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Background: Nonsteroidal anti-inflammatory drugs are widely used for migraine, but
gastrointestinal tolerability limits use. We previously reported results from the first treatment
period of this 2-period, randomized, controlled study comparing DFN-15—an oral, ready-
made liquid solution of a selective cyclo-oxygenase-2 inhibitor celecoxib—with placebo for
the acute treatment of a moderate-severe migraine attack. Herein, we report the effects of
treatment for the second treatment period.

Methods: In the first treatment period of this trial, adults with migraine were randomized to
double-blind trial treatment of attacks of moderate or severe pain with DFN-15,120 mg or
placebo. For the second treatment period, reported herein, participants were re-randomized to
treat an attack of any baseline pain intensity (mild, moderate, or severe). Co-primary efficacy
endpoints specified for the first attack were not specified for the second attack.

Results: Of the 531 patients who completed the first treatment period, 491 (n = 243
DFN-15; n = 248 placebo; 87% female, mean age 41 years) were re-randomized into the
second double-blind treatment period. Baseline pain intensity was mild in 17.2% (85/493)
of patients, moderate in 58.4% (288/493) of patients, and severe in 22.9% (113/493) of
patients. At 2 hours post-dose, DFN-15 was superior to placebo for freedom from pain
(46.2% [110/238] vs 31.1% [76/244], p < 0.001) and the most bothersome symptom
(63.4% [121/191] vs 50.0% [98/196], p = 0.010). Treatment-emergent adverse events
(TEAESs) occurred in 7.1% (35/493) of patients (DFN-15: 6.1% [15/244]; placebo 8.0%
[20/249]). Study drug-related TEAEs occurred in 5.1% (25/493) of patients (DFN-15:
4.5% [11/244]; placebo 5.6% [14/249]); nausea (1% [5/493]) and dysgeusia (0.8% [4/
493]) were most common. No serious TEAEs, severe TEAEs, or TEAEs leading to study
drug termination were reported.

Conclusions: DFN-15 was superior to placebo for pain freedom and freedom from the most
bothersome symptom when patients treat a migraine attack of any baseline pain intensity.
Rates of TEAEs did not differ between treatment groups.
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Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are effective and widely used for
migraine,' but gastrointestinal tolerability and safety limit usage by many
patients.y5 Celecoxib (Celebrex; Pfizer Inc., New York, NY, USA), the selective
cyclo-oxygenase (COX)-2 inhibitor, has better gastrointestinal tolerability than
ibuprofen, naproxen, or diclofenac and better renal safety than ibuprofen.®”
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Celecoxib oral capsules have a long median time to
peak plasma concentration (Tpnay) of 2.5 hours.'® This long
Tmax,» thought to be a predictor of slow onset, has been
regarded as a limitation in migraine therapy, where rapid-
ity of pain relief is a frequently cited patient priority.'' "3
To address this limitation, an oral liquid solution of cel-
ecoxib (DFN-15, Dr. Reddy’s Laboratories, Princeton NJ,
USA) was developed for the acute treatment of migraine.
In healthy fasted adults, DFN-15 120 mg had a shorter
Tmax than a 400 mg dose of celecoxib oral capsules (<1
2.5 hours) and a 44%

bioavailability.'"* In a dose-ranging study comparing

hour vs greater relative
DFN-15 with placebo in the acute treatment of migraine,'”
a 120 mg dose (50 mg/mL) outperformed placebo and,
because its efficacy was similar to DFN-15 240 mg, was
chosen for further development. Development was guided
by the hypotheses that a short T,,,x would lead to rapid
onset of treatment effects and that the lower dose would
lead to improved GI safety and tolerability.

In the first treatment period of this randomized, dou-
ble-blind, placebo-controlled clinical trial,'® patients
used a 120 mg dose of DFN-15 to treat a single migraine
attack of moderate to severe pain intensity at baseline.
Results showed that DFN-15 was superior to placebo on
the co-primary efficacy endpoints of pain freedom
(35.6% [98/275] vs 21.7% [57/263], p < 0.001) and free-
dom from the most bothersome symptom (MBS) asso-
ciated with migraine (ie, nausea, photophobia,
phonophobia) at 2 hours post-dose (57.8% [134/232] vs
44.8% [104/232], p = 0.007). The earliest time point at
which DFN-15 was significantly superior to placebo was
at 1 hour post-dose on the pain relief endpoint (56.8%
[155/273] vs 45.1% [116/257], p = 0.009). The most
frequently reported treatment-emergent adverse events
(TEAEs) related to treatment, dysgeusia, and nausea,
were only slightly more common with DFN-15 than
with placebo.'®

Patients who completed the first treatment period were
re-randomized to treat a second migraine attack with DFN-
15 or placebo. We hypothesized that outcomes might be
improved if, rather than waiting until headache pain was
moderate or severe before taking study medication,
patients decided when they wanted to treat, including
while pain was mild. Therefore, the objectives of this
study were to compare the efficacy, tolerability, and safety
of 120 mg DFN-15 with placebo for the acute treatment of

a single migraine attack of any pain intensity.

