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[Abstract] Objective: To investigate the application value of dynamic contrast-enhanced MRI
texture analysis in predicting the expression of Ki-67 in hepatocellular carcinoma (HCC).Methods: The
clinical and preoperative MRI data of 67 HCC patients confirmed by pathology were retrospectively
analyzed,and a total of 72 HCC lesions were included in the study.Based on the results of Ki-67 immu-
nohistochemical staining,25 HCC lesions were classified as high expression group (positive cell pro-
portion =>10% ) ,and 47 lesions classified as low expression group (positive cell proportion <C10%).
Axial T, WI dynamic enhanced images (arterial phase, portal phase and delay phase) at the largest lay-
er of the lesions were selected,and the region of interest (ROI) was manually drawn using Mazda 4.6
software to extract the texture features. The subset of optimized texture parameters was chosen with
the combination of mutual information measure (MI), Fisher coefficient, the probability of classifica-
tion error and average correlation (POE-+ ACC).Raw data analysis (RDA),principal component anal-
ysis (PCA), linear classification analysis (LDA) and nonlinear classification analysis (NDA) were

used for texture classification,and receiver operating characteristic (ROC) curve analysis were used to

1EE BAL:514000 T4 AN T o IS B B B2 A S AR B
fEE R A LG (1985 —) . 55 A SL AL 3 Bl = AN I TR S AR 12 W T A
BWAEE - % K, E-mail: 215792903@qq.com



730 WSSz 2022 4 6 A4S 37 %5 6 1 Radiol Practice, Jun 2022, Vol 37,No.6

evaluate the predictive efficacy of texture features in predicting the expression of Ki-67 in HCC. Re-

sults:Based on the image texture features of arterial phase,portal phase and delay phase,the misjudg-
ment rates of the four classification methods were 6.94% ~36.11%,18.06% ~34.72% and 9.72% ~
23.61% ,respectively. Among the four classification methods, NDA had the lowest misjudgment rate
(6.94%~18.06% ), which was lower than RDA (23.61% ~36.11%),PCA (25.00% ~34.72%) and
LAD (15.28% ~25.00% ). The NDA classification method based on the texture features of arterial

phase images showed the best performance for predicting the expression of Ki-67 in HCC.The area un-

der the ROC curve for predicting the high expression of Ki-67 was 0.919,and the sensitivity, specificity

and accuracy were 88.00%,95.74% and 93.06 % ,respectively.Conclusion: Dynamic enhanced MRI tex-

ture analysis could be used as a non-invasive and reliable method for preoperative prediction of the ex-

pression status of Ki-67 in HCC,and arterial phase image texture analysis showed the best prediction

efficiency.

[Key words] Magnetic resonance imaging; Carcinoma,hepatocellular; Ki-67 antigen

J& & M BT 48 9 98 Chepatocellular carcinomas,
HCC) J2&: F& [ 5 7 UL e 2 — K R A7 S 2 4
B, LR AL R A 3 . FARYIBR & HCC i EERYT
FB AR SRAF AR 3 R TG B K 6 I s 2 T i
YR Ki-67 2 1R 7S A2 5 i 98 1= 28 1k R I
HR RN EEREYZ Y Barwm e a
ey o 1AL B Ki-67 Rk E B FBLHAAEA
(DS i NS Bl S U o T 17 B S T
AR 2R —FhIC AN B LW Y Ki-67 KRS IE
W7, UGB 3 17 28 5t B W EHSK B 43 A7 R AE
8 Z ] O 2 RS (B R AE 45 L g 42 A1 ok iy A Y R g 12
UM R 2 A 2, Ry 30 4 Of iR AF o # . R
[ P A2 3% % B AE T MRT % 80 38 43 A o] T8 35
S FLBR R 25 R Ki-67 RIS M T, Z 0 i
ST T 3 B3R CT/MRI 803 5 AF 76 1T 98 19 12
W | 2H 22 43 2 T 45 T B R A A s 1 L A
EHT SRR R AL TR S R CT 803
FROE 5 8 Ki-67 ik AH G (HHE B Ki-67 £k
BHIRLBE M A R MRI Af #E 47 £ 5 51 lifg . o] &
P = X i Ki-67 B RAEW IR G, AR P L
BRRIL T B A1 38 MR 20 B 434 FH T 7000 A8 Ki-67
FRREWANE.

