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Abstract With large and increasing numbers of people using
cannabis, the development of cannabis use disorder (CUD) is
a growing public health concern. Despite the success of
evidence-based psychosocial therapies, the low rates of initial
abstinence and high rates of relapse during and following
treatment for CUD suggest a need for adjunct pharmacother-
apies. Here we review the literature on medication develop-
ment for the treatment of CUD, with a particular focus on
studies published within the last three years (2010–2013).
Studies in both the human laboratory and in the clinic have
tested medications with a wide variety of mechanisms. In the
laboratory, the following medication strategies have been
shown to decrease cannabis withdrawal and self-
administration following a period of abstinence (a model of
relapse): the cannabinoid receptor agonist, nabilone, and the
adrenergic agonist, lofexidine, alone and in combination with
dronabinol (synthetic THC), supporting clinical testing of
these medication strategies. Antidepressant, anxiolytic and
antipsychotic drugs targeting monoamines (norepinephrine,
dopamine, and serotonin) have generally failed to decrease
withdrawal symptoms or laboratory measures of relapse. In
terms of clinical trials, dronabinol and multiple antidepres-
sants (fluoxetine, venlafaxine and buspirone) have failed to
decrease cannabis use. Preliminary results from controlled
clinical trials with gabapentin and N-acetylcysteine (NAC)
support further research on these medication strategies. Data
from open label and laboratory studies suggest that lithium
and oxytocin also warrant further testing. Overall, it is likely
that different medications will be needed to target distinct
aspects of problematic cannabis use: craving, ongoing use,

withdrawal and relapse. Continued research is needed in pre-
clinical, laboratory and clinical settings.
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Introduction

In 2012, of the approximately 31.7 million Americans who
reported using cannabis at least once, over 13 % (4.3 million
people) reported cannabis dependence or abuse. Furthermore,
24 % of the 4 million people admitted for any type of drug
treatment reported cannabis as their primary drug, a percent-
age that has steadily increased over the past decade [1, 2].
With the large and increasing number of people using canna-
bis, the treatment of CUD will continue to be a major public
health concern.

CUD is defined in the DSM-5 as a problematic pattern of
cannabis use leading to clinically significant impairment or
distress occurring within a 12-month period as manifested by
cannabinoid tolerance and withdrawal; increasing amounts of
cannabis use over time; inability to control consumption;
craving; and recurrent cannabis use having negative implica-
tions on social, professional and educational life [3].
Withdrawal symptoms usually appear approximately 24 hours
after abstinence initiation, peak within two to six days and
remit within two weeks [4]. Symptoms may include irritabil-
ity, anger or aggression; nervousness or anxiety; sleep diffi-
culty (insomnia, disturbing dreams); decreased appetite or
weight loss; restlessness; depressed mood; or physical dis-
comforts (abdominal pain, shakiness/tremors, fever, chills or
headache) [5, 6, 7•]. Withdrawal is diagnosed if at least three
of these symptoms develop. A week after cessation of use,
additional symptoms may appear such as fatigue, yawning,
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difficulty in concentration, and rebound periods of increased
appetite or hypersomnia [3].

Currently, psychosocial therapies are the only approaches
indicated for addressing CUD. The results from over 25 years
of research demonstrate that these treatments can successfully
reduce cannabis use and promote abstinence when compared
to control conditions. Cognitive-behavioral therapy (CBT),
motivational enhancement therapy (MET), contingency man-
agement (CM) and family-based therapies are the most suc-
cessful of the psychotherapeutic models (for reviews of psy-
chosocial treatments see Budney et al. 2007 and Litt 2013 [8,
9]). Yet despite the significant improvement in outcome with
these treatments, nonresponse and relapse rates among pa-
tients remain high (about 70 %). Thus, there is a clear need
to improve the efficacy of the current treatment options.

The primary purpose of this article is to review the most
recent literature (with a focus on studies published since 2010)
on the development of pharmacotherapies to complement
psychosocial therapies for CUD (for additional reviews of
pharmacological treatments see Vandrey et al. 2009,
Weinstein et al. 2011 and Danovitch and Gorelick 2012
[10–12]). Studies, conducted in both clinical and human lab-
oratory settings, have focused on developing medications to
help initiate abstinence, reduce withdrawal and prevent re-
lapse. There are currently no FDA-approved pharmacological
treatments for this disorder so research is critical in this area.

