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Purpose: The study aimed to assess pharmacokinetics and safety of two oxycodone/naloxone prolonged-release tablet formulations in
the Chinese population.

Methods: The study was conducted in 36 Chinese patients with chronic pain in both fasting and fed states. Each state involved
a single-dose (40 mg/20 mg), randomized, open-label, two-period crossover clinical trial.

Results: In the fasting study, the mean (+ standard deviation, SD) peak concentration (C,,,y), area under concentration—time curve
from time 0 to the last measurable concentration (AUCy ) and to infinite time (AUCy_..), and elimination half-life (t;,) of oxycodone
for the brand-name and generic formulations were 50.9 + 10.9 and 52.1 + 9.58 ng/mL, 577 + 148 and 554 + 104 h*ng/mL, 579 + 150
and 556 + 104 h*ng/mL, and 5.17 £ 0.834 and 5.10 + 0.877 h, respectively. Both median time to C,,ax (Timax) Were 2.00 h. Parameters
of naloxone and its main metabolite naloxone-3p-D-glucuronide were C,,x 89.3 £ 20.6 and 85.6 + 23.4 ng/mL, AUC,_, 547 + 104 and
538 £ 131 h*ng/mL, AUCy_, 552 = 104 and 543 + 133 h*ng/mL, and t;,, 6.59 £ 1.77 and 6.00 + 1.88 h. Both T, were 1.00 h. In the
fed study, for oxycodone, parameters were C,.x 71.2 + 10.2 and 82.3 £ 17.1 ng/mL, AUCy_, 697 + 171 and 696 + 154 h*ng/mL,
AUCy o, 699 £ 173 and 698 + 155 h*ng/mL, and Ty.x 2.50 and 3.50 h. Both t;, were similar to those in the fasting study. Naloxone
and naloxone-3B-D-glucuronide showed similar parameters to those in the fasting study except for Ty, of 2.00 and 2.50 h. No serious
adverse events were reported.

Conclusion: The study showed the pharmacokinetic profiles, as well as good safety and tolerability of 40 mg/20 mg oxycodone/
naloxone prolonged-release tablets in Chinese subjects, supporting further development and application in the Chinese population.
Keywords: oxycodone, naloxone, pharmacokinetics, Chinese population

Introduction

Chronic pain is the pain lasting for more than 3 months, which is ubiquitous and the prevalence ranges from 16% to 46%
across the world.'® In China, a study reported the chronic pain prevalence rate of 31.54%.” Currently, formulating
treatment regimens including multiple therapies, such as physical therapies, psychologically based therapies, pharma-
cotherapies and surgical treatments, based on the characteristics of patients, is widely emphasized in chronic pain
management.® Opioids are an important part of pharmacotherapies.” Oxycodone, one of the most extensively used
opioids, has a relatively selective agonistic effect on p-opioid receptors, which confers on it the ability to relieve
pain.'®!'" However, the effect on receptors expressed in the gastrointestinal tract makes patients be faced with drug-

related constipation, with the prevalence of more than 22%. One of the strategies to reverse that is to administer
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oxycodone in combination with the competitive opioid receptor antagonist naloxone to block the agonistic action on
opioid receptors.'*!?

Oral fixed-dose combination tablets containing prolonged-release oxycodone hydrochloride and naloxone hydro-
chloride (OXN PR), Targin®, Targinact® or Targiniq® (henceforth also referred to as the brand-name OXN PR;
Mundipharma GmbH, Frankfurt, Hesse, Germany), are a good option. Oxycodone has a high oral bioavailability (up
to 87%). After oral administration, it is widely distributed throughout the body, with high concentrations in the brain.
Given the low concentrations of its metabolites, noroxycodone, oxymorphone and noroxymorphone in the brain, parent
oxycodone is regarded as the primary contributor to the analgesic effect.'*'* For naloxone, the first-pass effect gives rise
to very low oral bioavailability (<3%) so that its metabolite naloxone-3B-D-glucuronide is the majority form in vivo.'®
Hence, following oral administration, naloxone primarily antagonizes the effects of oxycodone on the gastrointestinal
tract rather than its analgesic action.'® In contrast, the high concentration of naloxone in the brain following parenteral
administration blocks the pharmacodynamic effects of oxycodone on the nervous system, thereby deterring substance
abuse.'”'® Furthermore, resistance to crushing or dissolution enhances the abuse-deterrent properties of OXN PR."

