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Abstract

Background: Inter-individual variation in drug response has long been a concern in the treatment of patients, particularly

those with immunosuppressed states who are receiving voriconazole for fungal infections.

Objectives: This study aimed to investigate the predominance of genetic polymorphisms in pediatric patients and young

adults with malignancies.

Methods: This cross-sectional study was conducted between February 2022 and March 2023. Blood samples were collected

from patients before the administration of anticancer drugs. Genotyping was performed using polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP). Demographic data and patients’ outcomes were collected from the

electronic medical record information system. Chi-square or Fisher’s exact test was applied to assess relations between

genotypes and clinical variables.

Results: Of the 78 patients enrolled in the study, 74 patients were evaluated for CYP2C19 genotyping. The most common

underlying disease was acute lymphoblastic leukemia. Fifty-one percent of the patients were homozygous for the wild type

(CYP2C19*1 allele). The frequency of CYP2C19*17 and CYP2C19*3 alleles were 16.2% (12/74) and 1.3% (1/74), respectively. No significant

relationship between the type of cancer or patient’s outcome and CYP2C19 tested genotypes was observed. The CYP2C19*17 allele

was the predominant allele among the studied patients.

Conclusions: The CYP2C19*17 allele was notably prevalent among the patients studied, which may result in rapid
(heterozygous genotype) or ultra-rapid (homozygous genotype) metabolizer phenotypes, leading to subtherapeutic drug levels

in clinical settings.
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1. Background

Inter-individual variation in drug response has

always been a concern in the treatment of patients. This

issue becomes particularly critical in

immunocompromised individuals, such as cancer

patients receiving voriconazole for the management of

invasive fungal infections (IFI) (1). Drug-drug

interactions, genetic polymorphisms, physiological

features, and pathological characteristics may result in

sub- or supratherapeutic serum voriconazole trough

concentrations (2). Among these, genetic variability is a

major determinant, highlighting the importance of

pharmacogenomics and the clinical use of therapeutic

drug monitoring (TDM). Genetic variations in drug-

metabolizing enzymes profoundly affect the

pharmacokinetics and pharmacodynamics of different

medications (3). CYP2C has four subfamily genes located
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on the 10q23.33 chromosome (4). The Cytochrome P450,

family 2, subfamily C, polypeptide 19 (CYP2C19) enzyme

plays an essential role in the metabolism of various

types of drugs (5). It is highly polymorphic, and multiple

genetic variations or alleles can be present in the

population. According to the Pharmacogene Variation

Consortium (PharmVar, www.pharmvar.org), more than

39 different alleles have been identified as of 2022 (6-8).

Among the numerous genetic variations found in the

population, the most studied alleles with single-base

substitutions are *2, *3, and *17. The *2 and *3 alleles are

loss-of-function variants that markedly reduce CYP2C19

activity (4), whereas the *17 allele is a gain-of-function

variant that may lead to lower drug exposure and

suboptimal treatment outcomes (4, 9). The wild-type

(functional) allele of CYP2C19 is CYP2C19*1 (10).

Managing IFIs in patients with hematological

malignancies presents a significant challenge, especially

in pediatric cases. In addition to genetic variation,

factors such as drug–drug interactions, hepatic

dysfunction, concurrent anticancer therapies (e.g.,

vincristine), graft-versus-host disease (GvHD), and the

use of immunosuppressants further complicate

antifungal drug exposure and efficacy (11, 12). CYP2C19

polymorphisms can substantially alter voriconazole

pharmacokinetics, leading to differences in serum

trough concentrations and clinical outcomes.

Consequently, dose adjustments and the use of TDM are

often necessary. Understanding the prevalence and

impact of these alleles in pediatric patients with

malignancies is crucial for personalized medicine. This

approach enhances treatment strategies by optimizing

efficacy and reducing adverse effects.

According to a study conducted in some Middle

Eastern countries among healthy individuals, the

frequency of the *17 allele was approximately 0.2%, with

the *3 allele absent in Tunisian participants (13). There is

limited information available on the genotyping of

CYP2C19 in cancer patients. Any genetic variations could

potentially alter treatment pathways and even put their

lives at risk. Given the high stakes of antifungal therapy

in these patients, any genetic variations may

significantly alter treatment pathways, underscoring

the urgent need for integrating pharmacogenetic

testing and TDM into clinical protocols.

