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Abstract

With rapid expansion of cannabis legalization worldwide, rates of cannabis use and cannabis use disorder (CUD) are increas-
ing; the need for safe and effective medications to treat CUD is urgent. This narrative review evaluates evidence for promising
pharmacotherapies to treat CUD from randomized, placebo-controlled trials. Pharmacotherapies for CUD are categorized
based on compound targets (e.g., cannabinoid receptor 1 [CB1] agonists such as nabilone, serotonergic compounds such as
bupropion, GABAergic compounds such as zolpidem) and outcomes are organized by predetermined withdrawal symptoms,
cannabis craving, and cannabis relapse/use. Most promising pharmacotherapies for CUD are drugs that act on the endocan-
nabinoid system and specifically at the CB1 receptor. Priority populations such as females, certain racial/ethnic groups, and
age groups experience a different course of CUD progression, symptoms, and drug effects that are important to consider
when evaluating outcomes related to CUD. Possible explanations for these disparities are explored, along with the clinical

trials that explore these demographics in treating CUD with pharmacotherapies.

1 Introduction

In 2020, 49% of US adults aged > 18 reported cannabis use
in the past year and 12% reported use in the past month [1].
A subset of people who use cannabis develop problematic
use patterns and what is known as cannabis use disorder
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(CUD), classically described as “continued use of canna-
bis despite impairment in psychological, physical, or social
functioning” [2]. In 2021, 5.8% or 16.3 million people 12
and older reported a past-year CUD in the USA, and 16.1%
of these individuals were classified as having a severe CUD
(6 or more DSM-5 criteria met) [3]. Given the prevalence of
cannabis use, it is important to understand its potential ben-
eficial and negative health effects. Cannabis can be used for
therapeutic effects such as pain relief in patients with chronic

Key Points

The most effective treatments for decreasing cannabis
withdrawal, craving, and relapse are agents that act at the
cannabinoid 1 (CB1) receptor.

Limited but promising evidence has emerged on fatty
acid amide hydrolase (FAAH) inhibitors for decreasing
withdrawal and relapse.

Not all populations experience cannabis use disorder
equally, and population diversity impacted by sex, race/
ethnicity, and age should be considered when evaluating
treatments.
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pain, use as an antiemetic in patients undergoing chemo-
therapy, as well as reduced spasticity in patients with mul-
tiple sclerosis [4—8]. However, for those who use cannabis
for non-medical reasons and struggle with CUD, there are
currently no FDA-approved pharmacotherapies. Universal
behavioral treatments for managing substance use disorders
can be applied to CUD such as Motivational Enhancement
Therapy and Cognitive Behavioral Therapy [9], Contingency
Management [10], and some are able to reduce their use
without an intervention [11]. While these strategies range in
success rates (15-45% at follow-up) [12-15], certain popu-
lations may benefit more or less from these strategies and
pharmacotherapies may prove to be more effective alone or
in combination with other behavioral therapies.

Cannabis contains over 140 phytocannabinoids; delta-
9-tetrahydrocannabinol (THC) is the primary psychoactive
and intoxicating component of the cannabis plant, is respon-
sible for abuse liability and risk for CUD [2]. Cannabis use
disorder is a diagnosis from the Diagnostic and Statistical
Manual of Mental Disorders, fifth edition (DSM-5) defined
by the presence of > 2 symptoms that correspond to a classi-
fication of mild (2-3 symptoms), moderate (4—5 symptoms),
or severe (6+ symptoms) [16]. Symptoms include impaired
control (e.g., strong craving and consuming more cannabis
than intended), social problems (e.g., more time and effort
spent obtaining cannabis that subtracts from other activities),
risky use despite known consequences, and physiological
and pharmacological drug effects (e.g., withdrawal symp-
toms when abstaining and tolerance to drug effects leading
to increased use over time). Patients may present with differ-
ent symptoms that qualify a diagnosis for CUD and severity
of CUD is likely affected by strength of cannabis use (as
defined by THC concentration), frequency of use, and route
of administration [17, 18]. For those who seek treatment,
successful resolution of CUD symptoms may vary as a func-
tion of CUD severity, concurrent use of other substances,
psychiatric comorbidities, and patient demographics (refer to
Sect. 3. Considering priority populations in the exploration
of pharmacotherapies for CUD).

A subset of people who use cannabis frequently expe-
rience cannabis withdrawal syndrome (CWS), a syndrome
characterizing the psychological and behavioral symptoms
associated with cannabis withdrawal after cessation of use.
Withdrawal symptoms typically develop within 24 h after
cessation of cannabis use and peak two to three days after
cessation; some symptoms can be prolonged in nature and
not resolve even weeks after abstinence. Hallmark symptoms
characterizing CWS are irritability, anxiety, sleep difficulty,
decreased appetite, depressed mood, and physical discom-
fort (i.e., abdominal pain, tremors, sweating, fever, chills, or
headache) [19-22]. In a nationally representative sample of
people who use frequently with CWS from the National Epi-
demiologic Survey on Alcohol and Related Conditions-III
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(NESARC-III), the most common symptoms reported were
anxiety (76%), hostility (72%), sleep difficulty (68%), and
depressed mood (59%) [23]. Withdrawal symptoms vary
with respect to the population studied, frequency of can-
nabis use, and treatment-seeking status. For example, in a
large population-based survey among non-treatment seek-
ers who use cannabis at least three times a week, 12% of
adults who used cannabis endorsed past year CWS [23], but
a meta-analysis reported CWS to be much higher in outpa-
tient samples (54%) and even higher in inpatient samples
(87%) seeking treatment for CUD [24]. Estimates for CWS
were higher for populations of treatment-seeking individu-
als compared to nontreatment-seeking, possibly reflecting
greater symptomology among those with greater severity of
CUD [24]. Reducing withdrawal symptoms is hypothesized
to potentially aid in successfully establishing abstinence or
reduced cannabis use [25, 26]. As such, pharmacotherapies
that can reduce withdrawal symptoms have been probed as
potential pharmacotherapies for CUD, while others focus on
different aspects inherent in CUD symptomatology, which
is continued use, or relapse once abstinence is achieved,
regardless of the effects of such pharmacotherapies on CWS.

1.1 Neurobiology

As cannabis has complex pharmacology with many differ-
ent chemical constituents, CUD is associated with an array
of altered neurotransmitter systems. The two most studied
phytocannabinoids, THC, a partial cannabinoid receptor 1
(CB1) and cannabinoid receptor 2 (CB2) agonist, and canna-
bidiol (CBD), have diverse mechanisms of action attributed
to their effects [27]. Liability for cannabis misuse and devel-
opment of CUD is attributed to THC [28, 29]. By engaging
the endogenous cannabinoid system, THC may downregu-
late CB1 receptors in the brain, as there is evidence from
preclinical studies and clinical studies pointing to reduced
CBI1 receptors after chronic THC exposure [30, 31]. The
CBI1 receptor is downregulated in brain regions responsi-
ble for a host of experiences and abilities such as cognitive
processing and decision making, motivation, risk/reward
behaviors, sensory perception, and memory (i.e., the ante-
rior cingulate cortex, hippocampus, insula, occipital cortex,
parietal cortex, posterior cingulate cortex, prefrontal cor-
tex, parahippocampal gyrus, and the lateral temporal cor-
tex) [31]. Reductions in cannabinoid receptors may disrupt
endocannabinoid homeostasis; pharmacologically restoring
this homeostasis is one of the treatment strategies that will
be reviewed in this paper. Delta-9-tetrahydrocannabinol also
engages indirect targets other than the CB1 receptor that may
be useful targets for treating CUD. Other neurotransmitter
systems secondary to the effects at the CB1 receptor may
also be dysregulated in CUD and provide additional targets
for pharmacotherapies, such as the serotonin, endogenous
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opioid, nicotinic, Gamma-aminobutyric acid (GABA), and
other systems [32]. These systems will also serve to define
the broader organizational structure of this review.

