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Abstract

Background—There remains no FDA approved medication for the treatment of cocaine
dependence. Preclinical studies and early pilot clinical investigations have suggested that N-
acetylcysteine (NAC) may be useful in the treatment of the disorder.

Objective—The present report assessed the efficacy of NAC in the treatment of cocaine
dependence.

Methods—Cocaine-dependent volunteers (n = 111) were randomized to receive daily doses of
1200mg of NAC, 2400mg of NAC or placebo. Participants were followed for 8 weeks (up to 3
visits weekly). At each of these visits, urine samples were collected, along with self-reports of
cocaine use. Urine samples were assessed for quantitative levels of benzoylecognine (i.e., cocaine
metabolite).

Results—Overall, the primary results for the clinical trial were negative. However, when
considering only subjects who entered the trial having already achieved abstinence, results favored
the 2400mg NAC group relative to placebo, with the 2400mg group having longer times to relapse
and lower craving ratings.

Conclusion—While the present trial failed to demonstrate that NAC reduces cocaine use in
cocaine-dependent individuals actively using, there was some evidence it prevented return to
cocaine use in individuals who had already achieved abstinence from cocaine. Scientific
significance: N-Acetylcysteine may be useful as a relapse prevention agent in abstinent cocaine-
dependent individuals.

"Corresponding author larowe@musc.edu.
The authors report no competing or conflicting interests. This trial was registered at ClinicalTrials.gov, NCT00218491.


http://ClinicalTrials.gov

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LaRowe et al.

Page 2

INTRODUCTION

At present, there exists no FDA-approved medication for the treatment of cocaine
dependence. However, there are a number of preclinical animal studies that have suggested
that N-acetylcysteine (NAC) may be a candidate medication for the treatment of this
disorder. Previous research has shown that following chronic cocaine administration-3,
basal extracellular glutamate levels within the nucleus accumbens are reduced, which
contributes to the reinstatement of cocaine-seeking behaviors in animal models of

relapse 1 4. NAC, a cystine pro-drug, can prevent reinstated cocaine-seeking behaviors by
normalizing basal glutamate levels via activation of the cystine-glutamate exchanger 1. 4.
Research on the administration of NAC to animals trained to self-administer cocaine has
shown that NAC also hastens extinction learning and provides lasting protection against the
reinstatement of cocaine-seeking behaviors®.

Consistent with the preclinical findings in animals, preliminary double blind clinical studies
have demonstrated that NAC reduces craving initiated by conditioned cues or a cocaine
injection in cocaine-dependent volunteers’-8. In addition, an open-label trial found that
participants taking NAC reported reduced use of cocaine over a 4-week period®.
Importantly, clinical studies thus far have found NAC to be safe and well-tolerated among
cocaine-dependent individuals®-10,

Together, these studies supported the initiation of a placebo-controlled double-blind trial of
NAC for the treatment of cocaine dependence. We hypothesized that treatment-seeking,
cocaine-dependent subjects receiving weekly cognitive therapy combined with a daily oral
dose of 1200mg or 2400mg of NAC (600mg or 1200mg twice daily, respectively) would
show dose-dependent reductions in cocaine use as compared to subjects receiving cognitive
therapy coupled with placebo.

METHODS

Participants

Participants were treatment-seeking adult males and females who met DSM-IV criteria for
cocaine dependencell. Participants were excluded if they required medical detoxification
from alcohol or if they met dependence criteria for any substance other than alcohol,
nicotine, or marijuana. Other exclusionary criteria included females who were pregnant or
nursing, serious medical conditions, psychiatric disorders that would impair ability to
participate safely in the study, a past medical history of asthma or seizures, or recent use
(<14 days) of medications felt to be hazardous if taken with N-acetylcysteine. Participants
had to be willing to attend research visits three times weekly and to participate in weekly
counseling for cocaine dependence. Two-hundred and twenty individuals were screened.
Initially, 126 were randomized, but 15 dropped out of the trial before riboflavin (i.e.
compliance) data were collected and were therefore excluded from any further analysis.

The final participant pool consisted of 111 individuals that included 48 Caucasians, 61
African Americans, and 2 Hispanics. Twenty-eight were women. The average participant
age was 43.2 (SD = 9.2). Participants reported using cocaine an average of 13.9 (SD = 8.1)
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years, with 72% reporting primarily smoking cocaine (i.e., crack). Thirty-nine participants
met criteria for alcohol abuse or dependence, 28 met criteria for mood disorders (substance-
induced or otherwise), while 7 patients met criteria for anxiety-related disorders.

