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■ ABSTRACT
Short-term endoscopic studies of the highly selective
cyclooxygenase-2 (COX-2) inhibitors (coxibs) rofecoxib
and celecoxib have shown that these agents are well
tolerated and have efficacy equivalent to nonselective
nonsteroidal anti-inflammatory drugs (NSAIDs) with
fewer adverse effects on the upper gastrointestinal
(GI) tract. These studies are limited, however, as the
detection of endoscopic lesions is not well correlated
with symptomatic ulcers and ulcer complications.
Outcomes studies of the GI safety are, therefore,
essential to understanding how coxibs are likely to
perform in a clinical practice setting. Four large out-
comes studies (Vioxx Gastrointestinal Outcomes
Research, VIGOR; Assessment of Difference Between
Vioxx and Naproxen to Ascertain Gastrointestinal
Tolerability and Effectiveness trial, ADVANTAGE;
Celecoxib Long-term Arthritis Safety Study, CLASS; and
the Successive Celecoxib Efficacy and Safety Studies,
SUCCESS) examined the GI safety of rofecoxib and
celecoxib in over 39,000 patients with osteoarthritis

or rheumatoid arthritis. Results of these studies
showed that patients taking a supratherapeutic dose
of rofecoxib or celecoxib had significantly lower rates
of GI-related adverse events than those taking a non-
selective NSAID (naproxen, ibuprofen, or diclofenac).
Reduced risk of upper GI events was seen in patients
with multiple risk factors and in patients using low-
dose aspirin and corticosteroids concomitantly with a
coxib. Results of large outcomes studies provide sup-
port for the COX-2 hypothesis and demonstrate the
long-term safety and tolerability of coxibs.

Nonsteroidal anti-inflammatory drugs
(NSAIDs) are first-line therapy in patients
with osteoarthritis (OA) who do not
respond to nonpharmacologic modalities.

NSAID use is widespread, with more than 30 billion
over-the-counter tablets sold and 70 million prescrip-
tions filled annually in the United States.1

Most NSAIDs inhibit both forms of cyclooxyge-
nase (COX), the enzyme that catalyzes prostaglandin
synthesis. COX-1, which is constitutively expressed,
generates prostaglandins critical to gastrointestinal
(GI) mucosal defenses.2 COX-2 is induced at sites of
inflammation and generates prostaglandins that
mediate inflammation and pain.3 As a result of COX-
1 inhibition, nonselective NSAIDs have detrimental
effects on the GI mucosa. GI-related serious adverse
effects affect as many as 30% of those using NSAIDs,
resulting in 103,000 hospitalizations annually.1 The
negative outcomes of NSAID use have provided the
impetus to develop drugs that specifically inhibit
COX-2 and therefore control pain and inflammation
without damage to the GI mucosa.4
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The US Food and Drug Administration (FDA) has
approved two drugs that specifically inhibit the COX-
2 enzyme (coxibs), rofecoxib and celecoxib. These
drugs were shown in 12- and 24-week clinical studies
to have efficacy similar to that of nonselective
NSAIDs for the treatment of OA and rheumatoid
arthritis (RA) with lower risk of GI complications.5–7

As serious GI adverse events (perforation, obstruction,
and bleeding) have an annual incidence of only 0.2%
to 0.3%, large numbers of patients are necessary to
accumulate sufficient events for safety studies.8 To
overcome this, endoscopic evidence of lesions has
been used as a surrogate measure of serious upper GI
events. Endoscopic results, however, do not necessari-
ly correlate with GI complications.9 Of patients with a
break in the gastric mucosa of equal to or greater than
3 mm in size, approximately 25% have an ulcer, and
1% to 4% will have a clinically significant GI compli-
cation. In addition, reduced incidence of endoscopic
lesions, such as that resulting from use of misoprostol
or proton pump inhibitors, does not reflect an equiva-
lent reduction in risk of serious GI complications.10

Long-term studies in large numbers of patients are
therefore necessary for assessment of GI safety. To be
relevant, these studies should report incident events of
clinical significance (eg, hospitalizations or serious GI

events), and patients should be those with risk factors
generalizable to real-world clinical settings. The
results of four outcomes studies characterizing the
long-term GI safety of coxibs are reviewed here.

