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IMPORTANCE There are nomedications approved for treating cannabis dependence or

withdrawal. The cannabis extract nabiximols (Sativex), developed as a multiple sclerosis

treatment, offers a potential agonist medication for cannabis withdrawal.

OBJECTIVE To evaluate the safety and efficacy of nabiximols in treating cannabis withdrawal.

DESIGN, SETTING, AND PARTICIPANTS A 2-site, double-blind randomized clinical inpatient trial

with a 28-day follow-up was conducted in New SouthWales, Australia. Participants included

51 DSM-IV-TR cannabis-dependent treatment seekers.

INTERVENTIONS A 6-day regimen of nabiximols (maximum daily dose, 86.4mg of

Δ9-tetrahydrocannabinol and 80mg of cannabidiol) or placebo with standardized

psychosocial interventions during a 9-day admission.

MAIN OUTCOMES ANDMEASURES Severity of cannabis withdrawal and cravings (Cannabis

Withdrawal Scale), retention in withdrawal treatment, and adverse events. Secondary

outcomes include postwithdrawal cannabis use, health outcomes, and psychosocial

outcomes.

RESULTS Nabiximols treatment significantly reduced the overall severity of cannabis

withdrawal relative to placebo (F8,377.97 = 2.39; P = .01), including effects on

withdrawal-related irritability, depression, and cannabis cravings. Nabiximols had amore

limited, but still positive, therapeutic benefit on sleep disturbance, anxiety, appetite loss,

physical symptoms, and restlessness. Nabiximols patients remained in treatment longer

during medication use (unadjusted hazard ratio, 3.66 [95% CI, 1.18-11.37]; P = .02), with 2.84

the number needed to treat to achieve successful retention in treatment. Participants could

not reliably differentiate between nabiximols and placebo treatment (χ2
1 = 0.79; P = .67), and

those receiving nabiximols did not report greater intoxication (F1,6 = 0.22; P = .97). The

number (F1,50 = 0.3; P = .59) and severity (F1,50 = 2.69; P = .10) of adverse events did not

differ significantly between groups. Both groups showed reduced cannabis use at follow-up,

with no advantage of nabiximols over placebo for self-reported cannabis use (F1,48 = 0.29;

P = .75), cannabis-related problems (F1,49 = 2.33; P = .14), or cannabis dependence

(F1,50 < 0.01; P = .89).

CONCLUSIONS AND RELEVANCE In a treatment-seeking cohort, nabiximols attenuated

cannabis withdrawal symptoms and improved patient retention in treatment. However,

placebo was as effective as nabiximols in promoting long-term reductions in cannabis use

followingmedication cessation. The data support further evaluation of nabiximols for

management of cannabis dependence and withdrawal in treatment-seeking populations.
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C
annabis is themost prevalent illicit drug in theworld,1

and itsusehasbeen linked to a rangeofnegativehealth

outcomes.2 Approximately 10% of cannabis users will

becomedependent, leading to treatment.3 In theUnitedStates,

treatment episodes involving cannabis as theprimarydrug in-

creased from 6% in 1992 to 16% in 2007.4 Cannabis was men-

tioned as the primary drug of concern in 287 933 episodes in

2007andwasoneofmultipledrugsof concern in almost 1mil-

lion treatment episodes.4 Similar increases in cannabis treat-

ment seeking are observed globally.5,6 A cannabis with-

drawal syndrome was included for the first time in the

DSM-5.7,8More thanhalf of cannabisusers reportwithdrawal,9

with primary symptoms including irritability, insomnia, de-

creasedappetite, depressedmood, anxiety, and restlessness.10

Withdrawal symptoms are considered to be amajor determi-

nant of the high relapse rates observed in individuals receiv-

ing treatment.11-18

There are no approved pharmacotherapies for managing

cannabis withdrawal.19-21 A range of symptomatic medica-

tions have been evaluated, including the antidepressants bu-

propion and nefazodone,22 , 23 the mood stabilizers

divalproex24,25 and lithium,26 and the α2-adrenergic agonist

lofexidine,27 with limited benefits. Agonist substitution ap-

proaches may be more promising. Oral delivery of synthetic

Δ9-tetrahydrocannabinol (THC; dronabinol was the THC for-

mulationused) dose-dependently reduced a subset of canna-

bis withdrawal symptoms in laboratory24 and outpatient

settings.28,29Nabilone,a syntheticanalogueofTHCwithhigher

oral bioavailability than dronabinol, was efficacious in a re-

cent laboratory study.30These findings suggest that further ex-

aminationofagonist therapies forcannabiswithdrawalarewar-

ranted.

Nabiximols (Sativex; GWPharmaceuticals, UK) is amedi-

cation containing THC, cannabidiol (CBD), and various terpe-

noids derived from Cannabis sativa plants. It is delivered as a

buccal spray, with absorption through the oral mucosa, lead-

ing to a more predictable pharmacokinetic profile than oral

THC.31TheCBD content of nabiximols is of particular interest

given that CBD attenuates the paranoia32 and euphoria33 as-

sociated with THC andmay have efficacy in treating anxiety,

depression, and psychosis.34-38 A recent case study39 re-

ported strong attenuation of symptoms when CBD was used

to treat cannabiswithdrawal.Nabiximols is approved inmany

countries to treat muscular spasticity associated with mul-

tiple sclerosis. Nabiximols typically produces little

intoxication,40 tolerance,41-43 or withdrawal.44 This indi-

cates lowabusepotential relative to other cannabinoids, such

as dronabinol.45 We hypothesized that nabiximols would re-

duce the severity of cannabis withdrawal symptoms and in-

creasepatient retentionduring inpatient detoxification,with-

out significant safety concerns or intoxication. Assessment of

cannabinoid levels in plasma and urine allowed determina-

tion of whether nabiximols provided effective pharmaco-

logic substitution forcannabis. Secondaryhypotheses, thatuse

of nabiximols leads to reduced cannabis use and depen-

dence, as well as improved psychosocial outcomes at the 28-

day follow-up, were also tested.

Methods

Study Design

The study was a 2-site, randomized, double-blind, inpatient

trialwith 6 days of nabiximols or placebo treatment, 3 days of

washout, and a 28-day follow-upperiod. Patientswere admit-

ted for inpatient detoxification at either Sydney and Sydney

EyeHospital (SSEH)or atBelmontHospital,NewSouthWales,

Australia,betweenDecember5,2011, andOctober 17, 2012,with

follow-up completed by November 15, 2012. The trial proto-

col is available from the authors on request.

This research was approved by the Hunter New England

HumanResearch Ethics Committee. Patients gavewritten in-

formed consent to take part in the study on day 1 of admis-

sion to the unit, which triggered randomization. Participants

were compensated with A$40 for follow-up interviews.

Participants

Inclusion criteriawere (1) age 18 to65years, (2)met criteria for

current DSM-IV-TR cannabis dependence with no current al-

coholorotherdrugdependenceexcept fornicotineand/or caf-

feine, (3) experienced withdrawal during previous quit at-

tempts, and (4) desired to reduce or quit cannabis use.

Exclusioncriteriawere (1) unstablemedical orpsychiatric con-

ditions, (2) medications initiated or dose changed in the pre-

viousmonth, (3) pregnancy, (4) urine samplenegative for can-

nabinoids (tetrahydrocannabinol [THC]–COOH]), (5) positive

urine test result for other illicit substances or benzodiaz-

epines, or (6) received formal drug or alcohol treatment in the

previous month (excluding treatment for nicotine depen-

dence).

Procedures

Patients were referred from treatment services or responded

tomediaadvertisements.Eligibilityassessments includedurine

drug screens, structured medical assessment by addiction

medicine specialists, and theStructuredClinical Interview for

DSM-IV-TRAxis I Disorders: Research Version (SCID-RV)46 by

a psychologist.Withdrawal, as defined by participants’ expe-

riencing3ormore symptomsafter cessationofprolongedcan-

nabis use or continuing use to avoid withdrawal symptoms,

was assessed during the SCID-RV. Race and ethnicity were

documented by self-report (ie, white, Aboriginal, or Torres

Strait Islander) for routinedocumentation.The study flowdia-

gram is presented in Figure 1.

