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Objective: This study aimed to compare the single-dose and steady-state pharmacokinetics
(PK) of biphasic immediate-release (IR)/extended-release (ER) hydrocodone bitartrate (HB)/
acetaminophen (APAP) and IR HB/APAP.

Setting: The study was conducted in a contract research center.

Participants: The study included healthy adults.

Interventions: In a three-way crossover study, Study 1, participants received the following
treatments: (A1) a single dose of IR/ER HB/APAP 7.5/325 mg one tablet, followed by one tablet
every 12 hours (q12h); (B1) a single dose of IRZER HB/APAP 7.5/325 mg two tablets, followed
by two tablets q12h; (C1) a single dose of IR HB/APAP 7.5/325 mg two tablets (one tablet at
hours 0 and 6), followed by one tablet q6h. In a two-way crossover study, Study 2, participants
received the following treatments: (A2) an initial dose of IR/ER HB/APAP 7.5/325 mg three
tablets, followed by two tablets q12h; (B2) three doses of IR HB/APAP 7.5/325 mg one tablet
q4h, followed by one tablet q6h.

Main outcome measures: PK values were compared, and adverse events were assessed.
Results: Single-dose and steady-state area under the concentration—time curves for hydro-
codone and APAP were similar for IR/ER and IR HB/APAP; the steady-state peak plasma
concentrations (C,_ ) at steady state were also similar, but single-dose C__for hydrocodone
was lower for IR/ER HB/APAP. For most PK parameters, 90% confidence intervals for geo-
metric least squares mean ratios were not meaningfully different (80%—125%). Steady state
was achieved in 2—3 days for IR/ER HB/APAP and in 2 days for IR HB/APAP. Median time to
C... was longer for IR/ER HB/APAP versus IR HB/APAP (P<0.05). Adverse events were
similar across treatments.

Conclusion: PK outcomes and tolerability were similar for IRZER HB/APAP and IR HB/APAP.
Keywords: acute pain, extended release, fixed-dose combination, hydrocodone,
pharmacokinetics, opioid analgesic

Introduction

Coadministration of acetaminophen (APAP) with hydrocodone bitartrate (HB) has long
been known to provide additive analgesic effects while reducing the risk of dose-related
adverse events (AEs) associated with each component as monotherapy.'? Acute pain
severe enough to require opioid therapy is typically treated with an immediate-release
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(IR) formulation, such as IR HB/APAP, to ensure rapid onset
of relief. However, extended-release (ER) opioids provide
less-frequent dosing, fewer troughs and peaks of plasma
opioid concentration, and potentially less sleep disruption.’

Biphasic IR/ER HB/APAP 7.5/325 mg tablets (MNK-155;
Mallinckrodt Pharmaceuticals, Hazelwood, MO, USA) are
being developed for management of moderate to severe
acute pain for which nonopioid analgesics are inadequate.
IR/ER HB/APAP has a biphasic delivery mechanism that
consists of 1) an IR layer delivering 25% of the HB and
50% of the APAP for rapid pain relief and 2) an ER layer
delivering the remainder of the HB/APAP over a 12-hour
dosing period. The APAP dose was selected in accordance
with a request from the US Food and Drug Administration
that drug manufacturers limit APAP to 325 mg per dosage
unit in order to limit the risk of liver injury,* which has been
observed in patients receiving more than 4 g total dose
per day.’ A similarly formulated IR/ER oxycodone/APAP
tablet has been approved for management of moderate to
severe acute pain for which alternative treatment options
are inadequate.®

To ensure safety, it is essential to characterize the extent
and rate of exposure to hydrocodone and APAP during treat-
ment with IR/ER HB/APAP. This manuscript presents the
combined data from two Phase 1 clinical trials to describe
the single-dose and steady-state pharmacokinetics (PK) of
the hydrocodone and APAP components of IR/ER HB/APAP
and IR HB/APAP. In addition, the safety of IR/ZER HB/APAP
tablets administered for 4.5 days was assessed in healthy
adult participants.

Methods
Study design

Study 1 was a single-center, open-label, randomized,
three-period crossover study that evaluated the single- and
multiple-dose PK of IR/ER HB/APAP. Participants under-
went screening to determine eligibility and were randomly
assigned to receive single- and multiple-dose treatment in
sequences of Al, B1, and C1, with a minimum 7-day wash-
out interval separating each period. During each of the three
treatment periods, participants were confined to the study
facility for approximately 8 days.

Study 2 was a single-center, open-label, randomized,
two-period crossover study that evaluated the steady-state
PK of IR/ER HB/APAP. This study included a screening
visit and two treatment periods. However, unlike Study 1,
the two confinement periods during the treatment periods
were approximately 6 days each, and the washout periods
between treatments were 14 days before period 1 and 6 days

before period 2. Participants received a 7-day poststudy
telephone call.

This research was carried out in accordance with the
International Conference on Harmonization Good Clini-
cal Practice (GCP) guidelines, ethical principles that have
their origin in the Declaration of Helsinki, and US clinical
research regulations and guidelines. Prior to initiation of
these two single-center studies (both conducted at Pharma-
ceutical Product Development, LLC’s Phase 1 Clinic, Austin,
TX, USA), the protocol for each study was reviewed and
approved by the IntegReview Ethical Review Board (Austin,
TX, USA).

