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Abstract
Aims—To evaluate reciprocal enhancement (combining treatments to offset their relative
weaknesses) as a strategy to improve cannabis treatment outcomes. Contingency management
(CM) with reinforcement for homework completion and session attendance was used as a strategy
to enhance cognitive–behavioral therapy (CBT) via greater exposure to skills training; CBT was
used as a strategy to enhance durability of CM with rewards for abstinence.

Setting—Community-based out-patient treatment program in New Haven, Connecticut, USA.

Design—Twelve-week randomized clinical trial of four treatment conditions: CM for abstinence
alone or combined with CBT, CBT alone or combined with CM with rewards for CBT session
attendance and homework completion.

Participants—A total of 127 treatment-seeking young adults (84.3% male, 81.1% minority,
93.7% referred by criminal justice system, average age 25.7 years).

Measurements—Weekly urine specimens testing positive for cannabis, days of cannabis use via
the time-line follow-back method.

Findings—Within treatment, reinforcing homework and attendance did not significantly improve
CBT outcomes, and the addition of CBT worsened outcomes when added to CM for abstinence
(75.5 versus 57.1% cannabis-free urine specimens, F = 2.25, P = 0.02). The CM for abstinence
condition had the lowest percentage of cannabis-negative urine specimens and the highest mean
number of consecutive cannabis-free urine specimens (3.3, F = 2.33, P = 0.02). Attrition was
higher in the CBT alone condition, but random effect regression analyses indicated this condition
was associated with the greatest rate of change overall. Cannabis use during the 1-year follow-up
increased most rapidly for the two enhanced groups.

Conclusions—Combining contingency management and cognitive–behavioural therapy does
not appear to improve success rates of treatment for cannabis dependence in clients involved with
the criminal justice system.
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INTRODUCTION
Randomized trials have not yet yielded an effective pharmacological strategy for cannabis
dependence [1,2]. The most promising behavioral therapies involve combinations of
motivational, cognitive–behavioral therapy (CBT) and contingency management (CM)
approaches [3–5]. Even with these approaches, however, abstinence rates remain modest
[4,6]. The need to develop more powerful and durable approaches suggests that new
strategies should be evaluated to understand more clearly whether outcomes can be
improved further. One such strategy may be combining existing treatments to enhance their
distinctive strengths and offset their relative weaknesses [7].

CBT approaches have demonstrated effectiveness across a range of substance use disorders
[8–12]. A distinctive strength of CBT is that its benefits appear to be particularly durable
[13–15], and may relate to its emphasis on skills training and homework assignments that
provide opportunities to practice and generalize new coping skills [16–18]. Although CBT
appears to retain substance users comparatively well [10], a notable limitation is that a
significant proportion drop out before completing treatment and hence are insufficiently
exposed to a full course of skills training. Because retention in CBT is associated with both
enhanced skill acquisition and better drug use outcomes [19,20], strategies that effectively
retain patients may strengthen CBT’s effects.

CM has also gained strong empirical support from rigorous clinical trials [21,22],
demonstrating consistent robust effects in terms of retention and fostering abstinence in
diverse samples [23]. One important strength of CM is the precision with which it can be
targeted to specific behaviors [24–27]. CM could thus be used to facilitate exposure to
specific targets or active ingredients of behavioral therapies. Thus, CM could be used as a
strategy to stabilize patients and increase the likelihood of sufficient exposure to putative
active ingredients of other therapies, such as CBT.

A weakness of CM is that its effects tend to drop off once the target behavior is no longer
reinforced [28–30]. Thus, the longer-term effectiveness of CM may be enhanced by
integrating it with therapies such as CBT, the durability of which may diminish rebound
when the target behavior is no longer reinforced. CBT might be an ideal candidate for
maximizing the effects of CM, as it emphasizes implementation and generalization of
behavior change strategies. Thus, teaching patients practical strategies to initiate and sustain
abstinence and become exposed to alternative reinforcers may strengthen the durability of
CM’s effects. CBT strategies could be targeted specifically in this context to: (i) encourage
patients to attribute their decisions to not use drugs to internal forces rather than entirely to
the external contingencies; (ii) recognize, develop and integrate the strategies they are using
to avoid drug use; (iii) facilitate greater patient exposure to CM reinforcement through goal-
setting and problem-solving strategies; and (iv) build self-reward strategies to offset
dependence on external rewards.