2. Objectives

The objective of this study was to identify CYP2C19

variants in pediatric cancer patients at a tertiary

oncology center in Shiraz, Iran, to provide personalized

dosing recommendations for critical medications such

as voriconazole.

3. Methods

3.1. Patients, Sample Collection, and Ethical Approval

The Ethical Committee at Shiraz University of

Medical Sciences approved the study

(IR.SUMS.REC.1398.247). This cross-sectional study

adhered to the guidelines of the 1975 Declaration of

Helsinki. Written informed consent was obtained from

parents or legal guardians. Eligible participants were

pediatric patients (< 18 years) with confirmed

malignancies (one 20-year-old patient treated under

pediatric protocols was also included) between

February 2022 and March 2023. Exclusion criteria

included uncertain or non-malignant diagnoses. The

sample size was determined by the number of eligible

patients presenting during the study period.

Convenience sampling was used to collect blood

specimens before the administration of any medication,

using EDTA-containing tubes. Demographic data and

patients’ outcomes were collected from the electronic

medical record information system. Patients lacking a

definitive diagnosis or those with excluded malignancy

diagnoses were excluded from the study.

3.2. DNA Extraction and Molecular Approach

Genomic DNA was extracted according to the

manufacturer's instructions (Sinacolon, Iran).

Genotyping was performed using polymerase chain

reaction-restriction fragment length polymorphism

(PCR-RFLP), as described by Sim et al. and Ikebuchi et al.

(9, 14). Primers used for the amplification of the alleles

included CYP2C19*3 primers: 5′-
AACATCAGGATTGTAAGCAC-3′ (forward), 5′-
TCAGGGCTTGGTCAATATAG-3′ (reverse); CYP2C19*17

primers: 5′-GCCCTTAGCACCAAATTCTC-3′ (forward), 5′-
ATTTAACCCCCTAAAAAAACACG-3′ (reverse) (9). Briefly, the

PCR reaction mixture comprised 2 µL genomic DNA, 12.5

µL Taq DNA polymerase master mix RED with 1.5 mM

MgCl2 (Ampliqon, Denmark), 0.5 µM of each primer, and

8.5 µL double distilled water in a total volume of 25 µL.

The PCR conditions included initial denaturation at

95°C for 5 minutes, followed by 34 cycles of 95°C for 45
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Table 1. Demographics, Clinical Characteristics, and Outcomes of Pediatric Cancer Patients Stratified and Analyzed by Studied Genotypes, and the Results of Univariate Analysis a

Variables
Genotype 1/1 Genotype 1/17 Genotype 17/17

N Pro. 95% Conf. Interval N Pro. 95% Conf. Interval N Pro. 95% Conf. Interval

Sex

Male 25 0.64 (0.48, 0.78) 12 0.31 (0.18, 0.47) 2 0.05 (0.01, 0.19)

Female 23 0.79 (0.60, 0.90) 5 0.17 (0.07, 0.36) 2 0.03 (0.004, 0.21)

Age group (y)  a

0 - 5 13 0.68 (0.45, 0.85) 6 0.31 (0.15, 0.55) 0 0 -

6 - 10 20 0.71 (0.52, 0.85) 8 0.28 (0.15, 0.48) 0 0 -

> 11 14 0.82 (0.57, 0.94) 1 0.06 (0.007, 0.33) 2 0.12 (0.03, 0.37)

Disease type

Leukemia 29 0.70 (0.53, 0.81) 11 0.26 (0.15, 0.42) 2 0.05 (0.01, 0.17)

Lymphoma 5 0.71 (0.32, 0.93) 2 0.28 (0.07, 0.68) 0 - -

Aplastic anemia 6 0.86 (0.40, 0.98) 1 0.14 (0.02, 0.59) 0 - -

Others 8 0.66 (0.37, 0.87) 3 0.25 (0.08, 0.56) 1 0.08 (0.01, 0.42)

IMI

Yes 8 1.00 - 0 0 - 0 0 -

No 40 0.66 (0.54, 0.77) 17 0.28 (0.18, 0.41) 3 0.05 (0.01, 0.15)

