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Abstract Background Warfarin remains a difficult drug

to use due to the large variability in dose response. Clear

understanding of the accuracy of warfarin pharmacogenetic

dosing methods might lead to appropriate control of anti-

coagulation. Objective This study aims to evaluate the

accuracy of warfarin dosing table and two pharmacoge-

netic algorithms, namely the algorithms of Gage et al. (Clin

Pharmacol Ther 84:326–331, 2008), and the International

Warfarin Pharmacogenetics Consortium algorithm (IWPC)

in a real Egyptian clinical setting. Additionally, three non-

pharmacogenetic dosing methods (the Gage, IWPC clinical

algorithms and the empiric 5 mg/day dosing) were evalu-

ated. Setting Sixty-three Egyptian patients on a stable

therapeutic warfarin dose were included. Patients were

recruited from the outpatient clinic of the critical care

medicine department. Methods CYP2C9 and VKORC1

polymorphisms were genotyped by real time PCR system.

Predicted doses by all dosing methods were calculated and

compared with the actual therapeutic warfarin doses.

Results The Gage algorithm (adjusted R2 = 0.421, and

mean absolute error (MAE) = 3.3), and IWPC algorithm

(adjusted R2 = 0.419, MAE = 3.2) produced better accu-

racy than did the warfarin dosing table (adjusted

R2 = 0.246, MAE = 3.5), the two clinical algorithms

(R2 = 0.24, MAE = 3.7) and the fixed dose approach

(MAE = 3.9). However, all dosing models produced

comparable clinical accuracy with respect to proportion of

patients within 1 mg/day of actual dose (ideal dose). Non-

pharmacogenetic methods severely over-predicted dose

(defined as C2 mg/day more than actual dose) compared to

the three pharmacogenetic models. In comparison to non-

pharmacogenetic methods, the three pharmacogenetic

models performed better regarding the low dose group in

terms of percentage of patients within ideal dose. In the

high dose group, none of the dosing models predicted

warfarin doses within ideal dose. Conclusion Our study

showed that genotype-based dosing improved prediction of

warfarin therapeutic dose beyond that available with the

fixed-dose approach or the clinical algorithms, especially in

the low-dose group. However, the two pharmacogenetic

algorithms were the most accurate.
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Impact of findings on practice

• The Gage and IWPC Pharmacogenetic algorithms are

less accurate in Egyptian patients than in white

Caucasian and Asian patients.
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• The use of pharmacogenetic algorithms for dosing

warfarin are an improvement over empiric dosing and

the clinical algorithms.

• Other clinical factors like certain diseases and vitamin

K consumption and genes other than VKORC1 and

CYP2C9 probably have a significant impact on warfa-

rin dosing in Egyptian patients with high therapeutic

dose requirements.

Introduction

Warfarin is the most commonly prescribed anticoagulant

drug for the prophylaxis and treatment of thromboembolic

disorders [1]. Over the past decade, there has been sub-

stantial progress in our understanding of genetic contribu-

tions to warfarin response, particularly with regard to

warfarin dose requirements [2].

Since the Food and Drug Administration (FDA) changed

the labeling of warfarin in 2007 to reflect the impact of

polymorphisms of the CYP2C9 and VKORC1 genes on

warfarin metabolism and required dose [3], warfarin

pharmacogenetics has drawn substantial attention towards

‘‘personalized’’ patient care. In January 2010, the FDA

added specific instructions on how to use genotype to

predict individualized doses: the new label provides a

concise table of dosing recommendations, stratified by

genotype [4].

The warfarin dosing methods can be divided into phar-

macogenetic and non-pharmacogenetic methods. Non-

pharmacogenetic dosing methods include empiric dosing

strategies (e.g., fixed dose of 5 mg/day) and clinical dosing

algorithms. Pharmacogenetic methods include the dosing

table in the warfarin labeling and pharmacogenetic dosing

algorithms. Several genotype-based dosing algorithms

have been published [5–10]. However, the dosing estima-

tion performed by Gage et al. [8] and the International

Warfarin Pharmacogenetics Consortium (IWPC) dosing

algorithms have been consistently identified as the most

accurate of the algorithms [11–14]. On the other hand,

providing an estimated dose in a table, such as the one in

the new warfarin label, renders a genotype specific dose

readily accessible and easier to implement in clinical

practice.

