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abstract

PURPOSE To update the ASCO guideline on the recommended prevention and treatment approaches in the
management of chemotherapy-induced peripheral neuropathy (CIPN) in adult cancer survivors.

METHODS An Expert Panel conducted targeted systematic literature reviews to identify new studies.

RESULTS The search strategy identified 257 new references, which led to a full-text review of 87 manuscripts. A
total of 3 systematic reviews, 2 with meta-analyses, and 28 primary trials for prevention of CIPN in addition to 14
primary trials related to treatment of established CIPN, are included in this update.

RECOMMENDATIONS The identified data reconfirmed that no agents are recommended for the prevention of
CIPN. The use of acetyl-L-carnitine for the prevention of CIPN in patients with cancer should be discouraged.
Furthermore, clinicians should assess the appropriateness of dose delaying, dose reduction, substitutions, or
stopping chemotherapy in patients who develop intolerable neuropathy and/or functional impairment.
Duloxetine is the only agent that has appropriate evidence to support its use for patients with established painful
CIPN. Nonetheless, the amount of benefit from duloxetine is limited.

Additional information is available at www.asco.org/survivorship-guidelines.

J Clin Oncol 38:3325 3348. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Chemotherapy-induced neuropathy is a serious clin-
ical problem caused by a substantial number of cy-
totoxic drugs, including taxanes, platinums, vinca
alkaloids, epothilones, eribulin, and bortezomib; these
drugs cause different pathologic insults to neurons.
Although there are differences and similarities be-
tween the neuropathies caused by these agents,
historically, they have not been well defined. In-
consistent measurement methods have often been
used to characterize the variations in neuropathy
caused by different chemotherapy drugs. However,
the same validated neuropathy measurement tools
have been recently used in several clinical studies. The
data arising from these studies allow for a more de-
tailed comparison of neuropathy clinical manifesta-
tions caused by two of the most prominent neurotoxic
chemotherapy agents, paclitaxel and oxaliplatin.1-4

Both oxaliplatin and paclitaxel cause acute neuropathy.
Oxaliplatin-induced acute neuropathy is characterized
by cold sensitivity, throat discomfort, discomfort swal-
lowing cold liquids, andmuscle cramps. Although some

of these symptoms can occur within the time of drug
infusion, their severity usually peaks 2 to 3 days after
each dose of oxaliplatin. With subsequent treatment
cycles, symptom severities double in magnitude over
that seen for the first treatment cycle. Oxaliplatin-
induced acute neuropathy does not return to base-
line between cycles when oxaliplatin is administered
once every 2 weeks. There is no good information to
delineate how long acute symptoms last after the last
dose of oxaliplatin.

Paclitaxel also frequently causes a pain syndrome that
occurs in the days following each dose. These
symptoms, in the past, had been labeled as being
arthralgias or myalgias. However, newer data support
that they are amanifestation of an acute neuropathy.2,5

These acute neuropathy symptoms from paclitaxel
present with a similar time pattern as oxaliplatin acute
neuropathy symptoms, peaking approximately 2 to
3 days after each dose of paclitaxel. The symptom
complex, however, is different than that seen with
oxaliplatin, in that it is primarily a pain, classically
occurring in a truncal/hip distribution. In comparison
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oxaliplatin-induced symptoms experienced during treat-
ment are more severe in the upper extremities than in the
lower extremities.

After completion of chemotherapy treatments, paclitaxel
neuropathy, on average, improves over the ensuing several
months. In contrast, oxaliplatin-induced neuropathy, on
average, worsens for 2-3 months after cessation of therapy
(labeled as coasting phenomenon); after approximately 3
months, neuropathy tends to improve.3 Neuropathy in the
hands improves faster than in the feet, so that, months after
completion of oxaliplatin, neuropathy is worse in the feet
than in the hands. Although neuropathy caused by both
drugs tends to improve over time, neuropathy can remain
as a substantial debilitating problem in a subset of patients
for years.6,7

The diagnosis of the more chronic chemotherapy-induced
peripheral neuropathy can generally be made by clinical
history. If a patient receiving neurotoxic chemotherapy
develops new or worsening numbness, tingling, and/or pain
in their hands and/or feet, and there is no other good reason
for them to have developed these symptoms, then the
diagnosis is made. Neurologic physical examination can be
abnormal in a patient with chemotherapy-induced pe-
ripheral neuropathy. Neurologic tests, such as electromy-
ography (EMG), can be used but are not usually necessary.
There are data supporting that nerve conduction studies in
asymptomatic patients who are receiving neurotoxic che-
motherapy can predict the development or worsening of
chemotherapy-induced peripheral neuropathy (CIPN).8-10

These tests, however, are not routinely used.

Chemotherapy-induced peripheral neuropathy can mark-
edly affect the quality of life (QOL) of patients. In addition, it
may be detrimental to their cancer outcomes, as it may limit
the amount of chemotherapy that clinicians can give.

The purpose of this guideline update is to systematically
review new evidence reported in the literature since the
original guideline was published, compare outcomes
among trials, and provide updated guidance on the ef-
fectiveness of prevention and treatment options for CIPN in
adults with a history of cancer.

GUIDELINE QUESTIONS

This clinical practice guideline addresses 2 overarching
clinical questions: What are the recommended (1) pre-
vention and (2) treatment approaches in the management
of chemotherapy-induced neuropathies in adult cancer
survivors?

