2018/143540 A1 |00 OO0 O 0 0

S
=

12) 53§ ﬁé‘?#jl sl FMA FAEL
a9) AA A 4 AEA 7] é 00 O 000 0 O O O

A A} = 95 .
2 (10) SN2
UL Ao W =g WO 2018/143540 Al
d (09.08.2018) wipo I PCT
(51) A E3E57F: (74) N : FAE 53] HQ (Y.P.LEE, MOCK & PART-
GO6F 19/00 (2011.01) GO6N 3/08 (2006.01) NERS); 06292 A& A] 2 A5 304 13 didol=d
) =
Q1) FAEdUs: PCT/KR2017/012068 =8 125, Seoul (KR).
. o 81) AAF Exe AV P E S IS EE TR T
=0] o]. 1 o] ( i 5
22) FAESYY: 2017 1 10 € 30 € (30.10.2017) 0 7o) 552 93Hed); AR, AG. AL, AM. AO, AT.
25) 4] ghzrol AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,
) CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC
26) FAAA: it EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU,
(30) SAAA KR, D, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, KR, KW,
10-2017-0015128 2017 ¥ 2 9 2 ¢ (02.02.2017) KR KZ,LA,LC, 1K, LR,LS,LU,LY, MA, MD, ME, MG, MK,
] MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA
) EUL: APSEAH A G o A (SAMSUNG PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,
LIFE I;UEI;I%_VX}ELFOAREJFOUfDATION) [KR/KRJ; SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
04348 A& A] BT o Bl € 2552 48, Seoul (KR). TT, TZ UA, UG, US, UZ, VC. VN, ZA, ZM, ZW.
513 . AL . Q o j— o= o = ==
(72) Eﬂi* ﬁq g 4% (SEO, Sung Wook); 06288017\11304/\] CE g AAF (AR T e F Ve wE FF o
T SAE 150, 1108 1073, Seoul (R ST CLEE, Ul @) o] B35 95le]): ARIPO (BW, GH, GM, KE,
Jeeyun); 06351 A &-A] A&7 2 2 81, Seoul (KR). LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ, UG, ZM,

ZW), 52 Ao} (AM, AZ, BY, KG, KZ, RU, TJ, TM),

(54) Titlee METHOD, DEVICE, AND PROGRAM FOR PREDICTING PROGNOSIS OF STOMACH CANCER BY USING
ARTIFICIAL NEURAL NETWORK

(54) % 9] WH: TN YL 0§ 3 919

1o,
£
-
£
Nt
ol
i)
o
Y
S,
[
it
I
et

24t olole] I Y&=7|ZHHolE &S —S10
l
58 Uy diolH R sh5& &9 ol 85 520
l
els MFY o5 —S30
l
g Aol =2 oS 2 MY — 5S40
E3=3

S$10...Acquire clinical data and data on survival period

S20...Acquire learning input data and learning output data

$30...Cause artificial neural network to perform learning

$40...Generate model for predicting survival rate of stomach
cancer patient

AA...Start

BB...End

(57) Abstract: A method for predicting a prognosis of stomach cancer by using an artificial neural network according to an embodiment
of the present invention comprises the steps of: acquiring data on survival periods after the onset of stomach cancer and clinical data
of a plurality of stomach cancer patients; acquiring learning input data and learning output data from the clinical data and the data on
survival periods; causing an artificial neural network including an input layer, a hidden layer, and an output layer to perform learning
using the learning input data and the learning output data; and generating a model for predicting a survival rate of a stomach cancer
patient by using the learned artificial neural network.
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e T

WA FAsh4 o g molecular subtype 1: MSI
molecular subtype 2: MSS/EMT
molecular subtype 3: MSS/TP53+
molecular subtype 4: MSS/TP53-

RAS Al 14 #(RAS A2k

signature)

A (sex) a2} 1, o=} 2

ol A5 %

HER2 0= negative; 1= positive

WHO & &+ 1=w/d adeno
2=m/d adeno
3=p/d adeno
4=signet ring
5= mucinous
6=papillary adeno
7=adenosquamous
8=undifferentiated ca
9=hepatoid adenoca
10=tubular adenoca
11=others (text)

