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Efficacy, tolerability, and upper gastrointestinal safety of
celecoxib for treatment of osteoarthritis and rheumatoid
arthritis: systematic review of randomised controlled trials
Jonathan J Deeks, Lesley A Smith, Matthew D Bradley

Abstract
Objective To determine the efficacy, gastrointestinal
safety, and tolerability of celecoxib (a cyclo-oxygenase
2 (COX 2) inhibitor) used in the treatment of
osteoarthritis and rheumatoid arthritis.
Design Systematic review of randomised trials
that compared at least 12 weeks’ celecoxib treatment
with another non-steroidal anti-inflammatory
drug (NSAID) or placebo and reported efficacy,
tolerability, or safety. Trials identified from
manufacturer and by searching electronic databases
and evaluated according to predefined inclusion and
quality criteria. Data combined through
meta-analysis.
Participants 15 187 patients with osteoarthritis or
rheumatoid arthritis.
Main outcome measures Efficacy: Western Ontario
and McMaster universities osteoarthritis index;
American College of Rheumatology responder index
and joint scores for rheumatoid arthritis. Tolerability:
withdrawal rates for adverse effects. Gastrointestinal
safety: incidence of ulcers, bleeds, perforations, and
obstructions.
Results Nine randomised controlled trials were
included. Celecoxib and NSAIDS were equally
effective for all efficacy outcomes. Compared with
those taking other NSAIDs, in patients taking
celecoxib the rate of withdrawals due to adverse
gastrointestinal events was 46% lower (95%
confidence interval 29% to 58%; NNT 35 at three
months), the incidence of ulcers detectable by
endoscopy was 71% lower (59% to 79%; NNT 6 at
three months), and the incidence of symptoms of
ulcers, perforations, bleeds, and obstructions was 39%
lower (4% to 61%; NNT 208 at six months). Subgroup
analysis of patients taking aspirin showed that the
incidence of ulcers detected by endoscopy was
reduced by 51% (14% to 72%) in those given
celecoxib compared with other NSAIDs. The
reduction was greater (73%, 52% to 84%) in those not
taking aspirin.
Conclusion Celecoxib is as effective as other NSAIDs
for relief of symptoms of osteoarthritis and
rheumatoid arthritis and has significantly improved
gastrointestinal safety and tolerability.

Introduction
Arthritis is a widespread, potentially disabling disease.
Of the two common forms, osteoarthritis is more
prevalent than rheumatoid arthritis. The impact of
arthritis on pain, disability, and quality of life results in
a considerable burden to the individual, health
services, and society.

Non-steroidal anti-inflammatory drugs (NSAIDs)
are prescribed for the treatment of osteoarthritis and
rheumatoid arthritis and provide effective relief from
symptoms. However, serious gastrointestinal complica-
tions occur with their use. NSAIDs cause peptic and
duodenal ulcers, which may perforate and bleed and
even lead to death.1 There are between 2000-2500
deaths annually in the United Kingdom due to use of
NSAIDs.2 3

NSAIDs control pain and inflammation by inhibit-
ing cyclo-oxygenase 1 and 2 (COX 1 and COX 2)
enzymes. Inhibition of the COX 1 enzyme is responsi-
ble for the associated gastrointestinal toxicity.
Celecoxib was developed as a COX 2 specific inhibitor
to provide relief without the associated gastrointestinal
complications.

We conducted a systematic review of all published
and unpublished trials to determine if celecoxib is as
effective as other NSAIDs for the treatment of
osteoarthritis and rheumatoid arthritis and if there is
evidence of greater gastrointestinal tolerability and
safety.

Methods
Inclusion criteria
For the assessment of efficacy we included randomised
controlled trials if they were double blind, compared
celecoxib at a licensed therapeutic dose for at least 12
weeks with placebo or another NSAID at a standard
dose (defined as being within the range recommended
within the British National Formulary4) in patients with
active rheumatoid arthritis or osteoarthritis, and
reported efficacy, tolerability, or safety outcomes. In
addition, to investigate safety we considered data on
doses of celecoxib above those recommended for
treatment. Placebo comparisons were included to
demonstrate the sensitivity of efficacy outcomes and to
investigate gastrointestinal toxicity.
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Outcome measures
We present efficacy outcomes for results of the Western
Ontario and McMaster universities (WOMAC) osteo-
arthritis index for pain (scored 0 to 20), stiffness
(scored 0 to 8), and physical function (scored 0 to 68).
We used the American College of Rheumatology
(ACR-20) responder index and evaluations of
improvement in the numbers of painful or tender and
swollen joints for trials of rheumatoid arthritis.

Drug tolerability was assessed by considering rates
of withdrawal due to any adverse event, any
gastrointestinal adverse event, and specific gastro-
intestinal adverse events at 12 weeks. Gastrointestinal
safety was assessed by comparing the incidence of
ulcers detected by routine endoscopy at 12 and 24
weeks and the incidence of symptomatic ulcers, perfo-
rations, bleeds, and obstructions up to 24 weeks.

