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Osteoarthritis (OA) constitutes one of the leading causes of pain and disability worldwide. The incidence of OA will likely rise over the next few decades,
with a significant impact on healthcare costs. Patients with OA are often
affected by a number of cardiovascular comorbidities, including hypertension, which is present in approximately 40% of cases. Cyclooxygenase (COX)
inhibitors, both nonselective and selective COX-2 inhibitors, are often used
to control pain in these patients. Unfortunately, such drugs may cause a
variable degree of blood pressure increase. Because even small increases in
blood pressure values may lead to a significant increase in the risk of major
cardiovascular events and death, the consequent healthcare concerns have
led to the development of the COX-inhibiting nitric oxide donator class of
drugs. These new drugs are aimed to improve cardiovascular and gastro
intestinal safety profiles, as compared with nonsteroidal anti-inflammatory
drugs, through the release of nitric oxide.
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Osteoarthritis (OA) is a degenerative joint disease characterized by articular
chondroc yte maturation, extracellular matrix degradation, articular cartilage loss
and osteophyte formation. OA represents the most common musculoskeletal disease
of adults worldwide, as well as the most frequent cause of pain [1] . In addition, OA
is second only to ischemic heart disease as a cause of work disability in men aged
50 years and older and accounts for up to 3% of total years of living with disability,
making it the eighth leading nonfatal burden of disease worldwide [2] , as underscored by disability-adjusted life years (Figure 1) . Reported incidence and prevalence
rates of OA in specific joints vary widely, due to differences in the case definition of
OA [3] . OA may be defined by radiographic criteria alone (radiographic OA), typical symptoms (symptomatic OA), or both. Using radiographic criteria, the distal
and proximal interphalangeal joints of the hand have been identified as the joints
most commonly affected by OA, but they are the least likely to be symptomatic [4] .
By contrast, the knee and hip, which constitute the second and third most common locations of radiographic OA, respectively, are nearly always symptomatic [5] .
Prevalence rates for both radiographic OA and, to a lesser extent, symptomatic OA
increase with age, and by the age of 65 years it is estimated that approximately 80%
of the US population will be affected [6] . Besides age, a number of endogenous (e.g.,
sex, hereditary, ethnicity) and exogenous (e.g., overweight, macrotrauma, repetitive
microtrauma, lifestyle) risk factors are involved in the development of OA, particularly at the level of hand, knee and hip [7,8] . In view of the progressive aging of the
population and the growing burden of obesity, the incidence of OA will likely rise
over the next few decades. This may result in inflating healthcare costs, since a US
community-based analysis of all health services used and charges incurred over a
1-year period estimated that the direct medical costs and charges of patients with
OA (US$2654.51 and 663.55/year, respectively) are twice as much as that of patients
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Adverse BP effects of the
nonsteroidal
anti-inflammatory drugs

Cyclooxygenase (COX) is a ratelimiting enzyme that is responsible
for the synthesis of prostanoids,
through the conversion of arachi
donic acid to the labile intermediate
PGH2, which is in turn converted
into thromboxane A 2 (TxA 2 ) by
thromboxa ne synthase, prostacyclin (PGI 2 ) by prostac yclin synthase and into other prostaglandins including PGE 2 and PGD2
by different isomerases. The COX
enzymes are involved in a number of physiological processes and
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most tissues, including the vascuFigure 1. Osteoarthritis world map. Age-standardized disability-adjusted life year rates
lar endothelium, brain, spinal cord,
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lium, as well as in mature platelets.
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The COX-2 isoform is expressed
in atherosclerotic plaques, during angiogenesis and wound healwithout OA [9] . In addition, a Dutch study estimated ing, in the macula densa and in the renal medullary
that direct and indirect costs attributable to OA in an interstitium [13–15] . The substrate-binding channel of
active population are substantial, with productivity- COX-2 contains a side pocket that is absent in COX-1,
related costs being predominant [10] .
which has allowed the development of COX inhibiAs shown by the Third National Health and Nutrition tors with side chains that fit within the COX-2 chanExamination Survey (NHANES III), OA and hyper nel but that are too large to block COX-1 with an
tension frequently coexist in the same patient. As derived equivalent affinity. As a consequence, the ‘selectivity’
from the Household Adult Questionnaire, OA was pres- of a COX-inhibitor is usually defined by its ratio of
ent in approximately 21% of the 115.9 million US adults affinities to COX-1 and -2. Metabolism of prostaglanaged 35 years or more, while a concomitant diagnosis of dins is markedly altered by COX inhibition, which is
hypertension was present in 40% of these subjects [11] .
