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(54) Title: BLOOD CELL-FREE DNA-BASED METHOD FOR PREDICTING PROGNOSIS OF LIVER CANCER TREATMENT
(57) Abstract: The present invention relates to a blood cell-free DNA-based method for pre-
~ dicting the prognosis of liver cancer treatment. A method for predicting the prognosis of liver

C’J‘B RS SR ona MERE HE )
increase the accuracy of prognosis prediction of a liver cancer patient and also increase the
l accuracy of prognosis prediction based on a very low concentration cell-free DNA of which

(54) 2ol BA: A 5 of Fof) = Y
cancer, according to the present invention, uses next generation sequencing (NGS) so as to
* detection has been difficult, thereby increasing the commercial utilization thereof. Therefore,

e B
= - the method of the present invention is useful for determining the prognosis of a liver cancer
1 patient.
I.Mb:"?-‘—-{éf%% 1’44*?}3 y‘.‘!‘&—ﬂ%‘ﬁ_—\ﬂlt - B — . _ -
e (57) LA 2 Wiy B o d3 FAIX DNA 7|Hte] 7kt A7 d 4=
I Rl wHek glolth ¥ el whE ok olFolE e A 971AY B
» 23719 (Next Generation Sequencing, NGS)% ol g3t ¢ FAe] TS A
casfcmumamm*gmnmmmEii‘%*m B 2 %ol un ) 7] = ol 110, e o] o sz
SV RmEE 7 A HHE 7 CE 59 B ol AEF7] odEwd vl ve 5o FA|E DNAc 7]
I we o Fol% 4GRS Fold 4H BEEE 5 4+ vk U B ouy
o] e bk A9l o) F el FA,

21X 0jY0) Sz MM VRO AR By B
FOIZHEZLF &0 rucore AL

|

FF
Gom TIERO R LY AR HEE QD

AA .. Obtain cell-frae DNA sequence information about liver cancer patient

BB ... Align acquired sequence information with reference base sequence and
exclude sequencing reads that o not pass QC standard value

CG ... Divide same into sequences of 1hb unit so as to calculate number of reacs of
sequences mapped to each region as z-score and correct same to GC amount

DD ... Classify each chromosome region where average z-score is changed, by using
GBS (circular binary segmentation) method

EE .. Calculate I-score by multiplying. by region length weight, absolute value of
chromosome region z-score that is at least reference value

FF ... Determine prognosis of liver cancer patient according to I-score standard value
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A3 DNA 7|15k 11HQE X & of| T of| 5 b of] Bt Ao R
= A A A FEoll A 54 3£ DNA(cell free DNA, cfDNA)E

RE 53 O3, 94 9o A3t 0w 2 gHA 84 &
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A S A AAA o= A HA = 3 oF A fQlol ] AR T}
a1 )& $Fo] th(Ferlay J et al., Int J Cancer Vol. 136:E359-86, 2015).

2015 $-2]vpelol A whA 3l 214,701 71 2] &F 5 7.3%00 S D3 15,7577 9]
htolglar o] = WA & F e AR S g ol S AVLE EE 29 9] 2
A= Bt} e d kel A v &8 50t 71 27.1% = 7 Bk 60,
70t 7t 42} 26.0%, 23.9% 5 AHA S At A A 1S 5 ZhA 2 H A

1kete] 85~90% 5 x| k= T3 22 814 o}g] o] T}, JhA| ek W o] F¢
Ao 2= BH A CH (HAutol e 29 A& & 5 vt gk kA nfol el ~

Aol 9710l g0 AT AN Byl AP 2o deld )

.|_4

—_—

[SAx) s ol

%EE]M :rLﬁﬂrﬂ?} H Aol s, Aol a5
g 93 ol %E}J_ &4 Sl Th(Fattovich G et al., Gastroenterology, Vol.
127:S35-50, 2004).

ohe A O] A EAMol7F FH B WA A ERDo] Hg
kol MR}, Wz FAlEe] A Al AT Aol Fu Az
A 2 A| o] “d(chromosomal abnormality)©] W1 SHA] Y EF U= 57 o] 1t} &3]
?§ }\_114 j] o] Ao & o] 6} }_ok o] xﬂ X}(Oncogene)ﬂ :E;:lH §]f oL 1=
% 9] Al §- 71 4 (Tumor suppressor genc)®| Bl 24 87k ¢k o] kAol 2 o e &
173 Ao el A Aok 2ol A5 1,7.8,17, 208 A A o] 5234 4,8,
13, 16, 171ﬂ Oﬂ AN Xﬂ/] 7ﬂ)\1 o] 7].01-/] tﬂ—tﬂj/]_ e O oq_L]—/H L9) Eo] 7/\9_;61_
22 4 A tH(Zhou C, et al., Sci Rep. 2017 Vol. 7(1):10570). 53] 1+ $-A}12]
somatic copy number alteration(SCNA)+= p53 signaling(TP53, CDKN2A),
Whnt/B-catenin pathway(CTNNB1, AXIN1), chromosomal remodeling(ARID1A,
ARID1B, ARID2) # ¥ /A A& 2 telomerase maintenance®} ¥+3 ¥
TERT- 7 A} of] 4] W1 8} A L EFSETH(Ng CKY, et al., Front Med (Lausanne). 2018
Vol. 5:78). A& F-HAAE2 A E 779 A ZAAY 243 AdE A&
Zketel Aol 1] dld HAAE hell AHAFS FId A Eo] Wit vf

= L

1:1
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2 THJu-Seog Lee, Clin Mol Hepatol. 2015 Vol. 21(3): 220-229). A M A o] 4o =2
gk Qho] wkAY 7] Zbof] &t A-Eo] o] FAXHA o] Xt W o Z 359

[5]

[6]

[7]

[8]

[9]
[10]
[11]

[12]

A 72 285l = =5 0] A% Al ) th(Parker BC and Zhang W, Chin J Cancer.
Vol. 11:594-603. 2013).