Study identification
We aimed to include all randomised trials of celecoxib,
regardless of whether or not they had been published.
We obtained from the manufacturer reports from all
industry sponsored randomised controlled trials that
were completed by 25 May 2000 and that compared
celecoxib with placebo or other NSAID in people with
osteoarthritis and rheumatoid arthritis. We also
searched Medline, Embase, and the Cochrane control-
led trials register from 1998 to March 2001 using the
search terms celecoxib, Celebrex, and SC-58635.

Appraisal of trial quality
The quality of the trials was assessed according to pre-
defined criteria. To assess the potential for bias we con-
sidered the method of randomisation, concealment of
allocation, blinding of trial investigators and patients,
completeness of follow up, and analysis according to
intention to treat.

Data extraction
Summary outcome data were extracted from the origi-
nal company trial reports as these provided more
comprehensive data than that given in the published
peer reviewed literature. JJD abstracted data, which
were checked by MDB. We combined multiple
celecoxib treatment arms within trials that randomised
to more than one dose.

Data synthesis
Separate meta-analyses were undertaken for each
comparison and outcome. We analysed efficacy data
separately for osteoarthritis and rheumatoid arthritis
as the diseases manifest with different levels of pain,
stiffness, and swelling and were assessed in the trials
with different outcome measurements. Data on
patients randomised to receive 800 mg celecoxib per
day (above the recommended dose) were included in
tolerability and safety analyses but excluded from effi-
cacy analyses. We analysed tolerability and safety data
for the two diseases combined as there is no evidence
for a causal link between the nature of the disease and
adverse events related to treatment, and the biological
plausibility of such a relation is considered low.

Dichotomous data were summarised as relative
risks and combined with the Mantel-Haenszel method;
continuous data were summarised as differences in
means and combined by using the inverse variance
method.5 All results are given with 95% confidence
intervals. We computed homogeneity statistics to test
the agreement of the individual trial results with the
overall meta-analytical summary.5 If we detected
significant heterogeneity (P < 0.1) we also calculated
random effects estimates using DerSimonian and
Laird method.5 Analyses were carried out in Stata V6.0
with the metan macro.

Characteristics of randomised controlled trials included in review

Study

Details of participants
(disease, mean (range) age

(years), % with previous
gastrointestinal ulcer)

Drug, dose, and No randomised
Duration
(weeks) Efficacy Upper gastrointestinal safetyCelecoxib Placebo NSAID

Bensen, 19996 Osteoarthritis of knee (n=801)
and hip (n=74); 62 (21-89)
years; 10% with ulcer

100 mg bid (n=217);
200 mg bid (n=222)

n=220 Naproxen 500 mg bid
(n=216)

12 WOMAC index Not assessed

Zhao, 199913 Osteoarthritis of knee; 62
(19-89) years; 17% with ulcer

100 mg bid (n=239);
200 mg bid (n=237)

n=247 Naproxen 500 mg bid
(n=233)

12 WOMAC index Incidence of ulcers detected
by endoscopy

Simon, 19997 Rheumatoid arthritis; 54
(20-90) years; 15% with ulcer

100 mg bid (n=240);
200 mg bid (n=235);
400 mg bid (n=218)

n=231 Naproxen 500 mg bid
(n=225)

12 ACR-20 responder index,
changes in painful or tender
and swollen joints

Incidence of ulcers detected
by endoscopy

Zhao, 200012 Rheumatoid arthritis; 55
(21-84) years; 8% with ulcer

100 mg bid (n=228);
200 mg bid (n=219);
400 mg bid (n=217)

n=221 Naproxen 500 mg bid
(n=218)

12 ACR-20 responder index,
changes in painful or tender
and swollen joints

Not assessed

Emery, 199910 Rheumatoid arthritis; 55
(20-85) years; 8% with ulcer

200 mg bid (n=326) — Diclofenac 75 mg bid
(n=329)

24 ACR-20 responder index,
changes in painful or tender
and swollen joints

Incidence of ulcers detected
by endoscopy

Study 05414 Osteoarthritis of hip; 63
(28-93) years; 12% with ulcer

100 mg bid (n=207);
200 mg bid (n=213)

n=218 Naproxen 500 mg bid
(n=207)

12 WOMAC index Not assessed

Study 0628 389 (72%) with osteoarthritis;
148 (28%) with rheumatoid
arthritis; 57 (22-86) years;
21% with ulcer

200 mg bid (n=270) — Naproxen 500 mg bid
(n=267)

12 No disease specific efficacy
outcome

Incidence of ulcers detected
by endoscopy

Study 0719 812 (74%) with osteoarthritis;
287 (26%) with rheumatoid
arthritis; 57 (22-87) years;
12% with ulcer

200 mg bid (n=366) — Diclofenac 75 mg bid
(n=387); ibuprofen
800 mg tid (n=346)

12 No disease specific efficacy
outcome

Incidence of ulcers detected
by endoscopy

Silverstein,
200011

5746 (73%) with
osteoarthritis; 2183 (28%)
with rheumatoid arthritis; 61
(18-90) years; 8% with ulcer

400 mg bid (n=3987) — Diclofenac 75 mg bid
(n=1996); ibuprofen:
800 mg tid (n=1985)

26-52
weeks

No disease specific efficacy
outcome

Incidence of symptomatic
ulcers, bleeds, perforations,
and obstructions confirmed by
endoscopy

WOMAC=Western Ontario and McMaster universities osteoarthritis index; ACR-20=American College of Rheumatology; bid=twice daily; tid=three times daily.

