
© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(12):3674-3696 | https://dx.doi.org/10.21037/apm-22-420

Original Article

Efficacy of treatments for pain and numbness in cancer survivors: 
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Background: Pain and numbness in cancer survivors frequently have negative impacts on quality of life 
(QoL). This meta-analysis aimed to identify the current treatment options for pain and numbness in cancer 
survivors and to evaluate their effects.
Methods: Cancer survivors were defined as patients diagnosed with cancer who had completed active 
cancer treatment, whose conditions were stable, and who had no evidence of recurrent or progressive disease. 
A systematic search through the PubMed, MEDLINE, Embase, Cochrane Central Register of Controlled 
Trials, Web of Science, PsycInfo, and CINAHL databases was conducted, which targeted randomized 
controlled trials (RCTs) published until April 2022 that evaluated any type of treatment for pain or numbness 
in cancer survivors. A meta-analysis was conducted using the random-effects model to obtain the effect sizes 
of 7 types of treatments: opioid therapy, nonopioid pharmacotherapy, interventional therapy, acupuncture, 
education/cognitive behavioral therapy (CBT), physical exercise, and alternative medicine.
Results: A total of 36 studies involving 2,870 cancer survivors were included. Among them, 35 (n=2,813) 
were included in the meta-analysis for pain. The analysis suggested that physical exercise [n=761; 13 studies; 
standardized mean difference (SMD) −0.84; 95% confidence interval (CI): −1.14 to −0.55], acupuncture 
(n=409; 3 studies; SMD −0.80; 95% CI: −1.04 to −0.56), and alternative medicine (n=206; 6 studies; SMD 
−0.44; 95% CI: −0.71 to −0.16) could significantly reduce pain. Nonopioid pharmacotherapy and education/
CBT did not demonstrate significant effects. No studies were identified that investigated the effects of opioid 
therapy or interventional therapy on pain. Regarding numbness, 5 studies (n=566) were included in the meta-
analysis. Acupuncture (n=99; 2 studies) did not demonstrate significant effects on numbness, and the effects 
of nonopioid pharmacotherapy, education/CBT, and physical exercise could not be determined due to the 
small number of included studies. No studies were identified that investigated the effects of opioid therapy, 
interventional therapy, or alternative medicine on numbness.
Conclusions: This meta-analysis suggested that physical exercise, acupuncture, and alternative medicine 
may reduce pain in cancer survivors, with a very small to moderate amount of evidence. The effect of 
treatments for numbness could not be determined due to the limited number of included studies. Further 
studies are needed, particularly on widely used pharmacotherapy.
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Introduction

The number of cancer survivors is steadily increasing due 
to advancements in cancer screening, treatment, and the 
aging of the population (1). The prevalence estimates for 
2020 indicated that there were 50.6 million people alive 
worldwide who had been diagnosed with cancer in the 
previous 5 years (2). Some 64.8% of cancer survivors had 
reportedly lived with a diagnosis of cancer for 5 years or 
more, and 9.4% had lived this way for 25 years or more (3).  
Much focus has been placed on survival in cancer 
treatments, and the prevalence of pain or other symptoms, 
including numbness in survivors, has been underappreciated 
by both healthcare providers and patients. However, as 
cancer survivors live longer, cancer survivorship care has 
become increasingly important (4).

The prevalence rate of pain in patients during anticancer 
treatment is estimated to be 55%, and 66% for advanced, 
metastatic, and terminal diseases (5). Meanwhile, 39% of 
posttreatment cancer survivors reportedly experience pain, 
28% of whom experience moderate-to-severe pain (5).  
Regarding numbness, 60% of patients with cancer and 
oxaliplatin-induced peripheral neuropathy report numbness 
and tingling 6–8 months after they complete treatment, 
and 20% show no improvement (6). Although paclitaxel-
induced peripheral neuropathy improves in most patients 
within a few months after cessation of treatment, it can be a 
significant long-term problem in a subset of patients (6).

The experience of chronic pain and numbness often 
leads to psychological distress, limited activities of daily 
living (ADL), and poor quality of life (QoL) (7,8). A reason 
for the poor control of pain and numbness in cancer 
survivors may be the lack of education on effective symptom 
management among healthcare providers (7). Although pain 
in cancer survivors remains poorly studied and understood, 
it is mostly considered a consequence of cancer treatments 
including surgery, chemotherapy, hormone therapy, and 
radiation therapy (4). Any surgery can be a potential 
cause of chronic pain, and the incidence of persistent pain 
following breast surgery, thoracotomy, head and neck 
cancer surgery, and limb amputation is estimated to be 74%, 
50%, 45%, and 64%, respectively (9-12). Chemotherapy-
induced peripheral neuropathy (CIPN) is also a major 

cause of pain and numbness following cancer treatment 
which can lead to permanent symptoms and disability in 
up to 40% of cancer survivors (13). Aromatase inhibitor-
induced arthralgia is a major cause of pain in breast cancer 
survivors, with an estimated prevalence of up to 50% (14). 
Since aromatase inhibitor therapy is often continued for up 
to 5 years, arthralgia may become a long-term problem for 
affected women. Additionally, radiation-induced brachial 
plexopathy may occur in up to 9% of women undergoing 
radiotherapy for breast cancer, and approximately 50% of 
cancer survivors have been reported to require opioids for 
the treatment of radiation-induced brachial plexopathy (4).

