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(MZE] B8 A5 TR 2 02830 6 UL UK M 5 (magnifying endoscopy with
narrow band imaging, ME-NBI) TR Wk A i g ( superficial esophageal squamous cell carcinoma,
SESCC) FRAE ] M4k R 48, IFITAf ME-NBI 1% R G0 T SESCC VIR E M2 Wil . ik FRfiEm]
AL R Gk 4 MR R, A8 1.2 20 B B 43 %) SESCC Rk ME-NBI EHER A Y _F Rz 7Lk 8 B 40 4
T‘ﬂf(intrapapillary capillary loops, TPCL) X 3 F11 = 11 % X (avascular area, AVA) , #A 3 F] T3R8 B SESCC
Jp k1 ME-NBI E% H7 19 B (7, 3 B 43 (principal component of color, PCC) , £5 1 4 4R 4f 5 = M5 71 32 B 3]
BYHRAE F Zh B0 SESCCIZ TR . 2016 4F 4 H 32021 4F 10 A [A] 14 2 341 5K SESCC i kLAY ME-NBI &
G HRTT K FFAE P AAL R GE L 3 1 3 A BHE 46 - £ 4E 1(1 077 5K ME-NBITEMS) , FH T UII 2R Anil st s 4y
1~ 358044 2(1 069 5K ME-NBILEIME) , A AR A 19 07 20K B0 B0 78 20 4%, 3045 21 380 Sk FR1iE
A S SR E T TN 4 5 B4R 3(195 3K ME-NBI &%) , Horfoi s i i 7E i 2 =
FETE L 1/3(EP-SM1) /Y ME-NBI B{% 146 i , 7 2 T )2 173 2 1/3(SM2-SM3) /) ME-NBI &
15 495K, T SAIFRHAE I LAk 2R SR T SESCC 12 MR & (EP-SM 1/SM2-SM3) M2 Wikkfe . A T 1A
FRAE T ALAL R G0 B A B % Bo R I 2% 2T AR G0 (420 ME-NBT EHR AT I 25 ) | L I00ARFAIF A5 A8
(BASF IPCL A AEAST &Y | BATH AV A JRAE A 20 1 BAIH PCC AR AEAR 20 ) () B 4R 3 TR 205 5L S48 vl WAk &
GEWOM S5 RAEAT XL o R T PPN RRAE P RR A R G I R S T I L #50E 4 24 T SRR VIT (9 4/ i
104, B K ENHAL) A5 £ i 4008 B0 (N SRR Ve O S 47, S AR R WA ) 2 5 AHLRFE , % 4kdi 4
3HATIZW, G5 R SRMERT ML R AT IR . SR 12 W1 SESCC IR IE R B (EP-SM1/SM2-SM3) 19
HER 22 BBURR R FIRE S 5 T, RRE AT AL R G853 1) 83.08% (162/195) .82.88%(121/146) F183.67%
(41/49) AEGERIE 2 2 2855390 60.00% (117/195) .52.05%(76/146 ) F183.67% (41/49 ) , BT IPCL 4
HEHE A 43 51 Ky 74.87% (146/195) . 75.34% (110/146) Fl 73.47% (36/49) , L35 AVA 5 AF A5 A1 43 51 N
58.97%(115/195) . 60.27% (88/146) F1 55.10% (27/49) , BATH PCC 45T 45 58 43 5] Ky 71.28% (139/195)
71.23%(104/146) 1 71.43%(35/49) , =5 4F-5F B2 53 5114 66.67% . 78.22% F132.24% , T 5 BL M 4H 43731
}172.319% .85.96% F131.63%. FHE A] WAL 5 G512 Wi v 0 SR BA 5 1= oAl 6 20 (P<0.05) s FRAF ] BiAL
F B WU I 5 T B AE R B4 (x*=1.59, P=0.21) FIEATS IPCLAFAEAS L (3*=2.51, P=0.11) , & fik
FLREMA(¥=0.89,P=0.35) , W G55 T HA 3 41 (P<0.05) ; 454 AT ¥4k 2R G212 Wik 3 8 516 40 i
FE ) R G MR (*=0.00, P=1.00) , % &5 T 205 IPCL A HERE A (32=1.52, P=0.22) FILELIA PCC FRAFAE R
(¥*=2.11,P=0.15) , W1 .75 T-BAI0 AVA $5AEA I (5*=9.42, P<0.01) |7 AR ¥ £ 21 (*=44.71, P<0.01)
ML REIMLA (¥=43.57,P<0.01), &5 FF K& H I FpEF IR 2% 2] 19 ME-NBI T SESCC F#4iE 7] #L
LR GE , 76T ME-NBT F SESCC -1 & BE (EP-SM 1/SM2-SM3) J7 THI 3= B H R 47 fl 12 W &k BE L 2 e
SURELTF BT R ERE AL 1041 PN BE R I

