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Abstract

Background: Despite advances in development of pharmacotherapy for alcohol use disorder
(AUD), the need for medication treatment that can be administered to actively drinking outpatients
that promotes reduction in harmful alcohol consumption remains. The primary aim of this pilot
study was to determine whether high-dose gabapentin (3600 mg/daily) is more effective than
placebo in reducing harmful alcohol consumption in outpatients with alcohol use disorder.

Methods: Women and men (n = 40) who met DSM-IV-TR criteria for alcohol dependence

and reporting at least 4 heavy drinking days (HDD) per week were recruited at a single site.
Participants were actively-drinking at study entry and received double-blind gabapentin (3600
mg/day) or placebo for 8-weeks. Study medication was titrated over 5 days and administered in
three divided doses (1200 mg three times per day). The proportion of HDD (primary outcome) and
percent days abstinent (PDA) (secondary outcome) were analyzed using generalized longitudinal
mixed models with predictors study arm, week, study arm by week interaction, and baseline
outcome.
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Results: A significant interaction between study arm and week was found (F7 215=3.33, p=.002)
for proportion of HDD per week. A significant interaction between study arm and week was
found (F7 215=3.11, p=0.004) for PDA per week. The overall retention rate was 67.5% with no
significant difference in time-to-dropout between treatment groups. There were no serious adverse
events. No participants were removed from the trial for the development of moderate-to-severe
alcohol withdrawal (CIWA = 13).

Conclusions: Gabapentin treatment rapidly titrated to a dose of 3600 mg per day is associated
with a reduction in the proportion of HDD per week and an increase in PDA per week in actively
drinking outpatients with AUD. High-dose gabapentin is potentially a feasible approach to treating
AUD and deserving of further study.
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1. Introduction

Alcohol Use Disorder (AUD) continues to be the most common substance use disorder in
the US (SAMHSA 2020) responsible for substantial morbidity and mortality worldwide
(Whiteford et al., 2013). Three FDA-approved pharmacotherapies are available (disulfiram,
naltrexone, and acamprosate), yet these treatments are used for a small minority of patients
in treatment (Walker et al., 2019, Rubinsky et al., 2015). The current FDA-approved
pharmacotherapuetic options (naltrexone, disulfiram, acamprosate) for AUD are lacking

in that no single agent has proven to be a safe and effective outpatient treatment for
alleviating withdrawal symptoms, reducing harmful drinking, and promoting abstinence.
Evidence-based non-FDA approved AUD pharmacotherapy (Kranzler and Soyka, 2018),
including gabapentin (Kranzler et al., 2019, Leung et al., 2015), topiramate (Blodgett et al.,
2014), and baclofen (Pierce et al., 2018), is available, but not frequently prescribed in the
community.

Anticonvulsant agents, most notably topiramate and gabapentin, have been shown to be
effective for the treatment of AUD. Topiramate has been shown to be effective in treating
AUD in actively-drinking outpatients (Johnson et al., 2003, Johnson et al., 2007, Blodgett
et al., 2014) in doses up to 300 mg/day. Gabapentin has been shown to be effective for
AUD in doses up to 1800 mg (Mason et al., 2014) and 1200 mg (Anton et al., 2020), but

an extended-release formulation of gabapentin, with lower bioavailability, was not shown to
be effective at a dose of 1200 mg/day (Falk et al., 2019). Large-scale retrospective studies
of gabapentin effects on alcohol consumption have shown benefit (Rentsch et al., 2019), but
also the potential for harms (Rentsch et al., 2020).

Gabapentin was initially synthesized as a structural analogue of the neurotransmitter
y-aminobutryric acid (GABA) (Satzinger, 1994), and while it is not a GABA-mimetic
agent (Maneuf et al., 2003), it has been shown to influence GABA (Errante et al., 2002,
Petroff et al., 1996) and glutamatergic (Suto et al., 2014) activity. Gabapentin binds to the
a,6-1 and a»6-2 subunits of voltage-gated calcium channels (Gee et al., 1996, Wang
etal., 1999, Marais et al., 2001) and inhibits calcium currents (Stefani et al., 1998,
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Alden and Garcia, 2001, Sutton et al., 2002, Stahl, 2004), which leads to attenuation

of postsynaptic excitability (Sills, 2006, Cheng and Chiou, 2006). Gabapentin is not
appreciably metabolized in humans, does not bind to plasma proteins, or induce hepatic
enzymes, and is eliminated by renal excretion as an unchanged drug. The safety and
tolerability of gabapentin in actively drinking individuals has been studied under double-
blind placebo-controlled conditions in both the natural environment and in a bar-lab setting
and no differences in subjective effects or objective measures of intoxication were reported
(Myrick et al., 2007). In the human laboratory setting, gabapentin does not significantly alter
subjective and performance effects of alcohol (Bisaga and Evans, 2006). These data support
the safety of administering gabapentin to actively drinking outpatients.

