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Abstract

Background 1In new drug development in neuropathic
pain (NeP), randomized, double-blind, placebo-controlled
trials (PCTs) with long treatment durations in a parallel-
group design are recommended for confirmatory trials.
Objective This study was conducted to identify potential
factors contributing to elevated placebo response in paral-
lel-group PCTs for oral drugs with at least a 4-week
treatment duration.

Methods A literature search was conducted through
MEDLINE and EMBASE, and was supplemented with
data from ClinicalTrials.gov and US/Japanese regulatory
approval review information. Using the 30 or 50 %
responder rate (RR), logistic regression analyses were
performed to investigate the relationship between the
degree of placebo response and several potential influenc-
ing factors.

Results The search identified 71 trials (n = 6,126). The
estimated 50 % RRs (95 % confidence intervals) in the
placebo group were as follows: peripheral neuropathic pain
(P-NeP) 23 % (21, 26 %); central neuropathic pain
(C-NeP) 14 % (10, 19 %); postherpetic neuralgia (PHN)
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19 % (15, 24 %); painful diabetic peripheral neuropathy
(pDPN) 26 % (23, 29 %); posttraumatic peripheral neu-
ropathic pain (PT) 15 % (10, 20 %). From the logistic
regression analyses, it was found that there was a sig-
nificant association between placebo response (50 % RR
and 30 % RR) and NeP classification (P < 0.05). Asso-
ciations between placebo response and several factors
were seen in univariate logistic regression analyses of
50 % RR. Multivariate analyses showed that age and
baseline pain intensity in PHN, and treatment duration,
trial design (fixed-dose/flexible-dose) and baseline pain
intensity in pDPN, were associated with placebo response,
suggesting that a reduced placebo response correlated
with increasing age and baseline pain intensity, and a
higher placebo response correlated with a longer treat-
ment period and flexible dosing regimen. A similar pat-
tern observed in the analysis of 50 % RR was suggested
in the analysis of 30 % RR, with the exception of treat-
ment duration. In addition, investigations of trials with at
least a 12-week treatment duration in pDPN found asso-
ciations with the number of patients per site, patient
enrolment rate, proportion of male patients and baseline
pain intensity, suggesting that a higher placebo response
correlated with an increasing number of patients per site,
and a reduced placebo response correlated with increasing
patient enrolment rate and proportion of male patients and
baseline pain intensity.

Conclusion The results of this study suggest that NeP
condition, trial design, and demographic and baseline
characteristics may contribute to elevated placebo response
in clinical trials in patients with NeP. In addition, the
magnitude of placebo response and the effect of treatment
duration are greater in pDPN than in PHN. These facts
should be considered when planning and conducting con-
firmatory trials in NeP.
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Key Points

Higher levels of placebo response (50 %
responder rate and 30 % responder rate) were
suggested in peripheral neuropathic pain than in
central neuropathic pain, and in the peripheral
neuropathic pain condition of painful diabetic
peripheral neuropathy compared with postherpetic
neuralgia or posttraumatic peripheral neuropathic
pain.

Multivariate logistic regression analyses showed
that age and baseline pain intensity in postherpetic
neuralgia, and treatment duration, trial design
(fixed-dose/flexible-dose) and baseline pain
intensity in painful diabetic peripheral
neuropathy, were associated with placebo
response (50 % responder rate).

These findings should be considered when
planning and conducting confirmatory trials in
neuropathic pain.

1 Introduction

There has been much clinical research in neuropathic
pain (NeP) in recent years, and rapid progress has been
made in the development of new drugs in this area. Pain
is a subjective phenomenon and often fluctuates over
time. Randomized, double-blind, placebo-controlled trials
(PCTs) are required for clinical evaluation in a new drug
development process. A guidance document on the
clinical development of new medicinal products for NeP
was published in 2004 and updated in 2007 in the
European Union (EU) [1]. In the USA, a draft guidance
was published in February 2014 [2]. These guidance
documents recommend parallel-group PCTs of long
treatment duration (at least 12 weeks) for confirmatory
trials in NeP because of its largely chronic nature. The
Initiative on Methods, Measurement, and Pain Assess-
ment in Clinical Trials (IMMPACT) recommends the
same trial design [3]. Because of the placebo response
seen in clinical trials in NeP, superiority (versus placebo)
of drugs that have already been shown to be effective in
PCTs cannot always be demonstrated in subsequently
conducted PCTs [4].

The effect of placebo response in chronic pain has been
widely recognized in clinical research, and its contributing
factors have been studied [3]. Previous research in NeP has
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suggested several mechanisms, such as placebo response
differing depending on the NeP condition (e.g. placebo
response was greater in human immunodeficiency virus
[HIV]-associated pain and painful diabetic peripheral
neuropathy [pDPN] than in postherpetic neuralgia [PHN]
and central neuropathic pain [C-NeP]) [5]; placebo
response increasing with duration of treatment [6]; a higher
baseline pain score having an effect on placebo response
(controversially, some findings have suggested a higher
baseline score associated with higher placebo response, but
the meta-analysis did not identify the baseline score as a
factor associated with placebo response [7-9]); a faster
patient recruitment rate related to higher placebo response
[7]; a parallel-group design producing a larger placebo
response than a cross-over design [10]; and placebo
response increasing with year of trial initiation [6, 9].

Systematic reviews of the placebo response to date have
included cross-over design trials and trials of short treat-
ment duration. The objective of this study is to identify
potential factors contributing to elevated placebo response
on the basis of the results of parallel-group PCTs of oral
drugs with at least a 4-week treatment duration. In addition
to the 50 % responder rate (RR) used as an efficacy mea-
sure, 30 % RR data and trials of >12 weeks’ treatment
duration were also investigated where possible.

2 Methods
2.1 Trial Selection and Database Construction

We conducted a literature search of MEDLINE and EM-
BASE (1995 to January 2014) on January 12, 2014. The
following terms identifying conditions classified as NeP
were used to search for NeP conditions [11]: ‘postherpetic
neuralgia’, ‘diabetic neuropathy’, ‘polyneuropathy’,
‘complex regional pain syndrome’, ‘carpal tunnel syn-
drome’, ‘neuropathy’, ‘HIV sensory neuropathy’, ‘phantom
limb pain’, ‘postradiation plexopathy’, ‘radiculopathy’,
‘trigeminal neuralgia’, ‘brachial plexus avulsion’, ‘post-
traumatic neuralgia’, ‘postamputation’, ‘poststroke pain’,
‘spinal cord injury’, ‘multiple sclerosis’, ‘Parkinson dis-
ease’, ‘myelopathy’, ‘syringomyelia’, ‘neuropathic pain’
and ‘central pain’. The terms ‘randomized’, ‘double-blind’
and ‘placebo-controlled’ were used to search for trial
design. Trial results published on ClinicalTrials.gov and
disclosed regulatory review information on drugs approved
for NeP or conditions classified as NeP in the USA and
Japan (Japanese common technical documents [CTDs] and
US review reports) were also included.

Trials meeting any of the following criteria were
excluded from the analysis:
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1. Primary efficacy endpoint not assessed using an
11-point numerical rating scale (NRS) or 100 mm
visual analogue scale (VAS).

2. Efficacy evaluated for less than 4 weeks.

3. Trials using administration methods other than oral
formulation, such as intravenous or topical medication
(as the types of administration may influence the
placebo response [9]).

4. Cross-over design or randomized withdrawal design
trials.

2.2 Data Extraction

Two types of RRs, 50 % pain intensity reduction from
baseline (50 % RR) and 30 % pain intensity reduction
from baseline (30 % RR), commonly used to evaluate
efficacy in clinical trials of NeP drugs, were used as
measures of placebo response [12, 13].

To identify potential factors contributing to an elevated
placebo response, the following data were extracted from
the selected clinical trial references. Baseline pain intensity
data from a 100 mm VAS were converted to a 0-10 scale.

