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Abstract

Background: The dopamine precursor levodopa has shown some, albeit relatively weak, promise
in treating cocaine dependence. This study sought to identify the most appropriate behavioral therapy
platform for levodopa pharmacotherapy by evaluating its effect when administered in combination
with behavioral platforms of varying intensities.

Method: A total of 161 treatment-seeking cocaine dependent subjects received sustained release
levodopa/carbidopa (400/100 mg bid, Sinemet) or placebo delivered in combination with Clinical
Management (ClinMan); ClinMan+Cognitive Behavioral Therapy (CBT); or ClinMan+CBT
+Voucher-Based Reinforcement Therapy (VBRT) in a 12-week randomized, placebo-controlled,
double-blind (for medication condition) trial. Medication compliance was monitored with riboflavin
(100 mg/capsule) and the Medication Event Monitoring System. Protocol compliance was addressed
in weekly, 10-minute nurse-delivered ClinMan sessions. Weekly, 1-hour CBT sessions focused on
coping skills training. VBRT (with escalating reinforcer value) provided cash-valued vouchers
contingent on cocaine-negative urine toxicology results. Urine benzoylecgonine assays collected
thrice-weekly were analyzed by intention-to-treat criteria using generalized linear mixed models.

Results: Levodopa main effects were found on all outcome measures of cocaine use. Contrasts
testing the levodopa-placebo difference within each behavioral platform found reliable effects,
favoring levodopa, only in the VBRT platform. Levodopa treatment with vouchers produced higher
proportions of cocaine-negative urines and longer periods of consecutive abstinence compared to
other treatment combinations.

Conclusion: This is the first study to find a significant treatment effect for levodopa and, in doing
so, to demonstrate that the magnitude of this effect is dependent upon conditions of the behavioral
therapy platform. The data support use of levodopa with abstinence-based reinforcement therapy as
one efficacious combination in cocaine dependence disorder treatment.
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1. Introduction

Cocaine abuse and dependence continue to represent a significant public-health concern and
treatment priority. Approximately 1.5 million people can be classified as dependent or abusing
cocaine, and rates of cocaine initiation have steadily increased (SAMHSA, 2004). In 2004,
cocaine abuse accounted for 14 percent of admissions to substance abuse treatment services
(Substance Abuse and Mental Health Services Administration (SAMHSA), 2006). Treatment
development efforts have advanced in two main directions. Pharmacologically, the search for
an effective medication treatment continues, with some degree of success. A number of
candidate drugs have been eliminated (e.g., risperidone, olanzapine) or retained (e.g.,
modafinil, disulfiram) as potential medications for cocaine dependence. Behavioral
interventions, notably contingency management (CM) procedures, have been effective in
treating substance dependence. Since Higgins' seminal study showing a greater than twofold
increase in rates of continuous cocaine abstinence under contingent versus non-contingent
voucher delivery (Higgins et al., 1994), CM studies across a range of substances of abuse have
continued to provide strong empirical support for this approach (e.g., Budney et al., 2000;
Higgins et al., 2004; Lussier et al., 2006; Petry and Martin, 2002; Silverman et al., 1999).

Recently it has proven useful to test potential cocaine medications in the context of specific
behavior therapy platforms. We (Grabowski et al., 1995) and others (Covi et al., 1995) reported
fluoxetine combined with cognitive psychotherapy to be ineffective but later demonstrated
efficacy when evaluating fluoxetine in combination with abstinence contingent incentives
(Schmitz et al., 1998). Kosten and colleagues (Kosten et al., 2003) reported an additive effect
of the antidepressant desipramine and CM in the treatment of cocaine use in buprenorphine-
maintained patients. In that study, the combination treatment had almost twofold greater
efficacy in improving cocaine-negative urines than either treatment alone. Poling and
colleagues (Poling et al., 2006) reported a synergistic effect of CM and bupropion for the
treatment of cocaine dependence in methadone-maintained patients. Cocaine use was lower in
the group receiving CM treatment with 300 mg/d of bupropion than in the group receiving CM
with placebo, or in the two voucher control conditions with or without bupropion. Thus, the
behavioral therapy context may be a particularly important determinant of effectiveness for
some medications.

