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a b s t r a c t

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most commonly prescribed drugs due to
their high efficacy in the treatment of pain, fever, inflammation and rheumatic disorders. However, their
use is associated with the occurrence of adverse effects at the level of digestive tract, ranging from dys-
peptic symptoms, gastrointestinal erosions and peptic ulcers to more serious complications, such as overt
bleeding or perforation. To overcome problems related to NSAID-induced digestive toxicity, different ther-
apeutic strategies can presently be considered, including the co-administration of drugs endowed with
protective activity on the upper gastrointestinal tract, such as the proton pump inhibitors, or the prescrip-
tion of coxibs, which have been clinically developed as anti-inflammatory/analgesic drugs characterized
by reduced damaging activity on gastrointestinal mucosa. The availability of different treatment options,
to reduce the risk of NSAID-induced adverse digestive effects, has fostered intensive preclinical and clin-
ical research aimed at addressing a number of unresolved issues and to establish rational criteria for an
appropriate use of coxibs in the medical practice. Particular attention is being paid to the management
of patients with high degrees of digestive risk, resulting by concomitant treatment with low-dose aspirin
for anti-thrombotic prophylaxis or ongoing symptomatic gastroduodenal ulcers. The present review dis-

cusses the most relevant lines of evidence concerning the position of coxibs in the therapeutic strategies

for gastrointestinal protection in patients who require NSAID therapy and hold different levels of risk of
developing adverse effects at the level of digestive tract.

© 2008 Elsevier Ltd. All rights reserved.
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. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are among the
ost commonly prescribed drugs due to their high efficacy in

he treatment of pain, fever, inflammation and rheumatic dis-
rders. However, their use is associated with the occurrence of
dverse effects at the level of digestive tract, ranging from dyspeptic
ymptoms, gastrointestinal (GI) erosions and peptic ulcers to more
erious complications, such as overt bleeding or perforation. For
xample, a recent review of prospective outcome studies on arthri-
is patients, treated with NSAIDs for at least 6 months, has reported
n annualized incidence of overall upper GI adverse events ranging
rom 2.7 to 4.5% [1]. A number of factors can expose patients to an
ncreased risk of NSAID-induced GI damage, and the most relevant
nclude a prior history of GI ulcer or bleeding, age of 65 years or
lder, long-term therapy with NSAIDs, aspirin use for cardiopro-
ection, concomitant use of different NSAIDs, concomitant use of
lucocorticoids or anticoagulants, and severe medical conditions,
uch as cardiovascular disease, renal or hepatic failure and diabetes
2].

To overcome problems related to NSAID-induced GI toxicity,
ifferent therapeutic strategies have been evaluated, including
he co-administration of drugs endowed with protective activ-
ty on the upper GI tract, and evidence has been obtained
hat the prostaglandin analogue misoprostol [3] or proton pump
nhibitors (PPIs, including omeprazole, lansoprazole, pantoprazole
nd esomeprazole) can prevent the occurrence of ulcerations asso-
iated with NSAID therapy [4,5]. In addition, following the discovery
f two cyclooxygenase isoforms (COX-1, COX-2), and based on the
ssumption that COX-2 was an inducible enzyme responsible for
nflammation but devoid of gastroprotective functions [6], selective
OX-2 inhibitors (coxibs, including celecoxib, rofecoxib, valdecoxib,
arecoxib, etoricoxib and lumiracoxib) were clinically developed as
ovel anti-inflammatory/analgesic drugs characterized by reduced
I toxicity [7]. These advances have fostered intensive preclinical
nd clinical research supporting the view that coxibs may con-
er some advantages over conventional non-selective NSAIDs in
erms of GI risk reduction. Nevertheless, there are still a number
f unresolved issues in this field, and the criteria for an appropri-
te use of coxibs in patients with various degrees of GI risk remain
atter of debate. The present review discusses the most relevant

ines of evidence concerning the position of coxibs in the thera-
eutic strategies for GI protection in patients who require chronic
SAID therapy and hold different levels of risk to develop adverse
I effects.

. Classification and COX selectivity of NSAIDs and coxibs

Differences in chemical structure and selectivity for COX iso-
orms are regarded as important determinants, which may account
or the differential capability of COX inhibitors to impair the
ntegrity of gastrointestinal mucosa. Most NSAIDs are endowed

ith acidic structure, which is known to contribute to the direct
amaging actions of these drugs on digestive mucosa. Among cox-
bs, only lumiracoxib has maintained an acidic structure, while
elecoxib (sulphonamide derivative) and etoricoxib (methylsul-
hone derivative) are devoid of acid moieties, and therefore they
re expected to not exert direct detrimental actions on the digestive
ract [8].
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

The ability of NSAIDs and coxibs to differentially inhibit COX-1
and COX-2 can be determined by in vitro assays on human whole
blood. In these tests, COX-2 is induced through stimulation of
monocytes by lipopolysaccharide and its activity is measured in
terms of PGE2 production, while activation of constitutive COX-1
in platelets is triggered by induction of blood clotting and can be
estimated in terms of TXB2 production [9,10]. Based on this method-
ology, three main groups of COX inhibitors have been identified: (1)
non-selective NSAIDs with inhibitory actions on both COX-1 and
COX-2, such as ibuprofen, ketoprofen, naproxen; (2) NSAIDs with
preferential COX-2 inhibitory activity, such as meloxicam, nime-
sulide and diclofenac, which display from 18- to 29-fold higher in
vitro potency for COX-2 over COX-1; (3) coxibs, which inhibit COX-
2 with a degree of selectivity ranging from 30 to over 400 [11,12].
A similar classification has been proposed by means of a modi-
fied human whole blood assay and calculation of COX-2/COX-1 IC80
ratios: (1) compounds able to exert a full inhibition of COX-1 and
COX-2 with poor degree of selectivity (up to 5-fold COX-2 selective);
this group includes most NSAIDs, such as ketoprofen, naproxen,
ibuprofen, piroxicam and diclofenac; (2) compounds with prefer-
ence toward COX-2, such as nimesulide, celecoxib, meloxicam and
etodolac, which are characterized by 5- to 50-fold in vitro COX-2
selectivity; (3) compounds which selectively inhibit COX-2 with
weak activity against COX-1, including coxibs with over 50-fold
COX-2 selectivity [10,13]. Of note, in both classifications diclofenac
and celecoxib display comparable levels of in vitro COX-2 selectivity
and might be classified as COX inhibitors endowed with preferential
COX-2 blocking activity.

