original studies and reviews) were also screened manually to identify potentially eligible studies. The full text of articles that were deemed potentially eligible based on the title or abstract were then retrieved and screened to assess eligibility. Data extracted from each study into tabular format by one investigator (BS) included study and participant characteristics, intervention features, adverse events, recruitment details, exercise adherence and outcomes assessed.
The Physiotherapy Evidence Database (PEDro) tool was used to assess the quality of included RCTs by two investigators (BS and MS), and discrepancies (n = 26) were resolved with discussion with a third investigator (SH). The PEDro tool is a valid and reliable tool for assessing risk of bias in RCTs [24, 25] and consists of 11 items (eligibility criteria, random allocation, allocation concealment, baseline differences between groups, subject blinding, therapist blinding, assessor blinding, attrition, intention-to-treat analyses, between-group statistical comparisons and reporting of measures). RCTs with a score of 6 or greater (of a possible 10 points) were graded as high quality, and trials receiving less than 6 were graded as low quality [25, 26].
Statistical analyses
Meta-analysis of adverse events
Adverse events were analysed as a count variable. A Mantel-Haenszel random effects model was used to pool and compare the total number of adverse events in exercise versus usual care groups. For the meta-analysis of adverse events, the risk difference (RD) and 95% confidence intervals were calculated, with a positive value for RD favouring the safety of exercise (i.e., indicating a lower adverse event risk with exercise compared with usual care). The RD was used as the effect measure to ensure that studies that reported zero adverse events (i.e., no difference between exercise and usual care) would not be excluded from the meta-analysis [27, 28]. Sensitivity analyses, excluding studies that did not report whether adverse events were measured were also conducted [23]. Due to minimal contact with research staff, grade 1–2 events were likely to have been less-comprehensively evaluated and reported for those in the usual care groups. Additionally, grade 1–2 events were likely to include normal physiological responses to exercise (e.g., mild muscle soreness), rather than potentially avoidable adverse events. Therefore, while all adverse events (grade 1–5) were reported using descriptive statistics, only adverse events that were grade 3 or higher were included in the meta-analysis.
Feasibility
Due to non-normally distributed data, overall recruitment, withdrawal and exercise adherence rates were reported using median, minimums and maximums. Cut-off values for the feasibility criterion (a recruitment rate of ≥25% [29]; a withdrawal rate of < 25% [30]; and adherence of ≥75% [30]) were established a priori as clinically relevant based on previous studies.
Meta-analysis of health outcomes
All health outcomes of interest were analysed as continuous variables and involved comparisons of post-intervention means and standard deviations (SDs) between exercise and usual care groups. Meta-analyses were conducted using standardised mean differences (SMDs) to allow comparison of data from different scales using RevMan software (version 5.4). R statistical software (version 4.0.2) was used to create forest plots. When means and SDs were not reported in a study (n = 2 studies), authors were contacted (n = 0 responded), or calculated based on reported data using recommended formulas (e.g., using sample size, median and range) [31]. If more than one method of assessing an outcome was used in a study, the method considered as being the gold standard or the method with demonstrated reliability and validity was used.