METHODS

Guideline Update Development Process

This systematic review-based guideline was developed by
a multidisciplinary expert panel, which included a patient
representative and an ASCO guidelines staff member with

health research methodology expertise (Appendix Table
A1, online only). The Expert Panel met via webinar and
corresponded through e-mail. On the basis of the con-
sideration of the evidence, the authors were asked to
contribute to the development of the guideline, provide
critical review, and finalize the guideline recommendations.
The guideline recommendations were made available for
an open comment period of 2 weeks, allowing the public to
review and comment on the recommendations after sub-
mitting a confidentiality agreement. The full guideline was
shared with 2 external reviewers. Comments were taken
into consideration while finalizing the recommendations.
Members of the Expert Panel were responsible for reviewing
and approving the penultimate version of the guideline,
which was then circulated for external review and sub-
mitted to Journal of Clinical Oncology for editorial review
and consideration for publication. All ASCO guidelines are
ultimately reviewed and approved by the Expert Panel and
the ASCO Clinical Practice Guidelines Committee before
publication. All funding for the administration of the project
was provided by ASCO.

The recommendations were developed using a systematic
review and informed by expert clinical experience. PubMed
was searched for randomized controlled trials (RCTs) and
meta-analyses published between January 1, 2013, and
August 28, 2019. An updated search was conducted in
February 2020. Search terms are provided in the Data
Supplement. Randomized trial articles were selected for
inclusion in the systematic review of the evidence if they (1)
focused on chemotherapy-induced neuropathy, (2) in-
cluded cancer survivors, and (3) considered neuropathy as
an important outcome of the study. Articles were excluded
from the systematic review if they (1) were phase I studies,
other noncomparative studies, case reports, editorial let-
ters, or newspaper articles; (2) only involved individuals
, 18 years of age; (3) were published in a language other
than English; (4) included, 10 participants; or (5) focused
on radiation therapy–related neuropathy or stem-cell
transplantation–related neuropathy.

The updated search was guided by the “signals”11 ap-
proach that is designed to identify only new, potentially
practice-changing data—signals—that might translate into
revised practice recommendations. The approach relies on
targeted routine literature searching and the expertise of
ASCO Expert Panel members to help identify potential
signals. Before publication, a review of guideline imple-
mentability was also conducted. Ratings for the type and
strength of the recommendation and the quality of evidence
are provided with each recommendation, using stan-
dardized criteria that are applied to all ASCO guidelines.
The Methodology Manual (available at www.asco.org/
guideline-methodology) provides additional information
about the methods used to develop this guideline update.

The ASCO Expert Panel and guidelines staff will continue to
work with co-chairs in the future to keep abreast of the need
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for any substantive updates to the guideline. On the basis of
formal review of the emerging literature, ASCO will de-
termine the need to update.

Guideline Disclaimer

The Clinical Practice Guidelines and other guidance
published herein are provided by the American Society of
Clinical Oncology, Inc. (ASCO) to assist providers in clinical
decision making. The information herein should not be
relied upon as being complete or accurate, nor should it be
considered as inclusive of all proper treatments or methods
of care or as a statement of the standard of care. With the
rapid development of scientific knowledge, new evidence
may emerge between the time information is developed
and when it is published or read. The information is not
continually updated and may not reflect the most recent
evidence. The information addresses only the topics spe-
cifically identified therein and is not applicable to other
interventions, diseases, or stages of diseases. This in-
formation does not mandate any particular course of
medical care. Further, the information is not intended to
substitute for the independent professional judgment of the
treating provider, as the information does not account for
individual variation among patients. Recommendations
reflect high, moderate, or low confidence that the rec-
ommendation reflects the net effect of a given course of
action. The use of words like “must,” “must not,” “should,”
and “should not” indicates that a course of action is rec-
ommended or not recommended for either most or many
patients, but there is latitude for the treating physician to
select other courses of action in individual cases. In all
cases, the selected course of action should be considered
by the treating provider in the context of treating the in-
dividual patient. Use of the information is voluntary. ASCO
provides this information on an “as is” basis and makes no
warranty, express or implied, regarding the information.
ASCO specifically disclaims any warranties of merchant-
ability or fitness for a particular use or purpose. ASCO
assumes no responsibility for any injury or damage to
persons or property arising out of or related to any use of this
information, or for any errors or omissions.

Guideline and Conflicts of Interest

The Expert Panel was assembled in accordance with
ASCO’s Conflict of Interest Policy Implementation for
Clinical Practice Guidelines (“Policy,” found at http://
www.asco.org/rwc). All members of the Expert Panel
completed ASCO’s disclosure form, which requires dis-
closure of financial and other interests, including re-
lationships with commercial entities that are reasonably
likely to experience direct regulatory or commercial impact
as a result of promulgation of the guideline. Categories for
disclosure include employment; leadership; stock or other
ownership; honoraria, consulting or advisory role; speaker’s
bureau; research funding; patents, royalties, other intellectual
property; expert testimony; travel, accommodations, expenses;

and other relationships. In accordance with the Policy, the
majority of the members of the Expert Panel did not disclose
any relationships constituting a conflict under the Policy.

RESULTS

The review of prevention and treatment of CIPN identified
a total of 31 prevention and 14 treatment publications that
met eligibility criteria and form the evidentiary basis for the
guideline updated recommendations. Characteristics and
key results of these publications, by clinical question, are
provided in Tables 1 and 2. Studies that were particularly
pertinent to the development of the recommendations are
discussed in the Literature Review Update and Analysis
sections.

