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Abstract

Introduction: A marked increase in hospitalizations for severe, injection-related infections
(SIRI) has been associated with the opioid epidemic. Outpatient parenteral antibiotic therapy
(OPAT] is typically not offered to persons with opioid use disorder (OUD) and SIRI, though
increasing evidence suggests it may be feasible and safe. This study evaluates the efficacy
and cost-effectiveness of an integrated care model combining Buprenorphine treatment of
OUD with OPAT for SIRI (B-OPAT] compared with treatment as usual on key OUD, infectious
disease, and health economic outcomes. B-OPAT expands and incorporates key elements of
established clinical models, including inpatient initiation of buprenorphine for OUD, inpatient
infectious disease consultation for SIRI, office-based treatment of OUD, and OPAT, and
includes more frequent clinical outpatient visits than standard OPAT. A qualitative evaluation
is included to contextualize effectiveness outcomes and identify barriers and facilitators to
intervention adoption and implementation.

Methods: B-OPAT is a single-site, randomized, parallel-group, superiority trial recruiting 90
adult inpatients hospitalized with OUD and SIRI who require at least 2weeks of intravenous
(IV) antibiotic therapy. After screening, eligible participants are randomized 1:1 to either
discharge once medically stable to an integrated outpatient treatment care model combining
Buprenorphine and OPAT (B-OPAT]) or to Treatment As Usual (TAU). The primary outcome
measure is the proportion of urine samples negative for illicit opioids in the 12 weeks after
discharge from the hospital. Key secondary OUD outcomes include self-reported number

of days of illicit opioid abstinence and 12-week retention in buprenorphine treatment. The
infection outcomes are completion of recommended IV antibiotic therapy, peripherally
inserted central catheter (PICC) complications, and readmission related to primary SIRI.
Conclusions: The B-OPAT study will help address the important question of whether it is
clinically effective and cost-effective to discharge persons with OUD and SIRI to an integrated
outpatient care model combining OUD treatment with OPAT relative to TAU (Clinicaltrials.gov
Identifier: NCT04677114).
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Introduction

The opioid epidemic continues with devastating
consequences including more than 100,000 over-
dose deaths in 2021,! and increasing incidence of
severe infectious complications of opioid use dis-
order (OUD) and injection drug use (IDU), such
as infectious endocarditis (IE) and osteomyeli-
tis.23 The resulting marked increase in hospitali-
zations for these severe, injection-related
infections (SIRI) has made abundantly clear that
there are major gaps in the evidence base to guide
clinical care, particularly in the transition out of
the hospital. While patients with these infections
who do not have substance use disorder (SUD)
are frequently able to be enrolled in an outpatient
parenteral antibiotic therapy (OPAT) program
and discharged to complete antibiotics via a
peripherally inserted central catheter (PICC),*
OPAT is typically not offered to patients with
OUD and SIRI due to concerns of ongoing IDU
and PICC complications.>® However, OPAT is
associated with decreased risk of hospital-
acquired infections and with improved patient
satisfaction.” Increasing observational evidence
suggests that OPAT may be appropriate for
patient populations with SUD as well,8° but there
is an urgent need for prospective clinical trials.
Furthermore, IDU has been identified as a risk
factor for IE!? and vertebral osteomyelitis;!! how-
ever, clinical practice guidelines for these infec-
tions do not include specific recommendations
for incorporating evidence-based OUD treat-
ment. Therefore, demonstration of a successful,
integrated, outpatient model incorporating
buprenorphine treatment and OPAT may change
current clinical care and OPAT guidelines.

We previously conducted a pilot, proof-of-con-
cept, randomized study to establish the safety and
feasibility of discharging hospitalized patients
with OUD and SIRI to complete intravenous
(IV) antibiotics in an integrated, outpatient model
combining buprenorphine treatment with
OPAT.!213 In that study, 20 participants were
enrolled and randomized, 10 to early discharge to
complete antibiotics as outpatients via OPAT,
and 10 to complete antibiotics as inpatients per
usual care. Both groups received buprenorphine
induction in the hospital and continued outpa-
tient buprenorphine treatment for 12 weeks after
discharge. In the early discharge OPAT group,
participants also received home delivery of IV
antibiotics, instruction for self-administering
antibiotics, weekly PICC dressing changes, and a

