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Abstract Warfarin is the most commonly used drug for
chronic prevention of thromboembolic events, it also ranks
high among drugs that cause serious adverse events. The
variability in dose requirements has been attributed to
inter-individual differences in medical, personal, and
genetic factor. Cytochrome P-450 2C9 is the principle
enzyme that terminates the anticoagulant effect of warfarin
by catalyzing the conversion of the pharmacologically
more potent S-enantiomer to its inactive metabolites.
Warfarin exerts its effect by inhibition of vitamin K
epoxide reductase. This protein is encoded by vitamin K
epoxide reductase complex subunit 1 gene (VKORCI).
The current study aimed to investigate the pharmacoge-
netic effect of CYP2C9 and VKORCI gene polymor-
phisms on the patients response to warfarin. One hundred
cases starting warfarin treatment and 20 healthy controls
were enrolled. The mean daily dose of warfarin was cal-
culated from patient’s medical records. For each patient,
less than 10 % variability in warfarin dose and a target
international normalized ratio (INR) within the therapeutic
target range were required for at least 3 months for one of
the following indications (deep vein thrombosis, pul-
monary embolism, cerebrovascular stroke and myocardial
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infarction) prior to inclusion in the study. Tetraprimer
amplification refractory mutation system PCR was per-
formed to determine CYP2C9*2, CYP2C9*3, and the
VKORCI1 1639 G > A genetic polymorphisms. Plasma
warfarin determination was performed using rapid fluoro-
metric assay. Plasma warfarin concentration ranged from
2.19 to 1098 pg/ml with a median 3.52 pg/ml.
Supratherpeutic INR was observed in 11 % of the cases.
Thromboembolic complications occurred in 7 % of the
cases and 8 % of cases experienced major bleeding. High
maintenance dose (>7 mg/day) was associated with the
combined non VKORCI1*2 and homozygous wild type
CYP2C9 (CYP2C9*1*1) alleles, while low maintenance
dose was associated with the Variant (AG + AA)/Wild
(*1/*1). (p value <0.001). CYP2C9 variant was a risk
factor for supratherapeutic INR in the multivariate logistic
regression model. Thromboembolic complication and
incidence of supratherapeutic INR were observed in
patients carrying combined VKORC1 Variant (AG + AA)
and CYP2C9 Variant (*2/*3). Data from our study suggest
that together with clinical factors, VKORC1 and CYP2C9
polymorphisms are important contributors to warfarin
dosing and may help predict adverse effects in Egyptian
patients.

Keywords Warfarin - Polymorphism - CYP2C9 -
VKORC1

Introduction

Warfarin is the most widely prescribed oral anticoagulant.
It’s a Vitamin K antagonist, which have been the main
agents used for prolonged anticoagulation therapy to pre-
vent and treat thromboembolic disease [1, 2]. Warfarin is a


http://crossmark.crossref.org/dialog/?doi=10.1007/s12288-016-0725-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12288-016-0725-4&amp;domain=pdf
https://doi.org/10.1007/s12288-016-0725-4

Indian J Hematol Blood Transfus (Apr-June 2018) 34(2):328-336

329

vitamin K antagonist that produce their anticoagulant effect
by interfering with the cyclic interconversion of vitamin K
and its 2,3 epoxide (vitamin K epoxide) [3]. Vitamin K is a
cofactor for the posttranslational carboxylation of gluta-
mate residues to gamma carboxyglutamates on the N-ter-
minal regions of vitamin K-dependent proteins [4, 5].

When prescribing warfarin, notable challenges face the
clinicians to determine the optimal and safest dosage,
which needs to be individualized for each patient. One of
the most important and cornerstone actions to improve the
management of warfarin therapy, is the introduction of the
International Normalized Ratio (INR) in the early 1990s,
where the effectiveness and safety of warfarin is critically
dependent on maintaining the prothrombin time, expressed
as the international normalized ratio (INR), within the
therapeutic range [3]. Which allowed a more consistent and
universal means to measure the intensity of
anticoagulation.

