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Abstract
Aim—Modafinil was tested for efficacy in decreasing use in methamphetamine-dependent
participants, compared to placebo.

Methods—This was a randomized, double-blind, placebo-controlled study, with 12 weeks of
treatment and a 4-week follow-up. Eight outpatient substance abuse treatment clinics participated
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in the study. There were 210 treatment-seekers randomized, who all had a DSM-IV diagnosis of
methamphetamine dependence; 68 participants to placebo, 72 to modafinil 200mg, and 70 to
modafinil 400mg, taken once daily on awakening. Participants came to the clinic three times per
week for assessments, urine drug screens, and group psychotherapy. The primary outcome
measure was a methamphetamine non-use week, which required all the week's qualitative urine
drug screens to be negative for methamphetamine.

Results—Regression analysis showed no significant difference between either modafinil group
(200 or 400mg) and placebo in change in weekly percentage having a methamphetamine non-use
week over the 12-week treatment period (p=0.53). Similarly, a number of secondary outcomes did
not show significant effects of modafinil. However, an ad-hoc analysis of medication compliance,
by urinalysis for modafinil and its metabolite, did find a significant difference in maximum
duration of abstinence (23 days vs. 10 days, p=0.003), between those having the top quartile of
compliance (>85% urines modafinil +, N=36), and the lower three quartiles of modafinil 200 and
400mg groups (N=106).

Conclusions—Although these data suggest that modafinil, plus group behavioral therapy, was
not effective for decreasing methamphetamine use, the study is probably inconclusive because of
inadequate compliance with taking medication.

Keywords
Methamphetamine; Substance-Related Disorders; drug therapy [subheading]; Modafinil;
Medication Adherence; Attention Deficit Hyperactivity Disorders

1. Introduction
Methamphetamine (meth) is a synthetic stimulant which, along with other amphetamines,
was widely prescribed in the US in the 1950's and 60's for obesity and ‘depression’
(Grinspoon and Hedblom, 1975). The drug's label was revised by the Food and Drug
Administration (FDA) in 1975 to that of a Class II controlled substance. Although still
approved for Attention Deficit Hyperactivity Disorder (ADHD) in children older than six,
and as a short-term adjunct for obesity, the drug is often manufactured illegally in small
‘home’ or large ‘super’ labs, using ephedrine, pseudoephedrine, or P-2-P (phenyl-2-
propanone) as a precursor (Drug Enforcement Administration, 2005). In 2009, about 1.2
million Americans age 12 and older had used methamphetamine illicitly at least once in the
year prior to being surveyed (Substance Abuse and Mental Health Services Administration,
2010). The United Nations estimated that there were about 14-53 million annual users
globally, among persons aged 15 to 64 years (UNODC, 2010).

Dependence on methamphetamine can be a devastating illness, with ill effects and
associations across the lifespan, at home and in the community. Neonates who were
prenatally exposed to meth had a higher incidence of being small for gestational age, after
adjusting for alcohol and tobacco exposure and other covariates (Nguyen D, et al, 2010). A
sample of 526 meth dependent adults, who took part in the Methamphetamine Treatment
Project of SAMHSA's Center for Substance Abuse Treatment, were reassessed three years
later. Almost half of them (48%) met DSM-IV criteria for a current or past psychiatric
disorder other than substance use, and 29% had antisocial personality disorder (Glasner-
Edwards et al., 2010). Three of the major illicit drugs associated with criminality were
assessed over a10 year follow-up. The courses of almost 1800 heroin, cocaine, and
methamphetamine users showed that meth users had earlier initiation of drug use than
cocaine users (age 19.6 vs 23.0 yrs), and spent more months incarcerated than cocaine users
(10.5 vs. 6.3), though less than heroin users (34.7). Meth users were also more likely to be
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women than were heroin or cocaine users (46% vs. 11% or 29%), and had a relatively high
percentage of drug injection (44% vs. 90% or 27%; Hser et al., 2008).

