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Abstract

Obijective: This study aimed to determine the efficacy and acceptability of pharmacotherapies for
cannabis use disorder (CUD).

Methods: We conducted a systematic review and frequentist network meta-analysis, searching
five electronic databases for randomized placebo-controlled trials of individuals diagnosed with
CUD receiving pharmacotherapy with or without concomitant psychotherapy. Primary outcomes
were the reduction in cannabis use and retention in treatment. Secondary outcomes were adverse
events, discontinuation due to adverse events, total abstinence, withdrawal symptoms, cravings,
and CUD severity. We applied a frequentist, random-effects Network Meta-Analysis model to pool
effect sizes across trials using standardized mean differences (SMD, g) and rate ratios (RR) with
their 95% confidence intervals.

Results: We identified a total of 24 trials (n=1912, 74.9% male, mean age 30.2 years). Nabilone
(d=—-4.47 [-8.15; —0.79]), topiramate (d=—3.80 [-7.06; —0.54]), and fatty-acid amyl hydroxylase
inhibitors (d=-2.30 [-4.75; 0.15]) reduced cannabis use relative to placebo. Dronabinol improved
retention in treatment (RR=1.27 [1.02; 1.57]), while topiramate worsened treatment retention
(RR=0.62 [0.42; 0.91]). Gabapentin reduced cannabis cravings (d=-2.42 [-3.53; -1.32], while
vilazodone worsened craving severity (d=1.69 [0.71; 2.66]. Buspirone (RR=1.14 [1.00; 1.29]),
venlafaxine (RR=1.78 [1.40; 2.26]), and topiramate (RR=9.10 [1.27; 65.11]) caused more adverse
events, while topiramate caused more dropouts due to adverse events.

Conclusions: Based on this review, some medications appeared to show promise for treating
individual aspects of CUD. However, there is a lack of robust evidence to support any particular
pharmacological treatment. There is a need for additional studies to expand the evidence base for
CUD pharmacotherapy. While medication strategies may become an integral component for CUD
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treatment one day, psychosocial interventions should remain the first line given the limitations in
the available evidence.
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Cannabinoid; Meta-analysis; Outcome assessment; Comparative effectiveness

INTRODUCTION

Cannabinoids are the most commonly used illicit recreational drugs worldwide (Brezing

& Levin, 2018; United Nations Office on Drugs and Crime, 2015). In 2017, nearly 3.8%

of the global adult population used cannabis (United Nations Office on Drugs and Crime,
2018). While there is increasing recognition of the adverse consequences of short and
long-term cannabinoid use, there is decreasing public perception of its harms (Sherman &
McRae-Clark, 2016), including cognitive and motor impairment, increased risk of motor
vehicle collisions, altered judgment, chronic respiratory disorders, and psychosis (Volkow et
al., 2014; National Academies of Sciences, Engineering, and Medicine et al., 2017; World
Health Organization & Regional Office for Europe, 2016).

In recognition of these risks, a dependence syndrome involving cannabis has been
recognized in recent decades, including a defined withdrawal syndrome that affects
approximately half of those with regular or dependent use (Bahji et al., 2020; Budney

& Hughes, 2006). The most recent DSM-5 defined cannabis use disorder (CUD) as

a problematic pattern of cannabinoid use leading to clinically significant impairment,
disability or distress (American Psychiatric Association, 2013). There were an estimated
13.1 million people with CUD globally in 2010 (0.19% [0.17-0.21%)]), with peak prevalence
in young males in high income (Degenhardt et al., 2013). Furthermore, it is essential to
recognize that CUD can involve whole, plant-based cannabis from synthetic cannabinoids
and edible preparations. While these agents bind to the same CB1 and CB2 cannabinoid
receptors in the central and peripheral nervous systems, they can have very different effects
and potencies (Bahji & Mazhar, 2016; Bahji & Stephenson, 2019; de Fonseca & Schneider,
2008). As well, the type of cannabinoid involved in a CUD may have important treatment
implications (e.g., interventions that may show promise for smoked cannabis may not extend
towards CUD involving edibles or synthetic preparations). While the risk of CUD varies
among regular cannabis users, with estimates ranging from 8 to 50%, the risk is higher

with daily or near-daily cannabis use, earlier age at initiation of cannabis use, more potent
forms of cannabis (Hasin, 2018). To that end, there is also an increased risk of psychiatric
hospitalization with cannabis use (Bahji, 2020).