Papers

page 2 of 8 BMJ VOLUME 325 21 SEPTEMBER 2002 bmj.com

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.325.7365.619 on 21 S
eptem

ber 2002. D
ow

nloaded from
 

http://www.bmj.com/


Results
We obtained reports of 17 trials, nine of which
(15 187 patients) fulfilled the inclusion criteria.6–14 We
excluded eight in which follow up was less than 12
weeks. All included trials compared celecoxib with at
least one NSAID (diclofenac, naproxen, or ibuprofen);
five trials also had a placebo control group. All
nine trials reported efficacy and tolerability outcomes,

but we excluded three from the efficacy analysis as the
results were not available separately for osteoarthritis
and rheumatoid arthritis. Four studies assessed upper
gastrointestinal safety by endoscopy at 12 weeks,7–9 13

one study assessed the same outcome at 24 weeks.10

The largest study (n=7968) reported on symptomatic
upper gastrointestinal disease after 26 weeks of
treatment.11 The table gives full details of the studies.

WOMAC pain score

Bensen 19996

Zhao 199913

Study 054

Mean difference = -1.35 (-1.74 to -0.97)
Heterogeneity: Q=1.56, P=0.46

Celecoxib v placebo

Osteoarthritis

Celecoxib Placebo

7 (4)
8 (4)
8 (4)

9 (4)
9 (3)
9 (3)

WOMAC joint stiffness score

Bensen 19996

Zhao 199913

Study 054

Mean difference = -0.65 (-0.80 to -0.49)
Heterogeneity: Q=0.25, P=0.88

3.5 (1.7)
3.6 (1.6)
3.7 (1.7)

4.3 (1.7)
4.3 (1.6)
4.3 (1.5)

WOMAC physical functioning score

Bensen 19996

Zhao 199913

Study 054

Mean difference = -4.44 (-5.74 to -3.13)
Heterogeneity: Q=0.22, P=0.90

26 (14)
27 (13)
28 (14)

31 (13)
31 (13)
43 (15)

WOMAC composite score

Bensen 19996

Zhao 199913

Study 054

Mean difference = -5.67 (-7.45 to -3.89)
Heterogeneity: Q=2.26, P=0.32

38 (19)
39 (19)
40 (19)

397
469
420

397
469
420

357
468
420

356
468
420

45 (19)
43 (18)
46 (17)

201
242
217

202
242
217

184
240
217

182
240
217

WOMAC pain score

Bensen 19996 (N)
Zhao 199913 (N)
Study 054 (N)

Mean difference = -0.01 (-0.73 to -0.72)
Heterogeneity: Q=6.62, P=0.04

Celecoxib v NSAID
Celecoxib NSAID

7 (4)
8 (4)
8 (4)

198
226
207

WOMAC joint stiffness score

Bensen 19996 (N)
Zhao 199913 (N)
Study 054 (N)

Mean difference = 0.06 (-0.11 to 0.22)
Heterogeneity: Q=1.54, P=0.46

3.5 (1.7)
3.6 (1.6)
3.7 (1.7)

195
226
207

WOMAC physical functioning score

Bensen 19996 (N)
Zhao 199913 (N)
Study 054 (N)

Mean difference = 0.41 (-0.95 to 1.78)
Heterogeneity: Q=3.56, P=0.17

26 (14)
27 (13)
28 (14)

180
225
207

WOMAC composite score

Bensen 19996 (N)
Zhao 199913 (N)
Study 054 (N)

Mean difference = 0.42 (-1.45 to 2.30)
Heterogeneity: Q=4.36, P=0.11

38 (19)
39 (19)
40 (19)

397
469
420

397
469
420

357
468
420

356
468
420

177
225
207

8 (4)
7 (4)
8 (3)

3.7 (1.8)
3.5 (1.8)
3.5 (1.6)

28 (14)
26 (14)
26 (13)

41 (20)
38 (19)
38 (17)

ACR-20 improvement

Simon 19997

Zhao 200012

RR = 1.49 (1.25 to 1.78)
Heterogeneity: Q=0.06, P=0.81

Celecoxib v placebo

Rheumatoid arthritis

Celecoxib Placebo Risk ratio (95% CI) Risk ratio (95% CI)