Outcome

Alive 43 0.70 (0.6, 0.80) 16 0.26 (0.16, 0.39) 2 0.03 (0.008, 0.12)

Dead 5 0.71 (0.32, 0.93) 1 0.14 (0.02, 0.59) 1 0.14 (0.02, 0.59)

Abbreviations: N, number of cases; Pro, proportion; IMI, invasive mold infections.

a The calendar age at diagnosis.

seconds, 60°C for 45 seconds, 72°C for 45 seconds, and a

final extension of 7 minutes at 72°C. The PCR products

were electrophoresed on a 1.5% agarose (CinnaGen, Iran)

gel and visualized by UV. The 119-bp and 473-bp bands

were detected for the *3 and *17 alleles, respectively. The

BamHI or LweI (Thermo Fisher Scientific, USA) enzymes

were used according to the manufacturer's instructions

for restriction fragment polymorphism of the *3 and *17

alleles, respectively. The digested PCR products were

separated using a 2.5% agarose gel. All tests were

performed in duplicate. Positive and negative controls

were included in each run of tests.

3.3. Statistical Analysis

Data were collected and analyzed using Stata, version

17. Statistical analysis was performed to determine the

prevalence of each allele in the study population and to

assess any associations between specific alleles and

patient outcomes. Chi-square or Fisher’s exact test was

applied to evaluate associations between genotypes and

clinical variables.

4. Results

Overall, out of the 78 patients enrolled, four were

excluded due to incomplete data, resulting in 74

patients being assessed for CYP2C19 genotyping. Of

these, 43 patients (58.1%) were male, with an average age

of 8 ± 4 years (ranging from 1 to 20 years). During the

study period, 7 patients (9.5%) passed away. The

demographic, clinical, and outcome characteristics of

the patients, categorized by their genotype, are detailed

in Table 1.

The frequency of CYP2C19*17 and CYP2C19*3 alleles

were 16.2% (12/74) and 1.3% (1/74), respectively. Genotypes

in order of frequency were *1/*1 (69%), *1/*17 (27%), *17/*17

(2.7%), and *1/*3 (1.3%, Table 2). A majority (51 patients,

96%) were homozygous for the wild-type allele in both

exon 5 and the 5' flanking region (*1/*1), 1.3% (1 out of 74)

were heterozygous in exon 4 (*1/*3), and a total of 20

patients (27%) were heterozygous in the 5' flanking

region (*1/*17). In total, 2 patients (2.7%) exhibited

heterozygosity in the 5' flanking region (*17/*17). Acute

lymphoblastic leukemia was the most common

underlying disease, accounting for 47.3% of cases. No

significant correlation was found between the type of

cancer or patient outcomes and the tested CYP2C19

genotypes. Given a P-value threshold of less than 0.2 and
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confidence intervals with an upper bound of less than

10, it was not possible to establish a definitive model.

The distribution of patients’ CYP2C genotypes,

categorized by diagnosis and outcome, is depicted in

Figure 1.

Table 2. Genotypes and Expected Phenotype Frequencies of CYP2C19*3 and

CYP2C19*17 a

Genotypes Expected Phenotype Value

*1/*1 Normal metabolizer 51 (69)

*1/*17 Rapid metabolizer 20 (27)

*17/*17 Ultra-rapid metabolizer 2 (2.7)

*1/*3 Intermediate metabolizer 1 (1.3)

Total - 74

a Values are expressed as No. (%).

5. Discussion

Voriconazole, a drug extensively metabolized by

CYP2C19, is particularly affected by its polymorphisms,

which can significantly alter drug metabolism (15-17). In

the current study, 22 (29.7%) patients were identified as

rapid/ultra-rapid metabolizers, which may result in

subtherapeutic drug levels and potential treatment

failure. The consequences of therapeutic failure with

voriconazole are potentially life-threatening. Conversely,

patients classified as poor metabolizers could

experience elevated drug concentrations, heightening

the risk of adverse effects or treatment failure. Extensive

metabolizers might require increased dosages to

achieve therapeutic efficacy. Notably, in this genotyping

study, no patients were categorized as poor

metabolizers, and only one was identified as an

intermediate metabolizer. CYP2C19 genotyping is

instrumental in forecasting drug-drug interactions,

including the interaction between voriconazole and

tacrolimus (18). Since blood samples were collected

before the commencement of induction chemotherapy,

the specific anticancer drugs administered were not

documented. Overall, CYP2C19 genotyping is pivotal in

tailoring drug therapy to individual needs, thereby

enhancing patient care and outcomes. The frequency of

CYP2C19 genotypes exhibits variation among diverse

populations and ethnic groups. In our study, the

genotypes appeared in the following order of frequency:

*1/*1 (69%), *1/*17 (27%), *17/*17 (2.7%), and *1/*3 (1.3%) (19).

There is limited data regarding CYP2C19 genotypes in

pediatric oncology patients. In a study on a healthy

Iranian population, the frequency of CYP2C19*17 was

21.6%, and allele *3 was not reported (20). Research by

Azarpira et al. identified a 1% frequency of the CYP2C19*3

allele in healthy individuals from southern Iran (21). In

Caucasian populations, the CYP2C19*17 allele is more

common, occurring at a rate of 22%, while the *3 allele is

found in less than 1% of the population (1). A study by

Sameer et al. in the Gaza Strip in 2009 reported a

CYP2C19*3 allele frequency of 0.96% among children

with hematological malignancies (22). Wang et al. found

allele frequencies of 3.8% for CYP2C19*3 and 0.5% for

CYP2C19*17 in immunocompromised children (23). In

our study, the frequencies of CYP2C19*17 and *3 were

16.2% and 1.3%, respectively, exceeding those reported by

Sameer et al. and Wang et al. (22, 23). Also, the observed

heterozygosity for allele *17 matched the expected

heterozygosity, whereas for allele *3, it was lower than

anticipated. In this study, the majority of patients were

identified as normal metabolizers (51/69). Research from

the United States has highlighted the CYP2C19

phenotype as a key risk factor for infection in rapid or

ultra-rapid metabolizers compared to normal

metabolizers (24). Children with malignancies are

particularly susceptible to infectious diseases, notably

fungal infections. An analysis of pediatric patients on

voriconazole for aspergillosis revealed significant

impacts of CYP2C19 gene polymorphisms on drug

metabolism (25). Ruijters et al. observed a high

mortality rate of 61.5% in aspergillosis patients,

underscoring the critical nature of any treatment

interference on patient survival (26). Our study did not

reveal a significant link between cancer types and

CYP2C19 genotypes. However, another study identified

an association with childhood cancer development (27),

and Wang et al.'s meta-analysis suggested poor

metabolizer genotypes may contribute to cancer

susceptibility in Asians (23). The difference may be

explained by the limited number of patients or the

specific genotypes tested.

Our study had several limitations. This was a cross-

sectional study in a tertiary hospital with a limited

number of pediatric patients, so the results may not

represent other populations. Genetic polymorphisms of

other CYP2C19 alleles were not analyzed. We only tested

selected CYP2C19 variants and did not fully account for

other factors like chemotherapy, liver function, or co-

medications that could affect drug metabolism. Fungal

infections were not included as part of the study design

or data collection; hence, our results cannot be
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Figure 1. The patients' CYP2C genotypes stratified by diagnosis and outcome

generalized to outcomes related to invasive fungal

disease. Further research is essential to validate our

results and to explore the impact of additional

covariates not considered in this study.

5.1. Conclusions

The CYP2C19*17 allele was notably prevalent among

the patients studied, which may result in rapid

(heterozygous) or ultra-rapid (homozygous)

metabolizer phenotypes, leading to subtherapeutic

drug levels in clinical settings. Applying CYP2C19

genotyping for these patients is crucial for determining

the appropriate drug dosage to achieve therapeutic

concentrations and prevent toxicity, especially during

the initial treatment phase.

Acknowledgements

The authors thank the medical staff at Professor

Alborzi Clinical Microbiology Research Center and Amir

Medical Oncology Hospital for their assistance.

Footnotes

Authors' Contribution: Study concept and design: A.

