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Clinical application of a new warfarin-dosing regimen based on
the CYP2C9 and VKORCI1 genotypes in atrial fibrillation patients
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Abstract. The polymorphisms of cytochrome P450 2C9
(CYP2C9) and vitamin K epoxide reductase complex 1
(VKORCI1) are important genetic factors for warfarin dose
determinations. The present study aimed to investigate the
contribution of the CYP2C9 and VKORCI1 genotypes to
warfarin dose requirement in atrial fibrillation (AF) patients,
and to evaluate the clinical application of a warfarin-dosing
algorithm. A total of 122 AF patients with a target international
normalized ratio of 2.0 to 3.0 were included to determine the
genotypes of CYP2C9 (rs1057910) and VKORCT (rs9923231).
A warfarin-dosing algorithm was developed based on age,
height, and the CYP2C9 and VKORCI1 genotypes of AF
patients. The results indicated that the mean warfarin daily dose
requirement was lower in the CYP2C9"1/°3 genotype compared
with those in the homozygous wild-type CYP2C9'1/°1 patients
(P<0.05), and was higher in patients with the VKORC1 AG
and GG genotypes compared with those with the AA geno-
type (P<0.05). The multivariate regression model showed that
age, height, and the CYP2C9 and VKORCI genotypes were
the best variables for estimating warfarin dose (R?’=56.4%). A
new warfarin-dosing algorithm was developed and its validity
was confirmed in a second cohort of AF patients. During the
50-day follow-up, 63.3% (19/30) of control group patients and
86.7% (26/30) of patients in the experimental group acquired
the warfarin maintenance dose. Among all the patients who
acquired the warfarin maintenance dose, the mean time
elapse from initiation until warfarin maintenance dose was
significantly less in the experimental group (25.8+1.7 day)
compared to the control group (33.1+1.9 day) (P<0.05). There
was significant linear correlation between predicted warfarin
maintenance dose and actual dose (r=0.822, P<0.01). In
conclusion, a new warfarin-dosing algorithm was developed
based on the CYP2C9 and VKORCI genotypes, and it can
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shorten the time elapse from initiation until warfarin mainte-
nance dose in AF patients with warfarin therapy.

Introduction

Warfarin remains the most commonly prescribed oral
anticoagulant drug (1,2), and has long been applied in the
prevention and treatment of various venous and arterial throm-
boembolic disorders, such as deep venous thromboembolism,
pulmonary embolism, prosthetic heart valves and atrial fibril-
lation (AF) (3). Due to inter-individual variation of warfarin
dosing, inadequate or excessive warfarin may result in throm-
boembolism or bleeding. Therefore, the warfarin dose should
be monitored and controlled within a narrow therapeutic
window in clinical application. In fact, in patients undergoing
warfarin therapy, the prothrombin time (PT), expressed as the
international normalized ratio (INR), was maintained within
the therapeutic range, thereby providing effectiveness and
safety of warfarin (4). A number of studies have shown that
patients with an INR above the upper limit of the therapeutic
range have an increased risk of bleeding (5,6), and patients
with an INR below the lower limit have an increased risk of
thromboembolic events (7,8).

The inter-individual variation of warfarin dose response
is caused by various factors, such as patient demographics,
environment, clinical background, and particularly, genetic
polymorphism (9,10). Therefore, the Food and Drug
Administration proposed the genetic testing for estimating
initial warfarin dose in 2007 (11). From then on, numerous
studies have reported a variety of genetic polymorphisms in
genes associated with the warfarin pharmacodynamics and
pharmacokinetics. Compared with subjects with wild-type
genes, subjects with these polymorphisms require lower or
higher warfarin doses to achieve adequate anticoagulant
effect (12). Among these genes associated with the warfarin dose
responses, cytochrome P450 2C9 (CYP2C9) and vitamin K
epoxide reductase complex 1 (VKORCI) are two of the most
prominent genes and their genetic polymorphisms could
account for 30 to 40% of the warfarin dose variation (13,14).