As previously reported, after receiving a single 40 mg/20 mg oral dose of OXN PR, Caucasian populations had mean
area under concentration—time curve from time 0 extrapolated to infinite time (AUC,.,,) of 491-506 h*ng/mL, mean peak
concentration (C,,x) of 34.5-40.9 ng/mL, median time to peak concentration (T,,,,) of 3.0-3.5 h and mean elimination
half-life (t;,) of 3.9-5.3 h for oxycodone, and AUC,_,, of 0.833 h*ng/mL, C,,.x of 0.08 ng/mL, T, of 2 h and t;, of
4.1-17.2 h for naloxone.'”*® Given the potential effect of race on pharmacokinetics (PK), exploring racial difference is
warranted.?! However, no literature reported PK data of the Chinese population, according to the search results on PubMed
and Embase. This study aimed to assess PK profiles and safety of the brand-name OXN PR and its generic formulation
developed by Shandong Luye Pharma Co., Ltd. (Yantai, Shandong, China) in Chinese patients with chronic pain.

Materials and Methods

Ethics Statement

The study was registered on the Drug Clinical Trial Registration and Information Publicity Platform (http:/www.
chinadrugtrials.org.cn/index.html; CTR20212790; date of registration: November 1, 2021) and the Chinese Clinical
Trial Registry (https://www.chictr.org.cn/; ChiCTR2000029198; date of registration: January 18, 2020). The study
protocol, informed consent forms (ICFs) and their amendments were reviewed and approved by the Independent

Ethics Committee of West China Hospital, Sichuan University (Chengdu, Sichuan, China). The study was conducted
in full accordance with the Declaration of Helsinki, the International Conference on Harmonization—-Good Clinical
Practice Guidelines and moral, ethical and scientific principles mandated by relevant laws and regulations. Written ICFs
were obtained from all subjects. Progress, safety, and endpoints of the study were reviewed by the Data and Safety
Monitoring Board.

Study Drugs

The brand-name OXN PR (specifications: 40 mg/20 mg per tablet; batch number: 10001595) was manufactured by
Mundipharma GmbH (Frankfurt, Hesse, Germany). The generic OXN PR (specifications: 40 mg/20 mg per tablet; batch
number: 202101164) were manufactured by Shandong Luye Pharma Co., Ltd. (Yantai, Shandong, China). The con-
comitant medication naltrexone hydrochloride tablets (specifications: 50 mg per tablet; batch number: 1158) were
manufactured by Haupt Pharma GmbH (Wolfratshausen, Bavaria, Germany). All medications were provided by
Shandong Luye Pharma Co., Ltd. (Yantai, Shandong, China).

Subjects

Eligible subjects were patients with non-cancer chronic pain, aged 18 to 55 years old, with body weights greater than
50.0 kg for males and 45.0 kg for females, and body mass index between 19.0 and 28.0 kg/m?. Subjects were required to
have a mean pain score of less than 4 on the numerical rating scale within 24 hours prior to screening and not have
received any medication in the 14 days before first dosing. Subjects who had received regular fixed-dose acetaminophen
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or ibuprofen for at least 14 days prior to first dosing were also eligible, if their chronic pain was not completely relieved,
with a mean pain score of less than 4. During the study period, the dosing regimens of acetaminophen or ibuprofen
remained consistent with the pre-study period. The pain symptoms of patients remained stable for at least 7 days prior to
screening and were predicted to remain stable throughout the entire study period. Moreover, at screening, the results,
except for symptoms and signs related to pain, of health checks (including blood pressure, heart rate, respiratory rate,
body temperature, physical examination, complete blood count, routine urinalysis, comprehensive metabolic panel, 12-
lead electrocardiography, and chest X-ray) of enrolled subjects were required to be either normal or, if abnormal, not
affecting the study.

Main exclusion criteria included: pregnant or lactating women; allergic constitution or allergy to any ingredient in the
medications used in the study or their analogue; diseases or a history of conditions that may affect the subjects’ ability to
adhere to the protocol or complete the study; a history or symptoms of orthostatic hypotension; testing positive for
hepatitis B surface antigen, hepatitis C virus antibody, Treponema pallidum antibody or human immunodeficiency virus
antibody; the administration of any medication in the 14 days prior to the first dosing or during the study period, except
for regular fixed-dose acetaminophen or ibuprofen administration for at least 14 days before the study, with dosing
regimens remaining consistent throughout the study period; a history of donation or loss of a large amount of blood
(more than or equal to 200 mL), or receiving blood transfusion before screening; a history of substance use disorder;
tobacco use disorder; alcohol use disorder or alcohol testing positive at screening; intake of food rich in xanthine within 3
days before dosing; intake of any product containing grapefruit and/or pomelo within 7 days before dosing. Subjects had
the right to withdraw from the study at any time.

