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ABSTRACT
Introduction  Buprenorphine is a highly effective 
treatment for opioid use disorder (OUD). However, provider 
observations and preliminary research suggest that the 
current standard maintenance dose may be insufficient for 
suppressing withdrawal and preventing cravings among 
people who use or have used fentanyl. Buprenorphine 
dosing guidelines were based on studies among people 
who use heroin and have not been formally re-evaluated 
since fentanyl became predominant in the unregulated 
drug supply. We aim to compare the effectiveness of a 
high (24 mg) vs standard (16 mg) maintenance daily dose 
of buprenorphine for improving retention in treatment, 
decreasing the use of non-prescribed opioids, preventing 
cravings and reducing opioid overdose risk in patients.
Methods and analysis  Adults who are initiating or 
continuing buprenorphine for moderate to severe OUD 
and have a recent history of fentanyl use (n=250) will 
be recruited at four outpatient substance use treatment 
clinics in Rhode Island. Patients continuing buprenorphine 
must be on doses of 16 mg or less and have ongoing 
fentanyl use to be eligible. Participants will be randomly 
assigned 1:1 to receive either a high (24 mg) or standard 
(16 mg) maintenance daily dose, each with usual care, 
and followed for 12 months to evaluate outcomes. 
Providers will determine the buprenorphine initiation 
strategy, with the requirement that participants reach the 
study maintenance dose within 7 days of randomisation. 
Providers may adjust the maintenance dose, if clinically 
needed, for participant safety. The primary study outcome 
is retention in buprenorphine treatment at 6 months 
postrandomisation, measured using clinical and statewide 
administrative data. Other outcomes include non-
prescribed opioid use and opioid cravings (secondary), as 
well as non-fatal or fatal opioid overdose (exploratory).
Ethics and dissemination  This protocol was approved by 
the Brown Institutional Review Board (STUDY00000075). 
Results will be presented at conferences and published in 
peer-reviewed journals.
Trial registration number  NCT06316830.

INTRODUCTION
Background and rationale
Unintentional overdose deaths have dras-
tically increased in the past decade in the 
USA due to increasing amounts of fentanyl 
and other highly potent synthetic opioids 
in the unregulated drug supply, among 
other social and economic factors.1 In 2022, 
approximately 110 000 people died due to 
drug overdose in the USA, with more than 
two-thirds (68%) involving synthetic opioids 
other than methadone, mainly fentanyl.2 
Buprenorphine is a highly effective medi-
cation treatment for opioid use disorder 
(OUD), and prescribing has more than 
doubled since 2009.3 Compared with non-
medication treatment for OUD, buprenor-
phine reduces overdose mortality by 50% and 
improves retention in care.4–7 Additionally, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This randomised trial will use an allocation meth-
od designed to minimise imbalance of prognostic 
covariates (eg, sex, race/ethnicity, age) between 
treatment arms to avoid confounding that may have 
biased prior observational studies.

	⇒ The trial will use a pre-established statewide data 
sharing framework to assess the primary outcome 
(retention in treatment) and an exploratory outcome 
(non-fatal or fatal overdose) with administrative 
data, allowing for near-complete outcome ascer-
tainment including among participants who are no 
longer receiving care at an enrolment site.

	⇒ This trial focuses on English-speaking populations, 
a limitation of the study that may impact generalis-
ability of findings to other populations.
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buprenorphine and other medications for OUD confer 
numerous other personal health and social benefits, 
including maintenance of employment and improved 
birth outcomes.5 6 8 9 However, fentanyl is changing the 
calculation of treatment, and optimal buprenorphine 
dosing for people who use fentanyl is unknown.7 10

Mounting preclinical and clinical data demonstrate 
that the pharmacological profile of fentanyl is funda-
mentally different from other ‘short-acting’ opioids, 
such as heroin.11 Fentanyl is a more efficacious agonist of 
mu-opioid receptors than heroin or morphine, suggesting 
that buprenorphine at standard doses may be less effec-
tive in treating patients with a history of fentanyl use than 
heroin use.12 13 Buprenorphine dose guidelines for OUD 
treatment were determined by clinical trials conducted 
in populations with a history of heroin use. Trial doses 
were selected based on opioid receptor blockade studies 
with buprenorphine in the context of morphine, hydro-
morphone and heroin challenge doses.14 Unfortunately, 
the early receptor blockade studies did not assess opioid 
blockade with buprenorphine using fentanyl as a chal-
lenging drug, which limits application to populations 
who use fentanyl.15 In studies that assessed higher doses 
of more potent opioids, higher buprenorphine doses 
were required to maximise opioid receptor blockade.16–19 
This is supported by animal studies demonstrating that, 
for both methadone and buprenorphine, higher efficacy 
agonists are more difficult to block than lower efficacy 
agonists.12 13

