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Abstract

Background and Objective A hydrocodone extended-
release (ER) formulation employing the CIMA® Abuse-
Deterrence Technology platform was developed to provide
resistance against rapid release of hydrocodone when tab-
lets are comminuted or taken with alcohol. This study
evaluated the pharmacokinetics of three hydrocodone ER
tablet prototypes with varying levels of polymer coating to
identify the prototype expected to have the greatest abuse
deterrence potential based on pharmacokinetic character-
istics that maintain systemic exposure to hydrocodone
comparable to that of a commercially available hydroco-
done immediate-release (IR) product.

Methods In this four-period crossover study, healthy
subjects aged 18-45 years were randomized to receive a
single intact, oral 45-mg tablet of one of three hydrocodone
ER prototypes (low-, intermediate-, or high-level coating)
or an intact, oral tablet of hydrocodone IR/acetaminophen
(APAP) 10/325 mg every 6 h until four tablets were
administered, with each of the four treatments administered
once over the four study periods. Dosing periods were
separated by a minimum 5-day washout. Naltrexone 50 mg
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was administered to block opioid receptors. Blood samples
for pharmacokinetic assessments were collected predose
and through 72 h postdose. Parameters assessed included
maximum observed plasma hydrocodone concentration
(Crnax), time to Cpax (fmax), and area under the concentra-
tion-time curve from time O to infinity (AUCy_.,).
Results Mean Cp,,, values were 49.2, 32.6, and 28.4
ng/mL for the low-, intermediate-, and high-level coating
hydrocodone ER tablet prototypes, respectively, and
37.3 ng/mL for the hydrocodone IR/APAP tablet; respec-
tive median 7, values were 5.9, 8.0, 8.0, and 1.0 h. Total
systemic exposure to hydrocodone (AUC,_.,) was com-
parable between hydrocodone ER tablet prototypes (640,
600, and 578 ng-h/mL, respectively) and hydrocodone IR/
APAP (581 ng-h/mL). No serious adverse events or deaths
were reported. The most common adverse events included
headache (26 %) and nausea (18 %).

Conclusion All three hydrocodone ER tablet prototypes
(low-, intermediate-, and high-level polymer coating)
demonstrated ER pharmacokinetic characteristics. The
hydrocodone ER tablet prototype with the high-level
coating was selected for development because of its com-
parable exposure to the hydrocodone IR/APAP formulation
and potentially increased ability to resist rapid drug release
upon product tampering because of a higher polymer
coating level. All study medications were well tolerated in
healthy naltrexone-blocked volunteers.

1 Introduction
Chronic pain affects approximately 100 million adults in
the USA [1]. Opioids have been a mainstay of treatment for

patients with moderate to severe pain for years; in 2010,
the combination product hydrocodone/acetaminophen
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(hydrocodone/APAP) was the most commonly dispensed
prescription medication in the USA [2]. For a long time,
hydrocodone was available in the USA for the treatment of
pain only in immediate-release (IR) formulations combined
with other medications [3]. US-marketed hydrocodone com-
bination products contain analgesics such as APAP, which can
cause liver toxicity when used in high doses over extended
periods [4], or aspirin or ibuprofen, which have been associ-
ated with complications such as gastrointestinal, renal, car-
diovascular, hepatic, and hematologic toxicities [5].

Short-acting opioids (e.g., hydrocodone, oxycodone)
typically provide 4-6 h of pain relief and have relatively
short plasma half-lives that necessitate frequent dosing. The
decreased dosing frequency of extended-release (ER) opioid
formulations may offer several advantages, including
increased patient compliance and improved pain control,
over the more frequent dosing of IR formulations in patients
with moderate to severe pain [6, 7]. However, the increased
drug load in an ER opioid formulation heightens the need to
protect against intentional or accidental dose dumping or the
rapid release of active drug. As a result, a number of ER
opioids are being developed to deter against the release of
large amounts of medication into the body [8, 9]; currently,
abuse-deterrent ER opioid formulations for chronic pain are
available only for oxycodone and oxymorphone [10].

