
CYP2C9:	  Acenocoumarol	  
	  
AC:	  acenocoumarol,	  CI:	  confidence	  interval,	  Clor:	  oral	  clearance,	  HR:	  Hazard	  Ratio,	  INR:	  International	  Normalized	  Ratio,	  MR:	  
metabolic	  ratio,	  NS:	  not	  statistically	  significant,	  OR:	  odds	  ratio,	  PC:	  phenprocoumon,	  RR:	  Relative	  Risk,	  S:	  statistically	  
significant,	  VKORC1:	  Vitamin	  K	  Epoxide	  Reductase	  subunit	  1.	  
	  
Reference Level of 

evidence 
Clinical 
relevance 

Effect Remarks 

ref. 1 
Cadamuro J et al. 
Genetic determinants 
of acenocoumarol 
and phenprocoumon 
maintenance dose 
requirements. Eur J 
Clin Pharmacol 
2010;66:253 -60. 
 
PMID: 20020283 
 

4 *1/*3 + 
*2/*3 + 
*3/*3: A 
 
*1/*2, 
*2/*2: AA 

80 patients, 44x *1/*1, 21x *1/*2, 7x *1/*3, 3x *2/*2, 2x 
*2/*3, 3x *3/*3. All AC. Statistical significance remains 
after correction for relevant concomitant medication.  
 
Maintenance dose (adjusted for age, sex, and last INR) 
compared to *1/*1: 
- *1/*2: decreased by 16% from 19.74 to 16.64 mg/week 
(NS)  
- *1/*3: decreased by 36% from 19.74 to 12.56 mg/ week 
(S, for combined analysis of *1/*3, *2/*3, *3/*3) 
- *2/*2: increased by 14% from 19.74 to 22.48 mg/week 
(NS) 
- *2/*3: decreased by 6% from 19.74 to 18.64 mg/week 
(S, for combined analysis of *1/*3, *2/*3, *3/*3) 
- *3/*3: decreased by 69% from 19.74 to 6.2 mg/week 
(S, for combined analysis of *1/*3, *2/*3, *3/*3) 
 
CYP2C9*3 is independently associated with the 
acenocoumarol maintenance dose in a multivariate 
regression model. Age, sex, last INR, VKORC1 and 
CYP2C9 genotypes as independent variables explained 
58% of the variability in AC maintenance dose. 

Conclusion authors: 
‘These results reveal that 
interindividual variability in weekly 
acenocoumarol maintenance dose 
requirement is mainly dependent 
on the VKORC1 1173C>T and the 
CYP2C9*3 alleles. VKORC1 and 
CYP2C9 genotyping might provide 
helpful information to prevent 
serious bleeding events in subjects 
receiving acenocoumarol.’ 

ref. 2 
Wijnen PA et al. 
Variant VKORC1 and 
CYP2C9 alleles in 
patients with diffuse 

3 *1/*2 + 
*1/*3 + 
*2/*2 + 
*2/*3 + 
*3/*3: F 

Case-control study, 63 cases (diffuse alveolar 
hemorrhage), AC (n=61) or PC (n=2). Loading dose AC 
6-4-2-2 or 6-4-4-4 mg. 60% of the cases has 
concomitant medication that affects INR. 59% of the 
cases died of heart failure complications combined with 

Conclusion authors: 
‘Genotyping of four SNPs for 
VKORC1 and CYP2C9 
polymorphisms is useful in 
predicting a high probability of the 



alveolar hemorrhage 
caused by oral 
anticoagulants. Mol 
Diagn Ther 
2010;14:23-30. 
 
PMID: 20121287 

diffuse alveolar hemorrhage.  
 
Cases vs. controls: 
- Percentage of patients with a CYP2C9 allelic variant 
increased from 38.1% to 49.2% (S) 
- *2 allele frequency increased from 13.9% to 15.9% 
(NS) 
- *3 allele frequency increased from 6.4% to 12.7% (NS) 

occurrence of diffuse alveolar 
hemorrhage in patients receiving 
oral anticoagulants.’ 

ref. 3 
Teichert M et al. 
Genotypes 
associated with 
reduced activity of 
VKORC1 and 
CYP2C9 and their 
modification of 
acenocoumarol 
anticoagulation during 
the initial treatment 
period. Clin 
Pharmacol Ther 
2009;85:379 -86. 
 
PMID: 19225451 

3 *1/*2, 
*1/*3: A 

1525 patients, 1003x *1/*1, 321x *1/*2, 141x *1/*3, 
30x *2/*2, 28x *2/*3, 2x *3/*3. All AC. Loading dose AC 
8-4-4 mg. Relevant concomitant medication was allowed 
but was adjusted when calculating the weekly dosage 
after 6 weeks.   
 
*1/*1:  
- INR day 4: 2.7 
- Mean dosage after 6 weeks: 16.9 mg/wk  
 
Compared to *1/*1: 
 
*1/*2:  
- INR at day 4 increased with 0.20 (S) 
- No increased risk for INR = 6 on day 4 
- Weekly dose after 6 weeks decreased with 2.27 mg/wk 
(S).  
 
*1/*3: 
- INR at day 4 increased with 0.16 (NS) 
- No increased risk for INR = 6 on day 4 
- Weekly dose after 6 weeks decreased with 3.71 mg/wk 
(S).  
 
(*1/*2 + *1/*3) 
- No increased risk for INR = 6 during 6 week period 
- No increased risk for bleeding events during 6 week 
period 
 

Conclusion authors: 
‘Each CYP2C9 variant allele 
present reduced the required 
dosage by 1.8 mg/week. Our 
conclusion was that an initial 
standard dosing regimen with 
acenocoumarol increases the risk 
of severe overanticoagulation in 
patients with variant alleles of the 
VKORC1 and CYP2C9 genes.’ 



 *2/*2: 
- INR at day 4 increased with 0.49 (S) 
- No increased risk for INR = 6 on day 4 
- Weekly dose after 6 weeks decreased with 5.12 mg/wk 
(S).  
 
*2/*3: 
- INR at day 4 increased with 0.53 (S) 
- No increased risk for INR = 6 on day 4 
- Weekly dose after 6 weeks decreased with 6.46 mg/wk 
(S).  
 
