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Introduction. The use of aromatic anticonvulsants (carbamazepine, oxcarbazepine, lamotrigine, and phenytoin) is associated with the risk 
of severe hypersensitivity reactions, which are partly dependent on HLA-B and HLA-A genotypes (for carbamazepine/oxcarbazepine). Phe-
nytoin and fosphenytoin are metabolized by CYP2C9; therefore, in the setting of genetically determined impaired drug tolerability, the likeli-
hood of adverse events increases. Consideration of the CYP2C9 genotype is important for developing personalized drug dosing schemes 
and improving treatment outcomes.
Objective. Assessment of the prevalence of major pharmacogenetic variants associated with response to aromatic anticonvulsants, with 
geographic stratification and identification of at-risk populations warranting preemptive genotyping prior to treatment initiation.
Materials and methods. The study was performed using samples from the Population Frequency Database (GDB) of the Federal Medical 
and Biological Agency (FMBA) of Russia (n = 120,979, covering 82 RF subjects). Whole-genome sequencing of DNA samples was con-
ducted followed by an analysis of the carrier frequency of HLA-B*15:02, HLA-B*15:11, HLA-A*31:01, and various allelic variants of CYP2C9 
with calculation of the enzyme activity score. These metrics were compared across different Russian regions, identifying high-risk biogeo-
graphic groups. 
Results. The HLA-B*15:02 variant showed a prevalence of less than 1% in all regions of the Russian Federation. A relatively high carrier 
frequency of HLA-B*15:11 was observed in the Republics of Buryatia and Tyva (1.3%, p = 7.7 × 10–5 and 3.46%, p = 2.4 × 10–3, respectively, 
compared to a population frequency of 0.11%). The elevated frequencies of HLA-A*31:01 were detected in Perm Krai and the Republics of 
Kalmykia, Buryatia, Tyva, and Sakha (Yakutia) (8.48%, p = 0.042; 8.79%, p = 0.044; 10.3%, p = 3.4 × 10–10; 20.44%, p = 3.4 × 10–10; 28.74%, 
p = 5.4 × 10–122, respectively, compared to a population frequency of 5.06%). The Republics of Dagestan, Ingushetia, and Kabardino-Balkaria 
showed a higher prevalence of impaired metabolism phenotype for phenytoin/phosphenytoin (46.4%, p = 5.6 × 10–36; 44.69%, p = 1.7 × 10–13; 
43.83%, p = 1.9 × 10–16), primarily due to a high frequency of the CYP2C9*3 allele. The Republics of Tatarstan, Mari El, and Chuvashia were 
also characterized by a high incidence of alleles associated with impaired metabolism of these drugs (37.06%, p = 0.028; 37.99%, p = 0.031; 
41.2%, p = 5.3 × 10–10), attributable to the presence of the generally rare CYP2C9*29 allele in their genetic structure. 
Conclusions. The results obtained enable the formulation of region-specific recommendations for personalizing treatment with aromatic 
anticonvulsants. For residents of Sakha (Yakutia), Tyva, Buryatia, Kalmykia, and Perm Krai, testing for HLA-A*31:01 carriage is justified. For 
residents of Tyva and Buryatia, additional testing for HLA-B*15:11 carriage is warranted prior to the prescription of carbamazepine and ox-
carbazepine. Before initiating phenytoin therapy, CYP2C9 genotyping is particularly important for the populations of Dagestan, Ingushetia, 
Kabardino-Balkaria, Tatarstan, Mari El, and Chuvashia. However, this genotyping can be recommended for the entire population of Russia 
due to the high prevalence of alleles associated with reduced and absent enzyme activity.
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Введение. Применение антиконвульсантов с ароматической структурой (карбамазепин, окскарбазепин, ламотриджин, фенитоин) 
сопряжено с риском развития тяжелых реакций гиперчувствительности, которые отчасти зависят от генотипов HLA-B и HLA-A (для 
карбамазепина/окскарбазепина). Метаболизм фенитоина и фосфенитоина осуществляется с участием CYP2C9, и при генетически 
обусловленной замедленной трансформации препарата увеличивается вероятность развития нежелательных явлений. Учет гено-
типа CYP2C9 позволяет персонифицировать дозирование препарата и улучшить переносимость лечения.
Цель. Оценка распространенности основных фармакогенетических вариантов, ассоциированных с ответом на антиконвульсанты 
с ароматической структурой, с географической стратификацией и выделением популяций риска, в которых потенциально оправ-
дана фармакогенетическая оценка при назначении препаратов данного класса.
Материалы и методы. Исследование выполнено на образцах из выборки базы данных популяционных частот (GDB) ЦСП ФМБА 
России (n = 120 979, охват — 82 субъекта РФ). Проведено полногеномное секвенирование образцов ДНК с дальнейшим анализом 
распространенности носительства HLA-B*15:02, HLA-B*15:11, HLA-A*31:01 и различных аллельных вариантов CYP2C9 с расчетом 
индекса ферментной активности. Данные показатели сопоставлены в различных регионах РФ с выделением биогеографических 
групп риска.
Результаты. Вариант HLA-B*15:02 имеет распространенность менее 1% во всех регионах РФ. В республиках Бурятия и Тыва наблю-
дается относительно высокая частота носительства HLA-B*15:11 (1,3%, р = 7,7×10-5, и 3,46%, р = 2,4×10-3, соответственно, при попу-
ляционной 0,11%), в Пермском крае и республиках Калмыкия, Бурятия, Тыва, Саха — HLA-A*31:01 (8,48%, р = 0,042; 8,79%, р = 0,044, 
10,3%; р = 3,4×10-10; 20,44%, р = 3,4×10-10; 28,74%, p = 5,4×10-122, при популяционной 5,06%). В республиках Дагестан, Ингушетия, Ка-
бардино-Балкария выше распространенность замедленного метаболизма фенитоина/фосфенитоина (46,4%, р = 5,6×10-36; 44,69%, 
р = 1,7×10-13; 43,83%, р = 1,9×10-16) за счет высокой распространенности CYP2C9*3. Республики Татарстан, Марий Эл, Чувашия так-
же характеризуются высокой встречаемостью носителей аллелей замедленного метаболизма этих препаратов (37,06%, р = 0,028; 
37,99%, р = 0,031; 41,2%, р = 5,3×10-10), но за счет наличия в генетической структуре повсеместно редкой аллели CYP2C9*29.
Выводы. Полученные результаты позволяют сформулировать регион-специфичные рекомендации по персонализации лечения 
антиконвульсантами с ароматической структурой. Для жителей Якутии, Тывы, Бурятии, Калмыкии, Пермского края оправдано те-
стирование носительства HLA-A*31:01, для жителей Тывы и Бурятии — дополнительно носительства HLA-B*15:11 перед назначени-
ем карбамазепина и окскарбазепина. Генотипирование CYP2C9 перед началом терапии фенитоином особенно важно для населе-
ния республик Дагестан, Ингушетия, Кабардино-Балкария, Татарстан, Марий Эл, Чувашия, но в целом может быть рекомендовано 
всем жителям России ввиду высокой распространенности аллелей, ассоциированных со сниженной и отсутствующей ферментной 
активностью.

