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Abstract
Background—No medication is currently approved for the treatment of cocaine dependence, but
several preclinical and clinical reports suggest agonist-like medications, e.g. amphetamine analogues,
may be a productive strategy for medication development.

Objective—This current proof-of-concept study sought to evaluate the safety, tolerability, and
effectiveness of methamphetamine as a candidate treatment for cocaine dependence.

Methods—A randomized, double-blind, placebo-controlled study served to evaluate three
treatment conditions in 82 cocaine-dependent individuals: (1) placebo (0 mg, 6×/day; n = 27), (2)
immediate release (IR) methamphetamine (5 mg, 6×/day; n = 30), (3) sustained release (SR)
methamphetamine (30 mg first pill, 1×/day; 0 mg 5×/day; n = 25). The study employed a sequential,
two-phase design (i.e., 4 weeks of medication and counseling followed by 4 weeks of medication/
counseling plus a contingency management procedure).

Results—Both preparation forms of methamphetamine were well tolerated, with similar retention
to placebo (0 mg, 33%; 30 mg IR, 30%, 30 mg SR, 32%). Methamphetamine SR was associated with
decreased sleep and increased weight loss. Medication adherence rates were high for the first dose
of the day (95%), while adherence for subsequent capsules was lower. Those in the SR condition
exhibited consistently lower rates of cocaine-positive urine samples (0 mg, 60%; 30 mg IR, 66%, 30
mg SR, 29%), p<0.0001, and reported the greatest reduction in craving for cocaine, p<0.05.

Conclusions—SR methamphetamine significantly reduced cocaine use and craving. Additional
research is warranted to develop and evaluate agonist-like medications that may effectively treat
cocaine dependence.
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1. Introduction
Of the numerous medications evaluated for treatment of cocaine dependence, few have
meaningfully reduced cocaine use. The quest for effective pharmacotherapies has been
challenged by the complex acute and long-term effects of cocaine use on the central nervous
system. Among medication treatment strategies, agonist-like interventions that enhance
dopaminergic functioning in the central nervous system have shown the most success. Of these,
some inhibit dopamine reuptake or metabolism (e.g., bupropion, disulfiram, methylphenidate
Carroll et al., 2004a; Grabowski et al., 1997; Margolin et al., 1995; Petrakis et al., 2000; Poling
et al., 2006), or replenish dopamine stores (e.g., levodopa, Mooney et al., 2007; Schmitz et al.,
2008; Shoptaw et al., 2005; Wolfsohn et al., 1993). Additionally, researchers have widely
investigated medications that indirectly enhance dopaminergic functioning via reversal of the
dopamine transporter, most notably dextroamphetamine (Grabowski et al., 2001; Grabowski
et al., 2004; Shearer et al., 2003). In humans, double-blind clinical studies have demonstrated
as much as a 50% reduction in cocaine use following dextroamphetamine treatment in cocaine-
dependent individuals (Grabowski et al., 2001; Grabowski et al., 2004; Shearer et al., 2003).

Given the significant, but not complete, reduction in cocaine use achieved with
dextroamphetamine, the potential of achieving greater treatment response with other
amphetamine analogues is of considerable interest. A kindred amphetamine,
methamphetamine, has shown some promise as an agonist-like therapy for cocaine dependence
in pre-clinical experiments. This replacement strategy is supported by animal studies showing
that methamphetamine substitutes for cocaine in the drug discrimination paradigm (Johanson
and Barrett, 1993; Negus et al., 2007). Additionally, pretreatment with methamphetamine
produces large reductions in cocaine, but not food self-administration (Negus et al., 2007), and
some data suggest that methamphetamine is less reinforcing than cocaine (Newman and
Carroll, 2006).

There is abundant evidence of methamphetamine's abuse liability in humans, and chronic, high-
dose, non-therapeutic use of methamphetamine has serious health consequences (Anglin et al.,
2000; Barr et al., 2006; Lineberry and Bostwick, 2006; Villemagne et al., 1998). However,
immediate release (IR) and sustained release (SR) preparations of oral methamphetamine are
approved by the FDA for short-term treatment of refractory attention-deficit/hyperactivity
disorder (Desoxyn®), and simple obesity (Obetrol®) (Micromedex® Healthcare Series.,
n.d.). Under close clinical supervision, numerous studies indicate that oral methamphetamine
is safe and well-tolerated in humans, with minimal abuse liability (e.g., 10 – 20 mg/day from
6 – 23 days, Comer et al., 2001; Hart et al., 2001; Hart et al., 2003; Perez-Reyes et al., 1991).

