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Objective
•

To evaluate the analgesic efficacy of intravenous (IV) meloxicam versus placebo
in patients with moderate-to-severe pain following abdominoplasty
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Please see full Prescribing Information, including
Boxed Warning, at www.anjeso.com.

Methods
Study Design and Patients
•

Phase 3, multicenter, randomized, double-blind, placebo-controlled trial in 219 adult patients with moderate-to-severe pain
following standardized, abdominoplasty consisting of a low transverse abdominal incision, infra-umbilical fascial plication
and bilateral drain placement
– Eligibility criteria: patients were required to have moderate-to-severe pain (≥4 on the 11-point numeric pain rating scale)
within 3 hours of the end of surgery

Dosing
•

Eligible patients were randomized 1:1 to receive ANJESO 30 mg (n=110) or placebo (n=109). Study treatments were
administered as a bolus injection over 15-30 seconds every 24 hours for up to 3 doses. An optional third dose could be
administered at 48 hours prior to discharge
– Rescue medication (oxycodone 5 mg orally) was provided every 2 hours as needed for pain in both the ANJESO
and placebo treatment groups

INDICATION
ANJESO is indicated for use in adults for the management of moderate-to-severe pain, alone or in combination with
non-NSAID analgesics.
Limitation of Use: Because of delayed onset of analgesia, ANJESO alone is not recommended for use when rapid onset
of analgesia is required.

IMPORTANT SAFETY INFORMATION
WARNING: RISK OF SERIOUS CARDIOVASCULAR AND GASTROINTESTINAL EVENTS
Cardiovascular Risk
• Non-steroidal anti-inflammatory drugs (NSAIDs) cause an increased risk of serious cardiovascular thrombotic events,
including myocardial infarction and stroke, which can be fatal. This risk may occur early in treatment and may increase
with duration of use.
• ANJESO is contraindicated in the setting of coronary artery bypass graft (CABG) surgery.
Gastrointestinal Risk
• NSAIDs cause an increased risk of serious gastrointestinal (GI) adverse events including bleeding, ulceration,
and perforation of the stomach or intestines, which can be fatal. These events can occur at any time during use
and without warning symptoms. Elderly patients and patients with a prior history of peptic ulcer disease and/or
GI bleeding are at greater risk for serious GI events.

CONTRAINDICATIONS
ANJESO is contraindicated in patients with:
• Known hypersensitivity (eg, anaphylactic reactions and serious skin reactions) to meloxicam or any components
of the drug product.
• History of asthma, urticaria, or other allergic-type reactions after taking aspirin or other NSAIDs.
• In the setting of coronary artery bypass graft (CABG) surgery.
• Moderate to severe renal insufficiency patients who are at risk for renal failure due to volume depletion.

WARNINGS AND PRECAUTIONS
Hepatotoxicity: Elevations of ALT or AST have been reported in patients with NSAIDs. In addition, rare,
sometimes fatal, cases of severe hepatic injury including fulminant hepatitis, liver necrosis, and hepatic
failure have been reported. Inform patients of warning signs and symptoms of hepatotoxicity.
Discontinue ANJESO immediately if abnormal liver tests persist or worsen or if clinical signs
and symptoms of liver disease develop.
Please scroll down to see additional Important Safety Information.
Please see full Prescribing Information, including Boxed Warning, at www.anjeso.com.

Efficacy
Primary Endpoint
•

ANJESO significantly reduced pain by 17% over 24 hours following abdominoplasty, as assessed by the sum of pain intensity
difference (SPID) from baseline through the first 24 hours, compared with placebo

Secondary Endpoints
Significantly greater proportion of
patients in the ANJESO treatment group
had ≥30% reduction in pain at Hour 24
compared with those in the placebo
treatment group (72% vs 57%; P=0.0178)
• ANJESO provided significantly greater
reductions in SPID* at all post-dose
intervals (Hour 12, Hour 48, and Hours
24-48 [P<0.05]) except for Hour 6
• Most patients received at least 1 rescue
opioid dose within the first 24 hours
(88% with ANJESO; 90% with placebo)

ANJESO Provided Significantly Greater Reduction in SPID24*

•

SPID24 (LS mean ± SE)

0

-3535.7
-4000

-4262.1

-6000

P=0.0145

LS, least square; SE, standard error; SPID24, summed pain intensity difference from hour 0 to hour 24.
*W2LOCF analysis method (2-hour windowed last observation carried forward).

