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ABSTRACT      
INTRODUCTION: Over the last few decades, the use of neo/adjuvant therapies has significantly increased the number of breast cancer survivors 
who experience chemotherapy-induced peripheral neuropathy (CIPN). To date, few, low-efficacy, pharmacological remedies exist to manage 
this side effect. For this reason, alternative treatments are increasingly being investigated as possible strategies to prevent or promote faster 
recovery from CIPN. In this review we aimed to provide an overview of the literature evidence regarding all the non-pharmacological and reha-
bilitative interventions for patients affected by CIPN secondary to breast cancer care.
EVIDENCE ACQUISITION: A comprehensive literature search was conducted on PubMed, Scopus and Web of Science and included a total of 
1895 patients (1528 with breast cancer) with a wide range of CIPN (motor, sensory and autonomic neuropathies) and chemotherapy treatments 
(e.g., Taxanes, Platins, Vinca alkaloids or monoclonal antibody drugs).
EVIDENCE SYNTHESIS: Of the initial 1108 hits, only 25 studies – describing different treatment modalities for peripheral neuropathies – were 
finally included in the qualitative synthesis. Most studies focused on acupuncture, physiotherapy, cryotherapy, and yoga.
CONCLUSIONS: There is still controversial evidence on conservative non-pharmacological interventions for the management of CIPN symp-
toms. We believe however that moderate exercise, as well as all types of stress reducing activities like sport, yoga and mindfulness, should be 
encouraged in cancer patients for their positive effect on global physical and psychological health. Further studies of higher methodological 
quality are needed to determine the best conservative approach to CIPN.
(Cite this article as: Ronconi G, Gatto DM, Codazza S, Ariani M, Martire E, Cerretti L, et al. Conservative non-pharmacological treatments for 
chemotherapy-induced peripheral neuropathies in women treated for breast cancer: a systematic review. Eur J Phys Rehabil Med 2024;60:505-13. 
DOI: 10.23736/S1973-9087.24.08197-8)
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Introduction

In the last few decades, the use of neo/adjuvant thera-
pies has significantly increased the number of breast 

cancer survivors who experience long-term side effects 
due to antineoplastic agents.1, 2 Chemotherapy-induced 
peripheral neuropathy (CIPN) is one of the most frequent 
consequences of many commonly used chemotherapeutic 
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studies it was associated with more severe CIPN symp-
toms.15 For this reason, non-pharmacological and rehabili-
tative interventions are increasingly being investigated as 
alternative approaches to alleviate or promote faster re-
covery from CIPN. At present, several studies have been 
conducted to assess the effect of different interventions 
(e.g., acupuncture, physiotherapy, cryotherapy, and herbal 
remedies) on CIPN, however the literature still does not 
provide a standard recommendation for their use.16 Given 
the high prevalence of patients with breast cancer who un-
dergo chemotherapy, we aimed to provide a systematic re-
view of the literature regarding all the non-pharmacologi-
cal and rehabilitative interventions for patients affected by 
CIPN secondary to breast cancer care.

Evidence acquisition

Search strategy

A comprehensive literature search was conducted on 
PubMed, Scopus and Web of Science using the follow-
ing terms in different combination: “chemotherapy,” 
“peripheral neuropathy,” and “breast cancer.” All studies 
focusing on conservative non-pharmacological treatment 
or rehabilitation of chemotherapy induced peripheral neu-
ropathies in women treated for breast cancer were assessed 
for eligibility. Only randomized controlled trials (RCTs) or 
quasi-RCTs published in the last decade up to May 19th, 
2023, and written in English language were included.

Study selection

Based on the PICO guidelines, selection criteria for the 
studies were limited to adult patients of both sexes affected 
by any type of CIPN following chemotherapy treatment 
for breast cancer. Outcomes related to general function, 
strength, quality of life, and pain were extracted. All papers 
taking in consideration pediatric patients or patients with 
previous neuropathies or non-CT related neuropathies were 
excluded. Eligibility criteria are summarized in Table I.

Data extraction

To reduce the risk of inter-observer bias, two independent 
authors selected the eligible articles for the review. In case 
of disagreement in the article selection or data extraction 
process, a third person was involved. Data extracted from 
the selected studies were patients’ characteristics (number, 
mean age, baseline pathology), type of chemotherapy, type 
of neuropathy (motor or sensory, axonal or demyelinating, 
small or large fiber), type rehabilitative intervention (ex-

drugs with significant impact on quality of life. CIPN has a 
prevalence of 68.1% in the first month after chemotherapy, 
and of 30% at 6 months;3 58.4% of patients report persis-
tent CIPN symptoms even after an average follow-up time 
of 5.6 years.4 Neural toxicity can arise after single treat-
ments or due to cumulative exposure to neurotoxic drugs 
and may be enhanced by predisposing factors like diabetes 
mellitus, older age, concomitant exposure to other neuro-
toxic agents, pre-existing neuropathy, and deficiency dis-
eases.5, 6 Chemotherapy tends to damage cellular bodies 
in the dorsal root ganglion where they are less protected 
by the blood-brain barrier. This explains the predominance 
of sensory neuropathy with symmetrical distribution and 
length-dependency (dying assonopathy).6