In a previous dismantling study among 240 outpatient cannabis users, Kadden and
colleagues [6] compared a combination of CBT and motivational enhancement therapy
(MET) [31], CBT + MET plus voucher-based CM, CM alone and supportive case
management. CM had the highest rate of abstinence at the end of the 9-week treatment, and
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the CBT + MET + CM condition had the best outcomes at the 1-year follow-up. However,
to our knowledge, no previous study has made explicit efforts to use specific cognitive–
behavioral strategies to diminish rebound effects of CM, nor to deploy CM to strengthen the
putative active ingredients of CBT by reinforcing attendance or homework completion.

In this study, we evaluated the benefits of adding specific enhancements of either CBT or
CM to address their respective weaknesses. We hypothesized that adding reinforcement via
CM for attendance and homework completion to standard CBT would enhance its efficacy
in reducing cannabis use (contrast 1). Secondly, we hypothesized that adding targeted skills
training via CBT would improve outcomes for CM for abstinence; however, this effect
might be stronger during follow-up (contrast 2). Thirdly, we hypothesized that, during
treatment, interventions involving any form of CM would have better outcomes than CBT
alone (contrast 3). Finally, we hypothesized that during the course of a 1-year follow-up, the
combination of CM for CBT attendance and homework would outperform CM for
abstinence due to the tendency of CM effects to weaken over time.

METHODS
Participants

Participants were individuals aged 18 years and above, who were either self-referred or
referred for treatment by the Office of Adult Probation to the Substance Abuse Treatment
Unit in New Haven, Connecticut, and who met criteria for current cannabis dependence. Of
206 individuals screened, 44 did not complete the screening/eligibility process and 35 did
not meet inclusion/exclusion criteria (Fig. 1). Thus, 127 individuals provided written
informed consent and were randomized via an urn randomization program [32,33], which
enhanced probabilities of balance across groups on gender, ethnicity, severity of cannabis
use and referral source.

Treatments
Cognitive–behavioral therapy (CBTalone)—CBTalone was delivered in 50-minute
individual weekly sessions by 15 clinicians (11 female, four male: seven held doctorates and
eight were master’s level) who had completed a 2-day didactic seminar and at least one
closely supervised pilot case, and demonstrated competence in CBT by meeting pre-
specified criteria for competence on the basis of ratings of their training cases using a
validated treatment process rating system [34,35]. As described in the manual [36], the goal
of CBT is abstinence from cannabis via functional analysis of high-risk situations,
development of effective coping strategies and altering maladaptive cognitions associated
with the maintenance of cannabis use. Material discussed during each session is
supplemented with extra-session homework tasks intended to foster implementation and
mastery of skills.

CBT + CM for adherence (CBT + CMadher)—In addition to CBT as above, participants
were offered chances to draw prizes from a bowl contingent upon session attendance and
homework completion. Following procedures developed by Petry [37,38], participants
earned two draws each time they attended a CBT session. The number of draws earned
escalated by one draw per consecutive day of scheduled attendance. If a participant failed to
attend a scheduled session, the number of draws earned reset to one for the next session
attended.

To promote extra-session skill practice, participants could earn bonus draws contingent upon
bringing completed homework assignments to their CBT sessions. Reinforcement for
homework completion also occurred on an escalating schedule, with the number of bonus
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draws escalating by one draw per consecutive times homework was completed, to a
maximum of 13 bonus draws per session. Participants who were fully compliant with
attendance and homework assignments could earn a maximum of 178 draws.

The same prize bowl was used for all three CM conditions where, on average, participants
had an expected maximum earning of $250 in prizes. The bowl contained 650 cards, of
which 375 were winning cards. Of these, 269 were small prizes (participant’s choice of $1
fast-food coupons, bus tokens), 75 were medium prizes, worth up to $5 in value (t-shirts,
gloves, hats or five small prizes), 30 were large prizes, worth up to $20 in value (movie
tickets, CDs, telephone cards) and one jumbo prize worth up to $100 (small television, or
five medium prizes).

CM for abstinence (CMabst)—In this condition, participants had the opportunity to draw
from a bowl and earn prizes each time they provided urine samples that were negative for
cannabis at the 12-weekly assessment sessions. At the first assessment session, where the
participant provided a urine sample that tested negative for cannabis, they earned four
draws. To promote continuous abstinence, the number of draws participants earned
increased by two for each successive negative sample submitted, up to a maximum of 26
draws per day. Participants could earn up to 180 drawings.

