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$100
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

15.JUN2022 - 1:15 PM - BY ELIZABETH PENNISI

\JH/-\ - : (https://www.genome.gov/about-genomics/fact-sheets/Sequencing-Human-Genome-cost)
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SegStudio Flex Genetic Analyzer

1JL=F%t NovaSeq X

o FTHN (RIEBAS—-IIVY— NGS)
v RS —IIDX(E. Next-Generation Sequencing®EEX
FrREDTNGSEMIN TS
v 5 ) LFECY#L. PCRTIER IS
v ZLORISZFHIHYIRL ., RAREICARTTERLI(o

v
—

AWIZTA—RF JRT4t
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RinDHEICEARE I DL T, IBEASIZRIE T DEAMDIETHD

FrESYU-BKIKBEICLDI—-IIVA
(A H—ZR—H =)
1. DNAFS'HMB3(CEah>TEERSN. T
& I\ZANTPséddNTPsHEXDAEN B,

HABETESELE E.?.ﬂj(ib-c KESD L—-Y-XThicsh
ddNTPszZEDAFES SDNAZIS LHEYEIRE

KEVDNARRA

BROCRRISIERORLTERE | : :

MEUSRBUODNABTH SRS b : =

2. PLOTEBBISREL BMAE [+ Sht > 8o E ;

B4R, BV RN S o ot T i c

7 i T dNTPseiyiEss ?‘T. B INEVDNABRE : B .

L L—H—mWT . s = g _+  URdANTPsDiEE ; 7] T o T

3. L—Y—&LT, SEEHANDNAL U 'y} - B m—
Fr h\ﬁ:@?—éﬁ}fw@b‘ {Et/ﬁ_z_@ﬂj > AT UIZdANTPSHERDIAF L—5—% Ritids S

93, TDE. STFIVHSIEEIBIRICE F~=L\DNAKS! NALEERGMELLTS,

93

(MERCK#tR—LAR=D(—EBeRZE)
https://www.sigmaaldrich.com/JP/ja/technical-
documents/protocol/genomics/sequencing/sanger-sequencing)

dNTPs (dATP. dCTP. dGTP. dTTP. TAFZXILAFR=U>EE) : DNADIRH
ddNTPs (ddATP. ddCTP., ddGTP. ddTTP, ZFTAFZAILAFR=U>EE) : DNADRKIERZMBRIIZLETSD
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RIS —DIIREE?

KRS —IIVAL KRRRT Y82 L HHI LD TEIRAIDS —IIAFXMITHD

® XS —II Y-85
v ENT JLSTETERSIN. S5, LERLTWESIH—E (B—
L) (WU T, BRI RAEE T DS - I Y- HHIRL
CRIASEMR(EN D LSS0
P72 s Xl AN/ U bl a5 A et o NS Z= Bl S B (S Z
AEBIF(EINTVS
v BISINCRIGSERE TRIRERT — I8 2L HE I TENFIEE

v ERARFIENMRASN TV N BEANICEUERSLDHBRERIGE
MAUEERIIZREL TS
RiTOEhigiEeT— 58

TI3wRIA— L —-RE F—H=
NovaSeg X Plus System ~2x150 bp ~16.0Tb
1I=F
NextSeqg 2000 System ~2%x300 bp ~540 Gb
ILXAbB - -
NAAFA TR AVITI System 2%x300 bp 300 Gb
DNBSEQ-T7 ~2x150 bp ~6.0 Tb
MGI .
DNBSEQ-G400 2RABE g s

(~1x400 bp)

DNARUAS—EPUH—FZAVWTRRDNASRRIGEITV, HX-FX-
BAUEEREZIRNT FLTIEREINZRETS

SBSiE 174> 48K O ST
(Sequencing By Synthesis) S—=PIVIII & /40> -IT> &
% H A 5 TS
/ dNTP
G H+ o Polymerase Y
. ApH GATTGGTTAACTA--
ATTGAT o
/ T A |
\ A RBERELA v — G C il D Sulfurylase
L=¥-T WF \‘ i ) Luciferase
N EnEm e — Ly -
SeEEEIRZSE HEAFVIERWSAE FNEFIRIISNE
BERZENETIANLE KEOBRDIAARFCKEIND ZEEOEIDAHBF(CH
ANTPOERD AR %, e  HZHERFVITIRIETS HaEnascoyu> iz 5
DBZFEHEDECELDOT, HRISICAVWRCETHR
EDIEENBDIAENN H93
nhad (&5 /LA TH
LW5N3) (ANSFELVY TS v — B IO T I I DB R ESE V)



N GSﬁg*ﬁ wﬁﬁﬁ £ 1 5 Py LEERS

YIS —II 89— (ChFBRICIE T EmIEERD (DNAZZOFFHZRICIR AL THECAIIBIREESNZW)
— DNASAIJIVZRETINELD

TFECTIE—AERIRSA T SRR S EZHIBZTD

7 ) x DNA BEREED 7HTH-EFEEND

——— DNAS1J35)%
(~1pg) [ | EESRzMELT HE #2L\DNAZ TR PCR*TiEtg
 bpOEZICRBLS fHhnsE3 (AT>3>)
— (CHrF1E9 3 —DNAS(1J3Y

*PCR: Polymerase Chain Reaction
(RUAS—CEEER )
(B—EI1viv—BAIFT4 1w IttR—LR=2

https://www.thermofisher.com/jp/ja/home/brands/thermo-scientific/molecular-biology/thermo-scientific-specialized-molecular-
biology-applications/sequencing-thermo-scientific/next-generation-sequencing-library-preparation-thermo-scientific.html)
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https://www.thermofisher.com/jp/ja/home/brands/thermo-scientific/molecular-biology/thermo-scientific-specialized-molecular-biology-applications/sequencing-thermo-scientific/next-generation-sequencing-library-preparation-thermo-scientific.html

NGSORE (SBSZEZHIIC)

SBS (Sequencing By Synthesis) JAT(&, WFT1DI DIEEZHRUACIIZRATET S

JUw> PCR

70—V EIFENDSHSAER &
TRITZITD

B INILENT
AXJUAFREIIZS
bd s M“
01l olo oeNo O
JUyZ PCREWSTTETREU IRENEDIAFNS E5EEE T3

BEHDIE—%22<3 (D~®@
xS AH—EMER)

Cluster 1 > Read 1: GAGT... - ~ -
Cluster 2 > Read 2: TTGA... Nz (50 300@(’9('\)

Cluster 3 > Read 3: CTAG... ##DIRT
Cluster 4 > Read 4: ATAC...

(https://jp.illumina.com/destination/g/welcome-to-ngs-technology-download.html)
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DI RELEERLT (DI HhR) BEFDEVVZBASNCT D
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—REEY(C20% A FOIRSEE R
o BEHIDIS—FNFLDT, (. A/ NSO TURL, &R
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A>C (8%) 5
: 87.8%
T: 12.2%

(J Hum Genet. 2015 May;60(5):227-231)
SHSEENADEY ) ©EMICEETIAM B R HEES 2 26

\

SHaRcY A

sHnre—rze
%H”EEWUEDHU%

TR EEEEEL P EEEEEEEEEEEEEEEE

B I e B e I e e e e e e e e e e e
=0 = =t L - =

OoOQOODLOEQDRODIQDQOINAO0OO00 000
GEaOooIaacI@EEOEEEREIRARERE I IEEGE0Re 00 5

o 5 = ) S S S S S S
E Lttt ol ol ol al kil ol ittt atl ol ol sl il otk ll ol calonl ol al bl call ol kol

onooonNooonNoDoonNooonooonooonno

B EECEEEEEEEEEEEEEEEEEEEEEEEEN
K v Vi

olpooooooonooooooOoNOoONOORONO0ONOOOnNO0O0nNo0o
]| I T I L e B B e e I e e I e e L B e e L P P

| P B O O e

QR &0 0505000

\\\ﬁ
i
I
cu
2,



NGSOIREE2 (CPASEX)

25 ) ©EER(ISEUEES—DONGSHitTICCPASiZE (Combinational Probe Anchor Synthesis) h'$%

® CPASETOI—II>A(E. [DNAFJHR—I)L (DNB) | LEOmEMERBRINITO-J0EGET SHIIESICEIRTD
ZEICEDTRESND. O—-U T YA IBIRICLOTDNBEERK T DI, LKOHDFIEHHS

o Fls:
v O-U208949) 18RRI, PCRONA T2 ER[IEDENTES
v ATYIRRYE ST « MIIEITES
v JO-t)LETPCR (JUySPCR) Z{THhRWZE. UZILPCRIV—D—II> AN EJEETH D
“AYFYIRRYEYD : STV TSI U, =0T 2% BS54 TSURITA ST vIZDMAHRZ IR, BIDSATSUBRDY— RIESENTUESIRSR

MGI Techtt
DNBSEQ-T7

4 ) A\DNAZERIRICT 2 (\ > JO—-vLCO-RE3
/v ~NA G

(e]®)
\%C:O
S \
O->094 )& #7200nmEBKIKDNA

SO TAEUESIOIE—% (DNAF.Jih—Jl : DNB) ’
PICS!

C

LRI DIEENMLRENTIK

(MGI#t/R—AR—2  https://jp.mgi-tech.com/products/)

DNBOA X~
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NGSDRDHFHLLVE : SMRTF./05 —

NS4 N4 ABA4I> 21t DSingle Molecule, Real-Time (SMRT) ¥—=9I>3>974)05—%#EN92%

o |Rif :
EMrH{EUlznative DNAZT>
L —MNMZUT. DNAGSREB R EAMD

HRDZBOEIEDF CRBINLE

INFLATEIFICITD ?aﬁlggg (A.T.G.C) H. o1l
CIE
® flsx :
v #tkbpOEtEEROI-RS—IIDR
MEJBEThD

v IESTIRT( IR ER%ZERECARACES
vV GCEECHEAZNIK . B—RT—45h
N2 =5 g

I
Template

Polymerase -

DNARUAS—CEFSTL—RDNA  BEESNRIAS—EHS-IIOS 2T IOT2EL TEIK
DEET, MNITI OEERCE v BDIAFNEAILAF RN ERHIURMREF SN, HXZEFHTD
EEN3 v USBEENIRT SN, IS E D FHBENS
v ROB#HIDEENEDIATN ., FAUBEIEDIREINS
(XS T4 JAASA IS 2 ERISMRT 77./05—¢Sequel Tle A7 AMIE IH5H)
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NGSD:RDFRLVEEGT : FJRT

Oxford Nanopore TechnologiesttDF JRFP S =D I AR iziBNT

o [Rif . gy < DNAZ/=(FZRNA

DNAMRRY > )NOBOMFHFL (F/KF7) Zi@hik \

(FBREECE LRI A ERDE b SR AEDIEERD \ -

A . ) : )
BZRTET D (BELBIEEA : L VI >
https://nanoporetech.com/jp/how-it-works) DNAEEDVTT‘%EL@ FEEE—H—
s - IOBRICELSEIM F )R 7%5BiB T 3DNA

® Flm : DEENEETIHED SO EN R HIHTS

v R L. FHSRICHIPRF 400HEEU EORED
DNAEH#fTEIEE THD BIMZIBSHVRE —

v IBEORHIZITREL XFIUEBEMLHETHEIRETES
v T LICEECED
v ETHNKETTE##TTES (MInION)

n%h g‘_—(b\%— L)

- FRARANOERBEE
TH5ZBN3ESE.
DNAKT B DBEZ 5! D45

HaRg
MlnIONﬁi—’S’j)bi—’JIDU— (Oxford Nanopore Technologiestt &EAY0THN51kHE)
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25 /4L - T¥Y—-L4A - NRIVEEATEIE

=T /LR (WGS) (. EnFea207 /) AOEREZ BEN(CRFEITT 5

. ‘ 1%DNA SMIYRUFZDNA
® WGS : 4 /LS5, e .

v #93Gb WGS * {

v EGHNLYS (depth) (F. J‘E{z':ljFA E C D

v IYRO-Jb : 30X~50X. fEE : 80X~ - L L]

v REIBEZ (throughput) (. 300Gb~
® WES : £ E{F0EI/YV %8 WES

v #J50Mb BEFA B C D

v E9H)LyS (depth) (. 100X~ —

v GREEEZEL (throughput) (& 5~10 Gb /
]

o NAJIXRIERF (Target Sequencing) : 4 EE(LFORFEMBEE*
v’ #110kb~%% 100 kb (¥% 10~%X100 &EI=F)

v H)\Ly> (depth) (E. 400X~1,000X Target Sequencing
v SRIEISEE (throughput) (£, 0.1~1 Gb ELFA £

*TOE-S—Eg. ZRID RUVELFREZSVEOEHD.

C D
— L}
—1 -Jks
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WGSEWESODLEEET D

® WGSORPh (WESELEELT)

v BIFOIFI-T1>Jms (JOE-5-PHRtmmszEs) o/
7N ZEEBIREPIEE

v JILEED/NITI N BE (I LB FRlSZ2E20) OB
N ETRE

v OAVRT ) LARE SRIRIEARDYT ) AOFIEIRABMIEARE PIHE

v NIV RNITT ) LAOZEALBIR L BT RE

v SOIEERERI T ZFr—h1EsN3

v ZEOBITFZEOBIHRMESND

v FEROBEBICH - ARECRIODBERESAND

® WGSODEPh (WESELLEELT)
v THENKE PYEAIAMEL
v TIERCHEEEND BRBT —IDIRX, IS AT L EETD
v REET -HIDRFGFINBETHD
v Z0)7> N ZREOFHIN N E

J—-REISDZER O @) O BRANLEGTOH
AT54 N NER O O O BRSNIEEEFOH
JOE-5—falsER O A A BRSNIZRED
SRETRRIZE R O A A BRBNIAERD
JE-BZER O O O BEANEELFDH
BEER O A
JALIVAT I hIEA O A
SNV RUFZER O A
ERY)-Fr— O A
v PYEAJAMERAMERICH S
v BRARBIAVE1-H-3ATADEREIEATND
v IS9RRE. ANVYS HEDESHIENDTVD
vV F=AR-ADFEE. ATHEEOREREARDESNIRIAFTFNS
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27 ) hfEr(c L HiamEEEER

7 LT +RNAS = IO A CaBENH R TE5 e Eh 5D
100 ADKEANABEICIILT : (53 Molecutar Case tois
o 5 LRI + RNAY—JIY AR SEINE

PRECISION MEDICINE IN PRACTICE

v 100 A 78 AN ERATBIRE Lessons learned from the application
of whole-genome analysis to the

v FRATE]EER78 AHR55 A(Cactionable mutationdh treatment of patients with advanced

v 55 AF34 A DHRITIERICLD BRI T

Janessa Laskin,' Steven Jones,32 Samuel Aparici;),3 Stephen Chia,’ Carolyn Ch'ng,2
. . . Rebecca Deyell,‘I Peter Eirew, Alexandra Fok,? Karen Gelmon,’ Cheryl Ho,’
(2 5 A FDA a p p roved ’ 8 AOff_ | a bel ’ 1 AC' | n | Ca I trl a |) SDravi.d Huntsman,:’"szMartin Jor?ezs,2 KatayO(?n I1(asaian,2 Aly Ka2rsan,"'2 "
eeja Leelakuér)nan, Yvonne Ls,2 Howard Lim, Yugsanne Ma, Coh;\ Mar,
—_— — Monty Martin,® Richard Moore,” Andrew Mungall,” Karen Mungall,
AN %"""‘ - % % q:l “ A —4EJ ~ b\ #bﬁb“:% ~ n - Erin Pleasance,? S. Rod Rassekh, Daniel Renouf,' Yaogqi 2
\/ J S g e O 5 A qing Shen,

/A ﬁ < Lj’t’u\ 0) ( 1 4 (L b 0))( nlc‘\wb 71 Jacqueline Schein,? Kasmintan Schrader,’ Sophie Sun,’ Anna Tinker," Eric Zhao,?

Stephen Yip,' and Marco A. Marra®’

- . . ([ Biopsy
o HAJOJI71IfEF (AmpliSeq Cancer Panel) %l Sa— m Sequenced/Analyzed
v 100 AHR81 ANHRATRIAE A
nrormative
v FRATEIEER81 AH59 A (CmutationZBE (22 AICEERL) a

_ N . Acti bl ) )
v Mutation®55%(3TP53IBEFER (CAEERL) — BEY oo ecene

further treatment

|

25 Approved therapy
8 Off-label therapy
1 Clinical trial

25 ) hER+RNAS =IO AfEE > > > JOJ74 WV iER Giinical / radiographic

improvement
(Laskin J et al. Cold Spring Harb Mol Case Stud 2015;1:a000570)
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7 ) LEERICED, FoAN-EEZBEENCERTSES Article

o NAMSEICSIZAMIIZROIEE (2,520R71%k/2,399E#) Pan-cancer whole-genome analyses of
v Total somatic variants ~70,000,000 (¥1t3J ~28,000/tumor) metastatic solid tumours

v SNV ~59,500,000 (15 ~24,000)
v' MNV ~840,000 (¥1#J ~300) v e Cetos Shale’ Korroat Doy B bt i Homcl
¥ Ins/Del (Indel) ~9,600,000 (F3 ~3,800) B e oot ok A o
v’ SV ~600,000
y a Skin [ b
— " _ IR * Bone/soft tissue | [ INEGIGIGIGNG
] I\j'{’\ gﬁt%@ﬁﬁﬁ Urinar;tract ]
- - - . Oesophagus | INIGIN o 4%
v Candidate driver mutations: 13,384 (3Ft5~5.6/patient) vl —— e 2%
(Coding mutations: ~7,400; Non-coding SNV: 615 ; e
RERS: ~2,700 ; EIEFREE: 276 ; B FIEIE: ~2,400) [ —
e — 1, . v Biliary | Il
v BEHEEOREELGFOEIEMIERIEZR 189 (~7.9%) Head and E%E .- 25.5%
e Actionable mutation & their types jéff% L
v" Actionable event (Level A & B) $'1,480 #l (62%) ([cR2ohofz Prodtate .
(Level A-on label: 18%:; Level A-off label: 13%:; Level B: 31%) Pancreas | o — A 2%
: B on-label
v SNV (62%) , MNV (1.6%) , Indel (6.5%) , Amplification Mescthelioma | B off-label o
(25.5%) , Fusion (2.4%) , MSI (2.0%) 0 25 s 75 100 vl W [l Fusien
Treatment options (%)
. N - T i R N (Level A: presence of biomarkers with either an approved therapy or guidelines; level
RSAN-ZREDS5. iB{aFriSInversion, FIRAEIRIBOZE(LHEL B:Eiomglrke;s with strong biological evidence or clinical trials that indicate that they are
WESTIZRO2h58LWHIELNEN achonane.
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o IEHIRRRYIDREVNUF> hTiaENE - JaBEEZEIR (2021 F9HIRIE)
v' BRCA1/BRCA2E(LFDEIEHRE RS (IRINUT> M DFLNA - SREN A - BIRZERNA - RN ARE (XU T, PARPBEER (A3/WUJ) hhEIS
(1330 SREEETF 25/ WIS
v’ RETE{GFOEIEHIRE RN/ MBS IR A DIZE . BIRRREHE+U2 ) (EIFRE MR ENS
v APCIIREY\UT > Mg 2 KIBHATIERRE (185 + EiR) SRNIEARTHIN . RU-TOEOEERCLOTYIRRERNBEESEZIRET TS
v' MLH1, MSH2, MSH6, PMS2, EPCAME(=F(IRI/\U7> MioBIEE (& XA(I0Y T34 MREEEDIENZ V. MSIRE N REMDIZS(33E
MiZ#EE I 5. MSHRAE THIETHNIE, RZEFTYIRAY MAER] (RATOVANYT) HEIE
o ERMEBDZIIICED, H—"(5> 20 TA0-PYINEDSD
v BIREEREORS. REECOHIZIA0-7YII TR ENENORBIECILT RIS A2EETIREEN DD (B35 A0FME R

BOFA RS> 2EER)
® UZVKiRFEAT, L F BB EDTBREDERIRN $S
v' BRCA1/BRCA2E(LFDEIEHRE RISV T> MIBSFNAZE (HBOCEE) (CRUTE UAMERZELEUIBRAIMT®, U VKRN ESIE

MLMiziREt 9% (HBOCESEDF5|E%2SHER)
v HBOCRERBE (S I BINENAEFE TSI, EREROBHIRF(HMEAEIANYT > - JOFAF VB S FEZ2IH5 I 2th'Hd (HBOCEZED
F5|1E2E8R)
o (EEZFMA) ITRBOURAYFHIEN. FEAERIZEIICFIFHRIEE

v RIRREEESOBENRIZTFHANHE THD, ERMEEBOFFIEHDVWIEREREME. SREEGNV TS -REEDEETHIET DILN
WETHD




kRN F > MORIE

BIRHRR. SBXRIER ,U\Btd)}?lthéiﬁl_‘fﬂiﬂtzﬁﬁw)/\UT)I\O)HE'C(EI WGS(FWESID BRI REE D TENTL

2. TDA. BILFIIEREICBVTWESTRERAZEE TERVGES

o IOV mEDI\VF7> b

v GCUYFRRBCHIER 7 (E. WESDCoveragehE
(GCUwFnEtEk(LCapturelC L BDNADEMENEIEHE)

® JEJ—RaRIED/\VF> b

v WESTI(&. ExonzHulMCCapturedd4. FEI1—ReBEIFD/\U7> Mz (E
EAERTETERLY (GWASRET R DONfARE(CEENEZ<DSNP, &
BRBHEL T ORIRICEANZTOE—7—-DSNPIBEIRISFEFTTERL)

o CNVf#ir - SVEEiT

v' WEST (3. ExonZCapture ¥y hD/\—23>F (LD, i=HasN Sl
(CEB DAL BIEEMEHD . B—Fv MRWT AL DLEE NN E LR
. WGSEDE, CNVORRE - FENE D

v WEST (3. #8i&Z{tDBreakpointzRE T L FEE
(R5< - E518 - SR EE DWW DFESR /5 A PR RN D)

(L(i IBAITWGSTPPRNA-seqREZITI

t(2016) 135:359-362

DOI 10.1007/500439-015-1631-9

SHORT REPORT

Clinical sequencing: is WGS the better WES?

Janine Meienberg! - Rémy Bruggmann® - Konrad Oexle! - Gabor Matyas'~

o

ered >13x [%]

WES « WGS_wPCR * WGS

EEAN LS

Ba : PCR-free®WGSTI(Z.

3888

Completeley covs

firstexons allexons allexons all variants aenes first exons all exol

WhoIe -genome sequencmg is more powerful than
whole-exome sequencmg for detecting exome variants

Aziz Belkadi®®", Alex: d BI , Yuval Itan’ A
I.Shgﬂrt dB <, Jeal La ent Cas:

bat™®, Quentin B. Vincent™”, Alexander Antipenko®,
34, and Laurent Abel*><34

Human Mutation

Comparison of Exome and Genome Sequencing HGV§

Technologies for the Complete Capture
of Protein-Coding Regions

Stefan H. Lelieveld,' Malte Spielmann,2® Stefan Mundlos,* Joris A. Veltman,'* and Christian Gilissen'

DHSEEDAOES ) LEITICREAIT DA ERHEESE
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[REIECFHINDHIOTVTE. &5 LR TUN R DONSRUVRIINUT > hModD SCIENTIFIC REPLRTS
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SYITEYELRENET. \g/ Thos
. ROLAFEOMYAHREIZUTZILEA LIZFHHEATWET

v HiFi®E— K& BIROT> T — MR U
I[WUTWLS (99.999%)

oJC

RYA5—4

)} CETCERWMEEZSE

(https://www.digital-biology.co.jp/allianced/products/pacbio/)

DHSEEDAOES ) LEITICREAIT DA ERHEESE

74


https://nanoporetech.com/jp/how-it-works
https://www.digital-biology.co.jp/allianced/products/pacbio/

RES—IIV3D DB

RS —II>2 ) OFERFIFAARETE0@ED

o RDIRUACYITRIBDT J LABLHIDRTE
v E0RUBCHIEMLO. #EORUEGRTES SENAIREL 12D
v 527 KB I BHEDIRUECH(E, HHEDERBOFIECEASLTH

D, CNEFTFMR1. ATXN10. HTTIREDBEILFDIEDRUECH DR
EICRES-IIANTF SR

® |\JOH1TDRTE

v 2D20ERZvarianthBIU7UIVICEIEI DD (cis)  BRB7UIVIC
FETDH (trans) ZHIEIT D EZINTODIAIT DIRFE
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(Front Genet. 2019 May 7;10:426)
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P R % - —_— b} — - TGGGGAGGGCCCAGGGGCCGGGTCGGGGGAGGCCCG CTCAAAGTCCGTCGC Wild type
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(Current Opinion in Genetics & Development 24, 2014, 30-37)
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1(3:3)(g21,926) hematopoietic cells
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—m_‘TmJ'GZDHE SUNOSE (International J of Oncol, 54(3), 859-68, 2019)

Cancer Cell,25(4), 2014, 415-427 breakpoint
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ﬁh///j;;;;?\\\\i ESENORROLR | —  TROEE
— . - B i
But no evidence of widespread cancer driver role. ©2016 J1 [ 2258 « /NI E] Licensed under a Creative Commons #¢7k 2.1 H 4 License

(Cell Reports 17, 2865-2872, 2016)
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v IDIZ1~50b.p. DIBVMEE DR K., IEAD/NT->ThHd. A REDRSE.
TNSOZEENEUDIHFT ((EDRUEFIDRSIRE) #E3RET Bcontext(c
SO THREEIND

Strand bias
LIRS

T~
5/ —AGATTCT-3’ ZRZE 5/ _pACACTCT-3’
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(https://cancer.sanger.ac.uk/signatures/)
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Catastrophic events
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vV 1~EROREBANSE DM (CHHEEN., A2 RMEEEZ T 2HE
B, R&k BEREOIE-HEEL, HEWIEERE. |HROER N2
ZENMBEMHAENDIRZR%ZChromothripsist L5

® Chromoplexy

EWSR1

d—A>JRBECEL
Chromoplexy®24l, ZEDHITILEE
11, 5822, XEEBAOMIC. . AD
1§|J'C%6 %11 XA EBADRIC
Chromoplexyb‘Eb EWSR1-

v ERORBEAROB TONAODHEBIEMNEUDRSRZ locus / gene X ¢ FLIIR&EBEGFIECTVS,
Chromoplexy& s 4
. “ “ . - EWSRI-FLIT (Science 31 Aug 2018:Vol. 361, Issue
v BRYOFCIRERIYZARD A THIBONIZN 11> RERECEHS 6405)
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Kataegis®fl

v R IR, ADEETES)\J (BB DRBRARELFZI-RY

BDNANEFD, ZDiE TDNADKIZIE BREANELBEIEEENS e SRR o
® Kataegis i Rainfall plot(d. kataegsis&zRIDICBEZNTH
Vv B EZIRE A s ST [CES SARE(C I : . HEEHICERDIBAZ . Hitdh(C. PROZEERE
fg‘\‘ﬁ_jrﬂ,\h 5’ )L ETRPINICESEE(CFRET $IRSFzkataegist OHITE (b.p.) Zad. ZRIENL COBER
’ A HEBIOBAY)\S(FREN 2, BIHEREOE
v APOBECREDSEMALFESF LT 7IF—EDEEOZLHBESL e B G| R CORICHSNDEIIC, FDAICELD
TOBREEZBNTED. AHATEHBEICHAINS SRR  ERE kataegisid. C>TOZEENZL, KRB TRIND,

T T T T T T (Cell. 149 (5): 979-93)
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v FTOXT7 IR BEARRInZIRET DHEE T, WELETE (TTAGGG) O
fEDRUACHIE . TOXTHERA >IN IBHSIERREND

v FOXTOEIRUECHTI DR, MRS ST TIEHEI 2H'. —EBDH
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BET. TOATDRSZAEITDENTED

® JFtNSJLDEA LR

vV &5 J)LS—DIDATEIS—DIDR%ZHETIRIT ) LOEIRZH RN
eI, IEENT ) LR A ZEREHDEN TS

v ENTJACRYESTENRW - Rz, FERyIU—-REL T, I 22en
T3
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Bl AVTD+DREIRIEETHD
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MT-2 provirus Soft-clipped reads
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o hg38 = =
+ -—
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L 2
FENSE NN NS SN NS N NS NN NN
» ENE SN ENNENNEREN n hg38 1
i iy " b -
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(oL S o ) A — _ -
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HTLV-19/ )L ADIEEEF T L TIVE ST ZHTRSTET HTLV-191ILAD
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STIRDZET, integrationBDIEREL B & ZETE I 2ENTED.

