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Context: Disulfiram has emerged as a promising treat-
ment for cocaine dependence, but it has not yet been
evaluated in general populations of cocaine users.

Objectives: To compare the effectiveness of disulfi-
ram therapy with that of a placebo condition in reduc-
ing cocaine use and to compare the effectiveness of 2 ac-
tive behavioral therapies—cognitive behavior therapy
(CBT) and interpersonal psychotherapy (IPT)—in re-
ducing cocaine use.

Design: Randomized, placebo-controlled, double-
masked (for medication condition), factorial (2 X 2) trial
with 4 treatment conditions: disulfiram plus CBT, disul-
firam plus IPT, placebo plus CBT, and placebo plus IPT.

Setting: A community-based outpatient substance abuse
treatment program.

Patients: A total of 121 individuals meeting the crite-
ria for current cocaine dependence.

Interventions: Patients received either disulfiram (250
mg/d) or placebo inidentical capsules. Medication compli-
ance was monitored using a riboflavin marker procedure.
Bothbehavioral therapies (CBT and IPT) were manual guided
and were delivered in individual sessions for 12 weeks.

Main Outcome Measures: Random regression analy-
ses of self-reported frequency of cocaine use and results
of urine toxicology screens.

Results: Participants assigned to disulfiram reduced
their cocaine use significantly more than those
assigned to placebo, and those assigned to CBT
reduced their cocaine use significantly more than
those assigned to IPT (P<<.01 for both). Findings were
consistent across all study samples (eg, intention to
treat, treatment initiators, and treatment completers).
Benefits of disulfiram use and CBT were most pro-
nounced for participants who were not alcohol depen-
dent at baseline or who fully abstained from drinking
alcohol during treatment. Adverse effects experienced
by participants who received disulfiram were mild and
were not considerably different from those experi-
enced by participants who received placebo.

Conclusions: Disulfiram and CBT are effective thera-
pies for general populations of cocaine-dependent indi-
viduals. Disulfiram seems to exert a direct effect on co-
caine use rather than through reducing concurrent
alcohol use.
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HE PAST 10 YEARS HAVE BEEN

marked by important ad-

vances in the development

of effective treatments for

cocaine dependence.! Di-
sulfiram has recently emerged as one of a
few promising pharmacotherapeutic ap-
proaches. Given clinical observations of
high rates of alcohol dependence among co-
caine-dependent outpatients,*® the initial
rationale for disulfiram therapy was as a
strategy to reduce alcohol use among co-
caine users.”'® Reduced alcohol use was hy-
pothesized to concomitantly reduce pa-
tients’ exposure to alcohol, which can be a
potent cue for cocaine use; lessen alcohol-
related impairments in judgment and in the

ability to resist cravings and offers of
drugs'!; and reduce exposure to cocaeth-
ylene, a pharmacologically active metabo-
lite of cocaine and alcohol when they are
used concurrently.”!?

An initial randomized trial” of disul-
firam therapy in individuals who were co-
caine and alcohol dependent supported the
effectiveness of disulfiram therapy for co-
caine dependence. However, that study was
not masked because it used a no-medica-
tion comparison to control for patients’ ex-
pectations of the ethanol-disulfiram reac-
tion."* Two subsequent randomized trials™'
of cocaine-dependent individuals undergo-
ing agonist therapies (either methadone hy-
drochloride or buprenorphine hydrochlo-
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ride) suggested that disulfiram may be an effective treatment
for cocaine dependence regardless of whether patients are
concurrently alcohol dependent. These findings suggest that
disulfiram may have some direct effects on cocaine depen-
dence, which seems to be consistent with new evidence from
laboratory studies'”* suggesting that disulfiram may affect
subjective and physiologic responses to cocaine.

The present study was conducted to address several
gaps in knowledge regarding the effects of disulfiram therapy
on cocaine use by being the first to (1) evaluate a large gen-
eral outpatient sample, (2) include a placebo condition to
control for medication expectancies, (3) include alcohol-
dependent and non—alcohol-dependent cocaine abusers to
evaluate possible effects of alcohol on the effects of disul-
firam, and (4) to combine disulfiram therapy with either a
highly structured coping skills treatment or aless structured
behavioral approach to evaluate the impact of concomitant
behavioral treatments with very different rationales.

Regarding behavioral therapies, cognitive behavior
therapy (CBT) has been demonstrated to be effective in
cocaine-dependent samples.>?° There is also some evi-
dence* " suggesting that CBT may be more effective when
combined with medication and that it often has a de-
layed main effect that grows stronger at posttreatment
follow-up of up to a year. However, studies evaluating
the effectiveness of CBT have often compared it with non-
specific control conditions. The present study was also
designed to build on previous literature by comparing
CBT with another active behavioral approach, interper-
sonal psychotherapy (IPT). Moreover, the initial study
evaluating disulfiram therapy in cocaine- and alcohol-
dependent individuals provided some evidence to sug-
gest that disulfiram was more effective when delivered
in conjunction with behavioral therapies that focused on
facilitating abstinence (eg, CBT or 12-step facilitation)
compared with a supportive clinical management con-
trol condition. Thus, the present study was also de-
signed to extend those findings by comparing CBT with
a less structured behavioral therapy (IPT).

