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Feasibility, Acceptability, and Tolerability of Targeted
Naltrexone for Nondependent Methamphetamine-Using
and Binge-Drinking Men Who Have Sex with Men
Glenn-Milo Santos, PhD, MPH,*† Phillip Cofﬁn, MD, MIA,*‡ Deirdre Santos, NP,*
Shannon Huffaker, NP,* Tim Matheson, PhD,* Jason Euren, MA,* Anna DeMartini, MPH,*
Christopher Rowe, MPH,* Judith A. Hahn, PhD, MA,‡§ David Vlahov, PhD, RN,†k
Eric Vittinghoff, PhD,k and Steven L. Batki, MD¶#

Background: There are no effective pharmacologic strategies for
nondependent methamphetamine (meth)-using and binge-drinking
men who have sex with men (MSM) at high-risk for HIV. We sought
to determine the feasibility of enrolling and retaining this population in
a pharmacologic trial; the acceptability of pharmacotherapy study
procedures; and the tolerability of targeted naltrexone versus placebo.

Methods: Thirty meth-using and binge-drinking MSM were
randomly assigned 1:1 to 50 mg naltrexone or placebo for 8 weeks
for targeted administration (ie, during craving or in anticipation of
meth or alcohol use). Substance use counseling and behavioral
assessments were conducted every 2 weeks. Medication use was
measured using WisePill dispensers.

Results: Trial completion was 93%; visit completion rate was 95%.
Mean weekly number of medication pills taken was 2.1 and was similar
between arms. Participant satisfaction rate was 96%. There were neither
serious adverse events nor differences in adverse event rates between
arms. In exploratory intention-to-treat analyses, there were no differences in meth use and drinking. Naltrexone participants had greater
reductions in serodiscordant receptive anal intercourse [incident rate
ratio (IRR) = 0.15; 95% CI = 0.05 to 0.42] and serodiscordant
condomless receptive anal intercourse (IRR = 0.11; 95% CI = 0.03 to
0.37), compared with placebo. In subgroup analyses among frequent
Received for publication August 25, 2015; accepted November 28, 2015.
From the *Center for Public Health Research Branch, San Francisco Department
of Public Health, San Francisco, USA; †Department of Community Health
Systems, University of California San Francisco, School of Nursing, San
Francisco, USA; ‡Division of HIV/AIDS, University of California San
Francisco, School of Medicine, San Francisco, USA; Departments of
§Medicine; kEpidemiology and Biostatistics, and ¶Psychiatry, University
of California San Francisco, School of Medicine, San Francisco, USA; and
#San Francisco Veterans Affairs Medical Center, San Francisco, USA.
This study was funded by the National Institutes of Drug Abuse (NIDA), grant
number R36DA035109. JAH was funded by K24AA022586.
P.C. was principal investigator for a study that received donated extendedrelease naltrexone from Alkermes. The remaining authors have no
conﬂicts of interest to disclose.
All authors participated in the revision of the manuscript for important intellectual
content and provided approval of the ﬁnal version of the manuscript.
ClinicalTrials.gov Identiﬁer: NCT01723384.
Correspondence to: Glenn-Milo Santos, PhD, MPH, San Francisco Department
of Public Health, University of California San Francisco, San Francisco,
CA 94107 (e-mail: glenn-milo.santos@ucsf.edu).
Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

meth users, naltrexone participants had greater reductions in meth-using
days (IRR = 0.78; 95% CI = 0.62 to 0.99). In as-treated analyses,
frequent study medication users in the naltrexone arm had greater
reductions in binge drinking days (IRR = 0.72; 95% CI = 0.54 to 0.97).

Conclusions: Targeted naltrexone is a feasible, acceptable, and
tolerable intervention strategy for nondependent meth-using and
binge-drinking MSM. Naltrexone was associated with signiﬁcant
sexual risk reductions; and for some individuals, naltrexone was
associated with meth and binge-drinking reductions.
Key Words: methamphetamine, alcohol, HIV, men who have sex
with men, HIV prevention, pharmacotherapy
(J Acquir Immune Deﬁc Syndr 2016;72:21–30)