A new single-agent formulation of hydrocodone ER
bitartrate has been developed to provide sustained pain relief
with twice-daily dosing. This hydrocodone ER formulation
employs the CIMA Abuse-Deterrence Technology (ADT)
platform, a novel platform that provides an ER pharmaco-
kinetic profile while protecting against the rapid release of
hydrocodone when tablets are comminuted (i.e., broken into
small pieces by crushing, milling, grating, or grinding). The
ADT platform also provides resistance against intentional
and unintentional dose dumping caused by crushing before
ingestion, injection, or snorting; chewing; aqueous extrac-
tion for inravenous dosing; and alcohol extraction [11]. In the
manufacturing process, hydrocodone bitartrate is granulated
with a high polymer load and subsequently coated with a
polymeric film to ensure controlled release of hydrocodone
over an extended period while limiting the release of active
medication when tablets are either crushed or exposed to
solvents [11]. The polymer-coated granules are compressed
into tablets in combination with a gelling matrix that further
controls the release of hydrocodone and provides additional
resistance against dose dumping when tablets are adminis-
tered with alcohol (Fig. 1).

Establishing a balance between the sustained release of
hydrocodone and abuse-deterrent characteristics of the
hydrocodone ER formulation is an important step in the
drug development process. The current exploratory study
compared the pharmacokinetics of three hydrocodone ER
tablet prototypes with either a relatively low-,
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intermediate-, or high-level polymer coating and a com-
mercially available formulation of hydrocodone IR/APAP
to identify the hydrocodone ER tablet prototype expected
to have the greatest abuse deterrence potential based on
pharmacokinetic characteristics that maintain systemic
exposure to hydrocodone comparable to that of the
hydrocodone IR tablet.

2 Subjects and Methods
2.1 Subjects

Eligible subjects were healthy men or women aged
18-45 years with body mass indices of 20-30 kg/mz.
Subjects were required to have a negative urine drug screen
and alcohol test result. Women had to be either surgically
sterile for at least 2 years, 2 years postmenopausal, or, if of
child-bearing potential, using a medically acceptable
method of contraception during the study and for 30 days
after discontinuation of the study drug.

Subjects excluded from this study were those individu-
als with any clinically significant, uncontrolled medical
condition (treated or untreated); a history of alcohol, nar-
cotic, or any other substance abuse (as defined by the
Diagnostic and Statistical Manual or Mental Disorders,
Fourth Edition, Text Revision) or habitual consumption
within the past 2 years of >21 U of alcohol per week (1 U
of alcohol equals 1 oz of hard liquor, 5 oz of wine, or 8 oz
of beer); clinically significant abnormalities in clinical
laboratory values, electrocardiogram, or physical exami-
nation findings as determined by the investigator or med-
ical monitor; any disorder that may interfere with
medication absorption, distribution, metabolism, or excre-
tion; or use of any systemic or topical prescription or
nonprescription medication (except acetaminophen or
ibuprofen) within 2 weeks or five half-lives (whichever is
longer) before the first dose of study medication. Subjects
also were excluded if they had donated >450 mL of blood
or had significant blood loss within 56 days before the first
dose of study medication; had, after resting 5 min, elevated
blood pressure (systolic blood pressure [SBP] >140 mmHg
and/or diastolic blood pressure [DBP] >90 mmHg) or low
blood pressure (SBP <90 mmHg and/or DBP <45 mmHg);
had, after resting 5 min, a pulse <45 or >90 bpm; had,
within 2 weeks before the first dose of study drug, a clin-
ically significant consumption of caffeine-containing bev-
erage or food (=600 mg of caffeine); had used nicotine-
containing products within 12 months or had used topical
or oral nicotine preparations for smoking cessation within
3 months before the first dose of study drug; or had a
known sensitivity or idiosyncratic reaction to hydrocodone,
its related compounds, or any metabolites or to naltrexone
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Fig. 1 The CIMA® Abuse-
Deterrence Technology
platform manufacturing process

Hydrocodone
bitartrate particles

Compression
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bitartrate particles

Multiple polymers and a
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or acetaminophen. All exclusion criteria were intended to
ensure subject safety and prevent the inclusion of subjects
with factors that may confound results.

2.2 Study Design

This single-center, randomized, open-label, four-period,
crossover study in healthy subjects consisted of a screening
visit followed by four open-label treatment periods, a final
assessment, and a follow-up visit 48-72 h after final dis-
charge from the study center. Subjects were randomized to
receive all of the following four treatments, in random
sequence with equal probability, with a minimum 5-day
washout between treatment periods: hydrocodone ER
45-mg single intact, oral tablet (Teva Pharmaceuticals,
Frazer, PA, USA) with a low-level coating; hydrocodone
ER 45-mg single intact, oral tablet with an intermediate-
level coating; hydrocodone ER 45-mg single intact, oral
tablet with a high-level coating; and a single intact, oral
hydrocodone IR/APAP 10/325-mg tablet (Norco®, Watson
Pharmaceuticals, Inc., Corona, CA, USA) administered
every 6 h until four tablets were administered. A 45-mg
dose of hydrocodone ER was chosen because it did not
exceed the highest total daily dose of hydrocodone that is
currently approved for use in the USA. The hydrocodone
IR/APAP 10/325-mg tablet administered every 6 h was
chosen as the comparator because it allowed for the
assessment of systemic exposure to hydrocodone over a
24-h period after administration of a comparable dose of
hydrocodone within the ER and IR formulations.

