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Abstract Background: Rofecoxib was withdrawn from the market worldwide because of
concerns relating to cardiovascular safety. There is conflicting evidence as to
whether celecoxib, the most popular alternative to rofecoxib, carries the same
cardiovascular risks. This study’s aim was to compare the incidence of thrombotic
cardiovascular events in patients taking celecoxib with patients taking rofecoxib.
Methods: Prescription event monitoring methodology was used in this prospec-
tive, longitudinal, observational cohort study, in which cohorts of patients were
established from prescription data and thrombotic cardiovascular events were
identified from follow-up questionnaires to patients’ doctors and other sources.
Subjects: New Zealand patients with at least one prescription for either rofecoxib
or celecoxib between 1 December 2000 and 30 November 2001.

Analysis: For this interim analysis the total cohorts were separated into three
groups at different stages of follow-up: complete, incomplete and no follow-up.
Cox’s proportional hazards models were applied to calculate hazard ratios for
celecoxib compared with rofecoxib.

Results: The total cohorts included 26 403 patients receiving rofecoxib and
32 446 patients receiving celecoxib. 4882 (18%) rofecoxib and 6267 (19%)
celecoxib patients had been completely followed up. In this group the unadjusted
hazard ratio for celecoxib compared with rofecoxib was 1.07 (95% CI 0.59, 1.93).
After adjustment for age this hazard ratio was 0.94 (95% CI 0.51, 1.70). Further
adjustment for sex, ‘as required’ use, indication for use, concomitant NSAID use
and pre-existing cardiovascular disease resulted in only minor changes to the
hazard ratio.

Conclusion: This interim analysis of the Intensive Medicines Monitoring Pro-
gramme data suggests that in ‘real-life’ postmarketing use in New Zealand there is
no significant difference in the risk of cardiovascular thrombotic events in patients
taking celecoxib compared with those taking rofecoxib.
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Background

In October 2004, rofecoxib (Vioxx® ') was with-
drawn from the worldwide pharmaceutical market
when the market authorisation holder for rofecoxib
acknowledged that this medicine carried serious car-
diovascular risks.'"! The company’s decision was
based on information from the APPROVe (Ade-
nomatous Polyp Prevention on Vioxx®) study, a
randomised placebo-controlled trial that demon-
strated an almost 2-fold increased risk of thrombotic
cardiovascular events in patients receiving rofecox-
ib compared with placebo.?!

The withdrawal of rofecoxib raised the question
of whether other cyclo-oxygenase (COX)-2 inhibi-
tors have the same increased risk of thrombotic
cardiovascular events. The APC (Adenoma Preven-
tion with Celecoxib) trial, published in February
2005, demonstrated an increased risk of major fatal
or non-fatal cardiovascular events in patients taking
celecoxib compared with placebo.l’! However, an-
other adenoma prevention trial, PreSAP (Prevention
of Spontaneous Adenomatopus Polyps) showed no
increase in risk with celecoxib compared with place-
bo.*! Based on the findings of the APC study, the
administration of celecoxib in both trials was sus-
pended, but celecoxib has not been withdrawn from
the market in any country to date.

In response to these safety concerns with COX-2
inhibitors, regulatory authorities in several countries
have conducted reviews of the available data. The
Australian Drug Evaluation Committee (ADEC),
the New Zealand Medicines Adverse Reactions
Committee (MARC), the European Committee for
Medicinal Products for Human Use (CHMP) and an
advisory panel to the US FDA have all recently
recommended restrictions of use and safety warn-
ings regarding the risk of thrombotic cardiovascular
events with COX-2 inhibitors.P!

In New Zealand, the Intensive Medicines Moni-
toring Programme (IMMP) — a government funded
proactive surveillance unit — has studied a cohort of
approximately 60 000 patients who were prescribed
rofecoxib or celecoxib. By the time rofecoxib was
withdrawn, follow-up of about one-fifth of these
patients had been completed. We consider that an

interim analysis of the information collected by the
IMMP is justified at this time. In many countries
celecoxib is the most popular alternative to rofecox-
ib and it is now important to know if it carries the
same cardiovascular risks as rofecoxib, which has
been withdrawn from the market for this reason.