Difference in means
(95% CI)

Difference in means
(95% CI)

Mean
(SD) score

No Mean
(SD) score

No Mean
(SD) score

No Mean
(SD) score

No

198/475
154/446

66/231
50/221

Improvement in number of painful/tender joints

Simon 19997

Zhao 200012

RR = 1.39 (1.21 to 1.61)
Heterogeneity: Q=0.37, P=0.54

242/475
198/446

88/231
67/221

Improvement in number of swollen joints

Simon 19997

Zhao 200012

RR = 1.34 (1.14 to 1.56)
Heterogeneity: Q=1.35, P=0.25

224/475
163/446

75/231
67/221

ACR-20 improvement

Simon 19997 (N)
Zhao 200012 (N)
Emery 199910 (D)

RR = 1.04 (0.80 to 1.36)
Heterogeneity: Q=6.94, P=0.03

Celecoxib v NSAID
Celecoxib NSAID

198/475
154/446
55/326

81/225
91/218
44/329

Improvement in number of painful/tender joints

Simon 19997 (N)
Zhao 200012 (N)
Emery 199910 (D)

RR = 1.09 (0.90 to 1.32)
Heterogeneity: Q=6.67, P=0.04

242/475
198/446
131/326

98/225
107/218
107/329

Improvement in number of swollen joints

Simon 19997 (N)
Zhao 200012 (N)
Emery 199910 (D)

RR = 1.02 (0.85 to 1.22)
Heterogeneity: Q=4.96, P=0.08

0.2

Celecoxib worse
than placebo

Celecoxib better
than placebo

0.5 1 2 5

Celecoxib better
than placebo

Celecoxib worse
than placebo

108642-2-4-6-8 0-10

Celecoxib better
than NSAID

Celecoxib worse
than NSAID

108642-2-4-6-8 0-10

0.2

Celecoxib worse
than NSAID

Celecoxib better
than NSAID

0.5 1 2 5

224/475
163/446
109/326

90/225
92/218

108/329

Fig 1 Efficacy outcomes at 12 weeks in randomised controlled trials of celecoxib versus placebo and NSAIDs. D=diclofenac 75 mg twice daily, I=ibuprofen 800 mg
thrice daily, N=naproxen 500 mg twice daily
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0.01 0.1 1