In this article, we present findings from a 2 X 2 fac-
torial trial evaluating 2 medication conditions (disulfi-
ram and placebo) and 2 types of behavioral therapy (CBT
and IPT) in a general outpatient sample of cocaine-
dependent individuals. We hypothesized that (1) disul-
firam therapy is more effective than placebo use in re-
ducing cocaine use, regardless of whether patients also
use alcohol, and (2) CBT is more effective than IPT in
reducing cocaine use. Secondary, exploratory hypoth-
eses included the following: (1) disulfiram therapy is ef-
fective without reference to alcohol intake among co-
caine abusers who do not drink alcohol, (2) disulfiram
therapy is effective through reduction of alcohol use
among cocaine abusers who are concurrently alcohol de-
pendent, (3) medication compliance improves the effi-
cacy of disulfiram therapy, and (4) disulfiram therapy is
more effective when combined with CBT than with IPT.

B VETHODS

PARTICIPANTS

Participants were recruited from individuals seeking treat-
ment at the Central Treatment Unit of the APT Foundation, a

nonprofit outpatient substance abuse treatment center in New
Haven, or from respondents to newspaper advertisements. In-
dividuals who met DSM-IV criteria for current cocaine depen-
dence were included. Individuals were excluded if they (1) were
currently physically dependent on opiates or barbiturates or if
their principal drug of dependence was not cocaine, (2) met
lifetime DSM-IV criteria for a psychotic or bipolar disorder or
expressed strong current suicidal or homicidal ideation, (3) had
a current medical condition that would contraindicate disul-
firam treatment (eg, hepatic or cardiac problems, hyperten-
sion, or pregnancy), or (4) had been treated for substance use
during the previous 2 months. Individuals who were physi-
cally dependent on alcohol were eligible for the protocol after
they completed alcohol detoxification.

Participants were administered the Structured Clinical In-
terview for DSM-IV® and underwent a physical examination,
including electrocardiography, urinalysis, and laboratory blood
work. A total of 121 of the 154 individuals screened were de-
termined to be eligible for the study, provided informed con-
sent, and were randomized. Primary reasons for ineligibility were
(1) failure to complete the pretreatment evaluation (n=14), (2)
liver or heart conditions that contraindicated disulfiram treat-
ment (n=8), (3) unwillingness to take disulfiram (n=4), (4)
severe polysubstance dependence that required inpatient treat-
ment (n=2), (5) work conflicts (n=2), (6) failure to meet cur-
rent cocaine dependence criteria (n=1), (7) concurrent opi-
oid dependence (n=1), and (8) pregnancy (n=1). Urn
randomization®’ was used to balance treatment groups with re-
spect to baseline severity of cocaine dependence, sex, and race.

TREATMENTS

Each of the study psychotherapies was manual guided and was
delivered to participants in weekly individual sessions offered
over 12 weeks. Participants also met weekly with an indepen-
dent clinical evaluator who collected urine and breath speci-
mens, assessed recent cocaine use, and monitored other clini-
cal symptoms. Methods previously demonstrated to be
comparable in effectiveness to standard medication masking
procedures® were used to maintain single masking for the psy-
chotherapy condition.

Disulfiram and Placebo

Participants assigned to disulfiram treatment were prescribed
250 mg of the drug daily; participants assigned to the placebo
group received identical capsules. Participants were cau-
tioned not to drink alcohol, and breathalyzer samples were col-
lected at each contact and before dispensing of medication each
week (results of all breathalyzer samples collected were negative).
Adverse events were monitored weekly. Medication compli-
ance was monitored via a riboflavin marker procedure®' and
was assessed by a commercial laboratory that evaluated whether
each urine specimen collected was positive for the riboflavin
marker.

Cognitive Behavior Therapy

Cognitive behavior therapy was based on the relapse prevention
model of Marlatt and Gordon® and adapted for use with cocaine
users. The goal of this treatment was abstinence from cocaine and
other substances through functional analysis of high-risk situa-
tions for substance use and the development of effective coping
strategies through skills training. As described in the manual,*
skill training addressed (1) understanding patterns of drug use
through functional analyses, (2) identifying and coping with crav-
ings, (3) managing thoughts about drugs and alcohol, (4) devel-
oping effective drug-refusal skills, (5)developing problem-
solving skills, (6) developing emergency coping plans,
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| 154 Individuals Screened |

I I 33 Not Randomized |

| 121 Eligible and Randomized |

9 Did Not Initiate Treatment
| (6 Are Followed at 12 wk)

| 112 Initiated Treatment

1 Removed From Treatment |

58 Did Not Complete Treatment |

53 Completed Treatment and the
Posttreatment (12-wk) Interview

43 of 59 (73% of Dropouts)
Completed the 12-wk
Posttreatment Interview

Figure 1. Diagram of participant recruitment, retention, and follow-up.

