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Abstract
Introduction  Cancer-related pain is common and undertreated. Exercise is known to have a pain-relieving effect in non-
cancer pain.
Objectives  This systematic review aimed to evaluate (1) the effect of exercise on cancer-related pain in all cancers, and (2) 
whether the effect of exercise differed according to exercise mode, degree of supervision, intervention duration and timing 
(during or after cancer treatment), pain types, measurement tool and cancer type.
Methods  Electronic searches were undertaken in six databases to identify exercise studies evaluating pain in people with 
cancer, published prior to 11 January 2023. All stages of screening and data extraction were conducted independently by 
two authors. The Cochrane risk of bias tool for randomised trials (RoB 2) was used and overall strength of evidence was 
assessed using the GRADE approach. Meta-analyses were performed overall and by study design, exercise intervention and 
pain characteristics.
Results  In total, 71 studies reported in 74 papers were eligible for inclusion. The overall meta-analysis included 5877 
participants and showed reductions in pain favouring exercise (standardised mean difference − 0.45; 95% confidence inter-
val − 0.62, − 0.28). For most (> 82%) of the subgroup analyses, the direction of effect favoured exercise compared with usual 
care, with effect sizes ranging from small to large (median effect size − 0.35; range − 0.03 to − 1.17). The overall strength of 
evidence for the effect of exercise on cancer-related pain was very low.
Conclusion  The findings provide support that exercise participation does not worsen cancer-related pain and that it may be 
beneficial. Better pain categorisation and inclusion of more diverse cancer populations in future research would improve 
understanding of the extent of benefit and to whom.
PROSPERO registration number  CRD42021266826.
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Key Points 

Evidence consistently favours participation in exercise 
for cancer-related pain, although quality was graded as 
very low.

Exercise participation does not worsen cancer-related 
pain and may be beneficial in pain management.
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1  Introduction

Cancer-related pain is one of the most common and debili-
tating cancer-related side effects across all cancers [1, 2], 
and its prevalence is expected to rise alongside the projected 
increase in cancer survivors in the coming decades [3, 4]. 
The term cancer-related pain pertains to pain of any origin 
and may present at any point along the cancer continuum 
(diagnosis through to end of life). Cancer-related pain can 
include but is not limited to visceral pain, neuropathic pain, 
nociplastic pain, nociceptive pain, bone and musculoskel-
etal pain [4]. These types of pain may originate from the 
tumour, from cancer treatment (i.e. surgery, chemotherapy, 
radiotherapy) or from survivorship conditions (i.e. lymphoe-
dema) [4]. Further, cancer-related pain can vary in duration 
(acute, subacute, chronic), site (i.e. shoulder, stomach, feet/
hands), intensity and timing of presentation (before, during 
and after treatment) [1]. For the purpose of this review, we 
refer to cancer-related pain as any type of pain of any cause 
presenting along the cancer continuum.

Cancer-related pain has a profound impact on daily activi-
ties (including personal, social and occupational roles), men-
tal health and overall quality of life [5–7]. Population-based 
data involving 4526 cancer patients (including all stages of 
disease at diagnosis, and during and after treatment) indicate 
that 35% of cancer survivors experienced pain on most days 
of the week within the previous 6 months [8]. Further, find-
ings from a meta-analysis (117 studies, n = 63,533) showed 
that overall, 38% of all cancer patients reported moderate-
to-severe pain, with a prevalence of 39% after curative 
treatment, 55% during treatment and 66% in people with 
advanced, metastatic or terminal disease [1].

Effective relief of cancer-related pain depends on mul-
tiple factors including pain causation, type, duration and 
intensity. The most common pain management option is the 
intake of analgesics, with non-steroidal anti-inflammatory 
drugs and/or opioids endorsed by international pain socie-
ties [9, 10] and the World Health Organization [11]. How-
ever, pharmacological treatment is not effective for some 
types of pain. It is also associated with a risk of adverse 
physical and psychological health-related problems which, 
when present, require additional management [12, 13]. Non-
pharmacological pain management strategies, including pain 
educational programmes to reduce patient-related barriers 
and to improve knowledge and communication with health-
care professionals [14, 15], and psychosocial interventions 
(involving relaxation techniques, cognitive–behavioural 
therapy, music therapy, mindfulness- and acceptance-based 
interventions, and supportive-expressive group therapy) 
have also been explored [16]. However, the heterogeneity 
across the interventions evaluated to date has contributed 

to an inconsistent evidence base overall for these therapies 
[14–16].

Exercise interventions of mixed mode and intensity are 
reported as beneficial to reduce pain in non-cancer popula-
tions, including pain due to osteoarthritis and fibromyal-
gia [17, 18]. Within the cancer population, observational 
evidence suggests that people participating in more physi-
cal activity report less pain than people who engage in less 
physical activity [19]. Previous systematic reviews have 
synthesised evidence derived from testing physiotherapy-
based exercise interventions targeting shoulder pain follow-
ing breast cancer, and exercise interventions aimed at pre-
venting chemotherapy-induced peripheral neuropathies, with 
evidence supporting benefit [20, 21]. However, to date no 
systematic reviews with meta-analyses have been undertaken 
to quantify the potential effect of exercise on cancer-related 
pain. There is also limited exploration, and therefore under-
standing, as to whether exercise, pain or patient characteris-
tics influence any potential exercise effect.