*3/*3: 
- INR at day 4 increased with 0.53 (NS) 
- No increased risk for INR = 6 on day 4 
- Weekly dose after 6 weeks decreased with 9.44 mg/wk 
(S).  
 
(*2/*2 + *2/*3 + *3/*3) 
- Increased risk for INR = 6 during 6 week period 
(OR=2.73; 95%CI 1.28-5.86) 
- No increased risk for bleeding events during 6 week 
period 
 
Significant multiplicative interaction between the effects 
of CYP2C9 and VKORC1 on the weekly dosage.  The 
VKORC1 variant alleles explained 28% of the variation 
in the acenocoumarol dosage, whereas 5% of the 
dosage variation was due to CYP2C9 genotype. 

ref. 4 
Montes R et al. The 
influence of 
polymorphisms of 
VKORC1 and 
CYP2C9 on major 
gastrointestinal 
bleeding risk in 

3 *1/*2: F 
 
*1/*2 + 
*2/*2 + 
*2/*3: F 
 
*1/*3 + 
*2/*3 + 

Case-control study of 89 cases with severe 
gastrointestinal bleeding (45x *1/*1, 25x *1/*2, 8x *1/*3, 
4x *2/*2, 3x *2/*3, 4x *3/*3) and 177 controls (free of 
bleeding). All AC. Concomitant medication with influence 
on INR allowed. 3 cases died of the gastrointestinal 
bleeding. 
 
- *1/*2: Increased risk for severe gastrointestinal 

Conclusion authors: 
‘The risk of gastrointestinal 
bleeding during acenocoumarol 
therapy in carriers of any of the 
studied polymorphisms is severely 
increased with exposure to weekly 
doses of acenocoumarol higher 
than 15 mg or the use of 



anticoagulated 
patients. 
Br J Haematol 
2008;143:727-33. 
 
PMID: 18950464  

*3/*3: AA bleeding (OR = 2.41, 95%CI = 1.24-4.69). No significant 
increase for the other genotypes. 
- Bleeding risk compared to (no *2) and dose = 15 
mg/week: 

• (no *2) and > 15 mg/week: OR not significantly 
increased 

• *2 and > 15 mg: OR = 3.56 (95%CI = 1.14-
11.11) 

- Bleeding risk compared to (no *3) and dose = 15 
mg/week: 

• *3 and > 15 mg: OR not significantly increased 
- The CYP2C9 inhibitor amiodarone increased the 
gastrointestinal bleeding risk associated with the 
polymorphisms. Bleeding risk vs. (no VKORC1 
homozygous variant, no *2, no *3) no amiodarone:  

• (no VKORC1 homozygous variant, no *2, no *3) 
with amiodarone: OR not significantly increased. 

• (VKORC1 homozygous variant, *2 or *3), no 
amiodarone: OR = 1.89 (95%CI = 1.08 – 6.26) 

• (VKORC1 homozygous variant, *2 or *3) and 
amiodarone: OR = 9.97 (95%CI = 1.75 – 56.89) 

- Aspirin raised the gastrointestinal bleeding risk 
associated with the polymorphisms. Bleeding risk vs. (no 
VKORC1 homozygous variant, no *2, no *3) no aspirin: 

• (no VKORC1 homozygous variant, no *2, no *3) 
with aspirin: OR not significantly increased. 

• (VKORC1 homozygous variant, *2, or *3), no 
aspirin: OR = 1.89 (95%CI = 1.08 – 3.31) 

• (VKORC1 homozygous variant, *2, or *3) and  
aspirin: OR = 8.97 (95%CI = 1.66 – 48.34) 

amiodarone or aspirin. … 
Genotyping of these alterations 
may be advisable in those patients 
taking amiodarone or aspirin.’ 

ref. 5 
Markatos CN et al. 
VKORC1 and 
CYP2C9 allelic 
variants influence 
acenocoumarol dose 

3 *1/*2,  
*1/*3 , 
*2/*2 + 
*2/*3: AA 
 
*1/*3 + 

98 patients, 57x *1/*1, 25x *1/*2, 12x *1/*3, 1x *2/*2, 
3x *2/*3. All AC for 2 months. Stable INR (2.0 – 3.0) for 4 
weeks. Concomitant medication with effect on CYP2C9 
status not excluded, but statins and azoles were not 
associated with acenocoumarol dose.  
 

Conclusion authors: 
‘VKORC1-1639G>A, CYP2C9*2 
and CYP2C9*3 polymorphisms 
were found to predispose to 
acenocoumarol sensitivity in 
Greek.’ 



requirements in 
Greek patients. 
Pharmacogenomics 
2008;9:1631 -8. 
 
PMID: 19018719 

*2/*3: A Compared to *1/*1: 
 
- *1/*2: Maintenance dose decreased from 2.91 to 2.51 
mg/day (NS, by 14%)  
- *1/*3: Maintenance dose decreased from 2.91 to 1.73 
mg/day (NS, by 41%)  
- *2/*2: Maintenance dose increased from 2.91 to 
approximately 3.26 mg/day (NS, by approximately 12%) 
- *2/*3: Maintenance dose decreased from 2.91 to 1.28 
mg/day (NS, by 56%) 
- (*1/*2 + *2/*2 + *2/*3):  Maintenance dose decreased 
from 2.91 to 2.51 mg/day (NS, by 14%) 
- (1/*3 + *2*/3): Maintenance dose decreased from 2.91 
to 1.64 mg/day (S, by 44%). Patients with VKORC1 wild-
type: maintenance dose decreased from 3.76 to 2.45 
mg/day (S, by 33%). 
  
CYP2C9 genotype was significantly associated with the 
maintenance dose.  
VKORC1 genotype explained a larger part of the 
interindividual variability in maintenance dose than 
CYP2C9 genotype (40% vs. 12%). 
 
Note: The assumption of the authors that statins and 
azoles inhibit CYP2C9 is not completely correct. 

ref. 6  
Spreafico M et al. 
Effects of CYP2C9 
and VKORC1 on INR 
variations and dose 
requirements during 
initial phase of 
anticoagulant 
therapy. 
Pharmacogenomics 
2008;9:1237 -50. 
 

