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[Abstract] Objectives: To investigate the microvascular invasion (MVI) predictive value of ra-
diomics based on MRI enhancement in preoperative patients with hepatocellular carcinoma (HCC).
Methods: The clinical data and MRI enhancement images of 108 patients with HCC (MVT positive:n=
63,MVI negative:n=45) that were confirmed by operative pathology were analyzed retrospectively.
The radiomics features of MRI enhancement arterial phase (AP),portal venous phase (PVP) and de-
layed phase (DP) images were extracted respectively. The most valuable radiomics feature were
screened. The sample was divided to training group and test group with Five-fold cross-validation. The
logical regression model was constructed based on AP,PVP,DP and three-phase feature combined in
training group.The logical regression model of the independent predictors of MVI was constructed. The
clinical radiomics model was constructed by combination the optimal radiomics model with the clinical
imaging feature model. All model results are represented with Five-fold crossover mean. The validity of
all the model were analyzed by the receiver operatting characteristic (ROC) curve.The validity of all
the model were further verified in the test group.All of the model preditive efficiency were analysed
with Delong test.Results: The independent predictors of MVI clinical imaging features include alpha-fe-

toprotein, maximum tumor diameter,intratumoral artery and capsule. The area under the ROC curve
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(AUC) of the clinical image feature model is 0.864 in the training group.The AUC of clinical image
feature model is 0.843 in the test group. The AUC values of AP,PVP,DP and three-phase combined
model in the training group are 0.898,0.874,0.894 and 0.898 respectively. The AUC values of AP,
PVP,DP and three-phase combined model in the test group are 0.861,0.864,0.86 and 0.881, respec-

tively. The MVT predictive efficiency of the three-phase combined model is higher than the other of the

MRI enhancement imaging model in the test group. The MVI predictive efficiency of the clinical ra-
diomics model is the bes. The AUC values of the clinical radiomics model is 0.934 and 0.911 in the

training group and the test group respectively.Conclusion: The clinical radiomics model based on MRI

enhancement can evaluate and predict MVI noninvasively in preoperative patients with HCC.

[Key words] Radiomics; Magnetic resonance imaging; Carcinoma, hepatocellular; Microvascu-

lar invasion

M 45 12 0 Cmicrovascular invasion, MVD) & AT
FFARBTRERNMEEERNZZ ", SR
RACAHH I s MVT J& — Ff {0 21 800 31 2= & B, H e iE
i T ARG AR R AS HEAT o5 BRAZ BT, BT L MIVT R i
AT IR AT PR ACPE . WF 5T S BRI L 2 45T b
A2 MR 101 2 FNR Jo] 1 5 S5 AL B AR R E 5 MV
FAOCH L R 2 i R TR RN A Tis
3l 4% (intravoxel incoherent motion imaging, [VIM)
FW MV FHPEA D E R F T P4 2 MVI A
R AR B0 7, E R, X 2 A0 g R
Al MVT 52 AR 212 W B bR e 14 R A5 21 iz AT

AR 72— T TR e iy 7 B, al i 1 5L
SRR BUE Y SRR AE 52 R R D 8 B S R
Xu S BT HER CT #7197 15 4 2= B R e 8 76 R
A5 F 0 MV AR 6 TR L 10 Yang 555 F 1%
56 MRI UG AL 1 4) £& P i o5 =X 300 JFF 40 1 T 9
MVT E AR i 9 AEAH 2 I 2520 it 267 T8 2 (area un-
der curve, AUC){H 0.861, AMF5¢ K T 5k MRI 41
SR LRI AN R I R 48 AR e HAZ G2 AR SRR IE
KU AT Ty . BTEBR DT B T HE 58 MRT A A1 ¢
i AR K 5 A8 AR A 22 7 20 2 450 R of 988 B, 45 922 0 O R
[UBERIK/S(=

