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Visual Abstract
IMPORTANCE Methamphetamine use disorder is a global health challenge for which there are
no approved pharmacotherapies. The safety and effectiveness of mirtazapine, a promising
candidate for methamphetamine use disorder, has not been established in routine clinical
practice.

Supplemental content

OBJECTIVE To determine the safety and effectiveness of mirtazapine as a pharmacotherapy
for methamphetamine use disorder in routine clinical practice.

DESIGN, SETTING, AND PARTICIPANTS This phase 3, parallel-group, double-blind,
placebo-controlled randomized clinical trial was conducted between November 16, 2022, and
May 1, 2025, at 6 outpatient alcohol and other drug clinics in Australia among adults with
moderate to severe methamphetamine use disorder. Data analysis was conducted from

May to September 2025.

INTERVENTION Mirtazapine (30 mg daily for 12 weeks) or equivalent placebo.

MAIN OUTCOMES AND MEASURES The primary end point was the change in days

of methamphetamine use in the past 28 days from baseline to week 12. Secondary end points
were depression, insomnia, HIV risk behavior, quality of life, and methamphetamine-negative
oral fluid samples.

RESULTS Of 344 participants randomized, 339 participants received the intervention (167

in the placebo group and 172 in the mirtazapine group). Mean (SD) age was 42.0 (8.6) years,
126 participants (37.2%) were female, and participants had used methamphetamine for

a median (IQR) of 24 days (17-28) of the past 28 days at baseline. The mean reduction in days
of methamphetamine use from baseline to week 12 was greater in the mirtazapine group (7.0
days of 28 days) than in the placebo group (4.8 days of 28 days; mean difference, 2.2 days;
95% Cl, -4.2 to -0.2 days; P = .02). More participants in the mirtazapine group reported
drowsiness (47% vs 33%) and weight gain (10% vs 3%). Forty participants (23%)
discontinued mirtazapine due to adverse events compared to 25 participants (15%) in the
placebo group. No significant effects of mirtazapine on secondary end points were found.

CONCLUSIONS AND RELEVANCE In this parallel-group randomized clinical trial, mirtazapine
delivered in routine clinical practice reduced methamphetamine use in adults with
methamphetamine use disorder. No unexpected safety concerns delivering mirtazapine
in this setting were found; this finding has important clinical implications in the absence

of any approved pharmacotherapies for methamphetamine use disorder. Author Affiliations: Author
affiliations are listed at the end of this
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ethamphetamine is a highly addictive synthetic
stimulant drug that is a growing global public health
concern.! An estimated 7.4 million people world-
wide have a methamphetamine use disorder, which is asso-
ciated with an elevated risk of psychosis, cardiovascular events,
accidental injuries, suicide, homicide, and suboptimal neo-
natal outcomes.! In the US, methamphetamine use is a lead-
ing cause of drug-related death.?"* Globally, it accounts for an
estimated excess of 326 000 deaths per year (95% uncer-
tainty interval, 228 000-449 000).! No medications are ap-
proved by the US Food and Drug Administration for metham-
phetamine use disorder, and only a few options have provided
hope.>®
The generic tetracyclic antidepressant mirtazapine is a
promising candidate.” Mirtazapine modulates dopamine func-
tion via its affinity for serotonin (5-hydroxytryptamine [5-
HT]) 5-HT,,, 5-HT,, and 5-HT; receptors, and this is thought
to mediate its ability to reduce methamphetamine’s effects®°
and ameliorate the dopaminergic dysregulation seen in meth-
amphetamine addiction.® Mirtazapine also blocks central pre-
synaptic a2-adrenergic receptors, which are dysregulated in
methamphetamine addiction.'® Its antagonism of hista-
mine-1 receptors® benefits insomnia and anxiety, which of-
ten feature in methamphetamine use disorder.™
Evidence supporting the use of mirtazapine for metham-
phetamine use derives from 2 single-site phase 2 trials, the first
with 60 participants and the second with 120.'2!2 Together,
these studies showed a 14% difference in active vs placebo con-
dition in methamphetamine-positive urine tests.” These ben-
efits were apparent after 12 weeks of mirtazapine treatment.'>13
The second larger trial by Coffin and colleagues' provided 24
weeks of mirtazapine treatment; the treatment effect of mir-
tazapine on methamphetamine use was similar at 12 and 24
weeks. Coffin and colleagues'® also found reductions in de-
pressive symptoms and insomnia. Both trials were con-
ducted in a clinical trial setting specifically in nondepressed
men or transgender women who were having sex with men.
Based on consistent results from these trials, a multisite
phase 3 randomized clinical trial was conducted to establish
the effectiveness and safety of mirtazapine in a more diverse
population of people with methamphetamine use disorder in
routine clinical practice.