For each meta-analysis, data were combined at the study level. We assessed publication bias by plotting RDs or SMDs against corresponding standard errors and evaluating asymmetries or missing sections within the funnel plot [32]. Cochran’s Q test and the I2 statistic were used to assess statistical heterogeneity to quantify the proportion of the overall outcome attributed to variability [33, 34]. The following values were used to assess the amount of heterogeneity: I2 = 0 to 29%, no heterogeneity; I2 = 30 to 49%, moderate heterogeneity; I2 = 50 to 74%, substantial heterogeneity; and I2 = 75 to 100%, considerable heterogeneity [34]. Planned subgroup analyses were undertaken to evaluate the effects of: 1) exercise mode (aerobic, resistance, combined and ‘other’); 2) supervision (supervised [at least half of the exercise sessions involved face-to-face supervision], and unsupervised [less than half of the exercise sessions involved face-to-face supervision]); 3) duration (12 weeks or less and more than 12 weeks), and 4) timing of the intervention in relation to surgery and chemotherapy (pre-treatment [surgery], during treatment [chemotherapy] or post-treatment [surgery and/or chemotherapy]). Sensitivity analyses were also undertaken by evaluating high-quality studies only (based on a PEDro score of 6 or higher) on adverse events, recruitment, withdrawal and adherence rates, and health outcomes. Standardised classifications for the magnitude of effect were used (0.20 = small effect; 0.20–0.50 = medium effect; and greater than 0.50 = large effect [35]. A p-value of < 0.05 was considered statistically significant.
Results
Literature search
Following a search of databases, 1264 articles were identified (Supplementary content 2). After removal of duplicates and screening of titles and abstracts, 125 publications were retrieved and examined. Of these, 106 were excluded and 19 trials were included in the review (low quality, n = 2 [11%]; high quality, n = 17 [89%], Supplementary content 3). Two trials involved two exercise intervention arms in addition to a usual care group; these included evaluation of a high- versus low-dose exercise intervention [36] and evaluation of a high-intensity supervised intervention versus a low-moderate intensity unsupervised intervention [37]. Therefore, data from a total of 21 exercise intervention arms and 19 usual care arms were included.
Study and participant characteristics
Median sample size was 39 (range: 18–284) and participant mean age was 64.6 years (SD = 6.9). Time since diagnosis was reported in 10 trials (53%) and ranged between 8.8 and 44.8 months (median = 18.4). Most trials involved participants with colorectal cancer (n = 13, 68%, [38–50]) and six trials (n = 6, 32%, [36, 37, 51–54]). Only one trial (5%, [47]) included patients with metastatic (stage IV) disease. Four trials (21%) evaluated the role of exercise pre-surgery [38, 40, 42, 44], five (26%) were during chemotherapy [37, 41, 43, 47, 54] and 10 (53%) were post-treatment [36, 39, 45, 46, 48–53].
Intervention characteristics
Details of intervention characteristics are shown in Table 1. Intervention durations ranged between 1 week [51] and 6 months [36] (median 12 weeks). Four studies (n = 4, 21%) evaluated aerobic exercise only [36, 41, 44, 49], 14 studies (74%) evaluated mixed-mode exercise [37–40, 42, 43, 45–48, 51–54], one study (n = 1, 5%, [50]) evaluated other modes of exercise (yoga) and no studies evaluated resistance exercise alone. Home-based, unsupervised exercise was prescribed for 10 (53%) of the interventions [36, 40–42, 44–46, 48, 49, 53]. Eight trials (n = 8 [42%]) involved supervised interventions (i.e., over half of the exercise sessions involved face-to-face supervision [38, 39, 43, 47, 50–52, 54], and one trial (n = 1, 5%) involved a supervised and an unsupervised intervention group [37]. Supervised interventions were conducted at a range of facilities including hospital, clinical, university or rehabilitation settings. Supervision in these trials was provided by a physical therapist/physiotherapist (n = 5, [37, 39, 47, 51, 54]), an exercise physiologist (n = 2, [38, 52]), a cardiac physiotherapist/nurse (n = 1, [43]), and a yoga instructor (n = 1, [50]).
Table 1Exercise details of included studies characterised by type, frequency, intensity, exercise duration and intervention length


