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Pharmacokinetic Characteristics of Intranasal Administration of Oxycodone ARIR (RoxyBond™),
a Novel Abuse-deterrent Formulation of Immediate-Release Oxycodone
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• Introduction of an abuse-deterrent formulation of extended-release (ER) oxycodone
significantly reduced reports of misuse and abuse; however, early epidemiologic evidence
suggests that this decrease was accompanied by a concomitant increase in misuse and
abuse of non–abuse-deterrent immediate-release (IR) oxycodone2
• The population-adjusted rates of intentional abuse and diversion are 4.6 times and
6.1 times greater, respectively, for IR opioid than for ER opioids3
• A recent study indicated that 66% of advanced opioid abusers prefer IR opioids,
compared with only 4% preferring ER opioids4
• Insufflation and injection are common routes of IR oxycodone abuse among individuals
assessed for substance abuse treatment4; these alternative routes of administration
introduce additional risks for serious health concerns5
• Oxycodone ARIR (RoxyBond™, Daiichi Sankyo, Inc., Basking Ridge, NJ) is an IR
oxycodone tablet composed of multiple overlapping barriers that increase the difficulty
to manipulate the formulation and limit the amount of oxycodone released if manipulated
or extracted for non-oral abuse
• Oxycodone ARIR is the first abuse-deterrent formulation of an IR opioid approved by the
Food and Drug Administration and was developed to have similar relative bioavailability to
IR oxycodone. Patients can be converted from IR oxycodone to the same dose and dosing
regimen of Oxycodone ARIR
• We previously demonstrated that when crushed and taken intranasally, Oxycodone ARIR
has a 47% and a 23% reduction in mean maximum drug liking compared with crushed
intranasal IR oxycodone and intact oral Oxycodone ARIR, respectively6

– Healthy male and female subjects 18 to 55 years of age
– Nondependent, recreational opioid users (nonmedical use of opioids on at least
10 occasions in the past year and at least once in the preceding 12 weeks)
– Subjects must have nasally insufflated drugs at least 3 times in the past year
• Key exclusion criteria:

• To assess the pharmacokinetics (PK) of Oxycodone ARIR when administered intranasally
after physical manipulation compared with oral intact Oxycodone ARIR and crushed
intranasal IR oxycodone

METHODS
Study Design and Treatments
• Randomized (1:1:1:1 ratio), double-blind, double-dummy, active- and placebo-controlled,
single-dose, 4-way crossover, single-center study
– Qualification period: 4-night inpatient stay consisting of naloxone challenge (1 day) to
ensure subjects were not opioid-dependent and drug discrimination test (3 days) to
confirm that subjects were able to distinguish oxycodone from placebo and between
oxycodone doses
– Treatment period: 11-night inpatient stay during which subjects received each of
4 treatments separated by a 72-hour washout period:
 Crushed intranasal oxycodone ARIR 30 mg
 Intact oral oxycodone ARIR 30 mg
 Crushed intranasal oxycodone IR 30 mg

• Of the 214 subjects who entered and passed the naloxone challenge test, 158 subjects
failed the drug discrimination test, and 25 subjects discontinued from the study for various
reasons (withdrew consent, discontinued due to AE, withdrawn by investigator because of
emesis/noncompliance/protocol violation)

– Current or past treatment for a substance abuse disorder
– History of drug or alcohol dependence

• All intranasal doses were completely (100%) insufflated as confirmed by intranasal check

– Positive urine drug screen

Pharmacokinetic Assessments
• Blood samples were obtained predose and at 0.25, 0.5, 1, 1.25, 1.5, 1.75, 2, 2.5, 3, 4, 6, 8,
12, and 24 hours postdose

Table 1. Baseline Demographics

• Plasma oxycodone levels were assessed using a validated liquid chromatography, tandem
mass spectrometry method (calibration range, 0.398 to 99.620 ng/mL); the lower limit of
detection was 0.398 ng/mL

