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Abstract

Aims—Topiramate has shown efficacy at facilitating abstinence from alcohol and cocaine abuse.
This double-blind, placebo-controlled outpatient trial tested topiramate for treating
methamphetamine addiction.

Desigh—Participants (N=140) were randomized to receive topiramate or placebo (13 weeks) in
escalating doses from 50 mg/day to the target maintenance of 200 mg/day in weeks 6—12 (tapered
in week 13). Medication was combined with weekly brief behavioral compliance enhancement
treatment.

Setting—The trial was conducted at eight medical centers in the United States.
Participants—One hundred forty methamphetamine-dependent adults took part in the trial.

Measurements—The primary outcome was abstinence from methamphetamine during weeks 6
—12. Secondary outcomes included use reduction versus baseline, as well as psychosocial
variables.

*Correspondence: Bankole A. Johnson, D.Sc., M.D., Ph.D., Alumni Professor and Chairman, Department of Psychiatry and
Neurobehavioral Sciences, University of Virginia, P.O. Box 800623, Charlottesville, VA 22908-0623. Phone: 434-924-5457. Fax:
434-244-7565. bankolejohnson @virginia.edu.

Declaration of interest: E. Yu serves as a member of the scientific advisory board for US WorldMeds, LLC. C. Gorodetzky serves as
a consultant to Catalyst Pharmaceutical Partners, Inc., Helicon Therapeutics, Inc., and US WorldMeds, LLC. M. D. Li serves as a
scientific advisor to ADial Pharmaceuticals LLC. B. A. Johnson has served as a consultant to Johnson & Johnson (Ortho-McNeil
Janssen Scientific Affairs, LLC), Transcept Pharmaceuticals, Inc., D&A Pharma, Organon, ADial Pharmaceuticals LLC,
Psychological Education Publishing Company (PEPCo LLC), and Eli Lilly and Company. A. Elkashef, R. Kahn, E. Iturriaga, S.-H.
Li, A. Anderson, N. Chiang, N. Ait-Daoud, D. Weiss, F. McSherry, T. Serpi, R. Rawson, M. Hrymoc, D. Weis, M. McCann, T. Pham,
C. Stock, R. Dickinson, J. Campbell, W. Haning, B. Carlton, and J. Mawhinney report no competing interests.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuepy Joyiny Yd-HIN

Elkashef et al.

Page 2

Findings—In the intent-to-treat analysis, topiramate did not increase abstinence from
methamphetamine during weeks 6—12. For secondary outcomes, topiramate reduced weekly
median urine methamphetamine levels and observer-rated severity of dependence scores
significantly. Subjects with negative urine before randomization (N=26) had significantly greater
abstinence on topiramate versus placebo during study weeks 6—12. Topiramate was safe and well

tolerated.

Conclusions—Topiramate does not appear to promote abstinence in methamphetamine users
but can reduce the amount taken and reduce relapse rates in those who are already abstinent.
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Introduction

Methods

After a positive finding in a proof-of-concept study of topiramate in alcoholics [1] and a
successful multi-site, placebo-controlled, randomized trial of topiramate for alcohol
dependence [2], topiramate was considered an appropriate candidate for treating stimulant
abuse. In a placebo-controlled pilot study, topiramate was effective at reducing cocaine use
after the full dose of topiramate was achieved in week 8 [3].

Two potential mechanisms of action are relevant to the treatment of stimulant abuse.
Topiramate facilitates GAB Aergic function through a non-benzodiazepine site on the
gamma-aminobutyric acid-A (GABA ) receptor, depressing cortico-mesolimbic
dopaminergic activity. Pharmacologically increasing GABA concentration has been shown
to block cocaine self-administration in an animal model [4]. Topiramate also antagonizes
glutaminergic activity through an effect at kainate/alpha-amino-3-hydroxy-5-
methylisoxazole-4-propionic acid receptors [5]. Experimentally, blocking glutamate through
the kainate receptor reduced reinstatement of drug-seeking behavior [6]. Anticonvulsants
with GABAergic properties have been shown to treat craving for alcohol [1], nicotine [7],
and cocaine [3], and eating disorders [8].

