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Objective Warfarin dosing remains challenging because

of its narrow therapeutic window and large variability in

dose response. We sought to analyze new factors involved

in its dosing and to evaluate eight dosing algorithms,

including two developed by the International Warfarin

Pharmacogenetics Consortium (IWPC).

Methods we enrolled 108 patients on chronic warfarin

therapy and obtained complete clinical and pharmacy

records; we genotyped single nucleotide polymorphisms

relevant to the VKORC1, CYP2C9, and CYP4F2 genes using

integrated fluidic circuits made by Fluidigm.

Results When applying the IWPC pharmacogenetic

algorithm to our cohort of patients, the percentage of

patients within 1 mg/d of the therapeutic warfarin dose

increases from 54% to 63% using clinical factors only, or

from 38% using a fixed-dose approach. CYP4F2 adds 4% to

the fraction of the variability in dose (R2) explained by the

IWPC pharmacogenetic algorithm (P < 0.05). Importantly,

we show that pooling rare variants substantially increases

the R2 for CYP2C9 (rare variants: P = 0.0065, R2 = 6%;

common variants: P = 0.0034, R2 = 7%; rare and common

variants: P = 0.00018; R2 = 12%), indicating that relatively

rare variants not genotyped in genome-wide association

studies may be important. In addition, the IWPC

pharmacogenetic algorithm and the Gage (2008) algorithm

perform best (IWPC: R2 = 50%; Gage: R2 = 49%), and all

pharmacogenetic algorithms outperform the IWPC clinical

equation (R2 = 22%). VKORC1 and CYP2C9 genotypes did

not affect long-term variability in dose. Finally, the Fluidigm

platform, a novel warfarin genotyping method, showed

99.65% concordance between different operators and

instruments.

Conclusion CYP4F2 and pooled rare variants of CYP2C9

significantly improve the ability to estimate warfarin

dose. Pharmacogenetics and Genomics 00:000–000 �c 2010
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Introduction
Warfarin is a widely used anticoagulant, with over 30

million annual prescriptions [1]. However, it has a narrow

therapeutic window and its dose response varies sig-

nificantly. Warfarin has traditionally been dosed by trial-

and-error, as an initial fixed dose is selected, and that

dose is adjusted on subsequent visits based upon the

international normalized ratio (INR) response until the

patient has reached an INR value within the target range.

High INRs increase the risk of bleeding, whereas low

INRs are associated with recurrent thromboembolism. As

a result, warfarin requires close monitoring.

Pharmacogenetics plays a key role in warfarin dosing. Two

major genes are associated with the warfarin response,

VKORC1 and CYP2C9 [2–5]. Warfarin inhibits vitamin

K epoxide reductase (VKOR), an enzyme that converts

vitamin K to its biologically active form. There are more

than 50 papers in the literature that suggest its association

with the warfarin dose [6–9]. The VKORC1 –1639G > A

promoter polymorphism is in strong linkage disequili-

brium with other VKORC1 polymorphisms [10,11]. One

study identified a low dose and a high dose haplotype for

VKORC1, which explained 25% of dose variation [12].

Asian–Americans had a greater proportion of the low-dose

haplotype, whereas African–Americans had a greater pro-

portion of the high-dose haplotype.

CYP2C9 is a liver enzyme in the cytochrome P 450 family

that is responsible for metabolizing warfarin [13]. The

two most commonly reported variants, *2 and *3, are less

effective than the wild-type *1 variant [14]. Cumulative

data on VKORC1 and CYP2C9 compelled the Food and

Drug Administration to change the label for warfarin in

2007 to include information from pharmacogenetic tests

[15]. Randomized trials in small patient populations have

found that pharmacogenetics-guided warfarin therapy de-

creases the time to stable dose and requires fewer and

smaller dosing changes, and multi-center, randomized

controlled trials are underway to determine whether
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pharmacogenetic dosing algorithms improve patient out-

comes [16–18]. More recently, the CYP4F2 gene has also

been associated with warfarin dosing [19–22].

Consequently, a number of warfarin dosing algorithms

incorporating genetic factors have been proposed in the

literature. They include those by Gage et al. [23], Herman

et al. [24], Sconce et al. [25], Tham et al. [26], Wu et al.
[27], and Zhu et al. [28]. The International Warfarin Phar-

macogenetics Consortium (IWPC) recently reported a

global warfarin dosing algorithm using genetic and clinical

information from 5700 patients over nine countries [29].

