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Abstract: Cannabis is the most widely used and variably regulated drug in the world, with 

increasing trends of use being reported in the US, Australia, Asia, and Africa. Evidence has 

shown a decrease in the age of commencement of cannabis use in some developed countries 

and a prolongation of risk of initiation to cannabis use beyond adolescence among more recent 

users. Cannabis use is associated with numerous health risks and long-term morbidity, as well 

as risk of developing cannabis-use disorders. Cannabis users infrequently seek professional 

treatment, and normally do so after a decade of use. Cannabis-use disorders are currently treated 

using a selection of psychosocial interventions. Severity of withdrawal is a factor that increases 

the risk of relapse, and is the target of pharmacotherapy studies. Currently, there is no approved 

pharmacotherapy for cannabis-use disorders. A number of approaches have been examined, and 

trials are continuing to find a safe and effective medication with little abuse liability.
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Introduction
In the US, 23 states now have medical cannabis laws, with four of those states legal-

izing cannabis for recreational use.1 As debate continues about the medicinal benefits 

of cannabis and the potential harms of recreational use, a subset of the approximate 

5% of the world’s population who regularly use cannabis will develop a cannabis-

use disorder, characterized by tolerance, craving, and a withdrawal syndrome.2 The 

2012–2013 National Survey on Drug Use and Health reported cannabis as the most 

commonly used illicit drug in 2013, with 19.8 million past-month users and 8.1 mil-

lion daily or almost-daily users in people over 12 years old, a dramatic increase from 

the 5.1 million reported in the 2005–2007 survey.3

The prevalence of cannabis-use disorders has also increased significantly, by 

approximately 20%,1 with 4.2 million people reporting past-year dependence or abuse 

in 2013, the largest number for illicit drugs.3 This increase is speculatively explained 

by the increased potency of cannabis through altered tetrahydrocannabinol (THC) 

levels and the wider availability of cannabis.1,4,5

As the prevalence of cannabis-use disorder increases, so does demand for treatment.1 

To date, psychosocial treatment remains the primary approach utilized, despite high 

nonresponse and relapse rates (70%).6 There is a clear need to improve current treat-

ment options, and medications may be a useful adjunct to aid in successful treatment 

outcomes; however, there are currently no approved medications for the treatment of 

cannabis-use disorder.2,6
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This review aims to present information on the pharma

cotherapies that have been trialed as a treatment for cannabis- 

use disorder. The strategies that have been explored include 

agonist substitution, antagonists, or modulators of non

cannabinoid neurotransmitter systems assessing the effects 

on different aspects of cannabis use (eg, intoxication, with-

drawal, self-administration).2 Research to date has been 

limited to human laboratory studies and small open-label or 

placebo-controlled clinical trials. All the studies conducted 

have provided useful information regarding safety and toler-

ability of medications combined with cannabis, as well as 

provided clinically relevant outcomes to guide the selection 

of medications to test in expensive and time-consuming 

clinical trials.2

Materials and methods
This study is a review of the literature on pharmacotherapies 

for cannabis-use disorder. The search for articles was per-

formed on the PubMed, Medline, and Google Scholar online 

databases, using the search terms “cannabis use disorder”, 

“pharmacotherapies”, “withdrawal”, “intoxication”, and 

“dependence”. Additionally, an active search was conducted 

for related articles in the reference lists of selected publica-

tions, which included case reports, human laboratory studies, 

open-label studies and randomized controlled trials. An inclu-

sion criterion was articles published in English up to January 

2016. Only those studies involving human samples were 

included. Altogether, 56 articles were considered relevant 

to this review, and the results were subdivided according to 

their pharmacological mechanism of action.

Epidemiology of cannabis use
Global annual prevalence of cannabis use is estimated to 

