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The blood pressure (BP) effects of naproxcinod and nap-
roxen were assessed in an 8-week, double-blind, crossover
study in 131 hypertensive patients aged 50 to 74 years.
Patients received naproxcinod 750 mg twice daily or nap-
roxen 500 mg twice daily, then the alternate treatment, each
for 14 days, with placebo run-in ⁄ washout before each active
treatment period and 24-hour ambulatory BP monitoring
conducted before and after each active treatment period.
Mean change from baseline in average 24-hour systolic BP
(SBP) after 2 weeks of treatment numerically favored

naproxcinod 750 mg twice daily (least-squares [LS] mean
for naproxcinod minus naproxen: )1.6 mm Hg; P=.12). Post
hoc analyses showed statistically significant SBP differ-
ences favoring naproxcinod for the 8 elapsed hours (LS
mean: )4.4 mm Hg; P<.0001) and the 24 hours following
morning dosing (LS mean: )2.4 mm Hg; P=.006). Naproxci-
nod may be a beneficial alternative for patients with osteo-
arthritis requiring nonsteroidal anti-inflammatory drugs. J Clin
Hypertens (Greenwich). 2011;13:376–384. �2011 Wiley
Periodicals, Inc.

Patients with osteoarthritis often have comorbid
conditions, including hypertension, coronary artery
disease, diabetes mellitus, and chronic kidney disease.
Hypertension affects approximately 40% to 50% of
patients with osteoarthritis1 and places patients at risk
for premature renal and cardiovascular disease
(CVD).2 Nonsteroidal anti-inflammatory drugs (NSA-
IDs) commonly used to treat osteoarthritis have the
potential to increase blood pressure (BP),3–7 as well as
to disrupt BP control in patients treated with antihy-
pertensive agents.8,9

Inhibition of cyclooxygenase (COX) 2 enzymes by
selective COX-2 inhibitors or traditional NSAIDs pro-
vides anti-inflammatory efficacy, but also results in a
reduction of prostaglandin synthesis, which is associ-
ated with both antinatriuretic and vasoconstrictive
effects.10–12 The resulting imbalance between vasodila-
tion and vasoconstriction may lead to increased sys-
temic vascular resistance, which can elevate BP,
interfere with the action of antihypertensive agents,
and potentially increase hypertension-related morbid-
ity.3,4,6,8 NSAIDs (both selective and nonselective)
may increase BP, adversely affect kidney function, and
increase cardiovascular risk. Indeed, these agents are
associated with significant increases in the risk of seri-
ous cardiovascular events such as cardiovascular
death, myocardial infarction, and stroke.13 This was
particularly evident with the selective COX-2 inhibitor
rofecoxib, which was removed by its manufacturer in

September 2004 because of concerns of increasing risk
for serious cardiovascular events.14 Following this, the
US Food and Drug Administration released a supple-
mental request to all manufacturers of NSAIDs and
COX-2 inhibitors, prescription or over-the-counter, to
add information to the label that highlights the poten-
tial for cardiovascular events when using these
agents.15 Thus, caution is recommended when they are
used in patients with hypertension, diabetes, kidney
disease, or other conditions associated with increased
cardiovascular risk.16

Naproxcinod is a COX-inhibiting nitric oxide dona-
tor (CINOD) with analgesic, anti-inflammatory, anti-
pyretic, and nitric oxide (NO)–donating effects. NO
exerts many beneficial effects on the cardiovascular
system, including modulation of BP and vascular tone,
inhibition of platelet aggregation and leukocyte adhe-
sion, and prevention of smooth muscle cell prolifera-
tion.17 Reduced bioavailability of NO is thought to be
one of the central common factors in CVD,18 although
the exact relationship is not fully understood. Provi-
sion of NO, through its effects on vascular tone and
other NO-mediated mechanisms, may be expected to
ameliorate some of the BP increase commonly associ-
ated with NSAID use. This is supported by evidence
from preclinical studies19–21 and a clinical study22 that
demonstrated a lesser effect on BP for naproxcinod
375 mg twice daily and 750 mg twice daily compared
with naproxen 500 mg twice daily. Therefore, nap-
roxcinod may represent a potentially safer alternative
therapy for patients who require NSAIDs, particularly
those who have existing hypertension or borderline
high BP levels.