— Trial design: Target pain condition, treatment duration,
number of treatment arms, randomization ratio (50 %
or less than 50 %), dosing regimen (fixed-dose or
flexible-dose).

— Trial operation or performance: Number of patients per
trial site, patient enrolment rate (number of patients/
number of sites/month).

— Demographic and baseline characteristics: Gender
(proportion of male patients), age, duration of NeP,
baseline pain intensity.

— Other trial conditions: Rate of dropouts due to any
reason, region (West, Asia or both), trial initiation
timing (before or after the US regulatory approval of
the active ingredient).

2.3 Statistical Analyses

The pooled estimates of 50 % RR and 30 % RR in the
placebo groups were calculated by a random-effects model.
We used a random-effects model because of the hetero-
geneity of the placebo response observed in clinical trials
in NeP conditions. Univariate logistic regression analysis
was performed to identify potential factors affecting the
RR in the placebo group. The International Association for
the Study of Pain defines NeP as ‘pain caused by a lesion or
disease of the somatosensory system’. Many diseases and
conditions are included in NeP, and the pathology is typ-
ically classified into peripheral neuropathic pain (P-NeP)

and C-NeP, according to the site of the lesion [14].
Therefore, separate analyses were performed by classifi-
cation or condition if differences in the placebo response
were observed by NeP classification (P-NeP or C-NeP) or
NeP conditions. Factors shown to be significant explana-
tory variables by the univariate logistic regression analysis
were further analysed by multivariate logistic regression
analysis using a stepwise approach. A statistically signifi-
cant difference was defined as P < 0.05. The analyses were
performed using SAS ver. 9.2 (SAS Institute Inc., Cary,
NC, USA) and StatsDirect ver. 2.7.9 (StatsDirect Ltd.,
Altrincham, Cheshire, UK).

3 Results
3.1 Search Results

The literature search and search of disclosed regulatory
information identified 89 trials. A total of 71 (n = 6,126)
of these trials yielded data on 50 % RR or 30 % RR
(Fig. 1; Table 1) [15-91]. The numbers of trials with 50 %
RR and 30 % RR were 63 (n = 5,540) and 52 (n = 4,539),
respectively. Detailed data of these selected trials are
shown in Supplementary Table 1 in the Electronic Sup-
plementary Material. Most of the trials were investigations
in P-NeP. These consisted mainly of 17 trials in PHN, 38
trials in pDPN, and three trials in posttraumatic peripheral
neuropathic pain (PT). Only a small number of the trials
were investigations in C-NeP: two trials in spinal cord
injury pain and one trial each in poststroke pain and mul-
tiple sclerosis-associated pain. The treatment duration was
at least 12 weeks in 35 of the 71 trials.

3.2 Pooled Estimates of Responder Rate in the Placebo
Group

3.2.1 50 % Responder Rate

In the 63 total trials in NeP, the pooled estimate of 50 %
RR was 23 % (95 % confidence interval [CI] 20, 25 %;
n = 5,540). In addition, the 50 % RRs were 23 % (95 %
CI 21, 26 %; n = 4,967) in the 57 trials in P-NeP and
14 % (95 % CI 10, 19 %; n = 421) in the five trials in
C-NeP. (The pooled estimates of 50 % RR in NeP and
P-NeP are shown in Supplementary Figures 1A and 2A,
respectively, in the Electronic Supplementary Material.)
Further analysis of the P-NeP trials revealed that the 50 %
RRs were 19 % (95 % CI 15, 24 %; n = 1,445), 26 %
(95 % CI 23,29 %; n=2948) and 15 % (95 % CI
10, 20 %; n = 239) in the 17 PHN trials, 32 pDPN trials
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Fig. 1 Trial selection. NeP
neuropathic pain, NRS

numerical rating scale, VAS (n=4146)

Number of records identified through literature searching
[MEDLINE and EMBASE]

visual analogue scale, CTD ¥

common technical document
(n=2803)

Number of records after duplicates removed

Number of records excluded by screening title and

abstract (n=2683)

(n=120)

Number of full text articles assessed for eligibility

Articles excluded (n=49)
* Not placebo-controlled parallel-group design: 19

« Not oral administration: 12

* Not 11-point NRS or 10 mm VAS: 8
* <4 weeks treatment: 5

* Not NeP patients: 2

« Combination therapy: 3

Additional trials identified through other sources

y

[ClinicalTrials.gov and Japan CTD/US Review Report]

(n=89)

Number of trials identified

(n=18)

Trials excluded due to no 50% or 30% responder rate

(n=18)

« Literature search: 57
« ClinicalTrials.gov: 10
« Japan CTD/US Review Report: 4

Eligible clinical trials for analysis (N=71)

Table 1 Number of selected trials

Pain conditions Number of trials

Total 50 % RR 30 % RR

P-NeP 65 (32) 57 (30) 47 (27)
PHN [15-35] 17 (5)* 17 (5)* 9 4)*
pDPN [36-74] 38 (23) 32(22) 29 (19)
PT [75-77] 30) 30 3 (0)
HIV sensory neuropathy [78] 1(1) 1(D) 1(1)
Complex regional pain syndrome [79] 1(1) O 1(1)
Phantom limb pain [80] 1 (0) 1 (0) 0
Mixed P-NeP conditions [81-84] 42) 32 4(2)

C-NeP 53 50 503)
Spinal cord injury pain [85-87] 22 2@ 2()
Poststroke pain [88] 1(1) 1(1) 1(1)
Multiple sclerosis pain [89] 1 (0) 1 (0) 1 (0)
Mixed C-NeP conditions [90] 1 (0) 1 (0) 1 (0)

Other (both P-NeP and C-NeP) 10) 1 0 (0)
Mixed NeP conditions [91] 1 (0) 1 (0) 0 (0)

Total 71 35) 63 (33) 52 (30)

Detailed data of selected trials are shown in Supplementary Table 1 in the
Electronic Supplementary Material

The numbers in parentheses represent the number of trials with 12 weeks
or more treatment duration

C-NeP central neuropathic pain, HIV human immunodeficiency virus,
pDPN painful diabetic peripheral neuropathy, PHN postherpetic neural-
gia, P-NeP peripheral neuropathic pain, PT posttraumatic peripheral
neuropathic pain, RR responder rate

% One trial, NCT00592774, was counted as two trials because the trial
consisted of two cohorts with different doses and yielded data on
responder rates for individual cohort

A\ Adis

and three PT trials, respectively (Figs. 2, 3, 4, 5a). These
results show that higher levels of placebo response were
observed in P-NeP than in C-NeP, and in the P-NeP con-
dition of pDPN compared with PHN or PT.

3.2.2 30 % Responder Rate

In the 52 total trials in NeP, the pooled estimate of 30 %
RR was 37 % (95 % CI 34, 41 %; n = 4,539). In addition,
the 30 % RRs were 39 % (95 % CI 35, 42 %; n = 4,118)
in the 47 trials in P-NeP and 26 % (95 % CI 19, 33 %;
n = 421) in the five trials in C-NeP. (The pooled estimates
of 30 % RR in NeP and P-NeP are shown in Supplemen-
tary Figures 1B and 2B, respectively, in the Electronic
Supplementary Material.) Further analysis of the P-NeP
trials revealed that the 30 % RRs were 29 % (95 % CI
21, 37 %; n = 600), 42 % (95 % CI 39, 46 %; n = 2,767)
and 30 % (95 % CI 23, 37 %; n = 239), respectively, in
the nine PHN trials, 29 pDPN trials and three PT trials
(Figs. 2, 3, 4, 5b). Although these rates are higher than
those seen for a 50 % RR, the same trend in rates by NeP
condition is apparent.