A. and P. B.; Acquisition of data: A. A., H. J., and F. S.;

Statistical Analysis: A. A. and S. R. A. M.; Analysis and

interpretation of data: A. A., A. F., S. R. A. M., and H. J.;

Drafting of the manuscript: A. A., P. B., H. J., F. S., S. R. A. M.,

A. F., and S. S.; Critical revision of the manuscript for

important intellectual content: A. A., H. J., and S. R. A. M.;

Study supervision: A. A., H. J., and S. R. A. M. All

individuals listed as (co)-authors have met the

authorship criteria, and nobody who qualifies for

authorship is omitted from the list. All authors

corrected and approved the final manuscript.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset used and analyzed

during the current study will be available from the

corresponding author upon reasonable request.

Ethical Approval: The study was approved by the “Iran

National Committee for Ethics in Biomedical Research”

with approval ID: IR.SUMS.REC.1398.247 .

Funding/Support: The present study received no

funding/support.

Informed Consent: Written informed consent was

obtained from the parents.

References

https://brieflands.com/journals/apid/articles/162809
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=57414&Print=true


Amanati A et al. Brieflands

6 Arch Pediatr Infect Dis. 2026; 14(2): e162809

1. Lamoureux F, Duflot T, Woillard JB, Metsu D, Pereira T, Compagnon P,

et al. Impact of CYP2C19 genetic polymorphisms on voriconazole

dosing and exposure in adult patients with invasive fungal

infections. Int J Antimicrob Agents. 2016;47(2):124-31. [PubMed ID:

26775563]. https://doi.org/10.1016/j.ijantimicag.2015.12.003.

2. Scott SA, Swen JJ. Pharmacogenomic Determinants of Interindividual

Drug Response Variability: From Discovery to Implementation. Genes

(Basel). 2021;12(3). [PubMed ID: 33801919]. [PubMed Central ID:

PMC7999913]. https://doi.org/10.3390/genes12030393.

3. Siddiqui MK, Luzum J, Coenen M, Mahmoudpour SH. Editorial:

Pharmacogenomics of Adverse Drug Reactions. Front Genetics.

2022;13. https://doi.org/10.3389/fgene.2022.859909.

4. Botton MR, Whirl-Carrillo M, Del Tredici AL, Sangkuhl K, Cavallari LH,

Agundez JAG, et al. PharmVar GeneFocus: CYP2C19. Clin Pharmacol

Ther. 2021;109(2):352-66. [PubMed ID: 32602114]. [PubMed Central ID:

PMC7769975]. https://doi.org/10.1002/cpt.1973.

5. Elfaki I, Mir R, Almutairi FM, Duhier FMA. Cytochrome P450:

Polymorphisms and Roles in Cancer, Diabetes and Atherosclerosis.

Asian Pac J Cancer Prev. 2018;19(8):2057-70. [PubMed ID: 30139042].

[PubMed Central ID: PMC6171375].

https://doi.org/10.22034/APJCP.2018.19.8.2057.

6. Gaedigk A, Boone EC, Scherer SE, Lee SB, Numanagic I, Sahinalp C, et

al. CYP2C8, CYP2C9, and CYP2C19 Characterization Using Next-

Generation Sequencing and Haplotype Analysis: A GeT-RM

Collaborative Project. J Mol Diagn. 2022;24(4):337-50. [PubMed ID:

35134542]. [PubMed Central ID: PMC9069873].

https://doi.org/10.1016/j.jmoldx.2021.12.011.

7. Gaedigk A, Casey ST, Whirl-Carrillo M, Miller NA, Klein TE.

Pharmacogene Variation Consortium: A Global Resource and

Repository for Pharmacogene Variation. Clin Pharmacol Ther.

2021;110(3):542-5. [PubMed ID: 34091888]. [PubMed Central ID:

PMC8725060]. https://doi.org/10.1002/cpt.2321.

8. Gaedigk A, Whirl-Carrillo M, Pratt VM, Miller NA, Klein TE. PharmVar

and the Landscape of Pharmacogenetic Resources. Clin Pharmacol

Ther. 2020;107(1):43-6. [PubMed ID: 31758698]. [PubMed Central ID:

PMC6925620]. https://doi.org/10.1002/cpt.1654.

