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Abstract 

Opioid use disorder continues to be a significant problem in the United States and worldwide. Three medications—
methadone, buprenorphine, and extended-release injectable naltrexone,— are efficacious for treating opioid use 
disorder (OUD). However, the utility of these medications is limited, in part due to poor rates of retention in treat-
ment. In addition, minimum recovery milestones and other factors that influence when and whether individuals can 
safely discontinue medications are unknown. The National Drug Abuse Treatment Clinical Trials Network (CTN) study 
“Optimizing Retention, Duration, and Discontinuation Strategies for Opioid Use Disorder Pharmacotherapy” (RDD; 
CTN-0100) will be among the largest clinical trials on treatment of OUD yet conducted, consisting of two phases, the 
Retention phase, and the Duration-Discontinuation phase. The Retention phase, open to patients initiating treat-
ment, will test different doses and formulations of buprenorphine (standard dose sublingual, high dose sublingual, or 
extended-release injection), and a digital therapeutic app delivering contingency management and cognitive behav-
ioral counseling on the primary outcome of retention in treatment. The Discontinuation phase, open to patients in 
stable remission from OUD and choosing to discontinue medication (including participants from the Retention phase 
or from the population of patients treated at the clinical site, referred by an outside prescriber or self-referred) will 
study different tapering strategies for buprenorphine (sublingual taper vs taper with injection buprenorphine), and a 
digital therapeutic app which provides resources to promote recovery, on the primary outcome of relapse-free dis-
continuation of medication. This paper describes how the RDD trial derives from two decades of research in the CTN. 
Initial trials (CTN-0001; CTN-0002; CTN-0003) focused on opioid detoxification, showing buprenorphine-naloxone was 
effective for detoxification, but that acute detoxification did not appear to be an effective treatment strategy. Trials on 
comparative effectiveness of medications for opioid use disorder (MOUD) (CTN-0027; CTN-0030; and CTN-0051) high-
lighted the problem of dropout from treatment and few trials defined retention on MOUD as the primary outcome. 
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Background
Three medications have been approved for treatment of 
OUD by the Food and Drug Administration (FDA) [1]. 
Methadone has been used since 1964 in the United States 
in maintenance clinics providing observed, once-daily 
dosing [2]. Buprenorphine, originally developed for the 
treatment of pain, has been used since the 1990s interna-
tionally to treat opioid use disorder and was approved for 
OUD in the United States in 2002 after the Drug Addic-
tion Treatment Act of 2000 (DATA 2000) was passed 
allowing outpatient providers to use buprenorphine for 
maintenance of opioid use disorder [3]. Buprenorphine 
is usually administered via daily sublingual dosing, but 
recently long-acting injectable formulations have been 
developed [4]. One of these formulations, Sublocade, has 
been approved for the treatment of opioid use disorder 
in the United States and is available for use clinically [5]. 
The other, Brixadi, has been approved for use in Europe 
and has received provisional approval in the United 
States [6]. Both buprenorphine and methadone are ago-
nists at the opioid receptor. The third medication, nal-
trexone, developed in the 1970s and 1980s, is an opioid 
antagonist, blocking the effects of opioids at the mu opi-
oid receptor. Although effective at decreasing drug use 
and overdose if taken daily, oral naltrexone has not been 
found to be effective in general clinical practice because 
of problems with adherence. It also is effective in improv-
ing alcohol use disorder outcomes and has been used 
extensively for that indication [7]. Long-acting injectable 
naltrexone, a once-monthly injection, was approved by 
the FDA in 2006 for the treatment of alcohol use disorder 
and in 2010 for opioid use disorder.

Despite these effective options for medication treat-
ment of OUD, significant clinical challenges still exist in 
addressing the serious public health impact of opioids. 
Indeed, in the United States, more than 46,000 people 
died of an opioid overdose in 2018 [8]. Challenges include 
expanding access to medication for OUD and retaining 
individuals who begin medication for OUD in treatment.

The National Drug Abuse Clinical Trials Network 
(NIDA CTN) was established in 1999, bringing together 
a network of academic research centers in partnership 
with local community-based addiction treatment pro-
grams and with NIDA. In the words of Alan Leshner, 
Ph.D., Director of NIDA at the time, the goal was to make 

“science the foundation for improved drug abuse treat-
ment throughout the Nation” by accelerating both the 
pace of clinical research and dissemination into commu-
nity-based treatment [9].

The CTN is “a multi-site research project of behavioral, 
pharmacological, and integrated treatment interventions 
to determine effectiveness across a broad range of com-
munity-based treatment settings and diversified patient 
populations” [10].