Ul vholrt & ol = A A 4 (Liquid biopsy) 7158 ©]-&3}o] A 3 2]
3 AH(necrosis), Al 3 At (apoptosis), - H] (secretion)l] 2] 3l &2 U o] &A=
Al 3 DNA(fDNA; cell-free DNA)S o] -&3}o] A H o] A8 A &6te] =
A-Eol AL vt 53] FEA Lol M 7l e D5 743 DNAE=
AA A UEIYA] = T Sol A<l g Aol 2 Aol E
botal ol ow, Whzk7| 7F 241K A S = grolA F ] A H & vh S
o] At} Egk v X 2o a1 §HE A 0 7 2| 7} 7F
Al DNA= ¢he] g, B
ofol| A T Hol Al WA EA AR
vk 51 H A Digital Karyotyping, PARE #-4] 52 33l ¢ &x}2] g%
DNAC A & 5ol A<l 1M A ol & =0l 7Hs stk -9k %
g o= gl A2 Eo] ik d vk I th(Leary RJ et al., Sci Transl Med.
Vol. 4, Issue 162. 2012).

Aok #2104 = S = g Faye R. Harris©] 170 w2, $2}9] ¢F

M

oy, ool

Mr 1 ox PH
oE F
)

X 2

22 DNAOI A ZR1sk m A2 A& 7 AT @2 ctDNAC A 4 gk uf

%) ThH(Harris FR et al., Sci Rep. Vol. 6: 29831. 2016). 1 A 3}, 5~ 7 874 o] 24},
T T8 T 3 Y ALEA ZFo A v MAAE A& ST ol & F 3
2% FAE DNAS] TAZA Aol A 02 felulah, £ Fol 4l

ol A A o] AFo] A5 FA|E DNAC] ¥hd ¥ = A& el glo).

o] 9] o] &= Daniel G. Stovert 7 ©] 4 TNBC(Triple-Negative Breast Cancer)2+ A}
16482 4t 0.2 ofDNAE Z38 24 E0] 4 CNAS #-4 3 v} 9l th(Stover DG.
et al., J Clin Oncol. Vol. 36(6):543-553). 71 "2 3}, NOTCH2, AKT2, AKT3%} &=
574 73 29] copy number gain©] 7 o] 4 TNBCol| 4] ¥4 TNBCe] B3l = 7|
WL 01, 18q117 19p13 A A o] S5 7Hd A 01 4] TNBC #-#}2]
AETo] TAALE FofotA W& A& 3

ol & gk 71€HH7:‘ oMl = aﬂé =49

e 8o

kg of 248 54| 3 DNA(Cell Free DNA, ¢fDNA) 7| ¥Fe] 1F of 3o 2
HH S Al sk Aol

<+ 0o g2 B2 05 AR E A 56k AAE Alw sk Aol
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= a) A A ROl A F2]E FAE
G b) 7] A DA B(reads) & FRHHE] 15
reference genome database)®ll 4 & (alignment)3}+=
E(reads)oﬂ st H e & gelsto,
A MAART AFst= A d) 7] B UAE
A 7 Rkbin) &2 W ar, 7] B E M D Ag Ho(reads)oll Tsto], 7 4312
S gelstar Y ofgshi= Al e) A G AslE 72 -1k (bin)ol)
WX ¥ = g =8 Hyrd FEAAE T8 v, A7 d) @A A skt 4k
Atole] Z A& Aldtstes @Al 1) 7] Z A 5(Z score) & o] &35to] GIMAE
Tkl 1 A& AlAkelE @A 2 o) 4371 T4 S (I-score) 2] 7] <= 4k (cut-off
value) S 29 75, (b of| 7 U Zl o ® Ay 5t dHAl E 9o,
A 3 DNA(cell free DNA, cfDNA) 7] 5] 119 o] 3o = WHH S A &3k}
Vg & ek, AN Rl A 2] ® A E DNASY M AAEE &l 5ah=
st sl EE A S G F2F ANA A D ol o] 2ol BHS =
A AEH DA H (reads)ol] th8Fe] 7] 5= 4h(cut-off value) ©] /<1 A= 2]
MG ERE A shs 2w R AE " A 2 A H(reads)ol] thsk,
Fad AEIHlaste] Z H53(Z score)E AL th =, o] E RIR SR T
A (I-score) & =319, I A7} 7] = 4k (cut-off value)= 33+ 4 -9, 7FeF
o 7 L A0 2 FA s AAFE X35 ofDNA 7|1k (e o o =
A=) & A -3}
g o ek AFEH His 7R v A 2 A, (HY o 5 o 55
SR A Aol o] A E s A Y= BE S EEELE, a) YA F A
] ¥l M| 3E DNASY IR E & 53F= 9 b) 47 A DA H(reads) &
Aol 15 A A E HeolH Hﬂ o] Zx(reference genome database)®l|
A 9 (alignment) st = @A|; o) 7] A EH A DA H (reads)®l| thste] Al E &
grelste], 71 =4k (cut-off value) o] 4<l AA BT AHst= dA; d) AV &
AN A F OO L 7] AR A R 510,
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T-3ke] & glstar At stsk= @Al o) FEH e ArstE 2 - kbin)ell
w2 ¥ = g o] P 1 Jﬂx}a T35 oh2, 71 d) dAel A A gk gk
Alole] 7 A2 AAlet= ;mﬂﬂﬂz A9(Z score) & ©]-g3fo] AAA =