Gabapentin has been found to be effective for the treatment of alcohol withdrawal in
open-label (Mariani et al., 2006) and double-blind (Myrick et al., 2009) active-control
trials. A three-arm trial (n=57) comparing valproic acid, gabapentin and placebo as add-

on therapy to benzodiazepines did not find any advantage of anticonvulsant treatment as
compared to placebo (Trevisan et al., 2008). Following detoxification, gabapentin treatment
has been shown to reduce relapse and alcohol consumption as compared to placebo in AUD
outpatients (Brower et al., 2008, Furieri and Nakamura-Palacios, 2007). There is consistent
evidence that gabapentin is an effective treatment for sleep disruption associated with either
alcohol use (Bazil et al., 2005), alcohol withdrawal (Malcolm et al., 2007), or during

the period of early abstinence from alcohol (Karam-Hage and Brower, 2003, Karam-Hage
and Brower, 2000). Post-hoc analysis has shown that higher severity pretreatment alcohol
withdrawal symptoms predicts improved withdrawal symptom and alcohol use outcomes
when gabapentin was co-administered with flumazenil (Anton et al., 2009). In addition,

a history of alcohol withdrawal predicted improved treatment response of co-administered
gabapentin and naltrexone (Anton et al., 2011) as compared to naltrexone alone. When
studied prospectively (n = 145), higher pre-treatment alcohol withdrawal symptom severity
history predicted gabapentin (1200 mg/day) benefit on no heavy drinking days and total
abstinence as compared with placebo (Anton et al., 2020).

Gabapentin treatment of AUD (h = 150) in doses of 900 mg and 1800 mg (divided in three
doses per day) has been found to significantly improve the rates of abstinence and no heavy
drinking as compared to placebo (Mason et al., 2014). In this three-arm study, a linear

dose effect was found on rates of no heavy drinking and complete abstinence favoring the
1800 mg/day dose. A multi-site trial (n = 346) found no benefit of gabapentin enacarbil
extended-release (GE-XR) 1200 mg per day on alcohol use outcomes or craving (Falk et al.,
2019). GE-XR is a prodrug, with different pharmacokinetics than gabapentin, and a dose of
gabapentin 1800 mg produces higher serum blood levels and overall exposure (area under
the curve) than GE-XR at a dose of 1200 mg (Swearingen et al., 2018), suggesting that
higher doses of GE-XR may be needed for treating AUD. A 12-week trial of gabapentin 300
mg daily (n=112) reported an significant effect on drinking days per week as compared to
placebo, but the retention rate of 30% limits interpretation of the findings (Chompookham et
al., 2018).

Even without titration, gabapentin is well tolerated (Beydoun et al., 1998, McLean et al.,
1999) at doses of 3600 mg/day (Bergey et al., 1997). Since gabapentin can be titrated
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quickly to clinically relevant doses, an immediate or early effect of pharmacotherapy,

as suggested by existing animal data (Roberto et al., 2008), should be neuroinhibition.

The current pilot study was a double-blind, placebo-controlled randomized clinical trial

of treatment with gabapentin on outpatients with AUD using an abstinence initiation

model (Swift, 2003), where participants were actively drinking at study entry, and study
medication was rapidly titrated to the target dose of 3600 mg per day. Our hypothesis

was that gabapentin at doses of 3600 mg per day would be more effective than placebo
reducing heavy drinking days, increasing abstinent days, and reducing symptoms of alcohol
withdrawal in patients with AUD.

2. Material and methods

2.1 Setting:

The study was conducted at the Substance Treatment and Research Service (STARS) of the
New York State Psychiatric Institute and Columbia University Irving Medical Center located
in New York City.

2.2 Study Participants:

Participants were recruited through advertising directed at potential participants seeking
treatment for an alcohol use problem. Trial enrollment began in August 2010 and all
participants completed study participation in December 2012. The Structured Clinical
Interview for DSM-IV (SCID)(Patient Version 2.0; First et al., 1994), a clinical psychiatric
evaluation, medical history, physical and laboratory examination were conducted.

