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ABSTRACT. Modern pharmacotherapy for alcohol dependence has its
roots in the failure of National Prohibition in the United States and the
rise of the disease model of alcoholism (embodied in Alcoholics Anony-
mous). In 1948, disulfiram was the first medication approved by the
U.S. Food and Drug Administration (FDA) to treat alcohol dependence,
but its efficacy has not been supported by randomized controlled trials.
In the 1960s, benzodiazepines replaced older treatments for alcohol
withdrawal, but sedative and dependence-producing effects limit their
utility in the postwithdrawal period. In the 1980s, the focus shifted to
the treatment of co-occurring psychiatric disorders and medications
that modify negative mood states, which contribute to relapse to heavy
drinking. In the 1990s, developments in neurobiology implicated specific
neurotransmitter systems underlying alcohol’s effects, culminating in
the 1994 approval by the FDA of the opioid antagonist naltrexone to

treat alcohol dependence. In 2006, the FDA approved a long-acting
formulation of naltrexone. Recently, nalmefene, another opioid receptor
antagonist, was approved in Europe for as-needed use to reduce heavy
drinking. Acamprosate, an amino acid derivative, first approved in France
in 1989, received FDA approval in 2004. However, the beneficial effects
of the approved medications are only modestly greater than those of
placebo, and their use is limited. Topiramate, currently under investiga-
tion for alcohol dependence, has greater efficacy but a variety of adverse
effects. In addition to the identification of novel compounds, the future
of alcohol dependence pharmacotherapy will depend on developments
in pharmacogenetics, in which genetic variation that moderates treatment
efficacy and adverse effects is used to personalize treatment. (J. Stud.
Alcohol Drugs, Supplement 17, 79-88, 2014)

ODERN PHARMACOTHERAPY FOR ALCOHOL

use disorders had its genesis in two seminal events:
the repeal of National Prohibition in the United States in
1933 and the establishment of Alcoholics Anonymous (AA)
in 1935. Although these events did not lead directly to the
use of medications (and, in fact, AA has opposed the use of
medications that can potentially cause dependence or that
are intended to help heavy drinkers reduce, rather than stop,
drinking), they contributed to the view that alcoholism is a
treatable disease that may be amenable to pharmacotherapy
(Levine, 1984).

Prohibition’s advocates had argued that the elimination of
alcoholic beverages would end alcoholism and all its associ-
ated evils. The external control on the availability of distilled
spirits reduced overall per capita alcohol consumption, but it
failed to end alcoholism. Although the repeal of Prohibition
was the result of many factors unrelated to drinking (Levine,
1984), passage of the Twenty-First Amendment (U.S. Const.
amend. XXI) was an acknowledgment that external controls
limiting access to alcoholic beverages were not sufficient to
prevent alcohol misuse.
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The establishment of AA, shortly after Prohibition’s
repeal, solidified this view. It re-established the theory,
prevalent among those in the early Temperance Movement,
that alcoholism was a progressive disease. Early support of
AA by the Yale Center of Alcohol Studies (now the Center
of Alcohol Studies at Rutgers University) lent the self-help
organization scientific credibility. Although AA continues
to oppose any therapeutic approach that does not endorse
abstinence as its goal, its disease construct remains highly
influential and has indirectly supported biological approaches
to alcohol treatment (Levine, 1984).

In the pages that follow, we review chronologically the
main foci of medications development for alcohol depen-
dence. Of necessity, this review is not exhaustive; rather, it
aims to highlight the changes that have occurred in medica-
tions development and guide further developments in the
field. A recent review provides more detailed information on
the medications for which efficacy has been demonstrated
and the preclinical basis for their use (Kranzler et al., 2013).

Conditioned reflex treatment

In the 1930s, psychotherapy was the dominant mode
of alcoholism treatment. The few drug therapies available
were not supported by scientific data and were of question-
able value. Many of these remedies relied on the concept
of aversive conditioning or “conditioned reflex treatment.”
Investigators attempted to create disgust toward alcohol by
adding agents with emetic qualities to alcoholic beverages
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or by pairing these agents with the consumption of alcoholic
drinks (Bowman and Jellinek, 1941).