MRETE

1. — Rt

[a] gt 43 A F Be 2016 4F 1 H —2020 4F 12 A i B
TIESE B M 448 A s A8 I DR o 38 S MIRT %9 RL, 40 A
HEWTF . OF ARFFH L& MRI %k Q4% F
A BRSO A A . BAT Ki-67 s difb et O
Wikt HAR>1 cm, MRI BQTC W] B Ph 5. 3k 67 fil i
F (B 42 B, 4 25 B, S AERS 43.14 114,45 %), 72
AR CE AR 1.5~4.7 em, P37 2.89+£1.32 c) 4 A

WFSE o M 928 4 A e (5 485 5% L BH M 20 I e 1 <<10 %
TE XN Ki-67 R F 3k, PHE 40 b 1 =10 % & 17 h &5
FARA 72 kL 25 kR Ki-67 Rk, 47 A
Wikt Ki-67 kL,

2. MRI HHH A

i B MRI R A 15T 885 % L PR i
184 (Philips Achieve, faf 2% ) , A0 BMZ , 442 358 A #5 Bf: 28
Bl 8% )F 5 A0 4 i T, WL T, WL, &R i i 1y 417
il T, W Sl T, WI 3 W18 253 5 (30 bk L7 ik 9
FAEIRH) . T, W 223G 58 R A = 4k & 43 B4 ) [m)
T % 14 (Cenhanced T, W high resolution isotropic
volume examination, e-thrive), TR 3. 1 ms, TE
1.8 ms,HFF 512 X512, 2 5 mm, Z [ 2.50 mm,
FEFE 256 X 256, FLEF 40 cm X 40 cm, R Gd-DTPA
XoF b 7 v R 0 T S R 2 mL/s, fil#E 0.1 mL/kg
i AT B Bk T (30 ) L Ik T (50 ~ 60 s) | 4iE 3R 1]
(3 min) S 5RF 3 .

3. MRI 8343 #7 7 i

£ PACS TAES B kL Bos e K2R T, W1
BRI AR DL BMP S X5 A RS 3h 1 4. ok
MaZda(Version4.6) 8¢ #E 47 BHUR 803 o3 #r . S03R AR
TIE 42 BRUHTH BT A R0 K By K AR AR 7E 30 (p
F B EEAE . o S bR E 25 X ], 230 F 8h Bk L 1)
kA B 9 3R 1 A b T i R i 2 T 3 ) T gk % R X
(region of interest, ROD ,ROT £ #E 4= &R g (& 1),
XA ROLEME H s 15 279 A kIR T 6 Fhge it 5%
B BORRE R D,

Sy 05 16 55 T 40 9 K67 38k R 2 B B AH S I
FRRFAE , Xt SR MU SORRREHEAT R 2E L 200, 25 Bk
TEWRFE 1 AR B 38 BoA5 B (MD  Fisher &
B AR R A P YA R EB(POE+ACO Y
J7 V6T SRR AR AT R 4 L B E 1 30 5 Ki-67 Rk



TS 22 92k 2022 4F 6 H 58 37 %% 6 ] Radiol Practice,Jun 2022, Vol 37,No.6 731

+*
J
L
)
[
«
<
-
L)
L)
’

Ll KN RN L RERU EC)
cooncndh 1A = 13

B 1 MEDIRE ROI 25 B S ESHE T,

%1 MaZda S it B S8 AT
BAE4 B 4FAE & AR
FHE T E MR EELT

S Gy ik

A7 ° rmao
e SR E . MBXE B E
F R 4R % 220 AL B EF T A
. 5 HEACTE GG,
HRRKERH OB KK
WA A B 20 M. KFERRE LFRER
T OHEYBRS K
AN 2F 20 B BP Nk e R E
B o) )3 A A 5 Teta 1~4,Sigma