Study medication was administered at approximately 8
a.m. (£2 h) on the first day of each administration period.
For hydrocodone IR/APAP, subsequent doses were
administered at approximately 2 p.m. (£2 h) and 8 p.m.
(£2 h) on the 1st day and at approximately 2 a.m. (£2 h)
on the following day. Subjects were to remain seated
during and for 1 h after study medication administration
and were not to engage in strenuous exercise during the
inpatient periods of the study. Subjects took a single 50-mg
tablet of naltrexone with 240 mL of water approximately
15 and 3 h before and 9 and 21 h after study medication

Coated particles and
gelling matrix former

administration at 8§ a.m. (£2 h) to block opioid receptors
and minimize opioid-related adverse events (AEs).

During each hydrocodone ER treatment period, blood
samples (3 mL) were collected by venipuncture or
indwelling catheter immediately before (approximately
5 min) administration and at 15, 30, and 45 min and 1,
1.25,1.5,1.75,2,2.25,2.5,3,3.5,4,5,6, 8, 10, 12, 18, 24,
30, 36, 48, 60, and 72 h after each administration of
hydrocodone ER. For hydrocodone IR/APAP, samples
were collected immediately before (approximately 5 min)
administration and at 15, 30, and 45 min and 1, 1.25, 1.5,
1.75,2,2.25,25,3,35,4,5,6,7,7.25,7.5, 12, 13, 13.25,
13.5, 18, 18.25, 18.5, 18.75, 19, 19.25, 19.5, 19.75, 20,
20.25, 20.5, 21, 21.5, 22, 23, 24, 30, 36, 48, 60, and 72 h
after study drug administration at 8 a.m. (£2 h).

This study was conducted in full accordance with the
Good Clinical Practice: Consolidated Guidance approved
by the International Conference on Harmonisation [12] and
any applicable national and local laws and regulations. The
protocol was approved by the appropriate institutional
review board. Written informed consent was obtained from
all subjects before study participation.

2.3 Bioanalytical Method

Hydrocodone and hydromorphone (active metabolite)
concentrations were measured by PPD (Richmond, VA,
USA) using a validated bioanalytical method. The method
had intra- and interday precision (coefficients of variation)
for pools of quality control samples of <15 % other than at
the lower limit of quantification, where <20 % was
acceptable. Both intra- and interday calculated concentra-
tions had to be within 15 % of nominal at all concentra-
tions other than the lower limit of quantification, where up
to 20 % deviation from nominal was acceptable. The pre-
cision and accuracy of all of the methods used in gener-
ating plasma concentration data in these studies exceeded
these minimum requirements for assay validation. In
addition, stability of the analytes in frozen ethylenediami-
netetraacetic acid (EDTA) human plasma was demon-
strated for periods exceeding the storage periods of the
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samples prior to analysis, as well as under all conditions to
which study samples or working solutions were subjected.

Levels of hydrocodone and hydromorphone were
simultaneously determined using a validated high-perfor-
mance liquid chromatograpy method with tandem mass
spectrometry (HPLC-MS/MS) detection. K;EDTA plasma
aliquots (100 pL) were mixed with 25 pL of mixed inter-
nal standard working solution (d;-hydrocodone and ds-
hydromorphone) and then subjected to supported liquid
extraction to isolate the analytes from matrix components.
After elution from the solid-phase cartridges, the eluate
was evaporated, the samples were reconstituted, and a
portion was injected into the HPLC-MS/MS system. Using
HPLC with column switching and MS/MS detection using
positive ion electrospray, the analytes of interest were
separated. The retention times for hydrocodone and
hydromorphone were approximately 4.2 and 4.3 min,
respectively. The validated quantitation range of the assay
was 0.100-100 ng/mL for  hydrocodone and
0.0500-50.0 ng/mL for hydromorphone.

