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Objective: Preclinical findings suggest
that the over-the-counter supplement N-
acetylcysteine (NAQ), via glutamate mod-
ulation in the nucleus accumbens, holds
promise as a pharmacotherapy for sub-
stance dependence. The authors investi-
gated NAC as a novel cannabis cessation
treatment in adolescents, a vulnerable
group for whom existing treatments have
shown limited efficacy.

Method: In an 8-week double-blind ran-
domized placebo-controlled trial, treat-
ment-seeking cannabis-dependent adoles-
cents (ages 15-21 years; N=116) received
NAC (1200 mg) or placebo twice daily as
well as a contingency management inter-
vention and brief (<10 minutes) weekly
cessation counseling. The primary efficacy
measure was the odds of negative weekly
urine cannabinoid test results during treat-
ment among participants receiving NAC
compared with those receiving placebo,

in an intent-to-treat analysis. The primary
tolerability measure was frequency of
adverse events, compared by treatment
group.

Results: Participants receiving NAC had
more than twice the odds, compared
with those receiving placebo, of having
negative urine cannabinoid test results
during treatment (odds ratio=2.4, 95%
Cl=1.1-5.2). Exploratory secondary absti-
nence outcomes favored NAC but were
not statistically significant. NAC was well
tolerated, with minimal adverse events.

Conclusions: This is the first randomized
controlled trial of pharmacotherapy for
cannabis dependence in any age group
to yield a positive primary cessation out-
come in an intent-to-treat analysis. Find-
ings support NAC as a pharmacotherapy
to complement psychosocial treatment
for cannabis dependence in adolescents.

(Am J Psychiatry 2012; 169:805-812)

Cannabis is the most commonly used illicit substance
among adolescents, and rates of use are increasing. One
quarter of high school seniors are current cannabis users,
and 7% use daily (1). Adolescents are particularly prone
to adverse consequences of cannabis use and progression
to dependence (2-5), but existing cessation treatments
are associated with low abstinence rates (6-8). A potential
strategy to enhance outcomes is to use pharmacotherapy
to complement psychosocial treatment, but little research
has been conducted on this approach in adolescents. Even
in adults, investigation of pharmacotherapy for cannabis
dependence has been limited, and no effective medica-
tions have been identified (9).

The antioxidant N-acetylcysteine (NAC), an N-acetyl
prodrug of the naturally occurring amino acid cysteine,
is widely available as an over-the-counter supplement.
Research interest in NAC has grown amid increasing evi-
dence of the role of the neurotransmitter glutamate in ad-
diction (10-12). Animal models have demonstrated that
chronic drug self-administration down-regulates the cys-

tine-glutamate exchanger in the nucleus accumbens and
that administration of NAC up-regulates this exchanger,
normalizing a drug-induced pathology and reducing rein-
statement of drug seeking (10, 13). Preclinical and prelimi-
nary clinical studies further support a potential treatment
role for NAC (14-21). Other clinical studies suggest that
NAC, via glutamate modulation and a number of other
proposed mechanisms, may be efficacious across a variety
of psychiatric conditions (22).

Given these findings, and in light of the need for im-
proved adolescent cannabis cessation treatments, we
examined NAC as a candidate pharmacotherapy. After
completing an encouraging open-label pilot trial (23),
we conducted a double-blind randomized placebo-con-
trolled trial of NAC in cannabis-dependent adolescents.
To critically judge NAC as a complementary treatment, we
evaluated it in the context of contingency management,
an efficacious youth-targeted cannabis cessation psycho-
social treatment (24, 25). We hypothesized that treatment
with NAGC, relative to placebo, when added to contingen-
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cy management and brief weekly cessation counseling,
would be associated with higher rates of abstinence, as
measured by the odds of negative urine cannabinoid test
results during treatment.

Method

Trial Design

Treatment-seeking cannabis-dependent adolescents were
randomly assigned, in a 1:1 parallel group allocation, to receive
a double-blind 8-week course of NAC (1200 mg) or placebo twice
daily, along with contingency management and brief weekly
cessation counseling. A follow-up assessment was conducted 4
weeks after end of treatment. Urine cannabinoid testing (U.S.
Screening Source, Inc., Louisville) was conducted at all visits. The
Investigational New Drug application for this study was approved
by the Food and Drug Administration (FDA). The study proce-
dures were approved by the university institutional review board
and were in accord with the Helsinki Declaration of 1975.