3.3 Univariate Logistic Regression Analysis

Univariate logistic regression analysis showed a significant
association between placebo response (50 % RR and 30 %
RR) and NeP classification categorized as P-NeP or C-NeP
(Table 2).
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Fig. 2 Forest plot of placebo
responder rate in postherpetic

A

Proportion meta-analysis plot [random effects]

neuralgia (a 50 % RR, b 30 % Stacey 2008 —B— 0.18 (0.11, 0.28)
RR). RR responder rate, CTD
common technical document. Iving 2009 | ——l——— 0.12(0.04, 0.24)
NCT09592774 was Cour}ted as Pregabalin CTD —— 0.17 (0.10, 0.27)
two trials because the trial
consisted of two cohorts with Boureau 2003 B 0.56 (0.42, 0.70)
o | ——
cohort Rowbotham 1998 — 0.12 (0.07, 0.19)
Dworkin 2003 —— 0.20 (0.12, 0.30)
Sabatowski 2004 — 00— 0.10 (0.04, 0.19)
Kochar 2005 m 0.11 (0.01, 0.35)
Wallace 2010 —— 0.27 (0.20, 0.36)
NCT00612105 m 0.36 (0.24, 0.49)
Sang 2013 —— 0.26 (0.20, 0.32)
van Seventer 2006 | —JI}—— 0.08 (0.03, 0.15)
NCT00394901 —] 0.15 (0.09, 0.24)
Zhang 2013 Tt 0.23(0.15, 0.33)
NCT00592774-1 m 0.12 (0.02, 0.30)
NCT00592774-2 n 0.14 (0.03, 0.35)
Combined —o— 0.19 (0.15, 0.24)
0.0 S 0,I2 S 0F4 S o.ls S o,ls
Proportion (95% confidence interval)
B Proportion meta-analysis plot [random effects]
Stacey 2008 —— 0.31(0.22, 0.42)
Irving 2009 = 0.31(0.19, 0.46)
Dworkin 2003 _ 0.25 (0.16, 0.36)

Further analysis of P-NeP showed a significant associ-

Sabatowski 2004

NCT00612105

van Seventer 2006

Zhang 2013

NCT00592774-1

NCT00592774-2

Combined

0.16 (0.09, 0.26)

0.52 (0.39, 0.65)

0.17 (0.10, 0.26)

0.42 (0.32, 0.53)

0.19 (0.07, 0.39)

0.23 (0.08, 0.45)

0.29 (0.21, 0.37)

0.0

0.2

Proportionn (95% confidence interval)

ation for the major pain conditions of PHN, pDPN and PT

(Table 2).

Because of this observed difference in the placebo
response by NeP classification and condition, PHN and

pDPN were further analysed separately.

0.4

0.6

0.8

3.3.1 Postherpetic Neuralgia (50 % Responder Rate)

The following factors were significantly associated with

placebo response (50 % RR) in relation to PHN: treatment
duration (>12 weeks, <12 weeks), number of treatment

arms, randomization ratio, number of patients per site,
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Fig. 3 Forest plot of placebo A
responder rate in painful

Proportion meta-analysis plot [random effects]

diabetic peripheral neuropathy Sandercock 2012 | —F—— 0.12 (0.04, 0.24)
(a 50 % RR, b 30 % RR). RR

responder rate, CTD common NCT00857623 m 0.29 (0.17, 0.44)

technical document Lesser 2004 —B— 0.18 (0.11, 0.27)

Rowbotham 2004 ——— 0.34 (0.24, 0.45)

Richter 2005 —— 0.15 (0.08, 0.25)

Rowbotham 2009 —— 0.12 (0.05, 0.23)

Eisenberg 2001 0.19 (0.07, 0.39)

Rosenstock 2004 —— 0.14 (0.07, 0.25)

Pregabalin CTD —— 0.30 (0.20, 0.41)

Freeman 2007 —B—— 0.22 (0.16, 0.30)

Raskin 2004 —] 0.21 (0.14, 0.30)

Goldstein 2005 —B— 0.26 (0.8, 0.35)

Raskin 2005 —— 0.30 (0.22, 0.39)

Atli 2005 0.00 (0.00, 0.26)

Wernicke 2006 —B— 0.27 (0.9, 0.37)

Tolle 2008 —— 0.30(0.21, 0.40)

Gao 2010 —B— 0.50 (0.41, 0.60)

Yasuda 2011 —B— 0.20 (0.14, 0.27)

Pregabalin CTD —.— 0.40 (0.31, 0.48)

Arezzo 2008 — 0.23 (0.14, 0.33)

Satoh 2011 —B—— 0.21(0.15, 0.29)

Shaibani 2012 —B— 0.39 (0.30, 0.48)

Rauck 2013 —]— 0.29 (0.21, 0.38)

Pregabalin CTD —B— 0.35(0.27, 0.43)

NCT00283842 —-— 0.26 (0.17, 0.36)

Smith 2014 —.— 0.27 (0.19, 0.37)

NCT00505284 1l 0.38 (0.27, 0.50)

Dogra 2005 —— 0.18 (0.10, 0.29)

Shaibani 2009 T 0.27 (0.16, 0.39)

Ziegler 2010 —— 0.23 (0.14, 0.34)

Vinik 2007-1 —B— 0.27 (0.18, 0.38)

Vinik 2007-2 ——— 0.23 (0.14, 0.33)

Combined - 0.26 (0.23, 0.29)

1T —r r Tt 1 r r 1 Tt 1 r Tt 1 T ]
0.0 0.2 0.4 0.6 0.8

patient enrolment rate, age, baseline pain intensity, dura-
tion of NeP and trial initiation timing (Table 3).

The results suggest that a higher placebo response corre-
lated with trial initiation timing, and a reduced placebo
response correlated with the following factors: increasing
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Proportion (95% confidence interval)

number of treatment arms, randomization ratio, number of
patients per site, patient enrolment rate, age, baseline pain
intensity, longer treatment period and longer duration of NeP.
A significant association was not observed for dosing regimen
(fixed-dose, flexible-dose), gender, dropout rate or region.
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Fig. 3 continued B Proportion meta-analysis plot [random effects]
NCT00857623 B 0.49 (0.35, 0.63)
NCT01201317 u 0.38 (0.23, 0.55)
Lesser 2004 —B 0.29 (0.20, 0.39)
NCT00785577 —— 0.43 (0.32, 0.54)
Richter 2005 —— 0.21(0.13, 0.31)
Rosenstock 2004 —— 0.26 (0.16, 0.38)
Rowbotham 2012-1 ] 0.52 (0.37, 0.66)
Rowbotham 2012-2 . 0.45 (0.33, 0.58)
Freeman 2007 —B—— 0.38 (0.30, 0.46)
Rauck 2007 I 0.51 (0.37, 0.64)
Raskin 2004 —B— 0.34 (0.25, 0.44)
Goldstein 2005 —— 0.47 (0.37, 0.57)
Raskin 2005 —.— 0.43 (0.34, 0.53)
Wernicke 2006 —.— 0.42 (0.33, 0.52)
Gao 2010 —— 0.61 (0.52, 0.71)
Yasuda 2011 —B— 0.35 (0.28, 0.43)
Pregabalin CTD —B— 0.54 (0.46, 0.63)
Satoh 2011 —B— 0.36 (0.28, 0.45)
Shaibani 2012 —— 0.61 (0.52, 0.70)
Rauck 2013 —— 0.48 (0.38, 0.57)
Pregabalin CTD —— 0.52 (0.44, 0.61)
Smith 2014 —— 0.47 (0.37, 0.58)
NCT00505284 B 0.56 (0.44, 0.68)
Dogra 2005 —B— 0.29 (0.19, 0.40)
Shaibani 2009 I 0.45 (0.33, 0.58)
Wymer 2009 —— 0.46 (0.35, 0.56)
Ziegler 2010 —B— 0.35 (0.24, 0.47)
Vinik 2007-1 —— 0.38(0.27, 0.49)
Vinik 2007-2 — 0.30 (0.20, 0.41)
Combined —— 0.42 (0.39, 0.46)
— 1 1t [ 1t ‘1t Tt [ T T T T [ T T T T
0.0 0.2 0.4 0.6 0.8

3.3.2 Painful Diabetic Peripheral Neuropathy (50 %
Responder Rate)

The following factors were significantly associated with pla-
ceboresponse (50 % RR) in pDPN: treatment duration, dosing
regimen, number of patients per site, gender and baseline pain
intensity (Table 3). A significant association was not observed
for number of treatment arms, randomization ratio, patient
enrolment rate, age, duration of NeP, dropout rate, region or
trial initiation timing. The results suggest that a higher placebo
response correlated with longer treatment period, flexible

Proportion (95% confidence interval)

dosing regimen and increasing number of patients per site, and
a reduced placebo response correlated with increasing pro-
portion of male patients and baseline pain intensity.

