ETAI®REZENEBNEH = il
REHR

RAEW I BREAML,EZNERELEZNH2E RELEK FLHEEHMLBLEL L hEA
(LB BRI T AR, B 20003252, 0 117 KA 7 X80 10055 45 il e, 1 201101)

W OE.(HnY] s 5 ais N R, # S A T M2 W 4 (artificial neural network , ANN ) &
R Sy i A NHERUR 43 2 5 0040 0t A 7 SR SR AR A AR | B2 0 A AR R . [T 1] 2012 4R
T RIATIX 163 240 £ 50~80 % 411X JE R S 45 BL M s 0 4 . 40 0 R ORI A5 28 20 g it
T80 (FOBT) AAT 148 K6x | BA PR3 HE — 25 48045 i 5 Ao BRAG 2y, 12 WA TC 45 B e, () i s 25
ICEEHEAN FE TR AT J5 2 AR NS B S Wi 5 B . R A B TR 2R £ R 2 40 BT O B A8 o SR N 4
F2 121 (0 BB AL S I R AR RS GIE AR | 43 1) A F £  RSGIE ANN AL, R A REUE 4 57
PE ROC M1k N i AL AUC) 8 br PR AR . [ 452 ] 163 240 4 W98 4 42 0 3 B 18 465 1 W i
i 19 363 1, Z [N Logistic [l H §fi £& AR #4 M5 (EA 25 & 8 JEFT RS
FOBT FHPE 7 /> 48 & AF 3 ANN fi A4S &, 3o op | Ifi 8 (20.8% ) (4F 1% (18.1% ) Fl FOBT FH 1
(17.10%) %25 B W Jis 00 5 W de R Dl 2 46 R 56 T0E 48 52 8807 49 591 O 65.93%(95%C1: 58.78%~
72.43%) ,60.22%(95%C1:52.95%~67.07%), 't 5P 53 5 h 62.07%(95%C1:61.74%~62.40%)
61.929%(95%C1 :61.59%~62.26%) , AUC 4354 0.68(95%CI:0.64~0.72) .0.67(95%C1:0.63~0.70),
AR AT 4 N 61.92%(95%C :61.59%~62.26%) , B T PRI IAIE R A4, [ 4548 ] AHF5E T
AL H g ANN T AR A A4 X 43 BE 45 047 2 Wi (B 3 0, (0 Ak — 25 D0 Ak A A0 3B 560 U A
2 HL U o ANz Ak BE T .

SESERIA) < 2 TR R 5 TR AR AR 5 T I 4% 5 BTk 3 AT
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A Predictive Model for Colorectal Cancer Based on Arti-

ficial Neural Network

WU Wei-miao',XU Dong-li*, LI Xiao-qiang', LI Wei-xi*,LI Jun?,ZHANG Fen*, XU Hui-lin?,
XU Wang-hong', YAO Bao-dong?

(1. School of Public Health,Fudan University ,Shanghai 200032, China;2. Minhang District Cen-
ter for Disease Control and Prevention,Shanghai 201101, China)

Abstract: [ Purpose | To establish an artificial neural network (ANN) model for prediction of colo-
rectal cancer risk. [Methods] Total 163 240 residents aged 50~80 years in Minhang District of
Shanghai participated in colorectal cancer screening in 2012. Questionnaires,fecal occult blood
tests (FOBT) and anal examinations were conducted for initial screening of colorectal cancer. Fur-
ther colonoscopy and biopsy were performed for subjects with a positive initial screening result.
The data of identified colorectal cancer patients in 2 years after the screening were collected from
cancer registry. Univariate and multivariate analysis were used to select variables for establishing
ANN prediction model. The participants were randomly classified as training set and validation set
by 1:1 ratio for establishing and verifying the model. Sensitivity, specificity, AUC (area under the
receiver operating characteristic curve) were calculated for model evaluation. [Results | In 163 240
screening participants, 363 colorectal cancer cases were diagnosed. Seven variables including age,
gender, constipation , rectal tenesmus,bloody stool, progressive emaciation and FOBT results were
selected as the input variables of the ANN model by the multivariate logistic regression. Bloody
stools(20.8%),age(18.1%) and positive FOBT(17.1%) were the most important predictive variables
for colorectal cancer. Sensitivity of the model in the training set and validation set were 65.93%
(95%Cl1:58.78% ~72.43%) and 60.22% (95% C1:52.95% ~67.07%) ,respectively. Specificity were
62.07%(95%C1:61.74% ~62.40%) and 61.92%(95%Cl1:61.59%~62.26%) ,respectively. AUC were
0.68(95% Cl1:0.64~0.72) and 0.67(95% CI:0.63~0.70),respectively. The agreement rate was 61.92%
(95%Cl1:61.59% ~62.26%) in the validation set. The internal validation effect of the model was

performed well. [ Conclusion] The ANN predictive model for colorectal cancer established in this
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study is performed well in the risk stratification,and is of good diagnostic value. However,further
optimization and external validation are needed to improve its prediction accuracy and generaliza-

tion ability.