9. Sim SC, Risinger C, Dahl ML, Aklillu E, Christensen M, Bertilsson L, et

al. A common novel CYP2C19 gene variant causes ultrarapid drug

metabolism relevant for the drug response to proton pump

inhibitors and antidepressants. Clin Pharmacol Ther. 2006;79(1):103-13.

[PubMed ID: 16413245]. https://doi.org/10.1016/j.clpt.2005.10.002.

10. Ingelman-Sundberg M, Sim SC, Gomez A, Rodriguez-Antona C.

Influence of cytochrome P450 polymorphisms on drug therapies:

pharmacogenetic, pharmacoepigenetic and clinical aspects.

Pharmacol Ther. 2007;116(3):496-526. [PubMed ID: 18001838].

https://doi.org/10.1016/j.pharmthera.2007.09.004.

11. Amanati A, Badiee P, Lotfi M, Monabati A, Faghihi MA, Yavarian M, et

al. Generalized exfoliative skin rash as an early predictor of

supratherapeutic voriconazole trough levels in a leukemic child: A

case report. Curr Med Mycol. 2020;6(3):73-8. [PubMed ID: 33834148].

[PubMed Central ID: PMC8018824].

https://doi.org/10.18502/cmm.6.3.4500.

12. Amanati A, Shahriari M, Bordbar MR, Hedayati SB, Ziyaeyan M,

Jamalidoust M, et al. Severe acute respiratory syndrome coronavirus-

2 Alpha variant (B.1.1.7), original wild-type severe acute respiratory

syndrome coronavirus 2, and cytomegalovirus co-infection in a

young adult with acute lymphoblastic leukemia, case report, and

review of the possible cytomegalovirus reactivation mechanisms. J

Med Case Rep. 2023;17(1):66. [PubMed ID: 36765433]. [PubMed Central

ID: PMC9913040]. https://doi.org/10.1186/s13256-022-03750-8.

13. Abdelhedi R, Bouayed NA, Alfadhli S, Abid L, Rebai A, Kharrat N.

Characterization of drug-metabolizing enzymes CYP2C9, CYP2C19

polymorphisms in Tunisian, Kuwaiti and Bahraini populations. J

Genet. 2015;94(4):765-70. [PubMed ID: 26690534].

https://doi.org/10.1007/s12041-015-0581-2.

14. Ikebuchi J, Yamada M, Ogura Y, Yamamoto Y, Nishimura A, Nishi K, et

al. Individual difference in drug metabolism and disposition:

Toxicological significance of genotypes and phenotypes of S-

mephenytoin 4′-hydroxylase (CYP2C19). Int Congress Series.

2003;1239:589-92. https://doi.org/10.1016/s0531-5131(02)00389-8.

15. Hicks JK, Quilitz RE, Komrokji RS, Kubal TE, Lancet JE, Pasikhova Y, et

al. Prospective CYP2C19-Guided Voriconazole Prophylaxis in Patients

With Neutropenic Acute Myeloid Leukemia Reduces the Incidence of

Subtherapeutic Antifungal Plasma Concentrations. Clin Pharmacol

Ther. 2020;107(3):563-70. [PubMed ID: 31549389]. [PubMed Central ID:

PMC7018540]. https://doi.org/10.1002/cpt.1641.

16. Garcia-Garcia I, Dapia I, Montserrat J, Martinez de Soto L, Bueno D,

Diaz L, et al. Experience of a Strategy Including CYP2C19 Preemptive

Genotyping Followed by Therapeutic Drug Monitoring of

Voriconazole in Patients Undergoing Allogenic Hematopoietic Stem

Cell Transplantation. Front Pharmacol. 2021;12:717932. [PubMed ID:

34744712]. [PubMed Central ID: PMC8563584].

https://doi.org/10.3389/fphar.2021.717932.

17. Sposato LA, Donnan GA. CYP2C19 Genotyping to Guide Antiplatelet

Therapy for the Secondary Prevention of Lacunar Strokes. Neurology.

2023;100(16):741-3. [PubMed ID: 36697243].

https://doi.org/10.1212/WNL.0000000000206898.

18. Huang X, Zhou Y, Zhang J, Xiang H, Mei H, Liu L, et al. The importance

of CYP2C19 genotype in tacrolimus dose optimization when

concomitant with voriconazole in heart transplant recipients. British

J Clin Pharmacol. 2022;88(10):4515-25. https://doi.org/10.1111/bcp.15385.

