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Abstract
Compared to other medical disorders, including other brain diseases, the number
of medications approved for alcohol use disorder (AUD) is very small. Disulfi-
ram, naltrexone (oral and long-acting), and acamprosate are approved by the
US Food and Drug Administration (FDA) to treat patients with AUD. These
medications are also approved in other countries, including in Europe, where the
European Medicines Agency (EMA) also approved nalmefene for AUD. Further-
more, baclofen was recently approved for AUD in France. These approved
medications have small effect sizes, which are probably the consequence of the
fact that they only work for some patients, yet a personalized approach to match
the right medication with the right patient is still in its infancy. Therefore,
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research is needed to expand the armamentarium of medications that clinicians
can use to treat their patients, as well as to better develop personalized
approaches. This book chapter reviews other medications, beyond those
approved by the FDA, that have shown efficacy in clinical trials, as well as
medications which are still in the early stages of evaluation in human studies.

Keywords
Alcohol use disorder · Clinical studies · Medication development ·
Pharmacotherapy

1 Introduction

Addictions, including alcohol use disorder (AUD), represent a chronic brain disorder
characterized by a compulsive-like seeking behavior and consumption of excessive
amounts of alcohol despite the knowledge of its negative consequences. As many
other medical disorders, AUD represents a heterogenous disease and is the product
of complex gene � environment interactions. There have been significant advances
in the neuroscience field that have shed light on the neurobiological pathways that
underline the development and maintenance of AUD. As reviewed in the previous
chapter (McCool and McGinnis 2019), we have now a much better understanding of
the molecular and neurobiological basis of AUD, and this knowledge has been
instrumental in identifying important druggable targets. Studying these targets has
resulted, in turn, in the development of medications that, combined with psychoso-
cial and behavioral interventions, may help patients with AUD to reduce or quit
drinking and prevent relapse.

In the USA, three medications have been approved by the US Food and Drug
Administration (FDA) for the treatment of AUD: disulfiram, naltrexone (oral and
extended-release injectable), and acamprosate. These medications are also approved
in other countries, including in Europe, where the European Medicines Agency
(EMA) also approved nalmefene for AUD. Furthermore, baclofen was recently
approved for AUD in France. As it is often the case in medication development,
especially in the neuroscience field, clinical trials testing these medications have
from time to time generated conflicting results, therefore questioning the efficacy of
these medications. Nonetheless, several meta-analyses do support the efficacy of
these medications to treat patients with AUD. In particular, one of the most recent
and comprehensive meta-analyses indicates that both acamprosate and oral naltrex-
one are associated with reduction in return to drinking, with no significant
differences between these two medications (Jonas et al. 2014).

Compared to other medical disorders, including other brain diseases, the number
of medications approved for AUD is very small. Furthermore, their effect sizes (e.g.,
numbers needed to treat) are small, which is probably the consequence of the fact
that these medications only work for some patients; however, a personalized
approach to match the right medication with the right patient is still in its infancy
(e.g., for a recent systematic review on potential subgroups who may respond better
to naltrexone, see Garbutt et al. 2014). Therefore, research is needed to expand the
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armamentarium of medications that clinicians can use to treat their patients, as well
as to better develop personalized approaches. Efforts made to test other medications
beyond those approved by the FDA are reviewed in this book chapter. Specifically,
here we briefly review medications that have exhibited efficacy in alcohol treatment
clinical trials and examples of medications which are still in the early stages of
evaluation in human studies.

1.1 Medications That Have Shown Efficacy in Research Clinical
Studies for AUD1

1.1.1 ABT-436 (Vasopressin V1b Receptor Antagonist)
Preliminary animal studies suggest that blocking the type 1b receptor (V1b) of the
antidiuretic hormone vasopressin results in a reduction in alcohol drinking (Edwards
et al. 2011; Zhou et al. 2011). Following on these preclinical findings, ABT-436
800 mg/day, a novel selected V1b receptor antagonist, was evaluated in a 12-week
multi-site randomized clinical trial (RCT) of 150 alcohol-dependent individuals
(Ryan et al. 2017). ABT-436 significantly increased the percent of days abstinent
compared with placebo, while there were no significant differences in heavy drink-
ing days nor on other measures of drinking or alcohol craving. Furthermore, in
subgroup analyses, individuals reporting higher baseline levels of stress responded
better to ABT-436 than to placebo. Tolerability and safety of ABT-436 in this RCT
were excellent. Diarrhea was the only side effect to be significantly more frequent in
the ABT-436 group than the placebo group, although only four participants stopped
ABT-436 as a result of gastrointestinal complaints. The ABT-436 group, compared
with the placebo group, had greater rates of anxiety and nausea, although these
differences were only at a statistical trend level. Overall, additional future studies
with this compound are warranted, but unfortunately, the manufacturer discontinued
development of this compound.

