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Abstract

Introduction—Alcohol misuse is the fifth leading risk factor for premature death and disability
worldwide. Fewer than 10% of afflicted Americans receive pharmacological treatment for alcohol
use disorder. Gabapentin is a calcium channel GABAergic modulator that is widely used for pain.
Studies showing reduced drinking and decreased craving and alcohol-related disturbances in sleep
and affect in the months following alcohol cessation suggest therapeutic potential for alcohol use
disorder.

Areas covered—Human laboratory and clinical studies assessing gabapentin for alcohol use
disorder are reviewed. Data were obtained by searching for English peer-reviewed articles on
PubMed, reference lists of identified articles, and trials registered on clinicaltrials.gov.
Additionally, the mechanism of action of gabapentin specific to alcohol use disorder, and studies
of gabapentin for alcohol withdrawal and non-alcohol substance use disorders are summarized.

Expert opinion—Alcohol use disorder represents a challenge and large, unmet medical need.
Evidence from single-site studies lend support to the safety and efficacy of gabapentin as a novel
treatment for alcohol use disorder, with unique benefits for alcohol-related insomnia and negative
affect, relative to available treatments. Proprietary gabapentin delivery systems may open a path to
pivotal trials and registration of gabapentin as a novel treatment for alcohol use disorder.
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1. INTRODUCTION

Alcohol misuse is the fifth leading risk factor for premature death and disability worldwide.
[1] Globally, the World Health Organization estimates alcohol consumption is responsible
for 5.9% of deaths (3.3 million people) and 5.1% of disease burden, especially liver
cirrhosis, cancers and injuries, accounting for 139 million disability-adjusted life years
annually.[2,3]

Alcohol use disorder of moderate or greater severity is typically a chronic, relapsing disorder
characterized by compulsive heavy alcohol drinking despite harmful consequences.[4] The
emergence of an acute (up to 5 days duration) withdrawal syndrome upon marked reduction
in or abrupt cessation of drinking is typically followed by a protracted withdrawal phase of
indeterminate duration, with a high risk of relapse to pathological drinking; the cyclical
nature of the disorder is illustrated in the outer ring of Figure 1. Preventing relapse after
acute withdrawal is a leading concern of alcoholism research.[5] The withdrawal-negative
affect stage of early abstinence includes symptoms of anxiety, dysphoria and irritability[6]
and is associated with activation of brain stress systems, particularly overexpression of
corticotropin releasing factor (CRF) in the extended amygdala.[7] Such neuroadaptions
extend into protracted withdrawal and the preoccupation-anticipation stage of the addiction
cycle (inner ring of Figure 1). Dysregulation of the prefrontal cortex during the
preoccupation-anticipation stage drives symptoms of craving, and perpetuates residual
negative emotional states and sleep disturbances. All of the above symptoms of protracted
withdrawal have been identified as risk factors for drinking relapse.[8-12]

The International Classification of Disease 10" Revision (ICD-10)[13], draft ICD-11[14]
and the Diagnostic and Statistical Manual of Mental Disorders 4th Edition (DSM-4)[15] use
the term “alcohol dependence.” DSM-5[4] combines diagnostic criteria for alcohol abuse
and dependence under the term “alcohol use disorder,” with severity modifiers of “mild,”
“moderate” or “severe,” based on the number of criteria met. DSM-5 alcohol use disorder of
moderate or greater severity is essentially equivalent to DSM-4 and ICD-10 criteria for
alcohol dependence. Given that DSM-5 was first published in 2013, the admission criteria
for the studies reviewed in this paper are based on alcohol dependence, unless otherwise
noted.

A comprehensive literature search of PubMed and related databases was performed for this
project, using multiple combinations of search terms to yield human laboratory and clinical
studies assessing the therapeutic potential of gabapentin for alcohol use disorder. Reference
lists of identified publications were searched for additional references, and clinicaltrials.gov
was searched for posted results of clinical trials. The search yielded 11 completed
prospective studies, including 3 human laboratory studies and 8 treatment studies; all were
included in this review.
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2. OVERVIEW OF THE MARKET

There are 3 medications approved for alcohol dependence in the U.S. and throughout much
of the world: disulfiram (oral), naltrexone (oral and long-acting intramuscular) and
acamprosate (oral). A fourth drug, nalmefene (oral), is approved throughout the European
Union, and is to be taken on an “as needed” basis prior to anticipated drinking occasions.
Disulfiram was the first drug approved for alcoholism (in 1951) by the U.S. Food and Drug
Administration (FDA). It inhibits the enzyme acetaldehyde dehydrogenase, so that if even
small amounts of alcohol are consumed, acetaldehyde quickly builds up, with rapid onset of
a dilsulfiram-alcohol interaction that includes flushing, nausea and vomiting, changes in
mental status and multiple cardiac and respiratory symptoms that could result in death in
severe reactions. Disulfiram is used as a deterrent to alcohol use and should never be given
to a patient when in a state of alcohol intoxication, or without their full knowledge. The
psychological threat of the disulfiram-alcohol interaction may comprise the primary
mechanism of disulfiram’s deterrent effect, as opposed to the drug’s pharmacodynamic
properties.[16] Medication compliance is a demonstrated problem with disulfiram[17] and
outcomes are optimized with supervised administration, e.g. by a spouse, in compliant
patients who wish to remain abstinent.[18]

Naltrexone is a pure opioid receptor antagonist that was FDA-approved first for opioid
dependence and 10 years later for alcohol dependence (oral 1994; long-acting injectable
2006). Opioid receptor antagonism as a treatment strategy for alcohol dependence was based
on the hypothesis that if alcohol consumption was less rewarding, drinking would decrease.
Naltrexone should not be given to patients with current prescribed or illicit opiate use, as it
will induce acute opioid withdrawal. Problems with patient non-compliance have been noted
with oral naltrexone,[17,19] thus the development of a long-acting (30 days) injectable
formulation.

