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Efficacy, Safety, and Tolerability of the
Cyclooxygenase-Inhibiting Nitric Oxide Donator
Naproxcinod in Treating Osteoarthritis of the Hip or Knee
JON KARLSSON, ALDINA PIVODIC, DIANA AGUIRRE, and THOMAS J. SCHNITZER

ABSTRACT. Objective. Naproxcinod, a cyclooxygenase-inhibiting nitric oxide donator antiinflammatory drug,
was evaluated in this phase 2, double-blind, randomized, parallel group study to determine its opti-
mal dose in patients with osteoarthritis (OA).
Methods. In total 543 patients with OA of the hip or knee were randomized to receive naproxcinod
750 mg once daily (qd), 750 mg twice daily (bid), 1125 mg bid, rofecoxib 25 mg qd, or placebo for
6 weeks. The primary efficacy variable was the within-patient change from baseline to the average
of Weeks 4 and 6 in WOMAC™ pain subscale score. Treatment-group differences were compared
using ANCOVA with factors for treatment and country, and baseline pain subscale score as a covari-
ate. Safety endpoints included vital signs and adverse events. Treatment-group differences in mean
change from baseline toWeek 6 in systolic blood pressure (SBP) were compared using an ANCOVA
with treatment and country as fixed factors and baseline SBP as covariate.
Results. All active treatments showed statistically significant reductions in WOMAC pain score
compared to placebo (p ≤ 0.02). Naproxcinod was well tolerated. The 750 mg bid dose appeared to
have the best balance of benefit versus safety. All 3 naproxcinod doses showed a reduction in SBP,
while an increase was shown for rofecoxib. The changes for the naproxcinod groups were statisti-
cally significantly better compared to rofecoxib (p ≤ 0.02).
Conclusion. This dose-finding study identified naproxcinod 750 mg bid as the upper dose for fur-
ther therapeutic confirmatory clinical trials. Naproxcinod at all doses decreased mean SBP compared
to an increase with rofecoxib. (J Rheumatol First Release May 1 2009; doi:10.3899/jrheum.081011)
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Osteoarthritis (OA) is the leading cause of physical disabil-
ity in industrialized nations1,2. The socioeconomic effect of
the disease is great, with approximately 43 million patients
in the US and an annual cost to society of roughly $65 bil-
lion. This burden is expected to increase by 25% by 2020,
partly due to the aging population and a higher incidence of
obesity3,4.

Nonsteroidal antiinflammatory drugs (NSAID) are wide-
ly used to treat OA. However, cyclooxygenase-2 (COX-2)
inhibitors and traditional NSAID tend to cause adverse

effects on the cardiovascular (CV) system, including elicit-
ing and exacerbating hypertension, precipitating congestive
heart failure and renal insufficiency, and increasing the risk
of thrombotic events5-7. Thus, new and potentially safer
drugs are needed for successful management of OA.

Naproxcinod is the most advanced of the cyclooxyge-
nase-inhibiting nitric oxide (NO) donator (CINOD) class of
antiinflammatory drugs designed for treatment of chronic
pain. Upon absorption, naproxcinod is rapidly cleaved to
produce naproxen and a NO-donating moiety. Naproxen
results in inhibition of COX-1 and COX-2 and is known to
be an effective antiinflammatory and analgesic agent. The
release of NO results in effects on the CV system as well as
protection of the gastrointestinal (GI) tract and other
organs8,9. NO possesses marked vascular smooth-muscle
relaxant properties through activation of soluble guanylyl
cyclase and consequent formation of cyclic guanosine
monophosphate (cGMP)8. As such, NO continuously gener-
ated in vascular endothelium is critical for homeostasis of
the vascular tone. It has been shown that impairment in NO
vascular activity is a contributing factor in the pathogenesis
of hypertension10. Exogenous NO administration leads to
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vasorelaxation and decreases elevated blood pressure (BP)
in a variety of experimental models and clinical condi-
tions11-13. CINOD have been designed to overcome the side
effects arising from chronic administration of NSAID,
exploiting the activity of NO on the CV and GI systems.