The clinical presentation of CIPN much depends on the 
specific antineoplastic drug used, the dose and the timing of 
administration.7, 8 In most cases it manifests just after a few 
doses and it is characterized by a predominant sensory in-
volvement (e.g., “glove and stoking” paresthesia, tingling, 
numbness, and neuropathic pain) leading to impairment 
with walking, balance, and fine motor tasks.9 More rarely, 
it can manifest with motor and autonomic disturbances.7 
Taxanes are the most used class of drugs in the treatment 
of breast cancer.10 This class is associated with arthralgias, 
myalgias, paresthesia, ataxia, proximal weakness and loss 
of thermal sensitivity and proprioception. Similar symp-
toms may be experienced with platin-based antineoplastic 
drugs.11 Vincristine is associated with mixed sensory, au-
tonomic and motor neuropathy and cranial nerve palsy.11 
Finally, most antineoplastic agents are associated with a 
delayed worsening of symptoms in the months following 
the completion of treatment (“coasting phenomenon”).11

Unfortunately, there is an unmet need for therapies for 
CIPN. To date, very few drugs were found to be useful 
in prevention or treatment of this side effects. Moreover, 
there is lack of consensus about the standard way to identi-
fy affected patients, as well as those who are at higher risk 
for developing severe symptoms.9 For the management 
of CIPN, only Duloxetine finds a moderate recommenda-
tion for painful CIPN,5 while tricyclic antidepressants and 
anticonvulsants have shown either inefficacy or limita-
tion due to side effects.12 Pregabalin and gabapentin are 
largely used drugs for the management of neuropathic pain 
of different nature, however several double-blind placebo-
controlled trials failed to show any benefit against CIPN 
symptoms.13, 14

Acetyl-L-carnitine, which is another commonly pre-
scribed drug for neuropathic disorders, is not recommend-
ed as a therapy to prevent or treat CIPN. Indeed, in some 
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perimental and control intervention), outcome measures, 
rehabilitation timing, and main results (Supplementary 
Digital Material 1: Supplementary Table I).15, 17-39

Methodological quality

The methodology of this study was reported following 
the PRISMA statement for systematic review and meta-
analysis.40 The Cochrane library assessment tool and the 
PEDro scale were respectively used to evaluate the risk 
of bias and the methodological quality in all the 25 select-
ed studies respectively.41, 42 The Cochrane tool includes 
seven domains (i.e., sequence generation, allocation con-
cealment, blinding of participants and personnel, incom-
plete outcome data, selective outcome reporting and other 
sources of bias). A green light is assigned to a low risk 
of bias, a yellow light to an unclear risk of bias and a red 
light to a high risk of bias (Figure 1).15, 17-39, 43 The PE-
Dro scale is based on the Delphy scale for quality assess-
ment of RCTs and includes 11 domains. A positive (green 
dot) or negative (red dot) score is assigned to each domain 
based on whether a criterion is met or not. According to 
the final score, the study quality is classified as follow: 
“high” (score ≥6), “fair” (between 4-5) and “poor” (score 
≤3) (Figure 2).15-20-43

Evidence synthesis

A comprehensive search was conducted on PubMed, Web 
of Science and Scopus search engines and identified 1108 
hits. After removal of duplicates, 707 articles were re-
viewed by title and abstract, 72 full-text articles were as-
sessed for eligibility, and 25 studies were finally included 
in qualitative synthesis (Figure 3).

A total of 1895 participants (1528 patient with breast 
cancer) were included in this systematic review with a 
wide range of CINP (motor, sensory and autonomic) and 
chemotherapy treatments (e.g., Taxanes, Platins, Vinca 
alkaloids or monoclonal antibody drugs). Patients were 
mostly women with a mean age of 54 years. The numbers 
were calculated on 19 out of 25 papers, as six of them17-23 

Table I.—��Study eligibility criteria (PICO).
Criteria Inclusion Exclusion
Population Adult of both sexes treated with chemotherapy for breast cancer and 

affected by CIPN
Pediatric population, non-CT related neuropathies

Intervention Any non-pharmacological or rehabilitation intervention for CIPN
Comparison Any non-pharmacological treatment or placebo for CIPN
Outcome sensitivity, function, strength, pain, quality of life
Date Last 10 years
Language English

Figure 1.—Evaluation of the risk of bias. 15-20-43
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overall methodological quality of the cited studies was 
low. Except for two trials,24, 25 almost all the studies pre-
sented multiple bias in terms of blinding of participants 
and personnel and blinding of the outcome data (Figure 1). 
In terms of methodological quality all the included studies 
reached a score of at least 6/10 on the PEDro scale which 
classifies them as “high quality” (Figure 2).

Study design

Treatment modalities for CIPN were very heterogeneous: 
six studies investigated the effect of acupuncture,15, 23, 26-29 
four studies investigated conventional physiotherapy ver-
sus standard care,17, 30, 31, 43 five studies, the application of 
cryotherapy,20, 21, 32-34 one study compared physical exer-
cise versus cold application,22 three studies investigated 
the effect of yoga,18, 35, 36 and six studies, the application 
of other miscellaneous interventions such as electroen-
cephalogram (EEG) with neurofeedback (NFB),37 hand 
and feet massage,19 mindfulness-based stress reduction,38 
electrostimulation,25 neurolaser24 and gloves compression 
therapy.39

Outcome measures

Significant heterogeneity was encountered in terms of 
outcome measures and rating scales. For quality-of-life 

did not provide enough details in the text. The main results 
of each selected paper are summarized in Supplementary 
Table I.