Patients were requested to abstain from smoking canna-

bis for at least 6 hours before admission. After randomiza-

tion, patients completeda6-hourorientationwithbaseline re-

searchsurveys, includingpremedicationwithdrawalmeasures

anddetailed timeline follow-back interviews to assess canna-

bis use, including recent use (up to the night before admis-

sion). Studydrugswere administeredby trainednurses as per

protocol.

Nabiximols Dosing

The first dose was administered at 4 PM on day 1 (8 sprays, a

total of 21.6 mg THC and 20 mg CBD) and again at 10 PM (8
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sprays). Amaximal dose (8 sprays 4 times daily provides 86.4

mg of THC and 80 mg of CBD per day) was administered on

days 2 and 3. The dose was tapered to 6 sprays 4 times daily

on day 4 (64.8mg of THC and 60mgof CBDper day), 4 sprays

4 times daily on day 5 (10.8 mg of THC and 10 mg of CBD per

day), and 2 sprays 4 times daily (5.4 mg of THC and 5 mg of

CBD per day) on day 6. Days 7, 8, and 9 served as thewashout

period (ie,medication free). Thedosing regimenwasbasedon

safetydata fromprevious studies (up to48spraysperdaywere

tolerated in cannabis-naive individuals),47 and observations

that cannabisusers find 16 sprays tobe indistinguishable from

a 40-mg dose of dronabinol for intoxication and abuse

liability.40,45

StudyMedications

Tobaccouserswereofferednicotinereplacementtherapy(NRT)

using topical patches. Patientswere allowed20mgof temaze-

pam for sleep difficulties on nomore than 2 nights during the

9-day admission. Caffeine-based drinks were not available at

1 site. Othermedications taken by individual patients prior to

the admissionwere continued during the treatment episode.

Psychosocial Intervention

A cognitive behavioral therapy–based self-completed

workbook,48 tailored to an inpatient cannabis withdrawal in-

tervention, was used. This was accompanied by standard de-

toxification care from trained nurses, which includes guided

psychotherapy standardized across groups and study sites.

Blinding/Randomization

An independent statisticiangenerateda randomization list for

each site using randomblock sizes in Stata, version 11.1 (Stata-

Corp) (initialization seed675). Patients, investigators, andout-

come assessorswere blind to treatment allocation until all re-

searchprocedureswerecomplete.Blindingwasmaintainedby

the use of a matched placebo developed by GW Pharmaceu-

ticals, UK. The success of patient blinding was formally as-

sessed before hospital discharge.

Measures

The primary outcomemeasurewas the CannabisWithdrawal

Scale (CWS).10,18 The CWS is a 19-item scale measuring with-

drawal symptomseverityonan11-pointLikert scale for thepre-

vious 24hours (0, not at all; 5,moderate; and 10, extreme).Re-

searcher-administered baseline and follow-up interviews

collected information on demographic details and cannabis,

alcohol, and tobacco use with the modified timeline

follow-back49;CannabisProblemsQuestionnaire50;BriefTreat-

mentOutcomeMeasure–SocialFunctioningScale51;Athens In-

somniaScale52; SeverityofDependenceScale (SDS)53,54; Shee-

han Disability Scale55; self-coping and efficacy for Quitting

Cannabis Questionnaire56; a subscale from the Depression,

Anxiety, and Stress Scale57 ; Anxiety Sensitiv ity

Index–Revised58,59; Distress Tolerance Scale60; and the Bar-

ratt Impulsiveness Scale.61 Adverse events (AEs) were quan-

tified daily using a 4-point severity scale (0, none; 1, mild;

2, moderate; and 3 severe). Intoxication was evaluated be-

fore and after dosing using an 11-point Likert “stoned” scale.

Medication adherence was assessed from medication rec-

ords. Dose adequacy was assessed by patient interview.

Measurement of Plasma and Urinary Cannabinoids

With consent frompatients, blood sampleswere collected on

day 1 (baseline, premedication), day 3 (peak dosing), and day

7 (first day after medication completion) to allow determina-

tion of cannabinoid levels (THC, CBD, and THC-COOH) rela-

tive to withdrawal signs (sample sizes are reported in the

Supplement [eFigure 2]). Blood was collected at 12:30 PM (30

minutes after themiddaynabiximols dose) and centrifuged at

1500g for 10 minutes, and plasma was stored at −20°C. Urine

sampleswere also collected ondays 1, 3, and 7. Assessment of

levels of the secondary THCmetabolite (THC-COOH) in urine

allowed baseline and peak cannabinoid levels to be com-

paredacross groups, aswell as verificationof self-reportedab-

stinence at 28 days. The analytical methods used for canna-

binoid determination are reported in the Supplement

(eMethods).

Missing Data

Analysis revealed 14.4% missing data from baseline to day 7

(first day with no medication), and 28.6% to day 9. The ma-

jority was whole CWS questionnaires missing resulting from

earlydropout. TheLittle testwasused to assess thedatamiss-

ingcompletelyat random(χ2
2976 = 68.67;P = .89).Missingques-

Figure 1. Study Flow

69 Assessed for eligibility

27 Included in efficacy analysis24 Included in efficacy analysis

51 Randomized

18 Excluded

7 Did not meet inclusion
criteria

4 Medical/psychiatric
impairment

11 Refused to participate

2 Not dependent on
cannabis

1 Pregnant

24 Assigned to receive placebo

24 Received placebo as
assigned

27 Assigned to receive nabiximols

27 Received nabiximols as
assigned

8 Completed full inpatient stay
(to day 9)

2 Lost to follow-up

11 Completed full inpatient stay 
(to day 9)    

1 Lost to follow-up

15 Completed primary efficacy
phase (to end of medication/
day 6)

9 Discharged from the 
hospital before day 6

23 Completed primary efficacy
phase (to end of medication/
day 6) 

4 Discharged from the
hospital before day 6

Diagram shows the number of participants at each stage of the study.
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tionnaireswere imputed usingmultiple imputation,62 gener-

ating5differentplausibledata setsallowing for theuncertainty

in predictions.63

Statistical Analysis

Poweranalysiswasbasedonadronabinol study (30mg)28using

the Total Marijuana Withdrawal Checklist (TMWC) scores (a

proxy for the CWS). The analysis suggested that 20 partici-

pants per group would provide 99.5% power to detect a 27%

suppressionofwithdrawalwith agonist treatment (mean [SD]

increase in TMWC score of 6.2 [1.0] from baseline to absti-

nence while the patient received placebo compared with an

increase of 4.5 [2.0] with dronabinol, using repeated-

measures analysis).28 Intention-to-treat analysis included all

51 randomized participants. For descriptive statistics, group

differences incontinuousvariablesused2-wayanalysesofvari-

ance, and categorical variables used Pearson χ2 or Fisher ex-

act testwhen cells had a count of less than 5. Statistical analy-

ses were performed with SPSS, version 21 (SPSS Corp).

The primary analysis compared main effects and the in-

teractionof treatment and timeonmeandifference frombase-

line CWS scores in a mixedmodels for repeatedmeasures re-

gression with first-order autoregressive covariance

structure.64-66Themodelwasadjustedwith covariatesknown

or suspected to influence the experience of cannabis with-

drawal (SDS scores),10,18 baseline variables that were signifi-

cantlydifferentbetweengroups (CWSscores andSheehanDis-

ability Scale scores), and other possible moderators of

withdrawal (use of NRT/cigarettes,67 temazepam, and caf-

feine during abstinence).

Post hoc pairwise comparisons comparedwithdrawal be-

tween groups on each day of treatment adjusted for multiple

comparisonsusing theBonferronimethod.Hierarchicalmodel

building (step 1: time, treatment, time× treatment; step 2: ad-

dition of covariates) explored changes in variance explained

usingpseudo-R2 calculated from log-likelihood ratios (R2
LR).

