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DEPENDENCE ON OPIOIDS, IN THE

form of heroin or prescrip-
tion pain medications, is a sig-
nificant health concern.1-3

Methadone maintenance treatment for
opioid dependence reduces morbidity,
mortality, and the spread of infectious
diseases4 but is restricted to licensed spe-
cialty clinics in the United States, re-
quires frequent clinic visits, and has a
risk of mortality with overdose.5 These
issues have led to increased use of
buprenorphine, and numerous studies
support the efficacy of sublingually ad-
ministered buprenorphine.6 In the
United States, buprenorphine can be pre-
scribed in office-based physician prac-
tice.7 Because it is a partial agonist, bu-
prenorphine has less risk of overdose
than methadone.8 However, there are
concerns about diversion and nonmedi-
cal use of sublingual buprenorphine,
even when a buprenorphine-naloxone
combination (designed to reduce mis-
use) is used.9-11 Poor treatment adher-
ence, resulting in craving and with-

drawal symptoms that increase the
likelihood of relapse, is also a concern
with sublingual buprenorphine.12
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Context Limitations of existing pharmacological treatments for opioid dependence in-
clude low adherence, medication diversion, and emergence of withdrawal symptoms.

Objective To determine the efficacy of buprenorphine implants that provide a low,
steady level of buprenorphine over 6 months for the treatment of opioid dependence.

Design, Setting, and Participants A randomized, placebo-controlled, 6-month
trial conducted at 18 sites in the United States between April 2007 and June 2008.
One hundred sixty-three adults, aged 18 to 65 years, diagnosed with opioid depen-
dence. One hundred eight were randomized to receive buprenorphine implants and
55 to receive placebo implants.

Intervention After induction with sublingual buprenorphine-naloxone tablets, pa-
tients received either 4 buprenorphine implants (80 mg per implant) or 4 placebo im-
plants. A fifth implant was available if a threshold for rescue use of sublingual bu-
prenorphine-naloxone treatment was exceeded. Standardized individual drug counseling
was provided to all patients.

Main Outcome Measure The percentage of urine samples negative for illicit opi-
oids for weeks 1 through 16 and for weeks 17 through 24.

Results The buprenorphine implant group had significantly more urine samples nega-
tive for illicit opioids during weeks 1 through 16 (P=.04). Patients with buprenorphine
implants had a mean percentage of urine samples that tested negative for illicit opioids
across weeks 1 through 16 of 40.4% (95% confidence interval [CI], 34.2%-46.7%) and
a median of 40.7%; whereas those in the placebo group had a mean of 28.3% (95% CI,
20.3%-36.3%) and a median of 20.8%. A total of 71 of 108 patients (65.7%) who re-
ceived buprenorphine implants completed the study vs 17 of 55 (30.9%) who received
placebo implants (P� .001). Those who received buprenorphine implants also had fewer
clinician-rated (P�.001) and patient-rated (P=.004) withdrawal symptoms, had lower
patient ratings of craving (P�.001), and experienced a greater change on clinician global
ratings of severity of opioid dependence (P�.001) and on the clinician global ratings of
improvement (P� .001) than those who received placebo implants. Minor implant site
reactions were the most common adverse events: 61 patients (56.5%) in the buprenor-
phine group and 29 (52.7%) in the placebo group.

Conclusion Among persons with opioid dependence, the use of buprenorphine im-
plants compared with placebo resulted in less opioid use over 16 weeks as assessed by
urine samples.

Trial Registration clinicaltrials.gov Identifier: NCT00447564
JAMA. 2010;304(14):1576-1583 www.jama.com
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To address these problems with ad-
herence, diversion, and nonmedical use,
an implantable formulation of bu-
prenorphine has been developed. This
implant is a polymeric matrix com-
posed of ethylene vinyl acetate and bu-
prenorphine that delivers buprenor-
phine over 6 months. Following an
initial pulse release, a constant and low
level of buprenorphine is released,
avoiding plasma peaks and troughs ob-
served with sublingual administra-
tion. A preliminary open-label phase 2
study reported favorable results with
this implant in opioid-dependent pa-
tients.13

The present study reports results of
a phase 3 multicenter, randomized, pla-
cebo-controlled investigation of bu-
prenorphine implants for treatment of
opioid dependence.

