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Background RBP-6000, referred to as BUP-XR (extended-release buprenorphine), is a subcutaneously injected,
monthly buprenorphine treatment for opioid use disorder. BUP-XR provides sustained buprenorphine plasma
concentrations to block drug-liking of abused opioids over the entire monthly dosing period, while controlling
withdrawal and craving symptoms. Administration of BUP-XR in a health-care setting also mitigates abuse, misuse,
diversion, and unintentional exposure. We aimed to investigate the efficacy of different BUP-XR dosing regimens in
participants with opioid use disorder.
Methods This randomised, double-blind, placebo-controlled, phase 3 trial was done at 36 treatment centres in the
USA. Treatment-seeking adults aged 18–65 years who had moderate or severe opioid use disorder (as defined by the
fifth edition of the Diagnostic and Statistical Manual of Mental Disorders) entered an open-label run-in phase of up
to 2 weeks’ treatment with buprenorphine-naloxone sublingual film. Eligible participants were then randomly
assigned (4:4:1:1) with an interactive voice/web-response system to receive BUP-XR 300 mg/300 mg (six injections
of 300 mg), BUP-XR 300 mg/100 mg (two injections of 300 mg plus four injections of 100 mg), or volume-matched
placebo every 28 days, and received weekly individual drug counselling. No supplemental buprenorphine was
allowed. The primary efficacy endpoint was participants’ percentage abstinence from opioid use, defined as the
percentage of each participant’s negative urine samples and self-reports of illicit opioid use from week 5 to week 24,
analysed in the full analysis set. Safety was assessed in all participants who received at least one dose of BUP-XR or
placebo. This study is registered with ClinicalTrials.gov, number NCT02357901.
Findings From Jan 28, 2015, to Nov 12, 2015, 1187 potential participants were screened, 665 entered run-in, and
504 received BUP-XR 300 mg/300 mg (n=201), BUP-XR 300 mg/100 mg (n=203), or placebo (n=100). Mean
participants’ percentage abstinence was 41·3% (SD 39·7) for BUP-XR 300 mg/300 mg and 42·7% (38·5) for
300 mg/100 mg, compared with 5·0% (17·0) for placebo (p<0·0001 for both BUP-XR regimens). No compensatory
non-opioid drug use was observed during BUP-XR treatment. The most common adverse events were headache
(17 [8%] participants in the BUP-XR 300 mg/300 mg group vs 19 [9%] participants in the BUP-XR 300 mg/100 mg
group vs six [6%] participants in the placebo group), constipation (16 [8%] vs 19 [9%] vs 0), nausea (16 [8%] vs
18 [9%] vs five [5%]), and injection-site pruritis (19 [9%] vs 13 [6%] vs four [4%]). The BUP-XR safety profile was
consistent with other buprenorphine products for treatment of opioid use disorder, except for injection-site
reactions, which were reported in more than 5% of all participants who received BUP-XR, but were mostly mild
and not treatment-limiting.
Interpretation Participants’ percentage abstinence was significantly higher in both BUP-XR groups than in the
placebo group. Treatment with BUP-XR was also well tolerated. The availability of this monthly formulation, delivered
by health-care providers, represents an advance in treatment for opioid use disorder that enhances the benefits of
buprenorphine by delivering sustained, optimal exposure, while reducing risks of current buprenorphine products.
Funding Indivior.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Opioid use disorder is a chronic, relapsing disease of
worldwide epidemic proportions.2–5 Standard of care for
opioid use disorder in the USA combines medication with
behavioural health services,6 which has been associated
with a reduction in deaths from overdose, improved
retention of individuals in treatment, less opioid use and
1
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relapse, and prevention of infectious diseases.7 Several
drugs target the μ-opioid receptor (μOR): the full agonist
methadone, the partial agonist buprenorphine, and the
antagonist naltrexone. The choice of treatment approach
can be guided by various factors, including efficacy, safety,
and cost-effectiveness.8 The full agonist methadone is
likely to be abused, diverted, and misused, and is therefore
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Research in context
Evidence before this study
Despite the burgeoning worldwide opioid epidemic and the
proven efficacy of medication-assisted therapy, buprenorphine is
an under-used medication for the treatment of opioid use
disorder. RBP-6000, referred to as BUP-XR (extended-release
buprenorphine), was developed by Indivior with the latest
understanding of relationships between buprenorphine plasma
concentrations, brain μ-opioid receptor (μOR) occupancy, and
the pharmacodynamic effects of buprenorphine. Symptoms of
opioid withdrawal are suppressed at buprenorphine plasma
concentrations of 1 ng/mL or more (≥50% μOR occupancy),
whereas at least 2–3 ng/mL (≥70–80% μOR occupancy) is
required to achieve blockade of the subjective effects of a
μ-opioid full agonist, such as hydromorphone. We hypothesised
that this degree of μOR occupancy would facilitate abstinence
from illicit opioid use, attenuate craving and decrease withdrawal
symptoms throughout the monthly dosing interval. These
observations and hypotheses were supported by literature
searches using PubMed, MEDLINE, and Ovid, using the search
terms “buprenorphine”, “opioid use disorder”, “medication
assisted treatment”, “mu-opioid receptor”, “positron emission
tomography [PET]”, “[11C]carfentanil”, “withdrawal symptoms”,
“craving”, “relapse”, “reinforcing and subjective effects of
opioids”, “hydromorphone”, and “opioid blockade”, with no
search restrictions.

placebo group. Treatment outcomes were consistent for
control of opioid craving and withdrawal symptoms.
Both regimens were safe and well tolerated and had higher
mean medication satisfaction scores compared with
participants who received individual drug counselling and
placebo. There was no compensatory non-opioid illicit drug use
with BUP-XR treatment. Notably, these results were obtained
under a protocol that did not allow supplemental
buprenorphine dosing. To our knowledge, this is the first study
to translate hypothesised buprenorphine activity, based on the
degree of μOR occupancy, into clinical efficacy.
Implications of all the available evidence
BUP-XR was designed to provide sustained target plasma
concentrations of buprenorphine over the monthly dosing
period; this approach affords a potential advantage over
transmucosal buprenorphine, which might provide opioid
blockade for only part of the daily dosing interval and can be
associated with return of craving or withdrawal symptoms at
the end of the day. Furthermore, monthly dosing by a
health-care professional should improve adherence to the
regimen and the long-acting nature of the formulation will not
allow a patient to discontinue treatment for illicit opioid use.
Finally, BUP-XR is distributed to and administered by
health-care professionals only, which could reduce risks of
diversion, misuse, abuse, and accidental paediatric exposure.

