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A B S T R A C T

Purpose
To provide evidence-based guidance on the optimum prevention and treatment approaches in the
management of chemotherapy-induced peripheral neuropathies (CIPN) in adult cancer survivors.

Methods
A systematic literature search identified relevant, randomized controlled trials (RCTs) for the
treatment of CIPN. Primary outcomes included incidence and severity of neuropathy as measured
by neurophysiologic changes, patient-reported outcomes, and quality of life.

Results
A total of 48 RCTs met eligibility criteria and comprise the evidentiary basis for the recommen-
dations. Trials tended to be small and heterogeneous, many with insufficient sample sizes to
detect clinically important differences in outcomes. Primary outcomes varied across the trials, and
in most cases, studies were not directly comparable because of different outcomes, measure-
ments, and instruments used at different time points. The strength of the recommendations is
based on the quality, amount, and consistency of the evidence and the balance between benefits
and harms.

Recommendations:
On the basis of the paucity of high-quality, consistent evidence, there are no agents recommended
for the prevention of CIPN. With regard to the treatment of existing CIPN, the best available data
support a moderate recommendation for treatment with duloxetine. Although the CIPN trials are
inconclusive regarding tricyclic antidepressants (such as nortriptyline), gabapentin, and a com-
pounded topical gel containing baclofen, amitriptyline HCL, and ketamine, these agents may be
offered on the basis of data supporting their utility in other neuropathic pain conditions given the
limited other CIPN treatment options. Further research on these agents is warranted.

J Clin Oncol 32. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Chemotherapy-induced peripheral neuropathy
(CIPN) is a common treatment-related adverse ef-
fect and affects long-term quality of life.1 It has the
potential to result in chemotherapy dose reductions
and/or early discontinuation. The overall incidence
of CIPN is estimated to be approximately 38% in
patients treated with multiple agents,2 although this
percentage varies depending on chemotherapy reg-
imens, duration of exposure, and assessment meth-
ods.3,4 Chemotherapy combinations with higher
incidences include those that involve platinum
drugs, vinca alkaloids, bortezomib, and/or taxanes.5

Although the pathogenesis and toxicity profiles of
these agents differ, there are several distinguishing
features of CIPN that help differentiate it from other
neuropathies.6 Classically, most chemotherapy
drugs that cause CIPN do so with a symmetric, dis-
tal, length-dependent “glove and stocking” distribu-
tion. This neuropathy predominantly consists of
sensory, rather than motor, symptoms and is dose
dependent.4,6 Sensory axonal damage with reduced
amplitude of the sensory nerve action potentials
(SNAPs) is a common finding in nerve conduction
studies.7 Conversely, motor nerve function consis-
tently remains unchanged during treatment with
most neurotoxic agents.7 As chemotherapy is
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THE BOTTOM LINE

GUIDELINE QUESTION

What are the optimum prevention and treatment approaches in the management of chemotherapy-induced

neuropathies in adult cancer survivors?

Target Population

● Adult cancer survivors with chemotherapy-induced neuropathies (CIPNs)

Target Audience

● Health care practitioners who provide care to cancer survivors

Recommendations

● The following recommendations are evidence based, informed by small randomized controlled trials, and guided by clinical expe-
rience. The recommendations were developed by a multidisciplinary group of experts. Ratings for benefits, harms, evidence qual-
ity, and recommendation strength are provided in Table 3 (see Appendix Table A1, online only, for rating definitions).

Prevention of CIPN

● There are no established agents recommended for the prevention of CIPN in patients with cancer undergoing treatment with neu-
rotoxic agents. This is based on the paucity of high-quality, consistent evidence and a balance of benefits versus harms.

● Clinicians should not offer the following agents for the prevention of CIPN to patients with cancer undergoing treatment with
neurotoxic agents:

● Acetyl-L-carnitine (ALC)
● Amifostine
● Amitriptyline
● CaMg for patients receiving oxaliplatin-based chemotherapy
● Diethyldithio-carbamate (DDTC)
● Glutathione (GSH) for patients receiving paclitaxel/carboplatin chemotherapy
● Nimodipine
● Org 2766
● All-trans-retinoic acid
● rhuLIF
● Vitamin E

Venlafaxine is not recommended for routine use in clinical practice. Although the venlafaxine data support its potential utility, the
data were not strong enough to recommend its use in clinical practice, until additional supporting data become available.
No recommendations can be made on the use of N-acetylcysteine, carbamazepine, glutamate, GSH for patients receiving cisplatin or
oxaliplatin-based chemotherapy, goshajinkigan (GJG), omega-3 fatty acids, or oxycarbazepine for the prevention of CIPN at this time.

Treatment of CIPN

● For patients with cancer experiencing CIPN, clinicians may offer duloxetine
No recommendations can be made on the use of:

● ALC, noting that a positive phase III abstract supported its value, but this work has not yet been published in a peer-reviewed
journal, and a prevention trial suggested that this agent was associated with worse outcomes.

● Tricyclic antidepressants; however, based on the limited options that are available for this prominent clinical problem and the
demonstrated efficacy of these drugs for other neuropathic pain conditions, it is reasonable to try a tricyclic antidepressant (eg,
nortriptyline or desipramine) in patients suffering from CIPN after a discussion with the patients about the limited scientific evi-
dence for CIPN, potential harms, benefits, cost, and patient preferences.

● Gabapentin, noting that the available data were limited regarding its efficacy for treating CIPN. However, the panel felt that this
agent is reasonable to try for selected patients with CIPN pain given that only a single negative randomized trial for this agent was
completed, the established efficacy of gabapentin and pregabalin for other forms of neuropathic pain, and the limited CIPN treat-
ment options. Patients should be informed about the limited scientific evidence for CIPN, potential harms, benefits, and costs.

(continued on following page)
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continued, symptoms get progressively worse, without improve-
mentbetweendoses.Whencumulativeoxaliplatin-inducedperiph-
eral neuropathy develops, it is reported to be partially reversible in
approximately 80% of patients and completely resolves in approx-
imately 40% at 6 to 8 months after cessation of treatment.7 How-
ever, signs and symptoms may continue to develop and progress
for an additional 2 to 6 months post-therapy, a phenomenon
known as “coasting.”7 Paclitaxel peripheral neuropathy also im-
proves in most patients in the months after cessation of treatment,
but continues to be a prominent long-term problem in a subset
of patients.1,8,9

Some neuropathy-inducing chemotherapy agents, such as tax-
anes and oxaliplatin, cause an acute neuropathy syndrome in addition
to CIPN. Despite being a clinically distinct form and not necessarily
being peripheral in distribution, this chemotherapy-induced acute
neuropathy is addressed in this guideline. Oxaliplatin-induced acute
neurotoxicity is characterized by a unique spectrum of acute motor
and sensory symptoms occurring in the hours to days following
infusion.10-12 These symptoms include sensitivities to touching cold
items, discomfort swallowing cold liquids, throat discomfort, and
muscle cramps. Patients with more severe acute neuropathy appear to
also be at an increased risk of experiencing more severe chronic pe-
ripheral neuropathy.7,13 Paclitaxel-induced acute neuropathy consists
of an acute pain syndrome, which usually develops within 1 to 3 days
of paclitaxel administration and largely resolves within a week.14 This
pain complex had classically been labeled as a form of arthralgia/
myalgia, but there are no good data to support that this pain syndrome
arises from a pathologic process related to joints or muscles,14,15 and
detailed descriptive data support that this syndrome is likely a form of
acute neuropathy.14 This syndrome occurs in the majority of patients
and is more prominent in patients receiving higher individual pacli-
taxel doses.14,16

Many of the agents chosen to undergo evaluation for the treat-
ment and prevention of CIPN were agents with a record of efficacy for
other common neuropathic pain conditions, such as painful diabetic
peripheral neuropathy and postherpetic neuralgia. This has been done
despite CIPN being relatively distinct from other forms of neuropathic
pain in many ways, including pathophysiology and symptomatol-
ogy.17 The purpose of this systematic review and evidence-based
guideline is to systematically review RCTs reported in the literature,
compare outcomes among trials, and provide guidance on the effec-
tiveness of prevention and treatment options for CIPN in adults with
a history of cancer.