During the initiation period of warfarin therapy, patients
are at greatest risk of overanticoagulation and bleeding
complications, particularly in those carrying mutant CYP2C9
alleles (15). These early complications are mainly caused
by inter-individual variation in response to the loading dose
warfarin. Therefore, numerous warfarin-dosing algorithms
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have been developed to predict the warfarin maintenance dose
and improve the effect and safety of warfarin therapy (16,17).
Furthermore, previous studies have mainly focused on devel-
oping a warfarin-dosing algorithm, but these algorithms
also require verification and evaluation for its clinical value.
In addition, polymorphism frequencies are different among
ethnic groups, and compared with a Caucasian population,
Chinese patients are more sensitive to warfarin (3). Therefore,
it is necessary to develop a warfarin-dosing algorithm based
on detected genetic polymorphisms and evaluate its clinical
application in patients of the Han nationality undergoing
warfarin therapy.

The present study aimed to develop a novel individualized
dosing regimen based on genetic polymorphisms in CYP2C9
and VKORCI in AF patients of Han nationality. The clinical
application of this warfarin-dosing algorithm was further
evaluated to predict the warfarin maintenance dose in a
second unrelated population of AF patients in a randomized
and controlled trial.

Patients and methods

Subjects. A total of 202 AF patients of Han nationality (111 male
and 91 female, with an average age of 42.3+7.1 years) were
enrolled in the study between January 2014 and June 2015.
The inclusion criteria of the study were as follows: i) Patients
had received continuous warfarin therapy for =3 month; ii) all
the cases maintained a balanced diet without smoking and
drinking; iii) no medications were taken that may interfere
with the pharmacokinetics or pharmacodynamics of warfarin;
iv) there was no hepatic or renal impairments in patients by
laboratory tests; and v) no hemorrhage or thrombosis compli-
cations occurred during the warfarin therapy. Demographics
of age, gender, height, body weight and maintenance doses
of warfarin were collected from each AF patients. All the
AF patients received chest X-ray film, electrocardiogram
and echocardiography. On arrival at the hospital, plasma
and blood samples were obtained. All 202 AF patients were
divided into cohorts 1 (122 cases) and 2 (60 cases). Cohort 1
was used to produce the model for estimating warfarin dose,
and cohort 2 was used to evaluate the feasibility of clinical
application of warfarin-dosing algorithm in AF patients. The
study was approved by the Ethics Committee of Shanghai
Seventh People's Hospital and conducted in accordance with
the Declaration of Helsinki. Written informed consent was
obtained from each patient.

Determination PT and INR. Venous blood was collected from
202 enrolled AF patients in tubes containing anticoagulant
3.2% sodium citrate (the blood to anticoagulant ratio was 9:1).
Centrifugation was performed at 2,000 x g for 10 min to
separate plasma. The PT was measured using a Thromborel S
reagent kit (Siemens Healthcare Diagnostic, Erlangen,
Germany) on a Sysmex CA7000 analyzer (Sysmex Corp.,
Kobe, Japan). INR was calculated based on PT.