3.3.3 Painful Diabetic Peripheral Neuropathy (30 %
Responder Rate)

A similar pattern to that observed in the analysis of 50 %
RR was observed in the analysis of 30 % RR, with the
exception that a significant association with trial initiation
timing was found for 30 % RR (Table 3).
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Fig. 4 Forest plot of placebo
responder rate in posttraumatic

A

Proportion meta-analysis plot [random effects]

peripheral neuropathic pain
(a 50 % RR. b 30 % RR). RR Kalliomaki 2013 B 0.20 (0.10, 0.35)
responder rate
Ostenfeld 2013 . 0.10 (0.04, 0.20)
van Seventer 2010 . 0.14 (0.09, 0.22)
Combined v 0.15(0.10, 0.20)
T T T T T T T T T T T T T T T T T T 1
0.0 0.1 0.2 0.3 04
Proportion (95% confidence interval)
B Proportion meta-analysis plot [random effects]

Kalliomaki 2013

Ostenfeld 2013

0.39 (0.24, 0.55)

0.30 (0.20, 0.42)

van Seventer 2010

Combined

0.26 (0.18, 0.34)

——

0.30 (0.23, 0.37)

3.3.4 Painful Diabetic Peripheral Neuropathy (50 %
Responder Rate, Trials with >12 Weeks Treatment
Duration)

The following factors were significantly associated with
placebo response (50 % RR) in trials with a treatment
duration of >12 weeks: dosing regimen, number of
patients per site, patient enrolment rate, gender and base-
line pain intensity (Table 3). The results suggest that a
higher placebo response correlated with flexible dosing
regimen, increasing number of patients per site and patient
enrolment rate, and a reduced placebo response correlated
with increasing proportion of male patients and baseline
pain intensity.
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T T T
0.26 0.34 0.42
Proportion (95% confidence interval)

T 1
0.50 0.58

3.4 Multivariate Logistic Regression Analysis
3.4.1 Postherpetic Neuralgia (50 % Responder Rate)

The factors significantly associated with placebo response on
univariate logistic regression analysis (treatment duration,
number of treatment arms, number of patients per site, patient
enrolment rate, age, baseline pain intensity and trial initiation
timing) were further analysed by multivariate logistic
regression analysis. The factor of duration of NeP was
excluded from the analysis because of the limited number of
trials. The results obtained from 13 trials showed a significant
association for the two factors of age and baseline pain
intensity, suggesting a reduced placebo response with
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Fig. 5 Forest plot of placebo
responder rate in central
neuropathic pain (a 50 % RR,
b 30 % RR). RR responder rate

increasing age (OR 0.433;

A

Siddall 2006

Cardenas 2013

Kim 2011

Vollmer 3013

Vrranken 2008

Proportion meta-analysis plot [random effects]

. 0.075 (0.025, 0.166)

0.152 (0.090, 0.236)

0.204 (0.132, 0.292)

0.157 (0.097, 0.234)

Combined

i 0.050 (0.001, 0.249)

0.144 (0.101, 0.194)

0.0

B

Siddall 2006

Cardenas 2013

Kim 2011

Vollmer 3013

Vrranken 2008

Combined

0.1 0.2 0.3
Proportion (95% confidence interval)

Proportion meta-analysis plot [random effects]

. 0.16 (0.08, 0.27)

0.31(0.23, 0.41)

0.32 (0.24, 0.42)

0.27 (0.20, 0.36)

| 0.10 (0.01, 0.32)

0.26 (0.19, 0.33)
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baseline pain intensity) were further analysed by multivariate

P < 0.0001) and increasing baseline pain intensity (OR
0.212; 95 % C10.102, 0.444; P < 0.0001).

3.4.2 Painful Diabetic Peripheral Neuropathy (50 %
Responder Rate)

The factors significantly associated with placebo response on
univariate logistic regression analysis (treatment duration,
dosing regimen, number of patients per site, gender and

logistic regression analysis. The results obtained from 26 trials
showed a significant association for the three factors of treat-
ment duration, dosing regimen (fixed-dose/flexible-dose) and
baseline pain intensity, suggesting that a higher placebo
response correlated with longer treatment period (OR 1.266;
95 % CI 1.003, 1.599; P = 0.0469) and flexible dosing regi-
men (OR 1.811; 95 % CI 1.446, 2.269; P < 0.0001), and a
reduced placebo response correlated with increasing baseline
pain intensity (OR 0.729; 95 % CI10.627, 0.847; P < 0.0001).
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Table 2 Relationships between placebo responder rates and neuropathic pain (NeP) conditions: univariate logistic regression analyses

Variable 50 % RR 30 % RR

n P value OR 95 % CI n P value OR 95 % CI
NeP classification: P-NeP vs. C-NeP 62 <0.0001 0.539 0.409, 0.710 52 <0.0001 0.561 0.448, 0.701
Pain condition (1): PHN vs. pDPN 49 <0.0001 1.446 1.242, 1.683 38 <0.0001 1.816 1.500, 2.200
Pain condition (2): PT vs. pDPN 35 <0.0001 1.486 1.234, 1.789 32 <0.0001 1.344 1.163, 1.552

NeP classification coded as 0 = P-NeP, 1 = C-NeP; pain condition (1) coded as 0 = PHN, 1 = pDPN; pain condition (2) coded as 0 = PT,

1 = pDPN [O: reference category]

CI confidence interval, C-NeP central neuropathic pain, OR odds ratio, pDPN painful diabetic peripheral neuropathy, PHN postherpetic
neuralgia, P-NeP peripheral neuropathic pain, PT posttraumatic peripheral neuropathic pain, RR responder rate

3.4.3 Painful Diabetic Peripheral Neuropathy (30 %
Responder Rate)

The factors significantly associated with placebo response
on univariate logistic regression analysis (treatment
duration, dosing regimen, number of patients per site,
gender, baseline pain intensity and trial initiation timing)
were further analysed by multivariate logistic regression
analysis. The results obtained from 22 trials showed a
significant association for two factors of dosing regimen
and baseline pain intensity, suggesting that a higher
placebo response correlated with a flexible dosing regi-
men (OR 1.480; 95 % CI 1.193, 1.837; P = 0.0004), and
a reduced placebo response correlated with increasing
baseline pain intensity (OR 0.707; 95 % CI 0.621, 0.803;
P < 0.0001).

