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PHARMACOGENETIC MARKERS IN PEDIATRIC
ACUTE LYMPHOBLASTIC LEUKEMIA THERAPY

Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy. Despite major advances in therapy, the
treatment of ALL remains a significant challenge. Therapeutic protocols are based on the use of combinations of chemo-
therapeutic drugs. While such combinations increase treatment efficacy, they also complicate the assessment of toxicity.
It should be noted that the variability in the occurrence of toxic responses to ALL therapy in children may be determined
by the presence of gene variants that influence both the pharmacokinetics and pharmacodynamics of chemotherapeutic
drugs. This review summarized and analyzed the most significant and well-studied pharmacogenetic markers to date
associated with the toxicity and response to chemotherapeutic agents used in the treatment of pediatric ALL. In par-
ticular, pharmacogenetic markers for the following drugs were analyzed: anthracyclines (doxorubicin, daunorubicin),
vincristine, glucocorticoids (prednisone, dexamethasone), L-asparaginase, methotrexate, alkylating agents (cyclophos-
phamide, ifosfamide), 6-mercaptopurine, cytarabine, and etoposide. At present, only a few genes, TPMT and NUDT15,
have well-established clinical utility, whereas the clinical relevance of pharmacogenetic markers for other drugs used
in pediatric ALL therapy remains under investigation. The review also highlights the main knowledge gaps in current
research and outlines promising directions for future studies aimed at integrating pharmacogenetic testing into clinical
practice for personalized treatment of ALL.

Keywords: acute lymphoblastic leukemia, pharmacogenetics, chemotherapy, toxicity, pediatric oncology.

Acute lymphoblastic leukemia (ALL) is a hemato- | organs [1, 2]. Primarily, the pathological process is
logical malignancy characterized by the uncon- | localized in the bone marrow, with subsequent dis-
trolled proliferation of abnormal, immature lym- | semination to the spleen, lymph nodes, liver, and
phoid cells, leading to the replacement of normal | other organs and tissues. ALL is most commonly
elements of the bone marrow and other lymphoid | diagnosed in children, although the disease can
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also occur in adults. It is estimated that ALL ac-
counts for 75—80% of all leukemia cases in chil-
dren [3]. In 2021, 58,785 new cases of ALL were
registered worldwide, with an incidence rate of
2.92 cases per 100,000 population [2]. The inci-
dence and mortality rates of ALL are slightly high-
er among boys and vary considerably depending
on the region [2, 3]. In Ukraine, according to the
National Cancer Registry, 268 new cases were re-
ported in 2021, with an incidence rate of 4.1 cases
per 100,000 among the child population [4]. On
average, experts report that approximately 280 cas-
es of ALL are diagnosed annually in Ukraine
among children aged 0—18 years [5].

It should be emphasized that, owing to decades
of research and clinical trials, treatment strategies
for ALL have been optimized, allowing for long-
term relapse-free survival of patients. According
to recent data from the Children’s Oncology
Group, the overall 10-year survival rate of pedi-
atric patients with high-risk ALL is approxima-
tely 85% [6].

ALL therapy includes three main phases: induc-
tion, post-induction therapy (consolidation/inten-
sification), and maintenance therapy [7]. The most
common treatment regimens are based on the use
of combinations of chemotherapeutic drugs, taking
into account individual risk factors. The Figure
presents a list of drugs used in the treatment of ALL
in children, including those used in Ukraine [7]. It
should be noted that this is an approximate list of
the main drugs, which does not include supportive
therapy agents or provide details of treatment
blocks or regimens.

As previously noted, monotherapy is not per-
formed at any stage of treatment, which, on the one
hand, complicates the accurate assessment of the
occurrence of toxic effects associated with a spe-
cific drug, and, on the other hand, toxicity of one
component of the therapeutic regimen for ALL can

reduce its overall efficacy or even force the discon-
tinuation of the entire regimen [8, 9]. The selection
or substitution of drugs in such cases often occurs
through a trial-and-error approach.