Time Line Follow Back (TLFB)12—This measure assesses self-reported cocaine use (in
number of days) occurring in the 30 days prior to engaging in the treatment study. At each
subsequent research visit, participants reported updates of their on-going cocaine use, as
well as their use of alcohol, nicotine, and marijuana.

Riboflavin levels—Riboflavin levels were used to assess compliance. Study medication
and placebo capsules each contained 50mg of riboflavin. Each week, one urine sample was
assessed for riboflavin levels using fluorometry. Based on previous work!3, a cut-off level
of 1500ng/ml was used as an indication of medication compliance. For each participant,
percent compliance was computed by dividing the number of weeks after Week 1 with
riboflavin levels >1500ng/ml by the number of weeks completed by the participant.

Evaluation of Side Effects and Adverse Events—At each visit, participants were
asked to report any and all physical symptoms, side effects, and adverse events experienced.
Vital signs and changes in non-study medications were also assessed at each visit. Side
effects and adverse events were evaluated weekly by a nurse practitioner or the PI (last
author), a licensed physician.

Urine Screens for Quantitative Benzoylecognine Levels—Because qualitative
urine drug screen results do not always reflect subtle changes in patterns of drug use, urine
samples were analyzed for quantitative levels of benzoylecognine (BE) levels (i.e., cocaine
metabolite) for each research visit. Data were processed at either Northwest Toxicology Inc.
(Salt Lake City, UT) or Clinical Reference Laboratories (Lenexa, KS). Quantitative BE
levels were log-transformed, and mean log transformed BE levels were calculated for each
study week.

Days of Confirmed Abstinence—Each participant reported days of use and non-use of
cocaine, and reports were verified using urine drug screens. Since urine screens were often
collected within close succession, there was a frequent possibility of “carry over” of positive
results (i.e. BE levels could be >300ng/ml on successive screens despite the absence of use
between observations). To address this, each quantitative BE level was classified as “new
use” or “non-new use” using criteria adapted from those initially suggested by Preston and
colleagues!®. A urine sample was classified as “new use” based on the following criteria: 1)
in the absence of any preceding urine samples within 4 days, any BE level >300ng/ml, 2) if
BE a level was >300ng/ml and the previous urine sample collected within 48 hours prior
was negative (<300ng/ml), 3) if a BE level was >300ng/ml and more than 1/2 the level of
the preceding specimen value, if the preceding specimen was collected less than 48 hours
prior, and 4) if BE a level was >300ng/ml and more than 1/4 of the level of the preceding
specimen, if the preceding specimen was collected between 48 and 96 hours prior. BE levels
were used to confirm reported non use days using the following criteria: 1) Urines with BE
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levels >300ng/ml but determined to be “non new use” could confirm the previous day as a
non-use day, assuming the person reported no use on that day, and 2) urines with BE levels
<300ng/ml could confirm up to 3 reverse-consecutive non-use self report days, assuming
non-use was reported for those days. Note if any day in 3 reverse-consecutive days was
reported as a use day, then it was counted as a use day, and any days prior to that within the
3-day window could not be confirmed as non-use. All days reported as use days were
counted as such, regardless of urine drug screen results. For each participant, the number of
confirmed abstinence days was totaled for each study week.

Brief Substance Craving Scale (BSCS)—The BSCS® includes three items formatted
on a 5-point Likert scale that assess intensity, length, and frequency of cocaine craving.
Responses to these items were summed providing a total score for craving for each study
week.

Cocaine Selective Severity Assessment (CSSA)—The CSSAl6 is an 18-item
clinician-administered instrument with well-established reliability and validity that assesses
the severity of early cocaine abstinence symptoms (e.g., cocaine cravings, sleep
disturbances, appetite changes). Each of the 18 items is rated on a scale of 0 (no symptoms)
to 7 (maximum severity). Iltems were summed to provide a total score for each study week.

