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Abstract Advances in neurobiology have increased our un-
derstanding of the underlying mechanisms of drug and alcohol
dependence and led to the development of medications to treat
addictive disorders (Koob GF,Volkow ND. Neurocircuitry of
addiction. Neuropsychopharmacology.2010;35(1):217-38).
Addictive disorders are increasingly recognized as medical
conditions, influenced by genetic, biological and psychosocial
factors, for which the optimal treatment combines both phar-
macological and psychosocial therapies (McLellan AT,Lewis
DC,O'Brien CP,Kleber HD. Drug dependence, a chronic med-
ical illness:implications for treatment, insurance, and outcomes
evaluation. JAMA.2000;284(13):1689-95). This review dis-
cusses the neurobiology and physiology of addiction, the pu-
tative mechanisms of action of pharmacotherapies in the treat-
ment of addictive disorders and the evidence for their efficacy.
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Introduction: The Neurobiology of Drug and Alcohol
Dependence

Drug use, alcohol use and compulsive behavior disorders such
as gambling share common neurochemical substrates that

produce rewarding responses, distress relief and long-term
neuroadaptations, which lead to addiction [1–3].
Neuroadaptation is mediated initially through enhanced brain
reward mechanisms [4, 5] and later through the avoidance of
withdrawal and development of allostasis [6]. Susceptibility to
addictive disorders stems from genetic and environmental
factors and from gene-environment interactions.

Drug reward is associated with the brain’s motivational
system through activation of the mesolimbic dopamine path-
way and related limbic structures including the amygdala,
hippocampus and medial prefrontal cortex, which regulate
responses to natural reinforcers, such as food, sex and social
interaction [7]. Drug-induced dopamine release into the nu-
cleus accumbens, amygdala and prefrontal cortex is associated
with reward and an increased salience for the stimulus. Re-
peated activation of this motivation-reward system sensitizes
the system, leading to craving and compulsive use [8]. Drugs
activate the mesolimbic pathway directly (cocaine and stimu-
lants) or indirectly (nicotine, cannabinoids opioids and alco-
hol). Compulsive behaviors such as gambling may increase
dopamine release by stimulating endogenous opioid pathways
innervating the ventral tegmental area and the nucleus
accumbens.

Adaptive brain changes following chronic use require
the constant presence of the addictive substance or behav-
ior to maintain homeostasis [9]. Withdrawal of the sub-
stance leads to an acute, intense, typically physically and
emotionally unpleasant reaction. For example, withdrawal
from sedatives and alcohol can cause anxiety, labile mood,
seizures and death. The duration and intensity of symptoms
depend on the pharmacokinetics and pharmacodynamics of
the drug, the amount and duration of use, and individual
differences in vulnerability to withdrawal. Avoidance of
withdrawal becomes an important factor in maintaining
substance use.

After acute withdrawal symptoms have abated, abstinent
individuals typically experience a protracted, distressing state
characterized by anxiety, dysphoria and difficulty coping with
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stress. Reward deficiency due to a reduction in dopamine
response to reinforcing stimuli [10] and from activation of
the brain’s stress response system creates abnormalities in
central corticotrophin-releasing factor (CRF), neuropeptide
Y (NPY), norepinephrine and other stress response neuro-
transmitters [11]. Rapid relief of stress by the addictive sub-
stance makes stressful situations a powerful precipitant of
relapse [12, 13]. Long-term substance use is also associated
with craving, defined as a strong conscious urge or desire to
use the substance.When craving is strong, drug use becomes a
preoccupation difficult to resist. External cues, such as expo-
sure to sights, sounds or smells associated with drug use, and
internal cues, such as anger or sadness, can elicit craving for
alcohol or drugs after prolonged periods of abstinence. Drug
and alcohol craving is associated with increased risk of re-
lapse, particularly early in the post-treatment period [14].
Long-term neuroplasticity and learning in the dorsolateral
striatum and other cortico-basal ganglia circuits also result in
automatic or habitual use that can be unconscious and not
related to reward or relief [15, 16].