Since its inception, the CTN has funded many impor-
tant trials on OUD and other substance use disorder 
treatment. Recently, as part of the National Institutes of 
Health’s Helping to End Addiction Long-term (HEAL) 
initiative, the CTN was tasked to study strategies to 
improve retention of individuals on medication for OUD 
as well as to consider conditions under which it would be 
possible for patients to safely stop the use of medication. 
A collaborative team was assembled to plan the RDD 
study (CTN-0100), which builds on studies completed 
until this point by the CTN.

This paper reviews the relevant CTN studies and 
describes how these studies provide the background for 
the CTN-0100 study. This literature review is focused on 
CTN studies and is not meant to provide the full ration-
ale for the design decisions made in the RDD study. A full 
description of the rationale and details of the RDD pro-
tocol is beyond the scope of this paper, and we will only 
provide a broad overview of the study’s design.

The CTN and opioid use disorder treatment over time
Long-term treatment of OUD patients with medications 
has only relatively recently been accepted as best practice. 
Historically, OUD treatment was mostly geared toward 
rapid detoxification followed by psychosocial support, 
usually with 12-step mutual support programs, without 
use of medication to maintain abstinence. This approach 
contrasted with the evidence that many individuals 
with OUD benefited from long-term maintenance with 
methadone since its initial use in the 1960s [2] and the 
evidence that OUD, like other substance use disorders, 
is a chronic disease requiring long-term treatment [11]. 
Over time, the treatment of OUD in the United States 
has transitioned from one focused on detoxification and 
psychosocial support of abstinence to longer-term medi-
cation use to support recovery. These changes have been 

Long-term follow-up studies on those patient samples demonstrated the importance of long-term continuation of 
medication for many patients to sustain remission. Overall, these trials highlight the potential of a stable research 
infrastructure such as CTN to advance treatment effectiveness through a programmatic succession of large clinical 
trials.
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reflected in, and at times driven by, trials sponsored by 
the NIDA CTN. Table 1 summarizes the CTN studies on 
OUD treatment.

Reflecting standard practice in the late 1990s and early 
2000s that treatment began with detoxification, the first 
three trials completed by the CTN tested opioid detoxi-
fication approaches. The first and second trials using 
the CTN framework considered the newly approved 
medication buprenorphine-naloxone for the facilitation 
of detoxification [12]. These trials compared a thirteen-
day sublingual buprenorphine-naloxone taper with the 
centrally acting alpha-2 agonist clonidine for individu-
als with OUD in inpatient and outpatient levels of care. 
The primary outcome was defined as taper completion 
with urine-confirmed opioid abstinence at day 13. This 
outcome was chosen “because it reflects what clini-
cians ultimately consider important in treating (patients 
who use heroin), i.e., the success criterion reflects both 
retention and opioid abstinence” [12]. This primary end 
point of completing detoxification over a very short 
period reflected the goals of clinicians at the time. Both 
the inpatient and outpatient trials found clear superior-
ity for a sublingual buprenorphine-naloxone taper com-
pared to clonidine. Based on this finding, the third CTN 
trial compared two approaches to outpatient sublingual 
buprenorphine-naloxone taper to facilitate detoxification 
[13]. All participants were inducted onto buprenorphine-
naloxone and maintained for 1 month. Participants were 
then randomized to two lengths of buprenorphine-nalox-
one taper, either a 7- or 30-day taper. The primary end-
point of this trial was again successful completion of the 
taper period with an opioid-free urine test at taper end 
and at 1- and 3-month outcome time points. A signifi-
cantly higher percentage of individuals in the 7-day taper 
group presented with opioid-negative urine tests than 
those in the 30-day taper group. This finding may have 
been due to the differential time lapse before primary 
outcome (individuals had been stabilized for a month 
before beginning taper and 7 days may have been too 
short a period to lead to relapse). More significant was 
the extremely low percentage of the study population 
retained and with an opioid-negative urine test at one- 
(around 17%) and 3-month (around 12–14%) follow-up. 
This finding signaled the need for reconsideration of the 
goal of a relatively rapid taper off buprenorphine.

