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Abstract

Pharmacological strategies for chemotherapy-induced peripheral neurotoxicity (CIPN) are very 

limited.

We systematically reviewed data on rehabilitation, exercise, physical therapy, and other 

physical non- pharmacological interventions and offered evidence-based recommendations for the 

prevention and treatment of CIPN.

A literature search using PubMed, Web of Science and CINAHL was conducted from database 

inception until May 31st, 2021.

2791 records were title-abstract screened, 71 papers were full-text screened, 41 studies were 

included, 21 on prevention and 20 on treatment of CIPN. Treatment type, cancer type, 

chemotherapy compounds were heterogeneous, sample size was small (median: N = 34) and 

intention-to-treat analysis was lacking in 26/41 reports.

Because of the methodological issues of included studies, the reviewed evidence should be 

considered as preliminary. Exercise, endurance, strength, balance, and sensorimotor training have 

been studied in low-to- moderate quality studies, while the evidence for other treatments is 

preliminary/inconclusive. We offer recommendation for the design of future trials on CIPN.

Keywords

Chemotherapy-induced peripheral; neurotoxicity (CIPN); Evidence-based medicine; Exercise; 
Physical therapy; Rehabilitation; Treatment

1. Introduction

Chemotherapy-induced peripheral neurotoxicity (CIPN) is a predominantly sensory 

neuropathy that may be accompanied by motor and autonomic changes (Cavaletti et al., 

2019). CIPN symptoms are numbness, tingling, burning, shooting pain, impaired sensation, 
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cramps, and loss of strength, proprioception, and deep tendon reflexes, often distributed in a 

stocking-and-glove pattern (Wolf et al., 2008).

Chemotherapeutic agents that may induce CIPN include cornerstone anticancer drugs, 

such as platinum compounds, taxanes, vinca alkaloids, proteasome inhibitors, and other 

compounds (Cavaletti et al., 2019; Wolf et al., 2008; Loprinzi et al., 2020a; Staff et al., 

2019; Tamburin et al., 2019). CIPN can be a disabling complication following the treatment 

of many types of cancer, including breast, colorectal and gastrointestinal, testicular, and 

hematological malignancies (Park et al., 2013).

The estimated incidence of CIPN following neurotoxic chemotherapy varies but has been 

estimated up to 68 %, being maximum within the first month after treatment and decreasing 

over time (Seretny et al., 2014). CIPN is only partially reversible, can have long-lasting 

effects and is associated with increased physical disability, falls, and significantly impaired 

quality of life (QoL) (Mols et al., 2013; Kolb et al., 2016; Winters-Stone et al., 2017). CIPN 

can act as limiting factor for chemotherapy, causing treatment delay, dose reduction or even 

discontinuation of therapy, thus potentially affecting the treatment outcome and increasing 

cancer mortality (Gewandter et al., 2020).

Several drugs have been tested in CIPN either as disease-modifiers or symptomatic agents, 

but effective strategies are lacking (Cavaletti et al., 2019; Loprinzi et al., 2020a,b). Drugs 

used to treat neuropathic pain have been explored in CIPN, but only duloxetine was reported 

to yield some pain relief in peripheral neurotoxicity with consistent side effects and high 

dropout rate (Smith et al., 2013; Avan et al., 2015; Chu et al., 2015). The heterogeneity of 

the pathogenetic mechanisms may be a major issue hampering effective pharmacological 

strategies for CIPN (Argyriou et al., 2020).

Rehabilitation, physical therapy, and other related non- pharmacological therapeutical 

approaches have been explored for CIPN. However, recent clinical guidelines could not 

form recommendations for the utility of non-pharmacologic therapies for CIPN (Loprinzi et 

al., 2020) or highlighted gaps in evidence (Jordan et al., 2020). Exercise was demonstrated 

to prevent paclitaxel-induced peripheral neuropathy in a mouse model (Park et al., 2015). 

Clinical studies on exercise yielded some promising results in CIPN especially for balance 

and fitness outcomes, although empirical evidence on its efficacy is still insufficient 

(Kanzawa-Lee et al., 2020; Lin et al., 2021).

The goal of this paper is to add to the expanding field of non- pharmacological treatments 

for CIPN with a view to form evidence- based recommendations to guide future studies. 

To this aim, we systematically reviewed data on rehabilitation, exercise, physical therapy, 

and related non-pharmacological interventions, graded the quality of evidence and offered 

evidence-based recommendations, and a roadmap for future studies for CIPN prevention and 

treatment.
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2. Methods

The systematic review was conducted according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) recommendations (Moher et al., 2015; 

Page et al., 2021).

