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BE

(iR L Hi]

el (IR IS P RARGIED 1 5 TH Y, 2R 8 FIDREMI 2 FilT~aE L T
%, FMidsME—DRIBIIEE TH 5 05, AL AL P IHURBREE D Z R MK S ffr R i
AR IR IREEE DD T v, BRIRYIBRIEHI T 2 AT 8 B3 HFET 5 7 0 RIS -
HROBMHTTEDORR., B 2IREEDOHIEL 2 TH 5,

HFE, Wl ic B 2= ) v 7 3dE~— 7 —T»H % CA19-9, HRIRA T
b T3, CA19-9 13 EA L iEf] (Lewis PURERE) 235 0. £, HEHRK

3D DHREDOIKZ D THID TR AREL 72 %,

WA, Ky — 2 = v % — (next generation sequencing : NGS) ic X% U ¥ v F
N4 47— (Liquid biopsy : LBx) f#fr23iEe T3 203, ElEEIC BTl
KRASZE S 2R & L 7= ddPCR (droplet digital polymerase chain reaction) < X %
fizns% <. NGS IZ X %5 LBx OfF MM %2 5l L 728k 134 7,

AWFEIARA YIRS &2 M T L 7= el 2 xR & L. LBx DEEIRIAMMEZ NGS T
fliss & %HME L7z, ctDNA (circulating tumor deoxyribonucleic acid) D H ¥
ZHLHICT 5 LI, ol DNABIH R Z W L 25K e LT, BEDT ) L 7w
7 AV v 7IcHO W= T 78 —F (Tumor informed approach : TIA) OFHMICEL
THRET 21T 72,

(kL& 75i]

2019 £ 6 H2*H 2020 4 12 HicdbimE Kmbe. ALIRERIRZE MR MEE © gk
T % 52 72 el #1562 iEBI o N, HHEZ i 72 S 7o b o 72 7 JEGI Z FR\ 72 145
FEBI 2 XN R & Uiz, JEFEERAR & ATRTICERAL L 72 32> 5 gDNA (genome DNA),
cfTNA (cell free total nucleic acid) ##Hi L. Bl XA rEH WL —7 v b o —
7 TV AT L, 5EY v 7% v 7z LBx O A TORH & TIA %30 L 72 5l %
fTo72. FHli L7z ¢tDNA, JEED 7 /) 5 7a 77 4 ) v 27, CA19-9 %\ CHlitkE
L OBIEIC O WT O L 72, JEEF D KRAS T2\ T i3 ddPCR T b §Ffi L 7z,

CRES

LBx @ % O FHii<lx, 145 fEFIH 51 fEH] (35.2%) ICERBBH /-, TIA #H
W3 Z & T 145 S\ 69 SEBI (47.6%) ICHRHIEEA EA L7 (p=0.0425), FFicH v
TAARHDSIRBEN AR D 71 FEFICIE, TIA IC X o THEICZEBHIERE L L 725
(p=0.0435), HBENAED 74 EHICRAELERERELRDA L2 R o 7=
(p=0.4892), if:\ KRAS ctDNA B3R 3R ART OIEN & i L, BN AR
DREFI D T5 536 BT 2ME A 5 72 (p=0.0038) ,
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JRELZEIIR T D 9 H TN A7 13 ctDNA O & BE %2 3203 M R D A2 ctDNA
DRt ¢ BEREELYED 72 (p=0.0476), NGS TIZEE T2 5 KRASZ RS 112 4
il (77.2%) #H E i, TP53 1% 76 fEH] (52.4%), SMAD4 % 25 JEF] (17.2%) .
CDKNZ2A 75 12 5iEfil (8.3%) i ¥ 7=, KRAS ddPCR < 133 JEfl (91.7%)
T E N, NGS XY b BHEBE D 572, NGS & ddPCR TR & 1 7- 28 BAEE 13
EWHB 2R 72 (R?=0.82), EEMMDT / 70774 ) v 7Tk TPS3ERD
ARHREABRRE#EZRD TE Y (p=0.0245), KRASZE R & CDKN2AZ % % ff¢
FrofEfIER LT Wl 23D 72 (p=0.0971), LBx I\ T TIA THRIIEI hi-
ctDNA T RCTENRE T2 L FHFEEDOMEEZRED R o724 (p=0.5283), TIA T—
L7 tDNA DA Z IR L L725E. ctDNA 23S X - iEpl. Bl Xz s -
TIERI & R L CHEEICHEES RO (p=0.0094), ZDHhTH KRASCtDNA 23 b
B2 H 2 2 LRz (p=0.0082), KRASLIHLD ctDNA 1371 & BE% 0 71
o7z (p=0.4746), £7-. KRASctDNA & TP53ctDNA %t E o5l X 510
BARTH -7 (p<0.0001), CA19-9 HIR TR L LT WHAZRTOATH > 7=
25 (p=0.0618), TIA T—3 L 7z ctDNA % L 2»> CA19-9 EEOMEFIT AR IC T
RRTH o7 (p=0.0213),

(%]

AWge i3l iIc 51 5 LBx O FHMEZH S 2213~ 145 Dl UIBRER]
ZXRIC, 409 DR ABEHHEEL T2 NRE LIELR TSR, 52 OB ABEEERT %
WRE LIEBETFANAND 2 D02 =7y by =0T v A, KRASBXRE L
72 ddPCR %172 7z, Z D#EE LBx i Cl37e < TIA ZH w3 A EZ R o\
ETVRBROTVIMICEHTH 2 2 LRI iz, FICHEBENARIOY v 7D )75 TIA T
DEBBMEEPAEREICELS o TEY, PV ITAENDEXA IV IPEETHLLE
A b, E72. KRASctDNA (X, JGEES ARTDOREN] & e~ BTN AR DIEHI D T5
BHBICHRHERIMED 572, 2D & 225 KRASctDNA 2MiTRIAEIC X - THA L T
B Y. ctDNA OFHM IEMTRT. MR OBEIREEICHENTH 5 Z L3I N, £
72, LBx THIH & 1172 c«tDNA $_RCTE2NR L L2 GaE TR EEEZRD o7, &
IR I N2 ED, ofDNA 721 Tlid e, MiEF D fDNA ZE2ICRIFTE T
53 ctDNA OFEREDPMEL Zrotz720E 2 N5, TIA T3 L 7z ctDNA % &
RELTH KRAS RV G B 13 PR EBEEZRD I d o 7o —77 KRAS |3 B
TH e OB EZED, X512 TP53ctDNA Loz & Ttk PR TFHIOKEE
X L7, Lo LEREOfEx ., B, HEAXNRIERZZ 2 7B NGS I X 3 §HiiT
172 < ddPCR i &k 3 KRASFHM A R W AlREMED 2 b7z,

g~ — 7 —Cd 5 CA19-9 DMTRTICHIE(ETH % 37 LA L TH o 72 fEHIT 86 FEH

(61.4%) TH o7z, CA19-9 @ LR IFFHFEL LT WHAZ/RTICE & F o Tz, £
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Wiz Ay bA7 L3 5E CAI9-9 BEEAKICL > TLEALAZ DR T TIERL,
TSI X % IHERAE L RS 4 7 & O IEIEE D CA19-9 Ik 2 LRI ETN T2
= EEZ b, TIA I X 25Hfi L CA19-9 DHIERHAADHLE S LT, FRY
A BEIEGIZEN T 5 2 e 8 TE, MEZHAADE CGHET 203 6/H L& %
LTz,

(#m

AATE TIIYIBR L1572 RS E ] o ARraT A4 5~ 7 v % NGS @t L. LBx o FH
TEAZHME L 7=, TIA %175 2 & C ctDNA iR Z [ L¢3 2 L 8A[ETH B &
PRI N0, B X N7z tDNA R CEZ R E L2GE. TReEoaAERBEHEEZER
B3, TIA T—E L 7= ctDNA., HFic KRAS ctDNA 23 FElisE o vk & BdE2n H 5 2 &
DRI NI RIFFEOFRERD S LBx # 5 & & T, fTE I EREREN © T 1% Tl 23
AIRETH 0 . IRIRHEISIRE ICHIFHATRECH 5 & L SRR X 7z,



CA19-9
CCP
cfDNA
cfTNA
ctDNA
gDNA
DNA
ddPCR
ERCP
EUS-FNA
FFPE
LBx
MAF
NAT
NGS
NIPT
TIA

AR

carbohydrate antigen 19-9

comprehensive cancer panel

cell-free deoxyribonucleic acid

cell-free total nucleic acid

circulating tumor deoxyribonucleic acid

genomic deoxyribonucleic acid

deoxyribonucleic acid

droplet digital polymerase chain reaction
endoscopic retrograde cholangiopancreatography
endoscopic ultrasound-guided fine-needle aspiration
formalin-fixed paraffin-embedded

Liquid biopsy

mutation allele frequency

neoadjuvant therapy

next generation sequencing

non-invasive prenatal testing

tumor informed approach



##

il

el [T IR E IS PRARGE E S, AT BT % 2023 F 028 ket Tl T,
e lBEL DS 45, 900 #4. SETHEA 40, 400 44 CTHRALAN 4 f2. 5 X AEFHR D 8.5% &
o T (EEHRY — v A In BENZBAMTE R v 2 — 03 A GRS — € X, htps://
ganjoho.jp/reg_stat/statistics/stat/short_pred.html (2024 4 11 A 10 H=M8), Wl
JE IR cHEMEmIcH v GEEHRY — e 2. In ENZBSAMTEE v 2 =23 A G
— b X, https://ganjoho.jp/reg_stat/statistics/stat/cancer/10_pancreas.html (2024
£ 11 A 10 H£H8), In United European Gastroenterology | UEG, https://ueg.eu/
files/ 771/b7ee6f5f9aa5cd17calaead3ce848496.pdf (2022 4 7 H 1 HEHH), 2030 4E
WIKE O B AEAIANTEE D 2 hric /e & PRI LT3 (Rahibetal, 2014), ¥
BAROME & L TR oW X HEERICZ L <. ZWiFIcs X Z 80% DFERI
PRIEYIBRARE I Ef T LT wb 2 & (Gillen et al, 2010, Vincent et al,
2011), YIBRIERIT b itk 1 AN O FFEHRD 51.2%, 2 FLANDFHFEHR S 79.5% &
Mz EREIrE 2 L (Grootetal, 2018), FfliosnE—otRBEEECTH Y, L
PR TR REE D BN ME S TR ICA M RIRIRER D w2 e BB T o5

(Neoptolemos et al, 2018), ZD7-% ., RHIZW - HROME T EOHER, B b
RIEEORAEV A TH 5,

Welieles D FeJs 1 F i, KRAS, TP53, SMAD4, CDKNZ2A D5 L CT\w3b Z &
BHS 2> L e > T2 (Hruban et al, 2000 ; Bardeesy and Ronald, 2002 ; Pietrasz et
al, 2022), Ffic, KRASIIHI90%TEEL TH Y, KRASOERIZFICa v
G12, GQ61 iIcfEH LT3 (Waters and Der, 2018 ; Pietrasz et al, 2022), L7z
35T, KRASZ RN DB R A A A~ —N1— L e b A[gelEdid %,

NEEAEBII B AZH O T— IV FR X v X —FTH Y, “Precision medicine” IC 7z
BIEFERTu 774 ) v IO AHTH 20, REPRKECEVBRLIETT S 2L
IREECH 5, E, KRELABETCHSL Y * v N4 4 72— (Liquid biopsy :
LBx) OWFFESEAICITON T3, LBx & 3R EZH =AM Th b, JRBHE
M. HERCHIEK, R DAV 5 25, mHEREA TV 2 DMK % V72
LBx T®» % (Corcoran and Chabner, 2018), #ofhich sV VvV —Lo~4f 7o
RNA 7z Uk 4 WVE 2 LBx ICB T 52 N4 A ~—Hh —IC 2 A[EEELSRET I T Wvw 3