obtained with two separate classes of drugs, namely,
As reported by NHANES III (Figure 2) [11] , other nonsteroidal anti-inflammatory drugs (NSAIDs) and
cardiovascular (CV) risk factors including diabetes, COX-2 inhibitors.
hypercholesterolemia and renal impairment are more
frequent in patients with OA than in people without ■■ Studies in healthy & hypertensive subjects
OA. The potential impact of this cluster of CV risk fac- There is general consensus that, in doses that are adetors on overall CV risk and the associated costs of treat- quate to reduce inflammation and pain, NSAIDs are
ment in relation with a given rise in systolic blood pres- a potential cause of BP elevation and/or deterioration
sure (SBP) were estimated using patient-level data from of previously achieved BP control [16] , in both normoNHANES III of patients with OA and the Framingham tensive and hypertensive individuals [17] . In the latter
equations for risk calculation [12] . Increases in SBP of group, NSAIDs may attenuate the BP-lowering effect
only 1–5 mmHg are associated with 7100–35,700 addi- of several antihypertensive agents, probably with the
tional coronary artery disease and stroke events per year only exception of calcium-channel blockers [18–20] .
in the USA, with associated costs of US$114–569 milThe average rise in SPB and diastolic blood pressure
lion [12] . Therefore, in cases where two different drugs (DBP) is approximately 2 or 3 mmHg, but it may vary
for OA with similar anti-inflammatory efficacy but a considerably [21] . Normotensive and otherwise healthy
different effect on SBP are available, considerations of subjects who require a short course of NSAIDs usually
incremental CV risk may become relevant [12] .
show only a minor and transient rise in BP [22] .
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In a Medicare elderly population
(average age: 79 years), new-onset
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hypertension affected approxi37
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mately 22% of subjects not treated
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with NSAIDs or COX-2 inhibitors,
as compared with 21 and 23% in
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subjects treated with celecoxib or
26
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NSAIDs, respectively. On the other
hand, the rate of new-onset hyper20
tension rose significantly to 27%
among patients treated with rofe13
coxib [23] . There did not appear to
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be a clear dose or duration relationship between either COX-2-specific
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inhibitor and new-onset hyper
tension. There was no difference
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in relative risk between low- and
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impairment cholesterol smoking
cholesterol mellitus
compared with the low- and highdosage reference groups, or between Figure 2. Prevalence of cardiovascular risk factors in subjects with and without
short- (≤30 days) and long-duration osteoarthritis. Renal impairment is defined by the presence of serum creatinine levels over
(>30 days) use of celecoxib and the 1.5 mg/dl, while renal failure is defined by serum creatinine levels ≥3.0 mg/dl.
respective reference groups. Long- Data taken from [11].
duration rofecoxib was associated
with a slightly higher risk (OR:1.5;
normotensive subjects. Increases up to 10.3/6.6 mmHg
95% CI: 1.0–2.1) than short-duration rofecoxib (OR: (SBP/DBP) [19] or up to 12/5 mmHg [20] have been
1.1; 95% CI: 0.7–2.0), as compared with nonspecific reported in individual studies.
NSAIDs. Similar trends were seen when rofecoxib use
Pope et al. performed a meta-analysis of 1324 subjects,
of long duration (OR: 1.6; 95% CI: 1.1–2.2) and short mostly hypertensives (92%), for a total of 54 studies [27] .
duration (OR: 1.3; 95% CI: 0.8–2.3) were compared Mean BP increased by 3.3 mmHg in the hypertensive subwith celecoxib. Subjects with concomitant kidney disease jects treated with NSAIDs, as compared with 1.1 mmHg
or congestive heart failure showed a systematically higher in the normotensive patients. In hypertensives, mean BP
risk of new-onset hypertension [23] .
raised by 2.9 mmHg with piroxicam, 4.8 mmHg with
The Nurses Health Study I, in which more than indomethacin and 6.1 mmHg with naproxen. However,
51,000 nurses were followed for 8 years, showed a this meta-analysis excluded the subjects more prone to
gradual increase in the relative risk of developing hyper develop a BP increase with NSAIDs, for example, the
tension with the number of days per month of treatment elderly and patients with congestive heart failure or renal
with conventional NSAIDs (from 11% for 1–4 days failure [27] . An additional limitation is the relatively small
per month of treatment up to 52% for ≥22 days/ number of subjects included in the reviewed studies.