In contrast to methamphetamine, modafinil is a novel, non-amphetamine psychostimulant,
first approved by the US Food and Drug Administration (FDA) in 1998 for the treatment of
narcolepsy, and later for shift work sleep disorder, and as an adjunct for obstructive sleep
apnea (Cephalon, Inc., 2007). It is an effective wake-promoting agent, but its mechanism of
action differs in some ways from that of the amphetamines, cocaine, or methylphenidate
(Ballon and Feifel, 2006). Modafinil has distinctive actions on the hypocretin / orexin
system (Scammell et al., 2000) and the glutamate / GABA (gamma-Aminobutyric Acid)
systems (Ferraro et al., 1999), as well as some dopamine-mediated (Wisor et al., 2001) and
alpha-adrenergic effects (Stone et al., 2002) that resemble those of more traditional
stimulants.

There are several rationales for using modafinil to treat methamphetamine dependence. For
example, modafinil has stimulant properties, which could be therapeutic for alleviating some
stimulant withdrawal symptoms (McGregor et al., 2008). In animal testing it has been found
to attenuate reinstatement of meth self-administration (Reichel and See, 2010). Also,
modafinil appears to have lower abuse potential than methylphenidate or amphetamine
(Myrick et al., 2004). Modafinil improves cognition and mood (Turner et al., 2004; Taneja
et al., 2007), and has shown efficacy in the treatment of child and adult ADHD (Lindsay et
al., 2006). Modafinil has been used in several trials of treatment for cocaine dependence,
with mixed results (Dackis et al., 2005; Anderson et al., 2009). Finally, modafinil was safe
and well tolerated in a Phase I interaction study with intravenous methamphetamine
(unpublished report, Jones, 2007).

2. Method
The objectives of this study were to evaluate the efficacy and safety of modafinil relative to
placebo, for reducing methamphetamine use in meth-dependent outpatients, as assessed by
qualitative or quantitative urine drug screens. The study had a double-blind, placebo-
controlled, parallel-group design in which, after a 3-week screening/baseline period,
participants were randomly assigned with equal probability to one of three treatment groups
to receive 400mg modafinil, 200mg modafinil, or matched placebo daily for 12 weeks, with
a follow-up assessment 4 weeks after treatment completion. Adaptive “urn” randomization
(Wei and Lachin, 1988) was used to balance treatment groups within site, based on gender,
current ADHD, and self-report of the frequency of methamphetamine use in the last 30 days
before consent (≤ 18 days versus >18 days).

2.1 Study Population
Eight outpatient drug treatment clinic sites received IRB approval to recruit about 26
participants each, using print and radio ads, and to pay participants for coming to clinic three
times weekly to provide a urine sample and other research data. A total of 210 participants
who met criteria for methamphetamine dependence, determined by the Structured Clinical
Interview (SCID) of the Diagnostic and Statistical Manual of Mental Disorders Fourth
Edition (DSM-IV), were randomized into the three treatment groups (∼70 participants per
group). Participants with the ability to understand and provide written informed consent
were at least 18 years old, and provided at least one meth-positive urine within the 3-week
screening/baseline period prior to randomization. Urines were tested three times per week,
and inclusion required at least 4 baseline urines. Exclusion criteria included: dependence on
a drug other than methamphetamine, marijuana or nicotine, dependence on alcohol -
current or past, or physiological dependence on a sedative-hypnotic (e.g., a benzodiazepine)
requiring medical detoxification. Some other exclusions were: pregnancy or lactation, taking
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a medication that could interact adversely with modafinil, serious medical illness including
AIDS and Stage I hypertension, psychiatric disorder requiring medication treatment, and
court-mandated urine toxicology test results as part of treatment for methamphetamine
dependence.

2.2 Treatments
During the 12 weeks of outpatient treatment, participants took a 200 or 400 mg tablet of
modafinil, or the matched placebo, once daily on awakening. All participants received
standardized psychosocial therapy, which consisted of Matrix Institute
(http://www.matrixinstitute.org/) manual-guided Cognitive Behavioral Therapy, 90-minute
group sessions, three times per week during the 12-week treatment period. All were offered
(referral for) Human Immunodeficiency Virus (HIV) counseling and testing. One session of
Motivational Enhancement Therapy was provided in the third week of screening/baseline
visits.