Clinician observations, case reports and observational 
studies also suggest that higher than standard doses of 
buprenorphine may be needed for people who use 
fentanyl. Physicians have observed that higher daily doses 
of buprenorphine are needed to suppress withdrawal and 
prevent cravings among patients who use fentanyl.20–24 
Some providers have already started increasing from 
the standard 16 mg daily dose to 24 mg or more,25 and 
case studies suggest that higher doses of buprenorphine 
may benefit patients with a history of fentanyl use.20 25 26 
Prior work from our research team found that, among 
a retrospective cohort of patients initiating buprenor-
phine treatment in the fentanyl era, those prescribed 
the standard 16 mg dose were 20% more likely to discon-
tinue treatment than those prescribed 24 mg.27 Higher-
dose treatment protocols may be necessary to provide 
adequate control of withdrawal symptoms and cravings, 
improve treatment retention and prevent ongoing non-
prescribed opioid use and overdose among patients who 
use fentanyl. However, existing evidence regarding the 
effectiveness of higher doses of buprenorphine is based 
on preclinical studies, clinician anecdotes, case reports 
and retrospective analyses, which have substantial limita-
tions and may be subject to important biases.

Objectives
We aim to test the effectiveness of a high maintenance 
daily dose of buprenorphine (24 mg) for improving 
outcomes among patients who use fentanyl compared 

with the standard maintenance daily dose (16 mg). We 
hypothesise that patients who are randomly assigned 
to the high 24 mg maintenance dose, as compared 
with patients randomly assigned to the standard 16 mg 
maintenance dose, will have improved retention in 
buprenorphine treatment (primary outcome), improved 
treatment response based on use of non-prescribed 
opioids (secondary outcome), decreased opioid cravings 
(secondary outcome) and decreased risk of non-fatal or 
fatal opioid overdose (exploratory outcome).

Trial design
The trial will use a parallel design in which patients with 
a history of fentanyl use who are initiating or continuing 
buprenorphine at a substance use treatment clinic are 
randomly assigned 1:1 to receive a high maintenance 
daily dose (24 mg) with usual care or a standard mainte-
nance daily dose (16 mg) with usual care.

METHODS: PARTICIPANTS, INTERVENTIONS OUTCOMES
Study setting
The trial will take place in Rhode Island, a state with 
historically high rates of non-prescribed opioid use and 
unintentional overdose death which have increased 
in the fentanyl era. In 2021, nearly 4% of adult Rhode 
Islanders reported misusing opioids and more than 2% 
met criteria for OUD in the past year.28 29 Rhode Island 
ranked 17th in the nation for opioid overdose mortality 
in 2022,30 and the number of overdose deaths in Rhode 
Island increased by 40% between 2014 (n=240) and 2023 
(n=404).31 Fentanyl has been the main driver of overdose 
deaths in the state for years, accounting for over 70% of 
unintentional drug overdose deaths since 2016.31–33

Buprenorphine treatment for OUD is widely accessible 
in Rhode Island in a number of clinical settings including 
the emergency department, a statewide 24/7 bridge 
hotline, outpatient treatment providers in specialised 
behavioural health and primary care and opioid treat-
ment programmes (OTPs). Buprenorphine for OUD is 
covered by private and public insurance. However, some 
insurers require prior authorisation for doses above 
the standard 16 mg daily dose, and disparities remain 
in access to buprenorphine by race/ethnicity, socioeco-
nomic status and geography.34–36

