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Opioid medications are a mainstay of postoperative pain management and
act centrally within the nervous system to provide analgesia: These agents,
however, can have serious, well recognized side effects. Furthermore,
opioids do not interrupt the inflammatory process. It has been suggested that
preempting the inflammatory response, which can begin within 20 minutes of
injury, may reduce the overall need for analgesic medication, including
opioids, and improve recovery following surgical procedures:* Nonsteroidal
anti-inflammatory drugs (NSAIDs) have been extensively used for several
years as a reliable way to block pain and inflammation in a variety of settings.

A multimodal approach to pain management has been proposed as a means
of achieving comprehensive pain relief, while minimizing the potential for
opioid-related adverse effects by lowering the total dose of opioid that is
required.: An agueous formulation of ibuprofen, Caldolor®, has recently been
approved by the US Food and Drug Administration (FDA) for use in adults for
treatment of mild to moderate pain, moderate to severe pain as an adjunct to
opiold medications and reduction of fever. Oral ibuprofen is a widely used,
generally well tolerated, and effective NSAID with analgesic, antipyretic and
anti-inflammatory properties. However, oral administration is not practical
during the immediate postoperative period. To provide efficacy and tolerability
data for a new drug application submitted to FDA, this study was conducted
to assess the tolerability and efficacy of intravenously administered ibuprofen
in the management of pain control as measured by the reduction of opioid
use and patients’ self-assessment of pain in patients after elective orthopedic
or abdominal surgical procedures.
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This randomized, double-blind, placebo-controlled trial was conducted at 17
sites within the United States, Australia, and the Republic of South Africa
between February 2005 and September 2006 enrolling a total of 406 patients.
An institutional review board or independent ethics committee approved the
study at each clinical study site. Orthopedic surgeries included replacement
or reconstruction of the knee, hip, or shoulder joint; abdominal surgeries
included gall bladder, bowel, or lower abdominal general investigative
surgery, as well as gynecologic surgery (including hysterectomy).
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Study Design:

Key Inclusion Criteria

Scheduled for elective single site surgery with anticipated need for
post-operative 1.V. morphine analgesia with anticipated use of
224 hours

Adequate IV access

Anticipated hospital stay > 24 hours

Key Exclusion Criteria

<18 or >70 year of age

Unable to provide informed consent or reliable self-report of pain
Weighed <30 kg

History of allergy or hypersensitivity to ibuprofen, aspirin, NSAIDs, or
cyclooxygenase-2 inhibitors

Anemic

History of asthma or heart failure

Pregnant or breastfeeding

At increased risk for bleeding (including a platelet count < 30,000
cells/uL)

History of gastrointestinal bleeding within 6 weeks before surgery, or
a history of bleeding diathesis, or were at increased risk for intra-
cerebral hemorrhage; or had renal insufficiency (creatinine clearance
<60 mL/min or oliguria defined as urine output <500 mL/24 h) or
were undergoing dialysis within 28 days before surgery

Receiving warfarin, lithium, or a combination of angiotensin-
converting enzyme inhibitors and furosemide, or if they received any
analgesic, muscle relaxant, or sedative within 24 hours before
administration of the study medication (other than acetaminophen
up until 6 hours, or NSAIDs up until 12 hours, before the first admin-
istration of study drug)

Statistical Analysis:
Statistical analyses for the efficacy endpoints were conducted on the intent-
to-treat population (all patients who were randomized and received at
least a partial dose of IV ibuprofen or placebo) and the efficacy-evaluable
population (EEP) (all patients who received at least 4 doses of IV ibuprofen
or placebo within 60 minutes of the scheduled administration time).

® Morphine usage values were analyzed with SAS® PROC GLM,
Version 9.1.3. Factors for treatment, age group, weight group and
center were included in the model. The assumptions of ANCOVA were
examined. The residual plot showed that the assumption of
homogeneity of variance was violated. In addition to the normal
probability plot, a histogram of the data, the Kolmogorov-Smirnov test
for normality, and the kurtosis value all showed that the assumption of
normality was violated. Because the model assumptions for normality
were violated, additional techniques were applied to test the difference
between the study groups and to investigate the robustness of the
conclusions.
Among the methods that were used were logarithm (log) and Box-
Cox transformations and nonparametric testing (rank transformation).
It was determined that the rank-transformation method was most
appropriate and therefore was used for this analysis. Mean, median,
and least squares means (transformed) data are presented.
Al statistical tests were 2-sided, with P<0.05 considered significant
for treatment differences and P<0.10 considered significant for
interaction effects. Analysis of variance and covariance procedures
were used to compare the reduction in the requirement for morphine
use in the 24 hours following surgery among the treatment groups.
Dunnet's test was used as a multiple comparison test to compare
active dose groups with the placebo group.®

