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Summary

Background—Extended-release naltrexone (XR-NTX), an opioid antagonist, and sublingual
buprenorphine-naloxone (BUP-NX), a partial opioid agonist, are pharmacologically and
conceptually distinct interventions to prevent opioid relapse. We aimed to estimate the difference
in opioid relapse-free survival between XR-NTX and BUP-NX.

Methods—We initiated this 24 week, open-label, randomised controlled, comparative
effectiveness trial at eight US community-based inpatient services and followed up participants as
outpatients. Participants were 18 years or older, had Diagnostic and Statistical Manual of Mental
Disorders-5 opioid use disorder, and had used non-prescribed opioids in the past 30 days. We
stratified participants by treatment site and opioid use severity and used a web-based permuted
block design with random equally weighted block sizes of four and six for randomisation (1:1) to
receive XR-NTX or BUP-NX. XR-NTX was monthly intramuscular injections (Vivitrol;
Alkermes) and BUP-NX was daily self-administered buprenorphine-naloxone sublingual film
(Suboxone; Indivior). The primary outcome was opioid relapse-free survival during 24 weeks of
outpatient treatment. Relapse was 4 consecutive weeks of any non-study opioid use by urine
toxicology or self-report, or 7 consecutive days of self-reported use. This trial is registered with
ClinicalTrials.gov, NCT02032433.

Findings—Between Jan 30, 2014, and May 25, 2016, we randomly assigned 570 participants to
receive XR-NTX (n=283) or BUP-NX (n=287). The last follow-up visit was Jan 31, 2017. As
expected, XR-NTX had a substantial induction hurdle: fewer participants successfully initiated
XR-NTX (204 [72%] of 283) than BUP-NX (270 [94%] of 287; p<0-0001). Among all
participants who were randomly assigned (intention-to-treat population, n=570) 24 week relapse
events were greater for XR-NTX (185 [65%] of 283) than for BUP-NX (163 [57%] of 287; hazard
ratio [HR] 1-36, 95% CI 1-10-1-68), most or all of this difference accounted for by early relapse in
nearly all (70 [89%] of 79) XR-NTX induction failures. Among participants successfully inducted
(per-protocol population, n=474), 24 week relapse events were similar across study groups
(p=0-44). Opioid-negative urine samples (p<0-0001) and opioid-abstinent days (p<0-0001)
favoured BUP-NX compared with XR-NTX among the intention-to-treat population, but were
similar across study groups among the per-protocol population. Self-reported opioid craving was
initially less with XR-NTX than with BUP-NX (p=0-0012), then converged by week 24 (p=0-20).
With the exception of mild-to-moderate XR-NTX injection site reactions, treatment-emergent
adverse events including overdose did not differ between treatment groups. Five fatal overdoses
occurred (two in the XR-NTX group and three in the BUP-NX group).

Interpretation—In this population it is more difficult to initiate patients to XR-NTX than BUP-
NX, and this negatively affected overall relapse. However, once initiated, both medications were
equally safe and effective. Future work should focus on facilitating induction to XR-NTX and on
improving treatment retention for both medications.

Introduction

Opioid p-receptor full agonist (methadone), partial agonist (buprenorphing), and antagonist

(extended-release naltrexone; XR-NTX) pharmacotherapies are superior to placebo
treatment and counselling-only treatment for opioid use disorders.1~* Buprenorphine
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(provided a buprenorphine prescribing waiver is obtained) and XR-NTX can be prescribed
in any US medical setting, and are key components of a public health response to the current
epidemic of opioid use disorders and overdose deaths. Comparative effectiveness data are
needed to inform treatment decisions among patients and providers of these two distinct
treatment approaches.

Buprenorphine products (sublingual tablets, films, buccal patches, and implants) are now the
most commonly prescribed, most accessible form of evidence-based opioid treatment in the
USA.>~" Extended-release injectable naltrexone was developed to provide sustained opioid
receptor blockade, improve long-term adherence compared with daily oral naltrexone
tablets, and improve overall effectiveness, and was approved by the US Food and Drug
Administration, in 2010, for the prevention of opioid relapse following detoxification.
Results of clinical trials3#8:9 have shown XR-NTX to be superior to placebo treatment3:
and drug-free treatment-as-usual among participants not interested in opioid-agonist
maintenance.*? XR-NTX differs from buprenorphine both in terms of induction and
ongoing care. XR-NTX cannot be initiated until patients are fully detoxified without risking
precipitated withdrawal. Once initiated, XR-NTX produces no opioid-like effects and no
physiological dependence, while physiological and subjective effects of exogenous opioids
are blocked.19 By contrast, buprenorphine can be initiated as soon as patients are in mild-to-
moderate withdrawal. It maintains physiological opioid dependence, and withdrawal is
likely to occur on discontinuation; usual effects of other opioids are also blocked.!!

