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Abstract

Background Standard medications for opioid use disorder (MOUD) provide effective treatment pathways for
recovery compared with no treatment or behavioral therapies alone. That said, people who continue to use non-
prescribed opioids despite treatment with MOUD are at greater risk for high attrition and OUD-related harms. Novel,
more effective approaches are needed for the treatment of OUD. To that end, glucagon-like peptide-1 receptor
agonists (GLP-1RAs) provide a promising option as a non-opioid pharmacological intervention for OUD. Observational
studies suggest that GLP-1RAs decrease craving measures in a residential OUD population but no controlled clinical
trials have been conducted to determine if GLP-1RAs increase opioid abstinence and reduce craving in individuals
with OUD in an outpatient population. The purpose of the current protocol is to evaluate the potential for the
GLP-1RA, semaglutide, to increase abstinence and reduce craving in an outpatient population enrolled in a MOUD
program and continue to use non-prescribed opioids.

Method This protocol is a randomized, double-blind, placebo-controlled clinical trial designed to test the efficacy

of the GLP-1RA, semaglutide, in 200 participants enrolled in an outpatient MOUD program (n= 100 buprenorphine;
n=100 methadone) for the treatment of OUD. Outcomes include the probability of participants being abstinent from
illicit and nonprescribed opioids, as well as measures of craving and days of drug use. Measures will be evaluated
using urine toxicology screens and self-report assessments across 19 weeks during a screening visit (Study Week 1), 12
treatment visits (Study Weeks 2—13), a washout visit (Study Week 14), and a final follow-up visit (Study Week 19).

Discussion This manuscript describes a phase Il clinical protocol to collect data on the efficacy of a GLP-1RA,
semaglutide, in persons enrolled in an MOUD program and with ongoing non-prescribed opioid use despite
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treatment with methadone or buprenorphine. Completion of the current project will support the feasibility of phase
Il clinical trials for further evaluation in larger outpatient OUD populations that may lead to a new indication for GLP-

1RA as a novel and effective treatment for OUD.

Trial registration ClinicalTrials.gov: NCT06548490. Registered 12 August 2024, https://clinicaltrials.gov/study/NCT06

548490.

Keywords Glucagon-like peptide-1 receptor agonist, GLP-1RA, Craving, Substance use disorder (SUD), Semaglutide,
\Ecological momentary assessment (EMA), Opioid use disorder (OUD)

Background

Pharmacological treatments for opioid use disorder
(OUD) continue to be limited to three medications in the
United States: buprenorphine (BUP), methadone, and
naltrexone. While these standard medications for opioid
use disorder (MOUD) offer effective pathways for recov-
ery compared to no treatment or behavioral therapies
alone [1, 2], patients treated with MOUDs still experience
high rates of attrition and relapse [3, 4]. When patients
continue to use non-prescribed opioids despite receiv-
ing MOUD, this can result in adverse health and social
consequences, including a heightened risk of overdose.
In these cases, few treatment options remain. Although
slow-release oral morphine (SROM) and Injectable Opi-
oid Agonist Treatment (IOAT) are available in select
Canadian provinces and in several countries in Europe
[5-7], these treatment options are prohibited by the
Controlled Substances Act [8] in the United States. Con-
sequently, there is a continued need for effective, non-
opioid-based treatments to utilize as an alternative to, or
adjunct with, standard MOUD therapies.

A current and promising avenue of interest is the use
of glucagon-like peptide-1 receptor agonist (GLP-1RA)
medications to treat OUD. These medications aim to
address the craving inherent in OUD and to increase the
efficacy of treatment in cases involving refractory OUD.
Peripherally, GLP-1 is a hormone produced by entero-
endocrine L cells in the small intestine that reduces food
intake, in part, by increasing insulin release, decreasing
glucagon release, and decreasing gastric emptying [9].
Centrally, GLP-1 is an endogenous neuropeptide pro-
duced in the caudal portion of the nucleus of the solitary
tract (NST). Efferent projections from the NST terminate
in a wide range of dorsomedial and paraventricular hypo-
thalamic nuclei and in mesolimbic nuclei such as the ven-
tral tegmental area and the nucleus accumbens [10, 11],
allowing GLP-1 to play a central role in the regulation
of feeding behavior [12, 13]. Currently, GLP-1RAs are
approved by the Food and Drug Administration (FDA)
and utilized in the treatment of Type 2 diabetes mellitus,
as well as in obesity, in humans.

There is a growing body of literature, however, demon-
strating that GLP-1RAs also decrease intake and motiva-
tion for a number of addictive substances, suggesting that

these agonists may be an effective treatment for substance
use disorder (SUD). Published clinical trials, to date, have
investigated the GLP-1RAs, exenatide, dulaglutide, and
semaglutide in persons with SUDs involving alcohol, nic-
otine, and cocaine. For example, a double-blind, placebo-
controlled clinical trial using exenatide in patients with
alcohol dependence used functional magnetic resonance
imaging (fMRI) to demonstrate attenuated cue reac-
tivity to alcohol in the ventral striatum and septal area.
However, heavy drinking days and total alcohol intake
were not significantly different compared with placebo,
with the exception of a subgroup with class I obesity or
greater [14, 15]. Another double-blind, placebo-con-
trolled, randomized clinical trial used semaglutide and
found a reduction in alcohol consumed in a laboratory
self-administration task, a reduction in the number of
drinks/drinking day, and a reduction in alcohol craving
[16]. A double-blind, placebo-controlled, randomized
clinical trial demonstrated that exenatide, in combina-
tion with nicotine replacement therapy, attenuated crav-
ing and withdrawal and increased smoking abstinence in
prediabetic and/or overweight treatment-seeking smok-
ers [17, 18]. Whereas a daily treatment study found sema-
glutide was associated with a reduction in the number of
cigarettes smoked per day [16], another study evaluating
the efficacy of dulaglutide plus varenicline in a smaller
subgroup was found to be ineffective for smoking ces-
sation [19]. Finally, with respect to cocaine, a double-
blind, within-subject design study using acute exenatide
pre-treatment in patients with cocaine use disorder did
not observe a change in cocaine intake, wanting, or self-
reported euphoria. Using only one dose of exenatide
with a single acute treatment may have limited the abil-
ity to draw clear conclusions regarding efficacy from this
study [20]. It should also be noted that exenatide, dula-
glutide, and liraglutide are older-generation GLP-1RAs
and that third-generation agents such as semaglutide or
tirzepatide, which generally exhibit greater efficacy in
clinical trials for diabetes and weight loss, may demon-
strate efficacy where older agents have not. According
to ClinicalTrials.gov, several clinical trials are under-
way (NCT05895643, NCT05891587, NCT05892432,
NCT06015893, NCT05895643) that evaluate the
effects of semaglutide on alcohol consumption and/or
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cue-elicited craving in alcohol use disorder (AUD). Addi-
tionally, two recently completed clinical trials (results
pending) evaluated the effect of the GLP-1RA liraglutide
(NCT03712098) and semaglutide (NCT05530577) on
nicotine intake and smoking cessation.

The ability of GLP-1RAs to modulate intake and moti-
vation appears to extend to opioids as well, with cur-
rent preclinical and clinical literature supporting such
a hypothesis. For example, in preclinical studies, GLP-
1RAs decrease drug self-administration [21-23] and
drug-seeking/reinstatement behavior [24—27] for heroin,
oxycodone, and fentanyl in rats. Clinically, we recently
conducted a pilot randomized, double-blind, placebo-
controlled clinical trial evaluating the efficacy of the
GLP-1RA, liraglutide, on the reduction of craving in a
residential population receiving treatment for OUD ([28],
manuscript in prep). Although this study was small and
preliminary, we observed a 40% reduction in ambient
craving, as measured by ecological momentary assess-
ment (EMA), in the liraglutide group compared with
the placebo control. This effect was consistent across all
tested doses of liraglutide (0.6 mg, 1.2 mg, and 1.8 mg).
In addition to the clinical trial proposed in the current
protocol, which targets a population already engaged in
care with MOUD, there is also a double-blind, placebo-
controlled, randomized trial (NCT06639464) set to begin
recruitment to determine the effects of semaglutide on
cue-reactivity among individuals who are newly initiating
BUP treatment for OUD.