This proof-of-concept study is the first medication trial to evaluate the safety, tolerability, and
efficacy of methamphetamine as an agonist-like therapy for cocaine dependence. We chose to
compare the effects of placebo (0 mg/day, 6×/day; n = 27) to immediate-release (IR; 30mg/
day; 5 mg, 6×/day; n = 30) and sustained-release (SR) methamphetamine (30 mg/day; 30 mg
1×/day, 0 mg, 5×/day; n = 25) on cocaine use, under close medical supervision. This 8-week
study involved a sequential treatment design. During phase 1 (weeks 1-4), participants received
medications and cognitive-behavioral therapy. During phase 2 (weeks 5-8), a contingency
management (CM) procedure was added to study medication effects under a high-intensity
behavioral therapy platform designed to reduce ongoing cocaine use (Dutra et al., 2008).
Compared to placebo, we hypothesized that the greatest reduction in cocaine use would occur
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in individuals receiving sustained-release methamphetamine followed by the immediate
release condition, and that this advantage would be found across phases of treatment. Safety
was determined via monitoring of self-reported side effects and vital signs, and tolerability was
operationalized in terms of treatment retention and medication adherence. Efficacy outcomes
included cocaine use, cocaine craving, and mood.

2. Methods
2.1 Participants

The study and all related materials were approved by University of Texas-Houston Committee
for the Protection of Human Subjects. Participants were recruited through advertisements in
local media sources, and underwent a telephone interview to establish initial eligibility. To be
included in the study, participants had to be: (a) English-speakers; (b) between the ages of 18
and 55; and (c) cocaine-dependent at time of intake by Diagnostic and Statistical Manual of
Mental Disorders-IV (DSM-IV) criteria (American Psychiatric Association, 1994); (d)
reporting recent use of cocaine (confirmed by qualitative urine benzoylecgonine testing during
the intake procedures); and (e) in generally good psychiatric and medical health with normal
electrocardiogram and no history of heart disease. Exclusion criteria included: (a) pregnancy
or nursing; (b) current dependence on substances other than nicotine; (c) current psychotic,
affective, or anxiety disorders; (d) serious medical conditions precluding study participation
and; (e) legal status that might prevent study completion. Study enrollment and attrition data
are presented in Figure 1.

2.2 Procedures
The research was conducted at the Treatment Research Clinic (TRC, Grabowski et al., 1997)
of the Substance Abuse Research Center, a component of the Department of Psychiatry and
Behavioral Sciences at the University of Texas at Houston. The four study phases were: (1)
intake, (2) stabilization, (3) treatment, and (4) run-down.

2.2.1 Intake—Callers meeting initial telephone screen criteria received an appointment for
the consent process and a pre-treatment evaluation (3-10 days duration), which included a
medical history and complete physical examination. This assessment involved laboratory
evaluation of liver, kidney, and thyroid functioning, cardiac functioning (i.e., 12-lead
electrocardiogram), heart rate and blood pressures, and weight. In addition, tests were
conducted for pregnancy (serum), drug toxicology (e.g., urinalysis for over 90 illicit and
prescription drugs), tuberculosis, and HIV. Diagnostic interviews were conducted to assess
psychiatric history (i.e., Structured Clinical Interview for DSM-IV Axis I Disorders [SCID],
First et al., 1995), as well as substance abuse and psychosocial functioning (Addiction Severity
Index, [ASI], McLellan et al., 1992). A benzoylecgonine (BE; cocaine metabolite) positive
urine sample was required during intake. Study entry followed completion of the pre-treatment
evaluation.

2.2.2. Stabilization—Following completion of intake procedures, participants were
randomly assigned to a treatment condition, and medication administration was initiated during
a stabilization phase (5-7 days duration), with daily clinic attendance. Subjects received an
initial dose of 5 mg with 5 mg/day increments to 20 mg, then a 10 mg dose increase, with the
potential for 2 days flexibility in run-up.

2.2.3. Treatment—After stabilization, subjects began the 8-week intervention phase of the
study, during which thrice weekly attendance was required. In this two-phase sequential design,
three medication treatment conditions were compared: (1) placebo, (2) 30-mg immediate
release (IR) methamphetamine, or (3) 30-mg sustained release (SR) methamphetamine. At
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week 5, an abstinence-based contingency management procedure was introduced in each group
(see below).