	 	Pre-treatment (surgery)
	During (chemotherapy) and post-treatment (surgery and/or chemotherapy)

	Type
	Aerobic: recumbent stepper, treadmill, outdoor walking, cycling or jogging (according to patient abilities and preference).
Resistance: resistance training consisted of 6–10 exercises targeting major muscle groups of the upper- and lower-body; Theraband exercises.
	Aerobic: brisk walking, jogging, running (treadmill), rowing ergometers, cycling ergometers, recumbent stepper.
Resistance: Free weights, machine exercises and Therabands for major muscle groups (arms, abdominal muscles, thigh, and gluteus region; all major muscles of the upper- and lower-body).
Other: Yoga.

	Frequency
	Supervised: 1 session per week.
Unsupervised: 3–7 sessions per week.
	Supervised sessions: 1–5 supervised sessions per week (including group-based and one-on-one supervised sessions).
Unsupervised sessions: 1–7 sessions per week.
In-hospital patients: daily supervised exercise.

	Intensity
	Aerobic: 60–70% of HRmax; 50% of age-predicted HRmax; 40% of HRR (starting intensity); 12–20 RPE (6–20 Borg scale).
Resistance: 8–15 repetitions, 1–2 sets per exercise, dependent on volitional fatigue; 12 RPE (6–20 Borg scale).
	Aerobic: continuous and interval bouts at 50–95% HRmax; 11–15 RPE (6–20 Borg scale); 40–80% HRR.
Resistance: 8–15 repetitions, 1–3 sets per exercise (2–8 exercises targeting major muscle groups); 6–10 RPE (0–10 scale); 12–14 RPE (Borg 6–20 scale); 60–80% of one-repetition maximum.

	Duration
	20–60 min sessions (including warm-up and stretching).
	15–90 min sessions (including warm-up and stretching).

	Length
	4 weeks.
	7-days to 6-months.


HRmax maximal heart rate, HRR heart rate reserve, RPE rating of perceived exertion



Safety - summary of adverse events
Of the 19 studies included in this review, four (n = 4, 21%) explicitly reported that no adverse events had occurred, while 9 (47%) made no mention of adverse events (i.e., whether adverse events occurred or not). Of the four studies that reported no adverse events, two of these reported the occurrence of participant withdrawals due to health or medical-related reasons.
Adverse events in exercise participants
There were 160 adverse events among 670 participants allocated to exercise (grade 1: n = 127 events; grade 2: n = 14 events; grade 3: n = 12 events; grade 4: n = 5 events; grade 5: n = 2 events; Table 2). The most common adverse events among exercise participants were low-severity muscle pain, stiffness or soreness (n = 65 events, grade 1) and fatigue (n = 7 events, grade 1). Of the 160 reported events, the 7 (4%) exercise-related adverse events were neck and abdominal discomfort during exercise (which limited exercise ability; n = 6 events, grade 2) and hip pain following exercise (n = 1 event, grade 1).
Table 2Adverse events by grade of severity described for those in the exercise and usual care groups


	AE grade
	Exercise
(160 adverse events, 670 participants)
Total number of adverse eventsa - exercise-related adverse events
	Usual care
(98 adverse events, 623 participants)
Total number of adverse eventsa - exercise-related adverse events

	1
	Grade 1 adverse events: 127–1
	Grade 1 adverse events: 73–0

	Low-severity musculoskeletal symptoms (pain, stiffness, soreness, tendonitis, cramp or arthritis) (65–1)
Fatigue (7–0)
Flu-like symptoms (6–0)
Palpitations (5–0)
Bruising (5–0)
Dizziness/vertigo (5–0)
Headache (4–0)
Diarrhea (3–0)
Dry mouth (3–0)
Toothache (3–0)
	Otitis media (3–0)
Fall (3–0)
Sinus pain (3–0)
External ear inflammation (2–0)
Shortness of breath (2–0)
Neuralgia (2–0)
Mouth pain (1–0)
Non-cardiac chest pain (1–0)
Upper-respiratory infection (1–0)
Constipation (1–0)
Vomiting (1–0)
Lymph node pain (1–0)
	Low-severity musculoskeletal symptoms (pain, stiffness, soreness, tendonitis, cramp or arthritis) (41–0)
Fatigue (10–0)
Shortness of breath (2–0)
Diarrhea (2–0)
Flu-like symptoms (2–0)
Bruising (2–0)
Dizziness (2–0)
Dry eye (1–0)
Dry mouth (1–0)
	Palpitations (1–0)
Edema in limbs (1–0)
Non-cardiac chest pain (1–0)
Fall (1–0)
Arthritis (1–0)
Headache (1–0)
Neuralgia (1–0)
Sinus pain (1–0)
Vomiting (1–0)
Chills (1–0)

	2
	Grade 2 adverse events: 14–6
	Grade 2 adverse events: 4–0

	Musculoskeletal pain (6–6)
Chest pain (2–0)
Wound infection at the site of surgery (1–0)
Blurred vision (1–0)
	Gastroesophageal reflux disease (1–0)
Edema limbs (1–0)
Hyperglycaemia (1–0)
Peripheral neuropathy (preventing exercise) (1–0)
	Postoperative ileus (1–0)
Hyperthyroidism (1–0)
Gastroesophageal reflux disease (1–0)
Chest pain (1–0)

