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The effect of CYP2C9 and VKORC1 genetic polymorphisms on
warfarin dose requirements in a pediatric population
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ABSTRACT

Objective: The aim was to investigate the frequency of genetic polymorphisms of cytochrome P4502C9 (CYP2C9) and vitamin K epoxide reduc-
tase complex subunit1 (VKORC1) and determine the effect of these polymorphisms on warfarin dose requirements in pediatric patients.
Methods: Fifty-eight pediatric patients with cardiac disease, thrombopbhilia, or other conditions, taking a stable warfarin dose, aged 0.2-18 years,
and with international normalized ratio (INR) between 2 and 3 and 149 healthy children as a control group were included in this prospective, ob-
servational study. Patients receiving drugs that interact with warfarin, having chronic liver or renal disease, obesity, or thyroid dysfunctions were
excluded. Polymerase chain reaction (real time and restriction fragment length polymorphism) was used to analyze the CYP2C9*2, CYP2C9*3,
and VKORC1 polymorphisms. The ideal warfarin dose was calculated according to the patient’s age, height, and the presence of CYP2C9%*2,
CYP2C9*3, and VKORC1 genetic polymorphisms. The mean daily administered doses and ideal doses were compared. Analysis of variance,
Student's t-test, logistic regression analysis, and Pearson's correlation analysis were used for statistical analyses.

Results: The frequency of the CYP2C9 and VKORC1 genetic polymorphisms was determined as CYP2C9*1/*1 (54.6%), *1/*2 (16.4%), *1/*3 (24.2%),
*2/*3 (2.9%), *3/*3 (1.9%), wild-type VKORC1 (26.6%), heterozygote alleles (52.7%), and mutant alleles (20.8%). Patients with allelic variants were
found to require lower warfarin doses, and a 64.5% correlation was found between the calculated ideal doses and the administered warfarin doses.
Conclusion: Considering CYP2C9 and VKORC1 genetic polymorphisms prior to commencing warfarin treatment will make it easier to reach target

INRs and reduce the rate of complications. (Anatol J Cardiol 2016; 16: 791-6)
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Introduction

For decades, warfarin has been the most commonly pre-
scribed anticoagulant for the prophylaxis and treatment of ve-
nous and arterial thromboembolic disorders. Despite the limita-
tions of warfarin, including a narrow therapeutic range, broad
variations in intra- and inter-individual drug requirements, and a
relatively high incidence of bleeding complications, its use con-
tinues to rise (1-3). The main reasons for its worldwide use are
as follows: the drug can be orally administered and its low cost
(1-3). The treatment efficacy and safety of the use of warfarin
are based on the prothrombin time, which is expressed as the
international normalized ratio (INR).

The narrow therapeutic range of warfarin means that the ef-
fective dose differs among individuals. The latter also has impli-

cations in follow-up therapy. Both non-genetic and genetic fac-
tors play a role in the metabolism of warfarin. The non-genetic
factors involved in the metabolism of the drug are age, race, body
mass index (BMI), gender, smoking, concomitant renal or hepat-
ic disease, drug therapy, enteral feeding, impaired absorption or
rapid elimination of vitamin K, and dietary vitamin K intake (4-6).
Two genes, the cytochrome P450 complex subunit 2C9 (CYP2C9)
and vitamin K epoxide reductase complex subunit 1 (VKORC1),
are mainly responsible for the metabolism of warfarin.

CYP2C9, which plays a role in the metabolism of many drugs
other than warfarin, is a liver enzyme. The variants of CYP2C9 are
CYP2C9*1, CYP2C9*2, and CYP2C9*3. Some studies have shown
that the metabolism of warfarin is reduced in patients with the
CYP2C9*3 allele and that these patients therefore require a lower
dose of the drug (2, 3). Compared to CYP2C9*1, CYP2C9*2 reduces
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the metabolism of warfarin by 30%, whereas CYP2C9*3 reduces it
by 80%. Thus, warfarin is more slowly metabolized in patients with
these variants than in those without the variants. In addition, pa-
tients with these variants have lower dose requirements and are
more vulnerable to the anticoagulation effects of the drug (2, 3,7, 8).