68

Akaike informationcriteria69 calculatedmodel fit (smaller val-

ues indicate better fit). Separate analyses tested the effect of

nabiximols onattenuatingDSM-5 cannabiswithdrawal symp-

toms (Supplement [eTable 1]).7Effect sizes are reportedusing

the bias-correctedHedges g (rawdifference between 2means

divided by SD adjusted for population size).70 Parametric sta-

tisticswereusedonLikert data because interval structure can

be assumed if scales are presented as symmetrical.71 Residu-

als from the primary withdrawal efficacy analysis were nor-

mally distributed.

The effect of nabiximols on retention inwithdrawal treat-

ment was assessed with a stepwise Cox proportional hazards

regression model, first looking at treatment alone, then con-

trolling for SDS, SheehanDisability Scale, andCWSscores and

the use ofNRT/cigarettes, temazepam, and caffeine. The pro-

portions of people in each treatment group reporting eachAE

were analyzed using χ2 or the Fisher exact test. Time to re-

lapsebetween theendof the inpatient stay and the 28-day fol-

low-upwere assessedusing aKaplan-Meier survival analysis.

Finally, changes in cannabis-relatedproblems, the severity of

cannabis dependence, and cannabis use levelswere assessed

using themixedmodels for repeatedmeasures approach. All

tests were 2-sided, with significance set at P ≤ .05.

Results

Demographics and Clinical Features

A total of 51 patients were randomized to receive placebo

(n = 24) or nabiximols (n = 27). Patients reported high levels

of cannabis use (mean [SD], 22.98 [20.66] g/wk),49 corrobo-

rated by day 1 urine (Supplement [eFigure 1]) and plasma

(Supplement [eFigure 2]) THC and THC-COOH levels. Pa-

tients had smoked cannabis for 20.43 (9.22) years, and their

mean score of 12.04 (2.71) on the 15-point SDS scale indicated

severe cannabis dependence (Table 1). Groups were well

matched apart from differences in baseline CWS and Shee-

han Disability Scale scores (Table 1). The Sheehan Disability

Scale scores were also significantly different between study

sites.

Effects of CannabisWithdrawal

Nabiximols significantly reduced CWS scores (mean 66% de-

crease frombaseline levels) relative to placebo (mean 52% in-

crease) for the duration of treatment (treatment × time:

F8,377.97 = 2.39; P = .01) (Figure 2 and Table 2). The effect re-

mained significant after adjusting for covariates (treatment ×

time: F8,325.1 = 2.83; P = .003) (Table 3). Across DSM-5 with-

drawal symptoms (Figure 2 and Table 2, and Author Table 1

[available from the author; http://www.davidallsop.net/]) the

nabiximols group showed significantly lower levels of canna-

bis cravings (treatment × time:F8,384.05 = 2.03;P = .04) aswell

as irritability, anger, and aggression (treatment × time:

F8,367.97 = 2.49; P = .01). Loss of appetite was also attenuated

(main effect: F1,76.81 = 5.09; P = 0.03) (Table 2). After adjust-

ment for covariates, nabiximols still reduced cravings (treat-

ment × time: F8,376.2 = 2.04; P = .03) as well as irritability, an-

ger, andaggression (treatment× time:F8,346.7 = 2.49;P = .004)

(Table 3). Adjusting for covariates removed themain effect of

nabiximols on appetite loss (F1,80.68 = 1.88; P = .18) but intro-

duceda significant reduction indepression (treatment× time:

F8,350.2 = 1.93; P = .05) (Table 3). The time course of cannabis

withdrawal was shorter in the nabiximols group, taking 3.10

(3.00)days forCWSscores to fall belowbaselinecomparedwith

4.90 (3.16) days in the placebo group (F1,50 = 41.42; P = .04).

Placebo withdrawal peaked on day 3.00 (1.70) of abstinence,

whereas nabiximols withdrawal peaked on day 2.30 (1.88)

(F1,50 = 1.53; P = .19). There wasminimal rebound or increase

in withdrawal severity after cessation of nabiximols on day 6

(Figure 2 and Author Figure 1). All other withdrawal symp-

tomswere of lower, althoughnot significantly, severity in the

nabiximols group (Author Figure 1).

Retention in Treatment

By day 6 (the first day without medication), 85% of partici-

pants receivingnabiximols (n = 23) remained intreatmentcom-

paredwith 50%of theplacebo group (n = 12) (number needed

to treat, 2.84 [95% CI, 1.79-10.47]) (Figure 3). Unadjusted Cox

regression revealed thatpatients receivingnabiximolswere3.7
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times more likely to remain in treatment until the end of the

medicationphase (unadjustedhazard ratio [HR], 3.66 [95%CI,

1.18-11.37]; P = .02). However, this treatment effect was only

of borderline significance after controlling for SDS, Sheehan

Disability Scale, andCWSscores, andNRT/cigarettes, temaze-

pam, and caffeine use during abstinence (adjusted HR, 4.09

[95% CI, 0.99-16.75]; P = .05). By day 9, following 3 drug-free

days, retentiondifferenceswereno longer significant (nabixi-

mols: 11 [41%]; placebo: 8 [33%]; adjusted HR, 1.48 [95% CI,

0.62-3.8]; P = .35; number needed to treat, 13.50 [3.18-5.46]).

No medication-related AEs or covariates significantly pre-

dicted dropout; the most common reason cited was dissatis-

faction with the inpatient environment.

Intoxication and AEs

As shown in Author Figure 2, therewere no significant differ-

ences in subjective intoxication ratings (change in stonedscore

from before to after dosing) between the placebo group (0.58

[1.04]; range, 1.00-3.75) and thenabiximols group (0.89 [1.29];

range, 3.00-6.01; F5,188.95 = 0.34; P = .89). There were also no

significant differences in the number of AEs between groups

(placebo, 5.54 [6.71]; nabiximols, 6.96 [11.02]; F1,50 = 0.30;

P = .59), the proportions reporting specific AEs (Author Table

2), or the severity ofAEs (placebo, 0.81 [0.65]; nabiximols, 1.12

[0.68];F1,50 = 2.69;P = .09).OneseriousAEwasreported(threat

of suicide in the placebo group) (Author Table 2). Participants

couldnotdifferentiate betweennabiximols andplacebowhen

blinded, and both groups rated the dose as adequate (Author

Table 3).

Medication/Other Drug Use

Most patients (n = 47) received at least 1 concomitant medi-

cation in the hospital, with no significant between-group dif-

ferences (Author Table 4). All 36 nicotine-dependent partici-

pantsusedNRTor cigarettesduring admission;useof caffeine

Table 1. Baseline Characteristics According to Treatment Groupa

Characteristic P Valueb
Nabiximols

(n = 27)
Placebo
(n = 24)

Total
(N = 51)

Demographics, No. (%)

Age, mean (SD), y 34.96 (9.70) 35.88 (8.05) 35.39 (8.89) .72

Male sex 18 (67) 21 (88) 39 (76) .08

Aboriginal or Torres Strait Islander 2 (7) 1 (4) 3 (6) .62

Completed school 15 (56) 13 (54) 28 (55) .99

Unemployed 15 (56) 12 (50) 27 (53) .67

Married, including de facto 4 (15) 9 (38) 13 (25) .35

Substance use history, mean (SD)

Cannabis use, gc 23.39 (16.79) 22.52 (24.54) 22.98 (20.66) .88

Carboxy-THC/creatinine ratio, ng/mg 2392.70 (1441.69) 3285.56 (5525.82) 2815.63 (3911.64) .49