Although cuff BP measurements are commonly used
to assess BP in the clinical setting, ambulatory BP
monitoring (ABPM) has been shown to be a better
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predictor of cardiovascular risk.23,24 In the present
study, we investigated the pharmacodynamic effect of
NO donation on BP by comparing the effect of nap-
roxcinod 750 mg twice daily with that of the equimo-
lar dose of naproxen, 500 mg twice daily, on 24-hour
BP measured by ABPM. Once absorbed, naproxcinod
is rapidly cleaved to release naproxen and an NO-
donating moiety. Therefore, equimolar doses of nap-
roxcinod and naproxen were used to determine the
effect of the NO released by naproxcinod.

METHODS
The study was conducted in accordance with the pro-
tocol, the International Conference on Harmonization
Consolidated Guideline for Good Clinical Practice, 21
Code of Federal Regulations, and the Declaration of
Helsinki. All patients provided dated and signed writ-
ten informed consent prior to initiation of any study
procedures. The protocol and study materials were
approved by a central institutional review board
(Mid*Lands IRB, Leawood, KS).

Study Design
This was an 8-week, exploratory phase 1, double-blind,
randomized, crossover study. The primary objective
was to characterize the 24-hour arterial BP profile of
naproxcinod 750 mg twice daily as measured by
ABPM, compared with baseline and naproxen 500 mg
twice daily after 14 days of administration in volunteers
with stable essential hypertension who were not chronic
NSAID users. The secondary objective was to evaluate
the general safety and tolerability of naproxcinod
750 mg twice daily.

After a 14-day placebo run-in period, patients were
randomly assigned in a 1:1 ratio to one of two treat-
ment sequences (Figure 1). Patients received naproxci-
nod 750 mg twice daily or naproxen 500 mg twice
daily for 14 days, then placebo twice daily for
14 days, followed by a 14-day period of treatment

with the alternate active therapy. Arterial BP was mea-
sured using 24-hour ABPM at the beginning and end
of each active treatment period.

Participants and investigators were blinded to study
treatment assignments. To ensure blinding, oral cap-
sules of each active treatment and the corresponding
placebo were identical in appearance, smell, taste, and
packaging. Patients took capsules of the active agent
and the alternate placebo at each dose. They were
instructed to take study medication with food and
other prescribed medications in the morning and
evening, preferably with a 12-hour interval between
doses.

The primary end point was the mean change from
baseline in the average 24-hour SBP at the end of
2 weeks of treatment. Secondary end points included
the mean change from baseline after 2 weeks of treat-
ment in the average 24-hour diastolic BP (DBP) and
the average daytime (6 AM–10 PM) and average night-
time (10:01 PM–5:59 AM) SBP and DBP.

Patients
Male and female volunteers aged 50 to 74 years with
controlled hypertension (defined in this study as SBP
<150 mm Hg and DBP<95 mm Hg at screening and
baseline) were enrolled. Patients could be receiving �2
classes of antihypertensive drugs at stable doses (no
dose changes of �50% or changes due to lack of effi-
cacy or worsening of disease within the previous
3 months) at screening and could not be currently tak-
ing NSAIDs, including aspirin (unless �162 mg ⁄ d), on
a long-term basis. Patients were also excluded if their
antihypertensive medication dose exceeded the recom-
mended dose, they had nondominant arm circumfer-
ence <24 cm or >42 cm, they were expected to
require any new medications during the study, or had
uncontrolled diabetes, hepatic dysfunction, or history
of an acute cardiovascular event within the past
year. Other exclusion criteria included a history of

FIGURE 1. Study design. ABPM indicates ambulatory blood pressure monitoring.
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gastroduodenal bleeding or ulceration within the past
5 years, clinically relevant abnormalities on electrocar-
diography, hypersensitivity or contraindications to
NSAIDs or organic nitrate drugs, history of renal
impairment, history of alcohol or drug abuse within
the past 2 years, and current use of phosphodiesterase
type-5 inhibitors, nitrates, other NO-donating drugs,
or anticoagulants.

