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ABSTRACT 

AIMS 

Warfarin dose requirement varies significantly. We compared the clinically established 

international normalized ratio (INR) -based doses among patients with severe thrombosis 

and/or thrombophilia with estimates from genetic dosing algorithms. 

METHODS 

Fifty patients with severe thrombosis and/or thrombophilia requiring permanent 

anticoagulation, referred to the Helsinki University Hospital Coagulation Center, were 

screened for thrombophilias and genotyped for CYP2C9*2 (c.430C>T, rs1799853), 

CYP2C9*3 (c.1075A>C, rs1057910) and VKORC1 c.-1639G>A (rs9923231) variants. The 

warfarin maintenance doses (target INR 2.0-3.0 in 94%, 2.5-3.5 in 6%) were estimated by the 

Gage and the International Warfarin Pharmacogenetics Consortium (IWPC) algorithms. The 

individual warfarin maintenance dose was tailored, supplementing estimates with 

comprehensive clinical evaluation and INR data. 

RESULTS 

Mean patient age was 47 years (range, 20-76), and BMI 27 (SD 6), 68% being women. Forty-

six (92%) had previous venous or arterial thrombosis, and 26 (52%) had a thrombophilia, 

with 22% having concurrent aspirin. A total of 40% carried the CYP2C9*2 or *3 allele and 

54% carried the VKORC1 -1639A allele. The daily mean maintenance dose of warfarin 

estimated by the Gage algorithm was 5.4 mg (95% CI 4.9-5.9 mg,), and by the IWPC 

algorithm was 5.2 mg (95% CI 4.7-5.7 mg,). The daily warfarin maintenance dose after 

clinical visits and follow-up was higher than the estimates, mean 6.9 mg (95% CI 5.6-8.2 mg, 

p<0.006), with highest dose in patients having multiple thrombophilic factors (p<0.03). 

CONCLUSIONS 

In severe thrombosis and/or thrombophilia, variation in thrombin generation and 

pharmacodynamics influences warfarin response. Pharmacogenetic dosing algorithms seem 

to underestimate dose requirement. 
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What is already known about this subject 

 Effective warfarin dose has high inter-individual variability, owing in part to genetic 

variations in CYP2C9 and VKORC1 

 Warfarin dosing algorithms accounting for genetic and clinical factors may improve 

warfarin therapeutic efficacy, diminishing thromboembolic and bleeding 

complications 

 Among thrombophilia patients, risks for complications are higher 

 

What this study adds 

 Thrombophilia patients are significantly younger than the warfarin using patients on 

average 

 Dosing algorithms seem to underestimate the daily warfarin maintenance dose among 

patients having thrombophilia and/or severe thrombosis 
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Introduction 

 

Vitamin K antagonists (VKAs) impair the synthesis of vitamin K-dependent coagulation 

factors (II, VII, IX and X) by inhibiting the conversion of vitamin K epoxide to its active 

form via the vitamin K epoxide reductase complex (VKOR). Therefore, warfarin and other 

VKAs are used as anticoagulants for treatment or prevention of thromboembolism and in 

association with atrial fibrillation (AF), prosthetic heart valves and thrombophilia. To reach 

the efficient and safe level of anticoagulation, warfarin dosing is individually tailored, and 

regular follow-up is required by laboratory measurements of International Normalized Ratio 

(INR) based on the prothrombin time with the Owren reagent [1]. The average daily warfarin 

dose for all indications is approximately 5 mg, while individual doses may vary even more 

than 10-fold [1,2] 

 

Many factors, including, patient diet, smoking, alcohol use, other medications and genetic 

variants influence warfarin dose requirement [3,4]. It is common practise to start warfarin 

with a fixed dose and tailor the individual dose with INR monitoring. With this approach, the 

time to achieve INR treatment target level might be prolonged in patients at the either 

extremes of the dose requirements. Clinical algorithms aim at predicting the required 

warfarin dose, facilitating the achievement of the INR target level. The common factors 

affecting warfarin dose in the algorithms include: age, race, body surface area, smoking, 

amiodarone and statin use [5]. 