Genotyping of CYP2C9 and VKORCI. Peripheral venous
blood was obtained from AF patients, and leukocyte genomic
DNA was extracted by a DNA extraction kit (Qiagen, Crawley,
UK), following the manufacturer's protocols. Subsequently,
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the DNA was frozen at -20°C until analysis. The polymor-
phisms of CYP2C9 (rs1057910) and VKORCI (rs9923231)
were determined by the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) method, and the
protocols were in accordance with the techniques described
previously, with certain modifications (18). DNA samples were
amplified by PCR in a final volume of 20 ul, containing
0.25 uM primer, 0. mM deoxynucleoside triphosphate
(dNTP), 0.625 units Taq polymerase (Molzyme, Bremen,
Germany) and 0.5 pg genomic DNA in 10 mM Tris
[tris(hydroxymethyl)aminomethane]-HCI1 (pH 9.0) solution
(1.5 mM MgCl,, 50 mM KCI and 0.1% Triton X-100). The
PCR primers were designed and synthesized by Biomedical
Engineering Co., Ltd. (Shanghai, China). Sequences for the
forward and reverse primers of CYP2C9 were 5'-CACGAG
GTCCAGAGATACA-3' and 5-GGAATGAGATAGTTTCTG
AATTTAAT-3', respectively. Sequences for the forward and
reverse primers of VKORCI were 5'-GCCAGCAGGAGA
GGGAAATA-3' and 5-AGTTTGGACTACAGGTGCCT-3',
respectively. Cycling conditions for CYP2C9 were as follows:
Initial denaturation at 94°C for 5 min, followed by 30 cycles of
denaturation at 94°C for 40 sec, annealing at 56°C for 30 sec,
and extension at 72°C for 30 sec, with a final extension step at
72°C for 10 min. Cycling conditions for VKORCI1 were as
follows: Initial denaturation at 94°C for 5 min, followed by
25 cycles of denaturation at 94°C for 1 min, annealing at 59°C
from 1 min, and extension at 72°C for 1 min, with a final exten-
sion step at 72°C for 10 min. The amplified PCR products were
incubated with restriction enzymes (Fermentas; Thermo
Fischer Scientific, Waltham, MA, USA) Kpnl (CYP2C9) and
Mspl (VKORCI) in a final volume of 30 ul at 37°C overnight
to ensure complete digestion. Finally the DNA fragments were
separated by 3% agarose gel electrophoresis, and bands were
stained with ethidium bromide and visualized with a UV
transilluminator.

Clinical application of the warfarin-dosing algorithm. The
60 patients of cohort 2 were randomly divided into control
group (30 cases) and experimental group (30 cases). In the
experimental group, the genotypes of CYP2C9 and VKORCI1
were determined to calculate the warfarin dose (predicted
dose). Patients were administered oral warfarin based on the
‘predicted dose’ for 7 days, and subsequently the warfarin
doses were adjusted according to the measured INR values.
In the control group, warfarin was initiated at 2.5 mg/day
(standard current initiation dose of warfarin in China), and it
was adjusted based on the INR values. Follow-up was carried
out after initiation of warfarin therapy for 50 days, and the
INR was measured daily during hospitalization. When the
measured INR values of patients were within the therapeutic
range of 1.8-3.0 for =7 days, a stable warfarin maintenance
dose was reached (19). The time to reach a stable warfarin
maintenance dose was recorded and compared between the
control and experimental groups.

Statistical analysis. All the quantitative data are expressed
as mean + standard deviation. The commercially available
software SPSS 19.0 (IBM, Corp., Armonk, NY, USA) was
used to carry out statistical analysis. In the homogeneity
test for variance, the unpaired Student's t-test was used to
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Table I. Characteristics of the study populations.

Cohort 1 Cohort 2

Characteristics n=122 n=60
Age, years 58.7 56.5
Male/female, n 76/46 35/25
Height, cm 165.6 165.1
Weight, kg 62.1 63.3
PT, sec 243 23.7
INR 24 2.5
Left atrial size, mm 457 497
Ejection fraction, % 532 55.2
Daily warfarin dose, mg 2.8 2.8
CYP2C9 genotype, n

11 113 54

13 9 6
VKORCI genotype, n

AA 105 49

AG 15 10

GG 2 1

PT, prothrombin time; INR, international normalized ratio; CYP2C9,
cytochrome P450 2C9; VKORCI, vitamin K epoxide reductase
complex 1.

compare the quantitative data and Fisher's exact test was used
to compare the enumeration data. The Kaplan-Meier method
was performed to analyze the time interval between initiation
of warfarin therapy and warfarin maintenance dose, and their
difference between the control and experimental groups was
compared with the log-rank test. Pearson's correlation test was
performed to analyze the linear correlation between predicted
dose and actual dose of warfarin. The associations between
warfarin dose and other variables were analyzed by multivar-
iate linear regression and to develop a novel warfarin-dosing
algorithm. P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient characteristics. There was a total of 202 AF patients
of Han nationality who participated in the study. Among
them, 122 patients with stable control of anticoagulation
were recruited to develop warfarin-dosing algorithm based
on the CYP2C9 and VKORCI1 genotypes (cohort 1), and
60 patients were recruited to evaluate the clinical applica-
tion of warfarin-dosing algorithm (cohort 2). The patient
demographics of age, gender, height, weight, PT, INR, left
atrial size, ejection fraction, warfarin dose requirements and
genotype are shown in Table I.

