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Pharmacogenetics is a rapidly evolving field and the number of pharmacogenetic tests for clinical use is steadily increasing. However, incorrect or
inadequate implementation of pharmacogenetic tests in clinical practice may result in a rise in medical costs and adverse outcomes in patients.
This document suggests guidelines for the clinical application, interpretation, and reporting of pharmacogenetic test results based on a literature
review and the collection of evidence-based expert opinions. The clinical laboratory practice guidelines encompass the clinical pharmacogenetic
tests covered by public medical insurance in Korea. Technical, ethical, and regulatory issues related to clinical pharmacogenetic tests have also
been addressed. In particular, this document comprises the following pharmacogenetic tests: CYP2C9 and VKORCI for warfarin, CYP2C19 for
clopidogrel, CYP2D6 for tricyclic antidepressants, codeine, tamoxifen, and atomoxetine, NATZ for isoniazid, UGT1AI for irinotecan, TPMT for thio-
purines, EGFR for tyrosine kinase inhibitors, ERBB2 (HER?) for erb-b2 receptor tyrosine kinase 2-targeted therapy, and KRAS for anti-epidermal
growth factor receptor drugs. These guidelines would help improve the usefulness of pharmacogenetic tests in routine clinical settings.
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oA thf= FE A bE T Ak D Warfarin oFE 214
8 o 28 93 CYP2c9 2 VKORCTSAR}F 7AY; 2) Clopido-
grel |7 A4 &S 93t CYP2C19 AL HAL 3) AFAI
A, codeine, tamoxifen, atomoxetine 2F& a3} 2 H AL o
Z2 SIRE CYP2D6 704} AL 4) Tsoniazid®] 7HEA] &2 ¢

B NAT2 5-ARF AAF, 5) Irinotecan £-2+8- of| =& )3} UGT1A1
72k AAL 6) Thiopurine 7| oF&2] 27485 oll&-2 SlRt 1PMT
SAR AAE 7)) B]AAEZHF $ER} 2 tyrosine kinase inhibitor
(TKD AT AEE 913 EGFR 7734 AL 8) 3¢ 2t
S HER2 AR A ARGTA AES 913t ERBB2 (HER2) £-7
A} AL 9) Ao d AR B-4F 5 anti-EGFR OFA| AR/

RS 9 KRAS £ WA

CYP2C9, VKORC1 S71XI2} Warfarin

1, Hogt
Warfarin 2|2 A] 711 2174 oF=-83F<] o5& 918 cyp2c9
5! VKORCT #3348 =

2. 1 2A
Warfarin 7} 58] AHlEs A8 -SuA2 Hold &

&2 Ho|R9t 2| & A4 (therapeutic index)7} FaL 7HQIZF HX7}

ol o= 7 488 S }lom, o] 7|%t 9t SAb= ARk
B 22 ARG AE7E Eof @AMAS Ee EEY SRl =
o)A Eck uj=atk AlZ2]oF=(Food and Drug Administration, FDA)
ol| A= 2007de]l CYP2C9T}F VKORC1S) 4413 AAF warfarin
of A 7] 8 AA +8F Z = warfarin EAZ|AHE
d38t41at(5] 2010 0i= CYP2C9T} VKORCT 418 &3l w2
27] 92 U712 BAV o] Z71eIT

. PY37= National Institutes of Health’s Pharmacogenomics
Research Network (NIH PGRN) 4Fs} Clinical Pharmacogenetics
Implementation Consortium (CPIC) A6} 7|9ko. 2 ZFAJE]R]
O Dutch Pharmacogenetics Working Group (DPWG) A Z[7],
National Academy of Clinical Biochemistry (NACB)2] Laboratory
Analysis and Application of Pharmacogenetics to Clinical Practice

(8] & LT

3. Warfarin CHALR} 22 7|7

WarfarinA| A= RT} S JA|o] A A (stereoisomen 2] E§HE(race-
mic mixture) 2 FAIE]0] Q)0 S-warfarin®] R-warfarino]|
w]al] f50| 3-58) 7338}[9], cytochrome P450 2C9 (CYP2C9)O)
9J3f| tjF& 7-hydroxy metabolites & 6-hydroxy metabolites 2
YAFEIT) Warfarin2- vitamin K epoxide reductase®] &A1& Z-3
HF vitamin K9] 0]-§-& AgHste] Sa14}F FAdS AR

=] 5. Rus
7] dize] F-8&7F A4o] 7tz em(1-3), FAERt Bgom O A el At-g-& HERHTHIOL
QI3 2% wAYe] Slo] ekl AHa BeFS AYsh-
Table 1. CYP2C9 alleles and enzyme activity [11]
Allele Constituted by genotypes at: Amino acid changes Enzymatic activity
*1 Reference allele Normal
2 C>Tatrs1799853 R144C Decreased
3 A>Cat rs1057910 1359L Decreased
4 T>C at rs56165452 1359T Decreased
5 C>G at rs28371686 D360E Decreased
6 delA at rs9332131 273 frame shift Null
7 C>Aat 567807361 L19l
8 G>Aatrs7900194 R150H Decreased
*9 A>G at rs2256871 H251R
*11 C>Tatrs28371685 R335W Decreased
*12 C>Tat rs9332239 P489S Decreased
*13 T>Cat rs72558187 L90P Decreased
*14 G>Aatrs72558189 R125H Decreased
*15 C>Aat rs72558190 S162X Null
*16 A>C at rs72558192 T299A Decreased
*17 1144C>T P382S Decreased
*18 A>C at rs1057910, A>C at rs72558193, A>T at rs1057911 1359L; D397A Decreased
25 delAGAAATGGAA at 1572558188 118 frame shift Null
33 G>Aatrs72558184 R132Q Decreased
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4. CYP2C9, VKORC1 &1t warfarin £0{22F X 2218

Al JARA, Zho]l &5l S-warfarin®] S5 TA} FAo|c)
3071 o4k2] CYP2c9 Hi A Kallele)7 & A} 1At CYP2C9*
TR oM B AABES HYtH(Table 1. AFR10fA
Ha WS ARl 71 &3t Hol#2 CYP2C9*2 (151799853)
9} CYP2C9*3 (15105791002 LA glouHi2), gHaole Hl23t
ofAlo} elE oA CYP2C9*2 (151799853)= H.11% vl ITH(Ta-
ble 2) [12, 13]. ©1& CYP2C9*2¢} CYP2C9*3= AlEE E A2
Lol A S-warfarin JAFS ZH2F -30-40% L -80-90% TFAA]7 | =
Ao BIUEQCHI2L CYP2c9*1 AT ok Fol vl
CYP2C9*2 T= CYP2C9*3 YH-GAAE 2= 3A} = warfarin
A7 Al 89| o] o ARR[, 14, 15], AtfF oz 22 gaF
< E-g3fjof 3} prothrombin time international normalized ra-
tio (PT INR)©] QPF=|7171A] T =2 AJ7ko] @+t TH14, 10].
VKORCT-H- A= warfarin®] 32] #4:2] vitamin K epoxide
reductase S I (coding)FHH10, 17]. Vitamin K epoxide reduc-
tase+= vitamin K 3|29] &%= Alo] TAQ] vitamin K epoxideS
vitamin K= HIA7]= 27go]] wrojgtrhig]. 3t vjsy Ho]
(noncoding varian)Q] ¢-1639G>A (VKORCT -1639G > A, rs9923231)
Mol VKORCT 20749] WAQlA} Zg 3918 sl chl
A S GAAZIER[3, 19], warfarin®] @2 FokQ 17k} W

At o] I3, 13, 19-22].