Assessments
Ambulatory BP Monitoring. ABPM was performed
using a Spacelabs Medical Model 90207 ABPM device
(Issaquah, WA). A total of 4 ABPM assessments were
specified by the protocol, which were performed at the
beginning and end of each active treatment period,
with the first ABPM performed at the time of study
drug intake (approximately 8:30 AM [�45 minutes]).
BP measurements were recorded every 20 minutes dur-
ing the daytime (6 AM–10 PM) and hourly during the
nighttime (10:01 PM–5:59 AM).

Ideally, each patient had 56 BP measurements per
24-hour ABPM (48 daytime, 8 nighttime). An accept-
able ABPM consisted of >45 valid readings during a
session of at least 23.5 hours, with �3 consecutive
invalid daytime readings and �2 consecutive invalid
nighttime readings. Unacceptable ABPM assessments
were repeated only once. Treatment compliance was
monitored by accounting for the amounts of study
drug dispensed and returned before and after each
active treatment period.

Safety. Safety was assessed by monitoring for adverse
events (AEs) from the screening visit to 7 days after
the last dose of study drug. Investigators documented
the seriousness, severity, action taken, and relationship
to study drug for each AE. Heart rate, electrocardiog-
raphy, body mass index, and laboratory parameters
were also routinely evaluated throughout the study.

Statistical Methods
The modified intent-to-treat (mITT) population, which
included all randomized patients who had �1 accept-
able follow-up ABPM, was used for the ABPM analy-
sis. The average 24-hour ABPM data were based on
an average of the hourly means recorded during the
24-hour period, based on clock hours. An analysis of
variance (ANOVA) model for a 2-treatment, 2-period
crossover design, with fixed effects for treatment and
period (as within-subject terms), fixed effects of treat-
ment sequence (as a between-subject factor), and ran-
dom effects for subject nested within sequence, was
used to determine the difference in the primary end
point between the two treatments. A P value �.05 for
treatment effect determined statistical significance.
Carryover effect was assessed by testing the treatment
sequence effect against the between-subject error term.
A P value �.10 was considered statistically significant
for this comparison. With no carryover effect between
the active treatment periods, ABPM data from both

active treatment periods could be used to compare the
effects of the two treatments.

The analysis of the primary end point was repeated
using descriptive statistics for the following subgroups:
site, age group (younger than 65 vs 65 years and
older), sex, race (black, African American, or of Afri-
can heritage vs all other races), ethnicity (Hispanic vs
non-Hispanic), antihypertensive drug classes, and low-
dose aspirin use.

To further investigate the BP profile of naproxcinod
relative to naproxen, the following post hoc analyses
were performed to assess the differences between treat-
ments: (1) the average 24-hour SBP at the end of 2 weeks
of treatment using the average of the hourly means for
each elapsed hour following the morning dose, and (2)
the average 8-hour SBP at the end of 2 weeks of treat-
ment using the average of the hourly means for the 8
elapsed hours following the morning dose.

For each of these variables, an ANOVA model with
treatment sequence, period, and treatment as fixed
effects, and subject within sequence as a random effect
was conducted. Carryover effect was assessed as
described above.

A sample size of 102 patients was required to detect
a statistically significant difference in the primary end
point between the 2 treatments, assuming a difference
of 3 mm Hg, with a standard deviation (SD) of
10 mm Hg. These calculations were based on 1-way
repeated measures with an a level of 0.05 and a power
of 85%. Assuming a drop-out rate of 15% over the
course of the study, 120 patients were needed (60 in
each treatment sequence).

