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Abstract

Background COX-2 inhibitors can be effective for acute
migraine, but none is supplied in a rapidly absorbed, ready-
to-use oral liquid formulation. DFEN-15, a novel oral liquid
formulation of celecoxib, is being developed for the acute
treatment of migraine with or without aura. Clinical studies
with this formulation are ongoing.
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Objectives The objectives of the present study were to
compare the bioavailability of DFN-15 with that of the
commercial formulation of celecoxib 400-mg oral capsules
(Celebrex®) and to determine the dose proportionality of
DFN-15 in healthy fasted volunteers.

Methods This single-dose randomized crossover study in
16 healthy fasted volunteers evaluated the pharmacoki-
netics and relative bioavailability of DFN-15 at doses of
120, 180, and 240 mg against the commercial formulation
of celecoxib 400-mg oral capsules and determined the dose
proportionality of DFN-15.

Results The maximum observed plasma concentrations
(Cmax) of celecoxib after the administration of DFN-15
120, 180, and 240 mg (1062—1933 ng/ml) were higher than
for the 400-mg oral capsules (611 ng/ml). The median time
to peak concentration (Ty,,x) was within 1 h for DFN-15
and 2.5 h for the oral capsules. The pharmacokinetics of
DFN-15 were dose proportional from 120 to 240 mg.
Partial area under the plasma concentration—time curves
(AUCs) from 15 min to 2 h for DFN-15 120 mg were at
least threefold higher than for the oral capsules, and the
relative bioavailability of DFN-15 was approximately
140% that of the oral capsules. DFN-15 was well tolerated,
with no new or unexpected adverse events.

Conclusions Based on a faster rate of absorption and
increased bioavailability, DFN-15 is being evaluated as an
abortive medication for acute treatment in patients with
migraine.
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Key Points

This study compared the bioavailability of DFN-15,
a novel oral liquid formulation of celecoxib, relative
to celecoxib 400-mg oral capsules and determined
the dose proportionality of DFN-15.

After administration of DEN-15 120, 180, and

240 mg, maximum observed plasma concentration
(Cmax) values (1062-1933 ng/ml) were higher than
for the 400-mg oral capsules (611 ng/ml), and the
median time to peak concentration (7,,x) Was within
1 h for DFEN-15 and 2.5 h for the oral capsules.

DEN-15 is being evaluated as an acute treatment for
migraine based on its faster absorption and greater
bioavailability than celecoxib 400-mg oral capsules.

1 Introduction

Migraine is a painful, often disabling neurologic condition
for which evidence-based acute pharmacotherapy may
involve analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDs), or migraine-specific drugs (i.e., triptans and
dihydroergotamine) [1, 2]. Orally administered NSAIDs
are recommended as first-line therapy for attacks of mild to
moderate intensity as well as for severe acute attacks [1, 2],
and they remain the most commonly used migraine medi-
cations [3, 4]. Their efficacy in migraine is based on
blockade of cyclooxygenase (COX), which decreases
prostaglandin synthesis, but their clinical utility can be
limited by upper gastrointestinal complications related to
nonselective inhibition of COX-1 isoenzymes in the gastric
mucosa [5].

Agents classified as COX-2 selective inhibitors are up to
1000 times more selective for COX-2 than for COX-1 [6],
which provides improved gastrointestinal safety relative to
nonselective NSAIDs [5, 7-9]. In the acute treatment of
migraine, several oral COX-2 inhibitors, including rofe-
coxib 25 and 50 mg [10], valdecoxib 40 mg [11], and
celecoxib 400 mg [9], have demonstrated good efficacy
and tolerability. Among the COX-2-selective inhibitors,
celecoxib has demonstrated a substantially lower risk of
upper gastrointestinal bleeding than rofecoxib [5].

