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Table 1. Classification of pharmacogenetic genes

Classification Gene
Drug metabolizing enzyme Phase | CYP superfamily (CYP1A1/2, CYP1B1, CYP2A6, CYP2B6, CYP2(8/9/19, CYP2D6, CYP2E1, CYP3A4/5/7), ALDH, ADH, DPD,
NQO1, etc.
Phase Il NAT1, NAT2, GSTs, SULTs, COMT, TPMT, UGTs, etc.

Drug transporter

Drug target

ABC transporter (ABCB1, ABCC1/2, ABCG2), SLC transporter (SLC21A3/6/8/9, SLC22A1/2/3/6/7/8/11)
DNA repair (XRCC1/3, APEX1, ERCC1/2, BRCAT), TYMS, EGFR, KRAS, etc.

2, AERTX 27 BHY

QuLA 0 & OFE-Q HSlof| A= FETARA A (drug metaboliz-
ing enzyme), 2F&4=4A(drug transporten), 2F& 32} (drug target)
off #H FHAPAC]E 1eRITH(Table D). OFETHARR 2= YRt
20 2 A1 (phase D 2 A24 (phase [D T AZ E731H, A4
aAL A8l 89, 7HREE) o8-S s, cytochrome P4S0
(CYP) a4E0] tjEAo|tt AH2AF a4+ acetyl, glucuronyl,
amino acyl, sulfate”] 5-& °FAo] 23 HIPA|7|= Holas
(transferase)5-°]H uridine 5-triphosphate glucuronosyltransfer-
ase (UGT), thiopurine methyltransferase (TPMT), glutathione S-
transferase (GST), N-acetyltransferase (NAT) & E3H5IT] oF &
TS oFEa ME Wz olFAIA oFE 2 U ofEheol
93k u|x|n, ATP-binding cassette (ABC)w-¥} solute carrier
(SLO)Eo] olo] 4raleh. 71 2] DNA 47218 ® ok 2
7)) HEE oFERARS] FHANEY A wHE
HLA (human leukocyte antigen) 5-213 S-o] QJTH3].

CYPE WEe SFRTIEL SR A, WAR T Ho|
of o] uje} g o] A=, S AR Wsles))
SGHAYE|, CYPe] 7% http/www.cypalleles ki.se/) | Z0]
AQEE vl Qe B g FUE #7]UAS t= 25 JtHY, 5]

ok stol ] A Mol oAb o 2 n 2 hE Bey
+ HiAdol(germline mutation) 2 7i7)1€] Aol Fof] T3 o
2 BRlEH= AJAJHo](somatic mutation)®E L 4= Qlek A
ol AAlof] i FastE e duba o 2 Hed gzl E o]
B AL 30 Wo| 2 WRAT 2 91, el oFB kg e

2 Zo) Aol FHHO R TR EA WASIEE

3. ASRTEA
fefrdaAtole AP Hphenotyping) 2} 1@ 4 AHge-
notyping)7} Itk EHFHARE AAIE FoFsial of = 9 tiAL

B9 8% = 2% 555 245}t A& (metabolic ratio)S
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Table 2. Pharmacogenetic target genes and level of evidence according to the international guideline and study results