Our study was designed to assess the efficacy of different
doses and dosing regimens of naproxcinod in relation to
placebo as well as the active comparator, rofecoxib, in
patients with OA of the knee or hip. Additionally, the over-
all safety of naproxcinod was evaluated with specific atten-
tion to the effects of naproxcinod on BP.

MATERIALS AND METHODS
This randomized double-blind placebo-controlled parallel-group dose-finding
study, conducted at 61 centers in Europe, Australia, and the USA, compared
the analgesic efficacy, safety, and tolerability of 3 dosing regimens of naprox-
cinod with rofecoxib and placebo in patients with OA of the hip or knee.

The study was performed in accord with the Declaration of Helsinki
and all patients provided written informed consent prior to participating in
study procedures. Each study center obtained local ethics committee/insti-
tutional review board approval prior to commencement.

Eligibility criteria. We studied male and female patients aged ≥ 40 years
with primary OA of the hip or knee that had necessitated use of NSAID for
a minimum of 15 days during the 4 weeks prior to the screening visit, sat-
isfying the American College of Rheumatology (ACR) classification crite-
ria for diagnosis of OA in the target joint, with diagnoses confirmed by
radiography. Patients were also required to have ACR global functional sta-
tus class I, II, or III14. At screening, eligible patients had to experience pain
in the target joint during loading, recorded as ≤ 80 mm on a 100-mm visu-
al analog scale (VAS) of the first question of the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC™) pain subscale
(version 3.1)15-17. Patients were also required to experience a pain flare
within 3–14 days of discontinuing all pain medications during a washout
phase (between screening and baseline). The VAS pain score for pain on
walking on a flat surface at baseline was required to be ≥ 40 mm, with an
increase of at least 15 mm compared to screening.

Exclusion criteria included secondary OA, a diagnosis of arthritis other
than OA, a hip or knee replacement in the target joint, history of gastric or
duodenal ulceration within 3 months or gastroduodenal bleeding within 6
months of screening, supine systolic blood pressure (SBP) < 110 mm Hg,
NSAID hypersensitivity, renal impairment, treatment with > 325 mg per
day of aspirin or opioids within 48 hours prior to screening or > 4000 mg
per day of acetaminophen (paracetamol). Acetaminophen ≤ 4000 mg/day
could be taken as a rescue medication during the study for patients who
experienced unacceptable pain for more than 24 hours. Antihypertensive
drugs were allowed if the dose had been stable for 3 months prior to the
screening visit.

Randomization and blinding. Eligible patients were sequentially random-
ized at baseline, using a computer-generated list, to receive naproxcinod
750 mg once daily (qd), naproxcinod 750 mg twice daily (bid), naproxcin-
od 1125 mg bid, rofecoxib 25 mg qd, or placebo for 6 weeks. The patient
numbers were assigned to centers in blocks, and the investigators were
blinded to the treatment allocation. To ensure masking, all treatments were
provided in identical capsules (using an overencapsulated form of rofecox-
ib) and patients receiving naproxcinod 750 mg qd and rofecoxib 25 mg qd
also received a matching placebo capsule in the evening. A patient diary
was used to record dosing details of the study treatment, rescue analgesia,
and other concomitant medications used during the treatment period.

Efficacy and safety evaluations. The primary efficacy variable was the with-
in-patient change from baseline to the average score of Weeks 4 and 6 in
WOMAC pain subscale score. Secondary endpoints included changes in
disease-specific symptoms according to subscale scores of pain, stiffness,

and function of the WOMAC, daily VAS pain intensity at rest and during
walking, patient and investigator rating of disease status, response to ther-
apy and overall rating of treatment, and the average weekly amount of res-
cue medication taken by each patient. Patients were monitored for clinical
or laboratory adverse events by physical examination, vital signs, electro-
cardiography, hematology, blood chemistry, and urinalysis. Pulse and BP
measurements were taken at Visit 1 (screening), Visit 2 (baseline), Visit 3
(Week 1), Visit 4 (Week 2), Visit 6 (Week 4), Visit 8 (Week 6), and Visit 9
(followup). Office BP monitoring was performed after 15-minute rest with
a calibrated manometer in both the supine and standing position. At each
visit, supine measurements were made using the same arm, where the high-
est BP was recorded at Visit 1. Where possible, the same person performed
all measurements on the same subject. Orthostatic measurements were per-
formed at 2 and 5 minutes when going from a supine to a standing position.