CLINICAL PRACTICE GUIDELINES

Practice guidelines are systematically developed statements that assist
practitioners and patients in making decisions about care. Attributes
of good guidelines include validity, reliability, reproducibility, clinical
applicability, flexibility, clarity, multidisciplinary process, review of
evidence, and documentation. Guidelines may be useful in producing
better care and decreasing cost. Specifically, utilization of clinical
guidelines may provide:

1. Improvements in outcomes
2. Improvements in clinical practice
3. A means for minimizing inappropriate practice variation
4. Decision support tools for practitioners
5. Points of reference for health professional orientation and

education
6. Criteria for self-evaluation
7. Indicators and criteria for external quality review
8. Assistance with reimbursement and coverage decisions
9. Criteria for use in credentialing decisions

10. Identification of areas where future research is needed

GUIDELINE QUESTION

What are the optimum prevention and treatment approaches in the
prevention/management of CIPNs in adult cancer survivors?

METHODS

Panel Composition

To address the clinical question, an Expert Panel with multidisciplinary
representation in medical oncology, community oncology, nursing, pain re-
search, genetics, neurology, pharmacology, patient representation, and guide-
line methodology was convened. The Expert Panel was led by two Co-chairs
who had the primary responsibility for the development and timely comple-
tion of the guideline. The Expert Panel members are listed in Appendix Table
A2 (online only).

Guideline Development Process

The Expert Panel members, who met via teleconference and corre-
sponded through e-mail:, were asked to contribute to the development of the
guideline, provide critical review, interpret evidence, and finalize the guide-
line recommendations based on consideration of the evidence. Members of
the Expert Panel were responsible for drafting the penultimate version of the
guideline, which was then circulated for external review. All ASCO guidelines

THE BOTTOM LINE (CONTINUED)

● A topical gel treatment containing baclofen (10 mg), amitriptyline HCL (40 mg), and ketamine (20 mg), noting that a single trial
indicated that this product did decrease CIPN symptoms. Given the available data, the panel felt that this agent is reasonable to try
for selected patients with CIPN pain. Patients should be informed about the limited scientific evidence for the treatment of CIPN,
potential harms, benefits, and costs.

Note: The guide for rating recommendations and strength of evidence is provided in Appendix Table A1 (online only).
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are reviewed and approved by the ASCO Clinical Practice Guideline Commit-
tee before publication.

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 therein should
not be relied on 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
specifically identified therein and is not applicable to other interventions,
diseases, or stages of diseases. This information does not mandate any partic-
ular course of medical care. Further, the information is not intended to sub-
stitute 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 recom-
mendation reflects the net effect of a given course of action. The use of words
like “must,” “must not,” “should,” and “should not” indicate that a course of
action is recommended or not recommended for either most or many pa-
tients, but there is latitude for the treating clinician 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 individual
patient. Use of the information is voluntary. ASCO provides this information
on an “as is” basis, and makes no warranty, expressed or implied, regarding the
information. ASCO specifically disclaims any warranties of merchantability 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 Conflict of Interest

The Expert Panel was assembled in accordance with ASCO’s Conflict of
Interest Management Procedures for Clinical Practice Guidelines (Proce-
dures; summarized at http://www.asco.org/guidelinescoi). Members of the
Panel completed ASCO’s disclosure form, which requires disclosure of finan-
cial and other interests that are relevant to the subject matter of the guideline,
including relationships with commercial entities that are reasonably likely to
experience direct regulatory or commercial impact as the result of promulga-
tion of the guideline. Categories for disclosure include employment relation-
ships, consulting arrangements, stock ownership, honoraria, research
funding, and expert testimony. In accordance with the Procedures, the major-
ity of the members of the Panel did not disclose any such relationships.

Systematic Literature Review

ASCO guidelines are based on systematic reviews. A protocol for each
guideline defines the parameters for a targeted literature search including
relevant study designs, literature sources, types of reports, and prespecified
study selection criteria for literature identified.

Literature Search Strategy

Ovid MEDLINE (1946 to April week 2, 2013), EMBASE (1980 to 2013
week 16), and AMED (Allied and Complementary Medicine; 1985 to April
2013) databases were searched for evidence reporting on outcomes of interest.
Before the systematic search of the medical literature, an environmental scan
was conducted for existing reviews regarding the management of CIPN. With
no recent guidelines identified, older reviews with contents related to the
clinical questions had their included studies cross-referenced to our literature
search. Reference lists from other published seminal papers were scanned for
additional citations. The literature search strategy and search results are avail-
able in Appendix Table A3 (online only) and Appendix Figure A1, (online
only), respectively.

Study Selection Criteria

Articles were selected for inclusion in the systematic review of the evi-
dence if they

● focused on chemotherapy-induced neuropathy
● included cancer survivors

● considered neuropathy as an important outcome of study
● were randomized trials (phase II and III)

Articles were excluded from the systematic review if they
● were phase I studies, other noncomparative studies, case reports,

editorial letters, or newspaper articles
● only involved individuals under 18 years of age
● were animal studies
● were published in a language other than English
● included less than 10 participants
● focused on radiation therapy related neuropathy or stem-cell trans-

plantation–related neuropathy

Outcomes of Interest

The outcomes of interest included incidence and severity of neuropathy,
neurophysiologic changes, symptom relief, patient-reported outcomes
(PROs), and quality of life.

Data Extraction

Literature search results were reviewed and deemed appropriate for
full-text review by an ASCO staff member in consultation with the Co-
Chairs. Data were extracted in duplicate by two ASCO staff members.
Disagreements were resolved through discussion and consultation with the
Co-Chairs, if necessary.

Revision Dates

The Co-Chairs determine the need for guideline updates or revisions
based on periodic review and consideration of the literature. If new and
compelling data are identified, the Expert Panel or an Update Committee is
reconvened to discuss revisions to the document.

RESULTS

The literature search identified 1,252 potentially relevant citations. Of
these, 250 were examined in detail, and a total of 48 RCTs ultimately
met eligibility criteria and comprise the evidentiary basis for the guide-
line recommendations. A summary of the literature search results is
provided in a QUOROM diagram in Appendix Figure A1.

The identified trials spanned a 23-year period, from 1990 to 2013.
A total of 42 studies covered 19 different interventions for the preven-
tion of CIPN. Treatment of established CIPN was considered in six
RCTs investigating six different agents.

STUDY QUALITY

Study quality was formally assessed for the 48 identified RCTs
(Table 1). Design aspects related to the individual study quality were
assessed by one reviewer for factors such as blinding, allocation con-
cealment, placebo control, intention to treat, funding sources, and so
on. The risk of bias was assessed as low to moderate for most of the
identified trials, although five trials did suffer from various method-
ological shortcomings and were assessed to be at a high risk for bias.
Overall, the trials tended to be small, with many having insufficient
sample sizes to detect differences in outcomes. Dropout rates were also
substantial in several trials. Several other factors related to increased
potential for bias for the overall body of evidence were also recorded.
Five of the trials were reported as phase II studies,18-22 six were re-
ported as pilot trials,23-28 six were terminated early11,19,29-32 and five
were open label.22,28,33-35 Primary outcomes varied across the trials,
and, in the majority of cases, studies were not directly comparable
because of different outcomes, measurements, and instruments used
at different time points. Appendix Table A4 (online only) provides
definitions of ratings for overall potential risk of bias.
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Table 1. Quality Assessment

