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ABSTRACT

Introduction: Oxycodone ARIR is a novel oral,
abuse-deterrent, immediate-release (IR) formu-
lation with physical and chemical properties
that deter misuse and abuse by non-oral routes.
In this single-dose pharmacokinetic study, we
assessed the relative bioavailability of oxy-
codone for Oxycodone ARIR and IR oxycodone,
and the effect of food on Oxycodone ARIR fol-
lowing oral administration.
Methods: This open-label, randomized study in
healthy adults compared the relative bioavail-
ability of Oxycodone ARIR 30 mg to IR oxy-
codone 30 mg under fasted conditions, and
Oxycodone ARIR under fed versus fasted con-
ditions. Pharmacokinetic parameters included
area under the concentration–time curve from
time 0 to the last measured concentration
(AUC0–t) and the maximum oxycodone plasma
concentration (Cmax). Equivalence was

determined using an analysis of variance of the
least-squares means.
Results: Fifty-eight subjects completed the
study. Under fasted conditions, AUC0–t was 4%
lower (90% CI 92.5–98.7%) and mean Cmax was
14% lower (90% CI 78.8–94.3%) for Oxycodone
ARIR versus IR oxycodone. AUC0–t was 23%
higher (90% CI 119.1–127.0%) and mean Cmax

was higher (90% CI 108.6–129.4%) when Oxy-
codone ARIR was administered in the fed versus
fasted state. Common adverse events included
nausea, headache, and dizziness.
Conclusion: In this single-dose pharmacoki-
netic evaluation, fasted Oxycodone ARIR 30 mg
had similar bioavailability to and is expected to
have the same efficacy and safety profile as IR
oxycodone. When administered in the fed state,
pharmacokinetic parameters were slightly
higher; however, these differences were con-
sidered not clinically meaningful and show that
Oxycodone ARIR can be administered with or
without food.
Funding: This study was funded by Inspirion
Delivery Sciences, LLC. Daiichi Sankyo, Inc.
funded the journal’s article processing charges
and open access fee.
Plain Language Summary: Plain language
summary available for this article.
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PLAIN LANGUAGE SUMMARY

Oxycodone is an opioid medication prescribed
by doctors to treat moderate-to-severe pain
when alternative therapies are ineffective.
Immediate-release (IR) oxycodone is a tablet or
capsule that is formulated to release oxycodone
immediately after it is taken. IR oxycodone is
prescribed to patients after surgery and for pain
that occurs with conditions such as arthritis,
fibromyalgia, and others. Unfortunately, IR
oxycodone can be tampered with and misused.
During the last 20 years, overdose deaths have
increased. To tackle this very serious problem,
the US Food and Drug Administration (FDA)
wants drug makers to develop new opioid for-
mulations to help prevent misuse and abuse.
Oxycodone ARIR is a new opioid formulation
with physical and chemical properties that
impede tampering and deter abuse.

The present investigation studied how the
body absorbs oxycodone from Oxycodone ARIR
when taken with and without food. To do this,
we compared Oxycodone ARIR with a standard
IR oxycodone formulation. Fifty-eight adults
with no history of drug or alcohol addiction or
abuse completed our study. Participants received
one 30-mg Oxycodone ARIR tablet after fasting
overnight for about 10 h, one 30-mg IR oxy-
codone tablet after similar fasting time, and one
30-mg Oxycodone ARIR tablet 30 min after eat-
ing a high-fat meal; each tablet was given to
subjects at least 4 days apart. We discovered that
Oxycodone ARIR has similar absorption charac-
teristics as IR oxycodone when subjects fasted.
During the study, subjects reported nausea,
vomiting, indigestion, and headache, which are
typical problems associated with opioids. We
conclude that Oxycodone ARIR is expected to be
just as effective and safe as IR oxycodone.

INTRODUCTION

Prescription opioids are often targeted for mis-
use and abuse, with the National Survey on
Drug Use and Health, reporting their misuse by
approximately 11.5 million individuals aged
12 years or older in the USA in 2016 [1]. There
has been a steady increase in deaths resulting

from overdoses associated with prescription
opioids with 17,087 deaths involving overdose
associated with prescription opioids in 2016,
equivalent to about 47 people dying every day
[2].

