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T ol fEZ M, FEHAA YAAEE o] g
Agol Fus] AT W A¥ 9 A Hu U Ui, ol
Aol @uat FANE Hok:, 5 2 9
HZHQl Ropoln] (E 3), 0|9l %m Sel AEAL o A
5% 717 R 9 o] E Eesh:

E® &g FHal 3l

# 3. Y ASXRE flet HHXIE wH A JLEE € (0=)
Information included Routinely used in
Biomarkers Drug Cancer site Effect in the FDA drug label United States practices
Germline variants
CYP2DE Tamoxifen Breast Response No No
UGTI1AT Irinotecan Colorectal Safety Yes No
CYP3A4 Dasatinib ALL Response No No
TPMT 6-MP, 6-TG ALL and AML Safety Yes Variable
DPYD 5-FU Breast/colorectal Safety No No
Somatic alterations
ERBB2 Trastuzumab Breast Response Yes Yes
KRAS Cetuximab Colorectal Response Yes Yes
KRAS Panitumumab Colorectal Response Yes Yes
BCR-ABL1 Imatinib CML Response Yes Variable
KIT Imatinib CML/ALL Response Yes Variable
Protein expression
EGFR Erlotinib Lung Response No No
EGFR Gefitinib Lung Response No No
Oncotype Dx Tx Regimen Breast Response No Yes
Mammoprint Tx Regimen Breast Response Yest No
EGFR Cetuximab Colorectal Response Yes No

* 5-FU = Bflucrouracil; 6-MP = 6-mercaptopurine; 8-TG = 8-thioguanine; ALL = acute lymphoblastic leukemia; AML = acute myeloid leukemia; CML = chronic
myelogenous leukemia; EGFR = epidermal growth factor receptor; FDA = Food and Drug Administration; Tx = treatment

1t Device approval

HZL‘

13 Freedman AN, J Natl Cancer Inst, 102:1698—-1705, 2010

a9 Rle] A B wE wEoshe] i A 82 ojulst P
o] Foj X7 A9 FHAA ASHAERRE wEFO T AAH Lo oA
1) Adst ofzo A9, 2) AY k& &7 %, 3) oFES as/UA 5,
4) Age] % EHH%‘, 5 ALY dF, 6) AEAYE AF T A
67H4 W oz &go] & & Qlvk (X 4).



2 4. 4HXE TITHEN O XEXE EEYH

AddA g% A8 %E FAAAS
Agoky dd fuket S48 HER2
. . 4w 6-MP, El2o}

HESY 2 WARITANEY ) o0 ag TPMT

L . . _ BCR—-ABL%H
/A s wgEEgudy 2 o °

[¢}

AgF RUHY WPz rAugy  Ana MRD
ALARN A% AR ahersr g;coT vpe
A8 A% fEek/dag - BRCA

(Xt2ZEXN: Mara G. Aspinall 22| At=,
http://www.cap.org/apps/docs/ futurescape/course_material/SatAM 05 Aspinall.ppt)
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A e 2] 25-30%1ARF HER2#h= w4

o] FAFS ddstel hido] 9l fhAtelwt 34
HER29] ZAxlwke Adgapdo] ofyel 17ke] 34
Aol &l wojof sk FAA Ak BEARG O R ZhelA fAlst
27gerze] AEo] ot okegRe] s flsiME AR 018 = Sl
fEthAbas TPMT #384F A% &2 & 5 3tk TPMT= AopbWdry
At A ARE-H = Al 6-MPe] ARl Feshs EARA o] Al
Rlol= Qlsh s &AJo] FAaH = EA A, FEH IUAE Fo
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s glek AR ool fli Aol
Foglth fU BN 2] FAAES BPAROR AYHE AUE

TFAE o8] @At AV ALHAHYS A5 = 5 U= OncoType DX
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ALIPHE ASFozn AT A5 i Mol AAe wUEY st
Tes F 7 A 4EdS 98t sk dR s, U/ dAde] ofx Al
S Qattha ShHEiE A1Seo) lo] B el WAl AT} BeA) Bhe
WA 710l 27 93 on, oleld ozt AUe) BRCA §44 ol
FR2 RE A o WY JUED g oZsm APeAS 2 BelPo=A
AR WEE P ¢ AT e AAARE S Aok AT HE A