Acamprosate was developed in France in the 1980’s and FDA-approved for the maintenance
of abstinence in detoxified alcoholics in 2004. Repeated cycles of heavy drinking and
withdrawal dysregulate the balance between neuronal excitation (e.g., glutamergic) and
inhibition (e.g., GABAergic). The hypothesized mechanism of action of acamprosate ranges
from modulation of glutamergic tone to action via its calcium moiety.[20,21] Much of the
literature suggests an action in restoring homeostasis in N-methyl-D-aspartate (NMDA)-
mediated glutamergic neurotransmission.[22,20] and the calcium mechanism is
controversial.[23] Acamprosate is not metabolized in the liver and has been shown to be safe
in patients with hepatic impairment. Low bioavailability requires divided dosing taken three
times per day.

Recent large-scale meta-analyses show that either acamprosate or naltrexone combined with
counseling have superior efficacy for increasing rates of abstinence (acamprosate, NNT=7.5)
or no heavy drinking (naltrexone, NNT=8.6) relative to counseling administered in
conjunction with placebo, particularly when initiated after detoxification or five days of
abstinence.[24,25] Despite these findings for efficacy, results from a nationwide pharmacy
survey indicate that fewer than 9% of 8.4 million afflicted Americans filled a prescription for
one of the FDA-approved medications for alcohol dependence.[26] The National Institute on
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Alcohol Abuse and Alcoholism (NIAAA) has identified the development of more effective
medications for alcohol use disorder to be a research priority. Frances Collins, Director of
the National Institutes of Health (NIH), has encouraged the re-purposing of existing
medications approved for other indications, in order to expeditiously meet big, unmet
medical needs, such as alcohol use disorder.[22]

3. GABAPENTIN: AN OLD ANTICONVULSANT WITH A NEW POTENTIAL

Gabapentin (Box 1) is an oral anticonvulsant that was FDA-approved as an adjunctive
treatment for partial epileptic seizures in 1993, and for postherpetic neuralgia in 2004. A
Cochrane review (2014) also found evidence supportive of gabapentin as a treatment for
diabetic neuropathy. Gabapentin has been available as a generic medication since 2004. Like
acamprosate, gabapentin is not metabolized in the liver and has low bioavailability requiring
dosing three times per day. Two proprietary, extended release oral formations of gabapentin
are currently FDA-approved: Gralise for the once-daily treatment of postherpetic neuralgia
(2011), and Horizant gabapentin enacarbil extended release tablets for the treatment of
restless leg syndrome (2011) and postherpetic neuralgia (2012).

Studies of FDA-approved indications often reported a secondary beneficial effect of
gabapentin on measures of sleep.[28-32] Of particular note, administration of alcohol at
bedtime to normal subjects was used as a method to induce sleep disruption in a double-
blind, randomized, crossover study of gabapentin in a sleep lab setting with
polysomnography and subjective measures. Gabapentin improved sleep by significantly
decreasing stage 1 sleep and number of awakenings and increasing sleep efficiency relative
to placebo. Importantly, gabapentin did not differ from placebo on tests of daytime
drowsiness and performance.[33] Off-label clinical studies also reported beneficial effects of
gabapentin on sleep,[34-39] as well as on anxiety[40] and mood.[41-49] A medication that
decreases drinking in animal models of alcohol dependence[50] and improves symptoms of
negative affect and sleep disturbance in clinical samples is of significant interest as a
potential treatment for decreasing drinking relapse risk in the protracted withdrawal phase of
alcohol dependence.

3.1 PHARMACODYNAMICS AND PHARMACOKINETICS

Gabapentin is an amino acid designed as a structural analog of GABA.[51] Gabapentin
binds to the alpha-2-delta type 1 subunit of voltage gated calcium channels.[52,53]
Gabapentin selectively inhibits Ca2+ influx through these voltage-operated Ca2+ channels,
[54] which results in its ability to reduce postsynaptic excitability and decrease the release of
excitatory neurotransmitters.[55] Possibly via its actions to block excitatory
neurotransmission, gabapentin increases the concentration of GABA in the brain.[56,57]
Gabapentin has been hypothesized to be an agonist for GABA-B receptors,[58] however,
when GABA-B receptors were expressed in xenopus laevis oocytes or mammalian cells and
assayed by means of electrophysiology or biochemical assays, gabapentin had no direct
GABA-B agonist action.[59]

At concentrations up to 100uM, gabapentin does not show affinity to a number of receptor
sites, including benzodiazepine, glutamate, NMDA, quisqualate, kainite, strychnine-
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insensitive or strychnine sensitive glycine, alpha 1, alpha 2, or beta adrenergic, adenosine Al
or A2, cholinergic, muscarinic or nicotinic, dopamine D1 or D2, histamine H1, serotonin S1
or S2, cannabinoid 1,opiate mu, delta or kappa. Gabapentin has not been shown to
significantly affect the cellular uptake of dopamine, norepinephrine, or serotonin.