To achieve enhanced psychoactive effects of
the drug, opioid abusers use several methods of
abuse, including ingesting a larger-than-pre-
scribed dose of intact tablets/capsules orally.
Abusers also use alternative routes of adminis-
tration, including intranasal and intravenous
injection, after physical manipulation and/or
chemical extraction. These alternative routes of
administration yield quicker delivery of the
drug to the brain resulting in a potent and rapid
feeling of euphoria or ‘‘high’’ [3, 4].

The US FDA encourages the development of
abuse-deterrent formulations (ADFs), and has
developed final guidance for industry on the
evaluation and labeling of ADFs [5]. Currently,
seven extended-release (ER) and one immedi-
ate-release (IR) ADFs have been approved with
labeling consistent with the FDA’s guidance [6].

Instant release of opioids from IR formula-
tions is an important factor in deciding the
route of administration among prescription
opioid abusers; abusers prefer IR opioids for
their ability to produce a quick high without
needing too much manipulation to prepare the
IR opioid for non-oral administration [7]. Find-
ings from a recent study indicated that 66% of
advanced opioid abusers prefer IR opioids,
compared with only 4% preferring ER opioids
[8].

Oxycodone abuse-resistant immediate-re-
lease (ARIR) (RoxyBondTM, Daiichi Sankyo, Inc.,
Basking Ridge, NJ, USA) is the only FDA-ap-
proved IR opioid with ADF labeling. Oxycodone
ARIR is formulated with proprietary Sen-
tryBondTM technology (Inspirion Delivery Sci-
ences, LLC, Morristown, NJ) and has physical
and chemical properties to deter abuse [9]. The
active ingredient is contained within a polymer
matrix of inactive ingredients. The active
ingredient is difficult to visually distinguish or
physically separate from the polymer matrix
(Daiichi Sankyo data on file). Oxycodone ARIR
is expected to deter abuse by the intranasal and
intravenous routes of administration; however,
abuse by the intranasal, oral, and intravenous
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routes is still possible [9]. Crushed intranasal
Oxycodone ARIR has demonstrated a significant
reduction in drug liking (Emax) and ‘‘take drug
again’’ scores (Emax) compared with crushed
intranasal IR oxycodone and intact oral Oxy-
codone ARIR [10]. Crushed intranasal Oxy-
codone ARIR also exhibited lower peak
oxycodone plasma concentrations and slower
time-to-peak concentration compared with
crushed intranasal IR oxycodone, thus signify-
ing the potential of Oxycodone ARIR to reduce
abuse via the intranasal route [10]. In this sin-
gle-dose pharmacokinetic (PK) study, we asses-
sed the relative bioavailability of oxycodone for
Oxycodone ARIR and IR oxycodone, and the
effect of food on Oxycodone ARIR following
oral administration.

METHODS

Subjects

Healthy male and female adults aged 18 to
45 years with a body mass index (BMI) of
18.0–32.0 kg/m2 were enrolled in the study. All
female subjects enrolled in the study must have
been using at least one form of birth control,
been surgically sterilized, or been of non-child-
bearing potential. Male subjects were required
to use a form of birth control or have had a
vasectomy. Subjects who were pregnant, lac-
tating, or breastfeeding were excluded from the
study. Positive drug screens or receipt of an
investigational drug within 30 days before dos-
ing resulted in exclusion from study participa-
tion. Other exclusions included a history of
allergic responses to oxycodone hydrochloride,
naltrexone or other related drugs, and a history
of drug or alcohol addiction or abuse within the
past year. The per-protocol population was
defined as all subjects who completed at least
two treatment periods of the study, with one of
those periods representing the results for Oxy-
codone ARIR fasted, subjects who provided
adequate data for estimates of PK parameters in
both periods, and subjects who did not have
any major protocol deviations.