follow-up infectious disease visit. All participants
(100%) completed the recommended course of
IV antibiotics, with the early discharge OPAT
group completing a mean of 20.1 (£11.1) days of
IV antibiotics as outpatients. The mean length of
hospital stay in the early discharge group was 22.4
(*=7.8) days wversus 45.9 (=7.8) in the usual care
group (p<0.001). The 12-week retention in out-
patient treatment after hospital discharge was
similar in both groups. The proportion of urine
samples negative for illicit opioids was signifi-
cantly greater in the early discharge group com-
pared with usual care (p=0.049).13 This pilot
safety and feasibility study provided preliminary
data and a care model framework for the clinical
trial described here and was the first prospective
randomized controlled trial (RCT) on OPAT in
people who inject drugs (PWID).

This study evaluates the efficacy and cost-effec-
tiveness of the B-OPAT integrated care model for
treatment of OUD and SIRI compared with treat-
ment as usual on key OUD, infectious disease,
and health economic outcomes. A qualitative
evaluation is included to contextualize effective-
ness outcomes from provider and patient perspec-
tives and identify barriers and facilitators to
intervention adoption and implementation. We
describe the design, protocol, outcomes measures,
and analytic considerations for this ongoing RCT.

Methods

Study design

B-OPAT is a single-site, randomized, parallel-
group, superiority trial recruiting adult (18years
or older) inpatients hospitalized with OUD and
SIRI who require at least 2weeks of IV antibiotic
therapy. Eligible participants are carefully screened
and, if qualified, randomized 1:1 to either an inte-
grated addiction and infectious disease outpatient
treatment care model combining Buprenorphine
pharmacotherapy for OUD and OPAT for SIRI
(B-OPAT) or to Treatment As Usual (TAU).

The total duration of study participation in both
groups is from informed consent to 24 weeks post-
hospital discharge. The active study intervention
period is 12weeks post-hospital discharge, fol-
lowed by a 3-month follow-up period. The inpa-
tient study participation time will vary depending
on group assignment and clinical course (e.g. time
to medical readiness for discharge may take longer
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for IE than for bacteremia), but is estimated at
~2weeks for B-OPAT and ~5 weeks for TAU.

Research questions

The primary objective of the clinical trial is to
evaluate the integrated outpatient care model,
B-OPAT, compared with TAU on key OUD and
infection outcomes. For OUD outcomes, it is
hypothesized that (1) the proportion of urine
samples negative for illicit opioids in the 12 weeks
after discharge from the hospital will be greater in
the B-OPAT group compared with TAU (pri-
mary outcome); (2) self-reported number of days
of illicit opioid abstinence will be greater in the
B-OPAT group compared with TAU; (3) self-
reported number of days without injection use of
any drug will be greater in the B-OPAT group;
and (4) 12-week retention in buprenorphine
treatment will be higher in the B-OPAT group.
For infection outcomes, it is hypothesized that
(1) completion of recommended IV antibiotic
therapy will be similar between the two groups;
(2) discharge against medical advice will be lower
in the B-OPAT group compared with TAU; (3)
PICC-line complications will be similar in the
two groups; and (4) readmission related to pri-
mary SIRI will be similar in the two groups.

The goal of the health economic evaluation is to
calculate the cost of implementing and running
B-OPAT and determine the relative value of the
model from the healthcare sector and societal
perspectives.!* The healthcare sector includes all
direct healthcare costs incurred on behalf of the
participant, including out-of-pocket expendi-
tures, while the societal perspective includes all
direct and indirect costs incurred by society on
behalf of the participant. It is hypothesized that
reduced utilization of high-cost healthcare and
criminal-legal resources and increased productiv-
ity, time abstinent from opioids, and quality-
adjusted life years (QALYs) will result in the
integrated outpatient care model being cost-effec-
tive compared with TAU from both perspectives,
at traditionally accepted value thresholds.

Study setting

The B-OPAT study is being conducted at the
University of Kentucky (UK), in Lexington, KY,
USA. Participants are recruited and enrolled
while hospitalized at two UK Hospitals, which
are tertiary referral centers for the region. The

integrated outpatient B-OPAT care model occurs
at the UK First Bridge Clinic, which provides
low-threshold OUD treatment within the UK
Center on Drug and Alcohol Research (CDAR).
Home infusion services are provided by a com-
pany that serves many healthcare systems in the
area. Post-discharge infectious disease care occurs
at the UK Bluegrass Care Clinic.