Celecoxib oral capsules (Celebrex®, Pfizer Inc., USA),
when administered under fasting conditions, achieve peak
plasma concentrations (Cy,,x) at approximately 3 h [12].
Celecoxib is highly protein bound (~97%) within the
therapeutic range, and the apparent volume of distribution
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(V4/F) at steady state is about 400 L, suggesting extensive
tissue distribution [12]. Celecoxib is predominantly cleared
via the cytochrome P450 (CYP)-2C9 metabolic pathway,
with little unchanged drug recovered in urine and feces
[12]. The apparent plasma clearance (CI/F) is about
500 ml/min [12]. It appears that its low solubility prolongs
celecoxib absorption, making terminal half-life (#.,,) deter-
minations variable and resulting in an effective half-life of
about 11 h under fasted conditions. Delayed oral absorp-
tion also slows onset of action and impedes an important
treatment goal of acute migraine therapy (i.e., rapid pain
relief [13]), and the problem can be exacerbated by
migraine-associated gastric stasis, which can inhibit drug
absorption and further delay the onset of pain relief with
oral medications [14-17].

DFEN-15, a novel oral liquid formulation of celecoxib, is
being developed for the acute treatment of migraine with or
without aura. No COX-2 inhibitors are supplied in a ready-
to-use oral liquid formulation, and, to our knowledge, no
clinical studies have evaluated an oral liquid formulation of
celecoxib in the acute treatment of migraine. The objec-
tives of the present study were to compare the relative
bioavailability of DFN-15 with that of the commercial
formulation of celecoxib 400-mg oral capsules and deter-
mine the dose proportionality of DFN-15 in healthy fasted
volunteers.

2 Methods
2.1 Compliance with Ethical Standards

This study was conducted in compliance with the ethical
principles of the Declaration of Helsinki (7th revision,
2013), the International Council for Harmonisation
Guideline E6 for Good Clinical Practice, and the US FDA
Code of Federal Regulations Title 21 (part 56). The pro-
tocol and the informed consent form were reviewed and
approved by Quorum Review IRB (Seattle, WA, USA). As
this study was a phase I trial of an investigational new drug
in healthy volunteers, it did not require online pre-regis-
tration. However, it was retrospectively registered at http://
www.clinicaltrials.gov ~ (ClinicalTrials.gov  identifier:
NCTO03051685).

2.2 Subjects

In total, 16 subjects who consented were considered for this
study, and this sample size was judged sufficient to meet
the study objectives and provide an estimate of intra-sub-
ject variability. Subjects included healthy men and women
aged 18-45 years who had a body mass index (BMI) of
18.5-30 kg/mz, were non-smokers for at least 3 months
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before enrollment, and had no history of clinically signif-
icant disease or evidence of clinically significant findings
on physical examination and/or clinical laboratory evalu-
ations (hematology, general biochemistry, coagulation,
electrocardiogram, urinalysis, fecal occult blood test).
Women could not be pregnant or lactating, and those of
childbearing potential had to be using appropriate contra-
ceptive techniques or sexually inactive from at least
28 days before through at least 30 days after administration
of study drugs.

Subjects were excluded if they were hypersensitive to
celecoxib, sulfonamides, or any other NSAIDs or had
significant illness or any other condition known to affect
drug absorption, distribution, metabolism, and excretion.
They were also disqualified for using aspirin or NSAIDs in
the 7 days before the study or, in the 28 days before the
study, for using enzyme-modifying drugs or another
investigational product or having any clinically significant
illness. Subjects were also ineligible if they had any sig-
nificant history of drug dependency or alcohol abuse within
the previous year or a positive result on alcohol/drug
screen.

2.3 Study Conduct

This was a single-center, open-label, randomized, single-
dose, four-treatment, four-period, four-sequence crossover
study. Subjects arrived at the clinical site (Algorithme
Pharma USA, Fargo, ND, USA) at least 13 h prior to drug
administration, and they completed an overnight fast for at
least 10 h before drug administration. After each of the three
DFN-15 treatments, and together with the celecoxib capsule
administration, subjects were given approximately 240 ml
of room-temperature water. Subjects remained seated or
ambulatory, avoided vigorous exertion and complete rest,
and continued fasting for 4 h after treatment. In each study
period, blood samples for pharmacokinetic measurements
were collected in a 4-ml vacuum tube with K3-EDTA as
anticoagulant at baseline, at 5, 10, 20, 30, 40, 60, 80, and
100 min, and at 2, 2.5, 3,3.5,4,5,6,8,12,24,48,and 72 h
post-dose. Blood samples were centrifuged at 4 °C (ap-
proximately 3000 rpm for 10 min) and as soon as possible
and not exceeding 60 min after blood sample collection. The
plasma obtained was transferred in pre-labelled polypropy-
lene tubes and were maintained in an ice-water bath until
stored in the clinical freezers pending analysis. Aside from
the water taken with the drug, subjects were allowed to
consume water until 1 h before and beginning 1 h after drug
administration. Subjects were checked out of the clinical site
24 h after each treatment administration and were asked to
return for each of the remaining blood samples. The washout
period between treatments was 7 days; the duration of the
study was 26 days.

