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Zlo|H, o]zf3t FHYoA AHolg= gk AlESKsegmentation)Z ol L Q=
Zolt}, A& HlS&St /g o g AREFE 90l R (personalized medicine)= $H&f
ANMuiet Ag gE ARE Sthe ulE WESEL QlojA, ol & AREHAI=
2A =HJou, WEAHoEE mie Hsith

dEomo Y2 A7 FAAFETL "ot AT 300 23 FHAEAY
A o] AL m o g AES-aL, FEelR o] S ofEA 't Zeld 19904l

A1ZHE A7l 2 A E (Human Genome Project)”7} 2003¢of RO 2R 309
Ao & o]FolX JUTMHAES] HE A7IAFo] YeFT. o]% i A7 A=A

(next generation sequencing, NGS) 7|&g&0] Z}7]Q19] F-HA|&EA o] o} W= 7],
H| 4] Aot 7H40l| 7hssHA H Atk @A Eol AREE AL = NGS ®ioly 11 7]&9
by A2 o] HuAQ HE oA Al TledHd A=, SAg
(proteomics), A metabolomics), Tle]ZZH|2{microbiomics) 59 2 A+=
tgRt A EE Al5stal, olF &6l 2 7ilo] =EE = A= ohE S0 gk A
T3S BAT 5 A =YL o] AAEESo] Agke] WA} ZgYo] ojuHgt A=

Sh=AE osflsHA| afF3uct. MAZ, Hutd A E7]E(mobile health technology)9
Hos 7+ 7iQle] e olyt BARES 5= AARE HYEY & 4+ A H A=

o
B0l B 5o Asto] WhAle] x| QRRe BAsHs Hlo] 7] £80] € Aol
ole} o] Z}zto] Flel THal ok Tlaket HRe} g7 17io] A2 o2 RRE o] Hejstn
sAsolst 927t Ash Holmo] BE Fuol A4 AL % Atk AR
oITHA AT 4 91 U B o] AuE B Aty Bk AL
27V ole}. ol7je] T oleist HRE sAstT B8P YA AEAR BA

U Hejo]e] £47]4 59] wHo] ko aTHely, UAE I ke
S AET vdolE o] $8-2 The Hof olor olgRololA ul$: Fasilo]

FEms AV QX BE A osta X|mshet &-8E A= 7R,
A= F2 & A2 Jgo] EEEo] ot A2 of2] 34 Hol7t S4 o]
A7) Agho]l, A7 Pollx= 5 ARk #lo7t dabol s 2Ql g2 7],
ol2{et =2tol¥ - AKdriver oncogene)d] THlthEY] 7|5E ATk A Ee
sFsFEA(small molecule)E°] EAA @A (molecularly targeted agent)Z® 7itE o]



RERYRT|E HUoZ LY

oo

= 7 AoH, (I 1.DoA He Hiek Zo] HAd(lung adenocarcinoma) A&
O EdtolH AT f2dAgHgene fusion), EAHOl(mutation) R FAASE:
(gene amplification) 5ol 2l &/dat=]o] WAYSHA ==t, ol IFH EFol
APEE 52 A= t2H, AR 8 AR BAF ARREA o 22 7MY & F53
By Q= WA (immuno-oncology drugs)®] 7A-$-oll= 9%2]2] MSl(microsatellite
instability) &5 PD-L1 d&d} Z-2 vHio]2mt(biomarker)ol| @ 2| E&0] A
gepA| 710 A= Hio]euiA 9] fof wit S AlESIE 4= Qlal, o] Egt HJHolwrt
AFol= =371 =L Qlok. = AR EE o) ool &85 it} BRCA(breast
cancer susceptibility gene)oltd TP53 59 /3 AHcancer susceptibility
gene)2] AJAEAHO](germline mutation)E Ad AFRFESS E4 &9 YUl 7}
o9 710 4o Aol 271-tE sl A714Q1 AR stAY A7 A4

IO = O =
6= oral 9}\]:]'

4
rlH

I MQt0| SXHHO|

NRAS 0.7% PIK3CA 0.8%
MET 0.7% BRAF 2.6%
MEK1 0.3% ERBB2 2.7%

Xt=: Sholl, L. M. et al, 2015
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52 om0 vlwste] FIowo] A Al 7HE UrolE o= itk 94 SRE00A
Bt Y2 X725 AlFT 71 At “The right drug for the right patient at the
right time"o] AEWIRE 7P & HATL o= Z47H9] ghAto] qloiA 7HY A Egt
Ao, 7FE B3t & oFAE AEisto] A etttk Zidelth ol=gt Z37t 7 HA
A3} F Zo] ShoflA] 7]&stlzol o Tl tigt EAR| 5 A|S] ARgolrt. HAte] 9
(O™ 1.1)3 Zo] AZ o2 Eto|H AR Wddo] wi} of2] ol 0= L ofA|H,
1 Am7F A2 22, YN E7F EGFR(epidermal growth factor receptor)
SARY] EHAHolE A|FThH, gefitinibo|y erlotinib¥} 7+ EGFR-TKI(tyrosine
kinase inhibitor)7} £&29Fo] ™, ALK(anaplastic lymphoma receptor tyrosine
kinase) &AL §3to] AtHH crizotinib, ceritinib 59 ALK-TKIZ X|=3HA Htt.
olZe RAATA = HWIEAEY] 70% olFolA Amads B #ut oYz, 1

F2go] AE=/dgAAel vish G4 2710] exje] 42> A G Fot. wbHo], o]t
EdfolH FadAte] Tdlo] gle EAlelAE ave ds 7Ide %i—t— EH2| =2A 9

AREO R QISH FARgou vl HIEg W & QUL EURT AR FH|E B 57t
A= Zolth. vFols FEAmrt o <ol of2 wddete] Ay} Agoe ZHA
289 Z0= 7|diHa vk Y] Trol= ofd Y] {APT BofsiaL 4o] 59
3811 EZ F25P7100 @AY FHe} A ANke 2= 70| F-go] Wol ARIEARL
Ao T YT YAl YT ol W AEI7F CsiAH, &R X 7of| ot
&5t 82 ZoR 7|dE= Aotk A QRoA = BE SASA 54T
§F9 FAE Ags=H, olof wet AR FAks ALt FEES A7k st ohE
ASolA = X]E':Eiﬂrﬂ HojA7|= Ftrt. FE-RdASHpharmacogenomics)ol A=
FAA Zpolof wE FEHALY Afolg HR RN IRttt AR T2 ORI OFA| 8RS
AdA8kaA} Sk iiﬂ.‘é% StaL glom, o] JA] Ho} 12 A 8E Sk Hlofl Ul 5838
o720l Zoprt Hrt. Auowrt gty Sl dde] Awof ojgA Z-85 1
A=AE e ABollA Heh AAls] oE Aol
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= AR E Yool AdL AU RAEAEo] #tigt o]9lS 7FA A Hrt o
THgAgko] ool 27T AR LES] S K0 7]ofstal, A3pF o2 A13]9]
oA =t} AAY 7= TEY AEHEEZ(familial cholesterolemia)
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AsiAY, v = A5 a7t A8 QAW et FaRgo] T A Al9jgto ek
WA FE FES 0l v AE €994 AR aede AT =
ol A 200 Azte]l 2A ofn] FHo] HAw:. oZH AY EARIA anti-HER2
FAIQ trastuzumab®] A2 EIE BRIsH] At 34 WJATANAE HER2 4 A
A SR YA e 7HART oE T, o] Al AradE
A8 & HER2 54 A% BR=S BSAIRONA Adgezn ddAde] welid<
5 =2 71 A" Aolnt. ot o2 FHIoe APNEY 27|AARH Hot

EE AL 5P T vlelontAL] el e weg &4 Hgith
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YU EE oln doly I FA/gARY Ayt Amo] de &EEHI o,
nj#fofl= iR dgke] A=mof QlojA A Adely ERECE A FA E
Aol EHQITE. 1Y o]Egt Fhojmrt AAEY] oA VIEA] SESfopt &
of 2] AL 227 dol itk ARl A floiA= o B2 A=Y AR
S o8] BAFE7E o5k, o529 g Sl TRt FEeY} A A mT]Eoly
B Eo] A7t 24 %I EAEojopdt gttt o]gl o] WHRt ARE W&,
A7 AAstar, B4 siA= 9ligh /lZ2K(infrastructure)2} B-80] Z a5}t
o] He FAANEEE A7) 13 Hl-&4 AlZto] NGS9| e = Wol golsiAttile
SEAGE, gt i o] AR EE A7 QoAM= o Eol A”siAoRt it AFd /1A
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7]&=°] Bol "ot 117, 1 H-§ E3 AEeH So] Hoh AEYgo] WA QR
2737 419 A= YA AHAIZ = 710, o] Ut s A Aekal AmE
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FEolu AR 59 ARE st YA Ao Hof A 2
(minimal residual disease)& HAMISHY FAIES A A& Adtsfd & Qti= Ax
& Aol "ok @A AAYALS 1L HARECI ol EAI7F §loy of2] HANRIET}
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71/ {19t o] AFEI Uch
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7o} F83%F E8%o] Har Sltk. aldd, 71548 IS AHEESE Ad ¢ 7SN =
PCSK9(proprotein convertase subtilisin-kexin type 9) 3-Z#}9] ¥o]7} 71 ¥121¢0]
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FA9] AN5RIE 7|HT & U= TS ZoffAL, EFAIY AME Al AlZst
22kgo] dojd 4= QlE LS A WAY, EFAIE ARSRel QlolAl 19
BT ARERE /AT & =S A5AINE BUEl= Heol E8d 4 rh
A FAONA A EE BHXEAEY B A 8EE ASA vl euAE
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AAR F SAA ALK A4S &8 75 Aded 4= Sl FISH FARM Wz
SPHHAE A 8A Y 5913 Al FEHRIRT|ER Sl Olt}. ol2]gt Rk
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~ Q71 WIIMY EAlol Yzigt DlEHTIE

SRl ©'7t SFA TN HE 2Mo| 9f Z98PR (MD) )

Aol Alioles REERE E3ie 23489 5P A(homologous chromosome)
7} 9t} BrojA & JAA7F AR F7|9F R E 7HH A 7|E] B o]F 1 84
ARE Agsitl, FAHE A= BEx= DNAZ oldd(adenine, A), Elo]dl
(thymine, T), F°Fd(guanine, G), Ao]EAl(cytosine, C) 5 4719] F7I(base)& €
=29 QElo]=(nucleotide)7} A YL o]ZWA] 3t 71he] AFSE o] 1 it} 237
dMAuich Zo)7t thEug AR 309 Jf H2Y QE|Ee £AE AT 4 Q)
S| Al2o] 2= DNAS] 8249l 4ol 3vEeH, ol A, T, G, C ¥7] A=
HAISHAE ti=ZF 700megabyte 2717} Hrt.

e

195349]| J. WatsonT}t F. Cricko] ¥ESF “o]ZAl(double helix)” F:%o] 2l5}
DNAL % AR&o] 9= A9 T, 81 G C @7|7F AR ulEEEA $A23 t]—oﬂ ,4
%2 o]21 Qlth. DNA olFUA 1L2E E3] DNA EA7} o @A A&slA dolg 4
F Ho*i E1o] DNAY| Q= 309 7 G71MFe] JHr) A& 3}
Ex! A DA HoITh ERE 309 | Ao ofme|rtolA EHTE
A ARE A=A, a8 QFuitt A7 o=

> rsﬁ

_4

Homo sap1ens%—°]
470] thex) 49

o

“‘gﬁi-b

)
=

5

AREe] 309 7l F71MEE FEohs A2 FESORA Qo] B4 AT 4
A7} 71 77k B9 Y (great apes) S0l AWAE AX A4 A71AL Sl
1.3%7+ AFdat ch2ct, gl dulet 27w 9] ofujiAte] T2 Afojtt. of2gh Ajo]7}
WA 9} Ae] YETHA ALB1EsH] 5ot EAJS gt AR Aol R 3 3t

709] single nucleotide variation(SNV)Z} 509 7H9] insertion/deletion(Indel)®]

16



. REA F7IME 240 gzt 27z G

QlaL, o] FolA 250~3007] v AR 7]50] A4 EE loss-of-function(LoF)
zkal ot i1 719] Apol= o3t H7IAE L] Zfolof Qe HATTE whEtA

Ho|S 2
A §HR A7INDS Balstel 7} AjQle] A A, OFRuRS, kR Aol
e 914 B4 49y & ot

AFES] AA FHEA @71l HigE FE= 20034dol WHEE Human Genome
Project(HGP)= &3l &= =t, o] FFolA 44 7 IAgS ag&Fos BN
T A= 71e=0] MEEHAH. At EE FAA A7VIAEE 271 YA HGPolA
HANH o F ARSI 21& AJFA 7|& capillary sequencing 7]&°|%ith. o]&
e FAAPERES 7es2 AR 44 A7 1A £4517] HoiA &4

el

2falok k. olA7IA] kel SAR BA

_l

—_

2 W2 DNA 72 sA9] E451= shotgun sequencing W, A7t

HE A Q714 EE o8l AR ETE B4 0 R S5k GAE S o Sl
HGPoA 3% Y] v]go] A Q% Ao H|g] o|A] next generation sequencing(NGS)°.&2
2 E47|&(high-throughput multiple parallel sequencing)®

7Q19] 309 7l A7IMEE AT ¥ oA 4 5 A =Sk HGPY| HHE+=
= ZoJAJ9t, oA NGSE &3l A 7iR19] A7 1A g
HASA QIR Adkstal AEORE S /WS ARE ke Zlo] S2% Alt7t

5 o]tk

4 = =
A SA EATIE0| SHAIR JOI017)? )

2005301 454 Life SciencesA7t 400MbEEE 1041t E4 4= = GS202H=
f&F FHAAREA7ES A2 Ao A7H%t o] 2 @A Illuminaike} Thermo
Fisher ScientificAl, ZL2]3L BGIAS] A|EA7ZF 242t b= 8l F=1 4983 9] 5|7k o}
WA o= EATO| AREEIL Ut o BA4-852 51F0] 6082 whole genome
sequences BAIO] BAY 4= U= FEolth NGS= Aoketd o= DNA 27219 Sl=

F719] A& Hok= A AR TAIQl AlE A (sequencing) TAIS}F o]F F HA HAZ
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BA] AT 7] B 529 719 DNA RZE02 Ueojz]l JRE BA45H= YEAH.
(bioinformatics) FAIZ Wg 4= At (O™ 2.1). FHolAE= TR 44 4714
FA5E Fofli= 7t Blo]9] A 9Ju|E iAokl Barsks @A 7R B 571
olw] FHOE NGSE AT &85kl glom, oo thet 7|&H#ET} 5]7}] gt
71%0] oA Slok. FHelAE 20179RE 3A-S of AE R BAFAE

B3k AHlA7} 29, AEolekEekdA NGsol that 7144 #5237 rjol=elele

%

ile}
filo

X

QEH H7IMY HEEA 915

22

Total Analytical Laboratory Process Medical Practice

Tumor nuclei
eval,
Nucleic acid Sequencing

Data
visualization,

Base calling,
sequence

extraction, alignment,
Library prep mapping

= =

FASTQ File Annotated and Prioritized Variants

Variant calling, Variant Generation of
annotation, evaluation and test report &

Sequencing QC

- - prioritization assertion sign—off
metric review

@ Wet Lab () DrylLab @ Professional

7}. A4 (sequencing) 7]&

20208 @A =ujollA HAEXEERE AR AT AHIE si7hHor
NGS YA A 29 591 A|FAE 7|&0 = o1, Illuminart®} Thermo Fisher
ScientificAte] 7]&o] HEA 0 R WY HUARE 5] &85 qlth FTolle 5=
BGIAP} 7Het MGISEQ Alge] Al#EA ] thgt 71& W AeB7REA =2o] =1,
o= O =T o AREE 5= Ut o= Al 7HA] Al ol tijt 7S W wEAISHE

(# 2.3 &t
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NGS ZH|of tist 244s Hlw

Ultra—high Throughput Medium Throughput
Features ~60 germline whole genome ~48 sequencing of 2 M-sized
sequncing per run in average cancer panel per run in average
30X read depth 1,000X read depth
Product Model NovaSeqg 6000 MGISEQ-T7 NextSeq 550 MGISEQ-200
Max. Throughput / RUN 6,000 Gb 6,000 Gb 120 Gb 150 Gb
Effective Reads 2,0000 M 5,000 M 400 M 500 M
Average run time ~13-38 hours ~24 hours 12-30 hours 10-66 hours

8T AlEA 71eS s W2 dnty A2 fFRE FA0 & 4 A=A7t
otk Emulsion PCR 71&7/l8E AIACE B =53 555 SdliA

710l A&A oz WASHY Q. A BAAS tA 9AERE Urd A HA=
DNAE 2R 22108 Wk= 3o A|fA0] 7Fs3He = libraryS Al&tsh= A2 2ol
FA7IME= AT dole AlxEY 24|, GHof|A =3 genomic DNAE
< &/d5k= coding region?l exon FEUS EA45HA =W
< PCR %+ probe hybridization& &d A8H 02 ZetA librarys
? Aol ast AR vt Agdo s X517 fsiA

> :|o
-4~

fo 2

o b

- =

%
ol 9
of
19
%0, ©
N N
=
i
=
i)

(=T}
ol i
O
o=
oz
)
lo
Hu

REox oot 2
_Orlg

targeted gene panel sequencing® Z-$-ol= TR 2gH FITS
A =k (FE 2.2), <™ 3.5). lluminaAt2} Thermo Fisher Scientific/\}, a
ig ?} library AZFHE AREok=d], ¢

9 AAE 10~50ng DNAE AMg-oto] Xed 4=

(@)

UC)?
wg)
9
>
1o
o
o
N
£
111

[N
i)
0
i
e
12
o

o]

°l=0
m&

ol o
S
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Whole genome Whole exome Targeted gene RNA Who'? )
N . . . genome- bisulfite
Applications sequencing sequencing panel sequencing S
(WGS) (WES) sequencing (RNA-seq) (WGBS)
SNV, Indel, SNV, Indel, CNV Gene
Detectable  CNV, translocation SNV, Indgl, CNV and gene fusion expression, DNA
o and exonic gene o .
variations and all structural fusion of selected spilcing and methylation
variations 50~500 genes fusion
Target region 3,000 M 30 - 60M 05-3M ~30 M 3,000 M
. 200X (germline)
AViLanfEeiad 603(~)X9(()§<e(r;?)|rlr?:t)ic) 50X (germline) ~1,000X 5-200 M 5~15X
200X (somatic) (somatic)
FASTQ file ~300 le 20le) 10 Qb 5-10 Gb 150 Gb
size (germline) (germline) (germline)