5. CYP2C9, VKORC1 LHERTIX}e| Hix
CYP2C9, VKORC1 H-5-#1212] W= Table 29} 7t}

Table 2. Allele frequencies (%) of CYP2C9 and VKORC1

e

15 4= QUeHIL. EF=5QlS SRR ofAlo} QIO A= CYP2C9
Az A5 7H &3t Holg]l 3o gt AALE AR o=
Stk VKORCT $-AA = VKORCT -1639G>A T= o9} &
A-A% B (complete linkage disequilibrium)g Ho]x= c.174-
136C>T (VKORC1 1173T> C, 1s9934438) Ho| S AA}et)

L

A

2 > o
o

7. CYP2C9, VKORC1 X130l T2 wartarin £2F 1

u|=k FDAO|A] 4018t warfarin (Coumadin) A 7| Aol 4] H12
3= CYP2C9 Y VKORCT 3-430| 7]u1st At 9-2|-82F ¥
£ Table 301 QoF519ict 7t 8-5F 9] Ujol| 4] $H4ke] A, A|3EH
A, AeAgste e 59 HE F8 IEe st o=

8k Agsolol Tk

o cYP2C9 X VKORCI1GAEE 7|80 2 warfarin -9-A] 8-S

X
2
A\
ot
>
x0,
ki
Jh
Jo
)
o
i
WE,
juiss
o
o
T
il
&=
ot
ot
A
Do
5

2 B3 INRO] o] HYIE Holht Aol US4

3p7] olelould, 4474 5 S| Zo] ket Eopsiriet

% PT INRE HIE A RUEH 3fjof SFoHo). Aoto| A& warfarin

el thgt CYP2c9 B VKORCT +-74A0] Qakolut sl &

)l gt AFm 7t A9 §i7] whizolll25], Aotefl thet warfarin

224 Pkl gk oju] @&l 7|7k P O & warfaring
v o

gaza
285k 9l 4 2 vitamin K7b ZHE 40| sp7t 24

Allele White [6] Asian [6] Black [6] Korean [105-110)  Chinese [111-118] ~ Japanese [119-123]
CYP2C9*2 13 0 3 0 0 0
CYP2C9*3 7 4 2 4-5 2-9 2

VKORC1 -1639G > A (rs9923231) or 39 91 " 87-94 88-93 86-92

1173C>T (rs9934438)

Table 3. Recommended warfarin doses (mg/day) to achieve a therapeutic international normalized ratio based on CYP2C9 and VKORC1 genotypes
using the warfarin product insert approved by the United States Food and Drug Administration

VKORC1 -1639G>A CYP2C9*1/*1 CYP2C9*1/%2 CYP2C9*1/°3 CYP2C9*2/%2 CYP2C9*2/"3 CYP2C9'3/*3
GG 5-7 5-7 3-4 3-4 0.5-2
GA 5-7 3-4 3-4 0.5-2 0.5-2
AA 3-4 3-4 0.5-2 0.5-2 0.5-2
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Table 4. Representative warfarin dosing algorithms

International Warfarin Pharmacogenetic Consortium (IWPC)

———- Gage algorithm
Derivation cohort, total/Asian (n) 4.043/1,229 1,015/NA
Validation cohort, total/Asian (n) 1,009/300 292/NA

Variables in the dosing equation

amiodarone status
Output Square root of weekly warfarin dose
Internet source

Age (decades), height (cm), weight (kg), VKORCT genotype
(-1639G > A), CYP2C9 genotype (*2, *3), race (Asian, black/
African American, missing, or mixed), enzyme inducer
(carbamazepine, phenytoin, rifampin, or rifampicin) status,

http:/lwww.warfarindosing.org, http://www.pharmgkb.org

VKORC1 genotype (-1639G>A), BSA, CYP2C9 genotype
(*2,*3), Age (decades), target INR, per 0.5 increase,
amiodarone status, current smoker, race (African
American), DVT/PE

Daily dose
http://www.warfarindosing.org

Abbreviations: BSA, body surface area in meters; DVT, deep vein thrombosis; INR, international normalized ration; PE, pulmonary embolism.

CYP2C19 7ZdX}2} Clopidogrel
1, Hmot
A A A HSA S AlS) WA A8 ol FAJHAY
Sl SN AT AR A CYP2CI SRR
At 7l A

Clopidogrel2- Aol A o1g] cytochrome P450 (CYP) &40 9]
o) BB oR HeEo] Baw AL ollFo N Foai
£ YERdT} 3] cytochrome P450 2C19 (CYP2C19) R 4-2] 4
o w2t clopidogrelo] E4F 02 Hete)= £Herp Aguus
AW EHSTIY 8 S AHEGHTO| WS
eRIH301. wHebA, clopidogrele]] tiRh 2241 dE HAl55HA
U il oFE-S Eal] sl cvp2c19 FABAALE Aldish=
Zo] Parglch E Pir= NIH PGRN A} CPIC Z]Z[30, 311 7]
HRo 2 2PJE|9lom DPWG A3[7], NACBE] Laboratory Analy-
sis and Application of Pharmacogenetics to Clinical Practice [8] &

& Bsiolrk

3. Clopidogrel2| CHALR} 27| H

Clopidogrel-2- thienopyridine A8 2] A8 ka2 A], Fof &
7roll ] B0 2 WgheElo] 4mo] P2Y purinoceptor 12 (P2RY12)
2 HeE, vplo 2 oo Rl BAT UL Wela

Clopidogrel2] oF 85%+= carboxylesterase 10] 2J3}| B]EAls}kE] 11,

196 www.labmedonline.org

LHHA] 15%7F of2] CYP 540) 2802 BP0z Aehert
[30]. o]2] CYP & 4~ 5 CYP2C19- clopidogrel THA} 2o A 714
293 A3+S F W ool thokst 3924 benzodiazepine,
mephenytoin, proton pump inhibitor, voriconazole 52| thA}]]
FoAsIeH30l. CYP2C19 7430l whet clopidogrel®] thAF &= 7k
SalA| T, clopidogrele] H2-49] HIEo] ZJol Rol= o
L RAS Fel

4. CYP2C198- M1t clopidogrel X|2 =1}

CYP2C199] &/do] W&~ clopidogrel AHg- A G 2/d thAt
o] faste] oy -Aol| tigt oA Azt asich cyrP2Ci9
2 o3t Holg % FHHY HlolP2 8 AEW F2H-89]
Qo] CYP2C19%1 EFAY P8R E T 242} 1558, 1.768H S7F
Sreh32]. E3F AREEASZ0] o] P HolFollA 2.67H, 53
A Holgdoll A 3978 S7IRIH32) A, HEF, FeEd

1} -8 Ao A= CYpP2C19 A} Holof| b2 S E kA

CYP2C19%3 W0l 2] Z3--olli= AFollAl= =7t WA|TE clopi-
dogrelo] gt HF-3-A-& 7IAA|ZITkal 3190 H(33), =+ U Sf=r

St AL CYP2C19%2 HO|R I} AR A
o] FI7} Q)= A0 & 1 1% 1} QIrH34-39].

5. CYP2C19 LHRARTIXIS| B
The Human Cytochrome P450 (CYP) Allele Nomenclature Da-
tabaseo] 52 o] 600] 7ol o] % R fHAR 52
A d0o] olck QAR RS ulAe AR Ul e
o] gigFAAE= 75 A (oss-of-function, LOF) tH-f-72#}o]
), B 752 E(gain-of-function) H-FHAE LA Tk
CYP2C19 W79 Wl Q1Fof| uhe} o=, 53] 5942
oA LOF th& 704k R} g0 B2 gh=lofAfe] the
AF =g ufepst= Alo] F83tH(Table 5). 7153 4d& FEs)

L
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L 329l el CcYP2C19:29t cYP2C19+32] el
of| A2 Hlr== 72} 26.0-30.3% Z 6.8-10.1% ©]TH40-47).
6. CYP2C19 R ZIAL &

CYP2C19 57AAL0] Hol= {72} AA|of] AAA WA=, &
49] 715 oS 25t thHAQ] Ho|Eo] dEjA glon g
olef sz AT S-A14 0 & HARshH= Zlo| 7Hasttt