Agonist Therapy

To date, drugs across a variety of classes have been studied for
the treatment of CUD with various degrees of success. One
reasonably successful approach has been with agonist replace-
ment therapies. The use of the nicotine patch for the treatment
of tobacco dependence, and the use of methadone or
buprenorphine maintenance for opioid dependence, are other
examples of such an approach.

The cannabis plant contains over 80 cannabinoid com-
pounds (as defined by their chemical structure), most of which
are poorly categorized [13]. Delta 9-tetrahydrocannabinol
(THC) is by far the most studied and is the primary psycho-
active component of the plant [14]. Oral THC can produce
dose-dependent positive subjective effects and feelings of
intoxication [15, 16]. Additionally, the ‘good drug effect’ of
smoked cannabis in laboratory studies corresponds to the
concentration of THC in the plant [15, 17]. THC binds to the
eponymously named cannabinoid receptors, CB1 and CB2.
CB1 activation is predominately responsible for the psychoac-
tive effects of cannabinoids as the receptors are highly concen-
trated in brain areas involved in attention, memory, higher
cognitive processes, bodily coordination, sensory and time
perception, and reinforcement of behavior by drugs, as well
as by natural rewards such as food and sex. The CB1 receptors

are also activated by the endogenous cannabinoids: ananda-
mide (AEA) and 2-arachidonoylglycerol (2-AG; see Cooper
and Haney 2008 for review of cannabinoid neurobiology [18]).

Initial research investigating the agonist replacement ap-
proach for CUD assessed dronabinol (Marinol), an FDA-
approved oral formulation of synthetic THC to treat
chemotherapy-related nausea and as an appetite stimulant for
AIDS wasting syndrome. These predominantly small, within-
subject, placebo-controlled human laboratory studies with
non-treatment seeking participants are designed to assess
medication effects on clinically-relevant behaviors, such as
cannabis self-administration, withdrawal symptoms, cognitive
performance, sleep, food intake and cannabis intoxication
[19]. Two such studies found that 50 to 60 mg/day dronabinol
produced a reduction in a range of withdrawal symptoms
while producing mild intoxication at higher doses [20, 21].
Both Budney et al. (2007) and Vandrey et al. (2013) have
replicated the effects of dronabinol on withdrawal and dem-
onstrated dose-dependant attenuation of symptoms (30 to
120 mg/day) [22, 23]. Yet daily dronabinol administration
did not reduce cannabis self-administration or relapse, defined
in the laboratory as cannabis self-administration following a
period of abstinence [21, 24].

A single, moderate dose of dronabinol (40 mg/day), in
combination with behavioral therapies, has been tested in a
randomized, placebo-controlled, double-blind, 12-week trial
[25•]. Although cannabis use decreased over the course of the
trial, there was no significant difference between dronabinol-
treated and placebo-treated groups in the degree of reduction.
However, dronabinol-treated participants did have higher
treatment retention (77 %) compared to placebo-treated par-
ticipants (61 %), and had significantly fewer withdrawal
symptoms. Of note, the reduction in withdrawal in the absence
of changes in cannabis use replicated the laboratory study
findings, providing support for the predictive validity of the
laboratory models. Thus, dronabinol monotherapy was not
shown to be efficacious for reducing cannabis use or engen-
dering abstinence, despite significantly reducing symptoms of
withdrawal.

Recently, findings from a laboratory study with nabilone, a
synthetic THC analogue also FDA-approved to treat nausea,
suggest that this medication shows considerable promise as a
potential treatment for CUD. Nabilone (6 or 8 mg/day) sig-
nificantly reversed cannabis withdrawal-induced irritability,
sleep disruption and anorexia. Unlike dronabinol, nabilone
also reduced a laboratory measure of cannabis relapse [26•].
Nabilone may be superior to dronabinol because it has better
bioavailability (>60 % vs. <20 %) resulting in more consis-
tent, dose-related behavioral effects across individuals.
Nabilone also has a longer duration of action than dronabinol
(>6 hours vs. 4 hours), so patients may only need to take
medication once or twice per day [27]. Finally, unlike
dronabinol, nabilone produces urinary metabolites distinct
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from those of cannabis, which allows clinicians or researchers
to confirm whether patients are taking their medication and
whether they are continuing to smoke cannabis [28]. Overall,
these behavioral and pharmacological data clearly support
clinical testing of nabilone for CUD.