2.1. Eligibility criteria

Inclusion criteria were studies assessing the effect of rehabilitation, exercise, physical 

therapy, and other physical non-pharmacological therapies on adult cancer patients 

with established CIPN or receiving neurotoxic chemotherapy, published in English, and 

controlled with any comparator group. Our review was focused on exercise, rehabilitation 

and physical interventions and we excluded studies on acupuncture, invasive electrical 

stimulation, herbal medicine, natural products, dietetic interventions, and psychological 

interventions. Case reports/series, reviews, commentaries, abstracts, conference papers, 

studies on animal models or healthy subjects were excluded, as were studies without 

therapeutic goals. Table 1 reports inclusion criteria according to the PICOS model.

2.2. Search strategy

PubMed, Web of Science and CINAHL databases were searched on December 1st, 2020 

for peer-reviewed papers published from database inception until October 31st, 2020 

with the search string: “(Paclitaxel OR docetaxel OR taxane OR oxaliplatin OR cisplatin 

OR platinum OR vincristine OR vinca OR vinblastine OR thalidomide OR lenalidomide 

OR pomalidomide OR bortezomib OR ixazomib OR carfilzomib OR ixabepilone OR 

cabazitaxel OR eribulin OR carboplatin OR chemotherapy*) AND (chemotherapy induced 

peripheral neuropathy OR CIPN OR neuropath* OR neurotoxic* OR neuropathic pain 

OR neuralgia OR peripheral neuropathy OR peripheral nervous system diseases) AND 

(exercise OR rehabilitation OR physical activity OR physical therapy OR physiotherapy 

OR sensorimotor training OR strength training OR balance training OR gait training OR 

proprioceptive training OR electrical stimulation OR device).” The search was updated on 

June 2, 2021 for papers published until May 31st, 2021.

2.3. Study selection

Search results were uploaded to Rayyan (Ouzzani et al., 2016). Two authors (MH, EM) 

independently screened titles and abstracts. The reference lists of relevant papers were 

manually checked to identify additional studies potentially missed in the databases search. 

Any disagreement was solved by consensus or consulting a third reviewer (ST).

2.4. Data collection and analysis

A standardized data extraction sheet was utilized to collect data in a uniform manner. Two 

authors (MH, EM) independently extracted the following data: study design, population, 

CIPN severity, cancer type, chemotherapy agent, type of study (prevention in patients 

receiving neurotoxic chemotherapy, treatment in patients with CIPN), active intervention, 

comparator, outcome measures, follow-up duration, type of analysis (intention-to-treat, 

ITT; per protocol), results. All CIPN, pain, gait, balance, upper-limb function, fatigue, 
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physical function, disability, QoL, psychological status outcome measures were extracted 

and considered eligible. No restrictions were placed on the number of outcomes timepoints.

A meta-analysis was not feasible due to the small number of studies, the variety of active 

and control conditions, as well as outcomes, and the design heterogeneity of the included 

studies.

2.5. Risk of bias

Risk of bias was assessed independently by two authors (EM, ST) using the revised tool 

for Risk of Bias in randomized trials (RoB 2.0) (Sterne et al., 2019). Any disagreement was 

planned to be solved via consensus or by consulting a third author (MH). Risk of bias was 

classified as “low”, “some concerns”, or “high”.

2.6. Levels of evidence

The level of evidence and grading of recommendations were based on the Oxford Centre for 

Evidence-Based Medicine framework (Oxford Centre for Evidence-Based Medicine Levels 

of Evidence Working Group (OECBM, 2009).

3. Results

3.1. Identification and selection of the studies

Literature search identified 2791 records. After duplicates removal, 2212 papers were 

screened through title and abstract and 61 papers were obtained for full-text screening. 

Eleven additional papers were retrieved from citation searching. Two authors (MH, EM) 

independently in-depth examined the selected 72 papers. Disagreement concerned 2 papers 

(inter-raters’ agreement: 97.0 %) and was resolved by consulting a third reviewer (ST). 

Forty-one articles fulfilled the inclusion criteria and were included in the systematic review 

(Supplementary Fig. 1). The included studies were heterogeneous in terms of cancer type 

(mostly breast cancer), chemotherapy agents, CIPN severity at baseline, and follow-up. 

The retrieved studies were grouped according to the study (prevention, treatment) and 

intervention type (Table 2).

3.2. Risk of bias

All the included studies showed a high risk of bias (Fig. 1) due to multiple methodological 

issues, most commonly outcome measurement and selection of the reported result. Overall, 

sample size was small (median: N = 34 patients, N < 50 in 25/41 studies) and ITT analysis 

was lacking in 26/41 reports.

3.3. Prevention studies

Twenty-one studies were included (Table 3).