Participants met DSM-IV-TR criteria for current alcohol dependence; reported drinking

a minimum of 5 standard drinks for men or 4 standard drinks for women at least 4

days per week over the past 28 days; were between the ages of 18 and 65; and were

able to provide informed consent and comply with study procedures. Participants were
excluded if they: had a current Axis | psychiatric disorder as defined by DSM-IV-TR,

other than alcohol dependence, that in the investigator’s judgment might require intervention
with either pharmacological or non-pharmacological therapy over the course of the study;
were receiving psychotropic medication treatment; demonstrated evidence of moderate-to-
severe alcohol withdrawal (CIWA-Ar = 13); had a history of alcohol withdrawal seizures

or alcohol withdrawal delirium; had a history of allergic reaction to gabapentin; were
pregnant, lactating, or failed to agree to use adequate contraceptive methods (females);

had an unstable physical disorder which might make participation hazardous; had a current
DSM-IV-TR diagnosis of other substance dependence, with the exception of nicotine and
caffeine dependence (a diagnosis of substance abuse was not exclusionary, as long as the
current primary substance use disorder was alcohol dependence); or were legally mandated
to participate in an alcohol use disorder treatment program. The research psychiatrist offered
participation to eligible participants and obtained informed consent.

2.3 Study Procedures

Participants were randomly allocated (1:1) to receive gabapentin or an identical-appearing,
inert placebo. The randomization was carried out in computer-generated randomized blocks
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of four (two medication and two placebo assignments per block in randomly permutated
order) stratified by gender and the severity of alcohol use (> 35 standard drinks/week for
men; >28 standard drinks/week for women) by the study statistician. Treatment assignment
was conducted by the NYSPI research pharmacy. All research clinic staff were blinded to
the participants intervention assignment. Gabapentin was administered in 400 mg capsules;
placebo capsules appeared identical to the gabapentin capsules. Gabapentin was titrated over
a 5-day period (Table 1) to the dose target or the maximum tolerated dose. Dose reductions
for tolerability were made by the research psychiatrist. Study medication was dispensed
weekly. Medication adherence was assessed with a weekly pill count interview. A modest
monetary incentive ($10) was provided for returning the prior week’s pill bottle. There were
no important changes to the study methods after trial commencement.

All participants had a weekly supportive behavioral treatment session with the research
psychiatrist using a manual designed for pharmacotherapy trials in subjects with alcohol use
disorders (Pettinati et al., 2005). This psychosocial intervention promotes abstinence from
alcohol and other substances, encourages mutual-support meeting attendance, and facilitates
compliance with study medication and other study procedures. All study physicians were
trained in providing Medical Management and refresher training sessions were provided
every 6 months. Study physicians completed self-report forms assessing their adherence to
the intervention manual.

Study visits occurred daily for the first 4 days of the study period, then approximately every
other day for the remainder of week 1, for a total of 5 study visits (study days 1, 2, 3,

4, and 5 or 7). During the second week, study visits continued every other day for a total

of 3 study visits (study days 8, 10, and 12). During the remainder of the 8-week study
period, study visits occurred twice weekly. There was a final post-taper visit after study
medication was discontinued. One visit per week was with the research psychiatrist for a
Medical Management session. Participants were tapered from study medication during week
9. Upon either completion of the trial or drop-out, participants were offered clinical referrals
in the community.

Study discontinuation criteria included: 1) development of serious psychiatric symptoms as
indicated by a CGI improvement score of 6 (much worse than baseline) or greater for 2
consecutive weeks; 2) development of evidence of moderate-to-severe alcohol withdrawal
(CIWA-Ar = 13) indicating a need for alcohol withdrawal treatment; 3) continued alcohol
use, even if improved from baseline, that placed the participant at risk for self-destructive
behavior or other harm as indicated by a CGl improvement score of 6 (much worse than
baseline) or greater for 2 consecutive weeks; 4) pregnancy.