CYP2C19*1- S AT} oA 0.2 AHAF 4 TAL Zher})
CYP2C19 5AA] tlf-A A= i clopidogrel@] THAF &
TE A=Y, 1 F 29 39 HlE 7} 74 ) uhE, g7
-8 42= clopidogrel®] A} £=E Z7IA71TH(Table 6). 3t
w10l = Aol AY AEEA gz BRIETE 7-10%2 H]
WA Eom, Wi 2 AFo Al BlA] S5t 779 WlkEs 1% A=
2 |- Stk CYpr2c19 441300 whE Y-S Table 63} o] 4

Table 5. Frequencies (%) of CYP2C19 alleles

African Ashkenazi

7 &2 B=23tc) Al AFS(extensive metabolizer, EM), A|AH)
AR (poor metabolizer, PM), Z7FJ AL (intermediate metabo-
lizer, IM), ZA1& AR (ultra-rapid metabolizer, UM). *1 58+
oA A4 134 130] T MOTH 441,51
of 1AM RS HR2, 5 BB 2 A9 P, 17 SRHT
ol L 13 +179] o[ o)
4 9l

A¢ UM R 25

7. CYP2C19 RT0l IHE clopidogrel £2f #11

SATAEWZ=S 0 2 A A A LS A Hke
SO A cyr2c19 AR} HMol7} copidogrel X &e] 1|2|= o
o] ofe] AtollA HreF e B g, nls FDAOIA = ofF= 2o
EZ59YE (black box warning)-2 X3l e 513l Qlck ul=k 4]
A& 3)(American College of Cardiology/American Heart Associa-
tion, ACC/AHAIA o8 1918 2|4l Em 244}
o] ATt F55 oo 2 24 gk A0 2 ol Fxjo)

Allele [1Z\thhi1t 2] American Hi[s1pzaASiC Jewish A[;ig]n [Ijr%r_e:;] A ClopidOgrel A7 A FAFAAE sles Yalsal itk S

Il 2] ] Q1S AR 2 & 2T ATo|AE CYP2C19- G ARe| wet X
*1 84-87.1 75-82 85 83 60-62  60.0-65.3 - -

HRL thalslls Ao =2 g ATt Hzla o] vREo| 7FAs

2 122129 12250 10 12 2935 260-303 $HE deiohs B T AR pae] WiEe] 4asisl
3 0 0 - - 2489 68-101 tH48]
" 03 0 0 045 005 0 CYP2C19-8AFZAA A PM L IMO.2 T 3hajo] AL
:2 . . ; . 0(;0'6 (_) clopidogrel ©]2]o]| prasugrel, ticagrelore} 7282 2| 7t &g
- ) ) ) ) ) ) AR Bo]& 18T 4= QJth(Table 7). Prasugrel2- clopidogrelt
"8 04 03 0 0.15 0 0 Loohg] 0yP2ci9 o)) GBS A o] vz ok g A g abe
v : : : — 03 18 AL B el Ao 2 RaEou30), FRA L
Table 6. Assigning likely CYP2C19 phenotypes based on genotypes [31]
Likely phenotype Genotypes Examples of diplotypes

Ultra-rapid metabolizer: normal or increased activity
(~5-30% of patients)

Extensive metabolizer: homozygous wild-type or
normal activity (~35-50% of patients)

Intermediate metabolizer: heterozygote or intermediate
activity (~18-45% of patients)

Poor metabolizer: homozygous variant, mutant, low,
or deficient activity (~2-15% of patients)

An individual carrying 2 increased-activity alleles (*17), or
1 functional allele (*7) plus 1 increased-activity allele (*17)

An individual carrying 1 functional allele (*7) plus 1 loss-of-
function allele (*2-*8)

An individual carrying 2 loss-of-function alleles (*2-*8)

1417, *17/17

An individual carrying 2 functional (*7) alleles *1/%1

*1/°2,*1/3

) /%21 *) /*3’ *3 /*3

Table 7. Clopidogrel therapy based on CYP2C19 phenotype for ACS/PCl patients initiating antiplatelet therapy [31]

Phenotype (genotype)

Implications for clopidogrel

Therapeutic recommendations

Ultra-rapid metabolizer (UM) (*1/*17, *17/*17) and
extensive metabolizer (EM) (1/%)

Intermediate metabolizer (IM) (*1/%2,*1/*3,*2/*17)

Poor metabolizer (PM) (*2/*2,*2/*3,*3/*3)

Normal (EM) or increased (UM) platelet inhibition; normal (EM)
or decreased (UM) residual platelet aggregation®

Reduced platelet inhibition; increased residual platelet aggrega-
tion; increased risk for adverse cardiovascular events

Significantly reduced platelet inhibition; increased residual plate-
let aggregation; increased risk for adverse cardiovascular events

Clopidogrel label-recommended dosage and
administration

Prasugrel or other alternative therapy (if no
contraindication)

Prasugrel or other alternative therapy (if no
contraindication)

“The CYP2C19*17 allele may be associated with an increased risk of bleeding.
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2-0] clopidogrel A8 RFEL} kil 4 A Quck Ticagrelors=
7t o 2 §47 7|5 oA5ts FEE clopidogrel X} &
S5k QU A Uik 1517 QleH30L 1M 4, clopi-
dogrel A2 A) o] 2wt Bl 571917 H7iet e 31
8] 9Jo] Z7F5H 2102 1 IE T QL Ajel A7t =71 )
B0l th2 Q4 9915-S Tefslo] Ash 2] vherlsieh

CYP2C19 94 E4 A3} clopidogrel®] tjA} Ashd Ao
2 o= FAlA9 clopidogrel®] S Bl thsfjAf= of
2] SA7} 831 ZTH30l. L5 proton pump inhibitor 5 clop-
idogrel#} H-8-3h= 79 CYP2C19 & 44 AA|A|Aclopido-
grel®] G/Jg AJ/dE ASIAIA clopidogrel®] mito] F&FS & 5=
AEH30, 39

CYP2D6 STXI2} AtetA| &2, Codeine,
Tamoxifen, Atomoxetine
1, Moot
D A8 F9-2A] FoF Al CYP2D6 SRR HAE Aldst=
78 P13ttt 2) Codeine EoF Al CYP2DG6 AR HAS X345}
= AL Farglet 3) Tamoxifen F2F A] CYP2D6 - AFHALE
[e]

=
5t} 4) Atomoxetine £2F A| CYP2D6 8-

219 cyp2Dp6 5o wet cytochrome P450 2D6
(CYP2D6) A 2x0]| O3} thAlE]= OF & Al FElo] A7t ket
A &---2A), codeine, tamoxifen, atomoxetine 2FE-2] a3} 2 oF
A2 A AL CYp2p6 %0l WE CYP2D6 WA
Zpolofl whet A7 ETH4, 49-511. ofof| 7] oF& FoF Al CYP2D6
FAFHAE § CYP2D6 diiks B7PF BRsith CYP2D6
S0 Aolo] et AT -84 A7 An) B obE Rt
& codeine oF5 @3} W oPAA tamoxifen °F&E A3} atomox-
ctine OF5 221§ MY HIE 9] Zpol7} B WHITHS, 4951,

2 3= NIH PGRN A} CPIC 2|12 7]uho. 2 Zw|el o
[49-51], DPWG A|Z[7], NACB2] Laboratory Analysis and Applica-

tion of Pharmacogenetics to Clinical Practice [8] 5= 22515tk

. 2= CHAIR} ZHE7|H

41| -84 = A& Ed(serotonin) i} = 2ot=g I E(nor-
epinephrine) A &= A E29] SEZA, -3, 748 Aol
A &5 ARt WG o 5ol ARSET A &

A= N2Ed a7t 2 32} oflertiary amines)} = 2ol=g|
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gel Bt 23 obWl(secondary amines) OFA| 2 TR 3%
bl 27} bl 5 CYP2DGo] ofsto] Whe B4 7171 B
Ak} B AlE (hydroxyl metabolites) 2 THAFEITHAI). 32} ol oF
A|Q1 amitriptyline & imipramine-2 CYP2C19¢| 2J3]] g Elsem,
I AR T2 27} 27} ol FA|9] nortriptyline B desipramine
7 Usiek. urebd, 42k 9219 kel 2 CYPaDg
oF Y5 CYP2C19 &A47} #ofsh=t], of7]o|H= CYP2DORS
T\ gk