(7) improving decision-making skills, and (8) using strategies to
reduce the risk of human immunodeficiency virus.

Interpersonal Psychotherapy

Interpersonal psychotherapy®* adapted for use with cocaine abus-
ers® has 4 basic characteristics: (1) adherence to a medical model
of psychiatric disorders, (2) a focus on patient difficulties in
current interpersonal functioning, (3) brevity and consis-
tency of focus, and (4) use of an exploratory stance by the thera-
pist that is similar to that of supportive and expressive thera-
pies. The goals of IPT include the cessation of cocaine use and
the development of more productive strategies for dealing with
social and interpersonal problems associated with the onset and
perpetuation of cocaine dependence.

Therapists

The 16 doctoral-level therapists (7 in IPT and 9 in CBT) who
delivered the study treatments were experienced in and com-
mitted to the type of treatment they delivered in the trial and
in treating substance users. Therapists had a mean (SD) of 9.6
(8.4) years of postdoctoral experience and received training that
included (1) a didactic seminar and (2) completion of at least
1 closely supervised training case. To promote adherence to
manual guidelines, therapists in each condition met regularly
with supervisors to discuss case materials and review session
videotapes.

ASSESSMENT

Participants were assessed before treatment, weekly during treat-
ment, and at the 12-week treatment termination point by an
independent clinical evaluator who was masked to treatment
condition. Primary outcome measures were frequency of co-
caine use (operationalized for the random regression analyses
as the number of days per week the participant reported using
cocaine) and results of urine toxicology screens (operational-
ized as the likelihood of submitting a cocaine-positive urine
sample each week). The Substance Abuse Calendar, similar to
the Timeline Followback method,***” was administered weekly
during treatment to collect detailed day-by-day self-reports of
cocaine use, alcohol use, other drug use, and medication com-
pliance throughout the 84-day treatment and for the 28 days
before randomization.

Participant self-reports of cocaine use were verified through
urine toxicology screens obtained at every visit. Of 851 urine
specimens collected during the treatment phase, 713 (84%) were
consistent with self-report, 27 (3%) were negative for cocaine
although the participant reported recent cocaine use, and 111
(13%) were positive for cocaine in cases in which the partici-
pant had denied use. This rate compares favorably with previ-
ous studies® of cocaine-dependent samples, which have sup-
ported the accuracy of self-report data using the methods
described herein.

DATA ANALYSES

The principal analytic strategy was the use of random regres-
sion models™ for the 2 primary outcome variables, with time
as a log-transformed variable to represent the greater slope an-
ticipated in the early weeks of treatment. Baseline frequency
of cocaine use (operationalized as the number of days of co-
caine use in the 28 days before randomization) was used as a
covariate for these analyses. In addition to the principal analy-
sis conducted on the 121 participants randomized to treat-
ment (intention-to-treat sample), supplemental analyses also
evaluated treatment effects for the 112 participants who initi-
ated treatment, the 87 who completed 3 or more weeks of treat-
ment, and the 53 who completed all treatment sessions. Re-
sults were highly consistent across analysis samples; therefore,
results from only the intention-to-treat sample are presented
(a full report of all analyses is available from Dr Carroll).

Randomized participants who did not initiate treatment
or who dropped out of treatment were followed and inter-
viewed at the 12-week termination point. Of these 68 partici-
pants, 49 (72%) were successfully tracked and interviewed. Thus,
complete self-report outcome data were available for 84% of
the randomized sample (Figure 1).

— T

SAMPLE DESCRIPTION

Of the 121 participants randomized to treatment, 26%
were female, 63% were white, 31% were African Ameri-
can, and 6% were Hispanic (Table 1). Seventy-seven per-
cent of the participants were single or divorced, and 55%
were working full- or part-time. The mean age of the par-
ticipants was 34.6 years. Mean monthly cocaine use at
baseline was 16.6 g, and participants reported using co-
caine a mean of 13.0 days in the previous 28 days. Par-
ticipants reported drinking alcohol a mean of 9.4 days
in the previous 28 days. Fifty-four percent of the partici-
pants met DSM-IV criteria for a lifetime diagnosis of al-
cohol dependence, and 26% met the criteria for a life-
time diagnosis of alcohol abuse. Fifty-two percent of the
patients met DSM-IV criteria for current alcohol abuse
or dependence. Analyses of variance and x* tests re-
vealed a statistically significant difference between medi-
cation groups on rates of current alcohol abuse or de-
pendence at baseline (disulfiram vs placebo, 63% vs 41%;
Xx3=6.0; P=.01) but no other statistically significant
differences by treatment group for any other baseline
variables.