The incidence of treatment-emergent
adverse events (AEs) was lower in the
ANJESO treatment group than in the
placebo treatment group (53% and 73%,
respectively, reporting ≥1 treatmentemergent AE)
• No patients in the ANJESO treatment
group discontinued due to an AE

Treatment-Emergent AEs Occurring in
≥1% of Patients in the ANJESO Study Group

•

ANJESO 30 mg (n=110)
n (%)

Placebo (n=109)
n (%)

Patients with ≥1 AE

58 (53%)

80 (73%)

Nausea

30 (27%)

41 (38%)

Headache

13 (12%)

18 (17%)

Vomiting

5 (5%)

10 (9%)

Dizziness

4 (4%)

10 (9%)

ALT increased

2 (2%)

2 (2%)

AST increased

2 (2%)

1 (1%)

Once-daily ANJESO significantly
reduced pain by 17% versus placebo
following abdominoplasty (P=0.0145)

Constipation

2 (2%)

2 (2%)

Decreased appetite

2 (2%)

3 (3%)

Hyperhidrosis

2 (2%)

1 (1%)

The incidence of treatmentemergent AEs was lower in the
ANJESO treatment group than
in the placebo treatment group

Hypotension

2 (2%)

2 (2%)

Induration

2 (2%)

0

Injection site pain

2 (2%)

0

Pruritus generalized

2 (2%)

1 (1%)

Tachycardia

2 (2%)

0

Summary

•

Placebo

-2000

Safety and Tolerability

•

ANJESO 30 mg

AE

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

IMPORTANT SAFETY INFORMATION (cont’d)
Hypertension: NSAIDs including ANJESO can lead to new onset of hypertension or worsening of preexisting hypertension,
which may contribute to the increased incidence of cardiovascular (CV) events. Patients taking some antihypertensive
medications may have impaired response to these therapies when taking NSAIDs. Monitor blood pressure.
Heart Failure and Edema: NSAID use increased the risk of myocardial infarction (MI), hospitalization for heart failure,
and death.Avoid use of ANJESO in patients with severe heart failure unless benefits are expected to outweigh risk
of worsening heart failure. If ANJESO is used in patients with severe heart failure, monitor patients for signs of
worsening heart failure.
Please scroll down to see additional Important Safety Information.
Please see full Prescribing Information, including Boxed Warning, at www.anjeso.com.

IMPORTANT SAFETY INFORMATION (cont’d)
Post MI Patients: Avoid the use of ANJESO in patients with recent MI unless the benefits are expected to outweigh the risk
of recurrent CV thrombotic events. If ANJESO is used in these patients, monitor for signs of cardiac ischemia.
Renal Toxicity: Long-term administration of NSAIDs has resulted in renal papillary necrosis, renal insufficiency, acute renal failure,
and other renal injury. ANJESO is not recommended in patients with moderate to severe renal insufficiency and is contraindicated
in patients with moderate to severe renal insufficiency who are at risk for renal failure due to volume depletion. Correct volume
status in dehydrated or hypovolemic patients prior to initiating ANJESO. Monitor renal function in patients with renal or hepatic
impairment, heart failure, dehydration, or hypovolemia. Avoid use of ANJESO in patients with advanced renal disease unless benefits
are expected to outweigh risk of worsening renal function. If ANJESO is used in patients with advanced renal disease, monitor
patients for signs of worsening renal function.
Anaphylactic Reactions: Meloxicam has been associated with anaphylactic reactions in patients with and without known
hypersensitivity to meloxicam and in patients with aspirin-sensitive asthma. Seek emergency help if an anaphylactic reaction occurs.
Exacerbation of Asthma Related to Aspirin Sensitivity: ANJESO is contraindicated in patients with aspirin-sensitive asthma. Monitor
patients with preexisting asthma (without aspirin sensitivity).
Serious Skin Reactions: NSAIDs, including ANJESO, can cause serious skin reactions, including exfoliative dermatitis, Stevens-Johnson
Syndrome (SJS), and toxic epidermal necrolysis (TEN), which can be fatal and can occur without warning. Discontinue ANJESO at first
appearance of skin rash or other signs of hypersensitivity.
Drug Reaction with Eosinophilia and Systemic Symptoms (DRESS): Inform patients to stop taking ANJESO immediately if they develop
any type of rash or fever and to contact their healthcare provider as soon as possible.
Hematologic Toxicity: Anemia has occurred in NSAID-treated patients. Monitor hemoglobin or hematocrit in patients with any signs
or symptoms of anemia. NSAIDs, including ANJESO, may increase the risk of bleeding events. Monitor patients for signs of bleeding.
Fetal Toxicity: Limit use of NSAIDs, including ANJESO, between about 20 to 30 weeks in pregnancy due to the risk of
oligohydramnios/fetal renal dysfunction. Avoid use of NSAIDs in women at about 30 weeks gestation and later in pregnancy due to
the risks of oligohydramnios/fetal renal dysfunction and premature closure of the fetal ductus arteriosus.

