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Abstract

Analgesic effects of ibuprofen immediate-release/extended-release (IR/ER) 600-mg tablets were evaluated in 2 random-
ized, double-blind, placebo-controlled dental pain studies. Patients |16—40 years old with moderate—severe pain following
third-molar extraction received single-dose ibuprofen 600 mg IR/ER (formulation A or B), naproxen sodium 220 mg, or
placebo (2:2:2:1; study 1) or 4 doses of ibuprofen 600 mg IR/ER (formulation A) or placebo (I:1; study 2). In study |
(n = 196), mean (standard deviation [SD]) time-weighted sum of pain intensity difference scores for placebo, ibuprofen
IR/ER A, ibuprofen IR/ER B, and naproxen, respectively, were 0.05 (9.2), 16.87 (9.4), 17.34 (10.5), and 12.66 (10.0) over
0-12 hours and -0.03 (4.1), 6.57 (4.4),7.14 (5.2),and 5.14 (5.0) over 8-12 hours (all P < .00| vs placebo). In study 2
(n = 106), mean (SD) time-weighted sum of pain relief and pain intensity difference scores were 18.2 (20.0) versus 41.5
(21.0) at 0—12 hours and 10.3 (12.0) versus 18.4 (12.1) at 8-12 hours for placebo versus ibuprofen IR/ER, respectively
(P < .001 for both); efficacy was sustained over each of the four 12-hour dosing intervals with ibuprofen. Gastrointestinal
adverse events predominated with placebo both after study medication administration and after rescue medication use,

if applicable. Ibuprofen 600 mg IR/ER provided safe and effective analgesia after single and multiple doses.

Keywords

ibuprofen, immediate release, extended release, dental pain, analgesia

For more than 30 years, the nonsteroidal anti-
inflammatory drug (NSAID) ibuprofen has been
used safely and effectively without a prescription for
analgesia and antipyresis. Available in more than 80
countries, ibuprofen is one of the most widely used
over-the-counter (OTC) analgesics, and its efficacy has
been extensively evaluated.” Previous studies have
shown that a single 400-mg dose of the standard for-
mulation of ibuprofen free acid provides superior anal-
gesic efficacy compared with acetaminophen (1000 mg)
in several different clinical pain models, including third-
molar extraction, sore throat, postpartum episiotomy
pain, tension-type headache, and osteoarthritis.> 7 Sim-
ilarly, in multiple-dose studies, ibuprofen 1200 mg/day
has been found to be at least as effective as ac-
etaminophen 3000-4000 mg/day in relieving pain asso-
ciated with osteoarthritis.””

Standard OTC ibuprofen is taken as a 200- or
400-mg dose, which may be repeated every 4-6 hours as

needed up to a maximum of 1200 mg/day.'® Ibuprofen
is rapidly absorbed after single doses of regular-release
preparations, with peak plasma drug concentration
occurring within 3 hours of dosing. Administra-
tion with food results in a ~20% lowering of peak
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ibuprofen plasma concentrations and a delay in reach-
ing peak concentrations compared with the fasted
state. Administration of multiple doses reveals no
evidence of drug accumulation or time dependence.
The area under the time-versus-concentration curve
(AUC) of ibuprofen demonstrates a nonlinear rela-
tionship from 250 to 1200 mg, possibly because of
saturation of protein binding versus impaired absorp-
tion. At therapeutic concentrations, ibuprofen is >98%
protein bound. Extensive enantiomeric inversion
occurs on administration of ibuprofen in humans.
The metabolism of ibuprofen is extensive, with the
formation of 2-(4-[2-hydroxy-2-methylpropyl]phenyl)
propionic acid (2-hydroxyibuprofen) and 2-(3-[2-
carboxypropyl]phenyl) propionic acid (carboxyibupro-
fen), 1-hydroxyibuprofen, and 3-hydroxyibuprofen;
none of these metabolites are pharmacologically ac-
tive. The cytochrome P450 2C9 is the most important
catalyst for oxidative metabolism. Both drug and
metabolites are excreted rapidly via urine and feces.!!

In circumstances in which longer-lasting pain is
present or anticipated—such as with osteoarthritis,
back pain, dysmenorrhea, or postoperative pain—
analgesics that provide sustained plasma drug levels
over an extended duration of time may prove ad-
vantageous. Indeed, long-acting products may provide
more consistent pain control with less breakthrough
pain and may reduce the need for rescue medication
(along with the potential for associated side effects).!>!3
Less frequent dosing may also be more convenient for
patients.!?

Given the potential clinical scenarios in which a
long-acting OTC analgesic may be preferred, Pfizer
Consumer Healthcare has developed a new immediate-
release/extended-release (IR/ER) formulation of
ibuprofen containing 200 mg of IR ibuprofen and
400 mg of ER ibuprofen (total of 600 mg ibuprofen per
tablet) with a proposed dosing regimen of 1 tablet every
12 hours. We report 2 clinical studies conducted to
evaluate the efficacy and safety of single-dose (study 1)
and multiple-dose (study 2) ibuprofen 600 mg IR/ER
for the relief of dental pain following extraction of
impacted third molars.

