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ABSTRACT

Purpose: To evaluate effects of aerobic and resistance exercises for cancer-related pain in adults with and surviving cancer. Secondary objectives
were to a) evaluate the effect of exercise on fatigue, psychological function, physical function, b) assess fidelity to exercise.

Design: A systematic search of MEDLINE, EMBASE, AMED, CINAHL and Cochrane Central Register of Controlled Trials was conducted to identify
randomised controlled trials (RCTs) comparing aerobic and/or resistance exercise to control groups. The primary endpoint were changes in cancer-
related pain intensity from baseline to post intervention. Meta-regression analysis evaluated predictors for heterogeneity between study findings.
Tolerability was defined as reporting of exercise-induced adverse events while fidelity evaluated by reported intervention dropout.

Results: Twenty-three RCTs including 1954 patients (age 58 + 8.5 years; 78 % women); 1087 (56 %) and 867 (44 %) allocated to aerobic/resistance
exercise therapy and control group, respectively. Exercise therapy was associated with small to moderate decreases in cancer-related pain compared
to controls (SMD = 0.38, 95 % CI: 0.17, 0.58). Although there was significant heterogeneity between individual and pooled study effects (Q =
205.25, p < 0.0001), there was no publication bias. Meta-regression including supervision, age, duration and exercise type as moderators showed no
significant differences in reported outcomes. Analysis of secondary outcomes revealed a moderate effect for improvements in physical function,
fatigue and psychological symptoms.

Conclusions: Aerobic and resistance exercises are tolerable and effective adjunct therapies to reduce cancer-related pain while also improving
physical function, fatigue and mood. Future RCTs of dose, frequency, compliance and exercise type in specific cancer settings are required.

1. Introduction

Over 50 % of cancer patients experience pain both during and after anti-cancer treatments [1,2]. As cancer detection and treat-
ments improve and survivorship increases, the management of cancer-related pain is becoming an increasing challenge for patients
and treating oncologists [3,4]. Cancer-related pain is defined as pain caused by the primary cancer itself or metastases, its treatment in
people with cancer or surviving cancer [5]. Tumours, surgery, chemotherapy, radiation therapy, targeted therapies, supportive care
therapies including bisphosphates and diagnostic procedures can all cause pain in people with cancer [6]. Psychosocial factors also
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contribute to the experience of pain. Psychological morbidity and poor social support are common factors in cancer patients and are
shown to significantly increase pain severity and pain-related disability. These multifactorial mechanisms further generate acute
transient flare ups of ongoing pain known as breakthrough pain [7]. Although breakthrough pain can be attributed to non-malignant
events, it is shown in cancer patients to be related to neoplastic lesions in 70-80 % of cases [8].

Despite the availability of guidelines such as the World Health Organisation [9] or Australian Cancer Pain Guidelines [10],
cancer-related pain is often inadequately managed. Overall. Guidelines are not adequately adhered to over concerns that they are
outdated and/or not specific to pharmacological and interventional options used with current cancer-related pain management [11].
Additionally, guideline recommendations for physical therapies may not be adhered to due to multiple patient, health practitioner and
system barriers [12]. Thus, given the multifactorial contributors associated with cancer-related pain, non-pharmacological in-
terventions are now being investigated and accessed by cancer patients and cancer survivors.

Exercise plays an increasing role in the management of cancer. Although current evidence shows exercise interventions have
beneficial effects on physical and quality-of-life outcomes in cancer patients and survivors [13,14], their effects on cancer-related pain
severity have been less thoroughly explored. For example, aerobic and resistance training are associated with improvements in
physical, psychological, and behavioural symptoms in cancer patients and survivors [15,16]. Similarly, these exercises are shown to
have anti-inflammatory effects such as decreases in IL-6, TNF-a and C-reactive protein [17,18], all of which are associated with
increased levels of pain in people with cancer [19]. With increased attention by patients, clinicians and researchers towards the use of
exercise interventions, it is important to identify the effectiveness of resistance and aerobic exercises in people reporting cancer-related
pain. Given the multi-dimensional nature of pain and its impact on other symptoms and physical function, it is important to also
consider the effects of aerobic and resistance exercise on the physical and psychological functional outcomes of pain during pain
assessments [20,21]. Although previous reviews report the positive effects of exercise on pain in people with cancer, and survivors,
findings are related to specific cancer types and are not systematic in design. Thus, the need for a systematic review and meta-analysis
on the clinical effectiveness of aerobic and resistance exercises on pain and outcomes associated with cancer-related pain across cancer
settings is required.

Thus, to identify the scope of data across cancer settings and subsequent clinical and research implications, our objective was to
investigate the effects of aerobic and/or resistance exercise on cancer-related pain with people receiving anti-cancer treatment and
those surviving cancer compared to control groups. Our secondary objective was to a) analyse the effect of aerobic and/or resistance
exercise programs on fatigue, physical function and psychological symptoms in people with cancer-related pain compared to control
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Fig. 1. PRISMA flow diagram of study identification and selection.
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Demographic data from included trials for meta-analysis (N-23).