Previous opioid antagonist or agonist comparisons have evaluated oral naltrexone and long-
term naltrexone implants, but not monthly XR-NTX treatment.12-15 Important clinical issues
remain unanswered, beyond the established efficacy of either XR-NTX or BUP-NX. How
feasible is XR-NTX induction compared with buprenorphine-naloxone (BUP-NX) among
active opioid users admitted voluntarily to real-world, community detoxification centres? Do
comparable proportions of individuals remain on medication after induction, and how do
they compare in terms of avoiding illicit opioid use? Is the typical community use of XR-
NTX as safe as BUP-NX, particularly with regard to overdose events?

This study (X:BOT [CTN-0051]), sponsored by the National Institute on Drug Abuse
(NIDA), was a randomised, comparative effectiveness trial of 24 weeks of treatment with
XR-NTX versus BUP-NX following an acute inpatient detoxification admission, done at
typical community-based treatment programmes across the USA. The primary aim was to
estimate the difference, if any, between XR-NTX and BUP-NX treatment for relapse to
regular opioid use (time to relapse). Secondary outcomes included failure to initiate
medication, opioid use during treatment, and adverse events including overdoses. We
hypothesised that XR-NTX would be, relative to BUP-NX, no different in enabling relapse-
free-survival, more difficult to initiate, associated with increased opioid abstinence, and no
different in adverse events, including overdoses.
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Study design and participants

We did this 24 week, open-label, randomised trial to compare the effectiveness and safety of
XR-NTX versus BUP-NX. Eight study sites were National Drug Abuse Treatment Clinical
Trials Network (CTN)-affiliated community treatment programmes with high volumes of
opioid detoxification admissions and outpatient medical management capabilities. We
recruited participants, who gave consent and were screened, at any point during voluntary,
usual care, inpatient detoxification admissions. Although community advertising and
outreach efforts varied by study site, we primarily recruited participants in person after
admission, and they were typically not aware of the study before admission. Methods and
design rationale have been published before (appendix).16:17

Participants were 18 years or older, spoke English, had Diagnostic and Statistical Manual of
Mental Disorders-5 opioid use disorder, and had used non-prescribed opioids in the past 30
days. We excluded participants if they had other serious medical, psychiatric, or substance
use disorders; transaminase concentrations were more than 5 times the upper limit of
normal; were suicidal or homicidal; had allergy or sensitivity to XR-NTX or BUP-NX; had
methadone maintenance treatment (=30 mg/day); had chronic pain requiring opioids; had a
legal status precluding study completion; and were not able to have safe intramuscular XR-
NTX treatment. We excluded women if they were pregnant, breastfeeding, planning
conception, or unwilling to use birth control.

All sites obtained local Institutional Review Board approval and all participants provided
written informed consent. The CTN Greater New York Node had primary responsibility for
leading the study; the Emmes Corporation (CTN’s Data and Statistics Center and Clinical
Coordinating Center) provided data management and analysis, and monitored safety and
quality. The NIDA Center for CTN (CCTN) coordinated the Data Safety Monitoring Board.

Randomisation and masking

Procedures

Randomisation to XR-NTX or BUP-NX (1:1) followed eligibility determination and was
stratified by treatment site and opioid use severity (high severity was =6 bags or equivalent
intravenous heroin per day in the 7 days before admission). We chose these stratification
variables because we expected site differences in the magnitude of the detoxification hurdle,
and we expected that high-severity participants would have worse outcomes than low-
severity participants. We used a web-based permuted block design with random equally
weighted block sizes of four and six for randomisation. This open-label trial involved no
masking of treatment or outcomes.

Detoxification protocols and length of stay were not protocol-derived and varied by site.
Detoxification approaches included no opioids (clonidine or so-called comfort medications
only at two sites), 3-5 day methadone tapers (four sites), and 3—14 day buprenorphine tapers
(two sites). Timing of randomisation was flexible. Participants were randomised early,
during methadone or buprenorphine tapers, or later, after completion of detoxification. We
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expected participants in the early randomisation group to have more difficulty completing
detoxification and initiating XR-NTX than those participants in the late randomisation
group. We designated participants a priori to the early randomisation group (randomised
within 72 h of last opioid use—including opioids used for detoxification) or the late
randomisation group (>72 h following last opioid use). A prespecified interim analysis plan
required a minimum of 350 participants to be randomised later. Following randomisation,
participants were inducted as quickly as possible.