3 *3/*3: AA 
 
*1/*2 + 
*2/*2: AA 
 
*1/*3 + 
*2/*3 + 
*3/*3: A 
 

220 patients, 132x *1/*1, 48x *1/*2, 25x *1/*3, 6x *2/*2, 
5x *2/*3, 4x *3/*3. Loading dose AC 4-4-2 mg. Relevant 
concomitant medication was allowed but no significant 
effect on the INR on day 4 or prescribed warfarin dose 
was found. Only patients with a target INR 2.0-3.0 were 
included in the analysis 187 patients were available for 
the analysis.  
 
Compared to *1/*1: 
 
*3/*3:  
- INR on day 4 increased by 2.7 from 2.9 to 5.6 (NS) 

Conclusion authors: 
‘Both the detection of the 
VKORC1*2, *3 and *4 haplotypes, 
as well as the CYP2C9*3 variant 
allele, might be useful to select not 
only the most sensitive patients, 
exposed to a higher risk of over 
anticoagulation, but also the most 
resistant ones, exposed to the risk 
of thrombosis recurrence.’ 



PMID: 18781852 - Risk for INR=6 on day 4 increased by 558% (NS) 
(*1*2 + *2/*2): 
- INR on day 4 increased by 0.4 from 2.9 to 3.3 (NS) 
- Risk for INR=6 on day 4 increased by 239% (NS) 
- Dose in week 7 decreased by 17% from 19.0 to 15.8 
mg/wk (NS). 
(*1/*3 + *2*3 + *3/*3): 
- INR on day 4 increased by 0.8 from 2.9 to 3.7 (NS) 
- Risk for INR=6 on day 4 increased by 181% (NS) 
- Dose in week 7 decreased by 26% from 19.0 to 14.1 
mg/wk (S). 
CYP2C9 and VKORC1 genotype are independently 
associated with the INR on day 4. Together with age, 
they explain 26% of the observed INR variability. 
VKORC1 genotype explained a larger part of the 
interindividual variability in dose than CYP2C9 genotype 
(12% vs. 5%). 

ref. 7 
González -Conejero 
R et al. The genetic 
interaction between 
VKORC1 c1173t and 
calumenin a29809g 
modulates the 
anticoagulant 
response of 
acenocoumarol. 
J Thromb Haemost 
2007;5:1701 -6. 
 
PMID: 17596133 

3 *1/*3 + 
*2/*3 + 
*3/*3: AA 

100 patients with non-valvular atrial fibrillation, 63x 
*1/*1, 13x *1/*2, 13x *1/*3, 6x *2/*2, 6x (*2/*3 or *3/*3). 
Loading dose AC 3-3-3 mg, target INR between 2.0 and 
3.0. Concomitant medication with effect on INR 
excluded.  
 
(*1/*3 + *2/*3 + *3/*3) vs. (*1/*1 + *1/*2 + *2/*2): 
- INR on day 3 increased by 0.09 from 1.88 to 1.97 (NS) 
- Maintenance dose decreased by 9.1% from 17.5 to 
15.9 mg/week (NS). 

Conclusion authors: 
‘Using this approximation, we did 
not find a correlation between the 
response to acenocoumarol (INR 
and required dose) and the 
CYP2C*9 genotype.’ 

ref. 8 
Beinema MJ et al. 
The influence of 
NSAIDs on coumarin 
sensitivity in patients 
with CYP2C9 

3 *1/*2 + 
*1/*3: D 
 
*1/*2 + 
*1/*3 + 
*2/*2 + 

100 patients undergoing total hip replacement surgery, 
65x 
*1/*1, 22x *1/*2, 8x *1/*3, 4x *2/*2, 1x *2/*3. Patients 
received low molecular weight heparin 5700 IE/day for 5-
13 days (to INR > 2.0, but at least 5 days). AC started on 
day 1. Age-dependent loading dose varied from 2-2 to 4-

Conclusion authors: 
‘In the group of patients with a 
CYP2C9 variant (*2 or *3 alleles), 
only concomitant use of a NSAID 
resulted in INRs > 4.9.’ 



polymorphism after 
total hip replacement 
surgery. 
Mol Diagn Ther 
2007;11:123-8. 
 
PMID: 17397249 

*2/*3: AA 4 mg. Target INR 1.8-3.5. Concomitant medication with 
influence on INR allowed. 52 patients used NSAIDs.  
 
Compared to *1/*1: 
 
(*1/*2 + *1/*3):  
- Percentage of patients with INR > 4.9 on 1 or more 
days during week 1 increased from 6% to 23% (3.8x, S). 
The percentage of patients with INR > 4.9 was larger in 
the NSAID group vs. non-NSAID group (39% vs. 0%, S) 
for (*1/*2 + *1/*3). No such difference was observed in 
the *1/*1 group (2.9 vs. 9.7%, NS) 
- No difference in mean daily INR for all patients and 
subgroup of patients with NSAID (NS) 
- Increased mean daily INR for patients with NSAID (S). 
 
(*1/*2 + *1/*3 + *2/*2 + *2/*3): 
- No significant increase of percentage of patients with 
INR > 4.9 on 1 or more days during week 1 (NS). The 
percentage of patients with INR > 4.9 was larger in the 
NSAID group vs. non-NSAID group (32% vs. 0%, S) for 
(*1/*2 + *1/*3). No such difference was observed in the 
*1/*1 group (2.9 vs. 9.7%, NS) 

ref. 9 
Mark L et al. 
Cytochrome P450 
2C9 polymorphism 
and acenocoumarol 
therapy.  
Kardiol Pol 
2006;64:397 -402. 
 
PMID: 16699986 

3 *1/*2: A 
 
*1/*3: A 
 
*2/*2: AA 
 
*2/*3: A 
 
*1/*2 + 
*2/*2 + 
*2/*3: D 
 
*1/*2 + 
*1/*3 + 

421 patients, 276x *1/*1, 78x *1/*2, 55x *1/*3, 3x 
*2/*2, 9x *2/*3. AC for 6 months. Concomitant 
medication allowed, but prescribed medication was not 
associated with bleeding. 
 