The potential of topiramate for facilitating abstinence from methamphetamine is less clear.
A study in rats of conditioned place preference for methamphetamine demonstrated no
topiramate effect [9], but other models of drug-seeking behavior have not been tested. In a
clinical case, however, topiramate treatment aided successfully the abstinence of a 3,4-
methylenedioxymethamphetamine abuser and blocked his euphoria [10].

The need to expand upon previous clinical trials and findings on topiramate’s mechanisms
of action led us to conduct a multi-site clinical trial investigating topiramate’s potential to
facilitate abstinence from methamphetamine.

This study was a placebo-controlled randomized trial of daily oral topiramate in
methamphetamine-dependent adults. Under an inter-agency agreement between the National
Institute on Drug Abuse and the Veterans Affairs (VA) Cooperative Studies Program, eight
medical centers participated: University of Virginia (Charlottesville), UCLA (Los Angeles),
START Research and Treatment (Kansas City), University of Hawaii (Honolulu), South
Bay Treatment Center (San Diego), lowa Lutheran Hospital (Des Moines), Matrix Institute
(West Los Angeles), and Salt Lake City Health Care System, Department of Veterans
Affairs (Salt Lake City). The sites’ Institutional Review Boards and the VA Human Rights
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Committee approved the protocol and conduct of the study. The principal investigator was
Prof. Bankole Johnson.

Study Design

One hundred forty Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) [11]-
diagnosed methamphetamine-dependent individuals >18 years of age were randomized into
two treatment groups: topiramate (N=69) and placebo (N=71). After providing written
informed consent, they were screened for up to 14 days, and if meeting the eligibility
criteria, they began 14 days of baseline assessment. Exclusion criteria included serious
medical illness, psychiatric conditions requiring ongoing medication, pregnancy or lactation,
nephrolithiasis or renal impairment, and court-mandated drug abuse treatment. Screening
and baseline assessments were completed during the 28 days before randomization. Subjects
had to provide > methamphetamine-positive urine specimen (>500 ng/ml) during screening
and > urine specimens during completion of other baseline assessments. All candidates had
a Structured Clinical Interview for Axis I disorders according to DSM-IV criteria [12],
Montgomery-Asberg Depression Rating Scale assessment [13], physical examination, 12-
lead electrocardiogram, electrolytes and liver enzymes, complete blood count, urinalysis,
urine pregnancy test of female subjects, and tuberculin (purified protein derivative) skin test
or chest X-ray completed during screening.

Study medication was randomized in a 1:1 ratio of daily oral topiramate or matched placebo.
Adaptive randomization was balanced on investigational site and positive or negative
methamphetamine use within 7 days before randomization, according to self-report and/or
urine sample.

Once during screening and once per week during the treatment phase, all subjects received
brief behavioral compliance enhancement treatment (BBCET), a manual-driven, low-
intensity supportive program to promote compliance with the study medication and
continuation in the study. BBCET’s use was based on compliance with treatment in
alcoholics, where historical comparison to more cognitive-intensive behavioral therapy
suggested comparable efficacy [14].

Treatment was conducted over 13 weeks. Commercially available topiramate (Topamax®;
Ortho-McNeil Neurologics, Titusville, NJ) and matched placebo were film-coated and
distributed from a central pharmacy (VA Cooperative Studies Program, Albuquerque, NM).
At randomization, oral topiramate or placebo was initiated at 25 mg/day and escalated over
the first 35 days of the study until 200 mg/day or the subject’s maximum tolerated dose was
achieved. Over weeks 612, this dose was maintained. However, if a subject was intolerant
of side effects, the investigator could reduce the daily dose once during maintenance, to the
highest previously tolerated dose. The subject had to take >0 mg/day to remain in the
study. Over the last week of treatment (week 13), the dose was tapered to 100 mg/day for 3
days, 50 mg/day for 2 days, and then 25 mg/day for 2 days. Medication compliance was
measured by pill count. A final follow-up assessment was conducted approximately 28 days
after treatment completion.