Ключевые слова: антиконвульсанты; карбамазепин; ламотриджин; фенитоин; фармакогенетика; HLA-типирование; CYP2C9; 
персонализированная медицина; синдром Стивенса – Джонсона
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INTRODUCTION

Antiepileptic drugs (AEDs), or anticonvulsants, are a 
class of pharmacological agents widely used in neurol-
ogy and psychiatry. Their application extends beyond 
seizure control and includes the treatment of migraine,1 
cluster headache,2 neuropathic pain,3 management of 
psychotic and behavioral disorders in elderly patients4 
with cognitive impairment, as well as serving as mood 
stabilizers and anxiolytics [1]. Among these drugs, car-
bamazepine, oxcarbazepine, lamotrigine, and phenytoin 
have been extensively studied in terms of pharmaco-
genetic aspects related to their safety profiles. These 
drugs share a common structural feature — a benzene 

ring — leading to their classification as “aromatic anti-
convulsants” in the English-language literature [2]. The 
use of this drug class is associated with a low, yet clini-
cally significant, risk of hypersensitivity reactions, such 
as  severe cutaneous adverse reactions (SCARs), includ-
ing epidermolytic drug reactions (e.g., Stevens–Johnson 
Syndrome (SJS), toxic epidermal necrolysis (TEN)), and 
systemic drug reactions with multiorgan involvement 
(e.g., Drug Reaction with Eosinophilia and Systemic 
Symptoms (DRESS)).