Eligibility criteria
To be eligible for the trial, patients must (1) be iden-
tified by the treating provider as having moderate to 
severe OUD (Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition), (2) be initiating or continuing 
buprenorphine for treatment of OUD and (3) have a 
recent history of fentanyl use. A recent history of fentanyl 
use will be confirmed through a fentanyl-positive urine 
drug screen (UDS) at intake or within the last month 
or based on self-reported ongoing fentanyl use during 
treatment at the time of study enrolment. Participants 
who are continuing buprenorphine must be on doses of 
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16 mg or lower and willing to be randomly assigned to a 
trial intervention arm. This decision was based on ethical 
concerns with lowering the daily buprenorphine dose of a 
patient with ongoing fentanyl use during active treatment 
for study participation. This determination was made to 
align with (1) standard clinical practice that ongoing 
fentanyl use during buprenorphine treatment should 
result in additional support for the patient and dose 
maintenance or, if clinically appropriate, a dose increase 
in the case that use is due to ongoing cravings or with-
drawal at the prescribed dose, not dose reduction and (2) 
strong preliminary retrospective evidence of improved 
treatment retention for patients on 24 mg compared with 
16 mg of buprenorphine.27 Participants must also be age 
18 years or older, live in Rhode Island and speak English. 
Patients who are on concomitant medications deemed to 
present the potential for serious medication interaction 
by the treating clinician (eg, site principal investigator 
(PI)) will be excluded. Pregnant people will be ineligible, 
and a pregnancy test will be conducted as a part of study 
screening for pregnancy-capable potential participants. 
Pregnant people are excluded because physiological 
changes in pregnancy can impact drug pharamacoki-
netics and pharmacodynamics, which may result in the 
need for dosing adjustments throughout different stages 
of pregnancy. For this reason, participants who become 
pregnant during the trial will be withdrawn from the 
study.

Patient and public involvement
The motivation to conduct the trial was based on clin-
ical experience of the study PIs and patient feedback 
regarding the need for higher doses of buprenorphine in 
the context of fentanyl use. This trial incorporated feed-
back from clinical providers at the study enrolment sites 
into the design of the protocol. Additionally, an expert 
panel of physicians in addiction medicine informed the 
dose considered in each trial arm.

Interventions
Current treatment guidelines
The current dosing guidance for sublingual buprenor-
phine treatment of OUD is based on the package insert 
approved by the Food and Drug Administration (FDA).37–40 
It is recommended that medication be titrated over the 
course of a few days once a patient begins to experience 
objective withdrawal signs. After buprenorphine initi-
ation and stabilisation, standard maintenance dosing is 
between 4 and 24 mg, with a target daily dose of 16 mg for 
most patients. Dosing recommendations depend on the 
individual’s response to the medication, and prescribers 
adjust accordingly, although the package insert specif-
ically states ‘dosages higher than 24 mg have not been 
demonstrated to provide any clinical advantage’.39

In practice, there is variability in titration and mainte-
nance dosing with buprenorphine. The dominance of 
fentanyl in the illicit opioid supply has introduced new 
challenges to buprenorphine initiation. In response, some 

providers have moved away from standard buprenorphine 
initiation strategies and adopted alternative low or high 
buprenorphine dosing strategies, based on clinical judge-
ment and patient factors during the initiation period, to 
lower the risk of precipitated withdrawal in the setting of 
chronic fentanyl exposure.41

Given the variation in clinical practice and lack of 
consensus guidelines on optimal buprenorphine initi-
ation protocols in the era of fentanyl, we will follow a 
provider-guided initiation strategy in the trial. Participants 
will be randomly assigned to receive a high maintenance 
daily dose (24 mg) or the standard maintenance daily 
dose (16 mg). Participants will obtain their medication at 
the clinic or a pharmacy in accordance with standard of 
care at the clinic. The requirement will be that the partic-
ipant reach the study maintenance dose within 7 days of 
study enrolment. Providers may adjust the maintenance 
dose, as clinically needed, for the safety of participants. 
Specifically, the maintenance dose may be increased or 
decreased during the study based on the provider’s clin-
ical judgement to maintain patient safety.

Sixteen milligram
The control intervention is the FDA-recommended target 
daily maintenance dose of buprenorphine (16 mg) plus 
any usual clinical care the participant receives at the 
clinic. During the course of treatment, providers may add 
adjunctive medications outside of the opioid class consis-
tent with usual care, including clonidine, ondansetron, 
acetaminophen, ibuprofen and metoclopramide.

Twenty-four milligram
The experimental intervention is a high daily mainte-
nance dose of buprenorphine (24 mg) plus any usual 
clinical care the participant receives at the clinic. This 
high daily dose is the upper limit of the FDA-approved 
dose range37–39 and was selected based on preclinical 
studies, clinician anecdotes, case reports and retrospec-
tive analyses suggesting improved effectiveness of higher 
buprenorphine doses among patients with a history of 
fentanyl use.20 25–27 Specifically, we conducted a retrospec-
tive study of Rhode Island residents initiating buprenor-
phine between 2016 and 2020 to guide the trial’s 
high-dose determination. In this study, those prescribed 
the standard 16 mg maintenance daily dose were 20% 
more likely to discontinue treatment compared with 
those prescribed a high 24 mg daily dose, and very few 
participants received doses of more than 24 mg.27 These 
data were reviewed with an expert panel of addiction 
medicine specialists to determine the final dosing arms in 
the trial. Pharmacological and clinical data support that 
the 24 mg daily dose of buprenorphine is likely to be well-
tolerated, safe and better control cravings among people 
with a history of fentanyl use.26 42