Prior and concomitant medication use, self-report of substances used, and a urine drug
screen for substances of abuse were assessed during screening, baseline, and treatment.
Urine samples were screened for methamphetamine and amphetamines in a central
laboratory by radioimmunoassay with a minimal sensitivity of 300 ng/ml. Positive samples
were assayed by gas chromatography/mass spectrometry with a methamphetamine
quantification of 3/8 ng/ml.
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Data Analysis

Results
Subjects

The primary outcome assessment was negative “methamphetamine use weeks” during study
weeks 6-12. Urine samples were collected from subjects three times per week.
Methamphetamine use was based on the qualitative urine screen performed at a central
laboratory for methamphetamine and amphetamines. “Use week” was defined as each 7-day
period starting with the first day of topiramate administration. A positive use week was any
week in which >l qualitative urine drug screen for methamphetamine was positive. A
negative use week was any week in which all qualitative urine drug screens for
methamphetamine were negative, even if only 1 or 2 urine samples were collected and
tested. If and only if no drug screening results were available, the data for that week were
considered missing.

A generalized estimating equations (GEE) model was used to analyze the primary outcome
for study weeks 6—12. The GEE model included methamphetamine use week as the
dependent variable (1=use week, O=non-use week), treatment group, study week as the time
variable, and the first-order interaction term between treatment and study week.

Per the protocol, secondary analyses of use reduction were conducted on the intent-to-treat
population, including measures of weekly methamphetamine use by urine assays or self-
report, abstinence for 21 days anytime during the treatment period, relapse rate for subjects
with negative urine at randomization, overall methamphetamine use reduction during
treatment compared with each individual’s historical self-report during screening, and
quantitative reductions in amount of methamphetamine measured in weekly urine samples.
GEE models, Fisher’s exact tests, and Cox proportional hazards models were used, where
appropriate, for the secondary analyses. For each variable, the GEE model was the same as
that applied for the primary outcome variable. Psychological effects of treatment were
assessed using the Clinical Global Impression Scale-Observer and -Self (CGI-O and CGI-S),
Brief Substance Craving Scale (BSCS), and Addiction Severity Index-Lite (ASI-Lite). Study
retention from randomization to last study visit was compared between groups by log-rank
test. Exploratory analyses were conducted to examine the influence of alcohol dependence,
severity of methamphetamine use at entry, and dose of medication achieved.

Of 338 subjects screened, 193 were ineligible. Major reasons for exclusion included
inability to comply with study requirements, failure to provide one positive urine sample
during the screening period, failure to provide four urine samples for testing during the
baseline period, dependence on other psychoactive substances besides methamphetamine,
nicotine, or marijuana, significant psychiatric history or other medical problems, and failure
to return to complete screening assessments. Five of the 145 eligible subjects declined to
participate, leaving 140 who were randomized equally between treatment groups (Figure 1).

The two groups were well matched demographically (Table 1). The topiramate group had a
slightly higher number of women, but the difference from the placebo group was not
statistically significant. No statistically significant difference existed between treatment
groups in mean number of days of methamphetamine use during the 30 days before
informed consent—21.2+8.98 (mean+SD) days and 21.4+7.84 days for topiramate and
placebo, respectively.
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Study Retention

Compliance

Outcomes

Seventy-seven of 140 randomized subjects completed 12 weeks and had >l visit in week 13
(Figure 2). Of these, 39 were topiramate recipients and 38 received placebo. Attrition among
placebo recipients was greater until around week 4, after which dropout among topiramate
recipients was greater, causing retention in both groups to be similar by the end of the study.
At week 6, retention was 70%; this decreased weekly to 55% by week 12. The most
common reason for dropout was failure to return to the clinic (19 topiramate, 18 placebo).
Two subjects in each group dropped out because of reported side effects or toxicity related
to study medication. Differences between groups in total dropout rate were not statistically
significant (log-rank p-value=0.72).

Medication compliance rate was the total dose (mg) dispensed minus total dose returned
divided by recommended dose, multiplied by 100. Mean compliance rate was 69.8%=+40.8
for topiramate and 67.4%=+43.2 for placebo, with no significant difference between groups.