be between 2.8% and 4.5%.7 As 23 states in the US have 

legalized medicinal cannabis, four of these states have also 

legalized recreational cannabis.1 In the US, lifetime preva-

lence of cannabis use has been reported to be between 21% 

and 43% and 12-month prevalence between 4% and 10% in 

different large-scale epidemiological studies from 2013.3,7,8 

Cannabis use is typically more common among males, though 

sex differences appear to be diminishing.8,9

Outside the US, patterns of consumption are unevenly dis-

tributed, with the highest prevalence rates in parts of Africa, 

Oceania (New Zealand, Pacific Islands, and Australia), and 

Europe. Use appeared to stabilize or decline in Canada9 and 

much of Europe and New Zealand after observed peaks in 

the late 1990s. More recently, trends toward increased use 

are being reported in Asia, Africa, and Australia, and more 

significantly in the US.9,11–13

Cannabis use is most common among young adults, with 

recent US data citing 19% past-month use in North Americans 

aged 18–25 years.3 In Australians aged 18–29 years, 21% 

reported past-year use,11 and in 15- to 34-year-olds in the 

European Union, an average of 12% reported past-year use.12 

Several age-related trends have recently become apparent, 

which include a decrease in the age of commencement of 

cannabis use among younger age-groups in some devel-

oped countries and a prolongation of the risk of initiation to 

cannabis use beyond adolescence in more recent cohorts of 

users.13–15 The US has reported a notable increase in adoles-

cent cannabis use, with approximately 25% of eighth grade 

students and nearly 40% of high school seniors reporting 

use.16 This increase has been linked to a decline in perceived 

risk of cannabis, which may be due to the legalization of 

cannabis in the US and its promotion as a medicine.1,9

National data from North America and Australia also 

indicate increases in recent cannabis use among 50- to 

59-year-olds, possibly in part reflecting an aging cohort of 

adolescent cannabis users from the 1970s, when cannabis 

use first became popular, and the promotion of medicinal 

cannabis.11,13 A limited number of studies examining the use 

patterns of indigenous communities in the US and Australia 

have reported significantly higher levels of cannabis use, 

particularly daily use, when compared to nonindigenous 

populations. This is an especially prominent issue among 

indigenous adolescents.17,18

Cannabis harms
Cannabis has very low acute toxicity, and is thus only a minor 

contributor to drug-related mortality; it is, however, a major 

public health burden in terms of morbidity.19,20 Over the 

decades, cannabis plants have undergone selective breeding 

to intensify the potency of the “high” gained from smoking, as 

well as to intensify the psychotropic effects experienced.1,4,5 

The full extent of the consequences of high-THC cannabis 

strains are not yet known; however, it can be speculated that 

this increase is related to an increase in cannabis-use disorder 

and treatment sought.

There is a growing body of evidence on the accumulated 

risks associated with regular, long-term use, with cannabis-

use disorder being the most obvious. A recent body of litera-

ture indicated that chronic cannabis use may be associated 

with changes in brain morphology,21 and animal studies 

have demonstrated that adolescent cannabis use can affect 

the prefrontal cortex and hippocampus, which are involved 

in attention, executive function, and memory, and may 

permanently impair adolescent neurocognitive functions.15 

Although reports of neurocognitive deficits among those with 
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cannabis-use disorder have been inconsistent, studies have 

demonstrated deficits in verbal fluency, working memory, 

attention regulation, visuospatial abilities, immediate and 

delayed memory functions, and executive functions.15 Some 

studies have also shown that subtle cognitive impairment 

affecting attention, memory, and the organization and inte-

gration of complex information, as well as loss of overall 

intelligence, have been found to persist even when cannabis 

is no longer used.22,23

Cannabis use has frequently been linked to the develop-

ment of mental illness, and while cross-sectional data fre-

quently shows an association with anxiety and depression,24–26 

longitudinal studies have produced mixed evidence between 

the role of cannabis-related causality in the development of 

these disorders versus the underlying causes and comorbidity. 

Frequent cannabis use or use disorder has been associated with 

a modest risk of developing a depressive disorder,22 as found 

in a recent integrative analysis of four major Australasian 

cohorts27 and a meta-analysis of the literature.28

Populations at greater risk of developing the adverse 

acute and chronic effects of cannabis use include adolescents, 

pregnant women, those with respiratory or cardiovascular 

vulnerability, and those with comorbid disorders.29 Smoking 

while pregnant increases the risk of delivering a child with 

lower birth weight.30–32 Individuals with cardiovascular 

disease risk exacerbating their conditions, and this risk also 

applies to those with respiratory disease, with such side 

effects as chronic cough, sputum production, wheezing, 

and bronchitis.33 There is also growing evidence that some 

of the negative respiratory effects of cannabis and tobacco 

may be additive.34

Onset of cannabis use during early adolescence may be a 

particular marker for increased risk of cannabis-use disorder, 

adverse physical health, compromised social development, 

and academic achievement.35,36 Comorbidity with other 

substance-use disorders and other mental health disorders 

is a clinical concern and is relatively common, despite 

ongoing debates about causality.37,38 For those vulnerable to 

psychotic disorders, evidence has shown that cannabis use 

can precipitate the disorder on average 3 years earlier, as 

well as increasing rates of noncompliance with medication 

and hospitalizations.39

Cannabis-use disorder
Although the majority of cannabis users do not report depen-

dence, 10%–30% of those who ever use cannabis will go on to 

develop a cannabis-use disorder.2,40–42 Cannabis-use disorder 

is an emerging area of research, with age of onset most com-

monly occurring during adolescence or young adulthood, 

within 10 years of initiation of smoking.41,42 Rates of cannabis 

abuse and dependence are greater among males.8 Cannabis-

use disorder has been found to commence with loss of control 

and continued use despite harm, with withdrawal experienced 

at a later age.43 There is some evidence that as prevalence of 

cannabis use increases, so does the incidence of cannabis-

use disorder. Recent US data reports that since 2006, there 

has been a significant overall increase in cannabis use, with 

8.1 million people aged 12 years or older using cannabis daily 

or almost daily in the past 12 months.3 Lifetime prevalence 

rates of cannabis dependence also dramatically increased to 

8.3% in 2013, a stark contrast to the 2.5% reported in 2006.8 

This is indicative of the likely growing demand for the number 

of treatment episodes and the need for improved pharmaco-

logical and psychosocial interventions for this population.