SJS and TEN are acute, severe allergic reactions 
characterized by extensive lesions of the skin and mu-
cous membranes. They are currently viewed as differ-
ent stages of the same pathological process, rather 

1	 Migraine. Clinical guidelines. All-Russian Society of Neurologists. Russian Society for the Study of Headache (ROIGB); 2020 (In Russ.).
2	 Primary headaches: diagnosis and treatment. Methodological recommendations. Moscow City Health Department; 2017 (In Russ.).
3	 Neuropathic pain: clinical guidelines for diagnosis and treatment of the Russian Society for the Study of Pain. Russian Society for the Study of Pain; 2018 (In Russ.).
4	 Cognitive disorders in elderly and senile individuals. Russian Society of Psychiatrists; 2020 (In Russ.).
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than as separate diseases [3, 4]. The incidence of SJS 
is 2.5–9.2  cases per million per year with a mortality 
rate of 4.1–16.9%. For TEN, the incidence amounts to 
0.94–1.9 cases per million per year with a mortality rate 
of 14.8–29.9% [4]. The DRESS syndrome is character-
ized by widespread (> 50% of body surface area) exan-
thematous rash, fever, lymphadenopathy, eosinophilia, 
and internal organ involvement [5]. The exact incidence 
of DRESS is unknown, being estimated at one  case 
per 10,000  drug exposures in the treated population. 
According to various estimates, the mortality rate rang-
es from 3.8% to 10–20% [6, 7]. Lamotrigine is among 
the top five drugs most strongly associated with fatal 
outcomes in the DRESS syndrome [8]. Furthermore, it 
ranks second among the medications most frequently 
implicated in the development of this syndrome [1].

Genetic predisposition plays a significant role in the 
likelihood of developing the aforementioned allergic re-
actions. Such predisposition is associated with the car-
riage of specific alleles of human leukocyte antigens A 
and B (HLA-A, HLA-B). These genes are part of a larger 
cluster known as the major histocompatibility com-
plex. Accumulated evidence indicates the association 
between the development of SCAR/DRESS upon ad-
ministration of phenytoin, lamotrigine, carbamazepine, 
and oxcarbazepine with the carriage of HLA-B*15:02 
(Level 1A) [9, 10]. Furthermore, the association between 
carbamazepine-induced SCAR/DRESS and the car-
riage of HLA-A*31:01 (Level 1A), HLA-B*15:11 (Level 1A), 
and HLA-B*40:01 (Level 2A) was also confirmed [10, 11]. 

Currently, two primary sources provide pharmaco-
genetic recommendations to guide the prescription 
of aromatic anticonvulsants. These are the guidelines 
from the Clinical Pharmacogenetics Implementation 
Consortium (CPIC) [9, 11] and those from the Dutch 
Pharmacogenetics Working Group (DPWG) [10]. 
According to CPIC, carbamazepine, oxcarbazepine, or 
phenytoin should be avoided in carbamazepine-naive 
patients who are carriers of the HLA-B*15:02 allele. 
However, in cases where a patient has been using the 
target drug for three months or longer without devel-
oping cutaneous adverse reactions, the therapy may 
be continued regardless of HLA-B genotype. Indeed, 
SCARs typically manifest within the first 4–28  days of 
treatment [9, 11]. A similar decision-making algorithm is 
recommended for the prescription of carbamazepine in 
carriers of the HLA-A*31:01 allele: avoid prescribing to 
carriers, except in situations where carbamazepine has 
been used continuously for three months or more with-
out adverse effects [11]. 

The DPWG guidelines encompass a broader range 
of clinical scenarios. According to these recommenda-
tions, the use of lamotrigine is contraindicated in car-
riers of the HLA-B*15:02 allele. Furthermore, the ad-
ministration of carbamazepine is not recommended for 
carriers of the HLA-B*15:02 and HLA-A*31:01 alleles 

(also indicated by CPIC), as well as for carriers of the 
HLA-B*15:11 allele [10]. 

Phenytoin and its less commonly used prodrug  — 
fosphenytoin  — possess a narrow therapeutic index. 
Their tolerability profile, in addition to the hypersensitivity 
reactions discussed above, includes a wide spectrum of 
adverse effects, such as central nervous system toxic-
ity, nausea, vomiting, gingival hyperplasia, osteomalacia, 
hematological suppression, and cognitive impairment [9]. 
The risk of developing these effects is largely determined 
by the rate of drug biotransformation, which is primarily 
mediated by the cytochrome P450 isoenzyme CYP2C9.