In 1936, Galant attempted to create an aversion to alcohol
by injecting patients with apomorphine while they drank a
glass of vodka (described in Bowman and Jellinek, 1941).
The treatment was repeated 10-20 times for each of 22
patients, with only 2 patients remaining abstinent beyond 6
months. In 1940, Voegtlin claimed to have achieved a 64%
4-year cure rate in 685 patients treated with an emetine
administration protocol that included the reduction of ex-
traneous stimuli, the use of a variety of beverages to allow
the subject to discriminate between noxious and allowable
drinks, and reinforcement sessions to prevent the extinction
of the conditioned response (Voegtlin, 1940; see also the
description in Bowman and Jellinek, 1941). Despite limited
evidence of the efficacy of aversion therapy, it remains a
central element of alcoholism treatment at Schick Shadel
Hospital in Seattle, WA (Smith and Frawley, 1990).

Another early pharmacologic approach to alcoholism
treatment used psychostimulants to create a feeling of well-
being and obviate the euphoric effects of alcohol. Bloomberg
(1939) administered amphetamine to 21 alcoholic patients,
who became more alert and energetic and reported no desire
to drink (see also Bowman and Jellinek, 1941). Reifenstein
and Davidoff (1940) found that amphetamine was of benefit
in cases of acute alcohol intoxication and recommended it
to treat depression in institutionalized alcoholics (see also
Bowman and Jellinek, 1941).

Disulfiram

It was not until the discovery of disulfiram for relapse
prevention and benzodiazepines for alcohol withdrawal that
specific pharmacologic treatments for alcoholism became a
promising therapeutic area. Disulfiram’s aversive properties
were discovered serendipitously. In 1948, two Danish scien-
tists, Jacobsen and Hald, became violently ill shortly after
consuming cocktails at a party. Earlier, both had ingested di-
sulfiram, a potential antihelminthic, which they were testing
for safety. This experience of the acetaldehyde syndrome led
them to suggest that disulfiram could be used to “sensitize”
individuals to alcohol and treat their alcoholism (Dale and
Ebaugh, 1950; Hald and Jacobsen, 1948).

Disulfiram’s efficacy depends on its ability to block the
activity of acetaldehyde dehydrogenases, which with alco-
hol ingestion sharply increases the blood concentration of
acetaldehyde. Elevated concentrations of acetaldehyde cause
vasodilation and facial flushing, headache, and nausea and
vomiting, among other signs and symptoms (Fuller et al.,
1986). In 1948, the U.S. Food and Drug Administration
(FDA) approved disulfiram to treat alcoholism. It remains in
use to prevent relapse in abstinent alcoholics.

Although some clinicians attest to the beneficial effects
of disulfiram, few studies have systemically assessed its

efficacy. A notable exception is the multicenter Veterans
Affairs (VA) Cooperative study of disulfiram (Fuller et al.,
1986). Its publication represented a watershed event in the
pharmacotherapy of alcoholism. In that study, 605 patients
were randomly assigned to receive disulfiram 250 mg/day,
disulfiram | mg/day (i.e., an “active” control for the threat
of a disulfiram reaction), or riboflavin 50 mg per day. Greater
adherence to the study medication and visits scheduled was
associated with a robust beneficial effect on abstinence dur-
ing the 1-year treatment period. There were no significant
medication-group differences on drinking outcomes, employ-
ment, or social stability. However, in participants who drank
during the treatment period, those receiving disulfiram 250
mg reported significantly fewer drinking days than those as-
signed to the other groups.

Benzodiazepines and the treatment of alcohol withdrawal

The first benzodiazepine, chlordiazepoxide, received FDA
approval in 1960 as an anxiolytic. Because of their greater
safety, the benzodiazepines have replaced older drugs to
treat alcohol withdrawal, including paraldehyde, chloral
hydrate, and meprobamate (Thimann and Gauthier, 1956).
Benzodiazepines positively modulate activity at the GABA ,
(gamma-aminobutyric acid-type A) receptor complex and
have sedative, hypnotic, and anticonvulsant effects. In an
early, randomized controlled trial (RCT) for alcohol with-
drawal, Sereny and Kalant (1965) randomly assigned 58 men
to receive chlordiazepoxide, the phenothiazine promazine, or
placebo. Chlordiazepoxide-treated patients had fewer severe
withdrawal symptoms, but the drug was only moderately
better than promazine in reducing other symptoms, including
sleep difficulties and diaphoresis.

In the intervening years, many studies were published
on the use of various medications to treat the alcohol with-
drawal syndrome. A review of 14 of the most rigorous of
these trials (Williams and McBride, 1998) evaluated the
safety and efficacy of benzodiazepines, chlormethiazole (a
thiamine derivative that is not approved for use in the United
States), beta-blockers, and anticonvulsants for this indication.
The authors concluded that some of these agents, particularly
the anticonvulsant carbamazepine, may be useful in selected
populations of alcoholics, but that the most consistently
robust data supported the use of benzodiazepines.

