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Background and Objectives. Cytochrome P4502C9
(CYP2C9) is the main enzyme implicated in coumarinic
metabolism. Variant alleles, CYP2C9*2 and CYP2C9*3,
have been related to decreased enzymatic activity, but
their clinical relevance in acenocoumarol metabolism has
not been established. We investigated CYP2C9 polymor-
phisms in relation to acenocoumarol dose requirement,
stability of anticoagulation and bleeding.

Design and Methods. CYP2C9 genotyping was performed
in 325 acenocoumarol-treated patients (INR target
between 2.0 and 3.0) and in an additional group of 84
patients with repeated bleeding. 

Results. Patients with the wild-type CYP2C9*1/*1 geno-
type (n=169) required a higher maintenance dose of
acenocoumarol (17.1±8.7 mg/week) than did patients
with the CYP2C9*2 (14.6±6.4 mg/week, p<0.05, N=97)
or the CYP2C9*3 allele (11.2±6.2 mg/week, p<0.001,
n=59). Out of 170 patients requiring a low-dose of
acenocoumarol (≤2 mg/day), 27.1% carried the
CYP2C9*3 allele, while among the patients requiring
higher doses, 8.4% had CYP2C9*3 (OR=4.77, 95% CI =
2.40-9.48, p<0.001 vs. 2C9*1/*1 patients). In the mul-
tivariate analysis, independent predictive variables for
low-dose acenocoumarol requirements were age >70
years (OR=3.73, 95%CI=2.29-6.08, p<0.001), and the
CYP2C9*3 allele (OR=4.75, 95%CI=2.36-9.55, p
<0.001). Carriers of CYP2C9*3 spent less time within the
therapeutic range (64.7±23.1%) than did patients with
the CYP2C9*1/*1 genotype (75.1±22.0%, p<0.01),
and more frequently had an INR >4.5 at the initiation of
treatment (43.9% vs.11.6%, p<0.001), but did not show
repeated bleeding more frequently (19.0% vs.15.5%,
p=NS).

Interpretation and Conclusions. CYP2C9*3 is related to
lower acenocoumarol dose requirements, a higher fre-
quency of over-anticoagulation at the initiation of thera-
py and an unstable anticoagulant response.
©2002, Ferrata Storti Foundation
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Treatment with oral anticoagulants has improv-
ed the prognosis of patients with thromboem-
bolic disease. However, optimal oral anticoag-

ulation control is usually hampered by significant
interindividual variability in dose requirements for
a given target level of anticoagulation. Extreme
sensitivity to coumarinics may make it difficult to
achieve the appropriate dosage and anticoagula-
tion stability, and, consequently, predispose patients
to bleeding complications.1 With the development
of pharmacogenetics, there is increasing evidence
that interindividual sensitivity to coumarinics may
be largely genetically determined.2 Polymorphisms
of the cytochrome P450 2C9 enzyme family
(CYP2C9) have recently been associated with
impaired elimination of warfarin and over-antico-
agulation in certain patients.3 Warfarin is available
as a racemic mixture of two enantiomers (R)- and
(S)-. The clinical effect of warfarin relies mainly on
(S)-warfarin, which is pharmacologically more
active than (R)-warfarin. (S)-warfarin is mainly
metabolized by CYP2C9.4 Allelic variants of CYP2C9,
CYP2C9*2 (Arg144Cys) and CYP2C9*3 (Ile359Leu),
have less catalytic activity than the wild type
CYP2C9*1 (Arg144/Ile359).5,6 Both alleles, CYP2C9*2
and CYP2C9*3, have been associated with
decreased warfarin dose requirements.3, 7-10 A rela-
tionship between this polymorphism and increased
risk of bleeding in patients receiving warfarin has
been reported in some studies but not confirmed by
others.3,7,9 While warfarin is more frequently pre-
scribed in the United States and the United King-
dom, acenocoumarol is the oral anticoagulant
widely used in continental Europe. Racemic aceno-
coumarol has several pharmacologically significant
differences in regard to warfarin. It has a half-life
about four times shorter than that of warfarin. Fur-
thermore, the very rapid metabolism of (S)-aceno-
coumarol (half-life less than 2 hours) makes the
therapeutic effect almost exclusively due to (R)-
acenocoumarol.11 (S)-acenocoumarol, like (S)-war-
farin, is metabolized almost exclusively by CYP2C9,
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while (R)-acenocoumarol is metabolized mainly by
CYP2C9 but CYP2C19 and CYP1A2 also take part.12