METHODS
Participants

Patients were recruited for the study
from 6 academic, 3 Veterans Affairs, and
9 nonprofit community addiction treat-
ment centers in the United States be-
tween April 2007 and June 2008. The
study was approved by institutional re-
view boards at each site, and written in-
formed consent was obtained from all
participants.

To be eligible for the study, men or
nonpregnant women, aged 18 to 65
years, were required to meet Diagnos-
tic and Statistical Manual of Mental Dis-
orders (Fourth Edition) (DSM-IV) di-
agnosis of current opioid dependence
at a screening visit as determined by the
Mini International Neuropsychiatric In-
terview.14 Exclusion criteria were AIDS,
met DSM-IV criteria for current depen-
dence on psychoactive substances other
than opioids or nicotine, currently using
nonprescribed benzodiazepines, had re-
ceived medication treatment for opi-
oid dependence within the previous 90
days, or had a current diagnosis of
chronic pain that required opioid treat-
ment. Patients were also excluded if
they had any of the following: aspar-
tate aminotransferase (AST) levels at
least 3 times higher than the upper limit
of normal, alanine aminotransferase

(ALT) levels at least 3 times the upper
limit of normal, total bilirubin levels of
at least 1.5 times the upper limit of nor-
mal, or creatinine levels at least 1.5
times the upper limit of normal.

Demographics and history were col-
lected by patient self-report based on
a list of choices.

Study Intervention
and Randomization

Eligible patients entered into an open-
label induction phase designed to
ensure that buprenorphine could be
safely administered. Patients were
required to complete induction within
10 days of screening and receive a
fixed dose of 12 to 16 mg/d sublingual
buprenorphine-naloxone tablets for at
least 3 consecutive days immediately
before randomization. Patients were
excluded from participation if during
the induction phase they had reported
significant withdrawal symptoms,
defined as more than 12 on the Clini-
cal Opiate Withdrawal Scale,15 or sig-
nificant cravings for opioids, defined
as more than 20 mm on a 100-mm
opioid craving visual analog scale
(VAS).

At the end of the induction phase, pa-
tients were randomized (stratified by
sex and site) at a 2:1 ratio to double-
blind treatment with either 4 buprenor-
phine implants (80 mg each) or 4 pla-
cebo implants. The 2:1 ratio was used
to reduce patient exposure to placebo
implants. The implants (26 mm in
length � 2.5 mm in diameter) were
placed in the subdermal space (2-3 mm
below the skin) all at the same time in
the inner side of the nondominant arm
by a physician who had participated in
a 1-day training in implant insertion and
removal or who had prior similar ex-
perience. No sutures are required for
implantation (sutures were used at re-
moval). The physicians who placed and
removed the implants were from vari-
ous medical specialties (eg, family prac-
tice, psychiatry, dermatology, obstet-
rics and gynecology) and had surgical
training but did not serve as the site in-
vestigator. The implants were re-
moved after 6 months.

After implant placement, patients
could receive supplemental sublingual
buprenorphine-naloxone tablets, begin-
ning with 4 mg and increasing in 2-mg
increments as clinically necessary and
tolerated up to 12 to 13 mg, if they ex-
perienced significant withdrawal symp-
toms or significant craving or if they
had requested a dose increase that the
treating physician judged to be appro-
priate. The supplemental sublingual
buprenorphine-naloxone tablets were
administered at the clinic under obser-
vation, except for weekends and holi-
days, for which participants received a
maximum of 3 days of dosing to take at
home. Patients could receive an addi-
tional implant if they required 3 or more
days per week of any supplemental sub-
lingual buprenorphine-naloxone tab-
lets for 2 consecutive weeks, or 8 or more
days of any supplemental buprenor-
phine-naloxone tablets over 4 consecu-
tive weeks.