2.2.4. Run-down—Following the treatment phase, participants completed a 1-week
rundown.

2.2.5. Exclusion from the Study—Given the potentially significant health risks associated
with this study, we applied exceptionally stringent criteria for continuing participation in the
trial. For any two-week period in the trial, participants had to provide at least 75% of the
requested data. Failing to attend two visits in a given week would in most cases result in the
participant being discontinued from the study.

2.3 Interventions
2.3.1. Medication—A procedure with multiple daily capsules for all groups was necessary
to use the IR preparation. A simple color coding procedure was established for the first versus
subsequent 5 doses each day. For all groups, the first dose of the day was in a yellow capsule
and the remaining five doses were in blue capsules. The placebo group received six inactive
capsules each day. For the IR condition there were six active doses of 5 mg each, while for the
SR condition, there was one active 30 mg dose, (yellow capsule), and five inactive doses (blue
capsules). Subjects were instructed to take the yellow capsule within two hours of awakening,
and the remaining 5 capsules at intervals no less than two hours. On 3 days each week (Monday,
Wednesday, Friday), ingestion of the first dose of the day was observed at the clinic.

Several strategies were utilized to ascertain medication compliance. First, capsules were
distributed in Medication Event Monitoring Systems (MEMS, Aprex Corp.) pill bottles with
a cap that recorded the time and date of each bottle opening. A separate MEMS bottle was used
for each day and contained only that day's capsules. Thus, on Monday and Wednesday subjects
received two medication bottles, and they received three bottles on Friday. The bottles were
returned at each clinic visit, a pill count was obtained, and MEMS data were transferred and
stored to a computer for later analysis. Compliance was also monitored by amending capsules
with supradietary levels of riboflavin, followed by detection (see below) in urine samples (Del
Boca et al., 1996). Riboflavin (100 mg/day) was evenly distributed across each capsule (16.67
mg/capsule).

2.3.2. Therapy—Manual-based, cognitive-behavioral therapy was provided for one hour
each week by master's-level therapists. The cognitive-behavioral therapy emphasized relapse
prevention and coping skills (for a full description see Schmitz et al., 2001).

2.3.3. Contingency management—Contingency management was implemented in weeks
5-8, based on CM's ability to reduce cocaine use and potentially improve response to
pharmacotherapies (Carroll et al., 2004b; Carroll and Rounsaville, 2007; Higgins et al.,
1991; Petry and Martin, 2002; Petry et al., 2004; Preston et al., 2001; Silverman et al., 1996;
Stitzer and Vandrey, 2008). A simple fixed-ratio schedule was employed where each BE-
negative urine sample was reinforced with a US$20 payment. A total of 12 payments were
possible (3/week × 4 weeks). This was added to the baseline platform of medication plus
cognitive behavioral therapy.

2.4. Measures
At each visit, subjects provided urine samples for analysis of BE, methamphetamine, and
riboflavin. BE was assessed qualitatively and semi-quantitatively through analyses in our
onsite analytical neurochemistry lab using the Syva EMIT system and the Abbott Toxi-Lab
thin layer chromatographic system. Creatinine-adjusted samples were classified as positive
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with BE concentrations equaling or exceeding 300 ng/mL (Wilkins, 1997). Methamphetamine
was also assessed semi-quantitatively. Semi-quantitative riboflavin levels were obtained using
a Model 4-8202 Aminco-Bowman spectrophotofluorometer (American Instrument Co., Silver
Springs, Maryland). Riboflavin levels range from 0 to 99 fluorescence units, with levels at or
below 35 units considered to reflect non-compliance with medication administration (Mooney
et al., 2007). On a weekly basis, patients completed measures of cocaine craving (Halikas et
al., 1997). Mood was assessed with the Beck Depression Inventory (BDI, Beck et al., 1961).
Medication side effects were determined with a questionnaire used in our other clinic studies
plus additional questions regarding commonly reported methamphetamine side effects (i.e.,
changes in sleep, mood, and appetite). Nursing staff reviewed side effects and assessed each
participant's weight, blood pressure, and heart rate each week. EKGs were conducted biweekly.