2.4 Pharmacokinetic Analyses

The pharmacokinetic parameters assessed for hydrocodone
ER and hydromorphone (when feasible), included maxi-
mum observed plasma drug concentration (C,,x); time to
Cinax (tmax); area under the plasma drug concentration vs.
time curve (AUC) from time O to 2 h (AUC,_,); AUC from
time 0 to 12 h (AUCy_;,); AUC from time O to infinity
(AUC(_..); AUC from time O to the time of the last mea-
surable plasma drug concentration (AUC,_,); percentage
extrapolation, calculated as 100 x ([AUCy_,, — AUCq_1/
AUC(_..); and terminal elimination half-life (#.,,). Based on
simulated pharmacokinetic parameters at steady state,
fluctuation (%) and swing (%) were also calculated. The
same parameters were assessed after administration of the
first and last doses of hydrocodone IR/APAP with the
exception that #,,,, was calculated relative to the first dose
administered. A post hoc analysis also was conducted to
evaluate the abuse quotient, defined as Cyax/fimax, for each
hydrocodone ER prototype (the larger the ratio, the greater
the potential attractiveness for abuse). The abuse quotient
for hydrocodone IR/APAP was not calculated given that
multiple doses were administered (compared with a single
dose for hydrocodone ER).

2.5 Safety and Tolerability

Safety and tolerability were assessed by evaluating AEs,
clinical laboratory data, 12-lead electrocardiogram data,
physical examination findings, vital signs (pulse, seated
blood pressure, body temperature, and respiratory rate),
oxyhemoglobin saturation, and wuse of concomitant
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medications. AEs were assessed and documented for the
study duration (from screening through follow-up 48-72 h
after the final discharge from the study center).

2.6 Statistical Analyses

Up to 40 healthy subjects were planned to be enrolled in
this study, with the intent that approximately 30 subjects
would complete the study. The sample size estimate was
not based on statistical considerations. The safety analysis
set included all subjects who were randomized to treatment
and received at least one dose of study medication. The
pharmacokinetic analysis set included all subjects in the
safety analysis set who had sufficient data for determining
pharmacokinetic ~ parameters relevant to  planned
comparisons.

Pharmacokinetic parameters and the incidence of AEs
were summarized by treatment using descriptive statistics.
Between-treatment comparisons were also descriptive, and
no formal statistical testing was performed.

Steady-state hydrocodone pharmacokinetic profiles for
the three hydrocodone ER tablet prototypes dosed every
12 h and hydrocodone IR/APAP dosed at 4- and 6-h
intervals were simulated based on the single-dose data
using the nonparametric superposition tool in WinNonlin.

3 Results
3.1 Subjects

A total of 82 subjects were screened, 40 were enrolled in
the study, 39 received at least one dose of study medica-
tion, and 37 completed the study (Fig. 2). The 39 subjects
who received at least one dose of study medication were
included in the safety analysis set, and 36 of the 37 subjects
who completed the study had sufficient data to calculate
pharmacokinetic parameters for all four study treatments
and were included in the pharmacokinetic analysis set. One
subject with a previously unreported history of dyspnea
discontinued before receiving study medication or nal-
trexone and was not included in the safety analysis set.
Two subjects in the safety analysis set did not complete the
study (one had an AE of depressed mood and one withdrew
consent). Of note, subjects were permitted to withdraw
from a treatment period but continue participation in sub-
sequent periods under certain circumstances. This occurred
for one patient who withdrew from the first treatment
period because of an AE of vomiting within 2 h after
administration of naltrexone; this subject returned for
subsequent periods and completed the study but was not
included in the pharmacokinetic analysis set as a complete
pharmacokinetic database could not be obtained.
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Inclusion criteria not met (n=13)

Exclusion criteria met (n=19)

Consent withdrawn (n=1)
Designated as possible alternate,

| Subjects enrolled/randomized (n=40) |

not required (n=9)

Subject withdrawn
Adverse event (n=1)

(n=39)

Received dose of study medication

Evaluable for safety (n=39)
Evaluable for pharmacokinetics (n=36)

N

Subjects

completed (n=37) withdrawn (n=2)

Subjects

Fig. 2 Subject disposition

The majority of subjects were male (77 %) and white
(64 %). The median age of subjects was 32.0 years (range
23-44 years), and the median body mass index was
25.4 kg/m? (range 21.4-29.5 kg/m?).

