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Abstract

Background. To date, there are many pharmacogenetic algorithms for selecting the dose of warfarin. However,
there is very little information about the predictive accuracy of the algorithms. We decided to evaluate the predic-
tive accuracy of the Gage algorithm, using a calculator, located on the web site (http://www.warfarindosing.org)
in two ethnic groups (Caucasians and Asians), living in Russia.

Aim. To compare the actual warfarin dose (AWD) to the calculated warfarin dose (CWD), using the algorithm in
two ethnic groups taking warfarin.

Materials and methods. We included 114 patients (66 Caucasians and 48 Asians): the mean age was
60.91 + 12.34 years; 61 (53.51 %) men, and 53 (46.49 %) women. The comparative characteristics of the algorithm
were tested using the mean absolute error (MAE) between AWD and CWD, and percentage of patients, whose CWD
fell within 20 % of AWD (percentage within 20 % ). Genotyping for CYP2C9*2, CYP2C9*3, CYP4F*2 and VKORC1 was
performed by real-time polymerase chain reaction (RT-PCR) method using Pharmacogenetics Warfarin reagent
kits (DNA technology, Russia).

Results. The Gage algorithm produced the predictive accuracy with MAE = 1.02 + 0.16 mg/day and percentage
within 20 % for Asian patients was 39.6 %. We obtained MAE = 1.33 + 0.16 mg/day and percentage within 20 %
for Caucasian patients was 40.9 %. In two ethnic groups (Caucasians and Asians) of the Russian population, overall
performance of warfarin pharmacogenetic dosing by the Gage algorithm was similar.

Conclusions. Despite the performance limitation of the current warfarin pharmacogenetic dosing Gage algorithm,
constant international normalized ratio monitoring is important.
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Pesome

O6ocHosaHue. Ha cecodHsiwHUll deHb cyujecmgyem MHO}cecmeo papmakozeHemu4eckux aa20pummos nodéopa
do3vl sapgpapuHa. Tem He MeHee, 04eHb MA10 UHPHOPMAYUU 0 NPO2HOCMUYECKOU MOYHOCMU a/120pUMMO8 8 PeanbHOll
KAUuHU4eckol npakmuke. Mol pewuau oyeHums npo2HoCmu4eckyio moyHocms aazopumma Gage et al., c nomoujbio
pasmeweHHo20 KaabKyasimopa Ha catime (http://www.warfarindosing.org) 6 d8yx smHu4eckux apynnax (eaponeoudsl
u azuamel) poccutickoll nonyasiyuu.

Llesvto danHoli pabombi 6bl10 cpagHums hakmuueckytro 003y eapgpapura (AWD) ¢ paccuumarHolii dosotl sapgpapuHa
(CWD) c ucnoavsosaruem as2opumma 8 08yX SMHUYECKUX 2pYNNax, NPUHUMAarowux eappapuH.
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Memodul. YuacmHuuku uccaedosanus - 114 nayuenmos (66 eeponeoudos, 48 azuamos), npuHumaroujux eapgapuH
0151 NpoPUAAKMUKU MPOME0IME0AUYECKUX OCA0NHCHEHUTL: npu pubpuatssyuu npedcepdutl — 92 (80,7 %) yenoseka, npu
uwemuyeckoli 60s1e3Hu cepdya - 7 (6,14 %), nocae mpombo3a 8 anamHese -8 (7,01 %), npu apummuu - 3 (2,6 %) u dp.
Cpednutl so3pacm obcaedosanHbix cocmasuia 60,91 + 12,34 eoda; 61 (53,51 %) myscuuna, 53 (46,49 %) s'ceHujuHbL.
CpasHumeibHble Xapakmepucmuku a120pumma 6bLau NPOMecmupo8aHsl € UCN0/1b308aHUEM cpedHell abcoamHOU
owubku (MAE) medxcdy pakmuueckoii do3oli eapdapuHa u 00301, npedckazaHHOU ¢ NOMOWbIO a/120pumma, u pacyéma
npoyeHma nayueHmos, y KoOmopbuix npedCKa3aHHas 003a He 0MAU4aacy 6o.1ee yem Ha 20 % om gpakmuueckoli 003bl.
Pe3yasmamul. PapmakozeHemuyeckull anzopumm Gage nokaszasn npoeHocmuyeckyto mouHocms ¢ MAE 1,02 + 0,16 m2/
deHb U npoyeHm nayueHmos, y Komopbslx npedckasaHHasi 0o3a He omau4aaacs 6oee yem Ha 20 % om pakmuyeckoii
dosbl cocmasu 39,6 % das1 azuamckux nayueHmos. [as eesponeoudos ¢ MAE 1,33 + 0,16 mM2/0deHb npoyeHm nayueHmos,
Y KomopbIx npedckazanHas 003a He omauyaaacs 6osee yem Ha 20 % om pakmuueckoil do3vl, cocmasua 40,9 %, umo
nokasaso 00UHAKo8y Npou3eoduUMebHOCMb 8 08YX IMHUYECKUX 2PYNNAX poCccutickoll nonyasiyuu.