Levodopa, the dopamine precursor considered uniquely efficacious in treatment of Parkinson's
disease, has particular relevance as a candidate medication in the treatment of stimulant abuse
since dopamine plays a critical role in mediating the acute reinforcing effects of cocaine (Koob,
1992; Volkow et al., 2004), and the depletion of dopamine associated with chronic cocaine use
is thought to underlie cocaine craving and relapse following periods of abstinence (Dackis &
Gold, 1985; Shalev et al., 2002). Early evidence that chronic cocaine administration might
result in dopamine depletion came from reports of hyperprolactinemia in abstinent patients
following chronic cocaine abuse (Dackis et al., 1984; Dackis & Gold, 1985; Teoh et al.,
1990). The clinical observation that dopamine-regulated prolactin levels vary inversely with
available dopamine in the synapse provided the rationale for studying dopamine agonist drugs
like bromocriptine which presumably worked by reversing dopamine supersensitivity caused
by dopamine depletion (Dackis & Gold, 1985; Giannini et al., 1987; Giannini & Billett,
1987). Neurochemical studies in animals have shown changes in brain dopamine function
consistent with the dopamine depletion hypothesis (e.g., Pradhan et al., 1978; Mateo et al.,
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2005). Imaging studies of the human brain have linked cocaine-induced decreases in dopamine
concentrations with disruptions of prefrontal regions involved with reward, motivation,
memory, and cognitive control (reviewed in Volkow et al., 2003). Thus, the collective findings
support the hypothesis that chronic cocaine exposure produces dopaminergic dysfunction and
that successful pharmacological interventions might be those having a restorative effect on this
neurotransmitter system.

Levodopa, converting to dopamine in the brain, should increase CNS levels thus ameliorating
deficits and enhancing function following cocaine discontinuation. Cocores and colleagues
(Cocores et al., 1989) were the first to report reduced cocaine withdrawal symptomatology
when levodopa or bromocriptine was administered in addition to standard outpatient treatment.
Wolfsohn et al. (Wolfsohn and Angrist, 1990) reported similar encouraging results in an open
trial, but these findings were not replicated in a subsequent placebo-controlled double-blind
trial (Wolfsohn et al., 1993). More recently in a NIDA sponsored Clinical Rapid Efficacy
Screening Trial (Shoptaw et al., 2005), levodopa/carbidopa (300/75 mg/d) was not superior to
placebo on urine benzoylecgonine (BE) or self-reported measures of cocaine use. Our
exploratory pilot and subsequent dose-ranging studies (placebo vs. levodopa/carbidopa
400/100 mg/d or 800/200 mg/d) indicated safety and tolerability but no reduction in cocaine
use (Mooney et al., 2007). Thus, a study combining levodopa with a more potent behavioral
therapy was predicated on work by us and others indicating instances of CM enhanced
medication effectiveness (e.g., Kosten et al., 2003; Poling et al., 2006; Schmitz et al., 1998).

A growing number of empirically supported, manual-guided behavioral therapies are now
available as “platforms” for pharmacotherapy efficacy research. Whereas abstinence or
reduced substance use is the target for all these platforms, specific therapies differ in intensity
and potency (Carroll et al., 2004b). More intense therapies have been recommended for
medications having weak or partial effects, so that continued heavy drug use does not override
potential pharmacotherapy effects (Carroll et al., 2004b). Still, in the conduct of clinical trials,
Carroll and colleagues describe the need to strike a balance between reducing substance use
with behavioral treatments while avoiding ceiling effects that might obscure or prohibit
detection of medication effects. To pursue this objective, we designed a clinical trial to compare
levodopa versus placebo when delivered in combination with behavioral platforms of differing
intensities. All cocaine dependent subjects received brief clinical management (ClinMan), to
which was added cognitive-behavioral therapy (CBT), or CBT plus VVoucher-Based
Reinforcement Therapy (VBRT). We posited that: (1) levodopa would be superior to placebo
in reducing cocaine use; and (2) this difference would be significant only in the most intense
behavioral therapy platform (i.e., VBRT).

