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Abstract
Background  Hospitalizations involving opioid use disorder (OUD) are increasing. Addiction consultation services 
(ACS) initiate medications for opioid use disorder (MOUD) in hospital settings and arrange post-hospital follow-up 
for ongoing MOUD care. Engagement in MOUD following hospital discharge is hampered by challenges in timely 
access to MOUD. This protocol describes an open-label randomized comparative effectiveness trial comparing ACS 
treatment as usual (TAU) to a single injection of a 28-day formulation extended-release buprenorphine (XR-BUP) on 
MOUD engagement 34-days following hospital discharge.

Methods  Six U.S. hospitals with ACS capable of prescribing all MOUD (i.e., methadone, buprenorphine, and 
extended-release naltrexone) recruit and randomize hospitalized patients with OUD who have not been on MOUD in 
the fourteen days prior to hospitalization. TAU may consist of any MOUD other than XR-BUP. Participants randomized 
to XR-BUP may receive any MOUD throughout their hospital stay and receive a 28-day XR-BUP injection within 
72-hours of anticipated hospital discharge. There is no intervention beyond hospital stay. Participants are followed 34-, 
90-, and 180-days following hospital discharge. The primary outcome is engagement in any MOUD 34-days following 
hospital discharge, which we hypothesize will be greater in the XR-BUP group. Randomizing 342 participants (171 
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Background
Hospitalizations for opioid use disorder (OUD) have 
increased substantially over the past decade. Between 
2016 and 2018, there were nearly 1  million hospitaliza-
tions related to opioid use disorder (OUD) annually in 
the United States [1]. While skin and soft tissue infec-
tions comprise a large segment of these hospitalizations, 
patients with OUD are also hospitalized for a wide spec-
trum of other conditions with major depression, acute 
kidney injury, and exacerbations of obstructive lung 
disease among the most common [1–4]. Few people are 
offered effective interventions for OUD during hospital-
ization, which may contribute to the 8% all-cause mortal-
ity rate observed in these patients in the year following 
hospital discharge [5, 6]. 

Medications for opioid use disorder (MOUD), espe-
cially methadone and buprenorphine, reduce all-cause 
mortality by more than 50%, reduce risk of infection with 
HIV and hepatitis C, and improve several social determi-
nants of health [7–10]. Hospitalization is an opportune 
time to engage patients in MOUD [11, 12]. Failure to do 
so not only increases post-hospitalization morbidity and 
mortality but can complicate the course of care while the 
patient is still hospitalized and increase discharges before 
medically advised, hospital readmission, and incomplete 
courses of treatment (e.g., insufficient antibiosis) [13–16]. 
Increasingly, hospitals have adopted addiction medicine 
consultation services (ACS) to address MOUD initia-
tion and other aspects of care for people who use drugs 
(PWUD) [17]. These services improve linkage to ongo-
ing MOUD care post-hospitalization and reduce hospital 
readmission rates compared to patients not seen by ACS 
[18–20]. Timely linkage to ongoing MOUD following 
hospital discharge has been a challenge, however [21]. In 
one study, an average of 16 days was needed for patients 
to access ambulatory addiction services [22]. Patients dis-
charged on sublingual buprenorphine often receive less 
than one-week of medication upon discharge, creating 
a risky gap where patients may face withdrawal, loss of 
tolerance, increased overdose risk, return to opioid use, 

and loss to follow-up. Rapid access to outpatient MOUD 
within one- or two-days following discharge decreases 
this risk but is challenging to achieve [23]. The advent 
of extended-release injectable buprenorphine (XR-BUP) 
in 7- and 28-day formulations may improve ongoing 
engagement in MOUD in community settings [24, 25] 
but little is known about its impact on facilitating transi-
tions of care from hospital to community care.

