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Abstract

Background Two phase I studies assessed the pharmacokinetics of buprenorphine, its metabolite norbuprenorphine, and
naloxone following administration of buprenorphine/naloxone sublingual tablets in Chinese participants.

Methods In the first phase I, open-label, single ascending-dose (SAD) study, 82 opioid-naive volunteers received a single
buprenorphine/naloxone dose ranging from 2 mg/0.5 mg to 24 mg/6 mg while under naltrexone block. In a second phase I,
open-label, multiple ascending-dose (MAD) study, 27 patients with opioid dependence in withdrawal received buprenorphine/
naloxone doses of either 16 mg/4 mg or 24 mg/6 mg for 9 consecutive days. Serial blood samples were collected after a single
dose (SAD study) and at steady-state (MAD study). Pharmacokinetic parameters were calculated using non-compartmental
analysis. Safety assessments included adverse events monitoring and laboratory tests.

Results The pharmacokinetic profiles of buprenorphine and naloxone were consistent between single- and multiple-dose
studies. Peak plasma concentrations (C,,,,) were reached early for buprenorphine (0.75-1.0 h) and naloxone (0.5 h), sup-
porting rapid absorption. In the SAD study, increases in plasma exposures to buprenorphine and naloxone were less than
dose proportional, in line with previous observations in Western populations. Buprenorphine-to-naloxone ratios for C,,,,
and area under the curve (AUC) were constant over the dose range investigated and also consistent with Western popula-
tions data. Steady state was reached within 7 days of daily dosing, with slight accumulation over repeated doses. No serious
adverse events were observed.

Conclusions The present data suggest that buprenorphine/naloxone pharmacokinetic profiles in Chinese participants are
consistent, overall, with those in Western populations, supporting no differences in dosing.

Clinical Trial Registration The protocols were registered on the official website of the China Food and Drug Administra-
tion (CFDA): http://www.chinadrugtrials.org.cn/; Registration numbers CTR20132963 (RB-CN-10-0012), CTR20140153

(RB-CN-10-0015).

The current studies suggest that buprenorphine/naloxone
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1 Introduction

Opioid abuse and opioid use disorder (OUD) are serious
health issues in countries around the world, including
China [1-5]. In 2013, there were approximately 2.5 mil-
lion registered drug users in China. Users in China are
registered if they seek treatment or come in contact with
law enforcement; as such, estimates place the actual num-
ber of users closer to 14 million, although not all are using
opioids [6]. Compared with other countries, medical inter-
ventions for OUD are limited in China [1, 2, 4, 7]. Most
commonly, traditional Chinese medicines (e.g., Fukang
tablets, Xuanxia detoxification capsules) consisting of pri-
marily herbal mixtures are used. A recent meta-analysis
has demonstrated that these medicines are less effective
than pharmacological interventions in the critical early
days of withdrawal and less effective than methadone over-
all [8]. Methadone, a full agonist at the p-opioid receptor,
is also approved for maintenance treatment in China, but
requires specialty clinics that are licensed, and is associ-
ated with an increased risk of respiratory depression and
fatal overdose [3, 4, 9, 10]. Further, patients may misuse
and abuse methadone, possibly becoming addicted and
suffering from withdrawal [8, 11, 12].

Based on robust randomized clinical trials, buprenor-
phine/naloxone (SUBOXONE®) sublingual film and sub-
lingual tablets have been approved in more than 40 coun-
tries worldwide for the treatment of OUD, but are not yet
approved in China [13-17]. Buprenorphine is a partial
agonist at the p-opioid receptor that can attenuate with-
drawal symptoms while lowering the risk of respiratory
depression and fatal overdose associated with full agonists
[16]. Naloxone is a full antagonist at the p-opioid receptor
that is poorly absorbed when administered sublingually;
however, when injected, naloxone precipitates withdrawal
in opioid-dependent individuals currently taking full ago-
nist opioids. As a result, the buprenorphine/naloxone for-
mulation deters parenteral abuse of the sublingual film
and tablet, which is an important factor to consider in
the treatment of OUD, though misuse and abuse remain
a concern here as well. Of note, the co-administration of
naloxone has no impact on the pharmacokinetics (PK) of
buprenorphine [18].