Statistical analysis. No formal sample size calculations were performed
since this study was considered exploratory in design. However, as a meas-
ure of study precision, the maximum half-length of the 95% confidence
intervals (CI) expected with at least 80% coverage probability for treatment
group differences in WOMAC pain subscale (mm) was ± 4.4 within one
active treatment, ± 6.1 between 2 active groups, and ± 6.9 between active
and placebo groups. These CI were not adjusted for statistical significance.
As a measure of assay sensitivity, the planned number of evaluable patients
was to provide at least 90% power to detect a difference ≥ 11 mm between
the rofecoxib and placebo treatment groups in the WOMAC pain subscale
score. This assumed a 2-sided t test, 5% level of significance, and standard
deviation of 20 mm.

The primary efficacy analysis was based on the full analysis set com-
prising all patients who received at least one dose of investigational prod-
uct and provided a baseline and at least one post-baseline WOMAC pain
subscale score. The full analysis set was analyzed according to the study
drug actually received. A per-protocol analysis set was defined as a subset
of the full analysis set including only patients who completed the study
without major protocol deviations.

The “last available value carried forward” principle was used to deter-
mine missing values. Only post-baseline values were carried forward.
Treatment-group differences were compared using analysis of covariance
(ANCOVA), with factors for treatment-group and country grouping and a
covariate for the baseline pain subscale score. No adjustments for multiple
comparisons were made due to the exploratory design of the study.

The safety analysis included all patients who took at least one dose of
the investigational product. Safety variables were analyzed primarily by
means of descriptive statistics according to the treatment the patient actual-
ly received. Treatment group differences in mean changes of SBP from
baseline atWeek 6 were analyzed post-hoc, using anANCOVAmodel, with
treatment and country grouping as fixed factors and baseline SBP as
covariate.

RESULTS
Patient disposition. A total of 1006 patients were screened,
with 543 patients randomized to treatment. All randomized
patients were analyzed for safety, 522 were analyzed for
efficacy in the full analysis set, and 404 were analyzed in the
per-protocol set. Overall, 433 patients (80%) completed the
study (Figure 1). In total, 110 (20%) subjects discontinued
from study drug; these were evenly balanced across the
treatment groups, with the exception of the placebo group,
where a higher proportion discontinued due to lack of effi-
cacy (10% compared to a range of 3% to 7% in the active
treatment groups), and adverse events for rofecoxib. The
treatment groups were comparable for demographic and
baseline characteristics and were representative of the over-
all OA population (Table 1).
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In the safety population, the lowest proportion of patients
taking antihypertensive medications prior to the intake of
study drug was in the placebo group (29%), while all other
groups were similar, ranging between 36% (naproxcinod

1125 mg bid group) and 44% (naproxcinod 750 mg qd
group). The intake of gastroprotective agents prior to ran-
domization was balanced across treatment groups (range
12% to 18%).
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Figure 1. Patient disposition: all-patients analysis set. * Ineligible 88%; consent withdrawn 12%.

Table 1. Demographic data and baseline characteristics of the full analysis set of subjects.

Characteristic Placebo, Naproxcinod Naproxcinod Naproxcinod Rofecoxib
n = 79 (%) 750 mg qd, 750 mg bid, 1125 mg bid, 25 mg qd,

n = 102 (%) n = 114 (%) n = 118 (%) n = 109 (%)

Sex
Female 52 (66) 74 (73) 70 (61) 82 (69) 74 (68)
Male 27 (34) 28 (27) 44 (39) 36 (31) 35 (32)

Race
Caucasian 71 (90) 100 (98) 109 (96) 118 (100) 105 (96)
Black 3 (4) 2 (2) 2 (2) 0 2 (2)
Asian 1 (1) 0 2 (2) 0 0
Hispanic 2 (3) 0 1 (1) 0 2 (2)
Other 2 (3) 0 0 0 0