Methods

Trial Design

We conducted a phase 3, investigator-led, double-blind, pla-
cebo-controlled, parallel-arm randomized clinical trial at 6 out-
patient government-run alcohol and other drug clinics in Aus-
tralia. These clinics were located in Wollongong, Geelong,
Townsville, Perth, Brisbane, and Adelaide. This trial was co-
ordinated by the University of New South Wales, which was
also the sponsor. The protocol'* was approved by an indepen-
dent ethics committee and prospectively registered with
the Australian and New Zealand Clinical Trials Registry
(ACTRN12622000235707). The trial protocol is available in
Supplement 1and the statistical analysis plan in Supplement 2.
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Key Points

Question Is mirtazapine safe and effective for methamphetamine
use disorder when delivered in routine clinical practice?

Findings In this double-blind, placebo-controlled randomized
clinical trial of 344 adults with methamphetamine use disorder,
12 weeks of mirtazapine (30 mg/day) delivered in routine clinical
practice produced a greater reduction in methamphetamine use
days than placebo. There were no unexpected safety concerns
from mirtazapine.

Meaning Mirtazapine is safe and effective when used in routine
clinical practice for reducing methamphetamine use in adults with
methamphetamine use disorder.

The trial was conducted in accordance with the principles of
the Declaration of Helsinki and with the Good Clinical Practice
guidelines of the International Council for Harmonization. All
participants provided informed written consent prior to
participation. All clinicians, researchers, and investigators were
blinded to condition allocation. An independent data safety
and monitoring board oversaw the study.

Participants

Participants were eligible if they were aged 18 to 65 years, had
a moderate or severe methamphetamine use disorder in the
past year according to the DSM-5,' had used methamphet-
amine at least twice weekly in the past 4 weeks, and had a posi-
tive drug screen result for amphetamines. Participants were
ineligible if they were taking prescribed antidepressant medi-
cation, had attempted suicide in the past year, were pregnant
or lactating, needed acute medical care, were undergoing in-
patient treatment, were incarcerated, or had contraindica-
tions for using mirtazapine. Detailed criteria are provided in
the eMethods in Supplement 3.

Procedures

Participants were recruited primarily via social media, flyers
at health services, and word of mouth. Participants were phone
screened and eligibility was confirmed at a face-to-face
assessment at the trial site clinic, where participants were
enrolled as patients. Participants were randomized 1:1 to re-
ceive either mirtazapine (30 mg/day for 12 weeks) or a match-
ing placebo tablet. Placebo tablets were supplied by Syntro Pty
Ltd. Randomization was stratified on sex (male vs female or
other sex at birth) and depression (Patient Health Question-
naire-9 [PHQ-9] score >10). Participants were directed to take
the trial medication orally each evening. The trial medication
was provided to participants in bottles of 35 tablets, each fit-
ted with a MEMS Cap (Aardex Group) to monitor medication
adherence. The first medication bottle was provided at base-
line. Medication bottles were replaced at weeks 4 and 8. Par-
ticipants were provided with a taper dose (15 mg for 28 days)
from week 12. All participants were provided with referral in-
formation and a drug use harm reduction brochure. Partici-
pants were free to access other available drug treatment and
health services throughout the trial.
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Clinicians could temporarily or permanently discontinue
the trial medication in response to suspected adverse reac-
tions. Participants could also choose to discontinue the trial
medication for any reason. Clinicians were able to offer par-
ticipants who discontinued the trial medication for tolerabil-
ity reasons a 15-mg rescue dose (ie, taking half of the scored
30-mg trial medication tablet) to facilitate trial retention. Par-
ticipants who discontinued the trial medication were encour-
aged to remain in the trial to complete outcome assessments.