Materials and Methods

With the exception of the ability to treat attacks when they
were mild, the methods in this study are identical to those
used in previously published research.'®

Ethics

The conduct of this study adhered to the Declaration of
Helsinki (WMA Brazil, 2013), the International Council
for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use guidelines for current
Good Clinical the US Food and Drug

Administration’s Code of Federal Regulations, and other

Practice,

applicable regulatory requirements. The protocol and other
relevant study documentation were reviewed and approved
by the Copernicus Group IRB (Durham, NC, USA), and
patients provided written informed consent before any
study-related examinations or activities were performed.

Study Design

This randomized, double-blind, placebo-controlled, multi-
center study (ClinicalTrials.gov Identifier: NCT03006276)
enrolled adults aged 18 to 75 years (inclusive) with at least
a l-year history of migraine'’ (2-8 attacks and <14 head-
ache days per month), no medication overuse, and 48
hours of headache-free time between migraine attacks.
Patients satisfying inclusion criteria and completing the
first double-blind treatment period returned to the study
site (listed in the Supplement) within 2 to 7 days (mini-
mum washout >3 days) for re-randomization to DFN-15 or
matching placebo to treat a single migraine attack within 1
hour of the onset of migraine headache pain of mild,
moderate, or severe intensity (Figure 1). They used an
electronic diary to record treatment effects on pain, asso-
ciated symptoms, functional disability, and satisfaction.

Patients
Patients had at least a 12-month history of migraine char-
acterized by 2 to 8 attacks per month, with no more than
14 monthly headache days and at least 48 hours of head-
ache-free time between attacks, an age of onset before age
50 years, and a usual untreated migraine pain intensity of
moderate or severe (ie, 2 or 3 on a scale of 0 to 3). For the
duration of the study, patients had to be able to evaluate
and record pain, migraine symptoms, and study drug effec-
tiveness information, as well as each instance of the use of
study drug and rescue medication, in real-time using an
all other

electronic diary and comply with study
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L Up to 10 |
I Weeks I
Visit 1 Visit 2 Visit 3 Visit 4

|| Randomized 1:1 Re-randomized 1:1
Screening Double-blind Double-blind End of Study
DFN-15 or Placebo DFN-15 or Placebo

Period 1

Treat 1 attack
(moderate-severe)

Period 2
Treat 1 attack

(any pain intensity)

Figure | Study schema®. *The red dotted box signifies that data are presented for Period 2 only; refer to Lipton et al'® for detailed methods and the results of Period 1.

procedures and scheduling requirements; be able to read,
speak, and understand English proficiently; provide writ-
ten informed consent; and be male or female, 18 to 75
years of age, inclusive, at screening. For the duration of
the study, females could not be pregnant, and all patients
had to practice a reliable form of contraception or absti-
nence or be sterile.

Patients were excluded if they had taken opioids,
opioid-barbiturate fixed combinations, triptans, or ergot
alkaloids on at least 10 days or NSAIDs or other simple
analgesics on at least 15 days per month during the 90
had been
onabotulinumtoxinA for migraine within 4 months before

days before screening; treated  with
screening; had changes in the dose or type of preventive
medications they used for migraine within 30 days prior to
screening or during the screening phase; had taken mini-
prophylaxis for menstrual migraine; or were on chronic
warfarin sodium or equivalent. Patients were also excluded
if they had a history of any condition that might interfere
in any way with the study conduct, outcomes, or interpre-

tation of results.

Treatments

Each patient was given a single-dose bottle of DFN-15120
mg or matching placebo containing 4.8 mL liquid. Bottles
had identical labels and were assigned unique numbers by
an interactive web response system. Site staff and investi-
gators were blinded, as the kits were assembled centrally
(The Coghlan Group, Bastrop, TX, USA).

Patients were permitted to take rescue medication at
least 2 hours after treating and only after completing a 2-
hour post-dose assessment. Rescue medication was pro-
spectively chosen in consultation with the study clinician.

