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[Abstract] Objective To investigate the value of radiomics model based on mp—MRI in predicting Ki-67 expression in rectal cancer.
Methods The clinical data of 97 patients with rectal adenocarcinoma in Anhui Provincial Cancer Hospital from January 2016 to July 2023
were retrospectively analyzed. Preoperative routine MRI and IVIM-=DWI were performed. According to the postoperative pathological Ki-67 ex-
pression status, the patients were divided into the low expression group (n=64) and the high expression group (n=33). Three different sequences
(High resolution Ax=T2WI, dynamic enhanced balanced phase Sag LAVA-FLEX and IVIM-DWI) were used to extract 3D radiomics texture
analysis feature parameters. According to the ratio of 7: 3, they were divided into a training group (n=67) and a test group (n=30). The training
group was used for feature screening and radiomics model establishment, and the test group was used to verify the reliability of the established
radiomics model. Pearson correlation, SelectPercentile and LASSO were used to complete the selection of the best predictive features. SGD,

SVM and LR machine learning algorithms were used to construct the models based on the radiomics features, respectively, and 10—fold cross—
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validation was performed. The receiver operating characteristic (ROC) curve was plotted to evaluate the efficacy of the model in predicting Ki-

67 expression level in rectal adenocarcinoma, and the Del.ong test was used to compare the area under the curve (AUC). Result A total of 5
622 radiomics features were extracted from high-resolution Ax~T2WI, Sag LAVA-FLE and IVIM-DWI (b=800 s/mm®) for each patient. Six ra-

diomics features were selected as the best predictive features to construct the model. The highest AUCs of SGD, SVM and LR were 0.867,

0.853 and 0.884, respectively. The accuracy of SGD algorithm was 76%, which had the best prediction performance among the three models.

Conclusion The multi-parametric MRI-based radiomics model has certain value in preoperative prediction of Ki—67 expression level in rec-

tal adenocarcinoma. SGD has the best performance in predicting the expression level of Ki—67 in rectal adenocarcinoma.

[Key words | Ki—67; Rectal cancer; Multi—parametric magnetic resonance imaging ; Radiomics ; Machine learning

B 9 (rectal cancer, RC) J2& 4 BRI UL A9 WA i
Jo 2z —1 R R 2 RN B, 2 B0k B E R i
W BE TS AR AR, A R E W
BTG B 25 0 SR R S ORG o T EE %) TI0I 8 A et
T R B A= 1R 5 5 & RS Rk BB BE B PR YR YT
W R O . AR A 3 B P R (Ki-67) J2& DAl 4 At 3 58
MY H SRR AR, BRI AR G1.S F1 G2 Rk, i
TEF IR GO AN FRk X UL Ki67 e Hh e 4 4 iy
ARG RO . Ki-67 J& B 8089 RC Hr Fim fifig
KA RS RS AR, HmRiE 5 RC 1R 78
PEFIHUG AN RIS

B Ki-67 B RRRE EEARGE FARJGHEAR
ol ZE R R Ll 2 e g L AR A B AT — 2 B A B
s JE T AR A A AT R AR T R
HRRE PR SC IR S RN IR 1 A R A
RN TR MR R, BT, R4 O )
12 T Iebed e R0 43 2 AT e 2 R B ST UE
TR SRR T REAT Bl ToRb ST L R A 0 M DA A B
[ 98 SE T KRAS 2R3, 7R AT X 73 58748 Y K B A
Y KRAS"', 55 SN PEA At g 2 AL B8 A5 a0 itk B2 25 %%
AN A R R S RN (- R N 1 g = R
R £ 2% MR1 (mult—parametric MRI, mp—MRI)
G A2 REIE S H e BB Ki-67 FRIA/KEZ A1y ¢
I, 3 BERRAE I ML 2% > S b T A 78
RENS 76 T AR A0 W0 B e B Ki-67 RiBIRE, Mk
PRIGTT S R B AL RIS