TREATMENT IMPLEMENTATION

Participants reported taking their medication on 76% of
treatment days, and 72% of all urine specimens were posi-
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Table 1. Baseline Demographic, Substance Use, and Psychiatric Characteristics by Treatment Group
Treatment Condition
CBT + IPT + CBT + IPT + I
Disulfiram Disulfiram Placebo Placebho Total
Variable (n =30) (n =30) (n =30) (n=31) (N =121) For x? df P Value
Demographic characteristics
Age, mean (SD), y 36.0 (8.3) 34.1(7.9) 341 (5.9) 34.1 (5.8) 34.6 (7.0) 053 3,117 .66
Female, No. (%) 8 (27) 7(23) 8 (27) 9(29) 32 (26) 026 3,117 .97
Race, No. (%)
African American 8 (27) 7(23) 10 (33) 13 (42) 38 (31)
Hispanic 0 2(7) 5(17) 0 7(6)
White 22 (73) 21 (70) 15 (50) 18 (58) 76 (63)
Single or divorced, No. (%) 21 (70) 22 (73) 24 (80) 26 (84) 93 (77) 2.03 B .57
Unemployed, No. (%) 11 (37) 15 (50) 14 (47) 14 (45) 54 (45) 117 8 .76
Admission prompted by criminal 3(10) 4 (13) 7(23) 4 (13) 18 (15) 2.35 3 .50
judgment, No. (%)
On probation/parole, No. (%) 4(13) 5(17) 12 (40) 6(19) 27 (22) 7.41 3 .06
Education, No. (%)
Less than high school 4(13) 4(13) 10 (33) 7(23) 25 (21) 5.40 6 49
High school graduate 12 (40) 11 (36.7) 8 (26.7) 9(29) 40 (33)
Some education after high school 14 (47) 15 (50) 12 (40) 15 (48) 56 (46)
Current drug use
Days of cocaine use in previous 28 d 14.7 (8.4) 9.5 (6.9) 14.0 (9.4) 13.5(9.1) 13.0 (8.7) 230 3,117 .08
Days of alcohol use in previous 28 d 11.0 (10.1) 9.7 (8.5) 6.9 (8.8) 10.0 (10.3) 9.4 (9.5) 1.03 3,117 .38
Days of opioid use in previous 28 d 0(0) 0(0) 0.7 (3.6) 0.10 (.6) 0.19(1.8) 0.90 3,117 44
Days of marijuana use in previous 28 d 3.3(7.7) 2.1(6.1) 2.3(5.4) 5.3(8.5) 3.3(7.0) 1.32 3,117 .27
Regular cocaine use, y 11.3 (8.5) 9.8 (5.4) 12.02 (7.49) 9.1(7.1) 10.6 (7.2) 1.03 3,117 .39
Regular alcohol use, y 14.9 (10.3) 14.6 (7.5) 13.0 (6.9) 13.0 (8.4) 13.8 (8.3) 045 3,117 72
Freebase users, No. (%) 24 (80) 20 (67) 24 (80) 22 (71) 90 (74) 6.49 9 .69
Any previous drug treatment, No. (%) 14 (47) 15 (50) 18 (60) 19 (61) 66 (54) 1.93 & .59
Lifetime psychiatric diagnoses, No. (%)
meeting lifetime DSM-IV criteria
Cocaine dependence 30 (100) 30 (100) 30 (100) 31 (100) 121 (100)
Alcohol abuse or dependence 27 (90) 27 (90) 19 (63) 23 (74) 96 (79) 9.35 & .03
Any affective disorder 12 (40) 9 (30) 11 (37) 12 (39) 44 (36) 0.77 3 .86
Any anxiety disorder 6 (20) 4(13) 8 (27) 5(16) 23 (19) 1.96 8 .58
Antisocial personality disorder 12 (40) 16 (55) 13 (50) 7 (25) 48 (41) 7.61 3 .06
Other Axis Il disorder 17 (57) 14 (47) 14 (47) 18 (58) 63 (52) 0.67 3 .88
Current psychiatric diagnoses, No. (%)
meeting current DSM-/V criteria
Cocaine dependence 30 (100) 30 (100) 30 (100) 31 (100) 121 (100)
Alcohol abuse or dependence 19 (63) 19 (63) 9 (30) 16 (52) 63 (52) 8.91 3 .03
Any affective disorder 6 (20) 8 (27) 7(23) 9(29) 30 (25) 0.76 3 .86
Any anxiety disorder 4(13) 3(10) 6 (20) 1(3) 14 (12) 4.36 3 .23

Abbreviations: CBT, cognitive-behavioral therapy; IPT, interpersonal psychotherapy.