2.3 Safety Assessments
Candidates for study enrollment had a medical history and physical examination, a 12-lead
electrocardiogram (ECG), clinical laboratory studies (blood chemistry, hematology,
urinalysis, and pregnancy test if female), and Hamilton Depression Rating Scale (HAM-D)
during screening or baseline. Vital signs, concomitant medication use, and a urine screen for
other substances of abuse were assessed weekly. Repeat HAM-D and pregnancy tests were
assessed at Weeks 4, 8, and 12. Adverse Events (AEs) were assessed at each study visit and
reviewed weekly by the site physician. At Treatment-Week-12 or study discontinuation, all
participants had a repeat physical examination, clinical laboratory studies, and ECG.

2.4 Efficacy Assessments
Severity of methamphetamine dependence was evaluated by comparing groups on the
average change in scores of the Addiction Severity Index (ASI), Brief Substance Craving
Scale (BSCS), and Clinical Global Impression, as assessed by participant's self-report (CGI-
S) and observer report (CGI-O). The ASI was measured at baseline, and the ASI-Lite
followed up at Weeks 6 and 12. The BSCS, CGI-S, and CGI-O were obtained weekly during
the baseline and treatment periods. The HIV Risk-Taking Behavior Scale (HRBS) was
assessed at baseline and at Week-12 or the last study visit.

The presence of current Attention Deficit / Hyperactivity Disorder was assessed in screening
by the Adult ADHD Clinical Diagnostic Scale (ACDS) V 1.2, a semi-structured interview to
document current symptoms for the diagnosis of ADHD in an adult. The Adult ADHD
Investigator Symptom Rating Scale (AISRS) uses the same 18 items and probes (of ADHD
domains in the DSM-IV) to take repeated measures of the symptoms and observe changes
over time. It is meant to improve inter-rater reliability (Adler et al., 2005), and was
administered at baseline and Weeks 4, 8, and 12. In addition, we used the 30-item Barratt
Impulsiveness Scale at baseline and Weeks 6 and 12. To test executive functioning and other
cognitive abilities for a response to modafinil, we used 6 tests from the Cambridge
Neuropsychological Test Automated Battery (CANTAB®), a series of cognitive tests
administered on a touch screen tablet PC, assessed at screening, baseline, Week 6 and Week
12. The data for these tests were analyzed by Cambridge Cognition, Ltd. (Cambridge, UK).

2.5 Analysis Plan
It was hypothesized that modafinil, compared to placebo, would increase the number of
methamphetamine non-use weeks (a week in which all of the qualitative urine drug screens
within the week were negative for meth), over the treatment period. Some secondary
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outcomes included treatment group comparisons of the maximum number of consecutive
non-use days, and of the proportion of ‘successful’ participants (e.g., who achieved 21
consecutive days of abstinence any time in the trial, or who decreased self-report meth-use-
days to 50% of baseline).

Each primary and secondary outcome variable was analyzed using the intent-to-treat
population, defined as the participants who were randomized to treatment and received the
first dose of study agent. The outcomes that had repeated measures were analyzed using
Generalized Estimating Equations (GEE), adjusted for factors of treatment group (three
levels of medication dose: 0, 200 and 400mg), linear study week (1-12), and the interaction
between group and week. Various models were tested, including with covariates for gender,
current ADHD, or level of methamphetamine use during the 30 days prior to consent (≤18
days out of 30 vs. >18d). Statistical tests were two-sided at a 5% Type I error rate.

Treatment compliance (medication or counseling) was evaluated based on the percent of
days medication was taken or counseling sessions were attended (3×/wk), out of a) the total
scheduled for 12 weeks, and b) the total scheduled up to the point that the participant left the
study. For the medication compliance assessment, self-report of use was aided by pill count
from any returned dispensing cards. Study retention was calculated based on each
participant's number of days from randomization to last study visit. A ‘survival’ curve shows
the percent of participants remaining in the study, each day over the possible total treatment
length of 84 days. (After six consecutive missed visits, participants were discontinued from
the study.)