2.4 Treatments

Subjects were randomized to receive a single 120-mg
(2.4 ml), 180-mg (3.6 ml), or 240-mg (4.8 ml) dose of
50 mg/ml DFN-15 oral solution (manufactured by Quay
Pharmaceuticals Ltd., UK for Dr. Reddy’s Laboratories
Ltd., India) or a single 400-mg oral capsule of celecoxib.
The celecoxib oral solution was manufactured in compli-
ance with Good Manufacturing Practices and contained
excipients that are within the acceptable limits of the fed-
eral inactive ingredients database [18]; therefore, no addi-
tional nonclinical study was required to assess safety. Dose
selection was based on the established pharmacokinetic
and safety profiles of celecoxib after a dose of 400-mg oral
capsules, and similar exposures were expected with the
highest dose (240 mg) of DFN-15. To determine dose
proportionality of DFN-15, two additional doses of 120 mg
and 180 mg were also selected. Disposable dosing syringes
of 5 ml capacity were used to draw appropriate volumes of
DFN-15, and the treatments were delivered through the
dosing syringe directly into subjects’ mouths followed by
intake of 240 ml of water. Study medications were
administered consecutively, and treatment compliance was
confirmed by checking each subject’s mouth cavity after
drug administration.

2.5 Drug Assays

The experimental plasma samples were assayed for cele-
coxib using a validated bioanalytical method that complies
with the FDA guidance [19]. They were analyzed using
liquid chromatography (LC), and the analytes were detec-
ted using tandem mass-spectrometry (MS/MS). The quan-
tifiable range was 10.393-4059.936 ng/ml. Celecoxib was
extracted from 200 pl anticoagulated (K3-EDTA) human
plasma using a precipitation extraction procedure. Cele-
coxib-d7 was used as an internal standard (IS). The vali-
dation was performed using an API 4000™ LC/MS/MS
system with a TurbolonSpray® interface (SCIEX, Fram-
ingham, MA, USA). The negative ions were measured in
multiple reaction monitoring (MRM) mode. The data were
acquired and analyzed with Analyst® software, version
1.4.2 (SCIEX). The pump flow was isocratic. The column
temperature was kept at 40 °C. Injection volume was 2 pl
with a total run time of 4 min. The calibration curve con-
sisted of two control blanks, two zero standards, and eight
non-zero calibration standards covering the quantifiable
concentration range. The quality control (QC) samples
were analyzed with every precision and accuracy assay
batch. Analyte:IS peak area ratio values were used to set up
the calibration curve and to determine QC sample con-
centrations. The precision and accuracy of back-calculated
concentrations of celecoxib calibration standards ranged
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from 0.7 to 6.1% and from 92.7 to 107.4%, respectively.
Inter-assay precision was 3.9-6.7%, while inter-assay
accuracy was 94.2-97.8% (for QC samples). The intra-
assay precision value of QCs ranged from 1.7 to 5.7%,
whereas intra-assay accuracy ranged from 90.1 to 103.6%
(for QC samples).

2.6 Pharmacokinetic and Statistical Analyses

The primary pharmacokinetic parameters of interest were
Ciax, area under the plasma concentration—time curve
(AUC) from Dbaseline through 15 min post-dose
(AUCqp_15min)» AUC from baseline through 30 min post-
dose (AUC(_30min), AUC from baseline through 1 h post-
dose (AUCq_jp), AUC from baseline through 2 h post-
dose (AUCy_5,), AUC from baseline through the last
measured concentration (AUCy_7), AUC from baseline
through Ti,,x of celecoxib oral capsules (AUCy_gerr,,, )
and AUC extrapolated to infinity (AUCy_..). Secondary
parameters included time before the first measurable
concentration (Tiag), Tmax, relative percentage of AUCy p
with respect to AUCy_,, (AUCy_z7,.), apparent elimina-
tion rate constant (1), and f,,. Since each of the DFN-15
doses was compared with an oral dose of celecoxib
400 mg, samples from subjects who provided evaluable
data for at least one of the comparisons of interest or for
the dose proportionality evaluation were assayed. Data
from these subjects were included in the pharmacokinetic
and statistical analysis.