Key words: colorectal cancer;predictive model;artificial neural network ; contribution analysis

2 B 1998 (colorectal cancer, CRC) X FR 4% B
P, A TRl o i UL R S e IR =2 — 4 Sl A i o e e
TR FBET (5 4 (LRSS 5 07, F [ R 2 0 %
YR, 2013 AR5 BT SO Bl 34.79 T1 bRk
W5 17.45/10 77,2013 4F 4[5 25 H i i 5E 1 1]
16.49 71 b3t =% 7.87/10 J11,

H il 45 B s 0 B U DR i R 58 T A (H 4G
B A 3 s i RIS B AT U G Y
FEHTR AR . BT 5 R 20 0 B ERE OG Y  R A Hd
T3 2ok 0 A SIS R 0 R B RLI2 R R
TBIT DN R 45 1 68 4 s SR IR T 38 230 4R
i, N AMIFSE 34 SR DL 2 W B R 25 E
S Ot A 10 H AR R, A R HE P AU H A 2
I3 ), LABONTE G A (AR N PEAR & 0, T4
i 9 S — b 22 D R R A RE R AR I M) (45
W 9 G 1 2 4 B T A4 8 e W DR 3R A R A XL Tt
DS X6k A8 N BEREAT KBS 43 )2, X6 41 v 0 A 4
AE AR I A 2% T 5 70 00 A HE A B T AR e IR A A
HEARERZEZ L,

YelE R HARS O IR — R0 45 E
PRI R ST, AR A 46 N T 28 W 2% (artificial
neural network , ANN)® Cox il XU [ 15! Logis-
tic [ P g A R Zouf R g, HEid
A Qcancer TR 7Y 3157 N7 R Ml X 45 B 9 i A
¥ 41 (Asia-pacific colorectal screening, APCS) 343 5
RUNOISE I LA b DCRE S [ P 45 R g XS
T Y () I 5 T /N AR 1) i 461 T RECRIF 5 55 BA 47 A 5
2 H ULy 7AW bs S W g wF 5 o =7 RE
AU G B i e FE NTEXS R B 5l IRl TR
oK o 256 75 IR TR 1 45 BV i 5 R s 1 P 5
XA P AE | ARBUAT A TR R, AT L
2012 47 b T BT XA DX B &% 1 9 O A
RWFFEXS G, A AT IR A R AR R L BR
(fecal occult blood tests, FOBT) 5 T 17748 ¥ 45 5, 44
4 ANN 25 B i 98 IO A 7Y A Ak b v 4 DX R
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45 LI 5 2 R W AR (L
1 ZBETE
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RS B 5, R R AR EE TS .
O LT AT X A E B, AL AR T P 4 R A
WA 6 A L ERaEAR T PR R QIR TE
50~80 % ;DTCLE H i s s DS AT & F AR B
I ORI A A YT R s T 4l B s it A i H
B 5B S A ki 5 K, B RS i
IFEEE (T BT XA X B 4 T 9 07 A
FE).,
1.2 #HiElE

P IR R SONIE PO E e NN L S
B AR RUBS BF 43 B o, W0 AR s AR AE (5 450 {6 Bl
MEVS RS AR MAE  FRE M B 25 REARTE |
AR A [ e R R AT RN AN
BB ) \— 0% Jm 25 B W e 0 s W 1B 0 o (K
T IR RN TR B PR I e SRR ) AT AT —
T B B F Ay A0 0 BE M L e A, TR B 2 o e A
A5 A — YR BH ) R i BH A