The study was implemented in accordance
with Good Clinical Practice guidelines, the

ethical principles of the Helsinki Declaration of
1964, as revised in 2013, concerning human
and animal rights, the International Conference
on Harmonisation guidelines, local regulatory
requirements, and US FDA Code of Federal
Regulations, and Springer’s policy concerning
informed consent has been followed. The pro-
tocol and informed consent form were reviewed
and approved by the New England Institutional
Review Board (approval on January 9, 2013).
After receiving a sufficient explanation and
achieving a full understanding of the study, all
potential participants provided written consent
to voluntarily participate in the study.

Study Design and Treatment

This study was an open-label, randomized, sin-
gle-dose, three-period, three-treatment, six-se-
quence crossover study. The study included a
study check-in day (day 1), followed by 2 days
of participation in the study, and study exit (day
2) or early termination. A minimum washout
period of 4 days separated each treatment.
Subjects were required to stay at the clinic
facility for 24 h after day 1 dosing.

The three treatments in the study included
administration of Oxycodone ARIR 30-mg
tablet and IR oxycodone 30-mg tablet under
fasting conditions and administration of Oxy-
codone ARIR 30 mg under fed conditions. For
the fasting condition, subjects were given a
single dose of the test product, Oxycodone ARIR
30-mg tablet, or the reference product, IR oxy-
codone (Roxicodone�, Xanodyne Pharmaceuti-
cals, Inc., Newport, KY, USA) 30-mg tablet, with
240 mL (8 fluid ounces) of room temperature
water after an overnight fast of at least 10 h. For
the fed condition, subjects underwent an over-
night fast of at least 10 h, and were given a
single dose of Oxycodone ARIR 30 mg with
240 mL of room temperature water 30 min after
consuming a standardized meal. The standard-
ized meal was high fat (approximately 50% of
the total caloric content of the meal) and high
calorie (approximately 800 to 1000 calories).

To block the major effects of oxycodone,
subjects were given naltrexone (Mallinckrodt
Pharmaceuticals, St. Louis, MO, USA) 50 mg
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with 240 mL of water at approximately 12 h
(± 30 min) before oxycodone administration,
within 1.5 h (± 15 min) of oxycodone admin-
istration, and approximately 12 h (± 30 min)
after oxycodone administration.

Pharmacokinetic Assessment

Blood samples were taken within 90 min before
each subject’s scheduled dose time and after
dose administration at 0.5, 0.75, 1, 1.25, 1.5,
1.75, 2, 2.5, 3, 4, 5, 6, 8, 12, 16, and 24 h.
Pharmacokinetic parameters were calculated
using standardized, non-compartmental
approaches. The following parameters were
evaluated for oxycodone plasma concentration:
the area under the plasma concentration versus
time curve from time 0 to the last measured
concentration (AUC0–t), the area under the
plasma concentration versus time curve from
time to 0 infinity (AUC0–?), the maximum
plasma concentration observed over a time span
(Cmax), and the time where the maximum
plasma concentration or Cmax is observed
(Tmax). The oxycodone plasma concentrations
were measured by using a validated bioanalyti-
cal method completed by Sannova Analytical,
Inc. (Somerset, NJ) according to the bioanalyti-
cal laboratory’s standard operating procedures
and FDA guidelines.

Safety Assessment

The Medical Dictionary for Regulatory Activities
version 15.0 was used to code adverse events
(AEs). All AEs, observed, queried, or sponta-
neously offered by subjects, were recorded. An
AE inquiry was completed approximately every
12 h throughout the stay in the clinic facility,
when subjects were released from the facility,
and at each return visit.

Statistical Analysis

A sample size of 70 subjects was calculated to
provide 90% power to show that the test-to-
reference confidence intervals (CIs) were within
the 80–125% equivalence range. Analyses of the
study were conducted with Statistical Analysis

System (SAS Institute Inc, Cary, NC, USA) ver-
sion 9.2 or later. Descriptive statistics such as
mean, median, standard deviation, standard
error or mean, coefficient of variation, mini-
mum, maximum, and number of subjects were
calculated for each PK parameter and sampling
time concentration for both test and reference
products.