Participants

In both studies, eligible participants included normal healthy
men and nonlactating/nonpregnant women from 18 years to
55 years of age with a body mass index between 19 kg/m?
and 30 kg/m* and a body weight of =50 kg for women
and =59 kg for men.

Key exclusion criteria included use of any prescription
medication, over-the-counter drugs, vitamins, minerals, or
other supplements within 14 days of study check-in; use of or
treatment for drugs or alcohol, narcotic addiction or positive
urine test for drugs of abuse, or use of nicotine-containing
products; or a history of any condition that could interfere
with the absorption, distribution, metabolism, or excretion
of the study drug. Individuals were also excluded if they had
a history of gastric bypass surgery or gastric band implanta-
tion because of the possibility that such procedures might
interfere with the gastroretentive technology responsible for
the ER properties of IR/ER HB/APAP.

Study treatments

In Study 1, a single-dose analysis was performed on study

Day 1 and a multiple-dose analysis was performed over

study days 3—7 (Figure 1A). For this reason, study Day 3

was the first day of multiple-dose treatment and study hour

72 was taken as time =0 with respect to the calculation of

multiple-dose PK parameters such as attainment of steady

state. Participants were randomly assigned to receive each of
the following three treatments under fasted conditions.

1. (Al) IR/ER HB/APAP 7.5/325 mg one tablet at hour 0,
then fasted 4 hours posttreatment. On Day 3 (hour 72),
dosing every 12 hours (q12h) began following =1-hour
fast; last dose was administered at hour 144.

2. (B1)IR/ER HB/APAP 7.5/325 mg two tablets (15/650 mg
total dose) at hour 0, then fasted 4 hours posttreatment. On
Day 3 (hour 72), dosing q12h began following =1-hour
fast; last dose was administered at hour 144.
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Single-dose analysis

Single dose?
at hour 0

No treatment

Multiple-dose analysis

Repeated
dosing® from
hour 72 to
hour 144

Multiple-dose analysis

Repeated dosing® from

Figure | Timelines of (A) Study | and (B) Study 2.

hour 0 to hour 108

Notes: “The single dose of IR/ER HB/APAP was administered at hour 0; the single dose of IR HB/APAP was divided and administered at hours 0 and 6. "The multiple-dose
regimen for IR/ER HB/APAP was administered one dose every 12 hours; the multiple-dose regimen for IR HB/APAP was administered one dose every 6 hours.
Abbreviations: IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

acetaminophen.

3. (Cl1) IR HB/APAP 7.5/325 mg (Norco®; Watson Labo-
ratories, Inc., Corona, CA, USA) one tablet at hours
0 and 6 on Day 1, then fasted for 4 hours postdosing.
On Day 3 (hour 72), dosing every 6 hours (q6h) began
following =1-hour fast; last dose was administered at
hour 144.

In Study 2, a multiple-dose analysis was performed over
study days 1-7 (Figure 1B). For this reason, study Day 1 was
the first day of the multiple-dose treatment and study hour 0
was time =0 with respect to the calculation of multiple-dose
PK parameters such as attainment of steady state. Participants
were randomly assigned to receive each of the following
treatments under fasting conditions.

1. (A2) Initial dose of IR/ER HB/APAP 7.5/325 mg three
tablets (22.5/975 mg total dose), followed 12 hours later
by two tablets taken q12h (eight doses) for 4.5 days.

2. (B2) IR HB/APAP 7.5/325 mg one tablet taken q4h for
three doses, followed at 12 hours after the last dose by
one tablet taken q6h (16 doses) for 4.5 days.

Treatment A2 corresponds to the planned commercial
dosing regimen that incorporates this three-tablet initial dose.
Treatment B2 differs from the IR regimen in Study 1, for
which patients received their initial tablets at 6-hour intervals
rather than 4-hour intervals.

Plasma sampling and assessments

In Study 1, blood samples for PK assessment were taken as

follows:

1. Day 1: Samples were taken at 15 minutes, 30 minutes,
45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours,
8 hours, 9 hours, 10 hours, 12 hours, 16 hours, and 18 hours
postdose; an additional sample was collected 30 minutes
after the dose given at 6 hours (treatment C1).

2. Day 2: Samples were taken at 24 hours and 36 hours.

3. Days 3—6: Samples were taken before the morning dose
(48 hours, 72 hours, 96 hours, and 120 hours).

4. Day 7: Samples were taken predose; at 15 minutes,
30 minutes, and 45 minutes after the dose given at
144 hours; and at hours 145, 146, 147, 148, 150, 152,
154, and 156, with additional sample collected 30 minutes
after the dose given at 150 hours (treatment C1).

At study exit (hour 48 for single-dose period, Day 8 for
multiple-dose period) or early termination of study par-
ticipation, participants underwent end-of-study assessments,
including physical examinations and AE assessment.

In Study 2, blood samples for PK assessments were taken
at the following times:

1. Day 1: Samples were taken before dosing; at 15 minutes,
30 minutes, 45 minutes; and at 1 hour, 2 hours, 3 hours,
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4 hours, 6 hours, 8 hours, 10 hours, and 12 hours after

the initial dose. For treatment B2, additional samples

were collected after the second dose at 4.5 hours and
after the third dose at 8.5 hours.
2. Days 2—4: Samples were taken before the morning dose on

Day 2 (hour 24), Day 3 (hour 48), and Day 4 (hour 72).