■ OUTCOMES STUDIES OF COXIBS

Several large, long-term studies have examined the
GI safety outcomes of coxibs. Rofecoxib studies
include the Vioxx Gastrointestinal Outcomes
Research (VIGOR) trial and the Assessment of
Difference Between Vioxx and Naproxen to
Ascertain Gastrointestinal Tolerability and Ef-
fectiveness (ADVANTAGE) trial. Trials of celecoxib
include the Celecoxib Long-term Arthritis Safety
Study (CLASS) and the Successive Celecoxib
Efficacy and Safety Studies (SUCCESS). A summary
of VIGOR and CLASS trials is shown in Table 1.11–13

■ VIGOR

The VIGOR trial compared twice the recommend-
ed dose of rofecoxib (50 mg daily) with the most com-
mon dose of naproxen (1000 mg daily) in 8,076
patients with RA (Table 1).11 VIGOR was a 13-
month, placebo-controlled, double-blind trial con-
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TABLE 1
Comparison of characteristics of the VIGOR and CLASS trials11–13

Characteristic VIGOR CLASS
(n = 8,076) (n = 7,968)

Patients
Disease, %

Rheumatoid arthritis 100 27.4
Osteoarthritis 0 72.6

Concomitant medications, %
Aspirin use (< 325 mg) 0 20.7
Glucocorticoids 56.0 30.1
Anticoagulants 0 1.1

Helicobacter pylori infection, % 43.0 38.4
Previous GI perforation, ulcer, or bleeding, % 7.8 9.9

End points
Primary Symptomatic ulcers Ulcer complications
Secondary Ulcer complications Symptomatic ulcers

Treatment
Drug Rofecoxib 50 mg/day Celecoxib 800 mg/day
Comparator(s) Naproxen 1,000 mg/day Ibuprofen 2,400 mg/day

Diclofenac 150 mg/day

Duration 9 months (median) 6 months

Analysis 5,396 patient-years 2,825 patient-years
Intent to treat 6 months reported
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ducted prospectively in 301 centers in 22 countries.
Median treatment was 9 months. Patients over 50
years of age and using NSAIDs for at least 1 year were
included. Those with a positive fecal blood test, and
those using aspirin, anticoagulants, antiplatelet
agents, or prescribed antiulcer medications, were
excluded from VIGOR.

The primary end point of VIGOR was sympto-
matic ulcers, including clinical upper GI events of per-
foration, obstruction, and bleeding. The secondary
end point was complicated upper GI events (perfora-
tion; obstruction; and major bleeding resulting in ≥2-
g drop in hemoglobin, transfusion, or hypotension).11

The RA patient population of VIGOR was selected
because RA patients use NSAIDs chronically and
have a substantially higher risk of NSAID-related GI
events than do patients with OA.

Rofecoxib significantly decreased the incidence of all
GI end points studied in VIGOR (Figure 1).13 The
comparative event rates for all upper GI end points for
rofecoxib compared with naproxen were 2.1 and 4.5 per
100 patient-years, respectively, resulting in a relative risk
(RR) of 0.46 (95% confidence interval [CI], 0.33–0.64;
P < .001). For complicated upper GI events, the rates
were 0.6 and 1.4 per 100 patient-years for rofecoxib and
naproxen, respectively (RR = 0.43; 95% CI, 0.24–0.78;
P = .005). All GI bleeding rates for rofecoxib and
naproxen were 1.1 and 3.0 per 100 patient-years, respec-
tively (RR = 0.38; 95% CI, 0.25–0.57; P = .001).11