The purpose of this systematic review and meta-analy-
sis was therefore to evaluate (1) the effects of exercise on 
cancer-related pain in all cancers, and (2) whether the effect 
of exercise differed according to exercise mode, degree of 
supervision and intervention duration and timing (during or 
after cancer treatment), pain types and measurement tool, 
and cancer type.

2 � Methods

The protocol for this systematic review was prospectively 
registered on PROSPERO (CRD42021266826).

2.1 � Search Strategy and Selection Criteria

Electronic searches were undertaken in the following data-
bases: Cochrane Library, PubMed, CINAHL, SPORTDis-
cus (via EBSCOhost), EMBASE and Scopus for studies 
published up to 10 January 2023. The search strategy was 
developed with assistance from an institutional librarian and 
involved a combination of free-text words and subject head-
ing terms for ‘pain’, ‘exercise’ and ‘physical activity’. The 
full search strategy per database can be found in Table S1. 
Supplementary searches of reference lists of included studies 
were undertaken.

The selection criteria were developed using the Partici-
pant, Intervention, Comparator and Outcome (PICO) frame-
work and can be found in Table 1 [22]. Articles that were not 
published in English were excluded.
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2.2 � Screening and Data Extraction

Using the selection criteria described above, a two-step 
screening process was conducted using Covidence (Veri-
tas Health Innovation, Melbourne, Australia). The titles 
and abstracts of all identified studies were screened by two 
reviewers from a pool of six reviewers (MP, BS, TB, BC, 
GR, CA). Additional reviewers (SH, ALM) were consulted 
to resolve disagreements if necessary. Full texts were then 
retrieved, and the same process was followed for screening 
of full-text articles. Reference lists of included studies were 
also screened to identify potentially eligible studies.

For eligible studies, two independent reviewers (from a 
pool of six reviewers: MP, BS, GR, BC, RS, JT) extracted 
data regarding study characteristics, exercise details, par-
ticipant characteristics (including cancer type and timing of 
exercise intervention with respect to cancer treatment) and 
pain outcomes in tabular format using pre-defined data fields 
in Microsoft Excel (Microsoft Corporation, 2018). Any pain 
data pre- and post-exercise intervention, as assessed via any 
method, were extracted. Exercise details that were extracted 
included exercise mode, intensity, duration of intervention, 
degree of supervision and timing of intervention with respect 
to timing of cancer treatment. Authors were contacted via 
email to maximise data extraction when needed.

2.3 � Risk of Bias

Risk of bias was assessed independently by two authors 
(from a pool of six authors: MP, BS, GR, BC, RS, JT) using 
version 2 of the Cochrane risk of bias tool for randomised 
trials (RoB 2) [23]. Disagreements were resolved by sen-
ior author SH. The RoB 2 is structured into a fixed set of 
domains of bias, focusing on different aspects of trial design, 
conduct and reporting. Articles were rated as having a ‘low 
risk of bias’, ‘high risk of bias’ or having ‘some concerns’ 
[23].

2.4 � Statistical Analyses

Review Manager (RevMan v5.4) was used to perform meta-
analyses for all pain outcomes by comparing post-interven-
tion means and standard deviations for the exercise and non-
exercise/usual care groups of all randomised controlled trials 
(RCTs). Standardised mean differences (SMDs) with 95% 
confidence intervals (95% CIs) were calculated using generic 
inverse variance methods in a random-effects model for 
continuous data. In studies using more than one method to 
assess pain, extraction of data from Visual Analogue Scales 
and Numeric Rating Scales were prioritised over subscales 
from health-related questionnaires (such as SF-36).

The following planned subgroup analyses were performed 
to assess the potential effect of exercise on pain to be modi-
fied by: (1) exercise mode: aerobic, resistance, mixed mode 
(i.e. aerobic and resistance), yoga and other exercise (i.e. 
martial arts and rock climbing); (2) intervention dura-
tion: < 12 weeks or ≥ 12 weeks; (3) degree of intervention 
supervision: supervised (i.e. half or more than half of the 
exercise sessions were supervised face to face) or unsuper-
vised (i.e. less than half of the exercise sessions involved 
face-to-face supervision; telehealth sessions were considered 
unsupervised); (4) pain types as defined by the individual 
studies (i.e. musculoskeletal pain, neuropathic pain); (5) 
pain measurement tools (i.e. European Organization for the 
Research and Treatment of Cancer Quality of Life Ques-
tionnaire (EORTC QLQ C30)—Pain Scale, SF-36—Bodily 
Pain Scale, Numeric (Pain) Rating Scale, Visual Analogue 
Scale, Neuropathic Pain Scale, Brief Pain Inventory, West-
ern Ontario and McMaster Uni OA Index); (6) cancer type 
(i.e. breast, lung, colon and colorectal, head and neck, pros-
tate and two or more cancer sites); and (7) intervention tim-
ing with respect to timing of cancer treatment (during and/
or after chemotherapy and/or radiotherapy).