LAUREN ® 2] 4] &7 | l=intestinal
2=diffuse
3=mixed

WA a5 A% |PNLO=(), 1=(+)

2 o] 5 (perineural

invasion)

el d 2 HZ A AR inv 0=(-), 1=(+)
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TNM stage T
N
M
AA dx4d 4= # LN dissected: 4 5~%k
oF 21 2L 4 sl 4= # of positive node (+): 4 =%k
A= ] X (revised Cardia
location) Body
Antrum
% %Y TG; total, ST:  |1=TG, 2=STG
subtotal
BAEA QW ¢ha of O=completed 1=not completed
Bz 29 EF(ADJCTx. |CCRT
Description) LF RT
XP_RT
XP
Others
Ak o B (recurrence) no=0 yes=1
A 2] A First site of recurrence_liver 0=(-), 1=(+)
First site of recurrence_peritoneal seeding 0=(-), 1=(+)
First site of recurrence_ascites (clinically significant)
0=(-), 1=(+)
First site of recurrence_intraabdominal LN 0=(-), 1=(+)
First site of recurrence_distant lymph node 0=(-), 1=(+)
First site of recurrence_bone 0=(-), 1=(+)
recurrence sites_others 0=(-), 1=(+)
[64] ¢ o] Wit ol e} Koras = W o] o, o A, AT AV S 22
Cekd A W A e 9E dolEe] T3 5 e A s,
[65] o] T, Aol EAFA A o P2 A A 7o viol A=A S0l E

5 94 A (microsatellite instability)2 =7 3}o] %55 ¢+ MSI(microsatellite instable)
o} 3} MSS(microsatellite stable) ©}3, MSS o} & ol T 3]
EMT (epithelial-to-mesenchymal transition)= =74 3}o] %5 ¢F MSS/EMT o} & 3}
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MSS/epithelial ©}%, MSS/epithelial ©}3 ol tfj &l TP53(Tumor Protein 53)2] 42
7 8ko] W &k MSS/TP53+ o} & 7 MSS/TP53- o} & © = W-F ¥t}

g o] o AAjofo) W=, Sk Y F HlolE = B A skxpEo
AL -7 814 o} (subtype) B 0] Bl & 35} a1, A7) 0} & 2 MSI(microsatellite
instable) ©} 3, MSS/EMT ©} &, MSS/TP53+ 1%, MSS/TP53- o} & & ¥ 313t}

A7 8F A A 2 o] AT oy & H k] A al,

W 2452 A W 9 (Samsung Medical Center, SMC)Oll A 2] 714 A <= (total
gastrectomy) "= 9] -4 A <= (subtotal gastrectomy)< -2 $Hx}2o] A2} FoF
A =2 (n=300)E -3ttt

A, ¢ Al 5= mho] A2 M Egfo] E B <M A (microsatellite instability)

A 5= o) u}2} MSI(microsatellite instable) ©}3 ¥} MSS(microsatellite stable)
ol o & ¥He 4 3l

MSI o} & & A3l = dx} = o) 7l o] WA s, A o= 9Fe]
Aol el Holt} & MSI o} & 229 °F 60%7F o 17] H= 2719
st o, Hat AE=7]17HE100.9 /2 =2 7 A A Yebu 2 3l(Lauren)
ol A A& (intestinal) ©] -2 H] & 2 £ Q)

MSS ©}& 2, EMT(epithelial-tomesenchymal transmon)g =48] MSS/EMT
o}& 7} MSS/epithelial ©}3 0. &2 ¥-{F3& 4= AT EMT A4 o2
7k (mesenchymal) @} §-AFSH 21 0 2 Z A ¥ = 4 §- ©] 5 MSS/EMT ©} & 2. =
W31, A3 (epithelial) 2} F-AFSH A 072 = ¥ = 7 -$- ©] & MSS/epithelial
olg o g et}

MSS/EMT ©}3 & =&l 3ol A gHabd (diffuse) & WS 52 233t at, f2}
Aol 7 71 vEbA] eF o, 9] QF $kxpo] o %7} 4] et HEE o
o} & st Aol A WA ww ool X o] whE Al THE & AEE(63%) =
Lebd o