An alternative to using exogenous cannabinoid agonists as
a potential treatment for CUD is to increase cannabinoid
signaling by modulating the endogenous endocannabinoids,
AEA and 2-AG. This can be accomplished pharmacologically
by inhibiting the enzymes responsible for their degradation,
fatty acid amide hydrolase (FAAH) and monoacylglycerol
lipase (MGAL). In mice, acute administration of both FAAH
and MGAL inhibitors were able to significantly attenuate
antagonist-precipitated THC-withdrawal signs, lending sup-
port to the potential of this approach [29]. There are no
published data on the use of FAAH or MGAL inhibitors to
treat cannabis dependence in humans, although a clinical
study at the Yale School of Medicine is currently under way
with a FAAH inhibitor (NCT01618656).

Finally there is considerable scientific interest in
cannabidiol (CBD), a non-psychoactive cannabinoid found
in low concentrations of most cannabis strains, as a potential
treatment for cannabis dependence. One case report described
the treatment of a cannabis-dependent patient with 300 to
600 mg/day of cannabidiol for 11 days [30]. The individual
reported a reduction in withdrawal symptoms during treat-
ment and a reduction in cannabis use six months after treat-
ment, compared to baseline. Placebo-controlled studies are
needed to confirm this finding. A double blind, placebo-
controlled, randomized trial was recently completed with
nabiximols (Sativex; GW Pharmaceuticals, UK), a buccal
spray with an approximately 1:1 ratio of cannabidiol and
THC [31]. Cannabis-dependent individuals were treated with
nabiximols (maximum dose of 86.4 mg THC, 80 mg CBD/
day) during a six-day inpatient phase. Nabiximols significant-
ly decreased withdrawal symptoms and modestly increased
study retention compared to placebo, but did not decrease
cannabis use or time to relapse during the follow up phase
(28 days). These results are consistent with those evaluating
the effects of dronabinol alone, so the contribution of
cannabidiol to the study outcome is not clear [25•]. Longer-
term outpatient testing of nabiximols, and placebo-controlled
clinical trials with cannabidiol alone, are still needed.

Additionally, research is still needed to confirm the site, or
sites, of action of cannabidiol. Although it has very low
binding affinity for either the CB1 or CB2 cannabinoid recep-
tor, cannabidiol can increase endocannabinoid signaling by
inhibiting FAAH [32–34]. In fact, a study in schizophrenic
patients treated with cannabidiol (800 mg/day) demonstrated
elevated plasma anandamide levels that correlated with anti-
psychotic response [35]. A recent in vitro study suggested that
cannabidiol could also inhibit the function of nicotinic acetyl-
choline receptors [36]. This is particularly interesting

considering that compounds that decrease alpha 7-nACh re-
ceptor activity reduced the reinforcing effects of cannabinoid
agonists in rats and squirrel monkeys [37]. Thus, there are
several potential mechanisms by which cannabidiol may be a
useful treatment for cannabis use disorder, but human labora-
tory and clinical data are needed.

Antagonist Therapies

Directly decreasing the subjective and reinforcing effects of
abused drugs via antagonist administration provides an alter-
native approach to treating problematic cannabis use. A re-
duction in positive drug effects could facilitate disruption of
ongoing drug use, aiding in the initiation of abstinence. This
theory has proved effective in the treatment of opioid depen-
dence with the use of the opiate antagonist, naltrexone [38].
Initial laboratory studies with the CB1 receptor antagonist,
rimonabant, found that acute antagonist administration re-
duced subjective and cardiovascular effects of cannabis [39,
40]. Unfortunately the use of rimonabant is no longer clini-
cally feasible due to psychiatric side effects (anxiety, depres-
sion and suicidality) during clinical trials testing of its use for
the treatment of obesity [41]. These psychiatric side effects
may reflect rimonabant’s inverse agonist properties [42]. If so,
it is possible that a neutral antagonist would block the canna-
binoid receptor without altering intrinsic endocannabinoid
activity, and may attenuate the reinforcing effects of cannabis
without producing the adverse effects of rimonabant.