Assessments of outcomes were at baseline, week 4, week
8, and week 12. An additional adverse event review was done
by phone at week 2. Assessments were conducted by a trained
researcher either in person or by phone. Data were collected
and managed using an electronic data capture platform
(REDCap)'® hosted by the University of New South Wales. Par-
ticipants were reimbursed 50 Australian dollars (US $35.59) for
each assessment.

End Points

The primary outcome was the change in self-reported days of
methamphetamine use in the past 28 days, assessed using the
timeline follow-back (TLFB) method,'” from baseline to weeks
4, 8, and 12, with week 12 being the primary end point. The
TLFBis a validated measure of stimulant use that shows 88%
sensitivity, 96% specificity, and a 95% concordance against
amphetamine urine test results.'” In this trial, sensitivity was
89% and specificity was 83% for the past 3 days of self-
reported methamphetamine use against methamphetamine-
positive oral fluid.

Secondary outcomes were the change in depression, in-
somnia, HIV risk behavior, and quality of life from baseline to
weeks 4, 8, and 12, with week 12 being the primary end point.
Depression was assessed using the PHQ-9,'® insomnia with the
Athens Insomnia Scale (5-item version),'® HIV risk behavior
with the HIV Risk-Taking Behavior Scale from the Opioid Treat-
ment Index,?° and quality of life was the utility score from the
5-level EuroQol-5D.?! Oral fluid samples were collected at weeks
4,8, and 12, assayed for methamphetamine (=25 ng/mL), and
compared across all 3 time points.

Exploratory outcomes included suicide risk (score >3 on the
Columbia Suicide Severity Rating Scale-Screener [CSSRS-S])?%+23
at any time in the 12-week intervention period and other sub-
stance use (total days of use for other major drug classes [to-
bacco, alcohol, cannabis, cocaine, ecstasy, hallucinogens, in-
halants, and heroin] during the past 28 days). Medication
adherence was based on returned MEMS Caps and defined as
the percentage of days during the 12-week intervention period
when the medication bottle was opened. Other exploratory end
points are described in the eMethods in Supplement 3.

Safety was assessed as the percentage of participants re-
porting adverse events by system organ classification, coded
according to the Medical Dictionary for Regulatory Activities,
version 27.0.2% Participant-reported adverse event data were
collected at each assessment.

Statistical Analysis
It was estimated a sample size of 340 participants would pro-

vide 90% power to detect a minimum rate ratio of 0.75 on the
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primary end point with a 2-sided significance level of .05. The
nominated effect size was based on the previous trial
conducted by Coffin and colleagues.' We assumed 75%
follow-up at week 12. We did not adjust the width of confi-
dence intervals for multiple comparisons.

All treatment estimands were based on participants who
received the trial medication (n = 339) and all available data
from the baseline assessment to the week 12 assessment, re-
gardless of whether participants discontinued the trial medi-
cation or received the 15-mg rescue dose. The treatment esti-
mand for the primary end point of methamphetamine use days
and the secondary end points of depression, insomnia, HIV risk,
and quality of life were determined using a condition (pla-
cebo vs mirtazapine) by time (baseline, week 4, week 8, week
12) interaction effect, with week 12 being the primary end point.
Mixed models with a random intercept for repeated assess-
ments were used. Time was included as a factor variable, pro-
ducing treatment estimands for each time point (weeks 4, 8,
and 12) and making no assumptions about the linearity of
changes over time. The average treatment estimand was based
on a comparison of conditions across all follow-up time points
(weeks 4, 8, and 12). A negative binomial model was used for
our primary outcome of methamphetamine use days, yield-
inganincidence rate ratio for days of use. An additional analy-
sis of the primary end point was adjusted for a prespecified set
of covariates from the eligibility assessment (days of meth-
amphetamine use, methamphetamine injection, PHQ-9
score, age, and sex). The analysis of the methamphetamine-
negative oral fluid samples compared conditions (placebo vs
mirtazapine) across all 3 follow-up time points (weeks 4, 8, and
12) to obtain an average treatment estimand.