(YuW etal, 2019 Lin Betal, 2022), 5 c#¥]® T LBx Z2ZWiH& cERLL 7-
DT EHAIM A RS YR cell-free deoxyribonucleic acid (cfDNA) % F\» 7= JEREE HH A= Aif
BIRY WA Non-Invasive Prenatal Testing (NIPT) & X4, 2011 FIKETIThH
7z (Palomaki et al, 2011), LBx ® 9 H . IMEH D cfDNA % F\ 72 & O 13 A4 i
DL L R 3 [EEW 23S % L b (Corcoran and Chabner, 2018),

cfDNA (FHifER 7R b= 270 —v AR LZBICH I N
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deoxyribonucleic acid (DNA) @ Z & ¢, JEEMAEER D fDNA X, circulating
tumor deoxyribonucleic acid (ctDNA) & X315 (Corcoran and Chabner, 2018),
ctDNA ORHNUIBA DR 7Y —= v 7 UNEFRZDORI. EE=%Y v 7,
SEFMPEZS 5 0§ 72 LICERIRISH S T3 (Wan et al, 2017 ; Dasari et al,
2020), F7z. ctDNA @ X F AL b s % & otk 4 g O FE . RIHHZBIcAEH &
ENT\»% (Shen SY et al 2018 ; Bocanegra V et al 2023),

ctDNA DRI 4 =BT IC B ORI OETICHE R R b 2 LRI
Tk Y (Pengetal, 2018 ; Suzukietal, 2020 ; Chin etal, 2020 ; Zhang et al,
2021). g < b [FIARIC F S Tl RAME | EfTETEw e s (Cohen
etal, 2017 ; Del Re etal, 2017 ; Chengetal, 2017 ; Mohen et al, 2019 ; Sugimori
etal, 2020 ; Strijker et al, 2020 ; Guo et al, 2020 ; Zhang et al, 2021 ; Affoloter et
al, 2021 ; Botrusetal, 2022), F7-. W CTIX ctDNA O B Es T L
R &0 - EEAREICHBERH 2 2 & 2RI T3 (Strijker et al, 2020),

TR D AT cCDNA 12 X 2 TN Tl KRAS DNA B3 P& IcBE G35 &
WO HEN% A (Hadano et al, 2016 ; Lee etal, 2019 ; Grootetal, 2019), B4
Lawnwe T2EYH S (Watanabe et al, 2019), [AIERICHi: ctDNA IC X 3 F#%fE
#rcd ddPCRIC X 3 KRASZZF % g1 L 72 k&5 3% «» (Nakano et al, 2018 ;
Kitahata et al, 2022), Ao X 5 i elids O 71 13 KRASUAN DZEF S B4 L C
V> 3 72 0 ENBAE O T I E % 5 2 5 otDNA 28 KRASZER D 75 O 2 FHlli A 6 FE T
B 5,

el D' =2 ) v 7%, FICEFKIRES CTRE L o HfRRE L . M5~
— = X BFHIA T TWw5, Lo L, WEGEHEEIZER CFHEARETH 513 &
NS 23 BE R U 7 BXFE © L il © & 7o\, S~ — 7 —Cld CA19-9 23 b A 7N
AF~—n—ThY, fiith 1 FFLUNIC CA19-9 AIEH AL (B7U/mL LATF) L 7= fEfHZ
EEDRER] & L L AR ICEEGFE R EH W LR I N T w52 (Ballehaninna and
Chamberlain, 2012). RPERZRESLHT S oW, fhodEic X 2 HEGTER. £ 10% 0
JEGI 2 Lewis ilRfEtED 7z 0Bkt L 72 2 L v o 2R ZE T b 115 (Goggins,
2005 ; Robert et al, 2018 ; Pietrasz et al, 2022),

ARIFFE IRy — 27 = v ¥ — (next generation sequencing : NGS) % 7= %
=7 v Py =7 TV REITIC K 5T, KRASUILD ctDNA b &9 7z ctDNA B %
BHO 2 C$ % 2 & C, BEEYIBRAERIC 315 5 LBx OEFKRNE AEZFEMGL 72, %
72, ctDNAWHE %2 X2 45KE LESEOr 2 70774 ) v 7ickkon
7= 7 78 —F (Tumor informed approach : TIA) O#EFI 21T -7, 72, TIA D7-
DIFONTET ) L 7a 774 v e PiRoOBEDSFHL 7,



KBTI

O MNRAEH & BiAINE

2019 4F 6 H 2> 5 2020 4 12 HicduifgE REpbe. ALBEEERIR A E R be < Tl %
Z\F 7= el B 152 FEFID 9 b, fTNAREAR, 74 7 7 VHEAR, RS
(15l C complete response & 7z o 7= 7 HEFIZBR K 145 FEFI 20t R & L7, MEEY v
7V DI TR AL/ H 2 WIIMTHTIC T o 72, £ 72, &l hkoZ 2%
ROV 272017 4 —a—FDIEDTo 7, BEDOT ) 67w 774 ) v 7 &AT
5729, Uik sr~< ) VEENT 7 4 el (formalin-fixed paraffin-
embedded :FFPE) f2AD5um 274 ZADZA 74 F%& 10 KUNEL 72,

AW I3 IbmE R Y (18-053), FLBRERIRY: (302-240), MEREAR AL S

(2018-1016, 2020-1150) DfHHEFEERZE XD AR LG T 7, WREFT T
TR Z TV, HHIC X 2RIE 27,

@ MY v I AdsomFEommy

HBFE 25 14ml DI % EDTA WU X 0 7= RN ICERIL L . $REUE 2 BERE LA i
4°C, 3,000rpm, 15 73D ZEfFTE.O L, MEELMKZ ZNENFH L VWF 2 — 71
L. cfTNA, genomic DNA (gDNA) #lii & ¢-80°CTREFEL 720 —&H v T
BML #I1c &3t L fTNA, gDNA o2 b Xty -7 v —cor—2r v 2
fEtr £ TiTo 720 AT, UMEETOHEZTHT 5,

3 fTNA oHH

cfTNA O i MagMAX Cell-Free Total Nucleic Acid Isolation kit (Applied
Biosystems™, Waltham, USA) ZFH\W{fT>7-, f#FL Tz % 1.5mL © F
2—=71H L, 4°C, 16, 000g, 10 L CT 7V 2k S & CHEonz1iEs
cfTNA fH Ic 7=,

3-1 Proteinase K #/L3H
=L CfREoNZIMEE%EZ 50mL F 2 — 7B L, TReoEZSMHIC MagMAX™
Cell-Free Total Nucleic Acid Proteinase K (Applied Biosystems™, Waltham,
USA)., MagMAX™ Cell-Free Total Nucleic Acid Lysis/Binding Solution (Applied
Biosystems™, Waltham, USA) %#ilZ. &F03—I1c7 2 L5 L. 65°C,
1,000rpm, 30 7D 5MT, IREBEEHTA v ¥ a2 =1 L7z, &T#%50mL F = —
7 %KT 5 pEmHIL 72,




# 1 proteinase K L Ic B8 7 il3E & &
14 2mL 3mL 4mL 5mL 6mL
MagMAX™ Cell-Free Total Nucleic Acid
Proteinase K (20 mg/mL)
MagMAX™ Cell-Free Total Nucleic Acid

30ul |45uL 60 u L 75ul Oul

1ImL 1.5mL | 2mL 2.5mL | 3.0mL
Lysis/Binding Solution

3-2 ©—X& fTNA DA
TREER 2 S L, MagMAX™ Cell-Free Total Nucleic Acid Lysis/Binding
Solution, MagMAX™ Cell-Free Total Nucleic Acid Magnetic Beads (Applied
Biosystems™, Waltham, USA) % jiz. = _E#RE# T 1,000rpm, 10 73R L 72,
#& 17 #%. DynaMag-50 Magnet (Invitrogen, Waltham, USA) IC[EE L. 5 EHiE
L. RiEZFEEL -,

K2 v—X& fTNA DA ICLE LKL &

Mg 2mL 3mL 4mL 5mL 6mL
MagMAX™ Cell-Free Total Nucleic
Acid Lysis/Binding Solution
MagMAX™ Cell-Free Total Nucleic
Acid Magnetic Beads

1.5mL 2.25mL 3mL 3.75mL | 4.5mL

60uLl |90uL | 120xL |150uL |180uL

3-3 ¥ —XD%H
50mL 9 = — 7 % DynaMag—50 Magnet 2> 5H( D #f L. 1mL © MagMAX™ Total

Nucleic Acid Wash Solution (Applied Biosystems™, Waltham, USA) Tv —X% &
%, FrLw 15mL F2— 71 L7, 1.5mL 5 2 — 7 % DynaMag-2 Magnet

(Invitrogen, Waltham, USA) (U F~7% vy b X2V F) ICHEHEL 20 RIS,
EFETS50mL F 2 — 7 2L THRo T — X Z[EUR, 1.5mL Iicf% L T 2 4rEHiaE
L7zo RiEZBREL, ImL © 80% T &% /) — A ZIx TR L e —X%H—Ic L,
H RO CHEORIC 7 Ay PAZX Y FICEEL T2 0E L7z, TOFE%L 2
DR 7,

3-4 i
=X Wb X IFERL T REZERICREL., 5 olle —XZiig &
720 400 u L ® MagMAX™ Cell-Free Total Nucleic Acid Elution Solution (Applied
Biosystems™, Waltham, USA) ZMx CHfL e —X%H—ic L, & LR&EECT
5aMHRERIC= 7 Ay P AZY FICEEL T2 08iE L2, BiEZH L 1.5mL 7
9




— 7B L7,

@ CfTNA D&M
4-1 ©—=X & fTNA OfEE MR
B LT 72 BiEIC 500 w L © MagMAX™ Cell-Free Total Nucleic Acid
Lysis/Binding Solution & 10 u L ® MagMAX™ Cell-Free Total Nucleic Acid
Magnetic Beads # il 2 C & _EIRE# T 1,000rpm, 5 0 iR% L 7=, B _EiE O CiEO
L7z, =74y P AZY FICHEEL TS5 offE L T EEZREL 72,

4-2 v =X DY

=X Wb X IEREL T REZREL,. ImL © MagMAX™ Total Nucleic
Acid Wash Solution T —XZE#E L, #H#H L 28E LE O TELOL L, Z0%~
JAy PAZVFICEHEL T2 0EE L, BEZREL. ImL © 80% = %/ —v
EMATEALT Yy 7 23 FF—CHAL, ©—X%¥—ic Lz, 5 EEOETED
B, v/ Ay PAXYFICEELC20MEE L, ZOF¥E%Z 2RV IEL 72,

4-3 iﬁtﬂ

FEZEEICREL, 5ol —X il xd7, 15uL © MagMAX™ Cell-Free
Total Nuclelc Acid Elution Solution Z I Z T L T —X%#¥—ic L, H LiREHE
55rflRE L 72, W EE O CTEOER, w74y P AZX Y FICEE L T2 70ifE L

7‘:0 13-15u L o BEiFEZFH L 1.5mL 2 — 7icE L, fTNA O Z#&T L 72,

® #HhH L 7z of TNA o 58 58

i L 72 of TNA @ 58 FF-ifild Qubit DNA dsHS Assay kit (Life technologies,
Carlsbad, USA) % F\>7- Qubit Fluorometer (Life technologies, Carlsbad, USA)
IZ X % §Ffii & High sensitivity D5000 ScreenTape (Agilent, Santa Clara, USA) % Hi
V2 7z Tape station system (Agilent, Santa Clara, USA) IZ X 2 §Ffifi % 17 - 7=,

5-1 Qubit dsDNA HS Assay kit T o i

MEMEZD 7DD 250 Standard v Iy &, I FES Y AL b 3
Y v IN% R

AE A FH#EE L 72, Qubit dsDNA HS Reagent % Qubit dsDNA HS Buffer
T 200 fFIcA L T X SRR L 72,

Qubit assay tube Z T, FHEEL 723FE 199uL &% v 70 1uL T 200 fE5ICH MR

L 7z, Standard 3% L 723838 190 u L & Standard # > 74 10 u L T 20 f%iC ><5F

L7ze ML 729 v 7 - Standard (3 HEFEFEE RO Tl L T 2 2 [EFHEH
Qubit Fluorometer CHlE L 7=,

10



5-2 High sensitivity D5000 ScreenTape IZ X 2 Ffiffi
Qubit Fluorometer TG b L7z fTNAJREZFLIC, v 7' V% Ing/ u L FREIC

Nuclease free water THR L 7z, PCRH 8 F =2 — 7 DT X TDF = — 7 High
sensitivity D5000 Buffer % 2u L 320 L. 12 U® D F = — 71 High sensitivity
D5000 Ladder % 1u L. Nuclease free water % 1u L illZ, ¥ ¥ 7 Vit Ing/ u L 12
CHMLCZZEEIE 2ul, ML T WEEIEY v 7% 1 u L, Nuclease free
water Z 1u L2 CHFR L. & EE O TEG L T 1 2 fEEHER Tape station
System % F\W CHIE L 7=,