Variable No. of Trials (%)

Publication year 23
2000-2022

Region of research 7 [31]
Americas 5
USA 1
Canada 1
Brazil 11 [47]
Europe 5
Germany 2
Sweden 1
Netherlands 1
Spain 1
Switzerland 1
UK 2[9]
Asia 1
India 1
South Korea 3[13]
Australia

Sample size 4 [24]
<50 12 [48]
51-100 7 [28]
>101

No. of participants

1954 (100.0)

Group Allocation 1087 [56]
Exercise 867 [44]
Control

Mean age years (SD) 58.4 (8.3)

Female sex 1520 [74]

Cancer site 10 [44]
Breast 2[12]
Head, neck and oral 2 [8]
Prostate 1[4]
Leukemia 1[4]
Lung 1[4]
Pancreatic 6 [24]
Mixed

Exercise type 10 [44]
Aerobic & resistance 7 [30]
Aerobic alone 6 [26]
Resistance alone

Clinical settings 24 [75]
Oncology outpatient clinic 1[4]

Hospital inpatient

groups and b) to assess the tolerability and fidelity to these exercise programs.
2. Methods
2.1. Data searches and sources

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines [22] to
identify, screen and describe the protocols in this review. With registration at the international prospective register of systematic
reviews register (PROSPERO identifier CRD42020208180) (https://www.crd.york.ac.uk/PROSPERO/), we conducted searches only
for randomised controlled trials and randomised controlled pilot trials written in English identified by title and abstract in Ovid
(Medline, Embase, AMED, Cochrane Central Register of Controlled Trials) and CINAHL (Supplementary File 1) published from January
2000 to August 2022. Additional studies referenced in related reviews were also included.

2.2. Study eligibility criteria

RCTs involving adults (age >18 years) analysing the effects of aerobic and/or resistance interventions on cancer-related pain versus
control arms including waitlist, treatment as usual (TAU) and other interventions including passive physical therapy and breathing
exercises. Studies were included regardless of exercise intensity, duration, mode of supervision (individual, group, unsupervised) or
delivery of intervention (e.g., supervised versus home-based or mixed). Studies focusing on other cancer-related outcomes where pain
was reported as a secondary outcome were also included. Studies examining the effects of exercise on chemotherapy-induced


https://www.crd.york.ac.uk/PROSPERO/

Table 2

Characteristics of included studies.

Author/ RCT Setting Patients Age Female Cancer Tumour Exercise Exercise dose Frequency/ Control Pain P values
year design N) means (%) type stage intervention Duration intervention(s) outcome(s)
(SD)
Backman/ 2-arm Outpatient 77 54 90 BR/CRC -1V Part supervised 10k steps Daily for 10 TAU/no restriction EORTC 0.04
2014 (non- MS) progressive weeks on physical activity QLQ-C30
blind) walking
Bade/2021 2-arm Outpatient 40 64.9 75 Lung -1V Progressive Increase of Daily for 3 TAU/no additional EORTC- 0.95
(non- (SS) 8.7) walking 400 steps per months advice QLQ-C30
blind) (home-based) day from
baseline
Baglia/ 2-arm Outpatient 121 61.3 [7] 100 BR + Al I-III Supervised Aerobic - 150 RET - 2/week, TAU/no additional SF-36 <0.001
2019 (single (SS) progressive min (60-80 % Aerobic - 150 advice
blind) aerobic HRM) min/week for
(walk)/RET RET - 8-12 12 months
(up/low body) reps for 3 sets
Cantarero/ 2-arm Outpatient 66 47.5 100 BR I-111 Supervised 1-h sessions 3/week for 8 Healthy lifestyle VAS (0-10) 0.001
2012 (single (SS) (8.5) survivors progressive weeks recommendations - neck pain/
blind) aerobic/RET shoulder/
(water) axillary
pain
Chatterjee/  2-arm Outpatient 94 45.5 10 Oral v Supervised 2sets—10reps  Daily for 6 Daily active ROM SPADI 0.02
2017 (single (SS) PRET - at 25 % of 1 weeks exercises
blind) shoulder rep 100 %
Cormie/ 2-arm Outpatient 20 72.2 0 Prostate > III Supervised 2-4setsof 12-8  X2/week for TAU/no additional VAS VAS - 0.6
2013 (single (SS) (7.2) PRET Major rep max for 8 12 weeks advice (0-10)/ FACT - 0.3
blind) muscle groups)  exercises FACT
Bone pain
Dimeo. 2-arm Outpatient 69 58 28 Lung/GI -1V Supervised 5 x 3 mins/ X5/week for 3 Muscle relaxation EORTC 0.8
2004 (non- (SS) progressive day to 3 x 8 weeks program QLQ-C30
blind) aerobic (bike) mins/day at 50
RPM (80 %
HRM)
Fields/ 2-arm Outpatient 40 63 [8] 100 BR + Al < Brisk walking Progressing 3-5/week for TAU + physical BPI/SF-36 Not reported
2016 (non- (SS) (Home) from 1 to 4 x 12 weeks activity booklet
blind) 30 min
Galvao/ 2-arm Outpatient 100 71.7 0 Prostate I-1v Supervised Aerobic — 2/week for 12 Physical activity SF-36 0.5
2013 (non- (MS) (10.6) aerobic (walk 20-30 min months booklet/pedometer
blind) bike) PRET - (150 mis/week)
PRET (up/low progressing
body from 12 to 6
rep max for
2-4 sets
Hayes/ 3-arm Outpatient 194 52.4 100 BR 0-1I1 Supervised 20-30 to 45+ 4/week for 8 TAU/encouraged to ~ NRS 0.4
2013 (single MS) 8.4) progressive mins months maintain physical (0-100)
blind) aerobic/RET activity
(up/low body)
Irwin/2015 2-arm Outpatient 121 61.3 100 BR 0-IIT Supervised Aerobic - 150 RET - 2/week, TAU/continue BPI/ 0.001
(non- (MS) survivors progressive min (60-80 % Aerobic — 150 usual activities WOMAC
blind) + Al aerobic HRM)