3.3.1. Exercise, endurance, and strength training—Seven studies (patients 

completing study: active, N = 305; control, N = 284; sample sizes: N = 27− 420) were 

included.
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A randomized controlled trial (RCT) tested a combined treatment protocol, including 

endurance, strength and breathing training, in patients with advanced lung cancer receiving 

palliative platinum-based chemotherapy, and found significant improvement in activities of 

daily life (ADL), QoL, aerobic capacity and endurance, stair walking, strength, dyspnea 

during submaximal walking compared to conventional physiotherapy (Henke et al., 2014).

A RCT on patients under paclitaxel chemotherapy found significantly better postural 

stability, balance and strength to an intervention combining regular physical training and 

sensorimotor exercise compared to controls, who were provided with education about 

physical activity (Vollmers et al., 2018).

A RCT on patients under platinum-based palliative chemotherapy reported that 8-week 

supervised exercise program significantly improved endurance and balance and reduced 

neuropathic pain compared to control group that received standard recommendations to 

obtain physical fitness (Zimmer et al., 2018).

A proof-of-concept RCT reported less frequent CIPN symptoms, better QoL and adherence 

to chemotherapy to immediate compared to delayed supervised exercise during/after taxane 

chemotherapy (Bland et al., 2019).

A secondary analysis of a RCT found that 6-week home-based progressive walking and 

resistance exercise program significantly reduced CIPN sensory symptoms compared to 

control group, especially in older men and breast cancer patients (Kleckner et al., 2019).

A single-blind RCT found significant improvement in postural sway and lean body mass 

with a home-based physical activity program entailing moderate walking on patients 

undergoing chemotherapy vs. waiting list (Stuecher et al., 2019).

A RCT found exercise to be more effective than cold application and standard care for 

CIPN-related numbness in women with breast cancer (Şimşek and Demir, 2021).

3.3.2. Balance and sensorimotor training—Three studies (patients completing 

study: active, N = 82; control, N = 87; sample sizes: N = 48− 70) were included.

A RCT found significant improvement in balance, fitness, QoL, and significantly less 

CIPN signs to combined sensorimotor, endurance and strength training program over 36 

weeks than standard care and physiotherapy in lymphoma and multiple myeloma patients 

(Streckmann et al., 2014).

A pilot single-blind trial found significant improvement of pain and sensorimotor function to 

home-based exercise program compared to standard care in patients with breast cancer under 

taxanes (Andersen Hammond et al., 2020).

A single-blind controlled study reported that lower limb balance and strengthening exercise 

before chemotherapy yielded significant effect on balance, QoL and pain vs. standard care, 

but the groups were unbalanced for chemotherapy cycle (Bahar-Ozdemir et al., 2020).
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3.3.3. Massage and related techniques—Two studies (patients completing study: 

active, N = 41; control, N = 45; sample sizes: N = 40− 46) were included.

A quasi-randomized controlled pilot study investigated the effect of hand/foot massage 

aromatherapy in patients receiving oxaliplatin and reported reduction of CIPN-related pain 

and fatigue with active treatment (Izgu et al., 2019a).

A single-blind RCT in breast cancer patients receiving paclitaxel, reported that classical 

massage therapy was more effective than standard care on CIPN-related pain, QoL and some 

nerve conduction measures without a clear overall effect on nerve function (Izgu et al., 

2019b).

3.3.4. Cryotherapy and compression therapy—Eight studies (patients completing 

study: N = 335; self-controlled trial: 5/8; sample sizes: N = 20− 180) were included.

A phase II self-controlled trial of compression therapy on breast cancer patients receiving 

Nab-paclitaxel reported that CIPN symptoms and fingertip temperature were significantly 

lower for the glove- protected dominant than the control non-dominant hand (Tsuyuki et al., 

2016).

A pilot trial of breast cancer patients receiving paclitaxel found no significant nerve 

conduction changes with continuous flow thermoregulator device compared to the 

contralateral non-cooled side (Sundar et al., 2017).

A RCT reported no significant difference in CIPN symptoms when comparing frozen 

gloves/socks side to the untreated one in breast cancer patients receiving paclitaxel, but 

the dropout rate was very high (i.e., 76 %) due to cryotherapy discomfort (Griffiths et al., 

2018).

A prospective non-randomized self-controlled trial on women with breast cancer found that 

incidence of objective and subjective CIPN was reduced in the dominant side using frozen 

gloves/socks compared to the non-dominant side (Hanai et al., 2018).

A RCT of breast cancer patients receiving paclitaxel found no significant difference on 

CIPN patient reported outcomes with cooling hands/feet with crushed ice vs. control group 

(Ruddy et al., 2019).