Sensitivity analyses were conducted for the primary end
point and the secondary outcome of methamphetamine-
negative oral fluid tests, which imputed missing data using im-
putation by chained equations (see the eMethods for details
and eTables 1 and 2 in Supplement 3). Subgroup analyses in-
cluded an interaction effect for sex (male vs female at birth)
and depression at eligibility (PHQ-9 score <10 vs =10, the
latter corresponding to a diagnosis of major depression with
88% sensitivity and 88% specificity’®), respectively. Means,
95% confidence limits, and P values for subgroup compari-
sons were derived from models using Stata’s postestimation
command suite for nonlinear combinations of estimates in ver-
sion 18.0 SE (StataCorp). All analyses were prespecified in the
trial statistical analysis plan (Supplement 2), which contains
further details on the statistical analysis.

. |
Results

Participants

The trial was conducted between November 16, 2022, and May
1,2025. Of the 344 participants randomized, 339 attended the
baseline assessment where they received the trial medica-
tion (Figure 1). Mean (SD) participant age was 42.0 (8.6) years,
and 126 participants (37.2%) were female. Overall, 85 partici-
pants (25%) discontinued the trial medication, with 65 (19%)
discontinuing for reasons related to the trial medication (23%
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Figure 1. CONSORT Flow Diagram

1267 Patients assessed for eligibility

923 Excluded
475 Declined to participate or
could not be recontacted
419 Did not meet inclusion
criteria
29 Incomplete screening

344 Randomized

172 Randomized to placebo
167 Received placebo
5 Did not receive placebo
3 Did not attend baseline visit
1 Incarcerated
1 Withdrew consent

172 Randomized to mirtazapine
172 Received mirtazapine

v

36 Discontinued intervention
19 Chose to stop because they
did not like the medication
effects or did not feel it
was working
5 Withdrawn by study team

49 Discontinued intervention
29 Chose to stop because they
did not like the medication
effects or did not feel it
was working
10 Adverse events or other

health risks

4 Withdrew consent

2 Withdrawn by study team
2 Unable to be contacted

1 Chose to stop for reasons
unrelated to the medication
(went to rehabilitation)

1 Moved interstate and forgot
medication

1 Told to stop by their general
practitioner

1 Unwilling to take medication

3 Unable to be contacted
1 Banned from service
1 Moved interstate

4 Adverse events or other
health risks

2 Chose to stop for reasons
unrelated to the medication
(lifestyle factors)

2 Incarcerated

1 Became pregnant

1 Hospitalized and discontinued
by medical team

1 Unable to deliver medication
to participant

1 Withdrew consent

v

167 Analyzed for primary outcome
0 Excluded from analysis

172 Analyzed for primary outcome
0 Excluded from analysis

in the mirtazapine group and 15% in the placebo group). Eight
of these discontinued participants received the rescue dose (ie,
15 mg of the trial medication per day): 6 in the mirtazapine
group and 2 in the placebo group. Median (IQR) medication ad-
herence was 52% (26%-78%) overall and 62% (40%-81%) when
excluding assessment periods when participants were discon-
tinued from the trial medication. Week 12 assessment data
were available for 293 of 339 participants (86%) (88% in the
mirtazapine group and 85% in the placebo group).

