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LM N TR BRI CTCEMR IR 7% , A8 T 56 @711 43 48 134T CTCH H Bk H)
B, HAFEAE T, GFE DL T AP 3R

IR AR FEA R R AR O EA

A IR 0 I I PR AS () JR A7 ' B A AT R R Ak 3L

A IR = L I PRAE S B 4 ) SRR AE 24

A BRVY LR F TS S S 3 SR 4% H 3l Ak 52 , 0 0k 5BE ALCTCR) 4 A Dy i 326 4 ., 56 sk
AT RS, R CTCHR

2. WAL LR BT IR 28 T N L& B R CTCEIMG AR A v, FLRFELE T, ATk 40 2R 48 11
NI ITIEAFE I PR

AN N R EF NGO o pn <L ¥

PRI 0] i i PRFEAS () JR 467 ' B A AT R R b 3L

A5 BRI i ) I R RF A 5 40 i ) AR RIARRAE 2 85, N T R B I R R A 2 5
CTC, &4 CTCRI 9l PRCTCHEAS , 4k 222 BRIV, N T AW Il PRASE A ¥ A CTC, e — A
FEAE ST IPIRT

BRIV L N LARIECTCHEAS A [ CTCAIWBC , i e CTCAMWBCIK Rk 2 5, 19 IR 5 s 2 T
Z ML I R B 2 AV 5 254 @il S BORAR A8 SCEIE AT EE LA 4 2R
Ao

3. UIRUR) B R 182 T iR B 2 T N T RE R CTCERMG AR Bl 77 v, AR IETE T, Fridk K& A
AT PR

() BB IE;

) IR E ZHPr;

(3) WA H F5 ;

(@) THE & RRHES AL

(5) ¥ 5 AR AF

4. QIR ER 2 AT iR (1) 2 T N L& BE I CTCEIME AR A 7 vk , FARELE T, Frid I
FEER I 1700 CTCIE S L #E3d 13000MWBC G, FHEIL 200 MRFIE S 4K

5. WIALRIE R 2P IR N TR BRI CTCRIMG IR A g v, FARELE T, DRIV Bk
I :

(D) FA A ATE— 4

(2) =T HNRAES B BRI, T-3h ik e 38 X 75 W AR SR 7 40 B )R- AE S 4

(3) Hkx = FEA R RFIE S HL (cutof £>.75)

(4 THEFHE S EE 2% RFE) , AW\ TR @ LR IE S HUEE &

23l ERBREDATH NGRS

6. BRI EL SRS BTl (1) 22 T N TR BE I CTCEME R 5 i , FLRREAE T, D BRIV IR B4
TERTZREE N , 73 il FH 22 Fb M B AL 5% 2 B DL R AR ARV L 2 AP Il i B
I RT AL B TT 5 2 VPG 71, 1047 28 SCBRIE , LA S 30, LI 50 K ds

7. R ZL6 T A 1 2 - N TR RE I CTCEUER R 7 v, HRFAEAE T, piradk 1 B AL 2%
2 ] B $EK-Nearest Neighbors (KNN) .Stochastic Gradient Boosting (GBM) .
AdaBoost Classification Trees (ADABOOST) .Support Vector Machines (SVM) .Random
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Forest (RF) . Naive Bayes (NB) .Extreme Gradient Boosting (XGB) , Tid Rl & A5 A By N
Z P B AL 38 5 ) Bk Rl S A — I B

8. UL EL R 6 i i 1 2 T N L& RE I CTCIEIMG IR A U7 v , FLRFAEAE T, T iR AP |
ZRAE R AT AL FR 77 VLS : Original \Up—sampl ing Down—sampling.SMOTE.ROSE.

9. QAR EL R 6 B id 1 2 T N LB RE I CTCIEIMG IR A U7 vk , FLRFEAE T, BT iR VP A% 5 v
£14% : ROCFIPR

10 anAUF) B3R 6 ik (1 35 F N T8 BE (I CTCIRG AR B 5 46, JAF 2 T, B B IViE &
i REHT 53 S A R RE VAN FIVZ AL RE D DA, ARG 73 2R 8% , vk 1% e EAT VP AL 48 05 G35
AUC.F1 score.Accuracy.Precision.Recall TPR.FPR, fTikyz tk. 8¢ 771¥Ad 48 br EL45
Positive sample concordance,CTC concordance,Screening efficiency.

11 A ASUR) B SR 3 AT IR i 3 T N T e (I CTCIRIMG AR B 5 i , LA AEAE T, BTk IR Rl A
DB U E 2 H ROV IR BIDAPTIEIE A {5 5 1 H A% s IR K B A5 AR B 22 H b5
LA b 23 7R A TRITCIEE A 15 5 1 H AR FICYSIEIE A 15 51 HAx.

12 JAUR) B SR 3 AT IR i 3 T N T8 BE (I CTCIRIMG AR B 5 6, FRF b A2 T, ik B & 2%
FEZH, BAGTHEE E H AR B RS F 28 S IIE TS 53 TR A
ZHEFER/DIBIR (Area&Shape) 5 T % (Intensity) R EE5# (Texture) AHFKE
(Correlation) .

13, — M T N TR BERICTCEIME R A RS, HARFIEAE T, B4 4 A Sk | & 44 Al A P A%
B s He L 3 3h kR

i AR T N i PRAE A SR 46 ¢ s B4R

JT ik V] A% i Ak TS R 50 i R ARE A ) JER 2 2 D' AR R AT A P 5 54 B4 4 i ) 1
BARFIES AL

J ik i R RS R FH T S i PR ASE A o B A0 B ) R R AE S 4

ik B sh Ak A F T IR I CTCET ML, A FH TS B N2 A 73 SR E R AT 326 , iUk H 5 B
CTCHY A Ay fiz e 40 ML , RCTCl I A MLIEAT N TH %5 , R CTCHR MR 25

14 AR R ZR I3 PTIR B 2T N TR BRI CTCENR R R4t , HAFIEAE T, Brid H 3
A AR A A5 4] e ST R AN 28 B AR, BT IR A7) A R TS AL R 23 S AR HEAT T ,
176 HH BEALLCTCHR) 40 i A'E Dy fige e 41 5 3k 28 i ABE R R FH b N B S Wb 226 40 i 2 15 A 5
CTC, i\ )t HCTCHa Ml ik 5

15 AR R ZR 13 P IR 1) £ T N TR BERICTCRMER IR R4t , HARFEAE T, prid 72K
A IEIL S KL RGN, FTIR 7 R L R AR A ST A FR AR
HBE R — 7 R AR ST AR R

i AR — F T4 N i PRCTCREAS Y SR 4R % 6 R

JITidk B4 A A BRASEE: — T 6 Il PRCTCHRE AR IR JER 46 %< 't MR 3R AT Ak 3 5 3R A5 52> 4 i
() BB AR EZ 5, VR 2R 4

Jr 3 i H B — R T R I PR CTCARE A v B AN 4 i 1) - AR RIRFAE 24

FT ik 7y 98 2 SR BT SL IR A 23 2848, N LARVECTCAIWBC, i e CTC FIWBCH 4F
TES A He T 2 PG 7 ST RS 2 )8 7 26485 il ZHOR L 52 ERAIE AT HE
Bl > 24
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16 AR BB Z R 1I3FTIA 1T N TR BERICTCRUE IR A R4, HAMEE T, Frid K1
7 At PR AR A 46 B S TE R TR0 1 B H ARBEER UM R AR T H B R RRE S 4L
BB B T A CRAE A s Brid B IR THE IE AN — G R B 3 B AN 3 — 11
B AE 5 A 5t BT IR 1R ) 8 22 H An b F R BIDAP @ IE A 15 5 1 B b s BT iR i1 31K 2
H An b FH T 75 HUMDAP LIl 38 A {5 5 1 H An 2l L, 43 R0 TRITCIE & A 5 5 (1) H br Al
CYSIEIEA 5 51 B 5, I HIZRAS EAAHH EA5 s BT il T 3% R S HO R T H R R
AN ) TEAS 2 S 4 A5 T TE R 6 AE 5 50 5 240 Frid o 5 H R CR AT AR B B T 3 H RO
17BN R P R AR AE 24

17 AR BRI Z RIS FT IR 1T N TR BERICTCRUE IR R4, HAMEE T, Frid K
i AL FRARER — A FE UGS IR R e E AR O G H bR T R AR
SRR K s T A RAE AR s B BB IR — H T2 IEA ) — L R B 5 5K
AN — B EEAE 5 A1 5t BTk R0 8 22 H An i — H T UMIDAP LI E G (5 5 1 B 45 5
Pl iR AR 2 H An i — BT 72 IR AIDAP Tl iE A 5 5 10 H An & At 2 AR B TRITCIf i
BE5 0 B bR MCYSIEIE A 15 510 B AR, H53 73845 5 4 M R s BTl F SRHAIE S 3
T HT R EA LS F S E KB TE G T E S TR B T AR A R
5 R ER-AF BN 41 1 RS AR IE S50
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—FETF AT EEEICTCEIGIR RS E RS

BRARGUE
(00011 A W1 R AR e 4 VR mll B R A0, AR 5 5 88 S — Ffdie - N R REAN) 2%
JCAR M EERRAEOAR , BTl RIE A e 4 1 B s Aes il .

