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Abstract

Background: Several single-site alcohol treatment clinical trials have demonstrated efficacy for 

immediate-release (IR) gabapentin in reducing drinking outcomes among individuals with alcohol 

dependence. The purpose of this study was to conduct a large, multisite clinical trial of gabapentin 

enacarbil extended-release (GE-XR) (HORIZANT®), a gabapentin prodrug formulation, to 

determine its safety and efficacy in treating alcohol use disorder (AUD).

Methods: Men and women (n= 346) who met DSM–5 criteria for at least moderate AUD were 

recruited across 10 US clinical sites. Participants received double-blind GE-XR (600 mg twice a 

day [BID]) or placebo and a computerized behavioral intervention (Take Control) for 6 months. 

Efficacy analyses were pre-specified for the last 4 weeks of the treatment period.

Results: The GE-XR and placebo groups did not differ significantly on the primary outcome 

measure, percentage of subjects with no heavy drinking days (28.3 vs 21.5, respectively, p=0.157). 

Similarly, no clinical benefit was found for other drinking measures (percent subjects abstinent, 

percent days abstinent, percent heavy drinking days, drinks per week, drinks per drinking day), 

alcohol craving, alcohol-related consequences, sleep problems, smoking, and depression/anxiety 

symptoms. Common side-effects were fatigue, dizziness, and somnolence.
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A population pharmacokinetics analysis revealed that patients had lower gabapentin exposure 

levels compared with those in other studies using a similar dose but for other indications.

Conclusion: Overall, GE-XR at 600 mg BID did not reduce alcohol consumption or craving in 

individuals with AUD. It is possible that, unlike the IR formulation of gabapentin, which showed 

efficacy in smaller Phase 2 trials at a higher dose, GE-XR is not effective in treating AUD, at least 

not at doses approved by the FDA for treating other medical conditions.

Keywords

alcohol use disorder; gabapentin enacarbil extended-release; Horizant; randomized placebo-

controlled clinical trial

INTRODUCTION

Alcohol Use Disorder (AUD) is a highly prevalent, highly comorbid disorder, affecting more 

than 15 million adults in the US. (https://pubs.niaaa.nih.gov/publications/

AlcoholFacts&Stats/AlcoholFacts&Stats.htm). Advances have been made in medications to 

treat AUD, highlighted by U.S. Food and Drug Administration (FDA) approval of three 

medications to treat alcohol dependence, specifically disulfiram, oral and long-acting 

injectable naltrexone, and acamprosate. Nonetheless, many people do not respond to these 

medications. Thus, efforts have been made to develop and evaluate new medications (Litten 

et al., 2015).

One promising agent being investigated for AUD treatment is gabapentin immediate-release 

(G-IR). G-IR currently is approved by the FDA for the treatment of epileptic seizures, 

neuropathic pain, and restless leg syndrome (http://www.caremark.com/portal/asset/

FEP_Rationale_Gabapentin.pdf). The mechanism of action of gabapentin is unclear, though 

it appears to have multiple cellular effects, including selectively blocking voltage-gated 

calcium channels with the α2δ−1 subunit, enhancement of voltage-gated potassium 

channels, and modulation of GABA activity (Sills, 2006).

The rationale underlying gabapentin as a treatment for AUD is founded on preclinical 

evidence that G-IR reduced alcohol intake in alcohol-dependent rats and normalized stress-

induced GABA activation in the extended amygdala (Roberto et al., 2008), a stress-related 

brain region activated during early abstinence in alcohol dependence (Koob, 2008). 

Clinically, G-IR reduced symptoms of acute alcohol withdrawal (Myrick et al., 2009) and 

improved alcohol-induced sleep disruption in a polysomnography study of normal 

participants (Bazil et al., 2005). In human laboratory studies, 1200 mg/d of G-IR diminished 

symptoms of protracted abstinence, including craving and sleep disturbance (Mason et al., 

2009), which have been identified as risk factors for relapse (Lowman et al., 1996; Brower et 

al., 1998; Foster and Peters, 1999) (see also review Mason et al., 2018).

Several single-site, placebo-controlled randomized clinical trials (RCTs) have evaluated the 

efficacy of G-IR in alcohol dependent individuals. Mason et al. (2014) conducted a 12-week 

RCT of G-IR (900 mg/d and 1800 mg/d) in 150 men and women diagnosed with alcohol 

dependence. Compared with placebo, G-IR significantly increased rates of abstinence and 
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percentage of subjects with no heavy drinking days in a dose dependent fashion. In addition, 