Another approach to decreasing the reinforcing effects of
cannabis is through modulation of the endogenous opioid
system. There is extensive evidence of a bidirectional interac-
tion between the endogenous cannabinoid and opioid systems
including receptor co-localization in the CNS [43, 44]. Pre-
clinical data show that acute opioid antagonist pre-treatment
reduces cannabinoid self-administration [45–47]. Human lab-
oratory studies demonstrate that while acute oral naltrexone
increases the positive subjective effects of cannabis in daily
users [48], repeated naltrexone administration shows an op-
posite pattern of effects, and may have potential as an adjunct
pharmacological treatment for CUD [49].

Non-cannabinoid Approaches

A number of studies have assessed the potential utility of
antidepressants, anxiolytics and antipsychotics for the treat-
ment of cannabis dependence. These medications are of inter-
est because of their ability to potentially address specific
withdrawal symptoms (e.g., anxiety, irritability) or to treat
other substance use disorders. For example, the antidepressant
mirtazapine, a norepinephrine and serotonin modulator, given
in combination with psychotherapy has been shown to reduce
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depression and anxiety during alcohol detoxification, com-
pared to psychotherapy alone [50]. In the laboratory,
mirtazapine (30 mg/day for 14 days) reversed cannabis
withdrawal-related disruptions in food intake and sleep, but
did not reduce the mood symptoms of withdrawal and did not
decrease laboratory measures of cannabis relapse [51].
Escitalopram (10 mg/day for 9 weeks), a selective serotonin
reuptake inhibitor, also failed to decrease depression or anxi-
ety during cannabis withdrawal, or to increase rates of absti-
nence in a double-blind, placebo-controlled clinical study
[52]. Finally, a randomized, placebo-controlled, 12-week,
clinical trial was done with buspirone (60 mg/day), a partial
serotonin receptor antagonist typically used as an anxiolytic.
The trial reported no significant effect on anxiety, withdrawal
or craving compared to placebo; patients also dropped out at a
relatively high rate (~50 %) [53].

Two double-blind, placebo-controlled, 12-week trials have
assessed antidepressants in individuals with co-morbid CUD
and depression. In adolescents, the selective serotonin reup-
take inhibitor fluoxetine (10 to 20 mg/day) failed to have a
significant effect on either depression or drug-use outcomes
[54]. In adults, venlafaxine (375 mg/day), a serotonin-
norepinephrine reuptake inhibitor, also failed to reduce mea-
sures of depression, and increased cannabis use compared to
placebo [55].

Lofexidine, currently used to treat opiate withdrawal in
Europe, is an alpha 2-adrenergic receptor agonist that reduces
noradrenergic cell activity. In a laboratory study, lofexidine
(2.4mg/day for 7 days) was able to reduce cannabis withdrawal-
induced chills, gastrointestinal complications and restlessness,
and to increase sleep. Even more promising, lofexidine in com-
bination with dronabinol producedmore wide-ranging improve-
ments in mood and craving during withdrawal, and attenuated
cannabis relapse in the laboratory [21]. An ongoing clinical
trial, at the New York State Psychiatric Institute, is evaluating
the ability of lofexidine, in combination with dronabinol, to
reduce cannabis use and withdrawal in treatment seeking,
cannabis-dependent patients (NCT01020019).

Chronic cannabis use is also associated with reduced levels
of both gamma-aminobutyric acid (GABA) and glutamate
throughout the cingulate cortex, which suggests that these
systems may also provide potential pharmacological targets
[56]. A drug discrimination study demonstrated that the
GABAB agonist baclofen substituted for THC, providing
support for the role of the GABA receptor in the physiological
effects of cannabis [57]. However, baclofen (60 or 90 mg/day,
16 days) did not show promise in a human laboratory study of
cannabis withdrawal and relapse. Although baclofen dose-
dependently decreased cannabis craving, it worsened cogni-
tive performance and did not decrease cannabis relapse [51].
The GABAA agonist zolpidem, by contrast, attenuated sleep
disruption during cannabis withdrawal, supporting further
study of this medication for treating CUD [58].