Study Quality Assessment

Study quality was formally assessed for the 45 intervention
studies identified. Systematic reviews and meta-analyses
were assessed for quality using the AMSTAR tool.12 Design
elements such as blinding, allocation concealment, suffi-
cient sample size, intention to treat, and funding sources
were assessed for RCTs. AMSTAR scores ranged from 8 to
9 out of a possible 11 points. Overall, the included sys-
tematic reviews were conducted in a rigorous fashion;
however, many of the primary studies included in these
reviews suffered from flaws in study design. Additional
RCTs identified and included in this guideline ranged from
low to high overall risk of bias. Many of these trials also had
flaws in the study design, mainly around blinding; had small
sample sizes and/or high attrition rates; and lacked sta-
tistical power, thus lowering the confidence in the findings.
The included studies were also heterogeneous with respect
to patient populations, sample size, methodological quality,
treatment duration, and outcome measures. The primary
outcomes varied across studies and, in the majority of
cases, were not directly comparable because of different
outcomes, measurements, and instruments used at dif-
ferent time points. This diversity precluded a quantitative
analysis and, as such, only a qualitative review was per-
formed. Refer to the Data Supplement for quality rating
scores and the Methodology Manual (http://www.asco.org/
guideline-methodology) for definitions of ratings for overall
potential risk of bias.

UPDATED RECOMMENDATIONS

CLINICAL QUESTION

What are the recommended prevention and treatment
approaches in the management of chemotherapy-induced
neuropathies in adult cancer survivors?

Prevention of Chemotherapy-Induced

Peripheral Neuropathy

1.1 Clinicians should assess the risks and benefits of
agents known to cause CIPN among patients with
underlying neuropathy and with conditions that
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predispose to neuropathy such as diabetes and/or
a family or personal history of hereditary peripheral
neuropathy (Type of recommendation: informal con-
sensus, benefits outweigh harms; Evidence quality:
low; Strength of recommendation: moderate).

1.2 Clinicians should not offer, and should discourage
use of, acetyl-L-carnitine for the prevention of CIPN in
patients with cancer (Type of recommendation:
evidence based, harms outweigh benefits; Evidence
quality: high; Strength of recommendation: strong).

1.3 Outside the context of a clinical trial, no recom-
mendations can be made on the use of the following
interventions for the prevention of CIPN:

• Acupuncture
• Cryotherapy
• Compression therapy
• Exercise therapy
• Ganglioside-monosialic acid (GM-1)

(Type of recommendation: no recommendation; Evidence
quality: low; Strength of recommendation: not applicable).

Note: While preliminary evidence suggests a potential for
benefit from these interventions, larger sample–sized de-
finitive studies are needed to confirm efficacy and clarify risks.

1.4 Clinicians should not offer the following agents for the
prevention of CIPN to patients with cancer undergoing
treatment with neurotoxic agents:
• All-trans retinoic acid
• Amifostine
• Amitriptyline
• Calcium magnesium
• Calmangafodipir
• Cannabinoids
• Carbamazepine
• L-carnosine
• Diethyldithiocarbamate (DDTC)
• Gabapentin/pregabalin
• Glutamate
• Glutathione (GSH) for patients receiving paclitaxel/

carboplatin chemotherapy
• Goshajinkigan (GJG)
• Metformin
• Minocycline
• N-acetylcysteine
• Nimodipine
• Omega-3 fatty acids
• Org 2766
• Oxcarbazepine
• Recombinant human leukemia inhibitory factor
• Venlafaxine
• Vitamin B
• Vitamin E

(Type of recommendation: evidence based, no benefits;
Evidence quality: intermediate; Strength of recommenda-
tion: moderate).

Literature Review Update and Analysis on Prevention

Acupuncture. One small randomized, sham-controlled trial
of weekly electro-acupuncture for the prevention of taxane-
induced peripheral neuropathy in 63 patients did not show
any differences in neuropathy between groups.13 In this
trial, the electro-acupuncture arm actually had a slower
recovery of neuropathy than was seen in the sham group,
after chemotherapy was stopped.

Acetyl-L-carnitine. Two trials evaluating acetyl-L-carnitine
were identified. Campone et al14 reported data on the use of
acetyl-L-carnitine for preventing sagopilone-induced neu-
ropathy in 150 patients randomly assigned to receive
acetyl-L-carnitine or placebo. There were no significant
differences between the 2 treatment arms for peripheral
neuropathy overall, and the median duration of neuropathy
was similar.14 These data are consistent with older data
from a previously reported trial in patients receiving pac-
litaxel, where neuropathy was actually worse in the patients
who received acetyl-L-carnitine.15,16 In a recent long-term
follow-up analysis7 of that trial, 24 weeks of acetyl-L-car-
nitine therapy resulted in statistically significantly worse
CIPN (P .01) over 2 years, asmeasured by the Functional
Assessment of Cancer Therapy-Neurotoxicity (FACT-Ntx)
Questionnaire.

Alpha-lipoic acid. One randomized, double-blinded clini-
cal trial that evaluated oral alpha-lipoic acid (ALA) for the
prevention of platinum-induced peripheral neuropathy was
identified. Patients received 600 mg ALA acid 3 times daily
for 24 weeks while receiving chemotherapy. This trial en-
rolled 243 patients, but only 70 of them (29%) completed
the trial. The study authors reported that the high dropout
rate may have been related, in part, to the requirement that
patients take the drug 3 times per day. Data indicated that
neuropathy scores increased significantly from baseline
for both groups at 24 weeks (P , .001 for each group),
with no statistically significant ameliorating effect from
ALA in the treatment arm being observed from the
Functional Assessment of Cancer Therapy/Gynecologic
Oncology Group-Neurotoxicity (FACT/GOG-Ntx) tool, from
pain scores, or from functional test scores. The study
results suggest that ALA is not tolerated well and does not
prevent neuropathy.17

Calcium and magnesium. One systematic review and 1 pilot
trial not included in the systematic review evaluating the
utility of intravenous calcium and magnesium were iden-
tified. The systemic review, which included 694 patients
from 5 trials published between 2010 and 2014, confirmed
that there was no beneficial effect in terms of the incidence
of grade $ 2 neuropathy (relative risk [RR], 0.81; 95% CI,
0.60 to 1.11) or chronic neurotoxicity (RR, 0.95; 95% CI,
0.69 to 1.32) from CaMg infusions for the prevention of
oxaliplatin-induced peripheral neuropathy.18 Two older
pooled analyses identified from Xu et al19 and Wen et al20,
which did not come to the same conclusion, should be
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discounted, as they did not include data from the largest
and most recent definitive trial.