G-IR improved measures of mood and sleep and reduced alcohol craving. There were no 

serious adverse effects, with the most common side-effects being fatigue, insomnia, and 

headaches. Furieri and Nakamura-Palacios (2007) conducted a 4-week RCT of G-IR (600 

mg/d) in 60 alcohol dependent men and, compared with placebo, found improvement in the 

number of drinks per day, percentage of heavy drinking days, and percentage of days 

abstinent. In another RCT, Brower et al. (2008) found that G-IR (titrated up to 1500 mg/d) 

significantly delayed the onset to heavy drinking in 21 individuals with alcohol dependence 

and comorbid insomnia. In a small study, Anton et al. (2009) found that G-IR (up to 1200 

mg/d for 39 days) combined with flumazenil, a benzodiazepine receptor antagonist (20 mg/d 

for the first 2 days), was associated with an increase in the percentage of days abstinent and 

a longer delay to heavy drinking in a subgroup of alcohol dependent individuals (n=16) who 

had relatively high pre-treatment alcohol withdrawal symptoms. In another RCT, Anton et 

al. (2011) found that alcohol dependent individuals (n=150) treated with G-IR (1200 mg/d) 

combined with oral naltrexone (50 mg/d) experienced better outcomes on several measures 

of drinking, craving, and sleep than the group taking naltrexone alone or those receiving the 

placebo over the first six weeks.

The present study focuses on gabapentin enacarbil extended-release (GE-XR) (Horizant®, 

Arbor Pharmaceuticals, LLC, Atlanta, GA), a relatively new, extended-release, prodrug 

formulation of gabapentin approved by the FDA for the treatment of post-herpetic neuralgia 

(PHN) and restless legs syndrome (FDA, 2013). This prodrug formulation is actively 

absorbed by the high capacity nutrient transporters, monocarboxylate transporters Type 1 

and sodium-dependent multivitamin transporters, located throughout the intestinal tract 

(Cundy et al., 2008). After absorption, conversion to gabapentin takes place by nonspecific 

esterases, primarily in enterocytes. One advantage of the prodrug, compared with G-IR, is a 

reduction in inter-patient variability in the blood levels and increased bioavailability (Cundy 

et al., 2008). Furthermore, whereas G-IR is taken 3 times per day, GE-XR only needs to be 

taken 2 times per day, which may result in better treatment adherence, an important aspect to 

consider when developing medications for addiction (Weiss, 2004).

The purpose of this study is to provide the first RCT evaluation of the efficacy and safety of 

GE-XR as a treatment for AUD. This was also the first 6-month, multi-site, double-blind, 

placebo-controlled RCT of a gabapentin formulation that adhered to FDA guidelines for 

pivotal alcohol pharmacotherapy trials (FDA, 2015).

MATERIALS AND METHODS

Study Population

Randomized participants (n= 346) were diagnosed with at least moderate AUD (i.e., 4 or 

more criteria) in the past year according to the Diagnostic and Statistical Manual, 5th edition 

(DSM–5) (American Psychiatric Association, 2013). Participants were eligible if they were 

at least 21 years of age; reported drinking an average of at least 21 standard drinks per week 

for women or 28 standard drinks per week for men and had at least one heavy drinking day 

per week during the 28-day period before consent; and at least 3 consecutive days of 

abstinence prior to randomization. Participants had not been diagnosed with a current 
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substance use disorder (other than alcohol or nicotine) or major psychiatric disorder 

(psychotic, bipolar, and eating disorders; major depressive episode). They did not have 

underlying medical conditions for which gabapentin might be contraindicated or that could 

be exacerbated during trial participation. Use of most psychiatric medications was 

exclusionary except for the stable use of antidepressants (see Supplementary Appendices 1 

and 2 for the full inclusion/exclusion criteria and assessment schedule, respectively).

Study Design

The study was a pivotal, randomized, double-blind, placebo controlled, parallel-group, 26-

week treatment clinical trial. Candidates were treatment-seeking volunteers who responded 

by telephone to advertisements from 10 academic sites in the US between June 2015 and 

February 2017. The study (Protocol # NCIG 006) was approved by the local Institutional 

Review Board at each participating clinical site; all participants in the study provided their 

voluntary, written informed consent before initiation of any study procedures and were 

compensated for time and travel. See Supplementary Appendix 3 for details on clinical sites 

and study oversight.

Participants completed a screening and baseline visit, during which eligibility was 

established, as well as 11 in-clinic visits and 17 telephone visits during non-visit weeks. A 

follow-up telephone interview was conducted during weeks 28–29 (approximately 1–2 

weeks after the last in-clinic study visit) to assess safety and changes in drinking. 

Participants were required to have a breath alcohol concentration ≤ 0.02% to complete the 

in-clinic assessments.

Participants were randomly assigned, in a 1:1 ratio, to receive either GE-XR or matched 

placebo using a permuted block randomization procedure stratified by clinical site. Clinical 

site was chosen as the stratification variable because both local study populations and the 

investigative staff influence on the subject’s drinking behaviors may differentially influence 

endpoints. Randomization was implemented via a centralized, interactive web-based 

response system (IWRS). See Supplementary Appendix 4 for additional details on 

randomization and blinding.