1.1.2 Aripiprazole
Aripiprazole is an atypical, antipsychotic drug, approved by the FDA to treat
schizophrenia and bipolar disorder and as adjunct treatment for major depression
(Litten et al. 2016). Aripiprazole has multiple pharmacological mechanisms, includ-
ing acting as a partial agonist for the dopamine D2 and serotonin 5-HT1A receptors
and as an antagonist to the 5-HT2 receptor (Fleischhacker 2005). Common side
effects of aripiprazole include fatigue, insomnia, restlessness, somnolence, anxiety,
and disturbances in attention.

Human laboratory studies suggest that aripiprazole may affect drinking behavior.
Kranzler et al. (2008) reported that aripiprazole (2.5 mg and 10 mg per day)
increased alcohol sedating effects and, to a lesser degree, reduced the euphoric
effects (N ¼ 18). Voronin et al. (2008) showed that, compared to placebo,

1Listed in alphabetical order.
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aripiprazole (up to 15 mg per day) reduced alcohol drinking but had no effect on self-
reported “high,” intoxication, or alcohol craving (N ¼ 30). Furthermore, Myrick
et al. (2010) conducted a neuroimaging study (N ¼ 30) which indicated that
aripiprazole (15 mg per day) blunted alcohol cue-induced brain activity in the
right ventral striatum. A recent human laboratory study of 99 alcohol-dependent
individuals found that aripiprazole (15 mg per day) had no main effect on alcohol
drinking during the naturalistic outpatient period (Anton et al. 2017). However,
aripiprazole significantly decreased alcohol self-administration among individuals
with low self-control and delayed the return to drinking in those with high impulsiv-
ity compared with placebo (Anton et al. 2017), suggesting the need for precision
medicine to elucidate the efficacy of aripiprazole. Further supporting the importance
of this future direction, an additional neurogenetic analysis from the same human
laboratory study suggested that polymorphisms in the dopamine transporter
1 (DAT1) and other dopamine-related genes may moderate aripiprazole effects on
alcohol cue-elicited striatal activation and alcohol self-administration (Schacht et al.
2018).

In a 12-week multi-site RCT (N ¼ 295), aripiprazole (titrated up to 30 mg per
day) was effective in reducing the number of drinks per drinking day compared with
the placebo group and also reduced the blood concentrations of carbohydrate-
deficient transferrin (CDT), a biomarker of excessive alcohol use, at weeks 4 and
8 (Anton et al. 2008). However, aripiprazole was not superior to placebo in percent
of days abstinent, number of heavy drinking days, and time to first drinking day
(Anton et al. 2008). In addition, 15 mg per day may be an optimal dose to test, given
the higher dropout rate in the active group, compared to placebo, especially with the
30 mg dose.

At present, a 12-week RCT is under way in outpatients with bipolar I or II
disorder (depressed or mixed mood state) and alcohol use disorder, with active
alcohol use (NCT02918370).

1.1.3 Baclofen
Several animal studies support that the GABAB agonist baclofen, currently approved
by the FDA for the treatment of muscle spasticity, may play a role in AUD (for a
review, see Colombo and Gessa 2018). From a biobehavioral mechanism standpoint,
several human laboratory studies suggest that baclofen may affect alcohol drinking
by changing the subjective effects of alcohol. These observations have been reported
in human laboratory studies with acute baclofen administration (40 mg or 80 mg) in
nondependent heavy drinkers (N ¼ 18; Evans and Bisaga 2009), as well as in a pilot
human laboratory study (N ¼ 14; Leggio et al. 2013) and in a relatively larger
follow-up human laboratory study (N ¼ 34, Farokhnia et al. 2017, 2018) with
alcohol-dependent heavy drinkers treated with baclofen 30 mg per day for approxi-
mately a week.

In clinical trials, following a positive small 4-week RCT with baclofen 30 mg per
day in alcohol-dependent patients (N ¼ 39; Addolorato et al. 2002), a relatively
larger 12-week RCT (N ¼ 84) was conducted in alcohol-dependent patients with
liver cirrhosis (Addolorato et al. 2007). This latter RCT indicated that baclofen
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30 mg per day was significantly more effective, as compared to placebo, in increas-
ing total alcohol abstinence, increasing the number of days abstinent, and reducing
alcohol craving. An additional analysis also showed that, despite the smaller sample
analyzed (N ¼ 24), baclofen still was significantly effective in promoting total
alcohol abstinence in a subgroup of patients with alcohol dependence, liver cirrhosis,
and hepatitis C infection (Leggio et al. 2012). In contrast, another 12-week RCT
conducted in 80 patients with alcohol dependence (without liver disease) did not find
differences between baclofen 30 mg per day and placebo in any of the alcohol-
related outcomes (Garbutt et al. 2010).