Compared to *1/*1: 
 
*1/*2: 
- Mean daily dose decreased by 22% from 2.9 to 2.27 
mg/day (s) 
- No significant effect on percentage of patients with INR 
> 6 (both 29%, NS) 
 
*1/*3: 

Conclusion authors: 
‘In patients with CYP2C9*2 and *3 
alleles the frequency of minor 
bleeding complications and the 
occurrence of high INR values 
were significantly higher, but there 
was no difference in the rate of 
major bleedings.’ 



*2/*3 + 
*2/*3: D 

- Mean daily dose decreased by 31% from 2.90 to 2.01 
mg/day (S) 
- Percentage of patients with INR > 6 increased from 
29% to 44% (1.5x, NS) 
 
*2/*2: 
- Mean daily dose decreased by 12% from 2.90 to 2.55 
mg/day (NS) 
- Percentage of patients with INR > 6 decreased from 
29% to 0% (NS) 
 
*2/*3: 
- Mean daily dose decreased by 55% from 2.90 to 1.31 
mg/day (S) 
- Percentage of patients with INR > 6 increased from 
29% to 67% (2.3x, NS) 
 
(*1/*2 + *2/*2 + *2/*3): 
- Increased percentage of patients with minor bleeding 
complications from 14% to 27% (1.9x, S) 
 
(*1/*2 + *1/*3 + *2/*3 + *2/*3): 
- Percentage of patients with INR > 6 increased from 
29% to 37% (1.3x, S) 
- Increased risk for minor bleeding complications: 
OR=1.99 (95% CI 1.20-1.33) 
- No significant increase in major bleeding complications 
(NS) 

ref. 10 
Schalekamp T et al. 
VKORC1 and 
CYP2C9 genotypes 
and acenocoumarol 
anticoagulation 
status: interaction 
between both 
genotypes affects 

  231 patients, 147x *1/*1, 34x *1/*2, 42x *1/*3, 4x *2/*2, 
2x *2/*3, 2x *3/*3. AC loading dose 6-4-2 mg. No 
relevant concomitant medication.  
- Risk for INR = 6 is increased for carriers of the 
CYP2C9 and VKORC1 polymorphism compared to 
carriers of 1 or no polymorphism (HR=3.85, S). No 
significantly increased risk for INR = 6 for carriers of a 
CYP2C9 or VKORC1 polymorphism (NS) 
- Time to achieve a stable INR is increased for carriers 

 



overanticoagulation. 
Clin Pharmacol Ther 
2006;80:13-22. 
 
PMID: 16815313 

of one *3 allele vs. *1/*1 (HR=0.59, S). No significant 
effect of the *2 allele vs. *1/*1 (HR=1.16, NS) 
- Mean daily dose decreased by 0.55 mg for carriers of 
one *3 allele vs. *1/*1 (S). For *2 the decrease is 0.29 
mg (S).  
 
Note:  
- VKORC1 is not associated with the mean daily dose 
but not with the time-to-stable INR. 
- VKORC1 genotype explained a larger part of the 
interindividual variability in dose than CYP2C9 genotype 
(21.4% vs. 4.9%). 

ref. 11 
Visser LE et al. Allelic 
variants of 
cytochrome P450 
2C9 modify the 
interaction between 
nonsteroidal anti- 
inflammatory drugs 
and coumarin 
anticoagulants. Clin 
Pharmacol Ther 
2005;77:479 -85. 
 
PMID: 15961979 

3 *1/*2, 
*1/*3, 
*2/*2, 
*2/*3: AA 
 
*1/*2 + 
*1/*3 + 
*2/*2 + 
*2/*3: D 

973 patients, 668x *1/*1, 205x *1/*2, 20x *2/*2, 63x 
*1/*3, 17x *2/*3. 148x PC and 825x AC.  
 
Compared to *1/*1: 
 
*1/*2:  
- Maintenance dose decreased from 16.1 to 14.0 mg/wk  
- RR INR = 6 = 1.08 (NS) 
*1/*3:  
- Maintenance dose decreased from 16.1 to 12.5 mg/wk 
- RR INR = 6 = 1.46 (NS) 
 
*2/*2: 
- Maintenance dose decreased from 16.1 to 12.0 mg/wk 
- RR INR = 6 = 0.98 (NS) 
 
*2/*3: 
- Maintenance dose decreased from 16.1 to 10.8 mg/wk 
- RR INR = 6 =1.46 (NS) 
 
RR PC < AC (0.60 vs. 1.00). 415 patients achieved 
INR=6.0. NSAIDs increased the risk for INR=6.0 more in 
patients with a variant allele compared to *1/*1 (OR 3.78 
95%CI 2.02-7.09 and OR 1.69 95%CI 1.05-2.69, 
respectively). This effect was larger for *3 than *2 (OR 

 



10.8 95%CI 2.57-34.6 and OR 2.98 95%CI 1.09-7.02, 
respectively). 

ref. 12 
Visser LE et al. The 
risk of bleeding 
complications in 
patients with 
cytochrome P450 
CYP2C9*2 or 
CYP2C9*3 alleles on 
acenocoumarol or 
phenprocoumon. 
Thromb Haemost 
2004;92:61-6. 
 
PMID: 15213846 

4 *1/*2 + 
*1/*3 + 
*2/*2 + 
*2/*3: F 

996 patients, 841 AC, 155 PC. 685x *1/*1, 311x variant-
genotype (210x *1/*2, 63x *1/*3, 23x *2/*2, 15x *2/*3). 
Mean follow-up 481 days. Concomitant medication 
unknown.  
 
Combined analysis AC + PC: 
- Variant genotype: no increased bleeding risk during the 
first 90 days of treatment. After 460 days the risk for a 
major bleeding was significantly increased (S). 
- *1/*2 or *2/*2: HR major + minor, minor, major bleeding 
1.11 (NS), 1.02 (NS), 1.60 (NS) respectively. 
- *1/*3 or *2/*3: HR major + minor, minor, major bleeding 
0.69 (NS), 0.49 (S), 1.69 (NS) respectively. 
 
