
Cardiovascular Risks of Cyclooxygenase-2 Inhibitors: Where We Stand
Now

Nonaspirin nonsteroidal anti-inflammatory drugs
(NSAIDs), including nonselective nonaspirin

NSAIDs and cyclooxygenase-2 selective (COX-2) inhibi-
tors, are widely used for various arthritides and pain syn-
dromes. Cyclooxygenase-2 inhibitors in particular have
been an enormous financial success, with more than $5
billion in sales in the United States in 2003 (1). That
market took a huge hit recently with the withdrawal of
rofecoxib (Vioxx, Merck & Co., Inc., Whitehouse Station,
New Jersey) after the release of the worrisome data on the
excessive cardiac morbidity attributed to rofecoxib in a trial
attempting to prove that it could reduce the occurrence of
colonic adenomas. The nearly simultaneous report by
Pfizer, Inc., of the adverse cardiac effects of valdecoxib
(Bextra, Pfizer, Inc., New York, New York) after cardiac
surgery (1) raised the issue of whether other drugs in the
class are safe to use. Patients and clinicians are anxious to
know whether cardiotoxicity is a class effect, and thereby
applicable to any COX-2 inhibitor, or whether cardiotox-
icity is limited to certain drugs in the class. In this issue,
Kimmel and colleagues (2) shed some light on this ques-
tion by examining whether the risk for cardiotoxicity dif-
fers among the COX-2 inhibitors celecoxib (Celebrex,
Pfizer, Inc.) and rofexocib and nonselective nonaspirin
NSAIDs.

Traditional nonselective nonaspirin NSAIDs inhibit
both isoforms of the COX enzyme, COX-1 and COX-2.
Cyclooxygenase catalyzes the conversion of arachadonic
acid to prostaglandins, prostacyclin, and thromboxane.
The COX-1 enzyme is expressed constitutively in tissues,
such as the gastrointestinal mucosa, where it induces mu-
coprotective prostaglandins, while the COX-2 enzyme ex-
pression is inducible, in particular by inflammation. The
inhibition of the COX-1–related production of prostaglan-
dins by nonselective nonaspirin NSAIDs increases the risk
for gastrointestinal bleeding. The recognition of 2 isoforms
of COX soon led to the hypothesis that selective COX-2
inhibitors would have the beneficial properties of nonselec-
tive nonaspirin NSAIDs without gastrointestinal toxicity
(3). Large clinical trials (4–6) validated this hypothesis and
confirmed that COX-2 inhibitors are associated with less
gastrointestinal toxicity than nonselective nonaspirin
NSAIDs. However, these trials have also raised concerns
about the cardiovascular safety of this class of drugs (7).

The role of COX-2 inhibition in atherogenesis is com-
plex and is not fully understood. While nonselective non-
aspirin NSAIDs and aspirin inhibit the formation of plate-
let-derived thromboxane and endothelial prostacyclin,
COX-2 inhibitors preferentially suppress the vasodilator
and platelet inhibitory prostaglandins without blocking the
vasoconstrictive and platelet-activating prostaglandins,

which could result in a prothrombotic effect. Accelerated
atherogenesis of COX-2 inhibitors might be further mod-
ulated by renovascular hypertension, inhibition of vascular
inflammation, improvement of endothelial function, and
changes in artherosclerotic plaque stability (8–10). These
effects may differ among structurally distinct COX-2 in-
hibitors with different levels of COX-1 or COX-2 selectiv-
ity (10–12), but evidence for a differential cardiovascular
effect in this class is limited.

We should not be surprised that toxicity differsamong
drugs in a class (for example, the biguanides with met-
formin vs. phenformin and the risk for lactic acidosis).
Kimmel and colleagues offer evidence for a differential ef-
fect on cardiotoxicity among COX-2 inhibitors (2). They
used a case–control design to study patients presenting
with a first nonfatal myocardial infarction in several med-
ical centers and hospitals in southeastern Pennsylvania. Af-
ter discharge, patients and controls were asked about expo-
sure to nonselective nonaspirin NSAIDs, as well as COX-2
inhibitors (including rofecoxib and celecoxib). Kimmel
and colleagues found no evidence for a class effect of
COX-2 inhibitors for cardiovascular toxicity but demon-
strated that rofecoxib use was associated with a statistically
significant 2.72 increased odds of myocardial infarction
when compared with celecoxib use. While case–control
studies are prone to various selection biases, such as recall
and nonparticipation bias, these should have applied
equally to both rofecoxib and celocoxib, thereby giving
credence to the hypothesis that a differential effect on car-
diotoxicity is within the COX-2 inhibitor class.

The most reliable evidence of cardiovascular toxicity of
the COX-2 inhibitors comes from large randomized, dou-
ble-blind trials. Results of the Vioxx Gastrointestinal Out-
comes Research (VIGOR) study (4) revealed an increased
risk for myocardial infarction for patients treated with 50
mg of rofecoxib, whereas similar large trials with celecoxib
(5) or lumiracoxib (6) demonstrated no statistically signif-
icant differences in cardiovascular end points compared
with nonselective nonaspirin NSAIDs. However, these tri-
als were not primarily designed or powered to prove car-
diovascular safety as a primary end point; mean follow-up
time was rather short (6 to 12 months), and the selected
patient samples had a relatively low rate of cardiovascular
events. Therefore, the trials of celecoxib or lumiracoxib do
not exclude the possibility of increased cardiovascular tox-
icity with these drugs. Several large observational studies
found an increased rate of coronary heart disease with
high-dose rofexocib but not with celecoxib (13, 14). So-
lomon and colleagues (15) reported increased risk for acute
myocardial infarction with any dosages of rofecoxib but
not celecoxib. Mamdani and colleagues found an increased
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risk for congestive heart failure with rofecoxib and not with
celecoxib (16) but no difference in the risk for myocardial
infarction (17), but they did not address dosage and ex-
cluded short-term users. Overall, these studies suggest that
not all COX-2 inhibitors share the same cardiovascular risk
as rofecoxib, but the evidence is currently too limited to
exclude the possibility of a COX-2 inhibitor class effect.
Furthermore, nonselective nonaspirin NSAIDs might also
increase cardiovascular risk (18). The major unanswered
question is whether the unopposed COX-2 inhibition or
other drug specific mechanisms cause increased cardiovas-
cular risk.

What should physicians do at this time if they decide
to prescribe a nonaspirin NSAID? Studies with rofecoxib
indicate that nonaspirin NSAID–related cardiac toxicity
occurs primarily in male patients older than 65 years of age
with a history of cardiovascular events or at least 1 cardio-
vascular risk factor (19). We believe that because 2 separate
drugs in the class of COX-2 inhibitors have now been
associated with increased cardiovascular morbidity (rofe-
coxib and valdecoxib), physicians should avoid COX-2 in-
hibitors as a first-line agent in patients with cardiovascular
risk factors and average risk for gastrointestinal toxicity.
Although much recent attention has been given to the car-
diovascular toxicity of COX-2 inhibitors, serious and oc-
casionally life-threatening gastrointestinal toxicity does oc-
cur with both nonselective nonaspirin NSAIDs and
COX-2 inhibitors, although less so with the COX-2 class.
In light of the current uncertainty about whether cardio-
toxicity is a class effect of COX-2 inhibitors, we suggest
using either a nonselective nonaspirin NSAID with a con-
comitant gastroprotective agent or celecoxib (Celebrex) for
patients at high risk for gastrointestinal toxicity. Further
study is urgently needed to document the safety of COX-2
inhibitors and nonselective nonaspirin NSAIDs.
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