Methodological quality synthesis

The Cochrane library assessment tool was used to evalu-
ate the risk of bias for all the RCT studies included.41 The 

Figure 2.—Methodological quality assessment of the included studies 
with the PEDro scale. 15-20-43

Figure 3.—Study selection process.
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view, we reported 6 trials that focused on this treatment. 
In a randomized cross-over pilot trial Lu et al.26 compared 
8 weeks of manual acupuncture versus usual care. At the 
end of the experiment, acupuncture led to a statistically 
and clinically significant improvement in sensory (PNQ), 
functional (FACT-GOG-NTX) and pain (BPI-SF) sever-
ity scores compared with the control arm. Furthermore, 
no serious side effects were observed. Likewise, another 
trial by Bao et al.36 compared 8 weeks of electroacupunc-
ture against sham acupuncture or usual care, and found the 
greatest reduction of pain, tingling, and numbness in the 
treatment group. Reported adverse events were also few 
and mild in this case. Finally, the study of Kim et al.23 
investigated the effects of self-acupressure versus no treat-
ment on daily life activities and quality of life and found a 
significant improvement in all the outcomes scores in the 
treatment group compared with the control group. On the 
other hand, 3 trials found only partial or non-significant 
advantage of applying acupuncture versus sham therapy. 
Specifically, Bao et al.28 found a non-statistically signifi-
cant difference between the experimental and the control 
group on quality-of-life outcomes. However, important 
differences in terms of baseline tumors, chemotherapy 
regimens and years since chemotherapy (5.4 vs. 3.0 years) 
between treatment and control groups were reported. 
Greenlee et al.15 found no difference in terms of pain, 
function and other CIPN symptoms. Huang et al.29 found 
a greater improvement in the acupuncture group only in 
touch perception and pain severity, while non-significant 
differences were found in terms of functional and quality 
of life scores. Findings should be considered with caution 
since these studies included a small sample size and, in 
one case,28 a significant difference in the interval between 
chemotherapy completion and acupuncture beginning 
(277.90 versus 115.90 days) existed between the tested 
groups. Furthermore, in Bao et al.28 the sham acupuncture 
procedure consisted of “minimal needling” instead of the 
commonly used “no puncture approach”. Regarding the 
adverse events, only one case of acupuncture needle site 
reaction with discomfort, minor swelling, and bruising was 
reported by Greenlee et al.15 Considering the small sample 
size of the cited studies and the presence of several meth-
odological bias, these results are in line with the literature 
which reports controversial evidence of effectiveness of 
acupuncture for the management of CIPN symptoms.44, 45

Physiotherapy

Exercise during chemotherapy has yielded promising 
results as an option to prevent and slow down CIPN de-

assessment, eight studies used the European Organiza-
tion of Research and Treatment of Cancer Quality of 
Life Questionnaire-CIPN twenty-item scale (EORTC-
QLQ-CIPN20),18, 19, 21, 23, 25, 31, 32, 34 two studies used the 
Short Form-36 (SF-36) questionnaire,37, 38 and one study 
used the World Health Organization Quality of Life scale 
Brief Version (WHOQOL-BREF).29 Patients’ neurotoxic-
ity was mostly assessed with subjective questionnaires: 
three studies used the Patient Neurotoxicity Questionnaire 
(PNQ),20, 21, 26 three studies, the Total Neuropathy Score 
(TNS),24, 25, 43 two studies used quantitative sensory testing 
(e.g., vibration, pinprick, pressure),17, 31 and only two stud-
ies included an objective neurophysiological evaluation, 
using nerve conduction studies (NCS).19, 21 For functional 
assessment, six studies used the Functional Assessment of 
Cancer Therapy/Gynecologic Oncology Group - neurotox-
icity (FACT-GOG-NTX),20, 23, 26, 28, 29, 33 three studies, the 
Functional Assessment of Cancer Therapy-Taxane (FACT-
Tax),15, 24, 33 one study, the Functional Assessment of Can-
cer Therapy - General (FACT-G),23 one study the Func-
tional Assessment of Cancer Therapy - Breast (FACT-B),25 
while other studies included the DASH scale,17 functional 
reach tests,36 and the 6-minute Walking Test (6MWT).24 
For pain evaluation, the most used scales were the Brief 
Pain Inventory-short form (BPI-SF)15, 26, 29, 37 and the nu-
merical rating scale (NRS) for pain.17, 18, 25, 27, 36

Discussion

CIPN is an adverse event of many commonly prescribed 
chemotherapeutic agents. Current symptomatic therapies 
are few and have demonstrated limited efficacy. In this 
review we aimed to provide a summary of the evidence 
regarding non-pharmacological and rehabilitative inter-
ventions available for CIPN secondary to breast cancer 
care. We included 25 RCTs describing different treatment 
modalities for CIPN. Most studies, however, focused 
on four main treatments such as acupuncture,15, 23, 26-29 
physical therapy,17, 22, 30, 31, 37, 43 cryotherapy,20, 21, 32-34 and 
yoga.18, 35, 36