3.2 Pharmacokinetics

The mean plasma hydrocodone concentration vs. time
profiles after administration of a single 45-mg dose of the
three hydrocodone ER tablet prototypes and four 10-mg
doses of hydrocodone IR/APAP through 72 h and through
12 h are shown in Fig. 3. After administration of each of
the three hydrocodone ER tablet prototypes, hydrocodone
plasma concentrations were maintained throughout the
intended 12-h dosing interval. This contrasts with the
plasma hydrocodone concentration vs. time profile after
administration of hydrocodone IR/APAP, which displayed
multiple peaks and troughs over a 24-h period.

A summary of pharmacokinetic parameters for the three
hydrocodone ER tablet prototypes and hydrocodone IR/
APAP are presented in Table 1. Cy,,x was inversely cor-
related with the coating level of the hydrocodone ER tablet
prototypes. Compared with hydrocodone IR/APAP, the
three hydrocodone ER tablet prototypes had a C,., that
was approximately 24 % lower to 32 % higher. Although
tmax occurred much later with the hydrocodone ER tablet
prototypes than with hydrocodone IR/APAP (5.9-8.0 vs.
1 h), concentrations near C,.x for the hydrocodone ER
tablet prototypes were achieved early (by ~4 h) and were
maintained through approximately 12 h (Fig. 3b). Total
systemic exposure to hydrocodone, as assessed by AUC_,
was comparable to that of the hydrocodone ER tablet

N

Reason for withdrawal
Adverse event (n=1)
Consent withdrawn (n=1)

prototypes vs. hydrocodone IR/APAP. As expected, the
extent of early release of a drug (as assessed by AUC,_,)
with the hydrocodone ER tablet prototypes was inversely
correlated with the coating level and was greatest with
hydrocodone IR/APAP. Based on a post hoc analysis, the
mean (standard deviation) abuse quotient was 8.5 (2.8) for
the low-level coating prototype, 4.4 (1.3) for the interme-
diate-level coating prototype, and 3.6 (1.7) for the high-
level coating prototype.

The active metabolite, hydromorphone, was detected
after administration of each of the hydrocodone ER tablet
prototypes and hydrocodone IR/APAP. Maximum plasma
hydromorphone concentration and systemic exposure
(AUC,_,) were approximately 1-2 % of those of hydro-
codone after administration of each of the hydrocodone ER
tablet prototypes as well as after administration of hydro-
codone IR/APAP.

3.2.1 Simulated Steady-State Hydrocodone
Pharmacokinetic Profiles

Based on the single-dose data, the anticipated steady-state
pharmacokinetic profiles were simulated for the three
hydrocodone ER tablet prototypes dosed every 12 h and for
hydrocodone IR/APAP dosed at 4- and 6-h intervals in
accordance with the recommended therapeutic dosing sta-
ted in the package insert [13]. Based on the simulated mean
plasma hydrocodone concentrations over a dosing interval
at steady state (96 h through 108 h), twice-daily adminis-
tration of the intermediate- and high-level coating, hydro-
codone ER tablet prototypes will produce systemic
exposures within the range of exposures anticipated after
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Fig. 3 Mean (standard deviation) plasma hydrocodone concentration
vs. time profiles a through 72 h and b through 12 h in healthy
subjects: pharmacokinetic analysis set. APAP acetaminophen, ER
extended release, IR immediate release

established therapeutic dose regimens of hydrocodone IR/
APAP (Table 2). The intermediate- and high-level coating
hydrocodone ER tablet prototypes exhibited a smooth
plasma hydrocodone concentration vs. time curve with a
single peak during a 12-h dosing period at steady state, in
contrast with multiple peaks and troughs for hydrocodone
IR/APAP administered every 4 or 6 h (Fig. 4). Fluctuation
and swing, respectively, were lower with intermediate-
level coating hydrocodone ER (30.3 and 36.2 %) vs.
hydrocodone IR/APAP administered every 6 h (53.4 and
72.1 %), comparable to hydrocodone IR/APAP adminis-
tered every 4 h (29.5 and 34.2 %), and lowest vs. high-
level coating hydrocodone ER (24.0 and 27.5 %).

3.3 Safety and Tolerability
All 39 subjects in the safety analysis set were administered

naltrexone to limit opioid-related AEs. No deaths or serious
AEs were reported during the study. Two subjects
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discontinued from the study because of AEs; one had a
previously unreported history of dyspnea and discontinued
because of dyspnea before receiving hydrocodone ER or
naltrexone, and the other discontinued because of depres-
sed mood after administration of the hydrocodone ER
tablet prototype with a high-level coating (the event was
mild and considered not related to study medication by the
investigator).

