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ABSTRACT

Over the past decade, research into pharmacotherapy for alcohol use
disorder (AUD) has significantly expanded. Three medications—
naltrexone (including its extended-release (XR) formulation, Vivitrol®),
acamprosate, and disulfiram—are Food and Drug Administration (FDA)
and European Medicines Agency (EMA) approved for alcohol use
disorder treatment. In some European regions, baclofen, nalmefene, and
sodium oxybate are also approved for alcohol use disorder treatment.
Despite their widespread use, of these medications variability in clinical
outcomes underscores the need for more tailored treatment strategies.
Several emerging medications show promise for treating alcohol use
disorder. Among the numerous neurotransmitter systems identified for
novel drug development, the most promising compounds modulate the
functions of opioids, glutamate (with or without gamma-aminobutyric
acid), and serotonin. Other potential therapeutic agents target systems
involved in sleep, appetite, stress response, and neuroplasticity. While
more research is needed to confirm the efficacy of these agents in larger
clinical trials, they represent an exciting new avenue for alcohol use
disorder treatment.

In summary, while established treatments for alcohol use disorder remain
essential, there is a growing need for more personalized approaches.
These strategies should address not only alcohol-related reward
mechanisms but also symptoms of withdrawal, cravings, depression,
cognitive processing, and sleep disturbances. The exploration of new
pharmacotherapies offers hope for improved outcomes, with treatment
tailored to each individual’s unique needs.
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Introduction

Alcohol use disorder is a widespread and chronic
condition marked by a compulsive inability to control
alcohol consumption, even when there are severe
negative consequences.

According to a 2018 report by the World Health
Organization (WHO), alcohol use is associated with over
200 diseases and injury-related health conditions’. In
2019 alcohol was identified as the leading risk factor for
disease burden among individuals aged 25 to 49, the
second-leading risk factor for those aged 10 to 24, the
ninth-leading risk factor across all age groups, and 2.07
million male and 374,000 female deaths in the same
period2

Despite the severity of AUD, it remains significantly
undertreated. In 2021, only about 0.9% of individuals
with  past-year AUD in the US received
pharmacotherapy, and less than 10% of individuals with
AUD in Europe receive appropriate pharmacotherapy34.
Current pharmacological options approved by both the
FDA and the EMA include naltrexone (oral and XR
injectable forms), acamprosate, and disulfiram, while
nalmefene is approved by the EMA only, and baclofen is
approved in some parts of Europe. Acamprosate, which
has shown efficacy in European studies, is less supported
by US trials but remains an approved option in both
regions. Disulfiram, an aversive agent, is only used under
supervision by highly motivated patients in combination
with psychosocial support.

While abstinence has been the main desired outcome in
developing these earlier pharmacotherapies, total
abstinence is infrequently obtained. Current research
suggests that even non-abstinent recovery contributes to
a reduction in alcohol-related health risks with significant
socioeconomic cost benefits36,

Emerging research into the pathophysiology of AUD has
paved the way for novel pharmacological interventions
aimed at reducing cravings, compulsive drinking, and
addressing cognitive and behavioral complications
associated with excessive drinking. Investigational
therapies targeting neurotransmitter systems, such as
opioid, glutamate, gamma-aminobutyric acid (GABA),
serotonin, and dopamine, with new agents like glucagon-
like-peptide-1 (GLP-1) receptor agonists, show promise
for reducing cravings and supporting metabolic health.
Agents that address sleep disturbances play a significant
role in improving outcomes for individuals with AUD. This
review examines current and emerging
pharmacotherapies, highlighting their mechanisms,
efficacy, and potential for personalized treatment
strategies to improve care and outcomes in Europe and
beyond.

Medications Influencing the Opioid System
The three main opioid receptors—mu, delta, and
kappa—are inhibitory G-protein-coupled receptors, with
the mu receptor playing a key role in the brain's reward
system. Endogenous opioids influence habit formation and
reward conditioning’. Positron emission tomography
imaging with [11C] carfentanil shows that alcohol
consumption releases endogenous opioids in the

orbitofrontal cortex and nucleus accumbens (NAc), key
reward areas.8 Additionally, a greater availability of
mu-opioid receptors has been significantly linked to
heightened alcohol craving in individuals with alcohol use
disorder”.

Naltrexone, a mu-opioid receptor antagonist with some
additional affinity for kappa and delta receptors, was
approved by the FDA for AUD in 1994 based on two
small clinical studies (N=174)%10. Naltrexone is
hypothesized to prevent relapse by reducing alcohol cue-
conditioned reinforcement signals''. Naltrexone has been
found to consistently reduce alcohol craving, drinks per
drinking day, and relapse rates'215. An extensive 2023
meta-analysis found the number needed to treat with oral
naltrexone 50 mg daily to prevent a return to any
drinking (N=2347) was 18 and to prevent return to
heavy drinking (N=3170) was 1115,

Clinical studies suggest higher doses of naltrexone (up to
150 mg daily) are safe and may improve efficacy.
However, limited data exist on its effectiveness at those
doses, and no direct comparisons with lower doses have
been conducted'4'7, High-dose naltrexone may still be
an option for patients with AUD who experience a partial
response to lower doses.

An XR formulation of naltrexone was approved by the
FDA in 2006 to treat AUD'3. Extended-release
naltrexone is given as a 380 mg injection and lasts 30
days, improving compliance. A 2022 meta-analysis of
seven studies comparing XR naltrexone to placebo
(N=1500) found that XR naltrexone was associated with
fewer drinking days and fewer heavy drinking days per
month. There was no statistical difference in abstinence
rates’s.

