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Abstract

Objective. To compare the efficacy of high-dose
(3,600 mg/day) vs low-dose (1,200 mg/day) oral
gabapentin enacarbil (GEn) on pain intensity in
adults with postherpetic neuralgia (PHN) and a
history of inadequate response to ≥1,800 mg/day
gabapentin.

Design. Multicenter, randomized, double-blind,
crossover study (NCT00617461).
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Setting. Thirty-five outpatient centers in Germany
and the United States.

Subjects. Subjects aged ≥18 years with a diagnosis
of PHN.

Methods. During a 2-week baseline period, subjects
received open-label treatment with 1,800 mg/day
gabapentin. Subjects who had a mean 24-hour
average pain intensity score ≥4 during the last 7
days of the baseline period were randomized to
receive GEn (1,200 or 3,600 mg/day) for treatment
period 1 (28 days), followed by GEn 2,400 mg/day (4
days), and the alternate GEn dose for treatment
period 2 (28 days).

Results. There was a modest but significant
improvement in pain intensity scores with GEn
3,600 mg vs 1,200 mg (adjusted mean [90% confi-
dence interval] treatment difference, −0.29 [−0.48 to
−0.10]; P = 0.013). The difference in efficacy between
doses was observed primarily in subjects who
received the higher dose during treatment period 2;
certain aspects of the study design may have con-
tributed to this outcome. Plasma steady-state
gabapentin exposure during GEn treatment was as
expected and consistent between treatment periods.
No new safety signals or adverse event trends relat-
ing to GEn exposure were identified.

Conclusions. While the overall results demon-
strated efficacy in a PHN population, the differences
between treatment periods confound the interpreta-
tion. These findings could provide insight into future
trial designs.

Key Words. Gabapentin Enacarbil; Inadequate
Responders; PHN; Postherpetic Neuralgia

Introduction

Postherpetic neuralgia (PHN) is a complication of herpes
zoster (HZ) infection [1,2], characterized by persistent or
recurrent burning, aching, itching, or stabbing pain at the
site of the HZ rash that is present for at least 3 months
after healing of the rash [3–5]. Allodynia and hyperalgesia
of the affected dermatome are also reported commonly
[5,6]. It is estimated that approximately one in three people
will develop an HZ infection during their lifetime [7]. Among
those with HZ, approximately 10–20% will continue to
experience pain after the rash has healed or PHN [3,8–
11], with the prevalence of PHN increasing with age (15-
to 27-fold more prevalent in patients aged ≥50 years)
[12,13]. Studies have shown that PHN has a significant
impact on the well-being of those afflicted, as measured
by increased rates of health care resource utilization
[14,15], decreased health-related quality of life [16], and
decreased general well-being (e.g., physical, psychologi-
cal, functional, and social domains of daily activities) [17].

Commonly prescribed medications include antiviral drugs
indicated for the early treatment of HZ and a wide
range of therapies primarily indicated for the treatment
of pain [18,19]. Current treatments for PHN include
anticonvulsants (e.g., gabapentin and pregabalin), lido-
caine patch 5%, capsaicin, opioid analgesics, and tricyclic
antidepressants [20–22]. Gabapentin is often prescribed
as a first-line therapy for PHN, as it is approved for this
use, has demonstrated efficacy [23], and is generally well
tolerated [24]. Clinical trials have shown that gabapentin
improves pain scores, but not all subjects with PHN had
adequate pain relief [24–26]. Indeed, in some pivotal trials,
less than half of subjects experienced at least a 50%
improvement in pain scores compared with baseline
[25,26]. It has been proposed that this inconsistent effi-
cacy may be partly attributable to certain pharmacokinetic
(PK) limitations of gabapentin, such as lack of dose pro-
portionality [27] and a relatively short elimination half-life
(5–7 hours) [24].

Gabapentin enacarbil (GEn) is a novel transported prodrug
of gabapentin. Unlike gabapentin, which uses transport-
ers in a limited region of the small intestine that saturate at
clinically relevant doses [27], GEn utilizes high-capacity
transport mechanisms located throughout the intestinal
tract [28]. Once absorbed, GEn releases the active moiety
gabapentin. As GEn has been shown to increase the
bioavailability of gabapentin, it is hypothesized that GEn
could potentially result in improved efficacy over
gabapentin in treating PHN. To test this hypothesis, the
present study assessed the efficacy, tolerability, and PK of
GEn in subjects with PHN who had demonstrated an
inadequate response to gabapentin.

Methods

Study Design and Treatment

This was a multicenter, prospective, randomized, double-
blind, two-period, crossover study (NCT00617461) com-
paring the efficacy of high-dose GEn (3,600 mg/day) vs
low-dose GEn (1,200 mg/day) in adults with PHN who
have had inadequate response to gabapentin. This study
was conducted in 35 outpatient centers (8 centers in
Germany and 27 in the United States) from March 2008 to
July 2009 and was routinely monitored for good clinical
practice and protocol adherence.

The study protocol and informed consent were approved
by Institutional Review Boards/Ethics Committees at all
participating sites, and the study was conducted in accor-
dance with Good Clinical Practice Guidelines, the Decla-
ration of Helsinki, and applicable regulatory requirements.
Subjects provided written informed consent prior to initia-
tion of study-related assessments or procedures.