Patients treated a single migraine attack as soon as
possible after pain onset, and no more than 1 hour after

the onset of migraine pain of mild, moderate, or severe
pain intensity. The electronic diary required that patients
confirm the attack was migraine before they could record
treatment response.

Assessments

Efficacy

Efficacy endpoints included 2-hour pain freedom and free-
dom from the MBS designated at the screening visit. We
also assessed pain freedom; MBS freedom; freedom from
nausea, photophobia, and phonophobia; and pain relief at
15, 30, and 45 minutes and 1, 1.5, 2, 4, and 24 hours post-
dose and change in functional disability score at 2, 4, and
24 hours post-dose. Other endpoints included sustained
pain relief and sustained pain freedom at 2 to 24 hours
post-dose (defined as a positive response at 2 hours post-
dose with no rescue medication use or relapse within 2 to
24 hours post-dose); use of rescue medication from 2 to 24
hours post-dose; treatment satisfaction at 2 and 4 hours
post-dose; and treatment satisfaction at 24 hours post-dose
as measured by the Patient Perception of Migraine
Questionnaire-Revised (PPMQ-R).

Pain relief was defined as a reduction from moderate or
severe pain to mild or no pain or from mild pain to no
pain. Functional disability was measured on a scale where
0 = no disability and 3 = severely impaired. Treatment
satisfaction with pre-study migraine treatment and with
study treatment was measured on a scale where 1 = very
satisfied and 7 = very dissatisfied; side effects were scored
on a scale where | = not at all and 5 = extremely. Subscale
scores and total scores (except the total raw score) were
transformed to a 0 to 100 range by subtracting the lowest
possible scale score, dividing by the range of the scale, and
multiplying by 100. Missing responses were considered
non-evaluable. Sustained pain freedom and pain relief at 2
to 24 hours post-dose were defined as pain freedom or pain
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relief at 2 hours post-dose, with no use of rescue medica-
tion and no recurrence (freedom) or worsening (relief)
within 24 hours post-dose.

Safety

Safety endpoints/assessments included AEs; concomitant
medication review; physical examinations and suicidality
check; pregnancy tests; vital signs (blood pressure, pulse
rate, and body temperature); clinical laboratory examina-
tions (hematology, chemistry, and urinalysis); and 12-lead
electrocardiogram. All AEs were coded using the Medical
Dictionary for Regulatory Activities, version 19.0.

Statistical methods

The safety population included patients who received at
least 1 dose of study treatment. The efficacy-evaluable
population included patients who took at least 1 dose of
study treatment and had at least 1 post-baseline efficacy
assessment for migraine pain or the MBS.

For this second attack in a 2-attack study, patients were
re-randomized between the first and second attack to make
the treated attacks as independent as possible. Treatment
of the second attack was intended to explore the benefits of
treatment during mild pain. Therefore, unlike the first
attack, which specified the co-primary endpoints of pain
freedom and MBS freedom at 2 hours post-dose, the
statistical analysis plan did not designate primary end-
points for the second attack. In keeping with US Food
and Drug Administration guidance, as well as the statisti-
cal analysis plan for the first attack, we considered pain
freedom and MBS freedom at 2 hours post-dose the most
important efficacy endpoints. Statistical testing and con-
fidence intervals (Cls) were 2-sided and performed using a
significance (alpha) level of 0.05. Statistical analyses were
conducted with SAS version 9.3 (Cary, NC, USA) and R
statistical software version 3.4.4.'8

Efficacy
The efficacy analysis was nonhierarchical and not adjusted
for multiple comparisons. Missing data were imputed
using last observation carried forward. For the analysis
of freedom from the MBS, the symptom identified as the
MBS at screening had to be present at baseline. Patients
who took rescue medication before 2 hours post-dose were
excluded.

P-values for freedom from nausea, photophobia, and
phonophobia; pain relief; pain freedom; and freedom from
the screening MBS were computed from Fisher’s exact

test. For functional disability, the Wilcoxon rank-sum test
was used for the comparison between treatment groups
and the Wilcoxon signed-rank test for the change from
baseline (—3 to +3-point change) within each treatment
group. Treatment satisfaction at 2 and 4 hours post-dose
and the baseline PPMQ-R response for the same question
were compared for the DFN-15 group only. The Wilcoxon
rank-sum test was used for this comparison, as well as for
the comparison in patient-rated treatment satisfaction at 24
hours post-dose and in baseline and 24-hour post-dose
total scores and total raw scores for the DFN-15 group
only. The Wilcoxon signed-rank test was used to analyze
the difference between baseline and post-baseline PPMQ-
R for the DFN-15 group only, as well as the change from
baseline to 24 hours for each subscale score, each global
item score, the total score, and the total raw score.