Age, yrs, mean (SD) 61.9 (9.66) 61.8 (9.04) 61.2 (10.36) 60.2 (8.74) 62.8 (9.31)
Age, yrs
< 65 47 (59) 60 (59) 76 (67) 86 (73) 65 (60)
65–< 75 24 (30) 35 (34) 24 (21) 28 (24) 32 (29)
≥ 75 8 (10) 7 (7) 14 (12) 4 (3) 12 (11)

Weight, kg, mean (SD) 86.6 (19.52) 89.6 (20.04) 86.3 (19.27) 84.3 (18.15) 89.4 (22.99)
Functional status
Class I 8 (10) 20 (20) 14 (12) 22 (19) 15 (14)
Class II 45 (57) 58 (57) 63 (55) 69 (58) 65 (60)
Class III 26 (33) 24 (24) 37 (32) 27 (23) 29 (27)
Class IV 0 0 0 0 0

Target joint
Hip 18 (23) 30 (29) 37 (32) 40 (34) 31 (28)
Knee 61 (77) 72 (71) 77 (68) 78 (66) 78 (72)
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Efficacy. The primary efficacy variable was the with-
in-patient difference between the WOMAC pain subscale
score at baseline and the average ofWeeks 4 and 6 (Table 2).

In the full analysis set, naproxcinod 750 mg qd, 750 mg
bid, 1125 mg bid, and rofecoxib 25 mg qd were statistically
superior to placebo in reducing the WOMAC pain subscale
score from baseline to the average of Weeks 4 and 6.
Naproxcinod 750 mg bid, naproxcinod 1125 mg bid, and
rofecoxib 25 mg qd were not statistically significantly dif-
ferent from each other, but were all superior to naproxcinod
750 mg qd. Results for the per-protocol set generally reflect-
ed those of the full analysis set.

Secondary variables of WOMAC pain, stiffness, func-
tion, and total scores, and VAS pain intensity supported the
findings of the primary variable, indicating that all active
treatment groups were significantly better than placebo
(Figure 2). Patients’ and investigators’ ratings of treatment,
disease status, response to therapy, and rescue medication
usage indicated that all active treatment groups were statis-
tically significantly better than placebo.

Safety and tolerability. The majority of patients in the safe-
ty analysis set achieved ≥ 90% compliance (median compli-
ance 99% to 100%), and were exposed to study drug for
between 36 and 49 days (median exposure 42 to 43 days).
This was balanced across the treatment groups. Taken
together, these high compliance and duration of exposure

values give confidence that the patients’ exposure to study
drug was adequate for the evaluation of safety.

Overall, naproxcinod was generally well tolerated. Five
patients experienced a total of 6 serious adverse events, most
of them in the placebo group (4 serious adverse events in 3
patients). Only one serious adverse event was considered
drug-related by the investigator (an abnormal electrocardio-
gram T-wave in a patient taking naproxcinod 1125 mg bid).
No serious adverse events were reported in naproxcinod 750
mg qd or bid groups.

Forty-two patients discontinued permanently from study
drug due to adverse events. Discontinuations due to adverse
events were reported in all treatment groups, but were pro-
portionally higher in the rofecoxib 25 mg qd group (10%
compared to a range of 6% to 8% in the other active treat-
ment groups and 9% in the placebo group).

The most commonly reported adverse events were
headache, dyspepsia, nausea, and dizziness, the latter being
slightly higher in the naproxcinod groups but showing no
relationship to dose. GI disorders were reported somewhat
more frequently with the higher doses of naproxcinod,
although evaluation of upper GI-related symptoms (dyspep-
sia, nausea, and upper abdominal pain) failed to show a
dose-response relationship (Table 3).

All 3 naproxcinod dose groups showed a reduction in
SBP from baseline to Week 6 (pre-dose), while an increase

4 The Journal of Rheumatology 2009; 36:6; doi:10.3899/jrheum.081011

Table 2. WOMAC pain score (mm) at baseline, mean change from baseline to the average of Weeks 4 and 6, and differences between treatment groups of
the full analysis set. Calculated using ANCOVA with treatment, country grouping (Australia, USA, Europe) and baseline pain as covariates.