HREAR

[0002]  PEIAARE4EME (Circulating Tumor Cell,CTC) 48 H A& B K2 T #:4F HH SR 8 5
TR SRR TR N A ] AL AJE T 1 e 40 B , 2R e e g 1) 2 2B e A% 2 SRl BRI R 1) SR BB
W FEUMR IR IT R, S8 S B A o BT ONAR R AR AE IR RS B, S I ) A6
A Jrt 23 4 e B8R A A /D, X R A HE I AT R I A R A B R 5 0 b kT S R M iR 12
JI 98 R A R VR YT e i A R

[0003] i H 28 % S G (SR AR IR AT MR AR JE A R CTCo — b WL Il PRCTCAS: 7 V%
XA TG T A B SRR 2O B 2 Ah, B T B R 2 e UG AT A
BRI R FEA ) CTC.

[0004]  FLLE I RCTCAS M 3 340 2 A L Mk N D% 28 S MG AT N 05 , 3X Fh s 7
T A IR T AL FE AN [R5 A N DR AR 5 R 22 AN IR AR A ) 1) 5 1R 22 DA B PR s8R A
=5 I B CTC A 7 kI AR 5 T % TR & F 2 H thresho l A R Fiide , R4 & 3018, %
CTC WIF LSS HEATIR & , W 2 threshol dSRIFIECTC ; ;XA 7 3 KB 25 2 I R
FEARFCTCI LS5 57, 3 T AW H B E threshold (1) 77 ZNCTCHR % 1 R &5 ARy S vE 1R
7 BT WL 5 S CTCEIMB AR Al 7 s AR LA SCHR A i k38 (R VR AEE L T Bk
[0005] (1) BUACTCE (RSN rh i K M S AT A5 4 SRR R R O P, R
FITE RS S HE G 2 A BRI RS R 5

[0006]  (2) BLA CTCEUG IR 7 i h 43 S 38 T S A I YIIZR R AN 2 R B T L SE i Il IR
CTC, M /& K FH 42 N i Jed 40 Y 2 4 £ L0 o SRARABACTC, B TSR RE I IR AR I 5 HE R
g8 ee  AE I RCTCHR M AR il 1) PR R FEANTT 58

[0007]  (3) BiAT CTCEIMG IR AT VA TR YIZRAER B T2 oKk B T ies 40 e 2R 4, B LA I 2R B 1)
A LE 451 (CTCHNWBCH LL 1) FF AN R S b FL S5 O (bR 483 8 4 5 i I PR A 4 Hh CTC 5 WBC
EBIA1:10%) , IXFER IR EE I 25 H ORI 43 28 88 , TR (R %o S B s PR A AR o AR P AN - i
HIAREAS EL 9 3047 bR )

[0008]  (4) BLA CTCEIMG IR M7 vk 2 fi B L A 1 LA WL B WL 2 2 SRR 3 ST 4y
s X T CTCEMZR R BT iR ERE LA AT B 5

[0009]  (6) BiAT CTCEIG IR AT VA RIIZ AL B S vFAl R SR 2E R /D B () i PRFEAS eh 3047, A
REAT RS CTCIRIMB VR A 7 VR I 2B Il R PR RE

[0010] A& FJ5d ik IF & 5 T HL A% 7 >J i Il PRCTC AR 1R 7 72 R 3 48 5K 58 Jox i RCTC
AR e 20 AE T %) s, W] DA LEATL 28 3 ik ek A (1) CTC MR Bt B 3R % 21, SRAN 2 IR 3
H St fE , AT LA R AR UE I RCTC MG IR A i HERA M , B LMk A B 7 1% /5 I CTC IR 4
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HEAT 5 R A A 45 5

LZRAR

[0011] AR EHFRAL 7 —Fh2E T N TR RERICTCEUR IR A T LA R S8

[0012] AUk B A R B A4 S SR -

[0013]  CTC:{HIA 4 ,Circulating Tumor Cell,$§H K BLIH 297 #:A4F d sk ak
T SR TBCEE N AN JE LA I ) i Jed 4 A

[0014]  WBC: H4HJfl,White Blood Cell, ZJCth BRIE AL M40, 3 40 F) 32 EE DhRE
b DAEH.

[0015] I PRCTCAEAS : A 21 22 /b —ANCTCHY IR R FEAS

[0016] 432K 2% : BHRAZ I P R RE A AT 20 R 1R SR

[0017]  DAPT: & —FhiE 128 JEDNAYL A 71|, 5 dsDNARJATIX 45 & J& , 9 H 5 29205 - & 4
R 22 (405nm) WOLLBUK , 8 AER L RS N M R G e pR e o R ) B
[0018]  TRITC: & &' FFEH GL i =tk RE AT A4 , 83 A P e P vl SE b 1 AR 28 IR &Y
ik, B E AN A .

[0019]  Cy5:7&—FlR, AL Ot Rkl BA RO, FHIEE 633nmEL64TnmiEH0E
4 T hrid s B SR IR AR o

[0020]  TP:True Positive, HRH, WL IEFEA, SLFR N IEFEAR

[0021]  FN:False Negative,fPH, B A AREA, SEBR A IEFEA

[0022]  FP:False Positive,f&FH, TG IEFEAS, SEfR N AFEA .

[0023]  TN:True Negative, ERH, TN FFEA , SEBR N AFEA

[0024]  Accuracy: AEHZ , IEAA TN 1E FURE A B/ FE AR S8 accuracy = (TP+TN) / (TP+
FN+FP+TN) o

[0025]  Precision:A&HH%, IEBHTIN IEREAGIEL/ TR IEREA B4, precision=TP/ (TP
+FP) »

[0026]  Recall: 4[5, LM TN LA AL/ SEPR IEREA B HL, recal I=TP/ (TP+FN) .
[0027] F1 score:F1=2% (prescisionkrecall)/ (precision+recall) , ¥R H [ F
(R VR, B8 R PR AN/ N IBAS 5 i LUK R 28 R0 44 ] BR300 ) F LB B R

[0028] F2 score:F2=5% (precision*recall)/ (4*precision+trecall) , itk TF1
score,F2 score™d , HBIHRALE KT REHR .

[0029]  TPR:True Positive Rate, FLPHPEZR, IE A 0 1EAE A (5155 / S2Fr IEFE A 25, TPR
=TP/ (TP+FN) .

[0030]  FPR:False Positive Rate,fRPHTHZR, £ty im M A IEFE A 15k / SEPR ARE A 25,
FPR=FP/ (FP+TN)

[0031]  PR: A5 HiZH Precision (Yil) A1 A1 % Recal 1 (XHh) 4L H£5.

[0032] ROC:Receiver Operating Characteristic,E & FRaslf Al — MhndE, HF 3
b LR — AN R 4P Bl 28 ——ROCH 28 . ~F THI A A8 AL bR /2 FPR , PN AL R & TPR .
XPHEAN G RARTT 7T UAR 8 HAEMNAFE A B ZRINAF 2 — DN TPRFIFPR SO0 o X FE , 5328
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AT DL S BGROCA THT_E ) — > mi o TR IX AN 70 528 7 RN i {5 FH A 048, v DAAS 28— A
223t (0,0), (1,1) FIHRZE, X2 L0 ZR28 10 ROCHH £k o — ML T, X/ il 2R AR B iz Ak 1
(0,0) A1 (1, 1) ZELLH EJ7,ROCHT 6T 77 B HRES 73 AR BOK , 73 48 BRI

[0033]  AUC:Area Under Curve, & FIoR B & 70 KRG IR0 — DN EUE LRI FRfE , AUCHK
K5 oIR8 SR BRI - AUCTYROCHH 28T J7 1 I 308 4 T AR P A

[0034]  CTC concordance: EERIR A RS R AR KICTCH N THBLCTC 455K 1) — i, CTC
concordance =100% * (K& R4t 1R 75 N T AL R —CTCH B/ N T A5 2 1 CTCEL
) ,CTC concordance fH B , BRI R SR CTC R BB -

[0035] Positive sample concordance:EZRA ARG IRA BRI FHHEREA (=1 ANCTC) H
N T A B — 8% , positive sample concordance=100% % (\ T3 yBH M, K%
W RGN W A AR SR/ N T AR IR A% &) ,positive sample
concordance BB R, BIG IR A R G0 TR 7 FH PR A A R BIORE sy

[0036]  Screening efficiency:100%* (BRI R G HERR A AECTCHURE /ZFEA P )
A ) ,screening efficiency H M, BRI RS R MICTCH: = 1Bk = o

[0037]  CellProfiler: F-T3& T MG & I bR B4 IR 2 A0 20 BT 3 1, A2 — P I3
1, T2 B ACER R A4 B 2 430 , 5 0l 2 >k B 2R T R I el B S 30 500 1% RG] LA
X3 TR ) B A g AT 22 B AUHURAR R FE 0T LA R 4 R AL AT H BhVF45 , X Ee B R (1)
AT LRI Z A EFE

[0038]  HEAESEUAH M THEL : K FHPearsondH 23 HT » T AT B 2 MFIE S 4 Pearson
FITE R H, AL R AL RBORT .75 (cutof £.75) HI2ASHE T = EHE.