The study started with a 2-week baseline period during
which subjects received open-label branded gabapentin
(Neurontin®, Pfizer, New York, NY, USA) at a dose of
1,800 mg/day per the prescribing information [24]. Sub-
jects who were receiving gabapentin (1,800 mg or higher)
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immediately prior to baseline did not require titration of the
open-label gabapentin provided during baseline; subjects
who had been treated previously with gabapentin
(1,800 mg/day or higher) but who were not receiving it
immediately prior to baseline were up-titrated according to
the prescribing information [24]. During this baseline
period, subjects completed a daily electronic diary
(e-diary, PHT Corporation, Charlestown, MA, USA),
recording their pain scores using an 11-point pain intensity
rating scale (PI-NRS), where 0 indicates no pain and 10 is
“pain as bad as you can imagine.” At the end of the
baseline period, subjects who completed at least four
daily pain diaries during the 7 days prior to randomization
and who had a mean 24-hour average pain intensity score
≥4 were considered inadequate responders and random-
ized (1:1) to one of two 28-day GEn treatment sequences:
high-dose (3,600 mg/day) then low-dose (1,200 mg/day;
HL group) Gen, or low-dose (1,200 mg/day) then high-
dose (3,600 mg/day; LH group) GEn. All randomized
subjects received GEn 2,400 mg/day during a 4-day
crossover period between the treatment periods. The
computer-generated randomization schedule (block
size 4) was stratified by center and provided by
GlaxoSmithKline (Research Triangle Park, NC, USA).
Treatment group allocation was assigned via an interactive
voice response system (Pharmaceutical Product Develop-
ment, Inc., Wilmington, NC, USA) at the time of random-
ization. Study participants and all site staff were blinded to
the order of study treatment assignment, but the informed
consent detailed the different timings of visits associated
with the different study periods (i.e., baseline, treatment,
and crossover periods). Treatment period 2 was followed
by a 6-day down-titration (LH group: days 1 and 2,
1,200 mg twice daily; days 3 and 4, 600 mg twice daily;
days 5 and 6, 600 mg once daily; HL group: days 1–3,
600 mg twice daily; days 4–6, 600 mg once daily), and a
post-treatment period (up to 21 days).

A third-party pharmacist (United BioSource Corporation,
Kansas City, MO, USA) prepared Mediset dosing contain-
ers (a plastic, child-resistant medication organizer; Item
Development, Stocksund, Sweden) with medication for 1
week of treatment with the correct combination of active
(600 mg GEn) and placebo tablets to achieve the desired
dose at each dosing point. As all subjects received GEn
after baseline treatment with 1,800 mg/day gabapentin,
subjects randomized to 1,200 mg/day GEn did not
undergo titration and subjects randomized to 3,600 mg/
day had a 2-day titration (1,200 mg twice daily) included in
the week 1 Mediset container. For the baseline treatment
period, gabapentin administration guidance was provided
according to the approved label. The total daily dose of
GEn was achieved by dosing twice daily (in the morning
and at night). Subjects were instructed to take the
tablets with food.

Subjects

Eligible participants were male or female outpatients aged
18 years or older with a diagnosis of PHN, defined as pain
present for at least 3 months after healing of a HZ skin

rash. The intent of the study was to evaluate GEn in
subjects who were known to have some improvement in
pain with gabapentin (inadequate responders). Therefore,
subjects with a history of no response to gabapentin were
excluded (nonresponders). Inadequate response and no
response were based on investigator judgment. In the
initial study design, subjects must have been inadequate
responders to a stable dose of gabapentin (1,800 mg/day)
for at least 4 weeks before entering the baseline period.
Shortly after study initiation, the protocol was amended
because physicians were either not leaving inadequate
responders on gabapentin for 4 weeks before trying
another treatment or they were treating subjects with
doses in excess of 1,800 mg/day. The amendment
allowed enrollment of subjects with a history of gabapentin
use and inadequate response (i.e., subjects on a stable
dose of gabapentin 1,800 mg/day for ≥2 weeks prior to
baseline or subjects who had previously been treated with
gabapentin ≥1,800 mg/day for ≥4 weeks since the diag-
nosis of PHN) but not if they had a history of no response
to previous treatment with either gabapentin (≥1,800 mg/
day) or pregabalin (150–300 mg/day) taken for at least 4
weeks since PHN diagnosis.

Subjects with other types of chronic pain were excluded
unless all of the following criteria were met: pain located in
a different region of the body, pain intensity not greater
than that of the PHN, and subjects could assess their
PHN pain independently.

Conditions or medications that might interfere with the
assessment of pain were excluded (e.g., unstable depres-
sion, alcohol/substance abuse, acute pain medications,
hypnotics, antidepressants). During the study, specified
treatments with possible analgesic effects were prohib-
ited. A washout of at least 14 days prior to baseline was
required for anticonvulsants, opioids at doses >90 mg/day
morphine equivalent, atypical antidepressants (e.g.,
serotonin-norepinephrine/norepinephrine-dopamine reup-
take inhibitors, tetracyclic antidepressants, trazodone),
aspirin at doses >325 mg/day and other salicylates, ben-
zodiazepines or atypical benzodiazepines unless used at
bedtime for sleep, dextromethorphan used for pain at
doses >120 mg/day or dextromethorphan combined with
quinidine, herbal medications for pain (including mari-
juana), mexiletine hydrochloride, and topical analgesics
used for PHN or applied to the same area of the body as
the PHN. A washout of at least 28 days prior to baseline
was required for adenosine, topical capsaicin used for
PHN or applied to the same area of the body as PHN, and
intrathecal peptides. The following nondrug therapies or
procedures required discontinuation prior to randomiza-
tion and were prohibited throughout the duration of the
trial: nerve blocks or acupuncture performed 4 weeks
prior to randomization and special procedures (e.g., trans-
cutaneous electrical nerve stimulation) were required to be
discontinued 14 days prior to randomization.

Concomitant medications permitted during the study
included opioids at doses ≤90 mg/day, opioid and
simple analgesic products, tramadol and tramadol/
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acetaminophen combination products, tricyclic antide-
pressants, topical analgesics if used at locations other
than the site of target pain, and nonsteroidal anti-
inflammatory drugs if they were used at a stable dose for
at least 4 weeks prior to and throughout the study. Addi-
tionally, selective serotonin reuptake inhibitors for depres-
sion were allowed if they were taken as a stable regimen
for at least 3 months prior to baseline.