A phase III, randomized, placebo-controlled study
evaluating the efficacy and safety of buprenorphine/nalox-
one sublingual tablets for the treatment of opioid depend-
ence (according to DSM-IV-TR criteria) was conducted
in China and enrolled adult Chinese nationals who were
opioid-dependent [19]. In that study, 130 participants were
randomized to receive buprenorphine/naloxone dosages
ranging from 2 mg/0.5 mg to 24 mg/6 mg daily, based
on individual participants’ withdrawal symptoms and
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abstinence from illicit opioids, and 130 participants were
randomized to treatment with placebo. Buprenorphine/
naloxone treatment was superior to placebo on the primary
outcome of treatment failures. Buprenorphine/naloxone
treatment also significantly reduced withdrawal and crav-
ing symptoms, increased consecutive days of abstinence,
and decreased illicit opioid usage, compared with placebo
[19]. Due to the wide range of therapeutic dosages, both
in the phase III study and in real-world usage, a PK evalu-
ation was undertaken to better understand the PK profile
after administration of buprenorphine/naloxone sublingual
tablets in the Chinese population. Two phase I studies were
conducted to assess the PK profiles of buprenorphine,
norbuprenorphine (major metabolite of buprenorphine),
and naloxone following administration of buprenorphine/
naloxone sublingual tablets in (i) healthy Chinese volun-
teers under a naltrexone block and (ii) Chinese patients in
withdrawal treatment for opioid dependence. The results of
these two phase I studies are reported here and discussed
in comparison with data previously obtained in Western
populations.

2 Methods
2.1 Study Designs

Study 1 (RB-CN-10-0012) was a phase I, open-label, par-
allel-group, single ascending-dose (SAD) study evaluating
the PK profiles and safety of buprenorphine, norbuprenor-
phine, and naloxone following administration of buprenor-
phine/naloxone sublingual tablets under a naltrexone block
in healthy Chinese volunteers. The study consisted of eight
inpatient days, with administration on day 1 of one of six
possible buprenorphine/naloxone doses ranging from
2 mg/0.5 mg to 24 mg/6 mg.

Study 2 (RB-CN-10-0015) was a phase I, open-label,
parallel-group, multiple ascending-dose (MAD) study
evaluating the steady-state PK profiles and safety of
buprenorphine, norbuprenorphine, and naloxone follow-
ing repeated daily administration of buprenorphine/nalox-
one sublingual tablets in Chinese patients who were in
withdrawal treatment for opioid dependence. The study
comprised three stages: (i) dose titration with buprenor-
phine/naloxone sublingual tablets for days 1-5 or days
1-7, (ii) stable doses of buprenorphine/naloxone at either
16 mg/4 mg or 24 mg/6 mg for 9 days, and (iii) dose reduc-
tion for 10-15 days.

For both studies, a follow-up visit to assess safety and
tolerability was conducted 7 days after the end of treat-
ment, either in the clinic (study 1) or via telephone (study
2).



Single and Multiple Dose PK of Sublingual Buprenorphine Tablets in Chinese Participants 257

2.2 Treatments and Dosing

Study 1 participants were allocated to one of six dose
cohorts: 2 mg/0.5 mg (n=38); 4 mg/1 mg (n=38); 8 mg/2 mg
(n=16); 12 mg/3 mg (n=16); 16 mg/4 mg (n=18); and
24 mg/6 mg (n=16). Buprenorphine/naloxone sublingual
tablets were provided as buprenorphine 2 mg and naloxone
0.5 mg, or buprenorphine 8 mg and naloxone 2 mg [Reckitt
Benckiser Healthcare (UK) Ltd., now Indivior Inc.].

Oral naltrexone 100 mg (Beijing Huasa Pharmaceutical
Company, China) was administered 12 h and 1 h prior to
buprenorphine/naloxone dosing; oral naltrexone 50 mg was
administered 12 and 24 h following buprenorphine/nalox-
one dosing. Naltrexone is a well-tolerated p-opioid recep-
tor antagonist and was administered to prevent or attenuate
buprenorphine-related effects in opioid-naive participants
(e.g., nausea, vomiting, euphoria, and at higher doses, res-
piratory depression).

Study 2 participants received buprenorphine/naloxone
sublingual tablets with dosages titrated based on Clinical
Opiate Withdrawal Scale (COWS) and Opioid Craving Vis-
ual Analog Scale (VAS) scores for either 5 days or 7 days.
Patients were stabilized at randomized daily dosages of
buprenorphine/naloxone 16 mg/4 mg (n=15) or 24 mg/6 mg
(n=12) for 9 consecutive days. Following dose stabiliza-
tion, buprenorphine/naloxone dose was gradually reduced
to zero over 10-15 days based on clinical symptoms (e.g.,
withdrawal, craving); if a patient’s dose could not be reduced
to zero, methadone maintenance treatment was started or the
patient was transferred to a detoxification center.

2.3 Participants

Both studies were conducted in China. In study 1, eligible
participants were healthy men or women aged 18-65 years
(inclusive), with a body mass index (BMI) of 18.5-30 kg/m2
(inclusive), and weighing at least 50 kg. Study 1 participants
were required to have urine drug screens negative for opioids
and other drugs of abuse.

In study 2, participants were men or women, aged
18-55 years (inclusive), with a BMI of 18.5-30 kg/m?
(inclusive), and weighing at least 45 kg. Study 2 partici-
pants were in withdrawal treatment for opioid dependence
and may have had positive urine drug screens for morphine
or methadone before taking study treatment.

