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SUMMARY
Introduction/Objective Vincristine (VCR) is one of the key drugs in current treatment protocols for pedi-
atric acute lymphoblastic leukemia (ALL). By destabilizing microtubules, VCR arrests cells in metaphase, 
inducing apoptosis of malignant cells. VCR also causes axonal degradation and impairment of axonal 
transport, which leads to VCR-induced peripheral neuropathy (VIPN). 
This study aimed to investigate the association of five variants in pharmacogenes involved in VCR me-
tabolism with VIPN in Serbian ALL children. We also wanted to discover candidate pharmacogenomic 
markers of VIPN in Serbian population.
Methods PCR and sequencing-based methodology was used to detect variants in CYP3А5, CEP72, ACTG1, 
MIR3117, and MIR4481 genes. Statistical analyses were performed for investigating their association with 
VIPN in 56 pediatric ALL patients. Population VCR pharmacogenomics analysis of 17 pharmacogenes from 
in-house next-generation sequencing data was also done. Data on allele frequency distribution for the 
European population were extracted from public databases. 
Results During the treatment, 17.86% of patients developed VIPN. Association analyses have shown 
that none of the genetic variants contributed to the occurrence of VIPN in our study. Population phar-
macogenomics study did not reveal valid candidate pharmacovariants for VIPN. Our results suggested 
that pre-emptive pharmacogenetic testing for VCR is not applicable presently. 
Conclusion More comprehensive approaches are needed to identify the panel of genes that could explain 
the VIPN development after VCR administration in ALL patients. Utilizing better designed genome-wide 
association studies and more robust artificial intelligence-based tools would provide a panel of pharma-
cogenes for pre-emptive tests of VIPN to individualize therapy for ALL in children.
Keywords: acute lymphoblastic leukemia; pharmacogenomics; vincristine; vincristine-induced peripheral 
neuropathy (VIPN) 

INTRODUCTION

Acute lymphoblastic leukemia (ALL) is the 
most common pediatric malignancy, compris-
ing about one-fourth of all cancers in children. 
The cure rate for childhood ALL reached 85%, 
but about 75% of all patients experience treat-
ment side effects, and 1–3% of all children 
with ALL die due to the treatment toxicity [1]. 
Application of the principles of pharmacoge-
nomics could lower the number and intensity 
of drug-induced side effects. 

One of the key drugs in treatment protocols 
for pediatric ALL is vincristine (VCR). VCR 
binds to tubulin, preventing the polymeriza-
tion of microtubules and inducing apoptosis 
in cancer cells. However, the affinity of VCR 
for tubulin makes the microtubules in nerve 
fibers a likely target of VCR action, leading to 
axonal degradation, impairing axonal transport, 
and causing the development of VCR-induced 
peripheral neuropathy (VIPN). VIPN is a major 

side effect of VCR administration, manifesting 
as muscle weakness, areflexia, neuropathic pain, 
sensory loss, or autonomic polyneuropathies 
[2]. VIPN often results in dose reduction, treat-
ment delays, and further withdrawal. The oc-
currence of VIPN in children is determined by 
multiple factors [3, 4], with most of the recent 
studies focusing on genetic influences [5].

The most comprehensive candidate gene 
and genome-wide association studies (GWAS) 
pointed to the possible involvement of follow-
ing pharmacogenes: CYP3A5, CEP72, ACTG1 
[6–10]. Also, several variants in genes encoding 
miRNAs were shown to be potential pharma-
cogenomic markers of VIPN [11]. CYP3A5 is 
the most important metabolizer of VCR. The 
rs776746 variant in the third intron introduces 
a premature stop codon which leads to low or no 
expression of this enzyme [6]. CEP72 gene en-
codes a centrosomal protein important for mi-
crotubule formation and stability of the centro-
some. Variant rs924607 in the promoter region 
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of this gene could be associated with a higher risk of devel-
opment and severity of VIPN [11], by possibly introducing 
a binding site for transcriptional repressor NKX-6.3, low-
ering expression on CEP72 mRNA [7]. Alterations in the 
interactions between the gamma isoform of actin (ACTG1) 
and microtubules are involved in signal transduction to 
the actin cytoskeleton. The variant ACTG1 rs1135989 was 
associated with higher risk and more frequent episodes of 
high-grade neurotoxicity, as well as a lower tolerated VCR 
dose [10]. A recent study identified variants in genes encod-
ing miRNAs related to VIPN [11]. The variant MIR3117 
rs12402181 reduces the risk of VIPN by decreasing the 
degradation and increasing the expression of ABCC1 and 
RALBP1 mRNAs, thus increasing the efflux of VCR from 
the axons. The variant MIR4481 rs7896283 increases the 
stability of the premature miR-4481, lowering expression 
of proteins in the axon guidance pathway that may affect 
peripheral nerve regeneration [11]. Several studies have 
indicated additional pharmacogenes potentially involved 
in the development of VIPN [8, 9, 12–15].

