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Obijective: To characterize the single-dose and steady-state pharmacokinetics (PK) of biphasic
immediate-release/extended-release hydrocodone bitartrate/acetaminophen (IR/ER HB/APAP),
IR HB/ibuprofen, and IR tramadol HCI/APAP.

Methods: In this single-center, open-label, randomized, four-period crossover study, healthy par-
ticipants received four treatments under fasted conditions: 1) a single dose of two IR/ER HB/APAP
7.5/325 mg tablets (15/650 mg total dose) on day 1, followed by two tablets every 12 hours (q12h)
beginning on day 3; 2) a single dose of IR HB/ibuprofen 15/400 mg (divided as one 7.5/200 mg
tablet at hour 0 and 6), followed by one tablet every 6 hours (q6h) beginning on day 3; 3) a single
dose of IR tramadol HCI/APAP 75/650 mg (divided as one 37.5/325 mg tablet at hour 0 and 6),
followed by one tablet q6h beginning on day 3; and 4) a single dose of three IR/ER HB/APAP
7.5/325 mg tablets (22.5/975 mg total dose) on day 1, a three-tablet initial dose at 48 hours fol-
lowed by two-tablet doses q12h beginning on day 3. Hydrocodone and APAP single-dose and
steady-state PK were assessed. Adverse events were monitored.

Results: The PK analysis was carried out on 29 of 48 enrolled participants who completed
all treatment periods. Single-dose hydrocodone exposure was similar for IR/ZER HB/APAP
22.5/975 mg and IR HB/ibuprofen 15/400 mg; time to maximum observed plasma concentra-
tion was shorter and half-life was longer for IR/ER HB/APAP (22.5/975 mg and 15/650 mg)
vs IR HB/ibuprofen. Single-dose APAP exposure was similar for IR/ZER HB/APAP 15/650 mg
and IR tramadol HCI/APAP 75/650 mg. Steady-state hydrocodone and APAP exposures were
similar between treatments. Adverse events were similar for each treatment and typical of low-
dose combination opioid analgesics. With dosing q12h, IR/ER HB/APAP had half as many
concentration peaks and troughs as the comparators treated q6h.

Conclusion: With dosing q12h, IR/ER HB/APAP provided similar peak and total steady-state
hydrocodone and APAP exposure vs IR comparators.

Keywords: acetaminophen, extended release, hydrocodone, ibuprofen, immediate release,
tramadol

Introduction
Recognizing that most pain involves multiple underlying mediators, analgesics that
incorporate multiple mechanisms of action may improve effectiveness.! Fixed-dose
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combinations (FDCs) of analgesics with complementary
mechanisms of action can potentially provide additive anal-
gesic effects while allowing a reduction in the total dose of
each component drug, which could lower the risk of dose-
related adverse events (AEs) compared with a higher-dose
monotherapy with one of the constituents.>* Current FDC
opioid analgesics indicated for acute moderate to severe
pain include immediate-release (IR) hydrocodone bitartrate
(HB)/acetaminophen (APAP), IR HB/ibuprofen, IR tramadol
HCI/APAP, IR oxycodone (OC)/APAP, and biphasic
IR/extended-release (ER) OC/APAP*#

Immediate-release opioid formulations are frequently
prescribed for acute pain to provide rapid onset of pain relief.’
In comparison, ER opioid formulations provide stable plasma
drug concentrations over a prolonged period, more sustained
analgesic effects, and reduced dosing frequency.'” ER opioids
have been attributed with other putative advantages, such as
more consistent pain relief, improved sleep quality, and fewer
AEs, but supportive evidence is lacking.''-!?

A biphasic delivery system has been developed, integrat-
ing an IR component for rapid onset and an ER component for
stable plasma drug concentrations over a prolonged duration
of action.!” Biphasic IR/ER HB/APAP 7.5/325 mg tablets
(MNK-155; Mallinckrodt Pharmaceuticals, Hazelwood,
MO, USA) are designed to provide IR of 25% of the HB and
50% of the APAP for rapid onset of effect and ER of 75% of
the HB and 50% of the APAP for extended analgesia over a
12-hour dosing interval.

This study examined the single-dose and steady-state
pharmacokinetic (PK) profile of IR/ER HB/APAP com-
pared with two IR FDC analgesics available for the treat-
ment of acute pain, IR HB/ibuprofen (Vicoprofen®; Halo
Pharmaceutical Inc., Whippany, NJ, USA) and IR tramadol
HCI/APAP (Ultracet®; PriCare Division of Janssen Ortho
Pharmaceuticals Inc., Gurabo, PR, USA), in healthy volun-
teers under fasted conditions. Tramadol is listed by the US
Department of Justice — Drug Enforcement Administration
as a schedule IV drug,'* whereas FDC products containing
hydrocodone are schedule I1."> Comparative evaluation
of these two products was required by the US Food and
Drug Administration (FDA) because the most similar FDC
formulation (ie, IR HB/APAP) has no recent clinical data
for comparison. However, these IR FDC products are also
of interest because of their clinical utility for acute pain.
Because hydrocodone is a substrate for the hepatic enzyme
cytochrome P450 (CYP) 2D6, the FDA also required that all
participants were genotyped to determine CYP2D6 metabo-
lizer status, which could help to understand any outlier PK
values.

