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Abstract t 

Cytochromee P-450 2C9 (CYP2C9) metabolizes the vitamin K antagonists, 

acenocoumaroll  and phenprocoumon. Several studies indicated that carriers of CYP2C9 

alleless Argl44Cys and Ile359Leu may require a lower maintenance dose in order to 

achievee the target INR, may have an increased risk of bleeding, and the time spent in 

thee target range for the International Normalized Ratio may be lower. We studied this 

inn a matched case-control study of 110 severe bleeders and 220 non-bleeders who were 

selectedd from the databases of two Thrombosis Services. Combining all individuals 

usingg acenocoumarol the mean ) percentages time spent in the target range were 

%% for the Ile359Leu carriers as compared to % for non-carriers (p = 

0.04).. No effect of the genotype was observed on the time spent in the target range for 

thee phenprocoumon users. The mean pooled daily dose of acenocoumarol and 

phenprocoumonn was highest in wild type individuals 8 mg/day versus 2.1 3 

mg/dayy in the Ile359Leu carriers; p = 0.003). Results of a multivariate model adjusting 

forr age, duration of treatment, history of cancer and smoking showed an overall OR for 

bleedingg during treatment with vitamin K antagonists of 0.9 (95% CI: 0.4-1.9). In 

conclusion,, patients carrying the Ile359Leu polymorphism require a lower maintenance 

dosee of vitamin K antagonists to reach the target INR, and a significantly lower 

therapeuticc quality of treatment in the acenocoumarol group was observed for these 

individuals.. However, carriership of these polymorphisms does not influence the 

bleedingg risk. 

Introductio n n 

Vitaminn K antagonists (VKA ) like warfarin, acenocoumarol and phenprocoumon are 

usedd for the prevention and treatment of venous and arterial thromboembolism.̂ 

Bleedingg is an important complication of VKA treatment. Major risk factors of VKA 

associatedd bleeding are intensity of treatment (expressed as INR) and several patient 

characteristicss like age, past gastrointestinal bleeding, hypertension and malignancy.99 

Thee required dose of VKA is variable, in particular between individuals but also 

withinn one individual, and depends e.g. on dietary intake, variations in 

pharmacokineticss and -dynamics. 8 The pharmacokinetic variations may, at least in 
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part,, be caused by genetic markers in cytochrome P-450 2C9 (CYP2C9), the principal 

enzymee of VKA metabolism. 116-118 

Acenocoumaroll  and phenprocoumon, like warfarin, are administered as racemate 

mixturess of (R)- and (S)-acenocoumarol or -phenprocoumon. The pharmacologically 

activee (R)-form is solely metabolized by CYP2C9, whereas the (S)-form is also broken 

downbyCYP2C19.H88 Two variants of CYP2C9 are known, CYP2C9*2 

(Arg l44Cys) l| 9, l 200 and CYP2C9*3 (Ile359Leu),121 with reduced activity of the 

enzyme.. 122,123 j n e two polymorphisms have been associated with an increase in 

sensitivityy to warfarin, 124,125 anci  an increased bleeding risk in carriers of these 

polymorphismss has been suggested. 124,126 x n e dose of acenocoumarol needed to 

maintainn a target INR was mainly influenced by CYP2C9*3 and not CYP2C9*2.126 

Thee influence of the variants of CYP2C9 on the mean daily dose of phenprocoumon 

hass not been studied before. 

Inn a case-control study, designed to discover risk factors for bleeding during VKA 

treatment,, we analyzed whether CYP2C9*2 and CYP2C9*3 influence the maintenance 

dose,, quality of treatment, in terms of time spent in the therapeutic INR range, and 

bleedingg risk of patients treated with the vitamin K antagonists, acenocoumarol or 

phenprocoumon. . 