A complete blood count, electrolytes, urinalysis and liver function tests were performed
during the screening process. Serum pregnancy testing was performed during screening and
a urine pregnancy test was performed at study weeks 4 and 8. Urine samples for toxicology
were collected under directly observed conditions during screening and study weeks 4

and 8 to detect any substance use. Vital signs were measured at every study visit. The
Alcohol Timeline Follow-Back method (TLFB)(Litten and Allen, 1992) was used to gather
self-reported alcohol use data for each day during the 28 days prior to study enroliment and
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each day during the study period. The TLFB was the primary outcome measure of alcohol
consumption. The CIWA-Ar (Sullivan et al., 1989), was performed at each study visit to
measure alcohol withdrawal symptoms for data collection and safety monitoring purposes,
and was the primary outcome measure of alcohol withdrawal. The Systematic Assessment
for Treatment and Emergent Events (SAFTEE) modified for the COMBINE study (Johnson
et al., 2005) was performed at each study visit to measure adverse effects. Participants
earned $5 for travel at each visit and received an additional $10 for each week that they
returned their medication bottle with any remaining capsules; participants were not paid for
ingesting capsules, only the bottle return. The total compensation that a participant could
earn for completion of the screening process and entire study was $205.

2.4 Outcome Measures

The primary outcome was the proportion of heavy drinking days (HDD) per week as a
measure of alcohol consumption. HDDs were defined as any day where the reported number
of drinks on TLFB was at least 5 for men and at least 4 for women. The secondary outcomes
were the percent days abstinent (PDA) and the CIWA-Ar score which is the outcome
measure of alcohol withdrawal. Additionally, the SAFTEE was used to measure adverse
effects. There were no changes to trial outcomes after the trial commenced.

2.5 Statistical Analyses

The original power analysis was written as “A total sample of 60 will be able to detect as
small as 1.6 days difference in HDD per week at Visit 9 between two groups with at least
80% power (SD=2.5). The corresponding standardized effect size is 0.64, a medium effect
size.” Due to evolution in statistical methodologies over the past decade, the primary aim
analyzed was not the number of HDD per week as written in the original grant application,
but the proportion of HDD per week, which is equivalent. Additionally, the acquired sample
size of 40 participants (smaller due to budgetary issues) ensures at least 80% power for a
two-sided test with level of significance of 5% to detect a large effect size difference (0.84)
in the proportion of HDD per week between gabapentin and placebo groups.

The distributions of all continuous or count outcomes were first assessed for normality
using histograms and descriptive statistics. The primary outcome, the proportion of HDD
per week, was normally distributed. The secondary outcome, proportion of abstinent days
per week (PDA), followed a log-normal distribution. The alcohol withdrawal outcome
(CIWA-AI), a count outcome, followed a Poisson distribution. The primary, secondary, and
alcohol withdrawal outcomes were analyzed using longitudinal generalized linear mixed
effect models that assess the differences between treatment over time using two-way
interactions with corresponding main effects. The models also included a random intercept
to account for between-subject variances and a GEE structure to account for within-subject
correlations over time as an autoregressive (AR1) process. Each longitudinal model used the
appropriate link function (log for log-normal distribution and Poisson, identity for normal
distribution) to fit the corresponding outcome using SAS® PROC GLIMMIX. Additionally,
each outcome was adjusted by its corresponding baseline measure (the primary outcome was
adjusted by the baseline proportion of HDD in the four-week period before study initiation,
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the secondary outcome by baseline proportion of abstinent days). Time was modeled as a
categorical variable to assess potentially non-linear associations over time.

Differences in time-to-dropout across treatment groups were analyzed using Kaplan-Meier
survival curves and the log-rank test.

Alcohol withdrawal (CIWA-Ar) was analyzed using a longitudinal mixed effects Poisson
model with the effect of baseline CIWA-Ar score, study week, treatment, and two-way
interaction between study week and treatment.

For all longitudinal models, if the study week by treatment interaction was not significant, a
separate model, which did not include a study week by treatment interaction term, was fitted
to test if there were differences between groups that did not vary over time.

Fisher’s exact tests were used to analyze differences between treatment groups in the
proportion of participants who were abstinent in the last four weeks and the proportion of
participants who had no HDD in the last four weeks.

Fisher’s exact tests were used to analyze differences between treatment groups in the
proportion of participants with positive urine drug screens for each drug category at
baseline, week 4, and week 8.

All analyses were performed using SAS® 9.4, with all tests at a two-sided level of
significance of 5%.

3. Results

3.1. Participants

At a single research site 254 individuals were assessed for eligibility and 40 entered the trial.
The most common reason for participants who began the screening process failing to enter
the trial was meeting an exclusion criterion. The CONSORT diagram shows participant flow
(Figure 1).