RS W B R W S BB AE L R F B11 SR A6 4 Fop
W SCHR AR 43 25 07 kL A 35 IR B0 43 BT (RDAD |
FEWAT T (PCA) (M43 2840 B (LDA) FidE 2k
P32 53 BT (NDA)

4. Gtk

K SPSS 16.0 % A4 X £ 85 47 G 3 . P <<
0.05Z R A G2 L. THESE U E bR 2
TR T BB LA B (V) KR . AR AL N 4 hn

Y S BRRRAE 20 25 7 3k X Ki-67 3 38 0 245 U0 45 51 LA
BRI R RN M = R B AR R IR A Ki-67 R H
SO 43 T S U R S B L R ] A2 AR
2k (receiver operator characteristic curve, ROC) PEA44
SURRE 432 5 R B Ki-67 RIOIRSRAE .

7 =X

T2 A4k 25/72 B AR IE S Ki-67 = R ik
. 47/72 WA IHZE S Ki-67 IRR KA, 3 FlUF 1 1Y
SO AT IO Ki-67 @R RS FIN L Rk 2. 3
il 5 b T W 3 58 2l ik 99 5 S0 88 43 A S0 Ki-67
FIRRBIAEFIRN 6.94 % ~36.11% KT 1T bk 3 &
1S3 H (18.06 % ~34.72 %) Je 4iE 3R 1 &I 4% 0 3 43
Mr(9.72% ~23.61%), 4 Flgr B3 51 43 25 7 gk p
NDA Tl Ki-67 & 2% 350K 25 10 85 1 R B 15 (6.94 % ~
18.06 %) » 4l H A T RDA(23.61% ~36.11%) .PCA
(25.00% ~ 34.72%) F1 LAD (15.28% ~ 25.00%),
ROC #h &7 #r 12 7 5& T 3 Dk 33 15 1) NDA 2038 4y
275 VR TR AT 40 B Ki-67 2 RR S ARk e s 4, i
& TFHAUC) K 0.919(95C1:0.837, 1) . SUR B 4%
S BB B W BE 4 R 88.00% (22/25),95.74% (45/
A7) 93.06% (67/72, & 2>, B4 sh Bk 1] ki
FER ] NDA 43267, (AUC) A 0.948(95C1:0.888,
D) BBURREE R S B R HE B B 43 0 Dl 96,0006 (24/25)
93.62% (44/47)F1 94.44%(68/72), Bk NDA 4
KT EESRAETRERERE, ZEREHEITFE X
(X*=0.119,P=0.731),

o

Ki-67 2 — B Sz e 40 i 3 5 e B2 B9 A% B L B
2 00 T ol g8 o3 A R BE 00 A0 3 L K67 BH A R A R 1
1o A5 TR o AR B AR AR B B S iR A A7 S VAR G

2 3MFAMKELMAN KT FREARASWAMNER

S

’HE

47

B

T1 3 3% 3 B AA
RDA
PCA
LAD
NAD
T1 33 1 bk
RDA
PCA
LAD
NAD
T1 3% 3E R
RDA
PCA
LAD
NAD

36.11%(26/72)

33.33%(24/72)

15.28%(11/72)
6.94%(5/72)

33.33%(24/72)
34.72%(27/72)
25.00%(18/72)
18.06 % (13/72)

23.61%(17/27)
25.00%(18/72)
19.44 % (14/72)
9.72%(7/72)

44.00%(11/25)
52.00% (13/25)
80.00 % (20/25)
88.00% (22/25)

44.00%(11/25)
72.00%(18/25)
72.00% (18/25)
92.00%(23/25)

56.00% (14/25)
56.00% (14/25)
72.00% (18/25)
88.00%(22/25)

74.47%(35/47)
74.47 % (35/47)
87.23% (41/47)
95.74 % (45/47)

78.72%(37/47)
57.45%(27/47)
76.59% (36/47)
76.59% (36/47)