Benzodiazepines were also studied to treat alcoholism
after withdrawal. In early studies (reviewed by Kissin, 1975),
chlordiazepoxide was efficacious in the long-term outpatient
maintenance of alcoholics. However, the extended use of
benzodiazepines is limited by their potential for additive
central nervous system depression in combination with al-
cohol and by the tolerance and dependence that these agents
produce, especially in individuals susceptible to dependence
(Schuster and Humpbhries, 1981). Jaffe and colleagues (1983)
suggested that some benzodiazepines were less likely than
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others to induce dependence and that dependence on ben-
zodiazepines could be preferable to dependence on alcohol,
a more toxic agent (Jaffe and Ciraulo, 1985). However, the
general view among experts in the field at the time, which
continues today, was that the use of benzodiazepines in al-
coholics is best limited to the detoxification period (Meyer,
1986a).

Medications to treat comorbid psychiatric disorders and
reduce relapse risk

Other than the developments seen with the benzodi-
azepines, the 1950s and 1960s saw little progress in the
development of medications to treat alcohol use disorders.
Medication use was also strongly opposed by AA, whose
members viewed tranquilizers as a chemical crutch and an
impediment to sobriety (Murray and Swegan, 1958). There
was a growing recognition at this time, however, based on
family, adoption, and twin studies, that alcohol dependence
is strongly influenced by genetic factors (Goodwin, 1975),
which implied that alcoholism might be amenable to phar-
macologic intervention.

In the 1960s, lysergide (lysergic acid diethylamide; LSD)
was tested as “psychedelic therapy,” which was thought to
enhance the effects of psychotherapy. Canadian investigators
reported impressive improvements in alcoholics following a
single dose of lysergide (MacLean et al., 1961; Smith, 1958).
However, in an open-label study in 99 inpatient female
alcoholics (Van Dusen et al., 1967), lysergide-treated pa-
tients were no more likely to be abstinent at 18 months than
historic controls. The investigators noted that although the
lysergide-treated subjects achieved the “transcendent” state,
they did not decrease their drinking more than controls, de-
spite having gained greater insight into their condition.

In 1972, a national survey (Jones and Helrich, 1972)
reported that 90% of physicians in private practice pre-
scribed medications to treat alcoholism, despite a lack of
data supporting their efficacy. These medications included
anticonvulsants and phenothiazines for acute conditions
and disulfiram and antidepressants for chronic therapy. Sell-
ers and colleagues (1981) forecast that medications would
never play a major role in alcohol rehabilitation but could
potentially aid behavioral and social therapies. Central to
the problem of medications development was the recogni-
tion that alcoholism was heterogeneous and the expression
of a variety of pathologies. Thus, it was thought that no one
treatment could be effective for all alcoholic individuals.

By the mid-1980s, a new research paradigm emerged
that focused on the diagnosis and treatment of psychiatric
disorders commonly associated with alcohol dependence
(Meyer, 1986b). Underlying this effort was the belief that
psychiatric disorders and the negative emotional states as-
sociated with them contributed to the development and per-
sistence of heavy drinking and the precipitation of relapse in

abstinent individuals. Prominent negative emotional states
that were identified as precipitating relapse were frustration,
anger, anxiety, depression, and boredom (Marlatt, 1985).
This conceptual framework facilitated the examination of
medications to modify the negative states and thereby en-
hance psychosocial efforts to prevent relapse. This period
was also characterized by an increasing scientific rigor and
the ascension of the RCT as the “gold standard” of clinical
research.

Tricyclic antidepressants. Ciraulo and Jaffe (1981) report-
ed that the preponderance of evidence from RCTs showed
the treatment of depressed alcoholics with tricyclic anti-
depressants to be of little benefit beyond early abstinence,
when negative emotional states predominate. They identified
important methodological confounds in the published stud-
ies: a failure to distinguish primary from secondary depres-
sion, the conflation of symptoms related to withdrawal with
those of enduring disorders, and lack of attention to family
history of depression as a potential moderator of treatment
response. Dorus et al. (1987) later reported that, although
depressive symptoms commonly occur during withdrawal,
they often improve spontaneously with abstinence from
alcohol, which was supported by the findings of Brown and
Schuckit (1988). Subsequently, there were many studies of
antidepressants (both tricyclic antidepressants and selective
serotonin reuptake inhibitors [SSRIs]) to treat depression
in alcoholic patients. In a meta-analysis of 14 RCTs in
depressed patients with alcohol or other drug dependence,
Nunes and Levin (2004) found that antidepressant medica-
tion exerted a modest beneficial effect for patients. They con-
cluded that antidepressants are not stand-alone treatments for
these co-occurring conditions and should be accompanied by
treatments directly targeting the dependence. This conclusion
was subsequently borne out in an RCT in alcohol-dependent
patients with co-occurring major depression in which a com-
bination of sertraline and naltrexone yielded greater reduc-
tions in both depressive symptoms and alcohol consumption
than either medication alone or double placebo (Pettinati et
al., 2010).