AEY BATRE F Z’H A= AIHEA Xc}‘ﬂ]% o]-gsto] H7|ALEE 3=t
A QIE], AlEA duleiet a1aet AgslehA | Agstar et luminarte] 7
bridge amplification &0l ¥ 574 &-gﬂi DNA %78 BEesla B4
g A st A BAETE I olu|A] E42 53 100~200bp A=
DNA 9714 E& siAgtt. 20179 &A1%E NovaSeq 60009 4% SAl°]
AGFHAA D7 LDof| eFdl= 3terabase 2719 FEE AT 5+ QU=
Aol FujollA HAEXRIL 5)7kske NGS AFAAMEANA AEE o U=
[lluminaAte] #H]&= MiSeqDx®t NextSeqDxZ Z+2ZF 15Gb ¥ 200Gbh B H 9

dlolelE AR 4= QlojA] oAl Hddel B Qg 50~2007] F-AAE #45H= panel

sequencing®] A&}t

Thermo Fisher ScientificAte] A|EA AH]o] F¢ FFJHEALY} o|u|R|E ARESHA|
20m DNA polymerase”t /38l Uk 2HolA w22 LEto|=ntet f2]5= o]29
Astgo] t2rhs A o]&dH Aol s S5k WAook ollAl= Ton
PGM Dx®} Ion Proton S57} 2|52JeFEtdA]9] 5718 ot NGS U/ JHAML A
ARESE & 9lom, ZF7F 12Gb E 500Gb HE9] dlo]gE AJARE 4= Qltt. Thermo
Fisher ScientificAt2] AJE4] 8]Q] E0]-2 E4 hotspot mutation®] Hgh FH=
=7 ok YR o] tigt ol =T} Wk Aot} whebA ofF] ofw|7t

Ha&slA] & variant of unknown significance(VUS)O| tist AR E A&ot=T|
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A7} Qlt. whekA] Ton Proton S5 @ PGM Dx AH]2] Ho[HZRE M2 ou] Q=
HolE Zk= A2 E7FsSIth ol& WSohe A& $-27F Wol skl ARk AR2A]
A71A4 g HlEolE Foll= lon Proton FH|E o83 {44 HlolElE H7] ofHr
mepa] FHC R AEH o FQ3t Hlo|EE S4stal gAkst] flshiAl= HolE 9
AubHQl F4E HATH = Sl WS A= Aol Tasitt

e

2018W0f Aol EAl = BGIAF] MGISEQ 7] Complete GenomicsAF}
7l DNA nanoball sequencing -2 ARESEATE EF9 rolling circle B4 02
DNA 27k W2 M0 ARYEH HEES ol Polrt. @A) MGISEQ-20003}
2 U8F AEAY 45 £423%7F s =t HlluminaAte] &4453%
wmste] 2 o]t g Ao melth Agelae] AL s vl gol ArjHos
A, WA FF Aol oz H71S we geolrt,

A4 BAGN B dolHuRe Qi BT Baw HF EES A
e o] T 3EAR TR % Ak (I 2.2, R WAL D4 FuloH ga
2 dolelg 24 7R3t Jejz 7FEske SAolT ARAGIA Bk 13 ojes

Fbeadu} cello AAHE o]]A] FejQIe, o] A, T, G, C2} Zo] 12 QElE Hre
1915 text Wl FASTOS: ARt G 2.8 el s} 2] FASTQ 3
7= BASH GAAY SR ot EEik=d oA £ DNAZ germline
variatione E4ot= WGSE 7|$£2 =2 ofd FHO BFS oj=f 300gigabyte F&
3717} "k AEAREBL LS Q3 = A Ao A= FASTQ file ez AAH Zo
A71AYE ARE BZ I7|AGT) v|wste] SAAALe] YA EIT AAE BAM file®
AP, o] JYA Agste BE ALl wet Z3} e 4 9o Sa
A&H o2 QYolEHE Q7 87 A/INY ARE Heel vetsior T, Eat
Al ol EAshs BEAE 24511 HeiA= Ak 2ol viol2iAau Alato] Hiet 724

AHE templateE A AE = AA Yol 2Asl= T2 nPES SAlo] BAT &
k. e Al A GAo e BE Q714G O BES ZEf 2lo)7t e FE
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VCF fileQ] FEjZ A3t} o] Bl AAFHA F71A4<E 49 Hol= 309 7
A71XE Fofl 7HloA ZFe]7} Q= 3¥igt 7 SNV, Indel 5°] 1.5gigabyte %=
7] o7 Fol&A "ot

NGS HIO|E{2EE] §IQ1 SCIHHO|Z 57| Q5] LQSt MESHHEM 99229

PHASE 1: PHASE 2: PHASE 3:
NGS DATA PROCESSING VARIANT DISCOVERY AND GENOTYPING INTEGRATIVE ANALYSIS
typically by lane typically multiple samples simultaneously but can be single sample alone
. raw sample 1 sample n raw raw raw
ot reads P g ‘ reads ’""*‘ reads O indels SNPs SVs
: \:I—‘ : [ external data
mapping ' i i
: di known
l : —| SNPs ROCICISOS variation
i - y—
local population known
realignment structure genotypes

I I
L WL

> ., 100, 00 A0 0. A0 4 X
duplicate variant quality
marking recalibration !

'

variation (SV) genotype

base quality d
refinement

recalibration

i !
. | |

: | , .

- i i i i
! | - : Lt

! structural ! i i

] i i i

‘ | : :

i !

i |

L i

analysis-ready : raw < H analysis-ready
reads | variants variants

output

Xt&: DePristo, M. A. et al., 2011. Nature Genetics, 43, pp.491-498.

RBEEEY oI dolg FdaEet A0 et A== Hort g2
At TR AEHEEA ol tigt dA FEE7T 2ash. weba JAdolA
G529 AR vo|zailoluyt Hj7]%] Fejz /Hdd shte] AZEE
ARESEAL Q. WGSH o] ti-&F HoleE B4s] Hsirle 2 dAlelA 249
+4Z gokar FE3Eet A AlFShe Dragendt 22 42 2Aluo| el AR
= Aot

Jom SEYM Argske A BARIY A EEA S flsiade 2 Hololl Higt

A&2 ouiE F7Ht F427](annotation) FAVF F7t2 § Basith. A7|A LY
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Hol7F 77 olut slAASe] Aol Fa3t «QIjIA, 1 1
sigste B2l ERolAA] Eelo] "asitt. Agh) dad A Hold digt JRE

PubMedZ H|Z%t ClinVar, OMIM, CIPIC, CIVICS} 22 FF to]el#o| Ao &A= 1
At FHAGEY] sfEgA oA FADVIE Aol T vFst EdRo] FolA
ol ®lo|7} AH R HIH Ho u gelsto] EApe] Mkt 2| =) E-8-ofof gt

Ho Q1A

5 ‘:]O]Eiil"i—a =5 AAEES] A4 FAA Wold Higt FAE7]= oy
A EF40] weh 5Lt #olof tigt sfAo] A= thE & St webA Zh ¥

@“’a‘f’f]i 70| ol2gt g H o] sfAtA A TAYSHA Hrt. vl P F-9oll
33t bioinformatics ¥ IT QZeHs 7|FtCo 2 sto] ZA|H Q1 A|AHS

At APH 2= Foundation Medicine®lYt Guardant Health®] 7% ZFA1Z <l

glojefsjo] o] ojEste] FAE7] GAA sEdS FABL

;(,:L

o 22 AA 9714 E £471e 20

it FRAAGEREN Z2AEE S5kl oF @At thigt X271 AletEQl A
O fof thgt oJsirt BEShy] wlwolth. YAl oAM= FRRO|(stuctural
variation) 4oy o] 7+ Ao 3t phasing, transposon insertion, single
cell#t ZZ =L Zoket 7]&of gt 871 Solual vk F-44] F2Ho| 24
A= 71 A7IAE FEEAT|E0] HQdlth PacBioAR= single molecule real
time sequencing(SMRT) 7]&<& 7]5t0.& 30,000bp Z719] 71 DNA 272 A% &
A= RS FH|E 20118 o] SAlst ). 1 DNA XZ}Ho] adaptor— EojA circlePJ
e 2 ”}501% Sof, 4% DNA polymerase°|A FFHEAH FHLE|E7 B
o Lojif= £ 7MW(zero-mode waveguide)o|4] HHE220 7 HRHE Q== Qoi
. 59| circular DNA7} 9308 A& EHA B 0= ¢lo] 50]7] ol o2&
F Qo= A-™ol o}, FEo&= Roche DiagnosticsAtet 5522 BRI
S WSk Qlok o2 AlEA AH)7E 100~200bp FEC] B> DNA 27+ B4
Aol Hsll 21 DNA 272+& #45k= A2 §-44 F+x280], £3] translocationo|t}

= L
transposon®} -2 Wo|& EXAstth= Ago] Qi E3E de novo assemblyS 59

T

) to)
e

)

(o

ol
DK



Aze 59 FAAE BASAY BE 974D glo] £45t0l 42e 444 4
25 dlo] B8 4 Tk 1 AR 201640 R g1l 98 B4 BA0A

long-read sequencing WS €83t vl7} ot (https://www.pacb.com).

Nanopore sequencing ¥ nanometer 37|9] &2 37{t2= DNA 7}Eo]
o|FstHA WAYSH: FEH LER|IEE AR Zo|E o]&sto] FVIAES BA =
71&olt}. o] 4% DNA 5Fo| BaskA| ¢k, sfoha] #A)7F WasHA] ko, 10~40kbp
=719] 71 shte] DNA E&= RNA 2709 digt AHE ¥ o Slth= A3o] ok
Oxford Nanopore TechnologiesAt®] PromethIONS Z-$ Zd 15Tb =719
dlolEE 48A1%F ol A4kd 4= et E3F MinIONS] Z4-9-ol= USB =719} 1001#H
neke] 2735 AEA AHE SFHIA gE, QAolA FARA 0] At Ffo
point-of-care°lA] A & o Uth= Aol AUt o= COVID-199] A9l
Hpo|# 291 SARS-CoV A71AEE] A&t E410] Z8=7] % 513101, PacBiod] 71&3}
uE7FA] 2 haplotyping®l4 de novo assembly®ll -2|5ttt. SFA|9F SNVY Indel”7}
22 Holo] tigt B4 7 90% HEZ FH[AAQ] @77t &7 fio A7AE
242 93t E8oll= Aol ot (https://nanoporetech.com).

dEom STH BT FAAYEEA7Eol gt AP oA ALeshoF sh=
AL ARG TA 4841 Blgolt. TS fs) Az a7 Ve=e
GenapSysAFt 7H¥et Gene Electronic Nano-Integrated Ultra-Sensitive(GENIUS)
technology 7]&0] 55 Wil it} 71& A|E4] =2 22 DNA HHgollA @717t
F71 o A7]= AP A9] Z}o]E COMS sequencing chip 10l = HAE o|-8-5fA
575k Zolth. @A o 1444 7o AMAE ©o]-&3t chipl & S5 Tho] -8
glolelE A4S 4+ A=t FFEEoIH Ui AHE ARESHA %71 ol Aul7t AaL
A4u18o] AFsit). gollA 2R FGY ARl digh EARIG sifd A0l ARt

72 IAE 840 2 Ao =E AAEHT (https://www.genapsys.com).
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— 3 CEEEERPE S, )

-
24 (tumor microenvironment)2] £43} -2 /\HE% o] gt =Ho] {%Bﬁ}i‘r.
Microfluidics 71&Z 7I8te= =4t 7j] A|ZE FAlol oil phase Wol E92=&
captureE o4 beado] €2 RNAE &Alo] £45k= drop-seq o] /A=A
A o] it A EAlo] ElshA AIZEAT HIAIE FRAAEAS 22004
Sk DAZEE AIFSA ZEE F7olA RNAE

AZM QEFEE SA T

« Dissociation and recovery « Manual or automatic » DNA or RNA or

of single cells preparation epigenome
« Cell preservation « Low or high throughput « 3’end or full length
« Cell or nucleus (number of cells) sequencing

e 2. Single cell 3. DNA/RNA
separation amplification

Cell dissociation

5. 4.

Data analysis Sequencing
« Normalization of RNA-seq « Sequencing depth?
« |dentification of rare cell types » Number of genes?

« Cell clustering
« Statistical or mathematical
modeling of tumor evolution
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2o, A7te] tiest Aol gk EE Hlo|EE AAilohs ZERAHETE AIFEH

Human Cell Atlas (https://www.humancellatlas.org)= AFA7F S4o] H =2A|

SEATF FYA=E A A7EE o] AFAREC] HolHE HobA FERt GUAE
o

FAAPEE AFohe g8 otal Ut dlE S°] E2FHo| 25t
o

oS Aol s A AA gdet SS dde® who] o ddAlE {4
FAA| L FHA 24

SFolA4 AmAIEgel Ht EAE v T8 TAAE A B Zoft

Aol Tzt AR A kgo] et A2 e wlolontr] W2g 91

SUAE 24S TSI Atk WAFLA Azo| whe Wsks WAAE elolut
FAAE EFORA e AAFYA AN olofT & Uk FulABA
242 Bof A2 AGIUNE EALS AL /& NRAS A8 MR
Bag 71eg ALY 4 ot

ok 4 eolg A7

FAA F71ME FE PA7|Eo] Bt =1, AA| QAR s A2]uidshEA
SAlol Tloeld] F2o] HEA AP et 53] %7PEE FAAFE SV R
At AAA IR RIESHRZA THA7F & AR WEsto] tiqti Al ZRAES
&3l HlblolEE FEskaL Stk (& 2.3).
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SECEEEEYE.

VRN =712 U2 QA HHo|E Z2XE
Project Country Contents
All of US USA Ge_n.ome—vwde SNP genotyping with clinical and life style data in one
million volunteers
Genomics England UK Whole genome sequencing in 100K patients with rare disease or
cancer
UK BioBank UK Genome—vwde SNP genotyping with clinical data in 500K volunteers
in NHS
Estonian Genome . Whole genome sequencing in 52K volunteers with regular follow-up
. Estonia
Project on health status
China Precision . N . .
Medicine Initiative China Whole genome sequencing in 100M for precision medicine by 2030
Japan Genomic Japan Integrated database of clinical and genomic information and Tohoku
Medicine Program P Medical Megabank Project in 150K Japanese
Genomic Medicine France Whole genome sequencing in 60K patients per year for cancer, rare
France 2025 disease and diabetes by 2025
National Genome Finland Using genomic effectively in healthcare and in the promotion of health

Strategy

and wellbeing by 2020
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vfole A0} FAA ZotollM HHolE' 9] F8/d2 NGS 79 FH et A&l
wh gi=E7] AR 22 109 9ol 24 iR fAAEA e A Z3AR

Ao w2t §-&5 FEE 7H FAA HoleH|o]AL] 49} FH T} F7lsHAL Qlth
HEA O Z TCGA (https://www.cancer.gov/about-nci/organization/ccg/research/
structural-genomics/tcga)?} ICGC (https://icgc.org)olA Al&st= 5 Ho
AFZAAf| Tt A|AZR] Hlolel= ARAA A-HETto] ofzt EAFR}A] D HAGAA|
7o 583 FEE AlTstaL ok NGS 3H|9] HHZ Q] ARgo| F7tstal Holy A4
H|-go] £oj51l 7] wiZol FF A&ZQl Holy /M €A dde & A

™

o= o= Memorial Sloan Kettering Cancer Center®] IMPACT YAA+1=
| 22 drAAgE 3 A HlolH (https://www.mskec.org/msk-impact)&
Folo] =29 UK BioBank (https://www.ukbiobank.ac.uk/)e] wlo]=Z0oj|o]
o]E{2} Genomics England (https://www.genomicsengland.co.uk/)2] A4
Adolel7t A EL} 3 AT =L Ut o= @tk AlEA H|o|EERto] ofyg}
A AE7F S HolE ] &8o] &IsHA dojutal Qlth= A 9u|dith. o=
RNA AJ[87J(RNA-seq) % HZao]d Eof| tiZHBIS-seq)?t &2 the2HA 244
e} 32k F2ue YA H7IME AT Z2 ER H BRI SRAARA Aot
23 4 Ak olFe AEE AEA 7IE2 ool digt A= 54 94

mfotehis 4 Hetiele] [Iske 9w Aow dAEd:

I ofn
ol

o

=

i

Az

-

=~

AEAR] FAA-GE SEHE Hholy TRAFES HEiM dAEE AHsfor &
Aol ek (1™ 2.4). A DA FAA dlolE et A E ] AL 9 = digt A
o7 AA 2w HHolHEA ] 7HAI7F e EY A Fo] H == HARIe|
Z a3t olF fsiMe A oy AibHol it Hdet HEeE A el AlAHo]
BastH, AFA W AREA HojAo] R data warehouse 50| A= ojof &
ok AN ES] B} glolg Heto] tisiA= &2l 9 HA <AV ST FEH Y b
olfl 4 Aol BRsit. F HA TAl= HlolE Y w2 +HE dlolE e VRS
#0171 93t =] B FFol ooty A& 0w go|H 9 HafA] 9 fshs W
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3 QAR S 0|83 PZo] SutEolo} Atk A WA AL HolE 58
ol et 2AZ BEY] 915 29 Hold mlold#t ABAE 7|49 Aol )&
shejchelel #3ke 429 HlolHlA, Wede LT B4/ 8] TP AR
of BlolE7h SREGiEAo] That AAZ 40| Bastc

oleiet mAolR §4A Hdole 22 Bao] Het e ATAET FHE L

shg 4 glofok gtk 22 A Hdols AxAlY

i

=

2R o9 A3 £22 AT 4 Utk oI dAE AR Fo HE2A =
FAA-DAHE B9 HdolHE AiEat I3A]s AgESEES F55k= bof
2835k = Qit}h. HgolgE 7|Wto g drE Aok} FdESrde AQAAES S
HZSE|ojof o, o]& &of Hdo|g 9] A4 84S FTHE 4 A 2 Aot
QM-S M| E5 HIGIO|E] BN YIERQ

- QAPE U MEEE o1 - S5 HO[EH|0|AS - OIZXs 7|22 0|83

< JjoIEY 55 U Bot 223 Aoplu Ep w2 S35t Q1H DB 24

« Clinical data warehouse « QA EIG|0|E]7|Et « AMAEE ESF 2E

(COW) 7= U &8 B0z 7Y T

5

3 glojg

0 G|o 5
i seties Sk 0 83

o ==

« & Oj0|E Haa « ST lc|o|E| DB
- CDW 22 /X St Cloje & M8
« Proof-of-concept < HANAS S0
0
oTT

A2 dlolg NEZF - o wlE Hx=2 AJ4go] ot NIH(National Institutes of
Health)7} 3-%I51= Big Data to Knowledge (BD2K, https://datascience.nih.gov/bd2k)2};
22 olYMEBEZL eI Qo o g WA k2 Ao tiitk Ho|EHolAE
7Rt = @F A& WS A& Addlo] 24 M2 X4 FE 91t HhlojE 9
7HA7F f+EE ALe® Wtk FHoAx 20200 HlolE3HoE FA == oy
&2 A5 fgt M ZAV FSEHAY. FAAREE ZItt He AR

=0l 3= HAom Hdlolge] &80 118 5 9= AVI7E = 7.

o)

Hy
k)
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ClolE{S] QUAMS 2

7t H

D) #el A<

7h #H<4e] Fst

(D Hge] HE 4 BES

et Z7MIAHEAE  (https://www.cancer.go.kr/) Al BA Atzmof <Jshd
20179 A= 2ARSE QF BB} == IR} 122,292, oA} 109,963 02 F 232,255 0.2
A=A olF HY SA= FA 18,657H(HA =9 29D, A 8,328 (LA
=9 5= F 26,9850l Ut ol= A oF Aol L, ol oo Al wiAo]
Sfstaict.