Naltrexone 300 mg daily has been associated with
hepatotoxicity'?, which led to an FDA black box warning.
This warning was removed in 2013 due to insufficient
evidence of liver disease exacerbation20. A 2019 meta-
analysis of 89 randomized controlled trials did not show
an increased risk of any serious adverse event with
naltrexone'®. In a 2024 study of 2,940 participants with
cirrhosis initiated on naltrexone, 62 had significant
enzyme elevation with 30 determined to be definitively
not drug induced and 32 were considered unlikely to be
drug induced?0.

Nalmefene, another mu-opioid antagonist and partial
agonist at the kappa receptor, is believed to bind more
strongly to kappa and delta receptors than
naltrexone?'.22, Nalmefene is approved by the EMA on
an as-needed basis for reducing heavy drinking. It is not
approved by the FDA for the treatment of AUD'3. One
study found that nalmefene 40 mg daily was more
effective than placebo in preventing heavy drinking
relapse 23; a follow-up trial (n=105) confirmed the
efficacy of 20 mg and 80 mg daily?'. However, a larger
trial (n=270) found no significant reductions in heavy
drinking days or cravings with nalmefene 5 mg, 20 mg,
or 40 mg daily compared to placebo?4. A 2017 meta-
analysis of 1693 patients receiving nalmefene showed a
statistical benefit of nalmefene over placebo for total
alcohol consumption and heavy drinking days. The meta-
analysis included studies where nalmefene was taken
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daily and on an as-needed basis?5. Both nalmefene and
naltrexone may cause nausea, vomiting, fatigue, and

precipitated withdrawal in opioid-dependent individual
22,26,

Studies have explored as-needed naltrexone for
cravings. Heindla et al. found it superior to placebo at 12
weeks with daily dosing and at 20 weeks with as-needed
dosing in patients receiving cognitive coping skills
training. However, no significant differences were
observed in a separate group receiving supportive
therapy?’. Another study of 163 participants found no
differences in average drinks per day, but targeted
naltrexone significantly reduced drinks per drinking
day?s,

Taken together, these studies suggest that naltrexone and
nalfemene are safe and effective treatments for AUD,
particularly in patients who have not yet achieved
abstinence.

Medications Targeting the Glutamatergic

System

1. ACAMPROSATE:

Although the exact mechanisms by which acamprosate
treats AUD are not fully elucidated, it is believed to act
on the glutamatergic system as a partial co-agonist at N-
methyl-D-aspartic acid (NMDA) receptors. Acamprosate
has been thought to restore the normal activity of
glutamatergic neurotransmission in the brain by indirect
inhibition of NMDA receptors and by modulation of
NMDA receptors via metabotropic glutamate receptor
subtype 5 antagonism. It may also affect GABA-A
transmission, suggesting a role in subclinical withdrawal
symptoms and potentially offering neuroprotection
during withdrawal??. Indeed, a body of research
suggests acamprosate may have neuroprotective effects
through its action on the glutamatergic system and also
by reducing oxidative stress and production of free
radicals3°.

Acamprosate has been demonstrated to be effective in
preventing alcohol relapse, with multiple systematic
reviews and meta-analyses showing it improves
abstinence rates, reduces heavy drinking, and alleviates
withdrawal symptoms such as sleep disturbances, anxiety
and general arousald’-33,  Some studies suggest
acamprosate may help offset the negative impact of
baseline anxiety on alcohol recovery, and preliminary
findings point to its potential as an adjunct treatment for
anxiety disorders34:35, Treatment with acamprosate also
shows lasting benefits, with reduced relapse rates and
longer periods of continuous abstinence observed 3—12
months after treatment cessation36. Acamprosate effect
on alcohol craving is not well-defined, and results from
studies are mixed with the majority reporting no
difference from placebo33:37-4547, Acamprosate may
reduce the physiological responses associated with
craving (such as tachycardia), but its impact on the
subjective experience of craving is less clear46.

The COMBINE study, the Ilargest US AUD
pharmacotherapy trial (N = 1383), found that
naltrexone but not acamprosate demonstrated a
significant effect on drinking outcomes compared to

placebo#’. Acamprosate is most effective when initiated
soon after detoxification, as delays worsen outcomes.
COMBINE required 4 days of pre-trial abstinence while
European trials with positive outcomes recruited
participants who completed detoxification. A secondary
analysis of the COMBINE trial found longer periods of
pretreatment abstinence predicted a worse response to
acamprosates. Its use during the detoxification period is
recommended based on its neuroprotective effects and
efficacy in reducing withdrawal symptoms4?. A Cochrane
review of 24 randomized controlled trials (RCTs) (N =
6,915) confirmed its role in reducing relapse risk and
extending abstinence3¢,

The typical dose of acamprosate is 1998 mg daily for
those over 60 kg and 1332 mg for those under 60 kg,
though a higher dose of 3 g per day has shown increased
efficacy in some studies0. However, a small study found
that higher doses (3 g/day) may cause more nervousness
compared to the standard 2 g/day dose. Overall,
acamprosate is generally well tolerated, with diarrhea
being the most common side effect5!. Acamprosate is not
metabolized by the liver, so its pharmacokinetics are not
affected in patients with mild to moderate hepatic
insufficiency and therefore safe to prescribe to patients
with liver disease>2.