The diagnostic criteria for cannabis-use disorders can be 

found in two major classification systems: the International 

Classification of Diseases (ICD)-10 and the Diagnostic and 

Statistical Manual of Mental Disorders (DSM). The most 

recent DSM (DSM-5) now includes a disorder specific to 

cannabis use, combining abuse and dependence, whereas 

the ICD-10 contains only a general diagnosis. The DSM-5 

requires at least two criteria of tolerance, withdrawal, 

increasing amounts of use over time, inability to control 

consumption, craving, and recurrent use causing negative 

impacts on social, professional, and educational life, to 

be met within the previous 12 months.40 These signify a 

problematic pattern of use, leading to clinically significant 

impairment or distress for the user.44 Among the general ado-

lescent population (aged 13–19 years) frequency rather than 

duration of use may be a better predictor of meeting criteria 

for cannabis-use disorder.45 Changes to the DSM diagnostic 

criteria include removal of the legal criterion for abuse and 

addition of a craving criterion, and the removal of the abuse/

dependence distinction.40

Originally, cannabis withdrawal was not included in the 

DSM-IV as a discrete disorder as the evidence evolved. 

Preclinical, clinical, and epidemiological studies over 

the last decade have produced irrefutable evidence of a 

cannabis-withdrawal syndrome.46,47 The symptoms include 

nightmares and strange dreams, trouble sleeping, anxiety, 

irritability, physical tension, low mood and depression, 

and reduced appetite.48 Symptoms normally occur between 

days 1 and 3 of abstinence and peak between days 2 and 6, 

and typically last 4–14 days.49 Sleep difficulties may last 

for some weeks as slow-wave sleep returns to normal. 

Cannabis withdrawal causes functional impairment depen-

dent on symptom severity48,49 that is predictive of relapse to 

cannabis use and greater levels of cannabis use following a 
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quit attempt.50,51 Cannabis withdrawal may be a significant 

barrier in achieving abstinence, and is an important aspect 

in treatment planning.

Cannabis treatment
Trends in increased potency of cannabis have created an 

increase in use, as well as a global increase in the demand for 

treatment of cannabis-use disorder.1,3,12 In general, cannabis 

users rarely present for specialist addiction treatment.14 

Adults that do present for treatment of cannabis dependence 

have typically used cannabis for 10 years or more and have 

had multiple failed quit attempts. When they do seek pro-

fessional help, they not only do so due to disorder criteria, 

such as dependence or withdrawal symptoms, but also in 

response to other issues related to their cannabis use, such as 

relationship and family difficulties, financial problems, health 

concerns, and poor life satisfaction.14,52 Adolescent cannabis 

users presenting for treatment are less likely to believe they 

have a problem, and typically do so due to coercion or from 

family members seeking treatment for them.14

Pharmacotherapies
Cannabinoid medications
As research into cannabis increases, so does knowledge 

surrounding the complex endocannabinoid system. The 

endocannabinoid system modulates neurotransmission at 

inhibitory and excitatory synapses in brain regions relevant to 

the regulation of pain, emotion, motivation, and cognition.52 

This signaling system is engaged by the active component of 

cannabis, ∆9-THC, which exerts its pharmacological effects 

by activation of the two known cannabinoid receptors, CB
1
 

and CB
2
, although there is increasing research suggesting 

that additional cannabinoid receptors exist.16,52 High con-

centrations of CB
1
 receptors are found in the hippocampus, 

neocortex, basal ganglia, and cerebellum.52 CB
2
 receptors are 

found primarily in the peripheral tissues, and are thought to 

modulate immune and inflammatory responses.53,54 During 

chronic cannabis use, a series of neuroplastic changes occur, 

which continue to be poorly understood. These changes, how-

ever, are thought to lead to the development of dependence. 

Downregulation and desensitization of the CB
1
 receptors is 

also thought to occur, suggesting that withdrawal is driven 

by compensatory downregulation of the endocannabinoid 

system.54,55 These withdrawal symptoms promote relapse 

into drug use, suggesting that pharmacological strategies 

aimed at alleviating cannabis withdrawal might prevent 

relapse and reduce dependence. Cannabinoid-replacement 

therapy and CB
1
-receptor antagonism are two potential 

treatments for cannabis dependence that are currently under 

investigation.52,55

Cannabinoid antagonists
Rimonabant is a CB

1
-selective cannabinoid-receptor antago-

nist that has been found to block the effects of THC in 

animals. This strategy targets the addiction to the cannabis 

by blocking the positive subjective and reinforcing effects of 

the drug.2 In a randomized, double-blind, placebo-controlled 

study by Huestis at al, rimonabant was tested in 63 patients 

with a history of cannabis use. All participants were given a 

cannabis cigarette 2 hours after taking the medication. The 

medication was found to decrease feelings of intoxication 

and decrease heart rate.56 This study was among the first to 

show the utility of cannabis-receptor blocking in decreasing 

subjective cannabis effects.57 However, rimonabant was with-

drawn from the market in 2009, due to potentially serious side 

effects, such as severe depression and suicidal thoughts.58,59 

Novel cannabinoid-receptor antagonists are believed to be 

in development.

Cannabinoid agonists
Agonist substitution involves replacing the problem drug with 

the same or similar drug in a safer form and route of admin-

istration. It is hypothesized that CB
1
-receptor agonists should 

reduce cannabis use by activating the same key binding sites 

as cannabis, reducing withdrawal and cravings.59 Agonist 

therapy is also thought to attenuate the acute effects of can-

nabis through competition at the receptor sites, facilitating 

abstinence. The agonist is then generally tapered off once 

acute withdrawal symptoms have passed.59 The cannabis-

agonist therapies have shown greatest promise in recent trials. 