Lithium carbonate. Lithium carbonate has been evaluated
both to treat affective symptoms presumed to contribute to
the risk of heavy drinking and for its direct effects on drink-
ing behavior (Kline et al., 1974; Merry et al., 1976; Pond et
al., 1981). Although lithium did not appear to relieve depres-
sive symptoms, two studies (Kline et al., 1974; Merry et al.,
1976) showed that it decreased the incapacitating symptoms
of alcohol dependence. A study by Fawcett et al. (1987)
suggested that lithium could have a direct effect on drinking
behavior. However, a large, 52-week, multicenter RCT of
lithium in 171 depressed and 286 nondepressed alcoholic
veterans (Dorus et al., 1989) showed no differential effect
of the medication on the likelihood of abstinence, number
of days drinking, number of hospitalizations, or change in
the severity of alcoholism or depression.
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Buspirone. This nonbenzodiazepine anxiolytic became
an attractive treatment for anxiety in alcoholics because it
is less sedating than benzodiazepines, does not add to al-
cohol’s impairment of psychomotor functions, and has no
apparent abuse potential (Goa and Ward 1986). In a dou-
ble-blind study in patients with a mild-to-moderate alcohol
use disorder (Bruno, 1989), buspirone-treated subjects
showed a greater reduction in anxiety and a higher rate of
retention in treatment than those assigned to placebo, but
at 8 weeks alcohol consumption did not differ significantly
between the groups. In a trial in abstinent alcoholics with
co-occurring generalized anxiety disorder (Tollefson et al.,
1992), there was greater treatment retention and anxiety
reduction with buspirone than placebo. Buspirone-treated
patients also showed greater improvement on a subjective,
global measure of drinking outcome. Kranzler et al. (1994)
found that buspirone was more effective than placebo in
retaining anxious alcoholics in treatment, delaying relapse
to heavy drinking, and, during a 6-month posttreatment
follow-up period, reducing the number of drinking days. In
contrast, a study of an anxious, severely alcohol-dependent
patient sample, Malcolm et al. (1992) showed that buspi-
rone was no better than placebo in reducing either anxiety
or drinking.

Antipsychotics. RCTs have failed to define a role for phe-
nothiazines for any of the symptoms that frequently trouble
patients in the postdetoxification period, including anxiety,
tension, and depression (Jaffe and Ciraulo, 1985). Similarly,
the atypical antipsychotics, first introduced in the mid-1990s,
have failed to show efficacy in the treatment of alcoholism.
For example, in an RTC of 224 heavy-drinking alcohol-
dependent patients (Litten et al., 2012), the atypical anti-
psychotic quetiapine showed no advantage over placebo in
decreasing alcohol consumption. However, the antipsychotic
tiapride achieved sufficient success in clinical trials to gain
regulatory approval in Europe for alcoholism treatment. This
selective dopaminergic blocker reportedly decreases anxiety
and depression without the dyskinesias or sedative effects of
other antipsychotics. An initial trial of tiapride showed that
it was superior to placebo in reducing the amount of drink-
ing and increasing the duration of abstinence in 32 anxious
or depressed alcoholics (Shaw et al., 1987). In a subsequent
RCT of 100 alcohol-dependent patients following detoxifi-
cation, tiapride was again better than placebo at promoting
abstinence and reducing alcohol consumption, although the
study was limited by a high dropout rate (Shaw et al., 1994).

Medications that directly reduce alcohol consumption

The 1990s was a period of renewed research on craving,
a symptom originally recognized by Jellinek (1955) as a key
component of alcoholism. More recently, craving has been
viewed as an important contributor to relapse in abstinent
individuals, and therapies based on both cognitive and be-

havioral conceptualizations and classical conditioning were
developed to reduce craving. New psychometric instruments
to measure craving were developed and numerous biologi-
cal models of craving elaborated. The neuroadaptive model,
perhaps the most prominent among the many models of
craving, posited that brain cell function adapts over time to
the persistent presence of alcohol. Once neuroadaptation
develops, the absence of alcohol disturbs the homeostatic
balance and produces craving (Anton, 1999). Alcohol-related
cues and stressful events, both of which elicit memories of
alcohol-induced relief, also contribute to craving and relapse
(Anton, 1999).