1.2 Cannabis Regulation and Factors Related
to CUD

With changing legislation increasing access to cannabis,
rates of CUD may also increase. For example, legalization
of non-medical cannabis use is associated with increases in
cannabis use and rates of CUD [33]. As such, identifying
safe and effective pharmacotherapies for CUD is increas-
ingly important.

Risk factors influencing CUD directly and indirectly
include specific genotype, as CUD is a polygenetic disorder
with heritable risk factors [34], sex differences that influence
predisposition to CUD and symptomology [35], as well as
socioeconomic adversities [36]. For example, newly absti-
nent patients with CUD report that the two largest factors
were using cannabis as a coping strategy and environmental/
social influences [37]. Various factors contribute to CUD
and understanding where shared pathologies and vulnerabili-
ties intersect may be useful in considering pharmacological
approaches and are discussed in this review.

1.3 Objective

There is urgent need for a safe and effective pharmacotherapy
to treat CUD. The THC concentrations in cannabis are at a his-
torical high [38] and more states within the USA are legalizing
adult use of cannabis, increasing the availability of cannabis
and risk for CUD. The goal of this paper is to highlight the evi-
dence of previously evaluated and newer promising therapies
for CUD as well as knowledge gaps that need to be addressed
in order to understand the attributes that may be important in
considering whether a pharmacotherapy may have potential
for treating CUD. As such, this review provides an updated
comprehensive description of clinical, placebo-controlled
studies investigating candidate pharmacotherapies according
to their general mechanisms of action that have undergone
rigorous testing to determine their safety and potential effec-
tiveness to treat CUDs. Neurotransmitter systems that have
been targeted in the development of pharmacotherapies for
CUD include the cannabinoid, serotonin, opioid, nicotinic,
GABA, and a2-adrenergic receptor systems. A brief explana-
tion of the preclinical justification for the potential of each
of these targets that informed human studies of the particular
drug class followed is provided. Next, evidence that supports
or refutes the potential for these pharmacotherapies for treating
CUD is described. We also highlight the knowledge gaps that
exist and need to be investigated before clinical development
of a potential pharmacotherapy can proceed. Novel pharma-
cotherapies for CUD that are early in development will also

be discussed. Finally, we discuss the need for future clinical
studies to specifically address safety and efficacy of potential
CUD pharmacotherapies in vulnerable populations.

2 Clinical Studies of Pharmacotherapies
for CUD

Studies determining the potential safety and effectiveness of
pharmacotherapies for CUD have been performed in both
volunteers with CUD who are not seeking treatment [39-54]
and in patients who are seeking treatment [55-77]. Initial
studies of specific pharmacotherapies are usually first car-
ried out in nontreatment-seekers and are tested under non-
abstinent and cannabis abstinent conditions. During non-
abstinent conditions, studies are designed to understand how
the agent may impact the acute effects of cannabis, including
intoxication and positive-subjective drug effects such as drug
liking and good drug effect. These studies help to determine
whether the pharmacotherapy will impact cannabis direct
effects relevant to CUD (i.e., intoxication, abuse liability).
During abstinence, many studies are designed to assess
how these agents impact symptoms of cannabis withdrawal,
cannabis craving, and cannabis self-administration using a
laboratory model of relapse where the ‘cost’ of initiating
self-administration is high [46, 49, 51, 53]. These studies
inform the extent to which the drug pharmacotherapy may
be effective in people who are seeking treatment for CUD.
The primary outcome measured in studies with treatment-
seekers is usually reductions in cannabis use or abstinence.
In both study designs, adverse effects of the agents are also
explored; these may include sleep measures, cognitive per-
formance, and mood. Here, we describe test medications
that have been assessed primarily under placebo-controlled
conditions in non-treatment and treatment-seekers according
to pharmacological target.

2.1 Agents that Act on the Cannabinoid System
and Other Cannabinoids

2.1.1 Cannabinoid 1 Receptor Agonists

Cannabinoid 1 (CB1) receptor agonists such as synthetic
THC (i.e., dronabinol), nabilone, and nabiximols (plant-
derived THC and cannabidiol [CBD]) have been investi-
gated for the treatment of CUD, to potentially decrease
cannabis withdrawal symptoms during abstinence and
reduce cannabis use (Table 1). Across species, the CB1
receptor mediates the rewarding and reinforcing effects of
THC [78-80]. The CB1 receptor also mediates cannabi-
noid dependence that occurs after repeated administration
of THC in animals [81, 82]. This is evidenced by the abil-
ity of CB1 receptor antagonists to precipitate withdrawal
in laboratory animals treated repeatedly with THC [83,
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84]; THC and other CB1 receptor agonists dose-depend-
ently reduce behavioral and physiological markers of CB1
receptor antagonist-induced precipitated withdrawal [85].
Extending the finding in preclinical laboratory animal
studies showing that CB1 receptor agonists reduce THC
withdrawal during abstinence, human studies examined
the extent to which CB1 receptor agonists would reduce
cannabis withdrawal symptoms during abstinence. In
nontreatment-seeking volunteers who used cannabis fre-
quently, dronabinol (10 mg 5 times daily in one study; 10
or 30 mg three times a day [TID] in another) reduced hall-
mark symptoms of cannabis withdrawal such as sleep dis-
ruption, reduced cannabis craving, and reduced cannabis
withdrawal score where measured (Table 2) [39, 40]. Simi-
larly, among treatment-seeking individuals, dronabinol (20
mg twice daily [BID]) also improved withdrawal symp-
toms [55]. Contrary to these findings, one study admin-
istering 20 mg dronabinol TID to nontreatment-seeking
volunteers did not improve cannabis craving or relapse and
worsened some measures of sleep quality (sleep latency)
[41]. Multiple studies [39, 40, 55] support that dronabinol
may reduce cannabis withdrawal symptoms and encourage
further CB1 agonist studies. Neither treatment-seekers nor
nontreatment-seekers reported improvements in cannabis
relapse, but both reported improved withdrawal symptoms,
highlighting the ways in which CB1 agonists may help to
blunt the cannabis withdrawal symptoms experienced dur-
ing early abstinence.

Nabilone, another CB1 receptor agonist, was investigated
for reducing withdrawal symptoms and effects in a labo-
ratory model of cannabis relapse in nontreatment-seekers
(Table 1). A low dose of nabilone (2 mg) was not more
effective than placebo at reducing cannabis use or craving
[86]. However, higher nabilone doses (6 mg once daily and 4
mg BID) significantly attenuated cannabis withdrawal symp-
toms, including sleep disruptions, cannabis craving, and also
reduced cannabis self-administration in a laboratory model
of relapse in nontreatment-seeking volunteers compared to
placebo [42]. However, it should be noted that the 4-mg BID
dose had a negative impact on cognitive performance. These
findings and one discussed later (see Sect. 2e: Agents that
act via the GABA system) found nabilone plus zolpidem
improved cannabis relapse [51], suggesting that nabilone
may dose-dependently reduce cannabis craving, relapse,
and abstinence-induced sleep problems. Clinical trials on
nabilone in treatment-seeking individuals with CUD have
yet to be conducted.