(continued on next page)
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Table 2 (continued)

Author/ RCT Setting Patients Age Female Cancer Tumour Exercise Exercise dose Frequency/ Control Pain P values
year design N) means (%) type stage intervention Duration intervention(s) outcome(s)
(SD)
(walk)/RET RET - 8-12 min/week for
(up/low body) reps for 3 sets 12 months
Knols/ 2-arm Outpatient 131 61 (7.7) 41 Leukemia/ Not Supervised Aerobic - 20 2/week for 12 TAU/no additional EORTC 0.4
2011 (single (SS) lymphoma stated aerobic (bike)/ min at 50-60 weeks advice QLQ-C30
blind) PRET (up/low % to 70-80 % (pain)
body HRM
RET - not
reported
McNeely/ 2-arm Outpatient 17 52 18 H/N -1V Supervised Session 3/week for 12 Passive ROM/ SPADI 0.04
2004 (non- (SS) [32-73, PRET (up duration not weeks stretching
blind) 76-78] body) reported
Mijwel/ 3-arm Outpatient 206 63.8 100 BR Ca (pre-  I-llla Supervised Aerobic - 20 2/week for 16 Written physical PPTs Trapezius/
2018 (non- (SS) 8.3) CT) progressive min with weeks advice sheet gluteus (non-
blind) aerobic (bike)/ increasing taxanes side -
RET (major effort <0.001
muscle groups)  PRET - 2-3
sets of 12 reps
(70-80 % max
of 1 rep max
Nyrop/ 2-arm Outpatient 62 53.7 100 BR I-1Iv Supervised 150 min/week 150 min/week Waitlist control VAS No P values
2017 (non- (SS) (4.5) survivors aerobic (walk) for 6 weeks (0-10)/ Effect size —
blind) + Al WOMAC 0.14/0.25
Park JH/ 2-arm Inpatient 63 64.9 100 BR Ca 1111 Supervised 3 x 20 min 5/week for 4 Manual lymphatic VAS <0.0001
2017 (single (SS) (8.4) progressive weeks drainage (0-100)
blind) aerobic
(walk)/RET
(arm strength)
Paulo/ 2-arm Community 36 46.7 100 BR Ca I-1IT Supervised Aerobic - 30 3/week for 9 Stretch/relaxation EORTC 0.001
2019 (non- (7.9) survivors progressive min/day at months QLQ-C30
blind) + Al aerobic 60-80 % HRM
(walk)/RET RET - 40 min/
(up/low body) day
Rief/2014 2-arm Outpatient 60 62.7 45 Mixed v Initial 30 min 3/week over Passive physical VAS 0.4
(non- (SS) (10.5 supervised/ course of therapy and (0-100)
blind) then home radiotherapy breathing exercises
paraspinal RET
Rief/2014a 2-arm Outpatient 60 62.7 45 Mixed I\Y% Initial 30 min 3/week for 12 Passive physical VAS (0-10) <0.001
(non- (SS) (10.5) supervised/ weeks therapy and
blind) then home breathing exercises
Paraspinal RET
Rief/2014b  2-arm Outpatient 60 54.3 45 Mixed v Initial 30 min 3/week over Passive physical EORTC <0.001
(non- (SS) (11.3) supervised/ course of therapy and QLQ-BM22
blind) then home radiotherapy breathing exercises
Paraspinal RET
Schmidt/ 3-arm Outpatient 67 46.0 100 BR Ca Not Supervised Aerobic/RET - 2/week for 12 TAU EORTC ET - 0.07
2015 (non- (SS) stated progressive 60 min weeks QLQ-C30 PRET - 0.54
blind) aerobic/RET
(up/low body)

(continued on next page)
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Table 2 (continued)

Author/ RCT Setting Patients Age Female Cancer Tumour Exercise Exercise dose Frequency/ Control Pain P values
year design N) means (%) type stage intervention Duration intervention(s) outcome(s)
(SD)
van Waart/  3-arm Outpatient 230 50.7 99 BR/CRC I-1IT Supervised vs Aerobic - 30 Care guidelines/no EORTC Supervised
2015 (non- (MS) 9.1) home min exercise advice QLQ-C30 <0.001
blind) progressive RET - 2 sets of Home - 0.11
aerobic (steep 8 reps at 80 %
ramp) of 1 rep max
RET - (6 large
muscle groups)
Yeo/2012 2-arm Outpatient 102 66.5 50 Pancreatic Ia,b-1I  Brisk walking 10 progressing Usual activities/ VAS 0.05
(non- (SS) (Home) to 25-30 min exercise (0-10)/SF-
blind) 36

