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Abstract

Objective

To determine if men who have sex with men (MSM) with cocaine use disorder (CUD) and
actively-using cocaine could be enrolled and retained in a pharmacologic intervention trial of
lorcaserin—a novel 5-HT.R agonist—and determine the degree to which participants
would adhere to study procedures.

Methods

This was a phase Il randomized, double-blind, placebo-controlled pilot study with 2:1 ran-
dom parallel group assignment to daily extended-release oral lorcaserin 20 mg versus pla-
cebo (clinicaltrials.gov identifier-NCT03192995). Twenty-two of a planned 45 cisgender
MSM with CUD were enrolled and had weekly follow-up visits during a 12-week treatment
period, with substance use counseling, urine specimen collection, and completion of audio-
computer assisted self-interview (ACASI) behavioral risk assessments. Adherence was
measured by medication event monitoring systems (MEMS) caps and self-report. This
study was terminated early because of an FDA safety alert for lorcaserin’s long-term use.

Results

Eighty-six percent completed the trial, with 82% of weekly study follow-up visits completed.
Adherence was 55.3% (lorcaserin 51.6% vs. placebo 66.2%) by MEMS cap and 56.9%
(56.5% vs. placebo 57.9%) by self-report and did not differ significantly by treatment assign-
ment. Intention-to-treat analyses (ITT) did not show differences in cocaine positivity by urine
screen between the lorcaserin and placebo groups by 12 week follow-up (incidence risk
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ratio [IRR]: 0.96; 95%CI = 0.24-3.82, P = 0.95). However, self-reported cocaine use in time-
line follow-back declined more significantly in the lorcaserin group compared to placebo
(IRR: 0.66; 95%CI = 0.49-0.88; P = 0.004).

Conclusion

We found that it is feasible, acceptable, and tolerable to conduct a placebo-controlled phar-
macologic trial for MSM with CUD who are actively using cocaine. Lorcaserin was not asso-
ciated with significant reductions in cocaine use by urine testing, but was associated with
significant reductions in self-reported cocaine use. Future research may be needed to con-
tinue to explore the potential utility of 5-HT ;R agonists.

Introduction

Cocaine use in the United States (US) is an unrelenting public health problem with serious
negative medical, societal, and economic impacts [1-3]. Its use in the US has also increased
during the COVID-19 pandemic [4]. In both powder (cocaine hydrochloride) and crack (free
base) forms, cocaine is an addictive stimulant; it is estimated that up to one in six cocaine users
may develop a moderate to severe use disorder in their lifetime [2, 5, 6]. Cocaine is associated
with a range of negative health consequences, including direct cardiac toxicity, myocardial
infarctions, and sudden cardiac death [7-11].

Additionally, cocaine use is a major public health issue among men who have sex with men
(MSM). National HIV Behavioral Surveillance (NHBS) data indicate that 37% of MSM in the
US used cocaine in the past 12 months, which is 15 times more prevalent than the general popu-
lation [12, 13]. In San Francisco, cocaine use (past 12 months) climbed from 19% in 2003-2005
to 35% in 2014 [14, 15]. This increase corresponded with a significant decrease (test for trend
p<0.001) in methamphetamine use among San Francisco MSM (from 22% to 13%) [15, 16].

In addition, cocaine use plays an important role in the HIV epidemic, particularly for
MSM, whom disproportionately account for new HIV infections. It is associated with HIV-
related risks (e.g., sexual risk behaviors [17-23] and needle-sharing during injection drug use
[24, 25]) as well as new HIV infections in multiple longitudinal studies [26-28]. Moreover,
among individuals living with HIV, cocaine use has been associated with poor adherence to
antiretroviral treatment (ART), HIV disease progression, lower CD4 count, and higher mor-
tality [29-32].

Given the health hazards associated with cocaine use, there is an urgent need to develop
effective treatments, particularly for those with cocaine use disorder (CUD) and for popula-
tions with higher prevalence of use and associated harm, including MSM. Unlike alcohol and
opioid use disorders, there are currently no FDA-approved medications for CUD, which limits
treatment options for this pressing public health issue to behavioral interventions alone [33].
Although some positive findings have been associated with certain pharmacologic agents to
treat cocaine use, an effective medication for treatment compared to placebo remains elusive
in clinical trials [33]. Lorcaserin, a novel selective serotonin (5-HT) receptor agonist that was
FDA-approved for weight management, was, at the time of study design, considered to be is a
promising agent to treat CUD [34]. Cocaine use increases levels of dopamine (DA), the neuro-
chemical responsible for the reinforcing effects of the drug, and data suggest that DA activity is
modulated by the central 5-HT systems [35-37], particular via the 5-HT,¢ receptor
(5-HT,cR), which has been identified as the primary 5-HT receptor subtype that inhibits tonic
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and cocaine-evoked DA activity [37]. 5-HT,cR agonists can reduce dopamine release in the
nucleus accumbens (NAcc) and frontal neocortex [35, 37]. Preclinical data also support the
potential of lorcaserin in reducing cocaine use [36, 38-48]. 5-HT,cR selective agonists, includ-
ing lorcaserin, have been associated with reductions in cocaine self-administration in mice
[49, 50] and non-human primates [47, 51]. The only human cocaine trial with lorcaserin was a
laboratory study that found that lorcaserin compared to placebo significantly reduced craving
for cocaine and delayed cocaine administration [52]. Further support for studying lorcaserin
was based on the possibility that lorcaserin had the potential to reduce cocaine use by reducing
impulsivity. Excess impulsivity has long been associated with drug use disorders and cocaine
use induces greater impulsivity [53]. 5-HT,cR agonists have reduced impulsive action [53, 54]
and lorcaserin has specifically decreased nicotine-induced impulsive action in animal studies
[55]. We hypothesize that lorcaserin’s dual effects of inhibiting dopamine levels and decreasing
impulsivity may effectively help MSM reduce or stop their cocaine use.

Given the mechanism of action of lorcaserin and the preclinical data supporting its poten-
tial for cocaine treatment, we conducted a pilot clinical trial to examine the feasibility, accept-
ability, and tolerability of lorcaserin among MSM with CUD in an outpatient study. In
exploratory analyses, we also examined lorcaserin’s effects on cocaine use and behavioral out-
comes including sexual behaviors. This study focused on MSM because the prevalence of
CUD is high in this population and effective treatments for CUD can also lead to reductions in
HIV transmission among MSM.

Methods
Study design and recruitment

This was a randomized, double-blind, placebo-controlled, 12-week parallel group pilot study
with 2:1 random assignment to 20 mg of extended-release oral lorcaserin versus placebo.
Assignment of two-thirds of participants to the lorcaserin arm was specifically chosen to
improve our ability to detect adverse events in the active treatment arm, while preserving our
ability to assess recruitment in a study in which randomization to placebo. Participants were
recruited via street outreach, recruitment flyers, STD and HIV clinics, needle exchanges, com-
munity organizations, MSM bars, online Web sites, 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 UCSF IRB-
approved consent forms. A 10-item true/false questionnaire was used to verify participants’
understanding of the trial. The target sample size for the study was 45 participants. With this
sample size, we estimated that proportions for our feasibility and acceptability outcomes
would be estimated within margins of sampling error (MSEs; i.e., half widths of 95% confi-
dence intervals) of <14.4 percentage points, and means with MSEs of 0.30 standard deviations,
both typical for a small pilot study. We also estimated that for the sample size of 45, the mini-
mum detectable effects of the intervention on the cocaine use outcomes would need to be sub-
stantial, as is typical of a pilot study. In our prior trial for MSM actively using stimulants [56],
the within-subject correlation of the repeated measures for urine positivity was 0.45, the urine
positivity in the control group was 55%, and the retention was 93% at the end of the study. On
this basis, we estimated that the sample would provide 80% power to detect reductions of 29
percentage points in the rate of cocaine urine positivity.

Early study termination

On February 13, 2020, the Food and Drug Administration (FDA) issued a safety alert after
concluding the assessment of the long-term safety of lorcaserin in another clinical trial among
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6,000 participants who took lorcaserin for over 4.3 years of treatment and 6,000 who took pla-
cebo; all participants were overweight or obese, with cardiovascular disease or multiple cardio-
vascular disease risk factors (Cardiovascular and Metabolic Effects of Lorcaserin in
Overweight and Obese Patients—Thrombolysis in Myocardial Infarction 61 [CAMELLIA--
TIMI 61] clinical trial) [57]. The FDA’s analysis of this clinical trial showed an increased risk
of cancer, with 7.1% in placebo group being diagnosed with cancer, compared to 7.7% in lorca-
serin group. There was no difference in cancer risk noted in the first months of lorcaserin use,
but the difference emerged with years of use. In response to the FDA safety alert, active partici-
pants in our study at that time (n = 2) were instructed to stop study medication use immedi-
ately and all participants (2 active and 20 former) were unblinded of their treatment
assignment, informed of the FDA safety alert, and provided a copy of the FDA communica-
tion. The FDA’s statement did not recommend special screening for patients who have taken
lorcaserin; it recommended that standard screening recommendations for cancer should be
implemented for individual patients, regardless of prior lorcaserin treatment. In consultation
with the FDA and the study sponsor, our study was paused (i.e., screening and enrollment was
stopped), while the FDA determined whether it was feasible or worthwhile to develop revised
safety guidelines for investigational studies with lorcaserin for short-term treatment. On May
20, 2020, the FDA determined that it would not be feasible for researchers to acquire the medi-
cation lorcaserin, even for short-term investigational use, and no formal guidelines would be
developed for studies of lorcaserin with short-term use. At this point, the FDA recommended
study termination. The Data and Safety Monitoring Board (DSMB) was advised of the FDA
recommendation and the DSMB approved the initiation of study closeout and recommended
the study proceed to data analysis based on data collected from 22 participants enrolled at the
time of the FDA safety alert. Since termination of the study, a meta-analysis of 4 clinical trials
comprising a cumulative sample of 19,771 participants published in December 2020 did not
identify a significant increase in risk for cancer with lorcaserin treatment compared to placebo
[58].