(i) ATHERE; WES¥, RECEESRRAME; AEeW; BIERE

E&TH a4 TAE 2 5l 2 A0H A A H (W]202€003 )
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Development and validation of a feature visualization prediction system for invasion depth of
superficial esophageal squamous cell carcinoma
Luo Renquan, Zhang Lihui, Luo Chaijie, Yu Honggang
Department of Gastroenterology, Renmin Hospital of Wuhan University, Wuhan 430060, China
Corresponding author: Yu Honggang, Email: yuhonggang@uwhu.edu.cn

[ Abstract ] Objective To construct a feature visualization system utilizing deep learning for
superficial esophageal squamous cell carcinoma (SESCC) under magnifying endoscopy with narrow band
imaging (ME-NBI) to predict the infiltration depth of SESCC. Methods The feature visualization system
consisted of four models: two for segmenting the intrapapillary capillary loops (IPCL) area and avascular area
(AVA) in ME-NBI images of SESCC lesions (models 1 and 2, respectively), one for obtaining the principal
component of color (PCC) in ME-NBI images of SESCC lesions (model 3), and another for automatically
predicting the depth of SESCC infiltration based on the features extracted from the first three models (model
4). A total of 2 341 ME-NBI images of SESCC lesions from April 2016 to October 2021 were used to develop
the feature visualization system, which was divided into 3 datasets: dataset 1 (1 077 ME-NBI images) was
used to train and test models 1-3, dataset 2 (1 069 ME-NBI images) was expanded by 20 times through
feature combination to generate 21 380 feature synthetic images to train and test model 4, and dataset 3 (195
ME-NBI images), containing 146 ME-NBI images with lesion invasion depth from the epithelium to the
upper 1/3 of the submucosa (EP-SM1), and 49 ME-NBI images with lesion invasion depth from the middle
1/3 to the lower 1/3 of the submucosa (SM2-SM3), was used to validate the diagnostic performance of the
feature visualization system in predicting the invasion depth of SESCC (EP-SM1/SM2-SM3). In order to
evaluate the superiority of the feature visualization system, the prediction results of dataset 3 of the
traditional deep learning system (trained directly with ME-NBI images), single-item feature models
(single-item IPCL feature model, single-item AVA feature model and single-item PCC feature model) were
compared with the prediction results of the feature visualization system. In order to evaluate the clinical
utility of the feature visualization system, 4 expert physicians (with more than 10 years of endoscopic
operation, expert physician group) and 5 senior physicians (with more than 5 years of endoscopic operation,
senior physician group) were invited to participate in the human-computer competition to diagnose dataset 3,
and the results were compared with the feature visualization system. Results The accuracy, sensitivity and
specificity of the feature visualization system in predicting the invasion depth of SESCC (EP-SM1/SM2-SM3)
were 83.08% (162/195), 82.88% (121/146) and 83.67% (41/49), respectively. The above indicators were
60.00% (117/195), 52.05% (76/146) and 83.67% (41/49) for the traditional deep learning system, 74.87%
(146/195), 75.34% (110/146) and 73.47% (36/49) for the single IPCL feature model, 58.97% (115/195),
60.27% (88/146) and 55.10% (27/49) for single AVA feature model, 71.28% (139/195), 71.23% (104/146)
and 71.43% (35/49) for single PCC feature model, respectively. The results were 66.67%, 78.22% and
32.24% in senior physician group, and 72.31%, 85.96% and 31.63% in expert physician group, respectively.
The accuracy of the feature visualization system in predicting the invasion depth of SESCC was significantly
higher than that of the other 6 groups (P<0.05). The sensitivity of feature visualization system was slightly
higher than that of senior physician group (¥’=1.59, P=0.21) and single-item IPCL feature model (y’=2.51,
P=0.11), slightly lower than that of expert physician group (x’=0.89, P=0.35), and significantly higher than
that of three other groups (P<0.05). The specificity of the feature visualization system was similar to the
traditional deep learning system (x¥’=0.00, P=1.00), slightly higher than that of single-item IPCL feature
model (y’=1.52, P=0.22) and single-item PCC feature model (x’=2.11, P=0.15), and significantly higher than
that of the single AVA feature model (x’=9.42, P<0.01), senior physician group (y’=44.71, P<0.01) and
expert physician group (y’=43.57, P<0.01). Conclusion The developed deep learning-based feature
visualization system using ME-NBI shows excellent diagnostic performance in predicting the infiltration
depth of SESCC (EP-SM1/SM2-SM3), surpassing the accuracy levels of experienced endoscopists with over
10 years of experience.