Added value of this study
In this study, participants’ percentage abstinence was
significantly higher in both BUP-XR dose groups than in the

more highly regulated than other opioid drugs (ie, it is
classified as a schedule CII substance in the USA), and it
is usually administered to patients via observed dosing in
specialised clinics. To avoid precipitated withdrawal,
treatment with naltrexone can start only after the patient
is completely withdrawn from opioids, whereas treatment
with buprenorphine can be titrated to patients’ withdrawal
symptoms, yielding a better tolerated transition to treat
ment. Buprenorphine can alleviate opioid withdrawal
signs and symptoms, reduce craving, and can block
the subjective effects (eg, so-called drug-liking) of other
opioids.
Access to and use of buprenorphine in the USA is
limited by a scarcity of qualified prescribers, stemming
partly from misunderstandings about buprenorphine.9,10
For example, prescription of inadequate doses that result
in relapse might reinforce negative attitudes and doubt
among providers and patients regarding the effectiveness
of buprenorphine. Patients who take daily transmucosal
formulations of buprenorphine can reach target plasma
exposures, but concentrations are often not sustained
because of large daily fluctuations, poor treatment
adherence, or both.11 Taking medication every day is
also a constant reminder of the disease. Furthermore,
www.thelancet.com Vol 393 February 23, 2019

although buprenorphine can be administered in an
office setting, physicians have concerns that take-home
transmucosal buprenorphine can be diverted,12 misused,
abused, and could result in accidental poisoning in
children,13 which are at least partly responsible for the
underuse and underdosing of buprenorphine for opioid
use disorder.14–18 Although a 6-month subdermal implant
of buprenorphine is available, its indication is limited to
patients who have achieved and sustained prolonged
clinical stability with relatively low daily doses of
buprenorphine.
Buprenorphine formulated in the well established
ATRIGEL delivery system (BUP-XR; Albany Molecular
Research, Burlington, MA, USA) is the first sub
cu
taneously injected, extended-release, monthly bupren
orphine formulation approved by the US Food and
Drug Administration (FDA). BUP-XR was designed to
provide sustained exposure of buprenorphine over the
entire monthly dosing interval and to deliver average
buprenorphine plasma concentrations of 2–3 ng/mL or
more, which are necessary to block the subjective effects
of exogenous opioids (ie, opioid blockade).19,20 The novel
characteristics of BUP-XR mitigate the requirement for
daily medication adherence, the risk of subtherapeutic
779
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buprenorphine concentrations over the dosing inter
val, and the need for supplemental buprenorphine.
Additionally, both the closed distribution system (BUP-XR
is provided to and administered only by health-care prof
essionals) and the inherent properties of the subcutaneous
biodegradable depot formulation are expected to reduce
the risks presented by take-home medication.
The primary objective of this study was to assess the
efficacy of two dosing regimens of BUP-XR in treatmentseeking individuals with opioid use disorder. Other
prespecified objectives of this study were to assess the
safety and tolerability of BUP-XR, the effects of BUP-XR
on patient-reported outcomes, and to assess the rela
tionship between plasma concentrations of BUP-XR and
clinical endpoints (exposure-response relationships).

Methods

Study design and participants
This randomised, double-blind, placebo-controlled study
was done at 36 treatment centres in the USA. Eligible
participants were aged 18–65 years who, by medical
history, met the Diagnostic and Statistical Manual of
Mental Disorders (fifth edition)1 criteria for moderate or
severe opioid use disorder (ie, met at least four of
11 criteria) for the 3 months immediately before signing
the informed consent form and seeking treatment. Key
exclusion criteria included medication-assisted treatment
for opioid use disorder within 90 days of enrolment,
current diagnosis other than opioid use disorder requiring
chronic opioid treatment, and any current substance use
disorder for substances other than opioids, cocaine,
cannabis, alcohol, or tobacco. We excluded participants
with moderate or severe alcohol use disorder; those with
moderate or severe cocaine or cannabis use disorders
were excluded if their screening urine drug screen was
positive for cocaine or cannabinoids. Complete eligibility
criteria are provided in the study protocol, which is
available in the online appendix.
Participants who completed the study were offered
entry into a long-term safety study of BUP-XR, contingent
on the medical judgment of the investigator, as well as on
each participant meeting inclusion and exclusion criteria
for that study.
A centralised institutional review board reviewed
and approved the protocol in accordance with principles
and requirements of the International Council for
Harmonisation Good Clinical Practice guidelines. Written
informed consent was obtained from participants before
starting any study-related procedure. An unmasked inde
pendent data monitoring committee oversaw safety.

Randomisation and masking
After screening, participants entered an open-label run-in
phase of up to 2 weeks of treatment with buprenorphinenaloxone sublingual film, to achieve daily doses ranging
from 8 mg/2 mg to 24 mg/6 mg. After run-in, participants
were assessed for randomisation if they had no allergic
780

reaction to buprenorphine, a Clinical Opiate Withdrawal
Scale (COWS) score of 12 or less (scale: 0–48; 5–12=mild
withdrawal), and an Opioid Craving Visual Analog Scale
(VAS) score of 20 mm or less (scale: 0–100 mm).
Eligible participants were then randomly assigned
(4:4:1:1) to receive BUP-XR 300 mg/300 mg, BUP-XR
300 mg/100 mg, or volume-matched placebo. Assignment
of participant identification numbers and randomisation
at day 1 was controlled by an interactive voice/webresponse system. Study treatment was prepared by a
trained, unmasked preparer and administered by an
unmasked physician or qualified designee, who might or
might not have been the same individual who prepared
the drug, and who had no other responsibilities in
this study. Masked study personnel were not present
during study treatment preparation or the injection itself.
Randomly assigned participants received manual-guided
individual drug counselling once weekly, provided by a
qualified and trained staff member who remained
masked to study treatment and urine drug screen results.
At each session, counsellors’ responsibilities included
(but were not limited to) inquiring whether the study
participant had used illicit drugs since the last session;
inquiring about any urgent problems that needed
attention and, if so, addressing those; and discussing the
recovery topic most relevant to the participant’s stage in
recovery and the participant’s needs in treatment.
The protocol was amended after study initiation to
include a 5-day buprenorphine-naloxone sublingual film
dose taper beginning on day 1 (after the first injection of
BUP-XR or placebo), to help preserve study blinding and
mitigate potential opioid withdrawal signs or symptoms
in participants receiving placebo.

Procedures
Subcutaneous doses of each study drug were given every
28 days; participants received six doses of BUP-XR 300 mg
(300 mg/300 mg), two doses of BUP-XR 300 mg followed
by four doses of BUP-XR 100 mg (300 mg/100 mg),
ATRIGEL placebo volume-matched to 300 mg, or ATRIGEL
placebo volume-matched to 100 mg.
Both BUP-XR regimens therefore started with
two monthly doses of 300 mg. The two initial doses of
300 mg were given to achieve opioid blockade from the
first injection20 by delivering average buprenorphine
plasma concentrations of 2–3 ng/mL. Based on the
sponsor’s a-priori rationale, the maintenance doses of
100 mg and 300 mg were selected to either maintain
buprenorphine exposure levels from the initial doses
(100 mg maintenance dose) or provide higher concen
trations (300 mg maintenance dose) that we hypothe
sised some participants might need as a function of
their drug-use history and clinical condition. The two
dosing regimens were selected on the basis of results
from phase 1 and 2 studies, including a study of opioid
blockade,20 as well as population pharmacokinetic and
pharmacodynamic modelling.19,21
www.thelancet.com Vol 393 February 23, 2019
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All participants received weekly individual drug
counselling. Participants could receive loperamide and
non-opioid medications to alleviate opioid withdrawal
symptoms as judged by the investigator or medically
qualified sub-investigator, and were discontinued from
the study if they required supplemental buprenorphine
for any reason.
After randomisation on day 1, weekly visits for the
study period (24 weeks) included urine drug screen,
self-reports of illicit drug use (timeline followback
interviews), COWS, Subjective Opiate Withdrawal Scale
(SOWS), Opioid Craving VAS, and safety assessments;
urine drug screen, COWS, SOWS, and craving were
also assessed 24 h after each injection. There were posttreatment follow-up assessments at weeks 25 and 29.
Urine drug screens were done with immunoassays to

