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Abstract. Background/Aim: Chemotherapy-induced peripheral
neuropathy (CIPN) is a common side effect of cancer treatment,
resulting in pain, numbness, instability, and thus affecting
quality of life (QoL), occasionally leading to discontinuation of
chemotherapy. Pharmacological treatments are not sufficient.
Non-pharmacological interventions (NPIs) have also been tried.
This study aimed to systematically review the efficacy of NPIs
on pain and QoL in patients suffering from CIPN. Materials
and Methods: The databases searched were Pubmed, Cohrane,
and Scopus for randomized controlled trials (RCTs) published
in the last 5 years (2017- 2022). Studies were considered
eligible, if they assessed adult patients suffering from CIPN
because of any chemotherapeutic drug for any type and any
stage of cancer and if study protocols included non-
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pharmacological intervention with a structured protocol.
Results: A total of 1,496 records were identified. Finally, 10
RCTs including 495 patients (253 in the intervention group and
242 in the control group) were included for meta-analysis.
Intervention protocols included acupuncture (n=6), exercise
(n=3), and yoga (n=1). NPIs significantly reduced neuropathic
pain. However, the effect on QoL was not significant.
Conclusion: NPIs are beneficial in the treatment of pain in
patients with CIPN but their impact on QoL is not statistically
supported. Larger sample sizes, more homogenous in outcome
measures and interventions are needed to further explore NPIs’
efficacy on CIPN symptoms.

Chemotherapy-induced peripheral neuropathy (CIPN) is a
common side effect of several common anti-cancer drugs.
CIPN is predominantly a sensory neuropathy, pain being the
main and most disabling symptom. The increased incidence
of cancer worldwide and the extended survival has led to an
increase in CIPN occurrence (1). CIPN is of unclear
pathophysiology and effective pharmacological treatment
options are limited (2).

Various chemotherapeutic agents, such as taxanes,
platinum compounds, vinca alkaloids, bortezomib, and
thalidomide may cause CIPN (3). Each drug induces CIPN
through different mechanisms, such as alterations in ion
channels, leading to hyperpolarization and increased
neuronal firing in sensory neurons, inhibition of
endocannabiboid metabolism or mitochondrial dysfunction.
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Figure 1. PRISMA flow chart for the study selection process.

Moreover, inflammatory processes may also contribute to
CIPN development (2). Further risk factors for developing
CIPN include the cumulative dose and therapy duration, co-
administration of other neurotoxic medications, and
comorbidities with diseases that might cause neuropathy,
such as diabetes mellitus (4).

CIPN can occur acutely, within the first hours of receiving
chemotherapy or months after the infusion. The prevalence
is estimated to be 68% in the first month, dropping to 60%
at 3 months, and to 30% after 6 months (2), but certain
drugs, like taxanes and platinum derivatives might induce
polyneuropathy in up to 80% of patients and up to 2 years
after infusion (5).

Neurotoxicity may affect dorsal root ganglia and thus, sensory
fibers are exclusively affected (6). CIPN may also manifest as a
length-dependent neuropathy, due to axonal degeneration,
predominantly sensory. Motor and autonomic fibers are less
commonly involved. The predominance of sensory involvement
results in pain, numbness, paresthesia, loss of sensation,
instability, and gait disturbance due to loss of deep sensation
(proprioception) (7). Motor symptoms, such as weakness, or
autonomic dysregulation, like arrhythmias or postural
hypertension, are seldom encountered. The constellation of these
symptoms interferes with the daily activities and impairs quality
of life (QoL) (8). Most of the symptoms persist, are non-
responsive to medication and in many cases are irreversible (4).
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Persistence of CIPN symptoms may limit the effectiveness of
chemotherapy, as the dose may be reduced or even further,
treatment may be temporarily discontinued (2).

Since the exact pathophysiological mechanism by which
anticancer drugs damage peripheral nerves remains unknown,
neither prevention nor treatment guidelines exist. To date,
only duloxetine is moderately recommended for CIPN (5),
whereas for other drugs commonly used for neuropathic pain
in other conditions, like tricyclic antidepressants and
antiepileptic drugs, results are inconclusive (9, 10).