1 #RETE

L1 —fgeRl BRI 2016 4F 1 H & 2023 4F 7
F A R 2 R R 22 B T 5 — B e v X (LB I
JeE = e ) 180 L2k B i 1) BB B I R DR o 4 A
#E - (OMRI K2 76 AR N 1T ; @ R SAT ] g iR
7 SOHT A B AR YT 5 BT R Bl 28 i 2 40 B 25 2 B
o R o HEBR AR « O I JH Al i s s s @BE A K
£ Wil S5z 2 Phst S B0 A T e 22 s kN, T
AT EOSHR IX (region of interest, ROT) &) I ; @)k FH 4]
AURAT Ki-67 M iE b il . AN ALF G AFHE

BRARUER 97 BB . A B TE 7:3 4y il 2k
4 (n=67) FHHA A (n=30) , 53 AR S G D5 1 55
b o, T I R 2 5 1 41 B, Lotk 26 1, T8
(59. 89+10.93) % s A ZH 5 14 19 9], Lok 11 9], ~F- 4
(61.70+12.13) % . A5 A KBTS 23 HbiE &
SO :2024-YXK =03, T A5 2 (0] B 1 A
G, TR TR &

1.2 K#&Hk fiH%EE GE Signa HDXT 3. 0T # %
MRI MLIEA T2, Bl 28 8 38 38 (AR Torsor AT FEL
MR & 25 i 225K R AR B 4~6 h, JEAE R A i LY 4 5
TIRZR B 500 20 mg, LA /b B i sh by . Bk A
RML, B . P4 MR R 7 S0 SR Bl s TIWT Rl
0 SRARAL AR AL 5 43 B T2W, HAR 9 208
F,OTIWI 2% :TE 7. 2 ms, TR 500 ms, FOV 32 cmX
32 cm, JZJE 6 mm, 2 8] fF 2 mm; Q@T2WI 2% . TE
109. 1 ms, TR 3 500 ms, FOV 24 ¢cmx24 c¢m, ]2 3 mm,
o)z B . IVIM-DWI 24§ : TR 4 000 ms, TE 75 ms,
FOV 42 cmx42 em, JZJ5 4 mm, )2 58 1. 0 mm; #4587 51
SN = A AR PR R OB B RT3 TIWI (liver acquisition
with volume acceleration—flexible, LAVA-Flex) : TR 6.3
ms,TE 2. 0 ms, 25 4 mm, FOV 38 cmX34 cm, JeR4E 1
V4,10 s J (50 FH sy TV S8 i 3 00 B 0] 2L Mt 1%
i 0. 2 mmol/kg, Jit KA 2 mL/s , 76 A0 [R] F4) s 8] [5] B P4 2
S ] — RO, LT3 7 W

1.3 SPARAFRHERI im0 Ax-T2WIL ) 54
5 7 7 ] Sag LAVA-FLEX Al IVIM-DWI (b=800 s/
mm®) [E {5 LA DICOM #% X 5 A ITK-SNAP #f (Ver-
sion 3. 6. 0, http://www. itksnap. org) , HH 2 %4 B 5 4F
DL b MRI 12K 2856 A O R 12 052 2 4 i e 320 25 /) 1
ROI, ROT £ & 272 IRFE A 0 DX o 8 s 4 R A
ROI & A PyRadiomics A% (Version 3. 0. 1) #E475212
HERRAE BRI, DI 1, 2H P A OC &R 8K (intraclass
correlation coefficient, 1CC) o E4FAE () 7] 8 &2 1

1.4 JRES-T MRIK A 2 J N A B & B4
B WA R BEVIBRAR o 85 T ARBRAS 220 F eI 0 I 5
48 h LM LUBioK (i B RIS, SR 5 I H] A i fu, 2 )
FVHE B0 s 1H 55 B 20 B AT o5 4 S 8y o3 EL D



5 45 55 6 ]
2024 46 H

v BB
Anhui Medical Journal 689

3D

T G0 X I 2 A I EOGER X, LT ikt = 4R . 1A-1D: = 733 Ax-T2WLTF 41 ;2A-2D : 2l 53 58 - 1] Sag

LAVA-FLEX ;3A-3D:IVIM=DWI(b=800 s/mm*) J¥*31] .

1 HWlE B RO1A) s 2 #

A Ki-67 HiFHIE R . AWFFEARIEA A Ki-67 RikH
FREE(T0%) , H5 f# r A IRRIA A (Ki-67<70%, n=
64) 5 A4 (Ki-67>70%, n=33).