Codeine&- vlepd AUEA| 2 S5 9 ARt 55 42E flsto]
AFE-EIT} Codeine2- u-opioid -84 2131= 7} morphine®]] B3|
oF 2008} w2 oFEo|c}. Fof ¥ codeine®] oF 80%= H|EA] tiAL
28 AglE, oF 5-15% A=} CYP2D6o]| £]8ke] O-demethyl-
ation=]o] 4 thAFES] morphine 2 & thAlE =t CYP2D6S
o QARYL 215 RS Lehis o] Z0510H50, 511

Tamosifen 3 23 S 24 Sre] Aok o 918 ALE
El= A o AE 270 =84 278 A| o]t} Tamoxifend 271k
=(prodrug)o|H, CYP2D6+= tamoxifen©] endoxifen (4-hydroxy-
N-desmethyl-tamoxifen) © & thAFE]= ZHof|4] &2 Ao} T
o] #odstth Endoxifene tamoxifeno] B|5}e] S| AEZA o
77} 30-1008] & B/ tiAHE<lth Tamoxifen of thet oF=
A} 2 HRS-0] AHQIZE Zpolofl = CYP2D6 AL Ho)7E Tojsk =
0 2 BZYE L Aoto] whet thE AutE Hol7| e s1lrh4, 8, 521

Atomoxetine-2 T AY 7o) d)F Aol (attention deficit hy-
peractivity disorder, ADHD)®] 2|55 ]3] 4of FAd W 32
U014 AL5HE oF=olch CYpaD6o] S S B hy-
droxyatomoxetine ©. & tjAREICE

7L QJof|l= CYP2DO= YA F2 ARk oFE & oF
25%2] thakol] Thofatet. CYP2DGO] SJ3 efAfE thEAel oF
=2 o2 2} --2A | (citalopram, clomipramine, doxepin,
fluvoxamine, maprotiline, mianserin, fluoxetine, paroxetine), B}
ok Z5A|(dihydrocodeine, tramadol), ¢4 (debrisoquine, ge-
fitinib, sparteine), &g Al eFE(chlorpromazine, clozapine, halo-
peridol, perphenazine, risperidone, thioridazine, zuclopenthixol),
R AWM A A (flecainide, mexiletine, propafenone), HIE} Z}HA|
(carvedilol, metoprolol, yohimbine, timolol), 1 2] °F&(dextro-

methorphan, perhexiline, tolterodine).

4. CYP2D6 Y0l E AEX|EE X FEIE

CYP2D6 /o] whet of = AlAE = B4 thrtadze
Agl-go] ZpolE Ho|H g2 CYP2D6 Ho|Fol| A= X7 A
© A8 $ldol 571 4= Tk

A --2A419] 79 CYP2D6 PM oAl = oF & AR o]
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Burt R PRALE, F3A

=
o, 471570l 5 H2Hg W 7HsAdo] o, CYP2D6 UM
1=

w7} st g A7 Al 7HsAo] Eoxl

s

Codeine®] 7-¢- CYP2D6 PMOJ|Al&= morphine .2 Z2HE]+=
H|&o] #A5] gasto] 2 At EFET 4= 9o, CYP2D6

UMOJ|A+= morphine© 2 H3tE|= vl&o| F7lsto] oFE F2;

§ 4P 7R Ao] $0ITHS0, 511, Codeined] 3+ OFE 544
° 6, T, ofAlEe, 28 A4, 474 B, 7eleE ol
o], A2k OFE R RGO RE BF I S8 MR 43
A

goll, 25 A, 425, A vha] 5o] qlek
Tamoxifen?] 79 CYP2D6 PMoJ| 4] endoxifen ©. 2 2] A%} 7}
o]l w}g} @3 endoxifen?] =7} FAslal olof uhal fket &)
Aol sobxITh7, 8. Endoxifen F== 7] 7+ Ho|7F A,
HHO B = CYP2D6 1A} Ho] wiiEo 2 AYZtE|aL Qlrh4, 8,
52). 29 Ao A= CYP2D6 574} Ho] 2} tamoxifen 2|2 A3}
ool IS W 151G, CYP2D6 A w7t At 3ol 74
5 U A2 S Bk A SIAE AR o] Aol
7F ISit= A Qlof o2l =7ke] of#] 7} QlTH4, 8, 52].
Atomoxetine®] 7-$- CYP2D6 PMof|A] oF& tAlg o] Z]| oo
w2} HE7)7F A8 S7kske] E5 oFE =7 EMO]| H]s] oF 5
i =th= 2307} QIehS). whebs, PMoflA = 2R A 7hsAd
0] &0 1 & gtomoxetineAl-& A] F=2J5jjok gtk Atomoxetine2)
dobE WAL TE Bl TUUR BE TR A% 204,
Al 713 Soltt cYP2D6 2AAQ] paroxetine o] fluoxetine
7 E-8-8F 749 atomoxetine ThA} A1A|E]o] CYP2D6 PM
H

o
FARRE F2Rg-o] Lehd 4= Qles).

oo ot
E\l
b

o on

(o

lo
“\l

w2t

Koot

5. CYP2D6 LHEFTXIe| "Iz

AR HaE CyP2D6 4732k 7= 100714] o)Ak
ol[11], AAZIE7} ZA 7154 AR CYP2D6t
4 CYP2DG20|tk. CYP2D6 PG AR} B olEo|| wle} o}

Table 8. Frequencies of CYP2DG6 alleles (%)

20, 29 fg-5-4%1) HlEs Table 8ol A2lslHck =9l
33} ofA|oRR1e CYP2D6*10 TH-S- AR wo m g [Mo| ul
ol |l ZRlof| Hjel iAo g Wrh52-55]. gh=elofA o] A3
HE= IMO] 2750%, EMO| 68.25%, UMO] 1.25%, PMO| 0.25% %
H gl vp QIeHs5).

ShRlofat= B S A eh e R34 5 CYP2D6t0,
a4 g4o] M gl 2R 3 CvP2D6*s (null allele)7} 5=
= AE, 278 oo 7154 HERAA T S5E cYyP2Det
IxN'Y CYP2DG*2xN-E 1% 0812 LFERITHTable 8).

6. CYP2D6 RTI AL & sli4d

CYP2D6 1733 AR 0 2= A7 e A8 B CYP2D6
EHo] A H71EHd HAHSNaPshot), GeneChip 5 2] 714
7} Qe CYp2p6 %S A7k Helial= 471 ARt A
long PCRO|Ymultiplex ligation-dependent probe amplification
(MLPA) 5] f7710] At 2 B S5 25| 919t HAL
£ REEA] asfiof ghef gh=QloflA] AL Alofls =2 HolHe
0 9 ALY AE5) W ¥R S HES 4 s U
HEEA] s2ghsfjof gtk

CYP2D6 Y5 471e] 2310 B XE] AFEE A Kol 2
Asto] CYP2D6 #8F-& Aok W= ARFEAHS56, 57
UM 2R} A= tamoxifen 5-8- A] B4 A=) k7t =0t
Au g FAg Uy ghgo] Folx|H, PMSl 73¢- oFE At |
ol g-g0o] £t} RIE, UM 217} atomoxetine 58 A F&
B gojd 4= glom, PMRI 7 9-ofl= oF = thAS =71 A5t
o] T4 ol e F2HE- WY ghEo] oA Hrk