The mixed results of these studies suggest that baclofen might be an effective
medication only in those patients with higher severity of alcohol dependence
(Leggio et al. 2010). Consistent with this hypothesis, a 12-week RCT (N ¼ 30)
with baclofen (80 mg per day) in alcohol-dependent individuals who also were
smokers indicated that baclofen, compared with placebo, significantly increased the
number of days abstinent from alcohol and tobacco co-use, and this effect was
stronger in those patients with higher severity of alcohol dependence (Leggio et al.
2015). Furthermore, it is possible that the fact that baclofen was effective in those
alcohol-dependent patients with liver cirrhosis (Addolorato et al. 2007), but not in
those without (Garbutt et al. 2010), may indirectly reflect the different severity of
alcohol dependence of these patients. Two recent RCTs support this interpretation.
Specifically, a 12-week RCT with baclofen 30 mg per day in 180 veteran patients
with hepatitis C virus (HCV) coinfection did not find differences between baclofen
and placebo on alcohol-related outcomes; notably, the baseline levels of alcohol
were quite low in this trial, reflecting an overall low severity of dependence (Hauser
et al. 2017). In contrast, another 12-week RCT (N ¼ 104) found a significant effect
of baclofen (either 30 mg per day or 75 mg per day, without a dose-response effect)
on alcohol-related outcomes in patients (with and without alcoholic liver disease),
and the effect of baclofen was stronger in those alcohol-dependent patients with
alcoholic liver disease than those without (Morley et al. 2018a).

Some anecdotal case reports suggested that significantly higher doses of
baclofen, compared to those used in previous RCTs, may be effective in facilitating
alcohol abstinence, i.e., up to 140 mg per day (Bucknam 2007) or even up to 300 mg
per day (Ameisen 2005). Despite the anecdotal nature of these reports, they
prompted significant mass media interest and attention in the scientific community,
culminating in a few RCTs that tested high doses of baclofen. Muller et al. (2015)
conducted an RCT with baclofen up to 250 mg per day in 56 alcohol-dependent
individuals and found that baclofen, compared to placebo, increased the abstinence
rate and cumulative abstinence duration. In contrast, Beraha et al. (2016) conducted
an RCT of baclofen in 151 alcohol-dependent individuals who were administered a
relatively high dose (150 mg per day), a lower dose (30 mg per day), or placebo and
found no differences in time to first relapse or abstinence rates among the three
groups. In another multi-site 24-week RCT, baclofen (180 mg per day) or placebo
was administered to 320 alcohol-dependent individuals (Reynaud et al. 2017).
Although the baclofen and placebo group did not differ significantly for abstinence
or drinks per day, baclofen was more effective than placebo in reducing drinking in
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individuals who were drinking heavily at baseline. In conclusion, whether higher
doses are more effective remains unclear and controversial, although higher doses
may have a greater risk of adverse events, the most common being somnolence,
sleep disorders, asthenia, and dizziness. The French drug administration agency
recently approved the use of baclofen for AUD, but it limited the approved dose to
up to 80 mg per day (Medical Press 2018).

Two RCTs have recently been completed but results have not been published yet.
A 16-week RCT conducted in the USA compared placebo to baclofen 30 mg per day
and baclofen 90 mg per day in a community sample of alcohol-dependent patients
(NCT01980706). Another RCT conducted in France with alcohol-dependent
patients managed by primary care physicians compared placebo to baclofen up to
300 mg per day during a 52-week period (NCT01604330).

Notably, a recent international consensus statement highlighted the potential
efficacy of baclofen, calling for additional larger studies with baclofen but also
emphasizing the importance of tailoring doses based on safety, tolerability, and
efficacy (Agabio et al. 2018).

1.1.4 Gabapentin
Gabapentin is approved by the FDA for the treatment of seizures, neuropathic pain,
and restless legs syndrome. Its mechanism of action is thought to be related to its
inhibition of voltage-gated calcium channels, which indirectly modulate GABA
activity (Sills 2006).

An initial human laboratory study with 33 alcohol-dependent individuals
indicated that gabapentin (1,200 mg per day) was effective in reducing alcohol
craving and improving sleep quality (Mason et al. 2009).