The mysteries behind the complexity of warfarin dose—
response pushed the investigators worldwide to search for
clues to unravel. There are multiple influencing factors that
affect the individual response to warfarin therapy including
age, body size, vitamin K intake, comorbidities and co-
medications and this creates more challenges in grouping
approaches to anticoagulation management [6, 7]. The
ability to measure or predetermine patient-specific vari-
ables can create an opportunity to initiate or modify dosing
that minimizes over anticoagulation and bleeding, as well
as under anticoagulation and thrombosis.

One of the most important and influential recent
advancement is the recognition of genotype differences
that influence patients’ response to warfarin. Single
nucleotide polymorphisms (SNPs) have been identified that
clearly influence warfarin metabolism and sensitivity
[8, 9]. This includes SNP variants of the gene encoding
cytochrome P-450 isoenzyme 2C9 (CYP2C9)-cytochrome
P450, family 2, subfamily C, polypeptide 9, which is an
isoenzyme that is primarily involved in the metabolism of
the more potent S-isomer of warfarin [10, 11]. Moreover,
polymorphism of Vitamin K epoxide reductase gene
VKORCI is thought to alter sensitivity to warfarin and is
being investigated for its association with patients’ war-
farin-response [12—15]. For this reason it is now suggested
that initiation of warfarin guided by pharmacogenetics
would improve clinical outcome.

Patients and Methods
Patients

This study was carried out on 100 cases starting warfarin
treatment. The patients were selected from the Hematology

department, Medical Research Institute Hospital, Alexan-
dria University. The median age was 49 years. Males
represented 56 % of the cases while 44 % were females.
The body mass index of the patients ranged from 19.81 to
42.44.

Informed consent was obtained from each subject or
patient prior to participating in this work. The mean daily
dose of warfarin (mg) was calculated from patient’s med-
ical records. For each patient, <10 % variability in war-
farin dose and a target international normalized ratio (INR)
within the therapeutic target range [2, 3] and for patients
having valve replacement and recurrent pulmonary embo-
lism target was [3, 4], were required for at least 3 months
for one of the following indications (deep vein thrombosis,
pulmonary embolism, cerebrovascular stroke and
Myocardial infarction) prior to inclusion in the study.
Patients were stratified into three groups based on their
maintenance dose (>2.5 mg is the low dose group, <2.5 to
7 mg is the standard dose group and >7 is the high dose
group). The Exclusion criteria were comorbid conditions
(liver and/or kidney diseases), or patients requiring chronic
therapy on drugs that can influence hepatic cytochrome
enzymes.

Methods

The patients were subjected to complete clinical evaluation
including detailed genetic history taking and Complete
clinical examination. Also, all the included cases were
subjected to laboratory studies involving complete blood
count, INR measurement, liver and kidney function tests.
Molecular genetic test was performed on EDTA antico-
agulated venous blood samples. DNA was isolated and
purified from peripheral blood using QIAmp minikit (Qi-
agen, Hilden, Germany).

Three single-nucleotide polymorphisms (SNPs) affect-
ing warfarin sensitivity, which are CYP2C9 (cytochrome
P450, family 2, subfamily C, polypeptide 9) *2, CYP2C9
*3, and the VKORC] (vitamin K epoxide reductase com-
plex 1)-1639G > A genetic polymorphism, were assayed.
The genotypes were determined with the tetraprimer
amplification refractory mutation system (T-ARMS) using
specific outer and inner primers in 3 PCR tubes for each
patient. Primer sequences, reaction components and cyclic
conditions were carried out as previously reported by Poe
et al. [16]. The assay was developed with Primus 25
thermal cycler (Peglab, Germany, CAT No: 95-4002). PCR
products were visualized by submarine agarose gel elec-
trophoresis to determine the corresponding genotype
(Fig. 1).