[ Key words ]  Autificial intelligence; Deep learning; Superficial esophageal squamous cell
carcinoma; Endoscopic diagnosis; Depth of infiltration

Fund program: Hubei Health Commission Innovation Team Project (W]J202C003)
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B R EBREE 7 R UWIRE , R RRE A O (esophageal squamous cell carcinoma, ESCC)" . ¥
FETIEE 6 KR LR A R & A8 A A0 F A IR 41 M (superficial esophageal squamous
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A5 R ARG T 9 107 O AL S BRI
TR AR, NIRRT IE TR
FETE I 7 JZ (epithelium, EP) | %f % [& 45 )2 (lamina
propria mucosa, LPM) | & & JJl JZ (muscularis
mucosa, MM) UL & % B T )2 (submucosa, SM) |
1/3(<200 pm, SM1) B SESCC, T ARG 77 & H T =
R B2 G5 B SMLY 173 (SM2) FI R 1/3 (SM3) 1Y
SESCC™, P, AR i v 12 Wi SESCC IR TR B2 X
EVR@IIE =i o Qi I A8

E RO TR N BB (magnifying endoscopy
with narrow band imaging , ME-NBI) ¥ 25 & —F R {if
A TN SESCC 31 TR 19 7 3k, 1l A 7 2
FOrEFENIE EoR A G508 HARE 4
(Japan Esophageal Society, JES) 43 | 15 5t & {1
SRR (H AR AR AR N B B KT IR N R
o 3o R IO SESCC IR IR FE AN 153 IR ME
PR Ay 3 e 2 P 5 B 0T LA AR I IR R 2 30 o Bl
BN TR RERY PR & e, TR 27 ) £ B 2 U5 3]
Uz N ABATY A TE T i R 25 B SRR A
WAL AFERG Y T RBAE SR EE A= ] 1Y R R
P FRAT T — SR ITALAE SESCC IR I TR JEE 191
I Z S8 (TRPR < ARAE T AL 22 58) , T ME-NBIL T 1
M SESCC RAHHE o

AREFHE

— BE g Rk B

BRI 2016 4F 4 H 22021 4F 10 H R IUR
2 NRBEBE R B4 B M E SO B 11
TR g WA 6 M B2 BEYA B SESCC 3 1Y
ME-NBI K4, 725 Br A7 0 (50 7 J5 % f 5l 2
RAERGAE JRIR b 005 A8 DL S PEMGR JoT w ARR 1) 95 A2
Ji L AL 82 3 2 341 5K SESCC Y ME-NBI &4 ( H 7
Olympus GIF-H260Z) . LA 3 {91 (1512 W LA VI % 5
o K (9 R, SRl Al LR AR A E 45 Th o
g FEORL 4% MR Ot A T A 41 41 (World Health
Organization, WHO ) A5 7 PEAT VA , 5 kb 350352 11 IR
BE 4y R W2 EP-SM1 gkt F1 SM2-SM3 gkt . A 4H
UG AT IE A AL AR B, I8k 5 B UG i AR 22 i 3
HE /D G b g MR S sl B LR v 9 5 A M B
Xof ST (18 S o P

= B R R

LB 4 1. 41 1 077 5K ME-NBI &4, H
EP-SM1 %%kt 811 5K ME-NBI K] 1% . SM2-SM3 5 4t

266 5K ME-NBIEZ . TR Animl kb jz L3k
FE Y1 #F (intrapapillary capillary loops, IPCL) .2
Ifil. 4 X (avascular area, AVA) . B 4 = & o
(principal component of color, PCC) = /> ¢ 1iF $1& Hit
B