Participants in both studies were excluded if they had
a history or current presence of disease, co-existing major
psychiatric illness, or any significant condition known to
interfere with the absorption, distribution, metabolism, or
excretion of buprenorphine or naloxone. Other exclusion
criteria included clinically significant abnormal findings on
the physical exam, electrocardiogram (ECGQ), or vital signs,
and treatment with cytochrome P450 3A4 or cytochrome

P450 2C8 inhibitors or inducers (e.g., barbiturates, carba-
mazepine, erythromycin, phenytoin, thiazolidinediones,
rifampicin) within 30 days.

Both studies were conducted in compliance with the
guidelines of the Declaration of Helsinki and the principles
of Good Clinical Practice. Study protocols, amendments,
informed consent forms, and all other study materials were
reviewed and approved by the Ethics Committee of the Peo-
ple’s Liberation Army 307 Hospital. All participants pro-
vided written informed consent.

2.4 Blood Sampling Procedures

In study 1, blood samples were drawn prior to buprenor-
phine/naloxone dosing, and at 5 min, 0.25, 0.5, 0.75, 1, 1.25,
1.5,2,3,4,6,8, 10, 12, 24, 36, 48, 72, 96, 120, and 144 h
post-dose. In study 2, blood samples were drawn on day 9
prior to buprenorphine/naloxone dosing, and at 5 min, 0.25,
0.5,0.75, 1, 1.25, 1.5, 2, 3, 4, 6, 8, 10, 12, and 24 h post-
dose. In study 2, blood samples were also collected prior to
buprenorphine/naloxone dosing on days 7 and 8 to evaluate
achievement of steady-state concentrations.

All PK blood samples were immediately placed into an
ice bath after collection. Blood samples were then centri-
fuged at approximately 3000 rpm for 10 min at below 4 °C.
Plasma concentrations of buprenorphine, norbuprenorphine,
and naloxone were determined using liquid chromatography
electrospray tandem mass spectrometry (LC-ESI-MS/MS)
assays. The assays were fully validated for linearity, selectiv-
ity, recovery, matrix effect, accuracy, precision, and stability
before their application to sample analysis. The lower limit
of quantitation was 0.0250 ng/mL for both buprenorphine
and norbuprenorphine, and 0.002 ng/mL for naloxone. Dur-
ing the method validation, the accuracy (overall bias) ranged
from — 6.8 to 3.5% for buprenorphine, from —9.6 to 1.8%
for norbuprenorphine, and from 2.0 to 4.7% for naloxone.
The precision ranged from 4.6 to 5.6% for buprenorphine,
from 3.4 to 13.3% for norbuprenorphine, and from 3.7 to
6.2% for naloxone. The overall accuracy and precision for
quality control samples during the sample analyses were all
within 15%. All the plasma samples were analyzed within
the established stability window.

2.5 Pharmacokinetic Outcomes

PK parameters analyzed included the area under the plasma
concentration—time curve (AUC) from time zero to the time
of the last quantifiable concentration (AUC,_y,), AUC from
time zero extrapolated to infinity (AUC_;,;), AUC over the
daily dosing interval at steady-state (AUC,_»4 ), the maxi-
mum observed plasma concentration (C,,), the time to
reach C,,, (T,,)> plasma terminal half-life (z,,), apparent
clearance (CL/F) and apparent volume of distribution (V,/F).
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In study 2, pre-dose concentrations (Cy,,op) Were assessed
from day 7 to day 10 to evaluate achievement of steady state.
Individual plasma concentration—time data for buprenor-
phine, norbuprenorphine, and naloxone were analyzed using
non-compartmental analysis by WinNonlin (Version 6.3,
Pharsight Corporation, Mountain View, CA, USA).

2.6 Safety and Tolerability Assessments

Safety assessments included monitoring of adverse events
(AEs), vital signs, 12-lead ECGs, physical examinations,
clinical laboratory tests, and use of concomitant medications.

2.7 Statistical Analysis

The safety population was defined as all participants who
were enrolled in the study and received at least one dose of
study medication. The PK population was defined as all par-
ticipants who received at least one dose of buprenorphine/
naloxone and had an adequate number of blood draws to
perform PK evaluation.

In study 1, a power model was used to evaluate dose pro-
portionality of AUC,, ., AUC_;s, and C,,,, within the 2- to
24-mg dose range for buprenorphine and its metabolite, and
the 0.5- to 6-mg dose range for naloxone:
In (PK parameter) = f, + f, In (dose), where f, and 3, were
estimated. Dose proportionality was established when the
90% confidence interval of the f, estimate fell within

1+ 008y M]; here r=high dose/low dose [20].