Variability in the occurrence of toxic respons-
es to ALL therapy in children may be determined
by the presence of gene variants that affect both
the pharmacokinetics and pharmacodynamics of
antileukemic drugs. Therefore, identification of
pharmacogenetic markers of individual metabo-
lism for each drug in the treatment regimen en-
ables a personalized selection of the optimal
therapy scheme for a child with ALL. Conse-
quently, the search for pharmacogenetic predic-
tors of toxic complications is of great relevance.
This review aimed to summarize and analyze the
most significant pharmacogenetic markers asso-
ciated with the toxicity of drugs used in the che-
motherapy of children with ALL.

Within the framework of this review, a system-
atic search and analysis of scientific sources were
conducted to identify pharmacogenetic markers as-
sociated with both the toxicity and efficacy of the
main chemotherapeutic agents used in the treat-
ment of ALL in pediatric patients.

Anthracyclines
(doxorubicin, daunorubicin)

Anthracyclines (doxorubicin, daunorubicin) are a
group of cytotoxic antibiotics that induce DNA
damage in leukemic cells and are widely used in the
treatment of pediatric ALL. During therapy with
doxorubicin and daunorubicin, the main adverse
effects include cardiotoxicity and excessive myelo-
suppression.

Currently, the Canadian Pharmacogenomics Net-
work for Drug Safety (CPNDS) recommends geno-
typing pediatric ALL patients for the following gene
variants: RARG rs2229774 and UGT1A6 rs17863783

List of drugs used in the treatment of pediatric ALL
ISSN 1812-9269. Experimental Oncology 47 (4). 2025

409



L. Fishchuk, Z. Rossokha, N. Levkovych, O. Sheiko, et al.

[10], which are considered to have the most consis-
tent and convincing evidence of association with an-
thracycline-induced cardiotoxicity.

The role of other potentially significant pharma-
cogenetic markers is currently being investigated.
In a retrospective multiethnic study involving 3,557
patients with ALL who received combination che-
motherapy including anthracyclines, among 576
analyzed genetic variants, UGTIAI rs887829 and
PNPLA3 rs738409 were found to be associated with
an increased risk of hepatotoxicity [11]. In the same
study, the rs12283870 variant located between the
IGHMBP2 and CPTIA genes on chromosome 11
was associated with an increased risk of hyperbili-
rubinemia in ALL patients under 10 years of age.

A research group from Hungary analyzed 70 vari-
ants in 26 genes and found that variants in CYP3AS5,
ABCC2,NQO1, and SLC22A6 may increase individ-
ual susceptibility of cardiotoxicity following anthra-
cycline chemotherapy in pediatric ALL patients [12].

In the study by Krajinovic et al. [13], conducted
on 251 pediatric ALL patients, an association anal-
ysis of 33 common variants in 12 genes revealed
that ABCC5 rs7627754 and NOS3 rs1799983 vari-
ants may contribute to the risk stratification for an-
thracycline-induced cardiotoxicity.

Vincristine

Vincristine is a plant-derived alkaloid that inhibits
microtubule formation, thereby blocking cell divi-
sion in ALL. Among the most serious potential ad-
verse effects of vincristine in pediatric oncology
patients are neurotoxicity and excessive myelosup-
pression. Consequently, active searches are under-
way for biomarkers, including genetic ones that
could predict the risk of such side effects.

A genome-wide association study of 1,100 chil-
dren with ALL showed that the presence of MC-
M3AP rs1815857 is associated with a sixfold in-
crease in the risk of vincristine-induced neuropa-
thy [14]. Additionally, the rs924607 variant in the
promoter region of CEP72, which encodes a cen-
trosomal protein essential for microtubule forma-
tion and organization, has been shown to signifi-
cantly increase the risk of vincristine-associated
neurotoxicity in children with ALL in several inde-
pendent studies [15—17].