Acupuncture

Acupuncture is an ancient Chinese remedy for the treat-
ment of acute and chronic pain. It consists of the inser-
tion of fine needles (manipulated by hand or by electrical 
stimulation) into specific anatomical locations to stimulate 
the peripheral and central nervous system.26, 44 Previously 
published evidence on the efficacy of this procedure, has 
led to a multiplication of approaches including the treat-
ment of chemotherapy-related side effects.44 In this re-
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should be encouraged in cancer patients for its effect on 
global health. Aerobic exercise is of benefit for the cardio-
vascular system, reducing fatigue and improving the endur-
ance; anaerobic training stimulates muscle contraction and 
maintenance of muscle mass; proprioceptive exercise im-
proves postural control reducing the risk of falls which is an-
other bothersome consequence of sensory impairment.46, 47 
In addition, exercise during chemotherapy appears to result 
in an increased tolerance to treatment and fewer reductions 
or cancellations of the drug dose (Bland).31 Higher-quality 
studies are needed to provide more definitive results on the 
effects of specific exercise types, frequency, intensity, and 
time from chemotherapy on specific types of CIPN.

Cryotherapy

Cold application has been suggested as a mean to slow 
down the occurrence of CIPN. The mechanisms through 
which it exerts its effect are several and include: 1) local 
vasoconstriction, which decreases the blood flow and the 
cellular metabolism; 2) reduction of nociceptors sensitivity, 
by decreasing the release of vasodilator substances; and 3) 
reduction of nerve conduction speed and muscle excitabil-
ity.22 A randomized trial of Shigematsu et al.20 compared 
the application of cold mittens and slippers versus standard 
care. Compared to the control group, the experimental arm 
showed a marked decrease in sensory and motor neuropa-
thy symptoms, and a marked improvement in functional 
scores. Moreover, no serious side effects were reported as-
sociated with cryotherapy. Similar results in terms of pe-
ripheral neuropathy severity and frequency were obtained 
in other two studies by Jue et al.33 and Ruddy et al.34 In the 
study of Jue et al.33 however, no significant difference was 
found between experimental and control groups in terms of 
quality of life. Conversely, a trial of Beijers et al.32 found 
a non-significant improvement in neuropathy symptoms in 
the hands of the experimental group wearing frozen gloves 
during chemotherapy. Yet, in this case, the authors reported 
that one-third of the frozen gloves group discontinued the 
study before the end of the treatment. Another randomized 
trial of Ng et al.21 found no significant difference in CIPN 
symptoms severity between cryotherapy and usual care 2 
weeks after Paclitaxel treatment, nonetheless a benefit was 
observed at 3 months both in the PNQ and EORTC QLQ-
CIPN20 scores and in some neurophysiology parameters. 
However, the positive effect was not sustained in the long 
term. A limitation of this study is that temporary interrup-
tion of cryotherapy occurred in 80.9% of the subjects due 
to cold intolerance which could have affected the results. 
Overall, cryotherapy showed a good safety profile and 

velopment.46, 47 Andersen-Hammond et al.17 investigated 
the effect of a home-based daily exercise program versus 
standard care. The program, consisted of nerve gliding, 
stretching, axillary webbing exercises and range of motion 
(ROM) exercises for the neck and upper limb, performed 
at the beginning of the Taxane-chemotherapy. Overall, the 
experimental group showed less pain and improvement 
in pressure thresholds and grip dynamometry compared 
to the control group. Furthermore, subgroup analysis, 
showed a higher preservation of vibration, heat and pain 
thresholds in the more active participants compared with 
the more sedentary ones. The study of Kleckner et al.30 
suggests that six weeks of exercise during chemotherapy 
reduced the prevalence and severity of CIPN symptoms, 
as assessed by patient reports of numbness and tingling 
and hot/coldness sensation in the hands and feet. Con-
versely, the study of Muller et al.43 – which investigated 
the preventive effect of sensorimotor exercise training or 
resistance training versus usual care – found that none 
of the exercise programs were able to significatively im-
pact on the progression of CIPN. In the exercise adher-
ent group, however, an overall improvement was observed 
in subjective perception of sensory symptoms in the feet, 
muscular strength, quality of life, physical and role func-
tioning, fatigue and pain versus usual care. Furthermore, 
compliance to chemotherapy was found to be enhanced in 
this group. A similar result was obtained by Bland et al.31 
which randomized 27 patients with breast cancer, during 
Taxane-chemotherapy, to immediate exercise versus de-
layed exercise. The protocol included supervised aerobic, 
resistance, and balance training 3 days a week for 8-12 
weeks. At the end of the chemotherapy, no difference was 
found between groups for numbness and vibration sense 
in the toes. Similar to Muller et al.,43 the immediate exer-
cise group, however, showed a higher global health status 
and quality of life compared to the control group, yet both 
groups had worse EORTC QLQ-CIPN20 sensory and mo-
tor symptom scores relative to baseline. Finally, Simsek 
et al.22 compared a standardized 12-week home-based 
exercise program involving progressive strengthening, 
stretching, and balance exercises versus cold application 
and standard care. They found that exercise reduced CIPN 
symptoms of numbness in the hands and feet significantly 
more than cold application and controls.