® 7 4—3a3—}F»bD gDNA OHiH
N7 4 —a— 5o gDNA Offitt i FlexiGene DNA kit  (QIAGEN, Hilden,
Germany) %\ TfTo 72,

6-1 gDNA D ¥
AT 2ERII TR I ZSEFIC L, &Y v 7L OIREIC)E U T Buffer
FG1 Zfnx. 5 BEEREM L. =ik, 10,000g, 20 B0 L T EEZRE L 72,
Buffer FG2 & QIAGEN Protease Z 1 2 T, BT 5 £ THIEE L 720 5 B OB
TEL L, 65°Coe— L 7wmy7ic5pHEER,. 100%4 Y 7Fu5) =2z <
DNA 23 M3 2 £ CTIEREM L 7z, i wEEid 100%4 Y FaoX /) —1 %
DNA 23 M4 2 £ Thnzx 72,

* 3 M2 oD gDNA i ic il s 23K e &

1Mt = 100 L |200uL |300uL [400uL 500 L
Buffer FG1 250pu L | 500puL | 750pL | 1,000l | 1,250uL
Buffer FG2 50uLl 100 L | 150 L | 200uL 250 u L
QIAGEN Protease 05uL 1.0uL 1.5uL 20uL 25ulL
100% 4 v 7mo3 /7 —n | 50uL 100 L | 150 L |[200uL 250 L
70% =T X%/ —)n 50uL 100 L | 150 L |[200uL 250 L
Buffer FG3 100uL | 200l |200uL |200uL 200 L

6-2 gDNA DA
70% T % ) —AZhACHL, iR, 10,000, 3mELL7=, EEZBREL.
Buffer FG3 Z il 2 THEPHE., 65°Coe —F 7o v 7ic 1 KilEE L DNA 2AH ¢
7z

11



@ i L7z gDNA o 5B 7

L 72 of TNA @ 58 FF-ifild Qubit DNA BR Assay kit (Life technologies,
Carlsbad, USA) % F\>7- Qubit Fluorometer (Life technologies, Carlsbad, USA)
IZ X % #Fffi & Genomic DNA ScreenTape (Agilent, Santa Clara, USA) %\ 7=
Tape station system (C X 2§l % T - 7=.

7-1 Qubit dsDNA BR Assay kit © o il
BEMAZSI 720D 250D Standard ¥ v A b &0, FHETFEY Y I LD 3
YIS 52 L L L7z, Qubit dsDNA BR Reagent % Qubit dsSDNA BR
Buffer T 200 f5ICA ML T X CHEH L 72, 2 7LLAFE Qubit dsSDNA HS Assay kit & [A]
Bk D 7515 T Qubit Fluorometer THIE L 7=,

7-2 Genomic DNA ScreenTape (€ X % #¥ifi
Qubit Fluorometer Tf5 b 417z gDNAJRE Z i, v 7% 50ng/ u L FREIC 7
K CHRML 72, PCRAD 8#F 2 — 7 DFXTDF 2 —7IC Genomic DNA
Buffer # 10uL 3 272F L, I C®DF 2 —7iC Genomic DNA Ladder % 1 Ll
Ay 7 lp LA TR L T8 B ool LT 1 rHERE L., fE
# Tape station System % > CHIE L 7z,

[EEHERR D > © gDNA offiH!
8-1 FFPED~/7uxf /v av
FEEISEAHAR R ERER I & o> € HE OIEAR DG T IC~—F v 7P fid nTE Y|
ZDv—F v I RIKCKRPEFER 10O~ 70 X4 v s v a vifTo7z, 1454
T TS DUNE Z 1T\ MK D gDNA % IVEE T & 722> o 7= 8 FiE {5 I [ I 5 AR ST
FDOWED T o7z, FFPE (X 1.5ml D F = — 7N L 7z, gDNA ol
GeneRead DNA FFPE (QIAGEN, Hilden, Germany) % H\»T{T- 7=,

8-2 gDNA ol

160 ul ORi~Z 7 4 ViR Z M Z T 10 BEFEHE L TEO0 L7z, 56°CT 3 40fH A v ¥
2_X— b L7, Bl THmAL %,

55ul ® RNase-free water, 25ul @ Buffer FTB, 20 u1 ® Proteinase K % jll . C ¥
VINERELGELL %,

56°CC 1Hf[E[ 4 v F2a_—FP L, ZD%IOCCT1IHEA vV Fax—=F L7z, F=
— 7% LR, FEOEWNRIEZH L 1.5ml F 2 —7XiE L, 115ul ®
RNase-free water % il . 7=,

B 7T 35ul @ UNG Zhix THEFREL, 50°CT 1A v F 2 x—F L7,

12



QIAamp MinElute #7 7 2+ (QIAGEN, Hilden, Germany) % 1.5ml 5= — 7IC A
N W7 LD0EXZH T T, 20~40ul ® Buffer ATE 2 A v 7L v HIICEM L 72,
RNase A% 2ul iz, ERT20MA4 vFax—1F L7,

250 u1 @ Buffer AL % ¥ v 7l 2 THEREZ, 250ul =% 7 —v (96-100%)
Nz, H#HEL 7,

700 u 1 DEMER % QlAamp MinElute /7 7 L DO#F%im b I\ X S I L, 16,
000g. T 1 fHhE L L7z, HO%. WA A v 7L v ZERIGEEL Th ity
B, 17 LIRS E TEL LT,

500l @ Buffer AW1 %77 7 LML, 16, 000g, Z=im T 1 /pfilE O L7z, Hic
W T 500ul @ Buffer AW2 %7 7 ZCHINL .. FIRRD STl L7z, 250 pl D
IR —) (96-100%) 77 LICHML, FROFEATEL Lz, 77 L%FH LW
L.5ml F 2 — 7 AL, [ARRD ST O L 72,

@ #HhH L 7= gDNA o 58 SFifl
7-1. 7-2 & [RIERICAVE M &2 1T o 72,

@ fTNADZ4 77 i#EsE
ffiHi L 72 ¢fTNA (2 Oncomine Pan-cancer cell-free assay (Thermo Fisher
Scientific, Waltham, USA) ZHWCY =2 T Vv 2ADT74 77 ) ZHEEL /-,

10-1cfTNA D355
BHy TN eildrE PCRHASEF 2 —7ICUToXRLI DIz, F2—7IC
EE L CHEEPLUTORS OB —~ LI 4 7T —icplFz, TRy Y TLE
B RO cmO L,

F4 WEEBICHWRHIE S vy I roE

Component Volume
SuperScript VILO Master Mix 2.6 uL
#¥ v 7L (20ng £T) =104puL
Nuclease free water To1l3uL
it 13uL

13



#£5 WEEBZITIF—~r¥ L7 T7—DEN

Temperature Time
42°C 30min
85°C 5min
10°C Indefinite

10-2 x—7" v + OHEIR

10-1 CEHL7ZPCRASEHF 2 —7DEEHMN L. LLTDE 6 ORIEE M2 7=,
FYITNEHBPLUTORT OFMETH -~V P A 77—l T, =P 47
7—1390CCc7Le—FLTHBWE, BTHEY Y IV ZE RE O CELL 72,

Fz6 Z2—7 v OMIEBICHWERELE Yy T LroR

Component Volume
Cell-free total nucleic acid reverse transcription products 13ul
Oncomine™ Pan-Cancer Cell-Free Panel 2uL
cfDNA Library PCR Master Mix 15uL
it 0uL

KT X2—=T7 v FOWEIREIT) YV —~AH¥ A4 7 7 —DMF

Stage Temperature Time
Hold 98°C 1min
98°C 15sec
64°C 2min
62°C 2min
2 cycles 60°C Amin
58°C 2min
72°C 30sec
Hold 72°C 2min
Hold 4°C Up to 1 hour

14



10-34 =7y FT7v7) avolihl

PCRH 8#F = — 7 %@, PCRAH8EF 2 —T7HO~ /2y P RAX Vv FICE
¥, 100pL ey FEHOWTEF 2 — 7 ORIGABZIE L, KIGKRE D <30 pL
D613 Nuclease-free water Z 2 CHK YV = L OR&E% 30pL I L7z,

% F 2 — 71T 45 pL © Agencourt™ AMPure™ XP Reagent (Thermo Fisher
Scientific, America) (W TR E—X) Zx., #HLwEE Lz, #Hikk, ERET
5 4 v F 2=+ L7,

AV Fa_— MEHERIPL TS 0MA v ¥ 2= P LCHE LEMETELL 7,
PCRHA8#F 2 —T7 %~ %y PAX YV FICEZ, 50 2 I3 ERICR 5 £
TAVFax—bLBEEEZBREL, 150uLl ® 80% L & ) — L THAY — X%k
HL 7

FEIRCTHEPEHIC e 2 ET30MEA v Fax—F LR, BEERELZ, #
JE150u L @ 80% = % 7 — A ClRE — X &P L. B CHERSERICR S T
30 MEIA vF ax—1F Liztk, BEZREL 2,

PCRHA8#EF 2 —T7 %~/ % v FXAX VY FICEWEZTE, 1I0uLHe~y b TK
ST X)) — ARV ERE, BERT5 R Y — Xz REz L 7z,

%Fa—71C24ul ® Low TE buffer 12 C&E% L TR L, Eim< 54
V¥ axX—1F L7,

PCRHI 8T = — 7% L@ L TEO L, =274y PAZX VY FICHLY R L
204 vFax—F L%, EEDOI B 23uL #FH LW PCRH 8 EF = — 7
%L 7,

10-4 N—a—FbaInzT774A~v—%fnix2 =0y 7 v 7Y av ol

V= T VADRBRICE Y v I EENT AN -V EMNE L X =Ty TV
VavEEXE 3720, &£F2—7IKEK8D LI KK L IMA Tz, v I ABHE
LUTDORIDFEHTY =~V [ 7 F7—=hlT, Y=< ¥ 47 F57—F90°CT
ZLe—FLTHEL,

K8 Z—7 v FOWIBICHWEEIEL YV I LrDE

Component Volume
DNA from the previous procedure 23uL
Tag Sequencing BC  (#1—48) 1ul
cfDNA Library Primer P1 1uL
cfDNA Library PCR Master Mix 25uL
G 50uL

15



£ =7y FOMEEIT) V—<LP A7 T —DKM

Stage Temperature Time

Hold 98°C Imin
98°C 15sec

18 cycles 64°C 15sec
72°C 15sec

Hold 72°C 5min

Hold 4°C Indefinite

10-5 N—a— LI nko4 77 ofFH

PCR H 8 i#F = — 7 % MilifiE 0%, PCRHA8#F 2 —T7HDO~7" %y b A &Z v
Fic@EZ, 100pL ¥ <y P Z2HOWTHEF 2 —7DONIGEEZIIE L. MGRED
<50 pL D& 1% Nuclease-free water Z 2 CTHK vV = VDR EE 50 ul I L7z,

KFa—7I1C 575 pL DR e —X %2 MA, il wHEZ L TLKHEEL, ERT S
S v FaN—1F L7z,

AV Far—MEHERBELS OMEA vFax—F LTHEH LEROMMETERLL 72,
PCRH8EF 2 —7 %~/ %y P RAX Y FICEE, 50072 3R/ ERICKR S %
TAvFax—rL, FFHEEBRELE, 150ul D 80% T X ) — L TR Y — X%k
L7z,

Ei CIRWEHIC 2 E T30 ML vFax— L2tk BEEZRELZ, H
JE150uLl @ 80% = X/ — VTl e — Xz L. ERCHEWRPEHICR 2T
30 R4 v F 2 _—F Lztk, BiHZBREL 72,

PCRA8HF 2 —T7 %~/ 3y PRZ YV FICEWEZTE, 1I0uLHe =y b TK
27T R —AZHYRE, EIR TS5 oMK e — X% Rz L 72,

%F 2—71C50uLl ®© Low TE buffer ZM A C X <L, Eil< 5704 v *
2aX—1F L7,

PCRA8#F = — 7% iR O CHEOL L~ 4y PRAZ Y FICB LD EDH 2
SEIA v F o= Lztk, EESOUL 2% H LW PCRAH8#F o — 71t L
720

10-6 N\—a—FNbLIN~ETAT7 VDI A XL T |
PCRHA 8HF = — 72 FERHZELL, =74y FAX Y FITEWTEZIL 72,
KFa—71C 50 pL DR e —X 2, FHrLVEZ L THEL, ZiRT 5 M
AvFax—F L7,
PCRA8HF 2 —7 %~/ %y PAXV NICEE, 500 72 3B EHICR S