Sensitivity analyses were undertaken by assessing the 
effect of study design characteristics on the results: (1) 

Table 1   Selection criteria

P—Participants Humans > 18 years old who were diagnosed with any type of cancer and at any stage of treatment (either awaiting, undergoing 
or completed any form of cancer treatment)

I—Interventions Randomised controlled/clinical trials (RCTs) designed to evaluate exercise interventions. An RCT evaluating an exercise 
intervention was defined as a trial designed to evaluate exercise safety, feasibility or effectiveness with randomisation of 
participants. Exercise was considered as any form of planned, structured, and repetitive bodily movement performed to 
improve or maintain fitness, performance or health. Studies that involved exercise in addition to other interventions (e.g., 
dietary intervention, drug intervention) were excluded if the effects of exercise could not be isolated. Trials were eligible for 
inclusion irrespective of degree of intervention supervision, intervention length or exercise dosage prescribed. Interventions 
conducted at any time before, during or following treatment were eligible

C—Comparator RCTs that involved a non-exercise control or usual care group were eligible. Non-randomised and single-group pre-post inter-
vention studies (with no comparison group) were ineligible

O—Outcomes The outcome of interest was pain. Any pain outcome assessed using any pain instrument or pain item/subscale on a non-pain 
instrument (e.g., pain subscale in a quality of life questionnaire) was eligible. Outcome data had to be assessed at baseline 
(pre-intervention) and post-intervention to be included
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sample size: n < 20, n = 21–59, n ≥ 60; (2) risk of bias: high 
risk of bias, some concerns or low risk of bias, as rated with 
the RoB 2; and (3) pain selection criterion: pain as inclu-
sion criterion, pain as exclusion criterion (i.e. pre-existing or 
excessive pain states) or pain not listed as selection criterion.

The I2 statistic was assessed for statistical heterogeneity, 
with values above 30%, 50% and 75% considered moderate, 
substantial and considerable heterogeneity, respectively [24]. 
An effect size of 0.2 was considered small, 0.5 moderate and 
0.8 large [25]. A p value of less than 0.05 was considered 
statistically significant.

2.5 � Overall Strength of the Evidence Pool

The overall strength of evidence was assessed with the 
Recommendation, Assessment, Development and Evalu-
ation (GRADE) tool [26]. The GRADE domains included 
study design, heterogeneity, risk of bias, indirectness, 
imprecision and publication bias, and were rated as ‘not 
serious’, ‘serious’ and ‘very serious’ limitations as per the 
Cochrane recommendations [26]. Limitations on study 

design were considered not serious as all included studies 
were RCTs. Risk of bias (assessed with the RoB 2) limita-
tions were considered not serious if evidence was mostly 
(> 50%) from studies with a low risk of bias, serious if 
evidence was mostly from studies of some risk of bias and 
very serious if evidence was mostly from studies of high 
risk of bias [26]. Inconsistency/heterogeneity limitations 
were considered not serious if I2 < 50%, serious if I2 was 
between 51 and 69%, and very serious if I2 ≥ 70% [26]. 
Indirectness was considered serious if evidence was mostly 
from studies of unclear risk of indirectness and very seri-
ous if evidence was mostly from studies with high risk of 
indirectness of evidence based on the GRADE directness 
items. Imprecision limitations were considered serious if 
data from < 400 participants were available per outcome 
and if the confidence interval around the SMD exceeded 
0.5, and very serious if the confidence interval around 
the SMD exceeded 1.0. Publication bias was assessed by 
examining whether studies reported different results based 
on the number of included participants.

Duplicates removed
n=4,764

Titles and abstracts screened
n=10,053

Total records iden�fied n=14,817

Records 
iden�fied 
Cochrane
(n=944)

Records 
iden�fied in

CINAHL/ 
SPORTDiscus

(n=1,527)

Records 
iden�fied in

EMBASE
(n=4,764)

Records 
iden�fied in

PubMed 
(n=2,188)

Records 
iden�fied in

Scopus
(n=5,394)

In
cl

ud
ed

El
ig

ib
ili

ty
Sc

re
en

in
g

Id
en

�fi
ca

�o
n

Full-text ar�cles reviewed
n=326

n=252 records excluded
• 106 No pain outcome
• 31 Pain data not provided
• 23 Abstract
• 21 No non-exercise control 

group
• 21 Not RCT
• 20 Exercise not isolated
• 9 Protocol
• 4 Not English
• 4 Wrong pa�ent popula�on
• 11 Duplicate
• 1 Review
• 1 Not exercise interven�on

n=9,727 records excluded

Included studies n=71 
reported in n=74 papers

Fig. 1   PRISMA flow diagram



1741The Effect of Exercise on Pain in People with Cancer

The strength of evidence was considered high to begin 
with, because all included studies were RCTs. Outcomes 
were downgraded based on the number of serious or very 
serious limitations on the GRADE items. The overall 
strength of evidence was categorised as high, moderate, low 
or very low.