Investigational Product

GE-XR (manufactured by Arbor Pharmaceuticals, LLC) was dispensed during in-clinic 

visits for 26 weeks using a double-blind method. GE-XR was supplied in 600 mg tablets 

with identical matching placebo tablets. A 600 mg tablet of GE-XR contains 313 mg 

equivalents of gabapentin. For both the GE-XR and placebo groups, the daily dose was 

titrated from 1 tablet (600 mg or placebo) on days 1–3, to a target dose of 2 tablets (600 mg 

or placebo twice a day, for 1200mg total) on days 4–7 and weeks 2–25, followed by a taper 

to 1 tablet (600 mg or placebo) during week 26. GE-XR was selected over other oral 

gabapentin products because it confers more uniform and increased bioavailability, faster 

titration time to full therapeutic dose, and less fluctuating gabapentin blood levels with twice 

daily administration (Cundy et al., 2008). This dose (600 mg twice a day) was selected 

because it is the highest approved dose of GE-XR for an FDA-approved indication (PHN), 

and it achieves a similar level of efficacy as higher doses of GE-XR (2400 mg or 3600 mg) 
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on pain outcomes while maintaining a more favorable adverse event profile (Zhang et al., 

2013).

Participants who could not tolerate the target dose were permitted to taper their dose to 600 

mg once daily. If 600 mg daily was not tolerated, medication was discontinued but those 

participants were encouraged to remain in the study, participate in study assessments, and 

continue to receive the behavioral platform (for details, see below). Dosage compliance was 

verified by comparing the participants’ self-report to pill count. Medication compliance was 

calculated as the total amount of medication taken, divided by the total amount prescribed 

during the maintenance phase of the study (weeks 2–25). To validate adherence and conduct 

a population pharmacokinetic (Pop PK) analysis, gabapentin plasma levels were determined 

from blood samples collected at weeks 12, 20, and 24 (pre-dose, 8 and 12 hours post dose) 

that were analyzed using a liquid chromatography–mass spectrometry/mass spectrometry 

(LC–MS/MS) method validated for gabapentin in plasma over the range 80–10,000 ng/mL 

Estimated population Pop PK parameters were used to compare drug exposure with prior 

studies (FDA, 2013) and to evaluate a dose-response relationship between gabapentin 

systemic exposure and drinking.

Behavioral Platform

Participants viewed Take Control modules, a computerized bibliotherapy platform (Devine 

et al., 2016), at each in-clinic visit.

Measures of Efficacy

Alcohol consumption was captured via the Time-Line Follow-Back and Form 90 interview 

methodology and procedures (Sobell and Sobell, 1992; Miller, 1992). Drinks were converted 

into standard drink units (1 standard drink = 0.6 oz of pure alcohol) for all subsequent 

analyses. The a priori primary efficacy endpoint was percentage of subjects with no heavy 

drinking days (PSNHDD) (Falk et al., 2010) during the last 4 weeks of the maintenance 

phase of the study (weeks 22–25). A ‘heavy drinking day’ was defined as four or more 

drinks (women) or five or more drinks (men) per drinking day.

A priori secondary efficacy end points (weeks 22–25) included other drinking measures 

(percentage of heavy drinking days, percentage of days abstinent, drinks per week, drinks 

per drinking day, percentage of subjects abstinent, and percentage of subjects with a 

reduction of at least 1- or 2-levels in World Health Organization drinking risk categories) 

(Hasin, 2017) as well as severity of alcohol craving (Alcohol Craving Scale–Short Form 

[ACQ-SF-R], Singleton et al., 2000); number of alcohol-related consequences (ImBIBe, a 

revised and abbreviated form of the Drinker Inventory of Consequences; Litten et al., 2013; 

Miller, 1995; Werner et al., 2008); Pittsburg Sleep Quality Index (PSQI) (Buysse et al., 

1989) score; mood, as assessed by the Beck Anxiety Inventory (BAI) (Beck et al., 1988), 

Beck Depression Inventory Scale–II (BDI-II) (Beck et al., 1996), and the Profile of Moods 

States (POMS) (McNair et al., 1992); and the number of cigarettes smoked per week among 

smokers. Exploratory endpoints included the percentage of subjects with a negative blood 

phosphatidylethanol (PEth) (United States Drug Testing Laboratories, Inc., Des Plaines, IL), 

an objective biomarker used to confirm self-reported alcohol consumption endpoints); the 
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number of AUD criteria endorsed, an indicator of AUD severity; and the percentage of 

subjects abstinent from smoking among smokers.

Prior research shows that drinking during the first several months of treatment is relatively 

unstable and not highly predictive of long-term outcomes (Kline-Simon et al., 2014). Thus, a 

5-month grace period was granted for all efficacy endpoints. A grace period is an early 

period in a trial where outcome is not considered in the final analysis because the measured 

treatment effect is not thought to represent the full potential of the drug (Falk et al., 2010). 

Based on FDA guidance, a grace period is permitted for Phase 3 clinical trials (FDA, 2015). 

Sensitivity analyses examined other grace periods, as well as the full maintenance period 

(weeks 2–25).