87.23% (41/47)
85.11% (40/47)
85.11% (40/47)
91.49% (43/47)

63.89% (46/72)
66.67 % (48/72)
84.72%(61/72)
93.06 % (67/72)

66.67%(48/72)
62.50% (45/72)
75.00%(54/72)
81.94%(59/72)

76.39% (55/72)
61.11%(44/72)
80.56 % (58/72)
90.28 % (65/72)




732 WSSz 2022 4 6 A4S 37 %5 6 1 Radiol Practice, Jun 2022, Vol 37,No.6

10
0.8
£ 06
2
=
w
c
@
» 0.4
i £ U5
—— BBKWINDAS)
.| IR A NDA ST 28
- BA4
00 T T T T
0.0 0.2 04 06 08 1.0
1 - Specificity ®

B 2 shhkd4 NDA & 3 BB A4 22 4 £ o5 ok TR T
% Ki-67 Rk kA ROC W & 547,

WFEIESE Ki-67 AR 12 W 98 1 0% Bl 4 A, 2 I
a5 WU & K B W A A I S AR L Ki-67 R
KR B A S R B R KR AR A A
RS I R A R 2 20 H A G 4 Ak
e @ PPl BFE Ki-67 KBRS, A6 A 0 BB AN 2
LR MG, L, 38— R IC ) w0 7 R AR R
BTl 9 1 Ki-67 e A BLAT H 20 I R 3 X .
DU H 3BT (texture analysiss TA) , #) A i1 5B HL 3K
R DA B 2 PR v 4 BORS 1E 1 5 f SCHLVRRAE  7E P Bl i
S R I W7 R T D3R T EL A T Y L I S
JE i SOHRRAE B R K B 43 A AR R (8] 56 &R 2
)RR AIE 45, BB B (A A 2t 400 0 TE vk U ) A UL B
UEAER WIS & T ah Ak MR SRR AE °] H 1T
I A 005 B Ak I A AR A0 B R JE & AU Y = Ak
TP ORI Sh A 5 MRT SCHL 4 By F0
W Ki-67 Rk MM A 3 AT & 30 8l 45 3 o 1% 803
FRIE 5 Ki-67 235K A 40 5, v 56 F 2 ik 0 (&5 ¢
FERFAE R NDA 432507 2 W00 88 Ki-67 Rk RER
BB, H AUC 9 0,919, BUSREE 45 5 B K o i
88.00%6.95.74 % F1 93.06 %0 ; Bk & 3 WM 8 ) NDA 43
ZE T 2K e 4 = 2] 0948 (H 5 B Al F ik ] NDA 432
MAEZE S G2 L, AR L HF Lin F0 B, fib
R Z 2% MRI 8353 B % LI Ki-67 ik ik
AT BA — 2 (8, v 2 25 58 5 2l ik 0 B8 8o
FROE WAL RE e fE . AUC S 0,873, U 97.8% . 4%
SR 86.9% , Jy /ANEAEN PEAY CT B4 5 40 B 4 BT AE
VEAR AT 958 9 B o0 AL AR B v A, R B CT 3% 58 3 ik

1 EG B0 3 43 b BAT fee pe R Rg S HE TR0 AT i s B 4y 1k
P BB B R S R S M B 43 81240 .66 X0 Fl 78065 5
A 5T 45 T A

SUHE B gL B SE B & UE 92 R B M, Fisher
FE T (POE+ ACC) BE A 1Y 3 £ J5 1 6 80 B AE F
A o 2 A R Y BRLAS o6 5 0 0k L AT R i sk gt
PRI i T BR AR BF A 41 SR T = B G 1 S0 e £ T7
o BCOREITEPAALE T RDAPCALAD J&
NDA 4 Fhar3 4325 7 36 F T H000 i Ki-67 £k R
B HIRLEE . & B NDA HI 5 Ki-67 =8 518K
R BE B Ad . 3 Bl 3 MR 541 YR H R N 6.94 % ~
18.06 %, H ¥k o LAD 43 28 J7 ik i H 58 15.28% ~
25.00 % . 5 RE A ST AH AL, B0 52 555 R H Bk 4 Rl
RO DT T 2 55 MRI S B4y B T % 50102
W7 T B b T /N I S 8 AR A5, R BT A T A
NDA 432577 1 09 F1 5 8 fig e A, iR % 8.306 ~
20.0% RS IR A S HE 3 Ry kA,
NDA 432877 1 55 51132 Wi i e 0098 5 B0 % e B 9Rd 1) 3%
el IR FIH Ny 8.82%~11.76 % .

