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Aims—Bupropion was tested for efficacy to achieve methamphetamine (MA) abstinence in 

dependent, non-daily users.

Methods—A randomized, double-blind, placebo-controlled trial, with 12-week treatment and 4-

week follow-up, was conducted with 204 treatment-seeking participants having MA dependence 

per DSM-IV, who used MA on a less-than-daily basis. 104 were randomized to matched placebo 

and 100 to bupropion, sustained-release 150mg, twice daily. Participants were seen three times 

weekly to obtain urine for MA and bupropion assays, study assessments, and thrice weekly, 90-

minute, group psychotherapy. There was no biomarker for placebo adherence. The primary 

outcome was achievement of abstinence throughout the last two weeks of treatment; ‘success’ 

requiring at least two urine samples during each of Weeks 11 and 12, and all samples MA-

negative (<300ng/mL).

Results—Bupropion and placebo groups did not differ significantly in the percentage achieving 

abstinence for the last 2 weeks of treatment (chi-square, p=0.32). Subgroup analysis of 

participants with lower baseline MA use (≤18 of last 30 days before consent) also revealed no 

difference in success between groups (p=0.73). Medication adherence per protocol (detectable 

bupropion, >5ng/mL, in ≥50% of urine samples from Study Weeks 1–10 and ≥66% of urine 

samples from Weeks 11–12) was achieved by 47% of participants taking bupropion.

Conclusions—These data indicate that bupropion did not increase abstinence in dependent 

participants who were using MA less-than-daily. Medication non-adherence was a limitation in 

this trial. Psychosocial therapy remains the mainstay of treatment for MA dependence. Further 

research on subgroups who may respond to bupropion may be warranted.

Trial Registration—www.ClinicalTrials.gov : NCT00687713.
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1. INTRODUCTION

Methamphetamine dependence is a complex and severe health problem for individuals and 

their communities (Berman et al., 2008; Gonzales et al., 2010). Although ‘past month’ 

methamphetamine (MA) use declined slightly in the US from 2006 to 2012, from 0.3 to 

0.2% of the population aged 12 years or older (SAMHSA, 2013), emergency department 

visits for both illicit and prescribed stimulants increased (up 61% and 85% from 2009 to 

2011; SAMHSA, 2013). In spite of numerous trials of psychoactive medications approved 

for other indications, and a few phase I trials of new entities (Brackins et al., 2011; Karila et 

al., 2010), the need to find an effective medication persists.

Bupropion, a weak inhibitor of norepinephrine and dopamine uptake, is approved for the 

treatment of depression and nicotine dependence (GlaxoSmithKline, 2012), and has been 

shown to improve symptoms of adult Attention-Deficit/Hyperactivity Disorder (ADHD; 

Wilens et al., 2005).
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Previous clinical data suggested that bupropion might be effective in a subgroup with lower 

baseline MA use (Elkashef et al., 2008). In that trial, males using MA less frequently at 

baseline achieved more ‘non-use weeks’ with bupropion compared to placebo. That 

subgroup was also more likely to achieve abstinence throughout the last 2 weeks of the trial, 

according to a reanalysis of the data using the outcome of ‘terminal abstinence’ (McCann 

and Li, 2012). Other medication trials have also shown greater treatment effects in 

participants with less frequent baseline cocaine use (Elkashef et al., 2005). The primary 

objective of this study was to assess the efficacy of bupropion to increase abstinence in MA-

dependent participants who used MA on 29 or fewer days in the month prior to signing 

consent.

2. METHODS

The protocol and Informed Consent were approved by the Investigational Review Board at 

each site. The study was monitored by a central Data and Safety Monitoring Board. The 

bupropion was purchased commercially.

2.1. Study design

This was a randomized, double-blind, placebo-controlled, multi-site study, that provided 12 

weeks of treatment with either bupropion SR 150 mg twice daily or matched placebo, and 

had a four week follow-up.

