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ABSTRACT

Objective: To assess the design characteristics and reporting quality of published randomized
controlled trials (RCTs) for treatments of chemotherapy-induced peripheral neuropathy (CIPN) ini-
tiated before or during chemotherapy.

Methods: In this systematic review of RCTs of preventive or symptomatic pharmacologic treat-
ments for CIPN initiated before or during chemotherapy treatment, articles were identified by up-
dating the PubMed search utilized in the CIPN treatment guidelines published in the Journal of
Clinical Oncology in 2014.

Results: Thirty-eight articles were identified. The majority included only patients receiving plati-
num therapies (61%) and used a placebo control (79%). Common exclusion criteria were preex-
isting neuropathy (84%), diabetes (55%), and receiving treatments that could potentially improve
neuropathy symptoms (45%). Ninety-five percent of studies initiated the experimental treatment
before CIPN symptoms occurred. Although 58%of articles identified a primary outcomemeasure
(POM), only 32% specified a primary analysis. Approximately half (54%) of the POMs were
patient-reported outcome measures of symptoms and functional impairment. Other POMs
included composite measures of symptoms and clinician-rated signs (23%) and vibration tests
(14%). Only 32% of articles indicated how data from participants who prematurely discontinued
chemotherapy were analyzed, and 21% and 29% reported the number of participants who dis-
continued chemotherapy due to neuropathy or other/unspecified reasons, respectively.

Conclusions: These data identify reporting practices that could be improved in order to enhance
readers’ ability to critically evaluate RCTs of CIPN treatments and use the findings to inform the
design of future studies and clinical practice. Reporting recommendations are provided.
Neurology® 2017;89:859–869

GLOSSARY
ASCO 5 American Society of Clinical Oncology; CIPN 5 chemotherapy-induced peripheral neuropathy; ClinRO 5 clinician-
reported outcome; EORTC-CIPN20 5 European Organisation for Research and Treatment of Cancer–Chemotherapy-
Induced Peripheral Neuropathy 20; HR-QOL 5 health-related quality of life; NCI-CTCAE 5 National Cancer Institute’s
Common Terminology Criteria for Adverse Events grading system; POM 5 primary outcome measure; PRO 5 patient-
reported outcome; RCT 5 randomized controlled trial.

Chemotherapy-induced peripheral neuropathy (CIPN) is a common and often dose-limiting
side effect of certain types of cancer chemotherapy (e.g., platinum agents, taxanes, and vinca
alkaloids). In some cases, CIPN can persist well after the termination of chemotherapy and
impair cancer survivors’ health-related quality of life (HR-QOL).1–3 A recently published treat-
ment guideline concluded that insufficient evidence is available to recommend any treatments
for CIPN prevention.4 The lack of effective evidence-based treatments for CIPN that occurs
during chemotherapy highlights the need for high-quality clinical trials to identify interventions
that can prevent or treat this condition.
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Randomized controlled trials (RCTs) de-
signed to investigate the efficacy of agents to
prevent CIPN or treat it while patients are still
receiving chemotherapy are methodologically
challenging. Neurotoxic chemotherapy is
administered in discrete doses over time and
both the cumulative dosage of chemotherapy
and the time since the last dose of chemother-
apy affect neuropathy severity.5–7 Patients
often experience dosage reductions, delays, or
early terminations of their planned chemo-
therapy because of neuropathy, other
chemotherapy-induced symptoms, or cancer
progression. These alterations in planned dos-
ing regimens can have a significant effect on
the severity of CIPN if it is assessed at specific
times after the initiation of chemotherapy.
Therefore, alterations in chemotherapy regi-
mens can lead to additional variability in the
trial outcome that is not due to the experimen-
tal treatment, a phenomenon that the RCT is
designed to minimize.8 These challenges can
introduce bias, possibly leading to invalid
results.