In summary, acamprosate is a well-supported treatment
for alcohol dependence that is effective in maintaining
abstinence, reducing heavy drinking in relapsing
individuals, and alleviating withdrawal symptoms. lts
benefits persist after treatment stops, but it is most
effective when started soon after detoxification. Although
its effects on craving are less consistent, acamprosate
remains a valuable tool for addressing alcohol
dependence, particularly in individuals with more severe
alcohol use.

2. TOPIRAMATE:

Topiramate, a fructose-1,6-diphosphate analogue, was
initially developed as an anti-diabetic drug but
repurposed as an anti-convulsant. Topiramate works
through six main mechanisms: antagonizing a-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)
and kainate glutamate receptors, enhancing GABA-A
activity at non-benzodiazepine sites, inhibiting L-type
calcium channels, stabilizing voltage-dependent sodium
channels, activating potassium conductance, and mildly
inhibiting carbonic  anhydrase53-3%¢. By enhancing
GABAergic inhibition, inhibiting glutamatergic excitation,
and stabilizing neuronal excitability, topiramate helps
balance neurotransmitter systems disrupted by chronic
alcohol use and abrupt alcohol cessation57-60,

Clinically, topiramate’s effectiveness has been
demonstrated in several trials. Johnson et al. showed
doses up to 300 mg/day significantly improved drinking
outcomes, reduced cravings, and enhanced quality of life,
with a moderate effect size of 0.63¢'. Additional trials
supported these findings showing topiramate's consistent
efficacy, with an effect size of 0.52 and a favorable
number needed to treat of 3.4. In all these trials,
participants were randomized to topiramate versus
placebo while actively drinking. However, two double-
blind randomized controlled studies requiring pre-
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treatment abstinence showed no similar benefitsé2.63, Low
dose topiramate (up to 100 mg/day) in recently
detoxified individuals with AUD demonstrated some
efficacy in 2 clinical trials when combined with
therapy?®4:65,

Adverse effects associated with topiramate include
cognitive impairment (eg, word-finding difficulties),
paresthesias, weight loss, headache, fatigue, dizziness,
and possible depression. Though some individuals find
these intolerable, clinical trials have shown these effects
are generally mild to moderate in intensity. Slow titration
over 6-8 weeks minimizes these effects. Rare but serious
ocular events (acute myopia and secondary angle-closure
glaucoma) have been reported, and resolve after
discontinuation%é. Kidney stones are 2 to 4 times more
common in individuals taking topiramate, likely due to an
increase in urinary pH. Other serious but rare adverse
events include metabolic acidosis and hypohidrosis that
require closer monitoring®’.

Topiramate may also help with smoking cessation, as
alcohol-dependent smokers in clinical trials showed
reduced smoking rates without targeted smoking
interventions5%. Further research is needed to explore its
use in patients with co-occurring bipolar disorder.

Overall, topiramate has strong evidence supporting its
effectiveness as a treatment for AUD with effects on
drinking not contingent on achieving pre-treatment
abstinence, making it a viable option for patients
unwilling or unable to attain abstinence beforehandé¢s.
Clinical trials have shown that topiramate reduces alcohol
cravings and obsession, albeit with a smaller effect size.
Additionally, topiramate improves overall well-being
and quality of life while reducing the severity of AUD and
its associated harmful consequences. Notably, topiramate
holds promise as a dual-purpose medication: it can be
used to treat alcohol withdrawal syndrome and, with
continued use, prevent relapse.

Medications Modulating the GABAergic

System

1. BACLOFEN

Baclofen is a GABA-B receptor agonist that has been
approved for the treatment of muscle spasticity since the
196054, Baclofen is thought to treat AUD through GABA-
B agonism in the mesolimbic pathway and the ventral
tegmental area (VTA), which inhibits alcohol-induced
dopamine release in the NAc, resulting in decreased
reinforcement from alcohol consumption. Baclofen may
also help with alcohol craving by reducing anxiety, as
GABA-B receptors are located throughout the limbic
system”0,

Baclofen became a popular treatment for AUD after the
publication of the autobiography of Dr. Oliver Ameisen,
a French cardiologist who claimed that high dose
baclofen completely suppressed his alcohol cravings.
Subsequently, several case reports, case series, and
cohort studies showed promising results, which spurred the
widespread use of baclofen, mainly in France”'. France is
currently the only country where baclofen has a labeled
indication for AUD. This approval was granted in 2018

after years of extensive off-label use, with doses of up
to 400mg daily’2.

There have been many studies and multiple meta-
analyses examining the efficacy of baclofen in treating
AUD with a great deal of heterogeneity between the
studies and meta-analyses. There were four different
meta-analyses published in 2018¢9-71.73, Bschor et al.
included 14 RCTs (1,522 participants) and found a small
statistically insignificant advantage of baclofen over
placebo (P=0.09). In terms of specific outcomes, baclofen
was no better than placebo in improving abstinence rates
and was borderline statistically superior to placebo
(P=0.0503) in terms of amount of drinking (ethanol
consumption g/day, number of alcoholic drinks per day,
and heavy drinking days per week or month)é?. Minozzi
et al. included 12 RCTs (1,128 participants) and found no
superiority of baclofen over placebo in any drinking
outcome (relapse at any time during the study, percent of
days abstinent, percent of heavy drinking days, number
of drinks per drinking day)7°. Pierce et al. included 13
RCTs (1,492 participants) and found that baclofen was
associated with increased abstinence rates (8 RCTs and
1,244 participants) and an increased time to relapse (8
RCTs and 852 participants), but not with percentage days
abstinent (7 RCTs and 457 participants)’!. A meta-
analysis by Rose and Jones consisting of 12 RCTs (1,130
participants) found that baclofen had a significant effect
in abstinence rates with intention-to-treat analysis (6 RCTs
and 590 participants), but no effect on cumulative
abstinence days or heavy drinking days’3. There was
significant overlap between the meta-analyses, with 9
RCTs included in all fouré9-73, A more recent 2024 meta-
analysis by Duan et al. included 9 RCTs (670 participants)
found that baclofen was superior to placebo in terms of
short-term total alcohol consumption (3 RCTs and 312
participants), but not in terms of short-term heavy drinking
days (6 RCTs with 503 participants) or short-term days
abstinent (4 RCTs and 296 participants)74.