Mechanisms of Action of Pharmacotherapies

The treatment of addictions involves promoting the avoidance
of psychoactive substances, developing coping skills, and
improving self-esteem and self-efficacy. Pharmacotherapies
can act through several mechanisms to reduce the impetus
for drug use (Table 1). Important targets for medications
include reducing the positively reinforcing stimulant effects
of alcohol and drugs [5]; increasing the aversive effects of the
substance by producing nausea, anxiety or dysphoria; and

reducing the symptoms of abstinence and withdrawal, thereby
reducing craving and the tendency to relapse.

Another potential target for medications to treat addictions
is management of the symptoms of comorbid psychiatric
disorders and psychosocial distress, thus reducing the need
to self medicate. Alcohol and drug dependence frequently co-
occurs with psychiatric disorders, especially schizophrenia,
bipolar disorder, panic disorder and post-traumatic stress dis-
order [17]. The following sections discuss the use of pharma-
cotherapy to treat alcohol, cannabis, nicotine, opioid and
stimulant dependence, as well as the behavioral addiction,
pathological gambling.

Medications to Treat Alcohol Dependence

Disulfiram Aversive Therapy

Disulfiram inhibits the enzyme acetaldehyde dehydrogenase,
causing acetaldehyde, a toxic alcohol metabolite, to accumu-
late after alcohol is consumed, resulting in aversive symptoms
such as skin flushing, tachycardia, sweating, shortness of
breath, nausea and vomiting. As such, a disulfiram reaction
provides a strong deterrent to alcohol consumption. [18].
Indeed, natural polymorphisms of genes encoding alcohol-
metabolizing enzymes that result in acetaldehyde accumula-
tion are also associated with reduced drinking [19, 20].

Although disulfiram has been used since the 1950s, there
have been few well-controlled studies on its effectiveness. A
large, multicenter double-blind, randomized controlled trial
(RCT) conducted in 605 alcohol-dependent veterans found
disulfiram to be no more effective than placebo in promoting
alcohol abstinence [21]. In a 12-week RCT of 122 patients
with combined cocaine and alcohol dependence receiving a
manualized psychotherapy and either disulfiram or no medi-
cation, those receiving disulfiram had better treatment reten-
tion and longer duration of abstinence from both cocaine and
alcohol use [22].

More recent studies suggest that direct supervision of di-
sulfiram ingestion increases its effectiveness [23]. In a 6-
month RCT involving 126 patients who took 200 mg disulfi-
ram or 100 mg vitamin C under supervision, disulfiram-
treated patients had more abstinent days, reduced drinking
and lower gamma-glutamyl transpeptidase levels [18]. In
couples receiving behavioral marital therapy, those with a
contract for spousal supervision of disulfiram compliance
had less drinking than couples without supervision [24].

The usual disulfiram dose is 250 mg daily (range 125-
500 mg). When large amounts of alcohol are consumed con-
current with disulfiram, cardiac problems, hypotension and
death may occur [18]. Disulfiram can also produce hepato-
toxicity. In spite of its potential toxicity and questions about its
effectiveness, disulfiram can be a useful adjunct to treatment
for some patients.

Table 1 Actions of medications used for addiction treatment

1. Medications with similar properties that can partially substitute for the
abused substance

Examples: methadone or buprenorphine substitution (opioid
dependence); gamma-hydroxybutyrate (GHB) (alcohol dependence)

2. Medications that block the positive reinforcing and stimulating effects
of the substance

Example: naltrexone (opioid dependence; alcohol dependence)

3. Medications that relieve the distress of withdrawal and allostasis

Example: topiramate (alcohol dependence), varenicline (nicotine
dependence),

4. Medications that produce aversive effects when the substance is used

Example: disulfiram (alcohol dependence)

5. Medications that reduce craving

Example: naltrexone (alcohol dependence)

6. Medications that treat comorbid psychiatric disorders

Example: antidepressants (comorbid depression and alcohol
dependence)
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Opioid Antagonists - Naltrexone and Nalmefene