Participants

To enroll in the study, adolescents had to be 13 to 21 years old,
use cannabis regularly (=3 days/week on average), meet criteria
for cannabis dependence, express interest in cannabis cessation
treatment, not be enrolled in substance use treatment, have no
current comorbid substance dependence aside from nicotine,
have no acutely unstable psychiatric or medical illness, have no
history of adverse reaction to NAC, and not be taking carbamaze-
pine or nitroglycerin; in addition, female participants could not
be pregnant, and if sexually active, had to be using birth control.

Recruitment occurred primarily through clinical referrals and
local media (e.g., flyers, newspaper announcements, online ad-
vertisements). If an initial telephone screen suggested potential
eligibility, adolescents were scheduled for an informed consent
and baseline assessment visit. After receiving a complete descrip-
tion of the study, all participants age 18 years or older provided
written consent; written parental consent and participant assent
were obtained for those under age 18.

General Procedures

All procedures were conducted at the university research clinic.
At the baseline visit, comprehensive psychiatric and substance
use diagnostic assessment (26-28), physical examination, and
laboratory testing (urine pregnancy and drug tests) were per-
formed. Timeline follow-back methods were used to assess self-
reported cannabis and other substance use (29).

Eligible participants were given adolescent-targeted cannabis
information brochures (30), were enrolled in a contingency man-
agement intervention (see below), and were randomly assigned
to a treatment group. Participants were seen in clinic weekly dur-
ing the 8-week medication trial and returned for posttreatment
follow-up 4 weeks after end of treatment. At all visits, the study
physician or physician assistant provided brief individual cessa-
tion counseling (<10 minutes) and adverse event assessment, and
participants submitted urine samples for cannabinoid testing.

Interventions

Medication. Enrolled participants were randomly assigned to
double-blind treatment (NAC, 1200 mg, or placebo twice daily),
stratified by age (<18 or 218) and baseline cannabis use (using
<20 or 220 of the past 30 days). The university investigational drug
service oversaw randomization, encased medications in identi-
cal-appearing capsules, and dispensed them in weekly blister
packs with specific instructions on when to take each dose. Par-
ticipants, investigators, and clinical staff remained blind to treat-
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ment assignment throughout the study. To enhance the blind, a
small amount of NAC powder was applied to the inside of all blis-
ter packs so that both NAC and placebo packs would contain the
scent of NAC. No formal assessment of the integrity of the blind
was conducted.

Contingency management. A twice-weekly contingency man-
agement intervention, separately targeting participant retention
and cannabis abstinence and modeled on established methods
(24), was implemented during the medication trial. An escalating
reinforcement schedule, in which participants were able to earn
increasing contingent rewards over successive displays of desired
behavior (adherence with appointments and procedures; can-
nabis abstinence as measured by instant urine cannabinoid test-
ing), was used. One weekly evaluation occurred during the week’s
scheduled clinic visit, and the other was a “drop-in” on a separate
day of the week. For adherence and abstinence, the initial con-
tingent reward was $5 (cash) for each. For each successive visit
at which the participant was adherent or abstinent, the reward
increased by $2 ($7, then $9, and so on). If a participant subse-
quently failed to adhere to study procedures or tested positive for
cannabis use, he or she did not receive any reward at that visit,
and the contingent reward value for the next session was reset to
the baseline of $5. If, at a given visit, a participant tested positive
but adhered to study procedures, he or she collected the adher-
ence reward as scheduled but was not eligible for the abstinence
reward.

Cessation counseling. The physician or physician assistant, in
the context of medication management, provided nonmanual-
ized brief (<10 minutes) cessation counseling at all clinic visits,
incorporating educational, motivational, and cognitive-behav-
ioral elements.

Outcome Measures

Efficacy. Urine cannabinoid testing at baseline, during weekly
clinic visits, and at the posttreatment follow-up, was conducted
as the primary biological measure of cannabis use. Self-reported
cannabis use was collected by timeline follow-back methods.

Safety and tolerability. A thorough safety evaluation was con-
ducted at each clinic visit, including a physician or physician
assistant evaluation of adverse events using an open-ended in-
terview and a comprehensive structured review of systems (31);
urine pregnancy testing for female participants; and measure-
ment of vital signs.

Adherence. Medication diaries and weekly pill counts (inspec-
tion of blister packs and documentation of missed doses) were
used to measure adherence.