detect amphetamines and methamphetamines, barbitu
rates, benzodiazepines, cannabinoids, cocaine metabo
lite, methadone, opioids, oxycodone, and phencyclidine.
Confirmatory testing for opioids was done with gas
chromatography combined with mass spectrometry
for codeine, hydrocodone, hydromorphone, methadone,
morphine, oxycodone, and oxymorphone.
Blood samples for pharmacokinetic analysis were
collected from all participants throughout the study, but
were analysed only for participants randomly assigned
to receive BUP-XR. Pharmacokinetic samples from
the BUP-XR groups were processed at an independent
laboratory. Buprenorphine plasma concentrations were
assessed before each injection, at 4 h and 24 h after
injection, and at each weekly visit over the dose schedule.
Buprenorphine plasma concentrations were also assessed

1187 screened*

522 excluded before run-in phase*

665 in open-label run-in phase

160 run-in failures†

505 randomised

1 randomised in error‡

100 assigned to placebo plus individual drug counselling

66 discontinued
12 lost to follow-up
18 withdrew consent
7 other§
18 lack of efficacy
2 adverse events
3 withdrawal symptoms
2 non-compliance with study drug
3 investigator withdrawal
1 physician decision

34 completed study

100 in full analysis set
99 in full analysis set excluding site 20
89 in per-protocol analysis set
100 in safety analysis set

201 assigned to BUP-XR 300 mg/300 mg plus individual drug
counselling

72 discontinued
23 lost to follow-up
21 withdrew consent
6 other§
5 lack of efficacy
10 adverse events¶
5 protocol deviation
1 withdrawal symptoms
1 physician decision

203 assigned to BUP-XR 300 mg/100 mg plus individual drug
counselling

78 discontinued
26 lost to follow-up
20 withdrew consent
17 other§
3 lack of efficacy
6 adverse events
2 protocol deviation
1 withdrawal symptoms
2 non-compliance with study drug
1 investigator withdrawal

129 completed study

125 completed study

201 in full analysis set
196 in full analysis set excluding site 20
183 in per-protocol analysis set
201 in safety analysis set

203 in full analysis set
194 in full analysis set excluding site 20
185 in per-protocol analysis set
203 in safety analysis set

Figure 1: Trial profile
Site 20 was closed by the sponsor because of compliance issues. All 15 participants from that site were excluded from efficacy analyses. *Including 34 participants who met the screening criteria but did
not enter the run-in phase. †Individuals who did not meet randomisation criteria within 7–14 days of dosing with buprenorphine-naloxone sublingual film were considered run-in failures.
‡This participant was randomly assigned to the 300 mg/300 mg group, but did not receive study treatment. §Discontinuation due to other reasons included: site closed by sponsor (n=9), incarceration
(n=7), relocation (n=4), non-compliance with study visits/lost to follow-up type reasons (n=4), participant withdrew (n=3), sponsor request after participant failed to meet eligibility criteria (n=2),
and pregnancy (n=1). ¶Including one death.
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during run-in on day –1 (before, and 1–2 h after sublingual
dosing). Plasma concentrations of buprenorphine were
quantified with a validated liquid chromatography and
tandem mass-spectrometry method. At injection visits,
Clinical Global Impression-Improvement and Clinical
Global Impression-Severity assessments were also done.
BUP-XR
300 mg/300 mg
plus individual drug
counselling (n=196)
Mean age, years

39·3 (11·0)

BUP-XR
300 mg/100 mg
plus individual drug
counselling (n=194)
40·4 (11·2)

Placebo plus
individual drug
counselling (n=99)
39·2 (11·0)

Sex
Male
Female

132 (67%)

128 (66%)

64 (65%)

64 (33%)

66 (34%)

35 (35%)

140 (71%)

132 (68%)

77 (78%)

54 (28%)

56 (29%)

20 (20%)

Race
White
Black or African American
Other

2 (1%)

6 (3%)

2 (2%)

26·4 (4·4)

25·3 (4·2)

25·3 (4·3)

155 (79%)

152 (78%)

80 (81%)

Injection

79 (41%)

84 (43%)

50 (51%)

Smoking

17 (9%)

9 (5%)

6 (6%)

Nasal

59 (30%)

45 (23%)

21 (21%)

Oral

40 (21%)

56 (29%)

22 (22%)

196 (100%)

194 (100%)

99 (100%)

93 (47%)

106 (55%)

52 (53%)

Mean body-mass index, kg/m²
History of alcohol use
History of drug use
Route of previous opioid use*

Drug type used
Opioids
Cannabinoids
Cocaine

78 (40%)

92 (47%)

42 (42%)

Amphetamines or
methamphetamines

29 (15%)

49 (25%)

19 (19%)

Methadone

14 (7%)

25 (13%)

5 (5%)

Benzodiazepines

20 (10%)

24 (12%)

13 (13%)

Buprenorphine

6 (6%)

16 (8%)

20 (10%)

Barbiturates

1 (1%)

3 (2%)

0

Phencyclidine

2 (1%)

0

1 (1%)

Other

5 (3%)

0

1 (1%)

Medical history†
Back pain

32 (16%)

29 (15%)

13 (13%)

Hypertension

31 (16%)

32 (16%)

12 (12%)

Hepatitis C

24 (12%)

31 (16%)

10 (10%)

Seasonal allergy

18 (9%)

10 (5%)

10 (10%)

Psychiatric history†
Drug abuse

163 (83%)

161 (83%)

83 (84%)

Drug dependence

33 (17%)

30 (15%)

15 (15%)

Depression

22 (11%)

28 (14%)

13 (13%)

Insomnia

26 (13%)

20 (10%)

6 (6%)

Anxiety

19 (10%)

18 (9%)

10 (10%)

Mean scores at baseline‡
Opiate Craving Visual Analog Scale

7·1 (13·29)

5·5 (10·97)

Clinical Opiate Withdrawal Scale

2·2 (2·56)

2·1 (2·31)

9·5 (16·94)
2·3 (2·50)

Subjective Opiate Withdrawal Scale

4·4 (6·12)

3·6 (5·42)

4·5 (5·64)

(Table 1 continues on next page)
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Patient-reported outcomes, including health status,
health-related quality of life, medication satisfaction, use
of health-care resources, and employ
ment and health
insurance status were collected. We report findings for
medication satisfaction and employment status; com
plete patient-reported out
come results are reported
elsewhere.22
Safety was evaluated to week 29; assessments included
treatment-emergent adverse events, serious adverse
events, clinical laboratory parameters, physical exam
inations, vital signs, and electrocardiograms (ECGs).
Suicidal ideation and behaviour were assessed with the
Columbia Suicide Severity Rating Scale. Injection sites
were assessed for pain, tenderness, erythema or redness,
induration, and swelling.