Safety Assessments

Safety was assessed via vital signs; blood chemistry tests; urine tests for illicit drug use; 

blood alcohol concentration, as measured by breathalyzer; adverse events; concomitant 

medication use; cardiac conduction, measured by electrocardiogram; alcohol withdrawal, 

measured by the Clinical Institute Withdrawal Assessment for Alcohol–revised (CIWA-Ar) 

[Sullivan et al., 1989); and suicidal ideation, measured by the Columbia Suicide Severity 

Rating Scale (Posner et al., 2011). Adverse events were assessed in the clinic and during 

telephone interviews using the open-ended question: “How have you been feeling since your 

last visit?”

Statistical Analysis

Statistical analyses were similar to our previous trial (Ryan et al., 2017). Baseline safety and 

efficacy analyses (except for the prespecified models examining smoking among smokers) 

were analyzed on a modified intention-to-treat (mITT) population that included all 

randomized participants who received at least one dose of investigational product (n=338; 

GE-XR=170, placebo=168). The smoking efficacy models included only participants who 

were smokers (i.e., smoked at least one cigarette in the past week at baseline) (n=105; GE-

XR=50, placebo=55). As a sensitivity analysis, efficacy analyses were also analyzed on an 

evaluable population of participants randomized to the study who took at least 80% of the 

per-protocol prescribed dose (269 tablets) during the maintenance period (weeks 2–25) and 

who did not have a major protocol violation (n=232; GE-XR=115, placebo=117).

Continuous outcomes were measured at multiple time points and analyzed using a repeated-

measures mixed-effects model. Least-square means (LSMEANs), standard errors (SEs), and 

95% confidence intervals (CIs) are presented for each treatment group and were derived 

from fully adjusted models on untransformed outcomes (to facilitate clinical interpretation), 

averaged across the last 4 weeks of the maintenance period (weeks 22–25). Cohen’s d and p-

values were based on the fully adjusted models with the appropriately transformed outcome 

variables (if skewed).

For dichotomous outcomes, unadjusted prevalence rates were determined during the last 4 

weeks of the maintenance period. Odds ratios (ORs) and p-values were derived from fully 

adjusted logistic regression models; the number of covariates were limited by the number of 

events for each dichotomous outcome (Peduzzi et al., 1996).
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Except for the primary outcome, no imputation was performed for missing data in the tabled 

model results. However, as a sensitivity analysis, models were re-estimated with imputation 

for missing data. For dichotomous outcomes (besides the WHO outcomes), participants with 

any missing outcome data were imputed as treatment failures. For percentage of heavy 

drinking days and percentage of days abstinent, days with missing drinking data were 

imputed as heavy drinking days and drinking days, respectively. For other continuous 

outcomes, and WHO outcomes, missing data were handled by multiple imputation.

Exploratory moderator analyses were conducted on the imputed primary efficacy outcome, 

percentage of heavy drinking days (weeks 22–25), to evaluate whether a differential 

treatment effect existed as a function of 26 patient characteristics of theoretical and scientific 

interest. These characteristics included patient demographics; baseline measures of alcohol 

consumption, smoking, alcohol-related severity, mood, sleep, and impulsivity; and 

medication exposure. A model similar to the primary efficacy model was used for each 

moderator tested and included moderator and treatment-by-moderator interaction terms.

To evaluate the possibility that alcohol consumption affected the bioavailability of GE-XR 

(Bode and Bode, 2003; Cundy et al., 2008; Elamin et al., 2013; FDA, 2013), a post-hoc 

analysis compared the alcohol consumption in the 2 days prior to blood measurement among 

those with low versus high systemic exposure to gabapentin (AUC24,ss).

For all statistical tests, p<0.05 (two-tailed) was considered statistically significant. No 

adjustment was made for multiple inferential tests. For the primary outcome, an estimated 

sample size of 346 participants yielded 91% power to detect a treatment effect comparable 

to that obtained by Mason et al. (2014) (OR=2.5; GE-XR=27% and placebo=13%), given a 

two-tailed 0.05 significance level and assuming a 15% dropout rate where dropouts were 

imputed as treatment failures. Data were analyzed with SAS version 9.4 (SAS Institute, 

Cary, NC). See Supplementary Appendix 5 for additional details regarding the statistical 

analysis.

RESULTS

Study Sample

Of the 736 participants consented for the study, 346 were eligible and therefore randomized 

to receive GE-XR or placebo (n=173 per group); 390 were excluded because they did not 

meet eligibility criteria or they chose not to participate (see Fig 1). The top reasons for 

exclusion included positive urine toxicology drug screen (20.8%), not meeting drinking 

criteria (14.9%), unable to participate in clinic/phone visits (9.0%), and having a clinically-

relevant complicating medical condition (7.7%). The mITT population excluded 8 

randomized participants who never received investigational product resulting in GE-XR 

(n=170) and placebo (n=168). In the mITT population, fewer participants in the GE-XR 

group withdrew early from the study than in the placebo group (n=28 [16.5%] vs. n=40 

[23.8%], respectively; p=0.092); however, more participants in the GE-XR group 

discontinued medication than in the placebo group (n=21 [12.4%] vs. n=13 [7.7], 

respectively; p=0.158].