Methods

Protocols and informed consent forms for both stud-
ies were approved by the Sterling Institutional Review
Board (Atlanta, Georgia), and both studies were con-
ducted in accordance with International Conference on
Harmonization Good Clinical Practice standards and
the guiding principles of the Declaration of Helsinki
(as amended in Tokyo, Venice, Hong Kong, and South
Africa). All study participants provided written in-
formed consent prior to initiation of any study proce-

dures. Parents or legal guardians were allowed to sign
the consent form for patients younger than age 18 years,
in which case the patients were also required to provide
assent.

Study Design

Both studies were single-center, inpatient, randomized,
double-blind, placebo-controlled, parallel-group trials.
Study 1 (NCT00913627) was a phase 2 trial conducted
by Jean Brown Research (Salt Lake City, Utah), and
study 2 (NCT01266161) was a phase 3 trial conducted
by Premier Research (Austin, Texas). Participants in
study 1 were randomized in a 2:2:2:1 ratio to single
doses of 2 formulations of ibuprofen 600 mg IR/ER
(formulations A and B), naproxen sodium 220 mg, or
placebo and were evaluated for 24 hours after dosing.
The 2 ibuprofen IR/ER formulations differed only in
respect to manufacturing process; formulation A was
subsequently chosen for further development. In study
2, participants were randomized in a 1:1 ratio to ibupro-
fen 600 mg IR/ER (using formulation A from study 1)
or placebo administered every 12 hours for 4 doses, with
assessments occurring over 48 hours.

Both studies stratified patients at study entry by
sex and baseline pain severity (moderate or severe).
To maintain blinding, an independent third party dis-
pensed the study drug to blindfolded patients. No other
study personnel had access to the randomization sched-
ule or identity of study drugs.

In study 1, patients who did not achieve adequate
pain relief within 1.5 hours after dosing or later were
allowed rescue medication consisting of 1 or 2 tablets
of acetaminophen 500 mg plus hydrocodone 5 mg. In
study 2, 1 tablet of acetaminophen 500 mg plus hy-
drocodone 5 mg was available for those not achiev-
ing adequate pain relief within 1 hour after study
drug administration; a second tablet could be pro-
vided in hour 2 or later if needed. In both studies, res-
cue medication use was limited to a maximum of 8
hydrocodone/acetaminophen tablets per day.

Patient Populations

The 2 studies had nearly identical inclusion criteria.
Eligible patients were male or female between 16 and
40 years of age who were in generally good health.
Study inclusion required moderate or severe baseline
pain following surgical extraction of third molars (1 or
2 in study 1; =2 in study 2), at least 1 of which was
required to involve a partial or full bony mandibular
impaction. Moderate or severe baseline postoperative
pain was defined as a score of 2 or 3 on a 4-point cat-
egorical pain severity rating scale (from 0 = none to
3 = severe), confirmed by a score of at least 50 mm on
a 100-mm visual analog scale. In study 1, preoperative
medications and anesthetics included short-acting local
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anesthetics (mepivacaine or lidocaine), with or with-
out a vasoconstrictor, nitrous oxide, and/or mi-
dazolam; study 2 allowed the same preoperative
medications as in study 1 and in addition allowed top-
ical benzocaine and/or fentanyl use. Patients required
clearance for participation by the attending dentist or
physician investigator and had to be capable of com-
prehending the informed consent form and reliably
recording the requested information on the analgesic
questionnaire.

Potential participants were excluded for any sig-
nificant medical disorder that might place them at
increased risk (eg, poorly controlled hypertension, di-
abetes, hyper- or hypothyroidism, or significantly im-
paired cardiac, renal, or hepatic function) or if they
had a bleeding disorder or peptic ulcer disease cur-
rently or within the past 2 years. Women were excluded
if they were pregnant, breast-feeding, or of childbear-
ing potential and not using medically approved con-
traception. Additional exclusion criteria included acute
localized dental/alveolar infection at the time of
surgery, a history of alcoholism or substance abuse
within the past year (study 1) or past 2 years (study
2), or a history of allergic reaction to any NSAID,
codeine, hydrocodone, or acetaminophen. Patients were
required to abstain from intake of caffeine, choco-
late, or alcohol within 4 hours of taking the first dose
of study medication (study 1) or after midnight on
the evening preceding surgery and during the subse-
quent 48-hour evaluation period (study 2). Patients
were ineligible if they had used prescription or OTC
first-generation antihistamines within 24 hours of tak-
ing study medication (study 2 only), a bisphospho-
nate any time in the 5 years prior to enrollment, or,
aside from preanesthetic medication/anesthesia for the
surgery, any analgesic (studies 1 and 2) or glucocor-
ticoids (study 2 only) within 5 times the drug’s half-
life prior to administration of the first dose of study
medication. Routine use of oral analgesics > 5 times
per week (habituation) was also grounds for exclusion.
Study 1 excluded patients taking any medication con-
traindicated for use with NSAIDs or who were taking
psychotropic drugs (generally referring to antidepres-
sant therapy) unless the dose was stable for >2 months.
Study 2 excluded patients taking monoamine oxidase
inhibitors within 2 months of screening, or antianxiety,
antipsychotic, or neuroleptic agents within 14 days of
surgery. Patients taking antidepressants were allowed to
participate if the dose was stable for =30 days and did
not vary throughout the study period. Patients using an
investigational product or who participated in an inves-
tigational trial within the prior 30 days were excluded.
Study site staff, sponsor employees, and relatives of
study site personnel or (in study 2) the sponsor were all
ineligible.