Study
Adequate

Randomization
Concealed
Allocation

Sufficient
Sample

Size
Similar
Groups Blinded

Validated
and

Reliable
Measures

Adequate
Follow-Up

Intention-
to-Treat
Analysis

Insignificant
COIs

Overall
Potential

Risk of Bias�

Prevention
Lin 200623 ? ? ? — ? � � ? ? Intermediate
Hershman 201357 � ? � � � � � ? � Low
Kemp 199637 � ? � � ? � � � ? Low
Planting 199939 ? ? � � ? � � ? ? Intermediate
Lorusso 200338 � � � � ? ? � � ? Low
Kanat 200336 � ? ? � ? � � ? ? Intermediate
Leong 200340 � � — � � � � ? ? Low
Hilpert 200518 � ? � ? � � � ? ? Low
Kautio 200941 � � — � � � � � ? Low
Ishibashi 201030 � � — � � � � ? � Low
Chay 201019 � � — � � � � � — Low
Grothey 2008Abst 32 � ? — ? � � — ? ? Unknown†
Grothey 201111 � � — � � � — � � Low
Von Delius 200720 � � — � � � � � � Low
Gandara 199560 � ? — � � � � ? ? Intermediate
Loprinzi 201344 � � � � � � � ? ? Low
Loven 200924 � � — ? � � � — ? Intermediate
Wang 200728 � — � � — � � ? � High
Bogliun 199625 � ? ? � � � � ? ? Intermediate
Cascinu 199548 � � � � � � � ? ? Low
Cascinu 200247 � � � � � � � � ? Low
Milla 200949 ? ? ? ? ? � � ? ? Intermediate
Schmidinger 200026 ? ? — � ? � � � ? Intermediate
Smyth 199750 � � ? � � � � ? ? Low
Leal 201351 � � � � � � � ? ? Low
Nishioka 201134 � � � � — � � ? � Low
Cassidy 199831 � � — � � — — ? ? High
Ghoreishi 201258 � � � � � � — ? � Low
Van der Hoop 199053 � � ? � � � � ? ? Low
Van Kooten 199227 � ? ? — � � � ? ? Intermediate
Roberts 199754 � ? � � � � � ? ? Low
Hovestadt 199255 ? ? — ? � � � ? ? Intermediate
Van Gerven 199456 ? ? ? � � � � — ? Intermediate
Koeppen 200452 � ? ? � � � � ? ? Intermediate
Argyriou 2006a35 � � ? � — � � � � Intermediate
Arrieta 201159 � ? ? � � � ? ? � Intermediate
Davis 200521 � � � ? � � � � ? Low
Durand 201229 � ? — � � � ? ? � Intermediate
Kottschade 201145 � � — � � � � ? � Low
Argyriou 2006b22 � ? ? � — � � � � High
Pace 200333 ? ? ? � — — � — ? High
Pace 201046 � � � � � � � ? ? High

Treatment
Smith 201362 � ? � � � � � ? � Low
Rao 200764 � ? � � � � � ? ? Low
Rao 200863 � ? � � � � � ? ? Low
Hammack 200265 � ? � � � � � ? � Low
Kautio 200866 � � — � � � � � ? Low
Barton 201167 � ? � � ? � � � ? Low

NOTE. � indicates criteria were met; — indicates criteria were not met; ? indicates insufficient detail, not reported, and/or uncertain if the criteria were met.
Abbreviation: COI, conflict of interest.
�Ratings are based on the estimation of whether the criterion was met and the extent of potential bias, not simply on reporting.
†Insufficient details provided in abstract to assess quality.
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PREVENTION

Trial Results

A total of 42 RCTs were identified (Table 2) that studied the efficacy of
pharmacologic agents, including anticonvulsants, antidepressants, vi-
tamins, minerals, and other chemoprotectants in the prevention
of CIPN.

Chemoprotectants. Six trials examined the efficacy of amifos-
tine in the prevention of peripheral neuropathy associated with
taxane-based chemotherapy regimens.18,36-40 While there was evi-
dence of the protective effect of amifostine against the incidence of
neurotoxicity18,36 and its severity,18,37,38 this benefit was limited
and not consistent across all studies. In addition, the limited ben-
efit was counterbalanced by toxicities such as nausea, vomiting,
and light-headedness.

A phase II trial21 randomly assigned 117 patients with solid tu-
mors receiving treatment with carboplatin/paclitaxel to low-dose (2
�g/kg) or high-dose (4 �g/kg) recombinant human leukemia inhibi-
tory factor (rhuLIF) or placebo. This study was convincingly negative,
with no differences between the groups in standardized composite
peripheral nerve electrophysiology (CPNE) scores, the primary end
point, or other secondary neurological testing variables considered.

A randomized placebo-controlled trial of the calcium-channel
antagonist, nimodipine, was initiated in 51 patients with ovarian can-
cer.31 As a result of an increase in nausea and vomiting and subsequent
poor compliance, the trial was prematurely discontinued. Despite
such early cessation, neurotoxicity scores were available for 40 pa-
tients, and results show an unexpected significant increase in scores for
patients on nimodipine versus placebo (P � .001). This trial, despite
its limitations, provides evidence that nimodipine can exacerbate neu-
rotoxicity in patients receiving cisplatin-based regimens.

Anticonvulsants. Two trials assessed the effectiveness of anticon-
vulsants in the prevention of oxaliplatin-related neurotoxicity. A trial
of carbamazepine was conducted in 36 patients with advanced colo-
rectal cancer.20 No significant difference in neurotoxicity was seen
with carbamazepine compared with placebo, although this study was
reported to be underpowered. Another randomized, open-label, con-
trolled trial assessed the efficacy of oxcarbazepine for prophylaxis
against oxaliplatin-induced peripheral neuropathy in 32 patients with
colon cancer.35 There was a 58% reduction in risk of CIPN in patients
receiving oxcarbazepine compared with controls (risk ratio � 0.42;
95% CI, 0.19 to 0.91). Despite the positive results, the efficacy of
oxcarbazepine in the prevention of CIPN remains uncertain. The trial
had several limitations, including a small sample size and lack of a
placebo control. Moreover, the clinical significance of the observed
neurophysiologic outcome differences is unclear.

Antidepressants. Two trials29,41 investigated the effects of an-
tidepressants on peripheral neuropathy outcomes in patients with
cancer. Kautio et al41 found no difference in the amount of CIPN
between patients receiving amitriptyline and those receiving pla-
cebo. In contrast, in a relatively small trial, the antidepressant
venlafaxine was reported to significantly decrease oxaliplatin-
associated acute neurotoxicity (31% v 5%, P � .03) and chronic
peripheral neuropathy (supported by significantly fewer patients
having grade 3 toxicity [0% v 33%, P � .03] in the venlafaxine
arm), when compared with placebo.29

Vitamins, minerals, dietary supplements. A number of placebo-
controlled trials examined the effect of calcium and magnesium

(CaMg) infusions on oxaliplatin-induced neuropathy in patients
receiving infusional fluorouracil, leucovorin, and oxaliplatin chemo-
therapy. This work was based on a nonrandomized trial that retro-
spectively compared its results to those from a historical population of
patients, reporting that CaMg infusions were associated with a marked
reduction of neuropathy42; this led to the subsequent relatively wide-
spread adoption of this practice into routine clinical care. This led to
the development of placebo-controlled trials, but many of these trials
were terminated prematurely, based on an errant report from one
study that associated less antitumor activity in patients receiving
CaMg.43 Three of these prematurely closed trials did not show any
significant neuropathy benefit from CaMg19,30,32 while one reported a
significant decrease in the incidence of chronic, cumulative, grade � 2
sensory neuropathy, as measured by the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE; P �
.038) and the oxaliplatin-specific sensory neurotoxicity scale (P �
.018).11 Recently, a large double-blind randomized trial of 353 patients
with colon cancer provided strong evidence that CaMg was not able to
significantly decrease either the acute or persistent neuropathy associ-
ated with oxaliplatin.44

Four trials of varying methodological quality evaluated the neu-
roprotective effect of antioxidant supplementation with vitamin E in
patients treated with taxanes or platinum-based regimens.22,33,45,46