INTRODUCTION
Methamphetamine (meth) use and heavy episodic drinking (ie, “binge drinking,” deﬁned as having 5 or more drinks on
a single occasion) are associated with HIV risk behaviors and
are highly prevalent among men who have sex with men
(MSM).1–22 Most MSM who report meth use and binge
drinking are not dependent users.23,24 Moreover, nondependent
meth use and binge drinking have both been independently
associated with new HIV infections.8,25–27 Thus, interventions
that reduce meth use and/or binge drinking are likely to have an
impact on HIV transmission among MSM.
There are currently no effective pharmacologic strategies for nondependent meth-using and binge-drinking
MSM.28,29 Although most meth users and binge drinkers are
nondependent episodic users, pharmacologic studies have
focused on substance-dependent individuals.23,30 Although
some behavioral interventions for substance-using MSM
report reduced substance use and HIV risk behaviors,
behavioral interventions alone have limited efﬁcacy and
may beneﬁt from adjuvant pharmacologic agents.29,31–33
Naltrexone, a m-opioid antagonist, is postulated to block
the rewarding effects resulting from both amphetamine and
alcohol intoxication. Meth use enhances release of mRNA
precursors for endogenous opioids that activate m-opioid
receptors and increase extracellular dopamine levels.34–36 Similarly, alcohol consumption results in the release of b-endorphins
that activate m-opioid receptors and increase dopamine levels.37
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Naltrexone competitively blocks these endogenous opioids and
b-endorphins from activating m-opioid receptors,38 which
mediate dopamine release. Thus, naltrexone may decrease the
activity of dopamine reward pathways, potentially tempering the
positive neurobiological effects of both meth and alcohol
use.36,38–40 Administration of naltrexone before amphetamine
exposure signiﬁcantly reduces the subjective effects of amphetamine,41,42 whereas administration of naltrexone before alcohol
exposure results in decreased craving and desire to drink and
slower alcohol consumption.43 Daily naltrexone use has also
signiﬁcantly reduced relapse to amphetamine and heavy alcohol
use in randomized trials.44,45 Beyond alcohol and substance use,
naltrexone’s mechanism of action is also postulated to inhibit
increase of dopamine levels thought to play a role in other urgedriven problematic disorders. Limited evidence from open-label
studies and case reports suggest that naltrexone may be
potentially helpful in treating self-injurious behaviors,46 internet
sex addictions,47 and compulsive sexual behaviors (characterized
by a failure to resist the impulse of sex).48–51
In addition, naltrexone’s pharmacokinetic properties support intermittent, targeted administration (ie, taking the medication during craving or in anticipation of meth or heavy alcohol
use) as it reaches peak plasma levels within an hour of oral
administration, and a single 50 mg dose of naltrexone can block
m-opioid receptors for up to 72 hours.52 Naltrexone’s long-acting
activity is believed to be due to the half-life of both the parent
and the 6b-naltrexol metabolite.53 The mean elimination half-life
for naltrexone and 6b-naltrexol is 4 and 13 hours, respectively,
making it an appropriate medication for targeted administration.53 Studies have shown the efﬁcacy of intermittent targeted
naltrexone in reducing drinking among those with alcohol abuse
disorders.54,55 However, despite these encouraging preclinical
and clinical data, no studies to date have explored the use of
targeted, as-needed naltrexone for nondependent meth-using and
binge-drinking MSM, and it is unclear whether this population
would participate and remain engaged in a placebo-controlled
pharmacologic trial using naltrexone.
To address these gaps, we conducted a pilot study among
nondependent, dual meth-using and binge-drinking MSM with
high-risk sexual behaviors and evaluated the feasibility, acceptability, and tolerability of targeted naltrexone compared with
placebo. In exploratory analyses, we also evaluated the preliminary efﬁcacy of targeted naltrexone on meth use and craving,
alcohol use and craving, and sexual risk outcomes.

10-item true/false questionnaire was used to verify participants’ understanding of the trial.

Study Participants
Thirty meth-using and binge-drinking sexually active
MSM were randomly assigned to receive oral naltrexone (n =
15) or placebo (n = 15) for 8 weeks. Participants were eligible if
they reported active meth use (at least twice per month) and
binge-drinking (at least weekly), had anal intercourse with men
in past 3 months while under the inﬂuence of meth or alcohol,
expressed interest in reducing or stopping their meth use and
binge drinking, were 18–70 years of age, did not have any acute
medical or psychiatric illnesses, and had baseline safety
laboratories without clinically signiﬁcant abnormalities. We
excluded individuals for any psychiatric (eg, depression with
suicidal ideation) or medical condition that would preclude safe
study participation or compliance to procedures, known allergy
or adverse reaction to naltrexone, current opioid use or
dependence or having a known medical condition that may
likely require opioid analgesics, opioid-positive urine at enrollment, HIV-positive with current CD4 count ,200 cells per
cubic millimeter; moderate–severe liver disease (aspartate aminotransferase [AST], alanine transaminase [ALT] .3 times
upper limit of normal) impaired renal function (estimated
glomerular ﬁltration rate ,50 mL/minute), current participation
in another intervention research study with potential overlap,
alcohol or meth dependence determined by Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental
Disorders IV-TR criteria, and no cell phone access. Alcoholand meth-dependent participants were excluded because the
purpose of this study was to conduct a pharmacologic intervention for nondependent users whom are otherwise not eligible for
other addiction intervention trials, despite the risk associated with
their alcohol and substance use. Alcohol-dependent participants
were also excluded because naltrexone is approved by Food and
Drug Administration to treat alcohol dependence, and it would
not be ethical to randomize these participants to placebo.