Despite the high prevalence and associated consequences of cannabis use, less than one
million individuals received treatment for cannabis dependence in the United States, which
suggests that most of those with CUD are untreated (Sherman & McRae-Clark, 2016;
Substance Abuse and Mental Health Services Administration (SAMHSA), 2015). In Europe,
the EMCDDA has observed increasing numbers of individuals with CUD seeking treatment.
Consequently, many countries in Europe have implemented, expanded or modified national
treatment programmes to serve this population better (European Monitoring Centre for
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Drugs and Drug Addiction, 2015; European Monitoring Centre on Drugs and Drug
Addiction, 2021).

Consequently, there has been a search for effective treatments for CUD. First-line

therapies for CUD are psychosocial, including motivational enhancement treatment (MET),
cognitive behavioural therapy (CBT), and contingency management (CM) (Gates et al.,
2016). A recent review found moderate-quality evidence that those receiving psychosocial
intervention for CUD used cannabis on fewer days than those given inactive control;
however, the evidence’s overall quality and generalizability were limited (Gates et al., 2016).
The most consistent evidence appears to support the use of cognitive-behavioural therapy
(CBT) and motivational enhancement therapy (MET) (Gates et al., 2016). There is also
some evidence that digital interventions can reduce cannabis use outside clinical settings
(Hoch et al., 2016).

Regrettably, access to psychotherapy is often limited, and abstinence rates remain modest
following therapy completion (Gates et al., 2016). A diverse array of psychotropic agents
have shown some therapeutic potential for CUD and CWS in clinical trials, including
selective serotonin reuptake inhibitors (SSRIs), bupropion, nefazodone, venlafaxine, valproic
acid, lithium, and nabilone (Copeland & Swift, 2009; Marshall et al., 2014; National
Academies of Sciences, Engineering, and Medicine et al., 2017; Nielsen et al., 2019).
Nabilone and THC preparations appear to show promise for alleviating CWS, which often
perpetuates continued cannabis use (Bahji & Mazhar, 2016). However, the extent to which
any one of these medications is used in clinical practice outside of research settings is less
clear and only increases the need for improving the search for effective medicines for CUD.
As well, the relative merits of the pharmacological strategies used in the treatment of CUD
remain unclear. Extant trials have been small, and there is a lack of head-to-head studies.
Several previous reviews have attempted to uncover the comparative performance across
studied agents. However, only a few have conducted meta-analyses or directly handled

trial data. While traditional meta-analyses are helpful in this regard, they preclude the
simultaneous comparison of multiple agents. For this reason, most previous reviews of
medications for CUD have concluded that there is incomplete evidence, that the quality of
evidence is low, and that there is a need for further investigation.

Fortunately, a recently-developed approach—network meta-analysis (NMA)—can
potentially address these limitations (Salanti, 2012). Briefly, an NMA is a meta-analysis

of multiple treatments, which was developed to extend pairwise meta-analysis to allow
comparisons of more than two interventions in a single analysis (Dias & Caldwell, 2019).
The advantage over traditional meta-analysis is that NMA can combine direct data within
trials (drug A vs. drug B) as well as indirect data across trials with shared comparators (e.qg.,
drug A vs. placebo in Trial X and drug B vs. placebo in Trial Y) (Rouse et al., 2017). This
strategy preserves randomization and pools sample sizes across small studies to enhance the
analysis’s statistical power (Salanti et al., 2008). To date, there have been no prior NMAs for
the treatment of CUD. Therefore, applying NMA seems appropriate, given the lack of trials
that have directly compared the efficacy of two active medications for CUD.

Int J Drug Policy. Author manuscript; available in PMC 2022 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bahji et al. Page 4

OBJECTIVE

The present study aimed to identify the comparative efficacy and acceptability of
pharmacotherapies for CUD using NMA.

METHODS

Protocol and registration

We registered our review with the Open Science Framework (https://osf.io/yrg59/). We
reported this study’s methods using the PRISMA guidelines and the NMA extension
statement (Hutton et al., 2015; Liberati et al., 2009).

Eligibility criteria
We followed the population-intervention-comparison-outcomes-study design (PICOS)
model for defining our eligibility criteria (Methley et al., 2014):

. Population: adolescents or adults (aged 15 years or older) with a confirmed
CUD diagnosis using a valid diagnostic instrument (e.g., DSM-5 cannabis use
disorder).

. Intervention: any pharmacotherapy delivered as monotherapy or augmentation,

with or without concomitant psychotherapy.

. Comparison: placebo or active comparators.
. Outcomes: described below.
. Study: parallel, randomized, controlled trials; we excluded human laboratory

type studies, crossover trials, non-experimental designs (e.g., case reports,
editorials), and studies where we could not calculate, impute, or obtain missing
outcome data.