A few short-term small RCTs have indicated the potential efficacy of gabapentin
in AUD patients (Furieri and Nakamura-Palacios 2007; Brower et al. 2008). It has
been also suggested that gabapentin may work best in patients with significant
withdrawal symptoms. Specifically, compared to placebo, gabapentin (up to
1,200 mg per day for about 6 weeks and combined with flumazenil 20 mg per day
for first 2 days) led to an increase in the percent of days abstinent and a longer delay
to heavy drinking in 60 alcohol-dependent patients; however, this effect was limited
to those patients with more alcohol withdrawal symptoms before treatment (Anton
et al. 2009).

Two larger single-site RCTs (N ¼ 150 in each trial) further support the role of
gabapentin in AUD. The first was a 16-week RCT which combined and compared
gabapentin to naltrexone and showed that the combined medication group experi-
enced a longer delay to heavy drinking, less heavy drinking days, and fewer drinks
per drinking days than the group taking naltrexone alone or receiving placebo
(Anton et al. 2011). Additionally, the patients with the combined gabapentin/
naltrexone reported significantly better sleep than the other two groups (Anton
et al. 2011). The second trial was a 12-week RCT of gabapentin testing two doses:
900 mg per day and 1,800 mg per day. In this second trial, compared to placebo,
gabapentin significantly improved the rates of abstinence and no heavy drinking
with greater efficacy in the 1,800 mg per day group than the 900 mg per day group
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(Mason et al. 2014). Furthermore, gabapentin reduced alcohol craving and improved
mood and sleep (Mason et al. 2014).

More recently, results from another RCT conducted in Thailand further supported
the efficacy of gabapentin (Chompookham et al. 2018). Specifically, 112 alcohol-
dependent patients were treated with either placebo or gabapentin (at least 300 mg
per day) for 12 weeks. Gabapentin significantly reduced the percent of heavy
drinking days per week and the weekly drinking days (Chompookham et al.
2018). On the other hand, no superiority of gabapentin compared to placebo was
found in a large recent RCT in the USA. The latter was a multi-site 6-month RCT in
346 alcohol-dependent patients treated with placebo or gabapentin enacarbil
extended-release, a prodrug formulation of gabapentin designed to increase its
bioavailability. This trial did not show efficacy of gabapentin enacarbil, compared
to placebo, in any of the alcohol-related primary or secondary outcomes (Falk et al.
2019a). A pharmacokinetic analysis, suggested that specific formulation used in this
RCT may have resulted in lower than expected absorption of the active medication
(Falk et al. 2019a).

Common side effects of gabapentin in these trials included fatigue, insomnia, and
headaches. Furthermore, it is important to mention that, while gabapentin is consid-
ered to have no abuse potential, a recent report indicates that gabapentin potentially
may be misused in individuals with substance use disorder, especially those who
abuse opioids (Smith et al. 2016).

Finally, a 16-week RCT is currently ongoing to investigate if gabapentin up to
1,200 mg per day has efficacy in a sample of patients with DSM-5 criteria for AUD
and for history of alcohol withdrawal (NCT02349477).

1.1.5 Ondansetron
Ondansetron is a selective serotonin 5-HT3 receptor antagonist approved by the
FDA for the treatment of nausea and vomiting. Initial human laboratory studies
indicated that ondansetron reduces the desire to drink and augments the biphasic
(i.e., stimulating and sedating) effects of alcohol (N ¼ 16 in Johnson et al. 1993;
N ¼ 15 in Kenna et al. 2009; N ¼ 12 in Swift et al. 1996).

In early clinical trials, an RCT by Sellers et al. (1994) tested ondansetron
(0.25 mg or 2 mg per day) in 71 alcohol-dependent individuals and found that,
compared to placebo, ondansetron significantly decreased alcohol intake in a sub-
group of individuals with relatively lower baseline drinking (10 or less drinks per
drinking day). Notably, an unexpected reversed dose effect was observed such that
the 0.25 mg dose was more efficacious than the 2 mg dose. A subsequent larger
11-week RCT (N ¼ 271) tested ondansetron 2 μg/kg, 8 μg/kg, or 32 μg/kg per day
in alcohol-dependent individuals divided as early- and late-onset of alcoholism
(25-year-old or younger vs. >25-year-old). This trial showed efficacy of
ondansetron only in early-onset patients, with 8 μg/kg being the most effective
dose (Johnson et al. 2000).