It should be noted that vincristine, like most
drugs, is a substrate for the P-glycoprotein trans-
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porter and undergoes metabolism by CYP3A4 and
CYP3A5 isoforms, with CYP3A5 contributing to
approximately 75% of the drug’s intrinsic clearan-

e [18]. Studies indicate that the presence of the
functional CYP3A5*3 (rs776746) variant, common
among Europeans, increases the risk of vincristine
neurotoxicity in pediatric ALL patients [19, 20].
The rs3740066 and rs12826 variants of the ABCC2
gene, which encode the multidrug resistance-asso-
ciated protein 2, are also associated with the devel-
opment of vincristine neurotoxicity [21].

Glucocorticoids
(prednisone, dexamethasone)

Glucocorticoids are immunomodulators with po-
tent anti-inflammatory and lymphocytotoxic ef-
fects, which are widely used in ALL treatment pro-
tocols. Due to the biological activity of glucocorti-
coids, their administration to children with ALL
may result in a wide spectrum of adverse effects.
Moreover, some patients exhibit resistance to glu-
cocorticoid therapy. It should be noted that there
are relatively few studies investigating the genetic
associations of glucocorticoid response in pediatric
ALL patients.

Among potential biomarkers, the most relevant
are the variants of the NR3CI gene, which encodes
the glucocorticoid receptor. Certain variants of this
gene may disrupt signaling pathways and lead to
generalized resistance to glucocorticoid therapy,
which, in turn, is associated with an increased risk
of disease relapse and may negatively affect overall
survival [22]. In a study involving 222 children
with ALL, whose treatment protocols included glu-
cocorticoids, patients with the GG genotype of
NR3C1 rs41423247 exhibited a poorer survival
[23]. Another research group, in a retrospective
study of 122 ALL patients, found that the NR3CI
rs6198 variant was significantly associated with the
insufficient reduction of blast cells by day 8 of the
treatment, representing an unfavorable marker of
therapy response [24]. According to the data pub-
lished by El-Fayoumi et al. [25], ALL patients car-
rying the NR3C1 rs56149945 variant had an in-
creased predisposition to developing hyperglyce-
mia during treatment.

Other biomarkers are also under active investi-
gation. In a study by Anderer et al. [26], it was
shown that in children with ALL, the presence of
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a GSTT1 gene deletion (null genotype) was asso-
ciated with a significantly lower risk of poor re-
sponse to prednisolone and disease relapse. In a
genome-wide association study involving 2,535
pediatric patients with newly diagnosed ALL, two
ABCBI gene variants, rs10264856 and rs4728709,
were significantly associated with a higher dexa-
methasone clearance [27]. Karol et al. [28] report-
ed that the rs10989692 variant near the glutamate
receptor GRIN3A locus increased the risk of an-
other important adverse effect, osteonecrosis, in
pediatric patients.

L-asparaginase

L-asparaginase is an effective drug whose primary
action is directed toward the selective elimination of
leukemic blasts through the depletion of asparagine,
an amino acid critically required for cell prolifera-
tion [29]. L-asparaginase currently represents a key
component of ALL therapy. However, the use of L-
asparaginase is associated with a high risk of serious
adverse effects, including immunogenicity, hepato-
toxicity, and pancreatotoxicity, which necessitates
regular clinical and laboratory monitoring and often
requires treatment discontinuation. This limits the
optimal clinical use of the drug, and therefore, re-
search is actively ongoing to identify genetic and
molecular markers capable of predicting toxicity and
development of the resistance to the drug.

The analysis of the current literature has shown
that the variants of HLA system genes represent the
most convincing marker of hypersensitivity to L-as-
paraginase. This was confirmed in multiple inde-
pendent studies; however, the results vary depending
on ethnic background [30—33]. For a cohort of pe-
diatric patients of European descent (predominant-
ly Franco-Canadian), the significant alleles associ-
ated with hypersensitivity were HLA-DRB1*07:01,
DQA1%02:01, and DQB1%*02:02 [30]. In Chinese pe-
diatric patients, HLA-B*46:01 and DRB1*09:01 al-
leles were identified as key alleles [32].