Two randomized clinical trials have examined the effects
of nabiximols, an oromucosal spray containing 2.7 mg
THC and 2.5 mg CBD per actuation (max. 32 sprays per
day or 86.4 mg THC and 80 mg CBD in both studies), in
treatment-seeking individuals (Table 1). The first study com-
pared six days of nabiximols treatment to placebo during
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Table 2 Outcome measures assessed with withdrawal and other factors categorized by drug and mechanism of action

Drug (citation) TS or NTS Cannabis withdrawal / associated symptoms Cannabis  Cannabis
craving relapse/
use

Composite canna- Anxiety  Depressed  Sleep dis- Reduced
bis withdrawal mood ruption food intake

Cannabinoid 1 receptor agonists

Dronabinol [39] NTS 12 1° ! ! !

Dronabinol [40] NTS l ! l

Dronabinol [41] NTS 1 1 - -

Dronabinol [55] TS l -

Nabilone [42] NTS -4 l l l l

Nabiximols [56] TS ! —c 14 - l -

Nabilone [86] - £ - -

Nabiximols [57] TS - - l
Fatty acid amide hydrolase inhibitors

PF-04457845 [99] l 1? 1P l l
Cannabidiol

Cannabidiol [43] NTS -

Cannabidiol [58] TS l 1° h i l
Serotonergic compounds

Bupropion-SR [59] TS 10 1 -

Nefazodone [44] NTS 12 b - -

Buspirone [60] TS - i - -

Bupropion-SR and nefazodone [119] TS  — i - !

Mirtazapine [45] NTS -4 l l - -

Bupropion-SR [62] TS - e b - !

N-acetylcysteine [63] TS

Quetiapine [46] NTS ) ! i

Venlafaxine [64] TS -

Escitalopram [65] TS - _k _h

Buspirone [66] TS - -

Vilazodone [67] TS l -

N-acetylcysteine [68] TS -

Quetiapine [69] TS l - - !

Lorcaserin [47] NTS -4 & 1 - l l
Opioidergic compounds

Naltrexone [48] NTS 1 - !
Nicotinic compounds

Varenicline [49] NTS 1? 18 1 - -

Varenicline and nabilone [49] NTS 4 18 l - -

Varenicline [77] TS - - !
GABAergic compounds

Divalproex [39] NTS I l ! !

Divalproex [70] TS - -

Baclofen [45] NTS - - - -

Zolpidem extended release [50] NTS - ! -

Gabapentin [71] TS ! i ! ! !

Lithium [61] TS - —c —d - -

Zolpidem [51] NTS 4 l - -

Zolpidem and nabilone [51] NTS 1® l l l

Topiramate [72] TS _h -

Zolpidem extended release [73] TS - -

— = «—
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Table 2 (continued)

Drug (citation) TS or NTS Cannabis withdrawal / associated symptoms Cannabis ~ Cannabis
- - - craving relapse/
Composite canna- Anxiety  Depressed  Sleep dis- Reduced use
bis withdrawal mood ruption food intake
a2-adrenergic compounds
Lofexidine [41] NTS l l - |
Lofexidine and dronabinol [41] NTS 1 - l |
Lofexidine and dronabinol [74] TS - -
Guanfacine [52] NTS 1 - - -
Drugs on the horizon and other targets
Atomoxetine [75] TS - -
Oxytocin [146] ! l
Oxytocin [76] TS |
Celecoxib [53] NTS 4 -£ l - 1 -
AEF0117 [54] NTS 4 £ - - l

This table reports the primary features of cannabis withdrawal measured across published studies investigating potential pharmacotherapies for
cannabis use disorder (CUD). Some studies examined effects of the study medication during cannabis-abstinence periods and others utilized an
active cannabis and placebo cannabis phase; data in this table are restricted to the cannabis-abstinence or placebo cannabis phase as this is when
effects of study medication on withdrawal were assessed. Under each main heading, drugs are listed in chronological order by date of publica-
tion. Direction of arrows indicate results of effect for the majority of outcome measures from the withdrawal domain specified in the column
header. Up arrows indicate an increase in the withdrawal symptom, down arrows indicate a decrease in the withdrawal symptoms (e.g., down
arrow = decreased anxiety), and dashes represent that the symptom was measured but no change was observed. Subscales of composite can-
nabis withdrawal scales that capture anxiety, depression, and sleep disruption are not reported as separate outcomes unless these outcomes were
assessed independent of the composite withdrawal score. Cells without indication mean there was not categorization for those studies

Anxiety was measured with the following scales: *Anxiety ratings from a subscale or single item from a visual analog scale (VAS), ‘Anxiety
subscale from the Depression, Anxiety, and Stress Scale (DASS), “Beck Anxiety Inventory (BAI), 'Hamilton Anxiety Scale (HAM-A), XSpiel-
berger State-Trait Anxiety Inventory (STAL), or the 'anxiety rating on 1-10 Likert scale

Depressed mood was measured with the following scales: ®Miserable ratings from a subscale or single item from a visual analog scale (VAS),
ddepression subscale from the Depression, Anxiety, and Stress Scale (DASS), ‘Quick Inventory for Depressive Symptoms (QIDS), EMiserable

subscale from visual analog scale (VAS), or the "Beck Depression Inventory (BDI), JHamilton Depression Rating Scale (HAMD)

NTS nontreatment-seekers, 7S treatment-seekers

cannabis-abstinence on measures of cannabis withdrawal,
craving, and later on cannabis use at follow-up [56]. During
cannabis abstinence, nabiximols reduced withdrawal scores,
decreased cannabis craving, and attenuated loss of appetite,
but at the 28-day follow-up—after cessation of the treat-
ment—there was no difference in cannabis use relative to
placebo. The second study assessed the effects of nabiximols
compared to placebo in combination with cognitive behavio-
ral therapy counseling in a longer, 12-week study [57]. Com-
pared to the placebo cohort, those who received nabiximols
for 12 weeks used cannabis on 19 fewer days over the study
period and continued to exhibit reduced cannabis use and
abstinence after treatment cessation as measured at a 12- and
24-week follow-up [87]. To summarize, nabiximols reduced
cannabis craving during periods of abstinence and reduced
cannabis use when combined with a cognitive behavioral
therapy. These studies support nabiximols as a potential
pharmacotherapy that warrants further study to decrease
the use of cannabis and associated withdrawal symptoms.
Replacement therapy with either synthetic or naturally
derived CB1 receptor agonists are a promising strategy for

treating withdrawal associated with CUD [40, 55, 56], as
well as reducing craving [39, 40, 42, 56], and may poten-
tially reduce cannabis use [42, 57]. However, it is unclear
whether such treatment can be tapered and provide long-
lasting abstinence without relapse, although similar strat-
egies have proven successful for opioid use disorder with
drugs such as buprenorphine and methadone [88]. Retention
in treatment groups was similar to that of placebo, if not
improved, and there were no serious adverse events related
to the studies (Table 1).

2.1.2 CB1 Receptor Antagonists

Preclinical studies demonstrate that CB1 receptor antago-
nists/inverse agonists, such as rimonabant, reduced self-
administration of THC in non-human primates [79, 80],
and have therefore been explored for the treatment of
CUD (Table 1). A study administering rimonabant (single
dose of 1, 3, 10, 30, or 90 mg), a CB1 receptor antagonist/
inverse agonist, found the highest dose (90 mg) blocked the
intoxicating and positive subjective drug effects of cannabis
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compared to placebo in nontreatment-seeking volunteers
[89]. Potential tolerance to rimonabant’s effects were later
observed in a repeated dosing study where the drug was
administered for 15 consecutive days [90]. Although intoxi-
cation and positive subjective effects from cannabis were
significantly reduced on the 8th day of rimonabant treatment
compared to placebo, these effects were reduced on the 15th
day of treatment suggesting potential limited clinical util-
ity for long-term treatment with CB1 receptor antagonists/
inverse agonists.