Statistical Analysis

The primary hypothesis was that participants in the NAC
group would have higher odds than those in the placebo group
of having negative weekly urine cannabinoid test results during
treatment. An intent-to-treat approach including all randomized
participants was used. In all analyses, participants who were lost
to follow-up or were absent from visits were coded as having a
positive urine cannabinoid test at every missed visit.

The study was powered to detect a 50% rate of negative urine
cannabinoid tests in participants receiving NAC, compared with
25% in those receiving placebo. These estimates were derived
from a previous trial of pharmacotherapy to complement con-
tingency management targeting cocaine dependence (32). Set-
ting the type I error rate to 0.05, a sample of 58 participants per
treatment group was deemed necessary to yield 80% power. No
interim efficacy analyses were conducted.

Standard descriptive statistics were used to summarize the
general demographic and clinical data. Group differences in
continuous characteristics were assessed using t tests, and differ-
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TABLE 1. Baseline Demographic and Clinical Characteristics of Participants in a Randomized Controlled Trial of N-Acetyl-

cysteine in Cannabis-Dependent Adolescents

GRAY, CARPENTER, BAKER, ET AL.

Treatment Group

Placebo (N=58)

N-Acetylcysteine (N=58)

Variable Overall Sample (N=116)
Mean SD
Demographic characteristics
Age (years) 18.9 1.5
Weight (kg) 69.8 13.9
Heart rate (beats per minute) 66.6 11.4
N %
Age <18 years 20 17.2
Male 84 73.0
White 96 83.5
Enrolled in school 85 73.9
Cigarette smoker 65 57.0
Mean SD
Cannabis use characteristics
Years of cannabis use 4.2 1.8
Number of prior cannabis quit attempts 3.3 9.8
Days using cannabis in past 30 days 22.6 7.2
% of days using cannabis in past 30 days 75.3 241
Days since last cannabis use 2.2 3.7
N %
Positive urine cannabinoid test at baseline 105 90.5
Psychiatric comorbidity
Attention deficit hyperactivity disorder 6 5.2
Conduct or oppositional defiant disorder 7 6.0
Major depressive disorder 9 7.8
Anxiety disorder 9 7.8
Any psychiatric comorbidity 16 13.8

Mean SD Mean SD
18.8 1.5 18.9 1.5
68.4 12.0 71.2 15.7
66.6 12.0 66.7 11.0
N % N %
10 17.2 10 17.2
45 77.6 39 68.4
51 87.9 45 79.0
42 72.4 43 75.4
32 55.2 33 58.9
Mean SD Mean SD
43 2.0 4.1 1.7
2.7 3.6 3.9 13.5
221 7.3 23.1 7.2
73.6 24.4 77.0 239
23 3.7 2.1 3.7
N % N %
52 89.7 53 91.4
4 6.9 2 3.5
5 8.6 2 3.5
7 12.1 2 3.5
6 10.3 3 5.2
11 18.9 5 8.6

ences in categorical characteristics were assessed using normal
(Pearson’s) chi-square tests.

The efficacy of NAC compared with placebo, along with con-
tingency management and weekly brief cessation counseling, in
fostering abstinence from cannabis was analyzed over the 8-week
treatment and at the follow-up 4 weeks after end of treatment. A
repeated-measures logistic regression model using the methods
of generalized estimating equations (33) was applied to assess the
overall treatment effect on urine cannabinoid test results during
active treatment. Working correlation structures were indepen-
dently compared, and the final model structure was chosen us-
ing the quasi-likelihood under the independence model criterion
(34). Odds ratios and asymptotic 95% confidence intervals (Cls)
were computed. Additionally, a preplanned logistic regression
model was used to analyze the odds of a negative cannabinoid
test at the posttreatment follow-up.

Exploratory analyses of selected secondary efficacy measures
were conducted. Time to first negative urine test was examined
using a Cox proportional hazards model with the baseline visit
set as the time baseline. The assumption of proportional hazards
was assessed by including an interaction between the treatment
group assignment variable and the log-transformed time-to-
event variable. No violations of the assumption were determined.
End-of-treatment abstinence was assessed via a logistic regres-
sion model using the intent-to-treat sample (N=116) in which
participants with missing data were assumed to be nonabstinent.
An analysis of covariance model was used to test for differences
in the proportion of days of cannabis use throughout treatment.

