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AA e 2ol 7AR whsh o] 81We] WG A Zzke] AR AAANA A7) 7ES] KRAS
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ol AFEAA, HAUYY EHo4H AL 17-85%= TF¥EtH(Ethun CG, Kooby DA. The importance of
surgical margins in pancreatic cancer. J Surg Oncol. 2016;113:283-288). &3 AA&o] H& WHolE H
ol ol AAA Aol ek vhEFd Aol Qe Fe vk, AN S AETE AFsHA dAlde] &
At A5 (AAQCZEH 0 mm o) E AAAE FHQA Aew FsA, & 272 AAA9 1 m
ojlell FAMEZF EAst=E AS BAAS YA Aoz 7HF3g. AR ojd AFEL A HAA e ¢
233 a2 AE Aol o] vk B sk whA (Verbeke C, Leitch D, Menon K, et al. Redefining the
R1 resection in pancreatic cancer. Br J Surg. 2006;93:1232-1237; Raut CP, Tseng JF, Sun CC, et al.
Impact of resection status on pattern of failure and survival after pancreaticoduodenectomy for
pancreatic adenocarcinoma. Ann Surg. 2007;246:52-60; Chang DK, Johns AL, Merrett ND, et al. Margin
clearance and outcome in resected pancreatic cancer. J Clin Oncol. 2009;27:2855-2862; Gnerlich JL,
Luka SR, Deshpande AD, et al. Microscopic margins and patterns of treatment failure in resected
pancreatic adenocarcinoma. Arch Surg. 2012;147:753-760; Jamieson NB, Foulis AK, Oien KA, et al.
Positive mobilization margins alone do not influence survival following pancreatico-duodenectomy for
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pancreatic ductal adenocarcinoma. Ann Surg. 2010;251:1003-1010; Sergeant G, Ectors N, Van Steenbergen
W, et al. Patterns of recurrence after curative resection of pancreatic ductal adenocarcinoma. Eur J
Surg Oncol. 2009:35:600-604), W& <A 5ol olelgh el we FALAE] Zolo frojiel &
Bt vl Quh(Esposito I, Kleeff J, Bergmann F, et al. Most pancreatic cancer resections are R1
resections. Ann Surg Oncol. 2008;15:1651-1660; Westgaard A, Tafjord S, Farstad IN, et al. Resectable
adenocarcinomas in the pancreatic head: the retroperitoneal resection margin is an independent
prognostic factor. BMC Cancer. 2008;8:5; Sugiura T, Uesaka K, Mihara K, et al. Margin status,
recurrence pattern, and prognosis after resection of pancreatic cancer. Surgery. 2013;154:1078-1086).
olf g BdAd A= HAlde] EgHE Welsd HrtE g Ad 5 den, ol AAA dHet A g
ABE 717re] Bl dis) d¥d gl A3dE 2T 5 dvk. o] Aol m4H Aol digh B A
AAA dEiek BAglel HAZE7E ABFAT-E A&EshAY dZ2dd HAaol 9ste] o34 dAss e 59
& Ay HJH17] wEolgal & & vt

2 A9 RS AoR § Qg TSI 1, e FUe g7y AAd FuE B A o
&gt FAA Tlzo] AR&Eo] $hth33-40(Kim J, Reber HA, Dry SM, et al. Unfavourable prognosis associated
with K-ras gene mutation in pancreatic cancer surgical margins. Gut. 2006;55:1598-1605; Ohigashi H,

]