Based on these results, the proves about exercise effica-
cy in the prevention or in the progression of CIPN in breast 
cancer patients are, to a certain extent, promising but still 
insufficient. This observation is in line with previous litera-
ture studies.48 There is a general consensus that exercise 
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(EEG) neurofeedback showed greater improvement in 
cancer-related symptom severity (e.g., pain and numb-
ness), symptom interference, physical functioning, gen-
eral health, and fatigue compared with waiting list con-
trols. Furthermore, EEG showed neurological changes in 
the cortical location and in the bandwidth targeted by the 
intervention, and changes in EEG activity were predictive 
of symptoms reduction. In the study of Izgu et al.19 12 
weeks of hands and feet classical massage showed higher 
improvement in neuropathic pain and quality of life scores 
over usual care. Furthermore, nerve conduction studies 
(NCS) showed a higher sensory action potential amplitude 
in the median nerve and a shorter tibial nerve latency in the 
massage group compared to the control group at week 12. 
Joy et al.24 investigated the effect of photobiomodulation 
(PBM) during Taxane treatment and found a significantly 
higher FACT-GOG-Taxane and a borderline significant 
difference in the 6MWT and pain level compared to the 
control group. Kotani et al.39 investigated the effect of 
compression therapy with surgical gloves versus no treat-
ment in patients undergoing paclitaxel chemotherapy and 
found a non-statistically significant effect on the incidence 
of paclitaxel-induced peripheral neuropathies. Shergill et 
al.38 randomized 98 breast cancer survivors with CIPN 
to an 8-week group mindfulness-based stress reduction 
(MBSR) intervention or a waitlist control group and did 
not find significant benefits of MBSR for the management 
of CIPN. Based on these results there is not enough evi-
dence to draw any conclusion about the application of low-
frequency electrostimulation, surgical gloves compression 
therapy and MBSR for CIPN. The effect of EEG neuro-
feedback, classical hand/feet massage and photobiomodu-
lation might be further investigated in the near future.

Limitations of the study

This review has some limitations that must be noted. First, 
most of the studies presented a low methodological quality. 
Second, in most cases the heterogeneity of protocols and 
outcome measures used did not allow for a proper compari-
son of treatments between studies. Furthermore, it is not 
often clear what the authors mean with “standard or usual 
care” when comparing a treatment. Third, the temporal lim-
itation to the last 10 years might have excluded other good 
quality RCTs. Fourth, some studies had a small sample size.

Conclusions

There is still controversial evidence of effectiveness of 
conservative non-pharmacological and rehabilitation 

some promising results, however strong doubts remain 
about its tolerability as an alternative treatment for CIPN. 
Literature data on its efficacy are mixed.20, 49

Yoga

Yoga is a mind-body intervention that incorporates physi-
cal postures, breathing, and meditation to increase body 
flexibility and strength, body awareness, balance and relax-
ation.18, 35 Knoerl et al.18 compared 8 weeks of yoga against 
usual care and found that yoga, either in-person or in virtual 
sessions, led to statistically and/or clinically significant im-
provement in several cancer treatment-related symptoms 
(i.e., depression, fatigue, sleep-impairment, anxiety). Yoga 
participants experienced significant within-group improve-
ments in all the outcomes including CIPN symptoms, but 
only fatigue and depression were significantly improved 
compared with the control group. Moreover, no differences 
were found between in-person and virtual yoga group par-
ticipants. Adverse events were few mild and included foot 
pain, Achilles tendonitis, and back pain. Similarly, Bao 
et al.36 found that 8 weeks of yoga induced a statistically 
significant improvement in mean pain scores (NRS), func-
tion (FACT-GOG-Ntx) and risk of falls (functional reach 
test) compared to usual care. Conversely, no statistically 
significant change was observed in neuropathy symptoms 
for yoga versus usual care. Adverse events related to yoga 
were few and mild and included three cases of myalgia and 
one case of leg cramps. Finally, a study of Zhi et al.35 found 
that 8 weeks of yoga were effective at reducing anxiety 
scores compared to the control group. However, no sig-
nificant differences were found in depression, fatigue, or 
insomnia between yoga and waiting-list controls. Yoga 
seems a safe and good remedy for depression, fatigue, and 
sleep impairment in patients with breast cancer, however 
there is no direct evidence of efficacy for CIPN symptoms. 
Previous studies have shown that loss of somatosensory in-
formation caused by neuropathy significantly affects pos-
tural strategies, leading muscle co-contractions and related 
postural instability.50 In this sense, yoga could be a valid 
aid to improve balance and physical posture and indirectly 
contrast the effect of CIPN. Moreover, virtual sessions 
could increase accessibility of rural residents, who may 
face difficulties to access oncology rehabilitation services.