Plasma warfarin concentration was assayed on
EDTA anticoagulated samples from all patients. The
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Fig. 1 Agarose gel electrophoresis for 3 PCR products for single
patient. Lane I bands (235 and 133 bp) corresponding to VKORC1
AA genotype. Lane 2 bands (154 + 206 + 307 bp) corresponds to
CYP2C9 *1%#2. Lane 3 bands (110 + 286 + 340 bp) corresponds to
CYP2C9 *1*3. Lane M represents 100 bp ladder base pair marker

plasma was separated by centrifugation of blood sam-
ples at 3000 rpm for 10 min and stored at —20 °C until
analysis was done. Warfarin was analyzed using rapid
fluoremetric assay as described by Milton corn and
Robert Berberish [17] with slight modification involv-
ing the use of 1 ml of 1 N HCI instead of 0.05 ml of
0.1 N HCI as described by the paper to decrease the
fluorescence.

Results

The demographic data of patients, the indications for
warfarin therapy and frequencies of concomitant diseases
were described in Table 1. Homozygotes of the VKORCI1
1639 G > A polymorphism (AA) were the least frequent
(21 %), whereas the AG and GG genotypes represented 47
and 32 % of patients. The frequencies of A and G alleles
were 0.68 and 0.79, respectively. On the other hand, the
CYP2C9 wild type (*1/*1) homozygotes were the most
frequent (56 %), while heterozygotes (*1/*2, 1*/3%*) and
homozygotes (¥2/#2, 2%/3*, 3*/3*) were 33 and 11 % of
patients, respectively (Table 1).

@ Springer

Table 1 Clinical and laboratory characteristics of the studied patients

Sex (n)
Male
Female
Age (years)
Weight (kg)
Height (cm)
Body surface area (m?)
BMI (kg/m?)
Indication for warfrin therapy (n)
Aortic valve replacement
Atrial fibrillation
Cardiomyopathy
Cerebrovascular accident
Deep vein thrombosis (DVT)
Stroke
Pulmonary embolism (PE)
Pulmonary embolism +DVT
Joint replacement
Mitral valve replacement
Myocardial infarction
Concomitant disease (n)
No
Yes
Diabetes
Hyperlipedemia
Hypertension
Cancer
Interacting medication (n)
No
Yes
Propralol and aspirin
amiodarone and aspirin
Carbamazepine
Omeprazole
Paclitaxel and omeprazole
Celecoxib and omeprazole
Mercaptopurine and omeprazole
Incidence of supratherapeutic INR (n)
Thromboembolic complications (n)
Incidence of bleeding events (n)
Time to first reach target INR (days)
Plasma warfarin concentration (ug/ml)
VKORCI genotypes
GG
AG
AA
Wild (GG)
Variant (AG + AA)

56 (56.0 %)
44 (44.0 %)
50.11 £ 8.44
85.61 £ 12.98
171.87 £+ 8.55
2.02 £0.18
28.96 & 3.58

7(7.0 %)
13 (13.0 %)
5 (5.0 %)
15 (15.0 %)
10 (10.0 %)
10 (10.0 %)
5 (5.0 %)
12 (12.0 %)
8 (8.0 %)
7(7.0 %)
8 (8.0 %)

66 (66.0 %)
34 (34.0 %)
7 (20.6 %)
5(14.7 %)
19 (55.9 %)
3 (8.8 %)

90 (90.0 %)
10 (10.0 %)
1 (10.0 %)
1 (10.0 %)
1 (10.0 %)
3 (30.0 %)
1 (10.0 %)
1 (10.0 %)
1 (10.0 %)
11 (11.0 %)
7 (7.0 %)

8 (8.0 %)
9.10 £ 3.10

3.52 (2.19-10.98)

n (%)

32 (32.0 %)
47 (47.0 %)
21 (21.0 %)
32 (32.0 %)
68 (68.0 %)
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Table 1 continued

VKORCI allele frequency n (%)
A 0.68
G 0.79
CYP2C9 variant n (%)
Wild (*¥1/*1) 56 (56.0 %)
Heterozygous variant (*1/¥2, 1¥/3%) 33 (33.0 %)
Homozygous variant (¥2/*2, 2*%/3%, 3%/3%) 11 (11.0 %)

Plasma warfarin concentration ranged from 2.19 to
10.98 pg/ml with a median 3.52 pg/ml. This warfarin level
was significantly higher in patients on high daily mainte-
nance dose compared to standard and low dose groups
(p value <0.001).