	3b
	Grade 3 adverse events: 12–0
	Grade 3 adverse events: 14–0

	Unspecified medical problem leading to withdrawal (5–0)
Postoperative ventral hernias (2–0)
	Fatigue and malaise (led to withdrawal) (2–0)
Stroke (2–0)
Acute illness (1–0)
	Unspecified medical reasons (6–0)
Mental reasons/depression (3–0)
Postoperative ventral hernias (1–0)
Microhaematuria (1–0)
	Acute illness (1–0)
Progressive disease with cough (1–0)
Psychological reasons leading to withdrawal (1–0)

	4
	Grade 4 adverse events: 5–0
	Grade 4 adverse events: 5–0

	Cancer recurrence (1–0)
Emergency surgery required (1–0)
Pneumonia (1–0)
	Metastasis (1–0)
Diagnosed with lung cancer (1–0)
	Metastasis (3–0)
Cancer recurrence (2–0)

	5
	Grade 5 adverse events: 2–0
	Grade 5 adverse events: 2–0

	Death (2–0; n = 1 due to perforated cholecystitis; n = 1 unspecified)
	Death (2–0; n = 1 was due to sepsis; n = 1 unspecified)


AE adverse events
Adverse events were classified using the Common Terminology Criteria as: grade 1- asymptomatic or mild symptoms; grade 2- moderate, minimal, local or non-invasive intervention indicated and limiting age-appropriate instrumental activities of daily living; grade 3- severe or medically significant but not immediately life-threatening; grade 4- life-threatening consequences and urgent intervention indicated, or; grade 5- death
a Includes all adverse events (both exercise- and non-exercise related)
bAdverse events in which the severity was not reported were considered Grade 3 or higher if the event led to study withdrawal



Adverse events in usual care participants
For participants allocated to usual care (n = 623), 98 adverse events were reported (grade 1: n = 73 events; grade 2: n = 4 events; grade 3: n = 14 events; grade 4: n = 5; grade 5: n = 2, Table 2). The most common adverse events among usual care participants were low-severity musculoskeletal symptoms (pain, stiffness, soreness, tendonitis, cramp, arthritis; n = 41 events, grade 1) and fatigue (n = 10 events, grade 1).
Meta-analyses of adverse events
Pooled analyses of 19 RCTs (21 exercise arms) involving 1293 participants (exercise: n = 670; usual care: n = 623) showed no difference in the risk of a grade 3–5 adverse event between exercise and usual care (n = 40 adverse events [exercise: n = 19 events; usual care: n = 21 events], RD: 0.00 [95% CI = − 0.01, 0.01]; p = 0.92; I2 = 0%, Fig. 1). As shown in Fig. 1, subgroup analyses indicated that results were similar irrespective of intervention, treatment and cancer characteristics. Additionally, sensitivity analyses shows the results remain unchanged when restricted to only those studies which specifically mentioned the presence or absence of adverse events (RD: 0.00 [95% CI = − 0.03, 0.03]; p = 0.86, I2 = 0%), as well as when restricted to only studies of high quality (RD: 0.00 [95% CI: − 0.01, 0.01]; p = 0.88, I2 = 0%).
[image: ../images/12966_2020_1021_Fig1_HTML.png]
Fig. 1Meta-analysis results of all grade 3 to 5 adverse events in exercise compared to usual care presented as overall with subgroup analyses for 1) exercise mode, 2) supervision, 3) intervention length, 4) timing with respect to treatment, 5) cancer diagnosis, and 7) high quality studies only (n = 19 trials). Notes: Overall equals n = 21 because n = 2 studies involved multiple intervention arms; positive scores for risk difference indicate a lower risk of an adverse event with exercise compared to usual care