Acetaminophen up to 3,000 mg/day, as dictated by the
needs of the subject, was provided as rescue analgesia
except within 12 hours before a clinic visit.

Subjects were excluded if they had a creatinine clear-
ance <60 mL/min or renal dysfunction requiring hemodi-
alysis; pre-existing liver, renal, cardiovascular disease,
epilepsy, or seizure disorders; or any other medical con-
dition or treatment that could interfere with the accu-
rate assessment of the efficacy, safety, or absorption
of GEn.

Poor treatment compliance was defined as missing 3
consecutive days of dosing and could have resulted in
subjects being withdrawn from the study.

Outcomes

Subjects rated the intensity of their pain using the e-diary
twice daily (morning and evening). The primary end
point was the change from baseline to the last week of
each treatment period for the mean 24-hour average
pain intensity score assessed each evening before
bed time [29,30]. The mean score for the last week of
treatment was the calculated mean of the daily scores
(based on at least four assessments) for the 7 days
prior to the last completed diary entry of the treatment
period. For the primary end point, subjects were asked
each evening before bedtime to rate their pain on
average for the prior 24 hours. The average of this
assessment alone makes up the 24-hour average pain
intensity score.

Secondary end points assessed using e-diary outputs
included pain intensity for 24 hours; daytime, nighttime,
and current pain; daytime and nighttime worst pain;
sleep interference score; and quantity of rescue
analgesic consumed.

At the end of each treatment period, investigators and
subjects rated the subjects’ change from baseline on a
7-point Clinician and Patient Global Impression of Change
Questionnaires (CGIC/PGIC) scale [31].

Responder analyses were conducted by treatment and
period based on: 1) the percentage of subjects with
various percentage reductions from baseline in the
24-hour PI-NRS assessed for each week; and 2) the
proportion of subjects considered “much improved” or
“very much improved” on the CGIC and PGIC assessed at
the end of each period.

The Brief Pain Inventory (BPI) was administered at ran-
domization and at the end of each treatment period to
assess the impact of pain on physical functioning [32].

Plasma gabapentin exposure during each treatment was
estimated from blood samples collected throughout the
steady-state dosing interval (two samples during baseline
gabapentin treatment and four samples during each of the
GEn treatments per subject). The data were used to simu-
late individual steady-state concentration–time profiles. A
population PK analysis was performed using the nonlinear
mixed-effects modeling program NONMEM, version VI
[33] and assigning previously reported models as a
Bayesian prior [23,34–36].

Safety and tolerability end points included treatment-
emergent adverse events (TEAEs) laboratory evaluations;
vital signs; electrocardiograms; neurological examinations,
including a detailed examination of sensory and motor
systems; body weight; and pedal edema. Adverse events
(AEs) were documented at each study visit.

Analyses

The sample size for this study was calculated as sufficient
to detect a treatment difference between GEn 1,200 and
3,600 mg/day for the primary efficacy end point. Target
sample size (revised in a protocol amendment) was 98
randomized subjects based on a within-subject standard
deviation of 1.48, an alpha level of 0.10, and a 20%
dropout rate that provided 80% power to detect a treat-
ment difference of 0.6 points between the two doses.

All efficacy analyses were performed on the intent-to-treat
(ITT) population (all randomized subjects who had taken at
least one dose of investigational product and provided at
least one post-baseline efficacy measurement) using last
observation carried forward for imputation of missing data.
As the primary analysis consisted of a single test of
hypothesis on the primary end point (i.e., that there is no
difference between the two doses of GEn in the mean
24-hour average pain intensity score assessed for the last
week of each treatment period), the type I error was
controlled at an alpha level of 10% without requiring any
adjustments for multiple comparisons. Secondary analy-
ses were considered supportive to the primary analysis
and were not adjusted for multiplicity; nominal P values are
reported and should be interpreted cautiously.

Owing to the large number of centers with low enrollment,
centers that contributed fewer than eight subjects to the
ITT population were grouped (within each country) for
the analyses. This grouping was included as a covariate in
the analysis of the primary, and most of the secondary,
efficacy variables.

Continuous efficacy variables were analyzed using a
repeated-measures mixed model with treatment and
period as fixed effects and with baseline body mass index
(BMI), baseline score, and grouped center as covariates,
and specified a repeated statement with unstructured
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covariance matrix to manage subjects as a source
of random variability. Responder analyses defined a
responder as a subject meeting or exceeding a predefined
percentage reduction in 24-hour average pain intensity
score compared with baseline. The proportion of respond-
ers on the CGIC and PGIC were compared using a gen-
eralized estimating equation procedure, with treatment
and period as fixed effects in the model and with baseline
BMI as a covariate. A Kolmogorov–Smirnov test was used
to compare the cumulative distribution of the percentage
reduction from baseline in mean 24-hour average PI-NRS
score for GEn 3,600 mg vs 1,200 mg.

Results

Subject Disposition

A total of 285 subjects were screened, 138 entered the
baseline period, and 96 were randomized to either the HL
treatment group (N = 44) or the LH treatment group
(N = 52) (Figure 1). In total, 91 subjects received GEn
1,200 mg/day, and 85 received GEn 3,600 mg/day.
Overall, the number of subjects who withdrew during
GEn 1,200 mg treatment (N = 12) was higher than during
GEn 2,400 mg (4-day crossover period; N = 1) or GEn
3,600 mg treatments (N = 3). Two subjects who were
randomized and did not take study medication were
excluded from the safety population (N = 94). One
subject, who withdrew after randomization, was treated
with study medication but did not complete at least one
post-baseline efficacy assessment and was not included
in the ITT population (N = 93). The per-protocol (PP) popu-
lation was 82% (N = 76) of the ITT population. The most
common reason that subjects in the ITT population were
excluded from the PP analysis was lack of compliance
(noncompliant with diary completion, N = 11 [12%]; non-
compliant with study-drug dosing, N = 9 [10%]; or used
prohibited concomitant medications, N = 3 [3%]).