The selective effect of ondansetron in the early-onset subpopulation raised the
question of whether pharmacogenetics may further shed light on the potential
selective role of ondansetron in AUD. For example, the SLC6A4 gene encodes the
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serotonin transporter, 5-HTT, and the SLC6A4 promoter contains a functional
polymorphic region (50-regulatory region of the 5-HTT; 50-HTTLPR) with a long
form (L) that possesses an additional 44 base pairs that are absent in the short variant
(S). Alcohol-dependent individuals with the LL genotype, compared with those with
the SS genotype, have significantly less 5-HT uptake and reduced paroxetine
binding capacity (Javors et al. 2005; Johnson et al. 2008). Notably, 50-HTTLPR
polymorphisms have been associated with several psychiatric disorders including
AUD. Johnson et al. (2011) performed a 11-week RCT of ondansetron (8 μg/kg per
day) in 283 alcohol-dependent individuals randomized to 3 different genotypes: LL,
LS, and SS genotypes of the main results of this trial showed that LL genotype
patients treated with ondansetron had significantly lower drinks per drinking day and
higher percentage of days abstinent, as compared to those treated with ondansetron
but with the LS/SS genotypes and to those treated with placebo (Johnson et al.
2011). In a subsequent analysis from the same RCT, Johnson et al. (2013) found
additional functional genetic polymorphisms in the HTR3A and HTR3B genes that
encode the 5HT3 receptor, including AC polymorphism in the rs17614942 portion
in theHTR3B gene and AG and GG polymorphisms in the rs1150226 and rs1176713
portions of the HTR3A gene, respectively. Ondansetron was more effective than
placebo in reducing the number of drinks per drinking day and the number of heavy
drinking days and increasing the percent of days abstinent in people carrying one or
more of these genetic variants. However, it is important to keep in mind that the
potential functionality of rs1150226 and rs1176713 of HTR3A and rs17614942 of
HTR3B is unknown, and therefore their putative molecular mechanisms need to be
elucidated. It has been speculated that all three of these polymorphisms may alter
mRNA expression levels (Johnson et al. 2013). Finally, consistent with Johnson
et al. (2011), Kenna et al. (2014a) conducted a laboratory study of ondansetron and
sertraline in 77 nontreatment-seeking alcohol-dependent individuals and found that
ondansetron was effective in reducing the amount of drinking per drinking day in LL
genotype individuals. The same team also found that female, but not male,
participants who had the LL genotype, and equal or greater than seven exon III
repeats on the dopamine receptor D4 gene (DRD4), had significantly reduced
alcohol intake after taking ondansetron (0.5 mg per day for 3 weeks) (Kenna et al.
2014b). Notably, expression of the 7-repeat allele of DRD4 is associated with a
blunted effect of dopamine on cAMP levels in comparison to the 4-repeat allele, with
almost a threefold increase in dopamine concentration required to achieve the same
level of dopamine-induced cAMP inhibition as the 4-repeat allele (Asghari et al.
1995; Oak et al. 2000). A meta-analysis suggests DRD4 VNTR variation may be a
risk factor for problematic alcohol use; however there is a critical need for studies
with larger and more inclusive samples that account for sex and genetic ancestry to
fully understand this relationship (Daurio et al. 2019).

From a safety standpoint, ondansetron has been typically very well-tolerated in
these clinical trials with alcohol-dependent individuals. An FDA safety precaution
warns that cardiac QT prolongation is possible at doses typically used for its
approved indication (nausea and vomiting; https://www.fda.gov/Drugs/
DrugSafety/ucm271913.htm). However, this side effect may not be evident at the
lower doses used in the trials with AUD individuals.
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The promising pharmacogenetic effect of ondansetron is currently under further
investigation in an ongoing multi-site 16-week RCT testing ondansetron (0.33 mg,
twice daily) versus placebo in alcohol-dependent patients prospectively randomized
based on selected genotypes at the serotonin transporter and receptor genes
(NCT02354703).

1.1.6 Prazosin and Doxazosin
Prazosin is a selective α-1 adrenergic receptor antagonist approved by the FDA to
treat hypertension and benign prostatic hyperplasia. The off-label use of prazosin in
patients with PTSD led to the anecdotal observation that some patients taking
prazosin reduced or even stopped drinking alcohol, hence raising the question
whether prazosin may be useful in AUD patients. A small treatment 8-week RCT
(N ¼ 24; Simpson et al. 2009) and a preliminary human laboratory study (N ¼ 17;
Fox et al. 2012), both conducted in alcohol-dependent individuals, suggested the
potential efficacy of prazosin up to 16 mg per day, compared to placebo, in reducing
alcohol drinking and craving. Subsequently, Simpson et al. (2015) and Petrakis et al.
(2016) conducted two RCTs of prazosin (16 mg per day) in alcohol-dependent
patients with comorbid PTSD: one study was a 6-week RCT in 30 patients and
found a significant effect of prazosin in reducing alcohol-related outcomes (Simpson
et al. 2015). The other was a 13-week RCT in 96 patients and did not find an effect of
prazosin versus placebo on the alcohol-related outcomes (Petrakis et al. 2016).
Furthermore, neither study found prazosin improving PTSD symptoms.