Opioid-based strategies for the treatment of active 
cancer pain have been validated; nevertheless, the use of 
chronic opioid treatment to control pain in cancer survivors 
remains controversial (15). Nonopioid pharmacotherapy, 
including duloxetine, is recommended for the treatment 
of CIPN in patients receiving active cancer treatment, 
but its efficacy for persistent pain and numbness in cancer 
survivors is unclear (6). Several randomized controlled 
trials (RCTs) have suggested that physical exercise, 
mindfulness, and acupuncture potentially improve pain in 
cancer survivors; however, no meta-analysis has validated or 
demonstrated the efficacy of these treatments for pain and 
numbness in cancer survivors. Therefore, this study aimed 
to identify current treatments and evaluate their efficacy 
for pain and numbness in cancer survivors. We present the 
following article in accordance with the PRISMA reporting 
checklist (available at https://apm.amegroups.com/article/
view/10.21037/apm-22-420/rc).

Methods

Data sources and search methods

The study was not registered, and a registered protocol was 
not prepared. Any materials such as data or analytic codes 
used in the study are not publicly available.

The PubMed, MEDLINE, Embase, Cochrane Central 
Register of Controlled Trials, Web of Science, PsycInfo, 
and CINAHL databases were electronically searched 
for articles published in English and Japanese languages 
from inception until 30 April 2022 using the following 
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search term strategy: “cancer survivors” AND (“pain” 
OR “numbness” OR “tingling”) AND (“treatment” OR 
“management” OR “therapy” OR “strategy” OR “drug” 
OR “medication”). 

Inclusion and study selection

Types of studies
RCTs published in English and Japanese languages that 
assessed treatments for pain or numbness initiated after the 
completion of active cancer treatment in cancer survivors 
were included for quantitative synthesis.

Types of participants
Cancer survivors with pain or numbness that were aged  
18 years or older were included irrespective of tumor type, 
tumor stage, or type of anticancer treatment received. 
Cancer survivors were defined as those who met both of 
the following criteria: (I) patients diagnosed with cancer 
who had completed active cancer treatment, including 
surgery, chemotherapy, and radiation therapy; and (II) 
patients diagnosed with cancer whose conditions were 
stable or who had no evidence of recurrent or progressive 
disease. 

Breast cancer survivors receiving hormone therapies 
were included if they had no recurrent or progressive 
disease. If it was not clear whether the cancer survivors met 
the inclusion criteria, the following studies were excluded: (I) 
those including more than 50% of patients with stage III or 
IV cancer, (II) those including more than 50% of patients 
receiving active cancer treatment, and (III) those including 
more than 50% of patients with terminal diseases.

Types of treatments
Treatments for pain and numbness were categorized into 
7 types based on a previous meta-analysis: opioid therapy, 
nonopioid pharmacotherapy, interventional therapy, 
acupuncture, education/cognitive behavioral therapy (CBT), 
physical exercise, and alternative medicine (16).

Types of outcome measures
The primary outcome was the severity of posttreatment 
pain and numbness compared with that in controls, assessed 
by validated questionnaires, such as an 11-point numeric 
rating scale (NRS). Numbness included other expressions, 
such as tingling. If pain or numbness was measured at more 
than 1 site in the body, the score at the site of greatest 
interest was adopted.

Follow-up time

The follow-up time was set after the completion of the 
intervention. If the outcome was not measured upon the 
completion of the intervention, the follow-up time was set 
at the time of the first measurement of the outcome after its 
completion.

Statistical analysis

Selection of studies and assessment of search results
The retrieved abstracts were independently screened by 
2 review authors (HA, RI) and the irrelevant articles were 
excluded. Subsequently, the full texts of all remaining 
studies were independently reviewed by 2 review authors 
(HA, RI) to ascertain whether they met the inclusion 
criteria. Disagreements were discussed between the 
reviewers, and if a resolution could not be reached, the final 
decision was made by a third reviewer (MS).

Data extraction and synthesis
Two review authors (MA, RT) independently extracted 
data that were relevant to study design, participant 
population, treatments, duration of intervention, follow-up 
time, measured outcomes, and results. For each outcome, 
posttreatment mean, posttreatment standard deviation 
(SD), and the sample size in each group were extracted. If 
posttreatment SD was not available, it was obtained from 
the posttreatment standard error, confidence interval (CI),  
t statistic, or P value (17). When only posttreatment median 
and interquartile range (IQR) were available, posttreatment 
mean and SD were estimated using Wan’s method (18,19). 
If none of these values were available, the missing SD 
was imputed from other studies in similar settings (17). If 
there was more than 1 SD candidate, the largest SD was  
adopted (17). If only graphs were available, values were 
obtained from the graphs. When there were multiple 
control groups or intervention groups, the results were 
combined into a single control or intervention group 
using the method described in the Cochrane handbook for 
systematic reviews of interventions (17).