This open-label randomized trial in hospitalized 
patients with OUD who have not been on MOUD in the 
14 days prior to admission, tests the comparative effec-
tiveness of a 28-day formulation of XR-BUP administered 
within 72 h of anticipated hospital discharge versus ACS 
treatment as usual (TAU, consisting of either metha-
done or sublingual buprenorphine) on MOUD treat-
ment engagement 34-days following hospital discharge. 
We hypothesize that XR-BUP, which offers more time 
for successful linkage than TAU, will result in a greater 
proportion of patients engaged in MOUD 34-days post-
hospitalization. This outcome is adapted from the Health 
Effectiveness Data and Information Set (HEDIS) Initia-
tion and Engagement of Substance Use Disorder Treat-
ment (IET) measure used by more than 90% of health 
plans and specified by the National Committee on Qual-
ity Assurance (NCQA) [26, 27]. The measure, while 
imperfect, allows evaluation of treatment engagement 
up to 34 days following hospital discharge and has been 
validated in studies that find associations between meet-
ing the measure and improved patient outcomes [20, 28]. 
While HEDIS defines engagement as two or more alco-
hol or other drug services within 34 days of initiation of 
alcohol and other drug dependence treatment, here we 
modify the measure for OUD treatment, using treat-
ment with a prescribed MOUD on day 34 as the primary 
outcome since exposure to MOUD in itself represents 
engagement. This adaptation has face validity in Medic-
aid data [29]. It should be noted that since this study was 
designed, HEDIS has developed a pharmacotherapy for 
opioid use disorder measure defined as the percentage of 
patients continuing MOUD for 180 days.

per arm) provides 90% power to detect difference in the primary outcome between groups with an odds ratio of 2.1. 
Safety, secondary, and exploratory outcomes include: adverse events, MOUD engagement on days 90 and 180, opioid 
positive urine drug tests, self-reported drug use, hospital readmissions and emergency department visits, use of non-
opioid drugs, fatal and non-fatal opioid overdose, all-cause mortality, quality of life, and cost-effectiveness. Data are 
analyzed by intention-to-treat, with pre-planned per-protocol and other secondary analyses that examine gender as 
an effect modifier, differences between groups, and impact of missingness.

Discussion  Engagement in MOUD care following hospitalization in individuals with OUD is low. This randomized 
comparative effectiveness trial can inform hospital ACS in medication selection to improve MOUD engagement 
34-days following hospital discharge.

Trial registration  NCT04345718.

Keywords  Opioid use disorder, Medications for opioid use disorder, Comparative effectiveness, Protocol, Hospital
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Methods
Study objectives and design
Funded by the NIH HEAL Initiative® and conducted 
through a cooperative agreement in the National Insti-
tute on Drug Abuse (NIDA) National Drug Abuse 
Treatment Clinical Trials Network (CTN), CTN-0098A 
Exemplar Hospital Initiation Trial to Enhance Treatment 
Engagement (EXHIT ENTRE) is a multi-site open-label 
randomized comparative effectiveness trial of XR-BUP 
versus TAU for hospitalized patients with untreated 
OUD prior to hospital admission who are willing to initi-
ate MOUD while hospitalized. The primary objective of 
this study compares MOUD engagement 34-days follow-
ing hospital discharge in hospitalized patients random-
ized to ACS TAU versus a single injection of a 28-day 
formulation of XR-BUP prior to discharge. Secondary 
objectives compare safety, engagement in MOUD care at 
90- and 180-days post discharge, drug use, hospital read-
missions, and emergency room visits among participants 
randomized to TAU versus XR-BUP.

Advarra, a single independent commercial institu-
tional review board (IRB), approved the study (Advarra 
Pro00047336), with all sites ceding to this single IRB. 
The study was also reviewed by an independent Protocol 
Review Board and subsequently a Data and Safety Moni-
toring Board (DSMB) appointed by the NIDA Center for 

the Clinical Trials Network (NIDA CCTN). The sponsor 
does not make decisions regarding publication of this or 
other study-related manuscripts (Fig. 1).

Study setting and site selection
Solicitation for hospitals to participate in the study 
are distributed through the NIDA CTN. To be eligible 
for participation, hospitals must have established ACS 
with the capacity to initiate all FDA-approved MOUD. 
Five hospitals with established ACS were recruited ini-
tially, with a sixth hospital added after study initiation to 
improve recruitment (for sites see ​h​t​t​​p​s​:​/​​/​c​l​​i​n​​i​c​a​l​t​r​i​a​l​s​.​g​o​
v​/​s​t​u​d​y​/​N​C​T​0​4​3​4​5​7​1​8​​​​​)​.​​

Participating sites must:

1.	 Have an existing ACS with experience initiating 
MOUD prior to hospital discharge.

2.	 Have a buprenorphine waivered provider “champion” 
on the ACS who can commit the time required 
to oversee medical aspects of the study, perform 
medical assessments, confirm participant eligibility, 
order study medications, and evaluate and respond 
to adverse events that may occur during the study 
period (study protocol was developed prior to the 
2022 X-waiver elimination).

