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Correlation between MRI texture features and Ki-67 expression in HCC XU Lu-lu,SHU Jian, YANG
Chun-mei.Department of Radiology, The Affiliated Hospital of Southwest Medical University, Si-
chuan 646000,China

[Abstract] Objective: To investigate the diagnostic value of texture analysis on ADC,DWI, and
T, WI sequence in the Ki-67 marker index of hepatocellular carcinoma (HCC).Methods: A total of 57
patients who underwent pathological examination were retrospectively enrolled. All patients were di-
vided into the Ki-67>>20% and Ki-67<<20% groups.ROI was manually sketched by MaZda software,
and texture features of DWI, T, WI,and ADC image were extracted. The texture features were selected
by Fisher,POE+ ACC and MI.The inter-group comparison was performed for z-test or Mann-Whitney
U-test,and the receiver operating characteristic curve was used to calculate area under curve (AUC)
value. The selected texture features between each sequence group were incorporated into the binary lo-
gistic regression model to screen independent variables and establish a prediction model. Sensitivity,
specificity,and AUC were used to evaluate the classification performance of the prediction model.Re-
sults : For the Ki-67 marker index of hepatocellular carcinoma,the ¢-test and U test showed that 20 tex-
ture features with statistical significance were selected by ADC,and 10 texture features with statistical
significance were selected by T; WI. The results of comparisons between the two groups showed that
there was no significant difference of DWI texture features.Bivariate logistic regression shows that S

(5,0) sum of variance in ADC, the sum of average, and energy of wavelet transform coefficients in
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subband HH with subsampling factor s-5 in T, WI were the independent predictors of Ki-67>>20%.

The predictive model of Ki-67 expression in hepatocellular carcinoma was established by combining S

(5,0) sum of variance in ADC with the energy of wavelet transform coefficients in subband HH with
subsampling factor s-5 in T, WI. The AUC, sensitivity and specificity were 0.795,90.3% ,and 61.5%,

respectively.Conclusion ; The prediction model based on the MRI could be used to assess the expression

of Ki-67 in HCC.

[Key words] Hepatocellular carcinoma; Ki-67 marker index; Magnetic resonance imaging; Tex-

ture analysis; Radiomics

H B iR y7 T XA 2 M 28 3 5020 ~ 602019
JH-98 8 E 3 AR N & I3 I R 5 52 3 IR 52 TRl
N R R AL D AENB 22—, Ki-67 &2—F
BETE BT X T e B RGO, AR S BR A 4 MY, Ki-67
I B B . Ki-67 B3R358 5 M0 AR K R % DA
K BIRYT I B A i SR Y Ki-67 Al 45 $RE
i S WL R AR I A AE I DL 2 R T AR A R
SRR BT TS F8 05 . S AR A A A R TS
VAl T B — 5 (B T 52 15 4 2 Rl 4% i 48 i g
R A= WA I, B WS g P R e 28 ek s R T 80 B AR T
DU P B oeg 283 0 0 s B 2RO L S B A 4 T
PEES AR B R BT MR 803 7 4E 5 8T 48 M AT
(hepatocellularcarcinoma, HCC) Ki-67 3 ik i 41 &
R

MRS

1. 191 ¢ et

A 2012 4F 1 A —2019 4 1 A#ii2  HCC Y
57 Hl A R B 48 ), 4 9 f] . S BEAE G SRS
4 Ki-67 i f5 8L 20 X0 1E il 5 53, 43 Kic67
ICFEE>20 Y F<<20 Y i 4l . Ki-67>20 % 41 & 30 4],
Horp 5 26 B, 4 4 B AFERE 28~73 B3 Ki-67<<20 % 41
I 27 ), Ferh 5 22 4, 4 5 AR RS 38~70 %, Al
g A p5HE O B 8GR 5112 5 HCC-HF 9 5 7 1 s
b 20 A 2 T3 A 5 TR D) B 4 BUbR A, 42 B A 42
/B0 24 G A TR 12 HCC; @ 310 2 Bt % 41
A5 B8 s QAN 4 JNAT MRI Kt . 9 1 HEBR b
HE - O ARFGBDFF A R A MRI E{% ; @ MRI K 25 1
17 8 ik #e: 2 F AR s oAb F R 35 s @ MRI 4 K & Ph 52