Another challenge of evaluating treatments
for CIPN is the fact that it is a multisymptom
condition with different presentations.
Although there are common symptoms and
signs that many patients experience (e.g., pain,
tingling, balance difficulties, sensory loss), the
relative severity of the symptoms and signs
varies among patients. Some symptoms are
more common with specific types of chemo-
therapy agents.7 Unless the experimental treat-
ment is targeted toward a specific neuropathic
symptom (e.g., pain), the trial outcomes must
address multiple symptoms or signs. This can
be achieved by including multiple outcome
measures that assess individual symptoms or
signs or a composite outcome measure that
summarizes multiple symptoms or signs as-
sessments in a single score. The former
approach poses certain statistical challenges,
whereas the latter can mask a specific treat-
ment effect if only a subset of symptoms is
affected by the treatment. These and other
challenges confronted when designing RCTs
to evaluate treatments for CIPN during che-
motherapy are summarized in figure 1.

The goals of this systematic review were to
(1) summarize the important experimental

design characteristics of RCTs evaluating in-
terventions to prevent and treat CIPN during
chemotherapy and (2) evaluate the clarity of
reporting of these trials. By highlighting
opportunities for standardization and
improvement in future trial design and report-
ing, we hope to expedite discovery of new in-
terventions to prevent or treat CIPN during
chemotherapy.

METHODS Article identification. Reports of RCTs investi-
gating pharmacologic treatments for CIPN administered before

or during chemotherapy published before April 2013 were iden-

tified using the articles reviewed in the American Society of Clin-

ical Oncology (ASCO) practice guidelines.4 To update the list of

trials, the search reported in the guidelines was repeated in

PubMed by a librarian (including January 2013 and November

2015) (appendix e-1 at Neurology.org). Two authors (J.S.G. and

R.A.K.) screened the search results. Included articles reported an

RCT investigating pharmacologic treatments for CIPN that were

initiated before or during chemotherapy and included either

a placebo or no treatment control group. Articles in which the

main focus was not CIPN were excluded. Articles that included

a mix of patients who were still receiving chemotherapy and in-

dividuals who were no longer receiving chemotherapy were

excluded.

Data extraction. A coding manual (appendix e-2) was devel-

oped to evaluate key design features and the adequacy of report-

ing of CIPN clinical trials conducted during chemotherapy,

including outcome measures, eligibility criteria, timing of treat-

ment and assessments, and analysis of data from participants

who discontinued or altered the planned chemotherapy regimen

during the study. The coding manual was pretested using reports

of RCTs of chemotherapy-induced nausea. The manual was

tested and modified for clarity in 3 coding rounds. The list of

CIPN RCTs was randomized and each article was coded by 2

authors (J.S.G. and R.A.K.). After the articles were coded inde-

pendently, J.S.G. adjudicated discrepancies (e.g., coding errors)

in the data.

Descriptive statistics were used to summarize trial character-

istics (e.g., publication year and sponsorship), design features

(e.g., sample sizes, eligibility criteria, and timing of treatment ini-

tiation), and the adequacy of reporting of statistical details (e.g.,

specification and description of primary outcome measure

[POM] [i.e., instruments used to assess neuropathy], primary

endpoints [i.e., outcome variables derived from the instrument,

for example, grade 2 neuropathy], and analyses, methods to

accommodate missing data, and how participants who discontin-

ued chemotherapy during the study were considered in the anal-

yses). RCTs that initiated the experimental treatment prior to the

development of neuropathy symptoms were considered preven-

tive. RCTs that enrolled patients after CIPN symptoms devel-

oped were considered symptomatic treatment trials. Results for

the prevention and symptomatic treatment trials are presented

together unless otherwise noted. Trials were considered to have

industry sponsorship if industry provided funds or supplied drugs

for the studies.

RESULTS Search results. Of the 297 records identi-
fied in PubMed, 251 and 36 were excluded based
on the title and abstract, respectively. An additional
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5 were excluded after full text review: 3 were dupli-
cates that were identified in the ASCO treatment
guidelines,4 1 was not focused on CIPN, and 1 eval-
uated chemotherapy toxicity, not a CIPN interven-
tion. An additional 33 articles were included from the
ASCO treatment guidelines, resulting in 38 included
articles (figure 2, appendix e-3).

Coder discrepancies. In total, 3,237 items were coded
and 243 (7.5%) discrepancies occurred and were

adjudicated by J.S.G. with consultation from M.P.M.
when necessary. Of the 243 discrepancies, 220
(91%) were obvious oversights by one of the coders
and 23 were due to differences in interpretation.