Ishikawa O, Sasaki Y, et al. K-ras point mutation in the nerve plexuses around the superior mesenteric
artery in resectable adenocarcinoma of the pancreatic head: distribution pattern and related factors.
Arch Surg. 2000;135:1450-1455; Okulczyk B, Kovalchuk O, Piotrowski Z, et al. Clinical usefulness of K-
RAS mutation detection in colorectal cancer and in surgical margins of the colon. Rocz Akad Med
Bialymst. 2004;49 Suppl 1:52-4; Holdhoff M, Schmidt K, Diehl F, et al. Detection of tumor DNA at the
margins of colorectal cancer liver metastasis. C/in Cancer Res. 2011;17:3551-3557; Kokudo N, Miki Y,
Sugai S, et al. Genetic and histological assessment of surgical margins in resected liver metastases
from colorectal carcinoma: minimum surgical margins for successful resection. Arch Surg. 2002;137:833-
840; Vatan O, Bilaloglu R, Tunca B, et al. Low frequency of pb3 and k-ras codon 12 mutations in non—
small cell lung carcinoma (NSCLC) tumors and surgical margins. ZTumori. 2007;93:473; Jassem J, Jassem
E, Jakobkiewicz-Banecka J, et al. P53 and K-ras mutations are frequent events in microscopically
negative surgical margins from patients with nonsmall cell lung carcinoma. Cancer. 2004;100:1951-1960;
Masasyesva BG, Tong BC, Brock MV, et al. Molecular margin analysis predicts local recurrence after
sublobar resection of lung cancer. Int J Cancer. 2005;113:1022-1025). Kim¥} 19| HF85E52 70 o]~
A AAEANA AFH AN PRE A Fdd e 59bo) 94 HAAL] KRAS F42F o] #4&
T3t (Kim J, Reber HA, Dry SM, et al. Unfavourable prognosis associated with K-ras gene mutation
in pancreatic cancer surgical margins. Gut. 2006;55:1598-1605). Z1E2 AA|AoA KRAS A2 =AW
012’ Zh= Batel obAY KRASE Zhe A AlololA EAlA o Fofg AA AEES AolE dFsIAT (ﬁé

A

o AE, 156 % 5579). & 492 V& A74ES 2 7 AolE ZdeEr. A MAR, V& ATES B
Az A5 Ao, & dydis B9l dAES e THE TIAHT. T RAR, 7E AT
= Jud 5‘3% b AAAS Huksk vk, 2 e Auw dAAS oA AQste], dAE il
AGdAUNEEPanIN) A HAEE = dv KRAS FHA EARolo] gt S 7teds Adssint.
Ohigashi &< 7Ftats™ 22 F99 o AE FJeHE ZAAs7] g F3AQ0 22434 H7F B3 KRAS
FAA EdRe]l AAS vwsar, KRAS F-AA &A%l Aol Ay 237 F9)9 o &S B}

78k A AEsdtl (Ohigashi H, Ishikawa O, Sasaki Y, et al. K-ras point mutation in the nerve

plexuses around the superior mesenteric artery in resectable adenocarcinoma of the pancreatic head:
distribution pattern and related factors. Arch Surg. 2000;135:1450-1455). T2 Ag-ollA £33 A ol
gk Aol HAS AAsty] 9l Fom dold ekl HE dAANA KRAS A EARWlE AES)
S th(Holdhoff M, Schmidt K, Diehl F, et al. Detection of tumor DNA at the margins of colorectal cancer
liver metastasis. Clin Cancer Res. 2011;17:3551-3557; Kokudo N, Miki Y, Sugai S, et al. Genetic and
histological assessment of surgical margins in resected liver metastases from colorectal carcinoma:
minimum surgical margins for successful resection. Arch Surg. 2002;137:833-840). Masasyesva &< &%
A E7kobAl PCRE o F- AAl FEO] 34 AAAA KRAS FHA I 128 H7Fskiar, = Aol A
KRAS 37 EdRolE zhe 37t ofAdE KRASE 2t SxtEt o RWIHE Ads Hole Ade] USs &

o138ttt (Masasyesva BG, Tong BC, Brock MV, et al. Molecular margin analysis predicts local recurrence

_10_



[0062]

[0063]

2IMES 10-2020-0112535
after sublobar resection of lung cancer. Int J Cancer. 2005;113:1022-1025). - o] A