The addition of genetic factors was associated with im-

proved performance in dose prediction.

The goals of this study were to validate the IWPC equa-

tion on an independent population, determine the local

performance of the different dosing algorithms proposed

in the literature, assess the additional impact of genetic

factors such as the CYP4F2 gene and various CYP2C9
polymorphisms on warfarin dose, and examine whether

genes affect the long-term variation in warfarin dosing,

using a new method and platform for warfarin clinical

genotyping.

Methods
Data collection

The Stanford Oral Anticoagulation Clinic specializes in

optimizing the treatment for patients on chronic warfarin

therapy. Patients who achieved a stable dose of warfarin

for three or more consecutive visits, with a target INR

between two and three, were recruited by clinical phar-

macists responsible for managing their therapy. Patients

provided written informed consent. The clinic actively

monitors 400 patients, and 108 of these patients were

enrolled in this study. Patients visited the warfarin clinic a

median of 40 times (mean = 47.6, s= 32.1, min = 4,

max = 135), and they had been on warfarin a median of

174 weeks (mean = 190, s= 166, min = 6, max = 670).

DNA was collected through saliva samples, and these

samples were genotyped using a novel genotyping

method that uses a 48� 48 chamber dynamic array that

in this configuration, simultaneously genotyped 48 patients

at 30 warfarin-related single nucleotide polymorphisms

(SNPs). This study was approved by the Institutional

Review Board.

Clinical data was obtained using the CoagClinic database

(Standing Stone, Westport, Connecticut, USA). This

database included a list of medications, the indications

for warfarin administration, the INR target range, and the

warfarin dose and INR value associated with each patient

visit. In addition, a questionnaire was given to each

patient (see Fig. S1, Supplemental digital content 1, http://
links.lww.com/FPC/A148) to obtain additional clinical infor-

mation not routinely collected in the medical chart, such as

height, weight, supplement use, and vitamin use, and to

corroborate data on concomitant medications found in the

chart (i.e. amiodarone). The questionnaire was developed

in consultation with clinical pharmacists who routinely

worked with the patients. Patients provided saliva samples

using the Oragene�DNA System (DNA Genotek, Ottawa,

Canada). Samples were then genotyped at 30 SNPs

relevant to VKORC1, CYP2C9, and CYP4F2 (see Table S1,

Supplemental digital content 2, http://links.lww.com/FPC/
A149) using ABI TaqMan assays (Life Technologies,

Carlsbad, California, USA) on 48.48 Dy-

namic Arrays (Fluidigm, South San Francisco, California,

USA). These SNPs were selected based on suggestions

from the FDA for warfarin testing, the availability of an

ABI assay for the SNP, and an analysis of common SNPs

available on the Drug Metabolizing Enzymes and Trans-

porters Microarray Platform (Affymetrix, Santa Clara,

California, USA) [30,31].

Genotyping procedure

DNA was purified as per the Oragene DNA purifica-

tion protocol (DNA Genotek). DNA concentration was

determined using a NanoDrop UV spectrophotometer

(Thermo Fisher Scientific, Waltham, Massachusetts,

USA). The average yield was 241.8 ± 173.0 ng/ml. Sam-

ples then underwent preamplification, a multiplexed,

locus-specific amplification procedure used to improve

signal strength in the final SNP analysis. Forward and

reverse primer pairs from all 30 SNPs were pooled

together at a final concentration of 90 nmol/l. 1.25 ml of

sample, 1.25 ml of the pooled primer mix, and 2.5 ml of

Multiplex PCR Master Mix (catalog #206143, Qiagen,

Venlo, The Netherlands) were combined and PCR-

amplified (951C for 10 min, followed by 14 cycles of

951C for 15 s and 601C for 4 min). Amplified samples were

diluted five-fold, and a standard SNP analysis was per-

formed on three 48.48 Fluidigm Dynamic Arrays, which

were all run on the same instrument on the same day.

These arrays use microfluidic channels to simultaneously

perform up to 48 assays on 48 individuals with relatively

low volumes [32].