Participants assigned to this condition were not offered individual CBT or other treatment.
As few studies have evaluated the feasibility, safety or efficacy of CM delivered without
regular clinician contact [6,39], participants met weekly with a research assistant. Meetings
lasted no more than 5 minutes and were limited to collection of urine samples, calculation
and redemption of prizes, as well as minimal monitoring via the time-line follow-back
method (TLFB). Standard criteria were used for clinical deterioration [40]; only one of the
27 individuals randomized to this condition was withdrawn due to unimproved cannabis use
after several weeks.

CM for abstinence plus CBT (CMabst + CBT)—Participants randomized to this
condition received prize CM for submitting urine specimens negative for cannabis and
weekly individual CBT, as above. CBT was adapted for this condition in order to facilitate
more durable CM effects. An addendum to the CBT manual encouraged therapists to
address the following issues to: (i) identify what behaviors or skills were implemented when
the participant submitted cannabis-negative urine specimens; (ii) focus on the participant’s
cognitions regarding his decision to use or not use cannabis, encouraging recognition of
these decisions as choices so as to foster internal attribution of change; (iii) practice specific
skills and strategies the participant could use to earn draws in the future; and (iv) encourage
self-rewards to offset dependence on external reinforcers.

Assessment of treatment fidelity
To evaluate fidelity and clinicians’ skill level, all sessions were videotaped for supervision,
and 246 session videotapes were rated by seven master’s-level independent evaluators
trained to criterion in previous trials [41–43]. Raters were unaware of the participants’
treatment assignment. These tapes covered 42% of all sessions recorded and were selected
to include tapes from each clinician and all three groups assigned to CBT (CBT + CMabst,
39%: CBT + CMadher, 34% and CBTalone, 27%). The Yale Adherence and Competence
Scale (YACS) [34], which includes several scales evaluating interventions characterizing
specific therapies (e.g. CBT, CM) and general counseling (e.g. assessment, general support),
was used for process ratings. The YACS has been demonstrated to have excellent reliability,
concurrent and factorial validity and to discriminate treatments [34,35,42,43]. For this study,
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four items were added to monitor the extent to which the clinicians focused on CM in the
CBT sessions as specified in the adapted manual.

Estimates of inter-rater reliability were based on nine tapes rated by all seven raters (e.g. a
complete block design). A comparatively small reliability sample was used because this
group of raters had been well trained in the YACS and had achieved high inter-rater
reliability measures in several recent studies [41,42,44]. The mean intraclass correlation
coefficient (ICC) estimate from the random effects model [45] for the CBT scale were 0.84
for the adherence scale and 0.84 for the competence scale. For the adapted CM scale, ICCs
were 0.82 and 0.90, respectively; and for the general counseling scale, ICCs were 0.86 and
0.87, respectively.

Analysis of variance (ANOVA) analyses suggested that the study treatments were
implemented as intended, as CM adherence scores were significantly higher in the two
groups assigned to CM (F = 3.54, P = 0.03, d.f. = 2, 243). Moreover, there were no
significant differences across conditions in mean CBT adherence (F = 1.04, P = 0.35, d.f. =
2, 243) or competence (F = 0.84, P = 0.43, d.f. = 2, 239) scores, or in mean general
counseling adherence (F = 1.48, P = 0.23, d.f. = 2, 243) or competence scores (F = 0.65, P =
0.52, d.f. = 2, 229), suggesting that these approaches were implemented consistently across
conditions.

Assessments
Participants were assessed at baseline, weekly during treatment at the 12-week post-
treatment assessment and at 3-month intervals during the 1-year follow-up. Weekly
assessments included urinalysis with temperature and adulterant checks, as well as self-
reports of substance use using the TLFB method, a reliable and valid method for assessing
substance use [46–49]. Psychiatric diagnoses were assessed using the Structured Clinical
Interview for DSM-IV (SCID) [50].

In cases where a randomized participant did not initiate or dropped out of treatment, he or
she was interviewed at post-treatment. Of the 58 participants who did not complete the
study, 84% (49 of 58) were tracked successfully and interviewed at the 12-week point. Thus,
complete self-report data for the 12-week study period were available for 111 of 127 (87%)
of the randomized sample. Follow-up interviews included collection of urine/breath samples
and the TLFB. Of the 127 individuals randomized, 84% were reached for at least one
follow-up and 69% were reached for the 12-month follow-up, with no significant differences
by treatment condition.

Self-reports of cannabis were verified through urine toxicology screens obtained weekly
during treatment and each follow-up. Of 681 urine specimens collected from participants
who had contributed at least 7 days of data from which to calculate agreement between self-
reports and toxicology results, 80% were consistent with self-report; 16% were positive for
cannabis when the participant denied use in the past 7 days and 4% were negative, although
the participant reported cannabis use within 7 days. This level of discrepancy is comparable
with rates reported previously [51,52].