Feasibility outcomes: recruitment, withdrawals, and exercise adherence
Recruitment, withdrawal and adherence rates are shown in Table 3, with all rates meeting our a priori acceptability criteria. Recruitment rates: Study recruitment rates were based on data from 16 studies (n = 3 studies did not report recruitment rate) and were calculated to have an overall rate of 38% (range: 4–91%). Withdrawals: Median withdrawal rate was 12% (range: 0–22%), across a total of 21 intervention groups (n = 19 trials). By comparison, withdrawal rate was 11% (range: 0–31%) in the usual care groups. There was a total of 89 withdrawals (out of 670 participants) from the intervention groups (n = 18 [20%] due to health-related reasons; n = 71 [80%] due to non-health-related reasons) and 85 (out of 623 participants) withdrawals from usual care groups (n = 16 [19%] due to health-related reasons; n = 69 [81%] due to non-health-related reasons, Supplementary content 4). Unspecified non-health (i.e., non-medical) reasons were the most common reason for withdrawal in both groups (exercise: n = 32 withdrawals; usual care: n = 29 withdrawals; see Supplementary content 4 for all reasons for withdrawals). Exercise adherence: Overall median adherence to the scheduled number of exercise sessions was 86% (range: 42–98%, Table 3).
Table 3Study recruitment rates, withdrawal rates and exercise adherence rates reported as overall, and for exercise mode, intervention supervision, intervention length, timing with respect to treatment, cancer diagnosis and study quality


	 	Recruitment rate (%)
Median
(minimum, maximum)
[n = 16 trials]
	Withdrawal rate (%)a
Median (minimum, maximum)
	Adherence rate (%)
Median
(minimum, maximum)
[n = 14 groupsa from n = 12 trials]

	Exercise
[n = 21 groups from 19 trialsa]
	Usual care
[n = 19 groups from 19 trials]

	Overall
	38 (4–91)
	12 (0, 22)
	11 (0, 31)
	86 (42, 98)

	Mode

	 Aerobic exercise
	28 (15, 38)
	5 (0, 14)
	8 (0, 8)
	76 (42, 93)

	 Mixed mode exercise
	41 (4, 91)
	12 (0, 90)
	15 (0, 31)
	88 (61, 98)

	 Other exercise
	−b
	− b
	− b
	− b

	Supervision

	 Supervised
	39 (10, 91)
	11 (0, 22)
	18 (0, 31)
	88 (53, 98)

	 Unsupervised
	37 (4, 84)
	12 (0, 21)
	8 (0, 21)
	76 (42, 93)

	Length

	  < 12 weeks
	61 (18, 91)
	12 (0, 22)
	18 (0, 31)
	85 (53, 98)

	  ≥ 12 weeks
	33 (4, 54)
	12 (0, 21)
	8 (0, 21)
	89 (42, 93)

	Treatment

	 Pre-treatment
	88 (84, 91)
	14 (0, 16)
	11 (0, 18)
	78 (74, 98)

	 During treatment
	33 (26, 39)
	12 (5, 14)
	8 (0, 31)
	75 (42, 89)

	 Post-treatment
	28 (4, 61)
	11 (0, 22)
	13 (0, 21)
	88 (53, 93)

	Cancer diagnosis

	 Colorectal
	27 (4, 91)
	11 (0, 22)
	14 (0, 31)
	77 (42, 98)

	 Colon only
	39 (10, 61)
	12 (0, 14)
	8 (0, 19)
	89 (61, 93)

	 Rectal only
	−b
	−b
	−b
	−b

	Study quality

	 Low
	−b
	−b
	-b
	-b

	 High
	38 (4, 91)
	12 (0, 22)
	11 (0, 31)
	88 (42, 98)


a Reported by intervention groups because n = 2 trials involved multiple intervention groups
b Insufficient number of studies



Health outcomes: assessment of outcomes
There was a sufficient number of studies to allow for the conduct of meta-analyses on 10 health outcomes including QoL, aerobic fitness, fatigue, upper-body strength, lower-body strength, sleep, anxiety, depression, body fat and body mass index (Supplementary content 5 presents an overview of instruments and methods used to assess these outcomes).
Meta-analyses results: exercise versus usual care
An overview of the main effects for all health outcomes is shown in Fig. 2. Compared with usual care, there were medium to large effects supported statistically (SMDs range: 0.21–0.66; all p < 0.05) in favour of exercise for all health outcomes of interest, with the exception of lower-body strength, anxiety and body mass index (SMD range: 0.04–0.31; all p ≥ 0.05). While results following sensitivity analyses (restricting analyses to data from studies rated as high quality) showed that effect sizes were attenuated for aerobic fitness (SMD: 0.39, 95% CI: 0.12–0.65; p < 0.01 [high-quality studies only] vs SMD: 0.59, 95% CI: 0.16, 0.98; p < 0.01 [all studies]), they continued to be supported statistically. Further, effects size remained relatively unchanged for all other outcomes following sensitivity analyses.
[image: ../images/12966_2020_1021_Fig2_HTML.png]
Fig. 2Meta-analysis results of all health outcomes presented as overall effects. SMD: standardised mean difference (positive scores favour exercise; negative scores favour usual care)