CYP2C9and VKORCI genotyping. All 122 samples were geno-
typed for the CYP2C9 (rs1057910) and VKORCI (rs9923231),
and these two polymorphisms previously have been reported
to affect warfarin-dose requirement. There were 113 subjects
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Figure 1. Warfarin dose in different cytochrome P450 2C9 (CYP2C9) and
vitamin K epoxide reductase complex 1 (VKORC1) genotypes. All data are
expressed as the mean values + standard deviation. Significant difference
from the “1/°1 or AA genotype, 'P<0.05.

with homozygous CYP2C9°1/°1 and 9 subjects with hetero-
zygous CYP2C9°1/°3. For VKORCI1 genotyping, there were
105 subjects with homozygous AA genotype, 15 subjects with
heterozygous AG genotype and 2 subjects with homozygous
GG genotype. The observed genotype frequency of CYP2C9
and VKORCI1 showed no deviation from Hardy-Weinberg
equilibrium (P>0.05).

Associations of warfarin dose with CYP2C9 and VKORCI.
The mean warfarin daily dose requirement was 2.06+0.79 mg
in heterozygous CYP2C9°1/°3 patients, which was signifi-
cantly lower than that in homozygous wild-type CYP2C91/°1
patients (2.88+0.77 mg, P<0.05). The mean warfarin daily dose
requirement was 3.30+0.87 mg in patients with the VKORCI1
AG and GG genotype, which was significantly higher than that
in patients with AG genotype (2.74+0.76 mg, P<0.05) (Fig. 1).
The multivariate regression analysis was performed to detect
variables influencing warfarin dose. The results showed
that age, height, and CYP2C9 and VKORCI genotypes can
develop models for estimating warfarin dose, and the best
warfarin-dosing algorithm has the largest R* value (Table II).

Clinical application of warfarin-dosing algorithm in AF
patients. The warfarin-dosing algorithm was further evaluated
in a second unrelated population of AF patients, who were
treated with oral warfarin and with stable control of anticoagu-
lation (cohort 2). The patient characteristics and demographics
of cohort 2 are shown in Table I. There were no significant
differences in age, gender, height, weight, PT, INR, left atrial
size, ejection fraction and warfarin dose requirements between
cohorts 1 and 2. No significant differences were identified in
the frequency of the CYP2C9 or VKORCI genotypes between
the two cohorts. The 60 patients of cohort 2 were randomly
divided into control group (30 cases received 2.5 mg/day of
oral warfarin for the first 7 days) and experimental group
(30 cases received oral warfarin based on the ‘predicted dose’
from warfarin-dosing algorithm for the first 7 days), and subse-
quently warfarin doses were adjusted according to INR values.
The two groups showed homogeneity in age, gender, height,
weight, PT,INR, left atrial size and ejection fraction (Table III).
During the 50-day follow-up, 19 patients (63.3%) in the control
group and 26 patients (86.7%) in the experimental group
received the warfarin maintenance dose, and patients with the



456

JIANG et al: WARFARIN DOSE IN ATRIAL FIBRILLATION

Table II. Regression equation for modeling warfarin daily dose requirements based on age, height and genotype.

Model, X variables Regression equation P-value R? for model, %
Age, years y=2.81-0.0132 (age) <0.01 15.8
Height y=2.17+0.0227 (height) <0.01 14.2
CYP2C9 genotype y=2.01-0.371 (CYP"3) <0.01 18.7
VKORCI1 genotype y=1.43+0.274 (VKORC1) <0.01 17.1
Age, height, and CYP2C9 Dose=0.438-0.0143 (age)+0.0149 (height)- <0.01 564

and VKORCI genotypes

0.324 (CYP*3)+0.209 (VKOR)

Age: Input age in years; height: Input height in centimeters; CYP2C9 genotype: Input 0 or 1 for the number of “3 alleles within the patient's
genotype; VKORC1 genotype: Input O for AA, 1 for AG, and 2 for GG. CYP2C9, cytochrome P450 2C9; VKORCI, vitamin K epoxide

reductase complex 1.