Study Procedures

This is a randomized, double-blind, placebo-controlled,
2-arm pilot study with 1:1 random assignment to oral
naltrexone 50 mg versus placebo. Participants were recruited
by street outreach, recruitment ﬂyers, STD and HIV clinics,
needle exchanges, community organizations, MSM bars and
events, online websites, and social media. Potential participants completed a brief telephone screen to assess initial
eligibility and, if eligible, were scheduled for an in-person
screening visit. All participants gave informed consent using
institutional review board (IRB)-approved consent forms. A

At screening visits, after informed consent, participants
received a complete history and physical, complete blood
count, and a comprehensive metabolic panel. To rule out
opioid use, rapid qualitative urine testing was used (Medtox
Diagnostics, Burlington, NC). Participants reporting HIVnegative or unknown HIV status received HIV rapid testing;
HIV-positive participants received CD4 and HIV viral load
tests. Participants received HIV risk-reduction counseling
based on Centers for Disease Control and Prevention guidelines.56 Staff collected extensive participant contact information and 2 back-up contacts. Eligible participants were
scheduled for an enrollment visit.
At enrollment, treatment was assigned using doubleblinded block randomization. The study statistician provided
the randomization codes to the Drug Product Services
Laboratory at University of California, San Francisco
(UCSF), which prepared kits corresponding with the treatment assignment (naltrexone 50 mg or matching placebo) in
the randomization code.
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Participants were seen every 2 weeks for substance-use
counseling and behavioral assessments. HIV risk-reduction
counseling and testing were repeated for HIV-negative
participants at ﬁnal visit. Participants were paid $25 for
screening, $35 for enrollment, $10 for the visits every 2
weeks, and $35 for ﬁnal visits. Procedures were approved by
UCSF’s Committee on Human Research (IRB Number = 1209809) and the trial was registered at clinicalTrials.gov
(Identiﬁer = NCT01723384).
Trained staff, supervised by a clinical psychologist,
administered brief (15–20 minutes) substance use counseling
at follow-up visits, which was modiﬁed from a standardized,
manual-driven psychosocial treatment program using cognitive behavioral therapy57 and motivational interviewing
techniques58,59 and incorporated the stages of change model.60
This platform has been used in brief substance use behavioral
interventions and has high acceptability among substanceusing MSM.61–64
Consistent with other targeted pharmacologic trials,54,65
participants were instructed to take one pill on days they
anticipate heavy drinking, using meth, or when craving alcohol
and/or meth (ie, on an as-needed, intermittent basis). For this
study, participants did not have to take the study medication on
days when they did not anticipate the risk events mentioned
above, nor on days when they did not crave alcohol and meth.
Study clinicians provided training and instructions on targeted
dosing of medication during enrollment. Wireless medication
monitoring devices, WisePill dispensers, were used to record
each opening as a real-time medication event.66 Medication use
was tabulated as the number of distinct days in which the
WisePill dispensers were opened, divided by weeks of followup, to estimate the average weekly pills used. We also assessed
the number of days when participants reported using the
medication as-needed per-protocol.
All participants were asked about potential adverse
events (AEs) at each follow-up visit; symptom-driven physical
examinations and safety laboratory monitoring were performed
at weeks 4 and 8. AEs were classiﬁed using the Division of
AIDS (DAIDS) Table for Grading Severity of Adult Adverse
Experiences for HIV Prevention Trials Network.67
Audio computer-assisted self-interview was used to
standardize data collection and minimize reporting bias.68
Standardized measures were used to assess drug and alcohol
use, substance use treatment, and sexual risk behavior.10
Acceptability measures included questions on attitudes about
trial participation, level of satisfaction with trial procedures,
and likelihood of participating in a similar trial in the future.

Statistical Analyses
Data were analyzed by intention-to-treat, without regard
to study protocol compliance for primary outcomes. To assess
feasibility of enrolling and retaining nondependent, dual methusing, and binge-drinking MSM, we computed the proportions of participants eligible and enrolled among those
recruited and screened, the proportion of scheduled visits
completed, and the proportion of participants retained to the
end of the study. We used Wilcoxon and Fisher exact tests, as
appropriate, to assess the comparability of participants by
Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