Review Manager (RevMan) 5.4 (Nordic Cochrane 
Centre, The Cochrane Collaboration, Copenhagen, 
Denmark) was used to estimate the standardized mean 
difference (SMD) using a random-effects model due to the 
different scoring systems employed for measuring pain and 
numbness, and the results were formatted into forest plots. 
Heterogeneity among the included studies was assessed 
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Figure 1 Screening flowchart.
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Identification of studies via databases

using forest plots and I2 tests, with I2 values of >50% 
indicating substantial heterogeneity (20).

Subgroup analysis
Subgroup analyses were conducted by similar treatment 
clusters in each treatment group.

Missing data
If the required data were not available, attempts were made 
to contact the corresponding authors via email to obtain the 
missing data.

Bias assessment
The risk of bias for studies were independently assessed by 
2 review authors (MA, RT) by evaluating random sequence 
generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other biases; the 
judgments were assigned as a high, low, or unknown risk 
for each item (21). A funnel plot was prepared to evaluate 

the publication bias and was visually examined for signs of 
asymmetry. 

Quality of evidence
The quality of evidence was independently assessed 
by  2  rev iew authors  (MA,  RT).  The Grading of 
Recommendations Assessment, Development, and 
Evaluation (GRADE) guidelines were used for assessing the 
quality of evidence of each outcome, categorized as high, 
moderate, low, and very low (22).

Results

Literature search

The systematic search identified a total of 1,252 articles 
in English (Figure 1). No Japanese articles were identified. 
Following the removal of duplicate articles, 708 articles 
remained, of which 581 were excluded after a reading of the 
titles and abstracts; 91 were excluded after a reading of the 
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full text due to wrong study design, population, or outcome. 
Finally, 36 RCTs (2,870 cancer survivors) were included in 
the meta-analysis (Table 1). 

Participants and study characteristics

Participants were recruited from various settings, such 
as university hospitals, breast cancer centers, clinics, 
rehabilitation centers, and internet cancer support groups. 
The studies were conducted in Belgium, Brazil, Canada, 
China, Korea, Spain, the United Kingdom, and the United 
States. Participants involved in the studies were 18– 
86 years of age. Overall adherence to intervention protocols 
was high (87.5%; range, 68.6–100%) (Table 1). A total 
of 24 studies investigated breast cancer survivors only, 
among which 10 investigated breast cancer survivors with 
aromatase inhibitor-associated arthralgia. There were 2 
studies that involved colon cancer survivors and 1 that 
involved head and neck cancer survivors. The remaining 
9 studies included multiple types of cancer. Although the 
cancer survivors included in most studies completed active 
cancer treatment and had no recurrent or progressive 
disease, some studies might have included patients receiving 
active cancer treatment or with progressive disease.

Treatments

The  inc luded  t r ea tment s  compr i sed  nonop io id 
pharmacotherapy (topical cream, oral medication), 
acupuncture, education/CBT (biofeedback, coping skills 
training), physical exercise (stretching exercise, aerobic 
exercise, resistance training), and alternative medicine 
(myofascial therapy). No study focused on widely used 
nonopioid pharmacological therapies (e.g., acetaminophen, 
nonsteroidal anti-inflammatory drugs, anticonvulsants, 
antidepressants), opioid therapy, or interventional therapy 
(e.g., nerve block, spinal cord stimulation). The duration 
of the intervention ranged from 1 day to 48 weeks, and the 
median duration of intervention was 8 weeks (IQR, 6–12). 
The median follow-up time was 8 weeks (IQR, 6–12).

Outcome measures

Among 36 RCTs, 35 studies (n=2,813) measured pain and 5 
(n=566) measured numbness. Pain and numbness symptom 
outcomes were measured using validated questionnaires, 
such as the NRS, visual analogue scale (VAS), Brief Pain 
Inventory (BPI), Medical Outcomes Study 36-item Short-

Form Health Survey (SF-36), the Shoulder Pain and 
Disability Index (SPADI), Female Sexual Function Index 
(FSFI), Western Ontario and McMaster Universities 
Osteoarthritis (WOMAC), Functional Assessment of 
Cancer Therapy-Neurotoxicity (FACT-NTX), Patient 
Neurotoxicity Questionnaire (PNQ), or Pain Quality 
Assessment Scale (PQAS) (Table 1).

Missing data

For the study by Ellison et al. (23), we contacted the author 
via e-mail to obtain posttreatment means and SDs or raw 
data, but we were unable to obtain the required information.

Risk-of-bias assessment

The results of risk-of-bias assessment are presented in 
Figure 2. Overall, 29 studies were at high risk of bias 
because the participants and providers were not blinded to 
treatment assignment and the outcomes were self-assessed.

Quality of evidence

Quality of evidence was rated moderate in the meta-analysis 
regarding the effect of physical exercise on pain, low for 
the effect of acupuncture on pain, and very low for that of 
other treatments on pain and numbness. Downgrading of 
evidence ratings in meta-analyses was mainly due to the 
limited number of participants, risk of bias arising from 
blinding and self-assessment of outcomes, and heterogeneity 
between studies. 