DRUG INTERACTIONS
Drugs That Interfere With Hemostasis (eg, warfarin, aspirin, SSRIs/SNRIs): Monitor patients for bleeding who are
concomitantly taking ANJESO with drugs that interfere with hemostasis. Concomitant use of ANJESO and analgesic doses of
aspirin is not generally recommended.
ACE Inhibitors, Angiotensin Receptor Blockers (ARB), or Beta-Blockers: Concomitant use with ANJESO may diminish the
antihypertensive effect of these drugs. Monitor blood pressure.
ACE Inhibitors and ARBs: Concomitant use with ANJESO in elderly, volume depleted, or those with renal impairment may result
in deterioration of renal function. In such high risk patients, monitor for signs of worsening renal function.
Diuretics: NSAIDs can reduce natriuretic effect of furosemide and thiazide diuretics. Monitor patients to ensure diuretic
efficacy including antihypertensive effects.

ADVERSE REACTIONS
The most common adverse reactions in controlled clinical trials occurring in ≥ 2% of patients treated with ANJESO and at a
greater frequency than placebo include: constipation, gamma-glutamyl transferase increased, and anemia.

USE IN SPECIFIC POPULATIONS
Pregnancy: Use of NSAIDs, including ANJESO, can cause premature closure of the fetal ductus arteriosus and fetal renal
dysfunction leading to oligohydramnios and, in some cases, neonatal renal impairment. Because of these risks, limit dose and
duration of ANJESO use between about 20 and 30 weeks of gestation and avoid ANJESO use at about 30 weeks of gestation
and later in pregnancy.
Infertility: NSAIDs are associated with reversible infertility. Consider withdrawal of ANJESO in women who have trouble conceiving.
Please see additional Important Safety Information above and full Prescribing Information, including Boxed Warning,
at www.anjeso.com.
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Background: A nanocrystal intravenous (IV) formulation of meloxicam is being
studied with the aim of providing postoperative analgesia.
Methods: This randomized, multicenter, double-blind, placebo-controlled trial
evaluated meloxicam IV 30 mg or placebo (≤ 3 doses) in 219 subjects undergoing
abdominoplasty. The primary endpoint was the summed pain intensity difference
over 24 hours postdose (SPID24).
Results: Meloxicam IV–treated subjects had a statistically significant reduction in the
least squares mean of SPID24 compared with placebo-treated subjects (‒4,262.1 versus
‒3,535.7; P = 0.0145). Meloxicam IV was associated with statistically significant differences over placebo on several other secondary endpoints, including other SPID intervals (ie,
SPID12, SPID48, and SPID24‒48), achievement of perceptible pain relief, the proportion of
subjects with a ≥ 30% improvement in the first 24 hours, and Patient Global Assessment
of pain at hour 48. Meloxicam IV was also associated with a reduction in the number of
subjects receiving opioid rescue medication during hours 24–48 and the total number
of doses of opioid rescue analgesia. Meloxicam IV was generally well tolerated, with the
numbers and frequencies of adverse events similar to that of the placebo group. There
was no evidence of an increased risk of adverse events commonly associated with nonsteroidal anti-inflammatory drugs including bleeding, thrombotic, cardiovascular, renal,
hepatic, cardiovascular, injection site, and wound healing events.
Conclusion: Meloxicam IV provided sustained pain relief and generally was well
tolerated in subjects with moderate-to-severe pain following abdominoplasty.
(Plast Reconstr Surg Glob Open 2018;6:e1846; doi: 10.1097/GOX.0000000000001846;
Published online 19 June 2018.)

INTRODUCTION

Abdominoplasty is 1 of the most frequently performed
cosmetic surgeries in the United States, and the number
of procedures has substantially increased in recent years
from 62,713 in 2000 to 127,633 in 2016.1 For such procedures, safe and effective pain control is an important
component of postoperative patient care.2 Postoperative
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Plain Language Summary: Meloxicam is a long-acting NSAID
with preferential COX-2 inhibition and possesses sustained antiinflammatory, analgesic, and antipyretic activities. An intravenous
(IV) nanocrystal formulation of meloxicam is being investigated
for the management of moderate-to-severe pain. The primary