Falk et al. Page 8

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 January 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



Participants in the GE-XR and placebo groups were not statistically different on any baseline 

characteristic except gender and the Barratt Impulsivity Scale – second order Attention 

factor (BIS-Attention; Table 1) (Patton et al., 1995). Randomized mITT participants were 

mostly male, white, employed, and middle-aged, with approximately 15 years of education. 

On average participants drank heavily, consuming ~ 56 drinks per week, and met or 

exceeded four drinks (women) or five drinks (men) per drinking day on ~ 77% of the days. 

With respect to treatment drinking goals, ~ 9% desired permanent abstinence, whereas the 

majority sought to drink in a limited manner. About one-third (31%) smoked at least one 

cigarette in the week before the screening visit, averaging 77.7 cigarettes per week. On 

average, participants had very low levels of alcohol withdrawal (CIWA-Ar=1.5); non-

elevated levels of anxiety, depression, and mood disturbance (BAI=7.3, BDI-II=10.5, POMS 

Total Mood Disturbance=4.9); and were just above the cutoff for poor sleep quality 

(PSQI=6.7).

Medication Compliance and Participation

Overall, medication compliance during the maintenance phase was 92.3% and was similar 

for both treatment groups (92.6% and 92.0% for GE-XR and placebo groups, respectively; 

p=0.699). The median number of pills taken during the maintenance phase was nearly 

identical in both groups: 318.5 pills in GE-XR group and 320 in the placebo (or ~95% of the 

possible 336 pills) (p=0.956). Analyte levels of gabapentin were largely consistent with 

patient self-reports of medication consumption (concordance rates: 86.8%–89.0% during 

weeks 12, 20, and 24). The estimated average peak concentration (Cmax) and 24-hour AUC 

at steady-state (AUC24,ss) obtained from a Pop PK analysis of GE-XR were 4.21 μg/mL and 

83.1 μg.hr/mL, respectively. Overall, 83.4% of mITT participants had complete drinking 

data during the maintenance phase, with the GE-XR group being slightly higher than the 

placebo group (86.5% vs. 80.4%, respectively), which was not statistically significant (p= 

0.145).

Primary Efficacy Outcome

Averaged across the last 4 weeks of the maintenance period (weeks 22–25), the GE-XR 

group had somewhat higher levels of the primary outcome, percentage of subjects with no 

heavy drinking days (PSNHDD), than the placebo group (28.3 vs. 21.5, respectively); 

adjusted odds ratio (aOR)=1.53 (95% CI=0.85–2.75), although this small effect was not 

statistically significant (p=0.157) (Table 2). The treatment effect was similar, and also not 

statistically significant, when participants with missing drinking data were imputed as 

treatment failures (GE-XR=24.1 vs. placebo=17.3, respectively); aOR=1.50 (95% CI=0.86–

2.62; p= 0.157) and also for the evaluable subpopulation (GE-XR =28.6% vs. placebo 

=19.8%, respectively); aOR=1.62 (95% CI = 0.84–3.14; p = 0.153). Treatment effects were 

small and nonsignificant for each month of the trial and across the entire maintenance period 

(all p’s>0.05) (Figure 2).

Of the 26 moderators evaluated, 2 were statistically significant: treatment drinking goal 

(p=0.016) and BIS-Attention (p=0.044). Specifically, compared with placebo, the GE-XR 

group had a significantly higher PSNHDD among the subset of participants whose goal was 

non-permanent abstinence (aOR=2.68, 95% CI=1.26–5.67, p=0.010), yet had non-
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significantly lower PSNHDD among the subset of participants who sought permanent 

abstinence (aOR=0.61, 95% CI=0.24–1.55, p=0.298). In addition, compared with placebo, 

the GE-XR group had a significantly higher PSNHDD among participants with low BIS-

Attention scores (aOR=2.61, 95% CI=1.17–5.81, p=0.019) and non-significantly lower 

PSNHDD among participants with higher BIS-Attention scores (aOR=0.80, 95% CI=0.35–

1.82, p=0.599). Although the treatment-by-moderator interactions were not statistically 

significant for the other moderators, GE-XR was significantly more efficacious than placebo 

in 2 subgroups (elevated PSQI [aOR=2.24, 95% CI=1.03–4.88, p=0.042]; and non-smokers 

[aOR=2.08, 95% CI=1.03–4.22, p=0.043]; non-statistical trends (p’s<0.10) were observed 

for 6 other subgroups (low alcohol consumption, low POMS Vigor-Activity, high alcohol 

craving, high reduction in alcohol consumption prior to randomization, no history of alcohol 

withdrawal, and women). A sensitivity analysis using another outcome, percentage of heavy 

drinking days, revealed no statistically significant moderator interactions or subgroups (data 

not shown). See Supplementary Appendix 6 for further moderator analysis results.

In the Pop PK analysis, participants with higher AUC24,ss (≥ 83 μg.hr/mL, [n=74]) were 

significantly more likely to be classified as a non-heavy drinker than participants with lower 

AUC24,ss (< 83 μg.hr/mL, [n=73]) (31.1% vs 17.8%, aOR=2.53, 95% CI-1.06–6.04, 

p=0.036), indicating that higher exposure resulted in less alcohol consumption (similar 

results were obtained for Cmax, data not shown).