Because the placebo implants had a
slightly different appearance than bu-
prenorphine implants, steps were taken
to maintain the blind: (1) the physi-
cian and staff involved in the implant
insertion and removal procedures did
not participate in efficacy evaluations
or discuss with other study staff any in-
formation regarding a patient’s im-
plants, (2) surgical draping prevented
patients from viewing the implants dur-
ing insertion or removal procedures, (3)
staff not involved in implant insertion
and removal procedures were forbid-
den from asking those involved in these
procedures about the rod’s appear-
ances, (4) each implant was sealed in
an opaque, foil-lined pouch that hid the
contents from view and was only
opened by those involved with the im-
planting procedures.

All patients received manual-
guided individual drug counseling.16

Sessions were held twice a week dur-
ing the first 12 weeks and then weekly
for the subsequent 12 weeks. If a pa-
tient missed 6 consecutive counseling
sessions, this was judged to be clini-
cally meaningful nonadherence, caus-
ing the patient to be withdrawn from
the study. Because experienced drug
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counselors at each site who were fa-
miliar with the drug-counseling treat-
ment model provided services, they re-
ceived no formal training.

Urine samples were obtained 3 times
per week throughout the entire
6-month treatment period. Drug
screens were performed by a central
laboratory and study staff, and pa-
tients remained blind to results. If a pa-
tient did not provide 9 consecutive
urine samples, they were considered
nonadherent and withdrawn (ie, 3
weeks was considered a clinically im-
portant interval). Participants could
continue in the study regardless of test
results. Urine toxicology samples were
verified at collection by measurement
of urine temperature. Patients pro-
vided another sample if a urine sample
was outside of a valid temperature
range. If the second sample was out-
side of the temperature range, the
sample was designated as missing.

Efficacy Assessments
The primary outcome measure was the
percentage of the 48 urine samples that
were negative for illicit opioids during
the first through 16th week of the trial.
This 16-week period was selected be-
cause of the interest in examining early-
treatment response in the context of this
longer-term treatment.

The secondary outcome measure
was assessed as the percentages of the
24 urine samples that were negative
for illicit opioids during weeks 17
through 24. Additional outcomes mea-
sured included the proportion of treat-
ment failures, the proportion of study
completers, the patient-report and
clinician-report withdrawal scales, a
craving scale, and clinician severity
and improvement ratings.

Treatment failure was defined as re-
ceiving a fifth implant and subse-
quently requiring 3 or more days per
week of supplemental sublingual bu-

prenorphine-naloxone treatment for 2
consecutive weeks or 8 or more days
of supplemental sublingual buprenor-
phine-naloxone treatment over 4 con-
secutive weeks at any time after the im-
plant dosage increase. Patients who met
this definition of treatment failure were
withdrawn from the study.

Patient report of withdrawal symp-
toms was assessed by the Subjective
Opiate Withdrawal Scale.17 Clinician re-
port of withdrawal symptoms was mea-
sured with the Clinical Opiate With-
drawal Scale, administered by the
investigator or other qualified clinical
staff. Craving for opioids was mea-
sured using a 100-mm VAS: 0 indi-
cates no cravings; and 100, the maxi-
mum craving experienced. All 3
measures were obtained at baseline and
at weeks 1, 4, 8, 12, 16, 20, and 24. The
clinician-rated Clinical Global Impres-
sions-Severity (CGI-S)18 (of opioid de-
pendence) and Improvement scales
(CGI-I)18 were obtained at baseline and
at weeks 16 and 24 (or end point).