2.5. Statistical Analyses
2.5.1. Randomization and Assumptions

This study employed an adaptive enrollment strategy in which subject enrollment continued
until 8 subjects in each condition completed the 8-week trial. The target sample size of 8
subjects was based on available study resources, and requirements of competing protocols.
However data from all enrolled subjects were analyzed before a supplemental analysis of
treatment completers. All analyses were conducted using the Statistical Analysis System,
Version 9.1.3. (SAS Institute Inc., 2008). Values of p<.05 were considered statistically
significant for main effects and interactions. Type I error rate in all post-hoc comparisons was
controlled using Tukey-Kramer adjustments. Due to participant attrition and frequent missing
data, the number of subjects or data points available for statistical analysis varied, with a
maximum of 82 participants (57.3% of observations missing) and a minimum of 25 participants
(25% observations missing). Missing data were treated as missing, and no imputation was used.
For cocaine use and medication adherence, in a given week, the proportion was expressed as
the number of events or numerator (e.g., cocaine positive tests, medication positive tests) to
the number of tests or denominator (e.g., cocaine urine tests, urine riboflavin fluorescence
tests).

2.5.2. Techniques—Comparability of study groups across baseline demographic and
substance-use variables was evaluated using ANOVA for continuous variables and chi-square
tests for categorical variables. Kaplan-Meier survival analysis with right censoring was used
to test for differences in the duration of treatment as a function of condition. In the case of
repeated measures analyses, we employed multilevel models with between-subjects effects of
treatment, within-subjects effects of time, and the interaction of treatment and time.

2.5.3. Models—In repeated measures models, each model included tests for effects of
Medication (i.e., 0 = placebo, 1 = methamphetamine, IR, 2 = methamphetamine, SR), Time
(i.e., 1 – 8 weeks), and their interaction. In addition, to account for differences between Phase
1 and Phase 2, when the CM procedure was introduced, a bent-line parameterization was used,
including a Knot (0 = weeks 1 – 4, else Knot = Time), and Knot × Medication interaction (e.g.,
Poling et al., 2006). In instances of non-significant Knot or Knot × Medication effects, these
terms were eliminated from models before final interpretation. The value of the dependent
measure during the intake phase was used as a covariate. One exception was cocaine use
analyses in which self-reported cocaine use in the 30 days preceding treatment was employed
as the covariate (Carroll et al., 2004a; McLellan et al., 1992).
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3. Results
3.1. Sample Description

Sample characteristics including demographics, substance use variables, and psychosocial
functioning are presented in Table 1. No differences were observed across conditions.

3.2. Retention
Survival analysis indicated no difference in dropout rates across the three treatment groups
(Log Rank Statistic, χ2(2) = .40, p = .82), with 32% of participants randomized to treatment
completing treatment (0 mg, 33%; 30 mg IR, 30%, 30 mg SR, 32%). The three groups did not
differ in the number of weeks completed (M = 4.1, SD = 3.6). However, 49% (n = 40) of
participants dropped from the study in the stabilization phase (52% [n = 20] lost to follow up;
2% [n = 1] due medication intolerance; and 48% [n = 19] did not adhere to the protocol, e.g.,
sporadic attendance). Inspection of retention rates in the non-randomized sample of 42
participants who entered the formal 8-week treatment phase revealed substantially higher
completion rates, (0 mg, 53%; 30 mg IR, 64%, 30 mg SR, 67%).

3.3. Adverse Events
Side effect rates (i.e., reporting the side effect at least once in the 8-week treatment phase) are
presented in Table 2. Those in the SR group reported higher rates of sleeping less and feeling
less anxious. Only one subject, in the IR group, discontinued treatment due to intolerance of
study medication (see Figure 1).

3.4. Vital Signs
3.4.1. Weight—A significant effect of medication group, F(2, 62.7) = 8.37, p = 0.0006, on
body weight were observed. Body weights differed between the three treatment groups,
(placebo, M = 186.4 lbs., SE = 0.84, MWeight Change = 2.60, SEWeight Change = 1.1; IR, M =
183.5 lbs., SE = 0.84, MWeight Change = 0.70, SEWeight Change = 1.14; SR, M = 181.3 lbs., SE =
0.92, MWeight Change = -2.30, SEWeight Change = 1.24). Post-hoc analysis revealed that the SR,
t(63.3) = 4.05, p = 0.0004, lost more weight than the placebo group, and IR groups, t(63.4) =
2.46, p = 0.0436, gained less weight than the placebo group (Figure 2A).

