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[(HE] BH RHAXETZSE0 IR T 5 05U 4 W 4% (convolutional neural network, CNN) Bt & 4 4t 5%
120 2F R 25 Bl PR A8 A 5 A I 5000 T 40 it ¥4 BT 98 Chepatocellular carcinoma, HCC) 2 19 i Ifit & 12 48 (microvascular
invasion, MVD , Ji%& LKL A HCC B 275 BN ARG . W BIEHEREVL > Ul 25 4E G = 192) Fn il
AR (n=83), W CNN AR, @l & Z 4k 2 2 80w 2o 3 i KGR = 2k I 1) 1% G0 3% AR 20 2 R AE R 45 I I PR 6 4T
T & —FF HCC B9 MVI W 4r2 88, 1 Z iR H TAEFRE i £k (receiver operating characteristic, ROC) , L IR &
B (Model™™) 5 45 42 il 28 P 28 B Y (Model®) | 3245 20 2 B B (Model® ) Fl i JR A B (Model®) M2 Wi S iE . 4 &R
Model” 78 Il 254 Fil ik 82 v (9 AUC 235128 0.914 F1 0.842. f F Model® (Il 2k . P<C0. 001; X £ . P =0. 032)
H1 Model® (Yl 54k : P<C0. 001 ; M3 4E : P =0. 044) , Model®™ 7E I 2 45 AL iy AUC 439124 0.951 F1 0.881,
TEYIZRAE TR T Model® (P =0. 012) , ZEMIAE H 22 R LT H B L (P=0.157), KU Bl T Model™™ A
AR PLE 1 E (hosmer-lemeshow test, Y| ZrFEP =0. 402, iR £ P =0. 689) ., # 3K il £k 70 #r #2278 Model®o™ %
B MV B MVT AP 3k 28 8 T HA AL, 2538 CNN S SERH A R A 45 048 vl 000 HCC i MVIIRE.
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CNN model based on multi-parameter MR in predicting microvascular invasion of HCC
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[Abstract] Objective To explore convolutional neural network (CNN) based on multi-
parameter magnetic resonance (MR) sequences, combined with traditional radiomics signature
and clinical indicators, in predicting microvascular invasion (MVI) of hepatocellular carcinoma
(HCC) preoperatively. Methods Two hundred and seventy-five patients with pathologically
confirmed HCC were enrolled in this study. The data set was randomly divided into a training set
(n=192) and a test set (n=283). A MVI predictive classifier for HCC was developed by using

CNN technique, which fused 2D multi-parameter MR tumor images, 3D traditional radiomics
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signature and clinical indicators. Using the receiver operating characteristic (ROC) curve, the
performance of combined model (Model®™), CNN model (Model”), radiomics model (Model®)
The area under the ROC curve (AUC) of
Model® was 0.914 in the training set and 0.842 in the test set, which was better than that of
Model® (training set: P<C0.001; test set: P=0.032) and Model® (training set: P<C0.001; test
set; P=0.044). The AUC of Model® in the training set and test set were 0.951 and 0.881,
respectively, which was better than that of Model® in the training set (P =0.012), but there was

and clinical model (Model®) were compared. Results

no significant difference in the test set (P =0.157). The calibration curve showed that Model“™
had a good goodness of fit (Hosmer-Lemeshow test, P=0.402 for training set, P=0. 689 for
test set). Decision curve analysis showed that the net benefit of Model®™ in identifying positive

MVT and negative MV was higher than that of other models. Conclusion The Model®™ based on

CNN can accurately predict the MVI status of HCC.
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Figure 1 Flow chart for inclusion and exclusion of the study
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1.3 ImIKFEdR WO T A R W — R IR B Ry
E S ALFE 1) AR WS L2 5 R &R R i B Chepatitis
B virus, HBV) #5 47 3 Ll B ifie 7 B i 25 11 Calpha-
fetoprotein, AFP) 7K,