Warfarin is a competitive inhibitor of VKOR, which is encoded
by the VKORC1 gene. A missense mutation in codon 1639 of the
VKORC1 gene is associated with decreased warfarin resistance,
leading to different dose requirements (1, 2, 9, 10). The two varia-
tions of the VKORC1 enzyme, other than wild-type VKORC1 (GG),
are VKORC1 (GA) and VKORC1 (AA). Latest studies have shown that
patients with the VKORC1 (AA) polymorphism are most sensitive to
warfarin and have the lowest dose requirements and that patients
with the VKORC1 (GA) polymorphism are less sensitive to warfarin
than normal and require average doses of warfarin (1, 2, 9, 10).

To our knowledge, few studies have been published on the
frequency of the CYP2C9 and VKORC1 alleles and their effect on
warfarin dose requirements in a pediatric population (11-13).
Therefore, in this study, we evaluated the frequency and effect
of the CYP2C9 and VKORC1 genetic polymorphisms in pediatric
patients. This study aimed to determine the optimum dose of
warfarin at the beginning of therapy, thereby reducing the rate
of complications and enhancing the efficacy of the treatment.

Methods

Study design

This study was a prospective observational study. It was
conducted after obtaining approval from the Institutional Review
Board of Gazi University Faculty of Medicine Ethical Committee.
Written informed consent was obtained from all participants and
their families after a full discussion of the aim of the study.

Study population

This was a multicenter study. Fifty-eight blood samples (from
31 males and 27 females) were collected from patients attending
the Departments of Pediatric Cardiology of Gazi University, Yiik-
sek Ihtisas Education and Research Hospital, Baskent University
Hospital, Digkapi Children’s Hospital, and Sami Ulus Children’s
Training and Research Hospital. As a control group, blood sam-
ples were collected from 149 healthy participants (63 males and
86 females) undergoing follow-up at Gazi University Department
of Pediatrics in Turkey. The age range of the patients was 0.2-18
years. The indications for warfarin use in the patients were car-
diac valvular disease in 44.82% (n=26) of the patients, thrombo-
philia in 18.96% (n=11), aortic valve replacement in 13.79% (n=8),
dilated cardiomyopathy in 8.62% (n=>5), mitral valve replacement
in 6.89% (n=4), and other conditions in 6.89% (n=4). Patients with
INRs between 2 and 3 were included.

All patients underwent standard biochemical tests, and data on
their age, height, weight, body surface area, comorhidity, concom-
itant medications, INRs, indication for warfarin use, starting date
of the medication, and screened polymorphisms were recorded.
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The patients were advised to avoid specific dietary supplements,
including vitamin K, which reduces the effect of warfarin.

Patients who were receiving drugs that interact with war-
farin (CYP2C9 metabolized drugs), who smoke, and who had
chronic liver or renal disease, obesity, hypothyroidism, or hyper-
thyroidism by either obtaining this information from the history of
the patient or on physical examination were excluded.

Genotyping

Five milliliters of blood were drawn from each patient and the
healthy controls and collected in sodium citrate tubes. The blood
samples were centrifuged at 3000 x g for 10 min to separate the
plasma. Genomic DNA was isolated from peripheral lympho-
cytes using a Macherey—Nagel genomic DNA purification kit
(Macherey—Nagel GmbH & Co. KG, Germany).

The polymerase chain reaction (PCR)-restriction fragment
length polymorphism (RFLP) method was used for the determi-
nation of genetic polymorphisms in VKORC1 and CYP2C9 (the
wild-type CYP2C9*1 allele and CYP2C9*2 and CYP2C9*3 vari-
ants) (14). Real time-PCR (RT-PCR) was used to confirm (14).

Estimating the ideal warfarin dose

A multivariate regression model developed by Sconce et al.
(2) in 2005 was used to estimate the warfarin doses, as it has the
largest R2 value. The model includes the following variables: age,
CYP2C9 and VKORC1 genotypes, and height.