MSS/epithelial ©}3 2] 7 9-ol| = TP53(Tumor Protein 53)2] &4 -2 =74 3}]
MSS/TP53+ ©} 8 7} MSS/TP53- o} 8 0 & B-7F3t 4= 9t} 7p539] A w7t &&
79 MSS/TP53+ ¢} 3 o2 84 v 7} o A9 MSS/TP53- 0}3 o & B F5 1}

MSS/TP53+ 013 2 MSS/TP53- o} 82 45 72| o} 8 F 7 4ol o F e}
A& VERATE A A 2 MSS/TPS3+ o} 8 9] 4 $-olli= 438 9oto] Bl
MSS/TP53- o} & 4 thd Al 5 7Hd W2 $Ap7} b= of g o] ™, TP539)

71%5 0] A4 ¥ o] MSS/TP53+ o} & B.th ¢ 12} 9 of| 27} £4] et}

%= 2% ACRG(Asian Cancer Research Group)ol| 4] 1--3F 9] F 212} 3] whol| A,
MSI(microsatellite instable) ©}3, MSS/EMT ©} &, MSS/TP53+ o1&, MSS/TP53-
obedoll whE AER o] A e A S Epd e ol o),

L 204 R, MSIol& o] 7y =& AE88 B9 a1, 1 th3-0] MSS/TP53+
2 MSS/TP53- ©] ™ MSS/EMT o} & o] 7} £4] -2 A &8-2 B9 th(log-rank,
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A7) e R Ee] 2 WA AR ghS g o] o] s & 5] #15H]
fog A& A gHet= A& ol

d& 3l 2 AW (real
variable) & 32291 9] Wl E] & |3 A # a1, o] o) wha} 49x322] 3 & 3 e <]
A Fo] At ATt W Il & A o] A 2] (Natural Language Processing)
Hofo| A ol (word)E A 8571 A8l aLekd Al o}, B el A = 2
21 ¥ 4= (real variable)©] 53] 71 A}A A Qv S B3 e setic) 7
ghate] st 1= HolE & dwlH s & B Aikg B8l 4 22t
Atol o] AR E AT #7F oz, 2 el WA g B R o &4 glo]
HolH & S8 4o= A 4 AA .

Bk o) o) A A djo]) wpE A, o)Ak Hlo)E] ¢} Al 7] 1) vlo| B 2 %E 77
o8 A H dlolE ¢} sh58 =9 HolH & g 538k WA=, k-2 F ol

= T 71

i)

E o

¢k 31 2] S5 (k-nearest neighbor algorithm: knn)-S- ©] -85} Z = X|(missing data,

NaN)E F7Fshs A& 233 5 o

AT, ol el e [E 3] ¢S 94 Elo]El & 74| = 34} A, B, C7F Qlthar
7hg 82k 34k €2l 74 9-9ll 3= HER2 7 AFE: WHA] 9Fol, HER2¢] 3 23}= #hol
2 =% (missing, NaN) el o] T},

<]

[3£3]
=& XA et B ghxt C
molecularsubtype 1: MSI 1 0 0
molecularsubtype2: MSS/EMT 0 1 1
molecularsubtype 3: MSS/TP53+ 0 0 0
molecularsubtype 4: MSS/TP53- 0 0 0
RAS A|OLH 0.9 0.2 0.1
A (L) 1, of X} 2) 1 2 2
L}o| 42 68 65
HER2 {0= negative; 1= positive) 1 0 NaN

oluff g2} Co| Q14 vl 7} 2} A} 82} B F ol Al U 77 Al =



WO 2018/143540 PCT/KR2017/012068

[101]

[102]

[103]

[104]

[105]

[106]

[107]

12
o Zith 7} 3kxte] eh5-8 9 wlo|E WE o A E Fal wE 4 )
o A8 [ 3]9] - P 2} 9] 914k Hlo] Bl 7} Sk AR U= ﬂx}Bcﬂ]