Participant Assessments

Pain status was assessed using validated scales that are
well established and typical for these types of studies.
Pain intensity was assessed with the question “How
much pain do you have at this time?” and was rated on a
4-point categorical pain intensity rating scale (with re-
sponses of 0 = none, 1 = mild, 2 = moderate, and 3 =
severe) at baseline and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 5,
6,7,8,9,10,11,12, 13, 14, 16, and 24 hours after study
drug administration in study 1 and at baseline and 0.5,
1,1.5,2,4,6,8,10, 12, 16, 20, 24, 28, 32, 36, 40, 44, and
48 hours after the first dose in study 2. Pain intensity
also was assessed immediately before any rescue medi-
cation was given in both studies.

Pain relief was assessed with the question “How
much relief do you have from your starting pain?” and
was rated on a 5-point categorical pain relief rating
scale to indicate how much relief patients had compared
with their starting pain (with responses of 0 = none,
1 = alittle, 2 = some, 3 = a lot, and 4 = complete). In
study 1, pain relief was assessed at the same posttreat-
ment times as the pain intensity rating scale; in study 2,
pain relief was assessed through 12 hours after the first
dose.

The double stopwatch method was used to evaluate
times to first perceptible relief and meaningful pain re-
lief. At dosing (time 0), the study coordinator started
2 stopwatches with covered faces. Patients were given
the first stopwatch and instructed to stop it when they
first experienced any pain relief. If and when patients
stopped the first watch, they were given the second stop-
watch and instructed to stop it when they experienced
pain relief they considered meaningful. Stopwatches re-
mained active until stopped by the patient, rescue med-
ication was administered, 6 hours had elapsed (study 1
only), or the next dose of study medication was admin-
istered (ie, 12 hours [study 2 only]).

Efficacy Outcome Measures

Coprimary efficacy measures in study 1 included the
time-weighted sum of pain intensity difference scores
from 0 to 12 hours (SPID 0-12) and from 8 to 12
hours (SPID 8-12). Pain intensity difference scores
(PIDs) were calculated by subtracting the score at each
postdosing assessment point from the baseline score;
a higher PID indicated greater improvement. In study
2, coprimary efficacy measures were the time-weighted
sum of pain relief and pain intensity difference scores
from 0 to 12 hours (SPRID 0-12) and from 8 to 12
hours (SPRID 8-12).

Secondary efficacy parameters in study 1 included
time to confirmed first perceptible relief, time to mean-
ingful pain relief, time to treatment failure, and per-
centage of treatment failures at 8, 9, 10, 11, and 12
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hours. Time to confirmed first perceptible relief was
defined as the time the patient stopped the first stop-
watch, provided they confirmed it by also pressing the
second stopwatch, indicating meaningful relief. In study
1, patients who never stopped the second stopwatch
were censored at 6 hours for both time to confirmed
first perceptible relief and time to meaningful relief. In
study 2, those who failed to achieve first perceptible
and/or meaningful relief were censored at the time of
the second dose, whereas those who did not achieve
confirmation of first perceptible relief by also press-
ing the second stopwatch were censored at the time
they pressed the first stopwatch. Time to treatment fail-
ure was defined as time to first use of rescue medi-
cation or to study discontinuation because of lack of
efficacy. Secondary efficacy measures in study 2 in-
cluded time to meaningful pain relief; SPID 0-12, 8-12,
12-24, 20-24, 0-24, 24-36, 32-36, 36-48, 44-48, and
24-48; time to first rescue medication use during the
first dosing interval; and percentage of patients taking
rescue medication during the first dosing interval and
overall.

Safety Measurements

Patients were monitored during surgery and inpa-
tient follow-up for adverse events (AEs), which were
recorded when reported or observed. AEs were summa-
rized using Medical Dictionary for Regulatory Activi-
ties, versions 9.0 (study 1) and 13.0 (study 2).

Statistical Analyses

For study 1, a sample size of at least 196 patients (56
in each active treatment group and 28 in the placebo
group) was estimated to provide >80% power to de-
tect a treatment difference of 8.75 units for SPID 0-12
at a 2-sided .05 significance threshold. This determina-
tion assumed a variability estimate of 10.3 units, based
on a previously completed randomized, double-blind,
placebo-controlled study that compared OTC ibupro-
fen versus celecoxib in dental pain.'* This sample size
was also estimated to provide >87% power to detect a
treatment difference of 3 units for SPID 8-12, assuming
a variability estimate of 4.13 units.

For study 2, variability estimates of 21.1 and 10.7
units were used for SPRID 0-12 and SPRID 8-12, re-
spectively, based on results from study 1. Using those
assumptions, a sample size of 100 patients (50 per treat-
ment group) was estimated to provide >90% power
(¢ = .05, 2 sided) to detect differences of 15 and 7.5
units on the respective coprimary end points.

Instudy 1, the worst observation was carried forward
for pain intensity and pain relief assessments following
any rescue medication use. A similar rule was applied
to study 2, but only for scores assessed within 4 hours
of rescue use because this was a multiple-dose study.