Outcomes
The primary efficacy endpoint was participants’
percentage abstinence from opioid use, defined as the
percentage of each participant’s negative urine samples
and self-reports of illicit opioid use among 20 weekly
opioid use assessments from week 5 to week 24. The
key secondary endpoint was treatment success, defined
as at least 80% opioid abstinence during weeks 5–24.
Additional secondary endpoints presented here are
treatment retention, COWS, and opioid craving
VAS scores.

Statistical analysis
Assuming a placebo response of 15%, a difference
between BUP-XR 300 mg/100 mg and placebo of 15%,
and a common SD of 30%, at least 92 participants
per treatment group were needed to achieve at least
90% power using a two-sided Wilcoxon rank-sum test
with α of 5% for the primary endpoint (percent
age abstinence). To obtain at least 150 completed
participants per BUP-XR group for inclusion into the
subsequent long-term safety study (NCT02510014), with
an assumption that approximately 20% of the partici
pants randomly assigned to BUP-XR would drop out,
the minimum planned sample size was increased to
188 participants in each BUP-XR group and 47 par
ticipants in each placebo group.
We analysed efficacy endpoints using the full analysis
set, comprising all randomly assigned participants, except
any who were incorrectly randomly assigned and who did
not receive study treatment; one site (site 20) was closed
by the sponsor after consultation with the FDA (because
of protocol non-compliance) and those participants were
also excluded from the analysis. The two placebo groups
were combined for analyses.
Missing urine drug screens or self-reports were treated
as non-negative (positive) for opioids. Because the primary
endpoint was not normally distributed, we used a
non-parametric test procedure (Wilcoxon rank-sum test) to
compare treatment groups. We did two post-hoc sensitivity
analyses of the primary outcome to exclude all missing
www.thelancet.com Vol 393 February 23, 2019
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BUP-XR 300/300 mg BUP-XR 300/100 mg Placebo plus
plus individual drug plus individual drug individual drug
counselling (n=196) counselling (n=194) counselling (n=99)
(Continued from previous page)
Urine toxicology confirmatory testing, at baseline‡§
Buprenorphine

NA¶

Codeine
Hydrocodone
Hydromorphone
Methadone

NA¶

Opiate

NA¶

70 (36%)

56 (28·9%)

5 (3%)

7 (3·6%)

2 (2%)

68 (35%)

58 (29·9%)

31 (31%)

NA¶

Morphine||

28 (28%)

NA¶

NA¶

95 (48%)

77 (39·7%)

41 (41%)

100 (51%)

87 (44·8%)

45 (45%)

Oxycodone

3 (2%)

9 (4·6%)

2 (2%)

Oxymorphone

5 (3%)

11 (5·7%)

3 (3%)

Data are mean (SD) or n (%). BUP-XR=extended-release buprenorphine. MedDRA=Medical Dictionary for Regulatory
Activities. NA=not applicable. *The usual route of administration; if more than one route was frequently used, the route
was assigned with the following hierarchical order: injection, smoking, nasal, oral. Data were missing for one participant in
the 300 mg/300 mg group. †MedDRA preferred terms reported in more than 10% of participants in any treatment group;
psychiatric history was provided by participant report, not psychiatric evaluation. ‡Baseline was defined as the last
non-missing value before subcutaneous injection of BUP-XR or placebo on day 1, week 1. §Opioid detected via gas
chromatography combined with mass spectrometry confirmatory testing on urine drug screen samples at baseline;
numerators include participants who had a positive result for the specific substance at day 1, week 1 visit. ¶No
confirmatory testing was done because no positive result was found from the urine drug screen. ||Heroin could have been
detected as morphine. Some opioids produce multiple active metabolites after administration, some of which are
chemically identical to other opioid medications. Active metabolites identical to pharmaceutical opioids include morphine
for heroin and codeine, hydromorphone for morphine, hydrocodone for codeine, and oxymorphone for oxycodone.

Table 1: Baseline characteristics of the full analysis set

Total Discontinued Censored 25th
Median Log-rank
(N) (n)
(n)
percentile days
test
days
p value

BUP-XR 300 mg/300 mg + IDC 196
BUP-XR 300 mg /100 mg + IDC 194
Placebo + IDC 99

65
65
63

131
129
36

104
120
26

N/A
N/A
78

<0·0001
<0·0001
NA

100
80
Participants(%)

opioid-use assessments or to only exclude missing opioiduse assessments due to study discontinuation.
Opioid use was assessed before BUP-XR or placebo
administration at the week 1 visit; the double-blind
phase was done from weeks 1 to 24, but an a-priori grace
period (excluding weeks 1–4 from the efficacy analysis)
gave participants time to engage with treatment. It was
expected that participants would continue at least some
illicit opioid use during the initial weeks of treatment,
because it takes time to extinguish habitual drug-use
behaviours and to stabilise in treatment. We did a posthoc sensitivity analysis that includes this grace period.
The key secondary efficacy endpoint (treatment
success) was included because patients can be clinically
successful despite occasional lapses in abstinence. We
tested key secondary efficacy hypotheses using the
Cochran-Mantel-Haenszel test.
The primary null hypothesis was that neither of the
two dosing regimens of BUP-XR were superior to placebo
for the primary endpoint; the primary research (alter
native) hypothesis was that at least one of the
two dosing regimens was superior. The same hypotheses
were tested for the key secondary endpoint. We used a
parallel gatekeeping approach23 to control the overall type I
error rate at an α level of 0·05 for the two primary and the
two key secondary efficacy hypothesis tests (strong control
of family-wise error rate)—ie, we tested the two primary
hypotheses using Bonferroni procedure at nominal
two-sided α level of 0·05 (ie, each test at two-sided α of
0·025). If at least one null primary hypothesis was rejected
(ie, that at least one of the two dosing regimens of BUPXR was superior to placebo), the portion of the α for the
rejected primary hypotheses could be carried down for
testing the key secondary hypotheses with the Hochberg
procedure.24 Multiplicity-adjusted p values were reported.
For additional efficacy measures (Opioid Craving VAS,
COWS, and SOWS), we analysed changes in leastsquares-mean score from baseline to week 24 using a
mixed model for repeated measures, with treatment,
visit, and treatment-by-visit interaction as fixed effects,
baseline value as a covariate, and site as a random effect.
We defined baseline as the last non-missing value before
administration of BUP-XR or placebo. This mixed model
for repeated measures analysis was based on the missing
at random assumption and aimed at estimating the
treatment effect that would have been seen if participants
continued their assigned treatment, to incorporate the
actual treatment received and treatment retention into
the assessment of treatment effect.
The time from randomisation to study discontinuation
was presented by treatment group using a Kaplan-Meier
curve. Participants who did not discontinue the study were
censored at their last observed timepoint if earlier than or
on day 169; participants were censored at day 169 if the last
observed timepoint was later than day 169. We compared
active treatment groups with the placebo group using the
log-rank test.