All study models were adjusted for baseline urine cannabinoid
test results and assessed for possible confounding and effect mod-
ification of age, weight, gender, race, years of cannabis use, num-
ber of previous quit attempts, and presence of psychiatric comor-
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bidities. Baseline demographic and clinical characteristics were
independently tested for association with efficacy outcome, and
those significantly associated were included as predictors in ad-
justed models. Results are presented as odds ratios with 95% ClIs.

Adverse event rates were compared between treatment groups
using Pearson’s chi-square tests. Study completion was compared
using logistic regression. Cox proportional hazards regression
was used to assess the effect of demographic and clinical charac-
teristics and treatment assignment on time to study dropout. The
assumption of proportional hazards was assessed similarly to the
aforementioned efficacy model. No violations of the assumption
were determined.

No adjustments for multiple testing were made, as they are
known to reduce statistical power and increase the probabil-
ity of accepting a null hypothesis that is truly false. Preliminary
analyses leading to a priori hypotheses suggest that differences
noted are less likely to be from chance alone. Differences between
groups for these hypotheses on multiple related outcome mea-
sures would support the treatment effect of NAC on cannabis use.
Thus, we specified, a priori, the primary outcome as well as sec-
ondary comparisons and did not adjust for multiple comparisons
of groups on these outcomes (35-37). All statistical analyses were
conducted using SAS, version 9.2 (SAS Institute, Cary, N.C.). The
significance threshold was set at a p value of 0.05 (two-sided).

Results

Participants were enrolled between September 2009
and January 2011. A total of 136 adolescents were assessed
for eligibility; of these, 20 (15%) were excluded because
they did not meet eligibility criteria (see the figure in the
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FIGURE 1. Proportion of Negative Urine Cannabinoid Tests
Over Time Among Cannabis-Dependent Adolescents in a
Randomized Controlled Trial of N-Acetylcysteine (NAC)?
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21n this intent-to-treat analysis, all randomized participants (N=116)
were included, and urine cannabinoid tests were assumed to be
positive for all missed visits. With adjustment for years of cannabis
use, baseline urine cannabinoid test results, and major depressive
disorder, odds ratio=2.4, 95% Cl=1.1-5.2; x?=4.72, p=0.029.

data supplement that accompanies the online edition of
this article). Baseline demographic and clinical charac-
teristics are presented in Table 1. The randomized cohort
(N=116) was an older adolescent sample (mean age, 18.9
years [range=15-21]) and was predominantly white (N=96,
83.5%). There were no significant between-group differ-
ences in baseline demographic or clinical variables. The
groups had similar rates of positive urine cannabinoid
tests at baseline.

Efficacy

The proportion of negative urine cannabinoid tests in
the NAC and placebo groups at each visit (intent-to-treat
sample) is illustrated in Figure 1. Although there were no
group differencesinbaseline years of cannabis use (p=0.72)
or presence of major depressive disorder (p=0.16), these
variables were independent predictors of positive urine
cannabinoid tests during treatment (p=0.007 and p=0.066,
respectively) and therefore were covaried in the primary
model along with baseline urine cannabinoid test result.
Participants in the NAC group had more than double the
odds of negative urine cannabinoid tests during treat-
ment compared with those in the placebo group. In the
adjusted model, a significant relationship was observed
between treatment and the odds of a negative urine can-
nabinoid test (odds ratio=2.4, 95% Cl=1.1-5.2; ¥%=4.72,
p=0.029). There was no significant differential drug effect
over time (treatment-by-time interaction). Through the fi-
nal treatment visit, 40.9% (190/464) of the urine cannabi-
noid tests in the NAC group were negative, compared with
27.2% (126/464) in the placebo group, per intent-to-treat
analysis, assuming any missing urine test was positive
for cannabinoids. At the posttreatment follow-up visit,
19.0% (11/58) of the urine cannabinoid tests in the NAC
group were negative, compared with 10.3% (6/58) in the
placebo group. While still numerically favoring NAC, the
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FIGURE 2. Survivorship Function for Time to First Negative
Urine Cannabinoid Test Among Cannabis-Dependent Ado-
lescents in a Randomized Controlled Trial of N-Acetylcys-
teine (NAC)?
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2The graph shows the estimated survival function for NAC compared
with placebo participants, adjusted for years of cannabis use and
baseline urine cannabinoid test results.

overall treatment effect lost statistical significance at the
posttreatment follow-up (adjusted odds ratio=2.4, 95% CI:
0.8-7.5; x2=2.2, p=0.131).

