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CELECOXIB, THE FIRST COX-2-selec-
tive non-steroidal anti-inflammatory
drug (C2SN) to be developed, came
onto the Australian market in 1999, and
was listed on the Pharmaceutical Bene-
fits Scheme (PBS) in August 2000.
Rofecoxib, the second C2SN to come
onto the market, was listed on the PBS
in February 2001. The initial restric-
tions placed on the prescribing of these
agents were, for celecoxib, “chronic
arthropathies (including osteoarthritis)
with an inflammatory component”, and
for rofecoxib, “treatment of chronic
osteoarthritis with an inflammatory
component”.

Cyclooxygenase-1 (COX-1) inhibition
in the gastrointestinal tract (GIT) was
postulated as the reason for the
increased risk of serious upper-GIT
ulcers, perforation or bleeding associ-
ated with traditional non-steroidal anti-
inflammatory drug (NSAID) use.1

C2SNs were thought to have a better
gastrointestinal safety profile than tradi-
tional NSAIDs, because they selectively
inhibit COX-2, an immediate early gene
product which is rapidly induced in
response to inflammatory stimuli.2 The
manufacturers of C2SNs sponsored
very large clinical trials in patients with
osteoarthritis and rheumatoid arthritis
to assess the risk of a serious GIT event
with these drugs compared with tradi-
tional NSAIDs. The new drugs proved
equally efficacious, and appeared to be
associated with a lower relative risk of
serious upper GIT events.3,4

Soon after celecoxib was placed on
the PBS, many Australian general prac-

titioners (GPs) began to prescribe it,
leading to a large number of adverse
drug reaction (ADR) reports and a blow
out in government expenditure.5-7 The
aim of our study was to assess trends in
prescribing of the new agents by GPs,
and the profiles of general practice
patients who were prescribed COX-2-

selective NSAIDs during the early
adoption phase.

METHODS

The General Practice Research Net-
work (GPRN)8 comprises a national
sample of Australian GPs who provide
deidentified electronic longitudinal
patient records. Overall prescription
rates per 1000 encounters for tradi-
t i ona l  NSAIDs,  ce lecox ib  and
rofecoxib, and meloxicam, were calcu-
lated using all of the data (from 437
GPs and 5 957 768 patient encounters)
from all GPRN participants for the 3
years from 1 September 1999 to 30
September 2002.
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respectively; large numbers of patients in the study cohort had reasons recorded for 
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prescribing and drug use patterns that were not in accord with quality use of medicine 
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Initially, two cohorts were identified
for further analysis, comprising patients
who had received their first prescription
for either celecoxib or rofecoxib in the
three months after their listing on the
PBS. We also selected an additional
cohort of patients who had received
their first prescription for celecoxib after
it had been listed on the PBS for six
months to see if the pattern of use had
changed.

To maximise the chances of obtaining
comprehensive data for each patient, we
included only the patients of GPs from
practices where all members of the
practice were also members of the
research network. Thirty-eight practices
where all GPs were enrolled with the
GPRN were identified. The patients of
ninety-six GPs from these practices
were included in the cohorts for the
C2SN analysis. The resulting database
of 796 537 prescription records from
January 1999 for the 96 GPs was
searched for patients receiving their first
prescription for celecoxib or rofecoxib.

To permit retrospective analysis,
inclusion in the cohorts was restricted
to patients whose records had prescrip-
tion data available for the 12 months
preceding their first C2SN prescription.

The first celecoxib cohort (Cohort 1)
comprised 2366 patients who received
their first prescription for celecoxib
between 1 August and 31 October
2000. The second celecoxib cohort

(Cohort 2) comprised 640 patients who
received their first celecoxib prescrip-
tion between 1 February and 30 April
2001. The rofecoxib cohort (Cohort 3)
comprised 608 patients who received
their first prescription for rofecoxib also
between 1 February and 30 April 2001.