3 � Results

3.1 � Literature Search

A total of 14,817 articles were identified (Fig. 1). After 
removal of duplicates, 10,053 titles and abstracts were 
screened, and 326 full-text articles were retrieved. Addi-
tional information and/or pain data required for the meta-
analysis were requested for 42 of the 326 articles that were 
considered for full-text review. Additional data required for 
12 manuscripts were provided [27–37], while data for the 
remaining 30 articles were not. For three out of these 30 
articles, means (SD) were estimated via web-based graph 
digitisers [38, 39] and through reported change scores from 
baseline to follow-up [40]. The remaining 27 articles were 
excluded from the review (Fig. 1; papers were added to num-
bers with reason for exclusion ‘pain data not provided’ at 
full-text review stage), the main reason being that authors 
used tools that included a pain subscale, but only reported 
the findings for the overall scale, not the pain subscale. In 
total, data from 71 studies reported in 74 papers were eli-
gible for inclusion [27–100]. Five studies reported in eight 
papers included two exercise arms [31, 62, 71, 75, 76, 83, 
87, 94].

3.2 � Participant and Intervention Characteristics

Study characteristics are presented in Table 2. The 71 RCTs 
included a total of 5877 people with cancer, with a mean 
(SD) age of 57 (10) years. Sample size per study ranged 
from 17 [70] to 287 [33]. Breast cancer was the most preva-
lent cancer type studied (n = 32 studies), followed by men 
with prostate cancer (n = 8 studies) (Table 2).

Most studies evaluated an exercise intervention during an 
active treatment period, with treatment comprising chemo-
therapy, radiotherapy or a combination of both. Less than 
32% of studies evaluated exercise following treatment (i.e. 
all participants had completed all of their treatment for can-
cer) (Table 2). The predominant treatment type undertaken 
by participants across all cancer types was chemotherapy.

Fifteen studies included exercise interventions that were 
aerobic only, 13 were resistance only, 23 involved mixed-
mode exercise (i.e. aerobic and resistance exercise) and 21 
involved other exercise: 12 of those were yoga interventions 
(Table 3). Table S2 provides a more detailed description of 

exercise parameters. Intervention durations ranged between 
2 weeks [36] and 12 months [57], with most interventions 
being 12 weeks or longer (n = 38/71, Table 2).

3.3 � Pain Outcomes

Across the 71 included studies, 13 (18%) studies reported 
pain as their primary outcome, 36 (51%) as a secondary or 
tertiary outcome, and a further 22 (31%) studies did not list 
pain as an outcome in their methods section. Only seven 
studies (10%) incorporated pain as an inclusion criterion, 
specified as patients with chemotherapy-induced periph-
eral neuropathy including symptoms of pain [30, 34, 85], 
neck and shoulder pain [69], shoulder dysfunction [84] and 
arthralgia [27, 95]. A further four studies (6%) purposely 
excluded patients with moderate-to-severe bone pain [86], 
concomitant conditions, such as previous low-back pain or 
musculoskeletal conditions [38], fibromyalgia or chronic 
pain disorders [61], or an average pain numeric rating scale 
score of > 6/10 [39]. The remaining 60 studies (85%) did not 
report any selection criteria related to pain.

Thirteen studies reported on bodily pain, eight on neuro-
pathic pain, nine on musculoskeletal pain, two on oral pain, 
one on pain when coughing or breathing, one on chronic 
pain, one on lymphoedema-related pain, one on post-oper-
ative pain and one on affective pain. The remaining studies 
did not include any further specifications or definitions apart 
from ‘pain’ (Table 2).

All pain measurement tools were self-reported, meas-
ured through pain questionnaires or pain items/subscales in 
health-related questionnaires (i.e. validated quality of life 
questionnaires) (Table 2). The most commonly used pain 
assessment tools were the EORTC QLQ C30—Pain Symp-
tom Scale (sum of two items on a four-point Likert Scale: 
‘have you had pain?’, ‘did pain interfere with your daily 
activities?’) (n = 25 studies), the SF-36—Bodily Pain Sub-
scale (sum of two items on a six-point Likert Scale: ‘how 
much bodily pain have you had during the past 4 weeks?’, 
‘during the past 4 weeks, how much did pain interfere with 
your normal work?’) (n = 15 studies), the Visual Analogue 
Scale (n = 11 studies), the Numeric (Pain) Rating Scale 
(n = 9 studies) and the Brief Pain Inventory (BPI) (n = 7 
studies) (Table 2). Across studies, the same types of pain 
were measured with different assessment tools. For exam-
ple, studies measuring ‘shoulder pain’ used assessment 
tools including the Penn Shoulder Scale—Pain Subscale 
[66], the Shoulder Pain and Disability Index [84] and a 
Visual Analogue Scale [69]. Further, neuropathic pain was 
measured by the Neuropathic Pain Scale, the EORTC QLQ 
C30, chemotherapy-induced peripheral neuropathy (CIPN) 
symptom Likert Scale, the Functional Assessment of Cancer 
Therapy—General (FACT–G) and Numeric (Pain) Rating 
Scale (Table 2).
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Table 2   Overview of study characteristics of randomized controlled trials included in the meta-analysis (n = 71)

Study characteristic Number of studies (N)

Cancer type
 Breast 32 [27, 29, 33, 41, 45, 47–50, 56, 60–62, 64, 66, 69, 71, 72, 78, 79, 