Thirty SNPs relevant to warfarin dosing were analyzed,

and each SNP was run once per chip. The data turn-

around time for the entire procedure was 30 h, with 9 h

of hands-on time. Samples 50–66 were repeated on

the second and third chip, and they showed 100% con-

cordance. A fourth chip retested 48 samples from the first

chip. However, it was operated by a different person on a

different day, using a different BioMark instrument

(Fluidigm), and it displayed 99.65% concordance. The

average call rate for all samples was 98.1% (see Table S2,

Supplemental digital content 3, http://links.lww.com/FPC/
A150). The no-call rates are primarily because of a few

samples with a lower amount of starting DNA and are

highly correlated between VKORC1, CYP2C9, and CYP4F2
SNPs. Two assays accounted for 30% of the no-calls, yet

even these assays had a call rate greater than 90%.
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Statistical analysis

A patient was determined to have a stable warfarin dose if

he or she remained on the same dose for three or more

consecutive visits and had a target INR between two to

three. A computer algorithm was written to determine

the most recent occurrence of three or more consecutive

warfarin doses of the same value. No additional INR

criteria were necessary since if the INR was out-of-range,

then it would have naturally warranted a change in dose.

Moreover, this definition of stable dose was used by one

site in the IWPC study [29].

Next, the IWPC pharmacogenetic equation was used to

predict the therapeutic dose for each patient using both

clinical and pharmacogenetic data, the IWPC clinical

equation was used to predict the therapeutic dose using

clinical data alone, and the fixed-dose model assumed

that every patient took a dose of 35 mg/week, a standard

starting dose. Dosing algorithms proposed in the litera-

ture were also used to predict the therapeutic dose. Mean

absolute error (MAE), which is the average of the

absolute values of the differences between the actual

doses and predicted doses, was used to compare model

performance. The coefficient of determination (R2) for

each model was calculated using R (version 2.6.2). Using

the IWPC dosing models, three values were calculated:

the percent of patients within 1 mg/day of the actual

dose, the percent more than 1 mg/day over the actual

dose, and the percent more than 1 mg/day under the

actual dose. The IWPC had earlier determined that the

1 mg/day cut-off was clinically significant.

Furthermore, the additional role of the CYP4F2 gene was

assessed. Linear regression was performed with the actual

warfarin dose as a function of the dose predicted by the

IWPC pharmacogenetic equation. Next, linear regression

was performed with the actual warfarin dose as a function

of both CYP4F2 and the IWPC pharmacogenetic pre-

dicted dose. Finally, a likelihood ratio test was used to

compare the pharmacogenetic model both with and

without CYP4F2.

Moreover, the effects of the various genetic variants were

assessed by comparing differences in the mean dose

between different groups (i.e. CYP2C9 *18 A/A vs. T/A)

using two-tailed t-tests. For two-tailed t-tests, a study

with 108 patients had 80% power to detect an effect size

of 0.55 (Cohen’s d) or above (P < 0.05), which corre-

sponds to a medium effect size. When there were three or

more groups, analysis of variance (ANOVA) was per-

formed using the R statistical program. This study

analyzed 14 SNPs that showed variation in the population

and 19 clinical factors, leading to a Bonferroni-adjusted

P value of 0.05/33 = 0.0015 because of multiple compari-

sons. All SNPs in this study were in Hardy–Weinberg

equilibrium using Pearson’s w2 test at the 5% significance

level.

Results
One hundred and six samples were of sufficient volume

to undergo genomic DNA isolation, while 104 patients

achieved a stable warfarin dose. The genetic and the

clinical characteristics of these 104 patients are shown

in Table 1. The MAE for the three IWPC dosing models

was 8.1 mg/week for the pharmacogenetic equation,

10.4 mg/week for the clinical equation, and 12.2 mg/week

for the fixed-dose model. The percentage of patients

within 1 mg/day of the actual dose or deviating greater

than 1 mg/day is shown in Fig. 1.