2. Methods
2.1. Subjects

All participants were enrolled at the outpatient treatment research clinic located at the
Substance Abuse Research Center in Houston, Texas (described in Grabowski et al., 1997).
Inclusion required meeting Diagnostic and Statistical Manual of Mental Disorders-1V (DSM-
IV) (American Psychiatric Association, 1994) criteria for current cocaine dependence and self-
reported recent use of cocaine (confirmed by qualitative urine benzoylecgonine testing during
a 1-week screening period). Exclusion criteria included: (1) dependence on drugs other than
cannabis or nicotine; (2) current non-substance induced Axis | psychotic, depressive, or anxiety
disorder; (3) presence of significant suicidal or homicidal ideation; (4) having a major medical
ilness or condition (e.g., severe pulmonary or cardiovascular disease, renal function
impairment); (5) concomitant medications interacting with levodopa/carbidopa (e.g., MAO
inhibitors, anticonvulsants); (6) pregnancy or nursing; and (7) inability to read, write, or speak
English.
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Enrollment took place between March 2000 and June 2005, during which time we screened
469 individuals for eligibility. Of those screened in person, 169 did not meet inclusion criteria,
7 chose not to participate, and 132 failed to complete the intake evaluation. The most common
exclusion reasons were medical (28%), psychiatric (23%), and non-recent use of cocaine (9%).
The intent-to-treat sample consisted of 161 subjects who were randomized to one of the six
treatment conditions (see Figure 1, Study Flow Chart). All subjects provided written informed
consent. The research, consent, and all materials were reviewed and approved by the
Committee for the Protection of Human Subjects (CPHS) of the University of Texas Medical
School, Houston.

2.2. Study Design and Procedures

This randomized, placebo-controlled, double-blind (for medication condition) trial used a 2 x
3 factorial design to compare levodopa effects across three behavioral platforms. Following a
2-week intake evaluation phase, subjects were assigned to one of the six treatment conditions
using urn randomization procedures to ensure even distribution of treatment groups with
respect to gender, employment status, severity of cocaine addiction, motivation to change, and
concurrent alcohol use (Stout et al., 1994). Treatment conditions combined medication
(levodopa, placebo) with ClinMan only, ClinMan with CBT (referred to hereafter as CBT), or
ClinMan with CBT plus VBRT (referred to hereafter as VBRT). During the 12-week treatment
phase, participants obtained medication and provided urine samples at thrice-weekly (M, W,
F) visits. Participants were dismissed for missing three consecutive or nine total clinic visits.
At the end of 12 weeks all participants were contacted to complete post-treatment assessments.

2.3. Medications

For participants assigned to the levodopa condition, therapy began with a one-week dose
escalation schedule (Days 1-2, one 50/12.5 levodopa/carbidopa sustained-release tablet,
Sinemet® CR, BID; Days 3-4, one 100/25 tablet BID; Days 5-6, one 200/50 tablet BID; Day
7, 0one 400/100 tablet BID), followed by maintenance for 11 weeks, and a 7-day dose reduction
at week 12. Medication and placebo were packed in identical capsules with riboflavin (100
mg) and dispensed in Medication Event Monitoring Systems (MEMS). MEMS caps
electronically record bottle openings (i.e., presumptive doses). All investigators and staff,
except the pharmacist, were blind to medication assignment.

2.4. Behavioral Platforms

Clinical Management—The NIMH Collaborative Study on the Treatment of Depression
(Fawcett et al., 1987) guidelines provided the framework for clinical management (ClinMan).
ClinMan seeks to develop a supportive relationship with the patient that: (1) promotes
medication and study compliance; and (2) reinforces continued progress and participation using
common or non-specific therapeutic elements. Three study nurses were trained to conduct
manual-based ClinMan sessions that included systematic assessment of concomitant
medications and study medication side effects along with supportive discussion regarding
clinical progress. Weekly ClinMan sessions lasted 10-15 minutes.