 

Genetic variants influence the efficacy of warfarin by either a pharmacokinetic or 

pharmacodynamic mechanism [6]. Warfarin is a racemic mixture of the S- and R-

enantiomers. The pharmacologically more active S-warfarin is metabolized mainly by 
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CYP2C9, and common CYP2C9 variants, such as CYP2C9*2 (c.430C>T, rs1799853), and 

CYP2C9*3 (c.1075A>C, rs1057910), impair S-warfarin metabolism, reducing warfarin dose 

requirement [7]. In addition, variations of the VKORC1-gene impact the activity of the 

VKOR enzyme, and the VKORC1-variant c.-1639G>A (rs9923231) increases warfarin 

sensitivity [8,9]. Both the CYP2C9 and VKORC1 variants are common among individuals of 

Caucasian ancestry and contribute to the individual warfarin dose requirement [10-14]. The 

common VKORC1 and CYP2C9 variants account for up to 27% and 18%, respectively, of the 

variability in stable warfarin dose requirement among Caucasians [6,11]. 

 

Patient's genetic profiling can be used to predict warfarin dosage and multiple algorithms 

incorporating both genotypic, and clinical data exist to predict warfarin doses [6],according to 

the Gage algorithm and the International Warfarin Pharmacogenetics Consortium (IWPC) 

algorithm. They are commonly adopted for this purpose in clinical practice, and are available 

at warfarindosing.org. [1,15]. Pharmacogenetic dosing algorithm for warfarin has been shown 

to reduce the time to reach the stable dose, improve the percent time in therapeutic range 

(TTR) and decrease the number of episodes with an INR above 4 in a homogenous European 

population [16]. The potential benefit of using genetic profiling is likely substantial in cases 

of increased risks of 1) bleeding complications or 2) thrombosis, when direct oral 

anticoagulants are not recommended due to the uncertainty in dose responses and drug 

exposure, and 3) when therapeutic warfarin dosages must be reached quickly. Our aim was to 

characterize patients having a history of severe thrombosis and/or thrombophilia, and to 

examine the accuracy of genetic and algorithmic estimates of warfarin doses among these 

challenging patients. 

 

  

http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1326
http://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=2645
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Methods 

This was a retrospective, register-based study on patients referred to the Coagulation 

Disorders Unit in the Helsinki University Hospital due to severe thrombosis and/or 

thrombophilia to be treated with long-term or permanent warfarin anticoagulation. Warfarin 

genotyping was routinely performed for patients in whom permanent anticoagulation was 

indicated, and thus retrospective analysis of the data was possible. Genetic testing for single 

nucleotide polymorphisms (SNPs) affecting warfarin metabolism has been available for 

clinical use since October 2007. Ethics board was consulted, and ethics permit was not 

requested due to the register-based nature of the study, as mandated by the Finnish law [17]. 

Patient data were pseudonymized and patients were not contacted. The Helsinki University 

Hospital research permit was granted for the research protocol (decision number 20/2018). 

Patients referred during 2009-2018 were assessed for inclusion in the study. At least one of 

the following criteria had to be met for inclusion: thrombosis at a young age (under 50 years), 

strong family history of thrombosis, known severe thrombophilia in laboratory screen 

(phospholipid antibodies, antithrombin, protein C or S deficiency, FV Leiden or FII G20210A 

variant homozygosity or combined heterozygosity for the last two), unusual site of 

thrombosis, multiple spontaneous thromboses or miscarriages, both arterial and venous 

thromboses, active cancer and thrombosis, valvular replacement or other cardiac 

insufficiency predisposing to thrombosis. These criteria indicate permanent anticoagulation 

and were based on the recommendations on testing for thrombophilia [18,19]. Altogether 50 

patients met the criteria, with 19 patients (38%) meeting a single inclusion criterium, but 31 

patients (62%) carried two or more criteria. Laboratory thrombophilia screen had been 

performed for 47 patients, including thrombin time, lupus anticoagulant, beta-2-glycoprotein 

and cardiolipin antibodies, FV Leiden, FII G20210A variant, antithrombin activity, protein C 

activity, protein S free antigen and FVIII:C assays. Thrombophilia screen had been assessed 
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in 41 patients before, in 4 patients simultaneously with, and in 2 patients after 

pharmacogenetic testing for warfarin. Genotyping for CYP2C9*2, CYP2C9*3 and VKORC1 

c.-1639G>A variants and genotyping for FV Leiden and FII G20210A variant in the 

thrombophilia panel had been performed with an automated cyclic mini-sequencing method 

(HUSLAB, Helsinki University Hospital, Finland). 