On that grounds, non-pharmacological interventions (NPIs)
have been widely tried, ranging from herbals and dietary
supplements to specific physiotherapeutic interventions. The
body of literature is growing, but still, the sample is small, and
conclusions are inconsistent. The main advantage of NPIs is
that generally are very well tolerated and safe, and furthermore,
do not interact with chemotherapeutic agents. Thus, NPIs offer
an alternative to the management of CIPN symptoms, where
pharmacological treatments have failed to succeed (11).

CIPN presents with a variety of symptoms, pain being the
most common. Randomized controlled trials (RCTs) that have
studied the effectiveness of physiotherapy interventions, yoga,
acupuncture and other NPIs have focused on various
symptoms, most commonly pain. Systematic reviews (SRs)
and meta-analyses (MAs) have already been conducted in
order to explore the effectiveness of various interventions on
different patient populations. Many SRs and MAs focus on
acupuncture whereas others on physical exercise. The present
SR and MA was designed to include all non-pharmacological
modalities studied by RCTs the last 5 years, and to investigate
their effectiveness on pain and QoL.

Materials and Methods

This SR was conducted according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
to ensure complete reporting.

Protocol and registration. The protocol of this overview can be
found on OSF.IO (12).

Literature search. A comprehensive literature search of RCTs was
performed in September 2022 and included papers published over
the last 5 years in the Pubmed, Cohrane, and Scopus.

The literature search was composed of the Medical Subject
Headings (MeSH) and free-text words for ((((neuropathy) OR
(CIPN)) AND ((chemotherapy) OR (cancer)) AND ((physical
therapy) OR (electrotherapy) OR (Shock wave ultrasound) OR
(laser) OR (electrophysical agent) OR (tens) OR (neuromuscular
electric stimulation) OR (thermotherapy) OR (acupuncture) OR
(yoga)))) and were implemented for different databases.

Only full text original articles, written in English language and
published in indexed peer-review journals were eligible for inclusion.
Cross-sectional studies, case reports, published abstracts, dissertation
materials, and conference presentations were not included.
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The reference lists of all the appraised articles were screened for
relevant citations that might have been missed from the electronic
searches. Once all articles were found, duplicate articles were
removed. Two reviewers (MP and MS) independently screened the
titles and abstracts for eligibility and examined the full text of the
articles for final decision (Figure 1).

Inclusion criteria included: 1. Only RCTs were included; 2.
Studies that involved adults only; 3. Studies including cancer patients
with a diagnosis of CIPN; 4. Any cancer diagnosis and any stage of
disease; 5. Any chemotherapeutic agent; 6. Any non-pharmacological
intervention with a structured protocol; 7. Evaluation of neuropathic
pain and quality of life (QoL) as outcome.

Exclusion criteria included: 1. Chemotherapy induced
polyneuropathy (CIPN) was not the main disease; 2. Pharmacological
intervention was the only intervention without information on NPIs;
3. Concurrent diseases that may lead to neuropathy: diabetes mellitus,
rheumatologic disease, vitamin deficiency, metabolic diseases,
endocrinopathies; 4. NPIs beginning concomitantly to chemotherapy
treatment, before any manifestation of polyneuropathy, for prevention.

Individual searches were compared and in case of disagreement,
a consensus was reached regarding the inclusion of each study. If
needed, a third reviewer was consulted (IM).

Data extraction. Both reviewers extracted data from 10 eligible
studies which included: authors, date of publication, type of
research design, number of subjects, epidemiologic data (age, sex),
type of malignancy and stage of the disease, chemotherapeutic
agent, NPIs (type and protocol design), outcome measures (pain,
QoL). The characteristics and results of the included RCTs are
presented in Table I.

Risk of bias. Two authors (MP, MS) independently examined the
quality of enrolled studies using the PEDro scale (13). The PEDro
scale consists of 11 items encompassing external validity (item 1),
internal validity (items 2 to 9), and statistical reporting (items 10
to 11).