Z|Z 597H2013~20179) AR AA| oF eAHe] 5| HBEES 70.4%=, 1078
% 77 o2 54 oAf AEdh= Ao E HIUEHLE o]F HYY] RS 30.2%2

108 % 39l gEste] grjgoz ue e 4 Hoth

) =HL9 AFSE
201849 oz APESt tistil= =4S & 79,153 o2 HA AFFRLS] 26.5%7F
oz AFGSIAL) o|F AMGEO] 7P w2 452 mYo|on, A FAFIALS
22.5%%1 17,8527g0] Hto = APgshAct.
oje} £ FA A7 HYgo] =7l AR ujXE= FIo] S A= AL Hol T,
2717 2 A7 FAE Y5 AlE Foljof TS AJARIT

o
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oD s 25

b HAH] 71d 24 9 A2 WE FF
H= g 279l uarlx|a oje] &2o] zxoa A o] 9lon F 2AoA] 7Yk
TRt S50 o] BE AT 4= vk &, YS(carcinoma), S5 (sarcoma), HEF
(lymphoma) 5o] g¥zoz wX

Foh= AFOl 95% OFeRE 7MY B2 HkE AT 452 A SAZEH Y

|

(o)

0%
e
4
39,
n
[
4
i
)
ofy
oz
g
N
e
19
12
ox
Y
o2
=

(small cell carcinoma)@} H|AAM|EZH U (non-small cell carcinoma)l & EH3}iL,
A HIolA 42 15%2F 85% 5 AARtTh. AN ZH A H| AN ZH A2 22| 5HE
A4, A B4, A ol BF ool & d#A ot HANEZHI =
195 (adenocarcinoma)?t BHA|ZLZE(squamous cell carcinoma)® E5&

glow, A4 MgolA Ase] oF 0%z A 1 B Hlee A

)

=

N
4>

ZAE Yot B XA HdolA IAA A 2 EAE] FAR jISE 245k
FAT 7o R2 AAEHIL Sl F e 2w F83% A F SRl National
Comprehensive Cancer Network(NCCN, www.nccn.org) 7Fo|=2kQ1o] oJsHH H]
AAM|EZ-B|HFA EZ(non-small cell non-squamous) HY2] 3¢ EGFR, ALK 59 &

A} AAE WIEA AR AS LS ek

@ wgY BApgelst B8

Weke Ak BR7t 7bg 71RAQ Erjols Baph B A9 woxAsiel
QA F3) B4 G WA ojfo] wet F/bHoR BRY 4 ok A A&
WAEL 22 TTE-1, p40, CD56 59 SET T washA oz, ofes
PSS g EANE AT itk 22 BAEet 8 SR 247140 wHow

—~ L

= =
B IYolA F23 HL= Sh= FAA Holso| v HAHUT (E

oo |
8
5

| ] 3}
3.1). tJH#EAQ1 o2 EGFR, BRAF &40, ALK, ROS1 ¥ RET 8% f4A+ 5olt}.
ol HAFAAY] /= o]ojAH A, g FAAY AT} F-84S dl&s= 593t
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Hfo] QupA 2 ARG AL

assay)Z HE5H

ATk EQE ojEet FAAF Mol B 7R HAKsingle gene
Ao, HF AAMW  A7IAE
sequencing, NGS)°o| ¥Aol &s] A= Sl

generation

EEERED miooiM wASl= QX HO| L SHY B Setx
Gene Representatlye SHlgToes er Frequency Targeted agents
variants

Mutations

EGFR Exon 19 deletion, Exon 21 40-50% in ADCs1 | Gefitinib, Erlotinib, Afatinib,
L858R, Exon 20 T790M 10-20% in ADCs2 Osimertinib

KRAS G12X, G13X, G61X 5-10% in ADCs1 (G12C) AMG-510

20-30% in ADCs2

BRAF V600E 1-4% in ADCs Dabrafenib+Trametinib

HERZ p.A775 G776insYVMA in exon 20 1-2% in ADCs Trastuzumab, Neratinib

MET Splice site mutations around or in 3-4% in ADCs Crizotinib, Cabozantinib,
exon 14 Capmatinib

Gene fusions

ALK EML4-ALK, TGF-ALK, 5% in ADCs Crizotinib, Ceritinib, Alectinib,
KIFSB-ALK Lorlatinib

ROST CD74-ROS1, EZR-ROST, 1% in ADCs Crizotinib, Ceritinib, Entrectinib
SLC34A2-ROS1, SDC4-ROST

RET KIFSB-RET, CCDC6-RET 1% in ADCs Cabozantinib, Vandetanib,

LOX0-292, BLU-667

NTRKT MPRIP-NTRK1,CD74-NTRK1, (1% in ADCs Larotrectinib, Entrectinib
TPM3-NTRK1

FGFR1/3 FGFR3-TACC3, BAG4-FGFR7 1% in NSCLCs Erdafitinib

NRGT CD74-NRG1, SLC3A2-NRGT, 7% in mucinous ERBBS3 inhibitor

Amplifications

VAMP2-NRG1

ADCs

FGFR1 Gene amplification 13-22% in SQCs FGFR inhibitor

EGFR Gene amplification 8-9% in SQCs, EGFR inhibitor

MET Gene amplification 2-4% in ADCs Crizotinib

HER2 Gene amplification 1-2% in ADCs Trastuzumab, Neratinib

ADC, adenocarcinoma; SQC, squamous cell carcinoma; NSCLC, non—small cell lung carcinoma; NA, not available;

'Asian populations, 2Western populations
XtZ: Shim, H. S. et al, 2017. Molecular Testing of Lung Cancers Xi74
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ko] ZIEH U QMH| M DA

Lung Cancer Diagnosis Genomic Analysis

Seq_uencing Biotinyla?ed
Sampling / Fixation / Processing R S
¢ K ey L ’ @A
q ¥
HIStO—/ Cy‘l:opatho|ogy 0‘3 Hybridization Captured
e

v
‘ Cancer Type Staging l ﬁ{*ﬁg m

‘ Grade ‘ Prognostic factor z‘-j - —
: #

Molecular Diagnostics ¢

[ Mutation testing ] Gefitinib ___—EGFR mutations 30-40%
il (15% Non-A:
== FEaTe AGecT Erl‘)t_m_'b popu‘::tions)wn
Afatinib No known

Wﬁ A{uf\ Osimertinib

(| FusionIHC&FISH ] Crizotinb

Ceritinib

{ KRAS mutations 10%

i 7] (15-30% Non-Asian
population)

d T ALK fusions 1-7%

<5% each
<1% each Mutations in BRAF, PIK3CA, HER2
Mutations in NRAS, MEK1 MET amplifications
AKT1 (SCC only) ROS1 rearrangements

4 Alectinib
b -, Lorlatinib RET kinase fusions Bslicie uanons
A w3

[ PD-L1 testmg ] Nivolumab ¢
— - — Pembrolizumab e e
'%@‘ &2 3 7 Atezolizumab Precision Medicine
' Durvalumab
T SN PO &

Xt&: Shim, H. S. et al., 2017

2) He FAA F7IME £ HolH A&

A 7143 W2 Bl that A2 olo] Mg Bxte] et @ M=o §8H) G714
A dlolelE oA A8 4+ %A I Fek. HL H7le] uret TRl
A Aol Y 8-S WA T, ofo] 7] AU Hg, TelT vpAEroE
AT 27| ATS 1% 4G FEOT Lhro] AnE 1A Gk

H X
A
A

W Ak MM Yok AR/t BRsnE, Tt fado) 43E o
A0 712l St 2E SR ST
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St <39 3.2). A AREEE HiolubA = o] WY 9 Zglo] &3 JT sf:
oy ZAWo|(driver mutation)ol] ZASER, G4 A7|4<E £ HlolH+=
22Le] FAAE AEiol= 7|=o] Hal Qo

QEF| 2M0| 25 BX S| X2 Y2 12] o2k AFR M

- EGFR E%Ho| H¢+

20049 EGFR JAA(FA] A
HAL2 Y TS Fgh AEE-Aheste] A Eo]
4 dole7t oF 319 ' d 49 o 7HAE AdE ¥ a}
ol NyH 1AlH Ferststa ol viw YYAIFEE Boto] EGFR AAAl= EGFR
EdRol7t Al HePA Hot Site] XA BAR S
FAAZE Net=]o] kA9l f84 9 QHg/do FA=T ek EGFR %O&tﬂfﬂ
Z0] 273l9] EGFR JAIAS Agsl= AR o5 271z whds G4} Wo|9f
g EAYYA AR oo WA HFUe|ge] 7|& meo] FHglrt.

El
Au)
L
1o
rlI.
[e](e]
tlo
i)
AN
ok
_|
i)

o

oY Ko
JZir
EE—‘

ol

- ALK &% A% #F

20079 HZolA ALK §% F-4A7 SAEHEA HY Ags E oE SHES 9
Hot ALK 83 4%} 9HA o]& B3} 3 7]l ALK JAA] 2| ZEldol tist A
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- ROSI §% 984 #%

ALK 8¢ 31719 olo] ROS1 &% 3Ate] 2 3 o] % Zg¥=l ROS1 AAIA19] A4
a5 82wk Bt A=) Fg Wsle A7t H9lth 53], ROS1E ALKS}
o) el P27t e fARSE] e RE S EIRE ALK AAIAISC] ROSI

B FAA HF FANAME FARE FEAT P9 BolA ol LA,

ll

[¢)

- BRAF &0l #H<

BRAF VG600E Eﬂtﬁol% SAZS ZISE st oA AR E EAHR FF
T

871 71&9 A7 ¥o] 0|90l RE
7%}, ERBB2 EWHo|, MET o< 14 S y
W AR Foltt (I 3.1). EFE 157t #AFAAQ] thdo] HA ZHH KRAS AW
o] Htol tisto] 419F f5 ARyt UHEHA, KRAS &
49 Ao 7| 2o girt. 53] FEIRE HL 7] Ve T A4 Holg2

w3

o

22 £ YoA AS HiEF (mutually exclusive)2 & WEPATH= #o|t}. =, EGFR
Edo] HQtoll A ALK 83 444 = KRAS EHHOIE BAlO B4k 49 mie-
T2t I2%7] "ol WY AlEe shte] % 734 2 s Aledd A &
st E|al, ol A9 ‘FY F4A S5(oncogene addiction) & YoH FEAFAA
gt /o] 716l Hh
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- ZdF 8 4R} Hol(co-occurring mutation) HZ
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20 1= Uk A2 2HHoz
Ao ZEHQl A o] Fasitial st

A (on-targe)oll B71= tEAQ] 85 W9 9= EGFR T790M

4 ot 1,2AH EGFR JAIAIE AR&SE & 2FAl Wi4del A7 EGFR
9] °F 50%1A 2|z ek Alo] TEEA] kE EGFR T790M E4R0)7}
Hols ALK ¢ 3 ROS1 8% 7R # ol A= FARH EaEnt.
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- e g 7|1A

5 YA 7IdoR b2 Y A% B AsdGH 27t 8= =(off-target)
HIEZAR] o= EGFR E%Ho| H oA WAYst= MET %1%} S0t} olzigt H o]
A EGFR SAIAl 2 MET AAA] H-8&850] A AlF Foltt. o] o= ERBB2,
AXL, IGFIR &9 thet #4a 849 | 8% #34F ¥ole] @A 5ol AL

HyE3 Qi

A

L

o

- EBA A 849 Fad
QA 7143 Hle} o] A X 2A|Y ol H FU% 93 SetolH Selo], Byl
707} wol, v 7193 BAE S04 Wol 1 F5 U wo] T X7} vhS-
St} webd | Selvo], $AK BA%: Wol, 8% FA4 52 5A0] AR 4 Y=

ZEAQ g 44 H FAA 240] Hk @A) Ame] deAde € & ATk

Foestay, BT Yol olo] Welaketargo] Auuo] WA trekst AFolA
AuAle AASE itk S, WYL S45T} gRo] Wel BE AAE o 8F A
A7} 7 WA HEE] Az ol We Yol EAPUAe vl msto] ok

| A1 AA AEee AL Aos FA otk 1 A
iAol A el PorAlo] IS Kol BRI oF 20~30% HER HEW glrk. e
o

W YeHA] MRS o3t 4 Qi Hlo|QulAS] ZRAYL OFE A 27| SAlOA

- PD-L1 ©id g
oleigt HlolomA % PD-L1 Gl WS o] oAl oS EARE 71 A
A EAA I, HY $Ake] Qo] Agoke w1, shehu-wn
(]

o|g3to] MRS G AW WA HES HAA



Holol 2% T S49S WA PD-L1 T Wz Welne oA wreTie)
oA BAS Ba4, PD-L1 BAL BuAT EE Fvmzddos W 592
WISkt e} PD-L1 ANt 2 el PebAe] ¥heS Hol B4E ek sl
% Qleks At ik

@ 2% =AHo] $(tumor mutation burden, TMB)

- XX (neoantigen)¥+ TMB

ol Higt B ¥hg2 of2] 7HA] AAE B E sh=tl, 1T she ool wheoidl=
A8 (neoantigen)oltt. AFFES @ol ThEoldss oo High | w2 o 7
Sl dofdtt. AL BHE S1Ho] RARtoA ThEoABR, SAxele] £t
WerE 19 e dovle AgEe] = S 2 Aoltt. old ZAst] o
Aol TMBE Y FAAY] B2 5T & U EAAZ AAHL ot

- TMBS] 9] 9 #=0} 294

TMBY] Aol= AA A&(whole exome)oAQ] SHHo| 4918 HE H7polA
(megabase)d S0 48 FHEZITE TMBE A A& d7] < 7%t
TE3foF sk, 30070 oMol FAA Hid A7IAE EAEe HA A& A4t
A2 AJEBAE HolWA, thdet NGS 718t sid HARPF AR =L Sk ®3F 24
EAWHolo] ZIA7|= FHAL ¥o] F@o] 254 AJolste] ofof thet #E3t B R0
A =L Qe

X
ne
e
1%

Aol TGl woH, FAA HFoIM TMBE =7 SEd.
oA A FAAQ] WEgol EA HEhs Ak o3t s
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@ 71et WY FUA WS oEohe |HA EAF

TMBS} 37 W FAA9] §HE-S dl&she $8 A= F4% 4% DNA 1%
(mismatch repair, MMR) f-8219] 7|5 A4 T FulEA] S (microsatellite
instability, MSI) oj5-o|t}. o] EA|AH= Qo] U 47|19k AFglo] FUAE AT <
W= x| BA #AAT} Hth EE, HAolA= MMR /42 2oy MSI 139
AT W B ZoE HIUEHIT i, F2 et AY, AZHEtolA
T olEt fAA ¥Wsks BE A7IoA #EE S QleEgE o Y ATy}
A zo|l A & A4 —E“J F84L HS F7IeIAHAL AEAE 4= Utk TMB, MSI
olQJo= A Wi FA(Human Leukocyte Antigen, HLA)Q] o, T A|E &4
(T-cell receptor, TCR) Wo] 50| #ofoh= Z10& YA glom, g £ofe] A7}
5| Y Folct.

oolt Q.

o= T

E

) Z7|(early stage) H|¥ol tigt A&
(1) 271 H S AT A4 B4 a4
22 Y Ve T 9 37 A1 St 27] wde] Hlert SRk Ak 27
e £E AR AME AT+ AAold Iy &gt &2 dAIE T2
1~3719] 271 #H|F @A FollA °F 20~50%2] SAh= o A FEstal o E
A= e B Ao BTt of2fgt 27| Het gApe
W 240l oA 71Ee] dd-gEIeH At 2 FAARl A
A 5L AE317] ol enE R dlole] BAo] AT Lt A7t AP Fol

_4

ot

i)

T o

2
o,
o =
=2
n:
L,
we,
;
5y
Eﬂ
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(1) DNA 97|18 24

S A9 SR B4 WA DNA 9714 9S Satol 9 714 vt g Sefol
FF A SAHo)Ryto] ofleh St §4 Mol A& Foltk. ojefet R4S
53to] A2 F71, Hippo, TGF, p533 sl Azo] Eeiuo]7} Suielo] 24sislo]
e, )57t Bato] HuET. Eat olgfat Wolx Bt AL A= A
57t WSS Aol WIMgo] s

(th RNA @748 =4
RNA @714 E 40l mRNA &d 242 Boto] A = RS EIT & Ak
olefgt At Wl AR HA U] 7 o9 At tdE F/dste] RARITE dEFH O
HyE fd2E 470 32 BE(RHOV, CD109, FRRS1, and LINC00941), 107}
FHAF ' E(NUDCD1, E2F1, HOXB7, MCM6, SERPINB5, E2F4, HSPG2, SF3BI,
RRM2, and SCGB3A1) 5°] 3t}

(2) & ¥ "|&| ZF AZHminimal or molecular residual disease, MRD) H&
T

0 o A mUE
(H MRD?] 9]

FE2 94 ZAE T2 v AS0IA Aol He]
]

St= Al 52 DNA(cell free DNA)ZA LA2Eof|A] gt DNA 7FEE°lt}. ctDNA
BHHL oF 2212 o83t A B4 WHED 7]&HQ SHy AESH SHofA o
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o Fot wastt 71449 ZWe Fool w9 wor EAsks cDNAZ
WA Ao @ 4 ke BAol, ABSA S BAd ANE fAA Wolsl
%uﬂzmw EHB}@‘LX] 9_%@; % gluvkel ZAolt. gushd Aol

%d(clonal hematopoiesis)oll 23t A|ME AR
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lung Cancer Evolution through

sequencing)®| 7}s3}
Y=L Q1= TRACERx(TRAcking non-small cel
therapy [Rx]) G704 HSHAT