The time to GI end point events is shown in Figure
2.13 Patients randomized to rofecoxib had half the risk
of perforation, obstruction, and major bleeding as
those receiving naproxen (RR = 0.5; 95% CI,
0.33–0.64; P < .001). The lower incidence of GI
events in the rofecoxib group was apparent after the

first month, and new events occurred at a significant-
ly lower rate than in the naproxen group for the
remainder of the study.11

The rates of discontinuation due to lack of efficacy
for rofecoxib and naproxen were comparable (6.3%
and 6.5%, respectively).11 The rate of discontinuation
for any GI events (including clinical end points) was
significantly lower in the rofecoxib group compared
with the naproxen group (7.8% and 10.6%, respec-
tively; P < .05).11 There was significantly less use of
prescribed H2-receptor antagonists, proton pump
inhibitors, or prostaglandin analogs in the rofecoxib
group compared with the naproxen group (11.2% vs
14.5%, RR = 0.77; 95% CI, 0.68–0.87).14

Analysis of risk factors among VIGOR participants
showed that those factors independently associated
with increased risk of GI events included advanced
age, prior history of clinical GI events or GI symp-
toms, arthritic disease severity, and prior H2-receptor
antagonist use. Corticosteroids are among the major
risk factors for ulcers and ulcer complications.1 The
prevalence of steroid use in VIGOR was 56%, sug-
gesting that patients had a high baseline risk. The sub-
group of patients in VIGOR using steroids at study
entry had a significantly increased risk of GI clinical
events  (RR = 1.59; 95% CI, 1.15–2.18, P = .005).15

In patients receiving rofecoxib, RR of clinical GI
events among the group with risk factors (≥65 years of
age, history of ulcer or GI event, Helicobacter pylori-
positive, or steroid user) was reduced by 51%, similar
to the 54% reduction in risk for the entire rofecoxib
group. The RR reduction in the low-risk group (that
is, none of the four risk factors) receiving rofecoxib
was 88% (Figure 3).13,15 The probability of GI compli-
cations in patients taking NSAIDs depends on preex-
isting risk factors, and these data show that rofecoxib
can reduce risk incrementally in patients both with
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FIGURE 2. Time to confirmed clinical primary end point
in VIGOR.13

FIGURE 1. Summary of clinical end points for the
VIGOR trial.13
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and without multiple risk factors.
VIGOR also compared the efficacy of rofecoxib 50

mg daily to naproxen 500 mg twice daily for a median
of 9 months. Global Assessment Disease Activity
scores were assessed by patients and physicians as well
as by using the Modified Health Assessment Score.
The results showed that rofecoxib was indistinguish-
able from naproxen on all efficacy measures.11

■ ADVANTAGE

ADVANTAGE was a 12-week, double-blind, ran-
domized, prospective trial in 5,597 patients with OA in
the United States and Sweden who were randomized
to receive rofecoxib (25 mg daily) or naproxen (500 mg
twice daily). Patients using low-dose aspirin (<81
mg/day) were included in the trial. The primary end
point of ADVANTAGE was GI tolerability as defined
by the incidence of discontinuations due to GI adverse
events. The secondary end point was use of concomi-
tant medication to treat GI symptoms.16 Most patients
(71%) were women, and the mean age of study partic-
ipants was 63 years old. Twelve percent of patients used
low-dose aspirin during the trial, and baseline charac-
teristics of the treatment groups were similar.

At study end, a significantly lower rate of GI
adverse event-related discontinuations occurred with
rofecoxib (5.9% vs 8.1% for rofecoxib vs naproxen; P
= .005). Significantly fewer patients receiving rofecox-
ib (9.1%) required concomitant GI medications com-
pared with patients receiving naproxen (11.2%; P =
.014). Concomitant use of low-dose aspirin did not sig-
nificantly affect relative rates of discontinuation due to
adverse events, serious adverse events, or drug-related
adverse events.16 While ADVANTAGE was limited to
12 weeks, the results are important because they show

that concomitant use of low-dose aspirin with rofecox-
ib does not significantly increase risk of adverse events.