COX-2 selectivity, as assessed by in vitro testing, may not neces-
sarily reflect the ability to discriminate between COX-1 and COX-2 in
vivo when drugs are administered to patients at anti-inflammatory
doses. To address this issue, Capone et al. [14] have compared
plasma concentrations, achieved by COX inhibitors in patients after
dosing, with IC80 values estimated for the in vitro activity of these
drugs against COX-1 and COX-2. The results can be summarized
as follows: (a) plasma levels achieved by non-selective NSAIDs,
such as ibuprofen and naproxen, are higher than those required to
inhibit both COX-1 and COX-2 by 80% in vitro; (b) therapeutic con-
centrations of etoricoxib and lumiracoxib are adequate to inhibit
more than 80% of in vitro COX-2 activity, while being insufficient
to block COX-1; (c) diclofenac (150–200 mg) achieves plasma lev-
els which can fully inhibit COX-2 and are 2-fold lower than those
required to block COX-1; (d) plasma concentrations of celecoxib
(100–200 mg) do not block COX-1 and are 2-fold lower than those
needed to obtain 80% COX-2 inhibition (although an 80% COX-2
inhibition can be expected at the dose of 400 mg/day). Thus, cele-
coxib and diclofenac display similar degrees of COX-2 selectivity in
in vitro assays, but they are likely to exert differential inhibitory
effects against COX-1 in clinical settings. Based on current classifi-
cations, in the subsequent sections of this review the designation
“traditional NSAIDs” (tNSAIDs) has been used to refer to non-aspirin
non-selective NSAIDs (including diclofenac).

3. Preclinical studies
3.1. Effects of tNSAIDs and coxibs on gastric mucosa

The pathogenesis of tNSAID-induced gastric damage depends
partly on COX inhibition and partly on COX-independent mech-
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nisms, which may result from systemic or local tNSAID actions
1]. COX inhibition can increase the susceptibility of gastric

ucosa to tNSAID-induced injury by suppression of a num-
er of prostaglandin-mediated protective functions. For example,
rostaglandins inhibit the activation of neutrophils and the local
elease of reactive oxygen species (ROS). The formation of prosta-
yclin by the endothelium of mucosal microcirculation is highly
elevant in ensuring a tonic inhibition of neutrophil adherence.
herefore, by blocking prostaglandin biosynthesis, tNSAIDs can
hift the mucosal balance toward the recruitment and endothe-
ial adhesion of circulating neutrophils [15,16]. Once adhered,
eutrophils clog the microvasculature causing a local decrease

n mucosal blood flow and release of tissue damaging factors,
ncluding proteolytic enzymes and leukotrienes, which enhance
he vascular tone, exacerbate tissue ischaemia, stimulate the pro-
uction of ROS, and promote the destruction of intestinal matrix,

eading to a severe degree of focal tissue necrosis, particularly in
he presence of a low luminal pH [16,17]. COX-dependent inhibi-
ion of bicarbonate secretion contributes also to gastric mucosal
njury elicited by tNSAIDs. Indeed, the secretion of bicarbonate
ons in the mucus gel layer generates a pH gradient on the gas-
roduodenal mucosal surface, thus providing a first line defense
gainst luminal acid [18]. A number of studies have demonstrated
he expression of bicarbonate/chloride ion exchanger in the api-
al membranes of gastric surface epithelial cells, and shown that
OX-derived prostaglandins stimulate bicarbonate secretion via
ctivation of EP1 receptors [19,20].

Most tNSAIDs are weakly acidic and this property accounts for
ocal COX-independent injury of gastric mucosa. In the presence
f gastric acidity, the undissociated form of acidic tNSAIDs can
ttenuate the hydrophobic surface barrier of the stomach. This
ransformation of the gastric mucosal surface from a non-wettable
o a wettable state appears to be linked to the ability of acidic
NSAIDs to interact with and destabilize an extracellular lining of
witterionic phospholipids, and particularly phosphatidylcholine,
hich are present within and on the surface of the mucus gel layer

21,22]. Lichtenberger has shown that such an effect contributes sig-
ificantly to tNSAID-induced gastric injury in experimental models,
nd that it can persist for prolonged periods after discontinuation of
NSAID administration [23]. There is also consistent evidence that
he protonophore actions of aspirin and other acidic tNSAIDs take
significant part in the topical damage to gastric mucosa. In par-

icular, upon exposure to an acidic environment, the undissociated
ipid-soluble form of aspirin is able to penetrate cell membranes
nd accumulate into epithelial cells, where the inner pH is at a
hysiological level of 7.4. At this pH value, aspirin dissociates and
emains segregated within cells. This accumulation enhances the
nhibition of prostaglandin biosynthesis, and it brings also into play
ther properties of aspirin, such as the uncoupling of mitochondrial
xidative phosphorylation. The consequence of this mitochondrial
ysfunction is a decrease in ATP production and an increase in
MP and ADP levels, which are responsible for increments of

ntracellular calcium concentration. These changes are followed by
itochondrial injury, increased generation of ROS and alterations

n the Na+/K+ balance, which lead to weakening of mucosal barrier
nd cellular necrosis [24,25]. An additional mechanism, involved
n the injurious effects of tNSAIDs on GI mucosa, is related to the
etrimental action of these drugs on the integrity of epithelial tight

unctions, which are known to separate the apical from basolateral
ell surface domains to establish cell polarity and to provide a bar-
ier function against the back diffusion of acid and other solutes

hrough the paracellular space [26]. It has been suggested that
OX inhibition may be implicated in tNSAID-induced alterations of

ntercellular epithelial permeability [27]. However, recent evidence
ndicates that aspirin can elicit gastric epithelial barrier dysfunc-
ion through down-regulation of claudin-7, a member of the claudin
l Research 59 (2009) 90–100

protein family, which play important roles in the formation of tight
junctions [28].

Coxibs do not alter the integrity of normal gastric mucosa
in preclinical models, and their clinical development has been
based on the concept that COX-2 is not expressed in the gastric
mucosa [1]. However, this initial hypothesis has not been sup-
ported by subsequent observations, demonstrating the constitutive
presence of both COX-1 and COX-2 in human and rodent gas-
tric mucosa [29]. In addition, studies on COX-1-knockout mice
showed no evidence of spontaneous gastric injury and demon-
strated the ability of tNSAIDs to damage the gastric mucosa via
COX-2-dependent mechanisms [30]. Wallace et al. investigated the
functional roles of COX isoforms in the gastric mucosa, showing that
COX-1-dependent prostaglandins are involved in the maintenance
of mucus/bicarbonate secretion and blood flow, while COX-2 pro-
tects the mucosa from leucocyte endothelial adhesion and supports
epithelial renewal. In addition, they observed that selective COX-1
or COX-2 inhibitors did not damage the stomach when tested alone,
while tNSAIDs or the combined administration of COX-1 plus COX-
2 inhibitors resulted in gastric erosions [31]. Overall, it is currently
acknowledged that tNSAIDs can impair the gastric protection via
concomitant blockade of COX-1 and COX-2, while coxibs lack dam-
aging actions on gastric mucosa by preserving COX-1-dependent
prostaglandin production [32].