More recently, Simpson et al. (2018) conducted a relatively larger RCT (N ¼ 92)
with alcohol-dependent patients (without PTSD) randomized to either prazosin up to
16 mg per day or placebo. Results indicated that the rates of drinking and heavy
drinking over time decreased to a larger extent in the prazosin group compared to
placebo. Consistent with previous reports, some side effects like drowsiness were
more common in the prazosin group.

Similar to prazosin, the α-1 adrenergic receptor antagonist doxazosin is also
approved by the FDA to treat hypertension and benign prostatic hyperplasia. How-
ever, compared to prazosin, doxazosin has a longer half-life; hence it requires only
once-a-day dosing compared with prazosin’s two to three dosages per day. Further-
more, frequency of side effects (e.g., drowsiness, dizziness, fatigue) is lower in
doxazosin than prazosin; and, unlike prazosin, doxazosin may be taken with or
without food (Leggio and Kenna 2013). These properties of doxazosin have made
doxazosin a potential intriguing candidate for AUD, given that medication adher-
ence is a critical challenge both in RCTs and in clinical practice. For this reason,
Kenna et al. (2015) conducted a 10-week RCT of doxazosin (up to 16 mg per day) in
41 alcohol-dependent individuals. While no significant differences were found in the
drinking outcomes between the doxazosin and placebo groups in the whole sample,
in a priori subgroup analysis, doxazosin-treated patients with higher density of
family history of alcoholism presented with a significant decrease in drinks per
week and heavy drinking days per week. Furthermore, in a later analysis from the
same RCT, Haass-Koffler et al. (2017) found that doxazosin, compared with pla-
cebo, reduced drinks per week and heavy drinking days per week in a subgroup of
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patients who had higher baseline standing blood pressure. Notably, these latter
results have been recently replicated in a 6-week RCT with prazosin (N ¼ 36;
16 mg per day) in AUD (Wilcox et al. 2018). Additional work is needed to identify
optimal personalized approaches for the use of alpha-1 receptor blockers for AUD
(Haass-Koffler et al. 2018b).

1.1.7 Topiramate and Zonisamide
Topiramate is approved by the FDA for treatment of seizures and migraines.
Furthermore, the FDA recently approved the combination of topiramate and phen-
termine for obesity. Topiramate antagonizes α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) and kainate receptors, facilitates GABA activity,
blocks L-type calcium channels, reduces voltage-dependent sodium channel activ-
ity, and inhibits carbonic anhydrase (Arnone 2005).

Human laboratory studies with individuals not seeking treatment for alcohol
problems showed that topiramate at doses of 200 mg per day or 300 mg per day
reduced alcohol craving, alcohol drinking (heavy drinking or drinking days), and the
stimulating effects of alcohol (Miranda et al. 2008, 2016; Haass-Koffler et al.
2018a). Small RCTs with treatment-seeking individuals with AUD also support a
role of topiramate in reducing several alcohol drinking outcomes at doses of 300 mg
per day (Knapp et al. 2015) and 100 mg per day (Martinotti et al. 2014).

Furthermore, two larger RCTs (a single-site 12-week trial with 150 alcohol-
dependent patients and a multi-site 14-week trial with 371 alcohol-dependent
individuals) further indicate that topiramate, up to 300 mg per day, resulted in a
significant reduction in craving, drinks per day, and heavy drinking days and a
significant increase in abstinent days (Johnson et al. 2003, 2007). Side effects
included dizziness, paresthesia, psychomotor slowing, memory or concentration
impairment, nervousness, taste perversion, pruritus, and weight loss (Johnson et al.
2003, 2007). By contrast, topiramate did not show efficacy in another 12-week RCT
testing topiramate 200 mg per day in 129 alcohol-dependent male smokers who were
abstinent for 6 months at study entry (Anthenelli et al. 2017). Overall, these RCTs
suggest that topiramate may be more effective in initiating and facilitating abstinence
in current drinkers rather than in preventing relapse in individuals who are already
abstinent (Swift 2003; Litten et al. 2018).