Other treatments

The study of Song et al.25 found no differences between 
patients treated with low-frequency electrostimulation 
(ES) immediately after chemotherapy versus sham ther-
apy. Prinsloo et al.37 found that electroencephalogram 
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cer patients initiating intravenous paclitaxel/nab-paclitaxel. Am J Manag 
Care 2021;27:SP37–43.
11.  Cavaletti G, Marmiroli P. Chemotherapy-induced peripheral neuro-
toxicity. Nat Rev Neurol 2010;6:657–66. 
12.  Hou S, Huh B, Kim HK, Kim KH, Abdi S. Treatment of Chemother-
apy-Induced Peripheral Neuropathy: Systematic Review and Recommen-
dations. Pain Physician 2018;21:571–92.
13.  Rao RD, Michalak JC, Sloan JA, Loprinzi CL, Soori GS, Nikcevich 
DA, et al.; North Central Cancer Treatment Group. Efficacy of gabapen-
tin in the management of chemotherapy-induced peripheral neuropathy: 
a phase 3 randomized, double-blind, placebo-controlled, crossover trial 
(N00C3). Cancer 2007;110:2110–8. 
14.  Shinde SS, Seisler D, Soori G, Atherton PJ, Pachman DR, Lafky J, 
et al. Can pregabalin prevent paclitaxel-associated neuropathy?—an AC-
CRU pilot trial. Support Care Cancer 2016;24:547–53. 
15.  Greenlee H, DuPont-Reyes MJ, Balneaves LG, Carlson LE, Cohen 
MR, Deng G, et al. Clinical practice guidelines on the evidence-based 
use of integrative therapies during and after breast cancer treatment. CA 
Cancer J Clin 2017;67:194–232. 
16.  Papadopoulou M, Stamou M, Bakalidou D, Moschovos C, Zouvelou 
V, Zis P, et al. Non-pharmacological Interventions on Pain and Quality of 
Life in Chemotherapy Induced Polyneuropathy: Systematic Review and 
Meta-Analysis. In Vivo 2023;37:47–56. 
17.  Andersen Hammond E, Pitz M, Steinfeld K, Lambert P, Shay B. An 
Exploratory Randomized Trial of Physical Therapy for the Treatment of 
Chemotherapy-Induced Peripheral Neuropathy. Neurorehabil Neural Re-
pair 2020;34:235–46. 
18.  Knoerl R, Giobbie-Hurder A, Berfield J, Berry D, Meyerhardt JA, 
Wright AA, et al. Yoga for chronic chemotherapy-induced peripheral 
neuropathy pain: a pilot, randomized controlled trial. J Cancer Surviv 
2022;16:882–91. 
19.  Izgu N, Metin ZG, Karadas C, Ozdemir L, Çetin N, Demirci U. Pre-
vention of chemotherapy-induced peripheral neuropathy with classical 
massage in breast cancer patients receiving paclitaxel: an assessor-blinded 
randomized controlled trial. Eur J Oncol Nurs 2019;40:36–43. 
20.  Shigematsu H, Hirata T, Nishina M, Yasui D, Ozaki S. Cryotherapy 
for the prevention of weekly paclitaxel-induced peripheral adverse events 
in breast cancer patients. Support Care Cancer 2020;28:5005–11. 
21.  Ng DQ, Tan CJ, Soh BC, Tan MM, Loh SY, Tan YE, et al. Impact 
of Cryotherapy on Sensory, Motor, and Autonomic Neuropathy in Breast 
Cancer Patients Receiving Paclitaxel: A Randomized, Controlled Trial. 
Front Neurol 2020;11:604688. 
22.  Şimşek NY, Demir A. Cold Application and Exercise on Develop-
ment of Peripheral Neuropathy during Taxane Chemotherapy in Breast 
Cancer Patients: A Randomized Controlled Trial. Asia Pac J Oncol Nurs 
2021;8:255–66. 
23.  Kim SY, Park JS. The Effect of Self-Acupressure on Periph-
eral Neuropathy, Disturbance in Daily Activity, and Quality of Life in 
Breast Cancer Patients undergoing Chemotherapy. Asian Oncol Nurs 
2021;21:129. 
24.  Joy L, Jolien R, Marithé C, Stijn E, Laura S, Hilde L, et al. The use of 
photobiomodulation therapy for the prevention of chemotherapy-induced 
peripheral neuropathy: a randomized, placebo-controlled pilot trial (NEU-
ROLASER trial). Support Care Cancer 2022;30:5509–17. 
25.  Song SY, Park JH, Lee JS, Kim JR, Sohn EH, Jung MS, et al. A 
Randomized, Placebo-Controlled Trial Evaluating Changes in Peripheral 
Neuropathy and Quality of Life by Using Low-Frequency Electrostimula-
tion on Breast Cancer Patients Treated With Chemotherapy. Integr Cancer 
Ther 2020;19:1534735420925519. 
26.  Lu W, Giobbie-Hurder A, Freedman RA, Shin IH, Lin NU, Partridge 
AH, et al. Acupuncture for Chemotherapy-Induced Peripheral Neuropa-
thy in Breast Cancer Survivors: A Randomized Controlled Pilot Trial. On-
cologist 2020;25:310–8. 
27.  Bao T, Patil S, Chen C, Zhi IW, Li QS, Piulson L, et al. Effect of 
Acupuncture vs Sham Procedure on Chemotherapy-Induced Peripheral 

treatments for the management of CIPN symptoms. Cryo-
therapy showed some promising results, but strong doubts 
remain about its tolerability as an alternative treatment for 
CIPN. We believe that moderate exercise and all types of 
stress-reducing activities like yoga, mindfulness or medi-
tation should be encouraged in patients with cancer for 
their positive effect on global physical and psychological 
health. At present, there is not enough evidence to draw any 
conclusion about the application of low-frequency electro-
stimulation, surgical gloves compression and MBSR for 
CIPN symptoms. Likewise, the positive effects observed 
with EEG neurofeedback, classical hand/feet massage 
and photobiomodulation need to be further investigated 
in larger studies. In conclusion, studies of higher method-
ological quality are strongly encouraged to determine the 
best rehabilitation approach to CIPN.