Demographic and baseline clinical characteristics of randomized participants is displayed
in Table 2. The majority of the sample was male (67.5%, 27/40), and the most common
race/ethnicity was white (55.0%, 22/40) followed by Hispanic (27.5%, 11/40). The mean
number of visits attended by participants in the placebo group was 14.9 (SD = 6.0) and 16.9
(SD = 4.1) in the gabapentin group.

Primary Outcome: Proportion of HDD per week—The effect of the two-way
interaction between study week and treatment group on the proportion of HDD per week
was significant (F7 215=3.33; p=.002), indicating a significant difference in HDD per week
over time between gabapentin and placebo groups (See Figure 2). Specifically, subjects in
the gabapentin group had a consistently lower estimated proportion of HDD per week than
subjects in the placebo group.
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Secondary Outcome: Proportion of abstinent days per week—The effect of the
two-way interaction between study week and treatment group on the proportion of abstinent
days per week was significant (F7 215=3.11; p=.004), indicating a significant difference

in proportion of abstinent days per week between gabapentin and placebo groups (See
Figure 3). Specifically, subjects in the gabapentin group had a consistently higher estimated
proportion of abstinent days per week than subjects in the placebo group.

Abstinence and no HDD in the last four weeks—There was no significant difference
between treatment groups in the proportion of participants abstinent in the last four weeks of
the study (Fisher’s exact p = 0.60). In the placebo group, 4.8% (1/21) of participants were
abstinent in the last four weeks, and in the treatment group 10.5% (2/19) of participants
were abstinent in the last four weeks. Similarly, there was no significant difference between
treatment groups in the proportion of participants with no HDD in the last four weeks of

the study (Fisher’s exact p = 0.40). In the placebo group, 9.5% (2/21) of participants had no
HDD in the last four weeks, and in the treatment group 21.1% (4/19) of participants had no
HDD in the last four weeks.

Time to dropout—Kaplan-Meier survival curves were generated for each treatment group
(See Figure 4). There was no significant difference in time-to-dropout between groups

(log-rank X,%f — 1=.651; p=.420). The overall observed retention rate was 67.5%. The mean

number of weeks retained for participants in the placebo group was 6.5 (SD = 2.4) weeks
and for participants in the gabapentin group was 7.1 (SD = 1.7) weeks. The median number
of weeks retained in the study was 8 weeks for both treatment groups, with an interquartile
range of 6-8 weeks in the placebo group and 7-8 weeks in the gabapentin group.

Withdrawal—No participants were removed from the trial for the development of
moderate-to-severe alcohol withdrawal (CIWA>13). The effect of the two-way interaction
between study week and treatment group on the count of CIWA-Ar symptoms was not
significant (F7 213 =1.56; p=.150), indicating that there was no significant difference in
withdrawal symptoms between treatment groups over time. This non-significant interaction
term was removed from the model and withdrawal symptoms were re-analyzed. In this
model, there was a significant effect of week (F7 220=4.48; p<.001) but not treatment group
(F1,220=0.03; p=.871), indicating that withdrawal symptoms significantly differed from week
to week, but did not significantly differ between treatment groups (See Figure 4).

Adverse Effects—The proportion of participants who experienced adverse effects are
displayed by treatment group in Table 3a; the proportion of participants who experienced
each symptom count is displayed by treatment group in Table 3b. There were no significant
differences in the proportion of participants who experienced individual adverse effects or

in the proportion of participants with each symptom count between gabapentin and placebo
groups. There were no serious adverse events during the trial. One participant in the placebo
group discontinued trial participation due to a viral hepatitis infection. One participant in the
gabapentin group had complaints of palpitations prior to discontinuing trial participation.
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Medication Adherence—The mean percentage of capsules taken in the gabapentin group
was 90.98% (standard deviation (SD) = 12.8) and the mean percentage of capsules taken

in the placebo group was 89.44% (SD = 17.6); the mean percentage of capsules taken did
not significantly differ between gabapentin and placebo groups (Table 4). In the gabapentin
group, 89.5% (17/19) of participants attained a maximum dose of 3600 mg (9 capsules
daily), and in the placebo group, 76.2% (16/21) of participants attained a maximum dose (9
capsules daily). In the placebo group, one participant had their dose reduced due to sedation
and feeling “lightheaded” and another participant had their dose reduced due to sedation,
anxiety, and feeling “foggy”. One participant in the placebo group had their medication
discontinued due to palpitations and tachycardia and was evaluated and treated for a
respiratory infection. In the gabapentin group, one participant had their dose reduced due to
feeling “wobbly” and “off-balance” and another participant had their dose reduced due to
fatigue and drowsiness (subsequent laboratory testing detected anemia). In the gabapentin
group, one participant had their medication discontinued due to a positive pregnancy test,
despite reporting compliance with oral contraception medication.