Daily doses in the meta-analyses' studies ranged from 30
mg to 300 mg, which is one explanation for the variability
in response across studiesé?79, Of note, the maximum
approved dose for muscle spasticity is 80 mg in most
countries, including the US¢?. The meta-analysis by Pierce
et al. found that lower dose baclofen actually showed
better efficacy and was better tolerated”!. Other
proposed explanations for the heterogeneity include
baclofen possibly having a greater effect on more severe
cases of AUD and participants with co-morbid anxiety?°.

The side effect profile of baclofen includes somnolence,
vertigo, headache, confusion, perspiration, muscle
stiffness, abnormal movements, slurred speech, numbness
and dry mouth%%70, A potential for tolerance to baclofen
may also develop with chronic use”75.76,

Baclofen is of interest in treating alcohol use disorder
(AUD) in patients with liver disease due to its minimal
hepatic metabolism, and there have been clinical studies
of baclofen use in AUD patients with cirrhosis.””. However,
a 2023 meta-analysis of five studies (including RCTs and
cohort studies) found no significant benefit of baclofen
over placebo for maintaining abstinence in AUD patients
with liver disease’8.
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While there are some promising results supporting the use
of baclofen in the treatment of AUD, additional studies
are needed to truly determine its effectiveness. Similarly,
identifying the cause of the heterogenous results across
studies would also be helpful in determining the
therapeutic potential of baclofen.

2. GABAPENTIN

Gabapentin, also known by its brand name Neurontin,
was originally developed as an anticonvulsant and later
used for neuropathic pain and restless leg syndrome. It
has garnered attention as a promising off-label
treatment for AUD due to its unique mechanism of action.
It primarily works by modulating calcium channels at the
at the alpha-2-delta type 1 (a26-1) site, indirectly
affecting the release of neurotransmitters such as
glutamate and GABA in the brain. These
neurotransmitters are crucial in regulating neural
excitability and play a central role in the symptoms of
AUD. Evidence suggests a26-1 subunits of calcium
channels are upregulated in the reward centers of the
brain with long term alcohol use. Upon cessation of
alcohol, there is a sudden drop-in GABA activity,
contributing to withdrawal symptoms like anxiety,
insomnia, and irritability which could be alleviated by
gabapentin.

Evidence of gabapentin for the use of AUD has shown
some promising but mixed results. A 16-week randomized
controlled trial found that gabapentin 1200 mg total
daily significantly reduced heavy drinking days and
increased abstinence rates compared to placebo,
confirmed by biochemical markers in 90 individuals with
AUD?¢. This was further supported by a 12-week, double-
blind, placebo-controlled, randomized trial that assessed
gabapentin's efficacy for drinking outcomes across
different doses. Gabapentin, especially at 1800 mg
daily, significantly increased abstinence rates and
reduced heavy drinking over 12 weeks. Abstinence rates
improved with higher doses, with 17% abstinence in the
1800 mg daily group vs. 11.1% in the 900 mg daily
group 4.1% in the placebo group. Gabapentin also
lowered weekly heavy drinking days, cravings,
depression scores, and improved sleep quality. These
effects persisted at 24-week follow up, showing dose-
dependent reductions in cravings and heavy drinking,
suggesting gabapentin’s promising role in tfreating AUDS8°,
A smaller controlled trial showed efficacy in reducing
cravings at doses as low as 300 mg twice a day?8'.
However, a larger (n=346), multi-center, double-blind
study which tested gabapentin enacarbil extended-
release (GE-XR) 600 mg twice daily versus a placebo
alongside a computerized behavioral intervention for six
months, did not replicate similar results82. A reanalysis of
the clinical trial data identified a subset of participants
with higher number of heavy drinking days, lower levels
of anxiety, depression and general mood disturbances
and higher levels of cognitive and motor impulsivity to
respond better to GE-XR83.

One study examined the effects of combining
gabapentin, up to 1200 mg daily, with naltrexone 50 mg
compared to naltrexone alone. It found no significant
differences in the Obsessive-Compulsive Drinking Scale
total score between groups, but the

naltrexone /gabapentin group exhibited greater control
over drinking urges than the naltrexone-only group and
had significant differences in biomarkers measurements
(gamma-glutamyl transferase and % carbohydrate
deficient transferrin values) indicating less heavy
drinking. Sleep  quality was better in the
naltrexone/gabapentin  group compared to others.
Notably, individuals with a history of alcohol withdrawal
benefited more from the naltrexone/gabapentin
combination, experiencing fewer relapses to heavy
drinking than those on placebo. However, this study did
not compare the combination group to gabapentin as
monotherapy?84.

