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Nonsteroidal anti-inflammatory drugs
(NSAIDs) are among the most widely prescribed
drugs worldwide, and gastrointestinal toxic effects
induced by NSAIDs are quite common. However
it must be emphasized that there is a considerable
variability in the risk of gastrointestinal complica-
tions of the individual drug with ibuprofen and di-
clofenac showing the lowest toxic potential. In ad-
dition, infection by Helicobacter pylori (Hp) will
independently increase the risk for inducing a pep-
tic ulcer or ulcer bleeding [1, 2].

It is well known that both – therapeutic and
toxic effects of NSAIDs – are mediated by the in-
hibition of cyclooxygenases (COX). Since the early
1990’s it has been defined that two enzymes, COX-
1 and COX-2, are responsible for the biosynthesis
of various prostanoids (eg PGE2, PGI2, TxA2) 
[3]. According to the working hypothesis that
“constitutive” COX-1 is responsible for the phys-
iological production of prostanoids (“housekeep-
ing” enzyme) and “inducible” COX-2 for the
elevated production of prostanoids at sites of in-
flammation, selective COX-2-inhibitors have been
developed in the hope of more specific anti-
inflammatory action and less (gastrointestinal) side
effects. However, it is now obvious that also COX-
2 is expressed constitutively in several tissues such
as brain, kidney, pancreas, intestine, and blood 
vessels, which has implications for the toxic poten-
tial (eg renal, cardiovascular) of selective COX-2-
inhibitiors [3]. 

Due to an aggressive marketing the expensive
COX-2-inhibitors (eg celecoxib, rofecoxib) rap-
idly gained wide popularity among the prescribing
physicians who believed in the propagated reduced
profile of adverse effects especially concerning the
gastrointestinal (GI) tract. Two independent stud-
ies, the CLASS-study (celecoxib vs ibuprofen or 
diclofenac) and the VIGOR-study (rofecoxib vs
naproxen), concluded that intake of both COX-2-
inhibitors was associated with a decrease in upper
GI toxicity when compared to other NSAIDs [4,
5]. The provided results were generated in highly
selected patients that did not represent general pa-
tient populations. Both studies were extensively
criticized by numerous independent experts re-
garding study design, data analysis and publishing
policy. From the beginning  it was obvious that at
least rofecoxib was associated with an increased

risk for cardiovascular events [5], and that the gas-
trointestinal benefit of COX-2-inhibitors was at
best marginal [6, 7] and completely lost if the pa-
tients had to take acetylsalicylic acid (aspirin) [4].

The recent (Sept. 30, 2004) world-wide with-
drawal of rofecoxib, a selective COX-2-inhibitor
approved by the FDA in 1999, triggered a hot
debate regarding safety issues, in particular cardio-
vascular toxicity of rofecoxib and other COX-2-
inhibitors such as celecoxib, valdecoxib or lumira-
coxib.

In numerous articles the benefit/risk ratios of
COX-2-inhibitors were controversially discussed.
Based on prior publications, comprehensive data
analysis and a recent cumulative meta-analysis it is
now evident that long-term use of rofecoxib is as-
sociated with an elevated cardiovascular risk. Its
withdrawal from the market was justified and
should have been initiated already earlier [8]. A
cautionary flag about the risk of cardiovascular
events with COX-2-inhibitors especially rofecoxib
was raised already in 2001 by reanalysing several
trials [9]. Concerns were shared by the FDA who
implemented labelling changes after a long discus-
sion in 2002 which had, as expected, no impact on
the prescription pattern of the drugs. Finally, data
from a placebo-controlled trial with rofecoxib (25
mg per day) for the prevention of adenomatous
polyps (APPROVe study) unequivocally proved in
September 2004 the significant increase (as in the
VIGOR study) in the incidence of serious throm-
boembolic adverse events for the rofecoxib group.