Urine Drug Screens—There were no significant differences between treatment groups in
the proportion of positive urine drug screens for any drug category at baseline, week 4, or
week 8 (See Table 5).

4. Discussion

The results of this pilot study suggest that gabapentin treatment of AUD at 3600 mg per

day is associated with a reduction in HDD and an increase in PDA. Study medication was
titrated over a five-day period to the target dose and was generally well tolerated. These
results are a proof-of-concept that gabapentin can be safely administered to actively drinking
outpatients and rapidly titrated to a target dose of 3600 mg daily, which has not been
previously reported in an alcohol use disorder treatment trial.

Gabapentin was not found to be associated with a reduction in alcohol withdrawal symptoms
as compared to placebo. This outpatient placebo-controlled trial was not designed to
primarily measure the effects of gabapentin on alcohol withdrawal. The eligibility criteria
were designed to exclude participants at risk of developing moderate-to-severe withdrawal.
Abrupt cessation of alcohol was not part of the study design. An exclusion threshold CIWA-
Ar score of = 13 was set to protect participants from the consequences of untreated severe
alcohol withdrawal symptoms. A potential consequence for this relatively low threshold for
CIWA-Ar score may have limited any potential benefit for higher doses of gabapentin.

The benefit on HDD and PDA is consistent with larger trials testing gabapentin for

the treatment of AUD (Mason et al., 2014, Anton et al., 2020). A recent meta-analysis

found that the percentage of HDD was the outcome most consistently found significant

in gabapentin AUD studies conducted to date (Kranzler et al., 2019). In comparing the
results of the present study with the negative results of the multi-site GE-XR trial (Falk
etal., 2019), it is possible that more aggressive dosing was a factor. While there are a
number of gabapentin AUD studies demonstrating therapeutic benefit, the optimal dosing for
gabapentin in the treatment of AUD has yet to be defined. A speculative interpretation of
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the results of the present study is that higher doses of gabapentin may exert a larger, more
clinically meaningful effect, as the dose is twice that of the Mason (2014) study and three
times that of the Anton (2020) study.

There are novel aspects of the study design that may have influenced the results. First, the
decision to enroll actively drinking outpatients, rather than recently detoxified inpatients

or outpatients who were able to abstain for several days, was based on the goal of
maximizing the generalizability of the results to the community. This approach has been
used successfully for studies of topiramate (Johnson et al., 2003, Johnson et al., 2007).

The hypothesis for this study was that gabapentin would function as an abstinence-initiation
agent (Swift, 2003), where actively drinking individuals receiving gabapentin would find it
easier to reduce or stop alcohol consumption. However, it is possible, that the results would
have been different if a period of pre-treatment abstinence before starting study medication
was required. The largest trials (Anton et al., 2020, Falk et al., 2019) testing gabapentin

as a pharmacotherapy for AUD required three days of abstinence prior to randomization.
Secondly, the decision to set 3600 mg as the target daily dose of gabapentin was based

on our experience with gabapentin in two pilot trials. In an alcohol withdrawal treatment
trial, inpatients in acute alcohol withdrawal tolerated gabapentin 2400 mg within the first 24
hours of treatment (Mariani et al., 2006). Outpatients at a methadone maintenance program
for opioid use disorder with a concurrent benzodiazepine use disorder, tolerated gabapentin
3600 mg per day after a two week titration (Mariani et al., 2016). Other studies have noted
that gabapentin does not appear to add to the intoxicating effects of alcohol (Bisaga and
Evans, 2006, Myrick et al., 2007). This preliminary clinical research experience provided
a rationale for exploring a higher dose of gabapentin existing studies at the time. While
there are published reports of misuse of gabapentinoids (Evoy et al., 2017, Bonnet and
Scherbaum, 2017), we did not observe any evidence of misuse during the study.