Gabapentin is generally considered safe; however,
though gabapentin is not classified as a controlled
substance, it can produce euphoria and sedation at high
doses, making it susceptible to misuse. Individuals with
substance use disorders may be particularly vulnerable
to misusing it, either alone or in combination with other
substances to enhance its effects. Combining gabapentin
with other depressants, especially alcohol, opioids, or
benzodiazepines, may amplify its sedative effects,
increasing the risk of respiratory depression, overdose, or
death. Furthermore, long-term safety data for
gabapentin in AUD treatment is limited, raising questions
about potential dependence and withdrawal symptoms
that could complicate its cessation. Given these risks,
healthcare providers need to carefully monitor
gabapentin use in AUD treatment, consider alternative
medications when appropriate, and assess each patient's
history of substance misuse to mitigate the potential for
abuse.

Overall, studies for gabapentin have shown mixed results
in effectiveness for the treatment of AUD. Some studies
suggest it may have a role in reducing cravings, reducing
days of heavy drinking and could be utilized as an
augmenting agent for AUD. Gabapentin also shows some
promising results when started at the time of alcohol
cessation to assist in managing withdrawal symptoms. Key
areas of investigation include understanding the optimal
dosage, best patient populations for gabapentin, and
exploring its effectiveness in combination therapies versus
monotherapy.

3. PREGABALIN

Pregabalin, commonly known as its brand name Lyricq, is
an anticonvulsant and neuropathic pain agent that binds
to the a2 subunit of voltage-gated calcium, similar to
gabapentin. This binding inhibits excitatory
neurotransmitter release, leading to decreased neuronal
excitability. lts primary uses include the treatment of
epilepsy and neuropathic pain, for which it has approval
in both the US and Europe. Additionally, it is approved in
Europe for generalized anxiety disorder, though this
indication has not received approval in the U.S.
Pregabalin’s ability to enhance GABAergic transmission
and inhibit glutamate release may help alleviate
withdrawal symptoms and reduce cravings. However,
there is much less data on the use of pregabalin for AUD
compared to gabapentin.

A 16-week open trial of 20 patients with long-standing
AUD treated with flexible doses of pregabalin (150-450
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mg/day) showed that, of 15 completers, 10 remained
alcohol-free while 5 relapsed. Pregabalin significantly
reduced cravings, withdrawal symptoms, psychological
symptoms (e.g., hostility, psychoticism), and improved
liver enzyme levels85. In another 16-week study
comparing pregabalin (up to 450 mg/day) and
naltrexone (up to 50 mg/day) in 59 detoxified patients,
both reduced cravings and withdrawal symptoms, but
pregabalin was more effective for withdrawal with
better quality of life, longer abstinence, and fewer
discontinuations due to side effects8s,

While preliminary studies suggest pregabalin can reduce
cravings and withdrawal symptoms and be beneficial for
dual diagnosis patients, there has been a lack of large
scale, randomized and placebo-controlled trials. Most
studies focus on short-term outcomes, and there is a lack
of data on the long-term effects and safety of
pregabalin in patients with AUD. This gap limits
understanding of its effectiveness in preventing relapse
over extended periods.

Serotonergic Modulators

Serotonin is a monoamine neurotransmitter that regulates
dopamine signaling in limbic regions and plays an
important role in regulating mood. Alcohol raises
serotonin levels in reward-related areas of the brain,
including the NAc, VTA, amygdala, and hippocampus8”.

Serotonin 5-hydroxytryptamine-3 (5-HT3) receptors are
densely located in the mesocorticolimbic system and are
implicated in the regulation of dopamine release8s,
Selective 5-HT3 receptor blockade reduces alcohol
consumption in animal studies8?9. A 2000 study by
Johnson et al. (n=271) showed that ondansetron, a
selective 5-HT3 receptor antagonist, was more effective
than placebo at reducing alcohol consumption and
increasing abstinence in patients with early onset, but not
late onset alcohol use disorder88. Johnson et al. also
identified ondansetron to be more effective in
participants with certain genotypes (the LL genotype of
the 5-HTTLPR serofonin fransporter protein and the TT
genotype of the single nucleotide polymorphism in the 3'-
untranslated region of the 5-HTT gene)?192. A more
recent 2022 study (N= 95) of ondansetron 0.33mg BID
versus placebo did not show any benefit of ondansetron
in terms of drinking outcomes?3.

Serotonergic antidepressants may be helpful in treating
AUD in patients with concomitant depression8”.94, but a
meta-analysis of seven studies (five utilized selective
serotonin receptors inhibitors, one used desipramine, and
one used nefazodone and naltrexone) of patients with
AUD without concomitant depression did not show any
statistically significant benefit on reduction of alcohol
use%5. Improvement of alcohol use in patients with
comorbid depression and AUD appears to be related to
the improvement of depressive symptoms®s. Similarly,
buspirone, a 5-HT1 partial agonist, has not shown any
improvement in alcohol use in patients without comorbid
anxiety®4,

The antidepressant mirtazapine is of interest because of
its 5-HT3 antagonism, similar to ondansetron.
Mirtazapine also stimulates 5-HT1A receptors and blocks

5-HT2, 5-HT3, and a2-noradrenergic receptors. A
randomized controlled trial of 59 males with high alcohol
consumption without comorbid psychiatric diagnoses
utilizing mirtazapine 30mg daily did not show any
benefit of mirtazapine over placebo%.

Aripiprazole, an atypical antipsychotic, a 5-HT1A partial
agonist and a 5-HT2 antagonist, was found to reduce
drinks per drinking day in a 12-week randomized
controlled trial of 295 participants with AUD but had no
effect on abstinence. Aripiprazole was also associated
with a statistically significant increase in treatment-
related adverse events?’.