Characteristic

• PK parameters were calculated using a noncompartmental model (Phoenix WinNonlin 6.3;
Certara®, Princeton, NJ)

Mean (SD)

– Area under the plasma concentration time curve from 0 hour to the last measurable
concentration (AUC0–t) and various times during the study (eg, AUC0–0.5h, AUC0–1h,
AUC0–2h)

Median (range)

Female

26 (83.9%)
5 (16.1%)

35

Cmax, ng/mL

56.97

40.04

Tmax, hr

1.49

AUC0-0.5h (ng·hr/mL)

AUC0-1h (ng·hr/mL)

Crushed IR
Oxycodone

55.56

70.28
(63.24–78.11)

72.06
(64.80–80.15)

2.33

1.95

0.84
(0.486–1.195)

0.38
(0.023–0.738)

1.34

3.69

9.70

275.00
(201.00–376.25)

38.02
(27.72–52.14)

15.57

15.04

29.84

96.63
(80.21–116.41)

50.42
(41.80–60.83)

75.30

75.91
(66.62–86.50)

63.46
(55.65–72.37)
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Figure 2. Mean Area Under the Plasma Concentration Curve for the First
30 Minutes After Administration

Mean (SD)

23.6 (3.29)

10.2

14
Median (range)

23.0 (19.1–32.3)

Safety Assessments

– Based on least squares means, the oxycodone Cmax was 28% lower for crushed
intranasal oxycodone ARIR than for crushed intranasal oxycodone IR
• Crushed intranasal Oxycodone ARIR exhibited a 35% longer median Tmax relative to
crushed intranasal IR oxycodone
• Early oxycodone exposure (AUC0–0.5h) was 57% lower for crushed intranasal Oxycodone
ARIR and 78% lower for intact oral Oxycodone ARIR than for crushed intranasal IR
oxycodone (Figure 2 and Table 2)
• AQ for crushed intranasal Oxycodone ARIR was 53% and 43% lower than that of intact
oral Oxycodone ARIR and crushed intranasal oxycodone IR (Table 2)

47.79

AUC0-∞ (ng·hr/mL)

271.98

318.82

337.91

AQ, ng/mL/hr

46.81

21.93

38.42

117.22
94.35
(105.67–130.04) (84.99–104.74)
N/A

N/A

AQ = abuse quotient; AUC = area under the plasma concentration time curve from 0 hr to 0.5h, 1h, 2h, and extrapolated to
infinity; CI = confidence interval; Cmax = maximum observed plasma concentration; N/A = not available; Tmax = time associated
with Cmax.
*Least squares (LS) means are backtransformed from Ln-transformed least squares mean calculations, except for Tmax, which
was based on nontransformed least squares mean calculations. AQ values are untransformed means.
†
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24

Time, hours

Body mass index, kg/m2

• Mean Cmax was lower for intranasally administered Oxycodone ARIR (42.7 ng/mL)
compared with intranasal administration of IR oxycodone (56.5 ng/mL), and oral
administration of intact Oxycodone ARER (58.4 ng/mL) (Figure 1 and Table 2)

• Logarithmic regressions were fitted to PK/PD dose-response plots to assess correlation
between mean PK parameters and mean drug liking; coefficient of determination (R2)
was calculated

Crushed IR
Oxycodone

Intact Oral
Oxycodone
ARIR

n = 31

23.0 (19.0–40.0)

Pharmacokinetics

• The SAS (SAS Institute Inc., Cary, NC) linear mixed-effects model procedure (PROC
MIXED) was used to construct the ANOVA models, with the PK parameter as the
dependent variable, treatment, sequence, and period as fixed effects, and subject nested
within sequence as a random effect. PK parameters were log-transformed, except for Tmax

40

24.4 (5.1)

• The maximum drug liking score (Emax) was used in the PK/pharmacodynamic (PD)
correlation analysis

• Analysis of variance (ANOVA) models were used to assess the differences in PK
parameters

Intact Oral Oxycodone ARIR

0

– Patients recorded their response to the question, “Do you like the drug effect you are
feeling now?”; a larger value indicated greater liking

Statistics

Parameter

Intact Oral
Oxycodone
ARIR

Crushed
Intranasal
Oxycodone
ARIR

Crushed Intranasal IR Oxycodone
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Safety Population
(n = 31)

SD = standard deviation.