Gabapentin is not metabolized significantly by the liver in humans, thus most
pharmacological actions are attributed to the parent compound. A therapeutic range of
steady state gabapentin plasma levels has not been established and therapeutic monitoring of
gabapentin is not indicated. Bioavailability of gabapentin is not proportional to dosing and
gabapentin levels do not correlate directly with ingested doses.[60] Less than 3% of
gabapentin circulates bound to protein in plasma. The concentrations of gabapentin in
cerebrospinal fluid are approximately 20% of the corresponding plasma concentrations. It is
eliminated from the circulation by renal excretion, unchanged. The half-life of gabapentin is
5to 7 hours, and is not changed based on dosing. The renal clearance is directly proportional
to creatinine clearance, thus in patients with impaired renal function, gabapentin clearance is
reduced, thereby necessitating dose adjustment. Food has only a small effect on the rate and
extent of absorption of the compound. Gabapentin has been designated as pregnancy
Category C.[61]

3.2 GABAPENTIN AND ITS ALCOHOL-RELATED MECHANISM OF ACTION

In animal models of alcohol dependence, gabapentin decreased the amplitudes of GABA
receptor mediated inhibitory post synaptic currents (IPSCs) in the central nucleus of the
amygdala (CeA), and decreased dependence-induced alcohol drinking.[50] Notably, the
effects of gabapentin were identical to the effects of a corticotropin releasing factor (CRF)
antagonist (decreased IPSCS in dependent rats).[50,62] These results suggest an important
GABA-CRF interaction in GABAergic neurotransmission that markedly adapts during
development of alcohol dependence, and the ethanol dependence-induced neuroadaptations
of GABA-CRF may account for the differential effects of gabapentin observed in CeA.[50]
As noted above and in Figure 1, CRF in the CeA is the key brain region associated with
negative affect in protracted abstinence.

Additionally, gabapentin blocks the effects of thrombospondin on the alpha-2-delta type 1
subunit.[63] Alpha-2-delta type 1 subunits modulate voltage gated calcium channels but also
can perform calcium independent functions. Thrombospondin is an astrocyte-secreted
protein that promotes synaptogenesis and gabapentin antagonizes thrombospondin binding
to the alpha-2-delta type 1 subunit of voltage gated calcium channel and inhibits excitatory
synapse formation, independent of calcium channel activity.[63] Previous work has shown
that alpha-2-delta type 1 subunits are upregulated in reward related regions by all major
drugs of abuse including alcohol.[64]

Of note, genomic computational methods were used to match the transcriptional signatures
from alcohol-dependent samples with gene expression profiles produced by FDA-approved
drugs in the Library of Integrated Network-based Cellular Signatures (LINCS) as a strategy
to identify available medications that may be repurposed as medications for alcohol use
disorder. Gabapentin was identified as having therapeutic potential for alcohol use disorder
through this unbiased genomic screening method.[65]
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3.3 CLINICAL EFFICACY

3.3.1 HUMAN LABORATORY STUDIES—Drinking relapse is always a safety risk to be
considered when prescribing medications for patients with alcohol use disorder. The safety
of acute doses of gabapentin (0, 1000 or 2000mg) administered in combination with
intoxicating doses of alcohol was evaluated in a PK/PD alcohol-gabapentin interaction study.
[66] Alcohol did not affect the pharmacokinetics of alcohol. The combination was well-
tolerated and gabapentin did not alter the subjective and performance effects of alcohol, nor
did it alter the intoxicating effects of alcohol or alcohol craving. This was a single-dose
study in nondependent drinkers who were administered alcohol, and the authors
recommended that, given its safety, gabapentin be evaluated for efficacy in abstinent patients
with alcohol dependence.

The safety of gabapentin (up to 1200mg/d) administered in combination with alcohol was
further supported in a double-blind, placebo-controlled 8-day human laboratory study in
non-treatment seeking dependent drinkers.[67] On the seventh day of study drug, subjects
were given a priming dose of alcohol followed by a free-choice alcohol self-administration
session in a bar-like lab setting. Gabapentin did not significantly affect blood alcohol levels,
levels of intoxication, stimulation, sedation, craving or alcohol self-administration, relative
to placebo. Again, the safety of the combination of gabapentin and alcohol was supported,
but an alcohol administration human laboratory paradigm would be ineffective for inducing
the neuroadaptations and subsequent clinical symptoms of early abstinence (e.g., craving)
that gabapentin is hypothesized to treat.