Methods s 

AA case-control study, FACTors in ORal anticoagulant Safety (FACTORS), was 

conductedd at the Thrombosis Services of Amsterdam and Leiden, The Netherlands, 

whichh provide the management of VKA treatment for the larger Amsterdam and Leiden 

regions,, consisting of approximately 1.7 million inhabitants (in total approximately 

22,0000 patient-years each year). Details of the design of the FACTORS-study wil l be 

reportedd separately.' 12 

PatientsPatients - Through a computerized search of the databases of the Thrombosis 

Services,, all patients with a bleeding complication during 1999, 2000 and 2001 were 

identified.. Living patients, with a major bleeding during VKA treatment, were asked to 

participate.. Bleeding was defined as major if it was clinically overt and met one of the 

followingg criteria: associated with a hemoglobin drop of > 2 g/dl, if it required 
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hospitalization,, a blood transfusion of > 2 units, or if the bleeding was intracranial, 

retroperitoneal,, intramuscular, intra-articular, or intraocular. For each case between one 

andd four controls were selected from the same database based on indication for 

treatmentt (to ensure the same INR target range). Furthermore, controls were matched 

forr date of birth (within 10 years of the index case), gender, type of vitamin K 

antagonistt (acenocoumarol or phenprocoumon) used, and whether or not treatment with 

VKA .. was stopped at the time of evaluation. 

CollectionCollection of the data - Patients and controls were visited at home by a genetic 

fieldworker.. During this visit a questionnaire was completed containing questions 

aboutt the medical history and blood was collected for isolation of DNA. 

GenotypingGenotyping - Genotyping for both allelic variants was performed by polymerase 

chainn reaction and subsequent restriction enzyme digestion with Avail in the case of 

CYP2C9*22 (Argl44Cys) and Nsil in the case of CYP2C9*3 (Ile359Leu) as previously 

described.!!  21 

CalculationCalculation of mean daily dose - Mean daily dose for the cases was calculated by 

dividingg the sum of all daily doses, obtained from the database of the Thrombosis 

Services,, by the number of treatment days (the date of bleeding minus the date of start 

off  treatment). For the controls we used the day of the visit by the genetic fieldworker as 

thee last day of observation or an earlier date when the treatment was stopped before this 

visit. . 

TherapeuticTherapeutic quality assessment - Two target ranges are used in both Thrombosis 

Servicess in agreement with the consensus of the Dutch Federation of Thrombosis 

Services:: the INR target range between 2.5-3.5 for atrial fibrillation and primary 

preventionn and treatment of venous thromboembolism, and the INR target range 

betweenn 3.0-4.0 for arterial indications, like mechanical heart valve prostheses and 

ischemicc heart disease. INR values were recorded between the start of treatment and the 

occurrencee of the bleeding complication for the cases, or until the cessation of 

treatmentt or day of inclusion in the study for the controls. If the treatment period was 

interruptedd for any hospital admission only the INR values after the last hospital 

dischargee were taken into account. 

Thee quality of treatment with VKA was expressed as the percentage of time spent in 

thee therapeutic range and was calculated using linear interpolation as previously 

described.'27,1288 Because it was conceivable that the quality of treatment was 
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differentt for the two compounds, 129 trie results of the analyses are presented for 

acenocoumaroll  and phenprocoumon, separately. To avoid too small subsets of 

individualss for the various genotypes, the outcomes of the analyses of the therapeutic 

qualityy control in the two INR target ranges were pooled. 

StatisticalStatistical analysis - The final dataset consisted of two separated databases of cases 

andd matched controls (one from Leiden and one from Amsterdam). Since no 

differencess were observed between the two databases, all analyses were performed on 

thee pooled databases. Analyzes were performed for acenocoumarol and 

phenprocoumonn separately and combined. The relationship between the occurrence of a 

bleedingg event and baseline variables was explored by means of univariate conditional 

logisticc regression to take the matching between cases and controls in account. 

Subsequently,, all factors univariately associated at a p < 0.10 were included in a 

multivariatee model. Finally, differences in mean daily doses and mean percentages of 

timee spent in the target ranges between different genotypes were analyzed using a 

mixedd effect model to adjust for the matched pairs in the cohort. 

Results s 

Thee characteristics of the 110 cases and 220 controls included in the study and the 

indicationss for treatment are listed in Table I. Except for the median duration of 

treatmentt (cases 3.1 years and 1.1 years for the controls; p < 0.001)) and the age (cases 

688 years and controls 69 years; p = 0.01)) the groups were similar for the listed 

variables. . 