Outcome measures

For our primary outcomes, we considered the reduction in cannabis use and the retention in
treatment. We defined reduction in cannabis use as the change from baseline cannabis use,
as determined by individual studies, including grams/day, times/day, times/week, or other
measures. We defined retention in treatment as the proportion of participants who remained
in the trial until the primary study endpoint. For our secondary outcomes, we considered
the frequency of adverse events, discontinuation due to adverse events, abstinence, and
reduced severity of CWS, CUD, or cravings for cannabis. We defined the frequency of
adverse events as the proportion who experienced a treatment-emergent adverse effect. We
defined discontinuation due to adverse events as the proportion who prematurely withdrew
from the study before its primary study endpoint owing to adverse events. We defined
abstinence as the proportion of fully abstinent participants from cannabis by the primary
study endpoint as per both self-report and an objective measure (e.g., negative urine drug
screen). We considered abstinence as a complementary measure to cannabis use reduction
as some trials focus on a harm-reduction model of CUD while others have concentrated

on abstinence-based treatment. Finally, we defined the reduced severity of CWS, CUD,
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or cravings for cannabis as a change in the baseline score on validated cannabis clinical
instruments, such as the Cannabis Withdrawal Scale (Allsop et al., 2011).

Information sources and search

We searched five electronic databases (PubMed, Medline, EMBASE, PsycINFO, and the
Cochrane Central Register) from database inception to November 14, 2019, in consultation
with an experienced health sciences research librarian (Table S1). We applied a limit for
English-language records and human populations. We also searched the reference lists of
included articles and previous reviews.

Study selection

Two reviewers (AB and ACM) used Covidence, a web-based review manager, to
independently screen all records by title and abstract, and subsequently in full-text, against
the eligibility criteria (\Veritas Health Innovation, 2019). We resolved all discrepancies
through consensus.

Data collection process

The same two reviewers (AB and ACM) also used Covidence to extract relevant data from
included records independently. Again, we resolved all discrepancies through consensus.

Data items

Using the PICOS framework, we abstracted the following variables from each including

study:

. Population: sample size, age, sex, CUD diagnosis method, comorbidity status.

. Intervention: type, dose, duration, and frequency of pharmacological agent,
psychotherapy use.

. Comparison: type, dose, duration, and frequency (e.g., placebo vs. active
comparator).

. Outcomes: the measure of cannabis use (e.g., grams per week, joints per day),
retention in treatment, CWS and CUD severity (and relevant instruments), and
other outcomes reported by individual studies.

. Study design: first author, year of publication, trial location, trial setting
(inpatient, outpatient, community), trial length, and follow-up duration (if
applicable).

Summary measures

For continuous outcomes, such as CUD severity and reduction in cannabis use, we
collected the aggregate mean and standard deviation at the end of treatment and calculated
standardized mean differences (SMD) with 95% confidence intervals (ClIs).

However, as the interpretation of the SMD is not straightforward, we offer an example.
For cannabis reduction, the SMD (Cohen’s d) represents the difference between baseline
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frequency of consumption and trial-end frequency of consumption for the treatment group
relative to the difference between baseline frequency of consumption and trial-end frequency
of consumption for the placebo group (d=pexperimental—Hcontrol/SDpooled) (Cohen, 2013).

The advantage of using an SMD over a mean difference (MD) is that it allows for

the pooling of effect sizes across studies that used different instruments to measure the

same outcome measure. For dichotomous outcomes, such as retention in treatment or the
frequency of adverse events, we collected the number of participants with the event of
interest against the total number of participants at the primary study endpoint to calculate
rate ratios (RR) with their 95% Cls. While several studies have opted to use the odds ratio
(OR) rather than the RR, there is no clear advantage to one measure over the other. We opted
to use the RR as it is more straightforward to interpret from laypersons’ standpoint than the
“odds” of an event. For trials where there were 0 events, we imputed continuity corrections
by adding 0.5 to affected outcomes.

Network meta-analysis methods

We used previously-described statistical methods to conduct the present NMA (Bahji et al.,
2020, 2020, 2020; Bahji, Meyyappan, et al., 2020a, 2020b). We performed all quantitative
analyses on an intention-to-treat basis to preserve randomization within studies. We assumed
two-sided P < .05 to indicate the statistical significance and used a frequentist NMA package
(netmeta) to maintain randomized treatment comparisons across trials (Ricker et al., 2019)
in R Studio version 3.5.1 (RStudio Team, 2020). We applied random-effects models due

to the suspected heterogeneity across studies. We also used the R function pairwise to
transform the data set into a contrast-based format for NMA. We also generated P-scores
—included in all network plots—a statistical measure that indicates the certainty that one
treatment is better than the other, averaged over all competing therapies; higher P-scores
suggest that a particular treatment may be more helpful than others.