Naltrexone for Meth Use and Binge Drinking

treatment assignment at baseline. To assess acceptability of
naltrexone and placebo, we examined the frequency of taking
the study drug; weekly number of WisePill dispenser openings
was compared by study arm using the Wilcoxon test. To
explore safety and tolerability, we computed the proportions
of those experiencing AEs and compared AE rates by
treatment assignment using Fisher exact test.
In exploratory analyses, which were planned before
study unblinding, we used generalized estimating equation
models to evaluate group-speciﬁc linear trends in selfreported meth use, alcohol use, and HIV-related sexual risk
behaviors, with robust standard errors to account for withinsubject correlation and potential overdispersion of count
outcomes. Binary and count outcomes were examined using
Poisson69 and negative binomial models, respectively. In all
models, the effect of the intervention was estimated by the
interaction between treatment assignment and a linear term
in time; departures from linear trends were evaluated. In
as-treated analyses, frequent study medication use based on
WisePill dispenser data was deﬁned as a visit-speciﬁc
indicator of medication use. This indicator variable for
frequent use was coded as “1” for participants in the
uppermost quartile of medication use (ie, at least 3 or more
openings per week) and “0” for participants with less frequent
medication use (ie, less than 3 openings per week). We then
included this indicator and its interaction with treatment
assignment as time-dependent covariates in negative binomial
models for number of meth use and binge drinking days,
providing as estimate of the effect of frequent naltrexone use,
controlling for the placebo effects of frequent study medication use. Subgroup analyses among the subset of participants
who reported more frequent (at least weekly) meth use and
binge drinking at baseline were also conducted. Analyses
were conducted with STATA 12.0 (College Station, TX).

RESULTS
Screening, Recruitment, and Randomization
Figure 1 shows results for screening, recruitment,
assignment and retention for the study period from June 2013
to September 2014. One hundred thirty-ﬁve people were
assessed for initial eligibility by a telephone prescreen (Fig.
1). Among those ineligible, the most common reasons for
ineligibility by phone were less frequent binge drinking (50%),
not using meth or alcohol during sex (33%), less frequent meth
use (25%), and no interest in reducing binge drinking (20%).
Of those eligible by telephone prescreen, 49 (36%) signed
informed consent and were assessed further for eligibility. Of
the 49 individuals who consented to participate, 17 were
deemed ineligible (6 due to meth dependence, 4 due to alcohol
dependence), 1 was lost to follow-up during screening, 1 was
eligible but declined participation, and 30 were randomized.
Thus, 61% of the 49 screened were randomized. During the
screening and enrollment visits, 37% of participants tested
positive for meth in urinalyses. There were no signiﬁcant
differences among those enrolled and those ineligible in
screening with respect to age, race, ethnicity, HIV status,
proﬁciency in English, cell phone access, participation in
www.jaids.com |
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FIGURE 1. Study consort diagram.

substance use treatment and self-help programs, alcohol use
frequency, and meth use frequency (all P . 0.05).

Participant Baseline Characteristics
We recruited a diverse sample of MSM (40% white,
17% Hispanic/Latino, 30% black, 7% Asian or Paciﬁc
Islander, and 6% mixed or other race), of whom 40% were
HIV positive (Table 1). Baseline demographic characteristics
were similarly distributed in both arms.

Retention
Twenty-eight participants (93%) completed the trial (ie,
retained until ﬁnal visit) with no signiﬁcant differences by
treatment assignment. Overall, 95% (143/150) of audio
computer-assisted self-interview risk assessments were completed (naltrexone = 97%, placebo = 93%; P = 0.99) and 95%
of study visits were attended (naltrexone 97%, placebo 93%;
P = 0.99).

WisePill medication events each week of follow-up was 2.1
(SD = 1.0) and was similar between arms [naltrexone = 2.2
(SD = 1.0); placebo = 1.9 (SD = 1.0); P = 0.49; Fig. 2]. WisePill
medication events were similar by day of the week and similar
between weekdays and weekends. Nearly half (46%) of opening
events occurred on consecutive days. WisePill medication
events were associated with time of day; events were more
likely to occur between the hours of 12 PM and 5 PM and less
likely to occur between 12 AM and 6 AM (P , 0.001).
On average, participants reported taking study medication 64.0% (SD = 37.3) of the days that they craved meth or
anticipated meth use; results were similar by arm [naltrexone =
66.6% (SD = 40.4), placebo = 61.2% (SD = 34.0), P = 0.24]. In
addition, on average, participants reported taking study medication 53.8% of the days that they craved alcohol or
anticipated a heavy alcohol drinking session; results were
similar by arm [naltrexone = 52.7% (SD = 44.6), placebo =
54.8% (SD = 34.4), P = 0.99].

Safety
Medication Acceptability
The mean cumulative number of study medication doses
taken by participants, as measured WisePill data, was 16.7 (SD
= 8.5) and was similar by arm [naltrexone = 18.0 (SD = 8.8);
placebo = 15.3 (SD = 8.3); P = 0.36]. The mean number of

There were no serious AEs, no medication discontinuations due to side effects, and no differences in frequency
of AEs between arms (P = 0.39). One participant experienced moderate chest pain (grade 2) and another experienced severe hyperglycemia (grade 3); both of were
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TABLE 1. Baseline Characteristics of Trial Participants

TABLE 1. (Continued ) Baseline Characteristics of Trial
Participants

No. (%)
Demographics

Placebo
(n = 15)