A small randomized, placebo-controlled, crossover trial of
calcium/magnesium for prevention of oxaliplatin-induced
acute neuropathy involved 20 patients and evaluated EMG
motor nerve hyperexcitability scores.21 The authors re-
ported that there were no differences between those who
received calcium and magnesium versus placebo in EMG
outcomes (mean EMG score Ca/Mg, 6.5; standard de-
viation [SD], 4.31; and mean placebo score, 6.2; SD, 4.34)
or for patient-reported acute neurotoxicity symptoms.21

Calmangafodipir. Calmangafodipir was studied in a pla-
cebo-controlled 3-arm phase II trial in patients receiving
oxaliplatin-based chemotherapy.22 This trial provided prom-
ising enough data to initiate 2 phase III, placebo-controlled
clinical trials (ClinicalTrials.gov identifiers: NCT04034355 and
NCT04034355), with results forthcoming.

L-Carnosine. A 61-patient randomized trial evaluated a nutra-
ceutical product, L-carnosine, as an agent to try to decrease
oxaliplatin-induced neuropathy.23 Although the study re-
ported remarkably positive results for the study agent over
the control arm, there was no placebo used in this trial and
it was not double-blinded. Clinicians judged neuropathy
severity, as opposed to using patient-reported outcomes.
Thus, additional data are necessary to understand the
potential utility of this agent.

Cryotherapy/compression therapy/cryo-compression therapy.
The first publication suggesting that cryotherapy was
helpful for decreasing taxane-induced neuropathy came
from Danish investigators, who noted that patients who
received distal-extremity cryotherapy for decreasing ony-
cholysis appeared to have reduced amounts of docetaxel-
induced neuropathy by approximately 50%.24 Five trials
evaluating cryotherapy were identified. One prospective,
self-controlled trial in 36 patients with breast cancer treated
weekly with paclitaxel, who wore frozen gloves (FGs) and
socks on the dominant side for 90 minutes but not the other
side, reported that the development of subjective CIPN
symptoms was clinically and statistically significantly
delayed during the course of the paclitaxel treatment; the
occurrence of subjective CIPN at a cumulative dose of
960mg/m2 was reported to be almost completely prevented
(severe CIPN; hand: 2.8% v 41.7%; odds ratio [OR],
infinite; 95% CI, 3.32 to infinite; P , .001; foot: 2.8% v
36.1%; OR, infinite; 95%CI, 2.78 to infinite; P, .001), and
the CIPN incidence, as assessed by other objective mo-
dalities, was lower on the intervention side.25 In a larger
unblinded RCT, 180 patients started treatment with oxa-
liplatin, docetaxel, or paclitaxel and were randomly assigned
to FGs on both hands during treatment or to usual care.26

Self-reported CIPN and QOL were measured. Overall
neuropathy scores, the primary outcome measure, were
not significantly different between the groups, in part be-
cause the feet were not treated, and neuropathy in lower

extremities is oftentimes more problematic than it is in
upper extremities. This study’s results did support that FGs
reduced neuropathy symptoms in patients’ hands and
improved some QOL measures. A recently published
randomized phase II trial, involving 42 patients, compared
cryotherapy (performed with ice packs on hands and feet)
to an untreated control group who was not treated with
cryotherapy.27 The area under the curve of the CIPN20
sensory scores over 12 weeks of paclitaxel was not found to
differ between the study arms (mean difference, 3.45;
95% CI, 3.13 to 10.02; P .26). However, when the
cryotherapy armwas compared with a control armmade up
of controls combined from 3 previous trials, the cryotherapy
arm had less neuropathy (Wilcoxon rank-sum P .01). The
authors of this study reported that the data supported phase
III trial testing of this approach.

In a trial that evaluated a unilateral FG in 53 patients re-
ceiving docetaxel, 60% of the patients stopped the cryo-
therapy, and there were no differences between the hands
that were randomly assigned to receive it versus not.28

Likewise, another study described similarly high drop-out
rates and did not report positive findings.29

One trial evaluated continuous-flow limb hypothermia as
a neuroprotective strategy in 20 patients receiving pacli-
taxel chemotherapy compared with usual care. Patients
who received continuous limb hypothermia had less self-
reported paclitaxel-induced neuropathy symptoms and
had better nerve conduction studies.30 The same group of
researchers also conducted a subsequent proof-of-concept
study in patients with cancer receiving taxane chemo-
therapy.31 In this study, both cryotherapy and compression
therapy (ie, cryo-compression therapy) were given to all 4
limbs in 13 subjects with each dose of paclitaxel. An
analysis of nerve conduction studies with cryo-compression,
administered at 16°C and a cyclic pressure of 5-15 mm Hg,
illustrated preservation of motor amplitudes compared with
baseline.32 In a cross-study comparison with their previous
group of patients who had been treated with cryotherapy alone,
patients appeared to do better with the combination therapy.32

One trial evaluated compression therapy using a tight
surgical glove during taxane chemotherapy infusion.33 The
intervention hand side was randomized within 43 patients.
National Cancer Institute (NCI) Common Terminology
Criteria for Adverse Events (CTCAE) grade $ 2 sensory
neuropathies were reported in 21% of the hands that wore
the gloves versus 76% of hands that were not gloved.