Dose = 0.628-0.0135 (age) — 0.240 (CYP2C9*2) — 0.370
(CYP2C9*3) — 0.241 (VKORC1) + 0.0162 (height)

In the equation shown above, age was calculated in years, and
height was calculated in centimeters. For the CYP2C9*2 and CY-
P2C9*3 genotypes, 0 (a homozygote normal allele = wild-type), 1 (a
heterozygote allele), and 2 (a homozygote mutant allele) were the in-
puts. For the VKORC1 genotype, 1 (GG allele; wild-type), 2 (GA allele;
heterozygote), and 3 (AA allele; homozygote) were the inputs (2).

Estimating the mean administered warfarin dose

Both the daily prescribed warfarin doses and INRs of the pa-
tients were recorded. For patients with INRs between 2 and 3 for
atleast one month, the warfarin doses were recorded, and the av-
erage dose was obtained. The mean administered warfarin dose
(MeanxSD) of all patients was 4.21+1.29 mg/daily. The average ad-
ministered doses were compared with those of the ideal warfarin
doses calculated with the equation. When comparing the average
values with those of the ideal warfarin doses, 11 patients were not
included in the analysis because of inadequate data.

Statistical analysis

Statistical analysis was carried out with SPSS (Statistical
Package for Social Sciences) for Windows 11.5. Whether the dif-
ferences between mean daily ideal dose and mean daily admin-
istered dose were statistically significant or not was evaluated
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by paired samples t-tests. Nominal data were evaluated using
logistic regression analysis. All single nucleotide polymorphisms
were tested for deviations from the Hardy—Weinberg disequilib-
rium. While the mean difference in administered doses between
wild-types and heterozygotes was compared by student's t test,
otherwise, one-way analysis of variance (ANOVA) was used to
compare the administered doses of the wild-type, heterozygote,
and mutant groups. Degrees of association between continuous
variables were evaluated by Pearson's correlation analysis. A p-
value >0.05 was considered as statistically significant.

Results

The study consisted of 58 patients, 31 males (53.4%) and 27
females (46.6%), and 149 healthy controls, 63 males (42.3%) and
86 females (57.7%). The age range of the patients was 0.2-18
years, with a mean age of 13.4+4.7 years. The age range of the
healthy controls was 0.5-18 years, with a mean age of 9.7+4.8
years. The weight and height percentiles of the patients were
between the 10" and 75" percentiles. The mean BMI was
19.33+3.76 kg/m? (men) and 18.42+5.42 kg/m? (women). The ef-
fects of the person’s age, weight, and body surface area on war-
farin dose management were evaluated. The mean daily admin-
istered warfarin dose was also increased with increasing age,
weight, and BMI (r=0.585, p<0.001; r=0.61, p<0.001 and r=0.427,
p=0.003, respectively).

The genotype distribution of CYP2C9*2, CYP2C9*3, and
VKORCT1 in our pediatric study population was calculated. None
of the patients or controls had a homozygous mutation in the
CYP2C9*2 gene. One hundred thirteen (54.6%) had the CYP2C9
*1/*1 allele, 50 (24.2%) had the *1/*3 allele, 4 (1.9%) had the *3/*3
allele, 34 (16.4%) had the *1/*2 allele, and 6 (2.9%) had the *2/*3
allele. Regarding the VKORC1 gene polymorphism, 55 (26.6%) had
the wild-type allele, 109 (52.7%) had the heterozygous allele, and
43 (20.8%) had the mutant allele (Table 1).

The comparison of the mean administered warfarin doses
with those of the estimated ideal doses was shown in Table 2.
The mean daily ideal warfarin dose in the cases with the wild-
type CYP2C9*2 allele was significantly higher than that of the
mean daily administered dose (p<0.001). However, there was no
statistically significant difference between the mean daily ide-
al dose and the mean daily administered dose in patients with
the CYP2C9*2 heterozygote allele. In contrast, the mean daily
ideal warfarin dose in patients with the wild-type CYP2C9*3 al-
lele and heterozygote allele was significantly higher than that
of the mean daily administered dose (p<0.001). The mean daily
ideal warfarin dose in patients with the wild-type VKORC1 allele
and heterozygote allele was significantly higher than that of the
mean daily administered dose. Conversely, there was no statisti-
cally significant difference between the doses in patients with
the VKORC1 mutant allele.