Interest in medications to prevent relapse in abstinent al-
coholics was promoted by experimental evidence that alcohol
interacts with several neurotransmitter systems, including
the endogenous opioid system, catecholamines (especially
dopamine), serotonin, and excitatory amino acids, such as
glutamate (Kranzler, 1995). Medications that directly reduce
alcohol consumption are thought to work by decreasing the
urge or craving for alcohol or by reducing its reinforcing
effects.

Serotonergic medications. Preclinical studies showed
that alcohol consumption is modulated by serotonergic neu-
rotransmission (LeMarquand et al. 1994). Clinical studies,
however, demonstrated that serotonergic medications—the
most studied of which are the SSRIs—have only a modest,
inconsistent effect on drinking behavior (Kranzler and An-
ton, 1994). The 5-HT, (5-hydroxytryptamine-3) antagonist,
ondansetron, has also been studied for this purpose (Johnson
et al., 2000, 2011).

(a) Fruoxerive: Naranjo et al. (1990) reported a 17%
decrease in daily alcohol consumption from baseline levels
in heavy drinkers assigned to receive fluoxetine 60 mg/day
but no effect in subjects treated with fluoxetine 40 mg/day
or placebo. Subsequently, inpatient alcoholics pretreated
with fluoxetine 80 mg/day and given access to alcohol re-
duced their intake only during the first week of treatment
(Gorelick and Paredes, 1992). Gerra et al. (1992) com-
pared the effects of fluoxetine 40 mg/day, acamprosate, and
placebo in family history—positive (FHP) and family his-
tory—negative (FHN) alcoholics using a crossover design.
Both active medications were superior to placebo in reduc-
ing the number of drinks consumed, but only FHP patients
responded to fluoxetine and only FHN patients responded
to acamprosate. In outpatient alcoholics treated with cop-
ing skills psychotherapy and fluoxetine 60 mg/day or pla-
cebo, Kranzler et al. (1995) found no advantage to active
medication on drinking outcomes. A secondary analysis of
these data (Kranzler et al., 1996) identified a subgroup of
patients with premorbid vulnerability and alcohol-related
difficulties (i.e., the higher risk/severity, earlier-onset sub-
type, identified as Type B by Babor et al., 1992), in which
fluoxetine was associated with poorer treatment outcomes
than placebo.
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(B) Crrarorram: Naranjo and colleagues studied cita-
lopram extensively. They first reported that in early-stage
problem drinkers without depression, citalopram 40 mg/
day but not citalopram 20 mg/day reduced the number of
drinks per day and increased the number of days abstinent
(Naranjo et al., 1987). In a later crossover study, Naranjo et
al. (1992) found that when subjects received citalopram 40
mg/day, they drank less and had more abstinent days than
when treated with placebo. Subsequently, they found that
citalopram 40 mg/day in combination with a brief psychoso-
cial intervention showed an advantage over placebo that was
limited to the first week of treatment (Naranjo et al., 1995).

(c) SErTrRaLINE: Subsequent studies of serotonergic medi-
cations focused largely on the stratification of subjects by
clinical features. Pettinati and colleagues (2000) showed that
in alcoholics with lower risk/severity and later disease onset
(i.e., Type A of Babor et al. [1992]), treatment with sertra-
line resulted in fewer drinking days and a greater likelihood
of abstinence at 12 weeks than placebo. In contrast, among
alcoholics with greater risk and severity and an earlier onset
of alcoholism (i.e., Type B of Babor et al. [1992]), placebo-
treated patients had better outcomes, although not signifi-
cantly so. In a 6-month follow-up of these patients, Dundon
and colleagues (2004) found that Type A patients treated
with sertraline maintained the initial beneficial effect of
the medication, whereas the Type B alcoholics treated with
sertraline increased their heavy drinking more than placebo-
treated patients.

(D) ONDanseTRON: This 5-HT, receptor antagonist is FDA
approved to treat chemotherapy and postsurgical nausea and
vomiting, but the dosage of ondansetron used to treat alco-
hol dependence is appreciably lower than that used for these
indications. In the first study of ondansetron to treat alcohol
dependence, a dosage of 4 ng/kg twice daily was superior to
placebo among early-onset alcoholics (i.e., individuals with
an onset of problem drinking before age 25), both on the
proportion of days abstinent and on the intensity of drinking
(Johnson et al., 2000). In late-onset alcoholics, however, the
effects of the active medication did not differ from those of
placebo.