3. Day 5: Samples were taken before dosing (hour 96)
and at 96:15 hours, 96:30 hours, 96:45 hours, 97 hours,

98 hours, 99 hours, 100 hours, 102 hours, 104 hours,

106 hours, 108 hours, and 112 hours. For treatment B,

additional samples were collected at 102:25 hours,

102:5 hours, and 102:75 hours.

4. Days 6—7: Samples were taken on Day 6 at hours 120 and

132 and on Day 7 at hour 144.

AEs were monitored throughout both studies and rated
based on severity and potential relationship to study drug.
Patients were also monitored for changes in clinical laboratory
test values (hematology, clinical chemistry, and urinalysis),
vital signs, and pulse oximetry. Physical examinations were
performed and 12-lead electrocardiograms were taken at each
study visit. In both studies, any patient who experienced the
AE of vomiting was discontinued from the study.

Statistical analysis

Analysis of variance was used to compare treatments Al,
B1, and C1 (Study 1) or treatments A2 and B2 (Study 2).
Geometric least squares (LS) mean, percentage ratio of the
geometric LS mean, and 90% confidence interval (CI) for
the ratio of the geometric LS mean (treatment comparisons,
A1/B1; A1/C1; B1/C1 [Study 1] and A2/B2 [Study 2]) were
calculated. A 90% CI of the geometric LS mean ratio that was
fully within 80% to 125% indicated no meaningful difference
between treatments.

Table | Baseline demographic and clinical characteristics

In both studies, steady-state attainment was confirmed
using the Helmert transformation method, which compares
the geometric mean concentration on a given study day to the
geometric mean concentration pooled over all the remaining
study days. Comparison continues until the comparison is no
longer statistically significant (0:=0.05), at which time steady
state has been attained. In Study 1, Wilcoxon signed-rank
test was used to analyze the difference between treatments
for median time to peak concentration (¢ _ ) and steady-state
t (). In Study 2, Wilcoxon signed-rank test was used to

max “ max-

analyze the median difference between treatments for £ .

Results
Study populations

Demographics and baseline characteristics for participants
in the two studies are listed in Table 1. The populations of
both studies were generally equally divided between men and
women. Almost all participants were white or black, with a
mean age of 31.8 years (Study 1) and 36.7 years (Study 2).
As required by the study protocol, no pediatric or geriatric
participants were included and none were substantially
overweight or underweight.

In Study 1, 48 participants enrolled, four discontinued
due to AEs (vomiting, n=3; anxiety, n=1), and 44 (91.7%)
completed all three treatment phases. In Study 2, 26 partici-
pants enrolled, seven discontinued due to AEs (vomiting),
and 19 (73.1%) completed all treatment periods. There were
no notable differences in study completion rates based on
age, race, weight, height, or body mass index. Men were
slightly more likely to complete treatment compared with
women. In the two studies combined, eleven participants
discontinued due to AEs. Ten of these participants (nine
female) discontinued after vomiting, as required by the study

Study | Study 2
Completers*, All treated participantst, Completers, All treated participants,
n=44 N=48 n=19 N=26
Mean (SD) age, years 31.9 (7.97) 31.8(7.92) 35.7 (11.25) 36.7 (10.91)
Men, n (%) 24 (54.5) 24 (50.0) 10 (52.6) Il (42.3)
Race, n (%)
White 27 (61.4) 30 (62.5) 12 (63.2) 16 (61.5)
Black 15 (34.1) 16 (33.3) 6 (31.6) 9 (34.6)
Asian 1 (2.3) I 2.1) 0 0
Other 1 (2.3) I 2.1) I (5.3) | (3.8)
Mean (SD) height, cm 170.33 (9.891) 170.00 (9.644) 168.28 (9.008) 167.45 (8.635)
Mean (SD) weight, kg 76.57 (11.999) 76.00 (11.887) 71.92 (9.979) 70.50 (10.105)
Mean (SD) BMI, kg/m? 26.08 (2.821) 26.00 (2.800) 25.41 (3.200) 25.11 (2.933)

Notes: *Percentages based on number of participants who were single-dose completers; Percentages based on number of participants who were treated.

Abbreviations: BMI, body mass index; SD, standard deviation.
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protocols. The remaining participant discontinued owing to
moderate anxiety.