AUC parameters were not estimated for subjects with
fewer than three consecutive measurable concentrations of
celecoxib in a study period. Data for subjects whose sam-
ples were not taken within 2 min of the 20- or 30-min
timepoints and/or 5% of the 1- and 2-h timepoints (i.e.,
3 min at 1 h and 6 min at 2 h) were excluded from the
calculations for the parameters AUCq_15min,» AUC0o_30mins
AUCq_;p, and/or AUC(_yy,.

Pharmacokinetic parameters were estimated using a
non-compartmental approach with a log-linear terminal
phase assumption. The linear-up and log-down trapezoidal
method was used to estimate AUCs. Disposition parame-
ters were not estimated for individual concentration—time
profiles if the terminal log-linear phase could not be reli-
ably characterized. Pharmacokinetic analyses were per-
formed using validated software (Phoenix® WinNonlin®
version 6.3; Certara USA, Inc., Princeton, NJ, USA), and
workflows were reported with the help of Phoenix® Con-
nect™ version 1.3.1 (Certara USA, Inc., Princeton, NJ,
USA).

Descriptive statistics were used to summarize adverse
events (AEs), safety results, and demographic variables
(age, height, weight, and BMI). The natural logarithmic
transformation of primary pharmacokinetic parameters, as
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well as the rank-transformation of 7j,, and Tr,ax, Were used
for all statistical inferences.

All primary pharmacokinetic parameters were analyzed
using separate analysis of variance (ANOVA) models. The
ANOVA model included the treatment received, period of
administration, and the sequence in which each treatment was
received as fixed factors and the subject effect (nested within
sequence) as random factor. Treatment, sequence, and period
effects were evaluated at the 5% significance level (p < 0.05).

All three doses of DFN-15 were evaluated for
bioavailability (F,e) relative to an oral dose of celecoxib
400 mg and calculated as:

Fre1(7%) = (AUC(9_s0)1i/Doser;) / (AUC(g—oo)r /Doser)
x 100

where T represents DFN-15, i = 1 ... n represents the
dose of DFN-15, and R represents celecoxib oral capsules.
Bioavailability was compared using a two one-sided test
approach for equivalence determination [20]. The ratio of
geometric least-square means (LSMs) with corresponding
90% confidence interval (CI) was calculated from the
exponential of the difference between each study treatment
for the In-transformed primary parameters. The statistical
analyses were performed with SAS® version 9.4 using the
mixed procedure and REG procedure (SAS Institute, Cary,
NC, USA).

2.7 Dose-Proportionality Assessment

A dose-proportionality analysis was performed on the
dose-normalized C,.x, AUCy on, AUCy 7, and AUC,_.,
parameters of the DFN-15 120-, 180-, and 240-mg treat-
ments. These pharmacokinetic parameters were entered in
a power model defined as:

1n(cmaxa AUCO—Zh; AUCO—T; or AUCO—CX))
=o+ f-In(Dose) + ¢

where o is the intercept, § is the slope, and ¢ is the error
term. A linear model with In-transformed dose as a con-
tinuous effect was fitted. A point estimate and a 90% CI
were derived for the slope (ff). Dose proportionality was
considered to have been verified if § was not significantly
different from O at a level of significance of 10%.

2.8 Safety Assessment

Safety parameters—the occurrence of AEs; the measure-
ment of clinical laboratory parameters, fecal occult blood
tests, vital signs, and electrocardiograms; and physical
examinations—were evaluated before, during, and after the
study (i.e., after the collection of the last blood sample).
Female subjects underwent serum pregnancy tests before,
during, and after the study.
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3 Results
3.1 Subjects

Of the 16 subjects enrolled in the study, 16 (100%)
received DFN-15 240 mg, and 15 subjects (94%) received
DFN-15 120 mg, DEN-15 180 mg, and celecoxib 400-mg
oral capsules; 15 subjects (94%) completed the study. One
subject, a 26-year-old male who was discontinued because
of a clinically significant decrease in hemoglobin level
(11 g/dl), only received DFN-15 240 mg. Demographics
are shown in Table 1.