Safety analyses were based on the safety population
(all patients receiving �1 dose of investigational prod-
uct) and were primarily performed using standard
summary statistics.

RESULTS

Patient Disposition
Participants were recruited from 15 sites in the United
States between April 27 and September 13, 2006. A
total of 131 patients were randomized and included in
the safety population, and 117 completed the study
(117 of 131 [89.3%]). The mITT population com-
prised 121 patients, and 116 of these (95.9%) com-
pleted the study. In the safety population, 4 patients
assigned to the naproxcinod to naproxen sequence and
10 patients assigned to the naproxen to naproxcinod
sequence discontinued study treatment. Reasons for
discontinuation in the naproxcinod to naproxen
sequence were AE (n=1), withdrew consent (n=2), and
other (n=1). In the naproxen to naproxcinod sequence,
reasons for discontinuation were AE (n=1), withdrew
consent (n=4), and other (n=5).

Demographic and Baseline Characteristics. Patient
baseline characteristics are shown in Table I. Overall,
approximately half of the patients were men, about
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one quarter were 65 years and older, about one quar-
ter had diabetes, and about one third were taking low-
dose aspirin. In the mITT population, there were no
statistically significant differences between treatment
sequences in demographic or other baseline character-
istics. A total of 5 patients, 1 in the naproxen to nap-
roxcinod sequence and 4 in the naproxcinod to
naproxen sequence, were taking >2 antihypertensive
drug classes at baseline, which were treated as proto-
col deviations, and the patient data was included in
the analysis.

ABPM Results
For naproxcinod 750 mg twice daily, the mean�SD
24-hour average SBP was 125.1�10.92 mm Hg at
baseline and 127.2�10.34 mm Hg at the end of active
treatment. The least-squares (LS) mean change from
baseline after 2 weeks of treatment was 2.0 mm Hg
(95% confidence interval [CI]: 0.29–3.75). For nap-
roxen 500 mg twice daily, the mean�SD 24-hour
average SBP was 126.0�12.11 mm Hg at baseline and
130.4�13.36 mm Hg at the end of active treatment.
The LS mean change from baseline after 2 weeks of
treatment was 3.7 mm Hg (95% CI, 1.91–5.43)
(Table IIa). The LS mean difference between the two
treatments in the change from baseline in the average
24-hour SBP after 2 weeks of treatment (the primary
end point) numerically favored naproxcinod 750 mg
twice daily, but did not reach statistical significance
(LS mean difference, )1.6 mm Hg; 95% CI, )3.75 to
0.45; P=.12) (Table IIa).

For naproxcinod 750 mg twice daily, the mean�SD
24-hour average DBP was 73.8�8.54 mm Hg at base-
line and 73.9�8.26 mm Hg at the end of active treat-
ment. The LS mean change from baseline after
2 weeks of treatment was 0.2 mm Hg (95% CI, )0.92

to 1.22). For naproxen 500 mg twice daily, the
mean�SD 24-hour average DBP was 73.7�8.25
mm Hg at baseline and 76.0�8.83 mm Hg at the end
of active treatment. The LS mean change from base-
line after 2 weeks of treatment was 2.0 mm Hg (95%
CI, 0.88–3.05). There was a statistically significant dif-
ference in favor of naproxcinod 750 mg twice daily as
compared with naproxen 500 mg twice daily (LS mean
difference, )1.8 mm Hg; 95% CI, )3.13 to )0.50;
P=.008) (Table IIb). No carryover effect between treat-
ment periods was observed for SBP or DBP.