The extent to which CYP2C9 contributes to the
overall clearance of warfarin and acenocoumarol is
also different. CYP2C9 is responsible for about 85%
of the clearance of (S)-warfarin, while it accounts
for only about 40% of the clearance of the clinical-
ly significant (R)-enantiomer of acenocoumarol.13

Consequently, warfarin and acenocoumarol may dif-
fer in their propensity to interact with other CYP2C9
substrates or inhibitors, and genetic CYP2C9 vari-
ants may, in a different manner, affect the metab-
olism of these drugs.

At present, the significance of the CYP2C9 poly-
morphism on acenocoumarol dose requirements is
less known than for warfarin. Moreover, the contri-
bution of CYP2C9 polymorphism to the risk of bleed-
ing or dosage stability in patients receiving aceno-
coumarol has not been established. The aim of the
present study was to investigate the effect of the
CYP2C9 polymorphism on dose requirements, anti-
coagulation stability and bleeding complications in
a cohort of acenocoumarol-treated patients.

Design and Methods
The Oral Anticoagulation Unit in the Hospital

Clínic of Barcelona is attended by more than 3,500
patients on acenocoumarol therapy. In this unit,
patients are monitored by their international nor-
malized ratio (INR), the dose of acenocoumarol is
prescribed and the date for the next control is fixed.
Data from patients treated with oral anticoagulants
have been recorded in a computer program since
1993. Patients are examined by medical staff at the
start of oral anticoagulation, are instructed about
acenocoumarol management, and followed-up in
the case of any relevant event such as concomitant
illness, bleeding complications, surgical, invasive or
odontological procedures or changes in medication.
Data on every INR determination and clinical event
are registered by computer.

Patients
After providing informed consent, patients with a

target INR of 2.5 (therapeutic range from 2.0 to 3.0),
and a stable acenocoumarol dose requirement for at
least the three last controls, not taking any med-
ication known to interfere with acenocoumarol, and
without significant liver or cardiac dysfunction were
consecutively selected for CYP2C9 genotyping from
among the patients seen in the Anticoagulation Unit
during a one-week period. Data on the INR deter-
minations, acenocoumarol dose and bleeding
episodes were obtained from computer files. In order
to evaluate the risk of over-anticoagulation at the

initiation of acenocoumarol therapy in relation to
the CYP2C9 polymorphisms, genotyped patients fol-
lowed in our institution from the initiation of their
therapy were selected. INR values and clinical events
at the initiation of acenocoumarol therapy were
obtained from computer files. These patients
received acenocumarol in a homogeneous protocol
(9 mg in the first 72 hours).

In order to establish the relationship between
bleeding complications and the CYP2C9 polymor-
phisms we selected a group of 84 patients treated
with acenocoumarol with a target INR of 2.5 known
to have had repeated bleeding, from the whole
group of anticoagulated patients attending our
institution, and an additional control group of 84
acenocoumarol-treated patients without bleeding
matched for age, sex, and reason for anticoagula-
tion.

Samples
Samples were obtained at the patients’ regular

appointments for INR testing. No additional blood
was extracted for the study. Venous blood samples
were drawn from a clean antecubital venipuncture
and collected in tubes containing 3.8% trisodium
citrate (1:9, vol:vol) (Becton Dickinson, Rutherford,
NJ, USA). For genotype studies, 100 µL of whole
blood were transferred into tubes containing lysis
buffer (5 mol/L guanidine thiocyanate, 1.3% (w/v)
Triton X-100, and 50 mmol/L Tris/HCl, pH 6.4), and
frozen at -80°C until tested. For INR determinations,
platelet-free plasma was obtained by centrifuga-
tion at 2,000 g for 10 min at 22°C.

Prothrombin time was measured on an automat-
ed CA 6000 coagulometer (Dade Behring, Marburg,
Germany) using human placental thromboplastin
(Thromborel, Dade Behring). The INR was calculat-
ed by the formula INR=(patient time/control time)ISI,
where ISI is the international sensitivity index.