The two mentioned studies reported that rimonabant was
well tolerated and no associated serious adverse events were
attributed to the drug, but rimonabant (approved in Europe
as a weight-loss drug for obesity) was withdrawn worldwide
in 2008 due to patient reports of increased depression, anxi-
ety, and more severe psychiatric diagnoses including suicidal
behavior [91]. In addition, six of the 42 originally enrolled
subjects from the later-mentioned study [90] were excluded
from analysis for not completing medication adherence, pos-
sibly demonstrating lack of clinical effectiveness. For these
reasons, CB1 receptor orthosteric antagonists and inverse
agonists have not been further explored. However, allosteric
modulators of the CB1 receptor, are being investigated in
preclinical studies, such as Org27569 and PSNCBAM-1
[92].

A novel ligand, AEF0117, acts as a signaling-specific
inhibitor to inhibit intracellular effects in response to CB1
receptor binding. It is a synthetic pregnenolone analog, but
with a more selective pharmacological profile of receptor
binding [54]. Preclinical studies suggest that pregnenolone
and CBI1 receptors are involved in a negative feedback loop
by which THC activates CB1 receptors, having a down-
stream effect of increased pregnenolone levels, that can then
have an inhibitory effects on CB1 receptors [93]. Due to
its more selective binding, AEF0117 may display similar
behavioral outcomes as would a CB1 receptor negative allos-
teric modulator. Two doses of AEF0117 (0.6 and 1 mg) were
investigated in nontreatment-seeking volunteers [54]. The
highest dose, 1 mg, reduced cannabis self-administration in
comparison to placebo. This type of action may be useful
because it does not block all effects of CB1 receptor activa-
tion, as antagonists/inverse agonists do, but only minimizes
activity of some intracellular processes.

2.1.3 Fatty Acid Amide Hydrolase Inhibitors

Fatty acid amide hydrolase (FAAH) is a hydrophobic
enzyme that degrades signaling molecules, including endo-
cannabinoids, at the cell membrane [94]. As such, FAAH
inhibitors block the hydrolyses of endogenous cannabinoids
including N-arachidonoylethanolamine (AEA) [95]. Fatty
acid amide hydrolase inhibitors may be a therapeutic option
to increase endocannabinoid levels in people with CUD, as
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frequent cannabis use is associated with lower cerebrospinal
levels of AEA compared to infrequent use [96]. Addition-
ally, because endocannabinoids are unstable and undergo
rapid metabolism, manipulating their degradation through
FAAH inhibitors provides an alternate mechanism to boost
CBI1 receptor agonism in a region-specific manner (i.e., only
where AEA is already being produced, rather than global
activation/inhibition with other agonists/antagonists). Pre-
clinical studies have shown that FAAH inhibitors reduce
behavioral and physiological markers of precipitated THC
withdrawal (Table 1) [97]. The endocannabinoid ananda-
mide may also play a protective role in psychotic symptoms
[98].

To extend these preclinical findings, a published dou-
ble-blind placebo-controlled study of a FAAH inhibitor,
PF-04457845 (4 mg, ~ 4 weeks) was carried out in patients
with CUD with a desire to stop using cannabis. Goals of this
study were to determine if the candidate drug would reduce
cannabis withdrawal during abstinence and if it would also
reduce cannabis use. Participants randomized to the FAAH
inhibitor exhibited reduced withdrawal symptoms such as
depression, irritability, and anxiety and improved sleep
compared to placebo; treatment with the FAAH inhibitor
was also associated with reduced cannabis use compared
to placebo [99]. This study provides important findings to
advance further studies of the long-term potential of FAAH
inhibitors to alleviate withdrawal symptoms and to reduce
cannabis use. A phase 2 multi-site clinical trial is currently
underway investigating PF-04457845 for CUD [100].
Although self-reported cannabis use after 8 weeks of treat-
ment shows no improvement compared to placebo, differ-
ences in urine metabolites between treatment groups remain
to be interpreted by statistical analysis. The reported FAAH
inhibitor, PF-04457845, may hold promising potential as a
pharmacotherapy with demonstrated reductions in cannabis
withdrawal and cannabis use and no serious adverse events
(Table 2).

2.1.4 Cannabidiol

Cannabidiol (CBD) is a non-intoxicating phytocannabinoid
that has been investigated as a potential pharmacotherapy
for CUD (Table 1). Cannabidiol has low binding affinities
for CB1 and CB2 receptor but has been hypothesized to act
on the endocannabinoid system as a FAAH inhibitor [101],
a negative allosteric modulator of the CB1 receptor [102],
and an inverse agonist of the CB2 receptor [103]. Other pro-
posed mechanisms by which it may have therapeutic effects
specifically within the context of CUD and other substance
use disorders include its modulatory actions on glutamate-
GABA systems [104] and its potential SHT1A agonist
effects [105]. Preclinical studies using alcohol and cocaine
models of substance use disorder demonstrated that CBD
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decreased drug self-administration [106, 107]. In humans,
one randomized placebo-controlled study found that CBD
reduced cigarette smoking in humans, and another found
CBD to reduce cue-induced craving in people with opioid
use disorder [108, 109]. Such literature on CBD has primed
the field to explore this phytocannabinoid as a potential
therapeutic treatment for a broad range of drugs that are
misused, including cannabis.

A few studies have rigorously tested CBD as a potential
pharmacotherapy for CUD in treatment-seeking and non-
treatment-seeking samples (Table 1). In people who used
cannabis and were nontreatment-seeking, CBD (200, 400,
and 800 mg) had no effect on the cannabis intoxication,
positive subjective effects, or cannabis self-administration,
compared to placebo [43]. In treatment-seeking volunteers,
CBD (400 and 800 mg) had minimal effect in reducing can-
nabis use compared to placebo (less than 1 additional day of
cannabis abstinence per week), although the 800-mg dose
reduced CWS and anxiety [58]. Data suggest that CBD
has the potential to improve CUD-associated symptoms
and may assist in reducing cannabis use. CBD was well-
tolerated without reported serious adverse events. Although
it’s unclear what CBD’s pharmacological site of action may
be targeting, Cannabidiol warrants further investigation for
reducing cannabis use, withdrawal, and craving in samples
motivated and not motivated to quit (Table 2).

2.2 Agents that Act Via the Serotonin System

Serotonin ligands, like some antidepressant and antipsy-
chotic agents, have been investigated as potential phar-
macotherapies for CUD (Table 1). In preclinical studies,
the serotonin system contributes to neural mechanisms
underlying the behavioral and cognitive deficits associ-
ated with chronic administration of THC and other CB1
receptor agonists. For example, chronic administration of a
CB1 receptor agonist in adolescent rats elicits anxiety-like
behavior that is associated with serotonergic hypoactivity
[110]. Adolescent mice exposed to THC exhibit similar
prefrontal cortex dysfunction and cognitive deficits to
adults that can be prevented by serotonin receptors of type
6 (SHT6) receptor antagonists during concomitant treat-
ment during adolescent exposure to THC [111]. These data
suggest a modulatory effect of CB1 receptors on serotonin
release and excitability of serotonin neurons [112]. The
SHT2C receptors are located in the same areas implicated
in reward and motivation and overlap in expression on
dopaminergic neurons [113]. Across species, lorcaserin
(a serotonin SHT2C agonist) reduces self-administration
of a range of pharmacological reinforcers including nico-
tine, cocaine, and heroin [114—117]. The ability of SHT2C
agonists to reduce self-administration is likely due in part
to its ability to inhibit dopamine release [118]. Modulating

serotonin activity in humans with CUD has been investi-
gated as a potential pharmacotherapy for improving with-
drawal symptoms and relapse.