Assessment of transitivity

The first assumption of NMA (transitivity) is that the trials included in the network are
equivalent, except for the treatment. To that end, the premise of transitivity refers to the
extent of between-study heterogeneity. We first measured transitivity by comparing the trial
and sample characteristics across studies to check for a balanced distribution of potential
moderators, such as trial length, participant age and sex, or comorbidity status (Rouse et al.,
2017). We evaluated heterogeneity crudely using forest plots and quantitatively with the 2
and 12 statistics (Higgins & Thompson, 2002). We considered t2 values less than 0.04, up to
0.09, and greater than 0.16 as low, moderate, and high heterogeneity, respectively (Higgins
& Thompson, 2002). We considered 12 values less than 50%, up to 75%, and more than 75%
as low, moderate, and high heterogeneity, respectively (Cochrane Collaboration, 2014).

Assessment of consistency

The second assumption of NMA (consistency) is that there is an agreement between direct
evidence (i.e., drugs compared within a trial) and indirect evidence (i.e., drugs with shared
comparators across trials). To assess for consistency, we used local and global network

methods (Higgins et al., 2012; Higgins et al., 2003). We used the netsp/it command to split
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direct and indirect evidence, and then we used the decomp.design command to determine
if there was a significant design-by-treatment interaction. These commands allowed us to
compare the estimates from our network to a series of pairwise meta-analyses analyzed
jointly (which is a model that does not assume consistency) (Salanti, 2012). If the trade-off
between model fit and complexity favours the model with assumed consistency, then the
NMA model is compliant with the consistency assumption.

in individual studies

The same two reviewers (AB and ACM) independently appraised the risk of bias in
individual trials using the Cochrane Risk of Bias Tool for randomized controlled trials. We
used Cochrane’s Review Manager to generate a coloured risk of bias graph (The Cochrane
Collaboration, 2014). We assigned a rating of “low,” “high,” or “unclear” risk to each of
seven bias domains (randomization, allocation concealment, participant blinding, researcher
blinding, selective reporting, attrition, and other risks of bias). We also created an “overall”
risk of bias rating by examining the composite performance across the seven domains.

across studies

We assessed publication bias by evaluating funnel plots, which graphically depict effect
sizes for individual agents against the pooled effect size’s standard error. When funnel

plots are asymmetrical, this often results from the non-publication of small trials with
negative results, which would typically have larger standard errors. To measure funnel plot
asymmetry, we examined graphs crudely and a statistical battery, including the Egger’s,
Begg-Mazumdar’s, and Thompson-Sharp’s tests (Egger et al., 1997). However, other factors,
such as differences in trial quality or heterogeneity, can also produce asymmetry in funnel
plots.

Additional analyses

RESULTS

As a post-hoc sensitivity analysis, we evaluated the results after removing studies with a
high risk of bias.

Study selection

The systematic search provided a total of 945 citations (Fig. 1). We identified an additional
18 reports from two previous review articles. After adjusting for duplicates, 871 remained,
from which we discarded 833 studies after the title and abstract screening. After full-text
review, 24 studies met the final inclusion criteria for the systematic review (Allsop et al.,
2014; Carpenter et al., 2009; Cornelius et al., 1999, 2010; D’Souza et al., 2019; Gray et al.,
2012, 2017; Hill et al., 2017; Johnston et al., 2014; Levin et al., 2004; Levin et al., 2011,
2013, 2016; Lintzeris et al., 2002; Mason et al., 2012; McRae-Clark et al., 2009, 2010, 2015,
2016; Miranda et al., 2017; Penetar et al., 2012; Sherman et al., 2017; Trigo et al., 2018;
Weinstein et al. 2014).

Int J Drug Policy. Author manuscript; available in PMC 2022 November 01.
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Study characteristics

The 24 trials were diverse regarding study design, outcomes, population characteristics, and
interventions (Table 1). The median trial duration was 12 weeks (range: 1 to 13 weeks).
Three studies involved post-intervention follow-up, ranging from 4 to 13 weeks (Allsop et
al., 2014; Johnston et al., 2014; Weinstein et al., 2014). Most trials occurred in outpatient
settings; however, three involved inpatients (Allsop et al., 2014; Cornelius et al., 1999;
Johnston et al., 2014), and one was mixed (Lintzeris et al., 2019). The most common study
funders were the American National Institutes of Health (n=19) and the Australian National
Health and Medical Research Council (n=3).