Study |:single-dose and steady-state PK
Hydrocodone: single dose

After a single dose, plasma hydrocodone concentrations
increased rapidly and remained detectable for 48 hours with
all three treatments (Figure 2A). Single-dose hydrocodone z

X

A

30 4

Plasma concentration, ng/mL

was 3.1 hours for treatment A1, 3.4 hours for treatment B1,
and 7.2 hours for treatment C1 (Table 2). Counterintuitively,
the single-dose 7 value was longer for IR HB/APAP (C1)
versus IR/ER HB/APAP (A1, B1) because Study 1 defined
a “single dose” of IR HB/APAP as two tablets separated by
6 hours (ie, dosed at hours 0 and 6). Thus, for single-dose
IR HB/APAP, C_  refers to the higher of the two peaks
observed with this dosing protocol, which occurred after the

== Treatment A1
Treatment B1

-8 Treatment C1

24 30 36 42 48

Time, hours

—*= Treatment A1

Treatment B1

—8— Treatment C1

Plasma concentration, ng/mL

80
Time, hours

Figure 2 Mean plasma concentrations of hydrocodone in (A) single-dose and (B) steady-state completers.
Notes: Study I: Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every 12 hours from hour 72 to hour 144; BI, IR/ER HB/APAP 7.5/325 mg two
tablets at hour 0, followed by two tablets every |12 hours from hour 72 to hour 144; CI, IR HB/APAP 7.5/325 mg one tablet at hours 0 and 6, followed by one tablet every

6 hours from hour 72 to hour 144.

Abbreviations: IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

acetaminophen.
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Table 2 Mean (SD) plasma pharmacokinetic parameters by treatment (Study 1)

Hydrocodone APAP
Treatment Al Treatment Bl Treatment Cl Treatment Al

Treatment Bl Treatment CI

Single-dose completers

AUC . (ng-h/mL) 123.53 (30.66) 251.15 (63.68) 256.50 (63.61) 15,436.82 (4,445.74)  30,562.23 (8,492.20) 28,978.37 (9,215.06)

0—in
AUC,, (ng-h/mL) 122.39 (30.55)  248.36 (63.32)  254.50 (63.08)  13,241.28 (3,898.34) 28,573.01 (8,411.59) 27,997.31 (9,073.94)
C_ (ng/ml) 8.98 (2.02) 17.53 (3.69) 24.48 (5.69) 260455 (925.57)  5,432.05 (1,793.44)  4,912.05 (1,647.69)

t,, (hours) 6.23 (1.35) 6.53 (1.22) 5.62 (0.99) 8.12 (2.70) 7.70 (2.42) 3.97 (0.93)
t (hoursy** 3.00 (0.75-5.97) 3.00 (0.50-9.00) 8.00 (0.50-9.00) 0.50 (0.25-5.92) 0.50 (0.25-2.03) 0.50 (0.25-8.00)

‘max

Steady-state completers
AUCs  (ng-h/mL) 13422 (37.86)  270.36 (64.30)  268.69 (70.01)

Oh—12h

14,022.86 (3,799.75) 26,807.03 (6,890.67) 27,285.43 (7,156.54)

cs_ (ng/ml) 11.57 (3.85) 30.54 (6.87) 33.80 (8.74) 3219.55 (1,180.48)  6,092.27 (1,906.29)  5,689.55 (2,145.76)
c: (ng/ml) 6.73 (2.57) 13.86 (4.07) 14.18 (4.74) 479.25 (183.23) 858.02 (289.46) 896.55 (310.15)
=, (ng/mL) 11.18 (3.16) 22.53 (5.36) 22.39 (5.83) 1,168.57 (316.65)  2,233.92 (57422)  2,273.79 (596.38)
DFL (%) 81.93(19.50)  7528(1628)  90.37 (30.62) 236.72 (86.08) 237.51 (74.29) 210.68 (75.75)
Swing |45 (0.53) 127 (0.41) 152 (0.70) 6.26 (2.96) 6.62 (2.98) 5.75 (2.88)

£ (hours) 2.03 (0.50-5.92) 2.01 (0.50-5.93) 1.00 (0.50-8.03) 0.50 (0.25-4.00) 0.50 (0.25-2.00) 0.50 (0.25-8.03)

Notes: *Single-dose t__ for treatment Cl occurred 2 hours after the IR HB/APAP tablet was administered at hour 6, whereas the single-dose t__ for treatments Al and Bl
occurred after the IR/ER HB/APAP tablet was administered at hour 0. Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every 12 hours from hour 72
to hour 144; B, IR/ER HB/APAP 7.5/325 mg two tablets at hour 0, followed by two tablets every 12 hours from hour 72 to hour 144; CI, IR HB/APAP 7.5/325 mg one tablet
at hours 0 and 6, followed by one tablet every 6 hours from hour 72 to hour 144; Swing, (C=, — C= )/C= . *Median (range).

‘max ‘min/’ ~min®

Abbreviations: APAP, acetaminophen; AUC;ﬂIZh, steady-state area under the concentration—time curve from time 0 to 12 hours postdose; AUCH«* AUC from time 0

extrapolated to infinity; AUC, , AUC from time 0 to time t; C* , average concentration at steady state; C_, peak concentration; C*_, peak concentration at steady state; C*,

‘min’

minimum concentration at steady state; DFL, degree of fluctuation (ie, 100x [C:ax - C‘I:m]/CSs ); IRZER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/

‘ave

acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/acetaminophen; SD, standard deviation.

IR HB/APAP tablet administered at hour 6. In contrast, in
Study 2 on Day 1, C__for IR HB/APAP followed the tablet
administered at hour 0 and 7 was reported as 0.75 hours
in that study.