19. Dehbozorgi M, Kamalidehghan B, Hosseini I, Dehghanfard Z,

Sangtarash MH, Firoozi M, et al. Prevalence of the CYP2C19*2 (681

G>A), *3 (636 G>A) and *17 (‑806 C>T) alleles among an Iranian

population of different ethnicities. Mol Med Rep. 2018;17(3):4195-202.

[PubMed ID: 29328413]. [PubMed Central ID: PMC5802190].

https://doi.org/10.3892/mmr.2018.8377.

20. Payan M, Rouini MR, Tajik N, Ghahremani MH, Tahvilian R.

Hydroxylation index of omeprazole in relation to CYP2C19

polymorphism and sex in a healthy Iranian population. Daru.

2014;22(1):81. [PubMed ID: 25498969]. [PubMed Central ID:

PMC4266903]. https://doi.org/10.1186/s40199-014-0081-6.

21. Azarpira N, Namazi S, Hendijani F, Banan M, Darai M. Investigation of

allele and genotype frequencies of CYP2C9, CYP2C19 and VKORC1 in

Iran. Pharmacol Rep. 2010;62(4):740-6. [PubMed ID: 20885015].

https://doi.org/10.1016/s1734-1140(10)70332-7.

22. Sameer AE, Amany GM, Abdela AA, Fadel SA. CYP2C19 genotypes in a

population of healthy volunteers and in children with

hematological malignancies in Gaza Strip. Can J Clin Pharmacol.

2009;16(1):e156-62. [PubMed ID: 19193970].

23. Wang H, Song K, Chen Z, Yu Y. Poor metabolizers at the cytochrome

P450 2C19 loci is at increased risk of developing cancer in Asian

populations. PLoS One. 2013;8(8). e73126. [PubMed ID: 24015291].

[PubMed Central ID: PMC3754911].

https://doi.org/10.1371/journal.pone.0073126.

24. Bernal CJ, Aka I, Carroll RJ, Coco JR, Lima JJ, Acra SA, et al. CYP2C19

Phenotype and Risk of Proton Pump Inhibitor-Associated Infections.