WESel HAAE fa A%k T]uke] opEAlEe] o] ol B9k Y, ol
Sn AAARAR o §HE AniAN, F
el Gulolelad ol S Hzte ) syl
o] Yt FAA AE} LeiA Yk olF HUSE HLA
gE AR R YRRRE APA fRuNLge] dold £ At 57
el oleld obEel AHES A WF F YuS dhi
A%0] 20 3 glom, AR FrlAE ol el F U FU kRS A

& Aol dgHoR fA% PR e AYskn vk

Aot T A & )Ee] ARE otze wEAw 7% A 9
48 o tRA ALASS A kR uS o= e fAA

A7l 595 Bastal e tiE F4A4 4714
DAY 7S sk AFEIZE AR S7Fskal Utk Abbot, AMDL Inc,
Asuragen, Celera, DAKO, Genzyme, Roche, Johnson&Johnson,
Novartis, Wyeth 59 T 7952 @A Aldzol A, Ao HAte, E=
MR A= QokRe] HEARE A FefAA A Tess PEsA
Algasta ok o]yt Ak AL x4 Wsle] il FHA ARE
o] §ot= AL VA Forl A&HACE Frlksta Jlor, HAX=A

ARY, A EA G2, BPERAT ARA Zeppiety, Jaray
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sAedsty] S FHor F2 o]lgHa glom, HAAlHoR xRt {F19

TS FE wF ARE TdSbe ok AEE ofH L AlshH el Fo]

Aot AAl 84S tidow & kdAY, fE AT Jd5S 9%

AANAZ 7N 2 AB] A AL 20094d Vel R oF 129 9] Fola,
A A

2014dell= 239 2, 20190l 389 delz A7) odEa gtk uEow

(Point Of Care) & AL WEFo]g A 3
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Agol S Gl FATh ole® FAE WA hwesleS o 87 AFe
Aol bsdARA AFFEA ZA 4T Aoz AdArh REe R
dE FuAe B Soie KA VN 2EAS] U ¥R % wEL
ga, elFelAE dAE ANA 2w ARAAE A 2R

(Direct—to—Consumer, DTC) ®2 0% {44 J@AB|AE s % 9l
T Qe oFENSe] AR, FEAANTY 4AH 49 BAL ©

32+ Genelex, MyGenome, Consumer Genetics, NeuroMark Genomics
% & DTCAHHIAE Algste dibes A4 ol&d F= At 9=
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3) HEXEE flet M=22 WAX|E| L S

Sxpel 7pE AEg okE AY, A4 k= &% A5, o= i 9@ WA
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O SRR ol8E ¢ ole wEAR BAARY Jite S8 dA v
AAA O T A o] o Foix|aL itk P Ah wel JE 144
BAAE o, G4, A, WA, S teket A EEe JiEe] A%

P g, fAA AR olelel 33 AN G AEES A9
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Biomarker Preclinical Clinical Clinical Clinical Utility Clinical
Discovery Validation Validation Validation Validation impiication
(candidate gene, {molecular, cell, (healthy (patients, (algorithm, cost- P

GWAS) animal) subjects) outcome) effectiveness)

O 3 WEKE ANHSS A HFJ| MHXE AT WL £

a9od ome FRe BEFEAR AAAA o] MEHI =T @A)
vl FDACIA = SabellA /=] B
%

O O
&3l FAsta =], E 6 ol AFE L9kt A otk kA AT FebA|
wAG 8@ o]9e], SFEUALEA CYP2C19, CYP2CY, CYP2DS,

UGT1A1 T¢ FAAF YA E 0] e, c—Kit, KRAS 53 #2 A
2 g 71 B fRAELS £2F8EL AR o5 AAIAE Bo] therdt

5 A etgAdol o HE HA = gror, mpebaA ol st
AAAZZY 2F AT HekelA A4 B9 dddEs s dugs
gk dl ool AAA FEA o Er AT sidte] zHz @ T
ol&, 54 WFoA grE d4 By e840l E OE WAk
AetAl F&st UEXE YAAZE Aol A& =2 5 de7tel dig I
LAY QFH 7] wEolH, o]s WEHIE oFENES O thekst Afolvt AA EA
st7] wiolt). oE =W, dAA FhupabA e 9%k Steven—Johnson
T 22 A7bsk 95 okEfalnks-o] 49 HLA—-B+1502 Wol7} o] &
of|S sh= A EolARE, o]9 {840l T, vl BHlE 9 MFeME dF
HARE, gl A, ATl FollA= o] A Wole] HIETE |-
oA, o] A%} Wole fF8A S gRE|7F golatA] s A ot $H,
AH k=0 A tE7t ARAY AFE FI WHAAE wEekEAR 7
i gl oo]o] QA A8 mES s starzt s mgso] glojgkom, tiiEA ]l
o] gtutdoly Al FEFAAAALAA IWPC, ITPO)S d=Z =
ATt