After animal studies showed that opioid antagonists were
associated with a reduction in alcohol consumption, two 12-
week RCTs in alcohol-dependent patients demonstrated that
naltrexone reduced heavy drinking and prolonged abstinence
[25, 26]. Based on these studies, in 1994, the US Food and
Drug Administration (FDA) approved naltrexone as an ad-
junct to psychosocial therapies in the treatment of alcoholism.
Several meta-analyses of naltrexone clinical trials demonstrate
consistent effectiveness with modest effect sizes for efficacy
(0.15-0.2) in reducing heavy drinking [27–29]. Naltrexone
does not consistently promote abstinence [30]. There is evi-
dence of greater effectiveness in individuals who carry the
Asp40 (118G) allele of OPRM1, which encodes the mu-
opioid receptor [31, 32].

At the usual daily dosage of naltrexone (i.e., 50 mg),
approximately 10 % of patients experience anxiety, se-
dation and/or nausea. Hepatotoxicity has been reported
at higher, 300-mg daily doses [33]. Patients taking nal-
trexone are insensitive to opioid effects, including anal-
gesia, although the effect dissipates within 72 h of drug
discontinuation. If opioid analgesics are needed
emergently, the blockade can be reversed with carefully
monitored high-dose opioids. A Treatment Improvement
Protocol (TIPS) published by the Substance Abuse
Mental Health Services Administration (SAMHSA) pro-
vides comprehensive information and treatment guide-
lines for naltrexone [34]. To address poor medication
adherence with oral naltrexone, a sustained-release, in-
tramuscular naltrexone preparation is FDA approved for
the treatment of alcohol dependence via a once monthly
injection [35].

Nalmefene is an opioid antagonist initially approved for
the reversal of opioid intoxication. It differs from naltrex-
one in having partial agonist activity at the kappa-opioid
receptor and less hepatotoxicity. Mason and colleagues
conducted an RCT in 21 alcohol-dependent [36] and a
follow-up RCT in 105 alcohol-dependent participants
[37]. Both studies showed the superiority of nalmefene,
combined with psychosocial treatment in reducing heavy
drinking. In contrast, a multisite, 12-week RCT in which
270 abstinent alcohol-dependent participants received pla-
cebo or nalmefene, along with motivational enhancement
therapy, showed no efficacy for nalmefene [38]. Two recent
European RCTs in which alcohol-dependent subjects were
randomized to receive nalmefene or placebo in a targeted or
“as needed fashion” (i.e., on days when participants per-
ceived that they were at high risk for drinking) showed
efficacy in reducing the number of drinking days and total
amount of alcohol consumed [39, 40]. Nalmefene is ap-
proved for alcoholism treatment in the European Union,
although not currently in the USA.

Acamprosate

Acamprosate, a structural analog of the brain chemical tau-
rine, reduces alcohol consumption in animal models. It also
reduced withdrawal distress and craving [41]. Its mechanism
of action is not completely understood but involves a modu-
lation of the n-methyl-d-aspartate (NMDA) glutamate recep-
tor, which is upregulated in chronic alcoholism. Multiple
RCTs, mostly conducted in Europe, showed that acamprosate
added to psychosocial intervention improves the duration and
rate of abstinence [42]. Three European multicenter RCTs
supported the FDA approval of acamprosate as an effective
agent in the maintenance of abstinence from alcohol [43–45].
Two meta-analyses across several studies show a small effect
of acamprosate in improving the rate of abstinence and in-
creasing the time to first drink [28, 46].

Two US trials, a 6-month multisite study [47] and the
COMBINE Study [48], and a recent multisite German trial
[49] failed to find similar efficacy. The reasons for the differ-
ences in effectiveness are unclear, but it has been suggested
that differences in the severity of alcoholism, patient charac-
teristics and the use of inpatient detoxification in early studies
may explain the divergent results.

Sedatives and Anticonvulsants

Although benzodiazepines (e.g., diazepam, chlordiazepoxide)
are commonly used medications for alcohol detoxification,
most addiction professionals oppose their use for relapse
prevention because of the risk of dependence. Recently, sev-
eral European studies have suggested that the sedative
gamma-hydroxybutyrate (GHB) may be useful for the treat-
ment of alcohol dependence. However, its use is limited by its
abuse potential [50].