month of treatment, as compared with no treatment
In another meta-analysis of 66 trials enrolling 771 relwith NSAIDs) [24] , a finding confirmed by the Nurses atively young subjects (mean age: 47.6 years), NSAIDs
Health Study II, in which more than 80,000 nurses increased BP values of approximately 5.0 mmHg [28] .
were followed for 2 years [25] . Higher average daily doses Piroxicam, indomethacin and ibuprofen caused the
of NSAIDs were also able to increase the risk of new greater rise in BP. Remarkably, the antihypertensive
hypertension, as shown by a pooled analysis of both effects of beta-blockers was blunted to a greater extent
the Nurses Health studies (Figure 3) [26] . The latter also than that of vasodilators and diuretics by NSAIDs [28] .
removed the potential objection that headache may have
confounded the relation between NSAID use and BP ■■ Evidence from comparative clinical trials
increase, thanks to secondary analyses restricting the & meta-analysis
study populations to those women who did not report The impact on BP of different COX-2 inhibitors, as
headache as an indication for analgesic use [26] .
compared with traditional NSAIDs, has been evaluated
Hypertensive subjects with long-term exposure by a number of controlled trials. One of those studto NSAIDs may experience a greater, although vari- ies is the Celecoxib Rofecoxib Efficacy and Safety in
able, degree of BP elevation, as compared with healthy Comorbidities Evaluation (CRESCENT) study that
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risk (RR) of developing hypertension associated with COX-2 inhibitors compared with placebo and
nonselective NSAIDs were 1.47
(95% CI: 1.07–2.02; p < 0.05) and
1.53 (95% CI: 1.31–1.78; p < 0.01),
respectively [31] . However, a major
limitation of this meta-analysis was
that BP was often not a prespecified
end point, and hypertension was
not clearly defined in many of the
included studies.
BP increase & the risk of
cardiovascular disease in
patients treated with NSAIDs

There is general consensus on the
existence of a direct, continuous and
graded relationship between BP levAdjusted relative risk of incident hypertension
els, beginning from values as low as
115/75 mmHg, and the risk of CV
Figure 3. Adjusted relative risk of incident hypertension with increasing average daily dose
disease, which appears highly consisof traditional non-steroidal anti-inflammatory drugs in the two Nurses Health studies [26].
tent across different age groups. This
has been demonstrated by Lewington
was carried out in 404 hypertensive diabetics with con- et al. in a meta-analysis involving approximately 1 milcomitant OA, randomized to celecoxib 200 mg once lion individuals enrolled in 61 observational studies [32] .
daily, rofecoxib 25 mg once daily or naproxen 500 mg Two limitations of this meta-analysis were the inclusion
twice daily. 24-h ambulatory BP was performed at of generally uncomplicated subjects without prior CV
entry and after 6 and 12 weeks of treatment. The three disease, and the single BP measurement for each indidrugs were equally effective in reducing OA symptoms. vidual patient [32] .
Rofecoxib, but not celecoxib and naproxen, induced a
Meta-regression analyses of intervention studies consignificant increase in 24-h SBP. Furthermore, all treat- ducted in patients with increased CV risk or high BP
ments deteriorated BP control, although such an effect demonstrated a clear association between the degree of
was more pronounced with rofecoxib [29] .
BP reduction and the size of the outcome benefit [33] . For
In a comparative study between celecoxib and rofe- example, a 5 mmHg reduction in BP was associated with
coxib involving over 1000 subjects with hypertension a 25% lower risk of major CV events [34] . Interestingly, the
and OA concomitantly treated with fixed doses of anti beneficial outcome associated with BP reduction appeared
hypertensive drugs, significantly more patients in the to occur quite rapidly. This was also underscored by the
rofecoxib group compared with the celecoxib group Valsartan Antihypertensive Long-term Use Evaluation
developed increased SBP (change >20 mmHg plus abso- (VALUE), trial wherein 15,245 patients aged 50 years
lute value ≥140 mmHg) at any time point (14.9 vs 6.9%; or older with treated or untreated hypertension and high
p < 0.01), in patients treated with angiotensin-converting risk of cardiac events were randomized to either valsartan
enzyme inhibitors (ACEIs) and beta-blockers, whereas or amlodipine. A small difference in SBP (3.8 mmHg)
those on calcium-channel antagonists or diuretic mono- in favor of the amlodipine group, as compared with the
therapy receiving either celecoxib or rofecoxib showed no valsartan group, allowed a significant reduction of the
significant increases in BP [30] .