Due to the experimental nature of the following studies, there 

are no known standard dosages testing not only drug efficacy 

but also balanced dosing for benefits versus side effects.60

Dronabinol is an orally bioavailable synthetic form of 

THC that acts as a cannabinoid-receptor agonist at the CB
1
 

receptor. It is approved for use in the US for AIDS-related 

anorexia and nausea as a result of chemotherapy.61 It has 

shown some benefit in doses of 10–50 mg in reducing 

cannabis-withdrawal symptoms, with minimal side effects in 

several laboratory and open-label studies.62,63 Early studies 

testing dronabinol on cannabis withdrawal found significant 

reductions in craving, anxiety, chills, depression, trouble 

sleeping, and decreased appetite (10 mg, five times/day for 

6 days).61,64,65 This study was successfully replicated, and 

found no evidence of abuse potential.2,62 A follow-up trial 

was conducted at 20 mg three times a day for 8 days, which 
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decreased symptoms of withdrawal but produced mild intoxi-

cation and did not decrease relapse to cannabis.64,65 There have 

been two case reports testing dronabinol in combination with 

other medications. One patient was medicated for 6 months 

with dronabinol (40 mg/day) and divalproex (250 mg/day), 

a mood stabilizer that reduces irritability and mood swings 

in bipolar disorder and during alcohol withdrawal. A second 

patient was maintained on dronabinol (10–15 mg/day) while 

also receiving venlafaxine (25 mg/day) for depression and 

modafinil (100 mg as needed) to counter the energy decreases 

experienced with dronabinol. In both cases, patients achieved 

and maintained abstinence.64

In a randomized, double-blind, placebo-controlled 

study by Levin et al, dronabinol was provided twice daily 

at 40 mg doses in a 12-week trial in 156 cannabis-dependent 

adults. Both groups received weekly motivational enhance-

ment therapy and cognitive behavioral therapy. Dronabinol 

appeared to lower withdrawal symptoms and promote treat-

ment retention (77% versus 61%, respectively), but did 

not affect abstinence at weeks 7 and 8 (17.7% and 15.6% 

for dronabinol and placebo, respectively). Four serious 

adverse events were reported, but none were deemed to be 

study-related.65 Although there is evidence that dronabinol 

decreases withdrawal, it does not appear to alter levels of 

cannabis use significantly.

Nabilone is another cannabinoid agonist with superior 

bioavailability to dronabinol, with a more predictable dose–

response relationship and less individual variability in drug 

response.66 Promisingly, nabilone has been found to improve 

both cannabis-withdrawal symptoms and prevent relapse in a 

nonclinical, experimental laboratory-based study.66 Nabilone 

was tested in three 8-day inpatient phases, assessing different 

nabilone doses (0, 6, and 8 mg/day). Both doses were shown 

to reverse withdrawal-induced irritability, sleep disturbance, 

and appetite reduction.67 Both nabilone doses decreased labo-

ratory measures of cannabis relapse, and patients chose to 

smoke fewer doses of cannabis while on nabilone compared 

to placebo. These positive results support further testing of 

nabilone in clinical populations.

The most innovative and promising pharmacotherapy 

currently being explored is nabiximols (Sativex), which has a 

1:1 ratio of ∆9-THC to cannabidiol (CBD) in an oromucosal, 

botanically derived, cannabinoid-based spray. Nabiximols is 

available in 15 countries for symptomatic relief of spasticity 

in multiple sclerosis, and is being assessed for cancer-related 

pain. This drug has recently been trialed in Australia for the 

treatment of withdrawal symptoms. This relatively small 

(n=51) inpatient randomized controlled trial found that 

nabiximols were efficacious in the reduction of both the 

severity and time course of cannabis withdrawal, and in 

retaining participants in withdrawal treatment.57

The THC component of nabiximols provides the agonist 

substitution, and the CBD content of nabiximols is potentially 

a major innovation over other CB
1
-receptor agonists, such 

as dronabinol and nabilone. CBD has psychoactive but not 

intoxicating effects.68 There is speculation about its method 

of action. CBD affects numerous other drug targets, includ-

ing transient receptor-potential family channels, 5-HT
1A

, and 

PPARγ receptors.69 CBD is present in varying degrees across 

different cannabis strains, although it appears largely bred 

out of modern illicit strains. CBD has notable anxiolytic, 

antidepressant, and antipsychotic properties, and can attenu-

ate paranoia and other adverse psychological effects of THC 

in humans.68–74

CBD appears to operate at both CB
1
 and CB

2
 receptors, 

indirectly stimulating endogenous cannabinoid signaling by 

suppressing fatty acid amide hydrolase (FAAH), the enzyme 

that breaks down anandamide.69 Anandamide is the endog-

enous cannabinoid produced by the human body. This enables 

more anandamide to remain at the receptors, reducing the 

sudden withdrawal produced by abrupt cessation of cannabis 

use. It has also been shown to be an inverse agonist of CB
2
 

receptors.70,71 It has been tested extensively on animals and 

humans, and is just entering the clinical trial phase for can-

nabis use. It has shown some promise in a single case study, 

where it was effective in reducing withdrawal symptoms and 

sustaining the withdrawal attempt of a cannabis-dependent 

patient with multiple failed quit attempts. Following main-

tenance on CBD (300–600 mg/day) for 11 days, the patient 

demonstrated no self-reported abstinence symptoms.73

It has also shown some promise as a treatment for 

cannabis dependence, due to its potential impact on the 

salience of drug cues.74 All these potential treatments need 

and are undergoing much further testing and replication, in 

order to enter the first line of treatment recommendations.