Secondary Efficacy Outcomes

Averaged across the last 4 weeks of the maintenance period, the GE-XR and placebo groups 

were statistically similar on all secondary measures of alcohol consumption, alcohol craving, 

alcohol-related consequences, cigarette smoking, sleep quality, and anxiety (Table 2). The 

average number of DSM–5 AUD criteria was significantly higher in the GE-XR group than 

the placebo group (3.4 vs. 2.8, respectively; p=0.046; d= 0.24) as was the level of depression 

symptoms (BDI-II: 6.5 vs. 5.2, respectively; p=0.046; d=0.23). Results were similar when 

missing data were imputed or for the evaluable subpopulation (data not shown). Moreover, 

compared with placebo, GE-XR did not show a benefit on any secondary outcome for any of 

the times evaluated during the entire maintenance period (all treatment x time interactions 

p’s>0.05) (see Supplementary Appendix 7 for percentage of heavy drinking days outcome 

across maintenance period).

Analysis of alcohol affecting bioavailability of GE-XR revealed that, among participants 

with high GE-XR compliance (269+ pills), those with a relatively low blood levels of GE-

XR (AUC24,ss below the median) drank more alcohol in the 2 days prior to blood 

measurement than those with relatively high bloods levels of GE-XR (4.5 vs. 3.0 drinks per 

day, p=0.010), despite having taken nearly an identical number of pills (321 vs. 323 pills, 

p=0.548).

Safety

Among participants who took at least one dose of study medication, 28 types of adverse 

effects (AEs) were reported in at least 5% of participants from either treatment group (Table 

3). Of these, compared with the placebo group, the GE-XR group reported significantly 
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greater rates of fatigue (25.9% vs. 15.5%; p= 0.022), somnolence (17.6% vs. 9.5%; p= 

0.038), and tremor (5.9% vs. 0.6%; p= 0.010); a numerical, though not statistically 

significant, increase was found for dizziness (21.2% vs. 13.7%; p=0.085). Among GE-XR 

participants who reported at least 1 of these 4 AEs, the majority rated the AE as “mild” 

(65.0%), relative to “moderate” (33.3%) or “severe” symptoms (1.7%). Significantly lower 

rates of arthralgia and rash occurred in the GE-XR group compared with the placebo group; 

pruritus and depressed mood were statistical trends. Regarding AEs that occurred in fewer 

than 5% of participants, GE-XR produced a numerical, though not statistically significant, 

increase in suicidal ideation compared with placebo (n=7 [4.1%] vs. n=1 [0.6%]; p=0.067).

As shown in Figure 1, only 1 patient in the GE-XR group withdrew from the study because 

of AEs (dizziness, headache, somnolence, feeling abnormal) vs. 2 in the placebo group 

(paranoia, suicidal ideation). However, more participants discontinued investigational 

product because of AEs in the GE-XR group than in the placebo group (n=11 [6.5%] vs. n=6 

[3.6%], respectively).

Among participants reporting dizziness or somnolence, those in the GE-XR group had 

greater odds of experiencing dizziness and somnolence on drinking than non-drinking days 

(dizziness: OR=2.75, 95% CI =0.79–9.78, p=0.094; somnolence: OR=1.65, 95% CI=0.38–

6.03, p=0.452) compared with the placebo group, suggesting that GE-XR may 

synergistically interact with alcohol to cause dizziness and somnolence; these associations 

were not statistically significant because of the small AE sample sizes.

Eight participants taking GE-XR experienced 11 events during the treatment phase that were 

rated as serious adverse events (SAEs): pneumonia (n=3), alcohol withdrawal syndrome 

(n=3), migraine headache (n=1), back pain (n=1), orbital fracture (n=1), orbital infection 

(n=1), and acute intoxication resulting in death (n=1). All SAEs were considered unlikely or 

unrelated to study medication by the Medical Monitor. Six participants taking placebo 

experienced 6 SAEs: bradycardia (n=1), suicidal ideation (n=1), paranoia (n=1), gastric 

ulcer (n=1), alcoholism (increasing alcohol consumption) (n=1), and humerus fracture 

(n=1). No additional differences between the GE-XR and placebo groups were rated as 

being clinically meaningful for any other safety measures.