Age, mean (SD), yr
42.3 (10.0)
Race/ethnicity
White
6 (40.0)
African American
5 (33.3)
Latino
2 (13.3)
Asian and Paciﬁc Islander
1 (6.7)
Other
1 (6.7)
Education
High school or less
2 (13.3)
Some college
8 (53.3)
College or above
5 (33.3)
Income
Under $20,000
9 (60.0)
$20,000–39,999
3 (20.0)
$40,000 and above
3 (20.0)
refused to answer
1 (6.7)
Employment status
Not employed
8 (53.3)
Part time
3 (20.0)
Full time
3 (20.0)
Employed student
1 (6.7)

No. (%)

Naltrexone
(n = 15)

Overall
(n = 30)

P*

43.7 (8.8)

43 (9.3)

0.54

6
4
3
1
1

(40.0)
(26.7)
(20.0)
(6.7)
(6.7)

12
9
5
2
2

Naltrexone for Meth Use and Binge Drinking

(40.0) $0.99
(30.0)
(16.7)
(6.7)
(6.7)

2 (13.3)
9 (60.0)
4 (26.7)

4 (13.3) $0.99
17 (56.7)
9 (30.0)

9
5
1
1

(60.0)
(33.3)
(6.7)
(6.7)

18
8
4
2

(60.0)
(26.7)
(13.3)
(6.7)

0.68

13 (86.7)
2 (13.3)
0 (0.0)
0 (0.0)

21
5
3
1

(70.0)
(16.7)
(10.0)
(3.3)

0.13

Methamphetamine Use

Placebo
(n = 15)

Methamphetamine visual
41.6 (23.0)
analog scale (VAS)
craving score, mean (SD)
History of
6 (40.0)
methamphetamine selfhelp or treatment
program

Naltrexone
(n = 15)

Overall
(n = 30)

35.7 (25.5)

38.7 (24.1)

0.53

10 (66.7)

16 (53.3)

0.27

Overall
(n = 30)

P

P

No. (%)
Clinical
HIV serostatus
HIV positive
HIV negative
Has regular health care
provider
Has health insurance
Center for epidemiologic
studies depression scale
score, mean (SD)

Placebo
(n = 15)

Naltrexone
(n = 15)

5 (33.3)
10 (66.7)
10 (66.7)

7 (46.7)
8 (53.3)
10 (66.7)

12 (40.0)
0.71
18 (60.0)
20 (66.7) $0.99

11 (73.3)
18.1 (7.5)

12 (80.0)
20.3 (13.9)

23 (76.7) $0.99
19.2 (11.0)
0.76

*Binary and categorical characteristics compared using the Fisher exact test, and
group medians compared using the Wilcoxon rank-sum test.

No. (%)
Alcohol Use

Placebo
(n = 15)

Frequency of alcohol use
(past 4 wk)
1 d per wk or less
1 (6.7)
2 d per wk or more
14 (93.3)
Alcohol use during sex
(past 4 wk)
50% or less of the time
8 (53.3)
Greater than 50% of time
7 (46.7)
Number of drinks in typical
5.9 (2.2)
drinking days (past 4 wk),
mean (SD)
Number of binge drinking days 9.3 (9.0)
(past 4 wk), mean (SD)
Alcohol visual analog scale
59.3 (26.0)
craving score, mean (SD)
History of alcohol self-help or
6 (40.0)
treatment program

Naltrexone
(n = 15)

5 (33.3)
10 (66.7)

Overall
(n = 30)

P

6 (20.0) 0.17
24 (80.0)

Procedures Acceptability
11 (73.3)
4 (26.7)
5.1 (2.9)

19 (63.3) 0.45
11 (36.7)
5.5 (2.5) 0.32

3.9 (3.1)

6.6 (7.2)

0.13

38.9 (29.3)

49.1 (29.1) 0.06

10 (66.7)

16 (53.3) 0.27

No. (%)
Methamphetamine Use
Frequency of
methamphetamine use
(past 4 wk)
Less than 1 d per wk
At least 1 d per wk
Methamphetamine use
during sex (past 4 wk)
50% or less of the time
More than 50% of time

Placebo
(n = 15)

unrelated to medication. Most frequently reported AEs were
mild (grade 1) and unrelated to study drug: upper respiratory
tract infection (n = 6), nausea (n = 6), fatigue/drowsiness
(n = 3), hyperglycemia (n = 3), and headaches (n = 3).

Naltrexone
(n = 15)

Overall
(n = 30)

P

6 (40.0)
9 (60.0)

10 (66.7)
5 (33.3)

16 (53.3)
14 (46.7)

0.47

10 (66.7)
5 (33.3)

11 (73.3)
4 (26.7)

21 (70.0) $0.99
9 (30.0)

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

At study completion, 96% of participants were satisﬁed
or highly satisﬁed with study participation. Eighty-four
percent of participants found the study procedures were not
at all or a little difﬁcult. Ninety-six percent reported being
somewhat likely or very likely to participate in future studies
and one hundred percent expressed being somewhat likely or
very likely to recommend the study to friends.