Although the first three published trials22,33,46 provided data to sup-
port that vitamin E could decrease neuropathy, two of these trials22,33

were relatively small, and both used an open-label control group
without a placebo. The third trial46 randomly allocated 108 patients
receiving cisplatin therapy to vitamin E or placebo. However, only 41
of these patients qualified for inclusion in the statistical analysis. Al-
though this trial reported that the vitamin E group appeared to have
less neuropathy than those receiving placebo, only 17 patients ran-
domly allocated to vitamin E were considered in the analysis. The
limited number of subjects included in the analysis is inadequate to
demonstrate vitamin E’s neuroprotective effects against cisplatin-
induced neuropathy. The largest, most recently published trial in-
volved 207 patients and reported that vitamin E did not appear to
reduce the incidence of sensory neuropathy.45

Six small randomized trials25,26,47-50 evaluated the protective ef-
fects of glutathione (GSH) against platinum-based neurotoxicity. Five
of these trials25,47-50 reported a statistically significant reduction in
neurotoxicity, in one form or another, with administration of GSH
compared with placebo. Benefits included a reduction in incidence
and severity of neuropathy and improvements in nerve conduction
and QOL. In addition, a small, randomized, placebo-controlled pilot
study of N-acetylcysteine, an antioxidant known to increase serum
glutathione concentrations, was conducted in 14 patients with stage
III colon cancer receiving oxaliplatin-based adjuvant chemotherapy.23

This study reported that grade 2 to 4 sensory neuropathy was lower in
the treatment arm (20%) compared with the placebo arm (73%) after
12 cycles of chemotherapy (P � .05). In contrast to the above data
suggesting that GSH is beneficial, a recent larger placebo-controlled
trial was unable to provide data supporting the benefit of GSH for the
prevention of neurotoxicity in 185 patients receiving paclitaxel/carbo-
platin therapy.51 As carboplatin is the least neurotoxic of the platinum
agents, it appears that most of the neuropathy from this regimen was
dictated by paclitaxel. Thus, the results of this study suggest that GSH
is not an effective agent in the prevention of taxane-induced CIPN. It
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can be argued that the effectiveness of GSH for decreasing platinum-
associated neurotoxicity should be further evaluated in a large, meth-
odologically rigorous trial.

The efficacy of the ACTH4-9 analog Org 2766 for the prevention
of cisplatin- and vincristine-based neuropathy was assessed in six
placebo-controlled trials.27,52-56 Patients in these trials were randomly
allocated to subcutaneous injections of Org 2766 at doses that ranged
from 0.25 to 4.0 mg/kg. The first of these trials,53 involving 55 patients
in a three-arm study (low dose, higher dose, and placebo), reported a
substantial reduction in neuropathy associated with this agent. A
subsequent report,55 involving 18 of the same patients with longer
follow-up, reported additional benefit from Org 2766. Another re-
port56 which involved multiple authors in common with the previous
two reports, again with a relatively small number of patients (42
evaluable patients among two arms), also supported that this agent
was helpful for decreasing cisplatin-associated neuropathy. A subse-
quent Dutch trial, involving 28 patients receiving vincristine, also
reported positive results. In contrast to these multiple small trials, two
larger well-conducted trials52,54 were unable to provide any suggestion
that this agent decreased CIPN; in fact, the neuropathy was numeri-
cally worse with the study agent in one of the trials.54

Hershman et al compared acetyl-L-carnitine (ALC) at a dose of
3,000 mg per day with placebo in 409 women with breast cancer
undergoing adjuvant taxane-based chemotherapy. Unexpectedly and
alarmingly, a statistically significant increase in CIPN was reported in
patients receiving ALC (P � .01) at 24 weeks, although no difference
was observed at 12 weeks, the primary outcome of the trial. This is the
first trial to support that a nutritional supplement increased CIPN.57

Five remaining trials considered the prophylactic effect of nutri-
tional supplements on CIPN. One pilot trial,24 investigating long-
term supplementation with glutamate for the prevention of CIPN in
43 women with ovarian cancer, failed to show a benefit in patients
receiving the supplement compared with placebo controls. Another
pilot study28 investigating the efficacy of glutamine found that oral
glutamine significantly reduced the incidence and severity of CIPN in
86 patients receiving oxaliplatin. However, this study was neither
blinded nor placebo controlled, thus these findings should be inter-
preted with caution. A trial of 57 patients with breast cancer examined
the efficacy of omega-3 fatty acids for the prevention of paclitaxel-
induced neurotoxicity,58 reporting a significant difference in CIPN
incidence favoring patients in the omega-3 fatty acids arm over those
in the placebo arm (odds ratio � 0.3; 95% CI, 0.10 to 0.88, P � .029).
This promising-appearing result has not been replicated. A placebo-
controlled trial59 evaluating all-trans retinoic acid (20 mg/m2/d) in 95
patients with non–small-cell lung cancer found a trend toward a lower
rate of � grade 2 neuropathy (P � .056) and axonal degeneration, as
demonstrated by nerve conduction velocity (P � .05) in the all-trans
retinoic acid group. In 2011, Nishioka et al34 reported on the efficacy
of the Kampo medicine, goshajinkigan (GJG), for peripheral neurop-
athy associated with oxaliplatin therapy. Among 45 patients with
colorectal cancer randomized to oral GJG or an unblinded control
arm, the incidence of grade 3 peripheral neuropathy in the GJG group
was significantly lower than in the control group (P � .01). No other
reports regarding GJG are available. In the final trial, Gandara et al60

failed to demonstrate a significant chemoprotective effect against
cisplatin-induced toxicities with diethyldithiocarbamate (DDTC) in
221 patients; in addition this therapy was associated with increased
treatment toxicities and lower levels of cisplatin administration.

Clinical Interpretation

To date, trials of agents used in cancer patients for the prevention of
CIPN have not shown any consistent and/or conclusive clinically
meaningful benefits when compared with placebo controls. The
strength of the evidence for venlafaxine was inadequate and thus
not strong enough to recommend it for use in routine clinical
practice (Table 3). This result is consistent with the systematic
Cochrane review on the treatment of platinum drug–induced pe-
ripheral neurotoxicity.61 Additional work evaluating venlafaxine
would be welcomed.

TREATMENT

Trial Results

Six trials investigated antidepressants, anticonvulsants, and a topical
gel for the treatment of CIPN62-67 (Table 4).

Smith et al62 studied the effect of duloxetine in a randomized,
placebo-controlled, cross-over trial of 231 patients with CIPN. Pa-
tients received 30 mg of duloxetine or placebo for the first week and
60 mg of duloxetine or placebo for 4 more weeks. Patients who
received duloxetine reported a significant decrease in average pain
compared with those who received placebo (P � .003). In addition
to a decrease in pain, data from the trial also supported that
duloxetine decreased numbness and tingling symptoms. Results
from an exploratory subgroup analysis suggest that duloxetine may
be more efficacious for oxaliplatin-induced, as opposed to
paclitaxel-induced, painful neuropathy.

Two small trials65,66 investigated the efficacy of the tricyclic anti-
depressants amitriptyline (target maximum dose of 50 mg/d) and
nortriptyline (target maximum dose of 100 mg/d) in treatment of
CIPN. These trials failed to demonstrate any significant improve-
ments in patient-reported sensory symptoms or QOL, as measured by
the European Organisation for the Research and Treatment of Cancer
(EORTC) Quality of Life Questionnaire–Core 3066 and a horizontal
visual analog scale.65 One trial66 terminated patient recruitment early
as a result of poor recruitment rates. Similarly, two trials63,64 evaluat-
ing the effects of anticonvulsants on CIPN were unable to demonstrate
any benefit for either gabapentin at a target dose of 2,700 mg/d64 or
lamotrigine at a target dose of 300 mg/d.63 Primary outcome measures
in both studies included average pain as measured by a numerical
rating scale and the Eastern Cooperative Oncology Group neuropa-
thy scale.