Placebo, Naproxcinod Naproxcinod Naproxcinod Rofecoxib
n = 79 750 mg qd, 750 mg bid, 1125 mg bid, 25 mg qd,

n = 102 n = 114 n = 118 n = 109

Baseline, mean (SD) 64.0 (16.78) 65.8 (17.49) 62.3 (18.75) 62.5 (16.75) 63.8 (16.89)
Change from baseline to the average of Weeks 4 and 6*
Mean (SD) –20.5 (22.17) –28.5 (22.49) –33.6 (20.31) –33.3 (21.74) –37.0 (22.04)
LS mean (SE) –20.2 (2.35) –27.6 (2.08) –34.0 (1.96) –33.5 (1.93) –36.7 (2.01)

95% CI –24.8, – 15.6 –31.7, –23.5 –37.8, –30.1 –37.3, –29.7 –40.7, –32.8
Comparisons vs placebo**
LS mean (SE) –7.4 (3.13) –13.8 (3.05) –13.3 (3.03) –16.5 (3.08)
95% CI (–13.6, –1.3) (–19.8, –7.8) (–19.3, –7.4) (–22.6, –10.5)

p 0.0181 < 0.0001 < 0.0001 < 0.0001
Comparisons vs rofecoxib 25 mg qd**
LS mean (SE) 9.1 (2.88) 2.8 (2.79) 3.2 (2.77)
95% CI (3.5, 14.8) (–2.7, 8.2) (–2.2, 8.7)

p 0.0016 0.3246 0.2474
Comparisons vs naproxcinod 1125 mg bid**
LS mean (SE) 5.9 (2.83) –0.5 (2.74)
95% CI (0.4, 11.5) (–5.8, 4.9)

p 0.0370 0.8684
Comparisons vs naproxcinod 750 mg bid**
LS mean (SE) 6.4 (2.85)
95% CI (0.8, 12.0)

p 0.0259

* Negative change represents pain reduction. Positive change represents pain increase. ** Difference is calculated as (first group minus second group).
Negative change means first group is better; positive change means second group is better.
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in SBP was seen in the rofecoxib group (Table 4). The base-
line pre-dose SBP values were similar in all groups, ranging
from 135 to 139 mm Hg. There was a statistically significant
difference in favor of all 3 naproxcinod doses as compared
to rofecoxib in the change from baseline to Week 6 (p =
0.0131 for naproxcinod 750 mg qd; p = 0.0044 for naprox-
cinod 750 mg bid; p < 0.0001 for naproxcinod 1125 mg
bid). No statistically significant differences were seen for
comparisons of naproxcinod versus placebo. At Week 6, the
percentage of patients with a SBP increase ≥ 3 mm Hg was
25% for placebo, 48% for rofecoxib, and 27%, 28% and
20% for naproxcinod 750 mg qd, 750 mg bid, and 1125 mg
bid, respectively. The percentage of patients that showed a

decreased SBP of ≤ 3 mm Hg was 46% for placebo, 23% for
rofecoxib, 43% for both 750 mg naproxcinod groups, and
52% for naproxcinod 1125 mg bid. There were no major dif-
ferences, over the course of the study, between treatment
groups in the proportion of subjects with treatment-emer-
gent decreases of > 30 mm Hg in supine SBP. A slightly
higher proportion of subjects in the naproxcinod groups had
treatment-emergent decreases > 15 mm Hg in SBP during
the study.

DISCUSSION
Despite the range of options available to treat OA, there
remains a need for therapies that offer either improved effi-
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Figure 2.WOMAC pain, stiffness, function, and total scores over time: full analysis set (imputed for last available value carried forward). BL: base-
line; W: week. S: screening
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cacy or enhanced safety. Our study of naproxcinod was
directed at investigating both these potential benefits as well
as attempting to establish an optimal dosing interval.

NSAID are the drugs most widely used for the treatment
of OA. Unlike opioids, which have a wide dynamic range
for pain relief, NSAID demonstrate a ceiling effect for pain
relief with increasing dose18-21. This property is clinically
important as the overall safety of NSAID appears to be
inversely related to dose, underscoring the importance of
being able to identify the optimal dosing regimen that will
result in maximal efficacy with minimal side effects.
Increasing doses above this level is not likely to result in

increased pain relief, but can lead to higher incidence of
serious side effects.