A RCT found no significant CIPN or QoL changes with frozen gloves on both hands vs. 

control in patients receiving oxaliplatin or taxanes, but one third of patients discontinued 

cryotherapy due to discomfort (Beijers et al., 2020).

A prospective self-controlled trial compared cold and compression therapy for the 

prevention of Nab-paclitaxel induced CIPN in breast cancer patients but found no difference 

(Kanbayashi et al., 2020).

A RCT on breast cancer patients under paclitaxel found greater reduction of CIPN incidence 

for the cryotherapy than the control group but only 68 % compliance (Shigematsu et al., 

2020).
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3.3.5. Electrical stimulation—A single RCT (N = 24 patients completing study) 

reported that transcutaneous electrical nerve stimulation (TENS) did not reduce CIPN 

occurrence vs. sham stimulation in patients undergoing oxaliplatin or paclitaxel (Tonezzer et 

al., 2017).

3.4. Treatment studies

Twenty studies were included (Table 4).

3.4.1. Exercise training—A quasi-experimental study (patients completing study: 

active, N = 51; control, N = 28; sample size: N = 79) evaluated a 2-week exercise 

rehabilitation program for CIPN in patients receiving oxaliplatin and found improvement of 

CIPN symptoms, functional test, and pain for the active vs. control group comparison (Gui 

et al., 2021). Of note, a consistent number of the patients (i.e., 32/79) exercised regularly 

before study, and most of them (i.e., 27/32) asked to join the active group.

3.4.2. Balance and sensorimotor training—Four studies (patients completing study: 

active, N = 65; control, N = 71; sample sizes: N = 22− 45) were included.

A pilot single-blind RCT found significantly greater improvement of postural control to 

4-week interactive motor adaptation balance training program based on wearable sensors 

than standard care in older patients with moderate-to-severe CIPN (Schwenk et al., 2016).

A RCT compared 12-week endurance and balance training protocol to endurance training in 

patients with CIPN and reported significant reduction in sensory symptoms in both groups, 

and improved functional status in the active group only, but the ITT analysis documented no 

significant results (Knei et al., 2019).

A four-arms RCT explored two protocols, namely sensorimotor and whole-body vibration 

training compared to two control groups in patients with CIPN and found significant 

improvement in neuropathic pain and CIPN severity with the active compared to the control 

arm (Streckmann et al., 2019).

A RCT found significant neuropathic pain reduction and QoL improvement to 10-week 

home-based muscle strength and balance exercise program compared to standard care in 

patients with CIPN (Dhawan et al., 2020).

3.4.3. Neurofeedback—Two separate publications (patients completing the study: 

active, N = 23; control, N = 28; total sample size: N = 71) reported a RCT, where 20 

sessions of neurofeedback were found to reduce CIPN-related pain severity and impact 

compared to waiting list (Prinsloo et al., 2017), and 4-month follow-up showed better QoL 

and less fatigue in the active group (Prinsloo et al., 2018).

3.4.4. Massage and related techniques—Three studies (patients completing study: 

active, N = 86; control, N = 85; sample sizes: N = 48− 96) were included.
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A quasi-experimental study reported significant foot skin temperature increase and QoL 

improvement to foot bathing vs. massage in CIPN patients; however, there was no control/

sham group (Park and Park, 2015).

A RCT found no significant difference to 6-week reflexology program vs. standard care in 

patients with grade 2− 4 CIPN (Kurt and Can, 2018).

A RCT reported that aroma self-foot reflexology was significantly more effective on CIPN 

symptoms, ADL, anxiety, and depression than control group, which received treatment 6 

weeks later (Noh and Park, 2019).

3.4.5. Electrical stimulation—Four studies (patients completing study: active, N = 99; 

control, N = 100; sample sizes: N = 35− 72) were included.

A phase II RCT found greater reduction of CIPN severity to scrambler therapy than TENS 

(Loprinzi et al., 2020b).

A pilot phase II RCT reported no difference between real and sham scrambler treatment in 

terms of reduction of CIPN-related pain (Smith et al., 2020).

A RCT found significant improvement for cold arthralgia only to real vs. sham low-

frequency electrostimulation in patients with CIPN receiving duloxetine or pregabalin (Song 

et al., 2020).

A pilot cross-over RCT found non-significant difference between scrambler therapy and 

TENS (Childs et al., 2021).

3.4.6. Other physical interventions—Six studies (patients completing study: active, 

N = 150; control, N = 152; sample sizes: N = 31− 131) were included.

A four-arm pilot RCT found no difference between three complementary approaches (i.e., 

Reiki, yoga, meditation) and holistic education only (control arm) (Clark et al., 2012).