AME ol gole] FUT AL N AAEL we ALY DRl FEREANIAGAA £ PAY A
A e B,

A% 2 BE JBelA AR A1ee o188 AAD 97 ek

. EEED HEE [ -
AR AR) % 2% W 2R A5y |amus
Kim et al ) 37/70
B A Jekz) Al A7)
(2008) ] Aekn A A 7F PCR (53%) KRAS [33]
; ; B ZiH o]
?géigihl # A (peri-oum H B AR -FelH (397/2547) AKAS o
z2) PCR o
Okulezyk et al B A 1/27
= 7
(1995) 7 PCR-RFPL 7]& (1) KRAS [35]
APC, KRAS,
Holdnoff et =l Fas BEAWing 12/58 PIKSCA, [36]
(2011) (14%) 7755
Taliia 1 sd@el 4/199
(;082‘; &k 8 7 o 2 G A} o) & - ERAS, TP53|  [37]
ZZ PCR i}
Vatan et al e F9 PCR- 2/34
(2007) A A% w8 o] 384 o el M
Jassem et al 22/118
AR el ’ma
ot 7 fo] G7]ad 2 (190) kR4S, TP53|  [39]
Masasyesva et . p 13/44
al(2005) A 88 A H7ieRA POR (30%) Aras [40]

o] AVIMEEA | JFZAIFA (pyrosequencing), S§FAEA 2 =&F2 P(RS H|E3s}e], KRAS F4A &AW
ol A=E3] A odel 71A whHol k. Ao QYNGR A& A= 15-20%0] L, FRAEEL 5%,
SgaAEA L 10%°)tF (Tsiatis AC, Norris—Kirby A, Rich RG, et al. Comparison of Sanger sequencing,

pyrosequencing, and melting curve analysis for the detection of KRAS mutations: diagnostic and
clinical implications. J Mol Diagn 2010;12:425-432). FID =&3 t]jA"d PCRS KRAS 42 EdWol=
=3817] 919k 7 Wizkek o ®, 10,000 NS AE F 1] AEeA LAstE BNl HED F Yt
(Huggett JF, Cowen S, Foy CA. Considerations for digital PCR as an accurate molecular diagnostic tool.
Clin Chem. 2015;61:79-88; Vogelstein B, Kinzler KW. Digital PCR. Pro Nat Acad Sci USA. 1999;96:9236-
9241). °] W2 H<Y (Guibert N, Pradines A, Farella M, et al. Monitoring KRAS mutations in
circulating DNA and tumor cells using digital droplet PCR during treatment of KRAS-mutated lung
adenocarcinoma. Lung Cancer. 2016;100:1-4), ™“&<}t (Olmedillas Lopez S, Garcia-Olmo DC, Garcia—Arranz
M, et al. KRAS G12V Mutation Detection by Droplet Digital PCR in Circulating Cell-Free DNA of
Colorectal Cancer Patients. Int J Mol Sci. 2016;17:484) = #%¥<t (Cheng H, Liu C, Jiang J, et al.
Analysis of ctDNA to predict prognosis and monitor treatment responses in metastatic pancreatic cancer
patients. Int J Cancer. 2017;140:2344-2350) BAZHE $£33l= T DNAOIA L] KRAS 42 =)<
2o T3 = EANolE At AgeA AFshed 9 AR EA k. e VIRER s, Add 4
o] 7hEAel FvkET, B dgo A=, EdARo] KRASS AEE 76 Aol (4% oA AR BEF A ol A A
= B ALY AAdoA HEEAT. AES ke o3 HAls § w2 ATES Byl A A
Aol EAWe] KRASS] vhFsh Aol wam | dii-Eo] o34 dAlws v e g4
wa ARG wEbA | g AR ThedS S]] s EWol KRASO ik RlexE AAskE Ao
=238t} (Hunter ME, Dorazio RM, Butterfield JS, et al. Detection limits of quantitative and digital
PCR assays and their influence in presence-absence surveys of environmental DNA. Mol Ecol Resour.
2017;17:221-229; Milbury CA, Zhong Q, Lin J, et al. Determining lower limits of detection of digital
PCR assays for cancer-related gene mutations. Biomol Detect Quantif. 2014;1:8-22). Ht7#k (Zonta E,
Garlan F, P icuchet N, et al. Multiplex Detection of Rare Mutations by Picoliter Droplet Based Digital
PCR: Sensitivity and Specificity Considerations. PLoS One. 2016;11:e0159094) & AA F23 7+ 370
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(2