Analysis of variance (ANOVA) was used to
model loge and was used to transform parame-
ter values of the AUC0–t, AUC0–?, and Cmax for
the per-protocol population (defined as subjects
who had completed at least two treatment
periods, provided data for estimates of AUC and
Cmax parameters in both periods, and did not
have any major protocol deviations). Each
ANOVA included calculation of least-squares
means (LSMs), the difference between the
adjusted formulation means, and the standard
error of the difference. Statistical analyses were
completed using the Proc Mixed analysis in SAS.

A 90% CI for the difference in the means
between the test and the reference treatments
was calculated for the log-scale value of each
parameter. Confidence intervals were based off
the estimated LSMs using a mean square error
from the ANOVA models. The endpoints of the
CIs were back-transformed to acquire CIs for the
test-to-reference ratio of the geometric means
from each parameter on the original scale
expressed as a percentage. Analyses of the Tmax

were completed by comparing the medians by
ranking the values within subjects and by an
ANOVA model performed on the ranks. The
median and range for the Tmax for each treat-
ment and the differences between medians of
the two treatments of interest were provided.
Statistical comparisons were made between
Oxycodone ARIR (fasted) versus IR oxycodone
(fasted) and Oxycodone ARIR fed versus fasted.

RESULTS

Subjects

Of the 75 subjects enrolled, 58 completed the
study (Fig. 1). Of the 17 subjects who discon-
tinued prematurely, 10 discontinued because of
AEs, 6 withdrew of their own accord, and 1 was
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lost to follow-up. Demographics and baseline
characteristics are shown in Table 1. In the
safety population, which included all subjects
who received at least one dose of the study
medication, most subjects were male (74.7%)
and white (92.0%). The mean age was 25.7 years
and mean BMI was 25.4 kg/m2.

Pharmacokinetic Analysis

Fasted Conditions: Oxycodone ARIR Versus IR
Oxycodone
The mean plasma concentrations over time for
Oxycodone ARIR and IR oxycodone are shown
in Fig. 2. AUC0–t and AUC0–? were each slightly
lower (4%) for Oxycodone ARIR than for IR
oxycodone (Table 2). The mean Cmax for Oxy-
codone ARIR was 14% lower than for IR oxy-
codone (57.8 versus 67.7 ng/mL). The 90% CIs
for Oxycodone ARIR and IR oxycodone were
within the equivalence range of 80–125% for
total exposure (AUC0–t 92.5–98.7% and AUC0–?

92.8–98.9%) (Table 3). The 90% CI for Cmax was
outside the 80–125% equivalence range
(78.8–94.3%). The median Tmax was 30 min
longer for Oxycodone ARIR compared with IR

oxycodone (1.8 versus 1.0 h, respectively; LSMs
difference, 0.48 h).

Fed Versus Fasted Conditions: Oxycodone
ARIR
The mean plasma concentrations over time for
Oxycodone ARIR under fed and fasted states are
shown in Fig. 3. AUC0–tand AUC0–?were 23% and
24% higher, respectively, when Oxycodone ARIR
was administered in the fed versus fasted state
(Table 2). Mean oxycodone Cmax was 18% higher
(68.0 versus 57.8 ng/mL) under fed compared with
fasted conditions. The 90% CIs were outside the
equivalence range of 80–125% for total exposure
(AUC0–t 119.1–127.0%; AUC0–? 119.7–127.4%)
and for Cmax (108.6–129.4%) (Table 3). The med-
ianTmax for Oxycodone ARIR was 30 min longer in
the fed versus fasted state (2.0 versus 1.8 h,
respectively; LSMs difference, 0.5 h).