Study inclusion/exclusion criteria

Inclusion criteria include adults aged =18years
with OUD and SIRI (IE by Duke’s criteria,!®
osteomyelitis, septic arthritis, bacteremia, severe
skin and soft tissue infections requiring IV antibi-
otic therapy), providing informed consent, accept-
ing of buprenorphine treatment, anticipated to be
discharged home after medically stabilized, and
have =5days of IV antibiotics remaining at the
time of medical readiness for discharge (as defined
by the primary clinical team). Five days of IV anti-
biotic therapy remaining was chosen as a mini-
mum amount of time for exposure to home IV
antibiotics via PICC if randomized to the B-OPAT
arm. Individuals for whom injection behavior can-
not be confirmed (either by exam or history) may
enroll if they are otherwise eligible.

Exclusion criteria include stroke or cerebral
mycotic aneurysms preventing aortic or mitral
valve surgery, fungal IE, patients who require
inpatient physical rehabilitation, current preg-
nancy, hypersensitivity or allergy to buprenor-
phine, class III or IV heart failure, end-stage liver
disease, end-stage renal disease, other screening
laboratory, medical, and/or psychiatric condition
that may prevent the volunteer from safely par-
ticipating in the study in the opinion of the inves-
tigator (e.g. benzodiazepine or alcohol dependence
requiring medically supervised withdrawal), self-
report of desire to inject into PICC line, pending
legal action that could interfere with study partici-
pation, unstable home environment precluding
safe outpatient administration of IV antibiotics,
and living more than an approximately 60-min
drive from Lexington, KY, given the intensive
outpatient component to the intervention.

Experimental and control groups

Integrated Outpatient Care Model [B-OPAT). The
experimental B-OPAT integrated care model
expands and incorporates key elements of estab-
lished clinical models. While hospitalized,
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B-OPAT participants receive standard clinical
care, including infectious disease consultation for
treatment of SIRI, addiction medicine consulta-
tion for inpatient initiation of buprenorphine for
OUD,!% and overdose education and naloxone
distribution. Consultation from other clinical ser-
vices occurs as indicated (e.g. cardiothoracic sur-
gery, orthopedics). Once the antibiotic plan is
finalized and the participants are medically stable,
OPAT services are arranged per standard prac-
tice, with the exception being that if home health
is not available, then the PICC dressing changes
and blood draws for laboratory monitoring occur
at the First Bridge Clinic. B-OPAT participants
are then discharged with the PICC in place to
complete IV antibiotics at home via enhanced
OPAT, which includes office-based buprenor-
phine treatment for OUD!7 and more frequent
clinical outpatient visits than would typically be
recommended in standard OPAT.*

Patients are eligible to continue study participa-
tion if they choose to transition from sublingual to
extended-release buprenorphine (Sublocade®) at
discharge. The outpatient visit frequency in
B-OPAT is less than the initial thrice-weekly vis-
its in the pilot study,!? which adopted a conserva-
tive approach as there were no previous
randomized trials of OPAT in persons with OUD
and IDU at that time. As the pilot study demon-
strated safety, this study modestly decreased
clinic visit requirements (detailed in section
‘Recruitment, screening, and informed consent’)
to be more manageable for patients and clinical
providers, and likely more realistic for potential
future real-world implementation.

TAU. TAU is designed to reflect the current stan-
dard approach to treatment of SIRI in US hospi-
tals, with the added component of evidence-based
treatment of OUD with buprenorphine. While
hospitalized, participants in TAU also receive
infectious disease consultation for treatment of
SIRI, addiction medicine consultation for inpa-
tient initiation of buprenorphine for OUD,!¢ and
consultation from other clinical services as indi-
cated. Participants in TAU are also likely to have
PICCs placed as hospitalized patients with SIRI
typically receive them to facilitate IV medication
administration and blood draws. In TAU, the pri-
mary medical team determines where partici-
pants will complete antibiotics, and patients
receive follow-up appointments for continued
buprenorphine treatment and infectious disease

care per standard clinical care. Participants in
TAU are able to receive continued buprenorphine
treatment after discharge at the First Bridge
Clinic if they choose to, or at another location if
that is their preference. Patients with SIRI typi-
cally are asked to stay in the hospital for the dura-
tion of IV antibiotic therapy, but some may be
discharged to complete IV antibiotics in a skilled
nursing facility, residential addiction treatment
setting, or may be discharged without a PICC on
partial oral or long-acting injectable lipoglyco-
peptide antibiotic therapy.!8:1° The clinical land-
scape of OUD and SIRI is changing rapidly, and
this inclusive approach to the TAU arm provides
greater external validity and generalizability.