There was a statistically significant difference in
favor of naproxcinod 750 mg twice daily as compared
with naproxen 500 mg twice daily for the mean
change from baseline after 2 weeks of active treatment
in the average daytime DBP and average nighttime
DBP recorded during 24-hour ABPM (Table IIb). The
LS mean change in daytime and nighttime SBP was
numerically smaller for naproxcinod 750 mg twice
daily compared with naproxen 500 mg twice daily,
but the difference between the groups did not reach
statistical significance (Table IIb).

Analysis of the primary end point using descriptive
statistics by age, sex, antihypertensive drug class
(except angiotensin II antagonists), diuretic use, and
low-dose aspirin use also revealed a smaller increase in
24-hour SBP for the naproxcinod group than with the
naproxen group. The analyses by race and ethnicity
did not reveal the same trend (data not shown).

The SBP profiles of naproxcinod 750 mg twice daily
and naproxen 500 mg twice daily were evaluated
graphically in a post hoc analysis using the 24-hour
average SBP values (based on elapsed hours following
the morning dose) obtained after 2 weeks of treat-
ment (Figure 2a). Examination of the mean changes
from baseline revealed that patients treated with

TABLE I. Baseline Characteristics (Modified Intent-to-Treat Population)

Characteristic

Naproxcinod

to Naproxen (n=61)

Naproxen to

Naproxcinod (n=60) Total (N=121) P Value

Men, No. (%) 34 (55.7) 25 (41.7) 59 (48.8) .15

Mean age, y (SD) 59.7 (6.7) 60.2 (7.0) 59.9 (6.8) .66

Age �65 y, No. (%) 17 (27.9) 15 (25.0) 32 (26.4) .84

Mean weight, kg (SD) 89.7 (23.0) 86.7 (17.5) 88.2 (20.4) .43

Mean body mass index, kg ⁄ m2 (SD) 31.0 (6.1) 30.8 (6.2) 30.9 (6.1) .90

Low-dose aspirin use, No. (%) 22 (36.1) 17 (28.3) 39 (32.2) .44

Diabetes, No. (%) 16 (26.2) 14 (23.3) 30 (24.8) .83

Race, No. (%)

White 51 (83.6) 53 (88.3) 104 (86.0) .53

Black ⁄ African American 9 (14.8) 7 (11.7) 16 (13.2)

Native Hawaiian ⁄ Pacific Islander 1 (1.6) 0 (0.0) 1 (0.8)

Antihypertensive drug classes, No. (%)

0 0 (0.0) 0 (0.0) 0 (0.0) .10

1 27 (44.3) 19 (31.7) 46 (38.0)

2 30 (49.2) 40 (66.7) 70 (57.9)

�3 4 (6.6) 1 (1.7) 5 (4.1)

Abbreviation: SD, standard deviation.
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TABLE II. Baseline and Mean Change From Baseline in the 24-Hour Average Systolic BP and Diastolic BP at the
End of Active Treatment by Treatment (Modified Intent-to-Treat Population)

Naproxcinod

750 mg twice daily (n=121)

Naproxen

500 mg twice daily (n=121) Differencea P Value

Primary Variable

24-Hour systolic BP

Baseline

No. 110 111

Mean systolic BP, mm Hg (SD) 125.1 (10.92) 126.0 (12.11)

End of treatment

No. 109 108

Mean systolic BP, mm Hg (SD) 127.2 (10.34) 130.4 (13.36)

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) 2.0 (0.29–3.75) 3.7 (1.91–5.43) )1.6 ()3.75 to 0.45) .12

Carryover effect .49

Secondary Ambulatory BP Monitoring Variables

24-Hour diastolic BP

Baseline

No. 110 111

Mean diastolic BP, mm Hg (SD) 73.8 (8.54) 73.7 (8.25)

End of treatment

No. 109 108

Mean diastolic BP, mm Hg (SD) 73.9 (8.26) 76.0 (8.83)

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) 0.2 ()0.92 to 1.22) 2.0 (0.88–3.05) )1.8 ()3.13 to )0.50) .008