Celecoxib better
than placebo

Celecoxib worse
than placebo

10 100 0.01 0.1 1

Celecoxib better
than NSAID

Celecoxib worse
than NSAID

10 100

Celecoxib v placebo

Any adverse effects
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

RR =1.49 (1.15 to 1.92)
Heterogeneity: Q=1.08, P=0.90

58/439
39/476
42/692
44/664
52/420

17/219
14/247
11/231
12/221
16/217

Any GI adverse effect
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

19/439
18/476
16/692
16/664
18/420

5/219
5/247
3/231
4/221
6/217

RR =1.68 (1.07 to 2.65)
Heterogeneity: Q=0.32, P=0.99

Abdominal pain
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

4/439
7/476
6/692
2/664
4/420

1/219
1/247
2/231
1/221
0/217

RR =1.86 (0.75 to 4.60)
Heterogeneity: Q=2.07, P=0.72

Diarrhoea
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

2/439
1/476
2/692
2/664
4/420

2/219
0/247
0/231
0/221
0/217

RR =1.45 (0.47 to 4.45)
Heterogeneity: Q=1.78, P=0.78

Dyspepsia
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

6/439
4/476
6/692
8/664
9/420

1/219
2/247
1/231
2/221
3/217

RR =1.60 (0.77 to 3.34)
Heterogeneity: Q=0.69, P=0.95

Nausea
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

3/439
2/476
3/692
2/664
1/420

2/219
0/247
1/231
1/221
1/217

RR =0.90 (0.33 to 2.49)
Heterogeneity: Q=0.74, P=0.95

RR =1.20 (0.28 to 5.16)
Heterogeneity: Q=0.46, P=0.93

Vomiting
Bensen 19996

Zhao 199913

Simon 19997

Zhao 200012

Study 054

1/439
1/476
2/692
2/664
0/420

0/219
1/247
0/231
0/221
0/217

Celecoxib v NSAID

Any adverse effects
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

11/183
11/183
58/439
39/476
42/692
44/664
52/420
19/269

37/387
37/346
18/216
30/233
12/225
16/218
29/207
24/267

Celecoxib Placebo Risk ratio (95% CI) Risk ratio (95% CI)Celecoxib NSAID

Vomiting
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

RR =0.57 (0.19 to 1.74)
Heterogeneity: Q=1.09, P=0.96

RR =0.86 (0.72 to 1.04)
Heterogeneity: Q=10.86, P=0.15

RR =0.54 (0.42 to 0.71)
Heterogeneity: Q=1.99, P=0.96

RR =0.41 (0.26 to 0.67)
Heterogeneity: Q=4.30, P=0.75

RR =0.88 (0.37 to 2.11)
Heterogeneity: Q=4.04, P=0.67

RR =0.59 (0.36 to 0.98)
Heterogeneity: Q=6.80, P=0.45

RR =0.58 (0.30 to 1.14)
Heterogeneity: Q=4.17, P=0.65

0/183
0/183
1/439
1/476
2/692
2/664
0/420
0/269

1/387
0/346
1/216
1/233
0/225
1/218
1/207
0/267

Nausea
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

2/183
2/183
3/439
2/476
3/692
2/664
1/420
0/269

2/387
5/346
4/216
1/233
1/225
3/218
2/207
0/267

Dyspepsia
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

1/183
0/183
6/439
4/476
6/692
8/664
9/420
2/269

7/387
3/346
2/216
8/233
5/225
3/218
3/207
3/267

Diarrhoea
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

0/183
0/183
2/439
1/476
2/692
2/664
4/420
1/269

4/387
0/346
3/216
0/233
1/225
0/218
0/207
0/267

Abdominal pain
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

2/183
1/183
4/439
7/476
6/692
2/664
4/420
3/269

6/387
3/346
5/216
4/233
4/225
4/218
9/207
6/267

Any GI adverse effect
Study 071 (D)
Study 071 (I)
Bensen 19996 (N)
Zhao 199913 (N)
Simon 19997 (N)
Zhao 200012 (N)
Study 054 (N)
Study 062 (N)

6/183
5/183

19/439
18/476
16/692
16/664
18/420
11/269

22/387
26/346
13/216
18/233
11/225
9/218

17/207
16/267

Fig 2 Rates of withdrawal from randomised controlled trials of celecoxib versus placebo and NSAIDs at 12 weeks attributed to adverse effects
of treatment. D=diclofenac 75 mg twice daily, I=ibuprofen 800 mg thrice daily, N=naproxen 500 mg twice daily
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Trial quality
All nine trials were of high quality. All were randomised
with adequate concealment of treatment allocation
and achieved double blinding with double dummy tab-
lets. They described withdrawals and exclusions and
used intention to treat analyses with missing data for
efficacy analyses being estimated by carrying the last
value forward.

After 12 weeks of treatment, 56% of patients in the
placebo group had dropped out due to poor efficacy or
adverse events. Dropout rates in celecoxib and other
NSAID groups were lower (39% on celecoxib 200 mg
per day; 32% on celecoxib 400 mg per day; 39% on
naproxen 1000 mg per day; 26% on diclofenac 150 mg
per day).

Effectiveness of celecoxib for treatment at 12 weeks
Rheumatoid arthritis—In two placebo controlled trials
with 1373 patients celecoxib provided significant
improvement in all outcomes compared with placebo:
49% more patients (95% confidence interval 25% to
78%) met the ACR-20 responder criteria, 39% more
(21% to 61%) had reductions in the number of painful
or tender joints, and 34% more (14% to 56%) had
reductions in the number of swollen joints (fig 1).7 12

Three trials with 2019 patients compared celecoxib
with other NSAIDS (naproxen 500 mg twice daily in
two trials7 12 and diclofenac 75 mg twice daily in one10).
There were no significant differences, with all drugs
being equally effective for all outcomes. With celecoxib
the ACR-20 responder rate was 4% higher ( − 20% to
36%), 9% more ( − 10% to 32%) showed improvement
in the number of painful or tender joints, and 2% more
( − 15% to 22%) showed improvement in the number
of swollen joints (fig 1).

Osteoarthritis—In three placebo controlled trials
with 1947 patients, compared with placebo celecoxib
resulted in significant (P < 0.0001) improvement in all
components of the WOMAC scale—pain (mean differ-
ence − 1.4, − 1.7 to − 1.0), stiffness ( − 0.7, − 0.8 to
− 0.5), and physical function ( − 4.4, − 5.7 to − 3.3)—as
well as the composite WOMAC score ( − 5.7, − 7.5 to
− 3.9) (fig 1).6 13 14 The same three trials compared
celecoxib with naproxen 500 mg twice daily in 1917
patients. There were no significant differences between
celecoxib and naproxen, with both drugs being equally
effective for all components of the WOMAC scale: pain
(0.0, − 0.7 to 0.7), stiffness (0.1, − 0.1 to 0.2), and physi-
cal function (0.4, − 1.0 to 1.8) and the composite
WOMAC score (0.4, − 1.5 to 2.3) (fig 1).

Tolerability
Celecoxib versus placebo—Five trials with 3826 patients
reported drug related withdrawals after 12 weeks’
treatment (fig 2).6 7 12–14 Withdrawal due to adverse
events occurred more often on celecoxib than on pla-
cebo, both for any adverse event (relative risk 1.49, 1.15
to 1.92) and for all gastrointestinal adverse events
(1.68, 1.07 to 2.65). However, withdrawals due to
abdominal pain, diarrhoea, dyspepsia, nausea, or vom-
iting were not significantly increased with celecoxib
compared with placebo.