Methods

The IMMP undertakes prospective observational
cohort studies on selected medicines in the
postmarketing period and its methodology has pre-
viously been described in detail.’! Essentially the
IMMP performs prescription event monitoring
(PEM) studies, in which cohorts of patients are
established from prescription data. Clinical events
during the use of the medicine are then identified
from follow-up questionnaires to doctors and other
sources.

The aim of this study was to compare the inci-
dence of thrombotic cardiovascular events in pa-
tients taking celecoxib with the incidence in those
taking rofecoxib, using the latter as the reference
medicine cohort.

Study Cohorts

Monitoring of rofecoxib and celecoxib was con-
ducted in parallel and began in December 2000,
shortly after these medicines became available in
New Zealand. Celecoxib was first marketed in late
1999 and rofecoxib was first marketed in early 2000.
Prescription data for both medicines were entered
for all patients who received a prescription between
1 December 2000 and 30 November 2001. The
cohorts for this study were, therefore, defined as
patients with at least one prescription for rofecoxib
or celecoxib in this 1-year period.

Information entered into the IMMP cohort
database for each medicine included patient details
(name, address, national health identifier [NHI],
date of birth and sex), prescription details (date of
prescriptions, duration of each prescription, dose
and whether use was ‘as required’ [prn] or continu-
ous) and prescriber details.

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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|dentification of Thrombotic
Cardiovascular Events

Thrombotic cardiovascular events were identi-
fied from several different sources: follow-up ques-
tionnaires, hospital admission data (from national
databases), spontaneous reports and prescription
data.

Follow-up questionnaires were sent out to each
patient’s doctor (usually the general practitioner) for
rofecoxib and celecoxib simultaneously, by geo-
graphical area of New Zealand. For this interim
analysis, the cohorts were separated into three
groups at different stages of follow-up. As of 30
September 2004, follow-up had been sought for all
patients in the first group; follow-up for the second
group was ongoing, with questionnaires still to be
sent; and no follow-up questionnaires had been sent
out for patients in the third group.

Analyses were performed to check that the fol-
low-up for rofecoxib and celecoxib had been con-
ducted in parallel, including calculation of the pro-
portion of follow-ups sent out and returned for each
medicine in each of the groups.

In addition to the follow-up procedure, further
events were identified from duplicate prescriptions
and from spontaneous reports sent by health profes-
sionals using the national ‘yellow card’ reporting
scheme.! Only reports for patients taking rofecoxib
or celecoxib in the period 1 December 2000 to 30
November 2001 were included in this study. Anoth-
er method of identifying clinical events was by
comparison of the NHI with national morbidity and
mortality databases to identify hospital admissions
and deaths. This check was made at the time of the
first prescription entry and on receipt of follow-up
questionnaires if an event had been reported.

For group 1, thrombotic cardiovascular events
were identified from returned follow-up question-
naires and the additional sources described. For
group 2, events were identified from those question-
naires returned and from the other sources. For
group 3, only events identified from the additional
sources could be used.

Duration of Follow-Up

For patients with thrombotic cardiovascular
events the ‘on study’ time was the duration until the

© 2005 Adis Data Information BV. All rights reserved.

event. Events identified and assessed before 30 Sep-
tember 2004 (date of withdrawal of rofecoxib) were
included in this study. For all other patients who had
been followed up, the on study time was defined as
the period to the date the last follow-up question-
naire was completed (if still on the medicine) or the
date of stopping the medicine (as recorded by the
doctor on the questionnaire). All remaining patients
were considered on study until the date their final
prescription had expired.

Assessment of Thrombotic
Cardiovascular Events

The clinical events that are identified by the
IMMP are examined by clinical assessors and coded
using terms from the IMMP dictionary, which is
based on WHO-ART (WHO Adverse Reaction Ter-
minology).[®! For this analysis, all events in the
system organ class ‘circulatory’ that suggested myo-
cardial infarction or stroke were re-examined by two
clinical assessors. In addition to myocardial infarc-
tion, terms that suggested myocardial ischaemia
(e.g. angina, unstable angina, ischaemic heart dis-
ease and cardiac chest pain) were included. All
events coded as stroke or transient ischaemic attack
(TTA) were included, but any that suggested haem-
orrhagic stroke or intracranial haemorrhage were
excluded. Fatal and non-fatal thrombotic cardiovas-
cular events for rofecoxib and celecoxib were in-
cluded in this analysis.