Regarding the risk of adverse effects, numerous
studies have identified the genetic associations with
L-asparaginase toxicity in children with ALL. Spe-
cifically, recent research has shown that GRIAI
rs4958351 is associated with the development of
adverse effects, most commonly anaphylactic shock
and pancreatitis; ATF5 rs283526 with the risk of
pancreatitis and impact on survival and APOE

ISSN 1812-9269. Experimental Oncology 47 (4). 2025

rs429358 with alterations in lipid profiles during
therapy [34—36].

Methotrexate

Methotrexate is a synthetic folic acid antagonist
that exhibits antitumor activity at high doses. It is
widely used in the therapy of various forms of can-
cer, including pediatric ALL. The main adverse ef-
fects of methotrexate include hepatotoxicity, neph-
rotoxicity, neurotoxicity, and excessive myelosup-
pression, which can significantly limit the efficacy
of therapy.

Numerous studies have demonstrated the role of
the variants in genes encoding key components of
the folate cycle, particularly MTHFR (rs1801131,
rs1801133) and SLCI9A1 (rs1051266, rs1131596,
rs2838958), in reducing methotrexate efficacy and
contributing to the adverse effects such as mucositis,
hepatotoxicity, and hematopoietic toxicity [37—46].

Other potential pharmacogenetic markers of
methotrexate therapy are represented by the
ABCBI gene variants. In the study by Guo et al.
[47], patients with the TT genotype of ABCBI
rs1045642 showed a higher incidence of adverse
effects, including leukopenia, neutropenia, and oral
mucositis, compared to patients carrying the CC
genotype. Additionally, a meta-analysis encom-
passing 13 studies with 1,506 pediatric ALL pa-
tients demonstrated that ABCBI rs1045642 was
significantly associated with methotrexate-induced
hepatotoxicity [48].

Alkylating agents
(cyclophosphamide, ifosfamide)

Alkylating agents disrupt DNA synthesis, leading
to cell death; however, due to their nonspecific ac-
tion on all rapidly proliferating cells, their use is
associated with a wide spectrum of adverse effects.

It should be emphasized that, to date, there are no
pharmacogenetic studies specifically in pediatric
ALL populations; available data come only from re-
lated pediatric oncology groups. Analysis of these
publications indicates that the greatest attention has
been given to the genetic variants associated with
variability in the detoxification enzyme activity. This
is reasonable, as ifosfamide and cyclophosphamide
are metabolized in the liver via cytochrome P450 en-
zymes. For instance, in the study by Mango et al. [49],

411



L. Fishchuk, Z. Rossokha, N. Levkovych, O. Sheiko, et al.

CYP2B6 variants were shown to influence the risk of
adverse effects during cyclophosphamide therapy in
children with neuroblastoma. Another research
group, led by ElShereef [50], found that CYP3A5 va-
riants (rs776746 and rs10264272) were significantly
correlated with both efficacy and toxicity of cyclo-
phosphamide in children with rhabdomyosarcoma.
In children treated with ifosfamide for solid embryo-
nal tumors, CYP2C9 (rs1799853) and CYP3A4
(rs2740574) variants were shown to affect drug phar-
macokinetics, with the presence of CYP3A4
152740574 being associated with an increased risk of
a lack of the therapeutic response [51].

In addition, the detoxification pathway of these
drugs involves their conjugation with glutathione,
catalyzed by different glutathione S-transferase iso-
forms (GSTs). In a cohort of 76 children treated for
various malignant diseases with ifosfamide, carri-
ers of the GSTPI rs2495636 variant demonstrated
an increased urinary excretion of the ifosfamide
metabolites 2DCIF and 3DCIF and reduced cre-
atinine clearance compared to homozygous wild-
type carriers, suggesting a higher susceptibility to
drug-induced toxicity [52].

6-Mercaptopurine

6-Mercaptopurine belongs to the class of purine
antagonist drugs, exhibiting pronounced cytotox-
ic effects, including myelosuppression. Its use is
associated with the risk of a wide spectrum of ad-
verse effects.