The current study

Given the increased focus on the use of GLP-1RAs to
treat OUD, and to further investigate our previous GLP-
1RA findings suggesting reduced craving, we are con-
ducting a trial using the current protocol to evaluate
whether the GLP-1RA, semaglutide, will increase absti-
nence from opioid use in individuals in an outpatient
treatment setting for OUD, specifically in those who con-
tinue to use opioids after initiating BUP or methadone
treatment. The described study is a randomized, double-
blind, placebo-controlled, parallel-arm study evaluat-
ing once-weekly treatment with semaglutide compared
with placebo. Opioid use will be assessed using urine
toxicology screens and self-report assessments. Smart-
phone surveys and in-person craving scales will be used
to obtain measures of cravings across 19 weeks during a
screening visit, 12 treatment visits, a washout visit, and a
final follow-up visit.

The current protocol will employ two methods to
detect illicit substance use: self-report assessments, spe-
cifically the Timeline Followback (TLFB) method, and
biological testing methods using urine samples. Par-
ticipants will be informed that the urine testing and
self-report assessments will take place in a clinical trial
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setting where there are no consequences associated with
substance use. While the effectiveness and utility of these
methods can vary based on the type of drug, sample
type, and testing environment, a 2023 systematic review
and meta-analysis [29] reported that overall agreement
between biological testing methods and self-report
ranged from good to excellent. In clinical trials where
there are no consequences, self-reports tend to be more
reliable and agreement between self-report and urine
testing is higher when participants are aware that biologi-
cal testing will occur [29].

Craving, a multidimensional phenomenon with physio-
logical, neurochemical, subjective, and behavioral corre-
lates [30], is central to theories of addiction, particularly
as a predictor of continued use and relapse to substance
use, including opioids [31, 32]. We will evaluate the sub-
jective aspect of craving in the current study using EMA
before, during, and following the study treatment. EMA
assessments of craving during residential OUD treat-
ment and daily diary approaches to measure indicators
of recovery wellbeing and risk in recovery community
centers (RCCs) have been shown to have high reliability,
sensitivity, and utility, suggesting that these methods are
effective ways to measure craving and recovery-related
metrics in these populations [33-35].

Methods

Aim

The purpose of this study is to determine whether 12
weeks of once-weekly treatment with the GLP-1RA,
semaglutide, will reduce illicit opioid use over a 19-week
period (133 days) among individuals in outpatient treat-
ment for OUD, and who are still experiencing positive
urine screens despite receiving either BUP for at least 14
days or methadone maintenance treatment for at least 28
days (i.e., MOUD).

Endpoints

The primary endpoint for this study is (1) the probabil-
ity of participants being abstinent from illicit and non-
prescribed opioids (Time Frame: weekly for 12 weeks;
study weeks 2 through 13). The timeline for the primary
endpoint is one week, with each week in the 12-week
trial period rated as abstinent if both urine test and par-
ticipants’ report by TLFB are negative for illicit/non-pre-
scribed opioids, or urine is negative and TLFB missing,
or TLFB negative and urine missing; and not abstinent
otherwise (either urine positive, or TLFB positive, or
both are missing). If the drug screen is positive for fen-
tanyl, but the participant’s self-report is negative for use,
the urine sample will be sent to a central clinical labora-
tory for quantification. For certain opioids (e.g., fentanyl),
declining amounts in urine will be considered negative
for usage.



Freet et al. Addiction Science & Clinical Practice (2025) 20:89

The secondary endpoints for this study are: (1) Self-
reported opioid craving scores as assessed via smart-
phone surveys as compared to control group, controlling
for baseline (Time Frame: daily in bursts over 12 weeks).
(2) Self-reported opioid craving as assessed via In-per-
son Cravings Scale scores collected from participants at
weekly visits as compared to the control group, control-
ling for baseline (Time Frame: weekly for 12 weeks; study
weeks 2 through 13). (3) Binary indicator of sustained
abstinence from opioids—weekly abstinence rating (see
primary outcome above) is rated as abstinent over the
last 4 weeks of the treatment period (Time Frame: weekly
for 4 weeks; study weeks 10, 11, 12, and 13). Partici-
pants are considered to have sustained abstinence if they
had been abstinent for all 4 weeks. (4) Binary indicator
of abstinence from stimulants (i.e., cocaine or non-pre-
scribed amphetamines) (urine negative, TLFB negative)
over the last 4 weeks of the treatment period (Time
Frame: weekly for 4 weeks; study weeks 10, 11, 12, and
13). (5) Days using opioids over the 12-week treatment
period by TLFB (Time Frame: weekly for 12 weeks; study
weeks 2 through 13). (6) Days using stimulants over the
12-week treatment period by TLFB (Time Frame: weekly
for 12 weeks; study weeks 2 through 13). (7) Association
over the 12-week treatment period between smartphone
survey measures of craving and abstinence from opioids
and other drugs, as indicated by negative urine drug
screens (Time Frame: daily in bursts over 12 weeks; study
weeks 2 through 13). Specifically, this aim will examine
the within-person associations between characteristics of
self-reported craving (mean, peak, and variability) during
a week and biologically measured abstinence during that
week, and to test whether those associations are different
between treatment groups.

Study setting and recruitment

Participants will be recruited across three sites: (1) the
Pennsylvania Psychiatric Institute (PPI), Harrisburg, PA,
USA; (2) the University of Maryland Baltimore (UMD),
Baltimore, MD, USA; and (3) the New York University
(NYU) at the Bellevue Hospital Center, New York, NY,
USA. The overall study and participation of the PPI site
were approved by the Pennsylvania State University Insti-
tutional Review Board (sIRB) on September 19, 2024. The
external sites were approved on March 3, 2025 (UMD)
and March 26, 2025 (NYU) and all sites are currently
open for enrollment (PPI opened for enrollment Janu-
ary 13, 2025; UMD opened for enrollment April 14, 2025;
and NYU opened for enrollment on June 20, 2025). The
first participant was enrolled on January 27, 2025 and
the expected date of study completion is in November,
2026. Electronic medical records (EMRs) for patients
receiving outpatient treatment for an OUD at each of the
study sites will be reviewed against the study inclusion/
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exclusion criteria by a member of the study team at that
site (pre-screening). The study teams at each site will
also contact other treating physicians at clinics provid-
ing medication treatment for OUD, alerting them to the
availability of the study and the criteria for eligibility and
encouraging them to refer potential participants to the
study. Potential participants will be those identified as
having an established diagnosis of OUD and who appear
likely to meet the inclusion, and not the exclusion crite-
ria. Once pre-screening has been completed, potentially
eligible patients will be approached at their clinic visit
where the physician/staff will briefly explain the pro-
posed study and ask the patient if they would be inter-
ested in discussing further with a study member. If the
patient is interested, a trained, IRB-approved study team
member will discuss the full study with them. Potential
participants will be recruited at the time of a regularly
scheduled clinical visit and prior to any study procedures
taking place.

An IRB-approved study team member will meet with
the potential participant in a quiet, private area. After
a careful and complete explanation of the study details,
risks, and other options are provided to the potential par-
ticipant, a copy of the consent form will be provided to
them for review. If they are interested in consenting to
the study, they will be given additional time to ask ques-
tions. When all questions have been answered to their
satisfaction by a study team member, the potential par-
ticipant will be asked to sign the informed consent docu-
ment. Study team members will stress that participation
is completely voluntary. Additionally, it will be carefully
and clearly explained that if the potential participant
decides not to participate in the study, that decision will
have no impact on the clinical care they will receive.
Similarly, study enrollment will not interfere with or
delay the administration of standard OUD therapies, e.g.,
behavioral treatments and/or MOUD.