Study participants

Participants were eligible if they reported at least one day of active cocaine use during the pre-
vious 30 days confirmed by urinalysis or sweat patch at screening (at least one sample positive
for cocaine metabolites within two screening and two run-in visits); were seeking treatment
for cocaine use and met Diagnostic and Statistical Manual of Mental Disorders (DSM-V) crite-
ria for mild to severe CUD; were HIV negative by rapid antibody test and HIV-pooled RNA
test or HIV-positive with medical record of HIV infection and CD4 count; were 18-65 years
of age; identified as a cisgender or transgender male who has sex with men; did not have any
acute medical or psychiatric illnesses; and had baseline safety labs without clinically significant
abnormalities.

We excluded individuals for any psychiatric (e.g., depression with suicidal ideation) or
medical condition that would preclude safe study participation or compliance to procedures;
any severe current substance use disorder (other than severe cocaine, nicotine, alcohol, or can-
nabis use disorder) according to DSM-V; testing positive for HIV at screening if previously
unaware of HIV infection; a known allergy or previous adverse reaction to lorcaserin; having a
current CD4 count < 100 cells/mm3 or HIV viral load greater than 50 copies/mL; moderate to
severe liver disease (AST, ALT > 3 times upper limit of normal); severely impaired renal func-
tion (creatinine clearance < or = 30 mL/min); use of exclusionary medications that affect the
serotonergic neurotransmitter system (e.g., selective serotonin reuptake inhibitors (SSRIs),
selective serotonin-norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants, or
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monoamine oxidase inhibitors (MAQIs)); self-reporting a predisposition to priapism; cur-
rently participating in other intervention studies or recently participating in the last 30 days;
anticipated use of agents that are associated with valvulopathy and/or pulmonary hyperten-
sion; currently receiving maintenance treatment with an opioid medication (buprenorphine
or methadone); currently being in court-mandated drug treatment; any physical condition
affecting drug absorption (e.g., gastrectomy); a 12-lead electrocardiogram (ECG) demonstrat-
ing QTc > 450 or a QRS interval > 120 msec at screening; current alcohol use disorder that is
judged to require supervised medical detoxification (Clinical Institute Withdrawal Assessment
for Alcohol, Revised (CIWA-Ar) score > or = 10); being pregnant; or having a body mass
index (BMI) < 15, a BMI > 30 with desire to use weight management medication, or a

BMI > 35. The exclusion criteria for BMI > 30 was included because lorcaserin was an FDA-
approved treatment for weight loss indicated for obese patients (BMI > 30) and it would have
been unethical to enroll individuals who are interested in a weight loss medication because
this study was placebo-controlled (i.e., they could have been randomized to placebo). Partici-
pants screened with BMI > 30 with desire to use weight management medication were
encouraged to speak with their primary health care provider about treatment options for
weight loss by study clinicians.

The exclusion criteria for current CD4 count was revised from <200 cells/mm3 to the crite-
ria above of <100 cells/mm3 and approved by the UCSF-IRB on January 29, 2020. The exclu-
sion criteria for CIWA-Ar was added to the protocol after enrollment started, and approved
by the UCSF-IRB on February 11, 2019.

Study procedures

All study procedures were conducted at the San Francisco Department of Public Health (25
Van Ness Avenue, San Francisco, CA). At screening visits, after completing informed consent,
participants completed a medical history, vitals, physical, complete blood count, a comprehen-
sive metabolic panel, and a 12-lead ECG. To confirm active cocaine use during screening, the
rapid qualitative urine test Medtox Verdict IT (Medtox Diagnostics, Burlington, NC) and
tamper-evident sweat patches (PharmChek®), PharmChem, Inc., Fort Worth, Tx) were used.
Participants who reported being HIV negative or did not know their HIV status received HIV
rapid testing (OraQuick HIV 1/2, OraSure Technologies, Inc., Bethlehem, PA) and HIV
pooled RNA testing; HIV-positive participants received CD4 count testing. Participants
received HIV risk-reduction or "Prevention with Positives" counseling, as appropriate, based
on Centers for Disease Control and Prevention (CDC) guidelines [59]. Participants were eval-
uated for any psychiatric (e.g., depression with suicidal ideation) or medical condition that
would preclude safe study participation, as well as any severe current substance use disorder
(other than cocaine, nicotine, alcohol, or cannabis use disorder) according to DSM-V. Staft
collected extensive participant contact information and two back-up contacts. Eligible partici-
pants were scheduled for an enrollment visit.

At enrollment, treatment was assigned using double-blinded block randomization gener-
ated using a computer program. The study used randomly selected block sizes of 3 and 6. The
study statistician provided the randomization codes to the Safeway compounding pharmacy,
which prepared kits corresponding with the treatment assignment (20 mg extended-release
lorcaserin or matching placebo) from the randomization code. The study clinicians, staff and
participants were all unaware of the treatment assignments for the study drug kits, hence the
study was double-blinded. Study clinicians provided training and instructions on dosing of
medication during enrollment. Participants were instructed to take one pill each day of
extended-release lorcaserin 20mg or placebo. Medications were dispensed in bottles with
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MEMS caps (AARDEX Group, Liege, Belgium), which are wireless medication monitoring
devices that record each opening as a real-time medication event [60]. All participants were
asked about potential adverse events at each follow-up visit; symptom-driven physical exams
and safety laboratory monitoring were done at weeks 4, 8, and 12. Adverse events were classi-
fied using the Division of AIDS (DAIDS) Table for Grading Severity of Adult Adverse Experi-
ences for HIV Prevention Trials Network [61].

Participants were seen every week for substance use counseling and urine tests for cocaine
metabolites. Trained staff, supervised by a clinical psychologist, administered brief (20-30
minutes) substance use counseling at follow-up visits, which was modified from a standard-
ized, manual-driven psychosocial substance use counseling program using cognitive behav-
ioral therapy [62] and motivational interviewing techniques [63, 64] incorporating the Stages
of Change Model [65]. This platform has been used in brief substance use behavioral interven-
tions and has had high acceptability among MSM who use substances in prior trials [66-69].
Audio-computer assisted self-interviews (ACASI) were used to standardize data collection and
minimize reporting bias [70, 71].

HIV risk-reduction counseling and testing were repeated for HIV-negative participants at
the final visit. Participants were paid $20 for each screening visit, $10 for run-in visits, $40 for
enrollment, $15 for weekly visits, $35 for month 1 and 2 visits, and $50 for the final visit. The
study was conducted under the FDA Investigational New Drug Application (IND #134951).
Procedures were approved by University of California San Francisco’s Human Research Pro-
tection Program (IRB Number 17-21502), and the trial was registered at clinicaltrials.gov
(Identifier-NCT03192995).

Outcome measures

For feasibility outcome measures, 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 to assess feasibility of enroll-
ing and retaining MSM with CUD in a 12-week, randomized, double-blind study of lorcaserin
versus placebo. We also tabulated the proportion of participants in each group who correctly
guessed their treatment assignment to determine if there was significant evidence of unblind-
ing at the end of the trial.

Acceptability measures were computed from questions on attitudes about trial participation
and level of satisfaction with trial procedures. We calculated the proportion of participants
who were satisfied/highly satisfied with the study, who would participate in a similar study in
the future, and the proportion who would recommend the study to a friend. We evaluated lor-
caserin use acceptability by examining the frequency of taking the study drug as measured by
the number of MEMS cap openings. Cumulative percent adherence was calculated by dividing
the frequency of openings at a given time point divided by the number of days since enroll-
ment. For tolerability measures, we computed the proportion of those experiencing adverse
events, both overall and by type, to explore the safety of lorcaserin versus placebo among indi-
viduals with CUD who are active users.

To measure cocaine use outcomes at each weekly visit, we used qualitative urine screens
and self-reported use in the past week, recognizing the differences in detection windows
between urine screens and self-reported use. Prior cocaine treatment studies have also docu-
mented greater sensitivity in self-report of cocaine compared to qualitative cocaine urine
screens [72, 73]. At each weekly visit, we tested urine samples using rapid qualitative urine test
Medtox Verdict IT, which are estimated to detect cocaine use from the past 1 to 3 days [74].
Self-reported cocaine use from each day within the prior week was measured using a modified
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timeline followback [75]. We also calculated the proportion of participants who had any
cocaine use in either urine screens or timeline followback to create a composite measure
accounting for cocaine use from both urine and self-reported measures.

Standardized measures were used to assess other secondary outcomes, including cocaine
craving and severity of cocaine dependence, and sexual risk behavior [18, 75-77]. For monthly
visits, the participants completed the measures related to impulsivity, including the Balloon
Analog Risk Task (BART) [78] and the Barratt Impulsiveness Scale (BIS) [79].

Statistical analyses

We used Wilcoxon rank sum and Fisher’s exact tests, as appropriate, to assess the comparabil-
ity of participants by treatment assignment at baseline, as well as differences in feasibility,
acceptability, and tolerability measures. We compared cumulative adherence between treat-
ment groups using the Wilcoxon test.

Using intention to treat (ITT) analyses, we conducted a priori exploratory assessments
using GEE Poisson models with robust standard errors to account for within-subject correla-
tion, to assess treatment effects on cocaine urine positivity, and self-reported cocaine use using
timeline follow-back. The primary ITT analyses excluded cocaine urine test results from week
1, whereas in a sensitivity analysis, we include those results. In additional sensitivity analyses,
we included results from missing urine tests as positive for cocaine use, and analyzed treat-
ment effects while adjusting for baseline cocaine use. In all models, the effect of the interven-
tion was estimated by the interaction between treatment assignment and a linear term in time.
For GEE diagnostic procedures, departures from linear trends as well as degree to which the
within-subject correlation of the outcomes declines over time were evaluated. Although the
robust standard errors in our models accounted for declines in within-subject correlation,
models with unstructured correlations were also fitted as a sensitivity analysis. Additionally,
we examined treatment effects on any cocaine use based on urine positivity or timeline follow-
back. In addition, we conducted as-treated analyses accounting for a time-dependent variable
for cumulative medication adherence, calculated from MEMS data, in the analyses examining
treatment effects on cocaine urine positivity and self-report; in this analysis, the as-treated
effect is estimated by the group-by-adherence interaction. Finally, to evaluate for consecutive
weeks of continued abstinence, we compared the “number of beyond-threshold weeks of suc-
cess” (NOBWOS), defined as the number of consecutive weeks of abstinence lasting through
the end of the study [80], using the Wilcoxon test.