incidence of CV events to be achieved during the first
In a recent meta-analysis, Chan et al. investigated 3 months of the trial [35] . Over the following months this
all published COX-2 inhibitor trials, including patients difference in SBP progressively disappeared, along with
with comorbidities other than arthritis, to ascertain BP the outcome differences between the two groups [35] .
response to COX-2 inhibitors and how they may differ
Recently, the Studio Italiano Sugli Effetti Cardiovascolari
from placebo and nonselective NSAIDs [31] . A total of del Controllo della Pressione Arteriosa Sistolica (Cardio130,405 individuals from 51 trials were included. The Sis), which randomly allocated 1111 treated, nondiabetic
large majority of these patients (113,027; 87%) were hypertensives with SBP at least 150 mmHg to a goal
affected by OA. In the arthritis studies, the relative SBP of less than 140 mmHg (usual control) or less than
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130 mmHg (tight control) [36] , suggested that even small
reductions in BP (3.8/1.5 mmHg) may be associated with
a lower risk of major clinical events during a relatively
short follow-up (2 years).
Even if NSAIDs and COX-2 inhibitors could also lead
to an increased risk of CV events through a number of
alternative mechanisms (see section ‘Other mechanisms
involved in the cardiovascular toxicity of traditional
NSAIDs and COX-2 inhibitors’), small increases in BP
values may clearly play an important role, as observed
in various randomized controlled trials. For example,
in the Vioxx GI Outcomes Research (VIGOR) study,
rofecoxib more than doubled the risk of serious CV
events, as compared with naproxen. A 3‑mmHg higher
increase in SBP was observed with rofecoxib compared
with naproxen (4.6 vs 1.6 mmHg, respectively) [37,38] .
Similarly, in the Adenomatous Polyp Prevention on
Vioxx (APPROVe) trial, a comparative study between
rofecoxib and placebo in 2586 patients with history of
colorectal adenomas, a 1.92 higher risk of major CV
events was observed in the rofecoxib group (p = 0.008).
A 3.9 mmHg difference in achieved SBP (+3.4 mmHg
with rofecoxib and -0.5 mmHg with placebo) was also
observed [39] .
Finally, in a nonprespecified post hoc analysis of individual patient data from two celecoxib trials, the Adenoma
Prevention with Celecoxib (APC) trial and the Prevention
of Spontaneous Adenomatous Polyps (PreSAP) trial, celecoxib 200 or 400 mg twice daily or 400 mg once daily
showed a nearly twofold increased CV risk. This study
raised the possibility of a direct association between the
rise in SBP (2–5 mmHg) with celecoxib and the increased
incidence of CV end points [40] .
On the other hand, the large Therapeutic Arthritis
Research and Gastrointestinal Event (TARGET) study,
enrolling 18,325 patients with OA and high CV risk,
randomized to lumiracoxib 400 mg once daily, naproxen
500 mg twice daily, or ibuprofen 800 mg three-times
daily, did not show any difference in the primary CV
end point ( a composite of nonfatal and silent myocardial
infarction, stroke or CV death) between the three groups.
The lack of difference could partly be explained by the fact
that lumiracoxib induced a small-to-null increase in systolic and diastolic BP (+0.4 and -0.1 mmHg, respectively)
from baseline values, as compared with the other NSAIDs,
including ibuprofen (+2.1 and +0.5 mmHg, respectively).
In other words, the difference in achieved BP between
groups was lower than 2/1 mmHg (SBP/DBP) [41] .
A recent AHA Scientific Statement expressed concerns
about the potential implications of BP rise induced by
traditional NSAIDs or COX-2 inhibitors, suggesting BP
and renal function should be monitored in subjects taking these drugs, particularly in the presence of coexisting
hypertension, renal disease and heart failure [42] .
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The ongoing Prospective of Celecoxib Integrated
Safety versus Ibuprofen or Naproxen (PRECISION)
trial [43] , enrolling over 20,000 patients with OA or
rheumatoid arthritis, will be the first large-scale trial
to exclusively study patients with CV disease or those
at high risk for CV disease taking NSAIDs or COX-2
inhibitors. The primary end point is the composite of
CV death, nonfatal myocardial infarction or nonfatal
stroke. This will be the first study of COX-2 inhibitors to compare a CV primary end point across three
NSAIDs. The expectation is that the celecoxib-treated
group will have fewer patients with BP elevations than
the naproxen-treated group, but no special precautions
are currently planned to restrict titration of antihypertensive drugs or standardize BP readings with regard
to quality or duration between drug administration
and measurement [44] . PRECISION is likely to have
many more CV events than those summarized in the
largest worldwide meta-analysis on this topic [45] , so it
should add greatly to our knowledge about the relationship between COX-2 inhibitors, BP changes and CV
risk, helping to clarify an ongoing dilemma in clinical
practice [43] .