A recently published small trial (38 patients) compared
cryotherapy to compression therapy. This trial had patients
use cryotherapy on one hand and compression therapy on
the other and reported that similar results were seen with
each approach.34 Additional randomized trials investigating
cryotherapy and cryo-compression are ongoing.

Exercise. Three RCTs that evaluated various exercise in-
terventions for the prevention of CIPN were identified. In
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a large trial of patients with cancer receiving taxane-,
platinum-, or vinca alkaloid–based chemotherapy,35 355
patients were randomly assigned to chemotherapy or
chemotherapy plus Exercise for Cancer Patients (EXCAP),
a standardized, individualized, moderate-intensity, home-
based, 6-week progressive walking and resistance exercise
program. This unblinded trial was developed to evaluate the
effectiveness of exercise on fatigue. As a secondary anal-
ysis, data regarding CIPN were also collected; these results
supported that, compared with the control, exercise sig-
nificantly reduced CIPN symptoms of hot/coldness in
hands/feet (P .045) and numbness and tingling, al-
though the latter was not statistically significantly reduced
compared with the control arm (P .06). The intervention
group still developed neuropathy, but less than the control
group—a difference of approximately half a point on a 0-10
scale. On the basis of these findings and other preliminary
supportive evidence,36,37 the NCI has recently approved
a concept for a randomized cooperative oncology group
trial to prospectively address the utility of exercise in this
setting.

GM-1. GM-1 is a monosialo-glycosphingolipid that per-
forms an important function in the processes of neuro-
genesis, nerve development and differentiation, cell recognition,
and signal transduction.38 Two randomized trials in-
vestigating GM-1 for CIPN prevention were identified. In the
first trial, Zhu et al39 reported on 120 patients with GI
cancers who were treated with oxaliplatin-based chemo-
therapy randomly assigned to receive intravenous
ganglioside-monosialic acid or to a control group that re-
ceived no neuroprotective agents. Although the grade of
neurotoxicity in the experimental group was significantly
lower than in the control group (P , .05, Mann-Whitney U
test), the lack of placebo control and the lack of patient-
reported outcome data decrease the confidence of this
finding.39

The second trial was a placebo-controlled, double-blinded
study of intravenous GM-1, given to prevent taxane-
induced CIPN in 183 patients with early-stage breast
cancer. The study reported that treatment with GM-1
resulted in a statistically significant reduction in the severity
and incidence of CIPN after 4 cycles of taxane-containing
chemotherapy (P, .001).38 A peculiar aspect of this trial is
that the neuropathy appeared to be totally reversed in the
placebo arm 3 months after chemotherapy completion,
which is quite unusual in Western populations.40 Despite
this very positive report, a confirmatory trial is needed.

Goshajinkigan. Our systematic review found a meta-analysis
that pooled data from 5 trials and included 397 patients.
The review reported that goshajinkigan was not associated
with a reduced incidence of CIPN when assessed with the
CTCAE (RR, 0.99; 95% CI, 0.53 to 1.85 for CIPN $ grade
2).41 Our systemic review did not find additional studies
with goshajinkigan that were not included in this meta-
analysis.

Metformin. One small randomized study (N 40) that
evaluated metformin as a means of preventing oxaliplatin-
induced neuropathy compared with a control group was
identified.42 The authors reported that, at the end of the
12th FOLFOX-4 (fluorouracil, leucovorin, and oxaliplatin)
regimen cycle, grade 2-3 neuropathy was lower in the
metformin arm compared with the control arm (60% v
95%; P .009), and the metformin arm had better NTX-
12 scores (24.0 v 19.2; P, .001). Given the small sample
size, more confirmatory studies are needed before
recommending this approach for oxaliplatin-induced
neuropathy.

Gabapentin/pregabalin. Two randomized placebo-controlled
trials investigating pregabalin were identified. On the basis of
pilot study information, which suggested that gabapentinoids
could decrease paclitaxel-associated acute pain and chronic
neuropathy, investigators developed a phase II placebo-
controlled clinical trial (N 46) to look at pregabalin for
preventing these neuropathic problems. The results did not
support that pregabalin was helpful for preventing the
paclitaxel-associated acute pain syndrome or paclitaxel-
induced peripheral neuropathy.43

In another double-blind, placebo-controlled trial, 143 pain-
free, chemotherapy-naive patients with colorectal cancer
receiving at least 1 cycle of modified FLOX (ie, fluorouracil,
leucovorin, and oxaliplatin) were randomly assigned to
receive either pregabalin or placebo for 3 days before and
3 days after each oxaliplatin infusion. After following pa-
tients for up to 6 months, the authors reported that pre-
emptive use of pregabalin during oxaliplatin infusions did
not decrease the incidence of chronic pain related to
oxaliplatin, measured by pain intensity and QOL scales.44

An additional randomized, double-blinded, placebo-controlled
trial of pregabalin involving 64 patients who were receiving
oxaliplatin chemotherapy was terminated early, as an in-
terim analysis found that there were not sufficiently positive
data to continue the trial.15

A small study (20 patients per arm) evaluating gabapentin
300 mg 3 times a day in a double-blind, randomized trial in
patients receiving paclitaxel was identified.45 Although the
authors reported a significant reduction in CIPN, confir-
mation of this is needed in a subsequent trial.