Data extracted from the electronic
health records of patients in these three
cohorts included patient age and sex,
reason for C2SN prescription, pain
medications prescribed in the previous
12 months, coprescription of aspirin,
and coprescription of other medications
which are known to adversely affect
renal function when prescribed together
with C2SNs (ie, diuretics, angiotensin-
converting enzyme inhibitors [ACEI],
angiotensin-2 receptor antagonists
[AT2A]).9

Statistical analysis

We used SAS software for analyses.10

Standard errors and confidence inter-
vals were calculated incorporating a
cluster sample study design using
“PROC SURVEYMEANS” (a pro-
gramming command within the SAS
programming language).

RESULTS
Overall use of new and old drugs

Prescriptions written for celecoxib
increased dramatically from August

2000, when the drug was first made
available on the PBS (Box 1). In the
first month, celecoxib was the most
frequently prescribed item among all
GPRN doctors, accounting for 44.8
prescriptions written per 1000 patient
encounters, and overtaking total pre-
scriptions for all NSAIDs. This rate
gradually fell over the next 7 months,
stabilising at about 15 prescriptions per
1000 patient encounters. Prescriptions
for rofecoxib increased, but not as dra-
matically, and the rate plateaued at
about 13 prescriptions per 1000 patient
encounters. Rate of prescribing of tradi-
tional NSAIDs did not fall after
rofecoxib was listed on the PBS in
February 2001, although the prescrip-
tion rates for celecoxib decreased. The
sum of the prescribing rates for C2SNs
and traditional NSAIDs increased to a
level about 20% higher than rates for
traditional NSAIDs alone had been
before C2SNs became available on the
PBS.

Age and sex of patients

The mean age of patients in the three
cohorts was 61 years (median, 63 years;
range, 12–96 years). In Cohorts 1–3,
patients aged less than 50 years
accounted for 22.8%, 28.2% and
20.8%, respectively, of those for whom
C2SNs were prescribed, and those aged
less than 65 years accounted for 52.6%,
59.5% and 50.7%, respectively.

Reason for prescription

Once enrolled in the GPRN, GPs are
required to enter their reason the first
time they prescribe a particular drug for
a patient. However, as we used some
retrospective prescribing data (from
before GPs were enrolled), reasons were
not always recorded. Thus, 38.9% of
patients in Cohort 1 for whom C2SNs
were prescribed had reasons for pre-
scription recorded, increasing to 87.7%
and 93.1% in Cohorts 2 and 3, respec-
tively.

In all three cohorts, “osteoarthritis”
or “arthritis” were the most frequently
recorded reasons, and, together,
accounted for between 37% and 47% of
patients being prescribed C2SNs in
each cohort (Box 2). Rheumatoid
arthritis was recorded as the reason for
prescribing C2SNs for less than 3% of

1: Prescription rate per 1000 patient encounters of C2SNs and NSAIDs, 
showing the time of Pharmaceutical Benefits Scheme (PBS) listing for 
celecoxib, rofecoxib and meloxicam
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patients in any cohort, reflecting the low
prevalence of this condition in the pop-
ulation. Remaining reasons were prima-
rily musculoskeletal conditions.

Past-year pain medication

Between 36.7% and 61.3% of patients
in the three cohorts had not received a
prescription for any pain medication in
the year before being prescribed a
C2SN (Box 3). Varying proportions of
patients in the three cohorts received
prescriptions for traditional NSAIDs,
paracetamol, combinations of paraceta-
mol and codeine, or other pain medica-
tions, in the 12 months preceding their
first C2SN prescription. Fewer than
33.2% of patients in any cohort had
been prescribed a traditional NSAID,
and fewer than 47.7% had been pre-
scribed paracetamol or a paracetamol
and codeine combination; 31.6% of
patients in the rofecoxib cohort had
previously been prescribed celecoxib.