In order to establish genetic strategies of warfarin

therapy in common practice, it is essential to first demon-

strate the validity of warfarin dosing algorithms [15–17]

and to quantify the accuracy of warfarin dosing table in real

clinical practice [18]. We chose to compare the perfor-

mance of the two most accurate algorithms, namely the

Gage et al. [8] and the IWPC pharmacogenetic dosing

algorithms and the warfarin dosing table in a dataset

comprising only Egyptian patients.

Aim of the study

The aim was to find out if the degree of accuracy provided

by the pharmacogenetic methods would allow for person-

alized warfarin treatment in Egyptian patients.

Methods

Study population

Sixty-three Egyptian patients were recruited from the out-

patient clinic of the critical care medicine department,

Cairo University Teaching Hospitals. The recruited

patients had a stable warfarin dose requirement for at least

three consecutive times with dose titration to an interna-

tional normalized ratio (INR) target range of 2–3.5.

The study was performed in accordance with the prin-

ciples of the Declaration of Helsinki and its appendices

[19]. Approval was obtained from the local Institutional

Review Board and Ethics Committee, and written informed

consent was obtained from all cases.

A baseline blood sample (10 ml) was withdrawn from

each patient, 3 ml on EDTA tube for genotyping of the

CYP2C9*2, CYP2C9*3 and VKORC1-1639 G [ A alleles,

3 ml blood clotted sample for routine laboratory investiga-

tion, 2 ml on EDTA tube for complete blood count (CBC),

and 2 ml citrated blood for anticoagulation tests.

Patient’s screening included patient’s demographics,

indications for warfarin therapy, smoking status, additional

medical problems, and concurrent medications.

Genotyping

DNA was extracted using Qiacube supplied by (Qiagen,

USA) for automatic DNA extraction according to the

manufacturer’s guide. The allelic discrimination was car-

ried out using TaqMan� Probe-based fluorogenic 50nucle-

ase chemistry. Genotypes for CYP2C9 and VKORC1 were

determined using TaqMan� Drug metabolism genotyping

assays following the standard assay protocol on the

Applied Biosystems� StepOneTM v 2.1 real-time PCR

system. For VKORC1-1639 [ A genotyping, the assay ID

for Taqman� SNP genotyping assay was C_30403261_20

and the dbSNP ID: rs9923231. For CYP2C9*2 Assay ID:

C_25625805_10 and dbSNP ID: rs1799853. For

CYP2C9*3 Assay ID: C_27104892_10 and dbSNP ID:

rs1057910.
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Dose prediction methods

Empiric dose

This approach was chosen because a 5 mg empiric starting

dose regimen is the most common method of warfarin

induction at our institution.

Clinical algorithms

The predicted dose requirements for each patient were

calculated according to Gage et al. [8] and IWPC [10]

algorithms. The calculations were done using the website

http://www.warfarindosing.org [11], without incorporating

genetic information. Parameters required for warfarin dose

prediction were age, height, weight, gender, race or eth-

nicity, concomitant medications, target INR, smoking sta-

tus, and warfarin indication.

Pharmacogenetic algorithms

The predicted dose requirements for each patient were

calculated according to Gage et al. [8] and IWPC algo-

rithms [10]. The Gage et al. [8] algorithm is similar to the

algorithm available at www.warafrindosing.org [11];

however, the online version has been expanded since the

time we started this study to also accommodate newer

single-nucleotide polymorphisms that have minor effects

on dose. Parameters required for warfarin dose prediction

by the two dosing algorithms were CYP2C9 and VKORC1

genotypes, age, height, weight, gender, race or ethnicity,

concomitant medications, target INR, smoking status, and

warfarin indication.

Warfarin label

The predicted dose requirements for each patient were

calculated by taking the midpoint of the daily dose range

provided in the table in the newly revised warfarin label

(Table 1) [4, 18]. The exact methods used by the FDA to

derive this table are not publicly available.