Genotyping before 6-mercaptopurine therapy is
currently the only pharmacogenetic test with well-
established clinical significance for ALL. It is rec-
ommended by leading expert organizations, in-
cluding the US Food and Drug Administration
(FDA), the Clinical Pharmacogenetics Implemen-
tation Consortium (CPIC), and the Pharmacoge-
netics Working Group (DPWG), and is included in
the corresponding clinical guidelines. Specifically,
in ALL patients who are poor metabolizers (carry-
ing two nonfunctional alleles) of the NUDT15 and
TPMT genes, the individualized dose adjustment
of 6-mercaptopurine is recommended, often in-
volving a significant reduction of the starting dose
(e.g., from 10 mg/m?/day) to minimize the risk of
severe toxic reactions [53].

It should be noted that there are population dif-
ferences in the prevalence of variants leading to the
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poor metabolizer phenotype. For example, the
nonfunctional allele NUDT15%3 (rs116855232) is
most frequent in Central/South and East Asian
populations, with frequencies of 6.7% and 6.1%, re-
spectively, whereas in Latin American and Euro-
pean populations, its prevalence is much lower —
less than 1% [53].

Cytarabine

Cytarabine is an antimetabolite that inhibits DNA
synthesis in ALL leukemic blasts, exerting cytotox-
ic effects. The most common adverse effects in-
clude excessive myelosuppression, gastrointestinal
disturbances, and neurotoxicity (particularly at
high doses).

The most promising and reproducible findings
concern the variants in the DCK gene, which en-
codes deoxycytidine kinase, a key enzyme for cyta-
rabine activation. In children with ALL, significant
associations have been demonstrated between DCK
variants and the risk of toxic complications:
rs377182313 with an increased risk of mucositis
and rs12648166 and rs4694362 with an increased
risk of the hematologic toxicity [54, 55].

Some of these findings have been partially imple-
mented in practice. For instance, DCK rs4694362,
associated with the reduced intracellular cytarabine
triphosphate levels, is included in the ACS10 re-
search polygenic pharmacogenetic scale developed
by Elsayed et al. [56]. This scale designed to predict
cytarabine response in children with ALL is based
on the identification of 10 variants in 9 genes, name-
ly DCK (rs4643786), CDA (rs10916819), CMPK1
(rs17103168, rs1044457), NME4 (rs5841), SLC29A1
(rs2396243), RRM2 (rs1138729), RRMI
(rs11030918), CTPS1 (rs12067645), and SLC28A3
(rs17343066). The ACS10 scale has not yet been im-
plemented in standard clinical practice but is cur-
rently under evaluation in ongoing clinical research.

Etoposide

Etoposide is a topoisomerase II inhibitor that
halts the division of leukemic cells in ALL, induc-
ing apoptosis. Common adverse effects include
excessive myelosuppression and gastrointestinal
disturbances.

To date, only a few studies have investigated
pharmacogenetic markers of etoposide use in
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children with ALL, mostly focusing on their im-
pact on drug exposure. In the study by Kishi et al.
[57], the variants in ABCB1, CYP3A5, GSTPI,
UGTIA1I, and VDR were shown to differentially
influence the etoposide clearance in pediatric ALL
patients depending on the ethnic group. For ex-
ample, on day 29 of therapy, the main predictors
of drug clearance in Afro-American patients were
CYP3A5 rs776746 and GSTP1 rs1695 variants. In
Caucasian patients, only ABCBI variants
(rs1045642 and rs2032582) were associated with
etoposide clearance. Across all races, the ABCBI
rs1045642 variant had a consistent effect on clear-
ance, with higher clearance observed in patients
with the CC genotype.

Thus, a number of pharmacogenetic markers
have been identified that may influence the efficacy
and toxicity of drugs used in pediatric ALL therapy.
A summary of these data is presented in Table.