Summary scores of SPID and SPRID for periods of
interest, as well as pain relief and PID scores at each
postdosing point, were analyzed by analysis of variance
with treatment, sex, and categorical baseline pain sever-
ity rating in the model. Times to confirmed first per-
ceptible relief, meaningful relief, and treatment failure
in study 1 and time to first rescue medication in study
2 were analyzed using the proportional hazards regres-
sion model with terms for treatment, sex, and baseline
pain severity. The Cochran-Mantel-Haenszel test, con-
trolling for sex and baseline pain severity, was used in
study 1 to evaluate proportion of treatment failures and
in study 2 to evaluate proportion of patients taking res-
cue medication in the first dosing interval and overall.
All tests were done at a 2-sided 5% significance level. All
statistical analyses were performed using SAS, version
9.2 (SAS Institute, Cary, North Carolina).

To protect from type I error from multiple com-
parisons, the 2 primary parameters in each study
were tested sequentially. In study 1, for SPID 0-
12, if the overall test showed that at least 1 ibupro-
fen IR/ER formulation was significantly better than
placebo, then each ibuprofen IR/ER-versus—placebo
comparison was eligible for statistical significance if
P < .05. The SPID 8-12 was not eligible for statisti-
cal significance unless both pairwise comparisons for
SPID 0-12 were also significant. Because the naproxen
treatment arm was only included to establish the assay
sensitivity of the study and to gain an assessment of
relative efficacy of the 2 ibuprofen test prototypes, the
naproxen-versus-placebo comparison was only tested
as a secondary hypothesis. Similarly in study 2, the
SPRID 8-12 could not be considered significant unless
SPRID 0-12 was significant.

The protocol for study 1 called for statistical com-
parisons only for active treatments versus placebo; how-
ever, statistical comparisons between ibuprofen IR/ER
formulations (pooled) and naproxen were also per-
formed as a post hoc analysis using the same statistical
methods outlined above.

Efficacy analyses were based on the intent-to-treat
(ITT) population, which included all randomized pa-
tients who received study drug and provided a base-
line pain assessment. The safety population consisted
of all patients who received study drug and contributed
follow-up data.

Results

Patient Disposition and Baseline Characteristics

In both studies, all randomized patients (study 1,
n = 196; study 2, n = 106) received study medication
and were included in the ITT and safety populations.
No patients withdrew from study 1. Five patients dis-
continued participating in study 2: 1 in the ibuprofen
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Table |. Baseline Demographic, Surgical, and Pain Characteristics of Participants in Single-Dose (Study |) and Multiple-Dose

(Study 2) Investigations of Ibuprofen 600 mg IR/ER

Study | Study 2
Ibuprofen 600  Ibuprofen 600
mg IR/ER mg IR/ER
Placebo Formulation A Formulation B Naproxen 220 lbuprofen 600 mg
(n=29) (n=153) (n = 56) mg (n = 58) IR/ER (n = 54)  Placebo (n = 52)

Sex, n (%)

Male 17 (58.6) 31 (58.5) 33 (58.9) 34 (58.6) 18 (33.3) 19 (36.5)

Female 12 (41.4) 22 (41.5) 23 (41.1) 24 (41.4) 36 (66.7) 33 (63.5)
Race, n (%)

White 28 (96.6) 46 (86.8) 51 (91.1) 55 (94.8) 47 (87.0) 42 (80.8)

Black 1 (3.4) I (1.9) 0 0 3 (5.6) 6 (11.5)

Asian 0 2(3.8) 1 (1.8) 1 (1.7) 2 (3.7) 2 (3.8)

Other? 0 4(7.6) 4(7.2) 2 (3.4) 2 (3.8) 2 (3.8)
Age, years

Mean (SD) 18.1 (2.1) 18.6 (2.4) 18.7 (2.7) 18.3 (2.6) 21.3 (3.6) 21.1 (3.3)

Range 1627 16-25 1629 16-28 16-34 1629
Duration of procedure, min

Mean (SD) 8.8 (5.5) 7.1 (2.5) 7.6 (2.9) 8.7 (6.3) 9.0 (2.8) 10.1 (3.7)

Range 4.0-28.0 2.0-15.0 4.0-15.0 3.0-35.0 5.0-20.0 6.0-25.0
Number of teeth extracted, n (%)

| 0 I (1.9) 0 2 (34) 0 0

2 29 (100.0) 52 (98.1) 56 (100.0) 56 (96.6) 54 (100.0) 52 (100.0)
Trauma rating, n (%)

Mild 0 I (1.9) 0 0 0 0

Moderate 27 (93.1) 50 (94.3) 54 (96.4) 52 (89.7) 45 (83.3) 36 (69.2)

Severe 2 (6.9) 2 (3.8) 2 (3.6) 6 (10.3) 9 (16.7) 16 (30.8)
Time from end of surgery to study medication, h

Mean (SD) 3.1 (0.7) 3.3(0.9) 3.3(0.9) 3.2(0.9) 2.8 (0.9) 2.6 (0.8)

Range 1.84.5 0.9-5.2 I.1-5.5 1.4-5.1 1.4-4.8 1.3-4.5
Baseline VAS pain intensity, mm

Mean (SD) 73.9 (11.6) 77.1 (13.2) 74.8 (12.4) 75.1 (12.3) 75.7 (12.2) 73.8 (12.3)

Range 53-96 50-100 56-100 51-99 54-100 53-100
Baseline categorical pain severity, n (%)

Moderate 18 (62.1) 29 (54.7) 33 (58.9) 34 (58.6) 39 (72.2) 37 (71.2)

Severe I'1(37.9) 24 (45.3) 23 (41.1) 24 (41.4) 15 (27.8) 15 (28.8)

ER, extended release; IR, immediate release; SD, standard deviation; VAS,

visual analog scale.