Tablee II lists the results of the therapeutic quality assessment for the three most 

commonn CYP2C9 genotypes. The mean (  SEM) percentage of time spent within the 

targett range for the 133 individuals carrying the most common genotype (*1/*1-*1/*1 ) 

inn the acenocoumarol group was 48  1.6% versus 56  2.0% in the 83 patients in the 

phenprocoumonn group. For individuals carrying the second most common genotype 

(*l/*2-*l/*l )) the percentages of time spent in the target range were 44  3.3% for the 

acenocoumaroll  users (p = 0.55 compared to wild type) and 55  4.8% for the 

phenprocoumonn group (p = 0.54 as compared to wild type). For the third most common 

genotypee (*l/*l-*l/*3 ) the percentages time spent in the target range were 33  4.4% 

(pp = 0.04 as compared to wild type) and 61  5.6% (p = 0.53 as compared to wild type), 

respectively.. Because too few individuals for the other observed genotype 
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Malee (%) 

Meann age in years (  SD) 

Hypertensionn (%) 

Diabetess mellitus (%) 

Smokingg (%) 

Historyy of cancer (%) 

Caucasiann (%) 

Acenocoumaroii  (%) 

Mediann follow up in years 

Totall  follow-up (years) 

(interquartilee range) 

IndicationsIndications for oral anticoagulant treatment 

TargetTarget INR range 2.5-3.5 

TargetTarget INR range 3.0-4.0 

Atriall  fibrillation 

Venouss thromboembolism 

Postt operative prophylaxis 

Total l 

Others s 

targett 2.5-3.5 

Mechanicall  heart valve 

Vascularr surgery 

Ischemic c 

Total l 

heartt disease 

Others s 

targett 3.0-4.0 

Cases s 

(NN = 110) 

666 (60%) 

68  12 

333 (30%) 

14(13%) ) 

211 (19%) 

18(16%) ) 

106(96%) ) 

622 (56%) 

3.11 (0 .9-7.4) 

592 2 

288 (56 %) 

10(20%) ) 

6 (12%) ) 

6 (12%) ) 

50 0 

18(30%) ) 

16(27%) ) 

18(30%) ) 

8 (13%) ) 

60 0 

Controls s 

(NN = 220) 

1311 (60%) 

699  1! 

777 (35%) 

35(16%) ) 

35(16%) ) 

24(11%) ) 

216(98%) ) 

138(63%) ) 

1.11 (0 .5-3 .4) 

635 5 

62(611 %) 

200 (20 %) 

14(14%) ) 

66 (6 %) 

102 2 

399 (33 %) 

288 (24 %) 

322 (27 %) 

19(16%) ) 

118 8 

Tablee 1: Baseline characteristics and indications for anticoagulant treatment of the patients and 
controls s 

combinationss were available for accurate estimates, the differences for the percentages 

off  time spent in the target range were not statistically tested. 

Becausee the CYP2C9*3 variant appeared to have the greatest impact on the quality 

off  treatment, we combined all *3 carriers using acenocoumaroi and in this instance the 

percentagess time spent in the target range were 33  3.9% for the carriers versus 47

1.5%% for non-carriers (p = 0.007). For the users of phenprocoumon these figures were 

nott different between carriers and non-carriers (63  5.3% versus 56  1.8%, 

respectively;; p = 0.53). Interestingly, the CYP2C9*3 carriers using acenocoumaroi 

weree more often below the target range (48  5.0%) rather than above the target range 

(255 . 
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Sincee high INR values are a major determinant of bleeding we also evaluated 

whetherr individuals experiencing a bleeding complication were significantly more 

abovee the target range than controls. However, this appeared not to be the case. The 

bleederss spent 20  1.4% of the time above the target range versus 18  1.0% for the 

matchedd controls (p = 0.34). The percentages of time spent below and in the target 

rangee were comparable for both groups (data not shown). Finally, irrespective of the 

CYP2C99 genotype, individuals using acenocoumarol spent 45  1.4% in the target 

rangee and for those using phenprocoumon this percentage was 57  1.8% (p < 0.0001). 