3.2. Combined effects of coxibs and aspirin on gastric mucosa

Concomitant administration of aspirin and selective COX-2
inhibitors is expected to increase the risk of gastric ulceration
as a consequence of the combined blockade of mucosal COX-
1 and COX-2. Studies performed on preclinical models, while
confirming the occurrence of such adverse interaction, have pro-
posed an alternative pathogenic explanation [33]. Indeed, aspirin
inhibits the biosynthesis of prostaglandins via acetylation of a
serine residue located in proximity of the active site of both
COX-1 and COX-2. This reaction leads to different functional conse-
quences, since COX-1 undergoes a full enzymatic blockade, while
acetylated-COX-2 acquires the ability to convert arachidonic acid
into 15-R-hydroxyeicosatetraenoic acid (15-R-HETE), which can be
converted to 15-R-epilipoxin A4 (LXA4, designated also as aspirin-
triggered lipoxin, ATL) by the 5-lipoxygenase pathway. Of note, ATL
can exert protective actions on gastric mucosa via inhibition of
neutrophil chemotaxis and reduction of neutrophil-dependent tis-
sue injury [34]. Accordingly, the suppression of COX-2-dependent
ATL production has been suggested as a predominant mecha-
nism whereby the combined administration of aspirin and COX-2
inhibitors may increase the risk of gastric mucosal ulceration. In
support of this proposal, co-administration of a selective COX-2
inhibitor with aspirin in rats was found to block the elevated for-
mation of ATL in the stomach, thus confirming that COX-2 activity
is required for ATL biosynthesis, and this effect was associated with
an increase in the severity of gastric mucosal damage [33].

3.3. Effects of tNSAIDs and coxibs on gastric ulcer healing

Gastric erosions can progress towards the formation of chronic
ulcers, where the damage penetrates deeper into the mucosa and
affects the layers of submucosa and muscularis mucosa. The repair
of ulcers is complex and requires the formation of granulation tissue
together with reconstruction of epithelial structures and regenera-
tion of the microvascular network [35]. tNSAIDs are known not only

to alter the integrity of gastric mucosa, but also to impair the heal-
ing of pre-existing ulcers through mechanisms which have ascribed
mainly to COX inhibition [36].

Preclinical studies have shown that the impairing action of
tNSAIDs on ulcer healing is shared by selective COX-2 inhibitors,
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uggesting a role for COX-2 in the process of ulcer repair (for review
ee [36]). Mizuno et al. [37] provided the first demonstration that
OX-2 expression was increased in experimental ulcers of mouse
tomach and, more recently, Hatazawa et al. [38] confirmed the
mportance of COX-2-dependent PGE2 production in the healing of
astric ulcer. Despite this supportive evidence, a number of obser-
ations argue against an exclusive role of COX-2 in ulcer repair:
a) data on cellular COX-2 expression at the level of gastric ulcer
re conflicting; indeed, immunohistochemistry assays in humans
ave identified COX-2 induction in the regenerating epithelium of
lcer margin or, by contrast, in macrophages, myofibroblasts and
ndothelial cells at the ulcer base [39,40]; (b) different patterns of
ime- and dose-dependence have been reported when comparing
he effects of COX-2 inhibitors on PGE2 production and ulcer healing
41]; (c) COX-1 may also contribute to ulcer healing; Schmass-

ann et al. [42] have observed that ulcer healing was unaffected
n COX-1-deficient mice or wild-type animals treated with COX-1
nhibitors; however, in the same study the combined inhibition of
OX-1 and COX-2 delayed ulcer repair to a higher degree than COX-2

nhibition alone, suggesting that COX-1-dependent prostaglandins
re important in the healing mechanism when COX-2-dependent
rostaglandins are deficient; (d) upon combined administration
f aspirin and coxib, the delaying action of aspirin on ulcer heal-
ng is likely to result from its ability to destabilize extracellular
witterionic phospholipids, and not from COX-1-dependent mech-
nisms. In support of this mechanism, Lichtenberger et al. [22] have
hown that phosphatidylcholine-associated aspirin in combination
ith celecoxib did not affect gastric ulcer healing in rats, despite a

ignificant reduction in tissue prostaglandin biosynthesis; (e) COX-
ndependent mechanisms contribute to the gastric injurious effects
f tNSAIDs, but the involvement of these mechanisms in the delay-
ng action of tNSAIDs or COX-2 inhibitors on ulcer healing remains
nclear; in this respect, we have obtained preliminary evidence
hat ulcer healing in rats was impaired by indomethacin and DFU
selective COX-2 inhibitor), but not significantly affected by cele-
oxib, and that the detrimental actions of indomethacin and DFU
ould depend on their ability to enhance the expression of NSAID-
ctivated gene-1 (NAG-1), a factor which promotes apoptotic cell
eath [43].

.4. Effects of tNSAIDs and coxibs on intestinal mucosa

The pathogenic mechanisms accounting for intestinal injury
ssociated with tNSAID treatment remain unresolved. Current
nformation suggests a complex network of damaging mechanisms,

hich partly coincide with those known to act at gastric level
nd include local epithelial injury, barrier dysfunction, mucosal
nvasion by bacteria, microcirculatory alterations, inflammatory
ell infiltration and ROS generation, with a reinforcing action
aintained by enterohepatic recirculation (for review see [8,44]).

nteral bacteria and enterohepatic drug recirculation are regarded
s important mechanisms contributing to intestinal injury by
NSAIDs. There is evidence that some tNSAIDs can promote the
ranslocation of bacteria from gut lumen to the intestinal wall. For
xample, tNSAIDs were found to enhance the growth of Gram-
egative bacteria [45], and tNSAID-induced bowel damage was
educed in germ-free rats [46], or following pretreatment with
ntibiotics [47]. It is currently postulated that lipopolysaccharides,
eleased from translocated bacteria, stimulate a local production of
nflammatory cytokines, which then trigger a cascade of events sup-
orting the intestinal injury [44]. A number of tNSAIDs, including
ndomethacin, diclofenac and piroxicam, undergo enterohepatic
ecirculation, and this process has been implicated in intestinal
amage, as also suggested by the evidence that bile-duct ligation

n rats can attenuate the indomethacin-induced mucosal damage
48,49]. Thus, the recirculation and excretion of tNSAIDs into the
l Research 59 (2009) 90–100 93

gut lumen through the bile produces a prolonged exposure of jeju-
nal mucosa to high concentrations of both tNSAIDs and their active
metabolites. Moreover, the secreted bile can concur with tNSAIDs in
promoting the local damage to the intestinal mucosa, as indicated
by studies indicating that bile acids may exacerbate the injurious
actions of tNSAIDs on the small bowel [50].