Inclusion/exclusion criteria

Inclusion criteria include: (1) Age 18 to 75 years; (2) Body
mass index (BMI)>18; (3) Able and willing to provide
informed consent prior to any study-related activities;
(4) Current diagnosis of Diagnostic and Statistical Man-
ual of Mental Disorders (DSM)-5 OUD as per the Mini
International Neuropsychiatric Interview (MINI) or per
the site clinic diagnosis. Patients are eligible if they have
a MINI >3 (“moderate” or “severe” in the “Specify If” box
in the Substance Use Disorder (Non-Alcohol) module for
the category of opiates); (5) Currently receiving outpa-
tient treatment for OUD and at least 2 weeks on BUP or
4 weeks on methadone at the study site and/or at an asso-
ciated clinic; (6) Have at least 1 urine test positive for opi-
oids after 2 weeks on BUP or 4 weeks on methadone; (7)
Have positive self-reporting of opioid use after 2 weeks
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on BUP or 4 weeks on methadone; (8) If anatomically
capable of becoming pregnant and of childbearing age,
is not pregnant (confirmed) or breastfeeding at the time
of enrollment and agrees to use a medically accepted
method of birth control or to abstain from sexual inter-
course while in the study; (9) Able to read and commu-
nicate in English to the level required to accept standard
care and complete all study requirements; (10) Able and
willing to engage/adhere to the entirety of the study pro-
tocol (19 weeks); (11) Not currently a prisoner.

Exclusion criteria include: (1) Age<18 or >75 years;
(2) BMI<18; (3) Individuals who are pregnant, planning
pregnancy, breastfeeding, or unwilling to use adequate
contraceptive measures at the time of enrollment; (4)
Current use of GLP-1R agonist; (5) History of angio-
edema, serious hypersensitivity reaction, or anaphylactic
reaction to semaglutide or another GLP-1R agonist; (6)
Personal or family history of medullary thyroid carci-
noma (MTC) or patients with multiple endocrine neopla-
sia syndrome Type 2 (MEN 2) or thyroid nodule; (7) Type
1 diabetes or history of diabetic ketoacidosis; (8) Type
2 diabetes mellitus or current use of a dipeptidyl pepti-
dase-4 (DPP-4) inhibitor; (9) Past 30-day use of sincalide,
sulfonylureas, insulin and insulin products or other med-
ications that may interact with semaglutide; (10) Hypo-
glycemia on intake visit (blood glucose <60 mg/dL); (11)
End-stage renal failure, on dialysis, or glomerular filtra-
tion rate (GFR)<30mL/min per 1.73 square meters or
previous renal transplant; (12) End stage liver disease or
previous liver transplant; (13) Current or past diagno-
sis of pancreatitis, gastroparesis, or other severe gastro-
intestinal (GI) disease; (14) Current or past diagnosis of
gallbladder disease or gallstones; (15) Serious cardiovas-
cular disease within the past 6 months (e.g., uncontrolled
hypertension, heart failure, significant cardiac arrhyth-
mias, myocardial infarction, presence of angina pectoris,
symptomatic coronary artery disease, deep vein throm-
bosis, pulmonary embolism, second- or third-degree
heart block, mitral valve or aortic stenosis, hypertrophic
cardiomyopathy, stroke); (16) Severe co-occurring psy-
chiatric disorder (e.g., bipolar disorder, psychotic disor-
der, schizophrenia), and/or history or evidence of organic
brain disease or dementia that would compromise safety
or compliance with the study protocol in the opinion of
the site principal investigator (PI) and/or physician; (17)
Significant risk of suicide requiring a different/higher
level of care, according to the clinical judgment of the
study physician or site principal investigator, or history
of suicide attempts within the past 1 year, unless par-
ticipation is cleared by clinician assessment and/or judg-
ment. A C-SSRS indicating a history of suicide attempts
within the past year, or active suicidal ideation within the
past 1 month, will qualify as significant risk of suicide;
(18) Treatment with any investigational drug in the one
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month preceding the study; (19) Any contraindication to
methadone, BUP, or a GLP-1R agonist; (20) Previous ran-
domization for participation in this trial; (21) Any other
condition at screening that precludes safe participation
in the trial in the judgment of the site PI or study physi-
cian; (22) Plans for travel outside of the local area over
the 19 weeks (1 week of baseline, 12 weeks of medication,
1 week wash-out, and follow-up after a further 28 days)
that would interfere with visits during the study period
or other logistic factors that would make it difficult to
commit to the entire duration of study; (23) Currently a
prisoner.

Trial design/procedure

Intervention allocation and blinding

Semaglutide (Ozempic®, Novo Nordisk) is a GLP-1R ago-
nist approved by the FDA as an adjunct to diet and exer-
cise to improve glycemic control in adults with Type 2
diabetes mellitus, and to reduce the risk of major adverse
cardiovascular events (cardiovascular death, non-fatal
myocardial infarction, or non-fatal stroke) in adults with
Type 2 diabetes mellitus and established cardiovascular
disease. Semaglutide (Ozempic®) will be purchased from
Novo Nordisk through a central pharmacy in concentra-
tions of 0.68 mg/ml and 1.34 mg/ml provided as a solu-
tion in pre-filled, multi-dose pens. The planned dosing
schedule will start with the initial dose at 0.25 mg once
weekly for 4 weeks. The dosage will then be increased
to 0.50 mg once weekly for 4 weeks, and, finally, it will
be increased to 1.0 mg once weekly for 4 weeks. Based
on participant tolerability (for example, GI distress), the
clinician can use their judgment, in consultation with
the participant, to adjust the dose. Placebo will be a dry
needle stick using an injector pen that closely resembles
the active drug pen; no substances will be injected for
placebo controls. Because the active drug pen makes a
distinct auditory ‘click, placebo pens were selected that
made the same clicking noise to prevent unblinding.
Active drug or placebo will be administered via a subcu-
taneous injection in the abdomen.

The study medication will be blinded to the study teams
and an unblinded clinical staff member/injector will be
used to administer. Participants will be blinded using a
draping of their abdomen area so that they cannot see
the type of injection (semaglutide or placebo pen) being
administered subcutaneously. Additionally, a cover sleeve
will be placed on the semaglutide and placebo pens to
ensure the participant remains blinded. Unblinded per-
sonnel at the site pharmacy will be available to handle the
lists that reveal if the participant is receiving semaglutide
or placebo.
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Randomization

After the screening visit (Study Week 1), but before the
first treatment visit (Study Week 2), participants will be
randomized to either active study drug or placebo condi-
tions. A randomization list stratified by site and MOUD,
will be created using the blockrand [36] package for the
R statistical software. The list will consist of variable-size,
random permuted blocks to ensure that the number of
participants in each stratum is balanced after each set
of B randomized participants, where B is the block size.
Block sizes are selected randomly to ensure full blinding.
The Wear-IT smartphone app’s associated web frame-
work will automatically assign participants to each group
following the randomization list and inform the appro-
priate distributing pharmacy; the pharmacy will then
provide the blinded, randomized labelling prior to ship-
ping the study drugs to the study site.

In the case of a medical emergency, when knowledge
of the participant’s treatment assignment might influence
the participant’s clinical care, the treating physician will
be able to contact the site pharmacy to access the par-
ticipant’s treatment assignment as per local site practices.
Research team members will document the reasons for
unblinding in the participant’s source documentation.
Study team members will not share information with
personnel involved with the analysis and conduct of the
study.