3.4.2. Blood pressure and heart rate—Systolic blood pressure tended to change over
time, F(8, 16.8) = 2.94, p = 0.0299, and as a function of medication group and time, F(16, 17.1)
= 3.11, p = 0.0127, (placebo, M = 124.4, SE = 2.6; IR, M = 126.7, SE = 2.7; SR, M = 121.3,
SE = 2.9) (see Figure 2B). No effects of medication group, time, or their interaction were
observed for diastolic blood pressure (placebo, M = 78.2, SE = 1.3; IR, M = 79.5, SE = 1.4;
SR, M = 74.5, SE = 1.5), (see Figure 2D) or heart rate, F(14, 157) = 1.83, p = 0.0387, (placebo,
M = 73.1, SE = 2.2; IR, M = 75.5, SE = 2.3; SR, M = 75.8, SE = 2.6), (see Figure 2D).

3.5. Medication Adherence
3.5.1. Pill counts—During the treatment period, pill counts of the first medication dose each
day (yellow pills; 0 mg, 5 mg IR, or 30 mg SR) revealed high compliance (95%) and no
differences across treatment groups, although rates declined over time, F(1,1099) = 5.82, p =
0.0160. The proportion of first doses taken declined from 98% at week 1 to 87% at end of
treatment. In the case of the subsequent medication doses (blue pills), those in the placebo
group tended to take more pills (M = 2.35 pills/day) than those in the active treatment
conditions, F(1,1092) = 2.82, p = 0.0534, (IR, M = 1.67 pills/day; and SR, M = 1.82 pills/day).
As with the first (yellow) dose, the number of pills taken declined over the treatment period,
F(1,1092) = 8.07, p = 0.0046. The number of blue pills taken declined from 2.4 pills/day (SE
= .16) at week 1 to 1.4 pills/day (SE = .18) at end of treatment.
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3.5.2. MEMS—On days with clinic appointments, 5 bottle openings were expected, since the
yellow pill was administered during the visit, while 6 bottle openings were expected for
intervening days. Groups did not differ in bottle openings (M = 2.21/day). Consistent with pill
count data, the number of openings declined over the treatment period, F(1,1109) = 4.07, p =
0.0439. The number of bottle openings taken declined from 2.3 pills/day (SE = .13) at week 1
to 1.8 pills/day (SE = .15) at end of treatment.

3.5.3. Riboflavin—Adherence rates based on riboflavin did not differ by group, time, or their
interaction, with an overall rate of 56%.

3.5.4. Methamphetamine exposure—Rates of positive urine tests for methamphetamine
differed significantly across groups, F(2, 629) = 5.31, p = 0.0052, with all groups different
from each other (ps<.0001; placebo, 0%; IR, 63.4%; SR, 94.4%).

3.6. Cocaine Use
3.6.1. Intention-to-treat sample—Analysis of cocaine use rates revealed a medication
effect, F(2, 344) = 14.7, p< .0001, and effect of time, F(9, 344) = 2.49, p = .0091 (see Figure
3A). Post-hoc comparisons indicated that individuals in the SR condition exhibited a decreased
proportion of cocaine-positive urine samples (29.0% positive) compared to either placebo
(60.0%) or IR condition (66.0%).

3.6.2. Completers sample—To evaluate the effects of completed treatment, we conducted
an analysis focused on the 25 subjects finishing the 8-week trial (see Figure 3B). Prior to
analysis, we compared completion status (completer versus non-completer), treatment
condition, and their interaction on baseline variables in Table 1. No interactions between
completion status and treatment condition were observed. Completers were employed at a
higher rate than non-completers (84.0% vs. 61.4%), χ2(1) = 4.10, p = 0.0429. In addition,
completers were somewhat more likely to have a urine sample negative for cocaine at their
first visit (60.0% versus 76.0%), although this was not statistically significant. Accordingly,
we included employment status and cocaine use at first visits as covariates. Analysis of this
reduced sample again revealed a medication effect, F(2, 225) = 10.63, p< .0001. In this
restricted subsample, post-hoc comparisons showed that the SR condition had a significantly
lower rate of cocaine use (18% positive) than both placebo (64% positive), t(225) = 4.19, p =
0.0001, and IR groups (65% positive), t(225) = 39.972, p =0.0003.

3.7 Cocaine Craving
As assessed on a 10-cm visual analogue scale of craving for cocaine, a significant medication
group effect was detected, F(2, 35.1) = 3.50, p = 0.0410, (placebo, M = 3.4, SE = 0.60; IR,
M = 3.1, SE = 0.60; SR, M = 1.0, SE = 0.73). Post-hoc analysis revealed that the SR group
reported less craving than the placebo group, t(36.3) = 2.49, p = 0.0451.