Years of cannabis use 20.11 (9.83) 20.79 (8.67) 20.43 (9.22) .79

Cannabis SDS 11.96 (3.03) 12.13 (2.35) 12.04 (2.71) .83

Alcohol SDS 0.31 (0.87) 0.63 (1.28) 0.45 (1.08) .28

Alcohol use, U/wkd 3.65 (8.42) 5.86 (8.33) 4.71 (8.37) .36

Nicotine dependence, Fagerstrom
score

3.11 (2.76) 2.75 (2.47) 2.94 (2.61) .63

No. (%) nicotine dependente 19 (70) 17 (71) 36 (71) .97

Cigarettes/wk 76.68 (69.07) 65.55 (64.29) 71.34 (66.38) .56

No. SCID-RV cannabis dependence
items

6.19 (0.75) 5.91 (0.97) 6.06 (0.86) .26

No. other drug use disorders 0.65 (1.44) 1.09 (1.29) 0.85 (1.38) .28

Cannabis Withdrawal Scale score 2.51 (1.57) 1.68 (0.96) 2.12 (1.37) .02

Psychosocial functioning scores, mean
(SD)

BTOM Social Functioning 7.79 (3.45) 6.91 (3.23) 7.38 (3.35) .36

Sheehan Disability Scale, total 18.11 (7.25) 11.33 (7.59) 14.92 (8.09) .002

Self-efficacy Scale 2.99 (1.26) 3.05 (1.26) 3.03 (1.25) .88

Anxiety Sensitivity Index–Revised 51.50 (24.88) 44.63 (28.26) 48.20 (26.51) .37

DASS Depression 19.15 (10.66) 14.25 (11.31) 16.80 (11.14) .12

DASS Anxiety 13.58 (8.46) 10.67 (6.57) 12.18 (7.68) .18

DASS Stress 22.42 (9.09) 21.29 (9.53) 21.88 (9.22) .67

Distress Tolerance Scale 2.79 (0.78) 2.81 (0.73) 2.80 (0.75) .93

Athens Insomnia Scale 10.58 (5.19) 8.33 (3.94) 9.50 (4.72) .09

Barratt Impulsiveness Scale 81.89 (10.72) 82.08 (11.60) 81.98 (11.03) .95

Abbreviations: BTOM, Brief

Treatment OutcomeMeasure; DASS,

Depression, Anxiety, and Stress Scale;

SCID-RV, Structured Clinical Interview

for DSM-IV-TR Axis I Disorders:

Research Version; SDS, Severity of

Dependence Scale; THC,

tetrahydrocannabinol.

a The 2measures that were

significantly different at baseline

were adjusted for in all efficacy

analyses by their inclusion as

covariates.

bStatistical comparisons are from: (1)

1-way analysis of variance for

continuous variables, (2) Fisher

exact test for categorical variables

with any cells in the contingency

table with less than 5 variables, and

(3) χ2 test for all other categorical

variables.

c Weekly cannabis use in grams in the

month before entering the study,

measured bymodified timeline

follow-back.

dWeekly alcohol use in units in the

month before entering the study,

measured bymodified timeline

follow-back.

e Participants were classed as

dependent on nicotine if they had a

Fagerstrom score between 1 and 10.
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and othermedications carried over from before the study are

itemized in Author Table 4.

Plasma and Urinary Cannabinoids

Patientsdidnotdiffer significantly inplasmaTHC,plasmaTHC-

COOH,orurinaryTHC-COOHlevelsat treatmententry (Supple-

ment [eFigures 1and2]).TheCBDlevelswerenegligibleatbase-

line, consistent with the very low levels of CBD recently

reported inNewSouthWales,Australia, street cannabis.72Dur-

ing peak dosing on day 3, THC and THC-COOH levels were

higher in thenabiximols group.As predicted, plasmaCBDbe-

camedetectable in the nabiximols group but remained unde-

tected in theplacebogroup (Supplement [eFigure 2]). Plasma,

but not urinary, THC-COOH levels were higher in the nabixi-

mols group on day 3 relative to their baseline levels on day 1

and rapidly declined in plasma on day 7 once treatment had

ceased (Supplement [eFigure 2]). The nabiximols and pla-

cebo groups showed similar relatively low levels of THC-

COOH at follow-up (Supplement [eFigure 1]).

Outcomes at Follow-up

Weekly cannabis use across all patients decreased by a mean

of19.02 (21.35)g (82%) frombaseline levels to the28-dayfollow-

up, with no significant between-group differences (P = .29)

Figure 2. Mean Change FromBaseline inWithdrawal Score for Overall Withdrawal Scores and for Symptoms ThatWere Significantly Suppressed by

Nabiximols
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(Table 4). The time betweenhospital discharge and relapse to

cannabis usewas also not significantly different between the

groups (median [95%CI]days:nabiximols, 15 [3.55-26.45]; pla-

cebo, 6 [0-27.12]; χ2
1 = 0.06; P = .81) (Supplement [eFigure 3]).

The number of cannabis-related problems and the severity of

cannabis dependence decreased by 65% from baseline levels

across all participants,withno significant between-groupdif-

ferences (Table 4).

Discussion

To our knowledge, the present study is the first clinical trial

to examine the effects of a whole cannabis extract (nabixi-

mols) in the treatment of cannabis withdrawal and only the

second controlled clinical trial of agonist substitution medi-

cation for cannabis dependence in treatment seekers.73 Our

findingsprovide support for theefficacyofnabiximols in treat-

ing cannabis withdrawal, consistent with earlier laboratory

studies with synthetic oral THC.24,28,29,73 Nabiximols re-

duced the severity and time course of cannabis withdrawal

comparedwithplacebo (Figure2)and improvedretentionrates

during inpatient treatment. In addition, nabiximols signifi-

cantly reduced cravings, irritability, and depression. Anxiety

and cravings fell below pretreatment baseline levels in both

groups during treatment, possibly resulting from high base-

line anxiety associated with imminent inpatient detoxifica-

tion and a lack of cannabis-related cues in the inpatient envi-

ronment. There was no increase in withdrawal severity on

termination of nabiximols, suggesting minimal discontinua-

tionor reboundeffectswith6-dayuseof thismedication.Both

groups had markedly reduced cannabis use at follow-up, as

verifiedbyurinalysis (Table4andSupplement [eFigure1]).This

is consistentwith anoutpatient dronabinol randomized clini-

Table 2. OutcomeMeasures: UnadjustedModela

Outcome Variable

Mean Scores

Time Treatment
Time ×

Treatment R
2

LR
c AICdBaseline Abstinenceb

Overall withdrawal score

Nabiximols 2.51 (1.57) 1.88 (1.64)
F8,377.97 = 3.94e F1,77.97 = 11.01f F8,377.97 = 2.39f 0.50 1444.12

Placebo 1.68 (0.96) 2.22 (1.62)

Irritability

Nabiximols 1.80 (2.40) 1.44 (1.84)
F8,367.97 = 1.48 F1,75.06 = 3.09 F8,367.97 = 2.49f 0.42 1775.13

Placebo 1.31 (1.81) 2.19 (2.34)

Depression

Nabiximols 2.78 (2.59) 2.04 (2.43)
F8,377.62 = 1.39 F1,71.95 = 2.74 F8,377.62 = 1.85 0.45 1928.86

Placebo 1.71 (2.26) 2.32 (2.62)

Anxiety

Nabiximols 4.07 (3.29) 1.26 (2.11)
F8,389.19 = 8.96e F1,69.15 = 0.96 F8,389.19 = 1.08 0.81 1964.28

Placebo 3.42 (3.02) 1.64 (2.21)

Cannabis cravings

Nabiximols 3.89 (2.81) 1.87 (2.28)
F8,384.05 = 4.38e F1,73.2 = 10.28f F8,384.05 = 2.03g 0.66 1812.78

Placebo 2.04 (1.88) 1.81 (2.26)

Physical symptoms

Nabiximols 1.27 (1.42) 1.07 (1.21)
F8,374.81 = 2.89f F1,75.46 = 3.66 F8,374.81 = 1.43 0.18 1261.96

Placebo 0.84 (0.83) 1.42 (1.50)

Sleep difficulty

Nabiximols 2.95 (2.41) 2.79 (2.58)
F8,343.86 = 3.93e F1,80.65 = 2.79 F8,343.86 = 0.98 0.60 1984.70

Placebo 2.29 (1.92) 3.29 (2.23)