Because the single dose administered in treatment A1 of
HB/APAP (total dose of 7.5/325 mg) was half that of treat-
ments B1 and C1 (total dose of 15/650 mg), dose-normalized
values were used for comparison of treatments. The 90% Cls
of dose-normalized geometric LS mean ratios for AUC,_ and
AUC_ , . were within the prespecified 80%—125% range for
all treatment comparisons, indicating that dose-normalized

exposure to hydrocodone was equivalent (Table 3). The dose-
normalized geometric LS mean ratio of C___was 26% lower
for treatment A1 versus C1 (73.53 ng/mL/mg) and 28% lower
for treatment B1 versus C1 (71.86 ng/mL/mg) compared with
the ratio for treatment A1 versus B1 (102.33 ng/mL/mg), with
a 90% CI that was below the lower threshold for treatment
equivalence (Table 3).

Hydrocodone: steady state
Hydrocodone steady state was attained on the third day of
the multiple-dose treatment (study Day 5) with treatments

Table 3 Dose-normalized hydrocodone geometric LS mean ratios and 90% Cls (Study I)

Parameter (90% CI) Treatment Al/CI

Treatment BI/CI Treatment Al/BI

Single-dose completers
AUC_ /dose, ng-h/mL/mg*
AUC, /dose, ng-h/mL/mgf
C_ Jdose, ng/mL/mg!

96.11 (93.16-99.15)
96.10 (92.24-100.13)
73.53 (70.46-76.74)
Steady-state completers
AUCy , /dose, ng-h/mL/mg!
Cs Idose, ng/mL/mgt
Cs /dose, ng/mL/mg!
Cs, Idose, ng/mL/mgt

99.57 (96.72-102.51)
92.46 (89.07-95.98)
99.57 (96.72-102.51)
93.87 (89.44-98.51)

99.26 (96.21-102.40)
97.48 (93.55-101.57)
71.86 (68.85-74.99)

101.06 (98.16-104.04)
90.92 (87.58-94.37)
101.06 (98.16-104.04)
98.83 (94.17-103.72)

96.83 (93.86-99.89)
98.59 (94.62-102.73)
102.33 (98.05-106.80)

98.53 (95.70-101.44)
101.70 (97.98-105.57)
98.53 (95.70-101 .44)
94.98 (90.50-99.67)

Notes: *N=43; {N=44. Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every 12 hours from hour 72 to hour 144; Bl, IR/ER HB/APAP 7.5/325
mg two tablets at hour 0, followed by two tablets every |2 hours from hour 72 to hour 144; C1, IR HB/APAP 7.5/325 mg one tablet at hour 0 and hour 6, followed by one

tablet every 6 hours from hour 72 to hour 144.

Abbreviations: AUCS . steady-state area under the concentration—time curve from time 0 to 12 hours postdose; AUC

012t

0-inf®

AUC from time 0 extrapolated to infinity;

AUC, , AUC from time 0 to time t; C , average concentration at steady state; C__, peak concentration; C* , peak concentration at steady state; C* . minimum concentration

‘max’

at steady state; Cl, confidence interval; IRZER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release

hydrocodone bitartrate/acetaminophen; LS, least squares.
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Al and C1 and on the fourth day of the multiple-dose treat-
ment (study Day 6) with treatment B1 (Figure 2B). Time to
steady-state median C* (¢ ) was 2 hours for treatments A1
and B1 and 1 hour for treatment C1 (Table 2). Steady-state,
dose-normalized hydrocodone exposure was similar between
all treatments, as the 90% CIs of mean ratios for geometric
LS mean ratios for the AUC* value and C¥ were within the
prespecified 80%—125% range (Table 3).

A 7,000 -
6,000

5,000 -

Plasma concentration, ng/mL

APAP: single dose

With each treatment, plasma concentrations of APAP were
detectable through 24 hours postdose but declined to <1% by
36 hours (Figure 3A). Single-dose C__of APAP was achieved
in 0.50 hour for all treatments (Table 2). In contrast to the
hydrocodone PK results, APAP C_followed administration
of'the IR HB/APAP tablet at hour 0. The single-dose 90% Cls
of the ratios of dose-normalized geometric LS mean ratios

—#=Treatment A1

—#—Treatment B1

—8—-Treatment C1

B
8,000 4 —¥-Treatment A1
—4—Treatment B1
7,000 A
—8—Treatment C1
6,000 A1
5,000 A

4,000

3,000

Plasma concentration, ng/mL

28 32 36 40 44 48

Time, hours

ve

N
Z

80 100 120 140 160

Time, hours

Figure 3 Mean plasma concentrations of acetaminophen in (A) single-dose and (B) steady-state completers.
Notes: Study I: Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every 12 hours from hour 72 to hour 144; BI, IR/ER HB/APAP 7.5/325 mg two
tablets at hour 0, followed by two tablets every 12 hours from hour 72 to hour 144; CI, IR HB/APAP 7.5/325 mg one tablet at hours 0 and 6, followed by one tablet every

6 hours from hour 72 to hour 144.

Abbreviations: IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

acetaminophen.
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for AUC, ,AUC , ,and C__for all treatments were within
the prespecified 80%—125% range (Table 4).