For evaluation of medication treatment effect on methamphetamine abuse, the primary
outcome analysis used GEE to compare treatment groups' change in methamphetamine non-
use weeks. The “non-use weeks” outcome has been used in our previous meth studies and
employs only urine toxicology, which is more accurate than self-report although there is also
more missing data. GEE is a model-based regression method, appropriate for the analysis of
correlated data that result from repeated measures in a longitudinal study. It assumes that
missing data is missing completely at random. For this analysis we used weekly intervals,
instead of the 36 variably-spaced possible urine samples, in order to decrease the complexity
of the correlation structure. The SAS GENMOD procedure (SAS Institute Inc., Cary, North
Carolina) was used to estimate and test the models.

We also analyzed an outcome for efficacy that demonstrates ‘terminal abstinence.’ This
outcome compares the proportion of participants in each Group who have ‘success’ at the
end of the trial, i.e., participants demonstrate abstinence in the last two weeks of the study
(Weeks 11 and 12) by having all qualitative urine screens negative, providing at least two
urines for each week. Participants whose urine was missing for any longer than three days of
the last 2 weeks, were counted as ‘failure.’ For this outcome, only participants who remain
until the end of the trial are included in the results.

Other secondary outcomes included the following:

1. for quantitative methamphetamine use, the decrease in average weekly log10
median urine methamphetamine concentration over the 12-week treatment period;

2. any of seven Addiction Severity Index (ASI)-Lite domains, examining the
difference in mean change scores from baseline to last observation;

3. either of the two outcomes (improvement or severity) from the Clinical Global
Impression scales, using GEE, separately regressed on treatment Group and the
Group × Week interaction, for the Observer or for the Self;
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4. the change in BSCS total score (range 0 to 12), analyzed using GEE over the
treatment period;

5. the HIV Risk Behavior Scale (HRBS), containing a sexual risk domain and a drug
injection domain, change scores from baseline to Week 12/13.

6. the Adult ADHD Investigator Symptom Rating Scale change scores, from baseline
to either Week 4, Week 8, Week 12, or the last available score.

7. the proportion of participants who improved (decreased their score) by a threshold
of 30% or more on the AISRS.

8. the Barratt's Impulsiveness Scale, ANOVA comparisons of scores at baseline,
Week 6 or Week 12, using the total scale, or the subscales for Attention, Motor, or
Non-planning Impulsivity. We also divided the total sample into ‘normal’ vs.
‘high’ impulsivity groups (<72 vs. ≥72 score, BIS) and analyzed with GEE.

Analyses of the CANTAB cognitive tests included ANOVA to compare modafinil 200mg to
placebo and modafinil 400mg to placebo, using change from baseline measures to Week 6,
Week 12, and ‘last available score.’ Where data were not normally distributed even after
transformations, analyses were non-parametric using Wilcoxon Rank Sum test. All
statistical tests were performed 2-sided at a 5% Type 1 error rate, and with Dunnett's
multiple comparison test.

Baseline characteristics of the participants in each treatment group were summarized to
demonstrate the results of randomization. Chi-square or Fisher's Exact tests were used for
comparisons. A summary was prepared of dropouts, i.e., study retention over time, by
treatment group, and for a priori defined subgroups. The number of missing observations
was compared between treatment groups, and for a priori defined subgroups. All AEs were
MedDRA-coded and reported in tabular form, indicating the frequency of each ‘preferred
term’ type of AE by treatment group. AE's leading to discontinuation of study medication
were also tabulated.