S W

5
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2 6. Ol AgHEAAM IX|et ASXEE It HSE HHxzE X 0|9
HE ZITHHe| of
ATE BAAR °FE 9 EAR G
C—KIT expression Imatinib mesylate C—Kit PharmDx
CCR5 Maraviroc
CYP2C19 Clopidogrel, Roche Amplichip CYP450
Voriconazole, Prasugrel
CYP2C9 Celecoxib
Warfarin INFINITY Warfarin Assay
(AutoGenomics), Verigene Warfarin
Metabolism nucleic Acid Test
(Nanosphsere), Warfarin safety genetic
test—CYP2C9&VKORC1 (ParagonDX)
eSensor®™ warfarin sensitivity test for
IVD use (Osmetech), eQ—PCR™ LC
warfarin genotyping kit (TrimGen)
CYP2D6 Atomoxetine, Roche Amplichip CYP450
Tamoxifen, Fluoxetine
HCL, Codeine sulfate
del Chr 5q Lenalidomide

DPD Deficiency

Capecitabine

EGFR expression

Erlotinib, Cetuximab

pharmDx™ IHC; Dako

G6PD Deficiency

Rasburicase,
Primaquine

Her2/neu
Over—expression

Trastuzumab

Herceptest (DAKO, Carpeteria, CA, USA),

CB11 (Pathway, Ventana Medical
Systems, Tucson, AZ, USA),

HLA-B=*1502

Carbamazepine

HLA-B+*5701

Abacavir

KRAS mutation

Panitumumab

DxS’ TheraScreenl K—RAS mutation Kkit.

NAT Variants

Rifampin, Isoniazid,
Pyrazinamide

Ph Chromosome Busulfan,
Dasatinib

PML/RAR alpha gene Tretinoin

expression

Protein C deficiency Warfarin

TPMT

Azathioprine

UGTI1A1

Irinotecan,
Nilotinib

Invader UGT1A1 Molecular Assay
(Third Wave Technologies,Inc.)

Urea Cycle Disorder
(UCD) Deficiency

Valproic acid

VKORC1 Variants

Warfarin

same as CYP2C9 for warfarin

(http://www.fda.gov/drugs/scienceresearch/researchareas/ pharmacogenetics/ucm083378.htm)
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AR, o)7to] 5] gukEA] R ojzlelehis R o Fobe] Pl
T 93 Gl ARIOIANE The) g0 R o] aste] AN SkaLat v,

e

S B I}
o
ol
ol
B

i

FA4 TEAel o orEugel AT flet A 2 2HA e
FEYAFELS CYPID6 FAAY A%, @A 74 Hx 807 oe] fol
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27 o g dd AolF molw Qi Ao & LA Yk AFelNE
o] Aol 7|so] AR ¢kd AAF T (CYP2D6 PM) 2 WIE7}H
7=10%¢°l ©]ZX|RE, ofAolRI &= 1% m|vto]w, A gRleA A E =
CYP2D6 37k wlo|s} ofrfolRlef A WAL= FdA; Hol o s thekst
Aol 7k ghgol & A Uk (E 7)
I 7. CYP2D6 SH™Eo| Z=0f ME 23 %}0]
Predicted . . .
Allele Enzyrn_atic Japan | China Cau;;snan Caulji;man Argz'?:an ABf:'?::n Amerindian f;"::; Turkey
Activity

1 Normal |[42-43%| 23% 33-37% 37-40% 29-34% | 28-56% 669 37%

2 Normal 9-13% 20% 22-33% 26-34% 20-27% | 11-45% 199% 35%

‘3 None 1% 1-4% <2% <1% <1% 0% 0%

‘4 None <1% 0-1% 12-23% 18-23% 7-9% 1-7% 4% 4% 1M1%

‘5 None 5-6% 6% 2-7% 2-4% 6-7% 1-6% 4% <1% 15%

‘6 None <2% 1% <1% 0% 1% 7%

‘9 Reduced 0-3% 2-3% <1% 0% 0% <1%

*10 Reduced |39-41% |50-70% 1-2% 4-8% 3-8% 3-9% 1-17% <1% 6%

*17 | Reduced . * <1% 15-26% | 9-34% * <1% <1%

‘41 Reduced ' 20% ' *

*1IXN | Increased | <1% <1% <1% 1% 3% <1%

"2XN | Increased | <1% 1% <2% <1% 1% 3% 10% <1%

*4XN None <1% <1% 2% 1% <1%
Note: Percentages represent ranges of allelic frequencies reported in published studies.