3.8. Mood
An effect of time was noted for the BDI with scores tending to decline over the course of the
study, F(8, 200) = 2.21, p<0.0078. At the beginning of medication induction, BDI levels were
in the non-depressed range (M = 9.1, SE = 1.07).

3.9. Contingency management
During the second, 4-week segment of the trial, there were non-significant but potentially
meaningful differences in earnings, F(2, 25) = 3.01, p = 0.0675, (placebo, M = US$94.0, SE
= 24.8; IR, M = US$108.0, SE = 36.3; SR, M = US$190.0, SE = 18.1).
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All of the foregoing models (i.e., safety, tolerability, efficacy, and subjective measures) were
also run including a Knot and a Knot×Medication terms. In all cases, these terms were not
statistically significant, indicating that medication effects on study outcomes did not change
following the introduction of the CM procedures at week 5 of treatment.

4. Discussion
In this double-blind, randomized, placebo-controlled trial, we investigated the safety,
tolerability, and efficacy of methamphetamine in cocaine-dependent humans seeking to quit
cocaine. Methamphetamine was generally safe and well-tolerated under the restricted
conditions of this study. Adherence for the initial daily dose was high, but decreased for
subsequent doses. Interestingly, in the IR group, the majority of doses were not taken, but
instead returned to the clinic. The SR preparation of methamphetamine was superior to placebo
and to the IR preparation in reducing cocaine use and craving. The IR preparation did not differ
from placebo on these outcomes. However, it must be noted that compliance in the IR condition
was so low as to prevent achievement of therapeutic drug levels, thus making it little different
from the placebo condition. Addition of a contingency management procedure in the second
half of the treatment period had little discernible effect on outcome measures.

Major concerns in using methamphetamine treatment in a stimulant dependent population
include safety and tolerability. No differences in treatment retention were observed between
groups, and only one patient, in the IR group, discontinued treatment due to medication
intolerance. Those in the SR group were more likely to report sleeping less than the IR or
placebo groups. Those in the SR group lost about 2 pounds, but generally showed no changes
in appetite. Methamphetamine is a sympathomimetic, and thus we monitored cardiovascular
functioning rigorously. As in our previous reports with dextroamphetamine (Grabowski et al.
2001; Grabowski et al. 2004), we observed few differences between groups, with average blood
pressures and heart rates falling in the normal range. In the context of this relatively short trial,
methamphetamine was generally safe and well tolerated, consistent with other recent studies
(Comer et al., 2001; Hart et al., 2001; Hart et al., 2003).

The mechanisms of action of agonist-like treatments for cocaine dependence are not completely
understood. Preclinical and clinical studies suggest that chronic cocaine use results in deficits
in the dopamine (DA) and serotonin (5-HT) systems, and alterations in noradrenergic (NE)
functioning (McDougle et al., 1994; Rothman et al., 2002). Many studies have utilized
medications to selectively enhance DA, 5-HT, or NE systems, with mostly negative results in
the absence of robust behavioral treatments (Gorelick et al., 2004). In contrast, mounting data
suggest promise with medications possessing a more broad action at monoamine systems.
Withdrawal from chronic cocaine use is associated with deficits in DA and 5-HT functioning
which are thought to underlie negative effects, including cocaine withdrawal and craving as
well as anhedonia, impulsivity, and depression (Rothman et al., 2006; Rothman et al., 2000).
Rothman and Baumann have proposed a dual-deficit model of stimulant dependence, in which
deficits in DA and 5-HT functioning are the focus of pharmacotherapeutic intervention
(Rothman et al., 2006; Rothman et al., 2005). Three widely-studied DA/5-HT releasers with
respect to cocaine dependence include phentermine plus fenfluramine (Phen-Fen), PAL-287,
and methamphetamine. In pre-clinical models, all three have been shown to substitute for
cocaine in drug discrimination tasks (Negus et al., 2007; Schechter and McBurney, 1996).
Additionally, pretreatment with these medications produces large reductions in cocaine self
administration, with lesser alteration on food reinforcement (Glowa et al., 1997; Negus et al.,
2007), and are, by themselves, self-administered at lower rates than cocaine (Griffiths et al.,
1978; Newman and Carroll, 2006; Rothman et al., 2005). Collectively, previous data as well
as the current proof-of-concept study support a pharmacotherapy approach that broadly targets
multiple monoaminergic systems (Gorelick et al., 2004).
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Considerable research has focused on the relative merits of IR versus SR preparations of
stimulants for ADHD. IR formulation provides pulsatile exposure to medication, and this rapid,
intermittent exposure could potentially provide more rapid relief of craving. On the other hand,
this pattern might actually potentiate abuse (Parasrampuria et al., 2007). However, treatment
adherence is negatively associated with number of daily doses, with sharp drops in compliance
after 3 daily doses (Claxton et al., 2001). In contrast, SR formulation allows for steady,
continuous release of medication, minimizing fluctuations in drug levels and reducing side
effects. Since SR formulations require one or two doses each day, compliance is more readily
achieved. We were surprised by the poor compliance in the IR condition, expecting that the
reinforcing effects of methamphetamine would surmount the challenges of taking 6 daily doses.
Whatever advantages IR formulations confer, the adherence burden of the present regime
argues against their use. However, advances in drug formulations systems now permit for
hybrid formulations that combine an IR component with a longer acting SR component
(Markowitz et al., 2003).