XR-NTX (4 mL, about 380 mg naltrexone base) was Vivitrol (Alkermes, Dublin, Ireland).
Before XR-NTX induction, participants had to complete detoxification (=3 days from last
opioid use), have opioid-negative urine, and a negative naloxone challenge (no or minimal
opioid withdrawal symptoms following intramuscular, subcutaneous, or intravenous
administration of =0-4 mg dose of naloxone, a short-acting opioid antagonist). Subsequent
XR-NTX injections were scheduled every 28 days. If injections were missed and physical
re-dependence was likely to have occurred, a repeat naloxone challenge or another
detoxification programme was required to reinitiate XR-NTX treatment.

BUP-NX was Suboxone (Indivior, Slough, UK) sublingual film, 4 mg/1 mg and 8 mg/2 mg
strengths. Typical induction included observed dosing on the detoxification unit once
substantial withdrawal symptoms emerged. Subsequently, the study team dispensed BUP-
NX to participants at weeks 0, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, and 20 for self-administration
at daily doses of 8-24 mg (higher or lower as clinically indicated). Both study medications
were provided free of charge.

Study medications were discontinued following the primary outcome (a relapse event), at the
end of 24 weeks, or per safety concerns or participant preference. Thereafter, participants
were managed by the same treatment programmes or referred elsewhere in the community
as clinically indicated. We universally encouraged extended treatment with buprenorphine,
methadone, or naltrexone after the study.

Standard physician or nurse-led office-based medical management was done at each
outpatient visit and guided medication treatment. Medical management focused on
provider—patient rapport, medication adherence and side-effects, non-study opioid
abstinence, and promoted other psychosocial treatment. Additional voluntary ancillary
psychosocial counselling was recommended and available at all sites.

Research visits occurred weekly and post-treatment at weeks 28 and 36. We assessed
demographic, medical, psychiatric, drug use, and treatment history, quality of life and
current health status, and blood and urine testing at baseline. Treatment phase assessments
included weekly monitoring of self-reported opioid and other substance use, analysis of
urine toxicology samples, ratings of opioid cravings, and adverse events.

The primary outcome measure was the time to a relapse event. Relapse was defined as the
use of non-study opioids any time after day 20 post-randomisation: at the start of 4
consecutive opioid use weeks or at the start of 7 consecutive days of self-reported opioid use
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days. A so-called use week was defined as any week during which the participant reported at
least 1 day of non-study opioid use with the Timeline Followback method,8 provided a
urine toxicology sample that was positive for non-study opioids (buprenorphine, methadone,
morphine [heroin, codeine, morphine], or oxycodone), or did not provide a urine sample
(missed visits or refusals). Day 21 was the start of the relapse-event observation period and
chosen primarily because participants recently detoxified were likely to have positive urine
samples for long-acting opioids prescribed as part of the detoxification regimen (non-study
buprenorphine or methadone) for 2-3 weeks after being randomly assigned a treatment (not
indicating relapse to illicit or non-study opioid use).

Secondary outcomes were the proportion of participants successfully inducted onto an initial
dose of study medication, safety (adverse events), frequency of non-study opioid use per
Timeline Followback and assessment of weekly urine toxicology samples, and opioid
craving. Adverse events, including overdose events, were queried with the standard Medical
Dictionary for Regulatory Activities terminology and reviewed by the NIDA CTN Medical
Monitor. Opioid cravings were self-rated using a 0-100 visual analogue scale.

Statistical analysis

The target sample size was based on the width of the 95% CI for the hazard ratio (HR) of the
difference between treatments (XR-NTX vs BUP-NX), projecting relapse-free survival of
about 50% for each medication after induction? (described previously1®). On the basis of
simulation results, the 95% CI width for HR decreases as the sample size increases by 50 per
group to 250 per group (from a base of 50 per group) by 31%, 19%, 14%, and 11%,
respectively. A preplanned interim analysis increased the overall target sample size from an
initial 400 participants to about 600 participants to achieve a minimum sample of 350
participants in the late randomisation group. Sample size calculations indicated that 350
participants would yield a similar (only slightly wider) 95% CI to the original sample size
target of 400 participants, and preserved the aim to achieve a precise estimate of the
difference in relapses between groups.

We analysed endpoints according to the intention-to-treat principle as part of the primary
analysis and additionally among a per-protocol population. The per-protocol population
consisted of only those participants who were successfully inducted onto an initial dose of
study medication.

The primary outcome analysis was the construction of the asymptotic 95% CI for the HR of
the difference between the treatment groups among the intention-to-treat population in the
time-to-event (relapse) distribution with the earliest relapse day assessed at day 21. We
administratively censored participants at week 24. The binary baseline covariate of early
versus late randomisation was examined for an interaction with treatment; this covariate was
not significant (p>0-10), and thus dropped from the final model. Unadjusted Kaplan-Meier
survival curves and the extended Cox model HRs compared relapse by group. We examined
the proportional hazard assumption via the interaction of treatment and time.