Additional studies suggest a potential pharmacogenetic effect for topiramate in
AUD. An initial pilot human laboratory study showed that heavy drinkers with the
CC genotype of a single nucleotide polymorphism (SNP), rs2832407, of the GRIK1
gene encoding the glutamate kainate GluK1 receptor had significantly fewer
topiramate-related side effects and lower topiramate blood concentrations (Ray
et al. 2009). More recently, a 12-week RCT with 138 alcohol-dependent individuals
showed that topiramate 200 mg per day led to a significant reduction in heavy
drinking days and a significant increase in abstinent days, and these effects were
moderated by the rs2832407 SNP, such that topiramate was effective in the CC
genotype, but not in the AC and AA genotypes (Kranzler et al. 2014).

Like topiramate, zonisamide is FDA-approved as an adjunct treatment for partial
seizures and has similar pharmacological actions, i.e., blocking voltage-sensitive
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sodium channels and T-type calcium channels, facilitating GABA activity, and
serving as a weak inhibitor of carbonic anhydrase (Kothare and Kaleyias 2008).
Compared to topiramate, the side effect profile of zonisamide seems more favorable
(Kothare and Kaleyias 2008), hence the interest in testing it for AUD. In an initial
placebo-controlled human laboratory study of risky drinkers, zonisamide reduced
alcohol craving and alcohol self-administration (Sarid-Segal et al. 2009). Similarly,
a 12-week RCT with 40 alcohol-dependent patients indicated that, compared to
placebo, zonisamide, up to 500 mg per day, significantly reduced the number of
heavy drinking days, drinks per week, and alcohol craving (Arias et al. 2010).
Finally, Knapp et al. (2015) conducted a multigroup 14-week RCT with 85 alco-
hol-dependent individuals comparing zonisamide (400 mg per day), topiramate
(300 mg per day), levetiracetam (200 mg per day), and placebo. This study indicated
comparable results for both zonisamide and topiramate in reducing percent of
drinking days per week, drinks per day, and heavy drinking per week (levetiracetam
was only effective in decreasing the percent of heavy drinking days per week).
Moreover, zonisamide had a more favorable side effect profile than topiramate.

Larger RCTs are currently ongoing to test the efficacy of zonisamide in AUD
(NCT02900352; NCT02368431) and to test the pharmacogenetic-based efficacy of
topiramate in AUD (NCT02371889).

1.1.8 Varenicline
Varenicline, a partial agonist at α4β2 and a full agonist at α7, nicotinic acetylcholine
receptors (Mihalak et al. 2006), is currently approved by the FDA for smoking
cessation. Several proof-of-concept human laboratory studies in alcohol-dependent
individuals have indicated that varenicline reduced drinking, alcohol craving, alco-
hol self-administration, and the subjective reinforcing effects of alcohol (N ¼ 20 in
McKee et al. 2009; N ¼ 77 in Roberts et al. 2017a; N ¼ 60 in Roberts et al. 2017b;
and N ¼ 35 in Schacht et al. 2014). Small treatment randomized clinical trials have
also tested varenicline (titrated up to 2 mg per day) in heavy drinkers with AUD.
These preliminary studies found that, compared to placebo, varenicline reduced
alcohol craving (N ¼ 30 in Fucito et al. 2011; N ¼ 40 in Plebani et al. 2013),
heavy drinking days (Fucito et al. 2011), and drinks per week (N¼ 64; Mitchell et al.
2012).

More recently, these studies led to a larger 13-week multi-site RCT of varenicline
(2 mg per day) in alcohol-dependent individuals (N ¼ 200), approximately 40% of
whom were smokers (Litten et al. 2013). Compared to placebo, varenicline signifi-
cantly reduced alcohol craving and alcohol consumption outcomes, including heavy
drinking days, drinks per day, and drinks per drinking day. Furthermore, a subgroup
analysis suggested that varenicline was most effective in individuals with less severe
AUD and in those who reduced their smoking (Falk et al. 2015). However, another
multi-site 12-week RCT (N ¼ 160) conducted in Sweden did not show the same
efficacy in favor of varenicline. Specifically, there were no differences in self-
reported drinking outcomes or reduction in smoking between the varenicline and
placebo groups. However, there were significant reductions in alcohol craving, the
number of reported AUD symptoms (measured using the Alcohol Use Disorders
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Identification Test [AUDIT]), and blood levels of phosphatidyl ethanol (PEth), a
specific biomarker of alcohol consumption (de Bejczy et al. 2015).

Given that varenicline is approved for smoking cessation, a recent two-site RCT
in the USA tested its efficacy in patients with alcohol use disorder and comorbid
smoking seeking alcohol treatment and further evaluated its secondary effects on
smoking abstinence. A total of 131 patients were treated with either varenicline 2 mg
per day or placebo (O’Malley et al. 2018). There were no differences between the
two groups on the percentage of heavy drinking days in the whole group, although a
subgroup analysis indicated that varenicline may reduce the percentage of heavy
drinking days in men more than in women. Furthermore, varenicline increased
smoking abstinence in the overall sample (O’Malley et al. 2018).