A7, 34 o H
27 lﬂﬂ%ﬁ}
SRR

3
R2 Zkol 1& 238t 5= 9l
fxpel 7t go R, 99 A= ki daldFE

&3}ak Aol Baak WAk a] A A o] 4HEkS whel el

AL olu}, o) w] A ¥ tFekd knn Qare] o] Qo mE o Ao A=
A @ 7] A= A ekat,
REER R EER

Faa

2 A Neld Al (= W), 27, 9, A 5 gole] Az @9l 5
Qo N&0olate] A4 A& AT ES Yl mu 8 23 5
Atk AT 1EA A o] A% Aol g1k I Fod Fol YERS
A5 RS st5EE A, 2YFe mri= 54 S ook iy F 2y
Fol A& %2 Ehlis go] 9=E 5 Tk oA, 579 37} 919 Iy
F2d Aol AR E A [AER =5, AP E =E]=(0, 1] ©] ¥z, 9 I
F2d Foll AP F A -0l [AEE =, AFEE =] =(1,0] o] "t}
ohgk 2ot e] o AN oo w2y, A E AR 499 [ER wE,
AE RS (0, 11 HelstA ¢, B sete] ~moE R %#%%
e up o] AletEiTh, B kg o] o AA|ofo] A AbFE Fate] [FEE w1,
M%%hiﬂ:mkm%?&hLﬂ1Hpﬂbmﬂ4”*2ﬁ%h%ﬂﬂ

7
. gk hap o] A E 7] (ol Bl H| a5 ol E
AZIA AE 7S, Aol G =2 3 E g Aok OﬂZiEH,NHEﬂX}Oﬂ 3714
A Egh 3k o] 749 N+ 1 dAF A S8 22570 3/120] AL, [AEE =5, AV &
w=I2)9] g [3/12, 1-3/12]=[0.25, 0.75]%1 A

ghA o], Y HFoll= INAA A EE =5, NAA ALY E =2 7F 230E
UTh = 2ol 2 91k o] 91 HlolH AR I N &S
NUzF AME & R E Lot oh58 99 dolH & Sl destal
Shapo] A& 7| gbel] v e N+ 1A A AE S R AN E AR E L8k
58 29 tolHE E8 Tl dEste] 1TSS g5 A 71 A "
Q %J%“%}Q g5 Al oll = 2 F-(hidden layers)©] 28 ¥t} Z}7}o] 24 F 9]
REERAFUE 25 mref 2 ¢4 3] A (fully connected) 2
ATt 2 g o] A AA oo A =, 3 52 LSTM(Long Short Term Memory)
ka1 8] 52 o] 83k RNN(Recurrent Neural Network)s - ¥ 815}= 87} 9



WO 2018/143540 PCT/KR2017/012068

[108]

[109]

[110]
[111]

[112]

[113]
[114]

[115]

[116]

[117]

13

YT S AHEte] JITAA RS SGATIY S e 3 dare e
F T2 olol AlghE A Gt

Al 51 sk, IS AA Y St A7 EAIS30) Felli=, S
ATNGEE ol &sto] At FAe] AEF S o 58 wS Y=
SA(S40)7F FA I TE 1A o) BHgE Foll = 2 ol th &5
Al (weight) 7 AEH o Soll 243l 9l om =, qleof o ek hxte] 91
HelH2FH 92 Y tolg & AdFald el el d&ato] v
=HHs Tl FA] AEE S A5 A

o] AAIE A% FH
A4 1>
AT A A S A9 11871 ] Al A A& 1971 o] o] 4 o)
549 o] o] A #E Ao thEk tlo]HE EE 1TAA S F-Sek3l
a5 Hlo) B = & HolE 5 85% (1009'8)Z, H| A E & o8 = U A 15%
(178™)E AFE-3F3L AL, o] = 100 o] A A 2 & A 52 (resampling) ¥ 21 T
gt 8 dlolE T 15%+= 12} 73 F(cross-validation) 2 &l ThA] ¥ % At}

H A3 22 b7t ek tlol B it} 30W SH5E QLA H A E HolH &

5ol A%< B,

rr A

;

QN4 7 el 3] Edl(heatmap) L& 3Z 2]