Logistic regression yielding odds ratios contrasted induction success and overall 24 week
opioid relapse by group. We used Pearson’s XZ or Fisher’s exact tests, and logistic
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regression for analyses of dichotomous secondary outcomes. We used Cox models for time-
to-event secondary outcomes and Wilcoxon rank-sum tests and mixed effects models for
continuous outcomes.

We considered missing urine samples to be opioid positive and contributed to the definition
of a relapse event. Thus, treatment dropouts (who stopped contributing data) were scored as
having relapsed, an assumption which is likely in this population.19-22 We did statistical
analyses with SAS software (version 9.3 or higher). This study is registered with
ClinicalTrials.gov, NCT02032433.

Role of the funding source

Results

The authors and the study sponsor designed and implemented the study, collected and
analysed the data, wrote the initial manuscript draft, and are responsible for data integrity.
Indivior donated Suboxone (BUP-NX) and had access to periodic safety data only, with no
input or review of this manuscript. The corresponding author had full access to all data in the
study and had final responsibility for the decision to submit for publication.

Between Jan 30, 2014, and May 25, 2016, we randomly assigned 570 participants to receive
XR-NTX (n=283) or BUP-NX (n=287; figure 1). The final study visit occurred on Jan 31,
2017. 369 participants (65%; n=175 XR-NTX, n=194 BUP-NX) completed week 28 follow-
up. 430 participants (75%) completed an end-of-study visit at week 36 (figure 1). Most
participants were white men, aged 25-45 years, had a primary heroin use disorder, were
using by injection, were stratified as low-severity opioid use, and were single, unemployed,
and Medicaid-insured (table 1).

More participants in the BUP-NX group were successfully inducted than in the XR-NTX
group (p<0-0001; table 2). XR-NTX induction was successful in fewer participants in the
early randomisation group (53%) than the late randomisation group (84%), and varied by
site, ranging from 52% at a short-stay, methadone-taper unit, to 95% at an extended-stay,
opioid-free programme. 204 participants inducted to XR-NTX treatment completed an
average of 3-9 monthly injections (about 16 weeks treatment); 96 (47%) did not end
medication early and completed the planned 24 week treatment phase. 270 participants
inducted to BUP-NX treatment completed a median of 14 weeks of treatment (IQR 4-6—
24.0) at a median maintenance dose of 16 mg/day (12-18); 115 (43%) did not end
medication early and completed the planned 24 week treatment phase.

For the primary intention-to-treat sample, the proportion of opioid-relapse events was 185
(65%) of 283 participants for XR-NTX treatment versus 163 (57%) of 287 participants for
BUP-NX treatment (table 2). In the survival analysis, BUP-NX treatment was favoured
when compared with XR-NTX treatment (HR 1-36, 95% CI 1-10-1-68; table 2, figure 2A,
C). The constancy of the relative hazard assumption was violated, as evidenced by a
treatment-by-time interaction (p=0-0050). The risk of relapse was lower in the BUP-NX
group than the XR-NTX group at the start of the study period, but this risk was not sustained
(figure 2C). Participants in the early randomisation group had a higher risk of relapse than
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participants in the late randomisation group (1-32, 1-06-1-63) for both treatments, with no
interaction with treatment (p=0-70). Dropout followed by missing urine data and a relapse
event was a common pattern in both treatment groups: 63% (220/348) of all relapse events
were defined by four consecutive missing urine samples (71% [132/185] of XR-NTX
relapses and 54% [88/163] of BUP-NX relapses).

For the successfully inducted sample (n=474), the proportion of opioid-relapse events was
52% for the XR-NTX group versus 56% for the BUP-NX group, with no difference in the
relative hazard of relapse over time (HR 0-92, 95% CI 0-71-1.18; table 2, figure 2B, D). The
proportional hazards assumption was not violated in this Cox model and thus, the HR
estimate was constant over time (figure 2D). The contrast between relapse events in the
intention-to-treat and per-protocol populations was largely accounted for by high occurrence
of early relapse among XR-NTX induction failures. For the XR-NTX group, induction
failures relapsing on day 21 comprised 70 (25%) of the 283 participants, whereas for BUP-
NX induction failures relapsing on day 21 comprised only ten (3%) of the 287 participants.

Treatment effect estimates did not vary by gender. Subgroup analyses by gender did not
show a difference in success of induction for either medication or 24 week relapse for either
medication between men and women (for both intention-to-treat and per-protocol
populations; data not shown).

For the intention-to-treat population, other opioid use outcomes measures (opioid relapse,
relapse-free survival, opioid-negative urine samples, and opioid-abstinent days) favoured
BUP-NX treatment compared with XR-NTX treatment (table 2). For the per-protocol
sample, these same measures did not differ between groups (table 2).

Subjective opioid craving declined rapidly from baseline in both treatment groups (figure 3).
Average opioid craving was initially less for the XR-NTX group (p=0-0012 at week 7) than
for the BUP-NX group, then converged by week 24 (p=0-20; figure 3).