Each study included in the review was scored based on the
following 11 criteria:

1. Eligibility criteria and source; 2. Random allocation; 3.
Concealed allocation 4. Baseline comparability; 5. Blinding of
participants; 6. Blinding of therapists; 7. Blinding of assessors; 8.
Adequate follow-up (>85%); 9. Intention-to-treat analysis; 10.
Between-group statistical comparisons; 11. Reporting of point
measures and measures of variability.

Items are rated yes or no (1 or 0) according to whether the
criterion is clearly satisfied in the study. A total PEDro score is
achieved by adding the ratings of items 2 to 11 for a combined total
score between 0 to 10. A total PEDro score of 8-10 was considered
excellent, 6-8 good, 4-5 fair, and 0-3 poor. The PEDro scale is
freely available online (14). PEDro scores are detailed in Table II.

Data synthesis and statistical meta-analysis. To analyze the effect
of NPIs on neuropathic pain and QoL in CIPN patients, we
estimated the weighed mean differences and 95% confidence
intervals (Cls) from each study using MetaView Review Manager
Version 5.4 (15). For weighted mean differences, a point estimate
of zero reflected “no effect,” and less than zero favored the NPI
intervention. Statistical heterogeneity was assessed by using the %2
test (p<0.1). The I2 statistic was also calculated, and we considered
12 >50% to indicate significant heterogeneity across studies (16).
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Results

Characteristics of included trials. Ten RCTs were finally
included in this systematic review. Detailed characteristics
of the included RCTs are presented in Table I. In total, 495
patients were initially included (253 intervention group, 242
controls). The RCTs involved as an intervention acupuncture
(n=0), exercise (n=3), or yoga (n=1). From the 10 included
RCTs, 7 assessed pain and 9 assessed QoL (6 studies
assessed both QoL and pain).

Most studies confirmed CIPN based on reported symptoms,
mainly tingling and pain, or any other symptom suggestive of
CIPN (1, 17-23). Only two studies used neurophysiological
criteria to determine CIPN (24, 25). All studies shared similar
excluding criteria, such as metastatic disease (1, 17, 21-24),
diabetes mellitus (19, 20, 24), alcoholism (19, 20), and
preexisting neuropathy (19-22, 24, 25).

Depending on the intervention, specific exclusion criteria
were mentioned. RCTs on acupuncture stated as exclusion
criteria needle phobia, bleeding disorders or lymphedematous
limbs (22), pacemakers (18), having received acupuncture in
the past (18, 19, 21, 22) or suffering from severe heart, liver,
kidney disease or seizures (20, 21, 25). RCTs on exercise
insisted on excluding patients with severe comorbidities, like
coronary heart disease, respiratory insufficiency, severe
hypertension, gross obesity, and musculoskeletal problems (1,
24). The RCT on yoga excluded patients if had been practicing
yoga before (17).

Characteristics of participants. Average age ranged from
45.1 to 68.5 years. The number of participants varied from
29 to 104 (Table II). Three studies included only females
(17,21, 23). Five studies included more females than males,
with a percentage ranging from 58.6% to 81.9% (18-20, 22,
24) and the rest two studies included males proportionally
more than females with a range of 29.4% to 43% females (1,
25). In the eight RCTs where women predominated, the main
type of cancer was breast cancer and gynecological cancers
(ovarian, cervical), whereas in the remaining two studies, the
main type of cancer was solely multiple myeloma (25) or
colorectal cancer (1). Other types of cancer were also
included across studies: genitourinary, hematological,
prostate, lung, and lymphoma (19, 20, 24). Many
chemotherapeutic agents were reported, most commonly
taxanes (17, 18, 20-23), platins (1, 17, 18, 20, 22, 23),
doxorubicin (20), bortezomide and capecitabine (22),
monoclonal antibodies and regorafenib (1). In three RCTs
chemotherapeutic agents were not specified (19, 24, 25).
Cancer and chemotherapeutic treatment history varied
between studies. In two studies, chemotherapeutics were
given concomitantly to intervention (22, 24), in four studies
a 3-month distance from the end of chemotherapy treatment
was a prerequisite (17, 18, 20, 25) and in the remaining four
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studies, history of chemotherapeutics treatment was not
specified (1, 19, 21, 23). Quality appraisal classified six
studies as high-quality investigations (1, 17, 18, 20-22) and
four studies as good (19, 23-25).