APAP: steady state

Steady state for APAP was attained on the first day of
multiple-dose treatment (study Day 4) with treatment B1
and on the second day of multiple-dose treatment (study
Day 5) with treatment A1, whereas it was not attained after
4 days (end of study, Day 7) with treatment C1 (Figure 3B).
The £ of APAP was 0.50 hours for all treatments (Table 2).
The 90% CIs of the dose-normalized geometric LS mean
ratios for AUC? ,, C* , C , and C were each within the

0-12h*> “max’> ave’

prespecified 80%—125% range (Table 4).

Study 2: steady-state PK

Hydrocodone

Steady state was achieved by Day 3 for treatment A2 and Day 2
for treatment B2. C* was achieved rapidly for both treatments
(Figure 4A). Steady-state £* _for hydrocodone was significantly
longer for IR/ER HB/APAP compared with IR HB/APAP
(2.00 hours versus 1.00 hour; P<<0.05, Table 5). AUC? ., and
C» were similar for both treatments. At steady state, the ratios
of the geometric LS means of nearly all parameters were entirely
within the 80%—125% CI intervals, implying no treatment
difference; however, the 90% CI for swing (e, [C* — C% 1/

C» ) extended slightly above the upper threshold (125%) of
the bioequivalence range (Table 6). The differences between
exposures to hydrocodone with IR/ER HB/APAP versus IR

HB/APAP were not considered clinically meaningful.

Acetaminophen
Plasma concentrations for APAP are shown in Figure 4B. As
with hydrocodone, steady state for APAP was achieved by

Day 3 for treatment A2 and Day 2 for treatment B2. At steady
state, no significant difference in median #* was observed
between treatments (Table 5). The geometric LS mean ratios
for AUC? . and C* for APAP were entirely within the
80%—125% CI intervals, implying no treatment difference
in overall exposure (Table 6). Treatment A2 showed slightly
higher C* and lower C¥ for APAP compared with treat-
ment B2. Degree of fluctuation and swing were greater for

treatment A2 compared with treatment B2.

Safety and tolerability

Study |

Treatment-emergent AEs (TEAEs) were reported by 33 of 48
(68.8%) participants, and AEs were assessed to be treatment
related in 27 of 48 (56.3%) participants. Four participants
discontinued early due to AEs. Three discontinued due to
vomiting: one each after receiving the first dose of treatment
Al, Bl, or Cl. A fourth participant discontinued because of
moderate anxiety during treatment B1.

The most prevalent TEAEs among all participants were
nausea (29.2%), headache (22.9%), dizziness (18.8%),
fatigue (12.5%), and pruritus (12.5%; Table 7). There were
no serious or severe TEAEs. No clinically significant trends
or changes in individual participants with respect to labora-
tory analyses, vital signs, electrocardiograms, or physical
examination were reported.

Study 2

The overall frequency of TEAEs and TEAEs reported
by =5% of participants in either treatment group is summa-
rized in Table 7. In seven participants (two for treatment A2
and five for treatment B2), vomiting led to early termination
of study participation, as required by the study protocol.

Table 4 Dose-normalized acetaminophen geometric LS mean ratios and 90% Cls (Study 1)

Parameter (90% CI) Treatment Al/CI

Treatment BI/CI Treatment Al/BI

Single-dose completers
AUC_ /dose, ng-h/mL/mg*
AUC, /dose, ng-h/mL/mgf
C_ Jdose, ng/mL/mg!

104.38 (100.74—108.16)
94.81 (91.57-98.18)
105.34 (97.99-113.25)
Steady-state completers
AUC¥ , /dose, ng-h/mL/mg!
Cs Idose, ng/mL/mgt
Cs /dose, ng/mL/mg!
Cs, Idose, ng/mL/mgt

102.47 (99.84-105.16)
113.39 (105.69-121.65)
102.47 (99.84-105.16)
105.17 (99.90-110.72)

106.48 (102.76—110.34)
102.25 (98.74-105.87)
110.78 (103.04-119.10)

98.32 (95.80-100.90)
109.25 (101.83-117.21)
98.32 (95.80-100.90)
95.69 (90.89-100.74)

98.03 (94.61-101.58)
92.73 (89.56-96.02)
95.09 (88.45-102.23)

104.22 (101.55-106.96)
103.79 (96.74111.35)

104.22 (101.55-106.96)
109.91 (104.40-115.71)

Notes: *N=39; {N=44. Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every 12 hours from hour 72 to hour 144; Bl, IR/ER HB/APAP 7.5/325
mg two tablets at hour 0, followed by two tablets every |2 hours from hour 72 to hour 144; CI, IR HB/APAP 7.5/325 mg one tablet at hour 0 and hour 6, followed by one
tablet every 6 hours from hour 72 to hour 144.

Abbreviations: AUC; ,  steady-state area under the concentration—time curve from time 0 hours to 12 hours postdose; AUC . AUC from time 0 extrapolated to
infinity; AUC, , AUC from time 0 to time t; C , average concentration at steady state; C_, peak concentration; C* , peak concentration at steady state; C* , minimum
concentration at steady state; Cl, confidence interval; IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-
release hydrocodone bitartrate/acetaminophen; LS, least squares.
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Figure 4 Mean plasma concentrations of (A) hydrocodone and (B) acetaminophen by treatment in completers.
Notes: Study 2: A2, Initial dose of IR/ER HB/APAP 7.5/325 mg three tablets, followed 12 hours later by two tablets every 12 hours from hour 0 to hour 108;

B2, IR HB/APAP 7.5/325 mg one tablet every 6 hours from hour 0 to hour 108.