Antiepileptics such as carbamazepine, topiramate, valproic
acid and gabapentin have been used successfully to treat
alcohol withdrawal [51] and are reported to reduce consump-
tion in dependent subjects. In a 12-week RCT in 150 patients,
topiramate significantly decreased the numbers of drinks per
day, drinks per drinking day and drinking days, and it in-
creased the number of days of abstinence compared to placebo
[52]. A subsequent US multisite trial [53] also showed
topiramate to be efficacious in reducing heavy drinking, while
another RCT showed a reduction in heavy drinking days and
increased abstinent days with topiramate compared to placebo
[54]. Currently, topiramate is not FDA-approved for alcohol-
dependence treatment. Adverse effects of topiramate include
dose-dependent neurological reactions. Further studies are
required to determine the optimal dosing.

Gabapentin, an antiepileptic medication that acts at calcium
channels and stimulates GABA-B receptors, was first reported
to reduce drinking when combined with naltrexone compared
to naltrexone alone or placebo [55]. A 12-week RCT
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conducted in 150 recently abstinent alcohol-dependent outpa-
tients showed superiority of gabapentin to placebo in reducing
drinking [56]. High-dose gabapentin (1,800 mg) reduced
heavy drinking and craving and improved sleep more than
low-dose gabapentin or placebo. Baclofen, a GABA-B recep-
tor agonist that is used to treat spasticity, has shown efficacy
and safety in a subset of alcohol-dependent patients with
advanced liver cirrhosis [57].

Serotonergic and Dopaminergic Medications

Given the importance of dopamine and serotonin neurobiolo-
gy in alcohol dependence, there is interest in medications that
modify these neurotransmitters. In two separate 12-week
RCTs of dopamine antagonists, olanzapine reduced alcohol
craving and consumption [58], and quetiapine reduced heavy
drinking [59]. However, a subsequent multisite RCT in heavy
drinkers found quetiapine not effective in reducing drinking
[60].

Buspirone is an anxiolytic with serotonin partial agonist
effects and an antagonist at the dopamine-2 receptor. A dou-
ble-blind, placebo-controlled study in non-anxious alcoholics
failed to show efficacy for buspirone in reducing drinking or
craving [61].

Selective serotonin reuptake inhibitors (SSRIs), which aug-
ment serotonergic function, appear to reduce alcohol con-
sumption in animal studies. In heavy drinking humans, SSRIs
reduced alcohol consumption by 15-20 percent [62]. Further
studies failed to replicate these modest results. A double-
blind, placebo-controlled study of fluoxetine found no differ-
ence in drinking in non-depressed patients [63]. However,
studies have suggested that SSRIs may have efficacy in a
subtype of alcoholic characterized by later age of drinking
onset and less severe psychopathology [64].

Ondansetron, a serotonin-3 receptor antagonist used to treat
nausea, was efficacious in alcohol-dependent subjects with
early onset of alcoholism (i.e., prior to age 25) [65]. A more
recent study demonstrated ondansetron’s efficacy in patients
with variants in genes encoding the serotonin transporter or
serotonin-3 receptors [66].

Medications to Treat Opioid Dependence

The most widely used pharmacological treatments for opioid-
dependent individuals include maintenance treatments with
full and partial opioid agonists as well as opioid antagonists.
These medications are most effective when used in a struc-
tured treatment program, including monitored medication ad-
ministration, random urine toxicological screening for com-
pliance and intensive psychological, medical and vocational
services. Agonist substitution maintains opioid dependence in
a safe and controlled manner, reduces illicit opioid use and
stabilizes mood, thereby decreasing the need for self-

medication. Substitution treatments also provide incentives
for patients to engage in other therapies.

Methadone Maintenance

Methadone is an oral, synthetic, mu-opioid agonist, with a
long duration of action, minimal sedation or “high” and few
side effects at therapeutic doses. Its efficacy has been
established in the treatment of opioid-dependent patients
[67]. Methadone is a widely utilized treatment for opioid
dependence, with over 250,000 persons receiving daily treat-
ment in the USA, and is highly regulated by government
agencies. Methadone is administered daily, usually under
observation, although long-time program participants are
allowed “take-home” doses of methadone. Doses of metha-
done usually range from 20 mg per day to over 100 mg per
day.