(Nature communications volume 12, Article number: 4821 (2021), in press)
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NUP214-ABL IRA&IBLFOZEAIMNENR

BCR-ABL1OTO-J%FAWT, ABLIWREAKINT
EREL TV LR RUIE

(Leukemia (2009) 23, 125-133)




NGSEMDIEREFIRELEDISE-2

® PCR%

v PCRIEZI> bO-EnieRzAVSERENEKZMTHdN. BNEVEEGF
HEEUMRETER

v BESEBLFeRVHEFRZ (MRD) OFHECE. FErE-EEPCR
(RT-gPCR) WERET. EEMRFHMATIEERSNS. BRARTIISEAINS

v' Droplet digital PCR (ddPCR) (FZFBFRUARAZZ L DwelllC73 17 TPCR%Z

W PCREMINESNZWellDERZhI> 3L T, EEMEIFILRIIIFET
9D, PCREZRICLDIBMRIFIEDEVWVZIRIRN T DTEN' TED, —AZICNGS LD

Evprin
® Sanger >—JIYA
v ZMTHIN. RENLEZEEZOFEMUNTERVLRE, BEMEVSRNS. BRZ
PREIDNENDD

v RER BT INBOEENGDIEENUBFEORNELNS
e 2IFYYI—-IIVA
v ZcodingtEldZz Xt 5RET D, UTRPMIRNAZEH B EHHD
o RNS—IIVA
v REREBZRDET, JANETFIFRENTE, T-IDWMWEEZ LD, >—7T

IDZ/;KV ZHERUPIC REREN SRS, %51 RE Tnon-codingfBiziz
SHBENTES

Sanger>—9I>ADH

710
EEEEm IIIIIIIIIII II EHEm Ill IIIIIIIIIIIIIII

IGGATGAGTATGTIC T_'—._'—..__. AACAGCTAGAGCTITITIGCIGTITIG

t A>COZR, momTH
TE I DI, RRE(FEL

ZERHICHTIEREDAMED T

R 4 RT-gPCR
= ddPCR

ZES—-II2 X

WXS
WGS

Sanger>—9JI>X

v

HEFEE



BV E
B AY J BT — 5 D LRARAR

ILETAZRN ERENEHREY I~ F—LU—5-
)11 37)




PMAZTILS—DIIAThIBCL

WA T AARTEDRETHD

o HAL. FIAARTEMZERIC, SEITFREENT JLAICEBBUTREL, &5 30— B BERE. EE gALR
B35 LERDBIICE > CELTZE0THS, NGSEVSSILRITRIND  stavvyr cenn b oseean
SR AL, HAY ) AERC O EDBEF O B K e’ a
SIS COERAEN UL L TINS5 Rol, Fie. BRI HOTI, ) i HHHH -

25 )LAEF (F30EEE) 055, $12%%5HB3TIY> OREIORES. |
ZHRELTBIRDONALSICHITETVR., BAYJLADRE. HARERE L DN ' s—
PCEDTEREMIFIRRBN. 4 ) 1L TEFISE+ IO 4 15— ' '
S OHMAZERNSIEL THD. ZNAEIA TR 3L (CoT. B4 DhtA * | .

DLV, (LI . 2L CIRBREORIBERANESD AR EIROIENEAS

® J/LAEFETHEONTVSI-—TYRS —ITIOAEDEL
H—Hyhy—HIYATIE. PCRY¥hybridization (C&HT. 100-3005&(EF RE& -
DIV B AENZUIEDIEMELT (~1Mb) | deep ([ (500x ML L)
S—HTI2RFTV. IIYSADOSNV/indel OEHIZERE RT3, — .
HEIAY—IIVA (WGS) Tl HMABLUIERMSE (24, MK) H5
BTEOENICUE > TERMEEI(C, IRNTI—IIIR%ZITOLICRD, TDFEER.
BNABIGFOIIY AN, LT DRSO EERZEET TR LCRD (AK)

selm — VIS (NDZEER ~, 0 — R4E1a ’ ’ _ “AEiE‘ . " . _
?ﬁﬁf @E%{z%zér@%%’%\ﬁéﬁg&%\é‘3 FF1—RiRis) ® WGST(L HADNAE50~150x. IEEDNA30X (£4°)43GbIC

st (CNV) #33L0) depth/coverage Ty —ITYANBTRDNDN, BRHTHE
gyl BITSsD. I—YRNS—ITVALAT (500x~)  ERIRHEONE

=18 = RS 64
AT, PITEMESA LR DA SIS ) LR BEMES IS5 -DEAEINSRIREIEN &S
SHSEENAOEYT ) LEEATICET D AM B HEES % 90

O

TV,
25/ LD2%
1EiE

DA NI NI NI NN



9-2J0—##

® Ticld. ZEFMIRE (—IRE#T) FTL. TORBREFAUCEENENDD-II0-2R9

—IREEI : S—DIVR-T—-IDSERFOREET

S—DIVA T -4
(FASTQ J71IL)

ENSERECHIAD
PIAXT B

TIAXI T4
(BAM J71)l)

ZREDT—Y
(VCF J74IL71RE)
SNV
Short Indel
JE-#HEE (CNV)
BERE (SV)

DAIVAT ) L+
TREDISH LhORSOZARY >

e TLRE AU

TMB. MSI

BRUEZRSFeFIRBURIDFER B AR

ZESignaturefFif

HRDSignature. Chromothripsis

RNAS =) IDREDFEREAT

RIZY ) L\ FEMT

Vo INOLIE X @

WAY LT —HNR=R



MAWGSHERDD—-o70— 1

WHAZET I L—IIVA (WGS) fEROEARD-/J0-1:
o NAFERECIEEMER# (Z2<(& MR ODNAZ. >4 AL T NGST1T5

U—BAERRL. S —JT %75, BEHENTzS—JTY AT —4(E, 100-150bp O
REOATCGOECHIT—9THD (short read) . ENENDIEEREDTAY)
T4 A7 INEINTT714 I THD (FASTQI7ZAI) - WGSICHITBEHNADNA
DIEIR(E, BES0x~150xDERETHD, EHEDNAI3OXDERETHD
#FHBFH/MN) . ZERI-ORER, ESOpurity (EEMRROEIS N
AFRRRDIT—FE) &, 2—PI>ANDdepth/coverage (T I 2ECANZ)

FEMTOBRIIOATYICT, £ cNBBUVEETIDread%. BN J ASBBESI(C

FFUTPIAAIDM (FREIVESD) %175 (K1) . EFSEEESICOVTE. &
NZETEIGRCh37 (hgl9) ZAHWTEH. H‘%ﬁ(D/\—/EI/'CEEéGRChB&JT
LTI A X M T ENL TR TETWD, VA XA NDTITVAL/VINE. B
BN DIEEREDONRDHSN., IRTEZbwa-memzHU3EN )

PIAAYM (FEIRYESD) (3 KI30BIBENSRDE N ASRECHIL.

& < 1 100-150bpDY— REEFIDATGC FDMU% LEEL T, BRb—3E9 3
BZROINFETHD (K2) . BURELL_EDread D754 X MEEDZ8H, 1>
E1-5-0&ENMRENM S, /2. 100-150bpT. AHEEDSECH (U
) (&, N L EICI3ZEH DD, PIAAVE (RYESYT) I5-BEEEIL,
MM OZFEI - OIS —FF(COBHD

73X MEZEDI2(C, PCR duplication (£X[EUread E5) OBRENPED
EVreadDBREREDTA AV TEITI. IZEXIPBBEDOWGSDT—FDPCR
duplication(d. ~10%T&HND. cNHELVET —FPDNADEDARENEENHN 3.

VIAADNEIERYES)

1,000~3,600{EEE (50~120x H*A)

(E1) BARY I Ly—HFyv R

[FASTQ files] (051754 FDEF—%)

To34AYF (ybEyd) | L5/ L8BE~ATyELY

y B H ! H 30fEiEE
Read filtering, [BAM/CRAM files] i =
PCR duplication == == Reads
DfgE

GATTATTCCAGGTAT..... ...GATTATTGCAGGTAT....
EEF/ L vs AT/ L

{EHRZE R % call

VCF fil
[ les] ..GATTATT GCAGGTAT..... LR

2REEMT. BRI

(FE2) | | |

DNA% F | |

B ieahi= ‘ H ” ‘
R n || |

L—HIAENT

GACTACAG
DNA £ F D& 5 _ TACAGGGG
(U—F) CACACGGA
. GTTTTGTT
.‘SI :

({ ETITHET AERETS
=TI Ak ;

. . +
%5 /L5 |[CACACGGACTACAGGGGAGTCTTGTT |

(hnEEsE. [N AERNEER |, BUEFEE. 20164D)



hMAWGSEErDDI—2770—2

HAEY LS —IIDAFEFTOT—-970- 2 ARl ZEI-)

SHBAEHCT 51X haNfzread O1E#RIZ. BAMIJ7M )L (Binary
Alignment Map) ¢UT#EREN%. CRAM files (compressed
columnar) (& BAM J7A ) ZEMEUIZI7AILTHD

RICZOBAMI7A IS, HHREZEROIREZITON (—IRAFHT) | BRA TR
BEYIRIIY (AVE1—5-Y—)b. caller) NEEDIATTILUTHFEEN
TETLS

v" SNV (single nucleotide variant) : 1IEEDIEEEiH
v' Indel (short insertion/deletion) : 1~#{1+1EEDEA/REK

v' CNV (copy number variants) : A&ARK2IE—-H25 /) ALAICBNT,
B Kb~ L EBIARLAN) OEIGOIE - EDZEAL

v' SV (structural variants) : B&EESE
ZEIRBFTOVINII 7RIV ROBEDEEINLTTAENS

RHIRESNY callld. NAFRRRE IF EEEE Dread#DLEERIC L > TITHN S,
ZNENDOINA TSAIELOTEEH®DD. SNV callDRLE . ASEERIFHOIT
W3, FRETEVTRED I —DEVDARZWV, FEIICDOWVTI(E, IRICIRAD

BIESNIAE 2 DZZR(F. ZLDIHZEVCF T7AIELTEMRSNTEEFHINT,
IXRD2IREEATORIRZ1TS . €D sk Bz a(Cie T

PCR duplication (2-10%) % B 2=,

|

W N

W=

*J L= TR (WGS) T— .
&5/ LY=LV (WGS) T—4& [FASTQ files]

l AYA. 50-120x
Alignment E%E  30x
BWAmMem

Novoalign
Bowtie2

[BAM/CRAM files]

74— .,
Somatic mutation call
SNV < ~ \
> Short indels BERE A —HEE “J—Jll

Mutect2
Strelka2
VarScan2
UnifiedGenotyper Dindel
SMuFin Mutect2
MuSE Indelocator

Genomon2 \ /
e e TLL.

VarScan2
/VCF files]
CHROM : A8 &ES
POS : 1EEDME
ID : 1I5E (ZF) O ID, HZHEEN dbSNP (CEfFENTONEL
rs hoInF 3771y BEBSZELHE
REF : 7/ LEHRECY EOIEER
ALT : 2=5>3205 -9 L DIEE
QUAL : =523 057 =40 AUF4—2a7
FILTERDEHERRE

ABSOLUTE
HMMCOPY
DNAcopy

Strelka2 DELLY
Pindel Manta
GRIDSS2
dRanger

BreakDancer



FHHRRZERSNYV Caller

NGSO4FIEZIEARULOA T, JA XDBREEARHIIBZ RSNV callzi75

o RHHRESNYV callld. EARR(CHARMEE IFEEEE Dread ZDLEE(CSOTITON S, €
NEZNDINATIA LT, FRETUIBDOIAILI—DFENERD, SNV call DRE ., 458
ExFEOITTVS
LAITFOY—=)LHLAUENNTLS : Mutect2. Strelka2. VarSCan2. Genomon2&s

o BIENEAIIIRT ., SRS ABIICT A A RN —RICBWT, FKCOMENDC (1E
w) ET (BEFLEIS-) OU-REEIVDNT, IEEEES TORERETRIICLEE
L. BRCEZERY-RILZONRETHEZETE TS (KTE. DENERTOFisher #&7E) . C
OFETIRDOFEIY—-ILICEHOTRERD

® METUIBDRIEICIINI—EMNI T, A APIT—%BFRET I COTIINI—DONMNTAE.
INATFANCELDTRRAR THDo TMINA—DHNELA TR

v VAFE (751X heNfzreadDARDOERread OE|ES) MEVWERIIT-HZ0\
EVSERBRBIN®D, AROLIIC. IRVAFOZE B AT FEPY— ROB D Eik%x A
WT. noise (I7—) LEEL=ZDEETS

v 25 ) L\%Z30x~150xDF1Idepth TS —II AL TE. Kl \depth DOREEN®HD

(FFICGCH'Z L \aELE,) | EfRdepth MEVGEIKIZREI-IL DIS5—HZE0),
Read#h BHMELDBEVSNVIIERLCEN DD
v IEKICEEDIRUBL S Rindel i 251, YwES I IS-NHSV\DT, BEFE

v 1IEEHEBHRROEROY > TINCEWT, I RVAFHMETI-)ILENZZ R, >—IIVX
I5—PIVESIIS-OalEEEN S VDT, BRETS

CCCCGGAGT

ATCCcGGA SNV

anliEsese SEIRICE HHET S
WBEX 7] aadifacee - FH T T
Aﬁﬁﬁgggge &k 90 15

AAACCCCG T
— AAAACCCC IE Bk 50 1

%?-ﬁ’f/ixﬁwu\ .. TAAAACCCCGGAGTTTT.... \ Fisher 1852 1= € P=0.027C

CCGCGGAGT T ORI I B ]

ACCCCGGAG C >TOHIMIAERDYIE
TR E AACCCCGGA
DY—F AACCCCGG
AAAACCCCG

TAAAACCCC
TAAAATCCCG

JAR

JPETE
(hnERcE. [=RFNAERIEEREL. L LFEE. 20164028%E)

Call SN7=ERDOVAFD T

Bl ’
Rl

. '.muu 1HHH| §_|H_‘ | »Mu
LowVAF ™ VAR (0~100%)

JAX (=T vRITS5—
By HBELEENDB



FHlRRZEFESNYV callDfRE

ARHRRZREDORE (& NA T2 TLICLOTERDBDT. HBEHMEEE

® WGSIE. BERTHENONZI—TY—II O RELEART (500%x~) | [EUVGELE
Z{K\\depth/coverage TH#TI 31c6h. ZEI-ILDFFENMEL
14{E DFEMT /XA T Z A4 T

® IV NDY L8R (£5)LND98%) (I, #EDIRUESFINZL, P4 AT B L+ , FTEI-SNVOE (TERED)
PSENTS, BIBSRERI- LD, ZREI-ILHTIRNIEES call L 7CSNVD

® UIthoT. B\ AT31 > ZABEUIIGA . D7 I TV LEDLEEAIE AR
Ty MDLERRICL ST, ZORBEZIEEL THWMENDD, ZNICLOT, 18
LU T > ORI AL THHEN DD R

o HRDIANFATHFEINLERI-IUIDOWT. BULKAEST /LS—IIVAD
T—AZFVWTERITL. £ /L L TOZERZRELUL. ENTNDNA1TF1>T
FRIESNZERET. KEERRBIIEN DTN FROZERE HBEUTEEZN g
REEOE (KE)

o EEDEVERG, 24 /L3 —ITIYAUITTODNANS, ZRICTRESNT(F S R R N T
EAEINTOEREICOVT, BIONGSHEAR(CTRAEITZITL. SEERICHESRSIIT WRROY/ L > X =Dpipeline 158 | Ccall s W ER
ZEOEERT . BUOEE, AR ZE TR, &hEflaRDvariantsTno
7:-::50);!@:,\ E(I\ ﬁﬁ%ﬁ(%ﬁb‘jk’gﬁd)i‘;ﬂl’iﬁ? (E) (Tyler S, et al. A comprehensive assessment of somatic mutation detection in

cancer using whole genome sequencing. Nat Commun 6: 10001 (2015))
® /\{TSA HIBETRNOED, BEEVWTHIEZEDZA(S. depth/coverageh’
U VRELSk, UE— NECSINEDEIDDTES, (754X RI5—HEEPTLY) (CHh
2EDTHOI

SO

oom

germiine
wildtype

2000
1

1000
L
400 800 800 1000 1200
1 1 1 1 1

R e
1//’
200
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Short Indelf#th

¥ — | z = 0\ A
b Jt Fﬁﬂﬁjd)ﬁqﬂfﬁ 315 b 2 (1) Z RS TTTTAGGTCATAAAC ---- AATTAAGTCAACA
® PCRINGSEZAFIZDNAKUNS—PORISETHD. ZDT5—(ZDNAKIXS—L DS WNAT /S L TTTTAGGTCATAAACAAATAATTAAGTCAACA  (AAAT D& A)
HE—ET B, IRNBE, EDIRUVAHIC(E. T5—HADPIL NGSOERMTICHWNT J— k1 TTTTAGGTCATAAAC —-—- AAAT | o= £ X FEEL
5. —IIDRIS-HEUTHED, ERUESIDIndel (FIX(E, AAAAAA > J— D TTTTAGGTCATAAAC ——- AASTAATT |~ b
AAAAA) DFRH(SEELLY J—FK3 TTTTAGGTCATAAACAAATAATTAAGTCAACA 77 A X > FIEL W
o HUSELI Fdindel h'épdread (X, SHBECHINDTSAA> I\(LFaﬁLL\b“(ib\Zm_tb“ J—F4 AAAC ---- AATTAAGTCAACA
H0. indel BERAICIS—HADPTV, GRIDLSC. AAATOIBEAZENHDIIHE. J—F5 AT ----AATTAAGTCAACA 774 X }
SBESSIHLTTIAAY NETBE, TIAAY MORBEVWHES IR, BAZ K - AATTAAGTCAACA ML

FEORENTERNOD, BEACHIOZERENHZET-IEN3Ten®Hs (K1)

® IndelZE(HFHELIZYINDII7(E. PINDEL, Strelka2, MUTECT22EMMENN

= =y~ = AR AN : 1MB DIENT /S A 7°F A T
3. Indel EAOT A A NIS—ERBSITIHIC. local realignmenttPassembly  (E2) call L - indel 5 e % foindel 03k (IE&82K)

#{T0T. BHIROTSAAY NI %FRBE TS : —
o AlCELTLWBE FORIE. FARYS /LS—ITSZORUT —FCHU. 14EDER
5%4:1‘)?}W?"i*(/CﬂEbhé#“/A.l:‘CO)xE ENENO)INA T34 > TRESN : -~ B
LREM(G. KEBRBTENDN B, TROZR(E. FHBLTREESNLEROHK M L
(I27£) * o -
o ATOEDEVER. £5/45—)T>AUITTODNANS, ZRICTRESNL(E . é é g! %%é i
ENETRTOZEREICDOVT, BIONGSEEMT(CTHEAEAZITV. EERICHEZZINLE . % é s " .
BOMERT ., BOER. AHEIRZRTERAC LIEMAIEROvariants TiHolb0 pammEmLENARE

HREDST ) LIt~ 2 —Dpipeline HBE L Taall&EN-ZE

Z. B, MR TERNORERDOR 2RI (K2hA)

(Tyler S, et al. A comprehensive assessment of somatic mutation detection in cancer
using whole genome sequencing. Nat Commun 6: 10001 (2015))
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JE-HESE (CNV) iR

CNVIZ. EVEETHAT L TIREEN., HEERNICEER THD.,

® NAY /LT, SNVEEOGRVWTHENSK MEERZEE, JE- (B) CNVIRHODOFiE (k) &6 (B)
#EE (CNV/Copy Number Variation) T&hd. AT LH RIS TSR
FRORBHACHVT, JE-HEENERER I BB SZLONABIEEIS BRELES /L i ZHoi0niop Wsegnents________ Ea-00088 8- 0058
FARESNTESR w77« CAN R

v b & 7zread

® LN/ LDEREE, 2O6— (RABLEBHHER) F1EI 5. AT/ REHv b - o
AF. B2 BRI, £oEREBAROSMARCHIOT, JE-EH'1IE— I s
(Loss&/z(dLOH) . 0JE— (homozygous deletion) (C#3C LOSS e ’
EN'DD. TDEEIC(E. FEBHIHIELTFZ2ETIENZL) > —— N
® 31—, 40—~ +IE-(CEXTIEZXS (Gain) HELHD. LLER — e
INEVVGEIE (100bp~#XMBbp) M+ —(ICFTIBX 2K =[BT =
1818 (focal amplification) &L\, ZO%EIEH(C(EHer2. MYC, S - ==
EGFRRRE, NABLTFHNEFERNDIIENZ e e L
® ZHRACHICT 51 A hefzreadEz. #kb~100kbDIEICTHT> MU, 3T I ——
BRI IEEHERICH D HEXMBIZDND > MLEEU T, 2N Bin 5kb
Gain. P RIN(ELoss LHITFET 3. e [EEpurity : BEERY>TIVCIE. Z<DIEREEHRE (B, il
® SNPFVITOfEMLEMRIC. BAF (B-allele frequency) 0I5ik% £) NEFINTHED. BHARETE. BEHREDOEIS(E5%Zt])500h'%
FALZLOH (loss of heterozygous) f#FTECNVOIREREEN <. purity OIEWY > TIVOEEATIE—RZEICIEEELL. CNVIE, (ZIFIART
B0\, EIBHIERSNPTATO (A/B) OZBAIOreadOARIIEiE R DHAMRITIRRETORERBO T, COCNVOIEIHREZFIALT. DNALA
BRI ZEDTHD. EHTIERULEERTO.5THIN, E55NDTLILHR VTOYZ TN ORRIEpurityZHEEI SN TES

BUED, 1BIE 9 5LZDEN'0.5M59 N5 (MAET)



WmERE (SV) fi#h

WGSTHREEERZMEN(CARHTED
(H1) BEREOESERIH

o EBSEEE (KEQRRK.IHA B, $5E) (&, WGSICFO T IRLARHTE bRt e s
283z, UH U, FRTEDshort-read sequencing i Tl A& EFEE (JK o gnek s (A
WCEN'BD. long-read sequencing FMIOFERENEF NS BCLABLRE S EIET
o BB EMBEORE THEI/T7 ) I TREM (9B 22EREHRIOE v =
PE(CEDo T, BCR-ABLRESEEGEFNFEIRTS (K1) . ALKEGFICOVLTH. 2
BEREHEROPAICLOT, EMLA-ALKREBEEFIRIRTS o ) I
o IBEREOEE (K1) LA - . o
v RKERXRS% (deletion) ——[—I:%@— —ﬁ%-/:—»—z»
v #fiI (inversion) S A
v #BA (insertion) T T ru—
v BREE (translocation) 2k, F&H4HA i
v EMRIBIEERE chromothripsisiiy (B 2 )1 EREDIRE S EDH (B 3 )Paired endfi#tRrD
1B Dread =7
® Short-read sequencing (C&2BEEEORETFE (X2) Pairedend  ——w= Read Reac2
v Pair-end®EER=FALT. TOMDIEBENS, REDIBAZMIPAZTEEH - e s
%. Read DEIEEEE I B E(CLOT, WAIPEE (BUMBIEN I CHECiE Copynumber ~—
A) | EREEDIREEZ RSB EETED (X3) - - P——— A
v IE-HREOBE Tt digping) e
v Soft clipping (150bp®DreadD—EBNIEMHEICTIAATRN) ([CED2THDIND ) ey ST
fzsplit read. ISR EDbreakpointZ EiEIEH T3 de novo R —_—
v ENSBBEHICTSAAD M. SVOIEfHread 27> 7L T, 1BIEEE ' = e, R

Read [ D EEREHZEAL

Mbreakpoint {TIEDBALSIZHEET S



DLIWAT ) A+L ORI RARY >

WGSEEHT(CED, BN LLISMDECY] (DA APHE) BARERIEE

ERERDALA (HBVEHCY) . ENIEO=O4LRA (HPV) EB9q),  (H1) SAREIALZ0@HAHR  (RI2) REEY 1V DEHAS

(EBV) . HTLV-1. HIVRE, SEEEIANABBNSORNANERENTE — - BEF 1 1.5% <
0. —EBDOIAIRY ) LlE. E NI IADIBIHFHAFHIRESNTINS v — S «94

1 %\

BN
O
o

HBV, AAV, L hODAIILZA (HIV, HTLV-1) (&. ENTJAICEVSEE THEA :
AHERIL T IARLETEECHABESEFORIRBE(CORBNBTENDD ¢4/ nmbiiceys o424/ LEFlE<y T

HBV. EBV

%

INATADRVET., ¥ ) LS —DIDRZITIWGESICEO T, EEEFREN AL HBV e il s
NOTIEYIREDread (D1/ILA, #lE. FER) MM&EHIND FAATD ‘ A R—

. _ ) . _ . HBV D #H A / \\\ \ | YIS & ERVs
BIEEEOFTEERRIC, pair-endDIEFROsplit readDIBEHRICT (ENFJ  azsmsr 4 \ DNA hSRRY>i3%
LEIANRT ILOFAT) | BN I AADHRHAEEMIEE > RA> NCRIES SN\ = \. '

BA3ZENTEE (K1) !‘ av il i - . qu‘iﬁv»f»zﬁew
HBVRSZHC £ TRIET BIFAACHUTIE. SEOHBVIEHABEPAINEE \ NV " rprimn owern
SNTHD., SELREAROTERTIE(LFHEIEICHBVDIEMAHNZLEREREIND NG o homology7' L Ec3
Ll G (754X hDELLY)
(K17TF) 75 A A .
E T ABEE) (FI30(SIEEXT) D#I40%I(%. RETEL bODAIILAPENH oy
EOEES) (LINE. SINE@E@%TQDEL/EEEB THhd (M2 L) L Pair-endd)'l‘%ﬂi’(‘)split readDIBERICT. LA WYY (KA
i e . L MDA ADFEHFAH) &, E:ﬁﬁ(C’f%ﬁéﬂhﬂl/j"JZ“A(ZJ:D‘C
ARETEL MO YARY Yid. BEODNAEFINSEREENIcRNAELS %, ¥ BRETEENTEBN . REOS—H=0 (WEEEIHZ L)) OT.

