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Abstract

Background—The purpose of this study was to evaluate the efficacy of buspirone, a partial 5-

HT1A agonist, for treatment of cannabis dependence.

Methods—One hundred seventy-five cannabis-dependent adults were randomized to receive 

either up to 60 mg/day of buspirone (n=88) or placebo (n=87) for twelve weeks combined with a 

brief motivational enhancement therapy intervention and contingency management to encourage 

study retention. Cannabis use outcomes were assessed via weekly urine cannabinoid tests; 

secondary outcomes included cannabis craving, cannabis withdrawal symptoms, and clinician 

ratings of symptom severity.

Results—Participants in both groups reported reduced cannabis craving over the course of the 

study; however, buspirone provided no advantage over placebo in reducing cannabis use. 

Significant gender by treatment interaction were observed, with women randomized to buspirone 

having fewer negative urine cannabinoid tests than women randomized to placebo (p=0.007), and 

men randomized to buspirone having significantly lower creatinine adjusted cannabinoid levels as 

compared to those randomized to placebo (p=0.023). An evaluation of serotonin allelic variations 

did not find an association with buspirone treatment response.

Conclusions—Buspirone was not more efficacious than placebo in reducing cannabis use. 

Important gender differences were noted, with women having worse cannabis use outcomes with 

buspirone treatment. Considerations for future medication trials in this challenging population are 

discussed.
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1. Introduction

The 2013 National Survey on Drug Use and Health indicates that more than 114.7 million 

Americans 12 years of age or older have tried cannabis at least once in their lifetime and 

almost 32.9 million have used cannabis in the past year (SAMHSA, 2014). It is estimated 

that approximately 10% of individuals who ever use cannabis become daily users, and 

lifetime prevalence rates of cannabis dependence have been estimated at 1-4% of the 

population (Anthony et al., 1994; Anthony and Helzer, 1991; Stinson et al., 2006). In 2013, 

nearly one million Americans received treatment for cannabis-related problems (SAMHSA, 

2014). Although a high demand for effective interventions exists, few specific treatments 

have been developed for cannabis use disorders. Further, the treatments that have been 

examined have limited efficacy, with few individuals achieving abstinence (Compton and 

Pringle, 2004; Kadden et al., 2007; McRae et al., 2003; Nordstrom and Levin, 2007; 

Vandrey and Haney, 2009). As such, there is significant interest in exploring new strategies 

to improve treatment outcomes. In particular, the role that medications may play in the 

treatment of cannabis use disorders has become an active area of research (Levin et al., 

2011; Gray et al., 2012; Mason et al., 2012).

Serotonin (5-HT) is implicated in a variety of neuropsychiatric behaviors, and a growing 

body of evidence implicates cannabinoid interactions with the serotonin neurotransmitter 

system. Serotonin release is diminished by cannabinoid receptor agonists (Nakazi et al, 

2000); conversely, cannabinoid antagonists stimulate 5-HT release (Darmani et al, 2003). 

The anxiolytic and antidepressant effects of cannabidiol, a major component of cannabis, 

have been shown to be mediated by 5-HT1A receptors (Gomes et al, 2011; Zanelati et al, 

2010). Administration of a synthetic cannabinoid agonist decreases both pre- and post-

synaptic 5-HT1A receptor activity (Hill et al., 2006). Fluoxetine, a serotonin reuptake 

inhibitor, likely modulates CB1 receptor-mediated inhibition of adenyl cyclase through 5-

HT1A receptor-dependent mechanisms (Mato et al, 2010). These findings support that 

serotonergic medications, and particularly those with activity at the 5-HT1A receptor, may 

have promise in the treatment of cannabis dependence.

Further, functional polymorphisms of the 5-HT1A receptor may be involved in response to 

treatment, and, as such, a patient's genotype may serve as a biomarker for treatment 

outcomes. David et al (2008) studied three major serotonin-related polymorphisms and 

identified the (-1019) SNP as a major variant. Genotyping of 792 subjects (58% female) 

identified the CC, CG, and GG allelic variants with a frequency of 23%, 50%, and 27%, 

respectively. Of clinical relevance, previous reports have identified that the HTR1A-1019G 

allele is associated with decreased transcriptional efficiency, and have also shown an 

association with major depression and suicide (Lemonde et al, 2003). Boldrini et al (2008) 

found an increase in 5-HT1A autoreceptors in postmortem brain samples of depressed 

suicide patients compared with normal controls. In addition, PET analyses have found 
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decreased 5-HT1A binding potential in depressed patients compared to controls (Drevets et 

al, 2007). A review of studies of the association of C(-1019)G polymorphism with treatment 

response to SSRIs or antipsychotics found positive associations in 6 reports (Le Francois et 

al, 2008). Therefore, as chronic cannabis use has been shown to affect 5-HT 

neurotransmission and alters 5-HT1A activity and the C(-1019)G variant has been 

associated with depression and response to treatment, genotyping of the 5-HT1A C(-1019)G 

variant may provide valuable insight into treatment of cannabis-related disorders.