16



FTCAVvFax—tL, LiEEZBRELE, 150uLl D 80% T X ) — AL TR YEY — X%
Je L 7=,

i CARRPERIC 2 T30 R4 v F 2=+ Lztk, LIEZREL -,
BHE150uLl 0 80% X/ — VL TAE —XZPEH L, Ein CRRPERICR S %
T30 MMA v Fax—F LK, LEZBRELS,
PCRA8HFa—7%~7 %y b RA YV FICEWEZEE, I0uL e~y b T
o —AERDRE, FHT5oER Y — X 2R L 72,

#F 2—7130ul ® Low TE buffer Z i1z T#EH% L CX P& v, /T 5
A v EF2R—P LT,

PCRH8#F =2 — 7% LiE [ CTE.OL T2/ 2y PAX VY NI LA L
b 20MA v Fa—F L%, EEON 280l # 2N 2 200u L ORFHTF 2 —

AT AP

10-7 f58L 294 7 7 ) o s E il
High sensitivity D1000 ScreenTape (Agilent, Santa Clara, USA) < X % & % 17

277,

PCRH 8 #F = — 7 DFT X TDF 2 — 7IC High sensitivity D1000 Buffer % 2 u L 3
DEL, 1ZL®DF 2 — 7IC High sensitivity D1000 Ladder % 1 L. Nuclease
free water Z luL 2., ZDOMhOF 2 — 71K v 7% 2u L MACTHREL, 51
OB T O 1 ElENE L 7214, Tape station System % '\ CHIE L 7=,

@ EEAED 7477 Y R
fEZ ARk D 7 4 77 U 1% Ton Ampliseq Comprehensive Cancer Panel (Thermo
Fisher Scientific, Waltham, USA) F\»CERKL 7z,

11-1 11 DNA o #iE
By TN EREL 15ml Fa—7ICRKI0D X STz T SEHBL -,

PCRHASHEF 2 —7% 4 OHBLCH Y I 5ul 20 L, &F2—7|
1EHO T 7A4A~—%5ul32o0F Lz, UTORIL OFEMETYH—<LH 47T —

T 7z,

-

[
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# 10 DNAMREICHWAHIK > v I roE

Component Volume

Ion Ampliseq Hifi Mix 9.0uL

%9 v 7 (40ng £T) =135uL

Nuclease free water To225uL

it 225uL
% 11 DNA DEZAT S ¥ —< A% 4 7 7 — D%

Stage Temperature Time

Hold 99°C 2min

16 cycles 99°C 15sec

60°C 8sec
Hold 10°C Up to 2.5hour

11-2 7 v 7V a2 v oiksaidEit

450 PCRABH T = — 7% XL T @O TEL L 72,
4 ODF a—T D&YV I A% 1ODF2—TICE KN LT, &% v 7 1ic FuPa
Reagent # 4u L ¥ oz TP L H Bi@ U ETELL 72, R12OEETI -~ ¥

A7 7 —=IThT,

K12 7SV avoTSEtordDOH—< 4 7T —D5M

Temperature Time

50°C 10min

55°C 10min

60°C 20min

10°C Up to 1.0hour

11-3 7 X 72 — s

PCRHAS8#EF 2 — 7% XL CH LEOETELL, RI3DLXHITEF v T
WidEz iz 7z, 14 0FEHETH—<A V47 T —1Th Tz,

18




K13 TEXSZ2—DEGICHVWEIRE L I LDE

Component Volume
Switch solution 8.0uL
Xpress barcode adapter mix 40uLl
DNA ligase 40uL
BT 44uL
=t 60uL

K14 TETZ2—DREEGDI-DDY —~<LH A4 75 —DEAE

Temperature Time

22°C 30min

68°C 5min

72°C 5min

10°C Up to 24hour

11-4 N—a—VF{kahz74 77 ) OEH
PCRA8#F = — 7% X (L Cr b o cimal L7282, 90 pl ok e — X
ZMATI00uL o~y P TXIHEHL, T 5 24 vFax—F L7,
AV Far— b =72y PRXVEFICEEZ, 355004 vFax—LL72%E
FiEEBRELZ, 150uLl D 70% %) — A %2 THRAY — X2 k&L, LGz
L7, BEI150uL © 70% T % 7 — A ThgA e — X 2L 7=,

~7 Ay PRAZX YV FICEWZEE BEEZREL, I0puLHE Ry P TRz £/
— LR Y BRE, FlRT5 oMER Y — X2 REZ L 72,

~ 7%y PREZVEPLHALTHKET 22— 712 30 uL @ Low TE buffer /il 272, 20
uLHoEe~y b OISR — X2 I ., 74y PRZ YV FICEEERT 550
AvFax—FL7, AL —X2WbAhWE I ICERLT28ul 2R FHF2—7
B L7,

11-5 BEIL~F4 77V 0 NWE
10-7 & [FIFRICAT - 77,

@ qPCRICkBI74T7 7V DEE
Ion Library TagMan™ Quantitation Kit (Thermo Fisher Scientific, Waltham,
USA) AL T, qPCRICXVETA 77 ) OREEZHIEL 72,
68 pM @ KI5E DHI10B Ion Control Library Z 2 v v —n & L L 72, 2V
19



bo—a# 10 f5FoR ML T &, 6.8pM. 0.68 pM. 0.068 pM. 0.0068 pM.
0.00068 pM & L 7z,

BZEY VY INTATTIVRUTOLSICHFN L, 2uL D74 75 U % 198 uL D
Nuclease-free water ¢ 100 f&#A 8 L Hi#pee. & @ 0Tl L 7z, 100 AR L 72
Z A4 77V 3uL % 27uL @ Nuclease-free water C 1000 517 R L CTHEFRE, & EiE
O TELLZ, v I NI 477, av br—i, No Template Control % 96
7z AT L — MU TORISDXIITMA, £ 16 D X 5 I QuantStudio5 (Thermo
Fisher Scientific, Waltham, USA) %M \»T PCR %17 - 7=,

#15 qPCRICX 27477V ERBICHVIHAE R

Component Volume
2X TagMan™ Master Mix 10u L
20X Ton TagMan™ Assay 1uL
1:1000 dilution of the sample OuLl
it 20uL

#*16 PCRo 7w b an

Stage Temperature Time
Hold 50°C 2min
Hold 95°C 20sec
40Cycles 95°C Isec
60°C 20sec

PCRCIHEOoN72T74 77 ) DREZMEREL., X1 100pM ICHRL 7z, &V v
TNE200uL OF 2 =TI 5u L FOoMx CHEEL <, 5 Lo cEL Lz, [H
HOFNET qPCRIC X 3 ERE1T - 7=,

® NGSick3v—27xv=
12 CERLEZY Y IADT 477 Y55 lon Chef (Thermo Fisher Scientific,
Waltham, USA) < Ion Chef 540 kit & % \» (% 550 kit (\» 3413 Thermo Fisher
Scientific, Waltham, USA) #HWwT7 v 7L —t Z{E L. Ion GeneStudio S5
Prime System (Thermo Fisher Scientific, Waltham, USA) Ty —Z2 T v &L 7=,
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fiE b
f#tT 1% Torrent Suite Software v5.16 & Ton Reporter v5.16 & £ U v5.18 % F\»CTHT

o7 MENTICER L2V —2 7 v —3, CHBE#EZRZFT 5729, fDNA B X
N7 4 —a— }FIiZlE Oncomine TagSeq Pan-Cancer Liquid Biopsy w2.5 %, fE5 D
gDNA IZ ¥ AmpliSeq CCP w1.2 Tumor-Normal pair %7 7 4 b F X5 X — X Cffi ]
L7z ctDNADANY TV Fa—rDhy b4 7130.065%T, ZET7LAEIT2 a2y
=M k& L7, TIA I X 25HllIZ#EBE OEEMHB,» OGO Nr /) L 7v 7 740
L ZDEFD LBx DR L % —0f—XIGCaHli L T ctDNA 23 2 FiETH Y |
TIAIC X o CTEBOLER L —H L AZRIT, ZRTLAED 1 2 —TH tDNA &
EF L7z, EED gDNA 22BN INARED 5 B A3 L v 5% 80x A DA 13
BRALL 720 F 720 MAF 23 5%LA EoZ8 83, R oM & - — R B % Ik
HLZicHEEFHE I NGz, N7 4 —a—F THREEEI ., ofDNA T—E L T
INTZHEIT CHEEZ R & LTl L 72, TETHLARIERER 5% 7 FEfigs <
SRECER T 2 2 e BHb T3 4#EnT (KRAS. TP53. SMAD4, CDKNZ2A)

DERHBBRI T N5 E 1. MAF KBRS 2 a v - EzBtE e €& L 72,

£ IR

® ddPCR
JEER O KRASEBROG % 34 % 72%. ddPCR KRASG12/13 22 ) —=v

¥ v } (Bio-Rad, Hercules, USA) & QX200 ddPCR ¥ 27 4 (Bio-Rad,

Hercules, USA) % T ddPCR %175 7=,
KITOX >y vy il L. QX200 Droplet Generator (Bio-Rad,
Hercules, USA) oA — b+ U v YOHREICH v T AZTIL 72,

% 17 ddPCR oid#EE

Component Volume
2x ddPCR Supermix for probe (no dUTP) 10uL
20x multiplex primers/probes (FAM+HEX) 1uL
gDNA sample+ Nuclease free water 9uL
at 20u L

Droplet Generation Oil 70u L #7—F UV v YO TERICHML, HAT v b &k
L T QX200 Droplet Generator ICH—F YV v Y %BnwCTrbry 7Ly P 2ERL 7,

A—=bPY YD EEROY VI NZFry 7Ly P2 PCR 7L — MiciL
Te—bFy—%{To7, b—=Fr =ik 18D 7 F 2,LCPCR 2T\
QX200 Droplet Reader (Bio-Rad, Hercules, USA) T#tT%1T > 7=,
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#18 ddPCRo7u a2

Cycles Temperature Time Ramp Rate

1 95°C 10min

40 94°C 30sec ~2°C/sec
55°C 1min

1 98°C 10min

Hold 4°C Infinite ~1°C/sec

ISR X 7 20 o 7 JEBIC D CIE. & & 12 ddPCR KRAS Q61 multi
screening kit (Bio-Rad, America) #F\WC, R L 7w b 2L CddPCR #{7o 72, 2
Bl ddPCR TEERH X e b o 72ER % KRASwild & EFE L 7z, NGS T Q61
BERBH E N GERE. ddPCR KRASG12/13 27 ) —=v 7% v b DRI
D53, ddPCR KRASQ61 v~V F A2 Y —=v 7%y b CiHliL 7z, 3 TDAEH]
ICHBWT, 10 ng ® gDNA %\ T ddPCR % 1T > 7z, [GHIEGNIL R ECD 2 LA
. MAF 23 0.1% U EEEEL 72,

Wt T
T RC D EHEWTIZ JMP Pro version 17.0 % F\»CT{T > 7z, Fisher O IERERE % H
WCREEIER & ot DNA O F#H, LBx D& & TIA TD ctDNA O H % [k
L7z, A1 Hh#R 1% Kaplan-Meier 5T L. w2 - 7 v 7 REZHWTHEET L 72,
TR T DT IE p<0.05 ZHEEH AR EAEDLH 5 L HIWT L 7,
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KB R

D 145 FER D KRR BRI R

145 FEHI O BERREZ S EZ R 19 ICE & D72, HUSTEFRD 5 b, 71 EH] (neo

adjuvant therapy : NAT Ba%AHT © 38 SEf. FAiisfT -

33 JEH]) VRN ARTIC Y v

TR T N, 74 FEHIA NAT RIS 7z, SHMHAR S (FiPH - 1-36 » H)
ICERIRIIC FEFE L 2T & 7= B3 13 145 A 62 fiEfil (42.8%) TH o7z, NAT %%
7= 112 4B 5 B 59 EH] (52.7%) 75 resectable, 38 fERI (33.9%) #°
borderline resectable. 15 JiEff] (13.3%) 2% unresectable IZ/38E X iz, FHMTSEITIE

3. 2HEW2S resectable TH - 77,

#* 19 145 B DERARHR B IR

Characteristics

No. of patients (%)