pain reduction can lead to earlier mobilization, shortened
hospital stays, reduced hospital costs, quicker return to
normal activities, and increased patient satisfaction.3,4
Although opioids, in combination with other forms of
analgesia, have been a mainstay of perioperative pain control, there has been an increased emphasis on the use of
alternative medications, given the potential risks associated
objective of this article was to report the findings from clinical trial
NCT02678286 on the analgesic efficacy and safety of meloxicam
IV compared with placebo in subjects with acute moderate-to-severe
pain following abdominoplasty surgery. Based on the results from
this clinical trial, meloxicam IV provided pain relief over the 24hour dosing interval and reduced postoperative rescue opioid use.
Furthermore, meloxicam IV was generally well tolerated, with a safety
profile comparable with placebo.
Copyright © 2018 The Authors. Published by Wolters Kluwer
Health, Inc. on behalf of The American Society of Plastic Surgeons.
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with these agents (eg, adverse events [AEs] such as nausea/
vomiting, constipation, pruritus, sedation, respiratory depression, development of dependence).5–8 Multimodal pain
management approaches to the treatment of postoperative
pain (eg, use of synergistic combinations of analgesics) are
gaining acceptance in a variety of surgical procedures.7–9
Nonsteroidal anti-inflammatory drugs (NSAIDs) are considered an important component of such regimens.7,8
Meloxicam is a long-acting preferential cyclo-oxygenase-2 (COX-2) inhibitor with analgesic, antipyretic, and antiinflammatory properties.10,11 It has been shown to have more
favorable gastrointestinal tolerability compared with nonselective NSAIDs.12 Oral formulations of meloxicam have
demonstrated effectiveness for reducing symptoms associated with chronic conditions such as rheumatoid arthritis
and osteoarthritis.11,13 However, oral formulations of meloxicam have poor solubility and are not rapidly absorbed, with
peak plasma concentrations 9–11 hours after an oral dose
of 30 mg12,14; as such, oral meloxicam is not indicated for
the management of acute pain. An intravenous nanocrystal
formulation of meloxicam has recently been developed for
administration as a bolus injection that in phase 2 trials has
provided onset of analgesia as early as 10 minutes postdose,
with maintenance of analgesic throughout the 24-hour dosing period.15–17 The primary objective of the present study
(NCT02678286) was to evaluate the analgesic efficacy of
intravenous (IV) meloxicam versus placebo in subjects with
moderate-to-severe pain following abdominoplasty.

METHODS
Study Design

This phase 3, randomized, multicenter, double-blind, placebo-controlled trial was conducted at 4 clinical trial sites in
the United States. All subjects remained at study site throughout the treatment phase. The study was conducted according
to Good Clinical Practices as referenced in the International
Conference on Harmonisation Guidance for Industry and
the principles of the Declaration of Helsinki. The protocol
was reviewed and approved by the institutional review board,
and all subjects provided written informed consent.
Dosing

Subjects were screened for participation within 28
days before study drug administration. Once subjects
Disclosure: Dr. Neil Singla and Dr. Sonia Singla are employees of Lotus Research, which conducted this trial. Dr. Matthew
Bindewald is an employee of MGB Plastic Surgery Associates of
San Antonio, who conducted this trial. Dr. David Leiman is an
employee of HD Research, who conducted this trial. Dr. Harold
Minkowitz is an employee of Research Concepts, who conducted
this trial. Dr. Wei Du received consultancy fees from Recro Pharma, Inc., Malvern, Penn. Randall J. Mack, Dr. Stewart W. McCallum, and Dr. Alex Freyer are employees and security holders
of Recro Pharma, Inc., Malvern, Penn. Dr. Rosemary Keller was
an employee of Recro Pharma at the time of this study. The Article
Processing Charge was paid for by Recro Pharma.
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met postoperative randomization eligibility criteria (see
Key Eligibility Requirements), they were randomized (1:1)
to treatment with meloxicam IV 30 mg or IV placebo,
administered as an IV bolus over 15–30 seconds every
24 hours for up to 3 doses. Subjects with inadequately
controlled pain could receive rescue medication (oxycodone 5 mg orally) after first study drug administration
and then could be given rescue medication every 2 hours
as requested. The third dose of study medication could
be administered at the discretion of the investigator at 48
hours (before discharge).
Surgical technique was standardized across all sites.
During surgery, subjects received an anesthetic regimen
using fentanyl and propofol, with or without volatile anesthetics or muscle relaxants. No local anesthetics were
employed. The subjects underwent a standardized surgical procedure consisting of a low transverse abdominal
incision, infra-umbilical fascial plication and bilateral
drain placement. Patients requiring more extensive surgical procedures such as liposuction or dissection above
the umbilicus were excluded from the study. During
the immediate postoperative period, fentanyl (25 μg IV
bolus) was administered as necessary for postoperative
pain. Analgesic medications other than those prespecified for postoperative use (eg, opioids, acetaminophen,
NSAIDs [other than aspirin for cardiovascular indications]) were prohibited during the treatment period
(through hour 48).
Key Eligibility Criteria

Men and nonpregnant, nonlactating women 18–75
years of age (inclusive) with a body mass index ≤ 35 kg/
m2 scheduled to undergo abdominoplasty without collateral procedures were eligible for participation.
Subjects also had to meet the following postoperative
randomization criteria: (1) moderate or severe pain on
a 4-point categorical pain rating scale and a score ≥ 4 on
the 11-point numeric pain rating scale within 3 hours
of the end of surgery (last suture) on day 1; (2) ability
to answer questions and follow commands and participate in pain assessment evaluations; (3) undergoing a
surgical procedure lasting ≤ 3 hours; and (4) having no
significant deviations from surgical protocol, anesthetic
protocol, or specified pretreatment analgesic regimen.
Subjects must also have had no evidence of the following
during or following surgery: evidence of respiratory insufficiency, clinically significant hypotension, bradycardia, or any other abnormality that, in the investigator’s
opinion, significantly increased the risks of study drug
administration.
Exclusion criteria included allergy to meloxicam or
other NSAIDs or excipients, elevated aminotransferases;
history of HIV, hepatitis B, or hepatitis C; significant renal,
hepatic, cardiovascular, metabolic, neurologic, psychiatric
conditions; history of migraine (within past 12 months);
and myocardial infarction or coronary artery bypass graft
surgery within 12 months. Subjects with active or recent
bleeding (within 6 months), gastrointestinal ulceration or
bleeding, or a known bleeding disorder or taking agents
affecting coagulation were also ineligible.