H Rl A 2% 3 30 X0 AL CT 52 80 47 803 4y
Br o W58 R SO AR A 5 08 Ki-67 R IR RS M AH ¢
PEL AR S BT R B R S AR BB 4y A I A
Ki-67 ik WA BA —EMH. AUC N 0.75, B
67 %0 RS 755 Wu SN BESE o HE R CT 4L
PRRAE 5 9 Ki-67 RBREHM I, BT CT g ss
TIE A 2 B 900 A R0 4 26 Ki-67 1R Rk 5K Rk W
AUC 4 0.836, R 96.3%,75.0% . AW Bow
BT MRI S8 43 B 5000 98 Ki-67 26 36 R34 1Y 2 B
P T BEFEFFT 4B (AUC 24 0.922) ; 4 241 BF 5% 1) 0 ek
JE(88.0 %0) & T U SR 98 AR T Wu SE B FE 45 21 s 4F
SHRE(95.74 %) ¥ T X WA oE 45 0. X v E S AR
20K 2 MRI 038500, 5 A & CT A7 1, MRI
BUAGAR L 203 B8 T o R 4R 4IL O A O {8 Y SO B R AR
FH

ABIEFE W AEAEAS JE Z Ak - DA 4 hy B o [l Jost 1
WFST A T 3 M 2D, 7T e A7 7E — 2 1Y SE B M f7f s O &
IR AP AR RN A F IR 2 ol SR A B
S — LB E MRI 803 53 87 T 9 Ki-67 3RiA Y

25 F TR IR T 3 50 MRI S04 #7 52 AR Rl G
BT 40 g K67 2 380k 25 1 BT 5 7 2 sl ik
J7 5 S0 53 A A S A0 0 01 35 RE
5% 3k
[1] Chen W,Zheng R,Baade PD,et al.Cancer statistics in China,2015

[J].CA Cancer J Clin,2016,66(2):115-132.
[2] Zhao YF.Xiong X, Chen K, et al. Evaluation of the therapeutic



TS 22 92k 2022 4F 6 H 58 37 %% 6 ] Radiol Practice,Jun 2022, Vol 37,No.6

(3]

[4]

(5]

(6]

(7]

(8]

WS E T

effect of adjuvant transcatheter arterial chemoembolization based
on Ki-67 after hepatocellular carcinoma surgery[J].Front Oncol,
2021,11:605234.D01:10.3389 fonc.2021.605234.

Bai K,Cao Y,Huang Q,et al.Prognostic value of Ki-67 expression
for patients with surgically resected hepatocellular carcinoma: per-
spectives from a high incidence areal[ ]J].Clin Lab,2017,63(2);
355-364.

Li C,Zheng M, Zheng X, et al.Predictive Ki-67 proliferation index
of cervical squamous cell carcinoma based on ITVIM-DWI com-
bined with texture features[ J]. Contrast Media Mol Imaging,
2021,2021:8873065.D0O1:10.1155/2021/8873065

Liu W,Cheng Y. Liu Z,et al.Preoperative prediction of Ki-67 sta-
tus in breast cancer with multiparametric MRI using transfer
learning[ J]. Acad Radiol,2021,28(2) : e44-e53.

B, B L 4 3T DCE-CT 9 MaZda 80350 H7 35 R 76 %5
ST B LA s 7 e A (8 D e A S0 RE A B LT . ik O 2 S R
2019,33(8):847-851.