Across studies, there were 1912 individuals: 986 received active pharmacotherapy while the
rest received a placebo. The majority were male (n=1432, 74.9%). The mean age was 30.2
years (SD=5.7 years). Primarily, participants received a diagnosis of DSM-IV-TR cannabis
dependence. However, one study (Cornelius et al., 1999) required a DSM-111-R diagnosis

of marijuana dependence, and another (Lintzeris et al., 2019) used the ICD-10 for CUD
diagnosis. Although the majority of studies excluded participants with psychiatric or medical
comorbidity, eight studies included individuals with co-occurring conditions, including
major depressive disorder (Carpenter et al., 2009; Cornelius et al., 1999, 2010; Levin et

al., 2011, 2013), ADHD (McRae-Clark et al., 2010), alcohol use disorder (Cornelius et al.,
1999), and a mixture of different anxiety and mood disorders (Gray et al., 2012; Levin et al.,
2004).

All studies involved a placebo comparator. The studied agents were atomoxetine (McRae-
Clark et al., 2010), bupropion sustained-release (Carpenter et al., 2009; Penetar et al.,

2012), buspirone (McRae-Clark et al., 2009, 2015), divalproex sodium (Levin et al., 2004),
dronabinol (Levin et al., 2011), dronabinol with lofexidine (Levin et al., 2016), escitalopram
(Weinstein et al., 2014), the fatty-acid amyl hydroxylase (FAAH) inhibitor PF-04457845
(D’Souza et al., 2019), fluoxetine (Cornelius et al., 1999, 2010), gabapentin (Mason et al.,
2012), lithium (Johnston et al., 2014), N-acetylcysteine (Gray et al., 2012, 2017), nabilone
(Hill et al., 2017), nabiximols (Allsop et al., 2014; Lintzeris et al., 2019; Trigo et al., 2018),
nefazodone (Carpenter et al., 2009), oxytocin (Sherman et al., 2017), topiramate (Miranda et
al., 2017), venlafaxine extended-release (Levin et al., 2013), and vilazodone (McRae-Clark
etal., 2016) (Fig. 2). All but one study (D’Souza et al., 2019) included an adjunctive
psychosocial therapy: MET (Cornelius et al., 2010; Levin et al., 2011, 2016; McRae-Clark et
al., 2009, 2010, 2015, 2016; Miranda et al., 2017; Penetar et al., 2012; Sherman et al., 2017;
Trigo et al., 2018; Weinstein et al., 2014), CBT (Cornelius et al., 2010; Levin et al., 2013;
Weinstein et al., 2014), coping skills groups (Carpenter et al., 2009), addictions counselling
(Gray et al., 2012; Johnston et al., 2014; Lintzeris et al., 2019; Mason et al., 2012), relapse
prevention therapy (Johnston et al., 2014; Levin et al., 2011, 2016; Levin et al., 2004), and
contingency management (Gray et al., 2012, 2017).

Primary outcomes (Table 2, Fig. 3)

Only nabilone (SMD = -4.47 [-8.15; —0.79]), topiramate (SMD = -3.80 [-7.06; —0.54]),
and FAAH-inhibitors (SMD = -2.30 [-4.75; 0.15]) were associated with significant
reductions in cannabis use. Overall, this outcome was highly heterogeneous (t2 = 2.59;
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12 = 95.5%). Dronabinol appeared to improve retention in treatment relative to placebo (RR
=1.27 [1.02; 1.57]), while topiramate worsened retention in treatment (RR = 0.62 [0.42;
0.91]). Conversely, we observed low heterogeneity in retention in treatment (zt2 =0; 12 =
0%).

Secondary outcomes (Table 2, Table S22)

Risk of bias

Adverse Events.—While buspirone (RR = 1.14 [1.00; 1.29]), venlafaxine extended-
release (RR = 1.78 [1.40; 2.26]), and topiramate (RR = 9.10 [1.27; 65.11]) were associated
with significantly more adverse events, only topiramate was associated with significantly
more dropouts due to adverse events (RR = 9.10 [1.27; 65.11]). Overall, this outcome
demonstrated low heterogeneity (t2 = 0; 12 = 0%).

Abstinence.—Most trials reporting abstinence included subjective (e.qg., self-reported
cannabis use) and objective measures (e.g., urine drug screen for cannabinoids) of cannabis
cessation. Venlafaxine extended-release was associated with worse abstinence (RR = 0.32
[0.11; 0.90]). However, no pharmacotherapies improved abstinence. Heterogeneity and
inconsistency measures were low (t2 = 0.10; 12 = 32.9%).

