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Warfarin and celecoxib interaction in the setting of
cytochrome P450 (CYP2C9) polymorphism with bleeding
complication
H Malhi, B Atac, A K Daly, S Gupta
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Postgrad Med J 2004;80:107–109. doi: 10.1136/pmj.2003.006478

Drug metabolism may be perturbed by genetically deter-
mined differences in the metabolic activity of cytochrome
P450 enzymes. The authors encountered extensive bleeding
in a patient receiving warfarin for anticoagulation after the
introduction of celecoxib, an anti-inflammatory drug. As the
CYP2C9 enzyme metabolises these drugs, it was determined
whether variant alleles were responsible for altering warfarin
handling. Genetic analysis established that the patient was a
compound heterozygote with CYP2C9*2 and *3 variant
alleles, which exhibit lower drug metabolising capacity and
enhance susceptibility to drug toxicity.

G
enetic differences in the activity of cytochrome P450
(CYP) genes often account for variable drug metabo-
lism. Many common drugs, including warfarin and

non-steroidal anti-inflammatory drugs, are metabolised by
the CYP2C9 enzyme. Three variants of CYP2C9 gene, design-
ated CYP2C9*1, *2 and *3, are encountered in white people.1–3

The enzymatic activity of *2 and *3 variant genes is decreased
significantly, and carriers of the *3 variant are at risk for
complications, such as bleeding after use of warfarin in small
amounts.2 3 Recently, inflammatory drugs that work by
inhibiting cyclo-oxygenase (COX)-2 activity attracted inter-
est.4 For instance, COX-2 inhibitors were thought to have less
potential for causing gastrointestinal bleeding. The COX-2
inhibitor, celecoxib, is primarily metabolised by the CYP2C9
enzyme,5 and is being increasingly popular. In a limited
sample of patients, celecoxib was not found to alter the
pharmacokinetics of warfarin.6 However, whether this group
of subjects included any with variant CYP2C9 alleles, which
might have resulted in altered pharmacokinetics of warfarin,
was unknown. Our experience suggests that celecoxib may
perturb warfarin metabolism, leading to greater anticoagula-
tion in the presence of variant CYP2C9 genes.

CASE REPORT
An elderly woman developed ecchymoses with a decline in
haemoglobin concentration from 160 to 85 g/l over one week.
She was receiving 2.5 mg warfarin daily after a pacemaker
one year previously. The international normalised ratio (INR)
of prothrombin time on this dose of warfarin ranged from 2.2
to 2.6. She was given celecoxib four weeks previously for pain
in multiple joints. This resulted in prolongation of prothrom-
bin time within two weeks with the INR increasing to 3.5 and
the dose of warfarin was decreased to 1 mg daily. The other
routine medications included digoxin, ranitidine, and ator-
vastatin. Her diet was unchanged; her bowel habits were also
unchanged.

Physical examination showed that vital signs were stable.
Extensive ecchymotic areas involved both flanks, left upper
limb, under breasts, perineal area, and posterior thorax.
There was no oedema, arthritis, stigmata of chronic liver
disease, or evidence for vasculitis. Cardiac sounds were
normal without significant murmurs, chest was clear, the
abdomen was soft and non-tender, without liver or spleen
enlargement. No focal neurological deficits were found. The
INR was .10. Blood urea nitrogen, serum creatinine, and
liver tests were normal. Computed tomography of the
abdomen excluded internal haemorrhage.

The coagulation abnormality resolved completely one
month after celecoxib and warfarin were discontinued. The
patient made a full recovery.

ANALYSIS OF CYP2C9 POLYMORPHISM
These studies followed the guidelines established by the
institutional review board and informed consent was
obtained from the patient. Genomic DNA was extracted
from whole blood and an established human liver cell line,
HepG2 (DNA Extractor WB Kit, Wako Chemicals USA, Inc,
Richmond, VA). Reference CYP2C9 variant DNAs were
available (collection of Dr A K Daly). CYP2C9 primers were
according to Sullivan-Klose et al.7 A 50 ml polymerase chain
reaction (PCR) used 2.5 mM magnesium chloride, 1.2 mM
primers, 1 mg genomic DNA, and 0.5 U DNA polymerase
(AmpliTaq, PE Biosystems, Foster City, CA) with 35 cycles
(94 C̊, 5 min; 94 C̊, 60 s; 55 C̊, 90 s; 72 C̊, 30 s; and 72 C̊,
7 min). PCR products were digested with Ava II or Kpn I
(Promega Corp, Madison, WI) and resolved in 1% agarose
containing ethidium bromide. The CYP2C9*2 allele loses an
Ava II site and the *3 allele gains a Kpn I site.7

*2 Variant analysis
All samples showed the expected 691 base pair (bp) band.
Reference DNAs (*1/*1 and *1/*3) produced 527 and 164 bp
Ava II fragments (fig 1A). Ava II digestion of *1/*2 product
produced 691, 527, and 164 bp bands. Our patient showed
691, 527 and 164 bp Ava II fragments, indicating an *2 allele
(lane 9, fig 1A).