Sex
Male 75 (51.7%)
Female 70 (48.3%)
Age

Median (range)

71 (50-86)

Neoadjuvant therapy

Yes

112 (77.2%)

No

33 (22.8%)

Preoperative CA19-9 (U/mL) (N=140)

<37

54 (38.6%)

=37

86 (61.4%)

Tumor location

Head 99 (68.3%)

Body 36 (24.8%)

Tale 10 (6.9%)
Resectability

Resectable 92 (63.4%)

Borderline resectable

38 (26.2%)

Unresectable

15 (10.3%)
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UICC pT Stage

Tis 7 (4.9%)

T1 48 (33.1%)

T2 64 (44.1%)

T3 26 (17.9%)
Lymph node metastasis

Negative 73 (50.3%)

Positive 72 (49.7%)
Metastasis

Negative 135 (93.1%)

Positive 10 (6.9%)
UICC Stage

0 7 (4.9%)

I 54 (37.2%)

I 58 (40.0%)

11 16 (11.0%)

I\Y% 10 (6.9%)
Recurrence

Yes 62 (42.8%)

No 83 (57.2%)

@ BEEAEOY ) LTaT774Y) v S

145 fEFIH 6 SEHI 2 NGS I X 2 &R D A1 v b A 78 %072 S e o 72, Kk
RO NIZEREENE O M 1085 ot varyey P 2K LIRS, B4
BT RFEERECE O TEHEEICERT 3 LB LNT WS KRAS (112/145,
77.2%). TP53 (76/145, 52.4%). SMAD4 (25/145, 17.2%). CDKNZA

(12/145, 8.3%) TH > 7=,

KRAS % ddPCR < ¥ Ffifi L 7= (3% 20), 145 fEFIF 128 fEH]  (88.2%) 23
KRASG12/13 ZE%#H L T\, KRASG12/13 ZEMREMETH - 72 17 EFID 5
5 fERI T KRASQ61 Z5 %3 7-7-% . ddPCR Tl 145 fEfd 133 SEH)

(91.7%) T KRASZEE I BH X7,
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pStage Detectionmethod

N
Tis 0 0 o I
1 I
2 - I NGS
] | . |
v H
pstage LLLLLLLLLLT T mm
T 1] | b | 1] [ B LI 1 i 1 B 1] | | { 11 |
N NRRRRRRRRRNR [ | [ 11]]
Neoadjuvant therapy Upfront surgery
xeasececll [ NEAMERRNNNRRNANNNNNNNRNNNNNRNNARNNE  NNRRNNNARNERNNNNARNANNNNNEN DNNNANNNRNNNNRANND NUNNNNNNRNNED NNNRUNNN NAN DNNN DDA NONRNDNNRDNEN DDEEN
KRAS * : L ]
™53
SMAD4
COKN2A
ARD1A
LRP1B
KMT20
AKAPY
coro

KMT2C

1 145 JEfl 028 BARE B4 108 T4 v a7 e v b
NGS cHHian/=ZER2%2F 1L v ¢, ddPCR T XL/ KRAS #* TR L T
%,

%20 ddPCR T» KRASHH

. Type of KRAS Positive Negative
Parient _ " Droplets MAF (%) KRAS status
screening Kit droplets droplets
HOO01 G12/13 8,472 274 1,260 17.86% positive
HO002 G12/13 8,793 100 1,855 5.12% positive
HOO03 G12/13 12,358 25 1,118 2.19% positive
HO04 G12/13 9,246 557 2,361 19.09% positive
HO06 G12/13 8,497 221 2,128 9.41% positive
HOO07 G12/13 9,982 506 2,127 19.22% positive
HO08 G12/13 9,910 133 1,365 8.88% positive
HO10 G12/13 9,110 89 894 9.05% positive
HO12 G12/13 11,141 95 2,238 4.07% positive
HO17 G12/13 11,174 1 1,624 0.06% negative
Q61 8,561 84 1,196 6.56% positive
HO018 G12/13 10,215 50 1,523 3.18% positive
H020 G12/13 11,397 27 2,221 1.20% positive
HO21 G12/13 9,275 150 757 16.54% positive
HO23 G12/13 10,752 30 1,505 1.95% positive
H024 G12/13 12,051 1 1,853 0.05% negative
Q61 10,219 145 1,798 7.46% positive
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HO025 G12/13 13,045 363 2,414 13.07% positive
HO26 G12/13 9,916 2 2,296 0.09% negative
Q61 9,537 0 2,395 0.00% negative
HO030 G12/13 10,186 34 1,985 1.68% positive
H032 G12/13 10,692 82 1,880 4.18% positive
HO033 G12/13 8,332 714 2,732 20.72% positive
HO034 G12/13 10,433 42 1,711 2.40% positive
HO35 G12/13 12,184 37 1,344 2.68% positive
HO36 G12/13 11,708 457 1,449 23.98% positive
HO37 G12/13 11,356 187 2,941 5.98% positive
HO41 G12/13 8,920 409 1,845 18.15% positive
HO045 G12/13 12,245 182 3,927 4.43% positive
HO047 G12/13 7,943 175 962 15.39% positive
HO049 G12/13 8,740 72 1,223 5.56% positive
HO51 G12/13 9,375 79 1,398 5.35% positive
HO54 G12/13 8,562 57 1,408 3.89% positive
HO59 G12/13 8,281 30 974 2.99% positive
HO61 G12/13 8,305 69 796 7.98% positive
HOBE G12/13 8,307 1,101 0.00% negative
Q61 10,047 0 1,989 0.00% negative
HO67 G12/13 8,610 67 1,297 4.91% positive
HO70 G12/13 6,784 1 1,883 0.05% negative
Q61 9,245 1 2,569 0.04% negative
HO71 G12/13 6,738 48 922 4.95% positive
HO75 G12/13 9,550 558 3,150 15.05% positive
HO76 G12/13 8,320 84 1,069 7.29% positive
HO77 G12/13 9,125 215 1,053 16.96% positive
HO78 G12/13 8,647 263 1,780 12.87% positive
HO80 G12/13 12,085 82 2,490 3.19% positive
HO81 G12/13 10,736 85 1,310 6.09% positive
H084 G12/13 12,294 1 3,766 0.03% negative
Q61 9,677 3,856 0.00% negative
HOSE G12/13 9,128 942 0.00% negative
Q61 11,055 29 1,143 2.47% positive
HO87 G12/13 11,015 3 1,734 0.17% positive
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HO89 G12/13 9,075 1 1,029 0.10% negative

Q61 9,819 118 1,033 10.25% positive
HO91 G12/13 9,471 246 873 21.98% positive
H092 G12/13 9,145 244 1,426 14.61% positive
H094 G12/13 9,500 678 2,221 23.39% positive
HO095 G12/13 12,800 7 1,810 0.39% positive
H100 G12/13 9,273 46 1,543 2.89% positive
H102 G12/13 10,441 70 1,243 5.33% positive
H104 G12/13 9,027 115 2,273 4.82% positive
H105 G12/13 6,165 99 1,678 5.57% positive
H106 G12/13 6,321 110 1,120 8.94% positive
H108 G12/13 10,098 321 1,958 14.09% positive
H113 G12/13 10,187 2 2,201 0.09% negative

Q61 10,469 0 2,383 0.00% negative
H116 G12/13 7,282 45 737 5.75% positive
H117 G12/13 6,653 106 956 9.98% positive
H118 G12/13 8,690 147 1,403 9.48% positive
H119 G12/13 7,836 102 1,393 6.82% positive
H123 G12/13 9,225 709 2,351 23.17% positive
H124 G12/13 7,924 116 2,301 4.80% positive
H126 G12/13 7,651 90 1,128 7.39% positive
H127 G12/13 8,894 260 1,359 16.06% positive
H128 G12/13 10,587 10 2,222 0.45% positive
H130 G12/13 6,994 64 634 9.17% positive
H134 G12/13 7,676 1 704 0.14% negative

Q61 10,616 0 968 0.00% negative
H136 G12/13 8,433 123 2,258 5.17% positive
H142 G12/13 8,540 191 1,893 9.17% positive
H143 G12/13 10,048 37 1,721 2.10% positive
H144 G12/13 8,059 187 1,355 12.13% positive
H145 G12/13 8,820 110 1,305 7.77% positive
H149 G12/13 8,144 108 1,209 8.20% positive
H152 G12/13 8,617 406 1,492 21.39% positive
H155 G12/13 9,531 80 1,322 5.71% positive
H157 G12/13 9,253 102 596 14.61% positive
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H158 G12/13 7,084 277 2,739 9.18% positive
H163 G12/13 10,573 38 1,578 2.35% positive
H173 G12/13 10,413 272 1,575 14.73% positive
H175 G12/13 10,169 71 1,330 5.07% positive
H176 G12/13 12,656 313 1,161 21.23% positive
H177 G12/13 10,770 300 958 23.85% positive
H178 G12/13 11,946 671 2,191 23.45% positive
H181 G12/13 10,548 89 1,294 6.44% positive
H182 G12/13 11,491 141 1,459 8.81% positive
H185 G12/13 7,851 69 1,970 3.38% positive
H187 G12/13 7,419 36 1,787 1.97% positive
H193 G12/13 8,497 77 1,024 6.99% positive
H195 G12/13 8,029 11 1,274 0.86% positive
H201 G12/13 10,038 23 2,939 0.78% positive
H205 G12/13 10,343 528 2,747 16.12% positive
H207 G12/13 10,203 217 3,144 6.46% positive
H208 G12/13 11,175 160 3,239 4.71% positive
H209 G12/13 13,147 442 3,691 10.69% positive
H211 G12/13 12,563 335 3,689 8.33% positive
H212 G12/13 12,043 1 4,601 0.02% negative
Q61 11,419 1,302 4,421 22.75% positive
H213 G12/13 12,181 386 2,527 13.25% positive
214 G12/13 12,779 O 3,249 0.00% negative
Q61 12,242 O 4,954 0.00% negative
H215 G12/13 10,552 20 2,306 0.86% positive
H216 G12/13 12,727 322 3,176 9.21% positive
H217 G12/13 11,025 93 3,345 2.71% positive
H218 G12/13 8,502 0 2,189 0.00% negative
Q61 10,734 0 2,903 0.00% negative
H219 G12/13 9,907 310 3,105 9.08% positive
H221 G12/13 12,323 469 3,937 10.64% positive
H222 G12/13 6,695 540 2,330 18.82% positive
H224 G12/13 12,397 19 1,665 1.13% positive
H225 G12/13 7,993 1,634 0.00% negative
Q61 11,688 3,080 0.00% negative
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H226 G12/13 11,909 525 2,595 16.83% positive
S003 G12/13 9,882 167 2,752 5.72% positive

G12/13 11,738 11 2,524 0.43% positive
>004 Q61 9,363 77 1,662 4.43% positive
S005 G12/13 10,987 166 2,118 7.27% positive
S008 G12/13 11,491 198 2,531 7.26% positive
S009 G12/13 8,331 425 1,193 26.27% positive
012 G12/13 14,107 O 3,513 0.00% negative

Q61 10,981 0 2,602 0.00% negative
S018 G12/13 12,180 62 1,896 3.17% positive
S023 G12/13 10,657 223 1,786 11.10% positive
S025 G12/13 10,794 144 1,925 6.96% positive
S026 G12/13 13,894 295 3,276 8.26% positive
S032 G12/13 9,179 140 739 15.93% positive
S036 G12/13 11,733 130 2,591 4.78% positive
S043 G12/13 9,036 72 2,307 3.03% positive
S044 G12/13 10,199 268 3,174 7.79% positive
S048 G12/13 9,102 658 2,220 22.86% positive
S058 G12/13 9,909 614 1,799 25.45% positive
S064 G12/13 10,148 5 2,656 0.19% positive
S067 G12/13 9,274 238 3,009 7.33% positive
S071 G12/13 10,473 27 1,764 1.51% positive
072 G12/13 9,527 0 1,840 0.00% negative

Q61 10,856 O 2,631 0.00% negative
S073 G12/13 11,123 1,300 3,008 30.18% positive
S078 G12/13 10,667 1,131 3,373 25.11% positive
S082 G12/13 11,343 226 2,447 8.45% positive
S086 G12/13 11,191 398 5,908 6.31% positive
S092 G12/13 10,640 634 1,958 24.46% positive
096 G12/13 10,582 1 3,476 0.03% negative

