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CLASS clarification: reaffirms the medical
importance of the analyses and results
G Steven Geis

We appreciate the opportunity to correct the inac-
curacies in the article by Jüni et al,1 which appear to
be based on an incomplete understanding of the
CLASS design, data, and statistical issues. Contrary
to the editorial’s assertions, there were no post hoc
changes in the study design or the outcome defini-
tions. The CLASS authors reviewed all the data
and decided the 6-month analyses were most ap-
propriate for initial publication,2 while the FDA
chose 9-month data as most appropriate for a re-
cent label change.3 Despite differing medical judg-
ment for the time interval that best reflected the
data, and contrary to the BMJ editorial allegations,
the conclusions were similar.  

CLASS was a single study with the objective of
comparing the rate of ulcer complications with cele-
coxib versus traditional NSAIDs. The need for two
protocols was prespecified to ensure blinding of
study medications. One protocol included celecoxib
400 mg BID and ibuprofen 800 mg TID; the other in-
cluded celecoxib 400 mg BID and diclofenac 75 mg
BID. Aside from this difference and the inclusion of
quality of life measures in one protocol, the protocols
were identical. The statistical plan stated that the
data from the two protocols would be analyzed as a
single study. Low-dose aspirin was allowed and the
minimum expected duration of study participation
was 6 months. Two important assumptions of the de-
sign were: 1) a constant rate of ulcer complications in
the NSAID group4 and 2) that about 11% of enrolled
patients would use low-dose aspirin.5

The primary end point was ulcer complications
(bleeding, perforation and outlet obstruction) veri-
fied by endoscopy or contrast x ray, but analysis of
symptomatic ulcers was also prespecified.  The proto-
cols mandated study withdrawal if a patient was found
to have a non-bleeding ulcer (ie, symptomatic ulcer).

The primary analysis was a comparison of ulcer
complications (traditional definition)6 with celecoxib

versus the combined NSAID group (ibuprofen plus
diclofenac) and only if the differences were statistical-
ly significant would comparisons of celecoxib to each
of the individual NSAIDs be performed. This was
specified in order to control the overall alpha-level.
The plan included an analysis of the effects of risk
factors for ulcer complications (eg, low-dose aspirin
use) on the results of the different treatments.   

Ulcer complication rates were not significantly
different for celecoxib versus the NSAID group.
However, the rate of the combined end point of
symptomatic/complicated ulcers was significantly
lower with celecoxib. Since the primary analysis was
not significant, comparisons to the individual
NSAIDs were not valid.

Once the study blind was broken, it was clear
that important assumptions made in designing the
trial had not proved true. NSAID ulcer complica-
tion rates decreased over time instead of remaining
constant (figure 1). Moreover, the withdrawal rate
of patients due to symptomatic ulcers was statistical-
ly greater in the NSAID group versus the celecoxib
group, and the difference was most apparent after
the first 6 months of the study (figure 2). Since
symptomatic ulcers are precursors of ulcer compli-
cations, high-risk patients were being depleted from
the NSAID group more quickly than from the cele-
coxib group. This differential withdrawal rate intro-
duced study bias, which caused the analyses to be-
come less valid with time.   

As described by other authors of the JAMA pa-
per,7 after extensive review, the CLASS oversight
committees judged the analyses of the 6-month data
to be the most scientifically and clinically valid since:
1) 6 months was the minimum duration of study par-
ticipation; 2) more than 50% of patients were con-
tinuing in the study at 6 months (median duration
of exposure: 9 months for celecoxib and diclofenac;
6 months for ibuprofen) and 3) the impact of differ-
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ential withdrawal of patients at risk was most appar-
ent beyond this time point. The CLASS oversight
committees reported that “the data after 6 months
were so confounded as to be difficult to interpret for
assessing a drug-related causal GI toxicity.”7

The second unmet assumption in the CLASS tri-
al was that approximately 22% of patients in each
treatment group took low-dose aspirin rather than
the expected 11%. Analyses showed that low-dose
aspirin use in CLASS was a risk factor for ulcer com-
plications for celecoxib-treated patients but not for
the NSAID-treated patients. Based on the 6-month
analysis for the all-patient cohort, ulcer complica-
tion rates were not significantly different between
the celecoxib and the NSAID groups. However, the
cohort of patients not using aspirin showed a statis-
tically significant lower rate of ulcer complications
with celecoxib versus the NSAIDs. The FDA noted
“… the use of aspirin … may have obscured the abili-
ty to accurately compare the GI safety of Celebrex
to other nonsteroidal anti-inflammatory drugs.”8

The editorial describes the JAMA paper as
“overoptimistic,” using “post hoc changes to the pro-
tocol while omitting disappointing longer term
data.”1 The JAMA manuscript clearly acknowledges
that the primary end point of the study was not
reached.2 There were no post hoc changes to the
protocol. The analyses of the longer-term data, al-

though complicated by the differential dropouts, do
not differ substantially from the 6-month analyses.9

We continue to stand behind the CLASS design,
analyses and conclusions as stated in JAMA and in-
vite discussions that will ensure an understanding of
the facts and assist in clarifying the safety profile of
celecoxib. ✦
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Figure 2 Kaplan-Meier estimates for withdrawals due to symptomatic ulcers.
No withdrawal due to a symptomatic ulcer occurred after final time points.

Figure 1 Ulcer complication rates expressed as annual incidence as
calculated using the cumulative number of events and duration of
treatment exposure in the celecoxib and NSAID groups over the first 6
months of the study (L) and over period of maximum treatment. Arrow
notes the reduction in NSAID rate over time.

Geis characterizes CLASS as a single study, as was
done in JAMA, which reported patients to be “ran-
domly assigned on a 2:1:1 basis.”1 This description
is misleading; there were two separate trials, with
two separate patient recruitment and randomiza-
tion procedures, and therefore requiring separate

analyses to preserve randomization. Nonetheless,
the two trials were combined by simply adding up
numbers.1

The assumption underlying this approach is
that allocation of patients to the two trials was
ruled by chance alone. We tested this assumption

The authors respond
Peter Jüni, Anne W S Rutjes, Paul A Dieppe
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