Exploratory Analyses
In intention-to-treat analyses, there were no differences
in meth and alcohol use between arms (Table 2). The
naltrexone arm had signiﬁcantly greater reductions in serodiscordant receptive anal intercourse and serodiscordant
condomless receptive anal intercourse, versus placebo. In
contrast, there were no differences in depression score, meth
craving, and alcohol craving between arms.
In as-treated analyses, we evaluated the associations of
frequent naltrexone use (those in the uppermost quartile of
WisePill dispenser openings, deﬁned as 3 or more openings per
week) with numbers of meth-using and binge-drinking days,
controlling for frequency of any study medication use. The
as-treated incident rate ratios were 0.60 (95% CI = 0.31 to
1.19; P = 0.14) for meth use and 0.72 (95% CI = 0.54 to 0.97;
www.jaids.com |
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To our knowledge, this is the ﬁrst study to enroll an
actively using sample of nondependent, dual meth- and
alcohol-using MSM in a placebo-controlled pharmacologic
trial. Our data suggest that it is feasible, acceptable, and
tolerable to use targeted, as-needed naltrexone in this
population. Given the high prevalence of nondependent
patterns of meth use and binge drinking among MSM; the
associations among meth use, binge drinking, sexual risk
behavior, and HIV; and the fact that most substance-using
MSM do not access current treatment options,23,24 it is
important to demonstrate that nondependent actively using
MSM are willing to participate in pharmacologic studies.
Moreover, pharmacologic research for substance use has been
primarily focused on dependent individuals and rarely
includes nondependent users with a desire to cut down or
address their use before the possibility of transitioning to

becoming substance dependent. This study demonstrates that
MSM who are current substance users without dependence
can be enrolled in pharmacologic intervention trials. Our high
completion and retention rates suggest that this population is
willing to engage and can be retained in pharmacologic
research studies. The completion and retention rates in this
pharmacologic study are comparable to or better than other
studies involving behavioral interventions for nondependent
samples of substance-using MSM70–72 and suggest that this
population may be as amenable to pharmacotherapy as they
are to behavioral strategies.
In addition, we observed high acceptability with regard
to our study procedures and, intermittent, as-needed medication use. Although there have been pharmacotherapy studies
with as-needed dosing for those with alcohol use disorders or
dependence, this is the ﬁrst study to demonstrate acceptability
of this dosing procedure among nondependent substanceusing MSM. Given the challenges with daily dosing in
pharmacotherapy, as-needed dosing may present a viable
substitute that could expand the population that may beneﬁt
from therapy.54 Indeed, among MSM in general, intermittent
dosing of other chemoprophylaxis interventions has been
explored, including the use of intermittent HIV antiretroviral
medications for preexposure prophylaxis.73 The acceptability
of taking study drug for meth and alcohol use among MSM in
our study is broadly consistent with these other intermittent
medications strategies and suggests that MSM are willing and
able to take medications in anticipation of risky events
(whether related to substance use or sexual risk).
Our pilot study was not powered to detect treatment
effects between naltrexone and placebo on meth use, alcohol
use, and sexual risk outcomes. Nevertheless, in our exploratory intention-to-treat analyses, we observed point estimates
that suggest a protective effect of naltrexone compared with
placebo for meth use. Although the reduction in meth use is
not statistically signiﬁcant in the entire sample, the numerically lower frequency of meth use in the naltrexone group is
somewhat encouraging, in light of the ﬁndings from another
larger oral naltrexone trial by Jayaram-Lindstrom et al,44
which observed that daily oral naltrexone was associated with
a “reasonably strong” to “strong” effect size in reducing
amphetamine relapse. Key differences in our study design
(as-needed versus daily) and population may explain why we
did not observe a similarly strong effect size in favor of oral
naltrexone. Unlike Jayaram-Lindstrom et al, our study was
restricted to nondependent individuals who may use meth less
frequently. However, when we conducted a subgroup analysis
speciﬁcally looking at individuals with more frequent baseline meth use, we did observe statistically signiﬁcant
reductions in number of meth-using days in the naltrexone
group compared with placebo. Hence, our ﬁndings among
frequent meth users are generally in line with the JayaramLindstrom study, which had individuals who reported more
frequent amphetamine use before their baseline visit.
In addition, we did not observe signiﬁcant reductions in
alcohol use, number of binge drinking days, and drinks on
drinking days in the naltrexone group compared with placebo,
although our point estimates suggest small protective effects.
As-needed naltrexone was shown in the study by Kranzler
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FIGURE 2. Average WisePill dispenser weekly openings, by arm.

P = 0.03) for binge drinking. In the subgroup analysis among
participants who reported at least weekly methamphetamine
use at baseline, those randomized to naltrexone had signiﬁcantly greater reductions in number of meth using days,
compared with placebo (incident rate ratio = 0.78, 95% CI =
0.62 to 0.99; P = 0.04).

Assessment of Blinding
Treatment guessing accuracy between participants in
the 2 groups did not differ signiﬁcantly (P = 0.64). In the
placebo group, 54% guessed they were on placebo. In the
naltrexone group, 54% guessed they were on naltrexone.