Outcomes
The trial has one primary outcome, two secondary 
outcomes and one exploratory outcome.
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Primary outcome
The primary outcome is the percentage of participants 
retained in buprenorphine treatment at 6 months postran-
domisation. Six months was chosen for the primary 
outcome because this duration of treatment has previ-
ously been associated with good long-term prognosis.43–45 
Buprenorphine treatment engagement will be assessed 
using study records from the enrolment site and, for 
patients no longer engaged in care at that site, statewide 
data from the Prescription Drug Monitoring Programme 
(PDMP) of the Rhode Island Department of Health. The 
PDMP database includes information on all buprenor-
phine prescriptions dispensed to Rhode Island residents 
by retail pharmacies with a controlled substance registra-
tion in Rhode Island. Prescriptions for buprenorphine 
products specifically FDA-approved for pain management 
will not be considered OUD treatment. Participants will 
be classified as retained in buprenorphine treatment at 
6 months postrandomisation if (1) the study site data indi-
cate that they remained engaged in treatment or (2) the 
PDMP suggest that they continued treatment elsewhere 
and have not had a gap of more than 27 days in medi-
cation on-hand based on fill dates and days’ supply.27 46 
We will also explore potential differences in retention in 
treatment at 1 month and 3 months postrandomisation.

Secondary outcomes
The secondary outcomes are (1) treatment response 
based on use of non-prescribed opioids and (2) control 
of opioid cravings at 6 months postrandomisation. Treat-
ment response will be defined as a composite outcome 
measure incorporating UDS testing and participant self-
report data. UDS will be assessed monthly for 6 months 
during follow-up visits with a UDS plus immunoassay 
fentanyl test strip as a part of usual clinical care at the 
clinic. Self-reported opioid use will be assessed via 2-week 
timeline follow back (TLFB) on the study questionnaire 
at the 1, 3 and 6 months study follow-up visits.47 Based on 
UDS and self-reported data, participants will be classified 
as treatment responders if they have (1) no evidence 
(negative UDS and negative self-report) of non-prescribed 
opioid use at one or more assessments in months one to 
three and (2) no evidence of non-prescribed opioid use 
at two or more assessments in months 4–6.48

Participants will not be withdrawn from the trial due 
to use of non-prescribed opioids during study follow-up. 
The results of assessments that are conducted as part of 
routine clinical care for patients with OUD at the study 
sites (eg, UDS testing) will be available to participants 
and the treatment provider. The results of study assess-
ments not conducted as a part of routine clinical care (eg, 
TLFB) will not be shared with the treating providers.

Control of opioid cravings will be assessed using 
the previously validated Opioid Craving Scale49 at the 
6 months follow-up visit. For this scale, participants rate 
each of three items on a scale of 0–9, with higher scores 
indicating greater cravings, and then an overall score is 
calculated as the average of the three-item-specific scores. 

We will also explore potential differences in control of 
cravings at 1 month and 3 months postrandomisation, 
as well as control of cravings as a continuous measure at 
1 month, 3 months and 6 months postrandomisation.

Exploratory outcome
The exploratory outcome is non-fatal or fatal opioid over-
dose within 12 months postrandomisation. Non-fatal and 
fatal opioid overdoses will be assessed using statewide data 
from the Rhode Island Department of Health, including 
the Emergency Medical Services (EMS) Information 
System, Opioid Overdose Reporting System (OORS) 
and Office of the State Medical Examiners (OSME) data-
bases. The EMS database includes all ambulance runs for 
suspected non-fatal opioid overdose incidents occurring 
in Rhode Island, including incidents where transport to 
the hospital is refused. EMS runs for suspected non-fatal 
opioid overdose are identified using a validated case defi-
nition.50 The OORS database includes all ED visits for 
suspected opioid overdose at hospitals in Rhode Island, 
which are mandated to report suspected opioid overdoses 
to the health department within 48 hours and to include 
select patient identifiers.51 The OSME database includes 
all accidental fatal opioid overdoses occurring in Rhode 
Island. Participants will be classified as having a non-fatal 
or fatal opioid overdose within 12 months postrandomi-
sation if they had any EMS run for suspected non-fatal 
opioid overdose, ED visit for suspected opioid overdose 
or accidental fatal opioid overdose during that period. 
We will also explore potential differences in time to non-
fatal or fatal opioid overdose over the 12-month period.