The potential role of CYP4F2 in providing additional

predictive information was evaluated. The coefficient of

determination (R2) between the stable warfarin dose and

the prediction of the pharmacogenetic equation was 46%,

and the R2 value between the stable warfarin dose and

the dose predicted using the pharmacogenetic equation

combined with CYP4F2 was 51%. T-tests revealed that

Table 1 Characteristics of the patient population (N = 104)

Variable Value (%)

Warfarin dose
Median 32.5 mg/week
Interquartile range 24.0–42.5 mg/week

VKORC1 genotype
G/G 38 (37)
A/G 46 (44)
A/A 16 (15)
NA 4 (4)

CYP2C9 genotype
*1/*1 61 (59)
*1/*2 17 (16)
*3/*18 10 (10)
*2/*2 4 (4)
*1/*6 2 (2)
*1/*11 2 (2)
*1/*12 2 (2)
*6/*7 1 (1)
*1/*9 1 (1)
*2/*12 1 (1)
*3/*12/*18 1 (1)
NA 2 (2)

CYP4F2 genotype
C/C 55 (53)
T/C 40 (38)
T/T 6 (6)
NA 3 (3)

Age
Mean, median 64 years, 67 years
Interquartile range 53–75.3 years

Height
Mean, median 172 cm, 173 cm
Interquartile range 163–180 cm

Weight
Mean, median 81 kg, 78.8 kg
Interquartile range 64.9–90.7 kg

Race
White 78 (75)
Asian 18 (17)
Black 8 (8)

Sex
Male 60 (58)
Female 44 (42)

Inducers use
Number (percent) 1 (1)

Amiodarone use
Number (percent) 5 (5)

Inducers included carbamazepine, rifampin, and phenytoin.
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the mean dose for individuals with the CYP4F2 ‘C/C’

genotype (32.2 ± 1.5 mg/week) was significantly lower than

the mean dose for individuals with the ‘T/C’ genotype

(40.5 ± 3.0 mg/week) (P < 0.01). CYP4F2 ‘C/C’ was not

significantly different from CYP4F2 ‘T/T’ (P = 0.61), as

only six patients had the ‘T/T’ genotype. The overall test

for trend, assuming an additive model, was at the cusp of

significance (P = 0.055), whereas ANOVA for the CYP4F2
SNP was significant (P = 0.042). Finally, a likelihood ratio

test confirmed that CYP4F2 provides additional predic-

tive information (P = 2.4� 10 – 9).

The potential contribution of rare variants of CYP2C9
polymorphisms in predicting warfarin dosing was studied

by looking at their respective genotypes in relationship to

average warfarin dose. For CYP2C9 *12, individuals with

the ‘T/C’ genotype had a lower average dose than indivi-

duals with the ‘C/C’ genotype (P = 0.034, R2 = 4%)

(Table 2). For CYP2C9 *18, individuals with the ‘T/A’

genotype had a lower average dose than people with the

‘A/A’ genotype, a difference that was not quite significant

(P = 0.064, R2 = 3%) (Table 2). The *18 allele was the

only one that showed significant linkage disequilibrium

with another SNP (*3) (Table 1). For all the rare CYP2C9

polymorphisms that exhibited variation in our sample (*6,

*7, *9, *11, *12, and *18), individuals who were hetero-

zygous at that CYP2C9 polymorphism had a lower average

dose than individuals who were homozygous for the wild-

type genotype (Table 2, Table S3, Supplemental digital

content 4, http://links.lww.com/FPC/A151). Moreover, indi-

viduals heterozygous at any of these six alleles had a lower

average dose than individuals who were homozygous wild-

type for all six alleles (27.0 mg/week vs. 37.6 mg/week,

P = 0.0065, R2 = 6%) (Table 3). For comparison, indi-

viduals with a variant allele at either *2 or *3, more

Fig. 1

(a)
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(a) Performance of the three different dosing models: pharmacogenetic, clinical, and fixed. Includes all patients who reached stable dose (N = 104).
(b) Percentage of patients who were either within 1 mg/day of the actual dose, more than 1 mg/day over the actual dose, or more than 1 mg/day
under the actual dose for the three different dosing models: pharmacogenetic, clinical, and fixed.

Table 2 Analysis of rare CYP2C9 variants. Analysis of the *12 and
*18 alleles alone

CYP2C9 SNP Number Average dose ± SE

*12 C/C 87 36.3 ± 1.7
*12 T/C 4 19.6 ± 2.6
*12 NA 13 34.1 ± 5.1
*18 A/A 87 36.5 ± 1.7
*18 T/A 11 27.2 ± 3.3
*18 NA 6 35.3 ± 8.1
CYP2C9 regression Adjusted R2 P value
*12 3.9% 0.034
*18 2.5% 0.064

SNP, single nucleotide polymorphism.
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common alleles, also had a lower average dose than indivi-

duals who were homozygous wild-type for both alleles

(28.9 mg/week vs. 38.6 mg/week, P = 0.0034, R2 = 7%)