The effectiveness of NPIs on pain and QoL was explored
across included studies. Because follow up studies varied
regarding the follow-up time point, the MA imported scores
that were collected on or close to the 8 week after
intervention. That was exact for five studies: Bao (2020,
2021), Lu, Iravani, and Molassiotis. For the rest of the
studies, it was the 4" week (Zimmer), the 5™ week
(D’ Alessandro), the 6" week (Saraboon & Siriphorn), 10™
week (Dhawan), and 12" week (Han).

Pain. Seven out of ten RCTs assessed effectiveness on pain.
Pain was mainly evaluated using a 11-point numeric rating
scale (NRS) ranging from ‘0’ representing “no pain” to ‘10’
representing “pain as bad as you can imagine” or “worst pain
imaginable (17, 20) or visual analogue scale (VAS) (19, 25).
Two studies (21, 22) used brief pain inventory —short form
(BPI-SF), an instrument used to evaluate the severity of pain
in cancer patients, including neuropathic pain and interference
of pain in the patient’s life (26). BPI measures pain on a 11-
point scale (from 0-10), where higher scores indicate worse
pain and interference. The remaining two studies used
different tools to evaluate pain. Dhawan et al. (24) utilized
Leeds Assessment of Neuropathic Symptoms and Signs, a
standardized tool that comprised 7 items and scores can range
from O to 24. No significant difference in pain was found by
D’Alessandro et al. (19). Five studies described significant
differences in pain perception after intervention (20-22, 24,
25). Bao et al. (17) found that pain did not improve
significantly after 8 weeks, but only after 12 weeks.

The forest plot describing Data synthesis was generated
using MetaView Review Manager Version 5.4 (15). The
analysis showed that, overall, the NPIs (yoga, acupuncture,
and exercise) significantly improved the pain scores in the
experimental group (Standardized mean difference: -0.56;
95% confidence interval=-0.83 to -0.28; Z=4.02; p<0.0001)
with low heterogeneity Chi?=9.78, 1=39% (Figure 2A).

Running a sensitivity analysis, where only five studies that
used acupuncture as an intervention were included (19-22,
25), pain was still significantly improved in the experimental
group (Standardized mean difference: -0.62; 95% confidence
interval=-0.99 to -0.26; Z=3.37; p<0.0007) with low
heterogeneity Chi?=8.58, 12=53% (Figure 2B). The rest two
studies were unique, each one using different NPI. Yoga (17)
improved pain after 12 weeks, but not in the timeframe of 8
weeks, used to assess all studies. Strengthening and
balancing exercise (24) also improved pain.

QoL. Nine out of ten included RCTs assessed the
effectiveness of various NPIs on QoL. In order to assess
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Figure 2. Effect of non-pharmacological interventions on pain. A) Forest plot of the effect of all non-pharmacological interventions (NPIs) on pain
in patients with chemotherapy-induced peripheral neuropathy (CIPN). B) Forest plot of the effect of acupuncture on pain in patients with CIPN.

QoL two different scales were mainly used, the 11-item
neurotoxicity-specific ~ extension of the Functional
Assessment of Cancer Therapy/Gynaecologic Oncology
Group/Neurotoxicity (FACT/GOG-NTX) (1, 17, 18, 21-23,
25) and European Organisation for the Research and
Treatment of Cancer QoL Questionnaire Core Scale (EORTC
QLQ-C30), a 30-item tool to assess QoL in cancer patients
(19, 24). In the MA, symptom subscales, where higher scores
represent worse QoL, were included. In all but three studies
(1,19, 23), QoL improved after NPIs.