The potential efficacy of gabapentin as a treatment for protracted withdrawal symptoms was
assessed in a human laboratory model of risk factors for relapse, including induction of
emotional states and /in vivo exposure to the sight and smell of a subject’s favorite alcoholic
beverage without an opportunity for drinking.[68] Non-treatment-seeking volunteers with
current alcohol dependence were randomized to one week of treatment with 1200mg/d of
gabapentin or matched placebo and were required to abstain from drinking for 3 days prior
to alcohol cue reactivity testing. Gabapentin was associated with significantly greater
reductions than placebo on several measures of craving in response to alcohol cues, and on
several measures of sleep disturbance, with no increase in daytime drowsiness. Gabapentin’s
subjective effects were not found to resemble any major classes of abused drugs. Beneficial
effects on craving and sleep, with no evidence of abuse potential or significant adverse
events in abstinent alcoholics suggested gabapentin may have therapeutic potential for the
protracted withdrawal phase in alcohol dependence.

3.3.2 CLINICAL TREATMENT STUDIES—Gabapentin (£1500mg/d h.s.) showed
beneficial effects on insomnia persisting beyond 4 weeks of abstinence in a case series of
alcoholic outpatients, with no evidence of tolerance to gabapentin dose.[69] The authors
noted that all patients remained totally abstinent during 4-6 weeks of follow-up, except 2
patients who drank 4 drinks on 1 occasion each. A similar clinical population was treated for
4-6 weeks with open label gabapentin (up to 1800mg h.s.) or trazodone, a sedating
antidepressant (up to 300mg h.s.).[70] Although both groups reported improved sleep,
patients who received gabapentin improved significantly more than those who received
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trazodone and were less likely to have initial insomnia and daytime fatigue. Two patients
from each group reported having at least 1 drink during the study. A 6-week randomized,
double-blind, placebo-controlled pilot study (N=21) assessed the efficacy of gabapentin (up
to 1500mg/d h.s.) in outpatients with alcohol dependence and insomnia persisting post-
withdrawal.[71] Gabapentin significantly delayed the onset to heavy drinking relative to
placebo, an effect that persisted through an additional 6 weeks of follow up. Both gabapentin
and placebo subjects showed improved sleep from baseline measures.

The efficacy of gabapentin (600mg/d) for reducing alcohol craving and consumption was
evaluated in a 28-day, placebo-controlled trial in 60 outpatients with alcohol dependence
who were randomized to double-blind treatment after 7 days of detoxification.[72]
Gabapentin was associated with significant reductions in the number of drinks per day,
percentage of heavy drinking days, gamma-glutamyl transferase (GGT; elevations in this
liver enzyme are considered a biomarker of recent alcohol use), and alcohol craving, as well
as a significant increase in the percentage of abstinent days relative to placebo.

A double-blind, placebo-controlled trial randomized 150 outpatients with alcohol
dependence to placebo, 900, or 1800mg/d of gabapentin, following =3 days of abstinence.
[73] The outcomes assessed included measures of alcohol consumption and craving, as well
as measures of mood and sleep. Gabapentin was associated with significant linear dose-
related reductions in drinking quantity and frequency, GGT, alcohol craving, sleep and
negative affect, as well as increased rates of abstinence and no heavy drinking over the 12-
week study period. Significant effects on drinking measures typically persisted throughout
an additional 12 weeks of post-treatment follow-up, suggesting a return to homeostasis in
brain stress systems with gabapentin treatment, particularly at the 1800mg dose. This study
included participants at all levels of dependence severity (most in the moderate range), with
and without a history of prior treatment and/or detoxification, and had relatively high
representation of women (43.3%). Treatment response did not vary across clinical or
demographic variables including disease severity and sex.

A 6-month, double-blind, placebo-controlled, multicenter trial of gabapentin enacarbil
1200mg/d in 350 outpatients has recently completed recruitment at 10 sites across the U.S.
to assess the efficacy of gabapentin enacarbil for alcohol use disorder (NCT 02252536).
Gabapentin enacarbil is a prodrug of gabapentin that was developed to provide more
uniform bioavailability, faster time to full therapeutic dose, and less fluctuating gabapentin
blood levels with twice daily dosing, relative to generic gabapentin.[74] Results are expected
in 2018.

3.3.3 COMBINATION TRIALS IN ALCOHOL DEPENDENCE—Two double-blind
randomized clinical trials were conducted that evaluated the efficacy of gabapentin
administered in combination with another medication for the treatment of alcohol
dependence, relative to placebo.[75,76] In one trial (n=60), outpatients were instructed to not
drink the night prior to randomization to flumazenil, a benzodiazepine receptor antagonist
(2mg of incremental bolus for 20 minutes for 2 consecutive days), and gabapentin (1200mg
h.s. for 39 days) or their inactive placebos.[75] Alcohol withdrawal was assessed with
Clinical Institute Withdrawal Assessment for Alcohol-Revised (CIWA-Ar)[77] with higher
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scores indicating greater severity (total score range: 0-67; patients scoring <10 usually do
not require medication for withdrawal). Medication effects on drinking outcomes were not
obtained; those on active medication reported less daytime sleepiness than those on placebo.
The authors further divided the sample based on baseline CIWA-Ar = or <7, and found a
significant increase in percent days abstinent and time to first heavy drinking day in those 7
subjects with CIWA-Ar >7 treated with active medication relative to those 9 subjects treated
with placebo. Conversely, those with CIWA-Ar =7 had better sleep if on placebo. Lack of a
gabapentin monotherapy group precludes interpretation of gabapentin efficacy, but the safety
of the combination of gabapentin and flumazenil is supported.