E AlAkelE @A 2 g) 4371 T S (I-score) 2] 7] <= 4k (cut-off
v&@%iﬂ%@%{uﬂ?ﬂ%“ﬂoiA-&bﬂﬂéﬁﬂa:
EZ2AA el o] AP EE FAE = WE-e ek AFH #5 7
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[18] Yo 2w ek ] S 29ehE 1hehe] o & dharg 215 AR AlF
WS Al st

[19]
Eue e 4
Hl-1m

[20] 512 2 g o] ofDNA 7] HE ZEQF o 2 of| 58 913 A A &5 50|t}

[21] %= 2% read data®] QC(Z 2] E] ¥4, quality control) 4 5, LOESS ¢a1g] 559l
o3l GC A Ax T o] APA g = 220 HAANE A3} 3F Aot}

[22] 53 AN Zhek 2hake] E 5 A X DNA 55 2bol & <18 Aot

[23] 47 85 FAE DNA s 50 up& 7hebe] Wl 1 A& o Fofl o 3k 3 7}
Aot

[24] L5 g o] Wb o) mpE gheke] g 2 AE of o gk o] % o 5
Aot

[25] Lo 2 IH I HFE A3t e 158 (b Ao AE of Feof] T g o] &
o & A wol T}

[26] L7 E 0 T HFE AEs e 158 heke] ol o gk of % o =
Aot

[27] T8 Uyl 1 A4 D5 FA X DNA s AHaRAE gl
2 1}o]

[28]

[29] g o] JAg Ay 2 ulEA g T3 Y

[30] oh& 202 oA ¢Fi= gh & WA A A ALEE BE Vw2 E 154
SOl 52 & o] &= 7| wobill A S it osli AR
olg ¥ = A FUg ou| & zti=t) dRbA o2 B A Ao A AFGH H Y
2 olatel] 7| AP WS 2 V] Wopll A 2 de A il AR
AFE-E = Aol

[31] g o A =, ket At A E o A & 55 A E WA HlolH & At getar
VS g e g 4e ek 5, A4 F7Hbin) 2 & Uo] ZF - 7H(bin) H a =
$& A g v, ARG AEH Z HT(Z score)E A4S, EEH Z
XJ/\ -]

T(Z score)E 7|HEO 2
A 9*(I-score) & AlAtsHA],
UHEFH] L 1637 ©]SFo] ™ &
glsteh. Al A o=, 1 A g2 el ol whef Zketel] o] 3 Abnk Hi= 213
et Al S Eshe] 91 4 vk Bop FAH 22,1 571 1638 WA
301291 A%, T 5% AT O R A H AL T HS7E 3013 WA 744891 - R
7449 A 1367291 - 1% A o2 FFH AL, 1A 57 13673 WA 285209]

©) 5 o=
AF 2uE APr e 5 5 oleh

AW E tFA] U F (segmentation), ©] & U Q2 1
A 9(I-score)7} 16372 I sHH, U o &
2 dFE Y= Ao ® Fds 5= g Ae

)
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Sl 2} o] of| =7} vt} a1 A 5= HhH S 7H%5}915}(E 1)
P ol A g0 "2 E(reads)"'s=, Al Lo v g o] &
A gk atitel Sak ©h g ofnghe, whebA, 2 g Al A ol A
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iv)

upeba, 2 dhg & o T ol A,

a) JAAN 5ol A el g FA ¥ DNAY HEAHRE 5= @,

b) 7] M LA H(reads)E F o] F5 QA M

tf] o] E] #] ©] Zx(reference genome database)®l] 4 E (alignment) = @ A;

o) 471 AEE M D74 H (reads)ll thato] ¥ & A&k, 7] E g (cut-off
value) 0]/l LA By A= oA,

d) 37 T GAAE dA F7Hbin) &2 VAL, A A
X9 H (reads)ol] th&Fe], 7F 7ke] kS Q1A A -8 ek @A)

e) AxA D BF3td 2 3 binyoll vl X H = = Hy ik ¥

T8 vk, A1 d) SAl N A A ke gL Abel o] Z < E Al ek

=
-
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[44] ) 871 Z AF(Z score) & o185t AL T3kl 1 HFE Altete=
AL =

[45] g) 471 1 A9 (I-score)?] 7| ¢k(cut-off value)S Z=3}3t 749, IHF of| &7} Lf &
Ao 2 A3 WA S X338 54 3 DNA(cell free DNA, ¢fDNA) 7] HHe]
el o o S ki o) gk Aot}

[46]

[47] Hoakrdof] Qloj A,

[48] 371 a) dA=

[49] (a-i) AN F ¥ FA| X DNAo A §34] W (salting-out method),

A A2 v E 18] 39 W (column chromatography method), 5=+= H] = Wt (beads
method)< /\}49“3}04 ekl Ak 2 T e xbo] =& Al A st A E RS
F5ot= WA,

[50] (a-1) ”7] AAE s akel] thsto], A =-l= Al % (single-end sequencing) £

| o-qll = A] @ (pair-end sequencing) 2}0] B & & (library) & A 2}l @A,

[51] (a-iii) 7] A2 2hol B e el & AA ] A 24 D A A7 ] (next-generation
sequencer)©l] REZA1 7= @A), &

[52] (a-iv) 7] ZHAH F A2 DAA ] ol A AAke] MDA B (reads) & & 5 5H
HAE st Ho R = sls EHSRE T 9