SRR CONALL I —L, OO —24/ LOBIOSFTRA S 34 CHitE Bt
2. PAICBVTE. COL MM ZARY Y (RRMEL ~ODAILA) (LT, PN OfFERERBTOCLTERTSS (B2 )
WEREREOERIED, M MBEGT ORI E5 350 EN53



ShEkaRIINVF > b

FhEtlAERY (germline) ZEOEENTE. BIRMEEBOZIEIGEICIEGI D

o —ARAIRNAICEVTE., EIEHIERER(CGIKERITZNA (EETEIEE) ® %Z<{Mcommon variants (LWVHWB3SNP) H=SENTL\Bz8. dbSNPA
M1-5%FESENTHN., TORBEFFIRIIEGR L EETHD, BRCA1/20D ANFEERINBSNPT —IR— 2 AVNTIMNIILI-%TS (X)) . Rare
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_ . _ :1209,0,17508 /
________________________________________________________________________________ QD=1.74; ReadPosRankSum=7.394 T IR
AC=1; AF=0.500; AN=2; BaseQRankSum=-10.236; DB; DP=676; Dels=0.00; FS=12.535; 0/1:563,111:676:99
@ chri 12837311 rs199576535 G A 1138.77 SnpCluster HaplotypeScore=11.7626; MLEAC=1; MLEAF=0.500; MQ=57.07; MQ0=3; MQRankSum=-13.823; GT:AD:DP:GQ:PL '11.670’177§4 ’ 1’T-|.

________________________________________________________________________________ QD=1.68; ReadPosRankSum=7.079 ] ]l
== ANY -n =

TRERNIIMENLEBDDVCFI7A )V (ANNOVARZFIAUIA)

BEF | r=e TSRO0 SRR == o ‘t’jX)I\ Esp6500 |[ 1000genome ——= [ Dbexome | [ HEEEEE -

L OB (2rhofth] [Po/Bozt]  [BECESER] | gemy | come | conE cot || o8 >
Func. Gene. GeneDetail. ExonicFunc. AAChange. phastCons Genomic  Esp6500 100092012 Dbexome LIB23_SIFT LJB23_SIFT LIB23_SIFT LJB23_ LJB23_ LJB23_
refGene refGene refGene refGene refGene Elements46way SuperDups si_all apr_all snp138 20131010 _score —SCcore_ pred Polyphen2_ Polyphen2_ Polyphen2_

- - - Converted — HDIV score HDIV pred HVAR score
PRAMEF12:
. nonsynonymous NM_001080830:
@exonlc PRAMEF12 SNV exon3:c.T1018A: rs201834787 0 0.41 0.59 T 0 B 0
____________________________________________________________ DS 30 .
PRAMEF12:
. nonsynonymous NM_001080830:
@exomc PRAMEF12 SNV exon3:C.G1021A: rs199576535 0 0.54 0.46 T 0.015 B 0.015
____________________________________________________________ DN AL .

DHSEEDAOES ) LEITICREAIT DA ERHEESE 117



N7 > MOSKEIRSETRHR (i85)

)7 > OERIFPTOEEBIRNMSRNRIRELLOBEOE EZETE I 5B TSR 585 O DBOAIZETS

\

°
IH
o

FER
) SHIPOSREDE SRR R R R v EIZI:%@@%??TA@?—’S’D“’}‘@L\Z%\ NSO EERLTT )7~
WT> MeBsh 93 S ATIIBAI AR OHE L B SRR 53
o 5 v BRBNTRBRESBIMET -7y NTROTOBH, #4570
. HEEDASL\DBHEABIN TS SN EFEN TV D EBNNETHD

o IDYVIMEISEIITRL 27 ) MR TOT—96FTRELTLD

BADONUT>Y MOERSEEFERODB (2024478 23HH1E)

V2.1.1 (I7Y-L812.6 H1&AKR+25 ) L891.573. &85 JAILGRCh37/hg19) (v4.1.0 (I
gnomAD https://gnomad.broadinstitute.ora/  Y—=A#17.351&K+25 JL#17 .6 518K, S8R5 ) \FGRCh38/hg38) hSRkathERYS ) LINUT
> NMBEHRDB. 1&iE/\) 7> beLTSVs v4.1.0°CNVs v4.1.06230 . "EIESHROER(BIREESNS

https://www.internationalgenome.or

1000genome e ' HARZSHHAD26NEMNSD3,202 AOEY ) ©F#HT 715 (S8R5 JLAXGRCh38/hg38)
dbSNP https://www.ncbi.nlm.nih.gov/snp 50bpIA T D/NU7> K (RefSNP) DUXEE. 22F. Build 155 (2021.06.16) TH10ENEIREIND

dbVvar https://www.ncbi.nlm.nih.gov/dbvar  50bpZifz 24&i&/\U7> MeUXEE . 3. £1816 5T (2023%F108) hEFENS



https://gnomad.broadinstitute.org/
https://www.internationalgenome.org/home
https://www.internationalgenome.org/home
https://www.ncbi.nlm.nih.gov/snp
https://www.ncbi.nlm.nih.gov/dbvar

N7 hOEKEIASAERE (ER)

« J\U7>hOEHIFTOSREEIBHRN SRR EDEE GDE,\\\%TEEQ“ZDEE’TC%?”JZQWODDBODWU’Z’:i:{D‘“Za

o Hi&E FAER
v (—HB) EFNOERENS GRIIEI L BIEUR VA N L 7 v E|z]sVq‘@ﬁ%ﬁﬁo)kﬂé@?—’ib*i'ﬁéﬁén’)D&DE%E’I‘E(&*&BD“D'C
> MR AT B WA, SN LA TE I IS T TR 3IC AR5, 20
o HHH A, IREFATE, ERROSEERTIE. EEORVEEDBIND

v BAMNEEONUTY MAGED. ABETOBBIE- BRERHSES DBLARAEDE TTOLNERRMITHS

v FwMREBREFRIMIET —FYyNIBO TS

v 2T JLERTOT -4 BE/ U7 MBIREEAEMLTVS
ERONV7>  MOEEISEEFHRODB (202447 H23831T)

Human Genetic Variation https://www.hgvd.genome.med. REPAFEMNEZL. 1,208RAKDIIY—AES,248RAD—AZHIR/I\UT> ~MOST)F/1E>TH

Database (HGVD) kyoto-u.ac.jp/ sEsNI\U7> MEEIE#IRZ /R I3DB
Japanese Multi Omics BRAEAT DIV - XA OHERENMEZE L. 54,0004814K (54KIPN) O24 ) LfRihbhEsNnI:
ReI:erence Panel https://jmorp.megabank.tohoku. BHARA/NU7> MEEIGEROZFHDB. 0.01% _E OSEE OJ)\U 7> Mz (F(FHH7E. 8,300 &{K0D
(iMorp) ac.ip/ S/ 7> R (8.3KIPN-SV) 6ABN TS, AEDMMEREALEZSN. AATARIN
JHorp BRAOHY T AR & O@EAI> N O—)LDB

j'fjb"flzlyr BT —HR=21>49— (DBCLS) . FTOS 14 MERE [CEHLERARANY
TogoVar _ > N SEE B IR% 124t T ADB, JGA-NGS (125180 IY—1L) FIGA-SNP (#118518

Mirasi//q ci8.1odavaror. e LY N TP

ToMMo 54KIPN-SNV/INDEL (54,000#{A0%45"/ L) (ChNZ . ODBIE#REZR R BIEE




NU7> MOBEEF Y-V (1)

o JNUPIIDDFHEBECSADXIR (EITHEBETRK) ZTFRIIDNAALZTANTAIRXY—)L - DBOHIEZTS

o HiE ® FEm
v AR IARKINNS )NV T > hOBLEEA DN R T I URIR A2 #HEE S D v BEOY-IOBRI—ERUTVTE, FBLOFHDELE (52/)\)1E
o &, EALHRIFIE, BE) ZRVERRERMERCEOPIV, CO
e . . e, FRY - OIERZERTHRRBURAIEDEEIEDIRM (KRR
v BEOFAY-ILTORREHRELTRAI7EF25Y -l (CADD. 12¢) HEOHEARIL) CLTERIASTRRVSCEETS

DB (dbNSFP. 2&) h'&d

NU7> MDD FHEEEICES AP RETFMITEINA AL IART1IAY =)L - DBOHI

https://sites.google.com/site/jpopgen/ FEEZESNV (nsSNV) PPRTSAZAHA RSNV (ssSDNV) OJ/NU7> NIBELT. 38FEDFAIY—)L

dbNSFP dbNSFP (FITUZL) (CLBHEBETRIEAE 42 BDBICERT )T — 3Bk AHA Uk E %A DB
CADD https://cadd.gs.washington.edu SNV&IndellSHURRZ 7 )T —2 3 g ia U CE 8N REAMI I ZITVRIEEE 71693

JERIZBHRAOSNVEF TR, 4> 8O, 4> 80> - IHYVERER (MaxEntScan) . Indel. @&
ERRED) V7> N T SR

PolyPhen-2 http://genetics.bwh.harvard.edu/pph2 FEEIFREHROSNVICIOWT, YN\ IEELE CRRFIEZHE(CTRI

MutationTaster http://www.mutationtaster.org/

PROVEAN http://provean.jcvi.org/index.php JEAEBHROSNVIIndellCDWT, )\t LE LR 2 EE (TR
SIFT https://sift.bii.a-star.edu.sqg/ JEEEBEIROSNVICDOWT, ELRRFEZEHECTE



https://sites.google.com/site/jpopgen/dbNSFP
https://sites.google.com/site/jpopgen/dbNSFP
https://cadd.gs.washington.edu/
http://www.mutationtaster.org/
http://genetics.bwh.harvard.edu/pph2
http://provean.jcvi.org/index.php
https://sift.bii.a-star.edu.sg/

U7 bOBEEFMY-IL (2)

o J\UT7IMDRT 54 AT A MOFZEE TS DINA AL TAYT 1T XY = ILDOHIZEEETD

—

o HiE o =
v BRAZRBFETINUT> MORAT 574 Z54 MO E% R R IR 4 it v EBROY-)OFERENMEUTVTE., 2B00FHMEELE (5> /)\t8iE.
EID ECREREFE, BE) 2RSSR EERERICRDT L, CDfzsh.
o TN — )L OFERZ2 IR TR EBURAIEDOBEEDOIRHL (FREREDH

ERHL) LUTHERINETRRVRICEER IS

v 2T 54 284 NEFTRL SREVININNES I BExXonic splicing
enhancer (ESE) ®F—J%zFRII3Y-)LREEFFHRIEETHD
N7 MDRATSA AL MODZZERFMITEINA AL ITARTAIAY=IDFI (2024478238 TE)

GeneSplicer  http://www.cbcb.umd.edu/software/GeneSplicer/gene_spl.shtml  2TJ54 Y1 ~OFAY—IL

NetGene2 https://services.healthtech.dtu.dk/services/NetGene2-2.42/ Z1-3IRYNI =D BV TS4 ZIY 1/ MERIY-)L
NNSplice https://www.fruitfly.org/seq_tools/splice.html Z1-IIRYRNI=DEBWNEATS5A4 YA MERIY—)L
http://hollywood. mit.edu/burgelab/maxent/Xmaxentscan_score 5’ splice sites (3-bp exon + 6-bp intron) & 3’ splice sites
MaxEntScan seq.html Ffz(& http://hollywood.mit.edu/burgelab/maxent/ (20-bp intron + 3-bp exon) DHECHFIDRFMHZHE(CEEZTMT D
Xmaxentscan_score seq_acc.html Y-

Exonic splicing enhancer (ESE) ®F—JVWRATSAABAL-T3>2FY
1 ~OFRY—)L

SPIDEX — ANNOVAR (LS N DREBEZZZ2E WA TSA A7 ROFRIY—)L

Z1-S0RYRNI-IZAVWLE R FROINTOER, 11EEEA, 1-41F
BREORATFAZ VI NOFEZT )T—23>93Y -

ESEfinder3.0 http://krainer01.cshl.edu/cgi-bin/tools/ESE3/esefinder.cgi

SpliceAl https://github.com/Illumina/SpliceAl



NV > heIREBEDRE

o FICETEHRBZRIID/ U7 > hOIRIRIEDFITEICEEZ D BARRIRTE/NU7> RDBYOHETE WebY —)L OHl2Z2153

o M
v iREENIIWIT

TEFRTIFEIRIERE/ 7>

o IF

v E(CEEEPRBORREL BB

ClinVar

Human Gene Mutation
Database (HGMD®)

Locus Specific
Mutation Databases

MGeND

VarSome

JiraE (1)

o FEm

VAN Eﬁ:léf FBOREEGFCRAEND B DIRIR v BUSTEFONNUT> NI (E. ZOBIKRENSEINTVREOH

—EU TN ERZRT D

ZINTVS (BRIMITURLY) BIREMEN®D. IEFENBATHSE
(FEARVRICERID

hODBHMEZIARISNTLVS

FICH-EERFEBENVT7>Y beDOBED T ERODBOA (2024478 23HH1E)

https://www.ncbi.nlm.nih.go
v/clinvar

http://www.hgmd.org

https://www.hgvs.org/locus
-specific-mutation-databases

https://mgend.ncgm.go.ijp/

https://varsome.com/

BGMEBR DR AR (CEE RERBORIRELLNUT> heOB RIS UL 2B 7 —h1 T . BRERAIAR
REE5RT-IOEHFRE(MEIND (EREZERIIL VR , 2,8560F FRENS2,970,533TED
ERER BUAEFRATE DI —71)\U7 > MIEREN TV D, B —0/N)7> M UEE 0D 12 28 IRNE
FINDHZENDD. EFRIZRIPEREIN 52575 IR 9B ERET (T B OTLRL

ENEEGRMEZFBICEAL T, X RRINEEIEME RFID)\U7> B iER (CESHTZDB. BED
Professional iR T (E(C4E7YvTT — b3 h. BENFIRTIEIERIRICEEARTIBEIRN 3ELL _EHO

Human Genome Variation Society (HGVS) Dk—AR—-2 ETRHENS. Bz FIED/NUT
~RDBOYUZR N (hH0%7)

5 LN > NEER EBEPRBY 142 7k BAERR Y (CHE S 9 2B A DDB. BRI RN S5 (ET —90E
#RE ((fEeNBlesd. B —0/\U7> MIHUIEE DR SEMNEIZREINIHENHD

JNU7> MOACMG_AMP#ETORIR 47 IR 2. 1330DBY» Y —ILZAWTEEITITOY -




NUF7 > pTRBEDBED

iR (2)

o FIHAKFB ORI/ \U7> hOTRIRIE TR B BURER(CBRR/\)7 > MOERDIET > RICEH T 5 DBOHIZETS

o HiE

v ARHERE )7 MONADIREEADBE S (RSAN—EBFEZENEIH.

SAEEPUECEAN 2N, BE) PEFIOMBRHEY—H—
(ActionablenEShY) ELTOEERFANS

® K

v' DBICEDNN=ENBERFO/NU7U N T-AIDEREME. TETVADKX

o I

BINDDBIXE ADIFESEGROH A RIA 2 REDIRITZ R BRU TLVRL)
BATHREN®DD = RIAN-EBLFERLIEZIRVCEIEBETD
DB TERESED R MAHHRR/ U 77> NOFRIRMEHITE (SEEL LV IZ EN 3D
DBICEDHN—ENZELF/NUT> N T—ADERE S, IET DX

DN NI NN

DRENERBIHIC, BEODBZSRUMENICHIMT T 2N HDD SRERERLBHIC. BEODBESIBLESH (CHIKT T 2NEN DS
FE(CHADEFHRRRINY 7> b D) DFRRIEREREREICERBDBOS (2024478 23HH1%)

Catalogue Of Somatic
Mutations In Cancer
(COSMIC)

Clinical Interpretations of

Variants in Cancer (CIViC)

OncoKB

Clinical Knowledgebase
(CKB)

Cancer Genome Interpreter
(CGI)

https://cancer.sanger.ac.uk/cos

mic

https://civicdb.org/home

https://www.oncokb.org/

https://www.jax.org/clinical-

genomics/ckb

https://www.cancergenomeinte

rpreter.org/home

KESangertAFRFIMNEE T 3. #4002 17 MTUESN A A OARHRAZ /) 7> M7 DR
BB A ERE Ul KARARSNGEDB.. IRTEVI6N' &R #T. BEAID/NUT > RUAMC B FDIEISET
HEERIBHRREDREMICEANS

IO RO REFETHFEINL. )NU7> MORRKRBIEFIR BB OREDB, tAFT&SMEL Tl —23>
Z1TU\, 3,749)\U7> b, 6093815 F. 540%H|. 10,483IET S RIEH. BEMNREEIND

XEUT-20-2T 500 RS — (MSKCC) ThRIFENT. U7 hOIET Y ALAILOD
K#%DB. 875B{s T, 7,810/\U7> b, 141FEHOEHENDEDIET VAL ZiRE

SOV AR THRANTE. /ST NOMIEAORE. AR, ARBIREIR IS 5HDB

HAQ MR/ \U7> bOEEEEHE (RSA/N-DESH) | ST BEHF., JBBEIETANILD
IRz . A OFIFEDBDT — YREESBRU TEIMEIZZENTSYNIA—A


https://cancer.sanger.ac.uk/cosmic
https://cancer.sanger.ac.uk/cosmic
https://civicdb.org/home
https://www.oncokb.org/
https://www.jax.org/clinical-genomics/ckb
https://www.jax.org/clinical-genomics/ckb
https://www.cancergenomeinterpreter.org/home
https://www.cancergenomeinterpreter.org/home

iSRS ERDITDBEE (1)

ERMERBRORR 2D ETEHRIERTIN)Y > MOBRKRIER IITOHZEDOIET D AR EZEHRATS
ACMG-AMP}i4 k51> TORRIEICETZIEF VA (HRIELDHIKE)

® ACMG*-AMPHARI1>(2015)(c&BIRIFEDFEDTIET >R
v o (%) EEROEET Y

HEEREMOTRIT—5

PEREIBIR (EERRYAZAT. hot spott™HEaE XA ARRE)

Segregation (5 =ZRZRATO/ V7> hFRIFELID—
BEPIEE

HEMECEEDSES 2 (de novo) H
v BMEREREOEZS. BERORE/ 7> MO AL )IVICHDH
v FRIRBZHRATERELGTF(ICEESN/INUT > My

REDIEECIECVery stronghsSupportingE TERBLAILDIE
TOAZERBUTHRECAVS

(Richards S, et al. Genet Med. 2015;17:405-424.)

v
v
v ) 0

v

HTER

* ACMG : American College of Medical Genetics CREBRKIE/S-
JILNFES

|\ o
Very | oyoq| ERORIECHEERINAISN TVSBBIET LB EFRENENUIUTY N IR, IV —hST
strong N IHVINBE2bpDAT 54 AEMI. FIATIRRED) )T Mo, BE—EULIFHEET Y > DR EK)

PS1 |iBEITREY TS MU THEIZL TWBIR I ZNUT> M B — D72 BB a3 /(7> b
Strong PS2 [EEBORVMERICRHSNBVCENHESRENTZde novo DJ\U7>~

PS3 | &<BEII&NTZin vivoELLIdin vitroDERERRT CHERB(CEEREEZ 5 X5 ENRENTNT7 >~

PS4 | BEEER(CHITZ/\U7>Y MEEMEEMBERCBIISEELDEERICERLTVS/U7 K

PM1 | ZE DRy MR MoK KHEITENTZHERE RAA (B IR RME/NUT> R TIIBVWIIP> b

PM2 | EFHF—AIR-R(TEEFENTLRWIUZ>
Mode- PM3 | SMHEERRRB(CHBV T, MOBERIDRIINIT> Netrans (RITRIOZRELR) (CERsHSNI/NIT> N
rate  |pma DE— MBIZIM RSN N IBRNIENZ LA > I — LOZ b EFE I R BA/NT > M2

{ZIETRHRRBI )T

PM5 | BID7 I BEERZHIZAT RNV MR E(TREY U7 b U TIRESN TULWSIA T Z/\U7> A

PM6 |HRICEROHSNIRVCEDHEZZNEN TLVRL\de novo/\U7> b

PP1 [EBEORIANERETIHSN. IFREE TaadSNBRW T2 b

PP D,Z\Eﬁxl W7 MYRZBOERRE T, BHEDIZATZNNU7> MOSEE MEVEGF(CHBIFBIAT AN
o [PP3 [t omEET A0 5 L TRET DB T RN AR T A5/ T

PP4 | BEORIREOFIEENSRENF AN E—DELF(CERHEND/ 7> b

PP5 |{SRETE3IBERENROANI THIEIRELTVS/ U7~




ERARIER DT DiEE (2)

BIRMHRBRORR ERDEIBHAERG V7Y MOIET D ACEDGRIREDFADGZE (RIREDS) ([COVWTERATS

o ERMEEBDERLERS/\VF> bDOIRDIAHDIHEL
v E(CHEBEEERBID) 7> ML TLK
v BEOEGHREBEFEORIRE, BN, KEROEEIRE/NY
7> OEEO—EIE (segregation) REDIBIREBAICRS
® ACMG-AMPHA RSAUCLBRIE D HE
v AIEEIET ANETIFESINTEEMECHEETD
> Pathogenic/likely pathogenic : J&HY
> Uncertain(Unknown) significance (VUS) : 93%84EE
> Likely benign /benign : 3EKHY

ACMG-AMPHA RS1>TONI7 > hORRIED FEE (RROEEDHIRIT)

[ T
PP
: PP PP
Pathogen i S NS
b5 |
s | PP PP
| PS | PP PP PP PP
— ps |
: s |
Likely  memmcaess e PP
pathogenic
PP PP PP PP
PP PP PP PP PP

SiafiraRIIONUT > bORREZ AR (CAFIRI S LHDI—-II0—-

NUNZN

4

ana 5 HERD

v

AT -4

(BA1, BS1, BS2, PM2)
4

RIRAL/ FRIRED
E% (PP4)

REBIXIIRT — 5 /FR713
JU7>k (PS4)

SegregationT—%
(PP1. BS4)

—— Denovo (PS2,PM6) |

ik - DBHRZR, =
v EERNTET O
(PS3. BS3)
I hOFERAIC ESTENE 37 9730)
YFRAVRERMT YEMY (BP5)
|
h 4 . 4 v . 4
Null JXU7> b~ Silent/intronic Missense /\J7> b~ In-frameR 5%k -1 A
(PVS1) JNU7> (PP2, BP1. PS1, PM5) || /\U7>k (PM4. BP3)
4 v A 4

| EHOTOISLTDin silicoF8 (PP3. BP4. BP7)

I

. 2

v

| Hot spt/##ERX1>H (PM1)
2

v

NP2 bDDFE (SEPE)

DHSEEDAOES ) LEITICREAIT DA ERHEESE

125




iSRS ERDITDBETE (3)

W AHFERRINHERZ/ NV 7> ORI B R DD EZ5C I

o RSAN—B=F/W7>bD)\vt>Sv—HS5DXA
v DAHISHEEFOSBEF. #EEERE (ASSEH L) /NU7>
B A= IEARADOZEAL - L — LI NER - XT3 //’Jﬁﬂud)
£ . SVRELLZEFEYIOREMEL (Truncation) . XER
R
v DPABGEFOSEE. HEEESE (1) /NU7>h

Bl ZREDRZER. B TFEVOREMRGICED D FREEERRZED
fEPR. BicFIiBM&E. SVIC&L MBI T
v FRIETIVOBERNN)T S MEDLEERBERR R BRI AL TANTAIR
Y=IUCEDRSAN—BIEF/V7> b OB ENMEA RIEETH D
(Rogers MF, et al. Brief Bioinform. 2021;22:bbaa250 .
Nakagawa H, Fujita M. Cancer Sci. 2018;109:513-522.)

v Z0Oft, Tumor mutation burden (TMB)
ZEM (Microsatellite instability. MSI) . Homologous
recombination defect (HRD) . Mutational signaturei}
E BFEDBILTFOZEICESBRVWNITY NIRRT - = 151EE
UIAEREIRN—h—h'%d (Gie. AFTiRSEVIESR)

NAIOBT 51 M

MSI-H (ESHEY170Y73514 MEEE/Microsatellite Instability)

v ZANYFEEBLFOMBEARE(CLD, BRIICN(IO0YT514 NE— MSID
ZAEh ESEE (CERHANBIRRE

v REFIVINA > NEERERDEBENRFAIN-H—
4 éﬁ“)bﬁﬁﬁﬁﬁd)MSI’fﬁHjTEI’J“EAtL/‘C\ MIMcaII@E}J“&bé (Fujimoto A, et al.

Genome Res. 2020;30:334-346.)
TMB (IEBmEEFZERE/Tumor Mutation Burden)

v @B ATERRNESINAIRERDIEEZ2FIR0. AETHEI1IMb
HIEDOAKHIRE R EINTRY

vV RATIFTOOREBINAANY—hH— (surrogate biomarker) £UT. &
FIVIMA > NEEBEADOKR ISz FRI TE 2RI Ee 4

HRD (1HREfAX (EERIE/Homologous Recombination Defect)
v EEEAHRZE L FOMEEARR(CLNIE —EPSVALEINT S
v PARPIEZER|DEENR FRIN-H—EU CGRIGHIEICAWNS

4 ":Eﬁ"/bﬂg*ﬁﬁHODH RD}EEDOD/J‘E/A&L/-CCHORD@ED‘W)% (Nguyen L, et al.
Nat Commun 2020;11:5584. )

Mutational signature (ZEEANRIN3L)
v HKHRZEOHEAENEZIEL. Z<XEBIXIOFENABEREREEL TS
v BB FRIEEICOERARAIENREEINTVS
v 7’EI77’*(U/’]7°EI’7 SLhEUT, SigProfiler toolsiEN' 3

COSMIC (https://cancer.sanger.ac.uk/signatures/tools/)



https://cancer.sanger.ac.uk/signatures/tools/

iSRS ERDITDBEIE (4)

P AR/ )7 > MOBRIREIEZER D (TETDRCEDEActionablehESHeH g d) ([COVWTERBATS
ASCO. CAP. AMPHMERRU T ERBREIERICE D tA#IB\U7 > bR

o N AMFEIAHII/ )T MOBEREIE

EICEO{(DHE

v
v

v

PREEADFZEDLNT AR CBFER) OBEICEDENETD
ASCO*1, CAP*2, AMP*3(CLB4PED DRI AT L (BR) 1RE.

FRA REGRRYEER DT OFHIEN %D
%ﬁu@Fﬁ%’lk/ﬂbﬁuufinﬂ%ﬁ@%ﬂz%(L&D PABIREMREDTIET VA
(CZ{L I BIcsd. afR. 21, %&A(LEBD%J\UT NOLIZSNESE

%L%JLE,] (gﬁ&ﬁb‘%\%f@%

e BOEIRICE 9 a8 (XA FIREVIESER

ERERIIBEE D IFETOLR—T1 )% 1T5BEDInterpretationy—Jl
EUT. QCI (Qiagentt) . SOPHIA DDM (SQPHiA GENETICS
#t) . MH Guide (Molecular Healthtt) REEFIFATIEETHS

*1 ASCO : American Society of Clinical Oncology CKEBRKIEEFS
*2 CAP : College of American Pathologist CKEJRIEERS

*3 AMP : Association for Molecular Pathology CKEDFRIBFS
*4+ FDA : Food and Drug Administration CKEEREZERS)

Level A TEFT>X

Level C IET> X

FFIROHA RS1>
(CZFNSFDA*47
SN d

Level B IET> X

13BN ATETFDA
AGREFOBEREEN
Hd

—EOIEIHYIN
FENTAEERD/INVR
BERAFTIREEN
(495

Level D TEF> X

SN EFFOFFIZR
DAY
FEDRAEHIERDHD
ERIRELER D D

HIBRPREIVER CIa R
HEEHD. £33
SEIBADBNVDE
DAEPIFREN'®DD

—AZEEHIHFED
HEMDDB. &3\
(EEDAPETEDH
AKFERENUT> b
DBT. —ESAER
HENAN

HAt OB EZBRIR
IRIET O ANRE
STLVRL

—AXEERIHFED
HEMDDBT. —
ESAEREENS

DALDBLEZRY T
E7>AhER&EENT
LV

(Li MM, et al. J Mol Diagn. 2017;19:4-23.)