https://brieflands.com/journals/apid/articles/162809
http://www.ncbi.nlm.nih.gov/pubmed/26775563
https://doi.org/10.1016/j.ijantimicag.2015.12.003
http://www.ncbi.nlm.nih.gov/pubmed/33801919
https://www.ncbi.nlm.nih.gov/pmc/PMC7999913
https://doi.org/10.3390/genes12030393
https://doi.org/10.3389/fgene.2022.859909
http://www.ncbi.nlm.nih.gov/pubmed/32602114
https://www.ncbi.nlm.nih.gov/pmc/PMC7769975
https://doi.org/10.1002/cpt.1973
http://www.ncbi.nlm.nih.gov/pubmed/30139042
https://www.ncbi.nlm.nih.gov/pmc/PMC6171375
https://doi.org/10.22034/APJCP.2018.19.8.2057
http://www.ncbi.nlm.nih.gov/pubmed/35134542
https://www.ncbi.nlm.nih.gov/pmc/PMC9069873
https://doi.org/10.1016/j.jmoldx.2021.12.011
http://www.ncbi.nlm.nih.gov/pubmed/34091888
https://www.ncbi.nlm.nih.gov/pmc/PMC8725060
https://doi.org/10.1002/cpt.2321
http://www.ncbi.nlm.nih.gov/pubmed/31758698
https://www.ncbi.nlm.nih.gov/pmc/PMC6925620
https://doi.org/10.1002/cpt.1654
http://www.ncbi.nlm.nih.gov/pubmed/16413245
https://doi.org/10.1016/j.clpt.2005.10.002
http://www.ncbi.nlm.nih.gov/pubmed/18001838
https://doi.org/10.1016/j.pharmthera.2007.09.004
http://www.ncbi.nlm.nih.gov/pubmed/33834148
https://www.ncbi.nlm.nih.gov/pmc/PMC8018824
https://doi.org/10.18502/cmm.6.3.4500
http://www.ncbi.nlm.nih.gov/pubmed/36765433
https://www.ncbi.nlm.nih.gov/pmc/PMC9913040
https://doi.org/10.1186/s13256-022-03750-8
http://www.ncbi.nlm.nih.gov/pubmed/36765433
https://www.ncbi.nlm.nih.gov/pmc/PMC9913040
https://doi.org/10.1186/s13256-022-03750-8
http://www.ncbi.nlm.nih.gov/pubmed/26690534
https://doi.org/10.1007/s12041-015-0581-2
https://doi.org/10.1016/s0531-5131(02)00389-8
http://www.ncbi.nlm.nih.gov/pubmed/31549389
https://www.ncbi.nlm.nih.gov/pmc/PMC7018540
https://doi.org/10.1002/cpt.1641
http://www.ncbi.nlm.nih.gov/pubmed/34744712
https://www.ncbi.nlm.nih.gov/pmc/PMC8563584
https://doi.org/10.3389/fphar.2021.717932
http://www.ncbi.nlm.nih.gov/pubmed/36697243
https://doi.org/10.1212/WNL.0000000000206898
https://doi.org/10.1111/bcp.15385
http://www.ncbi.nlm.nih.gov/pubmed/29328413
https://www.ncbi.nlm.nih.gov/pmc/PMC5802190
https://doi.org/10.3892/mmr.2018.8377
http://www.ncbi.nlm.nih.gov/pubmed/25498969
https://www.ncbi.nlm.nih.gov/pmc/PMC4266903
https://doi.org/10.1186/s40199-014-0081-6
http://www.ncbi.nlm.nih.gov/pubmed/20885015
https://doi.org/10.1016/s1734-1140(10)70332-7
http://www.ncbi.nlm.nih.gov/pubmed/19193970
http://www.ncbi.nlm.nih.gov/pubmed/24015291
https://www.ncbi.nlm.nih.gov/pmc/PMC3754911
https://doi.org/10.1371/journal.pone.0073126


Amanati A et al. Brieflands

Arch Pediatr Infect Dis. 2026; 14(2): e162809 7

Pediatrics. 2019;144(6). [PubMed ID: 31699831]. [PubMed Central ID:

PMC6889971]. https://doi.org/10.1542/peds.2019-0857.

25. Chen X, Xiao Y, Li H, Huang Z, Gao J, Zhang X, et al. Therapeutic drug

monitoring and CYP2C19 genotyping guide the application of

voriconazole in children. Transl Pediatr. 2022;11(8):1311-22. [PubMed ID:

36072540]. [PubMed Central ID: PMC9442201].

https://doi.org/10.21037/tp-22-156.

26. Ruijters VJ, Oosterom N, Wolfs TFW, van den Heuvel-Eibrink MM, van

Grotel M. Frequency and Determinants of Invasive Fungal Infections

in Children With Solid and Hematologic Malignancies in a

Nonallogeneic Stem Cell Transplantation Setting: A Narrative Review.

J Pediatr Hematol Oncol. 2019;41(5):345-54. [PubMed ID: 30973485].

https://doi.org/10.1097/MPH.0000000000001468.

27. Düzovali Ö, Tamer L, Ateş N, Büyükdereli Z, Yildirim H, Tasdelen B, et

al. Glutathione S-Transferases CYP2C9 and CYP2C19 Polymorphisms

in Turkish Children with Cancer. UHOD - Uluslararasi Hematoloji-

Onkoloji Dergisi. 2008;18.

https://brieflands.com/journals/apid/articles/162809
http://www.ncbi.nlm.nih.gov/pubmed/31699831
https://www.ncbi.nlm.nih.gov/pmc/PMC6889971
https://doi.org/10.1542/peds.2019-0857
http://www.ncbi.nlm.nih.gov/pubmed/36072540
https://www.ncbi.nlm.nih.gov/pmc/PMC9442201
https://doi.org/10.21037/tp-22-156
http://www.ncbi.nlm.nih.gov/pubmed/30973485
https://doi.org/10.1097/MPH.0000000000001468
http://www.ncbi.nlm.nih.gov/pubmed/30973485
https://doi.org/10.1097/MPH.0000000000001468

