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‘...increased cardiovascular risk is 
not a problem specific to 

rofecoxib, but is common to all 
analogous molecules.’

Nonsteroidal anti-inflammatory drugs (NSAIDs)
have been the predominant treatment for inflam-
matory conditions and chronic pain for nearly
40 years. However, when taken on a regular basis,
anti-inflammatory agents are associated with a
high risk of adverse events involving the upper
gastrointestinal tract. It is estimated that approx-
imately 1.1% of those taking NSAIDs develop
significant gastrointestinal lesions (bleeding and
gastric perforation), for which hospital recovery is
necessary [1].

The inhibition of cyclooxygenase (COX) by
NSAIDs produces both their therapeutic and
their adverse events. The distinction between the
enzymatic properties of COX-1 and COX-2 has
led to the inception of selective COX-2 anti-
inflammatory agents (coxibs). The development
and commercialization of these agents have led
researchers to believe that problems with safety
have been resolved, and that prolonged use of
these new anti-inflammatory agents would allow
easier control of many chronic pathologies, espe-
cially rheumatological disorders and arthritis.
However, during their clinical development, an
unexpectedly high incidence of cardiovascular
events was observed.

Clinical trial data first demonstrating
increased cardiovascular risk with the use of
these drugs came from the VIoxx Gastro-
intestinal Outcomes Research (VIGOR) trial
that compared the gastrointestinal tolerability of
rofecoxib (50 mg/day) with naproxen
(1000 mg/day) in patients with rheumatoid
arthritis [2]. The study demonstrated that
rofecoxib was associated with a four-times
greater risk of myocardial infarction than
naproxen. This was attributed initially to a
protective effect of naproxen [2], rather than to a
specific effect of rofecoxib [3–6]. The problem
became more evident in the Adenomatous Polyp
PRevention On Vioxx (APPROVe) study car-
ried out in patients with a history of colon

adenomas [7]; this trial was interrupted when it
was found that rofecoxib was associated with a
two-fold higher risk of cardiovascular events
than placebo (relative risk [RR] 1.92, confidence
interval [CI] 1.19–3.11). In September 2004,
Merck Sharpe & Dohme announced the
voluntary worldwide withdrawal of Vioxx.

Following publication of the APPROVe trial,
other data from randomized, controlled clinical
trials, as well as epidemiological data, became
available. These studies suggested that increased
cardiovascular risk is not a problem specific to
rofecoxib, but is common to all analogous mole-
cules. In the Adenoma Prevention with Cele-
coxib (APC) study, conducted in patients with
adenomatous colorectal polyps, celecoxib (200 or
400 mg twice daily) was associated with a cardio-
vascular risk almost three-times higher than that
of placebo (RR 2.8, CI 1.3–6.3) [8]. An increased
cardiovascular risk, with respect to placebo, was
also seen with valdecoxib (and its precursor
parecoxib) in patients undergoing a coronary
bypass [9,10]. It is likely that, in similar studies,
without evidence of increased cardiovascular risk,
this was actually due to insufficient statistical
power (inadequate number, inclusion of a low-
risk population and low number of adverse
events overall) more than intrinsic properties of
that particular coxib!

Biological plausibility
Various mechanisms may contribute to the
observed increase in cardiovascular risk during
therapy with coxibs. The hypertensive effect is a
problem with both coxibs and NSAIDs [11,12],
and this may increase the risk of cardiovascular
events. Several experimental studies have dem-
onstrated a pro-oxidative effect of coxibs but this
occurs at doses much higher than those used in
therapy [13].

A disequilibrium between pro- and anti-
thrombotic factors is the most favored hypo-
thesis. The prostacyclins produced by COX-2 at
the endothelial level have an important vaso-
dilating effect that balances the pro-aggreg-
ating/prothrombotic effects of thromboxane
(produced by COX-1). Molecules that interact
selectively with COX-2 would thus minimize
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any potential protective effects of prostacyclins
without having any influence on the production
of thromboxane (prothrombotic), mediated by
COX-1. However, along these lines, one should
also keep in mind that several experimental stud-
ies have indicated that COX-1 also has a role in
the synthesis of prostacyclin [14–16]. Thus, by act-
ing on both COX-1 and COX-2, nonselective
anti-inflammatory agents (such as NSAIDs) can
block the production of vasodilating prosta-
cyclins even more than coxibs. In addition, the
anti-aggregating effects of NSAIDs (mediated by
COX-1), even if pharmacologically demonstr-
able, do not appear to be clinically relevant. In a
study of 165,000 women in menopause, prolo-
nged use of NSAIDs did not provide any protec-
tion against cardiac infarction [17]. The
coadministration of NSAIDs and small doses of
apirin remains a relevant clinical problem [18].
NSAIDs may have a negative effect on the action
of aspirin because they occupy the same binding
sites on platelets. In these situations, it is recom-
mended that anti-inflammatory agents with a
short half-life should be used, and the two drugs
should be taken some time apart to maximize
the anti-aggregating effects of aspirin. This
precaution does not need to be applied to coxibs.