Cognitive Behavioral Therapy—Cognitive-behavioral therapy (CBT), according to the
model of Marlatt and Gordon (Marlatt and Gordon, 1985), emphasizes coping skill
development to achieve abstinence and prevent relapse. Support for CBT in the treatment of
cocaine dependence has been demonstrated (Carroll et al., 1991, 1994; Maude-Griffin et al.,
1998; McKay et al., 1997; Rohsenow et al., 2000; Schmitz et al., 1997), with recent evidence
suggesting additive effects when combining CBT with pharmacotherapy (Carroll et al.,
20044; Carroll et al., 1998; Schmitz et al., 2001). CBT is considered to be more powerful than
ClinMan, but not sufficiently potent to override medication effects (Carroll et al., 2004b).
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CBT therapists teach patients to recognize and cope with high-risk situations through: (1) self-
monitoring and functional analysis of situational craving or drug use stimuli/factors; (2) coping
skills training (i.e., didactic presentations, role-playing, specific home practice exercises); and
(3) general lifestyle modification (e.g., increasing pleasant drug-free events, anger
management, interpersonal skills, general problem-solving). Masters' level therapists
underwent training to establish their competence and adherence in delivery of the manual
driven CBT (evaluated previously in Schmitz et al., 1997; Schmitz et al., 2001). For ongoing
supervision, therapists met weekly with a senior therapist who reviewed manual adherence and
clinical case materials.

Voucher-Based Reinforcement Therapy—Subjects assigned to receive VBRT earned
monetary rewards for each cocaine-negative urine sample. The reinforcement schedule
followed standard recommendations (Budney and Higgins, 1998), with voucher values starting
at $2.50 and increasing by $1.25 for each consecutive cocaine-negative urine sample. A $10
bonus voucher was awarded for providing three consecutive cocaine-negative urine samples.
Missed or refused samples were considered positive and reset the voucher value to $2.50. Five
consecutive negative urines after submission of a positive urine sample could return the
voucher value to its previous level. Subjects received a weekly written and verbal statement
indicating their previous week's urine test results. Vouchers earned could be exchanged at any
time for gift certificates (e.g., local restaurants, movie theatre) or redeemed as direct cash
payments.

2.5. Assessments

Psychiatric diagnostic and addiction severity information were collected at intake using the
Structured Clinical Interview for DSM-IV (First et al., 1995) and the Addiction Severity Index
(McLellan et al., 1992). Safety assessments at intake included a medical history and physical
examination, laboratory evaluation of liver and thyroid function, and cardiac functioning (i.e.,
12-lead electrocardiogram). Vital signs (including heart rate, blood pressure, and weight) were
obtained weekly during treatment. In addition, tests were conducted for pregnancy (urine),
drug toxicology (e.g., urine, for over 90 illicit and prescription drugs), tuberculosis, and HIV.
Each week participants completed a 33-item side effects checklist consisting of side effects
common in many substance using patients (i.e., nausea, vomiting, anxiety/nervousness,
depression, dizziness, and problems concentrating), including some characteristic of levodopa.
Adverse events were evaluated by the study nurse and physician that included a standardized
reporting system when appropriate. Pill taking was observed on clinic visit days and tracked
by riboflavin fluorescence testing (Del Boca et al., 1996; Mooney et al., 2004) and MEMS.
Cocaine craving ratings were obtained at each visit using the Brief Substance Craving Scale
(BSCS: Mezinskis et al., 1998; Mezinskis et al., 2001).

The primary outcome measure, cocaine use, determined by benzoylecgonine (BE) urine sample
levels as a dichotomous outcome (> 300ng/ml), was obtained thrice-weekly (M, W, F). Onsite
analysis (Analytical Neurochemistry Division) was conducted with the Syva EMIT and Varian
Thin Layer chromatography Toxi-Lab systems. Indices of treatment efficacy based on cocaine
use included mean proportion of cocaine-positive urines and maximum number of consecutive
cocaine-negative urines. Indices of performance in therapy for those receiving CBT and VBRT
were examined based on session attendance and cumulative earnings, respectively. Secondary
outcomes included cocaine craving, medication compliance, and side effects.