60
40
BUP-XR 300 mg/300 mg + IDC
BUP-XR 300 mg/100 mg + IDC
Placebo + IDC

20
0

0

Number at risk
BUP-XR 300 mg/300 mg + IDC 196
BUP-XR 300 mg/100 mg + IDC 194
Placebo + IDC 99

29

57

85
Days on study

113

141

169

193
185
69

170
167
57

152
153
48

144
148
44

134
141
39

95
80
23

Figure 2: Time from randomisation to study discontinuation
Participants without study discontinuation were censored at their last observed timepoint if earlier than or on day
169; participants were censored at day 169 if the last observed timepoint was later than day 169. IDC=individual
drug counselling.

For Medication Satisfaction Questionnaire scores and
employment status, absolute values and change from
baseline were compared using Cochran-Mantel-Haenszel
tests. Statistical comparisons were two-sided with an α of
0·05. We made no adjustment for multiple comparisons
and did not impute missing values.
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BUP-XR 300 mg/300 mg
plus individual drug
counselling (n=196)

BUP-XR 300 mg/100 mg
plus individual drug
counselling (n=194)

Placebo plus individual
drug counselling (n=99)

Primary outcome*
Mean participants’ percentage abstinence

41·3% (39·66%)

p value vs placebo plus individual drug counselling

42·7% (38·50%)

p<0·0001

p<0·0001

57 (29%)

55 (28%)

5·0% (16·98%)
NA

Key secondary outcome
Number of participants who were ≥80% abstinent

2 (2%)

Other secondary outcomes
Opioid Craving VAS
Number of participants in analysis

192

Least squares mean change from baseline at week 24

191

–0·9 (1·63; –4·1 to 2·3)
–12·4 (2·61; –17·5 to –7·3)

Pairwise comparisons vs placebo at week 24

96

2·1 (1·63; –1·2 to 5·3)

11·5 (2·48; 6·6 to 16·4)

–9·4 (2·62; –14·6 to –4·3) NA

Clinical Opiate Withdrawal Scale
Number of participants in analysis

193

192

96

Least squares mean change from baseline at week 24

–1·1 (0·21; –1·5 to –0·7)

–0·5 (0·22; –0·9 to –0·1)

Pairwise comparisons vs placebo at week 24

–1·0 (0·38; –1·7 to –0·2)

–0·4 (0·38; –1·1 to 0·4)

–0·1 (0·35 to –0·8 to 0·6)
NA

Sensitivity analyses for primary outcome
Weeks 5–24 (missing values treated as positive)

41·4% (39·7)
p<0·0001

p value vs placebo plus individual drug counselling
Weeks 5–24 (missing values treated as positive if missed before last
visit, and missing values excluded after last visit)

55·0% (39·7)
p<0·0001

p value vs placebo plus individual drug counselling
Weeks 5–24 (missing values excluded)

55·6% (39·8)
p<0·0001

p value vs placebo plus individual drug counselling
Weeks 2–24 (missing values treated as positive)

42·0% (38·3)
p<0·0001

p value vs placebo plus individual drug counselling
Weeks 2–24 (missing values treated as positive if missed before last
visit, and missing values excluded after last visit)

51·2% (38·8)
p<0·0001

p value vs placebo plus individual drug counselling
Weeks 2–24 (missing values excluded)

51·8% (39·0)
p<0·0001

p value vs placebo plus individual drug counselling

42·7% (38·5)
p<0·0001
58·1% (38·2)
p<0·0001
59·0% (38·5)
p<0·0001
43·6% (36·9)
p<0·0001
56·0% (37·8)
p<0·0001
57·0% (38·0)
p<0·0001

5·0% (17·0)
NA
15·4% (32·7)
NA
15·5% (32·8)
··
6·5% (17·8)
··
19·2% (34·5)
··
19·2% (34·5)
··

Data are mean (SD), least squares mean change (SE; 95% CI), or n (%), unless otherwise indicated. NA=not applicable. VAS=Visual Analog Scale. *All missing results for
opioids were considered non-negative (positive).

Table 2: Efficacy endpoints (full analysis set)

BUP-XR 300 mg/300 mg + IDC
BUP-XR 300 mg/100 mg + IDC
Placebo + IDC

100

Participants (%)

80

60

40

We present safety variables without hypothesis testing
using descriptive statistics for continuous endpoints and
frequency counts with percentages for discrete endpoints.
The safety analysis set comprised all randomly assigned
participants who received at least one dose of BUP-XR
or placebo.
This study is registered with ClinicalTrials.gov, number
NCT02357901.

Role of the funding source
20

0

0

≥10

≥20

≥30

≥40
≥50
≥60
Achieved abstinence (%)

≥70

≥80

≥90

100

Figure 3: Distribution of participants’ percentage abstinence from week 5 to week 24
Missing measure of either urine drug screen or timeline followback interview at a week was imputed as positive
opioid use. IDC=individual drug counselling.
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The funder (Indivior) designed the study, and had a role
in data collection, data analysis, data interpretation, and
writing of the report. All authors had full access to all
data and agreed to submit the manuscript for publication.

Results

Between Jan 28, 2015, and Nov 12, 2015, 1187 participants
were screened for eligibility. 665 entered run-in, and
504 received BUP-XR 300 mg/300 mg plus individual
www.thelancet.com Vol 393 February 23, 2019
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BUP-XR 300 mg/300 mg (n=196)

BUP-XR 300 mg/100 mg (n=194)

Placebo (n=99)

100
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Participant (%)
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Missing
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17
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1

5

9
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Figure 4: Longitudinal course of opioid use for each participant (full analysis set)
Each row represents the data for one participant. Participants are ordered by time of last available data, then by percentage abstinence, so that individuals who discontinued participation early appear
at the bottom of each plot, whereas those with complete data appear at the top. The vertical black line separates the grace period (weeks 1–4) from the period during which the primary efficacy
endpoint was assessed (weeks 5–24). Green indicates a week in which the participant was negative by urine drug screen and self-report. Orange indicates a week in which a participant was positive by
either urine drug screen or self-report. White indicates missing data (mainly because of discontinuation). Therefore, an entirely orange row indicates a participant positive for opioids every week, and a
primarily green row with sporadic orange indicates a participant mainly opioid-negative with a few positive weeks. The figure also illustrates the results relative to the “grace period.” For example,
the upper left of each panel shows participants who were opioid-positive in the first week or month, who then maintained abstinence throughout the course of the study (as illustrated by green
shading in weeks 5–24).
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BUP-XR 300 mg/300 mg + IDC
BUP-XR 300 mg/100 mg + IDC
Placebo + IDC