All AEs were mild or moderate in intensity. The inci-
dence of common AEs (=5 %) was generally similar
across all four study treatments (Table 3), with a slightly
increased frequency of AEs observed with the high-level
coating hydrocodone ER tablet prototype. However, the
mean plasma hydrocodone concentrations were generally
lower with the high-level coating hydrocodone ER tablet
prototype compared with the low- and intermediate-coating
level prototypes, suggesting the increased frequency is not
likely of clinical significance.

Treatment-related AEs (subjects may have reported one
or more AE) were observed in three (8 %) subjects after
administration of the low-level coating prototype (head-
ache [n = 1]; abdominal pain [n = 2]), one (3 %) subject
after administration of the intermediate-level coating pro-
totype (dizziness), five (13 %) subjects after administration
of the high-level coating prototype (headache [n = 3];
abdominal pain, nausea, dizziness, diarrhea, and dry mouth
[n = 1 each]), and four (11 %) subjects after administra-
tion of hydrocodone IR/APAP (nausea, vomiting, and
headache [n = 2 each]; constipation, fatigue, and hyper-
hidrosis [n = 1 each]). Across all study treatments, the
most frequently occurring treatment-related AE was
headache (n = 6 [15 %])).

Potentially clinically significant reductions in respira-
tory rate, defined as <10 breaths/min, occurred in a total
of 37 subjects during the study. In the majority of the
subjects, respiratory rates <10 breaths/min were reported
more than once: 16 (42 %) subjects treated with hydro-
codone ER with a low-level coating, 20 (53 %) with an
intermediate-level coating, 17 (45 %) with a high-level
coating, and 17 (46 %) with hydrocodone IR/APAP. Most
respiratory rates <10 breaths/min were reported within
4 h of dosing; for 10 subjects, the decreased respiratory
rates were reported predose. No AEs potentially associ-
ated with decreased respiratory rate were reported. No
direct correlation could be made between the measured
levels of hydrocodone or hydromorphone and decreased
respiratory rate, and no clinically significant decrease in
oxygen saturation was reported with a decreased respira-
tory rate.

No trends or clinically meaningful changes in hema-
tology, chemistry, urinalysis, electrocardiogram, blood
pressure, pulse, or oxygen saturation findings were
reported.
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Table 1 Mean (standard deviation) plasma hydrocodone pharmacokinetic parameters by treatment: pharmacokinetic analysis set

Parameter Hydrocodone ER 45 mg Hydrocodone IR 40 mg
- - (10 mg q6h) (n = 36)
Low-level Intermediate-level High-level
coating (n = 36) coating (n = 36) coating (n = 36)
Chax (ng/mL) 49.2 (13.6) 32.6 (7.7) 28.4 (7.5) 37.3 (8.8)
Imax (h)* 5.9 (5.0-8.0) 8.0 (5.0-11.9) 8.0 (5.0-11.9) 1.0 (0.5-4.0)°
AUC_, (ng-h/mL) 19 (6) 10 (4) 73) 27 (9)
AUCy. 1, (ng-h/mL) 397 (98) 268 (66) 229 (63) 185 (46)
AUC_, (ng-h/mL) 635 (185) 593 (164) 568 (182) 577 (165)°
AUCy_, (ng-h/mL) 640 (187) 600 (165) 578 (188) 581 (167)°
Extrapolation (%)° 0.7 (0.5) 1.2 (0.8) 1.5 (1.2) 0.6 (0.5)
ty, (h) 11.7 (4.5) 11.4 3.4) 11.3 (4.0) 9.1 (4.0)

ER extended release, IR immediate release, C,,,, maximum observed plasma hydrocodone concentration, t,,,, time to C.x, AUC,_, area under
the plasma hydrocodone concentration vs. time curve from time 0-2 h, AUC,_;, AUC from time O to 12 h, AUC,_, AUC from time O to the time

of last measurable plasma drug concentration, AUC,_., AUC from time O to infinity, #,, elimination half-life, g6h every 6 hours

? Median (range) presented for £,

b Extrapolation: 100 x ([AUC,_., — AUC,_J/AUCq_.,)

<

Relative to the time of the most recent dose of the hydrocodone IR/APAP tablet administered

4 Represents exposure across all four doses

Table 2 Simulated mean plasma hydrocodone pharmacokinetic parameters at steady state by treatment: pharmacokinetic analysis set