Finally, one trial NCCTG N06CA,67 evaluated a compounded
topical gel treatment manufactured by Gateway Compounding Phar-
macy in Bismark, ND, each 1.31 g measured dose containing baclofen
(10 mg), amitriptyline HCL (40 mg), and ketamine (20 mg). In 208
randomly allocated patients, a trend was reported toward improve-
ments in the EORTC Quality of Life Questionnaire–Chemotherapy-
Induced Neuropathy 20 sensory subscale scores (P � .053), whereas a
significant improvement was reported in motor subscale scores
(P � .021).

Clinical Interpretation

Duloxetine is recommended for clinical practice in patients with pain-
ful CIPN, based on efficacy data from a large randomized placebo-
controlled trial,62 the results of which are consistent with the
established efficacy of duloxetine in patients with painful diabetic

Hershman et al
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Table 3. Summary of Recommendations

Interventions
Strength of

Recommendation
Strength of
Evidence Benefits Harms� Additional Comments

Prevention
Acetylcysteine Inconclusive Low Low Low One very small randomized trial looked promising.
Acetyl-L -carnitine Strong against High No evidence

of efficacy
High A phase III trial (N � 409) found no evidence of efficacy and

an unexpected increase in CIPN at 24 wk in active arm.
Amifostine Moderate against Intermediate Low Moderate While several trials supported that neuropathy might be a

little better with the active treatment arm, there was
substantial associated toxicity.

Amitriptyline Moderate against Intermediate No evidence
of efficacy

Moderate Negative, reasonably-sized phase III trial with significant
difference in toxicities.

Calcium and
magnesium

Moderate against High Low Low Negative large phase III trial (and 3 smaller placebo-controlled
trials) did not substantiate uncontrolled data reports and a
positive trial that was prematurely closed.

Carbamazepine/
oxycarbazepine

Inconclusive Low Low Low Two relatively small trials, one of which was neutral and one
of which suggested benefit, although with an unblinded
control arm.

Diethyldithio-
carbamate

Strong against Low No evidence
of efficacy

High Active treatment arm had more toxicity, more patients likely
to stop chemotherapy as a result of toxicity, and lower
cisplatin cumulative doses.

Glutamate/glutamine Inconclusive Low Low Low Two small- to moderate-sized trials, which suggested some
benefit in some measures of neuropathy.

Glutathione for
paclitaxel/carboplatin

Moderate against Intermediate Low Low One reasonably-sized trial which was convincingly negative.

Glutathione for
cisplatin or
oxaliplatin

Inconclusive Low Low Low Six small trials, five of which suggested benefit along with the trial
that looked at N-acetyl-cysteine (which increases serum
glutathione concentrations), detailed earlier in this table.

Goshajinkigan (Kampo
medicine)

Inconclusive Low Low Low Forty-five patient trial, with unblinded control arm, that
suggested benefit.

Nimodipine Strong against Low No evidence
of efficacy

Moderate Worse outcome for active arm.

Omega 3 Inconclusive Low Low Low 57 patient trial that supported benefit for the active treatment
arm.

Org 2766 Moderate against Intermediate Low Low Four reports regarding 3 small trials which suggested benefit
but negative results from 2 larger well conducted trials,
one of which reported worse outcome for active arm
(Roberts 1997).

Retinoic acid Moderate against Low Low Moderate One small RCT with unblinded control group and significant
difference in toxicities.

rhuLIF Moderate against Low No evidence
of efficacy

Low Worse neuropathy endpoints in the active therapy arm for
changes in velocity in the median nerve.

Venlafaxine Insufficient Intermediate Moderate Moderate A small randomized trial that was a mixture between a
prevention versus a treatment trial was associated with
many positive P values suggesting benefit.

Vitamin E Moderate against Intermediate Low Low While three small randomized trials were reported as
showing benefit, a larger phase III trial was convincingly
negative.

Treatment
Acetyl-L -carnitine Inconclusive Low Low Moderate While a positive phase III trial was reported in abstract form

only, note that a prevention trial was associated with more
neuropathy related to this agent.

Duloxetine Moderate for Intermediate Moderate Low Phase III trial positive, overall, for treatment of oxaliplatin or
paclitaxel neuropathy. Subset analysis suggested that
benefit may be primarily with oxaliplatin-induced
neuropathic pain.

Gabapentin Inconclusive Intermediate Low Low Single negative phase III trial, but data supportive of benefit
in other forms of neuropathy and clinical experience in
CIPN support further study and clinical consideration.

Lamotrigine Moderate against Intermediate No evidence
of efficacy

Low Negative phase III trial and data in non-CIPN neuropathy are
not impressive.

Nortriptyline/amitriptyline Inconclusive Intermediate Low Low Two small low-power phase III trials with numerical data
favoring the active treatment arms.

Topical amitriptyline,
ketamine,
� Baclofen

Inconclusive Intermediate Moderate Low Phase III trial of compounded topical preparation from
Gateway Compounding Pharmacy in Bismark, ND, that
delivered 1.31-gm dose containing amitriptyline HCl 40
mg, Baclofen 10 mg and ketamine 20 mg in a pluronic
lecithin organogel, with data suggesting that the active
arm decreased sensory neuropathy (P � .053) and motor
neuropathy (P � .021).

Abbreviations: CIPN, chemotherapy-induced neuropathy; RCT, randomized controlled trial.
�“Harms” are based only on the results of the specific clinical trials in the previous Tables and not on any other evaluations of the safety of these treatments.
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peripheral neuropathy. It is important to note that this trial predom-
inantly included patients with breast and gastrointestinal malignan-
cies with grade 1 or higher sensory neuropathy and a score of at least 4
on a scale of 0 to 10 representing average chemotherapy-induced pain
3 or more months after treatment completion. Like all clinical trials,
data showing a benefit for patients that do not match the study criteria
are not known. Exploratory subgroup analysis suggests that dulox-
etine may work better for oxaliplatin-induced, as opposed to
paclitaxel-induced, painful neuropathy. Ideally, all findings from this
trial should be confirmed. In the meantime, clinicians should be
prepared to weigh the recommendations for their individual patients
with the potential risks and adverse effects. Lamotrigine is not recom-
mended for clinical practice because of limited evidence of efficacy for
CIPN or other forms of neuropathy (and because there is a risk of
Stephens-Johnson syndrome associated with lamotrigine).

While none of the other studied compounds meet the criteria to
be formally recommended for clinical practice at this time, there are
three options that may be offered for patients despite not yet having
been proven to be helpful for CIPN. These options are (1) a tricyclic
antidepressant (such as nortriptyline); (2) gabapentin or another
medication with the same mechanism of action, pregabalin; and (3)
a compounded topical gel containing baclofen (10 mg), amitripty-
line HCL (40 mg), and ketamine (20 mg). The reasons to consider
these options are (1) the magnitude of the unmet need for treating
established CIPN, (2) methodological concerns about the quality
of the trials, and (3) the relative safety of these agents. However,
there are limitations to using these agents. First, the tricyclic agents
can cause toxicity, especially in elderly patients. Second, there is a
single negative randomized trial evaluating gabapentin for the
treatment of CIPN (which may have been underpowered and did
not have painful CIPN as the primary end point). Third, although
a trial of topical baclofen (10 mg), amitriptyline HCL (40 mg), and
ketamine (20 mg) decreased CIPN symptoms, this compounded
agent is not commercially available and can only be manufactured
by a compounding pharmacy. In addition, the long-term safety of
this preparation has not been established.

DISCUSSION

Unfortunately, these guidelines do not make any recommendations
for clinical practice regarding agents to prevent CIPN, other than
decreasing the dose or duration of an offending cytotoxic agent. With
regard to recommendations about the treatment of established CIPN,
these guidelines do make some treatment recommendations and con-
siderations (Table 3). This raises a reasonable question: why were these
guidelines developed?