Table 1 lists the demographic and baseline characteristics
of the safety population.

Primary Efficacy Results

In the ITT population, the baseline mean 24-hour pain
intensity score was 6.14 for GEn 3,600 mg and 6.23 for
GEn 1,200 mg, and adjusted mean (standard error)
changes from baseline to end of treatment were −1.47
(0.173) and −1.18 (0.171), respectively. The adjusted
mean (90% confidence interval) treatment difference for
the GEn 3,600 mg vs 1,200 mg comparison was statisti-
cally significant (−0.29 [−0.48, −0.10]; P = 0.013).

There was a similar decrease in treatment period 1 for
both the HL and the LH treatment sequences (Figure 2).
However, the lines for each treatment sequence group
begin to separate in the crossover period, with the LH
group continuing to have a decreasing pain score, which
progresses into treatment period 2, resulting in the two
treatment groups having a difference of approximately 0.6
at the end of treatment period 2.

Although treatment-by-period interactions were not sig-
nificant (P = 0.460), the period effect was significant
(P ≤ 0.001), indicating that results for each of the doses in
treatment periods 1 and 2 were different. Specifically,
response to GEn 3,600 mg was greater in treatment
period 2. There was no observed treatment difference
between the LH and HL treatment groups during treat-
ment period 1, but groups differed by the end of treatment
period 2 (Table 2). Differences between the end-of-
treatment mean changes in pain score for treatment
periods 1 and 2 were approximately −0.81 for subjects in
the LH group vs approximately −0.20 in the HL group
(Table 2). However, the overall treatment difference reflects
the weighted average of the treatment differences in treat-
ment periods 1 and 2.

Sensitivity analyses for the primary end point consistently
showed a treatment benefit in favor of GEn 3,600 mg
relative to GEn 1,200 mg (data not shown). An analysis
without the first 2 days of each treatment period (to lessen
or eliminate any carryover effect that might result from the
crossover period dose, especially for subjects who with-
drew during the first week of treatment period 2) had no
impact on the observed effect.

None of the treatment-by-covariate interactions were sig-
nificant, implying that the treatment effect was consistent
across the levels of these covariates and that it was valid
to assess the primary end point for all subjects combined
regardless of these characteristics. BMI and grouped
center were not significant, indicating that these terms
were not linked to a change in efficacy. However, baseline
pain severity was significant (P = 0.080), indicating that
subjects with higher baseline pain scores had a greater
response to treatment. It was noted that the baseline pain
severity was slightly higher for the LH treatment group
(6.38) than the HL group (6.03).

Analyses by subgroup showed that more significant
improvements were seen in the younger age group (≤65
years) than in the older age groups with both GEn 1,200
and 3,600 mg (Table 3).

Secondary Efficacy Results

A summary of the secondary efficacy assessments is
presented in Table 4.

When assessed by treatment group (HL vs LH), the sec-
ondary pain end points follow the same pattern as the
primary end point (data not shown); therefore, an overall
relative benefit of GEn 3,600 mg was based primarily on
the treatment effect observed in the second period.

There was a reduction from baseline to the end of treat-
ment in the mean daily dose of rescue medication taken
with both GEn doses (Table 4); no difference between
treatments was observed at the end of treatment. Only
eight (9%) subjects in the safety population reported
taking acetaminophen for reasons other than rescue
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285 subjects screened

Excluded (N = 42):
•

•
•
•
•
•

Did not meet continuation
criteria (N = 19)
Lost to follow-up (N = 7)
Withdrew consent (N = 7)
Protocol deviation (N = 4)
Investigator discretion (N = 3)
Adverse event (N = 2)

2 subjects withdrew prior to
taking study medication:
•
•

Withdrew consent (N = 1)
Investigator discretion (N = 1)

7 subjects withdrew:

•
•
•
•

Withdrew consent (N = 3)
Adverse event (N = 2)
Protocol deviation (N = 1)
Lack of efficacy (N = 1)

3 subjects withdrew:

•
•
•

Protocol deviation (N = 1)
Lost to follow-up (N = 1)
Investigator discretion (N = 1)

4 subjects withdrew:

•
•

Lack of efficacy (N = 3)
Adverse event (N = 1)

1 subject did not participate in
the crossover period prior to

GEn dosing in treatment
period 2*

1 subject excluded due to
protocol deviation (did not
complete at least one post-
baseline efficacy assessment)

1 subject withdrew
to withdrew consent

2 subjects withdrew
to withdrew consent

138 subjects entered baseline period

96 subjects randomized to
treatment in a crossover design

Sequence LH:
GEn 1200 mg to GEn 3600 mg

(N = 52)

50 subjects included
in safety population

44 subjects included
in safety population

49 subjects included
in the ITT population

44 subjects included
in the ITT population

Completed
treatment period 1

(N = 42)

Completed
treatment period 1

(N = 41)

Completed
treatment period 2

(N = 41)

Completed
treatment period 2

(N = 37)

Completed
study

(N = 39)

Completed
study

(N = 37)

Completed
crossover period

(N = 41)

Completed
crossover period

(N = 40)

Sequence HL:
GEn 3600 mg to GEn 1200 mg

(N = 44)

Figure 1 Summary of participant flow. GEn = gabapentin enacarbil; HL = high-dose (3,600 mg/day) to low-
dose (1,200 mg/day) GEn; ITT = intent to treat; LH = low-dose (1,200 mg/day) to high-dose (3,600 mg/day)
GEn. *This subject was not withdrawn from the study, but did not participate in the crossover period prior to
GEn dosing in treatment period 2.
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medication. Subject-reported physical functioning on the
BPI had results consistent with the primary efficacy results
(Table 4).