00 5 BF 2 U e 1 4T i A = e A o A R s B
Kids  Bfis A o8 B . 5 I8 Mg i v e, A
UK AT J5 2 A7 PUBNS W 4 BV 988 99 61 250 40k AR I
i A OB R I, AR SR G B O UES 5 g
BACHE T IE SR N, AT ILS AL T 2 4 N Y 2
HWEizWis B, & i H A 55 00 i T R 5
IERGEIE T8 R e SR, AR S
LR 12 W A 6 B 5 95 4 2J e g 2 T B AR5 1 i
(ICD-O-1) (o ,C18 R &5 % .C19 W H M 5 LR
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F K3 (SR ) ¢ K3 (3 BB i) T 1 1
0 191) RV 491 4 L 1) 45 L e RTRE B A I TR R
L FOBT Z52R1y 225, ¥ 2257 HA G 8 LG
B A 2R (P<0.15) 0 A Z 1 & Logistic [H1AELRL >R H
“JrR R AT AS R 1 . di e 7 SAS 9.4 B EM
FiHk (SAS Enterprise Miner Workstation 13.2) 71 F| H
ANN J5 B HE ST MRS | JF R ) R B R ek
ROC Mi1£E T 1 # (area under the receiver operating
characteristic curve, AUC) | FH Pk 30l {H (positive pre-
dictive value ,PPV), BIPEFUME (negative predictive
value, NPV) | BH ¥ {81 4% . (positive likelihood ratio,
+LR) . FH LA E (negative likelihood ratio, —LR)%5 45
P PO ASE TR A v s 1 DX JRE RIS £

2 & R

21 —RADOZFHE

ARG A BT AT IX 2012 4E45 5 9
i & ANFE 163 240 A, Hrba il 41 363 A, JAE i 51 41
162 877 A, P TE WS AR 0 SCAR AR B 5 R0 | 22
SAEAS R AEAER S 25 A
Gi it 7 L (P<0.05) , 9 1) 20 ~F- 349 4 1 v T Al 9 1)
41, ELR B2 DL 53 s 2 i AR Table 1

AT 7 i L e, RO HL 205 FOF FOBT FH
(Table 3),
24 EEIWEIISWIE

Wbt g 7 AR EAE A AN AT, BELE
S E AR AE R AR 20T R R ANN H#EEE S 4L
DI R S5 Ak, f5e 2400 5 “7-6-6-17 DU J2 5 A AR 7Y
ANTE) T A ) e A & R R3S, S B
B A R 22 B/ N R I 2R AU, L4 xR
/0N Sz A R f AR X T B (Figure 1),

AR AR XS — R & )2 09 HT H2 H4 H6 A AL
(I Bk, I fE AR % H3 AU f Kk, R A7 e 3
X HS BIBUE K, AT WA [ i A2 #h 2 o0 3 AR T
B — RS R ITE AR (Table 4), %55 &
ERUEESTW-A IS oNIE %@Fw%ﬁﬁ%H4%
] H4 761> B )2 Z [ /E FH 32 WA 52 K (Table 5) &
(NN AN 2D o i R = R mﬁ%mﬁﬁ

EWQMEﬁGmbaﬂéﬁamﬁﬁﬁwﬁﬁ
R TR B K o AR e A A5 O TR 3 A
Rk,

Ci=[ 2 Wi ( Vk,* )]*‘ani_l "'P (1)

,ﬂjwﬁ%1¢%Aﬁ% 25§ B

TS TR, Vi AR — B F%J¢ﬁA =90

Demographic characteristics of the study population

20 L Lo R 22 (Table 1)

ariables
22 BEGBRREESE

Case group Non-case group

2
(n=363) (n=162877) Zx o

2 T W T 1 o PR 250 1o 4 fﬁw@
R G ¢ R R
*ﬁ,%%ﬂﬁ%?ﬂﬁ@ﬁu%% Female
JEE KMEASYN L E FEfE . Marital status
T MR L A $@Tﬂ
fERm (FOBT) #e & 45 2R k225 o
Eﬁ%i—f%%ﬁi(l)<oos)’ﬁﬁ/ﬂ; Widowed
ﬁﬁ jﬁ Bﬁ % E/(J ﬁ} 7(ﬁ % %’: j:éj 7S E_ Educational level

A G52 75 X (Table 2). Primary school

67.0+7.7 62.9+7.8 -10.000 <0.001

191(52.62%) 69046(42.39%)

15.506  <0.001
172(47.38%) 93831(57.61%) <

2(0.55%)  328(0.20%)
0 .
35006.42%) 157362006.61%) o oo
00%)  887(0.54%)
113.03%)  4300(2.64%)

95(26.17%) 36120(22.18%)