Gabapentin (£1200mg/d for first 6 weeks) was also studied in combination with naltrexone
(50mg/d) vs naltrexone alone (50mg/d) vs placebo in a 16-week randomized double-blind
trial in 150 outpatients who were abstinent =4 days prior to randomization.[76] The
combination of gabapentin and naltrexone was well tolerated. Again, the absence of a
gabapentin alone group in the study design precludes assessment of gabapentin efficacy, but
the group that received gabapentin in combination with naltrexone had better outcomes on
several measures of drinking, craving and sleep than naltrexone alone or placebo. Benefits
tended to fade after the 6-week gabapentin treatment period, suggesting a longer treatment
interval may be required to stabilize the central stress systems activated in protracted
withdrawal and hypothetically returned to homeostasis by an adequate treatment course with
gabapentin. For example, the 12-week trial described above found significant effects of
gabapentin on drinking outcomes that were sustained for an additional 12 weeks following
titration off gabapentin.[73]

3.3.4 GABAPENTIN FOR THE TREATMENT OF ACUTE ALCOHOL
WITHDRAWAL—ADrupt cessation of or significant decrease in alcohol intake in
dependent drinkers can precipitate the emergence of an acute withdrawal syndrome within 4
— 12 hours of the last drink that may persist for up to 5 days (DSM-5). Symptoms can range
from anxiety, agitation, hand tremor and sympathetic nervous system activation, to delirium
tremens and seizures, potentially resulting in death if left untreated.

Benzodiazepines are considered the drugs of choice for treating alcohol withdrawal.
Gabapentin has been studied as a potential treatment for acute alcohol withdrawal, based on
its modulatory action on brain excitatory (i.e., glutamergic) and inhibitory (i.e., GABAergic)
pathways. Gabapentin has some advantages relative to benzodiazepines: it does not interact
with alcohol, does not impair cognition or motor coordination, is not metabolized in the
liver, has low abuse potential, and has low lethality in overdose.[78] These features are
attractive, as alcohol detoxification is increasingly provided on an outpatient basis. However,
recent comprehensive reviews of the extant literature conclude that gabapentin should not be
considered a stand-alone treatment for severe alcohol withdrawal because of ineffectiveness
in suppressing alcohol withdrawal-related seizures.[79,80] Initiating gabapentin dose
titration in conjunction with alcohol detoxification may assist in decreasing withdrawal-
related anxiety and insomnia, as well as serve as a transition to longer-term relapse
prevention treatment during protracted withdrawal. Of note, Myrick and colleagues (2009)
[81] followed-up 100 subjects treated with double-blind gabapentin (2 dose conditions:
<900mg/d and <1200mg/d) or lorazepam (a benzodiazepine, <6mg/d) in a 4-day alcohol
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withdrawal study, and found significantly decreased drinking, craving and sedation during
the 6-day post-withdrawal follow-up period in patients who had been treated with
gabapentin, particularly in the 1200mg/d dose condition, relative to lorazepam. Conversely,
in a similar design, Trevisan and colleagues (2008)[82] found no differences between
gabapentin (1200mg/d), valproic acid (<1500mg/d) and placebo for symptoms of acute and
protracted alcohol withdrawal; however, this sample was comprised of male veterans with
significant comorbidity, primarily post-traumatic stress disorder, depressive and cocaine use
disorders, for which gabapentin is not indicated, and the nature and intensity of concomitant
treatments was not specified.

3.3.5 PREGABALIN FOR THE TREATMENT OF ACUTE ALCOHOL
WITHDRAWAL—Pregabalin is a newer gabapentinoid drug with a mechanism of action
and therapeutic indications similar to those of gabapentin, but with greater potency, 3x more
rapid absorption and 3x more rapid time to peak plasma concentration (1 vs. 3 hours).[83]
Pregabalin also has a longer half-life elimination time than gabapentin, allowing a 2x/d
instead of 3x/d dosing schedule. Pregabalin (200-450mg/d) has shown efficacy for treating
uncomplicated alcohol withdrawal and related negative affective symptoms in one open-
label study (N=40)[84] and one multi-center, randomized, single-blind comparison trial with
tiapride and lorazepam (N=111),[85] as well as in a pre-clinical study of alcohol withdrawal.
[86] Additionally, a small (N=20), 16-week open-label study of pregabalin (150-450mg/d)
in detoxified alcoholics suggested a beneficial effect of treatment on prolonging abstinence
and reducing craving and negative affective symptoms during protracted withdrawal.[87]
These beneficial effects of pregabalin on abstinence, craving and negative affect were
replicated in a 16-week randomized, double-blind comparison trial (N=70) of pregabalin
(150-450mg/d) versus naltrexone (50mg/d).[88] The authors of the above studies note that
pregabalin was well-tolerated and was not associated with significant safety concerns.