Buspirone, a partial 5-HT1A agonist, is a nonbenzodiazepine anxiolytic that has little or no 

abuse potential (Lader et al, 1991). Given this activity, buspirone could be a potential 

medication candidate for treatment of cannabis use disorders. Further, the anxiolytic effects 

of buspirone may be helpful in preventing relapse to cannabis use, as high anxiety scores 

have been correlated with increased cannabis withdrawal (Budney et al., 1999), anxiety has 

been shown to be related to use of cannabis to cope with negative affect (Buckner et al., 

2007; Zvolensky et al., 2009), and reduction in anxiety has been associated with reductions 

in cannabis use (Buckner and Carroll, 2010). In a pilot study in cannabis-dependent 

individuals, buspirone reduced the percentage of positive urine cannabinoid tests (UCTs) 

among treatment completers, and a trend was observed for a lower percentage of positive 

UCTs in the entire sample (McRae-Clark et al, 2009). The purpose of this study was to 

further explore these promising preliminary findings and the impact of serotonin allelic 

variation on buspirone treatment response in a larger clinical trial.

2. Material and Methods

This study was a 12-week, double-blind, placebo-controlled trial (NCT00875836) of a 

flexible dose of buspirone (up to 60 mg/day) in cannabis-dependent individuals conducted 

between November, 2009 and March, 2014. Participants were primarily recruited through 

media and internet advertisements. All procedures were conducted in accordance with Good 

Clinical Practice Guidelines and the Declaration of Helsinki and received approval from the 

Medical University of South Carolina Institutional Review Board. All participants gave 

written, informed consent prior to study participation.

Eligible participants were between 18 and 65 years of age and meet DSM-IV criteria for 

current cannabis dependence. Exclusion criteria included current dependence on any other 

substance (with the exception of caffeine and nicotine), history of psychotic, bipolar or 

eating disorder, current suicidal or homicidal risk, current major depression, current 

treatment with psychoactive medication (with the exception of stimulants and non-

benzodiazepine sedative/hypnotics), major medical illness or disease, significant cognitive 

impairment, hypersensitivity to buspirone or other product component, current consumption 

of substances that inhibit or induce CYP3A4, and pregnancy, lactation or inadequate birth 

control. All potential participants received an evaluation for medical exclusions. The 

medical evaluation included a medical history, routine physical examination, blood 

chemistries, urine drug screen, and urine pregnancy test if indicated.

The Structured Clinical Interview for DSM-IV (SCID-IV) (First, et al., 2002) was used to 

assess for psychiatric exclusions. Self-report cannabis use for the 90 days prior to study 
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entry was estimated using the Time-Line Follow-Back (TLFB; Sobell and Sobell, 1978). 

Levels of cannabis craving were assessed at screening and weekly using the Marijuana 

Craving Questionnaire (Heishman et al., 2001). The Hamilton Anxiety Scale (HAM-A; 

Hamilton, 1959) and was administered at screening and weeks 1, 3, 4, 6, 8, and 12. Semi-

quantitative UCTs were administered at screening and weekly throughout the study. UCTs 

were performed using the AXSSYM® system from Abbott Laboratories.

Both groups received adjunctive motivational enhancement therapy sessions (MET) during 

the first four weeks of the treatment period. Participants completed a series of initial 

worksheets (Steinberg et al., 2005) from which personalized feedback reports (PFRs) were 

prepared. These PFRs were used to initiate session discussion regarding participants' 

frequency of cannabis use, problems related to use, reasons for quitting use, high risk 

situations for continued or future use, and short and long-term goals related to reduction of 

use. The first MET session occurred prior to medication initiation and a second session 

occurred approximately one week later; a third session occurred at week 4.

Stratified randomization (Stout et al., 1994) was used to determine treatment assignment. 

The stratified randomization variables used were gender and amount of daily cannabis use 

(less than one joint or one joint and above). Buspirone and placebo tablets were packaged in 

identical opaque gelatin capsules with lactose, as well as riboflavin powder to allow for 

compliance monitoring. Medication dosage was initiated at 5 mg buspirone or placebo twice 

daily and increased by 5-10 mg every three to four days as tolerated, to a maximum dose of 

60 mg daily. Medication side effects were evaluated weekly by a clinician by asking the 

participant open-ended questions such as “Have you had any problems or side effects since 

we saw you last (such as cold, flu, nausea, headache, or any other problem)?” The type of 

adverse event, severity of adverse event, relationship to study medication, action taken, and 

outcome were recorded. In addition to urine riboflavin measurement, compliance was also 

reviewed weekly using participant report and pill count.