Responder rates in treatment period 1 were similar
between GEn 1,200 mg and 3,600 mg (Table 5).
However, a nominal improvement was consistently seen
for GEn 3,600 mg over 1,200 mg in treatment period 2,
with two subjects achieving 100% reduction from baseline
24-hour average pain intensity.

There was a numerical improvement in the overall com-
parison of responder rates based on the PGIC and CGIC
for subjects when they were treated with GEn 3,600 mg
relative to 1,200 mg at the end of treatment (Table 6).
When the PGIC and CGIC responder data were examined
by treatment period, subjects consistently reported
greater improvement with GEn 3,600 mg than 1,200 mg
at the end of both treatment periods.

Pharmacokinetics

Gabapentin plasma concentrations were adequately
spread across the entire dosing intervals for all treat-
ments (Figure 3). Distributions of sampling time and con-
centration for each treatment were comparable between
the two treatment periods. The vast majority of the con-
centrations were within the 95% prediction interval
representing the prior PK model, confirming that
the exposure achieved in this study was consistent
with expectations.

Table 1 Summary of demographic characteristics

Safety
Population
N = 94

Mean (SD) age (years) 63.1 (12.20)
Range 26–87
Age group, N (%)

≤65 years 54 (57)
66–79 years 34 (36)
≥80 years 6 (6)

Sex
Female, N (%) 37 (39)

BMI, N (%)
≤30 kg/m2 59 (63)
>30 kg/m2 35 (37)

Mean (SD) baseline pain score 6.23 (1.476)
Range 4.0–10.0

Baseline 24-hour average pain score, N (%)
4–<6.5 52 (55)
6.5–10 42 (45)

Race,* N (%)
American Indian or Alaska Native and White 1 (1)
African American/African Heritage 18 (19)
White 75 (80)

Mean (SD) creatinine clearance (mL/min) 90.4 (27.47)
Range 47–190

* One subject in both the safety and the intent-to-treat popula-
tions was American Indian or Alaska Native and White.
BMI = body mass index; SD = standard deviation.
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Figure 2 Mean change from baseline in 24-hour average pain intensity (intent-to-treat population, last
observation carried forward imputation). CO = crossover; DT = down-titration; EOTP = end of treatment
period; GEn = gabapentin enacarbil; HL = high-dose (3,600 mg/day) to low-dose (1,200 mg/day) GEn;
LH = low-dose (1,200 mg/day) to high-dose (3,600 mg/day) GEn; PT = post-treatment; SD = standard
deviation; TP = treatment period; W = Week. *Subjects at baseline had at least four daily pain diaries during
the 7 days prior to randomization and had a mean 24-hour average pain intensity score of ≥4.
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Systemic exposure parameters estimated from the sparse
PK samples available (two to four samples per subject)
show that the values for area under the concentration time
curve, maximum concentration, and minimum concentra-
tion during baseline gabapentin treatment were between
the corresponding values during the two GEn doses
(Table 7). The variability of these parameters, as well as the
peak-to-trough concentration ratio, was comparable for
all treatments.

The correlation between gabapentin average concentra-
tion steady-state and pain score was weak and inconsis-
tent between the two treatment sequences (Figure 4); no
clear correlation within each period was observed (data
not shown).

Safety

No new safety concerns for GEn were identified. The
TEAEs reported to start or worsen during the treatment
phase and that occurred in ≥2% of subjects are summa-
rized (Table 8).

Three subjects experienced TEAEs that led to their with-
drawal from the study while receiving GEn 1,200 mg
(abdominal pain and worsening depression in one subject
each, and irritability, increased PHN, somnolence, and
hyperhidrosis in the third subject). No deaths or pretreat-
ment serious AEs (SAEs) occurred during this study. One
subject experienced a nonfatal SAE of auditory hallucina-
tion defined as treatment emergent, with an onset 6 days

Table 2 Change in 24-hour pain intensity by treatment sequence (intent-to-treat population, last
observation carried forward imputation)

End of Treatment
Period 1 Crossover

End of Treatment
Period 2

LH group (n = 49)
N 49 39 41
Baseline (SD) 6.38 (1.476) NA 6.25 (1.382)
Mean (SD) change from baseline −1.11 (1.477) −1.44 (1.625) −1.92 (2.000)
Percentage (SD) change from baseline −16.5 (21.9) NA −30.6 (30.6)

HL group (n = 44)
N 43 40 41
Baseline (SD) 6.03 (1.473) NA 6.05 (1.480)
Mean (SD) change from baseline −1.09 (1.366) −0.84 (1.653) −1.29 (1.742)
Percentage (SD) change from baseline −18.5 (22.9) NA −21.5 (28.8)

HL = high- to low-dose treatment sequence; LH = low- to high-dose treatment sequence; NA = not available; SD = standard
deviation.

Table 3 Change from baseline in 24-hour pain intensity at end-of-treatment period within subgroups
(intent-to-treat population, last observation carried forward imputation)

GEn 1,200 mg (n = 90) GEn 3,600 mg (n = 85)

N Mean (SD) N Mean (SD)

ITT 90 −1.19 (1.596) 84 −1.50 (1.745)
Age group, years ≤65 53 −1.29 (1.536) 49 −1.71 (1.918)

>65 37 −1.05 (1.691) 35 −1.19 (1.443)
66–79 31 −1.01 (1.780) 29 −1.16 (1.451)
≥80 6 −1.26 (1.232) 6 −1.34 (1.532)

Sex Female 33 −1.13 (1.599) 30 −1.58 (2.136)
Male 57 −1.23 (1.608) 54 −1.45 (1.505)

BMI (kg/m2) ≤30 57 −1.05 (1.477) 56 −1.44 (1.732)
>30 33 −1.44 (1.780) 28 −1.60 (1.799)

Baseline pain score 4–<6.5 50 −0.94 (1.463) 48 −1.36 (1.551)
6.5–10 40 −1.50 (1.717) 36 −1.67 (1.984)

BMI = body mass index; GEn = gabapentin enacarbil; ITT = intent to treat; SD = standard deviation.
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into down-titration. Two post-treatment SAEs of depres-
sion and chest pain were reported 15 and 13 days,
respectively, after the last dose of study medication. None
of the SAEs were attributed to study medication.