■ CLASS

The CLASS trial (Table 1) was carried out in
7,968 patients from 386 centers in the United States
and Canada and compared celecoxib (400 mg twice
daily; two and four times the maximum dosage for RA
and OA, respectively) with two nonselective
NSAIDs: diclofenac (75 mg twice daily) or ibuprofen
(800 mg thrice daily).12 While ibuprofen is nonselec-
tive, diclofenac has a COX-1/COX-2 IC50 (concen-
tration that inhibits 50%) ratio similar to that of cele-
coxib (29 vs 30 for diclofenac and celecoxib, respec-
tively).17 CLASS enrolled patients from September
1998 to March 2000; 57% of enrolled patients
received treatment for 6 months. Only data from the
first 6 months of the trial have been published.12

However, 9-month (median) data were presented in
February 2001 to the FDA and are available on the
FDA website.18 Efficacy was not reported for CLASS.

The primary end point in CLASS was the inci-
dence of ulcer complications (ulcer perforation, gastric
outlet obstruction, or upper GI bleeding). The sec-
ondary end point was complicated and symptomatic
ulcer events. Patients taking low-dose aspirin (≤325
mg/day) were allowed to enroll.

In CLASS, the annualized incidence rates for upper
GI ulcer complications were 0.76% and 1.45% for
celecoxib and NSAIDs, respectively (P = .09).12 While
the difference in rates favored celecoxib, it did not
reach statistical significance. Comparison of the time
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events by risk category in VIGOR.13

FIGURE 4. Time to upper gastrointestinal outcomes in the
CLASS trial. Results are for entire study using intent-to-
treat analysis.18
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to primary end point for the entire study is shown in
Figure 4.18 The cumulative rate of complicated ulcer
favored celecoxib within the first month of the study,
and this trend continued at 6 months (P = .09). There
were no further GI events in the ibuprofen group after
day 170, and the last event in the diclofenac group
occurred at day 250. At study end, the trend favoring
celecoxib was no longer apparent (P = .45).18

A caveat of unbiased time-to-event analysis is that
the basis of withdrawal from the study (censoring)
must be independent of the outcome event being
measured. Treatment-emergent symptoms (dyspepsia,
abdominal pain, diarrhea, nausea, and vomiting) were
found to be a significant risk factor for the primary and
secondary end points of CLASS, particularly in
patients receiving diclofenac. The RR of ulcer com-
plications in patients with moderate-to-severe GI
symptoms vs patients without moderate-to-severe GI
symptoms was 3.9 overall and 13.8 for diclofenac.18

The RR of symptomatic ulcer plus ulcer complications
in patients with moderate-to-severe GI symptoms vs
patients without moderate-to-severe GI symptoms
was 6.3 overall and 11.5 for diclofenac. More patients
in the diclofenac group withdrew owing to GI symp-
toms than did patients in the other treatment groups
(9.5% for diclofenac vs 7.5% for celecoxib and ibupro-
fen; P < .05). As early withdrawal of patients in the
diclofenac group could have biased results, celecoxib
and diclofenac could not be meaningfully compared in
an intent-to-treat analysis in CLASS.18

For the secondary end point of CLASS, patients
in the celecoxib group had significantly lower rates
of symptomatic and complicated ulcers than those

in the NSAID group; annualized incidence rates
were 2.08% and 3.54% for celecoxib and NSAIDs,
respectively (P = .02).12

There are several possible explanations for why the
primary end point of the CLASS trial was not met.
The design of the CLASS study may have provided
inadequate statistical power to demonstrate a decrease
in primary end point events with celecoxib. CLASS
was designed with power to detect a 75% reduction in
risk, while the results were closer to a 50% reduction.