Statistical analysis of data

We compared dose prediction of the pharmacogenetic and

non-pharmacogenetic dosing methods with the observed

warfarin therapeutic dose in the real clinical setting. The

two metrics used to evaluate the predictive accuracy of the

dosing models were: the mean absolute error (MAE); and

the coefficient of determination (R2). To evaluate the

clinical accuracy of the dosing methods predictions, we

calculated the percentage of patients whose predicted dose

of warfarin was within ±1 mg/day of the actual stable

therapeutic dose (ideal dose). Also, we calculated the

percentage of patients for whom the predicted dose

according to each model was at least 1 mg/day higher than

the actual dose (overestimation) or at least 1 mg/day lower

than the actual dose (underestimation). Here we adopted

the 1 mg/day as a difference that clinicians would likely to

define as clinically relevant [1, 10, 20]. We also determined

whether each of the dosing methods severely over-pre-

dicted dose, defined as predicted dose C2 mg/day more

than actual dose [14], or severely under-predicted dose

defined as C2 mg/day less than actual dose.

To further compare the performance of the dosing

methods, based on the IWPC model [10], we tested dif-

ferent cut-off values to create low (B21 mg/week), inter-

mediate (21–49 mg/week), and high dose groups (C49 mg/

week). We analyzed the predicted dose and the observed

therapeutic dose and then determined the proportion of

patients for whom the dose was underestimated, ideal or

overestimated. All the data were analysed using PASW

version 18 and graphics utilizing MS Excel.

Results

A total of 63 Egyptian patients agreed to participate in the

study. All were turbinate living in Cairo or other sur-

rounding cities. The patients’ demographics and clinical

characteristics are shown in Table 2. Co-morbidities were

present in 60 patients; the most frequent co-morbidity was

coronary heart disease, followed by dyslipidemia and hy-

pertention. In total, 32 patients had drugs with a potential

of increasing warfarin’s effect. All 63 patients were

Table 1 FDA label. Range of expected therapeutic warfarin doses (mg/day) based on CYP2C9 and VKORC1 genotypes [4]

VKORC1-1639

G [ A

Expected warfarin doses (mg/day)

CYP2C9*1/*1

(mg)

CYP2C9*1/*2

(mg)

CYP2C9*1/*3

(mg)

CYP2C9*2/*2

(mg)

CYP2C9*2/*3

(mg)

CYP2C9*3/*3

(mg)

GG 5–7 5–7 3–4 3–4 3–4 0.5–2

AG 5–7 3–4 3–4 3–4 0.5–2 0.5–2

AA 3–4 3–4 0.5–2 0.5–2 0.5–2 0.5–2
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genotyped. The minor allele frequencies of CYP2C9*2 and

CYP2C9*3 were 0.071 and 0.095, respectively, whereas of

VKORC1-1639G [ A was 0.51. The observed frequencies

for VKORC1 fitted Hardy–Weinberg Equilibrium (HWE),

whereas for CYP2C9, (HWE) could not be tested due to the

small sample size.

Maintenance dose versus number of variants

The study showed that the number of variant alleles carried

by a patient, not considering the type of mutation, can have

a linear association with the therapeutic warfarin dose. The

relationship between the observed stable warfarin dose of

each patient with respect to the number of variants in

CYP2C9 and VKORC1 is shown in Fig. 1. The average

observed daily therapeutic dose for the wild type group was

11.91 ± 4.44 mg, while the average observed daily ther-

apeutic dose for patients carrying 4 variant alleles was 2.25

± 0.35.

Validation of the pharmacogenetic algorithms

and the warfarin dosing table

The predicted dose for each patient was calculated with the

two pharmacogenetic algorithms, the warfarin dosing table

and the two clinical algorithms. Comparison of the validity

of all dosing models in the present cohort is presented in

Fig. 2. The stable therapeutic dose was predicted with very

close accuracy for both the algorithm of Gage et al. [8]

with MAE 3.3 mg/day (SE = 0.46) and adjusted R2 of

42.1 %, and the IWPC algorithm with MAE 3.2 mg/day

(SE = 0.46) and adjusted R2 of 41.9 %. However, com-

pared to the two pharmacogenetic algorithms, warfarin

dosing table showed a higher MAE of 3.5 mg/day

(SE = 0.49) with lower adjusted R2 of 24.6 %.

The two clinical algorithms were less accurate than the two

pharmacogenetic algorithms and the warfarin dosing table

with respect to adjusted R2 and MAE, however they were

more accurate than fixed dose approach regarding MAE.

Clinical accuracy

Table 3 shows that, the three pharmacogenetic models

were statistically comparable with each other and with the

non-pharmacogenetic methods regarding the proportion of

patients whose predicted dose was ideal. Moreover, the

three pharmacogenetic models showed significantly lower

percentage of patients with severely over-predicted dose

compared to the non-pharmacogenetic methods. On the

other hand, all models performed similarly regarding

severely under-predicted dose.