DISCUSSION
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TABLE 2. Exploratory Analyses on Evaluating Efficacy of Naltrexone Compared With Placebo
Alcohol Use
Any alcohol use
Placebo
Naltrexone
Number of binge drinking days
Placebo
Naltrexone
Number of drinks in drinking days
Placebo
Naltrexone

Methamphetamine Use
Any meth use
Placebo
Naltrexone
Number of meth use days
Placebo
Naltrexone

Sexual Risk Behaviors
Number of male partners
Placebo
Naltrexone
Serodiscordant insertive anal
intercourse events
Placebo
Naltrexone
Serodiscordant condomless
insertive anal intercourse events
Placebo
Naltrexone
Serodiscordant receptive anal
intercourse events
Placebo
Naltrexone
Serodiscordant condomless
receptive anal intercourse events
Placebo
Naltrexone

Continuous Outcomes
Center for epidemiologic studies
depression scale
Placebo
Naltrexone
Methamphetamine craving from
visual analog scale
Placebo
Naltrexone

Baseline

Month 1

Month 2

n (%), mean (SD)

n (%), mean (SD)

n (%), mean (SD)

IRR

95% CI

P

15 (100%)
15 (100%)

14 (93.3%)
10 (66.7%)

12 (80.0%)
12 (80.0%)

0.92

0.78 to 1.08

0.33

9.3 (9.0)
3.9 (3.1)

7.8 (7.3)
2.3 (2.8)

5.5 (6.4)
1.7 (2.0)

0.94

0.68 to 1.32

0.74

5.9 (2.2)
5.1 (2.9)

4.7 (2.8)
9.1 (18.6)

4.6 (2.6)
2.6 (2.2)

0.94

0.82 to 1.10

0.39

Baseline

Month 1

Month 2

n (%), mean (SD)

n (%), mean (SD)

n (%), mean (SD)

IRR

95% CI

P

15 (100%)
13 (86.7%)

14 (93.3%)
8 (53.3%)

10 (66.7%)
7 (46.7%)

0.82

0.59 to 1.12

0.21

3.7 (3.3)
1.4 (1.8)

2.7 (3.1)
1.0 (1.4)

2.0 (1.7)
1.1 (2.2)

0.98

0.70 to 1.40

0.89

P

Baseline

Month 1

Month 2

n (%), mean (SD)

n (%), mean (SD)

n (%), mean (SD)

IRR

95% CI

5.9 (8.8)
5.6 (12.6)

3.7 (3.8)
0.9 (1.3)

1.9 (1.9)
1.0 (1.6)

0.69

0.35 to 1.36

0.28

2.5 (6.4)
4 (12.8)

0.4 (0.9)
0.5 (1.2)

0.2 (0.4)
0.6 (1.5)

1.72

0.37 to 7.93

0.48

1.7 (5.2)
3.6 (12.8)

0.2 (0.6)
0.3 (1.0)

0.2 (0.4)
0.5 (1.4)

1.57

0.22 to 11.10

0.65

2.1 (4.4)
1.3 (3.1)

1.5 (2.9)
0.1 (0.5)

0.8 (1.5)
0.0 (0.0)

0.15

0.05 to 0.42

,0.01

1.6 (4.7)
0.8 (1.9)

1.3 (2.9)
0.1 (0.3)

0.8 (1.5)
0.0 (0.0)

0.11

0.03 to 0.37

,0.01

Baseline

Month 1

Month 2

mean (SD)

mean (SD)

mean (SD)

Coefﬁcient

95% CI

P

18.1 (7.5)
20.3 (13.9)

17.5 (12.8)
19.7 (12.3)

20.8 (10.7)
18.3 (12.0)

6.43

218.1 to 5.2

0.28

41.6 (23.0)
35.7 (25.5)

31.1 (26.0)
28.6 (26.0)

22.1 (19.1)
26.1 (30.6)

2.03

23.52 to 7.6

0.47

(continued on next page)
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TABLE 2. (Continued ) Exploratory Analyses on Evaluating Efficacy of Naltrexone Compared With Placebo
Baseline

Month 1

Month 2

Continuous Outcomes

mean (SD)

mean (SD)

mean (SD)

Coefﬁcient

95% CI

P

Alcohol craving from visual
analog scale
Placebo
Naltrexone

59.3 (26.0)
38.9 (29.3)

43.7 (28.8)
28.0 (34.1)

48.0 (32.6)
24.9 (34.6)

1.63

22.2 to 5.4

0.40

Serodiscordant partner is deﬁned as HIV-positive person with HIV-negative or unknown HIV-status partner, or HIV-negative person with HIV-positive or unknown HIV-status
partner.