Randomization:

Participants were randomized in a 1:1:1 ratio to one of three treatment
groups: morphine and 400 mg |V ibuprofen, morphine and 800 mg IV ibuprofen,
or morphine and placebo. Because morphine dosage correlates with age and
weight®”, participants were stratified to two age (18-45 years, 46-70 years)
and weight (<75 kg, >75 kg) groups prior to randomization.

Surgical Analgesia:

The study protocol allowed the preoperative and intraoperative administration
of morphine until approximately 45 minutes prior to the end of the surgical
procedure. After this time, patients could only receive fentanyl until the first
dose of IV ibuprofen or placebo was administered.

Dosing:

The first dose of 1V ibuprofen or placebo was administered intra-operatively
at the initiation of wound closure (Figure 1). The IV ibuprofen or placebo was
then administered every six hours for a total of eight doses over the first 48
hours of the study. After the initial eight doses, the protocol allowed for
continued administration of IV ibuprofen or placebo (every six hours, at the
discretion of the investigator) for control of postoperative pain for a total of up
to 120 hours (five days). However, after the first 24 hours the, study protocol
mandated discontinuation of IV ibuprofen and placebo if the patient received
either narcotic pain medication (other than morphine) or non-narcotic pain
medication, (including the use of another NSAID). After 24 hours and through
day five, IV ibuprofen and placebo could also be discontinued if the patient
was able to tolerate oral pain medication, upon resolution of pain or loss of
IV access, or if the patient was discharged from the hospital.

Dosing (continued):

Patients also had access to morphine throughout the treatment period.
Morphine could be administered either by patient request or by patient-
controlled analgesia (PCA) pump (1-2 mg every five minutes).

Objectives:

The primary objective was to determine the efficacy of IV ibuprofen
compared to placebo for the treatment of post-operative pain as measured
by reduction in the requirement for the narcotic analgesic, morphine, post-
surgery.

Primary Endpoint

The primary endpoint of this study was a reduction in morphine administered
during the immediate 24 hours following surgery.

Secondary Endpoints
Efficacy Endpoints
« Secondary endpoints included a reduction in pain intensity measured
at rest and with movement by patient self-report using a 0-10 visual
analog pain scale (VAS; 0 being no pain and 10 being intense pain).

Safety Endpoints
« Comparison of treatment emergent adverse events;
« vital signs;
« clinical chemistry, hematology and coagulation measurements;
« transfusion requirements (total units of packed red blood cells, fresh
frozen plasma, and platelets)

A total of 406 patients were enrolled, randomized, and received study
medication; 134 in the 400 mg IV ibuprofen + morphine group, 138 in the
800 mg IV ibuprofen + morphine group, and 134 in the placebo + morphine
group.

Table 1: Summary of Patient Demographics and Baseline Characteristics: All data are no. (%)
unless otherwise indicated.

Primary Efficacy Variable:

Reduction in Morphine Requirements

In the ITT population, median morphine use was reduced by 22% during the
first 24 hours of treatment in patients who received 800 mg IV ibuprofen. In
the EEP population, median morphine use was reduced by 26% in patients
who received 800 mg IV ibuprofen. The difference in morphine use between
the 400-mg IV ibuprofen and placebo groups did not differ significantly.

Figure 5. Pain Reduction Assessed at Rest Over Time with 400 mg and 800 mg IV
Ibuprofen vs. Placebo
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Table 2: Morphine requirements during the immediate 24 hours following surgery g5 ours
3
Morphine requirements during the first 24 hours following surgery in patients @
administered IV ibuprofen or placebo 24
>
400 mg IV 800 g IV
Placebo *a | ibuprofen+ | ibuprofen 3
UATENTIEY morphine PCA | morphine PCA
ITT population
No. of patients included in analysis 134 134 138 2 $
Morphine requirement, mg x'%@\
Mean (SD) 48.9 27.7) 46.3 (29.4) 43.8 (33.7) / ks
Median 45.3 44.0 35.5 Time (hours)
LSMeans (SE)¥ 48.9 (3.6) 46.3 (3.5) 438 (3.4)
Pvalue* NS NS Figure 6: Pain Reduction Assessed with Movement Over Time with 400 mg and 800 mg IV
Transformed morphine requirementr Ll v LD
LSMeans (SE)¥ 2230(138) 2085 (53 6) 1906 13.1) Post-Operative Reduction in Pain with Movement by Patient
P-value 0458 0.030 Self-Report Scores

¥LS means are adjusted for age group, weight group, randomization center, and treaiment group.