Q61 9,542 0 2,707 0.00% negative
$102 G12/13 10,903 309 2,840 9.81% positive
S123 G12/13 12,135 290 4,687 5.83% positive
S126 G12/13 9,200 77 4,842 1.57% positive
S130 G12/13 13,231 2,659 3,557 42.78% positive
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S131 G12/13 13,845 8 3,443 0.23% positive
S136 G12/13 12,840 434 4,626 8.58% positive
S139 G12/13 11,508 21 2,983 0.70% positive
5142 G12/13 10,488 40 3,068 1.29% positive
5146 G12/13 12,882 3 3,538 0.08% positive
S155 G12/13 12,991 66 2,854 2.26% positive

3 NGS & ddPCR CTD KRASZEEROBH D ek

145 SEMIH 107 fEH] (73.8%) TR LEZEIMEHINE, (E21)
M X 7= MAF o3 iz, NGS < 9.2% (2.2%~38.2%). ddPCR T 8.5%

(1.6%~42.8%) THo7-, X512, NGS & ddPCR IiZ X 2 MAF 135 B % 2w
72, (R2=0.82) (¥ 2).
PLED 6 TIA ICHIFHCT& % LBx DG T34V CHREATREARZ R X, NGS € 121

iyl (83.4%). ddPCR —Tix 133 4EMI (91.7%) DfiEfl et i, NGS &

ddPCR %A &b+ 5 2 & T TIA ICHHFTREZRZE 5 1% 139 fiEff] (95.8%) THRHL X

N7z,

# 21 NGS & ddPCR CT—E( L TR I 7z KRASA R

ddPCR NGS
Parient Mutation ID

MAF (%) MAF (%)
HOO1 p.G12D 17.9% 22.2%
H002 p.G12A 5.1% 4.2%
HO04 p.G12D 19.1% 16.5%
HO07 p.G12D 23.7% 14.3%
HO08 p.G12C 8.9% 8.2%
HO10 p.G12D 9.1% 14.2%
HO12 p.G12R 4.1% 2.5%
HO17 p.Q61H 6.6% 4.7%
HO18 p.G12V 3.2% 9.2%
HO021 p.G12V 16.5% 19.7%
HO023 p.G12V 2.0% 2.2%
H024 p.Q61H 7.5% 7.7%
HO025 p.G12D 13.1% 15.6%
HO030 p.G12V 1.7% 2.4%
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HO032 p.G12D 4.2% 5.2%
HO33 p.G12D 20.7% 23.0%
HO35 p.G12D 2.7% 2.7%
HO36 p.G12D 24.0% 22.1%
HO37 p.G12V 6.0% 6.1%
HO41 p.G12D 18.1% 26.1%
HO45 p.G12C 4.4% 6.5%
HO047 p.G12D 15.4% 19.6%
HO049 p.G12D 5.6% 5.7%
HO51 p.G12V 5.3% 9.1%
HO54 p.G12V 3.9% 2.4%
HO59 p.G12D 3.0% 2.2%
HO61 p.G12V 8.0% 8.5%
HO67 p.G12C 4.9% 6.2%
HO71 p.G12R 4.9% 5.0%
HO75 p.G12R 15.0% 14.0%
HO76 p.G12D 7.3% 3.4%
HO77 p.G12D 17.0% 19.4%
HO78 p.G12R 12.9% 9.6%
HO81 p.G12V 6.1% 8.7%
HO86 p.Q61R 2.5% 3.5%
HO89 p.Q61H 10.3% 11.6%
HO091 p.G13D 22.0% 13.8%
H092 p.G12R 14.6% 13.0%
H094 p.G12V 23.4% 19.4%
H100 p.G12D 2.9% 8.4%
H102 p.G12D 5.3% 5.7%
H105 p.G12V 5.6% 5.9%
H106 p.G12V 8.9% 6.6%
H116 p.G12D 5.8% 6.2%
H117 p.G12D 10.0% 6.7%
H118 p.G12D 9.5% 9.3%
H119 p.G12D 6.8% 9.5%
H123 p.G13D 23.2% 26.9%
H124 p.G12D 4.8% 3.0%
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H126 p.G12D 7.4% 5.8%
H127 p.G12V 16.1% 13.3%
H130 p.G12D 9.2% 7.6%
H136 p.G12V 5.2% 6.1%
H142 p.G12D 9.2% 10.8%
H144 p.G12V 12.1% 22.1%
H145 p.G12V 7.8% 7.3%
H149 p.G12C 8.2% 6.6%
H152 p.G12R 21.4% 19.9%
H155 p.G12D 5.7% 3.2%
H157 p.G12D 14.6% 23.6%
H158 p.G12V 9.2% 11.5%
H163 p.G12A 2.4% 3.6%
H173 p.G12D 14.7% 19.4%
H175 p.G12V 5.1% 4.1%
H176 p.G12D 21.2% 26.2%
H177 p.G12D 23.8% 20.6%
H178 p.G12C 23.4% 22.9%
H181 p.G12R 6.4% 3.9%
H182 p.G12D 8.8% 11.3%
H185 p.G12V 3.4% 3.4%
H193 p.G12V 7.0% 2.4%
H205 p.G12V 16.1% 15.5%
H207 p.G12V 6.5% 4.8%
H208 p.G12V 4.7% 6.3%
H209 p.G12D 10.7% 10.9%
H211 p.G12V 8.3% 10.8%
H212 p.Q61H 22.8% 18.4%
H213 p.G12V 13.3% 10.7%
H216 p.G12V 9.2% 7.8%
H217 p.G12D 2.7% 3.5%
H219 p.G12D 9.1% 7.4%
H221 p.G12D 10.6% 15.7%
H222 p.G12D 18.8% 21.0%
H226 p.G12D 16.8% 17.9%
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S003 p.G12D 5.7% 8.5%
S004 p.Q61H 4.4% 3.0%
S005 p.G12D 7.3% 4.5%
S008 p.G12D 7.3% 13.4%
S009 p.G12D 26.3% 37.6%
S018 p.G12D 3.2% 4.6%
S023 p.G12R 11.1% 15.8%
S025 p.G12D 7.0% 9.6%
S026 p.G12V 8.3% 6.0%
S036 p.G12R 4.8% 7.0%
S044 p.G12V 7.8% 5.3%
S048 p.G12V 22.9% 31.5%
S058 p.G12D 25.4% 29.8%
S067 p.G12V 7.3% 9.8%
S073 p.G12V 30.2% 34.5%
S078 p.G12V 25.1% 28.9%
S082 p.G12D 8.5% 10.3%
S092 p.G12V 24.5% 19.2%
S102 p.G12R 9.8% 11.8%
S123 p.G12D 5.8% 8.4%
S126 p.G12V 1.6% 3.1%
S130 p.G12D 42.8% 38.2%
5136 p.G12D 8.6% 15.6%
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y=0.83x+1.22
R2=0.82
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® LBx TOZXERBKEH
LBx I n-ZHOAvya7Fuy %X 517, LBx ®DADIMiClE. 145
FEGIH 51 AEF] (35.2%) ICEBEAMH S 7z, TIA v 3 2 & T 145 fifld 69 fiE
Bl (47.6%) IcHHE=ER ERE L (K6),
¥ FAARBAS R AR D 71EFICIx TIA I© X o THEICA R A EL
T3 RN ARD T4 GERICRAEEZRD B o7z (X6), KRAS IFIHEN AHI
DFEFl O AEEICHIL S hte (M 7). B& i KRAS %% 22 1058,

F 72, TNM 434 & «tDNA OBIR % i3 2 & . M FT D 428 ctDNA o & B
HLTWw (K8),
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# 22 NGS THith ¥ 7z KRAS ctDNA

Patient Group Gene Mutation ID MAF (%)
HO10 Upfront surgery KRAS p.G12D 0.02%
HO18 Before NAT KRAS p.G12vV 0.04%
HO025 Upfront surgery KRAS p.G12D 0.05%
HO34 Before NAT KRAS p.G12Vv 0.05%
HO37 After NAT KRAS p.-Q61H 0.13%
HO87 Upfront surgery KRAS p.G12V 0.07%
H102 Before NAT KRAS p.G12D 0.02%
H105 Before NAT KRAS p.G12V 0.15%
H123 Upfront surgery KRAS p.G13D 0.08%
H130 Upfront surgery KRAS p.G12D 0.02%
H145 After NAT KRAS p.G12v 0.08%
H152 Before NAT KRAS p.G12R 0.04%
H175 Before NAT KRAS p.G12V 0.08%
H178 Before NAT KRAS p.G12C 0.66%
H187 After NAT KRAS p.G12S 0.02%
H212 Upfront surgery KRAS p.Q61H 0.24%
H221 Upfront surgery KRAS p.G12D 0.02%
S004 Upfront surgery KRAS p.V14| 0.10%
S048 Before NAT KRAS p.G12V 0.08%
S067 After NAT KRAS p.G12V 0.64%
S078 Before NAT KRAS p.G12V 0.03%
S092 Before NAT KRAS p.G12V 0.05%
S123 After NAT KRAS p.G12D 0.05%
S130 After NAT KRAS p.G12D 0.08%
S142 Before NAT KRAS p.G12C 0.06%
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©® ctDNA & FEF Tl
LBx ® % & TIA T® ctDNA #iH & Fi¥ D Kaplan-Meier #iff % X 9 IC/R 3,
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BICTHBARTH -7 (p=0.0082) (X 11),
& 5Ic KRAS & TP53 % B 505l 2 I I PR AT 2 & 2R & N
(p<0.0001) (¥ 12),
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FE

RWFSE CIE RS (< 3517 2 LBx O FRMEZHS 2103~ 145 O B V) BRaE s
ZXRICT 409 DB ABHEELR T 2N R E L 2B T4 v, 52 DR ABEEELR T %
WRE LIZBIRTFAAND 2050722 —=F vy Py =27 T VA KRASERNRL L
72 ddPCR %{T o 72, % D#EHE LBx i CTl37 < TIA Z w32 G R o M
e FROTFHICEHTH S Z LRI N,

FelTidi~ 72 X5 i ElEE T ik ctDNA ORISR < L Bkl D IS AR 25 75 v
Z e X EEMIEEE RN DT & (Strijker et al, 2020) 2 JEEE O LEP) 1
BRI X o T ctDNA 28 ic it E nic vz A b nTw 3 (Neesse et al,
2019 ; Sivapalan et al, 2021), Z®D72® MAF MEWERLEEE R 1 av— L1 7%
WAR T, ctDNA Tl v =272 v A7 — I X 2 B5HEDZEE L ofDNA HKD
LHRTH 5 A[AelE23H Y . LBx @ A T DRl T It OFHE MM T 3 % AlgetE 3%
ZAbNTze X DTDARE TlE, ZRME DMK ctDNA ORRINEZ & 2 720157
TN—a—FEHVwEZ2—Fy by =7z v R, TIAICK BT 21T o 7245, 145 0E
kT otDNA #H# 1L 35.2% (51/145) &K<, TR L FEETH Y

(Guoetal, 2020), TIA T% ctDNA #H¥* 1% 47.6% (69/145) 1Ko 7z, L2
L. 6 TRLZXITHENADEEECLEN %2431 F THRETS % &0 e ARTDRER]IC
£ % LBx ® B DFHfli € 1% ctDNA B 5 7228 (39.4%), TIA 2175 2 & T
BEIC «DNA B E T E (57.7%) L7z, —HIREMN AZDIERFI <X TIA T
ctDNA RO FE RN LE2RO hd o7z, /2. K7 TRT LI ITHBNAEZD
FEBCIXIREN ARTDRER] & b~ KRASHHR PG EICKD2 272, ZOFERD2D
KRAS ctDNA I3fTHTEHIC X > THARL TWw 3 e FE 2 b, B, EE~—7
— DK b T, ctDNA X4 F I 7 ZHTHTRE O S RHE ICHEH TH % AlRetE o R
ENze ZDIDRBNAFIKRTOY v TR BEETH 5,