The aim of this study was to determine if the select-
ed genetic variants CYP3А5 rs776746, CEP72 rs924607, 
ACTG1 rs1135989, MIR3117 rs12402181, and MIR4481 
rs7896283 are associated with the development of VIPN in 
ALL children treated with VCR in Serbia. Additionally, we 
aimed to perform an analysis of clinical exome sequenc-
ing data for population pharmacogenomics study to dis-
cover candidate pharmacogenomic markers of VIPN in 
the Serbian population.

METHODS

Subjects

This study included 56 children diagnosed with ALL be-
tween 2010 and 2018 at the University Children’s Hospital, 
Belgrade, Serbia. It was approved by the University 
Children’s Hospital Ethics Committee and performed ac-
cording to the Declaration of Helsinki. Informed consent 
was obtained from the parents or legal guardians of each 
patient.

All patients were treated according to the ALL Intercon- 
tinental Berlin-Frankfurt-Munster (IC-BFM) 2009 pro-
tocol, divided into the usual phases: remission induction 
and early intensification, consolidation, reinduction and 
maintenance. The patients were stratified into three risk 
groups: standard risk (SR), intermediate risk (IR), and high 
risk (HR). Patients in the IR and HR groups were random-
ized during the early intensification phase in arm 1 (IR-1 
and HR-1) and arm 2 (IR-2 and HR-2). Stratification and 
randomization of the patients resulted in patients receiv-
ing different number of VCR doses (1.5 mg/m2 per dose) 
during the treatment (Table 1) [16].

The patients were assessed for VIPN using the National 
Cancer Institute Common Toxicity Criteria [17]. A pa-
tient was diagnosed with VIPN if exhibiting one or more 
symptoms of VCR‐related neurotoxicity at the end of the 
reinduction phase.

Data for the European population frequencies of the 
investigated variants were extracted from the Genome 
Aggregation Database, GnomAD.

Genetic variants detection

Detection of variants investigated in this study (ACTG1 
rs1135989, CEP72 rs924607, MIR3117 rs12402181, 
MIR4481 rs7896283, and CYP3A5 rs776746) was per-
formed using PCR and sequencing-based methodology as 
described elsewhere [18]. Primer sequences and annealing 
conditions used for amplification of each variant are avail-
able upon request. Allele frequency for CEP72 rs924607 in 
healthy controls of Serbian descent was determined using 
the same methodology.

Population pharmacogenomics study

We have searched the literature on the PubMed database 
before April 2021 using the terms “vincristine” AND 
“pharmacogenomics” OR “pharmacogenetics” AND 
“GWAS” OR “candidate gene” OR “vincristine-induced 
peripheral neuropathy.” Studies were identified from the 
titles and abstracts by the primary (BR) and the secondary 
reviewer (BZ).

In-house database of 154 TruSight One Illumina se-
quenced clinical exomes belonging to individuals of 
Serbian descend was used to search for variants in 17 genes 
found during literature search that could be related to VCR 
metabolism: CYP3A4, CYP3A5, ABCB1, PON1, ABCA4, 
ABCG1, CY51A1, SLCO1C1, ABCC1, SLC5A7, TTPA, 
ABCC2, SYNE2, COCH, TUBB1, TUBB2B, and TUBB3. 

The criteria for pharmacogenomics relevance of a vari-
ant were allele frequency higher than 5% and assigned an-
notation in PharmGKB database [19]. 

Assignment of a Level of Evidence by the PharmGKB 
annotation scoring system for clinical and variant annota-
tions enables easier identification of significant pharmaco-
variants. The clinical annotation score represents the sum 
of the scores of all attached variant, guideline, and drug 
label annotations. Variant annotations are scored depend-
ing on the following: phenotype category, p-value, cohort 
size, effect size, and weighting by study type or by associa-
tion and significance [19].