Safety and Pharmacokinetic
Assessments

Vital signs, blood and urine labora-
tory tests (hematology, liver function
tests, coagulation, pregnancy test), and
electrocardiograms were obtained at
regular study visits. The assessment
protocol required that study investiga-
tors visually inspect the surgical im-
plant location of each participant dur-
ing each study visit. Levels of plasma
buprenorphine were obtained and ana-
lyzed from blood samples taken at base-
line and monthly thereafter.

Statistical Analyses

Baseline variables were compared across
treatment groups using �2 for categori-
cal variables and t tests for continuous
variables.

The primary analysis was con-
ducted using an intention-to-treat ap-
proach that included all randomized pa-
tients. The primary statistical analysis
specified in the study protocol was a van
Elteren Wilcoxon rank sum test,19 strati-
fied by sex and treatment site, compar-
ing study groups on the distributions

Figure 1. Flow Diagram of Participants Through the Trial

348 Individuals screened for eligibility

163 Randomized

108 Included in the primary analysis 55 Included in the primary analysis

71 Completed the trial 17 Completed the trial

108 Assigned to receive buprenorphine
implants
108 Received implants as assigned

55 Assigned to receive placebo
implants
55 Received implants as assigned

37 Did not complete the trial
10 Lost to follow-up
0 Experienced treatment failures

12 Were nonadherent
4 Had adverse events

11 Other

38 Did not complete the trial
4 Lost to follow-up

17 Experienced treatment failures
7 Were nonadherent
0 Had adverse events

10 Other

185 Excluded
98 Excluded before induction

1 Did not tolerate buprenorphine
63 Did not meet inclusion criteria
11 Lost to follow-up
9 Had blood draw problems
3 Were nonadherent
8 Withdrew consent
3 Other

87 Excluded during or after induction
1 Did not tolerate buprenorphine
9 Did not meet inclusion criteria

23 Lost to follow-up
6 Were nonadherent

22 Withdrew consent
15 Failed induction criteria
1 Had significant withdrawal symptoms

10 Other
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of the percentages of urine samples that
tested negative for illicit opioids over
16 weeks. Sample size determination
was conducted using a 2-sided � of .05
and 80% power to detect a shift of 20%
(a difference deemed to be clinically rel-
evant) between the placebo and bu-
prenorphine groups on the distribu-
tions of the percentage of urine samples
negative for illicit opioids over 16
weeks. Approximately 150 patients
were required, taking into account the
2:1 randomization scheme, normal dis-
tributions without stratification with a
common standard deviation of 30% as
a conservative powering model, and an
attrition rate of approximately 40%.

The denominator for the primary end
point was all possible urine samples that
could have been collected from implan-
tation through week 16. Missed samples
were considered positive for opioids. Af-
ter a patient was withdrawn from the
study, urine samples from the point of
withdrawal onward were also consid-
ered positive.

A secondary analysis examined the
percentage of urine samples over weeks
17 through 24 (using a van Elteren Wil-
coxon test stratified for sex and site). Hy-
pothesis testing for the primary analy-
sis and the first secondary analysis was
conducted using a fixed-sequence test-
ing procedure. First, the primary hy-
pothesis was tested using a 5% � level.
Only if the null hypothesis was rejected
for the primary analysis did testing pro-
ceed to the first secondary analysis. In ac-
cordance with this procedure, no � ad-
justment formultiple tests is requiredand
the accepted alternative hypotheses may
be claimed significant at the 5% level. An
additional van Elteren Wilcoxon rank
sum test examined the percentage of
urine samples negative for the full 24-
week period (72 samples per patient).

The proportions of participants who
completed the study (defined as com-
pleting 24 weeks) were compared be-
tween treatment groups with a Coch-
ran Mantel-Haenszel test, stratified by
sex and site. The clinical and subjec-
tive withdrawal scales and the craving
VAS were analyzed using a mixed-
effects repeated-measure analysis of co-

variance using all available assess-
ments and adjusting for sex, site, and
baseline value. A spatial power law cor-
relation structure was specified for these
analyses. This covariance structure was
used because it is appropriate for mod-
eling data when the measurement time
points are continuous (unequally
spaced) rather than discrete categories,
and the correlations decline as a func-
tion of the time difference. The CGI-I
and CGI-S were analyzed as categori-
cal variables using a Cochran Mantel-
Haenszel test stratified by sex and site.