The proportion of participants reporting adverse events and serious adverse events did not
differ between groups, with the exception of injection site reactions among XR-NTX, all of
which were of minor to moderate severity (table 3). Altogether, 28 overdose events were
reported among 23 participants (table 3). Eighteen (64%) of the 28 events occurred in the
group randomised to XR-NTX treatment: eight in participants who had failed induction and
never received XR-NTX and ten in participants who had received at least one XR-NTX
injection. Ten of the 28 overdose events occurred in the group randomised to BUP-NX
treatment: one in a participant who had failed induction and never received BUP-NX and
nine in participants who had received at least one dose of BUP-NX (table 3). Five overdose
events were fatal, two participants treated with XR-NTX and three participants treated with
BUP-NX (table 3). The proportions of participants reporting any overdose event or with a
fatal overdose did not differ between treatment groups (table 3).

Most overdose events occurred at times quite distal to the last dose of study medication
(days 25, 33, 42, 49, 54, 66, 73, 76, 87, 88, 90, 110, 117, 141, 149, 170, 190, 227, and 318),
or, for those participants who were never inducted, distal to discharge from detoxification
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programmes (days 10, 21, 37, 76, 86, 167, 174, 238, and 255). This outcome makes it
difficult to attribute an association between study medication and overdose.

Discussion

This large multicentre, randomised, controlled, comparative effectiveness trial had five
major findings. First, it was more difficult to start XR-NTX treatment than BUP-NX
treatment; 28% dropped out of treatment before XR-NTX induction versus only 6% before
BUP-NX induction. Second, nearly all induction failures had early relapse. Third, in the
intention-to-treat population of all patients who were randomly assigned, XR-NTX had
lower relapse-free survival than BUP-NX, directly related to early induction failure. Fourth,
for the per-protocol population, who successfully initiated medication, XR-NTX and BUP-
NX were similarly effective. Finally, fatal overdose, non-fatal overdose, and other serious
adverse events did not differ between treatment groups. Thus, if induction to either
medication is successful, XR-NTX and BUP-NX were comparably effective and safe
options. These findings afford providers, patients, and families a choice between agonist and
antagonist therapies. The risk of XR-NTX induction failure should be considered, and
agonist treatments for those individuals unable to complete detoxification should be
encouraged.

Clinically, ease of induction is a well known limitation of naltrexone and an advantage of
buprenorphine. Study sites varied in detoxification approaches and lengths of stay, but all
had to wait, per protocol, for a negative-opioid urine sample before XR-NTX induction,
which favoured both longer lengths of stay and non-agonist detoxification. Published
strategies?324 to increase successful XR-NTX induction with single or minimal dosing of
buprenorphine and oral naltrexone, and not dependent on a negative urine sample, might be
more effective than some of the induction protocols used by our sites.

Once participants were successfully inducted to either XR-NTX or BUP-NX, they achieved
similarly favourable and important clinical outcomes: relapse-free survival, overall relapse,
retention in treatment, negative urine samples, days of opioid abstinence, and self-reported
cravings. These findings align with results of non-inferiority from the concurrent Norwegian
study,2® which was also a randomised comparison of XR-NTX to BUP-NX treatment after a
longer detoxification run-in, which minimised induction failure. Few participants in the
Norwegian trial28 were not able to induct onto either XR-NTX or BUP-NX treatment, and
retention, opioid use, or adverse event outcomes did not differ between treatment groups,
similar to what was observed in our per-protocol population. Forthcoming analyses from our
trial will examine cost-effectiveness, individual-level clinical and genetic moderators of
treatment effects, and comparative effects on other drug use, HIV risk behaviours, and
cognitive function.

Importantly, this large study found no differences between treatment groups for overall death
or overdose events. Overdose events and overdose fatalities were observed in both groups,
nearly all of them following failed medication induction or discontinuation and dropout from
either medication. These outcomes were consistent with observational analyses showing
overdose risk increases substantially after discontinuation of methadone and buprenorphine.
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27 Although our study was not powered to detect significant differences in overdose events
and did not include a no-medication control condition, these results are similar to another
large XR-NTX trial,# in which no overdose deaths were observed among 153 participants
treated with XR-NTX over 18 months versus seven among treatment-as-usual controls. So
far, no large trial has given a clear signal that XR-NTX treatment increases overdose events
or death compared with placebo treatment, treatment as usual, and now, BUP-NX treatment.