Singla et al. • Meloxicam IV in Abdominoplasty
Assessments

Pain intensity (PI) was assessed using the 11-point numeric pain rating scale (0–10; 0 equated to no pain, and
10 equated to the worst pain imaginable) at predose and
at 0.25, 0.5, 0.75, 1, 2, 4, and 6 hours postdose 1, and then
at 2-hour intervals until hour 48. The performance of
the study medication was assessed at hours 24 and 48 using a Patient Global Assessment of pain control (PGA; 0–4
[0 = poor, 1 = fair, 2 = good, 3 = very good, or 4 = excellent]).
Endpoints

The primary efficacy endpoint was the summed PI difference from hour 0 to hour 24 (SPID24). SPID is a measure that combines relief magnitude and duration of pain
into a single score; it is calculated by the sum of the timeweighted PI difference (difference between current pain
and pain at baseline) multiplied by the interval between
ratings. To address the impact of rescue medication on
treatment response to PI during each interval, the prerescue PI score from a rescue was carried forward to replace
the scheduled PI scores collected (or to be collected) within 2 hours following the use of rescue.
Secondary efficacy endpoints included SPID at other
time points (SPID6, SPID12, SPID48, and SPID24‒48); time
to perceptible and meaningful pain relief as measured by
2-stopwatch technique; the proportion of subjects with improvement (ie, pain reduction) ≥ 30% and ≥ 50% within
6 hours following the first study dose; PGA of pain control
at hours 24 and 48; and time to administration of first dose
of rescue analgesia and number of times rescue analgesia
was used during 0–24, 24–48, and 0–48 hours. Additional
exploratory endpoints evaluated efficacy responses during
the second 12 hours (ie, 12–24 hours and 36–48 hours)
and the last 6 hours (18–24 hours and 42–48 hours) of the
dosing interval and included SPID, proportion of subjects
requiring rescue analgesia, and total number of doses of
rescue analgesia per subject. Safety endpoints include the
incidence of AEs and serious AEs, laboratory tests, vital
signs, 12-lead electrocardiogram findings, and AEs of special interest (ie, bleeding, cardiovascular, hepatic, injection
site reactions, renal, thrombotic, wound healing events).

Statistical Analysis

The intent-to-treat population includes all subjects randomized and was the primary efficacy set. The sample size
was selected with the assumption that the effect size for
SPID24 between meloxicam IV and placebo is at least 0.40.
Using a 2-group t test with a 0.05 two-sided significance
level, this study was designed to have greater than 80%
power to detect the difference between treatment groups.
Analysis of covariance was used to assess the difference
between treatment groups for SPID. The analysis of covariance model included mean effects of treatment and investigational site and a covariate of baseline PI score. The
difference between groups was assessed using a 2-sample t
test of least-squares (LS) means values.

RESULTS
Subjects

A total of 219 subjects (215 female, 4 male) were enrolled, and all were randomized to treatment. Treatment
groups were comparable with respect to demographic and
baseline characteristics (Table 1). Most subjects received 3
doses of study medication (n = 87 [87.1%] meloxicam IV;
n = 86 [78.9%] placebo).
Efficacy

For the primary endpoint (ie, SPID24) subjects who
received meloxicam IV had a statistically significant
greater reduction in PI compared with subjects who received placebo. The LS mean reductions in SPID24 were
‒4,262.1 ± 214.19 and ‒3,535.7 ± 215.05, respectively, in
meloxicam IV and placebo groups (P = 0.0145; Fig. 1).
For the secondary efficacy endpoints, meloxicam IV
was associated with statistically significant differences
from placebo in most, but not all outcome measures.
Meloxicam IV demonstrated a statistically significant
effect on pain reduction compared with placebo in
SPID12, SPID48, and SPID24‒48, but not at SPID6 (Table 2).
PI differences (PIDs) from baseline for each treatment
group over time (ie, from 0 to 48 hours) are illustrated
in Fig. 2. As illustrated, the meloxicam IV group had nu-

Table 1. Summary of Subject Demographics and Disposition
Variables
Age (y), mean ± SD
Sex, n (%)
Male
Female
Race, n (%)
White
Black or African American
Asian
Native Hawaiian or Other Pacific Islander
Other
Ethnicity, n (%)
Hispanic or Latino
Non-Hispanic or Latino
Baseline BMI (kg/m2), mean ± SD
Surgery duration (h), mean ± SD
Time (h) from end of surgery to first dose, mean ± SD
Baseline PI (0–10), mean ± SD