Sample size and power calculation

Sample size estimates were generated for the pri-
mary outcome (illicit opioid negative urine sam-
ples over 12weeks, missing considered positive),
and for the key secondary outcome of treatment
retention based on the pilot study.!®> Estimates
were premised with power = 0.8, alpha = 0.05,20
and demonstrated medium effect sizes with a
sample ranging from 66 to 94 subjects. Thus, the
planned sample size of 90 (45 per group) ensures
adequate power to detect a between-group differ-
ence with medium effect size, and while allowing
for possible additional attrition due to SIRI mor-
tality of 5-10% (~4-9 participants).

Stratification and randomization

Randomization occurs in the hospital for those
meeting all eligibility criteria and providing
informed consent. They are randomized
(n=45per group) to TAU or B-OPAT. Subjects
are stratified prior to randomization on the clini-
cal SIRI subgroup, current stimulant use disorder
(yes/no), and sex (male/female). The clinical SIRI
stratification variable has three subgroups: (1)
low-risk IE [native tricuspid valve (TV) managed
without surgery], (2) high-risk IE (native TV
managed surgically, native aortic valve, native
mitral valve, and any prosthetic valve), and (3)
non-IE (osteomyelitis, septic arthritis, bactere-
mia). It is important to stratify on the SIRI sub-
group because of significant variation in morbidity
and mortality risk associated with these infec-
tions. In-hospital IE mortality is estimated at 20%
and 25-30% at 6 months.?! Expected in-hospital
mortality for persons with IDU and isolated TV
IE not requiring surgery, however, is lower at
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5%.%2 Mortality rates in osteomyelitis are less
well-defined in the literature, but are meaning-
fully lower than in IE, for example, 15% 5-year
mortality estimates in vertebral osteomyelitis.?3
The second stratification criterion is current stim-
ulant use disorder because it was present in 50%
of participants in the preliminary study!? and
complicates OUD treatment.

Study procedures

Recruitment, screening, and informed consent
Potential participants are identified via electronic
chart review of patients admitted to the inpatient
services at the UK Hospitals. Patients also may be
referred to the study by the hospital clinical teams,
infectious disease consult service, and/or the
addiction consult services. A study clinician con-
ducts an initial review of the electronic health
record (EHR) for potential eligibility, identifying
the presence of a qualifying SIRI, and absence of
immediately disqualifying health conditions.
Research staff then approach potential partici-
pants to introduce the study and offer initial study
screening. Potentially eligible participants pro-
vide consent for in-person screening, which con-
firms the presence of OUD by DSM 5 criteria,
willingness to accept buprenorphine treatment,
and other eligibility criteria. Participants meeting
screening eligibility then are offered full study
informed consent and completion of screening
assessments (see Table 1 for screening and initial
assessment measures). Randomization then
occurs once the participant is approaching medi-
cal stability.

Integrated Outpatient Care Model (B-OPAT)

After randomization, the discharge transition and
arrangement of OPAT requires coordination
between the clinical and research teams. The
research team notifies the primary team (most fre-
quently hospital medicine), infectious disease, and
addiction medicine of the randomization to
B-OPAT. The infectious disease OPAT team
(part of standard clinical services offered by the
UK Division of Infectious Diseases) provides final
antibiotic recommendations including laboratory
monitoring, follow-up appointment, and patient
education regarding self-administration of IV anti-
biotics. The primary hospital team confirms medi-
cal readiness for discharge, coordinates other
needed follow-up (e.g. with relevant surgical

specialties), provides the antibiotic prescription,
and refers to home infusion and home health ser-
vices. The home infusion company provides addi-
tional education to the patient regarding care of
the PICC and antibiotic infusion and arranges
delivery of antibiotics and PICC care supplies to
the patient’s home. The addiction consult team
coordinates the post-discharge appointment
within 1 week of discharge at the First Bridge
Clinic and provides the buprenorphine prescrip-
tion until that appointment or an injection of
XR-buprenorphine prior to discharge. The par-
ticipant is discharged at the time of medical stabil-
ity as determined by the primary clinical team.