80
70
Participants abstinent (%)

drug counselling (n=201), BUP-XR 300 mg/100 mg plus
individual drug counselling (n=203), or placebo plus
individual drug counselling (n=50 to 300 mg/300 mg
placebo and n=50 to 300 mg/100 mg placebo; figure 1);
33 of 36 centres randomly assigned participants.
One participant was incorrectly randomised and did not
receive any study treatment; the closed site 20 con
tained 15 participants. The full analysis set therefore
contained 489 participants. The most common reason
for screening failure was reported use of barbiturates,
benzodiazepines, methadone, or buprenorphine within
30 days of provision of informed consent, or positive
urine drug screen result for these compounds at
screening. Demo
graphic characteristics of randomly
assigned participants were comparable across treatment
groups (table 1). Overall, participants’ mean duration of
opioid use was 11 years (SD 9) for the 300 mg/300 mg
group, 12 years (10) for the 300 mg/100 mg group, and
11 years (9) for the placebo groups, and drug-use history
indicated polysubstance abuse. 162 participants received
the buprenorphine-naloxone film dose taper.
More than 60% of participants in both BUP-XR
groups completed the study (129 [64%] of
201 participants in the 300 mg/300 mg group,

60
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9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Time since randomisation (weeks)

Figure 5: Proportion of participants abstinent by week
Missing measure of either urine drug screen or timeline followback interview at a week was imputed as positive
opioid use. Week 0 represents the opioid usage assessment at screening, and week 1 represents the opioid usage
assessment at week 1, day 1 visit (baseline). IDC=individual drug counselling.

125 [62%] of 203 participants in the 300 mg/100 mg
group) versus 34 (34%) of 100 participants in the
placebo group. The numbers of patients who
discontinued or were censored in the full analysis set
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are shown in figure 2. Two participants (both in the
300 mg/100 mg BUP-XR group) were prescribed
supplemental buprenorphine because of opioid with
drawal; both were discontinued from the study. The
mean total number of administered doses per
participant was 4·7 (SD 1·90) in both BUP-XR groups
(median 6·0 [IQR 3]) versus 3·3 (SD 2·24) in the
placebo group (median 2·5 [IQR 5]).
A
48

BUP-XR 300 mg/300 mg + IDC
BUP-XR 300 mg/100 mg + IDC
Placebo + IDC
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5
4
3
2
1
0

B
Mean opioid craving VAS score (95% CI)
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Mean buprenorphine plasma concentration
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Figure 6: Opioid withdrawal, opioid craving, and buprenorphine plasma concentrations
(A) Mean withdrawal scores. Week 1 represents the COWS assessment at week 1, day 2 visit (post-baseline).
(B) Mean Opioid VAS Craving scores. Week 1 represents the craving VAS assessment at week 1, day 2 visit
(post-baseline). (C) Mean plasma concentrations of buprenorphine over time. The totality of the pharmacokinetic
data generated during BUP-XR clinical development indicated that steady-state for 300 mg/300 mg was reached
after four to six monthly injections. Buprenorphine plasma concentrations were assessed before each injection, at
4 h and 24 h after injection, and at each weekly visit over the dose schedule.
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Participants’ percentage abstinence was, on average,
41·3% (SD 39·7) in the BUP-XR 300 mg/300 mg group,
42·7% (38·5) in the BUP-XR 300 mg/100 mg group, and
5·0% (17·0) in the placebo group. There was a significant
difference in participants’ percentage abstinence in both
BUP-XR groups, compared with placebo (p<0·0001;
table 2; figure 3). Treatment success (≥80% abstinence)
was significantly higher in both the BUP-XR
300 mg/300 mg group (57 [29%] of 196 participants;
p<0·0001) and the BUP-XR 300 mg/100 mg group
(55 [28%] of 194 participants; p<0·0001) than in the
placebo group (two [2%] of 100 participants; figure 3).
Figure 4 shows opioid-use patterns over time for each
participant, and shows that among participants who
discontinued, those in the placebo group had been mainly
opioid-positive, whereas there was a mixture of opioidpositive and opioid-negative participants in the BUP-XR
groups. This post-hoc participant-level analysis sup
ports the primary endpoint findings and illustrates the
following points: some participants were opioid-positive
(based on urine drug screen or self-report) during the
grace period of weeks 1–4, and were opioid-negative much
of the time from week 5 onwards; some participants
required longer than the grace period to become mostly
opioid-negative; the patterns of opioid use and non-use are
different for the BUP-XR groups compared with partici
pants in the placebo group. Additionally, results from
the sensitivity analyses and analysis of the proportion of
participants abstinent by week corroborate the conclusions
from the primary efficacy analysis (table 2; figure 5).
Baseline opioid withdrawal scores on day 1 (end of bu
prenorphine-naloxone sublingual film run-in) were low
(table 1). There was a significant difference in with
drawal signs and symptoms (COWS) in the BUP-XR
300 mg/300 mg group compared with placebo, although
mean scores remained relatively low (<12) in all groups
throughout the study (table 2; figure 6A). At baseline,
mean Opioid Craving VAS scores were low and similar in
all groups (table 2). At week 2, mean Opioid Craving VAS
scores in the placebo group increased to 26·9 (SD 28·88;
figure 6B). By contrast, at every week after baseline, mean
Opioid Craving VAS scores in both BUP-XR groups
remained relatively constant and were always lower than
those observed in the placebo group (figure 6B). There was
no compensatory non-opioid drug use during BUP-XR
treatment (table 3).
The mean average buprenorphine plasma concen
tration (Cavg) after six BUP-XR injections was 6·54 ng/mL
(SD 2·07) in the BUP-XR 300 mg/300 mg group and
3·21 ng/mL (0·82) in the BUP-XR 300 mg/100 mg group,
with low-to-moderate interindividual variability (roughly
30%; figure 6C).
114 (88%) of 130 participants in the BUP-XR
300 mg/300 mg group and 111 (88%) of 126 participants
in the BUP-XR 300 mg/100 mg group who completed the
Medication Satisfaction Questionnaire at the end of the
study were satisfied with medication, versus 18 (46%) of
www.thelancet.com Vol 393 February 23, 2019
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39 participants in the placebo group (p<0·0001 for both
dosing regimens). Compared with baseline, employment
had increased at the end of the study, from 78 (40%) of
195 participants to 66 (51%) of 130 participants in the
BUP-XR 300 mg/300 mg group, and from 65 (34%) of 193
participants to 55 (44%) of 126 participants in the BUPXR 300 mg/100 mg group. By contrast, employment
decreased from 45 (46%) of 98 participants to 13 (33%) of
39 participants in the placebo group.
The most common adverse events were headache
(17 [8%] participants in the BUP-XR 300 mg/300 mg group
vs 19 [9%] participants in the BUP-XR 300 mg/100 mg
group vs 6 [6%] participants in the placebo group),
constipation (16 [8%] vs 19 [9%] vs 0), nausea (16 [8%] vs
18 [9%] vs 5 [5%]), and injection-site pruritis (19 [9%] vs
13 [6%] vs 4 [4%]). The incidence of any treatment-emergent
adverse events was higher in the BUP-XR groups than the
placebo group (table 4). However, no treatment-emergent
adverse event was reported for 10% of participants or more
in any group, except insomnia (11 [11%] of 100 participants
in the placebo group). Upper respiratory tract infection
and nasopharyngitis were more common in the BUP-XR
groups than in the placebo group (table 4). In all treatment
groups, up to 5% of participants had a serious treatmentemergent adverse event or a treatment-emergent adverse
event leading to discontinuation. Gunshot wound was
the only serious treatment-emergent adverse event that
occurred in at least one participant in any treatment group
(BUP-XR 300 mg/300 mg, two participants). One of these
was fatal (homicide) and was assessed as unrelated to
study participation. There was one opioid overdose
(non-fatal), in one participant from the placebo group.
Two treatment-emergent adverse events related to
injection sites were reported in more than 5% of all par
ticipants who received BUP-XR: injection-site pruritus
(32 [8%] of 404 participants vs four [4%] of 100 participants
who received placebo) and injection-site pain (22 [5%] vs
three [3%]). None of the injection-site reaction events
were serious; injection-site ulcer led to study treatment
discontinuation for one participant in the BUP-XR
300 mg/300 mg group. Most participants (481 [96%] of
504) reported local burning or stinging at some time
after each injection. Pain scores and reports of burning
or stinging were generally highest at 1 min after injection
and generally decreased during the first 2 h after injec
tion. Generally, injection-site findings using a tolerability
grading scale for pain, induration, erythema or redness,
and swelling were reported most commonly with the
first injection and decreased in frequency with subse
quent injections in all three treatment groups (data not
shown). The study treatment depot was not removed
from any participant.
No unexpected safety signals were detected on the
basis of laboratory test results. Although some partici
pants in the BUP-XR groups had increased liver enzyme
values above normal range, none met criteria for Hy’s
Law and there was no drug-induced liver injury.
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Amphetamines*