Lorcaserin was explored in a nontreatment-seeking CUD
population and compared to placebo for its effects on can-
nabis withdrawal including cannabis craving, disruptions in
sleep, and reduced caloric intake (Table 1) [47]. In non-
treatment-seekers, lorcaserin (10 mg BID) decreased can-
nabis craving and cannabis self-administration compared to
placebo. However, lorcaserin exacerbated sleep disruption
associated with abstinence and impaired cognitive perfor-
mance relative to placebo. In 2020, lorcaserin for weight
loss was removed from the market due to potential cancer
risks limiting its future utility. Because lorcaserin reduced
cannabis craving and self-administration during abstinence,
other SHT2C agonists warrant further study as potential
therapeutics for CUD.

Buspirone is an anxiolytic medication and partial SHT1A
agonist approved for general anxiety disorder that may alle-
viate symptoms of cannabis withdrawal and decrease likeli-
hood of relapse. However, compared to placebo, buspirone
(60 mg) did not reduce cannabis withdrawal symptoms,
nor did it impact cannabis craving or cannabis use in par-
ticipants seeking treatment for CUD [60, 66]. Although it
was expected that buspirone would reduce anxiety associ-
ated with abstinence, the treatment groups did not differ on
measures of anxiety, although a potential confound was that
subjects had low baseline anxiety possibly as a function of
exclusion criteria.

Studies have investigated serotonin and norepinephrine
reuptake inhibitors (SNRI), such as nefazodone and venla-
faxine, for cannabis abstinence and withdrawal (Table 1). In
a nontreatment-seeking population, nefazodone (450 mg)
reduced ratings of anxiety and muscle pain during with-
drawal but had no effect on other withdrawal symptoms
including irritability or sleep disruption. During abstinence,
nefazodone also worsened cognitive performance compared
to placebo on some endpoints [44]. Venlafaxine, another
FDA-approved SNRI used to treat depression, social anxi-
ety disorder, and cataplexy, was investigated for its poten-
tial to facilitate cannabis abstinence and improve depressive
symptoms in a treatment-seeking and moderately depressed
cohort. Extended-release venlafaxine (up to 375 mg) or pla-
cebo failed to alter mood or reduce abstinence rates com-
pared to placebo [64]. Together these studies concluded that
SNRIs are ineffective for treating CUD.

Bupropion, a norepinephrine—dopamine reuptake inhibi-
tor (NDRI), is FDA-approved for depression, seasonal affec-
tive disorder, and cigarette smoking cessation. Nontreat-
ment-seeking participants receiving bupropion-sustained
release (SR; 300 mg/day) exhibited increases in subjective
ratings of irritability, miserableness, restlessness, depres-
sion, lack of motivation, and decreased sleep quality during
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cannabis withdrawal compared to placebo [59]. In a treat-
ment-seeking population, bupropion (150 mg BID) did not
improve measures of withdrawal, depression, anxiety, sleep,
or cognitive performance, but did reduce cannabis craving
compared to placebo [62].

A comparison between the SNRI nefazodone (300 mg
BID) and the NDRI, bupropion (150 mg BID) in treatment-
seekers revealed that neither medication improved rates of
cannabis abstinence or withdrawal symptoms relative to
placebo [119]. As such, studies do not support the poten-
tial effectiveness of these classes of drugs for treating CUD
(Table 2).

Mirtazapine has high affinity for SHT2 and SHT3 recep-
tors and increases serotonin and noradrenergic neurotrans-
mission by blocking presynaptic alpha-2 adrenoceptors,
rather than acting on serotonin reuptake [120]. It is FDA-
approved for major depressive disorder and earlier findings
of this drug in patients with alcohol use disorder suggest
that it may be helpful in reducing cannabis withdrawal
symptoms [121]. In a nontreatment-seeking population mir-
tazapine (30 mg) improved cognitive performance, sleep,
and caloric intake during cannabis abstinence, but failed to
reduce cannabis craving and cannabis self-administration
using a laboratory model of relapse (purchase of cannabis
puffs; Table 2) [45].

Quetiapine is FDA-approved to treat schizophrenia, acute
mania, and major depressive disorder. It is an antagonist
at SHT2A, dopamine D2, histamine H1, and adrenergic
receptors. Because it has been shown to improve mood and
sleep in patient populations, quetiapine has been investi-
gated for CUD to possibly relieve similar symptoms during
withdrawal (Table 1). In nontreatment-seeking volunteers,
quetiapine (200 mg) decreased some physical symptoms
of withdrawal compared to placebo. However, quetiapine
increased cannabis self-administration using a laboratory
model of relapse (purchase of cannabis puffs; Table 2) and
worsened cognitive performance during withdrawal com-
pared to placebo [46]. Among treatment-seekers, quetiapine
(300 mg) was associated with modest reductions in cannabis
use and a reduction with withdrawal symptoms compared to
placebo [69]. Important differences between these studies
that could contribute to divergent outcomes was the dose of
the study medication (200 vs 300 mg) and treatment-seeking
status.

Serotonin reuptake inhibitors that are FDA approved for
depression have been tested for CUD, but like the SNRIs,
do not appear effective in facilitating cannabis abstinence or
reduced cannabis use. For example, escitalopram, a selec-
tive serotonin reuptake inhibitor (SSRI), was explored in
a treatment-seeking population for abstinence-associated
depression and anxiety (Table 1) [65]. Participants admin-
istered escitalopram (10 mg) revealed no treatment effect in
any of the outcome measures compared to placebo. Finally,
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vilazodone (up to 40 mg) a SSRI and a STH1A receptor par-
tial agonist, did not improve rates of abstinence or craving,
apart from lowering scores on the purposefulness subscale
of the Marijuana Craving Questionnaire (intention to use
cannabis) compared to placebo in a treatment-seeking popu-
lation [67]. In addition to the lack of promising outcomes on
study measures (Table 2), those randomized to vilazodone
attended fewer appointments compared to placebo further
suggesting poor clinical potential.

To summarize, few serotonin agents are effective at
reducing withdrawal-related measures of CUD or improving
rates of abstinence of reductions in cannabis use. Buspirone,
venlafaxine, mirtazapine, quetiapine, escitalopram, and
vilazodone failed to improve measures of cannabis relapse/
abstinence; N-acetylcysteine increased abstinence in ado-
lescents, but this may be mediated via a non-serotonergic
mechanism (Table 2). Buspirone, mirtazapine, quetiapine,
and vilazodone did not decrease cannabis craving. Lorca-
serin reduced craving and cannabis self-administration in
a laboratory model of relapse in in-treatment-seekers, sug-
gesting that agents acting as SHT2C agonists may provide
clinical potential for CUD that is unique to other seroton-
ergic agents. Several of these test medications were associ-
ated with more adverse events compared to placebo such
as dizziness, dry mouth, flushing/sweating, and cold-like
symptoms for buspirone, loss of libido for venlafaxine [64],
and upset stomach for bupropion [59]. Therapeutics that act
on systems other than the serotonin system for treating CUD
appear more promising.