3.2 Treatment Compliance

The celecoxib doses in DFN-15 were delivered to subjects
as planned, with minimal deviation in volume (i.e., within
+5%).

3.3 Pharmacokinetics

The mean plasma concentration—time profiles for DFN-15
120 mg, DFN-15 180 mg, DFN-15 240 mg, and celecoxib

400-mg oral capsules are shown in Fig. 1. Plasma con-
centrations were below the lower limit of quantification in

Table 1 Subject demographics

Variable Value
Weight (kg) 744 £ 11.1
Age (years) 272 + 64
Height (cm) 172.7 £ 7.4
BMI (kg/m?) 249 +2.0
Sex

Male 14 (88)

Female 2 (12)
Race

White 8 (50)

Black 5 @31

Asian 3 (19)
Ethnicity

Non-Hispanic 15 (94)

Hispanic 1 (6)
Alcohol status

Current 4 (25)

Former or never 12 (75)
Smoking status

Former 2 (12)

Never 14 (88)

Data are presented as mean =+ standard deviation or n (%)
BMI body mass index

all baseline samples, showing no effect of carry-over from
preceding periods. Table 2 summarizes pharmacokinetic
parameters for the three DFN-15 doses and celecoxib
capsules. DFN-15 had a faster median 7,,,x across the
DFN-15 doses than the capsule formulation (40 min to 1 h
vs. 2.5 h). Peak plasma concentrations with the lowest
(120 mg) and highest (240 mg) doses of DFN-15 were
approximately two to three times higher, respectively, than
with celecoxib capsules. The initial partial AUCs for DFN-
15 (from AUCqy_;smin to AUCq_5,) across the dose range
120-240 mg were at least twice and up to 67 times greater
than for celecoxib capsules.

The mean relative bioavailability of the DFN-15 oral
solution across the doses tested was about 140% greater
than that of the celecoxib 400-mg capsules. The relative
exposures until the median Ty, (AUCo_gefr,,, ) Of cele-
coxib capsules were about 2.2 to 4.5 times higher for DFN-
15 oral solution than for the oral capsule through doses of
120-240 mg. The 1, of celecoxib across the DFN-15 doses
was similar, independent of dose, and different from that of
the capsule formulation. Overall, the #,, of DFN-15 was
always shorter and often about half that of the celecoxib
400-mg capsules. There were differences in the number of
subjects for some of the partial AUCs and parameters
associated with the terminal phase that could not be cal-
culated because they deviated from study protocol or did
not meet the log-linear assumption of terminal phase.

No statistically significant sequence or period effects
were observed for any of the pharmacokinetic parameters.
Statistically significant treatment effects (p < 0.05) were
observed for all primary pharmacokinetic parameters and
all doses of DFN-15 versus celecoxib 400-mg oral cap-
sules. A statistical comparison of DFN-15 oral solution and
celecoxib 400-mg oral capsules is shown in Table 3.

For the dose proportionality of all selected parameters
(Crax» AUCo_on, AUCy_7, and AUCy_,,), the slope was not
significantly different from O at the 10% level, which
confirmed proportionality across the three DFN-15 doses
(Table 4).

3.4 Safety

The incidence of AEs was very low (Table 5). One subject
(6%) reported two AEs after receiving one dose of DFN-15
240 mg. The subject’s hemoglobin decreased (6.3%), and
there was evidence of occult fecal blood (6.3%). These
AEs were considered mild and not related to DFN-15. One
of the AEs, decreased hemoglobin, resolved 17 days later.
No other AEs were reported after treatment with DFN-15
120 mg, DFN-15 180 mg, or celecoxib 400-mg oral cap-
sules. There were no reports of drug-related AEs, serious
AEs, or deaths in the study.
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Table 2 Pharmacokinetics of DFN-15 oral solution and celecoxib 400-mg oral capsules

Parameters DFEN-15 120 mg DFN-15 180 mg DFEN-15 240 mg Oral capsules 400 mg
(n = 15) (n =15) (n = 16) (n = 15)

Chnax (ng/ml) 1061.9 £ 237.6 1544.9 + 289.9 1932.5 £ 305.7 611.4 £ 222.2

Tnax (h) 0.7 (0.5-1.7) 0.7 (0.5-1.0) 1.0 (0.5-2.0) 2.5 (1.7-5.0)