DISCUSSION

This was the first multisite pivotal trial to evaluate the efficacy and safety of gabapentin 

enacarbil extended-release (GE-XR) in individuals with moderate-to-severe AUD. GE-XR 

was not effective in reducing any of the a priori-defined alcohol consumption or non-

consumption outcomes. In fact, at the end of treatment, the placebo group reported 

significantly fewer AUD DSM–5 symptoms and lower depression scores than the GE-XR 

group (Table 2). The results were unexpected because several prior RCTs reported G-IR 

improved drinking and non-drinking outcomes in AUD patients (Anton et al., 2009; Anton 

et al., 2011; Brower et al., 1998; Furieri and Nakamura-Palacios, 2007; Mason et al., 2009; 

Mason et al., 2014).
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There are several possible explanations for the lack of efficacy of GE-XR in this trial. First, 

because this was a new formulation of gabapentin, never studied for the treatment of AUD, it 

may not have been the optimal dose for showing efficacy in reducing drinking in AUD 

individuals. The dose used in this study was 1200 mg per day (600 mg twice a day), which is 

the dose approved by the FDA to treat PHN. For PHN, higher doses of 2400 and 3600 mg 

per day did not increase efficacy but did increase side-effects (Zhang et al., 2013). The FDA-

approved dose of GE-XR for the treatment of restless legs syndrome is even lower, at 600 

mg per day (FDA, 2013). In addition, our study target dose was selected because: 1) It was 

as efficacious on pain outcomes as the maximum approved daily dose of G-IR for treating 

PHN (1800 mg; 600 mg three times per day) (Rice and Maton, 2001; Zhang et al., 2013); 

and 2) given doses of G-IR ranging from 600 mg to 1800 mg per day have demonstrated 

efficacy in alcohol pharmacotherapy trials, the target dose for this study (1200 mg GE-XR) 

produces an intermediate systemic exposure (steady state AUC24,ss) between 900 mg and 

1800 mg G-IR—approximately 40% lower systemic exposure than 1800 mg G-IR and 34% 

higher systemic exposure than 900 mg G-IR (Backonja et al., 2011; Bockbrader, 1995; FDA, 

2012). Thus, the dose selected for this study was within the efficacious range for AUD in the 

literature. Yet it is possible that a higher dose may have been necessary to achieve efficacy 

for this indication as: 1) 1800 mg G-IR showed greater efficacy than 900 mg G-IR in a 

similarly-designed clinical trial (Mason et al., 2014) and 2) our Pop PK analysis indicated 

that higher exposure to gabapentin was associated with lower alcohol consumption. 

However, with regard to the latter, the possibility of reverse causation cannot be ruled out, 

that is, for the reasons discussed below, lower alcohol consumption could have resulted in 

higher exposure to gabapentin.

Second, alcohol may have reduced the bioavailability of gabapentin. It is possible that taking 

GE-XR in proximity to alcohol consumption may have degraded the extended-release 

properties, rendering it to be a mixture of extended (GE-XR) and immediate-release 

gabapentin enacarbil (GE-IR), which could have lowered the estimated AUC (Cundy et al., 

2008). In vitro studies of GE-XR have demonstrated that alcohol accelerates the release of 

gabapentin enacarbil (between 43%–65% of gabapentin enacarbil is released within 1 hour 

when alcohol is present in concentrations ranging from 5%−40%) (FDA, 2013). In addition, 

because this prodrug formulation is actively absorbed by several transporters located 

throughout the gut (Cundy et al., 2008), it is possible that these transporters may have been 

negatively altered by alcohol. Alcohol is known to affect the integrity of the gut wall (Bode 

and Bode, 2003; Elamin et al., 2013), which could have diminished the medication’s 

bioavailability. Interestingly a post hoc analysis revealed that participants with relatively low 

blood levels of GE-XR drank more alcohol in the 2 days prior to blood measurement than 

those with relatively high bloods levels of GE-XR. Thus, consuming alcohol during the trial 

may have reduced the bioavailability of gabapentin.

Third, given the literature showing that bioavailability of GE-XR is greater in the fed than 

fasted state (particularly with high fat meals) (Cundy 2008; FDA 2012), and that individuals 

with high alcohol consumption often have poor dietary habits (Breslow et al., 2006), we 

conducted a post-hoc analysis of the PK data to explore whether bioavailability of 

gabapentin may have been impacted by food intake (or lack thereof) in the present study. 

Although diet was not explicitly studied, consistent with the PK literature, we found that 
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AUC (and other PK parameters) was greater among patients whose PK samples were all 

taken in the fed state (87.5; 32% of patients) or a mixture of fed and fasted states (88.7; 55% 

of patients) than in patients whose samples were all taken in the fasted state (68.2; 13% of 

patients). Because the majority patients (87%) took GE-XR with food (on at least some 

days), the bioavailability of gabapentin could be considered maximized to some extent. 

Importantly, however, as we did not assess dietary fat content, it is unknown the degree to 

which this factor may have impacted gabapentin bioavailability.

Fourth, it is possible that, given the heterogeneity of the AUD population (Litten et al., 

2015), average treatment effects do not sufficiently describe the efficacy of GE-XR and that 

more nuanced moderator analyses are necessary to show efficacy among only certain 

participant subgroups. However, despite an extensive analysis of 26 participant attributes, we 

were able to identify only 2 characteristics—treatment drinking goal and attentional 

impulsiveness—that were statistically significant, independent moderators of the treatment 

effect (i.e., greater treatment effects among participants with a treatment goal of non-

permanent abstinence and low attention problems). Furthermore, only 2 additional 

subgroups (non-moderators) were statistically significant (i.e., those with elevated sleep 

problems and nonsmokers). Given the variety of these characteristics and the possibility of 

spurious findings given numerous statistical tests (2 of 26 moderators could be expected to 

be significant by chance alone), it is not possible to identify a cohesive participant responder 

profile. Because gabapentin is thought to reduce drinking by relieving aversive symptoms 

related to protracted withdrawal (Roberto et al., 2008; Mason et al., 2009; Mason et al., 