 
Statistical analysis

All variants were tested for the Hardy–Weinberg equilib-
rium (HWE) using an exact test.

The association of age of the patients and occurrence 
of VIPN was tested using logistic regression. The associa-
tions of immunophenotype, sex, and the number of doses 
administered were tested for association with VIPN using 
Fisher’s exact test.

The association between the genotyped variants and 
VIPN was tested using the multiplicative genetic model. 
Multivariate analysis was adjusted for the number of VCR 
doses or sex.

Ristivojević B. et al.
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Association analyses were performed using SPSS (ver-
sion 21, IBM, Armonk, NY, USA).

Probabilities lower than 5% were considered statisti-
cally significant.

RESULTS

Demographic and clinical characteristics of the 
subjects

This study encompassed 56 children with ALL, with slight 
predominance of male sex (n = 29; 51.8%). The median 
age at diagnosis was 5.3 years, ranging 0.7–17.9 years. Risk 
stratification revealed the following distribution: SR – 11 
(19.6%), IR – 28 (50%), and HR – 17 (30.4%). 

Ten patients (17.86%) developed VIPN during the ther-
apy, with high predominance of girls (70%). The median 
age at diagnosis of the patients that developed VIPN was 
3.7 years, ranging 1–17.1 years. Nine out of ten patients 
were stratified into the IR and HR groups (IR – 5, HR – 4). 

Occurrence of VIPN was higher in girls, though sta-
tistical significance has not been demonstrated (0.171, 
Fisher’s exact test, OR = 3.03). A trend of higher occur-
rence of VIPN in patients who received more VCR doses 
was observed, but without statistical significance. However, 
patients who received more than 10 doses of VCR were 
3.6 times more likely to develop VIPN than patients who 
received less than 10 doses (OR = 0.363; CI = 0.83–15.89; 
p = 0.092; Fisher’s exact test) (Table 1). 

Association of pharmacogenetic markers with VIPN

The HWE testing showed that genotype frequencies cor-
responding to all variants investigated in this study were 
in equilibrium. Frequencies of investigated variants in the 
Serbian pediatric ALL patients and the control group of 
European origin and results of HWE testing are presented 
in Figure 1.

We analyzed the association between the investigated 
variants and VIPN. For each variant, we evaluated the 
contribution associated with each additional minor allele 
to the probability of developing the neuropathy using a 
multiplicative genetic model [20]. In univariate analysis, 
no variant showed a statistically significant association 
with the VIPN. Applying logistic regression, the follow-
ing p-values associated with variants in ACTG1, CEP72, 
MIR3117, MIR4481, and CYP3A5 genes were obtained: 
0.917, 0.898, 0.788, 0.310, and 0.577, respectively. In uni-
variate or multivariate analysis (adjusted for the number 
of VCR doses or sex), no variant showed a statistically 
significant association with VIPN (Table 2).

Population pharmacogenomics study 

In-house database of clinical exome sequences of 154 
Serbian individuals was searched for variants in 17 genes 
with possible influence to VCR metabolism. Ten vari-

ants in six genes have been detected with allele 
frequency higher than 5%. Allele frequencies for 
most of them were similar to the ones detected in 
the European population (Table 3).

Only two variants were worthy to be further 
analyzed as potential pharmacogenetic markers of 
VIPN in the Serbian population. Although a variant 
CYP3A4 rs4986910 is assigned to have a 2A level of 
evidence, its allele frequency in the Serbian popu-
lation is very low (0.97%), similarly to European 
populations (0.73%). Therefore, it is not consid-
ered to be an appropriate candidate for pre-emptive 
pharmacogenomic testing.

Variant CEP72 rs924607, considered to be the 
best candidate pharmacogenomic marker for 
VCR, is present in the Serbian population with 
60% compared to 43.4% in European populations. 