M5 IE

1. WX 4

A 53 3 B e 48 B A P 2% B S b e e R R
AER A BUBEHT 2018 4 1 H —2021 41 H
FFA LA T RR e B3 08k, A bR e . O 4 F AR5 B
TESE A 40 B 98  JF B A 6 MV @ R R 2 Jil N
HEAT b BE G 5 MIRT Ao | 515 0T & 0 2 22K @ 1R
MR HLIC R A 4= A0 1 ok = # k= 40 Jea
Qb Y% 7% s @ TC AH OC T 28 M 9 VA 77 i BE AT s OFF U1 B
AT R LT 45 © F R AT Ui g b Child-
Pugh 3% A 8 B 9. HEBRR E O & & I IR 55 8

568 ; QMR EHMR i i 25 A7 1618 3l P 52 50 HfE DL 2
SR X, H AR ORAT 1 IR Bk, FE A
FEAE WS ML 2 BF 3R TP JE L I D) BB 4> %K (Child-
Pugh) W % A (AFP) /K B T A AL 45 00

2. MRI W% 7 ik

MRI 4% 3.0T #5414 (3£ [F GE Discovery
MR750) , 8 3 1 1A A 425 [ 2 Bl S0 e e 1] 4
75 B A E T, WG A BUR S (LAVA) -4
AR FE %) . TR 4.1 ms, TE 1.9 ms, 2 )& 5 mm, 2 [{]
#E 2.5 mm,FOV 40 cm X 32 em, 4[4 320 X 244, 1458
FU BT 2 I K LA 2.0 mL/s 3 % 5 R 1 5% b 4L
WE R I 0.1 mmol/kg, Z J5 LA R FER R E A 20 mL
A FER K oA L TR TR ST EE RS 1Y 20~25 5.50~65 s
DL 160~180 s AT A 3 W38 s 41 4 B K Bt
16 s5¢ B0 1 W4 L 421 4 30 L o 4 BB IF O

3. MBS b

FEME AL B K 8 25 19 B Bk (arterial phase, AP) |
[T Bk ] (portal veinous phase, PVP) & ZE R #] (de-
layed phase, DP) 9 Jit 45 K15 LI DICOM #% X & A &
I 5 R RE LB AT PR H) T & 19 “uAl Research Por-
tal” & AE V5, R LN B 052 8 AR 1 T H ) 3 g
MRI 3 #A K% JE47 /B 248K (region of interest, ROI) 4
W, ROTH 1 & HA 5 4FE AR F2 W28 WU R EE
IHTE AP EME I F sk 22 1, 8% 05 8 ROT 43 5145 U
#| PVP J DP BMR b B Je R 1 24 R IR 38 9 0% 12
W 15 4 LA B i s S B BE I X ROT 3% J2 #4780, e
KRN EIZE R (B 1,2,

BRG0P 4y B - MR R 43 0 i BB 10 48 A
20 4E I MR 2 W 286 1 2 4% 7k 565 B B 0 ik <7 7
WA WL VHE R B . P4 S R e A 3 0
708 g JHT 240 PP o E X8 i A JHG A I DR 52 30 =5 R 2H 21
BRAEAE BN o WAL B B T PEAG T 4 A I
1Y LA UG AR - O i 55 R AR 8 oA Bl PVP &
% 1 Y e K B s QMR i % < SN 7E MRTIE



T SC R 2022 4F 10 A5 37 %55 10 W Radiol Practice, Oct 2022, Vol 37,No.10 1245

1 %,50 %, FFafelFE (S a1 . MVI(+),AFP<{400 ng/mL,. % @& K 4% 5.0 cm, a)Fkdl; b)