*3 Variant analysis
All samples showed the expected 141 bp product (fig 1B).
Kpn I did not digest *1/*1, *1/*2, and HepG2 DNAs, whereas
*1/*3 reference and test DNAs were partially digested with
141, 111 and 30 bp fragments (lanes 7 and 9, fig 1B).
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Sequence analysis verified *2 and *3 CYP2C9 alleles in the
patient.

DISCUSSION
This patient was a compound *2/*3 CYP2C9 heterozygote.
Despite the lower warfarin dose of 1 mg daily, competition
between celecoxib and warfarin led to severe anticoagulation
and bleeding. These findings are quite compatible with
warfarin and celecoxib interaction. Such an interaction has
been suspected relatively rarely.8 9 We focused on CYP2C9
because this pathway inactivates both warfarin and cele-
coxib, accounting for ,80% of drug clearances, whereas *2
and *3 variants possess only ,12% and 5% enzyme activity,
which should increase drug retention.10–12

Aithal et al2 and Taube et al3 established that markedly
lower warfarin doses were sufficient for anticoagulation in *2
and *3 CYP2C9 carriers (average ,1.5 mg v 5 mg warfarin
daily).3 Moreover, warfarin maintenance in compound
CYP2C9*2/*3 heterozygotes was 82% of the dose required by
*1/*1 CYP2C9 carriers. Although overanticoagulation rates
during warfarin maintenance with variant CYP2C9 alleles

were (not surprisingly) similar,3 our patient indicates that
drug interactions can obviously alter this situation. Celecoxib
metabolism decreases up to 90% with *2 and *3 variant
alleles and celecoxib exhibits high CYP2C9 affinity.10 12 These
perturbations could delay or prevent warfarin metabolism,
leading to gradual warfarin accumulation and delayed
bleeding, as seen in our patient.

The CYP2C9 *1/*1 allele was encountered most frequently
(,80%) in European populations.1 3 However, *2 and *3
alleles were prevalent in 11% and 5%–7%, respectively, of
these populations, which is not insignificant. Therefore,
many patients will be at risk for drug interactions mediated
by CYP2C9 variants. Use of warfarin for anticoagulation, as
well as celecoxib and related drugs, for arthritis and/or other
conditions will rise further in the older age groups and thus it
will be appropriate to consider the type of drug interaction
seen in our patient. This suggests that suitable ways to define
the risk for such complications in large patient populations
should be examined. For example, the value of prospective
CYP2C9 genotyping needs to be addressed in people requiring
long term anticoagulation, since single nucleotide poly-
morphisms are amenable to high throughput testing, which
should make such an approach practical.
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Summary points

N Patients receiving drugs metabolised by the same
cytochrome P450 system could be at risk for drug
interactions.

N Presence of variant cytochrome P450 genes with lower
enzymatic activity increases susceptibility for drug
interactions.

N This case demonstrates the following specific points:

– Metabolism of warfarin was perturbed and led to
bleeding in the presence of variant CYP2C9 genes by
coadministration of celecoxib, which is a COX-2
inhibitor.

– Analysis of potential interactions between warfarin
and other drugs sharing metabolic pathways should
include the context of CYP2C9 polymorphisms.

Figure 1 PCR of CYP2C9 alleles
showing analysis of *2 variant (A)
and *3 variant alleles (B). Lane 1,
molecular weight marker; lanes 2
and 3, *1/*1 reference DNA; lanes 4
and 5, *1/*2 reference DNA; lanes 6
and 7, *1/*3 reference DNA; lanes 8
and 9, DNA from patient; lanes 10
and 11, DNA from HepG2 cells; and
lanes 12 and 13, PCR mix alone.
Lanes marked by (+) show DNA
digested by Ava II or Kpn I. Arrows in
panel A show 527 and 164 bp *1/*1
fragments. Arrows in (B) show
111 bp *3 fragment. The 30 bp *3
fragment is not shown.
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