DNA studies
Genomic DNA was extracted from 100 µL of

whole blood by a silica gel column method (QIAamp
DNA blood mini kit, Qiagen GmbH, Hilden, Ger-
many). For detection of the CYP2C9*2 and CYP2C9*3
variants a protocol based on a polymerase chain
reaction (PCR) technique and endonuclease diges-
tion was used with minor modifications.14 For
CYP2C9*2 (T416→C) the following primers were used:
5’-GGA TAT GAA GCA GTG AAG GAA-3’, forward
primer, position 221-241, and 5’-GGC CTT GGT TTT
TCT CAA CTC-3’, reverse primer, position 469-449.
PCR was carried out on 25 µL volume samples, in a
Techne Progene thermal cycler (Techne, Cambridge,
UK) with 35 cycles at 95°C for 50 sec, 61°C for 1
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min, and 72°C for 3 min, and a final extension cycle
of 7 min at 72°C. After amplification, 5 µL of the
PCR product were digested overnight at 37°C with
10U of the AvaII restriction enzyme (Roche Diag-
nostics, Basel, Switzerland). The digested product
was analyzed in a 2.8% agarose gel electrophoresis
(Metaphor, FMC Bioproducts, Rockland, ME, USA)
and visualized under UV light after staining with
ethidium bromide. Samples with T416 had a single
429 bp band, while samples with C416 gave 363 and
57 bp bands.

For CYP2C9*3 allele amplification a mismatched
PCR primer was used that creates a Nsi I restriction
site when an A in 1061 is present: 5’-TGC ACG AGG
TCC AGA GAT GC-3’, forward primer position 1041-
1060. Reverse primer: 5’-AAA CAT GGA GTT GCA
GTG TAG-3’ position (+36)-(+16) downstream from
the exon 7/intron 7 junction. PCR was carried out on
25 µL volume samples, with 35 cycles at 95°C for 50
sec, 59°C for 1 min, and 72°C for 2 min, and a final
extension cycle of 7 min at 72°C. After amplifica-
tion, 5 µL of the PCR product were digested
overnight at 37°C with 10U of the Nsi I restriction
enzyme (Roche Diagnostics). The digested product
was analyzed in a 4% agarose gel electrophoresis.
Samples with A1061 showed 110 bp and 21 bp bands.

Statistical analysis
Results are shown as mean±SD and/or as median

and ranges. Odd ratios (OR) were calculated and the
95% confidence intervals (95% CI) were determined
by Woolf’s method.15 Comparisons were made by
the χ2 test or by the analysis of variance followed
by Bonferroni’s test. Multivariate analysis was per-
formed by the logistic regression method using the
BMDP statistical software package for PC. The per-
centage of time spent within the therapeutic range
was determined by the step method proposed by
Rosendaal et al.16

Results

Study group
A total of 325 consecutive patients who fulfilled

the selection criteria were genotyped for the
CYP2C9 polymorphisms. There were 180 men and
145 women, with a mean age of 70.2±12.3 years.
Patients were receiving acenocoumarol for treat-
ment of deep venous thrombosis (DVT) and pul-
monary embolism (PE )(15.7%), primary prophylax-
is of cardioembolic disease (56.6%), secondary pro-
phylaxis of thromboembolism (24.9%), or for other
reasons (2.8%). The mean duration of anticoagu-
lant therapy was 40.1±29.8 months. The distribution
of the CYP2C9 genotype was as follows:

CYP2C9*1/*1: 169 patients (52.0%); CYP2C9*1/*2:
90 patients (27.7%); CYP2C9*1/*3: 48 patients
(14.8%); CYP2C9*2/*2: 7 patients (2.2%); and CYP2
C9*2/*3: 11 patients (3.4%); no patient was homo-
zygous for allele CYP2C9*3. The allele frequencies
were 0.73 for CYP2C9*1, 0.18 for CYP2C9*2, and
0.09 for CYP2C9*3.