1.4 WEILIRAG A GG 8 I A 5 PR L e
) 1.5T &Ml Ingenia # It #& & 4t (Philips,
Ingenia) KA AFIEEIE . FHHET 4 h VBB HF A5 K.
FAF I SR Sk e Bk AP RML . 39 40 3 25K i 975 B
ANHFIE . 4348 5 90 6 4 B 2 T2 0 AS B ek 16
PR 751 (T2WI-SPIR) : B & i [6] (repetition time,
TR) =2 000 ms, [ J A} [ Cecho time, TE) =
96 ms, X MA=70 ", B =27.2)E =6 mm,)Z[{
i =0.6 mm, fLEf (field of vision, FOV) =350 mm X
350 mm.AZEK/N=1 mmX1 mm X6 mm, &5
7 T[] 5 8O AR & (EPT-DWD) . TR =
4 600 ms, TE=63 ms. R =150 °. 2% =27.)Z
JE=6 mm,)ZEE =0.6 mm,FOV =350 mm X
350 mm.AZERK/N=2 mmX2 mmX6 mm,b {H=
0,1 000 s/mm”, F£ W ¥ # & % B Capparent
diffusion coefficient, ADC) Hf DWI #1545k, Ofk
Bl PR T 3 [0 3% ) %] (mDixon) : TR = 4. 44 ms,
TE=2.16 ms,/ZJE£=23.0 mm, 2% =64, voxelsize=
1lmmX1 mm X 3.0 mm, FOV = 350 mm X
350 mm, T2WI Fl DWI 3R 4 i 5% [ 0% fik & 5%
A mDixon 9 I 2R JH ISR B R I ik LAIBUR
Wiz gl P52 . A IR IR F o s T 23 #% (Spectris
MR injection System, Medrad Inc., USA) T 5} & 5
TR EL R T e T (Y o 1 i I 24 B A RS DD L 5B 4T
mDixon J 41 45 il 28 14 52 1, B IS 7E & 52 50 1 4
25 5,60 s F1 180 s W 735 41 £ 045 2 ik 0 177 Ak
WIRIAE SR 1 AR

15 BXNEIXr#E M PACS R& F# Likz S
B MR KR, 2 A HA 5 AR IR IR 12 W
2200 B T 2E BE W, A TTK-SNAP 3 (www.
itksnap.org, M A 5. 3.4.0) 57 XF 275 f /B K
T2WI.ADC. 3h Jik 393 i bk 10 B 4 35 400 P 4% o e
718 B8 IR 3 % 53 0 E AT T 08 2 A Wy L A R TR
P YRSEAN G AL By AR 2 E MR K&
rh R DR = HE SRR, bR X AN TR A 41 433 )
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Jg, W B # F Python (fL A 5. 2. 7. 0) K

Pyradiomics3.0 4114, $E HGZ AR A = KR R 1k, JE it
100 />, o —Bir SCHRR AR 18 A, 2 B 2 RRAE 14
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A IR BE R B PR RRAE 16 AN R B K/ X
FEFEAE 16 > I3 8h, o0 #Iah D0 & Mg B KA. BiR
fFEMS —2BA 10 25 MR R 251 &=
Ui R AT BN T IE A0 R — 20, 3 U R Y 76 2 i
o AR 3.
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mDixon FEIGHMR Y SR, o THEAEARZ, N
T INGR—A 5 e 1 e By AL, Ok T 4 451 A8 A R R
TR AL HCC 1y AR SEAT I 5T i HE H b 5 —
JEEMG . PRI T iR 4 43 0 4] iR ] AR AE
Z kA Y1 B FH AR A U g R ik, A B ST Y
Resnet M 45k 5T ImageNet i T Il - A 8 i 17
T TEINZRid FE b i A R 5 P78 46
JC e A L BT ) | e S0 M R RO SO R AT Sh AR g ek,
FH Adam f fk 2% X 9 2% #F 47 48 b (betal = 0.9,
beta2=0.999, ¥ #fi %7 ] HE = Te — 04) , LUK/
64, K RINGR ook &R 150, I FE PR L4 ik
B Fe NG L RAF B, AWFFE R CNN #5827
PyTorch 1.1.0 Chttps://pytorch.org) S E Y, I
fE RTX 3090 EEALBE A IT E kAT I 2%

B R ERILHW

7x 78R

77 FAE

ZEEIEN KR

i b
1 = " ZERE BREAY BERAR
( FGERREFIRE ,Il s ﬁé "