High school or polytechnic school 248(68.32%) 11744(72.13%) 3.356 0.187

23 ZEE Logistic @5 # College or above
B K Z i P<0.15 19 Occupation

ZPMAZHNE Logistic [7] U B Government officials 3(0.83%

FAs R R Rl A Ieion sl
N usinessmen
B WA, SE T A
B,/ﬂ\:qj I3 5 A i Y Other

OR fEfkA, FRUIHAAHIALH _ Unemployed

20(5.51%)  9273(5.69%)

) 546(0.34%)
17(4.68%)  8393(5.15%)
175(48.21%) 74136(45.52
(48.21%) (529 557 o181
63(18.73%) 26722(16.41%)
93(25.62%) 48609(29.84%)
) )

7(1.93%)  4471(2.74%
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Table 2 Univariate analysis of colorectal cancer risk factors[n(%)]

Case group Non-case group

Vel (n=363) (1=162877) X P
Constipation

Yes 20(5.51) 4466(2.74)

No 343(94.49) 158411(97.26) 10381 0.001
Frequent stool

Yes 7(1.93) 2260(1.39)

No 356(98.61) 160617(98.61) 0-774 0379
Diarrhea and constipation

Yes 2(0.55) 669(0.41) — 0.6645

No 361(99.45) 162208(99.59) '
Rectal tenesmus

Yes 8(2.20) 549(0.34)

No 355(97.80) 162328(99.66) = UL
Slender stool

Yes 4(1.10) 511(0.31) _ 0.029°

No 359(98.90) 162366(99.69) ’
Shapeless stool

Yes 3(0.83) 537(0.33) 0120

No 360(99.17)  162340(99.67)
Bloody stool

Yes 6(1.65) 255(0.16)

No 357(98.35) 162622(99.84) - <0.001%
Mucous stool

Yes 3(0.83) 188(0.12) . 0.009°

No 360(99.17)  162689(99.88) ’
Fixed abdominal pain or discomfort

Yes 3(0.83) 439(0.27) _ 0077

No 360(99.17) 162438(99.73) ’
Lower abdominal pain

Yes 5(1.38) 582(0.36) 00114

No 358(98.62) 162295(99.64)
Progressive emaciation

Yes 2(0.55) 72(0.04) 00125

No 361(99.45) 162805(99.96) '
Unknown anemia

Yes 1(0.28) 85(0.05) —0.1745%

No 362(99.72)  162779(99.95) ’
Family history of CRC*

Yes 0(0.00) 209(0.13) — 0.628%

No 363(100.00) 162668(99.87) '
Familial adenomas and polyps

Yes 0(0.00) 209(0.13) 1000

No 363(100.00) 162668(99.87)
Other intestinal diseases”

Yes 0(0.00) 62(0.04) 1,000

No 363(100.00) 162815(99.96) ’
Positive FOBT

Yes 8(2.20) 876(0.54) 00014

No 355(97.80) 162001(99.46) '
Positive anal examination

Yes 33(9.09)  16926(10.39) _ 0417t

No 330(90.91) 145951(89.61) )

Note: 2 :Fisher’s Exact Test; *
parents and siblings;
villous or tubular adenomas.

624

:the variable was with 13 missing values;*

:including grandparents,
".including ulcerative colitis,crohn’s disease,familial carcinomatous syndrome
: g olitis, ¢ ase, s sy )

B RGT R kAR R
TR, W R TRE R kA
B35 T e X S B Tk, Wi

a'

El% A K L 6 S Y TR
KR i A A Y BT
rﬁkoﬂiﬁﬁ 548 A i M R g
o H AR AR 20.8% | A i
18.1% FOBT FHME: 17.1% . #47
PEH B 158% . W A )5 &
13.2% f# B 10.3% 1k 5 4.7%
(Table 8),
2.5 HERWIEMH
AR e 4 4y T L A9 Dy
YIRS TE=1:1, HoAf 1205 1 55 o
B 182 A 181 ], Jir s Al
AR RN S e /N B T T
g BH Mk 45 R 8 B {E (cut-off
point) . 4 EWT (R 0.45 if, R
B AR S R AR N 254 2 il o
74.73% 49.18% , % iiF £ 43 51
73.48% .49.11% , 56 UF S 45 A R
K 49.17% ., HEW{EH 0.5 1),
AL R S v AR I 2 4R 43 )
N 65.93% .62.07% , % 1iF 4 4 5
M 60.22% .61.92% , ¥ UF 575 A
BN 61.92%, YW {E L 0.55
B, 7 B R R S PR AR DI R A 4
1k 47.80% . 76.29% , %6 IF 5 4>
B K 42.54% . 76.36% , 5 IF £ 4F
BHRNT6.29% ., LG H5 BRI
0 o W RS B A 5T R
Wi HL 0.5, BPY4~AR45 i
AR 2R P>0.5 iF 0k BH A 4%
Fo AUC Wb ki 56 1) X 53
JE RN ARSI LR 4 50 F 4
1 AUC 43514 0.68 #1 0.67, 3%
FET 0.7, UGB T AR AL X 4y
BA4F, NPV $2iF 100%, Ifi PPV
X 0.4% kA, EB5 ANFEP4
LI 98 R R AR G T RLAR
P iy i3 R R R S R
PE AN 22 JO R 4 T R
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Note :blue,red and purple connecting lines indicated negative weights, positive weights and small weights, respectively.