Participant timeline

Table 1 outlines the schedule of the study protocol. At
the screening visit (Study Week 1), the PI will review the
inclusion/exclusion criteria with the potential partici-
pant prior to obtaining informed consent to determine if
they are initially eligible to participate in the trial. If the
potential participant meets inclusion criteria and none
of the exclusion criteria, informed consent will then be
obtained prior to any research-only procedures. Fol-
lowing informed consent, participants will be asked to
provide a urine sample that will be tested for the pres-
ence of opioids (MOP300, FTY1, OXY100), cocaine
and other stimulants (COC150, AMP500, MET500),
benzodiazepines (BZ0300), barbiturates (BAR300),
MDMA (MDMAS500), phencyclidine (PCP25), tricy-
clic antidepressants (TCA1000), cannabis (THC50), and
MOUDs (methadone (MTD300) or BUP (BUP10)) using
a commercially available iSCREEN™ urine test DX drug
screen tox cup. This FDA 510(k)-cleared and CLIA-
waived test cup has low cutoffs for fentanyl (1 ng/mL),
morphine/opioids (300 ng/mL), oxycodone (100 ng/
mL), methadone (300 ng/mL), and BUP (10 ng/mL) and
detection windows of 1-3 days for fentanyl (FYT1) and
oxycodone (OXY100) and 2-3 days for morphine/opioids
(MOP300). If the urine sample is not positive for opioids,
the participant will not be eligible to continue, and the
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screening visit will be terminated. If the urine sample at
screening is positive for opioids, additional research-only
screening activities will be performed. If applicable, a
urine pregnancy test will be performed. If the urine preg-
nancy test is positive, the participant will not be eligible
to continue, and the screening visit will be terminated.
Participant demographic information will be collected
followed by a psychiatric screening and assessment for
alcohol and substance use disorder using the Mini-Inter-
national Neuropsychiatric Interview (M.L.N.I. 7.0.2; [37])
and for suicidality using the Columbia Suicide Sever-
ity Rating Scale (C-SSRS; [38]). Participants will also
undergo a physical examination and vitals assessment.
Blood samples will be collected for complete blood count
(CBC), comprehensive metabolic panel (CMP), and gly-
cated hemoglobin (HbAlc) laboratory testing. Lastly,
study coordinators will install the survey application
(Wear-IT) on the participant’s phone; participants will
receive instructions and practice completing the smart-
phone surveys of craving, stress, mood, pain, and sleep.
If a participant does not have a smartphone, one will be
loaned to the participant to be used during their study
participation. To complete the screening for inclusion in
the study, blood samples will be sent to a central clinical
laboratory for assessment prior to randomization. The
Screening Visit may be split over 2 days, if necessary to
accommodate a participant’s schedule. If this is the case,
the urine testing (drug screening and pregnancy testing),
blood sample collection, and setup of smartphone sur-
veys will take place on the 1st day of the visit. Random-
ization will occur after the Screening Visit (Study Week
1) and before the Baseline/Treatment Visit (Study Week
2), once the blood results have been returned and the
participant is confirmed to be eligible to continue in the
study. This will allow for study medication (active drug or
placebo) to be available for administration at the Base-
line/Treatment Visit. Participants will be randomized to
either semaglutide or placebo in a two-arm parallel group
in a 1:1 ratio using a permuted-block randomization
algorithm stratified by site and type of MOUD.

At the Baseline/Initial Treatment Visit (Study Week
2), a detailed medical history will be collected by the site
physician and admission diagnoses will be confirmed.
Participants will undergo vitals assessment, and a urine
sample will be collected for the testing of substance
use and to perform a pregnancy test (if of childbearing
potential). Adherence to MOUD (methadone (MTD300)
and buprenorphine (BUP10)) will be monitored via the
urine substance use tests each week as well as a weekly
self-report question at the clinic visits. Participants who
become pregnant during the study will be asked if they
are willing to complete the study visits and tasks as per
the schedule, but without the administration of the study
medication. The following psychiatric assessments will
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be conducted: C-SSRS for suicidal ideation, the Hamilton
Depression Rating scale (HAM-D; [39, 40]) for depres-
sive symptoms, the State-Trait Anxiety Index (STAL
[41]) for anxiety symptoms, the TLFB [42] for substance
use history over the previous 30 days, an Opioid Crav-
ing Scale (OCS) to assess craving in the prior week,
and the University of Rhode Island Change Assessment
scale (URICA; [43]) to assess motivation and readiness
to change. Concomitant medications and adverse event
information will be collected, and a Locator form will
be completed to provide additional participant contact
information. Collection of smartphone surveys will con-
tinue as described in the survey burst timing description.
After all research activities are complete, the participant
will receive a 0.25 mg dose of the study medication or
placebo, depending on group randomization.

During the remaining treatment visits (Study Weeks
3-13), vitals, urine tests, and psychiatric assessments
(C-SSRS, TLFB, and OCS) will be conducted at each visit;
HAM-D and STAI will be conducted on Study Weeks
3, 5,9, and 13. Collection of concomitant medications
and adverse events (AEs) will continue at each visit and
smartphone surveys will continue as described in the
survey burst timing description. At each visit, follow-
ing completion of the research activities, the participant
will receive the study medication or placebo, depend-
ing on group randomization; participants will continue
to receive a 0.25 mg dose on Study Weeks 3-5, a 0.5 mg
dose on Study Weeks 6-9, and a 1.0 mg dose on Study
Weeks 10-13.

At the washout visit (Study Week 14), vitals, urine tests,
and psychiatric assessments (HAM-D, C-SSRS, TLFB,
STAI OCS) will be conducted and a blood sample will be
collected for CBC, CMP, and HbAlc laboratory testing.
Collection of concomitant medications and AEs will con-
tinue at each visit and smartphone surveys will continue
as described in the survey burst timing.

The participant will have no research activities for
Study Weeks 15-18, with the exception of smartphone
survey completion in Study Week 18. At the follow-up
visit (Study Week 19), vitals, urine samples for substance
use testing, and final psychiatric assessments (C-SSRS,
TLFB, and OCS) will be conducted. Concomitant medi-
cations and AEs will also be collected.

Financial incentives

Participants will be offered a stipend for their time in
the amount of $25 for completion of the screening visit
(Study Week 1), $100 for completion of the Baseline/
Treatment Visit (Study Week 2), $50 per visit for the
remaining treatment visits (Study Weeks 3-13), $50 for
the washout visit (Study Week 14), up to $98 for smart-
phone surveys and $50 for the follow-up visit (Study
Week 19). An additional payment of $30 will be made
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Table 2 Potential compensation amounts for each treatment

arm

Financial Maxi-

incentives mum

incentive

Screening Visit $25 $25
Baseline Visit/Treatment Visit 1 $100 $100
Treatment Visits 2-12 $50/visit $550
Washout Visit $50 $50
Follow Up Visit $50 $50
Returned Equipment/Use of own Phone  $30 $30
Smart Phone Survey Completion $2/survey $98
Total Compensation $903

at the follow-up visit for all participants who have used
their own smartphone for the study, and for those par-
ticipants who return the study phone they were issued.
Participants issued with a study phone who do not return
it at the follow-up visit will not receive the additional $30
payment. Payments will be titrated relative to the tasks
accomplished during the study. Participants will earn $2
for each survey completed (defined as submission of 75%
of answers in a given survey). The potential total amount
of compensation is $903.00 (Table 2).

Measures

Participant history

Demographic information (age, sex, race, contact infor-
mation) will be collected on Study Week 1 at the screen-
ing visit. A detailed medical history and confirmation
of admission diagnosis will be obtained on Study Week
2 (baseline visit). Concomitant medication information
and AEs will also be collected throughout the study at
their scheduled clinic visits (Study Weeks 2—14, 19).

Psychiatric screening and assessment

All participants will be administered the M.LN.L. 7.0.2
(Modules I and J) and C-SSRS to assess alcohol/substance
use disorders and suicidality, respectively. Any partici-
pant that reports recent suicidal ideation (past month)
or behavior (past year) on the screening C-SSRS will be
referred for further immediate evaluation by a clinician.
Clinical judgment and additional consultation with the
site PI will be used to further clarify if the participant
is eligible to continue in the screening visit. On Study
Weeks 3, 5, 9, and 13, the HAM-D [39, 40] will be admin-
istered to assess severity of depression and the STAI-Y1
[41] will be conducted to assess anxiety.

Physical examination and vitals assessment

A physical examination will be conducted by the site phy-
sician on Study Week 1 (screening visit). Vitals assess-
ments will be conducted at all study visits (screening,
treatment, washout, and follow-up visits) and will include
measurement of body weight, height (Week 1 only), heart
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rate, blood pressure, and respiratory rate. Height (inches)
and body weight (lbs/kg) will be measured using standard
height measurement tools and digital/analogue scales
and will be used to calculate the participant’s BMI. Body
weight will be monitored at the medication administra-
tion sessions and if the BMI starts near 18, or falls below
18 but above 16, then it is up to clinical discretion for
the participant to continue with the study medication. If
BMI falls below 16, the medication will be stopped, but
the participant will remain in the study. Heart rate will
be measured as beats per minute (bpm) using palpation
of the radial artery. Blood pressure will be measured
(mmHg) using a standard blood pressure monitor. Respi-
ratory rate will be measured as breaths per minute via
manual count.