[0039]  HRMEZHE L% (RFE) : BIIE VA URHE YRR  recursive feature elimination,
ERRIERH  REUA FRE 748, BT BRI SR I DAL B A , i@ i v H B e sk R B i,
I AR BIAS R Y 21 R B, SR 5 IR B B FE R 5

[0040] A BAHR, MR AT AL BE CTCE S 4L o il 4 R B 4 o Y6 BUR I 7 i N I HOR
ARG T

(00411 Kt5ml &k I ¥ 5 41 A M 45 e e o i A 3 g e S e o Al & b AT i B, {8 A i
FEAS A 21 20 i A0 3 A RS DR AE — kD , P I8 e 5 R 6 B 0 D V4S8 L VR b Al AR s B O i %
BEIE B4 850 210 H B, 280 b %8 B 3O 1 VR R A 243 iA)Z < N AR R 43 Ao R L B
1% 20 P 2 FEE Ao 8 B 0o VB A S 21 4 R 13 4 B s CTOAU R B A D 2 Ak T PR AZ A1 )2, 4
220 M 252 B R, 2k 2 iy CTCH) ‘& S H 1 5

[0042]  FRAZAMLE RS A SR G , EATIE Y, AR5 AT J5 2L 0 S 2 L G A , B 4 [
TE BRI TUAR G S — RANAE , 7RG A2 o 5 FH I 2 S U L 36 40 g A% G4 R DAPT
(DAPTIEIE) 45 7 1 1R 7 CTCHY 4 il 7/ EpCAM/CK (TRITCHEIE) A 7 PR VA IWBC ) Bt (it
FICD45 (CY5IEIE) , 55 Tl AR £9200ul IREAS , B A 225 £50-100CTCL 107104 1 48
(WBC) L /IMiR LA Je 2% B 5 2 R ik Ge o J5 , CTCH 7€ bRt A=&DAPT+ H TRITC+H.
CY5—, WBCH H E At A2 DAPT+ HCY5+; Hrp “WHEARNE T, “T IR A RILET;

[0043]  Gubf (o (R FE A 22 5 N 96 LR H (1) I —ANFL N, SR JE #EAT $3 4, 16 AT LR A R
WAL R {X ThermoFisher CX5, BT~ LI AR R T~ Bk A IR AR, B LA # R
EH S shB N & AT I @ A R A B AT IR, SRS 3T 5 AP, SeE0 A
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FLN BIFEAS SE B 434 5 B T2 S DO YL e A, B DLAE BN X e HRUNE , 2 DI AN [/ 2l
EE AT R, T E S .

[0044] Lo i e A I 4 5 2 A8 16940 KIMG 78 75 B RE AR IX 3k, B MG B 5ok
HDAPTTRITC.CY5 =A% ' I8 38 1T IR, BV Ay A B o i N S48 A BERASE R 9 1 R A AR 1)
JRAETE L

[0045] A EHE H el LLs i DL N ER 7 Sk S -

[0046]  —FpdE T N TR BEMICTCIEIMG AR 7 7 % , A Tt e 28 S ) 43 R 28 dE AT CTCIY H 3k
FE, HEELL T PR

[0047]  JBHR— R AIGIRFEAR R G5 OG A

[0048]  JPER— 6 B e PRAE A B 4 22 D' B AT RS AT b 2

[0049]  ZBHR = il AR AS SN A ) S R AE 224

[0050] m@; VY >R FH P 5t 38 ST 1) 43 2R 48 1 Bl Ak 01, i e S ABLCTC ) 441 A A D fig 126 41
X g 4T H A% S, B CTCHR B o

[0051] AR EH BEIREORTT S, 7 A LA FE I N AP IR

[0052]  JBHRI.E G IRIEA ) SR a8 2GR ;

[0053]  ZBHR I Xt BT il Il RAE AR I SR 46 2 ' UG kAT B AT b 2

[0054] D URIIL A th i AR AEAS B A H B MR AVRFAE 28, , N I R AR A Hh o 1 5
A CTC, an& A CTCRI N Im PRCTCHEAS , 4k BB BRIV, fn N T H il PR A A b %A CTC, JlHe —
MEAREF IR

[0055]  SBIEIV. N THRIENGACTCREA i (I CTCAIWBC, Fi4ECTC FIWBCHIHFAE S %, 1
SRAE ;01 T YR EE B G 170001 B4 Mg 4 o 1 45 8 3k 130001 (1 41 A I
B ML 200N R IE S 40 5 BT 2 ML 5 S VR L 2 AN W020 4 2R 4% s 18 it S 400
M B8 XBHIE AT L R 7 25 2%

[0056]  Ht—DH, IRV AR ELFE

[0057] (1) #Hmrh e AH—1k

[0058]  (2) TR MRS E I BRI, T3 7 12 5E 2 [X 43 99 b 28 i) 40 B X R AIE 228
(00591 (3) HIF& e FEAH G RFAE S 4k (cutof £>.75)

[0060]  (4) frﬁﬁﬂfﬁ%&%% P (RFE) , Ff s 2\ H TR ST R RE S B &

[0061]  Zeied ik P BRJEIRAFH N5 I, (cutof £5.75) R ARXT B AHRFIE S HH 5
Pecarson i 282 % FHK T T5B A5 U F % 5 8 B 2 SR S
—NZHGFHESEEZNE RFE) B E 7 AN IEACH , B BRI 148, AT 1A
WIGRIFEPEAL B, @ I T 5 H R R M, e 45 B R RRE ) S5 B2 BT, S8 ) IR B B
PIRFIEL 5

[0062]  k—BHy, BIRIVIE R  FE BT VISREE N, 3 A FH 22 o e B XML 88 2 S VR DA %
Rl G B R B 2 AP AT I 2R 85 B T AR B D7V 2 BhPAL 7 v, AT A )UBRIE , R S HL
ALy KA.

[0063]  JE—20 1), Prad I B ML 2 ST RV R T 8 L8 7R I B L A8 2% 2] HE
tHiK-Nearest Neighbors (KNN) .Stochastic Gradient Boosting (GBM) .AdaBoost
Classification Trees (ADABOOST) .Support Vector Machines (SVM) .Random Forest
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(RF) .Naive Bayes (NB) . Extreme Gradient Boosting (XGB) , i 1 Ff & A58 7Y 4 vk
(Stack) , B 775 B 2UNLES 2% S IRl £ — i i Bk

[0064]  JE— D1, Fri AP YIRS () AT AL B 7 53555 : Original \Up—sampling.
Down—sampling.SMOTE.ROSE.

[0065]  idE—22 1, Frik VAL J7 5 A 4G 2 %4 : ROCHIPR .

[0066]  FEHTIIUNZREEN , A8 IR 7Hh M B UL S 2 S M BV DL K LA Rl A A5 A Bk (348
FhARIE) BAPAS P17 I 25 52 10 /AL 38 07 6 S 2P 2 F8 b v A 77 v, 34T 28 IR AIE , TR 2
B, B R A R 8*5%2 =801 40 8k

[0067]  @t—B11, D IRIVIS B : FHIIZRERS 7 SRR Rt AT P4, 20 T L 3¢ 7 AUCLF1
score.Accuracy-Precision.Recall.TPR.FPR Z#7ESO /2 P (I R I, , & %k A 1T
BaEm s A Far R £ L fRCTCHEANGE S L /NT10%) , & TifEr R R
5L R FL score.Recall TPR¥EHR B IV E T IR AICTCHI R, AT LA ,F1 score.Recall,
TPREE B, RS8R CTCRY Rk o

[0068]  E— 201, P IRIVIE ALFE « LR I 804 73 SR TE IR R FE A Hh HE AT V2 1h BB
1, MEAVE N R 7 20011 PRCTCHR AR A (200451l ARCTCHS: A A< Hr N T35 45
217 10001CTC) o 5T CTCH Bhik A7 =K, iz e J1vFAG FE A5 45 : CTC concordance,
Positive sample concordance,Screening efficiency.f&FXt T I ACTCAS MM FH , 7 5%,
HHEE /2528 Positive sample concordanceikF100% , LEH & AT iR 2644 A1/ L , R
AEMEPECTC concordancemlScreening efficiency®EH] .