R S8R, WAl B, 46 36 T MR B4 5 &% 0 40 it 9 2007 B
SR AN AT ] HOS 558, 2019,33(12) : 1348-1353.
WO AR WAL AF R AT A0 T Ki-67 Kk
MLTT. s 5 4% 2 . 2018,27(1) ; 7-11.

Wu H,Han X,Wang Z,et al.Prediction of the Ki-67 marker index

B3R 42 T

[10]

[11]

[12]

[13]

[14]

[15]

733

in hepatocellular carcinoma based on CT radiomics features[ ] ].
Phys Med Biol,2020,65(23) :235048.
Szczypinski PM, Strzelecki M, Materka A, et al. MaZda

software package for image texture analysis[ ] ].Comput Meth-
ods Programs Biomed,2009,94(1) :66-76.

Zhu Y,Weng S,Li Y,et al. A radiomics nomogram based on con-
trast-enhanced MRI for preoperative prediction of macrotrabec-
ular-massive hepatocellular carcinomal J ]. Abdom Radiol (NY),
2021,46(7):3139-3148.

Zhang Z, Jiang H, Chen J, et al. Hepatocellular carcinoma: ra-
diomics nomogram on gadoxetic acid-enhanced MR imaging for
early postoperative recurrence prediction[ J]. Cancer Imaging.
2019,19(1):22.

TN BLIG B HE L AL CT SO AR 5 9 o5 3 Ak
FAEAFFE LT ] e PRI 24 25 35, 2019, 38(7) :1239-1244.

B3 H A 2R S MRI SO AT 450012 Wi IFAE AL T
AN SR A SE T [T B B AR AR R, 2018, 34 (7) : 1041~
1045.

Wide  BUBTAE M AE A5 S W ML MIRT S0H 530 26 590 I 6 555 41 ff
JoE R 2 e RS TR ) O (LT ). P AR B 2 2% 35 2016, 50(3) : 186~
190.

1

(s H W . 2021-07-11 &1 H 11 .2021-09-15)

Eﬂi» JL;\P]ZJ—_E)I'%

G fm] T ) A ) 10

EHRBIANRNEFER B, ERESFARALL . AR AEAFHRFFRIITERZ

(4

RITIRE B F %, fattF 518

Ei»ﬂmuﬁéfllb)”aﬂ z«w | AT B RO IR L F A, A R
J& & 3 BeE N B & A

n }:‘%3”5 5&%’”&5’&2}’\] ’
S B3 38 Jm VA 3R P ER AR ( fsxsjzz(@

163.com 2 fsxsjzz(@vip.126. com)-’J"v’EM'/}?%‘ RAVAANL(EERE)iE &, 5 41, &
F) I 55 A 027 —69378385/69378386 (AT =% M), b b E R A T B T Ik % 5,

HIEE A,
BAS = R EWA
(AT F E B )Z EE

AR E
FIR" R Ladad
e ESATRE,
BB E MR . O— 2 IEKR L.

B W sk BT R R S S ATEA

LT EF

HAEEME, BZ, P!’ib/fuﬂ'?iﬁi]ﬁ'ao W% # %) ISSN 5., i@ it

#7) #9 ISSN 5 2E47 9 74 ,

MR AL B B 17w R BB Y,
AR M 3k
BARBER B EE, KA T XKHS A QQ T RFMSE T
Bgw i AT R Es, OMELSESR
e RAEEZNFZMNENEEEEF AR EZE L R E— 8, 0K 5

'ao ﬁ‘iéﬁ *jﬂ{]

5 AP AP EAS W 35 A . www. fsxsj.net, #1532 & 5 : RadiologicPractice, W
AT AR — AN AR AR LA B )
— 8 %A W 3E A www. fsxsj.net(7Z & W 35 )5 & 2 net) , L4 %
M 3b R FE A A RGBT R G EE R WS B A R A

BEBEMNE, AR ERERNEAELAS B EFT"FH. AL

@ T A
015 B B R BT, M‘ﬁé\ﬁr%ﬁé
AR B T W B AR
M 352 TAZ R W 3k

3

ISSN BB R ¥ <& 14