Safety Assessment

AEs were typical of opioid-related events and
were mild or moderate in severity. Nausea,
headache, and dizziness occurred more often
with the Oxycodone ARIR treatment given to

Fig. 1 Subject disposition
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fasted subjects than the fed subjects or the
subjects who received IR oxycodone (Table 4).
Common AEs included gastrointestinal disor-
ders such as nausea, vomiting, or dyspepsia, and
nervous system disorders such as dizziness,
headache, and somnolence. Eight subjects
withdrew from the study because of nausea
and/or vomiting during the naltrexone treat-
ment. One subject withdrew from the study
prematurely during Oxycodone ARIR treatment
under fed conditions because of headache; one
subject who received IR oxycodone treatment
withdrew from the study prematurely because
of vomiting.

DISCUSSION

Prescription opioid overdose is associated with
47 deaths each day on an average in the USA,
making the misuse and abuse of prescription
opioids a national health crisis [2]. To combat
the problem of opioid abuse, several organiza-
tions including the FDA, the Drug Enforcement
Administration, and the Department of Health
and Human Services have implemented a mul-
tifaceted opioid risk management plan over the
past few years [11]. The FDA encourages the
development of ADFs of opioids to combat

Table 1 Baseline demographics and characteristics

Characteristic Safety
population
(n = 75)

Per-protocol
population
(n = 58)

Age, years

Mean (SD) 25.7 (5.82) 25.8 (6.29)

Median (range) 25.0 (18.0–45.0) 25.0 (18.0–45.0)

Sex, n (%)

Male 56 (74.7) 45 (77.6)

Female 19 (25.3) 13 (22.4)

Race, n (%)

American Indian

or Alaska Native

1 (1.3) 1 (1.7)

Asian 4 (5.3) 3 (5.2)

Black or African

American

1 (1.3) 1 (1.7)

Native Hawaiian

or

Other Pacific

Islander

0 0

White 69 (92.0) 53 (91.4)

Body mass index, kg/m2

Mean (SD) 25.4 (3.33) 25.2 (3.08)

Median (range) 24.9 (18.8–31.9) 25.0 (18.8–31.9)

SD standard deviation

Fig. 2 Plasma concentration–time profile of IR oxy-
codone and Oxycodone ARIR. Mean plasma concentra-
tion for IR oxycodone and Oxycodone ARIR under fasted
conditions. IR immediate release

Table 2 Summary of pharmacokinetic parameters for
Oxycodone ARIR and IR oxycodone

Parameter Oxycodone
ARIR feda

(N = 58)

Oxycodone
ARIR fasteda

(N = 58)

IR
oxycodone
fasteda

(N = 54)

AUC0–t, ng�h/mL 354.2 (23.3) 287.4 (22.9) 300.3 (22.9)

AUC0–?, ng�h/mL 361.9 (23.9) 292.7 (23.0) 305.4 (22.9)

Cmax, ng/mL 68.0 (29.5) 57.8 (31.1) 67.7 (35.1)

Tmax (h) 2.0 (1.0, 6.1)b 1.8 (0.8, 5.0)b 1.0 (0.5, 5.0)b

ARIR abuse-resistant immediate release, AUC0–? area under the plasma
concentration–time curve from 0 h and extrapolated to infinity, AUC0–t

area under the plasma concentration–time curve from 0 h to last mea-
surable concentration, Cmax maximum observed plasma concentration,
Tmax time associated with Cmax
a Values are arithmetic means (coefficient of variation percent), except
Tmax
b Median (range)
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abuse and considers this approach to be a high
public health priority [5]. To minimize the
adverse effects of opioid abuse, most ADFs have
been designed to deter the potential for abuse
by physical manipulation and/or chemical
extraction and administration through non-

oral routes, while providing the same pain relief
as non-ADF opioids [12].

This study investigated the relative bioavail-
ability of Oxycodone ARIR to IR oxycodone in
healthy adults. Under fasted conditions, AUC0–t

and AUC0–? were 4% lower for Oxycodone
ARIR than for IR oxycodone. The mean Cmax for
Oxycodone ARIR was 14% lower than for IR
oxycodone. Because of the wide intersubject
variability in opioid absorption and metabo-
lism, opioid dosing must be titrated to effect for
each individual; therefore, these lower mea-
surements are not expected to be clinically
meaningful. The abuse quotient (AQ = Cmax/
Tmax) is an indicator of the abuse potential of
the formulation, where a higher AQ indicates a
larger, quicker ‘‘high’’ for the abuser [13]. When
compared with IR oxycodone, Oxycodone ARIR
had a lower Cmax and a longer Tmax, indicating a
lower AQ and potentially a lower abuse
potential.