tive for the urine riboflavin marker. Of 825 urine speci-
mens collected during treatment that were matched to a
participant self-report of medication compliance, 94%
were consistent with the participant’s self-report. Medi-
cation compliance was not significantly different across
psychotherapy conditions (CBT mean [SD], 0.76 [0.26];
IPT mean [SD], 0.70 [0.32]; F, go=1.1; P=.30) or across
medication conditions (disulfiram mean [SD], 0.72 [0.28];
placebo mean [SD], 0.73 [0.30]; F; 40=0.04; P=.85).
All psychotherapy sessions were videotaped for su-
pervision and assessment of fidelity to manual guide-
lines. To evaluate the discriminability of the 2 types of
behavioral therapy, 508 session videotapes (randomly se-
lected early, middle, and late sessions for all partici-
pants who completed =1 session) were rated by evalu-
ators who were masked to the patient’s treatment
condition. The Yale Adherence/Competence Scale, which

has been demonstrated to have excellent reliability and
concurrent and factorial validity in several previous stud-
ies,"** was used for the process ratings. Estimates of in-
terrater reliability were made based on a sample of 20 vid-
eotapes rated by all 11 raters. The model of Shrout and
Fleiss® for random effects indicated a mean intraclass cor-
relation coefficient estimate of 0.96, suggesting that the
ratings were highly reliable. Random regression analy-
ses suggested that study treatments were highly discrim-
inable in that (1) CBT therapists used significantly more
CBT interventions than IPT therapists (z=12.4; P<.001)
and (2) IPT therapists used significantly more IPT in-
terventions than CBT therapists (z=10.1; P<<.01).
Moreover, to evaluate the potential effect of thera-
pist effects on findings reported in the following subsec-
tions, we conducted a 1-way analysis of variance on con-
tinuous measures of outcome, including treatment
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Table 2. Effects of Study Treatments on Cocaine Use*

Self-report Data Urine Data
I z P\IalueI I z PVaIueI
All Participants Randomized (N = 121,
Observations = 917 760)
Intercept 3.43 <.001 -1.50 13
Med 0.19 .85 0.71 48
Psych 0.95 .34 0.44 .66
Med X psych 0.80 42 1.57 12
Slope -7.48 <.001 -3.74 <.001
Med X time -2.82 <.001 -2.06 .04
Psych X time -3.06 <.001 -1.78 .07
Med X psych X time -1.12 .26 -0.96 .34
Covariate 8.65 <.001 3.81 <.001

All Participants Randomized, Including Postattrition Data
for All Dropouts (n = 121, Observations = 1325)

Intercept 2.96 <.001 NA NA
Med -0.11 91 NA NA
Psych 0.55 .58 NA NA
Med X psych 0.61 .54 NA NA
Slope -7.81 <.001 NA NA
Med X time -2.61 .01 NA NA
Psych X time -2.57 .01 NA NA
Med X psych X time -1.39 16 NA NA
Covariate 7.20 <.001 NA NA
All Randomized Participants Who Began Treatment
(n = 112, Observations = 908 753)
Intercept 3.34 <.001 -1.86 .06
Med -0.06 .95 0.75 45
Psych 1.30 19 0.45 .65
Med X psych 0.89 .37 1.30 19
Slope -7.25 <.001 -3.48 <.001
Med X time -2.65 .01 -2.03 .04
Psych X time -3.28 <.001 -1.79 .07
Med X psych X time -1.14 .25 -0.76 45
Covariate 8.24 <.001 3.95 <.001

Abbreviation: NA, not applicable.

Definitions: Med, main effect for medication condition (disulfiram vs
placebo); Psych, main effect for psychotherapy condition
(cognitive-behavioral therapy vs interpersonal psychotherapy);

Med X psych, main effect of interaction; Slope, main effect for time;

Med X time, effect of study medication across time (negative z value
indicates greater slope for disulfiram); Psych X time, effect of
psychotherapy condition across time (negative z value indicates greater
slope for cognitive-behavioral therapy); Covariate, effect for baseline severity
of cocaine use.

*Frequency of cocaine use by week (self-reported) and likelihood of
submitting a cocaine-positive urine sample by week; results of
random-effects regression, with baseline severity of cocaine use as a
covariate (days of cocaine use in the previous 28 days).

retention, self-reported cocaine use, urine test results, and
medication compliance. No significant effects for thera-
pist were found for any of these variables, even using lib-
eral P values (P<<.25).**

RETENTION BY TREATMENT CONDITION

Of the 121 participants randomized, 112 (93%) initi-
ated treatment. The mean (SD) number of sessions com-
pleted was 8.0 (5.1). One participant was withdrawn from
the trial because of continued high levels of substance
use that required inpatient treatment. Fifty-three par-
ticipants remained in treatment for the full 12 weeks. Par-
ticipants who remained in treatment for the full 12 weeks
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Figure 2. Frequency of cocaine use by treatment week. Effects are estimates
from random regression analyses. CBT indicates cognitive behavior therapy;
IPT, interpersonal psychotherapy.

did not differ from those who did not initiate treatment
or who dropped out in terms of sex, race, route of ad-
ministration, and the presence of lifetime affective dis-
order or antisocial personality disorder. However, par-
ticipants who were employed at baseline were more likely
to complete treatment (54% vs 31%; xi=6.01; P=.04),
and those diagnosed as having a lifetime anxiety disor-
der were more likely to drop out of treatment (27% vs
9%; x3=6.22; P=.01). There were no significant effects
of psychotherapy (x3=0.07; P=.79) or medication con-
dition (x3=0.99; P=.32) on treatment completion.