A meta-analysis comparing methadone maintenance to
placebo or drug-free treatment found methadone to be signif-
icantly better than non-pharmacologic therapy for reducing
heroin use and improving treatment retention [68].Methadone
treatment is associated with better physical health, less crim-
inality, greater employment, reduced HIV transmission, and
less opioid-related mortality and morbidity [69]. A longitudi-
nal study found that the most effective methadone mainte-
nance programs provided intensive psychosocial and medical
services, flexibility in methadone dosing and higher doses of
methadone, in excess of 80 mg per day [70, 71].

Buprenorphine

Buprenorphine, an opioid partial agonist, having both agonist
(predominating at lower doses) and antagonist (predominating
at higher doses) properties, is effective in the maintenance
treatment of opioid dependence [72, 73]. Physicians trained in
its use may treat up to 100 opioid-dependent patients; psycho-
social treatment is a required element of the therapy. Random-
ized trials comparing buprenorphine to methadone mainte-
nance in 164 subjects for 16 weeks and in 96 subjects for
6 months using a stepped-care approach showed similar re-
ductions in illicit drug use and similar treatment retention [74,
75]. Advantages of buprenorphine compared to methadone
include less intense withdrawal upon discontinuation, less
abuse potential, as agonist effects diminish at higher doses,
and less cardiotoxicity. Maintenance doses usually range from
4 mg to 16 mg daily. A preparation containing buprenorphine
and naloxone was developed to discourage abuse by intrave-
nous injection (naloxone precipitates withdrawal).
Buprenorphine is now the most common medication used
for opioid-dependence treatment and is available as sublingual
tablets or strips and buprenorphine/naloxone tablets or strips
[69, 72].
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Naltrexone

Naltrexone, an oral opioid antagonist, reduces illicit opioid
use, particularly in highly motivated individuals with good
social support [76]. Naltrexone blocks the intoxicating effects
of opioids and craving, and it is unlikely to be diverted. The
usual naltrexone dose is 50 mg per day, although three times
weekly dosing with 100, 100 and 150 mg has also been shown
to be effective [77]. Patients must be opioid free for a period of
approximately 2 weeks before starting naltrexone treatment to
avoid opioid withdrawal symptoms.

A sustained-release naltrexone preparation was developed
to address poor medication adherence among opioid-
dependent individuals. Previously approved to treat alcohol
dependence, it was approved in 2010 to treat opioid depen-
dence as well. In a multicenter RCT of 250 opioid-dependent
patients, once monthly injections of a sustained-release nal-
trexone preparation produced dose-dependent reductions in
illicit drug use and improvements in treatment retention [78].

Medications to Treat Nicotine Dependence

Nicotine dependence is most successfully treated with com-
bined pharmacologic and behavioral therapies [79–81]. Ac-
cording to clinical practice guidelines developed by the De-
partment of Health and Human Services [82], all nicotine-
dependent patients should be offered some form of pharma-
cotherapy unless medical conditions contraindicate it. Three
classes of pharmacotherapy have demonstrated efficacy for
smoking cessation: nicotine replacement therapy, bupropion
and varenicline [83].

Nicotine Replacement [84]

Nicotine replacement therapy (NRT) provides nicotine in a
form free of the carcinogenic chemicals found in tobacco
products. Four methods of nicotine administration have been
approved: gum, transdermal patch, intranasal spray and orally
inhaled “e-cigarettes.” Although nicotine replacement has
been used primarily for detoxification and relief of withdrawal
during smoking cessation, some patients use nicotine replace-
ment as maintenance therapy [85].

Nicotine gum consists of 2-4 mg nicotine within a resin
matrix, with sweeteners and flavors. The gum is chewed
slowly, releasing the nicotine, and then “parked” in contact
with the buccal mucosa to promote absorption. Too rapid
chewing releases excess nicotine and may cause nausea and
other side effects. The gum is chewed for 20-30 min and then
discarded. This method produces nicotine blood levels that
rise and fall, partially mimicking smoking.