In(r) ’ In(r)

In study 2, steady state was assessed for buprenorphine,
norbuprenorphine, and naloxone using the Helmert trans-
formation approach [21] within an analysis of variance
(ANOVA), with natural log-transformed Cy,q, concentra-
tions as the dependent variable and day as a fixed effect. A
series of contrasts were used to compare the mean Cip
value of the first tested day (day 7) to the pooled mean over
all remaining time points (days 8, 9, and 10) for each dose
level. Testing continued until the contrast was not statisti-
cally significant at the 0.1 level; the first time point at which
the contrast was not significant indicated that steady state
was attained.

No formal sample size calculation was performed for
either study. In study 1, at the request of the China Food
and Drug Administration (CFDA), a sample size of eight
participants for the 2-mg/0.5-mg and 4-mg/1-mg dose
groups with six completers in each group, and a sample
size of 16 participants for the 8-mg/2-mg, 12-mg/3-mg,
16-mg/4-mg, and 24-mg/6-mg dose groups with 12 com-
pleters in each group was considered appropriate for this
study. Therefore, a total of 80 participants were targeted
for enrollment. In study 2, a sample size of 48 participants
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(24 randomly assigned to each group) was targeted, assum-
ing a 50% drop out rate, to reach a minimum of 12 partici-
pants per group.

Statistical analyses were performed using SAS® System
Version 9.2 (SAS Institute, Inc., Cary, NC, USA).

3 Results
3.1 Participant Disposition and Demographics

Study 1 enrolled 82 participants, all of whom were
included in the safety population (Fig. S1A, see electronic
supplementary material [ESM]). Six participants discon-
tinued after receiving a single dose of naltrexone and prior
to receiving buprenorphine/naloxone sublingual tablet(s)
due to withdrawal of consent. A total of 76 (92.6%) par-
ticipants completed the study, but one participant vomited
before complete melting of the buprenorphine/naloxone
sublingual tablet and was therefore not included in the PK
analysis (n=75, PK population). The majority were Han
ethnicity (96.3%), 51.2% were women, and the mean (SD)
age was 27.7 (5.2) years (Table 1).

Study 2 enrolled 32 participants, all of whom were
included in the safety population, and 25 (78.1%) were
included in the PK population (Fig. S1B, see ESM). Five
participants (15.6%) discontinued during dose titration;
four withdrew consent and one discontinued due to AEs
(nausea, vomiting, and abdominal pain). Two additional
participants withdrew due to AEs (one with somnolence,
dizziness on stable dosage day 1; one with headache on
stable dosage day 2). Most participants were men (87.5%),
of Han ethnicity (100%), and older than study 1 partici-
pants with a mean (SD) age of 38.6 (7.0) years (Table 1).

Table 1 Participant demographics and baseline characteristics (safety
population)

Characteristic Study 1 Study 2
SAD (n=82) MAD (n=32)
Age, mean (SD), year 27.7(5.2) 38.6 (7.0)
Male, n (%) 40 (48.8) 28 (87.5)
Race, n (%)
Han 79 (96.3) 32 (100)
Man 1(1.2) 0
Mongolian 1(1.2) 0
Hui 1(1.2) 0
Weight, mean (SD), kg 59.5(7.5) 65.5(7.2)
Height, mean (SD), cm 165.3 (8.2) 168.5 (6.2)
BMI, mean (SD), kg/m> 21.8 (2.3) 23.1 (2.7)

BMI body mass index, MAD multiple ascending dose, SAD single
ascending dose, SD standard deviation
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Fig. 1 Mean (+SD) plasma concentration—time curves of buprenorphine, norbuprenorphine, and naloxone following a single administration of
buprenorphine/naloxone sublingual tablets at various doses in healthy Chinese participants (study 1, PK population). SD standard deviation
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3.2 Pharmacokinetic Analysis

3.2.1 Study 1 (SAD)

The mean plasma concentration-time profiles following
a single administration of buprenorphine/naloxone sub-
lingual tablets are shown for buprenorphine (Fig. 1a, b),
norbuprenorphine (Fig. Ic, d), and naloxone (Fig. le, f)

over the dose range investigated. PK parameters for all
three analytes are summarized in Table 2. Buprenorphine

was rapidly absorbed with a median 7,

of 1 h. Norbu-

prenorphine plasma concentration peaked at a median 7,

of 1-1.75 h after buprenorphine/naloxone dosing. Plasma
terminal half-life (#,,) ranged on average from 22 to 39 h
for buprenorphine and from 32 to 44 h for norbuprenor-
phine. Naloxone was rapidly absorbed with a median 7,

Table2 Mean (SD) pharmacokinetic parameters of buprenorphine, norbuprenorphine, and naloxone following a single administration of
buprenorphine/naloxone sublingual tablets in healthy Chinese participants (study 1, PK population)