Demographics and drug use were similar in the 2 groups
(Table 1; additional demographics reported in eTable 3 in
Supplement 3). A total of 179 participants (52.8%) were
unemployed, and 136 (40%) had a prison history. The mean
duration of methamphetamine use was 21 years. Participants
used methamphetamine on a median (IQR) of 24 days (17-28)
of the past 28 days at baseline.

Change in Methamphetamine Use

The mean days of methamphetamine use in the past 28 days
at baseline was 22.0 (95% CI, 20.3-23.8) in the placebo group
and 23.1 (95% CI, 21.3-24.9) in the mirtazapine group.
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Table 1. Demographic and Clinical Characteristics of the Participants
at Baseline

No. (%)

Placebo Mirtazapine P
Characteristic (n=167) (n=172) value
Age, mean (SD), y 41.9(8.3) 42.1(8.9) .79
Sex

Female 61 (36.5) 65 (37.8)

Male 106 (63.5) 107 (62.2) 81
Born outside of Australia 27 (16.2) 28(16.3) .98
Schooling, median (IQR), y 10 (10-12) 10 (10-12) .95
Employment

Unemployed 90 (53.9) 89 (51.7)

Full-time employment 39(23.4) 39 (22.7) .83

Other employment?® 38(22.8) 44 (25.6)

Income in the past fortnight

<A$800 (US $569.91) 64 (38.3) 57 (33.1)

A$800-A$1199 (US 40 (24.0) 55(32.0) 95

$569.91-$854.16)

2A$1200 (US $854.87) 63 (37.7) 60 (34.9)
Education

No tertiary education 49 (29.3) 59 (34.3)

Trade or technical qualification 106 (63.5) 100 (58.1) .59

University degree 12 (7.2) 13 (7.6)

Injecting methamphetamine 81 (48.5) 74 (43.0) 31
Days of methamphetamine use 24 (16-28) 25(18-28) .30
in the past 4 wk, median (IQR)®

Days of other substance use 35.8(20.5) 33.5(19.2) .30
in the past 4 wk, mean (SD)

Depression (PHQ-9 score), 9 (5-13) 8 (4-13) .60
median (IQR)

HIV risk (OTI HRBS score), 5(2-8) 4(2-7) .79
median (IQR)

Insomnia AIS-5 score, 3 (0-6) 3 (0-6) .50
median (IQR)

Quality of life (EQ-5D utility 0.92 0.92 .99
score), median (IQR) (0.85-0.97) (0.85-0.97)
Depressed at eligibility 82(49.1) 83 (48.3) .88

(PHQ-9 score =10)

Abbreviations: A$, Australian dollar; AIS-5, Athens Insomnia Scale, 5-item
version; EQ-5D, EuroQol-5D; OTI HRBS, Opioid Treatment Index HIV Risk-Taking
Behavior Scale; PHQ-9, Patient Health Questionnaire-9.

@ Casual or part-time employment, home duties, or student.
b Censoring incarceration and hospitalization.

Mirtazapine was associated with a greater reduction in days
of methamphetamine use in the past 28 days from baseline to
week 12 (-7.0 days; 95% CI, —-8.5 to —5.6) than placebo (-4.8
days; 95% CI, 6.2 to -3.4), giving a treatment estimand of -2.2
days (95% CI, -4.2to -0.2; P = .02) (Table 2; eTable 4 in Supple-
ment 3; model details can be found in eTables 5 and 6 in Supple-
ment 3). This treatment estimand represents an 8% reduc-
tion in the risk of methamphetamine use for a given day (or a
reduction of 8 days of methamphetamine use of 100 possible
use days; incidence rate ratio, 0.89; 95% CI, 0.80-0.98). The
treatment estimands were smaller at week 4 (-1.3 days; 95%
CI, -3.3t0 0.6; P = .20) and week 8 (-1.9 days; 95% CI, -3.9 to
0.1; P = .06) (eFigure 1and eTable 5 in Supplement 3). The pri-
mary treatment estimand was robust to imputation of miss-
ing data (eTable 7 in Supplement 3) and adjusting for baseline
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Table 2. Primary and Secondary End Points for the Intention-to-Treat Estimand