OVERALL EFFECTS OF STUDY TREATMENTS
ON COCAINE USE

Random-effects regression models evaluating the effects
of the study treatments on the frequency of self-reported
cocaine use are presented in Table 2 and Figure 2. The
overall effect for time was significant, indicating a gen-
eral reduction in the frequency of cocaine use over time
for the participants as a group (z=-7.48; P<<.01). Partici-
pants assigned to disulfiram treatment reduced their co-
caine use significantly more than those assigned to the pla-
cebo condition (medication X time, z=-2.82; P<.01).
Participants assigned to CBT reduced their frequency of
cocaine use significantly more than those assigned to IPT
(psychotherapy X time, z=-3.06; P<<.01). The interac-
tion of medication and psychotherapy was not statisti-
cally significant (medication X psychotherapy X time,
z=-1.12; P=.26). When postattrition data from individu-
als who dropped out of treatment were included in the
analyses, all effects were consistent with the analyses lim-
ited to data collected before dropout (Table 2).

Results of urine toxicology screens were consistent
with the findings based on self-report data. For the full
randomized sample, there was a significant decrease in
the frequency of cocaine-positive urine specimens sub-
mitted over time (z=-3.74; P<.01). There was a signifi-
cant medication X time effect (z=-2.06; P=.04), suggest-
ing a greater reduction in the likelihood of submitting a
cocaine-positive urine specimen for participants as-
signed to disulfiram treatment vs placebo use. The psy-
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chotherapy condition X time effect failed to reach statis-
tical significance for the urine results (z=-1.78; P=.07),
but it was in the same direction as the self-report data.
Again, there was no evidence of a statistically signifi-
cant psychotherapy X medication interaction (z=-0.96;
P=.34).

EFFECTS OF STUDY TREATMENTS
IN ALCOHOL-DEPENDENT VS
NONALCOHOLIC SUBGROUPS

As noted previously herein, approximately half of the
sample met the criteria for current alcohol abuse or de-
pendence at baseline. To evaluate the significance of cur-
rent alcohol dependence with respect to treatment re-
sponse, we conducted supplemental analyses using the
same model as described previously herein to evaluate
outcomes for (1) participants who met the current cri-
teria for alcohol abuse or dependence (n=63) and (2) par-
ticipants who did not have a current alcohol diagnosis
at baseline (n=58). For the subgroup that met the cri-
teria for alcohol abuse or dependence at baseline, the over-
all effect of time on cocaine use was statistically signifi-
cant (z=-8.74; P<<.001), as was the psychotherapy X time
effect (z=-2.60; P=.01); however, the medication X time
effect was not significant (z=-1.29; P<<.20) (Table 3).

For the subgroup that did not meet the criteria for
alcohol dependence (n=58), there was a significant over-
all effect of time on frequency of cocaine use (z=-7.15;
P<.001), a significant medication X time effect (z=-2.10;
P=.04), a significant psychotherapy X time effect
(z=-2.33; P=.03), and a significant 3-way interaction
(z=-1.97; P=.05). The latter suggested that the placebo
plus IPT condition was significantly less effective than
each of the other 3 treatment conditions.

Similarly, whether a participant used any alcohol at
all during treatment was strongly associated with the ef-
fectiveness of disulfiram treatment in reducing cocaine
use. That is, for the 66 individuals who did not drink al-
cohol on any treatment days, the medication X time effect
was significant (z=-4.2; P=.01), as was the psycho-
therapy X time effect (z=-4.4; P=.01) for frequency of
cocaine use. However, for the 35 participants who re-
ported drinking alcohol on 1 or more days during treat-
ment, the medication X time and psychotherapy X time
effects were not statistically significant, and neither were
the overall effects of time. This suggests that the ben-
efits of CBT and disulfiram use in reducing cocaine use
were most pronounced in participants who abstained from
alcohol during treatment. Although individuals who ab-
stained from alcohol during treatment reported using al-
cohol on significantly fewer days in the 28 days before
treatment initiation than those who used alcohol dur-
ing treatment (6.1 vs 15.4 days; F;,03=30.6; P<.001),
those who were abstinent during treatment were not sig-
nificantly different from participants who used alcohol
during treatment in terms of whether they met the cri-
teria for current alcohol abuse or dependence at base-
line (53% vs 47%; x*=1.1; P=.29).