Biospecimen collection

All participants will provide a blood sample for labora-
tory testing (CBC, CMP, and HbAlc) at the screen-
ing and washout visits (Study Week 1, 14). If the blood
sample is unable to be analyzed for any reason, the par-
ticipant will be asked to return to have the blood samples
re-drawn. Blood samples will be sent to a central clinical
laboratory for analysis.

All participants will provide a urine sample at each
study visit (Study Weeks 1-14, 19) to assess for the pres-
ence of opioids (including fentanyl), cocaine and other
stimulants, benzodiazepines, barbiturates, and can-
nabis; and adherence to MOUD (BUP or methadone)
using point-of-care screens. If the urine sample is not
positive for opioids at the screening visit, the participant
will not continue in the study. For non-screening visits,
if the participant reports no fentanyl use on the TLFB
but the point-of-care urine sample is positive for fen-
tanyl, the urine will be sent out to a commercial testing
laboratory for quantitative analysis. If the participant is
of childbearing potential, a urine pregnancy test will also
be performed at weekly visits (Study Weeks 1-14) using
point-of-care testing. Participants who become pregnant
during the study will be asked if they are willing to com-
plete the study visits and tasks as per the schedule, but
without the administration of the study medication.

Assessments of drug use and craving

Smartphone surveys: Study coordinators will install the
survey application (Wear-IT framework; [44]) on the
participant’s phone (or a phone loaned by the site) at
the screening visit. The Wear-IT framework is a smart-
phone application and web framework that delivers sur-
vey assessments to the participant’s phone; results are
stored on the phone until appropriate connectivity (e.g.
Wi-Fi) is available to allow upload. The participants will
receive instructions and practice completing the smart-
phone surveys of craving, stress, mood, pain, and sleep.
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Frequency and strength of craving will be assessed on
0-100-point Likert scales. Three items from the Desire
for Drugs scale (adapted from the Desire to Drink scale;
[45]) will be assessed on 0—4 Likert scales to remain con-
sistent with the prior literature. These items will include:
“The idea of using drugs has intruded upon my thoughts”;
“I have thought about how satisfying drugs can be”; and
“I have missed the feeling drugs can give me”” Partici-
pants who do not have a compatible phone or who do
not wish to install the app on their phone will be offered
the loan of a phone from the study site. Participants will
be encouraged to complete the survey at each time point
and will be prompted regularly via the smartphone when
a survey is available for completion. During the screening
phase, participants will be prompted to answer daily sur-
veys each day for seven days or until the first treatment
visit, whichever is sooner. This data will serve as the base-
line for participants who are then eligible to continue in
the study. All data from participants who are not eligible
to continue the study will be deleted from the data set.
Participants will then complete daily surveys in bursts of
7 days/week periodically throughout the treatment inter-
vention (Study Weeks 2, 5, 9, 13), for the washout period
(Study Week 14), and for a week during the follow-up
period (Study Week 18).

The URICA will be administered at the baseline visit
(Study Week 2) to assess motivation and readiness to
change drug use. A modified TLFB and an OCS also will
be administered at study visits (Study Weeks 2—-14, 19) to
obtain measures of polydrug use and craving/motivation,
respectively. The TLFB is a clinical research tool designed
to obtain quantitative estimates of cannabis, cigarette,
and other drug use [42]. A modified TLFB was created
for use in the current protocol and will be administered
by a trained interviewer to collect recent days of sub-
stance use for opioid analgesics, heroin, fentanyl, alcohol,
nicotine, cannabinoids, cocaine, crack, amphetamine-
type stimulants, hallucinogens, sedatives and hypnotics,
benzodiazepines, and inhalants. The OCS will consist
of five craving questions and two motivation questions.
The five craving questions will be those presented in the
smartphone surveys including frequency and strength of
craving and the 3 items from the Desire for Drugs scale.
The motivation questions will be from taken from the
URICA and will be “Even though I'm not always success-
ful in changing, I am at least working on my problem”
and “I may need a boost right now to help me maintain
the changes I've already made” Participants will answer
these questions retroactively (at the study visit), unlike
the momentary response collected in the smartphone
surveys.
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Study treatment dose regimen
The recommended maximum dosage is 1 mg/week,
administered at any time of day. This choice in dosage is
based on the current FDA-approved dosing regimen for
semaglutide. Semaglutide will be administered on a fixed
flexible schedule, and while there will be set points to
increase the dose, we will rely on clinician judgment if a
participant would like to stay at or return to a lower dose.
The planned dosing schedule will start with the initial
dose at 0.25 mg once weekly for 4 weeks. The dosage will
then be increased to 0.50 mg once weekly for 4 weeks,
and finally, will be increased to 1.0 mg once weekly for 4
weeks. If the participant does not wish to increase their
dose (due to, for example, GI distress), they may, with cli-
nician judgment and approval, remain at a lower dose for
the subsequent weeks. Participants may choose to stop
their study medication at any point during the treatment
period and then restart. The dose with which the partici-
pant restarts is at the discretion of the site PL
Participants will be allowed to switch MOUD (e.g.,
from BUP to methadone) during the study. They will con-
tinue their current dose of the study medication (active
drug or placebo) at the time of the switch and will not
have to start again at the lowest dose. Participants who
choose to discontinue their MOUD, but who wish to
remain on the study medication (active drug or placebo)
will be allowed to continue in the study and receive study
medication.

Data management and monitoring

Early withdrawal of subjects and safety reporting
Participants will be withdrawn from the study if the
participant withdraws consent for any reason, engages
in behavior that could jeopardize their own health and
well-being or that of others, or for loss of capacity to
consent (e.g., overdose, severe stroke, coma, dementia).
An attempt to locate a legally authorized representative
(LAR) will be made for participants withdrawn due to loss
of capacity to request LAR consent for up to 5 months of
SAE follow up. If the study team becomes aware that a
participant has become incarcerated (a prisoner) during
the study and the participant will not be released prior
to what would have been the end date of their participa-
tion in the study, the participant will be withdrawn from
the study. If the participant will be released prior to the
end of their participation in the study, the study team will
suspend research procedures and interactions with the
participant during their incarceration. Any smartphone
data collected while the participant was a prisoner will be
deleted.

Participants who express a desire to withdraw, are
withdrawn from the study medication or become preg-
nant during the study, will be asked if they are willing to
continue the study, but without the study medication. If
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they agree to continue in the study, they will complete
the study visits and tasks as per the schedule, but without
the administration of the study medication (intention-
to-treat). Participants who become pregnant during the
study will be asked to complete an additional consent
form allowing the study team to follow up on the out-
come of their pregnancy.

The study PI and medical monitor will review data and
safety in real-time throughout the study. Participants
will be routinely questioned about AEs at study visits.
All AEs (serious or non-serious) and abnormal test find-
ings observed or reported to the study team will be fol-
lowed until the event (or its sequelae) or the abnormal
test finding resolves or stabilizes at a level acceptable to
the investigator. The study PI will confirm that all AEs are
correctly entered into the AE case report forms in RED-
Cap by the coordinator, be available to answer any ques-
tions that the coordinators may have concerning AEs,
and will notify the IRB and/or Data and Safety Monitor-
ing Board (DSMB) of all applicable AEs, as appropriate.
All assessments of AEs will be made by a licensed medi-
cal professional who is an investigator on the research
study. AEs and SAEs will be recorded using the MedRA
coding dictionary. In the event of a report of a serious
AE (SAE) or life-threatening adverse reaction, the study
site staff will inform the study PI within 24 h of obtaining
knowledge of the event.

Data and safety monitoring plan

The DSMB will provide an objective review of treat-
ment results as they relate to participant safety and data
quality. The sponsor-approved DSMB will review study
progress, safety of study participants, and progress of
enrollment every 6 months.