The decision to develop these guidelines was based on the mag-
nitude of the clinical problem and the moderate body of work that has
been completed to understand potential means of preventing and/or
treating this prominent condition. These guidelines were designed to
portray the problem, provide a current and comprehensive eviden-
tiary base, and develop clinical recommendations for or against the use
of studied therapies.

In addition to the single positive recommendation for duloxetine
for the treatment of established CIPN pain, the conclusions of this
committee include recommendations about what should not be rou-
tinely used in practice, despite some initial promising studies suggest-

ing usefulness. A moderate recommendation is made against the use
of lamotrigine for the treatment of established CIPN, and moderate to
strong recommendations are made against the following agents for the
prevention of CIPN: ALC , amifostine, amitriptyline, intravenous
CaMg, DDTC, nimodipine, Org 2766, retinoic acid, rhuLIF, and vita-
min E.

The current work sets the stage for future guideline updates as
new evidence arises. As such, it is worthwhile to discuss thoughts
about future CIPN research. First, studies regarding the basic mecha-
nisms of CIPN are encouraged. The same is true regarding studies
related to the clinical manifestations and measurement of this prob-
lem. The identification of valid and reproducible tools to assess the
extent and severity of CIPN is needed to define the best end points for
clinical trials.3,4 Moreover, the recognition of differences between
patient-reported, clinician-reported, and objective outcomes should
be carefully considered.1,68-71 To this end, it is reasonable to summa-
rize current thoughts about how to measure CIPN, which is primarily
a sensory problem, in clinical trials. First, it is well accepted that
PRO measures of sensory CIPN are preferred over clinician-
determined assessments. Second, there are several PRO CIPN mea-
sures, which have strong psychometric properties, that have been
extensively studied, including the European Organisation for Re-
search and Treatment of Cancer Quality of Life Questionnaire-
Chemotherapy-Induced Peripheral Neuropathy 20 scale, the
Functional Assessment of Cancer Therapy/Gynecologic Oncology
Group Neurotoxicity tool, and the Total Neuropathy Score (a
mixture of PRO and physical examination measures).3,72-81 Lastly,
recent work comparing such tools does note that they each have
strengths and that no clear-cut winner can be declared.4,71

The identification of new agents to prevent and/or treat CIPN is
essential. An example of an agent that appears promising for the
potential prevention of CIPN is minocycline, primarily based on en-
couraging preclinical data.82-84 Also, the preliminary data supporting
that GSH may be helpful for platinum-caused neuropathy, reviewed
above, deserves further evaluation, despite a negative trial that was
unable to support the utility of GSH for the prevention of paclitaxel-
induced neuropathy. In addition, evidence supporting the potential
efficacy of venlafaxine for prevention of oxaliplatin-induced CIPN
provides a compelling impetus for further study of venlafaxine and/or
duloxetine for preventing CIPN.

More studies are also warranted to better define how individual
patient genetic variations may contribute to differences in the devel-
opment of CIPN.85 To this end, a research group sequenced 20,794
genes associated with heredity neuropathy from patients who had
received paclitaxel-based chemotherapy and reported that EPHA5,
ARHGEF10, and PRX are associated with the likelihood of developing
CIPN.86 Novel genetic markers of paclitaxel-induced sensory periph-
eral neuropathy have also been preliminarily identified and include a
common polymorphism in the congenital peripheral neuropathy
gene, FGD487 and the CYP2C8 gene, which is responsible for metab-
olizing paclitaxel,88 and the Fanconi anemia complementation group
of genes (FANCD2).89 Future identification of patients at an increased
risk of peripheral neuropathy may inform the use of alternative ther-
apy and/or the clinical management of this toxicity.87

With regard to potential study ideas for the treatment of estab-
lished CIPN, it could be argued that further study is needed to evaluate
the efficacy and safety of a number of topical therapies. Additional
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data regarding a topical gel treatment containing baclofen, amitripty-
line HCL, and ketamine for patients who have symptomatic CIPN
would be helpful. Another promising agent is topical menthol. Men-
thol is a topical cooling compound that selectively activates TRPM8
receptors, which are upregulated after sensory nerve injury. A phase II
clinical trial of topical 1% menthol in 29 patients with painful CIPN
showed that 83% demonstrated pain improvement after 4 to 6
weeks.90 A second open-label study of 1% topical menthol twice daily
in 27 patients with CIPN reported that 75% of the subjects had a 10%
decrease and 50% showed over 30% decrease in self-reported symp-
toms.91 This supports the further investigation of menthol for treating
established CIPN. Topical capsaicin preparations have also been used
to effectively treat peripheral neuropathic pain. However, evidence of
its effectiveness in CIPN has not yet been established. Trials investigat-
ing the efficacy of high-dose capsaicin preparations for severe CIPN
are of interest.

Given the prominent clinical use of gabapentin and pregabalin in
clinical practice, the demonstrated efficacy of these drugs for treating
other types of neuropathy pain, and that only one phase III trial has
been done in patients with established CIPN, another phase III trial of
either drug would also be of great value.

EXTERNAL REVIEW

A draft of the clinical practice guideline was reviewed by two Clinical
Practice Guideline Committee members and 12 Survivorship Guide-
line Advisory Group members. In addition to providing comment
and feedback, practitioners were asked to judge the evidence review
and agreement with the recommendations. One additional reviewer
was asked to assess the clarity of the recommendations and ease of
implementation. The evidence review was rated as high quality, and
there was high agreement with the substance of the recommendations.

The compounded topical baclofen-amitriptyline-ketamine gel
was identified as having barriers to implementation. The product was
created by one compounding pharmacy for a trial, and the combina-
tion is not US Food and Drug Administration approved. Lack of
insurance reimbursement for compounded products was also raised.
Although not a recommended treatment, the statement regarding the
topical gel as an option comes with a qualifier that specifies patients
should be informed about the limited scientific evidence, potential
harms, benefits, and costs.

RECOMMENDATIONS

The following recommendations are evidence based, informed by
generally small RCTs, and guided by clinical experience. Ratings for
benefits, harms, evidence quality, and recommendation strength are
provided in Table 3 (see Appendix Table A1 for rating definitions).

PREVENTION OF CIPN

There are no established agents recommended for the prevention of
CIPN in patients with cancer undergoing treatment with neurotoxic
agents. This is based on the paucity of high-quality, consistent evi-
dence and a balance of benefits versus harms.

Clinicians should not offer the following agents for the preven-
tion of CIPN to patients with cancer undergoing treatment with neu-
rotoxic agents:

● ALC
● amifostine
● amitriptyline
● CaMg for patients receiving oxaliplatin-based chemotherapy
● DDTC
● GSH for patients receiving paclitaxel/carboplatin chemotherapy
● nimodipine
● Org 2766
● all-trans retinoic acid
● rhuLIF
● vitamin E.

Venlafaxine is not recommended for routine use in clinical practice.
Although the venlafaxine data resulted in some support for its utility,
the data were not strong enough to recommend its use in clinical
practice until additional supporting data become available.

No recommendations can be made on the use of N-
acetylcysteine, carbamazepine, glutamate, GSH (for patients receiving
cisplatin or oxaliplatin-based chemotherapy), GJG, omega-3 fatty ac-
ids, or oxycarbazepine for the prevention of CIPN at this time.

TREATMENT OF CIPN

For patients with cancer experiencing CIPN, clinicians may
offer duloxetine

No recommendations can be made on the use of.
● ALC, noting that a positive phase III abstract supported its

value, but this work has not yet been published in a peer-
reviewed journal, and a prevention trial suggested that this
agent was associated with worse outcomes.

● Tricyclic antidepressants; however, based on the limited op-
tions that are available for this prominent clinical problem
and the demonstrated efficacy of these drugs for other neuro-
pathic pain conditions, it is reasonable to try a tricyclic anti-
depressant (eg, nortriptyline or desipramine) in patients
suffering from CIPN after a discussion with the patients about
the limited scientific evidence for CIPN, potential harms,
benefits, cost, and patient preferences.