2. 0¥ 4 2. ff H ) 2 ME-NBI B R 1y
1069 5K , H:rf EP-SM1 3 k1 920 5% ME-NBI 1%
SM2-SM3 Jiiikt: 149 7K ME-NBI &I{% . 3 THy
FRAE AT AL R 58

3. 00 4 3 FH I Ax 1Y 195 5K ME-NBI B4,
Horh EP-SM1 4% £E 146 5k ME-NBI & 4 . SM2-SM
3kt 49 5K ME-NBLEIM&R . 2 H T 50 ik Ak n] AR
k. 2 G Wi SESCC = ¥ ¥ i (EP-SM1/SM2-SM3)
L BIELRE .

= B R

FROE T RRAL R 50 4 A RUAR 1l A 1, T
SESCC %kt ME-NBI K& H IPCL X 35§ (1) 43 1) 5 452 7Y
2, T SESCC % k: ME-NBI [#114 th AVA X 35 1% 43
H) 5 B 3, T 3R SESCC i 4k ME-NBI B4 i
PCC; B 4, FF 1 SESCCIZ MR (K1 1) o

1 ARY 12 i I T U-net++ 1) 4 PR 25 0 4% 1
ik . TERIEERT, 2 A N BEERE B 104F 1 &
K = i fi Ff] Adobe Photoshop 19.0 X £ 4 45 1 )
ME-NBI E{§ 1 # IPCL # 4 7Am i, JRA% —Bobk A =
PG TR L R EE . AR ic i B RS — 3
PE R 3 1 TPCL FEHE 5 H R ME-NBT S A% iy A
TR 7 A AU AT I 25, i B A S B IPCL A 3l
Prid o ALY Y I & 28 187 5K ME-NBI {4,
Horpr 152 5K AL ALYI SR (35 5K P AL AL . 4
A ME-NBI E%& (& 2A) J5 , AT 3R BUH: TPCLL 43 %1 &
% (K 2B).

2 AR 2 A FFE T U-net++ 1) 45 PR 25 00 45 1
ik, TEAIEERT, 2 A N BEIRE B AL 1047 1 &
F BN 7E 2 % 3 B 1.5 VGG Annotator X1 4%
P 4E 11 ME-NBIL BG4 AVA #1748 IE , 35—
Ok A PR AR 2 AR . K bRic g HL
AAF— BRI 0 AVA B 5 HF ME-NBI B
B i AR B 2 S AR IR AT S, A 20 A AR S B
AVA H3ibric. %A A HF & 6 F T 860 5K
ME-NBI &% , Hor 753 5k B AR 25 L 107 7k FH
THEANR . A ME-NBI K45, T 4R BUH AVA
SrEIEE (E12C) .

3B 3 K B Rk bk g, 3t
i BT BOHE 4 1 b 627 5K ME-NBI B 4% . % A
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e
SITTITTLT)
:

AL LT HEEME-NBI RS Bz 73k P9 B 40 45k (IPCL) FRAF s 550 2 F R B ME-NBI B 79 2 M55 X (AVA) FFAF B 3 T4

HUME-NBT E% B985 35 B4 (PCCOHFAE s 5578 4 FH T U SESCC I8 1

B 1 A ERAGR PBT (ME-NBD) T RFE AT Ak 12 36 138 bR 40 a8 (SESCC) ¥ TR B T 22 Ge 28 %

ME-NBI B4 5 , AT ERBCH: PCC B (EI2D) o

4. R 4, FEASAROAE 3 2 A B SR AT T Y
g, HARMSE IR - (D) ZERER 1A 2 i 25 51 28 9
[t (Intersection over Union, loU) Z8fb AN K AT T
AR [, B4 2 h i 1 5K ME-NBI & AT L
93 11 5K IPCL E{ZF1 11 3K AVA K155 (2) %53k B
T[F]—5K ME-NBI B A [A] 5B 55 F T /9 IPCL &
B3 M AVA EER (11 5K) it T & R 5 -5
Z 5k ME-NBI B4 1 PCC MG SE T ECXT, AT 15K
ME-NBI E{£ il 3 754531 121 k-4 i EE 5 (3) 435k
P 08 T 1 PR A5 e R EL T ME-NBIT G 06 1 1)
I BLTR B2 43 i EP-SM T T SM2-SM3 #2 , HR 4 AN [1]
() A LA SR I RA AR 1 HH 28O e A A i — 1 o
0 B E 25, T LUHORE B R 5 2 9 58 20 FF , e 245k
521 380 5K & B (18] 2F) | fe e fiff FH e 4 3515
Y21 380 5K A5 LG AL AR AL 4.