For this study, events that occurred whilst the
patient was taking the medicine or within 1 month of
last drug exposure were included and events occur-
ring more than 1 month after last exposure were
excluded.[”! If a patient had more than one of the
selected events (e.g. unstable angina followed by a
myocardial infarction) only the first event was in-
cluded. Each case record was also examined for
evidence of pre-existing cardiovascular disease.

Addifional Information on Cardiovascular
Risk Factors

In addition to the information from the prescrip-
tion data (age, sex, dose etc.) information on other
potential cardiovascular risk factors was also availa-
ble. The routine IMMP follow-up questionnaires
requested information about indication for use of

Drug Safety 2005; 28 (5)
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COX-2 inhibitors. For patients in the first seven
geographical areas to be followed up, a supplemen-
tary questionnaire was also sent to doctors. This sub-
set was comprised mostly of patients in the com-
pletely followed-up group, but included some from
the partially followed-up group. The supplementary
questionnaire included questions about concomitant
aspirin (acetylsalicylic acid) [or other NSAID] use
and pre-existing cardiovascular disease.

Analyses

Cox’s proportional hazards models were used to
account for the differing durations of treatment. For
patients with adverse events matching our criteria,
duration of use was defined as the time from the first
prescription of a COX-2 inhibitor to the time of the
event. For those for whom a follow-up form was
returned and who were still taking the drug, the
duration of use was from the date of the first pre-
scription to the date the follow-up form was com-
pleted. For the remaining patients, the duration of
use was from the date of the first prescription to the
date of the last prescription plus the number of days
of the last prescription. When the number of days
was not stated, it was calculated from the dose and
the number of tablets that were prescribed.

Patients who changed medicines were included
in both cohorts (if both treatments were prescribed
during the cohort collection period). The duration of
treatment for each medicine was calculated indepen-
dently as described previously. Where a patient had
more than one course of treatment with the same
medicine during the study period, only the last
course of treatment was used in the analysis.

Cox’s proportional hazards models were then
applied to the data, using the drug, age, sex and
whether use was prn or continuous, as independent
variables. Indication for use of rofecoxib or celecox-
ib, concomitant aspirin/NSAID use and pre-existing
cardiovascular disease (available from the sub-set of
patients described in the previous section) were also
added as independent variables. Separate models
were fitted for each of the follow-up groups and for
the overall data with these models using the follow-
up group as a stratification variable. All analyses
were carried out in STATA V8. The proportional
hazards assumption was tested by using Schoenfeld
residuals.

© 2005 Adis Data Information BV. All rights reserved.

Results

Total Cohorts

For the period 1 December 2000-30 November
2001, 32 446 patients received at least one prescrip-
tion for celecoxib and 26 403 patients received a
prescription for rofecoxib. The age and sex distribu-
tion for each medicine is shown in table I.

The celecoxib cohort was significantly (p <
0.0001) older (62.7 years of age, SD 15.7) than the
rofecoxib cohort (58.4 years of age, SD 17.5). There
was no evidence of a sex difference between the
rofecoxib and celecoxib cohorts (Pearson %2 = 0.07,
Pr=0.79).

For the whole population, 77% of the rofecoxib
patients were regular (daily) users and 23% received
at least one prn prescription. In the celecoxib cohort,
80% were regular users and 20% were using
celecoxib as required. The patterns of prescribed use
for both medicines are shown in table II.

There were significantly more short-term users
(both prn and daily) in the rofecoxib cohort and
significantly more long-term regular users in the
celecoxib cohort (tested by a 2 test for the pattern
of use).

Dose

Data on daily dose were available for patients
prescribed rofecoxib or celecoxib for regular (daily)
use (table III). For this analysis the daily dose at the
time of the last prescription was used. For patients
prescribed prn prescriptions it was not possible to
calculate a daily dose and, therefore, these subjects
were excluded from this analysis.

