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■ ABSTRACT

Aspirin and nonselective nonsteroidal anti-inflammatory
drugs (NSAIDs) are widely used for their anti-inflamma-
tory and analgesic effects. In addition, aspirin is docu-
mented to reduce cardiovascular events in selected pop-
ulations, presumably because of inhibition of platelet
aggregation.Yet these drugs are not without toxicity,
particularly adverse effects on the gastric mucosa.The
gastrointestinal toxicity of nonselective NSAIDs and
aspirin derives from the inhibition of the cyclooxygenase
(COX) enzyme, COX-1, which synthesizes gastroprotec-
tive prostaglandins, while the anti-inflammatory and
pain-relieving effects are largely derived from inhibition
of COX-2–derived prostaglandins.Available data indicate
that the harmful gastric effects of nonselective NSAIDs
are reduced by substitution of agents that only inhibit
the COX-2 protein. The COX-2–selective inhibitors, how-
ever, have also been shown to inhibit the production of
vascular prostacyclin, which has vasodilatory effects and
inhibits platelet aggregation; unlike nonselective NSAIDs,

they do not inhibit the production of thromboxane, an
eicosanoid that promotes platelet aggregation.Whether
these effects could potentially contribute to a prothrom-
botic environment is the subject of current, intensive
debate. In the Vioxx Gastrointestinal Outcomes Research
(VIGOR) trial, there was a higher incidence of cardiovas-
cular thrombotic events in the rofecoxib- vs the naprox-
en-treated group: 1.67 vs 0.70 per 100 patient years.
However, in a pooled analysis of rofecoxib studies, the
risk of sustaining a thrombotic cardiovascular event was
similar when comparing patients receiving rofecoxib
with those receiving placebo, or when comparing
patients receiving rofecoxib with those receiving non-
naproxen nonselective NSAIDs.These findings are likely
to result, at least in part, from the antiplatelet action of
naproxen, which has been shown to be potent and sus-
tained during a typical dosing regimen (500 mg twice
daily in VIGOR). In contrast, the other NSAID compara-
tors effect weaker and/or nonsustained antiplatelet
action. In the Celecoxib Long-term Arthritis Safety Study
(CLASS) trial, there was no difference between celecoxib
and the nonselective NSAIDs explored (which did not
include naproxen) in cardiovascular event rates. Unlike
those in VIGOR, patients in the CLASS trial were allowed
to take low-dose aspirin. Thus, despite concerns raised by
results of VIGOR, other existing data, including those
pooled from existing placebo-controlled trials, do not
support a clinically relevant prothrombotic effect of the
COX-2 inhibitors.Additional placebo-controlled data,
from patients at both high and low risk for cardiovascu-
lar events, are warranted to clarify the cardiovascular
effects of this class of agents.
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Aspirin and nonselective nonsteroidal anti-
inflammatory drugs (NSAIDs) are widely
used for their anti-inflammatory and anal-
gesic effects. In addition, aspirin, an effec-

tive antiplatelet agent, is documented to reduce car-
diovascular risk in select populations.1,2 Yet these
drugs are not without toxicity, particularly adverse
effects on the gastric mucosa. The gastrointestinal
side effects of aspirin and NSAIDs derive from the
inhibition of cyclooxygenase (COX)-1–derived
prostaglandin synthesis. COX-1 is an isoform consti-
tutively expressed in many tissues.3 It facilitates the
production from arachidonic acid of homeostatic
prostaglandins, which preserve gastrointestinal
mucosal integrity and renal blood flow. This same
isoform is also expressed in platelets, producing
thromboxane A2, which promotes platelet activa-
tion and aggregation. Nonselective NSAIDs also
inhibit COX-2, an enzyme induced at sites of inflam-
mation that facilitates the production of prostanoids,
which mediate pain and inflammation.3,4

Identification of the COX-2 enzyme allowed the
development of COX-2–selective inhibitors. It was
believed that the harmful gastric effects of nonse-
lective NSAIDs—those NSAIDs that inhibit both
COX-1 and COX-2—would be alleviated by agents
that selectively inhibited the COX-2 protein. The
COX-2–selective inhibitors, however, have also
been shown to inhibit the production of vascular
prostacyclin, which has important vasodilatory
properties and inhibits platelet aggregation. In the
absence of significant inhibition of COX-1, these
agents do not inhibit platelet thromboxane pro-
duction.5,6

It has been theorized that by inhibiting produc-
tion of prostacyclin but not thromboxane, COX-2
selective inhibitors could be prothrombotic. This
article will summarize current findings regarding
cardiovascular thrombotic events in patients taking
nonselective NSAIDs and selective COX-2
inhibitors. We will review the data from major clin-
ical trials and attempt to put the results of the
VIGOR trial and other analyses into a useful per-
spective.