Table 1. Characteristics of pediatric acute lymphoblastic leukemia 
patients 

Characteristics
Patients 
without 

VIPN

Patients 
with 
VIPN

Total p1

Age (years) 0.9132

Average 7 6.8 7
Median 5.5 3.7 5.3
Range 0.7–17.9 1.0–17.1 0.7–17.9
Sex (n/%) 0.1713

Male 26 (56.5%) 3 (30%) 29 (51,8%)
Female 20 (43.5%) 7 (70%) 27 (49,2%)
Immunophenotype [n (%)] 13

B-lineage 42 (91.3%) 10 (100%) 52 (49,2%)
T-lineage 4 (8.7%) 0 (0%) 4 (7,1%)
Risk group [n (%)] 0.3463

SR; 8 VCR doses 10 (21.7%) 1 (10%) 12 (21.4%)
IR-1; 8 VCR doses 18 (39.1%) 2 (20%) 19 (33.9%)
IR-2; 12 VCR doses 5 (10.9%) 3 (30%) 8 (14.3%)
HR-1; 12 VCR doses 10 (21.7%) 3 (30%) 13 (23.2%)
HR-2; 16 VCR doses 3 (6.5%) 1 (10%) 4 (7.2%)

VIPN – vincristine-induced peripheral neuropathy; VCR – vincristine; SR – 
standard risk; IR – intermediate risk; HR – high risk; 
1p-value refers to statistical testing the difference between groups of patients 
with and without VIPN; 
2 Logistic regression; 
3 Fisher’s exact test

Figure 1. Minor allele frequencies (MAFs) of analyzed genetic variants in the 
study group and European population; all investigated variants were in Hardy–
Weinberg equilibrium (HWE) (for rs1135989 HWE was 0.768, for rs924607 it was 
0.790, and for the other variants 1); the data for MAF in the European population 
was extracted from the GnomAD database

VIPN in Serbian ALL children
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Despite high allele frequency in the Serbian population, 
this marker is not an applicable pharmacogenetic marker 
in pediatric ALL since our study demonstrated that it has 
the same distribution in pediatric ALL patients with and 
without VIPN. 

DISCUSSION

Efforts towards treatment individualization of patients 
experiencing side effects of drugs are made constantly. 
Previous studies analyzed pharmacogenomics of some es-
sential drugs used for treatment of pediatric ALL patients 
in Serbia [18, 21, 22]. 

We analyzed the correlation of five variants in phar-
macogenes involved in VCR metabolism in pediatric ALL 

patients with VIPN. A total of 56 patients treated accord-
ing to the BFM protocol were included in the study. Ten 
patients (17.86%) developed VIPN during the treatment. 
Association analyses have shown that none of the genetic 
variants were significant for the occurrence of VIPN in 
our cohort. 

Our results have shown a trend of higher occurrence 
of VIPN in girls as in several studies [7], while others re-
ported no influence of patients’ sex on VIPN development 
[12, 23]. We have also observed a trend of higher occur-
rence of VIPN in patients who received more than 10 doses 
of VCR during therapy, as they were 3.6 times more likely 
to develop VIPN. Several studies reported significant as-
sociation between VCR dose and VIPN [7, 14], which is 
in contrast to some other studies [12, 24]. Assessment of 
cumulative dose effect of VCR to VIPN development has 
also shown conflicting results. There are reports of the 
absence of association between VIPN and cumulative VCR 
dose [24], as well as reports showing that cumulative dose 
of VCR is associated with VIPN [25].

Variant CEP72 rs924607 was identified in GWAS study 
as key pharmacogene relevant for VIPN in ALL children 
[7], and those findings were confirmed in meta-analysis 
of pharmacogenomic data from over 500 patients [8]. 
However, several studies did not confirm this association 
[9, 23, 26]. Our results do not support the association of 
CEP72 rs924607 with VIPN in pediatric ALL patients. The 
frequency of rs924607 T allele in our group of ALL patients 
with VIPN was almost the same as in ALL patients without 
VIPN (45% and 43.5%, respectively). The frequency of 
the same allele in our healthy population was rather high 
(60%), similar to frequency of this variant in the European 
population (43.4%). Therefore, we conclude that CEP72 
rs924607 pharmacomarker was not shown to be of phar-
macogenomic relevance for the Serbian population. 