Opioid antagonists. The theoretical basis for the use of
opioid antagonists to treat alcohol dependence dates from the
1980s, when preclinical studies first showed an interaction
between alcohol and opioid receptors, implying a role for the
endogenous opioid system as a mediator of the reinforcing
effects of alcohol (Hiller et al., 1981; Lucchi et al., 1982).
Preclinical studies also demonstrated opioidergic regulation
of drinking behavior (Reid et al., 1986). The opioid an-
tagonist naltrexone was shown to decrease voluntary alcohol
consumption in macaques (Myers et al 1986), supporting
the potential utility of opioid antagonists to treat alcohol
dependence.

(A) NaLTrexone: Naltrexone was first approved to treat
opioid dependence in 1984. Ten years later, it was also ap-

proved to treat alcohol dependence, based on the results of
two publicly funded RCTs. The first study, by Volpicelli et
al. (1992), showed that naltrexone reduced craving for alco-
hol and decreased the risk of relapse to heavy drinking in
alcohol-dependent veterans enrolled in a 12-week intensive
day treatment program. The second study, by O’Malley and
colleagues (1992), which was initiated based on Volpicelli et
al.’s unpublished findings, replicated the beneficial effects of
naltrexone in a placebo-controlled trial of weekly outpatient
care. This coordinated effort made it possible for naltrexone,
with its demonstrated safety, to receive FDA approval.

Although not all studies of alcohol dependence have
shown naltrexone to be efficacious, meta-analyses over
more than a decade have shown it to be superior to placebo,
primarily in reducing the risk of heavy drinking (Bouza
et al., 2004; Kranzler and Van Kirk, 2001; Rosner et al.
2010b; Srisurapanont and Jarusuraisin, 2005). In the most
recent analysis, Rdsner et al. (2010b) examined data from
50 RCTs and nearly 8,000 participants. They found that,
compared with placebo, naltrexone significantly reduced the
risk of heavy drinking by about 17% and decreased drink-
ing days by about 4%, a nonsignificant effect. Naltrexone
also produced significant reductions in the number of heavy
drinking days, amount of alcohol consumed, and levels of
GGT (gamma-glutamyltransferase), a liver enzyme whose
concentration increases with heavy drinking.

The time-limited nature of the naltrexone trials has gen-
erally not coincided with the chronic, relapsing nature of
alcohol dependence; most naltrexone studies have been of 4
months’ duration or less. A notable exception to this was the
VA Cooperative Study (Krystal et al., 2001), which showed
no advantage for naltrexone over placebo during either a 12-
week or a 52-week treatment period. In follow-up studies of
patients who had received naltrexone for up to 4 months, the
relapse rate, number of drinking days, and number of heavy
drinking days increased gradually following the cessation of
treatment (Anton et al., 2001, 2006; O’Malley et al., 1996).
The optimal duration of naltrexone treatment remains to be
determined.

Given its modest efficacy, there have been a number of ef-
forts to enhance the clinical benefits of naltrexone. The first
of these used a targeted approach as an alternative to daily
medication (Kranzler et al., 1997). In an 8-week study of
problem drinkers, Kranzler et al. (2003) randomly assigned
heavy drinkers to either naltrexone or placebo and either
daily medication or medication targeted to high-risk drinking
situations. The targeted naltrexone group showed an initial
decline in the frequency of heavy drinking, which increased
during the last 3 weeks of the treatment period, when the
medication available to patients was limited by the study
design. In the daily naltrexone group, the early decline in
heavy drinking persisted throughout the trial. A subsequent
study of heavy drinkers (Kranzler et al., 2009b), also us-
ing a four-cell design (naltrexone vs. placebo and daily vs.
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targeted treatment), showed that, by the end of the 12-week
study, men in the targeted naltrexone group consumed fewer
drinks per drinking day than patients in the other treatment
groups.

Because poor compliance with oral naltrexone may re-
duce the benefits of the medication, a second approach to en-
hancing outcomes with naltrexone is the use of a long-acting
injectable formulation. In a 1-month pilot study, alcoholics
treated with a depot formulation showed greater reductions
in the frequency of heavy drinking than placebo-treated
patients (Kranzler et al., 1998). A 12-week RCT of a dif-
ferent depot naltrexone formulation in 315 patients showed
that, although it did not reduce the risk of heavy drinking, it
delayed the onset of any drinking, increased the total number
of days of abstinence, and doubled the likelihood of subjects
remaining abstinent throughout the study period (Kranzler
et al., 2004). A multicenter study of a third long-acting for-
mulation served as the basis for its approval by the FDA to
treat alcohol dependence (Garbutt et al., 2005). In that trial,
more than 600 alcohol-dependent subjects were randomly
assigned to receive six monthly injections of naltrexone 380
mg, naltrexone 190 mg, or placebo. The 380 mg dosage
reduced the number of heavy drinking days by 25%, which
was significantly better than placebo. Although the naltrex-
one 190 mg dosage reduced heavy drinking days by 17%, it
was not significantly better than placebo.