531 A7 i) B 7] i) B Aol 871 (i) DA A AR B4, F A
A, 72 == gho] =2 4f| o] ¥ (hydroshear method) 2.2 -2} 9]

A S} (random fragmentation) 3] A =-l = Al B A = H o] Q= Al A
golH el & A&t GAE F7HE st H o= S 4= 9l

[54] < Erol 9o, 371 a) A MAHBE B 58 WAl wEE FAE
DNAE 1WRF W x] 19 2= Zol 2 A4 {44 A& 8l 8538k A=
Exo=w gl

[55]

[56] oA go FE2H S BE QUM G HolE o] 2ef o] Hlag
U= 7] E(reference) YT o=, AA| 54 A = W Fo| gl AR JdE
ofmjghr}, B kol Qloj A, 7] e B A ALE
dlolEj o] 2o A FFE A7] LS NCBI 59 &3 H A7 5550 gl
2z AMA Y 2= 9},

[57] 2 kol gloj A, A7) A O] F- A AFA D A A7) (next-generation sequencer) T
olof] A gt A= & o1}, A FH v 7 9] 9] sho] Ml (Hiseq) Al 2~ 8, A F1] v
A3 J].q/] m}o] /‘“(Mlseq) }\]/\Eﬂ 01 E ]14_ A3 J].q/] ﬂ]ln A 7](GA) }\]/\Eﬂ

297 7 91 (Roche Company) 2] 454 FLX, ©] & g}o] = Hlo] Q A| A~ Bl = ] w9
SOLiD }\]/\Eﬂ a]_o] B H &= A 7441.14/] ]QEF&E }\]/\Eﬂ o] 4= 9t}
[58] vl of] Qloj A, 7] G H G A = ol ol Al ghE A= eF ot BWA ¢l

% Hgl9 492 o] §3to] 4853 A & ek
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[59] Hodbig o] gloj A, A7) BWA ¢ale]5-& BWA-ALN, BWA-SW == Bowtie2
ol E3hE gl o o] A ¥ = A ofrt

[60] g ol glol A, A7) o) dAl A 7] B HEG R thste] AElEE
oQlsh= A2, AE X% A5+ (Mapping Quality Score) A] £5 o] &30 2 A
A A AE7E FE A D dupg A=A 5 Felshs A e
of ] gt}

[61] Hdbg ol lol A, A7 ¢) BHAl=

[62] (c-) 7t A8 i de o 54t dA; &

[63] (c-ii) 371 G ol A HE U X% A S (mapping quality score)2} GC H]| £ 2]
72 s A E S A bl B E9ele] FAEE S 5o
a5 3l

[64]

[65] P ol loiA], 471 (c-i) DA L] AakA Do g EAFE WAl A,
kA def o2 ool gy = ¢ o, 20kb~IMBY 5+ QAT

[66] g o] glol A, A7 (c-ib) ©AIONA, 7] 7S aS 37T AE A %
%4 “*(mapping quality score)x= k= 7] ol whet depd = glon,
TA o215 WA 70, b A F e 23= 30 WA 65, 7 TA AR
60 = Ak 71 (c-ii) @A N A, 7] GC HlH o] Hsh= 7] 5ol uhef ng I
dabd 4= o, FA A 0 2= 20 WA 70%, B.oF 1A A 2.2 1= 30 WA 60%
A A& EH R T )

[67] P o gloiA, 7] o) Bl GAA o] FAA T deA o] dlolE &
ALlstar FPEE S EHJ R 3 Sl

[68] P o A &of “FA A= 7 A ?é}%‘r(q arm)©] A A7 © 2 2-E 1Mb
el AL 5o e 4= glony oo a4 E = A ot}

[69] = Hg oA Fof A= 2 A deh(p arm)e] Al A Q. RFE] | Mb
el o) == Fehqarm)®] TR HORFE I Mb oWl A& S o2 T 5
Ao}, olof gy = A1 of )

[70]

[71] g ol Qloj A, 7] d) B A=

[72] (d-i) T YA E LA FHbIn 2 ZE Vi @Al

[73] (d-i) A7l 738 AE ¥ = g H 2 EEY GCYS AEshE Al

[74] (d-iiD) 7] H = W H GC¥S At o2 3| H WA & At s AATE

AHEEE 9l 3
[75] (d-iv) 871 B FAA 7 E ol g8k 2= A5 A8k @A & sk

z,:sgg% 7218 Ex] o7 ok

(o]

= e =T M .
[76] Hdbgof] flol A, (d-Dell A e A28 7 1Hbin), 1A 4] 2 & 1= 100 kb ] 2000
kb o 4 vt
[77] vl of] gloj A, A7) (d-i) EA S AL ] oS SA- sk DA A,
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A A ZHbin)< o] ol A gHE] 3= ¢k o) 100 kb WX 2MB, -] 4 © & 500kb
Y #] 1500 kb, B.t} -4 2 © & = 600kb W] A] 1600 kb, F.t} T] F-A] 2 © & 800kb
W =] 1200 kb, 7H -4 4 © 2 900 kb WHA] 1100 kb & = 9T},

[78] B kg of] 9lof A, AV (ni)%ﬁlﬂ AN I AATE S F e
3] A B W o) BE o] 715, A 2 0 2= LOESS 401 AL
Exog 34 9}9—‘/}, ole] $A L= A& ol

[79]

[80] B wg o loj A, A7) e) BAIL] Z HaH(Z score) & A4t HAIE 5A
B bin)d A A H= de FTEetE AS 5 R T4 e,
TAA SR 87 4 12 AdtstE A& S = o 4 Q.