Meloxicam IV 30 mg
(n = 110)

Placebo
(n = 109)

Overall
(N = 219)

38.9 ± 8.40

41.0 ± 9.63

40.0 ± 9.08

1 (0.9)
109 (99.1)

3 (2.8)
106 (97.2)

4 (1.8)
215 (98.2)

69 (62.7)
37 (33.6)
3 (2.7)
0
1 (0.9)

69 (63.3)
36 (33.0)
2 (1.8)
1 (0.9)
1 (0.9)

138 (63.0)
73 (33.3)
5 (2.3)
1 (0.5)
2 (0.9)

42 (38.2)
68 (61.8)
26.5 ± 3.08
1.326 ± 0.483
0.853 ± 0.571
7.2 ± 1.57

45 (41.3)
64 (58.7)
26.9 ± 3.16
1.407 ± 0.441
0.855 ± 0.526
7.4 ± 1.68

87 (39.7)
132 (60.3)
26.7 ± 3.12
1.366 ± 0.463
0.854 ± 0.548
—

BMI, body mass index; SD, standard deviation.
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Fig. 1. Primary endpoint: SPID24.

Table 2. Summary of LS Mean (SE) SPID Data at Secondary
Time Points
Parameter
SPID6
SPID12
SPID48
SPID24‒48

Meloxicam IV 30 mg
(N = 110)

Placebo
(N = 109)

P Value

‒607.0 (52.45)
‒1,763.8 (104.77)
‒10,600.0 (442.31)
‒6,337.8 (251.36)

‒510.9 (52.66)
1,471.1 (105.18)
‒8,829.2 (444.08)
‒5,293.5 (252.36)

0.1841
0.0434
0.0040
0.0028

SE, standard error; SPID, summed pain intensity difference at various time points.

merically lower PID values compared with the placebo
group at every study time point after 30 minutes. In the
meloxicam IV group, there was a statistically significant
difference in time to perceptible pain relief as compared
with the placebo group (median 0.76 versus 1.28 hours;
P = 0.0050); however, there was no statistically significant
difference between the meloxicam and placebo groups
for time to meaningful pain relief (median ~ 3 hours
in both groups; P = 0.5096). Significantly more subjects
who received meloxicam IV had a ≥ 30% improvement
in the first 24 hours compared with placebo (71.8% versus 56.9%; P = 0.0178). Although a higher proportion of
meloxicam-treated subjects had ≥ 50% improvement in
the first 24 hours, the difference between groups was not
statistically significant (28.2% versus 18.3%; P = 0.0788).
During the first 6 hours after treatment, there were no
statistically significant differences between treatment
groups in the proportion of subjects with ≥ 30% (36.4%
versus 31.2%) and ≥ 50% (13.6% versus 8.3%) improvement in pain. Regarding PGA, there was a statistically
significant difference between groups favoring meloxicam IV at hour 48 (P = 0.0027) but not at hour 24. Overall, the proportion of subjects reporting good or better
(2+ or greater) pain control on the PGA was numerically better for meloxicam IV–treated subjects than for
placebo at hour 24 (84.3% versus 67.3%) and hour 48
(88.8% versus 83.4%).

4

The vast majority of subjects in both treatment arms
used ≥ 1 dose of rescue medication (oxycodone 5 mg every 2 hours as needed) in the first 24 hours (88.2% versus
89.9%; P = 0.6559). There was no statistically significant
difference in the time to first dose of rescue medication (2.6 versus 2.45 hours). However, significantly fewer
meloxicam IV‒treated subjects received rescue medication during hours 24–48 (55.6% versus 75.7%; P = 0.0014)
and the number of doses of rescue analgesia per subject
was also significantly lower among meloxicam IV‒treated
subjects during hours 0–24 (3.66 versus 4.38; P = 0.0275),
hours 24–48 (1.75 versus 2.72; P = 0.0009), and hours 0–48
(5.38 versus 7.07; P = 0.0027).
Exploratory efficacy analyses showed that subjects
treated with meloxicam IV had greater pain reduction,
fewer subjects requiring rescue (Fig. 3), and a lower mean
number of rescue analgesic doses per subject (Fig. 4) than
placebo-treated subjects in the second 12 hours and last
6 hours of the dosing interval. Although the magnitude
of difference in pain reduction between treatment groups
as measured by SPID was smaller in the last 6 hours of
the dosing interval, the meloxicam IV group maintained a
greater reduction in PI compared with the placebo group.
The differences in SPIDs were statistically significant in favor of meloxicam IV at all intervals (SPID12–24, [P ≤ 0.0115];
SPID36–48, [P ≤ 0.0119]; SPID42–48, [P ≤ 0.0370]) with the
exception of SPID18–24 (P ≤ 0.1559), where the direction of
effect was maintained.
Safety

Meloxicam IV 30 mg was well tolerated with no deaths
during the study. In addition, no subjects discontinued
from the meloxicam IV group due to an AE. The most
common treatment-emergent adverse events (TEAEs) are
summarized in Table 3. Nausea, headache, vomiting, and
dizziness were the most common events in the meloxicam
IV group, which were observed at lower incidences than
in the placebo group. All events in meloxicam-treated sub-
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Fig. 2. Mean PID values (± standard error) from hours 0–48.