[0069] 2% b, A B 20 2R 88 ik IR WA :F1 score.Recall TPREUE /R &5 ,Positive
sample concordanceiXfF|100% , 7E 7l b 2 0 L FI & LR, L%ECTC concordancer T
90% 1), B & Screening efficiencym T-95% ], WA Z/NFF & 5 472548 , IR 5L PR 1%
SR — A, B, T LA LA 3 2K 45 P CTC concordancef EiH)— 1 s

[0070] AR EH BIREORTT S, Frid EUE AT AL B AL FE I T 0%

00711 (1) FEIEIE;

[0072]  (2) PR E 2 H Fr s

[0073]  (3) PRI LK H #7 ;

[0074]  (4) T 5L & RIFIESHL

[0075]  (5) i #a 5 Hh AERAT o

[0076]  gt—, Frik G AT AR R b, U0 B 2 H AR IR BIDAPETE A (5 5 1 H A% s iR
PR H AR NLE A 2 AR AL 2 3 TRITCETE A E 5 1 H AR FICYSdiE A 15
S E bR

[0077]  #t— 01, FriR EME AT AL BE D 3R v, U 2 H AR R IR AIDAPT lEiEF 551 H
b s WK R B b AR R0 B H bR 28l 2 miR B TRITCIEE A 5 5 1 B br AICY51E 1E
HESHHE,

[0078]  Ht—IDM, BTl i 55 RAFAE S8, BFE A E E H AR AR H AR TS24
FHIBERICETRE; RSSO K/ B (Area&Shape) 5 5 & E
(Intensity) R S5 # (Texture) «FHKME (Correlation) »

[0079]  —2H, AL ARIETRIEF M libraries @1,
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[0080] AU EHEI 53— FEAR T EN:

[0081]  —FflE+ N T REMICTCEIMG IR A RSt , 0 FE 5 NA R | G A b BRASEER , d H A5
B H sh b Hs

[0082]  Fridfa ANASEH F T NG RFE A R 46 728 Y EE ;

[0083]  Fiv ik P45 i A BB B FH - b R AR AR 11 Jir 463 ¢ s B 3k AT A B i 3R A5 B/ 41 i
(1) G FIRE S50

[0084]  FridkHn B HR T4 HE e R RE A Hh SR AN 4 i 1) BB RIRRAIE 240

[0085]  Firid H shib A He B IR BICTCYN AR , 4 FH 050 22 57 10 43 2R B8 AR BUEAT 7 34 , 7
18 HE SR ALLCTC ) &4 A Ay 358 200 B, ok CTCfg e 4 12647 5 4% )i 5t ELCTCAG IR 75

[0086]  E—ID1Hy, Bk G A b B AR H L 38 G AE TE AR B IR 1 2 H AR AR U 2
H AR TH B SRR IE S BB e 5 AR AP AR B ; i BB IE A B T8 IE AN Y
— R FE T B AN — B EUGAE 5 A0S 5t BT iR 0 1 22 B An S A T RMIDAP Lid i A
{551 B b s BT IR B 2% B b F T 78 1R AIDAP @ IE A 15 5 (1 B br LAt L, 45 73R 31
TRITCIEIE A {55 1 H AR FICYS@IE A 5 5 B H Ax , H 0 53R A5 B EHE  Brid ik H &
FFFIE S BB E T F AN AR T 2 2 80 S8 E 55 5 S S8 frid 3uds
HFICRAF AR T 5 R FOORAT B0 20 P P RS AR AE S 4

[0087]  HE— 2511, T ik B shAk JIS B He L FE 4] B AR B RN £ B B, BT IR 1) i AR5 P T
S ST FF HARA G 0 4 AR AT IR 1 , T H SR A0, CTCHY 4 M A Ao 1 40 . s BT ik ¢
PR N 7 S0 W sk 35 401 P A 75 s s RCTC, BN i HE L CTCRR R 75

[0088] AUk BH EIRFIA T R, Arid oy R8s I oy KA @ R SRR AL, BT 4328
AL RSB FR NI T U AT AL AR i AR o SR A R

[0089] P idda AR — T4 NI PRCTCRE A IR 45 JE G 5

[0090]  Fidk &4 A Ab B A B — T %5F I R CTCREAS (1) JR 476 ' PG 330 4T b 3 )5 3R 158
Y111 ) PR A AR S 580 A N I 2

[0091]  Friddr th A B — B % H I PRCTCAE A rh SR AN 41 D 1) B G FIRRAIE 4

[0092] P id 7y 2R S OB B T @ AR A 2 2548, N TARVECTCAT WBC, fifi i CTCFIWBC
IRFIE S8 J2 T 2 MOpLER 7 ST SR AL 2 AN 100 43 2548 s I8 S ORI 28 XBRAIE
ITH AR A 2 245

[0093] AU B EIRE AR 7 b, B i B i A B AR e — AL G G A4S IE R B — )
H AR = UK G H AR = TF SRS SRR S O — e 5 R OR AR R s By
REMGAE LR HTAE IEA S — R S E A — M EHRE 5 M 50 ik il e
BLH AR TR BIDAP LB E G (551 B A5 s Frd UM 2% B Al — F T 78 1R 5IDAPT
HE A E S H AR, 2 SR TRITCIHEE A 15 5 1 H AR FICYSilE A 15 5 11 H Ax , 7
I3 AN SRAF AL IENE ; BT IR T B R S EOB R — T E R R S %S5
BT A5 T 0 S BT B T A R A — T 5 AR A B 40 e ) P A
KEAE SR

[0094]  AREHEALL T A a8 80H

[0095] (1) ARk BH ZR G0 1 o6 T2 285 2 S 50t A7 O e FNIGAIE , o] LAARIE LAk 1) 23 2R 28 1A
CTCI T RE 5
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[0096]  (2) BLA BA A CTCIRIAR R A FE 22 74 FH A I R 82 % FH 1K) 35 N g 400 it 22 40 i
FE ML H SRARAUCTC, A% I B SR F I 72 BRI NS AR I 1000/ I PRCTCIY SR 4R , B
E R0 45 S B B W e e S o s RS DN 4 1 R 5

[0097]  (3) BLA B A CTCIRIER VR S A FE 2 ~r A FH A I R B I8 K FH 1K) 5 O\ 4 400 5
B, RV AP AT N ZREE In) B3, AR A AT SR PR CTCAS I 37 (1 VI 2R 4 B T BC S I B CTCHE
I A R A 1 0, BT DL 2R G0 1 e AS S5 I SR B 1 AN 5] Ab B 0 20 HEAT 1 AR AT PR A , 5
T IR AL T2

[0098]  (4) AR RS LL B 1 80043 SR 2R B M fE , izt iz i I A 52 AR L #3  R A8 A 2
[

[0099]  (5) BLA A AL FHAR /D2 I R A 73 SR A8 BT 2 AR J1VPAl , A K B XS Hip
AR FEEFAT T R IAENG RAE A2 A BE ST VP4, A8 M [ 855 5 2P 4, FEAR 2 2920061, A
T ARG RCTCEL 2 10004 , B8 B S Jse Bt 43 2 25 (14 1 PR 136 FH M 7

kit (=152 A

[0100] K1 AA R BHCTCEME R A 7 1L A2 I

[0101] B2 A K B 3 S8 a8 STV R AR I

[0102] K3 NAKHCTCEMZ IR A RS~ =K

[0103] B4 NAK I /KA E L RA N N

[0104] KI5 MGG ICEG IR E

[0105] 6 A dHA i B~ =

[0106] BTN KA TEIRIRFEA 2 LB I PPA R B, A5 : I 7A CTC concordance
g B R E K LK 7B Positive sample concordance 1145 Rx =K, K 7C Screening
efficiencyit B4 HornE K ;

[0107] &85 MM e 4 i A= B CTCHR 75 I AR s =

[0108] P IEIFRIL

[0109] A AL, EG AL BEREIEL2 , A2 IEBIH 201 IR0 B 22 H FrBid202 iR iR 2
H AR 203 L 71 5 % R RHE SRR L 204 3 3 H AI AR A7 AR 205 , i A3, B B4k )
A, W) 401, 2B ARER402, g NABEER 5, 73 RAR EMR A BB L6, R 2 IR
601 R 2 H ARREH602 IR B Z H AR BEER603  tH A R ES Hii 604 i dls =
AERAFBLER605, H tH A He =7, 43 AR S ST AR