Individuals were recruited from the community and clinics at a southeastern medical
university and its VAMC affiliate through media advertisements, flyers, and by word-of-
mouth. Volunteers provided oral and written consent during an IRB-approved informed
consent process that fully explained study procedures. Each participant received a thorough
medical history and physical examination by a physician or nurse practitioner. In addition,
electrocardiogram, and blood tests that included hematology and chemistry panels were
collected and evaluated by the study PI, a licensed physician. Participant psychiatric
histories were collected by trained research personnel using semi-structured diagnostic
interviewing procedures developed to screen for DSM-IV criteria for drug abuse,
dependence, and other psychiatric conditions!’. All eligible participants were randomized
based on a stratification procedure that accounted for gender, frequency of use prior to
initiating the study (greater than 10 v. less than or equal to 10 days of use in the 30 prior to
the study), and whether they were positive for cocaine on the first study day. A prior open-
label study suggested that daily doses of 1200mg and 2400mg of NAC had acceptable rates
of side effects and acceptable levels of tolerability®. Thus, participants were randomized to
receive daily doses of either 1200mg or 2400mg of NAC (consisting of 600mg and 1200mg
twice daily, respectively) or to receive an identically appearing (and smelling) placebo
capsule, after which they entered an 8-week medication phase with three scheduled visits
per week.

On the first day of medication administration, participants first completed self-report
measures, the BSCS and CSSA, and then received their first dose of NAC or placebo.
Participants remained under medical supervision and were observed for allergic reactions
and other side effects for the following hour. Participants were then given a one-week
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supply of study capsules in blister packs. Participants were instructed to bring back any
unused capsules at the beginning of the following week. During the remainder of the first
week, participants were scheduled to attend two more research visits. During each
subsequent week, participants were scheduled to attend three research visits per week. At
each research visit, reports of adverse events/side effects, urine samples, vital signs, and
self-reported updates of cocaine and other drug use were collected. During the first research
visit of each week, unused study capsules were collected and an additional one-week supply
of study capsules was given. During that same first visit, participants completed the BSCS
and CSSA. Participants were also scheduled to attend a 1-hour weekly session of manual-
based cognitive therapy for cocaine dependence after one of the thrice weekly research
visits. Cognitive therapy was provided by Masters- and Ph.D.-level counselors8.
Participants were compensated travel costs for each study visit (between $5 and $15).

Statistical Methods

Data from the final participant pool (n = 111) were analyzed using SPSS 18.0 (SPSS Inc.,
Chicago IL). Baseline subject characteristics were examined to assess the success of the
randomization procedure using one-way ANOVAs for continuous variables, 2 and Fisher
Exact tests for categorical data, and Cox Regression for time to drop out. Group differences
in frequencies of participants reporting side effect were analyzed using x2 and Fisher exact
tests.

Primary Analyses—To determine whether NAC reduced overall weekly cocaine use, the
Generalized Estimating Equations (GEE) method was used. Independent variables included
Treatment Group (between-subjects variable) and Treatment Week (repeated-measure,
within-subject variable). GEE methods assumed missing data were missing completely at
random. Initially, it was intended that Baseline Cocaine Use (number of days of use within
the 30 days prior to study participation) was to be used as a baseline covariate. However,
preliminary analyses revealed that it significantly interacted with Treatment Group and
Treatment Week. Therefore, it was instead included as an additional between-subjects
variable. In order the equalize cell sizes in subsequent analyses, a cutoff of 11 days (the
median) was used to differentiate high versus low baseline use. Mean weekly log
transformed BE levels, craving, and measures of cocaine withdrawal, were analyzed using
this 3-way GEE model. Number of days of confirmed abstinence was analyzed with GEE as
well, and included number of total urine screens collected within each week as a covariate.
Post-hoc comparisons were conducted to clarify main and interactive effects, with t-tests
used to assess between group effects and Wald 2 used to assess time-related effects.

Exploratory Analyses—While previous preclinical animal studies have found strong and
enduring effects of NAC, these studies were designed to model relapse, and NAC was
administered while subjects were abstinent from cocainel®. Given that the present trial was
designed as a cessation trial and not a relapse prevention trial per se, an exploratory analysis
was conducted to determine if NAC reduced time to relapse among a subset of participants
who were abstinent during the week prior to receiving medication. These individuals had
reported at least one day of use within the 30 days prior to starting the study and
demonstrated sufficient compliance (i.e. greater or equal to 50%). Relapse was defined as
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first observed “new use” of cocaine (as defined above) or as early dropout from the study.
Time to relapse was quantified as study day (ranging from 0 to 55) during which the positive
urine was collected or the last day of contact with the participant prior to dropout. For the
purpose of survival analyses, patients who never relapsed received a value of 56 (days) and
were treated as censored in the analysis. Time to relapse was assessed using a Cox
regression analysis, controlling for baseline use (days of use in the 30 prior to starting the
study), and included Treatment Group as the primary factor of interest.