Whether, and to what extent, COX pathways play a role in
tNSAID-induced intestinal damage remains a debated issue. At
variance with gastric mucosa, COX-2 does not appear to be con-
stitutively expressed in intestinal mucosa, as shown by our group
in an immunohistochemical study on normal human colon [51].
Pharmacological studies in rodents have demonstrated that COX-1
or COX-2 inhibitors lack injurious actions on small intestine when
given alone, since COX-2 undergoes induction following COX-1
blockade, and that a combined inhibition of both COX isoforms is
required to elicit enteric mucosal lesions [52]. Consistently with
these observations, treatment of COX-1- or COX-2-knockout mice
with indomethacin, as well as administration of COX-1 inhibitor to
COX-2-knockout mice or administration of COX-2 inhibitor to COX-
1-knockout mice, caused similar degrees of intestinal damage [53].
Subsequent investigations have argued against the significance of
COX isoforms in the pathogenesis of intestinal damage evoked by
tNSAIDs. For example, Menozzi et al. [54] found that indomethacin
evoked small intestinal lesions which were associated with incre-
ments of bacterial translocation into mucosa, myeloperoxidase
activity and lipid peroxidation. By contrast, ibuprofen, SC-560 (COX-
1 inhibitor), celecoxib or the combination of SC-560 plus celecoxib
did not cause any intestinal injury.

4. Clinical studies

4.1. Effects of tNSAIDs and coxibs on upper GI tract

4.1.1. Coxibs versus tNSAIDs
In the general populations of tNSAID users, major adverse effects

on upper GI tract can result in uncomplicated (i.e., symptomatic
ulcer confirmed by endoscopy) or complicated events, including
bleeding, perforation and obstruction. These adverse effects have
been taken as endpoints in the following outcome trials, designed to
assess the risk of upper GI events associated with coxibs in compari-
son with tNSAIDs: CLASS (celecoxib versus ibuprofen or diclofenac;
8059 osteoarthritis or rheumatoid arthritis patients) [55]; VIGOR
(rofecoxib versus naproxen; 8076 rheumatoid arthritis patients)
[56]; ADVANTAGE (rofecoxib versus naproxen; 5557 osteoarthritis
patients) [57]; TARGET (lumiracoxib versus ibuprofen or naproxen;
18,325 osteoarthritis patients) [58]; SUCCESS-1 (celecoxib versus
naproxen or diclofenac; 13,274 osteoarthritis patients) [59]; MEDAL
(etoricoxib versus diclofenac; 34,701 osteoarthritis and rheumatoid
arthritis patients) [60].

In the above trials, the relative risk (RR) of upper GI com-
plications for coxibs over comparator tNSAIDs ranged from 0.14
(SUCCESS-1) to 0.91 (MEDAL), while RR values ranged from 0.46
(VIGOR, TARGET) to 0.69 (MEDAL) when considering the overall
upper GI clinical events (for review see [1,61]), indicating a large
variability in the results, which likely depends on differences in
coxibs, comparator tNSAIDs, doses of test drugs, inclusion criteria
or methodology for evaluation of upper GI outcomes. For example,
in the CLASS study patients taking ibuprofen or diclofenac devel-
oped higher rates of symptomatic ulcers or ulcer complications
than patients receiving celecoxib, but the rate of ulcer complica-

tions did not differ significantly. However, a number of biases may
account for these unfavourable results of the CLASS trial. In partic-
ular, the study population included a high proportion of patients
receiving chronic low-dose aspirin as a co-medication (over 20%),
celecoxib was used at a high-dose (800 mg/day, 2–4 folds the max-
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mum dosage recommended in clinical practice), and ibuprofen is
ess likely than other tNSAIDs to cause upper GI ulcer complica-
ions, as demonstrated by previous studies [62]. Consistently with
hese arguments, the SUCCESS-1 trial, where osteoarthritis patients
ere randomized to treatment with celecoxib (200 or 400 mg/day)

r tNSAIDs (diclofenac 100 mg/day or naproxen 1000 mg/day) and
% of the study population was allowed concomitant aspirin med-

cation, showed that significantly more upper GI events occurred
ithin the tNSAID group compared with the celecoxib group, in

erms of both ulcer complications and overall clinical events [59].
n the MEDAL study, a pre-specified pooled analysis was carried
ut on data from three clinical trials in which patients were ran-
omly assigned to treatment with etoricoxib (60 or 90 mg/day) or
iclofenac (150 mg/day), and the results showed the occurrence
f significantly fewer uncomplicated upper GI events with etori-
oxib compared to diclofenac, while no significant difference was
etected when examining complicated events [60]. However, these
ndings have been questioned, since the MEDAL study was primar-

ly designed to assess the influence of COX inhibition on thrombotic
ardiovascular events, and therefore patients were allocated in
ccordance with cardiovascular risk factors rather than upper GI
isk factors, thus introducing a potential source of bias. In addition,
atients included in the MEDAL study were allowed to take PPIs or

ow-dose aspirin, a condition that on one hand reflected the real-
orld clinical practice but, on the other hand, was likely to act as
confounding factor because of the lack of random allocation of

atients within subgroups [63].
Endoscopic studies have been also performed to assess whether

oxibs can significantly decrease the development of upper GI ulcer-
tions as compared with tNSAIDs, although the use of endoscopic
ndpoints as surrogate markers for clinical adverse events is cur-
ently debated [25]. Despite these limitations, initial trials indicated
hat administration of celecoxib or rofecoxib to rheumatic patients
or 12–24 weeks was associated with lower rates of gastroduode-
al ulcers in comparison with tNSAIDs [64,65]. Accordingly, recent
nalyses of pooled endoscopic studies have shown that ulcer rates
ere significantly decreased when all five coxibs (celecoxib, rofe-

oxib, valdecoxib, etoricoxib, lumiracoxib) were tested against any
f the most commonly employed tNSAIDs (ibuprofen, naproxen,
iclofenac) [1,66].

Randomized trials, evaluating endoscopic ulcers, ulcer compli-
ations or adverse GI symptoms associated with coxib use, have
een subjected to systematic review and meta-analysis by Rostom
t al. [66]. In this overview, when compared with tNSAIDs, coxibs
ere found to produce significantly fewer gastroduodenal ulcers

RR 0.26, 95%CI 0.23–0.30) and ulcer complications (RR 0.39, 95%CI
.31–0.50), suggesting that coxibs offer greater upper GI safety and
olerability than tNSAIDs. This conclusion agrees with findings of
ase-control studies. In particular, Hippisley-Cox et al. [67] evalu-
ted a large population of patients, to determine the comparative
isk of adverse upper GI events in patients taking different coxibs
nd tNSAIDs in primary care (9407 cases versus 88,867 matched
ontrols). After adjustments for potential confounding variables,
hese authors found that the highest odds ratio (OR) was associ-
ted with naproxen (2.12), followed by diclofenac (1.96), aspirin
1.60), ibuprofen (1.42), and celecoxib (1.11). More recently, Garcia-
odriguez and Barreales Tolosa [68] evaluated the occurrence of
pper GI complications in patients treated with coxibs (celecoxib,
toricoxib, rofecoxib, valdecoxib) or tNSAIDs (1561 cases versus
0,000 matched controls). They found that the adjusted RR of
dverse events was 3.7 for tNSAIDs and 2.6 for coxibs, and the

verall RR associated with coxib use was 0.8 (95%CI 0.6–1.1) in
omparison with current intake of tNSAIDs. Thus, despite some
ncertainties resulting from methodological issues, clinical out-
ome and endoscopic studies, taken together with the findings
f meta-analyses and case-control studies, support the contention
l Research 59 (2009) 90–100

that coxibs are associated with a reduced risk of upper GI adverse
events when compared to tNSAIDs.