Ty (h) 0.1 (0.0-0.1) 0.1 (0.0-0.1) 0.1 (0.0-0.1) 0.2 (0.1-0.3)

AUCq_|5min (ng-h/mL)* 19.2 £ 10.7 26.6 £ 11.8 352 £ 17.8 03 £ 03

AUCy 30min (ng-h/mL)* 149.1 £ 51.0 228.0 £+ 68.6 283.2 £ 80.9 95 £ 58

AUCy_y;, (ng-h/mL)° 604.8 £ 165.8 929.5 £+ 1935 1151.8 £ 214.1 103.2 + 61.8

AUCq_p (ng-h/mL) 1322.7 £ 248.6 1976.9 £ 3825 2621.2 £ 3789 512.5 £ 292.1

AUC_gefr,,, (ng-h/mL) 1569.1 £+ 298.5 23342 £ 4623 3156.5 £ 447.9 777.4 £ 401.7

AUCq_r (ng-h/mL) 3059.7 £ 985.2 4633.1 £ 1478.2 6621.6 £+ 1840.0 7288.0 £ 2505.8

AUCq_,, (ng-h/mL)° 34769 £ 1176.8 5234.8 £ 1423.7 6827.7 £ 1857.5 8074.9 £ 2159.3

AUC 776, (%)° 93.6 £ 4.7 955 £ 33 969 £ 2.2 91.7 £ 7.6

ty, (h)° 45+ 1.6 44+ 15 47+ 1.6 9.8 + 3.1

Mean relative bioavailability 144 144 141 100

(%)

AUC area under the plasma concentration—time curve, AUCy_sretr,

max

AUC from baseline through T,.x, AUC,_r AUC from baseline through the

last measured concentration, AUCy_;s,,;» AUC from baseline through 15 min post-dose, AUCy_30in AUC from baseline through 30 min post-
dose, AUCy_;;, AUC from baseline through 1 h post-dose, AUCy 5, AUC from baseline through 2 h post-dose, AUC,_,, AUC extrapolated to
infinity, AUCy_17o, AUC(_r with respect to AUCq_.;, C,,.c maximum observed plasma concentration, T;,, time before the first measurable
concentration, 7,,,, time to peak concentration, #,, terminal half-life, 1, apparent elimination rate constant

* n = 11 for DEN-15 120 mg, n = 13 for DFN-15 180 mg, n = 14 for DFN-15 240 mg, and n = 13 for celecoxib 400 mg

b
n

¢ n = 11 for ;Lz, AUme, AUC&T/w, and ty,

A\ Adis
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Table 3 Statistical comparison of DFN-15 oral solution and celecoxib 400-mg oral capsules

Parameter Geometric LSMs® Comparison (mg) Ratio (%) 90% Cls Intrasubject CV (%)
DEN-15 DEN-15 DFEN-15 Oral capsules
120 mg 180 mg 240 mg 400 mg
n=15°" =15 @ =15° @ = 15°
Crax 1041.4 1512.5 1899.0 565.9 120 vs. 400 184.0 159.4-212.4 23.6
180 vs. 400 267.3 231.5-308.5
240 vs. 400 335.6 290.7-387.4
AUC_np,° 12914 1920.1 2558.5 433.2 120 vs. 400 298.1 245.7-361.7 32.1
180 vs. 400 443.2 365.3-537.8
240 vs. 400 590.6 486.8-716.6
AUCo_Reft,,, 15304 2264.3 3071.6 680.2 120 vs. 400 225.0 191.0-265.0 27.0
180 vs. 400 3329 282.6-392.1
240 vs. 400 451.6 383.4-531.9
AUCy_r 2890.1 4385.0 6137.1 6789.6 120 vs. 400 42.6 39.3-46.2 13.2
180 vs. 400 64.6 59.6-70.0
240 vs. 400 90.4 83.4-98.0
AUCq_, 3254.9 4977.2 6763.2 7783.8 120 vs. 400 41.8 38.6-45.3 11.5
180 vs. 400 63.9 59.1-69.3
240 vs. 400 86.9 80.2-94.1