The DSMB will be responsible for safeguarding the
interests of participants in this trial. This responsibil-
ity will be exercised by providing recommendations for
continuation or early termination of the trial, based on
assessment of safety. The DSMB may also formulate rec-
ommendations related to the selection, recruitment, or
retention of participants, their management and adher-
ence to protocol-specified interventions, and procedures
for data management and quality control. The DSMB
will be advisory to the study PI, to the medical monitor,
and to the co-investigators. The study PI will be respon-
sible for promptly reviewing and implementing DSMB
recommendations.

DSMB membership will be restricted to individuals
who have no apparent financial, scientific, or regulatory
conflicts of interest. DSMB members are expected to
declare any other potential conflicts of interest so that
other members can judge whether any such conflicts
might affect objectivity. Members who develop signifi-
cant conflicts of interest during the course of the trial
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are expected to resign from the DSMB. Members of the
DSMB are otherwise expected to continue their partici-
pation until the trial is closed. If necessary, the study PI
will appoint replacements for any DSMB members who
resign.

Clinical trial monitoring plan

The study will be monitored by the Clinical Trial Moni-
toring Team at the Penn State College of Medicine. Staff
conducting the study will have up-to-date Good Clinical
Practice (GCP) and Human Research Subjects Protection
(HRSP) trainings, and any additional research-related
trainings as required by the site institutions. Prior to the
first pre-screening (review of EMR) at each site, study
staff will undergo training on the protocol and the data
collection systems. The Clinical Trial Monitoring Team
will monitor the study for protocol compliance, data
quality, and regulatory compliance. This will include
review of the informed consent process and completed
forms, verification of the presence of essential documents
in the study regulatory binder, completion of source
document verification for data entered into Research
Electronic Data Capture (REDCap), ensuring that the
study is implemented as planned, review of AEs and the
reporting of SAEs, and ensuring that all data quality rules
have been executed and resolved and all data queries are
resolved and closed.

Statistical analysis

The primary outcome is the probability of abstinence
from illicit, non-prescribed opioids, a binary repeated
measure over the 12 treatment weeks of the trial. A
power analysis using G*Power indicated that our pro-
posed sample size of N=100 per group will provide
80% power to detect a proportional difference of rela-
tively small size (odds ratio 1.7) between the treatment
and control groups. This corresponds to abstinence in
an additional 15-20% of the participants in the control
group.

Primary outcome analysis: A mixed-effects generalized
linear model (GLM) with a logit link will be fit, modeling
log-odds of abstinence as a function of treatment assign-
ment (semaglutide vs. placebo), time (treatment weeks),
and covariates MOUD type (methadone; BUP), and site
(PPL; UMD; NYU). The main effect of treatment assign-
ment, i.e., the coefficient of the treatment term and its
associated odds ratio and confidence limits, will be the
test of treatment effect. Interactions between treatment
assignment and covariates will be fit and retained in the
model if significant. Exploratory analyses in follow-up to
the primary outcome will include the examination of the
associations of compliance and dose with outcome.

Secondary outcomes analysis: Smartphone survey data
yields continuous and Likert-type scores over multiple
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repeated measurements. Drug craving scores derived
from the smartphone surveys will be analyzed as a mixed-
effects GLM. Specifically, linear mixed-effects GLMs
will be used to evaluate the difference in the level and
trend over time of self-reported craving between treat-
ment groups. Baseline craving scores will be included as
covariates, along with MOUD type (methadone; BUP)
and site. Participants with intermediate missing values
will be incorporated in the mixed-effects analysis under
the assumption that data are missing at random. Analo-
gous models will be fit for other repeated continuous or
count measures such as in-person Cravings Scales, or
days using substances from TLFB. Sensitivity analyses
will examine alternative assumptions about missingness,
including missing at random.

For discrete binary outcomes (e.g., abstinent over last 4
weeks of the trial; retained on MOUD at treatment week
12) logistic regression will be used to model outcome as a
function of treatment assignment, MOUD type, and site.

SAS (version 9.4) and R (version 4.3.2 or latest cur-
rent version) software will be used for analyses with a
significance level of 0.05. Summary statistics including
means, medians, ranges, and standard deviations will be
computed for each continuous variable, as well as distri-
butional assumptions, and frequencies computed with
percentages for categorical variables. Identified data
outliers will be further examined to determine if they
are data entry errors, in which case they will be modi-
fied when possible; otherwise, values will be kept for final
analysis.

Discussion

This manuscript describes the protocol for a randomized,
double-blind, placebo-controlled, clinical trial designed
to evaluate the efficacy of the GLP-1RA, semaglutide,
as a treatment for individuals enrolled in an outpatient
MOUD program who continue to use non-prescribed
opioids. The study builds upon our previous data dem-
onstrating a reduction in craving as measured by EMA
with the GLP-1RA, liraglutide, and extends the use of
GLP-1RAs from a residential to outpatient population.
We plan to assess the probability that participants will
be abstinent from illicit and nonprescribed opioids at
the end of a 12-week treatment with semaglutide or pla-
cebo as determined by urine testing and self-report with
the TLFB. Secondarily, we will also assess opioid craving
using EMA, craving and its association with abstinence
from opioids and other drugs, and the days of opioid and
stimulant use across the 12-week treatment.

Key strengths and limitations

A strength of the current proposal is that it extends eval-
uation of GLP-1RAs from a residential treatment popu-
lation into an outpatient population that is engaged in
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treatment with MOUD. Residential treatment plays an
important role in the treatment plan of OUD recovery;
however, it is often comparatively short-term with an
average stay of 30 days [46]. The timeframe for GLP-1RA
effects after discontinuation remains to be fully evalu-
ated, but current evidence suggests that GLP-1RAs are
effective while present in the body [47]. It is therefore
important that patients continue to receive support fol-
lowing a residential program and the use of MOUD pro-
vides that support; it provides a long-term maintenance
program and allows the patient to reintegrate into their
personal environment and daily lives while continuing
treatment. As such, the potential to utilize GLP-1RAs
in conjunction with MOUD is an important avenue of
research to pursue that will be addressed in the current
design.

Relatedly, the emphasis on patients continuing to use
non-prescribed opioids while taking MOUD has both
strengths and limitations. In evaluating this subgroup of
MOUD patients, the study examines an alternative treat-
ment option for patients with relatively few additional
options. This is an avenue of research with significant
therapeutic need and potential; however, it is also impor-
tant to note that this population is inherently difficult to
treat. Consequently, the therapeutic effect size of GLP-
1RAs in this subpopulation may be smaller relative to the
overall MOUD population. This assumption, however,
is an empirical question that the current study aims to
investigate.

Another important factor to consider is the sample
size of the current study, which proposes to include 200
participants. This number is significantly larger than that
of our previous pilot study, which had only 20 partici-
pants, and will be conducted across multiple sites, which
will allow for a more diverse population then previously
evaluated. However, while the proposed sample size is
adequate to address the research aims outlined in this
manuscript, it is not sufficient to support a new indica-
tion for GLP-1RAs as a treatment for OUD. Therefore, in
addition to the current protocol, a larger phase III clini-
cal trial will be needed to support a new indication. This
study serves as a preliminary step towards that goal.

A limitation of the current protocol is that it does not
address the stand-alone efficacy of a GLP-1RA compared
with its efficacy as an adjunct to MOUD. Many people
will not use currently available MOUD due to familial
or work-related stigma, and several professions do not
allow the use of full or partial opioid agonists while on
the job (e.g., physicians, pilots). New pharmacological
options are needed that circumvent these treatment bar-
riers. GLP-1RAs may have the potential to fulfill this role
if future studies determine that they can provide suffi-
cient efficacy to prevent return to use among individuals
in OUD treatment.
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Anticipated impact

Preclinical models suggest that the use of a GLP-1RA
significantly reduces heroin and fentanyl seeking and tak-
ing in rats and our prior clinical data suggest that a GLP-
1RA can reduce opioid craving in humans. However, no
GLP-1RA is currently approved to treat OUD in humans.
Completion of the current protocol could provide addi-
tional support for the use of GLP-1RAs as a medication
for OUD and allow physicians to include GLP-1RAs as an
adjunct treatment option with current MOUD programs.
Such an option would have significant potential for those
with treatment resistant OUD and would improve lives
by expanding the number of diverse, safe, and effective
treatments for OUD.