Other medications
There have been various noncannabinoid medications already 

used to treat other substance-use disorders, which have been 

evaluated in controlled inpatient studies for the treatment of 

cannabis withdrawal, largely with negative results.

Opioid agonists and antagonists
Clonidine, an adrenergic receptor agonist, reduced cannabis-

withdrawal symptoms in rodents, presumably by reversing 

enhanced noradrenergic signaling during withdrawal. This 
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led to testing lofexidine, an α
2
-adrenergic receptor agonist 

that is currently used to treat opioid withdrawal, in clinical 

studies, which was found not to diminish mood symptoms 

associated with withdrawal significantly, but did improve 

sleep and decrease cannabis relapse. Combining lofexidine 

and dronabinol produced the most significant improve-

ments in sleep, withdrawal, craving, and relapse compared 

to placebo.75–77

Naltrexone is an opioid µ-antagonist approved for treat-

ment of alcohol and opioid dependence. In a study examining 

the interaction of naltrexone with smoked cannabis (0  or 

3.27% THC) in a randomized, double-blind trial, it was 

found that naltrexone alone with no THC increased ratings 

of “liking”, “take again”, and “stimulated”. Conversely, the 

naltrexone with 3.27% THC increased ratings of “liking”, 

“take again”, “stimulated”, “high”, “good”, and “strength”. 

It was concluded that naltrexone may increase the abuse 

liability of cannabinoids.78

Antidepressants
Nefazodone and mirtazapine are both antidepressants 

with sedative properties that enhance noradrenergic and 

serotonergic activity.79,80 Nefazodone is a serotonin- and 

norepinephrine-reuptake inhibitor and a 5-HT
2A

-receptor 

antagonist approved for the treatment of depression.57,78 

During cannabis withdrawal, nefazodone at 450 mg/day for 

26 days decreased such symptoms as anxiety and muscle pain, 

but did not alleviate irritability, misery, or troubled sleep.78,79 

Conversely, mirtazapine (30 mg/day for 14 days) reversed 

sleep disruption and appetite loss during cannabis withdrawal, 

but did not improve participants’ mood or decrease relapse.79 

Consistent with the laboratory data, clinical trials with bupro-

pion and nefazodone were also negative. Bupropion is an indi-

rect noradrenergic and dopaminergic agent used for tobacco 

cessation and treatment of depression, which was given at 

150–300 mg/day for 28 days against placebo, and was found 

to worsen irritability, restlessness, depression, and troubled 

sleep during cannabis withdrawal.57,80 It is hypothesized that 

the stimulant properties of bupropion may have exacerbated 

abstinence-associated agitation and insomnia.

In a randomized study by Carpenter et al of cannabis-

dependent participants, bupropion (300 mg/day divided into 

two oral doses) and nefazodone (600 mg/day divided into two 

oral doses) were compared to placebo in a 13-week trial. The 

study included a 1 week placebo lead-in and 2-week placebo 

washout period. All patients were given weekly sessions 

with a psychosocial intervention. There was no difference in 

cannabis use or withdrawal symptoms among those receiving 

bupropion, nefazodone, or placebo, and only half the patients 

completed the 10-week medication phase.81

Mood disorders, especially depression, are a common 

comorbidity associated with cannabis use. The use of anti-

depressant medication in this population was explored to 

promote abstinence.82 Venlafaxine and fluoxetine were tested 

in a randomized double-blind placebo-controlled trial with 

depressed cannabis-dependent adolescents.83 Venlafaxine is 

a serotonin- and norepinephrine-reuptake inhibitor approved 

for the treatment of major depressive disorder, generalized 

anxiety disorder, social anxiety disorder, and panic disorder. 

In the 12-week study, no advantage was discovered for flu-

oxetine (10–20 mg/day for 12 weeks) over placebo on either 

depression or cannabis-use outcomes. A subsequent trial in 

103 adult patients found that extended-release venlafaxine 

(375 mg/day for 12 weeks) was not effective relative to 

placebo in reducing depression, and found less abstinence 

in the treatment group (11.8% and 36.5%, respectively).83 

Overall, neither laboratory nor clinical studies have provided 

compelling evidence for the utility of antidepressants to treat 

cannabis-use disorders.

Anxiolytics and mood stabilizers
Given that anxiety can be a symptom of cannabis with-

drawal, it was hypothesized that anxiety symptoms may be 

a useful treatment target. Exploratory analyses suggested 

that decreased anxiety predicted cannabis abstinence. 