shetewe Wetn 1P Pt F F RN AN QW Wt 1339 e setads
[e))=2 KB
- =

X2
AT 3xpe) JgHE e 54
54 N (%)
o], y
=60 38 (47)
>60 43 (53)
ch!
w4 51 (63)
o ) 30 (37)
el
A 10 (12)
T5= 29 (73)
A 12 (15)
7]
<2 cm 7 (9)
>2 cm 74 (91)
Hrdd Je
=y 25 (31)
N 56 (69)
AATHE A&
N 9 (1D
Sk 72 (89)
Wy Ay dAA
=73 46 (57)
4 35 (43)
T Zhelag]
T1 8 (10)
T2 51 (63)
T3 21 (26)
T4 1 (D)
YA Aol
gle 22 (27)
N 59 (73)
s g el 2 dAd 99& XEdete WAME dAAS 9ERE FTA W8 (GE Healthcare
Life Sciences, Buckinghamshire, VK)o 2 EAE F 70% o|gr&o] Eo0jE HKH| Y11 50 Wil &
AE MEE detEo] Eof9dE FHI FHHEE sQlth

1-2. DNA F=

AA A AFHI AETF SoldE 70% ol eSS AR (13,000 rpm, 5E)E Falo] AET F7Ea o]E 1
XPBSE 33] A&, whlEE g Kol 12A1%F o] wh&A171 3 QIAamp DNA Micro kit (Qiagen, Hilden,
Germany) S AFE3}e] #4dA DNAS FE3 0. DNA #22 Nanodrop2000 (Thermo Scientific, Wilmington,
Del.)S AM&3alo] 260/280 S4 %= HES SATo2M HAEQL).

2 Al o 2

WALE HAIFA A KRAS F3R} SdWoly AE

=52 YAY PRE F33te] FZ= 12 2 1344 7709 Aolgt KRAS Ak EdwWe] (G12S, GI2R, G12C,
G12D, GI2A, Gl2V 2 GI3D)ES AZ3sH9tt. DNA =F9e AAst7] Y&, 5ng DNA, HEX(oFA3; Bio-Rad,
Hercules, Calif.) ¥+ FAM(EYWo]; BioRad)o.® F3F Z X 20X KRAS Z2H  2X =& tJxd PR &
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[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

ZIHSd 10-2020-0112535

Hu s v ek D6 2 dE = AA7I(BioRad)oll 2FsAth. B4€ DNA E5dls 95 TolA 104 &<k wF
= o

SAZ &, =FY o] EoJ3lE DNAoA] KRAS X4 99 94T, 30%; 55C, 1R2o2 40 Alo]E2 FE3)9]
. EE PCR ©@AClA, C-1000 E&37](BioRad) & ©]-&38 &% <5 (ramp increment) 2.5C/sZ YA3}
A FAARAT. =58 ¢te] Zodwio] i ofAlE KRAS %S QX =F #=7] (BioRad)E Edte] ZTrH
@%ﬁﬂﬁﬁﬁﬁéﬂﬂq.E%QEVEQWRﬂ]HEmeﬁMtwL66@wﬁﬁﬁé%ﬁ&ﬁq.

B AAdo A AFgE KRAS F4A E¢Ido] T2 H ol KRAS oFd ZR2H (Bio-Rad): th-&-3 #u}:

- KRAS 32 &Aool X2 H (Bio-Rad):

¢.35G>T (MT for G12V; cat no. dHsaCP2500592), ¢.35G>A (MT for GI12D; cat no. dHsaCP2500596), c.35G>C
(MT for G12A; cat no. dHsaCP2500586), c.34G>A (MT for G12S; cat no. dHsaCP2500583), c¢.34G>C (MT for
G12R; cat no. dHsaCP2500590), c¢.34G>T (MT for G12C; cat no. dHsaCP2500584), c.38G>A (MT for G13D; cat
no. dHsaCP2500598).

- KRAS oFA83 = =2 H (Bio-Rad):

c.35G>T (WT for GI12V; cat no. dHsaCP2500593), c¢.35G>A (WT for GI12D; cat no. dHsaCP2000002), c.35G>C
(WT for G12A; cat no. dHsaCP2000004), c.34G>A (WT for G12S; cat no. dHsaCP2000012), c.34G>C (WT for
G12R; cat no. dHsaCP2000010), c¢.34G>T (WT for G12C; cat no. dHsaCP2000008), c.38G>A (WI for G13D; cat
no. dHsaCP2000014).