Figure 1 Diagram of artificial neural network (ANN) model

Table 3 Multivariate analysis of colorectal cancer risk factors e H R 32 56 B 2 W (B, AR R
Independent variables B SE Wald x> P value OR(95%CI) RE o, AT H-LR K 0.6 &4 ,+LR
Age(years) 0.061 0007 89.640 <0.001  1.06 (1.05~1.08)  $%iT 2, -LR #/N, +LR #Kk, i
Gender (male vs female) 0.178  0.053 11.314  0.001 143 (1.16~1.76) I AW (BB E . W I, &35
Constipation 0.264  0.118 4960  0.026 1.70 (1.07~2.70) bR TE 3o iE 4B v 2 8 | 45 v R 2=
Rectal tenesmus 0.842  0.190 19.593 <0.001 5.39 (2.56~11.36) A T 1 A R
Bloody stool 1.033 0.216 22.889 <0.001 7.90 (3.39~18.42) P U 3IE %{%ﬁﬁ%(’rable 9, Figure
Progressive emaciation 0976  0.393 6.166 0.013 7.04 (1.51~32.89)

Positive FOBT 0.655 0.180 13.187 <0.001 3.70 (1.83~7.51) 2o

Table 4 Weights between input layer and the first hidden layer neurons 3 ‘q' 'i«/l’:

T Fiisli Input layer neuron

e Aue G "R G [ e Bt S, WL
H1 0.47 -0.14 0.09 -0.19 -0.03 -0.28 0.01 LI P 6 DR U ASE
H2 0.21 0.01 -0.16 —-0.10 0.01 -0.17 -0.10 X i 2 N SE AT KU 53 2% 5 15
H3 -030  -0.02 028 005 020 020 048 FIBIBIHITEZE HATT A Yeoh 551
H4 -3.73 0.84 1.34 031 067 -0.66 -037 it Z MK Logistic 1 I3 # 57 1)
H5 013 004 -0.09 0.0 007 044 022 APCS PFAME R AT % 575 28 A BEHEFT
H6 045 028 038 020 -0.14 007 =011 KUK 402 5 B G 4 003 3 2 K] 22
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Table 5 Weights between the first and second hidden layer neurons

P LI (5 BB RS, B A

The second hidden

The first hidden layer neuron

= ] R AR ) OC R i RE T, BE AT

1 s \ "

ayer neuron H1 H2 H3 H4 HS5 H6 %%Eﬁlﬁ{f%ﬁjk %Z‘@I‘zlﬁ ,/\Mgﬁﬁ
H7 036 -0.15 030 -089 030 -0.35 i e .

HS 007 0003 002 -123 003 027 UMSGHIBIZELE ANN B R AR
HO 0.07 003 -020 -2.74 0.16 036  XTIGERAY I

H10 005 -0.16 017 -042 010 -0.07 AR A ANN B4 4 12 A H 4
H1l 002 016 005 180 -0002 022 eegrrr i) AR KA R R
HI2 -0.08 008 -0.13 -091 -0.01 0.05

Table 6 Weights between input layer and output layer neurons

OB T Z IR, A JE ik
HZ I IIGREEAS KN REA IR

put pput layer pevion TR/ R LT 1 AR IE 5, B

layer . . Positive Rectal ~ Progressive  Bloody [ N "
o e Jut e % )

neuron Age  Constipation FOBT Couts tenesmus  emaciation  stool AR B BEAR S5 TV 9 A0 A 91