= MERE A

1 Z I ZRB AL 8] b4 o TR R v L &R
G2 M L AL G2 R 2 ) ALY f B, IR T
Resnet 50 F4) £ T 1% 48 TR 3 27 > B RS i FH B4 4
2 1Y ME-NBI EIAZ i 17 U1 25, fd FH 8088 48 3 19
ME-NBI B AT 56 41E o[RBT, S TR AT AL &R
S0 FH LU B IURR AE B Y ) P B, FRATT A3 B K TR
Y5 (fUAf ] IPCL G A A A ) A A 6 ({1
AVA B AL AR ) FE R 7 ([l H PCC B
HRIRL) | 3 AN BRITURRAR AR TR 34 feft FH £R 4 2 1)
ME-NBI EMG #4711 25, Y5 4dt FH 04 4 3 19 ME-NBI
R HEA TS0 IE

2. NHLRFE . RATIOHTE T 4 4 N i it
104 A& R B (L R EEIR4) F1 S 44 B4R
b 5 A AR BRI (R AR B R WA ) 2 5 APLK
T, S AR RN NEEITAS 5 AWLRTE, f
FHECR AR 3 VE MUk 4R , HA A id B I A3 pL T
TR 96 IE 45 (R AR R0 S 2 W R0 L 1T 9 44
AT AHLKTE 1 N B2 B AN R o BRI U g 22
SR ST 5 FSORH [R) A 96T SR, B 2 T 25 SR B
AT A B IR 1A .

3. BUHE S BT < {8 FH SPSS 22 %t i 27 i 14 Ab 385
it FMERRS  RAE RE S ORI AT 5 B
B Ui 0 5% 12 W SESCC 37 i % FE (EP-SM1/
SM2-SM3) 12 Wi Rt B , 21 1R) LR FH P R 5G: , P<
0.05 k2= F A gt L.

# =X

— AR ] HL s R

LR AT WAL 2R 8 5 1% G R 2 2% ) BERLAY L
ACEE T RHE R AL R G TR SESCC IR MR 1) 12
Wike 5 SR SR 2 > RGAHTR (P=1.00) , 2 i
T B R AR B 35 B I R AT G R ) AR
(P<0.01), L1,

FRIE AT HLAL R G0 5 B TURR IR A 1 LU 2 2
FRAE T AL 2R 55 T SESCC 5 18I B 1912 W v i
P TR S (BRI IPCL R AiE RS A | =395,
P=0.047) A& 6 (BT AVA FRIERIRL , *=27.52, P<
0.01) FIAL K 7 ( BRI PCC 4% AF B B | ¥*=7.70, P<
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0.01) ; B 1E A 94k &R G2 i SESCC 52 11 1R B 1) 12 L2,

PRIr AR I ik 1 TR 6 (3°=18.33, P<0.01) FI A Ny 3

A1 7(x'=5.60,P=0.02) , IR 5 [ 2 R g1 FEAE T A4k 22 48 Wi SESCC 18 ¥ R B 1412 W
B X (=251, P=0.11) ; ¢ 1E 7] #0 4k & 55 i P ARG B T AR B BRIl 4 ('=20.61, P<0.01)
SESCC ¥RHIE TR FE (112 Wi ke 5 1 BH (i i3 AL 6 (= MEFEMH (¢=9.51,P<0.01) ; B 1iFE nf ¥4k R 52
9.42, P<0.01) , 5 # A 5 (y*=1.52, P=0.22) ., i ! T SESCC 321 VR (1412 W 5UR% B ek i3 1 i 4F 9%

7(x¥=2.11,P=0.15) b EZF W L ZRIT ¥ & X, B4 (x'=1.59,P=0.21) B&AK T LR EIRLL (=
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