Participants received nominal weekly compensation for returned medication diaries, pill 

bottles, and unused pills ($10). In order to improve study retention, contingency 

management (CM) was used to reward weekly visit attendance. Participants received an 

escalating cash incentive starting at $5 and increasing by $5 each week, beginning at week 

1, with any missed weekly visit resulting in a reset of the cash incentive to $5. In addition, 

participants received cash bonuses for completing week 1 ($20) and week 12 ($40). A 12 

week study period was chosen given the delayed onset of action of buspirone (i.e., a lag time 

of up to two weeks) in treatment of anxiety disorders (Goa and Ward, 1986).

2.1. Statistical Analysis

The primary hypothesis was that participants randomized to receive buspirone would have 

increased odds of submitting negative weekly UCTs during study treatment as compared to 

those randomized to placebo. An intent-to-treat approach including all randomized 

participants was used as the primary analysis (3 participants are missing genotype data and 

are not in genotype analysis). In the intent-to-treat analysis, those lost to follow-up or 

missing study data were coded as having positive UCTs at all missing visits.
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The study was powered to detect a 29% rate of negative UCTs in participants receiving 

buspirone, compared with 11% in participants receiving placebo. These estimates were 

derived from our prior pilot trial of buspirone (McRae et al., 2009) targeting cannabis 

dependence. Setting the type I error rate to 0.05, a sample of 88 participants per treatment 

group was deemed necessary to yield 90% power to detect this effect after accounting for a 

20% study attrition rate.

Standard descriptive statistics were used to summarize baseline demographic and clinical 

data. A Wilcoxon Rank sum test was used to evaluate continuous measures between 

treatment groups while the normal Pearson Chi-Square test was used to assess the 

relationship for categorical and ordinal variables (Fisher's exact test was used where 

appropriate). The efficacy of buspirone versus placebo on abstinence (defined as a negative 

UCT) from cannabis was analyzed over the 12-week treatment period. A repeated measures 

logistic regression model using the methods of generalized estimating equations (Zeger and 

Liang, 1986) was applied to assess the overall effect of buspirone on UCT results during 

active treatment. Working correlation structures were independently compared and the final 

model structure was chosen using the quasi-likelihood under the independence model 

criterion statistic (Pan, 2001). Similarly, creatinine adjusted cannabinoid levels were 

examined during treatment between groups using a linear mixed effects model. Cannabinoid 

levels were measured weekly and adjusted for concurrently measured creatinine levels. Due 

to non-normality of model residuals, cannabinoid-creatinine ratios were natural logarithm 

transformed. Treatment efficacy models were expanded to assess the effect of 5-HT1A 

receptor polymorphism on treatment response to buspirone; primarily tested was the effect 

of the functionally deficient C(-1019)G polymorphism in the promoter region of the human 

5-HT1A receptor gene.

Additionally, a pre-planned logistic regression model was used to analyze the odds of a 

negative UCT at the end of the treatment phase of the study (Week 12 study visit) using the 

intent-to-treat sample (n=175). Mixed effect regression models were used to assess the 

longitudinal effect of buspirone treatment on craving (as measured by the MCQ). Design 

adjusted study models contained randomized treatment assignment and study visit. Baseline 

demographic and clinical characteristics were independently tested for association with 

efficacy outcome and those that may be associated were included as initial predictors 

(p<0.10) in covariate adjusted models.

All statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc. Cary, NC, 

USA). Results from categorical outcomes are presented as odds ratios/hazard ratios with 

95% confidence intervals (CI) while results from continuous outcomes are presented as 

means and associated standard errors as well as mean group differences. Significance was 

set at a 2-sided p-value of 0.05.

3. Results

3.1. Enrollment and Baseline Data

Participants were enrolled between December, 2009 and March, 2014. Two hundred eighty-

three individuals were assessed for eligibility, and one hundred eight (38%) were excluded 
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(Figure 1). Demographic and baseline characteristics for randomized participants are 

presented in Table 1. The randomized participants (n=175) were on average 24 years old 

(95% CI: 23.1-25.0), were predominately male (n=134, 77%) and Caucasian (n=112, 64%). 

There were no significant between-group differences in demographics, baseline clinical 

measures, or cannabis use variables. There was a moderately higher proportion of 

participants with negative UCTs at baseline in the group randomized to receive buspirone as 

compared to those randomized to receive placebo (n=8, 9.1% vs. n=2, 2.3%, p=0.053). In 

the analysis of the association between baseline demographic and clinical characteristics 

with study abstinence, the reported average cannabis use sessions per day and the average 

reported number of joints/bowls per day were associated with study outcomes. Participants 

with an increased number of sessions per day and joints smoked per day prior to study entry 

were less likely to achieve point prevalence abstinence during the treatment phase of the 

study [χ2
1=10.5, p<0.01 and χ2

1=3.5, p=0.06, respectively]. Additionally, the proportion of 

days using in the 90 days prior to study entry (via TLFB) was associated with decreased 

odds of abstinence during the study [χ2
1=9.7, p<0.01]. Thus, covariate adjusted models 

contain baseline UCT results, percentage of using days prior to study entry, and baseline 

sessions of cannabis use per day.