Additional exploratory analyses of variance evalu-
ating compliance by treatment condition and whether
the participant reported any alcohol use during the trial

Table 3. Effects of Study Treatments on Frequency

of Cocaine Use During Treatment by the Presence

of Current DSM-IV Alcohol Abuse or Dependence

at Baseline: Results of Random Regression Analyses

Cocaine Use

I 1
z P Value

Participants Who Met the Criteria for Alcohol Abuse
or Dependence at Baseline (n = 63)

Intercept 4.30 <.001
Med 0.11 91
Psych 0.67 .50
Med X psych 1.14 .26
Slope -8.74 <.001
Med X time -1.29 .20
Psych X time -2.60 .01
Med X psych X time 0.70 48
Covariate 6.04 <.001

Participants Who Did Not Meet the Criteria for Alcohol Abuse
or Dependence at Baseline (n = 58)

Intercept 411 <.001
Med 0.50 .62
Psych 0.49 .63
Med X psych 0.18 .85
Slope -7.15 <.001
Med X time -2.10 .04
Psych X time -2.33 .03
Med X psych X time -1.97 .05
Covariate 6.29 <.001

Definitions: See Table 2.

suggested that individuals who were assigned to disul-
firam treatment and who used alcohol had lower rates
of medication compliance (61% of urine specimens posi-
tive for riboflavin) than those assigned to the placebo
condition who did not drink alcohol (71%), those as-
signed to placebo use who did drink alcohol (76%), and
those assigned to disulfiram treatment who did not drink
any alcohol during the trial (79%) (medication
condition X alcohol use effect, F; os=3.6; P=.006).

MEDICATION COMPLIANCE AND OUTCOME

To evaluate the impact of medication compliance on co-
caine use during treatment, compliance with medica-
tion was added as a time-varying covariate to the ran-
dom regression model described previously herein. The
covariate was significant, suggesting that medication com-
pliance was a significant predictor of greater reductions
in cocaine use over time (z=-12.6; P=.001). Neverthe-
less, the medication X time (z=-2.4; P=.02) and
psychotherapy X time (z=-3.6; P=.01) effects re-
mained statistically significant when controlling for medi-
cation compliance.

EFFECTS OF TREATMENT
ON ALCOHOL USE

As noted previously herein, all participants were cau-
tioned not to drink alcohol during the study because of
the possibility of the ethanol-disulfiram reaction, and 66
participants reported no alcohol use during the trial. For
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participants who reported drinking alcohol on 1 or more
days, mean (SD) alcohol use during the 84-day trial was
4.7 (6.3) days (range, 1-33 days). Random-effects regres-
sion models evaluating effects of the study treatments on
alcohol use indicated that as a group, participants re-
ported reducing the frequency of their alcohol use over
time (z=-0.53; P<.01). For the randomized sample
(N=121) and the sample that initiated treatment (n=112),
there were no statistically significant effects of medica-
tion, psychotherapy, or their interaction on frequency of
alcohol use X time. However, for the subgroup that re-
mained in treatment for 3 or more weeks (n=87), there
was a statistically significant effect for disulfiram
(medication X time, z=-2.68; P=.01). Moreover, when
all postattrition data were included in the analyses, there
was a significant medication X time effect for the full ran-
domized sample (z=-2.33; P=02).

ADVERSE EFFECTS OF MEDICATION

Adverse effects were mild, and there were no significant
differences in rates of adverse effects by medication con-
dition. The most frequently reported adverse effect, head-
aches, was reported once or more during treatment by
33% of those assigned to placebo use and 34% of those
assigned to disulfiram use. Rates of fatigue (28% for pla-
cebo vs 34% for disulfiram), nausea (26% vs 26%), and
diarrhea (22% vs 21%) also were not significantly dif-
ferent by medication condition. There also were no sig-
nificant differences in reported adverse effects among
the subgroups of participants who drank any alcohol or
who used any cocaine during treatment. There were no
participant deaths or serious cardiac events during the
protocol.

B COMMENT

The results of this randomized controlled trial of psycho-
therapies and pharmacotherapies for cocaine depen-
dence suggest that (1) disulfiram treatment was more ef-
fective than the placebo condition in reducing the frequency
of cocaine use and the frequency of cocaine-positive urine
samples over time and (2) CBT was more effective than
IPT in reducing cocaine use during treatment.

This is the first placebo-controlled trial, to our knowl-
edge, to demonstrate that disulfiram therapy is effective
in nonalcoholic cocaine-dependent outpatients. More-
over, these findings suggest that disulfiram therapy is es-
pecially effective for nonalcoholic cocaine users, as the
effects of disulfiram treatment were most pronounced in
participants who did not meet the criteria for current al-
cohol abuse or dependence and in those who abstained
from alcohol during the trial. The findings disconfirm our
hypothesis that disulfiram treatment is equally effective
in alcoholic and nonalcoholic patients but confirm our
hypothesis that medication compliance is associated with
better outcomes in the disulfiram group. However, the
effect of medication compliance on outcome was seen in
the placebo group as well, and the effect of disulfiram
treatment on reducing cocaine use remained statisti-
cally significant even after controlling for medication
compliance.