Treatment
Placebo Mirtazapine estimand P
End point (n=167) (n=172) (95% Cl) value
Primary end point
Mean change in days of methamphetamine use -4.8 -7.0 -2.2(-4.2t0-0.2) .02
Secondary end points
Methamphetamine-negative oral fluid samples, % 12.0 13.2 1.3(-4.7t07.2) .68
Mean change in PHQ-9 score -2.3 =25 -0.2(-1.3t0 1.0) 77
Mean change in AlS-5 score -1.2 -1.8 -0.6(-1.4t00.2) 13 Abbreviations: AIS-5, Athens
Mean change in HIV risk behavior score -1.1 -1.4 -0.3(-1.0t00.3) 32 Insomnia Scale, 5-item version;
Mean change in EQ-5D quality of life utility score 1.3 22 0.9 (-3.1t04.9) 66 EQ-5D, EuroQol-5D; PHQ-9, Patient

Health Questionnaire-9.

Figure 2. Forest Plot Showing Treatment Estimands by Whether Participants Were Depressed at Eligibility

Primary end point Mean (95% CI)
Days of methamphetamine use

Overall -2.2(-4.2t0-0.2) ——
Not depressed -2.8(-5.7t0 0.0) ——
Depressed -1.4(-4.2t01.4) ] ]

Secondary end points
Methamphetamine-negative oral fluid

Overall 1.3(-4.7t07.2)
Not depressed 2.3(-5.4t010.0) }
Depressed 0.2(-8.6t09.1)
Depression
Overall -0.2(-1.3t0 1.0)

Not depressed

0.6(-1.0t02.2)

Depressed -1.2(-2.8t00.5)
Insomnia

Overall -0.6 (-1.4t00.2)

Not depressed -0.1(-1.2to0 1.0)

Depressed -1.2(-2.3t00.0)

HIV risk behavior

Overall -0.3(-1.0t00.3)
Not depressed -0.7 (-1.7t00.2)
Depressed 0.1(-0.9t0 1.0)
Quality of life
Overall 0.9(-3.1t04.9)
Not depressed 0.8 (-4.8t06.3) f
Depressed 1.3(-4.5t07.0)

Bars represent the mean (95% Cl)
treatment estimand at week 12 for
mirtazapine vs placebo by whether
participants were not depressed
(Patient Health Questionnaire-9
[PHQ-9] score <10) or depressed
(PHQ-9 score =10) on entry to the
trial. End points on the y-axis (from
top to bottom): the number of days
of methamphetamine use in the past
28 days assessed using the timeline
follow-back method; the percentage
of methamphetamine-negative oral
fluid tests taken at weeks 4, 8, and 12;
depression score on the PHQ-9;

| insomnia score on the Athens

| Insomnia Scale, 5-item version; HIV

risk behavior score on the HIV

Treatment estimand

Risk-Taking Behavior Scale of the
Opioid Treatment Index; and quality

covariates (eFigure 2, eTables 8 and 9 in Supplement 3). The
mean treatment estimand across the 12-week intervention was
areduction of 1.8 days in the past 28 days (95% CI, -3.5 to -0.1;
P =.03).

Secondary End Points

Treatment estimands on secondary end points did not differ
significantly between conditions, but trends were in favor of
a benefit of mirtazapine over placebo (Figure 2; eTable 4 in
Supplement 3).

Exploratory End Points

Eleven participants exceeded the suicide risk threshold on the
CSSRS-S between baseline and week 12: 5 (3%) in the mirtazap-
ine condition and 6 (4%) in the placebo condition (Table 3).
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of life utility score on the EuroQol-5D.

The mirtazapine and placebo conditions did not differ in days
of other substance use (eTable 2 in Supplement 3).