The nonbenzodiazepine anxiolytic buspirone was tested 

in a randomized, controlled clinical trial for cannabis-use 

disorders.84 Cannabis-dependent patients were randomized to 

buspirone (60 mg/day) or placebo for 12 weeks in conjunc-

tion with a psychological intervention (two or three sessions 

of motivational interviewing during the first 4 weeks). The 

study reported a high dropout rate (50%) and no direct 

effect of buspirone on self-reported anxiety, withdrawal 

symptoms, or craving. However, exploratory analyses 

suggested that decreased anxiety over the study predicted 

cannabis abstinence.84

Divalproex has been investigated for its mood-stabilizing 

properties with effects upon γ-aminobutyric acid (GABA) 

transmission. Divalproex is an anticonvulsant approved for 

the treatment of seizures and bipolar disorder, as well as 

migraine prophylaxis. Administered at 1,500 mg/day for 

29 days, the medication was found to decrease cannabis 

cravings, but increased anxiety, irritability, and fatigue and 

decreased cognitive performance compared to placebo.85 

In an additional randomized, placebo-controlled pilot 

study in 25  cannabis-dependent adults, divalproex was 
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adjusted to individual patient response (ranging from 250 to 

2,000  mg/day) in conjunction with cognitive behavioral 

therapy for a period of 8 weeks. Patients who completed the 

8 weeks reported decreased irritability, cannabis craving, and 

cannabis use. However, there was an increased incidence of 

adverse reactions related to the medication, such as fatigue, 

headaches, drowsiness, and nausea. The adverse events 

related to the medication, as well as poor patient compliance, 

do not support the clinical utility of divalproex.86

Another mood stabilizer tested for the treatment of can-

nabis withdrawal is lithium carbonate. Two small preliminary 

open-label, inpatient laboratory studies (600–900 mg/day for 

6 days and 1,000 mg/day for 7 days) reported moderate reduc-

tions in withdrawal symptoms,87,88 but a recent randomized 

control study of lithium carbonate found a reduction in some 

specific withdrawal symptoms, such as stomachaches and 

nightmares, but no significant difference in overall Cannabis 

Withdrawal Scale scores or levels of cannabis use compared 

to placebo.89 There are also potential concerns regarding 

the safety of outpatient administration of lithium, due to its 

toxicity at high doses.88,89

Other medications
The hormone oxytocin has been tested in several preclinical 

studies, and has been shown to reduce drug reinforcement and 

anxiety-like behavior. A recent trial examining the effects of 

intranasal oxytocin found that acute administration alleviated 

craving and anxiety in eight cannabis users.90 These data are 

supported by findings that oxytocin mediates lithium’s effects 

on cannabis withdrawal, and warrant further investigation 

into the utility of oxytocin for cannabis-use disorder.

Quetiapine, an atypical antipsychotic, which is a 5-HT
2A

 

and D
2
 antagonist, a partial agonist at the 5-HT

1A
 receptor, 

inhibits the norepinephrine transporter. Quetiapine was given 

to cannabis users with schizophrenia or bipolar disorder, 

and was reported to reduce cannabis use over the course of 

treatment.91 An inpatient laboratory study comparing quetia-

pine at 200 mg/day for 15 days to placebo found improved 

sleep quality and decreased anorexia during cannabis with-

drawal. There was, however, increased craving for cannabis, 

and self-administration of cannabis, indicating that this drug 

is not an appropriate potential treatment for cannabis-use 

disorders.92

A small open-label study investigated the clinical utility 

of atomoxetine, a norepinephrine-reuptake inhibitor used for 

attention deficit/hyperactivity disorder (ADHD; 20–80 mg 

daily for 11 weeks). A reduction in cannabis use was 

demonstrated in cannabis-dependent individuals; however, 

the medication produced a number of adverse effects in the 

majority of patients (nausea, vomiting, dyspepsia, diarrhea).93 

A follow up placebo-controlled study evaluated the effects 

of atomoxetine on symptoms of ADHD and cannabis use in 

cannabis-dependent adults in conjunction with motivational 

enhancement therapy.94 Participants randomized to atomox-

etine showed greater improvements in clinically assessed 

ADHD symptoms, but no significant effects on self-reported 

ADHD symptoms or cannabis use.

Entacapone, an inhibitor of catecholaminergic catabolism 

approved for the treatment of Parkinson’s disease, was tested 

in a small open-label pilot study over 12 weeks on patients 

meeting criteria for cannabis-use disorder. As an acute main-

tenance treatment, entacapone at 2,000 mg/day significantly 

decreased craving for cannabis in over half the patients. The 

drug was well tolerated, and there were no reported serious 

adverse events, which warrants further studies to confirm 

these findings.95,96

Alternative pharmacotherapy approaches continue to 

be explored as understanding of the neuropharmacology 

of cannabis-use disorders improves.82 These alternative 

medications have been found to treat other drugs of depen-

dence or target similar pathways to cannabis. Animal stud-

ies showed that N-acetylcysteine (NAC), an antioxidant, 

reversed alterations to the glutamine system associated with 

repeated self-administration of a range of addictive drugs. 

In an open-label study, adolescents received 2,400 mg of 

NAC daily over a 4-week period with no other intervention. 