An analysis of two studies comparing the single-dose
and steady-state PK characteristics of IR/ER HB/APAP with
IR HB/APAP have been published elsewhere.'® One notable
difference in the present study is that the steady-state PK of
IR/ER HB/APAP 7.5/325 mg tablets was examined with either
an initial three-tablet dose or two-tablet dose before twice-daily,
two-tablet repeated dosing. The three-tablet initial dose was
intended to achieve relatively higher concentrations after the first
dose. This is also the planned commercial dosing regimen.!”

Methods

Study design

This was a Phase I single-center, open-label, randomized,
four-period crossover study conducted in the US between
June 21, 2012, and August 30, 2012. As a Phase I study, it
was not registered with ClinicalTrials.gov. Participants were
randomized to receive four study treatments taken orally with
8 ounces of room-temperature water under fasted conditions.
Participants underwent a 14-day washout before the first
treatment and a =14-day washout before subsequent treat-
ments per FDA recommendations that washouts between
treatment periods be >5 times the half-life of the drug.'® The
treatments were 1) a single dose of two IR/ER HB/APAP
7.5/325 mg tablets (15/650 mg total dose) on day 1 (hour 0),
followed by two tablets every 12 hours (q12h) beginning
on day 3 (hour 48) and ending on day 7 (hour 144) for a
total of nine doses; 2) a single dose of IR HB/ibuprofen
15/400 mg (divided as one 7.5/200 mg tablet at hour 0 and 6),
followed by one tablet every 6 hours (q6h) beginning on
day 3 (hour 48) and ending on day 7 (hour 150) for a total
of 18 doses; 3) a single dose of IR tramadol HCI/APAP
75/650 mg (divided as one 37.5/325 mg tablet at hour 0 and
6), followed by one tablet q6h beginning on day 3 (hour 48)
and ending on day 7 (hour 150) for a total of 18 doses; and
4) a single dose of three IR/ER HB/APAP 7.5/325 mg tablets
(22.5/975 mg total dose) on day 1, a three-tablet initial dose
on day 3 (hour 48), followed by two-tablet doses q12h begin-
ning on day 3 (hour 60) and ending on day 7 (hour 144) for
a total of nine doses.

The study protocol was approved by IntegReview, Ethical
Review Board (Austin, TX, USA), and the study was con-
ducted in accordance with the International Conference on
Harmonisation of Good Clinical Practice and the US clinical
research regulations and guidelines. All participants provided
informed, written consent.

Study population
Healthy men and nonpregnant women aged 18—55 years with
a body mass index of 19-30 kg/m? and a minimum weight of
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59 kg (men) or 45 kg (women) were eligible for participation.
Individuals with a positive urine test for substances of abuse,
nicotine use in the past 6 months, prescription or over-the-
counter drug use in the past 14 days, gastric bypass or gastric
band surgery, conditions known to interfere with the PK of
the study drugs, or allergy or intolerance to study drugs were
excluded from enrollment.

Plasma sampling and assessments

Plasma samples were collected by venipuncture at regular
intervals for up to 156 hours after the initial dose (single-
dose phase: hours 0-48; multiple-dose phase: hours 48—156).
On day 1, samples were collected predose and at 15, 30,
and 45 minutes and 1, 2, 3, 4, 6, 8, 10, 12, 16, and 18 hours
postdose, with additional samples collected 30 minutes after
the dose administered at 6 hours for the IR HB/ibuprofen
and IR tramadol HCI/APAP treatments. Samples were also
obtained at 24 and 36 hours (day 2), before the morning dose
at 48 and 60 hours (day 3), at 72 hours (day 4), at 96 hours
(day 5), and at 120 hours (day 6). On day 7, samples were
collected predose and at 15, 30, and 45 minutes after the dose
administered at 144 hours and at 145, 146, 147, 148, 150,
152, 154, and 156 hours. Additional samples were collected
30 minutes after the dose was administered at 150 hours
for the IR HB/ibuprofen and IR tramadol HCI/APAP
treatments.