AC group only:  
- Variant genotype: HR major + minor bleeding = 1.05 
(NS), HR minor bleeding = 0.89 (NS), HR major bleeding 
= 1.83 (S) 

Conclusion authors: 
‘In our study, CYP2C9 genotype 
was not associated with a higher 
rate of bleeding events during the 
first 90 days of therapy. The higher 
risk in patients with variant alleles 
on acenocoumarol was only found 
for major and fatal bleeding events 
but not for minor events.’ 

ref. 13 
Morin S et al. 
Pharmacogenetics of 
acenocoumarol 
pharmacodynamics. 
Clin Pharmacol Ther 
2004;75:403 -14. 
 
PMID:15116053 

3 *1/*3: A 
 
*1/*2, 
*2/*2, 
*2/*3, 
*3/*3: AA 

263 healthy subjects, 170x *1/*1, 45x *1/*2, 32x *1/*3, 4x 
*2/*2, 1x *3/*3, 9x *2/*3, 2x *1/*5. AC 4 mg single dose. 
No concomitant medication. Endpoints evaluated on 
t=24 hr.  
 
Pharmacokinetic endpoint: 
- *2 and/or *3: S- and R-AC plasma levels below the limit 
of quantification for 229 and 36 subjects, respectively. 
No significant difference in Cmin vs. *1/*1 (NS). 
 
Clinical endpoints: 
- *1/*3 vs. *1/*1: INR increased from 1.24 to 1.42 (S), 
factor VII ratio decreased from 60 to 39 (S). *3 allele 
explained 12% of the observed variability in 
pharmacodynamic response to AC. 
- Other genotypes: no significant effect on INR or factor 
VII ratio vs. *1/*1 

 



ref. 14 
Schalekamp T et al. 
Acenocoumarol 
stabilization is 
delayed in CYP2C9*3 
carriers.  
Clin Pharmacol Ther 
2004;75:394 -402. 
 
PMID: 15116052 

4 *1/*2 + 
*2/*2: A 
 
*1/*3 + 
*2/*3 + 
*3/*3: D 

231 patients, 147x *1/*1, 38x *2 (*1/*2, *2/*2), 46x *3 
(*1/*3, *2/*3, *3/*3). AC loading dose 6-4-2 mg, ≥ 3 
months AC, no concomitant CYP2C9 inhibitors or 
inducers.  
 
Compared to *1/*1: 
 
*1/*2 or *2/*2:  
- No difference in achievement of stable dose in the 1st 6 
months. 
- Increased risk for INR > 6.0 (HR 1.38 for total duration 
of therapy, HR 1.61 for the 1st 30 days) 
- INR on day 4 decreased with 0.1 (NS) 
- No effect on dose 
 
*1/*3 or *2/*3 or *3/*3: 
- Lower achievement of stable dose in the 1st 6 months 
(HR 0.62). Time to stable dose is 15 days longer (S)  
- Increased risk for INR > 6.0 (HR 3.80 for total duration 
of therapy, HR 5.59 for the 1st 30 days) 
- INR on day 4 increased from 2.7 to 3.2 (S) 
- Increased chance of achieving an INR within target 
range compared to *1/*1 or *1/*2 or *2/*2 (OR 3.1, S) 

Conclusion authors: 
‘Our study demonstrates that the 
CYP2C9*3 allele, but not the 
CYP2C9*2 allele, is associated 
with the following: a decreased 
chance to achieve stability, an 
increased risk for severe over 
anticoagulation (INR >6.0), a 
higher initial fourth-day INR after a 
standard acenocoumarol  starting 
dose, and a lower acenocoumarol 
dose need.’ 

ref. 15 
Visser LE et al. The 
risk of 
overanticoagulation in 
patients with 
cytochrome P450 
CYP2C9*2 or 
CYP2C9*3 alleles on 
acenocoumarol or 
phenprocoumon. 
Pharmacogenetics 
2004;14;27 -33. 
 
PMID:15128048 

3 *2/*2: D 
 
*1/*2, 
*1/*3, 
*2/*3: A 

1124 patients, 771x *1/*1, 239x *1/*2, 73x *1/*3, 23x 
*2/*2, 18x *2/*3. 970 AC. Mean follow-up 1.8 years. 
Concomitant CYP2C9-inhibitors allowed.   
 
Analysis including patients taking CYP2C9 inhibitors: 
- First INR increased in patients with variant genotypes 
vs. wild-type (S for *1/*2 and *2/*2). No difference in INR 
after the 2nd AC dose.  
- Significantly increased INR vs. *1/*1 during the first 6 
weeks of treatment for *1/*2, *2/*2, *2/*3 (S). 98x 
INR=6.0 with 11% experiencing bleeding.  
- Trend for INR=6.0 for *2/*2 (RR 3.5, S) 
 
Patients without concomitant medication (n=754). 

 



Compared to *1/*1: 
*1/*2: Dose decreased from 17.9 to 15.5 mg/week 
*1/*3: Dose decreased from 17.9 to 13.9 mg/week 
*2/*2: Dose decreased from 17.9 to 13.1 mg/week 
*2/*3: Dose decreased from 17.9 to 11.8 mg/wk 

ref. 16 
Thijssen HH et al. 
Acenocoumarol 
pharmacokinetics in 
relation to 
cytochrome P450 
2C9 genotype. 
Clin Pharmacol Ther 
2003;74 61 -8. 
 
PMID:12844136 

  1st study 26 healthy subjects, 9x *1/*1, 7x *1/*2, 6x *1/*3, 
3x *2/*3, 1x *2/*2. 8 mg AC single dose. Plasma R- and 
S-AC concentrations were assayed at 4, 7, and 24 hrs. 
No concomitant medication.  
 
Compared to *1/*1: 
 
*1/*2: no difference in concentrations of both R- and S-
AC. 
*1/*3: S-AC concentration increased from 5.6 to 14.6 
ng/ml (S) at t=7 hr. No difference was found for the S-AC 
and other time points. 
*2/*3: S-AC concentration increased from 5.6 to 16.6 
ng/ml (S) at t=7 hr. No difference was found for the S-AC 
and other time points. 
*2/*2: no difference in concentrations of both R- and S-
AC. At t=24 hrs, S-AC concentrations were below the 
level of quantification (2.5 ng/mL) in both the control 
subjects and the subjects with CYP2C9 polymorphisms. 
 