• Complete physical examinations, 12-lead electrocardiography, and laboratory testing were
performed at screening and at the follow-up visit

Crushed Intranasal Oxycodone ARIR

Gender, n (%)

– Time to Cmax (Tmax)

• Adverse events (AEs) were recorded using the Medical Dictionary for Regulatory Activities
(MedDRA) version 17.0

LS Mean*

50

Age, years

Male

• Drug liking was assessed at various times postdose using a bipolar visual analog scale
(0 = strong disliking, 50 = neither like nor dislike, 100 = strong liking)

Ratio %† (95% CI) of Crushed
Intranasal Oxycodone ARIR vs

5

– Maximum observed plasma concentration (Cmax)

– Abuse quotient (AQ; Cmax/Tmax), a surrogate measure associated with drug liking and
abuse potential, was also calculated

Table 2. Pharmacokinetic Parameters of Oxycodone
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• 31 subjects entered the treatment phase and were included in the PK analysis; 29 subjects
completed the treatment phase (Table 1)

Pharmacodynamic Assessment

OBJECTIVE

RESULTS

• Key inclusion criteria:

Mean Plasma Oxycodone
Concentration, ng/mL

• Abuse of prescription opioids continues to be a serious public health concern, with as
many as 12.5 million individuals aged 12 or older reporting nonmedical use of prescription
pain relievers in 20151

Figure 1. Mean Plasma Concentration-Time Proﬁle of Oxycodone by Treatment

Mean (SD) AUC0–0.5h, ng•hr/mL

BACKGROUND

Participants

Values are the ratio of the LS mean values, except for Tmax, which is the difference between the test and reference products.

Pharmacokinetic/Pharmacodynamic Correlation

CONCLUSIONS
• Intranasal administration of crushed Oxycodone ARIR led to slower and lower oxycodone
absorption compared with intact oral Oxycodone ARIR and crushed intranasal IR
oxycodone
• These results are consistent with significantly lower drug liking reported by recreational
abusers and suggest that the physicochemical characteristics of Oxycodone ARIR
successfully limit absorption of oxycodone via the intranasal route when compared
with IR oxycodone
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• Logarithmic regressions were used to fit a curve based on the PK and PD data for all
3 active treatments (Table 3)

12

• There was excellent correlation between the Emax of drug liking and the Cmax (R2 = 0.9660)
and a strong to excellent correlation between Emax and AQ (R2 = 0.8820)

10

• Less correlation was observed between Emax and Tmax (R2 = 0.5314)

8

4.4

DISCLOSURES

Table 3. Summary of PK/PD Correlation Coefﬁcients

6

PD Endpoint

Correlation Coefﬁcient

2.2

4
2

Emax vs Cmax

0.9660

Emax vs AQ

0.8820

Emax vs Tmax

0

0.5314

AQ = abuse quotient; Cmax = maximum observed plasma concentration; Emax = maximum drug liking score.

Crushed Intranasal
Oxycodone ARIR

Intact Oral
Oxycodone ARIR
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Safety
• A full account of the safety data from this study was previously reported6
• All AEs occurring during the treatment period were mild or moderate in intensity
• The most frequently occurring AEs, all of which are common opioid-related AEs,
included generalized pruritus and vomiting
• No other AEs occurred in more than 10% of subjects

 Placebo

Presented at PainWeek 2017 • Las Vegas, Nevada • September 5–9, 2017