3.2. Primary Efficacy Results

The proportion of negative UCTs in the buspirone and placebo groups at each visit is shown 

in Figure 2a (Intent-to-treat data). The overall proportion of negative weekly UCT was 7.2% 

(n=76/1056) in the buspirone group and 6.4% (n=64/1044) in the placebo group. A total of 

20.6% (36/175) of the randomized participants had at least one negative UCT during the 

treatment portion of the study. There was no difference in this proportion between the 

buspirone and placebo groups [Buspirone: 21.6%, n=19 vs. Placebo 19.5%, n=17; χ2
1=0.1, 

p=0.74]. In the design adjusted analysis model, there was no significant effect of buspirone 

on the proportion of negative weekly UCTs [OR (95% CI)=1.09 (0.45-2.61), χ2
1=0.03, 

p=0.86] nor was there any differential response over time [Treatment × Visit; χ2
11=10.4, 

p=0.49]. In the covariate adjusted models, the treatment effect of buspirone on abstinence 

from cannabis remained insignificant [OR=0.75 (0.29-1.92), χ2
1=0.37, p=0.54]. In addition 

to the intent-to-treat analysis, a sensitivity analysis was performed to examine the effects of 

attrition and missed study visits imputation methods on study parameter estimates (Table 2). 

In the two analysis models using imputed data sets (ITT and modified ITT), parameter 

estimates and confidence intervals were stable across methods. In the two analysis models 

using data sets with available data (all available and study completers), parameter estimates 

and confidence intervals were also consistent across methods.

In the analysis of the proportion of negative weekly UCTs in available data from those that 

completed the study, there was no difference between the buspirone and placebo randomized 

groups [OR=1.66 (0.59-4.64), χ2
1=0.9, p=0.33]. End of study abstinence was assessed in all 

randomized patients at the week 12 study visit. Eight of the 88 randomized participants in 

the buspirone group and four of the 87 placebo participants submitted negative UCTs 

[Adjusted OR=2.08 (0.60-7.17), χ2
1=1.3, p=0.25]. Weekly creatinine adjusted cannabinoid 

levels are shown in Figure 3a. There was no significant treatment effect on the cannabinoid 
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levels between the participants randomized to buspirone as compared to placebo [ß=-0.24 

(-0.57, 0.09), t137=-1.43, p=0.15].

The Marijuana Craving Questionnaire (MCQ) was administered at study entry and at all 

study visits. Data were analyzed on all data from the modified intent to treat sample that had 

at least one reported measured during study treatment. Craving as measured by the MCQ 

total score decreased significantly during the course of treatment (Visit 1=36.3±0.9 vs. Visit 

12=24.1±1.3; f11,139=10.2; p<0.001) but was not significantly affected by treatment with 

buspirone as compared to placebo (f1,139=1.64; p=0.20). Participants who attained 

abstinence from cannabis did have moderately lower reported craving than those who did 

not attain abstinence (f1,139=8.28; p<0.01).

3.3. Effects of Gender on Efficacy

Following the primary efficacy analysis, the modifying effects of gender on negative UCTs 

and cannabinoid levels by treatment group were assessed. There was a significant gender by 

treatment group interaction indicating that the effect of buspirone versus placebo on 

negative UCTs varied according to gender (ITT sample: χ2
1=4.5, p=0.034). In males, 8.7% 

(70/804) of buspirone participant UCTs were negative and 4.5% (36/804) of placebo UCTs 

were negative [Figure 2b, OR=2.0 (0.71-5.64); p=0.183]. Conversely, in females, 2.4% 

(6/252) of buspirone participant UCTs were negative and 12.9% (31/240) of placebo UCTs 

were negative [Figure 2c, OR=0.14 (0.03-0.58); p=0.007]. In the sample of available data, 

there was a similar interaction between gender and treatment (available sample: χ2
1=5.6, 

p=0.018) as well as similar effects stratified by gender [Males: OR=2.1 (0.76-5.98) p=0.149 

and Females (OR=0.11 (0.02-0.62) p=0.012]. Although the gender makeup, overall and by 

treatment group, at the end of the study was similar to that at baseline, the modification of 

efficacy by gender was not evident in the end of study abstinence proportions by treatment 

group (End of treatment abstinence: gender by treatment interaction χ2
1=41.7, p=0.195). 