Parameter Hydrocodone ER 45 mg Hydrocodone IR
Low-level coating q12h  Intermediate-level coating q12h  High-level coating q12h 10 mg qg4h 10 mg gq6h

Chax (ng/mL) 67.2 56.9 533 54.6 40.0
Chin (ng/mL) 36.0 41.7 41.8 40.7 233
Cyavg (ng/mL) 532 49.8 47.9 47.2 314
Fmax (D)* 5.0 5.0 4.7 1.1 1.0
Az (1/h) 0.13 0.06 0.05 0.08 0.12
ty, (h) 53 10.7 14.3 8.3 5.7
AUCye_j0s (ng-h/mL) 639 598 574 566 377
AUC; (ng-h/mL) 639 598 574 189 189
Fluctuation (%)" 58.6 30.3 24.0 29.5 534
Swing (%)° 86.6 36.2 27.5 34.2 72.1
Accumulation index 1.3 1.9 2.3 35 1.9

ER extended release, /IR immediate release, C,,,, maximum observed plasma drug concentration, C,,;,, minimum observed plasma drug con-
centration, C,,, average observed plasma drug concentration, ,,,, time to Cpax, 4z terminal elimination rate constant, #,, elimination half-life,
AUCys_;0s area under the plasma hydrocodone concentration vs. time curve from time 96 to 108 h, AUC, area under the plasma hydrocodone
concentration-vs.-time curve over one dosing interval, gxh every x hours

? Relative to most recent dose
Cmin)/ Cavg

Cmin)/cmin

®  Fluctuation = (Crax —

c

Swing = (Crax —

4 Discussion study, hydrocodone exposure, based on AUC,_,, was

comparable between all three prototypes of hydrocodone

Compared with short-acting opioids administered every
4-6 h, extended-release opioids administered once or twice
daily are associated with fewer peak-trough fluctuations
and thus provide more stable plasma drug concentrations,
which may lead to fewer periods of inadequate pain control
[7]. In this exploratory, open-label, randomized, crossover

ER tablets (with low-, intermediate-, and high-level poly-
mer coatings) and hydrocodone IR/APAP. Both C,,.x and
the extent of the early release of a drug (as assessed by
AUC,_,) were inversely correlated with the coating level.
tmax occurred much later with the hydrocodone ER tablet
prototypes (5.9-8.0 h) compared with hydrocodone IR/
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—&— Hydrocodone ER 45-mg tablet, low-level coating

—— Hydrocodone ER 45-mg tablet, intermediate-level coating
—A— Hydrocodone ER 45-mg tablet, high-level coating

10 4 —®— Hydrocodone IR/APAP 10 mg every 6 hr

4 =—€— Hydrocodone IR/APAP 10 mg every 4 hr

Plasma Hydrocodone Concentration (ng/mL)

96 98 100 102 104 106 108
Time (hr)

Fig. 4 Simulated mean plasma hydrocodone concentration vs. time
profiles at steady state for twice-daily administration of the three
hydrocodone extended-release (ER) tablet prototypes or administra-
tion of the hydrocodone immediate-release (IR)/acetaminophen
(APAP) tablet every 4 or 6 h: pharmacokinetic analysis set. The
steady-state profiles were simulated using the single-dose data
obtained in the current study

APAP (1 h); however, concentrations near C,,, for the
hydrocodone ER tablet prototypes were achieved early (by
~4 h) and were maintained through ~ 12 h. Simulated
steady-state profiles indicated that twice-daily administra-
tion of the intermediate- and high-level coating hydroco-
done ER tablet prototypes would produce sustained plasma
hydrocodone concentrations without marked fluctuations
over the intended 12-h dosing interval. In contrast,
hydrocodone IR/APAP administered every 4 or 6 h pro-
duced a concentration vs. time profile with multiple peaks
and troughs. Fluctuation (%) and swing (%), respectively,
were highest with the low-level coating hydrocodone ER
tablet prototype and hydrocodone IR/APAP administered
every 6 h, followed by the intermediate-level coating
hydrocodone ER tablet prototype and hydrocodone IR/
APAP administered every 4 h, and lowest with the high-

level coating hydrocodone ER tablet prototype. The pro-
totype with the high-level coating was selected for further
development because simulated data suggested that it
would maintain systemic exposure to hydrocodone com-
parable to that of hydrocodone IR/APAP with the least
fluctuation, and was the most likely to protect against rapid
release of hydrocodone upon product tampering because of
its higher level of polymer coating.