Trial characteristics. Thirty-six (95%) of the included
studies initiated the experimental treatment before
CIPN symptom onset (i.e., used a prevention design)
(table 1). Twenty-eight (78%) of the prevention ar-
ticles clearly reported when the experimental

Figure 1 Methodologic challenges in designing randomized controlled trials to evaluate efficacy of preventive
and acute symptomatic treatments for chemotherapy-induced peripheral neuropathy (CIPN)
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treatment was initiated in relation to chemotherapy
initiation. Twenty-three (61%) of the articles speci-
fied that the experimental treatment was initiated
prior to or on the same day as the initial chemo-
therapy infusion. The amount of time, when
described, ranged from “immediately before” to 4
hours before (n 5 11 [48%]); between 1 day and 1
week before (n 5 5 [22%]); the same day as the
chemotherapy dose (n 5 5 [22%]); and “any time
before the first chemotherapy dose” (n 5 1 [4%]).
Three trials allowed some flexibility in the timing of
treatment initiation (e.g., “As close as possible to the
beginning of chemotherapy”).

Almost half (42%) of the trials reported some
industry sponsorship; 24% failed to indicate anything
regarding funding source. CIPN from platinum
agents was most commonly studied (table 1). Forty
percent of articles stated that only patients receiving 1
planned chemotherapy regimen (i.e., 1 or a combina-
tion of agents administered using a single dosing

protocol) were eligible. Approximately one-third of
the trials included only gastrointestinal cancers and
16% included only ovarian cancer. Forty percent of
the trials included both early and late-stage cancer
patients, while 21% only included patients with
advanced cancer. Seventy-nine percent of the trials
included a placebo control; 21% included a control
group that received no intervention (table 1). The
most common exclusion criterion was preexisting
neuropathy (84%). Other common exclusion criteria
included diabetes (55%), use of agents thought to
possibly improve neuropathy symptoms (45%), and
previous neurotoxic chemotherapy (37%) (table 1).

Timing of assessments. Table 1 outlines the treatment
schedules used in the trials. Thirty-two (89%) of the
prevention articles reported an assessment of neu-
ropathy at baseline, which occurred before initiation
of the experimental treatment and before or shortly
after initiation of chemotherapy. Thirteen (34%) ar-
ticles reported assessments of neuropathy after the
cessation of chemotherapy (i.e., chronic CIPN). The
longest time that elapsed between the end of che-
motherapy and neuropathy assessments was 1 month
(n5 2), 3 months (n5 6), 6 months (n5 2), and 24
months (n 5 1). Eight trials terminated the experi-
mental CIPN treatment prior to the final neuropathy
assessment. Two of the remaining 30 articles pro-
vided a justification for not assessing neuropathy after
cessation of chemotherapy and the experimental
treatment. These justifications included rapid disease
progression in the participants and early termination
of the study. For the assessments made during che-
motherapy, 10 (26%) articles reported some
description of the timing of the neuropathy assess-
ments in relation to when the chemotherapy doses
were administered. Of those 10, 8 stated that the
measurements were made prior to the chemotherapy
cycle and 2 indicated the specific days after each
chemotherapy dose at which the measurements were
made (e.g., days 1 through 5 post chemotherapy
infusion).

Outcome measures and analyses. Twenty-two (58%) ar-
ticles specified a POM, 20 (53%) identified a primary
endpoint, and 12 (32%) identified the primary anal-
ysis or analyses (including the groups to be compared
and statistical test used) (table 2). Only 10 articles
reviewed identified a single primary analysis. Of the
remaining 28 articles, only 1 article mentioned an
adjustment for multiplicity in the efficacy analyses.
This article identified 2 primary analyses and adjusted
for those 2 comparisons using the Bonferroni
method.