■ BACKGROUND

Cyclooxygenase is a family of enzymes that cat-
alyze the metabolism of arachidonic acid to various
eicosanoids or prostanoids including various
prostaglandins, prostacyclins, and thromboxane.4

To date, two distinct COX isoforms have been iden-
tified. COX-1 is expressed constitutively in many
tissues, including platelets and the gastrointestinal
mucosa. COX-2 is largely inducible and expressed
at sites of inflammation, but is also a constitutive
enzyme in some tissues3,7 and is responsible for
endothelial production of prostacyclin.

Aspirin serves as a useful model to illustrate the
vascular protective effects of potent and sustained
inhibition of platelet aggregation. As demonstrated
convincingly in the Second International Study of
Infarct Survival (ISIS 2), administration of aspirin,
which irreversibly inhibits platelet aggregation,
reduces the incidence of major cardiovascular
thromboembolic events in patients with suspected
myocardial infarctions (MIs).1

Although definitive studies are lacking, it is pos-
sible that some of the nonselective NSAIDs may
also provide a variable degree of cardioprotection
through their ability to inhibit platelet thrombox-
ane. In contrast to aspirin, however, the antiplatelet
action of these agents is reversible, with the dura-
tion of effect linked to the pharmacokinetics of
each agent.8 Naproxen is one agent that, when
given in a typical dosage of 500 mg twice daily, pro-
duces greater than 90% inhibition of platelet
thromboxane production throughout the dosing
interval.6 Figure 1 shows the effects of typical doses
of the nonselective NSAIDs—diclofenac, ibupro-
fen, and naproxen—and the COX-2–selective
inhibitor rofecoxib on platelet aggregation. Using
typical dosing, diclofenac produces minimal
antiplatelet effect, and ibuprofen produces a signifi-
cant effect but one which is not sustained. Only
naproxen (dosed in a conventional, twice-daily
manner) produces an antiplatelet effect comparable
to that achieved with aspirin and sustained through
its dosing interval. COX-2–selective inhibitors do
not inhibit platelet function.5,6

Results of a recently published study investigat-
ing potential interactions between aspirin and com-
monly prescribed arthritis therapies found that,
when administered with aspirin, ibuprofen (but not
rofecoxib, acetaminophen, or diclofenac) antago-
nizes the irreversible platelet inhibition induced by
aspirin.9 This ex-vivo analysis tested platelet func-
tion in isolation. Further clinical evaluation is
required to determine whether some NSAIDs limit
the cardioprotective effects of aspirin.10

Figure 2 schematically illustrates the effects of
aspirin, NSAIDs, and COX-2–selective inhibitors
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on thromboxane and prostacyclin. Like the nonse-
lective NSAIDs, COX-2–selective inhibitors can
inhibit production of systemic prostacyclin, a
prostanoid that induces both vasodilation and inhi-
bition of platelet aggregation. The ability of COX-
2–selective inhibitors to inhibit endothelial cell
prostacyclin without inhibiting platelet aggregation
could theoretically create an imbalance resulting in
a tendency toward increased thrombosis.5 Because
of this possibility, careful review of available data
regarding the cardiovascular effects of COX-
2–selective inhibitors is warranted.

■ EVIDENCE FROM MAJOR COX-2–SELECTIVE
INHIBITOR CLINICAL TRIALS

The VIGOR trial. The Vioxx Gastrointestinal
Outcomes Research (VIGOR) study was carried out
to test the hypothesis that administration of the
COX-2–selective inhibitor, rofecoxib, is associated
with a reduced incidence of major gastrointestinal
adverse events relative to that seen with the nonse-
lective NSAID, naproxen.11

Eight thousand seventy-six patients (mean age,
58 years) with rheumatoid arthritis were randomly
assigned to receive either rofecoxib 50 mg once
daily (a dosage which is 2 to 4 times higher than
that indicated for chronic use) or naproxen 500 mg
twice daily. Patients taking low-dose aspirin or other
antiplatelet agents were excluded. Over a median
follow-up of 9 months, compared with naproxen-
treated patients, patients receiving rofecoxib had a
statistically significantly lower rate of confirmed
gastrointestinal events, defined as gastroduodenal

perforation or obstruction, upper GI bleeding, and
symptomatic gastroduodenal ulcers: 2.1 per 100
patient years with rofecoxib vs 4.5 per 100 patient
years with naproxen (P < .001).11

Data on cardiovascular events were collected as
adverse events during the VIGOR trial. Investi-
gator-reported events were confirmed by an inde-
pendent adjudication committee. The rate of con-
firmed cardiovascular thrombotic events was 0.70
and 1.67 per 100 patient years in the naproxen
group and in the rofecoxib group, respectively.12 In
each group, 0.2% of patients experienced ischemic
cerebrovascular events. The rate of death from car-
diovascular causes was also 0.2% in each group. The
incidence of MIs in the rofecoxib-treated group vs
the naproxen group was 0.4% vs 0.1%, respective-
ly.11