2.3 Agents that Act Via the Opioid System

Compelling preclinical findings pointing to the involve-
ment of the opioid system in CB1 receptor agonist modu-
lated behaviors have spurred interest in probing p-opioid
antagonists as potential pharmacotherapies for CUD. For
example, THC does not produce conditioned place prefer-
ence in mice that lack the p-opioid receptor suggesting that
THC engages the endogenous opioid system [122]. In non-
human primates, the p-opioid receptor antagonist naltrex-
one, FDA-approved for alcohol and opioid use disorders,
attenuates THC self-administration [123]. These preclini-
cal findings suggest that opioid receptor antagonists may
also reduce cannabis self-administration in humans and may
be a potential treatment for CUD (Table 1). Unexpectedly,
acute administration of naltrexone (12, 25, 50, or 100 mg)
enhanced the positive, misuse-related subjective effects of
cannabis in nontreatment-seeking people who use cannabis,
suggesting that it increases cannabis abuse liability com-
pared to placebo [124]. However, when naltrexone (50 mg)
was administered for 16 days to nontreatment-seeking peo-
ple who use cannabis it reduced the positive subjective rat-
ings of cannabis and cannabis self-administration compared
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to placebo [48]. These findings point to naltrexone’s poten-
tial as a CUD treatment strategy when administered chroni-
cally rather than acutely; however, chronic administration
was associated with mild adverse effects such as gastroin-
testinal upset, headache, and jitteriness relative to placebo.
Despite the increase in adverse effects, there was not an
increase in dropout rates among those receiving naltrexone
compared to placebo. Further studies are needed to eluci-
date the time-dependent and dose-dependent relationship of
opioid antagonists on the reinforcing properties of cannabis
use, as well as its effects on cannabis withdrawal (Table 2).

2.4 Agents that Act Via the Nicotinic System

Many people who use cannabis have also used tobacco
[125], and there is an established relationship between
tobacco smoking and cannabis dependence, suggesting a
shared pathology in receptor modification. Ninety percent of
people who use cannabis also report current or past tobacco
use [125]. A 4-year longitudinal study revealed that ciga-
rette smoking mediates the relationship between cannabis
use and cannabis dependance [126]. Inpatient studies sup-
port this finding, with cannabis relapse being increased for
those who also smoke cigarettes compared to those who do
not [127]. For this reason, studies have sought to assess the
effects of FDA-approved medications for smoking cessation
alone and in combination with other agents that may target
cannabis withdrawal and relapse in people who have CUD
and tobacco co-use.

For people who used cannabis and tobacco daily, vareni-
cline, a partial nicotinic agonist that is FDA-approved for
smoking cessation was assessed for its ability to reduce can-
nabis withdrawal and relapse (purchase of cannabis puffs)
when administered alone and in combination with nabilone,
a CBI1 receptor agonist, described as having effects on can-
nabis withdrawal and relapse [42, 49]. A nontreatment-
seeking sample was randomized to active varenicline (1 mg
BID) or placebo for 15 days, then to active nabilone (4 mg
BID or placebo) or placebo [49]. Varenicline alone reduced
some withdrawal symptoms associated with tobacco with-
drawal (ratings of “Miserable” and “Anxious’) compared to
placebo, but did not affect most cannabis withdrawal symp-
toms, and in some instances worsened withdrawal (‘Anx-
ious’). Nabilone in combination with varenicline reduced
some cannabis withdrawal symptoms compared to placebo
and varenicline alone. Cannabis relapse was unaffected
by either medication. Dropout rates were comparable and
there were no serious adverse events. A treatment-seeking
sample, although not powered to detect differences in can-
nabis use, observed a greater change in abstinent days in
participants randomized to varenicline (up to 1 mg BID for
6 weeks) compared to placebo [77]. It would be informa-
tive to have data on cognitive performance to add to the

results of varenicline on improving mood during tobacco
withdrawal, but this nicotinic agonist did not show promise
for cannabis withdrawal and limited evidence for improving
relapse (Table 2).

2.5 Agents that Act Via the GABA System

The reward circuitry includes the mesolimbic dopamine
projection from the ventral tegmental area (VTA) to the
nucleus accumbens. Drugs that are misused, including THC
delivered to anesthetized rat models and in PET imaging
in humans, modulate this circuit and increase extracellular
dopamine, which has been associated with reward and rein-
forcement [128, 129]. In addition to dopamine neurons, the
VTA contains both glutamatergic and GABAergic neurons,
which tonically inhibit dopamine neurons, as such, inhibition
of GABA neurons results in enhanced dopamine release. A
proportion of VTA GABA neurons expresses CB1 receptors;
activation of these receptors results in a decrease GABA
release and subsequent increase in dopamine release [130].
Animal models demonstrate how THC administration can
alter the expression of GABA in the prefrontal cortex, a
region with reduced gyrification in adolescents who use
cannabis compared to those who do not [131]. In rats, early
THC exposure reduces GABA levels in the prefrontal cor-
tex compared to control/vehicle [132]. Tiagabine, a GABA
transporter 1 inhibitor, produces similar THC-like discrimi-
native stimulus and subjective effects in humans, suggest-
ing that in some cells THC-induced increases in GABA
significantly contribute to the interoceptive and subjective
experience of this CB1 receptor agonist [133]. Altering the
GABA system is one way to indirectly control dopamine
release and to potentially protect from the withdrawal asso-
ciated with cannabis abstinence. For this reason, drugs that
act on GABA have been investigated for therapeutic utility
for CUD in addition to other substance use disorders (e.g.,
divalproex [39, 70], zolpidem [50, 51, 73], gabapentin [71],
lithium [61], topiramate [72], and baclofen [45]).

Divalproex increases plasma GABA levels and is FDA-
approved to treat seizures, acute mania, and to prevent
migraine headaches. In a nontreatment-seeking sample,
divalproex (1500 mg) decreased ratings of cannabis crav-
ing, but increased ratings of subjective effects of “anxious”,
“irritable”, and “on edge” during cannabis abstinence com-
pared to placebo [39]. Compared to placebo, participants
were less social, gained weight, and performed worse on
cognitive tasks when administered divalproex. In treatment
seekers, divalproex (up to 2000 mg) showed no treatment
effect on cannabis use or withdrawal compared to placebo
[70]. Literature does not support divalproex as an effective
medication for CUD.

Zolpidem has high affinity for the GABA-A alpha 1 subu-
nit receptor, acting to enhance GABAergic inhibition and
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is FDA-approved to treat insomnia [134]. Sleep disruption
is a hallmark symptom of cannabis withdrawal; therefore,
zolpidem was assessed for its potential effects on cannabis
withdrawal. While zolpidem (12.5 mg) failed to improve
cannabis withdrawal scores, discomfort scores, or craving, it
did improve some abstinence-induced sleep problems with-
out affecting cognitive performance compared to placebo in
nontreatment seekers (Table 2) [50].

In treatment-seeking participants administered the same
dose (12.5 mg), no improvements in sleep disturbances
or in cannabis abstinence rates compared to placebo were
observed. In another study with nontreatment-seeking
participants, zolpidem alone (12.5 mg) was compared to
zolpidem (12.5 mg) with nabilone (3 mg) to examine out-
comes of cannabis withdrawal and relapse [51]. Compared
with placebo, zolpidem alone and combined with nabilone
improved sleep, but cannabis relapse was reduced only when
zolpidem was combined with nabilone. Subjective ratings
of “Irritable” and “Anxious” were reduced by nabilone
and zolpidem co-administration, but not zolpidem alone.
Zolpidem appears effective for improving sleep disturbance
but no other withdrawal-related symptoms of CUD; added
benefits are evident when administered in combination with
nabilone.