Overall, serotonergic antidepressants do not appear to
benefit treatment of AUD, unless there are concomitant
psychiatric illnesses. Ondansetron has shown mixed results
with variability in terms of onset of alcohol use disorder
and genetic polymorphisms. Additional studies of
ondansetron would help clarify its efficacy.

Nicotinic receptor: Varenicline

Neuronal nicotinic acetylcholine receptors (nAChRs) are
ligand-gated ion channels in the brain, consisting of
various combinations of a and B subunits. Like other
nAChR subtypes, they possess a fundamental structure of
five subunits arranged around a central pore within the
membrane bilayer. These receptors are widely
distributed throughout the brain and are highly
expressed in the mesolimbic reward circuit?8:99.

Varenicline, an FDA-approved smoking cessation aid
previously marketed as Chantix®, has recently been
evaluated in numerous clinical trials for its proposed
benefit in AUD. Varenicline is a partial agonist of a4p2
nAChRs located in the dopamine rich VTA of the brain.
Varenicline’s mechanism in treating AUD likely involves
reducing dopamine release in the NAc, thereby lessening
alcohol’s rewarding effects.

Evidence suggests that varenicline may reduce alcohol
cravings and consumption, showing mixed yet promising
results as a treatment for AUD?9-101, A large trial by Litten
et al. found varenicline reduced key drinking metrics
regardless of smoking cessation'92, while de Bejczy et al.
reported no significant effects on drinking but noted
reduced cravings and phosphatidylethanol (PEth) levels?8.
Meszaros et al. found no significant effects, though results
were limited by small sample size03,

Subsequent  placebo-controlled  studies  supported
varenicline’s efficacy but also examined various
moderators that predicted better treatment response:
reduced tobacco use, non-abstinence drinking goals,
fewer years of regular drinking, and younger age?®-
1004104 Notably, O’Malley et al. observed greater
reductions in heavy drinking among men'95, and Donato
et al. found varenicline to be more effective for patients
with less severe AUD'0, These results suggest that
varenicline may be most effective for patients with less
severe AUD, supporting a more personalized approach
to pharmacotherapy for AUD.

Varenicline is considered to have a low potential for
abuse—a desired characteristic for any
pharmacotherapy used in disorders with an addictive
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feature. It also has 100% bioavailability regardless of
concurrent  food  administration, few  drug-drug
interactions because of minimal hepatic metabolism, and
a fairly rapid time to peak plasma concentrations.

Chantix, the brand name for varenicline, was discontinued
by Pfizer in 2021 due to concerns for nitrosamine
impurities. While Pfizer has not resumed manufacturing
Chantix, generic versions of varenicline have become
widely available since then. In July 2009, the FDA
mandated a boxed warning on Chantix's labeling. This
warning highlighted potential serious neuropsychiatric
events, including changes in behavior, hostility, agitation,
depressed mood, and suicidal thoughts or actions?07.108,
However, in December 2016, the FDA removed this
boxed warning. This decision was informed by the
Evaluating Adverse Events in a Global Smoking Cessation
Study (EAGLES), a large clinical trial that assessed the
neuropsychiatric safety of smoking cessation treatments,
including varenicline. The study found that the risk of
serious neuropsychiatric side effects with varenicline was
lower than previously believed.

Together, these studies suggest that varenicline may be
particularly beneficial for certain AUD subpopulations
and merits further investigation, especially when
integrated with behavioral support or targeted at
patients with lower AUD severity.

Aversive agent: Disulfiram

Disulfiram acts by blocking the enzyme aldehyde
dehydrogenase, inhibiting the oxidation of alcohol. This
results in elevation of the toxic metabolite acetaldehyde
causing a variety of symptoms including tachycardia,
nauseda, flushing, diaphoresis and dyspnea. Disulfiram
was approved by the FDA and the EMA for the treatment
of AUD since the 1950’s and there has been mixed
evidence for its efficacy over placebo in preventing
use'%%. One of the major limitations is the psychological
aversion being present in treatment and placebo groups,
nullifying the utility in blinding'10.

A large, multicenter randomized double-blind placebo-
controlled study in the 1980s (N= 605) of veterans with
AUD found no significant difference in abstinence or time
to first drink compared to placebo!''.112, A randomized,
open-label trial was completed in 2008 comparing
efficacy of disulfiram, naltrexone, and acamprosate in
treating of AUD (N=243) first with supervised medication
administration followed by as-needed medication use for
cravings. The study concluded that during the first phase,
disulfiram improved abstinence outcomes but not in the
second phase!'3. A meta-analysis in 2011 examined ten
studies and found that specifically supervised disulfiram
administration led to a minor reduction in number of
drinking days and an increase in days until relapse when
compared to placebo''4. Several years later, Skinner et
al. conducted another meta-analysis involving 22 studies
to investigate the role of blinding. They concluded that
blinded studies showed no statistically significant
reduction in alcohol-related outcomes but confirmed that
in open-label trials, supervised disulfiram was more
effective than placebo. Disulfiram remained a safe
treatment in these trials without significant difference
between treatment and control groups in regard to

serious adverse effects or hospitalizations!10. In 2022, a
systematic review was published reviewing efficacy of
multiple pharmacologic interventions for AUD. The study
included 156 RCTs and concluded that disulfiram did
have an effect on abstinence and heavy drinking when
results were stratified!09,

Overall, there is mixed evidence for the efficacy of
disulfiram in treatment of AUD. The best evidence remains
for medication administration under supervision.
Adherence management requirement coupled with the
potential of severe medical reaction limit the utility of
disulfiram in the treatment of AUD. Otherwise, disulfiram
is a safe alternative and can be considered in motivated
patients--especially in patients with good social support
who can attest to medication compliance.