Actual warfarin dose (mg)

T T T T
1.5 20 25 3.0 35 4.0 4.5
Calculated warfarin dose (mg)

Figure 2. Correlation analysis of calculated warfarin dose using a war-
farin-dosing algorithm and actual dose in unrelated cohort 2 of atrial fibrillation
patients. Each patient within the second cohort is represented by a circle.

predicted warfarin dose showed more cases acquiring warfarin
maintenance dose (P<0.05). Among all 45 patients who
reached the stable warfarin maintenance dose, patients in the
experimental group had a shorter time elapse from initiation
until stable warfarin maintenance dose (25.8+1.7 days) than
that in the control group (33.1+1.9 days) (P<0.05) (Table III).
In these 45 patients, Pearson's correlation analysis showed a
significant correlation between the calculated warfarin dose
using the warfarin-dosing algorithm and actual dose (r=0.822;
P<0.01) (Fig. 2).

Discussion

AF is the one common cardiac arrhythmia in the clinical
setting with substantial morbidity and mortality. AF patients
have an increased risk of stroke and systemic thromboembo-
lism (20). The risk of complications in AF can be reduced by
anticoagulant therapy, such as warfarin (21). However, during
the initiation period of warfarin therapy, patients have a higher
incidence of overanticoagulation and resultant bleeding. Due
to the inter-individual variability in response to warfarin, it

Table III. Characteristics of the study populations in cohort 2.

Control group, Experimental

Characteristics n=30 group, n=30
Age, years 57.0 56.1
Male/female, n 76/46 35/25
Height, cm 165.0 1653
Weight, kg 62.1 63.3
PT, sec 234 24.0
INR 2.6 24
Left atrial size, mm 492 50.2
Ejection fraction, % 54.5 55.8
CYP2C9 genotype, n

111 27 27

13 3 3
VKORCI genotype, n

AA 26 25

AG 5 5

GG 1 0
Time for obtaining stable 33.1+1.9 25.8+1.7%
warfarin maintenance (n=19) (n=26)

dose (day)

*Compared with the control group, the difference is significant
(P<0.05).

is difficult to makes accurate dose predication. A number of
factors, such as patient demographics, environment, clinical
background and genetic polymorphism, contribute to the
inter-individual variation of the warfarin dose response (9,10).
Among them, genetic polymorphisms in genes are associated
with the warfarin pharmacodynamics, and pharmacokinetics
have increasingly important roles in predicting warfarin dose.

In the present study, the genotypes of CYP2C9 and
VKORCI were determined in 122 AF patients undergoing
warfarin therapy. The results showed that warfarin dose
could be estimated by variables, such as age, height, and the
CYP2C9 and VKORCI genotypes. A new warfarin-dosing
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algorithm was also developed and its validity was confirmed
in a second cohort of AF patients. Compared with the control
group, patients with a predicted dose from the warfarin-dosing
algorithm showed more patients acquiring the warfarin mainte-
nance dose during the 50-day follow-up, a significantly shorter
time elapse from initiation until warfarin maintenance dose.
Among all the patients acquiring the warfarin maintenance
dose, the predicted warfarin dose was significantly correlated
with the actual dose.