We also evaluated treatment effects on cocaine-associated sexual risk behaviors using GEE
Poisson, binomial, and negative binomial models using ITT analyses. We used GEE models to
explore whether lorcaserin reduced impulsivity as measured by BART and BIS. We also
assessed whether lorcaserin reduced cocaine craving and severity of cocaine dependence,
using similar methods. Analyses were conducted with STATA 15.0 (StataCorp, College Sta-
tion, TX).

Results
Screening and enrollment

Fig 1 shows results for screening, recruitment, assignment, and retention for the study period
from February 2018 to February 2020. One hundred and six people were assessed for eligibility
and consented to participate, of whom 66 were deemed ineligible. The most common reasons
for ineligibility were other severe substance use disorders (n = 36); high BMI (n = 8); inability
to provide cocaine-positive urine/sweat samples (n = 4); and having ECG values outside the
normal range (n = 4). In addition, 15 people were lost to follow-up during screening, 1
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Assessed for eligibility (n=106)

Excluded (n=84)

+ Not meeting inclusion criteria (n=66)
+ Declined to participate (n=1)

+ Lost to follow-up (n=15)

\ 4

+ Screening in progress at study termination (n=2)
Enrollment
Randomized (n=22)
A 4

Y [ Allocation ] ad
Allocated to treatment intervention (n=16) Allocated to placebo intervention (n=6)
+ Received allocated intervention (n=16) + Received allocated intervention (n=6)

v [ Follow-Up ] v
Lost to follow-up (n=3) Lost to follow-up (n=0)

l [ Analysis ] l
Analysed (n= 16) Analysed (n= 6)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Fig 1. Study participant flow in screening, randomization, follow-up and analysis.

https://doi.org/10.1371/journal.pone.0254724.9001

declined participation, and 2 were in the screening phase when the study was terminated. At
the time of study termination, 22 participants (21% of those screened) were randomized (16 to
lorcaserin, 6 to placebo; see Fig 1).

Participant characteristics

We recruited a diverse sample of MSM (41% White, 14% Hispanic/Latino, 23% Black, and 18%
Mixed or Other race), of whom 18% were HIV positive (Table 1). All participants were cisgen-
der men. No transgender men enrolled in our trial. The median age of participants was 39
(IQR: 32-55). Baseline demographic characteristics were similarly distributed in both groups.

Retention

Overall, the mean percentage of weekly study follow-up visits completed was 82% (SD: 23%).
Mean percentage of weekly follow-up visits were similar (P = 0.91) between the lorcaserin
(83% [SD: 22]) and the control group (81% [SD: 26]). Overall, 19 participants (86%) were
retained at the end of the study, and this study completion rate was similar between groups
(lorcaserin 13/16 [81%], placebo 6/6 [100%] P = 0.53).
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Table 1. Baseline demographic and behavioral characteristics of trial participants.

Control Treatment Total
N=6 N=16 N=22
Age, median (IQR) 40 (39-62) 36 (29-51) 39 (32-55)
Race/Ethnicity
White 2 (33%) 7 (44%) 9 (41%)
Asian 0 (0%) 1 (6%) 1 (5%)
Black 0 (0%) 5(31%) 5(23%)
Latino 2 (33%) 1 (6%) 3 (14%)
Other 2 (33%) 2 (12%) 4 (18%)
Education
high school or less 1(17%) 5(31%) 6 (27%)
some college 3 (50%) 4 (25%) 7 (32%)
college or above 2 (33%) 7 (44%) 9 (41%)
Income
under $20,000 1 (17%) 7 (44%) 8 (36%)
$20-39,999 3 (50%) 2 (12%) 5 (23%)
$40,000 or more 2 (33%) 7 (44%) 9 (41%)
Employment status
not employed 1(17%) 5(31%) 6 (27%)
full-time 2 (33%) 9 (56%) 11 (50%)
part-time 2 (33%) 2 (12%) 4 (18%)
employed student 1(17%) 0 (0%) 1 (5%)
Powder cocaine, past 4 weeks
no use 1(17%) 3 (19%) 4 (18%)
any use 5(83%) 13 (81%) 18 (82%)
Crack/Rock Cocaine, past 4 weeks
no use 4 (67%) 10 (62%) 14 (64%)
any use 2 (33%) 6 (38%) 8 (36%)
Ever hospitalized for cocaine use
No 5(83%) 14 (88%) 19 (86%)
Yes 1 (17%) 2 (12%) 3 (14%)
Ever received cocaine treatment
No 4 (67%) 10 (62%) 14 (64%)
Yes 2 (33%) 6 (38%) 8 (36%)
Craving for Cocaine—Visual Analog Scale 30 (14-45) 40 (2-72) 35 (5-63)
HIV Status
HIV-positive 0 (0%) 4 (25%) 4 (18%)
HIV-negative 6 (100%) 12 (75%) 18 (82%)
Has regular health care provider
No 0 (0%) 2 (12%) 2 (9%)
Yes 6 (100%) 14 (88%) 20 (91%)
Depressive Symptoms—Center for Epidemiological Studies Depression (CESD), median (IQR) 10 (7-14) 10 (5-15) 10 (6-14)

https://doi.org/10.1371/journal.pone.0254724.t001

Acceptability of procedures

Overall, 74% of participants reported being satisfied/highly satisfied with their study participa-
tion. In addition, 89% reported that they would be interested in participating in a similar study
in the future, and 89% reported that they would likely recommend participation in the study
to a friend. Acceptability of study procedures was similar between the treatment groups.
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Adherence

Opverall, the mean percentage of study medication taken by participants as measured by
MEMS cap data was 55.3% (SD: 26.6) and similar between groups (lorcaserin 51.6% [SD:
27.7]; placebo 66.2% [SD: 21.7]; P = 0.32). The mean percentage adherence by self-report was
56.9% (SD: 19.3) overall and similar between treatment groups (lorcaserin 56.5% [21.8]; pla-
cebo 57.9% [12.2]; P = 0.83).

Assessment of unblinding

Treatment guessing accuracy between participants in the two groups did not differ signifi-
cantly (P = 0.63). In the lorcaserin group, 23% guessed they were on lorcaserin. In the placebo
group, 50% guessed they were on placebo.

Tolerability

The overall frequency of adverse events (AEs) was similar between the two groups. There were
two serious adverse events (SAEs) in the study that were both deemed unrelated to lorcaserin.
One SAE occurred with a participant from the placebo group and involved increased AST
(Grade 3 AE) and increased ALT (Grade 2 AE) at month 1 of treatment (resolving to Grade 2
and Grade 1 AEs at the end of study participation). The other SAE was observed in a partici-
pant in the lorcaserin group who developed an abscess on his left hip that resolved after a
course of antibiotics and was determined to not be related to lorcaserin. The most frequently
observed AEs in both groups were hyperglycemia (n = 4; lorcaserin = 3; placebo = 1; P = 0.99),
coughing (lorcaserin = 2, placebo = 1; P = 0.8), and abdominal pain (lorcaserin = 2, placebo = 1;
P = 0.8). The most frequently observed AEs only present in the lorcaserin group were: rash

(n = 3) and diarrhea (n = 3), however, there were no statistically significant differences in the
occurrence of these AEs compared to the placebo group (both P = 0.53).

Exploratory efficacy analyses of cocaine use and secondary outcomes

The proportion of urine-positive samples for the placebo group was 0% (0/6) at baseline, and
20% (1/5) at week 12 visit. In the lorcaserin group, 50% (8/16) of samples were positive at base-
line, and 58% (7/12) at week 12 visit. The proportion of urine-positive samples at baseline
were not statistically significantly different between groups (P = 0.051). In intention-to-treat
analyses (ITT) summarized in Table 2, changes in cocaine positivity by urinalyses were similar
between lorcaserin and placebo by 12 week follow-up (incidence risk ratio [IRR]: 0.96; 95%

CI =0.24-3.82, P = 0.95), with no evidence of departures from linearity (P = 0.37). The
within-subject correlation for urine positivity declined over time. Results were similar for sen-
sitivity analyses including week 1 results, imputing positive results from missing urines, using
GEE models with an unstructured correlation, and adjusting for baseline urine-positivity.

The proportion of past-week cocaine use self-reported from timeline followback for the pla-
cebo group was 100% (6/6) at baseline, and 100% (6/6) at week 12 visit. In the lorcaserin
group, 75% (12/16) self-reported past-week cocaine use at baseline, and 54% (7/13) at week 12
visit. The proportion of self-reported past-week cocaine use data at baseline were not statisti-
cally significantly different between groups (P = 0.541). In ITT analyses, self-reported cocaine
use in timeline follow-back declined significantly in the lorcaserin group compared to placebo
(IRR: 0.66; 95%CI = 0.49-0.88; P = 0.004), with no evidence of departure from linearity
(P =0.56). The within-subject correlation for urine positivity declined over time. Results were
similar and remain statistically significant in favor of lorcaserin in sensitivity analyses

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 10/18


https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

Table 2. Exploratory efficacy analyses of primary and secondary outcome with sensitivity analyses.