■■ Mechanisms of the BP-raising effect

Experimental and clinical evidence strongly suggests that
NSAIDs and COX-2 inhibitors may trigger vasoconstriction and a marked antinatriuretic effect [46–49] , therefore increasing BP values, even if the exact underlying
mechanisms are not completely understood.
COX inhibition exerted by NSAIDs leads to the systematic reduction of a number of prostaglandins with
vasodilating effect, such as PGE2 and PGI2. At the kidney
level such inhibition causes a drop in the renal blood
flow, with reduced glomerular filtration rate and consequent azotemia and creatinine increase [49] . Inhibition of
prostaglandins may also trigger an increase in chloride
absorption, with consequent sodium retention, edema
and hypertension, as well as a reduction of renin and
aldosterone, with consequent potassium retention and
hyperkalemia. Finally, prostaglandin reduction increases
the effect of antidiuretic hormone, which contributes to
water retention and hyponatremia [49] .
Renal adverse effects are relatively rare in young and
healthy people, in whom the kidneys are usually able
to compensate for the hydrosaline retention induced by
NSAIDs. Although acute COX inhibition may reduce
the urinary sodium excretion by 30% or more [48] , in the
presence of sustained COX inhibition and normal kidney function, sodium and water homeostasis is usually
preserved, without any rise in the BP [50] . By contrast,
patients with reduced kidney function, as well as elderly
people and subjects with congestive heart failure, may
experience considerable hydrosaline retention, leading
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to a rise in BP in just a few weeks [23,51] . Luckily, nephrotoxicity is usually largely reversible after discontinuation
of NSAIDs [52] .
In one study, the average risk of coronary heart failure was approximately 60% higher in NSAID users,
as compared with nonusers [53] . Among the different
NSAIDs, the risk was highest for indomethacin and
lowest for diclofenac [53] .
Prostacyclin may exert an important vasodilatory effect,
counteracting the vasoconstriction triggered, for example,
by angiotensin II and endothelin. As a consequence, PGI2
inhibition by NSAIDs and COX-2 inhibitors may induce
systemic vasoconstriction and increased peripheral vascular resistance, explaining part of the increase in BP.
Other mechanisms involved in the CV toxicity of
traditional NSAIDs & COX-2 inhibitors

Even if BP increase plays a major role in determining
the increased risk of major CV events in patients treated
with traditional NSAIDs and COX-2 inhibitors, additional mechanisms are likely to be involved. For example,
evidence from meta-analyses of randomized controlled
trials [54] or observational studies [55] suggests that COX-2
inhibitors may cause a higher risk of arterial thrombotic
events, such as myocardial infarctions, compared with
nonusers. The sudden voluntary withdrawal of rofecoxib
(Vioxx®), a ‘selective’ COX-2 inhibitor, by Merck & Co
on September 30, 2004 as a result of its adverse CV
effects, raised the question as to whether this toxicity is a
class effect [56] . COX-1 and -2 are the isoenzymes involved
in the production of various eicosanoids from arachidonic
acid. Those eicosanoids include TxA 2 and PGI2, which
have critical roles in blood vessel function. While TxA 2
is a potent vasoconstrictor and is a promoter of platelet
aggregation, PGI2 is a vasodilator and an inhibitor of
platelet aggregation. It is also believed that Cox-2 is the
enzyme mainly responsible for the production of PGI2
while Cox-1 plays a more central role in the biosynthesis
of TxA 2. Therefore, selective inhibition of Cox-2 could
change the balance between the production of PGI2 and
TxA 2, shifting it towards higher levels of the latter compound and increasing the risk of vasospasm, thromboembolism and CV events (i.e., myocardial infarction) [57] .
Although the level of thrombotic risk may vary
between individual NSAIDs and COX-2 inhibitors, it
appears to be relatively small, especially for patients without other risk factors. COX-2 inhibitors increase the risk
of atherothrombosis by approximately three events per
1000 people/year (compared with placebo). Diclofenac
150 mg once daily has a thrombotic risk profile similar to
etoricoxib. Ibuprofen may have a small thrombotic risk
at high doses (i.e., 2400 mg/day), but at lower doses (i.e.,
≤1200 mg/day) epidemiological data do not suggest an
increased risk of myocardial infarction.