Fig. 1  Study Schema

 

https://clinicaltrials.gov/study/NCT04345718
https://clinicaltrials.gov/study/NCT04345718
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3.	 Have at least one other buprenorphine waivered 
provider able to perform medical aspects of this 
study.

4.	 Have the staff required to recruit and retain 
participants.

5.	 Have the staff required to collect research data 
(including biological specimens such as blood and 
urine).

6.	 Have access to local laboratory services to process 
screening and monitoring specimens (e.g., blood and 
urine).

7.	 Be able to manage (store, dispense, and dispose) 
study medication including having an XR-BUP 
Risk Evaluation and Mitigation Strategy (REMS) 
participating pharmacy, if required.

Study participants
Eligible participants must be:

1.	 Hospitalized.
2.	 At least 18 years of age.

�a.	 Children are not included because addiction 
health services for them present different 
challenges and their access to methadone 
treatment is greatly restricted thus preventing 
adequate outcomes analysis.

3.	 Meet DSM-5 criteria for moderate or severe OUD.
4.	 Willing to initiate MOUD, including buprenorphine.
5.	 Able to speak English sufficiently to understand 

the study procedures and provide written informed 
consent to participate in the study.

Participants are excluded from participation if:

1.	 Anticipated hospital length of stay less than 24-hours 
as determined by the ACS.

2.	 Affected by a serious medical, psychiatric, or 
substance use disorder that, in the opinion of the 
study physician, would make it unsafe to participate 
in the study or may prevent collection of study data. 
This may include:

a.	 Disabling terminal diagnosis for which discharge 
from hospital is not anticipated or for which hospice 
care is being sought.

b.	 Severe alcohol or benzodiazepine use disorder that is 
anticipated to require complex medical detoxification 
which cannot be completed prior to randomization.

3.	 Taking a long-acting opioid other than 
buprenorphine (e.g., methadone, extended-release 
oxycodone, extended-release morphine) for each of 
the three days immediately preceding randomization.

4.	 Liver enzyme tests (Aspartate Aminotransferase 
(AST), Alanine Aminotransferase (ALT)) more than 
3 times upper limit of normal.

5.	 Currently pregnant or breastfeeding.
6.	 Known allergy to buprenorphine or components of 

FluidCrystal delivery system.
7.	 Receipt of MOUD in the 14 days prior to 

hospitalization as maintenance treatment; however, 
patients may have received MOUD for withdrawal 
management during or prior to hospitalization at the 
time of enrollment.

8.	 Are currently in jail, prison or other overnight facility 
as required by court of law and/or is considered a 
prisoner under local law or is under current terms of 
civil commitment or guardianship.

9.	 Previously randomized as a participant in the study 
– individuals may only be enrolled and randomized 
once.

Participant recruitment and consent
Recruitment procedures vary by site, but potential partic-
ipants are drawn from each hospital’s pool of inpatients 
who have been identified by the ACS as having a possible 
OUD. Clinical or research staff approach these patients 
during their index admission to provide information 
about the study. Individuals providing verbal consent are 
prescreened under a HIPAA Waiver of Authorization by 
reviewing the electronic medical record to further assess 
inclusion/exclusion criteria. If a person meets initial eli-
gibility criteria during the prescreening process, they give 
written informed consent prior to completing screening 
and baseline procedures. The informed consent process 
includes a quiz testing comprehension of study activi-
ties, alternatives, and potential risks and benefits, which 
may be repeated until answered correctly. Participants 
can opt to provide additional consent for blood collec-
tion and biobanking for potential future addiction- and 
MOUD- related genetic studies. Baseline data collection 
is completed prior to randomization.

Randomization
Approximately 342 eligible participants are random-
ized in a 1:1 ratio to open-label XR-BUP or TAU (e.g., 
methadone, sublingual buprenorphine, extended-release 
naltrexone). The randomization process is performed by 
computer by a central data and statistics center (DSC). 
A permuted block randomization procedure with ran-
dom block sizes is used. The DSC statistician generates 
the randomization schedule using blocks of varying 
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sizes within strata (hospitals) to ensure lack of predict-
ability along with relative equality of assignment across 
treatment groups. The randomization details such as 
block size are not conveyed to staff or participants. The 
DSC statistician reviews randomization data on a regu-
lar basis to ensure that the scheme is being implemented 
according to plan. A randomization slot, once used, is not 
re-allocated.