Gabapentin, an antiepileptic and analgesic for neuropathic
pain, is another promising drug. Although a GABA analogue,
gabapentin does not bind to the GABA receptors [59]. Instead,
gabapentin seems to act predominately at voltage-gated calci-
um channels and normalizes levels of corticotrophin releasing
factor (CRF) and downstream GABA activity [60]. CRF
signaling is known to play a role in the induction of opiate
withdrawal symptoms and could potentially play a role in
cannabis withdrawal as well [61]. Gabapentin’s effects in
cannabis-dependent volunteers were assessed in a 12-week,
randomized, double-blind, placebo-controlled, pilot clinical
trial [62]. Although there was a high drop-out rate (72 %),
gabapentin (1,200 mg/day) significantly attenuated withdraw-
al severity and reduced cannabis use compared to placebo.
This proof-of-concept study supports continued research on
gabapentin. To this end, a clinical trial of gabapentin for the
treatment of CUD is being conducted at Scripps Research
Institute (NCT00974376).

N-acetylcysteine (NAC) is an over-the-counter supplement
that up-regulates the cystine-glutamate exchanger and is hy-
pothesized to restore normal glutamate activity disrupted by
chronic drug use [63, 64]. In an eight-week, double-blind,
randomized, placebo-controlled trial, cannabis-dependent ad-
olescents received NAC (1,200 mg, twice daily) in combina-
tion with contingency management. Those receiving NAC
had more than twice the odds of having THC-negative urine
test results during treatment compared with those receiving
contingency management alone [65]. A multi-site trial of
NAC for the treatment of CUD in adults is currently underway
(NCT01675661).

Antipsychotics have also been tested in laboratory models
of cannabis withdrawal and relapse. Quetiapine, an atypical
antipsychotic that acts as an antagonist at the dopamine,
serotonin and norepinephrine receptors, was tested be-
cause of its potential to improve sleep, increase appetite
and decrease anxiety during cannabis withdrawal [66,
67]. Although quetiapine decreased some withdrawal symp-
toms as predicted (sleep disruption, appetite loss and anxiety),
it increased both cannabis craving and relapse in the
laboratory, lessening enthusiasm for its potential to treat
CUD [68].

Two, small, open-label studies reported moderate utility of
lithium in reducing cannabis withdrawal symptoms, although
the toxicity of lithium at high doses is always of concern [69,
70]. Though the mechanism of action of lithium is not
fully understood, a preclinical study suggests that lithi-
um might attenuate cannabis withdrawal symptoms by
increasing levels of oxytocin [71]. A recent study found
that oxytocin, administered intra-nasally to cannabis
smokers, reduced both subjective measures of cannabis crav-
ing and anxiety following stress [72]. These data support
investigation of oxytocin administration to attenuate symp-
toms of cannabis withdrawal.
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Conclusions

As research on pharmacological treatments for CUD con-
tinues, a few key findings are of note. First, cannabinoid
agonists (nabilone, dronabinol in combination with
lofexidine, and lofexidine alone), were the only drugs that
decreased drug-taking in a human laboratory model of
relapse, supporting the notion that agonist replacement
and attenuation of noradrenergic activity show promise
for relapse prevention. Although dronabinol alone failed
to clinically reduce cannabis use, a higher dose might
have been more effective. Further, that study was designed to
evaluate the initiation of abstinence; dronabinol or the more
bioavailable agonist nabilone, might have greater utility in the
prevention of relapse [25•]. These studies also support further
testing of lofexidine in combination with other drugs, and
generally illustrate the utility that can be gained from combin-
ing medications.

Second, gabapentin and NAC were the only drugs
tested in placebo-controlled clinical trials that decreased
cannabis use (abstinence induction). Third, the ability of
a drug to reduce cannabis withdrawal symptoms is not
predictive of its ability to alter drug-taking behaviors
(reduce use or prevent relapse). However, all the studies
that reported positive changes in drug use also reported
a reduction in withdrawal during early abstinence, suggest-
ing that this feature is an important component of an effica-
cious medication.

In general, this most recent set of studies demon-
strates that additional research at every stage of prob-
lematic cannabis use is needed to facilitate abstinence
initiation and to prevent relapse. Looking forward, it
will be important to acknowledge co-morbid substance
use disorders as both potential and necessary treatment
targets. For example, Haney et al. (2013) found that current
cigarette smoking is a robust predictor of cannabis re-
lapse in the laboratory and a potential target for inter-
vention [73]. Proper treatment of co-morbid psychiatric
disorders will likely play a critical role in the successful
treatment of cannabis use disorder. With the changing
legal landscape in the USA, it seems that the number of
people who use cannabis, and thus the number who develop
problematic use, may rapidly grow. Consequently, it is clear
that continued research to develop safe and effective pharma-
cotherapies is critical.
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