Figure 3 represents the primary outcome variable, percentage of subjects with a negative
methamphetamine use week during study weeks 6—12 by treatment group. The GEE model
used to analyze the primary outcome for study weeks 6—12 included methamphetamine use
week as the dependent variable, treatment group, study week as the time variable, and the
first-order interaction term between treatment and study week. No significant difference
existed between treatment groups over weeks 6—12 (p=0.13). A secondary analysis of the
primary outcome variable was adjusted for additional covariates. Abstinence or use at
baseline (p=0.001), age (p=0.032), and race (p=0.008) were significant and remained in the
model; however, despite adjustment for these covariates, the difference remained non-
significant between groups. When the outcome was expanded to include study weeks 1-12,
the percentage of topiramate recipients with a negative use week rose from 20% at week 1 to
40% at week 12, but this change remained non-significant compared with placebo.

Some secondary measures of use reduction in the whole population supported a topiramate
treatment effect. When use reduction was measured by weekly median quantitative
methamphetamine urine level, significantly more topiramate versus placebo recipients
(64.2% vs. 42.3%; Fisher’s exact test, p=0.03) reduced their use by 25% of the baseline
rate during weeks 6—12. For weeks 1-12, a trend in favor of topiramate versus placebo
(53.6% vs. 36.6%; p=0.06) was seen for a reduction by 325% of urine baseline
concentrations and was significant for a reduction to $50% of baseline (42.0% vs. 25.4%;
p=0.05). A >»50% reduction of use by self-report also favored a significant topiramate
treatment effect versus placebo for both the entire treatment period (37.9% vs. 14.3%;
p=0.003) and weeks 6-12 (49.1% vs. 26.9%; p=0.027).

The evaluable population comprised randomized subjects who contributed > usable on-
study urine samples and took >0 mg/day of topiramate (or equivalent placebo) for 21 days.
Of the 140 randomized subjects, 111 (79.3%) were evaluable (58 topiramate, 53 placebo).
The placebo group was 71% male, versus 57% of topiramate recipients. No other
demographic differences existed between groups. Results in the evaluable population were
similar to those in the intent-to-treat analysis for weeks 6—12 and 1-12; no difference existed
between placebo and topiramate in percentage of subjects with a negative use week.

Psychometrics

Topiramate recipients experienced an improvement in observer-rated global severity of
dependence, measured by CGI-O (p=0.03). For self-rated global severity of dependence
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(CGI-S), a difference was observed at baseline but not over time between treatment groups.
Topiramate showed a trend toward decreasing craving over time, measured by BSCS
(p=0.09). There were no significant changes in any categories of ASI-Lite between
treatment groups and no treatment effect on Montgomery-Asberg Depression Rating Scale
scores or HIV Risk-Taking Behavior Scale scores.

Exploratory Analysis

Safety

Several post hoc exploratory analyses of the data were conducted. We investigated the
possible influences of underlying factors such as alcohol dependence, severity of
methamphetamine use at entry, and dose of medication achieved. History of alcohol
dependence at baseline had no effect on primary outcome. Treatment group differences were
analyzed based on self-reported frequency of use during the 30 days before informed
consent, and on whether the last urine obtained before randomization was positive or
negative, which is a good proxy for severity of dependence [15].

When primary outcome was examined based on whether the last urine obtained before
randomization was positive or negative, subjects in both groups were more successful during
weeks 612 if their last urine before randomization was negative (Figure 4). Additionally,
while subjects in both groups who were negative at randomization were not different at 6
weeks, a sustained treatment effect for topiramate was seen in weeks 6—12 (p=0.02).

Because this protocol allowed adjustment of the total medication dose, we quantified
whether subjects reached and maintained the target dose (200 mg/day). The majority
reached a mean maintenance dose of 150 mg/day during weeks 6—12. Only six subjects
achieved and maintained the target dose of topiramate or placebo equivalent during all 49
days of treatment in weeks 6—12.