Subgroup effects
Findings from exploratory, subgroup analyses suggest benefit through exercise interventions, irrespective of mode, level of supervision, duration or timing with respect to chemotherapy or surgery for the majority of health outcomes. However, compared with effect size reported following the primary analyses, effect sizes were larger for specific outcomes under specific intervention conditions (Table 4). These include: for QoL and fatigue when interventions were supervised; for aerobic fitness, upper-body strength and reduced body fat when interventions were unsupervised; for QoL, aerobic fitness and reduced body fat when interventions were ≥ 12 weeks in duration; for QoL and reduced body fat when interventions were conducted post-treatment; for aerobic fitness when interventions were during chemotherapy; and for aerobic fitness and upper-body strength in trials that involved combined colorectal patients (Table 4).
Table 4Summary of outcomes that had statistically significant effects based on subgroups with two or more studies


	Health outcomes
	No. of studies
	Total participants
	I2
(%)
	Standardized mean difference
(95% CI)
	p-value

	 	 	Exercise
	Usual care
	 	 	 
	Quality of life

	 Exercise mode

	  Aerobic exercise
	4
	108
	83
	0
	0.06 (−0.23, 0.35)
	0.69

	  Mixed mode exercise
	6
	202
	194
	0
	0.25 (0.05, 0.44)
	0.02*

	  Other
	1
	−a
	−a
	−a
	−a
	−a

	 Supervision

	  Supervised
	5
	77
	73
	0
	0.39 (0.07, 0.72)
	0.02*

	  Unsupervised
	6
	260
	231
	0
	0.15 (−0.03, 0.33)
	0.10

	 Intervention duration

	   < 12 weeks
	2
	44
	40
	0
	0.31 (−0.10, 0.98)
	0.12

	   ≥ 12 weeks
	9
	293
	264
	0
	0.19 (0.02, 0.36)
	0.02*

	 Treatment

	  Pre-treatment
	0
	−a
	−a
	−a
	−a
	−a

	  During treatment
	5
	111
	76
	0
	0.05 (−0.24, 0.35)
	0.73

	  Post-treatment
	6
	226
	228
	0
	0.27 (0.08, 0.45)
	< 0.01*

	Fatigue

	 Supervision

	  Supervised
	4
	59
	61
	0
	0.43 (0.06, 0.79)
	0.02*

	  Unsupervised
	5
	116
	91
	0
	0.12 (−0.17, 0.40)
	0.42

	Aerobic fitness

	 Exercise mode

	  Aerobic exercise
	5
	123
	100
	0
	0.46 (0.18, 0.73)
	< 0.01*

	  Mixed mode exercise
	12
	339
	330
	91
	0.64 (0.07, 1.20)
	0.01*

	  Other exercise
	0
	−a
	−a
	−a
	−a
	−a

	 Supervision

	  Supervised
	7
	136
	129
	80
	0.45 (−0.14, 1.03)
	0.14

	  Unsupervised
	10
	326
	301
	91
	0.65 (0.08, 1.21)
	0.03*

	 Intervention duration

	   < 12 weeks
	7
	209
	206
	94
	0.47 (−0.43, 1.38)
	0.31

	   ≥ 12 weeks
	10
	253
	224
	56
	0.56 (0.25, 0.87)
	< 0.01*

	 Timing regarding treatment

	  Pre-surgery
	3
	136
	137
	98
	1.00 (−0.72, 2.72)
	0.25

	  During chemotherapy
	5
	115
	81
	46
	0.72 (0.27, 1.17)
	< 0.01*

	  Post-treatment
	9
	211
	212
	68
	0.28 (−0.09, 0.0.65)
	0.13

	 Cancer

	  Colorectal cancer
	10
	371
	338
	91
	0.55 (0.01, 1.08)
	0.04*

	  Colon only
	7
	91
	92
	78
	0.61 (−0.07, 1.28)
	0.08

	  Rectal only
	0
	−a
	−a
	−a
	−a
	−a

	Upper-body strength

	 Exercise mode

	  Aerobic exercise
	0
	−a
	−a
	− a
	−a
	− a

	  Mixed mode exercise
	5
	132
	124
	19
	0.39 (0.09, 0.69)
	0.01*

	  Other exercise
	0
	−a
	−a
	−a
	−a
	− a

	 Supervision

	  Supervised
	2
	24
	21
	0
	0.10 (−0.49, 0.69)
	0.75

	  Unsupervised
	3
	108
	103
	30
	0.47 (0.11, 0.83)
	0.01*

	 Cancer

	  Colorectal cancer
	3
	117
	108
	36
	0.43 (0.07, 0.78)
	0.02*

	  Colon only
	2
	15
	16
	12
	0.14 (−0.62, 0.90)
	0.72

	  Rectal only
	0
	−a
	−a
	−a
	−a
	−a

	Body fat

	 Supervision

	  Supervised
	2
	39
	42
	21
	0.20 (−0.29, 0.69)
	0.43

	  Unsupervised
	5
	154
	187
	85
	0.67 (0.05, 1.30)
	0.03*

	 Intervention duration

	   < 12 weeks
	2
	39
	42
	21
	0.20 (−0.29, 0.69)
	0.43

	   ≥ 12 weeks
	5
	154
	187
	85
	0.67 (0.05, 1.30)
	0.03*

	 Treatment

	  Pre-treatment
	0
	−a
	−a
	−a
	−a
	−a

	  During treatment
	1
	−a
	−a
	− a
	−a
	− a

	  Post-treatment
	6
	162
	167
	80
	0.63 (0.09, 1.18)
	0.02*


a Insufficient number of studies
* Statistically significant (p < 0.05)