Parameter Buprenorphine/naloxone
2 mg/0.5 mg 4 mg/l mg 8 mg/2 mg 12 mg/3 mg 16 mg/4 mg 24 mg/6 mg
n=_§ n=3§ n=16 n=15 n=13 n=15

AUC ;¢ (h ng/mL)

Buprenorphine 10.9 (4.00) 18.1 (4.38) 33.3(10.8) 47.7 (13.3) 55.6 (18.8) 73.0 (18.2)

Norbuprenorphine 13.3 (5.16)° 24.8 (14.3)° 49.4 (27.1)° 102 (49.3)¢ 117 (49.6)° 147 (48.7)°

Naloxone 0.142 (0.0505)®  0.262 (0.0591) 0.432 (0.179)° 0.623 (0.371)¢ 0.618 (0.288)° 0.960 (0.536)"
AUC, i (h ng/mL)

Buprenorphine 9.78 (3.75) 16.8 (4.12) 31.5(10.6) 45.6 (12.9) 53.1 (18.1) 69.3 (16.7)

Norbuprenorphine 10.9 (4.80) 19.6 (14.0) 44.3 (25.81) 89.7 (39.1) 102 (40.9) 151 (52.6)

Naloxone 0.126 (0.0535) 0.249 (0.0530) 0.435 (0.155) 0.584 (0.339) 0.634 (0.245) 0.983 (0.423)
CL/F (L/h)

Buprenorphine 213 (97.8) 237 (74.8) 275 (130) 279 (111) 315 (91.5) 348 (86.0)

Norbuprenorphine

Naloxone 4093 (2099)° 4075 (1374) 5612 (2996)° 5828 (2178)¢ 7936 (3756)° 7406 (2689)"
Cpax (ng/mL)

Buprenorphine 1.65 (0.418) 2.57 (0.771) 5.00 (1.93) 7.03 (3.26) 7.84 (3.26) 11.7 (4.18)

Norbuprenorphine 0.501 (0.254) 0.669 (0.348) 1.90 (1.43) 4.02 (2.36) 4.56 (2.28) 8.74 (3.69)

Naloxone 0.0783 (0.0433) 0.142 (0.0323) 0.237 (0.121) 0.304 (0.202) 0.356 (0.206) 0.503 (0.270)
ty, ()

Buprenorphine 22.3 (8.55) 30.1 (10.6) 34.2 (10.8) 35.4 (10.0) 34.7 (9.12) 38.8 (12.8)

Norbuprenorphine 32.1 (12.5)° 33.6 (6.80)° 36.1 (10.1)¢ 32.4 (10.6)¢ 43.5 (15.7)¢ 34.4 (9.83)¢

Naloxone 1.62 (1.27)° 1.37 (0.505) 1.68 (0.422)° 2.10 (1.45)¢ 2.05 (0.994)° 10.1 (12.6)°
T ()

Buprenorphine
Norbuprenorphine
Naloxone

V,IF (L)
Buprenorphine
Norbuprenorphine
Naloxone

1.00 (0.50-2.00)
1.13 (0.75-4.00)
0.50 (0.50-0.75)
6043 (1427)

9776 (8259)"

1.00 (0.75-1.50)
1.75 (0.75-24.0)
0.50 (0.25-0.75)
9692 (3733)

7651 (2631)

1.00 (0.50-2.00)

1.13 (0.50-24.0)

0.50 (0.25-1.00)
13,363 (7394)

13,242 (6222)°

1.00 (0.75-3.00)

1.25 (0.75-3.00)

0.50 (0.50-2.00)
14,166 (6642)

14,953 (5024)¢

1.00 (0.50-1.50) 1.00 (0.50-1.50)
1.00 (0.50-1.50) 1.00 (0.50-12.0)
0.50 (0.50-1.00) 0.50 (0.50-1.25)

15,642 (6133) 19,105 (7313)

22,622 (12,898)° 77,122 (57,375)F

AUC area under the plasma concentration—time curve, AUC,_;, AUC from time zero to infinity, AUC;_,,, AUC from time zero to time of the last
quantifiable concentration, CL/F apparent clearance, C,,,, maximum observed plasma concentration, PK pharmacokinetics, SD standard devia-

tion, T,

> % max

time to reach C

max, L ]

“Median (range) presented for T,

bNorbuprenorphine, n="7; naloxone, n="7

“Norbuprenorphine, n=14; naloxone, n=12

dNorbuprenorphine, n=11; naloxone, n=9

“Norbuprenorphine, n=12; naloxone, n=38

fNaloxone, n=6
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plasma terminal half-life, Vz/F apparent volume of distribution
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of 0.5 h; the average naloxone plasma f,, ranged between
1.4 and 10 h.