MR ORRE, LERXRARERKE@HEAARX(ROD, B2

&), MVI(—),AFP<<400 ng/mL, % @& K A2 % 5.6 cm, a)SARAA ;D) MT#HRA ;O RLRE, LER®A

AL R K B @ RS R (ROD,

18 b7 B0 I 55 0 S T 2 T Y BT AE Tk A
BIE IR PR 1K i fE 30 2% 43 R G B RO E  MEg
TR 2R B0 R e O I 4 R i e, PR i GOR
O 2R B A AR 45 1 R gg B R R 0 2%, e i %
I 0 2R AT PR 52 5 5 () e 98 450 15 - 3 ik 40 51 4% 1
iy JE BB AR 5 30 BRI A Rk R SRS e
I 5 4 15 190 28 Sk A5 JE AN 52 8 A 5 5 K s D9 9 B
Jik = 5 SR St bk I AR L PR o 4R 52 1 B R 3% S0
PR 138 52 s © 98 Jl s Ak - o Sk Bl Dk 300 i 10 8 1] e ik
R kT L R R SR AR © 3 A B X 2 A SR
“HHE TR R AR T 2

4. FEAE 07 3 B 21 2 A R ST

SEAIE T S 7R B o AL BRI B 34T 8 Z-0 Bk
H— Ak 7 X AN TR RR AE 1 RO R 47 58— , i 45 L 5
MEEE ROEE A3 A 7E[ 0, 1] Z 1], FF 28 LASSO B ki 47
WeAEAb R, 05 16 5L T AP PVP.DP & 3 ] 5 i 45 fE B
B )5 B B BN (A 2 R AE . R AT 3 LR E L
BEAS o3 AU 5 IR 2, ) O 6 I ) 3 1% 41 2
RRAEAE VI i v iy 2252 4 [ I A A, St 7 4 AR
2R 445 AP PVP.DP Al 3 W S B fE BE 5 R

B R AL 53 4h, R T Logistic [IH 43 # % &
I PR S b i MRT 528 24 e Ak 9 MVT Al S fe B 3
555 1% 5 1] U A A A W DR 52 1 e AR ASE 2, X d £ 4
SRR P AR NI PR 52 15 2 R A E A7 (W] A6 B 2, 49 2
I PR SEAR A 228 A 25 2R 1 AT 28 S TE 1) ~F- 1
EFRR . RHZIAH TAERE I £k (receiver operat-
ing characteristic curve, ROC) 43 M7 455 54 1) T30 55
fiE . I B H ROC AUC, R 85 57 53 5 2 if 1

5. ity

K SPSS 23.0 A4 %k i R ¢k Bz 52 55 % 46 b 2t
THE T % 4 M. IEAS K K R H Kolmogorov-
Smirnov ¥, T i BB AF A IE & 50 1 DL 8L bR i
2 (x )RR WA Z 8] L BCR RIS AEAS ¢ 5 52
FEIE A4 B 5 BEORE LA rb L $OR DY 43437 %R BE LM
(P25,P75) 1%7% . 5k | Mann-Whitney U K%, &
ZHL LI 1 E (000 Rom L 3F R X7 KL 55 5L Fisher H
WA 50 LA Z (B A 22 57 . SRR A BRI R i 22 57
At E L (P<<0.10) MR — L RHZHE lo-
gistic [E AT 55 20 2 WAl MV 4 I R 2 57 75000



1246

TS 22 SR 2022 4F 10 A58 37 %55 10 ] Radiol Practice, Oct 2022, Vol 37,No.10

FZE ., KM Medcale 19.5.6 # 4 H1 #) Delong £ 55 Hb
BRI RS2 1R A FR AR AT SR SRR 2
mZES, P<0.05 NERASZITHE X,

& R

L. I R R AR

AW P T 2018 4F 1 A & 2021 4F 1 A T4
JH-968 £ 2 Lt 228 i g A BHEBR bR v 0 R S, B &
it 108 ] B # g AWF 5T, Hoh B 87 4 (80.6 %) , &t
21 1194 %) EHAFE Y (634100 % (R 1), MWIE4l
ZUR B 25 2R f B 41 O MIVT B 2H (45 1) il
MVT PR (63 B, 38 ik 5 A2 4 B 28 Il IR M2 1
3 MR A F R, & B AFP. b8 /i K2 T N 3
ik ARG S5 MVI A G, Z R A5 FE L GR D
Z N2 Logistic Bl H 0 M7 78 AFP. 98 5 K42 V98
PN B bk B A BRI 2 MVT B b ~7 fG 6 [ R (% 2)