Sixty-three topiramate recipients (91%) and 64 placebo recipients (90%) experienced
adverse events during the trial. The most frequently reported complaint was headache, in
48% of topiramate subjects and 42% of placebo subjects. Other common complaints were:
fatigue, reported in 29% of topiramate subjects and 20% of placebo subjects; paresthesia, in
26% and 6%, respectively; cough, in 23% and 15%; attention disturbance, in 17% and 15%;
nausea, in 16% and 13%; diarrhea, in 16% and 11%:; dizziness, in 13% and 7%, and
dysgeusia, in 16% and 4%, respectively. Of all adverse events, only the differences between
groups for paresthesia and dysgeusia were statistically significant. Eye-related complaints
and visual disturbances were infrequent in both groups, with eye and vision disorders
experienced by 25% of topiramate and 15% of placebo recipients (difference not statistically
significant). Thirteen serious adverse events occurred and were resolved by the conclusion
of the trial. Only one serious adverse event was categorized as “possibly” and one as
“probably” related to the study medication; both were in placebo recipients.

Discussion

Topiramate was not different from placebo in achieving the primary efficacy goal of
abstinence from methamphetamine use in those who remained in the study during weeks 6—
12. Positive findings on secondary variables showed that topiramate versus placebo reduced
methamphetamine use over time.

Topiramate showed efficacy at reducing methamphetamine use in those who were abstinent
at the trial’s outset. In this secondary analysis, 26 subjects (evenly divided between the
placebo and topiramate groups) were abstinent at the trial’s outset. With the caveat that these
findings were observed in a subset of the total cohort, it is reasonable to propose that
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topiramate should be considered for relapse prevention rather than simply being targeted to
decrease methamphetamine use in current users. In clinical practice, this has the strong
rationale of asking patients to be abstinent briefly before commencing medication treatment.
Another advantage is that subjects who can manage this short period of abstinence before
starting treatment might also be more likely to comply with the medication regimen and
maintain higher doses.

Topiramate recipients also were significantly more likely to achieve a 50% or 25% reduction
in baseline level of methamphetamine use, suggesting that even when topiramate treatment
did not lead to abstinence, it was associated with a significant decrease in risk of harm from
methamphetamine use. This was underscored by the observer-rated clinical impression of a
global reduction in the severity of methamphetamine dependence in topiramate recipients.

Our study had four important limitations. First, similar to previous pharmacotherapy studies
with methamphetamine, attrition after the first 6 weeks of treatment was relatively high,
thereby limiting our potential to identify differences between active treatment and placebo.
We view this as characteristic of the target population, who are often migratory or whose
disease state perhaps is associated with greater dissociation from society than those who
abuse other psychostimulants or alcohol. Nevertheless, the compliance enhancement
treatment ensured that attrition was no different for topiramate versus placebo despite the
higher level of adverse events with topiramate.

Second, unexpectedly, few subjects achieved the maximum target dose of 200 mg/day.
Indeed, the majority of subjects took <150 mg daily, which might have reduced our ability
to demonstrate stronger therapeutic effects. Probably, this occurred because the study
protocol allowed liberal downward dose titration of topiramate, thereby inadvertently
encouraging the use of the lower topiramate doses. Since alcoholics have tolerated and
responded to topiramate at 300 mg/day, the question arises as to whether the final dose that
we chose was sufficient. The target dose of 200 mg/day was the same dose that Kampman et
al. used in their pilot study of cocaine abstinence [3]; Johnson et al. later studied it as the
maximum dose for safety with methamphetamine [16]. An additional consideration is the
unintended heterogeneity of doses that the subjects—received a common problem in
medication studies. Although the medication compliance rate of 70% is higher than that
achieved in previous pharmacotherapy studies with methamphetamine [17-19], the use of
pill count to monitor compliance is fraught with inaccuracy. Medication studies must
incorporate specific markers of medication compliance, including blood level monitoring
and riboflavin (for both active and placebo medication), to avoid inconclusive results.