=3 YA" PCRO 23t KRAS #7414} &dWo] Ail= = 2 2 % 39 yepd uke} o). G12V 2 G12D KRAS
AR Aol E 819 Fxtell A WIHEHA BT, FFHE KRAS FdxF EdWo] Wxs v g
GL2VE 59% (48 Ao]2), G12DE 49% (40 Alo]2), G128 44% (36 Ao]2), G120 30% (24 #Ao]2), GI2RS
25% (20 Aol2), GI3DE 14% (11 Ae]2), GI2AE 10% (8 Ao]x). 27 o] 4Fe] KRAS F A EdWol= 61 7
o], v KRAS SAA E9dwol= 15 Aol aglm yu x| 5 Aol okAE KRASE YEFIT. G12DE 7f
T = AWl HES vET AN AAlAdA T =2 HlEelA 7PE W BlE& 9] KRAS A B
Hol(Hy EAWo]l Hl&, SD, »E AWz v £ 612D (1.76, 3.66), G12V (0.27, 0.71), G13D
(0.23, 1.97), G12R (0.18, 0.53), G12C (0.18, 0.51), G12S (0.09, 0.40) 2 G12A (0.01, 0.07).

ﬂr

32

AR gk 7719 KRAS -7} EAWo] v &9 FAIE ALY EAA9 KRAS 3} EdWole] AAgle=
AAFSFATE. KRAS A2 2ol AAgE S 2.71% (SD 4.59)931, 0 WA 26.12%<] HYATH (= 4).

APy mAMel Ei opgd SN MES IS KRAS FA% Eduelel disl Fgol gl 37

e olgstel WSt Helee] Uid of welel mge Axsksl] e, A e AP g A

sigromA PAE AAAT A AT AF) % B ghe FAAT. 7 v, e SPHe gy A%
e} O

o K
AMECCRIE dixza) 9] KRAS iz dwe] BlES, KRAS FA2 &dwe] vl&e] ‘Fo + 35D 2 &0l
al

SAXE AGefste] Axtsrtt. = 5o yUERE Bke 2301 Aol BAAE G120l W& 0.16%%5L, YA 6

7Ne] KRAS frd#F Edxioldl] thair = 0% ).

4l A o 4

KRAS +3#} Ed®old tiet A= ¥QIE(cutoff point) F7}

WA HA Aol A KRAS %{1} EdWo] HEo WE A FALRES FEHSY] A Aex ¥JIEE 4

sl Y8, A AEE volEE BRshL WA AAldeA 709 KRAS FAA SRl v& Aol o}

g} naEan. Ags gtg zpo)7F B&E w7kA 22 429 HAE(log-rank test)S ©]-&3lo] ne] KRAS -
1

Hi T olge zhe F9E st

Qa7 glal, @xpel FABAE A TN KRAS KR EAwele] A

ZZEEGTHE 6A). A AEELS 4.19%9] KRAS §42 Edwo] v)gox FAsA 1A},
KRAS 42 EAWo] v &S vFo= 3 dF IS 371187 H8ll, Rex ¥JEE AAE S (recursive
partitioning)& o]83e 539, 2 29 EA7} 3.84K1 2 BEL (.05 HTe] Pl ). =
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6B Al KRAS F7xF Edwio] H]&o gt BE 7[5 FHex ¥JE 2 £ BAE HAFu. 4.19%
KRAS 67} Edwio] ulgol A ejar ofo] 4 #8(4.19% Vvl #3 8]l 4.19% ool #3)2 7+
2 21 ¢4 EAES AAEga, wets 7P 2Ze Pite YERITH(P<0.001) . wERA L 4.19%2 AL E ¥QJE
2 Aasgink. fAeE A A=