CYP2C9 polymorphisms and maintenance
dose of acenocoumarol

The acenocoumarol dose required to achieve a
therapeutic INR was very variable. In the whole
series, the median dose was 13 mg/week (range 2.3
to 61 mg/week), and the mean dose was 15.3±8.0
mg/week. The doses of acenocoumarol in relation to
the CYP2C9 genotype are depicted in Table 1 and
Figure 1. Patients with the CYP2C9*1/*1 wild-type
genotype (n=169) required a significantly higher
maintenance dose of acenocoumarol (17.1±8.7
mg/week) than patients with the CYP2C9*2 allele
(2C9*1/*2 plus 2C9*2/*2 genotypes, n=97) (14.6±6.4
mg/week, p<0.05) or patients carrying the CYP2C9*3
allele (2C9*1/*3 and 2C9*2/*3 genotypes, n= 59)
(11.2±6.2 mg/week, p<0.001).

When we considered patients requiring a weekly
acenocoumarol dose of 14 mg (2 mg/day) or less as
a low-dose group, and those requiring a weekly
acenocoumarol dose of 7 mg (1 mg/day) or less as
a very low-dose group, in the whole series, 170
patients were in the low-dose group, and 45
patients were in the very low-dose group. In the for-
mer group, 46 patients (27.1%) were carriers of the
CYP2C9*3 allele, while only 13 (8.4%) of the
patients requiring higher doses had this allele
(p<0.001 in comparison to the CYP2C9*1/*1
patients) (Table 2). However, no significant differ-
ences were seen for the CYP2C9*2 allele carriers
(Table 2). Similarly, in the very low-dose group, 16
patients (35.6%) were carriers of the CYP2C9*3
allele, in contrast to 43 (15.4%) in the group requir-
ing higher doses (p<0.005 in comparison to the
CYP2C9*1/*1 patients) (Table 2). No significant dif-
ferences were seen for the CYP2C9*2 allele carriers.
In the multivariate analysis, independent predictive
variables for requiring a low dose of acenocoumarol
were older age (> 70 years) (OR=3.73, 95%CI: 2.29-
6.08, p<0.001), and the presence of the CYP2C9*3
allele (OR= 4.75, 95%CI: 2.36-9.55, p<0.001). For
very low-dose requirements of acenocoumarol, the
predictive variables were again older age (> 70
years) (OR= 2.98, 95%CI: 1.50-7.23, p<0.001), and
the CYP2C9*3 allele (OR= 2.33, 95%CI: 1.64-6.89,
p<0.001). There were no significant differences in
CYP2C9*3 allele prevalence between the patients
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aged 70 years or less (18.7%) and those aged more
than 70 years (17.8%).

CYP2C9 polymorphisms and stability of
anticoagulation

Considering the time spent within or outside the
therapeutic range, carriers of the CYP2C9*3 allele
had an INR within the therapeutic range for a low-
er percentage of time (64.7±23.1%) than did
patients with the CYP2C9*1/*1 genotype (75.1±
22.0%, p<0.01). However, in the patients with the
CYP2C9*2 allele (2C9*1/*2 plus 2C9*2/*2 genotypes)
there were no significant differences in stability of
anticoagulation (71.0±20.5% of time with INR
within the therapeutic range) in comparison to that
of the CYP2C9*1/*1 genotype patients.

A total of 222 of the genotyped patients have
been followed up in our institution since the initia-
tion of their anticoagulant therapy. Among the car-
riers of the CYP2C9*3 allele (n= 41), 18 (43.9%) had
at least one INR value over 4.5 during the first 10
days following initiation of their therapy, and 7
(17.1%) had at least one INR value over 7.0. In con-
trast, among the 181 non-carriers of the CYP2C9*3
allele, 21 (11.6%) had at least one INR value over 4.5
during the first days of therapy (p<0.001), and only
one (0.01%) had at least one INR value over 7.0
(p<0.001). However, this greater frequency of over-
anticoagulation at the initiation of therapy in car-
riers of CYP2C9*3 was not accompanied by a greater
number of bleeding episodes.