Variants ACTG1 rs1135989 and CYP3A5 rs776746 have 
also been reported to contribute to VIPN susceptibility [6, 
10]. Furthermore, analysis of the SNPs in miRNAs which 
could regulate VCR-related genes in a large cohort of pe-
diatric ALL patients identified the MIR3117 rs12402181 
and MIR4481 rs7896283 as variants significantly associated 
with VIPN [11]. In our study, none of the aforementioned 

Table 2. Association of analyzed variants and vincristine-induced peripheral neuropathy (VIPN)

Gene dbSNP Genotype n (%) Patients without VIPN Patients with VIPN p p1 p2

ACTG1 rs1135989
C>T

CC
CT
TT

25 (44.6%)
24 (42.9%)
7 (12.5%)

21 (45.7%)
19 (41.3%)

6 (13%)

4 (40%)
5 (50%)
1 (10%)

0.917 0.837 0.886

CEP72 rs924607
C>T

CC
CT
TT

17 (30.4%)
29 (51.8%)
10 (17.9%)

14 (30.4%)
24 (52.2%)
8 (17.4%)

3 (30%)
5 (50%)
2 (20%)

0.898 0.909 0.791

MIR3117 rs12402181
G>A

GG
GA
AA

38 (67.9%)
17 (30.4%)

1 (1.8%)

31 (67.4%)
14 (30.4%)

1 (2.2%)

7 (70%)
3 (30%)
0 (0%)

0.788 0.963 0.605

MIR4481 rs7896283
T>C

TT
TC
CC

20 (35.7%)
27 (48.2%)
9 (16.1%)

15 (32.6%)
23 (50%)
8 (17.4%)

5 (50%)
4 (40%)
1 (10%)

0.310 0.188 0.500

CYP3A5 rs776746
A>G

AA
AG
GG

0 (0%)
13 (23.2%)
43 (76.8%)

0 (0%)
10 (21.8%)
36 (78.2%)

0 (0%)
3 (30%)
7 (70%)

0.577 0.702 0.360

1Adjusted for the number of vincristine doses; 
2adjusted for sex

Table 3. Allele frequencies of pharmacogenes related to vincristine-
induced peripheral neuropathy in Serbian population (MAF > 5%)

Gene dbSNP1 PharmGKB 
LoE2

MAF in 
Serbian 

population
(%)

MAF in 
European 

population 
(GnomAD) (%)

CEP72 rs924607 3 60 43.3

ABCC2 rs3740066 3 27.27 37.02

ABCC2 rs2273697 3 17.85 19.75

ABCC2 rs17222723 3 5.19 5.61

SLC5A7 rs1013940 VA 8.44 8.01

PON1 rs854560 4 37.01 36.7

PON1 rs662 3 22.4 28.06

COCH rs1045644 VA 54.87 63.49

TUBB1 rs6070697 VA 15.26 17.94

TUBB1 rs463312 VA 6.17 5.26

ABCC1 rs246221 VA 31.82 30.5

MAF – minor allele frequencies; VA –variant annotation; LoE – level of 
evidence; 
1reference single nucleotide polymorphism (SNP) ID number (rs number) 
of SNPs that map an identical location assigned by the National Center for 
Biotechnology Information; 
2PharmGKB level of evidence, score of pharmacogenomics clinical (level 1: the 
highest, level 4: the lowest evidence association) and variant relevance

DOI: https://doi.org/10.2298/SARH210813099R
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variants have shown statistically significant association 
with VIPN in pediatric ALL patients.

As additional variants have been indicated to contrib-
ute to the development of VIPN, we have performed the 
pilot population pharmacogenomics study in order to 
assess if the molecular genetics study of additional po-
tential pharmacogenes would be beneficial and informa-
tive. The population pharmacogenomics study encom-
passed 17 relevant, literature-reviewed pharmacogenes 
present in in-house NGS database sequences of Serbian 
individuals: CYP3A4, CYP3A5, ABCB1, PON1, ABCA4, 
ABCG1, CY51A1, SLCO1C1, ABCC1, SLC5A7, TTPA, 
ABCC2, SYNE2, COCH, TUBB1, TUBB2B, and TUBB3 
[8, 9, 12–15]. Also, for these pharmacogenes our popula-
tion pharmacogenomics study did not reveal valid can-
didate pharmacovariant for VIPN. A GWAS study iden-
tified PNPLA3 rs735409 as potential pharmacovariant 
relevant for VCR use [27]. Further study confirmed that 
the PNPLA3 rs735409 variant was associated with hepa-
totoxicity induced by asparagine administration [28], and 
we decided not to include it in our study. Our results have 
shown that pre-emptive pharmacogenetic testing for VCR 
is not presently applicable either in pediatric ALL patients 
or in patients of Serbian descent to whom VCR needs to 
be administered.