The incidence of specific adverse
events was compared across treat-
ment groups using �2 tests. All statis-
tical analyses were performed using SAS

software version 8.2 (SAS Institute Inc,
Cary, North Carolina).

RESULTS
Patient Characteristics
and Disposition

Of 348 patients screened for the study,
185 were excluded: 98 before and 87
during or after the induction period
(FIGURE 1). There were no significant
differences between the treatment
groups (TABLE 1).

Treatment Exposure

The median number of weeks of expo-
sure to the implants (before they were
removed) was 24 (range, 0-43 weeks)
for buprenorphine and 16.6 (range,

Table 1. Baseline Characteristics of Patients

Characteristic

Implant Group, No. (%)

P
Value

Buprenorphine
(n = 108)

Placebo
(n = 55)

Age, mean (SD), y 35.8 (11.0) 39.3 (11.7) .07

Male 72 (66.7) 40 (72.7) .43

Race
White 82 (75.9) 40 (72.7)

African American 14 (13.0) 6 (10.9) .62

Other 12 (11.1) 9 (16.4)

Ethnicity
Hispanic or Latino 12 (11.1) 12 (21.8) .07

Primary opioid of abuse
Heroin 69 (63.9) 34 (61.8)

.80
Prescription pain medication 39 (36.1) 21 (38.2)

Diagnosis of opioid dependence
for �5 y, (range)

15.5 (11-71) 14.3 (6-42) .86

Previous pharmacotherapy
for opioid dependence

25 (23.1) 14 (25.5) .74

Figure 2. Retention of Patients Through the Trial
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3-34 weeks) for placebo. Additional im-
plants were received by 20.3% (22 of
108) of those in the buprenorphine
group and 58.2% (32 of 55) of those in
the placebo group. During weeks 1
through 16, 64 of 108 participants
(59%) in the buprenorphine implant
group received supplemental sublin-
gual buprenorphine-naloxone tablets
for a median of 7.5 days for emergent
withdrawal or craving, whereas 50 of
the 55 patients in the placebo group
(91%) received the buprenorphine-
naloxone tablets for a median of 19.5
days. The buprenorphine implant group
received a mean dose of 94.1 mg (95%
confidence interval [CI], 71.3-117.0
mg) for the weeks 1 through 16 and re-

ceived an average daily dose of 9.8 mg
(95% CI, 8.8-10.8 mg), whereas the pla-
cebo group received a mean of 208.3
mg (95% CI, 163.1-253.5 mg) for an av-
erage daily dose of 10.4 mg (95% CI,
9.3-11.4 mg). For weeks 17 through 24,
12% (13 of 108) in the buprenorphine
implant group received a mean dose of
56.9 mg (95% CI, 29.2-84.6 mg) and
an average daily dose of 12.7 mg (95%
CI, 10.1-15.2 mg) for a median of 3
days, whereas 20% (11 of 55) in the pla-
cebo group received a mean of 175.8
mg (95% CI, 21.0-330.6 mg) and an av-
erage daily dose of 12.8 mg (95% CI,
9.8-15.8 mg) for a median of 7 days.

The most frequent reasons for early
discontinuation in the buprenorphine

implant group were nonadherence with
the protocol and being lost to follow-
up. In the placebo group, patients most
frequently withdrew early because of
treatment failure or nonadherence
(Figure 1).

Of those who discontinued because
of protocol nonadherence, 2 partici-
pants in the buprenorphine implant
group and 1 in the placebo group missed
6 consecutive counseling sessions and
were therefore withdrawn. There was
no evidence of unscheduled implant
removal or attempted removal.