Abbreviations: IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

acetaminophen.

All of these participants who terminated early vomited during
treatment period 1; of these, two individuals were withdrawn
after receiving IR/ER HB/APAP (after one and three doses)
and five individuals after receiving between 2 and 19 doses
of IR HB/APAP.

TEAESs occurring in =5% of participants during treatment
A2 included nausea, vomiting, dizziness, and headache, and

during treatment B2, TEAESs included nausea, vomiting, and
headaches. Vomiting was less frequent during treatment A2.
There were no severe or serious TEAEs reported. No
abnormalities in mean clinical laboratory tests were noted
by investigators. A single participant developed urogenital
trichomoniasis of mild intensity that was not deemed related
to study drug. Overall mean vital signs from baseline were
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Table 5 Mean (SD) plasma pharmacokinetic parameters by treatment (Study 2)

Hydrocodone (n=19) APAP (n=19)
Treatment A2

28,737.56 (7,211.04)

Treatment A2
289.72 (91.24)

Treatment B2
29,379.92 (7,371.87)

Treatment B2
286.63 (79.00)

AUCE . (ng-h/mL)

s (ng/ml) 32.79 (9.42) 34.35 (9.43) 6,897.37 (1,703.96) 5,435.26 (1,331.62)
cs (ng/ml) 14.13 (5.18) 15.86 (5.22) 825.63 (307.99) 1,063.16 (360.47)
C=_ (ng/ml) 24.14 (7.60) 23.89 (6.58) 2,394.80 (600.92) 2,448.33 (614.32)
DFL (%) 79.44 (15.27) 79.20 (19.23) 259.21 (59.49) 182.03 (40.39)
Swing 141 (0.41) 1.24 (0.42) 8.01 (2.84) 4.50 (1.90)

t_ (hours)* 2.00 (0.75, 4.00) 1.00 (0.75, 2.03) 0.50 (0.25, 1.00) 0.75 (0.25, 2.00)

Notes: *Median (range). A2, initial dose of IRZER HB/APAP 7.5/325 mg three tablets, followed | 2 hours later by two tablets every 12 hoursfromhour 0 to hour 108; B2, IR HB/APAP
7.5/325 mg one tablet every 6 hours from hour 0 to hour 108; Swing, (C* — C* )/C .

Abbreviations: APAP, acetaminophen; AUCS .

at steady state; C__, peak concentration; C* , peak concentration at steady state; C¥ , minimum concentration at steady state; DFL, degree of fluctuation (ie, 100x

[ijmx - C:in]/Cf“‘m); IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

steady-state area under the concentration—time curve from time 0 hours to 12 hours postdose; C% , average concentration

acetaminophen; SD, standard deviation.

similar for all treatments and at all points assessed. A single
participant had a pulse oximetry reading of 82% while
receiving treatment A2. Approximately 2 hours later, the
participant’s reading was 100%; the event was not reported as
aTEAE. No changes in physical examination findings were
reported, and any electrocardiogram abnormalities observed
during the study were apparent at screening rather than being
treatment emergent.

Discussion

In two clinical studies assessing single-dose and steady-state
PK at equal doses, total exposure of hydrocodone and APAP
from IR/ER HB/APAP was equivalent to IR HB/APAP as
estimated by AUC, . and AUC?, ,
normalized values for Study 1 and absolute values for
Study 2. The single-dose analysis (Study 1) found that the

as assessed by dose-

Table 6 Geometric LS mean ratios and 90% Cls for hydrocodone
and acetaminophen (Study 2)

Parameter Treatment A2/B2 Treatment A2/B2
(90% CI) (hydrocodone) (acetaminophen)
AUCs ., 99.49 (93.49-105.88) 97.92 (93.04-103.05)
ng-h/mL/mg

Cs , ng/mL/mg 99.49 (93.49-105.88) 97.921 (93.04-103.05)

Cs , ng/mL/mg
Cs , ng/mL/mg
DFL, %

Swing

94.51 (87.16-102.47)
87.07 (81.08-93.51)
101.43 (92.64-111.05)
115.90 (102.76-130.71)

127.05 (113.23-142.55)
76.86 (70.77-83.48)

142.54 (128.07—-158.64)
181.58 (153.51-214.79)

Notes: A2, initial dose of IR/ER HB/APAP 7.5/325 mg three tablets followed
12 hours later by two tablets every 12 hours from hour 0 to hour 108; B2,
IR HB/APAP 7.5/325 mg one tablet every 6 hours from hour 0 to hour 108.