1.5 ARAFRB GBI E /1 Python (ver-
sion3. 6. 0) X 3R AT (4 5 AR 20 54 R AE AT 43 B By A
YR ZH B TR 07 2 R N7 AR A 2 B A T2
T UE i A ST AL T REE o R UL TR ARAE Y Pear-
son Correlation , SelectKBest FIEEFEH T [7] 9 (least abso-
lute shrinkage and selection operator, LASSO) 5¢ il . 1M
J5 T RAR A SRR AR5 I BEAILES B T B (stochastic gra-
dient descent, SGD) . 32 #:F [n] 1 #L (support vector ma-
chine, SVM) Fl3& #5 [ 5 (logistic regression, LR) HL#F 2%
2 BRI AR A AL, IR 10 238 SRk
AT R AR

1.6 SEilaeyk fliH] SPSS 26. 0 FAFHATHE 2455
Bro FFEIESI T REEE R s KRR, R I S7RE
A o K AT LRI A, ANPGRS AT R R T M
(P, P.s) , K JH Mann-Whitney U ¥ %6 7E 47 41 1] Ho 45 .
KM R AU KA R 22 5 . RIS TAER:
fiE: (receiver operating curve , ROC) i £& | #5 1 i & F0 e
5 M £ 73 B (decision curve analysis, DCA) Sof A5 00 47
PEAL . B2 i FR (area under the curve, AUC) %%
FH DeLong #6565 o 7 FH A v lh 2 1Al 52 1 4 27 A B 1Y)
WG B, 318 1L Hosmer — Lemeshow 656 P4 H 5 52 bR

225, DL P<0.05 NESASIE L.

2 #R

2.1 UNZRZ S50 H £ 5 I R A He g 36 97 (i
i B 2 W) FRE A7 B SR N AR 5, W4 B A ) ik 2k

GORHILER, 227 TG (P>0.05) 0 WA 1.
R IGA RN B R R B — IR A R

- PlERzN M wiztl P
(n=67) (n=30)
P90 (f51]) 0.040 0. 841
41 19
L 26 11
IR () 59.89+10.93 61.7012.13 —0.726 0. 469
Jibggd Ao 5 (6 1.765 0.414
f=EA 14 10
LA 28 10
(A 25 10
Jie e G 1 S 4.50 6.00
(cm) (2.65,6.60) (2.98,7.13) 1% 0108

2.2 Ki-67{RRIEH 5 i 3R IA 4 A Ih R RAAE L 3K
XF L Ki-67 RERIA 45 i F R A ) B LA WE Rt | 22
STHG2E R L(P>0.05), WLEE 2.

2.3 HPLEABRFHETELE R RN AR
O3 P Ax=T2WI . 3 75 3% 3 Sag LAVA-FLEX FIl IVIM-



690 NS LT 22 MRI

AR A LR 27 I B 5 B Ki-67 kA5

545 &5 o
2024 4 6 H

&2 Ki-67TRRAABETRIEZAEMBRESE —RIGKRZR

3Ttk

. k=it [oESEyi
i (n=64) (33~ OZHPR
PER (1)) 0.067 0.795
5 39 21

L 25 12
AR (%) 59.45+11.31 62.39+11.14 —1.220 0.226
Jioged o7 2 (f4i]) 3.438  0.179
L 14 10

S REA 28 10

Az 25 10
Ji e G 1] 3 5.00 4.50

(em) (2.73,6.40) (2.80,6.45) -1 0%

DWI(b=800 s/mm?)3 F & 5] rp #£ B 5 622 1~ 215 41
SRR (TR 1 874 DNHRAE) , A0 4% — IR 1IF 1
080 1~ LU BHERME 1 440 A~ WK I WA RS 840 A~ K i