Primary Outcome: Cocaine Urine Positivity Incidence (95% CI) P-value
Risk Ratio (IRR)
Intention-to-treat analyses Treatment effect 0.96 (0.24-3.82) 0.954
Sensitivity Analyses Inclusion of week 1 results 1.14 (0.16-8.10) 0.899
Imputing of positive results from missing urines 0.70 (0.24-2.03) 0.507
Treatment effect using unstructured correlation 2.87 (0.46-17.87) 0.258
Adjusting for baseline urine positivity 3.11 (0.74-13.11) 0.122
As-treated analyses Cumulative adherence and treatment effects for urine positivity 1.01 (0.99-1.03) 0.61
Primary Outcome: Cocaine Use by self-report in timeline followback IRR (95% CI) P-value
Intention-to-treat analyses Treatment effect 0.66 (0.49-0.88) 0.004
Sensitivity analysis Inclusion of week 1 results 0.66 (0.500.89) 0.005
Treatment effect using unstructured correlation 0.60 (0.45-0.81) 0.001
Adjusting for cocaine use week before enrollment 0.68 (0.51-0.91) 0.009
As-treated analyses Cumulative adherence and treatment effects for self-reported cocaine use 1.01 (0.99-1.02) 0.34
Primary Outcome: Any cocaine use based on urine positivity or timeline followback IRR (95% CI) P-value
Intention-to-treat analysis Treatment effect 0.76 (0.55-1.04) 0.085
Secondary Outcomes Coefficient (95% CI) P-value
Cocaine craving—Visual Analog Scale 10.39 (-1.76-22.53) 0.09
Severity of Dependence Scale for Cocaine 0.28 (-3.43-3.99) 0.88
Balloon Analog Risk Task (BART) -6.03 (-17.1-5.04) 0.29
Barratt Impulsiveness Scale Score 3.40 (-4.50-11.29) 0.40
Depression Score (CES-D) 2.86 (-4.95-10.67) 0.47
Sexual Behavior Outcomes Risk Ratio (RR) (95% CI) P-value
Number of male partners 0.03 (0.00-1.24) 0.065
Number of male partners who use cocaine with 0.01 (0.00-6.58) 0.152
Anal intercourse with HIV serodiscordant partners 0.54 (0.17-1.67) 0.283
Condomless anal intercourse with HIV serodiscordant partners 0.05 (0.00-1.93) 0.107
Other Secondary Outcomes Lorcaserin Placebo Overall P-value
MEMS Caps Percent Adherence, mean (SD) 51.64 (27.73) 66.17 55.3 (26.6) 0.77
(21.70)
Self-reported Percent Adherence, mean (SD) 56.51 (21.76) 57.99 56.9 (19.3) 0.83
(12.18)
Number of beyond-threshold weeks (NOBWOS)*, median (IQR) 0 (0-0.5) 1.5 (0-5) 0(0-1) 0.27

https://doi.org/10.1371/journal.pone.0254724.t002

including week 1 results, using GEE models with an unstructured correlation, and adjusting
for baseline urine-positivity.

In ITT analyses on the composite outcome for any cocaine use based on urine positivity or
reported use in timeline followback, results were similar between the lorcaserin and placebo
groups (IRR: 0.76; 95% CI = 0.55-1.04; P = 0.085). We did not observe significant treatment
effects on the secondary outcomes of impulsivity, depression, craving, sexual risk behaviors,
and NOBWOS (see Table 2; all P>0.05). In as-treated analyses accounting for cumulative
adherence, cocaine urine positivity (IRR: 1.01; 95% CI = 0.99-1.03; P = 0.61) and self-report
(IRR: 1.01; 95% CI = 0.99-1.02; P = 0.34) were also similar between treatment groups.

Discussion

This study demonstrated that it was feasible to enroll and retain cisgender MSM with CUD who
are actively using cocaine in a pharmacologic intervention trial with excellent rates of participa-
tion in study visits, procedures, and follow-up evaluations. In addition, our participants reported
high acceptability of study procedures and moderate levels of study medication adherence.
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Due to its early termination, this study’s final sample is much too small to estimate the
treatment effect reliably enough for sample size determination for a larger efficacy trial. Never-
theless, this pilot may provide important information on appropriate modeling techniques
given the distribution of the data (e.g., based on the pattern of treatment effect, the intraclass
correlation of the repeated measures, and whether and how steeply the within-subject correla-
tion declines over time, and the loss to follow-up rate). In our data, we observed an increasing
treatment effect with no evidence of departure from a linearly increasing effect, suggesting that
this model was appropriate. Additionally, we observe some decline in the within-subject corre-
lation over time. However, as noted, fitting alternate GEE models using unstructured correla-
tions did not change overall findings for our cocaine use outcomes. Finally, the lost to follow-
up rate of 14% may also be encouraging for feasibility of future trials. These findings may sug-
gest that it is viable to test interventions to address CUD among people who are actively using
cocaine and have an interest in reducing their cocaine use. Given the morbidity, mortality and
HIV risk associated with CUD, especially among MSM, as well as the lack of pharmacological
interventions for CUD, these findings provide helpful information in addressing this public
health issue.

Our pilot study was not powered to detect treatment effects between lorcaserin and placebo
on cocaine use and sexual risk outcomes. In addition, because of the early termination of our
study, we did not reach our target sample size, further reducing study power. While we did not
observe a statistically significant treatment effect in urine positivity for cocaine, we observed a
significant protective effect on cocaine use by self-report in timeline follow-back assessments
in favor of lorcaserin. Although the protective effect from lorcaserin on self-reported cocaine
use observed may be subject to bias, the double-blind study design may have helped mitigate
this concern [81]. Furthermore, as noted, we did not observe evidence of unblinding between
the two groups (i.e., because participants didn’t know which group they were assigned to, we
have no reason to believe that self-report due to social desirability or recall bias would be sys-
tematically different between groups). As previously noted, another possible explanation for
the different results observed between the two cocaine measures is that the window for cocaine
use in the weekly urine tests—estimated to be between 1 to 3 days—was too narrow to detect
cocaine use from the prior week [74]. Hence, we may have had non-differential misclassifica-
tion of cocaine use during weeks when participants used cocaine outside the urine detection
window, which would bias the results toward to null [82].

The treatment effect of lorcaserin on the self-reported use of cocaine in our study can be
considered in parallel with a human laboratory study finding that lorcaserin compared to pla-
cebo significantly reduced craving for cocaine and delayed cocaine administration [52]. How-
ever, the negative findings from the recently completed NIDA Clinical Trials Network (CTN)
study of lorcaserin for CUD (Clinical Trials.gov NCT03007394) do not lend support to its util-
ity to achieve abstinence (data not yet peer-reviewed, but overall findings described in [83]).
That said, the primary outcome of this CTN lorcaserin trial was “Actual Number of Subjects
That Successfully Achieve Abstinence From Cocaine During the Last Three Weeks of Treat-
ment”; it did not report whether lorcaserin was associated with reductions in cocaine use [83].
Nevertheless, because lorcaserin is no longer commercially available (the manufacturer has
removed it from the market voluntarily at the request of the FDA), our findings may be viewed
more generally as potential evidence in support of future medications with similar mecha-
nisms of action as lorcaserin (i.e., other selective serotonin agonists or other 5-HT,cR agents
[84]). As noted, there are currently no FDA-approved pharmacotherapies for CUD. Hence, as
novel pharmacologic agents with similar mechanisms as lorcaserin are identified and deemed
safe for use, it may be important for future research to examine their therapeutic potential for
CUD. Furthermore, given the linkages between cocaine use and HIV-related sexual risk
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behaviors and HIV care outcomes, conducting future trials of pharmacotherapies could aid in
the development of efficacious strategies for CUD that can also jointly address HIV transmis-
sion and acquisition.

This pilot study has several limitations. As mentioned, this study was not originally pow-
ered to assess the efficacy of lorcaserin versus placebo, and because the study was terminated
early, the study was likely further under-powered in these efficacy analyses. These should be
kept in mind while interpreting the null findings in exploratory analyses between treatment
groups for cocaine urine-positivity and sexual risk behaviors. Additionally, as noted above the
measures on self-reported cocaine use is subject to non-differential misclassification, which is
more likely to lead to bias toward the null [82]—it is possible that the effect of lorcaserin may
be larger with more precise objective measures. Moreover, quantitative urine analysis could
enhance the ability to detect changes in cocaine use that are otherwise missed in qualitative
urine screens [85]. Furthermore, given the exploratory nature of the between-group analyses,
we did not formally control for multiple hypotheses testing, therefore findings should also be
interpreted with caution, particularly those with wide confidence intervals. Additionally, the
early termination of our study, in combination with our 2:1 treatment assignment resulted in
imbalanced demographic characteristics in the trial, which may hinder external validity.
Finally, our small sample size and use of non-probability sampling, and study population of
cisgender MSM limits the generalizability of our findings.

Despite these limitations, we found that it is feasible, acceptable, and tolerable to conduct a
placebo-controlled pharmacologic trial for MSM with CUD who are actively using, with
strong attendance, compliance with study activities, and retention. In this pilot study, lorca-
serin, a 5-HT,.R agonist, was not associated with significant reductions in cocaine urine posi-
tivity, but it was associated with significant reductions in self-reported cocaine use. Future
research is needed to continue to explore the potential utility of 5-HT, R agonists. Given the
public health importance of CUD, the lack of FDA-approved pharmacologic interventions,
and cocaine’s linkages to HIV, efforts to evaluate other cocaine interventions are urgently
needed.

Supporting information

S1 File. Consort checklist. This is the CONSORT checklist for this clinical trial.
(DOC)

S2 File. Study protocol. This is the protocol for this clinical trial.
(PDF)

Acknowledgments

All authors participated in the revision of the manuscript for important intellectual content
and provided approval of the final version of the manuscript.

Author Contributions

Conceptualization: Glenn-Milo Santos, Eric Vittinghoff.

Data curation: John E. Walker, Matthew McLaughlin, Jennifer Jain.
Formal analysis: Glenn-Milo Santos, Jennifer Jain.

Funding acquisition: Glenn-Milo Santos.

Investigation: Glenn-Milo Santos, John E. Walker.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 13/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254724.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0254724.s002
https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

Methodology: Janet Ikeda, Phillip Coffin, Tim Matheson, Eric Vittinghoff, Steven L. Batki.

Project administration: Janet Ikeda, Phillip Coffin, John E. Walker, Tim Matheson.

Supervision: Glenn-Milo Santos, Janet Ikeda.

Validation: Matthew McLaughlin.

Writing - original draft: Glenn-Milo Santos.

Writing - review & editing: Janet Ikeda, Phillip Coffin, John E. Walker, Tim Matheson, Mat-

thew McLaughlin, Jennifer Jain, Eric Vittinghoff, Steven L. Batki.

References

1.

10.

11.

12

13.
14.

15.

Riezzo I, Fiore C, De Carlo D, Pascale N, Neri M, Turillazzi E, et al. Side effects of cocaine abuse: multi-
organ toxicity and pathological consequences. Curr Med Chem. 2012; 19(33):5624—46. Epub 2012/09/
01. doi: CMC-EPUB-20120817-7 [pii]. https://doi.org/10.2174/092986712803988893 PMID: 22934772.