The methods were nearly identical to our previous study (Elkashef et al., 2008), except we 

attempted to replicate our finding of bupropion’s reduction in MA use among lower 

frequency users. To enrich the study population with lower frequency users, we excluded 

those with daily MA use, only including those who used on ≤ 29 of the 30 days prior to 

consent. Randomization was balanced on factors of: MA use in the 30 days prior to consent 

(19–29 days), symptoms of depression (HAM-D >12, Williams, 1988), and (instead of 

gender) symptoms diagnostic of adult ADHD (Adler et al., 2005). Telephone randomization 

software incorporated the adaptive “urn” method to balance treatment groups within sites on 

these three factors (Stout et al., 1994).

2.2. Participants

Treatment-seeking participants were assessed for MA dependence by MINI interview 

(Sheehan et al., 1998). Participants were required to provide at least one MA-positive urine 

during screening, but because of slow recruitment the protocol was modified to allow 

inclusion of those who had no MA-positive urine but “corroboration” of baseline use by a 

family, medical, or judicial source (see Discussion). Exclusion criteria were described in 

Elkashef et al (2008), and we also excluded: uncontrolled hypertension (≥Stage 2); history 

of loss of consciousness greater than 5 minutes; unstable diabetes with hypoglycemia in the 

past year; and some antiretroviral medications. Twelve outpatient clinic sites recruited 

participants in cities across the country.
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2.3. Psychosocial treatment, bupropion assays, and MA urinalysis

Clinic visits occurred three times per week. At each visit, urine samples were obtained for 

MA and bupropion assays. Also, research assessments were performed and participants 

received cognitive-behavioral, relapse-prevention, manual-driven therapy in 90-minute 

group sessions (Rawson et al., 1995).

Medication adherence in the active group was determined by assay of urine samples for 

bupropion, with a lower limit of quantification of 5 ng/mL. Adherence was defined as 

having detectable bupropion in at least 50% of urine samples obtained during Study Weeks 

1 through 10 and at least 66% of urine samples obtained during Weeks 11 and 12.

The primary outcome was determined by immunoassay of urine samples for MA and its 

major metabolite, amphetamine, using a cut-off level of 300 ng/mL for either or both. Only 

positive immunoassay results were confirmed by gas chromatography/mass spectrometry, 

with a quantification limit of 78 ng/mL for MA.

2.4. Data Analysis

In the analysis plan, a significant treatment advantage would be demonstrated by using chi-

square to compare ‘successful’ proportions of the bupropion vs. placebo groups. Our sample 

size estimate was obtained by using the last two weeks’ abstinence rates from our earlier 

trial of bupropion for MA dependence. Those proportions of successful participants who 

used ≤ 18 days of 30 at baseline were 0.238 for bupropion and 0.057 for placebo. To obtain 

a power of 95% at a Type I error rate of 5%, using a two-tailed Fisher’s exact test, would 

require a total sample size of 200 (100 per group).

The primary efficacy outcome measure was success or failure of each individual to achieve 

abstinence throughout Study Weeks 11 and 12. Success at abstinence required that, (1) at 

least two urines samples were provided during each of Weeks 11 and 12 and (2) all urine 

samples in the last two treatment weeks were negative for MA (negative immunoassay or 

GC/MS quantitative result <300 ng/mL). Any participant who dropped out before the last 

two weeks of treatment was scored as a failure on the primary outcome.

Interaction effects on the primary outcome were also evaluated, using Cochran-Mantel-

Haenszel regression, for the randomization balancing factors as subgroups: i.e., categories of 

baseline frequency of MA use, HAM-D score, presence of adult ADHD, and gender. Two-

sided, type I error rate was controlled at 5%. All analyses were conducted in versions 9.2 

and/or 9.3 of SAS (SAS Institute, Cary, NC).

Safety outcomes included vital signs, electrocardiograms, and weekly logs of adverse 

events.
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3. RESULTS

3.1. Screening and treatment retention

Among 592 participants screened, 388 did not enroll (screen failure = 66%). The main 

reasons for screen failure are shown in Figure 1, and include: inability to comply/did not 

return (n=179 (46%)) and too frequent MA use (n=40 (10%)).

The intent-to-treat analysis utilized 204 randomized participants who took the first dose; 104 

participants received placebo, and 100 received bupropion. Fifty nine placebo participants 

and 57 bupropion participants reached Week 12 (57% completion rate in each group). A log-

rank test of retention survival curves showed no group difference (p=0.86).