[81] AL - xR E M EEE MEGY LG ME TS B AEEHE LG

A LZ g5 =
BE EHHS B N EEHE o/ Eglof 8 H HA

[82]

[83] 2 el 9}01*1 &7 A=

[84] (f-i) 2t -8 Z H(Z score)E 7| RF S 2 CBS W (Circular Binary

segmentation method)f’_?-_ AMA AL sk B,
[85] (f-ii) 7] T 799 72 4 ’“(Z score)9l B Adjghol 714k olg<d
Al o] A A ol(size)E Tk @Al R
[86] (f-iii) 8F7] 972 22 1 A 4=(1- score)E A= @A

[87] 44] 2
I= Z;from all segmented above absolute mean Z score value Z!M gan%'i * Siz‘?j
[88]
[89] Hgo] lolM, 71 Z H=F(Z score)®] Hat A ghel 7 E4kS 1-20] L
B FAHoRE9 AL 5PoR F59)
901 B uglA CBS Ll Y] Aol AakE z 140 W) dAeh
A& AEsh g o @,
[91] =, GAA o] Z Ao A7 AR = Qoo Al A& i, v F oY AR S
j, AA| 4 do]E N, r& 2 34 AL (EA bin 7-7H 9] bin 4L, s& bin 4L & 2]
F7 WA 7Y s I<sicj<=Ne] 271 3tol A, o}zl e] 2 vt
[92’] '?’L; 6: Sl :Ti+'r2 S R +Ti
TN T Si=rtn et
P 8 S =55 Zix-‘ﬁlr
AAl G T = (S SISy 1
A 9 Ty = GL - L2 /(s |5+ 75)

)'lg 10: (g Jo) = arg maxlTi;'I

~
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[93] AZNA (i, joi= Z A HE 7 A A ot A E s, maxi= H 4L,
argi= HZ4S 9| v gty

[94] Bodbgo] QoA A7 1G9 7242 16370 A 5 o= 3 4= Qi)

[95]

[96] B-akgof Qloj A, 7] Wl el E FAE DNASY 5 E FA 5, FAIE
DNAQ| 557} 7| E4kS Z2ashd i o 321 o2 dhdsls 4AE F71E
EsehE A s 5 o2 3 4 Qi)

[97] Bk ol gloj A, A7) Ee]® A 3E DNA 559 715408 0.7lng/ul ) A&
5o 4o

[98]

[99] = Edol 9hof A, A7 RS VT T 57 1638 WA 301291 B4, 555
Ao & BFatar, 3013 WA 136729 A9, 1% Y3t o R HFeta,
13673 W #] 28520¢1 A~ 315 Ao 2 ¥ 73l @A E F71= 283=
AS Exo= s 49}

[100]

[101] ¥ g & o E Ao A, YA A 5ol A 2] FH 3 DNAS A EHdHE
5ot s a5 E A LGS Fryde] 15 GA A dolEf o] 29
st AdT AEE A EA E(reads)fﬂl thato] 71 5= 4k(cut-off value) 14?1
AMEo] A Rnt sk FA R L A E DA H(reads)ol thshe,
HxHG AE Haste] Z H9%(Z score)E ALket g, ol E vl o R ]
A (I-score) & EEato], | A7t 7| E4he 208 4 9, U o2 A et
AARZ 2 31381= ofDNA 7| HEe] 1S of| o & A o] gk A o]t}

[102] B ugol gloj A, A7 T A5 712302 16373 218 E4 o =2 3F 5= 9lr),

[103]

[104] 2ol oA, d7] 4X= el E FAE DNAY 558 S sto], 742
DNAQ F57} 7| 302 b Y o 3¢l Al o7 dsli= 55 7|k o &
ARRLE 712 ¥3ketE 4 5 o7 3 5= i)

[105] Hodbwo] 9loj A, 7] He]® F A4 £ DNA 559 715302 0.71ng/ulel A&
5o 4o

[106]

[107] 22 E U2 R A, 1Hd ol T E o S8t ZE2A A o] 9] 5
AP H =5 A 5= HE S E36E, a) AAAEl A w2l ¥ 74 3 DNAS
MEAZRE Q%é}% AL b) B MDA K (reads)E 2G| £5 4 A

X
2
=
o
Ay
é
>

Z~(reference genome database)®l] “d & (alignment)shi= @7; ¢)
A7 HEE A Oaﬂzé H (reads)°l] thato] ¥ & &]lsto], 7] F4k(cut-off value)
olfel MAA R A= GA; d) 7] & AAAE AA T1Hbin) o 2
Lo, A7 A A D Ho(reads)ol) thako], ZF -319] S Flstar