Efficacy

A mean of 40.4% (95% CI, 34.2%-
46.7%; median, 40.7%) of the 48
urine samples taken for each patient
in the buprenorphine group during
the first 16 weeks of the study tested
negative for opiate use vs a mean
28.3% (95% CI, 20.3%-36.3%;
median, 20.8%) in the placebo group
(P = .04). The distributions of the
percentage of 24 urine samples taken
from week 17 through 24 that tested
negative for opioid use also showed
a statistically significant difference
(P � .001). For the full 24-week
treatment period for a total of 72
urine samples from each patient, the
buprenorphine group had a mean
36.6% (95% CI, 30.5%-42.6%;
median, 29.9%) of urine samples that
tested negative for opioids vs 22.4%
(95% CI, 15.3%-29.5%; median,
13 .9%) for the p lacebo group
(P=.01).

A mean of 42.9 (44.0%) urine
samples were actually provided by pa-
tients for weeks 1 through 16 and 17.5
(31.1%) for weeks 17 through 24 for
the buprenorphine group vs 31.9
(43.2%) for weeks 1 through 16 and 8.5
(14.1%) for weeks 17 through 24 for
the placebo group. Retention in the
study is shown in FIGURE 2.

Treatment group differences were
also evident on additional efficacy
measures (TABLE 2). During weeks 1
through 16, 88 of 108 (81.5%) in the
buprenorphine implant group re-
mained in the study vs 28 of 55 (50.9%)
in the placebo group (P� .001). A sig-

Table 2. Secondary Efficacy End Pointsa

Mean
(95% Confidence Interval)b

P
Value

Buprenorphine
(n = 108)

Placebo
(n = 55)

Scores over 24 wk
Clinical Opiate Withdrawal Scale 2.3 (1.9-2.7) 3.4 (2.8-4.0) �.001

Subjective Opiate Withdrawal Scale 4.1 (3.1-5.1) 6.5 (5.1-7.9) .004

Visual analog scale–opioid craving 9.9 (7.8-12.0) 15.8 (12.7-18.9) �.001

No. (%)c

(n = 91) (n = 47)

CGI-severity at week 24 (or end point)
Normal, no symptoms 34 (37.4) 9 (19.1)

Borderline 18 (19.8) 7 (14.9)

Mild 21 (23.1) 12 (25.5)

Moderate 16 (17.6) 12 (25.5)

Marked 1 (1.1) 7 (14.9)
�.001

Severe 1 (1.1) 0

Among the most extreme
symptoms

0 0

CGI-improvement at week 24
(or end point)

Very much 51 (56.0) 11 (23.4)

Much 22 (24.2) 13 (27.7)

Minimally 14 (15.4) 14 (29.8)

No change 3 (3.3) 8 (17.0) �.001

Minimally worse 1 (1.1) 1 (2.1)

Much worse 0 0

Very much worse 0 0
Abbreviation: CGI, Clinical Global Impressions
aSignificance tests for Clinical Opiate Withdrawal Scale, Subjective Opiate Withdrawal Scale, or the visual analog scale

for opioid craving are based on mixed-effects repeated measures analysis of variance using scores from weeks 1, 4,
8, 12, 16, and 20, with baseline scores, sex, and site as covariates. Significance tests for CGI-severity and CGI-
improvement based on Cochran Mantel-Haenszel test stratified by sex and site. The Clinical Opiate Withdrawal Scale
potentially ranges from 0 to 48, with a score of 5 to 12 considered mild; 13 to 24, moderate; 25 to 36,moderately
severe; and more than 36, severe withdrawal. The Subjective Opiate Withdrawal Scale scores potentially range from
0 to 64, with each of 16 questions rated on intensity of withdrawal on a 0 (not at all) to 4 (extremely) scale. The visual
analog scale ranges from 0 (no craving) to 100 mm (maximum experienced).

bMeans are adjusted for sex, site, and baseline value.
cData were missing for 17 in the buprenorphine implant group and 8 in the placebo group.
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nificant difference (P� .001) was also
evident in completion rates for the full
24-week study period: 71 of 108
(65.7%), buprenorphine implant group;
17 of 55 (30.9%), placebo group. The
buprenorphine implant group had
lower scores for clinical (P� .001) and
subjective (P = .004) opiate with-
drawal and for opioid craving (P� .001)
than those in the placebo group across
24 weeks of treatment. At week 24,
there were significant differences be-
tween the treatment groups on the
CGI-S (P�.001) and CGI-I (P� .001)
rating scales favoring buprenorphine
(Table 2).