Statistical evaluation of dose proportionality in study
1 indicated that the plasma exposure to buprenorphine as
assessed by AUC and C,,,, increased less than dose pro-
portionally over the investigated dose range of 2-24 mg
(Table S1). Similar results were observed for naloxone
over the dose range of 0.5-6 mg. For both buprenorphine
2-24 mg and naloxone 0.5-6 mg, the point estimates of /5,
were all below 1 and the 90% confidence interval (CI) did
not fall within the prespecified adjusted ranges. Regarding
norbuprenorphine, there was no clear dose proportional
relationship for plasma exposure as assessed by AUC and
C...x- The point estimates of 5, were close to 1 or slightly
higher than 1; however, 90% ClIs were not fully included
in the prespecified ranges.

Analyte=Buprenorphine

>

20—

—6- 16 mg/4 mg (n=13)
-4 24 mg/6 mg (n=12)

Mean (+SD) Buprenorphine Concentration (ng/mL)

Time (hr)

Analyte=Naloxone

@}

08—

0.6 —

~©- 16 mg/4 mg (n=13)
A 24 mg/6 mg (n=12)

Mean (+SD) Naloxone Concentration (ng/mL)

Time (hr)

3.2.2 Study 2 (MAD)

Based on statistical analysis, steady-state for buprenor-
phine, norbuprenorphine, and naloxone was achieved by
day 7 in both 16-mg/4-mg and 24-mg/6-mg dose groups.
Mean steady-state plasma concentration-time profiles on
day 9 are shown for buprenorphine (Fig. 2a), norbuprenor-
phine (Fig. 2b), and naloxone (Fig. 2¢) for each dose group.
Pharmacokinetic parameters for all three analytes are sum-
marized in Table 3. Buprenorphine was rapidly absorbed
with a median 7, of 0.75—1 h. Norbuprenorphine con-
centration peaked at a median T,,,, of 0.75-1 h. A 50%
increase in buprenorphine dose from 16 to 24 mg resulted
in a 26% increase in mean buprenorphine AUC, », ., a 75%
increase in mean buprenorphine C,,,, <. @ 37% increase in
mean norbuprenorphine AUC_,, i, and a 75% increase in
mean norbuprenorphine C, ., ... Naloxone T, occurred at a
median 0.5-0.75 h. A 50% increase in naloxone dose from 4

B Analyte=Norbuprenorphine
20—
jary
S
<
=) -
£
<
K]
® 15—
€
g
<
5 -
[v]
1]
£ 10— —©- 16 mg/4 mg (n=13)
g l ~Ae- 24 mg/6 mg (n=12)
2
o 1
5 -
3
2 ) N,
] ~,
Z s ~~<
o ~~
wv e -
A 1N
S K
5]
>
0
I L L L
0 4 8 12 16 20 24

Time (hr)

Fig.2 Mean (+SD) plasma concentrations on day 9 following repeated daily administration of buprenorphine/naloxone sublingual tablets in
Chinese participants with OUD (study 2) on a linear scale. OUD opioid use disorder, SD standard deviation
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Table3 Mean (SD) pharmacokinetic parameters of buprenorphine,
norbuprenorphine, and naloxone on day 9 following repeated daily
administration of buprenorphine/naloxone sublingual tablets in Chi-
nese participants with OUD (study 2, PK population)

Naloxone

Tres” ()
Buprenorphine
Norbuprenorphine

0.381 (0.147)

1.00 (0.48-3.05)
1.00 (0.48-3.00)

Parameter Buprenorphine/naloxone
16 mg/4 mg 24 mg/6 mg
n=13 n=12
AUC 54 (h ng/mL)
Buprenorphine 57.5(24.8) 72.4 (32.8)
Norbuprenorphine 70.4 (40. 8) 96.2 (45.3)
Naloxone 0.925 (0.404) 0.934 (0.374)
Cinax.ss (ng/mL)
Buprenorphine 8.07 (2.94) 14.2 (6.66)
Norbuprenorphine 5.62 (2.65) 9.83 (3.37)

0.458 (0.285)

0.75 (0.50-1.58)
0.75 (0.50-1.58)

Naloxone 0.75 (0.25-2.00) 0.50 (0.25-1.00)
CL/F (L/h)

Buprenorphine 310 (86.0) 384 (132)

Norbuprenorphine

Naloxone 4994 (1855) 7449 (3005)

AUC, ,, , steady-state area under the curve from O to 24 h, CL/F
apparent clearance, C,,,. , steady-state maximum observed plasma

concentration, OUD opioid use disorder, PK pharmacokinetic, SD
standard deviation, 7, time to reach steady-state C

> ©max, ss max

*Median (range)

Table 4 Summary of adverse events (study 1 and 2, safety population)

to 6 mg resulted in a 20% increase in mean C,,,, ., of nalox-

one; naloxone AUC, ,4 . was similar between the two doses.
3.3 Safety

In study 1, 161 AEs were reported by 54 participants; all
were mild and resolved (Table 4). In study 2, 17 AEs were
reported by 10 participants; 16 were mild and 1 moderate
(elevated hepatic enzymes, not clinically significant), all
resolved. The most common AEs were vomiting, nausea,
and dizziness in study 1 and dizziness and somnolence in
study 2. In study 2, one participant discontinued due to AEs
(nausea, vomiting, and abdominal pain) during dose titra-
tion. During stable dosage, two participants discontinued
due to AEs (somnolence, dizziness, in one participant, stable
dosage day 1; headache in one participant, stable dosage day
2). No serious AEs or deaths occurred in either study. No
clinically significant changes in vital signs, ECGs, labora-
tory values, and physical examinations occurred.