JEEE S 1< 35T KRAS 12 90% LA EDJERICER L CTH Y, 2D% a2 by Gl2
& Q61 THsZEDnHLILTWS (The Cancer Genome Atlas Research Network,
2017), AMatd NGS T < I IEE R O KRAS 13 77.2% & BRIEERIMED 572, Z D
7290 XV EEDE\ ddPCR T KRASOHERFHII L 72 & 2 A, 91.7% DAEHI T
KRAS DZERDPMER I NIz, M I N ZRDOZFRHE L NGS & ddPCR OfE]TH
WHHBE 2 Z D Tk Y, KRAS DX ddPCR ot EH L E Z b7z, NGS TD
KRASZE BRI R ME o722 &1k, BEOT ) a7 w7 740 v 7iciVbRigik%z
FAwTs Y., % ofiEfl (77.2%) BMAREREZ T L Cwizzd, JBRICKk - T
KRAS 3K, BB WIIHHEREU T E CEEHENME N Lz eELZLNT, £
7oy NEEAHARIC B W CTIE TPOSZERDO AP HBE L AEREEZ R L 72, BERICBWT
b TPOIERITFHEARRNTTH 2 2 LIRINT S (Zhangetal, 2021), F
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2. M 14 TR$ X 5 TPS3 AR OBHIZ PanIN 2 & G~ DT ICH S LTk
b (Guoetal, 2016), MEEHEkICHE T3 TP53 BRAHT 2IEHIE. TPIIERD
IROIER] & e RIS 2SEST L T 2 ITREE Y E 2 b T,

X 14 [EhEE o BErFEE 7 v (Guoetal, 2016)

(») Normal cell
CEEC BB % 9 1B Heterocy

‘ Tumor cell
Normal PanIN-1 PanIN-2 PanIN-3 -

KRAS (99% )= = = = = = o o o o o o o o o o - >
CDEN2A(90%) = === cccccoc === 2

TP53 (85%) = = = = = = >

SMAD4 (55%) = ===

FRERREE D FIE T B\ CIE IR 2> & PanIN ~ & /T3 2 I KRAS. CDKN2A 75 %
DA T BERRRE ~ETT 2 BT TP53. SMAD4 MBI L T\ 3,

KRASZER L e S B-CEHIi L 7235 &1C BTl CDKNZAZ B R EIFE L 2T
W % 38 72, Doyle & 13 EEAHIC 3 C CDKN2AZ R %3 25EHI D » 536
BHICRAERCEELAH L L 2R LTk Y (Doyleetal, 2019), [l T3 TP53
& [FIERIC CDKNZA b JEig O ETRE & B & W RIREME S H 2 b 7z,

TIA ZH V72250 1B b 53, LBx THH X7z ctDNA X TEZ xR E L7-8
A, ctDNA B & IR ICEE A2 FD 7 d o 72, IR T @ fDNA % 5421 44
T&7 ctDNA OEREBMEL o T d =0 E2 b5, £ ZCTTIAT—KL7-
EHIIFEFRIC DNA TH 5720, b xR E L CFEid 2 & R & FE RS
ADT, LaL, TIAT—EHL7 ctDNA 20 R & LTh KRAS ZRwv7=854. H
FLOE D o7 (K11), KRASIIHH X7 25 FERID 5 B 2 fEf % &
Wiz 23 FEFI S TIA T—3 L 72 ctDNA TH - 72720, KRASHILTcOHEIFKY 2 7 3E
fliTiZ LBx DA THE E N7z ctDNA 2 &0 CTO HF L BEZ D 72, & O ITAERIK
D700 KRAS & TP53 @ ctDNA % it o fEFI 7 fEH & Db oo itk
2O EHFEE CoBIZERTYECT 85 H (61-439 H) THh., FEHICTFELRRTH -
Too RIWRETOAERD D ctNA DN, D THRICEHG L T2 DX KRASTH 5 L8
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NE NIz RRENIMTETY v T Z BT TH 2 720 iR LBx ic X - T
KRAS ctDNA 23 H X 1L7= e T, KRAS ctDNA Dt b i ¢ % % £ T NAT
kBT 5. F 72 KRASctDNA [ZMHEESITlE. NAT 28 3 ICRIHICF: 2179 & v
5 & 9 ICTFT E T ORFEIEL O PEIC LBx I X 3 KRAS ctDNA OFFili2AH H<TH %
VIR NT, T2 TP53ctDNA ML ZFHIEI S 2 C & TP R THORERE R L5k
X 72, ABETOREE, NGS & ddPCR OMEDFE S, 7 v x4 L, RE, #
FXRI R % % 2 72 B3I NGS I X 28 {m T4 L aHii¢ld 72 < ddPCR I X 3 KRAS
FHli2S R & FE 2 ST,

N5~ — 71 —CdH %5 CA19-9 2MiTRNICHHEMECTH 5 37 A L TH - 72 %EHIE CAL19-9
HAHIE X LT 72 140 SEFIH 86 S\l (61.4%) THo7-, Ziix TIA I X % ctDNA
BRHEE LY @ o7, LA LEREEELH Yy P47 L LT CA19-9 & RO % 5T
flidz&, BRELLTWHERAZRTICE EE o7 (K13), THIFHEHE[EE /7 v bt
73 5L CAL9-I BEERAKRICK > T EALEZ DT Tlda, EEIC X 2HE
PerzCHE R 7 L OIEMEEFEMED CA19-9 Ik 3 LRV EINTWwWE vt E2 bR
72o TIAIC X 25 & CA19-9 DHIE XA G DLE S Z & T, BRI X7 HEWIEH
AT 5 L BHRETH o T, Fz, M 1412H B X 5 I CA19-9 23 EEHEMELL T @
JEHNC B WTD cotDNA 23 2T b, CA19-9 I Lewis PilsEfztEo 7= LA L
RWEBI D B2 2 L 72, LBx I X % ctDNA DM 1Z Lewis PLRFEMERERIC BT
bRBOFHIlAFIREIC R 2 -0 HFH L Bbn 3,

A OEL LCEED T ) L7077 A4 ) v BRI TH 2 2 L BHITH
N5, MIELAEEIC O TIRYIBRRKRD 515 5 Nz 5 & b B R 28R T
05, MHNCAE SN 5 I v TR D1 2 BER., AR e 725, BERE W72
LBx O#if5 1A 41, Choi & (Choietal, 2019) XN EE 21 SEH O UIFRER
e, MirhicERE» ORINL RO 7 7 2707 74 ) v 7 %iTw, BEE» L
21 FEGIH 20 EFT (95%) T KRASZEE S & v, 17 fEH] (80%) THEE D
KRASERp Wl S e, £72, 18RI (86%) 2SMEBHMIME L —3 L 7c KRASA R
TH o Tz, WHRBHSITHEIRE FE SR (endoscopic retrograde
cholangiopancreatography : ERCP) THH(L 72K D ddPCR ¢ KRAS ctDNA 234
HrgEch b 2 & s T b (Okadaetal, 2018), £7-. Wang » (Wang et
al, 2022) \ZEEF NG T RG] (endoscopic ultrasound-guided fine-needle
aspiration : EUS-FNA) T L 7z BB 105 SEFI 0 5 B, 85 EH] (81%) 6
KRASZR PR I iz Ll LT 5, AIRETC LBx OFHfi I v 728534 v
TR O PR ET- <2 1 CH ) . CDKN2A 254 % hCu7els, NGS o 2l b Pl
JEICFHL L 72 W A Z LANANVZAEK - M T 5 2 LT, MEAEDKE - EM 24T %
LN TEBHREED D 2 72 DRI DORMD D 5,

T/, ABEHINGS fifricE o v 7VvEEZHHL Cw 5729, LBx v 7
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TIX ddPCR %179 T & B3 TEd o7z, ddPCR %179 Z & T KRAS DRHI A W]
ESouletErd 2720, T OoRIMHABLEEND,
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BB L O

O KifgEr /o N=HMA

- TIA %175 Z & TLBxIC X % ctDNAMIHE Zn LX 85 2 EBR[EETH - 77,

- NGS ¢ ddPCR Tl d 7z KRASZE R OB 3@ AR S 1Lz,

- TIA TOIHC. {BEMATIY ¥ 7013 ctDNAMREEREEICE L ko285, A
BAAEY Y 7L TlE, oDNABRHERICEEEZ2 RO RD > 72,

- TP53ctDNA 13 KRAS L HhbeHioZ L TP LB 7220, BEIREIC B »
THIOBMPCTFRICEE L TW3DIE KRASDATH - 77,

@ FHADOER

N E CHENERE I 31 3 LBx DFHliiZ. ddPCR I X 3 KRAS B o 34l 28 i ©
H Y. NGS I X 3l 7 < KRASUIND ctDNA & T & OBEIC D WTH S 2
TR WE DD o7z AT LY. BRI BT % ctDNA & T4 & DR 3
LA D, KRASctDNA O A HICTT 1% L BE %580 7272 ®, LBx T 1%
NGS TiZ7: { ddPCR ic & 3 KRAS ctDNA @ 2234 F©. LBx |3 FENE O iR
IR ECFIHRIRECTH 5 T & AR & LTz,

@ KW cfF o Nz HE RIS 5% otk o ER

MR HHICEHB D ZA LF A v oy vy I A ZINE L, ddPCR I X - T KRAS
ctDNA % FHii 9% & & CRUNRIERZ OFHis vIRE & 72 5, 2B R OV v T
RV E =2 ) v 27 X o T ctDNA o L ERERETCOY) —F X 4 4
DFHI D AIAE & 72 ) . KRASctDNA I X 2 FiF¢ 0 RIS RICBI# 3~ 2 5 23l HE &
7%, F Atk ctDNA B & 7 o 72 fEF] < I3 WEH{R_E R HERR X 5 HTC b IR
AZATD L Vo MR b AIREL 72 2 720, RO TR OWES GO N D Z & % HfF
35,

@ SthoE

KRBT TR TR O NFEEIE TS 2 L % W T 3 728 CDKNZA 75 LBx T D i
GINTEOH T, KEE T Bigd LWIIN 2B TERTH 5 KRAS. TP53,
SMAD4, CDKN2A D4 _XTH#MRE L THRIARTE TRy, 72, YURRiELH
W TIATH 3720, [BEDT ) L7077 4 ) v I HPMUEREDHEELZ T T»
%, IEfERBEH %175 7291213 EUS-FNA COERBEEZ W=7/ L 7a7 74 )
VIORTOIMLERDY, FDEDITIET ) L7077 A4 ) v I HBER AR O
RE 7 8 IR METH 5,
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FIZEAE X
OO, BIE A ) R—v a VAE v 7 F 4, Al (NLAHIRE) FRA Y

ZNVAT X B @EREW - RS AT L, ENZWESERESE R NS - (R - SRS
(NIBIOHN) oWk (SIPAIH18C03) #%J7-bDTH %,
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T

RESCOEBICHAEICH 720 . IEFICTEICTIREHW2PA 7L v Y a v IEEE
VA= VFy FANAFTO—ZWRHKETe 27 VX PN F T =0 2T
LEF 7 v — 7 Siew-Kee Low 7 v —7") =X — BATL VY a Viffsek v &2 —FF
E it thifsed, 3 X UORMROBEZ 52 T2 & £ L 72 JbilE R ERFBEE
EEBEHA LSRRI AR E T P IS ZIRICRCRBEL £ 9, £72. AWticE
WCRTRIER O B 2 HIFR A TH % % L 72 ALIRERIR M B EEE 0 FEH] b fiEht & & CTH
2 ¥ L7, ALBRERIRAEMEMRBEH LSS - A, TR - Nowsbel RN R 7
A HALEBRNEN A MR REICEI#E W LE T, MA T, AR5tz Ehiti 3 5
CHz VAT ADTIRE - TWHhzEBY £ L7, U F vy P4 4 7 v =Bk
7m0k, %L timE REREGEEMEFECERIIRIEAE T 08
BRICODD O EHEL £ 9,

51



51 TR

Affolter KE, Hellwig S, Nix DA, Bronner MP, Thomas A, Fuertes CL, Hamil CL, Garrido-
Laguna I, Scaife CL, Mulvihill S], etal (2021) Detection of circulating tumor DNA without a
tumor-informed search using next-generation sequencing is a prognostic biomarker in pancreatic

ductal adenocarcinoma. Neoplasia 23, 859-869.

Ballehaninna UK and Chamberlain RS (2012) The clinical utility of serum CA 19-9 in the
diagnosis, prognosis and management of pancreatic adenocarcinoma: An evidence based

appraisal. ] Gastrointest Oncol 3, 105-119.

Bardeesy N and DePinho RA (2002) Pancreatic cancer biology and genetics. Nat Rev Cancer 2,
897-909.