The medication decreased self-reported cannabis use, as 

well as cannabis craving. It was generally well tolerated, 

but did produce some mild-to-moderate side effects.97 

A follow-up 8-week double-blind, randomized, placebo-

controlled trial with 116 treatment-seeking cannabis-

dependent adolescents (ages 15–21 years) received NAC 

(1,200 mg) or placebo twice daily as well as contingency 

management and brief cessation counseling weekly.98 Par-

ticipants receiving NAC were twice as likely to produce 

a negative urine-toxicology test at the end of the study 

compared with those receiving placebo. This difference, 

however, was not significant at 1-month follow-up.

In a case series assessing the effects of baclofen, a GABA-

receptor agonist and antispasmodic medication, 40 mg/day in 

six patients with cannabis and nicotine dependence, common 

side effects included sedation and lethargy.99 Despite this, 

the medication was well tolerated, and it was reported that 

withdrawal symptoms decreased in patients who maintained 

abstinence for between 1 and 13 months.99 In a laboratory 

study, baclofen did not reduce cannabis relapse, had nega-
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Table 1 Pharmacological trials for cannabis-use disorder

Drug Sample 
size (n)

Dose Design Results Authors

Cannabinoid agonists
Oral THC 11 10 mg Randomized double-blind placebo-

controlled crossover
Reduced withdrawal Haney et al61

Oral THC 8 30, 90 mg Randomized double-blind placebo-
controlled crossover

Reduced withdrawal Budney et al63

Nabilone 11 6, 8 mg Nonclinical, experimental laboratory Reduced withdrawal and use Haney et al66

Dronabinol 2 10–50 mg Case studies Mixed results Levin and Kleber60

Cannabidiol 1 300–600 mg Case study Reduced withdrawal and use Crippa et al72

Nabiximols 51 166.4 mg Randomized double-blind placebo-
controlled crossover

Reduced withdrawal Allsop et al57

Cannabinoid antagonists
Rimonabant 63 1, 3, 10, 30, 90 mg Randomized double-blind placebo-

controlled crossover
Attenuated effects of cannabis, 
potentially serious side effects

Huestis et al56

Rimonabant 42 40 mg Double-blind parallel-group Attenuated cardiovascular 
effects of cannabis, removed 
from the market

Huestis et al58

Other agents
Opioid antagonists
Naltrexone 14 50 mg Double-blind placebo-controlled 

crossover
Failed to attenuate dronabinol Wachtel and de Wit78

Naltrexone 9, 23d 50 mg Double-blind placebo-controlled 
crossover

Enhanced subjective effects 
of THC

Haney et al76

Naltrexone 21 12 mg Double-blind placebo-controlled 
crossover

Mixed results Haney et al79

Naltrexone 29 12, 25, 50,  
100 mg

Double-blind placebo-controlled 
crossover

Enhanced subjective effects of 
cannabis

Cooper and  
Haney80

Naltrexone 5 50, 200 mg Double-blind placebo-controlled 
crossover

No effect Greenwald and 
Stitzer81

Antidepressants
Bupropion 10 300 mg Randomized double-blind placebo-

controlled crossover
Worsened withdrawal Haney et al83

Nefazodone 7 450 mg Randomized double-blind placebo-
controlled crossover

Improved anxiety Haney et al77

Fluoxetine 22 20–40 mg Randomized double-blind placebo-
controlled crossover

Reduced cannabis use Cornelius et al87

Lofexidine + THC 8 2.4, 60 mg Placebo-controlled Reduced withdrawal Haney et al75

Nefazodonea,b 
Bupropiona,b

106 300 mg 
150 mg

Randomized double-blind placebo-
controlled crossover

No effect Carpenter et al84

Entacapone 36 200 mg Open-label Reduced craving Shafa and 
Abdolmaleky112

Baclofenb,c or 
mirtazapineb,c

11 30, 60, 90 mg  
30 mg

Randomized double-blind placebo-
controlled crossover

No effect Haney et al82

Fluoxetine 70 20 mg Randomized double-blind placebo-
controlled crossover

No effect Cornelius et al88

Glutamates
N-acetylcysteine 24 1,200 mg Open-label Reduced self-reported use, but 

not urine cannabinoid levels
Gray et al101

N-acetylcysteine 116 1,200 mg Randomized double-blind placebo-
controlled

Increased negative urine 
cannabinoid tests during  
treatment

Gray et al102

Anxiolytics
Buspirone 10 Up to 60 mg Open-label Reduced craving and irritability McRae et al90

Buspirone 50 Up to 60 mg Double-blind, placebo-controlled Reduced cannabis use McRae et al89

Mood stabilizers
Lithium 9 600–900 mg Open-label Reduced withdrawal Bowen et al92

(Continued)
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tive effects on mood and behavior, and reduced cognitive 

performance across conditions.79 These results fail to support 

the use of baclofen for cannabis withdrawal.

Gabapentin is an alkylated analog of GABA approved 

in the US for the treatment of seizures and postherpetic 

neuralgia. It is believed to modulate GABAergic mechanisms 

by blocking the α
2
δ subunit of the voltage-gated calcium 

channel. In a 12-week, randomized, double-blind, placebo-

controlled trial in 50 adults with cannabis dependence, 

1,200 mg of gabapentin was divided into three daily doses. 

Although there was a high dropout rate, the authors found 

statistically significant reduction in grams used and days of 

use, along with reductions in cannabis-withdrawal symptoms, 

marijuana cravings, sleep problems, and depression scores. 