A RCT found improved one-legged stance test and reduced feet discomfort to 12-week 

interferential therapy and high-power (active), but no significant difference was found vs. 

low-power long-wave diathermy (control) in chronic CIPN patients (Lindblad et al., 2016).

A RCT found no significant difference between photobiomodulation with/without 

physiotherapy for CIPN symptoms (Argenta et al., 2017).

A RCT reported very slight significant improvement of nerve conduction velocity, but no 

effect on other outcomes, to magnetic field therapy vs. sham for grade 1− 4 CIPN (Rick et 

al., 2017).

A pilot RCT found no significant differences for whole-body vibration associated to 

an integrated program (massage, passive mobilization, physical exercise) than integrated 

program only in grade 2− 3 CIPN patients (Schönsteiner et al., 2017).

Tamburin et al. Page 9

Crit Rev Oncol Hematol. Author manuscript; available in PMC 2023 November 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A pilot RCT reported significant improvement in pain and sensory CIPN symptoms to 

low-intensity ultrasound than standard care at the end of treatment, but no between-group 

difference at 6-week follow-up (Al Onazi et al., 2021).

4. Discussion

We provide a comprehensive systematic review on exercise, rehabilitation, physical therapy, 

and related non-pharmacological interventions for CIPN. We included 41 articles, with 

heterogenous cancer types, chemotherapy compounds, study outcomes and study design. 

Some studies focused on preventive interventions (N = 21) and the others used therapeutic 

interventions in established CIPN (N = 20).

We found seven prevention studies on exercise, endurance, and strength training in 

patients with various cancer types, mostly treated with taxane, platinum compounds, their 

combination, or vinca alkaloids, and one therapeutic study on exercise training (Gui et 

al., 2021). Four papers (Vollmers et al., 2018; Zimmer et al., 2018; Bland et al., 2019; 

Şimşek and Demir, 2021) explored mixed protocols, where more than one intervention 

was applied. Physical activity during chemotherapy may successfully prevent strength loss, 

improve balance, slow-down CIPN development and stabilize patient’s function. Because of 

improved postural stability and strength, cancer patients undergoing multimodal physical 

training during chemotherapy may be less liable to falls and fall-related injuries. Our 

findings are in keeping with previously published systematic reviews and meta-analyses 

on exercise to prevent CIPN (Kanzawa-Lee et al., 2020; Lin et al., 2021; Tanay et al., 2021; 

Kleckner et al., 2021) and to improve established CIPN symptoms, with positive effects 

on functional outcomes and QoL (Duregon et al., 2018). Nonetheless, these apparently 

promising results should be cautiously considered, because of several potential confounders. 

First, cancer type and severity, and chemotherapeutic compounds differed across studies. 

Second, methodological differences, including intervention design (type of activities, length, 

intensity), assessment time, and outcome measures may hamper the findings replication 

(Kanzawa-Lee et al., 2020; Lin et al., 2021; Duregon et al., 2018; Park et al., 2021). 

Third, many enrolled patients had stage III/IV cancer (Henke et al., 2014; Zimmer et al., 

2018; Stuecher et al., 2019), most likely presenting generalized fatigue and cancer-related 

cachexia that complicate interpretation of the results. Fourth, the effect of pre-treatment 

level of patients’ physical activity is not always adequately addressed in therapeutic 

studies (Gui et al., 2021). Despite these considerations, there is moderate quality evidence 

on physical activity-based interventions to prevent CIPN escalation during chemotherapy 

thereby maintaining the functional autonomy of patients, and preliminary evidence for 

established CIPN symptoms.

Three prevention studies reported that balance and sensorimotor training may reduce the risk 

of pain, muscle, balance, and fitness impairment (Streckmann et al., 2014; Bahar-Ozdemir 

et al., 2020; Andersen Hammond et al., 2020), but reduced CIPN rate in the intervention 

group was reported by a single study (Streckmann et al., 2014). Subjective CIPN outcome 

measures were used in most studies (Streckmann et al., 2014; Bahar-Ozdemir et al., 2020), 

thus not offering full support to a neuroprotective role of these approaches and being 

potentially affected by placebo effect, in the absence of objective measures. Moreover, 
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studies were not balanced in terms of pre-treatment physical activity, which may represent 

a potential confounder. Treatment studies on balance and sensorimotor training with 

supervised exercise (Kneis et al., 2019; Streckmann et al., 2019), home-based training 

(Dhawan et al., 2020), and an interactive program based on wearable sensors (Schwenk et 

al., 2016) reported improvement in sensory symptoms, neuropathic pain, balance, postural 

control, and QoL. Exercise types differed across the studies that shared balance training as a 

common feature. One study with small sample size (N = 40) suggested balance exercise to 

be more effective on CIPN symptoms than whole body vibration (Streckmann et al., 2019). 