Loss to follow-up
Participants who withdraw from the study, move out of 
state, become incarcerated or die due to a cause other 
than opioid overdose will be considered lost to follow-up. 
We will identify such events using study records from 
the enrolment site, as well as PDMP data (moves out-of-
state via out-of-state fills), data from the Rhode Island 
Department of Corrections (incarceration intakes) and 
Vital Records data from the Rhode Island Department of 
Health (deaths due to causes other than opioid overdose).

Sample size
We estimated that a sample size of 125 participants in 
each randomisation arm would provide more than 80% 
power to detect a 15% difference in the percentage of 
participants who are retained in buprenorphine treat-
ment at 6 months postrandomisation (primary outcome), 
using a two-sided test and significance-level α=0.05. A 
15% difference in retention was considered to be clini-
cally meaningful and deemed an appropriate benchmark 
by key state and national stakeholders. We assumed that 
approximately 45% of the participants in the control 
arm (standard 16 mg maintenance daily dose) would 
be retained in buprenorphine treatment over 6 months 
based on preliminary PDMP data from Rhode Island. We 
also assumed less than 5% loss to follow-up because the 
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primary outcome is measured objectively using statewide 
administrative data.

Recruitment
Trial participants will be recruited from four outpatient 
substance use treatment clinics in Rhode Island. The 
clinics offer a variety of substance use treatment services, 
including medications for OUD, psychiatric care, therapy, 
peer support and harm reduction services, among others. 
In total, the four clinics serve an average of about 450 
patients per month who meet our trial eligibility criteria.

Two full-time research assistants will assess patients for 
eligibility 1–3 days per week at each clinic. Recruitment 
processes will vary in accordance with the policies and 
scheduling of medication appointments at each clinic. 
Research assistants will spend half days recruiting at 
clinics where appointments for buprenorphine initia-
tion occur in the morning and full days recruiting at 
clinics where appointments occur all day. At two of the 
clinics, the research assistants will screen medical charts 
to identify and recruit potentially eligible participants. At 
the other two clinics, the provider or other clinical staff 
member will identify participants who are interested and 
likely to be eligible for the trial. Interested patients will 
sign a release to share their information with research 
assistants for further screening.

We expect to enrol approximately 18 participants per 
month based on patient volume and prior experience with 
recruitment. At this rate, we will enrol our total sample of 
250 participants over approximately 14 months. This trial 
anticipates starting recruitment in September 2024 and 
aims to complete follow-up by mid-2026.

Participants will be compensated for their time 
completing survey assessments. Participants will receive 
US$40 for the baseline, US$20 for the 1 month, US$30 
for the 3 months and US$40 for the 6 months assessment, 
for a total of US$130 per person. This level of compen-
sation is on par with that of the investigators’ previous 
studies.

METHODS: ASSIGNMENT OF INTERVENTION
Allocation
Participants will be randomly assigned 1:1 between 
the two interventions. Randomisation will occur using ​
Randomize.​net, which is an online, FDA 21 CFR Part 
11-compliant service with 24/7 access. Each new partici-
pant will be sequentially assigned to a particular treatment 
group through adaptive randomisation with minimisa-
tion. Minimisation is a dynamic randomisation algorithm 
designed to minimise imbalance of prognostic covari-
ates between treatment arms.52 53 The randomisation 
algorithm considers the participant’s specific covariates 
and the covariates of previously randomised partici-
pants. To do this, an ‘imbalance score’ is calculated for 
each treatment arm in real-time, and the treatment arm 
with the lowest imbalance score is assigned to the new 
participant.52 53 Based on prior work of the investigative 

team and others, buprenorphine treatment status (new 
vs continuing), age, sex assigned at birth, race/ethnicity, 
concomitant medications and clinic type (office-based vs 
OTP) are important covariates and will be included in the 
minimisation algorithm. Office-based opioid treatment 
(OBOT) refers to OUD treatment provided by an outpa-
tient provider practising outside of a licensed OTP. This 
can occur in a number of treatment settings including 
primary care or specialised addiction medicine prac-
tices.54 55 OTPs are federally regulated and must follow 
specific guidelines to receive accreditation. Buprenor-
phine treatment for OUD is available in both OBOT and 
OTP settings in the USA. Due to the small sample size, 
standard stratified randomisation was considered less 
ideal (ie, small strata), and simple randomisation would 
risk an imbalance of important covariates.