Exploratory Analyses of the Effects of
Baseline Pain Intensity on 2-Hour

Freedom from Pain and the MBS
Exploratory analyses were conducted stratifying on pre-
dose headache pain intensity of mild, moderate, or severe
and examining the proportion of subjects who were pain-
free or MBS-free at 2 hours. The corresponding p-values
from Fisher’s exact test were computed for the compar-
isons between treatment groups. A patient’s pre-dose MBS
was obtained from the electronic diary.

Power Calculations

Power calculations were conducted to size the study for
the first attack. We assumed 2-hour pain-free rates of
17.6% for placebo-treated patients and 29.2% for DFN-
15-treated patients and a 15% dropout rate. Under those
assumptions, 600 patients would provide 88% power to
detect a difference between DFN-15 and placebo at a 5%
(2-sided) level of significance.

Post Hoc Analysis of Carry-Over Effects

Because this trial involved 2 independently randomized
double-blind treatment periods, a post hoc analysis of the
pre-specified co-primary efficacy endpoints for the first
treatment period was assessed to look for carry-over
effects on the second treatment period. The design yielded
4 randomized exposure patterns across the first and second
double-blind treated attacks: DFN-15/DFN-15, DFN-15/
placebo/DFN-15, The
potential effect of first attack treatment arm and first attack

placebo, and placebo/placebo.
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treatment response on second attack treatment efficacy
was examined. The estimates were generated by fitting
logistic generalized linear mixed models to each second
double-blind period co-primary endpoint (2-hour freedom
from pain and the MBS) separately. These models were
parameterized with a random effect for sites. Predictors in
these models included the following fixed effects: second
double-blind period treatment arm, first double-blind per-
iod treatment arm, and first double-blind response status,
as well as all interactions of the fixed effects. These
models were designed to assess whether there was a mean-
ingful carry-over effect.

In the event that a carry-over effect was detected, a
second model was planned for adjusting for the effect of
the first double-blind period on the second double-blind
period. In this model, the first and second double-blind
periods were analyzed simultaneously via generalized lin-
ear mixed models. The estimates were generated by fitting
logistic generalized linear mixed models to co-primary
endpoints (2-hour freedom from pain and the MBS) sepa-
rately. This permitted adjusting the second double-blind
period treatment effect for carry-over effects. These mod-
els were parameterized with a random effect for sites plus
a random effect for subjects. The subject random effect
was used to adjust for carry-over effects. Fixed effects
used in these models included double-blind period, treat-
ment arm assignment, and the interaction between double-
blind period and treatment arm assignment. P-values from
the z-tests were reported.

Results

Patients
The first patient was enrolled on 13 December 2016, and
the last patient completed the study on 6 October 2017. In
total, 535 patients were re-randomized into the second
double-blind treatment period, 493 were analyzed for
safety (n = 244 DFN-15; n = 249 placebo), and 491 were
analyzed for efficacy (n = 243 DFN-15; n = 248 placebo)
and completed the study. The washout between study
treatment taken in the first and second treatment periods
averaged 17 days. Thirty-six patients discontinued, most
often because they did not experience a migraine attack
(2.1% [11/493]). Of those who withdrew after taking
DFN-15, 0.4% (2/493) cited an AE as the reason. Patient
disposition is shown in Table 1.

Most patients (87% [429/493]) were female, and the
population had a mean (SD) age of 40.3 (12.03) years, a

Lipton et al
Table | Disposition of Patients
Placebo DFN-I15 Overall
n (%) n (%) n (%)
Re-randomized 267 268 535
Analyzed for safety® 249 (93.3) 244 (91.0) 493 (92.1)
Analyzed for efficacy® 248 (92.9) 243 (90.7) 491 (91.8)
Completed 249 (93.3) 242 (90.3) 491 (91.8)
Discontinued 16 (6.0) 20 (7.5) 36 (6.7)
Primary reason for discontinuation
No migraine attack 4(1.5) 7 (2.6) @l
Protocol deviation 4 (1.5) 1(0.3) 5(0.9)
Withdrawal by patient 2 (0.7) 3(1.1) 5(0.9)
Lost to follow-up 2(0.7) 2(0.7) 4 (0.7)
Other 3 (L) 1(0.3) 4(0.7)
Noncompliance with study drug 1 (0.4) 2 (0.7) 3 (0.6)
Adverse event 0 2(0.7) 2 (04)
Physician decision 0 1(0.3) 1(0.2)
Use of non-permitted medication 0 1 (0.3) 1 (0.2)