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Finally, naproxen 1000 mg once daily has a lower
thrombotic risk than selective inhibitors of COX-2, and
overall, epidemiological data do not suggest an increased
risk of myocardial infarction [58,101,102] . Because NO has
various CV effects, including platelet inhibition, naproxcinod could theoretically allow an even more favorable
thrombogenic risk profile, but this hypothesis has not been
confirmed by a comparative study, in which naproxcinod
(375 and 750 mg twice daily) and naproxen (250 and
500 mg twice daily) were administered for 12 consecutive
days. All dose regimens inhibited serum thromboxane B2
(TxB2) concentrations. The extent of inhibition was both
dose- and concentration-dependent with the twice daily
regimens. Notably, there was no statistically significant
difference in serum TxB2 between equimolar doses of
naproxcinod and naproxen. In addition, equimolar doses
of naproxcinod and naproxen also elicited comparable
effects on arachidonic acid and collagen-induced platelet
aggregation, with no apparent effect on ADP-induced
aggregation [103] .
Naproxcinod: the first COX-inhibiting NO donator

The COX-inhibiting NO donator (CINOD) class has
been developed for the treatment of patients with OA
with the aim of improving the CV and gastrointestinal
safety profile, as compared with NSAIDs. This is due to
the release of NO [59–62] , which also enhances the blood
flow in the gastric mucosa, with consequent increased
mucous production, reduced healing time and a final
effect of gastroprotection [61] .
The pharmacokinetics of CINODs is not completely
understood. In particular, it is unclear whether CINODs
are cleaved before intestinal absorption, or whether they
are absorbed intact and subsequently metabolized, possibly in the liver. The exact mechanisms of NO release
also require further investigation, since CINODs are
able to release NO in biological fluids, but not in inert
media [61] , reasonably in line with the need of biological
enzymes in the process of NO release in vivo.
Naproxcinod is the first CINOD with analgesic, antiinflammatory, antipyretic and NO-donating properties
that has been investigated in a large clinical trial [63] . It
is made up of the traditional NSAID naproxen covalently bound to the NO-donating moiety butanediol
mononitrate [64] . The molecular structures of naproxen
and naproxcinod are shown in Figure 4. The molecule
of naproxcinod is cleaved to produce naproxen and the
NO-donating moiety. Plasma bioavailability of naproxen
is reduced by approximately 15–20% after administration of naproxcinod, as compared with equimolar doses
of naproxen [65] , and the gastrointestinal uptake of
naproxen is also slower [62] . After cleavage from naproxcinod, naproxen retains its inhibitory activity on COX-1
and -2, while NO released from the moiety may exert
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its favorable biologic effects on the CV system (Box 1) .
It is well established that NO produced by endothelial
cells is able to induce vasodilation and inhibition of both
platelet aggregation and vascular smooth muscle proliferation [66,67] . In addition, NO regulates interactions
between leukocytes and the blood vessel wall, therefore
constituting an important homeostatic regulator in the
vasculature, the absence of which plays a role in a number
of different pathological conditions, such as hypertension and vasospasm [67,68] . In the gastroenteric mucosa,
NO contributes to preserve gastric mucosal integrity by
increasing blood flow and mucous production [69] .
Naproxcinod demonstrated similar efficacy to
naproxen in animal models of OA [62] . Investigations
in rodents showed a dose-related inhibition of COX-1
after both single and repeated administration [70] .
Naproxcinod lowered BP in rats with spontaneous
hypertension or with hypertension induced by NG-nitrol-arginine methyl ester (l‑NAME) [71] and was able to
protect isolated rabbit hearts in ischemia–reperfusion
models [72] , most likely as a consequence of the sustained
NO release. In a two-kidney, one-clip rat model of reno
vascular hypertension, induced by a partial occlusion of
the renal artery, naproxcinod significantly reduced BP as
compared with both naproxen and vehicle [73] .
While naproxen did not cause any change in NO,
dose–response studies provided convincing evidence
that naproxcinod may effectively release NO in vivo [74] .
In line with these findings, progressively higher doses
of naproxcinod have been shown to increase the levels
of the second messenger cGMP, the specific signaling
pathway of NO [75] .
In animal models, naproxcinod caused less gastro
intestinal damage as compared with equimolar doses
of naproxen [71,76] . In a model of arthritic rats, naproxcinod reduced the degree of injury of gastric mucosa
by approximately 70% when compared with equimolar doses of naproxen [77] . In a human study, this drug
improved gastrointestinal tolerability and caused fewer
gastroduodenal erosions as compared with naproxen [78] .