Tablee III outlines the six observed different CYP2C9 genotype combinations. The 

*1/*1-*1/* 11 combination was associated with the highest mean (  SEM) dose of VKA 

(2.77  0.08 mg/day). The mean daily dose of the 133 individuals with this genotype on 

acenocoumaroll  was 2.7  0.10 mg/day, which is the same as the mean daily dose of the 

833 individuals on phenprocoumon (2.7 3 mg/day). Slightly lower, although not 

statisticallyy significant, mean daily dosages were observed in the second genotype 

combinationn (*l/*2-*l/*l ) in particular in the phenprocoumon group. Significantly less 

acenocoumaroll  and phenprocoumon was needed by subjects carrying the (*1/*  l-*l/*3 ) 

genotype:: 2.1  0.21 and 2.1  0.16 mg/day respectively (combined data 2.1  0.13 

mg/day;; p = 0.007, as compared to wild type). In patients carrying the other genotype 

combinationss even lower mean daily doses were found as shown in Table III . These 

dataa suggest that the CYP2C9*3 has the strongest impact on VKA requirement. In a 

head-onn comparison of *3 carriers versus *3 non-carries the daily doses are 2.0 3 

andd 2.6  0.07 mg/day respectively (p = 0.001). 

Ass noted above CYP2C9*3 carriers using acenocoumarol spent 48% of the time 

beloww the target range. This may in part explain the lower doses that we observed in 

thesee carriers. To further substantiate this, we also calculated for only those individuals 

thatt had spent more than 50% in the target range the mean dose needed to maintain the 

targett range. 

Onlyy 5 individuals carrying the *3 polymorphism and 83 non-carriers are available for 

thiss sub-analysis and the mean daily doses were the same (2.6  0.51 mg/day for 

carrierss versus 2.6 2 mg/day for non-carriers) but the variation in the doses used 

byy the carriers was wide. The equivalent figures for the individuals using 

phenprocoumonn werel 1 carriers and 71 non-carriers with mean daily doses of 0.76

0.233 mg/day and 2.6 4 mg/day (p = 0.03), respectively, which confirm a lower 
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dosee requirement in CYP2C9*3 carriers. With respect to overall bleeding risk, 

comparingg *3 carries with non-carriers resulted in an odds ratio of 0.7 (95% CI: 0.3-

1.4).. For acenocoumarol or phenprocoumon users separately, the figures were 

respectivelyy 0.7 (95% CI 0.3-1.8) and 0.7 (95% CI 0.3-2.0). In a multivariate model 

adjustingg for age, duration of treatment, history of cancer and smoking resulted in an 

overalll  OR of 0.9 (95% CI 0.4-1.9), indicating that the genotype had no significant 

effectt on bleeding risk. When comparing *2 carries with non-carriers with respect to 

bleedingg risk, for acenocoumarol and phenprocoumon users combined, we found an 

ORR of 1.2 (95%o CI 0.7-2.1) in an univariate model and 1.0 (95% CI 0.5-2.1) in a 

multivariatee model, adjusting for age, duration of treatment, smoking and a history 

off  cancer. 

Discussion n 

Inn this study we observed different effects of two common polymorphisms, 

CYP2C9*22 (Argl44Cys) and CYP2C9*3 (Ile359Leu), in the principal enzyme 

responsiblee for the catabolism of the vitamin K antagonists, acenocoumarol and 

phenprocoumon.. Firstly, we found an effect on the stability of the INR during 

treatmentt that differed between the two compounds. Particularly, treatment with 

acenocoumaroll  was susceptible to the CYP2C9*3 variant. Of interest is the fact that 

INR'ss below the target range were rather prevalent. The explanation for this 

Acenocoumaroll  Phenprocoumon 
CYP2C9*2 2 

Genotype e 

* ]]  l*\ 

* II  / *2 

*11 / * 1 

*11 1*2 
*-}*-} j * - ) 

*11 / * 1 

CYP2C9*3 3 

Genotype e 

*11 l*\ 

*11 / * 1 

**  1 / *3 

*11 / * 3 

*11 / * 1 

* 3 / * 3 3 

N N 

133 3 

41 1 

18 8 

4 4 

NA A 

1 1 

Mean(%)(SEM) ) 

48(1.6) ) 

444 (3.3) 

333 (4.4)* 

40(8.1) ) 