The correlation coefficient revealed a correlation between
the mean ideal dose and the administered dose in all the pa-
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Table 1. Distribution of CYP2C9*2, CYP2C9*3 and VKORC1 genotypes
in our pediatric study population

Gene Genotype Frequency, n (%)
Population (n=207)
*1/*1 113 (54.6%)
*1/*3 50 (24.2%)
CYP2C9 *3/*3 4(1.9%)
*1/*2 34 (16.4%)
*2/*3 6(2.9%)
Wild-type 55 (26.6%)
VKORC1 Heterozygote 109 (52.7%)
Mutant 43 (20.8%)
CYP2C9 - cytochrome P450 2C9; VKORC1 - vitamin K epoxide reductase complex subunit 1

Table 2. Comparison of mean administered and ideal warfarin doses
in patients carrying different genotypes

Gene Genotype Warfarine dose, mg/daily P
(MeanSD)
Administered Ideal
dose dose
Wild-type 4.35+1.25 5.18+1.63 | <0.001*
CYP2C9*2
Heterozygote 3.67+1.38 4.06+£1.74 | 0.193
Wild-type 4.40+1.39 5.22+1.73 | <0.001*
CYP2C9*3
Heterozygote 3.98+1.13 4.76+1.60 | 0.003
Wild-type 4.80+1.55 5.81+1.99 | 0.035*
VKORC1 Heterozygote 4.26+1.24 5.00+1.58 | <0.001*
Mutant 3.58+1.09 4.05£1.54 | 0.328
All patients 4.21+1.29 4.94+1.70 | <0.001*
#: P<0.05; T: paired samples t-test. CYP2C9*2 - cytochrome P450 2C9 *2 allele;
CYP2C9*3 - cytochrome P450 2C9 *2 allele; VKORC1 - vitamin K epoxide reductase
complex subunit 1

Table 3. Correlation between administered and ideal warfarin doses
in patients carrying different genotypes

Gene Genotype Intraclass | 95% confidence | P’
correlation intervals
Wild-type 0.570 0.308-0.752 <0.001*
CYP2C9*2
Heterozygote 0.838 0.500-0.956 <0.001*
Wild-type 0.692 0.427-0.848 <0.001*
CYP2C9*3
Heterozygote 0.626 0.262-0.836 <0.001*
Wild-type 0.699 0.110-0.930 0.013*
VKORC1 Heterozygote 0.654 0.388-0.821 <0.001#
Mutant 0.407 <0-0.808 0.097
All patients 0.645 0.444-0.785 | <0.001*
#: P<0.05; T: Intraclass correlation analysis. CYP2C9*2 - cytochrome P450 2C9 *2 allele;
CYP2C9*3 - cytochrome P450 2C9 *2 allele; VKORC1 - vitamin K epoxide reductase
complex subunit 1
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tients (Table 3); this statistic was found to be 0.64. The results of
the ANOVA of the administered doses in the wild-type, heterozy-
gote, and mutant groups of genetic polymorphisms revealed no
statistically significant differences.

The comparison of the results obtained using PCR-RFLP with
those obtained by RT-PCR also showed no significant difference.
A minimum of 2 days is needed to obtain the results of PCR-RFLP
whereas the results of RT-PCR were obtained within as little
time as 1.5 h. Thus, the reliability of RT-PCR was confirmed; this
method is faster.

Discussion

In the present study, CYP2C9*2 and CYP2C9*3 gene regions
were dealt with together in the entire study population in order
to facilitate comparisons with previous studies.

CYP2C9 and VKORC1 polymorphisms vary according to eth-
nicity (15), and they can be used as a dose-adjustment factor in
patients receiving warfarin. We examined the prevalence and di-
versity of genetic polymorphisms in our pediatric population and
compared these with findings reported in other studies (9, 16, 17).