AUC area under the plasma concentration—time curve, AUCy_gefr

max

AUC from baseline through T,,x, AUCy_7 AUC from baseline through the

last measured concentration, AUCy_,, AUC from baseline through 2 h post-dose, AUC,_., AUC extrapolated to infinity, AUCy_7/,, AUCy_r with
respect to AUC,_,, CI confidence interval, C,,,, maximum observed plasma concentration, CV coefficient of variation, LSM least-square means,
T,.ax time to peak concentration, , terminal half-life, A, apparent elimination rate constant

* Values are ng/ml for Cp,, and ng-h/mL for AUCs
® n = 11 for Az, AUCq .., AUCq z7o., and ty,

¢ n = 12 for DFN-15 120 mg, n = 14 for DFN-15 180 mg, n = 12 for DFN-15 240 mg, and n = 14 for celecoxib 400-mg oral capsules

Table 4 Dose proportionality parameters

Parameters o B (90% CI) e

Conax 2727 —0.118 (—0.29 to 0.052) 0.038
AUCq o 2.406 ~0.001 (—0.159 to 0.150) 0.032
AUC, 7 2.588 0.124 (—0.132 to 0.380) 0.087
AUCq_, 2.867 0.079 (—0.176 to 0.334) 0.086

AUC area under the plasma concentration—time curve, AUC,_y AUC
from baseline through the last measured concentration, AUC_,;, AUC
from baseline through 2 h post-dose, AUC,_,, AUC extrapolated to
infinity, CI confidence interval

4 Discussion

In this single-dose bioavailability study in healthy volun-
teers, celecoxib pharmacokinetics from three doses (120,
180, and 240 mg) of DFN-15 were evaluated and com-
pared with the highest dose of marketed capsule formula-
tion of celecoxib. The rapid rate of absorption from the oral
solution was demonstrated: DFN-15 exhibited higher initial
partial AUCs and AUC(_gefr,,, than did the oral capsules.
On the AUC(_,;, parameter (a commonly used index for 2-h
pain freedom and pain relief [21, 22]), DFN-15

120-240 mg was about three to six times higher than
celecoxib oral capsules. These results indicate that DFN-15
overcomes the solubility limitation in celecoxib absorption
[12] from celecoxib oral capsules and suggest the possi-
bility of a rapid onset of action. DFN-15 oral solution
exhibited dose-proportional bioavailability from 120 to
240 mg. Higher aqueous solubility and consequent rapid
and improved absorption of celecoxib from the DFN-15
oral solution shortened its #,, to about half that of the
capsule formulation. The celecoxib capsule has poor
aqueous solubility with extended absorption and thus
resulting a variable elimination phase.

Intra-subject variabilities for the exposure parameters
were found to be low to moderate, with a maximum vari-
ability of 32% for AUC_;,. Subjects in the oral capsules
group showed more variability at AUC_,,, (% coefficient
of variation, or standard deviation/mean x 100 = 57) than
those in the oral solution group (14-19%); when all the
treatments were pooled for ANOVA, this higher variability
inflated the overall result.

The present study was conducted in a small represen-
tative population of healthy US volunteers and found that
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Table S Summary of adverse
events

Event DEN-15 DFN-15 DEN-15 Oral capsules
120 mg 180 mg 240 mg 400 mg
(n = 15) (n =15 (n = 16) (n = 15)
Subjects with one or more AE 0 0 1(6.3) 0
Investigations 0 0 1(6.3) 0
Hemoglobin decreased 0 0 1 (6.3) 0
Occult blood positive 0 0 1(6.3) 0

Data are presented as n (%)