The collected blood sample tubes were placed in an
ice bath/cryoblock immediately after collection. Samples
were centrifuged at approximately 4°C, according to the
study site’s established procedures. Centrifugation yielded
approximately 2 mL of plasma. Each plasma fraction was
withdrawn by a pipette and divided into equal halves into
two labeled polypropylene screw-cap tubes and frozen at
—70°C, or below. Hydrocodone and APAP concentrations
were determined using a high-performance liquid chromatog-
raphy/tandem mass spectrometry assay at PPD Bioanalytical
Lab, Middleton, WI, USA. The method was developed and
validated over a calibration range of 0.100-50 ng/mL for
hydrocodone and 100—-15,000 ng/mL for APAP, using 300 uL
of plasma containing dipotassium ethylenediaminetetraacetic
acid as an anticoagulant. The method used a liquid-liquid
extraction procedure followed by chromatographic separa-
tion and tandem mass spectrometry detection of the analytes,
using hydrocodone-d, and APAP-d, as the internal standards.
Data were collected using the Micromass MassLynx version
4.1 (Waters Corp, Milford, MA, USA) and PPD Assist LIMS
version 5 (PPD, Richmond, VA, USA). The lower limit of
quantitation of the assay was 0.100 ng/mL for hydrocodone
and 100 ng/mL for APAP. The assay was validated for

linearity, precision, accuracy, ruggedness, recovery, and
specificity. Short-term stability and long-term storage stabil-
ity were also established.

The average recovery of drug was 98.0% for hydro-
codone, 78.5% for APAP, and 99.5% and 74.4% for the
hydrocodone and APAP internal standards, respectively. The
quality control (QC) intraday precision range was 1.38%—
17.3% for hydrocodone and 1.86%—11.5% for APAP, and
the QC intraday accuracy range was 1.25%-17.8% for
hydrocodone and —10.5% to 12.3% for APAP. The QC
interday precision range was 2.34%-10.7% for hydrocodone
and 3.93%—11.2% for APAP, and the QC interday accuracy
range was 4.06%—16.5% for hydrocodone and —0.0845% to
2.39% for APAP.

PK parameters were calculated using standard noncom-
partmental methods. The PK parameters included peak
(C,,) plasma concentration, area under the concentration-
time curve from 0 to infinity (AUC_ ) and from 0 to time
t(AUC, ), time to maximum observed plasma concentration
(¢,.)- lag time (t]ag), half-life (¢, ,), AUC from time 0—12 hours
at steady state (AUCy ,,,), average steady-state plasma drug
concentration during multiple-dose administration at steady
state (C), C,_ at steady state (C, ), minimum plasma
drug concentration at steady state (C7,
state (£ ).

max

), and ¢ at steady

Genotype evaluation

Genotyping was performed using the INFINITI™ CYP2D6I
assay (Autogenomics, Vista, CA, USA). One of four CYP2D6
phenotypes was assigned based on CYP2D6 genetic vari-
ants: extensive metabolizer (ie, the normative metabolic
state), intermediate metabolizer (ie, one active CYP2D6
allele), poor metabolizer (ie, no active alleles), or ultrarapid
metabolizer. The Grubb test and likelihood distance test
were used to identify PK outliers. Analyses of outliers were
intended to determine whether CYP2D6 genotype explained
outlier status.

Safety assessment

Adverse events were assessed throughout the study and coded
using the Medical Dictionary for Regulatory Activities ver-
sion 14.1. Additional safety measures were clinical laboratory
tests, vital signs, pulse oximetry, physical examination, and
electrocardiogram; any clinically significant changes were
reported as an AE.

Statistical methods
The PK analysis set consisted of participants who completed
all four treatment periods of the single- and multiple-dose
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components of the study. For single-dose PK, analysis of
variance was performed using the SAS® version 9.1.3 mixed-
effects linear model procedure (SAS Institute, Inc., Cary,
NC, USA) with the natural log-transformed dose-normalized
PK parameters C_ ,AUC_,
t,, as dependent variables; sequence, treatment, and period

and AUC __ and untransformed

as fixed effects; and participants nested within sequences as a
random effect. For steady-state PK, the SAS® mixed-effects
linear model procedure was used to perform analysis of vari-
ance with the natural log-transformed dose-normalized PK
parameters (C,,,, Cy Cp and AUCY ) as the dependent
variables; sequence, treatment, and period as fixed effects;
and participants nested within sequences as a random effect.
A 90% CI (confidence interval) of the geometric least
squares (LS) mean ratio fully contained within 80%—125%
was defined as no difference between treatments. The
Wilcoxon signed-rank test was used to compare ¢, log
and ¢ ; statistically significant differences were defined
as P=0.05.

The safety analysis set consisted of all enrolled partici-
pants who received =1 dose of study drug. Safety data were
analyzed using descriptive statistics.

Results

Participant disposition and demographics
Forty-eight participants enrolled in the study and 29
(60.4%) completed all single- and multiple-dose treat-
ment periods (Table 1). Of the 18 participants (37.5%)
who discontinued early, 15 (31.3%) did so because of
AEs, mostly vomiting (n=14). A single participant discon-
tinued because of ectopic pregnancy. Demographic and
baseline characteristics are summarized in Table 2; the
mean age of participants was 30.9 years, most were white
(62.5%), and there was an equal representation of men and
women.