3.2. Demographics and medication adherence

The two groups had similar demographic and baseline characteristics. The average age was 

39.3 years; 65% of participants were male; 69% were white. African Americans accounted 

for 10%; while 23% had Hispanic ethnicity. Education averaged 13 years. Symptoms of 

depression (HAM-D >12) occurred in 17%, and adult ADHD in 9%. Higher baseline MA 

use (19–29 days in past 30) was insignificantly greater among bupropion participants (35%) 

vs. placebo (27%, chi-square, p=0.21). In the bupropion group, 47% (n=47/100) of 

participants met protocol criteria (see section 2.3) for medication adherence, while the 

comparable placebo proportion is unknown.

3.3. Primary Outcome: Efficacy by urine drug screens

Abstinence success (≥ 2 negative urines in each of Weeks 11 and 12) was achieved by 14% 

(14/100) of the bupropion group and 19% (20/104) of the placebo group (chi-square, p = 

0.32, see Figure 2). Figure 2 also shows rates of abstinence for longer durations, i.e., 

abstinence for the last four, eight, or even all twelve weeks of treatment. A few individuals 

in both groups were abstinent for the entire treatment period. Although none of the group 

differences were significant (chi-square or Fisher’s exact, all p>0.135), the placebo group 

started with more abstinent in the first week (as well as lower baseline use), and maintained 

that advantage throughout the trial.

3.4. Subgroup analyses

Without correcting for multiple comparisons, the treatment response (terminal abstinence) 

was also tested for interactions with the ‘stratification’ factors.

The subgroup having baseline MA use ≤18 days in last 30 included 65 participants treated 

with bupropion and 76 with placebo (69% of total). There was no significant difference in 

last-two-weeks abstinence between bupropion and placebo groups (13/65 vs. 17/76, 

Cochran-Mantel-Haenszel, p=0.73). However, when both treatment groups were combined, 

the baseline-lower-frequency-use subgroup had a significantly greater proportion of 

‘successes’ than the baseline-higher-frequency-use (21% (30/141) vs. 6% (4/63), Cochran-

M-H, p=0.015).
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There was also no significant difference in last-two-weeks abstinence, between bupropion 

and placebo treatments, in the following subgroups:

• male gender bupropion (n=63) and placebo (n=69) (Cochran-M-H, p=0.31).

• more-depressed (HAM-D >12), bupropion (n=15) and placebo (n=20) (Cochran-M-

H, p=0.35).

• adult ADHD, bupropion (n=10) and placebo (n=8) (Cochran-M-H, p=0.33).

3.5. Safety

The bupropion group demonstrated a profile of adverse events similar to that listed in the 

FDA-approved label. There were some occasions of non-emergent hypertension or blood 

pressure increase, but overall there were no significant changes to vital signs or ECG 

intervals over the course of the study. The most frequently encountered complaints were 

‘headache’ and ‘nausea.’ Nausea was more frequent in the placebo (20%) than in the 

bupropion group (8%, Fisher’s exact, p=0.016), while ‘back pain’ and ‘pain’ were 

insignificantly more frequent with bupropion. Bupropion was discontinued for a loss of 

taste, for muscle tension, for insomnia, twice for hives, and twice for seizure. One of the 

seizures was designated a Serious Adverse Event. That participant was unconscious and 

taken to the Emergency Department, then revealed (they) had electively discontinued an 

undisclosed anticonvulsant.

4. DISCUSSION

In this study, bupropion did not significantly increase abstinence in MA-dependent 

participants, compared to placebo. As in other studies, a lower frequency of MA use at 

baseline predicted better treatment response among both medication and placebo groups. 

However, although the study population was limited to less-than-daily users, our previous 

study finding of some effect in males with lower baseline use was not replicated. No 

interactions with the primary outcome were detected between bupropion treatment and 

gender, symptoms of depression, or ADHD.

Regarding the mid-study protocol change, which relaxed the criterion for having a MA-

positive urine at baseline, 20 participants were included (10 bupropion and 10 placebo) who 

had no urines positive for MA, throughout both screening and treatment. Among these, eight 

were still attending and abstinent during Weeks 11 and 12, four in each treatment group. By 

chance, this subgroup appeared to be evenly randomized, but their success rate (40%) helped 

to elevate the overall success rate (17%).