No patients in the buprenorphine im-
plant group met the definition of treat-
ment failure; 30.9% (17of 55) of pla-
cebo patients were classified as
treatment failures.

Safety

Ninety-three (86.1%) of those in the bu-
prenorphine implant group had at least
1 adverse event vs 45 (81.8%) of those
in the placebo group (TABLE 3). Im-
plant site adverse events were the most
common; these events were normal and
expectable consequences of the surgi-
cal procedure (not due to difficulties
with insertion or removal).

Among adverse events not related
to implant site, headache and insom-
nia were the most common in the
buprenorphine group. No significant
treatment group differences were
apparent for adverse events that
occurred with 10% or greater fre-
quency (Table 3). No adverse events
resulted in discontinuation of treat-
ment in the placebo group. In the
buprenorphine group, 3.7% of the
patients experienced adverse events
for which they were discontinued.
These adverse events were implant
site pain and infection (2 cases),
implant site pain, and elevated liver
enzymes. Two patients (1.9%) in the
buprenorphine implant group experi-
enced serious adverse events com-
pared with 4 (7.3%) in the placebo
group. One patient with a history of
pulmonary embolism and chronic
obstructive pulmonary disease in the

buprenorphine group had a pulmo-
nary embolism and an exacerbation of
chronic obstructive pulmonary dis-
ease, and these events were judged as
possibly related to treatment (because
of the effect of opioids on respiratory
function). The other patient experi-
enced a burn injury. In the placebo
group, 1 patient experienced suicidal
ideation, another had pneumonia and
cellulitis (related to implant site),
another had a relapse of opioid
dependence resulting in hospitaliza-
tion, and another had respiratory fail-
ure. The patient with pneumonia and
cellulitis was hospitalized for 1 day,
during which time an incision and
drainage were performed on the
infected site, and the patient was
treated with intravenous and oral
antibiotics.

There were no clinically meaning-
ful changes from baseline in vital signs,
physical examinations, or electrocar-
diograms. No clinically significant
changes from baseline were observed
in hematology or coagulation values in
either group. There was a minor in-
crease in mean ALT and mean AST lev-

els in the buprenorphine group, which
was attributable to 1 patient who had
significant increases in ALT and AST
levels that were likely related to a hepa-
titis C infection and history of alcohol
and drug use.

Pharmacokinetics

Mean (SD) steady state plasma
buprenorphine concentrations over
weeks 4 through 24 were 941 (832)
pg/mL vs 495 (720) pg/mL in the
placebo group, and the respective
medians were 775 pg/mL (range,
378-8070 pg/mL) vs 237 pg/mL
(range, 0-3070 pg/mL). The plasma
buprenorphine in the placebo group
can be attributed to use of rescue
sublingual buprenorphine-naloxone
tablets and possibly buprenorphine
obtained from outside the study.