CRC=1 090  0.88 144 034 126 1.41 210 BRI UK I G5 S AL U 1) EE EE R I

Table 7 Weights between the second hidden layer and output layer neurons

K2 Z— R I 2 3 ol i 7. ANN
B o, B 2 M2 e 8 (hidden

Output layer The second hidden layer

GRS E T R
neuron H7 HS8 H9 H10 HI1 H12 TdeS’HN)Bq]ij;$rﬂ< [E] 7:7 fg: T Wyl\ﬁﬂ:
CRC=1 066 022 107 052 047 003 JUTRFEIRIIL HN=M*O/W (Hr M

NUNGRFEA O i th 2 o 20k, W

Table 8 Contributions of the input variables to the output

FIARUEEO)™ HN=L+(N+0)1/2(H:H# N

CRC=1 Age Constipa- Positive Gender Rectal  Progressive Bloody
- 8 tion  FOBT tenesmus emaciation stool O 43 Hl| Ay A JZE Mk H R & o080, L
Percentage(%) 18.1 10.3 17.1 4.7 13.2 15.8 20.8 jj 1~10 ZI‘ETJ E{J%;}E&) HN=2N+1 (HEF(

Table 9 Model evaluation indexes in the training and
validation set

Evaluation index Training set Validation set

(95%CI) (n=81621) (n=81619)

Sensitivity(%) 65.93(58.78~72.43)  60.22(52.95~67.07)
Specificity(%) 62.07(61.74~62.40)  61.92(61.59~62.26)
AUC 0.68(0.64~0.72) 0.67(0.63~0.70)
NPV (%) 99.88(99.84~99.90) 99.86(99.82~99.89)
PPV (%) 0.39(0.32~0.46) 0.35(0.29~0.42)
-IR 0.55(0.45~0.67) 0.64(0.54~0.77)
+LR 1.74(1.57~1.93) 1.58(1.40~1.78)

Logistic 181515 57 10 45 4516 6 510 04 5 25 £ P 40
RUAT Bl T % BL4S B i v UR: AR 5 Hippisley-Cox
A1 Coupland "™ i Cox Fb 9] RURS: [0 5 £ 57 19 55\ &
PEQCancer TN AL AL 43 51 TR 51 55 | Lo PRS2 fik
JE TR v B AR 5 0 W g (L i R 12 T 1 TR IR R
AU ANN FU A Y 15 7 Sy B 57 W5 X0 G i A4
FA 1 25 Hh AP A B TR0 245 3R | DA T S5 BT R0 XL
W 3 J2 55 0 5 2 28 B e A O — g P AR A
QPP , N R AR 2 M U 2% A i AT
o 2 OB S Sl I A% G 2 R i) e KR M
PR 7 5 R AT 5 o PR 2 T ) £ A R S PR A Y
ANN fER—Fh A= Y 28 W 2R AE 454 D BE S B L R

626

N W AR T, B4 RS2
12 A ICHJE (ELE ) Y ANN A B ROR iR 4
% ANN T BRI N T AR 0% 5 (E A i fE | B
S B AT PRI & FOBT BHTE 7 A8 6
Yeoh Z5 "t APCS o3RI b 9 AAF IS 101 |
G LRI 4 A8 s T AR ISR LR g A AR |
SCACFREE WOl A8 PR TS 02 PR S5 B
KIS 7 A7 & ; Hippisley-Cox il Coupland '™
QCancer TN AR AL 2 PR R AN AAE IS | 8 i 18 0 K
S MR BT RE B AR BRI 7 A
Ar i, B M RGA 9 A RAE AR s AR 2 AR
Williams 45 564 SC 45 B i 98 $0000 B Y 7 25754 R
R S5 EAMAY oA 6 S8 R WA AR N A A
FoO A AL v L SRS AT R PR R A B LR T A ) A
o RN s WU N S T PANGES X (WS ENEN 7R
G R KR B B2 1Y SO SR H 2 45 B
SR S A5 G TG e A I PR L 491 45 Al 491 4L )
S ERABAGIEE L, X 5E NN TR
S H R 45 i v s R R A 4 RO — 20100 AT R
FEILEAR T B S W TR R PRI 0 A A
Wor PR 3R 2 R B 2 sh ARG T e B R A | R IR YT
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Figure 2 The receiver operating characteristic (ROC) curve in the training set(left) and validation set(right)

FEAR A 32 . ik — D079 45 i A8 1 X 45 B e 245
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