The unexpected findings regarding the effects of di-
sulfiram treatment on the alcoholic subgroup might be
explained by the differential compliance in the good vs
poorer outcome alcoholic participants. Alcoholic par-
ticipants who drank while taking disulfiram were some-
what less likely to be compliant and seemed unable to
refrain from continued alcohol use. When those pa-
tients discovered a disulfiram reaction, they effectively
broke the medication masking and either discontinued
taking disulfiram entirely or discontinued it when they
wanted to drink alcohol or use cocaine. The patients who
did not drink alcohol did not break the medication mask-
ing and thus may have complied with the medication treat-
ment sufficiently to experience the anticocaine effect.

Paradoxically, this finding confirms (but in an op-
posite direction) our hypothesis that the effect of disul-
firam treatment on alcoholic cocaine abusers is medi-
ated by its impact on alcohol use. Instead of reducing
cocaine use through first stopping drinking, the power-
ful antidipsotropic effect of disulfiram led drinkers to stop
taking disulfiram instead. These findings further sug-
gest that disulfiram treatment reduces the attractive-
ness of cocaine in the same way for alcoholic and non-
alcoholic cocaine abusers. This interpretation (ie, that the
effect of disulfiram treatment on cocaine use is not me-
diated by stopping alcohol use) is further supported by
the finding that the disulfiram/placebo differences were
greater in participants who did not drink alcohol. If di-
sulfiram exerted its effect on cocaine use by reducing the
use of alcohol, a smaller difference would be expected
between disulfiram and placebo in the subgroup that did
not drink alcohol during the trial. Also, disulfiram treat-
ment seemed to be safe in this population, and levels of
reported adverse events were mild and comparable to
those reported by patients in the placebo condition.

This study also adds to the growing body of work
supporting CBT as a treatment for cocaine dependence
and extends it in 2 ways, first by comparing it with an-
other active psychotherapy and second by findings that
suggest that the effects of CBT, when delivered with pla-
cebo, were not statistically significantly different from CBT
or IPT delivered in conjunction with disulfiram. The
former finding is compelling in that IPT was conceived
and implemented as an active control condition and was
delivered and supervised by investigators who were ad-
herents of IPT.** That the effectiveness of CBT relative
to that of IPT was robust across analysis samples and the
alcoholic/nonalcoholic groups is also notable, given find-
ings from the general psychotherapy literature** that
comparisons of 2 active behavioral conditions often re-
sult in comparable effects. Regarding the former finding
(the lack of evidence of a CBT-disulfiram interaction
effect), Figure 2 and the analysis of the non—alcohol-
dependent subgroup suggested a pattern of findings that
was consistent with additive®! effects of the study treat-
ments. That is, results suggest poorest outcomes for the
group assigned to IPT plus placebo, and offering either
CBT or disulfiram was associated with optimal out-
comes in this sample; combining the two provided little
additional incremental benefit.

Limitations of the present study include that, as in
other trials in cocaine-dependent populations, 50% of in-
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dividuals who began treatment did not complete it (al-
though, on average, patients attended 67% of sessions
offered). Although this underlines that available treat-
ments could, and should, be made more attractive to pa-
tients, it is also important that attrition was unlikely to
undercut the validity of the conclusions that may be drawn
from the study because (1) differential attrition by treat-
ment condition was not seen, (2) statistical methods were
used that are less sensitive to missing data and allow use
of all data collected from all participants, (3) postattri-
tion data were collected from 73% of the dropouts, and
(4) analyses that included data collected after dropout
were highly consistent with analyses limited to data col-
lected from participants while they were in treatment.”

In summary, this study provides the strongest evi-
dence to date regarding the effectiveness of disulfiram
treatment in reducing cocaine use in that it was the first
to be placebo controlled and to include a comparatively
large outpatient sample of cocaine-dependent individu-
als. Furthermore, by including alcohol-dependent and
non-alcohol-dependent cocaine abusers, the results of
this trial strongly suggest that the effect of disulfiram treat-
ment on cocaine use was not related to cessation of con-
current alcohol use because its superiority to the pla-
cebo condition was greater in those who did not drink.
Disulfiram treatment was efficacious in patients with-
out a current diagnosis of alcohol abuse or dependence
or who refrained from drinking alcohol but was not sta-
tistically significantly different from placebo among pa-
tients who drank alcohol during the trial. Hence, the use
of disulfiram in alcoholic cocaine abusers should be com-
bined with efforts to enhance patient commitment to al-
cohol abstinence. Alcohol use during treatment was
strongly related to cocaine use,’ independent of the pa-
tient’s medication condition.

Moreover, if research continues to support the ef-
ficacy of disulfiram treatment in varied samples of co-
caine abusers, it is important to remember that even the
most powerful pharmacotherapies for substance use dis-
orders can be rendered ineffective unless delivered with
adequate psychosocial treatment (eg, McLellan et al*)
and that carefully targeted behavioral therapies can dra-
matically enhance pharmacotherapy compliance and ef-
fectiveness.”** Although the effects of disulfiram treat-
ment were comparable when delivered with CBT or IPT,
both approaches were active behavioral therapies deliv-
ered by experienced clinicians. Disulfiram treatment
compliance and hence outcome might be lower when
used in combination with less structured behavioral
approaches.”
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