Cannabis withdrawal.—Instruments for measuring withdrawal included the Snaith
Irritability Scale (Snaith et al., 1978), the Cannabis Withdrawal Scale (Allsop et al., 2011),
and the Marijuana Withdrawal Checklist (Bonnet & Preuss, 2017). None of the investigated
pharmacotherapies were significantly better than placebo at reducing the severity of
cannabis withdrawal. Overall, this outcome demonstrated high heterogeneity (t2 = 0.45

12 = 84.8%)

Cannabis use disorder severity.—CUD severity was variably defined, using measures
such as the Clinical Global Impression (Carpenter et al., 2009), the Global Assessment of
Severity (Cornelius et al., 1999), the Severity of Dependence Scale (Allsop et al., 2014;
Johnston et al., 2014), and the frequency of DSM criteria for either cannabis abuse or
dependence diagnosis (Cornelius et al., 2010). None of the medications reduced the severity
of CUD. Heterogeneity and inconsistency measures were moderate (t2 = 0.32; 12 = 71.2%).

Cannabis cravings.—The severity of cannabis cravings was most frequently measured
using the Marijuana Cravings Questionnaire (S. J. Heishman et al., 2001; Heishman

et al., 2009). The only pharmacotherapy to significantly reduce cannabis cravings was
gabapentin (SMD = -2.42 [-3.53; —1.32]), while vilazodone significantly worsened cravings
for cannabis (SMD = 1.69 [0.71; 2.66]). Overall, this outcome demonstrated moderate
heterogeneity and low inconsistency (t2 = 0.17; 12 = 73.9%).

within studies

The risk of bias across rated as high for three studies, unclear for six, and low for the
remainder (Table S3). Four trials (Allsop et al., 2014; D’Souza et al., 2019; Gray et al.,
2012; Weinstein et al., 2014) disclosed pharmaceutical company support, primarily for study
drugs; however, two trials did not report their source of funding (Cornelius et al., 2010;
Levin et al., 2011). Most trials reported their trial protocols and registration details (n=14).
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Nearly all studies endorsed double-blinding; however, three studies did not describe their
blinding methods (Hill et al., 2017; McRae-Clark et al., 2016; Sherman et al., 2017).

Risk of bias across studies

There was moderate evidence of publication bias for the reduction in cannabis use,

with Egger’s test (p=0.04) and the Thompson-Sharp test (p=0.01) indicating funnel plot
asymmetry (Table S4). However, there was insufficient evidence for publication bias for the
remaining outcomes—retention in treatment, adverse events, cannabis withdrawal, cannabis
cravings, abstinence.

Additional analyses

As a post-hoc sensitivity analysis, we evaluated the results after removing studies that had
scored highly on the Cochrane Risk of Bias Tool (Table S5). The overall findings were
largely unchanged for most network meta-analyses outcomes. For example, venlafaxine
extended-release was still associated with worse abstinence (RR = 0.32 [0.11; 0.90]), while
topiramate still led to higher adverse events (RR = 9.10 [1.27; 65.11]). As well, the same
three agents—nabilone (SMD = —4.47 [-8.15; —0.79]), topiramate (SMD = -3.80 [7.06;
-0.54]), and FAAH-inhibitors (SMD = -2.30 [-4.75; 0.15])—were still associated with
reduction in cannabis.

DISCUSSION

To our knowledge, this is the first systematic review and NMA exploring medications for
CUD. Specific agents appeared to show some benefit for particular aspects of CUD. For
example, nabilone reduced cannabis use, dronabinol improved retention in treatment, and
gabapentin reduced cravings. However, caution is warranted in interpreting these results

as most of the investigated agents, such as dronabinol and buspirone, had very low

effects, often approaching the null-effect. Conversely, some medications, like topiramate,
venlafaxine, and vilazodone, worsened treatment outcomes. There were no effective agents
identified for reducing CWS or overall CUD severity.

Several previous reviews have examined CUD treatments (Bahji & Mazhar, 2016;
Benyamina et al., 2008; Marshall, 2008; Nielsen et al., 2019). As there appear to be

multiple neurotransmitter systems involved in the neurobiology of CUD and CWS, it is

not surprising that there may be a potential role for various pharmacological therapies
targeting multiple receptor agonism/antagonism pathways. We have summarized some of the
possible therapeutic mechanisms for the agents explored in this review as CUD treatments

in Table S6. For example, CB1 and CB2 cannabinoid-receptor modulators, like nabilone and
dronabinol may mitigate the extent of cannabis withdrawal. In contrast, antidepressants—
like fluoxetine, venlafaxine, and vilazodone—may reduce depression and anxiety symptoms
and improve sleep during cannabis withdrawal.