CYP2C9 polymorphisms and bleeding
complications 

Of the selected 84 patients known to have had
repeated bleeding complications, 39 were men and
45 were women: their mean age was 71.3±11.1
years (median=74 years, range: 24-88). Bleeding
episodes were muco-cutaneous (60%), genito-uri-
nary (18%), digestive (15%), muscular (5%), artic-
ular (1%), and mediastinal (1%). INR at the time of
bleeding was available for 91% of events. Of them

46.2% had an INR above the therapeutic range,
while 53.8% had an INR within the therapeutic
range. The mean INR at the time of bleeding was
3.41±2.38. Patients were receiving acenocoumarol
for treatment of DVT-PE (16.7%), primary prophy-
laxis for cardioembolic events (53.5%) or secondary
prophylaxis (29.8%). The selected control group was
constituted by 84 patients on acenocoumarol ther-
apy without bleeding complications and was formed
of 39 men and 45 women with a mean age of
71.3±11.1 years (median=74 years, range: 24-88).

Controls were receiving acenocoumarol for the
treatment of DVT-PE (16.7%), primary prophylaxis
for cardioembolic events (53.5%), and secondary
prophylaxis (29.8%). The mean time on aceno-
coumarol treatment was 43.5±30.9 months in the
group of repeated bleeding patients and 45.8±31.6
months in the control group. In repeated bleeding
patients, the mean dose of acenocoumarol was
13.3±6.1 mg/week (median=12.3 mg/week, range:
2.6-37.3), whereas it was 14.2±7.9 mg/week (medi-
an= 12.3 mg/week range: 2.6-40.0) (p=ns) in control
patients. CYP2C9 genotype distribution was similar

D. Tàssies et al. 

Table 2. CYP2C9 genotype and low-dose acenocoumarol
requirements.

CYP2C9 mg/week mg/week

≤14 >14 OR ≤ 7 >7 OR 
N= 170 N= 155 (95% CI) N= 45 N= 280 (95% CI)

*1/*1 72 97 − 18 151 −
*1/*2 +*2/*2 52 45 1.56 (0.94-2.57) 11 86 1.07 (0.48-2.38)
*1/*3 +*2/*3 46 13 4.77 (2.40-9.48) 16 43 3.12 (1.47-6.63)

Table 1. CYP2C9 genotype and maintenance dose of aceno-
coumarol.

CYP2C9 N Mean dose SD Median dose Range
(mg/week) (mg/week)

*1/*1 169 17.1 8.7 15.8 2.3- 61
*1/*2 90 14.4 6.3 13.5 3.5- 37.3
*1/*3 48 11.0 5.1 10.5 2.3- 22
*2/*2 7 17.0 8.1 13.0 8.2- 27
*2/*3 11 12.4 9.9 11.6 2.6- 32.6
total 325 15.27 8.0 13 2.3- 61

Figure 1. Mean dose of acenocoumarol (mg/week) in rela-
tion to CYP2C9 alleles. Group #1: CYP2C9*1*1. Group #2:
CYP2C9*1/*2 and CYP2C9*2/*2. Group #3: CYP2-
C9*1/*3 and CYP2C9*2/*3. Squares are means and error
bars are standard deviations.
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in both groups of patients. In the group with repeat-
ed hemorrhage the genotype was CYP2C9*1/*1 in 39
patients (46.4%), CYP2C9*1/*2 in 26 (31.0%),
CYP2C9*1/*3 in 14 (16.7%), CYP2C9*2/*2 in 3
(3.6%), and CYP2C9*2/*3 in 2 (2.4%). In the control
group it was CYP2C9*1/*1 in 44 patients (52.4%),
CYP2C9*1/*2 in 25 (29.8%). CYP2C9*1/*3 in 9
(10.7%), CYP2C9*2/*2 in 2 (2.4%), and CYP2C9*2/*3
in 4 (4.8%) (p=ns).

Discussion
Optimal monitoring of acenocoumarol treatment

is hampered by broad interindividual variability in
maintenance dose requirements, ranging by more
than 20 fold in our series. This fact, as well as the
narrow therapeutic index of acenocoumarol puts
patients at risk of overdosage during the period of
establishing the individualized dose of anticoagu-
lant. Identification of factors influencing this vari-
ability is of great importance to provide accurate
dosing and to prevent adverse effects.