● Gabapentin, noting that the available data were limited re-
garding its efficacy for treating CIPN. However, the panel felt
that this agent is reasonable to try for selected patients with
CIPN pain given (1) that only a single negative randomized
trial for this agent was completed, (2) the established efficacy
of gabapentin and pregabalin for other forms of neuropathic
pain, and (3) the limited CIPN treatment options. Patients
should be informed about the limited scientific evidence for
CIPN, potential harms, benefits, and costs.

● A topical gel treatment containing baclofen (10 mg), amitrip-
tyline HCL (40 mg), and ketamine (20 mg), noting that a
single trial supported that this product did decrease CIPN
symptoms. Given the available data, the panel felt that this
agent is reasonable to try for selected patients with CIPN pain.
Patients should be informed about the limited scientific evi-
dence for the treatment of CIPN, potential harms, benefits,
and costs.

Chemotherapy-Induced Neuropathy in Survivors of Adult Cancers

www.jco.org © 2014 by American Society of Clinical Oncology 23
Downloaded from jco.ascopubs.org on March 24, 2015. For personal use only. No other uses without permission.

Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



SPECIAL COMMENTARY

A number of nonpharmacologic interventions have been investigated
for their role in preventing or treating peripheral neuropathy. How-
ever, the paucity of RCT evidence prohibited inclusion of those studies
in this systematic review. Moreover, the studies were often conducted
in diabetic populations, with no specific focus on CIPN. Nevertheless,
several of the interventions have been tested in populations that in-
cluded patients with cancer experiencing CIPN and, as such, merit
further examination.

Evidence of the efficacy and effectiveness of one such interven-
tion, acupuncture, was systematically reviewed by Franconi et al for
the treatment of CIPN.92 Seven clinical studies of varying designs and
methodological rigor were identified. Although there were some indi-
cations of improvement in symptoms and pain scores in most in-
cluded studies, the current available evidence is limited. Evidence of
efficacy of electrocutaneous nerve stimulation in relieving refractory
chronic pain93 led investigators to test its potential in patients with
CIPN. A small pilot study specifically tested the MC5-A Calmare
device on 16 patients with refractory CIPN.94 The device, which is
hypothesized to provide ‘‘nonpain” information to the cutaneous
nerves to block the effect of pain, showed an improvement in pain
scores (59% reduction at 10 days, P � .001) with no reported adverse
effects. However, a placebo-controlled, randomized, small (14 total
patients) trial, published only as an abstract, was unable to demon-
strate a benefit for scrambler therapy.95 Randomized controlled eval-
uation of the efficacy of electrocutaneous nerve stimulation in CIPN is
ongoing. The use of other complementary or alternative medicine
modalities in patients with CIPN is expanding.96

PATIENT AND CLINICIAN COMMUNICATION

CIPN is a serious adverse effect of certain therapies that can interfere
with the efficacy of treatment and decrease quality of life. It is impor-
tant for the physician to initiate discussion of the potential for CIPN as
the patient, who can be overwhelmed by the cancer diagnosis and
treatment regimen, may not want to burden the clinician with addi-
tional concerns and they may think that early CIPN symptoms are
imaginary. Indeed, the patient may not recognize the potential for
more permanent damage. Therefore, it is important that the clinician
address the potential intensity and symptomatic variants of CIPN.
Also, because there is opportunity to decrease the CIPN if it is reported
and recognized early, the clinician needs to be alert to its genesis. This
might be accomplished by an initial discussion with the patient of the
potential for CIPN followed by regular symptomatic assessments. If a
numeric scale is used, it is important to augment the scale number
with discussion of the actual symptoms and their impact on quality of
life. While there may be instances where CIPN must be tolerated,
because of limited treatment choices, there are other instances where,
with early recognition and intervention, the treatment regimen can be
changed to obviate the adverse effect.

HEALTH DISPARITIES

A growing body of evidence is surfacing that suggests patients of
African American descent are at a significant increased risk of taxane-

induced neuropathy. Data from breast cancer trials have recently put
the risk of CIPN in black women at double that of white women
(hazard ratio � 2.1; P � 4.5 �10�11).97 This evidence has also been
supported in a retrospective cohort98 study of 260 women (27% black)
receiving paclitaxel for nonmetastatic breast cancer. Black race was the
only statistically significant independent risk factor for dose-limiting
CIPN. Compared with whites, black women had a greater than 3-fold
increased risk of dose-limiting CIPN (hazard ratio � 3.35; 95% CI,
1.54 to 7.28). Clinicians need to be made aware of such emerging data
supporting racial differences in susceptibility, onset, and severity in
order to allow for appropriate management strategies and continued
adherence to crucial chemotherapy treatments.98

MULTIPLE CHRONIC CONDITIONS

Creating evidence-based recommendations to inform treatment of
patients with additional chronic conditions, a situation in which the
patient may have 2 or more such conditions—referred to as multiple
chronic conditions (MCC)—is challenging. Patients with MCC are a
complex and heterogeneous population, making it difficult to account
for all of the possible permutations to develop specific recommenda-
tions for care.99 In addition, the best available evidence for treating
index conditions, such as cancer, is often from clinical trials whose
study selection criteria may exclude these patients in order to avoid
potential interaction effects or confounding of results associated with
MCC. As a result, the reliability of outcome data from these studies
may be limited, thereby creating constraints for expert groups to make
recommendations for care in this heterogeneous patient population.

As many patients for whom guideline recommendations apply
present with MCC, any management plan needs to take into account
the complexity and uncertainty created by the presence of MCC and
highlight the importance of shared decision making around guideline
use and implementation. Indeed, cancer survivors with pre-existing
conditions may be predisposed or more vulnerable to the develop-
ment of neuropathy. Conditions reported to be associated with an
increased risk include diabetes, alcoholism, nonalcoholic liver disease,
amyloidosis, HIV, peripheral vascular disease, and nutritional defi-
ciencies.77,100 Therefore, in consideration of recommended care for
the target index condition, clinicians should review all other chronic
conditions present in the patient and take those conditions into ac-
count when formulating the treatment and follow-up plan.

Taking the above considerations into account, practice guide-
lines should provide information on how to apply the recommenda-
tions for patients with MCC, perhaps as a qualifying statement for
recommended care. This may mean that some or all of the recom-
mended care options are modified or not applied, as determined by
best practice in consideration of any MCC.

GUIDELINE IMPLEMENTATION

ASCO guidelines are developed for implementation across health
settings. Barriers to implementation include the need to increase
awareness of the guideline recommendations among front-line prac-
titioners and cancer survivors, and also to provide adequate services in
the face of limited resources. The guideline Bottom Line was designed
to facilitate implementation of recommendations. This guideline will
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be distributed widely through the ASCO Practice Guideline Imple-
mentation Network. ASCO guidelines are posted on the ASCO Web
site and most often published in Journal of Clinical Oncology and
Journal of Oncology Practice.

LIMITATION OF THE RESEARCH AND FUTURE DIRECTIONS

ASCO believes that cancer clinical trials are vital to inform medical
decisions and improve cancer care, and that all patients should have
the opportunity to participate. The development of a comprehensive
and standardized approach to the assessment of CIPN is still necessary
to ensure the reliable and valid acquisition of data, will which allow
clinicians to better recognize, understand, and respond to CIPN. Fur-
thermore, since most studies tested interventions for paclitaxel- or
oxaliplatin-induced CIPN, large, methodologically rigorous trials
evaluating the prevention and treatment of CIPN caused by other
neurotoxic drugs (eg, bortezomib, vinca alkaloids, nab-paclitaxel, do-
cetaxel, cisplatin, thalidomide/lenalidomide) are still needed to ensure
availability of evidence on which future clinical decisions can be based.
Finally, many of the studies reviewed did not consistently report the
adverse effects of the tested agents (see Data Supplement for Table 5:
Data on Adverse Events). This is an important missing component
that is indispensable for both physicians and patients in making in-
formed decisions about management of CIPN and should be reported
in all future trials.