Venlafaxine. One trial investigating the efficacy of ven-
lafaxine on prevention of CIPN was identified. Pursuant to
data from Durand et al46 discussed in the initial ASCO CIPN
guideline, this phase II randomized, placebo-controlled
clinical trial was conducted to look at venlafaxine as
a drug to decrease neuropathy associated with oxalipla-
tin.47 Fifty patients were randomly assigned to venlafaxine
or placebo, given continuously with initiation of the first or
second cycle of oxaliplatin. The trial results did not support
the use of venlafaxine in this setting, dampening enthu-
siasm for proceeding with a phase III trial.47 Notably, the
Durand et al46 study started venlafaxine/placebo after
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patients had received some oxaliplatin, in contrast to at
oxaliplatin initiation. Given that there are now data that
support that venlafaxine may decrease symptoms in pa-
tients with established neuropathy (although not as well as
duloxetine),48 it may be that in the Durand et al46 trial
venlafaxine was potentially acting as an agent that treated
established neuropathy, as opposed to acting as a pre-
vention agent.

Vitamin B. A 71-patient placebo-controlled 2-arm trial
evaluated an oral vitamin B product in patients who were
receiving a variety of neurotoxic drugs (taxanes, oxaliplatin,
or vincristine).49 Data were only available for 47 patients
and, understandably with this small sample size and the
variety of chemotherapy drugs, there was no suggestion
that the primary end point was improved in the vitamin
B arm.

Vitamin E. One systemic review and meta-analysis plus
another trial not included in the meta-analysis were iden-
tified. The systematic review and meta-analysis of 6 studies
that included 353 patients reported that the administration
of vitamin E (at doses that included 300 mg daily, 300 mg
twice daily, and 400 mg daily) did not decrease the in-
cidence of CIPN (RR, 0.55; 95% CI, 0.29 to 1.05; P
.07.50 The small study published subsequently to the meta-
analysis51 also concluded that vitamin E did not help to
prevent oxaliplatin-induced peripheral neuropathy.

Clinical interpretation regarding efforts to prevent CIPN.
The current review did not find studies supporting the
recommendation of any neuropathy-preventative agent.
Unlike the promising original guideline commentary re-
garding venlafaxine as a preventative agent, the updated
guideline does not recommend it. A negative follow-up
study with a similar number of patients, which treated
patients for a longer time period and used a more accepted
chemotherapy neuropathy patient-reported outcome mea-
surement tool, backs this.47

Given the dearth of effective established agents for pre-
venting chemotherapy-induced neuropathy and the limited
effective therapy for treating established CIPN, patients/
clinicians should weigh the benefits of using neuropathy-
inducing agents against the risks of developing long-term,
irreversible CIPN.

Although proof of benefit has not been established, available
data support that exercise, cryotherapy, compression ther-
apy, and/or cryo-compression therapy may, in part, prevent
CIPN symptoms and appear to be reasonably safe, although
clinicians and patients should be aware of frostbite risk.
Ganglioside-monosialic acid seemed to be effective in pre-
venting taxane-induced peripheral neuropathy in Chinese
patients, but this should be confirmed in a large trial in
a different ethnic group. Ongoing trials are attempting to
better define whether one or more of these methods will
safely prevent CIPN.

Treatment of Chemotherapy-Induced Peripheral

Neuropathy That Develops While Patients Are

Receiving Neurotoxic Chemotherapy

2.1 Clinicians should assess, and discuss with patients,
the appropriateness of dose delaying, dose reduction,
or stopping chemotherapy (or substituting with agents
that do not cause CIPN) in patients who develop in-
tolerable neuropathy and/or functional nerve impair-
ment (Type of recommendation: informal consensus,
benefits outweigh harms; Evidence quality: low; Strength
of recommendation: moderate).

Clinical interpretation. Although there are limited clinical
trial data available to guide practice when patients develop
CIPN during the course of neurotoxic chemotherapy, this is
a common clinical practice situation. Scenarios vary from
patients who are being treated with curative intent versus
palliative-intent chemotherapy for advanced cancer. Cli-
nicians and patients may make different decisions for
continuing neurotoxic chemotherapy in patients suffering
from significant neuropathy, based on whether the patient
is receiving adjuvant chemotherapy that might improve
survival probabilities by a percentage point or two, versus
a patient receiving adjuvant chemotherapy expected to
improve survival probabilities by many percentage points,
versus a patient with metastatic disease. In these individual
situations, clinicians may determine whether to reasonably
use alternative chemotherapy regimens that do not cause
neurotoxicity. Clinicians should obtain individual patient
perspectives in all these situations.

Treatment of Chemotherapy-Induced Peripheral

Neuropathy for Patients Who Have Completed

Neurotoxic Chemotherapy

3.1 For patients with cancer experiencing painful CIPN,
clinicians may offer duloxetine (Type of recommen-
dation: evidence based, benefits equal harms; Evi-
dence quality: intermediate; Strength of recommendation:
moderate).

3.2 Outside the context of a clinical trial, no recom-
mendations can be made on the use of the following
interventions for the treatment of CIPN:
• Exercise therapy
• Acupuncture
• Scrambler therapy
• Gabapentin/pregabalin
• Topical gel treatment containing baclofen, ami-

triptyline HCL, plus/minus ketamine
• Tricyclic antidepressants
• Oral cannabinoids

(Type of recommendation: no recommendation; Evidence
quality: low; Strength of recommendation: not applicable).