In the present review, cannabinoid-receptor modulators—such as dronabinol, nabilone, and
nabiximols—seemed to demonstrate the most consistent evidence for both efficacy and
safety-related outcomes in combination with psychosocial treatments. While we found
more consistent evidence for THC-containing preparations than other pharmacotherapies—
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which has been a finding of previous reviews of cannabinoid replacement therapies for
CUD (Bahji & Mazhar, 2016)—we must be cautious regarding these conclusions given
the limited yield and quality of studies for any individual agent. As with any treatment,

the potential for risks must be weighed against any potential benefit. For example, as

most cannabinoid agonists produce cognitive deficits, this may limit the tolerability of
THC-containing preparations to treat CUD or to augment psychosocial intervention. To
that end, the utilization of cannabinoids as treatments for psychiatric disorders has been
controversial, primarily because of the limited evidence. For example, while cannabinoids
are frequently used as anxiolytics, there is little evidence to support their utilization in

this context (Bahji, Meyyappan, et al., 2020b; Tibbo et al., 2020). While there remains a
need for additional research to solidify these early findings, several recent studies appear
to support our results, such as one study demonstrating that chronic dronabinol dosing

can reduce cannabis self-administration among daily cannabis users and suppress cannabis
withdrawal symptoms (Schlienz et al., 2018). A recent trial not included in this review found
preliminary evidence that cannabidiol, at doses of 400 to 800 mg per day, led to small
improvements in the number of abstinent days from cannabis (Freeman et al., 2020).

Strengths and Limitations

While our study has several strengths, including the breadth of pharmacotherapies
considered and our analytic approach’s novelty, there are some limitations. The diverse
ways in which trials measured outcomes impacted our analysis and results. For example,
the Hill et al. (2017) trial assessed cannabis use as self-reported inhalations per day,
while the Miranda et al. (2017) assessed cannabis use as grams per usage. While our
analyses used standardization, this does not entirely remove the effects of different
operationalization of outcomes. The relationship between the trial length and the frequency
of measurement for specific outcomes, such as abstinence, could also affect the ability to
compare data across trials. While the random-effects model’s application helped address
these sources of heterogeneity, specific outcomes were left relatively underpowered for
detecting significance.

Our study’s conclusions depend on the NMA model’s validity, contingent upon satisfying
the transitivity and consistency assumptions. When trials use different medications to

match different levels of CUD severity, this violates the transitivity assumption. Therefore,
studies examining first-line treatment would not include combination therapies, and
including combination treatments in an NMA of first-line treatments would introduce
intransitivity. Currently, medication-based treatment protocols for CUD are not standardized;
however, they may become standardized in this type of hierarchical, severity-based fashion.
Consequently, this may inform future RCTs’ conduct, in which potential participants are
screened out based on the severity of CUD to match them to one particular type of
medication.

Furthermore, systematic differences in comorbidity across trials may have contributed to
intransitivity. For example, participants with major depression may have been more likely to
be on an antidepressant. Participants with CUD who are not depressed may have tended to
do better in treatment than those with comorbid CUD and depression. If there is a systematic
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selection of those with comorbid CUD and MDD into the antidepressant trials and away
from the cannabinoid medication trials, that would tend to “water-down” the effect size.
Furthermore, the CUD diagnostic criteria for adolescent trials are less stringent than the
CUD diagnostic criteria for adult trials, often because the diagnostic interview protocols are
different for adolescents. To that end, this may have caused an inadvertent violation of the
transitivity assumption, which may imply that separate analyses of adult and adolescent data
are warranted.

For some outcomes, our NMA was potentially underpowered to detect statistical
significance, such as the overall reduction in the severity of cannabis dependence, because
only six studies collected data on this measure. While our eligibility criteria included
non-placebo-controlled trials (e.g., trials involving an active comparator), we did not identify
any such studies, which may have hindered our pooled sample sizes for specific outcome
measures. For some of the comparisons for continuous outcomes, only a handful of trials
contributed evidence, and often, there were discrepant findings across outcomes with the
same agent. For example, topiramate reduced cannabis use but also caused more adverse
effects and premature study withdrawals.

Due to the overrepresentation of young Caucasian males, our review’s findings are less
generalizable to other populations. Our results are also limited to smoked, plant-based
cannabinoids, as we did not find any studies where individuals had CUD involving edibles
or synthetic cannabinoids. We also detected publication bias in the network estimate to
reduce cannabis use, suggesting an inflated effect size. With that said, our funnel plots
combined all medications, which assumes the drugs have the same (or random) effects.