2 REFIRBRBERILEY

Figure 2 Deep learning model and combined model structure
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1.6.2 & & B (Model™™) ¥y & L% #
Resnet50 M4 R JE Al A T 84N 2822 H T
S PR AR AE R0 52 AR 20 2 R AR, DA TR 5 B A,
TR A B B i AWM S T TR G R 2
FEAE BB 28 LA KRR 3 0 0 Wi IR 38 B S AR 212 S e
PRAFAE 0 36 ¥ W 1.6, 3. 1 2K B R A %
Resnet50 AT I 25, Bl . 5 5 B S A B
A ARTE Y 2 1 B 2R AU 5 AR & BB T [ E L O
o1 FH P15 R B30 (E B A TR A RS B I R R iE AT

O .
1.6.3 1% 4 % B (Model®) K i PR #& %l
(Model ) ¥ 8 X T BRI G A 5105, 155k,

THEE 2 24 5 R I8 i 2 S 52 1 20 2 e AIE 1 20 9 AR
7 Z B (intraclass correlation coefficient, ICC), F
TIPS RRAE 09 T H A2 AR B ICC {5 >>0.75 By E2
SERIE . 5 0, RIS T MVI(+) fl MVI
() H Z A 25 SRR 1Y 22 5, 4= IR P <<0. 05 WY AR fE
HATR) L0 . 5 =2 X P<C0. 05 MHRAE, R
JH $5c /N 4 % 0 45 F ik £ 5 1 (least absolute
shrinkage and selection operator, LASSO) [B] 5 /Y
T E — 0 i k. XS U Gk Y 2H ¢ 4 AR SR
Logistic [M1J3 1y 5 B AT @AE, JF I SRR IEAR 2
XTI RARRAE , 1 208 P AR % L AFP By H]
XHEUE (g AFP) VHBV AR5 0 i 983 4 KA 2R U 1]
AR T SCE AR B A X AT 0 3 R ] /N AR

Tt A7 LT DU 8 B 1 Sy S o DI A O 8 5 L v ), %)
i 3 M A I R SRR R FH Logistic [a1 U9 (9 7 ik 47 2
i,

1.7 Sit2orik N R3.6.1 Gt #k 4 B 4
Wi PR RCR T ¢ R, T BOR R AR
Xk B, a2y 32 R L AE R AR Creceiver
operator characteristic, ROC) ] £& 11 7 12 X 45 Y [X.
S RE HT AT AL . R Delong #:58 , PR AR A 12
WiRk 22 5 o SR A It £ 20 A o DAl 55 2 1) £ 2
PE . R T IEEME 3R A 1 40 4 FEAT T DR SR 2k o AT
(decision curve analysis, DCA) PEAY 55 &Y i 1l IR 7
M. P<<0.05 BESAHGIT¥E L,

2 % ES

2.1 IGIRIEFE SR 192 BIERF B MVI FH %
102 {4, FHPER A 53.1 0% ; M4 83 ] /B 35 h MVI
A 44 1, BHPER N 53.0 %, YR At 48 MV
FEPE R 22 RIS T2 8 L (X* =0.001, P >>0.999),
Y ,MVI Y4 AFP {8 F0 i xR 2 & T
MVI FIPEd , 22 R A GiH#E L (P=0.011),2 4
PG L AE T HBV # RS 2 R K4 it 2 & X
(P>0.05), fEMRSES, 2 5] 48 HBV #
RS L AFP {6 R R B K A2 25 S 3 S 15 2 X
(P>0.05, W#E1,2,

x1 NEEBERE

Table 1 Patient characteristics in the training set

15 % = 3] (A8 0 Wi et %) HBV%W lgAFP NS
Pk B (B0 (z+s) (z+s,em)
MVI B4 90 15 75 57.34+12.1 63 1.440.8 4.1+2.7
MVT BH 1 41 102 15 87 58.5413.4 83 1.740.9 5.042.9
X2/t 14 0.139 0.652 3.394 2.424 2.227
P {4 0.709 0.516 0.065 0.011 0.027
F2 MiXEBHBHET
Table 2 Patient characteristics in the test set
4151 s ‘fﬂﬂ(fﬁﬂiﬁo A ER s ) HBV%W IgAFP PN
otk Bk Cike) (F+s) (+s,cm)
MVI B4 39 6 33 59.6418.4 27 1.540.8 44427
MVT [HH: 4 44 9 35 58.9418.6 37 1.840.8 5.242.3
X2/t 1l 0.359 0.172 2.587 1.866 1.406
P 1A 0.549 0.867 0.108 0.066 0.164