POMs that were used in more than 1 trial
included the National Cancer Institute’s Common
Terminology Criteria for Adverse Events grading

Figure 2 Preferred Reporting Items for Systematic Reviews andMeta-Analyses
diagram

ASCO 5 American Society of Clinical Oncology; CIPN 5 chemotherapy-induced peripheral
neuropathy; RCT 5 randomized clinical trial.
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system (NCI-CTCAE)9 (n 5 4 [18%]), a version of
the Total Neuropathy Score10,11 (n 5 3 [14%]),
a vibration test (n 5 3 [14%]), and the European
Organisation for Research and Treatment of
Cancer–Chemotherapy-Induced Peripheral Neurop-
athy 20 (EORTC-CIPN20) (sensory subscale)12 (n5
2 [9%]) (table 3). Only the single trial evaluating
a treatment for acute CIPN symptoms used a primary
outcome measure focused primarily on pain (i.e., the
Neuropathic Pain Symptom Inventory13). The most
common primary endpoints included the occurrence
of grade 2 neuropathy as defined by the NCI-
CTCAE (n5 4), the occurrence of neuropathy mea-
sured using composite measure of symptoms and
signs (n 5 3), and vibration threshold measured at
the completion of chemotherapy (n 5 3) (table 2).

Thirty-six articles reported non-POMs (i.e., sec-
ondary outcome measures in articles that identified
a POM and all outcome measures in articles that
did not identify a POM). The most common non-
POM was the NCI-CTCAE9 (n 5 13 [36%]) (table
3). When considering all POMs and non-POMs, 15
(40%) articles reported only symptom measures, 6
(16%) reported both measures of symptoms and
signs, 5 (13%) reported symptom measures and elec-
trophysiology outcomes, 2 (5%) reported only sign
outcomes, 2 (5%) reported symptom and objective
function measures (e.g., pegboard test), 2 (5%) re-
ported measures of symptoms and signs and electro-
physiology outcomes, and 3 (8%) reported
a symptom/sign composite measure with (1) sign
measures, (2) electrophysiology outcomes, or (3)
symptom and sign measures and electrophysiology
outcomes. Pain was reported or analyzed separately
from other symptoms in 10 articles. These pain as-
sessments were frequently based on a single item from
a composite outcome measure, grading system, or
neurologic examination (n 5 7).

Twenty-two (58%) articles mentioned some
assessment of cancer progression in the trial. Ten
stated that that no difference between groups in dis-
ease progression was detected. Twelve provided amea-
sure of disease progression for each treatment group,
5 of which also stated that no difference was detected
between the groups. Only one article provided tumor
response rates by group, but acknowledged that due
to the small sample size, the data could not support
definitive conclusions regarding the effect of the
experimental treatment on the efficacy of the
chemotherapy.

Only 12 (32%) articles indicated how data from
participants who discontinued chemotherapy prema-
turely were handled in the analyses or that all partic-
ipants completed the prescribed chemotherapy
regimen. Excluding patients from the analyses unless

Table 1 Trial characteristics

Characteristics
No. (%), median
(IQR)

Publication year 2009 (2005–2012)

Participants 68 (39–150)

Design

Prevention 36 (95)

Treatment 2 (5)

Sponsor

Industry 14 (36)

Government 6 (16)

Some combination of government, institutional funds,
or professional society

8 (21)

Nonprofit organization 1 (2.5)

Specifically state no funding provided 1 (2.5)

Not reported 9 (24)

Type of chemotherapy

Platinum agent 23 (61)

Platinum agent or taxane 5 (13)

Taxane 3 (8)

Vinca alkaloid 3 (8)

Platinum agent, taxane, or vinca alkaloid 2 (5)

Bortezomib 1 (3)

Sagopilone 1 (3)

Type of cancer

Gastrointestinal 13 (34)

Ovarian 6 (16)

Hematologic 4 (11)

Breast 2 (5)

Various solid tumors 9 (24)

Combination of 2 different cancers (e.g., ovarian and prostate) 4 (11)

Cancer severity

Early and advanced 15 (40)

Advanceda 8 (21)

Not reported 15 (40)

Experimental CIPN treatment administration method

Oral 22 (58)

IV 11 (29)

Subcutaneous 5 (13)

Type of control

Inactive placebo 29 (76)

Active placebob 1 (3)

No treatment control 8 (21)

Common exclusion criteria

Preexisting neuropathy 32 (84)

Diabetes 21 (55)

Analgesics of other treatments thought to alter neuropathy 16 (42)

Continued
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they reached a minimum cumulative dosage of
chemotherapy occurred most commonly (n 5 6;
table 3).

