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In the era of precision medicine, pharmacogenetics holds huge potential as it deals with the inter-individual variability in drug responses. Although
pharmacogenetics has been focused for many years producing dozens of formal guidelines, its clinical adoption is still limited to several gene—
drug combinations in most countries, including Korea. Given that the main causes of its delayed implementation are technical challenges in geno-
typing and knowledge gaps among healthcare providers, the role of clinical laboratories is critical for the timely implementation of pharmacoge-
netics. This present version of the guidelines is an update of the previous one and aims to provide necessary information for clinical laboratories
planning to implement or expand their pharmacogenetic tests. Current knowledge regarding nomenclature, gene—drug relationships, genotyping
technologies, clinical delivery methods, quality control, and reimbursements were curated and are described herein.
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Fig. 1. General process of pharmacogenetic test interpretation.
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Table 1. Pharmacogenetic target gene-drug pairs with concordantly strong levels of evidence according to the CPIC and PharmGKB database (Last

accessed on Aug 1, 2024)

Gene Drug Category CPIC level (status) PharmGKB LOE* FDA label Publications (PMID)
ABCG2 Rosuvastatin Metabolism/PK, Toxicity A (Final) 1A 35152405
CACNATS  Desflurane, Enflurane, Isoflurane, Toxicity A (Final) 1A Actionable PGx 30499100
Sevoflurane, Succinylcholine
Halothane, Methoxyflurane Toxicity A (Final) 1A 30499100
CFIR Ivacaftor Efficacy A (Final) 1A Testing required 24598717
CYP2B6 Efavirenz Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 31006110
Sertraline Metabolism/PK B (Final) 1A 37032427
CYP2C19 Amitriptyline Metabolism/PK A (Final) 1A 23486447;27997040
Citalopram, Escitalopram Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 25974703;37032427
Clomipramine, Imipramine, Metabolism/PK B (Final) 1A 23486447;27997040
Trimipramine
Clopidogrel Efficacy, Metabolism/PK, A (Final) 1A Actionable PGx 21716271:23698643;35034351
Toxicity
Dexlansoprazole Metabolism/PK B (Final) 1A Actionable PGx 32770672
Doxepin Metabolism/PK B (Final) 1A Actionable PGx 23486447;27997040
Lansoprazole Efficacy, Metabolism/PK A (Final) 1A 32770672
Lornoxicam Metabolism/PK A (Final) 1A 32189324
Omeprazole, Pantoprazole Efficacy, Metabolism/PK A (Final) 1A Actionable PGx 32770672
Sertraline Metabolism/PK A (Final) 1A 25974703;37032427
Voriconazole Metabolism/PK A (Final) 1A Actionable PGx 27981572
CYP2C9 Celecoxib, Flurbiprofen, Meloxicam, Metabolism/PK A (Final) 1A Actionable PGx 32189324
Piroxicam
Fluvastatin Metabolism/PK, Toxicity A (Final) 1A 35152405
Ibuprofen, Lornoxicam, Tenoxicam Metabolism/PK A (Final) 1A 32189324
Phenytoin Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 25099164;32779747
Siponimod Metabolism/PK A (Provisional) 1A Testing required 29273968
Warfarin Dosage, Toxicity A (Final) 1A Actionable PGx 21900891;28198005
CYP2D6 Amitriptyline, Nortriptyline Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 23486447;27997040
Atomoxetine Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 30801677
Clomipramine, Desipramine, Dosage, Metabolism/PK, B (Final) 1A Actionable PGx 23486447;27997040
Doxepin, Fluvoxamine, Imipramine, Toxicity
Trimipramine
Codeine Efficacy, Metabolism/PK, A (Final) 1A Actionable PGx 22205192;24458010;33387367
Toxicity
Hydrocodone Efficacy, Metabolism/PK B (Final) 1A 33387367
Ondansetron Efficacy A (Final) 1A Informative PGx 28002639
Paroxetine Metabolism/PK A (Final) 1A 25974703;37032427
Tamoxifen Efficacy, Metabolism/PK A (Final) 1A Actionable PGx 29385237
Tramadol Efficacy, Metabolism/PK, A (Final) 1A Actionable PGx 33387367
Toxicity
Tropisetron Efficacy, Metabolism/PK A (Final) 1A 28002639
Venlafaxine Metabolism/PK, Toxicity B (Final) 1A Actionable PGx 37032427
Vortioxetine Metabolism/PK A (Final) 1A Actionable PGx 37032427
CYP3A5 Tacrolimus Dosage, Metabolism/PK A (Final) 1A 25801146
CYP4F2 Warfarin Dosage A (Final) 1A 21900891;28198005
DPYD Capecitabine Toxicity A (Final) 1A Testing recommended 23988873;29152729
Fuorouracil Toxicity, Other A (Final) 1A Actionable PGx 23988873;29152729
G6PD Rasburicase Toxicity A (Final) 1A Testing required 24787449;36049896
HLA-A Carbamazepine (*31:01) Toxicity A (Final) 1A Actionable PGx 23695185;29392710
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Table 1. Continued