2.2 AR FFRETH LR Model® #gE  ARF5T 3L
AT 5 FORIE A MR EG T # 8 £ 280 MR
AR N 5 B RR TR 500 AR A 24 RRAE
i AT ICC A, HEBR 381 AN ASFa s A 5 8
it e I  Jvk, BE— 2B HERR 76 ANRRAE AR T
A3 ANFFAEGNA LASSO A, i A0k i 2 218

4 2 B AE 4> 5 4 Inverse Difference Normalized
(IDN) @ ADC, Difference Entropy@ arteiral, i
Logistic [B1H 434 , #4 £ 52 18 41 2% FR 1 (9 [l 5 A2 7Y
It A 2 hn & 7 I 2R 4E b, Model® 7F 28 5
MVT FHEFT MVT 4 825 i 2 AT o 25 i B2 Y F50 0
BE 1, AUC=0.762(95 % CI :0.692~0.819) , Il i £
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rREE R % RS A 0K, AUC = 0. 716 (95% CI ;
0.602~0.809), WL 3.3 3.
2.3 I PRAFEAE G 3% A1 Model” & DL MVI(E]
PE=0, H¥E =1 R AR & DU GE 228 i) (1% 5]
(ZPE=0,BM=1) . HBV #H (HF=0,2=1).
IgAFP GEZLAR ) | I e KA (G S22 1) 2 H 72
. R AR T R MR AR S BE = A
PRFFAE , 4300 A 98 d5c K 4% . HBV IR &S Fil IgAFP
fH. B MVI B =0.269+1.691 X HBV
(+) 4+ 1.371 X IgAFP + 1. 121 X ff 9 &% K 1%,
Model® ZE UM MV FH%F1 MV B B 5 1 fg
2%, 1wl d, Model® ) AUC=0.637(95%
CI:0.563~0.714) , 7EM X 5, Model By AUC=
0.669(95%CI:0.553~0.788), WKl 3,3 3,
2.4 Model” KBEA B Model ™™ () B &% e ¥
JiE 2 S B Model” XF MVI H A B 7Y A w7500
RhE., TEUIZ4EF, Model® i AUC=0.914(95%
CI:0.871~0.951) , 7E M 4, Model® ) AUC=
0.842(95%CI:0.743~0.924), WA 3, % 3. Sl
PR T Model® #H H . Model® B A7 5 5 i i I 4%
B, — & AUC 2R A Gt B X Ol%EP<
0. 001 ;X4 P=0.032), 74 Model” [R £ T
DI A% Gt 41 2% R AE Ol il 9 Model® (Il 25 45 P<<
0.001; MIKEP =0.044)

T3Hb A B GERE TR BE A 2 5 i R N 2 2 R A I
B EEA B IR BRI G RE A — L5 TF CNN
BEARIRRGIE . TEINZREE P, Model ™ B AUC=0.951
(95%CI:0.920~0.974) , 7E ML £, Model ™ (¥