Given the preliminary nature of this trial, we were interested in evaluating medication effects
alone, before adding a potent CM intervention. No CM advantage or potentiation of medication
effects was found. It is possible that the robust ability of methamphetamine SR to reduce
cocaine use left little room for further improvement with CM. In choosing a behavioral therapy
platform, CM is recommended when evaluating pharmacotherapies having partial or weak
effects (Carroll et al., 2004). It is surprising, however, that the CM used here, which included
a moderately high magnitude reward schedule (FR US$20) did not significantly alter cocaine
use in the non-responding treatment groups (placebo, IR). Use of an escalating schedule of
reinforcement, contingent on continuous abstinence, may have yielded a treatment response
(e.g., Preston et al., 2001). The lack of typical CM benefit may be explained by the short
duration of the intervention. Cocaine-using participants who remained in treatment weeks 5-8
may have lacked the motivation and the time needed to detoxify from cocaine needed to come
into contact with CM incentives. Thus, the lack of CM effects likely owes to methodological
limitations in our design, and stand in contrast to the robust literature showing the efficacy of
CM procedures to reduce cocaine use (Higgins et al., 1991; Petry and Martin, 2002; Petry et
al., 2004; Preston et al., 2001; Silverman et al., 1996; Stitzer and Vandrey, 2008).

This study has some limitations. As described above, the lack of effect for CM should be
interpreted with caution. Methamphetamine and cocaine levels were assessed semi-
quantitatively; however in other studies by our group, quantitative and semi-quantitative
assessments have yielded similar results (Grabowski et al., 2001; Grabowski et al., 2004).
Furthermore, despite our best efforts to maximize retention, overall rates of treatment
completion were low, with fewer than half of subjects receiving the full course of treatment.
Finally, though substantial effort was made to have equal numbers of males and females in this
study, the current disparity limits the opportunity to explore potential gender differences in
response to treatment.

In summary, this current proof-of-concept trial demonstrated that an SR formulation of
methamphetamine can substantially reduce cocaine use over an 8-week interval with close
supervision and psychological support. While methamphetamine cannot be advocated as
standard treatment, further evaluation of mixed monoaminergic medications for the treatment
of cocaine dependence appears warranted.
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Figure 1.
Participant enrollment and retention figure. Protocol violations indicate high absenteeism or
failure to provide self-report or biological data.
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Figure 2.
2A. Bodyweight over the 8-week treatment period. Group differences by weight were
observed, where the SR condition lost weight while the placebo (0 mg) group gained weight.
2B. Systolic blood pressure tended to change over time, and as a functioning of medication
group and time. 2C. Diastolic blood pressure did not vary across group, time, or their
interaction. 2D. Heart rate did not vary across group, time, or their interaction.
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Figure 3.
3A. Cocaine-use proportion in the intention-to-treat sample. Beginning (week 1 of treatment)
and ending (week 8 of treatment) sample sizes are shown in the legend. The SR group had
significantly fewer BE-positive urine tests than the placebo (0 mg) or IR conditions. 3B.
Cocaine-use proportion in those completing treatment. Samples sizes are shown in the legend.
The SR group had significantly fewer BE-positive urine tests than the placebo (0 mg) or IR
conditions.
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Table 1
Sample Characteristics

Condition 0 mg
(n = 27)

30 mg IR
(n = 30)

30 mg SR
(n = 25)

Demographic

 Age (Years) 36.8 (6.3) 35.9 (5.1) 36.5 (6.5)

 %Female 22.2 (11) 10.0 (9) 12.0 (8)