Blinding (masking)
Participants, providers and research assistants cannot 
be blinded to participants’ intervention assignment. 
However, laboratory staff and staff conducting the admin-
istrative data linkages will be blinded to the intervention 
assignment.

METHODS: DATA COLLECTION, MANAGEMENT AND ANALYSIS
Data collection
Enrolment and follow-up data will be collected at base-
line, and at 1, 3 and 6 months after enrolment. Study visits 
will be scheduled during the participants regularly sched-
uled appointments to promote participant retention. If 
patients miss an appointment, we will attempt to reach 
them to schedule the study follow-up.

Study-specific data will be collected using Qualtrics 
software, an online platform designed to support data 
capture for research studies. This software is located 
on a secure, password-protected server with automated 
backup. Qualtrics will be used to collect baseline and 
follow-up quantitative questionnaires administered at 
study visits, as well as enter select clinical data at the study 
sites (eg, intervention assignment, treatment details and 
UDS and fentanyl test strip results). Questionnaires will 
be completed by participants on a tablet computer with 
a cellular data plan. Study research assistants may assist 
participants with completion of the questionnaires, as 
needed. Additionally, data for the primary outcome and 
the exploratory outcome will be collected using statewide 
administrative databases at the Rhode Island Department 
of Health; the Rhode Island Department of Behavioral 
Healthcare, Developmental Disabilities and Hospitals 
and the Rhode Island Department of Corrections.

Data management
Brown University will be the central location for data 
management. Qualtrics data will be linked to administra-
tive data sources using deterministic linkage procedures 
based on name and date of birth. This linkage approach 
has generally performed well in Rhode Island, as data 
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quality is relatively high and the state has a relatively 
small population (approximately 1 096 000 residents). If 
a deterministic record linkage is not sufficiently accurate, 
we will use standard probabilistic record linkage proce-
dures (eg, fuzzy matching).

Statistical methods
Interim futility analyses
We will conduct two rounds of interim analyses to inform 
whether the clinical trial may be stopped early for futility 
due to evidence of no treatment effect, an insufficient 
number of participants with the study outcome for mean-
ingful analysis, or the inability to enrol a sufficient sample 
size for meaningful analysis. The use of administrative 
data for objective measurement of the primary outcome 
will avoid substantial missing data that can lead to early 
stopping for futility in some trials.

The interim futility analyses will be completed when 
the trial is one-third and two-thirds complete (ie, when 
n=84 and n=167 participants have completed study 
follow-up, respectively). Each round of interim futility 
analyses will consider the trial’s ‘conditional power’ for 
detecting a statistically significant difference in retention 
in treatment (primary outcome) between the randomisa-
tion arms, if one truly exists, across a range of scenarios.56 
The scenarios will incorporate the data collected thus 
far, along with varied assumptions about the data that 
will be collected in the future including observation of 
(1) the original hypothesised effect (45% vs 60%), (2) 
no difference (45% vs 45%), (3) the trend based on the 
data collected thus far and (4) an optimistic trend (45% 
vs 70%). If the trial’s conditional power for any scenario 
drops below 20%, the data and safety monitoring board 
(DSMB) will consider recommending early stopping for 
futility. When making their recommendation, the DSMB 
will consider the conditional power and other relevant 
factors (eg, findings from other studies, the potential 
need for more safety data, the extent of data quality 
control for the interim analyses, underlying study design 
assumptions and the recruitment rate).

Final analyses
We will use an intention-to-treat approach for all anal-
yses in order to estimate the average treatment effect and 
avoid potential problems inherent in following only inter-
vention completers (eg, self-selection effects, decreased 
generalisability). Baseline characteristics (eg, demo-
graphics, recent drug use and recent treatment experi-
ence) that are imbalanced across intervention arms will 
be included as covariates, as appropriate.57–59 A ‘per-
protocol’ sensitivity analysis will be conducted for each 
outcome among only those who maintain the randomly 
assigned buprenorphine dose.

For the primary outcome, we will compare the 
percentage of participants in each intervention arm who 
are retained in buprenorphine treatment at 6 months 
postrandomisation using a χ2 test. A log-binomial regres-
sion model will also be used to estimate the independent 

effect of the intervention arm on retention in treatment, 
adjusting for any baseline covariates as described above.