Future studies

Future studies could explore functional (rather than absolute) outcomes that correlate with
meaningful reductions in cannabis use. Combining clinical and biological measures could
create composite CUD outcomes. More trials are needed, particularly head-to-head studies.
Real-world measures of CUD treatment effectiveness might be possible through leveraging
administration datasets. In parallel, research exploring the molecular mechanisms of these
diverse agents may help us refine our understanding of the pathophysiology of CUD and
its treatment. For example, the differential activation and involvement of CB1 and CB2
receptors may help determine which patients are better suited for particular THC-containing
preparations given the inconsistencies in responses to nabilone, nabiximols, dronabinol,
and FAAH-inhibitors. There is also a need to explore CUD treatment among previously
understudied populations, such as women, individuals with comorbid conditions, and older
adults.

CONCLUSIONS

Based on this review, some medications appeared to show promise for treating individual
aspects of CUD. However, there is a lack of robust evidence to support any particular
pharmacological treatment. There is a need for additional studies to expand the evidence
base for CUD pharmacotherapy. While medication strategies may become an integral
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component for CUD treatment one day, psychosocial interventions should remain the first
line given the limitations in the available evidence.
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Figure 1.
PRISMA flow diagram of study selection.
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Dronabinol Divalproex Sodium

Dronabinol/Lofexidine Cannabidiol
Buspirone

Escitalopram
Bupropion SR

FAAH-inhibitor
Atomoxetine
Fluoxetine
Vilazodone
Gabapentin
Venlafaxine XR
Lithium

Topiramate
N-acetylcysteine

Placebo
Nabilone )
Oxytocin

Nabiximols Nefazodon

*Line thickness corresponds to the number of comparisons.
*FAAH = fatty acid amyl hydroxylase

*SR = sustained release

*XR = extended release

Figure 2.
Network plot of agents included in the network meta-analysis.
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Contrast Direct

to Placebo  Comparisons Random Effects Model SMD 95%-Cl P-Score
Nabilone 1.00 ———— -4 47 [-8.15; -0.79] 0.86
Topiramate 1.00 ———— -3.80 [-7.06; -0.54] 0.80
FAAH-inhibitor 1.00 ——s——o -3.60 [-6.86; -0.35] 0.77
Fluoxetine 2.00 —8— -2.30 [-4.75; 0.15] 0.61
Nabiximols 3.00 —T -1.45 [-3.32; 0.41] 0.47
Gabapentin 1.00 — -0.88 [-4.09; 2.33] 0.38
Lithium 1.00 —— -0.43 [-3.65; 2.80] 0.31
Oxytocin 1.00 | ——-'—I 1.15 [-2.19; 4.48)] 0.11

-5 0 5

Standardized mean difference for cannabis use

Contrast Direct

to Placebo Comparisons Random Effects Model RR 95%-C| P-Score
Topiramate 1.00 0.62 [0.42; 0.91] 0.89
Escitalopram 1.00 0.63 [0.35; 1.11] 0.85
Gabapentin 1.00 0.64 [0.30; 1.37] 0.80
Vilazodone 1.00 0.70 [0.41; 1.21) 0.78
Nabilone 1.00 0.80 [0.42; 1.52] 0.66
Dronabinol/Lofexidine 1.00 0.88 [0.68; 1.15] 0.63
Oxytocin 1.00 0.86 [0.53; 1.38) 0.62
Buspirone 2.00 — 0.96 [0.74; 1.23] 0.52
Venlafaxine XR 1.00 0.96 [0.71; 1.30] 0.51
FAAH-inhibitor 1.00 —— 0.99 [0.79; 1.24) 0.47
Fluoxetine 2.00 o= 1.00 [0.89; 1.11] 0.46
Bupropion SR 2.00 1.06 [0.67; 1.67] 0.39
Divalproex Sodium 1.00 1.15 [0.40; 3.31] 0.37
N-acetylcysteine 2.00 - 1.06 [0.93; 1.21) 0.34
Nefazodone 1.00 1.13 [0.69; 1.83] 0.32
Lithium 1.00 - 1.12 [0.79; 1.58] 0.31
Atomoxetine 1.00 1.29 [0.60; 2.74) 0.25
Nabiximols 3.00 -+ 1.15 [0.92; 1.42) 0.25
Dronabinol 1.00 | —— | 1.27 [1.02; 1.57] 0.14

0.5 1 2

Rate ratio for retention in treatment

Figure 3.
Forest plots of network meta-analyses for reducing cannabis use (top) and retention in

treatment (bottom).
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