BUP-XR 300 mg/300 mg
plus individual drug
counselling (n=196)

BUP-XR 300 mg/100 mg
plus individual drug
counselling (n=194)

Placebo plus individual
drug counselling (n=99)

Screening

Screening

Weeks 5–24

Screening

Weeks 5–24

Weeks 5–24

15%

7–12%

25%

12–22%

19%

5–19%

1%

0–1%

2%

0–2%

0

0–3%

Barbiturates
Benzodiazepines

10%

4–9%

12%

4–10%

13%

3–20%

Cocaine†

40%

27–39%

47%

25–33%

42%

28–45%

Cannabinoids

47%

30–38%

55%

28–36%

53%

31–43%

Phencyclidine

1%

1–4%

0

0–2%

1%

0–6%

Use of other substances at weeks 5–24 is shown as the range of observed values for percentage of participants with
positive urine drug screen, positive self-report in timeline follow-back interviews, or concomitant medication per visit
during weeks 5–24. Confirmatory testing was not done. Numbers of participants in each group reflect the number in
the intent-to-treat population; this number fluctuated between weeks 5 and 24. *Defined as amphetamines and
methamphetamines. †Based on assay for benzoylecgonine, a cocaine metabolite.

Table 3: Use of other drugs of abuse (full analysis set)

BUP-XR 300/300 mg
plus individual drug
counselling (n=201)
(n=201)
Any treatment-emergent adverse event 134 (67%)

BUP-XR 300/100 mg
plus individual drug
counselling (n=203)
(n=203)

Placebo plus
individual drug
counselling
(n=100)

155 (76%)

56 (56%)

Any serious treatment-emergent
adverse event

7 (3%)

4 (2%)

5 (5%)

Any severe treatment-emergent
adverse event

13 (6%)

15 (7%)

4 (4%)

Any treatment-emergent adverse event
leading to discontinuation

10 (5%)

7 (3%)

2 (2%)

0

0

Any treatment-emergent adverse event
leading to death

1 (<1%)

Treatment-emergent adverse events, by preferred term*
Headache

17 (8%)

19 (9%)

6 (6%)

Constipation

16 (8%)

19 (9%)

0

Nausea

16 (8%)

18 (9%)

5 (5%)

Injection-site pruritus

19 (9%)

13 (6%)

4 (4%)

Vomiting

11 (5%)

19 (9%)

4 (4%)

Insomnia

17 (8%)

13 (6%)

11 (11%)

Upper respiratory tract infection

12 (6%)

15 (7%)

1 (1%)

Injection-site pain

12 (6%)

10 (5%)

3 (3%)

Nasopharyngitis

10 (5%)

11 (5%)

1 (1%)

Fatigue

12 (6%)

8 (4%)

3 (3%)

Anxiety

8 (4%)

10 (5%)

5 (5%)

Drug withdrawal syndrome

7 (3%)

9 (4%)

6 (6%)

Blood creatine phosphokinase increase

5 (2%)

11 (5%)

1 (1%)

Diarrhoea

5 (2%)

5 (2%)

5 (5%)

*Reported in at least 5% of participants in any treatment group during the double-blind phase.

Table 4: Treatment-emergent adverse events (safety analysis set)

Vital signs and ECG parameters generally remained
within normal reference ranges. Shifts from normal
ECG values at baseline to clinically significant abnormal
values at any time during the study were low (n=2 [1%]
in the 300 mg/300 mg group; n=2 [1%] in the
300 mg/100 mg group; and n=1 [1%] in the placebo
group) across all treatment groups. No participant had a
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treatment-emergent adverse event potentially related to
respiratory depression. At no time during the study were
there any shifts from lack of suicidal ideation or
behaviour at baseline to suicidal behaviour.