After hospital discharge and while the PICC is in
place, participants attend appointments twice
weekly at the First Bridge Clinic, located at the
UK CDAR for continued buprenorphine treat-
ment. Clinician visits include medication man-
agement supported by motivational interviewing,
and participants receive short buprenorphine pre-
scriptions until the next scheduled visit (to lever-
age the positive reinforcement attributes of
buprenorphine in relieving opioid craving and
withdrawal, thereby maximizing treatment reten-
tion and adherence). DPatients receiving
XR-buprenorphine are asked to attend the same
frequency of appointments. Peer recovery sup-
port and counseling services are also on-site and
available.

The weekly PICC dressing changes and labs for
clinical monitoring of antibiotic therapy are done
as part of these clinical appointments. The OPAT
team follows the antibiotic results per standard
clinical practice and coordinates with the home
infusion company if antibiotic adjustments are
needed. Participants also attend a follow-up
appointment with an infectious disease specialist
within 4 weeks after discharge as part of standard
clinical follow-up of SIRI. At the end of OPAT,
the PICC is removed by a trained member of the
First Bridge clinical team (clinician or nurse), or
at the infectious disease appointment. After the
PICC is removed, clinician visits continue once
weekly for continued buprenorphine treatment
until 12 weeks post-discharge. Visits may be more
frequent if clinically indicated. After week 12,
participants are referred to standard care and may
continue in the First Bridge Clinic if desired. All
clinical care visits are billed to insurance in
B-OPAT and TAU. Kentucky is a Medicaid
expansion state, and the most common payor
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Table 1. Schedule of research assessments for both study arms.

Inpatient Post-hospital discharge week Follow-up month
Initial Weekly 1-3 4 5-7 8 9-11 12 4 5 6
Addiction Severity Index - Lite X X X X X X X
Mini Neuropsychiatric Interview v. 5.0 x
Patient Health Questionnaire (PHQ-9)  x X X X X X X
General Anxiety Disorders (GAD-7) X X X X X X X
Brief Trauma Questionnaire X
Primary Care - PTSD X X X X X X X
Brief Pain Inventory X X X X X X X X
Subjective Opioid Withdrawal Scale X X X X X X X X X X X
Clinical Opiate Withdrawal Scale X X X X X X X X X X X
Visual Analog Scale (VAS)? X X X X X X X X X X X
Timeline Followback (TLFB] X X X X X X X X X X X
TLFB-antibiotics® X X X X
PROPr X X X X X X X
Non-study Medical and Other Services x X X X X X X
Criminal and Legal Activities Form X X X X X X X
Urine drug testing X X X X X X X X X X X
Chart review X X X X X X X
PICC check X X X X X
Concommitant medications X X X X X X X X X X X
Safety/AE check X X X X X X X X X X X

AE, adverse event; PICC, peripherally inserted central catheter; PTSD, post-traumatic spectrum disorder.
aVAS items: opioid withdrawal, desire to use opioids, desire to inject into PICC (if present), desire to inject substances other than opioids.
bTLFB-antibiotics will be included in B-OPAT, and in TAU if subjects finish IV antibiotics outside the hospital.

expected in this study population is Medicaid.
Research follow-up visits continue monthly for
another 3 months.

TAU

Participants randomized to TAU will complete
IV antibiotics in the setting determined by the
primary clinical team. Participants will be referred
to continued outpatient buprenorphine treatment
by the addiction consult service and follow-up
with infectious disease will be arranged per usual

clinical practice. Post-discharge research assess-
ments occur at the same frequency and for the
same duration as the B-OPAT group.

Research assessments and outcome

measures

The screening and initial assessments take place in
the hospital to establish the presence of SUD and
comorbid psychiatric symptoms and disorders,
self-reported drug use, health-related quality of
life (HRQoL), and other key elements. Details of
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the SIRI diagnosis, medical comorbidities, surgi-
cal procedures, and PICC line insertion and com-
plications during the hospitalization are collected
from the EHR. Research assessments then occur
weekly until discharge. After discharge, research
assessments occur weekly for the 12-week study
intervention, and then monthly for 3 follow-up
months. Post-discharge research assessments are
coordinated with clinical visits to minimize par-
ticipant burden. The list and frequency of research
assessments are summarized in Table 1 and Figure
1 illustrates the study schema.