In this study, naproxcinod at 2 different doses, 750 mg
and 1125 mg, was evaluated versus placebo and rofecoxib
25 mg daily, with the 750 mg dose evaluated at a once-daily
and a twice-daily dosing regimen. A flare design, a standard
methodology in efficacy trials of NSAID, was utilized in
contrast to the approach used in clinical practice. Earlier
studies in OA of the knee had indicated that naproxcinod
375 mg and 750 mg twice daily were both efficacious, the
higher dose showing greater efficacy22,23. In this study, both
the 750 mg and 1125 mg bid doses of naproxcinod were

6 The Journal of Rheumatology 2009; 36:6; doi:10.3899/jrheum.081011

Table 4. Baseline, Week 6, and change from baseline at Week 6 in mean supine systolic blood pressure (mm Hg) in the safety analysis set.

Placebo, Naproxcinod Naproxcinod Naproxcinod Rofecoxib
n = 80 750 mg qd, 750 mg bid, 1125 mg bid, 25 mg qd,

n = 108 n = 116 n = 124 n = 115

Baseline
N 80 108 116 124 115
Mean (SD) 138.5 (18.81) 136.8 (17.69) 135.4 (16.24) 136.5 (17.60) 136.4 (17.06)

Week 6
N 70 97 105 114 100
Mean (SD) 133.8 (16.15) 135.2 (17.56) 133.4 (16.21) 129.0 (17.27) 139.4 (19.45)

Change from baseline to Week 6
N 70 97 105 114 100
Mean (SD) –4.5 (15.83) –1.8 (13.38) –1.8 (14.91) –6.5 (14.57) 3.1 (12.92)

Table 3. Number (%) of patients with the most commonly reported adverse events (AE) (≥ 5% in at least one treatment group) during the treatment period
in the safety analysis set.

System Organ Class Placebo, Naproxcinod Naproxcinod Naproxcinod Rofecoxib
n = 80 750 mg qd, 750 mg bid, 1125 mg bid, 25 mg qd,

n = 108 n = 116 n = 124 n = 115

Gastrointestinal disorders 28 (35) 40 (37) 52 (45) 59 (48) 40 (35)
Dyspepsia 7 (9) 11 (10) 22 (19) 9 (7) 12 (10)
Nausea 6 (8) 11 (10) 11 (9) 15 (12) 12 (10)
Diarrhea (not specified) 6 (8) 6 (6) 9 (8) 9 (7) 10 (9)
Loose stools 6 (8) 3 (3) 2 (2) 2 (2) 2 (2)
Constipation 5 (6) 8 (7) 2 (2) 9 (7) 3 (3)
Flatulence 2 (3) 5 (5) 5 (4) 8 (6) 4 (3)
Abdominal pain upper 1 (1) 2 (2) 3 (3) 7 (6) 4 (3)
Abdominal pain not specified 2 (3) 2 (2) 1 (1) 6 (5) 1 (1)
Gastroesophageal reflux disease 0 5 (5) 2 (2) 1 (1) 2 (2)

Nervous system disorders 34 (43) 47 (44) 36 (31) 53 (43) 43 (37)
Headache 28 (35) 37 (34) 29 (25) 45 (36) 36 (31)
Dizziness 6 (8) 14 (13) 14 (12) 14 (11) 9 (8)

Musculoskeletal and connective tissue disorders 20 (25) 21 (19) 16 (14) 27 (22) 27 (23)
Back pain 7 (9) 5 (5) 5 (4) 13 (10) 11 (10)
Arthralgia 2 (3) 8 (7) 4 (3) 7 (6) 7 (6)
Pain in extremity 4 (5) 5 (5) 2 (2) 2 (2) 8 (7)
Neck pain 4 (5) 4 (4) 1 (1) 2 (2) 2 (2)

Infections and infestations 13 (16) 15 (14) 24 (21) 22 (18) 25 (22)
Nasopharyngitis 6 (8) 6 (6) 8 (7) 6 (5) 11 (10)