Carryover effect .73

Daytime systolic BP

Baseline

No. 110 111

Mean systolic BP, mm Hg (SD) 128.7 (11.07) 129.8 (12.34)

End of treatment

No. 109 108

Mean systolic BP, mm Hg (SD) 131.5 (10.73) 135.1 (13.48)

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) 2.8 (0.94–4.61) 4.5 (2.63–6.35) )1.7 ()3.96 to 0.54) .13

Carryover effect .33

Daytime diastolic BP

Baseline

No. 110 111

Mean diastolic BP, mm Hg (SD) 76.7 (9.11) 77.0 (9.09)

End of treatment

No. 109 108

Mean diastolic BP, mm Hg (SD) 77.2 (8.92) 79.6 (9.27)

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) 0.6 ()0.57 to 1.77) 2.2 (1.01–3.38) )1.6 ()3.12 to )0.07) .04

Carryover effect .50

Nighttime systolic BP

Baseline

No. 110 111

Mean systolic BP, mm Hg (SD) 117.7 (12.78) 118.1 (13.47)

End of treatment

No. 109 108

Mean systolic BP, mm Hg (SD) 118.2 (11.89) 120.8 (15.27)
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naproxcinod 750 mg twice daily had lower average
hourly SBP values for 19 of the 24 elapsed hours fol-
lowing the morning dose compared with those treated
with naproxen 500 mg twice daily (Figure 2b).

At the end of 2 weeks of active treatment, the LS
mean SBP for the 24 elapsed hours following the
morning dose was 128.0 mm Hg (95% CI, 125.8–
130.3) with naproxcinod 750 mg twice daily and
130.5 mm Hg (95% CI, 128.2–132.7) with naproxen
500 mg twice daily. There was a difference of
)2.4 mm Hg (95% CI, )4.16 to )0.71; P=.006) in
favor of naproxcinod 750 mg twice daily compared
with naproxen 500 mg twice daily (Figure 3). The LS
mean hourly SBP for the 8 elapsed hours following the
morning dose was lower with naproxcinod 750 mg
twice daily than with naproxen 500 mg twice daily
after 2 weeks of active treatment: 131.2 mm Hg (95%
CI, 128.9–133.5) for naproxcinod and 135.7 mm Hg
(95% CI, 133.4–138.0) for naproxen, a difference of
)4.4 mm Hg (95% CI, )6.40 to )2.49; P<.0001)
(Figure 3) in favor of naproxcinod 750 mg twice daily.

Safety Results
Compliance and Exposure. Compliance to study medi-
cation was high throughout the study. All patients
took �80% of naproxcinod or naproxen treatment,
except for 1 patient in the naproxcinod to naproxen
sequence. Study drug exposure in the safety population
was similar between the treatments. The mean dura-
tions of exposure for naproxcinod and naproxen were
14.7 days and 15.1 days, respectively.

Adverse Events. The overall incidence of patients who
experienced �1 AE was 13.0% (16 of 123) during
treatment with naproxcinod 750 mg twice daily and

9.4% (12 of 128) during naproxen 500 mg twice-daily
treatment. Most AEs were of mild or moderate sever-
ity. The most frequently reported AEs by organ system
were gastrointestinal system disorders. Three patients
in each treatment group experienced �1 treatment-
related AE. Treatment-related diarrhea and dyspepsia
were experienced by 1 patient in each of the treatment
groups. Fluid retention was observed in 1 patient
receiving naproxcinod, and an increase in BP of mod-
erate severity was observed in 1 patient during nap-
roxen treatment. During naproxen treatment, 2
patients experienced dizziness and 1 patient each expe-
rienced dry mouth, flatulence, and malaise. The only
serious AE was an acute myocardial infarction during
the second placebo washout period in a patient
assigned to the naproxcinod to naproxen treatment
sequence. This AE was considered unrelated to study
treatment and led to discontinuation from the study.
One other AE led to study discontinuation: an increase
in BP during naproxen treatment that was moderate in
severity and related to study treatment. There were no
deaths during the study, and standard clinical and lab-
oratory assessments did not reveal any safety concerns
with naproxcinod or naproxen.