The forest plot describing Data synthesis was generated
using MetaView Review Manager Version 5.4 (15). The
analysis showed that, overall, the NPIs (yoga, acupuncture,
and exercise) did not significantly improve the QoL scores
in the experimental group (Standardized mean
difference=0.03; 95% confidence interval=-0.38 to 0.44;
7=0.13; p=0.90) showing high heterogeneity, Chi%=35.88,
12=78% (Figure 3A).

Running a sensitivity analysis, when only the five studies
that used acupuncture as an intervention were included (18,
19, 21, 22, 25), QoL did not seem to improve (Standardized
mean difference=-0.04; 95% confidence interval=-0.63 to
0.55; Z=0.15; p=0.88), Chi’=24.76, 12=84% (Figure 3B).
Furthermore, when only the three studies that used exercise
as an intervention were included (1, 23, 24) QoL did not

52

improve (Standardized mean difference: 0.18; 95%
confidence interval=-0.75 to 1.11; Z=0.38; p=0.70),
Chi2=10.90, 12=82% (Figure 3C). The only study that used
yoga showed significant improvement after 12 weeks, but
not in the timeframe of 8 weeks, used to assess all studies.

Discussion

This SR examined the effects of different NPIs (acupuncture,
yoga, strengthening, and balancing exercise) on patients
suffering from CIPN across 10 RCTs. In total, 495 patients
included. The MA showed that overall, NPIs
significantly reduced neuropathic pain. On the contrary, the

were

effect on QoL was not supported. The above conclusions
apply when all NPIs were lumped together, but also when
each NPI was analyzed separately.

These results suggest that almost any type of NPIs reduces
pain in patients suffering from any type of cancer and
receiving any type of chemotherapeutics. However, QoL is
a more complicated outcome to measure and obviously, pain
relief alone is not enough to improve QoL. Patients suffering
from CIPN do not just have to cope with polyneuropathy
symptoms, but they also have to deal with the prospective of
a chronic disease with probable more severe adverse effects
of drugs than the numbness and neuropathic pain.
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Figure 3. Effect of non-pharmacological interventions on quality of life. A) Forest plot of the effect of all non-pharmacological interventions (NPIs)
on quality of life (QoL) in patients with chemotherapy-induced peripheral neuropathy (CIPN). B) Forest plot of the effect of acupuncture on QoL
in patients with CIPN. C) Forest plot of the effect of exercise on QoL in patients with CIPN.

Acupuncture is widely used for chronic pain conditions, such
as back and neck pain, headaches, and other musculoskeletal
problems, but its value remains controversary since differences
from placebo are modest (27, 28). Nevertheless, it remains a
therapeutic option for those conditions where medical treatment
has poor results, and this is also the case in CIPN. Physical
exercise is also considered effective in reducing pain in chronic
syndromes (29, 30) but the choice of specific parameters
remains controversial and should be based on the patient’s
preference and the therapist’s skills (31).

Overall, NPIs are considered at least moderately effective
in chronic pain syndromes, as in CIPN, even though the
mechanisms by which each intervention reduces pain is not
clear. Acupuncture might reduce pain by inhibition of
cyclooxygenase, release of endogenous opioids, and
modulation of nociception (32) and physical exercise might
act by increasing the pain threshold (29).

The results of several SRs and MAs on the effectiveness of
NPIs on chronic pain, and more specifically on neuropathic
pain, justify their use, and this is true for CIPN as well.
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Table II. Risk of bias of the included studies.

Total

11. Point-
estimated and

8. Adequate 9. Intention-  10. Group
follow-up

7. Blinded
assessors

6. Blinded

4. Comparable 5. Blinded

3. Concealed

1. Eligibility 2. Rando-

Author (ref)

score

compa-

to-treat
analysis

subjects therapist

at baseline

mized allocation

allocation

criteria

variability

risons

9_11

+

Bao 2020 (17)
D'Alessandro
2019 (19)
Dhawan

11

8_11

+
+

2020 (24)

8_11

Han 2016 (25)

Iravani

9_11

+
+

2019 (20)

8_11

Lu 2020 (21)
Molassiotis

9_11

+
+

2019 (22)

10_11

+

Bao 2021 (18)
Zimmer

11

2018 (1)
Saraboon

8_11

2021 (23)

PEDro scores of 0-3 are considered ‘poor’, 4-5 ‘fair’, 6-8 ‘good, 9-10 ‘excellent’; a total PEDro score of 8/10 is optimal [Cashin et al. (12)].
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Regarding effectiveness on QoL, results are more confusing
and less straight forward. This is due to a great deal to the
heterogeneity of scales used to measure QoL across studies.