ADDITIONAL RESOURCES

Additional Information including data supplements, evidence tables,
and clinical tools and resources can be found at http://www.asco.org/

guidelines/neuropathy. Patient information is available there and
at www.cancer.net.
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Appendix

Table A1. Guide for Rating Recommendations and Strength of Evidence

Parameter Definition

Type of recommendation
Evidence based There was sufficient evidence from published studies to inform a recommendation to guide clinical practice.
Formal consensus The available evidence was deemed insufficient to inform a recommendation to guide clinical practice. Therefore, the expert Panel

used a formal consensus process to reach this recommendation, which is considered the best current guidance for practice.
The Panel may choose to provide a rating for the strength of the recommendation (i.e., “strong,” “moderate,” or “weak”). The
results of the formal consensus process are summarized in the guideline and reported in an online data supplement.

Informal consensus The available evidence was deemed insufficient to inform a recommendation to guide clinical practice. The recommendation is
considered the best current guidance for practice, based on informal consensus of the expert Panel. The Panel agreed that a
formal consensus process was not necessary for reasons described in the literature review and discussion. The Panel may
choose to provide a rating for the strength of the recommendation (i.e., “strong,” “moderate,” or “weak”).

No recommendation There is insufficient evidence, confidence, or agreement to provide a recommendation to guide clinical practice at this time. The
Panel deemed the available evidence as insufficient and concluded it was unlikely that a formal consensus process would
achieve the level of agreement needed for a recommendation.

Rating for strength of
recommendation

Strong There is high confidence that the recommendation reflects best practice. This is based on: a) strong evidence for a true net effect
(eg, benefits exceed harms); b) consistent results, with no or minor exceptions; c) minor or no concerns about study quality;
and/or d) the extent of panelists’ agreement. Other compelling considerations (discussed in the guideline’s literature review and
analyses) may also warrant a strong recommendation. Furthermore, the balance of benefits versus harms substantially favors
the benefits and most patients would want the intervention.

Moderate There is moderate confidence that the recommendation reflects best practice. This is based on: a) good evidence for a true net
effect (eg, benefits exceed harms); b) consistent results, with minor and/or few exceptions; c) minor and/or few concerns about
study quality; and/or d) the extent of panelists’ agreement. Other compelling considerations (discussed in the guideline’s
literature review and analyses) may also warrant a moderate recommendation. Most patients would want the intervention, but
many would not.

Weak There is some confidence that the recommendation offers the best current guidance for practice. This is based on: a) limited
evidence for a true net effect (eg, benefits exceed harms); b) consistent results, but with important exceptions; c) concerns
about study quality; and/or d) the extent of panelists’ agreement. Other considerations (discussed in the guideline’s literature
review and analyses) may also warrant a weak recommendation. Some patients would want the intervention, some would not.
Shared decision-making that incorporates benefits and risks is necessary.

Rating for strength of
evidence

Definition

High High confidence that the available evidence reflects the true magnitude and direction of the net effect (i.e., balance of benefits
versus harms) and further research is very unlikely to change either the magnitude or direction of this net effect.

Intermediate Moderate confidence that the available evidence reflects the true magnitude and direction of the net effect. Further research is
unlikely to alter the direction of the net effect however it might alter the magnitude of the net effect.

Low Low confidence that the available evidence reflects the true magnitude and direction of the net effect. Further research may
change either the magnitude and/or direction this net effect.

Insufficient Evidence is insufficient to discern the true magnitude and direction of the net effect. Further research may better inform the
topic. The use of the consensus opinion of experts is reasonable to inform outcomes related to the topic.

Inconclusive There is conflicting evidence of effectiveness and further research is needed to inform the topic.

Hershman et al

28 © 2014 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Downloaded from jco.ascopubs.org on March 24, 2015. For personal use only. No other uses without permission.
Copyright © 2014 American Society of Clinical Oncology. All rights reserved.



Table A2. Expert Panel Membership

Member Affiliation

Charles Loprinzi, MD (Co-chair), medical oncology Mayo Clinic
Dawn Hershman, MD (Co-Chair), medical oncology Columbia University Medical Centre
Maryam Lustberg, MD, medical oncology Ohio State University
Tom Smith, MD, medical oncology Johns Hopkins
Nina Wagner-Johnston, MD, medical oncology Washington University
Judith Paice, PhD, nursing Northwestern University
Ellen Smith, PhD, nursing University of Michigan
Robert H. Dworkin, PhD, pain research University of Rochester
Bryan Schneider , MD, medical oncology, genetics Melvin and Bren Simon Cancer Center, Indiana University
Jonathan Bleeker, MD, oncology Mayo Clinic
Shelby Terstriep, MD, oncology Sanford Roger Maris Cancer Center
Guido Cavaletti, MD, neurology University of Milano-Bicocca, Italy
Patrick Gavin, RPh, Alliance patient advocate/pharmacist Patrick Gavin R.Ph. Consulting LLC
Cynthia Chauhan, patient advocate The Mayo Clinic Breast SPORE
Mary Lou Smith, patient advocate Research Advocacy Network
Antoinette Lavino, RPh., BCOP, oncology pharmacist, PGIN member Massachusetts General North Shore Cancer Center Massachusetts

NOTE. Staff: Christina Lacchetti, MHSc, and Kate Bak, MSc, Practice Guidelines Specialists, American Society of Clinical Oncology.

Table A3. Literature Search Strategy

Search Strategy

1 exp Neoplasms/(5517150)
2 cancer$.mp. (2892023)
3 or/1-2 (5917802)
4 neuropath$.mp. (283232)
5 CIPN.mp. (258)
6 or/4-5 (283246)
7 3 and 6 (46,425)
8 (randomized controlled trial or controlled clinical trial or clinical trial).pt. (627101)
9 (meta-analysis or meta analysis or meta-analyses or meta analyses or meta-analyzed or meta-analysed or systematic-review).pt. (39,407)

10 or/8-9 (665901)
11 7 and 10 (1454)
12 (letter or editorial or comment$).pt. (2422407)
13 (case review or case report or case series).ti. (333931)
14 (infant or child or children or adolescent or pediatric or peadiatric).ti. (1246702)
15 (diabetic$ or diabetes or arthritis or stem cell).ti. (715227)
16 or/12-15 (4573330)
17 11 not 16 (1397)
18 limit 17 to english language (1334)
19 limit 18 to human 
Limit not valid in AMED; records were retained� (1333)
20 limit 19 to yr � �1990 -Current� (1278)
21 limit 20 to humans 
Limit not valid in AMED; records were retained� (1278)
22 remove duplicates from 21 (1252)

NOTE. Database: Ovid MEDLINE (1946 to April Week 2 2013), EMBASE (1980 to 2013 wk 16), AMED (Allied and Complementary Medicine; 1985 to April 2013).
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Table A4. Definitions for Rating Potential for Risk of Bias

Rating of Potential for Bias Definitions for Rating Potential for Risk of Bias in Randomized Controlled Trials

Low No major features in the study that risk biased results and none of the limitations are thought to decrease the validity
of the conclusions. The study avoids problems such as failure to apply true randomization, selection of a
population unrepresentative of the target patients, high dropout rates, and no intention-to-treat analysis, and key
study features are described clearly (including the population, setting, interventions, comparison groups,
measurement of outcomes, and reasons for dropouts).

Intermediate The study is susceptible to some bias, but flaws are not sufficient to invalidate the results. Enough of the items
introduce some uncertainty about the validity of the conclusions. The study does not meet all the criteria required
for a rating of good quality, but no flaw is likely to cause major bias. The study may be missing information,
making it difficult to assess limitations and potential problems.

High There are significant flaws that imply biases of various types that may invalidate the results. Several of the items
introduce serious uncertainty about the validity of the conclusions. The study has serious errors in design, analysis,
or reporting; large amounts of missing information; or discrepancies in reporting.
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