20ther, American Indian, Alaskan native, native Hawaiian, other Pacific Islander.

IR/ER group discontinued during the first dosing inter-
val because of lack of efficacy, 1 in the placebo group
was ineligible because of recent use of intravenous
dexamethasone, and 3 others in the placebo group were
discontinued because of vomiting within 4 hours of
dosing. Treatment groups in each respective study were
comparable in terms of demographic and baseline char-
acteristics (Table 1).

Study 1: Single-Dose Efficacy

Ibuprofen IR/ER formulation A was associated with
significant (P < .05) improvements in PID and
pain relief scores compared with placebo beginning
15 minutes after dosing (the first on-treatment as-
sessment), with benefits persisting throughout the

24-hour assessment period (Figure 1 and Supplemen-
tal Figure S1). With ibuprofen IR/ER formulation B
and naproxen, the pain relief rating score first dif-
fered significantly from placebo at 30 minutes; signifi-
cant differences persisted throughout the 24-hour study
period. Each of the 3 active treatments provided im-
provements in SPID 0-12 and SPID 8-12 scores, which
were significantly better (P < .001) than with placebo
(Figure 2). SPID 0-4 and SPID 4-8 results were gen-
erally consistent with those of SPID 0-12 and 8-12,
with all 3 active treatments statistically superior to
placebo.

In the post hoc analysis, the pooled ibuprofen group
was associated with significant improvements in both
SPID 0-12 (P = .003) and SPID 8-12 (P = .024) scores
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Table 2. Post Hoc Analysis: Pooled Ibuprofen IR/ER Versus Naproxen Sodium (Study |)

IBU 600 mg IR/ER Pooled
(n = 109) vs Placebo

IBU 600 mg IR/ER Pooled

Naproxen Sodium 220 mg (n = 109) vs Naproxen

Parameter (n=129) (n = 58) vs Placebo (n = 29) Sodium 220 mg (n = 58)
SPID 0-12, treatment 16.6 (12.9-20.2) 12.3 (8.3-16.3) 4.3 (1.5-7.1)
difference (95%ClI)* P < .00l P < .00l P =.003

SPID 8-12, treatment 6.7 (4.9-8.6) 5.1 3.0-7.1) 1.7 (0.2-3.1)
difference (95%ClI)* P < .00l P < .00l P =.024

TFPR (confirmed), hazard 13.6 (5.0-37.0) 8.9 (3.2-25.0) 1.5 (1.1-2.2)

ratio (95%Cl)® P < .00l P < .00l P =.026

TMR, hazard ratio 14.1 (5.2-38.5) 8.9 (3.2-24.8) 1.6 (1.1-2.3)
(95%CI)° P < .00l P < .00l P=.014

Cl, confidence interval; ER, extended release; IBU, ibuprofen; IR, immediate release; SPID, time-weighted sum of pain intensity difference; TFPR, time to
first perceptible relief (confirmed by meaningful relief); TMR, time to meaningful relief.

2Treatment difference and corresponding 95%Cl were calculated based on least-squares means from the analysis of variance model.

®Hazard ratio and corresponding 95%Cl were calculated based on the Wald statistic from the proportional hazard model.
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Figure |. Study | — single-dose efficacy of 2 formulations of

ibuprofen 600 mg IR/ER compared with placebo and naproxen,
mean pain intensity difference (PID) scores. A higher score indi-
cates a greater reduction in pain intensity. P < .05 versus placebo
for all active treatments at all times starting at first assessment
(15 minutes). ER, extended release; IR, immediate release.

compared with naproxen sodium (Table 2). PID and
pain relief scores were significantly higher, indicating
improvement, in the pooled ibuprofen group compared
with naproxen at 45 minutes (pain relief only) and at 2,
3,4,5,6,7,8,9, 10, and 12 hours (for PID and pain
relief); there were no significant differences at points >
12 hours.

Confirmed first perceptible relief occurred signifi-
cantly faster with ibuprofen IR/ER than with placebo;
median time to confirmed first perceptible relief was
29.4 minutes for both formulations of ibuprofen
IR/ER, 32.1 minutes for naproxen, and >6 hours with
placebo (Figure 3A). Furthermore, time to confirmed
first perceptible relief was significantly faster with
pooled ibuprofen IR/ER compared with naproxen,

20 4

Mean (SE) Score

-1 SPID 0-12

SPID8-12

Placebo (n=29) M Ibuprofen IRER-A (n=53) M lbuprofen IR/ER-B (n=56) M Naproxen (n=58)
Figure 2. Study | — single-dose efficacy of 2 formulations of
ibuprofen 600 mg IR/ER compared with placebo and naproxen,
mean (SE) SPID 0-12 and SPID 8-12 (coprimary outcomes). ER,
extended release; IR, immediate release; SE, standard error; SPID,
time-weighted sum of pain intensity difference.?P < .001 versus
placebo.