Pregabalin has been designated a Schedule V controlled drug, and the pharmacokinetic
improvements over gabapentin, e.g. quicker absorption rates, more rapid time to peak
plasma concentration and higher potency, are associated with increased abuse potential.[89]
Euphoria was found to be a common adverse event in a systematic review of pregabalin
abuse potential.[90] See Section 3.4.1 Abuse Potential for a summary of strategies to
identify and monitor risk factors for gabapentinoid abuse.

3.3.6 GABAPENTIN FOR THE TREATMENT OF NON-ALCOHOL SUBSTANCE
USE DISORDERS—AIcohol use disorder may occur in conjunction with other substance
use disorders, including those for which there are no available pharmacotherapies, such as
cocaine, methamphetamine and cannabis use disorders. Gabapentin has been assessed for
therapeutic potential across a variety of non-alcohol substance use disorders, with mixed
results. Promising results for gabapentin (1200mg/d) in decreasing cocaine craving and use
were found in early open-label studies,[91,92] but were not replicated in subsequent
controlled trials of gabapentin (£3200mg/d) treatment of cocaine dependence.[93,94,43,95]
Similarly, an open-label study and a 30-day controlled trial of gabapentin (<1200mg/d)
combined with flumazenil and hydroxyzine hydrochloride showed decreased
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methamphetamine use,[96,97] but these results were not replicated in a 108-day controlled
study of the same medication combination relative to placebo.[98]

Interest in gabapentin as an adjunctive treatment for opioid withdrawal and stabilization
based on its analgesic, anti-anxiety and anti-craving properties, found support in two small
open-label studies (n = 7, gabapentin 1800mg/d;[99] n = 20, gabapentin 1200mg/d[100]).
Similarly, a single-blind, 10-day inpatient randomized trial (n = 59) found decreased craving
and opioid withdrawal symptoms with gabapentin given in combination with tramadol,
relative to methadone combined with tramadol.[101] A double-blind trial of gabapentin
900mg/d in 40 subjects concomitantly treated with methadone did not significantly reduce
severity of opiate withdrawal relative to placebo, perhaps as a function of the relatively low
dose of gabapentin used (900/mg/d);[46] when gabapentin was given as an add-on to
methadone in an open-label study, greater reduction in severity of withdrawal symptoms was
obtained with 1600mg/d of gabapentin relative to 900mg/d.[45]

A double-blind, placebo-controlled 12-week study of gabapentin 1200mg/d in 50 outpatients
with cannabis dependence found significantly decreased cannabis use, as measured by both
quantitative urine drug determinations and self-report, as well as significantly decreased
craving, mood and sleep disturbance, relative to placebo.[44] Cannabis withdrawal, like
alcohol withdrawal, produces an anxiogenic-like state and increased CRF release in the CeA
in rodents.[102] The normalizing effect of gabapentin on these brain stress systems[50] and
the decrease in cannabis use and craving, sleep and mood disturbance found in the above
clinical sample suggest gabapentin may have therapeutic potential for cannabis use disorder.
Of note, gabapentin showed subtle cognitive enhancing effects in the domains of attention,
concentration, visual-motor functioning, inhibition and set shifting in normal volunteers in a
comparison study with topiramate and placebo,[103] and similar findings were also detected
in the above cannabis dependent sample.

3.4 ADVERSE EVENTS, SAFETY, AND TOLERABILITY

Gabapentin (£1800mg/d) was typically found to be safe and well-tolerated in 11 studies up
to 12 weeks in duration involving 655 participants with alcohol use disorder (Table 1). There
were no deaths, serious or unexpected drug-related adverse events reported, and side effects
were typically mild to moderate in severity and not associated with drug discontinuation.
Gabapentin did not differ from placebo on any one adverse event. Common adverse events
included headache, insomnia, fatigue, muscle aches and various gastrointestinal complaints
in both gabapentin- and placebo-treated patients with alcohol use disorder. Alcohol was not
found to interact meaningfully with gabapentin in a PK/PD alcohol-gabapentin drug
interaction study.[66] Similarly, gabapentin was not found to increase blood alcohol
concentrations nor intoxicating, stimulating or sedating effects of alcohol in a human lab
study involving alcohol administration in non-treatment seeking alcoholics.[67] Of note,
although somnolence was a common complaint in pain and epilepsy trials (see below), the
reverse effects often occurred in alcoholism trials, i.e. improved sleep without daytime
drowsiness, fatigue, or reduced performance.[70,33,68,73] However, as with any centrally
active drug, patients should be advised not to drive motor vehicles or operate heavy
machinery until they have ascertained the drug does not affect their motor performance.
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Based on significant clinical and post-marketing experience for approved pain and epilepsy
indications, gabapentin is considered to have a good safety and tolerability profile. The most
commonly reported adverse events with gabapentin in comparison to placebo-treated
patients in pivotal trials of post-herpetic neuralgia (not alcohol use disorder) include
dizziness, somnolence, and peripheral edema. The most commonly reported adverse events
in pivotal epilepsy trials were somnolence, dizziness, ataxia, fatigue and nystagmus.
Antiepileptic drugs including gabapentin increase the risk of suicidal thoughts or behavior in
about 1 in 500 patients taking these drugs for any indication. Abrupt withdrawal from
gabapentin has precipitated seizures and status epilepticus; on- and off-titration of
gabapentin is indicated. The overall incidence of adverse events and types of adverse events
are similar in men and women across the pivotal trials for approved indications. Refer to the
package insert for detailed prescribing information.[61]