Numerous allelic variants of the CYP2C9 gene exist, 
each conferring a predictable activity level of the encod-
ed enzyme. The Activity Score (AS) system is used to 
describe the functional impact of a single allele (haplo-
type), classifying haplotypes as having normal (AS = 1), 
decreased (AS  =  0.5), or zero (AS  =  0) activity. Allele 
annotations are provided in the PharmGKB database 
[12]. The most common variants are CYP2C9*1 (AS = 1), 
CYP2C9*2 (AS = 0.5), and CYP2C9*3 (AS = 0).

The clinically significant metabolic phenotype is de-
termined based on the patient’s diploid genotype, i.e., 
the sum of the AS values from both inherited alleles. 
According to international guidelines, this total score 
allows for classification into the following phenotypic 
groups: normal metabolizer (AS = 2), intermediate me-
tabolizer (1 ≤ AS < 2), and poor metabolizer (AS < 1). 
CPIC guidelines specify maintenance dose adjustments 
based on the metabolic phenotype: a 25% reduction of 
the standard maintenance dose is recommended for 
intermediate metabolizers with AS = 1, and a 50% re-
duction for poor metabolizers, while the loading dose 
regimen remains unchanged [9]. 

Therefore, when prescribing aromatic antiepileptic 
drugs, the pharmacogenetic profiles of patients should 
be taken into account. This enables risk management 
for serious hypersensitivity-mediated adverse reactions, 
prediction of individual drug metabolism rates, and de-
velopment of personalized dosing regimens to improve 
treatment tolerability and its outcomes. 

In this study, we aim to assess the population preva-
lence of major pharmacogenetic variants associated 
with response to aromatic antiepileptic drugs and to 
carry out their geographic stratification to identify high-
risk populations where preemptive genotyping is clini-
cally justified prior to initiating this drug class.

MATERIALS AND METHODS

Study object

The study was conducted using a population-based 
sample from the Population Frequency Database (GDB) 
of the Centre for Strategic Planning and Management of 
Biomedical Health Risks of the FMBA.5 The sample size 

5	 Population Genetic Variants Frequency Database of the Russian Federation Population. FMBA of Russia. App version 1.1.3 (17.03.2025). Database version 59.1 
(03.10.2024) (In Russ.).
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comprised 120,979  individuals (58,339 (48.2%) males, 
mean age 50.1 ± 14.1 years (M ± SD)) from 82 federal 
subjects of the Russian Federation. For the analysis of 
regional allele frequency distribution, participants from 
the city of Moscow and Moscow Oblast, the city of 
Saint Petersburg and Leningrad Oblast, and the city of 
Sevastopol and the Republic of Crimea were pooled. 
The recruitment criteria for the GDB participants can be 
found in a previously published work [13]. For compara-
tive analysis, regions with a sample size of 250 individu-
als or more were selected.

DNA extraction and sequencing

Genomic DNA was extracted from whole blood samples 
using MagAttract HMW DNA Kits (Qiagen, Germany) for 
high-molecular-weight DNA isolation with magnetic parti-
cles on automated liquid handling workstations. Whole-
genome sequencing libraries were prepared using an 
Illumina  DNA  Prep reagent kit according to the manu-
facturer’s protocol (Document No. 1000000025416 v10, 
Illumina, USA) with IDT-ILMN Nextera DNA UD Indexes 
Set  A and Set  B, followed by quality control. Whole-
genome sequencing was performed on the Illumina 
NovaSeq 6000 platform using an S4 Reagent Kit (300 cy-
cles) (Illumina, USA) for paired-end reads of 2 × 150 bp.

During the demultiplexing stage, sequencing data 
in BCL format were converted to FASTQ format using 
Illumina bcl2fastq2  v2.20.0.422.6 Quality control of the 
sequencing run was performed with Illumina Sequencing 
Analysis Viewer  v2.4.7,7 while read quality (FASTQ.GZ 
format) was assessed using the FastQC v0.11.9 bioin-
formatic tool.8

Reads were aligned to the GRCh38.d1.vd19 ref-
erence genome using the Illumina DRAGEN Bio-
IT Platform  v07.021.510.3.5.7.10 Quality control of 
the alignments (BAM format) was performed using 
DRAGEN, FastQC  v0.11.9,11 samtools  v1.13 [14], and 
mosdepth v0.3.1 [15]. All samples passed quality con-
trol based on key metrics, including the percentage of 
duplicated reads, the number of unaligned reads, etc. 
The final mean genome coverage per sample was 
at least 30x.