Publication bias

The funnel plot for pain measurement appeared to be 
approximately symmetrically distributed, indicating no clear 
publication bias (Figure 3A). Publication bias for numbness 
could not be determined due to the limited number of 
studies (Figure 3B).

Adverse events

No severe complications were reported in 36 studies, and 
the treatments were considered well tolerated.

Meta-analysis for pain

A total of 35 RCTs investigated the effectiveness of 
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Figure 2 Risk-of-bias assessment. (A) Risk-of-bias summary. (B) Risk-of-bias graph. 
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treatment on pain among an accumulated 2,813 cancer 
survivors. The causes of pain in the included studies were 
aromatase inhibitor-associated arthralgia in breast cancer 
survivors in 10 studies, persistent postmastectomy pain 
in the neck, shoulder, and upper limb in 8 studies, CIPN 
in 4 studies, postsurgical neuropathic pain in 2 studies, 
dyspareunia in 1 study, shoulder pain in postsurgical head 

and neck cancer survivors in 1 study, and nonspecific 
pain in 9 studies. Most included studies did not clarify 
the medicines that cancer survivors were using before 
participation. Studies investigating the effectiveness 
of opioid therapy and interventional therapy were not 
identified. The efficacy of nonopioid pharmacotherapy was 
investigated in 6 studies, acupuncture in 3, education/CBT 
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Figure 4 Forest plot for evaluating the effects of nonopioid pharmacotherapy on pain in cancer survivors. SMDs and weights were obtained 
from a random-effects model. The square size is proportional to the weight of each study in this analysis. SD, standard deviation; IV, inverse 
variance; CI, confidence interval; SMD, standardized mean difference. 

in 7, physical exercise in 13, and alternative medicine in 6 
studies.

Effect of nonopioid pharmacotherapy on pain
The effectiveness of nonopioid pharmacotherapy on pain was 
investigated in 6 RCTs (n=782) (23-28). Treatments included 
capsaicin cream (23) and ketamine plus amitriptyline  
cream (24) for neuropathic pain, vitamin D3 (25) and 
the Chinese medicinal formula Yi Shen Jian Gu (26) for 
aromatase inhibitor-associated musculoskeletal pain, 
botulinum toxin A for upper limb pain (27), and pH-
balanced vaginal gel for dyspareunia (28). There were 
4 studies that included breast cancer survivors, and the 
remaining 2 studies included survivors of various types of 
cancer. The control groups received either placebo treatment 
or a low-dose treatment. Figure 4 shows the results of the 
meta-analysis for nonopioid pharmacotherapy. In this meta-
analysis, the missing posttreatment SD values in the study 
by Ellison et al. (23) were imputed with the posttreatment 
SD values in the study by Gewandter et al. (24) because of 
the similarity in study settings (17). No significant difference 
in improvement in pain was shown between the nonopioid 
pharmacotherapy groups and the control groups [SMD 
−0.19; 95% confidence interval (CI): −0.46 to 0.08; P=0.16]. 

Heterogeneity between studies was substantial (I2=65%; 
P=0.01), and the quality of evidence was rated very low.

We performed a subgroup analysis of topical cream 
treatment [2 studies; n=440; capsaicin cream (23), ketamine 
plus amitriptyline cream (24)] for neuropathic pain  
(Figure 4), and no significant effect was shown (SMD −0.30; 
95% CI: −0.92 to 0.33; P=0.35). Subgroup analysis of oral 
medication [2 studies; n=187; vitamin D3 (25), the Chinese 
medicine Yi Shen Jian Gu (26)] for aromatase inhibitor-
associated musculoskeletal pain (Figure 4) also showed 
no significant effect (SMD −0.38; 95% CI: −0.97 to 0.22; 
P=0.22). Subgroup analysis for botulinum toxin A and 
vaginal gel on pain involved only 1 study each (Figure 4). 
The effect of botulinum toxin A on upper limb pain was 
investigated in a placebo-controlled trial that did not show 
a significant effect (27). No significant effect of the pH-
balanced vaginal gel on dyspareunia was demonstrated 
compared with a placebo gel (28).

Effect of acupuncture on pain
A total of 3 RCTs (n=409) were included in the meta-
analysis for acupuncture, including electroacupuncture, 
auricular acupuncture, and traditional acupuncture (29-31);  
2 of these studies included breast cancer survivors and 1 



Annals of Palliative Medicine, Vol 11, No 12 December 2022 3685

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(12):3674-3696 | https://dx.doi.org/10.21037/apm-22-420

Figure 5 Forest plot for evaluating the effects of acupuncture on pain in cancer survivors. SD, standard deviation; IV, inverse variance; CI, 
confidence interval. 