Celecoxib versus NSAID—Seven trials with 5425
patients reported drug related withdrawals after 12
weeks’ treatment (fig 2).6–9 12–14 In six trials the NSAID
was naproxen 500 mg twice daily6–8 12–14 and in the
other one it was diclofenac 75 mg twice daily and ibu-
profen 800 mg three times daily.9 There was no signifi-
cant difference between celecoxib and NSAID in the
incidence of withdrawals for all adverse events.
However, there was a significant decrease in the
number of withdrawals due to gastrointestinal adverse
events (0.54, 0.42 to 0.71), corresponding to a number
needed to treat of 35 at three months. Of the specific
gastrointestinal adverse events, there were significantly
fewer withdrawals due to abdominal pain and dyspep-
sia in the celecoxib group compared with other
NSAIDs (0.41, 0.26 to 0.67, and 0.59, 0.36 to 0.98,
respectively). The incidence of withdrawals due to diar-
rhoea, nausea, or vomiting were not significantly differ-
ent between celecoxib and other NSAIDs.

Ulcers detected by endoscopy
Celecoxib versus placebo—Two trials with 933 patients
reported on ulcers detected by endoscopy after 12
weeks treatment.7 13 Although there was no significant
difference in the number of ulcers detected between
the groups, the results were compatible with up to a
threefold increase in the incidence of ulcers (fig 3).

Celecoxib versus NSAID—Five trials with 2742
patients reported on ulcers detected by endoscopy
after 12 weeks treatment (fig 3).7–10 13 The incidence of
ulcers was 71% (59% to 79%) lower in those taking
celecoxib compared with other NSAIDs, correspond-
ing to a number needed to treat of six at three months.
The one study that reported ulcers detected by endos-
copy at 24 weeks found a similar significant reduction,
with incidence being 75% (47% to 88%) lower in those
taking celecoxib.10

Zhao 199913

Simon 19997

RR = 1.53 (0.73 to 3.21)
Heterogeneity: Q=0.12, P=0.73

Celecoxib v placebo
Celecoxib Placebo Risk ratio (95% CI) Risk ratio (95% CI)

20/305
23/423

4/106
4/99

Emery 199910 (D)
Study 071 (D)
Study 071 (I)
Zhao 199913 (N)
Simon 19997 (N)
Study 062 (N)

RR = 0.29 (0.21 to 0.41)
Heterogeneity: Q=11.33, P=0.05

Celecoxib v NSAID
Celecoxib NSAID

8/212
12/147
13/147
20/305
23/423
18/211

33/218
36/306
78/276
34/146
36/137
87/214

Celecoxib better
than placebo

Celecoxib worse
than placebo

0.1 1 10 0.1 1 10

Celecoxib better
than NSAID

Celecoxib worse
than NSAID

Fig 3 Incidence of ulcers detected by endoscopy in randomised trials of celecoxib versus placebo and NSAIDs that included routine
endoscopy investigations at 12 weeks. D=diclofenac 75 mg twice daily, I=ibuprofen 800 mg thrice daily, N=naproxen 500 mg twice daily
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Ulcers, perforations, bleeds, and obstructions at 24
weeks
The CLASS study of 7968 patients investigated the
incidence of serious upper gastrointestinal events
(bleeds, perforations, obstructions) in those taking
celecoxib (3987 given celecoxib 800 mg per day; above
the recommended dose) compared with other NSAIDs
(1985 took ibuprofen, 1996 took diclofenac).11 Patients
were monitored and withdrawn from the trial due to
adverse events, if endoscopy indicated a symptomatic
ulcer, if prolonged use of an ulcer healing treatment
was required, or if treatment did not control the symp-
toms of arthritis. At six months the overall rates of
withdrawal were 40% for celecoxib, 42% for diclofenac,
and 47% for ibuprofen. With celecoxib the incidence of
serious adverse events, bleeds, perforations, or obstruc-
tions (n=11) was nearly half that with the other NSAIDs
(n=20), but this difference was not significant (P=0.11,
fig 4).

Among the participants withdrawn from the trial
for safety reasons, 19 patients taking celecoxib were
found to have ulcers on endoscopy compared with 29
patients taking other NSAIDs. When ulcers were
included within the definition of serious adverse events
the reduction with celecoxib became significant
(P=0.03, fig 4).

Benefits of celecoxib in patients receiving low dose
aspirin
Four trials compared celecoxib with other NSAIDs and
provided data on the incidence of ulcers detected by
endoscopy in patients according to whether or not the
patients were taking aspirin (up to 325 mg/day).7–9 13

The benefit of celecoxib seemed greater in those not
taking aspirin (73% reduction in incidence, 52% to
84%) compared with those taking aspirin (51% reduc-
tion in incidence, 14% to 72%), although the difference
between subgroups was not significant (P=0.18, fig 5).