(P = .026; Table 2). Time to meaningful pain re-
lief occurred significantly sooner with each active
treatment compared with placebo (P < .001); me-
dian times were >6 hours for placebo, 59.7 minutes
for IR/ER formulation A, 76.7 minutes for IR/ER
formulation B, and 84.1 minutes for naproxen. Sim-
ilar to what was observed in the post hoc analy-
sis of time to confirmed first perceptible relief, time
to meaningful relief was significantly faster for the
pooled ibuprofen groups relative to naproxen (P = .014;
Table 2).

Median time to treatment failure, which was related
to rescue medication use in all cases, was greater than
24 hours for all active treatments and was significantly
(P < .001) longer than with placebo (1.7 hours). At
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Probability of Onset

00 0S 10 15 20 25
Hour

Placebo (n=29) @ Ibuprofen IREER-A (n=53)
B Ibuprofen IREER-B (n=56) A Naproxen (n=58)

Probability of Onset

00 05 10 15 20 25
Hour

Placebo (n=52) @ Ibuprofen IR/ER (n=54)
Figure 3. Kaplan-Meier curve for time to confirmed first per-
ceptible relief in (A) study | (single-dose study) and (B) study
2 (multiple-dose study). Note: X-axis is truncated to 2.5 hours.
No events occurred later than 2.5 hours. ER, extended release;
IR, immediate release.*P < .001.

12 hours, treatment failure had occurred in 20.8% of
those taking ibuprofen IR/ER formulation A, 17.9%
of those taking ibuprofen IR/ER formulation B, 32.8%
of those taking naproxen, and 82.8% of those taking
placebo; at 24 hours, the rates of treatment failure were
41.5%, 41.1%, 37.9%, and 86.2%, respectively. The per-
centage of treatment failures from hours 8 to 12 was
significantly lower for each active treatment compared
with placebo (P < .001). On post hoc analysis, a signifi-
cantly higher percentage of patients failed treatment in
the naproxen sodium group versus in the pooled per-
centage of ibuprofen patients at hours 8§, 9, 10, and 12
following study medication administration (P < .05 for
all).

Study 2: Multiple-Dose Efficacy
In study 2, ibuprofen 600 mg IR/ER demonstrated sta-
tistically significant superiority over placebo on both

coprimary efficacy parameters, mean SPRID 0-12 (dif-
ference of 23.76) and SPRID 8-12 (difference of 8.42)
following the first dose (P < .001 for both; Figure 4).

Ibuprofen 600 mg IR/ER significantly (P < .05) re-
duced pain intensity compared with placebo at all as-
sessments except for the final assessment at the end of
each dosing interval (ie, at 12, 24, 36, and 48 hours;
Figure 5). Pain relief during the first dosing interval was
significantly (P < .001) greater with ibuprofen IR/ER
than with placebo at all times until hour 12 (Supple-
mental Figure S2).

Time to confirmed first perceptible relief was signif-
icantly shorter with ibuprofen IR/ER versus placebo,
with median times of 25.0 minutes versus >12 hours,
respectively (P < .001; Figure 3B). Likewise, time to
meaningful pain relief was significantly shorter (me-
dian, 54.2 minutes) with ibuprofen IR/ER compared
with placebo (median, >12 hours; P < .001). SPID
scores were significantly (P < .05) greater with ibupro-
fen IR/ER versus placebo at all specified time inter-
vals except for 20-24 hours (Supplemental Figure S3).
Ibuprofen 600 mg IR/ER was associated with signifi-
cantly less rescue medication usage overall across the
entire study (0.6 vs 2.5 pills; P < .001), as well as dur-
ing each of the 12-hour dosing intervals (interval 1, 0.4
vs 1.3; P < .001; interval 2, 0.1 vs 0.4; P < .001; inter-
val 3,0.1 vs 0.5; P=.002; and interval 4,0.1 vs 0.3; P =
.021) versus placebo, respectively. Ibuprofen IR/ER was
associated with a significantly longer time to first res-
cue medication use during the first 12 hours compared
with placebo (median, >12 vs 1.6 hours, respectively;
P < .001). A significantly (P < .001) lower percentage
of participants treated with ibuprofen IR/ER took res-
cue medications during the first dosing interval com-
pared with placebo (29.6% vs 76.9%, respectively) and
over the entire 48-hour study period (31.5% vs 78.8%,
respectively).

Safety Evaluation

Ibuprofen IR/ER was well tolerated in both stud-
ies. In study 1, 46 treatment-emergent adverse events
(TEAEs) were reported by 25 patients, including 8
taking placebo (27.6%), 3 taking ibuprofen IR/ER for-
mulation A (5.7%), 8 taking ibuprofen IR/ER formu-
lation B (14.3%), and 6 taking naproxen (10.3%); see
Table 3. The overall AE incidence rate (P = .045), the
rate of gastrointestinal system organ class AEs (P =
.027), and the rates of nausea (P = .012) and vomit-
ing (P = .003) were significantly different among treat-
ment groups because of the higher event rates seen with
placebo compared with active treatments. In study 2,
44 TEAEs were reported by 31 patients, including 23
patients taking placebo (44.2%) and 8 taking ibupro-
fen IR/ER (14.8%). Similar to study 1, the incidence
of AEs seen within the placebo group in study 2 was
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Table 3. Adverse Events Occurring in >3% of Any Treatment Group in the Single-Dose and Multiple-Dose Studies of Ibuprofen