Cardiovascular events & traditional 
anti-inflammatory inhibitors
The biological mechanisms behind the
increased cardiovascular risk associated with
coxibs may be related to the inhibition of COX
and, therefore, may be shared potentially with
more traditional anti-inflammatory agents. It
should also be highlighted that, along these
lines, much data regarding NSAIDs have been
collected during clinical trials that last only a
few weeks and thus eventual increases in cardio-
vascular risk would not be seen. Moreover, their
elevated gastrointestinal toxicity prohibits their
continuous and prolonged use. More recently,
long-term studies have been planned, or have
been completed, comparing traditional anti-
inflammatory agents with coxibs [19,20] The
Therapeutic Arthritis Research and Gastro-
intestinal Event Trial (TARGET) study involved
more than 18,000 patients with osteoarthritis
that were treated for at least 1 year with lumira-
coxib (400 mg/day, or twice the dose indicated
for arthrosis), naproxen (500 mg twice daily) or
ibuprofen (800 mg three-times daily) [19]. There
was no difference in cardiovascular risk between
the three groups in terms of either absolute risk
or risk of cardiac or myocardial infarction [21]

(14 events or 1.23% given lumiracoxib vs 13
events or 1.22% of those given anti-inflamma-
tory agents). The incidence of myocardial inf-
arction was also similar: seven events or 0.61%
given lumiracoxib versus six events or 0.56% of
those given anti-inflammatory agents.

‘...all coxibs appear to be 
associated with some increased 

cardiovascular risk...’

The Etoricoxib Diclofenac Gastrointestinal
Events (EDGE) study, presented at the Ameri-
can College of Rheumatology meeting in 2004,
included 7111 patients affected by osteoarthritis
(involving the knee, hip, hands or vertebral col-
umn) [21]. The patient cohort included individu-
als over 50 years of age who were treated with
etoricoxib (90 mg/day) or diclofenac (50 mg
three-times daily) for 1 year. The percentage of
suspensions due to all adverse events was signifi-
cantly less in the etoricoxib group (13.4 vs
26.3%), while the risk of cardiovascular events
was similar in the two treatment groups. Thus,
neither the TARGET nor EDGE studies
demonstrated a higher risk for cardiovascular
events for coxibs than traditional anti-inflamma-
tory agents. Thus, two hypotheses are possible:
either the two coxibs studied (lumiracoxib and
etoricoxib) are not associated with increased car-
diovascular risk; or the safety profile of these
coxibs is similar to that of the NSAIDs used in
the studies (ibuprofen and diclofenac).

The second hypothesis is supported by the
Alzheimer’s Disease Anti-inflammatory Preven-
tion Trial (ADAPT), in which patients were
administered naproxen (220 mg twice daily),
celecoxib (200 mg twice daily) or placebo. This
trial was stopped early owing to an apparent
increase in cardiovascular events in the naproxen
arm [101,102].

Similarly, the results of a recent, retrospective
case–control study are of relevance [22]. The
study was based on the QRESEARCH database
in the UK and compared 9218 cases of myo-
cardial infarction (between 2000 and 2004) with
a group of 86,349 subjects. A significant increase
in risk of myocardial infarction was observed fol-
lowing the use of both rofecoxib and traditional
anti-inflammatory agents: 

• Rofecoxib (RR 1.69, CI 1.09–1.61)

• Diclofenac (RR 1.55, CI 1.39–1.72)

• Ibuprofen (RR 1.24, CI 1.11–1.39)

• Naproxen (RR 1.27, CI 1.01–1.60)
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In another retrospective, case–control study
aimed at assessing the role of traditional anti-
inflammatory agents in protecting against oral
cancers, therapy with NSAIDs (but not acetami-
nophen) was associated with a two-fold
increased risk of cardiovascular events (RR 2.06,
CI 1.34–3.18) [23].

Conclusions
The data available to date permit a number of
observations to be made. First, all coxibs appear to
be associated with some increased cardiovascular
risk, however, how the risk manifests is unclear. It
is also still unclear if the increased cardiovascular
risk is related to the duration of administration. In
the APPROVe study, the cumulative incidence of
cardiovascular event curves showed an initial
divergence between rofecoxib and placebo after
18 months, with a noticeable difference after
36 months of follow-up. However, in the VIGOR
study, the two curves diverge after 6 months of
follow-up. Early divergence of the risk curves was
also seen in the APC study with celecoxib [8].

The absolute risk of cardiovascular events dur-
ing coxib administration is found generally to be

higher in high-risk patients, however, it is still not
clear if the relative risk is different according to the
pretherapy risk. This information is of critical
clinical importance in order to identify patients
that may be able to benefit from coxibs without
increased cardiovascular risk.

It is likely that the use of traditional NSAIDs
is also associated with increased cardiovascular
risk, and this justifies the black box warning on
the product information sheet imposed by the
FDA, not only to coxibs, but also to traditional
anti-inflammatory agents.

Since randomized, placebo-controlled clinical
trials designed to investigate the cardiovascular
risk of anti-inflammatory agents are unlikely to
be planned, an extensive, active pharmaco-
vigilance is needed urgently in order to answer
the following critical questions: what compound
(if any) should be preferred in patients with a
very high risk of cardiovascular events? How
long can each anti-inflammatory agent be used
safely? What dosage of each anti-inflammatory
agent can be considered relatively safe? Who
might be treated without any relevant concern
regarding cardiovascular risk?
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