Restlessness

Nabiximols 3.44 (3.36) 2.8 (2.69)
F8,359.46 = 1.51 F1,81.38 = 0.64 F8,359.47 = 0.66 0.45 2237.29

Placebo 3.21 (2.39) 3.52 (2.99)

Decreased appetite

Nabiximols 3.56 (3.31) 2.12 (2.88)
F8,357.5 = 2.52f F1,76.81 = 5.09g F8,357.5 = 1.13 0.61 2248.24

Placebo 1.95 (2.96) 2.34 (2.62)

Abbreviation: AIC, Akaike information criterion.

aMixedmodels for repeatedmeasures output using all days (1-9) as predictors

in themodel.

bAbstinencemeans were calculated during days 2 to 6 (drug administration

phase excluding baseline). Detailed description of values on all days of

inpatient stay are reported in Author Table 2.

c Variance in outcome variable explained bymodel (approximated using −2

log-likelihoods).

dMeasure of model fit; a smaller value indicates a better model fit.

e P � .001.

f P � .01.

g P � .05.
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cal trial inwhichplaceboandactivemedicationgroupsshowed

reduced cannabis use at follow-up.73 It appears that inpatient

care in treatment-seeking populations may serve as a stimu-

lus topromotereduceddruguseregardlessofmedicationgiven

during withdrawal.74 Further research exploring the efficacy

of nabiximols is clearlywarranted, perhapswith an emphasis

on integratingwithdrawalwith postwithdrawal psychosocial

interventions.

Duringpeakdosingonday 3, THCandTHC-COOHplasma

levels were higher in the nabiximols group than in the pla-

cebo group (Supplement [eFigure 1]), demonstrating success-

ful medication effects at the time often associated with peak

cannabis withdrawal severity (Figure 2). The large spike in

plasmaCBD levels in thenabiximols groupatpeakdosing (day

3) (Supplement [eFigure 2]) contrasts markedly with nonex-

istent CBD levels in the placebo group. Plasma, but not uri-

nary, THC-COOH levels appeared higher in the nabiximols

grouponday3 relative to their baseline levels onday 1 and rap-

idly declined in plasma on day 7 once treatment had ceased

(Supplement [eFigure 2]). Despite thehigher plasmaTHC lev-

els on day 3 in the nabiximols group, AEs, including subjec-

tive ratings of intoxication, were similar to those of the pla-

cebogroup (AuthorFigure 2). Interestingly, participants could

notcorrectly identify the treatment theyhadbeengiven,which

is consistent with the low abuse potential of nabiximols evi-

dent in previous studies.40,45 This is clinically relevant be-

cause doses used in the present studywere higher than doses

used with cannabis-naive or -nondependent patients.40,43

The trial has several limitations. The specialized inpa-

tient setting has limited translation to outpatient settings,

wheremost treatment is delivered for cannabis-related prob-

lems.However, itwas reasoned that the safety and efficacy of

Table 3. OutcomeMeasures: AdjustedModela

Outcome Variable

Mean Scores

Time Treatment
Time ×

Treatment R
2

LR
c AICdBaseline Abstinenceb

Overall withdrawal score

Nabiximols 2.51 (1.57) 1.88 (1.64)
F8,305.53 = 4.16e F1,81.67 = 4.19f F8,325.1 = 2.83g 0.96 1310.11

Placebo 1.68 (0.96) 2.22 (1.62)

Irritability

Nabiximols 1.80 (2.40) 1.44 (1.84)
F8,328.28 = 1.51 F1,77.25 = 0.36 F8,346.7 = 2.49 0.43 17 774.37

Placebo 1.31 (1.81) 2.19 (2.34)

Depression

Nabiximols 2.78 (2.59) 2.04 (2.43)
F8,332.53 = 1.34 F1,70.72 = 1.06 F8,350.2 = 1.93f 0.45 1922.73

Placebo 1.71 (2.26) 2.32 (2.62)

Anxiety

Nabiximols 4.07 (3.29) 1.26 (2.11)
F8,361.84 = 8.88e F1,68.4 = 0.004 F8,373.88 = 1.11 0.83 1961.42

Placebo 3.42 (3.02) 1.64 (2.21)

Cannabis cravings

Nabiximols 3.89 (2.81) 1.87 (2.28)
F8,363.66 = 4.34e F1,74.46 = 4.34f F8,376.2 = 2.04f 0.59 1821.49

Placebo 2.04 (1.88) 1.81 (2.26)

Physical symptoms

Nabiximols 1.27 (1.42) 1.07 (1.21)
F8,336.7 = 2.79g F1,75.54 = 1.04 F8,354.08 = 1.45 0.12 1265.98

Placebo 0.84 (0.83) 1.42 (1.50)

Sleep difficulty

Nabiximols 2.95 (2.41) 2.79 (2.58)
F8,293.45 = 3.73e F1,90.97 = 0.12 F8,311.53 = 1.12 0.76 1958.70

Placebo 2.29 (1.92) 3.29 (2.23)

Restlessness

Nabiximols 3.44 (3.36) 2.8 (2.69)
F8,327.26 = 1.38 F1,83.67 = 0.27 F8,345.71 = 0.64 0.45 2237.27

Placebo 3.21 (2.39) 3.52 (2.99)

Decreased appetite

Nabiximols 3.56 (3.31) 2.12 (2.88)
F8,325.18 = 3.48e F1,80.68 = 1.88 F8,343.87 = 1.15 0.65 2242.58

Placebo 1.95 (2.96) 2.34 (2.62)

Abbreviation: AIC, Akaike information criterion.

aMixedmodels for repeatedmeasures output using all days (1-9) as predictors

in themodel. Adjustedmodel added covariates: baseline scores of outcome

variables, baseline Severity of Dependence Scale scores, baseline Sheehan

Disability Scale scores, nicotine replacement therapy/cigarette use during

abstinence, temazepam use during abstinence, caffeine use during

abstinence.

bAbstinencemeans were calculated during days 2 to 6 (drug administration

phase excluding baseline). Detailed description of values on all days of

inpatient stay is reported in Author Table 2.

c Variance in outcome variable explained bymodel (approximated using −2

log-likelihoods).

dMeasure of model fit; a smaller value indicates a better model fit.

e P � .001.

f P � .05.

g P � .01.
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nabiximolswere best assessed initially in an inpatient setting

withoutconfoundersofconcurrent illicit cannabisorotherdrug

use. The focus on heavy users reporting past cannabis with-

drawal effects limits the generalizability of findings to popu-

lations of lighter users. Randomization did not distribute pa-

tients equallywith respect to baselinewithdrawal or Sheehan

Disability Scale scores, althoughbothwere included as covar-

iates in analyses to minimize the bias arising from these dis-

crepancies. Axis II comorbiditywasnot assessed.Despite sta-

tistical correction for the use of temazepam, administration

of sleep medications will have disrupted the magnitude of

withdrawal-related sleep difficulties. Use of other psychotro-

picmedications (eg, antidepressants)mayalso influencewith-

drawal symptoms, although the use of suchmedicationswas

balanced by randomization (Author Table 4).

Conclusions

This studysupports theuseofnabiximolsasanagonist therapy

for reducing the severity and time course of cannabis with-

drawal and for retaining participants in withdrawal treat-

ment. Nabiximols significantly suppressed withdrawal-

related irritability (among the most severe and clinically

significant symptoms in theoutpatient setting),10cravings, and

depression. However, nabiximolswas nomore effective than

placebo in encouraging long-term reductions in cannabis use.

The follow-up outcomesmay not be surprising given that the

design used was akin to an unassisted relapse prevention

model, and there is little precedence for medication-assisted

withdrawal to affect long-term abstinence without ongoing

support. These findings, however, identify a promising ap-

proach for cannabiswithdrawalmanagement and strengthen

thecase for agonist substitutionmedication for cannabiswith-

drawal. A direct comparison of nabiximols with other canna-

binoid agonists (dronabinol or nabilone)may be of interest in

the future to test whether the THC-CBD combination has ad-

ditional therapeutic benefits over THC alone.