Subgroup Analysis

Treatment estimands for days of methamphetamine use and
secondary end points were similar for male and female par-
ticipants (eTables 10 and 11 in Supplement 3) and by whether
participants were depressed (eTables 12 and 13 in Supple-
ment 3), although the point estimands for insomnia and de-
pression were larger for participants who were depressed
(Figure 2), with these being statistically significant for insom-
nia. Among participants who were depressed at baseline, the
treatment estimands for insomnia were -1.8 (95% CI, -2.9 to
-0.8; P = .001) at week 4, -1.7 (95% CI, -2.8 to —0.6; P = .002)
at week 8, and -1.2 (95% CI, -2.3 to 0.0; P = .04) at week 12;
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Table 3. Adverse Events and Safety During the 12 Weeks of Trial Medication

No. (%)
Placebo Mirtazapine Total
Adverse event (n=167) (n=172) (N =339) P value
All medication discontinuations?® 36 (22) 49 (28) 85 (25) .14
Medication discontinuation due to adverse reactions® 25 (15) 40 (23) 65 (19) .19
Any adverse event 145 (87) 155 (90) 300 (89) .34
Any serious adverse event 11(7) 7 (4) 18 (5) .30
Serious adverse events, No. 11 7 18 .30
Suicide risk® 6 (4) 5(3) 11 (4) .68
Adverse events by system organ class for adverse events
occurring in 25% of participants
Gastrointestinal disorders 26 (16) 22 (13) 48 (14) 46
General disorders and administration site conditions 22 (13) 21(12) 43 (13) .79
Infections and infestations 33 (20) 32(19) 65 (19) .79
Injury, poisoning, and procedural complications 21 (13) 24 (14) 45 (13) 71
Investigations 8 (5) 19 (11) 27 (8) .03
Metabolism and nutrition disorders 48 (29) 55(32) 103 (30) .52
Musculoskeletal and connective tissue disorders 17 (10) 23(13) 40 (12) .36
Nervous system disorders 78 (47) 111 (65) 189 (56) .001
Psychiatric disorders 74 (44) 85 (49) 159 (47) .35
Respiratory, thoracic, and mediastinal disorders 23 (14) 26 (15) 49 (14) 73
Skin and subcutaneous tissue disorders 15 (9) 15 (9) 30 (9) .93
Adverse events occurring in 25% of participants©
Drowsiness 55(33) 80 (47) 135 (40) .01
Increased appetite 45 (27) 48 (28) 93 (27) .84
Weight gain 5@) 17 (10) 22 (6) .01
Lolioce 20(12) 24(14) 44 (13) S 2 Excludes temporary discontinuation
Headache 23 (14) 21(12) 44 (13) .67 from the trial medication.
Vivid dreams 16 (10) 21(12) 37 (11) A4 bScore of =3 on the Columbia
Cold 14 (8) 15 (9) 29 (9) 91 Suicide Severity Rating
Irritable 9(5) 13(8) 22 (6) 4 Scale-Screener.
Suicidal ideation 1107) 11(6) 22 (6) 94 < By preferred Medical Dictionary for

Regulatory Activities term.

for depression, treatment estimands were -0.7 (95% CI, -2.3
t0 0.9; P = .41) at week 4, -1.3 (95% CI, -3.0 to 0.3; P = .11) at
week 8, and -1.2 (95% CI, -2.8 to 0.5; P = .16) at week 12.

Safety

More participants in the mirtazapine group reported adverse
events for system organ classes of nervous system disorders
and investigations, these being related to excess drowsiness
and reported weight gain, respectively (Table 3). Full details
of adverse events that occurred or worsened from baseline to
week 12 are provided in eTables 14 and 15 in Supplement 3.
There were 18 serious adverse events during this period, with
7 in the mirtazapine group. None were deemed to be related
to the trial medication. Details can be found in eTable 16 in
Supplement 3.

|
Discussion

In this randomized clinical trial, people with methamphet-
amine use disorder had a mean reduction of 7 days (out of 28
days) after 12 weeks of mirtazapine (30 mg/day) treatment,
which was approximately 2 days more than the reduction seen
with placebo. In this trial, we confirm the preliminary ob-
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served benefits of mirtazapine from phase 2 trials and gener-
alize these to routine clinical practice and a broader popula-
tion of people with methamphetamine use disorder. We did
not find any unexpected safety concerns associated with pre-
scribing mirtazapine to people with methamphetamine use dis-
order, although participants receiving mirtazapine reported
more drowsiness (47% vs 33%) and weight gain (10% vs 3%).