Detection of small genetic variants (up to 50  bp) 
was performed using Illumina Strelka2 v2.9.10 [16]. The 
sample set was checked for duplicates using Picard 
CrosscheckFingerprints [17] with the built-in map file. 
The bioinformatic processing pipeline used was vali-
dated (F-score = 99.83%) against the HG001 reference 
genome provided by the Genome In A Bottle (GIAB) 
consortium (v.3.3.2) [18].

Pharmacogenetic variant screening and data 
statistical analysis

Selection of pharmacogenetic variants for analysis was 
based on their inclusion in existing clinical pharmaco-
genetic guidelines (CPIC or DPWG). The following allelic 
variants met this criterion: human leukocyte antigen al-
leles HLA-B*15:02, HLA-B*15:11, HLA-A*31:01, and vari-
ants of the cytochrome P450 isoenzyme gene CYP2C9. 
CYP2C9 haplotyping was performed using the publicly 
available Panno algorithm.12 Unphased HLA typing for six 
major loci was conducted using the xHLA [04.10.2017] 
(utilizing two IPD-IMGT/HLA database versions: 3.22.0 
[10.2015] and 3.45.1 [08.2021]) and HLAscan  v2.1.4 
[04.12.2019] (IPD-IMGT/HLA database version  3.21.0 
[07.2015]) bioinformatic tools.

For each allele, the carrier frequency and 95% confi-
dence interval (CI), calculated using the Wilson method, 
were determined. Based on the CYP2C9 allele anno-
tations provided in PharmGKB [13], a CYP2C9 Activity 
Score (AS) was calculated for each sample. The corre-
sponding metabolic phenotype for enzyme substrates 
was subsequently assigned based on the AS according 
to established algorithms. The proportion of individuals 
in the population requiring personalized phenytoin/fos-
phenytoin dosing per CPIC guidelines [9] was calculat-
ed, along with the combined proportion of intermediate 
and poor metabolizers, subsequently designated as the 
“impaired metabolism” group. 

Statistical analysis was performed using the Python 
programming language, version 3.9. A z-test for propor-
tions was used to compare the carrier frequencies of 
HLA alleles and the proportions of CYP2C9 substrate 
impaired metabolizers between regions and the over-
all population values. The Benjamini–Hochberg proce-
dure, controlling the False Discovery Rate (FDR) at 5%, 
was applied to correct for multiple testing. Associations 
were considered statistically significant either at a p-val-
ue < 0.05 or by the interval method when the confidence 
interval did not cross a predefined critical threshold.

RESULTS

Severe risk of hypersensitivity reaction in the 
population treated with aromatic antiepileptic drugs

The absolute counts and percentage frequencies of the 
risk alleles HLA-B*15:02, HLA-B*15:11, and HLA-A*31:01 
were 22 (0.01%), 134 (0.06%), and 6122 (2.53%), re-
spectively. The estimated carrier frequencies for these 
alleles were 0.02% (HLA-B*15:02), 0.11% (HLA-B*15:11), 

6	 bcl2fastq and bcl2fastq2 Conversion Software Downloads. URL: https://emea.support.illumina.com/sequencing/sequencing_software/bcl2fastq-conversion-
software/downloads.html

7	 Sequencing Analysis Viewer Support. URL: https://support.illumina.com/sequencing/sequencing_software/sequencing_analysis_viewer_sav.html
8	 Babraham Bioinformatics —  FastQC A Quality Control tool for High Throughput Sequence Data. URL: https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
9	 GDC Reference Files | NCI Genomic Data Commons. URL: https://gdc.cancer.gov/about-data/gdc-data-processing/gdc-reference-files
10	 DRAGEN secondary analysis | Software for NGS data analysis. URL: https://www.illumina.com/products/by-type/informatics-products/dragen-secondary-

analysis.html
11	 Babraham Bioinformatics — FastQC A Quality Control tool for High Throughput Sequence Data. URL: https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
12	 PAnno: A Pharmacogenomics Annotation Tool for Clinical Genomic Testing. URL: https://github.com/PreMedKB/PAnno.git
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and 5.06% (HLA-A*31:01). The presence of at least one 
risk allele was observed in 5.18% of the population. This 
was primarily driven by the HLA-A*31:01 allele, since the 
other alleles are extremely rare in the general population. 
Analysis of the regional distribution of risk allele carriers 
revealed regions with both statistically significantly lower 
and higher carrier frequencies compared to the overall 
population. Table 1 presents data for regions where the 
frequency of risk alleles for SCAR/DRESS was signifi-
cantly higher than the population average.