A final exploratory analysis examined whether NAC would reduce craving in these initially
abstinent individuals, as has been observed in previous laboratory studies’-8. Using craving
data from the BSCS and the single craving item from the CSSA, a 2-way GEE analysis was
conducted with Treatment Week as a within-subjects variable, and Treatment Group as a
between subjects variable. Only data from Weeks 1 through 7 were included in this analysis
as missing data points prohibited inclusion of Weeks 0 and 8.

Baseline Participant Characteristics

Groups did not differ with respect to distribution of race, gender, mood and anxiety
disorders, alcohol abuse/dependence, method of cocaine delivery (i.e. smoked vs. snorted),
rates of study completion, nor were there significant differences between groups for age,
education, years of cocaine use, years of alcohol use, or number of weeks completed (Table
1). Baseline characteristics did not differ when groups were further subdivided based on
high versus low baseline use levels.

Drop Out Rates

Rate of dropout was not associated with group. Number of 8-week completers was 25, 25,
and 21 in the placebo, 1200mg NAC, and 2400mg NAC groups respectively. Cox regression
survival analysis revealed that time to dropout was not associated with group membership.
Mean number of weeks completed was 6.9 (SD=1.8), 6.6 (SD=2.0), and 6.7 (SD= 1.9) in the
placebo, 1200mg NAC, and 2400mg NAC groups respectively.

Riboflavin Results (Percent Compliance)

Groups did not differ with respect to percent compliance levels. The overall mean percent
compliance was 70.8% (SD = 31.0). The median was 75% and mode was 100% (n = 41).
Eight individuals had a compliance rate of 0.0%. Exclusion of these eight individuals from
subsequent analyses did not significantly change the overall pattern of findings.

Adverse Events/Side Effects

Most side effects were coded as mild by the study physician or nurse practitioner. The
frequency of participants reporting side effect/adverse events are summarized in Table 2.
The most frequent side effects involved gastrointestinal (GI) discomfort that included
heartburn, flatulus, and cramps. Results of 2 and Fisher exact tests revealed that groups did
not differ with respect to the overall number of participants who reported side effects.

AmJ Addict. Author manuscript; available in PMC 2015 March 04.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LaRowe et al.

Page 7

Three subjects were removed from the study by the investigators. One subject in the placebo
group was removed for a low neutrophil count. One subject in the 1200mg NAC Group was
evaluated for chest pain while using cocaine. This was not believed to be related to NAC
use. One subject in the 2400mg NAC group developed a rash that was successfully treated
with diphenhydramine.

Results of BE Levels

There were no between-group differences in BE levels. However, BE levels changed over
time, as indicated by a significant effect for Treatment Week, Wald 42 = 16.6, df = 8, p< .05.
BE levels were higher among those with high levels of baseline use, Wald 4= 23.2, df = 1,
p< .001. While there were no between group differences, the pattern of change in BE levels
differed across groups, as indicated by a significant effect for the 3-way Treatment Group x
Baseline Use x Treatment Week, Wald 4= 31.0, df = 16, p< .05. Further post-hoc inspection
revealed that the 1200mg NAC group with low baseline cocaine use showed reduction in
urine BE levels, Wald y2= 24.5, df = 8, p< .01, with significant reductions relative to Week 0
at Weeks 4 and 7, Wald 2= 6.7, 7.1, respectively, df = 1, p < .01 for both. Neither the low
baseline placebo nor 2400mg NAC group showed time-related changes. Conversely, among
the high baseline users, the 1200mg group had higher BE levels, Wald 2= 16.1, df =8, p <.
05, with elevated levels relative to Week 0 at Weeks 1 and 4, Wald 2= 5.0, 3.9,
respectively, df = 1, p< .05 for both. The high baseline Placebo group showed reductions
relative to Week 0, Wald 2= 17.2, df = 8, p < .05, with reductions at Weeks 1, 5, and 8
Wald 2= 7.9, 4.9, 6.1, respectively, df = 1, p < .05 for all three. The 2400mg group showed
reductions as well, Wald 2= 21.3, df = 8, p < .01, with levels at Week 1 lower than those at
Week 0, Wald /2= 5.4, df = 1, p < .05.