A challenge to both treatment groups of this study was overall retention in treatment. Study
treatment retention for 24 weeks was between 43% and 47%, which was modestly lower
than retention in other 24 week trials?~ of either medication. A defining feature of this trial
was recruitment from inpatient detoxification units, as opposed to outpatient settings. The
risk of early opioid treatment dropout is likely to be greater among participants actively
using heroin and initially admitted to acute detoxification units than opioid patient cohorts
initiating outpatient medication treatment.28 Detoxification admissions typically represent a
spectrum of motivation and treatment-seeking; many patients are in crisis and unclear of
further treatment options, while other patients are highly motivated to begin a thoughtfully
considered new treatment programme. The early randomisation group in this trial, who were
more recently admitted and more recently using heroin (or other opioids) than the late
randomisation group, had higher overall relapse events in both treatment groups than the late
randomisation group. This finding might have shown a higher risk of early dropout, leaving
against medical advice, or ambivalence towards chronic medication treatment with either
medication among the early randomisation group versus the late randomisation group who
are more likely to be a motivated and adherent group, having already survived the initial
detoxification days.

Regarding the limitations of our study, the core trial design choices, particularly the acute
detoxification setting, flexible randomisation, and the varied induction protocols, which
were likely to have had a substantial effect on XR-NTX induction, limit interpretation and
generalisability.16:17 An entirely outpatient study would possibly have inducted even fewer
people to the XR-NTX group, and would have been consistent with standard BUP-NX
induction in the USA, which is largely office-based. Alternatively, recruitment of previously
detoxified people or randomisation only of participants able to immediately induct to XR-
NTX treatment, the design of an earlier randomised controlled trial,# would have probably
favoured XR-NTX treatment compared with BUP-NX treatment. Site differences in
detoxification protocols and lengths of stay contributed to induction and relapse events, and
showed substantial variability in standard opioid detoxification approaches. Finally, open-
label, real-world effectiveness trials include more sources of bias than tightly controlled
efficacy studies, including the absence of placebo control or masking, but potentially
increase generalisability. The analyses of the per-protocol population might be affected by
confounding because this group is defined on the basis of an after randomisation factor
(induction success); however, the intention-to-treat and per-protocol populations, and both
treatment groups within each population, were similar with respect to baseline demographic
and clinical characteristics.

In summary, for the intention-to-treat population, XR-NTX treatment was less effective than
BUP-NX treatment for the prevention of opioid relapse following admission for inpatient
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detoxification. This outcome was primarily due to fewer XR-NTX inductions and high
occurrence of relapse among induction failures. Both medications were similar in
effectiveness and safety once treatment was initiated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched PubMed, MEDLINE, and Cochrane Reviews for clinical trials and
systematic reviews evaluating extended-release naltrexone (XR-NTX) for opioid use
disorders, with no restrictions by date or language. Naltrexone oral daily tablets have not
been shown to be effective treatment for opioid use disorders in adults, as summarised in
a 2011 Cochrane Systematic Review. A 2008 Cochrane Systematic Review on sustained-
release formulations of naltrexone for opioid dependence concluded that evidence to
evaluate effectiveness was insufficient on the basis of too few studies. Since 2008, XR-
NTX, or naltrexone for extended-release injectable suspension, has been approved in the
USA for prevention of opioid relapse following detoxification on the basis of a placebo-
controlled, industry phase 3 trial done in Russia. A 2016 US evaluation of XR-NTX
versus treatment as usual among adults with opioid use disorders and criminal justice
involvement, which was ongoing during the start of our current study, found XR-NTX to
be effective at preventing opioid relapse; relapse was reduced by about 30% (odds ratio
0-43, 95% CI 0-28-0:65). To our knowledge, no previous studies have compared XR-
NTX with a standard of care for opioid-agonist maintenance with either methadone or
buprenorphine. This study was done in parallel with a Norwegian randomised trial also
evaluating XR-NTX versus buprenorphine.

Added values of this study

To our knowledge, this study is the first US trial and the larger and longer of the two US
and Norwegian trials to evaluate XR-NTX versus buprenorphine-naloxone (BUP-NX)
among adults with opioid use disorders admitted to community detoxification and
treatment programmes. In our trial, most participants were actively using heroin at
baseline and are likely to represent the current US opioid epidemic. Study sites varied in
timing of treatment assignment and specific detoxification protocols, allowing real-world
estimates of XR-NTX induction success. We aimed to replicate usual community
outpatient conditions across the 24 week outpatient treatment phase in this open-label,
comparative effectiveness trial.