4.1.2. Coxibs versus tNSAIDs plus gastroprotective cotherapy
Two primary therapeutic strategies are currently suggested to

reduce the risk of serious upper GI adverse effects of tNSAIDs:
use of coxib or administration of tNSAIDs with concomitant
protective medications (i.e., PPIs, histamine H2-antagonists, miso-
prostol) [7,69]. Misoprostol was developed to replace endogenous
GI prostaglandins, the formation of which is reduced by tNSAIDs,
and it has been the first drug with demonstrated efficacy for
both prevention and treatment of tNSAID-induced ulcers. In the
MUCOSA trial, the administration of 200 �g misoprostol four times
a day for 6 months to elderly patients under treatment with tNSAIDs
was found to reduce the overall rate of serious GI complications by
about 40% (OR versus placebo: 0.598, P = 0.049) [3]. Unfortunately,
while confirming the ability of misoprostol to prevent NSAID-
induced gastroduodenal damage, subsequent studies highlighted
an unfavourable tolerability profile, related mainly to the occur-
rence of diarrhoea [70,71], which has limited the use of this drug in
current clinical practice.

Subsequent trials, designed to test the gastroprotective activ-
ity of PPIs or H2-antagonists in tNSAID-treated patients, had
endoscopic lesions as an endpoint [72,73]. It is unlikely that
large outcome studies of cotherapy with these drugs in tNSAID
users will be conducted, mainly because of ethical arguments
against the randomization of patients into control groups receiv-
ing tNSAIDs without protective cotherapy. Therefore, it remains
uncertain whether or not PPIs or H2-blockers can prevent upper
GI adverse events associated with tNSAIDs. There is also a lack of
adequately powered outcome trials comparing coxibs with tNSAIDs
plus gastroprotective cotherapy. However, such a comparison is
being addressed by the ongoing CONDOR trial, the results of which
are expected to appear in 2009. As anticipated by Peura et al. [74],
CONDOR is a large, randomized, double-blind trial, designed to
compare the global GI safety of celecoxib with that of diclofenac,
and all patients assigned to the diclofenac arm will receive also
omeprazole, since the study population includes patients at high
GI risk, for whom treatment with a tNSAID alone would not be an
ethical option. Of note, in the CONDOR trial the primary endpoint is
based on the combination of adverse events occurring both in the
upper and lower GI tract.

For the above reasons, observational studies on large cohorts
of patients have been performed to obtain data suitable for guid-
ing therapeutic choices in the clinical practice. In a retrospective
analysis, Ray et al. [62] studied cases of peptic ulcer hospitaliza-
tions in a cohort of patients. To decrease potential channelling bias,
this study included only cases of new tNSAID or coxib use and con-
trolled for multiple baseline GI risk factors. Ray et al. [62] examined
234,010 and 48,710 cases of new tNSAID and coxib use, respec-
tively, with 363,037 person-years of follow-up and 1223 peptic
ulcer hospitalizations. Their results showed that tNSAID use with-
out gastroprotective cotherapy was associated with an adjusted
incidence of peptic ulcer hospitalizations of 5.65 per 1000 person-
years, which was 2.76 times greater than that estimated for persons
not using either tNSAIDs or coxibs. This risk was reduced by 39%
(95%CI: 16–56%) in patients receiving tNSAIDs with gastroprotec-
tive cotherapy and 40% (95%CI: 23–54%) in patients under coxib
treatment without concomitant gastroprotection. When the anal-
ysis was restricted to patients under PPI protection, tNSAIDs plus
PPIs were found to confer a safety advantage comparable to that

of coxibs, with respective risk reductions of 54 and 40%. In addi-
tion, the best gastroprotection was associated with concurrent use
of celecoxib and a PPI, which was significantly safer than either
naproxen alone or in combination with a PPI. A recent case-control
study was carried out by Targownik et al. [75], who analyzed 1382
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sers of tNSAIDs or coxibs with upper GI complications, to deter-
ine the relative efficacy of different gastroprotective strategies. In

his analysis, the cases consisted of all subjects who were using a
NSAID or a coxib and were hospitalized with an admitting diagno-
is of upper GI complication. The results indicated that combined
reatments with coxib plus PPI were associated with the highest
isk reduction for upper GI events (OR 0.36, 95%CI 0.28–0.47), fol-
owed by coxib alone (OR 0.51, 95%CI 0.43–0.60) and tNSAID plus
PI (OR 0.67, 95%CI 0.48–0.95). In this study, the risk reduction pro-
oted by coxib alone did not differ from that afforded by PPIs in

ombination with tNSAIDs (P = 0.110). However, when celecoxib-
reated patients were analyzed separately, the use of celecoxib was
ssociated with a reduced risk of upper GI complications versus the
trategy based on tNSAID plus PPI administration (P = 0.002) [75].
verall, retrospective observational studies suggest that coxibs or

NSAIDs plus protective medications may offer similar levels of pro-
ections against upper GI complications, but this proposal needs to
e corroborated by direct comparative outcome trials.

.2. Combined effects of coxibs and aspirin on upper GI tract

A large number of patients are subjected to combined treat-
ents with low-dose aspirin and tNSAIDs or coxibs owing to the

oncomitance of thrombotic risk and rheumatic disorders. Several
ines of evidence suggest that upper GI injury and complications

ith aspirin plus a tNSAID exceed those of either drug alone [76],
hile the possibility of a lower GI risk with aspirin plus a coxib

emains an open issue. As discussed above, most outcome trials
ave not been able to identify a significant reduction in adverse GI
vents with coxibs compared to tNSAIDs in aspirin users, but data of
he MEDAL study suggest that etoricoxib reduces the risk of uncom-
licated upper GI events in patients receiving low-dose aspirin [60].

n the case-control study by Garcia-Rodriguez and Barreales Tolosa
68], aspirin was found to abolish the GI safety advantage con-
erred by coxibs over tNSAIDs, thus confirming the data reported
y Lanas et al. [77], who concluded that the lower risk of upper
I bleeding estimated for coxibs over tNSAIDs tends to disappear
pon administration in combination with low-dose aspirin.