Table I. Age and sex distribution for each cohort

Celecoxib

(n = 32 446)
20008 (61.7)
12200 (37.6)

Rofecoxib

(n = 26 403)
15979 (60.5)
10173 (38.5)

Parameter

Female sex [no. (%)]
Male sex [no. (%)]

Unknown sex [no. (%)] 251 (1.0) 238 (0.7)
Median age (years) 59 64
Inter-quartile age range 47-72 52-75
(years)

Drug Safety 2005; 28 (5)
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Table Il. Patterns of prescribed use for rofecoxib and celecoxib
cohorts

Type of use? Rofecoxib Celecoxib
[no. (%)] [no. (%)]

As required®

Short-term (up to 14 days) 1789 (6.8) 958 (2.9)

Long-term (>14 days) 4364 (16.5) 5541 (17.1)

Regular daily®

Short-term (up to 14 days) 7206 (27.3) 5185 (16.0)

Long-term (>14 days) 13040 (49.4) 20754 (64.0)

a Information on usage was not available for four patients
taking rofecoxib and eight patients taking celecoxib.

b As required (prn) use was identified from the prescription
data stating ‘take as required’.

¢ Regular daily use was identified from the prescription stating
‘take x tablets x times daily’.

Indications for Use

Information on indications for use was available
for 6720 celecoxib patients and 5177 rofecoxib pa-
tients. Individual indications (as recorded on the
follow-up questionnaires) were grouped according
to the aetiology of each condition and the results are
shown in table IV.

Table IV shows that more celecoxib patients
were using this medicine for osteoarthritis than
rofecoxib (30% vs 20%) and more rofecoxib pa-
tients were using this medicine for unspecified pain
than celecoxib (42% vs 32%). For indications that
might be associated with an increased risk of throm-
botic cardiovascular problems (some types of in-
flammatory arthritis and patients with cancer pain)
there was no difference between the two medicines.

Follow-Up Sub-Groups

In group 1, where all follow-up questionnaires
had been sent (‘follow-up complete’ group), 6267
patients were prescribed celecoxib (19% total
celecoxib cohort) and 4882 patients were prescribed
rofecoxib (18% total rofecoxib cohort). The re-
sponse rate for returning the follow-up question-
naires for this group was 61.5% for celecoxib and
63.4% for rofecoxib.

In group 2, where follow-up was incomplete,
there were 14 610 celecoxib patients (45% total
celecoxib cohort) and 11 587 rofecoxib patients
(44% total rofecoxib cohort). In group 3, the ‘no

© 2005 Adis Data Information BV. All rights reserved.

follow-up’ group, there were 11 569 celecoxib pa-
tients (36% total celecoxib cohort) and 9934
rofecoxib patients (38% total rofecoxib cohort).

Thrombotic Cardiovascular Events

For the total celecoxib cohort, 86 patients with
thrombotic cardiovascular events were identified
(0.27% of cohort). Of the 86 events, 60 (70%) were
myocardial ischaemia/infarction and 26 (30%) were
a cerebral thrombotic event (22 strokes and 4 TTAs).
Of the 60 patients who experienced myocardial is-
chaemia/infarction, 34 died from this event and of
the 26 patients who had a stroke or TIA, 18 died.
Fifty-seven (66%) of the 86 patients with these
cardiovascular events had documented pre-existing
cardiovascular disease.

For the total rofecoxib cohort, 58 patients with
thrombotic cardiovascular events were identified
(0.22% of cohort). Of these 58 events, 42 (72%)
were myocardial ischaemia/infarction and 16 (28%)
were a cerebral thrombotic event (11 strokes, 3
TIAs, 1 recurrent TIAs and 1 cerebral thrombosis).
Of the 42 patients who experienced myocardial is-
chaemia/infarction, 24 died from that event and of
the 16 patients who had a cerebral event, 8 died.
Thirty-seven (64%) of the 58 patients with these
cardiovascular events had documented pre-existing
cardiovascular disease.

Table V summarises the number of thrombotic
cardiovascular events in each of the three follow-up
sub-groups.