Table | Participant disposition

Total participants, n (%) Participants
(n=48)
Completed the study (single-dose segments) 30 (62.5)

Completed the study (single- and multiple-dose segments) 29 (60.4)

Table 2 Demographics and baseline characteristics

Characteristic Single-dose

completers®

Multiple-dose All
completers®  participants

(n=30) (n=29) (N=48)

Mean (SD) age, years  30.5 (7.9) 30.3 (8.0) 30.9 (8.1)
Male sex, n (%) 18 (60.0) 18 (62.1) 24 (50.0)
Race, n (%)

White 17 (56.7) 16 (55.2) 30 (62.5)

Black 12 (40.0) 12 (41.4) 15 (31.3)

Asian I (3.3) 1 (3.4 3(6.3)
Mean (SD) weight, kg 76.5 (11.3) 76.7 (11.4) 73.7 (10.8)
Mean (SD) body mass  26.2 (2.8) 26.1 (2.7) 26.1 (2.5)

index, kg/m?

Note: *Based on number of participants who were single- and multiple-dose
completers.
Abbreviation: SD, standard deviation.

Hydrocodone pharmacokinetics

Single-dose pharmacokinetics

Hydrocodone plasma concentrations after single-dose admin-
istration of IR/ER HB/APAP and IR HB/ibuprofen are shown
in Figure 1, and PK parameters are shown in Table 3. For both
the two- and three-tablet single doses of IR/ER HB/APAP, the
mean hydrocodone 7, , was longer (two-tablet dose, 7.32 hours;
three-tablet dose, 7.08 hours; IR HB/ibuprofen, 5.74 hours)
and the mean hydrocodone ¢  was shorter (two-tablet
dose, 3 hours; three-tablet dose, 3 hours; IR HB/ibuprofen,
8 hours) compared with IR HB/APAP. The hydrocodone ¢
for IR HB/ibuprofen occurred 2 hours after dose administra-
tion at hour 6 because a higher hydrocodone concentration
followed the hour 6 dose than the hour 0 dose. Mean hydro-
codone C_ was approximately 50% greater with three vs
two tablets of IR/ZER HB/APAP but similar between three
tablets of IR/ER HB/APAP and IR HB/ibuprofen. Although
overall hydrocodone exposure (AUC, ) was approximately
50% greater after three vs two tablets of IR/ER HB/APAP
and approximately 40% greater after three tablets of
IR/ER HB/APAP vs after IR HB/ibuprofen, there were no
significant differences based on the 90% Cls of the geometric
LS mean ratios.

Steady-state pharmacokinetics

Steady-state hydrocodone plasma concentrations are shown
in Figure 2, and steady-state hydrocodone PK parameters
are shown in Table 4. Desired steady state for hydrocodone
was reached by 48 hours for all treatments. Steady-state
hydrocodone exposure (AUCY ,, Cy; C;.,) was similar for
IR/ER HB/APAP (with a three- or two-tablet initial dose)
and IR HB/ibuprofen, but the median ¢, was shorter for
both doses of IR/ER HB/APAP (initial three-tablet dose,

3 hours; initial two-tablet dose, 2.02 hours) compared with

Discontinued early 18 (37.5)
Reason for early discontinuation
Adverse event 15 (31.3)
Vomiting 14 (29.2)
Ectopic pregnancy 1 (2.1)
Withdrawal by participant 2 (42)
Other 1 (2.1)
Analysis population (single-dose segments) 30 (62.5)
Completers 29 (60.4)
650 submit your manuscript
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30~

20 4

104)/

Plasma concentration (ng/mL)

= |IR/ER HB/APAP 15/650 mg single dose
—— |[R/ER HB/APAP 22.5/975 mg single dose

=& |R HB/ibuprofen 15/400 mg single dose
(divided 7.5/200 mg at hour 0 and hour 6)

24 30 36 42 48

Time (hours)

Figure | Mean plasma hydrocodone concentrations after single-dose administration of IR/ER HB/APAP or IR HB/ibuprofen.
Abbreviations: APAP, acetaminophen; ER, extended release; HB, hydrocodone bitartrate; IR, immediate release.

IR HB/APAP (8 hours; P=0.008 vs IR/ER HB/APAP, initial
three-tablet dose; P=0.006 vs IR HB/APAP, initial two-tablet
dose). There were twice as many hydrocodone peaks and
troughs for IR HB/ibuprofen compared with IR/ER HB/APAP
(Figure 2), consistent with dosing q6h vs q12h.