= JENSL) S

[0110] S5 ERIE B AR I AR 7 S8 ARt — 2P B ik -

01111 S B2 — st an sl 1R s, — bk - N TR RE I CTCIE AR A U5 i 4
TSGR S 7 RAR HEATCTCHY A ShA )i, A E LA T D IR

[0112] B3R F NI RN R 25 9O & I RAEA VA 4 id CTCH SRAbH, 1
HEE/REE

[0113] 2 B8 — 3%l PR B A (1 5 45 92 06 B A gk 47 B B ml Ak 2, T 4R AT A B2 O T
Cellprofiler L HiiAE ; EFIRATALE RS IR () BGB L, BIEAY—Jelom & S 2

11



N 111652095 A W OB P 8/93 T

IS — RN AE 5 M 5 (2) IR E 2 H 5, IR AIDAP T IE A (5 5 1 H Ax, IR & 7 1)
FISLLZ H bR LB EHE BIOC T 1 2 B AR BB AN R G (3) IRAIIR G H Ax s 7E 7
FDAPTIEIE A {5 5 10 H bndkat b, 2 AR S TRITCIEIE A 15 51 H b ACY5iEEH 5 51 H
b s 30 ks B R 1B L% H Fr OB EMR , B SG T IR & B Fr i B AN 4R B 0 S (4)
THE S REHESEL, 70 Al FAR A B 22 B AR AR R B bR R A% S 40, S @ IE 7O6E
SHREZE 6) Bk T HHRE, SR I RAEEREESFSEM I, U O T HEH R
AR g H bR s~ 4i e B4R

[0114] P ER= g i R A AR B A 20 B 1 MR RVREAE 22880, 23 ol i o ok T B 22 HAR VIR
H A EEA 20 B R RRRAIE 224

[0115]  JBURPU 48, SR FH T 56 57 1 3 2K 4% H Bk FIisE, e BE ALl CTCH 40 AR Ju i
326 40 M, S A 18 40 I R AT AT 5 K i 08 40 B 4% o FON = BMICHE i Cel1Profiler
AnalystHIAZ B A 2 A N T Tlk N GI7EAS B 5, 5 g i 40 B b AT ¥ /%, B i ¢
CTCHI %, I H HAk %

(01161  F—0, ML ARIETRIEFT M libraries @1,

[0117] AU B 5 — AN SEHti i an B 27 , AR BHIE AT 7 FT-CTCHEAT H Zh ik 18 7328
OV, BRI R PR

[0118]  PERI i AN Im RFEAT R 67 EME IR FEA AN L&t CTCE 4 At fE
EEE

01191 P PR IT . 0F I PR A A 1 JiR 46 22 ' 1 A5 3k AT AR A Ak 22, AR Al 4 21 2 2 T
CellprofilerZ . AE, BIE AT E AP IR : (1) BRE IE A2 IEAT— R R R 5L
IS — RN AE 5 M 5 (2) IR E 2 H A5, IR AIDAP T E A (5 5 1 H Ax, IR & 7 1)
FISLLZ H bR LB EHE S BIOG T 1 22 B AR BB AR & s (3) IRAIIR G H Ax s 7E 7
FDAPTIEIE A 5 5 10 H bpdkti b, 2 AR S TRITCIEIE A 15 51 H b ACY5iEEH 5 51 H
b s 30 ks B R 1B L% H Fr OB ER, B SG T IR & B Fr i B AN 4R B A S (4)
THESREHESE, 70 Al EAR B 22 B AR AR B bR A% S 40, SEIE 7OE
SHREZE 6) Bk T HHRAE, FHIFRAEEREESFSEM I, U O T HEH R
AR g 5 bR s~ 4a e B4R

[0120]  ZBBRIIL At I A A 5> 4 JRL ) PR RHARRAE 2 80, B R0 23 i HE G T 22
H ¥R IR B bR B A EUR AR AE 250 N T A IR FEA 2 5 3 CTC, 4n & A CTC
BRI RCTCREAS , 4k S22 BRIV, i N T4l R A A Hh i A CTC, e — M FE A B P IR
Iy

[0121] B PRIV N THRIECTCHE A 43 7l J& T-CTCHAIWBC I 40 i R , 1 BIRVE & 1)
libraries, X[ FFfE ZHOAT 97 18 , 1 B A 20 B B DL S & R IE S B E A INR AR , AN ER
BREZSHGIE , Tk s IR S HUEE G T 2 ML 5 I BB L 2 e 2R
& B SRR B XIAIE AT R 7 SR AR B Ak tH LAk 70 2R 4R

[0122]  #—2B 0, BRI F Cellprofiler T HMEEESHUNRIFT/R, B4 DAPTIHIE
HJArea&Shape, Intensity, Texture; TRITCifi& ffJArea&Shape, Intensity, Texture; CY5iH
1EfJArea&Shape, Intensity, Texture;TRITCiHIE FICYSIHIE R Correlation, L7781 Er
HEZ40
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EOE = 8 & 3
ALK AR |EAEE W ARFH B LA (FH)
AT |k
DAPI 49 21
Area, Perimeter, Radius,
Arca&Shape TRITC Formfactor, Eccentricity,49 29
Compactness, etc.
CY5 49 29
DAPI 15 6
Minlntensity, MaxIntensity,
[0123]
MeanlIntensity,
Intensity TRITC 15 15
StdIntensity, Edgelntensity,
clc.
CY5 15 15
DAPI 192 53
RadialDistribution,
Texture TRITC Contrast, Entropy,|192 71
Correlation, Variance, etc.
CY5 192 71
Correlation, Costes, RWC,
Correlation CYS5 & TRITC 10 8
K, Overlaps, etc.
[0124] SR 1EMEHT AL T H ) 40 4 S0REE S 40, LRI 5 I RFIE S 5051 32
[0125]  fRIER, IR AR EE T 17004~CTCAIT3000NWBCH) B4 , 7] i A4~ 4 B B %

I AIRETTISN LS EAE 255 .

BB, DRIV i e e URFIE 2 AR S R R BT
() Fda oA A —4k
(2) B FHREMRIES AN ORI, T3l fe 5 25 X 20 RS 4R 1 FF 1 2L
(3) 5355 vt BE AR R IR RFAIE S 4L (cutof £>.75)
(4) THRRHE S B EE RFE) , I A TR B S RS BUE &

goid BaRob B A AR IE S B B B RS DR I ZREE ALk 1, 7784

[0126]
[0127]
[0128]
[0129]
[0130]
[0131]

IR U 3 Jo B P 331810 .

[0132]

BB B IRIVIE R G ARG N, 70 9l 56 Y 22 b B L 7 ST B DA &

RIS B S0 L 22 RS T I SR ER 1 i AL B 5 VA 22 R P AL O v F T IR B 3, 124748
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CN 111652095 A

XS UE, AL S H, LW 7 KA - 2 0P B AL A% 5 ) BIE A FE TR % :K-Nearest
Neighbors (KNN) .Stochastic Gradient Boosting (GBM) \AdaBoost Classification
Trees (ADABOOST) .Support Vector Machines (SVM) .Random Forest (RF) .NaiveBayes
(NB) \Extreme Gradient Boosting (XGB) , LA Jt 1 Fhfh A A A Sy, BI7Fp I B AN s I &
AR E— A B (Stack) « AP ZREE B A AL B 77 VA A FE5 M b 3 77 X : Original
Up-sampling. Down—sampling.SMOTE ROSE. -t 7y 4525l : ROCHIPR . #2826 R 43 2