CYP2C9 is the major enzyme involved in the
metabolism of the oral anticoagulants warfarin,
phenprocoumon, and acenocoumarol.13,17 Allelic
variants, CYP2C9*2 and CYP2C9*3, have been
reported to have decreased enzymatic activity in the
metabolism of various substrates, including war-
farin.5,6,18,19 Likewise, CYP2C9*3 allele has been relat-
ed to a lower oral clearance and to an increased
half-life of elimination of (S)-acenocoumarol.20

From a clinical point of view, allelic variants of
CYP2C9 have been associated with increased sensi-
tivity to warfarin. Significantly lower warfarin dose
requirements have been reported for patients car-
rying either the CYP2C9*2 or the CYP2C9*3 poly-
morphism.3,7-10,21,22 Moreover, isolated cases of
extreme sensitivity to warfarin have been reported
in homozygous CYP2C9*3 patients23,24 and one
CYP2C9*2/*3 double heterozygous patient,25

although in some of these patients additional fac-
tors such as advanced age may have been involved
in the  hypersensitivity.

The influence of the CYP2C9 polymorphisms on
sensitivity to acenocoumarol therapy is less known.
Thijssen et al.26 recently reported a higher preva-
lence of CYP2C9*3 in a group of 13 patients requir-
ing a low dose of acenocoumarol compared to in 22
patients requiring higher doses. In addition, two
patients homozygous for CYP2C9*3 who were over-
anticoagulated early after the initiation of aceno-
coumarol therapy have been reported.27 In our series
we found that heterozygous CYP2C9*3 patients
required a significantly lower dose of aceno-
coumarol to achieve the target INR than did patients

with the wild type CYP2C9*1/*1 genotype, while the
effect of CYP2C9*2 allele did not seem to be clini-
cally relevant.

Our results are in keeping with those recently
published by Hermida et al.,28 who found a minor
effect of CYP2C9*2 allele on the dose of aceno-
coumarol necessary to provide anticoagulation. The
weak effect on acenocoumarol sensitivity exerted
by the CYP2C9*2 allele contrasts with the situation
for warfarin, given that low dose requirements of
this latter drug have also been associated with the
CYP2C9*2 allele,3,8,9 and suggests that the function
of this enzyme variant with respect to aceno-
coumarol metabolism is not significantly impaired. 

The sensitivity to acenocoumarol in CYP2C9*3
carriers may be attributed to a diminished metabo-
lization of (S)-acenocoumarol.26 Interestingly, (S)-
acenocoumarol is clinically inactive because of its
extremely short half-life. Consequently, polymor-
phisms diminishing the rate of metabolization of
(S)-acenocoumarol may produce an accumulation of
this potent enantiomer. As deduced from our study,
it is sufficient to have only one CYP2C9*3 allele in
order to have a clinically increased sensitivity to
acenocoumarol. In keeping with this observation,
Thijssen et al. recently demonstrated a very reduced
metabolization of (S)-acenocoumarol in one patient
heterozygous for CYP2C9*3 who was hypersensitive
to acenocoumarol.20

In addition to the CYP2C9*3 allele, older age was
also an independent variable related to a lower
acenocoumarol requirement in our series. It is well-
known that elderly patients are particularly sensitive
to oral anticoagulants, requiring an estimated
reduction in the maintenance dose of warfarin of
0.5 mg/day per decade.29 The mechanism of this
increased sensitivity is poorly understood but several
pharmacokinetic and pharmacodynamic changes
may be implicated.29 The presence of the CYP2C9*3
polymorphism may make older patients especially
prone to acenocoumarol overdose. Since, in recent
years, there has been a marked increase in the indi-
cations for oral anticoagulants among the elderly,
CYP2C9 genotyping would help to identify a risk
group of patients hypersensitive to acenocoumarol.

There is scarce information on whether the pres-
ence of CYP2C9 polymorphisms influences the sta-
bility of anticoagulant response. Initial studies
reported a greater difficulty in establishing the war-
farin dose at the initiation of therapy in patients
carrying CYP2C9 polymorphisms,3 and a recent
study seems to confirm the effect of any allele vari-
ant on the risk of above-range INRs.30 We found
that establishing an adequate dose of aceno-
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coumarol at the initiation of anticoagulation was
more difficult in patients who are carriers of the
CYP2C9*3 allele, who presented above-range INR
values more frequently. In contrast, in a large study
performed by Taube et al.8 in patients on mainte-
nance treatment with warfarin, having a variant
allele did not increase the likelihood of severe over-
anticoagulation or stability of the anticoagulation.
In our study, carriers of the CYP2C9*3 allele spent a
significantly less time with an INR within the ther-
apeutic range of anticoagulation than did patients
with the wild-type genotype. Reduced clearance of
acenocoumarol in patients with the CYP2C9*3 allele
may make them more susceptible to even slight
environmental changes that would affect the
remaining genotypes to a lesser extent.