ARTICLE INFORMATION

Submitted for Publication:May 21, 2013; final

revision received July 10, 2013; accepted August 8,

2013.

Published Online: January 15, 2014.

doi:10.1001/jamapsychiatry.2013.3947.

Author Affiliations:National Cannabis Prevention

and Information Centre, National Drug and Alcohol

Research Centre, Faculty of Medicine, University of

New SouthWales, Sydney, Australia (Allsop,

Copeland, Norberg); nowwith the School of

Psychology, University of Sydney, Sydney, Australia

(Allsop); Drug and Alcohol Services, South Eastern

Sydney Local Health District New SouthWales

Ministry of Health, Sydney, Australia (Lintzeris,

Montebello, Rivas); AddictionMedicine, Central

Clinical School, Faculty of Medicine, University of

Sydney, Sydney, Australia (Lintzeris); Drug and

Alcohol Clinical Services, Hunter New England Local

Health District, New SouthWales Ministry of

Health, Newcastle, Australia (Dunlop, Sadler,

Holland, Muhleisen); School of Medicine and Public

Health, Faculty of Health, University of Newcastle,

Newcastle, Australia (Dunlop); Department of

Psychology, Macquarie University, Sydney, Australia

(Norberg); School of Psychology, University of

Sydney, Sydney, Australia (Booth, McGregor).

Author Contributions:Dr Allsop had full access to

all the data in the study and takes responsibility for

the integrity of the data and the accuracy of the

data analysis.

Study concept and design: Allsop, Copeland,

Lintzeris, Dunlop, Sadler, Rivas, Muhleisen,

Norberg, McGregor.

Acquisition of data: Allsop, Lintzeris, Montebello,

Sadler, Rivas, Holland, Norberg, Booth, McGregor.

Analysis and interpretation of data: Allsop,

Table 4. 28-Day Follow-upMeasures

Outcome Variable

Mean Scores

Time Treatment Time × TreatmentBaseline Follow-up

Weekly mean cannabis use, g

Nabiximols 23.39 (16.79) 2.81 (5.94)
F1,48 = 38.79a F1,48 = 0.52 F1,48 = 0.29

Placebo 22.52 (24.54) 5.21 (10.74)

SDS score

Nabiximols 11.85 (2.19) 4.11 (5.29)
F1,49 = 103.19a F1,49 = 0.006 F1,49 = 0.0001

Placebo 11.79 (2.60) 4.04 (5.21)

CPQ score

Nabiximols 13.59 (5.03) 4.29 (5.56)
F1,49 = 96.17a F1,49 = 0.79 F1,49 = 2.33

Placebo 11.33 (4.08) 4.54 (5.02)

Abbreviations: CPQ, Cannabis

Problems Questionnaire; SDS,

Severity of Dependence Scale.

a P � .001.

Figure 3. Retention inWithdrawal Treatment

2 3 4 5

0

0 1 6 7 8 9

100

50

N
a

b
ix

im
o

ls
 S

u
rv

iv
a

l,
 %

Days Elapsed

Placebo

No. at risk

Nabiximols

Medication terminated

22 21 19 1524 12 11 8 7

25

23

25 24 23 2327 23 16 11 10

Placebo

Nabiximols

HR, 4.09; P = .05

HR, 1.5; P = .35

The 2 hazard ratios (HRs) determined from the Cox regressionmarked on the

graph show retention estimates at 2 time points: The day 6 HR (4.09) was

computed with all remaining patients censored at day 6 to assess the effect of

treatment allocation on retention during themedication administration phase.

The day 9 HR (1.5) was computed with all remaining patients censored at day 9

to assess the overall effect of treatment allocation on retention, including the

3-day postmedication washout period.

Nabiximols in Cannabis Withdrawal Original Investigation Research

jamapsychiatry.com JAMAPsychiatry March 2014 Volume 71, Number 3 289

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Pittsburgh User  on 07/31/2015



Copyright 2014 American Medical Association. All rights reserved.

Copeland, Lintzeris, Dunlop, Montebello, McGregor.

Drafting of the manuscript: Allsop, Copeland,

Lintzeris, Dunlop, Norberg, Booth, McGregor.

Critical revision of the manuscript for important

intellectual content: Allsop, Lintzeris, Dunlop,

Montebello, Sadler, Rivas, Holland, Muhleisen,

Norberg, McGregor.

Statistical analysis: Allsop, McGregor.

Obtained funding: Allsop, Copeland, Lintzeris,

Dunlop, Norberg, McGregor.

Administrative, technical, or material support:

Allsop, Copeland, Lintzeris, Montebello, Sadler,

Rivas, Holland, Muhleisen, Norberg, Booth,

McGregor.

Study supervision: Allsop, Copeland, Lintzeris,

Dunlop, Montebello, Norberg.

Conflict of Interest Disclosures:Dr Allsop’s

institution received funding for his salary from the

National Health andMedical Research Council

(NHMRC) and the Australian Government

Department of Health and Aging, and he received

funding from the National Institute on Drug Abuse

to attend a conference in the United States in

November 2011. No other conflicts were reported.

Funding/Support: This study was funded by

project grant 1006036 from the NHMRC. Study

drugs (nabiximols and placebo) were provided free

of charge by GW Pharmaceuticals, UK.

Role of the Sponsor: The NHMRC and GW

Pharmaceuticals, UK, had no role in the design and

conduct of the study; the collection, management,

analysis, or interpretation of the data; preparation,

review, or approval of themanuscript; and decision

to submit themanuscript for publication.

Additional Contributions:Deborah Zador, MD, Bas

Dall, MD, Hester Wilson, MD, and Victoria Hayes,

MD, medically screened study participants. Sarah

Kezelman, BPsych (Hons), Lucy Albertella, MSc,

Sherilyn Thomson, BPsych(Hons), and Claudia

Sannibale, PhD, administered the Structured

Clinical Interviews for drug dependence diagnoses

(all SCID-RV interviewers were remunerated for

their services). Julie Spencer, RN, MPH, Jackie

O’Mahony, MSN (nurse practitioner), and the

nursing staff at Ward 2 East, Sydney Hospital and

Sydney Eye Hospital, and Cathy Fisk, RN, Lynne

Robertson, RN AAS, and the nursing staff at

Lakeview Detox Unit, Belmont Hospital, Newcastle,

provided daily patient care, medication delivery,

and clinical data collection. Celia Weight, BPharm,

and Judith Hampson, BPharm, MHA, provided

pharmaceutical services for managingmedications

and randomization (all pharmaceutical services

were reimbursed). Ryan Vandrey, PhD, provided

suggestions on themanuscript. Tim Slade, PhD,

Mathew Sunderland, PhD, Raimondo Bruno, PhD,

and Barbara Toson BSc(Hons) contributed

statistical support and advice. The toxicology unit

of Pacific Laboratory Medicine Services

coordinated the urinalysis studies, and toxicology

services were reimbursed. All named individuals

without a financial disclosure here did not receive

any reimbursement from project funds for their

contributions to the study.

Correction: This article was corrected onMarch 14,

2014, to provide additional data in Table 1.

REFERENCES

1. UNODC.World Drug Report 2011. United Nations

Publication, Sales No. E.11.XL.10; 2011.

http://www.unodc.org/documents/data-and-

analysis/WDR2011/World_Drug_Report_2011

_ebook.pdf. Accessed December 6, 2013.

2. Hall W, Degenhardt L. Adverse health effects of

non-medical cannabis use. Lancet.

2009;374(9698):1383-1391.

3. Roffman R, Stephens R. Cannabis Dependence:

Its Nature, Consequences and Treatment.

Cambridge, England: Cambridge University Press;

2006.

4. Substance Abuse andMental Health Services

Administration Office of Applied Studies. Treatment

Episode Data Set (TEDS): 1997-2007. Rockville, MD:

National Admissions to Substance Abuse Treatment

Services; 2009.