There are several limitations of the study that may influence interpretation of the results. The
study outcomes selected, reduction in HDD (primary), increase in PDA (secondary), and a
reduction in withdrawal symptoms (secondary), were intended to detect a signal of efficacy
in this small pilot study. However, larger studies have employed more rigorous measures

of improvement in alcohol use, including percent no HDD (Falk et al., 2019) and complete
abstinence and no heavy drinking (Mason et al., 2014, Anton et al., 2020), which represent
a higher bar to demonstrate efficacy. An important limitation of the study is the limited
clinical significance of the results; the overall observed retention rate at the end of the
8-week trial was 67.5% and relatively few participants achieved abstinence during the study
period. Another limitation of this pilot trial is the brief length of exposure to gabapentin; it
is unknown whether a longer exposure to the 3600 mg per day dose would yield different
results or whether a gradual dose reduction over time would be beneficial, such as an initial
period of 3600 mg per day followed by treatment at a lower dose.

This pilot trial, with a small sample size, is vulnerable to the skewing of results

by a relatively small number of participants, and as such, the results should be

interpreted conservatively. As a pilot trial, biological markers of medication adherence and
improvement in alcohol use outcomes were not included, thereby limiting the validation of
self-report measures. The reported rate of adverse effects was in general lower than noted
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with studies of gabapentin for AUD at lower doses. It is possible that an explanation for

this difference is that medication compliance was lower than self-reported. The schedule

of study visits during the first two weeks of the trial to monitor for alcohol withdrawal

were more frequent than other gabapentin trials for AUD and potentially could confound the
comparison of results.

Based on the result of this pilot trial, which demonstrated that gabapentin in doses up to
3600 mg is safe, and possibly efficacious, we would recommend future studies of gabapentin
explore higher doses than have been routinely been tested in large scale studies. Mason’s
(2014) trial found a dose effect (comparing 900 mg and 1800 mg/day) and it is possible that
higher doses of gabapentin will yield more clinically significant effects. However, this pilot
study was not designed to directly compare its results to previously conducted gabapentin
studies at lower doses and does not prove that higher doses would be superior. The main
recommendation from this study is that higher doses of gabapentin can be studied safely.

Future studies also need to examine the effect of pre-trial abstinence or withdrawal
symptoms on gabapentin efficacy in an effort to better understand the clinical circumstances
gabapentin may be of the most value. The promise of gabapentin for the treatment of AUD
is that it can be administered to actively-drinking outpatients to assist them in reducing or
ceasing their alcohol use without requiring pre-treatment abstinence. While this study adds
to a promising literature, given the small sample, the definitive trial of high-dose gabapentin
has not yet been conducted.
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Excluded: 214
Not meeting inclusion criteria: 46

Not alcohol dependent/

or meeting minimum use criteria: 46
Met exclusion criteria: 113

Psychiatric 48

Medical 48

Other 17
Not interested in participating/lost to follow-up: 52
Entered another treatment trial: 03

Received allocated intervention: 21

No follow-up post randomization: 0

Completed 8 weeks of trial: 13

Discontinued intervention: 08
Lost to follow-up: 06
No longer interested: 01
Administrative drop: 00
Psychiatric: 00
Side effects: 00
Other, life event: 01

Analyzed: 21

Figure 1.
CONSORT Diagram

Entered Trial: 40
Randomized: 40
Placebo group
Allocated to intervention: 21

Gabapentin group
Allocated to intervention:

19

Received allocated intervention: 19

No follow-up post randomization: 0

Discontinued intervention:
Lost to follow-up:

No longer interested:
Administrative drop:
Psychiatric:

Side effects:

Other, life event:

Completed 8 weeks of trial:

Analyzed: 19
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Figure 2.
Model estimated proportion of weekly heavy drinking days across treatment groups with

95% confidence intervals. P-values for tests between treatment groups at each week are
reported.
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Estimated Proportion Days Abstinent
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Figure 3.

Model estimated proportion days abstinent per week across treatment groups with 95%

confidence intervals. P-values for tests between treatment groups at each week are reported.
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Observed mean CIWA-Ar score across treatment groups with 95% confidence intervals
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Figure 5.
Kaplan-Meier survival curves for time to dropout across treatment groups
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Medication Titration Schedule

Table 1.