Intervention
This study randomly assigns participants to ACS TAU or 
a single injection of 28-day formulation XR-BUP admin-
istered within 72 h of anticipated hospital discharge. This 
study is open-label and not blinded. There are no study 
interventions that extend beyond the index hospitaliza-
tion or to facilitate care post-hospitalization or MOUD 
adherence beyond the standard care provided by the 
ACS. The ACS may initiate MOUD at any point during 
hospitalization. TAU may consist of any FDA-approved 
MOUD (other than XR-BUP) with the dose and amount 
of MOUD supplied upon hospital discharge determined 
by the ACS. For methadone, federal regulation prevents 
more than three days of dispensing outside of an opioid 
treatment program, whereas up to 30-days of buprenor-
phine may be provided upon hospital release. Although 
participants randomized to XR-BUP do not receive 
their XR-BUP injection until they are within 72-hours of 
anticipated hospital discharge, the ACS may offer other 
MOUD during their hospitalization per local standard of 
care, which reduces potential imbalance between arms in 
approaches to MOUD during recruitment and screening. 
The rationale for not providing XR-BUP until just prior 
to hospital discharge is to account for variable length 
of hospital admissions and prevent some participants 
receiving an injection early in a prolonged hospitalization 
where the effect of XR-BUP may wear off during hospi-
talization or shortly thereafter.

MOUD initiation strategies are determined by the ACS 
and doses titrated per their standard of care. Participants 
randomized to XR-BUP must tolerate at least one dose of 
sublingual buprenorphine prior to injection. As XR-BUP 
is available in three doses, participants can receive a dose 
commensurate with their current (if on a stable dose) 
or anticipated stable dose of sublingual buprenorphine. 
Available doses of XR-BUP (equivalent sublingual dose 
range) are: 64  mg (8–10  mg), 96  mg (12–16  mg), and 
128  mg (18–24  mg). Because the lowest XR-BUP dose 
approximates 8 mg sublingually, participants are required 
to have an anticipated maintenance dose of at least 8 mg 
sublingually. Access to XR-BUP (CAM-2038, Braeburn, 
Inc.) is via an Investigational New Drug Application as 
it was not commercially available at time of study initia-
tion, although it has since become available. The National 
Institute on Drug Abuse negotiated with Braeburn Inc. to 

procure donated XR-BUP for this study, the lead investi-
gators were not part of this process.

Participant follow-up for outcome assessments occur 
34-, 90-, and 180-days following discharge from the 
index hospitalization. Participants receive $50 for base-
line assessment and enrollment and $50, $75, and $100, 
respectively for the three follow-up visits.

Assessments
Study assessment and the schedule of study activities 
are presented in the Table. Where possible, assessments 
include validated tools that are used widely throughout 
other NIDA CTN studies. For example, the Substance 
Abuse and Addiction Collection of the PhenX Toolkit 
[30] is used at baseline to assess demographics (age, eth-
nicity, sex, race, educational attainment, employment sta-
tus and marital status), BMI, Human Immunodeficiency 
Virus (HIV) Risk & Status, and substance use measures 
including age of onset, past 30-day quantity and fre-
quency, and lifetime use for alcohol, tobacco and other 
substances.

While the Timeline Followback (TLFB) [31, 32] is used 
at each study visit to assess past month drug and alcohol 
use, we have adapted an additional TLFB that asks about 
daily use of MOUD in the specified timeframe for the 34, 
90, and 180-day follow-up visits.

Tests for viral hepatitis (hepatitis B surface antigen and 
antibody, hepatitis C antibody with reflex PCR, if posi-
tive) and HIV with reflex viral load, if positive, are col-
lected at baseline unless results from the 90-days prior to 
admission can be abstracted from the medical record.

Urine drug screens (UDS) are collected at screening/
baseline and at each follow-up visit to assess secondary 
outcomes, unless the follow-up visit is fully remote. All 
urine specimens are collected using FDA-approved one-
step temperature-controlled urine drug test cups testing 
for the presence of: opiates, oxycodone, barbiturates, 
benzodiazepines, cocaine, amphetamines, methamphet-
amines, marijuana, methadone, buprenorphine, phency-
clidine (PCP), fentanyl, and ecstasy (MDMA). Results of 
UDS are not shared with participant clinical care givers.