The FACT/GOG-NTX questionnaire (33) consists of four
domains about physical, emotional, social, and functional
well-being and a domain with nine questions on additional
concerns. The first two subscales are designed so that high
scores represent high QoL, while the latter are designed
oppositely. In the last domain with the additional concerns,
some of them are quite specific on CIPN symptoms, such as
numbness, tingling and discomfort in hands and feet
(referring to superficial sensation problem), trouble feeling
the shape of small objects and buttoning buttons, difficulty
in walking and others (referring to deep sensation problem),
and it is designed so that higher scores reflect worst QoL.

The EORTC QLQ-C30 includes three subscales: a
Functional (physical, role, emotional, cognitive, social), a
Global Health Status, and a symptom scale. The first two
subscales are designed so that high scores represent high
QoL whereas the symptom subscale is graded the opposite
way (high score represents low QoL) (34). The symptom
subscale consists of nine questions, none of them directly
connected to CIPN, with the slight exception of pain,
because pain may be caused by any factor other than CIPN.

Last, ECOG Performance Status scale describes a
patient’s level of functioning in terms of their ability to care
for themself, daily activity, and physical ability in a general
way, and not specifically in relation to CIPN (35). It is clear
that only FACT/GOG-NTX questionnaire addresses QoL
problems in the prism of CIPN, whereas EORTC QLQ-C30
and ECOG Performance Status scale assess QoL in the
prism of a general functional status that might be affected
by other factors, rather than CIPN.

WHO defines QoL as “an individual’s perception of their
position in life in the context of the culture and value
systems in which they live and in relation to their goals,
expectations, standards and concerns”. The various
developed scales try to incorporate various aspects of
everyday living. In the case of cancer, QoL is affected by the
disease itself, prognosis, and adverse effects of
antineoplastic treatment other than CIPN, such as
complications of surgery or radiation. Therefore, it is quite
impossible to isolate the effect of CIPN on QoL without
taking into account all other coexisting confounders.

Strengths and limitations. This SR comes from a highly
selected but small source of data. The included RCTs presented
a low risk of bias. Only studies that assessed post treatment
effect of NPIs were included, whereas those that examined
possible preventive effects were not. In assessing QoL, only
symptom subscales, wherever existed, were used in MA.
Regarding the timing of assessment, follow up at 8 weeks was
chosen, because it was the most commonly referred follow-up
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date. This study has also some limitations, that are common in
the field. The number of studies and sample sizes are small.
Lack of blinding of both subjects and investigators is inevitable
in many cases. There is also a variety of cancer type,
chemotherapeutic agents, timing of intervention across studies
or in some cases not clarified. CIPN is diagnosed most often
clinically, but on some occasions, diagnosis is based on
electrophysiological data. Finally, CIPN has heterogeneity in
its symptoms’ presence and severity.

Conclusion

This SR and MA provides evidence that NPIs, of any kind,
acupuncture, physical exercise, and yoga are significantly
beneficial for CIPN, regarding the alleviation of pain
compared to control. NPIs might be efficient regarding the
improvement of QoL, but this parameter did not reach
statistical significance. This is probably due to the
heterogeneity of outcome measures and their inability to
measure QoL improvements depended on CIPN.

Since NPIs are safe and do not interact with other drugs,
their use in CIPN patients is justified, especially for pain
relief, improving treatment compliance and overall prognosis.
Future studies, with larger samples, more homogenous in
terms of interventions and population characteristics, and
better selection of scales, are needed to further explore NPIs’
efficacy on CIPN symptoms.
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