The inability to demonstrate a statistically signifi-
cant difference in end point rates of the treatment
groups may also reflect the higher-than-expected event
rate in the celecoxib group. The annualized event rate
in CLASS patients receiving celecoxib (0.76%) was
almost four times that predicted from previous trials
(0.2%).12 This likely reflects the 21% of participants
using aspirin during the trial, about twice the number
in other trials of celecoxib.6 Among aspirin users, the
annualized incidence of complicated ulcers was similar
in the celecoxib and NSAID groups (2.01% vs 2.12%;
P = .92) as were the rates of symptomatic and/or com-
plicated ulcers (4.7% vs 6.0%; P = .49). Overall, the
RR of ulcer complication for participants taking cele-
coxib and aspirin concomitantly, compared with those
taking celecoxib without aspirin, was 4.5 (P = .01).12

The increased risk of adding aspirin to celecoxib in
CLASS participants was comparable to the risk
incurred by a moderate dose of an NSAID alone and
about half the risk of taking aspirin concomitantly with
a nonselective NSAID.19 When CLASS participants
not using aspirin were examined in a posthoc analysis,
the rate of annualized incidence of complicated ulcers
was significantly lower in those taking celecoxib than
in those taking NSAIDs (0.44% vs 1.27%; P = .04;
Figure 5),12 and event rates were similar to those of
other celecoxib trials.12 These results suggest that
aspirin use may offset the GI benefits of celecoxib use.

For reasons that are unclear, the rate of withdrawals
in CLASS (40.4% and 44.8% in the celecoxib and
NSAID groups, respectively) was considerably higher
than that in other coxib trials. The withdrawal rate for
adverse events was significantly higher in patients
receiving NSAIDs compared with those receiving
celecoxib (20.6% vs 18.4%, respectively; P < .01).12

■ SUCCESS

SUCCESS was a 12-week, double-blind, random-
ized trial in 13,274 patients that compared the inci-
dence of upper GI hospitalizations in patients with
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GI outcomes with coxibs
Long-term outcomes studies provide the best evi-
dence for gastrointestinal (GI) safety of coxibs in
patients with arthritis and preexisting risk factors.

Prospective studies in over 39,000 arthritis patients
compared the long-term GI safety of coxibs and non-
steroidal anti-inflammatory drugs (NSAIDs).

Outcomes studies show rofecoxib and celecoxib have
favorable GI safety profiles at supratherapeutic doses
and significantly decrease GI adverse events com-
pared with NSAIDs.

The magnitude of the safety advantage of coxibs in
the setting of concomitant aspirin use remains unre-
solved.

Coxibs decrease risk of upper GI ulcers and ulcer com-
plications in patients with and without ulcer risk fac-
tors.

 on May 29, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


VOLUME 69 • SUPPLEMENT I CLEVELAND CLINIC JOURNAL OF MEDICINE    SI-45

OA taking celecoxib (200 or 400 mg daily), diclofenac
(100 mg daily), or naproxen (1,000 mg daily).20 In an
effort to closely parallel a general practice, patients and
clinicians reported clinically significant GI events,
which were then adjudicated as ulcer complications
and symptomatic ulcers (as defined in CLASS). The
rate of hospitalization was significantly lower in the
celecoxib group (1.17 vs 2.34 per 100 patient-years for
celecoxib vs NSAIDs), resulting in an RR of 0.5 (95%
CI, 0.28–0.90; P < .02).20 For the primary end point of
ulcers plus ulcer complications, the rates per 100
patient-years as determined by a blinded panel were
0.32 and 1.27 for celecoxib vs NSAIDs, respectively
(RR = 0.25; 95% CI, 0.09–0.67; P < .006).