Whether other coxibs have the same toxic po-
tential is very likely, as in December 2004 the
“Adenoma Prevention” study with celexocib was
stopped for the same reasons as the APPROVe
study: patients on celecoxib (2 � 200 or 400 mg/
day) had dose-dependently a 2.5 and 3.4 fold
increased risk for cardiovascular events when com-
pared to placebo (http://www.fda.gov/bbs/topics/
news/2004/new01144.html). Moreover, two ran-
domized, placebo-controlled trials in patients after
coronary-artery bypass grafting showed that
valdecoxib increased the risk of serious cardiovas-
cular outcomes by a factor of approximately 3 [10].
The very similar cardiovascular toxicity of the cox-
ibs can be explained by their common mechanism
of action. Both, rofexoxib and celecoxib suppress
the formation of prostacyclin (PGI2), predomi-
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nantly produced by COX-2 in endothelium and
inhibiting platelet aggregation, causing vasodila-
tation and preventing proliferation of vascular
smooth-muscle cells. These effects contrast with
those of thromboxane (TxA2), the major COX-1
product of platelets, which causes platelet aggre-
gation, vasoconstriction and vascular prolifera-
tion. Thus, selective COX-2-inhibitors provoke a
metabolic shift towards TxA2 and consequently
predispose patients to myocardial infarction or
thrombotic stroke [11].

Concerning the well-documented cardiovas-
cular risks of rofecoxib, the deliberate ignorance of
the drug company and the slow reactions of drug
agencies [12, 13] have damaged our confidence in
ethical and unbiased decision processes. Moreover,
the beneficial value of COX-2-inhibitors in terms
of better GI-tolerability has been greatly exagger-
ated and is flawed for several methodological rea-
sons [14]. It has been calculated that in clinical
practice the estimated number need to treat
(NNT) patients for 1 year to avoid one hospital-
ization for peptic ulcer disease is 157, whereas the
estimated NNT to cause one myocardial infarc-
tion is 70 patients [15]. Thus, the benefit/risk-ratio
of rofecoxib and that of other coxibs does not
justify their broad use. 

As the claimed therapeutic progress and
favourable safety of COX-2-inhibitors remain so
far elusive, it should be recalled that classical
NSAIDs are clinically at least as effective as 
the coxibs, and some of them (eg ibuprofen, di-
clofenac) have only a slightly elevated risk for
gastrointestinal adverse drug reactions (ADR).
According to a recent analysis from the French
pharmacovigilance database on reports of serious
oeso-gastro-duodenal ADR coxibs had even a
higher adjusted odds ratio (14.9) than diclofenac
(9.2) or ibuprofen (7.3) indicating that the “real
world” situation (where many patients take also
aspirin!) will be different from clinical studies with
preselected patients [16].

To prevent NSAID- and coxib-induced
gastropathy coprescription of “gastroprotective”
agents should be used in patients of known risk.
From the different approaches currently available,
proton pump inhibitors (PPI) represent drugs of
first choice [17], and among them omeprazole has
been most extensively studied.

Finally, one has to address the question: do we
really need the expensive COX-2-inhibitors as 
(according to their benefit/risk ratio) a therapeutic
progress can hardly be seen or do we still rely on
NSAIDs like ibuprofen or diclofenac with their
good long-term records regarding efficacy and
safety? If there is a clear indication for a NSAID

the following simplified strategy could be fol-
lowed:

no 1 Patient with risk factors for GI-events 3 yes
4 (including Hp that should be 4

eradicated with ulcus anamnesis)
NSAID NSAID + 

PPI

It should be realized that also the combined
regimen can not completely prevent NSAID-
induced GI-lesions, however the present COX-2-
inhibitors can not be regarded as a real alternative.
In the (near) future novel therapeutic principles
like NO-NSAIDs or dual COX/LOX-inhibitors
(eg licofelone) might offer some therapeutic
progress.

In the second half of February 2005 the Com-
mittee for Medicinal Products for Human Use
(CHMP) of the European Drug Agency (EMEA)
has required a very restrictive use of all coxibs. 
Patients with cardiovascular risk factors (eg 
hypertension, hyperlipidemia, diabetes,  smoking, 
coronary heart disease, history of stroke, occlusive 
arterial disease, congestive heart failure (NYHA
II–IV) should not use the coxibs. Unexpectedly, at
the same time the FDA came to the decision that
there are not sufficient data for a withdrawal of 
rofecoxib. Apparently the FDA has problems to
find the correct balance between risks and benefits
of a drug [18]. Nevertheless based on unequivocal
evidence that coxibs (eg rofecoxib, celecoxib) ele-
vate the risk for cardiovascular events approxi-
mately by factor 2 to 4 only a very restrictive short-
term use of coxibs appears to be feasible. However,
it still remains questionable whether this class of
NSAID is actually needed.

Note added in proof
Very recently three placebo-controlled studies
with rofecoxib, celecoxib and parecoxib/valde-
coxib have shown a 2- to 3.7-fold increased risk 
for severe cardiovascular adverse events [19–21]
indicating that the cardiovascular toxicity repre-
sents a group effect of the coxibs [22, 23].
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