Karila L, Petit A, Lowenstein W, Reynaud M. Diagnosis and consequences of cocaine addiction. Curr
Med Chem. 2012; 19(33):5612—8. Epub 2012/08/04. doi: CMC-EPUB-20120801-8 [pii]. https://doi.org/
10.2174/092986712803988839 PMID: 22856661.

Substance Abuse and Mental Health Services Administration. Drug Abuse Warning Network, 2011:
National Estimates of Drug-Related Emergency Department Visits Rockville, MD: HHS, 2013 04/14/
2014. Report No.

Millennium Health. COVID-19 Special Edition Reveals Significant Changes in Drug Use During the Pan-
demic [Report]. Millennium Health; 2020 [updated July 8, 2020; cited 2021 March 2. 2021]. Available
from: hhttps://www.millenniumhealth.com/news/signalsreportcovid/.

Anthony J, Warner L, Kessler R. Comparative epidemiology of dependence on tobacco, alcohol, con-
trolled substances, and inhalants: Basic findings from the National Comorbidity Survey. Experimental
and Clinical Psychopharmacology. 1994; 23:244.

Degenhardt L, Baxter AJ, Lee YY, Hall W, Sara GE, Johns N, et al. The global epidemiology and burden
of psychostimulant dependence: Findings from the Global Burden of Disease Study 2010. Drug Alcohol
Depend. 2014. Epub 2014/02/25. doi: S0376-8716(14)00023-4 [pii] https://doi.org/10.1016/j.
drugalcdep.2013.12.025 PMID: 24559607 .

Vandhuick O, Pistorius MA, Jousse S, Ferreira-Maldent N, Guilmot JL, Guias B, et al. [Drug addiction
and cardiovascular pathologies]. Journal des maladies vasculaires. 2004; 29(5):243-8. Epub 2005/03/
02. https://doi.org/10.1016/s0398-0499(04)96768-6 PMID: 15738835.

Kloner RA, Hale S, Alker K, Rezkalla S. The effects of acute and chronic cocaine use on the heart. Cir-
culation. 1992; 85(2):407—-19. Epub 1992/02/01. https://doi.org/10.1161/01.cir.85.2.407 PMID:
1346509.

McCord J, Jneid H, Hollander JE, de Lemos JA, Cercek B, Hsue P, et al. Management of cocaine-asso-
ciated chest pain and myocardial infarction: a scientific statement from the American Heart Association
Acute Cardiac Care Committee of the Council on Clinical Cardiology. Circulation. 2008; 117(14):1897—
907. Epub 2008/03/19. https://doi.org/10.1161/CIRCULATIONAHA.107.188950 PMID: 18347214.

Phillips K, Luk A, Soor GS, Abraham JR, Leong S, Butany J. Cocaine cardiotoxicity: a review of the
pathophysiology, pathology, and treatment options. American journal of cardiovascular drugs: drugs,
devices, and other interventions. 2009; 9(3):177-96. Epub 2009/05/26. https://doi.org/10.2165/
00129784-200909030-00005 PMID: 19463023.

Steinhauer JR, Caulfield JB. Spontaneous coronary artery dissection associated with cocaine use: a
case report and brief review. Cardiovascular pathology: the official journal of the Society for Cardiovas-
cular Pathology. 2001; 10(3):141-5. Epub 2001/08/04. https://doi.org/10.1016/s1054-8807(01)00074-6
PMID: 11485859.

Sanchez T, Finlayson T, Drake A, Behel S, Cribbin M, Dinenno E, et al. Human immunodeficiency virus
(HIV) risk, prevention, and testing behaviors—United States, National HIV Behavioral Surveillance Sys-
tem: men who have sex with men, November 2003-April 2005. MMWR Surveill Summ. 2006; 55(6):1—
16. Epub 2006/07/11. doi: ss5506a1 [pii]. PMID: 16826162.

SAMHSA. National Survey on Drug Use and Health. Office of Applied Studies. 2004.

Raymond HF. Estimated number of stimulant using men-who-have-sex-with-men in San Francisco. In:
Santos GM, editor. San Francisco, CA2012.

Raymond HF. National HIV Behavioral Surveillance MSM cycle 4 stimulant use data In: Santos GM,
editor. San Francisco, CA 2014.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 14/18


https://doi.org/10.2174/092986712803988893
http://www.ncbi.nlm.nih.gov/pubmed/22934772
https://doi.org/10.2174/092986712803988839
https://doi.org/10.2174/092986712803988839
http://www.ncbi.nlm.nih.gov/pubmed/22856661
https://www.millenniumhealth.com/news/signalsreportcovid/
https://doi.org/10.1016/j.drugalcdep.2013.12.025
https://doi.org/10.1016/j.drugalcdep.2013.12.025
http://www.ncbi.nlm.nih.gov/pubmed/24559607
https://doi.org/10.1016/s0398-0499(04)96768-6
http://www.ncbi.nlm.nih.gov/pubmed/15738835
https://doi.org/10.1161/01.cir.85.2.407
http://www.ncbi.nlm.nih.gov/pubmed/1346509
https://doi.org/10.1161/CIRCULATIONAHA.107.188950
http://www.ncbi.nlm.nih.gov/pubmed/18347214
https://doi.org/10.2165/00129784-200909030-00005
https://doi.org/10.2165/00129784-200909030-00005
http://www.ncbi.nlm.nih.gov/pubmed/19463023
https://doi.org/10.1016/s1054-8807(01)00074-6
http://www.ncbi.nlm.nih.gov/pubmed/11485859
http://www.ncbi.nlm.nih.gov/pubmed/16826162
https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Raymond HF, Chen YH, Ick T, Scheer S, Bernstein K, Liska S, et al. A new trend in the HIV epidemic
among men who have sex with men, San Francisco, 2004—2011. J Acquir Immune Defic Syndr. 2013;
62(5):584—-9. Epub 2013/01/22. https://doi.org/10.1097/QAI.0b013e318285febf PMID: 23334505.

Mimiaga MJ, Reisner SL, Fontaine YM, Bland SE, Driscoll MA, Isenberg D, et al. Walking the line: stim-
ulant use during sex and HIV risk behavior among Black urban MSM. Drug Alcohol Depend. 2010; 110
(1-2):30-7. Epub 2010/03/26. doi: S0376-8716(10)00059-1 [pii] https://doi.org/10.1016/j.drugalcdep.
2010.01.017 PMID: 20334986; PubMed Central PMCID: PMC3947405.

Colfax G, Vittinghoff E, Husnik MJ, McKirnan D, Buchbinder S, Koblin B, et al. Substance use and sex-
ual risk: a participant- and episode-level analysis among a cohort of men who have sex with men. Am J
Epidemiol. 2004; 159(10):1002—12. Epub 2004/05/07. https://doi.org/10.1093/aje/kwh135 PMID:
15128613.

Ober A, Shoptaw S, Wang PC, Gorbach P, Weiss RE. Factors associated with event-level stimulant
use during sex in a sample of older, low-income men who have sex with men in Los Angeles. Drug Alco-
hol Depend. 2009; 102(1-3):123-9. Epub 2009/03/31. doi: S0376-8716(09)00049-0 [pii] https://doi.org/
10.1016/j.drugalcdep.2009.02.002 PMID: 19327917; PubMed Central PMCID: PMC2751657.

Mackesy-Amiti ME, Fendrich M, Johnson TP. Symptoms of substance dependence and risky sexual
behavior in a probability sample of HIV-negative men who have sex with men in Chicago. Drug Alcohol
Depend. 2010; 110(1-2):38—43. Epub 2010/03/12. doi: S0376-8716(10)00058-X [pii] https://doi.org/10.
1016/j.drugalcdep.2010.01.016 PMID: 20219291.

Lambert G, Cox J, Hottes TS, Tremblay C, Frigault LR, Alary M, et al. Correlates of unprotected anal
sex at last sexual episode: analysis from a surveillance study of men who have sex with men in Mon-
treal. AIDS Behav. 2011; 15(3):584-95. Epub 2009/12/25. https://doi.org/10.1007/s10461-009-9605-3
PMID: 20033763.

Bowers JR, Branson CM, Fletcher JB, Reback CJ. Predictors of HIV Sexual Risk Behavior among Men
Who Have Sex with Men, Men Who Have Sex with Men and Women, and Transgender Women. Int J
Sex Health. 2012; 24(4):290-302. Epub 2012/01/01. https://doi.org/10.1080/19317611.2012.715120
PMID: 24660042; PubMed Central PMCID: PMC3960284.

Santos GM, Coffin PO, Das M, Matheson T, DeMicco E, Raiford JL, et al. Dose-response associations
between number and frequency of substance use and high-risk sexual behaviors among HIV-negative
substance-using men who have sex with men (SUMSM) in San Francisco. J Acquir Imnmune Defic
Syndr. 2013; 63(4):540—4. Epub 2013/04/11. https://doi.org/10.1097/QAI.0b013e318293f10b PMID:
23572012.

Tyndall MW, Currie S, Spittal P, Li K, Wood E, O’'Shaughnessy MV, et al. Intensive injection cocaine
use as the primary risk factor in the Vancouver HIV-1 epidemic. AIDS. 2003; 17(6):887—-93. Epub 2003/
03/28. https://doi.org/10.1097/00002030-200304110-00014 PMID: 12660536.

Cepeda JA, Vickerman P, Bruneau J, Zang G, Borquez A, Farrell M, et al. Estimating the contribution of
stimulant injection to HIV and HCV epidemics among people who inject drugs and implications for harm
reduction: A modeling analysis. Drug Alcohol Depend. 2020; 213:108135. Epub 2020/07/01. https://doi.
org/10.1016/j.drugalcdep.2020.108135 PMID: 32603976; PubMed Central PMCID: PMC7829087.

Ostrow DG, Plankey MW, Cox C, Li X, Shoptaw S, Jacobson LP, et al. Specific sex drug combinations
contribute to the majority of recent HIV seroconversions among MSM in the MACS. J Acquir Immune
Defic Syndr. 2009; 51(3):349-55. Epub 2009/04/24. https://doi.org/10.1097/QAl.0b013e3181a24b20
PMID: 19387357; PubMed Central PMCID: PMC3074969.