The secondary efficacy measures, assessing time to first
negative urine cannabinoid test (hazard ratio=1.5, 95%
CI=0.9-2.5; %?=2.1, p=0.146) (Figure 2) and end-of-treat-
ment abstinence (odds ratio=2.3, 95% Cl=1.0-5.4; %?=3.7,
p=0.054), revealed a similar magnitude of estimates favor-
ing NAC, although the study was not adequately powered
to assess these outcomes (Table 2). There was no signifi-
cant difference in percentage of self-reported days of can-
nabis use throughout treatment.

In the adjusted primary analysis model, study week and
the treatment-by-study week interaction were not signifi-
cant. However, participants with a negative baseline urine
cannabinoid test had nearly six times the odds of negative
tests during treatment (odds ratio=5.9, 95% CI=2.0-17.7;
x%=5.4, p=0.020). Similarly, those with fewer baseline years
of cannabis use had significantly greater odds of negative
urine tests during the study (odds ratio=1.4, 95% CI=1.1-
1.7; x?=8.0, p=0.047). Participants with major depressive
disorder had lower odds of negative urine test during
treatment, although this relationship fell short of statis-
tical significance (odds ratio=0.3; 95% CI=0.1-1.0; %?=3.5,
p=0.062). Models were additionally examined for possible
confounding and effect modification of age, weight, gen-
der, race, psychiatric comorbidities, and number of previ-
ous cannabis quit attempts, revealing no significant con-
founders or effect modifiers.

Based on the intent-to-treat sample, with missing urine
samples assumed to be positive for cannabinoids, the
number needed to treat to achieve negative cannabinoid
testing was 7.3 for the treatment portion of the study and
11.6 for the posttreatment follow-up visit. These are com-
parable to numbers needed to treat for several established
addiction-targeted pharmacotherapies (38).
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TABLE 2. Outcome Measures in a Randomized Controlled Trial of N-Acetylcysteine in Cannabis-Dependent Adolescents

Measure and Group Analysis
Primary outcome measure N % 0dds Ratio 95% CI p
Negative weekly urine tests? 2.35 1.05 to 5.24 0.029
N-Acetylcysteine 190 40.9
Placebo 126 27.2
Secondary outcome measures
Confirmed 2-week abstinence at end of treatment® 2.32 0.99 to 5.43 0.054
N-Acetylcysteine 21 36.2
Placebo 12 20.7
Confirmed 4-week abstinence at end of treatment® 2.14 0.85 to 5.42 0.108
N-Acetylcysteine 16 27.6
Placebo 9 15.5
Mean SD Hazard Ratio 95% CI p
Time to first negative urine test (days)* 1.48 0.87 to 2.49 0.146
N-Acetylcysteine 17.2 19.4
Placebo 20.9 20.9
Change in percentage of days using cannabis dur- Mean Differ-
ing treatmentd Mean SD ence (SEM) 95% Cl p
N-Acetylcysteine -41.1 28.2 -4.0(6.00 -15.8t07.9 0.512
Placebo -37.0 28.5

@ The weekly urine cannabinoid test results during treatment are an indication of overall treatment effect. We used a generalized estimating
equations intent-to-treat analysis (N=116) of negative urine cannabinoid tests during the 8-week treatment (a total of 8 weekly tests for each
participant; 464 tests for each treatment group were tabulated). Urine tests were assumed to be positive for all missed visits. The odds ratio
is adjusted for baseline urine cannabinoid test results, years of reported cannabis use, and major depressive disorder.

b Self-reported 2- and 4-week abstinence confirmed by negative urine cannabinoid tests. In this intent-to-treat analysis (N=116), urine tests
were assumed to be positive for all missed visits; odds ratios are adjusted for baseline urine test results and years of reported cannabis use.

¢ Hazard for time to first negative urine cannabinoid test for N-acetylcysteine compared with placebo participants (N=116). The hazard ratio
is adjusted for baseline urine cannabinoid test results and years of reported cannabis use.

d Adjusted change in percent of days (marginal means) and standard deviations with self-reported cannabis use between the treatment phase
of the study and the 30 days prior to study entry (participants with self-report data available, N=89). Means and mean differences are ad-
justed for baseline urine cannabinoid test results, years of reported cannabis use, and self-reported percent of days used in the 30 days prior
to study entry. The mean difference is calculated as the difference between the marginal group means of the placebo and N-acetylcysteine

groups, and the standard error of the mean (SEM) is the associated standard error of the marginal mean difference.