VCR metabolic pathway is complex. Many transporters 
and enzymes have an important role in the VCR pharma-
cokinetics and pharmacodynamics and so far, data have 
not shown a single universal VCR pharmacogenomic 
marker [29]. This is another example of the failure of pre-
dictions that have resulted from GWAS studies. A lack of 
consistency in neuropathy assessment, grading systems, 
and the choice of end points make it difficult to interpret 
results between studies [4, 29]. Treatment regiments, in-
cluding number of VCR doses administered and lengths of 
VCR treatment, differ between treatment protocols used 
in different studies [30]. Furthermore, population-specific 

genetic variants could have relevance or other expression 
quantitative trait loci of the genes in question for VIPN 
assessment.

The main limitation of our study is a small number of 
patients included. However, we have tried to overcome 
the limitations of GWAS studies by analyzing the patients 
treated with the same protocol and by establishing the 
comparative groups with similar VCR administration.

CONCLUSION

Our results have shown that pre-emptive pharmacogenetic 
testing for VCR is not presently applicable to neither pe-
diatric ALL patients nor to patients of Serbian descent to 
whom VCR needs to be administered. Association analyses 
have shown that none of the genetic variants were signifi-
cant for the occurrence of VIPN in our cohort.

More comprehensive approaches are needed to identify 
a panel of genes that could explain the VIPN develop-
ment in ALL patients. Extending genome-wide research to 
larger, well-characterized and more diverse patient cohorts 
and development of more robust artificial intelligence bio-
informatics tools, including machine learning, statistical 
learning, and soft-computing approaches, should be done. 
This would provide a panel of pharmacogenes that could 
be used for pre-emptive tests of VCR side effects leading to 
therapy individualization in pediatric ALL patients.
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САЖЕТАК
Увод/Циљ Винкристин је један од кључних лекова у прото-
колима лечења дечје акутне лимфобластне леукемије (АЛЛ). 
Винкристин доводи до дестабилизације микротубула, чиме 
се ћелија зауставља у метафази и индукује апоптоза. Такође 
доводи до деградације аксона и поремећаја аксонског 
транспорта, узрокујући винкристином индуковану пери-
ферну неуропатију (ВИПН).
Циљ ове студије био је да истражи повезаност пет варијанти 
у фармакогенима укљученим у метаболизам винкристина 
код деце оболеле од АЛЛ која су развила ВИПН, у Србији. 
Такође, циљ нам је био да откријемо кандидате за нове фар-
макогеномске маркере ВИПН-а у српској популацији.
Методе Детекција варијанти гена CYP3A5, CEP72, ACTG1, 
MIR3117 и MIR4481 изведена је методологијом заснованом 
на ПЦР-у и секвенцирању. Статистичким методама је испи-
тана њихова асоцијација са ВИПН-ом код 56 педијатријских 
болесника оболелих од АЛЛ. Урађена је и популациона 
винкристин фармакогеномска анализа 17 фармакогена 
из постојећих података добијених секвенцирањем нове 
генерације у српској популацији. Подаци о дистрибуцији 

фреквенција алела за европско становништво преузети су 
из јавних база података.
Резултати Током лечења, 17,86% болесника је развило 
ВИПН. Асоцијативне анализе показале су да ниједна гене-
тичка варијанта није била повезана са ВИПН-ом у нашој сту-
дији. Наше популационо фармакогеномско истраживање 
није открило валидне фармаковаријанте за ВИПН. Наши 
резултати не препоручују превентивно фармакогенетичко 
испитивање винкристина у Србији.
Закључак Потребан је свеобухватнији приступ како би се 
идентификовао панел гена којим би се могао објаснити раз-
вој ВИПН-а после примене винкристина код педијатријских 
болесника оболелих од АЛЛ. Боље осмишљене студије асо-
цијација на нивоу генома (GWAS) и робуснији алати који ко-
ристе вештачку интелигенцију довели би до дизајнирања 
панела фармакогена за превентивно тестирање предиспо-
зиције за развој ВИПН-а, доприносећи индивидуализацији 
и унапређењу терапије деце оболеле од АЛЛ.
Кључне речи: акутна лимфобластна леукемија; фармакоге-
номика; винкристин; винкристином индукована периферна 
неуропатија 
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