3akmoyeHue. [IpocHocmuveckass moyHocms gapmMaKozeHemu4eckozo Kaavkyasmopa Gage et al. 8 peaavHoll
KAUHUYecKol npakmuke 8 poccutickoli nony/Asiyuu HegbICOKAst, U N03IMOMY 8CE euje 8aiCHbIM NpU mepanuu 8apHapuHom
518/11€MCsi KOHMPOAb MEHCOYHAPOOHO20 HOPMANU308AHHO20 omHouweHus1 (MHO).

Katouessie cioea: sapgapuH, eeponeoudslt, asuamsl, CYP2C9, CYP4F2, papmakozeHemuka, nepcoHaAU3UPOBAHHAS

MmeduyuHa
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UrnateeBa T.I., Epmosa 0.A., [lycTto3epoB B.I', KoBaneBa 0.A., Pacnytuna U.B., HockoBa U.A., Batorosa T.B., Kysauenosa 0.B., bo-
rocioBa 0.10., KonecuukoB C.M. ®apMakoreHeTH4YeCKUH aJICOPUTM [J03UPOBaHUs BapdapruHa B POCCUHCKON monyssinuu. Acta
biomedica scientifica. 2019; 4(3): 40-44. doi: 10.29413/ABS.2019-4.3.5

INTRODUCTION

Warfarin is one of the most widely used oral anticoagu-
lants in the treatment and prophylaxis of arterial and venous
thromboembolic diseases [1, 2]. The warfarin has a narrow
therapeutic range, its dosage is affected by genetic and
non-genetic factors [3, 4]. Non-genetic factors are gender,
age, diet, race, concomitant drugs, body surface area (BSA)
[5]. Genetic factors such as polymorphisms in the cyto-
chrome P450 (CYP2C9), (CYP4F2) and the vitamin K epoxide
reductase complex 1 (VKORCT) genes may also influence
patient’s response to warfarin [6, 7]. Warfarin treatment is
associated with interindividual variability in maintaining its
effective dose, therapeutic warfarin doses differ between
patients in 15-20 times [8]. High interindividual variability in
warfarin doses has led to development of algorithms, scales,
calculators for the selection of warfarin doses for anticoag-
ulant therapy. Multiple genotype-based warfarin dosing
algorithms have been published, however, the most cited is
the Gage algorithm, since there is a simple calculator and it
is freely available online (www.warfarindosing.org) [9]. The
Gage algorithm is based on data from large, predominantly
Caucasian, populations. This algorithm was derived from
a population of over 1.000 patients, 83 % of which were
Caucasians, and 2 % belonged to different races [10]. Little
information is available on performance of published war-
farin pharmacogenetic algorithms, and there is no data on
performance of the Gage algorithm in Russian populations.

Aim of this study was to compare the actual warfarin
dose (AWD) to the calculated warfarin dose (CWD), using
the algorithm in two ethnic groups: Caucasians and Asians.

MATERIALS AND METHODS

The study was conducted from 2013 to 2018 years.
We included patients with stable warfarin therapy. The
study included 114 patients: 66 Caucasians and 48 Asians,
61 (53.51 %) men and 53 (46.49 %) women, mean age
60.91 + 12.34 years. These patients were living in the Asian
part of Russia (Irkutsk region and the Republic of Buryatia).
They were diagnosed with: atrial fibrillation — 92 (80.7 %),
coronary artery disease — 7 (6.14 %), arrhythmia - 3 (2.6 %),
thrombosis in a patient’s medical history - 8 (7.01 %), no
data - 4 (3.5 %). We had accessed the data from medical
history, which included: smoking - 21 (18.42 %), taking

amiodarone - 14 (12.28 %), and statins — 67 (58.77 %). Actual
warfarin maintenance dose was defined as a stable dose for
which the international normalized ratio (INR) measurements
were within the therapeutic range (2-3) for the same mean
daily dose during the last three clinic visits and is indicated
as AWD in this study.

We excluded the patients if they had hepatic, thyroid (hy-
potheriosis or hyperthyreosis), renal diseases, decompensated
heart failure, and patients taking warfarin interacting drugs, in-
cluding Azoles and Trimethoprim-Sulfamethoxazole, because
these drugs affected the metabolism of warfarin, and patients
who did not comply with oral anticoagulant therapy (OAT).

Performance or percentage of compliance of the Gage
algorithm was compared by calculating the percentage of
patients, whose CWD was within 20 % of AWD, and mean
absolute error (MAE). We defined MAE as the mean value
of the difference between CWD and AWD. We chose the
percentage of patients within 20 % of AWD (the percentage
within 20 %), because a change in a warfarin dose greater
than 20 % may be considered clinically significant, and this
change was used in other studies [11, 12].