Respiratory, thoracic, mediastinal disorders 5 (6) 12 (11) 7 (6) 10 (8) 8 (7)
Pharyngolaryngeal pain 1 (1) 6 (6) 2 (2) 5 (4) 1 (1)
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clinically efficacious, demonstrating a decrease in the
WOMAC pain subscale score of 13–14 mm compared to
placebo, and similar to that of rofecoxib 25 mg qd. However,
naproxcinod 1125 mg bid failed to show any enhanced effi-
cacy compared to the 750 mg bid dose in any of the standard
outcome measures evaluated. Thus, these data permit defini-
tion of the upper end of the dose-response curve of efficacy
for naproxcinod. In terms of dosing frequency, once-daily
dosing of 750 mg naproxcinod was also assessed and was
found to have efficacy greater than placebo, but pain relief
and functional change were statistically significantly less
than with the twice-daily dosing regimen. This result is con-
sistent with the known half-life of the drug24.

Providing improved safety is a second approach to deliv-
ering new beneficial therapeutic options. Of the important
mechanism-based side effects of NSAID, GI and CV
toxicity are arguably the most prevalent. Naproxcinod offers
the advantage, in addition to naproxen, of liberating a
NO-donating moiety. NO is known to have both physiolog-
ic and pharmacologic properties that could prove advanta-
geous in the setting of cyclooxygenase inhibition. In accord
with findings in animals25,26, clinical studies in humans
showed that naproxcinod may account for a reduction of
erosions and ulcers in the stomach and duodenum with
respect to naproxen23,27,28.

In vascular smooth muscle cells, NO acts almost exclu-
sively via the enzyme soluble guanylate cyclase, producing
vasodilatation and BP modulation via cGMP-dependent
protein kinases29. NO is also known to have many other ben-
eficial effects on the vascular endothelium, including inhibi-
tion of vascular smooth muscle cell proliferation, an
inhibitory effect on platelet aggregation and adhesion, and
inhibition of inflammatory cell activation30-32. A differenti-
ated BP profile of naproxcinod compared to naproxen and
rofecoxib has been shown in a previous phase 2 study22.

Evaluation of general safety in this study demonstrated
similar findings among all active treatment arms. With
GI-related adverse events, there was little difference
between any of the naproxcinod arms and rofecoxib when
considering upper GI symptoms (dyspepsia, nausea, upper
abdominal pain), with all groups having a slightly higher
incidence than reported for placebo, although the numbers
in each group were limited. Demonstration of the effects of
NO on GI outcomes, either symptoms or ulcers, will require
larger appropriately powered studies.

Particular attention was paid in this study to the BP
response to treatment, as BP is known to be affected by
NSAID. Rofecoxib treatment, as demonstrated, resulted in a
statistically significant increase in BP compared to place-
bo33,34. In contrast, naproxcinod, in each of the treatment
groups, resulted in a statistically significantly lower BP than
rofecoxib, and demonstrated no significant difference com-
pared to placebo. More precise definition of comparative BP
response to naproxcinod and NSAID will require larger

studies with additional comparators. There were no reports
of hypotension in this study. The prevalence of dizziness
appeared slightly higher in the naproxcinod groups com-
pared to the other treatment arms, although differences were
small and no dose-response relationship was seen.

The results of this dose-finding study support the conclu-
sion that there is no additional efficacy of naproxcinod at
doses higher than 750 mg bid, and that this dose is clinical-
ly effective and similar to that seen with rofecoxib 25 mg qd.
Additionally, the safety data from this phase 2 study support
the differentiation of naproxcinod from other NSAID in
terms of its effect on BP. Since this was a small study whose
primary focus was not on BP differentiation, additional
studies are needed to better define the advantages NO
release may have on BP maintenance in patients with OA.
However, as hypertension is present in approximately 50%
of this population, and BP destabilization is a problem with
NSAID therapy, the potential of ameliorating this side effect
warrants further scrutiny.

This dose-finding study identified naproxcinod 750 mg
bid as the upper dose for further therapeutic confirmatory
clinical trials. Naproxcinod 375 mg bid was identified as the
lowest efficacious dose in a previous trial22. Both trials
showed that naproxcinod at all doses decreased mean SBP
compared with rofecoxib. Therefore both naproxcinod 375
mg and 750 mg bid are under investigation in larger trials
over longer periods of time to define potential use in man-
agement of OA.
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