Regarding medication adherence, out of 98 participants in the bupropion group, fewer than 

half met the protocol criteria for adherence. Plans for future trials include biochemical 

verification or measurement of exposure in all treatment arms, along with contingency 

management and/or in-clinic dosing to encourage medication adherence.

Heinzerling et al. (2014) recently compared bupropion to placebo in 84 MA dependent 

participants. They used a Week 6 plasma bupropion level ≥50 ng/mL to indicate medication 

adherence. They did not find a significant difference in Weeks 11–12 abstinence rates 

Anderson et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2016 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



between the placebo and bupropion groups (p=0.087), despite a lower placebo response rate 

than ours (their study had 14% placebo abstinence vs. our 19%). Their study also had a 

similar dropout rate as ours. They reported better abstinence among their 13 bupropion-

adherent participants compared to 28 bupropion non-adherent participants. However, as in 

our study, they did not have a marker that identified placebo adherence, leaving open the 

probability that a known predictor, such as treatment retention, is a more likely explanation 

of better abstinence than bupropion efficacy.

Notably, we have seen increasingly higher placebo response rates in 3 MA studies 

completed prior to this one (6.9% for placebo vs. bupropion (Elkashef et al., 2008); 9.9% vs. 

topiramate, unpublished outcome; and 17.6% vs. modafinil (Anderson et al., 2012)). In the 

current study, the placebo response was greater than expected, and medication adherence 

was not good, which would weaken the statistical power. Using 204 participants and a 

placebo success rate of 19%, a chi-square estimate of the ability of this dataset to detect 

~15% greater success rate (~35% for bupropion) at 5% significance level yielded 73% 

power. If we also took into account some proportion of inadequate adherence, our power to 

detect a meaningful difference would be further lowered. Therefore, although this trial does 

not support bupropion effectiveness, neither can we strongly conclude against it.

Psychosocial therapies (CBT, CM, etc.) remain the mainstay of treatment for MA 

dependence (e.g., Rawson et al., 2006). But given that we cannot determine whether some 

reported positive effects of bupropion were spurious, or due to an as-yet-unidentified factor, 

any decisions about pharmacological treatment of MA dependence must still be guided by 

clinical experience and evaluation of risk/benefit. That is – as an adjunct to talk therapy for 

MA dependence, the risk of bupropion’s acute or chronic adverse effects must be weighed 

against its possible usefulness, e.g., in those with depression, ADHD, or who want to quit 

smoking. If a clinician did choose a medication, in this population, adherence would need 

considerable encouragement.

The use of meta-analytic tools, or further research on subgroups looking at 

pharmacogenomic differences such as slow vs. fast metabolizers, may yet disclose 

bupropion effectiveness for selected individuals. Adjustments for future trials could include 

decreasing the amount of psychotherapy to mimic treatment-as-usual, in hopes of having a 

smaller placebo effect. Also, a placebo run-in period would allow identification and 

exclusion of placebo responders. Finally, additional measures to enhance adherence, such as 

a longer-acting formulation, might be employed during drug development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Bupropion SR 150mg BID, vs. matched placebo, for 12 weeks to 204 treatment-

seekers.

• 3x per week urines for meth and bupropion levels. No biomarker for placebo.

• No significant difference between treatment groups in % abstinent in Weeks 11–

12.

• Bupropion adherence per protocol was achieved by just 47%.

• Additional data show wide range of adherence patterns, max levels, and 

clearance rates.
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Fig. 1. 
Flow diagram of participants through the study of bupropion for methamphetamine (MA) 

dependence in less-than-daily users.
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Fig. 2. 
Efficacy of bupropion for continuous abstinence from methamphetamine (by ≥ 2 urine 

samples per week), during the last number of weeks of treatment. Bupropion N=100, 

placebo N=104. (°p-value for primary outcome, Weeks 11 and 12, °°p-values for secondary 

outcomes, longer durations of terminal abstinence. χ2 = chi-square, FE = Fisher’s Exact.)
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