Nicotine transdermal patches, available both over the coun-
ter and by prescription, consist of nicotine (7, 14 and 21mg) in
a 24-h sustained-release adhesive patch. Patch nicotine blood

levels are relatively constant throughout the application peri-
od. One patch is applied to the skin each 24 h and the previous
patch discarded. Some wear the patches during daytime only
and remove them while asleep. Side effects include irritation
from the patch, nausea, insomnia and rapid pulse. Patients
should not use tobacco products while using the patch, as
toxic nicotine blood levels may occur. Nicotine nasal sprays
and oral inhalers mimic the rapid nicotine delivery of cigarette
smoke without its toxic elements. The inhaler has a plastic tip
that is used like a cigarette, delivering a small dose of nicotine
with each puff.

Bupropion and Other Antidepressants

The antidepressants desipramine, doxepin and bupropion, all
of which block norepinephrine and/or dopamine uptake, are
reportedly effective for smoking cessation. Sustained-released
bupropion, marketed for this use as Zyban®, is the only
antidepressant that is FDA approved for smoking cessation.
Bupropion reduces nicotine withdrawal signs and symptoms
and may reduce the weight gain associated with quitting
smoking [81]. A 7-week RCT of sustained-release bupropion
in 615 smokers showed that the drug was effective for
smoking cessation [81]. An open-label treatment with 784
nicotine-dependent subjects randomized to sustained-release
bupropion or placebo for 45 weeks showed that sustained-
release bupropion delayed smoking relapse [86].

Varenicline

Varenicline, a nicotinic receptor partial agonist, blocks the
behavioral effects of nicotine during smoking and prevents
withdrawal during abstinence. Several multicenter RCTs
showed varenicline’s tolerability and effectiveness in the treat-
ment of tobacco dependence [87, 88]. A meta-analysis has
also suggested that varenicline is more efficacious than
bupropion [89]. In 2009, following reports of mood changes
and suicidality in patients receiving varenicline, the FDA
required that the drug’s label include a “black box” warning.
However, recent studies comparing varenicline with other
smoking cessation treatments failed to show significant sui-
cidal risk [90].

Medications to Treat Cocaine Dependence

Several pharmacological agents have been tested as adjuncts
in the treatment of cocaine dependence, with the goal of
reducing craving and relapse. Although some agents, includ-
ing the antidepressant desipramine, have shown initial prom-
ise, follow-up studies with these agents have not consistently
replicated these findings [91]. Currently, no medication is
approved to treat cocaine dependence [69].
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Several dopamine agonists, including bromocriptine,
amantadine, mazindol and others, have also been tested in
cocaine dependence, but have not been consistently effective.
Some researchers have reported that methylphenidate may
reduce cocaine relapse, particularly in patients who also have
attention deficit hyperactivity disorder. The doses used are 15-
60 mg daily. Since methylphenidate is a controlled substance
with abuse potential, careful selection of patients is necessary
[92]. Recently, the indole alkaloid ibogaine was shown to
decrease stimulant use in animals and is being tested in
cocaine-dependent patients [93]. The opioid partial agonist
buprenorphine has been shown to reduce cocaine use more
than methadone maintenance in patients with combined opi-
oid and cocaine dependence [94].

Disulfiram, used to treat alcohol dependence, may also
have efficacy in cocaine treatment through an inhibitory effect
on the brain enzyme, dopamine-β-hydroxylase. In a clinical
trial in 121 cocaine-dependent patients, individuals random-
ized to receive treatment with disulfiram together with one of
two types of behavioral therapy showed a significant reduc-
tion in cocaine use compared to the placebo group [95].

An RCT of the GABA B-agonist baclofen in 70 cocaine-
dependent outpatients showed that it reduced cocaine use,
particularly in heavy users [96]. A pilot trial with 40
cocaine-dependent subjects showed that topiramate-treated
subjects were more likely to be abstinent from cocaine com-
pared to placebo-treated subjects [97]. These findings were
replicated in an RCT in 142 cocaine-dependent subjects [98];
however, another RCT with 170 cocaine-dependent subjects
over 13 weeks failed to reproduce these results [99].