,_.
aQ

h) Hd 7] AdZ AR {34 doly F&
(1) 71& A¥ HAHKscreening test)?] 3HA|
uj2of| A APE =27} ¥ AE Al¥(the National Lung Screening Trial)ollA A1k
5 AFH d5FI(low-dose CT) AAR= T FF &G0l BIsto] Hdol gt
Fre Gt ey o3t A HARE Hdo] ofd T ¥ 242
AAZE A" DY TEC] ol FAF

2o
AN H71How w7k 44 ket A AR} 71E] AREE Bol BAR AR

(2) ctDNA 34 &4 o83t HH9 =7] At
WA 71€8E ctDNA F71AE B4S SolA HdZ 2710 AdstaA}; ol A+=0]
A% W8 Folth HA A7AT F ohhs AWEE ATolN AL Cancer
Personalized Profiling by deep sequencing(CAPP-Seq)2& NGS ¥4 4% I7|4ES
o183t APHoIT. o] WS olgale] AFABL 17], 27, 37] WYt A S A
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A7 SHANM ZH2; 42%, 67%, 88% Bl&S] B ctDNAS THsAttal HAlstitt.
EQh ctDNAO] |3t 717 sk dalelss S5 L SRktolA AA wY ExE
o] HgsHA s d 4= UATE FF otDNA 242 0|83 o 27T A= B
Aokd Zloz Held.

oV, ot BAke] Aght X7of gl FAA A7IAE 4 HolHo Ay EL
A Eokeh. Wobg W7le] uteh TEste] APy HTA o] g, 7] HFe)A ]
Hg, E v g wore] 27] Mg U HE FEOE Uieo] AmRT)
i et 22 ol8ste] & Oxwg BT 2 Akl et e Aﬂ%}h

chpet Zulold B IS 488 Ao AYHEY (1 3.3). olo] e, FIHL
2 ] NG R dolei PO g RS S At Bl o)

FH G7IME 24 HO|E2| HE FOof

« X|=0f| & HSotRA=t?
- MEE 7HSE0| U=F?
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QAR EHEHE 7O o] |zzlo] AEY Hee]
92 W AT P Wi PR RY Bk S ol dRAYL ARe
Aol ohet 2 Fskal 7]40] WO Qlslo] FRsEAl Wol It

AR 4, AR, WA, 7k 5 Fol FA| BEIL 05 AL 4
o= A4 o7 Axgolt, T Aol T oo} AEHS HESFE Ard
S7) glo] HAE-e HaskshEA Aol ARAUE Je & Yk ARsHe A
Ap4lo] X ESHe BAe] AR A Folok gmelogA FA HES LA =,
Aze AR L A Ashs ATASS ARl Aot e v gt Fe
712 9te] o] % k. Fhe WY YA W] EAQ RS Y ALRY
AHOR ol % Y HAC] Who] BEH ol

MR SEA 20 7P Al Boks LA R Zopolth. A HZ=Y A=A
HAg-2 AstHAl, Agatts Fof w2 oF 349 10~40%7te] YAIHQl g9
& 7IHE 5 Y FEAT AEEAY FIAEAE G AT F-ojof bt (o] « 9
o, et 2w Y S %‘;Xﬂ% H&sto] Fojstglont, dAIES] BAYES
2| 5o| Wolg ot ok EAFUAZF ML HUA AN SA 22 Aldi7h I
o F2 PEYEE 9T ilfi Al 7ol obd tissue-agnostic(E4] ¥ FA43) Al
AT & S)717E IS olFIL ATt &S] WY Glo] AHA fAHA WS Hige R
$A SARA0l 2ol TRt Aol AAE B0l HeAA ol WTT=
Y2 E ofsigithd Fdgt d/goltt of=dt NS A 2AeH kit &5l Fshe
Alepid ZH H’SOU% AZE dedos FeA 758 Fsta Ak

2) 2ol 7 o] tjofsl uhA
7b) tatold] koAM= o] uhA o H
e A RlE0] HAES] [FHAL Hol EX

2 AT A3 7 B4 AAEE, 5Y
PN QAEY AAER TR PL Holm S Bpe] AelA] AEA A
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CHE QP el A} wlolis 9o) IS olAsks SRRHIOA AN 7 Al
Aoz AEHon Buany Beue oA o4 Bl THY 7t
S0 Qste] UL UHA] Fotk Aot ol BN FETL BAES
ofe] £79] Qo] Thi o WAISHE A HelTh EAS QoleRter 74
ISFILS (E 3.3)7 Lt}

0|2 FDAS 92 EMA &91S k2 TX{Siotn|o} E2I QXiX} 0| ZIThY

Gene/protein Anticancer agent Indications Biomarker Routine testing
Crizotinib, ceritinib,

ALK alectinib, lorlatinib, NSCLC ALK translocation FISH, IHC
brigatinib

Androgen Abiraterone, enzalutamide,

receptor (AR) dalurotamide, apalutamide Prostate cancer AR expression IHC

BCL-2 protein
Chronic myeloid  expression, BCL-2 IHC (FISH, DNA/RNA

BCL-2 Venetoclax leukemia amplification/transloca  sequencing), PCR
tion
BCR/ABL Imatwb, dasatm{bi nilotinib, Chromcl myeloid BCR/ABL1 fusion IHC, PCB, DNA
bosutinib, ponatinib leukemia sequencing
) . Melanoma,
Dabrafenib+trametinib, — \se) ¢ anaplastic BRAF VBOOE/K IHC, PCR, DNA
BRAF vemurafenib+cobimetinib, . . .
Qo thyroid cancer, mutations sequencing
encorafenib+binimetinib : )
hairy cell leukemia
C—KIT, » Gastrointestinal ¢ K11 Exon 9 and 1T 0
Imatinib mutations, PDGFR )
PDGFR stromal tumor . sequencing
mutations
Myelodysplastic/
PDGFRB Imatinib myeloproliferative PDGFRB FISH
rearrangement
syndromes
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Gene/protein

Anticancer agent

Indications

Biomarker

Routine testing

Olaparib, talazoparib,

Breast cancer,

Germline/somatic

BRCA rucaparib ovarian cancer, BRCA 1/2 mutations DNA sequencing
prostate cancer
Estrogen/pro
gesterone Tamoxifen, raloxn‘grje, Breast cancer ER/PR expression IHC
receptors fulvestrant, toremifine
(ER/PR)
Trastuzumab, pertuzumab, Breast cancer HER-2 protein
erBB2/HER-2  ado-trastuzumab, ’ expression, HER-2 IHC, FISH

emtansine, neratinib

Gefitinib, erlotinib, afatinib,

gastric cancer

amplification

EGFR exon 19
deletion, exon 21

DNA sequencing,

EGFR dacomitinib NSCLC L858R mutation PCR
Osimertinib EGFR T790M mutation
o FGFR3 mutations, DNA sequencing,
FGFR2/3 Erdafitinib Bladder cancer FGFR2/3 fusions FISH
FLT3 Midostaurin, gilteritinib Acute myeI0|d FLT3 mutations DNA sequencing,
leukemia PCR
IDH1/2 Ivosidenib, enasidenib Acute myelmd IDH1/2 mutations IHC, DN.A
leukemia sequencing
MET amplification,
MET Crizotinib NSCLC MET exon 14 FISH, DNA/RNA
. sequencing
alterations
MSI-H or Pembrolizumab MS'_H or dMMR - MLH1, MSH?' MSH, IHC, DNA
solid tumors PMS2 protein »
dMMR i o . . sequencing, PCR
Nivolumab and ipilimumab  Colorectal cancer expression, MSI high
. ... NTRK protein
NTRK Larotrectinib, entrectinib Solid tumgrs with expression, NTRK IHC, FISH‘ DNA/RNA
NTRK fusions . sequencing
fusion
PI3KCA Alpelisib Breast cancer PIBKCA mutation DNA sequencing
PIBKCA (alpha . Follicular . .
and delta) Copanlisib lymphoma PI3K mutation DNA sequencing
Chronic lymphocytic
PI3K (delta Duvelisib leukemnia, _smaII PI3K mutation DNA sequencing
and gamma) lymphocytic
lymphoma

RAS (negative

Cetuximab, panitumumab

Colorectal cancer

KRAS/NRAS wildtype

DNA sequencing

predictor)
RET LOXO-292 NSCLC, medullary RET fgsmn, RET FISH, DNA/RNA
thyroid cancer mutation sequencing
ROS1 Crizotinib, entrectinib NSCLC ROS translocation FISH, DNA/RNA
sequencing

=2
S

AR androgen receptor, dMMR deficient mismatch repair, £/ estrogen receptor, F/SH fluorescence in situ
hybridization, /HC immunohistochemistry, MS/-H high levels of microsatellite instability, MSCLC non—small cell
lung cancer, PR progesterone receptor

XI&: Malone, E. R. et al, 2020
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FANCJ/BACH1/BRIP1,

FANCN/PALB2

[UAHEET | HUolz YR
FREE X QRiHIRNXIY TIEY UESE
. . Mode of
Syndrome Gene Major Phenotypic feature inheritance
Hereditary Breast/Ovarian . .
Cancer (HBOC) 1 BRCA1 Female breast, ovarian cancer Dominant
Hereditary Breast/Ovarian . )
Cancer (HBOC) 2 BRCA2 Male and female breast, ovarian cancer  Dominant
CHEK2, ATM, NBST,
Moderate Risk RAD50, BRIP1, PALB2, Breast and ovarian cancer
Breast/Ovarian FGFR2, TNRC9,
MAP3K1, LSP1, CASP8
FamlllaIlAdenomatous APC Multiple colorectal and upper Gl Dominant
Polyposis (FAP) adenomatous polyps
Hereditary Non-Polyposis MLH1, MSH2, MSH6, . .
Colorectal Cancer (HNPCC) PMS2. PMST Colorectal, endometrial cancer Dominant
l\/IUTYH.Assomated MYH Colorectal polyps and colorectal cancer Recessive
Polyposis
Multiple Endocrine Parathyroid adenomas, entero—pancreatic .
Neoplasia (MEN)1 MENT tumors, pituitary tumors Dominant
Multiple Endocrine Medullary thyroid carcinomas, .
Neoplasia (MEN)2 RET pheochromocytomas Dominant
Li-Fraumeni P53 Bre.ast cancer, sarcomas, leukemia and Dominant
brain tumors
Turcot APC, MLH1, MSH2 Colorectal polyps, medulloblastomas Dominant
Juvenile polyposis SMAD4, BMPR1A Hamartomatous intestinal polyps Dominant
Muir-Torre MLH1, MSH2 Adenomatous colorectal polyps Dominant
Von-Hippel-Lindau VHL Renal cell carcinoma Dominant
Peutz-Jeghers STK11 Hamartomatous intestinal polyps Dominant
Hereditary Diffuse Gastric CDH1 Diffuse gastric cancer Dominant
Cancer
Cowden PTEN Breast, gastrointestinal cancer Dominant
Bannayan—-Ruvalcaba-Riley PTEN Hamartomatous intestinal polyps Dominant
Familial Retinoblastoma  RB1 Primary eye cancer Recessive
Wilm’s tumor WT1 Kidney cancer Recessive
Familial melanoma CDKN2A Melanoma Dominant
Axia Telangiectas ATM Lymphoma, breast cancer Recessive
Bloom syndrome BLM Solid tumors Recessive
Xeroderma Pigmentosum  XPB, XPD, XPA Skin cancer Recessive
FANC
(A,B,C,.D1,D2,E,F,G,I,J,
Fanconi’s anemia L.M.N) Acute myeloid leukaemia Recessive
FANCD1/BRCA2, e my ! v

Xt&: Fostira, F. et al, 2007
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(1) HER2 -AA+ Ho]

HER2+ EGFR family®] receptor tyrosine kinaseZ# HER2 444+ $& 52
TEE-S JAH(17~44%), FTH20%), A20%), FA2H27%), A3H18~80%), Az
BEUQ21%), HAH2.5%), HFEUH20%), HAFH(26%), HE7FUAG%), TFU(12.4%),
APAR(10%) & Thder A5olA ERl=m, HER2 F38A9] EARol= ol 459
1~9%°ll4 &=t HER2E JAIsH= A8H 9 7/HE-2 1990 %0l HER2 R-31A+S]
SE, &2 3do] Q= Y FAE O R trastuzamabelgkE anti-HER2 @32
AL =] 85 S AFEH. o]F pertuzumabelg= anti-HER2
[eGl 93=FA|, EGFR¥} HER2 tyrosine kinase® X5 Aldol= lapatinib,
trastuzamab¥} tubulin-binding ¥4Il DM1<& Z¥A|Z] T-DMI, trastuzamab¥}
tubulin-binding 2FA|Ql deruxtecang A¥AIXl Enhertu 5 2A|I7F HER2 R-4A2]
SZ 32 7ol Q= FHre 3R] B QW AKX QE HolA 1}, HolA 22
AREol S7HE AT el o]of HER2 FAAY] F%, 52 Iddo] Sl #olA
AL FAE O Z trastuzamaba} fluoropyrimidine + platinum ¥-80] 13} X242
371Eo] AHEEI 9oyt thE anti-HER2 FAES] #ol4 2%, Rxa¥o=zo]
ARE-Z oF2] A FolAY A Afstalnt. H=e, Het, A2, g
2} F HER2 FAA] 55, 52 #ddo] UAY pathogenic ¥ol7F Sl= A4S
Ao 2 basket trial, 2 AR 24 UAAAIHEONA 10~40%2] W& HO
anti-HER2 | &%9] 7Fs4dS HAth T84 Y9 5 B 1L 3YollA= HER2 F4H9]
5, 2 o] i stojk {3 29 anti-HER2 FAIES] B37} 31514
g=dl, oli= HER2 'T39] Higdo] dFE= A7t AL FF W HER2 TE A2
T34, trastuzumab AE & HER2 Td YAIZ9] 44 Ao pol7} Q7] Hhigo=

(2) BRAF 4%} Ho]

BRAF T2 3seld dimerE ¥4J5kal serine/threonine-specific protein
kinaseZ 7]'5%ttt. o] dimersE°] RAS GTPasesol| 2Js &4Js}=11, RAFZF Al Za}of
A9t
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BRAF -37}9] E¢iHHol= offst 9] =9 =alolw] -fdAtz SA8E0] oF 60%0llA]
BRAF E®ol7F &R1HE T BRAF &dWolE= H|o A7l duF AU, G54

BRAF f742k= @A7HA] oF 3055729 SdHol7t A2 75 Wsks Zdshe Zos
B %o 30502 BERET (F 3.4). Class 1 BRAF 95 0]+ RAS-independent
SHA monomer® Zh&5k= HHH Class 2 BRAF &%W¥ol= dimer®2 28-S 51,
Class 13} Class 2 BRAF &0 @il B A9 ATl RAS GTPases?] 93F
o] A&Ho g FAES] S Z st o]of HEs|| Class 3 BRAF E%wo] thif 2
AAst @435 SllA+= RAS signaling®o] a5}, wahA| Class 1 T+ Class 2
BRAF E%0|9 22| Class 3 BRAF-E0] oF2 49| RAS signalingS Addhe
A=A o] 7Fssttt

CHEERIO! of 2HH BRAF S9180]

Class RAS Dependent Missense Mutations
Class 1 No V600E, V600K, V600D, VEOOR, VEOOM, etc.

K601E, KBOTN, K601T, L597Q, L597V, G469A, G469V, GA69R, G464V,
Class 2 No

etc.

D287H, V459L, G466V, G466E, G466A, S467L, GAGIE, Nb681S, Nb81I,

Class 3 ves D594N, D594G, D594A, D594H, F595L, G596D, etc.

Xt&: Zaman, A. et al, 2019

Vemurafenib2 % %2] BRAF V600E E°] AAAZHN SAFO| FDA AME3I71E
gke. okAlo|t}, o]0 dabrafenib®] BRAF & o] A SAE SRS it o2 3t 34
WA HoNA =Rt vEEET 2717 RS Y5ote] 2013900 5171=31ct. BRAF
V60OE E¢HolE 714 hairy cell carcinomaflA% H|5%t X837 Vet v
A 24} T3 U2 BRAF V600E EAHOlE 7L Sol= A 5R 37t F515HA]
oottt @5]3 YRO] BRAF EAHO|E QIS 52 BRAFE AToialS of g4z
MAPK pathway”7} ©/d3l=]o] 17| HEJu A Zto] LAYSH= TAF=0] Ut ole2
oja} 02 HRAS E<IHo]7F #AYstaL o] Q15| MAPK pathway7} gHdHo=
D/gste]o] 22t Qfo] WSk Ao & AHr). £ BRAF AAAl= &= Fo Al WA
oz BReRA7IZe] Ftks Tl drh olEd dEe 5.1—.’5}511} SAF0l| A
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MEK JAAQ] trametinib¥} ¥-§ Foist A3}, 9to] Y77t 9 AE7|7ko] FHo]
FAEAeH MEK AAA FoA] el MAPK pathway?] 9474 €43
UeRR] ottt @A7HA] BRAF®F MEK 2AIAIS] WEEoEX trametinib +
dabrafenib, cobimetinib + vemurafenib B-&57} BRAF V600F SAIE X2 QHo=
FDA 5%1& ¥ttt BRAF =<1H0] ol thgdoll A= dabrafenib¥} trametinib -8
Fol= 12% A9 ¥HES & 4 AU BRAF, MEK, 18|31 EGFRZ &Al°] o7
At HkgEo] ASdtts TS SAR 3 YA E S 2ste] encorafenibit
cetuximab ¥-&Fo]7} FDAZHE BRAF V60OE ¥4 tiete] Awz d7t= it
o]t YAAIY ZAIM= EGFRE 53 MAPK AZASHS Attt Zlo] BRAF A
TgolA Fesits A vt

(3) NTRK 8¢ 34+ HHo]

Neurotrophic tropomyosin receptor kinase(NTRK) 8&-3ZA= NTRKI,
NTRK2, E+= NTRK3 #4827 o2 342} g3to] | 492 g2 49 13t
ZotoflA Eetoly YfHAIZ ZRE3tct, NTRK S84 A= 4840
ligand®] Z%o] glol= TRK kinase’l A& 0 R S43ten, 4444 774
AEAdNA AL BaEQlth. NTRK §8FAA7E Has= 452 24 F 7=
U=, A= NTRK 8873247 51 dEEe AU E HH14 fet 419
A A B8 FF, ARSI BATE, ol ARSS S 3RS 90%elA A
Hoh & SF= Ol AolA ol R FEE HEHAWGY), 574 A,
Spitzoid ¥, KIT &4 AV AZEY, oM F SolAE 5~25%2 HlE=
Uehdth NTRK 8334 w49, A, FEFHEduAE, /539, 2244,

SEQh A, SAFE, ARl HEYF GISTE ALe dxAEE SollA= 1% 1Tt

2 HIEE HRIth 5EA §4 x4 dEyy 34 S48 W@y 5 oMz
FAE S 7H 3224 Q] NTRK EAJA|A|= larotrectinibo & Al 7FA] TRK Ty

oL
1%
ol

S

defzio g AA gt 20184W 11€¥ vl=r FDA+ larotrectinib& A &7}
AU Aol NTRK &8 ¢4 4% & Aoty et 57kttt Larotrectinib
3]7l= LOXO-TRK-14001(NCT02122913), SCOUT(NCT02637687), &1
NAVIGATE(NCT02576431)2h= 3719 ti7] 371 /dARe] AaE 2A= stglow,

1o OIlr Mo M ML
ol
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S 5589 NTRK €% 41 4 & 4oty ed 84 F BHE 75%, SANHGE 22%2]
Hold 8315 B3t SRRAZIZE 73%S] k= 670 o1, 39%0lAE 19 ol
UERQIEE 20199 8€ entrectinibo] T WAR 3710 5459 A} g4 &
HRSE 57%, 6719 olAF HESRAIZITE 68%, 19 oA} WRS-RAZIZE 45%E H it
Crizotinib, cabozantinib, lestaurtinib, altiratinib, foretinib, ponatinib, nintedanib,
merestinib, MGCD516, PLX7486, DS-6051b 12|31 TSR-011 5 HEZ|UA| JAAEE
TRK A 8317} 3lo] 94 7l Foltt.