Also, as shown in Table 4, the three pharmacogenetic

methods created less dose overestimation (above 1 mg/day

of the actual dose) than would any of the non-pharmaco-

genetic methods. However, Gage algorithm produced the

least overestimated dose predictions (15.9 %), compared

with IWPC algorithm (17.5 %) and warfarin dosing table

(17.5 %).

Table 2 Demographic and clinical characteristics of the recruited

patients

Variables Values (N = 63)

Age, in years (Mean ± SD, range) 45.89 ± 12.52

(18–64)

Gender distribution (Male %) 31 (49.2 %)

Height, in cm (Mean ± SD, range) 166.75 ± 9.4

(149–185)

Weight, in kg (Mean ± SD, range) 79.9 ± 16.5 (44–122)

Indication

AF 22 (34.9 %)

Arterial or venous thrombosis 17 (27 %)

HVR 19 (30.2 %)

Combination of AF and HVR 5 (7.9 %)

Never smokers 55 (87.3 %)

Ex-smokers for \1 year 8 (12.7 %)

Warfarin maintenance dose (Mean ± SD,

range)

7.35 ± 5.2 (1–30)

Average maintenance INR (Mean ± SD,

range)

2.45 ± 0.3 (2–3)

CYP2C9 genotype

*1/*1 48 (76.2 %)

*1/*2 5 (7.9 %)

*2/*2 2 (3.2 %)

*1/*3 4 (6.3 %)

*2/*3 0 (0 %)

*3/*3 4 (6.3 %)

VKORC1 genotype

GG 15 (23.8 %)

GA 32 (50.8 %)

AA 16 (25.4 %)

AF atrial fibrillation, HVR heart valve replacement, INR international

normalized ratio
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Fig. 1 Therapeutic warfarin dose requirements by VKORC1 and

CYP2C9 genotypes. Proportion of patients in each group: wild-type

(0 variant), 17.5 %; one variant, 44.4 %; two variants, 27 %; three

variants, 7.9 %; four variants, 3.2 %
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Comparison of algorithms and the warfarin dosing table

in patient subgroups

Results of the validation analysis performed in subgroups

of patients with low, medium, and high therapeutic dose

requirements of warfarin are summarized in Table 4.

Overall, all models tended to overestimate the dose for

patients who required low amounts of warfarin and

underestimated the dose for individuals requiring high

doses of warfarin at therapeutic INR. All models performed

best in the intermediate dose group with respect to per-

centage of patients within ideal dose. Compared to the non-

pharmacogenetic models, the three pharmacogenetic

models performed better in the low dose group. In low dose

group, Gage’s algorithm provided the highest proportion of

patients with an ideal dose (47.1 %). On the other hand, the

non-pharmacogenetic methods performed better in the

intermediate dose group. In the high dose group (C7 mg/

day), none of the dosing models predicted warfarin doses

within ideal dose.

Discussion

Independent external validation of representative, if not all,

warfarin dosing models is indispensable for choosing the

best algorithm/formula for warfarin dosing prediction [12].

In the present study; based on MAE and R2, it was con-

cluded that, the two pharmacogenetic dosing algorithms

showed similar performance, and both performed better

than the warfarin dosing table and the two clinical algo-

rithms. However, all models out-performed the 5 mg fixed

dose in terms of MAE. This is in accordance with Fink-

elman et al. [18] study, which showed that dosing based on

genetic tables, was somewhat more accurate than that

based on non-genetic methods; however, formal pharma-

cogenetic algorithms were the most accurate. Moreover,

our study results are similar to other studies, which showed

that, both pharmacogenetic algorithms were similar with

respect to MAE and R2, and both outperformed the fixed

dose approach although those studies showed lower MAE

for both Gage et al. [8], and IWPC algorithms than

ours demonstrating better accuracy in terms of MAE [14,

15, 20, 21].