Improvements in measures of executive functioning were also 

seen, and there were no serious adverse events.100,101 The fixed 

dose of 1,200 mg/day was found to be safe and well toler-

ated,100 with no safety or dependence risks obtained in earlier 

human laboratory studies;102 however, there have been reports 

regarding the misuse potential of gabapentin, which may be an 

important consideration in future studies.103–105 Nevertheless, 

these promising findings prompted a clinical trial that is under 

way at Scripps Research Institute (NCT00974376).

Varenicline is a tobacco-cessation aid with demonstrated 

efficacy. It is a partial agonist at the α
4
β

2
 subtype of the nico-

tinic acetylcholine receptor (nAChR) and a full agonist at the 

α
7
nAChR, which has also been shown to bind with THC. 

In light of this binding similarity and the common concurrent 

use of cannabis with tobacco, varenicline was tested on five 

cannabis and tobacco users in a small case series. Four of the 

participants reported a reduction in the enjoyment obtained 

from cannabis and the amount they used. Nevertheless, all 

patients failed to complete the 12-week course of medication, 

due to a variety of reported side effects, such as headache, 

vomiting, and anger. Additionally, varenicline has been 

implicated in anger toward others. A larger study would be 

required to assess the utility of varenicline in the treatment 

of cannabis dependence, as well as close monitoring of 

adverse events.106

The most recent drug to be tested, vilazodone, a selective 

serotonin-receptor inhibitor and partial 5-HT
1A

 agonist, was 

tested against placebo on a randomized group of 76 cannabis-

dependent adults. Participants received 40 mg of vilazodone 

a day for 8 weeks, including brief motivational enhancement-

therapy intervention and contingency management to encour-

age study retention. Vilazodone was found to provide no 

advantage over placebo in reducing cannabis use.110

Conclusion
Increasing cannabis prevalence results in an increase in 

harms associated with cannabis use, including cannabis-use 

disorder. With a growing number of users seeking treatment 

for cannabis-use disorders, there is a demand for targeted 

treatments and a wider range of evidence-based options. 

Comorbid substance-use disorders and mental health con-

ditions are common, and should be assessed and treated 

concurrently. Although there is currently no evidence-based 

pharmacotherapy for the treatment of cannabis-use disorder, 

Table 1 (Continued)

Drug n Dose Design Results Study
Lithium 12 500 mg Open-label Tolerated, reduction in 

cannabis use
Winstock et al93

Lithium 38 500 mg Randomized double-blind placebo-
controlled crossover

No effect Johnston et al94

Divalproex 7 1,500 mg Randomized double-blind placebo-
controlled crossover

Worsened withdrawal Haney et al61

Divalproex 25 1,500–2,000 mg Randomized double-blind placebo-
controlled crossover

No effect Levin et al91

Other
Gabapentin 50 1,200 mg Randomized double-blind placebo-

controlled crossover
Decreased withdrawal, high 
dropout rate

Mason et al103

Oxytocin 16 40 IU Randomized double-blind placebo-
controlled crossover

Decreased craving and anxiety McRae-Clark et al95

Quetiapine 14 200 mg Within-subject double-blind 
placebo-controlled

Decreased withdrawal, 
increased cannabis use

Cooper et al97

Varenicline 5 0.5–1 mg Case series Reduced use, zero completion 
of study due to side effects

Newcombe et al109

Notes: aNefazodone dosage 300 mg; buproprion dosage 150 mg. bSample size data not available for each individual drug. cBaclofen dosage 30, 60, 90 mg; mirtazapine dosage 
30 mg. dThis study had two separate sample sizes.
Abbreviation: THC, tetrahydrocannabinol.
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Table 1 provides a summation of the trials that have been con-

ducted, and highlights the therapies that were least successful, 

such as the antagonist rimonabant. The most promising are 

the newer agonist therapies, such as nabiximols and nabilone, 

which have been found to reduce measures of withdrawal and 

relapse, warranting further exploration in the management 

of aspects of cannabis-use disorder.

It is anticipated that as the evidence base for full and 

partial CB
1
-receptor agonists is developed, these medications 

will become cost-effective and accessible. Pilot data and 

theoretical support for CBD make it an important cannabi-

noid to evaluate for the treatment of cannabis-use disorders 

with comorbid psychoactive and anxiety disorders. Different 

approaches yet to be explored include the inhibition of endo-

cannabinoid catabolic enzymes, FAAH, and monoacylglyce

rol lipase, which reduces cannabinoid withdrawal in animal 

models with cannabinoid dependence. FAAH inhibitors 

appear to lack the abuse liability associated with cannabinoid 

agonists.10 A study examining the efficacy of FAAH inhibi-

tors in reducing cannabis withdrawal in cannabis-dependent 

participants is under way at Yale University. The recent cata-

strophic preclinical trial of the FAAH inhibitor BIA 10-2474, 

however, sounds a new note of caution for future studies of 

compounds impacting the endogenous cannabinoid-receptor 

system for a range of indications.

Disclosure
Jan Copeland has received the medication Sativex and 

matched placebo from GW Pharma Pty Ltd only. The authors 

report no other conflicts of interest in this work.
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