Discussion
Findings from this meta-analysis suggest that exercise is safe and feasible for individuals with colorectal cancer during and following treatment. There is also evidence to support that exercise is effective for improving QoL, fitness, fatigue, upper-body strength, sleep, depression, and body fat following diagnosis of colorectal cancer.
Participation in exercise was associated with a low adverse event risk, occurring in approximately 1% of participants, and there was no difference observed in grade III or higher adverse events between 1293 exercise and usual care participants (19 RCTs, 21 exercise arms). Of the grade I and II adverse events reported by those in the exercise group, most were low-grade (i.e., 79% were grade I, and no exercise-related events were grade 3 or higher) and reflected common responses to exercise (e.g., muscle soreness). Previous systematic reviews have either reported no adverse events [55], or not commented on adverse events in colorectal patients [18, 19]. However, previous reviews have been more limited in the ability to report on safety due to the low number of studies included, as well as poorer reporting of adverse events by early original research included in these reviews. Moreover, past reviews have focussed only on the post-treatment timepoint (i.e., not pre- or during treatment). While improvements in the assessment and reporting of adverse events has improved over the past decade, our low risk of adverse events finding should still be interpreted with caution. Almost one-half of included studies (n = 9, 47%) made no mention of adverse events (i.e., whether they occurred or not). Moreover, in the studies that reported adverse events, most did not comprehensively describe adverse event monitoring and recording procedures. Nonetheless, our subgroup findings provide some confidence that exercise safety can be maintained even when conducted during chemotherapy, under unsupervised conditions and including resistance exercise.
The recruitment rate (38%), low withdrawal rate (12%) and high exercise adherence rate (86%) reported here are consistent with those previously reported in exercise interventions among other cancer types, including breast cancer [23]. This supports the feasibility of exercise including for those with colorectal cancer. However, low withdrawals and high adherence may also be reflective of a recruitment bias, whereby those individuals who agree to participate in exercise trials may have higher exercise readiness compared with those who are less likely to volunteer [56]. Further, approximately one-third (n = 6, 32%) of studies included in this review excluded participants with metastatic (stage IV) disease and presence of comorbidities and only one trial specifically involved participants with metastatic disease. Given that one-quarter of individuals are diagnosed with metastatic disease [57] and one-third have at least one comorbidity [58], restrictive eligibility criteria may adversely influence the representativeness of the samples to the wider colorectal cancer population. With increasing guidelines recommending participation in physical activity, including exercise, for all people with cancer, there is a clear need to ensure eligibility criteria of future studies allows for more representative samples to be investigated. Ensuring study samples reflect the diverse and complex presentations of patients in the clinical setting would require recruiting patients with characteristics such as being physically inactive, older age, poorer prognosis, presence of additional comorbidities, lower socioeconomic status and poorer access to care.
Much heterogeneity exists in the way exercise adherence and compliance is reported between studies. Approximately two-thirds of the studies (n = 13, 68%) reported adherence as participant attendance at exercise sessions, but did not provide data to enable assessment of exercise compliance (i.e., to what extent did participants complete prescribed exercise dosage). Therefore, while we report high adherence (86%), irrespective of intervention characteristics, compliance is unclear across all studies. Better reporting of compliance by future research will enable exploration of upper- and lower-thresholds of benefits from exercise and whether this is associated by patient characteristics, providing highly useful information for clinical practice.