The issue of upper GI adverse effects associated with coxibs
lus aspirin has been addressed by clinical studies based on endo-
copic endpoints, which have yielded heterogeneous results. In
12-week endoscopic study on osteoarthritis patients, Laine et

l. [78] reported that the ulcer incidence was significantly higher
16%) in the group receiving aspirin (81 mg/day) plus rofecoxib
25 mg/day) than in subjects allocated to aspirin alone (7%), but
t did not differ significantly from that estimated in the aspirin
lus ibuprofen (2400 mg/day) group (17%). By contrast, in a 1-
eek placebo-controlled study, comparing celecoxib (200 mg/day)
ith naproxen (1000 mg/day) in healthy subjects taking aspirin

325 mg/day), Goldstein et al. [79] observed that aspirin alone was
ssociated with a significantly lower ulcer rate than aspirin plus
elecoxib (8% versus 19%, respectively). However, the celecoxib plus
spirin ulcer incidence was significantly lower than the 27% inci-
ence found in subjects receiving naproxen plus aspirin. Similar
esults were obtained in a 1-week study on healthy volunteers,
here celecoxib and naproxen were tested in combination with

spirin at the daily dose of 81 mg [80]. Of note, in this trial the inci-
ence of upper GI ulcers was considerably lower with celecoxib plus
spirin 81 mg (7%) than with celecoxib plus aspirin 325 mg (19%),
s previously reported by Goldstein et al. [79].

Since the combinations of aspirin with coxibs or tNSAIDs are

ssociated with different degrees of upper GI risk, and consid-
ring that different guidelines recommend the prescription of a
oxib or a tNSAID plus a PPI to aspirin-treated patients requiring
SAID therapy [81,82], Goldstein et al. [83] have compared these

wo strategies in osteoarthritis patients under treatment with low-
l Research 59 (2009) 90–100 95

dose aspirin (81 or 325 mg/day). For this purpose, aspirin-treated
patients (n = 1045) were randomized to celecoxib (200 mg/day)
or naproxen (1000 mg/day) plus lansoprazole (30 mg/day) for 12
weeks, and endoscopic examinations were carried out both at
baseline and at the end of study period. Although the authors
hypothesized a lower gastroduodenal ulcer rate in the naproxen
plus lansoprazole arm, on the basis of previous findings [71], the
results showed a lack of significant difference (9.9% celecoxib ver-
sus 8.9% naproxen plus lansoprazole), thus leaving this important
issue open to future investigations. For the purpose of current clin-
ical practice, it should be considered that similar levels of upper GI
risk decrease are likely to be obtained when aspirin-treated patients
receive coxibs or tNSAIDs in combination with PPIs.

4.3. Effects of tNSAIDs or coxibs on upper GI tract in high-risk
patients

There is currently a need for randomized trials to compare the
ability of coxibs and tNSAIDs plus gastroprotective drugs to reduce
the incidence of GI complications in patients with low-to-moderate
levels of digestive risk. However, this issue has been addressed in
studies on patients with high risk for ulcer complications, since
they are often allowed to continue NSAID use despite a previous
history of ulcer bleeding and/or the concomitance of predispos-
ing risk factors, such as aging and medical diseases (for example,
heart failure, diabetes or cirrhosis). Chan et al. [84] evaluated 287
arthritis patients who used tNSAIDs and developed upper GI ulcer
bleeding. After having ensured ulcer healing and Helicobacter pylori
(HP) negativity, these patients were randomly assigned to receive
either celecoxib (400 mg/day; twice the maximal dose approved by
FDA for osteoarthritis) plus placebo or diclofenac (150 mg/day) plus
omeprazole (20 mg/day) for 6 months. At the end of observation,
the incidence of recurrent ulcer bleeding was similar in patients
treated with celecoxib or diclofenac plus omeprazole. However, the
risk of recurrent ulcer bleeding with both treatments was quite
high (4.9 celecoxib versus 6.4 diclofenac plus omeprazole), suggest-
ing that neither regimen can completely protect high-risk patients
from bleeding recurrence [84]. Chan et al. have performed a sub-
sequent study where 287 tNSAID users with recent episodes of
ulcer bleeding and HP negativity were randomly assigned to receive
celecoxib (400 mg/day) plus placebo or diclofenac (150 mg/day)
plus omeprazole (20 mg/day) for 6 months. In this trial, patients
were subjected to endoscopy if they developed recurrent bleeding,
while those without bleeding recurrence underwent endoscopy
only at the last follow-up visit. Among patients without episodes
of recurrent bleeding within the study period, the incidence of
recurrent upper GI ulcers was unexpectedly high (19% celecoxib
versus 26% diclofenac plus omeprazole). In addition, when combin-
ing bleeding ulcers and endoscopic ulcers, the 6-month incidence
of recurrent ulcers was 24% for celecoxib and 32% for diclofenac
plus omeprazole, thus indicating that neither treatment can ade-
quately protect high-risk patients from ulcer recurrence (even if
there was a non-significant difference of about 8% in favour of cele-
coxib) [85]. Similar findings have been obtained in an open-label
study, with recurrent ulcer complications as a primary endpoint,
where 224 high-risk patients were randomly assigned to treatment
with celecoxib (200 mg/day) or naproxen (750 mg/day) plus lanso-
prazole (30 mg/day) for 24 weeks. At end of the study period, 3.7% of
patients in the celecoxib group and 6.3% of patients in the naproxen
plus lansoprazole group developed recurrent ulcer complications,
indicating that celecoxib was as effective as gastroprotective cother-

apy with lansoprazole in the prevention of upper GI adverse events
[86]. In this study, the occurrence of dyspespsia was also assessed
as a secondary endpoint, and it was found that a higher propor-
tion of celecoxib-treated patients developed dyspeptic symptoms
when compared with naproxen–lansoprazole combination [86].
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he lower prevalence of dyspepsia in the latter group of patients
as likely to result from treatment with lansoprazole, since coxibs

nd tNSAIDs seem to induce dyspeptic symptoms to similar extents
56], and PPIs can exert relieving effects on dyspepsia associated
ith tNSAID administration [87].