Abbreviations Al - Aromatase inhibitors, BR Ca — breast cancer, CP — cancer-related pain BPI - Brief Pain Inventory, CRC - colorectal cancer, EORTC QLQ - European Organization for the Research and
Treatment of Cancer Quality of Life Questionnaire, ET — endurance training, GI — gastrointestinal, HRM — heart rate maximum, MS — multi-site, NP — neuropathic pain, NRS — numerical rating scale, PPTs —
pressure point thresholds, PRET — progressive resistance exercise training, RET - resistance exercise training, ROM - range of motion, SF-36 — Short Form 36, SPADI - Shoulder Pain and Disability Index, SS
- single site, TAU - treatment as usual, WOMAC - Western Ontario and McMaster Universities Osteoarthritis Index, VAS - Visual analogue scaleRisk of Bias.
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peripheral neuropathies were excluded as this cluster of signs and symptoms has been previously reviewed [23,24]. We included
studies where at least one trial arm used either aerobic and/or resistance-type exercise interventions with at least one non-exercise,
passive physical therapy, TAU, non-aerobic/resistance exercises (see excluded interventions), or waitlist control. Typical aerobic
interventions include walking, jogging, aerobic classes, cycling, swimming, aqua-aerobics, or organised sports (e.g., tennis, football).
Typical resistance exercises include weight training (e.g., dumbbells, barbells), resistance elastic band, participant bodyweight or a
combination of both. Studies were excluded if exercises such as Pilates, mind-body practices including Yoga, Tai-chi and Qigong,
dancing and stretching were included in intervention protocols. Further studies were not included if they were 1) published as con-
ference abstracts, 2) non-randomised, review, study protocol or case-report design, 3) none or exercise control arm(s), 4) duplicates, 5)
mixed aerobic and/or resistance with non-aerobic and/or resistance exercises, 6) non-aerobic/resistance exercise intervention (e.g.,
yoga, dance, Pilates), 7) no reported pre-post cancer-related pain data, 8) no validated pain outcome-measure, 9) pain measured due to
exercise intensity rather than due to cancer and 10) Part of an accepted study with the same sample but different outcomes.

2.3. Study selection process and risk-of-bias assessment

To determine inclusion eligibility, titles and abstracts from results of the search were independently screened and data extracted by
three authors (PA, AR, WL) using Covidence systematic review software [25]. All reviewers read and agreed on the included articles. At
each stage disagreements were resolved through discussion between PA, AR, WL and ML. To ensure accurate study selection, we
followed The American College of Sports Medicine definitions for aerobic and resistance exercise [26]. PA and AR independently
assessed selected studies for risk of bias using Cochrane Risk of Bias tool for randomized trials (RoB2) for individual studies [27].
Conflicts of agreement were resolved by discussion with third and fourth review authors (WL, ML). For risk of bias assessment across
studies, we used the Grading of Recommendations, Assessment, Development and Evaluations (GRADE) framework measures of
treatment effect [28].

2.4. Primary outcomes

All studies accepted for this review included pre-exercise scores at baseline to post exercise scores reported at the end of each study
intervention. For primary outcomes, we included self-reported pain-rating measures validated in cancer settings including the visual
analogue scale (VAS) [29], numerical pain rating scale (NPRS) [29], Brief Pain Inventory (BPI) [30], 36-Item Health Survey Instrument
(SF-36), European Research and Treatment for Cancer Quality of Life Questionnaire (EORTC-QLQ-C30) [31] and the Western Ontario
and McMasters Universities Osteoarthritis Index (WOMAC) pain scale [32]. We also included outcome measures reporting pain in-
tensity in specific locations such as the Shoulder Pain and Disability Index (SPADI) [33] as well as outcome measures reporting pain
with sensory testing such as Pressure Pain Thresholds (PPT), also validated in cancer settings [34]. To adjust for the effects of delayed
onset muscle soreness after initial exercise sessions, we analysed baseline pain scores prior to initial exercise sessions and pain scores
after the final exercise session of the program [35].

2.5. Secondary outcomes

We did not include search criteria for any associated cancer or exercise outcomes. However, we included secondary symptom and
exercise-related outcomes analysed in accepted studies as they often assessed and managed together [36] while showing strong in-
terrelationships with or impact pain in people with cancer [37-39]. For example, people with moderate to severe cancer-related pain
report greater levels of fatigue [38] and psychological distress [39] compared to those reporting only mild cancer-related pain. Thus,
given the associations between cancer-related pain and these variables, we further assessed the effects of aerobic and resistance ex-
ercises on fatigue and psychological outcomes including anxiety, stress and depression as analysed in accepted studies. We further
assessed exercise-related outcomes including muscle strength, joint range of motion, heart rate, VO2 max/peak (gold-standard test for
determining oxygen consumed per kilogram per minute), power and endurance.

2.6. Data analysis

We conducted meta-analysis using the metafor package in R [40], using a random-effects model due to expected heterogeneity in
study characteristics. The estimate of exercise effect size was the standardised mean difference (SMD) in pre-post intervention change
scores between intervention and control groups [41]. Because the included studies reported standard deviations at pre-intervention
and post-intervention separately rather than standard deviations of the change scores, we estimated the standard deviations of the

change scores using the formula SDcpange = \/ SDp,e2 + SDpost2 — 2(r X SDpre % SDpost), Where r is the correlation between pre- and

post-measures. To calculate this, we used three estimates of this correlation (0.5, 0.6, 0.7). Because most studies contributed multiple
outcomes to each meta-analysis, and most had multiple interventions, we analysed the data using a multivariate model, where study
identification number was modelled as a random effect. We examined the pooled SMD and its 95 % confidence interval, as well as a
heterogeneity statistic, Cochran’s Q. Results of the meta-analyses are summarised in forest plots, and funnel plots were used to examine
publication bias (the Egger test and trim-and-fill method were, at the time of writing, not available for multivariate models in the
Metafor package. On PRISMA recommendations for systematic review reporting, we performed a meta-regression analysis to deter-
mine possible predictors for heterogeneity between study findings across all outcomes [42]. Separate meta-analyses were run for
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Table 3
Risk of bias.