2. A Tk

MRI # £ % ] Philips Achieva 3.0T BUEf & # S
1o i AR AN, 16 3 3 A s B R B A Y
G Je ZH0 . hE T, W T80, Bl M 907, Sl ik 8k 2,
TR 1610 ms, TE 70 ms,)2J% 7 mm, 2 1 mm,4H
[ 176 X 201, ¥ BF 280 mm X 305 mm; %l i DWI ¥
5 B £ 907, B B 4, TR 934 ms, TE 52 ms, b

{EHL 0,800 s/mm?*, % 100X 124, EPI factor 53,41
B 280 mm X 305 mm, )Z/E 7 mm,/)ZEE 1 mm, F|
JH Philips(Extended MR Workspace 2.63.4) J5 & F T,
e 138 ADC .,

3. 80y By

e R ) 32 K & 1 ADC, T, W1, DWI ) 555 %t fi
K EL I A MaZda 80F . B JebrifE L R K
By, I 2 47 BE R B MaZda 30 78 9% kb fie K2 ifi 2
HEOGER X (] 1) 985 R MaZda #1F Y 3 FlvRAAE
PEPE T B 3% A /R S 8003k (Fisher coefficient, Fish-
er) JI/NIFEIR 25 5 B /N A 58 & B0k (Minimisa-
tion of both of both classification error probability
combined with average correlation coefficients, POE
+ ACC) F1#H %15 B B ¥ (mutual information, MI)
3R FE 10 DR ACFFIEAE . B0 1 24 i 30 > A
LR ES 5.

4880 5 o b

KHI SPSS 22.0 FAFHATG 200 . SCELARAE
O ZH R b 35 SR FH ¢ A 36 B Mann-Whitney U K 56,
22328 TAE¥FIE (receiver operating characteristic,
ROO) il 2 Jf i+ 5 i £ T 1 X Carea under curve,
AUC) ¥ B4 J7 5 21 6] Lo B G112 22 7 0 O3
fEZN A —JT logistic [ 5L Y k47 [ 742 & 5 2t Jf 2
SEFIMARAY SR F U R S L AUC (E R 34
MBI /2t fe. DL P<<0.05 A ERA G %R
X,

% R

ARFFE AR HIZ W HCC /Y 3 435 ], H
103 BlHEAT T MRI KA, 91 Bl 76 A Be AR AT 4 K
1T MRI K XF A9 91 1] 8 3, HEBR MRI K 45 B
A HE AT AR Y 32 Bl 3 e MRT 14 K& Ph 5%
BOVEM 2 HIERE A 5T Bl E . X T Ki-67
=>20% M Ki-67<<20% Pidl, ADC EIRH ¢ #:56F0 U
Ry 7R Fisher i3t i W] 22 7 A G it 8 X
B SCHEARME 10 4, POE+ACC ¥ 1 4~ MI ¥ 9 4, 3
200> S LA /NI 43 AT e 0% £ 23 Bt/ IN i R ARE B &R



T F 52 B 2020 4 9 A4 35 %45 9] Radiol Practice, Sep 2020, Vol 35,No.9 1129

o om e mms oo o e

1.0 e e
—
0. 84
0. 64 ’_I
m
® .
a0. 4
0. 24
0.0 T T T T
.0 0.2 0.4 0.6 0.8 1.0
@ BRE

1 MaZda %4 4 & HCC sk ROI SFR A BHIE =& B, E 2

HCC Ki-67>>20%# ROC W £,

B, v A Ay i U R BURE ) . AUC {E Sl
0.654~0.710;38 17K B 4 M (AT B FEAE ¥ ) vk LK
FEGAEYI S M), AUC {EAE B R 0.659~0.676 5 JK i 3k
A B ORI 22 RIS 5 A DG PE L 2200  AUC B i il
$0.651~0.695(F 1), T.WIEIRH ¢ %M U #
5 /R Fisher Bi g £ tH 4110 22 R A7 G it 24 LW
SUHARAE 7 4, POE+ACC # 14, MI % 2 4,3 10
AN o AL FE 25 %5 6 B P ) e R EE L AUC {E R 0,673 3817
KB B (T B K E AR S M), AUC (E 38 Bl
0.654~0.667; JK B I A= 3 B (R . AUC B3 [l
R 0.640~0.652 ; /)N i 728 He v iy 3 X A1 3 /N R R

logistic = )2 A & T ) 4 % 4 By

A 5, AUCTH N 0.653(5£ 2), « I U 5%
5 R DWI Q0 R E 7E Ki-67>20% 5 Ki-67<
20 P Il 22 R g it 2 i X