Due to increasing rates of OUD in young adults, the 
CTN conducted a trial testing buprenorphine mainte-
nance treatment versus detoxification in adolescents 
and young adults (ages 14–21) with OUD (CTN-0010) 
[14]. Participants were randomized to either a sublingual 
buprenorphine-naloxone taper (induction and 2-week 
taper) or a 12-week course of sublingual buprenorphine-
naloxone treatment (9 weeks of maintenance followed by 

a 3-week taper). These results again highlighted the ben-
efits of a longer course of medication for OUD treatment. 
Individuals in the extended treatment group showed 
significantly lower rates of opioid-positive urine tests at 
weeks four (61% vs 26%) and eight (54% versus 23%). At 
week 12, the groups did not differ significantly, driven 
by a higher opioid-positive rate in the extended treat-
ment group at the end of taper. The findings highlighted 
the clear benefit of longer medication for OUD treat-
ment for this population and implied that even 9 weeks 
of maintenance treatment are insufficient. Unfortunately, 
few trials consider longer-term outcomes in this patient 
population.

With regard to the adult OUD population, the CTN 
also funded a definitive trial supporting the need for an 
extended course of treatment (CTN-0030) [15]. The Pre-
scription Opioid Addiction Treatment Study (POATS) 
enrolled only individuals who were primarily or exclu-
sively prescription opioid users, reflecting the surge in 
prescription opioid use in the mid to late 2000s. It was 
also theorized that psychosocial treatment might have 
a greater impact in this population. All participants ini-
tially received 2 weeks of sublingual buprenorphine-
naloxone treatment followed by a 2-week sublingual 
buprenorphine-naloxone taper period. Individuals were 
randomized to receive either medical management alone 
or medical management plus individual opioid drug 
counseling during this initial 4-week period. Individuals 
in both arms of the trial showed poor chances of success-
ful recovery, with 93% of participants returning to opioid 
use before 8 weeks following the taper period (i.e., week 
12 overall). In a second phase of the trial, individuals who 
had relapsed to opioid use were restarted and stabilized 
on sublingual buprenorphine-naloxone maintenance and 
were re-randomized to the same psychosocial treatment 
conditions as during the taper phase. This phase showed 
that about 50% of individuals had successful opioid use 
outcomes while stabilized on buprenorphine-naloxone 
for 12 weeks, i.e., they abstained from opioids for at least 
3 of the 4 final weeks of buprenorphine-naloxone treat-
ment (weeks 9–12), including week 12. There were no 
significant difference between those who did and did not 
receive counseling in addition to medical management.

In light of this and other strong evidence for the ben-
efits for longer-term treatment with medication, the 
research focus moved to identifying best approaches for 
maintaining individuals on MOUD. The CTN funded 
several important trials in this area, including two large 
pragmatic trials comparing the FDA-approved medica-
tions for long-term treatment. The CTN-0027 Starting 
Treating with Agonist Replacement Therapy (START) 
trial compared liver toxicity in oral methadone and 
sublingual buprenorphine-naloxone-treated study 
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participants as a primary outcome but also included sec-
ondary outcomes of retention and opioid use [16]. This 
trial, conducted at outpatient opioid treatment programs 
licensed to dispense methadone, randomized individu-
als presenting for treatment to either methadone or 
sublingual buprenorphine-naloxone in a flexible dosing 
schedule. The trial demonstrated that the two medica-
tions had comparable medical safety profiles, and both 
had relatively little impact on liver function. Treatment 
retention was significantly higher in the group receiving 
methadone (74% versus 46%) at week 24. The trial also 
demonstrated a clear association between higher doses of 
both methadone and buprenorphine and retention. The 
trial used a symptom-driven dosing schedule with dose 
increases in response to cravings, withdrawal or opioid 
use. The mean maximum daily dose for buprenorphine 
was 22.1 mg and 91.2 mg for methadone [17]. Few trials 
have prospectively randomized participants to high- ver-
sus low-dose buprenorphine.

A second trial compared long-acting injectable nal-
trexone with sublingual buprenorphine with regard to 
relapse-free treatment (X-BOT; CTN-0051) [18]. This 
trial randomized individuals on inpatient detoxification 
and residential units to be inducted on either extended-
release naltrexone or sublingual buprenorphine-nalox-
one. The primary outcome was defined as the length of 
successful treatment without relapse. Because of the dif-
ferences in beginning patients on buprenorphine-nalox-
one versus injectable naltrexone, the trial found that it 
was significantly less likely patients would be inducted 
onto injectable naltrexone, leading to superior outcome 
overall of buprenorphine. However, in an analysis of only 
individuals who were inducted onto their assigned medi-
cation, the two medications had comparable outcomes in 
terms of time-to-relapse.