Food can alter the PK of some ADFs [14, 15].
High-fat meals may delay Cmax or increase
bioavailability [14–17]. When Oxycodone ARIR
was taken with food, the oxycodone Cmax was
18% higher and Tmax was 30 min longer than in

Table 3 Summary of comparison of pharmacokinetic parameters

Parameter Oxycodone ARIR
fasteda (test)

IR oxycodone
fasteda (reference)

LSM ratio (%)b 90% confidence
interval (%)c

Geometric least-squares mean (back-transformed)

AUC0–t 269.2 281.7 95.6 92.5–98.7

AUC0–? 273.9 286.0 95.8 92.8–98.9

Cmax 55.1 63.9 86.2 78.8–94.3

Parameter Oxycodone ARIR
feda (test)

Oxycodone ARIR
fasteda (reference)

LSM ratiob 90% confidence
intervalc

AUC0–t 331.1 269.2 123.0 119.1–127.0

AUC0–? 338.2 273.9 123.5 119.7–127.4

Cmax 65.3 55.1 118.5 108.6–129.4

ARIR abuse-resistant immediate release, AUC0–? area under the plasma concentration–time curve from 0 h and extrap-
olated to infinity, AUC0–t area under the plasma concentration–time curve from 0 h to last measurable concentration, Cmax

maximum observed plasma concentration, LSM least-squares mean
a Parameter values are based on analysis of variance of ln-transformed data
b Ratio calculated as back-transformation of the LSM difference for areas and peak concentrations
c Confidence interval on the test-to-reference ratio

Fig. 3 Plasma concentration–time profile of Oxycodone
ARIR. Mean plasma concentration for Oxycodone ARIR
under fed and fasted conditions. ARIR abuse-resistant
immediate release
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the fasted conditions. In a single-dose PK study,
a Cmax outside the confidence interval is less
significant than if the AUC is outside the limits,
as AUC is an indicator of the overall exposure.
Oxycodone ARIR exhibited a 24% increase in
total exposure when administered with a high-
fat meal. Pharmacokinetic evaluations of other
immediate-release oxycodone formulations
have shown similar results [16, 17]. We and the
FDA considered these differences to be moder-
ate, indicating that Oxycodone ARIR can be
administered with or without food and requires
no specific food-related dosing requirements in
the product’s prescribing information. In com-
parison, another currently marketed oxycodone
ADF exhibits a 50% to 60% increase in AUC
when administered with a high-fat, high-calorie
meal; the food effect with that formulation
required a recommendation in the prescribing

information to instruct patients to take each
dose of the formulation with the same amount
of food to avoid fluctuations in plasma drug
levels [18]. Non-ADF IR oxycodone exhibits a
27% increase in total exposure and a 1.3-h delay
in maximum plasma concentration when
administered with a high-fat meal [19], indi-
cating that the effect of food on the bioavail-
ability of Oxycodone ARIR is a property of
oxycodone PK parameters, rather than the
abuse-deterrent formulation.

The most common AEs were gastrointestinal
disorders (i.e., nausea, vomiting, and dyspepsia)
followed by nervous system disorders (dizziness,
headache, and somnolence) consistent with the
safety information provided for IR oxycodone
[9]. All AEs were mild or moderate in severity
and typical of opioid-related AEs. Of note, a
common side effect of naltrexone is nausea [20].