Discussion

Pharmacogenetics is a scientific discipline that
studies how gene variants influence individual re-
sponses to drugs, particularly their efficacy and
toxicity. It facilitates optimization of dosing and
drug selection for individual patients and opens
new opportunities for drug development. This ap-
proach is an essential strategy in personalized (pre-
cision) medicine, particularly in pediatric oncolo-
gy, where it allows for dose optimization, reduction
of adverse effects, and improved therapeutic out-
comes. Therefore, performing such studies is high-
ly relevant both for developing safer and more ef-
fective treatment protocols and implementing
pharmacogenetic testing into clinical practice.

As indicated by the literature analysis, there are
currently two main methodological approaches to
pharmacogenetic research in children with ALL:
candidate gene studies and whole-genome se-
quencing. It is important to note that, given the
limited sample sizes and the specific nature of ther-
apy in pediatric ALL patients, the most reproduc-
ible results have been obtained through the study
of individual candidate genes associated with the
action of specific drugs. A prime example of this is
NUDT15 and TPMT genotyping in ALL patients
treated with 6-mercaptopurine. NUDT15 and
TPMT encode the enzymes nudix hydrolase 15 and
thiopurine S-methyltransferase, which play a key
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role in 6-mercaptopurine metabolism. A reduced
enzymatic activity due to genetic variants in these
genes leads to the accumulation of the toxic 6-mer-
captopurine metabolites, resulting in severe ad-
verse effects. This is reflected in current clinical
guidelines. Research on genetic variability in
NUDT15 and TPMT in ALL patients is ongoing.

It is noteworthy that significant gaps remain in
the field. One key issue is the disparate extent of
studies on different drugs. For example, the phar-
macogenetics of methotrexate and 6-mercaptopu-
rine in pediatric ALL is relatively well-studied,
whereas data for etoposide and glucocorticoids are
scarce, and no information is available for alkylat-
ing agents. There is also a lack of studies on differ-
ent formulations of drugs, particularly various
forms of L-asparaginase. Most pharmacogenetic
studies have focused on patients receiving E. coli-
derived L-asparaginase, highlighting the need to
expand research to other formulations. Addition-
ally, pharmacogenetic studies in pediatric ALL of-
ten focus on a single type of toxicity or endpoint,
while other clinically relevant aspects remain un-
examined. Given the uniqueness of the data, pro-
viding more comprehensive information on the im-
pact of investigated gene variants on clinical and
laboratory parameters is advisable.

Our review also highlighted another important
aspect of pharmacogenetic research: the presence
of ethnic and population differences in the distri-
bution of genetic variants and, consequently, their
impact on study outcomes. Therefore, results ob-
tained in one population may not always be repro-
ducible in another, especially if its genetic profile
differs significantly from global data. This under-
scores the need for local studies and the creation of
regional databases on pharmacogenetic research
results and clinical recommendations.

Looking ahead, promising directions include ex-
panding collaboration among research groups and
clinical centers. This will allow for the formation of
larger patient cohorts, increasing the statistical sig-
nificance of research findings. Furthermore, mul-
ticenter studies will ensure representativeness of
diverse ethnic and geographic groups, enabling as-
sessment of variability in pharmacogenetic effects
across populations.

It is also necessary to further expand the meth-
odology for conducting pharmacogenetic studies
in the context of risk of chemotherapy-induced
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toxicities by applying novel approaches, such as
promoter methylation analysis, microRNA profi-
ling, copy number variation analysis, and evalua-
tion of mitochondrial DNA content and mutations.
To date, only isolated studies have been conducted,
but they show promising results. It has been dem-
onstrated that promoter hypermethylation may
have a more pronounced effect on gene function
than genetic variants [58]. In a multi-omics analy-
sis of 25 genes potentially associated with dexa-
methasone response, Shen et al. [59] concluded
that dysregulation of these genes may occur due to
the presence of copy number variations. In children
with ALL, high expression levels of et-7c-5p, miR-
106b-5p, miR-26a-5p, miR-155-5p, miR-191-5p,
miR-30b-5p, and miR-31-5p were correlated with
a favorable response to prednisone [60]. In an ex
vivo study on primary samples from patients with
acute myeloid leukemia, resistance to cytarabine
was observed in patients with high mitochondrial
DNA content [61].
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OAPMAKOTEHETVMYHI MAPKEPM TTPU TEPATIIT
TOCTPOTO TIM®OBIACTHOTO JIEMKO3Y B IITEN