Table Illl. Dose distribution for regular users of rofecoxib and
celecoxib

Dose (mg) No. of patients (%)
Rofecoxib (n = 20 246)

12.5 4911 (24.3)

25 13061 (64.5)

50 2233 (11.0)
Other? 41 (0.2)
Celecoxib (n = 25 949)

100 1851 (7.1)

200 21169 (81.6)

400 2821 (10.9)
Other? 108 (0.4)

a Other or unknown doses.

Drug Safety 2005; 28 (5)
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Table IV. Indication for use of celecoxib or rofecoxib
Rofecoxib [no. (%)] Celecoxib [no. (%)]

Indication for use

All 5177 6720

Injury 154 (3.0) 193 (2.9)
Inflammatory 178 (3.4) 258 (3.8)
arthritis?

Osteoarthritis 1016 (19.6) 2044 (30.4)
Pain — 1307 (25.2) 1831 (27.3)
musculoskeletal

Pain — unspecified 2175 (42.0) 2173 (32.3)
Pain — other® 339 (6.6) 210 (3.1)
Miscellaneous 8 (0.2) 11 (0.2)

a The term ‘inflammatory arthritis’ includes the individual
conditions rheumatoid arthritis, ankylosing spondylitis,
polymyalgia rheumatica and gout.

b Other pain included acute pain, nerve pain, gynaecological
pain and cancer pain. The incidence of patients with cancer
was 0.5% in each group (i.e. no difference).

Effect of Dose

Comparison of the rate of thrombotic cardiovas-
cular events for the most commonly prescribed
doses for each medicine (rofecoxib 12.5mg, 25mg
and 50mg; celecoxib 100mg, 200mg and 400mg)
showed no dose effect. However, the number of
events in each dose stratification was very small,
particularly for the higher doses, for example there
were only two events for rofecoxib 50mg.

Time to Onset of Event

For the 86 celecoxib events and the 58 rofecoxib
events (total 144 events), time to onset of event was
known for 142 events (table VI). For patients taking
celecoxib the median time to event was 83 days
(inter-quartile range 27-330) and for rofecoxib was
57 days (inter-quartile range 21-204).

Rates of Cardiovascular Thrombotic Events

In the group in whom follow-up had been com-
pleted (group 1) the unadjusted hazard ratio for
celecoxib compared with rofecoxib was 1.07 (95%
CI 0.59, 1.93). After an adjustment for age, this
hazard ratio was 0.94 (95% CI 0.51, 1.70). A further
adjustment for sex, prn use, indication for use, con-
comitant aspirin/NSAID use and pre-existing car-
diovascular disease resulted in only minor changes.

In the partially followed-up group, the age-ad-
justed hazard ratio for celecoxib compared with
rofecoxib was 0.60 (95% CI 0.38, 0.95) and in the

© 2005 Adis Data Information BV. All rights reserved.

group who had not been followed up, the hazard
ratio was 0.40 (95% CI 0.13, 1.22). Cox’s propor-
tional hazards regression models for the three
groups combined violated the proportional hazards
assumption, so results for the total cohorts are not
presented.

Discussion

This interim analysis of our postmarketing study
of celecoxib and rofecoxib indicates that in a group
of approximately 11 000 patients who had been
followed up by 30 September 2004, there was no
significant difference in the risk of thrombotic car-
diovascular events with celecoxib compared with
rofecoxib, although the confidence intervals were
wide.

The IMMP cohorts were split into three groups
for analysis because follow-up of all of the patients
had not been completed. Although this was necessa-
ry in order to apply the most appropriate statistical
methods, it limited the power to detect differences
between celecoxib and rofecoxib in the three sub-
groups. The most confidence can be placed in the
results from the group who had been completely
followed up using the routine IMMP methodology.
One strength of this active surveillance is that ad-
verse events are identified from multiple sources,
including questionnaires to doctors, prescription
data, spontaneous reports and information from na-
tional databases. The results from the groups in
whom follow-up had not been completed are less
reliable because events had (largely) been identified
from sources other than the follow-up question-
naires. These sources, especially spontaneous re-
porting, may be subject to reporting bias, for exam-
ple doctors may have reported more cardiovascular
events with rofecoxib following the publication of