Figure 6 Forest plot for evaluating the effects of education/CBT on pain in cancer survivors. CBT, cognitive behavioral therapy; SD, 
standard deviation; IV, inverse variance; CI, confidence interval. 

included survivors of various types of cancer. The control 
groups were placed on the waiting list or received usual care. 
Mao et al. (29) reported the results of electroacupuncture 
and auricular acupuncture separately; thus, the results of the 
2 groups were combined into a single intervention group 
using the method in the Cochrane handbook for systematic 
reviews of interventions (17). The result of the meta-
analysis is shown in Figure 5. Across the studies, the efficacy 
of acupuncture on pain was significant, and the overall 
effect size was large (SMD −0.80; 95% CI: −1.04 to −0.56; 
P<0.00001). Between-study heterogeneity in the effects 
of treatments was low (I2=0%, P=0.47), and the quality of 
evidence was rated low.

Effect of education/CBT on pain
The meta-analysis for the effect of education/CBT on 
pain included 7 RCTs (n=655) (32-38). Of these, 3 studies 

focused on biofeedback (32-34); 2 on coping skills training 
(35,36), and 2 on mindfulness (37,38). There were 3 studies 
that included breast cancer survivors and 1 that included 
colon cancer survivors, with the remaining 3 studies 
including survivors of various types of cancer. The control 
groups were placed on the waiting list or received usual care 
or minimal intervention. Figure 6 displays the results of the 
meta-analysis for education/CBT. Significant pain reduction 
was not found in the education/CBT group in comparison 
with that in the control group (SMD −0.15; 95% CI: −0.45 
to 0.15; P=0.33). The heterogeneity between studies was 
substantial (I2=65%; P=0.008) and the quality of evidence 
was rated very low.

Subgroup analys i s  for  b iofeedback (3  s tudies ; 
n=159) included heart rate variability biofeedback (32), 
electroencephalogram neurofeedback (33), and respiratory 
biofeedback using a wearable device (34), with results 
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indicating a significant effect on pain and a medium effect 
size (SMD −0.54; 95% CI: −0.92 to −0.17; P=0.004; Figure 6).  
Subgroup analysis for coping skills training [2 studies; 
n=119; telephone-based coping skills training (35), online 
symptom self-management training (36)] did not show a 
significant effect on pain (SMD 0.11; 95% CI: −0.45 to 0.67; 
P=0.69; Figure 6). Subgroup analysis for mindfulness-based 
stress reduction training on pain (2 studies; n=377) (37,38) 
showed no significant effect compared with usual care (SMD 
0.11; 95% CI: −0.09 to 0.31; P=0.28; Figure 6). 

Effect of physical exercise on pain
The efficacy of physical exercise on pain was investigated 
in 13 RCTs (n=761) (39-51). Treatments included a variety 
of exercise types, durations, and frequencies. A total of 
10 studies focused on breast cancer survivors, 1 on colon 
cancer survivors, 1 on head and neck cancer survivors, and 
1 on breast and gynecological cancer survivors. Of the 10 
studies focusing on breast cancer survivors, 6 included 
patients with aromatase inhibitor-associated arthralgia. The 
control groups were placed on the waiting list or received 
usual care or minimal intervention, such as conventional 
therapeutic exercise. The results of the meta-analysis of 13 
studies are shown in Figure 7. Physical exercise significantly 
reduced pain in cancer survivors, and the effect size of the 
treatments was large (SMD −0.84; 95% CI: −1.14 to −0.55; 
P<0.00001). Heterogeneity between studies was substantial 
(I2=72%; P<0.0001), and the quality of evidence was rated 
moderate.

In general, the types of physical exercise are classified 
as stretching exercise, aerobic exercise, and resistance  
training (59). We performed subgroup analyses on exercise 
type for stretching exercise, aerobic exercise (plus stretching 
exercise), resistance training (plus stretching exercise), and a 
combination of aerobic exercise and resistance training (plus 
stretching exercise). The subgroup analysis for stretching 
exercise (2 studies; n=88) included yoga (39,40) and did 
not show a significant effect on pain (SMD −0.80; 95% CI: 
−1.87 to 0.27; P=0.14; Figure 7A). Subgroup analysis for 
aerobic exercise (plus stretching exercise) involved water-
based physical exercise, core stabilization with aerobic 
exercise, Nordic walking, web- and mobile-based lymphatic 
exercise, and home-based walking exercise (5 studies; n=312) 
(41-45), and demonstrated a significant effect on pain 
(SMD −0.55; 95% CI: −1.02 to −0.07; P=0.02; Figure 7A).  
In the subgroup analysis for combination exercise (5 studies; 
n=313) (46-50) the result showed a significant effect on 
pain (SMD −1.21; 95% CI: −1.66 to −0.76; P<0.00001; 

Figure 7A). Only 1 study investigated the effect of resistance 
training (51), and it showed a significant effect (Figure 7A).

Exercise frequencies in the included studies were daily 
in 2 studies, thrice weekly in 5 studies, twice weekly in 
4 studies, and once weekly in 1 study (Table 1). In the 
subgroup analysis regarding exercise frequency, both 
low-frequency exercise (twice weekly or less, 5 studies; 
n=309; SMD −0.87; 95% CI: −1.18 to −0.56; P<0.00001) 
(40,43,46,49,51) and high-frequency exercise (thrice weekly 
or more, 7 studies; n=399; SMD −0.97; 95% CI: −1.46 to 
−0.47; P<0.0001) (39,41,42,44,47,48,50) showed significant 
effects on pain (Figure 7B). 