(Table 4). The aforementioned calculations for CYP2C9,

including those for CPY2C9 *2 and *3, were significant at

the P value of less than 0.05 level, but not at the more

stringent P value of less than 0.0015 cut-off. However,

individuals who varied at either *2, *3, *6, *7, *9, *11,

*12, or *18 had a significantly lower average dose than

individuals who were homozygous wild-type for all eight

alleles (28.5 mg/week vs. 40.2 mg/week, P = 0.00018,

R2 = 12%) (Table 5). CYP2C9 was a significant factor in

this study at the more stringent P value of less than

0.0015 level only after pooling rare and common variants,

which decreased the P value and increased R2. Moreover,

a likelihood ratio test comparing using either common

CYP2C9 alleles alone or both common and rare alleles

showed that rare alleles offer additional predictive infor-

mation (P = 0.01).

Other than VKORC1 – 1639, three other VKORC1 SNPs

were associated with therapeutic dose – VKORC1 1173

(ANOVA, P < 10 – 3), VKORC1 2255 (ANOVA, P < 10 – 4),

and VKORC1 3730 (ANOVA, P = 0.003) – but pair-wise

combinations of VKORC1 SNPs did not have a greater

predictive ability than VKORC1 – 1639 alone (Table S1,

Supplemental digital content 2, http://links.lww.com/FPC/
A149). VKORC1 497 was not significant (R2 < 1%). The

other 16 SNPs collected by this study showed no

variation in the patient population (Table S1, Supple-

mental digital content 2, http://links.lww.com/FPC/A149).

Overall, examination of a discrete, targeted set of SNPs

for VKORC1, CYP2C9, and CYP4F2 sufficiently explained

33% of the dose variance, which improved to 50% when

clinical factors were added.

We compared the performance of the IWPC equations

relative to six models in the literature (Table 6). The

IWPC pharmacogenetic equation had a performance that

was very similar to the Gage (2008) equation, both of

which outperformed all other models. Although the other

pharmacogenetic dosing algorithms had less predictive

ability, they all outperformed the IWPC clinical equation

in terms of MAE and R2.

Although recent research has studied the kinetics of

warfarin dosing [33–37], we examined how genetics could

affect long-term variability in dose response. Neither

VKORC1 nor CYP2C9 genotypes were a determinant of

long-term dose stability.

Discussion
Overall, this study validates the performance of the

IWPC pharmacogenetic algorithm in predicting warfarin

dosing, also confirming that it compares very favorably

with other algorithms published in the literature. More-

over, genetic factors, such as CYP4F2 and rare CYP2C9
polymorphisms, provide additional information in the

prediction of warfarin dose, beyond the current variables

in the model.

We were able to validate the performance of the IWPC

pharmacogenetic equation in our independent patient

population. The MAE values in this population for the

pharmacogenetic, clinical, and fixed-dose algorithms

(Fig. 1) compare favorably with the values of 8.3, 10.0,

and 13.3 mg/week respectively from the derivation cohort

of the IWPC paper. This observation holds despite

the different ethnic makeup of the two populations,

as whites and Asians comprised 75 and 17% of the pa-

tient population respectively in this study (Table 1), as

opposed to 55 and 30%, respectively in the IWPC study.

Table 3 Comparison of individuals who were either wild-type
for *6, *7, *9, *11, *12, and *18, or had a variant genotype at any
of these alleles

CYP2C9 (*6–*18) Number
Average

dose ± SE Comparison Value

Homozygous WT at all
SNPs

82 37.6 ± 1.8 P value 0.0065

Heterozygous at any 20 27.0 ± 2.1 Adjusted R2 6%

SNP, single nucleotide polymorphism; WT, wild-type.

Table 4 Comparison of individuals who were either wild-type
for *2 and *3, or had a variant genotype at either *2 or *3

CYP2C9 (*2–*3) Number
Average

dose ± SE Comparison Value

Homozygous WT at all
SNPs

69 38.6 ± 2.1 P value 0.0034

Heterozygous at any 33 28.9 ± 1.7 Adjusted R2 7%

SNP, single nucleotide polymorphism; WT, wild-type.