Bocanegra V, Vaquer CC, Samartino CG, Arbona S, Ongay RL, Gudifo E, Valdemoros P,
Sanguinetti G, Correa A, Pellegrini PA et al (2023) A novel liquid biopsy methylation-based

technology and early detection of colorectal cancer in patients. ] Clin Oncol 41, 16.

Botrus G, Uson Junior PLS, Raman P, Kaufman AE, Kosiorek H, Yin], FuY, Majeed U,
Sonbol MB, Ahn DH, etal (2022) Circulating Cell-Free Tumor DNA in Advanced Pancreatic
Adenocarcinoma Identifies Patients With Worse Overall Survival. Front Oncol 11, 794009.

Cancer Genome Atlas Research Network (2017) Integrated Genomic Characterization of

Pancreatic Ductal Adenocarcinoma. Cancer Cell 32, 185-203.

Cheng H, LiuC, Jiang], Luo G, LuY, JinK, GuoM, ZhangZ, Xu], LiuL, etal
(2017) Analysis of ctDNA to predict prognosis and monitor treatment responses in metastatic

pancreatic cancer patients. Int ] Cancer 140, 2344-2350.

Chin YM, TakahashiY, Chan HT, Otaki M, Fujishima M, Shibayama T, MikiY, Ueno T,
Nakamura Y and Low SK (2021) Ultradeep targeted sequencing of circulating tumor DNA in

plasma of early and advanced breast cancer. Cancer Sci 112, 454-464,

Choi MH, Mejlender-Andersen E, Manueldas S, El Jellas K, Steine SJ, Tjensvoll K, Seatran
HA, Knappskog S, Hoem D, Nordgird O, etal (2019) Mutation analysis by deep sequencing

of pancreatic juice from patients with pancreatic ductal adenocarcinoma. BMC Cancer 19, 11.

52



Cohen JD, Javed AA, Thoburn C, Wong F, Tie], Gibbs P, Schmidt CM, Yip-Schneider
MT, Allen PJ, Schattner M, etal (2017) Combined circulating tumor DNA and protein
biomarker-based liquid biopsy for the earlier detection of pancreatic cancers. Proc Natl Acad Sci

USA 114, 10202-10207.

Corcoran RB and Chabner BA (2018) Application of Cell-free DNA Analysis to Cancer
Treatment. N Engl ] Med 379, 1754-1765.

Dasari A, Morris VK, Allegra CJ], Atreya C, Benson AB 3rd, Boland P, ChungK, Copur
MS, Corcoran RB, Deming DA, etal (2020) ctDNA applications and integration in colorectal
cancer: an NCI Colon and Rectal-Anal Task Forces whitepaper. Nat Rev Clin Oncol 17, 757-770.

Del Re M, Vivaldi C, RofiE, Vasile E, Miccoli M, Caparello C, d'Arienzo PD, Fornaro L,
Falcone A and Danesi R (2017) Early changes in plasma DNA levels of mutant KRAS as a

sensitive marker of response to chemotherapy in pancreatic cancer. Sci Rep 7, 7931.

Doyle A, Kubler MM, Harris AC, Lépez A, Govindaraj P, Prins P and Weinberg BA (2019)
The impact of CDKN2A mutations on overall survival in pancreatic adenocarcinoma. ] Clin Oncol

37, 278.

Gillen S, Schuster T, Buschenfelde CM, Friess H and Kleeff ] (2010)
Preoperative/Neoadjuvant Therapy in Pancreatic Cancer: A Systematic Review and Meta-analysis

of Response and Resection Percentages. PLoS Med 7, €1000267.

Goggins M (2005) Molecular markers of early pancreatic cancer .J Clin Oncol 23, 4524-31.
Groot VP, Mosier S, Javed AA, Teinor JA, Gemenetzis G, Ding D, Haley LM, Yu],
Burkhart RA, Hasanain A, etal (2019) Circulating Tumor DNA as a Clinical Test in Resected
Pancreatic Cancer. Clin Cancer Res 25, 4973-4984.

Groot VP, Rezaee N, Wu W, Cameron JL, Fishman EK, Hruban RH, Weiss M], ZhengL,

Wolfgang CL and He ] (2018) Patterns, Timing, and Predictors of Recurrence Following

Pancreatectomy for Pancreatic Ductal Adenocarcinoma. Ann Surg 267, 936-945.

53



Guo J, Xie K and Zheng S (2016) Molecular Biomarkers of Pancreatic Intraepithelial Neoplasia
and Their Implications in Early Diagnosis and Therapeutic Intervention of Pancreatic Cancer. Int
J Biol Sci 12, 292-301.

Guo S, ShiX, Shen], GaoS, WangH, ShenS, PanY, LiB, XuX, ShaoZ, etal (2020)
Preoperative detection of KRAS G12D mutation in ctDNA is a powerful predictor for early
recurrence of resectable PDAC patients. Br ] Cancer 122, 857-867.

Hadano N, MurakamiY, Uemura K, Hashimoto Y, Kondo N, Nakagawa N, Sueda T and
Hiyama E (2016) Prognostic value of circulating tumour DNA in patients undergoing curative

resection for pancreatic cancer., Br ] Cancer 115, 59-65.

Hruban RH, Goggins M, Parsons J and Kern SE (2000) Progression model for pancreatic
cancer, Clin Cancer Res 6, 2969-2972.

Kitahata T, Kawai M, Hirrono S, Okada K, Miyazawa M, Motobayashi H, Ueno M, Hayami
S, Miyamoto A and Yamaue H (2022) Circulating Tumor DNA as a Potential Prognostic Marker
in Patients with Borderline-Resectable Pancreatic Cancer Undergoing Neoadjuvant Chemotherapy

Followed by Pancreatectomy. Ann Surg Oncol (3), 1596-1605.

Lee B, LiptonL, Cohen], Tie], Javed AA, LiL, Goldstein D, Burge M, Cooray P, Nagrial
A, etal (2019) Circulating tumor DNA as a potential marker of adjuvant chemotherapy benefit

following surgery for localized pancreatic cancer. Ann Oncol 30, 1472-1478.

Lin B, Jiang], Jia]and Zhou X (2022) Recent Advances in Exosomal miRNA Biosensing for
Liquid Biopsy. Molecules 27, 7145.

Mohan S, Ayub M, Rothwell DG, Gulati S, Kilerci B, Hollebecque A, Sun Leong H, Smith
NK, SahooS, Descamps T, etal (2019) Analysis of circulating cell-free DNA identifies KRAS
copy number gain and mutation as a novel prognostic marker in Pancreatic cancer. Sci Rep 9,

11610.
Nakano Y, Kitago M, Matsuda S, Nakamura Y, FujitaY, ImaiS, Shinoda M, Yagi H, Abe

Y, Hibi T, etal (2018) KRAS mutations in cell-free DNA from preoperative and postoperative

sera as a pancreatic cancer marker: a retrospective study. Br ] Cancer 118, 662-669.

54



Neesse A, Bauer CA, Ohlund D, Lauth M, Buchholz M, Michl P, Tuveson DA and Gress TM
(2019) Stromal biology and therapy in pancreatic cancer: ready for clinical translation? Gut
68, 159-171.

Neoptolemos JP, Kleeff ], Michl P, Costello E, Greenhalf W and Palme GH (2018)
Therapeutic developments in pancreatic cancer: current and future perspectives. Nat Rev
Gastroenterol Hepatol 15, 333-348.

Okada T, Iwano H, OnoY, Karasaki H, Sato T, Yamada M, OmoriY, Sato H, Hayashi A,
Kawabata H, etal (2018) Utility of "liquid biopsy" using pancreatic juice for early detection of
pancreatic cancer. Endosc Int Open 12, E1454-E1461.

Palomaki GE, Kloza EM, Lambert-Messerlian GM, Haddow JE, Neveux LM, Ehrich M, van
den Boom D, Bombard AT, Deciu C, Grody WW, etal (2011) DNA sequencing of maternal
plasma to detect Down syndrome: an international clinical validation study. Genet Med 11, 913-
920.

Parra-Robert M, Santos VM, Canis SM, Pla XF, Fradera JMA and Porto RM (2018)
Relationship Between CA 19.9 and the Lewis Phenotype: Options to Improve Diagnostic
Efficiency. Anticancer Res 38, 5883-5888.

Peng M, XieY, LiX, QianY, TuX, YaoX, ChengF, XuF, KongD, HeB, etal (2019)
Resectable lung lesions malignancy assessment and cancer detection by ultra-deep sequencing of

targeted gene mutations in plasma cell-free DNA. ] Med Genet 56, 647-653.

Pietrasz D, Sereni E, Lancelotti F, Pea A, Luchini C, Innamorati G, Salvia R and Bassi C
(2022) Circulating tumour DNA: a challenging innovation to develop "precision onco-surgery" in

pancreatic adenocarcinoma. Br ] Cancer 126, 1676-1683.

Rahib L, Smith BD, Aizenberg R, Rosenzweig AB, Fleshman JM, and Matrisian LM (2014)
Projecting Cancer Incidence and Deaths to 2030: The Unexpected Burden of Thyroid, Liver, and
Pancreas Cancers in the United States. Cancer Res 74, 2913-2921.

Shen SY, Singhania R, Fehringer G, Chakravarthy A, Roehrl MHA, Chadwick D, Zuzarte
PC, Borgida A, Wang TT, LiT, etal (2018) Sensitive tumour detection and classification
using plasma cell-free DNA methylomes. Nature 563, 579-583.

55



Strijker M, Soer EC, de Pastena M, Creemers A, Balduzzi A, BeaganJJ, Busch OR, van
Delden OM, Halfwerk H, van Hooft JE, etal (2020) Circulating tumor DNA quantity is related

to tumor volume and both predict survival in metastatic pancreatic ductal adenocarcinoma. Int ]
Cancer 146, 1445-1456.

Sugimori K, Tsuchiya H, SuzukiY, TsuyukiS, KanetaY, Hirotani A, Sanga K, Tozuka,
Komiyama S, Sato T, etal (2020) Quantitative monitoring of circulating tumor DNA in patients

with advanced pancreatic cancer undergoing chemotherapy. Cancer Sci 111, 266-278.

Suzuki T, Suzuki T, YoshimuraY, Yahata M, Yew PY, Nakamura T, NakamuraY, Park JH
and Matsuo R (2020) Detection of circulating tumor DNA in patients of operative colorectal and

gastric cancers. Oncotarget 11, 3198-3207.

Vincent A, Herman ], Schulick R, Hruban RH, and Goggins M (2011) Pancreatic cancer.
Lancet 378, 607-620.

Wan JCM, Massie C, Garcia-Corbacho J, Mouliere F, Brenton JD, Caldas C, Pacey S, Baird
R and Rosenfeld N (2017) Liquid biopsies come of age: towards implementation of circulating
tumour DNA. Nat Rev Cancer 17, 223-238.

Wang R, ZhaoY, WangY, ZhaoZ, Chen Q, DuanY, Xiong$S, LuanZ, Wang ] and Cheng
B (2022) Diagnostic and Prognostic Values of KRAS Mutations on EUS-FNA Specimens and
Circulating Tumor DNA in Patients With Pancreatic Cancer. Clin Transl Gastroenterol 13,
e00487.

Watanabe F, Suzuki K, Tamaki S, Abel, EndoY, TakayamaY, Ishikawa H, Kakizawa N,
Saito M, Futsuhara K, etal (2019) Longitudinal monitoring of KRAS-mutated circulating tumor

DNA enables the prediction of prognosis and therapeutic responses in patients with pancreatic
cancer. PLoS One 14, e0227366.

Waters AM and Der CJ (2018) KRAS: The Critical Driver and Therapeutic Target for Pancreatic
Cancer. Cold Spring Harb Perspect Med 8, a031435.

Yu W, Hurley], Roberts D, Chakrabortty SK, Enderle D, Noerholm M, Breakefield XO and
Skog JK (2021) Exosome-based liquid biopsies in cancer: opportunities and challenges. Ann
Oncol 32, 466-477.

56



Zhang F, Zhong W, LiH, Huang K, YuMand LiuY (2021) TP53 Mutational Status-Based
Genomic Signature for Prognosis and Predicting Therapeutic Response in Pancreatic Cancer.
Front Cell Dev Biol 9, 665265.

ZhangY, YaoY, XuY, LiL, GongY, Zhang K, Zhang M, GuanY, ChangL, XiaX, etal

(2021) Pan-cancer circulating tumor DNA detection in over 10,000 Chinese patients. Nat
Commun 12, 11.

57