Emerging Targets and

Compounds

1. KETAMINE

Ketamine, an acryl-cyclo-alkylamine initially approved in
the 1970s as an anesthetic by the FDA and EMA, has
been explored for various uses, including AUD!15.11¢,_ |ts
derivative, esketamine, was approved in 2019 by the
European Commission and FDA (as Spravato nasal spray)
for treatment-resistant major depressive disorder (MDD).
Ketamine primarily acts as an NMDA receptor
antagonist,  with  neuromodulatory  effects  on
dopaminergic, opioid, and cholinergic pathways, all
linked to AUD pathophysiology'17:118,

Experimental

Several initial studies were conducted in the late 90’s
investigating the efficacy of ketamine-assisted
psychotherapy in the treatment of AUD. One prospective
cohort study that followed 211 patients at an addiction
center either receiving ketamine-assisted psychotherapy
versus standard treatment, found 65.8% achieved more
than one year of abstinence compared to 24% in the
control group''?. A more recent study examined the
combination of naltrexone and ketamine for AUD in
patients with comorbid MDD'20, Though the primary
endpoint of the study was improvement in depressive
symptomatology, the researchers found that ~80% of
participants reported reduction in alcohol cravings via the
obsessive-compulsive drinking scale!16.120,

In 2020, Dakwar et al. conducted a pilot study on the
effects of a single ketamine infusion combined with
motivational interviewing for AUD. Participants received
six motivational interviewing sessions over five weeks and
a single infusion of either ketamine (0.71 mg/kg) or
midazolam (0.025 mg/kg). The ketamine group showed
increased abstinent days, fewer heavy drinking days,
and longer time to relapse!'4.121, In 2022, a double-blind
placebo-controlled trial evaluated ketamine (0.8 mg/kg)
combined with psychotherapy or alcohol education for
AUD relapse prevention. Over three weeks, participants
received weekly infusions of ketamine or saline and either
psychotherapy or education. After six months, the
ketamine group had a 10.1% increase in abstinent days,
with the ketamine plus psychotherapy group showing the
largest gain (15.9%) compared to placebo with
education. No serious adverse events were reported'22,
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Evidence for ketamine infusions without psychotherapy is
limited. A small open-label pilot study by Terasaki et al.
compared single-dose intravenous ketamine (0.5 mg/kg),
intramuscular naltirexone (380 mg), or no intervention in
44 participants, using hospital readmission rates as the
endpoint. No significant differences were found between
groups'23. There remains a need for larger-scale clinical
trials to properly assess efficacy of treatment as well as
explore optimal dosing range and frequency for
treatment.

2. GLUCAGON-LIKE PEPTIDE-1 AGONISTS
Glucagon-like peptide-1 receptor agonists are another
class of medication with increasing evidence for treatment
of AUD. Glucagon-like peptide-1 is a hormone produced
by enteroendocrine cells in the intestine. It functions
predominantly to stimulate release of insulin from
pancreatic B-cells, in turn lowering glucose levels, slowing
gastric emptying, and promoting satiety!24125, Glucagon-
like peptide-1 agonists are approved for treatment of
diabetes and obesity in the US and Europe. These
receptors are expressed in several key brain areas
involved in reward and motivation including the NAc and
VTA124-127 Though the specific mechanism remains
unclear, evidence supports a modulatory role in the
mesolimbic dopamine pathway. In addition to the
receptor location, preclinical studies illustrated that direct
stimulation of GLP-1 receptors in the VTA reduced alcohol
intake in rodents28-130, A variation in a GLP-1 receptor
gene was also linked to AUD in humans!2é,

In regard to safety, initial observational studies indicated
an increased risk of pancreatic pathology among
patients treated with GLP-1 receptor agonists. This
concern may have dissuaded earlier exploration of these
medications as a treatment for AUD. Later, a systematic
review and a meta-analysis discredited these findings'3!.

Klause et al. conducted a 26-week randomized
controlled trial with 127 AUD patients receiving either
exenatide or placebo, alongside cognitive behavioral
therapy. Subgroup analysis showed a ~24% reduction in
heavy drinking days among obese participants (body
mass index >30 kg/m2, P=0.034). Functional magnetic
resonance imaging analysis revealed reduced ventral
striatum activity linked to addiction'32. Wium-Anderson et
al's register-based cohort study compared GLP-1
agonists to dipeptidyl peptidase-4 inhibitors, finding
reduced alcohol intake with GLP-1 agonists during the
first three months of treatment!33. Richards et al's
retrospective review of six AUD patients treated with
semaglutide showed significant reductions in alcohol
consumption, with an average AUDIT score decrease of
4.5 2134,

There remains a need for further clinical trials to better
examine the efficacy and safety of GLP-1 receptor
agonists for treatment of AUD.