HEYINSEe)

Tier 1Tier 2ICEFN AN ANTEN A A2/ (U7

FDAEKDu/uf?% BROHARIA>.
EHTL.E"]/

V7> bDFESE

NNU7>RDTUIVEEE
EHNRHSEE ((£RIDB)
BEBETFRIT0Y 5 ADZTT

A hEHARR R 5 TOIRIY/\U7> RDB
e (B'A) TomEY\U7> ~DB
NZIIAN\DRES

Xk (FEREREAT. SERIAEAR. BE)

(FDiAE (5)

ERERRNEERZRODEDTTHE

AT | FDARGRIEHEEE B MRILOSSIAFTHEEEN 5D
2R | BFIROHA RS 2ICHIN ALY ADHIRHDIRENHD
F1& : BRIROHA RSA2ICHIN A ADHIRHDIRENHD

SEMER, ANEMEE (REVA, TR REFEA RTF1324)
JE-HEE. MESELT

FEAENETCY (BAMEREPONAHRRRIZIITRANS)
TRUVHERSH THE

(FEAEHHERERIRIE TN S EIEE

FIET2EN'DD

(FEAENTFIET D

BRERE) (AV11M LICHD

AR - I Y R0HIIBHOIREN DD

2 1 DY A0S IIRIOIKREN DD
T1& 1 IO ADHIIROIKREN DD

> MOFFEEERBAT

HDH D AR GHRIUP > MR RHEOH)

EE%H@%‘ETFDAﬂ;b/ufﬁ%D‘%é FILF3HDIEEARMDHD
2R %F“i’%?@ﬁ/f RIADICFRVNMERE TEDHmREN DD
Fi1& : BFAROHA RS UCFRVNMEFETEDIREN DD

e

OBEHEL NEER (IREVR FIEIVA REEA ZTS132T) |

E-HEE. MESETT

FEAENETAT (BAMERTRONAMREIEIITRANS)
IRVHMEBSD TH

FEAENERERIRIETCN S EIZE

FHREIILN®DD

FEIBIENZL

PR BENE/(RUIA LICHD

Ak | B 3iEas CFDAKGRAEREZ(EotikeE (BRIMERTO
HIRIREE) H'HIN KON DEERERERDIRE N DD

2R 1 222 Y A0S RMOIBEN DD

F1& : DY A0HIBRMOImBEN DD



% VI &
ERERICHITDID AT ) LER
(I ARIEEIR, iaERIBERE )

FNWARFTR A -SRI AL —2aF)VH —F IR ==
BEEFEX




WMAT I LAEBRETIF RN — MR

FEICT BAT JLAERETIF RN = NRIUTOWVWTERERT S

(1) ERARERD A

o ELTF/RIVREREDH ABIE TR OFE R TISa RS it BhTILT -5 EML4-ALK
ZIRFIIT B EZ DAY I LAERE D ‘
® NAYJLEEROFRNG. OBCTFHETOEM. OE:TFH#T T2 MR (FJ5—3a>DOEhE) 7 )5 —33
FERICEDURMMSEERIDIRST. OIRMEERERCLDEE
JULMLE > N e e .
DIRFENS1S AY ) 5T~ T RRIRL . BRI BB %175 __Brigtinib
0 ELF/\RINRE TRHEANBAERITELT/UF > MNAAY— BRREOHEE TET Y ALALOM S, FEiE - #EB e %E%}%é;’;@o’;éﬁ 'CZ
'_'_'\ N - N - — 5IL:IA‘z\ 73 :712 o 7AN \ N S FEE. 2 B /0 —F .
H—TDEDTHY, EREOEEEHTR-UDI B (FERERE * i =
BEMT (PI)T=230) MELRD LTI E FZMLCRT 3R EMT I OMRs Alectinib, Crizotinib- - -
o ELTFRITERLTNTT TS )T COVTHREN TR DU F(CBET SIS A0S e i 3
923z TFR)—PNIRID I ETFERN :
o ELFEREDDFIOIrAUIERICE DS REAiE ‘
MRS I BEEMARDEE"Molecular Tumor Board”&MEUr, T
F2/N—=BMFRILEMolecular Tumor BoardD—ET#H3 BUEADRERIRA GARIERRE) TUIFZTiamRiER

\ 4

BEAEADKRR TUIF=TEERSHN




IFAN-MRI (1) #ERREHF

9. IF2/)\— N RO EMHCDOVWTERAT S

o ELFHBENMEEIBINAYT ) LEFEPRHMIRET IOIEEZ L
Bt TFAN-MRIVDBREICF TR Z2ECRENDD

1.

o kW

7.

W AZEYIESE(CRET 2T PINRRIERS JUREEE B 3 D32 RIS
DERIDFEEND AT

EREFICRI 3T PRGN U EE 2B 35 ERT
BILEFICEI2FMINRERNIV IR E I8
TRIEF (R 2FPINR NG NUMRAEE B I S EIDEERD
DFELFONAT ) LERICEE T 501352 B9 2FFIZ

/N L RSl W k2 [V s = Ly i 2 = DAY A VAN B B 7
IANTA VAT DT DRI EE I HFFIH

BREIEAT O REBEBOTIAEF(IEHZEBEICHRDIERD

® &Iz IIEEL. "Fast Track’ TOIRSTERIEE (&)

IHF )= IRV (7 ) F—53 > DFiE)

1A MBI E CPAYILOBHR D

BESrE SAALS TART A
Sv>

< mmmmE > zME >

(DAY ) LERHEET> Y - 7 LEERE. FM314F3H8H)



Fast TrackTDi%sd

U714 LTOIFR)N— N RV BEHEOEBEIRODIZSD . —ESRMAZmlcBER5E01:& " Fast Track” TORREI N RJEETHD

o IFAN—-MRIDEMECFINAEYFEBIIE., E-EME. B
Tho 55— IRIEEFIE. B'AT JLDFFIR, NAAA>ZTANT 4
>, BREREOZHBBFIROLFENVETHD. Y71 LTO
THZN= M RILEEOEBFAE

Fast Trackh\SE ] G813 5& 4

o TROXMEBIBALCH. VP LATHHAEAETOIFR | 1 BEFRENREINEN LSS
)= NI OB BEET, IS - ZOBFA-IEN ‘
P et 7IVAE BT 5, e s/t OBEFREINFO(1)~(A)OWTNDEST 5B
L BETREMRESNBN LSS

- “ \el j— [ R\J AN ~ ‘ —= M/ (1) IE?)ZI/N}I’A*G)JEE¥E$
2. *ﬁﬂjénhg_/\_cd)lé'fﬂ_jri%b‘u?@(l) (4)@(1\3;“73‘(;5’_('_—'1 (2) IE?)Z»NJLR*wiﬁE?Eﬁ

T84 .
= el - e 1o 3) MSI-High
(FTEFSAUNILET RIS~ T Y-S AVEEETL | () TMBHan
BB HAZEA IR 52 IR TOERILS)

(1) IETVAUNIA*DELF R (*IEFYALAIBIRERES — T8 —S&AVEEEF/CRIVREI
(2) IEFTVALANIR* DB FRE EOHABRBIMI VA $£2. 1B TOERICLS)

(3) MSI-High

(4) TMB-High

[ITHFRN\ =M RIDEFFEAOFRICOVTI (BF14 4 3 A 3 B BESBERRENA -RRIIREREFEIER)



IFAN-MIX (2) RERE

IFRN=NFITORFTIRECE REEAROBPE L FEBILDT7 /T -2 2AFTNEINDS

o THX/N\-MRITHREEZEBINEANSE TLLETN3
v BRESACEULT
BABLUVT—IDREICDNT
v BiEEFEEBICEALT
O BILFEBCHIZEMENEETT (DNAMLEEREFEDH
BEEBICTFSIINOONE) #1715
@ BIFERICHIGIDEEELZIERITS

Q® FBEENBIR (Fin- 148l -HNAERE) ZEZBULLETELGF

HEE(OTIET3EMNMREREREIET AN RUERIANR
BRI R 2B FE X lzavailability3>9%43133

@ E(SUTOTEIIBNIARBERERINS ., BEIRRED
availabilityzZEL T, EB5i(CHREINIEDOHHAINREC DL
THRET I

® P FRICEITIIET > ADEEIR

® HIEHRERIELFEEZRDD (FREENND) HmE(E. B
BIBHARSA> ALV ARSIV, ZOBREMITRUIG
([CDOVWTHRETI D

IFRA)N— MR THEGEINRNENE

RESAICEL T

BRAEB LT —YDRE

BELEFEEICBEULT

OEEFEE(CH T DEMFHNERRMT

QOEIEFERE(CHILT DIk

QEBCFERBICHIET DEANMRRLEIET XL, FEHS

@QTEITSNIARHER [CDVWTHRE SN D EDONH DN DIRES
PO FRICET 2 ITEST > XD#FIR

G©EIEMERIECFREE(CE T IREMT - XIE

(WAT ) LAEFHEED>D Y -7 NEERE . FA3163H8H)

v FIEIRHET —IN-AEF 1L —2aoNEDISCEMEN DML T
BROBHNARSKERIND. F1L—232075E (A-b X¥Z17F)
P, FaL—F-OBEVOEAF N AFRESNREHR-ZTH LN
EFOV. Fo. HVEIRZ TGROCBRMIZITIURAIZE TR, TE
HARY (SR — A D BIRNEFFSNTHD HETHVEIROZEIEN EN
SNTVBREHEN - RZESTENEF UL

v HENR—R(Iupdatedndizs. ERUzversionDEAEEHEELL




IF+AN-MIX) (3) HBSEANE

IHZN= MR TOFERATDISE. HEINETABT(CTaFIFHEP RN R (CEET JIBHRAENZED

® THX/\—MRITOEBABTDISE., IRESEIZEIRICGGCHT

NEABFETEEEEND

v BREBLIUT-IDMmE
BHENIE G FEEOEMFNER R T
BLFEBCYISI2EARNRMEHERLIET VAN
(RAHAZEDBETIR T BRI B Z IS £ X fzavailability 527
RN ROBEEEDRE T
Lik— hODEC & &G
BEFCAVELRT —IX-2OREREZDT7ITIH
FEARI R E DL, MFEMZRF o IcbD TR SBZENNSS
EDTHD. LLVVOBEREIE

I D IEMEERECEVTE. BRI FRICHEIDEILFEEDOILET VR
ZHLIC, SABEEOEIR PR BAE S ROBESNRE DN DDA, BA
MRFEDEMERERY ) MREHA RS> SRR ENTVBI 2R 11T
#ZICEABULEBFEEOIET D AEHNDE T HINETHD

D N N N N N RN

THFRA)N— M\ RILDBEEICERBINETAE

BRAB LT —FDmE

B ESNTEEGCTFEEOEMENER R T
BLEFEECHETIEARNMERERETIET AL

IRAHZRE DB ERIBIRZ I FE X fzavailability > >
—RNFRROBEEZDOEE T

L7R— bODsC & &R FH

BEMTICAWEA#T —IR—ADRREZDT7IEZXH
FERIIEER DT, BB EZIFOEBOTIERL, SEEDNS3
BEDOTHD. EVLWDSEBESEIA

(BAT ) LERSEED> Y - 7 WEERE. T 314F388H)




IFRAN=-bM)V (4) ShEbEEDIRIR

WA ) LEROEERER (& FAY ) AEERPRZILRR b - #llsimbr -

WAY ) LAEBROEMMEER (& AT AEBRP RS IR - s

TR - IR D3EFEN 513D

INASIER DRI IREOR SR A - 1R %R - > — VIO XAE M
(FhFED) | TFR-NIRIVBE. LR—MERL. fEROEFRE

SEA. JREREDEN. AFRAR L AMBERNZENS
PRl EEE D2 T RMMrIEETHD

LR B3R FERFE - AMB RO VT AL IR B B

I ZOMMOETHEMPIEETHD

EIER e CIIAFTTRFE « AMB RIS WTER ML IR s &
#I3EN ITFRN= MR EP R IR B 2 (iR T

EHENBBDICSHNT 22185
CNBHEEEICDVWTIFEESBKEADRGBINETHD

=

202258 18T, 1209l 5R b - 33087 e -

188MEIERIENMFIET D

WAT ) AEBROHLK AV, THZ)N— MRV EMEREERA
MEEEN3

Q)=Ei=!

HRAFE - AMBR
EPDENt

EPDSRNE

Pzl - Hhmih
TODEPADE

EHEEIR BT 3FEXEN 512D

(WAYT ) LEBEHEETS Y -3 7

DHTHF12RA5H)



DAY J LAEET DiaRBERT,

AFTE DAY LAERICEDITONSaBERINEL TRIREZR. BRREER. BRERLEERENGD

RESNISEEF/) N7 MARHZERC DWW TEERL SIS (SIRREZE COEGEN RIREE 12D
(B F/(RINKEN IV ZADZIETRVGEE. TFAN-MNIRIMER U S EHSS TOIVNZAURE IR E*)

o REINITEIRT /U7 > MARFEERICH IS SERRHERNMFE T DAL, BRAREHER TOEMMRETENS
o IRESNTEIRT /U7 > NI I HRFEEFI DI SHURIREZER - BRPRER T COERMN RS S BEBPHEEHE 2 HVNILER

BRLVeRIREZEREV CRIEI BCENFIRETHDHN. (1) BERBIBFEEGEICIFFZORRE, (2) SERLERIER(CLHEFNEE
REDREN®D. LEC2ROEEHDCS, BE(ICLIRAFEBIRMF2ESEULRBERHFE(CH IR (ERT/(RUREICLS
B FIOI7()2 ) (B IGEROD FIRMERCE IR BHREEE (NCCH1901 : BELIEVEEKER) 1) NMEMINTLD

WAY ) AERICHITDEEENE MR 10-20%I(CEEFD SEDIRETERRE CHd
HREEFREIOTU TEEZZA DEERSHD

(B : NTRKRASBEFICHT 350N 9F=T) RIRBRCORSERE
s P R | U T Y SR D BRI ER B EERRERA DS I &5
B E RS T SRS ORERL EERHERTORELR

B EFREICTU TR %EEHI OERARERRU *BELIEVEER



TETFYATM1J DIEFHLEER

B F/\U7> hOFFROIET > ACIREBIR . KB E BEE

BIF/\V7> MNOFEIRICEECATO5DOIET R
HLThed (AR)

(1) EBEEHEIET>A (Oncogenic)

(2) HEEZRREEIET>X (Predisposing)

(3) JBEIRFAIET >R (Predictive)

(4) 215X (Diagnostic)

(5) FEFRAIEFT>X (Prognostic)
COSERBIRFAIET DR, SAEIREEORT
(CIEFEIDIHEETHD

T RRBRREBEIL T AL TEETEHR R
B FRICEET BHIF AN - MR TOEE
IRFIFIRERD

LERN LS
(Oncogenic)

% B R ERSE
(Predisposing)

BERFR
(Predictive)

e ]
(Diagnostic)
F&FH
(Prognostic)

B, aER TR 5

2. TR FBRIDSDDI1TH$3

HREDDAEICTES I DB FEILDIEZTRT . BESNIOER
FEAWBEBOREEIRRFELD FSAN-EETHIDN HDWIEFR
BICEUR) WS Sy —ZERBON SN EBR BB RICID
W AAEBEDASEHIE R IEL F LN TOHTIV-ICAS

RIS féhtd)m T E(CEET 5V —h—-
JNU7> MIERIRZIEDIRE | ANV —N— THHINMOEERER
(DxU)\TLEE(L_EDTL\%b‘tL\DL BOEND TP I 2 AN BIEENES LD

IBIRLEFDEIR LOEERIFHRERDD

BEDZIRCEIET IV —H—

NADETT, BEEE. £ FREREICREETEIV-H—

ORMRES -T2 Y-F2AVEELF/ \RIARBCE DN AZEI1F R 852.1h)



o ZDS5EEMNRTAIET>

FHRFRAUMIET AN

BESIRTAIET >R F, EOEZESHEALAIATT (TEFTDALAIL) RSN, JaEGEHORETHCEZE THD

AL EF/INUY
> MOBE(ICLBAERIRZHEZRUTHD, S8R
HEORSTCBEFEIT 2R, EECHD

— 77 ARIERHEORT CBVWTEIET Y AD
A& (u&é%afﬁwb‘%gT@D\ COFEIRELT
TEFTVRALARINERESN TS

TIEFTORUANIDOEEISHKRICELDERS, K
ETIEKERKEREFS (ASCO) . KEK
IBE7% (College of American
Pathologists ; CAP) | KEDFRIEFS

(Association for Molecular Pathology ;
AMP) D3FESHERITERMUL
RecommendationiMEEL. BN TIERRMN ESR
KRiEEF< (ESMO) (C&L3the ESMO Scale
for Clinical Actionability of molecular
Target (ESCAT) HEFRINTLS

AFTFEARICHIIDFESBAGEIEEN 1 RSA
> COHEREZRMAAIZEXpert Panel
Working Group (EPWG) 3ENFHEINT
LWd (BFR)

>

F

R

ERAGRENDHIB ATV /N AV EORER OB FA TR0 5%

HER I DN BN A RSAUITRES . ZNUUSITIS, JEER - St R - FEME%E

& ERROBILIMERFOFMERE P BE R LRSS ORRIMARR
EEHEOFBEHRI DN FENARIATIAHED

RZERIRIIN DD, J5ER - SO R - RMELEN S E R mOBELIMERZFD
FHIEE P BEPRHEESORRIMIRBEEEREOFAZERET S

RIFERILN®DD . J58R - FortE B - FAMBEINE E R mOBILIMERF 0
FHMIRE P BEPRHEESORRIMIRBEEERIEOFNAZERE TS

RIZHRRUOH- I TERBVNY, JEER - ForEEERR - FAMBEEUNE E R mOEIL
IMEREFOHIFEE P EBEFRLESFORRIMIAEESER RO RFZ.
EPOIC L HYADETEE IS
—TEORIFHIRIING DN E MDIRENRNZENS, HZERIOERFIE
BE)(SHERSNBONY, JEERDOII RN —N— RO TVBIBEEEP*20I Y
AZE(C BBRN\OE R ZER T Do EVIRELNY EH2ENRAFN DI,
CCAT*N\DIBEHREHFEIT

IS s CARORIRICRIS BRI HIRHLE AV, SABROIRY—N—ERoTL)
SBAUEPDT T YREHI BRNOBIREEET S, MLITHIET> 2
LRIV ERBZENRAENBIz8. CCATFADIBIRESFEITS

EPOI I HRZRIC, IaBEIRERTET D

MEL: TEF AL, *¥2EP : TH/\— KR *3CCAT : BAAY ) AIEIREREE> 5 —

OREARBLS — I Y -2 RAVEGF)/ (RINEREICE IHDAZEA (TR 82.1hR)



R OF)EE

FEMEL (S SRZEANOREEOUPIZEETFE (RREZE. BRRER ) ZIIBRULLAIFIUEEDTHD

o JEEMNEFA 4FCERIBTHIET D ADHIIHEICHVNTE., FEHIDOAGIR TR IERDEISEEREIER AL THD. COE. EFINOEEMHELEND
}‘ﬁ‘:tv H—EEROBEMZEE I A ENEELL

® COIDT)T—aUBVTIIIET DALNIDOHRS T ZEFIFEECDOVWTEMN ST RENMNETHS
® T XRICEPWGHFAEICIAELERODFERRT
o HIELEELMERIZETDREEMCERLIIEFN. BEE2IFENEERRERAOSINO e 2 RIE I IHIEEICEETHD

SENAE. EINEGREN DD 1 SN AREICBVT, HE) A ANV D —2BEIGE UEENEAGRENMFIET S
SN AR EINERAREERD DD 2 HENAECHBNT, HR) A AV DRI ANBEL U ERERGERNMFET D
fH'ARE, ERAREN DD (EISSHT) 3 fENARECBNT, H5%)/ A AN - —ZBISE UL EINAGRENMFIET D
SN A, BIMNRREIERD DD 4 HEPNABCBNT, HE A ANV -D— 2R ANBEELUOBIMERRERNMFET D
HAFEICEENS T, FDAEGRENHD 5 WARECEINST | HEZ/\ A ANV —h—ZBIGEUTEFDARGRENMFTET S
EELSH 6 FEEOENICEH TIE>FSRR

ORMRES - II2Y-F2AVCEL T/ RINRBECEIDAZEN (IR 82.15R)



R RmREOEETE

AFCHIFDEBRAREL T/ RIMRE(CEDVDAEELZERS(E7.8%EEN5

® 2022%F(C, C-CATIDAFBTONAY ) LAEFRDERE
hREINT

o iRHEINZ/\W7>MDFI40%IETIET > ALANIVA-FD
S5QOVINHDIET AT SENTLE

® 41.7%NEEHITIIIFRI—NIRIVICEDEFIDHES
MMTONIAY, RERSHEREEMM TONIIESIOEI S
(£7.8%(cEEFoM

Drug recommendation

Mo

11,789
(58.3%)
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B (1,660)
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D (392)

\\(_\ E (30,377) Head and neck

Yes

Mo

LUnknown

Drug treatment

1,568 (7.8%)

5,381 (26.6%)

1,480 (7.3%)

Male Female
Head and neck 649 376
CNS/brain 480 453
Thyroid 123 164 [
Peripheral nervous system 58 62
| Eye 1618 |
Digestive organs Male Female
Bowel 2,176 1,898
Esophagus/stomach 1,176 432
Ampulla of Vater 113 55
Urinary organs Male Female

Bladder/urinary tract
Kidney

113 79

208 136 | AN ===

’ Male-specific organs
‘ Prostate

Testis

| Penis

’ Female-specific organs Female

Ovary/fallopian tube
‘ Uterus

Cervix
{ Vulva/vagina

Male

1,391
54
18

1,567
1,205
764
55
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Chest Male Female
Breast 15 1,807
Lung 949 568
Thymus 150 95
Pleura 67 23
Liver, galibladder, Male Female
and pancreas
_| Pancreas 1,766 1,359
" |Biliary tract 1,093 765
R Liver =7
=
s Other abdominal
.\\ organs Male Female
Peritoneum 32 184
Adrenal gland 44 46
Whole body Male Female |
| Soft tissue 691 603
Skin 280 186
Bone 143 97
Others Male Female
Other 440 432
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Welcome to OncoKB’

MSK's Precision Oncology Knowledge Base

An FDA-Recognized Human Genetic Variant Database*

688 5730 133 112

Genes Alterations Cancer Types Drugs

Search Gene / Alteration / Drug

“Therapeutic Levels"H*
Diagnostic Levels Prognostic Levels FDA Levels SAEMMEFRATIET AT

0 Level 1 o Level 2 © Level 3 0 Level 4 Level
FDA-approved Standard care Clinical evidence Biological evidence ° R1/R2
drugs 24 Genes 31 Genes 25 Genes "
Resistance
43 Genes <= 11 Genes —— .
| Level 3£ Thiclinical evidence
Powered by the clinical expertise of Memorial Sloan Kettering Cancer Center I (EPWG A-D)(:*H %%E*R
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Vi H 14
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FDA-approved drugs Standard care Clinical evidence Biological evidence Standard care Clinical evidence > =B ﬁ‘g
43 Genes 24 Genes 31 Genes 25 Genes 8 Genes Level 1 / 2/ B%L’—‘-*Rbt'{k”—"

+ Diagnostic (for hematologic malignancies only)

+ Prognostic (for hematologic malignancies only) I @%35 {E?%% }R

+ FDA-Recognized Content I (%@(IALK)

I 56 actionable genes I 4erccrc cancer type 97 drugs

Showing 284 clinical implications (56 genes, 55 cancer types, 3 levels of evidence) Reset filters

Levely Gene “ Alterations “ Cancer Types “ Drugs ~
© ABL BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Dasatinib
(1) ABL1 BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Imatinib
(1) ABL1 BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Ponatinib
© ABL BCR-ABL1 Fusion Chronic Myelogenous Leukemia Asciminib
(1] ABL1 BCR-ABL1 Fusion Chronic Myelogenous Leukemia Bosutinib
& ABLI1 BCR-ABL1 Fusion Chronic Myelogenous Leukemia Dasatinib
. 0 ABL] BCR-ABL1 Fusion Chronic Mvelogenous Leukemia Imatinib A
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Q 8 Account Cancer Center

= Therapeutic

© Level 1 © Level 2 © Level 3 O Level 4
FDA-approved drugs Standard care Clinical evidence Biological evidence
1Gene 1Gene 0 Genes O Genes

+ Diagnostic (for hematologic malignancies only)

+ Prognostic (for hematologic malignancies only)

Standard care Clinical evidence

—  ALKERIRUIIRAE

+ FDA-Recognized Content >
I ALK I mcancer type S\rugs
Showing 10 clinical implications (1 gene, 3 cancer types, 2 levels of evidence) Reset filters
Levely Gene “ Alterations “ Cancer Types “ Drugs - -
(1) ALK Fusions Anaplastic Large-Cell Lymphoma ALK Positive Crizotinib
© ALK Fusions Non-Small Cell Lung Cancer Alectinib
ALK Fusions Non-Small Cell Lung Cancer Brigatinib “e— N —
2 ALKBLEFERBICEIZIET O A0—ENERR
(4] ALK Fusions Non-Small Cell Lung Cancer Ceritinib
—>A90-)b
(1] ALK Fusions Non-Small Cell Lung Cancer Crizotinib
(1) ALK Oncogenic Mutations Non-Small Cell Lung Cancer Lorlatinib
- 0 ALK Fusions Inflammatorv Mvofibroblastic Tumor Briaatinib A
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+ FDA-Recognized Content 1 FDA7¥(D %D%EPWG% EA(L*Hé

ALK Select a cancer type 5 drugs 2 . jJ ’f hj%/}ﬁJq%D%EPWGﬁiﬁB(L*H %
Showing 10 clinical implications (1 gene, 3 cancer types, 2 levels of evidence) Reset filters 3: E;I_DFI_E,JIE_“ Z@D%EPWGﬁiﬁc/D(:*E
(BANHEN ALE, 3BHUBN ALE)

Levely Gene “ Alterations “ Cancer Types “ Drugs

o | ALK Fusions Anaplastic Large-Cell Lymphoma ALK Positive Crizotinib n
ol Ax Fusions Non-Small Cell Lung Cancer Alectinib
o | Ak Fusions Non-Small Cell Lung Cancer Brigatinib
ol Ax Fusions Non-Small Cell Lung Cancer Ceritinib AlterationfAFusions TOTEF> X -
o e Fustons Non-small Cell Lung Cancer crizotinid Crizotinib, Alectinib, Brigatinib, Ceritinib,
o [ ALK Oncogenic Mutations Non-Small Cell Lung Cancer Lorlatinib | | Lorbtinib(:f)b\-c,fﬂ]b\‘/vjﬁ-@ Level 1/20)155_‘\/1
o | Ak Fusions Inflammatory Myofibroblastic Tumor Brigatinib —EPWGH$ETIIMtENAFELevel A/B
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Standard Care I
FDA-recognized biomarker predictive of response to an
FDA-approved drug in this indication

Standard care biomarker recommended by the NCCN or
other professional guidelines predictive of response to an

FDA-approved drug in this indication

estietions Compelling clinical evidence supports the biomarker as
T being predictive of response to a drug in this indication ‘

J 1 : FDAEGRHD—-EPWGHDFEAICHEY
Standard care or investigational biomarker predictive 2 A F?’f/iﬁp"@oﬁEPWGﬁ;EB(J‘E%
of response to an FDA-approved or investigational 3 E;E—[.]%H/\Jlt ZEFJD%EPWG% C/D(Jﬁ

drug in another indication

(BANHEN ALE, 3BHMEN ALE)

Compelling biological evidence supports the biomarker '
as being predictive of response to a drug J

Hypothetical

Standard Care Standard care biomarker predictive of resistance to an
Resistance FDA-approved drug in this indication

Compelling clinical evidence supports the biomarker as
being predictive of resistance to a drug

https://www.oncokb.org/levels
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Sign In / Sign Up

Evidence (IEF>X) .