Medical comorbidity is abstracted from the medical 
record problem list and/or discharge diagnoses as is the 
Comorbidity Severity Index (i.e., CMS-HCC Risk Adjust-
ment [33]).

Pre- and post- XR-BUP injection evaluation for pre-
cipitated opioid withdrawal uses the Clinical Opioid 
Withdrawal Scale (COWS) [34] with a 5-point increase 
indicating precipitated withdrawal. An independent 
data and safety monitoring board (DSMB) convened by 
NIDA will have access to safety reports and will meet 
at least annually. The DSMB may receive aggregate data 
(blinded) as well as by randomization group (unblinded). 
The DSMB may recommend protocol modifications or 
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even early study termination if either study arm has a 
clinically important excess of serious adverse events.

The majority of collected data are directly entered 
without personal identifiers into a secure electronic 
case report form (eCRF) system maintained by the DSC 
(Advantage eClinical). Data abstracted from the elec-
tronic health record or requiring a paper source CRF are 
transcribed from paper CRF to Advantage eClinical by 
study staff. Following study completion and publication 
of the primary outcome paper, as per NIH and HEAL 
Initiative policy, study data will be available through the 
NIDA data repository (Table 1).

Outcomes
The primary outcome measure is the proportion of par-
ticipants engaged in MOUD care on the 34th day fol-
lowing hospital discharge. Engagement in MOUD care is 
defined as verifiable coverage with a prescribed MOUD 
on that 34th day regardless of the source of prescribed 
MOUD coverage (e.g., opioid treatment program, pri-
mary care, jail, etc.). Participants give appropriate per-
mission for release of such data during informed consent 
procedures and/or during study follow-up visits. Other 
objective means of MOUD verification, such as bring-
ing a prescription bottle with participant name and dates 
covered by the prescription can, also be used for primary 
outcome.

Data for primary outcome
MOUD engagement on the 34th day post hospital dis-
charge is collected by self-report verified with an objec-
tive data source (e.g., pill bottle, prescription record, 
provider confirmation upon release of information, etc.) 
or, in the absence of self-report, an objective data source 
is used for the primary outcome (e.g., electronic medical 
records, provider confirmation upon release of informa-
tion, etc.).

Secondary outcomes include:

1.	 Proportion of participants that experience any 
treatment emergent AEs and SAEs (those developed 
after initiation of treatment) following hospital 
discharge.

2.	 Proportion of participants engaged with MOUD 90- 
and 180-days following hospital discharge.

3.	 Proportion of participants with positive urine drug 
test for opiates, fentanyl, and oxycodone 34-, and 90-, 
and 180-days following hospital discharge.

4.	 Proportion of participants with self-reported non-
prescribed opioid use 34-, and 90-, and 180-days 
following hospital discharge.

5.	 Proportion of participants with self-reported hospital 
readmissions at the 34- and 90-day visits.

6.	 Proportion of participants with self-reported ED 
visits at the 34- and 90-day visits.

Exploratory outcomes include:

1.	 Proportion of participants with positive urine drug 
test for illicit drugs 34-, and 90-, and 180-days 
following hospital discharge.

2.	 Proportion of participants with self-reported non-
prescribed drug use 34-, and 90-, and 180-days 
following hospital discharge.

3.	 Change in ASI-Lite measures from baseline to 180 
days.

4.	 Proportion of participants with self-reported medical 
follow-up at the 34- and 90-day visits.

5.	 Proportion of participants adherent to antibiotic for 
OUD-related infections (e.g., endocarditis or skin-
soft tissue infections) (when applicable).

6.	 Self-reported alcohol use 34-, and 90-, and 180-days 
following hospital discharge.

7.	 Hospital length of stay (for both the index 
hospitalization and readmissions).

8.	 Self-reported 180-day hospital readmission rates.
9.	 Self-reported 180-day ED visit rates.
10.	All-cause mortality rates at 30-, 90- and 180-days 

following hospital discharge.
11.	Comparative cost-effectiveness of XR-BUP and other 

MOUD.
12.	Non-fatal opioid overdose rates (discharge to 34-day 

visit and since last study visit at the 90- and 180-day 
visits).

13.	Fatal opioid overdose rates up to the 180-day visit.
14.	Satisfaction with MOUD treatment 180 days 

following hospital discharge.
15.	Self-reported 34- and 90-day hospital readmission 

rates related to OUD.
16.	Self-reported 34- and 90-day ED visits related to 

OUD.
17.	Quality of life.
18.	Receipt of subsequent XR-BUP injections (among 

the XR-BUP group only).
19.	Receipt of other MOUD treatments during follow-up 

(e.g., XR-BUP in the control group, methadone or 
SL-BUP in the XR-BUP group).