Additionally, a gender by treatment interaction indicated that the effect of buspirone versus 

placebo on creatinine adjusted cannabinoid levels varied according to gender (F1,136=5.3, 

p=0.023) in concert with the UCT results. In the sample of males, those randomized to 

buspirone treatment had significantly lower creatinine adjusted cannabinoid levels as 

compared to those randomized to placebo (Figure 3b; Overall Treatment Difference 

Ln(Ratio): 0.6±0.1 vs. 1.1±0.1, Δ=-0.47±0.20, p=0.022); this overall effect persisted 

throughout the study and remained present at the final study visit (0.4±0.2 vs. 1.1±1.2, 

Δ=-0.76±0.32, F1,105=5.4 p=0.020). The treatment effect size seen in the smaller sample of 

females was of the same magnitude but numerically opposite from what was seen in males, 

although it failed to attain statistical significance (Figure 3c, 1.2±0.2 vs. 0.8±0.2, 

Δ=0.46±0.30 F1,29=2.5, p=0.125).

In light of the evidence of possible differential effects of treatment with buspirone across 

gender, investigations into differences in baseline clinical and cannabis use characteristics 

across gender and treatment assignment were conducted. There were no differences noted in 

any of the baseline cannabis use characteristics between males and females (age of 

dependence onset, average sessions per day, average joints per day, and ounces used per 

week; all p>0.10). Although HAM-A scores were low overall, females had higher baseline 
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anxiety symptoms than males in those randomized to receive active buspirone (HAM-A; 

Males 2.42±0.40 vs. Females 4.43±0.71, t171=2.47, p=0.015) but not so in those randomized 

to receive placebo (HAM-A; Males 3.13±0.40 vs. Females 3.10±0.73, t171=-0.04, p=0.967). 

Similarly, females randomized to receive buspirone had higher MCQ purposefulness scores 

than males randomized to receive buspirone (Males 13.2±0.6 vs. Females 16.5±1.1, 

t171=2.65, p=0.009). In those randomized to receive placebo, there were no significant 

differences between females and males (Males 14.3±0.6 vs. Females 13.7±1.1, t171=-0.46, 

p=0.648). There were no significant differences in the 5-HT1A receptor genotype 

distribution, education level, or race across genders between the two treatment assignments 

(χ2
1=0.01; p=0.912; χ2

1=1.9; p=0.168; χ2
1=1.63; p=0.202).

3.4. Role of the Serotonin-1A (5-HT1A) Receptor

The 5-HT1A receptor genotype for the C(-1019)G polymorphism was typed in 172 of the 

175 randomized participants (3 subjects were missing genetic sample data and are not 

included in the ITT analysis). Eighty-five participants (49.4%) were typed as the C/G 

dysfunctional variant while 87 (50.6%) were typed either C/C or GG. Thirty-nine 

participants (22.7%) were genotype C/C and 48 (27.9%) were typed G/G). The overall allele 

frequencies for the study population were 163 (47.4%) for the C and 181 (52.6%) for the G 

allele. There was no statistical difference in variant distribution or allele frequencies 

between treatment groups [Variant distribution: χ2
2=1.3, p=0.52]. When added to the 

primary efficacy model, there was no significant difference in the proportion of negative 

UCTs (ITT) between those with the C/G variant and those with other variant types [% 

negative UCT: C/G=6.4% vs. C/C, G/G=7.1%; OR=1.0 (0.41-2.43), χ2
1=0.0, p=0.99]. 

Within the participants randomized to receive placebo, the proportion of negative UCTs 

during the study was similar between those with the C/G variant and those without [C/

G=6.3% vs. C/C, G/G=5.8%; OR=1.05 (0.26-4.32), χ2
1=0.0, p=0.94]. In the participants 

randomized to receive buspirone, the proportion of negative UCT during the study was not 

different in those with the C/G variant as compared to those without [C/G=6.4% vs. C/C, G/

G=8.2%; OR=0.81 (0.24-2.73), χ2
1=0.1, p=0.74, Table 3].

There was no association between the presence of either the C or G allele and proportion of 

negative UCTs during the study [C allele: χ2
1=0.2, p=0.88 and G allele: χ2

1=0.2, p=0.89]. 

From the group with the dysfunctional C/G variant, 17 (20.0%) participants had at least one 

negative UCT. In those without the dysfunctional C/G variant, 18 (20.7%) had at least one 

negative UCT during the study [HR=0.95 (0.49-1.85), χ2
1=0.2, p=0.89].

3.5. Study Retention and Contingency Management

This study randomized 175 participants to receive either buspirone (n=88) or placebo 

(n=87). One hundred fifty-seven participants (90%) received at least one dose of study 

medication and 92 (53%; Buspirone n=45, Placebo n=47) completed the study. The median 

number of days retained in the study was not significantly different between the two 

treatment groups (Median (IQR): Buspirone, 79 (18-91); Placebo 84 (14-91); p=0.50). 