Fig. 3. Proportion of subjects with ≥ 1 rescue analgesia in 6-hour intervals.

jects were mild to moderate in intensity and most were
considered either not related (39%) or only possibly related (59%) to treatment.
Four subjects, 3 (2.8%) in the placebo group and 1
(0.9%) in the meloxicam IV group, experienced a serious
AE. Two serious AEs related to bleeding (postprocedural
hemorrhage) were reported (1 in each group). One subject (placebo group) discontinued treatment due to this
event. The 2 other serious AEs in the placebo group were
pulmonary embolism and postoperative wound infection.
The overall incidence of AEs of special interest was
similar between the meloxicam IV and placebo groups

(10.9% and 15.6%, respectively) as summarized in Table 4.
In particular, wound healing assessments were generally
consistent with investigator expectations as reflected by a
high level of investigator satisfaction with wound healing
and a similar incidence of clinically significant wound status observations in the meloxicam IV group and placebo
groups (3.6% and 4.6%, respectively).
Few clinically meaningful vital sign changes or electrocardiogram results were reported during the study. In
addition, while there were shifts in individual clinical laboratory parameters over time, the shifts were generally similar between meloxicam IV‒ and placebo-treated subjects.
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Fig. 4. Mean number of rescue analgesia doses per subject in 6-hour intervals.

Table 3. TEAEs Occurring in ≥ 1% of Meloxicam IV‒Treated
Subjects

Preferred Term
Subjects with ≥ 1 TEAE
ALT increased
AST increased
Constipation
Decreased appetite
Dizziness
Headache
Hyperhidrosis
Hypotension
Induration
Injection site pain
Nausea
Pruritus generalized
Tachycardia
Vomiting

Placebo

Meloxicam IV 30 mg

(N = 109)

(N = 110)

n (%)

n (%)

80 (73.4)
2 (1.8)
1 (0.9)
2 (1.8)
3 (2.8)
10 (9.2)
18 (16.5)
1 (0.9)
2 (1.8)
0
0
41 (37.6)
1 (0.9)
0
10 (9.2)

58 (52.7)
2 (1.8)
2 (1.8)
2 (1.8)
2 (1.8)
4 (3.6)
13 (11.8)
2 (1.8)
2 (1.8)
2 (1.8)
2 (1.8)
30 (27.3)
2 (1.8)
2 (1.8)
5 (4.5)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

None of these variations were suggestive of a clinically significant trend across subjects within any treatment group.

DISCUSSION

Abdominoplasty is a relatively new model of moderate
to severe postsurgical pain lasting > 24 hours postprocedure.18,19 This model was thought to be a good choice for
this study because (1) the soft tissue dissection employed
for abdominoplasty is quite extensive and as such represents a clinical scenario that can be extrapolated to other
large/major soft-tissue surgeries; (2) recruitment into the
model is relatively rapid; (3) rigid experimental controls
can be employed to reduce patient-to-patient and siteto-site variability without sacrificing subject safety; and
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(4) the surgery has a low complication rate and a high
patient satisfaction rate.20,21
In this study, meloxicam IV 30 mg provided sustained
pain relief when administered to subjects with moderateto-severe pain following abdominoplasty. In particular, the
primary endpoint (SPID24) was met, demonstrating significant reduction in pain from baseline with a single dose. In
addition, various secondary efficacy endpoints were met,
including other SPID intervals (SPID12, SPID48, SPID24‒48),
time to perceptible and meaningful pain relief, proportion
of subjects with pain reduction from baseline, PGA of pain
control at 48 hours, and the use of rescue medications.
In this study, subjects were required to have moderateto-severe pain before they were eligible to receive study
medication. It is known that acute pain is more difficult
to manage if permitted to become severe.22 In clinical
practice, subjects would most likely receive meloxicam
IV after surgery and before PI reaches the moderateto-severe threshold, when it would be more difficult to
control and when the need for rescue analgesia would
be increased. This may explain why during the earliest
time interval (0–6 hours, SPID6), reductions in PI did
not reach statistical significance for some secondary endpoints (ie, SPID and PID).
Meloxicam IV was also associated with a reduction
in opioid rescue medication use, including reductions
in both the number of subjects receiving rescue medication during hours 24–48 and the number of rescue doses
throughout the 48-hour postsurgery period. The observed
decrease in opioid rescue medication may be particularly
noteworthy given the known opioid-related AEs (GI effects
[nausea/vomiting, constipation], pruritus, sedation, respiratory depression) and the risk of opioid dependency with
opioid use for postoperative pain.5–7 Although statistical
comparisons were not performed for AEs, subjects in the
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Table 4. AEs of Special Interest Occurring in ≥ 1 Subject
Placebo