Concomitant use of relevant medications

Box 4 gives the frequency for each
cohort of concomitantly prescribed
medications that could predispose
patients to a serious adverse renal or
bleeding event.9 Between 4.7% and
7.9% of patients were prescribed a
C2SN, diuretic and either an ACEI or
AT2A.

DISCUSSION

Two years after the introduction and
rapid adoption of celecoxib and
rofecoxib, there has been an overall
growth in the market for anti-inflamma-
tory medications. In our general prac-
tice study, prescribing rates per 1000
consultations for C2SNs plus tradi-
tional NSAIDs increased by about 20%.

There are several caveats in interpret-
ing data from the GPRN database.
Firstly, it comprises only a sample of
GPs (although GPRN participants are
representative of Australian GPs
overall8). Secondly, it is possible that
datasets may be incomplete, as patients
may visit more than one GP. A final
caution relates to uncertainty of reasons
for prescription recorded in the absence
of recognised standard disease coding
criteria. Notwithstanding these limita-
tions, the GPRN allows overall pre-
scribing rates of C2SNs and NSAIDs to
be calculated; this cannot be done by
using the Health Insurance Commis-
sion database, as it does not capture
prescriptions for traditional NSAIDs
that fall below the patient copayment.

The increase in COX-2 prescribing
coincided with a period of energetic
marketing to the medical profession,
which promoted the message that the
new C2SNs were “safer” than tradi-

tional NSAIDs.11 While the studies
available at that time suggested that
treatment with C2SNs was associated
with a lower risk of a serious upper GI
event, the adverse event profile was
otherwise not appreciably different to
that for traditional NSAIDs.3,4 In Aus-
tralia and the United States, there was
also an extensive campaign to promote
celecoxib to consumers through televi-
sion and newspaper coverage.12,13

Less than a third of the patients in any
of our cohorts who were introduced to a
C2SN had been prescribed a traditional
NSAID in the previous year, and
between 36.7% and 63.3% had not
been prescribed any pain medication in
the previous year. A large proportion of
patients were aged under 65 years.
Major recorded reasons for prescribing
were osteoarthritis or arthritis, with few
being for rheumatoid arthritis. Many
patients appeared to have received
C2SNs as first-line therapy. Interna-
tional and Australian guidelines pub-
lished after the time of our study advise
that C2SNs are most useful for patients
who need maximum doses for a pro-
longed time, or for those aged over 65
years.9,14,15

A proportion of patients may have
previously experienced gastrointestinal
toxicity with traditional NSAIDs, but
this could not be determined from our

2: Top 10 reasons for prescribing celecoxib and rofecoxib in study cohorts

Cohort 1* (2366 patients) Cohort 2 † (640 patients) Cohort 3 ‡ (608 patients)

Reason for prescribing n % (95% CI)§ n % (95% CI) n % (95% CI)

Osteoarthritis 253 27.5 (21.4–33.6) 107 19.1 (13.2–24.9) 158 27.9 (19.0–36.8)

Arthritis 183 19.9 (14.6–25.1) 101 18.0 (12.8–23.2) 103 18.2 (8.6–27.8)

Pain other than knee/back 105 11.4 (7.7–15.1) 82 14.6 (10.2–19.0) 78 13.8 (8.1–19.5)

Backpain 74 8.0 (5.2–10.9) 61 10.9 (7.1–14.6) 37 6.5 (3.9–9.2)

Knee pain 17 1.8 (0.6–3.1) 24 4.3 (2.4–6.2) 14 2.5 (0.7–4.2)

Injury/sprain/strain 18 2.0 (1.1–2.9) 19 3.4 (0.5–6.3) 10 1.8 (0.6–2.9)

Sciatica 16 1.7 (0.5–2.9) 14 2.5 (1.2–3.8) 9 1.6 (0.4–2.8)

Arthralgia 10 1.1 (0.3–1.9) 10 1.8 (0.5–3.1) 6 1.1 (0.0–2.3)