Gene Drug Category CPIC level (status) PharmGKB LOE* FDA label Publications (PMID)
HLA-B Abacavir (*57:01) Toxicity A (Final) 1A Testing required 24561393;22378157
Allopurinol (*58:01) Toxicity A (Final) 1A Testing recommended 23232549;26094938
Carbamazepine (*15:02, *15:11), Toxicity A (Final) 1A Testing recommended 23695185;29392710
Oxcarbazepine (*15:02)
Phenytoin (¥15:02) Toxicity A (Final) 1A Actionable PGx 25099164;32779747
IFNL3 Peginterferon alfa-2a Efficacy A (Final) 1B 24096968
Peginterferon alfa-2b Efficacy A (Final) 1B Actionable PGx 24096968
IFNL4 Peginterferon alfa-2a, Efficacy A (Final) 1B 23291588:24205831;24748394
Peginterferon alfa-2b
MT-RNR1 Amikacin, Gentamicin, Toxicity A (Final) 1A Actionable PGx 34032273
Streptomycin, Tobramycin
Dibekacin, Kanamycin, Netilmicin, Toxicity A (Final) 1A 34032273
Ribostamycin
NAT2 Isoniazid Toxicity C* (Provisional) 1B 18330759;18421452;20392357
NUDT15 Azathioprine, Mercaptopurine Dosage, Toxicity A (Final) 1A Testing recommended ~ 21270794;23422873;30447069
RYR1 Desflurane, Enflurane, Isoflurane, Toxicity A (Final) 1A Actionable PGx 30499100
Sevoflurane, Succinylcholine
Halothane, Methoxyflurane Toxicity A (Final) 1A 30499100
SLCO1B1 Atorvastatin, Fluvastatin, Metabolism/PK, Toxicity A (Final) 1A 35152405
Lovastatin, Pitavastatin,
Pravastatin
Rosuvastatin Metabolism/PK, Toxicity A (Final) 1A Actionable PGx 35152405
Simvastatin Metabolism/PK, Toxicity A (Final) 1A 22617227:24918167;35152405
TPMT Azathioprine, Mercaptopurine, ~ Dosage, Metabolism/PK, A (Final) 1A Testing recommended ~ 21270794,23422873;30447069
Thioguanine Toxicity
UGT1A1 Atazanavir Toxicity A (Final) 1A 26417955
Irinotecan Dosage, Toxicity A (Provisional) 1A/1B Testing recommended 28502040;36443464
VKORC1 Warfarin Dosage, Toxicity A (Final) 1A Actionable PGx 21900891;28198005

*PharmGKB provided the "drug label PGx level” on the basis of the FDA drug labels, whose criteria and detailed explanations are described in a previous publication [39].
*The validity of the NAT2-isoniazid pair as a PGx target was confirmed by the authors despite current Level C provisional annotation by the CPIC.
Abbreviations: CPIC, Clinical Pharmacogenetics Implementation Consortium; LOE, Level of evidence; PGx, Pharmacogenomics; PK, Pharmacokinetics.