81–83, 87–89, 93, 95–97, 99, 100] 
 Lung 4 [35, 40, 59, 70]
 Non-Hodgkin’s lymphoma 1 [53]
 Gynaecological 2 [36, 55] 
 Prostate 8 [44, 54, 57, 58, 65, 73, 77, 86] 
 Colon 1 [38]
 Head and neck cancer 3 [46, 68, 74]
 3+ cancer types 10 [28, 30, 34, 37, 42, 80, 90, 91, 94, 98]
 Testicular 1 [67]
 Lung + colorectal 1 [39]
 Pancreas + peri-ampullary adenocarcinoma 1 [32]
 Breast + colorectal 2 [52, 63]
 Thyroid 1 [84]
 Myeloproliferative neoplasm 1 [92]
 Breast + gynaecological 1 [85]
 Multiple myeloma 1 [43]
 Gastrointestinal cancer 1 [51]

Sample size
 N ≤ 20 6 [28, 42, 49, 50, 70, 86]
 N = 21–59 24 [30, 34–36, 38, 40, 41, 43, 44, 46, 55, 56, 58, 63, 64, 77, 81, 84, 85, 

88, 91–93, 97]
 N ≥ 60 41 [27, 29, 32, 33, 37, 39, 45, 47, 48, 51–54, 57, 59–62, 65–69, 71–74, 

78–83, 87, 89, 90, 94–96, 98–100]
Stage of treatment during exercise intervention*
 During chemotherapy or radiotherapy 36 [28–30, 33, 35–37, 39, 41–43, 45–48, 50–52, 55, 60–62, 65, 67, 68, 

72, 73, 77, 79, 80, 83, 91, 94, 98–100] 
 Post chemotherapy or radiotherapy 19 [27, 34, 38, 56, 57, 63, 64, 66, 69, 70, 74, 81, 85, 86, 89, 93, 95–97]

  Active and post chemotherapy or radiotherapy 5 [32, 40, 54, 58, 82]
Timing of surgery with respect to the exercise intervention*
 Post-surgery 33 [27, 29, 32, 37, 38, 45, 47–49, 56, 59, 61, 63, 64, 66–71, 74, 77, 79, 

81, 82, 84, 86, 88, 89, 93, 96, 97, 99]
  Pre-surgery 3 [33, 36, 41]
 Pre- and post-surgery 5 [30, 54, 60, 72, 78]

Intervention duration
 2 weeks 1 [36]
 3 weeks 2 [53, 72]
 4 weeks 3 [35, 51, 96] 
 6 weeks 5 [33, 43, 82, 95, 100]
 8 weeks 13 [34, 38, 39, 46, 48, 55, 69, 70, 73, 78, 85, 89, 93]
 10 weeks 3 [30, 52, 56]
 12 weeks 22 [28, 31, 32, 40, 42, 44, 47, 49, 54, 58–60, 63, 64, 67, 74, 84, 86, 88, 

92, 94, 99] 
 14 weeks 1 [80]
 15 weeks 1 [79]
 4 months 3 [62, 66, 77]
 6 months 5 [61, 65, 81, 91, 98]
 6.5 months 1 [45]
 8 months 1 [71]
 9 months 1 [97]
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Table 2   (continued)

Study characteristic Number of studies (N)

 12 months 2 [27, 57]
 50 weeks 1 [29]

 Other† 6 [37, 41, 50, 68, 83, 90]
 Exercise mode* 
 Aerobic-based 15 [32, 33, 37, 40, 42–44, 50, 52, 62–64, 67, 91, 95]
 Resistance-based 13 [29, 30, 49, 61, 74, 77, 80, 86, 87, 90, 94, 98, 99]
 Mixed-mode 23 [27, 28, 35, 38, 39, 41, 45, 46, 54, 57, 58, 62, 65, 66, 69–71, 73, 83, 

88, 89, 96, 97]
 Yoga 12 [34, 36, 48, 56, 60, 78, 79, 82, 85, 92, 93, 100]
 Other 9 [47, 51, 53, 55, 59, 68, 72, 81, 84]

Supervision
 Supervised 31 [28, 35, 37, 38, 41, 44–49, 54–56, 58, 59, 62, 66, 67, 69, 70, 72, 77, 

81–84, 86, 87, 96, 97, 99]
 Unsupervised 40 [27, 29, 30, 32–34, 36, 39, 40, 42, 43, 50–53, 57, 60, 61, 63–65, 68, 

71, 73, 74, 78–80, 85, 88–95, 98, 100]
Definition of pain as defined in paper* 
 Pain (not further specified) 45 [27–29, 33, 36–48, 50–53, 60–62, 65, 72, 73, 77–83, 87, 89–92, 94, 

96–99] 
 Bodily pain 13 [32, 35, 54, 55, 57, 58, 63, 67, 70, 87, 88, 97, 100]
 Joint/bone pain 3 [64, 86, 95]
 Shoulder pain 5 [49, 56, 66, 69, 84] 
 Neck pain 1 [69]
 Lymphoedema related 1 [93] 
 Neuropathic pain 8 [29, 30, 34, 71, 74, 85, 94, 98]
 Oral pain 2 [46, 68]
 Chronic pain 1 [38]
 Postoperative pain 1 [59]
 Pain when coughing/breathing 1 [59]
 Affective pain 1 [36]