Lasso €V

Lasso Path

PR B SCRARAE 960 1> 58 BERHIE 960 A ARSRIK BE
94 300 N KB ARFFAE 42 o B BR 52 AR 4 F FRIE(E
Pearson A ¢ R B4 X HH >0. 9 HYEFE, T4 1 090 4~4F
I 5 BRJ5 3T SelectPercentile #HE47 BAAR - 1 , 8] 4% 69
ANEAE 5 ] LASSO [0 07 52 BUAFAIE [ 4, i 215351 6
A LA SRR T A @A A 2 R, oy Ak
H 2 2558 Sag LAVA-FLEX , — 3% H & 4> 9 Ax—
T2WI, —/~3k H IVIM-DWI(b=800 s/mm?®) , L3 3]
2, VA Z @57 B9 Rad—score=1. 914085652Xlog—sigma—3—
0-mm-3D_firstorder_Kurtosis+1. 540720922X%log—sigma~—
3-0-mm-3D_glszm_SmallAreal.owGrayl.evel Emphasis+
1. 454092951 Xoriginal _shape_Maximum2DDiameterRow—
1. 498087554xwavelet-HLL_glszm_HighGrayLevelZone -
Emphasis—1. 429218429wavelet—LLH_glszm_ZoneEkn -
tropy—2. 247474844Xlog-sigma—-3-0-mm-3D_gl -
szm_SizeZoneNonUniformity o LA 3.

! L 1
N [ ]
—1 [
Loallambadal Loallambda)
A B C
T A. LASSO B MERH 223145 8] ; B. LASSO JRA2 18] 5 C. LASSO #5544 7 14
B2 BT LASSO RS 4 2 e e £ 7
train test
[ ] I o
-1 4 =1
10 4
51 o .___-IIIIII
: il g I
S o " g
g 1L g .
=5 4 -6 4
=101 -1
=10 4
5 w20 m 4 = e ; : 10 = 20 2 A

A

B

T« A VIR B B0 AR AL 00 s B AL B 0 BB AR L A . 2L @AURIRR IR AL, i AR R RIA L.

=3

2.3 MlawsE B fd B AL R [ (stochastic
gradient descent, SGD) | 32 ¥ [1] & #L (support vector ma-

chine, SVM) F13% 4 [7] 5 (logistic regression, LR) = Ffifll

INZRALFIIR L B AR 2 YD 53 3 Al

s S BRI ST R A 2 TONAR R, R 2Rl
i R 3 ML SF S B AUC 209k 0. 867(95%Cl :
0.777~0.957) . 0. 853 (95%CI: 0. 76~0. 945) } 0. 884



W45 BH o O B
2024 46 A Anhui Medical Journal 691
£33 ZHERBHORMHEEFTMFE
igll FEE AR

BNASIESRT-#710] Sag LAVA-FLEX

log—sigma—3—0-mm-3D_firstorder_Kurtosis

log—sigma=-3-0-mm-3D_glszm_SmallAreal.owGrayLevelEmphasis

o Ax-T2W1
IVIM-DWI(b=800 s/mm?)

original_shape_Maximum2DDiameterRow
wavelet-HLL_glszm_HighGrayLevelZoneEmphasis
wavelet—-LLH_glszm_ZoneEntropy

log—sigma—3-0-mm-3D_glszm_SizeZoneNonUniformity

(95%CI: 0. 803~0. 965) ; R & 43 5 A 91. 3% .78. 3%
K 86. 9% ;i 5 BEAr M 70. 5% .81. 8% K 79. 6% ; i
M2 K 77. 6% . 80. 6% K 82. 1%, 18 ik 4 rh
AUC 43 5 M 0.845 (95%CI: 0. 697~0.993) . 0.735
(95%Cl1: 0.527 ~0.943) & 0.775 (95%CI: 0.588 ~
0.962) ; RELE 9N 70% . 40% Ko 60% ; 45 5F 5 43 )
g 80.0% . 85.0% K 80. 0% ; Ui i £ 43 %~y 76. 7% .
70.0% K 73.3%. TEMRZHH SCGD Hikikis T 76%
FIHERRR ,AUC i 0. 867, B n T B = A TR BE , 76 3
AR v SR R B o R I 2 3 B e AR AR (9% A
55 bR A ] HAT b i — Btk . L3R 4,81 4.5,