2.6. Data Analysis

All analyses were performed on the intent-to-treat population using the Statistical Analysis
System, Version 9.13 (SAS, 2006) with statistical significance designated as p < .05. Baseline
differences in treatment groups were evaluated using ANOVA and chi-square tests.
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Proportional hazards Cox regression analyses were used to test for differences in time to
dropout from treatment. Multilevel mixed models were used for repeated measures analyses
with each including the between-subjects factors of medication and therapy platform (except
for side effects, vital signs, and medication compliance analyses in which therapy was removed
since it was not hypothesized to influence these outcomes) and the within-subjects factor of
time. The first model tested main effect terms. The second set of models, constructed as
statistical contrasts, tested the a priori hypothesis that the levodopa-placebo difference would
be significant in the VBRT platform only. For these contrasts, the medication effect was tested
within each of the three platform conditions. To further examine the superiority of levodopa
+VBRT on cocaine use outcomes, this treatment condition was coded as the reference group
and compared to each of the other five treatment combinations in a set of pairwise statistical
contrasts. Longest continuous abstinence was analyzed using Poisson regression. Post-hoc
follow-up tests for all pair-wise comparisons employed Tukey's adjustment for type | error
rates while other multiple comparisons use Holm's (Holm, 1979) Bonferroni-Stepdown
Method.

3.1. Sample Characteristics

The demographic and substance use characteristics of participants at randomization are
presented in Table 1. Subjects across groups did not differ on any of these baseline variables.
Recent cocaine use was reported to be 14.0 (SD = 8.7) days in the past 30, with lifetime cocaine
use reported to be 11.8 (SD = 5.8) years. The majority of subjects (64%) reported previous
drug abuse treatment. Cocaine was detected in 86% of the samples submitted on the first intake
visit. During the two-week intake evaluation period prior to treatment, the percentage of
cocaine-positive urines was 76%, with comparable rates across groups.

3.2. Treatment Retention

One-hundred sixty one subjects were randomized and 121 initiated treatment (i.e., competed
at least 1 week of treatment after randomization). Survival analysis indicated no differences in
dropout rates by medication, 2 (1) = 3.12, p = 0.0770, therapy, ¥ (2) = .6172, p = 0.7345, or
their interaction, ¥ (2) = 1.0164, p = 0.6016 (see Figure 2, top panel). The average number of
visits attended during treatment was 16.3 (SD = 12.0) of a possible 36, with a trend suggesting
higher attendance in the levodopa compared to the placebo group (M =17.9,SD =1.6; M =
14.7, SD = 1.4, respectively).