k2 FAMIFEEEMVIERE RN S H X logistic B I 24

AL B OR  95% T43 R id (CD P

AFP —1.505 0.222 0.074~0.664 0.007
MR KA (em)  —0.273  0.761 0.625~0.926 0.006
J& W 3 Bk —1.319  0.268 0.093~0.770 0.015
&, B L —1.308 0.270 0.100~0.728 0.01

2. It RS AR R AR Y A ST

K T AE IR TEK: 108 191 H 543 0 VIl 25 26 0 )
Wl 45 MVl 7 & B R G4 AFP, g e K
2 IR N Bl Ik R A BT DL 2R HH 32 % [l DR RSS20
HEAT I DR S AR R AR AR Y 14 2 57, A B ok o B 40 R
FAT R EUE L 25 R UBME LR . 58I SRl B A2
W 40 BT MVI A ROC #i 2 F i B AUC =
0.864 , UL 0.849, ¥¢ 5 FF 0.678, HEHfH 4 0.778, W
AL 40 M AF 98 MVI ) AUC {A 0. 843, Uk &
0.841, 45 5 0.644 , MERT R 0.76 (% 3),

3. FUAR YL 2F A O 0 S A T <7

®1 FARFEEZERFEERNEE MRIZGERENEEZ 04 ﬁﬁmnmﬁgmﬁgﬁ MRI 3 #i4 A k50 7
) N M P e, p A6 A 6 A AR AL RRAE L Hoh S BN 4% 3 A — B
iiﬁzi; 6449 63 =10 ;).528 0.61513 BRAE 2 AN IR BE G 8 50 B (GLSZVD BRE 1 AR B4t A
A Y .569  0.109 )

5 33(73.3) 54 (85.7) HH R (GLCMD) $5: 1E A1 — A K AR M6 46 B (GLDMD) %
% 12 (26.7) 9 (14.3) ,
LA B R ) 2455 0117 fiE, 1 ER BRI LTS 4 S — B R AE AT 2 AN K BE AT AR 4 B
f;;’”i 523<(722-37>) ;Z éiiﬂ:; (GLRLMD##1E , LR W1 55 3 4 1 B4 1k . 2 IR B
Child-Pugh % % (%) 0.009  0.923 ol 46 [ (GLCM) 5 1E i 1 4 K JE 9% o5 46 B
A 39(86.7) 55 (87.3) , g
5 s (GLSZMDHHE I EE I 2641 AP .PVP J& DP f9 3% % o]
AFP(ng/mL) 7.957  0.005 " il
o 27 60y 53 (841 IFHERL, YR B W AG H AR 2 W MVI A ROC
=400 18 (40) 10 (15.9 <k F A AUC 43528 0.898.0.874 K 0.894 (&
FF AR AL (%) 1.026  0.311
# 22 (48.9) 37 (58.7) 3a) , 3k 41 X 4% W 3% 4 [n] U3 AR BY 19 12 Wt 50 BE HE AT 56
% 23 (51.1) 26 (41.3)
W T K A2 6.0(4.5.9.8) 3.3(2.3.4.9) —4.597 <{0.001 iE,ROC £~ mA# AUC 235024 0.861.0.864 20.86
~om SO GN TONI Eah . WA PVP U8 0 BUT e T AP X
Fé;‘!}_m k(%) 17.673 <<0.001 DP ¥ 3 W05 B8 19 38 19 ASHRRAF 240 [5] J7 1 i ik 4
28 (62.2) 14 (22.2)
% 17 (37.8) 49 (77.8) ] 6 N RAR W 2F AL, AL B K Y 3 /l\éiﬁ’h
AR ey e OO o AR B G M (GLSZVD R 1A R JE AR U
% 35 (77.8) 55 (87.3) . LT 4 9 ANEELE .1 AR B E (S f
S - (GLDM) s 'k 834 2 ASHRAE . 1 AN TE R R 1E (Spheric
Rk B 22 (48.9)  21(33.3) ity) B 1 > BE 4% AE (Skewness) 5 Fil— > ZE 38 1 (1) I
S 23 (51.1) 42 (66.7) . . . e
Bﬁ’ﬁaéﬂﬁ%%(%) 9.275  0.002 PRAFAE (Major AxisLength) , #4 @ i 3 3] Bk A 455 74 31|
;;?" e SRl Bt 4l AUC 43311k 0.898.,0.881, S5t 3 1
#H AT X)) 0.719 0.396 B B LR E 5110 IR 52 AR R AR 45 4 o 28 [ RE 19 7 1 0
E 22 (48.9) 36 (57.1)
% 23 (51.1) 27 (42.9) T J5 ST 1Y I R 5 A% AL 2 A B R U1 2k 2 R 4K A
k3 NHAEMNRAENMER MR MV A58 % &%
s AUC Rk B 4 IR VRS
I % a1, I % %, Y % %, I % DURE
Zh R AR 0.898 0.861 0.798  0.808 0.828  0.778 0.810  0.797
17 # Bk H A A 0.874 0.864 0.853 0.840 0.798  0.778 0.826 0.815
2t 3R AR LA 0.894 0.860 0.865 0.842 0.772 0.733 0.826 0.797
ZHREAER 0.898  0.881 0.857  0.855 0.800  0.756 0.833  0.815
15 R B A 4 SEBE A 0.864  0.843 0.849  0.841 0.678  0.644 0.778  0.760
R FRA 0.934  0.911 0.881  0.822 0.828  0.698 0.859  0.768