DISCUSSION This systematic review identified
common features among the research designs of trials
evaluating treatments for CIPN administered during
chemotherapy. For example, all but 2 of the trials
began the experimental treatment before any neurop-
athy symptoms appeared, focusing on evaluation of
the preventive efficacy of the intervention. A large
majority of trials excluded patients with preexisting
neuropathy. In contrast, two-thirds only assessed
the ability of the treatment to prevent/treat CIPN
symptoms occurring during chemotherapy while the
experimental treatment was still being administered,
a method that cannot distinguish preventive from
symptomatic effects. Twenty percent assessed neu-
ropathy symptoms following the cessation of che-
motherapy and the experimental CIPN treatment,
a method that allows evaluation of preventive effects
if it can be assumed that symptomatic benefits have
not persisted.

Only 10 of the articles provided any description of
when the neuropathy assessments that occurred dur-
ing chemotherapy were made in relation to chemo-
therapy treatments. Eight trials assessed the severity
of neuropathy before the chemotherapy cycles, there-
fore evaluating subacute neuropathy symptoms that
gradually increase with increasing cumulative dosages
of neuropathy. Two trials measured neuropathy on

days 1 through 5 after chemotherapy infusions, thus
evaluating acute CIPN, occurring directly after each
infusion. The remaining 28 articles did not indicate
when in relation to chemotherapy the neuropathy as-
sessments were made. This could simply reflect
unclear reporting and not necessarily a lack of stan-
dardization of assessments. However, it does high-
light the importance of standardizing the timing of
assessments to ensure that subacute, acute, or both
types of neuropathy symptoms are being measured
consistently in clinical trials and that these symptoms,
which are likely to have highly variable severity, are
not analyzed together.

A variety of POMs and non-POMs were used to
assess the severity of neuropathy. Patient-reported
outcome (PRO) and clinician-reported outcome
(ClinRO) measures for peripheral neuropathy that
include both symptoms and signs have been devel-
oped for CIPN.14,15 However, no consensus exists
regarding which of these measures is best to address
a particular clinical trial objective. Moreover, few
studies have assessed their reliability and validity
or compared the performance of these measures.16,17

The lack of consensus regarding which measures of
CIPN best represent the various neuropathy symp-
toms and signs is reflected in the results of this sys-
tematic review, which demonstrate little consistency
across trials in the outcome measures used to assess
neuropathy. Consistent inclusion of a specific CIPN
measure in future RCTs and validation studies
would help to standardize CIPN measurement and
facilitate comparison across studies. Based on exist-
ing evidence,14 the current best candidate measure
to include in all studies is the EORTC-CIPN20;
however, future research to optimize this measure
is necessary. Furthermore, inclusion of the EORTC-
CIPN20 should not preclude the use of other
primary or secondary outcome measures that may
be useful for evaluating neuropathy from specific
chemotherapies or in response to specific interven-
tions. Finally, only 29% of articles identified a single
primary analysis or adjusted for multiple analyses.
Failure to prespecify a primary analysis can lead to
multiple analyses, with only those that support
the experimental treatment’s efficacy being re-
ported, increasing the chance of a false-positive
conclusion.18–20

Approximately one-third of the trials included
a general HR-QOL measure, highlighting the
importance of evaluating the effects of treatments
for CIPN on patients’ health HR-QOL. Interest-
ingly, only 2 trials included functional tests (e.g.,
pegboard or walking test). Furthermore, no studies
included a measure that specifically aims to investi-
gate the effects of CIPN symptoms on HR-QOL
that does not also include items rating symptom

Table 1 Continued

Characteristics
No. (%), median
(IQR)

Previous neurotoxic chemotherapy 14 (37)

Previous chemotherapy (type not specified) 11 (29)

Alcoholism 10 (26)

Minimum life expectancy 10 (26)

Previous radiation therapy 5 (13)

Timing of assessment

At particular cycle numbers (but not every cycle) 15 (42)

Every cycle 12 (33)

At specified weeks post chemotherapy initiation 6 (17)

After participant receives a prespecified cumulative dosage of
chemotherapy

2 (6)

Biweekly for some measures; only at study endpoint for other
measures

1 (3)

Not reported 2 (5)

Abbreviations: CIPN 5 chemotherapy-induced peripheral neuropathy; IQR 5 interquartile
range.
aCategorized as advanced if the trial included patients with metastatic or stage 2b, 3, or 4
cancers.
bReported as identical in “acidity and effects after injection” to the active treatment.
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severity. A measure targeted specifically at assessing
the effects of CIPN on HR-QOL could improve our
understanding of CIPN burden and improve

evaluation of the meaningfulness of changes in the
CIPN severity measured by the PROs and ClinROs
often used in RCTs.