The findings that psychosocial intervention without 
medication for OUD are not effective in the OUD popu-
lation were replicated in the CTN-0044 trial testing the 
efficacy of an automated psychosocial intervention, the 
Therapeutic Education System, in individuals seeking 
treatment for a range of substance use disorders [19]. 
The intervention included automated therapy lessons 
combined with contingency management rewards pro-
vided for completion of lessons and negative urine toxi-
cology. Individuals across substances other than opioids 
who received usual treatment plus the therapeutic edu-
cation system were significantly more likely to be absti-
nent over the final weeks of the trial. Trial participants 
with OUD (none of whom was on medication for OUD) 
did not benefit from the therapeutic education system. In 
contrast, trials conducted outside of the CTN, testing the 
therapeutic education system along with medication for 
OUD, have shown benefit of the intervention [20–22].

Long-term follow up trials after CTN-0027 [23] and 
CTN-0030 [24] showed that individuals who remained 
on medication for OUD had significantly less opioid 
use than those who discontinued medication treatment. 
Both trials also found that over time most participants 
improved in terms of severity of drug use regardless of 
treatment status. A significant proportion of individu-
als, ranging from about one-third to one-half of the study 
population, were able to achieve periods of abstinence 
without medication at later follow-up time points [24].

The above trials highlighted the difficulty in main-
taining OUD patients in treatment. In the START trial 
(CTN-0027), comparing buprenorphine-naloxone and 
methadone, only 46% of individuals maintained on 
buprenorphine-naloxone were maintained in treatment 
through the end of the 24-week trial. Although retention 
rates for individuals on methadone were higher (74%), 
these were still not optimal, with about 1 in 4 participants 
dropping out of treatment. Methadone is also difficult 
for many patients to access due to regulatory issues and 
the need to frequently present to a program dispensing 
methadone to receive care [25]. The Extended-Release 
Naltrexone vs. Buprenorphine for Opioid Treatment 
(X:BOT) trial (CTN-0051), comparing injectable naltrex-
one and sublingual buprenorphine, was not designed to 
capture data on retention (irrespective of clinical out-
come), as time to relapse was the study’s primary out-
come. However, a 36-week follow up assessment for all 
randomized participants found that only 52% of partici-
pants who were assessed reported being maintained on 
medication [26]. This likely underestimated the number 
of individuals not continuing medication for OUD, as 
intensive efforts were made to assess all participants and 
individuals not assessed were likely no longer connected 
with treatment. Other clinical trials have similarly shown 
that 50% or more of participants drop out of treatment 
by 3 to 6 months after treatment initiation [27, 28]. New 
approaches to assist in maintaining individuals in treat-
ment for a sufficient length of time to maintain recovery 
in the long term are therefore needed.

CTN‑0100: optimizing retention, duration, 
and discontinuation (rdd) trial
Evidence exists for numerous approaches to increasing 
retention to MOUD, [29] but few trials have prospec-
tively tested alternate approaches, using retention as a 
primary outcome. To address the optimal approach to 
improve retention on medication for OUD, the CTN has 
planned the CTN-0100 study, a large, prospective, prag-
matic, multisite trial. The first phase of the trial will focus 
on issues relating to retention in maintenance treatment 
for individuals prescribed buprenorphine or injectable 
naltrexone, with the primary outcome of achieving a 
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minimum of 6 months maintenance on medication for 
OUD. Two clinical approaches will be tested in individu-
als choosing buprenorphine maintenance treatment, 
using a 3 × 2 factorial design randomization approach. 
The trial will address medication dose and formulation 
by randomization to one of three buprenorphine con-
ditions: standard dose (target of 16  mg/day), high dose 
(target of 32 mg/day), or long-acting injectable buprenor-
phine. To address the benefit of an automated psychoso-
cial intervention, all patients will also be independently 
randomized to usual psychosocial treatment or to usual 
treatment plus an automated psychosocial intervention 
(Pear-002a, an investigational version of reSET-O).

Participants choosing to be maintained on injectable 
naltrexone will not be randomized to any pharmacother-
apy condition, but will be randomly assigned to one of 
the two behavioral interventions, usual psychosocial and 
medication management treatment with the automated 
psychosocial intervention (Pear-002a) or usual psychoso-
cial and medication management alone. Figure 1 outlines 
the retention phase of the trial.