Implications of all the available evidence

Both the US and Norwegian studies found that for those participants able to begin
treatment, XR-NTX and BUP-NX were equally safe and effective in preventing relapse.
Induction to XR-NTX remains a challenge, which was quantified in the US study and
which limited effectiveness in the overall population because those participants not
initiating treatment relapsed quickly. Induction success varied with different
detoxification approaches. The Norwegian study bypassed the induction hurdle by
assigning the treatment after detoxification was largely completed. Conversely, BUP-NX
has no induction hurdle. Patients, families, and providers now have data to help them
make complex treatment decisions involving personal preferences, detoxification options
and risks, and long-term outcomes.
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772 screened for eligibility

202 excluded
82 dropped out of treatment
61did not meet eligibility criteria
| 22 did not want to continue with research
16 had other reasons
15 completed screening but were not eligible
6 were eligible but not randomly assigned

A
‘ 570 randomly assigned ‘
283 randomly assigned to XR-NTX treatment 287 randomly assigned to BUP-NX treatment
Randomisation timing status Randomisation timing status
107 early randomisation group 110 early randomisation group
176 late randomisation group 177 late randomisation group
Induction status Induction status
204 inducted to XR-NTX treatment 270 inducted to BUP-NX treatment
79 induction failures 17 induction failures
78 early study termination 62 early study termination
54 lost to follow-up 41 lost to follow-up
10 withdrew consent 8 withdrew consent
3 deaths 3 deaths
) 3 moved residence ) 7 incarcerated
7 incarcerated 3other
1 other 225 completed week 36 follow-up
205 completed week 36 follow-up
A 4 v

‘ 204 included in per-protocol analysis | 270 included in per-protocol analysis ‘

v v

‘ 283 included in primary analysis (intention to treat) | | 287 included in primary analysis (intention to treat) ‘

Figure 1. Trial profile
XR-NTX=extended-release naltrexone. BUP-NX=buprenorphine-naloxone.
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Relapse-free survival

Number at risk
(censored)
BUP-NX
XR-NTX

HR for the treatment effect
(XR-NTX vs BUP-NX)

A B
1.0+ — BUP-NX :
—— XR-NTX
++ Censored
0-8- -
0-6- E
0-4- .
0-24 .
0 T T T T T 1 T T T T T 1
0 4 8 12 16 20 24 4 8 12 16 20 24
Time to relapse (weeks) Time to relapse (weeks)
287 229 100 155 140 130 0(124) 270 222 184 149 134 126 0(120)
283 165 142 125 109 103 0(98) 204 164 141 124 109 103 0(98)
C D
2:59 — HR 9
95% confidence limits
2.0 .
o T T T T T 1 T T T T T 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Study week Study week

Figure 2. Relapse-free survival and treatment effect over time for the XR-NTX and BUP-NX

treatment groups

Survival (A) and HRs and corresponding 95% Cls from the non-proportional hazards Cox
model (time by treatment interaction included in the model; (C) assessed in the intention-to-
treat population (n=570). Survival (B) and HRs by time (D) in the per-protocol population
(n=474). XR-NTX=extended-release naltrexone. BUP-NX=buprenorphine-naloxone.

HR=hazard ratio.
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Figure 3. Opioid craving during the trial

Craving was self-reported with an opioid craving VAS, range 0-100. VAS=Visual Analogue
Scale. XR-NTX=extended-release naltrexone.

BUP-NX=buprenorphine-naloxone.
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Intention-to-treat population

Per-protocol population

XR-NTX group (n=283)

BUP-NX group (n=287)

XR-NTX group (n=204)

BUP-NX group (n=270)

Demographics

Sex
Female 88 (31%) 81 (28%) 66 (32%) 77 (29%)
Male 195 (69%) 206 (72%) 138 (68%) 193 (71%)
Age (years) 34.0 (95) 33.7(9:8) 33.7(9-3) 33.7(9-8)
Ethnic origin
Hispanic or Latino 45 (16%) 54 (19%) 27 (13%) 53 (20%)
Black or African 29 (10%) 28 (10%) 20 (10%) 27 (10%)
American
White 206 (73%) 215 (75%) 157 (77%) 201 (74%)
Marital status
Never married 187 (66%) 189 (66%) 134 (66%) 180 (67%)
Have been married 96 (34%) 98 (34%) 70 (34%) 90 (33%)
Employment
Working now 48 (17%) 57 (20%) 34 (17%) 50 (19%)
Unemployed 179 (63%) 181 (63%) 125 (61%) 172 (64%)
Clinical characteristics
Intravenous drug use 177 (63%) 183 (64%) 131 (64%) 171 (63%)
Primary opioid used in the 7 days before detox admission
Buprenorphine 6 (2%) 2 (1%) 4 (2%) 2 (1%)
Opioid analgesics 43 (15%) 47 (16%) 36 (18%) 45 (17%)
Methadone 3 (1%) 4 (1%) 3 (1%) 4 (1%)
Heroin 230 (81%) 233 (81%) 160 (78%) 218 (81%)
Cost per day for primary $90-7 (76) $96-3 (74) $91.0 (84) $94.1 (73)
opioid (US$)
Age at onset of any opioid 21:2 (6:5) 21.4 (7-6) 20-8 (6:5) 21-4 (7-6)
use
Duration of opioid use 12:8 (9.0) 12:2 (9:0) 12.9(91) 12.3(91)
(years)
Index admission is first 100 (35%) 109 (38%) 75 (37%) 105 (39%)
opioid treatment episode
Stimulant use (past 30 days) 133 (47%) 164 (57%) 99 (49%) 155 (57%)
Sedative use (past 30 days) 72 (25%) 93 (32%) 53 (26%) 86 (32%)
Heavy alcohol use (past 30 71 (25%) 77 (27%) 56 (27%) 74 (27%)
days)
Cannabis use (past 30 days) 122 (43%) 133 (46%) 86 (42%) 130 (48%)
Hamilton Depression Scale 8:6 (6:5) 9.3 (6:6) 85 (6:4) 9.5 (6:7)
(0-50)
History of psychiatric 190 (67%) 191 (67%) 141 (69%) 183 (68%)