Table 4 Treatment-relateda treatment-emergent AEs by SOC and MedDRA preferred term (safety population, N = 75)

Preferred term IR oxycodone (fasted)
(n = 62)

Oxycodone ARIR (fasted)
(n = 61)

Oxycodone ARIR (fed)
(n = 64)

Naltrexone
(n = 75)

n (%)

Nausea 3 (4.8) 9 (14.8) 3 (4.7) 14 (18.7)

Headache 1 (1.6) 4 (6.6) 1 (1.6) 5 (6.7)

Dizziness 1 (1.6) 3 (4.9) 0 1 (1.3)

Vomiting 4 (6.5) 2 (3.3) 4 (6.3) 8 (10.7)

Somnolence 0 1 (1.6) 0 0

Hot flush 1 (1.6) 0 0 1 (1.3)

Abnormal

dreams

0 0 0 1 (1.3)

Cold sweat 0 0 0 1 (1.3)

Constipation 0 0 0 1 (1.3)

Dyspepsia 1 (1.6) 0 0 0

Flushing 0 0 1 (1.6) 0

Oropharyngeal

pain

0 0 0 1 (1.3)

Paraesthesia 0 0 0 1 (1.3)

Rash 0 0 0 1 (1.3)

Syncope 0 0 0 1 (1.3)

a An AE that was considered by the investigator to be either possibly related or related to study drug

Adv Ther (2019) 36:1730–1740 1737



Together, these data show that Oxycodone
ARIR has similar bioavailability to the reference-
listed drug, IR oxycodone.

Limitations

The use of naltrexone to block the pharmaco-
dynamic effects of oxycodone is a potential
limitation of this study. Opioids induce delay of
gastric emptying (i.e., constipation); naltrexone
may reverse this effect, possibly altering the
assessment of PK parameters [21]. There is some
potential overlap between the AEs caused by
opioid administration and those induced by
naltrexone, primarily nausea [20]. In theory, it
is possible that in blocking the binding of opi-
oids to opioid receptors and transporters, nal-
trexone may inadvertently increase the plasma
concentrations of opioids; more in-depth phar-
macological and pharmacokinetic studies are
needed to prove this effect. Further, in clinical
practice (and in the absence of naltrexone),
opioids are always titrated to effect for each
patient, so the naltrexone-related effect on PK
parameters would be irrelevant. However, the
use of naltrexone in PK studies in opioid ADFs is
recommended by the FDA [5].

Another potential limitation of this study is
that the majority of subjects were white.
Because different races can carry alternate alle-
les of the cytochrome P450 drug-metabolizing
enzymes [22], it is possible that other races
would exhibit different pharmacokinetic
results. However, because of the crossover
design of the study, any racial or ethnic differ-
ences in drug metabolism or drug transport
would apply to all evaluated treatments and
would thereby not affect the conclusions of the
study. Other limitations of the study include
exclusion of adults over 45 years of age and of
subjects with a BMI greater than 32 kg/m2.
These factors may impact the generalizability of
the findings across the US population at large.

Of note, a sample size of 70 subjects was
calculated to demonstrate differences between
treatments; however, only 58 subjects com-
pleted the study. It is possible that a larger
number of subjects could have demonstrated
more refined values that more clearly fell within

or outside the equivalence range, not just mar-
ginally outside the equivalence range. A large
number of subjects (n = 10) withdrew after
naltrexone administration but before random-
ization to the treatment groups; it is unclear
why this occurred. Further studies with a larger
population could clarify these discrepancies.

This study follows the FDA’s requirement for
a 505(b)(2) submission, which relies on the
established efficacy and safety of IR oxycodone.
Because of the similar bioavailability between
the two formulations, Oxycodone ARIR is
expected to have the same efficacy and safety
profile as IR oxycodone. Patients can be con-
verted from IR oxycodone to the same dose and
dosing regimen of Oxycodone ARIR; however,
much like non-ADF opioids, Oxycodone ARIR
should be titrated to the lowest dose that pro-
vides effective pain relief.

CONCLUSION

In this single-dose PK study, Oxycodone ARIR
has similar bioavailability to IR oxycodone, and
Oxycodone ARIR is expected to have the same
efficacy and safety profile as IR oxycodone when
taken as indicated. In addition, these data
indicate that Oxycodone ARIR can be adminis-
tered without regard to food.
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