PM ZRR}o|A] 4F8HA] 3984 T= atomoxetine 5§ A] OF&
AR} Ao} B2 I 7Hs/do] oA, tamoxifen &
A= endoxifen @ =k 4= St
o a1, codeine E-4- Ao = E5E3H & )
tH7, 8, 51, 58, 591 UM RRtoll A= AFeHA| o924 58 Al A&
Al 7}5AJo] =olR|H, codeine £-8 Al morphine &2 #31E]

ils
tlo

Allele East Asian [50] Korean [126] Korean [54] Europe [50] African [50] South/Central Asian [50] Oceanian [50]
*1 34.17 33.25 3232 53.63 39.23 53.70 70.15
2 12.82 10.13 10.88 2691 20.12 31.90 1.20
3 0.00 0.00 - 1.32 0.03 0.00 0.00
4 0.42 0.25 - 18.50 3.36 6.56 113
5 5.61 6.13 5.61 2.69 6.07 2.54 495
*10 42.31 4500 4558 3.16 6.77 19.76 1.60
*41 197 1.88 2.24 8.56 10.94 10.50 0.00
“2xN 038 0.50 099 127 1.56 0.50 0.00
*1IXN 0.28 0.13 0.07 0.80 1.47 0.50 11.83
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Table 9. Assignment of likely phenotypes based on diplotypes of CYP2D6 [49, 127]

Likely phenotype Activity score Genotypes Examples of diplotypes

Ultra-rapid metabolizer (~1-2%) > 20 An individual carrying duplications of functional alleles (*1/%1)xN, (*1/*2)xN, (*2/*2)xN

Extensive metabolizer (~77-92%) 1.0-2.0 An individual carrying 2 functional alleles or 1 functional and *1/41, *1/%2, *2/*2, 1/%9, *1/*41, *1/*5, *1/*4
1 nonfunctional allele or 1 functional and 1 reduced function allele

Intermediate metabolizer (~2-11%) 0.5 An individual carrying 1 reduced function and 1 nonfunctional allele or *4/*41, *5/*9, *4/*10, *41/*41

2 reduced function alleles

Poor metabolizer (~5-10%) 0 An individual carrying no functional alleles *4/*4, *3/*4, *5/*5, *5/*6

Table 10. Dosing recommendations for amitriptyline and nortriptyline based on CYP2D6 phenotype [49]

Phenotype Implication

Therapeutic recommendation

Ultra-rapid metabolizer Increased metabolism of tricyclics to less active compounds
when compared with extensive metabolizers.
Lower plasma concentrations will increase the probability
of pharmacotherapy failure.

Extensive metabolizer Normal metabolism of tricyclics.

Intermediate metabolizer ~ Reduced metabolism of tricyclics to less active compounds
when compared with extensive metabolizers.
Higher plasma concentrations will increase the probability
of side effects.

Poor metabolizer (~5-100%) Greatly reduced metabolism of tricyclics to less active com-
pounds when compared with extensive metabolizers.
Higher plasma concentrations will increase the probability
of side effects.

Avoid tricyclic use due to potential lack of efficacy. Consider an alternative drug
not metabolized by CYP2D6.

If a tricyclic is warranted, consider increasing the starting dose. Utilize therapeu-
tic drug monitoring to guide dose adjustments.

Initiate therapy with recommended starting dose.

Consider a 25% reduction of the recommended starting dose. Utilize therapeu-
tic drug monitoring to guide dose adjustments.

Avoid tricyclic use due to the potential for side effects. Consider an alternative
drug not metabolized by CYP2D6.

If a tricyclic is warranted, consider a 50% reduction of the recommended start-
ing dose. Utilize therapeutic drug monitoring to guide dose adjustments.

= H&o] F7Isko] ofE FAE A 7k /o] olithy, 8, 51,
58, 59). EJF CYP2D6 7417 HolE ofye}, CYP2D6 AIAHIE
FAJ0] oehiz 490l P $A11 CYP2D6 24 2ol
7 2 910 B § 8o 3tk CYP2DG SAAIOI: parosetine,
fluoxetine, bupropion, amiodarone, clomipramine, cimetidine,

quinidine, haloperidol 5-¢| $Jth

7. CYP2D6 ST 0l| ME AetA| <2, codeine,

tamoxifen, atomoxetine 2 #11

CYP2D6 F& 3ol w2 H2HARF-EA] A& HiQkS Tables
9, 100 A2j=lo] It} Amitriptyline 5-2] €524 A] CYP2C19
A% AARE Al3st= o] =gl Hrt

CYP2D6 T W= codeine A& Pt o3} 7t}
UMQI 7-¢- oF & F2-8- WY 715/d0] 0 B & codeine AHE-&
glstal thA] M-sA 2] AHE-S skl IMS] 79 B4 8o R
A7 AEFsh g0l A A o A9 tiAl JsAI A

2fgteh PMQI 79 o2 APt oA B &2 thA] 1SS AHE-

gl=

200 www.labmedonline.org

gk QA A 2 Bf 2JeH60, 61)

CYP2D6 F&3o| o} atomoxetine 2| & P th-&u} 7+
th EM?I 7% atomoxetine HiLE&= FoFgaEe H X7} 70 kg
ojakol| A 1.2 mg/kg/day, 70 kg 014} 4] 80 mg/kg/day©] L, PM
Q1 78, 70 kg wwkoll A 0.5 mg/kg/day, 70 kg ool Al 40 mg/day
oJcHs].

NAT2 SXI2} Isoniazid

ksl
A8NA] isoniazid FOF A| NAT2 S-HFAA

3t

rH

il
fllo

Ast= A

o
rir

)

faut

kd

2. 1 27

SFANA| isoniazid EOF A] 7FHL 5] WA= oFE HAlg
Z shLtoln], NAT2 9 Ax}0) oK EE} A o) w2 oFE Ao
Aol & Qlsf) oFE it 7HEAd o] $1F = FEbdl 4= lrh62-64.

3. Isoniazid CHALRE ZE7[H

Isoniazid= ZA39] 12} x| & A| 2] 3lL}2, arylamine N-acet-
yltransferase 2 (NAT2) f 40 2J3}] =& 7hoj|A] thAFEILE Isonia-
zid+= NAT290]| &3 acetyl-isoniazid 2 AZHE & amidaseof] 2]}
acetyl-hydrazine 2 7= ¥tk Acetyl-hydrazine2> NAT2 & 4
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o] o3| thA] B]=A] TiAREZLC] diacetylhydrazine &2 obA|E S}
wo] v E. Isoniazid °F& A B thAREES] acetyl-hydra-
zine, hydrazine, ammonia 50l &J8}] 7F AFo] BRAIg 4= gl o
isoniazid®] A|AEo] st 49 oFE ol FAgo] WS

SR} o ok

4, NAT2 2-4=2} isoniazid F2HE

NAT2 S = 5 diEfxke] aeof whet 2=, a4
o] AR Qe ofNE3t Hw 7t FE4=F isoniazid®] AA
Fo| fasto] ofF W 1 A Eol| tigh ko] FTIRITE
70e] NAT2 S 314} o] Wi AJshel A9 opA|E = (slow
acetylaton @] 7, thE-3121e] GAdo] 33l Al obA ekt
(rapid acetylatonol] BJ3}| oF& i 7HEAY] QIF=7} o =t
[65-67.

5. NAT2 iRl RTXe| HIx

NAT2 G584 = A7IA] 807) o)/do] dreA] glom, opAY
& G- FAA = NAT2%0|tHOS]. NAT2 -2 AF2] HiEs= 9]
FHE ]9 F 2po]E HolH[69-72], SH=Rlof A= ThE Q1
A B NAT2S - 4-204e] W=7t W, NAT2%6 D NAT27
g A7ke] WlE 7 AF A © & =CH(Table 10).