The most common central nervous system (CNS)-related
TEAEs were dizziness, headache, PHN, and somnolence.
Other CNS-related AEs occurred in one subject each; in

general, there was a slightly higher occurrence with GEn
3,600 mg than GEn 1,200 mg. However, the incidence
rates were very low with both doses. There was a slightly
higher occurrence of both somnolence and dizziness
during GEn 3,600 mg treatment, although all cases were
classified as mild. The mean duration of somnolence was
longer while on GEn 3,600 mg; however, this was based
on few events.

Table 4 Secondary efficacy assessments (intent-to-treat population)

Baseline

Change from Baseline at End of Treatment (LOCF)

GEn 1,200 mg
Adjusted mean
(SE) Change

GEn 3,600 mg
Adjusted Mean
(SE) Change

Adjusted Mean
(90% CI) Treatment
Difference

P-value for
Adjusted Mean
Treatment
Difference

Daytime average pain 6.14 −1.17 (0.172) −1.48 (0.174) −0.31 (−0.51 to −0.11)* 0.012*
Daytime worst pain 6.91 −1.17 (0.178) −1.50 (0.181) −0.33 (−0.53 to −0.12)* 0.009*
Current evening pain 6.28 −1.10 (0.180) −1.39 (0.183) −0.29 (−0.50 to −0.08)* 0.027*
Nighttime average pain 5.54 −0.92 (0.188) −1.21 (0.190) −0.29 (−0.54 to −0.05)* 0.048*
Nighttime worst pain 6.17 −0.97 (0.192) −1.33 (0.194) −0.36 (−0.61 to −0.12)* 0.015*
Current morning pain 6.16 −1.11 (0.187) −1.46 (0.189) −0.35 (−0.59 to −0.11)* 0.018*
Sleep interference 4.80 −0.97 (0.205) −1.23 (0.207) −0.27 (−0.52 to −0.02)* 0.079*
Sleep time† 6.98 0.31 (0.107) 0.56 (0.108) 0.25 (0.10 to 0.40)* 0.007*
Nighttime awakenings

due to pain
1.39 −0.29 (0.089) −0.39 (0.090) −0.10 (−0.22 to 0.02)* 0.165*

Total nighttime
awakenings

2.09 −0.13 (0.100) −0.29 (0.101) −0.16 (−0.30 to −0.02)* 0.056*

Mean daily dose of
rescue medication
(mg)

730.9 −68.18 (73.404) −71.26 (74.746) −3.08 (−105.02 to 98.86)* 0.960*

BPI severity of pain 6.21/6.10‡ −1.17 (0.223) −1.63 (0.225) −0.46 (−0.84 to −0.08)* 0.050*
BPI interference of pain 4.38/4.20‡ −0.82 (0.244) −1.57 (0.247) −0.76 (−1.19 to −0.32)* 0.005*

* Not adjusted to control for multiplicity.
† A positive treatment difference in sleep time indicates benefit of GEn 3,600 mg relative to GEn 1,200 mg.
‡ Baseline values for GEn 1,200 mg/3,600 mg are provided separately.
BPI = Brief Pain Inventory; CI = confidence interval; GEn = gabapentin enacarbil; LOCF = last observation carried forward;
SE = standard error.

Table 5 Responder rates for 24-hour average pain intensity (intent-to-treat population, last observation
carried forward imputation)

Percentage Reduction
from Baseline

End of Treatment Period 1 End of Treatment Period 2

GEn 1,200 mg GEn 3,600 mg GEn 1,200 mg GEn 3,600 mg
N (%) N (%) N (%) N (%)

Total N for each group 49 44 41 41
≥0 38 (78) 34 (79) 30 (73) 37 (90)
≥30% 13 (27) 13 (30) 15 (37) 19 (46)
≥50% 7 (14) 5 (12) 8 (20) 11 (27)
≥70% 0 0 4 (10) 5 (12)
=100 0 0 0 2 (5)

GEn = gabapentin enacarbil.
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No differences were seen between GEn doses for hema-
tology parameters, chemistry, urinalysis, or vital signs.
Four subjects experienced a worsening from baseline of
pedal edema; none had a 10 mm or greater increase,
or required treatment with diuretics. Only one of the
four subjects experienced worsening when treated
with both GEn 1,200 and 3,600 mg, while one subject
only had worsening when treated with GEn 1,200 mg and
two only had worsening when treated with GEn 3,600 mg.
The overall incidence of AEs and changes in safety param-
eters were small and similar between GEn 3,600 and
1,200 mg.

Discussion

In subjects with PHN and inadequate response to
gabapentin 1,800 mg/day, treatment with GEn 3,600 mg
demonstrated a significant benefit over GEn 1,200 mg on
the primary end point (change from baseline in the mean
24-hour average pain intensity) and secondary end points
using combined data from both treatment groups. On
average, the magnitude of the effect observed for each
dose on the primary end point, and most secondary end
points, was dependent on the sequence (HL or LH). A
post-hoc analysis supported this observation, with unex-
pected mean pain intensity score decreases of 1.11 (GEn
1,200 mg, LH) and 1.09 (GEn 3,600 mg, HL) over the
gabapentin baseline determined to be nearly the same
across both cohorts of the study in treatment period 1.
The treatment groups separated in treatment period 2,
with mean pain intensity score decreases from baseline of
1.92 (GEn 3,600 mg, LH) and 1.29 (GEn 1,200 mg, HL).