Abbreviations

AE Adverse event

AUD Alcohol use disorder

BMI Body mass index

BUP Buprenorphine

CBC Complete blood count

cDbC Centers for Disease Control and Prevention
CMP Comprehensive metabolic panel

C-SSRS Columbia Suicide Severity Rating Scale
DPP-4 Dipeptidyl peptidase-4

DSMB Data and safety monitoring board

EMA Ecological momentary assessment

EMR Electronic medical record

FDA Food and Drug Administration

fMRI Functional magnetic resonance imaging
GCP Good Clinical Practice

GFR Glomerular filtration rate

Gl Gastro-intestinal

GLM Generalized linear model

GLP-TRA  Glucagon-like peptide 1 receptor agonist
HAM-D Hamilton Depression Rating scale
HbATc Glycated hemoglobin

HRSP Human Research Subjects Protection
iOAT Injectable opioid agonist treatment

IRB Institutional Review Board

MEN 2 Multiple endocrine neoplasia syndrome Type 2
MINI Mini-International Neuropsychiatric Interview
MOUD Medication for opioid use disorder

MTC Medullary thyroid carcinoma

NST Nucleus of the solitary tract

NYU New York University at Bellevue Hospital Center
0ocs Opioid Craving Scale

OuD Opioid use disorder

oTP Opioid treatment program

PI Principal Investigator

PPI Pennsylvania Psychiatric Institute

RCC Recovery community center

REDCap Research electronic data capture

SAE Serious adverse event

SROM Slow-release oral morphine

STAI State-Trait Anxiety Index

Sub Substance use disorder

TLFB Timeline Followback

UMD University of Maryland Baltimore

Acknowledgements
Not applicable.

Author contributions

CSF, JEN, PSG, SCB, TRB were involved in manuscript preparation. CSF, KS, SK,
EW, AG, MK, EN, KF, LK, NRK, HHC, PSG, SCB, TRB, and JEN contributed to study
conceptualization and experimental design.



Freet et al. Addiction Science & Clinical Practice (2025) 20:89

Funding

This work is supported by the National Institute on Drug Abuse (NIDA; UH3
DA050325). The content is solely the responsibility of the authors and does
not necessarily represent the official views of the government. Study data
were collected and managed using REDCap electronic data capture tools
hosted at Penn State Health Milton S. Hershey Medical Center and Penn
State College of Medicine [48]. Project use of REDCap supported by The Penn
State Clinical & Translational Research Institute, Pennsylvania State University
CTSA, NIH/NCATS Grant Number ULT TR002014. Dr. Foster was substantially
involved in DA050325, consistent with her role as Scientific Officer. She had no
substantial involvement in the other cited grants.

Data availability
Upon reasonable request, which should be made to the corresponding
author, study data or materials may be made available.

Declarations

Ethics approval and consent to participate
The study protocol, including the consent form, was approved by the
Pennsylvania State University IRB.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Psychiatry and Behavioral Health, Penn State College of
Medicine, Hershey, PA, USA

’Department of Neuroscience and Experimental Therapeutics, Penn State
College of Medicine, 500 University Drive, Hershey, PA 17033, USA
3Pennsylvania Psychiatric Institute, Penn State Health, Harrisburg, PA, USA
“Department of Psychiatry, University of Maryland School of Medicine,
Baltimore, MD, USA

°Department of Medicine, New York University Grossman School of
Medicine, New York, NY, USA

5Bellevue Hospital Center, New York, NY, USA

"Division of Substance Use Disorders, Department of Psychiatry, Columbia
University Irving Medical Center, New York, NY, USA

8National Institute on Drug Abuse, Bethesda, MD, USA

“Department of Public Health Sciences, Penn State College of Medicine,
Hershey, PA, USA

1%Department of Medicine, Penn State College of Medicine, Hershey, PA,
USA

""Department of Human Development and Family Studies, Pennsylvania
State University, University Park, PA, USA

1Institute for Computational and Data Sciences, Pennsylvania State
University, University Park, PA, USA

Received: 14 May 2025 / Accepted: 21 October 2025
Published online: 30 October 2025

References
1. Heikkinen M, Taipale H, Tanskanen A, Mittendorfer-Rutz E, Léhteenvuo M,
Tiihonen J. Real-world effectiveness of Pharmacological treatments of opioid

use disorder in a National cohort. Addiction (Abingdon England). 2022;117(6).

2. Wakeman S, Larochelle M, Ameli O, Chaisson C, McPheeters J, Crown W, et
al. Comparative effectiveness of different treatment pathways for opioid use
disorder. JAMA Netw Open. 2020;3(2):€1920622.

3. Bart G. Maintenance medication for opiate addiction: the foundation of
recovery. J Addict Dis. 2012,31(3).

4. Chalhoub R, Kalivas P. Non-Opioid treatments for opioid use disorder: ratio-
nales and data to date. Drugs. 2020;80(15).

5. Bruneau J, Ahamad K, Goyer ME, Poulin G, Selby P, Fischer B, et al. Manage-
ment of opioid use disorders: a National clinical practice guideline. CMAJ.
2018;190(9):E247-57.

20.

21.

22.

23.

24.

25.

26.

Page 13 of 14

Mitchell TB, White JM, Somogyi AA, Bochner F. Comparative pharmacody-
namics and pharmacokinetics of methadone and slow-release oral morphine
for maintenance treatment of opioid dependence. Drug Alcohol Depend.
2003;72(1):85-94.

Steel D, Tekin S. Can treatment for substance use disorder prescribe the same
substance as that used? The case of injectable opioid agonist treatment. Ken-
nedy Inst Ethics J. 2021;31(3):271-301.

Controlled Substances Act, 21 US.C § 801 et seq. (1970).

Prasad-Reddy L, Isaacs D. A clinical review of GLP-1 receptor agonists: efficacy
and safety in diabetes and beyond. Drugs Context. 2015;4:212283.
Merchenthaler |, Lane M, Shughrue P. Distribution of pre-pro-glucagon and
glucagon-like peptide-1 receptor messenger RNAs in the rat central nervous
system. J Comp Neurol. 1999;403(2):261-80.

Larsen P, Tang-Christensen M, Holst J, Orskov C. Distribution of glucagon-like
peptide-1 and other preproglucagon-derived peptides in the rat hypothala-
mus and brainstem. Neuroscience. 1997;77(1):257-70.

Turton MD, O'Shea D, Gunn |, Beak SA, Edwards CM, Meeran K, et al. A role

for glucagon-like peptide-1 in the central regulation of feeding. Nature.
1996;379(6560):69-72.

Kanoski S, Hayes M, Skibicka K. GLP-1 and weight loss: unraveling

the diverse neural circuitry. Am J Physiol Regul Integr Comp Physiol.
2016;310(10):R885-95.

Antonsen K, Klausen M, Brunchmann A, le Dous N, Jensen M, Miskowiak K,

et al. Does glucagon-like peptide-1 (GLP-1) receptor agonist stimulation
reduce alcohol intake in patients with alcohol dependence: study protocol
of a randomised, double-blinded, placebo-controlled clinical trial. BMJ Open.
2018;8(7):019562.

Klausen M, Jensen M, Mgller M, Le Dous N, Jensen A, Zeeman 'V, et al.
Exenatide once weekly for alcohol use disorder investigated in a randomized,
placebo-controlled clinical trial. JCI Insight. 2022;7(19):e159863.

Hendershot CS, Bremmer MP, Paladino MB, Kostantinis G, Gilmore TA, Sullivan
NR, et al. Once-Weekly semaglutide in adults with alcohol use disorder: A
randomized clinical trial. JAMA Psychiatry. 2025.

Yammine L, Kosten TR, Cinciripini PM, Green CE, Meininger JC, Minnix JA,

et al. Exenatide once weekly for smoking cessation: study protocol for a
randomized clinical trial. Medicine. 2018,97(2):e9567.