(4) KRAS IAA

KRAS®} th2 RASY| 5% TdS2 AR dollA 7Y EoHA Uetdes 734
OJAFF B2 Lol E+5 b_ RASE A 4= U= 2FA19] 7ol oF7HA] Ad5sHA]
5ot AFRoll A= HRAS, NRAS 183 KRAS 5 37HA] RAS ©Theizlo] 4 A
A0 KRASE RAS superfamily T+ RAS-like GTPasesgtyl E&A JE small
guanosine triphosphate(GTP) binding @2 T5F0] &3ttt KRASE A3 IEHOA
oz Aodd EAE9 & 2710 AlFshs AlA e she, Alxe] &3}, 44,
T3, AEAPEAL 5 FH AT 7lsol BRE ASHYE AT Tt AlE R =
oJsto] EZA RAS-GDP7} RAS-GTPE ZA5k="l mitogen-activated protein
kinase(MAPK) pathway, phosphoinositide 3-kinase(PI3K) pathway, ZL&|il
Ral-GEFs pathway 522 &/Jo] AgHdr}.

[(

RAS f4A9] E¢¥ols AFHEE Ao|7} d=dl, KRAS7F EdWHo7F 7P B2
isoform@ & RAS EA®ol2] 86%E AHAItt:. KRAS &% ol= FHAY 90%,
22Xt SO 30~40%, BIAMZHQ 3E19] 15~20%0l4 A E} 194 o= =,
AW, A Ret, B, 1 S8R oA EEE Y (F 3.5).
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I ZHS 210llA2] RAS isoform S¢1H0|2| BILE

Primary tissue KRAS %) HRAS %) NRAS %) Total (%)
Pancreas 90 0 1 90
Colon 30-50 1 6 42
Small intestine 35 0 Q1 35
Biliary tract 26 0 2 28
Endometrium 17 1 5 22
Lung 19 4 1 20
Skin (melanoma) 1 1 18 20
Cervix 8 9 2 19
Urinary tract 5 10 1 16

Xtz: Liu, P. et al, 2019

KRAS §44H9] EARol= & &= 12, 13, B 6104 HEHTE R2 HIER F&=
63, 117, 119, 283l 146014 Ue7| = 3t RAS dAte] &2 7
Sto= |ehe]= ofm|icilto] wheh BETH] 7]5ol Apo|7} qlol Aol Aiht Z|&of Higt
3ol o & Stk g S0, AZ28YT HUolA KRAS F= 129 glycine©]
valine2.2 X|&H G12V &UHo|= glycine®| aspartic acid2.2 X2 G12D &9
Holo] H|gto] e} yEcta A Qlk. KRAS §-44H] Sl &Ago] 7]oE

Hat ofy g} 9] vlAlg ol Hofste] S FH HEAAEZERE 25 Alo|E7RRITG
ARl BulES gozm ge] 2F R Aol lofai,

Soilo]2 F4okE KRASY] 7152 oAelel B tmejo] i Aufslol KRASS
S22 S o e BhsE 02 sl g 4100 RASS] 3191 ALE
AYAA MAPK, T PIBKAS oAsh: okB7ide] A35%ek. BRAF olAA2]

vemurafenib} dabrafenib, MEK1/MEK2 SAAIQ] trametinib¥} combimetinib,
12]3 5H9] transcription factorsQl Fos-like antigen 1(FOSL1) 9AA 5©] KRAS
SOy H A S o2 Al vt Qlr. o= KRAS ¥ 8A1E
A3 HACRE st /o] M2 7FeA4doE HeET gty 53] 2 =/
2 KRAS-GI2C o2idS A dAlste F=/NE=4 KRAS-G12C= A
KRAS Z+= 12 E10]9] 10~20%E AFA|3HH KRAS =<dH0] g #Adwe] 50%014
HPAEITE KRAS-G12C JAAIR 78 521 24l = ARS-8537 ARS-1620°] thit&o]ct.,
F| A& 57FA] o]4Fe] KRAS AAIAIZE /7l Sl olF 37= G12C EdHoRE
EfZl0 & kol Stk (& 3.6).



b 7S]

E I MEHX KRAS AHIA| 7HL 4%

Drug Company Properties Status
N Phase I/ll, monotherapy
AMG 510 Amgen G12C inhibitor and with PD1 blocker
MRTX849 Mirati Therapeutics G12C inhibitor Phase /Il
JINJ-74699157/ J&J and Wellspring N
ARS-3248 Biosciences G12C inhibitor Phase |
. . g N Phase |, monotherapy and with
Bl 1701963 Boehringer Ingelheim  KRAS-SOS1 inhibitor MEK inhibitor trametinib
MRNA-5671 Moderna Cancer vaccine for G12C, Phase |, monotherapy and with
Therapeutics G12D, G13D, G12V PD1-blocker pembrolizumab
G12D inhibitor Mirati Therapeutics G12D inhibitor IND- enabling studies in 2020
RAS(ON) . . Tri= complex inhibitors of -
inhibitors Revolution Medicines mutated GTP- bound KRAS Preclinical
NA Bayer KRAS-SOS1 inhibitor Preclinical
NA Sanofi/X-Chem G12C inhibitor Preclinical
G12C inhibitor, for active -
NA X= Chem and inactive KRAS Preclinical
BBP-454 BridgeBio Pharma Pan- KRAS inhibitors Preclinical

IND, investigational new drug. aAll three lead G12C inhibitors bind only the inactive GDP- bound KRAS.
XM= Mullard, A., 2019

AR S WolS B4sle] BY FFS F /M| IFOR BRES oK 2

I8 o] G AEAHES SYUSHE o] oL gk o LR 18

RE A= ERPJARE FIIHAY 37 22 JAAE Aol A /s
At HEAQ EXAESHY = oY aEo] UE Aay A9 F9rto] Jluminal
A, luminal B, 2524, HER2 ¥4 2 A4 SAIS 5 BE50] vt A=, 99

Epstein-Barr virus(EBV)w, microinstability(MSI)«*, genomically stable(GS)w- ¥
chromosomal instability(CIN)Z 2.2 EFoto] UX 5 (MSI®E EBVH)ol A=
HATJEAA A7 Bt 22442 4719] consensus molecular oFH(CMSs)Z
H5&5olo] Z+Z CMSl(microsatellite instability immune), CMS2(canonical),
CMS3(metabolic) CMS4(mesenchymal) S22 ER5IR|4F o}Z71A] 5F9j+of ul=}
A5f]E 24 A= &1 Aot AT AgAYT 5 o8 SN E EX
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RS 95 Y15 RS A7 A4Hon AYHL k. 9ED o)
OF Aol thR fA4 AL FYROZ HGHe Yo ol AgEL, AR
SH9IEL obazkA] Adid AEo] SwA e AL et Bs| dEuz ot

1% BR ARsT BA4ET 35HS AW B4age] £t 2 188 A=

Azfo] glom Lo chyst ek

olo] tigt A7t A& 0w Fasitt

o AT B2UEHY 3 27 A

Z|Z HY A2 (circulating tumor cells, CTCs), YAIE 2 DNA(circulating
tumor DNA, ctDNA)®) 977 A= @A 2o 27 A0kat 814 24 T A4
HUEY 52408 @2 A7t o] FoA|1L Qltt. 53] HIGFA oz AT AF 5}
Ar 5= Q1AL SEF S4B 4] Aol E AT 4 doke ARE 7L

9}\ . —E—f)_] __,2_7] tﬂ7]_cq 117321-0]-_‘]1]. O]:]]—O]‘_o,] }\ q ;gxﬂ _—_(TD:_ U] 0}
BAplel o) o] 5Pt R} Q6H o2 WRET Aok CTC B cDNAS
AGEI A RS o Take] ekt ohfet olgt EAold Belte wE

UAMZ F2 DNAE SR AT 4 911, A7He] Aijol whet 34 0= [t
HolE Hlwgro 24 A7 tigt W9 BAE T ¢ vk FHE Ut
A1 A e 27]o] Adsks oHEA ATHS vl =

gk AP A
Z#HT 5 Q7] fzo]
CTC 32 ctDNA AREZ
A7, A, AL, EANA 2 73%, 57%, 48%, lﬂb— 50% W Zlgto]
7Rsste] AAHoR 17] olME 47%, 2719 37] FollAe 55%2F 6O%ZE F715H=
A5 Btk I8y CTC &2 ctDNA BEAgHETE 7|29 A AARS
HpH o2 wgasto] Egol= Aol R, A Aol S AsiAE F54
i HFH AgAIdo] Fasitt

rﬁ
g
Mo
ks
k)
R
)
rxl o
g
L%
=2
_l
:|o
°-r4
o
)
Q
E
&=
o
_|>:
il
N

59

[oJPNI=X=3
oooo



Zh) FFEE A9 WEAE
JUo =7t AZ EAE= Al7]ol= ta SE-AFRIALY] Aok F e /4dof whet
1]4 HAo] Bl= §AX HolE 7H SARES S2bA =g, £ fAXPH 7t
= A= o7t AEAY 7|1E A E8E W g2l ZEJ 1By olgt
ALo 2 totE A 32 JE mjol: ofF 1l S50 8% 35T 4 §lo
oR& ek B4 APt Be RS S46H B A =Sl 55 o SR
et A0S 7HA AL Sl BHA o 2gh ¥l ZRA] {AAL B0l Aol HARD
T Sl AEEE RESH, ARSSIZHE Aok AR AR Sl Aleko] W] Qo
AAR F SAoA E3o] He arAQl Ados wEA=Tt E7Fsoh
o|2gt FHAIHE FEE] $I5t Ao] HAHEE EHEREW IR0l Z2HER
ol F7IU HHES tE Pdwr]dte] FA171 Hof AgE= Zo] P¥kHolrt. thE2Q
WIAEOoZ ul=o] Signature, I-SPY, National Cancer Institute(NCI)-sponsored
NCI-MATCH, NCI-MPACT, ALCHEMIST, Lung-MAP, Pediatric MATCH,
Exceptional Responders, Lung Cancer Mutation Consortium(LCMC) YATAIS,
83 o= IAASESI(ASCO)7E FEok= TAPUR(Targeted Agent and Profiling
Utilization Registry) Y/dAI 501 Utk e =7F Ao P Hols SR WIAI-S
QA }E.0] SCRUM-Japan, LC-SCRUM-Asia, MONSTAR-SCREEN &°] 17, &1zt
K-MASTER Z&720] Qjc} X Iz 7210 AAL Zoldle RS0 9A4x} AR
LT T FARHARICE gt RSk, 7] XA} WolE B R St
AloF0 &2 Agihe 4= A= AR AAZ R QESte] SA=A B2 A57|3E
A5 sAO] ol £4 AA"S F55to] ofF &85 AT AYAE
FHohs ZRAET= o[tk E9] o] ZEAE oldt Sxb= 2219 §4 §4
Hol| & B0 R St AloF AAIEO] Qitt St 25 A= A"l AlA
e 4= e 7138 7HE & len, =R AR o7t E7ks St
T¥9 5y} offof digt AA md@Y A= $F0] 7hssit o] ZRAE
7R Qlout AdEst] flsiAle 3ol SAksol AFE & e 384
/go] ZHEofof 5t M2E 419F0] X773 & Aot vl A7 }—7%
7hsstofof gty ER HUS FAAEA EHES ARESte] BlHolE ?53‘0]
7Fsstolof gtk oI5 flsiA= AGAR] F7IIFHIE A Hote] AL T AR
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T} S slolof se vlgole 75& 93 FA AgEiolof sk F7h4 el A|Yo]
Sl Waste, A Slo] erguelzel Wl Ware] SuthE ololok stk

U3} e AHe] FEE SAE TAY HELA AP Ze Aol ot
), A2, ST, 7 5 ol 3] 5o £g0] e R Sgo
W Welstolop A Aol Ao A IES FY 4 YL Heolk

P
T A A

e

_

@AZHA] 30070 ool A4 dSFel EEA Aot 7P HEAR] S5 744
Skt UAQt &34(Hereditary breast-ovarian cancer syndrome, HBOC)1} €1
%—?E(Lynch syndrome)°] At} 2] HBOC ¥4 BRCAL -2 BRCA2 F41A]
EAROIE 7L 9lem], BRCA1 EdHo] AARAR= 704 o]&dof 47~66%
oA %HP%*ol 35-46%0llAE dagto] WARITh BRCA2 B0l HaAt: St
349 o] Qo= Fetat SAE0] WY YT ETt Mismatch repair F-HARS] A4
AlE ZAHOIE 7L Qs UA] S5 SRS A28 A f9ol 80%el EsiH,

HE
g}
<
=
1o
1
rlot

Ao 1 pathogemc “é}/\ﬂ Eool7} ZA|o]| ol Tth(~7%).
X

Z o8] YAAIES 53l BRCA19F BRCA2 F-3A19] AJAA|E Z2 AHE EAHo|S
7H 22t e A FAAlCl 2 W82 Ho|w PARP AAl Fol2 4] AP
AARI = Ha7F Y43l itk E3F Mismatch repair 8% H2] AAAM| L EAHO|E
7L Q= o A HYTEAA] £2 ¥ Hole AR dEA FA4
ST T YAANIE o] BRAES dhde= AY 47 3 A5 70|
sttt

2) Ul RY AL 93} TR 3ok & B

PgEels 2ol FAelA AHEEY] SsdE 54 A4 L Molt of| Ay
2312 ZefekeA} Belelofo} Tk, ofefet WS B AR} o] Basin, SEe
R77H40] o]o] o] HlojElE BT 4 ol AEARsto] wao] Sufelof G
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AeomE Fgo] S50 net gdHoR #E Y MRS sgd A9 9=
Fefoll A, &2t RIS FAAYE, &7, B=shd FEol| meh AZAAA 9 o=
ABIAS AlFshe WFoR HskE 7PHeI 9l

EoRoAE 594 AgoR e &t stEfEte @b AAARle] 7%
BE, AETH AE, AR3AISH 9 ARk ehgof we Aske] oy, A& 3
A& AHIAS ApEstste] WA drh. HoRfAE olde] F5HOIY melst
gate] PAE BPSE T, rgRE oM =3l £ WalolA e} 97 lo]
MZ BES SR =5, A7 o5 AElLo] it oAb 2H 9] S4 98 T
o (I 3.49.

ﬂll

SUHHET |8 HU 20| AQ] Q|2 MH|A

HEH HE2 2|z MH|A RUAMYE | YUY MH|A
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AHEE7 |2 Yooz AHLS

et ARt 71zl wet ek deks %szh:} A Aﬂﬁ]ﬁeﬁh 5,000~8,0007} ©l’¢<]

S|7hagkEol 43t 27kl Aehe AA 109 olujolx] BA 4 o] B} o],
A

Mg dge] FRHES wie Bou AA| A Hof 7 o9 delof o211, -2yt

J 1t
o g2d Blsl, A 2 s vl EEoiA Mg W=t B2 AlZte] A1
g T4 Zolal At 39k W o= U @2 slAAERE0] FA4, 4414
AFE)E, AR e WAL QU Sl Zdo] "okl stoje Az Hol fle A7t
Wokar, dgho] A FE & EehA BE® BA] Eshe A9 tiR-Eelid Ty
AR 7lee] TR wet, Ago] digt ofsiert oAl HAL, AE E o]
ZFesdiRen, A7AE shut & 7ido] Hil Qo Eeh, SRS S

ol FF 7EAZNE S TS 5 U =HAH

2) AR B4 7)e9] WAy} 5| RRke] AT

7h A 24 7]eo] A

IAAg oA FHRnE FASst=T] FtEA] Q3 70| Jf7RIY] F-HAH
geloltt. 2000 ojAof= 7A7ARIS] RAAFEE T FHAAEA oL QITE
ZA5l= 9299 7] t+¥A(Single nucleotide polymorphism)S & oZ 3
EdHor BAst= fEo|dnh I8y 20009 H] Rt E01ehA JITHAIEA E9
X D ZAHF7IAE EAH =d3 gEo] I AAE F2 Al E45k=
Zo] 7hssHA =AUt (™ 3.5), <& 2.2).
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QEH| 2 upy

£ RTXL AL e RHXE AL M| AE AFHY M| FHH AlEA
(single gene testing) (Panel gene testing) (whole exome sequencing) (whole genome sequencing)
7‘“( I ‘\“'“.< :: Ighguinglign II":::I
| NIRRT St s
ff)Q f.< ( PEr——— |,'I I|I
Vi'( ) III|'|I'|'|
mannlyty an
A o il et S i
ll 'l = LTI IF:""I'
_Igrlxjxl_ fl Il 1 (o Mttt 'IIJ‘:
N Il ll II. I| LT np!
B A X ol

4 FRAREAL 19884 ol E8]5] 5ol 9ol FERAAHTHS(Polymerase Chain
Reaction, PCR) 7|"H3t Zaj=g] Ajo] Fo] 7§ dst o] A7|4E 4% (Sanger
sequencing analysis, Sanger dideoxy procedure)o] A7]EHA] HH3} & Qct o=
A GRANA B shte] fAARE SE5to] Yok §912] DNAS &5, ol
Aol EAZ Boto] A7IAES BAISH: WRolt v RRAEAS 54 fadgo]
M=, ¥Rl AL 1oAY &4 A9l AT 4= s HHL
Qs 7P HHA o2 AME= Holnt (T1' 3.5). 7HE, €&, ohEE
CAFARSS 18 5 UIY 327 9ole = 4l sl Adee] g
oh 28y 1719 fRRNE R4 sk=T ARl A FAMOAE 35
29 %, 3F AgtoflA Al FHAT} ol 7L B 7 o) Fe] Azt
4 k= @o] Qltt. E3 3RS AEe YA ¥l SARAEEE 94
H AAPE E7Fsst

Qﬂ’ﬂﬂi %éﬂ?i‘:}- ZMT) F71AE E4HL2 High-throughput sequencing,

Massive parallel sequencing + Second-generation sequencing®|2}il: &2+
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7oR, o] fHAE A @1194 DNAZ Uhro] SAlo] 243 4 9= 7He
ARet o] H714 7140 EYo A7 FAA(AE)Y A&T BAo] T o

At A F71ALE B o8t -Pri‘_iﬂ BAZ 3A 3714 o] At oid
742} HAHpanel gene sequencing), AA| & AlEA(whole exome sequencing),
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st (1™ 3.5).