Patients with AA genotype required lower warfarin
maintenance doses compared to other VKORC1 genotypes
(p < 0.001). No one of the studied patients with the GG
genotype received low warfarin maintenance dose and on
the contrary, no single carrier of the A allele received high
warfarin maintenance dose. The CYP2C9 genotypes did
not affect the warfarin maintenance dose (Table 2) and
(Fig. 2). Patients with the wild (GG) VKORCI1 genotype
and patients with the wild (*1/%1) CYP2C9 genotype
reached the target INR upon warfarinization in a shorter
duration when compared to other genotypes (p value
<0.001 for both) (Table 3).

10.00 -

8.00

6.00

4.00

000 T T -
66 AG AA

VKORC1 variant

Maintenance dose (mg/day)

Fig. 2 Boxplot showing the distribution of warfarin dose by
VKORCI genotype

The risk of suffering bleeding complications was sig-
nificantly lower among patients with homozygous wild
CYP2C9 genotype (*1/*1) compared to other studied
variants (p < 0.02). On the other hand, this risk was not
affected by VKORCI genotypes. The risk of rethrombosis
was significantly lower among patients with wild geno-
types for both VKORCI1 and CYP2C9 (p = 0.093 and
0.042 respectively). None of the studied patients with the
VKORCI1 wild genotype experienced thromboembolic

Table 2 Maintenance dose groups in relation to VKORCI1 and CYP2C9 variants

Maintenance dose (mg/day) P
Low dose (<2.5) Standard dose (2.5-7) High dose (>7)
(n = 18) (n = 59) (n = 23)
VKORCI variant
GG 0 (0.0 %) 9 (15.3 %) 23 (100.0 %) <0.001*
AG 1 (5.6 %) 46 (78.0 %) 0 (0.0 %)
AA 17 (94.4 %) 4 (6.8 %) 0 (0.0 %)
CYP2C9 variant
Wild (*1/*1) 10 (55.6 %) 33 (55.9 %) 13 (56.5 %) 0.841
Hetero (*1/*x) 6 (33.3 %) 18 (30.5 %) 9 (39.1 %)
Homo (*x/*x) 2 (11.1 %) 8 (13.6 %) 1 4.3 %)
Combined Genotype
Wild (GG)/Wild (*1/*1) 0 (0.0 %) 2 (3.4 %) 12 (52.2 %) <0.001°*
Wild (GG)/Variant (¥1/%2, 1%#/3%, *2/%2 2%/ 0 (0.0 %) 7 (11.9 %) 11 (47.8 %)
3%, 3%[3%)
Variant (AG + AA)/Wild (*1/*1) 10 (55.6 %) 31 (52.5 %) 0 (0.0 %)
Variant (AG + AA)/Variant (*1/*2, 1%/3%, 8 (44.4 %) 19 (32.2 %) 0 (0.0 %)

*D[%2, 2¥[3*, 3%[3*)

p value of Monte Carlo test
* Statistically significant at p < 0.05
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Table 3 Time to first reach
target INR (days) as regards

N Time to first reach target INR (days) p

VKORCI and CYP2C9 variants VKORC] variant

Wild (GG) 32 6.50 (4.0-16.0) <0.001*
Variant (AG + AA) 68 9.0 (6.0-17.0)
CYP variant
Wild (*1/%1) 56 8.0 (4.0-15.0) <0.001*
Variant (*1/%2, 1%/3%, #2/%2, 2%/3* 3%/3%) 44 10.0 (6.0-17.0)
Abnormally distributed data was expressed using Median (Min.—Max.)
p value of Mann—Whitney test
* Statistically significant at p < 0.05
receiving warfarin treatment, CYP2C9 *1/*1 and

complications. Patients with CYP2C9 variant were at
higher risk of experiencing supratherapeutic INR compared
to those with the wild type (p <0.001) (95 % CI
1.982-132.051) (Table 4).