5. Australian Institute of Health andWelfare.

Alcohol and Other Drug Treatment Services in

Australia 2003-04: Report on the National Minimum

Data Set. Canberra, Australia: AIHW; 2005.

6. EuropeanMonitoring Centre for Drugs and Drug

Addiction. Annual Report on the State of the Drugs

Problem. Luxembourg: Publications Office of the

European Union; 2012. http://www.emcdda.europa

.eu/publications/annual-report/2012. Accessed

December 6, 2013.

7. Gorelick DA, Levin KH, CopersinoML, et al.

Diagnostic criteria for cannabis withdrawal

syndrome. Drug Alcohol Depend. 2012;123(1-3):

141-147.

8. Verweij KJ, Agrawal A, Nat NO, et al. A genetic

perspective on the proposed inclusion of cannabis

withdrawal in DSM-5. Psychol Med.

2013;43(8):1713-1722.

9. Hasin DS, Keyes KM, Alderson D, Wang S,

Aharonovich E, Grant BF. Cannabis withdrawal in

the United States: results fromNESARC. J Clin

Psychiatry. 2008;69(9):1354-1363.

10. Allsop DJ, Norberg MM, Copeland J, Fu S,

Budney AJ. The Cannabis Withdrawal Scale

development: patterns and predictors of cannabis

withdrawal and distress. Drug Alcohol Depend.

2011;119(1-2):123-129.

11. Budney AJ, Hughes JR. The cannabis withdrawal

syndrome. Curr Opin Psychiatry. 2006;19(3):

233-238.

12. CopersinoML, Boyd SJ, Tashkin DP, et al.

Cannabis withdrawal among non–treatment-

seeking adult cannabis users. Am J Addict.

2006;15(1):8-14.

13. Cornelius JR, Chung T, Martin C, Wood DS, Clark

DB. Cannabis withdrawal is common among

treatment-seeking adolescents with cannabis

dependence andmajor depression, and is

associated with rapid relapse to dependence.

Addict Behav. 2008;33(11):1500-1505.

14. HaneyM. Themarijuana withdrawal syndrome:

diagnosis and treatment. Curr Psychiatry Rep.

2005;7(5):360-366.

15. Levin FR, Mariani JJ, Brooks DJ, Xie S, Murray

KA. Δ9-Tetrahydrocannabivarin testing may not

have the sensitivity to detect marijuana use among

individuals ingesting dronabinol.Drug Alcohol

Depend. 2010;106(1):65-68.

16. Preuss UW,Watzke AB, Zimmermann J, Wong

JW, Schmidt CO. Cannabis withdrawal severity and

short-term course among cannabis-dependent

adolescent and young adult inpatients. Drug

Alcohol Depend. 2010;106(2-3):133-141.

17. Chung T, Martin CS, Cornelius JR, Clark DB.

Cannabis withdrawal predicts severity of cannabis

involvement at 1-year follow-up among treated

adolescents. Addiction. 2008;103(5):787-799.

18. Allsop DJ, Copeland J, Norberg MM, et al.

Quantifying the clinical significance of cannabis

withdrawal. PLoS One. 2012;7(9):e44864.

doi:10.1371/journal.pone.0044864.

19. Benyamina A, LecacheuxM, Blecha L, Reynaud

M, LukasiewczM. Pharmacotherapy and

psychotherapy in cannabis withdrawal and

dependence. Expert Rev Neurother.

2008;8(3):479-491.

20. Vandrey R, HaneyM. Pharmacotherapy for

cannabis dependence: how close are we? CNS

Drugs. 2009;23(7):543-553.

21. Weinstein AM, Gorelick DA. Pharmacological

treatment of cannabis dependence. Curr Pharm

Des. 2011;17(14):1351-1358.

22. HaneyM,Ward AS, Comer SD, Hart CL, Foltin

RW, FischmanMW. Bupropion SR worsens mood

during marijuana withdrawal in humans.

Psychopharmacology (Berl). 2001;155(2):171-179.

23. Carpenter KM, McDowell D, Brooks DJ, Cheng

WY, Levin FR. A preliminary trial: double-blind

comparison of nefazodone, bupropion-SR, and

placebo in the treatment of cannabis dependence.

Am J Addict. 2009;18(1):53-64.

24. HaneyM, Hart CL, Vosburg SK, et al. Marijuana

withdrawal in humans: effects of oral THC or

divalproex.Neuropsychopharmacology.

2004;29(1):158-170.

25. Levin FR, McDowell D, Evans SM, et al.

Pharmacotherapy for marijuana dependence:

a double-blind, placebo-controlled pilot study of

divalproex sodium. Am J Addict. 2004;13(1):21-32.

26. Winstock AR, Lea T, Copeland J. Lithium

carbonate in themanagement of cannabis

withdrawal in humans: an open-label study.

J Psychopharmacol. 2009;23(1):84-93.

27. HaneyM, Hart CL, Vosburg SK, Comer SD, Reed

SC, Foltin RW. Effects of THC and lofexidine in a

human laboratory model of marijuana withdrawal

and relapse. Psychopharmacology (Berl).

2008;197(1):157-168.

28. Budney AJ, Vandrey RG, Hughes JR, Moore BA,

Bahrenburg B. Oral delta-9-tetrahydrocannabinol

suppresses cannabis withdrawal symptoms. Drug

Alcohol Depend. 2007;86(1):22-29.

29. Vandrey R, Stitzer ML, Mintzer MZ, Huestis

MA, Murray JA, Lee D. The dose effects of

short-term dronabinol (oral THC) maintenance in

daily cannabis users. Drug Alcohol Depend.

2013;128(1-2):64-70.

30. HaneyM, Cooper ZD, Bedi G, Vosburg SK,

Comer SD, Foltin RW. Nabilone decreases marijuana

withdrawal and a laboratory measure of marijuana

relapse. Neuropsychopharmacology.

2013;38(8):1557-1565.

31. Karschner EL, DarwinWD, Goodwin RS, Wright

S, Huestis MA. Plasma cannabinoid

pharmacokinetics following controlled oral

Δ9-tetrahydrocannabinol and oromucosal cannabis

extract administration. Clin Chem. 2011;57(1):66-75.

32. Englund A, Morrison PD, Nottage J, et al.

Cannabidiol inhibits THC-elicited paranoid

symptoms and hippocampal-dependent memory

impairment. J Psychopharmacol. 2013;27(1):19-27.

Research Original Investigation Nabiximols in Cannabis Withdrawal

290 JAMAPsychiatry March 2014 Volume 71, Number 3 jamapsychiatry.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Pittsburgh User  on 07/31/2015



Copyright 2014 American Medical Association. All rights reserved.

33. Karniol IG, Shirakawa I, Kasinski N, Pfeferman

A, Carlini EA. Cannabidiol interferes with the effects

of Δ9-tetrahydrocannabinol in man. Eur J

Pharmacol. 1974;28(1):172-177.

34. Leweke FM, Piomelli D, Pahlisch F, et al.

Cannabidiol enhances anandamide signaling and

alleviates psychotic symptoms of schizophrenia.

Transl Psychiatry. 2012;2:e94. doi:10.1038/

tp.2012.15.

35. Zuardi AW, Cosme RA, Graeff FG, Guimarães FS.

Effects of ipsapirone and cannabidiol on human

experimental anxiety. J Psychopharmacol.

1993;7(1)(suppl):82-88.

36. Zuardi AW, Shirakawa I, Finkelfarb E, Karniol IG.

Action of cannabidiol on the anxiety and other

effects produced by Δ9-THC in normal subjects.

Psychopharmacology (Berl). 1982;76(3):245-250.

37. Campos AC, Moreira FA, Gomes FV, Del Bel EA,

Guimarães FS. Multiple mechanisms involved in the

large-spectrum therapeutic potential of cannabidiol

in psychiatric disorders. Philos Trans R Soc Lond B

Biol Sci. 2012;367(1607):3364-3378.