3. OREXIN ANTAGONIST:

The hypocretin/orexin (OX) system, produced in the
lateral hypothalamus, regulates motivation and stress-
related behaviors, including those linked to addiction. It
includes two neuropeptides, Orexin A (OX-A) and Orexin

B (OX-B), and two receptors: Orexin 1 receptor (OX1R)
and Orexin 2 receptor (OX2R)135.136,

Orexin 1 receptor is more densely located in the brain
regions involved in motivation whereas OX2R is located
in areas associated with regulation of sleep and
arousal’3¢, In some structures, OXs preferentially release
GABA or glutamate. There have been a small number of
reports demonstrating that alcohol use upregulates ORX
signaling, and that blockade of ORX signaling decreases
alcohol use'37.138, An animal research study showed the
potential of OX1R antagonists, especially SB-334867, in
reducing alcohol seeking without impairing cognition?39,
Another antagonist, GSK1059865, selectively decreased
high levels of alcohol drinking, but had limited or no
influence on moderate alcohol drinking or sucrose
consumption'40, Experiments examining the effect of
OX2R antagonists are less studied, although they may not
be as effective as OX1R. Some aspects of alcohol use are
dependent on OX2R141-143 5o there is a potential role for
a drug with dual actions on OX1R and OX2R.

Orexin system (OXS) antagonists may also reduce
alcohol-seeking behavior by influencing stress pathways.
Johnson et al. found that OX1R antagonists (30 mg/kg
SB334867) reduced anxiety and sympathetic responses
in rats, suggesting their potential for treating AUD-
related anxiety and stress'44,

Suvorexant, a dual orexin receptor antagonist, has been
licensed for the treatment of insomnia in the USA,
Australia and Japan. A case report described a 31-year-
old man with severe AUD and insomnia who, after 13
weeks of suvorexant treatment, achieved complete
abstinence from alcohol, improved liver function, and
resolved insomnia symptoms'45, Additionally, clinical trials
are underway to further investigate suvorexant's efficacy
in treating AUD. One such trial aims to explore how
suvorexant affects stress response in individuals with
moderate to severe AUD'4¢,

There is still a need for more clinical trials to better
evaluate the role of OXS antagonists in the treatment of
AUD, specifically by addressing factors known to
contribute to relapse, such as poor sleep and stress.

4. SODIUM OXYBATE

Sodium oxybate (SMQO), also known as gamma-
hydroxybutyric acid (GHB), is a short-chain fatty acid
that is naturally present in brain regions like the thalamus
and hypothalamus. lts use is approved for patients with
AUD in Austria and ltaly. It is structurally similar to the
inhibitory neurotransmitter GABA, however, it acts
primarily on the GHB receptor and binds to the GABA-B
receptors with low affinity. It is unclear if it indirectly acts
on GABA-A, though it is hypothesized that SMO can help
with alcohol withdrawal though this mechanism’47. SMO
has a rapid onset (20—40 minutes) and short half-life
(30—50 minutes). Its alcohol-mimicking effects are linked
to dopamine increases in mesocorticolimbic circuits, which
is thought to influence alcohol craving'#8. The most
common side effects of SMO include nausea sedation,
dizziness, and drowsiness. One of the most concerning
side effects is respiratory depression, especially when
combined with alcohol or other depressants.
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A 2010 review of 13 trials found GHB 50 mg improved
abstinence, controlled drinking, and reduced cravings
and relapses at 3 months but not at 6 months 149-151, |n
another trial, GHB outperformed naltrexone and
disulfiram in reducing cravings but had no effect on heavy
drinking52-154, Combining GHB with naltrexone improved
abstinence but increased side effects, while adding
escitalopram showed benefits at 3 and 6 months!54.155,
Statistical concerns for these trials include potential biases
favoring the treatment group in open trials. A more recent
network meta-regression analysis suggests SMO was
more effective in high-severity populations but not in mid-
severity populations, showing significant improvements
both in abstinence rate and percentage of days
abstinent56,

Sodium oxybate shows potential as a treatment for
alcohol use disorder, and could be particularly useful in
addition to other pharmacotherapies. While preliminary
evidence is promising, given the heterogeneity of SMO
efficacy, further research is essential to establish its role
in clinical practice.

Conclusion:

Despite significant progress in understanding the
neurobiological factors that drive the development and
persistence of AUD, few medications have been
approved for its treatment in nearly two decades.
Recently approved options, such as nalmefene in Europe
and Australia and baclofen in France, highlight ongoing
efforts to expand treatment options.

Among the established medications, moderate-strength
evidence supports the effectiveness of 50 mg daily oral
naltrexone in reducing the risk of returning to drinking,
heavy drinking, and the frequency of drinking days.

Acamprosate also shows moderate-strength evidence for
lowering the risk of returning to any drinking and
reducing the number of drinking days, though it is less
effective at preventing heavy drinking. Naltrexone offers
greater convenience with a single daily dose or as-
needed use, while acamprosate requires three doses
daily and prior alcohol detoxification. Disulfiram, though
supported by limited evidence due to trial design
challenges, remains an option for highly motivated
individuals seeking external reinforcement to abstain,
despite its risks and potential adverse effects

There is a pressing need to develop new medications that
target diverse symptoms of AUD, such as withdrawal,
cravings, depression, cognitive impairment, pain, and
sleep disturbances, to offer a more personalized and
effective approach to treatment. As our understanding of
the neurobiological mechanisms underlying AUD continues
to advance, so too must our commitment to expanding the
arsenal of pharmacological options  available.
Furthermore, it is crucial to train clinicians on the latest
evidence-based treatments and to actively encourage
their use in clinical practice. By fostering greater
awareness and confidence among healthcare providers
in prescribing these medications, we can significantly
improve patient outcomes and help address the
underutilization of pharmacotherapy in the treatment of

AUD.
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