IR/ER

Study I:Single-Dose Study Study 2: Multiple-Dose Study

Ibuprofen Ibuprofen
IR/ER IR/ER
Formulation A Formulation B Ibuprofen IR/ER
AE, n (%) Placebo (n = 29) (n=153) (n = 56) Naproxen (n = 58)  Placebo (n = 52) (n=54)
Patients with 8 (27.6) 3(5.7) 8 (14.3) 6 (10.3) 23 (44.2) 8(14.8)
any AE

Nausea 6 (20.7) I (1.9) 5 (8.9) 2 (3.4) 10 (19.2) I (1.9)
Vomiting 5(17.2) 0 3(54) 1 (1.7) 6 (11.5) 0
Headache I (3.4) 2(3.8) I (1.8) 1 (1.7) 9(17.3) 4(74)
Dizziness I (3.4) 0 2 (3.6) 2 (3.4) I (1.9) 0
Flushing 0 0 0 0 2 (3.8) 0
Pruritus 0 0 I (1.8) 0 0 2(3.7)

AE, adverse event; ER, extended release; IR, immediate release.

significantly greater than that noted in the ibuprofen
600 mg IR/ER group for both the overall incidence
of AEs (P = .001) and the incidence of gastroin-
testinal disorders (P < .001). The AE rates were not
significantly different between placebo and ibuprofen
IR/ER for any other system organ class. Interestingly,
14 subjects taking placebo (26.9%) and 3 taking ibupro-
fen 600 mg IR/ER (5.6%) reported AEs after taking
rescue medication (acetaminophen/hydrocodone HCI
500/5 mg).

In study 1, 1 AE in each of the 3 active treatment
groups and 7 AEs in the placebo group were deemed
related to study treatment by the investigator. In
study 2, 30 AEs in the placebo group (16 cases of nau-
sea/vomiting, 7 cases of headache, 2 cases of flushing,
and 1 each of chills, feeling hot, dizziness, rash, anxi-
ety) and 5 AEs in the ibuprofen IR/ER group (3 cases
of headache, 1 case of nausea/vomiting, and 1 case of
pruritus) were considered treatment related. In study 2,
AEs followed the ingestion of rescue medication in 14
patients (26.9%) in the placebo group and 3 (5.6%) in
the ibuprofen IR/ER group.

In both studies, most AEs were mild or moderate in
intensity. In study 1, 1 AE was considered severe (vom-
iting by a patient in the naproxen group), and in study
2, 5 AEs were considered severe (1 case each of nau-
sea and headache with placebo; 1 case each of burning
skin sensation, pruritus, and skin pain with ibuprofen
IR/ER). No deaths or serious AEs occurred in either
study. No patients in study 1 discontinued because of
AEs; in study 2, 3 patients in the placebo group discon-
tinued because of vomiting, 2 of whom had received
rescue medication within 90 minutes prior to the vom-
iting episode.

At the end of both study 1 and study 2, blood pres-
sure readings were lower in the active treatment groups

compared with those taking placebo, likely a reflection
of pain reduction and corresponding decreases in sym-
pathetic activity.

Discussion

The 2 studies reported here are among the first to
evaluate the clinical efficacy of a new long-acting for-
mulation of ibuprofen 600-mg IR/ER tablets that is
administered orally every 12 hours. This formulation
was developed for OTC use to provide consumers with
longer, more consistent pain relief in addition to greater
dosing convenience (ie, fewer doses per day). Both
a single-dose and a multiple-dose pharmacokinetic
study supporting product development have shown that
ibuprofen 600 mg IR/ER is bioequivalent to standard
ibuprofen 200 mg administered every 4 hours x 3 in
terms of the overall extent (AUC from time 0 to 12
hours, to last measurable concentration, and to infin-
ity) and rate (maximum concentration, Cy,ay) of ibupro-
fen absorption; however, the Cy,,x for ibuprofen 600 mg
IR/ER after the first dose was higher than after the first
dose of standard IR ibuprofen.'

In the current studies, ibuprofen 600 mg IR/ER pro-
vided rapid relief from postoperative dental pain, be-
ginning at the first postdose assessment in both studies
(15 minutes in study 1; 30 minutes in study 2). The time
to confirmed first perceptible relief (median, 29.4 min-
utes in study 1 and 25.0 minutes in study 2) and time to
meaningful pain relief (median, 59.7 minutes in study
1 [for the formulation ultimately chosen for clinical de-
velopment] and 54.2 minutes in study 2) with ibupro-
fen IR/ER were statistically superior to placebo and
illustrate a rapid onset of action with this new ibupro-
fen formulation, an important attribute for any acute
analgesic medication. In addition, time to meaningful
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Figure 4. Study 2 — multiple-dose efficacy of ibuprofen 600 mg
IR/ER every 12 hours compared with placebo, mean (SE) sum of
pain relief and pain intensity difference (SPRID) scores at 0—12
and 8-12 hours (primary efficacy analyses). ER, extended release;
IR, immediate release; SE, standard error.*P < .001.
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Figure 5. Study 2 — multiple-dose efficacy of ibuprofen 600
mg IR/ER every 12 hours compared with placebo, mean pain
intensity difference (PID) scores. A higher PID score indicates
greater reduction in pain intensity. PID scores were significantly
(P < .05) greater for ibuprofen IR/ER than for placebo at all as-
sessments except hours 12, 24, 36, and 48 (ie, the end of each
dosing interval). Arrows denote dosage administration. ER, ex-
tended release; IR, immediate release.

pain relief occurred ~25 minutes earlier with ibuprofen
IR/ER than with naproxen sodium; on post hoc analy-
sis, this difference was statistically significant in favor of
ibuprofen 600 mg IR/ER. Furthermore, post hoc anal-
yses revealed significant differences favoring ibuprofen
600 mg IR/ER over naproxen sodium 220 mg on both
coprimary efficacy end points and many secondary out-
comes.