Genes (GE{=T)

Become an Editor! Variants (JXU7>K)

Help moderate updates to CIViC RE, SETFRIEFEDIBHRNBIER]

Knowledgebase Statistics Total | Weekly Monthly = Yearly

@44

News & Events Live Curation Activity

CIVIC Curation Jamboree & Hackathon 2) ArpadDanos = accepted revision RID46562 to D9521 1 day ago
uly 30th, 20
VeronicaAndric added comment CiD91392 to RID47240 2 days ago
We're excited to announce that CIViC, the Compendium of Cancer Genome Aberrations (CCGA),
and the ClinGen Somatic Cancer Clinical Domain Working Group are co-hosting a cancer variant "/ VeronicaAndric  suggested revision RID47240 to EID8568 2 days ago
interpretation hackathon and curation jamboree on Saturday July 30 (8AM to 5PM) as a pre- 1
meeting of the CGC Annual Meeting 2022 ern ObiGriffith added comment CID91391 to RID40516 3 days ago

Welcome to CIViC 2.0! ) ObiGriffith  accepted revision RID40516 to Y6465 3 days ago

April 9th, 2022
ObiGriffith added comment CID91390 to (@ RID40515 3 days ago

ts://civicdb.ofg/welédnié ]
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Sign In [ Sign Up

Genes £ View Gane e Docs OZD"KNOWLEDGEBASE" 15" Genes " Zi#{R
g::"fd(if;is;:\;::Aeyzegsze‘;:eo\fel summary, a link to the Drug Gene Interation Database, and extensive & View Gene Curation Dacs @ ”N a m eS”(:E{E?% %ljj
QEILFRZI IV

Browse All Genes

Name 9 Aliases Diseases Drugs Count Count @ Count
ALK|
ALK ALK ALK +2 #) Lung Non-small Cell.. +25 @ Crizotinib +18 55 213 2

®

https://civicdb.org/welcome \
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Sign In / Sign Up

—

CIViIClFIET > X,

Description MyGenelnfo

@"Description”t*"MyGnelnfo” (GBI F DM DEC #idrh
® "ALK Variants"T"EML4-ALK"Z1E1R

Summary Protein Domains (10) Pathways (12)

ALK amplifications, fusions and mutations have been shown to be driving events in non-small cell lung

cancer. While crizontinib has demonstrated efficacy in treating the amplification, mutations in ALK

Entrez Symbol: ALK (ID: 238) UniProtKB ID: Q9UM73

have been shown to confer resistance to current tyrosine kinase inhibitors. Second-generation TKl's

Chromosome: 2 Strand: - Start: 2941564(Btop: 30144432
CD246, NBLST3

Concanavalin A-like lectin/glucanase domain, Low-density lipoprotein (LDL)

have seen varied success in treating these resistant cases, and the HSP90 inhibitor 17-AAG has been
shown to be cytostatic in ALK-altered cell lines Aliases:
Protein Domains:

receptor class A repeat, MAM domain, Protein kinase domain, Protein

Sources
kinase, ATP binding site, Protein kinase-like domain, Serine-

PubMed: Rossi et al., 2014, Int. J. Oncol. PubMed: Shaw et al., 2013, J. Clin. Oncol. threonine/tyrosine-protein kinase catalytic domain, Tyrosine-protein

kinase, active site, Tyrosine-protein kinase, catalytic domain, Tyr...

Aliases ALK ALK1 CD246 NBLST3

Differentiation Pathway, Non-small cell lung cancer - Homo sapiens
(human), HIV Infection, Host Interactions of HIV factors, Cell Cycle,

Pathways:

Resources & DGIdb @ ProteinPaint
Disease, Interactions of Rev with host cellular proteins, Nuclear import of
Rev protein, Infectious disease, Deposition of new CENPA-containing

nucleosomes at the centromere, Chromosome Maintenance, Nucl..

ALK Variants Filter Order By: Variant Name Show: Variants with accepted and/or submitted evidence

®

D ALK FUSION D ALK Fusion F1245C

D ALK Fusion G1202R

D ALK Fusion G1269A

D ALK Fusion 11171

D CAD:ALK D CLTC::ALK
D EML4::ALK G1202R and L1198F

D EML4::ALK L1196M and L1198F

D EML

D EML4::ALK G1202del

D EML4::ALK L1198F

LK D EML4:ALK V1180L

D EML4::ALK G1269A

D EML4::ALK S1206Y

D EML4::ALK C1156Y

D EML4:ALK 111718

D EML4::ALK T1151INST

D EML4:ALK C1156Y-L1198F

D ALK Fusion L1196M
D EML4:ALK G1
D EML4:ALK L1152R

» EML4::ALK and Amplification

D ALK-KANK4

D Alternative Transcript (ATI)

202R and L1196M

D EML4::ALK L1196M

D EML4::ALK e2-e20

D EML4::ALK e20-e20 D EML4::ALK e6-e19 G1269A and Amplification D EML4:ALK e6-20 D EML6::ALK e1-e20 and FBXO11::ALK e1-e20 B Exon 4-11 Deletion D Expression

DF1174C DF1174L D F1174v D F1245C D F1245v D Fusion D G1128A D HIP1:ALK 11171N L JRRVARS DL1152P PL1196Q DL1198F bL1198P

D Mutation P NPM::ALK D Overexpression PR1192P

https://civicdb.org/welcome
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T—AN—-AERERKG : CIVIC

HlEL T BFARIRD A TOALKRE S BIL FICBI I BRRRL AN TOBEIR FRIIEST VA2 1R%R TS
CIVICEIET VR, EimF. /\U7> MBI 3IEERN IR (CFEDSNTEDEBRATHD

CilviC

CLINICAL INTERPRETATION OF
VARIANTS 1N CANCER

Variants | ALK ALK Jm

D EML4::ALK

®

ur 7 r ® Flag ®E

Description

The EML4-ALK fusion variant 1 consisting of ALK kinase domain (exons 20-29) fused to EML4 exons
1-13 is the most common EML4-ALK variant, and was discovered in non-small cell lung cancer.
Multiple EML4 breakpoint shave been described with differential sensitivity to inhibitors with variant 1
showing greater sensitivity than 3a in cell lines. EML4-ALK is crizotinib sensitive; however, several
mutations that confer resistance mutations have been described in case studies. In the only clinical
trial for crizotinib that included determination of EML4-ALK variant type in a subset of its participants,
a very high response rate was observed, although the numbers were insufficient to validate correlation
of variant type to outcome. Preclinical studies with this variant have indicated sensitivity to Hsp90
inhibitors.

Sources
Aliases EML4-ALK
Variant Type D Transcript Fusion

HGVS Description

EML4::ALK Evidence

EID Disease Drugs
®) Lung Non-small Cell... @® Crizotinib
EID12 ®) Lung Non-small Cell... @®) Crizotinib
@) Colorectal Cancer ® Nivolumab
EID *) Lung Acinar Adenocarcinoma ®) Erlotinib

https://civicdb.org/welcome
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Allele Registry ID

ClinVar ID

Representative Variant Coordinates

Ref. Build
5' Coordinates
Chr. 2 Start
3' Coordinates

Chr. 2 Start

MyVariantinfo

EML4::ALK Parent

o9 €

CIViC Variant Evidence Score

GRCH37 Ensembl Version
42396490 Stop 42522656  Transcript
29415640 Stop 29446394  Transcript

Not available, provide Representative Variant Coordinates

DIT  DESC EL

([
)

e
o

1
o

1
o

ET ED cs
(o) [4] L 4
® [¢] L 4
® ) S
® (¢ ()

vo

Sign In / Sign Up.
ALK
(-4 00 4
38
75

& ENST00000318522.5

@ ENST00000389048.3

4%
4%
3%

2%

I ®"EML4-ALK"(CRE 9 %5% %z "Description” CHIE I 6E
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F—HN—AERREEM : CIVIC

FleUT, BIRBRD A TOALKREE B F(CRAT BRERL NI TORENR FRIIEST S AZRZRT D
CIVICIEIET YR, ElxF. /7> MBI 2B IRNMImACFEDSNTHENBATHD

~ SignIn/ Sign Up

Evidence Items

The clinical | evidence statement is a piece o f information t hat has been manua lly curate d from trustal ble
" + > % 2 A
medical literature about a variant or genomic ‘event’ that has implications in cancer predispositi & View Evidence Curation Docs

OEND"KNOWLEDGEBASE"H5”Evidence”"z21R
@"Names"(GE{FR&Z AT

®”ET” (Evidence Type) %LTR
@"Predictive” "R FHIET D XCHESH

o
m
13
(2]

fariant  ~ © Disease

DF1174L *) N 9 Criz =

ALK PF1174L %) Neuroblast: $) Crizotinib = @

ALK ) Fusion © Lung N Il Cell $ Crizotinib E

ALK PR1275Q %) Neuroblastoma = ED

ALK D Fusion ®) Lung Non-small Cell... ® Ceritinib =

u ®) Lui on-small Cell.. = ‘

Predictive
Prognostic
Diagnostic

Predisposing
Oncogenic

Functional

https://civicdb.org/welcome
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F—AIN—-AEREEN : CIVIC

BHleLT. BFARIRDI A TOALKRE S B FICBI I BERIRL AN TOBEIR FRIIEST A2 1R%R TS
CIVICIFIET >R, EIxF. /U7 NI T 3B ImMNImRICEXEDSNTEDBERTHD

Signn / Sign Up

Evidence Items o S ®"CS” (Clinical Significance) #i%iR

The clinical evidence statement is iece of information that has been manually curated from trustable

® Assertion
T a - - - — e
D Evidence medical literature about a variant or genomic ‘event’ that has implications in cancer predispositi @ View Evidence Curation Docs @” Se nSItIVIty/ Respo n Se ”D‘\!Eu?\,f‘i"l’l‘gzjr_g

 IAEUENICHE | Browse

arian isease Drugs

D Fusion ®) Lung Non-small Cell. ® Alectinib
on-small Cell... ® Brigatinib

on-small Cell.. ® Lorlatinib

[LTC 1 U 1R TR TR [

Cs VO R
on-small Cell. ® Alectinib
on-small Cell... @®) Ceritinib ‘
lon-small Cell.. @®) Lorlatinib

Predictive *

Sensitivity/Response W
Resistance *
Adverse Response W
Reduced Sensitivity

N/A *

Better Outcome

Poor Outcome

https://civicdb.org/welcome

DHSEEDAOES ) LEITICREAIT DA ERHEESE 152



F—HIN—AERARER : CIVIC

HleLT, EF'JKH%D‘/\J'CO)AL BELTFICEAIIERKRLANINTOREMNRFAIEST D RAZIRER TS
CIVICFIET >R, EfxzF. /\UF /I\h.l%?]@“%)lﬁﬂib‘ miY(CXEDBNTEDEHTHS

¥CIvic

Alterationh*FusionsTOIEFT > :
Crizotinib, Alectinib, Brigatinib, Ceritinib, Lorlatinib(CDU\T
H fhAFETLevel A/B/COIEFT>R
—EPWGH#ET(IMENAFELevel A-DICAHEH
Crizotinib(CDWTHENARE CLevel COIEFT VX
—EPWGHET(FHNMAIELevel CICHEZ
—¥85U. EPWG3ETLevel CICAEE
Evidence ltems & View Evidence Model Docs
ol mtuen st et o e ovat that s brplcatons b con Pt Expare & View Exidence Curation Docs
Browse All Evidence (8,260 total, showing 1 1 filtere
EID Gene Variant Disease Drugs DIT DESC EL ET ED cs Vo R
ALK Thyroid Pradictiv Sensitivit
EID5954 @ ALK D Fusian @ Thyroid Gland Anaplastic... & Crizotinib = G @ 3] L 3%

https://civicdb.org/welcome
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F—IN—REREEM : CIVIC

BHleLT. BFARIRDI A TOALKRE S B FICBI I BERIRL AN TOBEIR FRIIEST A2 1R%R TS
BinF. 72 MBI 2EHRN IR (CEEHSNTEDBRATHS

CIVIiCIFIEFT >R,

Level Name

A Validated
association
B Clinical
evidence
(€ Case study
E Inferential
association

Definition

Proven/consensus
association in
human medicine.

Clinical trial or
other primary
patient data
supports
association.

Individual case
reports from
clinical journals.

In vivo or in vitro
models support
association.

Indirect evidence.

Example and further comments

“AML with mutated NPM1" is a provisional
entity in WHO classification of acute myeloid
leukemia (AML). This mutation should be tested
for in clinical trials and is recommended for
testing in patients with cytogenetically normal
AML. Validated associations are often in
routine clinical practice already or are the
subject of major clinical trial efforts.

BRAF V600E is correlated with poor prognosis
in papillary thyroid cancer in a study of 187
patients with PTC and other thyroid diseases.
The evidence should be supported by
observations in multiple patients. Additional
support from functional data is desirable but
not required.

A single patient with FLT3 over-expression
responded to the FLT3 inhibitor sunitinib. The
study may have involved a large number of
patients, but the statement was supported by
only a single patient. In some cases,
observations from just a handful of patients
(e.g. 2-3) or a single family may also be
considered a case study/report.

Experiments showed that AG1296 is effective
in triggering apoptosis in cells with the FLT3
internal tandem duplication. The study may
have involved some patient data, but support
for this statement was limited to in vivo or in
vitro models (e.g. mouse studies, cell lines,
molecular assays, etc.).

CD33 and CD123 expression were significantly
increased in patients with NPM1 mutation with
FLT3-ITD, indicating these patients may
respond to combined anti-CD33 and anti-
CD123 therapy. The assertion is at least one
step removed from a direct association
between a variant and clinical relevance.

OO m®>

SRS TVS/2> 2B AHD—EPWG A/BEZ
FRAREHERE MBS AIBE TR IF I 57 —FHD—EPWG CIHHY
REBIFREL NIL—EPWG DIHE

: ATERPRLNIL—EPWG EAHZ

https://civic.readthedocs.io/en/latest/model/evidence/level.html
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NAY JAEBT—IN—-R

BERHEBOIHDI )T > b —AN—ZEEGRIIFIRR DI DRI T —HN—R

o NATJLERTE IRINKBERETHREEINITELF/\UT7 Y NCEDE, 6z T 2. TOR. N7 hOFEIREIET VAL ES Z BT BRIR
MEERM T 12175, ERIRFI B R DU ZNERANDIEREATIDIC, INETICHBEN TV SR RZIBIRS LUEFIRICL DFEmEHE (75
217UY) SRUNEE

® TNETICEAPIAFT TSNS TWSIERF/ U7 MORIRMEZERIULT —IR—R L BFNROT1& - ZITOLOBERRN R ERZ . BEO
BIHRENSEUSURBIBULAIGT — IR —AN'DD

® ZDETIF NAT ) LAEFTIENDN DT —IN—ZERGHN—RDOVTBNTI HLLB(C, FIHDEROSERINE - EEINETROVTHTIK
o AETHENIINE :
o RFEMBT—HIX-X : ClinVar, COSMIC
o NAYJLTLRVSNZEFILANEA— : VarSome, CIVIC, OncoKB, JAX CKB, CGI,
® 5 LhT—HDZHRIEEHARTOERDEH
® T—AN—-X : MGeND, jMorp, TogoVar
® F—H3IVIIJIONT



ClinVar

ClinVar(&. ¥/ AEBETHFNCLFIAIN TOWSERER/NUT Y M —IN-ZTHD

ClinVar (&, BBRIICEERYS ) LINIT N —AR-ZELT,
HRNCAFIBEINTVWST —IR—R,, KEE S EEMRTFR

(NIH) O, ExZzEYTEIEHRE>S— (NCBI) EENMEFE
Z6E (NLM) ([CLhEEXNTULS,

EBARBEAEATINEGCEENEARORN, IRTEFGZHF
YR BB BN ZIEA TIELIRBDITRIC. AT
BRBSHENISILT 52T TVS

HNAYT ) LAERET(E. KEERECH DA R EEDREIR
(SSERINZTENZL

IREENTWVD/NU7 > NI BRI TCH VT,

Pathogenic (JRIR4HD) °Benign (BEM4) RED

[ERARHEER IMISENTVS, AT ILERRICBVTIE.

American College of Medical Genetics and Genomics
(ACMG) / Association of Molecular Pathology (AMP) (C

LBHARIA 2 TOREBZZRELLTUVBN. IEXTILERIERERICE

LTHE - -Z-X(CEDRTLRIROBEAZEH TS (K)

DHSEEDAOES ) LEITICREAIT DA ERHEESE

ClinVvar

(https://www.ncbi.nlm.nih.gov/clinvar/)

ClinVar CinVar

FCTCATCOTATGOCGCCAAGAGATATATCT
AGGTACGGCTGTCATCACTTAGACCTCAC

AGGGCTGGOCATAARAGTCAGGGCAGAGE e soprogotes
CATGGTCCATCTGACTCCTCAGGAGAAGT
CAGGTTGGTATCAAGGTTACAAGACAGGT
GCACTGACTCTCTCTGCCTATTCGTCTAT

information about genomic variation and its relationship
o human heaith.

Clinical Significance

FFETRSN BERARAVAEIR

Benign

Likely benign

Likely pathogenic

Pathogenic

Uncertain significance

X7 )VBTIRICBINS/\) 7> MU TACMG/AMP TS EN 2 A8

Benign -+ F&IRMERL

Likely benign -+ RIRMERLOBIREMEN S L

Likely pathogenic --- J&REHDORIEEEN L)

Pathogenic --- &R 4HD

Uncertain significance --- f#fRABE (LEEEOWVITNICEREETERNOIZBD)

drug response

REBICFFFE TRV, ERISE(CFETS/\UT7 b

association GWASHAFTIRETHEIESN, ERRBVBERIRN RSN/ \U7 >~
risk factor IREBOERTERON, ZOFRIEUAVZEHD/\VT7> N
protective RE (RPEZSD) OURYZERRT 2L\ b
Affects FLIEARMPED L SRR BASMDRIRBL(CHHNDSD/ 7> b
other LEA-ACEIZEDNRVT N

(https://www.ncbi.nlm.nih.gov/clinvar/docs/clinsig/ &D#k#%)
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ClinVar

ClinVar©OE &7 —5IDEZDIBEIC DV TOERAE FEC D@D

RREEISEIREN)\U7> M —4(C(F, [Submitted record in
ClinVar] £LYS SCV accession number HEIDH TSN TLD,
BU/NU7> MR/ RIRBEL DA ED (L. OEDDIReference
ClinVar record JEUTE#IEN. RCV accession number HEINZ
THN3, Fle. RCVIIN =232z 1> TLV3. E89aN3/\U7> hD
BN EFTENDE HIN-23> (“RyRBIBEOET) MEEINS

WebR—SDIRFFEREL TRRSND/ V7> MEHR (L. B—D/\U7>

VCV acccession number HEINHTEND, CCT. IZ—JRREEEL
Bl FEL TR/ bty MU TEIDHE TSN Variation IDA
3. VCV accession numberld. COVariation IDEEEFT 9 #7(C
RBISEASTNB0CIOTERRENTWLD

Variation ID(F. #ENTOEEAKRD/N\TOS1TRE, EEO/\UT7>~
ZEFBRUAZ TR N SN TLBIZA(C. NS0T My MIHU
i5EN%. —7. @42 07> MU TR, Allele IDEVLSEDH

5Ens

ClinVarC3& T -2 EE M BE ORARMNEERMS 12U THD. 2
L—23>AFEPAVRIET D ADEVEICLS T, B—0)\W7> NI
UTIER DR RBZFFIRNETREINZ LN BB . EUIBKR I 282 RNV E TR
SNELTH. ClinVarc—ADH A I BRLFEL TV, [B—
JNUT7> NI 288 R(%. RT3 Review status PE&FRENC
FEFROMBHEDRIISUTEHNLTENTWLS

NCERIENIZED. CNIEMNVariation ClinVar record JEUTRIAEN. 45z w5 os [
ClinVar

ID{F3%

Submitted record in

Variant/Condition TEH
Reference ClinVar record

SCv0000000010

N7k ELTERN

Variation ClinVar record

VCV000052910

BRCA2:¢c.9875 C>T

RCV000077478.9

|

BRCA2:¢.9875 C>T
Breast-ovarian cancer,
familial 2

SCVvV0000000020

RCV000195340.10

BRCA2:¢.9875 C>T
Hereditary breast and

ovarian cancer syndrome

SCVvV0000000030

BRCA2:¢.9875 C>T
Breast-ovarian cancer,
familial 2
Submitter: FFZEFRA

BRCA2:¢.9875 C>T

familial 2

I

Breast-ovarian cancer,

Submitter: F2EFR B

BRCA2:¢.9875 C>T
Hereditary breast and
ovarian cancer syndrome

fR%EFT B

I

}

L%‘ Submitter A

Variation ID&AIllele ID

a

5

JI7> My beLTOI> N

54

a

Submitter B

NM_000140.3(FECH):c.[1224T>A;1225C>T;1231T>G]
Variation ID: 561 (=VCV000000561)
Description: Haplotype

1

Variation 1D:242755
Description: SNV
Allele ID: 38381

NM_000140.3(FECH):c.1224T>A

NM_000140.3(FECH):c.1225C>T
Variation ID: 242756
Description: SNV

Allele ID: 38382

|
NM_000140.3(FECH):c.1231T>G

Variation ID: 242821
Description: SNV
Allele ID: 15600

DHSEEDAOES ) LEITICREAIT DA ERHEESE

158



ClinVar

ClinVar Review Status :

IB¥ROEFEE

ClinVarT(@&/\U7> MU, £k OECL D5 ELE1—%
F5LTVWS. I-T—(FZOLE1—-(CLO T, [BIROERE G ZEHE IS
ZENTED

JNU7 > NOEFRCHWVT, BERNRBREER M ZHIE T BHDEERY
TNzRr9IXE (Assertion criteria) hMFTE5ENTVWBRIEEI(C(F

SN DM B3 TRVGEE. 23TH R0, EEOREEHISEID
BE (FR{T) TINUT7D M EERENTBE(C(E. EH2D1<

—F . BEOEFN G OIEUTEFIRNER>TLBIHE(E. £2(F1D(Ch3

NIHI(C(E., B DEEBRIEDEFIR(CELDF 1L —23> D5 EDER D
HEREZFZ1TO ClinGen (https://clinicalgenome.org/) &LV5
WZFR 0> 1) MBS, ClinVaréClinGenEDRIIC(E. 13 734AFHIH
HBEINTHD., ClinVarILY NS U T, ClinGenlcZBdH5NE&IER
TEIHDEPIRICEDF 1L —SaonEheEN 2L 3IDENMTHEIN S,
Ffz. ACMGOISBHA RSAUICEEIL. ClinGen®dSteering
Committeelc kDL E1— - AEEBEN/NUT7 O N E4OMF 58N 3

2D |BIK
* % % % |Practice guideline HARIADTREEINGS
. BIREBRIFEDOEPIFKI ) —TCLOT
% % % ¥¢r |Reviewed by expert panel BRIRASATE SN 2 E
% % 4 v | Criteria provided, multiple BHORMENSE—OFRIRIIET >R E
submitters, no confilicts BhETEFINTVRIES
Criteria provided, conflicting |IET > ANRHESN TV SHE—DIRHEDH
* ¥¢ ¥ ¥r |interpretations OR single (CLBEEFRELIIERR MR E R TR LT
submitter WdimE
. . . el “ =B ;j\: \7-\ \ i
S o 4o o No assertion (criteria) ﬁﬁr%Rb ’ftEnTUORL, BUKIE, BED

provided

ET > AMREENTORVGE



https://clinicalgenome.org/

Clhinvar

ClinVarcotezs

ClinVarT(d, byIR=IN5, EaFH, HGVSICKD/NUPYRKRIR, 7/ BEEEETS TRILINDIV/\IEDZAL,
AEMAMIE, EKERG/RRE, BiFER, SVC/RCV/VCV7Ityia ES 2F+—T—REUARZEN BT EE

FIHEENBOEE. ClinVarll &SN TWSIRTOFT —YEBZXWRICF—D— RORFRZITI. T RFBR-R (IVN) (3.
BRFAUETY - FeNTRRENDOH. IBECLOTIEHMNEERD TS MMRERER _EAICIAIEN' D

RBEF—T—REAR-ZATEFHNICXTISNTUFEIH. XF5Z2— DRIV —XELUTHBELWEEE.
AINWIA-=T—23> (") THATIRRZITS
REBL/RIFBAIBETEUARRZITIICE, "breast cancer”[dis] DL, [dis] ZARRF—T— RIHEEEITBETIRENTEDE (R)

EHOF—U - MeHAED B URRZITIHA.
imiEEE T ANDITORITNOTIZRWSIEN TED,
F-0-F b5 FRZRA

ImE/RIFE [dis] “breast cancer” [dis]

AND OR NOT
BinF4 [gene] BRAF[gene]

AEARAIE [chr] AND 7[chr] AND 140753336 [chrpos]
[chrpos][chrpos37] 17[chr] AND 43000000:44000000[chrpos37]

X [chrpos37]: GRCh37 X EEFEIETEN: ITITD
A AND B A ORB A NOT B X [chrpos]: GRCh38

(https://www.ncbi.nlm.nih.gov/clinvar/docs/help/ &b—EBik#R)
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ClinVar

A5 0—-RF—=ADERICDOVTOEEZE S22

® ClinvVar®T—4(%. TSV-XML-VCFEZXTHY>0— Ry A M BEUSTIEE,
XMLBLUITXYINT —4TlE. IRTO/ 7> My MdHRELTWD, — . IRTE
VCFRZRIC(E, /N7 > RORRRE - #2IEDY ) MIEH AR T > MOHEITZREL TS

v XMLF—4% : VCVI>RNICECEEHSNTLVBVariationty b
(ClinVarVariationRelease_**.xml.gz) &RCVZEISEEHNFTESHSNTNS
) yhk (ClinvVarFullRelease_**.xml.gz) ZFHIBENTES

v HTREDT—4 : kL BERTEEOSNIET —4%ZF I 3ENRIEE,
variant_summary.txt (&/\U7> MeEh(CENETNTET -5,
gene_specific_summaryTld. Bz FIEDT—FEEFEE Pathogenic HLL(E
Likely pathogenic EREESNT AlleleDERENFESHSN TS

v VCF7—% : BHOFERCHEVWEIT VR THD. F5(C. JRALBNSSNpEff®
VEPREDT JT—23>Y =) TEHIATBIENTES

® ClinVarmA7>0—RuA NlE. o/ \U7> b —AB9MNE, IREBLICRET S
EERITAIINOT-FEIET TV —MRE 8R4 BRIFAIHHBIN TS, ClinGen®
TALINIICE, 3D2LE1—%B2B0F1L—2a (B3 RF 1A MNENMEIMNMTLD

o U7 N—A3EA - BAEHIND. XMLOBBEOW)—X(E7—H1TENZ0,
CCCGEENMEROG., BERNEERN’IEINIGEEHD L, EOT—IN-R%
BRI IIZEERERICN. FRAIZT-—IDV)-AB%ZBHEE I RLITEE