Toctpuit nimdobmactruii neiikos (IJ1I) € HalmomnpeHiM 37I05IKICHIM HOBOYTBOpPEHH:M Y fireil. HesBaxkaroun Ha
3HAYHUIL Tporpec y Teparril, mikysanus [J1J] sammuiaeTbest CepiiosHIM BUKIMKOM. TepaneBTHYHI IPOTOKO/N 6a3yI0Th-
Cs1 Ha BUKOPUCTaHHI KOMOiHAIIiiT XiMioTepameBTHYHNX IpenapaTiB. Xoda Taki KoMOiHaIil maBuInyoTh epeKTUBHICTD
JKYBaHHs, BOHM BOSHOYAC YCKIATHIOITD OLI{HKY TOKCMYHOCTI. BapiabenbHicTh BUHMKHEHHS TOKCMYHNUX PeaKIiit mif
vac teparii [JIJ] y miTeit Mo>ke 6yTy 3yMOBJ/IeHa HasIBHICTIO TeHETMYHIUX BapiaHTIB, AKi BIUIMBAIOTH AK Ha papMaKoKi-
HETUKY, TaK i Ha ¢papMaKoaMHaMIKy XiMioTepaneBTMYHNUX 3ac00iB. B orsapi y3arajpHeHo Ta mpoaHani3oBaHO Hall3Ha-
4yl JI HaliKpallje BUBYEHI Ha CbOrOJHI (hapMaKOreHeTMYHi MapKepH, acOLiiioBaHi 3 TOKCUYHICTIO Ta e(heKTUBHICTIO
XiMioTepaleBTUYHYIX IpelapaTiB, 0 3aCTOCOBYIOThCA 1A JIiKyBaHHA AuTadoro I'J1JI. PosrnanyTo dpapmakoreHeTny-
Hi MapKepu [Is TAKMX [IPeNaparis, K aHTPALUK/IHY (FOKCOPYO6ilNH, fayHOPYOILNH), BIHKPUCTIH, KOPTUKOCTEPOIAN
(mpenHi3oH, mekcamerasoH), L-acmaparinasa, MeToTpeKcat, ankiaywoui arentn (unknodocdamin, ihochamisn), 6-mep-
KaITOMypyH, 1urapabin Ta eronosnp. Hapasi muiie nexinbka renisB — TPMT i NUDT15 — mawoTh fobpe migTBep-
I>KeHe KIiHiYHe 3HaYeHHs], TOAI AK KTiHiYHa pelleBaHTHICTh apMaKOTeHETMYHUX MapKepiB [/IA iHIINX Ipenaparis,
IO 3aCTOCOBYIOTbCA B Tepamii gutayoro IJIJI, sanmiraerbca mpegMeToM IOfanbIIMX HOCTiIpKeHb. B ormazi Takox
OKpPEeC/IEHO OCHOBHI IIPOTajiHY B CyYaCHMX 3HAHHAX i BM3HAY€HO MEPCIeKTUBHI HANPsAMU MOJANbIINX JOCTIKEHD,
CIIPSIMOBAHUX Ha BIPOBaKeHH:A (papMaKOT€HETUYHOTO TeCTYBaHHA B KIiHIYHY IIpakTuKy. TaKUM YMHOM, BBEfIeHHA
(hapMaKOreHeTUYHOTO TeCTYBAHHA B IIPOTOKO/IN IefiiaTPUYHOI OHKOJIOTT € Bayk/IMBMM KPOKOM JIO IIePCOHa/Ii30BaHOTO
nixkysannsa I'JIJL.

KirouoBi cnoBa: roctpuit nimpo6acTHMI 71€i1K03, hapMaKOreHeTHKa, XIMIOTepaIisi, TOKCUYIHICTD, JUTSYa OHKOJIOTIS.
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