3. Results
3.1 Baseline Demographics

Figure 1 is a flow diagram of the numbers of study participants, from consent through
randomization and on to completion of the study. The screen failure rate was 51%
(226/440). The most common reasons for failure in screening were: 1] not willing and able
to comply with study procedures, including ‘did not return to clinic’ (54%); 2] did not
provide a methamphetamine-positive urine during the 3-week screening period (19%); 3]
had current dependence on a psychoactive substance other than meth, nicotine or marijuana,
or required sedative detox, or had current or past alcohol dependence (11%); 4] was taking a
medication that could interact adversely with modafinil (6%); 5] had a serious medical
illness such as uncontrolled hypertension or diabetes, or significant cardiovascular, hepatic,
renal disease, etc., (6%); and 6] had a psychiatric disorder requiring ongoing medication
(5%).

Demographics and baseline characteristics of study participants are summarized in Table 1.
We detected no significant differences between treatment groups on these baseline
characteristics.

3.2 Treatment Retention and Medication Compliance
A total of 112 participants (53%) completed the 12 weeks of treatment, with no significant
differences in retention between groups (p=0.91, log-rank test, Figure 2). Retention also did
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not differ significantly between those who were low-to-moderate vs. heavy users (p=0.96,
log-rank test), or by gender (p=0.15) or ADHD status (p=0.44). Medication compliance by
self-report (aided by pill count) was similar across all treatment groups, averaging 93%
(range 14 - 100%) of the expected number of tablets taken, up until the individual's point of
study termination.

An ad-hoc analysis of medication compliance, using the first urine specimen of each week
to analyze for modafinil and its metabolite, found a consistently lower compliance
percentage than that reported by pill count. Our conventional assessment of medication
compliance, self-report augmented by pill count, showed only weak agreement with the
observed urine measure (Intraclass correlation coefficient = 0.21, Fig 3). Among the 142
participants who took modafinil, compliance in the top quartile showed >85% of weekly
urines were positive for a measurable amount of modafinil (data not shown). The second
quartile had 75-83% of urines positive. The third quartile had 42-67% positive, and the
fourth quartile had ≤40% of urines positive, including 14 individuals (10%) who had 0
urines positive for modafinil.

3.3 Primary Outcome – Efficacy by Urine Analysis
Our simple GEE model contained only factors for treatment Group, Study Week, and their
interaction, Week × Group (which represented the medication effect). The primary outcome
was methamphetamine non-use weeks, based on urine toxicology. This model showed no
significant interaction between treatment Groups (overall) and Study Week in the rate of
change (slope) in the primary outcome over the 12-week treatment period (see Fig. 4,
p=0.53, GEE). In the simple model the factor of Study Week alone, or time in treatment, did
have a significant effect (p<0.001), while treatment Group did not (p=0.50).

We also tested a secondary outcome ‘maximum number of consecutive methamphetamine
non-use days’ (by qualitative urine screens), and found no significant difference overall
among modafinil groups and placebo (p=0.63, overall Kruskal-Wallis). The largest between-
groups difference on this measure was for Modafinil 200mg vs. placebo, 13.8 days vs. 11.2
days. For the secondary outcome of terminal abstinence, we again found no significant
difference overall among treatment groups (Fisher's Exact p=0.84). ‘Successes’ occurred as
follows: placebo: 12/68, modafinil 200mg: 10/72, and modafinil 400mg: 11/70, or a total of
33/210 participants, nearly 16%. The difference between placebo and combined modafinil
groups was also not significant (p=0.69)

3.3.1 Efficacy in medication-compliant participants, modafinil groups only—
Our ad-hoc study of modafinil compliance did find a significant difference in longest
duration of abstinence or ‘maximum number of consecutive methamphetamine non-use
days’ (23 days vs. 10 days, p=0.003), between those having the top quartile of compliance
(>85% of weekly urines were modafinil positive, N=36), and the rest of those who were in
modafinil treatment groups (N=106). Modafinil compliance was also associated with better
retention (p=0.0014, log-rank, Fig. 5).