Notes: *Patients who were re-randomized and received at least | dose of double-
blind study drug during the second double-blind treatment period. ®Patients who
received placebo or DFN-15 during the second double-blind treatment period.

mean (SD) weight of 84.0 (22.65) kg, and a mean (SD) body
mass index of 30.5 (8.00) kg/m” (Table 2). Most patients
(76.2%, [435/493]) had never smoked or used nicotine
products. Pre-dose levels of pain intensity in patients treated
with DFN-15 were mild in 19.3% (47/243), moderate in
56.4% (137/243), and severe in 23.0% (56/243); the pre-
dose levels of pain intensity in placebo-treated patients were
14.9% (37/248) mild, 60.9% (151/248) moderate, and
23.0% (57/248).

Efficacy

2-Hour Freedom from Pain and the Most
Bothersome Symptom

At 2 hours post-dose (Figure 2), the percentage (95% CI)
of patients with pain freedom was significantly higher for
DFN-15-treated patients than for placebo-treated patients
(46.2% [39.8, 52.8] vs 31.1% [25.4, 37.4], p < 0.001). The
percentage (95% CI) of patients with freedom from the
MBS at 2 hours post-dose was also significantly higher for
patients in the DFN-15 group than for those in the placebo
group (63.4% [56.1, 70.2] vs 50.0% [42.8, 57.2], p <
0.001) (Figure 2).

Other 2-Hour Endpoints

The percentage (95% CI) of patients with pain relief at
2 hours post-dose with DFN-15 was significantly super-
ior to placebo (74.4% [68.3, 79.8] vs 60.7% [54.2,
66.8], p < 0.001).
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Table 2 Demographics and Baseline Characteristics

Placebo DFN-15 Total
n =282 n = 285 N =567
Age, mean (SD), y 39.6 (12.09) 41.0 (11.96) 40.3 (12.03)
Sex, n (%)
Female 224 (90.0) 205 (84.0) 429 (87.0)
Male 25 (10.0) 39 (16.0) 64 (13.0)
Ethnicity, n (%)
Not Hispanic/Not Latino 211 (84.7) 211 (86.5) 422 (85.6)
Hispanic or Latino 36 (14.5) 32 (13.1) 68 (13.8)
Not reported 2 (0.8) | (0.4) 3 (0.6)
Race, n (%)
White 182 (73.1) 185 (75.8) 367 (74.4)
Black or African American 54 (21.7) 50 (20.5) 104 (21.1)
Asian 6 (2.4) 4 (1.6) 10 (2.0)
Native Hawaiian or other Pacific Islander 1 (0.4) 0 1(0.2)
American Indian or Alaska Native 1 (0.4) 0 1(0.2)
Other 5(2.0) 5 (2.0 10 (2.0)
Height, mean (SD), cm 165.92 (8.14) 166.09 (8.83) 166.00 (8.48)

Weight, mean (SD), kg

83.08 (22.76)

84.90 (22.54)

83.98 (22.65)

BMI, mean (SD), kg/m? 30.13 (7.778) 30.83 (8.216) 30.48 (8.00)
Smoker or nicotine product user, n (%)
Never 191 (76.7) 189 (77.5) 380 (77.1)
Former 33 (13.3) 31 (127) 64 (13.0)
Current 25 (10.0) 24 (9.8) 49 (9.9)
Screening MBS
Nausea 65 (26.1) 67 (27.5) 132 (26.8)
Photophobia 135 (54.2) 133 (54.5) 268 (54.4)
Phonophobia 49 (19.7) 43 (17.6) 92 (18.7)
Pre-dose pain intensity
Mild 37 (14.9) 48 (19.8) 85 (17.2)
Moderate 151 (60.9) 137 (56.4) 288 (58.4)
Severe 57 (23.0) 56 (23.0) 113 (22.9)

Notes: 2567 patients were eligible for re-randomization; 535 were re-randomized, and 32 were not randomized.
Abbreviations: SD, standard deviation; BMI, body mass index; MBS, most bothersome symptom.

The mean (SD) change in functional disability from
baseline in patients treated with DFN-15 was superior to
those who were treated with placebo at 2 hours (—0.9
[0.87] vs —0.6 [0.83], p < 0.001).

At 2 hours post-dose, DFN-15 was similar to placebo for
freedom from nausea (69.8% [60.1, 78.3] vs 66.9% [57.8,
75.2], p = 0.670), significantly superior to placebo for freedom
from photophobia (64.1% [57.0, 70.8] vs 46.1% [39.1,53.2], p
< 0.001), and significantly superior to placebo for freedom
from phonophobia (67.9% [60.2, 74.9] vs 48.4% [40.2,
56.6]). Photophobia was the most often selected as the MBS.