A §4A Al#EA(whole genome sequencing)©]
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(2) AA dF 284

dl&(exome) set-of-exonss -5%3]-‘:: Ao ok 309 719 /AT AlE B7IE T <F
1~2%0°] sfiFsch= DHES Ak R91E SHsto] o2& 8ol2, A9 fAdg]
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B9ol Ays) & 4 9lor], Ea SHUSo] Al o=Qlo] B4 Weto Anky
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AR Zootel St olA Bek ofuet A AAHoR 2 Ade] et 442
2451 e}
KA

47 BAE Sojo] Wekd SAARA 9 10 71EL Agke Ao tsio] B}

73 I, A7) 08 oW 5 /A PA g FFA Bk
s FUd, FAH0E FE ALV Y FAH, IgH AR AL
SAtolA] Watke] O 9 ATE oldsty AlSoke Fast A FeelolHt. 59

olghs] Ago] et AR ZoknA |, 4% el 3L mele] AR EYS
£ ARE TRPo A Ao Az L Wo] B3Hoz FojaiA =k

SAA BAL Auolzo] WA B 7] olF US40 FEES oSk
203 Y2 A}

3 AT ARk Edeler ExF S 1
= 2}

AIFAF-EF Y Aol Bars]o] 9lof, |4 £4S B3 5 Jdo] Tt
/8= Totol=t Txo| "ot E3L Aol EHEEE fAAe] S = Eﬁﬂ%]
A ZEEAWHO|(frameshift mutation), 28| A&AHo](splicing mutation), &

EAHol(nonsense mutation), AEAA/FE-EAHO](exonic deletion/duplication)
SAYE ©HE 7|5 & A= EdHolEo] 91, ¥HH QlZEdEdRol
(inframe mutation), 2= WHo|(missense mutation)+= HFEZOZ thuiz o]

715 HS8SF £ 9= ALt Aok wEkA &x19] EHHo|S 7HA 3R] AHL-o=
A9l fAAE] BB 715e BRFORA A9 EAelE TH] Bt Aol
et 2 7]“0—/“0] ATE I8y 22 SRl 7}74 3kt 7}01]1:._ Jo] =T

7

(2) Age] #e], o o 2=27 714

% AR Ad2 Jﬂlal 2 25| FHoA FURE
Algehs ol Sa9 A ot A7 tiEEe] e S22 A=rt HA
oL Slot. JRoE Eekal HEH A &et Eet ﬁﬂrﬂ e Sl A AE 7=
DIAIZIAL 4] A2 FIAE ¢ Sloh. Tt tafel Qv Hs Soto] At =2
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AL Tefeta, Fd SJsfof shi= F/dol Higt ZUEH AL Ale= Aol
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e q Aol Fag IARALTE F HEHQ] A7t 7S S SFolt
71 TG SFTY BF SY°] DA &2, S S T ol ZAY dee 7
SRS AT 4= qlon, 43 At 3 g gl gk 7129 24 HARE F5te
Fe I 270 BE FOEN, HELE wolI T WAl I AT TS

I T2 o= 947 Yloj olste] wrAsH= A1x}o] BAW Zglo|t}, o] AZILo]
ZARS T At 7AZrAE wid o] vhEte] 74A}r] AFgel= 9)Fo] 9)

trebq R54719) taRols BAW gdo] Il §uA9] o4 wARoRA,

A

B ) 28 9 P AR Aas Fse] vl WAl ofat 3] AIRe AR
(@]

[©)

014 A 2 e fAUBE 2R N2k ol IHAE BT
Ay SHABOAE B/ 4Ql ARA} AEElo] BAEY LY Ao gL 7o)
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RiicEi=g
42 o] §30 T Eold AaHET /L= =], ol9] tHEAQI A7t
AFZE AAE o]&et AT A 7ot} AFLE AA= HeEdHolo] 295t
HIAGA 321 125 7L Qs 4% DA Do) EolFo s Allsto 33 12E
TAAA O] 752 A= EEolth *F“E AA= A Eoldoln, ZHHO]
gh-&ot= =dwol7t

(read-through)% LOo7)E FAIE AMESlo] EAMo] E‘r‘ﬂ 57
o7 HIFoEZN X7 BIE FEdh=
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ko] fAPINA Alo] He FAAY oL AP WHNE FUA NRHE
Furs] AYET Uk 53] o F okgt Askel PuMAWHS 20T BEIKAS

(spinal muscular atrophy)ollA19] §4Z X 7E FT v]= A& F=(U.S. FOOD &
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Hl 7 JIoAE FAAPEE o] &3t
12 AFEo] JPFHA=T, I 5 dLF71HH B (single nucleotide polymorhism,
SNP)& o]83t AA-FAA| AABAHEA(Genom-wide association study, GWAS)®]
jEFolgt & 4 ot ul= =Y QIZFFAA A+1A(National Human Genome
Research Institute, NHGR)2] E11o] W2 GWASE ol83t o2 34 A+ 5 Agd
A B= R S AASEAL o, dut QI oAl GWAS A=
ol AAE &3 o f32F YA(loche] A= Esteitt (@l QT interval}
NOSIAP). &S, Al 85 Fv= FAENe A¥E F8 A5 ZoKRlH, SLCOIB1
FRAA AtollA 1 ®oler AR {HF ISRl ARt Aol UL, FAAEA
(genotyping)= &3l QHAst ATAQ1 ABH ARE 7FsoHA & o U= AAS
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AEE 28s HAM, A5A 5 ARt @SS 227 A AMAleS
o 14 QQ(1d, &5, TEY, W AES 5)o] Y F A AR
Aoz dHA U=, i GWAS WEHEA AFolA w9 g A oA 9
A L AL Avf(myocardial sleeve) @40 Tolst= AA QXS FH5H=
FAA 4q25° YAk PITX27F ARAlIE S8 2Rt Aol Sl A2 EQlskAd
om, o]F 4q25 FAA @IV IAE S oFE, AVAAlE, 2 A=A 4AE 59
Az & A o7 A5 0|8t AFE= Tl FH4 4Qlo] AAlEAAA 2 T
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AHIYIE 3K GWAS HT0lIA] WS 97) QFIXt 9JX| HEHEA Manhattan plot (£);
CHUQI7|CHAI0) 2 Wb AlME|S MIEXPRHIS KL o) ()

Jome Paroxysmal AF

1009
rs10033464 GG

804

601 rs10033464 GT/TT

1 kenns . ZFHX3

1 PRRX1 i owntsa V! Corf3 SYNPO2L SYNEZHCN4

o l“& [ [t uﬂngduul

1 2 3 4 5 678910111213 1% 17 19 22

404

Log rank test p=0.027

20 T T T T T 1
0 6 12 18 24 30 36

Freedom From AF and/or AT recurrence, %

Chromosome Months after ablation

Xt&: Ellinor, P. T. et al,, 2012
Choi, J .I et al, 2019

E3, oF= FAAE S AA el AL
HEH Q. HESH AT ATeR AAREE FSLAR] ofutd tiate] ol
sh= CYP2C9% VKORCI® #70A| Ho] oo mep ohndl &5 282 3p7|=

o)

FARE WHolo ot AP olfer TSt AEWETCRE o|2IES
(channelopathy), A3 (cardiomyopathy), HsHBHHS(aortopathy) 5°| Ut
o|% A4 EAM(inherited arrhythmia) E= Y24 A7]% 8K primary electrical
disorder)o|Zile FHA Q= ol 2IHFTE F2AQ A ol &4 Qlo] #44
[Rlo] ofsf HAA FAEHo] FEEo] SAMETH] e FAE Yo7]= Foltt
AR YRl 2= WA AIHS, olRAfEHS 5ol AT, AYY Hid
o5t 8 A WsHAT o] HA Q] 60~80%, A4 FHME 5% ©|5HE ZA]
S A=A AR, HE oA 9] Hirof ofshH /-4 g
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A Valvular heart disease
1-5%

Coronary heart disease

~75% in Western countries (~50% in
women and blacks)

50-60% in Japan

Others

Inherited arrhythmia —— o
syndrome

(LQTS, BrS, CPVT, ERS, etc)
1-2% in Western countries
10% in Japan

Substrates in myocardium
Fibrosis

Hypertrophy

lon channel functional modification
Abnormal calcium handing

SCD causes
\ and rates

Cardiomyopathies
(NIDCM, HCM, ARVC, etc)
10-15% in Western countries
30-35% in Japan

Triggers
Predisposing factors and risks Heart failure / Stretch
J Wave / Repolarization abnormality Genetics (Family history) Ischemia ;
Parasympathetic nerve dysfunction Shortage of N-3 PUFA Myocardial llnﬂammanon
Male sex Atrial fibrillation Sympathetic nerve surge
African descent Chronic kidney disease Electrolyte abnormality
Diabetes Obstructive sleep apnea Enwronmgntal stress ,
Smoking Psychological stress / Depression
B CPVT, LQTS i
: Coronary Heart Disease
0 HCM, ARVC 35 Valvular Heart Disease R
I »
Age of SCD onset NIDCM

BrS, ERS

Atz: Hayashi, M., Shimizu, W., Albert, C. M., 2015

12 ol2Ard @S F29encoding)She F7IAF Holof] ofsf A==
Zgog 71 QT 29 long QT syndrome, LQTS), EZ7It} $944Brugada syndrome),
ZHEEorA thg Al AdHI M (catecholaminergic polymorphic ventricular tachycardia),
A2 QT $Fshort QT syndrome), AE= SFHearly repolarization syndrome),
EdbY AlAEI(diopathic ventricular fibrillation), 549 95 44 o] Al1HZ
(arrhythmogenic right ventricular cardiomyopathy, ARVC) §°] it} -2yt
A A2 2Rt AAlE7] 285 Al EeoEA FHA FAHo] XSt HE
Aol Hls =2 HolH, =i 1571 thehg Lol APE t7|d F2E A+of st
BHE/Y S5, B34 44AE, 1 QT 559 ¢o= HuHEe (14 3.8). 11
% X QT 5%, BVt 55+ H 741 {2 44 olg4 AZH5ol sl 71&st

3} et
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SE|Li2t SEA S ol
ol Eet 7|2t FIX|AER| (7 ZIKD)

M BrS
IVF
W LQTS
M ARVC
M ERS
W CPVT
[1sQTs

Incidence rate, per 100,000 person-years

Age, years

Az =5Y-25Y §, 2018, Di=aldstsl cgtaiisl; @44 de7|-25Y S, 2018, HeMEste] FAsk=ttal.

QT %2 AALA QTc 7H4o] %37}301 U= o] EHH(QTc >500ms
LQTS risk score 3.5 = ¥4I Al EREA| QTC 480-499 ms), FEO]
7] ol A ARt oqu} AV Zﬂ?l(pathologic) LQTS ®o] &2l Al QT 7+
o] 71 QT SF+Lo& e 4= et FA& AAMS LQTS 74141 ¥o] ojifo s
71 QT %%;1 $EAFO] oF 20~25%CA1= QTe 7HA0] B4 M9l Aog A
A7HA 71 QT SF=tat A¥E 17709 FAA; Hol7 A E o A=A qlom,
FAHEL 9F 60~70%°]tt. 15 37HA] AR KCNVQI(loss-of-function of
ks-conducting K* channel, K,7.1), KCNHAloss-of-function-of /-conducting
K" channel, K,11.1), SCN5A(gain-of-function of A.-conducting Na" channel,
Na,1.5)7F Fo =2 wgs S AAY oF 90%E AFAIsHH, 71 -4 #o]gof w2t
U4 ool digt AolE Hol|7|k gttt <19 3.9). ESE 71 QT S5+ F4AHg
UE HERAIEA F=Am ado] Zpo|7t Ql&o] WEREA A EiE7|E SHT
J8y AR AR olQoe A Y, AR A 52 FTEHLE 1T A
ZH7HR1o et Sl B7E} o] FoiAof gttt
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RUAMEEY |2 Yoz HLY

O 2XHLHZO| QX 0| U #HO| X0} M2 Udt 5=

“Radical” Mutations
(all genes)
 Frame-shift SCN5A / LQT3

 Insertion/deletions
* Nonsense

« Splice-site U

Probability of Pathogenicity

.. [\

Nq =
‘ O Atrial Fibrillation (AF) em Drug-induced Torsade de pointes (drug-TdP)

©0 Brugada Syndrome (BrS) em Long QT Syndrome (LQTS)
Om BrS or LQTS o0 Mixed phenotype (BrS with SSS and/or CCD)
© 8 Cardiac Conduction Defect (CCD) © Rare and Common Missense Variants in Health
@ m Dilated Cardiomyopathy (DCM) ~ em Sick Sinus Syndrome (SSS)

©8 Sudden Infant Death Syndrome (SIDS)

Xl&: Tester, D. J., Ackerman, M. J., 2011

BRIl 552 SeURE TS obAlolel gl od, EHe AU
‘I‘

2ZA(type 1, coved ECG)RIO 2 Ztto] 7hsohu, AHHAQl YA HTt A% i F=

4 FA FHE Hole Aoz A et A I AlRo EAIshs ol 2Ad
oA A #olof ofsf LA AR 21709] FAAA A o7t WA EH .

SCN54 loss-of-function ¥o]7} & 2l 3-HA} o]AtolH ClinGenolA9] BE7ch
o B undisputed FAAR] AoZ AHA ot FTL EOA SCN54 HO|
of Wt AGA AT FOJet Xjo|E Hol= o] BilE7| % st 144 A%l

Ot BAdollA] Whgo] 71 B3t A0 & HiEd|, ol G4 AAAske] 94

S0 wE dg Iy gy Aol ot Aoz dYErik b (OH 3.10).

.

B =

o

o]

ok
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SERRDD 274 ARLE0IA] S35 Hoje Ty W

Disease /phenotype threshold

l Common variant
association analysis
(SNP array)
: Rare variant
association analysis
(WES/WGS)
Accumulation of

Mendelian Nerar- Oligogenic susceptibility
Mendelian variants

- «—/ LQTS, CPVT, HCM |

| BS,ERS,DCM  |—

Xt&: Bezzina, C. R., Lahrouchi, N., Priori, S. G., 2015

Disease susceptibility

HAW fd A4 o]l ASHSTS ATAE Aol AFS "@Ee TRES
AR E(desmosome)dt THE FHAFS] WHo|7p ¥RIC =R, plakophilin-2(PKP2),
desmoplakin(DSP), desmocollin-2(DSC2), desmogelin-2(DSG2), plakoglobin(/UP)
5ol LA Utk AT AlE 7 Aol oA al ATAETE AAREHA A F AR
Z2 07 tA=|1r 44o] =] 319 71 -(reentry)oll 28l A4/ FAgHo] HAgsk=
Aoz AdTA ok AL §lo] HAPE Q1 FRIoIA Q] A AP THSBHAITE At
Z1ggsto] 204 Holl= 10% Hm=olu GOAIZHA] 50%2] 2hAtallA 2] dgto = Wt
ST = A MR 59 94 A4 2 Al 22 AAPL Zd] 850, Tt fA
ArPE Adof| o] &E7% sk=H, §3] 7150l e Aol 34 AAPE daEch

A R O A S4o] AARIdoly HAAE 5 XAM Ao o5t FARG

A X (syncope)l.& YEFH, @ EAZQl HAE 470y A AAF Qlo]l& 27] A
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IASL o7 Ho] AzEATo] 2l A9t EBA ot} wetq mastd o Best

22 5ol LeEAok k. @ BAHS AL ARA)E FUE Aus 29T
ol ARUolE BFSLT AR 71 QT S32, shelzobnl thgA Al 594
goz AGHol glo] BTt FELS HEA $A4 FHUES) 27} HALE A

3t MBS} glo] 142.8, 149.8 & 7}4] KCD

AZAE 5 AY(action potential)?] TAYO = 27| A7) o] Leht=d],
49 sarcolemmad]] T E o]2F=2] Juo] o3 AP, o]2EE HHES
A2 B0l olsf A f1xIoll et Rt Frs HEFETE DNAS] o)Al A HofA
TEUQEo|EY gt A4 wEt Yehd & U&= silent mutation, missense
mutation, nonsense mutation, frameshift mutation - £+ in-frame mutation®]
A2 WHolof| ofsf o]2Ad Tl AJ/of| ool WEE 4 Qltt. TRt A e
SHA B e o2 d Y JiH ¥y 71319] wslel dyto] Qe 2 ol2Ad

H |

2]
Ee I 575 DS I95ke AR Hol= s FaEral €A ot Al Ui
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transcription Z4, translation Z4: E+= trafficking 28 5 4 AEE 531 ohi 44
T 9] o TAAOAQ] o]Ao & Ql5f| gain-of-function E+= loss-of-function®] °]&
Ad 715 oldel 2HE 4= Utk -84 "ol 9sfl o]2F= 7|40l Tofok= T
37 ool MAEH HAIAE E5H9] 7 dANAY ol2E R £E W FABETA
5/go] Halgho =4 Al Zgol22] thAl ofdo] =l Ao g Fajwo] MAgt
(Id™ 3.1D.

|

_lO

SEERED 934 SRUOINC| 01252 JI5 04 BRI 7|

@
P ) .
lon channel Loss-of-function Channel | Ne* G . o ont Extracellular lon channel Gain—of-function
_— \Nﬂ Nt O Matrix _

[ Altered gating I

), Altered gating
(e.g., delayed activation, earlier inactivation) 54 (e.g., earlier activation, delayed inactivation)

Deficient trafficking
(e.g., retention of proteins in endoplasmic reticulum)

® Golgi apparatus
Protein—>® Vi

<+— Ribosome

€ ﬁ Endoplasmic reticulum

{] Cytosol
NA—>
[ Reduced transcription ]
DNA_'W Nudeus

Functional Effects of Long QT Syndrome-Causative Genetic Variation

[ Reduced translation ] |:

Genetic perturbation of cardiac ion
channel pore-forming and accessory subunits

\/

Phase 2
t APD, EAD frequency, and

myocardial electrical heterogeneity

v,
QT prolongation

7

TdP/VF

A& Amin, A. S., Tan, H. L., Wilde, A. A., 2010
Giudicessi, J. R., Wilde, A. A. M., Ackerman, M. J., 2018
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4) 77 AEBN A2 NGS 7| 7-44F AA

1990t UM E AlQH HA {HA HAHtargeted genetic testing)e] 434
AW g2 Hoh g2 }Oﬂlﬂ AL o] FAA EHEA 20008 FHHEH
i AgolA Q3] %Lﬁ\-ﬂ% Fle Bom, Fdo] B2 7|HollzAt B4
AL o] £ Holghe IAH Ak 5l AP IR0 o] Aol ¢l
BFE BES W A5 ES) Easklth (U 3.12).