disorders, self-report
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Intention-to-treat population Per-protocol population

XR-NTX group (n=283) BUP-NX group (n=287) XR-NTX group (n=204)

BUP-NX group (n=270)

Subjective opioid withdrawal
scale (0-64)

156 (13-4) 156 (13-2) 15:3 (135)

159 (13-2)

Data are n (%) or mean (SD). XR-NTX=extended-release naltrexone. BUP-NX=buprenorphine-naloxone.
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Table 2

Opioid treatment outcomes

XR-NTX group (n=283) BUP-NX group (n=287) Treatment effect

Inducted to study medication

Intention-to-treat group 204 (72%) 270 (94%) OR 0:16, 95% CI 0-09-0-28; p<0-0001

Opioid relapse, weeks 3-24

Intention-to-treat group 185 (65%) 163 (57%) OR 1.44, 95% CI 1.02-2-01; p=0-036
Per-protocol group 106/204 (52%) 150/270 (56%) OR 0-87, 95% CI 0-60-1-25; p=0-44

Relapse-free-survival (weeks), range 3-24

Intention-to-treat group 84 (3:0-234) 14-4 (5:1-23:4) HR 1:36, 95% CI 1-:10-1.-68; p=0-0040
Per-protocol group 20-4 (5-4-23-4) 15-2 (5:7-23:4) HR 0:92, 95% CI 0-71-1:18; p=0-49

Total number of weekly opioid-negative urine samples, range 0-24

Intention-to-treat group 4 (0-19) 10 (3-20) p<0:0001
Per-protocol group 13 (3-21) 11 (3-20) p=0-81

Total number of self-reported opioid-abstinent days, range 0-144

Intention-to-treat group 39 (1-144) 81 (16-144) p<0:0001
Per-protocol group 123 (18-144) 87 (20-144) p=0-67

Data are n (%), n/N (%), or median (IQR). XR-NTX=extended-release naltrexone. BUP-NX=buprenorphine-naloxone. OR=0dds ratio. HR=hazard
ratio.
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Adverse events and serious adverse events

Table 3

XR-NTX group (n=283)

BUP-NX group (n=287)

Treatment-emergent adverse events

Participants with one or more treatment-emergent adverse event * 111 (54%) 141 (52%)
Number of treatment-emergent adverse events 247 334
Study medication discontinued due to adverse event 6 8
Type of treatment-emergent adverse event
Injection site reaction, mild or moderate 46 NA
Gastrointestinal 34 59
Psychiatric disorders 30 29
Injury, poisoning, and procedural complications 23 25
Infections and infestations 22 27
Nervous system disorders 22 28
Treatment-emergent serious adverse events
Participants with one or more serious adverse event 29 (14%) 29 (11%)
Number of treatment-emergent serious adverse events 39 35
Type of treatment-emergent serious adverse event
Psychiatric disorders 9 11
Infections and infestations 5 6
Pregnancy 3 4
Death 3 4
Overdose events
Participants with one or more overdose event (all)t 15 8
Participants with one or more overdose event (per protocol)f 9 7
Number of overdose events (all)§ 18 10
Number of overdose events (per protocol) 10 9
Fatal overdose events
Number of fatal overdose events (all) 2 3
Number of fatal overdose events (per protocol) 2 3

Data are n (%) or N. NA=not applicable. XR-NTX=extended-release naltrexone. BUP-NX=buprenorphine-naloxone.

Page 20

*
Treatment emergent is defined as any adverse events that occurred after the study day of induction for those participants inducted onto study

medication.

fp=0-14 (Fisher’s exact).

’tp:0-31 (Fisher’s exact).

§Four participants reported more than one overdose event. Three of the four participants were randomly assigned to XR-NTX (two of these

induction failures, one successfully inducted); each reported two overdose events. One of the four was randomly assigned to BUP-NX (successfully
inducted) and reported three overdose events. None of these nine overdoses were fatal.
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