3.4.1 ABUSE POTENTIAL—Reports of abuse of gabapentinoids, such as gabapentin and
pregabalin, are increasingly being documented in high-risk populations, notably opioid and
prescription drug abusers.[104] Gabapentin is not a controlled or scheduled substance. There
was no evidence of tolerance to gabapentin dose, rebound with titration off drug, nor
evidence of abuse potential in studies of alcohol dependence (Table 1). However, patients
undergoing opioid withdrawal, those who misuse prescriptions recreationally, and prison
populations may be at increased risk to misuse gabapentin, with self-administered doses
often far exceeding (3-25x) the therapeutic range.[105-107, 89, 108] Pregabalin has more
rapid absorption and faster onset of action than gabapentin, and thus is associated with
greater abuse.[89] It has been classified as a schedule V (lowest potential for abuse)
controlled substance by the U.S. Drug Enforcement Agency, comparable to the
benzodiazepine, diazepam. Risk factors for pregabalin abuse, often at doses 3-20x% the
highest approved dose, include a history of substance abuse, especially opioid abuse.[90]
Hence, patients with risk histories should be monitored for potential gabapentinoid misuse
or diversion, e.g. self-dose escalation or a “need” for unusually high doses, repeated requests
to replace “lost” medication, and other drug-seeking behaviors.

3.5 CONCLUSION

All FDA-approved medications for alcohol use disorder have a history of both negative and
positive clinical trial outcomes. The potential efficacy of gabapentin in alcohol use disorder
is supported by 5 of the 6 single-site treatment studies reporting drinking outcomes.
[72,71,75,76,73] These study designs were double-blind, placebo-controlled with random
assignment, and were conducted across multiple geographic regions, including California,
Michigan and South Carolina, U.S.A. in North America, and Espirito Santo, Brazil in South
America. Studies evaluating two doses of gabapentin found greater efficacy associated with
the higher dose (1200mg/d, 1600mg/d, 1800mg/d) relative to the lower dose studied
(900mg/d),[81,45,73] lending further support to the likelihood of a true pharmacological
effect of gabapentin on study outcomes. The only treatment study not showing a
comparative benefit of gabapentin on drinking outcomes was comprised of a male veteran
sample with multiple clinically significant co-occurring disorders, and the type and intensity
of any treatments for these comorbid disorders is unknown and may have impacted drinking
outcomes.[82] All the treatment studies included in this review were conducted in subjects
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who concomitantly received the behavioral support typically provided in their setting for
alcohol use disorder,[69,70,82] or manual-guided counseling.[72,71,75,76,73] Thus, the
evidence presented is generally a comparison of gabapentin with behavioral support relative
to placebo with behavioral support. Results indicate that combining gabapentin with
behavioral support typically provides an incremental advantage in drinking outcomes
relative to placebo with behavioral support.

Studies requiring =3 days of abstinence at treatment initiation showed the most robust
treatment effects.[72,71,68,76,73] Conversely, studies that did not require abstinence at
treatment initiation or that involved alcohol administration were unlikely to show gabapentin
efficacy for craving and/or drinking outcomes.[66,67,82,75] These results are consistent
with the hypothesized mechanism of action of gabapentin in alcohol dependence, i.e.,
modulating and stabilizing central stress systems dysregulated by drinking cessation. Thus,
future studies and clinical applications in alcohol use disorder should stipulate an abstinence
baseline.

Six of eight studies with sleep measures reported a significant beneficial effect of gabapentin
on alcohol-related sleep disturbance, a key precipitant of relapse in protracted withdrawal;
these beneficial effects on sleep were not associated with daytime drowsiness or
dysfunction.[69,70,75,68,76,73] Results showing gabapentin-related decreases in negative
affect are found embedded in alcohol withdrawal measures and in weekly Beck Depression
Inventory scores over a 12-week randomized clinical trial.[73] The potential benefits of
gabapentin for reducing alcohol consumption, craving and related disturbances in sleep and
affect are validated by results obtained with pregabalin,[84,85,88] a similar gabapentinoid
drug discussed above.

Gabapentin has shown no safety concerns among the 655 outpatients with alcohol use
disorder who participated in the 11 studies included in this review. Adverse events tended to
be mild to moderate, and to not differ from placebo. The lack of appreciable hepatic
metabolism is a pharmacokinetic advantage of gabapentin, as chronic heavy drinking is
often associated with liver injury. Importantly, gabapentin treatment outcomes and adverse
effects do not appear to differ between men and women with alcohol use disorder.

Gabapentin was not found to interact with alcohol, i.e. did not increase blood alcohol
concentration, feelings of sedation or motor impairment. Although considered to have low
abuse potential in the general population, patients in opioid withdrawal, or those who abuse
prescription drugs, may be at increased risk for gabapentinoid abuse or diversion.

Conclusions must be drawn with caution, as pivotal trials of gabapentin have yet to be
conducted. Overall, the extant literature suggests that gabapentin shows promise as a
relatively safe and effective treatment for alcohol use disorder, with unique benefits for
alcohol-induced insomnia and negative affect compared to available treatments.