The study was approved by the local Research Ethics
Committee of Scientific Centre for Family Health and Human
Reproduction Problems, and all patients provided informed
consent to participate in the study.

Four ml of venous blood were collected in EDTA tube
from each participant and processed for genomic DNA ex-
traction. The subjects were genotyped for CYP2C9 (*1,%2,*3),
and CYP4F2 (1347 C>T) and VKORCT (1639 G>A) by real-time
polymerase chain reaction (RT-PCR) using Pharmacogenetics
Warfarin reagent kits (DNA technology, Russia).

RESULTS

We calculated CWD for each patient using the Gage
algorithm (Table 1). Results showed that the algorithm
produced similar performance between CWD and AWD,
observed in real clinical practice, and in two ethnic groups
taking warfarin. We discovered that Asian patients had
mean AWD = 3.58 + 1.5 and, when compared with mean
CWD = 3.76 £ 1.08, we found no significant differences
(p = 0.502). Mean AWD of the Caucasian patients was
4.02 £ 1.9, so we did not find significant differences by com-
paring it with mean CWD =4.56 + 1.49 (p = 0.072).

Genetics, proteomics and metabolomics
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Table 1
Performance of the Gage dosing algorithm in two ethnic groups (Caucasians and Asians) of the Russian population
Daily warfarin dose Daily warfarin dose " s o
(mean AWD + SD) (mean CWD + SD¥) LR RS WD 5
All (n = 114) 3.8+ 1.75 422 +1.38 1.25+0.12 422 %
Asians (n = 48) 3.58+1.5 3.76 £ 1.08 1.02+0.16 39.58 %
Caucasians (n = 66) 4.02+£1.9 4.56 + 1.49 1.33+0.16 40.9 %

Note. *SD — Standard deviation, **SE — Standard error

The stable therapeutic dose was predicted with similar
accuracy for two ethnic groups with MAE = 1.33 mg/day
(SE=0.16) in our Caucasian cohort and with MAE = 1.02 mg/
day (SE = 0.16) in the Asian one (p = 0.184). We calculated
the percentage of patients, AWD of who did not differ from
CWD by more or less 20 % in the Caucasian cohort (40.9 %)
and similarly in the Asian cohort (39.58 %), (p = 0,959).
Comparison of the pharmacogenetic warfarin dosing using
the Gage algorithm in two ethnic groups (Caucasians and
Asians) of the Russian population showed that population
overall performance of the algorithm was similar.

DISCUSSION

The history of the use of oral anticoagulants has more
than half a century. Their effectiveness in the prevention
of cardioembolic stroke was confirmed by clinical studies.
However, warfarin therapy has several limitations: a“narrow
therapeutic window’, unpredictability of the anticoagulant
response, interactions between food and drugs, and the need
for regular international normalized ratio (INR) monitoring
to maintain the effectiveness and safety of treatment. All
the above stated determined the search for optimization of
warfarin anticoagulant therapy, including the development
of algorithms for drug therapy. One of the widely used al-
gorithms is the calculator, developed by Gage et al. of the
University of Washington in 2008.

In this study, we assessed the predictive accuracy of the
pharmacogenetic warfarin dosing using the Gage algorithm,
in real clinical practice in patients, living in the Asian part
of Russia. The results indicated that the percentage within
20 % in the general population was 42.2 %. No differences
between doses were found in Caucasians and Asians (40.9 %
and 39.58 % respectively, p = 0.959). Data from similar studies
are variable. In previous study of E. Kropachyova et al., in
283 patients from the Russian population living in Moscow,
Arkhangelsk, Vyatka, Nizhny Novgorod, Novosibirsk, St. Pe-
tersburg, Chelyabinsk, the percentage within 20 % was 57 %
(we compared the percentage with our own study in the
Caucasian population, p = 0.011) [13]. Results, comparable
to our data, were demonstrated by the researchers Jaekyu
Shin and Diana Cao of the Department of Clinical Pharmacy
San Francisco-53.1 % (p=0.071) [12]. Studies, conducted in
the Turkish population, showed that the percentage within
20 % was 29 %, and MAE = 2.25 (SE = 0.23), which was sig-
nificantly different from our results (p = 0.009) [14]. In the
Asian population, we found that percentage within 20 %
was 39.58 %, which was comparable with the data of Shin
et al., for a sample of Asian patients - 48.1 % (p = 0.33). The
results indicated the low prognostic significance of the Gage
algorithm, possibly due to differentiation of functional signif-
icance of warfarin metabolizing genes and their involvement
in the formation of phenotypes in different racial, ethnicand
territorial populations.

CONCLUSIONS

The Gage algorithm was based on a mixed population
and therefore we did not get the predictive accuracy of
significant differences in two ethnic groups (Caucasians and
Asians) of the Russian population. In conclusion, despite
performance limitation of the current warfarin pharmacoge-
netic dosing using the Gage algorithm, close INR monitoring
is essential.
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