3.4.4 Painful Diabetic Peripheral Neuropathy (50 %
Responder Rate, Trials With >12 Weeks Treatment
Duration)

The factors significantly associated with placebo
response on univariate logistic regression analysis (dos-
ing regimen, number of patients per site, patient enrol-
ment rate, gender and baseline pain intensity) were
further analysed by multivariate logistic regression ana-
lysis. The results obtained from 16 trials showed a sig-
nificant association for the four factors of number of
patients per site, patient enrolment rate, proportion of
male patients and baseline pain intensity, suggesting that
a higher placebo response correlated with increasing
number of patient per site (OR 1.081; 95 % CI
1.039, 1.125; P = 0.0001), and a reduced placebo
response correlated with increasing patient enrolment rate
(OR 0.729; 95 % CI 0.590, 0.901; P = 0.0034), pro-
portion of male patients (OR 0.704; 95 % CI
0.509, 0.973; P = 0.0337) and baseline pain intensity
(OR 0.804; 95 % CI 0.680, 0.950; P = 0.0104).
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4 Discussion

In our study, we estimated the magnitude of the placebo
response as measured by 50 and 30 % RRs, and performed
a logistic regression analysis to identify factors influencing
the placebo response in parallel-group PCTs of oral NeP
drugs of relatively long treatment duration commonly used
for confirmatory clinical trials. The results showed differ-
ences in placebo response by NeP classification and con-
dition, which suggested that higher levels of placebo
response were observed in P-NeP than in C-NeP, and in the
P-NeP condition of pDPN compared with PHN and PT.
The estimated 50 % RRs in the placebo group were 19 %
(95 % CI 15, 24 %) in PHN, 26 % (95 % CI 23, 29 %) in
pDPN and 14 % (95 % CI 10, 19 %) in C-NeP. These
findings demonstrated higher placebo response than in the
previous research including trials with cross-over design
and short duration of treatment, i.e. 11.5 % (95 % CI
8.4, 14.5 %) in PHN, 20.2 % (95 % CI 14.6, 25.8 %) in
pDPN and 7.2 % (95 % CI 2.1, 12.3 %) in C-NeP [5].
These results indicate that the higher placebo response may
be influenced by trial design and longer treatment duration.
A 30 % RR is also considered as a clinically meaningful
improvement. We found the same trend in rates by NeP
condition, though higher placebo response rates were
observed in 30 % RR (29 % in PHN, 42 % in pDPN and
26 % in C-NeP) compared with 50 % RR.

On univariate logistic regression analysis, associations
with placebo response (50 % RR) were observed for the
following factors in PHN or pDPN: treatment duration,
dosing regimen categorized as fixed-dose or flexible-dose,
number of treatment arms, randomization ratio, number
of patients per site, patient enrolment rate, age, gender
(proportion of male patients), baseline pain intensity,
duration of NeP and trial timing. The 30 % RR could not
be analysed for PHN because of the limited number of
trials, but 30 % RR as well as 50 % RR in trials
with >12 week treatment duration were analysed in
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pDPN. The 30 % RR results showed a pattern similar to
that observed for 50 % RR. Multivariate logistic regres-
sion analysis showed a stronger association with placebo
response (50 % RR) for age and baseline pain intensity
in PHN and for treatment duration, dosing regimen and
baseline pain intensity in pDPN. The results for both
PHN and pDPN suggested that a reduced placebo
response correlated with increasing baseline pain inten-
sity. Although higher baseline score was associated with
higher placebo response measured by change from
baseline in NRS in previous research using patient data
on lamotrigine and duloxetine clinical trials [7, 8], the
meta-analysis of NeP clinical trials including cross-over
design trials did not identify this factor [10].

In both PHN and pDPN, baseline pain intensity was
consistently identified as a predictor of placebo response.
In contrast, a different pattern was observed for PHN and
pDPN in relation to age, treatment regimen and treatment
duration. An increase in placebo response was observed for
treatment durations >12 weeks in pDPN, but not in PHN.
The observation suggests that more attention should be
paid to placebo response in clinical trials in pDPN with
longer treatment durations.

The results for PHN suggested that a reduced placebo
response correlated with increasing age. Although the
limited number of trials investigating duration of NeP
precludes rigorous analysis, univariate logistic regression
also showed an association between placebo response and
duration of NeP. A connection between age and duration
of NeP is assumed by the fact that the percentage of pain
lasting more than 1 year in patients with PHN increases
with age [92]. The intractability of pain may also
increase with age. These results indicate that the placebo
response may have been lower in the PHN patient pop-
ulation with a longer duration of illness and more severe
pain symptoms.

The results for pDPN suggested that flexible-dose
designs yield higher levels of placebo response than fixed-
dose designs. The patient’s expectation of pain treatment
benefit is a known factor for placebo response [93, 94].
Study design may influence placebo response because of
the patient’s expectation. According to previous research in
clinical trials of opioid analgesics, flexible-dose design
trials were more likely to be positive [95], and the same
finding was reported in an evaluation of antidepressant
clinical trials [96]. In general, the difference in trial design
could result in a difference in the dropout rate after treat-
ment initiation. However, univariate logistic regression
analysis did not show an association between placebo
response and dropout rate.

Among the trial operation-related factors, the number
of patients per site and patient enrolment rate were
associated with placebo response in pDPN trials
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with >12 week treatment duration. Higher placebo
response was reported in patients enrolled in sites with a
faster recruitment rate in lamotrigine clinical trials [7]. On
the other hand, our finding suggests that a higher placebo
response correlated with an increasing number of patients
per site and a reduced placebo response correlated with an
increasing patient enrolment rate in the trial-level data.
The results also suggested that the proportion of male
patients was associated with placebo response. Higher
placebo response in female patients was observed in the
research using patient data from lamotrigine clinical trials
in pDPN [7].

A higher placebo response has been reported in clinical
trials in migraine conducted in Asian countries, compared
with Western countries, and the reason for the higher
placebo response is unclear [97, 98]. Although the trials
that were analysed did not include many trials conducted in
the Asian region, a significant association was not observed
between placebo response and trial location.

According to the EU guidance for new drug clinical
development, efficacy should be demonstrated in more than
one well-established clinical situation of P-NeP, e.g. PHN
and pDPN, and in at least one C-NeP model for the claim
of a broad NeP indication [1]. According to the US draft
guidance, at least three separate P-NeP clinical situations
should be studied [2]. Of the NeP conditions covered in the
present study, PHN and pDPN accounted for the most trials
in P-NeP, and these are considered well-established NeP
clinical situations. Although only a limited number of trials
were performed in PT, a placebo response similar to that
observed with PHN was shown, suggesting that PT is an
appropriate NeP clinical situation for evaluating efficacy in
the development of new drugs.

Publication bias may have been present in this study and
may have imposed some limitations, as only a limited
number of trials in NeP conditions other than PHN and
pDPN were available. Overall, our research included fewer
trials in C-NeP than in P-NeP, precluding a separate ana-
lysis of specific NeP conditions. Although we analysed
double-blind PCTs, there may have been some variation in
the results because our research looked only at the placebo
group, and the difference in efficacy compared with the
active treatment group was not taken into account.

The results of our research suggest that trial design and
demographic and baseline characteristics may contribute to
elevated placebo response in clinical trials in NeP. These
findings indicate that placebo response may potentially be
limited by selecting a fixed-dose trial design, male patients
and trial sites with high performance in pDPN trials,
patients with longer durations of NeP in PHN trials, or
patients with higher baseline pain intensity in PHN and
pDPN trials. Further, the increase in the placebo response
with increased treatment duration, which was observed in
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pDPN but not in PHN, indicates that more attention should
be paid to treatment duration in the planning and conduct
of clinical trials in pDPN, and it highlights the importance
of the selection of NeP clinical situations for clinical trials
in the new drug development process. Although the pla-
cebo effect is considered to be related to many types of
mechanisms, including patients’ expectations, we have
focused on the improvement of pain intensity in patients
treated with placebo in clinical trials in the present
research. More research and accumulation of evidence are
needed for further understanding and will expand the
knowledge of the placebo effect.

5 Conclusion

The results of this study suggest that the NeP condition,
trial design, demographic characteristics and baseline
characteristics may contribute to elevated placebo response
in clinical trials in patients with NeP. In addition, the
magnitude of the placebo response and the effect of treat-
ment duration are more considerable in DPN than in PHN.
These facts should be considered when planning and con-
ducting confirmatory clinical trials in NeP.

Acknowledgments The authors have no conflicts of interest that are
directly relevant to this research. Akio Arakawa is an employee of
Pfizer Japan Inc. The preparation of this manuscript was not sup-
ported by any external funding.

References

1. European Medical Agency. Guideline on clinical medical products
intended for the treatment of neuropathic pain. 2007. http://www.ema.
europa.eu/ema/index.jsp?curl=pages/regulation/general/general_
content_000425.jsp&mid=WC0b01ac0580034cf5. Accessed 22
Aug 2014.