Study Sequence Allocation Blinding of Blinding loss to Free of Free of Appraisal Comment

generation concealment participants/ of follow-up/ selective other bias  of quality
personnel assessors ITT analysis reporting sources
reported
Backman Yes Unclear No No Unclear Yes Unclear High risk High and
etal. unclear RoB

for one or more
key domains
Bade et al. Unclear unclear No No Unclear yes Unclear High Risk High and
unclear RoB
for one or more
key domains

Bagliaetal.  Yes Yes No Yes Yes Yes Yes Unclear High RoB in
risk only 1 domain
Cantarero Yes unclear No Yes Yes Yes Unclear High risk High and
etal. unclear RoB

for one or more
key domains
Chatterjee Yes Unclear No Yes Yes Yes Unclear High risk Unclear and
et al. high RoB for
one or more
key domains

Cormie Yes Yes No Yes Yes Yes unclear Unclear High and
et al. risk unclear RoB in
only 1 domain
Dimeoetal. Yes Yes No No Yes Yes Yes High risk High RoB for

one or more
key domains
Fields et al. Yes Yes No No Unclear Yes unclear High risk High RoB for
one or more
key domains

Galveo Yes Unclear No No Yes Yes Yes High risk High RoB for
etal. one or more

key domains

Hayes etal.  Yes Yes No Yes Yes Yes unclear Unclear High and

risk unclear RoB in

only 1 domain
each

Irwin et al. Yes Unclear No No Yes Yes Yes High risk High and

unclear RoB
for one or more
key domains

Knols et al. Yes Yes No Yes Yes Yes Yes Unclear High RoB in
risk only 1 domain

McNeely Yes Unclear No No Yes Yes Yes High risk High RoB for
etal. one or more

04 key domains

Mijwel Yes Yes No No Yes Yes Unclear High risk High RoB for
etal. one or more

key domains

Nyrop etal.  Unclear No No No Yes Yes Yes High risk High RoB for

one or more
key domains
Park et al. Unclear Yes No Yes Yes Yes Unclear High risk High and
unclear RoB
for more than
key domain
Paulo et al. Unclear Unclear No No Yes Yes Unclear High risk High and
unclear RoB
for more than
key domain
Rief et al. Unclear Unclear No No Unclear Yes Unclear High risk High and
unclear RoB
for more than

key domain
Rief et al. Unclear Unclear No No Unclear Yes Unclear High risk High and
(@) unclear RoB
for more than
key domain

(continued on next page)
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Table 3 (continued)

Study Sequence Allocation Blinding of Blinding loss to Free of Free of Appraisal Comment
generation concealment participants/ of follow-up/ selective other bias  of quality
personnel assessors ITT analysis reporting sources
reported
Rief et al. Unclear Unclear No No Unclear Yes Unclear High risk High and
(b) unclear RoB
for more than
key domain
Schmidt Yes Yes No No Unclear Yes Unclear High risk High and
etal. unclear RoB
for more than
key domain
Van Waart Yes Unclear No No Yes Yes Yes High risk High and
etal. unclear RoB
for more than
key domain
Yeo et al. Yes Unclear No No Yes Unclear Unclear High risk High and

unclear RoB
for more than
key domain

secondary outcome variables (fatigue, psychological function, ROM, strength, exercise, and physiological measures). In all analyses, a
higher positive SMD indicates the superiority of the intervention over the control groups. We also included meta-regression analysis to
determine predictors for heterogeneity between study findings across all outcomes. Where meta-regression was not possible due to a
lack of within-trial sub-group analysis we included a narrative review.

3. Results
3.1. Study selection

Our systematic search retrieved 4542 potential articles (Fig. 1). After removing duplicates using EndNote citation management
software [43] we retained 2377 articles. Using Covidence systematic review management software [44], we excluded 2299 studies
based on titles and abstracts and retained 78 full-text records for assessment. A further 57 studies were deemed ineligible. Of these,
seven studies did not report pre-post intervention mean pain outcome scores. After contacting corresponding authors, one returned
relevant data [45], Three reported no access to data [46-48] and three did not respond [49-51]. Twenty-one RCTs were included [45,
52-71] while two hand-searched studies were further included from excluded systematic reviews [72,73]. A total of 23 studies were
included for analysis.

3.2. Study characteristics

The 23 trials included a total of 1954 participants; 1087 (56 %) and 867 (44 %) were allocated to exercise and control groups
respectively (Table 1). Seventy-eight percent of participants were women across all studies. Mean age across all studies was 57.9 years
(SD = 8.5), while the mean sample size was 85 (exercise n = 47, control n = 38). Nineteen studies had two arms with four studies using
three arms. Most studies (n = 10) investigated the effects of exercise on cancer-related pain in women with breast cancer, four of which
recruited cancer survivors. Two studies recruited patients with head, neck and oral cancers, two with prostate and one for pancreatic
and lung cancers. Six further studies reported mixed cancer diagnoses among their samples. All but one study recruited from hospital
oncology outpatient settings, five of which were multisite and two enrolled participants directly from the community. Ten studies
delivered a combination of progressive aerobic and resistance exercise while seven investigated aerobic exercise with walking and
cycling or a combination of these exercises. Six studies delivered progressive resistance exercises for muscles in upper, lower ex-
tremities or paraspinal regions. Nine studies reported pain as their primary outcome, while 14 reported cancer-related pain as a
secondary outcome [52,53,57,59-62,66,67,69-73]. In these studies, most reported a combination of primary outcomes including
fatigue, quality of life (QoL), physical function/performance, and feasibility/efficacy. Specific study characteristics are found in
Table 2.