Naproxcinod showed a similar potency to equimolar
doses of naproxen in a series of randomized, doubleblind, placebo-controlled studies conducted in patients
with OA at different sites [64,79,80] . The dose of naproxcinod 750 mg twice daily showed the best balance
between efficacy and safety [80] .
Finally, animal studies provided solid evidence of the
gastroprotective effects of naproxcinod, which were partly
confirmed in human studies. In a study conducted in 31
healthy volunteers, the number of gastroduodenal erosions was 11.5 with naproxen and only 4.1 with naproxcinod (p < 0.01) [78] . In a multicenter study, naproxcinod
significantly decreased the numbers of erosions and
ulcers in stomach and stomach/duodenum combined as
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Figure 4. Naproxen and naproxcinod.

compared with naproxen [79] . The incidence of a Lanza
score over 2, an overall measure of gastroduodenal damage, was significantly higher with naproxen than with
naproxcinod (43.7 vs 32.2%; p < 0.001) (Figure 5) [79] . A
subsequent randomized, double-blind, crossover study,
consisting of two 12‑day treatment periods and employing six sequences, aimed to compare the effects on the
gastroduodenal mucosa of healthy volunteers of different
doses and dosing regimens of naproxcinod (at that time
coded AZD3582), as compared with equimolar doses of
naproxen. The groups were: naproxcinod 750 mg once
daily versus 375 mg twice daily (n = 25); naproxcinod
375 mg twice daily versus 750 mg twice daily (n = 25);
and naproxen 250 mg twice daily versus 500 mg twice
daily (n = 25). Gastroduodenal tract damage was similar
with naproxcinod 375 and 750 mg twice daily (mean
number of erosions and ulcers ± SD: 2.88 ± 3.95 versus
3.08 ± 2.80, respectively; p = 0.824; one ulcer counted
as ten erosions), while gastroduodenal toxicity was
Box 1. Main biological effects of naproxcinod, mediated by
cylooxygenase inhibition and nitric oxide release.
Cyclooxygenase-mediated effects
■■ Inhibition of prostaglandin synthesis
■■ Anti-inflammatory activity
■■ Gastroenteric damaging effects
NO-mediated effects
■■ Vasodilation
■■ Inhibition of platelet aggregation
■■ Inhibition of smooth cells proliferations
■■ Modulation of the interactions between leukocytes and blood vessel walls
■■ Increased blood flow in the gastric mucosa
■■ Increased mucous production
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significantly lower with naproxcinod 375 mg twice daily
than with naproxen 250 mg twice daily (2.88 ± 3.95 vs
6.16 ± 9.36; p < 0.05), and with naproxcinod 750 mg
twice daily vs naproxen 500 mg twice daily (3.08 ± 2.80
versus 6.68 ± 6.97; p < 0.05). The authors concluded
that naproxcinod has an improved gastroduodenal safety
profile compared with equimolar doses of naproxen [81] .
Naproxcinod was generally well tolerated, with only a
small number of potential NO mechanism-based events
at the higher dose, particularly dizziness. The latter has
also been reported with other NSAIDs [82] .
■■ BP in clinical studies

In a recent clinical study, 916 subjects with OA of the
knee were randomized to either naproxcinod 375 and
750 mg twice daily, naproxen 500 mg twice daily or placebo. Mean duration of follow-up was 13 weeks. After
13 weeks of treatment, SBP fell by 2.9 and 0.8 mmHg
more with naproxcinod than with naproxen (95% CI:
-5.2 to -0.6; p = 0.015) or placebo (95% ci: -3.3 to 1.6;
p = 0.505), respectively [63] . In a subgroup of 207 patients
concomitantly treated with ACEIs or angiotensinreceptor blockers, alone or with diuretics, naproxcinod
750 mg reduced SBP of 6.5 mmHg more than naproxen
500 mg. Approximately 22% of patients treated with
naproxen 500 mg experienced a SBP increase of more
than 10 mmHg, as compared with 14% of naproxcinod
750 mg (p = 0.04) [63] . Naproxcinod showed effects on
BP similar to that of placebo.
A prespecified pooled analysis of the three naproxcinod
Phase III trials in patients with OA of the hip or knee
included 2734 patients assigned to naproxcinod (375 and
750 mg twice daily), naproxen 500 mg twice daily or
B
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placebo and followed for 13 weeks [83] . The main end
point was the change in SBP from baseline to week 13.