Radiomics Receiver Operating Characteristic SGD

130

ot

000 023 075 100

e UNGRA (IELR) , Mt (428 .
4 SGD TR IZR] K2 T B i A ged B K-
67 IR ROC i

3 itig

Ki-67 J& 2 35 (9 Mg bR s 9, 2 5 20 it ) 300 3
B R IR R IR A 2 T Y 4 R RN AR 2R
PE FE—TYHA 6 180 fil RC 34 B Meta 20 #7H,
Lou %" & Bl RC B4 W Jo AL A 0T S AE A0 S Ki-
67 IR B UM G, Ik, 7F RC B2 W 697 Ffil5
W R ET AU Ki-67 #ik K7 HA 28 S (e B
65 DR SR ey B, TG 32k 4 T S e b 8 A4 Ki-67 Rk 5
B o mp-MRI#7IA R RC ARAGTIFAL ) B Al FE 07 02—,
SUAR 20 2 8 ok AR ek B AR B, T DL AE 4 20 PR
227K T G 72 4 Ak T B B 0 50 08 1t s 988 A £ S

Radiomics Calibration Curve SGD

True probability in each bin

0.0 02 0.4 06 0.8 1.0
Predicted probability

B 5 SGD AR LR K P2 Tt e i e £ 3 K-
67 AR AR L AR FR RS I T 24

x4 IGHERNKAE RIS HREE

i H AUC(95%CI) RPE (%) Fi57% (%)
LR

YA 0.884(0. 803~0. 965) 86.9 79. 6

R ezl 0.775(0. 588~0. 962) 60.0 80.0
SGD

g4l 0.867(0.777~0.957) 91.3 70.5

Mik2H 0. 845(0. 697~0.993) 70.0 80.0
SVM

YLkl 0. 853(0. 76~0. 945) 78.3 81.8

il Fmwzl 0.735(0. 527~0. 943) 40.0 85.0

¥ :SGD, BEHLEREE F R SVM, Y R; AL LR, 2 8 0]
AUC, Zik# TAEMZ T w A L A X
Fitk fRZEPEN . R, A A mp-MRI Hg =
FE P I KA P BOE R A A FEE, F BRI SGD .SVM
Jo LR WLARA 2 S35 53 S RG A Pt ABE A2 75 A i S L
o B Ki—67 23k /K, Al Xt b 3 AL 7% 2 ~J 45
() T AL R

FEAERFSE BoR , 56T mp—MRI 1Y BL 5 20 24 1l LA T
I Ki-67 £F KL Lo Jifogd v () 223K, B An sy 51 B 9is LR &
Qe JHF PR RS g AT a5 AR A 2 O B
i Ki—67 Lk 58/0 . AW FE RN RC BEAR
il mp-MRI 1y 3 751 rh L8 6 52 AR 4 2 S L il



55 45 B 6 40

IR T Z 2 RMRUEZ QA AR AL AR S K 5 B8 Ki-67 2k A SRk

692

2024 4 6 H

DRRAE o G v o 2 A9 R KR DX R /N R R AR
(GLSZM) , 43 il J&: i 2h 25 3458 V- 7 3] Sag LAVA-FLEX
$2 B 1 SmallArealowGrayLevelEmphasis (SALGLE) Fll
HighGrayLevelZoneEmphasis (HGLZE) , & 43 #f Ax-
T2WI # B ZoneEntropy (SE) , IVIM=DWI (b=800 s/
mm?) HEHL SizeZoneNonUniformity (SZN) .

SALGLE Fl HGLZE 43 5% /I Th AR B 2 IX 1l i
R K 8 DX 58 3 5 5 SZN 26 7m Rf K s AE 44 49 1
{EASAIR 7R K/ X SRR RGBS 5] . ABF G Ki-67 1)
55 SALGLE 2 IEAHXIN S HCLZE 2 fAH 3¢, X il
B 5 Ki-67 B2 KF 5 RC LRI SRIL TR A X, &
FE IR YL AR B WAL 5 [R) Ao e 8 A8 2 K/ X IR R
RSP & . BFSE R, RC b 41 2L BE I BR R
ZE PR, AR A NS F B H A5 L R RTE , )
T R AS B SR AR M A A P, Ki-67 1R 2k 4 i
DL THE R R L0 AR B AR, PT RB R H T R B A 0 R R
S A BT T 5 [R] B O 1R 2Rk 2 R/ XS AR R Al
s R K o R D e o N P B A= Gl Y R e e
Ki-67 13 ih 4 75 N SO ) MG SC AR Y S R
RURSCHEASE 2%, SARMI R 45 2, A s ek 4l 7
B PN T S R R