COMMENT
This study demonstrated that buprenor-
phine implants are effective in the treat-
ment of opioid dependence over a 24-
week period following implantation. Of
particular clinical importance are the
favorable urinalysis toxicology results

Table 3. Treatment-Emergent Adverse Events Across 24 Weeks With Incidence of More
Than 10% in Either Group

Events, No. (%)

P
Value

Buprenorphine
(n = 108)

Placebo
(n = 55)

Adverse event
Constipation 15 (13.9) 3 (5.5) .10

Diarrhea 6 (5.6) 7 (12.7) .11

Nausea 15 (13.9) 7 (12.7) .84

Toothache 12 (11.1) 3 (5.5) .24

Nasopharyngitis 15 (13.9) 3 (5.5) .10

Upper respiratory tract infection 14 (13.0) 6 (10.9) .71

Back pain 13 (12.0) 3 (5.5) .18

Headache 27 (25.0) 10 (18.2) .33

Anxiety 11 (10.2) 5 (9.1) .82

Insomnia 23 (21.3) 12 (21.8) .94

Serious adverse events 2 (1.9) 4 (7.3) .08

Implant site adverse events
Any event 61 (56.5) 29 (52.7) .65

Erythema 27 (25.0) 12 (21.8) .65

Edema 14 (13.0) 5 (9.1) .47

Itching 27 (25.0) 8 (14.5) .12

Pain 24 (22.2) 6 (10.9) .08

Bleeding 13 (12.0) 7 (12.7) .90
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and the good patient retention—with
65.7% of patients who received the ac-
tive implants completing 24 weeks of
treatment without experiencing crav-
ing or withdrawal symptoms that ne-
cessitated withdrawal from the study.
In contrast, a recent study reported a
median duration of 40 days for indi-
viduals who received sublingual bu-
prenorphine in clinical settings.12 Avail-
able 6-month trials of sublingual
buprenorphine have reported reten-
tion rates of 35%,20 38%,21 and 35%.22

The improved retention rate was
found in the current study despite the
buprenorphine implants resulting in
relatively low plasma concentrations of
buprenorphine. Given the known phar-
macokinetics of buprenorphine,23 the
steady state plasma concentration lev-
els are consistent with a constant bu-
prenorphine release of 1 to 1.3 mg/d
from 4 to 5 buprenorphine implants.
Results from the prior phase 2 study
showed that average plasma concen-
trations of buprenorphine implants
were lower than trough plasma con-
centrations of sublingual buprenor-
phine measured in the same patients
(prior to implants) and that the initial
pulse of buprenorphine in the 24 hours
following implant insertion was less
than half of peak plasma concentra-
tion observed with sublingual bu-
prenorphine prior to implant inser-
tion.13 Extrapolating from the low
buprenorphine plasma concentra-
tions, it is possible that a higher num-
ber of implants would result in greater
efficacy. However, no patients in the bu-
prenorphine implant group exceeded
the criterion for treatment failure based
on the need for sublingual buprenor-
phine-naloxone tablets. Thus, it ap-
pears that 4 or 5 implants are suffi-
cient to control most cravings and
withdrawal symptoms.

Minor implant site reactions were
common. However, only 1 patient in
the placebo group experienced a ma-
jor implant site reaction (cellulitis).
There was no evidence of unsched-
uled implant removal or attempted re-
moval. Thus, diversion of the buprenor-
phine implants appears unlikely.

Several limitations of this study are
important to consider: (1) All patients
received psychosocial counseling in ad-
dition to implants. The extent to which
the efficacy of the implants is depen-
dent on this ancillary counseling is not
known, although this is the standard of
care in addiction treatment. (2) Pla-
cebo patients had an average buprenor-
phine plasma concentration that was al-
most half that of the active implant
group due to the need for rescue bu-
prenorphine-naloxone treatment. The
use o f rescue buprenorphine-
naloxone treatment complicates the in-
terpretation of study results, particu-
larly the plasma buprenorphine levels.
(3) The current trial was not statisti-
cally powered to examine efficacy
within subgroups of patients. The num-
ber of implants and extent of supple-
mental sublingual buprenorphine-
naloxone treatment may need to vary
depending on initial severity of opioid
dependence, duration of opioid depen-
dence, or type of opioid. (4) Attrition
was high because of the regulatory re-
quirement to include a placebo con-
trol.

In summary, this study found that the
use of buprenorphine implants com-
pared with placebo resulted in less opi-
oid use over 16 weeks and also across
the full 24 weeks.
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