Study Design

The study was divided into fasting and fed studies, both of which were single-center, single-dose, randomized, open-
label, two-sequence, two-period and two-crossover clinical trials. Enrolled subjects were randomized in a ratio of 1:1 to
the T-R or R-T group (R referred to the brand-name formulation and T referred to the generic formulation). Subjects
received a single dose of either the brand-name or generic formulation with 240 mL water orally on Day 1, according to
the randomization schedule. After a 7-day washout period, subjects received the second dose on Day 8. In the fasting
trial, subjects fasted before and after the administration of OXN PR. In the fed trial, subjects consumed a high-fat meal
prior to dosing. One naltrexone hydrochloride tablet was administered to each patient with 100 mL water
12-12.5 h before, 0-0.5 h before and 11.5-12 h after the administration of OXN PR on Day 1 and Day 8. The
administration of naltrexone was intended to block the pharmacological action of oxycodone and reduce the incidence
of adverse drug effects.”

In the light of the data from the pilot study, the study set the coefficient of intra-individual variation at 20%, T/R ratio
at 0.95, two one-sided a at 0.05, B at 0.1 and the interval of bioequivalence (BE) at 80.00%—125.00%. The estimated
sample size was 26 subjects for both fasting and fed trials, but accounting for a dropout rate of 25%, the sample size was
adjusted to 36 for each trial.

Pharmacokinetic Evaluation and Blood Sampling
Due to the negligible oral bioavailability of naloxone, the plasma concentration of naloxone is very low. According to relevant
guidance released by the National Medical Products Administration of China and the United States Food and Drug
Administration, naloxone and its main metabolite naloxone-3B-D-glucuronide (henceforth also referred to as total naloxone)
in plasma were detected in the study. For oxycodone, only the plasma concentration of parent oxycodone was detected.?*?*
PK samples were collected within 1 h predose, at 0.17, 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 16, 24, 30,
36 and 48 h postdose on Day 1 and Day 8. A 4 mL blood sample was collected into the pre-cooled K,-EDTA
anticoagulant tube every time. After being centrifuged, each plasma sample was separated into 3 cryovials (including
two 0.7 mL samples in Cryovial 1 and Cryovial 2 for the detection of oxycodone and total naloxone, respectively, the
other sample in a back-up cryovial) and stored at —80°C for further PK analysis.
Plasma concentrations of oxycodone and total naloxone were detected by high performance liquid chromatography—
tandem mass spectrometry, with LC-30AD (Shimadzu Corp., Kyoto, Japan) for high performance liquid chromatography
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and Sciex Triple Quad 6500+ system (AB Sciex LLC, Framingham, Massachusetts, USA) for mass spectrometric
detection. The chromatographic column was an Agilent Eclipse Plus C18 (3.5 um, 4.6x50 mm; Agilent Technologies,
Inc., Santa Clara, California, USA) and the mobile phase comprised A (an aqueous solution containing 0.05% formic
acid and 10 mM ammonium acetate) and B (methanol) for the detection of oxycodone, whereas the chromatographic
column was an Agilent Poroshell HPH C18 (2.7 um, 2.1x50 mm; Agilent Technologies, Inc., Santa Clara, California,
USA) and the mobile phase comprised A (an aqueous solution containing 0.05% ammonia) and B (a mixed solution of
methanol/acetonitrile in a volume ratio of 50:50) for the detection of total naloxone. The linear ranges of oxycodone and
total naloxone were 0.1-100 and 0.2-200 ng/mL, respectively. The intra-assay and inter-assay precision were less than
9.6% and 9.3%, respectively, for oxycodone, and less than 9.0% and 9.9%, respectively, for total naloxone. The intra-
assay and inter-assay accuracy were —3.7% to 15.0% and —1.0% to 8.0%, respectively, for oxycodone, and —11.5% to
2.0% and —6.5% to —4.0%, respectively, for total naloxone.