Days of Confirmed Abstinence

For number of confirmed abstinence days, there was no main effect for Treatment Group.
None of the interactions with Treatment Group were significant. Treatment Week was
significant, Wald 4= 23.9, p < .01, as was Baseline Use, Wald 4= 17.1, p < .001. The
number of urines collected within each week accounted for a significant amount of variance,
Wald 2= 61.1, p < .001, suggesting that those who provided more urine screens had more
days of confirmed abstinence.

BSCS and CSSA Self Report Measures

The self-report measures did not reveal any effect of NAC relative to placebo. Ratings of
craving, as assessed by the BSCS, showed a time-related reduction, Wald »2= 104.1, df = 8,
p< .001, and higher levels in those who reported high baseline use, Wald 2= 10.9, df = 1,
p< .01. For the CSSA, there was evidence that those with high baseline levels of use
produced higher ratings overall, Wald y2= 6.7, df = 1, p< 0.01. There was evidence for
reduction in CSSA ratings over time, Wald 2= 102.1, df = 8, p< .001.

Results of Exploratory Relapse Analysis

There were 17 participants who were abstinent for at least one week immediately prior to
beginning the trial (n = 8 for the placebo group, n = 4 for the 1200mg NAC group, andn=5
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for the 2400mg NAC group). While these individuals reported using fewer days in the
month prior to the study than those in the main sample (M = 8.2 days, SD = 4.6, versus M =
14.7 days, SD = 8.0, F[1, 109] = 10.4, p < .01), they did not differ from the main sample on
any other baseline characteristic. Six of 8 individuals with the placebo group relapsed
(75%), 3 of 4 within the 1200mg NAC group relapsed (75%), and 2 of 5 within the 2400mg
group relapsed (40%). Although rates of relapse were not significantly different across
groups, time to relapse differed across groups, Wald 2= 7.8, p < .05. Those receiving
2400mg of NAC had longer time to relapse compared to receiving placebo, OR = .05 (Clgg
=.01, .41), p=-.29 (SE = 1.06), p < .01, with time to relapse in those receiving 1200mg
NAC falling between the two (though not significantly different from either). Baseline use
was also significantly associated with time to relapse, = - .36 (SE = .12), p < .01.

For self-report ratings, GEE analyses for this subsample indicated a significant effect on
BSCS ratings for Treatment Week, Wald 4=, 28.1, p < .001, Treatment Group, Wald 2=
8.7, p < .05, and a significant Treatment Week x Group Effect, Wald 2= 33.4, p< .01. The
effect for Treatment Group is depicted in Figure 3. Post hoc analyses indicated significantly
lower BSCS ratings in both NAC groups relative to placebo, t’s = -2.6, —2.8, p < .01 for
1200mg NAC and 2400mg NAC, respectively. NAC groups did not differ from one another.
The CSSA craving item also indicated a significant effect for Treatment Week, Wald 2=,
41.1, p < .001, Treatment Group, Wald z2= 13.5, p < .01, and a significant Treatment Week
x Group Effect, Wald y2= 146.4, p < .001. Overall, the 2400mg NAC group reported less
craving than the placebo group and the 1200mg NAC group, t’s = =3.0, —2.9, respectively, p
< .05 for both (Figure 3).

DISCUSSION

Overall, the primary results of this double blind, single site trial failed to demonstrate that
NAC reduces cocaine use among cocaine dependent individuals who are actively using
cocaine. There were no between group differences for BE levels, days of confirmed
abstinence, craving, or withdrawal severity. This lack of findings is somewhat unexpected,
given numerous preclinical and clinical studies that have found positive effects for NAC.
For instance, in rats trained to self-administer cocaine, chronic NAC administration leads to
normalization of glutamate transmission in the accumbens and results in enduring protection
from conditioned cue-, context- and cocaine-induced reinstatement of cocaine-seeking
(measured by operant lever pressing) for up to 3 weeks after the last daily NAC
administration20-21, These preclinical findings consistently suggest that NAC may
ameliorate cellular neuropathologies induced by chronic cocaine administration. Moreover,
double-blind clinical laboratory studies have demonstrated that NAC is associated with
reduced craving/desire to use cocaine, /-8 as well as reduced motivation to use other
addictive substances as well, including nicotine?2, marijuana?3, and methamphetamine24.