Meloxicam IV
30 mg

Preferred Term, n (%)

(N = 109)

(N = 110)

Subjects with ≥ 1 event
Bleeding
Postoperative anemia
Hematocrit decreased
Hemoglobin decreased
Postprocedural hemorrhage
Cardiovascular
ECG T-wave abnormal
Hypertension
Hepatic
ALT increased
AST increased
Hepatic enzyme increased
Transaminases increased
Injection site reactions
Injection site pain
Injection site phlebitis
Renal
Blood creatinine increased
Thrombotic
Postprocedural pulmonary embolism
Wound healing
Incision site cellulitis
Incision site erythema
Induration
Postoperative wound infection
Purulent discharge
Seroma
Wound decomposition

17 (15.6)
2 (1.8)
1 (0.9)
1 (0.9)
1 (0.9)
1 (0.9)
4 (3.7)
1 (0.9)
3 (2.8)
5 (4.6)
2 (1.8)
1 (0.9)
3 (2.9)
0
1 (0.9)
0
1 (0.9)
1 (0.9)
1 (0.9)
1 (0.9)
1 (0.9)
5 (4.6)
1 (0.9)
1 (0.9)
0
1 (0.9)
1 (0.9)
2 (1.8)
0

12 (10.9)
2 (1.8)
1 (0.9)
0
0
1 (0.9)
0
0
0
4 (3.6)
2 (1.8)
2 (1.8)
1 (0.9)
1 (0.9)
2 (1.8)
2 (1.8)
0
1 (0.9)
1 (0.9)
0
0
4 (3.6)
1 (0.9)
0
2 (1.8)
1 (0.9)
0
0
1 (0.9)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECG,
electrocardiogram.

meloxicam IV group tended to have lower rates of nausea
and vomiting compared with placebo-treated subjects.
There is no obvious reason why there was no difference between the meloxicam IV and placebo groups in
time to first rescue analgesic use and in the proportion of
subjects who used ≥ 1 dose of rescue medication during
the first 24 hours. The high proportion of placebo subjects
who used rescue medications in this study contrasts with 2
recent studies that evaluated acute pain after abdominal
surgery.18,19 In the 2 studies, approximately 64% of placebo
subjects used ≥ 1 dose of rescue medication compared with
89.9% of placebo subjects in the current study.
Some of the factors that may have influenced the outcome of rescue medication use endpoints in this study could
be study design, including time between the end of surgery
and the time a subject is eligible for their first dose of study
drug, the subject’s expectation about the timing and duration of rescue medication effect, and/or the subject’s ability
to tolerate any degree of pain or any worsening of pain.
Overall, the end-of-dosing interval analyses demonstrated that, over the 24-hour dosing period, subjects treated with meloxicam IV had greater pain reductions (SPID
and PID), a lower proportion of subjects requiring rescue,
and a lower number of rescue medication doses per subject compared with the placebo group.
Meloxicam was generally well tolerated with no increased risk of AEs compared with those receiving
placebo. The occurrence of specific AEs known to be associated with NSAIDs8,23 were generally similar to or lower in
meloxicam-treated subjects compared with those receiv-

ing placebo. Wound healing complications, which have
been reported to be significantly increased in patients
undergoing abdominoplasty,21 were not different between
treatment groups in our study.
A limitation of this study is the variance from normal
clinical practice, which includes a prolonged (3-day) stay in
the clinic following abdominoplasty to allow for extended
safety and efficacy assessments, limited subject access to multimodal analgesia, and delayed administration of analgesia
until pain reached the threshold of moderate to severe.
The model is relatively new and may evolve as more data
regarding the postoperative pain profile become available.
Based on the results of this study, future use of this model
may need to evaluate immediate postoperative pain management, similar to that utilized in bunionectomy studies,
to achieve a more stable baseline score and less rescue use
in the first hour following study medication administration.

CONCLUSIONS

This study demonstrated that meloxicam IV 30 mg provided significant pain relief in subjects with moderate-tosevere pain following abdominoplasty surgery. Once daily
dosing with meloxicam IV maintained analgesia over the
24-hour dosing interval and reduced postoperative rescue
opioid use. Furthermore, meloxicam IV administered as
bolus injections was generally well tolerated with a safety
profile comparable with placebo. Findings from this study
support further investigation of the efficacy and safety of
once-daily administration of meloxicam IV within the context of a perioperative multimodal approach for managing moderate-to-severe pain.
Randall J. Mack, BS
Recro Pharma, Inc.
490 Lapp Road
Malvern, PA 19355
E-mail: rmack@recropharma.com
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