6. NAT2 ST ZAL I A
NAT2%5, NAT2%6, NAT2*7 H¥o]i= M ol (exon)o] 9|3t ot
AU7] HHolo]H WL ofu|ic At WSS FaFstct gh=olof| A wt
Zﬂﬂ% F9 HoJE= 590G >A (%6)2} ¢.857G >A (+7)0|H, o] & T
AR B NAT2 1.4 8449] Astel Hagieh #dF-2> of

Table 11. Frequencies of NAT2 alleles (%)

Cambo- Japanese Korean Korean Korean Europe- African

aae] Aol Tt 3742 Uhrind, 2 el ThE 3y
S Table 129} 2t SHEQlh Qluolol 2 e B
Al o MES it 42.8-46.5%, =5 0]-/\1]‘?‘=_§]-%(1ntermed1ate
acetylator) 44.2-46.9%, A|¢1 oPM|ES} 9.3-9.6%% X I1% vl Q)
tH70, 73], =3loll whebd= 24 7] o] 4o] of iy ti-At
(NAT2*)E 71 B5-5 A& otMEehto =, 11 9f9] e 7
G = NAT2 -7 AE 7HAA] 962 795 A1 ofAEst
O 2 A5 FHH6S, 69)

7. NAT2 SX&0|| 2 isoniazid £ H1

Isoniazid FOF A] NAT2 G- 3o] wha} oFE SHl 7= WAl
AF=Tt DepA| =] YeHE o & X4 opNddtto] Al ofAld
shto] vis A=} o okl defA QleHoes) 12t HiE
A A3} FopA|oRlof A NAT2 | opd[es}-9] oF & 4 7k
Z o] tf gt W x}H](odds ratio}= 3.32 (95% A1Z| 717} 2.43-453) =
H g g, welof A= S B A] SLskoink NAT2 54
3 = ) W= isonizaid -85 280 tsfj A= oF4] FHe
= HVF reA i? °‘*Rl%‘ Ak Q= AEE FE A7t
= B 24| disf AAE 7HsAdol 9l

212 13 0 ol A T AN AT APl A2

#7403 W EAFo uhehisoniazid $FL 2HGHE PAARYL

AQHEE 1t SIEH66. A1 opHeeh ol 4 2 apuct 713 Fop

A A w3 wom O3 OFE U HEAo] aslglo
ok Al 7

Allele .
dian[69]  [71] [70] [71] [721  an[71]  [7] .

UGT1A1 SEXI2t Irinotecan

4 40.1 69.3 65.7 62.4 623 - 89

5 13 - 1.6 - 19 533 71.6

6 314 227 201 24 212 - - 1. #uet

x7 17.2 - 1.5 152 135 - - Irinotecan T-82F QW A] UGT141 SAFAAE A5l 7

*11 - - - - - 444 194 < A3}

*12 - - 038 - 05 - -

*13 - 80 0.1 - 0.7 2.3 -

Table 12. Assignment of likely phenotypes based on diplotypes of NAT2 [68, 70]

Likely phenotype Genotype Examples of diplotypes

Normal/high activity (rapid acetylator)
Intermediate activity (intermediate acetylator)
Low activity (slow acetylator)

2 rapid NAT2 alleles (*4, *11, *12, *13)
1 rapid NAT2 allele and 1 slow NAT2 allele
2 slow NAT2 alleles (*5, *6, *7)

"4/, *4/*12, *4/*13, etc.
45, 46, 4/'7 et
'6/'6,*7/'7,"6/"7, *5/'6, *5/'7, etc
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2. 1 ZA
UGTIAI
= 013]]

Ir
i)
>4
A

Aol whe} irinotecan F2F A oF & A}
3557 UATH 5 A RAE

oX M o

Jo o=
(N

I

mlo
do rir
%
B

29y 2718 ﬁw SR F 3 S ol

dgarE *16“5% 2 Hgehs) UGTIAT2S
LR rﬂzﬂ EHT Hol Bpg by 9]
A7} 27182 2 irinotecanF-o 2F JHsj|ok s}, oA
ofelof|A] AAtfE o &2 B3t UGT1A1%6 -G AALE irinotecan -5
H = A3t o] QITH76, 77]. B]= FDAC| A= irinotecano] th3t
FAE WY ATt = ERH ﬁ%“é S8l vGTIA1 $F
= Aol Hxzlo s AL
ol st Sppele et 94 AHE A S ek
AP AT, O, 98 oFE 5 TE Fan ARES B
7 asfjof gt} B Hil= NACBE] Laboratory Analysis and
Application of Pharmacogenetics to Clinical Practice [8]5 7512
2 AAEIglon DPWG A A0S Fsteck

>

2 A UGTIAI §%

32 71
s

3. Irinotecan CHAIRt X4 7|H

IrinotecanS oA AT} 7]} 1gete] 2| Zof| AFREl =
OFE=, THAAE Yol A carboxylesteraseo] 2J3 S dijAEAIS]
7-ethyl-10-hydroxycamptothecin (SN-38) 2.2 Z&}H]o] QA E U
oA oFE IS YERA Hk SN-382 uridine diphosphate
glucuronosyl-transferase (UGT) 1A1 & 40 oJ3f 2T 2AKS] ]
o] H|EA A2 TEo 2 alAE]H, SN-38 2] 27} irino-

tecan & 2299 0uls} 2 i}
4. UGT1A1 %é;'oﬂ El‘% irinotecan _?_I_Il-g_
UGT1A1 B4 ST} Zha o] 9l 0o SN-387} 2

F-21}o] E(glucuronide) thAHER Y2Hs] ATHE|R] Lslo] v

Table 13. Frequencies of UGTTAT alleles (%)

Allele Asian  Korean Korean Korean Korean Korean White Black

[128] [129] [130] [131] [132] [133] [128] [128]
6 15.7 213 18.6 15.5 22.2 193 0.7 0.0
28 9.7 12.7 10.4 103 95 114 388 44.6

Table 14. Assignment of likely phenotypes based on diplotypes of UGTTAT

o] A3}=] 2 & SN-38 &4 thALEo| Z713tt} Irinotecan A& =
25-30%2] ZApoll A St AT AL 59 A R AgS

s8], A TS A= UGTIAT 53R} |ol7E 9)
£ 74 obE RAg o] SRt T

5. UGT1A1 CHEISHXIC| HIE

UGTIAT HGe-ARe] BlEls ¢lgda uj$ tokslct Table
133} Z¥o] oAl A= UGT1AT*28 TR AAL] BlE 7} oh 2
QFol Hlsl wow, thE AFolA= AL = UGT1ATG HE -+
AR} RIE7} A eh 2 O & t=ot whepa] ofA|ofRlRl - UGT1A1
FAGAAL Aol UGT1AT728 Bt oFU2} UGTIAT6E BHlet=
Zlo] vigHz]st

6. UGT1AT RHSZAL & slfAd

UGT1A1*28%= promoter £-¢]of| 771¢] TA ¥H2- 17]7} gl= A
© 2(NM_000463.2:¢-53_-52TA[7]), 672 HHE 97]AE 714]
3L Q= opA el Hlal] ¥hE 4717} 71 AolTh UGT1A16-E
ot 1 H$jo] ofu)ical A|gS HFshE wdedr]e] wWolot
(NM_000463.2:c.211G >A). 5 tj&-g-22}= B UGT1Al BA
o] A8 A7, 2 8T W S - o]| W2 S Table
149} 2t} UGT1A1%28 58 A%} Blo|d %Uéé% oFAIg o] H]
o 357 Aol AT AHSIRESF 20728 E3koH, iri-
notecan -§0] £&45 QIHEE v F7Fghthal B g vt gl
CH79L.

7. UGT1AT S| Z irinotecan F2F H1
UGT1A7*28 Hg-7-7317ol| thet s34 e Hold&
oAl 250 mg/m* o4} 11-85F9] irinotecans FoFoh= 73‘—?— t?} o
Al 2 85O, 125 mg/m*)-& FFsHAUHB0], 30% 7 s
= 2 gl
UGTIAT*28 O1FA Y Hlolde 2 ﬂx}oﬂ 1% T el
T4 2] & (under-treatment) S -5-1F3F 4=
TH7l. UGTIAT*6YE UGT1AL 42 2H4
ARk UGTIATGE 7H 2AbollA 9] of & & =4
A7) = s daLakero] gloHsil

01“3-
18
O
o

Likely phenotype

Genotype Examples of diplotypes

Homozygous wild (normal/high activity)

Heterozygote (intermediate activity, intermediate metabolizer)
Compound heterozygote [134] (low activity, poor metabolizer)
Homozygous variant (low activity, poor metabolizer)

One functional (*7) and one reduced function allele (*6, *28)
One reduced function allele (*6) and another reduced function allele (*28) *6/*28
Two reduced function alleles (*6, *28)

Two functional alleles (*7) *1/%1

*7/*6, *1/*28

*6/"6, *28/*28
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TPMT SXXI2} Thiopurine AlE A=
(azathioprine, mercaptopurine, thioguanine)

1, Hogt
Thiopurine A|E 2F=(azathioprine, mercaptopurine, thiogua-

nine) 2| & A A TPMT 78 AA S Alshes 2he dardit.