DISCUSSION
In this study, naproxcinod 750 mg twice daily
appeared to have less of an effect on BP, as measured
by ABPM, compared with naproxen 500 mg twice
daily after 2 weeks of treatment in volunteer patients
with stable, controlled hypertension who were not
long-term NSAID users. The mean change from base-
line in the average 24-hour SBP showed an increase
for both treatment groups, but the increase was lower
for naproxcinod 750 mg twice daily compared

TABLE II. Baseline and Mean Change From Baseline in the 24-Hour Average Systolic BP and Diastolic BP at the
End of Active Treatment by Treatment (Modified Intent-to-Treat Population) (Continued)

Naproxcinod

750 mg twice daily (n=121)

Naproxen

500 mg twice daily (n=121) Differencea P Value

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) 0.5 ()1.56 to 2.55) 2.2 (0.09–4.25) )1.7 ()4.36 to 1.01) .22

Carryover effect .87

Nighttime diastolic BP

Baseline

No. 110 111

Mean diastolic BP, mm Hg (SD) 67.8 (9.01) 66.8 (8.21)

End of treatment

No. 109 108

Mean diastolic BP, mm Hg (SD) 67.1 (8.52) 68.6 (9.56)

Change from baseline at the end of treatment

No. 103 100

LS mean, mm Hg (95% CI) )0.7 ()2.01 to 0.59) 1.5 (0.18–2.81) )2.2 ()3.82 to )0.58) .009

Carryover effect .83

Abbreviations: bid, twice per day; BP, blood pressure; CI, confidence interval; daytime, 6 AM–10 PM; LS, least-squares; nighttime, 10:01 PM–5:59 AM;
SD, standard deviation. aNaproxcinod group – naproxen group.
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with naproxen 500 mg twice daily. After 2 weeks of
treatment, the mean BP levels observed with naproxci-
nod 750 mg twice daily were consistently lower than
those observed with naproxen 500 mg twice daily
through most of the 24-hour period. Statistically sig-
nificant differences between the treatment groups

favoring naproxcinod 750 mg twice daily were
observed in the mean change from baseline in the
average 24-hour, daytime, and nighttime DBP. In a
post hoc analysis, the average SBP observed with nap-
roxcinod 750 mg twice daily during the 8 elapsed
hours following the morning dose was statistically

A.

B.

FIGURE 2. End-of-treatment systolic blood pressure (BP) profiles for naproxcinod and naproxen (A) and mean hourly differences between the
end-of-treatment systolic BP profiles after adjustment for baseline differences (modified intent-to-treat population) (B). End of treatment baseline,
naproxcinod – naproxen.

FIGURE 3. Difference in least-squares (LS) mean average 24-hour systolic blood pressure (BP) and LS mean average 8-hour post-morning dose
(elapsed hours) systolic BP between naproxcinod and naproxen at the end of active treatment (modified intent-to-treat population). *Between-group
difference in average hourly systolic BP at the end of active treatment (naproxcinod – naproxen). Error bars indicate 95% confidence interval (CI).
bid indicates twice daily.
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significantly lower than that seen with naproxen 500 mg
twice daily, and the average SBP observed during
24 hours after the morning dose (elapsed hours) was
also statistically significantly lower with naproxcinod
750 mg twice daily compared with naproxen 500 mg
twice daily. Although pain relief was not addressed in
this study, the doses of naproxen 500 mg twice daily
and naproxcinod 750 mg twice daily have previously
been shown to provide equal analgesic potency in a
study of patients with osteoarthritis.25