Sample size
342 participants will be randomized in a 1:1 ratio to 
XR-BUP or TAU. The power calculation assumes the 
34-day engagement rate is 0.39 for TAU [22] and 0.60 
for XR-BUP and that 15% of the primary outcome values 
will be missing and treated as “not engaged” for the pri-
mary analysis. In that scenario, 85% of patients will have 
the assumed rate (0.39 and 0.60 for TAU and XR-BUP, 
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Prescreening Screening/
Baselinea

Randomization TAU/
XR-BUP 
Initiation

Date of 
Discharge

Follow-Up As 
Need-
ed

DAY 0 34 90 180
General measures
Prescreen Approach Log X
Verbal Consent X
Prescreening Form X
Written Informed Consent and Quiz X
Inclusion/Exclusion X
Locator Form X X X
PhenX [30] Core Tier 1 Forms X
Demographics Forms X
Treatment Satisfaction Survey X
Treatment Initiation and Non-Initiation X
Hospitalization MOUD X
Marijuana Use Assessment X
COVID-19 Impact Assessment X X X X
Timeline Followback (TLFB) 
(Medications)

X X X

Study Completion Form X
Measure of Primary and Secondary Outcomes
Engagement in MOUD Post Hospital 
Discharge

X X X

Hospitalization and ED Utilization 
(Related or Not to OUD)

X X X

Urine Drug Screen X X X X
Timeline Followback (TLFB) (Drug/Alco-
hol) [31, 32]

X X X X

Clinical and safety assessments
Medical and Psychiatric History X
Physical Examination X
Injection Site Examinationb X X
Injection Site Reaction Formc X X X
Hospitalization Diagnoses X
Medical Comorbidity [33] X
Vital Signs X
DSM-5 Checklist [35] X
Mental Health Follow-Up Assessment X
Adverse Events, Including Serious 
Adverse Events

Xd X X X X Xe

Prior and Concomitant Medications X X X X
Clinical Opioid Withdrawal Scaleb; f [34] X
Clinical laboratory assessments
Pregnancy and Birth Control 
Assessmentg

X

Confirmed Pregnancy and Outcome X
Liver Transaminases (AST and ALT)h X
Hepatitis B, Hepatitis C, HIV Antibodyh X X
Genetic Samplingh X X X X X
Family Origin X
Exploratory measures
Healthcare and Services Utilization [36] X X X
Pain Assessment [37] X X X X
Depression (PHQ-9) [38] X X X X

Table 1  Table of assessments
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respectively) and 15% of patients in both groups will have 
a rate of 0.0. As such, the new engagement rates will be 
0.3315 for TAU and 0.51 for XR-BUP.

A Cochran-Mantel-Haenszel test with continuity cor-
rection based on odds ratios (OR) of 2.1 assuming dif-
ferent engagement rates by site (6 sites with 34-day 
engagement rates of 0.29 up to 0.37 for TAU and 0.46 up 
to 0.55 for XR-BUP group) suggests that a total of 342 
participants (171 participants in each group) need to be 
enrolled to have 90% power to detect a difference in the 
34-day engagement rates between TAU and XR-BUP 
(two-sided test, alpha [false positive rate] = 0.05). Follow-
ing a blinded interim analysis, the DSMB may recom-
mend the protocol be amended to increase the number of 
subjects enrolled into the study.

Outcomes analyses
The primary analysis compares the two groups (TAU 
and XR-BUP) for the primary outcome (engagement 
in MOUD care on the 34th day following hospital dis-
charge) using the Cochran-Mantel-Haenszel test strati-
fied by hospital under the principle of intention-to-treat 
(ITT), i.e., participants are analyzed in the group to 
which they were randomized irrespective of whether they 
received their assigned treatment. An additional analysis 

may be performed using a per-protocol analysis popula-
tion (i.e., according to the actual treatment received).

Supplementary analyses of the primary outcome 
will be performed as follows: (a) consider gender as an 
effect modifier, (b) add adjusters for possible differences 
between groups, and (c) adjust for missing outcome data. 
Logistic regression is used for (a) and (b) whereas analy-
ses adjusting for missing outcome data will use inverse 
probability weighting (IPW).