 

The INR target level in most patients was set to 2.0-3.0 INR, while 3 patients (6%) with 

valvular replacement had an INR target level of 2.5-3.5. Initially, patients were genotyped for 

warfarin associated SNPs and warfarin dose was estimated with the local algorithm based on 

the study by Wadelius et al [20]. After genotyping, all patients had been called for a clinical 

visit and subsequent follow-up visits. If patient met the INR target the current warfarin dose 

in use already after several weeks of stable dose was recorded (real-life dose). If the INR 

target was not met, the subsequent warfarin dose was recommended based on a combination 

of genotypic, clinical, calculated algorithmic and INR data, where the minimum warfarin 

dose was obtained from the local algorithm. The patient was followed up until a new stable 

dose was achieved. Each patient was followed for several months at the clinic to verify the 

stabilization of the dose needed. This final, prescribed stable warfarin dose was recorded and 

is henceforth referred to as the real-life dose of the patient. Subsequently, the Gage and 

IWPC algorithms were used to estimate warfarin dose based on genetic and clinical data and 

compared with the real-life dose [1,15]. 

 

The different dose estimates were compared with one another using Wilcoxon signed rank 

test, and different patient groups were compared to one another with Kruskal-Wallis H test, 

with IBM SPSS® statistics program (version 22). The median difference and 95% confidence 

intervals were estimated with Hodges-Lehmann test [21]. The differences were considered 
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statistically significant when p was below 0.05. 

 

Nomenclature of targets and ligands 

Key protein targets and ligands in this article are hyperlinked to corresponding entries in 

http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS 

Guide to Pharmacology. 

 

Results  

Patient characteristics 

The average age of the patients was 47 years (range 20-76), and the mean BMI was 27 kg/m2 

(SD 6). Of all patients, 24/50 (48%) had thrombosis at age under 50 years. Despite the history 

of thrombosis and/or thrombophilia, four patients (8%) continued smoking. ASA use was 

prevalent, with 11 patients (22%) having ASA concurrent with warfarin due to history of 

arterial thrombosis (Table 1). Most patients, 46 (92%), had thrombosis as the primary 

indication for warfarin treatment, with the remaining four patients (8%) having valvular 

replacement as the primary indication, three of them having the higher INR target level of 

2.5-3.5 due to the replacement in the mitral valve position (Table 2). All the valvular 

replacement patients  also had additional factors predisposing to thrombosis– namely 

arteriosclerosis, pulmonary hypertension, heart malformation or insulin-dependent diabetes. 

In over half of the patients screened in the laboratory, 26 (55%) carried thrombophilia, most 

commonly FV Leiden (24%), while seven patients (14%) had more than one thrombophilia 

(Table 3). Of the patients who had thrombosis 25/46 (54%) presented with a thrombophilia. 

Three patients with valvular replacement as their warfarin indication were not tested for 

thrombophilia, while one of them had an elevated FVIII (>190 IU/dL). Fourteen (28%) 

patients had the reference CYP2C9*1/*1 and VKOCR1 c.-1639GG genotypes, 20 (40%) 

carried either CYP2C9*2, *3 or both and 27 (54%) carried the VKORC1 c.-1639G>A variant 
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(Table 4). None of the patients used the enzyme inhibitor or inducer medicines included in 

the IWPC algorithm. The enzyme inhibitor or inducer medicines included in the algorithm 

are azoles (e.g. fluconazole), amiodarone, sulfonamid, phenytoin, carbamazepine and 

rifampicin. 