The HLA-B*15:02 allele exhibits an extremely low 
prevalence in the general population and was not detect-
ed in 53 out of 68 regions. The highest frequency nation-
wide was observed in Kalmykia (0.52%, p-adj = 0.21).

For the HLA-B*15:11 and HLA-A*31:01 alleles, distinct 
high-risk regions can be identified, which partially over-
lap (Table 1). The HLA-B*15:11 variant was not detected 
in 33  regions. A regional risk assessment for carrying 
at least one of these risk alleles is illustrated in Figure 1. 
Based on interval estimation, the republics of Sakha 
(Yakutia), Tyva, Buryatia, Kalmykia, and Perm Krai dem-
onstrate a statistically significant elevated risk of carriage 
for the HLA-B*15:02, HLA-B*15:11, or HLA-A*31:01 al-
leles.

Phenytoin metabolism in the population

CYP2C9 genotype data were available for 119,422 par-
ticipants (48.4% males). Figure 2 presents the frequency 
distributions of the most common alleles, enzyme activ-
ity scores, and metabolic phenotypes in the population. 
The *1 (reference), *2, and *3 allelic variants account for 
99% of all detected alleles (Fig. 2A).

Approximately one-third (33.6%) of the population 
exhibits impaired (intermediate or poor) metabolism of 

CYP2C9 substrates, although the poor metabolizer phe-
notype is relatively rare (2% of cases). Table 2 presents 
data for regions with statistically significant higher or 
lower prevalence of impaired metabolizers of CYP2C9 
substrates.

Several republics in the North Caucasus (Kabardino-
Balkaria, Ingushetia, and Dagestan), along with the 
republics of Tatarstan, Mari El, and Chuvashia, can 
be characterized as high-risk regions for poor toler-
ability during treatment with phenytoin/fosphenytoin, 
as well as other CYP2C9 substrate medications not 
examined in the present study. Conversely, in Sakha 
(Yakutia), Tyva, Kalmykia, Buryatia, and the Kemerovo 
region, reduced CYP2C9 enzyme activity is relatively 
uncommon.

To elucidate the underlying causes of the differences 
between high-risk regions and the general population, 
we analyzed the structure of CYP2C9 allelic variants. 
The observed disparities could be attributed either to an 
increased frequency of the *2 and *3 alleles or to the 
presence of region-specific rare alleles. Variants with a 
prevalence exceeding 1% in any given region are pre-
sented in Table 3 alongside the corresponding popula-
tion-wide frequencies.

Thus, the increased frequency of genotypes associ-
ated with impaired metabolism of CYP2C9 substrates in 
Kabardino-Balkaria, Ingushetia, and Dagestan is driven 
by a higher prevalence of the CYP2C9*3 variant, which 
corresponds to severely reduced enzyme activity. A 
different pattern is observed in Tatarstan, Mari El, and 
Chuvashia. Here, while the frequencies of the *2 and 
*3 alleles are comparable to the general population, the 
primary contributing factor is the relatively high preva-
lence of the *29 allele, which also confers reduced en-
zyme activity.

Table 1. High-prevalence regions for risk alleles causing drug-induced epidermolysis and DRESS syndrome

Allelic variant
Carrier status  

in the population, %
Regions with higher 

prevalence
Carrier status  

in the region, %
p-adj

HLA-B*15:02 0.02 no region N/A N/A

HLA-B*15:11 0.11 Buryatia 1.3% 7.7×10-5

Tyva 3.46% 2.4×10-3

Sakha (Yakutia) 0.68% 3.2×10-3

HLA-A*31:01 5.06 Perm Krai 8.48% 0.042

Kalmykia 8.79% 0.044

Buryatia 10.3% 3.4×10-10

Tyva 20.44% 3.4×10-10

Sakha (Yakutia) 28.74% 5.4×10-122

Table compiled by the authors based on original data

Note: p-adj — FDR-corrected p-value (Benjamini–Hochberg false discovery rate); N/A — not applicable. 
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Figure prepared by the authors based on original data

Fig. 1. Allele frequency of risk variants  (HLA-B*15:02, HLA-B*15:11, or HLA-A*31:01 combined) in regions of 
the Russian Federation: the double dashed line represents the 95% confidence interval (CI) for the population-wide 
prevalence
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DISCUSSION 

Our results have enabled the identification of both pop-
ulation-wide trends and risks associated with the use of 
AEDs, as well as the stratification of the population to 
delineate biogeographic groups requiring particular cau-
tion when prescribing aromatic anticonvulsants.