The clinical significance of these findings lies in identify-
ing a safe and cheap generic medication that can be pre-
scribed to help people reduce methamphetamine use. The well-
established safety profile of mirtazapine means it can be easily
and safely prescribed in an outpatient setting with limited clini-
cal oversight. Other pharmacotherapy agents under investi-
gation (eg, high-dose prescription stimulant medications,?®
long-acting opioid antagonists®) are usually prescribed by ad-
diction medicine specialists and require close clinical super-
vision to manage potential risks (eg, overdose, toxicity, and
abuse liability). The potential of mirtazapine for broader ap-
plication addresses questions of accessibility and scalability
inherent to other agents under investigation.

The impact of mirtazapine on methamphetamine use in
routine clinical practice appeared diluted compared to the pre-
vious phase 2 trials.” We found an 8% reduction in the risk of
using methamphetamine on a given day compared to a 14%

jamapsychiatry.com
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reduction in the risk of a methamphetamine-positive urine test
in the previous phase 2 trials.” However, in the absence of an
approved pharmacotherapy, any leverage on improving clini-
cal outcomes for methamphetamine use disorder is critical.
Reductions in days of methamphetamine use impacts posi-
tively on functional outcomes?® and reduces the risk of meth-
amphetamine-related psychotic symptoms?” and violent
behavior.?® We also found preliminary evidence of benefits for
insomnia among people with co-occurring depression, sup-
porting the findings of the previous phase 2 trial by Coffin and
colleagues.”

Consistent with the previous phase 2 trials of mirtaza-
pine on methamphetamine use disorder,'?* we found that re-
ductions in methamphetamine use were not contingent on im-
provements in depression or insomnia. This finding implies
that mirtazapine has a direct effect on addictive processes, con-
sistent with animal models of addiction® and human preclini-
cal research.® The neural mechanism behind this interaction
is not known; however, mirtazapine has a high antagonism af-
finity for 5-HT,, receptors, and antagonizing these receptors
has been found to attenuate the rewarding properties of
methamphetamine.?®-3° Mirtazapine also enhances mono-
amine signaling, and this may help correct the downregula-
tion of dopamine function seen following chronic metham-
phetamine use.®

Strengths and Limitations
The strengths of this study include low study attrition and a
generalizable target population that included essential

Original Investigation Research

subgroups who have been excluded from previous trials of mir-
tazapine for methamphetamine use, namely women (37% of
our sample) and people who are depressed (49% of our sample).
Rates of depression are similarly high among people who use
methamphetamine in treatment settings® and in the general
community.>2 Our measure of methamphetamine use days is
a sensitive and clinically meaningful indicator of metham-
phetamine use that concords with functional outcomes.26-33
Self-reported substance use in research shows strong agree-
ment with biological measures of substance use,'”**% includ-
ingin our study. Treatment effects in this study may have been
diluted by having a heterogeneous group of participants who
had entrenched patterns of methamphetamine use, poor medi-
cation adherence, and high discontinuation rates. Greater
adherence in highly motivated patients may yield more
substantial benefits. However, our treatment effects are
likely to be indicative of what can be expected in routine clini-
cal practice.

. |
Conclusions

In summary, the results of this randomized clinical trial con-
firm that mirtazapine can be used in routine clinical practice
to facilitate a reduction in methamphetamine use among
people with a moderate to severe methamphetamine use
disorder. There were no unexpected adverse reactions to
mirtazapine that would compromise mirtazapine as a take-
home medication in this population.
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