References

1.  Runowicz CD, Leach CR, Henry NL, Henry KS, Mackey HT, Cowens-
Alvarado RL, et al. American Cancer Society/American Society of Clini-
cal Oncology Breast Cancer Survivorship Care Guideline. CA Cancer J 
Clin 2016;66:43–73. 
2.  Girach A, Julian TH, Varrassi G, Paladini A, Vadalouka A, Zis P. Qual-
ity of Life in Painful Peripheral Neuropathies: A Systematic Review. Pain 
Res Manag 2019;2019:2091960. 
3.  Seretny M, Currie GL, Sena ES, Ramnarine S, Grant R, MacLeod MR, 
et al. Incidence, prevalence, and predictors of chemotherapy-induced 
peripheral neuropathy: A systematic review and meta-analysis. Pain 
2014;155:2461–70. 
4.  Bao T, Basal C, Seluzicki C, Li SQ, Seidman AD, Mao JJ. Long-term 
chemotherapy-induced peripheral neuropathy among breast cancer sur-
vivors: prevalence, risk factors, and fall risk. Breast Cancer Res Treat 
2016;159:327–33. 
5.  Hershman DL, Till C, Wright JD, Awad D, Ramsey SD, Barlow WE, 
et al. Comorbidities and Risk of Chemotherapy-Induced Peripheral Neu-
ropathy Among Participants 65 Years or Older in Southwest Oncology 
Group Clinical Trials. J Clin Oncol 2016;34:3014–22. 
6.  Jordan B, Margulies A, Cardoso F, Cavaletti G, Haugnes HS, Jahn P, 
et al.; ESMO Guidelines Committee. Electronic address: clinicalguide-
lines@esmo.org; EONS Education Working Group. Electronic address: 
eons.secretariat@cancernurse.eu; EANO Guideline Committee. Elec-
tronic address: office@eano.eu. Systemic anticancer therapy-induced pe-
ripheral and central neurotoxicity: ESMO-EONS-EANO Clinical Practice 
Guidelines for diagnosis, prevention, treatment and follow-up. Ann Oncol 
2020;31:1306–19. 
7.  Di Nardo P, Lisanti C, Garutti M, Buriolla S, Alberti M, Mazzeo R, 
et al. Chemotherapy in patients with early breast cancer: clinical over-
view and management of long-term side effects. Expert Opin Drug Saf 
2022;21:1341–55. 
8.  Rivera E, Cianfrocca M. Overview of neuropathy associated with 
taxanes for the treatment of metastatic breast cancer. Cancer Chemother 
Pharmacol 2015;75:659–70. 
9.  Timmins HC, Li T, Huynh W, Kiernan MC, Baron-Hay S, Boyle F, et 
al. Electrophysiological and phenotypic profiles of taxane-induced neu-
ropathy. Clin Neurophysiol 2020;131:1979–85. 
10.  Brady BL, Lucci M, Wilson K, Fox KM, Wojtynek J, Cooper C, et 
al. Chemotherapy-induced peripheral neuropathy in metastatic breast can-



REHABILITATION OF CHEMOTHERAPY INDUCED NEUROPATHIES	RO NCONI

Vol. 60 - No. 3	 European Journal of Physical and Rehabilitation Medicine	 513

induced peripheral neuropathy: results from a double-blind phase 2 trial. 
BMC Cancer 2021;21:548. 
40.  Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Pre-
ferred reporting items for systematic reviews and meta-analyses: the 
PRISMA statement. Ann Intern Med 2009;151:264–9, W64. 
41.  Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman 
AD, et al.; Cochrane Bias Methods Group; Cochrane Statistical Methods 
Group. The Cochrane Collaboration’s tool for assessing risk of bias in 
randomised trials. BMJ 2011;343:d5928–592. 
42.  Verhagen AP, de Vet HC, de Bie RA, Kessels AG, Boers M, Bouter 
LM, et al. The Delphi list: a criteria list for quality assessment of random-
ized clinical trials for conducting systematic reviews developed by Delphi 
consensus. J Clin Epidemiol 1998;51:1235–41. 
43.  Müller J, Weiler M, Schneeweiss A, Haag GM, Steindorf K, Wick W, 
et al. Preventive effect of sensorimotor exercise and resistance training on 
chemotherapy-induced peripheral neuropathy: a randomised-controlled 
trial. Br J Cancer 2021;125:955–65. 
44.  Jin M, Xie L, Mao N, Wei J, Chen J, Chen X, et al. The characteristics 
of registered acupuncture clinical trials enrolling cancer patients. Support 
Care Cancer 2022;30:10461–70. 
45.  Han G, Lee YS, Jang HJ, Kim SY, Lee YJ, Ha IH. Symptom Manage-
ment and Quality of Life of Breast Cancer Patients Using Acupuncture-
Related Therapies and Herbal Medicine: A Scoping Review. Cancers (Ba-
sel) 2022;14:4683. 
46.  Tamburin S, Park SB, Schenone A, Mantovani E, Hamedani M, Al-
berti P, et al.; Toxic Neuropathy Consortium. Rehabilitation, exercise, 
and related non-pharmacological interventions for chemotherapy-induced 
peripheral neurotoxicity: systematic review and evidence-based recom-
mendations. Crit Rev Oncol Hematol 2022;171:103575. 
47.  Dhawan S, Andrews R, Kumar L, Wadhwa S, Shukla G. A Random-
ized Controlled Trial to Assess the Effectiveness of Muscle Strengthen-
ing and Balancing Exercises on Chemotherapy-Induced Peripheral Neu-
ropathic Pain and Quality of Life Among Cancer Patients. Cancer Nurs 
2020;43:269–80. 
48.  Kanzawa-Lee GA, Larson JL, Resnicow K, Smith EM. Exercise Ef-
fects on Chemotherapy-Induced Peripheral Neuropathy: A Comprehen-
sive Integrative Review. Cancer Nurs 2020;43:E172–85. 
49.  Bailey AG, Brown JN, Hammond JM. Cryotherapy for the prevention 
of chemotherapy-induced peripheral neuropathy: A systematic review. J 
Oncol Pharm Pract 2021;27:156–64. 
50.  Kneis S, Wehrle A, Freyler K, Lehmann K, Rudolphi B, Hildenbrand 
B, et al. Balance impairments and neuromuscular changes in breast cancer 
patients with chemotherapy-induced peripheral neuropathy. Clin Neuro-
physiol 2016;127:1481–90. 