ADC [l X %50 Ki-67 Fric 48 B0m A & L)
SUHRRIEA 20 A~ T, WL A 10 4. DWI 0 4>, DL Ki-
67 A5 =>20% AL 30 MHEE N A Gt E
S R T e, ADC B H Y S(5.0) T 25
T, WI 1) S(5,0) FII A B s 45 %T # 43 ik /0N i 3R 250
it os5 X Ki-67>20% fi %, 2R A5 i¥E X, S
(5,0) F1J5 25 L B AR £ 43 /D I R BB i -5 [ B
K -SG5, 0) FIFE MR H B0, B8 3 Ki-67>20 %0 B X

%1 ADCE%H Ki-67>20%5 Ki-67<20%UHE LA ELEELH

LI AE Ki-67>20% Ki-67<<20% 71 P 1A AUC

Fisher
45T K EAEH G K 1.09E4+8.21E3 5.98E3+4.58E3 2.87  <0.01 0.676
13T RKEEHHE 10.9E34-8.20E3 5.96E3+8.20E3 2.85  <C0.01 0.676
B A>TNERAKEE 4 38.92(58.02,28.70) 57.04(81.30,41.65) —2.71 <€0.01  0.710
90° 4T K EAEH LB 7.26E3£5.30E3 4.16E3+3.10E3 2.74  <0.01 0.671
135° k& 4B 4E 35 4 M 562.731449.68 306.97+239.85 2.74 <0.01  0.667
S(5,0) F= 7 £ 371.69438.21 344.24441.56 2.60 0.01 0.692
45° R EBAEH G % 567.72£462.29 308.63+236.65 2.72 <0.01  0.659
90° & B AEH 4 K 458.02+365.82 252.59+191.14 2.72 <0.01  0.667
"R ERAEH G 471.264374.43 259.344-205.69 2.70  <<0.01  0.664
S(5,—5)FaF £ 346.15448.58 312.05452.00 2.56 0.01 0.695

POE-+ACC
BMEA>EDRRAKRE 4
MI
S(4,4) FaF 75
SMEAS TR RABRET 2
SMEALS TR RAIET 3
S(2,0) £ %
S(1,0) £ ¥
B EAN> TN AKET 51
S(1,0)48 % &
S(5,5) e F F
SIS ET KRBT -3

224.20(287.60,182.71)

101.28(108.98,94.05)
22.20(33.43,19.66)
85.15(118.29,72.03)
0.73£0.07
0.52£0.06
5.55(8.80,4.92)
9.93E—1(9.94E—1,9.89E—1 9.91E—1(9.93E—1,9.88E—1) —2.019  0.04 0.656
99.56+8.74
5.35(7.58,4.18)

257.33(301.70,235.85) —2.32 0.02 0.676
98.96(103.30,87.29)
26.45(42.53,23.68)
103.22(142.54,91.53)
0.77£0.07
0.5540.06
6.81(10.23,5.69)

—2.02 0.04 0.656
—1.98 0.04 0.654
—2.61 0.01 0.702
—2.063  0.04 0.653
—2.072  0.04 0.654
—2.067  0.04 0.660

94.09410.13 2.189 0.03 0.651
7.56(12.19,5.39) —2.387  0.02 0.685

E SR THRERR T B2 RINES T A e A SO RK, A AT a0 5EH (A0, (0,A) (AA) (A, —A)Fe 5 3B
BA=BBLEZMN 1.2.3.4.5, s—RAMRF, EEA0HFTHAARIFELZR T HESFFHAPEK(E, TEHEH) AT,