3.4 Attention Deficit Hyperactivity Disorders
None of the comparisons of change scores for the Adult ADHD Investigator Symptom
Rating Scale was significantly different. The largest observed difference was between
placebo and modafinil 200mg from baseline to Week 8, a greater decline (improvement) for
modafinil of almost 3 points on a scale of 0 – 54 possible points (-2.7, p=0.09, Kruskal-
Wallis). The proportion of participants who improved (decreased their score) by a threshold
of 30% or more on the AISRS was not significantly different among treatment groups.
Those who improved 30% represented 40% of the total who had a change score from
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baseline to last AISRS, 66/165. Similarly, the Barratt's Impulsiveness Scale did not show
significant treatment group differences by ANOVA p-values at baseline, Week 6 or Week
12, in either the total scale or the. Dividing the total sample into ‘normal’ vs. ‘high’
impulsivity groups (<72 vs. ≥72 score, BIS) showed no significant difference in non-use
weeks by impulsivity.

The CANTAB tests showed that one cognitive measure, Pattern Recognition Memory, had a
nominally statistically significant beneficial effect with modafinil treatment. The immediate
recognition part of the test showed improved accuracy among ‘completers’ (N=112) with
the 200mg dose at Week 6 (p=0.044, ANOVA), but not at Week 12. The 20-minute-delayed
recognition task showed improved accuracy with 400mg at Week 12 (p=0.049, ANOVA)
and marginally at ‘last available score’. Another measure, Rapid Visual Information
Processing, showed a possible detrimental effect of modafinil: the 400mg dose had
increased false alarms at Week 12. No other significant effects were noted from the tests in
the assessment.

3.5 Other Secondary Outcomes
We found no significant differences overall between modafinil and placebo treatment groups
in all of our secondary outcome measures, including: 1) for quantitative methamphetamine
use, (p=0.43, GEE); 2) Addiction Severity Index (ASI)-Lite domains, (all p >0.118,
Kruskal-Wallis); 3) Clinical Global Impression scales, for the Observer (CGI-O, p >0.45) or
the Self (CGI-S, p>0.13, GEE); 4) BSCS total score (p = 0.47, GEE); and 5) the HIV Risk
Behavior Scale (HRBS) sub-scores or the overall (p=0.13, 0.44, and 0.16, K-W).

3.6 Safety
There were four Serious Adverse Events (SAEs) that occurred during the treatment or
follow-up phase of the study, three events with modafinil 400mg and one event with
modafinil 200mg. These were: suicidal ideation with multiple drug overdose; chest pain (not
myocardial infarction); ischemic injury / compartment syndrome of the forearm; and
cellulitis of the inner thigh / methicillin resistant Staph aureus. These were considered not
related to the study agent.

Our non-serious Adverse Events totaled 1674 events among 182 participants. Among the
events that occurred more frequently with modafinil than with placebo, and occurred in
participants at a >5% rate, were cough (17%), insomnia (16%), nausea (15%), dizziness
(11%), anxiety (10%), depression (8%), arthralgia (8%), dry mouth (6%), dyspepsia (6%),
neck pain (5%), as well as the total events from these Body Systems: Psychiatric Disorders
(35%, p=0.05), Musculoskeletal (31%, p=0.36), and Investigations [body temperature
increased, heart rate inc., γ-glutamyl-transferase inc., etc.] (7%, p=0.05).

There were four participants who discontinued the study drug and still completed the study,
two of whom were on placebo. The other two who stopped drug and still completed the
study were both taking modafinil 400mg. One participant took study drug on Day 1 and 2,
then discontinued “due to anxiety.” This participant tried again the first day of Week 4, then
discontinued permanently “due to anxiety.” Another participant took modafinil 400mg for
two days then stopped permanently “due to rash.”

4. Discussion
In this study, the effect of modafinil on the planned primary outcome (methamphetamine
non-use weeks) was not significant. Also, the ‘terminal abstinence’ outcome, which is
recently preferred by the FDA and Cochrane reviews, did not show a medication effect.
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In addition, other secondary outcome measures did not show significant effects of modafinil
to decrease the amount of meth used or increase the length of abstinence (prevent relapse).
However, the measurement of study drug in the urine, from modafinil groups only, showed
that only about 50% of participants were ‘compliant’ with medication, while also
demonstrating better retention and a longer maximum duration of abstinence in the top
quartile of participants who took most of their study drug. Irrespective of treatment group,
there was a significant increase in methamphetamine-free weeks over time, which indicates
that something about the behavioral treatment or being in the study, aside from modafinil,
was associated with decreased meth use.