Abbreviations: AUCy . steady-state area under the concentration—time curve
from time 0 hours to 12 hours postdose; Cfve.
state; C__, peak concentration; C¥ , peak concentration at steady state; C¥
minimum concentration at steady state; Cl, confidence interval; DFL, degree of
fluctuation; IR/ER HB/APAP, immediate-release/extended-release hydrocodone
bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/

acetaminophen; LS, least squares.

average concentration at steady

dose-normalized geometric LS mean ratio of C_was 26%
lower for treatment IR/ER HB/APAP (7.5/325 mg total dose)
versus IR HB/APAP (15/650 mg total dose) and 28% lower
for treatment IR/ER HB/APAP (15/650 mg total dose) versus
IR HB/APAP (15/650 mg total dose), with a 90% CI that
was below the lower threshold for treatment equivalence.
However, the Study 1 steady-state C* values were equiva-
lent for all treatments, normalized for dose. In steady-state
Study 2, geometric LS mean ratios of C* and AUC, . for
hydrocodone and APAP were equivalent for IR/ER HB/APAP
and IR HB/APAP administered at doses considered thera-
peutically comparable. Although swing for hydrocodone
was slightly greater for IR/ER HB/APAP in Study 2, this
difference was not considered clinically meaningful.

TEAEs observed during both studies were typical of
those reported with low-dose opioid treatment. In Study
1, nausea was more frequent with IR HB/APAP than with
IR/ER HB/APAP, and both nausea and vomiting were more
frequent with IR HB/APAP in Study 2. In Study 2, the fre-
quency of nausea and vomiting was higher than in Study 1 for
IR/ER HB/APAP and for IR HB/APAP. Possibly, the increased
frequency of these AEs was related to the difference in dosing
regimens between the two studies, with Study 2 using a three-
tablet initial dose of IR/ER HB/APAP and shortening of the
initial dosing interval for IR HB/APAP. No serious or severe
TEAEs were reported with any of the treatments.

The frequency of AEs observed in trials of healthy
volunteers may not adequately represent AEs that may be
observed in complicated patients in clinical practice, and AE
rates reported in different trials cannot reliably compare the
safety and tolerability of analgesic agents. However, in the
absence of adequately powered, head-to-head clinical trials,
noting the AE rates reported with different agents under
similar conditions has some value. Generally, the tolerability
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Table 7 Treatment-emergent adverse events

TEAE, n (%) Treatment Al Treatment Bl Treatment CI Overall
(n=46) (n=45) (n=46) (N=48)
Study |
Reported =1 TEAE 15(32.6) 22 (48.9) 19 (41.3) 33 (68.8)
Reported =1 SAE 0 0 0 0
Reported =1 severe TEAE 0 0 0 0
Most frequent TEAEs (=5% of participants)
Nausea 4(8.7) S5(ILT) 10 (21.7) 14 (29.2)
Headache 5(10.9) 8(17.8) 3(6.5) 11 (22.9)
Dizziness 4(8.7) 4 (8.9) 5(10.9) 9 (18.8)
Fatigue 3(6.5) 2 (44) 2(43) 6 (12.5)
Pruritus 0 5(IL1) 3(6.5) 6 (12.5)
Somnolence 0 3(6.7) 2 (4.3) 4(8.3)
Vomiting I (2.2) I (2.2) 1(2.2) 3(6.3)
Menstruation delayed 0 1 (22) 2 (4.3) 3 (6.3)
Treatment A2 Treatment B2 Overall
(n=21) (n=24) (N=26)
Study 2
Nausea 4 (19.0) 5(20.8) 9 (34.6)
Vomiting 2 (9.5) 5(20.8) 7 (26.9)
Dizziness 2 (9.5) 0 2(7.7)
Headaches | (4.8) | (4.2) 2(7.7)

Notes: Al, IR/ER HB/APAP 7.5/325 mg one tablet at hour 0, followed by one tablet every |2 hours from hour 72 to hour 144; BI, IR/ER HB/APAP 7.5/325 mg two tablets
at hour 0 followed by two tablets every 12 hours from hour 72 to hour 144; CI, IR HB/APAP 7.5/325 mg one tablet at hours 0 and 6, followed by one tablet every 6 hours
from hour 72 to hour 144; A2, initial dose of IR/ER HB/APAP 7.5/325 mg three tablets, followed 12 hours later by two tablets every |2 hours from hour 0 to hour 108; B2,

IR HB/APAP 7.5/325 mg one tablet every 6 hours from hour 0 to hour 108.

Abbreviations: IR/ER HB/APAP, immediate-release/extended-release hydrocodone bitartrate/acetaminophen; IR HB/APAP, immediate-release hydrocodone bitartrate/
acetaminophen; SAE, serious adverse event; TEAE, treatment-emergent adverse event.

results for IR/ER HB/APAP obtained in the current analyses
appear to be similar to tolerability findings in studies of IR
HB fixed-dose combination analgesics. In a study of patients
with postoperative dental pain administered at a single dose
of IR HB/APAP 7.5/500 mg, the frequency of nausea was
15.9% and that for vomiting was 7.9%. In patients with acute
pain following a fracture who received a single dose of IR
HB/APAP 5/325 mg followed by up to 12 additional doses
over 3 days, the frequency of nausea was 35% and that for
vomiting was 11%.8

A limitation of this study is that it was conducted in
healthy volunteers and not in patients with medical conditions
that might alter the PK of active treatments. The study also
did not include pediatric or geriatric participants, individu-
als who were obese or underweight patients, or substantial
numbers of individuals from races other than black and white.
Moreover, the study populations were small, making it nec-
essary to confirm findings in well-designed trials enrolling
more participants.

In summary, administration of single and multiple doses
of IR/ER HB/APAP was associated with similar levels of
overall drug exposure compared with IR HB/APAP at similar
doses.
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