Page 21

Study group

Week 1 Days 1-2

Week 1 Days 3-4

Week 1 Days 5-7

Weeks 2-8

Week 9

Experimental
group

Gabapentin 400 mg
three times daily

Gabapentin 800 mg
three times daily

Gabapentin 1200 mg
three times daily

Gabapentin 1200 mg
three times daily

Taper over 1
week

Placebo control
group

Placebo 400 mg three
times daily

Placebo 800 mg three
times daily

Placebo 1200 mg three
times daily

Placebo 1200 mg
three times daily

Taper over 1
week

Alcohol Clin Exp Res. Author manuscript; available in PMC 2022 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Mariani et al.

Table 2.

Demographic and clinical characteristics by treatment group

PBO GABA
Characteristic (N=21) (N=19)
Demographic Characteristics Mean | SD | Mean | SD
Age (years) 49.8 8.7 46.2 9.5
n % n %

Male 14 66.7 13 68.4
Race/Ethnicity

Hispanic 6 28.6 5 26.3

Black 4 19.1 3 15.8

White 11 52.4 11 57.9
Education

High School/equivalency 5 25.0 4 21.1

Some College or Post HS Tech training 6 30.0 7 36.8

Bachelor’s 5 25.0 7 36.8

Master’s 4 20.0 1 53
Employment Status

Full-Time 8 38.1 13 61.9

Unemployed/Others 10 55.6 8 44.4
Currently Married 11 52.4 9 50.0
Clinical Characteristics n % n %
Baseline Alcohol Severity

Low 2 9.5 1 53

High 19 90.5 18 94.7
Baseline DSM 1V Other Substance Use Disorder 2 9.5 1 5.3

Mean | SD | Mean | SD

Baseline DSM 1V AUD Criteria 5.7 1.0 5.4 13
Baseline CIWA-Ar Score 2.5 0.7 18 0.5
Baseline Heavy Drinking Days 24.9 45 24.8 3.6
Baseline Drinks Per Day 8.8 4.4 7.6 2.8
Baseline Drinks Per Drinking Day 9.5 4.3 8.0 29
Baseline Percent Abstinent Days 0.08 | 0.15 | 0.05 | 0.08
Baseline HAMA Score 5.1 4.1 5.6 5.3

Page 22

*

One subject missing married, education, and employment status. Percentages may not sum to 100% due to rounding. Baseline Heavy Drinking
Days, Drinks Per Day, Drinks Per Drinking Day, and Percent Abstinent Days calculated over 28 days prior to study entry. High Baseline Alcohol
Severity defined as > 35 drinks/week for men and >28 drinks/week for women.
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Individual Adverse Events

Table 3a.

PBO GABA

(N=21) (N=19) p—value*
Adverse Effect n % n %
Abdominal Pain 1 4.8 1 5.3 1.000
Anxiety 1|48 o o 1.000
Appetite Change 0 0 1 5.3 0.475
Constipation 0 0 0 0 N/A
Cough 1 4.8 0 0 1.000
Diarrhea 0 0 1 5.3 0.475
Dizziness 1 4.8 2 | 105 0.596
Dry Mouth 4 19.1 3 15.8 1.000
Headache 2 9.5 2 | 105 1.000
Gl Upset 1 4.8 0 0 1.000
Insomnia 0 0 1 5.3 0.475
Lab Result Changes 0 0 0 0 N/A
Libido Changes 1 4.8 0 0 1.000
Muscle Pain/Weakness | 1 4.8 0 0 1.000
Nasal Congestion 1 4.8 0 0 1.000
Nausea 2 9.5 0 0 0.489
Somnolence 1 4.8 2 | 105 0.596
Fatigue 5 | 238 | 2 | 105 0.412
Vomiting 1 4.8 1 53 1.000
Other 6 | 286 421 0.370%
Any Side Effect 11 | 524 | 15 | 78.9 0.07917

*
Fishers Exact Test
41220280

lez =3.09
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Table 3b.
Number of Adverse Effects
Table of Number of Patients with Each Symptom Count
0 1 2 3 4 5
PBO 10 (47.6) | 4(19.1) | 0(0) 4(19.1) | 1(4.8) | 2(9.5)
GABA | 4(21.1) | 9(47.4) | 3(15.8) | 2(105) | 1(5.3) | 0

Fisher’s Exact p-value = 0.0511
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Table 4.
Compliance by treatment group
PBO GABA
(N=21) (N=19) p—value*
Compliance Measure Mean | SD | Mean | SD
Percentage of Pills Taken | 90.98 | 12.8 | 89.44 | 17.6 0.62%

*
Mann-Whitney U-test

U =3620
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