Similarly, the time to study dropout (days to last study visit/LTF) was not different between 

the two treatment groups [HR = 1.04 (0.54-2.00); χ2
1=0.0, p=0.91].
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In the ITT sample, there was no difference in the CM compensation received between those 

randomized to receive buspirone as compared to placebo (buspirone 242 +/- 203 vs. placebo 

248 +/- 203; p=0.619). Similarly, in those that received at least one dose of study medication 

(modified ITT sample), there remained no difference in the CM compensation received 

between those randomized to receive buspirone as compared to placebo (buspirone 283 +/- 

192 vs. placebo 316 +/- 175; p=0.625). Additionally, there was a similar proportion of 

participants that achieved the maximum CM compensation ($450) in each treatment group 

(buspirone 42.1%, 37/88 vs. placebo 39.1%, 34/87; p=0.690).

3.6. Medication Dosage and Compliance

In participants that received at least one study dose of medication, the maximum dosage 

received by each participant was tabulated. The mean dose received was 42 (SD=18) mg [39 

(17) in the group randomized to receive buspirone and 45(18) in the group randomized to 

receive placebo]. Of those that received at least one medication dose, 43% (68/157) received 

the maximum possible dosage (60 mg) and 76% (119/157) received at least 30 mg. Study 

medication compliance was measured using pill counts at every study visit as well as using a 

riboflavin marker at every other visit (even numbered). Pill count and self-reported 

medication usage greater than 80% and riboflavin levels measured greater than 900 ng/ml 

where considered to be in compliance for the preceding week. Of the weekly recorded pill 

counts, 88.9% (1094/1230) were in compliance; 87.2% (536/615) in the group randomized 

to receive buspirone and 90.7% (558/615) in the placebo group [OR (95% CI)=0.73 

(0.42-1.29), χ2
1=1.0, p=0.28]. Of the measured riboflavin levels, 78.8% (477/605) were in 

compliance; 77.2% (234/303) in the group randomized to receive buspirone and 80.5% 

(243/302) in the placebo group [OR (95% CI)=1.01 (0.55-1.86), χ2
1=0.0, p=0.98]. 

Additionally, medication compliance was not associated with increase concurrent negative 

UCTs [OR=0.84 (0.51-1.36); χ2
1=0.5, p=0.47].

3.7. Safety and Tolerability

A thorough safety and tolerability evaluation was conducted at each study visit. A study 

clinician evaluated adverse events with an open-ended interview and a comprehensive 

review of clinical measurements. A total of 369 events were reported in 73 participants in 

the buspirone group and 318 events were reported in 66 participants in the placebo group 

(χ2
1=1.34, p=0.25). The most commonly reported adverse events were gastrointestinal in 

nature or headache, which accounted for 14.7% and 14.0% of all adverse events in the 

buspirone and placebo treatment groups, respectively. Dizziness and drowsiness additionally 

accounted for 8.8% and 5.4% of all adverse events in buspirone and placebo treatment 

groups, respectively. Nearly all reported adverse events were rated mild to moderate (99.6%; 

684/687); two participants randomized to the buspirone treatment group and one participant 

randomized to the placebo group reported severe adverse events that were unrelated to study 

medication. None of the reported events were considered “definitely related” to the study 

drug and only a small percentage were considered “probably” related (buspirone 37/369 and 

placebo 29/318, χ2
1=1.29, p=0.26). No FDA defined serious events adverse events occurred 

in either treatment group.
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4. Discussion

In this trial, buspirone did not demonstrate an advantage over placebo on cannabis use 

outcomes. Although cannabis craving (as measured by the MCQ) significantly declined for 

all participants over the course of the study, no treatment effect was found. These findings 

add to the growing body of evidence that antidepressants and anxiolytics likely have limited 

value in the treatment of cannabis use disorders other than potentially for treatment of 

comorbid conditions (Marshall et al., 2014).

The overall proportion of participants achieving abstinence was low in both groups in the 

present investigation. A low overall abstinence rate has been observed in other medication 

trials for cannabis dependence (Carpenter et al., 2009; Levin et al., 2011; McRae-Clark et 

al., 2010; Weinstein et al., 2014). Although motivational enhancement therapy was provided 

to all participants, an alternate psychosocial platform may be necessary to encourage 

sustained abstinence in this population. Contingency management interventions targeting 

substance use may be more effective in increasing motivation for abstinence (Caroll et al., 

2004). A recent promising trial of N-acetylcysteine in cannabis-dependent adolescents (Gray 

et al., 2012) utilized abstinence-based contingency management; further, there is some 

evidence in other dependencies that abstinence-based contingency management augments 

medication efficacy (Gray et al., 2011; Poling et al., 2006; Schmitz et al., 2008). Increasing 

the duration of the psychosocial intervention may also be necessary. Weekly therapy 

sessions may have improved attrition and cannabis use outcomes. Given the MET 

intervention does increase motivation to change substance use behavior, more sessions 

focusing on effective coping skills may be helpful.