(B) Narmerene: Mason and colleagues (1994) found
that nalmefene, another opioid antagonist, at a dosage
of 40 mg/day, was superior to nalmefene 10 mg/day or
placebo in preventing relapse to heavy drinking. Mason
et al. (1999) subsequently found no difference between
nalmefene 20 mg/day and 80 mg/day. However, when
grouped together, the nalmefene-treated subjects were sig-
nificantly less likely to relapse to heavy drinking than was
the placebo group. In a 12-week, multisite study in recently
abstinent outpatient alcoholics (Anton et al., 2004), par-
ticipants received 5 mg, 20 mg, or 40 mg of nalmefene or
placebo daily. All groups reduced the frequency of heavy
drinking days equally.

Recently, based on the results of three European studies,
the European Medicines Agency approved nalmefene 18 mg
for as-needed treatment to reduce heavy drinking in alcohol-
dependent patients. In the first of these studies, Mann et
al. (2013) randomly assigned 598 subjects to 6 months of
treatment with nalmefene or placebo. Nalmefene treatment
significantly reduced heavy drinking by 2.3 days per month
and total alcohol consumption by about one standard drink
per day more than placebo treatment. In a 6-month study of
718 patients with alcohol dependence (Gual et al., 2012),
nalmefene-treated subjects reported a significantly greater
reduction in the number of heavy drinking days and total
alcohol consumption than the placebo group. In a 12-month
study of 665 patients (van den Brink et al., 2012), nalmefene
reduced the number of heavy drinking days and total alcohol

consumption throughout the treatment period. Except for the
study midpoint, this reduction was statistically significant.

Acamprosate. In 2004, the FDA approved the amino acid
derivative acamprosate to treat alcohol dependence, based
on the results of three pivotal European studies (reviewed in
Kranzler and Gage, 2008). Acamprosate appears to exert its
effects through a weak antagonism of N-methyl-D-aspartate
(NMDA) receptor activity and inhibition of the metabotropic
glutamate receptor 5 (Blednov and Harris, 2008; Mann et al.,
2008).

In a meta-analysis of 24 RCTs enrolling a total of 6,915
subjects, mostly participants in the European studies con-
ducted by the company that owns the drug (Rdsner et al.
2010a), acamprosate significantly reduced the risk of drink-
ing and significantly increased the duration of abstinence.
However, in four large studies, including two multicenter
trials in the United States (Anton et al., 2006; Mason et al.,
2006), a European study (Mann et al., 2012), and an Austra-
lian study (Morley, 20006), patients treated with acamprosate
had outcomes comparable to those receiving placebo. In the
COMBINE study (Anton et al., 2006), acamprosate failed to
reduce alcohol consumption either alone or when combined
with naltrexone.

Topiramate. Topiramate affects multiple enzyme and
neurotransmitter systems. First approved as an anticonvulsant
in 1996, it was subsequently approved to prevent migraine
and, in combination with phentermine, for weight loss. Three
RCTs have shown topiramate to be efficacious in reducing
alcohol consumption. In both single-site and multi-site tri-
als, Johnson et al. (2003, 2007) found that topiramate 300
mg/day resulted in large, significant reductions in both
self-reported drinking and GGT concentration. Miranda et
al. (2008) compared the effects of topiramate 200 mg/day,
topiramate 300 mg/day, and placebo in heavy drinkers. In
this study, topiramate was titrated to the target dosage over
a 32-day period, where it was maintained for 1 week. Dur-
ing the titration period, the frequency of heavy drinking was
significantly lower in both topiramate groups than in the
placebo group, with no significant difference between the
topiramate groups.

Together with its effects to reduce drinking, topiramate
produces a variety of adverse effects that limit its clinical
utility. The most common adverse effects include paresthe-
sia, anorexia (with weight loss), difficulties with memory
or concentration, and mild-to-moderate taste disturbances
(Markind, 1998). Rarely, topiramate causes serious ophthal-
mologic effects.