Primary and key secondary outcome measures
The primary outcome of illicit opioid use over the
12-week post-discharge study period is measured
using urine test results (positive or negative for
illicit opioids) at each weekly research visit. The
proportion of urine tests negative for illicit opioids
is then calculated. Illicit opioid use was chosen as
the primary outcome because it is most represent-
ative of the clinical efficacy of an OUD treatment
model, as well as being highly relevant to the per-
ceived risk of managing PICCs in the outpatient
setting and the risk of future injection-related
infections. Self-reported number of days of illicit
opioid use and of injection use of any drug are
measured using Timeline Followback (TLFB).
Retention in outpatient buprenorphine treatment
is defined as number of days from discharge until
the end of the last outpatient buprenorphine pre-
scription per medical chart review.

For the infection outcomes, IV antibiotic comple-
tion is assessed via self-report and chart review.
The utilization of healthcare resources, including
readmission related to the primary SIRI, is meas-
ured using medical records, adverse event moni-
toring, and self-report using time-anchoring
methodology via the Non-study Medical and
Other Services (NMOS) form.2* Healthcare
resources include inpatient, outpatient, and
emergency department visits, medications for
OUD, residential and outpatient SUD treatment
days, and mental health treatment visits. PICC
complications are monitored via chart review,
self-report, and weekly visual assessments by a
study clinician or nurse and are defined as the
rate of complications (phlebitis, catheter-associ-
ated bloodstream infection, venous thrombosis,
hematoma, mechanical complication)?>-27 per
number of PICC days inpatient and outpatient.

Safety measures

Safety measures collected during study visits (see
Table 1) include (1) adverse events assessments,
(2) prior and concomitant medications assess-
ments, (3) healthcare utilization, (4) evaluation of
the PICC and any complications, and (4) adher-
ence to and complications from recommended
antibiotic regimens.

Health economic outcomes

The primary economic outcome is the incremen-
tal cost-effectiveness ratio (ICER), calculated as
the incremental mean cost of B-OPAT relative to
TAU, divided by the incremental mean effective-
ness of the two arms. The primary measure of
effectiveness for the economic evaluation will be
the QALY, calculated from the participant’s self-
reported values on the Patient-Reported
Outcomes Measurement Information System
(PROMIS)-Preference (PROPr) instrument. The
QALY is a measure that weights the amount of
time a person spends in a particular health state,
with the HRQoL associated with that state, and is
recommended as the primary effectiveness meas-
ure in economic evaluation studies due to its abil-
ity to be compared across interventions and
disorders,!* the importance of HRQoL as a meas-
ure of patient well-being,28:2° and the fact that
generally accepted value thresholds exist for
QALYs, unlike clinical measures.?%31 PROPr
measures HRQoL across the following domains:
cognitive function, depression, anxiety, fatigue, pain
nterference, pain intensity, physical function, sleep,
and ability to participate in social roles and activi-
ties.’2 PROPr has five levels for each domain,
ranging from ‘no problems’ to ‘extreme prob-
lems’. Responses will be used to generate a global
health utility index value that represents the gen-
eral US population’s preference for the partici-
pant’s current health state.3® This value is then
used to calculate QALYs.3438

The secondary measure of effectiveness for the eco-
nomic evaluation will be Opioid-Free Years, which
will be operationalized as the predicted proportion
of the year that the participant was not using opi-
oids. Time free from opioid use is an important
measure of treatment effectiveness for clinical
stakeholders, and calculating cost-per-Opioid Free
Year enables comparisons with existing economic
evaluations that have utilized similar effectiveness
measures.>%39
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Qualitative interviews

Fifteen participants from each group (N=30) are
randomly selected to complete two in-depth qual-
itative interviews at 4 and 12 weeks post-discharge,
to (1) assess facilitators and barriers to interven-
tion effectiveness during hospitalization and the
outpatient transition, and (2) gather patient per-
spectives on the most salient elements of the treat-
ment experience and care model that impacted
observed outcomes. The interviews gather infor-
mation on patient satisfaction with the experimen-
tal B-OPAT intervention, identify targets that
might increase retention, and explore substantial
barriers and potential adaptations to enhance
acceptability by patients. The in-depth interviews
also provide rich data on the following: when
patients experienced the most difficulties during
hospitalization and the outpatient transition, fac-
tors that supported treatment engagement
throughout the study period, as well as patient
perspectives and priorities related to outcomes.
Qualitative interviews are coordinated with clini-
cal visits to minimize participant burden.