3.3. Exercise attrition and program adherence

Attrition rates ranged from 0 % to 31 % with a mean attrition rate across exercise arms of 11 % and 14 % among control arms.
Across exercise arms, most participants withdrew due to effects of cancer treatment (especially aromatase inhibitors and chemo-
therapy), tumour progression, non-exercise related accidents and death. Only two studies (9 % of included studies) cited exercise-
related adverse events due to pre-existing musculo-skeletal conditions (n = 5) [58,59] and reported fatigue (n = 1) [52], thus
showing that aerobic and resistance exercise programs are feasible and well-tolerated across a many cancer settings. Thirteen of the 23
accepted studies reported exercise intervention adherence rates that ranged from 70 % to 100 % with a mean adherence rate of 86 %
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across intervention arms.

All trials were at substantial risk of performance bias where RCTs showed research personnel and participants knew assigned
interventions (Table 3). Adequate sequence generation and allocation concealment was reported in 16/23 articles (70 %) and 9/23
(39 %) respectively. Nine of 23 articles (39 %) reported blinding of assessors while 16/23 (70 %) reported intention-to-treat analysis.
The quality of evidence (GRADE) was rated as ‘low quality’ due to the trial design where it was difficult to blind in all trials, study
personnel; and in two thirds of trials, assessors. Publication bias and heterogeneity are reported for cancer-related pain and secondary
outcomes below.

3.3.1. Meta-analysis on the effects of aerobic and resistance exercise on cancer-related pain intensity

Meta-analysis of 45 outcomes across 23 studies [45,52-73] show that pain intensity after exercise programs were significantly
lower in intervention groups compared to control groups (SMD = 0.38, 95 % CIL: 0.17, 0.58) (Fig. 2). There was significant hetero-
geneity between individual study effects and the pooled effect across studies (Q = 142.09, p < 0.0001). The funnel plot (Fig. 3) is
symmetric, indicating the absence of publication bias, although both plots show two extreme values, one favouring control over
intervention, and the other favouring intervention over control. A wide range of validated pain outcome measures for pain in people
with cancer were used across included studies, as illustrated in Table 1.

3.4. Meta-analysis on the effects of aerobic and resistance exercise on secondary outcome measures

All standard mean differences for primary and secondary outcome measures are found in supplementary file 1 while forest and
funnel plots for secondary outcomes are in supplementary file 2.

3.5. Changes in fatigue
Meta-analysis of 13 studies [52-54,57,60,63,65,66,69-72], with 20 outcomes show that fatigue after exercise studies were
significantly lower in intervention groups compared to control groups (SMD = 0.23, 95 % CI: 0.01, 0.4). There was significant het-

erogeneity between individual study effects and pooled effects across studies (Q = 54.21, p < 0.0001). Both funnel and forest plots
show more values that favour intervention over control.
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Fig. 2. Pooled effects of aerobic and resistance exercise compared with control groups on cancer-related pain severity (please note, several studies
used multiple self-report pain related outcomes while two studies also include pressure pain threshold measures).
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Fig. 3. A funnel plot showing absence of publication bias of studies investigating effects of aerobic and/or resistance exercise for cancer-related
pain relief.

3.6. Changes in psychological symptoms

Meta-analysis of nine studies [52,53,58,59,61,63,65,66,69] with 11 outcomes showed that psychological symptoms after exercise
study periods were significantly reduced in intervention groups compared to control groups (SMD = 0.21, 95 % CI: 0.04, 0.39).
Heterogeneity was not significant between individual study effects and the pooled study effect (Q = 7.5, p = 0.68). The funnel plot is
symmetric, although both plots show one extreme value that favours intervention over control.

3.7. Changes in range of motion

Meta-analysis of 3 studies [56,61,64], with 19 outcomes showed that ROM after exercise study periods were significantly greater in
intervention groups compared to control groups (SMD = 0.79, 95 % CI: 0.04, 1.63). Heterogeneity was significant between individual
study effects and the pooled effect across studies (Q = 189.1, p < 0.0001). The funnel plot is asymmetric, mostly driven by two large
effects favouring the intervention in a small study.

3.8. Changes in strength

Meta-analysis of five studies [57,62,69,70,73], with 27 outcomes showed that strength after exercise study periods were signifi-
cantly greater in intervention groups compared to control groups (SMD = 0.33, 95 % CI: 0.!7, 0.49). Heterogeneity was not significant
between individual study effects and the pooled effect across studies (Q = 35.1, p = 0.11). The funnel plot is symmetric, although with
one extreme observation that favoured the intervention.

3.9. Physical performance

Meta-analysis of seven studies [45,53,63,67,70,71,73], using nine outcomes showed that physical performance after exercise
programs were significantly greater in intervention groups compared to control groups (SMD = 0.74, 95 % CI: 0.32, 1.16). Hetero-
geneity was significant between individual study effects and the pooled effect across studies (Q = 35.3, p < 0.0001). The funnel plot
shows some asymmetry.