2nd study 6 healthy subjects, 3x *1/*1, 3x *1/*3. 8 mg AC 
single dose. No concomitant medication.  
 
Compared to *1/*1: 
 
*1/*3:  
- Clor S-AC decreased from 19.8 to 10.9 L/hs (S). 
- t1/2 S-AC increased from 1.0 to 2.0 hr (S). 
- AUC S-AC increased from 205.9 to 388.9 hr·µg/l (NS). 
- For R-AC no significant effects were found.  

 

ref. 17 
Verstuyft C et al. 

3 *1/*2 + 
*1/*3 + 

Case-control study, 75 cases (INR > 4.0), 75 controls 
(INR = 2.0 – 3.5). Warfarin, AC (41 cases, 41 controls) 

Conclusion authors: 
‘In the present study, the CYP2C9 



Genetic and 
environmental risk 
factors for oral 
anticoagulant 
overdose.  
Eur J Clin Pharmacol 
2003;58:739 -45. 
 
PMID: 12634980 

*2/*2 + 
*2/*3 + 
*3/*3: A 

or fluindione. Concomitant medication with influence on 
INR allowed. 
- No significant difference in frequency of *2 and *3 
alleles between cases and controls prescribed AC or 
warfarin (NS) 
- No difference in daily dose between *1/*1 and *2 and/or 
*3 in cases or controls on AC.  

genetic polymorphism was not 
found to be a significant risk factor 
for oral anticoagulant overdose.’  
 
Note: A possible reason that the 
authors didn’t find a difference 
between the genotypes might be 
caused by the selected INR > 4.0. 

ref. 18 
Tassies D et al. 
Pharmacogenetics of 
acenocoumarol: 
cytochrome P450 
CYP2C9 
polymorphisms 
influence dose 
requirements and 
stability of 
anticoagulation. 
Haematologica 
2002;87:1185-91. 
 
PMID:12414349 

3 *1/*2 + 
*2/*2: A 
 
*1/*3 + 
*2/*3: A 

325 patients, 169x *1/*1, 90x *1/*2, 48x *1/*3, 7x *2/*2, 
11x *2/*3. Target INR 2.5, stable AC dose for ≥ 3 
consecutive controls. Concomitant medication unknown.  
Compared to *1/*1: 
 
*1/*2 or *2/*2:  
- Maintenance dose decreased from 17.1 to 14.6 
mg/week (S) 
- No difference in time within therapeutic range. 
- No differences in genotype distribution between dose 
groups. 
 
*1/*3 or *2/*3: 
- Maintenance dose decreased from 17.1 to 11.2 
mg/week (S) 
- Time within therapeutic range decreased from 75.1% to 
64.7%  
- Of the patients with a dose ≤ 2 mg/day (n=170) 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, S). For the patients in the very low-
dose group (≤ 1 mg/day, n=45) an OR=3.12 (S) 
- During the first 10 days carriers of *3 allele more 
frequently had an INR >4.5 (43.9% vs.11.6%, p<0.001, 
S) or INR >7.0 (17.1% vs. 0.01%, p p<0.001, S) but did 
not show repeated bleeding more frequently (19.0% 
vs.15.5%, NS) 
 

 



84 cases with repeated bleeding complications, all AC, 
target INR were matched to 84 controls without bleeding. 
- No significant difference in dose and genotype 
distribution between cases and controls. 
 
Note: in addition to CYP2C9*3, age>70 years is 
associated with AC maintenance dose 

ref. 19 
Hermida J et al. 
Differential effects of 
2C9*3 and 2C9*2 
variants of 
cytochrome P-450 
CYP2C9 on 
sensitivity to 
acenocoumarol. 
Blood 2002;99:4237- 
9. 
 
PMID:12010835 
 

3 *1*2 + 
*2/*2: A 
 
*1/*3 + 
*3/*3: A 

108 patients, 93x *1/*1, 26x *1/*2, 3x *2/*2, 14x *1/*3, 1x 
*3/*3. Target INR 2.0-3.2. Stable AC dose for ≥ 3 
months. Concomitant medication unknown.  
 
-CYP2C9*2 associated with a lower AC dose (OR 2.70, 
95%CI 1.11-6.58, S) 
- CYP2C9*3 associated with a lower AC dose (OR 6.02, 
95%CI  1.50-24.18, S) 

 

ref. 20 
Verstuyft C et al. 
Early acenocoumarol 
overanticoagulation 
among cytochrome 
P450 2C9 poor 
metabolizers. 
Pharmacogenetics 
2001;11:735 -7. 
 
PMID: 11692083 

2 *3/*3: D 
 
 
 
 
 
*3/*3: D 

Patient 1, 18 years: INR 9 but without bleeding after 3 
consecutive days of 4 mg AC. AC stopped for 2 days 
and reintroduced at 0.5 mg/day to achieve a stable 
target INR value (2–3) on the fifth day of treatment.  No 
concomitant medication. Genotype was *3/*3. 
 
Patient 2, 82 years: INR>9.0 without bleeding after 4 
consecutive days of 4 mg AC. AC stopped for 3 days 
and reintroduced at 0.5 mg/day to achieve a stable 
target INR value (2-3) on the fifth day of treatment. 
Patient used amiodarone 200 mg/day + other 
concomitant medication. Genotype was *3/*3. 
  

 

ref. 21 
Thijssen HH et al. 
Altered 

2 *3/*11: D Patient with INR >8 following 4-2-1 AC loading dose. 
Target INR 2-3. Stable INR after 5 weeks on 5 mg/wk 
(dosage scheme, 1-1-1-0-1-1-0 mg/day). 

Conclusion authors: 
‘This case suggests that 
CYP2C9*11 should be included in 



pharmacokinetics of 
R- and S- 
acenocoumarol in a 
subject heterozygous 
for CYP2C9*3. 
Clin Pharmacol Ther 
2001;70:292 -8.  
 