B S50 BR 2022 4F 10 A58 37 %5 10 8] Radiol Practice, Oct 2022, Vol 37,No.10 1247

FeJE MV 3= 252 0 [ A9 171 1 Ik

ROCHRZL: (3)IIZR4E)

———

HBKMGIREL (AUC=0. 898)
IBKMARE! (AUC=0. 874)
— HERMHREA (AUC=0.894)
SIBRARE (AUC=0. 898) 02

IRPRFAFUESRBY (AUC=0. 864)
IS FRRAGEFIRE (AUC=0. 934)

ROCHE%ZL CRJit4H)

—

BETE, Huang 281 F) 3 5 MRI
LRz S B TRURE E2IR N AT N

A 5T 45 9 WoR AFP. i
e R EAR IR N 3 Ik B A IR 1 2

?r%ﬂﬂliﬂ-‘/ (AUC=0. ao;; L:j MVI *ﬁ;& E](J j@»jfa} I-gﬁ ?\: o %jé

il W 2 %) Y4 i ¥ AFP =
pabH 400 ng/mLI . JIF-40 2 FFAE T MV

0 02 04 06 08 1 0 02

1R (D)

4 % A TTRE M B I v ARV 1S
FUMRISE 2R AR 8 AT T A% 4

CEENEZ RS S NS TERE SRS ZUT LS PP YT sy,
ROC & F @4 b) YRa R o AR ERB ARG RAFR o

A X 2e 6 ROC & F@4r,

AUC 235120 0,934 & 0.911(& 3),

4. A [ABEHR 2Z [6] R TE H A

M2 AP #EA) PVP #E5 DP R 3 W Hk & 48
T R I PR A% 4 22 BB % MIVT 32 W &% B8 24 8 T I IR
AR FRIEAL AL (] 3b) . I HL DL b 5 FhoR 70 o 1 55 0 4
S B 3 R T R S AR RRAE B R RS AP . PVP Kl
PR 3 WA A i R AR RS AR (3R 3) . A4 3 Mk
B B2 WRRE W 0 T 0, LA A I RS AR R AE
B Y12 WAL RS Bl A (F 3b) . 28 Delong #6564
S HE 6 AR (8] /12 W R0RE - & SRR T I K 5214
YL 2EAR 5 0 PR AR B AE S R 2 i) LA St 2
(P<C0.05) , RS ABAL 2 [0 ) G2 22 5% (P>
0.05),