1130 T 52 B 2020 4F 9 A4 35 %5 9 ] Radiol Practice, Sep 2020, Vol 35,No.9
%2 T,WILH Ki67>20% 5 Ki67<20%U A E X MABERELH
LA AE Ki-67>20% Ki-67<<20% Z"Z%{ P {4 AUC
Fisher
135° TR KEEH B 8.56E3(17.17E3,3.39E3)  4.82E3(8.45E3,2.26E3)  —1.99 0.04 0.654
A5CATRKREAEY B 10.64E3+8.05E3 6.33E3+5.26E3 2.42 0.02 0.656
00T REKEEH H B 7.12E3(13.83E3,2.78E3)  3.82E3(6.50E3,1.93E3) —2.16  0.03 0.667
S(4,0) A= 35 14 65.16+0.85 65.7440.92 —1.97  0.04 0.652
S(5.5) A= 1H 65.601.29 66.424+1.31 —2.38  0.02 0.651
S(5,0) F= 314 65.310.95 65.9941.05 —2.57 0.0l 0.646
S(3.0) A= 1H 64.980.75 65.4540.77 —2.35  0.022  0.640
POE+ ACC
BN A>ETNERKEET 5 82.40(112.88,45.22) 55.82(76.86,34.78) —1.98  0.04 0.653
MI
A 4% FE 0.72(0.86,0.55) 0.48(0.80,0.37) —2.24  0.03 0.673
S(4,4) A= 3414 65.46+1.15 66.15+1.15 —2.28  0.027  0.647

%3 HCCKi-67 % B % # logistic 7 247

il B S.E Wald P OR 95% CI for OR
S(5,0) A £ 0.024 0.010 6.158 0.013 1.024 0.959~0.995
S(5,0)F= 3418 —0.704 0.348 4.089 0.043 0.495 1.022~3.998
B A FT DR BRKEE s 0.017 0.008 4.208 0.040 1.017 0.967~0.999

W b v (22 3) . M S(5,0) FJT 25 .S(5.,0) FIRIME . 5
SRR A a0 /N D R B B -5 8 ST A AL o A )
3 191 0000 ABE 52 55 2005 9] 55 B Ki-67 1 Bl i#E47 ROC i
i, AUC fH°M 0.795(0.680~0.910) , & E N
61.5% FF5F BN 90.3% (F 2).

o

SUBR 53 BT A2 A8 I B 7 B4 EUS h R R K
JIE A S8 R A5 B SO AE T 2 T A A e k1 S
PEST L iR S HR AR 43 B RT DA BRI O iR = 4k 5 1k
SERI EEEE BT, Ki67 J&—Fh AR [ B R fE 3
B A1 1 200 B A 5 ke R 3 A S B B A S Rk
Wt AT S A Ki-67 Bl By 4n i, v LU Ki-67
PRICTE R . A BEITGE Ki-67 BHPE 4 L 48 % e T
Ja 2 4R e v T AR IE B AL AU B R, Ki-67 A
ICHRE<<50% B E MY 5 F A7 % 49%, Ki-67 Frid
FEE>50 % BAE B 5 AEEAE RN 16 %, B K Ki-67 4
ICHRBURE Y 5 A AE R AR

W HLEY ADC FiT MRT 3 58 0] 1 E 0% $2 (17 9 (5 /Y
0 AP S5 (2 S R e i 9 Vs A 11 25 1) 43 A7 2% S AE
WHY, B Ib, Ha 25 581 58 38 1 F) H ADC & Al
MRI 38 35 20 [k 3 B8 149 3D 7 ARTE 28430 A 1 1 07 R S
HSHL EME HCC Ki-67 ) RARE; 5 R B R &
ADC B Ki-67 f5 i 78 BB AR i 41 3508 L b A7 5 &%
5th .25th, 75th.95th 1Y H /3 £ 4 Ki-67 bric 48 4L
B AL, AUC fHYE A 0.69~0.82, AHFFT 4,
F RS R Kic67 fric i >20 %0 5 <20 A &
SCHY SO S B AL AR /NI A BT IS AT R R A I K

oA B A, b /N A BT v i e AR A A3 D DR B
AEf s 4 (AUC AR 0.710) | = 30 3 B0 5/ I R 4Rk
It s-3(AUC R 0.702) 7 B m W2 Wi i (i . AW 5%
Ho RGN U K50 25 5 R DWIT ERH ) 30 il
SRR Z M AN AEAEGE T2 25 5 X A e J2& A DWI
EMGIEFE T, WI By SE Al it in 7 — A4S SO A B2 47, I
R AEE T T.WIES My 85 E. ADC {H A4 g K
IE Wb K Ay TP O R 2 R, DWI A 4
IS WER M T2 T, WLES M,