2. U.S. Food and Drug Administration. Guidance for Industry—
Analgesic Indications: Developing Drug and Biological Products
[Draft guidance]. February 2014. http://www.fda.gov/Drugs/
GuidanceComplianceRegulatoryInformation/Guidances/default.
htm. Accessed 22 Aug 2014.

3. Dworkin RH, Turk DC, Peirce-Sandner S, et al. Research design
considerations for confirmatory chronic pain clinical trials:
IMMPACT recommendations. Pain. 2010;149:177-93.

4. Dworkin RH, Turk DC, Peirce-Sandner S, et al. Placebo and
treatment group responses in postherpetic neuralgia vs. painful
diabetic peripheral neuropathy clinical trials in the REPORT
database. Pain. 2010;150:12-6.

5. Cepeda MS, Berlin JA, Gao CY, et al. Placebo response changes
depending on the neuropathic pain syndrome: results of a sys-
tematic review and meta-analysis. Pain Med. 2012;13:575-95.

6. Quessy SN, Rowbotham MC. Placebo response in neuropathic
pain trials. Pain. 2008;138:479-83.

7. Irizarry MC, Webb DJ, Ali Z, et al. Predictors of placebo
response in pooled lamotrigine neuropathic pain clinical trials.
Clin J Pain. 2009;25:469-76.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Ziegler D, Pritchett YL, Wang F, et al. Impact of disease char-

acteristics on the efficacy of duloxetine in diabetic peripheral
neuropathic pain. Diabetes Care. 2007;30:664-9.

. Hauser W, Bartram-Wunn E, Bartram C, et al. Systematic

review: Placebo response in drug trials of fibromyalgia syndrome
and painful peripheral diabetic neuropathy-magnitude and
patient-related predictors. Pain. 2011;152:1709-17.

Katz J, Finnerup NB, Dworkin RH. Clinical trial outcome in
neuropathic pain: relationship to study characteristics. Neurology.
2008;70:263-72.

Dworkin DH, Backonja M, Rowbotham MC, et al. Advances in
neuropathic pain: diagnosis, mechanisms, and treatment recom-
mendations. Arch Neurol. 2003;60:1524-34.

Dworkin RH, Turk DC, Wyrwich KW, et al. Interpreting the
clinical importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. J Pain. 2008;9:
105-21.

Farrar JT, Young JP Jr, LaMoreaux L, et al. Clinical importance
of changes in chronic pain intensity measured on an 11-point
numerical pain rating scale. Pain. 2001;94:149-58.

Jensen TS, Baron R, Haanpdi M, et al. A new definition of
neuropathic pain. Pain. 2011;152:2204-5.

Stacey BR, Barrett JA, Whalen E, et al. Pregabalin for postherpetic
neuralgia: placebo-controlled trial of fixed and flexible dosing regi-
mens on allodynia and time to onset of pain relief. J Pain.
2008;9:1006-17.

. Irving G, Jensen M, Cramer M, et al. Efficacy and tolerability of

gastric-retentive gabapentin for the treatment of postherpetic
neuralgia: results of a double-blind, randomized, placebo-con-
trolled clinical trial. Clin J Pain. 2009;25:185-92.
Pharmaceutical and Medical Devices Agency [in Japanese].
Pregabalin CTD Study 1008-030. http://www.info.pmda.go.jp/
shinyaku/P201000025/index.html. Accessed 1 Feb 2014.

U.S. Food and Drug Administration. Lyrica NDA #021723 Study
1008-030. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

Boureau F, Legallicier P, Kabir-Ahmadi M. Tramadol in post-
herpetic neuralgia: a randomized, double-blind, placebo-con-
trolled trial. Pain. 2003;104:323-31.

Rice AS, Maton S. Postherpetic Neuralgia Study Group. Gaba-
pentin in postherpetic neuralgia: a randomised, double blind,
placebo controlled study. Pain. 2001;94:215-24.

Rowbotham M, Harden N, Stacey B, et al. Gabapentin for the
treatment of postherpetic neuralgia: a randomized controlled trial.
JAMA. 1998;280:1837—42.

U.S. Food and Drug Administration. Neurontin NDA #021397
Study  945-211.  http://www.accessdata.fda.gov/scripts/cder/
drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=
NEURONTIN. Accessed 1 Feb 2014.

Dworkin RH, Corbin AE, Young JP Jr, et al. Pregabalin for the
treatment of postherpetic neuralgia: a randomized, placebo-con-
trolled trial. Neurology. 2003;60:1274-83.

U.S. Food and Drug Administration. Lyrica NDA #021446 Study
1008-127. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

Sabatowski R, Galvez R, Cherry DA, et al. Pregabalin reduces
pain and improves sleep and mood disturbances in patients with
post-herpetic neuralgia: results of a randomised, placebo-con-
trolled clinical trial. Pain. 2004;109:26-35.

U.S. Food and Drug Administration. Lyrica NDA #021446 Study
1008-045. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

A\ Adis


http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000425.jsp&mid=WC0b01ac0580034cf5
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000425.jsp&mid=WC0b01ac0580034cf5
http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/general/general_content_000425.jsp&mid=WC0b01ac0580034cf5
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=NEURONTIN
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=NEURONTIN
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=NEURONTIN
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA

80

A. Arakawa et al.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Kochar DK, Garg P, Bumb RA, et al. Divalproex sodium in the
management of post-herpetic neuralgia: a randomized double-
blind placebo-controlled study. Q J Med. 2005;98:29-34.
Wallace MS, Irving G, Cowles VE. Gabapentin extended-release
tablets for the treatment of patients with postherpetic neuralgia: a
randomized, double-blind, placebo-controlled, multicentre study.
Clin Drug Invest. 2010;30:765-76.

NCT00612105. Retigabine Study VRX-RET-E22-NP201. http://
www.clinicaltrials.gov/ct2/show/study/NCT00612105?term=NC
T00612105&rank=1. Accessed 1 Feb 2014.

Sang CN, Sathyanarayana R, Sweeney M, et al. Gastroretentive
gabapentin (G-GR) formulation reduces intensity of pain associated
with postherpetic neuralgia (PHN). Clin J Pain. 2013;29:281-8.
van Seventer R, Feister HA, Young JP Jr, et al. Efficacy and
tolerability of twice-daily pregabalin for treating pain and related
sleep interference in postherpetic neuralgia: a 13-week, ran-
domized trial. Curr Med Res Opin. 2006;22:375-84.
NCTO00394901. Pregabalin Study AO0081120. http://www.
clinicaltrials.gov/ct2/show/NCT00394901 ?term=NCT00394901&
rank=1. Accessed 1 Feb 2014.

Ogawa S, Suzuki M, Arakawa A, et al. Efficacy and tolerability
of pregabalin for postherpetic neuralgia: a multicenter, random-
ized, double-blind, placebo-controlled clinical trial[in Japanese].
Journal of the Japan Society of Pain Clinicians. 2010;17:141-52.
Zhang L, Rainka M, Freeman R, et al. A randomized, double-blind,
placebo-controlled trial to assess the efficacy and safety of gaba-
pentin enacarbil in subjects with neuropathic pain associated with
postherpetic neuralgia (PXN110748). J Pain. 2013;14:590-603.
NCT00592774. Perampanel Study E2007-A001-218. http://www.
clinicaltrials.gov/ct2/show/NCT00592774 term=NCT00592774&
rank=1. Accessed 1 Feb 2014.

Sandercock D, Cramer M, Biton V, et al. A gastroretentive
gabapentin formulation for the treatment of painful diabetic
peripheral neuropathy: efficacy and tolerability in a double-blind,
randomized, controlled clinical trial. Diabetes Res Clin Pract.
2012;97:438-45.

NCTO00857623. AZD2066 Study D0475C00009. http://www.
clinicaltrials.gov/ct2/show/NCT00857623?term=NCT00857623&
rank=1. Accessed 1 Feb 2014.