Results of comparative studies on celecoxib versus tNSAIDs plus
PIs suggest that neither of these treatments can offer adequate
rotection to patients with high GI risk, thus raising the question
f whether a combined treatment with a coxib plus a PPI might
epresent a better option to protect this category of patients. In this
espect, a 6-month endoscopic study has shown that esomeprazole
educed the ulcer rate in high-risk patients on long-term treatment
ith NSAIDs, including a subgroup of patients receiving coxibs [88].
owever, this study was not specifically powered to assess whether
combination of coxib plus PPI would provide greater GI protection

han a tNSAID plus PPI. Therefore, in an attempt to clarify this point,
han et al. [89] enrolled 441 high-risk patients in a trial designed
o evaluate recurrent ulcer bleeding up to 1 month after the end
f a 12-month treatment with celecoxib (400 mg/day) in combi-
ation with placebo or esomeprazole (40 mg/day). In this study,
he combined treatment with celecoxib plus esomeprazole was

ore effective than celecoxib alone for prevention of ulcer bleeding
ecurrence, since the 13-month cumulative incidence of the pri-
ary endpoint was 0% in the celecoxib plus esomeprazole group

nd 8.9% in controls assigned to celecoxib alone. These findings are
f high clinical interest and should foster the performance of tri-
ls specifically designed to further verify that the administration of
coxib with a PPI can be the most convenient option in high-risk
atients requiring anti-inflammatory therapy.

.4. Effects of tNSAIDs and coxib on lower intestinal tract

In the clinical setting, damaging effects of tNSAIDs may occur
hroughout the GI tract, including the small bowel and colon,
nd long-term complications arising from intestinal injury include
rotein-loosing enteropathy, bleeding and development of stric-
ures or perforations [90,91]. Through the years, the occurrence of
NSAID-induced intestinal lesions has been documented mainly by
ndirect techniques, such as scintigraphy, faecal calprotectin assay
nd intestinal excretion of 111In-labelled leucocytes. More recently,
he development of video capsule endoscopy (VCE) has allowed

direct observation of intestinal damage (for review see [92]).
aine et al. [91] have performed a systematic review of 47 func-
ional, endoscopic and outcome studies on the lower GI effects
f tNSAIDs: 17 of 22 studies on enteric permeability reported an
ncrease compared with no tNSAID or placebo; although eight case-
ontrol studies found higher rates of intestinal bleeding for tNSAIDs
ver placebo, the OR ranged from 1.9 to 18.4, reflecting the wide het-
rogeneity of these investigations and the difficulty in controlling
or confounding factors.

Endoscopic studies have demonstrated the ability of tNSAIDs to
nduce intestinal injury. Lengeling et al. [93] reported that 83% of
atients with ulcerative ileitis, identified during routine ileoscopy,
ere taking tNSAIDs (including aspirin, naproxen, diclofenac and

buprofen). In an open-label study in patients with arthritis, VCE
emonstrated the presence of small bowel injury in 71% of tNSAID
sers [94]. Another VCE trial demonstrated the ex-novo occur-
ence of small bowel lesions in 68% of 40 healthy volunteers taking
iclofenac plus omeprazole for 14 days [95].

Endoscopic investigations support the notion that coxibs are
ssociated with significant lower risk of intestinal ulceration than

NSAIDs. Goldstein et al. [96], using VCE in a placebo-controlled
tudy, showed that healthy subjects treated with placebo developed
ess small bowel damage (7% of 118) than those receiving naproxen
lus omeprazole (55% of 118), and that celecoxib was associated
ith an approximate 9-fold lower rate of enteric mucosal injury
l Research 59 (2009) 90–100

(16% of 120) versus naproxen plus omeprazole. In a subsequent
trial, healthy volunteers with normal VCE were randomly assigned
to receive celecoxib (400 mg/day), ibuprofen (2400 mg/day) plus
omeprazole (20 mg/day), or placebo for 14 days. Healthy subjects
treated with celecoxib or placebo developed significantly less small
bowel damage compared with volunteers exposed to ibuprofen
plus omeprazole. In particular, the mean number of mucosal breaks
per subject was 3.5 times higher in the ibuprofen plus omeprazole
group compared with the celecoxib group (0.7 versus 0.2, P < 0.001)
[97].

Despite evidence provided by endoscopic studies, the exact
prevalence of intestinal complications associated with tNSAID or
coxib in the clinical practice remains unknown. The results of
large-scale outcome trials have suggested, but not conclusively
demonstrated, that intestinal complications contribute substan-
tially to tNSAID lower GI toxicity. For example, in the CLASS study,
significantly more patients treated with ibuprofen or diclofenac
had reductions of haematocrit and/or haemoglobin compared with
celecoxib-treated patients, which may have resulted from occult
blood loss in the lower GI tract [55]. Laine et al. [98] carried out
a post-hoc analysis of serious lower GI clinical events in over
8000 patients with rheumatoid arthritis treated with rofecoxib or
naproxen, and they found that the event rate per 100 patient/years
was 0.41 for rofecoxib and 0.89 for naproxen. More recently, results
from the MEDAL study showed also the contribution of lower GI
events (bleeding, perforation and obstruction) to the overall GI tox-
icity, and etoricoxib and diclofenac were associated with lower GI
event rates of 0.32 and 0.38 per 100 patient/years, respectively [99].
Overall, NSAID-induced injury to the lower GI tract appears to be
a relevant clinical problem, but outcome data on the relative risk
associated with tNSAIDs or coxibs are conflicting. Therefore, inten-
sive research efforts are needed to identify specific risk factors and,
above all, to assess whether coxibs may offer significant advantages
over therapies based on tNSAIDs plus PPIs.

5. Role of coxibs in the strategies for gastrointestinal
protection

Coxibs were developed and introduced into the clini-
cal practice with the purpose to treat patients with anti-
inflammatory/analgesic drugs as effective as tNSAIDs, but endowed
with reduced toxic activity on the GI tract. Subsequent evidence,
from controlled trials, that coxibs are associated with an increased
risk of adverse cardiovascular events led to withdrawn of some cox-
ibs from clinical use and has generated a debate about the best
choice of drug to prescribe to patients requiring long-term anti-
inflammatory/analgesic therapy [100,101].

From the cardiovascular standpoint, uncertainties have been
generated by emerging evidence suggesting that most tNSAIDs tend
also to increase the risk of adverse events in the long-term. For
example, a database analysis of patients with first-ever diagnosis
of myocardial infarction suggested an increased risk of this event
with current use of rofecoxib, diclofenac and ibuprofen, but not
naproxen [67]. Moreover, both tNSAIDs and coxibs can increase
blood pressure in normotensive subjects as well as in patients
with pre-existing hypertension [102]. Thus, any comparison of the
cardiovascular risk-benefit ratio of coxibs versus tNSAIDs remains
undetermined and, recognizing that conclusive data in this field
are lacking, several authors cautiously recommend the avoidance
of both coxibs and most tNSAIDs in patients with ischaemic heart

or cerebrovascular and peripheral vascular disease [100,101].