NA A 

6.2 2 

N N 

83 3 

24 4 

18 8 

1 1 

2 2 

1 1 

Meann (%) 

(SEM) ) 

56(2.0) ) 

55(4.8) ) 

611 (5.6) 

95 5 

533 (9.4) 

55 5 

Tablee 2: CYP2C9 genotype and mean (+SEM) time spent in the target range for acenocoumarol 

andd phenprocoumon 

**  ) p = 0.04 as compared to wild type; NA ) Not applicable 
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observationn remains unclear. It may be that the physicians that are responsible for the 

dosingg of unstable patients tend to be conservative with respect to the dosage. The 

tendencyy towards lower INR than intended might also explain why we did not observe 

ann increased risk for bleeding in the poor metabolizers. 

Secondly,, we observed a marked effect on the dose used. For both acenocoumarol 

andd phenprocoumon, we found that the dose was lowest for the CYP2C9*3 variant. 

Whenn only analyzing individuals with a time spent in the target range above 50% the 

effectt remained for phenprocoumon. This is the first time the association between the 

dosee needed to maintain the INR within the target range and especially the CYP2C9*3 

polymorphismm is reported for phenprocoumon. 

Thee results for the association between the mean daily dose of acenocoumarol and 

CYP2C9*33 are less certain. The uncertainty arises because in a sub-analysis that 

includess only those patients who spent more than 50% of their time in the target range, 

thee mean daily doses used were the same for the carriers and the other individuals. One 

shouldd note, however, that only 5 carriers remained in this sub-analysis, which strongly 

increasess the chance of a type II error. A previous study examining this interaction 

showedd a clear dose dependency of acenocoumarol for the CYP2C9*3 carriers.!26 The 

mostt likely explanation for the discrepancy between this study and our study is the fact 

thatt the selection of the patients was based on a difference in inclusion criteria. 

Hermidaa et al included patients that used a stable dose and a stable INR between 2.0 

andd 3.2 over a three months period before inclusion in the study. We included patients 

withh a major bleeding complication and matched controls irrespective of the dose used 

orr stability of the INR 3 months prior to inclusion. 

Althoughh our study was not designed to compare acenocoumarol and 

phenprocoumon,, we found that the stability of treatment tended to be better (higher 

percentagee in the target range) for phenprocoumon as compared to acenocoumarol. 

Thiss is in agreement with previous work. 129,130 

Ourr data, therefore, indicate that the different polymorphisms have differential 

effectss on the quality of treatment for acenocoumarol and phenprocoumon. This might 

bee caused by the much shorter half-life of acenocoumarol (11 hours) as compared to 

phenprocoumonn (140 hours). Influences of diet and co-medication are possibly more 

pronouncedd on the stability of treatment when a compound with a short half-life is 

used. . 
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Thirdly,, the data indicate that the bleeding risk is not influenced by the CYP2C9 

genotype.. These findings contrast with previous claims on the relationship between 

warfarin,, CYP2C9 genotype, and bleeding risk, which suggested that poor metabolizers 

havee an increased bleeding risk. There are four possible explanations for this 

discrepancy.. The first, unlikely, explanation is that such an effect is specific for 

warfarin.. The second explanation relates to errors in genotype assignment, a problem 

easilyy encountered in the analysis of the CYP2C genes, and which we avoided by using 

thee appropriate tests.131 The third possibility is that the relatively low number of 

bleederss in the previous studies has resulted in unreliable results.124'126 The final 

explanationn might be that the studies using warfarin, because of the predefined 

inclusionn criteria used, found a higher overall INR level and consequently found a 

higherr bleeding rate. The study by Taube et al reports a percentage of time spent in the 

targett range of approximately 65%,124 indicating a higher overall INR and therefore 

possiblyy a higher bleeding risk. 

Inn conclusion, patients carrying the CYP2C9*3 polymorphism use a lower dose of 

acenocoumaroll  or phenprocoumon in order to reach a target INR, and a significantly 

lowerr quality of treatment in the acenocoumarol group was observed in individuals 

carryingg a CYP2C9*3 polymorphism. Finally, carriership of either polymorphism does 

nott influence the risk of bleeding. 
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