Koblin BA, Husnik MJ, Colfax G, Huang Y, Madison M, Mayer K, et al. Risk factors for HIV infection
among men who have sex with men. AIDS. 2006; 20(5):731-9. Epub 2006/03/04. https://doi.org/10.
1097/01.aids.0000216374.61442.55 [pii]. PMID: 16514304.

Ostrow DG, DiFranceisco WJ, Chmiel JS, Wagstaff DA, Wesch J. A case-control study of human immu-
nodeficiency virus type 1 seroconversion and risk-related behaviors in the Chicago MACS/CCS Cohort,
1984-1992. Multicenter AIDS Cohort Study. Coping and Change Study. Am J Epidemiol. 1995; 142
(8):875-83. Epub 1995/10/15. https://doi.org/10.1093/oxfordjournals.aje.a117727 PMID: 7572964.

Hinkin CH, Barclay TR, Castellon SA, Levine AJ, Durvasula RS, Marion SD, et al. Drug use and medica-
tion adherence among HIV-1 infected individuals. AIDS Behav. 2007; 11(2):185-94. Epub 2006/08/10.
https://doi.org/10.1007/s10461-006-9152-0 PMID: 16897351; PubMed Central PMCID: PMC2867605.

Carrico AW. Substance use and HIV disease progression in the HAART era: implications for the primary
prevention of HIV. Life Sci. 2011; 88(21-22):940-7. Epub 2010/10/12. doi: S0024-3205(10)00437-6
[pii] https://doi.org/10.1016/j.1fs.2010.10.002 PMID: 20934437.

Shoptaw S, Stall R, Bordon J, Kao U, Cox C, Li X, et al. Cumulative exposure to stimulants and immune
function outcomes among HIV-positive and HIV-negative men in the Multicenter AIDS Cohort Study. Int
J STD AIDS. 2012; 23(8):576—-80. Epub 2012/08/30. doi: 23/8/576 [pii] https://doi.org/10.1258/ijsa.
2012.011322 PMID: 22930295; PubMed Central PMCID: PMC3576843.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 15/18


https://doi.org/10.1097/QAI.0b013e318285febf
http://www.ncbi.nlm.nih.gov/pubmed/23334505
https://doi.org/10.1016/j.drugalcdep.2010.01.017
https://doi.org/10.1016/j.drugalcdep.2010.01.017
http://www.ncbi.nlm.nih.gov/pubmed/20334986
https://doi.org/10.1093/aje/kwh135
http://www.ncbi.nlm.nih.gov/pubmed/15128613
https://doi.org/10.1016/j.drugalcdep.2009.02.002
https://doi.org/10.1016/j.drugalcdep.2009.02.002
http://www.ncbi.nlm.nih.gov/pubmed/19327917
https://doi.org/10.1016/j.drugalcdep.2010.01.016
https://doi.org/10.1016/j.drugalcdep.2010.01.016
http://www.ncbi.nlm.nih.gov/pubmed/20219291
https://doi.org/10.1007/s10461-009-9605-3
http://www.ncbi.nlm.nih.gov/pubmed/20033763
https://doi.org/10.1080/19317611.2012.715120
http://www.ncbi.nlm.nih.gov/pubmed/24660042
https://doi.org/10.1097/QAI.0b013e318293f10b
http://www.ncbi.nlm.nih.gov/pubmed/23572012
https://doi.org/10.1097/00002030-200304110-00014
http://www.ncbi.nlm.nih.gov/pubmed/12660536
https://doi.org/10.1016/j.drugalcdep.2020.108135
https://doi.org/10.1016/j.drugalcdep.2020.108135
http://www.ncbi.nlm.nih.gov/pubmed/32603976
https://doi.org/10.1097/QAI.0b013e3181a24b20
http://www.ncbi.nlm.nih.gov/pubmed/19387357
https://doi.org/10.1097/01.aids.0000216374.61442.55
https://doi.org/10.1097/01.aids.0000216374.61442.55
http://www.ncbi.nlm.nih.gov/pubmed/16514304
https://doi.org/10.1093/oxfordjournals.aje.a117727
http://www.ncbi.nlm.nih.gov/pubmed/7572964
https://doi.org/10.1007/s10461-006-9152-0
http://www.ncbi.nlm.nih.gov/pubmed/16897351
https://doi.org/10.1016/j.lfs.2010.10.002
http://www.ncbi.nlm.nih.gov/pubmed/20934437
https://doi.org/10.1258/ijsa.2012.011322
https://doi.org/10.1258/ijsa.2012.011322
http://www.ncbi.nlm.nih.gov/pubmed/22930295
https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42,

43.

44.

45.

46.

47.

48.

Cook JA, Burke-Miller JK, Cohen MH, Cook RL, Vlahov D, Wilson TE, et al. Crack cocaine, disease pro-
gression, and mortality in a multicenter cohort of HIV-1 positive women. AIDS. 2008; 22(11):1355-63.
Epub 2008/06/27. https://doi.org/10.1097/QAD.0b013e3283050712 [pii]. PMID: 18580615; PubMed
Central PMCID: PMC2645902.

Chan B, Kondo K, Freeman M, Ayers C, Montgomery J, Kansagara D. Pharmacotherapy for Cocaine
Use Disorder-a Systematic Review and Meta-analysis. J Gen Intern Med. 2019; 34(12):2858-73. Epub
2019/06/12. https://doi.org/10.1007/s11606-019-05074-8 PMID: 31183685; PubMed Central PMCID:
PMC6854210.

Higgins GA, Fletcher PJ, Shanahan WR. Lorcaserin: A review of its preclinical and clinical pharmacol-
ogy and therapeutic potential. Pharmacol Ther. 2020; 205:107417. Epub 2019/10/20. https://doi.org/10.
1016/j.pharmthera.2019.107417 PMID: 31629010.

Rothman RB, Blough BE, Baumann MH. Dopamine/serotonin releasers as medications for stimulant
addictions. Prog Brain Res. 2008; 172:385-406. Epub 2008/09/06. doi: S0079-6123(08)00919-9 [pii]
https://doi.org/10.1016/S0079-6123(08)00919-9 PMID: 18772043.

Higgins GA, Sellers EM, Fletcher PJ. From obesity to substance abuse: therapeutic opportunities for 5-
HT2C receptor agonists. Trends Pharmacol Sci. 2013; 34(10):560—70. Epub 2013/09/18. doi: S0165-
6147(13)00150-8 [pii] https://doi.org/10.1016/j.tips.2013.08.001 PMID: 24041919.

Alex KD, Pehek EA. Pharmacologic mechanisms of serotonergic regulation of dopamine neurotrans-
mission. Pharmacol Ther. 2007; 113(2):296-320. Epub 2006/10/20. doi: S0163-7258(06)00152-5 [pii]
https://doi.org/10.1016/j.pharmthera.2006.08.004 PMID: 17049611; PubMed Central PMCID:
PMC2562467.

Bubar MJ, Cunningham KA. Serotonin 5-HT2A and 5-HT2C receptors as potential targets for modula-
tion of psychostimulant use and dependence. Curr Top Med Chem. 2006; 6(18):1971-85. Epub 2006/
10/05. https://doi.org/10.2174/156802606778522131 PMID: 17017968.

Bubar MJ, Cunningham KA. Prospects for serotonin 5-HT2R pharmacotherapy in psychostimulant
abuse. Prog Brain Res. 2008; 172:319-46. Epub 2008/09/06. doi: S0079-6123(08)00916-3 [pii] https://
doi.org/10.1016/S0079-6123(08)00916-3 PMID: 18772040.

Burton CL, Rizos Z, Diwan M, Nobrega JN, Fletcher PJ. Antagonizing 5-HT(2)A receptors with
M100907 and stimulating 5-HT(2)C receptors with Ro60-0175 blocks cocaine-induced locomotion and
zif268 mRNA expression in Sprague-Dawley rats. Behav Brain Res. 2013; 240:171-81. Epub 2012/12/
04. doi: S0166-4328(12)00759-0 [pii] https://doi.org/10.1016/j.bbr.2012.11.030 PMID: 23201361.

Craige CP, Unterwald EM. Serotonin (2C) receptor regulation of cocaine-induced conditioned place
preference and locomotor sensitization. Behav Brain Res. 2013; 238:206—10. Epub 2012/10/30. doi:
S0166-4328(12)00684-5 [pii] https://doi.org/10.1016/j.bbr.2012.10.034 PMID: 23103406; PubMed
Central PMCID: PMC3513564.

Cunningham KA, Fox RG, Anastasio NC, Bubar MJ, Stutz SJ, Moeller FG, et al. Selective serotonin 5-
HT(2C) receptor activation suppresses the reinforcing efficacy of cocaine and sucrose but differentially
affects the incentive-salience value of cocaine- vs. sucrose-associated cues. Neuropharmacology.
2011; 61(3):513-23. Epub 2011/05/18. doi: S0028-3908(11)00179-1 [pii] https://doi.org/10.1016/j.
neuropharm.2011.04.034 PMID: 21575646; PubMed Central PMCID: PMC3115535.

Filip M, Alenina N, Bader M, Przegalinski E. Behavioral evidence for the significance of serotoninergic
(5-HT) receptors in cocaine addiction. Addict Biol. 2010; 15(3):227—49. Epub 2010/05/12. doi: ADB214
[pii] https://doi.org/10.1111/j.1369-1600.2010.00214.x PMID: 20456287

Filip M, Spampinato U, McCreary AC, Przegalinski E. Pharmacological and genetic interventions in
serotonin (5-HT)(2C) receptors to alter drug abuse and dependence processes. Brain Res. 2012;
1476:132-53. Epub 2012/04/13. doi: S0006-8993(12)00517-3 [pii] https://doi.org/10.1016/j.brainres.
2012.03.035 PMID: 22494568.

Katsidoni V, Apazoglou K, Panagis G. Role of serotonin 5-HT2A and 5-HT2C receptors on brain stimu-
lation reward and the reward-facilitating effect of cocaine. Psychopharmacology (Berl). 2011; 213(2—
3):337-54. Epub 2010/06/26. https://doi.org/10.1007/s00213-010-1887-7 PMID: 20577718.