*The analysis is based on a linear 4-way ANOVA model with fixed effects for age group, weight group, randomization center,
and treatment group.

+Data are transformed using the rank transformation. LS means are adjusted for age group, weight group, randomization
center, and treatment group.

Figure 3: Median morphine usage in the immediate 24 hours following surgery, ITT population.
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Figure 4; Median morphine usage in the immediate 24 hours following surgery, EEP population.
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In the ITT group, the 800 mg dose of IV ibuprofen significantly reduced both
pain at rest and pain with movement for all three time periods (1-24 hours,
6-24 hours, 12-24 hours) when compared to placebo. The 400 mg dose of IV
ibuprofen significantly reduced pain at rest and pain with movement for the
6-24 and 12-24 hour time periods when compared to placebo, and showed
a trend towards significance during the 1-24 hour period.

Four patients in the 800 mg IV ibuprofen group (3%), seven patients in the
400 mg IV ibuprofen group (5%), and 10 patients in the placebo group (7%)
required additional non-morphine analgesia in the first 24 hours of the treat-
ment period.

Safety Outcomes:

« Safety: Compared to placebo, treatment with IV ibuprofen did not result
in more adverse events, serious adverse events, or abnormalities of
safety lab measurements.

* Adverse Events: Compared to placebo, treatment with IV ibuprofen did
not result in more adverse events, serious adverse events, or
abnormalities of safety lab measurements.

Table 3: Summary of Adverse Events

400 mg IV 800 mg IV
Placebo + ibuprofen + ibuprofen +
morphine morphine morphine
(n=134) (n=134) (n=138)

Patients Experiencing Any Treatment Emergent AE
Total 126 (94) 118 (88) 124 (90)

400mg IV | 800mg IV Placebo
Ibuprofen + | Ibuprofen + +
Morphine | Morphine | Morphine Total
No. of patients 134 138 134 406
Age, mean (SD), y 45 (13) 46 (12) 45 (1) 45 (12)
Age group
18-45 80 (60) 76 (55) 77 (57) 233 (57)
46-70 54 (40) 62 (45) 57 (43) 173 (43)
Sex
Female 99 (74) 111 (80) 109 (81) 319 (79)
Male 35 (26) 27 (20) 25 (19) 87 (21)
Racet
Caucasian 112 (84) 118 (86) 118 (88) 348 (86)
Black 16 (12) 15 (11) 14 (10) 45 (11)
Asian 2(1) 3(2) 2(1) 7(2)
Hispanic 1(1) 0 0 1(<1)
Other 3(2) 2(1) 0 5(1)
region
Australia 41 (31) 43 (31) 41 (31) 125 (31)
Republic of South Africa 52 (39) 52 (38) 51 (38 155 (38)
United States 41 (31) 43 (31) 42 (31) 126 (31)
Weight, kg
Mean (SD) 83.0(18.2) | 84.9(20.8) | 83.4(18.2) | 83.8(19.1)
Range 44.0-140.5 | 50.9-150.0 | 54.0-160.0 | 44.0-160.0
Weight category
<75kg 50 (37) 52 (38) 51 (38) 153 (38) |
>75kg 84 (63, 86 (62 83 (62 253 (62
Type of surgen
Orthopedic 39 (29) 40 (29) 32 (24) 111 (27)
Abdominal 95 (71) 98 (71) 102 (76) 295 (73)
Abdominal hysterectom: 50 (37) 53 (38) 58 (43) 161 (40)
Figure 2: Distribution of patients randomized to receive IV ibuprofen or placebo for the
management of postoperative pain
Total patients envolled (N = 406)
Orthopedic surgery (n = 111)
Abdominal surgery (n = 295)
ITT Population: ¢ - 5
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=139 = 138) =139
EE Population:
ibuprophen 400 mg IV qh ‘ ‘ ibuprophen 800 mg IV géh + ‘ ‘ Placebo i ‘
morphine PCA 1-2 mg a5 morphine PCA 12 mg asmin morphine PCA 1-2 mg gsmin
111) (=115

Efficacy Outcomes:

The primary efficacy measure was reduction in the requirement for morphine
use in the 24 hours following surgery. Table 2 presents morphine require-
ments during the first 24 hours following surgery in patients administered
IV ibuprofen or placebo.