Pain measurement tools* 
 EORTC QLQ C30- Pain symptom scale (2 items) 25 [28, 40, 41, 43–47, 51–53, 58, 60, 62, 65, 73, 74, 77, 79, 81–83, 90, 

97, 99]
 Numeric (Pain) Rating Scale (NPRS) 9 [29, 34, 36, 37, 39, 49, 61, 85, 91]
 SF-36- Bodily pain subscale (2 items) 15 [32, 35, 42, 50, 54, 55, 57, 58, 63, 67, 70, 87, 88, 93, 97]
 Visual Analogue Scale (VAS) 11 [32, 56, 59, 68, 69, 80, 86, 93, 95, 96, 98] 
 Neuropathic Pain Scale (NPS) 2 [30, 71]
 Western Ontario and McMaster Uni OA Index (WOMAC)- Joint 

pain (5 items)
2 [64, 95] 

 The Penn Shoulder Scale- Pain subscale (3 items) 1 [66]
 Chemotherapy-induced peripheral neuropathy assessment tool 

(CIPNAT)
1 [30]

 Shoulder pain and disability index (SPADI)  1 [84]
 Brief Pain Inventory (BPI) 7 [27, 38, 48, 72, 78, 87, 89]
 NIH PROMIS Pain Intensity Short Form 3a 1 [92]
 Total Neuropathy Score reduced (TNSr) 1 [94]

  Functional Assessment of Cancer Therapy – Bone Pain (FACT-BP) 1 [86]
 Prince Henry Hospital Pain Score (PHHPS) 1 [59]
 Neuropathic pain in postsurgical patients (NeuPPS) 1 [29]
 European Organization for Research and Treatment of Cancer 

(EORTC QLQ-CIPN15)
1 [94]

 RAND-36 Measure of Health-Related Quality of Life 1 [33]
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3.4 � Meta‑analyses of Pain

The meta-analysis of exercise compared with non-exercise/
usual care groups post-intervention supported a reduction in 
pain favouring the exercise group, with a small effect size 
(SMD − 0.45; 95% CI − 0.62, − 0.28) (Table S3, Fig. 2).

The direction of effect was consistent and favoured exer-
cise for all except one of the subgroup analyses related to 
intervention characteristics (i.e. mode, length of interven-
tion, degree of supervision), with effect sizes ranging from 
small to large (effect size range − 0.31 to − 1.26; Fig. 2). The 
exception was for aerobic-only exercise interventions, with 
findings suggesting that aerobic-only exercise had no effect 
on pain compared to usual care (Fig. S1). Due to the lack of 
exercise intensity data, subgroup analyses on this interven-
tion characteristics could not be performed.

While trends support pain reduction through exercise for 
all cancer types studied, results were only supported statisti-
cally for studies involving women with breast cancer and for 
those studies including people diagnosed with one of more 
than two cancer types (Table S3). Further, subgroup analysis 
on the timing of the intervention with respect to treatment 
stage supported reductions in pain favouring the exercise 
group during and after chemotherapy or radiotherapy (effect 
sizes − 0.36 and − 0.60, respectively), but not for cohorts 
that included participants who were mixed during or after 
chemotherapy or radiotherapy (Fig. 3).

A moderate and significant effect favouring exercise was 
found for pain (not further specified) (SMD − 0.51; 95% 
CI − 0.71, − 0.31), but not for bodily pain, musculoskeletal 
pain or neuropathic pain (p ≥ 0.08). Further, small to large 
and significant effects favouring the exercise intervention 
were found for pain measured with the EORTC QLQ C30—
Pain Scale, Visual Analogue Scale and the Brief Pain Inven-
tory (effect sizes − 0.43, − 0.92 and − 0.65, respectively), but 
not for SF-36—Bodily Pain Scale, Numeric (Pain) Rating 
Scale, Neuropathic Pain Scale or the Western Ontario and 
McMaster Uni OA Index (p > 0.05) (Fig. 3, Table S3).

Sensitivity analyses showed that findings were consist-
ent, irrespective of risk of bias score and selection criteria, 
but not for sample size (Table S3). Moderate effects were 
observed for RCTs with n ≥ 60 participants (SMD − 0.55; 
95% CI − 0.78, − 0.33) and small effects for studies with 

n = 20–59 (SMD − 0.26; 95% CI − 0.50, − 0.02) participants, 
but not for studies with n < 20 (SMD 0.06; 95% CI − 0.31, 
0.43) participants. Studies that included pain as an inclu-
sion criterion showed a larger effect size (SMD − 0.79; 95% 
CI − 1.30, − 0.27) compared with those that listed pain as an 
exclusion criteria (SMD − 0.39; 95% CI − 0.37, − 0.04) and 
those that did not list pain within their eligibility criteria 
(SMD − 0.45; 95% CI − 0.64, − 0.25). However, all effect 
sizes were small to moderate and significant (p ≤ 0.03), 
favouring exercise.

3.5 � Strength of Evidence

Risk of bias assessed with the RoB 2 was mostly rated as 
having an overall score rated as high risk of bias (n = 38 
papers), followed by some concerns (n = 25 papers) and 
low risk of bias (n = 11 papers) (Table S4). The domains 
mostly classified as being of concern were the ‘Selection of 
the reported result’ (n = 42, 57%) and ‘Measurement of the 
outcome’ (n = 39, 53%). This is likely because most studies 
measured pain as an item or subscale of a quality-of-life-
related questionnaire, rather than by using a validated pain 
measurement tool.