In the CLASS study 1739 patients were taking
aspirin.11 The reduction in the incidence of clinical
ulcers, perforation, bleeds, and obstructions was
smaller in those taking aspirin (19% reduction, − 63%
to 60%) than in those not taking aspirin (50%

reduction, 8% to 72%). This difference between the
subgroups was not significant (P=0.44).

Discussion
In this review of randomised controlled trials we have
shown that celecoxib is as effective as other NSAIDs for
the relief from symptoms of osteoarthritis and
rheumatoid arthritis. The confidence intervals around
the point estimates of efficacy were reasonably narrow,
which mean that it is unlikely that there were clinically
important differences. Compared with other NSAIDs,
however, celecoxib showed increased upper gastro-
intestinal safety and tolerability. Rates of withdrawal
due to gastrointestinal adverse event, dyspepsia, and
abdominal pain were 40-60% lower, while the
incidence of ulcers and serious upper gastrointestinal
events was 40-75% lower.

Our conclusions are robust and unlikely to be
influenced by bias. Beyond the stated involvement of
MDB, the industrial sponsors had no involvement in
the review process once the protocol had been agreed.
We included published and unpublished studies, and
we insisted that the companies involved provided a
signed legal statement confirming that they had made
available data from all celecoxib trials that were
completed before our inclusion date. We evaluated the
impact of including unpublished studies by sensitivity
analyses for main outcomes (presented in figs 1-4); our
findings and interpretation did not change. Results of
further phase 4 trials (the Success trial) have recently
been partially published in abstract form since we
completed our search. We did not add these to our
review as they are incomplete and could introduce
bias.15

As we abstracted data directly from original trial
reports we minimised the effects of missing data and
errors in transcription. Access to individual patient
data would have allowed us to investigate further any
variation in treatment effect with patient characteris-
tics.

Risk ratio (95% CI)

Serious upper gastrointestinal events

Silverstein 200011(D)
Silverstein 200011(I)

RR = 0.55 (0.26 to 1.14)
Heterogeneity: Q=0.00, P=0.97

Celecoxib NSAID

5/1993
6/1994

9/1996
11/1985

Serious upper gastrointestinal events + ulcers

Silverstein 200011(D)
Silverstein 200011(I)

RR = 0.61 (0.39 to 0.96)
Heterogeneity: Q=0.66, P=0.42

15/1993
15/1994

20/1996
29/1985

0.1

Celecoxib better
than NSAID

Celecoxib worse
than NSAID

1 10

Fig 4 Incidence of symptomatic ulcers, perforations, bleeds, and
obstructions in CLASS randomised trial of 24 weeks’ treatment with
celecoxib 400 mg twice daily versus diclofenac 75 mg twice daily (D)
or ibuprofen 800 mg thrice daily (I). Trial stratified into two parts:
celecoxib versus diclofenac and celecoxib versus ibuprofen

Risk ratio (95% CI)

No prophylactic aspirin use

Study 071(D)
Study 071(I)
Zhao 199913(N)
Simon 19997(N)
Study 062(N)

RR = 0.27 (0.16 to 0.48)
Heterogeneity: Q=17.79, P=0.001

Celecoxib NSAID

11/129
12/129
14/260
20/383
11/182

28/274
66/235
29/116
36/128
75/186

Prophylactic aspirin use

Study 071(D)
Study 071(I)
Zhao 199913(N)
Simon 19997(N)
Study 062(N)

RR = 0.49 (0.28 to 0.86)
Heterogeneity: Q=3.12, P=0.54
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Fig 5 Impact of prophylactic aspirin on incidence of ulcers detected
by endoscopy in randomised trials of celecoxib versus placebo and
NSAIDs that included routine endoscopy investigations at 12 weeks.
D=diclofenac 75 mg twice daily, I=ibuprofen 800 mg thrice daily,
N=naproxen 500 mg twice daily
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All included trials were designed and executed to
meet standards required for licensing. Although
withdrawals were common, the potential biases due to
unequal withdrawals act in a conservative direction.

For most analyses we did not detect any heterogen-
eity, which supports pooling of different doses of drugs
and disease states. Each analysis comprised large num-
bers of patients, baseline characteristics were similar, all
patients had active disease at the start of the study, and
efficacy outcomes assessed were those routinely
required for licensing of drugs for osteoarthritis and
rheumatoid arthritis (WOMAC and ACR-20). Addi-
tional efficacy outcomes that we investigated but have
not reported here showed similar patterns of benefit.

Tolerability
Withdrawals for adverse events have been used as a
measure of tolerability because long term use of
NSAIDs typically leads to gastrointestinal disturbances
and discontinuation of the drug. Estimates of
withdrawal rates with placebo are difficult to interpret
as a measure of tolerability because placebo groups
had high attrition rates because of poor control of
symptoms. Withdrawal rates with active treatment were
lower. Significantly fewer withdrawals due to gastro-
intestinal adverse events occurred with celecoxib
(about 3%) than with other NSAIDs (about 6%);
withdrawals due to abdominal pain and dyspepsia
approximately halved.