Overall, the population of the Russian Federation can 
be characterized as having a low risk of developing se-
vere toxic-allergic reactions, such as Stevens–Johnson 
syndrome, toxic epidermal necrolysis, and DRESS syn-
drome, when using aromatic AEDs. However, a mod-
erate risk of an intermediate phenytoin metabolism 
phenotype has been established, necessitating a corre-
sponding 25% reduction in the drug maintenance dose 
[9]. Failure to account for this factor may not only worsen 
treatment tolerability and increase temporal and financial 
costs associated with switching AEDs, but also lead to 
the development of drug resistance [19].

The populations in such regions as Sakha (Yakutia), 
Tyva, Buryatia, Kalmykia, and to a lesser extent Perm 
Krai, can be identified as high-risk populations for carry-
ing allelic variants associated with severe hypersensitiv-
ity reactions to carbamazepine and oxcarbazepine. This 
is due to the relatively high prevalence of HLA-B*15:11 
and HLA-A*31:01 variants. However, this conclusion 
cannot be extended to lamotrigine and phenytoin, since 
the only reliably established association for hypersensi-
tivity reactions to these drugs currently exists with the 
HLA-B*15:02 allele. This allele has a frequency of less 
than 1% across all biogeographic groups in Russia.

According to the literature, HLA-B*15:02 and HLA-A*31:01 
alleles are globally rare, yet their carrier frequency exhib-
its ancestry dependence. An elevated frequency of the 
HLA-B*15:02 variant has been described in indigenous pop-
ulations of East Asia (6.9%), Australia and Oceania (5.4%), 
and South/Central Asia (4.6%). Similarly, the HLA-A*31:01 
variant is more prevalent in individuals of European ancestry 
(3%), Hispanic populations in South America (6%), and some 
East Asian populations (up to 8%) [11].

Notably, the high-risk regions for SCAR/DRESS 
identified in our study are heterogeneous in terms of the 
specific alleles driving this risk. For the prevention of se-
vere hypersensitivity reactions to carbamazepine/oxcar-
bazepine, preemptive testing for HLA-A*31:01 carriage 
appears sufficient in the republics of Sakha (Yakutia), 
Kalmykia, and Perm Krai. In contrast, in the republics 
of Tyva and Buryatia, testing for both HLA-B*15:11 and 
HLA-A*31:01 is warranted, with subsequent clinical deci-
sions guided by current CPIC guidelines [11]. However, 
precise determination of the optimal diagnostic panel re-
quires further health-economic analysis.

The structure of CYP2C9 allelic variants in the Russian 
population highlights its distinct characteristics. On the 
one hand, the leading allelic variants, aside from the 
wild-type (*1), are *2 and *3, which aligns with the global 
pattern and are included in the recommended diagnos-
tic genotyping panel for this enzyme [21]. On the other 
hand, the frequency of CYP2C9*2 (0.096) is somewhat 
higher than in the European population (0.076), most 
closely resembling the corresponding value in Middle 
Eastern populations (0.083) [12, 21].

Figure prepared by the authors based on original data 

Fig. 2. Population-Wide Characterization of CYP2C9 Genetics: A — prevalence of the most frequent alleles; B — 
distribution of the genotype-predicted activity score; C — distribution of metabolic phenotypes
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Concurrently, nearly  2% of the Russian population 
are carriers of the CYP2C9*29 allele, which is exception-
ally rare across all biogeographic groups [21]. This allele 
encodes an enzyme with reduced activity (AS = 0.5) yet 
is not included in the extended diagnostic panel recom-
mended by international guidelines [20]. 

The analysis of the prevalence of genetically deter-
mined impaired phenytoin metabolism has demonstrat-
ed that the overall Russian population is characterized 
by a high prevalence (33.6%) of this phenotype. This ne-
cessitates consideration not only when prescribing phe-
nytoin/fosphenytoin but also for warfarin [22], a num-
ber of non-steroidal anti-inflammatory drugs [24], and 
other medications whose biotransformation involves the 
CYP2C9 isoenzyme.