Safety Assessment

All subjects who had signed ICFs were enrolled in the safety assessment, which consisted of vital signs, physical
examination, complete blood count, comprehensive metabolic panel, routine urinalysis, human chorionic gonadotropin
blood test, 12-lead electrocardiography, blood oxygen saturation, adverse events (AEs) and serious adverse events
(SAEs). AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA, version 25.0).>* Safety
assessment was conducted from subjects signing ICFs until the completion of the study, and subjects with AEs were
followed up until AEs were eliminated or clinical indicators restored to baseline levels.

Statistical Analysis

PK parameters were calculated by non-compartmental analysis using Phoenix WinNonlin 8.3 (Certara, Princeton, New Jersey,
USA), and the other statistical analysis was performed by SAS 9.4 (SAS Institute Inc., Cary, North Carolina, USA). After
natural logarithm transformation of C,,,«, area under concentration—time curve from time 0 to the time of last measurable
concentration (AUC,.) and AUCy.., this study evaluated BE on the basis of linear mixed effects models, with formulation,
sequence and period as the fixed effects, and subjects nested in sequence as the random effect. The BE criterion was that the
geometric least-squares mean (GLSM) ratios and their 90% confidence intervals (CIs) for C, .y, AUCq.; and AUC,.,, of the
generic OXN PR relative to the brand-name OXN PR should fall within 80.00%—125.00%. If the percentage of the area
obtained by extrapolation in AUC¢_,, (AUC o;pxirap) Was more than 20%, the corresponding AUC,_,, was excluded from the
BE analysis. The differences in T, of the two formulations were tested by Wilcoxon signed-rank test.

Results

Subject Demographics

As shown in Figure 1, 44 subjects were screened and 36 subjects underwent randomization for the fasting study, with 18
subjects assigned to each group. In the fed study, 45 subjects were screened and 36 subjects underwent randomization,
with 18 subjects in each group. No subject received any medication other than the study medications. The demographic
characteristics of the subjects at baseline are showed in Table 1. One subject in the R-T group of the fed trial dropped out
10 h after the administration of the brand-name OXN PR, due to vomiting.

Pharmacokinetics

In the fasting trial, one subject in the T-R group vomited within 12 h following the administration of the generic
formulation, and as a result, PK data of the corresponding period were not included in PK parameter analysis and BE
analysis. In the fed trial, one subject in the R—T group was not included in PK parameter analysis and BE analysis on
account of vomiting and dropping out at 10 h after the first administration of OXN PR. And PK data of one subject taking
the generic formulation in the T-R group were excluded from PK parameter analysis and BE analysis owing to vomiting
within 12 h after the administration of OXN PR.
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Screened Screened
a (N = 44) b (N = 45)
Excluded Excluded
(N=8) (N=9)
Randomized Randomized
(N =36) (N = 36)
T-R group R-T group T-R group R-T group
(N=18) (N=18) (N=18) (N=18)
T R . T R
t i t
1st period (N = 18) (N =18) 1st period (N =18) (N=18)
Withdrawal
(N=1)
7-day 7-day 7-day 7-day
washout period washout period washout period washout period
. R T . R T
nd d
2nd period (N =18) (N =18) 2nd period (N =18) (N=17)
Completed Completed Completed Completed
(N=18) (N=18) (N =18) (N=17)

Figure | The flowchart of the study. (a) In the fasting state. (b) In the fed state. T, receiving a single dose (40 mg/20 mg) of the generic formulation; R, receiving a single dose (40 mg/
20 mg) of the brand-name formulation.

The descriptive analysis of PK parameters is shown in Tables 2 and 3. In the fasting study, after oral administration of
single-dose OXN PR, oxycodone of both the brand-name and generic formulations were absorbed with the median T,,.x
of 2.00 h, and total naloxone were absorbed with the median T,,,, of 1.00 h. The two formulations showed similar C,,,,
AUCy_, AUCy_,, and short t;,, for both oxycodone and total naloxone. In the fed study, the median T,,,, of oxycodone
and total naloxone of the brand-name formulation (2.50 h and 2.00 h, respectively) were shorter than the generic
(3.50 h and 2.50 h, respectively). The mean (+ standard deviation, SD) C,.x of oxycodone of the brand-name OXN PR
was 71.2 = 10.2 ng/mL, lower than the generic of 82.3 = 17.1 ng/mL, while C,,, of total naloxone were similar. There
was no obvious difference in AUC, ; and AUC, .. The two formulations also showed similar short t;, for both

oxycodone and total naloxone. The plasma concentration—time curves for the two formulations are showed in
Figures 2 and 3.