3.3. Cocaine Use Outcomes

Proportion of Cocaine-Positive Urines—Figure 2 (bottom panel) illustrates the rates of
cocaine-positive urines over time for each treatment group. Mixed model analyses showed a
significant medication effect, F (1, 2100) = 5.15, p < 0.0233, with participants receiving
levodopa having lower rates of cocaine positive urines during treatment (levodopa, M = 61.6%;
placebo, M = 79.1%). A reliable main effect of therapy also emerged, F (1, 2100) = 3.75, p <
0.0236, with the difference driven by lower rates of cocaine use in the VBRT versus CBT
groups, t (2092) = 2.76, p = 0.0162 (VBRT, M = 59%; CBT, M = 84%). No effect of time or
the interaction terms with time were found. Planned contrasts testing the simple effect of
medication in each therapy platform condition indicated a significant difference in the VBRT
condition, t (817) = —3.48, p = 0.0015, but not in any of the other therapy conditions. Within
the VBRT condition, the levodopa group demonstrated a cocaine use rate of 40% while the
placebo rate was 77%. The set of contrasts with levodopa+VBRT as the reference group and
each of the other treatment groups was significant (all p's <.05), with the exception of the
levodopa+ClinMan comparison.
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Consecutive Abstinence—The main effect of medication was significant, indicating that
those treated with levodopa achieved a higher maximum number of consecutive cocaine-
negative urines (levodopa, M =5.2; placebo, M = 1.6), %2 (1) = 3.86, p = 0.0487. The significant
effect of therapy, 2 (2) = 7.45, p = 0.0241, was driven by a higher number of consecutive
negative urines in the VBRT group (M = 5.2) compared to the CBT group (M = 1.3), % (1) =
7.87, p = 0.0050. Contrast tests of medication within each therapy platform condition again
found the only significant difference in the VBRT group (levodopa, M = 11.85 versus placebo,
M = 2.35; ¥2 (1) = 12.84, p = 0.0009). Contrasts between levodopa+VBRT and each of the
other treatment groups were significant (all p's <.05), with the exception of the levodopa
+ClinMan comparison. The percentage of subjects in each group that achieved varying
durations of continuous abstinence during treatment is depicted in Figure 3.

3.4. CBT session attendance and voucher earnings.

3.5. Craving

The mean percentage of CBT sessions attended across groups receiving this treatment
component was 62.5% for placebo+CBT; 56.4% for placebo+VBRT; 61.6% for levodopa
+CBT; and 83.4% for levodopa+VBRT. A logistic regression comparing session attendance
was statistically significant for therapy, x2 (1) = 4.04, p = 0.0446, medication, x2 (1) = 7.98, p
= 0.0047, and the interaction of therapy and medication, ¥ (1) = 8.49, p = 0.0036, revealing
better CBT attendance in the levodopa+VBRT group. Within the VBRT conditions, cumulative
earnings during treatment were greater for the levodopa group (M = US$291.35, S.D. = US
$374.30) than for the placebo group (M = US$30.80, S.D. = US$58.4), 1 (19.9) = 3.08, p =
0.006. The longitudinal pattern of earnings was also assessed as a function of medication, time,
and their interaction. Effects of medication F (1, 38) = 9.46, p =0.0039, time, F (11, 38) = 2.32,
p =0.0268, and medication by time, F (11, 38) =2.18, p =0.0370 were observed. Simple effects
analyses of the interaction revealed increases across time for levodopa, F (11, 38) = 3.05, p =
0.0052, but not for placebo. Evaluation of differences between medication groups over time
showed that the levodopa group earned significantly more money at each week except the first.

BSCS scores differed as a function of medication, F (1, 75.7) = 4.47, p = 0.0378, and time, F
(11, 40.3) = 6.13, p < 0.0001, reflecting decreasing craving scores as treatment progressed.
Throughout treatment, those receiving levodopa reported significantly lower craving scores
(levodopa, M =2.8, SE =.30; placebo, M = 3.7, SE =.31). The interaction between medication
and time, F (11, 40.3) = 1.81, p = 0.0842, suggested a slightly steeper decline in craving for
cocaine in the levodopa group compared to the placebo group.

3.6. Medication Compliance

Under riboflavin or MEMS models, assessing the effects of medication, time, and their
interaction, only significant effects of time were observed, F (5, 233) = 5.59, p <.0001, and F
(5,233) =13.91, p <.0001, respectively, with both demonstrating decreased compliance during
treatment. Riboflavin-based compliance rates ranged from 50% to 70% and tended to be higher
than the more conservative MEMS-based rates (range 17% to 67%), consistent with
discrepancies observed in other pharmacotherapy studies (Mooney et al., 2004).