Neuropathy Symptoms: A Randomized Clinical Trial. JAMA Netw Open 
2020;3:e200681. 
28.  Bao T, Baser R, Chen C, Weitzman M, Zhang YL, Seluzicki C, et al. 
Health-Related Quality of Life in Cancer Survivors with Chemotherapy-
Induced Peripheral Neuropathy: A Randomized Clinical Trial. Oncologist 
2021;26:e2070–8. 
29.  Huang CC, Ho TJ, Ho HY, Chen PY, Tu CH, Huang YC, et al. Acu-
puncture Relieved Chemotherapy-Induced Peripheral Neuropathy in Pa-
tients with Breast Cancer: A Pilot Randomized Sham-Controlled Trial. J 
Clin Med 2021;10:3694. 
30.  Kleckner IR, Kamen C, Gewandter JS, Mohile NA, Heckler CE, Cu-
lakova E, et al. Effects of exercise during chemotherapy on chemothera-
py-induced peripheral neuropathy: a multicenter, randomized controlled 
trial. Support Care Cancer 2018;26:1019–28. 
31.  Bland KA, Kirkham AA, Bovard J, Shenkier T, Zucker D, McKenzie 
DC, et al. Effect of Exercise on Taxane Chemotherapy-Induced Peripheral 
Neuropathy in Women With Breast Cancer: A Randomized Controlled 
Trial. Clin Breast Cancer 2019;19:411–22. 
32.  Beijers AJ, Bonhof CS, Mols F, Ophorst J, de Vos-Geelen J, Jacobs 
EM, et al. Multicenter randomized controlled trial to evaluate the efficacy 
and tolerability of frozen gloves for the prevention of chemotherapy-in-
duced peripheral neuropathy. Ann Oncol 2020;31:131–6. 
33.  Jue MY, Shah D, Stiles A, Nisar T. Impact of Cold Therapy on Pacli-
taxel-Induced Peripheral Neuropathy and Quality of Life in Patients With 
Breast Cancer. Clin J Oncol Nurs 2022;26:93–9.
34.  Ruddy KJ, Le-Rademacher J, Lacouture ME, Wilkinson M, Onitilo 
AA, Vander Woude AC, et al. Randomized controlled trial of cryotherapy 
to prevent paclitaxel-induced peripheral neuropathy (RU221511I); an AC-
CRU trial. Breast 2019;48:89–97. 
35.  Zhi WI, Baser RE, Zhi LM, Talukder D, Li QS, Paul T, et al. Yoga 
for cancer survivors with chemotherapy-induced peripheral neuropathy: 
health-related quality of life outcomes. Cancer Med 2021;10:5456–65. 
36.  Bao T, Zhi I, Baser R, Hooper M, Chen C, Piulson L, et al. Yoga for 
Chemotherapy-Induced Peripheral Neuropathy and Fall Risk: A Random-
ized Controlled Trial. JNCI Cancer Spectr 2020;4:pkaa048. 
37.  Prinsloo S, Novy D, Driver L, Lyle R, Ramondetta L, Eng C, et al. 
Randomized controlled trial of neurofeedback on chemotherapy-induced 
peripheral neuropathy: A pilot study. Cancer 2017;123:1989–97. 
38.  Shergill Y, Rice DB, Khoo EL, Jarvis V, Zhang T, Taljaard M, et al. 
Mindfulness-Based Stress Reduction in Breast Cancer Survivors with 
Chronic Neuropathic Pain: A Randomized Controlled Trial. Pain Res 
Manag 2022;2022:4020550. 
39.  Kotani H, Terada M, Mori M, Horisawa N, Sugino K, Kataoka A, et 
al. Compression therapy using surgical gloves does not prevent paclitaxel-

Conflicts of interest
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.
Funding
This study was supported and funded by the Italian Ministry of Health – Ricerca Corrente. The funders had no role in study design, data collection and analy-
sis, publication decision, or manuscript preparation.
Authors’ contributions
All authors read and approved the final version of the manuscript.
History
Article first published online: March 19, 2024. - Manuscript accepted: February 13, 2024. - Manuscript revised: January 9, 2024. - Manuscript received: 
August 23, 2023.
Supplementary data
For supplementary materials, please see the HTML version of this article at www.minervamedica.it