Table | Demographic Characteristics of the
Subjects at Baseline
Characteristic | Fasting (n = 36) | Fed (n = 36)
Age, years
Mean + SD 32.6 £ 9.58 32.8 £ 891
Range 21.0-53.0 21.0-50.0
Sex, n (%)
Male 24 (66.7) 24 (66.7)
Female 12 (33.3) 12 (33.3)
(Continued)
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Table | (Continued).

Characteristic | Fasting (n = 36) | Fed (n = 36)
Height, cm
Mean * SD 163 + 7.95 164 + 8.56
Range 151-182 148181
Weight, kg
Mean * SD 60.4 £ 7.59 63.0 + 9.87
Range 47.5-74.9 45.0-83.9
BMI, kg/m?
Mean * SD 22.7 £ 1.99 234 + 228
Range 19.7-27.0 19.2-27.4

Abbreviations: BMI, body mass index; SD, standard deviation.

Table 2 Pharmacokinetic Parameters of Oxycodone

Parameter Fasting Fed

Brand-Name Generic Brand-Name Generic
Crnax (ng/mL) 50.9 £ 10.9 52.1 £ 9.58 71.2 £ 102 823+ 7.1
AUC,., (h*ng/mL) 577 + 148 554 + 104 697 £ 171 696 + 154
AUC,._.. (h*ng/mL) 579 + 150 556 + 104 699 + 173 698 £ |55
ti2 (h) 5.17 £ 0.834 5.10 £ 0.877 5.14 £ 0916 4.97 = 1.05
A, (1/h) 0.138 £ 0.0245 0.140 £ 0.0267 0.139 £ 0.0271 0.145 £ 0.0298
Tmax (h)? 2.00 (0.670-5.00) 2.00 (0.670-6.00) 2.50 (0.670-6.00) 3.50 (1.50-5.00)
AUC sexerap (%) 0.379 £ 0.211 0.342 £ 0.177 0.323 + 0.206 0.255 + 0.107

Notes: “All parameters are reported as Mean + SD, except for T .., Which is reported as median (range).
Abbreviations: SD, standard deviation; C,,.x, peak concentration; AUC,_,, area under plasma concentration—time
curve from time 0 to the time of last measurable concentration; AUCy..., area under plasma concentration—time
curve from time 0 extrapolated to infinite time; t/,, elimination half-life; A,, elimination rate constant; T,,., time to
peak concentration; AUC ggcrap pPercentage of the area obtained by extrapolation in area under plasma concen-
tration—time curve from time 0 extrapolated to infinite time.

Table 3 Pharmacokinetic Parameters of Naloxone and Naloxone-33-D-Glucuronide

Parameter Fasting Fed

Brand-Name Generic Brand-Name Generic
Cinax (ng/mL) 89.3 £ 20.6 85.6 £ 23.4 86.6 £ 21.0 88.8 + 27.3
AUC,_, (h*ng/mL) 547 + 104 538 + 131 506 + 136 530 + 144
AUC,... (h*ng/mL) 552 + 104 543 + 133 511+ 137 534 + 145
ti (h) 6.59 + 1.77 6.00 + 1.88 6.56 + 1.50 6.36 £ 2.29
Az (1/h) 0.112 £ 0.0290 0.128 * 0.0429 0.112 £ 0.0307 0.122 + 0.0400
Tmax (h)? 1.00 (0.330-5.00) 1.00 (0.330-6.00) 2.00 (0.670-5.00) 2.50 (1.00-5.00)
AUC sexerap (%) 1.0l £ 0.987 0.993 £ 0918 0.972 £ 0.661 0.724 £ 0.408

Notes: “All parameters are reported as Mean + SD, except for T, which is reported as median (range).
Abbreviations: SD, standard deviation; C,,,,., peak concentration; AUCg_,, area under plasma concentration—time
curve from time 0 to the time of last measurable concentration; AUC,.,, area under plasma concentration—time
curve from time 0 extrapolated to infinite time; t ., elimination half-life; A, elimination rate constant; T,,,, time to
peak concentration; AUC ggcrap percentage of the area obtained by extrapolation in area under plasma concen-
tration—time curve from time 0 extrapolated to infinite time.

No formulation, sequence or period effect was found or considered clinically significant. As shown in Table 4, for
oxycodone, the GLSM ratios (90% CIs) for C,,.x, AUCy and AUC,_,, of the generic relative to the brand-name
formulation under the fasting and fed conditions fell within the acceptable BE range of 80.00% to 125.00% (P > 0.05),
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Figure 2 Mean (+ SD) plasma concentration of oxycodone—time curves. (a) In the fasting state. (b) In the fed state.