3.7. Side Effects and Vital Signs

The “ever”-occurrence of 33 side effects in the treatment period, including seven levodopa-
related side effects, (i.e., nausea, vomiting, anxiety/nervousness, depression, dizziness,
problems concentrating, and twitching) were evaluated. Two side effects occurred significantly
more often in levodopa treated patients compared to placebo: nausea, Fisher's exact test (d.f.
=1), p =0.0359, (20.4% vs. 40.7%, respectively); and dizziness, Fisher's exact test (d.f. = 1),
p = 0.0124, (13.0% vs. 35.2%, respectively). Two subjects discontinued treatment due to
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intolerance of medication; one received placebo while the other received levodopa. No effects
of medication, time, or their interaction were observed on body weight, diastolic blood
pressure, systolic blood pressure, or heart rate.

4. Discussion

This is the first study to detect a reliable treatment effect for levodopa and, in doing so, to show
how the magnitude of this effect depends on conditions of the behavioral therapy platform.
The most robust levodopa-placebo difference emerged in the behavioral therapy platform that
included VBRT. Levodopa+VBRT was superior across cocaine use outcomes when compared
to the other treatment combinations.

Levodopa-treated subjects had lower cocaine use rates, longer periods of continuous
abstinence, and less craving compared to patients assigned to placebo. These findings stand in
contrast to those reported in an earlier medication screening trial in which levodopa, (tested at
a lower dose, 300/75 mg/d) showed no advantage over placebo (Shoptaw et al., 2005).
Additionally, Mooney et al. (Mooney et al., 2007) documented the safety and feasibility of
levodopa/carbidopa therapy (800/200 mg/d) in an initial safety trial and in a subsequent dose
ranging study but reported no clear decrease in cocaine use as a function of levodopa dose.
Given the apparent safety and tolerability of levodopa (Mooney et al., 2007), the present results
are highly encouraging with regard to the potential utility of levodopa pharmacotherapy in
reducing cocaine use when combined with appropriate behavioral interventions.

There is consensus in the scientific community that combining behavioral treatments and
pharmacological agents provides more effective treatment than either constituent therapy alone
in most cases (Carroll et al., 2004b; Onken et al., 1995; Stitzer and Walsh, 1997; Volkow et
al., 2004). Carroll (Carroll et al., 2004b) however, specifically stated that determinations of
optimal behavioral therapy platform-pharmacotherapy combinations should be evidence
based, not arbitrarily determined. The process should involve consideration of the specific
strengths and weaknesses of the medication, as well as the potential targets of the behavioral
therapy platform (Carroll et al., 2004b). Levodopa's strengths, i.e., safety, tolerability and
compliance, are offset by modest direct pharmacotherapeutic effects (Mooney et al., 2007;
Shoptaw et al., 2005). Still, our finding that a high intensity behavioral therapy platform
enhances the pharmacotherapy efficacy provides the evidence for a balanced, tenable therapy
combination using the criteria specified by Carroll (Carroll et al., 2004b). That we did not
observe a linear relationship between therapy “dose” or intensity and medication effect
suggests that levodopa was effective because of its unique interaction with VBRT. Findings
from this trial add to other recent reports showing a significant and specific synergism between
contingency management and cocaine pharmacotherapy (Kosten et al., 2003; Poling et al.,
2006; Schmitz et al., 1998).

Although not designed to investigate treatment mechanisms, the trial permits speculation that
might direct future research to elucidate the underpinnings of enhanced effectiveness of the
levodopa contingency management combination. One explanation comes from recent models
of dopamine and reward saliency. Koob and others (Koob and Le Moal, 2001) have proposed
that chronic cocaine use produces persistent diminution of brain reward function, resulting in
a condition in which the saliency of drug-related cues far exceeds the saliency value of natural
non-drug reinforcers (Ahmed et al., 2002; Ahmed and Koob, 1998; Koob and Le Moal,
1997, 2005). Contingency management increases availability of non-drug or environmental
reinforcers directly competing with drug use. To the extent that processes related to reward
saliency are mediated via dopamine transmission (e.g. Berridge and Robinson, 1998; Volkow,
2004), levodopa administration might compensate for dopamine-related deficits and thus
enhance saliency of contingently delivered reinforcers, thus improving responsiveness to this
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behavioral intervention. Conversely, this proposed mechanism suggests that in the absence of
alternative reinforcers the therapeutic efficacy of levodopa would be diminished, precisely the
observation in the non-voucher conditions. If confirmed as the treatment mechanism, levodopa
and other dopamine-augmentation strategies could be used as a way to enhance the efficacy
of contingency management.