Improvements in a range of health outcomes, including QoL, fatigue, aerobic fitness, depression, sleep, upper-body strength and body fat (SMD range = 0.21–0.66, p < 0.05) were observed. This extends findings from previous meta-analyses (limited by number of included studies and the number of outcomes these studies evaluated), which were only able to confirm benefit to physical function (SMD = 0.59, [18]), and showed no effects on fatigue (SMD = 0.18–0.21, [18, 19]) and QoL (SMD = 0.18, [18]). The findings from our subgroups analyses also support benefits can be accrued irrespective of mode, degree of supervision, timing with respect to surgery or chemotherapy, although there was some evidence that specific intervention characteristics may be particularly beneficial for specific health outcomes. For example, effect size was greater for QoL with mixed mode and supervised interventions (compared with aerobic exercise only and unsupervised interventions, respectively, Table 4). Since larger effects were observed for specific outcomes when interventions were supervised (e.g., QoL and fatigue), while unsupervised interventions appear more favourable for improvements in other outcomes (e.g., aerobic fitness, upper-body strength and reductions in body fat), prescribing targeted exercise will likely require prioritising health outcomes. This is in line with recommendations made following the most recent update to national exercise prescription guidelines for people with cancer [59]. However, it remains important to recognise that heterogeneity due to other intervention characteristics (e.g., intervention length, exercise mode and exercise intensity) may explain the differences observed in this review between supervised and unsupervised interventions.
Findings from this meta-analysis need to be considered in light of limitations. As acknowledged above, comprehensive reporting of safety and compliance data was lacking and as with many exercise trials, the included studies have the potential for recruitment bias (i.e., participants are more likely to be younger and healthier than the population from which they are drawn) and participation bias (i.e., participants are more likely to have higher exercise self-efficacy than the wider oncology population). Another limitation is that it is important to recognise that our subgroup analyses were exploratory, and lack of power may have prevented us from identifying associations that are present but not represented in our results. It is of note that most (n = 8, 88%) of the unsupervised interventions included in this review were short in duration (12 weeks or less). Also, it has been previously established that unsupervised interventions (n = 9 of 21 study arms in this review) tend to be of lower intensity than those supervised [60]. When these factors are considered together, it is possible the potential for benefit through exercise may have been underestimated and caution should be used when generalising the safety findings. Nonetheless, this systematic review and meta-analysis reflects the most comprehensive assessment of exercise and colorectal cancer studies available. Unlike previous reviews, our evaluation of safety and feasibility involved assessing all phases of treatment (pre-, during and post-treatment). Other strengths of this work included the inclusion of only RCTs, two authors assessed study quality ratings, adverse events were analysed using the Common Terminology Criteria for Adverse Event (Version 5.0), and subgroup analyses were performed to identify potential associations between disease, treatment and intervention characteristics on safety and effect outcomes.
Conclusions
To date, this is the first systematic review and meta-analysis to: 1) undertake pooled analyses of exercise-related adverse events, and; 2) the first review article to systematically evaluate feasibility outcomes (recruitment, adherence and withdrawals) in this population. The present findings suggest that exercise following colorectal cancer diagnosis is associated with a low risk of adverse event, is feasible, and has beneficial effects on a range of health outcomes, irrespective of exercise mode, level of supervision, duration or timing with respect to chemotherapy or surgery.
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