In addition, one-time in-depth qualitative inter-
views are conducted among a sample of key
healthcare provider stakeholders and organiza-
tional leaders (IN=15) to elicit critical information
from participating health care providers and lead-
ership on the multi-level barriers to implementing
the experimental intervention, be they provider-
or systems-level issues. Qualitative interviews with
stakeholders are designed to assess attitudes and
experiences of delivering care to patients with
OUD and SIRI, structural or organizational barri-
ers to implementing the treatment model, and
challenges for scalability. Stakeholders are asked
about contextual, organizational, and environ-
mental factors salient to intervention implementa-
tion, including current capacities and clinical
operations and workflows, training needs for staff,
and other factors that could potentially impede
successful adoption of the intervention.

Participant incentives

Participants are paid $25 for initial screening and
informed consent, $50 for the full screening
assessment, $25 for each short outpatient research
assessment (weeks 1-3 of each outpatient month),
$50 for each longer monthly outpatient research
assessment, $50 for each monthly follow-up visit,
and $250 as a bonus if all research assessments
are completed. The subset of enrolled partici-

pants randomly invited to complete two qualita-
tive interviews receive $25 per interview.

Analytic plan

Primary and key secondary analyses

All primary and secondary analyses will be con-
ducted with the intent-to-treat (ITT) population,
which will consist of all randomized subjects.
Between-group comparisons on single initial
assessment and baseline variables will be con-
ducted using ¢ tests for continuous variables and
chi-square tests for dichotomous variables to
detect whether group adjustments are needed
through the use of covariates. Adverse events will
be described descriptively for each treatment
group. Generalized estimating equation (GEE)
analyses with an exchangeable correlation struc-
ture will be used to assess differences between
groups on the primary outcome of negative opioid
urine samples in the 12-week post-hospital dis-
charge period. Missing values for the primary
outcome will be considered positive. GEE results
are reported as odds ratios (OR), indicating the
likelihood that the B-OPAT group had different
outcomes than the TAU group, and 95% CIs sur-
rounding the OR.4° In addition, other secondary
or exploratory analysis will be conducted, such as
a cumulative distribution function (CDF) of per-
cent opioid negative samples across the same
3-month period will be calculated for each subject
and will be analyzed using Wilcoxon rank-sum
test.

Assessing group differences for the secondary
outcomes, such as completion of recommended
IV antibiotic therapy, self-reported number of
days of illicit opioid abstinence, self-reported
number of days without injection use of any drug,
and buprenorphine treatment retention, will be
analyzed with GEE when outcomes are dichoto-
mous and analyzed in Proc Mixed with an autore-
gressive covariance structure when outcomes are
continuous (Singer 1998). These analyses will
permit an examination for effects of assignment
to treatment group, time effects associated with
the course of treatment, and group X time inter-
actions. All models will be run in SAS (SAS
Institute, Inc., Cary, NC, USA), and statistical
significance will be set at p<<0.05.

Attrition is expected over the 12-week outpatient
study. Inspection of missing data and correlates
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of missingness will be examined upon study com-
pletion. Data sets containing missing values will
be analyzed by missing data statistical methodol-
ogy (e.g. GEE, Proc Mixed).¥1-43 The primary
outcome of negative opioid urine samples will be
analyzed with missing values as positive as a more
conservative approach than missing values as
missing. We will also conduct sensitivity analyses,
including Missing Not-At-Random (MNAR)
approaches, to examine the robustness of our
outcomes under varying assumptions.

Health economic analysis

The economic analyses will be conducted using
well-established guidelines,!44445 from the health-
care sector and societal perspectives. First, we
will conduct a microcosting analysis to identify
resources necessary to both implement and sus-
tain B-OPAT, and estimate the costs associated
with those resources. Second, we will estimate the
economic value of B-OPAT relative to TAU,
measured via four ICERs, one for each stake-
holder perspective, and covering two time points:
12weeks post-hospital discharge (intervention
period) and 24weeks post-hospital discharge
(intervention plus follow-up).