On studying the combined effect of the variants of both
genes, patients with the VKORCI1 variants (AG + GG)
and CYP2C9 wild genotype required a significantly lower
maintenance dose compared to other combination of
genotypes (p < 0.001) (Table 2).

Patients with combined variant CYP2C9 and VKORC1
genotypes experienced higher risk of supratherapeutic INR
(p =0.011) (95 % CI 2.344-180.548). However, these
combined genotypes did not increase the risk of bleeding
while it significantly increased the risk of thromboembolic
complications (p = 0.004) (95 % CI 13.389-229.37)
(Table 4).

Discussion

Warfarin has been approved as the most commonly used
oral anticoagulant for the treatment and prevention of
thromboembolic events since 1950s [14]. Even with
available alternatives (thrombin and factor Xa inhibitors)
presently [18-21], several issues related to cost, indication,
antidote, and physicians experience still favor an extensive
and ongoing use of warfarin. However, several conditions
largely limited the application of warfarin including the
narrow therapeutic window, the inconvenient monitoring,
and especially the risk for hemorrhagic and thromboem-
bolic complications.

Individual responses to anticoagulation using warfarin
are now believed a reflection of a number of clinical and
genetic factors. The contributory effect of pharmacoge-
netics is increasingly investigated, however, up till now
genetic testing and personalized medicine haven’t been
adequately adopted into clinical practice. This study has
examined the impact of CYP2C9 and VKORC1 polymor-
phisms on both laboratory and clinical outcome variables
in Egyptian population. Among the studied 100 patients

@ Springer

VKORCI1 (AG) were the most prevalent genotypes. A
study performed by Eldin et al. [22] reported similar
findings among Egyptians.

In concordance with multiple previously published
studies (Bazan et al. [16], Lund et al. [11], Gage et al. [23],
Cho et al. [24], Namazi et al. [25], Kimura et al. [26],
Wells et al. [27], Moreau et al. [28], this study showed an
association between the presence of the variant A allele of
the VKORCI1 gene and the lower warfarin maintenance
daily dose. This is explained by the production of less
VKORCI in individuals with the A allele compared to
those lacking it. Hence, lower warfarin doses are needed to
inhibit VKORCI1 and to produce an anticoagulant effect in
carriers of the A allele.

This study did not find any association between the
warfarin maintenance dose and the CYP2C9 variants. This
comes in agreement with the reports of Bazan et al. [6] and
Lund et al. [11]. However, Zohir et al. [29] reported border
line significance enforced by the work of Scordo et al. [30]
and Herman et al. [31]. This contradiction can be attributed
to differences in the characteristics of the studied patients
in these reports as regards number of cases, median age and
exclusion criteria. However, in the present work, the lack
of such an association might provide a justification for
further evaluation of warfarin hepatic metabolism among
Egyptians.

In the present study, higher daily warfarin maintenance
dose was associated with higher plasma warfarin concen-
trations (p = < 0.001), this result is in agreement with the
study of Lombardi et al. [32]. With respect to the impact of
VKORCI1 or CYP2C9 variants on plasma warfarin con-
centration, this study showed that carriers of the CYP2C9
variant either in homozygous or heterozygous state in each
dose group had significantly higher plasma warfarin con-
centration compared to those with wild genotype. These
results are in agreement with a study of Herman et al. [31]
who found significant increase in the plasma warfarin
concentration with those carrying CYP2C9 wild genotype
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and concluded that CYP2C9*2 and CYP2C9*3 alleles
were associated with a reduction in S-warfarin clearance.