Based on this evidence, and in line with a previous systematic review (Kanzawa-Lee et al., 

2020), balance and sensorimotor training could be included in CIPN rehabilitation protocols, 

but there is not enough evidence supporting a specific training protocol.

Two reports from the same group explored short- and long-term effects of neurofeedback 

and found improvement of pain, QoL and fatigue in CIPN patients, mainly breast cancer 

survivors treated with taxanes (Prinsloo et al., 2017, 2018). Although neurofeedback may 

represent an interesting CIPN treatment strategy, with possible home-based administration, 

these data should be considered as very preliminary, given the waitlist control condition, and 

the small number of patients completing the study (N = 41).

Two CIPN prevention studies on massage and related techniques reported slight reduction 

of neuropathic pain, subjective symptoms, fatigue and QoL, but had small sample size (N = 

40− 46), lacked a placebo/sham arm and long-term follow-up (Izgu et al., 2019a,b). Three 

therapeutic studies using foot bathing, foot massage, reflexology, and aroma-reflexology 

reported mild improvement of sensory CIPN symptoms, but variable effect on ADL and 

QoL (Park and Park, 2015; Kurt and Can, 2018; Noh and Park, 2019). The body of research 

on massage and related therapies for CIPN is limited, and the studies lacked long-term 

follow-up, appropriate control group, and used different outcome measures that makes 

comparing and applying their results difficult. Since massage and related techniques showed 

no adverse effects, they can be considered in CIPN non-pharmacological approach, although 

without established evidence.

Cryotherapy and compression therapy reduce blood flow to fingers or toes during 

chemotherapy using cold gloves or stockings (−25 °C to− 4 °C) or compression gloves. 

We found six cryotherapy prevention studies, with significant changes to active treatment 

reported in two, negative findings in three and significant changes to single CIPN scale 

items but not the overall score in one. A major issue is that three studies (Sundar et 

al., 2017; Griffiths et al., 2018; Hanai et al., 2018) used the same patient as an internal 

control by comparing treated vs. non-treated side, instead of an independent control group. 

A study found no significant difference between cryotherapy and compression therapy 

(Kanbayashi et al., 2020). A study reported reduced CIPN rate in the treated vs. untreated 

side with compression therapy (Tsuyuki et al., 2016). Strengths of these studies include 

often large effect sizes and multiple CIPN outcomes (patient reported, clinical tests). 

Limitations include lack of phase III RCTs and few studies using traditional patient-level 

randomization. In accordance with a previous review (Bailey et al., 2021), evidence on the 

role of cryotherapy for CIPN prevention is not conclusive, with some compliance concerns 

because of the high drop-out rate. Compression therapy may be better than cryotherapy 
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being logistically easier and less expensive, however there is insufficient evidence to support 

its use without further studies.

Five studies explored electrical stimulation. A RCT reported that real TENS was not better 

than sham TENS for CIPN prevention (Tonezzer et al., 2017). Four therapeutic RCTs 

yielded mixed results, with one showing greater CIPN severity reduction with scrambler 

therapy vs. TENS (Loprinzi et al., 2020b), one reporting low-frequency electrostimulation 

in association with pharmacological intervention to reduce cold arthralgia vs. sham arm 

(Song et al., 2020), and two studies reporting no difference between real and sham scrambler 

therapy (Smith et al., 2020), and no significant difference between scrambler therapy and 

TENS (Childs et al., 2021). Given the low number of studies, relatively small sample 

sizes (N = 35− 72), contrasting findings, and methodological issues, the data on electrical 

stimulation should be considered as very preliminary.

Comparison of interferential therapy and high-power vs. low-power long-wave diathermy 

documented balance improvement to the former and pain reduction to the latter, but the 

absence of a sham control group impeded robust conclusions (Lindblad et al., 2016). 

Magnetic field therapy resulted in statistically significant but very slight improvement 

in peroneal nerve conduction velocity vs. placebo (Rick et al., 2017). As reduced nerve 

conduction velocity is not the primary neurophysiological marker of CIPN (Argyriou et al., 

2019), the clinical significance of this result is unclear. Whole body vibration as part of a 

program including massage, stretching, and exercise (Schönsteiner et al., 2017), and reiki, 

yoga, meditation and photobiomodulation (Clark et al., 2012; Argenta et al., 2017) yielded 

no significant differences across conditions. The addition of ultrasound therapy to standard 

care resulted in short-term improvement of pain and sensory CIPN symptoms (Al Onazi et 

al., 2021). These data suggest some possible benefit of other physical therapies on CIPN, 

without adverse side effects, but should be considered as very preliminary.