The duration of the intervention in the included studies 
ranged from 6 to 48 weeks, and the median duration was 
8 weeks (IQR, 8–12; Table 1). In the subgroup analysis 
regarding the duration of exercise intervention, both short 
duration exercise (8 weeks or less, 7 studies; n=361; SMD 
−0.79; 95% CI: −1.24 to −0.34; P=0.0006) (39-42,45,47,48) 
and long duration exercise (more than 8 weeks; 6 studies; 
n=400; SMD −0.90; 95% CI: −1.32 to −0.48; P<0.0001) 
(43,44,46,49-51) showed a significant effect on pain  
(Figure 7C). 

Effect of alternative medicine on pain
Meta-analysis for the effect of alternative medicine on pain 
included 6 RCTs (n=206) (52-57). There were 4 studies that 
focused on myofascial therapy for breast cancer survivors 
with musculoskeletal pain (52-55), 1 on neuromuscular 
taping for breast cancer survivors with aromatase inhibitor-
associated arthralgia (56), and 1 on hypnosis for survivors of 
various types of cancer with chronic pain (57). The control 
groups were placed on the waiting list or received placebo 
therapy, usual care, or conventional therapy. Figure 8  
demonstrates the results of the meta-analysis. Across 
the studies, significant pain reduction was shown in the 
alternative medicine group compared with that in the 
control group, and the overall effect size of treatments was 
medium (SMD −0.44; 95% CI: −0.71 to −0.16; P=0.002). 
Low heterogeneity was shown between studies (I2=0%; 
P=0.67), and the quality of evidence was rated very low.

The subgroup analysis for myofascial therapy included 4 
studies (n=132) (52-55) and showed a significant effect on 
pain in breast cancer survivors with musculoskeletal pain 
(SMD −0.38; 95% CI: −0.72 to −0.03; P=0.03; Figure 8). 
Subgroup analysis for neuromuscular taping and hypnosis 
included 1 study each. The study on neuromuscular  
taping (56) showed a significant effect on pain in breast 
cancer survivors with musculoskeletal pain (Figure 8). The 



Annals of Palliative Medicine, Vol 11, No 12 December 2022 3687

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(12):3674-3696 | https://dx.doi.org/10.21037/apm-22-420

A

B



Abe et al. Treatment for pain and numbness in cancer survivors3688

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(12):3674-3696 | https://dx.doi.org/10.21037/apm-22-420

Figure 7 Forest plot for evaluating the effects of physical exercise on pain in cancer survivors. (A) Subgroup analysis by exercise type. (B) 
Subgroup analysis by frequency. (C) Subgroup analysis by duration. SD, standard deviation; IV, inverse variance; CI, confidence interval. 

Figure 8 Forest plot for evaluating the effects of alternative medicine on pain in cancer survivors. SD, standard deviation; IV, inverse 
variance; CI, confidence interval. 

study investigating hypnosis (57) did not show a significant 
effect on chronic pain in cancer survivors (Figure 8).

Meta-analysis for numbness

A total of 5 RCTs investigated the effectiveness of treatment 
on numbness in 566 cancer survivors (24,31,33,39,58). 
The causative disease of numbness was CIPN in all 

studies. Treatments included nonopioid pharmacotherapy, 
acupuncture, education/CBT, and physical exercise. 

The meta-analysis for acupuncture included 2 studies 
(n=99) (31,58). Bao et al. (58) reported the results of sham 
acupuncture and usual care separately; thus, the results of 
the 2 groups were combined into a single control group 
using the method in the Cochrane handbook for systematic 
reviews of interventions (17). Across the studies, no 

C
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Figure 9 Forest plot for evaluating the effects of treatments on numbness in cancer survivors. (A) Forest plot for acupuncture. (B) Forest 
plot for education/CBT. (C) Forest plot for nonopioid pharmacotherapy. (D) Forest plot for physical exercise. SD, standard deviation; IV, 
inverse variance; CI, confidence interval; CBT, cognitive behavioral therapy. 

A

B

C

D

significant effect of acupuncture on numbness was shown 
(SMD −0.81; 95% CI: −1.65 to 0.02; P=0.06; Figure 9A). 
Between-study heterogeneity was substantial (I2=69%; 
P=0.07), and the quality of evidence was rated very low.

In the meta-analysis for the effect of nonopioid 
pharmacotherapy, education/CBT, and physical exercise 
on numbness, only 1 study each was included, and the 
quality of evidence was rated very low. Education/CBT 
(neurofeedback) (33) demonstrated a significant effect on 
numbness compared with usual care (Figure 9B). The effect 
of nonopioid pharmacotherapy (ketamine plus amitriptyline 
cream) (24) and physical exercise (yoga) (39) did not show 
significant effects on numbness compared with placebo 
therapy and usual care, respectively (Figure 9C,9D).