Note: While recent preliminary evidence suggests a poten-
tial for benefit from exercise, acupuncture, and scrambler
therapy, larger sample–sized definitive studies are needed to
confirm efficacy and clarify risks.
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Literature Review Update and Analysis for Treatment

of CIPN

Exercise. Current data from an RCT mildly suggest that ex-
ercise is a feasible, safe, and promising supportive measure for
patients with cancer experiencing CIPN. The trial randomly
assigned 45 patients with established CIPN to a 10-week
home-based muscle strengthening and balancing exercise
program versus usual care. The patients in the exercise group
experienced a significant reduction in neuropathic pain scores
(P, .0001) and improvement in Functional QOL (P .0002),
SymptomQOL (P .0003) andGlobal Health Status QOL (P
.004) compared with those randomly assigned to the usual-
care group.52 The lack of an active control group diminishes the
strength of the findings. Another small trial evaluated patients
with metastatic colorectal cancer randomly assigned to an
exercise program versus a wait-list control group.36 Those re-
ceiving exercise had relatively stable CIPN scores over time,
while the wait-list control group’s CIPN worsened.

Acupuncture. Five trials evaluating the efficacy of acu-
puncture for the treatment of CIPN were identified,53-55

including 1 trial that evaluated electro-acupuncture56

and another that evaluated acupuncture combined with
methylcobalamin.57 A randomized assessor-only–blinded
controlled trial of acupuncture twice weekly for 8 weeks
versus a wait-list control group involving 87 patients with
cancer reported significant changes at 8 weeks in pain
measured using the Brief Pain Inventory (BPI).53 Significant
improvements in clinical neurologic assessment, QOL do-
mains, and symptom distress were also reported (all P, .05).
Improvements in pain interference, neurotoxicity-related
symptoms, and functional aspects of QOL were sustained
in a 14-week assessment (P , .05), as were physical and
functional well-being at a 20-week assessment (P , .05).

A pilot trial involving 40 women with stage I-III breast cancer
and grade $ 1 CIPN after taxane-containing adjuvant
chemotherapy investigated immediate acupuncture versus
a wait-list control.54 At 8 weeks, participants in the treat-
ment arm experienced significant improvements in the Patient
Neurotoxicity Questionnaire (PNQ) sensory score (P .01),
FACT-NTX summary score (P .002), and BPI–Short Form
pain severity score P .03) compared with those in the control
arm. No serious adverse effects were observed.

Another pilot trial randomly assigned 33 adult patients with
cancer and CIPN into 2 groups (control and acupuncture:
treated with 10 sessions, twice a week).55 Statistically
significant differences were reported in physical (P .03)
and function (P .04) domains of the European Organi-
zation for Research and Treatment of Cancer (EORTC)
Quality of Life Questionnaire-Core 30 when comparing
between control and acupuncture groups. NCI CTCAE
Scale and neuropathy sensory symptoms were also im-
proved in the acupuncture group between pretreatment
and 5 weeks post-treatment (P .01), whereas no such
differences were detected in the control group (P .11).

The use of electro-acupuncture was not superior to placebo in
a randomized trial of 59 patients with CIPN.56 The trial failed to
show efficacy compared with placebo, as determined by using
a predefined statistical threshold at the first interim analysis.

Another trial in 98 patients compared acupuncture com-
bined with methylcobalamin to methylcobalamin alone and
found that after 3 cycles of therapy the pain was signifi-
cantly mitigated in the methylcobalamin plus acupuncture
group.57 Visual analogue scale (VAS) pain scores de-
creased more in the methylcobalamin plus acupuncture
group than the methylcobalamin control group (P , .01).

Duloxetine and pregabalin. Two duloxetine trials were
published after the initial ASCO CIPN guideline publication.48,58

One trial randomly assigned patients with CIPN to 3
pharmacotherapy groups: venlafaxine, duloxetine, and
placebo.48 The authors reported decreased neuropathy in
the venlafaxine and duloxetine groups, with a better re-
duction in the duloxetine group compared with venlafaxine
group (P , .05). In another open-label, randomized,
crossover study, 34 patients with cancer were randomly
assigned to receive duloxetine (20 mg/d orally for the first
week and 40 mg/d for the next 3 weeks) or vitamin B12
(1.5mg/d orally for 4 weeks).58 After a 2- to 4-week washout
period, treatment was crossed over for another 4 weeks.
Decreases in the mean VAS scores for numbness and pain
were seen during the periods of duloxetine administration.
Significant differences were observed between the
duloxetine-first and the vitamin B12-first groups with re-
spect to numbness (P .03) and pain (P .04) at 4 weeks
after administration.

In January 2020, a trial was published that randomly assigned
patients with paclitaxel- or docetaxel-associated CIPN to re-
ceive duloxetine versus pregabalin, with 40-42 patients per
arm. They reported a $ 33% improvement of visual analog
scores in the duloxetine and pregabalin arms at 6 weeks of
38% and 93%, respectively (P, .001).59 The majority of the
patients in both arms started their treatment while they were
receiving chemotherapy, and some of this improvement may
have been related to chemotherapy discontinuation.