Gene Drug Category LOE* Guideline and reference
ANKKT Antipsychotics Toxicity/ADR 1B Mol Psychiatry. 2007;12:794
BCR/ABL1 Imatinib, Dasatinib, Nilotinib, Bosutinib Efficacy - CLSl, Clinical chemistry textbook
Eur J Clin Pharmacol. 2013;69:517
BRAF Vemurafenib, Cetuximab Efficacy - N Engl J Med. 2011;364:2507
J Clin Oncol. 2008:26:5705
CFIR Ivacaftor Efficacy 1A Pharmacol Ther. 2014:95(6):592-7
COMT Cisplatin Toxicity/ADR 1B Nat Genet. 2009;41:1345
CYP2C19 Clopidogrel Dosage, Efficacy, Toxicity/ADR 1A CPIC (High), DPWG (3, 4)
CYP2C9 Warfarin Dosage, Toxicity/ADR 1A NACB (A-l), CLSI, CPIC (High)
CYP2D6 Antidepressants, Tamoxifen, Atomoxetine Dosage, Efficacy, Toxicity/ADR 1A2A NACB (B-III; tamoxifen, atomoxetine)
CPIC (high, moderate; antidepressants), DPWG (3, 4)
CYP3A5 Tacrolimus Dosage 1B DPWG (4)
CYP4F2 Acenocoumarol Dosage 1B J Thromb Haemost. 2013;11:1200
DPYD Pyrimidine analogs Toxicity/ADR 1B CPIC (Weak, Moderate, High), DPWG (3)
EGFR Erlotinib, Gefitinib Efficacy 1B J Thorac Oncol. 2012;7:1490
EML4/ALK Crizotinib Efficacy - N EnglJ Med. 2010;363:1734
ERBB2 HER2/neu Inhibitor Efficacy 3 NACB (B-I1)
ESR1 Exemestane Efficacy - Eur J Clin Pharmacol. 2013;69:517
Breast Cancer Res Treat. 2013;138:807
FIP1L1/PDGFRA Imatinib Efficacy - Haematologica. 2007;92:1173
FLOT1 Carbamazepine Toxicity/ADR 1B Epilepsia. 2008;49:2087
G6PD Dapsone Toxicity/ADR 1B Pharmacogenet Genomics. 2012;22:219
GRIK4 Citalopram Efficacy 1B Am J Psychiatry. 2007;164:1181
GSTAT Anticancer drug Toxicity/ADR 3 Clinical chemistry textbook
Pharmacogenomics. 2012;13:171
GSTM1 Isoniazid Toxicity/ADR 3 Clinical chemistry textbook

J Clin Pharm Ther. 2012;37:712

(Continued to the next page)
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Table 2. Continued

Gene Drug Category LOE* Guideline and reference
GSTM3 Anticancer drug Toxicity/ADR 3 Pharmacogenomics J. 2010;10:54
GSTP1 Anticancer drug Efficacy, Toxicity/ADR 2A/3 Clinical chemistry textbook
J Clin Oncol. 2010;28:3227
GSTT1 Thalidomide Toxicity/ADR 3 Leuk Res. 2011;35:1178
HLA-B Abacavir, Allopurinol Toxicity/ADR 1A NACB (A-II; abacavir), CPIC (High)
IFNL3 Peginterferon Efficacy 1A/1B J Viral Hepat. 2013;20:e107
c-KIT Imatinib Efficacy - CLS!, Clinical chemistry textbook
Proc Natl Acad Sci USA. 2009;106:1542
KRAS EGFR inhibitor Efficacy 3 CLS!, Clinical chemistry textbook
Cancer Res. 2006;66:3992
MTHFR Methotrexate Toxicity/ADR 1B Pharmacogenomics. 2013;14:305
NAT2 Isoniazid Toxicity/ADR 2B/3 Clinical chemistry textbook
J Toxicol Sci. 2008;33:187
PDGFRB Imatinib Efficacy - Blood. 2007;109:61
PML/RARA Arsenic Trioxide Efficacy - CLSI, Clinical chemistry textbook
Eur J Clin Pharmacol. 2013;69:517
SLCO1B1 Simvastatin Toxicity/ADR 1A CPIC (High)
TMEM43 Cisplatin Toxicity/ADR 1B Pharmacogenomics. 2010;11:1377
TPMT Purine analogs Toxicity/ADR 1A NACB (A-1), CPIC (High), DPWG (4)
UGT1A1 Irinotecan Toxicity/ADR 2A,3,4 NACB (A-I1), DPWG (3)
VKORC1 Warfarin Dosage 1A/1B NACB (A-l), CLSI, CPIC (High)

*Level of evidence [42]: Level 1A, annotation for a variant-drug combination in a CPIC or medical society-endorsed pharmacogenomic guideline, or implemented at a PGRN
site or in another major health system. Level 1B, annotation for a variant-drug combination where the preponderance of evidence shows an association. The association
must be replicated in more than one cohort with significant P values and preferably will have a strong effect size. Level 2A, annotation for a variant-drug combination that
qualifies for level 2B where the variant is within a very important pharmacogene as defined by PharmGKB. The variants in level 2A are in known pharmacogenes; therefore,
functional significance is more likely. Level 2B, annotation for a variant-drug combination with moderate evidence of an association. The association must be replicated but
some studies may not show statistical significance, and/or the effect size may be small. Level 3, annotation for a variant-drug combination based on a single significant (not
yet replicated) annotation for a variant-drug combination evaluated in multiple studies but lacking clear evidence of an association. Level 4, annotation based on a case re-
port, non-significant study, or in vitro, molecular, or functional assay evidence only (https://www.pharmgkb.org/).