o

SAGEH 2 B TR BE 42 48 BB A W 25 AR T, 4R U
G EG A WOWARAE L B AT A5 5 9 B2 L I IR 0 7E G 1K
AT S A1 AL B8 SEAR 2 BT A I R AN (B . ASIF 5% 3 1 3 i
MR G 41 2 55 A1 1) 2 32 6 (] )9 A5 78 AR 4 1 Tl 17
JEA0 A MV, BEAh 256 1 I R 52 56 25 48 B i 3
AFP A& 5852 AG R AT I g8 Jc K AR 9 9 2l ik | B B 155 0
R AG 2 R R S 1 1 DR 2 % 2 2 A B A AR i T )
MV J7 it B AR F 4l 5 A5 3 0 ER

MR AE (MVD J& 48 AU ZE B T s B oy
Bz 2 B HE B B 10 A (R] Bt AR AE bR R, EERAE T
I T DK /DN 4 3 CL 456 g 0 B P g i ), JHE KO i
WRLER A B R . FRIS b o vT o R ik
Ay S IR E T, Wu ZNI B RS MV B
P 4 JFF 448 B PR 98 4 LG, 78 MOV B 14 JFF 448 B JFF o o 4
JHME CT A TH 5 0 11 Bk It et 100 4 38 38 & (ELTF 30
Wk BB B2, AUIE R TR SR, 78
WA PVP 427 A A T AP 2 DP, 7] RE 1Y it

7N IR e K AR =>5 em 19 42 i JiF
20 M AT P, MV B 71.4 %, i
I B KAR<C5 em 1Y 66 {31 JIF 40 Jifg 98 rh , MIVIT BH A
22.7% AW B K42 >5 em B 5 &£ MVIL £ W
Jib9eE R /N T MIVT B A2 AE 3 s 5 DA AE K 2 80058
ML —8 0 3 A bR A B R 5 5 5 1 9
REMEA G AV R UE L K m MVI &4, X5
Witjes 851 WF 55 45 B AR R . 98 N 2 bk 2 48 I 9 R
2 LF R Bk . 5 R I A R0 G, Xl 5 DA
FEAF ST 1 25 S AR AR, AT BB 1) A R N 980 N 5 ik 5 1 4
L P98 00 A5 422 A A 5 S R 1 R DR A O, i K o Y
FERAE LR,
TESET 3 JIHG 0 B2 B P R A AL SRR AR L AT R
W6 NRAEA 2 S5 EA MV Y240 i W 9 £
2 REAE LA 55 5 A G B RFAIE - e K Bl T B AR (major
axis length) M BRI B (sphericity) . B b JF 958 4H 2R
AR O G 1l RSOBR 22 e e A 4= A0 I A L S B0 N
MG FR B AL 23 TR, il & A4 MIVT B LR a] e i
1R > XU 5 FRATT A I R B2 AR R LR R — B, 158 W] i R e
KELAR A€ T T 40 M T 9 9 MV B & 25 X,
MV A JH- 200 Ff JH 98 5 A 4= 2% il g 6 15 28 1 3] R
o S Jo T A2 28 M R A, B AN R D) e e 30 % 1) e LR
JUS, DT S 3500 96 9 A 280 5 fin A R0 . o H S0 3 43
Bri Hofth 4 AN FEIEW ™= A T B EAE S, X Al fE ik — 2P
S MV BH A 40 B g 00 22 08 5 B k. AR F 58 3k
W] 3 HAEK A BRI W %0 RE = T R ], HS AR 2 2R A
12 W RLCRE 1 T I R I S AR R AR ALY UL S AR A
BAAVRE LU Im K 52 R % AiF BE 4F (9 #5030l MVI, Zhang
FUVRT 2 S8 MRI #7258 4 A B, kB 45 A
SEARLH A BRY (432 W Pk BE X T R S AR AR AR R A
T FEAR A 2= v] AR R T TE /Y JC B ZE W A i 4 ok T
MVI,Feng 57 AF 53 b, 2% B 52 15 41 4 155 7832 W7 40 ik
i TG AR . AL AR DFSEAE B 58 MRT 3 3] 1k
G Bl LS55 I R G AG AR 1 N7 9 I PR 52 15 21 2 Tl