3.10. Changes in physiological function

Meta-analysis of six studies [45,52,62,69,70,72], with 13 outcomes showed that physiological outcomes (VO2-peak, power
maximum, endurance-70 % maximum, heart-rate) after exercise study periods were significantly higher in intervention groups
compared to control groups (SMD = 0.37, 95 % CI: 0.24, 0.51). Heterogeneity was not significant between individual study effects and
pooled effects across studies (Q = 16.7, p = 0.16). The funnel plot is symmetric, although with one extreme observation that favoured
the intervention.
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3.11. Predictors for effects of exercise on primary and secondary outcomes

In each meta-regression model, there were four predictors: supervision status (unsupervised vs. supervised), type of exercise
(resistance vs. aerobic vs. both), duration of exercise (2 months vs. 2-6 months vs. >6 months), and age (<50, 50-61, >61). years
Unfortunately, although demographic data in most included studies show cancer staging sub-groups, these sub-groups were not
independently analysed in any included study. Additionally, only 13/23 studies included adherence to exercise programs and would
have substantially reduced the number of studies available for meta-regression, so we decided to exclude adherence as a moderator.
The only outcome variables with significant predictors in the meta-regression were for psychological symptoms and exercise per-
formance. Resistance exercise had a significantly lower mean effect size compared to aerobic exercise for both psychological symptoms
(—1.05, p = .03) and exercise performance (—1.00, p = 0.03). Additionally, participants aged 51-60 show significantly lower mean
effect size on exercise performance compared to those under 50 (—1.10, p = 0.001).

4. Discussion

Our findings show that aerobic and resistance exercise therapies are efficacious adjuncts in relieving pain in in adults with ongoing
cancer and surviving cancer across a wide range of patient populations. Although this heterogeneity challenges interpretation of
results for specific cancer-types and cancer stages, our findings concerning the beneficial effects of aerobic and resistance exercise can
be generalised across a wide range of cancer settings while further highlighting sampling areas where research is needed. Importantly,
the dropout rate across exercise intervention groups regardless of cancer setting was only 11 %. where, only six participants across
three studies (0.6 % of intervention groups) reported the effects of exercise for withdrawal. We analysed pre-post exercise data for 45
pain-related outcomes across 23 studies, more than double the number of included studies in previous reviews and thus report a larger
pooled effect of exercise on pain than in previous reviews. 16/23 studies (69 %) show significant decreases in cancer-related pain
intensity.

An important strength of this study was its inclusion of physical and psychological functional outcomes. Cancer-related pain is
typically measured as part of a broader symptom assessment to evaluate their individual and collective effects on QoL and distress
[76]. Thus, we also included physical function outcomes (i.e. muscle strength, joint range of motion, heart rate, VO2 max/peak, power,
endurance and fatigue) and psychological (i.e. anxiety, stress, depression) as part of the overall pain assessment [20,21]. A table
summarising the effects sizes (standardised mean differences) for primary and secondary outcome measures can be found in sup-
plementary file 2. Our findings support current evidence that aerobic and resistance exercise show benefits for increases in muscle
strength, physical performance, ROM and physiological function in people with cancer-related pain [77]. Studies investigating the
effects of aerobic and resistance exercise on physical function in people with cancer also show that moderate and vigorous exercise
results in increases in general physical function and endurance, VO2 max and muscle strength [78]. Importantly from a time course
perspective, Stout and colleagues also found that the effect of exercises on physical strength and physical function is greater when
exercise programs are introduced after the completion of cancer treatment. Encouragingly, positive effects of exercise on strength and
muscle mass are also shown in people with advanced-stage cancer [79]. Lastly, meta-analysis of individual patient data [74] from 34
RCTs assessing 4519 people with cancer, the authors found small but significant benefits exercise on physical function (fdifference in
effect = 0.18, 95%CI = 0.01; 0.20) with a larger effect for supervised interventions.

Our findings also suggest that in people with cancer-related pain, the effects of exercise on psychological function and fatigue
components of individuals’ cancer-related pain are significant but showing modest effect sizes. Concerning fatigue, our findings concur
with current literature where recent studies show a) positive associations between decreased fatigue and pain with exercise programs
[801 and b) negative associations where people with cancer reporting decreased levels of exercise/physical activity report increased
fatigue and pain [37]. Similarly, participation in exercise and physical activity are shown decrease levels anxiety, depression and pain
in cancer patients [81,82]. These observations were consistent across timeframes, as measured by change from baseline to post
intervention.

The magnitude of exercise-induced cancer-related pain relief observed in this meta-analysis is higher than previous systematic
reviews. First, Nakano and co-workers reported that aerobic and resistance exercise therapies provide a small but positive effect on
cancer-related pain (SMD = —0.17, 95 % CI = —0.32 to —0.03) compared to controls [13]. Earlier, Mishra and colleagues in a Cochrane
Review of the therapeutic effect of exercise on QoL in cancer survivors, reported insignificant reductions in cancer-related pain (Chi® =
2.99, df = 2 (P = .22), I? = 33.2 %) [83]. A third systematic review investigated the efficacy of exercise on people with advanced
cancer. While no meta-analysis was performed, the authors show only two of seven studies assessing pain (25 %) reporting significant
pain relief, one of which we included in our meta-analysis [14,67].

Explanations for these conflicting findings are not clear but likely due to differences in cohorts, such as inclusion of a broad range of
cancers and/or cancer staging in the same cohort (greater heterogeneity in exercise response), investigation of different exercise
therapies both within and between studies and differing sample sizes. However, the most likely reason may be the inability of re-
searchers to prevent control groups from freely participating in physical activities or who were given supplementary exercise advice/
programs as part of control protocols. In 16 of 23 accepted studies, control group protocols included advice or encouragement for
physical activity, muscle relaxation and exercises for stretching, ROM and breathing. Furthermore, checking participants’ compliance
in studies investigating home-based exercise interventions may have also been difficult to manage. Thus, participants across inter-
vention and control groups in some studies may have gained similar levels of exercise-induced pain relief. Indeed, researchers stated
these factors when describing their study limitations.