Early onset of levodopa treatment benefit suggests that it may also attenuate cocaine
withdrawal symptoms, necessarily by the same dopaminergic mechanism. This is supported
by the decreased self-reported cocaine craving in subjects receiving active medication.
Theoretical arguments concerning dopaminergic perturbations contributing to persistent
craving have been posited by Gawin, Dackis and others (Dackis and Gold, 1985; Gawin and
Ellinwood, 1988). Empirical evidence for the perspective comes from McDougle et al.
(McDougle et al., 1992) who, using a levodopa challenge paradigm, demonstrated increased
dopamine responsivity during early cocaine abstinence. Wolfsohn (Wolfsohn and Angrist,
1990) initially reported rapid resolution of abstinence symptoms in 8 patients receiving
levodopa on a detoxification unit, but failed to replicate these preliminary results in a later
placebo-controlled study (Wolfsohn et al., 1993). Further studies that include measures of
cocaine withdrawal symptoms are needed to clarify the extent to which reduction of withdrawal
is a mediator of levodopa's effects on cocaine use.

Interestingly, our study did not find strong and reliable advantages of contingency management
procedures relative to the non-voucher therapies. In non-medication studies of behavior therapy
for cocaine dependence, the relative advantage of VBRT in reducing cocaine use has been
robust (e.g., Higgins et al., 1994; Higgins et al., 1991; Rawson et al., 2006). Possible
explanations may have to do with differences in the implementation of VBRT. In the present
study contingent rewards were distributed once per week, whereas standard procedures
recommend delivery of the earned reinforcer immediately following the target behavior, i.e.,
urine test results. Given that immediacy of contingent reinforcement is a robust predictor of
behavioral response in both human laboratory (Roll et al., 2000) and treatment research
(Lussier et al., 2006), the delayed procedure used here may have weakened the contingency
management effect. Our contingency management procedure also differed in that it was not
integrated with the other behavioral interventions (i.e., ClinMan, CBT) but rather delivered in
parallel as a standalone intervention. Therapists delivering CBT did not address whether or not
their patients were earning voucher rewards, which may have removed an important source of
support and encouragement toward achieving targeted behaviors.

As with other cocaine clinical trials, the majority of individuals who began treatment did not
complete it. Although we applied current intent-to-treat analytic strategies for handling missing
data (Bryk and Raudenbush, 1992), high rates of attrition can complicate interpretation of true
treatment effects (Nich and Carroll, 2002). In this study, small group sizes, combined with
slightly higher retention in the levodopa + VBRT, may have introduced bias in the analysis of
certain outcomes, particularly those that rely on length of time in treatment (e.g., continuous
abstinence rates). Interpretability of the present findings is further affected by the additive
design used in constructing the levels of behavior therapy. Because VBRT was added to a
behavioral platform consisting of ClinMan+CBT, the data do not allow conclusions regarding
the separate and independent effects of this component. Moreover, we cannot rule out the
possibility that better CBT attendance in the VBRT group accounted for observed treatment
differences.

Despite limitations of the current study, the results support the inclusion of levodopa into the
treatment armamentarium for cocaine dependence, specifically as an adjunctive
pharmacotherapy for patients receiving abstinence-based contingency management
procedures.
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Figure 1.

Study participation flow figure. Note. ClinMan = Clinical management. CBT = Cognitive
behavioral therapy. VBRT = Voucher-based reinforcement therapy.
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Figure 2.

Proportion of participants remaining over the 12-week treatment period (top panel). Observed
rates of cocaine use by medication and behavioral therapy platform (bottom panel). Note.
ClinMan = Clinical management. CBT = Cognitive behavioral therapy. VBRT = Voucher-

based reinforcement therapy.
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VBRT = Voucher-based reinforcement therapy.
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