I FH 5218 AR S 43 B 35000 45 Fh M g Ki-67
B ic 48 B A . BB A% A I PR R 15 A B8 TS ik
B S MR YT i LT £ {5 B, Holli-Helenius
SRR MRI SCHL A7 500 A RS B AL 7L R 14 4
T A Je Ki-67 ik, Hovb ik B 36 A S [ 20 B4R AE h
RIS A7 235 Ki-67 brid #8 B o2, M T
Holli-Helenius B 5 B 2L B 5 kb, A 0F 58 —5C logis-
tic MIH 25 R B 78 ADC El iy S(5,0) F 5 22 LA )
T2WI H 9 SC5,0) FII(E | i 4% £ 43 5t /1N il 3R KR
B 55 J& HCC Ki-67>20% By s s Wi [ & . Yao
LS T BT 2B H0E A R HCC 2 &
Il PRAT A T £ 5 5 40 A R e . WF 92 T 3 5 TS AR
KRIRIE AW IR ie Y, Wi p A EsE T & 1
(programmed cell death protein 1 ,PD-1) .Ki-67 $1Ji
AL A2 A0 5 L AF 52 8 7 1 K E AR IR K B+ g g
PGRASEHY IR BE + P AR R BE 00 ASE A, L e R+
SRR R R Rl R T I A R e B AR TR A 1 T BE T
U Ki-67<725% 5 Ki-67=>25 % R E R 95 %, 4F
SHEE N 91% . AUC 4 0,94, 3E B 1 56 T8 745 s vk i 4%



AT S EE 2020 4E 9 A4S 35 %45 9 ] Radiol Practice,Sep 2020, Vol 35,No.9

FIURS B RS 0 5 A5 41 4 R A 43 BT B0 HCC AE 9247

R AT MR S . ARBFRGS ADC Bl i S(5,

O M 22 K T, WT Rl S(5,0) FIEA{E | 755 45 %) £ 43

/DR o5 E T SR A A WU LAY, AUC A

H0.795, RIGUE R 61.5% FFF BN 90.3% . AW

MRI V497 51 52 AR 41 2= B R 2 W Ki-67 R A FE B 1Y

RAEHL Yao 555 HE ST 19 22 S B0 75 BUR R 1R A1 2 45

AL, HFARFRANEBEKAS T T,WIL.DWI, ADC K )

AR 22 R . 2 S 508 75 5 B A 5 X TIFE i HCC

Ki-67 2352 278 MRI B4 M i, 75 2 F — 2 i

FEHVT . ABFE EERECT MRIEH 78 BHR 17

SUHLHT MR T B A 8 MRIL JE 36-F- 3 MRI 7848

REHEBE AR 2505 L BETT & , A FE e EL R

oA B BIVE D  BT LAAR 3 MRI S35 51 4 20 3143 #r 3

AR,

AW GRAEAE VLT R BR 1 Q40 A9 il A i 45 /0
XA LATE 4 o 0 | BE 1k 55 3 i 5 vh ik — 20 8 RAEA
1 @ik =z Zrpuext Biks . HEr 2 oG E g It e
A B A S e = 22 IR 8 AR B IE s O A5 B
FEAUESEHG 3 MRI (9 B 77 B 53 B0 A B F R R PEAG HCC
(9 B e 7L i HCC MR R4 25 Ki-67 £k A
—E A, X AT fE TG BT MRT 1 58 (8] 1% 43 B 16 PEAG
HCC Ki-67 £ik @ik L HA — &Ml AR
XF MRIEHF3 F i ADC.DWI, T, WI 55 #1753
BRI 5 o A X 1 5 GG AT B 5, T LAAE R OR I B 5 oh
HEAT RV s @A FE 2 [l B 3 B » W] B & 5 30— I
13 s © A I AR ] — 4 R AR AT 70 B AR T =
A R 53 AT AT RE S B A E B
5%

[1] Lim KC,Chow PK,Allen JC,et al.Systematic review of outcomes
of liver resection for early hepatocellular carcinoma within the Mi-
lan criterial J1.Br J Surg,2012,99(12):1622-1629.