Acetaminophen pharmacokinetics
Single-dose pharmacokinetics

Acetaminophen plasma concentrations after single-dose
administration of IRZER HB/APAP and IR tramadol HCI/APAP

are shown in Figure 3, and PK parameters are summarized in
Table 5. The ¢, , was significantly longer for IR/ER HB/APAP
(two tablets, 7.93 hours; three tablets, 8.26 hours) compared
with IR tramadol HCI/APAP (4.37 hours), and the ¢ was
longer for two tablets of IRZER HB/APAP (0.63 hours)
compared with IR tramadol HCI/APAP (0.53 hours;
P=0.035). Although mean APAP C__ and overall exposure
(AUC, ) were more than 50% greater after three tablets of
IR/ER HB/APAP than after two tablets of IR/ER HB/APAP
or IR tramadol HCI/APAP, only the difference in C__between

Table 3 Pharmacokinetic estimates for hydrocodone after single-dose administration of IR/ER HB/APAP* (n=30)

Parameter IR/ER HB/APAP® IR/ER HB/APAP« IR HB/ibuprofen*
15/650 mg 22.5/975 mg 15/400 mg
AUC, , ng-h/mL 255.01 (65.52) 378.90 (93.45) 270.19 (60.81)
Geometric LS mean ratio 93.245 (89.801-96.821) 93.232 (89.808-96.786) NA

(90% ClI) vs IR HB/ibuprofen
AUC_ , ng-h/mL

Geometric LS mean ratio

(90% ClI) vs IR HB/ibuprofen
ng/mL

249.65 (59.28)

C 17.68 (3.40)

Geometric LS mean ratio
(90% ClI) vs IR HB/ibuprofen
h 7.32 (2.15)

1.618 (1.127-2.109)

tI/Z’

Difference in geometric LS mean
ratio (90% ClI) vs IR HB/ibuprofen

Median (range) t_, h 3.00 (0.50-5.92)

P-value vs IR HB/ibuprofen <0.001
Median (range) tog h 0.00 (0.00-0.50)
P-value vs IR HB/ibuprofen 0.055

92.135 (88.822-95.570)

69.762 (66.616-73.057)

372.87 (88.46) 268.33 (59.89)

92.499 (89.193-95.928) NA
26.34 (5.50) 25.46 (5.73)
69.198 (66.095-72.446) NA

7.08 (1.24) 5.74 (0.73)
1328 (0.840-1.816) NA

3.00 (0.75-8.00) 8.00 (0.50-10.00)
<0.001 NA

0.00 (0.00-0.25) 0.00 (0.00-0.30)
1.000 NA

Notes: *All data are mean (SD) unless otherwise noted; *IR/ER HB/APAP 7.5/325 mg, two tablets at time 0; IR/ER HB/APAP 7.5/325 mg, three tablets at time 0; ‘IR HB/

ibuprofen 7.5/200 mg one tablet at time 0 and one tablet at hour 6.

Abbreviations: APAP, acetaminophen; AUC,_, area under the concentration vs time curve from time 0 to infinity; AUC_ , area under the concentration vs time curve from
time 0 to time t; Cl, confidence interval; me, peak plasma drug concentration; ER, extended release; HB, hydrocodone bitartrate; IR, immediate release; LS, least squares;

NA, not applicable; SD, standard deviation; t,

2 m;

half-life; t,_, lag time; t
lag

o time to peak plasma drug concentration; h, hours.
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-+~ |R/ER HB/APAP 15/650 mg q12h

—4— |R/ER HB/APAP 22.5/975 mg initial dose
4] then 15/650 mg q12h

—&— |R HB/ibuprofen 7.5/200 mg q6h
0 T T
144 146

Plasma concentration (ng/mL)

150 152 154 156
Time (hours)

148
Figure 2 Mean steady-state plasma hydrocodone concentrations after multiple-dose administration of IR/ER HB/APAP or IR HB/ibuprofen.

Abbreviations: APAP, acetaminophen; ER, extended release; HB, hydrocodone bitartrate; IR, immediate release; qéh, every 6 hours; ql2h, every 12 hours.

Table 4 Steady-state pharmacokinetic estimates for hydrocodone® (n=29)

Parameter IR/ER HB/APAP®

15/650 mg ql2h

IR/ER HB/APAP*
22.5/975-mg initial dose,
then 15/650 mg ql2h

IR HB/ibuprofen*
7.5/200 mg q6h

AUCY ., ng-h/mL

Geometric LS mean ratio (90% Cl) vs IR HB/ibuprofen
C%, ng/mL

Geometric LS mean ratio (90% CI) vs IR HB/ibuprofen
C% , ng/mL

Geometric LS mean ratio (90% CI) vs IR HB/ibuprofen
C% , ng/mL

Geometric LS mean ratio (90% CI) vs IR HB/ibuprofen
Median (range) t* , h

P-value vs IR HB/ibuprofen

268.24 (62.32)

89.605 (85.257-94.176)
22.35 (5.19)

89.605 (85.257-94.176)
30.57 (6.37)

84.135 (80.257-88.454)
13.56 (4.36)

84.845 (77.465-92.928)
2.02 (0.50-5.92)

0.006

263.94 (62.24)