PMID: 11557918 
 
Rettie AE et al. 
A case study of 
acenocoumarol 
sensitivity and 
genotype-phenotype 
discordancy 
explained by 
combinations of 
polymorphisms in 
VKORC1 and 
CYP2C9. 
Br J Clin Pharmacol 
2006;62:617 -20. 
 
PMID:16869821 

 
Rettie et al: Genotype is *3/*11 and VKORC1 
homozygous variant. Case-control study with this patient 
as case and *1/*1 control. 8 mg AC single dose, 
concomitant medication unknown.  
 
Compared to *1/*1: 
 
*3/*11:  
- AUC S-AC increased from 140 to 2280 h·µg/l. AUC R-
AC increased from 2060 to 4090 h·µg/l. 
- t1/2 S-AC increased from 1.8 to 8.1 hr. t1/2 R-AC 
increased from 6.6 to 10.2 hr. 
- Clor decreased from 28.5 to 1.8 L/hr. Clor R-AC 
decreased from 1.9 to 1 l/hr. 

routine test panels for genotyping 
of oral anticoagulant patients.’ 

ref. 22 
Thijssen HH et al. 
The possession of the 
CYP2C9*3 allele is 
associated with low 
dose requirement of 
acenocoumarol. 
Pharmacogenetics 
2000;10:757 -60. 
 
PMID: 11186138 

4 *1/*2: AA 
 
*1/*3 + 
*2/*3: A 

35 patients. All AC. Stable anticoagulant therapy for ≥ 3 
months. No relevant concomitant medication.  
- 13x dose ≤1 mg/day: 3x *1/*1, 2x *1/*2, 7x *1/*3, 1x 
*2/*3; OR for subjects in the ≤1 mg/day group to have 
the CYP2C9*3 allele compared to the 2-5 mg/day and 
≥7mg/day group were 24.3 (95%CI 1.32–448) and 17.0 
(95%CI 0.91–316). The CYP2C9*2 allele was not 
significantly associated with dose. Css R-AC decreased 
from 27.4 to 16.2 ng/ml compared to the 2-5 mg/day 
group (NS). 
 
- 13x dose 2-5 mg/day: 9x *1/*1, 4x *1/*2 

 



 
- 9x dose ≥7mg/day: 8x *1/*1, 1x *1/*2. Css R-AC 
increased from 27.4 to 30.9 ng/ml compared to the 2-5 
mg/day group (NS). 

	  
Groups	  at	  risk	   VKORC1	  variants,	  use	  of	  concomitant	  CYP2C9	  inhibitors	  
	  
Remarks	  
Studies	  published	  after	  2006	  that	  only	  reported	  an	  association	  with	  maintenance	  dose	  but	  did	  not	  specify	  the	  exact	  genotype	  
or	  genotype	  group	  and	  case	  reports	  with	  raised	  INR	  as	  case	  indicator	  were	  excluded.	  
	  
Cost-‐effectiveness	  	  
Schalekamp	  et	  al.	  (Clin	  Pharmacol	  Ther.	  2006;79(6):511-‐20)	  indicates	  several	  scenarios	  in	  which	  cost-‐effective	  CYP2C9-‐guided	  
(or	  even	  VKORC1-‐guided)	  coumarin	  therapy	  is	  plausible:	  
“The	  marginal	  cost	  to	  avoid	  1	  major	  bleeding	  episode	  by	  CYP2C9	  genotyping	  appears	  to	  be	  sensitive	  to	  a	  number	  of	  
parameters.	  Some	  of	  these	  parameters	  are	  virtually	  unknown	  (reduction	  of	  major	  bleeding	  rate	  in	  carriers	  of	  a	  CYP2C9	  
polymorphism),	  vary	  between	  populations	  (major	  bleeding	  rate	  in	  wild-‐type	  subjects	  and	  prevalence	  of	  CYP2C9	  
polymorphisms),	  or	  change	  in	  time	  (cost	  of	  genotyping).	  These	  uncertainties,	  especially	  the	  ability	  to	  reduce	  the	  major	  	  
Date	  literature	  search:	  18	  March	  2009	  
	  
	  
	   Phenotype	   Code	   Gene-‐Drug	  Interaction	   Action	  Required	   Date	  
Decision	  DPWG	   *1/*2	   4	  F	   Yes	   Yes	   27	  May	  2010	  

*1/*3	   4	  F	   Yes	   Yes	  
*2/*2	   4	  F	   Yes	   Yes	  
*2/*3	   4	  F	   Yes	   Yes	  
*3/*3	   4	  F	   Yes	   Yes	  

	  
Action	  Pharmacy	  Techniciana	   *1/*2:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  

INR.	  Dispense	  drug	  and	  recommend	  increased	  INR	  checks	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  
This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  



*1/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR.	  Dispense	  drug	  and	  recommend	  increased	  INR	  checks	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  
This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  
*2/*2:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR.	  Dispense	  drug	  and	  recommend	  increased	  INR	  checks	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  
This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  

	   *2/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR.	  Dispense	  drug	  and	  recommend	  increased	  INR	  checks	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  
This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  

	   *3/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  time	  required	  to	  achieve	  a	  stable	  INR	  within	  the	  
therapeutic	  range	  is	  increased.	  In	  addition,	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR.	  Dispense	  drug	  and	  recommend	  increased	  INR	  checks	  during	  the	  titration	  period	  to	  target	  
INR	  and	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  This	  recommendation	  also	  applies	  if	  a	  separate	  
alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  

Action	  Pharmacist,	  
Physiciana	  

*1/*2:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR	  (by	  contrast	  to	  patients	  without	  the	  genetic	  polymorphism).	  	  Check	  INR	  more	  frequently	  
after	  initiating	  or	  discontinuing	  NSAIDs.	  This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  
VKORC1	  genotype	  appears	  on	  the	  screen.	  

	   *1/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR	  (by	  contrast	  to	  patients	  without	  the	  genetic	  polymorphism).	  	  Check	  INR	  more	  frequently	  
after	  initiating	  or	  discontinuing	  NSAIDs.	  This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  
VKORC1	  genotype	  appears	  on	  the	  screen.	  

	   *2/*2:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR	  (by	  contrast	  to	  patients	  without	  the	  genetic	  polymorphism).	  	  Check	  INR	  more	  frequently	  
after	  initiating	  or	  discontinuing	  NSAIDs.	  This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  
VKORC1	  genotype	  appears	  on	  the	  screen.	  