2. M1 2A
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Z &) SAlrE e = e Bz vl A 2718 2
J& 19l thiopurine AH|F eF&=2] 2= A2 A TPMT 3G HAL
£ A A AnFe) 0l FDA W §EelebYEuropean
Medicines Agency)o| A= TPMT 348 T Ao wha} thio-
purine A oFE o] §F 28 Al 21 Ansha gk

X PI= NIH RPGN A} CPIC 22011 Pk @ 2013
AHlo|E)re 7IHhe.2 210 (23, 82, DPWG A|[7] 9 NACB
9] Laboratory Analysis and Application of Pharmacogenetics to
Clinical Practice [8] 5= Zsl3ich

l‘iE

o2 CiAlet BB

Azathioprine, mercaptopurine, thioguanine®] Al 7}A] thiopu-
fine 7% oFo] QLR AHgIT glon] A7 Fobic
A AGARBLS E5ket MRS
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3. Thiopurine AIE
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rine-2 HAASE 9 YA oF%
wo| Azo] 22 olg
A= mercaptopurine?] TH-E-2 thiopurine S-methyltrans-
ferase (TPMT) & 4xof ]84 H|ZA]E 2] methyl-mercaptopurine
(methylMP) 2.2 Z8H=|31, AR} ofe] giAL HAIE AA HeA|
4 7= a5 YERE methyl-thioinosine monophosphate
(methleIMP) 1l ghAEQ] thioguanine nucleotide (TGN)L. 2 7

SHETH23, 83, 84]. Thiopurine A|E 2F&2] tAlo] TPMT]e] ino-
sine triphosphate pyrophosphatase 5-0] rojsi} A=A AAF
A ke ok

Ftk Azathmprmet mercaptopurine . =

Table 15. Frequencies of TPMT alleles (%)

4, TPMT S& 1t thiopurineZd| 2

TPMT ST AR 0 2 AREm], TPMT S5 7} o
£ thiopurine A|E ¢F=9] AHg- A EF TGN tiAbzo] Z7Fglch
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A5l o] #olRel Aolle F5E Ee AT EIAE
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T A0 FRAT oPFER A= TGNo| A o & 217 Ay
B R 079 9130l Wrh23, 85).

s 2518

TPMT &40 AT W& 3Ex}of| A thiopurine AlE F&S
AHE 2, 0 7 Tk 5
2 2 HAg-o] A4 4= Itk Thiopurine A|E oF & 9]9] th2
o
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5. TPMT CHERRIXIS| B

3009 79} TPMT PR G A Lot At AR
of vlsf &/do] Aotz tHHFHA = ti3E2e] E 7H7F =
S AAEkaL glon g 53} S AR S A 0 2 Helslo]
TPMT 578 AAME Al 4= lehsol. 2t ZJ_ZPQJ L=
Table 150 H2Ja}3it). h=lofjA] WAL= Holg o 2= 3 1l
T7} 71 =3100.8-25%), ©]9] EEA *6, *16, *32, *3801 g
HE QIEHS7).

6. TPMT ZAL & A

TPMT $4< | Z37] Jgt AR BEgalo| A DNAS %
Eoto] TPMT 74 HolE Selete AR AL ol @jof e U=
ol Ao A TPMT A 40| TAS = %l
o} SAFAA= AARe] A7) 21F A Qolo] ofakejo] vl
217 AJEF 2= o)k Apdo] Qlck Ul o] A] 9ke- T )
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Tl A& = fle B4 Ast diY

AP QA 8

Allele Asian [82] Korean [40] Korean [41] Korean [42] Korean [43] Korean [44] Korean [45] Korean [87]  Caucasian [82]
* 98.35 98.88 97.51 9895 98.78 96.19 9600 96.44 95.73

2 0 0 0 0 0 0 1.00 0 0.19

*3A 0.01 0 0 0 0 0 0.50 0 3.56
3B 0 0 0 0 0 0 0 0 0.05

3C 157 0.88 1.75 1.05 122 2.54 2.50 1.44 0.42

6 0.07 0.25 0.73 = = 1.27 = 0.17 -
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Table 16. Assignment of likely thiopurine S-methyltransferase phenotypes based on genotypes [23]

Likely phenotype

Genotypes

Examples of diplotypes

Homozygous wild-type or normal high activity
(constitutes ~86-97% of patients)

Heterozygote or intermediate activity
(~3-149% of patients)

An individual carrying one functional allele (*7) plus one nonfunc-
tional allele (*2, *34, *3B, *3C, or *4)

An individual carrying two or more functional (*7) alleles *1/41

*1/°2, *1/°3A, *1/*3B, *1/°3C, *1/*4

Homozygous variant, mutant, low, or deficient activity ~ An individual carrying two nonfunctional alleles (*2, *3A, *3B, *3C,  *3A/*3A, *2/*3A, *3C/*3A, *3C/*4, *3C/*2, *3A/*4

(~11in 178 to 1in 3,736 patients) or *4)
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ciation for the Study of Lung Cancer/Association for Molecular Pa-
thology (CAP/IASLC/AMP) 2] Molecular Testing A [90]& 7]HES.
2 ZAAE]l o, 0]9] National Comprehensive Cancer Network
(NCCN) A [911e Rarskict:

3. Yaziolo| & REKIHO| HIE[90, 91]
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Hl2 A o Bk TKIO) X8 A 3HS How] ot o] A%
Hrt AlE19- | ieAl 729-76D0f| $IR[SH= S A< (in-frame
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Table 17. Drug sensitivity according to genetic variations in EGFR

Major genetic variation Nomenclature Phenotype
G719S (exon 18) NM_005228.3:¢.2155G <A, NP_005219.2:p.Gly719Ser TKI sensitivity
G719C (exon 18) NM_005228.3:c.2155G < T, NP_005219.2:p.Gly719Cys TKI sensitivity
G719A (exon 18) NM_005228.3:¢.2155G < C, NP_005219.2:p.Gly719Ala TKI sensitivity
In-frame deletions (exon 19) NM_005228.3:¢.2235_2249del15, NP_005219.2:p.Glu746_Ala750del TKI sensitivity
NM_005228.3:¢.2236_2250del15, NP_005219.2:p.Glu746_Ala750del TKI sensitivity
NM_005228.3:¢.2239_2248delinsC, NP_005219.2:p.Leu747_Ala750delinsPro TKI sensitivity
NM_005228.3:c.2240_2257del18, NP_005219.2:p.Leu747_Pro753delinsSer TKI sensitivity

T790M (exon 20)
L858R (exon 21)
1861Q (exon 21)

NM_005228.3:¢.2369C>T, NP_005219.2:p.Thr790Met
NM_005228.3:¢.2573T>G, NP_005219.2:p.Leu858Arg
NM_005228.3: ¢.2582T>A, NP_005219.2:p.Leu861GIn

TKI resistance
TKI sensitivity
TKI sensitivity
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. H31E= American Society of Clinical Oncology (ASCO)/CAP
Clinical Practice A Z][92, 93]-2- 7]Ho & ZFAJE]Q) O, 0]2] NCCN
Z]2[94], Spanish Society of Pathology (SEAP) and Spanish Society
of Medical oncology (SEOM) AJ3[95] ¥ United Kingdom (UK)
Recommendation [96] 5-& Fars} 31T
3. YHQ|o| I RHXHHO| HIE

ERBB2 3 AA= E]2AI7|U oA (tyrosine kinase) =-8-4]2] &
T AYAIR} 4287 THepidermal growth factor receptor family)©]]
225)= T2l S IS = S HRE A, HER2, NEU, NGL, TKRI,
Her-2, c-erb B2, Her-2/new 5-2.% &2]7] = gith