Yammine L, Green CE, Kosten TR, de Dios C, Suchting R, Lane SD, et al.
Nicotine Tob research: official J Soc Res Nicotine Tob. 2021;23(10):1682-90.
Exenatide Adjunct to Nicotine Patch Facilitates Smoking Cessation and May
Reduce Post-Cessation Weight Gain: A Pilot Randomized Controlled Trial.
Luthi H, Lengsfeld S, Burkard T, Meienberg A, Jeanloz N, Vukajlovic T, et al.
Effect of dulaglutide in promoting abstinence during smoking cessation:
12-month follow-up of a single-centre, randomised, double-blind, placebo-
controlled, parallel group trial. EClinicalMedicine. 2024;68:102429.

Angarita GA, Matuskey D, Pittman B, Costeines JL, Potenza MN, Jastreboff AM,
et al. Testing the effects of the GLP-1 receptor agonist exenatide on cocaine
self-administration and subjective responses in humans with cocaine use
disorder. Drug Alcohol Depend. 2021;221:108614.

Douton J, Horvath N, Mills-Huffnagle S, Nyland J, Hajnal A, Grigson P.
Glucagon-like peptide-1 receptor agonist, liraglutide, reduces heroin self-
administration and drug-induced reinstatement of heroin-seeking behaviour
in rats. Addict Biol. 2022;27(2):e13117.

Zhang Y, Rahematpura S, Ragnini K, Moreno A, Stecyk K, Kahng M, et al. A
novel dual agonist of glucagon-like peptide-1 receptors and neuropeptide
Y2 receptors attenuates Fentanyl taking and seeking in male rats. Neurophar-
macology. 2021;192:108599.

Zhang Y, Kahng M, Elkind J, Weir V, Hernandez N, Stein L, et al. Activation

of GLP-1 receptors attenuates oxycodone taking and seeking without
compromising the antinociceptive effects of oxycodone in rats. Neuropsy-
chopharmacology: Official Publication Am Coll Neuropsychopharmacol.
2020;45(3):451-61.

Douton J, Acharya N, Stoltzfus B, Sun D, Grigson P, Nyland J. Acute glucagon-
like peptide-1 receptor agonist liraglutide prevents cue-, stress-, and drug-
induced heroin-seeking in rats. Behav Pharmacol. 2022;33(5):364-78.

Evans B, Stoltzfus B, Acharya N, Nyland J, Arnold A, Freet C, et al. Dose
Titration with the glucagon-like peptide-1 agonist, liraglutide, reduces cue-
and drug-induced heroin seeking in high drug-taking rats. Brain Res Bull.
2022;189:163-73.

Urbanik L, Acharya N, Grigson P. Acute treatment with the glucagon-like pep-
tide-1 receptor agonist, liraglutide, reduces cue- and drug-induced Fentany!
seeking in rats. Brain Res Bull. 2022;189:155-62.



Freet et al. Addiction Science & Clinical Practice

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

(2025) 20:89

Douton J, Augusto C, Stoltzfus B, Carkaci-Salli N, Vrana K, Grigson P. Glucagon-
like peptide-1 receptor agonist, exendin-4, reduces reinstatement of heroin-
seeking behavior in rats. Behav Pharmacol. 2021;32(4):265-77.

Freet CS, Evans B, Brick TR, Deneke E, Wasserman EJ, Ballard SM, et al. Ecologi-
cal momentary assessment and cue-elicited drug craving as primary end-
points: study protocol for a randomized, double-blind, placebo-controlled
clinical trial testing the efficacy of a GLP-1 receptor agonist in opioid use
disorder. Addict Sci Clin Pract. 2024;19(1):56.

Bharat C, Webb P, Wilkinson Z, McKetin R, Grebely J, Farrell M, et al. Agree-
ment between self-reported illicit drug use and biological samples: a system-
atic review and meta-analysis. Addiction. 2023;118(9):1624-48.

Mezinskis JP, Honos-Webb L, Kropp F, Somoza E. The measurement of craving.

J Addict Dis. 2001;20(3):67-85.

Kleykamp BA, De Santis M, Dworkin RH, Huhn AS, Kampman KM, Montoya
ID, et al. Craving and opioid use disorder: A scoping review. Drug Alcohol
Depend. 2019;205:107639.

Kakko J, Alho H, Baldacchino A, Molina R, Nava FA, Shaya G. Craving in

opioid use disorder: from neurobiology to clinical practice. Front Psychiatry.
2019;10:592.

Cleveland HH, Knapp KS, Brick TR, Russell MA, Gajos JM, Bunce SC.
Effectiveness and utility of mobile device assessment of subjective crav-

ing during residential opioid dependence treatment. Subst Use Misuse.
2021;56(9):1284-94.

Apsley HB, Ren W, Lancaster J, Brick TR, Cleveland HH. Recovery community
center visits and activities: A description using a daily diary approach. Alcohol
Treat Q. 2024.

Lancaster JH, Apsley HB, Brick TR, Ren W, Cleveland HH. The day-level effects
of recovery community center attendance on indicators of recovery wellbe-
ing and risk. J Subst Use Addict Treat. 2024;165:209459.

Snow G, blockrand. Randomization for Block Random Clinical Trials. R pack-
age version 1.5 ed2020. p. https://CRAN.R-project.org/package=blockrand
Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The
Mini-International neuropsychiatric interview (M.LN.L): the development and
validation of a structured diagnostic psychiatric interview for DSM-IV and
ICD-10. J Clin Psychiatry. 1998,59(Suppl 20):22-57.

Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The
Columbia-Suicide severity rating scale: initial validity and internal consistency

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 14 of 14

findings from three multisite studies with adolescents and adults. Am J
Psychiatry. 2011;168(12):1266-77.

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.
1960,23(1):56-62.

Hamilton M. Development of a rating scale for primary depressive iliness. Br J
Soc Clin Psychol. 1967;6(4):278-96.

Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. Manual for the
State-Trait anxiety inventory. Palo Alto, CA: Consulting Psychologists; 1983.
Robinson SM, Sobell LC, Sobell MB, Leo GI. Reliability of the timeline fol-
lowback for cocaine, cannabis, and cigarette use. Psychol Addict Behav.
2014;28(1):154-62.

Mcconnaughy EA, Prochaska JO, Velicer WF. Stages of change in Psy-
chotherapy - Measurement and sample profiles. Psychother-Theor Res.
1983,;20(3):368-75.

Brick TR, Mundie J, Weaver J, Fraleigh R, Oravecz Z. Low-Burden mobile Moni-
toring, Intervention, and Real-Time analysis using the Wear-IT framework:
example and usability study. JMIR Form Res. 2020;4(6):e16072.

Love A, James D, Willner P. A comparison of two alcohol craving question-
naires. Addiction. 1998;93(7):1091-102.

de Andrade D, Elphinston RA, Quinn C, Allan J, Hides L. The effectiveness of
residential treatment services for individuals with substance use disorders: A
systematic review. Drug Alcohol Depend. 2019;201:227-35.

Abdullah Bin Ahmed I. A comprehensive review on weight gain following
discontinuation of Glucagon-Like Peptide-1 receptor agonists for obesity. J
Obes. 2024;2024:3056440.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inf. 2009;42(2):377-81.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://CRAN.R-project.org/package=blockrand

	﻿Efficacy of the GLP-1 receptor agonist, semaglutide, in abstinence from illicit and nonprescribed opioids in an outpatient population with OUD: a randomized, double-blind, placebo-controlled clinical trial protocol
	﻿Abstract
	﻿Background
	﻿The current study

	﻿Methods
	﻿Aim
	﻿Endpoints
	﻿Study setting and recruitment
	﻿Inclusion/exclusion criteria
	﻿Trial design/procedure
	﻿Intervention allocation and blinding
	﻿Randomization
	﻿Participant timeline
	﻿Financial incentives


	﻿Measures
	﻿Participant history
	﻿Psychiatric screening and assessment
	﻿Physical examination and vitals assessment
	﻿Biospecimen collection
	﻿Assessments of drug use and craving
	﻿Study treatment dose regimen

	﻿Data management and monitoring
	﻿Early withdrawal of subjects and safety reporting
	﻿Data and safety monitoring plan
	﻿Clinical trial monitoring plan

	﻿Statistical analysis
	﻿Discussion
	﻿Key strengths and limitations
	﻿Anticipated impact

	﻿References