BEAKRBON , 1T TV (T+1) %5%2 =80 /r 252,80 NorKBL k2,

i g iﬁ’ﬁ‘:&%%# ﬂ‘:ﬁ? %-‘?-ﬁﬂﬂ%% T

5 | A%E Fik | AT E T ik

1 KNN PR | Original KNN_PR_Original

2 KNN PR | Up-sampling KNN_PR_Up-sampling

3 KNN PR | Down-sampling | KNN_ PR Down-sampling

4 | KNN PR | SMOTE KNN _PR_SMOTE

5 | KNN PR | ROSE KNN_PR ROSE

6 | KNN ROC | Original KNN_ROC_Original

7 KNN ROC | Up-sampling KNN_ROC_Up-sampling

8 | KNN ROC | Down-sampling | KNN ROC Down-sampling

9 | KNN ROC | SMOTE KNN_ROC_SMOTE

10 | KNN ROC | ROSE KNN ROC_ROSE

11 | GBM PR | Original GBM_PR Original

12 | GBM PR | Up-sampling GBM_PR_Up-sampling

13 | GBM PR | Down-sampling | GBM_PR_Down-sampling

14 | GBM PR | SMOTE GBM_PR SMOTE

[0133] 15 | GBM PR | ROSE GBM PR ROSE

16 | GBM ROC | Original GBM_ROC Original

17 | GBM ROC | Up-sampling GBM_ROC_Up-sampling

18 | GBM ROC | Down-sampling | GBM_ROC_Down-sampling

19 | GBM ROC | SMOTE GBM_ROC_SMOTE

20 | GBM ROC | ROSE GBM_ROC ROSE

21 | ADABOOST |PR | Original ADABOOST _PR_Original

22 | ADABOOST |PR | Up-sampling ADABOOST_PR_Up-sampling

) ADABOOST PR Down-

23 | ADABOOST |PR | Down-sampling _ - -
sampling

24 | ADABOOST |PR |SMOTE ADABOOST PR_SMOTE

25 | ADABOOST |PR [ROSE ADABOOST_PR_ROSE

26 | ADABOOST | ROC | Original ADABOOST_ROC_Original

27 | ADABOOST |ROC |Up-sampling | APABOOSTROC Up-
sampling

28 | ADABOOST |ROC | Down-sampling | APABCOST_ROC_Down-
sampling
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29 | ADABOOST |ROC | SMOTE ADABOOST _ROC_SMOTE
30 | ADABOOST | ROC | ROSE ADABOOST_ROC_ROSE
31 |SVM PR | Original SVM_PR_Original
32 [SVM PR | Up-sampling SVM_PR_Up-sampling
33 [|SVM PR | Down-sampling | SVM_PR_Down-sampling
34 | SVM PR | SMOTE SVM_PR_SMOTE
35 [SvM PR | ROSE SVM PR _ROSE
36 | SVM ROC | Original SVM_ROC Original
37 |SVM ROC | Up-sampling SVM_ROC _Up-sampling
38 |SVM ROC | Down-sampling | SVM_ROC_Down-sampling
39 |SVM ROC | SMOTE SVM_ROC_SMOTE
40 [ SVM ROC | ROSE SVM_ROC_ROSE
41 | RF PR | Original RF PR Original
42 | RF PR | Up-sampling RF PR _Up-sampling
43 | RF PR | Down-sampling | RF_PR_Down-sampling
44 [ RF PR SMOTE RF PR_SMOTE
45 | RF PR | ROSE RF PR ROSE
46 | RF ROC | Original RF ROC Original
47 | RF ROC | Up-sampling RF _ROC_Up-sampling

[0134] 48 | RF ROC | Down-sampling | RF_ ROC Down-sampling
49 | RF ROC | SMOTE RF ROC_SMOTE
50 | RF ROC | ROSE RF ROC _ROSE
51 |NB PR | Original NB PR Original
52 |NB PR | Up-sampling NB PR Up-sampling
53 |NB PR | Down-sampling | NB_PR Down-sampling
54 | NB PR | SMOTE NB_PR_SMOTE
55 |NB PR | ROSE NB PR _ROSE
56 |NB ROC | Original NB_ROC_Original
57 |NB ROC | Up-sampling NB _ROC_Up-sampling
58 |NB ROC | Down-sampling | NB_ROC Down-sampling
59 |NB ROC | SMOTE NB_ROC_SMOTE
60 | NB ROC | ROSE NB ROC ROSE
61 | XGB PR | Original XGB_PR _Original
62 | XGB PR | Up-sampling XGB_PR_Up-sampling
63 | XGB PR | Down-sampling | XGB_PR_Down-sampling
64 | XGB PR | SMOTE XGB PR_SMOTE
65 | XGB PR | ROSE XGB PR ROSE
66 | XGB ROC | Original XGB_ROC Original
67 | XGB ROC | Up-sampling XGB_ROC_Up-sampling
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68 | XGB ROC | Down-sampling | XGB_ROC _Down-sampling
69 | XGB ROC | SMOTE XGB_ROC_SMOTE
70 | XGB ROC | ROSE XGB_ROC_ROSE
71 | Stack PR | Original Stack PR Original
72 | Stack PR | Up-sampling Stack PR_Up-sampling
73 | Stack PR | Down-sampling | Stack PR _Down-sampling
[0135] 74 | Stack PR SMOTE Stack PR SMOTE
75 | Stack PR | ROSE Stack PR ROSE
76 | Stack ROC | Original Stack ROC_Original
77 | Stack ROC | Up-sampling Stack_ ROC_Up-sampling
78 | Stack ROC | Down-sampling | Stack ROC_Down-sampling
79 | Stack ROC | SMOTE Stack ROC_SMOTE
80 | Stack ROC | ROSE Stack ROC_ROSE
[0136]  FK2/ress
[0137]  Ht—20H, P IRIVIE A4 : FYIZREEXT 43 R B P BeBEAT VP4l , /2 AT L 8 T AUCLF1

score.Accuracy.Precision.Recall . TPR.FPR Z#7ES0O /KA IR I, K3~ , AL
1 : TBANLAR 5 I HIE KNI 73 R A8 i 7. 91 3% e H AR e M fe SR 3ANLER 2% S BHE N KNN
(1) 53 S 28 ST A 3R S LR Jo PR e L R 3BHLES 2 2] AL NGBM 1) 73 S8 88 i S 41 3% e HL R AR
Ja Tt RE FRICHLAR 7SI 55329 ADABOOSTH 73 R 48 E 341 3 S H ML f5 1 e L ZR 3D A% >
FEVENSVMIY 4 SR a8 3 A3 S AR 5 T Re R BENL A = S VLN RFI 3 RAR L AIER
Je BRI JE 1 RE 3PN 5 ) BL ANBI 43 SR A8 E 3 51 3R L H L JE PR e L3R 3GH L A% 2
SEEE NGB 3 A 4 5L 3R S AR 5 1 RE
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nE .
UE =P 3 F1
# I 5K AUC Accuracy [Precision|Recall [TPR |[FPR
= score
ik
KNN PR D|0.995 [0.937 [98% 93% 94% [94% (1%
own-
sampling
KNN_PR_0[0.999 [0.944 [08% 02%  [94% [04% 1%
L £ ,],_rigina]
ROC #[KNN_PR R 0.251 [0.661 |94% 98% 48% H8% [0%

PR #9 % #[OSE
. [KNN PR S[0.997 0.949 [98% 04%  [93% [93% 1%

. 3t FMOTE

o138] # 1 4 $£KNN_PR_U[0.999 [0.971 [08% 95%  92% [92% 1%
#9 & 32 77 [p-sampling
KNN|# : [KNN ROC {0.995 [0.937 [98% 93%  [94% [04% |1%
Original, | Down-
Up- sampling
sampling, [KNN ROC [0.999 [0.944 [98% 92%  [94% [04% |1%
Down- | Original
sampling, [KNN ROC [0.251 [0.661 [94% 08% 8% M8% [0%
ROSE, | ROSE
SMOTE NN ROC 0,997 [0.949 08% 94%  193% [03% 1%
| SMOTE
KNN_ROC [0.999 [0.971 [98% 95%  92% [92% 1%
| Up-
sampling

[0139]  FR3ANLEE %~ 2 FIEKNNYIZR f5 1 73 S48 1) R
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in B :
CUE =P 3 F1
LIPS = 4 AUC Accuracy [Precision|Recall[TPR [FPR
= [score
ok
GBM PR 10.999 [0.966 [99% 94% 95% 95% (1%
Down-
sampling
GBM PR _ [1.000 [0.992 [99% 95% 96% [96% (1%
Original
1. & F 9 . ) o
GBM PR 10.994 [0.736 [95% 99% 62% 162% (0%
ROC & osE
PR &9 A
GBM_PR_S|0.999 0.975 [99% 94% 97% P7% (1%
AR
IMOTE
2. M R
GBM PR _ [1.000 [0.991 [99% 95% 97% P7% (1%
F 7 0 2%
[0140] _ Up-
I 64 4k 32
sampling
GBM|77 #*
) GBM_ROC [0.999 0.966 [99% 94% 95% 95% (1%
Original,
| Down-
Up-
sampling
sampling,
GBM_ROC [1.000 [0.989 [99% 96% 96% [96% (0%
Down- -
.| Original
sampling,
ROSE, GBM_ROC [0.994 [0.913 [98% 95% 90% 190% (1%
SMOTE  ROGH
GBM_ROC [0.999 0.975 [99% 94% 97% P7% (1%
| SMOTE
GBM_ROC [1.000 [0.991 [99% 95% 97% 97% (1%
| Up-
sampling

[0141]  FZ3BAL &2 2] SLILGBMIGR J5 1 7 24 1) R 3N
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nF
W 4 5 F1
3] WG 5 %8 |AUC Accuracy [Precision|Recall[TPR [FPR
% [score
ik
ADABOOST _ [0.999 [0.982 [99% 96% 03% [93% |1%
PR Down-
L gﬂ._sampling
ROC E&‘ADABOOST_ 1.000 [0.997 [98% 88% 090% [99% [2%
PR 4 PR_Original
B ADABOOST _10.995 [0.921 [98% 92% 93% [93% |1%