Scrambler therapy. Two randomized trials evaluating scram-
bler therapy, an electrocutaneous treatment approach,
were found.60,61 One randomized sham-controlled phase II
trial in 33 patients who received 30-minute sessions of
scrambler therapy (ST) or sham treatment found no sig-
nificant differences between the sham and the experimental
ST group for BPI average pain or the EORTC CIPN-20.60

The second phase II trial randomly assigned patients with
CIPN symptoms for at least 3 months to receive ST or
transcutaneous electrical nerve stimulation (TENS) for 2
weeks. In 46 evaluable patients, twice as many ST-treated
patients had at least a 50% documented improvement
during the 2 treatment weeks from their baseline pain,
tingling, and numbness scores when compared with the
TENS-treated patients (from 36%-56% compared with
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16%-28% for each symptom).61 Global Impression of Change
scores for “neuropathy symptoms,” pain, and QOL improved
similarly. Moreover, patients in the ST group were more likely
than those in the TENSgroup to recommend their treatment to
other patients, during both the 2-week treatment period and
the 8-week follow-up period (P , .0001).61 The publication
did not report any substantial adverse events.62

Oral mucosal cannabinoid extract. A small, randomized,
placebo-controlled clinical trial of 18 patients evaluated the
role of nabiximols, an oral mucosal cannabinoid spray, for
chemotherapy-induced neuropathic pain.63 In this cross-
over clinical trial, 16 of the 18 randomly assigned patients
completed the study. Noting the small number of patients,
there was no suggestion of differential benefits in neu-
ropathy scores between the active and placebo agents. Yet,
there was more evidence of toxicity (fatigue, dry mouth,
dizziness, and nausea) in the patients receiving the can-
nabinoid preparation, decreasing interest in this approach.

Topical amitriptyline/ketamine. A topical 4% amitriptyline/
2% ketamine preparation was studied as a treatment of
established chemotherapy neuropathy in a randomized,
placebo-controlled trial involving 462 patients.64 Patients
with average 7-day pain, numbness, and tingling ratings of
at least 4 on an 11-point numeric rating scale were eligible
for enrollment in the study. Topical amitriptyline/ketamine
showed no effect on 6-week CIPN scores (adjusted mean
difference, 0.17; P .363), and this trial did not support
that using this topical preparation alleviated chemotherapy-
induced pain, numbness, or tingling.

Clinical interpretation regarding the treatment of established
CIPN. Additional data, which have become available since
the previous ASCO CIPN guideline, further support the
utility of duloxetine for treating established painful CIPN.
Conversely, there have not been any further clinical trials to
strongly support the utility of tricyclic antidepressants,
gabapentinoids, or topical amitriptyline/ketamine/baclofen,
decreasing the tepid support that was provided for these 3
therapeutic approaches in the initial ASCO CIPN guideline.
In addition, newer published reports do not provide support
for a topical amitriptyline/ketamine preparation or an oral
mucosal cannabinoid product.

Although proof of benefit has not been provided, data
suggestive of benefit support that 3 approaches (scrambler
therapy, acupuncture, and exercise) may diminish estab-
lished CIPN symptoms and appear to be reasonably safe.
Further research is needed to better delineate the utility, or its
lack thereof, of these approaches in treating establishedCIPN.

DISCUSSION

The current review found no additional studies supporting
the use of any preventative approach for neuropathy. In
contrast with the promising original guideline commentary
regarding venlafaxine as a preventative agent, longer follow-
up data do not support its use.47

For treatment of established painful neuropathy, duloxetine
remains the sole recommended treatment. Along with the
data demonstrating that duloxetine decreases CIPN pain,
there is a suggestion from exploratory analyses that it also
decreases nonpainful CIPN symptoms.58,65 When patients
stop duloxetine, it should be tapered slowly, as stopping
abruptly can lead to withdrawal symptoms.

Acetyl-L-carnitine data were inconclusive for the treatment
of established neuropathy at the time of the initial ASCO
guideline publication. A new larger trial reported that there
was no benefit for acetyl-L-carnitine for treating chemotherapy-
induced neuropathy. Consequently, the current updated
guideline recommends against acetyl-L-carnitine for the treat-
ment of established chemotherapy-induced neuropathy.14

There were 3 treatments that were inconclusive in the
original guideline but “reasonable to try in some situations,”
namely tricyclic antidepressants, gabapentinoids, and
a topical gel treatment containing baclofen, amitriptyline,
and ketamine. Although data regarding these 3 treatment
options remain inconclusive, there is waning enthusiasm
regarding them.

Regarding the tricyclic antidepressants, the previous
guideline indicated that tricyclic antidepressant use was
reasonable to try, primarily on the basis of their utility in
other neuropathy situations, but not on the basis of any
positive randomized clinical trials demonstrating any utility
of this drug class for treating established CIPN. Currently,
the use of tricyclic antidepressants does not appear to be
common, because of their lack of established benefit and/
or their unfavorable side effects.

Regarding topical baclofen, amitriptyline, and ketamine,
the previous guideline noted that a placebo-controlled trial
was promising. However, there are reasons to be less
enthusiastic about this approach now: (1) no additional
trials have been conducted; (2) there is not an US Food and
Drug Administration–approved product available, and the
only way to get this treatment is to have it compounded; and
(3) there was a subsequent publication of a negative trial
that studied topical amitriptyline and ketamine.64 However,
the lack of baclofen in this latter preparation may explain
the negative finding of the study.

The suggestion in the initial ASCO CIPN guideline that
gabapentinoids might be helpful and worth trying for
chemotherapy-induced neuropathy was also primarily
based on gabapentinoid efficacy against other types of
neuropathies, like diabetic neuropathy. Presently, this
endorsement is harder to support. With the 1 older placebo-
controlled clinical trial that showed no benefit for gaba-
pentin for the treatment of chemotherapy-induced pe-
ripheral neuropathy,66 2 subsequent trials investigating
pregabalin as an agent to prevent chemotherapy-induced
neuropathy (1 for paclitaxel43 and 1 for oxaliplatin [Clin-
icalTrials.gov Identifier: NCT00380874]) failed to provide
evidence of benefit. Although prevention trials are certainly
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