At shshis @Al o) Fea o] Atshd 2 7 30bin)ol v |
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iy — X ol N mm ol ==
(- .m, T T ™ % BT ~ T
Ry F0B o o g CICTGN
T s ¥ R TREER
T Ht —~o o i:l :.L mb ﬂw._ ‘B = 7 ~n ﬂvﬁ = X K-
s A X o — . ~ o5 o o o o)
1o “ ll z.L EE O# o~ ﬂw_ﬂ o o< Lf O_E Mﬂ jo
I of i ol NS = ok o %M 4 i %o o T
TR e Pond T aq x o VBT
i o o bk ok e o nE B A6 mM R X
Wﬂl_ﬂmodlo_e AquATz]T_ R Eoﬂoz,_ ﬂﬂu_moﬂdﬂbt
<N el © = o &) o ™ o pjJ B \ﬂ X o) oo o
Ty o= W Ty I v Ao X T o
ST i i i wﬁ o ™ SR TO Ry B
mm NE oo B = B ool o o ) —n n o wﬂ ~ F
__oZ]Iﬂﬂﬁm uTﬂulﬂoA ol ﬂ_hulx(\;ot _ﬂmoéuoﬂﬁ%
%71&%% W W U = 2 = N K ﬁwou%x
A T oL WMoy A oju o 2 mﬂwimu%
OB E o W zn Tl N 3 %0 of o M
Egp e MWW T 7o T = of W R e T
Sl g T WG ~ N IR s
NTprp™~L TN w S TS £ _
ATﬂmu_ﬂuE_‘ﬂmu E._ﬂlviﬂpl ) mru:i&e . mbELnt_WﬂNro%/
= — EEE% = X ~ o = o mduﬁJWzo_
N mpEm R O RAPER e NN T Smdg X
TlimER Rgge . WH ORT O i
CEIRE FIpD WT T hd T a N
SRy whéwme T TE o0 s gm0
TERE R EHD oy G I R
Y R = T = ol Mo = T =W =T ) ok ©
RN ECS Ewo WDT%M omﬂ Mﬂ% I o

o oM E ool oK g X
o0 i of W %worma ol %M 3 5 o“_ IR Hm Gl wa E
,AL ,ALO X0 HLL H.tﬂDl ,._H.t ﬂAO HLL HLL ;OL T HLL Jio X0 OE/
T T R OB RO T T O ~ N < BK

232 = 9= Ik °F

|7 o] ol 1600g°l A]

F4r

}9it}. 1) EDTA Tubel & 3

[s)

ERE
R L

[118]
[119]
[121]
[123]
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[124]

1034, 3000g Al 104 =2k4 o2 A F2l8te] A5 N(@S e 2) L g
4 F 1.5mle AF-8-3Fe] QIlAamp Circulating Nucleic Acid Kit= A 3 DNA
F4:3) HF 755 F 4 EDNAE Qubit 2.0 Fluorometer©l] HF-8-A] 7] 21
F%(ng/ul) Z74; glol B gl o] A2+ 4 F k2] Truseq nano kitE 7| HEO. 2
21835kl o F 5Snge| F A3 DNAE HEg-ol] AMg-3FSit) Aol ol 151
Fhebgbrte] A m = 3% 19 g
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[125] [3%E1]
1519 zreh 2iXte] o EE
Characteristics N =151
Age, years 57 (52-63)
Sex
Male 137 (80.7%)
Female 14 (9.3%)
ECOG performance status
0 52 (34 4%)
1 97 (64.2%)
2 2{13%)
Etiology
Hepatitis B 134 (88.7%)
Hepatitis C 4 (2.6%)
Alcohol 7 (46%)
Others 6 (4.0%)
Child-Pugh class
A 140 (92.7%)
B 11 (7.3%)
BCLC stage
B 5(3.3%)
C 146 (96.7%)
Macrovascular invasion
Yes 63 (41.7%)
No 88 (58.3%)
No. of extrahepatic spread organ sites
0 16 (10.6%)
1 78 (51.7%)
2 41 (27 2%)
=3 16 (10.6%)
Sites of extrahepatic spread
Lymph node 64 (42 4%)
Lung 77 (51.0%)
Bone 32 (21.2%)
Peritoneum 23 (15.2%)
Adrenal gland 13 (8.6%)
Others?
AFP (ng/mL)
<20 41 (27.1%)
20-200 32 (21.2%)
=200 77 (51.0%)
Not available 1{0.7%)
Platelet count (x103/mm?®) 122.0 (85.0-165.0)
Prothrombin time (INR) 1.08 (1.02-1.16)
Albumin (g/dL) 3.7(34-40)
Total bilirubin (mg/dL) 070510
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[126]  AST (UL 39 (28-58)
ALT (IU/L) 26 (18-39)
Previous therapy
No 10 (6.6%)
Yes 141 (93.4%)
Surgical resection 69 (45.7%)
RFA 37 (24.5%)
TACE 118 (78.1%)
Radiotherapy 79 (52.3%)
Liver tfransplantation 12 {7 9%)

Data are the median (Interquartile range) or number (%) unless otherwise indicated.
ECOG, Eastemn Cooperative Oncology Group; BCLC, Barcelona Clinic Liver Cancer;
AFP, alpha fetoprotein; INR, intemational nommalized ratio; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; RFA, radiofrequency ablation;
TACE, transcatheter arterial chemoembolization.

[127]

[128] A ¥l 2lo] H 2] 2] 3= NextSeq FH| ol A 471D ¥4 4280819 o,
2= 3 7+ 10 million read(1 million read - 100 million read)®] A @ H. H|o|H &
A Akst ol o

[129] A E 71 A EAAINGS) Rl A Bel (@71 H E8HS fastq
&2l o2 WS Uh &, fastqg I Y & BWA-mem &38| 55 AFE-5ho] 2z A A
HgloM 4 7| o & glolv ] AdS Adsllth 4d A X% % 4=(Mapping
quality score)7} 602 RF53ak= 212 &1 83l

(1301 GCRol wheh 7 QA1) 291 F2Hbime] AU 2= ol ¥

)
N
—_
[-'\:l
o2
i)
uly

A& A= 2), 3 EA & ALgate] A GC &l whe) g E g
ghol B efe] M o] w25 WA

[131] o] Z 37| 2] 12 Z A(Z score) S Al AHHA U

[132] . o MUYAEG A EEE HEG OG- B FHY B A SEE B/ Eg
AAl 17 ®a =
B MO B A SHE oL glof L BEEFA
[133]