1248

TS 22 SR 2022 4F 10 A58 37 %55 10 ] Radiol Practice, Oct 2022, Vol 37,No.10

DAY, I 2k 20 S i 4 1) AUC 4390 28 0.934 M2

0.911, 2 W &k e 5 2 e i » Ud B4 58 MRT 4 48 22 1) J

W MRI 51l PR 52 AR FRAE Z R FE A5 B E AN TN 21

I S B 12 T RRE
A B FEAFAE Y Jry BRAE - DA I 5% HOGT JHF 48 i 1 98

REA o Kb PN AR A R AR 2H 2 R AR AT 4R ORI AL OF R

X9 JA A U AT A 2 R AR AR B, {HJE Nebbia 455 ff

5T WY 24 U b e 1 G e IR 5 i R TN R AR AR 45 5 I RN

REIK 25 B E b, N I 28 2 A B RIS OFEA

AL 108 fil, MV FHPE AL ) 420, 4 Ja R itk — 20 3T

REEA A s OAHIEFE i $2 WU 52 AR 20 2 R A 1 0k A 1

5 MRI B, K¥ MRI SFH M A, Ao %

Ty WI. T, WI.DWT W94 A #E 8 , % 3BT A7 Fe 51 19 il 5

R I TR S 092 W P RE e v, FRATT N — 2D RIAE A

W2yt — 0 R AR AR 22X T I K2 W A
L5 B TR A ST i 1 5 MR R AR 20 7

fIE 32 N7 2 4 1] A 455 A0 BB A% T K i JE R | i A S0

A0 MV I BB IE IR AR R IR 5 AR 2 25 5

AT DA B B A 12 T OR DT A JEE 20 T R AR E R

Hij I RA2 Wt R TT 7 58 B AR il B VA 97 i i £ S

WAR S . AR B — LY REEAZ bk 5E, 3

58 MRT ZH ~ A iy B0 AT 98 ol 1 487 452 20 32 43k B 2 A

o,

S Xk

[1] Feng LH.Dong H.Lau WY, et al. Novel microvascular invasion-
based prognostic nomograms to predict survival outcomes in pa-
tients after RO resection for hepatocellular carcinomal J].J Cancer
Res Clin Oncol.2017,143(2) :293-303.DOI: 10.1007/500432-016-
2286-1.

[2] Zhao H.Chen C.Fu X.et al.Prognostic value of a novel risk clas-
sification of microvascular invasion in patients with hepatocellular
carcinoma after resection[ ] . Oncotarget, 2017, 8(3) : 5474-5486.
DOI:10.18632/oncotarget.12547.

[3] XU o XTI I P JHF A0 P i 00 92 30 43 20 1 s I TR 36 T
WITTT. ik 5 2% 52 8, 2020, 35 (11) : 1453-1457. DOI.: 10. 13609/].
¢nki.1000-0313.2020.11.016.

[4]  AREkHh, Braete, TiE v, 55 EL 26 MR Z i hg 9 MRI & & 3 13T
M S 452 A0 0 A D . 4 2 55 B 2021, 36 (8) £ 1026~
1031.DOT: 10.13609/j.cnki.1000-0313.2021.08.015.

[5] Ahn SJ,Kim JH,Park SJ,Kim ST,et al. Hepatocellular carcino-
ma: preoperative gadoxetic acid-enhanced MR imaging can predict
early recurrence after curative resection using image features and
texture analysis[J]. Abdom Radiol (NY).2019.44(2):539-548.
DO1:10.1007/500261-018-1768-9.