Another promising stimulant investigated for the treatment of
cocaine dependence is modafinil [69, 100]. Modafinil binds to
norepinephrine and dopamine transporters, but may also affect
oxexin-mediated arousal. A clinical trial in 62 cocaine-dependent
subjects also receiving twice-weekly cognitive behavioral thera-
py found that modafinil-treated subjects significantly decreased
cocaine use compared to those given placebo [101]. Modafinil
appears to reduce the craving, anergia and anhedonia associated
with cocaine withdrawal. A more recent RCT in 210 cocaine-
dependent subjects failed to reproduce these results [102].

Medications to Treat Gambling Dependence

Multiple neurochemical targets have been investigated in the
treatment of gambling dependence. Despite the central role of
the dopaminergic system in the reward pathway, dopamine
receptor antagonists are not efficacious in the treatment of
gambling disorders. Two RCTs of olanzapine to treat patho-
logical gambling in 21 subjects over 7 weeks and in 42
subjects over 12 weeks showed no reductions in gambling
behaviors [103, 104]. Tolcapone, an inhibitor of cathecol-O-
methyltransferase (COMT), the enzyme responsible for dopa-
mine degradation, was recently tested to treat gambling

disorder. In an open-label, proof-of-concept study in 24 sub-
jects with gambling addiction, tolcapone reduced symptoms
most in a subset of the population with the val/val COMT
genotype [105].

Gambling treatments using opioid receptor antagonists
appear to result in the most positive outcomes, effects that
may be mediated by dopaminergic modulation in the
mesolimbic pathway. The beneficial effects are most pro-
nounced in subjects with a family history of alcohol depen-
dence [106]. An 11-week RCT of naltrexone at a dosage as
high as 250 mg/day in 45 subjects showed significantly great-
er improvements in all gambling symptom measures in the
active treatment group [107]. These results were replicated in
an 18-week RCT of 77 subjects, in which no differences in
outcome were noted for dosages of 50, 100 or 150 mg/day
[108]. Similarly, nalmefene was significantly superior to pla-
cebo in reducing the symptoms and severity of gambling
behavior in two RCTs [109, 110].

Mood stabilizers have also been evaluated in the treatment
of pathological gambling. Lithium was found to be superior to
placebo in reducing craving and gambling behaviors in a 10-
week study of 40 pathological gamblers [111]. Topiramate was
not a useful treatment in a 14-week study of 42 subjects [112].

Pallessen et al., in a meta-analysis of 16 RCTs of a variety
of medications, found that pharmacological treatment of path-
ological gambling is consistently superior to placebo with an
effect size of 0.78 (95 % CI 0.64-0.92), but that effect sizes
were negatively related to the number of male subjects
assessed in the study. They also found no significant outcome
differences among the different classes of medications evalu-
ated [113]. A more recent meta-analysis showed a small but
significant benefit over placebo in the use of opioid antago-
nists, but not other classes of medications [114].

Issues in Medications for Alcohol and Drug-dependence
Treatment

Medications may be best used as part of a comprehensive
treatment program that addresses the psychological, social and
spiritual needs of the patient. Several step-by-step treatment
procedures have been developed to integrate psychosocial
therapies with pharmacotherapies for alcohol and drug use
disorders [115, 116]. These procedures utilize patient educa-
tion, feedback, emotional support and medication monitoring
and, in the context of a brief intervention and motivational
enhancement model, support medication adherence.

Conclusion

Considerable evidence supports the use of pharmacological
treatment as an adjunct to traditional psychosocial therapies to
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enhance success in treating addictions. Effective FDA-
approved pharmacotherapies currently exist for alcohol, opi-
oid and nicotine dependence. In the future, new pharmaco-
therapies will be developed that are more efficacious, cost-
effective, matched to treatment based on patient characteris-
tics, and useful outside of specialty settings (e.g., in primary
care). Because pharmacotherapies will only be effective to the
extent that clinicians and patients accept them, efforts are
required to increase the awareness of their potential benefits
in the treatment of addictive disorders.
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