The overall grade of the evidence of impact of exercise 
on pain outcomes after an exercise intervention was very 
low (Table S5).

4 � Discussion

Overall, findings for cancer-related pain management 
favoured participation in exercise compared with non-
exercise or usual care interventions, with the overall effect 
size for pain being significant, albeit small. Further, sub-
group analyses showed benefits for cancer-related pain, with 
small-to-large effect sizes, across multiple exercise modes 
and irrespective of intervention duration (i.e. < 12 weeks 
or 12 weeks and longer), degree of supervision provided 
throughout the intervention and timing with respect to can-
cer treatment (that is, benefits were observed during and 
post-cancer treatment). While trends favouring exercise were 
observed for all cancer types, pain types and most pain meas-
urement tools, results were only supported statistically for 

Table 2   (continued)

Study characteristic Number of studies (N)

 EORTC QLQ Head and Neck Module (H&N35) 1 [46]

*Five studies reported in eight papers included 2 exercise arms [31, 62, 71, 75, 76, 83, 87, 94], some reported multiple pain outcomes and pain 
measurement tools, and some did not report details on timing of surgery or stage of treatment with respect to the exercise intervention; therefore 
numbers do not always add up to n = 71 studies per row
† Duration of intervention: duration of chemotherapy [68, 83], individual participant’s length of hospital stay [37] during hospitalisation period 
of hematopoietic stem cell transplantation + 6 weeks after hospital discharge [90], not reported [68], “after enrolment, but before surgery” [41]
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women with breast cancer, pain (not further specified) and 
pain when assessed with the EORTC QLC C30—Pain Scale, 
the Visual Analogue Scale and the Brief Pain Inventory.

Two previous systematic reviews have evaluated exer-
cise interventions aimed at reducing shoulder pain in 
women with breast cancer [20, 21]. Although neither of 
these reviews involved the conduct of a meta-analysis, the 
authors concluded that exercise therapy [21], including tar-
geted physiotherapy-based interventions [20] might be effec-
tive for reducing and managing shoulder pain. Specifically, 
Giacalone et al. [20] stated that musculoskeletal pain may be 
managed through active exercises, joint and tissue mobilisa-
tion, and that neuropathic pain might be managed through 
aerobic and strengthening exercises, both while supervised 
by experienced physiotherapists. Our review included exer-
cise types beyond physiotherapy-based resistance and mobil-
ity exercises that target specific muscle and/or joint groups. 
As such, the results of this review support and extend on 
the previous review evidence base [20, 21] through find-
ings that support benefit through unsupervised as well as 
supervised exercise, and exercise modes, including general 
resistance only, mixed resistance and aerobic, yoga and other 
types including martial arts, dance, pilates and bouldering. 
Of note, our null findings were in relation to the effect of 
aerobic-only exercise interventions compared with usual 
care groups, potentially suggesting that exercise modes that 
specifically target musculoskeletal strength and/or endurance 
(such as resistance, mixed mode, yoga or other modes) are 
particularly beneficial (and potentially necessary) for pain 
management in cancer care. Uncertain effects of aerobic 
exercise on pain outcomes have also been reported in some 
non-cancer chronic pain populations, such as fibromyalgia 
[101]. In contrast, in other populations, such as chronic low-
back pain, aerobic exercise has been shown to improve pain 
[102]. More research is clearly needed to better understand 
the relationship between exercise mode and pain response.

While findings from this meta-analysis support pain 
reductions through exercise compared with non-exercise/
usual care interventions, the magnitude and certainty of 
the effect according to pain type (nociceptive, neuropathic, 
visceral, musculoskeletal), location/site of pain (shoul-
der, hands, feet, breast), duration of pain (acute, subacute, 
chronic) and severity of pain (level of intensity) remain 
unclear. None of the included RCTs specified all of these 
important aspects of pain. To further advance understand-
ing of cancer-related pain and treatment strategies, future 
research would benefit from a more comprehensive descrip-
tion of pain type, duration, site, severity/intensity of pain, 
and presence and type of concurrent pain treatment and/or 
medication usage (as these influence pain and pain fluctua-
tions). Further, cancer-related pain outcomes were measured 
using a wide range of self-reported tools including pain-
specific questionnaires and pain items or subscales from Ta
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Fig. 2   Meta-analysis of post-intervention pain outcomes between the 
exercise arm versus non-exercise/usual care arm, separated by exer-
cise mode, length of intervention and supervision. *n = 76 interven-

tion arms evaluated amongst 71 studies. **n = 7 intervention arms did 
not report the exact intervention duration. CI confidence interval, n 
number, SMD standardised mean difference