Bleeding complications have been related to
CYP2C9 polymorphisms in several studies in patients
receiving warfarin. Aithal et al.3 found that patients
stabilized on low doses of warfarin who had one or
more CYP2C9 allele variant were four times more
likely to develop major bleeding complications.

Similarly, in an study including 180 patients, Mar-
gaglione et al.9 found that patients with both local
sites of potential bleeding and CYP2C9 allele vari-
ants had a higher risk of bleeding, and recently
Higashi et al.30 reported an increased risk of bleed-
ing in carriers of one or more CYP2C9 allele variant.

These results were not, however, confirmed by a
large study (including 233 patients) in which het-
erozygous CYP2C9*3 patients did not have more
bleeding complications.7

To our knowledge, the influence of CYP2C9 poly-
morphisms on bleeding complications in patients
on acenocoumarol therapy has not yet been report-
ed. We found no association between repeated
bleeding episodes and CYP2C9 polymorphisms.
Owing to the controversial results reported con-
cerning bleeding complications, it has been argued
that the risk of bleeding may be especially high at
the initiation of therapy in carriers of CYP2C9 poly-
morphisms due to unexpected over-dosing.3 Indeed,
we found that carriers of the CYP2C9*3 allele were
more prone to suffer over-anticoagulation at the
initiation of therapy, although this did not result in
a higher rate of bleeding. The lack of agreement
among studies on the risk of bleeding and CYP2C9
polymorphisms may have several explanations,
including differences in selected populations and
the presence of additional predisposing bleeding
factors: furthermore, in our study a different
coumarinic was evaluated. As bleeding in carriers
of CYP2C9 variants may be attributed to the more
frequent and longer periods during which these

patients have high INR values, management of over-
anticoagulation in patients treated with aceno-
coumarol may be easier because of the shorter half-
life of this compound and partially explain why
CYP2C9*3 was not related to bleeding in our series. 

Finally, some confounding factors on the phar-
macogenetics of oral anticoagulants remain to be
analyzed. Among the group of patients requiring the
lower doses of acenocoumarol, more than 40% had
the wild-type genotype (CYP2C9*1/*1). In some,
lower dose requirements may be attributed to an
age greater than 70 years, but it is possible that
additional unidentified CYP2C9 variants may be pre-
sent in the population. In fact, CYP2C9*4,31 and
CYP2C9*532 allele variants, related to reduced cat-
alytic enzyme efficiency, have recently been
described, although these alleles are not found in
Caucasians. In addition, the CYP2C9*3 genotype
induces an accumulation of (S)-acenocoumarol, but
there is still a dependent anticoagulant effect of
(R)-acenocoumarol, which is also metabolised by
CYP2C19 and CYP1A2. Thus, polymorphisms in oth-
er cytochromes may also affect acenocoumarol
metabolism. In conclusion, genotyping for the
CYP2C9*3 polymorphism may be useful for predict-
ing sensitivity to acenocoumarol treatment. This
may be important in selected groups of patients,
such as elderly people or individuals at a high risk
of bleeding, who can take advantage of optimized
monitoring in order to reduce the risk of over-anti-
coagulation and thus, increase the safety and effi-
cacy of acenocoumarol therapy.
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What is already known on this topic
Few studies have addressed the important issue of indi-
vidual variability to anticoagulant treatment on the basis
of the gentic polymorphisms of P450CYP2C9. Only one
previous report has presented similar findings. That
means the results are original.

What this study adds
A new approach for the control of oral anticoagulant
therapy on an individual basis.

Potential implications for clinical practice
Oral anticoagulants are widely used all over the world,
so that the study has relevant clinical applications.
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