Aynacioglu et al. (16) examined the frequencies of the CY-
P2C9*1, CYP2C9*2, and CYP2C9*3 alleles and demonstrated for
their adult patients similar results to those of our study using the
PCR-RFLP method in a population from the Southeastern Anato-
lian region of Turkey in 1999. They reported that the frequency of
the wild 1*allele (*1/*1) was 61.72%. In their study, the frequency
of genotypes heterozygous for the 2 allele (*1/*2) was 18.04%.
The frequency of genotypes heterozygous for the *3 allele (*1/*3)
was 17.23% and homozygous for the *2 allele (*2/*2) and *3 allele
(*3/*3) was 1% and 0.8%, respectively, accounting for 38.28% of the
variation in total (16). When we compare our results with those of
Aynacioglu et al. (16), the incidence of the *1/*3 and *2/*3 alleles
was higher in our study, and we did not detect any *2/*2 alleles.

We compared the frequencies of CYP2C9 polymorphisms in
our population with those of several Asian populations (Korean,
Japanese, Malaysian) described in other studies (18-21). The
average frequency of the wild allele *1/*1 was 90% in the Asian
population. The incidence of this polymorphism in our population
was substantially higher.

Regarding the VKORC1 gene polymorphism, in an another
study of a Turkish adult population, Oner Ozg6n et al. (22) report-
ed that the frequency of the wild VKORC1-1639 G/G allele was
28.8%, whereas that of the heterozygous G/A allele and homo-
zygous mutant allele, A/A, was 42.4% and 28.8%, respectively.
These results are similar to the frequencies of the VKORC1 geno-
type that we found in our pediatric study.

Nowak-Gottl et al. (9) investigated the frequency of VKORC1
polymorphisms in a group of Caucasian pediatric patients. Com-
pared to their findings, the incidence of the wild VKORC1-1639
G/G allele in our pediatric population was lower due to a higher
incidence of the homozygous mutant allele, 1639 A/A. The inci-
dence of CYP2C9*3 was also higher in our population.
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Nahar et al. (17) conducted a pilot study of the predicted
warfarin response of healthy South and North Indians based
on the presence/absence of polymorphisms. South and North
Indians are two ethno-geographically different populations and
the frequency of the CYP2C9 *2 allele and *1/*1, *1/*2, and *3/*3
genotypes were found to be different in these populations. The
frequency of the CYP2C9*3 allele was higher than that in other
Asian populations, but (10%) was similar to that in Caucasians.
The frequency of the VKORC1-1639A allele (17%) was observed
to be much lower than that in the Asian populations, Caucasians,
and our study population (17).

As a result, CYP2C9 and VKORC1 genetic polymorphisms
in Turkish society show the most similarities with Caucasians
among the ethnic groups (9, 17).

According to the Food and Drug Association (FDA), warfa-
rin is one of the top 10 most prescribed drugs, and it has the
most side effects. The FDA recommends that clinicians should
consider genetic testing of CYP2C9 and VKORC1 polymorphisms
in every patient before adjusting the warfarin dose (20, 23). Al-
though there are many studies in the literature on the impact of
genetic polymorphisms on warfarin dose requirements in adult
populations (14, 16, 20, 22, 24, 25), there are only a few studies of
pediatric populations (11-13). In children, data about the phar-
macogenetics of warfarin are limited and inconsistent.

Sconce et al. (2) studied the effect of the CYP2C9 and VKORC1
(-1639) genetic polymorphisms on warfarin dose requirements in
adults. They showed that patients with a mutation in both genes
required a lower warfarin dose. They determined that a patient’s
age, height, and CYP2C9 and VKORC1 gene mutations are the
most important factors in the maintenance of warfarin doses and
formulated a way to calculate the ideal warfarin dose (2). We
used this formula for estimating the ideal warfarin doses for the
patients in our study. We found a significant correlation between
the mean ideal dose and the administered dose in all patients.
Clinicians should keep in mind the importance of these genetic
polymorphisms before commencing warfarin treatment. The cor-
relation coefficient showed concordance between the mean ide-
al dose and the administered dose in all patients. Consequently,
sufficient accommodation was observed between the doses.