Abbreviation: OXN PR, oxycodone/naloxone prolonged-release tablets.
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Figure 3 Mean (+ SD) plasma concentration of naloxone and naloxone-3B-D-glucuronide—time curves. (a) In the fasting state. (b) In the fed state.

Abbreviation: OXN PR, oxycodone/naloxone prolonged-release tablets.

demonstrating the two formulations were bioequivalent in both the fasting and fed trials. As shown in Table 5, for total
naloxone, the two formulations were also bioequivalent in both the fasting and fed trials.

The Wilcoxon signed-rank test demonstrated that the T,,,, of the two formulations in the fasting trial were not
statistically different (P = 0.1723 for oxycodone and P = 0.2637 for total naloxone), while the differences in T, of
the two formulations in the fed trial were statistically significant (P = 0.0101 for oxycodone and P = 0.0204 for total

naloxone).
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Table 4 Bioequivalence Analysis of Primary Pharmacokinetic Parameters of Oxycodone

Parameter GLSM Intra-Individual Inter-Individual Power
) ) cv (%) cv (%) (%)

Generic Brand-Name Ratio (%) 90% CI

Fasting

Crax (ng/mL) 51.3 49.8 103 97.2, 109 14.0 15.1 >99.99

AUC,_, (h*ng/mL) 550 560 98.2 94.6, 102 9.50 20.0 >99.99

AUC,... (h*ng/mL) 552 562 98.2 94.5, 102 9.50 20.0 >99.99

Fed

Chax (ng/mL) 80.6 705 114 108, 121 14.2 10.5 80.95

AUC,_, (h*ng/mL) 683 678 101 96.3, 106 1.1 19.1 >99.99

AUGC,... (h*ng/mL) 685 680 101 96.3, 105 11.2 19.1 >99.99

Abbreviations: GLSM, geometric least-squares mean; Cl, confidence interval; CV, coefficient of variation; C.x peak concentration; AUCy,, area under plasma
concentration—time curve from time 0 to the time of last measurable concentration; AUCy_., area under plasma concentration—time curve from time 0 extrapolated to
infinite time.

Table 5 Bioequivalence Analysis of Primary Pharmacokinetic Parameters of Naloxone and Naloxone-33-D-Glucuronide

Parameter GLSM Intra-Individual Inter-Individual Power
. . CV (%) CV (%) (%)

Generic Brand-Name Ratio (%) 90% ClI

Fasting

Crnax (ng/mL) 82.5 86.8 95.0 88.7, 102 17.2 20.1 99.36

AUC,_, (h*ng/mL) 526 537 97.8 93.7, 102 10.8 19.1 >99.99

AUGC,... (h*ng/mL) 531 543 97.8 93.6, 102 10.9 19.0 >99.99

Fed

Crnax (ng/mL) 85.2 84.2 101 94.9, 108 15.6 22.2 >99.99

AUC,_, (h*ng/mL) 512 489 105 101, 108 9.00 26.7 >99.99

AUC,_.. (h*ng/mL) 515 494 104 101, 108 8.90 26.6 >99.99

Abbreviations: GLSM, geometric least-squares mean; Cl, confidence interval; CV, coefficient of variation; C. . peak concentration; AUCq,, area under plasma
concentration—time curve from time 0 to the time of last measurable concentration; AUCy._.,, area under plasma concentration—time curve from time 0 extrapolated to
infinite time.

Safety Assessment

All 72 subjects were included in the safety analysis. In the fasting trial, 12 subjects (33.3%) receiving the generic
experienced 18 cases of treatment-emergent AEs (TEAEs) and 10 of them (27.8%) experienced 14 cases of TEAEs
considered related to the study medications, whereas 11 subjects (30.6%) receiving the brand-name OXN PR experienced
22 TEAEs, 20 of which were related to the study medications. The details of TEAEs are shown in Table 6. The TEAEs
considered related to the study medications consisted of dizziness, lethargy, nausea, vomiting, hyperuricaemia, hypoten-
sion, asthenia, alanine aminotransferase increased, blood uric acid increased and hyperbilirubinaemia. In the fed trial, 9
subjects (25.7%) receiving the generic experienced 14 cases of TEAEs and 7 of them (20.0%) experienced 10 cases of
TEAESs considered related to the study medications, whereas 10 subjects (27.8%) receiving the brand-name OXN PR
experienced 19 TEAEs, 9 of whom experienced 14 TEAEs considered related to the study medications. The TEAEs
considered related to the study medications comprised dizziness, lethargy, nausea, vomiting, blood pressure decreased
and palpitations. All TEAEs were mild, except for 3 moderate TEAEs of 1 subject receiving the brand-name formulation
in the fed state, one of which (vomiting) caused this subject dropping out. All TEAEs were resolved without any
treatment. Both formulations showed good safety and tolerability in the study.
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Table 6 Summary of Treatment-Emergent Adverse Events