Table 2. Methods for pharmacogenetic testing

Methods Target variants Short variants Copy number variant Available platforms
Real-time PCR Predefined variants Accurate Limited TagMan
MicroArray Predefined variants Accurate Limited PharmacoScan
Single-base extension Predefined variants Accurate Not available Agena (detection by mass spectrometry)
SPMed (detection by capillary electrophoresis)
Sanger sequencing All variants in the target range Accurate Not available Laboratory-developed tests
Next-generation sequencing All variants in the target range Accurate Limited MiSeq, NextSeq, NovaSeq
lon Torrent S5, Genexus
Long-read sequencing All variants in the target range Less accurate Available PacBio
Nanopore
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Table 3. List of pharmacogenetic tests in the medical insurance reimbursement list in Korea

Change from 2016 guidelines to

Classification EDI code Test name Gene name 2024 updated guidelines
=841 RRIHAAN-THUS HLA Typing
D8413 Ch ARHAA-T AP -SHASE (03) HLA-B5801 Newly added
D8414 2}, RRISEZAA-CHUS-SHT | MEEA (03) HLA-B5801 Newly added
L1580 R84 {EIXIZAL
C5801 Lt SeEAMES—StE (02) CYP2C9 gene
(1) BEEAHMLS-nTLS
(06) MTHFR gene™ Not reimbursable for
pharmacogenetic indication
(07) TPMT ene
(08) VKORC1 gene
(11) CYP2C19 gene
(12) NUDT15 gene Newly added
C1581 L. S ANMEES—SPE (02) efmtz! 2 ST}
(1) ZESASMIS-—DEHS (cYP2C9, VKORCH)
= RTXt CESZEAL
Ll SEEAHMES-SE (10) MTHFR gene™* Not reimbursable for
(2) SEEAHMESHHEN (7)) SEEAHAMN pharmacogenetic indication
HrS—ASteA HHZo|CH
C5806 Ll &7 |MEEA (16) CYP2C9 gene
(1) S71MLEtE 103] 0|5t (17) CYP2C19 gene
(85) TPMT gene
(36) UGT1A1 gene Added for the number of reactions
(37) VKORC1 gene
(40) NUDT15 gene Newly added
C5807 Ch. EI7|MEEN (35) UGT1AT gene
(2) 7 |MLEEt2 10| =1t 203] O[5 (42) CYP2C9 gene
(43) CcYP2C19 gene
(44) CYP2D6 gene
(62) TPMT gene
C5808 Lt 7|12 (77) G6PD gene
(3) H7|MEEtE 20| =1+ 405| 0|5t
C5809 . 7 IMEEA (07) CFTR gene

(4) ©7|MSHH2 405| =1t 803 0|5t

*Testing of the MTHFR gene is reimbursable for diagnostic investigations of patients with homocysteinemia (methylenetetrahydrofolate reductase deficiency) but not for
pharmacogenetic investigations of patients undergoing methotrexate treatment. As the current revised guidelines focus on pharmacogenetic tests for germline variants,
tests for somatic variants are excluded from this table. The sequencing tests for CYP2C9, CYP2C19, TPMT, and UGT1AT have been divided into two groups on the basis of
their number of sequencing reactions: those with 10 or fewer reactions and those with more than 10 but fewer than 20 reactions.

A5 LA A|2021-2060%). G6PDE}Y CFTRS) 739-+= 212} 3l71 4%k
o] Z 1 6-ClAF A 4 AW F(Glucose-6-phosphate dehy-
drogenase deficiency)?} JAJ-1-5(Cystic Fibrosis)®] €134
Apo A OFEfHAH 07 Fa%t ARl (Table 1), =<1
oA vi-f- =x ARke 2 defA Qlrk 3FF thEslr o] 7t
ol wheh 21 F8/d0] S71e 4= Jlom, A= ] 5o 9

7| glek

AARE 2 AARE SEa A RS- (real-time
PCRIT} 7| A EiAo] SAE|o] Qlrt H71MERA1] 49 v
3]4=(Sequencing Reaction)of] w2} A7 IR G7} A5 Hojem,
HhS- 3)4== Sanger G714 FAoll A AReFForward) 1} oH-gF

(Reverse) 7V HEEA S I AJR5Hs 208 A2 ha2, v
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