Early and Sustained Effects

An early onset of effects following treatment with DFN-15
was observed across multiple endpoints, including pain free-
dom beginning at 1 hour post-dose (23.2% [55/237] vs 15.8%
[38/240], p =0.049), pain relief beginning at 45 minutes post-
dose (47.7% [113/237] vs 37.1% [89/240], p = 0.021), and
both photo- and phonophobia beginning at 30 minutes post-
dose (21.9% [43/196] vs 14.4% [29/202], p = 0.052 and 27.4%
[45/64] vs 15.6% [24/154], p = 0.014, respectively). The
persistence of DFN-15 efficacy was demonstrated by its super-

iority to placebo for sustained pain freedom from 2 to 24 hours
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Figure 2 DFN-I5 efficacy versus placebo on the co-primary endpoints.
Abbreviations: Cl, confidence interval; MBS, most bothersome symptom.

(40.2% [76/189] vs 27.2% [52/191], p = 0.009) and sustained
pain relief from 2 to 24 hours (63.0% [119/189] vs 51.3% [8/
191], p = 0.023). Table 3 summarizes the 2-hour, early, and
sustained efficacy of DFN-15 relative to placebo.

Satisfaction with Treatment

Patients who were treated with DFN-15 had higher overall
mean treatment satisfaction scores (lower scores indicate
greater satisfaction) than those who received placebo at 2
hours post-dose (3.1 vs 3.6, p = 0.003) and at 4 hours post-
dose (2.9 vs 3.5, p = 0.006). At 2 hours post-dose, more
DFN-15-treated patients than placebo-treated patients were
satisfied/neither versus dissatisfied at 2 hours (75.3% satis-
fied/neither and 21.8% dissatisfied vs 65.3% satisfied/neither
and 30.6% dissatisfied, p = 0.023) and at 4 hours post-dose
(77.0% satisfied/neither and 18.9% dissatisfied vs 65.3%
satisfied/neither and 30.2% dissatisfied, p = 0.004).

Carry-Over Analysis
A responder carry-over effect across double-blind treat-
ment periods was detected.

Response in the first double-blind treatment period,
regardless of treatment arm assignment, predicted
response in the second double-blind treatment period.

For example, the probability of achieving 2-hour pain
freedom in the second double-blind treatment period was
571% greater among patients who responded to treatment
in the first double-blind treatment period than among those
who did not respond to treatment in the first double-blind
period (odds ratio [OR] = 6.71, p < 0.001). However, after
adjusting for the carry-over effect across treatment peri-
ods, DFN-15 was significantly superior to placebo for both

2-hour pain freedom (OR = 2.50, p = 0.001) and 2-hour

Freedom from the MBS

MBS freedom (OR = 2.01, p = 0.008). Importantly, the
interaction of treatment by treatment period was not sta-
tistically significant for pain (p = 0.935) or MBS (p =
0.765), indicating that the treatment effect did not vary
across double-blind periods after adjusting for carry-over
effects. The statistically significant treatment effect esti-
mated in the adjustment stage suggests that regardless of
the carry-over effects, receiving DFN-15 resulted in a
higher probability of endpoint achievement in each dou-
ble-blind period.

Tolerability and Safety

As shown in Table 4, 7.1% (35/493) of patients (DFN-15:
6.1% [15/244]; placebo 8.0% [20/249]) reported a TEAE.
Study drug-related TEAEs were reported by 5.1% (25/
493) of patients (DFN-15: 4.5% [11/244]; placebo 5.6%
[14/249]), with nausea (1% [5/493]) and dysgeusia (0.8%
[4/493]) the most common among them. No serious
TEAEs or TEAEs leading to study drug termination were
reported, and there were no severe TEAEs or deaths.