Analyses of secondary outcomes, broadly, will have a 
form similar to analysis of the primary outcome, or out-
comes measured at multiple time-points (e.g., engage-
ment in OUD care at 34-, 90-, and 180-days) will use a 
mixed-effect analysis with a person-specific random 
effect to capture correlation of a person’s multiple time-
points. The particular form of analysis, e.g., logistic 
regression vs. normal-errors regression, will depend on 
the outcome, and outcomes on continuous or effectively 
continuous scales may be transformed before analysis 
(e.g., by taking the logarithm) to allow use of analyses 
that assume normally distributed errors.

Analytic approaches for exploratory outcomes are 
similar to those described for the primary and secondary 
outcomes. In addition, we will explore moderators and 
mediators of MOUD engagement and other outcomes 
such as hospital length of stay and antibiotic completion 

Prescreening Screening/
Baselinea

Randomization TAU/
XR-BUP 
Initiation

Date of 
Discharge

Follow-Up As 
Need-
ed

DAY 0 34 90 180
Post-Traumatic Stress Disorder (PC-
PTSD-5) [39]

X X X X

Quality of Life (WHOQOL-BREF) [40] X X
Non-Fatal Opioid Overdose X X X X
Fatal Opioid Overdose (collected on 
SAE form)

Xd X X X X X

Addiction Severity Index-Lite (ASI-Lite) 
Drug and Alcohol Use [41]

X X

Post-Hospitalization Medical Appoint-
ment Follow-Up

X X

Antibiotic Adherence for OUD-Related 
Infectionsi

X X

Hospital Length of Stay X X X X
Subsequent XR-BUP Injections (XR-BUP 
group only)

X X X

Receipt of Other MOUD X X X
Administrative forms
Protocol Deviations X
Missed Visit and Visit Documentation 
Form

X X X X X

Notes: aCan be completed at different time points; bFor XR-BUP only; cCompleted only if reaction noted upon injection site examination; dAEs/SAEs collected only 
after the participant is randomized; eAt 180-days, only SAEs are collected; fCOWS is assessed twice (before and two-hours after XR-BUP initiation) for each participant 
randomized to XR-BUP group only; gCompleted a second time before treatment initiation if there are more than 7 days between screening/baseline and treatment 
initiation; hCollected only once during these visits and not at each indicated time point; iCompleted only by participants discharged from the hospital on antibiotics 
for drug-related skin and soft-tissue infections

Table 1  (continued) 
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rates (where appropriate). Potential moderators and 
mediators include hospital length of stay, post-hospital 
discharge medical follow-up, quality of life, depression, 
post-traumatic stress syndrome, pain, and treatment 
satisfaction.

Cost-effectiveness analysis will be conducted from a 
health sector perspective over the 6-month trial partici-
pation time horizon as well as over a remaining lifetime 
time horizon (by extrapolating from trial outcomes). 
Costs will include the healthcare costs associated with 
the initial OUD management pre-discharge (either a sin-
gle dose of XR-BUP or TAU) and post-discharge health-
care utilization (ED visits and hospitalizations) and OUD 
care in the first six-months. Post-discharge costs will be 
estimated by multiplying self-reported healthcare utiliza-
tion by the relevant Centers for Medicare and Medicaid 
Services (CMS) reimbursement rates [42]. 

The effectiveness of the interventions will be assessed 
in terms of quality-adjusted life-years (QALYs), which 
reflect both length and quality of life. We will estimate 
the average QALYs accrued under each intervention by 
calculating the amount of time participants spend in dif-
ferent OUD states (based on reported ED use, hospital-
izations, and OUD care in the first 6 months) multiplied 
by the health-related utility of that state estimated from 
published data [10, 43]. Mortality is accounted for by 
assigning death a utility value of zero.

For the lifetime time horizon analysis, costs and QALYs 
after 6 months will be estimated by extrapolating from 
trial outcomes using estimated OUD outcomes from 
the published literature, economic analyses of MOUD 
treatments, and OUD modeling studies. We will con-
duct sensitivity analyses to assess the sensitivity of our 
cost-effectiveness conclusions on any extrapolation 
assumptions.