4. EXPERT OPINION

Alcohol use disorder is associated with significant mortality and morbidity, ranking fifth
among risk factors for death and disability worldwide.[1] Remarkably, a nationwide

Expert Opin Investig Drugs. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mason et al.

Page 13

pharmacy survey suggests fewer than 9% of Americans with alcohol use disorder received a
prescription for any of the FDA-approved pharmacotherapies for alcohol dependence.[26]
Thus the development of more effective, better-tolerated and more widely-utilized
medications for alcohol use disorder has high public health significance.

Gabapentin (1800mg/d) effect sizes for rates of complete abstinence and no heavy
drinking[73] are comparable or superior to those found in a recent meta-analysis of
acamprosate’s effect on abstinence and naltrexone’s effect on no heavy drinking.[24]
However, relative to approved treatments, gabapentin is uniquely associated with significant
improvements in alcohol-related sleep disturbance and sub-syndromal negative affective
states, which are both leading precipitants of drinking relapse in protracted withdrawal.
Additionally, unlike disulfiram and naltrexone, gabapentin is not appreciably metabolized in
the liver and has no association with hepatotoxicity. Also from a safety perspective,
gabapentin will not induce opiate withdrawal in contrast to naltrexone, and does not have
potentially life-threatening interactions with alcohol, as does disulfiram. Rather, gabapentin
is hypothesized to restore homeostasis in key brain stress systems that become dysregulated
in acute and protracted withdrawal, simultaneously reducing symptoms of insomnia, craving
and negative affect that drive drinking relapse. Thus, unlike treatment with available
medications for alcohol dependence, patients treated with gabapentin are likely to
experience improved sleep and less negative affect when cutting down or quitting drinking.
These beneficial effects may reduce problems with medication adherence associated with
disulfiram and naltrexone.

Gabapentin is a widely-prescribed medication across many medical specialties, primarily as
a comparatively safe and well-tolerated treatment for neuropathic pain, with generally low
abuse potential. Thus, a broad range of physicians are familiar with gabapentin’s side
effects, dosing and PK/PD profile, and may be more inclined to use it than available
treatments for alcohol use disorder. As noted above, fewer than 9% of afflicted Americans
have ever received a prescription for an FDA-approved medication for alcohol use disorder;
these prescriptions are provided primarily by psychiatrists and not by a broad range of
medical providers, although alcoholics often interact with the medical system in urgent care
and general medicine settings.

Gabapentin is currently available as an inexpensive generic drug produced by multiple
manufacturers. There is no financial incentive for one generic manufacturer to obtain FDA-
approval for a new indication (alcohol use disorder), which typically involves funding at
least two positive multicenter pivotal trials. Thus, gabapentin as studied in this review is
unlikely to be marketed as a new medication for alcohol use disorder. However, gabapentin
enacarbil (Horizant), a proprietary prodrug of gabapentin that produces extended release of
gabapentin and is FDA-approved for pain and restless leg syndrome, is currently being
evaluated as a treatment for alcohol use disorder in a Phase Il multi-center trial (1200mg/d)
conducted by the National Institute on Alcohol Abuse and Alcoholism in collaboration with
the manufacturer, Arbor Pharmaceuticals. Proprietary formulations of gabapentin may
provide a path forward for drug registration and marketing of gabapentin as a new treatment
for alcohol use disorder. However, different forms of gabapentin, including immediate
release, sustained release, and enacarbil sustained release, are absorbed in the body
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differently. Thus, studies with different formulations of gabapentin should heed the multiple
studies of generic gabapentin that report dose response effects up to 1800mg/d, and ensure
sustained pharmacokinetic dose equivalence to achieve comparable treatment outcomes.
Finally, all the treatment studies included in this review were conducted in subjects who
concomitantly received some form of behavioral support, as is standard for clinical trials in
alcohol use disorder. Thus, the evidence presented is generally a comparison of gabapentin
with behavioral support relative to placebo with behavioral support. The preponderance of
evidence suggests that combining gabapentin with behavioral support provides an
incremental advantage in drinking outcomes relative to behavioral support alone.

Although pivotal trials have not been conducted and conclusions must be drawn with
caution, results from the single-site studies included in this review suggest that gabapentin
could provide a new and potentially widely-used treatment for alcohol use disorder.
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Box 1

Drug Summary
Drug name: Gabapentin
Phase: Il
Indication under discussion: Alcohol Use Disorder
Pharmacology: Calcium channel -y-aminobutyric acid modulator
Route of administration: Oral

H\ /H
|

Chemical structure:

Multi-site Phase 11 trial:

HORIZANT (Gabapentin Enacarbil Extended-Release Tablets) for the Treatment of
Alcohol Use Disorder, NCT 02252536, recruiting completed.
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Figure 1.
A conceptual framework for the neurobiology of alcohol use disorder (inner ring), with

corresponding clinical states (outer ring). Adapted by permission from Macmillan Publishers
Ltd: NEUROPSYCHOPHARMACOLOGY (Koob GF and Volkow ND.
Neuropsychopharmacology, 2010, 35(1):217-38), copyright 2010.
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