Gabapentin is a GABAergic modulating drug that
has been explored for cannabis use and CUD symptoms
(Table 1) [71]. Published findings of treatment-seeking
participants administered gabapentin (1200 mg/day) expe-
rienced improved outcomes of depression, sleep, executive
function, cannabis withdrawal scores, and decreased canna-
bis use compared to placebo. However, unpublished findings
from a fully powered sample suggest gabapentin (11.22%
negative cannabis urine drug screen) may be no more advan-
tageous over placebo (8%) in achieving cannabis abstinence
after 12 weeks of administration [135].

Other GABA modulators such as lithium, topiramate,
and baclofen have been tested with less promising results
as potential CUD treatments (Table 2). Lithium is FDA-
approved for treating manic episodes of bipolar disorder,
topiramate for epilepsy, and baclofen for muscle spastic-
ity [136]. In a treatment-seeking population, lithium (500
mg BID), which increases GABAergic neurotransmission,
did not improve withdrawal symptoms apart from individ-
ual scores on appetite loss, stomachache, and nightmares
compared to placebo [61]. Topiramate increases GABA
activity and is a GABA-A receptor agonist. In treatment-
seeking adolescents, topiramate (200 mg) increased study
drop out, worsened neurocognitive performance, and did
not improve frequency of cannabis use; however, there was
a reduction in grams of cannabis smoked compared to pla-
cebo [72]. Two doses of baclofen (20 mg TID, 30 mg TID),
a GABA-B receptor agonist, were compared to placebo in
a nontreatment-seeking population [45]. Baclofen did not
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improve relapse but decreased cannabis as well as cigarette
craving in tobacco at the higher dose. Negative effects such
as sleep disruptions, decreased cognitive performance, and
increases in alcohol craving were also reported to provide
little support for the use of baclofen for CUD. Apart from
gabapentin, GABA modulators do not hold promise for treat-
ing cannabis withdrawal or reductions in cannabis use in
adult or adolescent samples (Table 2).

Our review of ligands that act via the GABA system con-
cludes that these medications are ineffective or the benefits
do not outweigh the adverse events (Table 2). The most
promising study showed gabapentin reduced cannabis use
and craving without sacrificing adverse events and should be
further investigated for cannabis intoxication and withdrawal
symptoms such as anxiety and food intake. Divalproex may
be useful for cannabis craving and topiramate may help
reduce frequency of cannabis use, but both medications
reported adverse events that may reduce efficacy and medi-
cation adherence. Although dopamine and GABA neurons
are critical components of the reward system, modulating the
GABA system does not appear effective for treating CUD
without avoiding other problematic side effects.

2.6 Agents that Act on a2-Adrenergic Receptors

Alpha2-adrenergic receptor agonists have medical utility
for hypertension, attention disorders, and are used to man-
age symptoms associated with opioid withdrawal [137,
138]. Preclinical models show that a2-adrenergic agonists
increase excitability in the medial prefrontal cortex, and that
CBI1 receptor stimulation desensitizes these a2-adrenergic
receptors [139]. The prefrontal cortex is one of many brain
areas with downregulated CB1 receptors in people who use
cannabis frequently [31]. Targeting desensitized receptors to
increase neuron excitability with a2-adrenergic agonists may
aid in relieving cannabis withdrawal symptoms.
Lofexidine is a a2-adrenergic receptor that is FDA-
approved to manage opioid withdrawal symptom [136].
Because some opioid-withdrawal symptoms overlap and
with symptoms of cannabis withdrawal, it has been inves-
tigated as potential pharmacotherapy for CUD. Over four
treatment phases, participants not seeking treatment for
their cannabis use were administered dronabinol (60 mg/
day), lofexidine (2.4 mg/day), dronabinol with lofexidine, or
placebo [41]. Relative to placebo, lofexidine alone and com-
bined with dronabinol decreased cannabis relapse (double
that of either medication alone), and improved sleep, where
dronabinol alone did not reduce relapse. Dronabinol with
lofexidine decreased symptoms such as restlessness, chills,
upset stomach, and cannabis craving. Results support com-
bining dronabinol with other pharmacotherapies to improve
effectiveness both for cannabis withdrawal-associated symp-
toms and relapse. However, in an outpatient study enrolling
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treatment-seekers receiving dronabinol (60 mg/day) with
lofexidine (2.4 mg/day), medication did not improve ini-
tiation to abstinence, withdrawal symptoms, or compared
to placebo [74]. Differences between studies was the study
population (treatment-seekers versus nontreatment-seekers),
study design (outpatient vs inpatient) and outcome measures
associated with cannabis use while undergoing the pharma-
cotherapy; the inpatient short study assessed cannabis use
in a laboratory model of relapse after three days of forced
abstinence with continuous measure of cannabis self-admin-
istration [41], whereas the outpatient study with treatment-
seekers required that participants self-initiate abstinence
prior to assessing relapse (continued abstinence) [74]. The
drug combination may have successfully improved with-
drawal and continued abstinence once abstinence initiation
was achieved in a controlled setting (i.e., inpatient setting).

Similar to lofexidine, guanfacine is an a2-adrenergic ago-
nist; it is FDA-approved for hypertension and attention defi-
cit hyperactivity disorder (ADHD) and is suggested to have a
superior safety profile to lofexidine [136]. In a nontreatment-
seeking population, guanfacine (2 mg) did not reduce canna-
bis relapse, but did improve measures of withdrawal such as
irritability, blood pressure, sleep, and cognitive performance
compared to placebo [52]. This study offers support for tar-
geting the a2-adrenergic receptors to reduce symptoms of
cannabis withdrawal and outcomes should be investigated at
a longer follow-up (Table 2).

The a2-adrenergic receptor agonist guanfacine but not
lofexidine may reduce certain withdrawal symptoms such as
irritability and sleep disruption but does not improve relapse
to cannabis (Table 2). The side effects of lofexidine and poor
tolerability limit its potential as a candidate for therapeutics.
Other a2-adrenergic agonists alone or in combination with
the CB1 receptor agonists may be further explored for can-
nabis abstinence, as guanfacine was well tolerated without
increased side effects.

2.7 Drugs on the Horizon and Other Targets

N-Acetylcysteine (NAC) is a drug used for acetaminophen
overdose, as a mucolytic, and has anti-inflammatory and
antioxidant properties [140]. N-Acetylcysteine is able to
stimulate the metabotropic glutamate receptors that are
down-regulated with chronic drug use [141]. N-Acetyl-
cysteine reduced the desire to use cocaine and cue-reactivity
in cocaine-dependent adults [142] and has been shown to
increase odds of abstinence in cannabis-dependent adoles-
cents [63]. In animal models injected with propionic acid
(known to cause adverse effects on the CNS and seroto-
nin system), NAC has shown protective properties against

oxidative stress and improved levels of serotonin [143].
N-Acetylcysteine has been explored as a potential treatment
among adolescents and adults for CUD (Table 1). In the
adolescent cohort, 41% of treatment-seeking participants
receiving NAC (600 mg BID; 190/464) achieved abstinence
compared to 27% placebo (126/464) [63]; however, a follow-
up study in adults did not replicate these findings [68]. As
such, the effects of NAC to reduce cannabis use seems to be
age dependent and may rely on a variety of factors.

Cyclooxygenase-2 (COX-2) is an enzyme that is involved
in the endocannabinoid metabolic pathway and oxygenates
anandamide and 2-arachidonoylglycerol (2-AG) [144].
Cyclooxygenase-2 inhibitors have been shown to reduce
withdrawal symptoms in alcohol-dependent mice and have
been explored in humans [145]. Nontreatment-seeking par-
ticipants receiving celecoxib (200 mg BID), a COX-2—selec-
tive inhibitor and nonsteroidal anti-inflammatory drug FDA-
approved for osteoarthritis and rheumatoid arthritis, did not
exhibit reduction in cannabis relapse, endocannabinoid lev-
els, and increased cannabis craving compared to placebo
[53]. Modulating the endocannabinoid via celecoxib appears
ineffective.