In the present study, all dosing models produced com-

parable performance with respect to percentage of patients

within ideal dose. However, the warfarin dosing table

predicted the largest proportion of patients within ideal

dose (28.6 %), followed by Gage algorithm (27 %), IWPC

algorithm (25.4 %), Gage clinical algorithm (23.8 %) and

both IWPC clinical algorithm and fixed dose approach

(22.2 %) were the least predicting. The latter percentages

of predicted doses that fell within ideal dose by the phar-

macogenetic methods were much less than those reported

by Finkelman et al. [18] study comprising patients mostly

from the IWPC cohort and those reported by Shin and

Kayser [22] study. The latter two studies showed that, a
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Fig. 2 Validation and comparison of warfarin dosing models

Table 3 Accuracy measures of warfarin dosing models

Model Mean

dose ± SD

mg (mg/day)

Range

(mg/day)

Absolute

error,

mean ± SE

Adjusted

R2
% in Range

(within 1 mg/day

of actual dose)

% Severely

under-predicted

(C2 mg of

actual dose)

% Severely

over-predicted

(C2 mg of

actual dose)

Actual doses 7.35 ± 5.20 1.00–30.00 n/a n/a n/a n/a n/a

Gage 4.83 ± 1.70 1.50–8.40 3.30 – 0.46 0.421 27 % 47.6 % 7.9 %

IWPC 4.96 ± 1.64 1.10–7.90 3.30 – 0.46 0.419 25.4 % 47.6 % 9.5 %

Warfarin label 4.87 ± 1.56 1.25–6.00 3.50 ± 0.49 0.246 28.6 % 46 % 7.9 %

Gage clinical

algorithm

4.50 ± 0.08 3.30–6.50 3.70 ± 0.49 0.243 23.8 % 46 % 19 %*

IWPC clinical

algorithm

5.10 ± 0.08 3.60–6.20 3.70 ± 0.49 0.245 22.2 % 44.4 % 19 %*

Fixed dose 5.00 ± 0.00 n/a 3.90 ± 0.52* 0 22.2 % 44.4 % 27 %*

The best performers in each category are in bold, * Statistically significant at p \ 0.05 from each of the three pharmacogenetic dosage methods

IWPC International Warfarin Pharmacogenetics Consortium
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pharmacogenetic dosing algorithm predicted more doses

within ideal dose (52 %) than a clinical dosing algorithm

(39 %), and the dosing table in warfarin label (43 %), and

an empiric dosing method (37 %). Also, Marin-Leblanc

et al. [15] study on French white patients reported that,

predicted doses using Gage or IWPC algorithms were

likely to fall within ideal doses approximately 40 % of the

time.

In the present study, all dosing models under-predicted

dose in more than 50 % of the patients. The latter per-

centage is much more than other studies in which phar-

macogenetic algorithms under-predicted dose in only

\30 % of the patients [12, 20]. On the other hand, similar

to our study, Shaw et al. [14] study found that fixed dose

approach severely over-predicted dose in higher percentage

of patients compared to Gage et al. [8] and IWPC algo-

rithms. However, in our study the fixed dose approach

severely over-predicted dose by a much higher percentage

(27 %) versus 18 % in Shaw et al. [14] study. Percent of

severely over-predicted patients provides a surrogate

measure of safety. According to Shaw et al. [14] this may

be because patients initiating warfarin who are under-dosed

and remain sub-therapeutic with respect to INR, are often

receiving concomitant bridging with parenteral

anticoagulation.

The discordance from other studies in terms of MAE,

lower percentages within ideal dose, and higher percent-

ages of under-predicted dose using the pharmacogenetic

dosing methods, may be attributed to the difference in race

and to the higher mean therapeutic dose in our study

cohort. The pharmacogenetic algorithms are especially

unlikely to predict unusually high doses, because most do

not include genetic variants associated with warfarin

resistance [23]. In addition, the warfarin dosing table pre-

dicts doses within a range of 0.5-7 mg/day only, whereas

44.4 % of our patients had doses C7 mg [2]. Gage algo-

rithm 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 and 30 % were

Asians in the IWPC study. Previous studies validating

those two algorithms comprised mainly white individuals

or Asians. [1, 14, 15, 18, 22] So, may be the two phar-

macogenetic algorithms are less accurate in Egyptians due

to these differences in ethnic background and the possible

cultural differences from our study population.

Moreover, we assumed that, the reason behind this may

be attributed to the need for incorporating other clinical

factors that can affect warfarin dose, like comorbidities and

vitamin K consumption [9, 24–29]. Although additional

clinical factors could improve the performance of phar-

macogenetic algorithms, this is difficult to apply for

improvement of the warfarin dosing table. This may be

attributed to the fact that the warfarin dosing table does not

give guidelines on how both clinical and genetic factors

should be combined to determine appropriate doses [18].