Table 5 Comparison of individuals who were either wild-type
for *2, *3, *6, *7, *9, *11, *12, and *18, or had a variant genotype
at any of these alleles

CYP2C9 (*2–*18) Number
Average

dose ± SE Comparison Value

Homozygous WT at all
SNPs

61 40.2 ± 2.2 P value 0.00018

Heterozygous at any 41 28.5 ± 1.5 Adjusted R2 12%

SNP, single nucleotide polymorphism; WT, wild-type.

Table 6 Comparison of model performance

Model MAE ± SE (mg/week) Adjusted R2 (%)

IWPC Pgx. (2009) [29] 7.80 ± 0.84 50
IWPC clinical (2009) [29] 10.14 ± 1.04 22
Gage et al. [23] 7.79 ± 0.83 49
Sconce et al. [25] 8.98 ± 0.94 47
Zhu et al. [28] 8.98 ± 0.95 39
Tham et al. [26] 9.72 ± 0.95 33
Herman et al. [24] 9.73 ± 0.89 47
Wu et al. [27] 9.98 ± 0.95 35

This analysis was restricted to the 95 patients who had all the variables necessary
for the eight different dosing equations.
IWPC, International Warfarin Pharmacogenetics Consortium; MAE, mean
absolute error.
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Thus, the variability of warfarin dosing among individuals

of different ethnic backgrounds can largely be explained

by the genotypic variants of VKORC1 and CYP2C9.

Compared with other earlier published algorithms, the

IWPC pharmacogenetic equation compares favorably with

the Gage (2008) equation. More importantly, they out-

perform all other pharmacogenetic equations (Table 6).

The Gage algorithm was developed in a cohort of 1015

individuals, 83% of whom were white, in comparison with

a cohort of 5700 individuals, 55% of whom were white in

the IWPC study. Despite these differences in ethnic

backgrounds, both equations were developed using large

cohorts of patients, which may explain their superior

performance.

Using the IWPC pharmacogenetic equation markedly

increases the percent of patients with an ideal dose (with-

in 1 mg/day of the actual dose) and leads to the smallest

number of dose overestimates and underestimates (Fig. 1).

Although the clinical equation leads to substantially fewer

overestimates of warfarin dose than the fixed-dose model,

it actually leads to slightly more underestimates of dose.

This, too, is consistent with the findings of the IWPC

study and likely occurred because the clinical equation is

more conservative.

The CYP4F2 gene variant showed additional predictive

ability beyond that offered by the IWPC pharmacoge-

netic algorithm. In our cohort, 4% of the variation in

warfarin dose could be attributed to CYP4F2, improving

the accuracy of the estimate of warfarin dose. Earlier

estimates of the effect of CYP4F2 range from 1 to 2% to as

high as 7% [19,20,22]. The relatively high percentage of

patients of European descent may account for the utility

of CYP4F2 in this population. VKORC1 alleles other than

the – 1639 polymorphism were also significant, yet they

did not offer any additional predictive ability beyond

VKORC1 – 1639, likely as they are in high-linkage dis-

equilibrium with that SNP.

Finally, by pooling rare CYP2C9 variants, we showed that

individuals who varied at any of the rare CYP2C9 SNPs

had a lower therapeutic warfarin dose than individuals

who were wild-type at all six (Table 2, Table S3, Supple-

mental digital content 4, http://links.lww.com/FPC/A151). By

pooling all eight SNPs, both common and rare, into a

composite variable that evaluated whether patients were

heterozygous at any SNP or homozygous wild-type at all,

the combined R2 value was additive and the resultant

P value was highly significant at the P value of less than

0.0015 level for multiple comparisons. The results of a

likelihood ratio test were also consistent with this data.

Hence, the effect of the rare CYP2C9 alleles is not merely

because of the linkage disequilibrium with *2 and *3,

indicating that ‘nontraditional’ CYP2C9 polymorphisms

may have an important role to play in warfarin dosing. Our

ability to pool these variants is based on the observation

that they all tend to reduce the activity of the enzyme.

In conclusion, this study validates the favorable perfor-

mance of the IWPC pharmacogenetic equation, while

confirming that CYP4F2 increases model performance.

Our results also indicate that additional candidate vari-

ants, such as rare CYP2C9 variants, add to the predictive

ability of warfarin dosing models. We can expect to see a

growing number of additional candidate SNPs that could

be associated with warfarin dose in the near future.
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