Only 13 of 23 studies reported adherence to intervention rates, with a mean of over 86 %. Importantly, 10 of the 11 not reporting
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exercises adherence were home-based where several authors cited difficulty in getting participants to document what they had done.
Given that exercise requires high levels of motivation, it is less likely that home-based participants, especially those who are sedentary
will adopt or maintain exercise routines [84]. Thus, methods of a) retrieving this data and b) effective promotion and monitoring of
interventions need to be investigated [85] as it has been recently shown that exercise improve a range of functional outcomes in people
with cancer when adherence rates are 80 % or over [86].

4.1. Future research on predictors for effects on exercise on pain in people with cancer

Although our findings show exercise is beneficial for people with cancer-related pain, we found no significant predictors for cancer-
related pain relief. This lack of data should be addressed in future studies where additional therapeutic benefits may exist. Recent meta-
analysis of aerobic and resistance exercise on chronic non-cancer-related pain suggest that varying exercise dose as measured by time
(e.g., minutes), frequency (e.g., per week) and program duration (weeks/months) significantly influences study effect size [87]. Hong
and colleagues also show that largest benefits cancer symptoms including pain are observed where exercise sessions were 45-90 min in
duration [88]. Our findings show average duration for each exercise session to be 30 min which may suggest greater exercise effect
may be gained if session times were increased. Thus, future research should aim to detect the analgesic effects of exercise on
cancer-related pain by varying session duration, dose, frequency and exercise intensity depending on patient age and stage of cancer.
For example, exercise-induced analgesia for older patients or those with advanced cancer may require closer supervision and lower
levels of exercise intensity as previously reported by Arancini and colleagues [89] compared to younger patients and those with
early-stage disease who may be more able to complete higher intensity exercise programs. Concerning the effect of exercise intensity in
cancer settings, recent meta-analysis shows that both high and low-intensity exercise are effective for cancer-related pain relief, and
other cancer-related symptoms including fatigue [90,91].

4.2. Study limitations and strengths

Our study had several limitations. First, 18 % (5/28) of trials that met inclusion criteria did not report pre-post pain outcome data
that could be pooled and thus were not included in the meta-analysis. Interestingly, findings from these studies were inconsistent with
our current meta-analysis results where estimates of exercise effect [48,50,51,92] or mean change in reported pain [47] were
insignificant compared to control groups. Second, 11 studies were excluded where aerobic/resistance interventions included addi-
tional therapeutic modalities. Here, six studies included stretching [77,75,93-96], two included psychosocial interventions [97,98]
while single studies included additional breathing techniques [99], Pilates [100] and passive physical therapy [101]. Importantly, five
of the six studies including stretch exercises show significant reductions in cancer-related pain intensity. Interestingly, these findings
suggest that stretching may be a useful addition to exercise interventions, however, evidence for its analgesic effect alone or as part of
multimodal exercise interventions in cancer and non-cancer settings is poor [102,103]. Furthermore, mind-body therapies such as
yoga and to a lesser extent stretching are effective for improving physical function and fatigue in cancer patients, however, its efficacy
for pain relief is not significant [104]. Thus, the effects of stretching alone or as part of multimodal exercise programs needs further
investigation. Third, no included studies reported subgroup or individual patient-level analysis for cancer staging while 12 studies did
not report baseline cancer-staging demographic data. Given the high prevalence of pain in people with advanced cancers and recent
evidence showing exercise to be safe and feasible in these patients [105], it is crucial that research is undertaken to determine
appropriate exercise dose, frequency, intensity, content and reporting of short-term exercise effects. The reporting of between and
within-group and importantly, patient-level data in these cohorts will be key in elucidating the heterogeneity in analgesic response to
aerobic and resistance exercise therapies and thus inform a more precision clinical approach [106]. Fourth, we must note that sec-
ondary outcome data in this review reflects changes in these outcomes only in people with cancer-related pain [107,108]. Lastly, we
did not examine the effects of aerobic and resistance exercises on health-related quality of life as a secondary outcome. Here, recent
meta-analyses show significant benefit of exercise for this multidimensional construct of which pain assessment is a component [109,
110].

5. Clinical and research implications

Our findings show that aerobic and resistance exercise therapies are efficacious, feasible and tolerable while showing high ther-
apeutic fidelity for reducing cancer-related pain both during and after anti-cancer treatments. Encouragingly, only three participants
across all studies reported the effects of exercise for withdrawal. Based on our review, exercise should be recommended for people with
cancer-related pain both during and after cancer treatments. Here, clinicians are encouraged to refer patients with cancer-related pain
to exercise professionals for aerobic and resistance exercise programs to reduce cancer-related pain and improve physical function.
Future studies should also aim to identify elderly patients and those in advanced care settings who may benefit for example from short-
duration low intensity exercise programs, especially those that are supervised. Although our findings add evidence that patients in
cancer settings can participate in and benefit from exercise programs, the exercise prescription (frequency, intensity, time, and type)
across all settings is not yet defined especially in advanced care settings. At a pragmatic and policy level, future findings may allow for
more cost-effective analgesia and reduced healthcare utilisation in both hospital and community settings.
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6. Conclusions

In summary, aerobic and resistance exercises are effective adjunct therapies to reduce cancer-related pain intensity in people with
and surviving cancer. Our findings also support recommendations that aerobic and resistance exercises are tolerable and feasible
during and after cancer treatments. Further research is needed to determine the type, dose, frequency, compliance and immediate
effects of these types of exercise in specific cancer settings including cancer type and staging.
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