Table 2 Primary outcome measures and endpoints

No. (%)

Primary outcome measuresa (of the 22 [58%] that identified a primary outcome measure)

NCI-CTCAE 4 (18)

TNS (original or reduced version) 3 (14)

Vibration test 3 (14)

EORTC-CIPN20 (sensory subscale) 2 (9)

Other PRO or ClinRO of symptoms or function related to neuropathyb 6 (27)

Other symptom/sign composite score 2 (9)

Response, defined as receipt of 6 cycles of chemotherapy without significant peripheral neuropathy
or impairments in electrophysiology

1 (5)

A composite score of results from nerve conductance test scores 1 (5)

Primary endpoints (of the 20 [53%] articles that identify a primary endpoint)

Occurrence of a grade 2 neuropathy using the NCI-CTCAE 4 (20)

Occurrence of neuropathy measured using a version of the TNS or PNP 3 (15)

Vibration threshold at completion of chemotherapy 3 (15)

Severity of neuropathy measured by the EORTC-CIPN20 or electrophysiology composite
score after specific number of chemotherapy cycles

2 (10)

AUC of neuropathy severity during chemotherapy measured by the EORTC-CIPN20 (sensory subscale) 2 (10)

Severity of neuropathy measured using the FACT/Ntx at a specific time point after initiation of chemotherapy 1 (5)

Response, defined as 100% relief of acute neuropathy symptoms on the NPSIc 1 (5)

Severity and occurrence of neuropathy 1 month after completion of chemotherapy, measured by the
TNS (both identified as primary)

1 (5)

Severity of author-developed symptom/sign composite score 3 months after completion of chemotherapy 1 (5)

Response, defined as receipt of 6 cycles of chemotherapy without significant peripheral neuropathy
or impairments in electrophysiology

1 (5)

Neuropathy-free interval, defined by the time receiving chemotherapy before the occurrence of bilateral
paresthesia rated as 3 or higher on a 0–10 NRS

1 (5)

Nonprimary outcome measures (of the 36 articles that reported nonprimary outcome measures)d

NCI-CTCAE 13 (36)

PRO or ClinRO of symptoms or function related to neuropathy (other than NCI-CTCAE) 15 (42)

QOL measures (not specific to neuropathy) 13 (36)

Sign outcomes (e.g., vibration, pinprick, reflex, nerve conductance) 13 (36)

Cumulative chemotherapy dosage received 11 (31)

No. of chemotherapy doses received 5 (14)

Functional test (e.g., 50-foot walk test, pegboard test) 2 (6)

Average/median intensity of chemotherapy doses 2 (6)

“Neurologic examination,” details unspecified 2 (6)

Symptom/sign composite measure 1 (3)

Abbreviations: AUC 5 area under the curve; ClinRO 5 clinician-reported outcome measure; EORTC-CIPN20 5 European
Organisation for Research and Treatment of Cancer–Chemotherapy Induced Peripheral Neuropathy 20; NCI-CTCAE 5

National Cancer Institute’s Common Terminology Criteria for Adverse Events; NPSI 5 Neuropathic Pain Symptom
Inventory; NRS 5 numeric rating scale; PRO 5 patient-reported outcome measure; QOL 5 quality of life; TNS 5 Total
Neuropathy Score.
a Primary outcome measure is the instrument used to assess neuropathy; primary endpoint is the outcome variable derived
from the instrument, for example, occurrence of grade 2 neuropathy.
bNPSI,13 Functional Assessment of Cancer Treatment–Gynecologic Oncology Group–Neurotoxicity (FACT-GOG-Ntx),21