An important issue is demonstration of a mechanistic rationale for non-pharmacologic 

therapies in CIPN prevention or treatment. While this is more established for exercise (Park 

et al., 2015), other non-pharmacologic interventions lack a clear rationale for efficacy. 

While non-pharmacologic therapies are often associated with better side effect profile 

than pharmacological treatments, there are potentially significant costs of administration 

and delivery, so efficacy and a strong biological rationale are two prerequisites for their 

prescription.

Another limitation is that, only a limited number of studies (i.e., 21/ 41) focused on 

QoL. Although the EORTC-QLQ was the most applied outcome measure, results between 

studies appear inconsistent, underscoring the need of better QoL assessment tools in CIPN 

studies (Park et al., 2021). The high frequency of long-lasting CIPN symptoms in cancer 

survivors and the association between symptoms burden and reduced QoL may influence 

rehabilitation outcomes, and future studies should address QoL with appropriate tools 

(Eikeland et al., 2021; Lauritsen et al., 2021; Park et al., 2021).

Based on the studies included above, we generated a list of recommendations for 

rehabilitation, exercise, and physical therapy to prevent and/or treat CIPN (Table 5). For 
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an example exercise prescription to treat CIPN, see Klechner et al., 2021. Most of the 

interventions we reviewed are biased by methodological issues, i.e., small sample size, 

heterogeneity in cancer types, chemotherapy compounds, intervention including combined 

protocols, and outcome measures, appropriate control group and short-term follow-up, 

as well as the timing of assessments. Therefore, a meta-analysis was not feasible. It is 

important to note that while previous meta-analyses have been attempted (Lin et al., 2021), 

the outcome measure and study design heterogeneity significantly limits the ability to draw 

conclusions. Accordingly, efforts to standardize outcome measure and study design elements 

are important to enable future meta-analyses to be conducted (Park et al., 2021). These 

limitations impede solid conclusions on the role of the treatments here reviewed.

This review did not cover all the non-pharmacological treatments, as it did not deal with 

acupuncture, herbal medicine, natural products, dietetic interventions, and psychological 

interventions (Brami et al., 2016).

5. Conclusions

Because of the methodological issues of included studies, only exercise, endurance, strength, 

balance, and sensorimotor training show some evidence (level B recommendations) (Oxford 

Centre for Evidence-Based Medicine Levels of Evidence Working Group (OECBM, 2009) 

for the prevention and treatment of CIPN, while data for other treatments is preliminary 

and/or inconclusive. To offer stronger evidence on this topic, we recommend future studies 

a) to be multicentre to provide geographical and cultural generalizability, offer rapid accrual 

rate and the ability to reach large-powered sample sizes required for a phase III trial, 

b) to recruit homogeneous populations in terms of cancer type, stage and chemotherapy 

compound to reduce the potential effect of these covariates and increase precision of the 

results, c) to include appropriate subjective and objective outcome measures to explore 

which CIPN features are affected, d) adequate control/sham group to reduce the placebo 

effect, e) ITT analysis with last observation carried forward data, e) long-term follow-up 

to document the effect duration, f) measures of compliance and adherence to treatment, g) 

dose-response studies, and h) cost-effectiveness analyses to prove the usefulness in the real-

world setting. Moreover, CIPN prevention and treatment trials may have different ideal study 

requirements, in that demonstration of efficacy of an intervention as a preventative strategy 

may require larger and more homogenous samples than treatment trials. Appropriately 

controlled clinical trials to demonstrate efficacy of non-pharmacological interventions for 

the prevention/treatment of CIPN are required before definitive recommendations can be 

made to improve QoL in cancer survivors treated with neurotoxic chemotherapies.
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Fig. 1. 
Assessment of the risk of bias according to the RoB 2.0 tool for the prevention (panel A) and 

therapeutic studies (panel B) included in the systematic review.
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Table 1

Inclusion criteria according to the PICOS model.

Criterion Description

Participants Patients with cancer with CIPN or receiving neurotoxic chemotherapy

Intervention Rehabilitation, exercise, endurance, strength, balance, gait, sensorimotor, or proprioceptive training, neurofeedback, massage 
and related techniques, cryotherapy, compression therapy, electrical stimulation, other physical therapies

Comparator Any comparator group, i.e., sham, standard treatment, waiting list, active treatment

Outcome All measures/outcomes applied to CIPN and/or rehabilitation, including outcomes related to peripheral neuropathy, pain, gait 
and balance, fatigue, physical functioning, disability, quality of life, psychological status, body composition, fidelity/adherence 
to treatment

Study design Controlled studies with any type of comparator

CIPN: chemotherapy-induced peripheral neuropathy.
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Table 2

The main types of interventions for CIPN prevention and treatment reviewed here.