AE adverse event

the Cy,.x of celecoxib 400-mg capsules was lower than the
Chax reported for 200-mg oral capsules in the fasting state
(i.e., 705 ng/ml) [12]. In separate studies of oral celecoxib
200 mg in healthy Thai and Indian volunteers, researchers
reported Cy,.x values of 687 and 545 ng/ml, respectively,
and AUC_,, values of 5912 and 4632 ng-h/mL, respec-
tively [23, 24]. Since V¢/F and Cl/F are considered indi-
cators of plasma concentrations and exposure, respectively,
these parameters from previously reported studies were
compared with those from the current study. In these
studies, the mean Vyg/F was 459 L (Thai) and 583 L (In-
dian) [23, 24], which parallels the previously reported Vy/
F of 429 L [12]. The mean CI/F from these studies ranged
from 36 to 43 L/h [23, 24], which is higher than the
reported CI/F of 27.7 L/h [12]. The results for V4/F and Cl/
F in the present study (743 L and 52 L/h) deviated widely
from the reported values [12], as well as from those in the
study of Thai volunteers [23], but were relatively closer to
those in the study of Indian volunteers [24]. Since V4/F is
directly related to body weight and surface area, a lower
average BMI in the studies involving Thai (21 kg/m?) and
Indian (23 kg/mz) volunteers compared with the current
study volunteers (24.9 kg/m?) might have resulted in
higher Cy,,x values. This possibility cannot be investigated,
as the body weight and BMI of study participants in the
reported study (Cpax ~ 705 ng/ml) does not appear to
have been recorded [12]. Population distribution data
suggest that the variant CYP2C9*2 and CYP2C9%*3 alleles,
which are responsible for poor celecoxib metabolism, are
relatively common in Caucasians (~35%) and far less
prevalent in African—-American and Asian populations
[25, 26]. The presence of poor metabolizers of celecoxib
(i.e., with CYP2C9%*2 and/or CYP2C9*3 mutant alleles) in
these cohorts is unknown, which limits the explanation of
observed higher plasma concentration or exposure in these
studies. As the sample size in the current study was limited
and the population comprised healthy young volunteers,
the finding of a low C,,,, cannot definitely be attributed to
population-related factors, and no other substantive con-
clusions can be drawn.

This is the first clinical study to characterize the
pharmacokinetics of DFN-15 in healthy volunteers. It
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also provides useful benchmarks for future work with
DFN-15 in patients with migraine. The main limitation
of this study is that it used celecoxib 400 mg under
fasting conditions as the comparator, in observance of
standard procedures in bioavailability studies [27], to
show celecoxib release into the systemic circulation in
the absence of variables such as food. Celecoxib 400-mg
capsules are recommended to be taken with meals to
improve bioavailability [12]. Had fed conditions been
used for celecoxib capsules, the observed differences
between celecoxib oral capsules and DFN-15 would have
been more clinically meaningful. Another study is plan-
ned to evaluate the difference in bioavailability between
DFN-15 given under fasting conditions versus celecoxib
400-mg capsules under fed conditions.

Because oral NSAIDs are a mainstay of acute migraine
therapy, the present results appear to have clinical impli-
cations. The high rate of upper gastrointestinal complica-
tions seen with this class of medications, as well as the
solubility-limited absorption of oral celecoxib, which can
slow the onset of relief in patients with migraine, may
inhibit wider usage in migraine. Cardiovascular safety can
also be an issue, although the lower dosages and less fre-
quent dosing (i.e., fewer than two per day) used in acute
treatment of migraine appear to reduce the risk of cardio-
vascular complications by avoiding continuous interference
with prostaglandin metabolism [28]. While currently
available COX-2 inhibitors reduce the risk of gastroin-
testinal toxicity, they tend to be poorly and slowly absor-
bed in patients with migraine because of gastric stasis
[29, 30]. By providing a rapidly absorbed drug with an
anticipated reduced risk of gastrointestinal and cardiovas-
cular complications relative to nonselective NSAIDs,
DFN-15 oral solution is expected to have a potentially
important role as an acute migraine pharmacotherapy for
patients whose attacks occur at work, in school, or upon
awakening and require fast relief, as well as in those who
respond to NSAIDs and prefer the convenience of oral
dosing but have trouble swallowing tablets or capsules. To
establish its potential benefits as an acute treatment, DFN-
15 is currently being evaluated in two pivotal studies in
patients with episodic migraine.
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5 Conclusions

In this study, the peak plasma concentrations of celecoxib
with all doses of DFN-15 oral solution were found to be
higher than with the oral capsule formulation. DFN-15 was
much more rapidly absorbed and eliminated than celecoxib
400-mg oral capsules. DFN-15 was dose proportional
across doses ranging from 120 to 240 mg. Overall, DFN-15
and celecoxib 400-mg capsules were safe and well toler-
ated. The potential clinical benefit of DFN-15, given its
pharmacokinetic advantage, requires further validation in
efficacy trials of episodic migraine.
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