[6] Huang M, Liao B,Xu P,et al.Prediction of microvascular invasion

in hepatocellular carcinoma: preoperative G&-EOB-DTPA-Dynam-

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ic enhanced MRI and histopathological correlation[ ] ]. Contrast
Media Mol Imaging, 2018, 2018: 9674565. DOI: 10. 1155/2018/
9674565,
Zhao W,Liu W, Liu H,et al.Preoperative prediction of microvas-
cular invasion of hepatocellular carcinoma with IVIM diffusion-
weighted MR imaging and Gd-EOB-DTPA-enhanced MR imaging
[1].PLoS One,2018.13(5): ¢0197488. Published 2018 May 17.
DOT1:10.1371/journal.pone.0197488.
Xu X,Zhang HL, Liu QP, et al.Radiomic analysis of contrast-en-
hanced CT predicts microvascular invasion and outcome in hepato-
cellular carcinomal ]J].] Hepatol,2019,70(6):1133-1144.DOI;10.
1016/j.jhep.2019.02.023.
Yang L,Gu D, Wei J,et al. A radiomics nomogram for preopera-
tive prediction of microvascular invasion in hepatocellular carcino-
mal J ]. Liver Cancer, 2019, 8 (5): 373-386. DOI. 10. 1159/
000494099.
Wu D, Tan M,Zhou M, et al.Liver computed tomographic perfu-
sion in the assessment of microvascular invasion in patients with
small hepatocellular carcinomal ]J].Invest Radiol, 2015,50(4):
188-194.DOI:10.1097/RLI.0000000000000098.
Huang YQ., Liang HY, Yang ZX, et al. Value of MR histogram
analyses for prediction of microvascular invasion of hepatocellu-
lar carcinomal J . Medicine (Baltimore), 2016, 95 (26) ; e4034.
DOI:10.1097/MD.0000000000004034.
R S0, Be 4 5 H M MRI BURSE AR 412 DAk T 41 fife
TR R AL A AR A 1) B LT 0. b A i A 2 A AL 201953 (4) £ 292-
298.DOI:10.3760/cma.j.issn.1005-1201.2019.04.010.
a7 VK 55 ey s, B BLAK L A5 AR B TI0I IR M A 4R A0 I R T 4 R
LR LT, A AR A K. 2021,36(2) 1 114-117.
Witjes CD, Willemssen FE, Verheij J, et al. Histological differen-
tiation grade and microvascular invasion of hepatocellular carci-
noma predicted by dynamic contrast-enhanced MRI[]].] Magn
Reson Imaging.2012,36(3):641-647.D0OI1:10.1002/jmri.23681.
Renzulli M, Brocchi S, Cucchetti A, et al.Can current preopera-
tive imaging be used to detect microvascular invasion of hepato-
cellular carcinoma? [J].Radiology,2016,279(2):432-442.DOI;
10.1148/radiol.2015150998.
Zhang Y,Shu Z,Ye Q. et al.Preoperative prediction of microvas-
cular invasion in hepatocellular carcinoma via multi-parametric
MRI radiomics[ ] ].Front Oncol,2021,11:633596.Published 2021
Mar 3.DOI1:10.3389/fonc.2021.633596.
Feng ST,Jia Y,Liao B,et al.Preoperative prediction of microvas-
cular invasion in hepatocellular cancer:a radiomics model using
Gd-EOB-DTPA-enhanced MRI[]J]. Eur Radiol, 2019, 29 (9)
4648-4659.DOT:10.1007/s00330-018-5935-8.
Nebbia G,Zhang Q, Arefan D, et al. Pre-operative microvascular
invasion prediction using multi-parametric liver MRI radiomics
[J].] Digit Imaging. 2020, 33 (6): 1376-1386. DOI; 10. 1007/
$10278-020-00353-x.

Qi B3 .2021-09-15 &[] H 1. 2022-01-09)