In SUCCESS, there were significantly fewer nui-
sance symptoms in the celecoxib group compared with
the NSAID group. Symptoms of dyspepsia, abdominal
pain, or nausea were reported by 4.8%, 4.8%, and
2.4%, respectively, in the celecoxib group, and by
5.9%, 6.2%, and 3.4%, respectively, in the NSAID
group (P < .05, celecoxib vs NSAIDs for all cate-
gories). In addition, fewer patients taking celecoxib
(5.2%) than taking NSAIDs (6.8%) withdrew due to
GI-related adverse events (P < .05).21

SUCCESS also measured efficacy in patients with
OA. Results of the trial showed that both dosages (200
and 400 mg daily) of celecoxib were as efficacious as
NSAIDs.22

■ COMMENTS

The results of long-term trials of coxibs provide evi-
dence supporting the hypothesis that COX-2–specific

inhibition results in relief from arthritis symptoms
without accompanying deleterious effects on mucosal
defenses. Perhaps more importantly, these studies offer
insight into how coxibs might be expected to perform
in a real-world clinical setting. The clinical end points
of these trials—ulcers and ulcer complications—are
more valid than surrogate endoscopic measures com-
monly used in short-term trials. Furthermore, by striv-
ing for a naturalistic setting, the study design and entry
criteria of these trials produced findings that can be
generalized to most patients encountered in clinical
practice. The results of coxib outcomes studies also
revealed the ability of coxibs to reduce GI risk even
when patients face a combination of other risk factors
such as advanced age, steroid use, or H pylori infection.

Patients with RA commonly use low-dose aspirin
for cardiovascular prophylaxis. While the risk of
aspirin use to the upper GI tract is recognized, the
increased risk incurred by those taking low-dose
aspirin and a coxib has been controversial. In the
ADVANTAGE trial, concomitant use of aspirin
with rofecoxib resulted in no significant effect on GI
adverse events, discontinuations, or symptomatic
ulcers. In CLASS, low-dose aspirin was an indepen-
dent risk factor for ulcers in patients taking celecoxib,
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FIGURE 6. Risk of upper GI adverse events associated with
pharmacologic therapies in patients with arthritis. Risks are
relative to common NSAIDs as approximated from prospec-
tive studies. Risks vary with dose and individual agents.11,12,19 

FIGURE 5. Annualized incidence of primary end point for
CLASS trial (complicated ulcers) among users and
nonusers of low-dose aspirin (ASA).12

(Adapted with permission from Silverstein et al. Gastroin-
testinal toxicity with celecoxib vs nonsteroidal anti-inflam-
matory drugs for osteoarthritis and rheumatoid arthritis: the
CLASS study—a randomized controlled trial. JAMA 2000;
284:1247-1255.)
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and aspirin offset the GI benefit of celecoxib. In con-
trast to CLASS, SUCCESS showed that—relative to
concomitant nonselective NSAIDs and aspirin—the
risk of GI adverse events is substantially reduced with
concomitant celecoxib and aspirin, albeit to a lesser
degree than celecoxib without aspirin (Figure 6).11,12,19

With the exception of CLASS, favorable outcomes of
these trials suggest that in patients using coxibs for
relief of arthritis symptoms, the cardiovascular benefits
of low-dose aspirin may weigh against the incremental
risk of GI events. For patients at high risk for ulcer
complications, cotherapy may be required when a
coxib is prescribed with aspirin.

Other controversy has centered on possible
inhibitory effects of coxibs on the protective effects of
aspirin. A detailed analysis revealed that coxibs do not
inhibit platelet aggregation and do not contraindicate

low-dose aspirin therapy for appropriate patients.23 In
particular, rofecoxib (and other nonselective NSAIDs
except ibuprofen) does not inhibit the beneficial
effects of aspirin.24

In conclusion, four coxib outcomes studies
(VIGOR, ADVANTAGE, CLASS, and SUC-
CESS) were conducted in over 39,000 patients with
OA and RA. These studies showed that the COX-
2–specific inhibitors, rofecoxib and celecoxib,
resulted in significantly fewer clinically important
upper GI adverse events than did nonselective
NSAIDs, while having similar efficacy. Treatment
of large numbers of patients has helped to define the
role of selective COX-2 inhibitors in symptom man-
agement in arthritis while providing convincing
evidence that coxibs can reduce the risk of sympto-
matic ulcers and ulcer complications.
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