*No published data available

olHF AFEL FAH Aol TA| HapMap ZEAER ohel, AEL &
Be QUAA MudTE FAAE WRHo2 Y Aol gtk
olelgh QIFZIE] Xfoli= AHA| grEolete] 4+ SWol o™ Fako] U7
AET FA7 Aolo] o8, 54 fHH] WE okERkSAle] Hol7} oW AF
MAE FrelshA et thE AFelME FAmA i 397t FF vk
mebA] dalells o] 54 ATl JidE AAAZE QE gHEAAS TE
JAFNM vAl HSsk= Zo] drtsteo]l glom, I SHoA QIF1He]
Bl Pt QA BEAS R QA A 5 ol ol A2
ATE i F2E BES AT Feholth FARY AF Aol YA
Bggel Aolg g B ohiet 59 AFelA e A4 Wwel
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U el F714 AR A glo] vk= A& sk A Algh ok Feofaslo]
7% gk o5 59, CYP2D6 w3Ae] A9 =, 59 5A

djeo 2 SlE ZARe] Amplichip, 72l AFS] DrugMEt, 51|49 2ALS)
xTAG A Ee] Qledl, ¥ A% A5 Aol i, ol A<
storQle]l Jdl= 483 A 39 A= @llele coverage) 7F 92—96%¢])
AUA] ks Aoz 4 Hloh (& 8).

~—

# 8 oH=RloM CYP2D6 RAL ZITHS foh 2f=e| BE TITHISS| Ho| HE Hig

Activity Allelic Frequency (%)
Allele
In vitro In vivo Korean
b | Normal Normal 31 31 31 31
) Normal (dx) 10.1 10.1 10.1 10.1
b« 2N Incr (d) 1.4 1.4 1.4 1.4
b5 None 6.3 6.3 6.3 6.3
<10 Decr (d) Decr (b) 42.2 42.2 42.2 42.2
14 None (d) 0.9 0.9 0.9
18 None (d) Decr (d) 0.6
21 None 0.9
41 Decr (s) 3.7 3.7 3.7
49 Decr (d) Decr (d) 2.6
52 Decr (d) Decr (d) 0.3
<60 None 0.3
95.3 91.6 94.4 100
Roche Jurilab Luminex  PGRC, <At

(EX: http://www.roche- diagnostics.it/FilePub/14179695)
Lee SJ et al, Drug Metab Dispos 37:1464-70, 2009; Kim EY et al, din Chim Acta. 411:2043-8, 2010

whebd, §5QlolA] CYP2D6S fge] W 54 obo] chEwrsd 2
FAT A dTIA AFSA AL fAA AR L o] §3tol, FRUY
N5 RAP GPA F8Y ATE MER FRslor & Best U
W Ao FAR thered AAAE Bol MEd #F glo] Fuje
uhE ESIEA fa, Feld BEel o AAES AH 94E B

_15_
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wael UF o] F7hz 47 HojoF & Zolrk
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71 e 17 FaeAdolv 2o wE Jevt flE 40]4. UrOVW—t—,
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| =3

A ohe SuRe] A a, Ol de 7lEs Algsts ADARA AR,
7t 578 AFelA Bde] Ao Ad 7z AE Bl s}, Ak 2k
et & 4/Abe A e9tel Higt T 5 obAk Zhobd A Wrh Folut,
oA ATHARL 7N VEE TF shal Sl #Rl FERAA VN 7)<
s s Aeh & 7]zke A3 9 kB A fAA swke] 9
AR s fE 1xs 5o Alsttta & g vk Yo A4
olgl wuiAl Bl tiAbAl & B AR At Inke] F7HA S ol
ob=# 27 "dvhal & 5 vk o5 fsiA, =l Btes Fds fe

& = 2
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HU Hr

,ARIAS B E e AE Y A EHA
olFol Mok s, ol& FI =<l

iy 46 Alehell, o] AR 2Bk
75”3 SHE AJ Axdol & ot} =A| skEo g Aol =7F FAY L2
HA =l BtEAR Vel AR4 gurt Ad edelet & 4
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