Discussion

To the best of our knowledge, this systematic review and 
meta-analysis is the first to evaluate the effects of current 
treatments on pain and numbness in cancer survivors. 
Our results suggested that several types of treatment 
could significantly reduce pain. The overall effect size of 
treatments was large for the effect of physical exercise and 

acupuncture on pain and medium for that of alternative 
medicine on pain. With respect to cancer type, 24 of 
the 36 included studies investigated only breast cancer 
survivors, and 10 of the 24 studies targeted only breast 
cancer survivors with aromatase inhibitor-associated 
arthralgia. The reasons why many studies have focused on 
breast cancer survivors may be as follows: (I) breast cancer 
survivors have more trouble with pain and numbness than 
do survivors of other cancer types, (II) stable patients are 
more common among survivors of breast cancer than 
among those with other cancer types, and (III) recruiting a 
homogeneous patient population of breast cancer survivors 
may be easier than it would be for survivors of other cancer 
types. If the ease of recruitment of breast cancer survivors 
is the major cause of a biased number of studies, such bias 
would be of great concern because other cancer survivors 
might have been underrepresented.

Effect of treatment on pain

The prevalence of pain is higher in cancer survivors than in 
the general population, as is the rate of prescription opioid 
use (60,61). Compared to those without cancer, cancer 
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patients anecdotally have a reduced risk of nonmedical 
opioid use and opioid-related death; nonetheless, a 
previous study reported that rates of nonmedical opioid 
use were similar between cancer survivors and the general  
population (61). Severe cases of nonmedical opioid use may 
lead to death; therefore, a meta-analysis of the effects and 
adverse events of opioid therapy on pain in cancer survivors 
is considered important. However, no RCTs on opioid 
therapy for cancer survivors have been conducted, despite 
many cancer survivors receiving opioid therapy. Usually, 
opioids are prescribed only during the therapeutic phase 
of cancer. Initiating opioid therapy after the completion 
of cancer treatment may lead to opioid use disorder and 
nonmedical opioid use. Therefore, planning such an RCT 
may have inherent ethical issues. In the present meta-
analysis, no evidence was found for or against opioid use 
as a treatment for pain and numbness in cancer survivors. 
However, some guidelines have recommended the use of 
opioids in carefully selected cancer survivors with chronic 
pain who do not respond to conservative management; 
hence, opioid administration to cancer survivors may be 
desirable, when necessary (62,63).

As for nonopioid pharmacotherapy, the relevant 
treatments in the 6 studies included in this meta-analysis 
are not widely used in clinical settings. Acetaminophen, 
nonsteroidal anti-inflammatory drugs, anticonvulsants, and 
antidepressants are widely used for pain in cancer patients. 
However, studies investigating the efficacy of these widely 
used nonopioid analgesics on pain in cancer survivors 
were not identified. The reason for the lack of such studies 
targeting cancer survivors may be that most analgesics, 
similarly to opioids, are initiated during the treatment phase 
of cancer but are not initiated after completion of cancer 
treatment.

Our meta-analysis suggested that physical exercise could 
significantly reduce pain in cancer survivors, with a large 
effect size. Mishra et al. (64) performed a meta-analysis on 
physical exercise in cancer survivors. However, their meta-
analysis focused on health-related QoL, and definitive 
conclusions were not drawn regarding the effect on pain. A 
few other meta-analyses assessed the effect of exercise on 
pain in breast cancer survivors with aromatase inhibitor-
associated arthralgia (65-67). The included studies were 
not the same due to a difference in inclusion criteria, and 
the results were controversial. Regarding noncancer pain, 
the efficacy of physical exercise has been demonstrated 
in meta-analyses (68-70). Moreover, previous RCTs on 
physical exercise have shown improvements in function, 

ADL, or QoL in patients with chronic noncancer pain 
(71-73). Although this meta-analysis did not investigate 
outcomes other than pain and numbness, physical exercise 
may be more beneficial than other treatments, considering 
its various benefits aside from pain control in patients 
with chronic noncancer pain. The effect of optimal type, 
frequency, and duration of physical exercise on chronic 
noncancer pain is controversial (69,74,75). Our meta-
analysis suggested that a combination, higher frequency, 
and longer duration of exercise may be more effective for 
reducing pain in cancer survivors. The results could provide 
some direction for future research, although the quality of 
evidence of these subgroup analyses was low or very low.

The effect of biofeedback on chronic noncancer pain was 
demonstrated with medium-to-large effect sizes in previous 
meta-analyses (76,77). Meta-analyses for mindfulness (78) 
and coping skills training (79) also showed a significant 
effect on chronic noncancer pain, but the effect sizes were 
small. The present meta-analysis showed a significant effect 
of biofeedback on pain in cancer survivors, although coping 
skills training and mindfulness did not show significant 
effects. These interventions, however, had almost no side 
effects and would be tolerable even in cancer survivors with 
difficulty in exercising. Furthermore, additive or synergistic 
effects may result when these interventions are combined 
with physical exercise.