With regard for GI adverse events, it is currently recognized
that routine use of coxibs or PPI addition to tNSAIDs in unselected
patient populations is not justified, and that the decision to adopt
protective strategies must be weighed against a careful assessment
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f the GI risk in individual patients. There is a general consensus that
n patients without evident risk factors tNSAIDs can be prescribed

ithout any need of protective co-therapy. However, in patients
ith low to moderate GI risk (i.e., one or more risk factors without
istory of peptic ulcer complications) it appears appropriate to use
oxibs or tNSAIDs plus PPIs [7,100]. These strategies are supported
y both preclinical and clinical evidence, with the caveat that cox-
bs have been tested against tNSAIDs alone in comparative clinical
utcome trials, while studies on the use of PPIs in tNSAID-treated
atients had endoscopic lesions as primary endpoint.

Patients with high degrees of GI risk may need to continue the
se of NSAID therapy. These patients require protection with drugs
ble to prevent ulcer complications despite ongoing NSAID admin-
stration [7,103]. Clinical experiences in this setting have shown
hat coxibs or tNSAIDs plus PPI, while offering equivalent levels
f protection, are not able to completely abate the risk of upper GI
leeding recurrence, and that combined treatments regimens, con-
isting of a coxib plus a PPI, may be required to achieve adequate
evels of GI protection.

Another source of concern is represented by elderly patients
ho are frequently prescribed low-dose aspirin as anti-thrombotic
rophylaxis. These patients can be at increased risk for develop-
ent of NSAID-induced GI lesions, and most of them are often

nder long-term treatment with NSAIDs for concurrent rheumatic
omplaints [76,103]. Clear indications on the management of the
igestive risk in this particular population are lacking, and it is
resently being discussed whether to offer them a PPI-based pro-
ection or switching to a coxib. As discussed above, most of clinical
utcome trials have not been able to identify a significant reduction
n adverse GI events with coxibs compared to tNSAIDs in aspirin
sers. However, endoscopic studies have shown that the ulcer inci-
ence was lower in patients treated with aspirin plus celecoxib than
hose receiving aspirin plus a tNSAID, and that in aspirin-treated
atients similar degrees of upper GI risk reduction can be achieved
y administration of a coxib or a tNSAID plus PPI [83].

Both preclinical and clinical evidence support the contention
hat lower intestinal injuries can contribute to the overall GI toxi-
ity of several tNSAIDs. Endoscopic studies have shown a reduced
isk of intestinal ulceration with coxibs in comparison with tNSAIDs
lus PPIs. However, the prevalence of intestinal complications asso-
iated with tNSAIDs or coxibs in the clinical practice remains
ndermined, and there are no clear indications on how to manage
his type of digestive risk in patients requiring chronic courses of
nti-inflammatory/analgesic therapy. Accordingly, clinical research
fforts are required in this field, in order to unravel specific risk
actors and to identify adequate therapeutic strategies.

. Novel options for gastrointestinal protection against
SAIDs

Novel pharmacological strategies are being investigated to coun-
eract the detrimental actions of tNSAIDs on the GI tract. The

ost prominent options currently under evaluation are: (a) dual
nhibitors of COX and 5-lipooxygenase (5-LOX), to prevent the
njury of GI mucosa which results from the enhanced biosynthe-
is of leukotrienes, due to shunting of arachidonic acid metabolism
owards the leukotriene pathway as a consequence of COX block-
de; (b) tNSAIDs associated with phosphatidylcholine, to attenuate
he destabilizing action of tNSAIDs on extracellular lining of zwit-
erionic phospholipids; (c) nitric oxide (NO) donating tNSAIDs,

esignated as COX inhibitor NO donors (CINODs) and designed to
revent the injurious actions of tNSAIDs with the gastroprotective
ctivity of exogenous NO; (d) tNSAIDs able to release hydro-
en sulfide, a new gaseous mediator which, like NO, is involved
n the maintenance of GI mucosal integrity and blood flow (for
l Research 59 (2009) 90–100 97

detailed review of the pharmacology of these compounds see
[8,23,104,105]).

Some of the above mentioned drugs have reached the level of
clinical development. The dual COX/5-LOX inhibitor licofelone (ML
3000) has been shown to spare the human gastric mucosa (endo-
scopic endpoint) when administered for 4–12 weeks to healthy
volunteers or osteoarthritic patients in phase II or phase III trials
controlled with placebo or naproxen [106,107]. Anand et al. [108],
in a 4-day study in healthy volunteers, observed that the aspirin
ability to induce gastric erosions, as assessed by endoscopy, was
significantly reduced if the drug was associated with soy phos-
phatidylcholine, although prostaglandin levels in gastric biopsies
were decreased by over 80% with both treatments. Studies in
healthy volunteers have displayed also favourable GI safety pro-
files of CINODs. For example, a proof of concept endoscopic study
showed that the NO donating aspirin NCX-4016 was virtually devoid
of gastroduodenal toxicity when tested on healthy subjects (n = 40)
allocated to receive NCX-4016, aspirin or placebo for 7 days [109].
Likewise, in a trial on 31 healthy volunteers, the upper GI endo-
scopic events following oral administration of AZD 3582, a NO
donating naproxen, for 12 days were significantly decreased in com-
parison with naproxen [110]. These findings were confirmed by
Wilder-Smith et al. [111], who evaluated the effects of equimolar
doses of AZD 3582 and naproxen in 25 healthy volunteers treated for
12 days and found that this CINOD displayed an improved gastro-
duodenal safety profile in comparison with naproxen. Lohmander
et al. [112] have investigated the GI tolerability profile of AZD 3582
750 mg twice daily compared with naproxen 500 mg twice daily or
placebo in 970 patients with hip or knee osteoarthritis. Their results
showed no significant differences between AZD 3582 and naproxen
for the primary endpoint (incidence of gastroduodenal ulcers with
diameter ≥ 3 mm), whereas the assessment of secondary endpoints
(Lanza and erosion scores) favoured the CINOD. Clearly, further clin-
ical studies are needed to establish whether CINODs confer actual
advantages over tNSAIDs in terms of GI safety.

Additional strategies for the prevention of tNSAIDs-induced
GI damage include the ongoing clinical development of phar-
maceutical products containing fixed combinations of a tNSAID
with a gastroprotective drug, such as naproxen/omeprazole,
naproxen/lansoprazole, naproxen/esomeprazole and ibupro-
fen/famotidine (information available at: www.pozen.com; www.
horizontherapeutics.com).

7. Conclusion

Current evidence suggests that coxibs may have a role in the
strategies for both upper and lower GI protection in patients requir-
ing chronic NSAID therapy, and that subjects with high levels of
upper GI risk may benefit from combined administration of cox-
ibs plus PPIs. However, the correct management of single patients
depends on a careful and balanced assessment of both GI and
cardiovascular risk. In this respect, additional clinical research is
needed to establish more solid criteria for guiding rational ther-
apeutic choices. Novel therapeutic approaches to GI protection
against tNSAIDs are currently under investigation and appear to
be far from entering clinical practice.
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