NCTO01201317. AZD2423 Study D2600C00005. http://www.
clinicaltrials.gov/ct2/show/NCT012013177term=NCT01201317&
rank=1. Accessed 1 Feb 2014.

Lesser H, Sharma U, LaMoreaux L, et al. Pregabalin relieves
symptoms of painful diabetic neuropathy: a randomized con-
trolled trial. Neurology. 2004;63:2104—10.

U.S. Food and Drug Administration. Lyrica NDA #021446 Study
1008-029. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

NCTO00785577. LY545694 Study 11977/ HSC-MC-LQBF. http://
www.clinicaltrials.gov/ct2/show/NCT00785577 2term=NCT0078
5577&rank=1. Accessed 1 Feb 2014.

Rowbotham MC, Goli V, Kunz NR, et al. Venlafaxine extended
release in the treatment of painful diabetic neuropathy: a double-
blind, placebo-controlled study. Pain. 2004;110:697-706.
Richter RW, Portenoy R, Sharma U, et al. Relief of painful
diabetic peripheral neuropathy with pregabalin: a randomized,
placebo-controlled trial. J Pain. 2005;6:253-60.

Rowbotham MC, Duan WR, Thomas J, et al. A randomized,
double-blind, placebo-controlled trial evaluating the efficacy and
safety of ABT-594 in patients with diabetic peripheral neuro-
pathic pain. Pain. 2009;146:245-52.

Eisenberg E, Lurie Y, Braker C, et al. Lamotrigine reduces
painful diabetic neuropathy: a randomized, controlled study.
Neurology. 2001;57:505-9.

A\ Adis

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Rosenstock J, Tuchman M, LaMoreaux L, et al. Pregabalin for
the treatment of painful diabetic peripheral neuropathy: a double-
blind, placebo-controlled trial. Pain. 2004;110:628-38.

U.S. Food and Drug Administration. Lyrica NDA #021446 study
1008-131. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

Rowbotham MC, Arslanian A, Nothaft W, et al. Efficacy and
safety of the a4b, neuronal nicotinic receptor agonist ABT-894 in
patients with diabetic peripheral neuropathic pain. Pain.
2012;153:862-8.

Pharmaceutical and Medical Devices Agency [in Japanese].
Pregabalin CTD Study 1008-040. http://www.info.pmda.go.jp/
shinyaku/P201000025/index.html. Accessed 1 Feb 2014.
Freeman R, Raskin P, Hewitt DJ, et al. Randomized study of
tramadol/acetaminophen versus placebo in painful diabetic
peripheral neuropathy. Curr Med Res Opin. 2007;23:147-61.
Rauck RL, Shaibani A, Biton V, et al. Lacosamide in painful
diabetic peripheral neuropathy: a phase 2 double-blind placebo-
controlled study. Clin J Pain. 2007;23:150-8.

Raskin P, Donofrio PD, Rosenthal NR, et al. Topiramate vs
placebo in painful diabetic neuropathy: analgesic and metabolic
effects. Neurology. 2004;63:865-73.

Goldstein DJ, Lu Y, Detke MJ, et al. Duloxetine vs. placebo in
patients ~ with  painful = diabetic = neuropathy. Pain.
2005;116:109-18.

Skljarevski V, Frakes EP, Sagman D. Review of efficacy and
safety of duloxetine 40 to 60 mg once daily in patients with
diabetic peripheral neuropathic pain. Pain Res Treat. 2012;.
doi:10.1155/2012/898347.

Raskin J, Pritchett YL, Wang F, et al. A double-blind, random-
ized multicenter trial comparing duloxetine with placebo in the
management of diabetic peripheral neuropathic pain. Pain Med.
2005;6:346-56.

Atli A, Dogra S. Zonisamide in the treatment of painful diabetic
neuropathy: a randomized, double-blind, placebo-controlled pilot
study. Pain Med. 2005;6:225-34.

Wernicke JF, Pritchett YL, D’Souza DN, et al. A randomized
controlled trial of duloxetine in diabetic peripheral neuropathic
pain. Neurology. 2006;67:1411-20.

Tolle T, Freynhagen R, Versavel M, et al. Pregabalin for relief of
neuropathic pain associated with diabetic neuropathy: a ran-
domized, double-blind study. Eur J Pain. 2008;12:203—13.

Gao Y, Ning G, Jia WP, et al. Duloxetine versus placebo in the
treatment of patients with diabetic neuropathic pain in China.
Chin Med J. 2010;123:3184-92.

Yasuda H, Hotta N, Nakao K, et al. Superiority of duloxetine to
placebo in improving diabetic neuropathic pain: results of a
randomized controlled trial in Japan. J Diabetes Invest.
2011;2:132-9.

Pharmaceutical and Medical Devices Agency [in Japanese].
Pregabalin CTD Study A0081030. http://www.info.pmda.go.jp/
shinyaku/P201000025/index.html. Accessed 1 Feb 2014.

Arezzo JC, Rosenstock J, LaMoreaux L, et al. Efficacy and safety
of pregabalin 600 mg/d for treating painful diabetic peripheral
neuropathy: a double-blind placebo-controlled trial. BMC Neu-
rol. 2008;8:33-46.

Satoh J, Yagihashi S, Baba M, et al. Efficacy and safety of pre-
gabalin for treating neuropathic pain associated with diabetic
peripheral neuropathy: a 14 week, randomized, double-blind,
placebo-controlled trial. Diabet Med. 2011;28:109-16.

Shaibani Al, Pope LE, Thisted R, et al. Efficacy and safety of
dextromethorphan/quinidine at two dosage levels for diabetic
neuropathic pain: a double-blind, placebo-controlled, multicenter
study. Pain Med. 2012;13:243-54.


http://www.clinicaltrials.gov/ct2/show/study/NCT00612105?term=NCT00612105&rank=1
http://www.clinicaltrials.gov/ct2/show/study/NCT00612105?term=NCT00612105&rank=1
http://www.clinicaltrials.gov/ct2/show/study/NCT00612105?term=NCT00612105&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00394901?term=NCT00394901&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00394901?term=NCT00394901&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00394901?term=NCT00394901&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00592774?term=NCT00592774&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00592774?term=NCT00592774&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00592774?term=NCT00592774&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00857623?term=NCT00857623&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00857623?term=NCT00857623&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00857623?term=NCT00857623&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01201317?term=NCT01201317&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01201317?term=NCT01201317&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01201317?term=NCT01201317&rank=1
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.clinicaltrials.gov/ct2/show/NCT00785577?term=NCT00785577&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00785577?term=NCT00785577&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00785577?term=NCT00785577&rank=1
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://dx.doi.org/10.1155/2012/898347
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html

Factors Contributing to Higher Placebo Response in Neuropathic Pain

81

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

Rauck R, Makumi CW, Schwartz S, et al. A randomized, con-
trolled trial of gabapentin enacarbil in subjects with neuropathic
pain associated with diabetic peripheral neuropathy. Pain Pract.
2013;13:485-96.

Pharmaceutical and Medical Devices Agency [in Japanese].
Pregabalin CTD Study A0081071. http://www.info.pmda.go.jp/
shinyaku/P201000025/index.html. Accessed 1 Feb 2014.
NCT00283842. Desvenlafaxine Study 3151A5-322. http://www.
clinicaltrials.gov/ct2/show/NCT00283842?term=NCT00283842&
rank=1. Accessed 1 Feb 2014.

Smith T, DiBernardo A, Shi Y, et al. Efficacy and safety of
carisbamate in patients with diabetic neuropathy or postherpetic
neuralgia: results from 3 randomized, double-blind placebo-
controlled trials. Pain Pract. 2014;14:332-42.

NCT00505284. Perampanel Study E2007-G000-227/2006-
006488-22.  http://www.clinicaltrials.gov/ct2/show/NCT005052
842term=NCT00505284 &rank=1. Accessed 1 Feb 2014.