 Education (Years) 12.8 (1.7) 13.3 (2.8) 12.1 (2.2)

 %Race

   White 25.9 (7) 23.3 (7) 36.0 (9)

   Black 70.4 (19) 60.0 (18) 48.0 (12)

   Hispanic 3.7 (1) 16.7 (5) 16.0 (4)

 %Married 14.8 (10) 20.0 (12) 16.0 (9)

 %Employed 70.4 (13) 73.3 (13) 60.0 (13)

Drug Use

 %Intake Cocainea 73.1 (20) 69.0 (17) 70.8 (21)

 %Crack Cocaineb 70.4 (19) 70.0 (21) 72.0 (18)

 Cocaine Use (30 days) 11.7 (9.1) 12.3 (9.0) 11.0 (5.8)

 Cocaine (Years) 10.5 (6.2) 10.1 (6) 9.6 (5)

 Alcohol (Years) 12.1 (9.3) 14.6 (10.7) 15.3 (8.9)

 Marijuana (Years) 12.6 (8.9) 9.8 (7.3) 8.5 (9)

ASI Composite Scores

 Medical 0.09 (0.19) 0.02 (0.08) 0.02 (0.07)

 Employment 0.56 (0.29) 0.47 (0.29) 0.56 (0.27)

 Alcohol 0.12 (0.16) 0.21 (0.20) 0.15 (0.15)

 Drug 0.23 (0.07) 0.24 (0.09) 0.23 (0.06)

 Legal 0.02 (0.06) 0.06 (0.12) 0.06 (0.16)

 Family/Social 0.17 (0.23) 0.10 (0.18) 0.19 (0.21)

 Psychiatric 0.03 (0.08) 0.07 (0.13) 0.08 (0.12)

Note. No significant differences were observed among conditions on any variable. For continuous variables, mean values are reported with standard
deviations in parentheses while for categorical variables, percentages are reported with subsample sizes in parentheses.

a
% positive for cocaine use at intake based on urine benzoylecgonine test.

b
% of individuals who were primarily crack cocaine users.
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Table 2
Rates of 33 Self-Reported Medication Side Effects in the Treatment Phase

Side Effect 0 mg
(n = 16)

30 mg IR
(n = 12)

30 mg SR
(n = 10)

1. Change in appetite 50.0 66.7 80.0

2. Sleeping More 50.0 58.3 50.0

3. Sleeping Less 18.8 33.3 70.0*

4. More Anxious 18.8 33.3 50.0

5. Less Anxious 6.3 33.3 50.0*

6. More Unhappy 12.5 33.3 20.0

7. Happier 75.0 83.3 90.0

8. Coughing 62.5 66.7 70.0

9. Trouble Concentrating 31.3 25.0 40.0

10. Weight Changing 37.5 66.7 60.0

11. More Angry 25.0 25.0 50.0

12. Hands Shaking 0.0 0.0 20.0

13. Diarrhea 12.5 8.3 40.0

14. Constipation 18.8 8.3 30.0

15. Nausea 12.5 16.7 20.0

16. More Energy 50.0 58.3 60.0

17. Less Energy 18.8 8.3 30.0

18. Felt High 0.0 16.7 10.0

19. Chills 0.0 16.7 10.0

20. Fever 0.0 16.7 10.0

21. Heart Beating Slower 6.3 16.7 20.0

22. Heart Beating Faster 12.5 33.3 40.0

23. Breathe Faster 12.5 50.0 40.0

24. Dry Mouth 25.0 33.3 70.0

25. Runny Nose 31.3 25.0 40.0

26. Trouble with Eyes 37.5 33.3 60.0

27. Increased Urination 50.0 50.0 60.0

28. Drowsy 18.8 16.7 60.0

29. Muscles/Bones Ache 12.5 33.3 50.0

30. Felt Dizzy 6.3 8.3 30.0

31. Sleeping Better 43.8 66.7 70.0

32. Medication Too High 0.0 0.0 10.0

33. Medication Too Low 18.8 33.3 50.0

Note. A total of 42 subjects entered the 8-week treatment phase, but 4 subjects did not provide side effects ratings before being dropped from the study
in weeks 1 (n = 2) and 2 (n = 2) of treatment for protocol violations. Accordingly side effect ratings are available for 38 subjects. The rates of ever
experiencing a side effect in the 8-week treatment periods are presented, collapsing across time due to low weekly endorsement rates.

*
p<. 05.
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