A post hoc sensitivity analysis was performed on propor-
tion of negative urine cannabinoid tests during treatment,
using multiple methods to manage missing data and drop-
out. In addition to the intent-to-treat approach noted above
(N=116), a modified intent-to-treat analysis that examined
participants who received at least one dose of study medi-
cation (N=106) and a per-protocol analysis using available
data (varying Ns) were performed. Using a modified intent-
to-treat analysis, participants in the NAC group had 2.1
times the odds of having negative urine cannabinoid tests
during treatment compared with those in the placebo group
(adjusted odds ratio=2.1, 95% CI=1.0-4.5; x?=4.0, p=0.047).
When examining only available data (per-protocol analy-
sis), participants in the NAC group had 2.4 times the odds
of having negative urine cannabinoid tests compared with
those in the placebo group (adjusted odds ratio=2.4, 95%
CI=1.1-5.4; y?=4.4, p=0.036). Finally, combinatorial graphi-
cal methods for assessing the impact of missing data on the
significance of findings were also employed, in which every
permutation of missing data assignment was considered,
and a subsequent logistic regression was performed (39).
For the majority of missing data assignments that could be
reasonably expected, the odds ratio remained significant.
In general, the selection of missing data handling method
had little effect on analytic outcomes.

Am | Psychiatry 169:8, August 2012

Safety and Tolerability

Interim monitoring of adverse events was conducted
every 6 months by an independent data and safety moni-
toring board. There were no FDA-defined serious adverse
events, and there were no significant differences between
the two treatment groups in the occurrence of any adverse
events (38 events in the NAC group [in 24 participants]
and 46 events in the placebo group [in 27 participants]).
The most common adverse event was upper respiratory
infection, which occurred in 19 participants (11 in the NAC
group and eight in the placebo group). Adverse events oc-
curring in at least two participants and deemed at least
possibly treatment related included vivid dreams (three
in the NAC group), insomnia (three in the placebo group),
and irritability (two in the placebo group). One participant
in the NAC group discontinued medication treatment be-
cause of severe heartburn, which resolved on discontinu-
ation. No other participants in either group discontinued
medication because of adverse events.

Retention and Adherence

Of the 116 randomized participants, 106 (92%) took at
least one dose of study medication, 70 (60%) were retained
through completion of treatment, and 54 (47%) were re-
tained through posttreatment follow-up (Figure 3). There
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FIGURE 3. Proportion of Participants (N=116) Attending
Visits Over Time in a Randomized Controlled Trial of N-
Acetylcysteine (NAC) for Cannabis-Dependent Adolescents
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was no significant between-group difference in reten-
tion to treatment completion (37 [64%] in the NAC group
and 33 [57%] in the placebo group) or to posttreatment
follow-up (29 [50%] and 25 [43%], respectively). Time to
dropout, assessed using Cox proportional hazards regres-
sion models, was not significantly different between treat-
ment groups. The median number of days retained in the
study was 63 days (interquartile range, 13-66) in the NAC
group and 62 days (interquartile range, 17-65) in the pla-
cebo group. Time to dropout was not significantly associ-
ated with any of the demographic or clinical characteris-
tics. Review of medication diaries and weekly pill counts
indicated that 95% of dispensed NAC doses and 93% of
dispensed placebo doses were taken. Via contingency
management procedures, participants in the NAC group
earned $162 (SD=129) (of a possible $320) for adherence
and $86 (SD=106) (of a possible $320) for abstinence (to-
tal=$248, SD=214), and those in the placebo group earned
$141 (SD=117) for adherence and $54 (SD=98) for absti-
nence (total=$199, SD=190).

Discussion

To our knowledge, this is the first double-blind random-
ized placebo-controlled trial of pharmacotherapy for can-
nabis dependence in any age group yielding a positive
primary cessation outcome via intent-to-treat analysis.
The results support the hypothesis that treatment with
NAC, compared with placebo, when added to contingency
management and brief cessation counseling, yields im-
proved cannabis abstinence during treatment. NAC more
than doubled the odds of having negative urine canna-
binoid tests as compared with placebo, and differences
were detectable within a week of treatment initiation.
Exploratory secondary abstinence outcomes numerically
favored NAC but were not statistically significant. NAC
was well tolerated, supporting its safety in cannabis-de-
pendent adolescents. Given the increasing prevalence and
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adverse consequences of adolescent cannabis use and the
limited abstinence rates produced by existing treatments,
these findings provide an important addition to the evi-
dence base.