HER2 9 AR} 2Z 2 HER2 TPFE0] 29 7|40 2 A], HER2
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Hhgo] e o]& -2 trastuzumab (Herceptin), lapatinib,
pertuzumab, trastuzumab emtansine (KADCYLA)¥} -2 HER2
FH2) 2] Fole] 23] Hrk fehH, HE AEAGE] E
Ah) 413 2] Ufal HER2 A1 BAPHOR Al 2

8, kAT QpAel ASolet HER EAXZE 48 5he

o}

Y rﬂ
o

4. HER2 ZAL %! sHiA

HER2 AR 20404, A0 oF T o] 2.910) o 2] )
£ Ao ] A% 4 B PAES B e 4 ol =
2wl 1Y PAE S, 24 85 5 7 dels A
2 7Hst 4SO o), AR 672417 59 B4
% mauelolq WAk Bk A4 6% ofdle] Agtel 27
AHS HER2 P AHG 3 Stk o)) 27o] $3e]A)

www.labmedonline.org 205



MO

249! Q|: Clinical Pharmacogenetic Testing Guidelines

)
e
oX,
E

2l o] FAdet 23k Hel A= AA A

A7 2tk 3] ISHPAL A= 244 o] Hojw 27) 2
Ayo] Wk 7Hsaof 51, 25% ol Akoll A Al57) oFsl At
01 % Fe kA, AlEAelA 10% olde] Als 7t #awE 7

(r do o 42 ¥2 52
o

Eﬁi_]'

__t_,
X

E]%(nuclear resolution) A3} 9 x7}adgo] 7335t -0
A 9 A7 ool i

HER2 7&/\}%’3 2L 37 2717 83, & ohil 1hE 8- slol
THCS} 372} Whel-S B2lsh= ISH7} gl ISHell & 354
k8- AK(fluorescent in situ hybridization, FISH) = AlH5
DRSS AGilver in situ hybridization, SISH) 5-0] Z3He T} o]
Qo= mfo] A Zojg|o] 7L 0]-8-3F DNAZFE, messenger RNA
reverse transcription polymerase chain reaction (MRNA-RT PCR)
& M2 7S] &71E5L Lo, oFA7A] HER2 74 EE
31912 Sfe AN AHE IOl 577} 25 Helch

HER2 AAF A= dFA(positive), w5 (equivocal), 24(neg-
ative), 1]Z4(indeterminate) ©. 2 X 175FCk HER2 oFA-L Q14 3]
Q)= &S QMAYEET} 10% oAl FoF BLOE atkslo], THC o)
A e IpkEo] QAW ISHOA -4 522070 o) e] Al
Ag=oll ZAZE HER2 copy ¥= HER2/CEP17 v-£)0] Bl 7
9.2 Hofgie}

HER2 77074} 53 AL A3 o Ex= THC AL 23 HER2
chall TP oSl Shab= HER2 AR 2AE AHEE 4= QlTf
whoF Uk Aol BRI Ak @ Aol 5 Aol
sl thA AAPHIHC E= ISH).2. 2 EolskAL A28 AA = 4
Aot stk ofl FARHOLE ZAelsal Aol Bolx7} &

A 7ol 71491 HER2GHAF Alede arefstal ofof] tgh o

AFE I S iAol 7] A sof gk

l

me nﬁ m

KRAS wTixtet Hold ZEEIEH

1, Hmot

—
730]@ 7:12()1—11;(}& )

S}2}o]|A] anti-epidermal growth factor re-
ceptor (EGFR) A|A] (cetuximab & panitumumab)®] 2] & &1} o
Hfato] FoF A KRAS - HAHAE Aldfat= RS dastt.

2. @1 2A

oF 40%2] AAFAAFC oAl KRAS S AR} A HS] ol
Si=(codon) 12, 13041 E¢A0]7} HAE T 015
©om EGFRS B2 0 2 3}= 279 tat uh-e
2‘24 Act E}EW Ak Al o 47191 = Zdo 3]
FoF 4] Hi= Zole 2ADOA KRAS 1t
23] st} u]= FDAE KRAS 737}

2
2,
m}ﬂ
to g
PR
lo o
X
ot 2 o (o

X
=
[
5
)
:
%

i
e oo

206 www.labmedonline.org

o7} Qli= AR EA}o| 4] cetuximab 2 panitumumab A}

S 7|HEe 2 AAE Rl en, 0]9] ASCO
Provisional Clinical Op1n1or1 [97], European Society for Medical
Oncology (ESMO) Clinical Practice Z]%[98], 2010 European Sci-
ence Foundation-University of Barcelona (ESF-UB) Conference
on Pharmacogenetics and Pharmacogenomics [99], Italy Recom-

mendation [100] ¥ SEAP and SEOM Z]&][101]-2- 2F15}%3ck

w
113

AtRo|o| gl @XMXIHO| HIE
F59] RAS gene family (HRAS, NRAS, KRAS) & KRAS &
|7} AAAE oA 71 wol WHEE YA o2, KRAS
A= RAS T A ES Fsh o = gAof 4oz <l
AR ATE ALt B84} e o] RAS A gua-
nosine diphosphate (GDP)?]| 3507 Ql+=t|, AF=-& HEO ™ guanine
nucleotide exchange factor7} &
complex (GTP)-RAS §/d& S7IgIt} A 0 2 RAS thif o]
WA GTPase= GTPE GDPZE 7H=3f st 842 F-AI5t
A9, KRAS 577k EAHol7} 3l& 790l GTPase E4d0]
2H5] RAS Tha o] 2]4:2).0 2 SIS thi2o] S0l
S 12, 13014] A7), S8 E G104 7)) de
KRAS A= A58k 27 QR(regimen)2] A4S 95t 2
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2E 13 BARIPCIIDT} AR FEE o2 i gt
= g5 FAE 9Jo1H102, 103], oF2] 7Hd TA|o] FAFO R %
A A7} o asitt mhebd FA= p.GI3D WS 71 ¢
Ao antEGER AAIE AHG3Hs A8 FARIR R WolSol4
okr}, I3l KRAS oA 0l %o % anti-EGFR A|Alo] £}
= A7 QO BT KRAS 0] & 7320 A cetuximab T+ pa-
nitumumabo]] T3k 2 AT 2714 YEFAAT} Q=A] A=
et
AR DAlA KRAS F=12 3L 139] Wo] W= 39.3%
olu] 714 S5t Wo| = :E129] pG21ID (36%)2} FE 120] p.Gl2v
(21.8%)°]th(Table 18) [104]. {10l wh& KRAS WO] RlE+= o}
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Table 18. Number and type of mutations, affected codons, and corre-
sponding altered amino acids in exon 2, codons 12 and 13 of the KRAS
gene, analyzed separately for specimens derived from primary tumors
and metastases [104]

Frequency of muta-  Frequency of muta-
tions in primary tions in metastases
tumors (1=879) (n =139)

(%% of all tumors) (%% of all tumors)

Codon  Type of point mutation

12 ¢356>A (p.G12D) 123 (14.0%) 21 (15.1%)
€35G>T (p.G12V) 78 (8.9%) 9 (6.5%)
€34G>T (p.G120) 29 (3.3%) 3 (2.2%)
34G>A (p.G125) 21 (2.4%) 5 (3.6%)
¢35G>C (p.G12A) 21 (2.4%) 3 (2.29%)
346>C (p.G12R) 4 (0.5%) 1(0.7%)
€34G>A, ¢.35G4T (p.G12I) 1 (0.1%) Not reported
34G>T, ¢.35G4T (p.G12F) 1(0.1%) 1(0.7%)

13 ¢38G>A (p.G13D) 68 (7.7%) Not reported
¢37G>T (p.G130) 2 (0.29%) 7 (5.00%)
¢37G>C (p.G13R) 1 (0.1%) 1 (0.7%)

Wild type 530 (60.3%) 88 (63.3%)
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