#. [PR_ROSE

b, %t RADABOOST_ [0.925 [0.784 [93% 65%  [96% [06% (1%
7 # 71|PR_SMOTE

4 2k 69|JADABOOST _ 10.726 (0.507 [77% 34% 90% [90% [1%
[0142] 4 32 7|PR_Up-
ADA
# : [sampling
[BOO
- Origina ADABOOST _ [0.999 10.981 [99% 96% 93% P3% (1%
I, Up-ROC Down-

samplin sampling

g, ADABOOST _ [1.000 [0.997 [98% 88% 99% 09% [2%
Down- IROC Original

samplin|Ap ABOOST  {0.995 [0.921 [08% 92%  193% 93% [1%
g, ROC ROSE
ROSE. |ADABOOST [1.000 [0.990 [09% 08%  [91% [91% [0%
SMOT lroc SMOTE
E ADABOOST _ [1.000 0.997 [98% 89%  [99% [99% [2%
ROC_Up-
sampling

[0143]  F3CHLEE2: =1 B VEADABOOST I £5: J5 1) 43 K 22 (1 2 T
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B ‘
_ LEF-E S F1
ZF JNSGA K AUC Accuracy |Precision|Recall [TPR |[FPR
= score
o
SVM_PR_Do[0.996 [0.938 [98% 93%  P1% P1% [1%
wn-sampling
SVM_PR_0r[0.997 [0.956 [99% 95%  [94% [04% [1%
. £ a-_iginal
ROC  #[SVM PR R [0.998 [0.945 [98% 91%  [95% [05% [1%
PR &9 & [OSE
g4, [SVM PR S [0.997 [0.957 [98% 92%  95% [05% [1%
b 3¢ <MOTE
4791 4[SVM_PR_Up[0.998 [0.972 [98% 95%  [92% [02% [1%
[0144]
4 04 & ¥ Fsampling
SVM|7 # : [SVM_ROC_ [0.996 [0.945 [08% 92%  [94% [04% [1%
Original, [Down-
Up- sampling
sampling,|SVM ROC_ 0.997 [0.961 [99% 94% 97% [97% 1%
Down-  [Original
sampling, gy ROC (0.998 [0.945 [08% 91%  95% [05% [1%
ROSE,  ROSE
SMOTE lsym ROC 0,997 0.957 [os% 92%  95% [05% [1%
SMOTE
SVM ROC_ [0.998 [0.972 [98% 95%  [92% [92% [1%
Up-sampling
[0145]  Fe3DHLAL: =1 F:SVMIZE fe 04 K B e B
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R )
LEV-FE F1
L IBIVIES X3 AUC Accuracy [Precision|Recall [TPR [FPR
= [score
LA
RF PR _Dow [0.999 [0.962 [98% 94% 92% 192% (1%
n-sampling
RF PR _Origi|l.000 [0.997 [98% 92% 95% [95% (1%
L % %na[
ROC &for PR ROS[0.996 [0.018 [o8% o2  loa% |oaos [19
[PR 'E'I‘J&E
AR
RF PR_SMOI1.000 [0.981 [98% 95% 92% [92% (1%
2. 3 R
TE
-7 1 25
[0146] ‘ RF PR _Up- |1.000 [0.997 [98% 91% 95% P5% (1%
C X 5PE )
sampling
RF |7 &* :
RF ROC _Do[0.999 [0.967 [98% 95% 92% 192% (1%
Original,
wn-sampling
|Up_
. |RF_ROC Ori|l.000 [0.997 [99% 94% 97% P7% (1%
sampling,
oinal
Down-
. |RF_ROC ROJ|0.996 [0.918 [98% 92% 94% [94% (1%
sampling,
ROSE, pE
SMOTE RF ROC_S 10.999 [0.984 199% 96% 94% 194% (0%
OTE
RF ROC_Up|1.000 [0.997 [99% 95% 96% [96% (1%
-sampling

[0147]  ZZ3EHL A5 S SFIERFIIZR G 1 73 2K e ) R B
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i B _
LEV-FE F1
L IBIVIES X3 AUC Accuracy [Precision|Recall [TPR [FPR
= [score
[
NB PR Dow|0.989 [0.915 |98% 93% 91% P1% (1%
n-sampling
NB PR Orig|0.992 [0.913 [98% 92% 92% 192% (1%
L % %inal
ROC &ip PR ROSP.991 [0.005 [os%  |oaos s [ssos [19
[PR 'E'I‘J&E
AR
NB PR SM [0.988 [0.921 [98% 93% 92% [92% (1%
2. 3t R
OTE
-7 1 25
[0148] ‘ NB PR Up- [0.988 [0.918 [98% 93% 92% 192% (1%
C X 5PE )
sampling
NB |7 & :
NB _ROC _Do|0.991 [0.915 [98% 90% 93% [93% (1%
Original,
wn-sampling
|Up_
. INB_ROC Or|0.992 (0.913 [98% 92% 92% [92% (1%
sampling,
iginal
Down-
. INB_ROC R [0.991 [0.905 [98% 94% 88% [88% (1%
sampling,
ROSE, sk
SMOTE NB ROC_S 10.991 [0.918 [98% 91% 93% [93% (1%
OTE
INB ROC_Up|0.992 [0.920 [98% 91% 93% [93% (1%
-sampling

[0149]  ZZ3FHL a7 S SLIENBIIZR G i 73 2K e ) R B
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i % _
F ALK ‘mlgﬁéﬁ}%AUC ! Accuracy |Precision |Recall[TPR [FPR
= core
ok
XGB_PR_D|0.999 10.957 [99% 93% 96% [96% 1%
own-
sampling
XGB PR Of1.000 [0.997 [99% 95% 97% 97% 1%
£ a-_rig,inal
ROC %[XGB_PR RJ0.995 [0.914 [08%  [04%  [01% [01% [1%
PR #Y f[OSE
424 . [XGB_PR_S10.999 10.964 [99% 95% 95% 195% |1%
2. st RMOTE
P47 4:XGB_PR_U|1.000 0.997 [99% 96% 97% 97% 1%
[0150] .46 46 2 p-sampling
XGB|7Z #* : [XGB ROC [0.999 [0.970 [99% 94% 96% 196% |1%

Original, | Down-

[Up- sampling
sampling,[XGB ROC [1.000 0.997 [99% 04% 98% [08% [1%
Down- | Original
sampling, ¥ GB ROC [0.996 0.933 [98% 91% 96% [06% 1%
ROSE, | RrosEe
SMOTE xR ROC [1.000 0.986 [99% 06% 95%  [05% [0%
| SMOTE
XGB ROC [1.000 0.997 [99% 93% 99% 99% |1%
| Up-
sampling

[0151]  R3GHLE 2~ 2] FIEXGBIIZR JG 1 73 2R 1) R I
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PN
_ LEF-E S F1
ﬁﬁ!ﬂllﬁ.:&i{(g AUC Accuracy |Precision|Recall [TPR [FPR
SCore
o
Stack PR_D0/0.999 [0.784 [99% 96%  95% [94% [1%
wn-sampling
Stack PR_Or[0.925 [0.997 98% 94%  [88% [88% [1%
. £ a-_iginal
ROC & [Stack PR R [1.000 [0.997 99% 96%  [99% [07% [1%
PR &9 & [OSE
gia. [Stack PR S 10.999 [0.966 [98% 95%  [94% [00% [1%
b 3+ R<MOTE
-7 91 #[Stack_PR_Up|1.000 [0.913 [98% 92%  95% 5% [1%
[0152]
4 4 & ¥ sampling
Stack |7 #* : [Stack ROC_ 0.999 [0.905 [99% 96%  [90% [95% [1%
Original, [Down-
Up- sampling
sampling,|Stack ROC_ [0.991 [0.997 [93% 94% 94% [96% (0%
Down-  |Original
sampling, giack ROC_ [1.000 [0.957 [99% 65%  196% [99% (0%
SMOTE 512k ROC_ 0.994 0.984 [09% 01%  [95% |04% [1%
SMOTE
Stack ROC_ [0.997 [0.984 [98% 93%  97% 95% [1%
Up-sampling
[0153] R 3HAM A B8 HES tack YIIZR G [ 4 AR K R B
[0154]  EFXPAPAT R AL T & O P8R 48 R T CTCEE AR ISR EEF H /N T10%)

FEE TGRSR IR 4500 T . F1 scoreRecall.TPRIG x5 S3E TR BICTCIY R UE , Fir
PL, 8041245 ,F1 score A NIT% ,F1 scorefli N97% K15 2R 28 HLFE

[0155] (1) ADABOOST PR Original.

[0156] (2) ADABOOST ROC Original.
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[0157]
[0158]
[0159]
[0160]
[0161]
[0162]
[0163]
[0164]
[0165]
[0166]
[0167]
[0168]
[0169]
[0170]
[0171]
[0172]
[0173]
[0174]
[0175]
[0176]
[0177]
[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]

[0187]
[0188]

(3) ADABOOST ROC Up—sampling.
(4)RF PR Original.
(5)RF_PR Up-sampling-

(6) RF ROC Original.
(7)RF ROC Up—sampling-
(8) XGB_PR Original-.