CYP2C9 is one isoform of the cytochrome P450 complex
and participates in the metabolism of ~15% of the clini-
cally used drugs, including non-steroidal anti-inflammatory
drugs, angiotensin II blockers and oral anticoagulants (22).
CYP2C9 is located on chromosome 10q24.2, and its alleles
have been identified. The wild-type allele CYP2C9"1 shows
normal enzyme activity and a high allelic frequency. The two
allelic variants CYP2C92 and “3 have allelic frequencies of
~13 and 7%, and lower enzyme activity in comparison to the
wild-type (CYP2C9°1) (23). In the present study, the allelic
variant CYP2C9™2 was not detected and is uncommon in
the Han population. CYP2C9"3 (rs1057910) is located at
amino acid position 359 in exon 7, and is defined by an
A-to-C nucleotide substitution (1075 A>C), resulting in a
non-synonymous substitution amino acid change from leucine
to isoleucine. The allelic frequency of CYP2C9'3 in this study
was 7.8%, and is similar with previous studies, who showed
4.5% allelic frequency of CYP2C9"3 in the Chinese popula-
tion (24). The present study also identified that subjects with
the CYP2C9"1/*3 genotype had a lower mean warfarin daily
dose requirement compared with subjects with wild-type
CYP2C9°1/°1. This suggests that in CYP2C9"1/"3 genotype
subjects, the enzyme activity was reduced and metabolism
and clearance of warfarin was delayed, thus enhancing their
sensitivity to warfarin and decreasing the warfarin daily dose
requirement.

VKORCI is responsible for the transformation of epoxide
(vitamin K-2,3-epoxide) to its reduced form (vitamin K hydro-
quinone), this process is required for the y-carboxylation of
the vitamin K-dependent coagulation factors (factors II, VII,
IX and X). Warfarin inhibits the above process catalyzed by
the VKORCI1 enzyme complex, thus preventing the regen-
eration of the reduced form of vitamin K (25). Mutations in
VKORCI can lead to warfarin resistance (26,27). rs9923231
(-1639 G>A) is the most common SNP of VKORCI gene. In
the Caucasian population, GG is the highest genotype and AA
is the lowest (3). However, in the Chinese population, AA is
the highest genotype and its frequency is >83% (24,28). The
present study confirmed this finding and detected 115 subjects
with the AA genotype in 122 cases. Furthermore, subjects with
the AG+GG genotype of VKORCI had a higher mean warfarin
daily dose requirement than subjects with wild-type AA geno-
type. This indicates that the G allele produces VKORCI with
a lower activity and results in warfarin resistance and a higher
warfarin daily dose requirement. The present results are in
accordance with another study showing that subjects with the
GG genotype showed a higher warfarin dose compared to the
subjects with the AG or AA genotype (29).

The present study showed that the warfarin maintenance
dose can be best estimated by variables, such as age, height,
and CYP2C9 and VKORCI genotypes. A dosing algorithm
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was developed and its efficacy was further validated in an
unrelated cohort of AF patients undergoing warfarin therapy.
A prospective clinical study was performed to assess the
dosing algorithm in the initiation stage of warfarin therapy
in AF patients. During the 50-day follow-up, more patients
received the warfarin maintenance dose in the experimental
group (86.7%) compared to the control group (63.3%). Among
all the patients acquiring the warfarin maintenance dose,
Pearson's correlation analysis showed that the predicted dose
was prominently correlated with the actual dose, making
effective prediction of the actual warfarin maintenance dose
by the warfarin-dosing algorithm. The predicted warfarin
maintenance dose, which is based on a combination of genetic
factors and non-genetic factors of AF patients, could effectively
reduce the time elapse from initiation until stable warfarin
maintenance dose. Due to the limited cases and observation
time, our warfarin-dosing algorithm requires further inves-
tigation and clinical application. With more warfarin-related
genes identified and confirmed, and more non-genetic factors
revealed, the warfarin maintenance dose predicted from the
algorithm would be more accurate, thereby improving the
efficacy and safety of warfarin therapy.

In conclusion, a new warfarin-dosing algorithm was
developed based on age, height, and CYP2C9 and VKORCI1
genotypes, and it can shorten the time elapse from initia-
tion until warfarin maintenance dose in AF patients. This
warfarin-dosing algorithm can promote patients acquiring
warfarin maintenance dose during the follow-up, and shorten
the time elapse from initiation until warfarin maintenance
dose. Further study is required to expand the sample size
and assess the clinical application in AF patients undergoing
warfarin therapy.
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