The analgesic effect of ibuprofen IR/ER was main-
tained for at least 12 hours after dosing. In study
1, the percentage of patients taking ibuprofen IR/ER

formulation A or B who required rescue medication
(20.8% and 17.9%, respectively) was significantly lower
than with placebo (82.8%). In addition, both ibupro-
fen formulations were superior to placebo for PID,
pain relief, and pain relief combined with pain inten-
sity difference at each hourly point from 8 through 12
hours, as well as for the composite assessments SPID
8-12, time-weighted sum of pain relief scores from 8
to 12 hours, and SPRID 8-12, clearly demonstrating
a 12-hour duration of effect. Similarly, in study 2, ef-
ficacy over the 12-hour period was significantly supe-
rior with ibuprofen IR/ER versus placebo for SPRID
0-12 and SPRID 8-12 in the first dosing interval.
These findings were supported by observations over
the 3 subsequent 12-hour dosing intervals, although
PID scores were not significantly different from ibupro-
fen IR/ER versus placebo (P > .05) at the end of
each dosing interval (hours 12, 24, 36, and 48), which
may be reflective of the effect of rescue medication
use in the placebo group. Furthermore, the percent-
age of patients who used rescue medication was signifi-
cantly lower for ibuprofen IR/ER over both 12 hours
(29.6%) and 48 hours (31.5%) versus placebo (76.9%
and 78.8%, respectively). We were able to locate 1
other study, reported in abstract only, in which anal-
gesic efficacy of an ibuprofen 600-mg IR/ER tablet was
demonstrated in the third-molar dental extraction pain
model.'®

The third-molar extraction model of dental pain is
considered the gold standard of acute pain models and
has been used to evaluate the efficacy and safety of
a number of analgesics.>'”?° Third-molar extraction
procedures are fairly uniform, require minimal anes-
thesia, and result in a well-characterized, consistent
intense pain lasting more than 12 hours and gradu-
ally declining over the next 1-2 days.?' This model has
good sensitivity in distinguishing active treatment from
placebo (as in the current studies) because third-molar
extraction pain is associated with a very low placebo
response rate.”!>> This model has also been found to
be highly sensitive in single-dose studies™'”-**?* and is
adequately sensitive in multiple-dose studies to permit
detection of statistically significant differences between
active treatments.’*?* In addition, the third-molar ex-
traction model is able to demonstrate efficacy across a
broad range of analgesics and has predicted treatment
regimens of experimental analgesics that were eventu-
ally approved by regulatory bodies.>! Furthermore, a
recent comparison of pain models based on standard
effect sizes found that this model (and the bunionec-
tomy model) had a higher assay sensitivity than 2 other
postsurgical pain models.?®

Previous healthy-volunteer pharmacokinetic studies
with this formulation of ibuprofen IR/ER have shown
that it is bioequivalent to standard ibuprofen 200 mg
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IR tablets administered as 1 tablet 3 times daily ev-
ery 4 hours with regard to both the extent and rate of
absorption after both single and multiple doses.'® The
current findings indicate that ibuprofen 600 mg IR/ER
provides both rapid and sustained analgesic efficacy
over 12 hours.

One potential limitation of this analysis is that gen-
eralizability cannot be confirmed. Patients undergoing
third-molar extraction tend to be young adults with rel-
atively few concurrent medical conditions, >'** which is
advantageous for analysis but also may limit general-
izability of the findings to older patients with comor-
bid illnesses. However, it should be noted that standard
ibuprofen IR has a long history of safe and effective
OTC use across a multitude of pain state etiologies in
adults of all ages. Thus, it is likely that the efficacy of the
longer-acting formulation of ibuprofen demonstrated
here would extend to other types of persistent pain (eg,
osteoarthritis, headache, backache, dysmenorrhea), in-
cluding those in older persons.

Conclusions

Ibuprofen 600 mg IR/ER demonstrated analgesic effi-
cacy superior to placebo in the third-molar dental pain
model after single and multiple doses. Ibuprofen IR/ER
provided both a rapid onset of analgesia and a 12-hour
duration of effect and was safe and well tolerated, with
dosing lasting up to 2 days. A post hoc analysis sug-
gested that ibuprofen provides faster onset of analgesia
and a superior duration of effect compared with a sin-
gle dose of naproxen sodium 220 mg. Thus, ibuprofen
IR/ER provides a long-acting formulation of ibuprofen
that offers the benefits of fast and sustained pain relief
plus the convenience of less frequent dosing for patients
with longer-lasting pain.
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