89.066 (84.789-93.558)
22.00 (5.19)

89.066 (84.789-93.558)
30.52 (7.11)

84.887 (80.786-89.196)
12.48 (3.24)

80.959 (73.990-88.584)
3.00 (0.75-5.93)

0.008

298.80 (76.84)
NA

24.90 (6.40)

NA

35.94 (7.74)

NA

15.89 (5.29)

NA

8.00 (0.50-10.02)
NA

Notes: *All data are mean (SD) unless otherwise noted; "IR/ER HB/APAP 7.5/325 mg, two tablets q12h; <IR/ER HB/APAP 7.5/325 mg three tablet initial dose then two tablets

ql2h; 4IR HB/ibuprofen 7.5/200 mg one tablet q6h.

Abbreviations: APAP, acetaminophen; AUCgfnh, area under the concentration vs time curve from time 0 to 12 hours at steady state; Cl, confidence interval; C:f, average

steady-state plasma drug concentration during multiple-dose administration; C*

‘max’

peak plasma drug concentration at steady state; C°

‘min’

minimum plasma drug concentration

at steady state; ER, extended release; HB, hydrocodone bitartrate; IR, immediate release; LS, least squares; NA, not applicable; q6h, every 6 hours; ql2h, every 12 hours; trsnsax,

time to peak plasma drug concentration at steady state.

8,000 .
— |IR/ER HB/APAP 15/650 mg single dose
7,000 —&— IR/ER HB/APAP 22.5/975 mg single dose
=& |R tramadol HCI/APAP 75/650 mg single dose
6,000 (divided 37.5/325 mg at hour 0 and hour 6)

5,000
4,000
3,000

2,000

Plasma concentration (ng/mL)

1,000

Time (hours)

Figure 3 Mean plasma APAP concentrations after single-dose administration of IR/ER HB/APAP or IR tramadol HCI/APAP.
Abbreviations: APAP, acetaminophen; ER, extended-release; HB, hydrocodone bitartrate; HCI, hydrochloride; IR, immediate release.
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Table 5 Pharmacokinetic estimates for APAP after single-dose administration of IR/ER HB/APAP (n=27-30; also look at individual
footnotes given in the first column)?

Parameter

IR/ER HB/APAP®
15/650 mg

IR/ER HB/APAP*
22.5/975 mg

IR tramadol HCI/APAP¢
15/650 mg

AUCM, ng-h/mL®
Geometric LS mean ratio (90% CI)
vs IR tramadol HCI/APAP

AUC_ , ng-h/mLf
Geometric LS mean ratio (90% CI)
vs IR tramadol HCI/APAP

Cooo ng/mLf
Geometric LS mean ratio (90% Cl)
vs IR tramadol HCI/APAP

12 he
Geometric LS mean ratio (90% CI)
vs IR tramadol HCI/APAP

f

t

Median (range) t , h
P-value vs IR tramadol HCI/APAP

35,529 (10,053)
102.227 (98.513-106.081)

32,655 (9,958)
98.466 (94.928-102.137)

5719 (1,811)
109.812 (99.719-120.927)

7.93 (2.52)
3.589 (2.692—4.485)

0.63 (0.25-3.02)
0.035

55,004 (14,776)
105.640 (101.773—109.654)

51,339 (15,185)
102.669 (98.957-106.519)

8,989 (2,291)
116.832 (106.033-128.731)

8.26 (2.36)
3.735 (2.832-4.639)

0.50 (0.25-2.00)
0.065

34,457 (10,185)
NA

33,210 (9,864)

NA
5,145 (1,354)
NA

437 (1.44)
NA

0.53 (0.25-8.03)
NA

Notes: *All data are mean (SD) unless otherwise noted; *IR/ER HB/APAP 7.5/325 mg two tablets at time 0; IR/ER HB/APAP 7.5/325 mg three tablets at time 0; ‘IR tramadol
HCI 37.5/325 mg one tablet at time 0 and one tablet at hour 6; ?IR/ER HB/APAP [5/650 mg, n=27; IR/ER HB/APAP 22.5/975 mg, n=28; IR tramadol HCI/APAP, n=30;
n=30.

Abbreviations: APAP, acetaminophen; AUC,_, area under the concentration vs time curve from time 0 to infinity; AUC_ , area under the concentration vs time curve
from time O to time t; Cl, confidence interval; C__, peak plasma drug concentration; ER, extended release; HB, hydrocodone bitartrate; HCI, hydrochloride; IR, immediate

release; LS, least squares; NA, not applicable; SD, standard deviation; t, ,, half-life; t _, time to peak plasma drug concentration.

three tablets of IR/ER HB/APAP and IR tramadol HCI/APAP

av. max.

APAP exposure (AUCY ,, Cp and Cy;) was similar for

was significantly different based on the 90% CIs of the geo-
metric LS mean ratios.