TEAE Fasting Fed

Brand-Name Generic Total Brand-Name Generic Total

(No. = 36) (No. = 36) (No. = 36) (No. = 36) (No. = 35) (No. = 36)

n (%) N n (%) N n (%) N n (%) N n (%) N n (%) N
Total 11 (30.6) 22 12 (33.3) 18 20 (55.6) 40 10 (27.8) 19 9 (25.7) 14 16 (44.4) 33
Dizziness 5(13.9) 6 5(13.9) 5 10 (27.8) I 7 (194) 7 5(14.3) 8 10 (27.8) 15
Lethargy 3 (8.33) 3 4 (11.1) 4 6 (16.7) 7 1 (2.78) | 0 0 | (2.78) |
Nausea 6 (16.7) 7 5(13.9) 5 Il (30.6) 12 3(8.33) 3 2 (5.71) 2 5(13.9) 5
Vomiting | (2.78) | 2 (5.56) 2 3 (8.33) 3 1 (2.78) | | (2.86) | 2 (5.56) 2
Noninfective gingivitis 0 0 0 0 0 0 0 0 | (2.86) | 1 (2.78) |
Hyperuricaemia 1 (2.78) | 1 (2.78) | 2 (5.56) 2 0 0 0 0 0 0
Hypotension 0 0 1 (2.78) | | (2.78) | 0 0 0 0 0 0
Asthenia | (2.78) | 0 0 I (2.78) | 0 0 0 0 0 0
ALT increased 1 (2.78) [ 0 0 1 (2.78) | 0 0 0 0 0 0
Blood UA increased 1 (2.78) | 0 0 1 (2.78) | 0 0 0 0 0 0
BP increased 0 0 0 0 0 0 0 0 | (2.86) | | (2.78) |
BP decreased 0 0 0 0 0 0 2 (5.56) 4 | (2.86) | 2 (5.56) 5
RBCs urine positive 0 0 0 0 0 0 1 (2.78) | 0 0 1 (2.78) |
Hyperbilirubinaemia | (2.78) | 0 0 1 (2.78) | 0 0 0 0 0 0
Palpitations 0 0 0 0 0 0 2 (5.56) 2 0 0 2 (5.56) 2

Notes: No., the number of subjects included in the safety analysis; n, the number of subjects who experienced TEAEs; N, the number of TEAEs.
Abbreviations: TEAE, treatment-emergent adverse event; ALT, alanine aminotransferase; UA, uric acid; BP, blood pressure; RBCs, red blood cells.

Discussion

Abuse-deterrent formulations are designed to discourage unexpected routes of abuse. The main strategies of abuse-
deterrent formulations are to add excipients to form physical barriers that resist the dosage form from being crushed and
chemical barriers that protect the formulation from dissolving, such as high-molecular-weight polyethylene oxide,
hydrophobic fatty acid, wax, xanthan gum and hypromellose, and combine opioid agonists with opioid antagonists
that exert the antagonistic effects only via unexpected routes of administration.”> The abuse-deterrent property of OXN
PR is derived from the hardness and insolubility of the polyethylene oxide matrix tablet after thermal processing and
antagonism of oxycodone by naloxone for parenteral use.'® It is reported that the mean oral bioavailability of oxycodone
is up to 87% and that of naloxone is less than 3%. As a result, naloxone antagonizes the effect of oxycodone on the gut
wall rather than the central nervous system while taking OXN PR orally, which provides pain relief with less
constipation. For parenteral use, the high plasma concentration of naloxone confers the abuse-deterrent ability on
OXN PR."