Intervention Definition

Endurance training Aerobic exercise including activities aimed at improving and maintaining the fitness of the cardiovascular 
system

Strength training Anaerobic activity including exercise aimed at inducing muscular contraction to increase the strength, 
anaerobic endurance, and size of skeletal muscles

Balance and sensorimotor 
training

Associative training in which observation of one action is systematically paired with performance of another 
action 
It includes vestibular, visual and oculomotor activities, cervical neuromotor control and strength training, 
postural/balance exercises

Neurofeedback Learning intervention where a patient is given a reward via auditory and/or visual stimuli when voluntary 
changes are made in brain activity within a designated region

Massage Manipulation of the body’s soft tissues to reduce pain and improve well-being

Reflexology The application of pressure to areas on the feet/hands to improve well-being

Aromatherapy Alternative/complementary therapy that uses essential oils and other aromatic plant compounds to improve 
well-being

Cryotherapy Therapeutic regional hypothermia reached by means of frozen gloves/socks to decrease microvascular flow 
in the hands/feet

Compression therapy Wearing stockings and sleeves for 24 h to decrease microvascular flow in the hands/feet

TENS and electrostimulation The application of low voltage electrical current stimulation to improve pain through peripheral and central 
nervous mechanisms

Scrambler therapy A type of electrical stimulation technique meant to reduce pain input with non-painful stimulation

Interferential therapy Electrophysical method based on the application of an electric field in the painful area via four electrodes or 
vacuum cups that are placed on the skin

Long wave diathermy Electrical current therapy involving generation of oscillating electromagnetic fields to produce heat deep 
inside a targeted tissue

Photobiomodulation Light therapy using non-ionizing, low power, laser light sources

Whole-body vibration Vibrating platform that transmits a vibration stimulus from the feet to the body and generates a vertical 
oscillation

Reiki, yoga and meditation Alternative medicine therapies to improve well-being

CIPN: chemotherapy-induced peripheral neuropathy. TENS: transcutaneous electrical nerve stimulation.

Crit Rev Oncol Hematol. Author manuscript; available in PMC 2023 November 20.
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Table 5

Recommendations on rehabilitation, exercise, and physical therapies for CIPN prevention and treatment.

Recommendation Level of evidence 
(OECBM)

Exercise, endurance, and strength training 

CIPN prevention. Moderate quality evidence suggests that exercise during chemotherapy may improve sensory 
symptoms, prevent strength loss, improve balance, and stabilize the functional capacity of patients. Exercise and 
multimodal physical training may reduce falls and fall-related injury

B

CIPN treatment. Preliminary data suggest that exercise may improve CIPN symptoms, functional tests, and pain C

Balance and sensorimotor training 

CIPN prevention. Low-to-moderate quality evidence suggests beneficial effects on balance, pain, muscle strength, and 
fitness

B

CIPN treatment. Low-to-moderate evidence suggests improvement in balance function, postural control, quality of 
life level, and reduction in symptom severity

B

Neurofeedback 

CIPN prevention. No evidence Undetermined

CIPN treatment. Preliminary data suggest that neurofeedback may improve pain, quality of life and fatigue C

Massage and related techniques 

CIPN prevention. Inconclusive evidence to suggest that massage and related techiques may prevent CIPN symptoms D

CIPN treatment. Inconclusive evidence to suggest that massage and related techiques are effective on pain, daily 
function, or quality of life

D

Cryotherapy and compression therapy 

CIPN prevention. Inconclusive evidence to suggest that cryotherapy and compression therapy may prevent CIPN 
symptoms

D

CIPN treatment. No evidence Undetermined

Electrical stimulation 

CIPN prevention. Very preliminary data suggest no effect on CIPN prevention D

CIPN treatment. Very preliminary data suggest some effect on pain D

Other physical therapies 

CIPN Prevention. No evidence Undetermined

CIPN treatment. Inconclusive evidence to suggest that other physical therapies are effective on pain, daily function, or 
quality of life

D

CIPN: chemotherapy-induced peripheral neuropathy. CEBM: Oxford Center for Evidence-Based Medicine grades of recommendation (A: 
consistent level 1 studies; B: consistent level 2 or 3 studies or extrapolations from level 1 studies; C: level 4 studies or extrapolations from 
level 2 or 3 studies; D: level 5 evidence or troublingly inconsistent or inconclusive studies of any level) (Oxford Centre for Evidence-Based 
Medicine Levels of Evidence Working Group (OECBM, 2009).
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