.l

r
qr o e

_

(¢}
(¢)

SEERPD 954 Sy B QUK #A0| JEST BHse| Axig

M 1996-2000 W 2001-2005 [ 2006-2010

(E191: %) "

100
90 -
80 28/38
70 4
60
50
40 -
30 1
20 1
10

0

4/1

99/176

19/49 75/191
53/150 21/68 i

40/172 36/168

LQT ARVC

Y

512W
5321
5961

Missense variants
- Classification of variant as
pathogenic or likety pathogenic

R
\%
F

LS. 2

e mpaee, EO oS ||| BT RS

Laboratory 3 16

Participants withvarant,No. 111 1131112111191 111111111111 1111 8

. Arrhythmia or ECG phenotypes
Participants with phenotypeNo100001011 0007100‘00001101000011018

1
Phenotype &] | \ S
Atrial fibriliation or ftutter 4
Bundte-branch block [ | 4
Sinus or AV node disease || 9
Long QT "

A& Amin, A. S., Tan, H. L., Wilde, A. A., 2010
Giudicessi, J. R., Wilde, A. A. M., Ackerman, M. J., 2018
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i

—-

= A%t FAA AAE] Hlgo] 27]9s YR w°
ATt I#U NGSE 53 #A| d& A1EA4

A 4 Q= M2 2] 234 AP R4

o[

ox,

¢

NGS #}4& W, AA genomic DNAZ}F ti2F 200~500 base pairse] Z-2 StHEZ

23 H M9 E adaptor sequenceE°] THHE WHE Qo ZgolA E 1!, adaptor?t
AZ= DNA ”Jriﬂ"é‘—% FEA i 7] Al o8 Re 79 dEEd FAlEES
119 biotinylated RNA baite} E3t=|o] HiF=E 1, 24 DNA H97} streptavidin
78 A <9 —46]1 = biotinylated bait 7ol Agdo =z A9 Eo]
2% DNA sHHES 240l A] F5HA| IAPAIZIH, AlAS 53l 2stA]l 23t DNA%
Y= baitE AAT T AEAAS A £ DNA library7} AAEC], FFSH o=

next-generation sequencerg & Lt ZE DNAEC| HiEEHH dHojg £40]
7Fs A= dElold

NGS AAF ol elAe 74 FAdlof diet #34F FAks 21 QT
(KCNQI1, KCNH2, SCN54), ZtelZorild ddfarIn(RYRY), B27ict
(SCN5A)° =3t=o] AP AL, NGS7F HHSIEHA idS 0|83k AA
AFE AT (I™ 3.13)2 "= Hlumina bl A A&t 174709 7d#ke] Higt g
Ag i d o] djojrt, 2y o] mjid2 A, o] WRloA FHAF HlolHE 2=

LAR Z2H57F AdE]o] 9Jou g Q& 71 o] 7FsAo 7 Qldf sHEloA &Aooz
A&t AEA k2 o Ak Eoh ALolAE 2 QT S5, otAofelA= BR7itt
SFao] 7HE &Rt A FAdolete 24 Aok QI 1 Y E Aot JleER QIF

7k Alols TSt 94 Y Aol dhet weivh avEnky sk

olN o|X
it ol [:{01:

)

-

l"_u
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Z1E 3.13 SRS

ZIEt NGS 7|4 FXL Z4AH I 0fl(The TruSight Cardio Sequencing Kit, llumina)

Disease group Disease Gene
Long QT syndrome AKAP9, ANK2, CACNATC, CALM1, CAV3, KCNE1, KCNE2, KCNE3, KCNH2, KCNJ2, KCNUS, KCNQT, RYR2, SCN4B, SCN5A, SNTAT
Short QT syndrome CACNA2D1, KCNH2, KCNJ2, KCNQ1
Inherited Brugada syndrome ABCCY, CACNATC, CACNA2D1, CACNB2, GPDI1L, HCN4, KCND3, KCNE3, KCNH2, KCNUS, PKP2, RANGRF, SCN2B, SCN3B, SCNSA,
Arrhythmia TRPM4
Catecholaminergic polymorphic | ¢y, 1» casos, KoNEY, KeNuZ, RYR2, TRON
Ventricular Tachycardia
. ‘ ACTA1, ACTC1, ACTN2, ANKRD1, BRAF, CACNATC, CALR3, CASQ2, CAV3, COX15, CRYAB, CSRP3, DES, FHL1, FHL2, FXN, GAA,
Hypertrophic cardiomyopathy GLA, HRAS, JPH2, KCNQ1, KLF10, LAMP2, MAP2K1, MAP2K2, MYBPC3, MYH8, MYHT, MYL2, MYL3, MYLK2, MYOB, MYOZ2,
MYPN, NEXN, PDLIM3, PRKAG2, PTPN11, RAF1, SLC25A4, SOS1, TCAP, TNNCT, TNNI3, TNNT2, TPM1, TRIM63, TTN, VCL
ABCCY, ACTA1, ACTC1, ACTN2, ANKRD1, BAG3, CRYAB, CSRP3, CTF1, DES, DMD, DNAJC19, DOLK, DSC2, DSG2, DSP, EMD,
Dilated cardiomyopathy EYA4, FKRP, FKTN, GATAD1, ILK, JUP, LAMA2, LAMA4, LAMP2, LDB3, LMNA, MURC, MYBPC3, MYH6, MYH7, MYPN, NEXN,
NPPA, POLIMS3, PKP2, PLN, PRDM16, RBMZ20, SCN5A, SGCB, SGCD, TAZ, TCAP, TMPO, TNNC1, TNNI3, TNNT2, TPM1, TN,
Cardio— TXNRD2, VCL, ZBTB17
myopathy - .
Arthythmogenic right ventricular | peg pscs psg2, DSP, JUP, LMNA, PKP2, RYR2, SCNSA, RGFB3, TMEMA3, TTN
Caridomyopathy
Restrictive cardiomyopathy ACTC1, DES, HFE, MYH7, MYL2, MYL3, MTPN, TNNI3, TNNT2, TPM1
Left ventricular non-compaction | ACTC1, CASQ2, DTNA, MIB1, MYBPC3, MYH7, PRDM16, TAZ, TNNT2, TPM1
Noonan syndrome BRAF, CBL, KRAS, MAP2K1, NRAS, PTPN11, RAF1, SHOC2, SOS1
Marfan syndrome CBS, FBN1, LTBP2, TGFBR1, TGFBR2
X Loeys-Dietz syndrome FBN1, TGFBR1, TGFBR2
Aortopathies — -
Familial aortic aneurysm ACTA2, COL3A1, EFEMP2, FBN1, MYH11, MYLK, NOTCH1, SLC2A10, SMAD3, TGFB2, TGFBR1, TGFBR2
Aortic valve disease ELN, FBN1, NOTCH1
Familiallhypercholesterolemia éggggé/%‘ga APOA4, APOAS, APOB, APOC2, APOE, CETP, CREB3L3, GCKR, GPIHBP1, LDLR, LDLRAP1, LMF1, LPL, PCSK9,
Other cardiac
disease Ot ALMS1, COL5A1, COLEA2, CRELD1, DPP6, FBN2, GJA5, HADHA, HSPBS, JAG1, KCNAS, NKX2-5, NODAL, PRKAR1A, RYR1, SALL4,
SCN1B, SCO2, SDHA, SEPN1, SMAD4, TBX3, TBX5, TBX20, TTR, ZIC3

FEUEM = 201785

oleAdHFY HIHF 5

{24 BA ABSA

2

T W9 AR

SRl Tt L g
o7} 150kb oJstel A)o® 47} AHFS WA Hoi Tz 307)
Ak, Teht sdo]

Aeto] B3, Bl 5
AARE o] o] Tl sfdEA] ek A

B NGS 7I¥ 44 AA] dhel 2 ol 8] HuA,
04 4448 BAINE A4 W7 2R NGS 7%
At Fof O AV $44 ABoz BRE| 9o

REOIEE, Level IG0R 71 2-307o1 1} 5070
oo fHArER

e =R SRt otk A9

l

57
SEEE L PEPECREEE
52 5 Sfasiolol & YAeIA ARHEol

g
A4 ol 7 9

1__

wo

LN

]_

A AEES A A=, AR AR A4 R AR olQdo] fAA ARl V1=
FEE ofuEt AAIA /A /A G A AR Y AR 5 S3T FdEel aE 94
oM a&For ol 29| M w4 AREE 22Y A= AL
gt v=olu Y 22 FudAe 4F oA 23HL e AAelH
(IH 3.14), +7 AA v, B A7t 1 75 9 3 Aol digh A5)2] #d
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wEEREY XM AMxxist Za|Y(Cardiovascular genetics clinic)lA2] SX14] Eol XICH QA TR A

Congenital LQTS sars B amvc |

EKG repeated QTc > 500 ms STE > 2mm + coved ST | |Unexplained repeated QTC (-) Twave +
or > 480 ms with +(-) Twave in V1-V3 exercise/cathech| | < 330 ms or Epsilon wave at | !

unexplained syncope olamine induced < 360 ms with |1 | end of QRS in i
TTE VT unexplained V1-2 !
CAG R v Coved ST syncope T

segment

P T V2 {elevation
Holter EKG [ ‘Jqlr" o “JL' {

i

Treadmill EKG ey i
SA-EKG
. Cardiac
‘ Drug Provocation Test MR/CT
‘ Genetic Testing J
RV
EPS Biopsy ||

Loop ZHHZITH) Brugada i i
Phenocopy Idiopathic VF

A= FFe-25Y S, 2019, HfotuEse| FASkE]

24 ARAgo A e fAR HARE AR ofdzt Agto] met= dlF A& E
59], 11 QT 5%, 7HHI=omAd

AN, Bl AT8S, SHA A AoIAe] 1-87d0] =2 Holoh gerael
Qofl= AP oY} 71E AT E|Y(cascade screening)

2 B3 XH(autopsy) Alol= NGS 7|9t §342 AARE o8]t BAMIESH At
2 4 o] FF 11 {840 giE Ao 7|HEHH.
A 722 SHA ] 282 oAM= Al olt}. F-AAH ®olof WhE Y oFEAR
1 QT &%+ 3949 mexiletine, flecainide, ranolazine)?t A X =&
(CSQ2-R33Q F-31AF ®Ho] 7H|ZoMl/d T HARIMo)A 9] flecainide)oll HHeF A2
So| RO H HA A A=m FEol HisiA F7HR1 HolE7t BRstal & 4
UL}, A} Hol HARA A AG- BAF AE fI%E AlAE7] Al tisiA = o4
A= ZA7F BESE Aot} (recommendation class IIb, level of evidence C).
Pathogenecity©l] Heh ot Heet S 9fsf o2 WASHE 5 A27ls B71=
Sl oA 75 o199l arrhytmogencityE ¥efshe 2ol E=&o] H7|= bt

a9 3.15).

R
g
Hu)
%
>
HT
e
>~
X
(0]
%
O.
0,
30
)
=
i
)
2
sk
£

(molecular diagnosis)°] E=2°] 2
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WEENIED O|=2X'2HS0|A2| arrhythmogencity EH& S8t pathogenecity H712 25t MZIfX|SHIT
715™@7 functional test)

subcloning recombinant adenoviruses using AsEasy system

,f\ sequencing
7@

HEK293T transfection

amplification
Mutant cells via ; & ;
adenovirus infection purification

I{r Paich pipette

e

Isolation of cardiomyocytes using Langendorff

whole-cell patch—clam :
P P perfusion system for cultures

Xt&: Choi, J. I., Wang, C., Pitt, G. S., 2016. PLOS ONE, 11(3). XM
Luo, J. 1., Deng, Z. L., Luo, X. A. et al, 2007. nature protocols, 2(5), pp.1236-1247. M7

5) S-RAA AAe] A} =44

G FHAol gk A HARA NGS 7|5F HARR #igbgo] what v]-&3t AJ7to]
AAEQS & ot oY fFARES 2 diE AAPE 7RI A Adeo] 4
At 28y ofA7HR] JAFH 07 o] REE= §HA HAAR= FE coding region?l
exon® =t HAFZ introno| A9 oJAtolut splicing variant 52 B&W7]7} o8
4 221, dominant negative &Y ufo|EZE2lo} G4 e 5-2] o] 7|4
o3 Tsh= 34 AESNAE Agte] AE & Urh wEbA AA| &R oyt
FHLAT AA FAA(whole genome)oll tigt AAE S AN E 28E 2R
o3t

7lge] Tilo® A&t Aaks s sl ey B8 tlelE Y filterings &3 SiAIS1AL,
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1 ANE A, o o2 5 Il Agsks BAV o $23 AR fhReolt
TR A9, G AMIA FYol s T N2E B 27| U FF HAR Ws

2,
= 5 T8 AP WY o7, & IF9 ‘all or nothing’,
AISolgh= ofgf&ol Ut olE Ees7] 18l vl= oeRAR/ 734 oFe](American
College of Medical Genetics and Genomics, ACMG)= Hlo|g £59} 27 &5
THHoE nHg A A o4 Trol=EilE AAISHA=Hl, ‘benign’, ‘likely
benign, ‘variants unknown significance(VUS)', ‘likely pathogenic’, ‘pathogenic’ ]
SHHA|R LESe] Wk AL HUSy k. oF VUSE TRsAlo] A= AAL At
(maybe test result) 2 sjA=ojx=H|, 53] YF2 EFF(phenotype)o] YA 7t
B%oll= VUSTEE: A= oy A& 52 /44 24785 WeEl71ol of=l& &ol Q1o
A8 92(genetic purgatory) 02 EIE7|E ). ESE, S04 9] |4 A
A= 23 S0 FolE 8sk=t], JAF] 7IEEo] AHEE 754 RtolA WA &
d BYE Hole A AAME7 AY 59 A=l HsiAe ob7bA]l EalstA] it
7IRko = 3t S = WIS B9 A HEE YRR A
o] FF 34 AES SAE e RE 7hesid AR ZIdiEH. NGS 7|9
Al 5] HAEE et A4 20 2AE S92 shuold. A&
, TR AERo] giEE Aof EAoA fRRF AAMY t#A fA7d A
=]

=
ol BRCAI9) W7 o7t $-e15] WAE ZA-90] 1 Q43 ekt )20 fejas =
o

]

(RO

24

AR "HAF A= Qs B 71 E+= dHof o] SR} 1 7HESE0] A
TS 7Hs/d T Al7|E ol 20089 w|=moA= AREAT 18of o] FAFER
< A= A% HE HRPE ¥QHGenetic Information
Nondiscrimination Act, GINA)S EFA|Z T 1o E5t1, A4S a6k
44 oz Add 200 RSl 9 AR AH(cross-sectional, survery)©ll
=, GHAN54%) T 60%CIA He 71Rlo] AREJAL, T o]72] 57%= olv| A=
4 FW mjZollen, By A} 37%0M= Ewe] S717F ttal Barskoi)
&, AR "JAF A9 S717F GINA Htole EFstal §474 B9 gxjet 1

Zhsgol ek B 719 9 20 3449 ek 7103 itk Zlo] ge1El Hole,

— 1=
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S UMz ofof] tigt HEZA Heto] tigt =971 QlefoF & Aot

FEuEhs FRAF AAE Al A0 titt 7|e2 oA dASH Fafstal /o,
1]59] 23andMe®} Zo] AHAE A o ® sh= A H29] 44 HAKdirect
to consumer, DTC genetic testing) AJH]A0] tst =gto] Z71E AOoR AAIEHT
A= F15HA 92 ol AEiol disl LR 7|0l A A HARE ARRI=RE A
o=iho} AJg¥staL 9lom ojof] tigh Sl 489 4|7} EokA| AL Sl Aol 12y
FARE 22 AZRE o5k Aol WA ak Qe FAA APEE EAY 7HE0lA
A=Y AA 5 DA 871l 718kt sk what glo] bioinformatics Bl|°JEIE 7[HlC =
o AR HAF Ao AAISks Aol disiM e AlSsHAl A2 2871 Uk

o Xxl/S o =
WEERED STA/STXL GI0E2] ALY HEZo| M ZHE
Filtering variants for pathogenicity eMERGE Network Biobanks with EMR data
. /'n |nh(er|ted disorders FcHor Fercauw I Mount Sinai
TEL YL ZSYV/‘“ 5 cenme & Ben (3 yarshield. Essentia | (=3 North -5
L3 7"@/ Yk Variant B !
,\LK\\/\{“ :]\.\\7/‘ ,\’\@\‘(" . ar!a_n S. 8 Geisinger B Mayo SVanderbiIt
v,\\% —\/\“"\2' ’v\,@;\, |den_t|f|ed in
,‘;@z ,\VT/W ,:)Tr\\;:g genetic testing l l
'\V/\-i\“ ,:\74\\7"« :/r\«‘\/‘ Genomics Phenotyping
< d % Resource 1. Genome-wide SNP data on~ Algorithms for EMR data to:
Sharing 60,000 individuals 1. Identify discrete phenotypes
Deposit data 2,00 (cases & controls)
in dbGaP 3. Imputation 2. Define and clean quantitative
New genomes 4. PGx sequencing on~9,000 individuals traits and covariates
New bioinformatics tools \ /
A z
Ve Discovel
+& @/\ 1. GWAS W
o, ,\][y\\\' Pathogenic Collaboration with é g,’:‘:vszglys's Return Results to
,\7\@"(‘ 4 variants Other Consortia 2 EWAS the EMR
’\]6\7'“ /\\/\, 5. Gene-gene interaction
v 6. Gene-environment interaction

Ap=: Pitt, G. S., 2018
Crawford, D. C., Crosslin, D. R., Tromp, G. et a/, 2014
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5) 8% FH )7 (Cardiovascular precision medicine)

AA FAA A|EA & H&F Hole A £4o] HHESMESS /lE A5 T Hol™
A 7149 1E3tE SAA = AR AKX 54 5 bioinformatics EoFo| 412
T} shEe og5oA9] &7]14Ql vt MIrt o dE T <" 3.16-2h. 13y
TR APEES SAFEolA ©es] FAE AL

“E 74*} é?ﬂ S SA] TRl YA AHIE S o= dEsto] 2t A7RRl
3—1%’\] 7le 9= A=t Yre] FH FH7F 2 Zoltt. wiEhA of2%t vl Aot
T M= A e FAR 24 dHolE et 9 w7 Sk A HEI

g 95 78S SUohs AlAE ERE F50] 875 Aol L 97t vl= =¥
A FAA AFAo)A FESH= eMERGE(the Electronic Medical Records and
Genomics) Network® & (719 3.16-%), H&%F 44 dojelet &2 JHE 7|gto =
gt 952 B9 ARlA Aol digt AAAR] 2AE 7Fs3HA ShalAt sh= Aot
Mg 2 a9 A 44 ARES EAOIA AR 5 A ES
gt ao] 7hsstAl StalAl Zldishs AolH.