[0091] ZALE (4.19%) ol’de] Al KRAS F-4A EdWe] H&S Zte RS BAF AAd o= o3l
Aox FelE vwg 2 BAE B4 AAd S0 Felse)
4 A 9 5
[0092] 51 ¥AA @ welsd xgis e gl aqlse] ik
0093)  welshd mi Rad AAs dadesa 29l Aole anae ¥ sl efaalch. d WeHH WA
AAAe ATEY Ak (P=0.02) W AAFER AR(P=0.02) D& Aol ALk T}, B wAY P
g AAde e st 2”13k Anel gle
F* 3
ey, 2218 4 =g dAdE o2 JAEE T3H g9l Ao]g] H2d
" EEEIEEL £A43 aAg ¢ aAd P
£4 P £
=3 (%) o4 ®) =3 (%) ¢4 %) =43 (%) 44 %)
! 0.26 0,85 0,85
o 4 14 (47 16 (53) 23 (7 7 (28 10 (33) 20 (67)
A 20 (57) 22 (4®) 0 1 23 (45) 28 (55)
ol v 0.54 0.15 0.66
<60 21 (54) 18 (46) 83 (85) 6 (I5) 17 (44) 22 (56)
~60 22 (50) 20 (48) 80 (71) 12 (29) 16 (38) 26 (62)
285 0.19 0.91 0.88
HE g (9am 1 (I g (s 2 (20 7 (70 8 (80
25T 27 (45) 38 (55) 1B 14 (23) 21 (35) 39 (65)
s 764 4 (36) 98y 2 U8 5 (45) 6 (55
sor 37 0.57 0.28 1
Szen 4(50) 4 (50) 5 (68) 8 (3D 8 (38) 5 (62)
s2cn 29 (53) 34 (47) 52 (79) 15 (21) 80 (41) 48 (59)
1 7hel 22 0.28 0.51 0,45
T1-T2 83 (56) 26 (44) 47 (50) 12 (20) 26 (44) 38 (56)
T8-T4 10 (45) 12 (56) 16 (78) 6 (27 7 (32) 15 (68)
o s 0.02 0.08 0.22
= g
e 18 (72) 7 (28 16 (64) 9 (36) 18 (52) 12 (48)
S 25 (45) 31 (55) 47 (88) 9 (18) 20 (36) 36 (64)
REEL
e 0.02 019 0,48
g 8 (89 1 (D §(56) 4 (44) §(56) 4 (44)
g 8 (49) 27 (51) 5% (81) 14 (19) 28 (39) 44 (61
2] E‘RE‘
i 0.08 0.07 0.82
g 15 (69) 7 (82) 14 (64) 8 (26) 11 (s0) 11 (50)
S 28 (A7) 31 (53) 19 (83 10 (U7 22 (37) 37 (63)
[0094]
[0095] =& ZFAE P<0.055 eI,
[0096] 5-2. WA 9 walsty] AA e 7] x3 FAUAE
[0097] P FARAE7|7E 12709 i A BEAE AA|

4 BAA HAAAS ZHe 3t A Sl
A HE FASAEZ|ZFE 7AYo At (B 7A, 22 49 BAE, P=0.008). tjxH oz W7
3 TAA F9Es 2 (= 7B, H+ AE: HygsHH ﬂzﬂl_, 17AY; 721 49
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*

& FAHE P<0.05, HRE 914 (Hazard Ratio), Cl& A&7, &4 & sty 2 2414 dAd 2F &
A, A e et T 2aA A4 e vehd,
S A
AAA GEHE Ao g, o], T4 =27, 3, T JtEHag, 22dE gdE, AAFHE 18 9 g9
ol & g}sto e WARA QI 22 AdwEsty wWget B o vuskgitt. AR PSS F
A 20 (IBM, Armonk, N.Y.) ¥ R w& 3.3.1(http://www.r-project.org)S o|g&3sle] 33, H&58 A

2

(categorical variables) Alo]e] A3A EALS 1loj=2] x2 HZ~E(Pearson’ s x test)® 33} Z=

32
iy}
oz
b

£ FtEd-mtolo] W (Kaplan-Meier method)Z AIMFSFR L, SAA FodS 21 &9 H2ES} 2 H|Y
98 37 2dE FAEAT. P<0.055 EAFCR Fo3 Aow 3.

o

1
g

k1
g
[y
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