Other targets have been explored as treatments for CUD,
such as oxytocin and norepinephrine modulators (Table 1).
In a cannabis-dependent sample that administered intrana-
sal oxytocin (40 IUs) followed by a stress task, oxytocin
reduced cannabis craving, suggesting oxytocin may be use-
ful in real-world stressful scenarios that could trigger urge
to use cannabis [146]. In a pilot study enrolling a treatment-
seeking sample, intranasal oxytocin (40 IUs) paired with
motivational enhancement therapy reduced the amount of
cannabis used daily and the number of occasions used per
day when compared to placebo [76]. Follow-up studies with
larger sample sizes are necessary to probe additional effects
of withdrawal, craving, and abstinence. Atomoxetine inhib-
its the reuptake of norepinephrine and is FDA-approved
for ADHD [136]. A treatment-seeking sample with ADHD
receiving atomoxetine (up to 100 mg) experienced improved
ADHD symptoms but no change in cannabis use compared
to placebo, suggesting limited potential for this pharmaco-
therapeutic strategy [75].

Finally, additional pharmacological strategies that use
combinations of allosteric modulators may be promising for
CUD with limited abuse liability as compared to orthostatic
ligands. These allosteric modulators have the potential to
be used with or without exogenous ligands. For example,
the positive allosteric modulator Org27569 increases CB1
receptor signaling when used together with agonist in vivo
[147].
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3 Considering Priority Populations
in the Exploration of Pharmacotherapies
for CUD

As cannabis laws have become more permissive across the
USA, cannabis use has increased among demographic sub-
groups traditionally believed to be at lower risk for cannabis
initiation, use, and development of CUD. Among females,
rates of monthly and daily cannabis use and CUD have
increased [148]. Based on preclinical findings, there are
clear sex-dependent effects of CB1 receptor agonists that
may translate into enhanced vulnerability to CUD among
females; for example, in preclinical studies, females exhibit
faster acquisition of CB1 receptor agonist self-administra-
tion and maintain higher rates of responding for these ago-
nists compared to males [149]. Similarly, under controlled
human drug administration procedures, females exhibit
greater misuse-related subjective drug effects associated
with oral and inhaled THC compared to males [150, 151].
Females also appear to present with more severe cannabis
withdrawal symptoms relative to males [152], which may
increase risk for relapse among newly abstinent treatment
seekers [153]. These effects demonstrate differences between
males and females that are likely to be clinically significant
when addressing potential pharmacotherapies for CUD.
Very few studies probing potential pharmacotherapies have
been powered to assessed sex-dependent effects (Table 1),
although some preliminary analyses confirm that treatment
outcomes can differ between the sexes pointing to the impor-
tance of designing studies to address pharmacotherapy effi-
cacy in both males and females [66, 67].

Adolescents are another priority population of consid-
eration in respect to the outcome of CUD. Major devel-
opmental changes involving CB1 receptors occur during
adolescence that may impact cognitive functioning later in
life, particularly increasing vulnerability for psychotic-like
symptoms [154]. Additionally, the risk of developing a CUD
increases if initiation occurred before age 18 [155], with
the odds decreasing with each year of delayed cannabis use
[156], highlighting the importance of intervention for this
age group. Few studies have investigated pharmacotherapies
for CUD in adolescents and emerging adults (although see
[63]).

One group exhibiting the greatest increase in cannabis use
is the aging population [157]. While few data are available
related to the effects of cannabis use in older populations,
preliminary findings indicate that older population vary in
their responses to cannabis in ways that may be clinically
meaningful when considering identifying and treatment
CUD in this population. For example, recent data point to
potentially lower rates of tolerance to the impairing effects
of cannabis in older populations relative to what is observed
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in younger populations [158, 159]. It is unclear how this
effect may impact development of CUD in this population
but this example highlights the importance of establishing
and characterizing the trajectory of cannabis initiation to
CUD among older adults and exploring pharmacotherapies
tailored to this population.

Rates of cannabis initiation, cannabis use, and CUD are
higher among racial, ethnic, and sexual minoritized popula-
tions (i.e., [160-162]). As such, randomized controlled tri-
als (RCTs) probing pharmacotherapies for CUD should be
optimized to detect treatment outcomes among these groups.
However, similar to RCTs of pharmacotherapies for CUD
that have evaluated treatment outcomes according to sex,
few studies have assessed outcomes according to race and
ethnicity and none, to our knowledge, have assessed treat-
ment outcomes in sexual minority populations [163].

4 Discussion

As CUD increases in prevalence, so does the need for
effective pharmacotherapies. Barriers to cessation of can-
nabis use include relieving both craving for cannabis and
withdrawal symptoms; however, effective treatments for
CUD will ultimately need to result in cessation of canna-
bis consumption regardless of whether treatments reduce
craving or withdrawal. This review evaluated pharmaco-
therapies based on the endogenous systems targeted by the
compounds. The most effective treatments for decreasing
cannabis withdrawal, craving, and relapse are agents that
act at the CB1 receptor (Fig. 1). There is also limited but
promising evidence on fatty acid amide hydrolase inhibi-
tors for decreasing withdrawal and relapse. Mixed findings
of serotonergic compounds as well as other less promis-
ing agents such as nicotinic compounds and GABAergic
compounds were evaluated (Fig. 1). Agents with limited
studies or limited outcome measures include opioidergic
compounds, a2-adrenergic compounds, and drugs on the
horizon such as oxytocin. Although agents acting directly
on the endocannabinoid system appear to provide the most
promising outcomes, continued research into receptor sys-
tems and pharmacological targets beyond the endocan-
nabinoid system is essential as the field progresses to learn
more about how these targets contribute to the constellation
of CUD symptoms. Furthermore, mixed and limited find-
ings from non-cannabinoid agents may not reflect lack of
efficacy but may be due to a variety of factors such as the
doses of the medications studied, differences in eligibility
criteria across studies, and participant compliance in taking
the study medication.

A major gap in the literature on CUD pharmacotherapies
exists in the populations being sampled. As clinical trials
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become more inclusive with regard to demographics such
as sex, race/ethnicity, and age, disparities are revealed in
CUD treatment outcomes. As new pharmacotherapies are
tested in clinical trials, it is critical to enroll representative
samples of the population, as differences in outcomes by sex
for some drugs have been noted. Evaluating these nuances
in statistical analyses has the promise to elucidate contradic-
tory findings, unknown mediators, and provide clarity on the
nature of CUD.

5 Conclusion

This review provides an updated synthesis of findings
from over 40 clinical placebo-controlled trials on treat-
ment-seeking and nontreatment-seeking samples in con-
text of neurological systems and receptors. While some
pharmacological agents seem promising for treating the
symptoms associated with CUD, many questions remain to
be answered by future experiments. The current literature

dergic compounds, and drugs on the horizon. 5HT serotonin, CBI
cannabinoid receptor 1, CBD cannabidiol, FAAH fatty acid amide
hydrolase

presents CB1 agonists as emerging targets [39-42, 55-57,
86], but data points on studies examining cannabidiol [43,
58], FAAH inhibitors [99], and opioidergic targets [48]
remain scant. Understanding the landscape of possible
treatments for CUD for the development of effective treat-
ments is important as rates of cannabis use increase and
legalization changes. The presented findings offer insight
into the promising possibility of treatments that modulate
CBI1 receptors.
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