	   *2/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR	  (by	  contrast	  to	  patients	  without	  the	  genetic	  polymorphism).	  	  Check	  INR	  more	  frequently	  
after	  initiating	  or	  discontinuing	  NSAIDs.	  This	  recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  
VKORC1	  genotype	  appears	  on	  the	  screen.	  



	   *3/*3:	  As	  a	  result	  of	  a	  genetic	  polymorphism	  the	  time	  required	  to	  achieve	  a	  stable	  INR	  within	  the	  
therapeutic	  range	  is	  increased.	  In	  addition,	  the	  concomitant	  use	  of	  NSAIDs	  results	  in	  increased	  
INR	  (by	  contrast	  to	  patients	  without	  the	  genetic	  polymorphism).	  	  Check	  INR	  more	  frequently	  
during	  the	  titration	  period	  to	  target	  INR	  and	  if	  an	  NSAID	  is	  prescribed	  or	  stopped.	  	  This	  
recommendation	  also	  applies	  if	  a	  separate	  alert	  for	  VKORC1	  genotype	  appears	  on	  the	  screen.	  

aRecommendations	  solely	  based	  on	  CYP2C9	  genotype	  without	  knowledge	  of	  VKORC1	  status.	  Recommendations	  apply	  to	  the	  
situation	  in	  the	  Netherlands.	  
	  
Considerations	  
The	  current	  body	  of	  evidence	  it	  is	  inconclusive	  whether	  the	  variant	  genotypes	  are	  at	  risk	  during	  therapy	  initiation	  or	  after	  
prolonged	  exposure.	  There	  is	  insufficient	  evidence	  to	  justify	  a	  decrease	  of	  the	  initial	  dose.	  Beinema	  MJ	  et	  al.,	  2007	  report	  a	  
different	  effect	  concomitant	  NSAID	  use	  in	  patients	  with	  the	  variant	  genotype	  (larger	  %	  of	  patients	  with	  an	  INR	  >	  4.9)	  
compared	  to	  patients	  with	  the	  wild-‐type	  genotype	  (no	  larger	  %	  of	  patients	  with	  an	  INR	  >	  4.9).	  Visser	  LE	  et	  al.,	  2005	  report	  that	  
NSAIDs	  increase	  the	  risk	  for	  INR>6.0	  stronger	  in	  patients	  with	  the	  variant	  genotype	  compared	  to	  patients	  with	  the	  wild-‐type	  
genotype	  (OR	  3.78	  vs.	  1.69	  respectively).	  This	  effect	  was	  larger	  for	  the	  *3	  allele	  than	  for	  the	  *2	  allele	  (OR	  10.8	  vs.	  2.98	  
respectively).	  	  
For	  bleeding	  incidence	  a	  relatively	  minor	  effect	  is	  reported	  by	  Visser	  et	  al,	  in	  a	  Dutch	  population.	  (HR	  severe	  bleeding:	  1.83).	  
Wijnen	  PA	  et	  al.	  report	  a	  1.3x	  increased	  percentage	  of	  patients	  with	  a	  variant	  genotype	  in	  a	  group	  of	  patients	  with	  diffuse	  
alveolar	  hemorrhage.	  The	  allele	  frequencies	  of	  the	  *2	  and	  *3	  allele	  were	  also	  increased	  in	  this	  group	  by	  a	  factor	  1.14	  and	  1.98	  
respectively.	  Montes	  R	  et	  al.	  2008	  report	  an	  increased	  risk	  for	  severe	  gastrointestinal	  bleeding	  for	  the	  *1/*2	  genotype	  (OR	  =	  
2.41)	  but	  no	  significant	  increase	  for	  the	  other	  genotypes.	  Mark	  et	  al.	  2006	  report	  an	  increased	  risk	  for	  minor	  bleedings.	  	  
The	  increased	  bleeding	  risk	  for	  CYP2C9	  genetic	  variants	  currently	  does	  not	  warrant	  the	  withdrawal	  of	  acenocoumarol	  from	  
patients	  with	  a	  CYP2C9	  genetic	  variant.	  
A	  general	  recommendation	  to	  increase	  the	  frequency	  of	  INR	  checks	  is	  not	  useful	  since	  the	  frequency	  of	  INR	  checks	  is	  
automatically	  increased	  in	  response	  of	  an	  unstable	  INR.	  However,	  increased	  INR	  checks	  are	  recommended	  after	  initiation	  or	  
termination	  of	  concomitant	  NSAID	  in	  patients	  with	  a	  variant	  CYP2C9	  genotype.	  	  
Due	  to	  the	  larger	  effect	  of	  the	  *3/*3	  genotype	  a	  recommendation	  to	  check	  the	  INR	  more	  frequently	  during	  the	  titration	  period	  
to	  target	  INR	  is	  warranted.	  Finally,	  an	  alert	  for	  the	  effect	  of	  concomitant	  NSAID	  use	  on	  the	  INR	  is	  provided	  for	  all	  variant	  
genotypes.	  
	  



Mechanism	  
Acenocoumarol	  is	  a	  racemic	  mixture.	  Although	  the	  S-‐enantiomer	  has	  a	  higher	  potency,	  R-‐acenocoumarol	  is	  responsible	  for	  the	  
pharmacological	  effect	  because	  the	  S-‐enantiomer	  is	  rapidly	  cleared	  from	  the	  body.	  The	  S-‐enantiomer	  is	  almost	  exclusively	  
hydroxylated	  by	  CYP2C9	  while	  the	  R-‐enantiomer	  is	  also	  metabolized	  by	  CYP1A2,	  CYP3A4,	  CYP2C9,	  and	  CYP2C19.	  A	  genetic	  
polymorphism	  in	  the	  gene	  coding	  for	  CYP2C9	  results	  in	  a	  decreased	  metabolic	  capacity	  of	  CYP2C9	  and	  increased	  plasma	  
concentrations	  of	  S-‐acenocoumarol,	  and	  to	  a	  lesser	  extent	  R-‐acenocoumarol.	  
	  