Gout 10 1.1 (0.5–1.7) 9 1.6 (0.0–3.2) 3 0.5 (0.0–1.1)

Spondylosis 30 3.3 (1.7–4.9) 8 1.4 (0.0–2.8) 21 3.7 (1.1–6.3)

Rheumatoid arthritis 10 1.1 (0.3–1.9) 6 1.1 (0.0–2.1) 15 2.7 (1.4–3.9)

Tendonitis 4 0.4 (0–0.9) 6 1.1 (0.1–2.0) 9 1.6 (0.2–3.0)

Reason for script recorded 921 38.9 561 87.7 566 93.1

* Celecoxib first prescribed Aug–Oct 2000. † Celecoxib first prescribed Feb–Apr 2001. ‡ Rofecoxib first prescribed Feb–Apr 2001. § Percentages are calculated as a 
proportion of prescriptions where a reason for prescribing was recorded by the general practitioner.
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study. Nevertheless, the extent of C2SN
prescribing in the absence of previous
prescribed pain medication suggests
that GPs were ready to adopt a newer
“safer” agent for their patients whatever
their actual level of GIT risk. Impor-
tantly, continued controversy over the
methods and analyses of the CLASS3

and VIGOR4 trials, together with the
current level of uncertainty over the
absolute ratio of risk to benefit of C2SN
therapy, indicate that assumptions of
superior safety were premature.16-18

Another possible explanation for the
scale of early use of these drugs may have
been the way the restriction was worded
in the PBS. It is debatable how strongly
the existence of a restriction weighs with
prescribers, as, unlike an authority word-
ing, no special effort is required to obtain
the drug for the patient. In any event, the
initial restriction in the PBS listing for
celecoxib (“chronic arthropathies
[including osteoarthritis] with an inflam-
matory component”) did not differ from
that for traditional NSAIDs. Whatever
was intended, it seems no special mes-

sage was received by prescribers through
these listings (see Box 1). The fall in
prescribing for celecoxib and the plateau
in prescribing for both agents presuma-
bly reflected the inevitable reassessment
of its effectiveness and safety after the
initial marketing and promotion.

It is particularly interesting that a
third of the patients in Cohort 3 had
previously been prescribed celecoxib,
suggesting that these patients did not
tolerate or were not happy with the
efficacy of this medication.

Our study also indicates the potential
for adverse effects with widespread use
of C2SNs. Terminology and acronyms
used for the new agents have had many
variants in the short time since they
were released, reflecting the debate over
the extent to which they are indeed a
new drug class.19 However, their pro-
motion as a new class may have left
general practitioners without the
reminder that the new agents, like the
old, can cause renal impairment and
fluid retention.20 The risk of these
adverse effects is increased by concomi-

tant therapy with diuretics, ACE inhibi-
tor s  or AT2As,  and is  fur ther
exacerbated when ACE inhibitors or
AT2As are taken together with diuretics
and C2SNs or NSAIDs.7,20 Despite
this, between 4.7% and 7.9% of
patients in our three cohorts were being
treated with this combination of three
agents. These findings are consistent
with those of a clinical audit undertaken
with Australian rural GPs.21

More generally, the potential for
adverse effects is greater when prescrib-
ing a new drug soon after its release
onto the market. It has been shown that
early adopters put their patients at risk
of adverse effects.22 A recent study
found that 10% of new drugs approved
by the US Food and Drug Administra-
tion between 1975 and 1999 were either
withdrawn from the market or acquired
a “black box” warning (a US labelling
device aimed at increasing drug safety)
as a result of newly discovered adverse
drug reactions.23 Indeed many adverse
events, particularly those that are idio-
syncratic and not expected from a

4: Medications concomitantly prescribed with COX-2-selective non-steroidal anti-inflammatory drugs that 
potentially increase the risk of adverse renal events or bleeding

Cohort 1* (2366 patients) Cohort 2 † (640 patients) Cohort 3 ‡ (608 patients)