2014), we hypothesized that gabapentin might have greater efficacy among subgroups with a 

history of withdrawal (endorsement of the MINI withdrawal symptom); relatively elevated 

sleep problems, anger/hostility, fatigue, tension/anxiety, mood disturbance, and depression; 

and relatively lower vigor-activity. However, GE-XR did not show a consistent pattern of 

efficacy across these characteristics (except for elevated sleep problems and lower vigor-

activity). Similarly, GE-XR did not show differential efficacy as a function of AUD severity 

(AUD symptoms, alcohol consumption, craving, and alcohol-related consequences). 

Because GE-XR did not improve outcomes related to protracted withdrawal, it is perhaps 

not surprising that GE-XR generally had little effect on participants experiencing these 

symptoms at baseline.

GE-XR was well-tolerated in this study with no serious adverse effects related to the 

medication. Compared to placebo, medication adherence was similar, and study dropout was 

relatively lower, suggesting relatively low patient burden for GE-XR and good engagement, 

although somewhat more GE-XR patients discontinued medication. The most commonly 

reported side-effects were fatigue, dizziness, and somnolence, consistent with those of G-IR 

(FDA, 2013). Although there is some evidence from human laboratory studies that G-IR 

does not interact with alcohol (Bisaga and Evans, 2006; Myrick et al., 2007), consistent with 

the label for gabapentin, there was some evidence that GE-XR interacted with alcohol to 

increase rates of dizziness and somnolence, although the small numbers of participants 

experiencing these AEs preclude definitive conclusions. Additionally, while infrequent (<5% 

of participants), GE-XR was associated with higher rates of treatment-emergent suicidal 

ideation than placebo, which is consistent with the increased ideation rates reported for anti-

epileptic medications (like gabapentin) as indicated in the GE-XR label (FDA, 2013). Thus, 

Falk et al. Page 13

Alcohol Clin Exp Res. Author manuscript; available in PMC 2020 January 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



suicidal ideation should be monitored in patients taking GE-XR. Gabapentinoids, such as 

gabapentin and pregabalin have misuse potential, and there have also been reports that 

gabapentin is misused, especially among participants with opioid use disorder with some 

gabapentin-related deaths associated with other substances (Mersfelder and Nichols, 2016; 

Smith et al., 2016). Although not directly assessed, research staff did not voice any concerns 

that participants in this study were misusing study tablets.

Study strengths included a relatively large sample size, long treatment period (6 months vs. 

the 3 months typically used for Phase II trials within the alcohol field), high treatment 

retention, low rate of missing data, Pop PK evaluation, use of a standardized behavioral 

platform, and an extensive and rigorous evaluation of possible outcomes and moderators of 

treatment effect. Moreover, the study benefitted from a multisite design which increased the 

generalizability of results, though presumably at the expense of added site variability which 

may account for the observation that Phase 2 single-site trials are often not replicated in 

larger Phase 3 multisite trials (FDA, 2017). Study limitations included the lack of additional 

treatment arms to evaluate the efficacy and safety of higher doses of GE-XR in an AUD 

population and limited power to detect moderator effects. Also, like most AUD 

pharmacotherapy trials, the study excluded patients with significant psychiatric 

comorbidities and alcohol withdrawal which may limit generalizability to the subpopulation 

of severe patients seen in certain specialty treatment settings where these features are more 

prevalent.

In summary, although previous single-site studies have reported G-IR reduced drinking in 

patients with AUD, this multisite clinical trial did not observe any benefit of the GE-XR 

formulation on a variety of alcohol consumption and non-consumption outcomes in 

participants with moderate-to-severe AUD. It is possible the target dose was not adequate for 

this AUD population and/or that the heterogeneity of the population obscured a potential 

treatment effect. GE-XR was well-tolerated in trial participants. Additional studies may be 

needed to examine GE-XR at higher dosages, compare side-by-side GE-XR versus G-IR 

within the same RCT, and evaluate the effect of alcohol on the mechanism of action of the 

prodrug formulation as well as identifying subtypes of patients who might be more likely to 

benefit from this medication. Given the null efficacy results of the present study, weighed 

against the potential interaction of GE-XR with alcohol and the potential for misuse of 

gabapentinoids, GE-XR, at least at the dose tested in this present study, cannot be 

recommended for the treatment of AUD
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Fig 1. Study Profile (CONSORT)

*Subjects may have more than one reason for withdrawal of consent.

**Subjects who discontinued the intervention may or may not have completed the study.
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Fig 2. Percentage of Subjects No Heavy Drinking Days (Primary Outcome) across the Treatment 
Period (mITT)

Notes: missing data were not imputed. All p’s>0.05. Wks = Weeks. Weeks 2–25 were the 

maintenance period.
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