4 Discussion

This PK evaluation was undertaken to better understand the
effect of buprenorphine/naloxone sublingual tablets in the
Chinese population. Two phase I studies were conducted in
healthy Chinese volunteers under a naltrexone block (single
doses; study 1) and in Chinese patients in withdrawal treat-
ment for opioid dependence (multiple doses; study 2). In
both phase I studies, buprenorphine reached peak plasma
concentrations rapidly at 0.75-1 h post-dose. As expected,
buprenorphine AUC at steady state (AUC_,4 ) was similar

Study 1

Study 2

Buprenorphine/Naloxone

Buprenorphine/Naloxone

2mg/0.5mg 4mg/lmg 8mg2mg 12mg/3mg 16mg/dmg 24mg/6omg 16mg/M4mg 24 mg/6mg No stable
n=28 n=28 n=16 n=16 n=18 n=16 n=15 n=12 dosage
n=>5
Patient 7(87.5) 7 (87.5) 11 (68.8) 6 (37.5) 12 (66.7) 11 (68.8) 5(33.3) 4(33.3) 1 (20.0)
report-
ing>1AE
Any AE 26 16 33 12 37 37 9 5 3
AE leading to 0 0 0 0 0 0 2%(13.3) 0 1° (20.0)
discontinu-
ation
Serious AE 0 0 0 0 0 0 0 0 0
Deaths 0 0 0 0 0 0 0 0 0

AE adverse event

*Participants discontinued due to AEs of somnolence, dizziness, tremor, and headache. All four AEs were mild in intensity and judged to be pos-

sibly related to study treatment

One participant discontinued during dose titration due to AEs of nausea, vomiting, and abdominal pain
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Table 5 Mean (CV%) buprenorphine PK parameters between single-
dose and multiple-dose studies and between Chinese and Western
subjects

Parameter Study 1 (SD)  Study 2* (MD)  Compton
et al. 2007*
(MD)
16 mg/4 mg
Cruax 7.8 (42) 8.1 (36) 8.0 (82
Thax () 1.0 (0.5,1.5) 1.0(0.5,3.1) NR
AUC (hng/mL) 55.6 (34) 57.6 (43) 54.7 (90P)
24 mg/6 mg
Cruax 11.7 (36) 14.2 (47) 12.0 (62°)
Thax. () 1.0(0.5,1.5) 0.75(0.5,1.6) NR
AUC (hng/mL) 73.1(25) 72.4 (45) 81.1 (81

AUC area under the curve, C,,,. maximum plasma concentration, CV

coefficient of variation, MD multiple-dose study, NR not reported, PK
pharmacokinetic, SD single-dose study, 7, time to reach C,,,
Steady-state PK parameters were presented for study 2 and Compton
et al. [25]

®CV% was calculated based on the standard deviation reported in
Compton et al. [25]

°T,,.x Was presented as median (minimum, maximum)

to buprenorphine AUC,, ;, after a single dose (Table 5).
Buprenorphine C,,, at steady state (Cy,, ;) Was some-
what higher compared with the single dose, reflecting the
slight accumulation of buprenorphine over repeated daily
administration.

In study 1, buprenorphine/naloxone sublingual tablets
were administered to healthy Chinese volunteers under a
naltrexone block. Naltrexone is commonly co-administrated
with buprenorphine in healthy volunteers to prevent or
attenuate buprenorphine-related effects [22]. Any PK inter-
action between the two compounds is unlikely because,
unlike buprenorphine, naltrexone is not metabolized through
either the cytochrome P450 or uracil diphosphate-glucu-
ronosyl transferase pathways [23]. Additionally, the results
that buprenorphine AUC,, ;s in study 1 closely matches the
buprenorphine AUC,,_,, . in study 2 (patients without co-
administration of naltrexone) support the lack of PK interac-
tion between naltrexone and buprenorphine.