Therefore, the overall significant treatment difference was
driven by the effects observed in the LH group.

Because the study compared two active treatment arms,
it was powered to detect a 0.6 reduction in pain intensity
(approximately half the pain intensity change used to
power prior gabapentin and pregabalin PHN studies using
a parallel placebo-controlled design [range 1–1.5])
[25,26,37]. In this study, the observed treatment difference
of 0.29 was significant predominantly due to a smaller
than expected standard deviation, so while this difference
is statistically significant, clinical significance is question-
able. Additionally, Farrar et al. suggest that a 2.0 reduction
on a Likert scale is “clinically important,” correlating with
PGIC data [30]. In this study, the overall comparison of the
PGIC results across treatments (with data from both treat-
ment periods combined) demonstrated efficacy with GEn
3,600 mg relative to GEn 1,200 mg. However, the great-
est benefit of GEn 3,600 mg over GEn 1,200 mg indicated
by the PGIC was in treatment period 1 in which the
PI-NRS showed no difference between treatments. There-
fore, in this design, the PGIC data do not aid the interpre-
tation of pain intensity results. Thus, the −0.29 PI-NRS
difference, the lack of concordance with the PGIC, and the
lack of separation in treatment period 1 confound the
overall significance of the results and limit interpretation of
clinical meaningfulness. It is possible that this result indi-
cates a clinical benefit of GEn 3,600 mg over 1,200 mg in
subjects with an inadequate response to gabapentin
1,800 mg; however, further evaluation of this would be
required in a head-to-head comparison with a longer
treatment period to assess if the difference observed is
sustained and clinically relevant.

Table 6 Global impression of change responders at end of treatment (intent-to-treat population, last
observation carried forward imputation)

GEn 1,200 mg GEn 3,600 mg

PGIC
“Much improved” or “Very much

improved”, n/N (%)
17/63 (27) 28/61 (46)

Adjusted odds ratio (90% CI) — 1.8 (1.05–2.95); P = 0.071*
Treatment Period 1 Treatment Period 2 Treatment Period 1 Treatment Period 2

“Much improved” or “Very much
improved”, n/N (%)

6/35 (17) 11/28 (39) 11/27 (41) 17/34 (50)

CGIC
“Much improved” or “Very much

improved”, n/N (%)
15/53 (28) 18/48 (38)

Adjusted odds ratio (90% CI) — 1.5 (0.92–2.51); P = 0.166*
Treatment Period 1 Treatment Period 2 Treatment Period 1 Treatment Period 2

“Much improved” or “Very much
improved”, n/N (%)

5/28 (18) 10/25 (40) 8/22 (36) 10/26 (38)

* Not adjusted for multiplicity.
CGIC = Clinician Global Impression of Change; CI = confidence interval; GEn = gabapentin enacarbil; PGIC = Patient Global
Impression of Change.
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Choosing selection criteria to define a patient population
of true “inadequate responders” was one of the chal-
lenges with this study design. The definition of history of
“inadequate response” to gabapentin was subjective
based on patient history and investigator judgment. This
proved logistically difficult and required an amendment to
the protocol. A design that required moderate-to-high
pain levels while receiving GEn 3,600 mg/day (or possibly
the highest tolerated dose) may have been a more robust
definition of an inadequate responder.

A crossover design is hypothetically optimal for direct
comparisons requiring a smaller number of subjects than a
parallel controlled study [38]. Using within-subject com-
parisons reduces intersubject variability, resulting in
increased statistical power with fewer subjects. However,
there are known challenges with the crossover design.

There is the potential for carryover of effects, especially if
the washout period is not of adequate duration. Drug,
placebo, and nocebo effects can carry over. A specific
placebo confound is the effect of “expectancy” on a cross-
over design trial [39], particularly in designs where an
effective dose of drug is delivered in one part of the
crossover. Expectancy effects have the potential to be
more pronounced in crossover studies than in parallel
controlled studies and in studies with subjective end points
[40], such as pain reports. In several studies assessing
treatments where the primary end point is predominantly
subjective, the role of expectations and the impact on trial
outcome has been evaluated [39,41–43]. There are many
factors that can impact subject expectations. One factor is
the knowledge that may be acquired during the con-
sent process. Through the consenting process, as
patients learn about the study treatment and based on
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prior experience, they may develop and respond
in accordance with expectations about effects and
side effects.

Post-hoc analysis showed that mean pain intensity scores
were similar across both treatment sequences of the study
in treatment period 1 but then separated in treatment
period 2. Summary data for both treatment sequences
showed that subjects began reporting numerically different
pain intensities during the crossover period. While there are

some examples of a similar effect occurring in a placebo-
controlled crossover study [41], we are not aware of results
such as this with other active group crossover trials. During
the consenting process, subjects were provided with
details of the study design, including the timings and details
of the treatment sequences, which may have had an
impact on their expectation of treatment. The effects
observed in the first treatment period may be asso-
ciated with the knowledge that they were all receiving
active treatment.

Table 7 Summary of estimated gabapentin exposures at steady state (pharmacokinetic population)

Parameters GEn Dose Median
Coefficient of
Variation (%) 5th–95th%

AUC0–24,ss (μg*h/mL) 1,200 mg 99.1 32 70–177.9
3,600 mg 291.9 34 204.6–534.2

Peak–trough ratio 1,200 mg 1.5 40 1.2–2.9
3,600 mg 1.5 40 1.2–3

Cmin (μg/mL) 1,200 mg 3.0 43 1.7–6.1
3,600 mg 8.9 45 4.5–18.5

Cmax (μg/mL) 1,200 mg 5.1 34 3.4–9
3,600 mg 15.0 35 9.9–27

AUC0–24,ss = area under the concentration–time curve at steady state; Cmax = maximum concentration; Cmin = minimum concentration;
GEn = gabapentin enacarbil.