38. Schier AR, Ribeiro NP, Silva AC, et al.

Cannabidiol, a Cannabis sativa constituent, as an

anxiolytic drug. Rev Bras Psiquiatr. 2012;34(suppl

1):S104-S110.

39. Crippa JA, Hallak JE, Machado-de-Sousa JP,

et al. Cannabidiol for the treatment of cannabis

withdrawal syndrome: a case report. J Clin Pharm

Ther. 2013;38(2):162-164.

40. Robson P. Abuse potential and psychoactive

effects of δ-9-tetrahydrocannabinol and

cannabidiol oromucosal spray (Sativex), a new

cannabinoid medicine. Expert Opin Drug Saf.

2011;10(5):675-685.

41. Wade DT, Makela P, Robson P, House H,

Bateman C. Do cannabis-basedmedicinal extracts

have general or specific effects on symptoms in

multiple sclerosis? a double-blind, randomized,

placebo-controlled study on 160 patients.Mult

Scler. 2004;10(4):434-441.

42. Russo EB, Guy GW, Robson PJ. Cannabis, pain,

and sleep: lessons from therapeutic clinical trials of

Sativex, a cannabis-basedmedicine. Chem

Biodivers. 2007;4(8):1729-1743.

43. Rog DJ, Nurmikko TJ, Young CA. Oromucosal

Δ9-tetrahydrocannabinol/cannabidiol for

neuropathic pain associated with multiple sclerosis:

an uncontrolled, open-label, 2-year extension trial.

Clin Ther. 2007;29(9):2068-2079.

44. Perez J. Combined cannabinoid therapy via an

oromucosal spray. Drugs Today (Barc).

2006;42(8):495-503.

45. Schoedel KA, Chen N, Hilliard A, et al. A

randomized, double-blind, placebo-controlled,

crossover study to evaluate the subjective abuse

potential and cognitive effects of nabiximols

oromucosal spray in subjects with a history of

recreational cannabis use.Hum Psychopharmacol.

2011;26(3):224-236.

46. First M, Spitzer R, GibbonM,Williams J.

Structured Clinical Interview forDSM-IV-TR Axis I

Disorders: Research Version, Non-Patient Edition.

(SCID-I/NP).New York: Biometrics Research, New

York State Psychiatric Institute; 2002.

47. Sastre-Garriga J, Vila C, Clissold S, Montalban X.

THC and CBD oromucosal spray (Sativex) in the

management of spasticity associated with multiple

sclerosis. Expert Rev Neurother. 2011;11(5):627-637.

48. Norberg MM, Copeland J, Rivas G, Montebello

M.Quitting Cannabis in 8 Days: Self-guided Manual.

Sydney, Australia: National Cannabis Prevention

and Information Centre, University of New South

Wales; 2011.

49. Norberg MM,Mackenzie J, Copeland J.

Quantifying cannabis use with the timeline

followback approach: a psychometric evaluation.

Drug Alcohol Depend. 2012;121(3):247-252.

50. Copeland J, Gilmour S, Gates P, Swift W. The

Cannabis Problems Questionnaire: factor structure,

reliability, and validity. Drug Alcohol Depend.

2005;80(3):313-319.

51. Lawrinson P, Copeland J, Indig D. Development

and validation of a brief instrument for routine

outcomemonitoring in opioid maintenance

pharmacotherapy services: the Brief Treatment

OutcomeMeasure (BTOM). Drug Alcohol Depend.

2005;80(1):125-133.

52. Soldatos CR, Dikeos DG, Paparrigopoulos TJ.

Athens Insomnia Scale: validation of an instrument

based on ICD-10 criteria. J Psychosom Res.

2000;48(6):555-560.

53. Martin G, Copeland J, Gates P, Gilmour S. The

Severity of Dependence Scale (SDS) in an

adolescent population of cannabis users: reliability,

validity and diagnostic cut-off. Drug Alcohol

Depend. 2006;83(1):90-93.

54. Swift W, Copeland J, Hall W. Choosing a

diagnostic cut-off for cannabis dependence.

Addiction. 1998;93(11):1681-1692.

55. Leon AC, OlfsonM, Portera L, Farber L,

Sheehan DV. Assessing psychiatric impairment in

primary care with the Sheehan Disability Scale. Int J

Psychiatry Med. 1997;27(2):93-105.

56. Stephens RS, Wertz JS, Roffman RA.

Self-efficacy andmarijuana cessation: a construct

validity analysis. J Consult Clin Psychol.

1995;63(6):1022-1031.

57. Lovibond SH, Lovibond PF.Manual for the

Depression Anxiety Stress Scales. Sydney, Australia:

Psychology Foundation; 1995.

58. Arnau RC, Broman-Fulks JJ, Green BA, Berman

ME. The Anxiety Sensitivity Index–Revised:

confirmatory factor analyses, structural invariance

in Caucasian and African American samples, and

score reliability and validity. Assessment.

2009;16(2):165-180.

59. Deacon BJ, Abramowitz JS, Woods CM, Tolin

DF. The Anxiety Sensitivity Index–Revised:

psychometric properties and factor structure in two

nonclinical samples. Behav Res Ther.

2003;41(12):1427-1449.

60. Simons J, Gaher R. The Distress Tolerance

Scale: development and validation of a self-report

measure.Motiv Emot. 2005;29(2):83-102.

doi:10.1007/s11031-005-7955-3.

61. Patton JH, StanfordMS, Barratt ES. Factor

structure of the Barratt Impulsiveness Scale. J Clin

Psychol. 1995;51(6):768-774.

62. Schafer JL. Multiple imputation: a primer. Stat

Methods Med Res. 1999;8(1):3-15.

63. Zhang P. Multiple imputation: theory and

method. Int Stat Rev. 2003;71(3):581-592.

http://www.jstor.org/stable/1403830.

64. Bell ML, Fairclough DL. Practical and statistical

issues in missing data for longitudinal patient

reported outcomes [published online ahead of print

February 19, 2013]. Stat Methods Med Res.

65. Mallinckrodt CH, Clark SW, Carroll RJ,

Molenbergh G. Assessing response profiles from

incomplete longitudinal clinical trial data under

regulatory considerations. J Biopharm Stat.

2003;13(2):179-190.

66. Rubin D. Inference andmissing data.

Biometrika. 1976;63(3):581-592.

67. HaneyM, Bedi G, Cooper ZD, et al. Predictors

of marijuana relapse in the human laboratory:

robust impact of tobacco cigarette smoking status.

Biol Psychiatry. 2013;73(3):242-248.

68. Magee L. R2measures based onWald and

likelihood ratio joint significance tests. Am Stat.

1990;44:250-253. doi:10.1080/

00031305.1990.10475731.

69. Akaike H. A new look at the statistical model

identification: automatic control. IEEE Transactions

on Automatic Control. 1974;19(6):716-723.

70. Hedges LV. Distribution theory for Glass's

estimator of effect size and related estimators.

J Educ Stat. 1981;6(2):107-128. http://www.jstor.org

/stable/1164588.

71. Norman G. Likert scales, levels of measurement

and the “laws” of statistics. Adv Health Sci Educ

Theory Pract. 2010;15(5):625-632.

72. Swift W,Wong A, Li KM, Arnold JC, McGregor

IS. Analysis of cannabis seizures in NSW, Australia:

cannabis potency and cannabinoid profile. PLoS

One. 2013;8(7):e70052. doi:10.1371/

journal.pone.0070052.

73. Levin FR, Mariani JJ, Brooks DJ, Pavlicova M,

ChengW, Nunes EV. Dronabinol for the treatment

of cannabis dependence: a randomized,

double-blind, placebo-controlled trial. Drug Alcohol

Depend. 2011;116(1-3):142-150.

74. Vaillant GE. What can long-term follow-up

teach us about relapse and prevention of relapse in

addiction? Br J Addict. 1988;83(10):1147-1157.

Nabiximols in Cannabis Withdrawal Original Investigation Research

jamapsychiatry.com JAMAPsychiatry March 2014 Volume 71, Number 3 291

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a University of Pittsburgh User  on 07/31/2015