Coprescribed medication n % (95% CI) n % (95% CI) n % (95% CI)

Diuretic 279 11.8 (10.2–13.4) 52 8.1 (5.3–11.0) 66 10.9 (8.2–13.5)

ACEIs 273 11.5 (9.1–14.0) 53 8.3 (6.4–10.1) 60 9.9 (7.5–12.2)

AT2As 132 5.6 (3.0–8.1) 22 3.4 (1.6–5.3) 45 7.4 (5.4–9.4)

Combination ACEI/diuretic 97 4.1 (3.0–5.2) 16 2.5 (1.5–3.5) 27 4.4 (2.9–6.0)

Combination AT2A/diuretic 54 2.3 (1.0–3.6) 14 2.2 (1.1–3.3) 21 3.5 (2.3–4.6)

Warfarin 16 0.7 (0.3–1.1) 6 0.9 (0.2–1.7) 2 0.3 (0.0–0.7)

Aspirin 183 7.7 (5.2–10.3) 20 3.1 (1.7–4.5) 47 7.7 (5.1–10.4)

ACEI = angiotensin-converting enzyme inhibitor; AT2A = angiotensin-2 receptor antagonist.
* Celecoxib first prescribed Aug–Oct 2000. † Celecoxib first prescribed Feb–Apr 2001. ‡ Rofecoxib first prescribed Feb–Apr 2001.

3: Prescription for pain medications in the 12 months preceding first prescription for celecoxib or rofecoxib

Cohort 1* (2366 patients) Cohort 2 † (640 patients) Cohort 3 ‡ (608 patients)

Prescribed pain medication § n % (95% CI) n % (95% CI) n % (95% CI)

Traditional NSAID¶ 785 33.2 (29.4–36.9) 124 19.4 (15.0–23.7) 169 27.8 (22.4–33.2)

Celecoxib¶ — — — — 192 31.6 (27.1–36.0)

Paracetamol¶ 493 20.8 (17.5–24.2) 98 15.3 (12.7–17.9) 164 27.0 (20.0–34.0)

Paracetamol/codeine¶ 419 17.7 (15.7–19.8) 81 12.7 (8.8–16.5) 126 20.7 (15.2–26.2)

Other pain medication¶,** 182 7.7 (5.9–9.4) 39 6.1 (4.4–7.8) 89 14.6 (10.7–18.5)

No prescribed pain medication 1095 46.3 (41.8–50.8) 392 61.3 (55.4–67.1) 223 36.7 (31.8–41.6)

* Celecoxib first prescribed Aug–Oct 2000. † Celecoxib first prescribed Feb–Apr 2001. ‡ Rofecoxib first prescribed Feb–Apr 2001. § Refers to the 12 months preceding 
the first prescription for celecoxib or rofecoxib. ¶ These groups are not mutually exclusive. ** Includes codeine alone, tramadol, combination dextropropoxyphene/
paracetamol, and morphine.
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drug’s pharmacological properties, may
not manifest until a medication has
been in routine clinical use for a
number of years.

A number of lessons can be gleaned
from the Australian experience of large-
scale early adoption of celecoxib and
rofecoxib by GPs. Intense drug promo-
tion can create perceptions about medi-
cines that strongly influence patterns of
prescribing and use, yet may not be in
line with best available evidence. Fur-
ther, such rapid uptake can place
patients at risk of adverse drug reactions
and serious drug interactions through
coprescribing. The Quality Use of Med-
icines (QUM) arm of the Australian
National Medicines Policy dictates that
prescribing should be judicious, safe,
appropriate, and cost-effective.24 Our
view is that transparency and collabora-
tion between regulatory agencies, the
pharmaceutical industry and organisa-
tions such as the National Prescribing
Service are needed if new medications
are to be prescribed and used in a way
that enhances the health of individuals
and also adheres to QUM principles.
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