Abbreviations: LOE, level of evidence; ADR, adverse drug reaction; NACB, National Academy of Clinical Biochemistry [19]; CLSI, Clinical and Laboratory Standards Institute,
MM19AE [18]; Clinical chemistry textbook, Tietz Textbook of Clinical Chemistry and Molecular Diagnostics. 5th ed. Elsevier [37]; CPIC, Clinical Pharmacogenetics Implementa-

tion Consortium [38-40]; DPWG, Dutch Pharmacogenetics Working Group [41].
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A7) ALTStE AL ol 83 4 GliE olo] T 4, UNHSRAZIA 43X} U HXjol X

At Ao2 R R Falol ol ANE TAS B AR aAle] Aol T AL AUkl AN
shl ok o, TAlo] WAIE B olele] BAow ALgShH o Aol T TS nwl Fick of] TN "ol 7IA} Fof
stk 201491 19 W) AZRFAAEA ] BAEe] QA e T (32 e He) ARzl ThR qlis) 2]
220 2 A8 7Hg 3 OFE-f A7 AHS Table 49 2TH30, 31, HA 9 o2 Gy olaES BHo = s glon “o=7]

Table 3. Classification and grade of reagents and instruments related to pharmacogenetic tests

Classification code Grade Korean name

English name Explanation

A22000 ol AARE 7]7)
A22280.02 1 AR ST
A22500 LA BA 7|7
A22510.01 2 ulo] 22 oj | o] F B A AR
A2252001 2 QA= EA
A2253001 2 S AR DAL
DOB000 BA0A AL Aok
D06030.01 3 OFEL.Q Z 2} A KFA| OF

Extractor, nucleic acid SR FEZ AAE Y8 € 2 EF, A,
2259 theFst AAO A as i &
2] t= A

A As7] fIste] FARHDNA) B T
N A ol 57 AR #o] |
A= BE £ oo B gl uk3 R4}
< BEAsk= A

A S 98 54 A AHDNA E=RNA) 2
FZof| AHgsh= B

FZHDNA = RNAJS] £7 o §JA]oflA]
Ho] 52 H=57] flste] FHAHDNA E=

RNA) A1 AALo]| AFE3H= AR

Analyser, microarray chip

DNA amplifier

Gene analyser, sequencing

CYP2C19, CYP2C9, VKORCT 5 QFE-S- A A AL A|
AHEEE AloF

IVD reagents for pharmacogenetics

Table 4. Pharmacogenetic tests in the medical insurance reimbursement list

Classfication EDI code Test name Gene name
1580 449 A AR A 5802 "W Sgasaqe-s-sg (10) MTHFR &A=}
2) FEEAAHTFS-HHEA
7h FTaLAANS-AGardAdo|Thy"
5807 "ok @71 EEA (35) UGT1AT S- A=k
(2) 108] 23} 203 |3}
U583 v A4 A AR AL 5831 "W FtEA a2 (19) EGFR ¢824}
(1) SEEAL A TSRS
(20) KRAS 4412}
5834 '}, @7 EEA (01) KRAS 947}
(2) 43"
5836 'tk Q71N EEA (01) EGFR ¢-31#}
(4) 83]"
5839 “, 7]g (04) HER2 414+
() AdER
C5841 "2, 7]et (02) HER2 S-41#}
(3) FFs LTS, A A muhkg
597 H-AAY AA CZ900 CYP2C19 §-A7k
CZ901 CYP2D6 444}
7902 NAT2 G-AH2HE 7| A G AAH
CZ904 TPMT FAZHE7I M EHAH
CZ905 CYP2C9 F-ARH A 71 A G AH
CZ906 VKORC1 -5 42HE 71 A 93 AH
€7910 TPMT FAAHAAIZE S A 9]
CZ9M1 CYP2C9 FAAHAAIZE SEE LA TS
CZ912 VKORC1 -+ AAHAAIZ SFaA AT
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