Warfarin doses 

Daily warfarin doses estimated by the Gage algorithm (mean 5.4 mg, 95% CI 4.9-6.0 mg, SD 

2.0 mg, range 1.5-9.3 mg) or by the IWPC algorithm (mean 5.2 mg, 95% CI 4.7-5.7 mg, SD 

1.9 mg, range 0.9-8.3 mg) were significantly lower than the observed real-life warfarin dose 

(mean 6.9 mg, 95% CI 5.6-8.2 mg, SD 4.5 mg, range 0.8-30.0 mg). Real-life daily dose 

median difference to Gage algorithm was 1.2 mg (95% CI 0.4-2.0 mg, p=0.005) and median 

difference to IWPC algorithm was 1.4 mg (95% CI 0.5-2.1 mg, p=0.001). The correlation 

between the dose estimates according to various algorithms and the established doses in real-

life was poor (Figure 1). In some patients the real-life warfarin dose requirement was higher 

than predicted, up to 20 mg higher daily dose than that predicted by the algorithms (Figure 2). 

The patient with the highest daily warfarin dose of 30 mg was a 35 yo woman who had DVT 

and FV Leiden mutation. The patient was not overweight (BMI 24), did not smoke and had a 

normal genotype for CYP2C9 and VKORC1. No enzyme inducer medication was present. 

The cause of the very high required warfarin dose remains unknown to us. In particular, the 

real-life warfarin daily dose was higher in patients with two or more admission criteria as 

opposed to patients with a single admission criterion (mean 7.9 mg vs. 5.3 mg, median 

difference 2.0 mg, 95 % CI 0.1-4.0, p<0.03). Warfarin dose requirements were the highest in 

patients after an ischemic stroke without AF, valvular replacement, or deep vein thrombosis 

(Table 2), however, these differences did not reach statistical significance (p=0.22). Statin 

use, ASA use, smoking or BMI did not appear to influence the warfarin dose (data not 

shown). 
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Discussion 

The pharmacogenetic IWPC and Gage dosing algorithms significantly under-predicted the 

actual stable warfarin doses in these highly thrombogenic patients. In some trials, the use of 

genotyping among AF patients in the dose estimation has reached the therapeutic warfarin 

levels faster, and the bleeding risk is diminished compared with the conventional dosing 

[1,22,23]. These include the randomized controlled trial (RCT) EU-PACT, in which a 

homogenous European population was studied [24]. To the best of our knowledge, this is the 

first study to examine warfarin dose in young patients with severe thrombosis and/or 

thrombophilia. The previously published studies with young patients (<50 years) have been 

patients with valvular replacement or FV Leiden heterozygous mutation [25-28]. In our 

study, we included only those forms of thrombophilia, which indicate permanent 

anticoagulation therapy, and FV Leiden heterozygosity solely was not an inclusion criterion – 

instead homozygosity or double heterozygosity with FII mutation was required. Currently, 

however, the algorithms accounting for genotypic and clinical factors in comparison with the 

algorithms accounting for the clinical factors only, have not shown consistent results 

favouring genotypic algorithms. In the RCT COAG, in a heterogenous population (27% were 

people of African ancestry) the genetic data added to the clinical algorithm did not improve 

treatment outcome, while in the Gage trial, genotype -guided dosing improved outcome with 

regard to thrombosis [5,22,29]. In the highly thrombogenic patients, the accurate initial dose 

estimation might improve outcome, as risks for thrombotic complications are higher, albeit 

heparin is used until the INR target is well reached. Here, the average daily warfarin dose in 

our thrombotic or thrombophilic patients, was on average 1.9 mg higher than in the literature 

including patients with all warfarin indications (6.9 mg vs. 5 mg) [1]. Our results are 

consistent with a recent meta-analysis, where it was reported that with daily warfarin doses of 

over 7 mg, the dose prediction algorithms underestimated the maintenance dose [30]. In our 
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study, the patients with more than one admission criteria, had significantly higher warfarin 

dose requirement than those with only one admission criterion, highlighting the increased 

thrombogenic potential. It also seemed that the valve replacement patients had a higher dose 

demand, corresponding to the increased INR target range of 2.5-3.5, but patients with the 

history of non-AF ischemic stroke or deep vein thrombosis and pulmonary embolism as well 

seemed to need a higher than average warfarin dose, although statistical significance was not 

reached due to small sample size. Yet, the current dose prediction algorithms, validated in AF 

patients, seem to underestimate the required warfarin dose in thrombogenic patients as a 

group, and especially in patients with multiple thrombogenic factors. It has been shown, that 

in patients with antiphospholipid antibody syndrome, the warfarin dose requirement is 

increased, relative to inherited thrombophilias and irrespective of the VKORC1 and CYP2C9 

genotype, suggesting that among thrombophilia patients factors other than those accounted 

for in the dose algorithms impact the warfarin dose [31]. It has been shown, that in cardiac 

surgery patients, novel pharmacokinetic-pharmacodynamic models may improve dosing 

accuracy, particularly at the early stage of dosing (before steady state), taking into account 

the previous doses and INR responses [32]. However, in comparison with our patient 

population, cardiac surgery may influence the mechanisms of coagulation and hemodynamics 

in distinct manners. 