There was no treatment-by-study interaction [84] . Of the
patients (mean age: 61 years), 49% had a prior diagnosis
of hypertension (per medical history, but not uncontrolled at the time of inclusion as it was an exclusion criterion). Baseline SBP did not differ between the groups.
Naproxcinod 750 mg twice daily allowed an additional
1.78 mmHg lowering of SBP, as compared with naproxen
500 mg twice daily (p = 0.0059), while the comparison
with placebo showed a substantial similarity (difference:
0.37 mmHg; p = 0.2753). By contrast, SBP was significantly higher by 1.42 mmHg with naproxen 500 mg
twice daily compared with placebo (p = 0.0160) [83] .
Again, naproxcinod showed a similar effect to placebo
on SBP, while naproxen increased it significantly.
The BP effects of naproxcinod, as assessed by 24-h
ambulatory BP monitoring, have been recently evaluated by two separate studies. In the first of them, a
double-blind, crossover study, 121 hypertensives not
previously treated with NSAIDs or COX-2 inhibitors were assigned to naproxcinod 750 mg twice daily
and naproxen 500 mg twice daily in random order for
2 weeks each, with a 2-week placebo period interposed
between each of the two active treatment periods. A
24-h ambulatory BP monitoring was performed at
the start and the end of each active treatment period.
Naproxcinod allowed patients to achieve lower SBP and
DBP values, as compared with naproxen, with most of
the advantage of naproxcinod over naproxen observed
in the first 8 h after oral intake [85] . Further long-term
trials are needed to elucidate the clinical significance of
these observations.

10.0 20.0 30.0 40.0 50.0
Prevalence

Figure 5. Secondary endoscopic end points. (A) Erosions only, (B) erosions and ulcers, (C) Lanza score 3 or 4 after 6 weeks of
follow-up in patients with hip or knee osteoarthritis treated with naproxcinod, naproxen or placebo. Ten erosions were considered to
represent one ulcer [82].
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In the second trial, 118 patients with OA (hip or
knee) and controlled essential hypertension were randomly assigned to naproxcinod 375 mg twice daily or
naproxen 250 mg twice daily. Both treatments were
force-titrated to the next highest dose at 3-week intervals
(naproxcinod 750 and 1125 mg twice daily; naproxen
500 and 750 mg twice daily). A 24-h ambulatory BP
monitor study was carried out at baseline and at the end
of each period. Average 24-h SBP, the primary end point
of the study, was 3.8 mmHg lower in patients treated
with naproxcinod [86] , once again indicating that NO
release is able to avoid the increase in BP commonly
seen with conventional NSAIDs. The overall study difference in SBP between naproxen and naproxcinod was
statistically significant (p = 0.0198).
Future perspective

The development of the CINOD class aimed to improve
the CV and gastrointestinal safety profiles, as compared
with NSAIDs, through the release of NO. Naproxcinod,

Review: Clinical Trial Outcomes

the first CINOD tested in large intervention trials, is
not only able to enhance the gastric blood flow and the
mucous production, with a final effect of gastroprotection,
but also to prevent BP increases, both in normotensive
and hypertensive patients, as compared with naproxen.
Therefore, naproxcinod is a possible candidate to become
a valuable alternative to NSAIDs and COX-2 inhibitors
in the treatment of patients with OA. Further long-term
trials are needed to fully elucidate the clinical relevance
of naproxcinod in reducing BP values and CV events.
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Executive summary
■■ A large number of patients with osteoarthritis (OA; ~40%) are affected by hypertension.
■■ Many of these subjects take non-steroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase (COX)-2 inhibitors to control
pain, and these drugs are known to destabilize blood pressure (BP) control by reducing the BP-lowering effect of a number of
antihypertensive agents (including acetycholine esterase-inhibitors, angiotensin-receptor blockers and beta-blockers).
■■ Because of this, it is possible to observe a rise in BP values, with an expected rise in the risk of major cardiovascular complications
and death.
■■ Other mechanisms may also contribute to the increased risk of cardiovascular complications observed with traditional NSAIDs
and COX-2 inhibitors.
■■ COX-inhibiting nitric oxide donators (CINODs) have been designed to overcome the adverse effects arising from chronic NSAIDs
administration. In fact, CINODs are able to combine the COX-mediated anti-inflammatory activity of the NSAID component with
the systemic vasodilatation and potential gastrointestinal protection induced by the nitric oxide component.
■■ Naproxcinod, the first CINOD tested in patients with OA, may induce fewer BP effects compared to equimolar doses of naproxen.
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