Ao1E BIA 28 S BRfe] B9 EE $44 ool 1 AL 5ol
71 QT ZFFolu} 7he|Zoul thglaluln ga1So] AR calmodulin TS
1-?.§§}s}_ CALM 37 ¥ol= w9 EEAT SAAF 5 A4S A FAE Hol=

o= dHA oy, =4 #€9 ] E] AFE B3 7499 AV SEHA 1
E]O]EV} T FRFAY. w2bA A4 A= AR Higt o
FOEY HAAEY 759 A4 gk WIEA] L asiet ol Al EY Aol Higt
FUEe] olE flsiAls, EEARE dFH o2 AAE 5 Q= 3 f34 AR
FARl| tisiM = NGS 718F 732 A A€ol @ 7-Evkal st

=< 2uEte] 7139 F=Z(the GenomeAsia 100K project) OFAJo} x| of| A 9]
94 B4 2TE BTG, o) B welne e %@x} HRE o83t riaret
70l ZRsol 202 AS91L SIF, o SR, oot 28 W5 N e

SA A& Al etk diAAlof digt 91 7F A AFE S H AA o= &
Oﬂ A-&3h= Zolth. ol AYgihs e Q1T w3 2 AZ 532 7R S uollA

oﬁ’ﬂ e :(o

BX
i
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CDKN2A  Deletion Yes Yes Yes Eilzbgogcéczhi)g LEEQO] Eig)ggéczh% Clinical trial

CDKN2B ' Deletion Yes Yes Yes Eig)ggéczhfg LEE002 Eig)ggéczhfg Clinical trial

EGFR Gain (whole arm) Yes - - Cetuximab - -
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Watson Genomic Analytics; WGS = whole—-genome sequencing.

Genes, variant description, and. where appropriate, candidate clinically relevant drugs are listed. Variants indentified
by the FO as variants of uncertain significance (VUS) were identified by the NYGC as germline variants.
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Data Source Details

Current sources

Initial surveys include information on sociodemographic characteristics, overall
Health surveys health, lifestyle, and substance use, with subsequent modules covering personal
and family medical history and access to health care.

Per—protocol measurements include blood pressure, heart rate, weight, height, body—

Physical measurements . . o
mass index, and hip and waist circumferences.

Blood and urine samples are tested for DNA, RNA, cell-free DNA, serum, and

lospecimens T plasma, If blood specimens cannot be obtained, saliva specimens are obtained.

Initial capture of structured data includes billing codes, medication history, laboratory
results, vital signs, and encounter records from health care provider organizations.
Records will be expanded to include narrative documents. Pilot studies are testing
data collection through Sync for Science and other health data aggregators.

Electronic health records

Data can be captured from compatible participant-owned devices such as Fitbit.

Digital health information Pilot studies of other devices and linkage to health apps are being explored.

Future sources

Additional modules, including surveys regarding social behavioral determinants of

Health surveys health, are under development.

Pilot studies for genotyping and whole-genome sequencing are expected to begin

Bioassays by early 2020. Additional pilot studies of bioassays are planned.

Systems for the use of claims data, including billing codes and medication data,

Health care claims data
are under development.

These data include geospatial linkage to measures such as weather, air quality,
pollutant levels, and census data. Assays and sensor-based measurements of
exposure are under consideration.

Geospatial and
environmental data

Voluntary contributions of data from social networks (e.g., Twitter feeds) and

Other sources " . ) . . :
additional biospecimen collections are under consideration.

Atz: Comstock, J., 2015
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All-of-Us Z2HE Q| HulH 7x

Participant Portal
Return of information Informed consent

HIPAA authorization
_

E Direct
volunteer
! ! !

Physical Blolog\c Biologic EHR data from Physical
measurements samp es samples participants or measurements
health data from a direct-

v

Participant-provided

V - information Y Digital health

technology

and EHR data
aggregators volunteer partner
convenience clinic

from HPO

%

Sample data | Sample assays

!

Data and <
»| research center |¢
Participant-provided
information, EHR data, ¥
physical measurements, Assay results | Genome centers

A

genomic data, wearable
and sensor data, data
linkages

‘ Future laboratory partners

Data access

A4

Researchers

through researcher
workbench

Genome centers in the All of Us program generate genomic data from biosamples. The researcher workbench
is the platform for data analysis in the program. EHR denotes electronic health record, HIPAA Health Insurance
Portability and Accountability Act, and HPO health care provider organization.

Al&: Comstock, J., 2015
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olgA MP=I 9= All-of-Us Z2 0] thgt 24l Auo|EVL 20199 8€
Y=HE Ad 28 wYSNEIM)ol EHE]Ie o] Z2AHE= 2017 5YFE AHAY
HAIE AA, 20184 590 Hl= AGo=z Ijsto] HAoz E¥WIct 201949 7¥
7|l = AH] 7 3407 o442 ¥ SOl TS RSt ok &4
1'd A= whof] o] 2 TI3iof] 7isio] 2419 HlolEE AlEdt AR 2317 ol 5t
1009t B2 2/9sHltts 519 1/5 AEE olv] 2453tk 59| o] o A Al=
4 A7 715 59 HA golgE Algo7|Z2 3t A 7 Hcore participants) &
175,000701t. AASol w=H, wia 3,100 HAY 77 SlaREE
U= FAE B 1007 Fo] Sy TP E How HHe 202490 24T 5 S

Ao d&stal Ut

All-of-Us Z27of|A= o]ZA] € Z2ES 7|REeR 202793 11 o] 97HA] A
sjoloniAe] W, Alze WY Bee] A ABAS A So| ARAel BusiAE
GAEE AYe1 9t ‘All-of-Us Z2AEQ] elztel of& t)4H(Eric Dishman)
“ol2fet et HiolH Y g2 A 3 &750] A4l vRl= el ditt M=
oJs}E 7FssHAl 3HH, ol= T3 2® AlFEo] o AYstal, EAR] Ao w S

FAZ 5 A e Aoty AL ghelal Ut

qu

EE:TERD All-of-Us?| Mi5X0l 28 U Ejelajol

Years
Goal End of 2018 End of 2019  2020-2022  2023-2027  After 2027
(N=94,000) (N=)200,000) (N=¢650,000) (N=)1 million) (N=)1 million)
Return data to participants + + +++ - FH++
Establish demonstration projects t + +++ + +

Discover genetic and environmental
correlates with disease

- - +H++

Improve predictions of therapeutic I ]
safety and efficacy
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Years
Goal End of 2018 Endof2019  2020-2022 ~ 2023-2027  After 2027
(N=94,000) (N=)200,000) (N=¢650,000) (N=)1 million) (N=)1 million)
Discover disease biomarkers - ++- +++
Connect mobile hgalth_, Qigital health, - e et
and sensor data with clinical outcomes
Develop new disease classifications + ++- +H++
Support clinical trials + ++- +++
Enable machine—learning applications -= +4- ++++
Improve understanding of health - e i
disparities
Develop and test new therapeutic s

agents

XlZ: Monegain, B., 2018
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T2 HojARIQl TRME

= £ Project Baseline (2] €  Health update

Have you had any changes in your health
recently?

Feedback survey ® ves

Site visit day 1 follow-up - 5 minutes

O wNe

. We strive to make your experience as positive as
possible. We would love your feedback on how we

ProjeCt Ba se“ ne did! This will help us improve future visits for you

and other participants.

START

+
Health update =

It's important for us to understand changes in your
health over time. Update Baseline.

START

TF2ollA= ol#T HlolAERl AEYE A5 YA, Hlold SH2 ARt AnE
AL, “AHY YA(Study Watch)' & 2017 /1R o] AlAl= AAE, A4, w7
A7 B4k, I &4 Y(inertial movement) 52 Hlo[EE STl 3t} 579

o] 7|7]oll= A71ZH Hlold &4 I3t AlAE vig e 5of Stk AXE dASHelg
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AT FofAEo] Yo gt ¥k HolElE F7IskolH Hct. 3t Hof wiE A oo
7he BAY AME S3lA o EYEHE St

T-=0] o|FA HFet gAto] tigt, TRt FF9 HolHE, A7IXt S5k AolA
HA FAE IZ & USAE= ok FA6HA] gt ot ] HEZ o|Tl= AA7H
H|7}F HAk= Hlo] ARl ZEAES 7] tigt 2 A =g Y= A of] B3 St
AR ol iAo lom, Fjof| XPA|Eo] ofwstH, oj E&of 7P X7}t Wol =61l
EZA]0 7471 S84 ofu7t e A=A 7] flsiA= 9 A=7t st o|A|
TRk ThekRt 17t AdHl, 749, A" S8& A 10,000789] HfEt HlolEE 4d 53t
2 T =Y, 999 1ol digt ‘A='E 7H & e Aolgs otk

oj2fet A =5 FA 2= AT AdEigks Aol FARIA, 22 FAro] TS| 7HA]
2735t e =R E Q7 717t B¢ oudt BAE AR Aol tisiA ookt 4= Qirt. wHek

116



V. wojole ggo A7iz I

mT

1€ ollisiAl =& 7i7H1e] EAtel] tishA e frAlskL, A oY, 95, A=sH]

9ot FR% FAS AL 7FsAo] Uk Zo] T2 Aol

[1009} g Ay~ Z2 A E]

A At 729 lojAgkql TRAEQ} uj HRO] ‘All-of-Us' TR2AEL 4
SO obd FAFQ A3t TRHA = gen, A FHTE Y2AE
3p7] AeliA= Alde] B AaE Aot

o2 HS

o
b

o|l

1202k ole} ulg Wape] giol sk At 20174 HolH uiol QA eiA|o]
WEE wt ook 2 109 ¥ Gus DR s drel 2] A o
=olct,

F

£ 71X[2] HIO|EIE 971 SO, 3Ho|| X SXst ¢

Month 1 ! Month 2 | Month 3 ! Month 4 ! Month 6 | Month 6 | Month 7 | Month 8 Month 9 !
’) ) ’)
Q! S o of 6F ?HT £ G a7 87 i E' QF QF oF
Intro Hound 1 Coaching sessions Ho\md 2 Coaching sessions Round 3 Coaching sessions
b Ciinical labs
Cardiovascular
[ HDL/LDL cholesterol, triglycerides, | _______ Genetics
particle profiles, and other markers \“ ______ [ Whole genome sequence
Blood sample \‘ Blood sample
J R
0
.
S5
Diabetes risk R i
Br ‘ oA | <, g Proteomics
asting glucose, HbATe, insulin, | Lo K Inflammation, cardiovascular, liver,
and other markers \‘ brain, and heart-related proteins
Blood sample 3 Blood !
amr= \ lood sample
J %
S %
K \
. “
Ioflam e ation Quantified self
[ IL-6, IL-8, and other markers : [ Daily activity
Bloodsample | a0 Activityracker
Nutrition and toxins Gut microbiam
[ Ferritin, vitamin D, glutathione, mercury, ___________." :' Seereeeeeend A 16S rRMAsequencing
lead, and other markers b
g Stool sample
Blood sample A
i
i o
: Metabolomics
Stress ," _____ [ Xenobiotics and metabolism-related
H Four-pointcortisol ~ peeemsemeeesd small molecules
Saliva Blood sample

X=: Price, N. D. et al, 2017
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SEMS ZEH510] YIS C|0|E{S 2AMS10] Q745 AlmtatA|

g -
& M Metabolites
s g M Clinical labs
g, £ M Proteins
JEE 2 ofF B Microbiome
358 £esd s
3 § g g gEs M Genetic traits
SRM (liver) £57: ﬁ?gg;;gg
£ § e asisty . )
Olink I N r?\ggl?oizlrcr’l
(inflammation) /

Quest g ; 7 R
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AtZ: Price, N. D. et al,, 2017
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Clinical laboratory test

Changes in labs in participants out—of-range at baseline

Health area
Nutrition
Nutrition
Diabetes
Cardjovascular
Nutrition
Cardiovascular
Inflammation
Cardiovascular
Cardiovascular
Cardiovascular
Cardiovascular
Diabetes
Cardiovascular
Diabetes
Inflammation
Diabetes
Cardiovascular
Nutrition
Cardiovascular
Diabetes
Nutrition
Inflammation
Cardiovascular
Nutrition
Nutrition

Nutrition

120

Name
Vitamin D
Mercury
HbA1c
LDL particle number (Quest)
Methylmalonic acid (Genova)
LDL pattern (A or B)
Interleukin—-8
Total cholesterol (Quest)
LDL cholesterol
LDL particle number (Genova)
Small LDL particle number (Genova)
Fasting glucose (Quest)
Total cholesterol (Genova)
Insulin
TNF-alpha
HOMA-IR
HDL cholesterol
Methylmalonic acid (Quest)
Triglycerides (Genova)
Fasting glucose (Genova)
Avrachidonic acid
hs-CRP
Triglycerides (Quest)
Glutathione
Zinc

Ferritin

N
95

81
53
30
3
28
10
48

A per round
+7.2 ng/mL/round
-0.002 mcg/g/round
-0.085%/round
+130 nmol/L/round
-0.49 mmol/mol creatinine/round
-0.16 /round
-6.1 pg/mL/round
-6.4 mg/dL/round
-4.8 mg/dL/round
-69 nmol/L/round
=56 nmol/L/round
-1.9 mg/dL/round
-5.4 mg/dL/round
-2.3 1U/mL/round
-6.6 pg/mL/round
-0.56 /round
+4.5 mg/dL/round
=42 nmol/L/round
-18 mg/dL/round
-0.98 mg/dL/round
+0.24 wt%/round
-0.47 mcg/mL/round
=14 mg/dL/round
+11 micromol/L/round
-0.82 mcg/g/round
-1.4 ng/mL/round

P-value
7.1%x107%
8.9x107°
9.2x107°
93x10°
2.1x10™
4.8x10™
5.9x107™
7.2x10™
8.8x10™
1.2x107
35x107
8.2x107
1.2x107
1.5x107
1.8x107
2.0x107
2.2x107
5.2x107
1.4x107"
1.5x10™
1.9%10™
2.1%10™
2.4%10™
2.5x10™
3.0x107
3.1x10™
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Clinical laboratory test Changes in labs in participants out—of-range at baseline
Health area Name N A per round P-value
Inflammation Interleukin—6 4 -1.1 pg/mL/round 3.8x10™
Cardiovascular HDL large particle number 8 +210 nmol/L/round 4.9x107"
Nutrition Copper 10 +0.006 mcg/g/round 6.0x107
Nutrition Selenium 6 +0.035 mcg/g/round 6.2x10™
Cardiovascular Medium LDL particle number 20 +2.8 nmol/L/round 8.5x10™
Cardiovascular  Small LDL particle number (Quest) 14 -2.3 nmol/L/round 8.8x10™
Nutrition Manganese 0 N/A N/A
Nutrition EPA 0 N/A N/A
Nutrition DHA 0 N/A N/A

AtZ: Price, N. D. et al,, 2017
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Recital 26

- Personal data which have undergone pseudonymization, which could be attributed to a
natural person by the use of additional information, should be considered to be information on
an identifiable natural person. -

Article 4 — Definitions

5. ‘pseudonymisation’ means the processing of personal data in such a manner that the
personal data can no longer be attributed to a specific data subject without the use of additional
information, provided that such additional information is kept separately and is subject to
technical and organisational measures to ensure that the personal data are not attributed to
an identified or identifiable natural person:;

I3y GDPROIA 7FgAE|7}F 2k 432 98] 70 ZIQIPE B et st xol7t
Atk GDPROJA 7FEAE AF3e UHA] REEZ offolA Zo.

Article 6 — Lawfulness of processing

4. Where the processing for a purpose other than that for which the personal data have been
collected is not based on the data subject’s consent or on a Union or Member State law which
constitutes a necessary and proportionate measure in a democratic society to safeguard the
objectives referred to in Article 23(1), the controller shall, in order to ascertain whether processing
for another purpose is compatible with the purpose for which the personal data are initially
collected, take into account, inter alia:

e) the existence of appropriate safeguards, which may include encryption or pseudonymisation.

Article 25 — Data protection by design and by default

1. Taking into account the state of the art, the cost of implementation and the nature, scope,
context and purposes of processing as well as the risks of varying likelihood and severity for
rights and freedoms of natural persons posed by the processing, the controller shall, both at
the time of the determination of the means for processing and at the time of the processing
itself, implement appropriate technical and organisational measures, such as pseudonymisation,
which are designed to implement data—protection principles, such as data minimisation, in an
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effective manner and to integrate the necessary safeguards into the processing in order to meet
the requirements of this Regulation and protect the rights of data subjects.

Article 32 — Security of processing

1. Taking into account the state of the art, the costs of implementation and the nature, scope,
context and purposes of processing as well as the risk of varying likelihood and severity for
the rights and freedoms of natural persons, the controller and the processor shall implement
appropriate technical and organisational measures to ensure a level of security appropriate to
the risk, including inter alia as appropriate:

a) the pseudonymisation and encryption of personal data;

Article 89 — Safeguards and derogations relating to processing for archiving purposes in the
public interest, scientific or historical research purposes or statistical purposes

1. Processing for archiving purposes in the public interest, scientific or historical research
purposes or statistical purposes, shall be subject to appropriate safeguards, in accordance with
this Regulation, for the rights and freedoms of the data subject. Those safeguards shall ensure
that technical and organisational measures are in place in particular in order to  ensure respect
for the principle of data minimisation. Those measures may include pseudonymisation provided
that those purposes can be fulfilled in that manner. Where those purposes can be fulfilled by
further processing which does not permit or no longer permits the identification of data subjects,
those purposes shall be fulfilled in that manner. -
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