Leggio GM, Cathala A, Moison D, Cunningham KA, Piazza PV, Spampinato U. Serotonin2C receptors in
the medial prefrontal cortex facilitate cocaine-induced dopamine release in the rat nucleus accumbens.
Neuropharmacology. 2009; 56(2):507—13. Epub 2008/11/04. doi: S0028-3908(08)00481-4 [pii] https://
doi.org/10.1016/j.neuropharm.2008.10.005 PMID: 18977370; PubMed Central PMCID: PMC3130963.

Manvich DF, Kimmel HL, Howell LL. Effects of serotonin 2C receptor agonists on the behavioral and
neurochemical effects of cocaine in squirrel monkeys. J Pharmacol Exp Ther. 2012; 341(2):424—-34.
Epub 2012/02/14. doi: jpet.111.186981 [pii] https://doi.org/10.1124/jpet.111.186981 PMID: 22328576;
PubMed Central PMCID: PMC3336818.

Pockros LA, Pentkowski NS, Conway SM, Ullman TE, Zwick KR, Neisewander JL. 5-HT(2A) receptor
blockade and 5-HT(2C) receptor activation interact to reduce cocaine hyperlocomotion and Fos protein

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 16/18


https://doi.org/10.1097/QAD.0b013e32830507f2
http://www.ncbi.nlm.nih.gov/pubmed/18580615
https://doi.org/10.1007/s11606-019-05074-8
http://www.ncbi.nlm.nih.gov/pubmed/31183685
https://doi.org/10.1016/j.pharmthera.2019.107417
https://doi.org/10.1016/j.pharmthera.2019.107417
http://www.ncbi.nlm.nih.gov/pubmed/31629010
https://doi.org/10.1016/S0079-6123(08)00919-9
http://www.ncbi.nlm.nih.gov/pubmed/18772043
https://doi.org/10.1016/j.tips.2013.08.001
http://www.ncbi.nlm.nih.gov/pubmed/24041919
https://doi.org/10.1016/j.pharmthera.2006.08.004
http://www.ncbi.nlm.nih.gov/pubmed/17049611
https://doi.org/10.2174/156802606778522131
http://www.ncbi.nlm.nih.gov/pubmed/17017968
https://doi.org/10.1016/S0079-6123(08)00916-3
https://doi.org/10.1016/S0079-6123(08)00916-3
http://www.ncbi.nlm.nih.gov/pubmed/18772040
https://doi.org/10.1016/j.bbr.2012.11.030
http://www.ncbi.nlm.nih.gov/pubmed/23201361
https://doi.org/10.1016/j.bbr.2012.10.034
http://www.ncbi.nlm.nih.gov/pubmed/23103406
https://doi.org/10.1016/j.neuropharm.2011.04.034
https://doi.org/10.1016/j.neuropharm.2011.04.034
http://www.ncbi.nlm.nih.gov/pubmed/21575646
https://doi.org/10.1111/j.1369-1600.2010.00214.x
http://www.ncbi.nlm.nih.gov/pubmed/20456287
https://doi.org/10.1016/j.brainres.2012.03.035
https://doi.org/10.1016/j.brainres.2012.03.035
http://www.ncbi.nlm.nih.gov/pubmed/22494568
https://doi.org/10.1007/s00213-010-1887-7
http://www.ncbi.nlm.nih.gov/pubmed/20577718
https://doi.org/10.1016/j.neuropharm.2008.10.005
https://doi.org/10.1016/j.neuropharm.2008.10.005
http://www.ncbi.nlm.nih.gov/pubmed/18977370
https://doi.org/10.1124/jpet.111.186981
http://www.ncbi.nlm.nih.gov/pubmed/22328576
https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.
65.

66.

expression in the caudate-putamen. Synapse. 2012; 66(12):989-1001. Epub 2012/08/14. https://doi.
org/10.1002/syn.21592 PMID: 22886755; PubMed Central PMCID: PMC3476845.

Grottick AJ, Fletcher PJ, Higgins GA. Studies to investigate the role of 5-HT(2C) receptors on cocaine-
and food-maintained behavior. J Pharmacol Exp Ther. 2000; 295(3):1183-91. Epub 2000/11/18. PMID:
11082456.

Pelloux Y, Dilleen R, Economidou D, Theobald D, Everitt BJ. Reduced forebrain serotonin transmission
is causally involved in the development of compulsive cocaine seeking in rats. Neuropsychopharmacol-
ogy. 2012; 37(11):2505—14. Epub 2012/07/06. doi: npp2012111 [pii] https://doi.org/10.1038/npp.2012.
111 PMID: 22763621; PubMed Central PMCID: PMC3442345.

Kohut S, Bergman J, Mello N. Pretreatment with either a 5-HT2C agonist or 5-HT2A antagonist
decreases cocaine self-administration. The FASEB Journal. 2014; 28(1, Supplement 848.9).

Pirtle JL, Hickman MD, Boinpelly VC, Surineni K, Thakur HK, Grasing KW. The serotonin-2C agonist
Lorcaserin delays intravenous choice and modifies the subjective and cardiovascular effects of cocaine:
A randomized, controlled human laboratory study. Pharmacol Biochem Behav. 2019; 180:52—9. Epub
2019/02/28. https://doi.org/10.1016/j.pbb.2019.02.010 PMID: 30811963; PubMed Central PMCID:
PMC6529237.

Fletcher PJ, Rizos Z, Noble K, Higgins GA. Impulsive action induced by amphetamine, cocaine and
MK801 is reduced by 5-HT(2C) receptor stimulation and 5-HT(2A) receptor blockade. Neuropharmacol-
ogy. 2011; 61(3):468—77. Epub 2011/03/16. doi: S0028-3908(11)00105-5 [pii] https://doi.org/10.1016/j.
neuropharm.2011.02.025 PMID: 21402085.

Navarra R, Comery TA, Graf R, Rosenzweig-Lipson S, Day M. The 5-HT(2C) receptor agonist WAY-
163909 decreases impulsivity in the 5-choice serial reaction time test. Behav Brain Res. 2008; 188
(2):412-5. Epub 2008/01/15. doi: S0166-4328(07)00626-2 [pii] https://doi.org/10.1016/j.bbr.2007.11.
016 PMID: 18191235.

Higgins GA, Silenieks LB, Rossmann A, Rizos Z, Noble K, Soko AD, et al. The 5-HT2C receptor agonist
lorcaserin reduces nicotine self-administration, discrimination, and reinstatement: relationship to feed-
ing behavior and impulse control. Neuropsychopharmacology. 2012; 37(5):1177-91. Epub 2011/12/23.
doi: npp2011303 [pii] https://doi.org/10.1038/npp.2011.303 PMID: 22189292; PubMed Central PMCID:
PMC3306879.

Colfax GN, Santos GM, Das M, Santos DM, Matheson T, Gasper J, et al. Mirtazapine to reduce meth-
amphetamine use: a randomized controlled trial. Arch Gen Psychiatry. 2011; 68(11):1168-75. Epub
2011/11/09. doi: 68/11/1168 [pii] https://doi.org/10.1001/archgenpsychiatry.2011.124 PMID: 22065532;
PubMed Central PMCID: PMC3437988.

Bohula EA, Wiviott SD, McGuire DK, Inzucchi SE, Kuder J, Im K, et al. Cardiovascular Safety of Lorca-
serin in Overweight or Obese Patients. N Engl J Med. 2018; 379(12):1107-17. Epub 2018/08/28.
https://doi.org/10.1056/NEJMoa1808721 PMID: 30145941.

de Andrade Mesquita L, Fagundes Piccoli G, Richter da Natividade G, Frison Spiazzi B, Colpani V,
Gerchman F. Is lorcaserin really associated with increased risk of cancer? A systematic review and
meta-analysis. Obes Rev. 2021; 22(3):e13170. Epub 2020/12/02. https://doi.org/10.1111/0br.13170
PMID: 33258543.

Revised guidelines for HIV counseling, testing, and referral. MMWR Recomm Rep. 2001; 50(Rr-19):1—
57; quiz CE1-19a1-CE6-a1. Epub 2001/11/23. PMID: 11718472.

Haberer JE, Kahane J, Kigozi |, Emenyonu N, Hunt P, Martin J, et al. Real-time adherence monitoring
for HIV antiretroviral therapy. AIDS Behav. 2010; 14(6):1340-6. Epub 2010/09/03. https://doi.org/10.
1007/s10461-010-9799-4 PMID: 20809380; PubMed Central PMCID: PMC2974938.

U.S. Department of Health and Human Services NloH, National Institute of Allergy and Infectious Dis-
eases, Division of AIDS,. Table for Grading the Severity of Adult and Pediatric Adverse Events, Version
2.0.2014.

Brief D, Bollinger A., Horton G. & LoCastro J. S. Relapse Prevention Treatment for Cocaine Addiction:
the RPT-C Manual. Bethesda, MD: Medication Development Division, National Institute on Drug
Abuse; 1998.

Miller W, Rollnick S. Motivational Interviewing. 2nd ed. New York: Guilford Press; 2002.

Miller WR. Motivational interviewing with problem drinkers. Behavioural Psychotherapy. 1983; 11:147—
72.

DiClemente CC, Prochaska JO, Gilbertini M. Self-efficacy and the stages of self change in smoking.
Cognitive Therapy and Research. 1985; 9:181-200.