The issue of reduced CYP2C9 enzyme activity is 
particularly relevant in the Republics of Tatarstan, Mari 
El, Chuvashia, Kabardino-Balkaria, Ingushetia, and 
Dagestan, where the frequency of genotypes confer-
ring reduced CYP2C9 activity exceeds the population 
average, reaching 37–46%. However, the underlying ge-
netic source differs fundamentally between the group of 
North Caucasian republics and Tatarstan, Mari El, and 
Chuvashia.

In the former case, the distribution of common al-
lelic variants is shifted toward a predominance of the 

CYP2C9*3 allele, which corresponds to severely re-
duced enzyme activity. Therefore, for residents of 
Kabardino-Balkaria, Ingushetia, and Dagestan, detec-
tion of CYP2C9*2 and CYP2C9*3 alleles can be recom-
mended for personalizing therapy with phenytoin/fos-
phenytoin and other drugs metabolized by CYP2C9.

In Chuvashia, Tatarstan, and Mari El, the deviation 
from the population average can be described as quali-
tative, since the risk of impaired metabolism is driven by 
a different allele — CYP2C9*29 — which is not widely 
prevalent in the general population. For this reason, in-
clusion of this variant in a region-specific diagnostic pan-
el for these areas appears promising. However, similar 
to HLA typing, the cost-effectiveness of implementing 
such diagnostic technologies can only be clarified fol-
lowing a formal health-economic analysis.

CONCLUSIONS

Our study demonstrates significant variability in the 
prevalence of genetic markers associated with im-
paired metabolism and the risk of adverse reactions to 
aromatic anticonvulsants among the population of the 
Russian Federation. While carriage of alleles increasing 
the risk of SCAR/DRESS is rare in the general popula-
tion, the high prevalence of some of them (HLA-B*15:11 

Table 2. Comparative analysis of the prevalence of different CYP2C9 substrate metabolism phenotypes in 
regions with deviating frequencies of slow metabolizers (intermediate + poor) from the general population

Direction of 
differences 

between 
regional and 
population 
estimates

Region

Prevalence, %

p-adj
Prevalence 
of impaired 
metabolism 

(intermediate + 
poor)

Prevalence of 
intermediate 
metabolism 

phenotype (AS 
1–1.5)

Prevalence of 
poor metabolizer 
phenotype (AS 

0–0.5)

The proportion 
of impaired 
metabolizers 
is lower than 
the population 
value

Sakha (Yakutia) 17.6 17.01 0.59 2.7×10-78

Tyva 17.98 17.35 0.63 5.9×10-12

Kalmykia 21.3 19.22 2.08 3.6×10-8

Buryatia 21.98 21.2 0.78 1.7×10-26

Kemerovo region 30.11 28.57 1.54 0.031

The proportion 
of impaired 
metabolizers 
is higher than 
the population 
average 

Tatarstan 37.06 34.56 2.5 0.028

Mari-El 37.99 34.6 3.39 0.031

Chuvashia 41.2 38.06 3.14 5.3×10-10

Kabardino-Balkaria 43.83 39.32 4.51 1.9×10-16

Ingushetia 44.69 38.53 6.16 1.7×10-13

Dagestan 46.4 39.64 6.76 5.6×10-36

Table compiled by the authors based on original data

Note: p-adj — FDR-adjusted p-value (Benjamini-Hochberg false discovery rate) for comparison of the total proportion of impaired metabolizers 
(intermediate + poor) with the population value.
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and HLA-A*31:01) among residents of Sakha (Yakutia), 
Tyva, Buryatia, Kalmykia, and Perm Krai warrants rec-
ommending genetic testing for these variants prior to 
prescribing carbamazepine and oxcarbazepine in these 
regions.

The use of lamotrigine appears equally safe across all 
biogeographic groups of the Russian population due to 
the low prevalence of the HLA-B*15:02 allele.

Regarding phenytoin, approximately one-third of the 
population has a genetically determined impaired me-
tabolism of the drug, requiring dose adjustment, particu-
larly in the republics of the North Caucasus, as well as in 
Tatarstan, Mari El, and Chuvashia. Consequently, before 
initiating phenytoin therapy, CYP2C9 genotyping is espe-
cially important for the population of these regions but can 
generally be recommended for all residents of Russia.
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