AUC=0.881(95%CI:0.811~0.938), 5 CNN #
U H, 78 U 25 4& F ., Model® ft T Model” (P =
0. 012) s AR M AE M AR L JS 48 Model™™ (1) AUC 1]}
SRR T Model”(0.881 ws. 0.842) . fH 2% R T4 i1 2
B X (P=0.157), %4 Model® [a] it B A5 B 41
WAL (Hosmer-Lemeshow test, 1l 2k 42 1 i
£ P 439 k0402, 0.689) (& 4), DCA 4& /R
Model®™ % 5] MVT FH AT MVT B9 i 43R 75 = T
I PR A% G 5 AR 2 4 B R (1 5)
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Figure 3 ROC curve analysis
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Table 3 Prediction performance of each model for microvascular invasion
LGRS Al AUC 95%CI S HUR MiRTIIES
E% S e PR A 75 0.637 0.563~0.714 0.744 0.471 0.599
AR 2 BT 0.762 0.692~0.819 0.822 0.628 0.719
TR BE 27 2] A5 0.914 0.871~0.951 0.844 0.873 0.859
A A A 0.951 0.920~0.974 0.878 0.912 0.896
Wi A e PR A 78 0.669 0.553~0.788 0.718 0.705 0.711
AR 2 R R 0.716 0.602~0.809 0.667 0.682 0.675
TR 2 2] A 0.842 0.743~0.924 0.795 0.796 0.795
A A Al 0.881 0.811~0.938 0.821 0.841 0.831
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Figure 4 Calibration curve of Model“™
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Figure 5 Decision curves analysis of each model
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—EERERR . RATHN HCC B BB MVI
A B TIPS R 0 TS 1R B B A ) A
B A PEAR G T I Y. ARG, L ResNet50
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CNN H (75 122455 50 7 1 k5 a4 wp 349 25 B
TR LT T R

Il PRAS S XE MVT B T30 A0 {8 A R A WF 58 &k 21
ST ARAT AFP /K F . HBV #8500 28 & Mg K/ i)
I PR AR AIE AR XF MUV R 285 B A7 — 22 B0 1010 fi

T IA N IX 3 8 FR T RE R MV I fa ks %
SERTHFSEIESE AFP 5 HCC B MVI A B%
BV, [RI R K /N R MV 5252 ) ]
Bz —  HFERAETHE KN HCC ¥ 1EHi % B oA+
I LB R A % 1 A A A TR O A B AR AR )R
FEL B ML % . 9 40 o B A F 9t iE 52 HBV JE e i)
Al S BN IE 28 23 1 2 i A 2T 4k Ak, 3F 1 S 200 1
AL80 25 kg f B S 5 R, 2 HCC &
MVIY . SERiTA BF 58 & B A N 3R 2 Rl K 2
B MV, AUC AL N 0.5290 , R BFsE 45 5 2
B, R I R AE XS MVT HAF — 5 1 B 6E 7
A REAS = L R A BEAE T HCC & &4 MVI
505 o ged A B 11 S 0 1k R4 28 4 O R B VDL SR T
AR G PR A A A I [ H2 48 B o I 3 S W i R ) ik 2
L1 U 35 A g B 2 M T

AR 2% B A RE % 5 T MIVT 380 D g ofE A
CT Al MR %52 24 A B T BB 05 RS M 2 i3 K
ANEAAL 3 Bl B AR e I 25 2% i AR 45 8L 5 B R
B ifi 40 DB fieb Je 2 75 AE AE MV, 9, HCC 1 %%
IR B B8 SEAIE B AE TN G A HL G5 S8R 2R AE 5
MVT (2l 7 0 B &0, 55 Ah il 5 i/ ADC {1
XF MV #4758 1 it A M o087 2 Wi (B 7 — o /2
JE LR FIEA SR AR L i — R
KT EmPH P Bopm, % o H R T 8E48 i v HCC
(995 B 2 4 2% LU Ak 38 BE ST HCC B9 MV i 47 1
T EA G R G AS A LUNHR R 56 L 5K Sk SR L T
il 1) 5 5L 2% 5 2 B W ER 35 18] 26 S 1 2 i)

H T AL GG F B ) LR [ B A
WFFRAEIT HCC M52 AR A 4 R A If gl r 7RI,
FE TS R S B FH 52 AR 4 2 1) I 125 RE 4% 3K HUbh
Je RIS B v SRR A o AT 52 7 i 98 1A 3 1) S I 2k
S VEAG R 09 A Wy 2E AT S AR ARG . BT AL SR
oy 8 5 PRI B R AR 2 2 B R TN MUVIT ) o 2
T IHT AFP FIH AL AL ZE 7R — 414 5 AiF 52 10 I PR AR
T IR HR T B AR 3 em LUF B/ bR 1 5 . A 34
S SR, A S AL LAF IR MR 3 58 4
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