After single buprenorphine/naloxone doses within the
range of 2-24 mg for buprenorphine, buprenorphine AUC
values in Chinese participants were very close to those
reported for Western populations based on the literature
[22] and historical studies conducted by the sponsor [24]
(Fig. S2A, see ESM). Larger differences were observed for
buprenorphine C,,,,; however, C,,,, values in Chinese par-
ticipants were similar to those reported in some Western
studies (Fig. S2A, see ESM) [22]. Data from the multiple-
dose study confirmed those findings, with similar C,,, s
and AUC,, ,, i, between Chinese participants and Western

subjects in a published study [25] (Table 5). Moderate
between-subject variability was observed for C,,, (25-46%)
and AUC,,_;,s (24-37%) in the present studies, which was
also in agreement with the variability reported for studies
in Western populations (C,,,,: 25-54%; AUC ;,¢: 23-43%).
In both Chinese and Western populations, buprenorphine
plasma exposure (AUC, C,,,,) increased with the dose, albeit
slightly less than dose proportionally. Similar values for
buprenorphine T, and plasma t#,, were observed (7., of
0.75-2 h and 1, of 24-45 h in Western populations [22, 24]).

Plasma concentrations of norbuprenorphine, the major
metabolite of buprenorphine, peaked in the Chinese partici-
pants at 1-1.75 h, consistent with previous data for Western
populations (median 7,,,, of 1-1.75 h [24]). Norbuprenor-
phine plasma ¢, ranged between 32 and 44 h on average
in Chinese participants, similar to the 35-48 h reported in
Western populations [24]. Steady-state norbuprenorphine
AUC was approximately 35-40% lower than AUC,, ;¢ after
a single dose, which was unexpected. These differences may
be explained, at least in part, by the between-subject vari-
ability involving genetic differences in UDP-glucuronosyl-
transferase (UGT) isoforms.

Buprenorphine and its metabolite, norbuprenorphine, are
glucuronidated through different UGT isoforms [26]. Norbu-
prenorphine is glucuronidated primarily by UGT1A3 (63%)
and UGT1A1 (34%), while only 10% of buprenorphine is
glucuronidated by UGT1A1. Approximately 13-27% of the
Asian population has allelic nucleotide changes that produce
decreased activity or reduced expression of UGT1A1. Fur-
thermore, evaluation of liver protein content of individual
UGT isoforms has shown 2.5- to 25.2-fold individual vari-
ability, similar to the mRNA expression level of UGT [27].
This individual variation in UGT1A1 activity and expres-
sion likely contributed to the variability in the PK profile of
norbuprenorphine across subjects and across the two studies,
while having only a mild effect on buprenorphine metabo-
lism. Importantly, there was a large overlap between indi-
vidual AUCs from the multiple-dose study (AUC, », ) and
the single-dose study (AUC,_;,;). Also, no differences were
found in the PK of buprenorphine, which is the main driver
of clinical efficacy. Indeed, although norbuprenorphine has
shown some pharmacological activity in vitro, it is expected
to have negligible contribution to brain p-opioid receptor
occupancy given its limited ability to cross the blood—brain
barrier [28].

As anticipated, the PK profile of naloxone was similar
following single and repeated doses, reflecting negligible
accumulation due to the short plasma £,,. Naloxone plasma
t, was 1.4-2.1 h on average over the 0.5-4 mg dose range; a
longer #,, of 10 h was identified at the highest dose of 6 mg
as a result of the sensitive bioanalytical method but had a
minor contribution to the overall elimination and accumula-
tion of naloxone. Despite some variability in C,,, naloxone

max?
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PK in Chinese participants was consistent with previous
observations in Western populations (Fig. S2B, see ESM).
Importantly, buprenorphine-to-naloxone ratios observed
in Chinese participants for C,,,, (18.1-23.3) and AUC ;¢
(68.9-89.9) were constant over the dose range investigated
and were consistent with previous data in Western stud-
ies (Cpax: 13.3-24.0; AUC ;¢ 60.9-96.6) (Fig. S2C, see
ESM). The high buprenorphine-to-naloxone ratios for C,,,,,
and AUC indicate that naloxone plasma concentrations are
low compared with buprenorphine when buprenorphine/
naloxone is administered sublingually.

Overall, the PK of buprenorphine, its metabolite, and
naloxone observed in the two Chinese studies was consistent
with the known PK profiles reported in Western populations.
One limitation of this comparison is the use of historical or

published results in Western subjects.

5 Conclusions

Despite the limitation of using historical/published results
for comparison with Western populations, the PK profiles of
buprenorphine and naloxone after single and repeated doses
in Chinese participants were consistent, overall, with the
known PK profiles of buprenorphine and naloxone in West-
ern populations. The variability observed between single-
dose and steady-state PK profiles of norbuprenorphine, the
metabolite of buprenorphine, may reflect individual differ-
ences in the activity and expression of UGT1A1; however,
these differences have little to no effect on buprenorphine
metabolism or its clinical efficacy. The PK results presented
here suggest that no differences in buprenorphine dosing are
needed for patients with OUD in China.
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