Dogra S, Beydoun S, Mazzola J, et al. Oxcarbazepine in painful
diabetic neuropathy: a randomized, placebo-controlled study. Eur
J Pain. 2005;9:543-54.

Shaibani A, Fares S, Selam JL, et al. Lacosamide in painful
diabetic neuropathy: an 18-week double-blind placebo-controlled
trial. J Pain. 2009;10:818-28.

Wymer JP, Simpson J, Sen D, et al. Efficacy and safety of la-
cosamide in diabetic neuropathic pain: an 18-week double-blind
placebo-controlled trial of fixed-dose regimens. Clin J Pain.
2009;25:376-85.

Ziegler D, Hidvegi T, Gurieva I, et al. Efficacy and safety of
lacosamide in painful diabetic neuropathy. Diabetes Care.
2010;33:839-41.

Vinik AI, Tuchman M, Safirstein B, et al. Lamotrigine for
treatment of pain associated with diabetic neuropathy: results of
two randomized, double-blind, placebo-controlled studies. Pain.
2007;128:169-79.

Kalliomaki J, Attal N, Jonzon B, et al. A randomized, double-
blind, placebo-controlled trial of a chemokine receptor 2 (CCR2)
antagonist in posttraumatic neuralgia. Pain. 2013;154:761-7.
Ostenfeld T, Krishen A, Lai RY, et al. Analgesic efficacy and
safety of the novel p38 MAP kinase inhibitor, losmapimod, in
patients with neuropathic pain following peripheral nerve injury:
a double-blind, placebo-controlled study. Eur J Pain.
2013;17:844-57.

van Seventer R, Bach FW, Toth CC, et al. Pregabalin in the
treatment of post-traumatic peripheral neuropathic pain: a ran-
domized double-blind trial. Eur J Neurol. 2010;17:1082-9.
Simpson DM, Schifitto G, Clifford DB, et al. Pregabalin for
painful HIV neuropathy: a randomized, double-blind, placebo-
controlled trial. Neurology. 2010;74:413-20.

NCT00109772. Lenalidomide Study CC-5013-CRPS-002. http://
www.clinicaltrials.gov/ct2/show/NCT00109772?term=NCT0010
9772&rank=1. Accessed 1 Feb 2014.

Maier C, Dertwinkel R, Mansourian N, et al. Efficacy of the
NMDA-receptor antagonist memantine in patients with chronic
phantom limb pain-results of a randomized double-blinded, pla-
cebo-controlled trial. Pain. 2003;103:277-83.

Moon DE, Lee DI, Lee SC, et al. Efficacy and tolerability of
pregabalin using a flexible, optimized dose schedule in Korean

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

patients with peripheral neuropathic pain: a 10-week, random-
ized, double-blind, placebo-controlled, multicenter study. Clin
Ther. 2010;32:2370-85.

Guan Y, Ding X, Cheng Y, et al. Efficacy of pregabalin for
peripheral neuropathic pain: results of an 8-week, flexible-dose,
double-blind, placebo-controlled study conducted in China. Clin
Ther. 2011;33:159-66.

Freynhagen R, Strojek K, Griesing T, et al. Efficacy of pregabalin
in neuropathic pain evaluated in a 12-week, randomised, double-
blind, multicentre, placebo-controlled trial of flexible- and fixed-
dose regimens. Pain. 2005;115:254-63.

NCTO01124617. Tapentadol Study CRO17002/JNS024ER-JPN-
N22. http://www.clinicaltrials.gov/ct2/show/NCT01124617?term
=NCTO01124617&rank=1. Accessed 1 Feb 2014.

Siddall PJ, Cousins MJ, Otte A, et al. Pregabalin in central
neuropathic pain associated with spinal cord injury: a placebo-
controlled trial. Neurology. 2006;67:1792-800.

U.S. Food and Drug Administration. Lyrica NDA #021446 Study
1008-125. http://www.accessdata.fda.gov/scripts/cder/drugsatfda/
index.cfm?fuseaction=Search.Overview&DrugName=LYRICA.
Accessed 1 Feb 2014.

Cardenas DD, Nieshoff EC, Suda K, et al. A randomized trial of
pregabalin in patients with neuropathic pain due to spinal cord
injury. Neurology. 2013;80:533-9.

Kim JS, Bashford G, Murphy TK, et al. Safety and efficacy of
pregabalin in patients with central post-stroke pain. Pain.
2011;152:1018-23.

Vollmer TL, Robinson MJ, Risser RC, et al. A randomised,
double-blind, placebo-controlled trial of duloxetine for the
treatment of pain in patient with multiple sclerosis. Pain Practice.
2013; doi:10.1111/papr.12127

Vranken JH, Dijkgraaf MG, Kruis MR, et al. Pregabalin in
patients with central neuropathic pain: a randomized, double-
blind, placebo-controlled trial of a flexible-dose regimen. Pain.
2008;136:150-7.

Serpell MG. Neuropathic pain study group. Gabapentin in neu-
ropathic pain syndromes: a randomised, double-blind, placebo-
controlled trial. Pain. 2002;99:557-66.

Kost RG, Straus SE. Postherpetic neuralgia — pathogenesis,
treatment, and prevention. N Engl J Med. 1996;335:32-42.
Price DD, Finniss DG, Benedetti F. A comprehensive review of
the placebo effect: recent advances and current thought. Annu
Rev Psychol. 2008;59:565-90.

Linde K, Witt CM, Streng A, et al. The impact of patient expecta-
tions on outcomes in four randomized controlled trials of acu-
puncture in patients with chronic pain. Pain. 2007;128:264-71.
Katz N. Methodological issues in clinical trials of opioids for
chronic pain. Neurology. 2005;65:532—49.

Dworkin RH, Katz J, Gitlin MJ, et al. Placebo response in clinical
trials of depression and its implications for research on chronic
neuropathic pain. Neurology. 2005;65:S7-19.

Sakai F, Diener HC, Ryan R, et al. Eletriptan for the acute
treatment of migraine: results of bridging a Japanese study to
Western clinical trials. Curr Med Res Opin. 2004;20:269-77.
Wang SJ, Fuh JL, Wu ZA. Intranasal sumatriptan study with high
placebo response in Taiwanese patients with migraine. J Chin
Med Assoc. 2007;70:39—-46.

A\ Adis


http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.info.pmda.go.jp/shinyaku/P201000025/index.html
http://www.clinicaltrials.gov/ct2/show/NCT00283842?term=NCT00283842&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00283842?term=NCT00283842&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00283842?term=NCT00283842&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00505284?term=NCT00505284&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00505284?term=NCT00505284&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00109772?term=NCT00109772&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00109772?term=NCT00109772&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT00109772?term=NCT00109772&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01124617?term=NCT01124617&rank=1
http://www.clinicaltrials.gov/ct2/show/NCT01124617?term=NCT01124617&rank=1
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm?fuseaction=Search.Overview&DrugName=LYRICA
http://dx.doi.org/10.1111/papr.12127

	An Investigation of Factors Contributing to Higher Levels of Placebo Response in Clinical Trials in Neuropathic Pain: A Systematic Review and Meta-Analysis
	Abstract
	Background
	Objective
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Trial Selection and Database Construction
	Data Extraction
	Statistical Analyses

	Results
	Search Results
	Pooled Estimates of Responder Rate in the Placebo Group
	50 % Responder Rate
	30 % Responder Rate

	Univariate Logistic Regression Analysis
	Postherpetic Neuralgia (50 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (50 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (30 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (50 % Responder Rate, Trials with ge12 Weeks Treatment Duration)

	Multivariate Logistic Regression Analysis
	Postherpetic Neuralgia (50 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (50 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (30 % Responder Rate)
	Painful Diabetic Peripheral Neuropathy (50 % Responder Rate, Trials With ge12 Weeks Treatment Duration)


	Discussion
	Conclusion
	Acknowledgments
	References