A9>0-kR9A b
(https://ftp.ncbi.nlm.nih.gov/pub/clinvar/)

Index of /pub/clinvar

Name Last modified Size

Parent Directory -

ClinGen/ 2018-12-14 @9:17
document_archives/ 2014-04-24 ©8:19
presentations/ 2021-06-23 17:39
release notes/ 2022-06-20 08:44

submission_examples/ 2020-08-03 13:46
submission_templates/ 2022-03-15 14:32

tab delimited/ 2022-06-26 ©9:05

| temp/ | 2021-11-03 15:14
vct_GRCh37/ 2022-06-26 01:00
vct_GRCh3&/ 2022-06-26 01:00
xml/ 2022-06-26 01:06

[Xsd_public/ ] 2022-06-20 08:44
xsd_submission/ 2020-05-22 13:21 -
ConceptID_history.txt 2022-06-28 10:14 1.1M
README . txt 2022-03-15 14:28 43K
README_VCF.txt 2017-11-14 @7:47 7.0K
clinvar_public.xsd 2022-04-25 15:39 77K
clinvar_submission.xsd 2020-05-22 13:21 124K
disease_names 2022-06-28 10:15 4.2M

gene_condition_source id 2022-06-28 10:25 1.1M
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COSMIC

COSMICIE. RAREL D ASHRREZE

® COSMIC (Catalogue Of Somatic Mutations In Cancer) (&. 32FE Wellcome Trust

BT —AN—ATHdD

SangerfffFtFINEE 3. I A(CBI I AR Z EIGERZEHIUIL . KFIET —IN—XTHD.
ClinVar&EARIC, HFRMICAKESIREN TS, SEHETTTBCOSMICT —IN—R &, ke
R RS DOHFEN T — %7 EXIUTZCell Lines project h', COSMICOIEER)Y —RREROTULVD

o HNAICEEIZELFOLMAMREZR(CDOVT, BIEBI(T iz TEDBVERENHZDN (R
ZENMNDH) ZHERTERLEBIC. PR Signaturebhy0J{EEN TS

® COSMICT—AN—-RIE. E(CUTFD2D20FT IS8R SN TL\D,

COSMIC (https://cancer.sanger.ac.uk/cosmic)

p COSMIC &

v High Precision Data : EFIRN B0 mXHS5FETFaL—>3> UL

)T heyh, @ id. &ihd 3, HNABEEGFHY0% Cancer Gene Census ZEXISRIC.
PubMedh'5i&ZRL. AXHLLIE Supplementary material (CEE&sNn2dHY>TILE

)72 hDT 5% LTS, Negative BT (BEN/RVWE>T)L) 1BERBUREL THD.
[EMERSEE [BiRa R I BIENTED

Genome-wide Screen Data : XiFRIELRY LR - (BT DIREMIIHS
7yvI0—RENEEDI, TCGAVRICGCREDMDT —AN—ZANSEELEEDESDT —FTvh,
Cancer Gene CensuslcPR5Y . 7 AR AZHFEL TLBIENS, IREBDRODRL
DFITOTFAIIDEIEE, Fle. NUT7> M RUVIBGF 2R  AREE I A2EN T]BETHO.
B IR RSAN-BITFORREIFNTES
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COSMIC

COSMIC Cancer Gene Census

® Cancer Gene Census (CGC) (3. COSMICTEZENS. PALORREFEN tEREN TS o
EEEFOBILFONIOI DL, CZTOERR FILWIET VAN TERLECEHEINZENT HEENDFZE(CRITSIET >R
B, BIETEFRVCESERNRE., UANYTENZELFE 22071 =T (Tier) [C53135N3,

o [FENAHEENICEASUTVWSIEZRITIET VAN GDN ] & [XERF1L—23> TSN TLS

HHRZEZEDN\I-NMFIEITIN | D28 B AL, T -TERESND . HERERRTE Z R AT
EBBNSEENRIET > AMESNTVBIBEDH Tierl |EUTEREIND. —F . NADRTA /(- A
EUTHBINRZEE) S - 2F0N HEEN (IO IAN TORVLER TP, MAADESIIOVT o Tier1 Tier?
HEERRIRENINTOSH AHIRACHITDEENFIBASN TORBVEE TS, [Tier2J(C 3
NEEEINS (X) Eﬂ%
® CGCTIlE. ZENZHSTV\SMMHAEFE (somatic/germline) REDIBIRICHIZ. KACHIFS M
%% (Oncogene/TSG (Tumor Suppressor Gene) /Fusion) DEHRBTSINTULS ﬁ
2 Tier2 hon
R CGC

(Sondka, Z. et al., Nat Rev Cancer 18, 696-705 (2018) Figure 2&05|F)
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COSMIC

COSMICT{ENNARIDICDWTERRET 2

Mutation somatic status : ZENERESNISHRRICEET 318H. [ Confirmed
Somaticl(d. B—ELACKU. EFEHRE T UILEFRRZEEY > TILTUIVICHRIEN
R TERINUT> ML, [Previously Reported |3, AFBHIERE ZLIILOIEHR(E
IREINTOLRVN, BUUT> MIBIBEDIEE-EEY > TILRT Tl Confirmed
SomaticllCB>TUVWBIBEICfFT5aEN 3, [Variant of unknown originlidT—%4
V—ACETEMRR Y L IVICBET BEC &N, HIBITREN TERVGEIf T 5N EER

Mutation ID : 20198 ®MDv.90UJ—XLLfE. COSVHISI5EBIDA Genomic
Mutation ID (U TEREN TS, COSVIE, &'/ A LOEEAROEENRMEEZRY
7 ) WZERHBF T U -ADERZ/N -3 THEBIRIEERID, Ffz. COIDIE.
E337t>71) (GRCh37,.GRCh38) RITERIU. AU>0—-RF—41C(d. CNET
BN TLVZCOSM/COSNNSIAEBID (Legacy Mutation Identifier) 6
SLESNTLVS, COSMIZ Coding regionDZ (X9 3ID. COSN(E Non-coding
ZRE(WF3ID (K)

Sample ID : ZENRDHoicY > TINUCKITRIZ-IRIDDILE, smXEHE(C,
ZENMEEINH>T)VICE Sample name hMI5aN 3, CO&RIL. mXRED
¥4 RIBIRENSEUSEN SN, Z<XDIHBE(. Mgtk BRI THIETD

YO IINZHIIEE . KE(ICEUNESMARBERIZEE. BU Sample name (LT
E#nSample IDHMIEEN3

Study ID : 7=t BRBAFT - 5w U. Study IDMFTHEN TV, Y2 H—

HRFPRICEDERENIZIAFTPICGC/TCGANSA > ik— heENTZIZE(CFCOSUNS
1 FBIDM WX (Publication) (CXfULTECOSPHSIREBIDMISEINTWS

BRAF COSV56056643
GRCh37, 7:140453136..140453136 | =
GRCh38, 7:140753336..140753336 | ‘mic/variant-undatos 051/

Mutation on the GRCh37

Legacy Identifier: COSM476

Alternative Mutation ID: 20234794
Canonical Transcript: ENST00000288502.6
CDS Mutation: c.1799T>A

AA Mutation: p.V600E

\ 4

Mutation on the GRCh38

Legacy Identifier: COSM476

Alternative Mutation ID: 150563774
Canonical Transcript: ENST00000646891.1
CDS Mutation: c.1799T>A

AA Mutation: p.V600E

\ 4

Legacy Identifier: COSM476

Alternative Mutation ID: 88803061
Alternative Transcript: ENST00000288602.11
CDS Mutation: c.1919T>A

AA Mutation: p.V640E
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COSMIC

COSMIC WebJ 35U TR EBILFICTERL BY )7—23 BN S

® COSMICTIF. NWIR-Zh5, BInF%, B, PAY1T, HGVSICLZER

BIEFR— (e.g. BRAF)
IC
e v |

b COM

'O Somes

Mt

Projects ¥

B Tissue distribution

e

o I Co

is now available featuring a Focus on Head and Neck Cancer

GRCh37 - COSMIC v96

le\t gé
sCE, Sample IDRETOIRZRD

JNU7> REEHIR—2 (e.g. BRAF p.V600E )

Mutation
COSV56056643

Overview

GRCh37 - COSMIC v96

This section shows a general overview of the selected mutation. It describes the source of the mutation |.e gene name/sample name/tissue name with

unique ID, and also shows the mutation syntax at the amino acid and nucleotide sequence level. You can see more information on our help pa

Genomic Mutation ID @ COSVS6056643
Gene view Pothways affected Legacy Identifier © COSM476
The gene view histogram s 3 graphical view of mutations across BRAF. These mutations are displayed af the amina acld level across the ful length of Gene name BRAE
the gene by default. Restrict the view to a region of the gene by dragging across the histogram to highlight the n = .
in the filters panel to the left Overview AA mutation .VGO0E (Substitution - Missense, position 600, V-E)

TR R BECIRERC2EREC NERE 2EET

w01z

This section gives an overview of BRAF, akng with links to any related dats and resources.

€DS mutation

€.1799T>A (Substitution, position 1799, T=A)

@ Censusgene 5 Curated gene  amb Mousegene () Hallmark gens "
m COSMIC gene BRAF (COSG2) Nociotices asites
Genomic coordinates 7.140434279,, 140624564 (negative strand) Genomic coordinates GRCh37, 7:140453136..140453136, view Ensernbl contig #
St Synonyms BRAF1, CCDSS863.1, P150S6, ENSGOOO0D157764.8, NM_004333.4, NP_004324.2 PR NP 00432427
= COSMIC-3D There are 94 structures for BRAF. View them in COSMIC-3D. HomoloGene %, view the multiple sequence alignment %
Search Ever confirmed somatic? Yes
— v BEENEDGBUVREESNTVINERTED
. BZTED £=2INnT BT e
] ' Remark
5 e mEEn o T “" "7\

Filters ] | oun - Recurrent
T P = e Drug resistance Resistance has been observed for the following drugs in samples curated with this mutation (or the DNA variant at the
Range snom inge neses 07 same genomic location on an altemative transcript, overlapping gene or fusion, which shares a COSM id) © , Note
o @ I | I e s e that the same resistance pattern may not apply to ail samples. For more details, look at the Samples section.
—— ot 58053 unique samples with mutations V . " / Cetuximab, Imatinio
Coordinate system | RS TR ariants Alternative 1ds ©

s Sequences You can see various sequences for this gene:
& Amino-acid 09 1 CDNA (ENSTDO00D0288602.6) I

R i (BRAF) Mutations ‘ Fusions ‘ | CNV & Expression ‘ | Methylat! . R
T fq HEn i protein. sbaned (ENST00000288602.6+6%) _| E i Tissue distribution

y foers L ; 5 =T
e | | ‘ ‘ Gene fusions  BRAF is involved in 17 fusions, with the folowing genes:  THis tab displays a table of mutations for the selected gene. You can see more information in our help_pages. This section displays the distribution of mutated samples and tissue types (top S). You can see more information on our help. pages.
e

|

KIAA1S43_ENSTO0D00242365 (613 mutations in 1395 sa
AMI318 (6 mutations In 107 samples)
D1 (6 mutations In 11 semples)

Show [10 ~|entries

Export: (23 (3 search:

Tssue

Tissue Distribution

n Position (AA) Mutation (CDS) Mutation (Amino Acid acy Mutation ID @ Count o Mutation Type _
il TAIM24 (1 mutation in 549 sampies)
=t CLONG (1 mutation in 96 samples) 600 €.1799T>A R.V600E - €OSMa76 29749 Substitution - Missense ) _
[restr— GNALL (1 mutation in 96 sampies) 1
e el el —N KRNI (1 mutation in 96 samles) 600 c? R.VE00E COSM1131 22981 Substitution - Missense
‘/ BRAF {K?éE(ijL/ to) i:E(L_ :&:;(:?:::D‘:‘.",JZ:::;‘) 600 €.1798 1799delinsAA  p.VE0OK COSM473 749 Substitution - Missense s —
\ - ~ = HERPUDI 00300302 <: mu:im m:; mm«:«]: 600 c? P.VE00X COSM26434 527 Substitution - Missense . -
= mutation i 11 samples
t@(bb\/ \§®$& b @573\6&:!&.\( 35 APl o) 600 % R.V600K COSM26487 492 Substitution - Missense .
DL (1 mutation in 2 samles) —
‘/ ~ 9—9— j - iﬁk&¥/\ 7—\ ?nu{/ﬁ \‘E-I'l—\b (1 mutation In 1 sample) 601 €.1801A>G p.KE0LE COSM478 166 Substitution - Missense . | | il LI |
/r/ 7 T{ (L.'I?L\ '%5 dto) A~ b HE iy | 24 c.1781A>G p.D594G COSMa67 139 Substitution - Missense CT iR e y
— ” 600 .17 17 linsA R VE00R COosM474 113 Substitution - Missense
s sensiiey dote © for BRAP 601 c? RKE01E COSM13982 94 Substitution - Missense
S, oS e N — - = 3,9 600 .1759 1B00delinsAA  p.VEDOE €OSM475 92 Substitution - Mi fl'l %ﬁﬁgu Zr ﬁﬁ 7z ﬁ
/ CGCH, F1L—3aV2ENTWINE, BIEFICREIBT7/)T-33> LI i | v HHEBIOZRONT®, ZREFID
Showing 1 to 10 of 215 entries First Previous 1 2 3 4 5 22 Next Last &
N ps YO INOERIHRTES
BAIEG F CORENHNEBF OB FICOVTOTE
\/ M4+ 2 R (CBIE I 2 EF B LU R FERCHOUBDOE L FIBIRE
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COSMIC

COSMICT 9@99/[' F(Lme_Cd)/I%\,m nﬂ?

COSMICT —%(d. 7HTwIRRE I - Y-S, ERTHRITIILNTES.
ZOMSFL T QIAGENERAS( >R (B1f8) THIHPIEE

A2 0-R7—AEEC ATRETDOT=F (TSV) cLTREHENTVS
v" High Precision : CosmicCompleteTargetedScreensMutantExport.tsv.gz
v Genome-wide screen : CosmicGenomeScreensMutantExport.tsv.gz
v ETOZEE : CosmicMutantExport.tsv.gz

EZI7AIIOETOEHREZSI>O0—-RIB2EHTEEZND. COSMICICEMNENTWST—4(F
iR (v.96 7—4T, IZ-713)WU7>h (COSV ID) #4(d. 23,399,170) . ZDA.
BHEDEIGF - YT - MAREICR Y TAI > O—RIBTEETEE. Fle. ANX RIA>ZFANT
Hy g_éc_t{:)__[ﬁb

COSMICT(d, ZEF—9DAh, SV. CNVOT -4, TCGAH®DGene expression &
AFINET—FBIRHtENTVS

VCFEERTE coding. non-coding BICT—hftaNTL\d, T VCFE T,
HIXYIOT —HEREIRRDEE S (3'shifted) NzVCFE. VCFZ# (5'shifted) (C
ZEURIFFEIN -3 DVCED, 2DDIEREN DD DT —HIN—-ZANBESUIT—HE
MEUVTENI2IEaIlE. N\—23o 0B nE

SBRTAARE (34E(C4[D]

DHSEEDAOES ) LEITICREAIT DA ERHEESE

COSMIC 99>0—-RR—-S (—&B)
(https://cancer.sanger.ac.uk/cosmic/download)

COSMIC Complete Mutation Data (Targeted Screens)

A tab separated table of the
complete curated COSMIC
dataset (targeted screens) from
the current release. It includes
all coding point mutations, and
the negative data set.

&

CosmicCompleteT

argetedScreensM

utantExport.tsv.g
z

> File Description

COSMIC Mutation Data (Genome Screens)

A tab separated table of coding
point mutations from genome
wide screens (including whole
exome sequencing).

> File Description

COSMIC Mutation Data

A tab separated ta bl of all
COSMIC coding point mutatiol
foml argeted a dg omeW|d

s from the current
release.

CosmicMutantExp
ort.tsv.gz

Scripted download »

> File Description
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VarSome

VarSomeld. Fa1b—2a>@EN el beniz, FEOPITOVRIEET —IR-XTHD

® ZIHB(E. AARMREIST —IN—XZ2 R TLK
VarSome

® FI (& NAIKFHEUIZT —AR—ZTIFRUVN, 2024F7HKFRT1440 (https://varsome.com/)
F=AY-ZANSEIRZEFIL TS, VarSome Zi8719 3%

® VarSome.comld. /N7 NCRIS 28PI4NEEY 0—/ VUL HET 2L 2 BELE. , | Vuarsome
1S1-T4EEROTOSTIR. I, 305 AU EOANZTTRLRSATHATIAD o
I—H—RSHIUTHED. NUT> MOSE, FRZTR BOBES 2 STRRADUY,
IEFY2EHEL TS

® ZOJOZTIMIINEEINTLST —IN-ZN' VarSome, T 2GA4GHD
A= T585% AA ADSAPHETORHCEDIBRIEN TL\3, NN TS e [ -
JNU7 > ROE R ETHZEL . BEFRL IV > A—TJ1—AhMFE. VarSomeld. S e |
M ANER—ERT )Y —RZBRE, ERTSRRARERN, OV -232(3/E, ... e
T—ANDT7IE A EAPIZTTUTRIBETH DN, TU-T3> D&,
1 7%% ,ﬁ:o) 3}70'& z E_[ﬁg B T TR

® VarSomeT(3, &/WF> NHER—TT, BBMEENZACMG- AMPA RS> R
HOONT7> M$az iU TW%, HIETOANT IR I 3IEiRE. BHEIRIIC o
F—AR=ZRENMSHIHB U TLRH, BIIOIET > ANMESNEISGEICE. NZ17ILT 29 Accessions, 37 Subrmissions __
7)T—232932E60]EE, BRARBIRIET >R (4. ClinVart®Uniprot. MitoMap. e o e e
2L TVarSomel—H —(CEDEEFRENIEXXEARENSESEN TWLS
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VarSome

VarSomeTI3AFFRDI DB IR A TR [CFHER I DTN TED K AP >3yhE2022F6ARRTHELI

e.g. ACMGHA RSACEDIH4E
o V77> RNEHR—ZTld. AMP/ACMGHA RSAICLDDFEEZDIRRLETRD

[BIREFESRTEZ(EN . ClinVartCIVICRE, BAY JLICEHZEER N m——
T—AN-ADERZE —BE THRI DN TED, MER >

A Use a efit from ta sou

} (\IJ 7\/ I\§¥%H/\— :“ (e g KRAS G 1 2 D) o mjlnmmd criteria  Show summary view @) Enable clinical evidence © @)

KRAS:G12D hg38 ~  Search u,(é?élt?/lb“ . W@m@

W varsome Sign in Join

Editions- About- Community News- Demo @1713_@7_1_13*[((,\5 Fanen
chr12-25245350-C-T (RASpGIZD)

—
General Information SNV AMP C| ACMG Classification Hpthogenicity Scores
KRAS(NM_004985.5):c.35G>A Tier | (: Pathogenic n ] Rule Explanation Show failed criteria
(p.Gly12Asp) — & ids
[T @R Using svength 3 pot of length 17 has 39 variants (29 pathogenic variants and 10 uncertain variants), which qualifies
Strong asa dense hot-spot.
Genes Cancer Hotsp ClinVar Pathogenic Expre: Data
. Using st the positi d (phyloP100way = 7.89 is greater than 7.2
KRAS & Samples: 758 *kirty Top: Cells - EBV-transformed I B e e P oy PIVbIC oy /2 et 721
Type: Pancreatic Cancer, Color-- Submissions: 15 Tissues: 54 Strong 5 S R R T e
v ' . GromAD genomes allele count » 2 i less than 5 for AD with good gnomAD genomes coverage = 311
Community Contributions Civic DC Frequencies Gnomad Genomes Using strength 7 pathogenic alternati identified.
- Alternative variant ch A (Gly12Trp)is classified Pathogenic by the VarSome community in article 33 (and confirmed using ACMG).
E 'n*‘Non small Cell Carcinoma ?amp‘gfﬂzgim Cancer. End &780%000331 311 Alternative variant (Gly125er) is classified Pathogenic by the VarSome community in article 32308773 (and confirmed using ACMG).
G, NNOTY ©) e 010 V0! DA COVERag e Sty [T @) Alternative variant A (Gly12Val) is classified Pathogenic by UniProt Variants (and confirmed using ACMG).
» g Strong Alternative variant ch G (Gly12Ala) is classified Pathogenic by the VarSome community (and confirmed using ACMG),
Publications B PMKB ¢BioPortal Structural Browse % I tT/ 2 0) Alternative variant A (Gly12Cys) is classified Pathogenic by the VarSome community (and confirmed using ACMG),
Variant: 1562 Tier | Evidence: 13 Samples: 4482 Alternative variant 3 (Gly12Arg) s classified Pathogenic by the VarSome community (and confirmed using ACMG).
5 i i % }J—C\\ Alternative variant chr12 51C=T (Gly12Ser) s classified Pathogenic by UniProt Variants (and confirmed using ACMG).
Gene: 337 Adenocarcinoma Type: Pancreatic Cancer, Color DE"‘E%H EEDID\ 35 -
s @ Using strength Strong because the VarSome community has classified this variant as Pathogenic, citing 19 articles (35075146, 33917572, 33538228, 32810914,
Transcripts Cancer Samples Summary “onservation Scores Beacon Network Strong 31409810 and 14 more).
NM .5 - amples: Sources: hyloP100: 7.892
Refg()eo?zgisgv?sembl' 12 1S'ierﬁ' i 2 (i UniProt Variantsclassfies tis varant s Pathogenic backed by functional studies (lcquwcsuscrmlrdauon] mentioned in 40 articles (29298116, 2360791¢
3 2 54 and 35 more), and also citing 1 071 articles (30891959, 2 4936796, 249138( 168 and1 066 more), associated with Acute
rss @ myewwd leukem Carcinoma of pancreas, Cerebral arteriovenous malformation and m more.
R Brows DoCM Pathogenic Uniprot Variants Protein Viewer @ Strong ClinVar classifies this variant as Pathogenic. 2 stars (multiple consistent, 32 submissions), backed by functional studies (requires user validation) mentioned in 2 articles
Diseasas: 9 Pathogenic (29298116 and 21079152), and also citing 45 articles (31891627, 31836588, 30936194, 30443000, 25695684 and 40 more), associated with Acute Myeloid
Drugs: 0 Leukemia, Acute Myeloid Leukemia by Fab Classification. Acute Myeloid Leukemia, Adult and 39 more.

253 out of 258 non-VUS missense variants in gene KRAS are pathogenic = 98.1% which is more than threshold of 40.2%, and 270 out of 479 clinically reported
variants in gene KRAS are pathogenic = 56.4% which is more than threshold of 35.2%.

@  Pathogenic computational verdict based on 1f pathogeniic predictions from BayesDel_addAF, DANN, DEOGEN2, EIGEN, FATHMM-MKL. M-CAP. MVP,
ol Supportn IV MutationAssessor, MutationTaster, PrimateAl and SIFT vs 1 benign prediction from LIST-52
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CIViC

CLVIClE. A=T>79CR - A=T>Y—=R12. FAKIET —IN—-XTHD CIViC (https://civicdb.org/welcome)
® CIViC (Clinical Interpretation of Variants in Cancer) (&. Washington University wvc B
School of Medicinelc&DEEEND. B AT —IN—ADIE, VarSome& B4k, : .
1215« FERQTOZIINCEDBEINTWS. L2230 AT 12 OFIRICBEN T, HER :
ERERBVAZIREBHRICAF TE, ZHRRBII1-T( TA-T UTEMINDINE, EDIBR(TE DL
A=T2VICRA=T V=R A=T 54 ARI1ITFT—AN-R

® TERNISHRERDINUT > ME. Evidence statement (BEARAVREDEAEICDOVWTOEEIR) HHdEDIC
BESN3. F1L—3a . HEAMEIEHOEFZR (ARE -BRKRE) (C&BYZ17)F1 -3 TEht
HENBH. PHD> MeVERURREE I ACET, sETESNINAIEE, D17 «(CFaL—57—-ELTSNT3
CET NP NIHITBIET D ADEI BIEZISTR T D ENAIEE, F1L —F—-(CLDIETRENcANE
(E. IT157-(CEDLEI—3N. AR - ZBAINREN D, [BIRONFHICE, RIETH2RDOLEI-HnE

999999

Evidence Level

o [EIRMARIRZSZ 22X IET > X(E. Evidence items (EID) ¢UTEEIN., ENBICEDYR—MEN  [Level Name EH
2)\)7> bOERRBIIEMVZ FEHIZBD(ECIVIC AssertionEUTEIEEN TS, CIVICT(E, IEFT>X Validated | /(7> NEOBBEIENEEFH(C
DB IBE1L—F-DEFEEZ]1~5OEDE T/ I [ Evidence Rating |EWVWSIEBNHS. 1S58 A | coociation| . AEBASNTLS, BU(E,
Eld FIRINE, AIRTH>. RIE5%. BRERCOERERICLHO TRESNS., BRIV U JANISEILCLS
e £ILTUA(CE, A/B/C/D/ENSRBEvidence Level IMF5ENTLS (X) 5 | Clinical | BEOERHEERHTSIIRRS

evidence AN RIS ALY

o FHFHTEERBULESTENTE, APIEBAVTEERCTIER T, T—9tyNE. 2TO BiISEST SR
Ld—RaEhk-BAEDEEHTEHU. Data ReleasesXR—S TSN TV, C |Case study |ERFRAESICIBESIAE 2 DIEBIFRES
Gene/Variants/EvidenceREDIFHREICEWFELHOSNIETSVIERE. ENSIBIRZEWDFELED p | Preclinical | E&pR FOEREELII3in vivo
VCFRZ THEES O] BE, TSVT —AlE. ARSNEIET AL - R D/\U7> MOAFI NS ENTL\D, evidence | &Jcld in VitroDRERNMSISENILED
VCFER T, BT LBEERIED)\UT > MOHNESENTWD A T LABIENT 1L —323>aNT E alg_cfﬁ;?:tt.ﬂ RS89 (CRREAHI B ED

WL MESZSDTSVIERE(E. N7 NI ERDIZEN®DD
SHISEENAODY ) MNENICEET 3 AMB RS 169



CIViC

CIVICTIIERRMIBFIRDI= DR R BRIET O A %R I DENTED
® ~IR—>M Quick Search H'5. n TR JuseR e

= Summary B Commen ) Revisions @ @Flags  ® Event Ccusiors @OPPEDE i PEPOY
N T wp— \ NS E—— £ X — )
E{B I % o &ﬁ% %$_ Ij - F(L*ﬁﬁb\ m] I Hb ° Pripsei ﬂ¥m/\ P4 Description Allele Registry ID & CA126713 CIVIC Variant Evidence Score 375

= EGFR L R EGFR LBSER has long been recognized as a functionally significant mutation in cancer, and is one ClinVar IDs £ 16609 £ 376282 & 376280
ARases: EGFR s e . g .

of the most prevalent single mutations in lung cancer. Best deseribed in non-small cell lung cancer
) EGFR - EGFR-RADS1

AIU—->23yME2022F6 AT H I LICER

(NSCLC), the mutation seems to confer sensitivity to first and second generation TKI's like gefitinib

Gas EGFR Representative Variant Coordinates
= ‘ ‘
Aliases: EGFR-RADS1 and neratinib. NSCLC patients with this mutation treated with TKI's show increased overall and
progression-free survival, as compared to chemotherapy alone. Third generation TKI's are et Bulld GROMIT Ensembl Version 75
o toua