et al54to signiﬁcantly reduce mean drinks per day and number
of drinks during drinking days. In that study, authors reported
higher medication use since their protocol instructed participants to take medication at least thrice per week, in addition
to as-needed use. In our as-treated analyses, those who
reported more frequent medication use did have signiﬁcantly
greater reductions in number of binge-drinking days, which is
broadly consistent with Kranzler et al. There may be
a minimum threshold for naltrexone use that needs to be
met for it to be beneﬁcial, and substance-using MSM may
require reminders for medication use to facilitate greater
uptake of targeted dosing strategies.
Furthermore, we observed statistically signiﬁcant reductions in both serodiscordant receptive anal intercourse and
serodiscordant condomless receptive anal intercourse in our
intention-to-treat analysis. It is unclear why we observed
reductions in these 2 speciﬁc sexual behavior endpoints. As
mentioned, among frequent meth users, we found that
naltrexone was signiﬁcantly associated with reductions in
meth use days. Meth’s physiological effects include impotence, which limits the practice of insertive anal intercourse
among MSM who use meth.74–76 In addition, MSM have
reported that their use of meth makes receptive anal intercourse more pleasurable and less painful.76,77 Hence, meth use
has been associated with greater receptive anal intercourse, but
not insertive anal intercourse in previous MSM studies.7,76,78–
80
We speculate that as meth use decreased in the naltrexone
group, impotence may has also decreased. In addition,
pleasure from receptive anal intercourse may have also been
reduced in the naltrexone group, as meth use decreased. These
changes may had led to less receptive anal intercourse events,
as participants were able to engage in more insertive anal
intercourse events and experienced reductions in pleasure
from receptive anal intercourse. This hypothesis is corroborated by another study, which observed reductions in receptive
anal intercourse among MSM after reductions in meth use and
receipt of meth treatment.31 Broadly, it is plausible that these
results may be partially explained by the purported effects of
naltrexone on sexual urges and compulsive sexual behaviors,
as noted in case reports of off-label naltrexone use. One report
has noted signiﬁcant reductions in sexual behaviors among
multiple sex partners because of naltrexone use.51 Additional
research is needed to clarify whether these reductions were
directly from naltrexone or an indirect result of either meth or
alcohol use reductions among individuals responding to
naltrexone. In any case, condomless receptive anal intercourse

is estimated to have the highest per contact risk for HIV
infection by sexual transmission.81 Substance use is a major
driver of sexual risk transmission among MSM, and there are
few evidence-based interventions shown to efﬁcaciously
reduce high-risk sexual behaviors among substance-using
MSM. Behavioral intervention trials to date have yielded
mixed results in reducing HIV-related sexual risk behaviors
among substance-using MSM70–72; there remains a great need
to identify new strategies, especially for nondependent
substance-using MSM. To our knowledge, this is the ﬁrst
study of oral naltrexone to demonstrate signiﬁcant reductions
in HIV-related sexual risk behaviors among substance-using
MSM. Our ﬁndings highlight new opportunities to use
pharmacotherapy as a potential HIV-prevention strategy
among substance-using MSM.
This pilot study has several limitations. As mentioned,
this study was not powered to assess the efﬁcacy of oral
naltrexone versus placebo, which should be kept in mind
while interpreting the exploratory analyses between treatment
groups for meth and alcohol use and sexual risk behaviors.
Furthermore, given the exploratory nature of the betweengroup analyses, we did not formally control for multiple
hypotheses testing. Moreover, these exploratory analyses
used generalized estimating equation models, which have
been shown to result in standard errors that are too small for
small studies, and may bias ﬁndings away from the null.82
Taken together, the signiﬁcant results from these exploratory
analyses (reductions in binge drinking days in as-treated
analyses, meth using days in subgroup analyses, and serodiscordant receptive anal intercourse events) should be
interpreted with caution, as they may be subject to both type
I error and error from bias. Although we did not ﬁnd
signiﬁcant differences between those enrolled versus those
excluded during screening, our small sample size and use of
nonprobability sampling may nevertheless limit the generalizability of our ﬁndings. In addition, our follow-up was
limited to 8 weeks and our study design was limited to
assessments and monitoring every 2 weeks. It is possible that
longer and more frequent follow-ups may be needed to
observe signiﬁcant treatment effects for naltrexone and
deﬁnitively establish its safety. Despite these limitations, the
results of this randomized, double-blind, placebo-controlled
pilot study support conducting a larger efﬁcacy trial. Ideally,
this trial should use frequent assessments with objective
measures (urine drug screens) on outcomes preferred by
regulatory agencies and more regular AE monitoring.
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In summary, we found that it is feasible, acceptable,
and tolerable to conduct a placebo-controlled pharmacologic trial for nondependent substance-using MSM. In this
pilot study, naltrexone was associated with signiﬁcant
reductions in meth-using days and binge-drinking days
among some individuals and was associated with signiﬁcant
reductions in high-risk sexual behaviors in intention-to-treat
analyses. Results of this study support further evaluation of
naltrexone in larger and more diverse populations of methusing and binge-drinking MSM, including those with
substance use disorders.
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