Upper gastrointestinal safety
Long term treatment with NSAIDs is associated with
gastrointestinal ulcer disease.1–3 There was no signifi-
cant increase in ulcers detected endoscopically with
celecoxib compared with placebo, despite the differ-
ence in withdrawal rates. The incidence of ulcers was
70% lower with celecoxib compared with other
NSAIDs. For every 100 patients treated with NSAIDs
for 12-24 weeks, 23 developed either a gastric or duo-
denal ulcer, 16 of which would have been prevented if
the patients had received celecoxib, giving a number
needed to treat of six.

Not all ulcers detected by endoscopy progress to a
serious event as some heal spontaneously. A more
informative outcome measure is the actual incidence
of events. In a single trial the incidence of ulcers, bleeds
perforations, or obstructions was determined in almost
8000 patients receiving celecoxib or another NSAID
(diclofenac or ibuprofen). Although the power of the
study was reduced by a high withdrawal rate and a
resulting low incidence of events, there was a
significant 40% reduction in ulcers, bleeds, perfora-
tions, or obstructions in the celecoxib group,
corresponding to a number needed to treat of 208 at
six months. The dose of celecoxib used in this trial was
twice the recommended maximum dose, which
indicates that celecoxib does not exhibit the increased
gastrointestinal toxicity with higher doses typical of
other NSAIDs.

The publication of the CLASS trial has been
criticised for not reporting results beyond the six
month follow up.16 17 The company trial report
indicates that while all participants started treatment at
least six months before the study ended, the average
follow up was only seven months. Importantly,
duration of treatment (medians of 273, 257, and 186
days), total withdrawal rates (55%, 53%, and 65% for

celecoxib, diclofenac, and ibuprofen respectively), and
reasons for withdrawal varied significantly between
treatment groups. Although variable follow up can be
properly accounted for by using time to event analyses,
withdrawal related to treatment cannot. We therefore
present results at the longest follow up to which all
participants could contribute, which reduces but does
not eradicate these problems. Upper gastrointestinal
safety beyond six months cannot reliably be deter-
mined from this trial.

Other potential adverse events
This review was limited to assessing only upper gastro-
intestinal safety. Recently the VIGOR (Vioxx gastro-
intestinal outcomes research) trial of rofecoxib has
raised concerns about serious cardiovascular effects
with the use of COX 2 inhibitors.18 While it is
important to evaluate this concern, this was not possi-
ble here as the celecoxib trials we included did not
report outcomes comparable with those assessed in
VIGOR (all trials started recruitment before publi-
cation of VIGOR). This issue should be a priority for a
future systematic review when adequate data on both
celecoxib and rofecoxib are available.

Prophylactic use of aspirin
Aspirin is commonly prescribed to prevent cardiovas-
cular disease, and, like NSAIDs, it inhibits COX 1 thus
increasing the risk of a gastrointestinal event.
Subgroup analysis of patients taking aspirin still
showed a significant reduction (51%) in the incidence
of ulcers detected by endoscopy in those taking
celecoxib compared with other NSAIDs, though the
reduction was greater (74%) in those not taking
aspirin. While the CLASS study was not adequately
powered to investigate subgroup analyses for serious
upper gastrointestinal events, the same pattern of
results was observed, suggesting benefit in users and
non-users of aspirin. The dose of aspirin used for
prophylaxis in the United Kingdom is typically 75 mg
daily, considerably less than the 325 mg commonly
prescribed in the United States, where most of these
trials were conducted. The present weight of evidence
does not suggest that celecoxib should be withheld
from aspirin users as currently recommended by the
National Institute for Clinical Excellence (NICE), but
further research should clarify the size of the possible
reduction in efficacy in this group.

In conclusion, this meta-analysis provides strong
evidence of the effectiveness of celecoxib for relief of
pain and inflammatory symptoms of osteoarthritis and
rheumatoid arthritis, the level of effectiveness being
equivalent to that of other NSAID. However, the toler-
ability and gastrointestinal safety of celecoxib is
substantially superior.

Mark Layton (Pfizer) and Anne Hopkins (Searle) provided input
into the review protocol and facilitated access to the full trial
reports.
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What is already known on this topic

Long term NSAID use is associated with the
development of peptic and duodenal ulcers

COX 2 specific inhibitors are claimed to cause
fewer gastrointestinal complications

The National Institute for Clinical Excellence has
recently recommended that COX 2 specific
inhibitors are used in patients with arthritis who
are at risk of gastrointestinal complications but not
in those taking prophylactic aspirin

What this study adds

Systematic review of randomised trials shows that
celecoxib is as effective as other NSAIDs for
osteoarthritis and rheumatoid arthritis

Celecoxib has significantly improved
gastrointestinal safety and tolerability compared
with standard NSAIDs

An improvement in gastrointestinal safety was still
evident in patients who were also taking aspirin
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