[2] Ng KK, Poon RT. Radiofrequency ablation for malignant liver
tumor[ J].Surg Oncol,2005,14(1) :41-52.

[3] Rossi S, Garbagnati F, Lencioni R, et al. Percutaneous radio-fre-
quency thermal ablation of nonresectable hepatocellular carcinoma
after occlusion of tumor blood supply [ J]. Radiology, 2000, 217
(1):119-126.

[4] Ariizumi S, Kitagawa K, Kotera Y, et al. A non-smooth tumor

margin in the hepatobiliary phase of gadoxetic acid disodium (Gd-

EOB-DTPA)-enhanced magnetic resonance imaging predicts mi-

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1131

croscopic portal vein invasion, intrahepatic metastasis, and early
recurrence after hepatectomy in patients with hepatocellular carci-
nomal J].J Hepatobiliary Pancreat Sci,2011,18(4) ;575-585.
Zhang B, Tian J,Dong D, et al.Radiomics features of multipara-
metric MRI as novel prognostic factors in advanced nasopharynge-
al carcinomal J].Clin Cancer Res,2017,23(15) :4259-4269.
Ng F,Ganeshan B,Kozarski R,et al. Assessment of primary color-
ectal cancer heterogeneity by using whole-tumor texture analysis:
contrast-enhanced CT texture as a biomarker of 5-year survival
[J].Radiology.2013 ,266(1) ;177-184.
Murakami K,Kasajima A,Kawagishi N, et al.Microvessel density
in hepatocellular carcinoma: prognostic significance and review of
the previous published work[J].Hepatol Res,2015,45(12) :1185-
1194.
Aoki T,Inoue S, Imamura H,et al. EBAG9/RCASI expression in
hepatocellular carcinomal J ]. Eur J Cancer, 2003, 39 (11):1552-
1561.
Davnall F, Yip CS, Ljungqvist G, et al. Assessment of tumor heter-
ogeneity:an emerging imaging tool for clinical practice? [J].In-
sights Imaging,2012,3(6) :573-589.
Kumar V,Gu Y, Basu S, et al. Radiomics: the process and the
challenges[J].Magn Reson Imaging,2012,30(9) :1234-1248.
Singh S, Hallet J, Rowsell C, et al. Variability of Ki-67 labeling
index in multiple neuroendocrine tumors specimens over the
course of the disease[ J].Eur J Surg Oncol,2014,40(11):1517-
1522.
Li HH,Qi LN,Ma L.et al.Effect of KI-67 positive cellular index
on prognosis after hepatectomy in Barcelona clinic liver cancer
stage A and B hepatocellular carcinoma with microvascular inva-
sion[J].Onco Targets Ther,2018,11(10) ;:4747-4754,
Yu HC,Cheng JS, Lai KH, et al.Factors for early tumor recur-
rence of single small hepatocellular carcinoma after percutaneous
radiofrequency ablation therapy [ J]. World J Gastroenterol,
2005,11(10):1439-1444.
Hu XX, Yang ZX.Liang HY,et al. Whole-tumor MRI histogram
analyses of hepatocellular carcinoma:Correlations with Ki-67 la-
beling index[J].] Magn Reson Imaging,2017.46(2) :383-392.
Holli-Helenius K, Salminen A, Rinta-Kiikka I,et al. MRI texture
analysis in differentiating luminal A and luminal B breast cancer
molecular subtypes-a feasibility study[J]. BMC Med Imaging.
2017,17(1) :69.
Yao Z,Dong Y, Wu G, et al.Preoperative diagnosis and prediction
of hepatocellular carcinoma: Radiomics analysis based on multi-
modal ultrasound images[ ] ].BMC Cancer,2018,18(1) :1089.
R T, S8R H L WRAE I 5+ MR K758 BRI 4H i 5 27 18
SRS AT (D] O 50 B 2019, 34(12) 1 1348-1353.
ClcH H 91 :2019-09-02 & [ H 18] : 2020-01-07)