A post-hoc analysis found that 4% of the partic-
ipants in the VIGOR trial met US Food and Drug
Administration criteria for use of aspirin as a sec-
ondary cardiovascular prophylaxis. These aspirin-
eligible patients accounted for 38% of the patients
who had MIs. Although the event rate was lower in
the remaining population, this population likewise
displayed an imbalance, favoring naproxen, in the
number of thrombotic events within the two
groups. The rate of MIs in those patients who did
not meet FDA criteria for low-dose aspirin was 0.2%
and 0.1% in the rofecoxib and naproxen groups,
respectively.11

Cardiovascular findings in VIGOR suggest three
possible explanations: a prothrombotic effect of
rofecoxib, an antithrombotic effect of naproxen, or
the play of chance.13 The potential for a cardiopro-
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FIGURE 1. Platelet aggregation observed over 8 hours
postdose on day 6 versus baseline.6

FIGURE 2. How aspirin, nonselective NSAIDs, and
COX-2–selective inhibitors affect thromboxane and prosta-
cyclin.
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tective effect of naproxen is supported by the
potent and sustained antiplatelet actions of this
agent, cited above.6 Alternatively, rofecoxib may
have had a prothrombotic effect. To further explore
the possibility of a prothrombotic effect of rofecox-
ib, we conducted a pooled analysis of cardiovascu-
lar events across the randomized controlled trials of
rofecoxib.12

Rofecoxib pooled analysis. To further characterize
the potential impact of rofecoxib on the incidence of
thrombotic cardiovascular adverse events, we con-
ducted a pooled analysis of data derived from the
existing and ongoing randomized-controlled clinical
trials involving rofecoxib.12 We included the entire
patient data set of randomized controlled trials of
rofecoxib, except those of less than 4 weeks’ duration
and those in which the rofecoxib dosage was below
12.5 mg/day.12 Patients were included in the analysis
only if they received at least one dose of study drug.

Individual patient data were combined to
explore the relative risk of cardiovascular throm-
botic events among patients taking rofecoxib,
placebo, naproxen, and other nonselective
NSAIDs (diclofenac, ibuprofen, and nabume-
tone).12 The endpoint investigated was that
employed by the Antiplatelet Trialists
Collaborative (APTC): cardiovascular, hemorrhag-
ic, and unknown death, nonfatal MI, and nonfatal
cerebrovascular accident. The pooled analysis
included over 28,000 patients from 23 studies, rep-

resenting more than 14,000 patient-years at risk
(Figure 3). When comparing rofecoxib with
placebo, there was no evidence of an increased
incidence of APTC events (relative risk, rofecoxib
vs placebo, 0.84). Similarly, there was no evidence
of an increased incidence of APTC events for rofe-
coxib when compared with the non-naproxen
NSAIDs (relative risk, 0.79) The analysis con-
firmed a significant disparity in events, favoring
naproxen over rofecoxib (relative risk, 1.69), an
effect which was primarily driven by the findings
of VIGOR. These findings lend further credence
to an antithrombotic effect of naproxen as the
principal explanation for the cardiovascular find-
ings seen in VIGOR.12

The CLASS study. The Celecoxib Long-term
Arthritis Safety Study (CLASS) was a double-
blind, randomized, controlled trial investigating the
relative effects of celecoxib and nonselective
NSAIDs on gastrointestinal events.14 It enrolled
8,059 patients (mean age, 60.6 years) with
osteoarthritis or rheumatoid arthritis who were ran-
domized to receive celecoxib 400 mg twice daily or
either ibuprofen 800 mg 3 times daily or diclofenac
75 mg twice daily. In contrast to VIGOR, use of
aspirin as prophylaxis against cardiovascular events
was permitted.

A total of 4,573 patients (57% of all patients ran-
domized) received treatment for 6 months. The pri-
mary endpoint of the study was the number of com-
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FIGURE 3. Relative risk of the APTC endpoint for rofe-
coxib relative to placebo, non-naproxen NSAIDs, and
naproxen in the rofecoxib pooled analysis. Triangles repre-
sent relative risk, and triangle size represents patient-years
of exposure. Bars indicate 95% CI. (Reprinted with per-
mission from Konstam MA, Weir MR, Reicin A, et al.
Cardiovascular thrombotic events in controlled, clinical tri-
als of rofecoxib. Circulation 2001; 104:2280–2288.)12
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thromboembolic events in selected populations in the
81 to 162 mg/day dose range.

Possible explanations for the VIGOR trial results
include the possibility that naproxen offered some
cardioprotection; however, current data do not sup-
port naproxen for this use until properly evaluated in
prospective trials.