Of note, women randomized to buspirone had worse cannabis use outcomes, while men had 

a reduction in creatinine corrected cannabinoid levels with buspirone treatment. To our 

knowledge, this is the first study to demonstrate a gender difference in response to a 

pharmacological treatment for cannabis dependence. This finding is congruent with a recent 

study exploring the use of buspirone versus placebo for treatment of cocaine dependence 

(Winhusen et al., 2014), in which women receiving buspirone had an increase in cocaine 

use. Previous preclinical work has not demonstrated sex differences in response to the 

anxiolytic effects of buspirone (Fernandez-Guasti and Picazo, 1990; Fernandez-Guasti and 

Picazo, 1997); however, sex differences in 5-HT1A receptor and serotonin transporter 

binding have been reported in a clinical sample (Jovanovic et al., 2008). The present 

findings, in conjunction with those of Winhusen and colleagues, highlight the importance of 

including gender as a critical independent variable in the development and evaluation of new 

treatments for addictive disorders.

Results from our analyses of the impact of serotonergic polymorphisms on UCT prevalence 

did not reach statistical significance. The inclusion of polymorphisms of the gene coding for 

the 5-HT1A receptor variants was made on the basis of the known pharmacology of 

buspirone and documented pathophysiology of 5-HT1A receptors in psychiatric research. 

The lack of a robust association between a small number of allelic forms and treatment 

outcomes does not eliminate a genetic contribution for either sustained use of cannabis or 

potential response to serotonergic or other pharmacologic treatment interventions.
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In our previous pilot trial of buspirone for cannabis dependence (McRae-Clark et al., 2009), 

a reduction in the percentage of positive UCTs was observed in participants that completed 

the 12-week trial. A post-hoc analysis of completers in the present trial did not find a 

treatment effect of buspirone. It should be noted that the present sample had a higher 

percentage of female participants than the previous pilot trial (23.4% vs. 12%, respectively) 

which, given the gender differential in response observed in the current investigation, may 

have contributed to these negative findings. Our previous pilot trial also found that anxiety 

severity over the course of the study was a significant predictor of UCT results, with a 

treatment main effect. The lower levels of anxiety reported by participants in the current trial 

preclude the conduct of a similar analysis. Although women randomized to buspirone had 

higher baseline levels of anxiety than men and worse cannabis use outcomes, it should be 

noted that the HAM-A scores of both groups were still low (4.43±0.71 and 2.42±0.40, 

respectively), as the threshold for mild to moderate anxiety is generally accepted as a HAM-

A score of 18. As such, we are unable to determine if individuals with clinically significant 

anxiety may have a greater response to buspirone treatment. This low endorsement of 

general anxiety symptoms is somewhat unexpected given the reported high comorbidity of 

cannabis use and anxiety disorders (Stinson et al., 2006); however, it may be reflective of 

excluding individuals requiring treatment with psychoactive medications or meeting criteria 

for other major psychiatric disorders, particularly as depression is often comorbid with 

anxiety.

Limitations of the study included significant attrition during the course of the twelve week 

study. UCT interpretation is also difficult due to the long excretion half-life of cannabis in 

urine (Eskridge and Guthrie, 1997). Although creatinine normalization has been proposed as 

a method to differentiate new cannabis use from residual drug excretion (Huestis and Cone, 

1998), the utility of creatinine normalization has not been well established with urine 

sampling conducted at weekly intervals. Further, as noted above, our analysis of impact of 

genetic receptor polymorphisms was likely underpowered.

In conclusion, although the sample size in the present investigation was sufficient to detect 

clinically meaningful differences in cannabis use outcomes, buspirone was not shown to be 

more efficacious than placebo in the overall sample. Important gender differences were 

noted, with women having worse cannabis use outcomes with buspirone treatment. 

Although it is possible that subsets of individuals with cannabis use disorders, such as those 

with significant anxiety symptoms, may respond more positively to buspirone treatment, the 

characteristics of participants in this study preclude such analyses. These results underscore 

the challenges in medication development for cannabis use disorders.
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Figure 1. CONSORT Table
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Figure 2. 
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Proportion of randomized participants with negative weekly UCT by treatment assignment 

for A) all participants B) Male and C) Female participants. Results are shown from the 

intent to treat (ITT; n=175) data analysis sample (134 Males and 41 Females)
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Figure 3. 
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Creatinine adjusted cannabinoid levels by treatment assignment for A) all participants B) 

Male and C) Female participants. Results are model based means and are shown as the 

natural logarithm transformed ratio.
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Table 1

Demographics and clinical characteristics.