 

Thrombophilias significantly increase the risk of venous thromboembolism, with VTE risk 

increased by up to 6-fold with antiphospholipid antibodies, 5-fold with increased FVIII:C 

levels, 5-50 times increased with AT deficiency, which confers the highest risk, 5 times with 

protein S and C deficiencies, 3-5 times with a heterozygous FV Leiden variant, and 2 times 

with a heterozygous FII G20210A variant [33-37]. In this study, only four (8%) of the 

patients tested for thrombophilia had AT, PC or PS deficiency, which carry the highest 
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thrombotic risk. The typical warfarin treatment target of INR is 2.0-3.0 applies also in these 

detected thrombophilia patients according to the laboratory panel. 

 

Good quality warfarin management is essential due to the otherwise increased complication 

risks. As the typical TTR in all warfarin patients are only approximately 64%, vigilance is 

required with these patients, keeping in mind that the best results are usually achieved in 

warfarin self-management patients (up to 72% TTR) [38]. Thrombophilia patients express 

enhanced responses in thrombin generation assays, likely explaining the higher warfarin dose 

requirement in these patients [39-43]. 

 

Patients were young, on average 47 years of age, whereas in all indications, most warfarin 

patients are over 60 years of age [44].  Increasing age has been associated with decreasing 

warfarin doses, which is appreciated in the dosing algorithms. Although the pharmacokinetics 

of warfarin is similar in young and elderly adults, older patients have lower average weight, 

increasing their warfarin sensitivity, and also the prothrombin time ratio is increased, while 

adjusted to warfarin dose, suggesting increased pharmacodynamic effects as well [44,45]. 

BMI influences the mean daily warfarin dose, although large interindividual variations exist 

within a BMI group [46]. In our limited sample, with mean BMI only moderately elevated, 

no effect of BMI was observed on the warfarin dose requirement. The effect of age and BMI 

(through body surface area) are included in the Gage and IWPC algorithms [1,15]. However, 

in our study cohort, significantly younger than most warfarin users, the model did not achieve 

the actual real life dose requirement. 

 

The limitations of this study include the restricted sample size of 50 patients due to a single-

site nature of this study. The study was exploratory without power calculations, but 
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significant differences between algorithms were identified [47]. The findings need to be 

confirmed in a larger patient populations to enable firmer conclusions. While warfarin 

indications were recorded (Table 2), in the small subgroups we were unable to analyse the 

effect of the clinical indication to warfarin dosing. Another major limitation is, that neither 

the clinician, nor the patient was blinded to the warfarin dose, or to the results of the 

pharmacogenetic analysis. This might have impacted the warfarin prescription, but on the 

other hand, this directly reflects the real-life practice. The strengths include the highly 

thrombogenic non-AF patient cohort in the need of permanent anticoagulation, in which 

warfarin genotyping has not earlier been systematically evaluated. Warfarin dose was 

estimated through the warfaringdosing.org website using Gage and IWPC algorithms, the 

tools that are available to most clinicians, increasing the implications of this study.  

 

Conclusions 

Currently, the most used pharmacogenetics dosing algorithms underestimate the warfarin 

dose required for effective anticoagulation in thrombogenic young (age less than 50 years) 

patients, particularly those who are at the highest thrombotic risk. A thorough clinical 

assessment is required in these patients for the effective and safe warfarin anticoagulation 

which is deemed lifelong. Whether thrombogenic patients will benefit from the other 

anticoagulation strategies than warfarin remains to be seen in future. Today warfarin, the 

traditional anticoagulation modality, is recommended for these patients based on its 

longstanding experience [48]. 
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Table 1: Characteristics of the 50 patients 