For the secondary outcomes (treatment response 
based on use of non-prescribed opioids and control of 
cravings at 6 months postrandomisation), we will repeat 
the analyses outlined above. We will also explore differ-
ences between treatment arms in the count of monthly 
follow-up visits with use of non-prescribed opioids using 
Poisson regression. Additionally, we will explore differ-
ences between treatment arms in control of cravings as 
a continuous measure using linear regression. Finally, 
the same set of analyses will be used to explore poten-
tial differences in non-prescribed opioid use and control 
of cravings by treatment arm at 1 month and 3 months 
postrandomisation.

Finally, for our exploratory outcome (non-fatal or 
fatal opioid overdose within the 12 months postrando-
misation), we will compare the percentage and rate of 
participants in each treatment arm with a non-fatal or 
fatal opioid overdose in the 12 months postrandomisa-
tion. We will also estimate the time to non-fatal or fatal 
opioid overdose by treatment arm using survival analyses. 
Participants with no opioid overdose will be administra-
tively censored at the end of the 12-month period. We will 
use the Kaplan-Meier method to visualise the time to first 
opioid overdose, and Breslow’s method to test for differ-
ences by arm. Breslow’s method was chosen as it gives 
greater emphasis to earlier overdoses, which have greater 
clinical significance. Finally, a Cox proportional hazards 
model will be used to estimate the association of interest, 
adjusting for baseline characteristics as needed. We will 
also extend the Cox model approach for recurrent-event 
analyses, as participants may experience multiple opioid 
overdoses during follow-up.

METHODS: MONITORING
Data and safety monitoring
Safety oversight will be under the direction of a DSMB 
composed of individuals with the appropriate expertise, 
including emergency medicine physicians. Members of 
the DSMB will be independent of the research team and 
free of conflicts of interest. The DMSB will operate under 
the rules of an approved charter that will be written and 
reviewed at the organisational meeting of the DSMB. The 
DSMB will meet with the co-PIs and study coordinator 
quarterly to review protocol adherence and assess safety 
and effectiveness data for each treatment arm of the trial. 
The study investigators will monitor the trial for adverse 
events that change the study risk level. If an adverse event 
occurs which changes the study risk level, the investiga-
tors will immediately report this event to the institutional 
review board. Additionally, the DSMB will be notified 
within 24 hours of any serious adverse events that could 
possibly have a relationship with the study. The DSMB 
will convene at the earliest possible time, and no more 
than 30 days from the time of notification, to discuss 
the adverse event. Since the study drug, buprenorphine, 
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is FDA approved for treatment of OUD, and the study 
drug daily dosage range proposed for use in the trial is 
regularly used in clinical practice, the investigators do not 
anticipate any unusual risks to participants in this trial. All 
research staff will be trained in appropriate procedures 
to recognise signs of distress for those participating in 
the study. Though this trial does not assess suicidality, the 
research staff will use a depression/suicide algorithm in 
the event a participant is distressed.

Dose and medication changes
Transitions to other buprenorphine doses, naltrexone, 
methadone and inpatient or residential treatment during 
study follow-up will be documented as dose or treatment 
changes. We will identify such transitions using study 
records from the enrolment site, as well as PDMP data 
(other buprenorphine doses and naltrexone treatment) 
and data from the Rhode Island Department of Behav-
ioral Healthcare, Developmental Disabilities and Hospi-
tals (methadone and inpatient or residential treatment). 
Dose changes will be permitted if clinically required for 
patient safety.

Harms
This trial will use the definition of adverse event from 
21 CFR 312.32 (a): any untoward medical occurrence 
associated with the use of an intervention in humans, 
whether or not the occurrence is considered intervention 
related.60

ETHICS AND DISSEMINATION
Research ethics approval
This protocol was approved by the Brown Institutional 
Review Board (application STUDY00000075).

Protocol amendments
Modifications to the protocol that may impact the conduct 
of the trial, potential benefits to participants, participant 
safety, or the study objectives, design, population, sample 
size, or procedures will require an amendment.

Consent
Trained research assistants will discuss the trial with 
potential participants and provide the consent form for 
their review. Potential participants will have opportuni-
ties throughout the process to ask questions and request 
clarifications. Research assistants will ensure that poten-
tial participants understand the requirements of the 
study and that their participation is voluntary. Following 
this process, research assistants will obtain written 
informed consent from interested potential participants. 
The consent form is available in online supplemental 
appendix.