Our post-hoc finding in the ‘good compliance’ group is not good evidence of a causal
relationship between taking modafinil and the improved outcome, because the comparison
did not include the placebo group. The longer abstinence from meth (23 days) observed in
the top quartile of compliance could be caused, for example, by the longer stay in treatment
or by some other unmeasured factor, which is also associated with taking more modafinil.
There could be many explanations for the apparent associations, such as external effects on
the price or availability of meth, or genetic factors that are not related to modafinil. To
control for the possible confounding effects, a subsequent efficacy study should make
observations of compliance in both the active and placebo groups, so as to preserve the
virtues of randomization in this difficult population.

Such a compliance study would raise related questions, such as: how much compliance with
the active treatment should be considered ‘enough’? In our study, we arbitrarily chose the
top quartile of urine modafinil concentrations so as to have an exemplary group to compare
to the rest. This ‘best compliance’ group happened to have at least a measurable amount of
modafinil in at least 85% of weekly urine specimens. Previous informal discussions with the
FDA have suggested that an estimated 75% compliance may be an adequate uptake of
treatment, but it seems quite possible that lower levels of compliance with an effective
medication could show a beneficial effect. If another study started with compliance data
from all treatment groups, the analysis could look at several ‘threshold’ levels, or at a
continuous relationship between the observed amount of medication in the body and its
effect on meth use (as with a dose–response curve). It will also be important to determine
whether active and placebo groups comply with taking study drug at the same or
substantially different rates.

Regarding symptoms of ADHD present in our population, 21% of participants dropped out
before their Week 8 re-assessment. Of those who provided a change score, 40% had a
meaningful improvement, but apparently not related to modafinil. The cognitive tests change
scores also showed only weak association with modafinil, which might be expected with the
poor medication compliance that was demonstrated.

Regarding generalizability, the exclusion of those who had any lifetime history of alcohol
dependence may make our sample somewhat different from the larger population that has
meth dependence. Among the 440 who were screened for this trial, 11% failed because of
dependence on another psychoactive substance, which included alcohol, opiates or
sedatives.

Our adverse events were, in general, just what we expected from the FDA-approved label
for this drug. We listed “side effects” from the label in our Informed Consent Form,
including “headache, nausea, nervousness, anxiety,” as well as “rare reports of serious life-
threatening skin reactions,” which later appeared in some form in our collection of adverse
events. The FDA label for modafinil notes a dose–dependence for two kinds of adverse
event – headache and anxiety (Cephalon, Inc., 2007). We noted discontinuation of the study
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drug with anxiety and rash. In our study, the 400mg dose of modafinil may have been
associated with more frequent discontinuation of the medication (2 events vs. 0 and 2).

Our results are similar to the negative findings of other recent studies of modafinil for
methamphetamine dependence (Shearer et al., 2009; Heinzerling et al., 2010). The fact that
only 16% of all our participants remained in treatment until the end of 12 weeks, to achieve
a relatively meager 2-week abstinence, shows that stimulant addiction remains a very
difficult illness, for which an effective medication would be of great benefit.
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1.
Flow chart for numbers of participants screened, randomized, and treated in a clinical trial of
modafinil for methamphetamine dependence.
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2.
Retention, or percent of participants remaining in the study over 12 weeks, by treatment
group.
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3.
Compliance correlation, or percent of expected modafinil taken, self-report (aided by pill
count) vs. weekly urine assay.
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4.
Efficacy, or percent of participants having a methamphetamine non-use week (all urines
negative) over 12 weeks, by treatment group. GEE fit lines and group means.
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5.
Retention by modafinil compliance groups, top quartile of compliance vs. remaining three
quartiles, percent of participants remaining in the study over 12 weeks.
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