[134] I-score = AlAFsEH7| § 8, A4 bin'8 Z score S H] o] H & AF-8-3l], CBS
duFoR AMAHE 72 (Segmentation)shi= I o] A8 H AT}

[135] M Z score #o] Ah4k2 o] ¥ X o] Ht Zscore 9 A A Aol &
ok 5, o] e go s 7 AME 9] [-scoreE -8 AL I-score #k°] 16372

o] 7h= A E& A ) F-AE DNAS] ol F7}Fskal Sorafenib *] 3.0l o g

F7F A4 S AER WAt Iscoret= 8h7] 9] 472 28 A4FekGl o,

ol wE Iscore ] #k2 3 29} Tt

4 2

J%éu&

[136]

I= Z}T}‘rom all segmented above absolute mean Z score value 2; M eanzj 3 *S ize;

[137]
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[138]

[139]
[140]

[141]

[142]

[143]

[144]
[145]
[146]

[2£2]
7ot 1519 WEeo) M2 I-score &

Hl

SHEA(ZIA TS E)| I-score
0~1250% 256~611
12.51%~25.00% 612~762
25.01%~37.50% 763~1003
37.51%~50.00% 1004~1637
50.01%~62.50% 1638~3012
62.51%~75.00% 3013~7448
75.01%~87.50% 7449~13672
87.51%~100.00% | 13673~28520

Mol 2, P55 F 4 E DNA &5 (ng/ul)7F 7Fke] 218 L Aol u] =] = o &
g2l

Z 1518 3t BApe] A A =58 FHEDNA 55 gt w32 #2013
ng/ulell A1 Z ol 15.00 ng/ul §1.2H, F-7F4k(Median)-2 0.71 ng/ul 3 T 42391
147 2] F-AH X DNA 5% gk w3 # 4 0.28 ng/uloll A # th 0.54 ng/ul §1.2H,
ZZFk(Median)-<2 0.34 ng/ul 1 t}. 7 2] x}ol ol o ¢+ 73 74> Mann-Whitney
Test® 233t o, 1 A} -2 v 8t A &Fe] 7} 9= Z(p<0.0001)<
AT 3).

5 A DNA 553 20 34 1513 9] o T o] o FFo1v)7)
Overall Survival and Time To Progression)°l| &= 4 &S =%t} 1515 9] &=
A3 DNA 559 £3F3E91 071 ngul & 7152 0 2 3t 8] 3hS =3
) o] A o] H(Overall Survival) 9} %97 {H(Time To Progression)®l] TH
AP =5 Frietivh 151 ¥ 9 119F sk B5 400mg 9] sorafenibs 19
23| g5k gl o, 7FehA| & vb-g-of tf §F 3 7= RECIST 7Fo] =2}¢l Version
1.10) &f A3t 6-8F Tl = X1 &kl

A A3 A ¥ DNA 557F0.71 ng/uls 2369 S w) FZob7]| gk o 3t
$1¥ B] (Hazard Ratio, HR)7} 1.71(95% CI, 1.20-2.44; log-rank p=0.002)°] %1 .,
AYE o] Frof] t) g+ 9] ¥ H](Hazard Ratio, HR)7} 3.50(95% CI, 2.36-5.20; log-rank
p<0.0001)°] St} o] & Z7 & FA X DNAQ &5 55 F7h7F ool 13 2
Ao 9188 UMM 71 A S At 4).

J

91 &
Gl

Ao 3. I-score7F kb o] X3l Bl AEol A= Gk g2l

% 151 7+ 32} 9] -scoret= H A 25600 4] H )] 285205 H-2319 o1,
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[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]
[156]

[157]

[158]

g 16370 T} A4Sl 147 -2 Somatic CNAZF 274 1] 2] koA [-score 2]
gkol 25 00l s FstAtt. I-score®] T KHLS1 1637 7| =2 & 8to] &
HI7FsERA ) 151 o] HSF A= 25 400mg 2] sorafenibs 1 23] 4
2839 o atekx] 7 Hk-g-of thdl 3 7}= RECIST 7}o] =2}¢] Version 1.19]]
oj 75t 6-85 v el = xl 8t it

WA AT T-score7} 16378 Z35E3 & v A o] FF-o} 7|kl o &

91 %) B](Hazard Ratio, HR)7} 2.09(95% CI, 1.46-3.00; log-rank p<0.0001)°] 1.1,
A& o] Fof t gk 9 & 8] (Hazard Ratio, HR)7} 3.35(95% CI, 2.24-5.01; log-rank
p<0.0001)°] AT} (& 5).

I-score S 83 = A3} 3F3 & W) AL o ol o gt 9 3n|+=
5591 97(1638~3012)7} 2.97(95% C1, 1.28-6.90; p=0.01), 631 =(3013~7448) 7}
4.99(95% CI, 2.19-11.41; p=0.0001), 7% 5=(7449~13672) 7} 4.52(95% CI,
2.01-10.18; p=0.0003), 8% 4~(13673~28520)7} 7.72(95% CI, 3.31-18.02;
p<0.000)E A x}2 o 2 F7tet= 24 32 Hebillth (= 6).

ol &} &2 A2 FFobv|ghol o gk Yo A & fAFSHA] YER= ],
5E-91 927} 2.43(95% CI, 1.21-4.86; p=0.01), 65-$1 =7} 2.73(95% CI, 1.36-5.48;
p=0.0047), 7597} 2.26(95% C1, 1.09-4.70; p=0.0294), 8% =7} 3.08(95% CI,
1.50-6.35; p=0.0022) & I-score 7} 7} &2 oko] zl8]o] o3t 913 o]