Discussion
This randomised, double-blind, placebo-controlled study
showed that both monthly dosing regimens of BUP-XR
led to substantial proportions of participants achieving
abstinence from opioids, relief of withdrawal symptoms,
and control of opioid craving, without the need for daily
medication adherence or supplemental buprenorphine.
The low mean opioid craving and withdrawal scores
across weeks in the placebo group were not surprising
because more than 90% of placebo participants were
using illicit opioids throughout the study. Treatment
retention was nearly twice as high with BUP-XR than with
placebo. No compensatory non-opioid drug use was
observed during BUP-XR treatment. Furthermore,
increased employment and medication satisfaction
among participants treated with BUP-XR provide evidence
to support patient-focused benefits of abstinence as
participants progress towards recovery.25
Participants’ percentage abstinence was significantly
higher for both BUP-XR regimens than with placebo, as
was the proportion of participants who achieved
treatment success. The 80% threshold for treatment
success represents a high bar in this 6-month study,
considering the chronic, relapsing nature of opioid-use
disorder, the lengthy mean opioid-use history of enrolled
participants (11–12 years), and the harm reduction
associated with reduced amount or frequency of illicit
opioid use.26 Although achieving continuous abstinence
(ie, 100% abstinence) is obviously of greatest clinical
benefit, this is often difficult to achieve in individuals
with compromised brain circuitry secondary to substance
use.27 Therefore, the intermediate goal of opioid use
disorder treatment is to reduce the amount or frequency
of illicit opioid use as a step towards long-term abstinence
and recovery.
As predicted from earlier-phase studies20 and pharmaco
kinetic and pharmacodynamic modelling,19–21 the BUP-XR
300 mg/100 mg dosing regimen delivered the target
buprenorphine plasma concentrations (≥2–3 ng/mL)
necessary to control both withdrawal and craving and
block subjective drug-liking effects of illicit opioids.
The BUP-XR 300 mg/300 mg regimen provides higher
concentrations after repeated doses for patients who
might require higher exposures of buprenorphine based
on their history of opioid use. Exposure-response analyses
suggest that patients using opioids via the injectable route
might be among those to benefit most from the higher
maintenance dose;28 a specific study is planned to confirm
these findings.
Several studies29–32 done over the past 25 years have
investigated the efficacy of transmucosal buprenorphine
(tablet or solution) compared with placebo for the
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treatment of opioid dependence. A direct comparison of
the results from those studies to the present one is not
feasible given differences in study duration, design,
buprenorphine doses, outcome measures, participant
characteristics, the way in which opioid use was assessed,
and other factors. Nonetheless, the results from those
studies indicated that transmucosal buprenorphine was
more efficacious than was placebo on measures that
included opioid use, retention in treatment, and craving
for opioids, among others. A comprehensive review and
analysis by Mattick and colleagues33 found transmucosal
buprenorphine to be superior to placebo in retaining
participants in treatment on the basis of results from
14 placebo-controlled comparison studies, but only
superior to placebo in the suppression of heroin use at
high doses (ie, ≥16 mg).
Furthermore, as has been shown for methadone,
extended-release injectable naltrexone, and other bupren
orphine products,34 BUP-XR was effective at suppressing
the use of illicit opioids and was associated with greater
treatment retention than placebo. Unlike methadone and
other buprenorphine products, however, BUP-XR offers
an advantage of once-monthly subcutaneous admin
istration for the treatment of moderate to severe opioid
use disorder. Also, unlike extended-release injectable
naltrexone, which is indicated for the prevention of
relapse to opioid dependence following opioid detox
ification, BUP-XR is not contraindicated in individuals
physically dependent on opioids or who are in acute
opioid withdrawal, and does not require an opioid-free
period (recommended to be at least 7 days) before
initiating treatment.
This study showed that both the 300 mg/300 mg
and 300 mg/100 mg regimens of BUP-XR were as
soci
ated with a safety profile similar to transmucosal
buprenorphine formulations; this finding is not un
expected. Although BUP-XR is the first FDA-approved
monthly medication-assisted therapy that can deliver
consistent plasma concentrations of buprenorphine at
levels necessary to achieve opioid blockade, steadystate maximal plasma concentrations of buprenorphine
for BUP-XR 300 mg/100 mg (4·88 ng/mL) and
300 mg/300 mg (10·12 ng/mL) are lower or comparable
to those provided by daily 24 mg transmucosal bupre
norphine (8·27 ng/mL).35
Advantages and disadvantages of the study design were
carefully considered. First, we considered an activecontrolled, non-inferiority design against transmucosal
buprenorphine. However, a placebo-controlled superiority
study was preferable given the primary goal was to assess
the efficacy of BUP-XR as it would be used in clinical
practice (ie, monthly dosing and psychosocial counsel
ling), and the effect of including a daily placebo for
transmucosal buprenorphine-naloxone was unknown.
Specifically, use of a double-dummy in a comparator study
might overestimate efficacy of monthly treatment because
more frequent visits would be required. Also, the validity
www.thelancet.com Vol 393 February 23, 2019
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of a non-inferiority trial can be compromised secondary
to high numbers of patient dropouts in long-term
trials of opioid-use disorder, because missing data can
bias towards non-inferiority. From an ethics perspective,
individuals were fully informed of the study design and
of the fact that they could receive placebo treatment
at randomisation. Individuals might have chosen to
participate in the study for various reasons, including
previous treatment failure or not being willing to take
available treatments, as well as unavailability of local
treatment. Participants were monitored throughout the
study at weekly visits and could discontinue their
participation in the study at any time and receive counsel
regarding various treatment options for opioid-use
disorder. Furthermore, eligible participants who com
pleted the study were offered entry into a long-term openlabel safety study of BUP-XR and could receive up to
6 months of BUP-XR treatment. Finally, a placebocontrolled study allows for exposure of the fewest number
of participants to a drug or dose that has not yet been
shown to be safe and effective. There were no deaths
related to overdose in the study.
The generalisability of the results to patients with
opioid-use disorder was also considered in the design of
this study. Individuals with moderate or severe opioiduse disorder with an average history of opioid use
disorder for more than 10 years participated in this
study, many with several comorbidities that would be
expected in the real-world setting and which were not
the reason for screening failures. Randomisation
criteria required participants to show both tolerability to
and effectiveness of sublingual buprenorphine-naloxone
in at least partially controlling opioid withdrawal and
craving symptoms before receiving their first monthly
injection of BUP-XR, which is aligned with clinical best
practice. However, a limitation of this design is that
we did not test the potential for participants who were
not adequate responders to sublingual buprenorphinenaloxone during the run-in period to respond to
BUP-XR.
The planned data imputation methods used for the
primary and the key secondary endpoints could have
favoured the active treatment groups because of the
higher percentage of participants who dropped out in the
placebo group. However, a participant-level analysis that
differentiated missing data from positive urine drug
screen and self-reports showed this was not the case, and
clearly supported superiority of BUP-XR 300 mg/300 mg
and 300 mg/100 mg over placebo. This analysis also
showed that nearly all participants with premature
treatment discontinuation in the placebo group were
opioid-positive during previous weeks, whereas partici
pants with premature treatment discontinuation in the
BUP-XR groups were often opioid-negative in previous
weeks. Furthermore, the sensitivity analyses, excluding
missing assessments due to dropouts, also showed the
superiority of the active treatments versus placebo. Of
www.thelancet.com Vol 393 February 23, 2019

note, the present study was not designed to compare the
two dosing regimens of BUP-XR to each other; this
assessment, as well as the identification of patients who
would benefit from the higher dosing regimen, will be
the scope of a future study.
In conclusion, BUP-XR is a new treatment option for
opioid-use disorder, especially when there are concerns
about adherence, diversion, or misuse, the patient is at
high risk for taking intentional days off from treatment
to get high, the patient has occasional unintentional
delays in dosing, or there are children present in
the home. Individuals concerned about treat
ment
confidentiality or theft of medication, or who dislike
taking daily medications, might also be candidates for
treatment with BUP-XR. Further research is ongoing to
determine the role of this formulation in facilitating
outpatient treatment for individuals who present to an
emergency department. Additionally, research is ongoing
to further assess a holistic view of the long-term course
of recovery in real-world clinical practice, with an
emphasis on patient-centred clinical, humanistic and
economic outcomes.36
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