Gabapentin average concentration at steady state
(= AUC0–24,ss/24)
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Figure 4 Individual
concentration–pain intensity
correlation during gabapentin
enacarbil treatments. AUC0–24,ss/
24 = average area under the
concentration–time curve at
steady state.

1929

Crossover Trial of GEn in PHN

D
ow

nloaded from
 https://academ

ic.oup.com
/painm

edicine/article/14/12/1918/1912253 by guest on 17 M
ay 2023



To minimize carryover, a full washout period (ideally with
placebo) is optimal. However, as both treatment periods
involved active treatment, this study included a drug
crossover period instead, allowing for an up- or down-
titration using GEn 2,400 mg. Owing to the relatively short
half-life of GEn (approximately 5–7 hours), the 4-day
minimum duration of crossover included more than five
half-lives of gabapentin, theoretically minimizing the risk of
carryover; however, this does not consider the “effective
half-life,” which may be considerably longer than the PK
half-life. It is difficult to comment on the adequacy of the
up-to-1-week crossover period for assessing any carry-
over in efficacy, especially with subjects in the HL treat-
ment sequence who continued to demonstrate some
improvement following treatment period 1, through the
crossover, and into treatment period 2. It is also difficult to
comment on the adequacy of the 4-week treatment
periods as there was no placebo control. While the PK
results demonstrate a correlation to dose consistent
between treatment periods, the pain intensity data did not
correlate. The lack of correlation between data for PK,
pain intensity, and PGIC, and the “sequencing effect”
observed suggest a carryover confound at play. These
issues suggest that a placebo or a no-drug washout of
longer duration (perhaps with a return to baseline pain
level before proceeding) may be more desirable in a cross-
over trial of this sort.

The 4-week “steady-state” period may have been too
short to fully establish the treatment effects beyond out-
comes associated with “expectation” (placebo). Subject
knowledge of the timing of the crossover, visit procedural

differences, and nonuniformity in the visit schedule may
have contributed to a placebo response. These factors
may in part explain the separation of effects that were
observed during the crossover period and that continued
into treatment period 2. One indicator of this is that the
percentage of responders increased in treatment period 2
and the change from baseline in numerical magnitude of
response indicated improvement for patients treated with
either GEn 1,200 or 3,600 mg. As the subjects knew there
was a 50% chance that their dose would be increased
following the crossover, they may have been more likely to
assess their pain as being less severe during the second
treatment period.

No new safety signals or AE trends related to GEn expo-
sure were identified; in fact, AEs were fewer than
expected. This could reflect a well-tolerated formulation, a
subject’s prior experience with gabapentin, and/or that
the AEs could have “washed out” in the prescreen or
gabapentin 1,800 mg baseline periods. Additionally, sub-
jects who had not tolerated gabapentin previously may
have been unlikely to enroll in the study. Subjects were
provided information about gabapentin baseline treatment
(a medication that all patients were currently receiving) and
GEn. Perceived similarities between gabapentin and GEn
may have contributed to the overall low incidence of AEs
reported in this trial based on their prior knowledge and
related expectations.

In this exploratory study of subjects with PHN and a
history of inadequate response to gabapentin, there was a
modest but significant improvement in pain intensity

Table 8 Treatment-emergent adverse events occurring in ≥2% of subjects (safety population)

Baseline
Gabapentin GEn

Crossover
GEn GEn Down-

titration
GEn
subtotal1,800 mg 1,200 mg 2,400 mg 3,600 mg

N = 94 N = 91 N = 82 N = 85 N = 80 N = 94

Any event, n (%) 4 (4) 27 (30) 5 (6) 21 (25) 7 (9) 42 (45)
Nasopharyngitis 0 4 (4) 0 1 (1) 0 5 (5)
Dizziness 0 0 1 (1) 3 (4) 0 4 (4)
Headache 1 (1) 1 (1) 0 3 (4) 0 4 (4)
Nausea 0 3 (3) 0 0 1 (1) 4 (4)
Fatigue 0 0 1 (1) 2 (2) 0 3 (3)
Postherpetic neuralgia 0 3 (3) 0 0 0 3 (3)
Somnolence 0 1 (1) 0 2 (2) 0 3 (3)
Blood pressure increase 0 1 (1) 0 1 (1) 0 2 (2)
Constipation 0 2 (2) 0 0 0 2 (2)
Diabetes mellitus 0 0 1 (1) 1 (1) 0 2 (2)
Dyspepsia 0 0 0 2 (2) 0 2 (2)
Gout 0 1 (1) 0 1 (1) 0 2 (2)
Irritability 0 2 (2) 0 0 0 2 (2)
Myalgia 0 0 0 1 (1) 1 (1) 2 (2)
Nephrolithiasis 0 0 0 2 (2) 0 2 (2)
Edema peripheral 1 (1) 1 (1) 0 1 (1) 0 2 (2)
Rash pruritic 0 2 (2) 0 0 0 2 (2)
Sinusitis 0 1 (1) 0 1 (1) 0 2 (2)

GEn = gabapentin enacarbil.
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scores associated with GEn 3,600 mg compared with
1,200 mg; secondary outcomes supported this differ-
ence. The treatment difference was primarily observed in
subjects who had received the higher dose during the
second treatment period. Aspects of the study design and
execution may have contributed to this outcome. Given
the differences in the results for the two treatment
sequences and the inability to correlate the results with a
clinically meaningful difference, these efficacy results
should be interpreted cautiously. This study is perhaps
most informative regarding best design/methodology for
future crossover trials.
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