Levi scale,22 Modified Peripheral Neuropathy (PNP) score,23 and author-generated scores.
c This primary endpoint was from a symptomatic treatment trial.
d Secondary outcome measures or all measures from articles in which no primary outcome measure was specified.
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Endpoints were also highly variable across trials.
They included neuropathy severity assessed at specific
cycles, over the course of multiple cycles, or at specific
time points after initiation of chemotherapy, as well
as occurrence of neuropathy. Neuropathy severity fol-
lowing a specific cycle or time point after initiation of
chemotherapy can be highly variable if multiple che-
motherapy regimens with variable timing and magni-
tude of discrete doses are allowed in the study. This
variability could be increased if a significant percent-
age of patients discontinue their chemotherapy earlier
than planned because the severity of the neuropathy
often subsides gradually with time after the last

chemotherapy dose received.7 This phenomenon
could lead to a decrease in neuropathy severity that
is not attributable to the experimental treatment for
participants who discontinue chemotherapy prema-
turely. If the RCT is evaluating an efficacious treat-
ment, discontinuation of chemotherapy due to
neuropathy may be more likely to occur in the pla-
cebo group than in the active group. Thus, when
neuropathy is assessed at specific time points or
cycles, the severity of neuropathy may be underesti-
mated in the placebo group, leading to an estimated
treatment effect that is biased toward the null. In
contrast, endpoints such as the occurrence of

Table 3 Reporting of participant flow, chemotherapy completion, and accommodation of missing data

No. (%), median
(IQR)

Approaches for handling participants who discontinued chemotherapy early (of 12 [32%] that specified
the approach)

Excluded unless they reached a minimum cycle number or cumulative dosage of chemotherapya 6 (50)

Excluded if they did not complete the planned chemotherapy up until the time point of assessment 2 (17)

Used a summary statistic that was prorated for the number of chemotherapy cycles completed 1 (8)

Participants who discontinued chemotherapy before achieving responder status (i.e., 100% of 50%
reduction in symptoms from baseline) were considered nonresponders

1 (8)

Unclear, because different places in the article contradict each other 1 (8)

No participants discontinued chemotherapy 1 (8)

Specified number of participants who discontinued chemotherapy due to neuropathy 8 (21)

Specified number of participants who discontinued chemotherapy due to reasons other
than neuropathy (or unspecified reasons)

11 (29)

Specified number of participants who discontinued before a minimum dosage or time of chemotherapy
was achieved, but completion of full planned chemotherapy not clear for the remaining participants

4 (11)

Specified number of participants who discontinued due to neuropathy by cycleb 0 (0)

Specified number of participants who discontinued chemotherapy due to reasons other
than neuropathy (or unspecified reasons) by cycleb

4 (11)

Specified number of participants who had a dosage reduction of chemotherapy due to neuropathy 4 (11)

Specified number of participants who had a dosage reduction of chemotherapy due to reasons
other than neuropathy (or unspecified reasons)

5 (13)

Specified the number or participants who completed the trial 22 (58%)

Percent completed (of 22 articles that reported this) 80 (67–88)

Specified the number of participants who were included in the analyses 30 (79)

Percent analyzed (of 30 articles that reported this) 95 (82–100)

Method to accommodate missing data (of the 9 [24%] that specified a method)

LOCFc 3 (33)

Prorated analyses 2 (22)

Withdrawn patients considered to have neuropathy 2 (22)

Withdrawn patients considered to not have neuropathy 1 (11)

Event time censored for those who did not complete follow-up in neuropathy free interval analysis 1 (11)

Abbreviations: IQR 5 interquartile range; LOCF 5 last observation carried forward.
aOne of these articles also conducted an intention-to-treat analysis in which the authors included all participants and
imputed missing data using the method of LOCF.
b In 2 trials, all participants completed chemotherapy so there was no need to report discontinuations by cycle.
c Authors of one article stated that they used LOCF, but then also excluded some participants from the analysis with no
explanation. Another article stated in the Methods that both LOCF and completer analyses were performed, but there was
only one set of analyses reported in the Results and the method used was not indicated.
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neuropathy or the time or cumulative dosage to
a specified severity of neuropathy accurately classify
patients who discontinue chemotherapy because of
neuropathy as having neuropathy.