The resource costing method will be used to esti-
mate participant-level costs. This method involves
determining a per-unit price weight (adjusted for
inflation) that reflects ‘real-world’ costs faced by a
chosen stakeholder, for each relevant resource, and
multiplying it by the number of resource units uti-
lized.144547 We will model the monthly person
period for all relevant costs and outcomes, over the
12-week (post-discharge) intervention and the
subsequent 3-month follow-up periods. Individual,
multivariable generalized linear mixed models
(GLMMs) will be estimated to predict the mean
value for each resource and effectiveness measure,
at each time period, by study arm. The GLMM is
well-suited for prospective, ITT economic evalua-
tions, as it allows for the assessment of the mean
and variance functions that best fit the observed
data (economic data are often heavily skewed),
and uses all available data for each participant,
regardless of whether or not it is complete.#> Final
predicted mean values will be estimated via the sta-
tistical method of recycled predictions. We will
then test for cost-offsets between arms, for each
relevant resource, as well as for mean total costs.*>
Tests will be conducted using standard errors

derived from nonparametric bootstrapping tech-
niques within the multivariable framework, to
account for sampling uncertainty.

Finally, ICERs will be calculated and their uncer-
tainty assessed through confidence intervals and
acceptability curves, both of which also rely on
values obtained from the nonparametric boot-
strapping. The cost-effectiveness acceptability
curve displays the probability that the interven-
tion is cost-effective relative to TAU across a
range of willingness-to-pay thresholds (i.e. cost-
per-QALY and cost-per-Opioid-Free Year), for a
given time period.*> Sensitivity analyses will be
performed to account for uncertainty pertaining
to assumptions or parameter estimates applied in
the original analyses.!4

Oversight of data and safety

The study was approved by the University of
Kentucky Institutional Review Board (IRB) (IRB
ID: 60903), which also provides oversight of par-
ticipant safety. An independent Data and Safety
Monitoring Board provides additional oversight by
examining accumulating data to assure protection
of participant safety and recommending to the
sponsor [National Institute on Drug Abuse
(NIDA)] whether there is support for continuation
of the trial, evidence that study procedures should
be changed, or whether the study should be halted
for reasons concerning participant safety.

Current status of the trial

The study began recruitment in February 2021,
and approximately 30% of planned enrollment
has occurred to date. Participant enrollment is
expected to continue through November 2023.

Summary

There is increasing recognition that integrating
evidence-based treatment for OUD in general
medical settings is critical to improving outcomes,
including for SIRI*® and other infections associ-
ated with SUDs such as HIV#® and hepatitis C.5°
For patients with OUD hospitalized with SIRI,
there is an urgent need for research to define and
evaluate integrated clinical care models that pro-
vide alternatives to prolonged hospitalizations to
complete IV antibiotic courses. PWID have his-
torically been excluded from OPAT studies; the
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prevailing assumption has been that it is not safe
to offer OPAT to PWID due to the potential for
substance use through the PICC and risk of
incomplete antibiotic treatment. The B-OPAT
study will help address the important question of
whether it is clinically effective and cost-effective
to discharge persons with OUD and SIRI to an
integrated outpatient care model combining
OUD treatment with OPAT relative to treatment
as usual.

The clinical activities in the inpatient and outpa-
tient settings are not individually experimental,
but are explicitly coordinated and integrated in
the investigational B-OPAT model, improving
the external validity and likelihood of implemen-
tation in other settings. Although housing insecu-
rity is common in this patient population, a stable
home environment is an inclusion criterion
because a home address is needed to deliver anti-
biotics, refrigeration is often needed for the anti-
biotics, and patients must be able to maintain
personal hygiene. Even though safe housing is a
typical requirement for OPAT, this requirement
may limit generalizability of the study results. The
randomized controlled design, while challenging
to undertake in an active, and frequently chang-
ing clinical environment like the hospital, is criti-
cal to reduce bias. Patients hospitalized with
OUD and SIRI frequently experience stigma.51,52
The blanket assumption that OPAT is ‘not safe’
for PWID is a stigmatized perspective that per-
sons with SUDs are either not capable of or not
willing to make positive choices with respect to
their medical care. The inclusion of in-depth
qualitative interviews with participants, care pro-
viders, and hospital administration will provide
additional insights into these, and other issues

important to the implementation and adoption of
the B-OPAT model.

In keeping with the innovative, integrated design
of the B-OPAT care model, this study includes a
unique multidimensional assessment of the
patient sample enrolled and their clinical care,
including outcomes on OUD, infectious diseases,
and an economic analysis from the healthcare and
societal perspectives. Demonstration of a success-
ful, cost-effective, integrated, outpatient model
incorporating buprenorphine treatment and
OPAT that improves OUD and infectious disease
outcomes, and is more acceptable to patients,
may change current clinical care and OPAT
guidelines.
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