Das M, Santos D, Matheson T, Santos GM, Chu P, Vittinghoff E, et al. Feasibility and acceptability of a
phase Il randomized pharmacologic intervention for methamphetamine dependence in high-risk men
who have sex with men. AIDS. 2010; 24(7):991-1000. Epub 2010/04/17. https://doi.org/10.1097/qad.
0b013e328336e98b PMID: 20397286.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 17/18


https://doi.org/10.1002/syn.21592
https://doi.org/10.1002/syn.21592
http://www.ncbi.nlm.nih.gov/pubmed/22886755
http://www.ncbi.nlm.nih.gov/pubmed/11082456
https://doi.org/10.1038/npp.2012.111
https://doi.org/10.1038/npp.2012.111
http://www.ncbi.nlm.nih.gov/pubmed/22763621
https://doi.org/10.1016/j.pbb.2019.02.010
http://www.ncbi.nlm.nih.gov/pubmed/30811963
https://doi.org/10.1016/j.neuropharm.2011.02.025
https://doi.org/10.1016/j.neuropharm.2011.02.025
http://www.ncbi.nlm.nih.gov/pubmed/21402085
https://doi.org/10.1016/j.bbr.2007.11.016
https://doi.org/10.1016/j.bbr.2007.11.016
http://www.ncbi.nlm.nih.gov/pubmed/18191235
https://doi.org/10.1038/npp.2011.303
http://www.ncbi.nlm.nih.gov/pubmed/22189292
https://doi.org/10.1001/archgenpsychiatry.2011.124
http://www.ncbi.nlm.nih.gov/pubmed/22065532
https://doi.org/10.1056/NEJMoa1808721
http://www.ncbi.nlm.nih.gov/pubmed/30145941
https://doi.org/10.1111/obr.13170
http://www.ncbi.nlm.nih.gov/pubmed/33258543
http://www.ncbi.nlm.nih.gov/pubmed/11718472
https://doi.org/10.1007/s10461-010-9799-4
https://doi.org/10.1007/s10461-010-9799-4
http://www.ncbi.nlm.nih.gov/pubmed/20809380
https://doi.org/10.1097/qad.0b013e328336e98b
https://doi.org/10.1097/qad.0b013e328336e98b
http://www.ncbi.nlm.nih.gov/pubmed/20397286
https://doi.org/10.1371/journal.pone.0254724

PLOS ONE

Randomized trial of extended-release lorcaserin for cocaine use disorder

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Dunn C, Deroo L, Rivara FP. The use of brief interventions adapted from motivational interviewing
across behavioral domains: a systematic review. Addiction. 2001; 96(12):1725-42. https://doi.org/10.
1046/j.1360-0443.2001.961217253.x PMID: 11784466.

Rollnick S, Miller W. What is motivational interviewing? Cognit Behav Psychother. 1995; 25:325-34.

Samet JH, Rollnick S, Barnes H. Beyond CAGE. A brief clinical approach after detection of substance
abuse. Arch Intern Med. 1996; 156(20):2287-93. https://doi.org/10.1001/archinte.156.20.2287 PMID:
8911235.

Koblin B, Chesney M, Coates T, Mayer K, Agredano F, Aguilu E, et al. Effects of a behavioural interven-
tion to reduce acquisition of HIV infection among men who have sex with men: the EXPLORE rando-
mised controlled study. Lancet. 2004; 364(9428):41-50. PubMed PMID: IS1:000222392900030. https://
doi.org/10.1016/S0140-6736(04)16588-4 PMID: 15234855

Macalino GE, Celentano DD, Latkin C, Strathdee SA, Vlahov D. Risk behaviors by audio computer-
assisted self-interviews among HIV-seropositive and HIV-seronegative injection drug users. AIDS Educ
Prev. 2002; 14(5):367-78. https://doi.org/10.1521/aeap.14.6.367.24075 PMID: 12413183.

Delucchi KL, Jones RT, Batki SL. Measurement properties of quantitative urine benzoylecgonine in clin-
ical trials research. Addiction. 1997; 92(3):297-302. Epub 1997/03/01. PMID: 9219391.

Batki SL, Washburn AM, Delucchi K, Jones RT. A controlled trial of fluoxetine in crack cocaine depen-
dence. Drug Alcohol Depend. 1996; 41(2):137—42. Epub 1996/06/01. https://doi.org/10.1016/0376-
8716(96)01233-1 PMID: 8809502.

Preston KL, Epstein DH, Cone EJ, Wtsadik AT, Huestis MA, Moolchan ET. Urinary elimination of
cocaine metabolites in chronic cocaine users during cessation. J Anal Toxicol. 2002; 26(7):393—400.
Epub 2002/11/09. https://doi.org/10.1093/jat/26.7.393 PMID: 12422991.

Sobell LC, Brown J, Leo GI, Sobell MB. The reliability of the Alcohol Timeline Followback when adminis-
tered by telephone and by computer. Drug Alcohol Depend. 1996; 42(1):49-54. Epub 1996/09/01.
https://doi.org/10.1016/0376-8716(96)01263-x PMID: 8889403.

Tziortzis D, Mahoney JJ 3rd, Kalechstein AD, TF Newton, De La Garza R 2nd. The relationship
between impulsivity and craving in cocaine- and methamphetamine-dependent volunteers. Pharmacol
Biochem Behav. 2011; 98(2):196-202. Epub 2011/01/11. https://doi.org/10.1016/j.pbb.2010.12.022
PMID: 21215769.

Gonzalez-Saiz F, Domingo-Salvany A, Barrio G, Sanchez-Niubo A, Brugal MT, de la Fuente L, et al.
Severity of dependence scale as a diagnostic tool for heroin and cocaine dependence. Eur Addict Res.
2009; 15(2):87-93. Epub 2009/01/15. https://doi.org/10.1159/000189787 PMID: 19142008.

Hunt MK, Hopko DR, Bare R, Lejuez CW, Robinson EV. Construct validity of the Balloon Analog Risk
Task (BART): associations with psychopathy and impulsivity. Assessment. 2005; 12(4):416-28. https://
doi.org/10.1177/1073191105278740 PMID: 16244122.

Reise SP, Moore TM, Sabb FW, Brown AK, London ED. The Barratt Impulsiveness Scale-11: reassess-
ment of its structure in a community sample. Psychol Assess. 2013; 25(2):631-42. Epub 2013/04/03.
https://doi.org/10.1037/a0032161 PMID: 23544402; PubMed Central PMCID: PMC3805371.

McCann DJ, Li SH. A novel, nonbinary evaluation of success and failure reveals bupropion efficacy ver-
sus methamphetamine dependence: reanalysis of a multisite trial. CNS Neurosci Ther. 2012; 18
(5):414-8. Epub 2011/11/11. https://doi.org/10.1111/1.1755-5949.2011.00263.x PMID: 22070720
PubMed Central PMCID: PMC6493362.

Day SJ, Altman DG. Statistics notes: blinding in clinical trials and other studies. BMJ. 2000; 321
(7259):504. Epub 2000/08/19. https://doi.org/10.1136/bm;j.321.7259.504 PMID: 10948038; PubMed
Central PMCID: PMC1118396.

Lash TL, Ahern TP. Bias analysis to guide new data collection. Int J Biostat. 2012; 8(2). Epub 2012/04/
14. https://doi.org/10.2202/1557-4679.1345 PMID: 22499734.

Negus SS, Banks ML. Learning from lorcaserin: lessons from the negative clinical trial of lorcaserin to
treat cocaine use disorder. Neuropsychopharmacology. 2020; 45(12):1967-73. Epub 2020/08/26.
https://doi.org/10.1038/s41386-020-00815-4 PMID: 32839526; PubMed Central PMCID:
PMC7547654.

Palacios JM, Pazos A, Hoyer D. A short history of the 5-HT2C receptor: from the choroid plexus to
depression, obesity and addiction treatment. Psychopharmacology (Berl). 2017; 234(9—-10):1395-418.
Epub 2017/03/08. https://doi.org/10.1007/s00213-017-4545-5 PMID: 28265714.

Li SH, Chiang CN, Tai BC, Marschke CK, Hawks RL. Quantitative versus qualitative urinalysis for ben-
zoylecgonine in clinical trials for the assessment of cocaine use. Psychopharmacol Bull. 1995; 31
(4):671-9. Epub 1995/01/01. PMID: 8851639.

PLOS ONE | https://doi.org/10.1371/journal.pone.0254724  July 15, 2021 18/18


https://doi.org/10.1046/j.1360-0443.2001.961217253.x
https://doi.org/10.1046/j.1360-0443.2001.961217253.x
http://www.ncbi.nlm.nih.gov/pubmed/11784466
https://doi.org/10.1001/archinte.156.20.2287
http://www.ncbi.nlm.nih.gov/pubmed/8911235
https://doi.org/10.1016/S0140-6736(04)16588-4
https://doi.org/10.1016/S0140-6736(04)16588-4
http://www.ncbi.nlm.nih.gov/pubmed/15234855
https://doi.org/10.1521/aeap.14.6.367.24075
http://www.ncbi.nlm.nih.gov/pubmed/12413183
http://www.ncbi.nlm.nih.gov/pubmed/9219391
https://doi.org/10.1016/0376-8716(96)01233-1
https://doi.org/10.1016/0376-8716(96)01233-1
http://www.ncbi.nlm.nih.gov/pubmed/8809502
https://doi.org/10.1093/jat/26.7.393
http://www.ncbi.nlm.nih.gov/pubmed/12422991
https://doi.org/10.1016/0376-8716(96)01263-x
http://www.ncbi.nlm.nih.gov/pubmed/8889403
https://doi.org/10.1016/j.pbb.2010.12.022
http://www.ncbi.nlm.nih.gov/pubmed/21215769
https://doi.org/10.1159/000189787
http://www.ncbi.nlm.nih.gov/pubmed/19142008
https://doi.org/10.1177/1073191105278740
https://doi.org/10.1177/1073191105278740
http://www.ncbi.nlm.nih.gov/pubmed/16244122
https://doi.org/10.1037/a0032161
http://www.ncbi.nlm.nih.gov/pubmed/23544402
https://doi.org/10.1111/j.1755-5949.2011.00263.x
http://www.ncbi.nlm.nih.gov/pubmed/22070720
https://doi.org/10.1136/bmj.321.7259.504
http://www.ncbi.nlm.nih.gov/pubmed/10948038
https://doi.org/10.2202/1557-4679.1345
http://www.ncbi.nlm.nih.gov/pubmed/22499734
https://doi.org/10.1038/s41386-020-00815-4
http://www.ncbi.nlm.nih.gov/pubmed/32839526
https://doi.org/10.1007/s00213-017-4545-5
http://www.ncbi.nlm.nih.gov/pubmed/28265714
http://www.ncbi.nlm.nih.gov/pubmed/8851639
https://doi.org/10.1371/journal.pone.0254724