Confidentiality
Trial participants’ privacy is protected under a certif-
icate of confidentiality issued by the National Institutes 
of Health. The study data entry and study management 

systems used by Brown University research staff will be 
secured and password protected. Participants’ contact 
information will be securely stored at each clinical site 
for internal use during the study. Individual participants 
and their research data will be identified by a unique 
study identification number. Paper forms will be stored in 
locked cabinets, and informed consent forms with iden-
tifying information will be stored separately. At the end 
of the study, all study databases will be deidentified and 
securely stored for at least 5 years.

Access to data
The study sponsor (the National Institutes of Health) and 
select staff at Brown University will have access to study 
data for routine audits and to ensure compliance with 
relevant policies and regulations.

Dissemination policy
This trial is registered at ​ClinicalTrials.​gov (NCT06316830), 
and a summary of the trial results will be shared on their 
platform when available. Results from the trial will also be 
shared at scientific meetings and submitted for publica-
tion in peer-reviewed journals.

Reproducible research
Deidentified data will be made available on request in 
accordance with the policies and procedures of the Brown 
University and Rhode Island Department of Health Insti-
tutional Review Boards and collaborating state and local 
institutions.

DISCUSSION
Clinicians are prescribing higher doses of buprenorphine 
for patients with a history of fentanyl use in response to 
clinical experience and reports that current dosing strat-
egies are insufficient to control cravings and prevent 
withdrawal. However, there is still insufficient evidence 
to guide clinical practice and inform updated dosing 
recommendations in response to high rates of fentanyl 
use among patients with OUD. Patients and healthcare 
providers often face insurance or health system barriers 
when attempting to prescribe higher doses of buprenor-
phine for OUD including set dosing limits or the require-
ment of prior authorisation. This trial will provide novel 
and rigorous evidence regarding the effectiveness of 
a high buprenorphine maintenance dose for patients 
with fentanyl use to inform best practices and treatment 
guidelines.

The trial will benefit from a comprehensive data 
sharing framework between key state agencies and 
academic researchers in Rhode Island, which was devel-
oped and is maintained as a part of the statewide strategic 
plan to respond to the overdose crisis.61 This data sharing 
framework was essential for the investigators’ comple-
tion of the retrospective study to inform this trial27 and 
will facilitate objective ascertainment of the primary trial 
outcome (treatment retention) and a critical exploratory 

https://dx.doi.org/10.1136/bmjopen-2024-085888
https://dx.doi.org/10.1136/bmjopen-2024-085888
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trial outcome (non-fatal or fatal opioid overdose), even 
among participants who are no longer in care at the 
enrolment site.

The trial findings will need to be interpreted in the 
context of some limitations. First, while variation across 
providers in the initial dosing process and potential 
adjustments to the maintenance dose are important for 
patient safety and understanding real-world effectiveness, 
it may lead to heterogeneity in patient outcomes. It is 
possible that the findings would differ with tight control 
of prescribing practices. Second, the trial will provide 
evidence for a high maintenance daily dose of 24 mg, 
though some providers prescribe doses of up to 32 mg.26 
We will not randomise participants to doses of more than 
24 mg due to insufficient preliminary evidence regarding 
effectiveness. In our recent retrospective study, only 13 
patients (0.2%) were prescribed a dose of more than 
24 mg, compared with 668 patients (10%) who received 
a maintenance dose of 24 mg.27 Those data combined 
with guidance from the trial’s expert panel, which recom-
mends focusing on 16 mg and 24 mg doses as these are the 
most common doses prescribed in clinical practice, and 
the existence of other ongoing studies of higher doses 
(32 mg)46 were weighed when determining the high-dose 
treatment arm. However, consideration of doses of more 
than 24 mg is an important area for future work. Third, 
this trial focuses on English-speaking patients, and socio-
cultural factors may impact the generalisability of the 
findings to other populations.

To our knowledge, this is the first trial designed to 
evaluate the effectiveness of a high 24 mg maintenance 
daily dose of buprenorphine compared with the standard 
16 mg dose to improve retention in treatment, reduce use 
of non-prescribed opioids, decrease cravings and prevent 
opioid overdose. The trial will provide critically needed 
evidence to inform clinical practice and treatment 
guidelines for patients who use fentanyl. In the midst 
of soaring overdose rates and widespread availability of 
fentanyl, updating buprenorphine dosing strategies may 
be an effective means to improve retention in treatment, 
reduce non-prescribed fentanyl use, decrease cravings 
and prevent opioid overdose.
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