Variable Overall N=175 Buspirone N=88 Placebo N=87 P Value

Demographics and Clinical

Characteristics

Age 24.0 (23.1-25.0) 24.0 (22.7-25.3) 24.0 (22.6-25.4) 0.717

Male 76.6 (134) 76.1 (67) 77.0 (67) 0.891

Caucasian 64.0 (112) 65.9 (58) 62.1 (54) 0.597

HS Graduate 90.3 (158) 89.8 (79) 90.8 (79) 0.818

HAM-A 3.0 (2.5-3.5) 2.9 (2.3-3.5) 3.1 (2.4-3.9) 0.969

5-HT1A Variant*1 0.522

 C/C 22.7 (39) 25.6 (22) 19.8 (17)

 C/G 49.4 (85) 45.4 (39) 53.5 (46)

 G/G 27.9 (48) 29.1 (25) 26.7 (23)

5-HT1A Allele Frequency* 0.746

 C Allele 0.47 (163) 0.48 (83) 0.47 (80)

 G Allele 0.53 (181) 0.52 (89) 0.53 (92)

Cannabis Use

Characteristics

Age of Dependence Onset 19.8 (19.1-20.5) 19.6 (18.8-20.5) 20.0 (18.9-21.2) 0.857

Percent of days Using 85.2 (82.5-87.8) 85.0 (81.3-88.8) 85.3 (81.6-89.1) 0.964

Sessions Per Day 3.2 (2.8-3.5) 2.9 (2.6-3.3) 3.4 (2.8-3.9) 0.477

Joints/bowls Per Day 3.8 (3.5-4.2) 3.8 (3.3-4.3) 3.9 (3.3-4.5) 0.726

MCQ Total Score 46.1 (43.9-48.3) 46.4 (43.0-49.9) 45.8 (42.8-48.7) 0.777

 MCQ Compulsivity Score 7.9 (7.3-8.6) 7.8 (7.0-8.7) 8.1 (7.1-9.0) 0.817

 MCQ Emotionality Score 10.8 (10.1-11.5) 11.0 (9.9-12.1) 10.6 (9.6-11.5) 0.741

 MCQ Expectancy Score 13.2 (12.5-13.9) 13.6 (12.6-14.7) 12.7 (11.8-13.6) 0.102

 MCQ Purposefulness Score 14.1 (13.3-14.8) 14.0 (12.9-15.1) 14.1 (13.1-15.2) 0.874

Continuous characteristics are noted as Mean and associated 95% confidence interval and categorical Characteristics are noted as % (n).

*
Data available on 172 participants (86 Buspirone and 86 Placebo).

1
χ21=0.013; p=0.91 for study population consistent with Hardy-Weinberg equilibrium.
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Table 2

Sensitivity analysis of analytic methods.

Results
Study Sample

Intent to Treat N=175 Modified Intent to Treat N=157 Available Data N=143 Completers N=88

Statistics

OR (95% CI) 1.09 (0.45-2.61) 1.06 (0.44-2.54) 1.11 (0.46-2.65) 1.66 (0.59-4.64)

χ2
1 0.03 0.01 0.05 0.94

P Value 0.855 0.903 0.823 0.333

% Neg UDS

Busprirone 7.2% (76/1056) 7.9% (76/960) 12.2% (76/622) 13.2% (70/530)

Placebo 6.4% (67/1044) 7.3% (67/924) 11.0% (67/607) 9.9% (49/494)

Intent to treat analysis: Analysis of all randomized participants. Modified intent to treat analysis: Analysis of ITT sample including only those that 
received study medication. Available data analysis: Analysis using only available, non-missing data. Completer analysis: Analysis of available data 
on participants who completed the week 12 study visit. Statistical results are shown from the design adjusted models.
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Table 3

Analysis of the 5-HT1A receptor genotype for the C(-1019)G polymorphism and negative UCT during study 

treatment; stratified by randomized treatment assignment.

Results

Study Sample

Intent to Treat N=172 Completers N=87

Placebo Buspirone Placebo Buspirone

Statistics

OR (95% CI) 1.05 (0.26-4.32) 0.81 (0.24-2.73) 1.45 (0.33-6.37) 0.92 (0.23-3.63)

χ2
1 0.01 0.11 0.24 0.01

P Value 0.942 0.737 0.625 0.907

% Neg UDS

C/G 6.3% (35/552) 6.4% (30/468) 11.6% (31/268) 11.5% (26/226)

C/C G/G 5.8% (28/480) 8.2% (46/564) 8.00% (18/226) 15.1% (44/292)

Intent to treat analysis: Analysis of all randomized participants. Completer analysis: Analysis of available data on participants who completed the 
week 12 study visit. Statistical results are shown from the design adjusted models.
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