Baclofen. Because of its activity as a GABA agonist,
the antispasmodic baclofen has generated interest as a
treatment for alcohol dependence. In a 30-day RCT of 39
patients with alcohol dependence, 70% of baclofen-treated
patients remained abstinent compared with 21% of those in
the placebo group (Addolorato et al., 2002). A subsequent
12-week study of 84 patients with hepatic cirrhosis (Addo-
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lorato et al., 2007) yielded a similar advantage for baclofen
over placebo. However, Garbutt and colleagues (2005) found
no effect of baclofen on drinking outcomes in an RCT of
80 subjects with alcohol dependence. Muzyk et al. (2012)
concluded that, although the evidence did not support the
use of baclofen as a first-line agent, it could be of value in
patients with cirrhosis.

Pharmacogenetic approaches

Based on advances in human genetics, in the past decade
there have been a number of studies examining genetic vari-
ants as potential moderators of the effects of medications to
treat alcohol dependence, which have led to the identification
of specific genotypes associated with treatment response. In
some naltrexone studies, for example, carriers of a variant
(118G or Asp40) allele in OPRM1, the gene encoding the
p-opioid receptor, had a better clinical response to naltrex-
one than 118A (or Asn40) allele homozygotes (Anton et al.,
2008; Oslin et al. 2003). A recent meta-analysis of this ef-
fect in six published studies showed that naltrexone-treated
patients with one or two Asp40 alleles were more than twice
as likely not to relapse to heavy drinking as Asn40-allele
homozygotes (Chamorro et al., 2012).

Similarly, studies of serotonergic medications have exam-
ined the moderating effects of a functional polymorphism
(5-HTTLPR) in SLC6A4, which encodes the serotonin
transporter. Kranzler et al. (2011) reported that the tri-allelic
5-HTTLPR polymorphism moderated the effects of sertra-
line and age at onset of alcohol dependence on the frequency
of drinking and heavy drinking. Specifically, in individuals
with the L,L, genotype, sertraline decreased drinking sig-
nificantly in late-onset alcoholics, whereas in early-onset
alcoholics, placebo treatment was associated with fewer
drinking and heavy drinking days.

Johnson et al. (2011) subsequently found that variants
in SLC6A44 influenced the response to ondansetron: The
medication reduced drinking only in alcohol-dependent
individuals with the 5-HTTLPR LL genotype. Further, a
single nucleotide polymorphism in the 3" untranslated region
(3'UTR) of the serotonin transporter gene (Seneviratne et al.,
2009) interacted with the 5S-HTTLPR polymorphism to mod-
erate the response to ondansetron. The greatest reductions
in drinking were in L-allele homozygotes that were also
homozygous for the T allele of the 3'UTR single nucleotide
polymorphism.

As discussed above, the major limiting feature of topi-
ramate is its adverse event profile. A secondary analysis of
data from Miranda et al. (2008) showed that the severity of
topiramate-related adverse effects in heavy drinkers was
moderated by a polymorphism in GRIK], the gene encoding
the kainate receptor GluK1 (previously called the GIluRS)
subunit (Ray et al. 2009), which was chosen based on a
preliminary association with alcohol dependence (Kranzler

et al., 2009a). Despite the fact that the polymorphism is not
functional, the finding is of interest because the GluK1 sub-
unit binds topiramate preferentially (Gryder and Rogawski,
2003). Independent validation of these findings is needed to
determine whether genotyping could help to identify indi-
viduals most susceptible to the adverse effects of topiramate
treatment.

Future directions

The disease model of alcoholism, first proposed by
advocates of the Temperance Movement, is now firmly
established and serves as the basis for much of the alcohol
treatment in the United States. Since 1948, four medications
have been approved in the United States to treat alcohol-
ism; other medications have been approved exclusively in
Europe. Unfortunately, none of these medications is widely
prescribed, in part because of their modest efficacy. Going
forward, the aim of research in neuropharmacology will be
to identify novel compounds to treat alcohol dependence.
Together with the ongoing adaptation of medications ap-
proved to treat other disorders, these advances should yield
more robust treatment effects. Research in genetics can be
expected to enhance the identification of variants that affect
the risk of developing alcohol dependence, providing poten-
tial targets for medications development and potential mod-
erators of medication response. However, the application of
pharmacogenetics to the treatment of alcohol dependence is
still in its infancy, with most studies based on comparatively
small samples of convenience. Prospective studies of large
samples are essential to advance this field. This will ensure
that pharmacogenetics plays a key role in the personalized
treatment of alcohol dependence by matching specific medi-
cations to individuals based on their genetic and epigenetic
features, thereby enhancing treatment effects and reducing
the risk of adverse events.
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