The severity and occurrence of neuropathy are dif-
ferent endpoints. It would be advantageous to evalu-
ate each separately, particularly because some
treatments could decrease severity but not prevent
CIPN altogether. However, due to the complicated
nature of evaluating preventive and symptomatic
treatments for CIPN during chemotherapy, obtain-
ing an unbiased treatment effect estimate from an
analysis of the neuropathy severity at a particular time
point or after a particular number of chemotherapy
cycles is challenging. Alternative endpoints could
include composite measures that incorporate both
the cumulative dosage of chemotherapy received
and neuropathy severity. For example, the following
endpoints could be considered: (1) response, defined
as neuropathy severity that remains below various
thresholds after receiving prespecified cumulative
dosages of chemotherapy; or (2) discontinuation of
chemotherapy due to neuropathy. Research is neces-
sary to determine which endpoints would be most
clinically meaningful to patients and have the highest
assay sensitivity.

Regardless of which endpoints are used, it is
important that the methodology and results are
clearly reported so that readers understand the limita-
tions of the analyses and conclusions. Only 22% of
articles specified the number of participants who dis-
continued chemotherapy due to neuropathy and only
one-third of the articles specified how the data from

participants who prematurely terminated chemother-
apy were accounted for in the analyses. This informa-
tion is essential for proper interpretation of the study
findings.

Eight articles reported excluding participants from
the analyses if they did not reach a minimum cycle
number or cumulative dosage of chemotherapy.
Some may argue that removing data from participants
who discontinue chemotherapy prior to a dose that is
likely to cause neuropathy would be acceptable
because these participants are not actually at risk of
developing neuropathy. However, eliminating these
participants can remove the benefits of randomization
and lead to treatment groups that are not comparable
with respect to important determinants of the out-
come (known or unknown) and, hence, biased treat-
ment effect estimates. Instead of excluding these
participants from the primary analyses, the sample
size of CIPN prevention trials could be increased to
accommodate the percentage of patients anticipated
to discontinue chemotherapy prior to reaching
the minimum chemotherapy dosage likely to cause
neuropathy. Sensitivity analyses that exclude partici-
pants who do not receive a protocol-defined mini-
mum dosage of chemotherapy could be considered,
with careful attention to adjustment for potential
confounding that may result.

This review has limitations that should be
acknowledged. We only assessed what was reported
in publications, which may be different from the
actual trial execution (e.g., some trials may have spec-
ified a primary endpoint in the protocol but not in
the publication). In addition, we only examined

Table 4 Specific reporting recommendations for chemotherapy-induced peripheral neuropathy (CIPN) clinical
trials initiated during chemotherapy

The following information should be clearly reported

Chemotherapy details

� Timing and magnitude of chemotherapy doses of included regimens

� Any protocol-specified rules for chemotherapy dosage reductions/discontinuations

Timing of experimental CIPN treatment and assessments

� Timing of treatment initiation and dosing in relation to chemotherapy treatments

� Timing of assessments in relation to chemotherapy treatments

Participant disposition details

� No. of participants who completed the trial and are included in the analyses by treatment group

� No. of participants who prematurely discontinue planned chemotherapy because of neuropathy and other reasons by treatment
group

� Cumulative dosages of chemotherapy that led to discontinuation or dose delay of chemotherapy and for what reasons by
treatment group

Endpoint and analysis details

� Prespecified definition of neuropathy for analyses of CIPN incidence

� Prespecified method for analyzing participants who prematurely discontinue chemotherapy treatment due to neuropathy or other
reasons

Neurology 89 August 22, 2017 867

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



RCTs of pharmacologic treatments; therefore, our re-
sults, including the types and severities of cancers, the
chemotherapy treatments included, and the outcome
measures used, may be different for studies of non-
pharmacologic treatments. Finally, due to the lack
of treatments for CIPN with established efficacy,
we were not able to investigate whether any specific
design or reporting characteristics were related to
the treatment effect size reported in these RCTs.

The design of RCTs of treatments for CIPN pre-
vention is highly variable, suggesting lack of consen-
sus on the optimal designs for these studies. In
addition, this systematic review identified many re-
porting deficiencies in publications of RCTs of treat-
ments for both CIPN prevention and CIPN
symptomatic treatment initiated during chemother-
apy. Reporting recommendations are provided to
enhance transparency and, in turn, better inform
the design of future clinical trials (table 4). Improved
clinical trial design will increase the probability that
truly efficacious treatments can be identified for this
important neurologic disorder with unmet clinical
need.
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