Steady-state pharmacokinetics
Steady-state APAP plasma concentrations are shown in

IR/ER HB/APAP (with a three- or two-tablet initial dose)
and IR tramadol HCI/APAP. However, there were twice as
many APAP concentration peaks and troughs for IR trama-
dol HCI/APAP compared with IR/ER HB/APAP (Figure 4),
consistent with dosing q6h vs q12h.

Figure 4, and steady-state PK parameters are summa-
rized in Table 6. Steady state for APAP was achieved in
24 hours after IR/ER HB/APAP with an initial two-tablet
dose and in 48 hours after IR/ER HB/APAP with an initial
three-tablet dose and IR tramadol HCI/APAP. Steady-state

Genotype evaluation

Of 48 participants who were genotyped for CYP2D6
status, 29 were determined to be intermediate metabolizers,
17 extensive metabolizers, one ultrarapid metabolizer,

6,000 1

#— IR/ER HB/APAP 15/650 mg q12h
== |R/ER HB/APAP 22.5/975 mg initial dose then 15/650 mg q12h
=& |R tramadol HCI/APAP 37.5/325 mg q6h

5,000

4,000

3,000

2,000

1,000

Plasma concentration (ng/mL)

IR TN TR TR T N T TN T T TN TN TN N N TN T T 1

150 152 154

Time (hours)

144 146 148

Figure 4 Mean steady-state plasma APAP concentrations after multiple-dose administration of IR/ER HB/APAP or IR tramadol HCI/APAP.
Abbreviations: APAP, acetaminophen; ER, extended-release; HB, hydrocodone bitartrate; HCI, hydrochloride; IR, immediate-release; qéh, every 6 hours; ql2h, every |12 hours.
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Table 6 Steady-state pharmacokinetic estimates for APAP (n=29)*

Parameter IR/ER HB/APAP IR/ER HB/APAP IR tramadol HCI/APAP
15/650 mg ql2h® 22.5/975-mg 37.5/325 mg q6h*
initial dose then
15/650 mg ql2h©
AUC? . ng-h/mL 32,057 (9,267) 32,174 (8,121) 33,122 (8,175)
Geometric LS mean ratio (90% Cl) 96.013 (91.831-100.385) 96.393 (92.149-100.832) NA
vs IR tramadol HCI/APAP
C%, ng/mL 2,671 (772) 2,681 (677) 2,760 (681)
Geometric LS mean ratio (90% Cl) 96.013 (91.831-100.385) 96.393 (92.149-100.832) NA
vs IR tramadol HCI/APAP
C% , ng/mL 6,564 (2,011) 6,486 (1,602) 5,879 (1,772)
Geometric LS mean ratio (90% CI) 111.250 (102.057-121.272) 110.641 (101.403—120.722) NA
vs IR tramadol HCI/APAP
C% , ng/mL 1,035 (340) 1,016 (299) 1,166 (364)
Geometric LS mean ratio (90% CI) 88.378 (82.253-94.960) 87.417 (81.293-94.001) NA

vs IR tramadol HCI/APAP
Median (range) t* , h 0.55 (0.254.03)
P-value vs IR tramadol HCI/APAP 0.011

0.75 (0.25-3.00)
0.034

0.75 (0.25-8.15)
NA

Notes: *All data are mean (SD) unless otherwise noted; "IR/ER HB/APAP 7.5/325 mg two tablets ql2h; <IR/ER HB/APAP 7.5/325 mg three tablet initial dose then two tablets
ql2h; IR tramadol HCI/APAP.

Abbreviations: APAP, acetaminophen; AUCgf‘Zh, area under the concentration vs time curve from time 0 to 12 hours at steady state; Cl, confidence interval; Cff, average
steady-state plasma drug concentration during multiple-dose administration; C , peak plasma drug concentration at steady state; C* , minimum plasma drug concentration

at steady state; ER, extended release; HB, hydrocodone bitartrate; HCI, hydrochloride; IR, immediate release; LS, least squares; NA, not applicable; q6h, every 6 hours; ql2h,
every 12 hours; SD, standard deviation; t*° , time to peak plasma drug concentration at steady state.

‘max”

and a poor metabolizer. No clinically relevant effects of
genotype were found in any study participant. No PK out-
liers were identified using the Grubb test after single- or
multiple-dose administration. A single outlier for AUC
was identified using the likelihood distance test. This subject
was neither a poor nor an ultrarapid metabolizer; hence,
his PK results were not attributed to genetic factors. The
subject completed treatment and was included in the PK

analyses.