After being absorbed, oxycodone is widely distributed throughout the body. It can cross the blood—brain barrier and
produce analgesia in the brain.?® In cerebrospinal fluid, the AUC of oxycodone is higher than that in plasma.'> In the
same way, at 5 minutes after intravenous administration, the brain concentration of naloxone is 4.6 times higher than the
serum concentration.'® There is evidence suggesting that the uptake of oxycodone and naloxone at the blood—brain
barrier involves a pyrilamine-sensitive proton-coupled organic cation (H/OC) antiporter, and human OATP1A2 is
speculated to contribute to naloxone tr.ansport.27’28 The main metabolic conversions of oxycodone involve CYP3A4/5
responsible for N-demethylation and CYP2D6 responsible for O-demethylation, which metabolize oxycodone to
noroxycodone, oxymorphone and noroxymorphone, but the concentrations of metabolites in the human brain are deemed
considerably lower than oxycodone, contributing to very little analgesia.'>*® Glucuronidation via UGT1A8 and UGT2B7
plays a main role in metabolic pathways of naloxone, which converts naloxone to 6f-naloxol, naloxone-3f3-glucuronide
and 6p-naloxol-3p-glucuronide. Both oxycodone and naloxone are eliminated mainly by metabolism.'’
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In previous studies, clinical PK profiles of OXN PR were usually assessed in Caucasian populations, but the data are
limited in the Chinese population.?®*°*° Our study assessed PK profiles and safety of OXN PR in the Chinese population
under the fasting and fed conditions and demonstrated that the brand-name and the generic OXN PR were bioequivalent.

Compared with a study conducted in Hamburg, Germany, AUC,_, (579 £ 150 h*ng/mL versus 491 £ 93.5 h*ng/mL)
and Cux (50.9 = 10.9 ng/mL versus 34.5 = 5.02 ng/mL) of oxycodone in our Chinese subjects (versus the German
subjects in the study) were higher following oral administration of a single 40 mg/20 mg dose of the brand-name OXN
PR under fasting conditions, whereas the median T, is shorter (2.00 h versus 3.0 h). A population PK study suggested
that lean body mass was a significant covariate on the clearance rate and distribution volume, so obviously different
weight (60.4 £+ 7.59 kg versus 75.5 + 9.3 kg) was considered to be the cause of different PK profiles on the basis of the
similar elimination parameter t;, (5.17 £ 0.834 h versus 4.83 + 0.975 h), and the difference in PK profiles was not
deemed clinically significant. For total naloxone, AUC ., (552 = 104 h*ng/mL versus 528 £+ 135 h*ng/mL), C,.x (89.3 £
20.6 ng/mL versus 62.0 £ 18.4 ng/mL), T ,.x (1.00 h versus 1.0 h) and t;, (6.59 = 1.77 h versus 7.81 + 2.74 h) were also
not clinically different between different races.”**'

Minimum toxic concentration of oxycodone is considered to be 200 ng/mL, and the therapeutic range is 5-100 ng/
mL. For naloxone, the therapeutic range is 1030 ng/mL.** The plasma drug concentrations of the subjects in this study
were all within the safe range. One subject receiving the brand-name formulation dropped out because of vomiting, but
no SAE was observed in the study. The most common AEs associated with the brand-name and generic formulations in
the fasting trial were dizziness, lethargy and nausea, while AEs in the fed trial were dizziness and nausea, which was
similar to previous studies.'’® Both formulations were well safe and tolerated.

Compared with the fasting trial, exposure of oxycodone (C,,.x, AUC(_; and AUC,_) in the fed trial increased by
40%, 21% and 21%, respectively, and exposure of total naloxone barely changed, which was similar to the previous
study.'® The Tpnax of oxycodone and total naloxone were delayed slightly, and the effects seemed more obvious to the
generic. None of the changes were considered clinically important, and they had no impact on safety.

This study investigated PK profiles and safety of a single 40 mg/20 mg dose of OXN PR in Chinese subjects,
enriching the limited PK data in the Chinese population. The results support further development and clinical application,
providing a potential treatment for Chinese patients with chronic pain.

However, this study has several limitations. The enrolled subjects were patients with non-cancer chronic pain and a
mean pain score of less than 4, but the conditions of patients in clinical practice are so diverse that their PK profiles might
be different. The study assessed the safety of a single-dose administration of OXN PR with naltrexone, which did not
reflect long-term safety. Therefore, further research is needed to address these limitations.

Conclusion

The study shed light on the pharmacokinetic profiles, as well as good safety and tolerability of both brand-name and
generic 40 mg/20 mg oxycodone/naloxone prolonged-release tablets in Chinese subjects, supporting further development
and application in the Chinese population.
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