The third limitation concerns the effect of topiramate, a mild carbonic anhydrase inhibitor,
on the metabolism and excretion of methamphetamine. Urinary filtration of
methamphetamine is enhanced by acidification of urine and impeded by alkalinization. This
pharmacokinetic mechanism has been demonstrated experimentally by intravenous
administration of either an alkalinizing or acidifying agent [20]. However, carbonic
anhydrase inhibition simultaneously acidifies blood and alkalinizes urine. A rise of urine pH
should reduce methamphetamine elimination, causing higher blood levels of
methamphetamine to be sustained, but the downward pH shift in the plasma should also
accelerate methamphetamine’s metabolism. Johnson et al.’s interaction study [16] suggests
that methamphetamine plasma concentrations increase slightly in topiramate’s presence,
possibly a net effect of reduced urinary excretion. Due to topiramate’s mild effect on
carbonic anhydrase, its net effect on methamphetamine’s metabolism and elimination
kinetics may not be significant; on the other hand, the net effect of a pH shift on
methamphetamine’s concentration gradient across the blood—brain barrier is unknown.
Whether topiramate exerts an unusual pharmacokinetic effect on methamphetamine has an
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important implication for chronic therapy because although users are consuming less
methamphetamine, urine sampling might underestimate the extent of this reduction.

Fourth, from the small therapeutic effect evidenced by this study, a double-blind controlled
trial of ampler sample size, testing higher doses, is needed for more definitive conclusions.

In conclusion, topiramate at doses up to 200 mg/day was safely tolerated by currently using
methamphetamine-dependent individuals in this study, but its efficacy in helping them
achieve abstinence was not supported. Nonetheless, some use reduction variables were
indicative of an effect by topiramate. As seen in some other medication studies, a subgroup
of “light” users are more responsive to topiramate, possibly because they are more likely to
adhere to study requirements, or perhaps because we administered a barely therapeutic dose.
Topiramate’s utility in preventing relapse in those who have ceased methamphetamine use
should be explored further.
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Trial flow diagram.
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Figure2.
Study retention for the topiramate and placebo groups.
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Figure 3.

Percentage of subjects with a negative methamphetamine use week during weeks 6—12 for
topiramate (N=69) and placebo (N=71). Generalized estimating equations (GEE) result for
treatment over weeks 6-12 (p=0.13).
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Figure4.

Treatment group and last urine result prior to randomization for the percentage of subjects
with a negative methamphetamine use week in study weeks 6—-12. At week 6, the total
sample size of subjects with a negative baseline urine test for methamphetamine use was 26,
with 13 in the placebo group and 13 in the topiramate group. At week 6, the total sample
size of subjects with a positive baseline urine test for methamphetamine use was 78, with 38
in the placebo group and 40 in the topiramate group.
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Demographics of randomized subjects.

Table 1

Topiramate | Placebo Total
Gender: N (%)
Male 41 (59.4) 48 (67.6) 89 (63.6)
Female 28 (40.6) 23 (32.4) 51(36.4)
Age (yr)
Mean (SD) 38.4 (8.83) 37.5(8.47) | 38.0(8.62)
Median 39 37 38
Range 19-59 18-58 18-59
Race: N (%)
White 59 (85.5) 57 (80.3) 116 (82.9)
Black/African-American 0 (0.0) 3(1.2) 321
Asian 1(1.5) 1(1.4) 2(1.4)
Hawaiian/Native-American/Other 8(13.2) 10 (14.1) 18 (12.9)
Unknown 1(1.5) 0 (0.0) 1(0.7)
Employment: N (%)
Full-time 32(46.4) 29 (40.9) 61 (43.6)
Part-time 20 (29) 15 21.1) 35(25.0)
Student 0 (0) 2(2.8) 2(1.4)
Retired/disability 1(1.5) 4(5.6) 5(3.6)
Unemployed 16 (23.2) 18 (25.4) 34 (24.3)
Other 0 (0) 3(42) 321
Marital status: N (%)
Married/cohabiting 20 (29.0) 13 (18.3) 33 (23.6)
Widowed/separated/divorced 22 (31.9) 23 (32.4) 45 (32.1)
Never married 27 (39.1) 35 (49.3) 62 (44.3)
Education (yr)
Mean years (SD) 12.8 (1.74) 13.1 (1.95) | 12.9 (1.85)
Median 12.0 13.0 12.0
Range 8-16 8-18 8-18
Self-report of methamphetamine use in last 30 days
Mean days (SD) 21.2 (8.98) 21.4(7.84) | 21.3(8.39)
Median 25.0 23.0 235
Range 1-30 4-30 1-30
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