To our knowledge, our study is the first of its kind in a pediatric
population in Turkey. We evaluated the effect of an individual's
age, weight, and BMI on warfarin dose management in addition
to the effect of their polymorphisms. Our study showed that the
mean daily dose of warfarin was higher in patients with the CY-
P2C9 wild-type genotype than in those with the variant *2 and *3
alleles. The average daily warfarin dose required for maintenance
therapy in patients with the CYP2C9%*2 polymorphism mutation
was 3.67+1.38, whereas it was 4.35+1.25 in those without this mu-
tation. The average dose in patients with the CYP2C9*3 mutation
was 3.98+1.1.3, whereas it was 4.40+1.39 in those without this mu-
tation. However, this difference was not statistically significant.

In a study on Japanese pediatric patients in 2010, Kato et al.
(12) found that the VKORC1 genetic polymorphism and age are
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the two main factors that affect warfarin dose requirements. In
the present study, we detected that weight and BMI, in addition
to age, were affected the mean daily administered warfarin dose.
In a preliminary study on 41 Egyptian pediatric patients receiv-
ing warfarin maintenance therapy, Kamel EI-Din et al. (11) found
that age is the most significant determinant of the warfarin dose
and that the presence of the CYP2C9 and VKORC1 gene polymor-
phisms does not affect the warfarin dose. In contrast, in a recent
study on Egyptian patients, Azzam et al. (24) suggested that the
VKORC1-1639 GG and wild-type CYP2C9*1*1 genotypes are as-
sociated with high dose requirements during warfarin therapy
and that VKORC1-1639 GG is responsible for warfarin resistance
and failure. We considered CYP2C9 and VKORC1 genetic poly-
morphisms in addition to age and height, while the ideal dose
requirements were calculated.

Warfarin dose requirements for patients carrying both CY-
P2C9 and VKORC1 polymorphisms were lower than those for pa-
tients with the wild allele, and those patients have a greater ten-
dency to experience hemorrhagic complications during warfarin
initiation (26), in agreement with the findings by Sconce et al.
(2). The authors concluded that the VKORC1 polymorphism plays
a higger role than the CYP2C9 polymorphism in warfarin dose
variability, in agreement with the findings by Ozer et al. (14). In a
study conducted in 2007, Muzskat et al. (3) reported that patients
with the CYP2C9*3 allele required 33% less warfarin than those
with the wild type. Sanderson et al. (27) found that warfarin dose
requirements decreased 17% in the presence of the CYP2C9*3
polymorphism and 37% in the presence of the CYP2C9*2 poly-
morphism. In another recent study, Shaw et al. (13) confirmed the
importance of the VKORC1/CYP2C9 genotypes in warfarin dosing
in a young pediatric cohort and demonstrated the impact of ge-
netic polymorphisms on clinical outcomes in their study group.
In the present study, considering the dose given to the patient,
we found that patients harboring the genetic polymorphisms re-
ceived lower doses of warfarin than those with the wild allele,
a result consistent with those of the abovementioned authors.

Study limitations

The main limitation was the relatively small sample size. Fur-
ther randomized studies involving a larger number of children
are warranted to determine the true impact of genetic factors on
warfarin doses in Turkish pediatric patients.

Conclusion

The incidences of CYP2C9 and VKORC1 polymorphisms in our
study population were higher than those found in many other
populations. As a higher incidence of these polymorphisms in-
creases the risk of bleeding complications, by detecting these
polymorphisms in patients before warfarin treatment, clinicians
can adjust the warfarin dose to the individual and prevent such
complications. In the present study, there was a relatively high
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correlation (64.5%) between the ideal dose and the adminis-
tered dose. Given this finding, clinicians should take into account
CPY2C9 and VKORC1 genetic polymorphisms when considering
the ideal dose of warfarin for each patient.
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