(9) XGB PR Up—sampling-
(10) XGB_ROC Original.
(11) XGB ROC Up—sampling-
(12) Stack_PR_ROSE.

(13) Stack ROC Original.
(14) Stack PR Original;

Real 1B 55 999% ,Real 1E 999 % 1) 7 2R 2 A1 FE

(1) ADABOOST PR Original.

(2) ADABOOST ROC Original-
(3) ADABOOST ROC Up—sampling.
(4) XGB ROC Up-sampling.

(5) Stack_PR_ROSE;

TPRAE £ 51 999 % , TPRIE 999 %6 f 7 2K 28 A5

(1) ADABOOST PR Original.

(2) ADABOOST ROC Original-
(3) ADABOOST ROC Up—sampling.
(4) XGB ROC Up-sampling.

(5) Stack ROC ROSE;

22 F,F1 scoresRecall TPREIFRIN K 1425880

(1) ADABOOST PR Original.

(2) ADABOOST ROC Original.
(3) ADABOOST ROC Up—sampling.
(4) XGB ROC Up-sampling.

B0, P IRIVIE OFE : @SRRI 7 2888 GR2 80 M43 8%) 7RI IR
FEAS A FEATVZ A0 RE S0, MY R A 55 1 2004811 PRCTCAS AR A (200451 Il R CTCAS U %
A N T R4S L 271000 ANCTC) T CTCH sk Al 75 3K , 12 A B 73Rl 8 hr 45 -
Positive sample concordance,CTC concordance,Screening efficiency.%&l*F Il K
CTCH MM N, FH , BHEE 4> 28 Positive sample concordanced ZEik#]100% ,FPositive
sample concordancefE EiAF|100% HIFTHE T ,CTC concordancefScreening efficiency
JRATBERI &, WICTC concordance R KTF90% ,Screening efficiency KTF95% o %Rk 45
RHETEI:
Positive sample concordanceiA®100% I ELFE -

(1) XGB_ROC_SMOTE,
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[0189]  (2) XGB ROC Down-sampling.

[0190] (3) XGB_PR_SMOTE.

[0191]  (4) XGB_PR Down—sampling-

[0192]  (5) SVM_ROC_Down-sampling.

[0193]  (6) SVM_PR Down—sampling-

[0194]  (7) Stack ROC Original.

[0195]  (8) Stack PR_SMOTE.

[0196]  (9) Stack PR _ROSE.

[0197]  (10) Stack PR Down—sampling-

[0198]  (11)RF ROC Down-sampling.

[0199]  (12)RF PR Down-sampling-

[0200]  (13) KNN ROC Up—sampling-

[0201]  (14)KNN PR Up-sampling.

[0202]  (15)GBM ROC Up—sampling-

[0203]  (16) GBM_ROC_SMOTE.

[0204]  (17) GBM ROC Down-sampling-

[0205]  (18)GBM PR Up-sampling.

[0206]  (19) GBM_PR_SMOTE,

[0207]  (20) GBM_PR Down-sampling.

[0208] (21) ADABOOST ROC_SMOTE.

[0209] (22) ADABOOST ROC_ROSE.

[0210]  (23) ADABOOST ROC Down-sampling.

[0211] (24) ADABOOST PR ROSE.

[0212]  (25) ADABOOST PR Down-—sampling;

[0213]  #—2PH),fEPositive sample concordanceikF|100% K25 2Kgsh, ik $ECTC
concordanceil F]90 % ) 43 2 2L FE8AS

[0214] (1) KNN _ROC Up-sampling

[0215]  (2)KNN PR Up—sampling

[0216]  (3) XGB_ROC_Down—sampling

[0217]  (4) XGB_PR Down-sampling

[0218]  (5) SVM_ROC Down—sampling

[0219]  (6) SVM_PR Down-sampling

[0220]  (7) Stack PR Down-sampling

(02211  #—F 1), fFPositive sample concordanceif®|100% 2552 ash, ik £%
Screening efficiency KT95% )4 as dH14:

[0222] (1) Stack ROC Original.

[0223] 25 b, BUIR O 43 SR8 AL 73 2848 , TEIE 3 A 248 F 0 2R 48 ), AT DL e (1) 1%
Mo ide 73 K Am HHARAT — A (2) AR SEPR N T REH: (3) BEFEMIE /KB CTC

concordancef & H—1
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[0224] AU B 28 = AN St , anfE 3o, — FidE T N TR REMICTC BHEIRA R4S, B
TR AL AR AT A AR B2 ey YRR R 3 | B4k H R 4

[0225]  #gy NS FH T3 NG PRIE AR I S5 46 2 e AR

[0226] PR 5T A 3EABE 230 FH T I PRASE A 1) Jir 4 2% 't PRG3R AT A B2 s SR A5 B A i 1) PR
FRFIE S5

[0227]  fgy H AR 3 T R I R AR A Hh B2 B 1) PR R RN AE S 4L

[0228]  H Bhfb Al A B TR BICTCHN MY , H B4k F AR 4 .35 4] B A B 401 FN 2% B A
Hra02, H] 8R40 145 B 12 2 57 1 40 A AT 0T 3k , 0 HE BEALLCTCIY 41 B 1 D i JE 4T
il 5 8 B ERA02 R FH ol N\ 573 DI 32 200 i 2 75 16 S N CTC , A S HH L CTORS 4 5
[0229]  t— 2011, pirid EG A A B A e 2 G 5 RS AS IE B 201 IR 15 2 B AR EL202
WM B AR BEE203 | T H & RRHIE S BB H 204 504 5 H AR AE B 8205 5 ik ] 445
IERE201 8 A8 IEAN Y — 6 MR8 B S8 — I B RS 5 17 5 Ik IR0 8 2 H b
BE2028 FF IR AIDAP IS IE A 15 5 (10 B b5 s i iR BIK Z B Fr 203 F 7617 AIDAP T 1
BAE5 0 HAREER L, 23 3R TRITCIEE A 15 5 19 H A MCYSE TE A 5510 B bx , 70 31
PG RN EG  Frid ih B & REE S HE S04 H TR AR S 2248 &3
BRI TR S iR S e 3 A R AF AR 205 H -5 AN LR AF S 20 P 1) RS R
TESH.

[0230] Ak BA IR BB DUAS St an AP 7 , AR BHIE AT T 43 R L R G, L HE i A\ A5
e 5 USRI AL AL 6 i AR 7 o AR T AR RS

[0231] g AARER 5 F T4 NI PRCTCREAS 1) B AR 5 6 5

[0232] PRl mir Ab BE AR 6k 5 I PRCTCREAS ) iR 46 26 ' R A5 2R 47 Ab B /5 145 s A4
I R RVRFAE S50, 1R N IR 2 5

[0233]  #gy RS ER — 7 T HH I PR CTOAE A rp BN 2 f (R AG FRRAE 22 48

[0234] 73 SRR @B T @ LI AL 73 248, N TARVECTCAI WBC, i ik CTCHIWBCHY
RRIE S B He T 2 PHLER 5 2] 0 BE E SL 2 N0 73 25488 8 S HORM A8 XIRAIE AT
AR 7 22

[0235]  Ht—2B 1, CTCIERME IR A R GE Ay 288 7 R4 b F 2 B G m ab B AR B — 60 5
FIE B IEAR 601 R 51 B B H AR EER602 IR B 2 H bRBER603 | 1 5 55 KRR AE 2 Bk e
604 FHE 5 H ALRAFARER 605 BIG B IEALE601 FH FAE IEA Y — e R fE S S AN —
I EMGAE 5 A 55 IR 1 2 H AR 602 F TR BIDAPLIEE 6 5 5 19 H b s IR AR 2% B A5
FEHL603 T 75 1R AIDAP Tl A {5 5 1 B dr 2t At b, 4» AR A TRITCIEE A 5 5 1 B A5 F1
CYSHIE A (551 H bx , I 2 AR AU M S 5 T 545 SRRHE S 3 604 F T H 5 .
AN ) TEAS 22 S 40 A5 BT 6 AE 5 58 5 280 505 5 B AVRAF 605 FH T3 HY R IR
17BN A R P R RRRAE 240

[0236] DA AR A BA A AR 32k 5 it 7 5K, 24 K BH ) AR 973 BBl AR PR T S it 491, ML
TAR B B EE T AR T R8T A B ORI TE R o B2 i, 0T AR AR S 1 7 38
FEARN TR, 75 A B A A BH S B FT B8 045 T oSodh AR e, AR A B B OR3P Y
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Classifer

KNN_ROC_Up-sampling -
KNN_PR_Up-sampling -
KNN_ROC_SMOTE -
KNN_PR_SMOTE -
KNN_ROC_Down-sampling -
KNN_PR_Down-sampling -
XGB_PR_ROSE -
XGB_ROC_Down-sampling -
XGB_PR_Down-sampling -
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