Age, years, mean (range) 47 (20-76) 

Women (%) 34 (68) 

Height, cm, mean (SD) 168 (11) 

Weight, kg, mean (SD) 75 (19) 

BMI, mean (SD) 27 (6) 

CYP2C9*1/*2, n (%) 8 (16) 

CYP2C9*1/*3, n (%) 7 (14) 

CYP2C9*2/*3, n (%) 5 (10) 

VKORC1 c.-1639G/A genotype, n 

(%) 

17 (34) 

VKORC1 c.-1639A/A genotype, n 

(%) 

10 (20) 

ASA use, n (%) 11 (22) 

Statin use, n (%) 10 (20) 

Smoking, n (%) 4 (8) 

BMI, body mass index; CYP2C9, cytochrome P2C9 gene; VKORC1, vitamin K epoxide 

reductase complex 1 gene, ASA, acetylsalicylic acid  
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Table 2: Warfarin indications, and corresponding predicted warfarin dose estimates 

and real-life stable dose according to the specific indication, n=50 

 n (%) warfarindosing.org 

estimate, mg/d 

(SD) 

IWPC estimate, 

mg/d (SD) 

Real-life dose, 

mg/d (SD) 

DVT or PE 33 (66) 5.7 (2.1) 5.4 (1.9) 7.4 (5.0) 

Peripheral arterial 

thrombosis 

4 (8) 3.2 (0.9) 3.2 (1.0) 3.9 (2.9) 

Atrial fibrillation and 

ischemic stroke 

2 (4) 3.0 (1.1) 2.8 (1.6) 2.5 (2.0) 

Other ischemic stroke 2 (4) 5.6 (1.7) 5.7 (1.8) 7.7 (3.7) 

Other thrombosis† 5 (10) 6.1 (1.2) 6.2 (0.8) 7.0 (2.9) 

Valvular replacement 

and other 

comorbidity 

4 (8) 5.9 (1.7) 5.7 (1.3) 7.4 (3.7) 

† Other thrombosis included paroxysmal nocturnal hemoglobinuria, thrombi of vena cava, of 

sinus cavernosus, of portal and hepatic vein; DVT, deep vein thrombosis; IWPC, 

International Warfarin Pharmacogenetics Consortium; PE, pulmonary embolism; SD, 

standard deviation 
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Table 3: Thrombophilias detected in the laboratory screen, n=50 

Thrombophilia n (%) 

FV Leiden heterozygous 10 (20) 

FV Leiden homozygous 2 (4) 

FII variant heterozygous 4 (8) 

FV Leiden and FII variant, both 

heterozygous 

2 (4) 

Antiphospholipid antibodies 7 (14) 

AT, PC or PS deficiency 4 (8) 

Elevated FVIII:C 6 (12) 

No thrombophilia in screening 21 (42) 

Thrombophilia screen not done 

(valvular cases) 

3 (6) 

AT, antithrombin; PC, protein C; PS, protein S; FVIII:C, FVIII measured with clotting assay 
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Table 4: Distribution of warfarin genotypes 

 

 

 

 

 

 

 

CYP2C9, cytochrome P2C9 gene, VKORC1, vitamin K epoxide reductase complex 1 gene

 

VKORC1 

Total 

c.-

1639G/G 

c.-

1639G/A 

c.-

1639A/A 

CYP2C9 *1/*1 14 12 4 30 

*1/*2 4 1 3 8 

*1/*3 3 3 1 7 

*2/*3 2 1 2 5 

Total 23 17 10 50 
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Figure 1: The correlation with the real-life dose was poor with both dose estimates: 

Gage estimated dose, R2=0.26; IWPC estimated dose, R2=0.29. The highest daily real-

life dose of 30 mg is not visible in the figure. IWPC, International Warfarin 

Pharmacogenetics Consortium 
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Figure 2: Mean daily real-life-dose was 6.9 mg, with Gage estimated dose 5.4 mg and 

IWPC estimated dose 5.2 mg. Real-life dose was higher than the dose estimates 

(p<0.006). Average dose (bold line) and individual patient doses are shown. The highest 

daily real-life dose of 30 mg is not visible in the figure. IWPC, International Warfarin 

Pharmacogenetics Consortium 

 

 

 