Discussion

This randomized, double-blind, placebo-controlled study
was conducted to compare DFN-15, an oral solution of
celecoxib, with placebo for the acute treatment of migraine
at any baseline pain intensity. In this study, patients were
re-randomized to treat a second attack of any pain inten-
sity, having already treated a first attack. The results
showed that DFN-15 was significantly more effective
than placebo for the primary endpoints for the first treated
attack, 2-hour pain freedom and 2-hour MBS freedom.
Significant effects were also observed at other 2-hour
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Table 3 DFN-15 Efficacy versus Placebo

Placebo DFN-I15 P value
Pain freedom, n;/ny* (%)
15 minutes 3/220 (1.4) 2/223 (0.9) 0.684
30 minutes 15/236 (6.4) 16/234 (6.8) 0.855
45 minutes 28/240 (11.7) 30/237 (12.7) 0.780
| hour 38/240 (15.8) 55/237 (23.2) 0.049
1.5 hours 61/242 (25.2) 86/238 (36.1) 0.010
2 hours 76/244 (31.1) 110/238 (46.2) <0.001
4 hours 122/244 (50.0) 148/239 (61.9) 0.010
24 hours 184/245 (75.1) 199/240 (82.9) 0.045
Pain relief, ni/ny* (%)
15 minutes 24/220 (10.9) 26/223 (11.7) 0.881
30 minutes 65/236 (27.5) 74/234 (31.6) 0.363
45 minutes 89/240 (37.1) 113/237 (47.7) 0.021
| hour 105/240 (43.8) 133/237 (56.1) 0.008
1.5 hours 129/242 (53.3) 158/238 (66.4) 0.004
2 hours 148/244 (60.7) 177/238 (74.4) 0.001
4 hours 183/244 (75.0) 198/239 (82.8) 0.044
24 hours 218/245 (89.0) 225/240 (93.8) 0.075
Nausea freedom, n,/ny* (%)
15 minutes 16/110 (14.5) 14/102 (13.7) 1.000
30 minutes 32/119 (26.9) 33/105 (31.4) 0.465
45 minutes 51/122 (41.8) 47/106 (44.3) 0.789
| hour 64/122 (52.5) 55/106 (51.9) 1.000
1.5 hours 74/123 (60.2) 72/107 (67.3) 0.275
2 hours 83/124 (66.9) 74/107 (69.2) 0.778
4 hours 92/124 (74.2) 91/107 (85.0) 0.051
24 hours 108/124 (87.1) 101/108 (93.5) 0.125
Photophobia freedom, n/n;* (%)
15 minutes 14/187 (7.5) 15/187 (8.0) 1.000
30 minutes 29/202 (14.4) 43/196 (21.9) 0.052
45 minutes 45/204 (22.1) 72/199 (36.2) 0.002
| hour 57/204 (27.9) 87/199 (43.7) 0.001
1.5 hours 73206 (35.4) 105/200 (52.5) <0.001
2 hours 95/207 (45.9) 128/200 (64.0) <0.001
4 hours 130/207 (62.8) 157201 (78.1) <0.001
24 hours 176/208 (84.6) 185/202 (91.6) 0.033
Phonophobia freedom, n|/n;* (%)
15 minutes 12/141 (8.5) 16/156 (10.3) 0.693
30 minutes 24/154 (15.6) 45/64 (27.4) 0.014
45 minutes 40/155 (25.8) 64/166 (38.6) 0.017
I hour 53/55 (34.2) 73/166 (44.0) 0.086
1.5 hours 67/155 (43.2) 94/167 (56.3) 0.026
2 hours 76/156 (48.7) 113/167 (67.7) <0.001
4 hours 92/156 (59.0) 128/168 (76.2) 0.001
24 hours 128/157 (81.5) 153/169 (90.5) 0.024
Change in functional disability, 2 hours, mean (SD), 0-3 scale
2 hours —0.6 (0.83) —-0.9 (0.87) <0.001
4 hours ~1.0 (0.95) ~1.2 (0.94) 0.006
24 hours —1.5 (0.88) —1.5 (0.88) 0.693
(Continued)
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Table 3 (Continued).

Placebo DFN-15 P value

Use of rescue medication, 2-24 hours, n;/n,® 45/245 (18.4) 40/240 (16.7) 0.635
Treatment satisfaction, 1-7 scale®

2 hours 3.6 3.1 0.003

4 hours 35 29 0.006
Treatment satisfaction, 24 hours, 0—100 scale 35 39 0.004
Sustained (2-24 hours) pain freedom,® n,/n," (%) 52/191 (27.2) 76/189 (40.2) 0.009
Sustained (2-24 hours) pain relief,® ny/nyf (%) 98/191 (51.3) 119/189 (63.0) 0.023

Notes: *n; = number of responders; n, = number of assessments. *Excludes patients who took rescue prior to recording the 2-hour time point and subjects with pre-dose
pain level of none (Grade 0); n; = number of subjects with use of rescue medication within 2 to 24 hours and n, = number of subjects with non-missing assessments for use
of rescue medication criteria. “Lower scores indicate greater satisfaction; assessments were done at 2 and 24 hours post-dose. PPMQ-R Total Score based on a composite
transformed scale (0—100) where a higher score means greater satisfaction. *Endpoints were prespecified but reanalyzed post hoc due to an error in statistical methodology.