Secondary Efficacy Variables

Data were also analyzed to assess a reduction in pain intensity by patient
self-report using a 0-10 visual analog scale (VAS; 0 being no pain and 10
being intense pain. To determine the difference in overall pain at differing
time-points, the area under the VAS pain curve (AUC) was analyzed over
the first 24 hours, between 6 and 24 hours, and between 12 and 24 hours.

Patients receiving either dose of IV ibuprofen reported lower levels of both
pain with movement and pain at rest for all three time segments (during the
first 24 hours, 6-24 hours, and 12-24 hours), compared with patients who
received placebo, as determined by the AUC for patient self-reported
scores.

Mild 70 (52) | 74 (55) 71(51)
Moderate 46 (34) | 33 (25) 44 (32)
Severe 10 (7) | 11 (8) 9(7)
|

Patients Experiencing Any Treatment Emergent Serious AE

Any SAE [ 3(2) 6 (4) | 9(7)

P value vs. placebo I 0.500 | 0.138

\ \

Most Common AEs, reported in >3 patients
Nausea 94 (70) 77 (57)* 82 (59)
Vomiting 38 (28) 30 (22) 31(22)
Constipation 28 (21) 23 (17) 25 (18)
Vaginal hemorrhage 16 (12) 13 (10) 12(9)
Headache 20 (15) 12 (9) 25 (18)
Flatulence 10 (7) 10 (7) 7(5)
Pruritus 14 (10) 10 (7) 14 (10)
Pyrexia 23 (17) 9 ()t 10 (Ot
Dizziness 2 (1) 8 (6) 12 (9)§
Urinary retention 8(6) 7 (5) 8 (6)

*P=0.042 vs.placebo P =0.015 vs. placebo
P =0.013 vs.placebo  §P = 0011 vs. placebo

A Multicenter, Randomized, Double-Blind, Placeho-Gontrolled Trial of Intravenous Ibuprofen

aNorth Mississippi Sports Medicine and Orthopaedic Clinic, Longtown Medical Park, Tupelo, MS| bNorth Mississippi Medical Center, Tupelo, MS | CSenior Director, Regulatory & Scientific Affairs, Cumberland Pharmaceuticals, Inc. | dsenior Vice-President, Operations, Cumberland Pharmaceuticals, Inc.

Vital Signs
There were no observed differences between heart rate, respiratory rate,
temperature, systolic or diastolic blood pressure between treatment groups.

Clinical Laboratory Values

Laboratory abnormalities that are commonly associated with oral ibuprofen,
such as blood pressure elevations, bleeding, and bruising, were evaluated
and the incidence of these events did not differ between groups.

Transfusion Requirements

The packed red blood cell transfusions between study day 0 and 5 did not
differ between groups: 400 mg Vb 6 (4%); 800 mg IVIb 6 (4%); Placebo 8
(6%).

Compared with placebo, IV ibuprofen had a significant reduction in
patient self-reported pain intensity in addition to a morphine-sparing
effect.

m Patients receiving 800 mg IV ibuprofen used less morphine than those
receiving 400 mg IV ibuprofen or than those receiving morphine alone.

m There was a 22% reduction in median morphine use in patients
receiving 800 mg |V ibuprofen compared with those receiving morphine
alone.

m Results from this trial demonstrated significant reductions in pain,
assessed at rest and with movement, for both 800 mg and 400 mg IV
ibuprofen compared with placebo.

= Adverse events were experienced by 88% of patients in the 400 mg IV

ibuprofen, by 90% in the 800 mg IV ibuprofen group, and by 94% in the
placebo group. There was no significant difference in the incidence of
serious adverse events between either IV ibuprofen group when
compared to placebo.

These findings indicate that 800 mg IV ibuprofen is safe and effective for
postoperative pain management.
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