The present study revealed that the presence of either
variant CYP2C9 or variant VKORCI genotypes was sig-
nificantly associated with higher risk of experiencing
supratherapeutic INR. This is in accordance with the
reports of Krajciova et al. [33], Schwarz et al. [34], Higashi
et al. [35] and Ferder et al. [36]. However, Bazan et al. [6]
reported lack of such an association in their cohort. This
may be attributed to relative smaller sample size of Bazan
et al. [6] study cohort.

Our study suggests that CYP2C9*2 and CYP2C9*3
increase the risk of bleeding complication, and this risk
increased in the homozygous state. This may be linked to
increased risk of supratherapeutic INR in these carriers.
These findings were in agreement with multiple previously
published studies (Higashi et al. [35], Bazan et al. [6],
Aithal et al. [37], Ogg et al. [38], Limdi et al. [39] and
Ferder et al. [36]. On the other hand, Roth et al. [40]
reported that CYP2C9 *2/*3 variants did not confer
increased major bleeding risk. Moreover, the study popu-
lation of Roth et al. [40] was of the same ethnic origin like
those of Ferder et al. [36] and Higashi et al. [35]. A finding
that percludes the role of ethinity in explanation of this
contradiction. However, the possibility of the presence of
other genetic polymorphic variants affecting the response
to warfarin could be a candidate explanation waiting for
further evaluation. As regards VKORCI variant, it didn’t
significantly increase the risk of bleeding which is in
concordance with studies of Roth et al. [40] and Bazan
et al. [6]. This might be explained by the probable clinician
response towards the supratherapeutic INR by lowering the
warfarin dose before bleeding occurs. This explanation
might be extended to justify our finding regarding the risk
of recurrent thromboembolic events while on warfarin
therapy. We found, in this study, a significant increase in
the risk of thromboembolic complication in carriers of both
CYP2C9 and VKORCI1 variants compared to wild geno-
types. These findings are in concordance with Bazan et al.
[6] and Lund et al. [11]. This highlights the need for
genotype based individualized approach for dealing with
these patients with supratherapeutic INR receiving war-
farin therapy.

In agreement with Bazan et al. [6], Schwarz et al. [34],
Limdi et al. [39] and Takeuchi et al. [41], our study
revealed that the presence of either VKORC1 or CYP2C9
variants was associated with a significantly more time to
achieve stable dosing and reach therapeutic INR when
compared to the wild type. On the other hand, Lund et al.
[11] found out that patients with the VKORC1 AA geno-
type reached an INR of 2 more quickly when compared
independently to the VKORC1 GA and GG genotypes and
they concluded that warfarin-sensitizing SNPs reduced the

@ Springer

time taken to reach therapeutic INR. Same explanation
could be through what we have reported above concerning
the studied genotypes.

The present work demonstrated the effect of the pres-
ence of combined genetic variants on the risk of developing
adverse events associated with warfarin therapy. All
patients with variant CYP2C9 and variant VKORCI
genotypes experienced supratherapeutic INR. However,
these combined genotypes didn’t significantly increase the
bleeding risk. This may be explained through the clini-
cian’s decision of warfarin dose reduction for these patients
before the occurrence of bleeding episode.

In line with this explanation, our study revealed that the
risk of rethrombosis was high in these patients. This
highlights the need for genotype-based individualized
dosing to ensure reaching target INR on a stabilized war-
farin dose in short time. Up to our best knowledge, no
previous studies investigated the influence of combined
genetic variants on various clinical outcomes of warfarin
therapy.

The present work explored the value of VKORCI1 and
CYP2C9 genotyping as an important determinant of indi-
vidualized warfarin dosing and as a predictor of warfarin-
related adverse effects in Egyptian patients. These geno-
types were revealed to affect warfarin dose, time to reach
target INR and the risk of complications.
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