When considering why the above-described results were not replicated in the primary results
of the present trial, it is essential to underscore the key difference between the design the
preclinical/early human studies and the present trial. The earlier preclinical and human
laboratory cocaine studies were designed to examine whether NAC would prevent “relapse”
(i.e. reinstated lever pressing in response to a cue or priming dose of cocaine), or, in the case
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of the human studies, to prevent the reinstatement of desire to use. In all of these studies,
NAC was administered in conditions of abstinence from cocaine (i.e. no longer receiving
cocaine through self-administration or no current use). In contrast, the present trial followed
a conventional cocaine clinical trial design that assesses whether a medication reduces
cocaine use in those actively using cocaine?>27, Thus, the majority of individuals in the
present trial were still actively using cocaine, and under these conditions NAC did not
appear to be effective. Interestingly, when only the subsample of individuals who were
abstinent at the beginning of the trial were evaluated, and relapse prevention was assessed in
a manner that more closely paralleled existing preclinical and early human studies, there was
evidence that NAC increased time to relapse and reduced craving, particularly in those
receiving the highest dose. This pattern of results suggests that NAC may be more effective
as a medication for preventing relapse than as a medication for achieving abstinence.

While the primary results of the present study were negative, NAC did show some effects on
patterns of cocaine use. Indeed, those receiving the moderate 1200mg dose of NAC and who
had reported low baseline use of cocaine showed decreases in BE levels relative to baseling,
while those receiving the same dose who reported high baseline use showed increases in BE
levels relative to baseline. Preclinical animal studies may eventually account for these
discrepant findings, as these studies have uncovered that NAC-induced increases in
glutamate levels not only can inhibit reinstatement of cocaine-seeking by stimulating
inhibitory presynaptic mGIuR2/3 receptors?8-29, but can, under the right conditions, have the
reverse effect by stimulating excitatory postsynaptic mGIuR5 receptors30-31, What remains
to be investigated is the extent to which training dose and length of access to cocaine (i.e.
the animal equivalent of “baseline use”) interacts with the impact of variations in NAC-
induced glutamate release on the stimulation of these receptors. In sum, although the present
clinical findings have limited clinical applicability, these data nevertheless complement the
on-going pre-clinical efforts to uncover the basic mechanisms involved in maintaining
addictive processes.

This study has a number of limitations. Although care was made to randomize individuals
based on baseline use levels, the study was not originally powered to assess 3-way
interactions. Additionally, while the mean level of compliance was relatively high, there still
remained a number of individuals who were non-compliant, and future studies must strive to
ensure medication is taken properly and consistently. Another factor that may have obscured
medication effects is the inclusion of the behavioral treatment platform, as has been
observed in a previous large scale trial in which individuals receiving therapy combined
with placebo medications fared comparably well to those receiving medication alone32,
Lastly, there were numerous exploratory analyses that may have increased the rate at which
the null hypothesis was falsely rejected.

Despite these weaknesses, these results provide useful insights into when and how one
might expect NAC to be a useful intervention for the treatment of cocaine dependence.
These results underscore several parameters that should be addressed in future studies, such
as the impact of baseline use, dosage levels, and the need to assess NAC in the context of
abstinence. N-acetylcysteine remains a promising agent for treatment in that its impact on
the basic neuropathology induced by cocaine in cortico-striatal synaptic plasticity is perhaps
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better understood than any other candidate medications under investigation. Moreover, there
is a growing body of evidence indicating that NAC is not only potentially useful as a
treatment for cocaine dependence’-8, but also for a broad range of compulsive/addictive
disorders, including nicotine, marijuana, and methamphetamine use’-8: 22-24. 33 a5 well as
gambling or trichotillomania34-35. Thus, further trials assessing the efficacy of NAC for
compulsive behaviors in general, and for cocaine specifically, are warranted.
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Appendix A. Patient recruitment, randomization, and attrition

Enrollment
Assessed for eligibility (n= 220)

Excluded (n=94)
= Incomplete screening (n = 61)
- Failedto meet inclusion/exclusion
criteria (n=33)

I

Randomized (n= 126)

Allocation

1200mg NAC (n= 43) ‘ 2400mg NAC (n= 41)
I

Placebo (n=42) ‘

Completed 8 weeks (1 = 25)

Discontinued (n= 17),

*  Lostto follow up (n = 16)