A previous meta-analysis  assessed the effect of 
acupuncture on nonspecific low-back pain and reported that 
acupuncture showed a significant effect on pain compared 
with no treatment, in contrast to sham acupuncture, which 
showed no significant effect (80). In the present meta-
analysis, acupuncture showed a medium-to-large effect on 
pain in cancer survivors; however, the results should be 
interpreted with caution in the context of the high placebo 
effect of acupuncture and limitations related to difficulty 
in blinding the procedure. A previous study reported the 
significant effect of phantom acupuncture on pain (81). All 
3 studies included in this meta-analysis did not use sham 
acupuncture as a control; therefore, a clear conclusion 
could not be drawn without a comparison with phantom 
acupuncture. 

With respect to interventional therapy, some previous 
systematic reviews investigated the effects of radiofrequency 
thermocoagulation on pain in cancer patients (82,83). 
A study investigated the effect of radiofrequency 
thermoablation and radiotherapy combined treatment 
for bone metastasis in cancer patients (82). Another 
study assessed the effect of stereotactic radiofrequency 
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thalamotomy on intractable cancer pain (83). Both studies 
demonstrated significant effects on pain; however, these 
studies focused on cancer patients, not cancer survivors, and 
included no RCTs. Due to the treatment’s invasiveness and 
difficulty in blinding, conducting RCTs on interventional 
therapy would be difficult.

In the meta-analysis for the effect of alternative medicine 
on pain, a subgroup analysis for myofascial therapy 
demonstrated a significant effect on musculoskeletal pain 
in breast cancer survivors. Pinheiro da Silva et al. (84) 
performed a meta-analysis on the effect of manual therapy, 
including myofascial therapy for breast cancer survivors, 
and demonstrated a small effect on chronic musculoskeletal 
pain. Regarding meta-analysis for myofascial therapy on 
noncancer pain, Ughreja et al. (85) found a large effect in 
patients with fibromyalgia, yet Chen et al. (86) did not find 
a significant effect in patients with low-back pain. Although 
generalization of the result is not possible, myofascial 
therapy may be effective for chronic musculoskeletal pain 
in breast cancer survivors, in combination with other 
treatments, including physical exercise and education/CBT. 

Effect of treatment on numbness

Only 5 studies investigating the effect of treatments on 
numbness were identified in this meta-analysis. Although 
the meta-analysis for acupuncture included 2 studies, 
that for other treatments included only 1 study, and 
therefore the quality of evidence for each was rated very 
low. The efficacy of gabapentinoids or duloxetine on 
numbness in cancer patients has been demonstrated in 
some studies; however, these studies were not included in 
the present meta-analysis because the participants were 
either undergoing active cancer treatment or had advanced 
disease, and were not eligible for inclusion (87-89). The 
absence of such studies focusing on cancer survivors may be 
because most medications are initiated during the treatment 
phase of cancer and not after the completion of cancer 
treatment, as is the case with opioid analgesics for pain in 
cancer survivors. A previous study reported that the median 
duration of paclitaxel-induced peripheral neuropathy in 
patients receiving adjuvant chemotherapy for breast cancer 
was 2 years, and paclitaxel-induced peripheral neuropathy 
persisted in 64% and 41% of patients at 1 year and 3 years 
after initiation, respectively (90). Numbness and tingling, 
characteristic symptoms of CIPN, were reported to be 
closely related to an impairment in fine motor skills and 

ADL, as well as a reduction in QoL that was clinically 
relevant (8,91). The lack of studies on treatment for 
numbness in cancer survivors is a matter of concern. Our 
study suggests that the efficacy of treatments for pain and 
numbness is not necessarily the same. Hence, there is a need 
for studies evaluating treatments for numbness separately 
from pain in cancer survivors. 

Limitations

This study had several limitations. First, the lack of a 
registered protocol was a limitation. Second, the effects 
of opioid therapy and interventional therapy for pain 
and numbness as well as those of alternative medicine 
for numbness could not be determined due to the lack of 
studies. In addition, the number of participants was too small 
to determine the precise treatment effects of alternative 
medicine for pain and all the treatments for numbness. 
Third, the heterogeneity in each treatment was too large to 
determine its effectiveness. Fourth, the proportion of patients 
receiving active cancer treatment or having progressive 
disease was not clear in some studies. Fifth, there might have 
been some problems in classifying the type of treatment 
between physical exercise and education/CBT because some 
treatments had both characteristics. Finally, there were 
substantial concerns regarding the generalization of our 
results due to biases in the age and race of participants, types 
and stages of cancer, and follow-up time.

Conclusions

This systematic review and meta-analysis suggested that 
physical exercise, acupuncture, and alternative medicine 
may reduce pain in cancer survivors. In particular, the 
physical exercise showed a large effect on pain with 
moderate quality of evidence. However, 10 of the 13 
included studies involved only breast cancer survivors; thus, 
caution should be exercised in generalizing our results. The 
positive results of acupuncture and alternative medicine for 
pain should be interpreted with caution due to the low and 
very low quality of evidence. The effects of treatments for 
numbness could not be determined due to the small number 
of included studies. Further research is needed, especially 
on the effects of widely used pharmacotherapy, including 
opioids, acetaminophen, nonsteroidal anti-inflammatory 
drugs, anticonvulsants, and antidepressants for pain and 
numbness in cancer survivors.
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