The potential for developing hypertension or wors-
ening BP control in patients who receive NSAID ther-
apy is an important clinical concern. An NSAID that
effectively relieves the signs and symptoms of osteoar-
thritis with less effect on BP would be an important
addition to current treatment options, particularly for
patients with hypertension. Renal inhibition of COX-2
by NSAIDs results in decreased prostaglandin synthesis
and is associated with both antinatriuretic and vaso-
constrictor effects as well as a decrease in renal func-
tion.10–12 These effects can disrupt BP control and are
especially relevant in patients who have preexisting
hypertension, edema, or congestive heart failure.26

Meta-analyses of clinical trials of NSAIDs in patients
with arthritis have demonstrated that many agents
within the class (eg, ibuprofen, indomethacin, and
naproxen) may increase mean arterial BP by approxi-
mately 5 mm Hg to 6 mm Hg in patients with hyper-
tension.4–6 In older patients, sustained BP elevations
are associated with increased risk for both ischemic
and hemorrhagic stroke, congestive heart failure, renal
dysfunction, and ischemic cardiac events.27,28

This study evaluated the effect of NO donation on
BP in patients receiving NSAIDs. Naproxcinod, an
investigational drug, was compared with naproxen, an
approved NSAID commonly used in the management
of osteoarthritis. The selected naproxcinod dose of
750 mg was chosen to evaluate the effect of the NO
moiety, as this dose has been shown to be effective
and well tolerated in patients with osteoarthritis in
phase 2 studies.22,29 In addition, this dose of naproxci-
nod is equimolar in its naproxen moiety to the active
comparator naproxen 500 mg twice daily, which is a
commonly recommended dose for the treatment of
signs and symptoms of osteoarthritis. A crossover
design was employed to decrease the impact of interin-
dividual variability on the results. The study was pow-
ered for a 3-mm Hg difference in SBP, which was not
observed. Although the P value for the differences in
the 24-hour SBP end point was encouraging (.12) it
did not reach statistical significance, although several
secondary end points, including 24-hour DBP, were
significant. The estimate of 3 mm Hg was based on
differences noted in office-based BP evaluations. The
use of ABPM often results in lower BP readings when
compared with office-based measures.30 The patients
in this study were relatively young (mean age,
younger than 60 years) and had well controlled BP on
their antihypertensive regimens, which may also have

blunted the degree of SBP increase that was
anticipated since older patients are prone to BP
increases.31,32

ABPM was used to compare the effect of naproxci-
nod and naproxen on BP profiles. Although cuff BP
measurements are typically employed in clinical prac-
tice, they are often not representative of BP fluctua-
tions that occur during the course of the day and
night. The multiple BP readings generated by ABPM
are obtained during normal activities and provide an
estimate of the BP burden over a 24-hour period.33

ABPM has been shown to be a more valuable predic-
tor of cardiovascular risk than office-based BP moni-
toring in patients with treated34 and untreated23,24

hypertension.

LIMITATIONS
The nature of the phase 1, exploratory study warrants
caution against extrapolating the results to the clinical
setting. The short duration of the active treatment
periods (2 weeks) does not provide information about
the long-term BP effects of naproxcinod, which may
be prescribed for relief of chronic pain and inflamma-
tion due to osteoarthritis. In addition, the study popu-
lation excluded patients who were regular users of
NSAIDs; therefore, the BP results may not be com-
pletely applicable to a population of patients with
osteoarthritis who have been exposed to NSAIDs on a
long-term basis.

CONCLUSIONS
In this short-term study, the incidence of AEs and seri-
ous AEs was low for both active treatments. Nap-
roxcinod 750 mg twice daily and naproxen 500 mg
twice daily were safe and well tolerated. The low inci-
dence of treatment-related AEs suggests that the BP
effects of naproxcinod do not come at a cost to patient
safety. The results of this exploratory study suggest
that naproxcinod exhibits less effect on BP relative to
naproxen in patients with stable, treated hypertension
who are not long-term NSAID users and supports
studies that assess the BP effects of longer-term use of
naproxcinod in patients with hypertension.
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