Also, genes other than CYP2C9 and VKORC1 may affect

warfarin dose, such as CYP4F2 and ApoE, although their

effects on warfarin dose require confirmation [21, 30–32].

Our assumptions are supported by Shahin et al. [33] study

on Egyptian patients which reported that, pulmonary

embolism was associated with higher warfarin dose, and

that Calu rs339097 variant was also associated with higher

warfarin dose requirement.

All dosing models provided similar accuracy in the

intermediate dose group, although the non-pharmacoge-

netic methods produced higher percentage of predicted

doses within ideal dose. The IWPC gave evidence that; the

intermediate dose group is the group, which pharmacoge-

netic dosing has shown little improvement from the clinical

dosing approach [10]. Marin-Leblanc et al. [15] study

Table 4 Comparison of dosing models performance based on dosing ranges

Model Actual dose B3 mg, N = 17 Actual dose [3 to \7 mg, N = 18 Actual dose C7 mg, N = 28 Overall, N = 63

Under

(%)

Ideal

(%)

Over

(%)

Under

(%)

Ideal

(%)

Over

(%)

Under

(%)

Ideal

(%)

Over

(%)

Under

(%)

Ideal

(%)

Over

(%)

Gage 0 47.1* 52.9* 44.4 50 5.6 100 0 0 57.1 27 15.9

IWPC 5.9 41.2* 52.9* 38.9 50 11.1 100 0 0 57.1 25.4 17.5

Warfarin label 11.8 35.3* 52.9* 27.8 61.1 11.1 96.4 3.6 0 54 28.6 17.5

Gage clinical

algorithm

0 11.8 88.2 27.8 72.2 0 100 0 0 52.4 23.8 23.8

IWPC clinical

algorithm

0 0 100 22.2 77.8 0 100 0 0 50.8 22.2 27

Fixed dose

approach

0 0 100 22.2 77.8 0 100 0 0 50.8 22.2 27

Underestimation means prediction [1 mg/day below actual; overestimation means prediction [1 mg/day above actual; IWPC International

Warfarin Pharmacogenetics Consortium; The best performers in each category are in bold; * Significantly different at p \ 0.05 from the non-

pharmacogenetic methods
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reported that, in the intermediate dose group, fixed dose

approach produced a slightly greater percentage of patients

within ideal dose compared to both IWPC and Gage

algorithms.

Our data suggests that, the most reliable dosing method

for predicting warfarin doses within ideal dose in patients

requiring B3 mg/day are the Gage and IWPC pharmaco-

genetic algorithms. In the high dose group (C7 mg/day),

none of the dosing models predicted warfarin doses within

ideal dose. This is in discordance with Roper et al. [12]

study which, showed that in the high dose group, the Gage

and IWPC algorithms predicted 41 % and 29 % within

ideal dose, respectively. Also, Marin-Leblanc et al. [15],

found that, in the high dose group, the Gage and IWPC

algorithms predicted 18.2 % and 13.6 % respectively

within ideal dose. However, both Roper et al. [12], and

Marin-Leblanc et al. [15], results concerning the low and

intermediate dose groups are in agreement with our study.

Moreover, IWPC model supported the greatest benefits for

using a genotype-based algorithm, compared with using a

clinical algorithm or a fixed dose approach, in low and high

dose groups [10].

Although this is the first study to be conducted in Egypt

to validate pharmacogenetic dosing methods, it still has its

limitations. The first is the small sample size recruited. The

second is the absence of the higher-level variant CYP2C9

genotype (CYP2C9 *2/*3). Both limitation could be

attributed to the financial constraint as the study was totally

self-funded.

Conclusion

The present study showed that, genotype-based dosing

improved prediction of warfarin therapeutic dose beyond

that available with the non-pharmacogenetic methods,

especially in the low dose group. We recommend working

on the development of an algorithm based on our patient

population within a larger sample set, incorporating addi-

tional genetic and non-genetic factors, and conducting a

comparative prospective clinical trial, between the new

algorithm, the online version of Gage et al. [8] pharma-

cogenetic algorithm available at www.warafrindosing.org,

and the current dosing strategy in Egypt (fixed dose

approach). This will provide direct evidence of the benefits,

disadvantages and costs associated with pharmacogenetic

testing, and the best algorithm for initiation of warfarin

dosing in Egyptian patients.
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