2f 32

2 1002 G Fel S8 9 ol E vt G
9 7} 9l ok BAe} e

i
o
(L
o
o 1

et
el foi &
o

Lo

b -

K ﬁ
Ty

Equ ofe

N
\O
=
fr
— O
E
=2
L
iu
HO
a9
0%
=
n %
Al
i
iz
Al
ne
rlo
N
~J
=
1o
L
(r
WE,
[\
=
i o |

ey

>

i ey

s

o
T

A do) A ek shxlo] HlolE = 49x32 FEjo] AR 47 xHE
101, 102, 103...) o] %, Z} m=of T gk Al 5=2] gh5o] o] Fol Xt} 8t
AE = Ao el gy, HE 4 &= A EW X (softmax) 3
AE FE2 gt ou 183 1308 FEstH 59 21 x5 o st
1A AES0) 27 mER BEAHYY F, 1A ASEE S5 AT AN A LTLE 2
4970 9] == gLl 2 1100 =ANES F 270 9] == gh(C1El 2 1309 =AHSR
FHAZ
Bk o] o Aol & AFA AT 2 F2 Ao shrte]
T 31, RNNZ -2 LSTM(Long short term

=)
e (-

&
il
¥

ofy



WO 2018/143540 PCT/KR2017/012068

[118]
[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

2
e >

o] o AAlefo] WaEY YEES o SehE A HAes b=
T-ZF(time interval) 2 A7) Q13-4

7] AIRE R ] 3] 8 thep ek 5 Qo ol Bl
< oA At} o & ol AFANAFL 9|
Bl2 R 919 shabe] A8 AEE, o)
o JEEE A5 F st 5 9l

oo

Qo 2 2 ¥ >
g@
[¢]
EE

_4_I_4

TR

g o] A Ao mEY, ALEEE St RES At G,
A1 A dlole] 2 7] Jape] 916 A5 i A 1 AL 71 v ol H E
o]-gsto] tH A 7-1F AEE 5 ZASM)= *ﬂ” sh= WAl 2 A7 ed A 1k
AEE o2 Pd2RE A8 (HA 7 AEE o= doE(S,) T 4] B9
AS A= HIHA 71 AL V2 H ol B & o] &5to] t+1HA 1 AEE
& ZE(SM.)= At dAE =383 5 Ut

bk

gl A Ao up=w ek kbl 1,2, L e IHA 7
AEG o] 53 =d(t A=), ol t+1H A -’rLﬂOWH AEH
oA 7ROl A o] AE S ol S AT} dlo|El 7k o] G HTE F, 7 TihE AEE
of| Zo] A4, x4l vbal o & o] Fo] x| A ),

55 xed, 1d = ASEE 45 RESM) L od F ASE d5 2d
)o] ZAIE AT, o 7] 94 dlolBl(X) R AEE 2714k(S0& dH &
b 1d = ASES)S EET F A dE8TgT 1A F AESE A=
Bd(SM)el IEAE 4 stsAlA A"

ol QNEAE e Y Fel A =
dolE(X) B AEE 2714kSy= et 1d T AR

= Z7] 9 el HX)= 23 A9 94 A
)T: ]741;H 12 /\424}21 Ea o]q_

19 & AEE 55 A8 58 =9 volH =, $hate] AE 717
tolH =7 e &2 1d F AE o o 7} o] T, o] 7Tl o' $k2} D7}
Aok 1570 AP S A9 0 1d F A el = AEsglen®
283 (AEE =5 A E w20 2949 g vjang 858 &
dlo]Eli= [1,01°] ©uth 1A G- o] 218 ot58 o vloly & o5& &¢

GOl 2 ol gatol, AL Bape] 19 F AEEL 5T 5 A%

du
91;
ofy
(a
°



WO 2018/143540 PCT/KR2017/012068

[127]

[128]

[129]

[130]

[131]
[132]

[133]

[134]

[135]

[136]

[137]

15

AEG o= 2Ah(S)= E3HE

578 =9 dlo|H =, $x] AE 7111 Hlo]H 2 4-E ouzzuq A ES
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