=g Aliases: Lnc-EGFR currently in clinical trials that specifically focus on mutant forms of EGFR, a few of which have
]E{K?E /\°— S shown efflcacy In treating patients that falled to respond to earller generation TK therapies Coordinates

= = CLEC

Eaal >

Alisses: EGFR-5

chr. 7 Stat 55259515 Stop 55269515 Ref Bases T VarBases G
. Sources
(e L] g . EG FR N Transcript < ENSTD0000275493.2

Aliases LEUBS8ARG R5121434568

MyVariantinfo

Variant Type @ Missense Variant
& EGFR

. MyVariant.info ID: chr7:9.56259516T>G ClinVar ID: | & 16609
HGVS Descriptions.

g = e @ dbSNP RSID:  ¢? 15121434568 COSMIC ID (v68): ¢ COSMB224
NC_D00007.13:9.55259515T>G  NM_005228.4:c.2573T>6 SNPEMf Effect: structural_interaction_variant, missense_variant, sequence_feature,
Description MyGeneinfo ENSTO0000275493.2:c.2573T>G  NP_005219.2:p.Leu858Arg upstream_gene_variant
EGFR is widely reconnized fer its importance in cancer, Amplilie 4 mutations have bee Summary  Protein Domains {13} Pathways (194) SNPEff Impact: HIGH, MODERATE, LOW, MODIFIER

ole

' o Evidence

shawn to be driving events in many cancer types. Its

globlastora and bosal-ike braast cancers has spurted many research and drug develapmant Entrez Symbol: EGFR (ID: 1956) UniProtkB ID: POD Evidence T
efforts. Tyrosine kinase inhibitors have shown efficacy in EGFR amplfied tumors, most natably Chromosama: 7 Strand:1  Start: SE08671Mtop: 88324313 L858R Evidence (40 total, showing 30 \ ype
gefitinib and erlotinib. Mutations in EGFR have been shown to confer resistance to these drugs, Aliases: ERBB, ERBB1, HER1, NISBD2, PIGE1, mENA Level
particularly the variant T730M, which has been functionally characterized as a nce marker Protein Domains: Furin-like cystaine-rich domain, Furin-like repeat, Gr factor EID Disease Drugs DESC EL ET ED cs VO R
1or both of thes The lter gensration TF have . receptor cyst domain, Growth factor receptar domain 4,
resistant cases, and targeted sequencing of the EGFR Iocus has become a commen prac Leucine-rich repeat domain, L domaln-like, Protein kinase domein,
) Pratein kinase, ATE binding site, Pratein kinase-like domain, Receptor L- = o TS A . = v sk
= & Erlotin 3
dom: Serine-threonineftyrosine-protein kinase catalytic do. g e e » Ere e L =
. ) - ® = 5 5
Qs Pathways: AghaGBtadintogrin, AndrogonRocaptor, EGFR1, Gasr, Lot ’#\E N % ung Non-small Cell ® afatinib = A @ O v s
PubMed: Yewale et al, 2013, Blomaterials PubMed: Charpidou et al., In Vive Prolactin, RAGE, TNFalpha, IRS-mediate 5, SOS-me AZ >=x X 9&/1_..\ © Lung Non-small Call... & Dacomitinib = B @ O v . 5%
e signalling, Downstream signaling svents of B Cell Recaptor ( _ = =
Signaling by EREBZ, Constitutive Signaling by Ligand-Respansive EGFR (L;(j'a'é ung Non-small Cell... ® Gefitinib Erlotinib 5 8 ® ) v ak
Alsses | [EoFR| [EREB | [crBat| [Erre | [HERT| [WEBDZ | [Fig61 | [mERA Cancer Variants, Signaling by ERBE4, SHC1 events in ERBBZ ... o " S At . 2 - o = —
S._.Eﬁlj OD'IE.E%ED\\ D ung Adenocarcinoma ® Afatini =
esoUrCe: # DG P ProteinPain 7‘l< ® & @
Loz L] (e T B © Lung Adenccarcinoma @ atatinib B @ ' v . 4%
EE =5|:‘;‘ Z“ 35 ung Non-small Cell... ® Gefitinib 8 ® ) v ak
EGFR Variants. tal ( i aye Filter Order By:  Variant Name Show: WVariants with accepted andjor submitted evidence a
— Da280v  (DA7025  (DATSOT  (DA763YTBAINSFQEA (B A7GT_V7 D A850T | | (DABBAT | (B Amplfication | (C7970  (BC7978 | B CT9TY @ La58R Assertions he
» Copy Number Vari YD761Y (D DIFO_NTTIinsG N771insGL | (DD770_N771insGT | (BD7TONT7nsNPG | (B DTFO_NTTinsSVD ) )
AID Gene Variant Disease Drugs Sum AT AD cs CAT) Count
B D770delineGY DE114K D E709A and G719C D E709K B E709 D E709Q BE709_T710-0 734Q D E746G D E746K D E74BY
DE746_A75051P | (DETAE_A750del | (DETAB_S7525A | (B E74B_S752de) 75151 | | (D ET4B_T781delinsA | (D E746_T751delinsvA 868G (D EBBAK I ype Definition
DEGFR:RADS1 (B Ex19delL6S8R (D Exon 16 Overexpression | (B Exon Q19 Deletion | (BExon 20 insertion | (B Exon 4 Deletion | (B Expression | (B Fa0ai ® ai0s @ EGFR

G7190 D G718S D 67245 B G810S D Gain-of-function

Eﬁ)ﬁ B Fa0av D GaBSE D GaBsR D G485V B G598Y D GEIR

DHTFINT74ingH | (DMTTIVTT4INsNPH  (DI462K  (D4EZR  (B1491K
éntb\é D K745_E7asdelELRE | (DK757R | (DK8OGE | (BL718Q | (BL71BV
7,3_ — BL747_S752del  (DL747_S752delinsQ  (BL747_T?E1dellREAT (B L747,
\E DLo61 | (DLB61Q | (DLBEIR  (BDM7G6Q | (DM7GE_A767inshl | () M7GH

e Predictive [J&FNRCIDERDFZEICEITDIIET VR

e Prognostic EF BrEELEFICHIIEEDTECREHIZIET VR
L BN771delinsVH (D N8265 DlagnOStIC 52[*5(2;‘13_523&@5}%(;Bﬁ@'élt?/x
VAN I sovscEnOZERERTRETEE [ oo aten Predisposing | A 7BHIFIZ RORRIECEITBIET >

EGFR Variants 3 Tota Filter: | L858 | Oncogenic iR taﬁéb\(:g@jﬁltjﬁ/z
Functional | ZRE(CLBBECFEYIOMEERLEEICEIZIET VR
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OncoKB(&. ERBNBINIVIEIERNFIABIEER. AHIIRNADKIET —IN—-XTHD

OncoKB (Precision Oncology Knowledge Base) (&. KEMemorial Sloan
Kettering Cancer Center (MSK) (C&DEREINDRNGET —IR—R, AR/ NT> MK
DRZELZDERARNBRBRECOVTENILTVS, FISTFDAFEERENIENAIIZ NS —ITIOR
RETHD. MSK-IMPACTICEDIESNTIZAATTRRED. OncOKBTIEAREIN TS, 20224
IR AR/ NV > besigRELTVWDN, S1&. E5EHRE/ \U7 > NMCEHLsRZETEIL TULD

IREENTWD/NU7> bDF 1L —23>(F, MSKO R B BIBZEFIE I SERKEE - FRIRIAT &

DEEEOT. F1L—9—-([CLOTX AV TEMEN TS, &V MIEENR IO F1RIER.

EMFHRHEERELEDEURGIEN. BELOEERZ4DOLANTHFEL TS,

® Levell: FDAFGRE(IXI I B/ A AV—D—ELTERHEN TV T~

® |evel2: BEBRICEVWVT/ AAY-H—ELTRVWSNS/ U7 b~

® Level3: ERERMITIETVRICELD/ A AY—H—ELUTRIAENS/\UT> bk

® leveld: EMFHIRERCLDRFICE LRI N\AAN-N—-LLTRIAENS /U7 b
&B(0, F1L—SAVENETIF—SIVIBREL T, EMFHREEAOZE (Gain-of-
function/Loss-of-function etc---) . ENAANDRZE (Oncogenic/Likely
Oncogenic etc:+) BREDINVIBIRGIBHLTVD, INSOHIRTEZER, FFHZRSOP

(https://sop.oncokb.org/) &L THEEHTRRINTLS

BRI DOT 7712 A(E. APIZRWVD, CNICEERTERRE . TNICKIDEVYSAIRER M2 H
WE, Flz. PythonTigftEN30ncoKB-Annotator (https://github.com/oncokb/oncokb-

OncoKB (https://www.oncokb.org/)

Welcome to OncoKB"

MSK's Precision Oncology Knowledge Base

688

43 Genes

AAAAA -Recognized Human Genetic Variant Database®

133
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N7 NMEIEENTVWSSAIVIEER (—&EB)

annotator) Z{ESET. FILOMAFI7AIWADT )F—3> 6 8] HE

)= NI
BELDEE |Levell -4
Gain-of-function, Likely Gain-of-function,
Loss-of-function, Likely Loss-of-function,
EY)FERIZHNR  |Switch-of-function, Likely Switch-of-
function, Neutral, Likely Neutral,
Inconclusive, Unknown
FHAZFEF I DH|0Oncogenic, Likely Oncogenic, Likely Neutral,
aSh Inconclusive, Unknown, Resistance
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OncoKB SV B 1A MRS IR OSSR

BIGFCEDWRZR, 7 )T7—230 AN TOMRZRE O] BE

NTR-SNBTARITEI I FRITFDAI& 2 07 /7—Sa L &3ilEFoRE  Hini"\—F (e.g. BRAF)
Diagnostic Levels Prognostic Levels FDA Levels BRAF o

Oncogene NCBI Gene 673
0 Level 1 © Level 2 O Level 3 © Level 4 Level
Highest level of evidence: Level 1@ -Level Dx2 H - FDA Level 2® Ensembl Gene ENSGO0000157764 (GRCh37/GRCh38)
FDA-approved Standard care Clinical evidence Biological evidence R'l/RZ
drugs 24 Genes 31 Genes 25 Genes Resistance Also known as BRAFT

43 Genes 11 Genes BRAF, an intracellular kinase, is frequently mutated in mel 11:?%% HE g/fj_co) \ﬁﬁ

Show BRAF background ®

RefSeq NM_004333.4 (GRCh37/GRCh38)
. . — &
NS, V)T =2V A ENRTARZRE A
v [Actionable genes177h5. J S EMEHE ARZRBO]HE
Annotated Mutations in MSK-IMPACT™ Clinical Sequencing Cohort (Zehir et al., Nat Med 2017) Cancer Types with BRAF Mutations @
Y-Axis Max: QI | 313 Legend® &
s VOOENGR snd 1 more 400
E g 300
= Therapeutic ] £ 200
= £
I 100
@ Level 1 © Level 2 © Level 3 Q Level 4 @ Level R1 %
y =
FDA-approved drugs Standard care Clinical evidence Biological evidence Standard care Clinical evidence N . ﬁ‘@,‘?»o% % a»,geo 5,5, S’qbgo‘,' ;, . oy,
43 Genes 24 Genes 31 Genes 25 Genes 8 Genes -z,, s o;‘q,,/ o o 00,8 el Sy
e, 2 %}‘%* S0, Mgt o,
o a0 7668 S 2 S,
= Diagnostic (for hematologic malignancies only) %‘oo oy,
® 114 Oncogenic & 15 Neutral & 6 Inconclusive e
B Level Dx1 H Level Dx2 Level Dx3
Required for diagnosis Supports diagnosis Investigational diagnosis
22 Genes 53 Genes 57 Genes Annotated Alterations  Therapeutic Diagnostic FDA-Recognized Content
= Prognostic (for hematologic malignancies only) =)
If you notice any mistakes or omissions, please reach out to us, 2 Search
A Level Px1 A Level Px2 A Level Px3
Guideline-recognized with well-powered data Guideline-recognized with limited data Investigational Alteration “* Oncogenic Mutation Effect Citations
25 Genes 15 Genes 7 Genes AGAP3-BRAF Fusion Likely Oncogenic Likely Gain-of-function 4
# FDA-Recognized Content AGK-BRAF Fusion Oncogenic Gain-of-function 5
AKAPI-BRAF Fusion Oncogenic Gain-of-function 1
97 actionable genes Select a cancer type 70 drugs
Amplification Oncogenic Gain-of-function 5
Showing 285 clinical implications (37 genes, 61 cancer types, 3 levels of evidence) Reset filters
— ARMCI0-BRAF Fusion Likely Oncogenic Likely Gain-of-function 1
Levels Gene “ Alterations “ Cancer Types “ Drugs -
© ABU BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Dasatinib
@ ABLI BCR-ABLI Fusion B-Lymphoblastic Leukemia/Lymphoma Imatinib &\{42%357‘— 1E¥b\\ﬁ§'5 E@%%E) jj-_ >3/ |ﬁ$|§
. b < / « g
@ ABU BCR-ABL1 Fusion B-Lymphoblastic Leukemia/Lymphoma Ponatinib E’E v O n Cog en |C|ty . M utat| on Effe Ct GO F Lo F
’ E‘\' %s e —_
© ABL BCR-ABL1 Fusion Chronic Myelogenous Leukemia Asciminib an * I§\ ‘/ )g(ﬁu tIt“j; \/X I//‘\‘J l/ etc e
© ABL BCR-ABLI Fusion Chrenic Myelogenous Leukemia Bosutinib
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JAX CKB(&, Xakt1b—2aY(cfDiaEICBT 57 /T —2a iR I AT —IN—ATHD

® JAX CKB (JAX Clinical Knowledgebase) (&. #k& REERYIADMEIETTELT . :
B5KE The Jackson Laboratory (C&DEAF EREIN TS, AHliENAZ JAX CKB (nttps://ckbhome.jax.org/)
KEREUIEHGET —IN—=R o BNAT S LIRIVREIAX-CTPICXT T RN —RELT
RSN TESEOT, IREE—SEBAEIN TV, BRI TR £5&KIEHRE
BB IBENTES

o Tl —3a (d HmMFEECLDHMBSNERIFERIUF IV a7 F1L—332I(C
JOTERMEINTND, MRETINBIIETETR DT . EFRNPIEIRNMRVZEE.
AT BERICHT I BIBERNDDIHZS(CIE predicted IOINILMI SN,

The Clinical Knowledgebase (CKB)

2 cks FLEX”

7 /732N B. IDFIL—SAVICLD, FBET - BRICITTS. AR - '
DU/ TR IBR. ERRRBRBEOERIMIS2NTVS —

o MBI THEATEEI—MRARMTIE, LLLI5NTWVWBE820D R4\ —BmFICHTU.

=Ly \ (! ) \ R I\ B°H I 7 \ \ﬁ I\\\ \ ) k /lilll:_[ll E ‘I“‘ NS R Z \T
EIEF /U7 FA ZRERISA BIME. HLUERREEROBINSIRIRI BENTED CKB Data Model Overview:

Gene

Sang Variant Clinical Trial

(HGNC)
(HGVS)

Indication
(Disease
Ontology)

Treatment
Approach

Therapy
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Cancer Genome Interpreter

Cancer Genome Interpreter(d. in silico ##tTZERELIENAT )T—230 AT LATHD

® Cancer Genome Interpreter (CGI) (. FEDREERZ/I VT MNO, SBEOHRERD CGI * - INTERPRETER
J\T7> MEIETES B2EZBRMIC, Barcelona Biomedical Genomics LablCEDEE SN TS (https://www.cancergenomeinterpreter.org)
V)5 —=2323 AT L©THD, BLabh BERU TER/ A AL ITANTAIRY =B LU NHT —IN-R 7 )5 —>a>I0— %
[CEBENIEHEERL. 7)7 -3 %ToTWS ST 5'

® TCGARENSEUSUIZ66MNAFE-28,000DBEEY > T EXIRIC. RITNIFHFRUIEET/I((T driver genef ?
51> IntOGen (https://www.intogen.org) TESNIINUT > N NeT—H)Y—-XELTWB, No Yes
CGITIE. cnBD)NU7 > NMIxFU. DriverhPassengerh OINL G50 TS, COSANIVHITER. SNV : INDEL
FISHR TR A ALY TARTAIAY—VEERL TS, (BR) Hiutation fype
® SNV : BFNAELFICH I 2T B (CLDboostDMELL([FOncodriveMutic&DFRIENHER Yes [“ene-specific @\No
® Indel : OncodriveMutlc&>TFRILIZEESR boostDMA®
® CNVYEREREDIESZERE | COSMICDCancer Gene Census(AB&EEN TVWBIBIRRECE IV 723> FIFEIRED ? O?rfﬁgré‘éﬁgjlf]
® CGINTJ7—33>TH—ERBboostDMIE, BEFDNAIR— MAFTT —INSEFABIEFHLU Yes [fumor-specli®\ No —
%b\AI*EL_t((.##'&y;&j:ﬂaII:EIL/_CHj_J:ET)l/&*%;EL/\ m*ﬁrﬁ%/ﬁﬂﬁ%iﬁbb&@ (Muifios, F. et al., FIEET]EED ?
Nature 596, 428-432 (2021)) o Flc. OncodriveMut(d, BEFONAIR— MAFET —FEEE AT —4IC Passenger
X BETC IO TERIEBLTFOIFHEZIMEL. IV —IR=AR5DFET/)\UY> NzDriver/ Passenger Tumor type Non-tumor
0)5/\“/7&}&)?3_5 (Tamborero, D. et al., Genome Med 10, 25 (2018)) o %qziitt)(:\ }\’(’f>} \00 |\73:.|3Tu Gl [ Bsopoesctlch } [ tprsosspt%C;;IC }
BEEINTHD. BEARIERENTUVBN, STEHCLDFRNERE THILICIBENINE i
® CGITH. FH50/\U7>MAMSubmitd e, Driver/PassengerBEDERET /7 =3 TK —_— —
N3, #ERETSVTII>O— RIEIEE T, ZOBOMBITSERT3ENTES, £fe. CGIEO—HILICE passerger e
b\btb\i&% (L’)L\_C(Et Eﬁuﬁbg'(n éﬂéc_tfﬂﬁﬁb‘_} (https://www.cancergenomeinterpreter.org/faq#q054&D5|F)
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¥ LT -5 DZHR1E

5 ) LT A ANEOROMERENTHED. T-IDZARMENKDENTVD

® NFTIHBNUILT—AIN=-R(EWINEFIL—2aV(CHBIFREERIMFEE THD, IERB (BT, — AT, ECBRAERFTO/\U7> MEERD
Il ERDO TS
® E’fi'liﬂi%@/ \o*) L*ﬁﬁ%ﬁ%%**ﬁ:t(:ttﬁﬁbt%%%\ 7:/7’ tX} \":W’TC(atVUS@%Ué\b‘%b\ztbﬁﬁ%éﬂfb\é (Caswell-Jin, J. L. et al, Genetics

in Medicine, 20 (2): 234-39,2018)

o SENHREMERNAICEVNTE, RSAN—BIFOEHMREZERDAEN R7ST AERBEMRAEH TR O TVSIENRESNTUS kohno, T.

et. al., Transl. Lung Cancer Res, 4(2):156-164, 2015)

® COMfthcE. GWAS Catalogt>dbGaPICUR&EEN TWBRT —ADERMTICE DT, 7IUD. 77 XN, 72 7% 85 3 2EFZ T SREUIATTH
F-OvNOERZTREVIEIATRICLEAR, BRI RBNISIZCEBIBIEEINTUVS (Landry, L. G. et al., Health Affairs, 37 (5): 780-85, 2018)

® ZDIIC IREDT LT —HIKU. T—HDBOMMEHESNTHD, 52, ZORON VT MEIRICEZE T HTENMEZEN TS,
Z0AR. ERIEEFTOT —HEBEICLD. ¥ ILT—9ZREZEHDIEN . HRHTHRHENTS




HBERAT ) LT—-50HEB

HARANEFTOY ) LT -YDERE - HENE

® BAICHNTE. TNETICH /LT —IOERE- BT ZH0OTOSTI NS LUF—9~-Z  NBDCEM=HR-2 |
FEEEMEHIN TS (https://humandbs.biosciencedbc.jp/)

@ Humandata NBDCEhF —H~—2 1 h P =3

o IRTE. £MRIFEMRT(E. TOKRREHBIY THRKRIDLITHL, o790 IOMNIIZ roun 7-som i< ARNIK e s—suen kAR amEbt 10
NE-HBIBENKHSNTUS, b NS EIATTORRARHOZ(FMERBNRL, |
E AT EARIERMIREEE (OST) NMAYAIORT-AIR-At> 49— e R A

(NBDC) M. 20134E(CNBDCEbMF—HAN—=R%EHT, T—HREB LUFIAEDIRD

BEATOBABBROBIN VT —IR-X T, BIE. ENLEGEEHRAESESR- T et
D D BJ t\/g - t;j\: |§_| T\Eﬁ ént (/ \5 Search NBDC Human Database Beam.:m for J‘Mtfmatwe Alleles ¢ 1
o it SAEBEMEIETET—IN-ZELT REPAENABILTS1208 ADEAA T e

FILTUIVEEET —AIN—ZHGVD (Human Genetic Variation Database) 1°.
BAEAT LRI AT INOONURE LY > TIVIC I 282 TESNIINUT> MEikz
NEULTUVBjMorpREN®H 3. £z NBDCE T —AIR-X(CUREENTWEY /LT —5D
B TESNIEPVIILBEE BHRZABU TS TogoVartdhs. TogoVard LU jMorpd Human Genetic Variation Database

HGVD
(https://www.hgvd.genome.med.kyoto-u.ac.jp/)

lome About Statistics Link Download Repository Contact How toUse Login

ROV T(EARR
Welcome to Human Genetic Variation Database
® CDIITHAFRICEIDEONIET —HIDERHLUMERE A REVARE [BIROEFIN ) Search datahase
EHSN TS, —73. FKIHBITUEClinVarD & 573, IRRICENDDT ) LINU7 > Me&ERIL | L—— o @
NHTDT —IRN-RAEINFT TN, €T EIAFTHAFEAN BARERAFHAFEE , S @
(AMED) T3, 2016440, ERKRY JLIBIRFET —IN— R B mEZEZHIE, .
RS54 RUBET, COBZOBDEHEBENTS R,
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ERERT ) AIRHRE T —IN—RERER

HARNRES ) LBHROEEEHEB(CEFTEEDFEHCDOWTEREATS RS LIRS T — 9~ 2B
o 20164 (CBIAENTIEEERY ) LERRAT —IN— 2B RBE I TE. [ B4 e e

A | TR | SRV | TSR BRI SRIC, SBEUIL— NDBH ) LRSS U ORRIRA sax’ !, oy
175 1 RERFHEE, ABITTREREAIEIRE Y ) AT — SRINE T BRRERY ) LRET — IR~ 2
EIBEET S 2 RIAFIIO . 2B TEDSNT

- HETERE hrAnALE R PR, SRANE phtEL - T O th ik

LRIFRHECT (., EBABNICES1I 55 ) AT D 1 LOFIFUMEIN S0, 5L e i~ A =,
75k, ZORIRCLBRBEBALAIOZBRERBHREENTS. T-IAN 3%
HESRL T

E I ERREEAFT Y — - BIERBATF - REVAFNSRD2RAFRIITIE. LRIAFHE
DT —AARN —DICERBENIERRY ) AT —AD55., NFHIBIRERIRERZ &R BAE R A (C
E£1-HEI237-IR-ZELT. MGeND (Medical Genomics Japan Variant
Database/IATIR) ZBFELTE. MGeNDI(E. 201838 (CAENTWLS

MGeNDI3. i CHRIFEIAE R IEBIRART —IR—2 T, MRBIERINS MGeND
B —EEFRBOHIST, BREREOSEFRBEHRIC, LUWF N —5%
IREL TS, ST MBI THRE LT — 5L B IEHTH R TR ET A

TREBMEIK(CE DT, EBRY ) LEMMTSETRERDS. ZRTFEEZWREVIEATRICHNTIE.
7 ) LJ4 RESE##MT (GWAS ; Genome Wide Association Study) HhZA<ELSBNT
W3, Fle. BERERE, BBCHDBDERBICBVTIE, BEISEOFLHEE|ZIES5>)()
BHLA (Human Leukocyte Antigen ; E NEAIMEKFLR) OFUILEICEBUATIN
ZTHNTWS, ZCT. MGeND T, ClinVar& TiRhnaISNV. short indel. SV. =
CNVITF—AIchNZ. GWASEEARTESNS/)\U7> by b, Z2UTHLAZVIVBISEE T —5E =
FEHRELTLD

(https://www.amed.go.jp/program/list/14/01/006.html)

(https://mgend.med.kyoto-u.ac.ip/)
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MGeND

MGeND(d. BHARAIEREBEE/NVY > N —AIRX—-XATHhD
MGeND TR MHtaNz/\UT7> M —90H125 3, ClinVarz(ZUsHEd 3, \U7>~ MGeNDICE#&ESNET—5 (20214F9A K R)

ﬁ#%RtJ:(ﬁﬁb\bnéix\Eﬁ} 9/\ Z'lﬁ*&%%)tb LJ’L\ %D;g&,} 9/\ — Ao *ﬁ%%ﬁ% Data type Variants GWAS
EP&/NIPIIM=IT, TR @ (C1FIREHEER I DTN Al HEE

MGeNDICBSRENT P> N~ FaRICRT . RIEBIEH TS/ UFY NF— 51

IRHENTS, ROCINVarlRHEN TLZF— DL () H5, Z0KI8E]  #ose/us 15398 (2989)
(EMGeNDDH(CEFFZRENTVB/N\UT > b —=ATHBZENNDNOTVD, CDOTENSE, )

SEFTOT— FEBORDEHDEBNERHT BN TES - 276 (1276) 195100 (155100

11,408 (7,668)

MGeNDT(E. REBAMEL/\U7> ML (Reference\ Alteration) %/\U7> D L2 AL APOE: 17:876 (5.451) 1171 (410)
IDELTEIELTWD, ER27t>JURIONUT Y NE T—AR—-ZANE T A (CHR{S
[FHENTHD., &)\V7> M-S THWNSEBERIEE,

BixENSOT —FRMAICHL T MGSh5iaFHSubmission IDMMYSENTLS. ClinVaric B8 nTW3 /AU 7> k& OB
EMRCLAISENTED. B—HRICHIZT—IBHOBAE. F—0 S
Submission IDD‘ﬁ%E-SﬂZaD\ BREIHIN—23CTT —IR—ANECEIEIN MGeND DI
TW3, TMGSHBIEFBIDIE, TR EFICRITINAIREIRID THD

MGeNDIZRE N T3 T—&, VCF-TSVEER TEENBIEE, Fz. MhvIR—ThH

Hh 185,828 (147,086)

Z0fth 1,100 (770) 14,321,737 (584)

26% (16,310 variants)

HLA allele data

1,979 (1,803)

SYPOARIReR T )T -3 AT AT FEF50)\U7> =4 (VCF-TSVH MGeND (2021.09, vcf)
%) (C. MGeNDERIBEIRClinVart>ToMMoE DSBS BIRE 59 3TN TES, e uniquevariants: 63,269
7)T7—33>7 —HFZDFECSVPOVCFTAYIO— RTE, EiOfECERTIEE ClinVar (2021.09, vcf)

unique variants (hg38): 1,025,226
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Filtering
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Showing 110 17 of 17 entries| Show 2 - entries R
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HRAS G125 - NC_000011.9:9.534289G>T  HRAS G12S 1 £9 germiine V/ Variant (i) Pathogenic S—— e
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v NEWS Showing 1to 4 of 4 entries  Show 10~ entries