Data analyses
For all within-treatment data, statistical models tested the a priori hypotheses using the
following contrasts: contrast 1: CBT + CMadher versus CBTalone; contrast 2: CBT + CMabst
versus CMabst; and contrast 3: all three groups receiving CM (CBT + CMadher, CBT +
CMabst, and CMabst) versus CBTalone. ANOVA models were used to analyze stationary
variables that summarized outcomes across treatment (e.g. longest period of continuous
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abstinence during treatment, percentage of cannabis-free urine specimens). Follow-up and
longitudinal data were analyzed using random-effect regression models [53].

RESULTS
Participant characteristics, treatment exposure and integrity

Demographic, substance use and psychosocial functioning variables at baseline for the 127
randomized individuals are presented in Table 1. With the exception of rates of antisocial
personality disorder (ASP), there were no statistically significant differences by treatment
condition on any of these variables.

Overall, participants remained in the study an average of 61 days [standard deviation (SD) =
27.9]. There was a significant effect for the CBT + CMadher versus CBTalone contrast,
indicating that those assigned to CBT + CMadher had better retention in the study (67.8
versus 53.0 days, contrast t = 2.2, P = 0.03; d.f. = 1123, d = 0.52). There were no differences
in number of CBT sessions across the three conditions that involved CBT (mean = 5.9, SD =
3.8, F = 1.0, P = 0.36, d.f. = 2, 97, eta2 = 0.02) or by contrast. Although levels of CBT
homework completion were low, there were significantly more homework assignments
submitted by participants assigned to the condition where homework submission was
reinforced (mean number completed: CBTalone = 1.25, CBT + CMadher = 3.1, CBT + CMabst
= 1.4, omnibus F(97) = 7.8, P < 0.001, partial eta2 = 0.50, contrast 1: t = 3.6, P < 0.001).
There were no significant differences in terms of total number of urine specimens submitted
by treatment condition. Rates of exposure to reinforcement (percentage of participants
earning at least one drawing) were significantly higher in the condition that provided
drawings for attending sessions than in the two conditions where drawings were earned for
cannabis-free urines (CBT + CMadher 94%, CMabst = 59%, CBT + CMabst = 34%, χ2

(2) =
24.3, P < 0.001).

Cannabis use outcomes
Within-treatment cannabis use outcomes by treatment condition and contrast are
summarized in Table 2. Contrasts 1 (CBT + CMadher versus CBTalone) and 3 (CMabst, CBT
+ CMabst, CBT + CMadher versus CBTalone) were not statistically significant for the
stationary cannabis outcomes. There was a significant effect for contrast 2, opposite to the
hypothesized direction: there was a higher proportion of positive urine specimens in the
group assigned to CBT + CMabst versus those assigned to CMabst alone. Contrast 2 was also
statistically significant for maximum consecutive negative urine specimens submitted, again
favoring those assigned to CMabst alone versus CBT + CMabst. The longitudinal model,
evaluating frequency of cannabis by week during the study indicated a main effect for time
(F = 23.51, d.f. = 1, 948, P < 0.001) and an interaction of contrast 3 by time (t = 2.07, d.f. =
1152, P = 0.04, illustrated in Fig. 2). This suggests an overall reduction in marijuana use
frequency for all participants, with a greater reduction for CBTalone compared with the other
three conditions.

Given the unbalanced rate of antisocial personality disorder (ASPD) across conditions,
exploratory analyses were conducted for the primary contrasts, with the diagnosis of ASPD
included in the model as a covariate. Individuals diagnosed with ASPD had poorer outcomes
than those who were not, as indicated by main effects of ASPD on retention (F = 4.5, P =
0.04, d.f. = 1119, partial eta2 = 0.04) and percentage of days of abstinence (F = 5.3, P =
0.02, d.f. = 1104, partial eta2 = 0.05). While samples sizes were insufficient for firm
conclusions, there was some indication of improved outcomes for individuals with ASPD
when assigned to any type of CM and poorer outcomes for those who received CBTalone.
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Follow-up outcomes
Estimates of frequency of cannabis use by month for the full duration of the protocol
(months 0–15) are presented in Fig. 2. These analyses represent a piecewise random
regression model, which allows modeling of two discrete time-periods (study months 0–3
versus follow-up months 4–15), as the slopes during these two periods are expected to be
different [54,55]. There was a main effect of slope, suggesting a significant reduction in
cannabis use from randomization to end of treatment across condition (F = 65.5, d.f. =
1,1557, P = 0.00). There was also a main effect of period, suggesting that rate of change of
cannabis use during the study was higher than during the follow-up period (F = 37.44, d.f. =
1,1566, P = 0.00). Finally, there was a significant three-way interaction indicating that the
slopes of the treatment conditions differed by period (F = 15.4, d.f. = 4,1557, P = 0.00). As
shown, CMabst, CBT + CMadher and CBTalone demonstrated the greatest reduction during
the study. During follow-up, CMabst and CBTalone had the smallest slopes, suggesting that
the reductions seen during the study were better maintained in these groups.