+ One moved away

Completed 8 weeks (n = 25)
Discontinued (n= 18)

+ Lostto follow up (n = 15)
+  One incarceration

+ One cocaine overdose

+  Patient requested to stop

Completed 8 weeks (n = 21)
Discontinued (= 20)
+ Losttofollow-up (n = 17)

+ Two patients requested
to stop

+  Skinrash

J

Analyzed (n= 40) Analyzed (n= 33)

Analyzed (n= 38)

*  Noriboflavin collected

! + Nosriboflavin collected + Noriboflavin collected
(n=4) (n=3) (n=8)
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Figure 1. Mean benzoylecognine levels and sub-sample size by group, baseline use, and
treatment week

Panel A. BE levels # -- within Placebo group, levels from this week are lower relative to
Week 0

* -- within NAC 1200 group, levels from this week are lower relative to Week 0

+ -- within NAC 2400 group, levels from this week are lower relative to Week 0
Significant Group x Baseline Use x Time interaction, Wald 4= 31.0, df = 16, p< .05. . No
group differences are noted at any Treatment Week (n = 111). Error bars represent standard
error of measurement.

Panel B. Sample size (n) per group per week.
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Figure 2. Results of exploratory analysis of timeto relapse for subjects who were abstinent for at
least 1 week prior to entering the medication trial

Note: Placebo n=8, 1200mg NAC n=4, 2400mg NAC n=5
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Figure 3. Exploratory analysis of overall mean craving ratings among initially abstinent

individualsacrossthetrial

Note: Due to excessive missing data points at Weeks 0 and 8, means included data from
only Weeks 1 through 7. Error bars represent standard error of measurement.

** = BSCS level is significantly less than placebo, p < .001

## = CSSA craving rating significantly less than NAC 1200mg and placebo, p < .01.
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Table 1

Baseline Subject Characteristics (n = 111)

Placebo 1200mg 2400mg
n n n Adf=2) p
Group Total 38 40 33
Malel 28 30 25 04 98
# Positive for cocaine at 1% visit1 27 30 24 16 .93
More than 10 days use at Baselinel 22 26 24 1 .43
Non White 23 21 19 54 77
Mood DO 11 10 7 56 .76
Anxiety DO 5 3 0 458 .10
ETOH Abuse/Dependence 14 15 11 10 .95
Smoked Cocaine 25 29 26 91 .64
High Baseline Use2 18 22 18 55 .76
M(SD) M(SD) M(SD) B op
Age 42.8(8.7) 435(10.1) 43.3(8.9) .07 .93
Years Education 13.0(1.9) 12.6 (2.6) 13.5(2.1) 141 .25
Years Cocaine Use 12.5(7.8) 15.9 (8.0) 14.2 (8.3) 174 18
Years ETOH Use 20.3(11.6) 20.0(13.3) 19.8(11.5) 01 .99

1Variable used in stratification for randomization procedures

2Median split, >11 days use in 30 days prior to study, used for analysis

3df = 2,108, except for education (2,104) and ETOH (2,107), due to missing data.
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Table 2

Number of Participants who Reported Side Effects by Group

ADVERSE EVENT Placebo 1200mg 2400mg TOTAL 12 df p
n=38 n =40 n=33
Gl Symptoms 16 15 19 50 315 2 .20
Headache 9 3 3 15 515 2 .07
Dermatological 2 3 5 10 * - 41
Respiratory 6 1 3 10 * - .13
Musculosketetal 4 2 2 8 * - .66
Sleepiness 2 2 3 7 * - .78
Appetite 3 1 2 7 * - .59
Hyperactivity 2 3 1 6 * - .87
Insomnia 2 2 2 6 * - .99
Urinary Problems 1 1 1 3 * - 43
Infrequent SEs (<3)*" 7 8 3 18 179 2 4
Participantsreporting 30 32 27 89 09 2 95

any side effects

*
Fisher exact probability test performed due to small cell size

*%
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Infrequent Side Effects included two observations of the following: chest pain, decreased sex drive, dehydration, difficulty swallowing capsules,
dizziness, fever. Infrequent side effects included a single observation of each of the following: auto accident, reported bad taste, cold intolerance,
cold sweat, feeling dazed, dry mouth, heavy bleeding, High BP, neurological problems, numbness, rectal bleeding, replacement of dental fillings,

tachycardia, tremor, vaginal infection
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