VCE Ahnotation Result v ii%go)ggux I\(TSV/VCFHZ:T:%)(: Clioical Last . Condion ° Origin ° s"b"""'°"o Submmer° Institute ° cmuono

significance o evaluated D

Genome : hg19 Tjj__ - :/3 \/b“ D] ﬁg (iﬁa :t (i 1 0 O/Q\E i t“ ) @ Pathogenic 2020/04/20 V caecum not provided MGS000042 Hitoshi National Cancer
’ + Tew By » YN (TMGS000093)  Nakagama Center Japan
Search target variant : MGeND data only \/ %D%(iCSV/VC F_C‘g 'j /EI _— |'\ [m] I BE -
L

fo} Pathogenic Costello syndrome 2P germline MGS000009 Shoji Tsuji Tokyo University
Showing 1 to 10 of 11 entries Show entries (TMGS000039)
[@] Pathogenic Neoplasm of ovary (@] unknown MGS000021 Manabu Muto  Kyoto University
(disorder) (TMGS000080)
AR [ Pathogenic Costello syndrome MGS000001  Kenjiro Kosaki Keio University
MGS000001)
Japanese (T
Al
Variant name ©) AAchange gy cos o mqu'ncyo TogoVar @y
chr1:9.215847775C>T USH2A R4493H ENST00000307340.7:c.13478G>A, o tgva774526

(rs138879998) ENST00000307340.8:c.13478G>A,

sl v EEFHCIRMEBRNERTED

chr1:9.241667357T>A ENST00000366560.3:c.1093A>T, oooo 0
NM_000143.3:c.1093A>T

chr3:g.178936076C>G PIK3CAL540V  ENST00000263967.3:c.1618C>G, 0000 1
ENST00000263967 4:c.1618C>G,
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jMorp (ToMMo)

jMorpld. BARATUILSEE T —AIN—-IATHD

o NAYILFETI. 4HIRY TS bOTOVIUSTOEREMIRIN WP MO, e bank tohoku.ac.in/)
SNPIESRZERT 3. 20, (U7 MOBAAERICHII BT IBEERGES 10 P (NHPsi//Jmorp.megabank.tohoku.ac.Jp

® jMorp (Japanese Multi-Omics Reference Panel) (3. BBALKXZEERILXT1HIL-
AXHIN8KE (ToMMo) (CEDERENZT —AINR—R, BAEXT AL - AN J5ETHE
TESNIEBARANEXREVS ) L A AT —HDEENTHERZELR - 2L TUVS

® jMorpT(d. 7'/ LNU7> NCRIT %7 — TR MIEXIRO— L/ TOTA— LERATT —
B LT RRBAOERT —FEUNE - RSN TS, o, BRANSENSILT /L |
ACHBFRICLDIBRNTSIRECS (2022F6 AR R TOEMRIE 1G2.1.0) b
ELTVS

o 5 JL)NU7>NCEAL T, EEFINTHI0.01% LA EDSEEZE D)7 > METERIC,
ZOSEEFIR%ZI ToMMo *. *KIPN JEULTAREINTWS, * *KI3, B#FTOBRICEER sy
SN TN OEETRT . 201 5F D TARSNIDIF1KIPNT, 1000 ADF5% s FLizann
MRICISSNTSEET —FTHhd. 20226 H30BF R TOERH/\U7> b —F(3, s
ToMMo 38KIPNT. 3.8 AZX&REULT ) LEEM(CEDESNTZIN)T> b
TIIEEE B THD

® N\FHENTLSToMMODSEE T —4(& GRCh37/hgl9TORT 3> THDIEIC
TERME, SEET -4, VCFREER T U2 0— RAA]EE




TogoVar

TogoVar(x. BARAD/NU7 > NP SRR ZERI UG T —IN—ATHD

® TogoVar (AAXANSJLASEREMRET —IN—R) (& NBDCESATHAIDRHRET -
N—At>%— (DBCLS) WMHEITHFEULT —IRN-AT. HRADINUT7>RPUIVBEEE
BhE I 3T —AIN-RIEHEDT AN T THUS TE2H5HT —IN-ADE

® TogoVarT(d. FikdClinVart®HGVD, jMorp (ToMMo 8.3KIPN) DOF—4#%UNELTL\S
fB(C. NBDCE N —ANR=RICE RSN ) LT —AT 9 38— )\1 T54 > BT TESN
JU7> bOFIISEEIEERZINERL TL\D
v JGA-NGS/SNP: NBDCk b5—AR—-ZMIGA (Japanese Genotype-phenotype

Archive) ([CEFRESNIBEALNILOY ) LERTIT—45 (&4125/183,8845>7)L) %
BFEFLTREUZ/\U7> MOSEE T —4

v GEM-J WGA: AMEDN'#893GEM Japan (GEnome Medical Alliance
Japan) JOS1IbO—IREL TERMEINIEIATRICELZT —H T, 76095 > T2 IFHRIC

o =JWT> NI, tgvhsiaEaTogoVar IDICENEEN TS, /N7 Nt GRCh37
(hg19) ZWRICEKEEINTLVBDT, MRRTIIZDRICBENINE., VCFERT
BEa]EER > 0— RF— 4T, GRCh38ICRYE ) aniz7 — 465 B afkE

TogoVar (https://togovar.biosciencedbc.jp/)
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nnnnnnn

nnnnnnn

nnnnnnn
nnnnnnnnnnnnnnnnnnnnn

uuuuuu

|||||||

Deletion

||||||||

wwwwww

Deletion

Deletion fengeric variant

Other overlapping variants

N7 MEET -4 HAKX/ PSP RERTONUT > NPUIV SRR

Frequency

= GEM-J WBA Japanese 14990 0152 QN 688936
JGANGS

JGA-SNP

NM_000059 3(BRCAZ).c.-52A>G kK 2020-11-30
reviewed by expert panel 1

2017-11-01
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BRICHIZT—5>IT7VU>D

HATOT A1 7)) RUS—(CDVWTERET

i‘CFE/UZﬁ- ANR—=R - HFET —IR—RZ BTV T ) AT — AR BEHR THDHTENS.,
—ADHE - NHEOSEEICOVTHERPERCDITTEZDZRENDD

AMED(“(j:\ 2016&(:5:_9;;%(:5'5@_5}5%"rg'“_/;:/ITU\/q\\ﬁU‘\/_J%%ﬁbto *IJI}E;E
ZORS—T(F UFO3DONFIVEREL TS DTitr) — RAH IEHIPRZAG
v HBHRET -4 | P ERERET 3T IR A N TSR BN E.

RUT — 57 AR A RN R B TR T35 4 ::;- m -
v BIRABT -5 : HF-IR-ZOMIEICHOT, MBE, AR ESEEENCLE LT,

T =T ) AR EEAGESNIAATR BN AT 2L BIRERT —4

v IEBIRABIT—5 : PHERICHIRBGETERIAT BN IEER T~ ARNIBRFTET ABCHIBITTEN S CORMPIRE

HEHE]EE FIFA B8
FE(EBNNUIERERY ) LB ST —IN—ARRBEICHS VT, LRAFTRIINHEE I EEE A
LARINOFHBRERERIBERE S /LT =A%, [HIBHEBT—471ELT. MGeNDICERNEN ST —4(3
[IEFIRZNBIT —Y1EUTERIN TS, NBDCENT J AT —AIR—ZDIGAIZ HIBRAR .
AGD (AMEDYJLHIBRHBT—IN-X) (& [HIEEHEE] (NBDCTEIJIL-THE |EFATLS)
T —ARB(ICEAIREFAREDEAELT. GAAGH (Global Alliance for Genomics and S T; Global Alliance
Health) %Z#8119%. GAAGH(F. RERTOY /AT —FDOHBICLDT )/ LAEROFERZEIET A for Genomics & Health
EF RSO E . 2OEIRICEIS, FETOERDEAZHBL. FcENSICEDEERIZER Collaborate. Innovate Accelorate,

FEERU TV, 20225FF 53T, 900[E. 600BNHLET (ZEBATOAFELC D HERS . FHFTHERS.
1B%EFE) MNEELTVWS. BANSE., 15ZEBX21EENSEILTHD. AMEDNMSLEREFEDRKEZ
&5 9I3GEM Japan (GEnome Medical Alliance Japan) JOS1/M'SELTLS

(https://www.ga4gh.org/)
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NI7 YT —9%Ei%d D

T—AHBOOHIC(E. EOLIRIBIRNAEZN

ARETIE NAT ) LAEFEICEANSRRMNBT IR, T —IHBOEERH(OVTBNMZU TER,

7&‘ BEROMKR TESNIIIT > N -5 85I 2N HINELNEN, BIRIDAETE, BT —IN-ZADT7IEALANIL - HESE IR
ZZTIE MGeNDD/\U7> b —FEiF THERIAEZIBL T, EDSORT -9 #lw I 2 ENHDOH\ HERIT D,

MGeND}(‘UJ > hr—=AEERTA Y NI, ClinVarlCEEHLL TV DT, wBIBR (BB LEHEU CVBREIRZBENTES
o L&, NUV>NIBRET2wAIEEH (COMMICERFRERRINE)
v J&KE4H . OMIM. MeSH. MedGen. Orphanet. HPO. ICD10 REDI—RTIEETE2.
%229 21— RHRVEE(E. BEIFREEECELEnIRElCh ., FRECIESTDERANSI— RTOA D ZHERL TS
v JB{EF%  HGNCICZED<Gene Symbol (BIzF&) %IETE
v EEBIRE . S LMIE (REBEARES - IE- Reference- Alteration) HILIEFHGVSZEEE (e.g. NM_001127500.1:p.Ile284Met) TicHeo
INRINRB T FERELTUEN D F OV BB OHNIRAENZIZE N DS, %031 Al EDfey (SEDHGVSOBIfZE.,

NM_001127500.1) ZEELLTLVIHEEDE TR , BELRDEYINNRGE. 7 MIBZRFE TSHLH
MGeNDTREFRN TSRV EDORSSRHIVTMNRINEDIREEN G ETHEE

v ERERREER : ClinVartERINTLSY—AICERL (51 R5%ZSER)

v BXRBER (MGeNDOFH) : F#niE (unknown, not provided&d) M5l ((RBAIGESI1SE2SD)
® WZETCIIRVN, ITFOIEHRD. /U7 bW ENcES S22 5 L TEERD T, nJgeRENIRH

v RT3V NI A— L BTNV - BTV I NI 7B LUN-3>, &
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SHI6EEEMIAHE
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Elfz7ZDMinimal Residual Disease (MRD) &l

Minimal Residual Disease (MRD):;&8E&(CAAN(CRFEI D RIS
MEREMROCET .. ZRE2 B IMROEME LR DIRF
ISR ZIE 9 A58, EAZE CEFMRITRTF I AN ADE
Z~9 HEEEUTHERAEINTLS,, IRTE TIEF M (C IR Rl
SRNEAKOYEZIREULIZS(CMRDIGHEFRIRT B,

UFy*

KA ATV~ M=

MR FDONARRY)E
D AFRBE DT IR b — S APIRFE TIENTAER . MR (CEETERNADIE
A &N 3, D55t DNANMRD ORI EEL TH EEATT A
TL\D,
1.  mAPEIRES R
(Circulating tumor cell: CTC)
2. IMAIEERIESDNA
(Circulating tumor DNA: ctDNA)
3. IMAEIRESRNA
(Circulating tumor RNA: ctRNA)
4. TOVY—LIA:flk@IVINE 0 5> )CTODNA - RNAEH'E

iné ° Qi ZH, et al. The Significance of Liquid Biopsy in Pancreatic
Cancer: J Cancer 2018; 9(18): 3417-3426.DX & DAZ
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ElAZ7ZDMRDEL TDctDNAD

(Tumor informed assayéTumor naive assay)

CtDNAKRHESEDDAE « [RFAEBZFIA I 2 Tumor informed assayt BIXDELFZEE2FIFH IS Tumor naive assayhdd

Tumor informed assay Tumor naive assay
P | ) ‘ ) / |
_
B OB SE5N BB ET AFIALRE  RASER, BRAFER,
ZREFIL BAvariant oL pSSEER, PICSCAZR, etc.. BIION

HVERR LI D SctDNA%ZFR AFTHEDE TR ENSCIDNAZIRH

e o _o o e & _o
Baselinet®{¥ e ek Y PN EEAACE =
PRI SRIEEF Baselinet& DB FRMTOFERICEDEIRET S BRI ESNOEG F2FTIRET D
FI= BENRELCTFOETE(CEIDERHEFRMECRS Tumor-informed assay& EEE I 2ETATHREL
ER7VEAL Signatera, Invitae PCM Guardant Reveal, Tempus xM
SHGEENADORY ) ©RITICEIT 2 AM B RS Bando H., et al. Cancer Science 2024

183-4



MRD QR IR 4TI

NaterattdSignatera (tumor informed assay)

BEIRUZ16Mvarianzt BL\TIRE O
ctDNA% &

1]

v L

-

s,

HHEOWESH S 16Mvariantz &R

Moot
. Barcodng
O — = ——
e =m Saquancig Epigenomic S {ONA
Methylated : | Signatures | Process detected
e OR
Non-
Methylated Mokody >ane tONA not
Barcodeg t
HONA detected

SignateraldNAfBizEorc I oY — LfENT (Whole exome
sequencing: WES) Z1T\L\ fEFICE(CIEBFEN R 16D
variantz&IRU. WA LN\ ZVERK T 5. IEFIBICER DY H
DRI ZHWBtumor informed assay C#H3.

<. MASEIOEY ) LT (Whole genome
sequence:WGS)Z{ERL. MR TRZERT 5/\U7> MEZZ100
~1000(CIEBVPUIERE DSV YT AEEEETEIN D DM,

Guardant Revealld. XFIAEENTZcFDNAEXFIL{EENTL)
BRWCfDNAIZAE RN (Cmolecular barcodez{IhlL. ENEN%E
NGSEATEENTS Do XFIALIX15MbOTEIRZIZE T B, IBin
F(IB800EIL FDCGPEEMTZ1TD. MR DHUNE VRS
tumor naive assay T&md.



MRDf#TDERR

< MRD window >

° ° >
10 weeks post-surgery

2 weeks post-surgery or
Start of ACT

ACT: adjuvant chemotherapy

2,998 stage I-1V patients included in the outcome cohort

Excluded (N=138)
oDFS event prior to the 10 weeks
landmark timepoint (n=138)
v

MRD Window analysis cohort (n=2,860)

ti#&MRD windowé (3. #iI&(CMRDAIEZTITS

Disease-Free Survival

1.00 1

ctDNA(-)
0.751
0.50 1
CtDNA(+)
0.251
oood HR =10.53 (8.74-1269); P <0.0001
0 6 12 18 24 30 36
Time from Landmark Time point (Months)
Number at nisk
CtDNA NegathE1 2491 2031 1441 1041 495 135 8
ctDNA Positive{ 369 165 98 59 35 13 0
CtDNA status Negative Positive
Events % 9.4 (235/2491) 58.8 (217/369)
24M-DFS %
(95% ClI)* 85.9 (83.9-87.7) 28.9 (23.4-34.8)

*DFS % from landmark time point

#HHMRD window CCtDNABS HEDIERIIEDFSHR 2 Tos318h. i MBIRDEDS
SR . HICCDNAIRHEDER BB DL BN BB

Yukami H., etal. #6. ASCO-GI 2024.
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KiZEMRDDIRE

1. Tumor-informed Assay TOD4H A OIRE 2. Tumor-naive Assay TOH AN O#H & 3. FIRERARTHOEAEDOHRS

CLINICAL CANCER RESEARCH | PRECISION MEDICINE AND IMAGING

JAMA Oncology | Original Investigation

Circulating Tumor DNA Anal Markers of R Risk the NEW ENGLAND
irculating Tumor nalyses as Markers of Recurrence Ris - . . . . } OURNAL o MEDICINE
and Benefit of Adjuvant Therapy for Stage Il Colon Cancer Minimal Residual Disease Detection using a Plasma-only J of

Circulating Tumor DNA Assay in Patients with Colorectal JUNE 16, 2022
Jeanne Tie, MD; Joshua D. Cohen, BS; Yuxuan Wang, PhD; Michael Christie, PhD; Koen Simons, PhD; Cancer Circulaning Tumor DNA Analysis Guiding Adjuvant Therapy
A | Postoperative ctDNA B | Postchemotherapy ctDNA " . o . . . . . 11‘1 Sta e II COlOI‘l Cancer
100 100 Aparna R. Parikh', Emily E. Van Seventer', Giulia Siravegna', Anna V. Hartwig?, Ariel Jaimovich?, &
Negative Megative Jeanne Tie, M.D., Joshua D. Cohen, M.Phil., Kamel Lahouel, Ph.D., Serigne N. Lo, Ph.D.,
A Landmark analysis P<0.0001
80 80

B Kaplan-Meie Extimates of Recurrence free Survval
® ® - st s " = = 'l =
_ 1003 SODNAGMIM A A e i) sz HRTYIHTDS>H MERER
H H Posith ] not detec! a = N od = ; : N
: [ g e i e CtDNARE . Fi%HoNE
3 Positive 3 g 3 i i Y e
£ © & » 5 5 Sensitivity = 55.6% % I I ’e‘@‘(LStage IIHERZ R D ERY)
i ificity = 100% i ] N N o
HR, 3.8 (95% €I, 2.4-21.0) HR, 6.8 (95% C1, 11.0-15.0) E 507 ctDNA Positive mRFS = 168 days 5 glp’?lajﬁ.:)yo%w()/u i :: J‘ﬁ}i ;&;\}1:3&53- :tb\_é gé:t% EH
- Y - 2 i = s =75.59
ol Log-rank P <.001 . , . mLﬂg rank P <.001 , , E ctDNA Negative mRFS = Not NPV =75.5% 104 razant ratio for recurmence or 3 1asi-Laz ~
o 12 24 6 0 12 24 36 ® Reached 5 s o bb\(: LJ;_—
Time From Surgery, mo Time From Surgery, mo o Log rank: P < 0.0001 & “ —o
No. at risk No. at risk Hazard ratio: 11.20
Negative 76 68 a4 14 Negative 73 68 4 14 0 4 -
Positive 20 13 7 2 Positive 15 6 3 1 ° 5:)0 4 '000 1 '500

Safe-SeqSEVSH TN —I— REFILENGSHRIT AL, ERARMCR oo peskcompen ey (o) e —
ROHDBRTEREMBANSADNALL TIRIL PREBRIELE.  GuardantitdXFILESBTYEAT, CIDNARIRIEL FEEBANE raturemedicine

RESEARCH ARTICLE SCi Tra nSl Med. 2016 h“ﬂﬁg Tﬁé:t%lj_—\bto Article https://doi.org/10.1038/541591-022-02115-4
CANCER JAMA Oncology | Original Investigation

Eariv Detection of Moleoular Residual D d Risk Stratificati Molecular residual disease and efficacy of
Circulating tumor DNA analysis detects minimal A A adjuvantchemotherapyin patients with

. ; . . . for Stage I to lll Colorectal Cancer via Circulating Tumor DNA Methylation
residual disease and predicts recurrence in patients colorectal cancer
Shaobo Mo, MD; Li Ye, MD; Dongyang Wang, MD; Lingyu Han, MD; Shuang Zhou, PhD; Hui Wang, PhD;

i . ST E OKi® Y i a1 e
with Stage Il colon cancer Weixing Dai, MD; Yichao Wang, MD; Wengin Luo, MD; Renjie Wang, MD; Ye Xu, MD; Sanjun Cai, MD; Daisuke Kotani*", Eiji Oki®*"(, Yoshiaki Nakamura'*", Hiroki Yukami*,
Rui Liu, PhD; Zheng Wang, MD; Guoxiang Cai, MD

1,2 + 5t 67 6 5 8 a High-risk stage Il or stage |1l b High-risk stage Il or stage |1l
Jeanne Tie,"****" yuxuan Wang,™" Crist| T ti,”” Lu Li,® Simeon Springer,” Isaac Kinde, A CtDNA status at postoperative month 1 8] Targets of ColonAiQ 100 100
e I e o WY
A Allnochemo patients D No-chemo patients: Clinical high risk _ _
i Negative T 075 g o075
100 Postoperafive cIDNA-negatve (1= 164) 100 : (=1%) H s
Pastoperative CtONA-negative (n = 42) El 5
] 064 H
£ ) $ o0s0 3 os0
! i p i
£ o0 HR, 18 (95% CI, 7.9-40) 5 g 04 - 8 k4
] g - ~ g sitive g 2
g : HR, 7.5 (95% Cl, 2.6-22) : (1=59) & 025 g o
8 4 3 0 < 24
f {E3gnamig cni-postiie (a4 § Postoperative ciONA-positve (n=7) Adjusted HR 6.59, 85% CI 3.53-12.3, P < 0,0001 Adjusted HR 1.71, 95% C1 0.80-3.7, P= 0.16
& 5 20 04— —r - —— — — ~ o o
& L [ 4 8 12 16 20 24 28
Time after surgery, mo o 6 12 18 24 o 6 12 18 24
0 12 2 % P & A 2 No. atrisk )
s ) o 12 24 o 4 9 Negative 196 195 193 185 159 106 8 e 2 23 9 Time (months) Time (months)
Worihs since surgery Manths since surgary Positve s s3 3 23 2 16 3 ColonAQontribution, % 67 59 59 56 4 3 Number at risk Number at risk

Safe-SeqSEVSRRITEFIL, FHEBRINLTS LI TR ThaT Lim ColonAiQ assaytLSDNAYFL ~ 23> &S PytA TCtDNAL B
.= N #=ER{tNalgE Thd LERUIZ, 5 ERER
brgﬁi%ﬂo)uﬂﬂy'a BHUFEZER LN E]EE ThdI EZRUE HER TR AR EDERF LS,

SIHN6EEHADDY ) L©ERATICE T A AMBE R HE S CtDNARE B MR EOH MTRE I E D FEN
BUtERLE, 183-7
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https://www.personalis.com/technology/next-generation-ctdna-analytics/whole-genome-mrd/
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BMAY AT —9DFFETNFIAE (1)

DAY ) LZE* T —HDRETFIRCED FBRNARRBICEITBIFREOERSEE L. (XEAFASNT

® NWAY JLT—HeERT DEARFEAMICFELCT N HITBNSD

v RS -IIY-

v RERS—IIY—-FT-INSBIFREE IR I 315K’
v BRESNGERFEBTERM T HIERREI’
v HABEEIGFOBETLDIET —IN—X

® HAY /LT —HF RENI3DICHHETED

v *WATILFEDOT Y BAT ) LOHE
v DAY LBRERREDOT =5 : AT ) LADHEE

DOERRIR B R4 2 £REE I 35T

v DAY ILERDOT -9 : F’AT ) LDOME

® NAY JLAFET—HIDNT

v BRESNGEGFREZRETNCDNTILICED EEZRDNAEICEITIN A
BiEEELFEEDDNARE., SLUEESRER. FEFFIATE

v A EAROH)
> EEHNAY LIV T L
> HAT LT RSR
> &4 ORI -T

v NHRERZF RV, ZBEIFY-LS—VIVATHD. MAMBEDRS2X

ITh=-L2EOHEEHD

v EBINET-IRZSHOMRTHEFATN, F-S2ERLETTIOSIIMNTR

R{ERMOEFEREBRENTEL

i BASINC I B
e FIAUIEAMIC LS BEA

R RUEA(C LB ER

AT I WFET —5ORETRIFIA

WABEERFEZDRE DA
F£—Hi (20084FtE~)

W AT J AERRRTRZET — 5Dt TEIFI A

FRESEORIEED
E_H (20134FtE~)

AT JAERT 50T IR

FRIZ=3hOtaEE., HAMEGIEFOAZA
it (20194FtE~)



BMAY AT —9DFFEETRFIRE (2)

WAT ) LERERIAZTT — DM TRIFIRICED. HAY ) LAEBEDOFERIESZ(I50%F11& ThdIehDh ok
AT ) LBERIATET —A(CDWT

(B) Tumor type (number) Actionable gene aberration + (%)
o IAYJLEREREAZE : BAY JNEICEEL. KDBRERAIIEIR DMUVESE Tota (187). s — s n s 5
A arcinoma 14 s B 25 a1 21 14 15
. EHTL'O)WIJ ‘ Sarcoma(t:i; 1B 8 3 4 8 16 Zj
v' MSK-IMPACT (zehir et al, Nat Med, 2017)
v" TOP-GEAR (sunami et al, Cancer Sci, 2019) Non-small cell lung cancer (26) 9 ; B 8 s |8t
v’ SCRUM-Japan GOZILA (Nakamura et al, Nat Med, 2020) Bt — . . E—
o JOEAHUSICEILIYE e ) — —_ e |
v FFPE 34, MEstDNASEY. U THAS /A TIE, X NI Srostconcer 8) S—— . — I
ZD;il%EEit*\:l'b‘\I'fzk Gastric cancer (6) 1 1 1 . 2 . 1 50
. _ . - Thymic carcer (6) 1 1 2 1 1 33
v BIERNAY ) LTOI7A ) IRBE TERINBZLSIRT S YNEG T+ Tumors of unknown primary site (5) 2 i 1 , 60
S—JIDZTHD. HHRBETFEEHI100-5008EF . HUTHAY ey i (5). N S— — | 20
?T(i\ éI:F\J_A:/_OI\/X_C‘ZFJD\ T%GZEE{E? Embryonal tumor (3) 2 1 67
“ “ _ sophageal carcinoma 1 1 1 33
o RHENEET RS FIRNEDT — IR~ AL R THEET I e T | :
FREICED, ZADIARZRE T DL RBSNEEEFREDS SR Head and neck carcinoma (3) : 2 0
AFENRONKERBTENHBLR, FIZTEOM T, MRS Renal ol carivosa () S 4|67
HAFEDS58%DAERFIT, (HZMATRNEERIDIET VA -LAILSALLLED) M I b 4 I Be w3 o ob
ﬁ?k—%ﬂ’ﬂﬁb‘?y?bk 1A 1B m2A 2B w3A 3B 4 None

o EEBEOHEBDIREEFN10-20%EETHZENHBELE (Sunami et al, Cancer Sci, 2019)



BAT )L -T—9DRRT—IN—R

o PAY ) L-T-AZEIBULAKT—IN-Z (R=FIB4/K8) MFEID. UNUIRIFR. BRRT —H(ERELTLD

e BFIATRERELSIC. Bla0OSI/ NCI-EhEECFRERFED 0 NSOT—IN— Z(LEE.FénrJ Nifat DU, 5 LR E Z 7B
EABF—HAR—2 (R=FINYLN) DEETS UL AEHRT—4 UTUKICIZRIERWVN, BB EREICEZEEAINAIOSRFEREEZIB(CIL.

N2 T2 RIS By S REL TS (e SENOMBFAT—H—%
RHYCE. ERUVEERAPEIIREZDOT—-IDBE)
v" NCI Genomic Data Commons
(httDS '//qu Cancer qov/) m) GDC Data Portal @& H 4+ Exploration &+ Analysis £ Repository Q, Quick Search Manage Sets
@ % of Cases Affected O # of Cases Affected
> KEEUAFETIEL KT, SI0Tob) S a _
gb\ﬁiii %*ﬁéntb\é h.emalopoielic and reticuloendothelial syét...JE =
v cBioPortal (https://www.cbioportal.org/) enes anaiing g i___
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