Fig. 3   Meta-analysis of post-intervention pain outcomes between 
the exercise arm versus non-exercise/usual care arm, separated by 
pain category, measurement tools, cancer type and the timing of the 
exercise intervention with respect to cancer treatment. *Multiple data 
from one study (remembering five studies include two intervention 

arms [62, 71, 83, 87, 94]) can contribute to one or more of the cat-
egories within the above subgroups. **Treatment stage details dur-
ing the exercise intervention could not be extracted for all studies. CI 
confidence interval, n number, SMD standardised mean difference
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quality-of-life-related questionnaires. Some tools measured 
pain intensity on a Visual Analogue Scale or Numeric Rat-
ing Scale, but the vast majority of studies used tools that 
included a pain subscale score combining questions related 
to pain intensity (for example, SF-36: ‘how much bodily 
pain have you had?’) and how much pain interfered with 
daily living, activities or work (for example, SF-36: ‘how 
much did pain interfere with your normal work?’). This 
heterogeneity in pain assessments, in addition to the poor 
description of cancer-related pain, likely contributed to the 
wide confidence intervals observed within specific subgroup 
analyses. Nonetheless, our findings are derived from data 
collected via 71 RCTs including 5877 participants, and 
revealed pain reductions through participation in exercise.

The mechanisms through which exercise benefits pain are 
likely multi-factorial (involving at least biological, physi-
cal and psychosocial factors) and complex, with differences 
between people with and without pain, among those with 
acute, subacute and chronic pain, and for those with differ-
ent types of pain (for example, nociceptive, nociplastic and 
neuropathic pain). There is extensive evidence in non-cancer 
chronic pain conditions and chronic diseases demonstrating 
the benefits to the cardiovascular, respiratory and muscu-
loskeletal system through exercise, as well as to mood and 
overall quality of life, and evidence suggests these benefits 
contribute to reductions in pain [103, 104]. There is also 
evidence, albeit less consistent, that suggests exercise can 
reduce pain through reductions in nervous system sensitivity 
at spinal and supraspinal levels in non-cancer chronic pain 
conditions, such as chronic low back pain and fibromyal-
gia. However, where and in which pathways these changes 
occur for different types of pain remains unclear and war-
rants future investigation [105, 106].

How people think about their pain and the assumptions 
they hold also influence their pain perceptions and their 
behavioural response to pain [107]. For example, some peo-
ple avoid exercise or physical activity as they perceive that 
exercise increases pain or is harmful for the body. While the 
findings of this systematic review with meta-analysis suggest 
otherwise, it is nonetheless important to acknowledge that 
the results are drawn from studies that have measured pain 
as an outcome of interest. Exercise-related adverse effects, of 
which pain may be one of several, are poorly measured and 
reported [108] in exercise oncology trials. Improvements in 
harms assessment and reporting in future exercise oncology 
research will further benefit our understanding of the poten-
tial for exercise to cause or exacerbate pain. In healthy peo-
ple, pain catastrophising and fear of pain appear to decrease 
the hypoalgesic effects of exercise [109]. In people with 
cancer-related pain, a systematic review showed associa-
tions between higher levels of pain and increased psycho-
logical distress (n = 14 studies, strong level of evidence), and 
between higher levels of pain and decreased levels of social 

activities and social support (n = 8 studies, moderate level of 
evidence) [7]. Understanding the inter-relationships among 
psychological distress and social support, exercise and pain 
also merits future research attention and could aid in improv-
ing cancer-related pain management [110].

The strengths of this systematic review include the 
screening, extraction and risk of bias ratings being con-
ducted by two independent authors with disagreements 
resolved by a senior author, and the inclusion of data col-
lected from people with 21 different cancer types. Several 
limitations also need to be considered. Eleven out of 74 
papers (from 71 studies) were graded as having a low risk 
of bias, but 38 papers (52%) were graded as having a high 
risk of bias. The inclusion of all types of cancer-related pain, 
irrespective of origin, for all cancer types could be viewed 
as both a strength and limitation of this meta-analysis. Only 
seven studies (10%) included pain as an inclusion criterion, 
while four studies (6%) specifically excluded people with 
pain, which potentially reduces the capacity to observe an 
effect on pain through exercise. Nonetheless, this also sug-
gests that our findings are likely in the conservative direc-
tion. Further, the results of sensitivity analyses, which con-
sidered the effect of including studies with high risk of bias, 
and studies that included participants with pain, excluded 
participants with pain or did not report pain as eligibility 
criteria, remained similar. While medication use for pain was 
unknown for participants in the included trials, presumably 
randomisation ensured balance between the intervention and 
control groups for the outcome variable.

5 � Conclusions

This is the first comprehensive systematic review with 
meta-analysis that evaluated the effect of exercise on cancer-
related pain, and considered all exercise modes, length of 
intervention, degree of supervision, cancer types, pain types, 
measurement tools and timing of the intervention (during 
and post-cancer treatment). The findings provide support 
that exercise participation does not worsen cancer-related 
pain and that it could be beneficial for the wider cancer 
population, including during and following active treatment 
for cancer in the management of cancer-related pain. Our 
findings provide confidence to health professionals in their 
prescription of exercise to people with cancer-related pain, 
and their promotion of participating in a range of exercise 
modes, including under unsupervised conditions. However, 
further advancements in understanding require inclusion of 
more diverse cancer populations and improvements in the 
reporting of types of pain (i.e. visceral, neuropathic, noci-
ceptive), as well as on the location, duration and intensity 
of pain.
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