f

n; = number of patients with pain freedom at 2 hours post-dose, with no use of rescue medication between 2 hours and 24 hours post-dose, and no recurrence of headache

pain within 2 to 24 hours post-dose; n; = number of patients with non-missing pain assessment at 2, 4, and 24 hours post-dose

Table 4 Summary of Adverse Events Occurring in 22% of
Patients Who Treated a Migraine Attack of Moderate or Severe
Headache with DFN-15 or Placebo

Placebo DFN-15 Total

n = 249 n =244 N = 493

n (%) n (%) n (%)
At least | TEAE 20 (8.0) 15 (6.1) 35 (7.1)
TEAE related to treatment 14 (5.6) Il (4.5) 25 (5.1)
Nausea 3(1.2) 2 (0.8) 5(1.0)
Dysgeusia 2 (0.8) 2 (0.8) 4 (0.8)

Abbreviation: TEAE, treatment-emergent adverse event.

endpoints, including pain relief; freedom from photopho-
bia and phonophobia; change in functional disability; and
treatment satisfaction.

The 2-hour results are directionally similar for the second
attack and for the previously reported first attack.'® Although
the 2-hour rates for freedom from pain and freedom from the
MBS were higher for the second attack, there was a corre-
sponding increase in the magnitude of the placebo rates. As a
consequence, the placebo-subtracted rates were very similar.
We hypothesized that treatment while pain is mild might
increase the pain-free rates and the placebo-subtracted pain-
free rates,'” but only 17.2% (85/567) of patients in this study
treated during mild pain, which may partially obscure the
benefit of early treatment. Based on this finding, the general
advice to treat migraine with acute medications while pain is
mild likely applies to DFN-15, although specifically designed
studies in people with mild pain are needed.

In addition to the 2-hour endpoints, we explored the
onset of benefits on a variety of measures. We found

that pain relief and phonophobia freedom became statis-
tically significant at 45 minutes and remained so for all
subsequent time points. We also found that pain freedom
and photophobia freedom achieved statistical signifi-
cance at 2 hours post-dose and that this superiority
was maintained for all subsequent time points.
Functional disability significantly improved by 2 hours
post-dose, which aligns with results from the first attack,
when the 2-hour mean change from baseline in func-
tional disability scores for DFN-15 and placebo were
—0.9 and —0.7 at 2 hours (p = 0.004).'® The relatively
rapid onset of treatment effects with DFN-15 is consis-
tent with its relatively short T, of <1 hour.

We also examined sustained pain freedom and sus-
tained pain relief at 24 hours and found highly significant
differences favoring DFN-15. These enduring treatment
effects were also demonstrated for the first attack and
may reflect the relatively long half-life of DFN-15 (4.5 +
1.6 hours)."

Finally, the safety and tolerability profile was favor-
able. TEAEs were predictable and generally mild. There
were no clinically significant changes in vital signs or
laboratory values.

This study has several limitations. Because we re-ran-
domized participants to treat a second attack, the potential
of carry-over effects must be considered. Although carry-
over effects were demonstrated, they were equally distrib-
uted between the DFN-15 and placebo treatment arms; it is
unlikely they materially influenced our findings.
Nonetheless, the implications of this carry-over effect

should be considered in the design of future studies of
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acute migraine treatments using re-randomization.
Additionally, because the per protocol analysis designated
freedom from pain and the MBS as the per protocol co-
primary endpoints for the first attack only, analyses of
results from the second attack must therefore be consid-
ered exploratory. The consistency of results from the first
and second attacks on a range of clinically important end-
points (with the exception of nausea freedom) greatly
reduces the possibility that these outcomes were achieved
by chance, and the time—effect curves show that once
statistical separation was achieved, it was maintained
across all subsequent endpoints. Nevertheless, based on
the lack of protocol-specified co-primary endpoints for
the second attack, the analyses in this manuscript are

effectively post-hoc.

Conclusions

DFN-15 was significantly superior to placebo on multiple
efficacy endpoints, including 2-hour freedom from pain
and the MBS, as well as headache relief and functional
disability. Safety and tolerability results were predictable
and similar to placebo.

Abbreviations
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most bothersome symptom; NSAID, nonsteroidal anti-
PPMQ-R, Patient Perception of
Migraine Questionnaire-Revised; SD, standard deviation;
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TEAE, treatment-emergent adverse event.
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