Safety and tolerability

Forty-one of 48 participants (85.4%) reported =1 treatment-
emergent AE (TEAE), and 38 (79.2%) experienced =1
TEAE that was considered by investigators to be related
to treatment. The types of TEAEs were similar across
treatments. TEAEs occurring in =10% of participants
were nausea (n=25 [52.1%]), vomiting (16 [33.3%]), som-
nolence (15 [31.3%]), pruritus (12 [25.0%]), constipation
(eleven [22.9%]), dizziness (ten [20.8%]), headache (ten
[20.8%]), and euphoric mood (five [10.4%]). All TEAEs
were considered mild to moderate in severity. There was
one serious AE, ectopic pregnancy, considered not related to
treatment. No deaths occurred during the study. There were
no clinically significant changes in mean clinical laboratory
test results, electrocardiogram findings, or vital signs, and
physical examination results remained unchanged for all
participants.

Discussion

In healthy participants under fasted conditions, single-dose
IR/ER HB/APAP exhibited an early C__ (ie, short ¢ ) for
hydrocodone and APAP similar to IR HB/ibuprofen and IR
tramadol HCI/APAP, respectively, consistent with its biphasic
design. Additionally, IR/ER HB/APAP provided prolonged
plasma concentrations with a longer ¢, , for hydrocodone and
APAP than the comparator IR formulations, which supports
dosing q12h vs g6h. Total exposure to hydrocodone (based
on dose-normalized AUC) after single-dose administra-
tion was not significantly different between two tablets of
IR/ER HB/APAP, three tablets of IR/ER HB/APAP, and
one tablet of IR HB/ibuprofen. Similarly, total exposure to
APAP after single-dose administration was not significantly
different between two tablets of IR/ER HB/APAP, three
tablets of IR/ER HB/APAP, and one tablet of IR tramadol
HCI/APAP. In addition, after multiple doses, peak and total
steady-state exposure to hydrocodone and APAP were simi-
lar with IR/ER HB/APAP (with a three- or two-tablet initial
dose) and IR HB/ibuprofen and IR tramadol HCI/APAP,
respectively. Participant genotyping and outlier analyses
revealed no association between hydrocodone PK values
and CYP2D6 genotype.

The safety and tolerability of single and repeated doses
of IR/ER HB/APAP (with a three- or two-tablet initial dose)
were consistent with those observed with low-dose com-
bination opioid analgesics."”?” In PK studies of low-dose
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combination opioids enrolling healthy adult volunteers,
a discontinuation rate of 20%-40% due to vomiting is
typical.?1?#% In acute pain studies, short-term multidose
regimens of IR HB/APAP and/or IR OC/APAP have reported
nausea and vomiting in 14%-42% and 4%—24% of patients,
respectively.!®?22627 Similar results have been observed
with opioid/ibuprofen and tramadol/APAP combination
therapies.?>24%6

These findings are concordant with those from two
studies comparing the single- and multiple-dose PK of
IR/ER HB/APAP with IR HB/APAP in healthy volun-
teers.'® In those studies, IR/ER HB/APAP demonstrated
similar single- and multiple-dose PK outcomes and toler-
ability compared with IR HB/APAP. The comparison of
IR/ER HB/APAP with IR HB/ibuprofen and IR tramadol/
APAP provides important data for prescribers. In addition
to its opioid receptor—agonist properties, tramadol acts
as a weak inhibitor of norepinephrine and an inhibitor
of serotonin reuptake,’ differentiating tramadol/APAP
combinations from opioid/APAP combinations. From a
tolerability standpoint, ibuprofen has been associated
with gastrointestinal effects typical of the nonsteroidal
anti-inflammatory drug class,’® whereas the serotonergic
mechanism of tramadol may create tolerability issues
in patients taking other serotonergic drugs.” Thus, it is
important to characterize the PK and safety profiles of
these drugs because of their frequent use in acute pain
indications and examine tolerability because of the need
for careful drug selection in patients receiving different
concurrent medications or in patients with different drug
sensitivities.

This study, unlike the studies comparing IR/ER HB/APAP
to IR HB/APAP,'¢ compared the PK of IR/ER HB/APAP with
an initial three-tablet and two-tablet dose, then maintained
with two tablets administered every 12 hours throughout the
course of study. Although there was no difference in the time
to achieve steady-state concentrations for the three-tablet and
two-tablet initial dose regimens, the similar safety profiles
support the administration of either a three-tablet or two-
tablet initial dose.

A limitation of this study is that study medications were
administered under fasted conditions, leaving potential
food effects unexamined. However, a study comparing
the single-dose PK of IR/ER HB/APAP showed minimal
effects of food.’! Also, the study groups were small and
did not include pediatric or geriatric individuals, the sub-
stantially underweight or overweight, or individuals with
comorbidities.

Conclusion

In this open-label trial, single and multiple doses of
IR/ER HB/APAP 7.5/325 mg tablets exhibited a shorter time
to achieve maximum drug concentrations similar to that of
IR HB/ibuprofen 7.5/200 mg tablets and IR tramadol/APAP
37.5/325 mg tablets, but also provided sustained drug expo-
sure with 12-hour dosing. AEs were consistent with those
expected during treatment with low-dose opioid-combination
therapies.
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