Optimal length of treatment
In addition to issues of improving maintenance rates 
to medication for OUD, there is little evidence on the 
optimal timing of and best clinical practice for the 
discontinuation of medication for OUD. Importantly, 
there are no prospective data that can help clinicians 

advise patients regarding the likelihood that they 
will be able to safely discontinue medication without 
returning to opioid use. Although prospective rand-
omized trials are not available, many non-randomized 
trials have used data from national registries and insur-
ance claims to gather outcome data on large cohorts of 
individuals. Data from these registries imply that longer 
treatment courses (more than a year or two) are asso-
ciated with better outcomes. For example, Eastwood 
et al. [30] reviewed data from all patients seeking treat-
ment in England through a national registry and were 
able to follow outcomes over years. They found that 
individuals with two years of consecutive treatment 
had higher likelihood of achieving positive clinical out-
comes for 6  months following the end of treatment. 
Similarly, a recently created Medicaid claims database 
of OUD patients who had discontinued buprenorphine 
after least 6 months of treatment [31] showed that indi-
viduals maintained for the longest time period (15–18 
months) had significantly lower rates of emergency 
department visits, hospitalizations, and receipt of opi-
oid prescriptions based on claims data. The authors 
noted that although the rates of these types of events 
were lower in the cohort who remained on medications 
for the longest time period, adverse events were still 
common in this cohort. In addition, the likelihood of 
a medical overdose was not significantly lower in indi-
viduals who had remained on medication for a longer 
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Fig. 1 Retention phase
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period, strengthening the argument for longer or indef-
inite maintenance courses.

To address the question of whether individuals can be 
safely tapered off medication for OUD after an extended 
period of stabilization, the second study phase of CTN-
0100 will follow stable individuals with OUD who 
attempt to stop their medication for OUD. Because of 
the risks of discontinuing medications, participants will 
not be actively recruited for the Discontinuation Phase 
and will not be randomized to a predetermined length 
of treatment. Instead, study participation will only be 
offered to individuals who (1) have been maintained for 
an extended period (buprenorphine [extended-release 
or sublingual] for at least one-year, injectable naltrex-
one for at least 6 months), (2) are currently stable in 
terms of abstaining from opioid and other drug use, 
and (3) wish to discontinue medication for OUD. The 
primary endpoint of the study is successfully stopping 
medications and not relapsing to opioid use within the 
6 months following discontinuation. Individuals will be 
encouraged to remain on their medications if needed 
and continuation on MOUD without relapse will also 
be considered a positive outcome. All patients will be 
followed for the duration of the taper (a maximum 
of 24  weeks for participants entering on extended-
release naltrexone and 48  weeks for those entering on 
buprenorphine) and at least 24 weeks following the end 
of the taper period. Predictive analysis will be used to 
determine which patients were most likely to be able to 
successfully complete taper of medication and be main-
tained without relapse to opioid use. In this way, data 
may be safely gathered on the likelihood of successful 
and safe taper without relapse.

In addition, this phase will also test approaches to 
facilitate the safe taper of medication. Automated psy-
chosocial intervention in supporting patients in stop-
ping their medication will be tested. All participants 
will be randomized to receive either usual treatment or 
usual treatment along with access to a recovery support 

app (the CHESS Connections App) [32, 33]. This appli-
cation was chosen for the purpose of relapse prevention 
in this group, (as opposed to the Pear-002a application) 
because it includes tools specifically designed to sup-
port maintenance of sobriety during high-risk situa-
tions. Patients stopping sublingual buprenorphine will 
also be randomized to taper their sublingual dose of 
medication or to be transitioned to long-acting inject-
able buprenorphine to facilitate their medication taper. 
Figure 2 shows a diagram of the discontinuation phase.

Conclusion
Treatment for OUD has shifted over time from acute 
withdrawal management to long term MOUD. Although 
medications have been found to be effective at assisting 
patients decrease opioid use and overdose, long-term 
retention of patients on these medications has been a sig-
nificant challenge. In addition, the question of whether, 
how, and for whom these medications can be safely 
stopped after an extended period of stability has also not 
been addressed with prospective trials. The CTN-0100 
trial will address some of these clinical issues using a 
two-phase, large, multisite, prospective, pragmatic trial.

The benefits of medications for long-term maintenance 
of OUD has also highlighted the importance of provid-
ing these treatments for all individuals with OUD. A sig-
nificant challenge remains as most patients with OUD 
never begin treatment with medication for OUD [34]. To 
address this gap, the CTN has sponsored several trials 
to implement buprenorphine in medical settings includ-
ing general emergency departments and primary care 
centers to increase the number of patients who may be 
offered and initiated onto medication for OUD.

The CTN is an example of a stable research infrastruc-
ture for carrying out large, definitive multi-site trials in 
the area of OUD along with other substance use disor-
ders. In the coming years CTN trials will help address 
critical treatment issues and hopefully turn the page 
on the opioid and overdose crises that continue to have 
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tragic consequences in the United States and around the 
world.
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