Once costs and QALYs have been assessed for XR-
BUP and TAU, we will compare the incremental costs 
and benefits of XR-BUP. If XR-BUP yields a health ben-
efit (increase in QALYs) and is less expensive than TAU, 
we will calculate the extent of this cost-savings to the 
healthcare sector. If XR-BUP is more expensive, but also 
more beneficial, than TAU, we will calculate the incre-
mental cost-effectiveness ratio (ICER) of XR-BUP, which 
is the additional cost of each additional QALY gained 
by using XR-BUP for hospital-initiated MOUD instead 
of TAU. Cost-effectiveness conclusions will depend on 
the value of the ICER. In the US, interventions with an 
ICER less than $100,000 per QALY gained are consid-
ered cost-effective, between $100,000 - $150,000 per 
QALY gained are considered marginally cost-effective, 
and over $150,000 per QALY gained is considered not 
cost-effective.

Trial progress
The study was approved by a single IRB in 2021 and 
recruitment is ongoing with more than 265 participants 
recruited by July 2024. Recruitment in hospitals was chal-
lenging during peak COVID-19 emergencies and supply 
chain disruptions led to a 6-week interruption in access 
to XR-BUP in 2022. The protocol is in its fifth version, 
with minor corrections to the previous versions.

Discussion
This multi-site randomized open-label trial conducted in 
hospitalized patients with OUD and no MOUD in the 14 
days prior to hospital admission evaluates the compara-
tive effectiveness of addiction consultation service treat-
ment as usual care versus a single pre-discharge injection 
of a 28-day formulation of XR-BUP on post-hospital day 
34 engagement in MOUD care. As hospitalizations asso-
ciated with OUD rise and hospitals begin to address this 
through in-hospital initiation of MOUD and post hos-
pital transition to ongoing MOUD, this study will help 
inform best practices for improving treatment engage-
ment following discharge.

The transition from hospital to ongoing community 
care post hospitalization is challenged by timely access 
to outpatient MOUD treatment [21]. We hypothesize 
that XR-BUP will provide stable MOUD coverage over 
28 days, allowing more time to transition into commu-
nity care and will thus result in more MOUD engage-
ment 34-days after hospital discharge than TAU, which 
may require more rapid access to care than is typically 
available in the community. We acknowledge the poten-
tial for the opposite to be true, that the earlier engage-
ment necessitated by TAU improves ongoing MOUD 
compared to XR-BUP, which may create too much tem-
poral distance between hospitalization and engagement 
in outpatient care despite pharmacologic coverage with 
MOUD.

There are some limitations to this study design. All 
sites must have a functioning ACS; thus, findings may not 
generalize to hospitals that address OUD through other 
means. Further, we are not simply comparing sublingual 
buprenorphine to XR-BUP, rather treatment as usual can 
include methadone, sublingual buprenorphine, or XR-
naltrexone, reflective of real-world practice. Patients dis-
charging from hospitals are often provided with a limited 
supply of buprenorphine, generally less than two weeks’ 
worth. By contrast, the regulatory restrictions surround-
ing methadone that require engagement within an opi-
oid treatment program and that prevent hospitals from 
dispensing more than three days’ of methadone upon 
discharge may bias outcome if a significant proportion 
of TAU participants receive methadone management. 
Our outcomes analyses will adjust for type of MOUD as 
a potential confounder, but the trial is not powered to 
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adequately compare each individual MOUD to XR-BUP. 
Further, as the study progresses, the sites are noting an 
increasing number of patients who specifically request 
methadone and do not wish to be on any formulation of 
buprenorphine. This may be due to perceived fears sur-
rounding buprenorphine and precipitated withdrawal in 
the era of fentanyl [44], or perceptions of better effect of 
methadone [45]. For patients who choose methadone-
only or who may otherwise decline XR-BUP, we will need 
strategies beyond those tested in this study to promote 
post-hospital MOUD engagement.

As hospitals are increasingly addressing OUD, some 
are already providing XR-BUP as part of the discharge 
transition process [46]. Currently, in-hospital adminis-
tration of XR-BUP is not a covered medical benefit, and 
hospitals are absorbing the cost (>$2000 for combined 
medication cost and injection procedure fee). Cost effec-
tiveness data are needed to help inform hospitals when 
choosing to add XR-BUP to inpatient formularies. Posi-
tive results from this study could motivate payors to add 
XR-BUP as a reimbursable hospital medication. Finally, 
most hospitals do not provide adequate MOUD coverage 
and efforts, including those of a companion study (CTN-
0098B) [47], are needed to facilitate implementation of 
existing effective interventions.
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