Consistent with this latter trial, the potential role of varenicline for tobacco and
alcohol use comorbidity has been also investigated in combination with naltrexone.
Indeed, based on the promising results of an initial human lab study with heavy
drinking, daily smokers (Ray et al. 2014), a larger RCT is ongoing to test concomi-
tant smoking cessation and alcohol use reduction using a three group medication
design consisting of varenicline alone (2 mg per day), naltrexone alone (50 mg per
day), and the combination of both varenicline and naltrexone at the same doses as in
the monotherapy conditions (NCT02698215).

Varenicline is generally well-tolerated with typically mild to moderate side
effects which include nausea, constipation, and abnormal dreams. Notably, the
FDA recently removed the box warning on varenicline about possible neuropsy-
chiatric side effects but issued a warning that varenicline may change the way
patients respond to alcohol, affecting their ability to tolerate its effects. Moreover,
in rare accounts, seizures have been reported in patients taking varenicline (https://
www.fda.gov/Drugs/DrugSafety/ucm436494.htm).

1.2 Other Promising Medications or Compounds for AUD

In addition to the medications above, preclinical or preliminary proof-of-concept
human studies support the potential role of other medications on novel compounds
for the treatment of AUD (for details, see also Litten et al. 2018). Examples are the
glucocorticoid receptor antagonist mifepristone (Richardson et al. 2008; Simms et al.
2012; Vendruscolo et al. 2012; Vendruscolo et al. 2015), the hormone oxytocin (for
reviews, see Kenna et al. 2012; Lee et al. 2016), the nonselective phosphodiesterase
inhibitor ibudilast (Bell et al. 2013; Ray et al. 2017), D-cycloserine (a partial agonist
at the glycine modulatory site of the glutamate NMDA receptor; Seif et al. 2015;
Watson et al. 2011; Hofmann et al. 2012; MacKillop et al. 2015, Kiefer et al. 2015),
N-acetylcysteine (Morley et al. 2018b), and blockade of the receptor of the hormone
ghrelin (Lee et al. 2018; see also reviews: Zallar et al. 2017; Morris et al. 2018;
Farokhnia et al. 2019).
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2 Conclusions

This is an exciting time for medication development for AUD and addiction in
general. As basic neuroscience research starts to unfold the mechanisms that under-
line the development and maintenance of AUD, new targets are identified. These
targets may lead to the development of novel medications to be tested for their safety
and efficacy in patients with AUD. As such, the discovery of novel and more
effective targets is clearly a high priority. This is of paramount importance, given
that at present, we only have three medications approved by the FDA for AUD.

However, the history of these approved medications, as well as of the additional
medications tested in the past decades and reviewed in this chapter, also tells us that
no medication will work for all patients with AUD. AUD is a complex and heterog-
enous disorder; hence it is conceivable that different medications may work best in
certain subgroups of patients. Indeed, the challenge rests on identifying precision
medicine approaches where the right medication is matched with the right patient
(Litten et al. 2015, 2016, 2018). The literature reviewed above provides some
examples, including pharmacogenetics (e.g., ondansetron and topiramate); family
history or physiological markers (prazosin and doxazosin); severity of dependence
and/or medical comorbidity, like liver disease (baclofen); and severity of alcohol
withdrawal (gabapentin). However, it is very unlikely that a single factor is able to
predict a positive outcome for a specific medication. Rather, it is conceivable that
multiple factors will need to be taken into account toward the identification of
effective precision medicine approaches (Heilig and Leggio 2016; Litten et al.
2018).

Another important aspect to consider is that various RCTs have often used
different primary outcomes to define the efficacy of a specific medication. While it
may be important to tailor the specific outcome to the medication under investigation
(e.g., whether its mechanism of action is more likely to lead to reduction in
heavy alcohol drinking, abstinence, or release prevention), on the other hand,
standardization may also be critical. This is particularly important from a regulatory
standpoint in terms of acceptable outcomes for pivotal RCTs, especially given
growing evidence that non-abstinence-oriented outcomes may be quite beneficial,
e.g., percentage of subjects with no heavy drinking days (Falk et al. 2010) and
reductions in World Health Organization (WHO)-based drinking risk levels (Falk
et al. 2019b).

Last, but not least, medications for AUD are dramatically underutilized; there-
fore, basic science and human research efforts will need to be accompanied with
translational practice approaches, where effective novel medications and precision
medicine approaches are effectively translated from the research settings to the
clinical practice.
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