Previous studies have shown a correlation between the
rate of increase in plasma drug concentrations and the
likelihood of drug abuse. In one study, rapid administration
of pentobarbital produced significantly greater peak scores
for subject-reported feelings of “high”, desire for the drug,
and overall drug liking than slow administration [14].
When ER opioid formulations are manipulated, dose
dumping or rapid release of a drug is of particular concern
as this results in higher maximum drug concentrations and
greater euphoria over a shorter period of time [15]. In the
current study, the hydrocodone ER tablet prototype with
the low-level coating had the highest Cy,.x (49.2 ng/mL)
but the shortest #,,.x (5.9 h) and the greatest exposure to
hydrocodone for the first 2 h after dosing (AUCq_;;
18.6 ng-h/mL), whereas the hydrocodone ER tablet proto-
type with the high-level coating had the lowest Ci.x
(28.4 ng/mL) but a longer fy.x (8.0 h) and the lowest
exposure for the first 2 h (7.4 ng-h/mL). Consistent with
these data, post hoc calculations of abuse quotients (Cy,ax/
tmax) demonstrated that the hydrocodone ER tablet proto-
type with the low-level coating had the highest abuse
quotient (8.5), and the prototype with the high-level coat-
ing had the lowest abuse quotient (3.6). These findings
confirm the appropriateness of selecting the prototype with
the highest coating level as the one that would theoretically
have the greatest abuse-deterrent properties. However, the
actual abuse-deterrent properties of the prototype were not
directly assessed in this study. Data regarding the abuse
potential of hydrocodone ER assessed in randomized,

Table 3 Adverse events occurring in >5 % of subjects in any treatment group: safety analysis set

Adverse event, n (%) Hydrocodone ER 45 mg Hydrocodone IR 40 mg
=37
Low-level Intermediate-level High-level n )
coating (n = 38) coating (n = 38) coating (n = 38)
Subjects with one or more adverse event® 6 (16) 5(13) 9 (24) 7 (19)
Headache 13 13 5(13) 3(8)
Nausea 0 2(5) 3(8) 2 (5
Abdominal pain 2 (5) 0 2 (5) 0
Vomiting 0 13 13 25
Oropharyngeal pain 0 0 0 2(5)

ER extended release, IR immediate release

% Subjects may have reported more than one adverse event
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placebo-controlled, clinical abuse potential studies will be
presented separately [16].

All three hydrocodone ER tablet prototypes were
generally well tolerated in the current population of
healthy volunteers concurrently receiving naltrexone, with
no serious AEs or deaths. The safety findings observed
were generally consistent with the known safety profiles
of hydrocodone [13, 17] and naltrexone [18, 19]. The
most common AE was headache (26 %); other common
AEs were nausea (18 %), abdominal pain (10 %), and
vomiting (10 %). Although most (37/39; 95 %) subjects
exhibited decreases in respiratory rate both prior to and
after study medication administration that met criteria for
potential clinical significance, none of these decreases
were associated with AEs. In a separate phase I study of
hydrocodone ER 90 mg in naltrexone-blocked subjects, a
placebo group was included to allow for comparison of
safety parameters in the presence and absence of hydro-
codone. Potentially clinically significant, respiratory rate
values were reported both before and after administration
of ER hydrocodone and placebo with a comparable
incidence (data on file, Teva Pharmaceuticals). As a
result, the decreased respiratory rate values observed for
hydrocodone ER are not considered to be clinically sig-
nificant. It is possible that procedural variability may have
influenced these results.

The current study has several limitations, including use
of simulated data for steady-state pharmacokinetic com-
parisons. Data from multiple-dose studies are needed to
appropriately assess the steady-state pharmacokinetic
characteristics of hydrocodone ER. Additionally, the safety
profile of hydrocodone ER observed in healthy naltrexone-
blocked subjects may not be similar to that observed in
patients not concurrently receiving naltrexone to block
opioid receptors and minimize opioid-related AEs.

5 Conclusion

All three prototypes of hydrocodone ER, with low-, inter-
mediate-, and high-level polymer coatings, demonstrated
ER pharmacokinetic characteristics. The hydrocodone ER
tablet prototype with a high-level coating was selected for
further development because it is expected to produce
systemic exposure levels comparable to those seen fol-
lowing administration of the recommended therapeutic
dosing regimen for hydrocodone IR/APAP, exhibited the
least fluctuation, and has the potential to better protect
against the rapid release of a drug upon product tampering.
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