Table V. Thrombotic cardiovascular events by follow-up group

Group Rofecoxib Celecoxib
No. of Events No. of Events
patients patients
Follow-up 4882 16 6267 37
complete
Follow-up 11587 35 14610 43
incomplete
Not followed up 9934 7 11569 6
Total 26 403 58 32446 86

Drug Safety 2005; 28 (5)
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Table VI. Time to onset of thrombotic cardiovascular events in
patients taking celecoxib compared with patients taking rofecoxib

Rofecoxib [no. (%)] Celecoxib [no. (%)]

Time to onset of

event

<7 days 4(7) 4 (5)
8-30 days 14 (24) 22 (26)
31-60 days 12 (21) 12 (14)
61-90 days 5(9) 6 (7)
91-180 days 8 (14) 9 (11)
181-360 days 7 (12) 15 (18)
>360 days 8 (14) 16 (19)

the VIGOR (Vioxx® Gastrointestinal QOutcomes Re-
search) trial in May 2000.[®!

It was considered acceptable to perform this
comparison of the IMMP celecoxib cohort with the
rofecoxib cohort because the monitoring of these
two COX-2 inhibitors had been conducted in paral-
lel. However, it was important to evaluate any po-
tential differences between the two cohorts that
might confound the results of this observational
study. The celecoxib cohort was older and more
patients were taking the medicine long-term. A
higher proportion of celecoxib users were taking a
concomitant NSAID and had pre-existing cardio-
vascular disease. We accounted for these differences
by adding several variables to the statistical models,
but after adjustment for age, adjustment for other
variables made little difference to the results. The
IMMP does not routinely collect information on
other potential confounding variables for cardiovas-
cular disease (e.g. smoking or obesity), but there is
some evidence that patients taking celecoxib or
rofecoxib do not differ in this respect.l’

Data on dose were available for almost all pa-
tients and although we have presented these results,
dose was not included as a variable in the statistical
models for the hazard ratios. It was considered that
in this comparative study, estimating dose equiva-
lence between rofecoxib and celecoxib (in order to
adjust the results) could be misleading. We at-
tempted to study dose relationship with cardiovas-
cular events for each individual medicine, but as the
number of events in the higher dose levels was very
small, the result of no evident dose effect must be
interpreted with caution.

In 2004, a comprehensive review concluded that
“the pharmacological evidence together with con-
cerns arising from some clinical studies suggests

© 2005 Adis Data Information BV. All rights reserved.

that an increased cardiovascular risk associated with
COX-2 inhibitor use remains a possibility”.l'" Fur-
ther studies of the cardiovascular effects of COX-2
inhibitors have now been published. Two placebo-
controlled trials of rofecoxib and celecoxib (de-
signed to show efficacy in the prevention of colonic
polyps) have shown that both medicines increase
thrombotic cardiovascular events, which suggests a
class effect.l''] However, several observational stud-
ies in large populations taking NSAIDs or COX-2
inhibitors have suggested an increased cardiovascu-
lar risk for rofecoxib, but not for celecoxib.l:1213]
Two recent case-control studies have also suggested
a lower risk of myocardial infarction with celecoxib
compared with rofecoxib.!1413]

However, there have not been any direct compar-
ative (head-to-head) clinical trials of celecoxib ver-
sus rofecoxib.!'®! Such a trial is unlikely to be per-
formed, thus increasing the importance of observa-
tional studies of the type performed by the IMMP.
Although there are limitations of observational stud-
ies, there are some advantages of postmarketing
studies over clinical trials. PEM studies examine
how medicines are used in ‘real life’, with no exclu-
sion criteria and generally in larger populations for
longer periods of time than clinical trials.

Conclusion

Our results from the analysis of approximately
11 000 patients in the IMMP cohorts, suggest there
is no significant difference in cardiovascular risk for
patients taking celecoxib compared with those tak-
ing rofecoxib. However, the number of events in the
followed-up sub-group was small and the confi-
dence intervals for the hazard ratio were wide. Fol-
low-up of the remaining patients would provide
more insight into the results presented in this interim
analysis.
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