DISCUSSION
Results from this randomized clinical trial, evaluating the value of adding adaptations of CM
for abstinence and CBT to enhance outcomes of each treatment, suggested that none of our
hypotheses were supported in this trial. Neither of the planned enhancements of CBT or CM
was associated with significant improvements in outcome. Rather, for those contrasts where
there was a significant difference, adding CBT to CMabst was associated with poorer
cannabis outcomes relative to CMabst alone. Overall, in terms of use throughout the 1-year
follow-up, CBTalone and CMabst were associated with smaller rebounds and less frequent
cannabis use relative to the enhanced conditions.

What might account for these unanticipated findings? One possibility is that the
hypothesized enhancements were not implemented appropriately. However, available
implementation checks and process analyses support the internal validity of the trial:
independent analysis of session audiotapes indicated greater emphasis on CM concepts in
the CBT + CMabst and CBT + CMadher conditions, as expected. Levels of CBT adherence
and competence did not vary across the three conditions which included CBT. Similarly,
reinforcement of session attendance and homework completion (CBT + CMadher) was
associated with significantly more homework completion and better retention compared to
CBTalone. However, the latter effect was very modest, suggesting limited uptake of coping
skills training in this sample and possibly the need for higher levels of reward.

Regarding implementation of abstinence-based CM, the need for rapid, non-quantitative
urinalyses methods and the long half-life of cannabis make it difficult to detect and reinforce
changes in cannabis use quickly [6,56]. It is possible that larger, more powerful rewards may
have produced better outcomes. However, given that CMabst and CBTalone tended to be
more effective when delivered alone than when enhanced, this suggests that, at least in the
case of adding CBT to CMabst, in this sample, reinforcement may have ‘backfired’ to some
extent.

Another possibility is that the hypothesized enhancements were not well suited to this
population. This sample, composed primarily of young adult male cannabis users, sought
treatment largely because they were pressed to do so by the criminal justice system. It is
conceivable that providing rewards for attendance, homework or abstinence produced some
form of reactance in this sample (e.g. devaluing behavior because one is extrinsically, rather
than intrinsically motivated) [57]. Less demanding approaches may be comparatively
attractive, or effective, in samples where individuals do not seek treatment of their own
volition.
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The comparatively positive outcomes associated with the CMabst condition are notable, as
relatively few trials have implemented CM without concurrent behavioral therapy of some
type [39]. As in the Kadden et al. study [6], CM for abstinence was associated with better
short-term cannabis outcomes. Thus, in this trial CM alone appeared safe, and largely
sufficient, with this sample of young, adult, urban males at high risk of substance-related
problems.

This study had several limitations: comparatively high rates of dropout, as seen here, are
common among cannabis-using samples [1,3]; however, our efforts to interview dropouts, as
well as the use of random regression models reduced, to some extent, issues associated with
missing data. Secondly, as ASPD was associated with poorer outcome, and rates of ASPD
were higher in the CBT + CMabst group, this may have depressed outcomes in
disproportionately this condition. The trend towards better outcomes for those with ASPD
when assigned to CM is consistent with previous findings [58], but the sample size was too
small to resolve this issue directly.

Although the proposed enhancements did not improve outcomes as hypothesized, it is also
notable that the level of reduction of cannabis use across treatment conditions, considered in
terms of current conventions for ‘clinically significant’ outcomes (two or more consecutive
weeks of documented abstinence in the last 2 weeks of treatment) [59,60], compare
favorably with other recent randomized clinical trials with adult cannabis-dependent
individuals [1,6,56] and support the efficacy of CBT and CM as implemented without the
enhancements used here.
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Figure 1.
Consolidated Standards of Reporting Trials (CONSORT) diagram: flow of participants
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Figure 2.
Frequency of marijuana use by treatment condition (days of marijuana use by month),
estimates from random regression models using piecewise model; within the study (months
0–3) versus 1-year follow-up (months 4–15). CBT: cognitive–behavioral therapy; CM:
contingency management.
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