Prophylactic use of aspirin against cardiovascular
events was not permitted in the VIGOR trial, a possi-
ble confounding factor.

Clinicians should be aware that blood pressure may
become elevated in some patients receiving an NSAID
or COX-2–selective inhibitor. This BP-raising effect
must be weighed against the therapeutic impact.

Clinicians should consider each individual patient's
gastrointestinal and cardiovascular risk profile when
selecting among nonselective NSAIDs and coxibs.
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plicated ulcers. There was no statistically significant
difference in treatment arms with regard to the pri-
mary endpoint. There was a lower incidence of
symptomatic ulcers and ulcer complications with
celecoxib, which was given at two to four times
higher than clinically indicated dosages, compared
with NSAIDs given at standard dosages.

No difference was observed between celecoxib
and the nonselective NSAIDs with regard to inci-
dence of cardiovascular events. MIs occurred in
0.3% of all patients taking either celecoxib or a
nonselective NSAID. MIs occurred in less than
0.1% and 0.1% of patients not receiving aspirin
within the celecoxib group and the nonselective
NSAID group, respectively.14

There are several major differences between the
VIGOR and CLASS trials, aside from the COX-2
inhibitor investigated. VIGOR exclusively enrolled
patients with rheumatoid arthritis, whereas CLASS
enlisted patients with either osteoarthritis or
rheumatoid arthritis. This difference may be impor-
tant, since rheumatoid arthritis is associated with an
increased incidence of cardiovascular events, when
correction is made for other population differ-
ences.15-17 As noted, the two trials employed differ-
ent comparator NSAIDs, a factor that is likely to be
of critical importance given the difference in
platelet inhibitory effects of these various agents.
Finally, approximately 20% of patients in CLASS
were taking aspirin for cardiovascular prophylaxis
whereas VIGOR did not allow aspirin use.
Nevertheless, analysis of cardiovascular endpoints
from CLASS does not support the hypothesis of a
prothrombotic action of selective COX-2 inhibitor
agents.

Alternative analysis of rofecoxib/celecoxib
cardiovascular data. Recently, Mukherjee and
colleagues reviewed four published randomized
controlled trials with COX-2–selective inhibitors,
VIGOR, CLASS, and two smaller rofecoxib trials,
each involving approximately 1,000 patients, to
investigate a potential influence of COX-2–selec-
tive inhibitors on the rates of cardiovascular
thrombotic events.18 The authors observed that
the annualized rates of MI for rofecoxib within
VIGOR (0.74%) and for celecoxib within
CLASS (0.80%) were higher than those observed
within the pooled placebo group from a meta-
analysis of four primary prevention trials
(0.52%).19 Conclusions must be drawn cautiously
from these findings because of significant limita-

tions to the analysis. These include 1) comparison
of event rates across different trials is generally
hazardous; 2) the populations within the primary
prevention studies are likely to be substantially
different from those within VIGOR and CLASS,
which enrolled older patients with a variety of
comorbidities (including rheumatoid arthritis,
which is known to confer an increased risk of MI);
and 3) in fact, the MI rates observed within
VIGOR and CLASS fell within the range of those
observed within the composite primary preven-
tion trials utilized in this meta-analysis.

■ DISCUSSION AND CONCLUSIONS

The effect of COX-2–selective inhibitors on
the incidence of cardiovascular events remains
unresolved. Of the available clinical trial data,
only those from the VIGOR trial provide reason
for concern, based on an increased incidence of
thrombotic events in patients randomized to rofe-
coxib compared with those randomized to naprox-
en. However, there is reason to anticipate a signif-
icant cardiovascular protective effect of naproxen,
based on the potent and sustained antiplatelet
effect achieved with this agent. Importantly, our
pooled analysis of data from the randomized-con-
trolled trials of rofecoxib provides no evidence for
an increased incidence of cardiovascular events
for rofecoxib relative to either placebo or non-
naproxen NSAIDs. Likewise, data from CLASS
provide no evidence for an excess of cardiovascu-
lar events for celecoxib relative to either
diclofenac or ibuprofen, agents that do not pro-
duce sustained antiplatelet effect. This informa-
tion, in aggregate, makes it likely that the results
of VIGOR derive, at least in part, from a cardio-
protective effect of naproxen. At present, low-
dose aspirin should be prescribed in patients with
an increased risk of cardiovascular events, since
this agent has been  shown to reduce the inci-
dence of cardiovascular events in appropriate
patient populations.

Additional prospective, placebo-controlled
data are needed to fully clarify the cardiovascular
effects of COX-2 inhibitors. Such data will be
forthcoming from ongoing trials in disorders such
as Alzheimer’s disease and intestinal polyp disease.
Randomized, controlled trials in patients with a
high risk for cardiovascular events are also war-
ranted.
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