F7Ft AT (= 7).
ol & A E I-score®| 717k ¢be] X W Aol 93 & FIHAI 7= A&

A Al ol 4, A 3 DNA 55 ¢} I-score 3t 2 2 3-7] &<l
dF 74 £ DNA & 5 9 I-score &5 (kebe] 18 2 AEol| A& 5=
2 A FAFLAARAE gebstr] 918ke] Spearman Correlation
AnalysisE A A 3151 T}
7183 R =024, p<0.0001 2 4 5 of Al o] AT o= A0

oo m g W&o AT RS S Vwstk = vk, S A
/e A A2 7E Aol Al 1ot A o H & A 4] V]2 dA] whghE g A A
l
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Generation Sequencing, NGS)= o] -83}o] 71eF 341 9] of| T o 5 A5 =<
ik olyel AEsh7] oA H P v §- wh& w5 o] FA| 3 DNAC] 7] HE9]
oAFdFH AL E FoA JdA 2L 55 = 5 ) i B w9
u]—qﬂj

[e]

o 7kok BAe] o F ghekel f-g3h).
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T4

t}2-o] @A & F38}3h= 54l F DNA(cell free DNA, ¢fDNA) 7] HHe] 71-oF

a) A A ol A el ® FA X DNAQ MDA HE &5 @,
b) 371 A H(reads)E Fx o] 5 44 A<

t] o] ] H] ©] 2x(reference genome database)®l] A & (alignment)s}= W7;
o) 7] AEE A LA KR (reads)dl] thate] 2] E] & &¢l51e],
7] 5= %k (cut-off value) ©] A<l A A Bk AE 3= GHA;
d) &7 £ ANAE dA FHbin o2 v, 7] A
A DA H (reads)oll thato], 28 773k F& Flstar G 3tet= A,
o) el Ayrstd 7 - hbin)ell WA ¥ = 2 =9 it
FEBAE T 2, A7) Q) BAGNA AT kAol o] Z 4
Aaksk= @Al

>

) 71 Z A F(Z score) & ©]-&ake] AMAE -8k, 1 H7E Aliteh=
A 2

g) 471 1 A 9(I-score)?] 7| ¢k(cut-off value)-S Z= 33+ 45, {Heh o &7}
B gow wgshs .

A1kl Qho A, 7] a) dAIE vk dAE et HHe R
T = A S EH 07 515= ofDNA 7] HES] 1k of| T of| & MY
(a-i) A3 H FA X DNAN A §34] W (salting-out method),
A A2 vl E 18 3] " (column chromatography method), B2 H] =
Wi (beads method)& AR83Fo] Thlad 2k g 7e} bol &2 A 7 8l AL
AAE A 5ot @A,
(a-ii) 7] AAE kel tfsto], A =-<d = Al % (single-end sequencing)
= Hlo]-ell = AW (pair-end sequencing) 2}°] B 2] 2] (library) &
A 2t sh= WA
(a-iii) 7] A2 erol B 2] & A
-7 A4 @ 73 A7 ] (next-generation sequencer)©l] HE-g-A] 7] = ©HA]; 2
(a-iv) 371 ZHAH A A DHAL ] o A Sake] DA W (reads) &
g 5ot oAl
A2gkel] oA,
A7 (a-i) B 7] (a-ii) GA AFolell, 7] (a-i) SA ol A A A | 3 Ak
A A B3 k= dlo] = a4 of v H( ydroshear method)gfﬁ 29
A 3} (random fragmentation) 5} o] A =-<l =

Al A7 grol B ] & Al &betE dAE —7‘7]'?-— 45}0} cl'
TPE = A 57X 0 E 5F= ofDNA 7|9 1hek o 3o 5 WY
A1&el] oA, 471 a) GAY MEHHE & 53t b= 224
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FA S DNAE 19 R 4] 19 2= Zol 2 W {44 AlEd & 6
5= A8 57 07 3= ofDNA 7]8H2] 7ok of| 3 of| 2 W

77~ 5] A1akel oA, 71 ¢) dAl= thao A S et o=
FAEE QS EF 02 5= ofDNA 74| 7Fok o S ol S5 WY
(c-) Zt AEH M Dol g9 & S5t A 2
(c-ii) 7] 9 Yol A AE LA %= A (mapping quality score) 2} GC
H| £ 9] 7| &gk S /et A d& Al stk A

[Pd-1% 6] A58kl Sl A, 37 714k, 7] 48 YA % A S (mapping quality
score)7} 15 W #] 700] 32, GC B &2 30 WA 60%% 21 & 54 0= 5=

cfDNA 7]8E2] Z1k o $hof S Wb,

(7478 7] A58kl Jo A, c) GAlIE, A o] FAA = ddA Q] HlolHE
ALt = AS 54 07 3= ofDNA 7| HHe] 71k o T o) =
I:Q—HJ

3 sl Al glotAl, A1 @ wAlE Bl B 2 el W

‘ﬂ 3 A AT 7Hbin) & &2 U= WA,
2y g = )5 2 g =B GCYE AEsE v,
! GCY S vE o2 3 A4S A Ao

rxl >1'“
.U

A==

(d-iv) 73 71 3| AATE 1%6} = NTE Atk @A

[ 73} 9] Agatol]l 1ol A, (d-)oll A 9] LA T7Hbin)S 100 kb WA 2 Mbsl A&
E4 0 2 3}5= cfDNA 7]HE] 11QF of| 3o S v,

478101 Algel] hoA, d7] e) BAl=E, 3719 72 12 AlAtets A EJ o2
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