While NAC, via its reversal of drug-induced glutamate
dysregulation, has demonstrated significant effects on
drug seeking and self-administration in animal models
and has been the subject of encouraging preliminary hu-
man studies, this is the first randomized trial to demon-
strate significant main effects of this agent on substance
use cessation. This successful translational effort is partic-
ularly notable considering that no preclinical NAC stud-
ies focused on cannabis or cannabinoid administration. It
appears that the neurobiological and behavioral effects of
NAC may not be specific to a particular substance, suggest-
ing that NAC may be a promising candidate medication
for treatment of other substance use disorders, whether by
modulation of glutamate or by other mechanisms.

This study incorporated contingency management, ar-
guably the most efficacious youth-targeted psychosocial
cannabis cessation treatment, which could have created
a cessation “ceiling effect” and diminished the opportu-
nity to detect an added medication effect. The finding that
coadministration of NAC significantly increased absti-
nence even in this context is striking. It is thus tempting
to argue that, by extension, NAC would enhance cessation
outcomes on its own or when added to other psychosocial
treatments. However, these possibilities can only be ad-
dressed by further controlled trials of NAC in other treat-
ment contexts. It may be that NAC and contingency man-
agement exert synergistic treatment effects, a possibility
that can be investigated in a 2x2 trial (NAC versus placebo
and contingency management versus noncontingency
management) to detect interaction effects (40). Alterna-
tively, it may be that NAC requires a nonspecific but pow-
erful psychosocial treatment platform to exert its effects.

Our findings should be interpreted in light of the study’s
limitations. We investigated only one NAC dosing regi-
men over only 8 weeks, and the study was conducted at
a single university-based research clinic with a relatively
small sample of older adolescents within a narrow age
range who presented with low rates of psychiatric co-
morbidity. The study was not powered to detect end-of-
treatment abstinence or sustained posttreatment effects,
or designed to evaluate potential effect mediators, such
as NAC-induced changes in psychiatric symptoms. Ad-
ditional research is needed to replicate these findings in
other settings and to explore the efficacy of NAC at varying
doses, across different age groups, with longer treatment
duration and posttreatment follow-up, with a direct test of
the integrity of the blind, and with more stringent efficacy
measures (e.g., sustained abstinence at end of treatment).
Additionally, as noted above, to be optimally implement-
ed as a viable treatment, NAC must be investigated in a
variety of psychosocial treatment contexts. While NAC'’s
over-the-counter availability, low cost, and established
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safety profile make it highly desirable for eventual dis-
semination, these characteristics may prompt patients or
providers to prematurely consider NAC as a standalone
treatment. Nonetheless, our findings in this study repre-
sent a key step in the development of inexpensive, readily
available, safe, and efficacious pharmacotherapy for can-
nabis dependence and should serve as a springboard for
further investigation.
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Clinical Guidance: N-Acetylcysteine for Cannabis-Dependent
Adolescents
In an 8-week double-blind randomized placebo-controlled trial for treatment-seek-
ing cannabis-dependent adolescents, Gray et al. added N-acetylcysteine (1,200 mg
twice a day) to contingency management intervention and very brief weekly ces-
sation counseling. The rate of negative urine cannabinoid tests was 41% in the N-
acetylcysteine group, compared to 27% for placebo. Missing urine samples were as-
sumed positive for cannabinoids. At the posttreatment follow-up visit, 19% of the
urine tests in the N-acetylcysteine group were negative, compared to 10% in the
placebo group. Adverse events were not common and included vivid dreams and
heartburn. Bukstein in an editorial (p. 771) notes that N-acetylcysteine is being in-
vestigated for a wide range of psychiatric illnesses. Its up-regulation of the cysteine-
glutamate exchanger may have widespread brain effects, because glutamate is the
brain’s most commonly used neurotransmitter.
812 ajp.psychiatryonline.org Am | Psychiatry 169:8, August 2012

the Mini International Neuropsychiatric Interview for Children

controlled trial. Am J Drug Alcohol Abuse 2007; 33:367-378