HLAR 2 2 I AE R EL )32 N g 43 28 5 7E il 7L
Ji AR R B o % A R AT B SR A 2 v (S R HILES
SEOJRESIILT BB RS Y B
WFFE # K BILAS 2% 20 N R Jm 38 2F Je 38 B W o 1 Ak il
ST 12220 H R AN ML A% 27 20 T ik ik
AE SR 2 A MLAS 27 2] B0 T4 FH B R A e M
PERE 2 CE

AR SGD SVM K LR 3 FpalL a2 2] BkAt
AR A AR O B iR Ki-67 B9 3RE K, 45
78 SGD.SVM Ml LR B fiz = AUC 4351 24 0. 867,
0. 853 F1 0. 884, SGD HLIiKE| T 84% MyHER 2, i
N TS EUNPERE . 7R AT A LR 2 A
WF5Erp, Li 25288 F] SGD .SVM LR 25 T AL 52 >
B B AR S BE S R R R SGD R A
RO . SCD A 32 2R AR i R U 48— A~ B L
REASRAG T R B A6 B, R I TR R S B LA U
AN o RN e A S e T A A B A AR
NI = TN SR B>, H AT, ARG R FH L
i 2E S L R TAR ek . SR, I AE R TR 2 S B
RO LW T A BUNAEE S . B, 7R AR A T
DA A R 7 rp ] DR R e 5

AT R BRI, e R T 3 Pl s 5
IR 10 Y738 XEGUE 7 vk AT U 2R AL, (H =
HMERIRAIE , AT REAFFE IS HU A, 75 22 0 KEEARB 5T i —

HAIESE  HOR T80 ROL 435 UG A A 2 W, e B8
fREANTT A s B 5 MR EMGURFAE SR H0™ 28 K e L 4%
SR A DA 3 BT RN 285 5 () ] f AT SR A AR Pk

L5 TR, FE T 0 Ax—T2WI ., 3 25345 - i 1]
Sag LAVA-FLEX F1 IVIM-DWI (b=800 s/mm?*) = fi J¥
B ()5 G 2 2 R R S ) 000 A TR 58 4 1 T T L
Wid Ki-67 [3Rik % RC¥RYT FITUS AT A —E
{H ; SGD Bk ML 27 > O AR e f, LR A1 SVM A
T, A PRI R A3 P TR e 2

£ & 30k

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global Cancer Sta-
tistics 2020: GLOBOCAN Estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries[J]. CA Cancer J
Clin,2021,71(3):209-249.

[2] BENSON A B, VENOOK A P, AI-HAWARY M M, et al. Rec-
tal Cancer, Version 2.2022, NCCN clinical practice guidelines
in oncology[J]. J Natl Compr Canc Netw,2022,20(10): 1139-
1167.

[3] XIA C, DONG X, LI H, et al. Cancer statistics in China and
United States, 2022: profiles, trends, and determinants[J].
Chin Med J (Engl),2022,135(5):584-590.

[4] JURIKOVA M, DANIHEL L, POLAK §, et al. Ki-67, PCNA,
and MCM proteins: markers of proliferation in the diagnosis of
breast cancer|J]. Acta Histochem,2016,118(5):544—-552.

[5] UXA S, CASTILLO-BINDER P, KOHLER R, et al. Ki-67
gene expression|J]. Cell Death Differ, 2021, 28(12): 3357-
3370.

[6] SUNIL SANKUNNY M, CHANDRASEKHARAN G,
KUNNATHUR MURUGESAN S, et al. Ki=67 protein as a tu-
mour proliferation marker[J]. Clin Chim Acta,2019,491:39-45.

[7] LIULL, SUNJD, XIANG Z L. A nomogram to predict the
prognosis of patients with unresected rectal adenocarcinoma
undergoing chemoradiotherapy: a population—based study|J]. J
Cancer,2021,12(16):4745-4761.

[8] MAYERHOEFER M E, MATERKA A, LANGS G, et al. Intro-
duction to radiomics|J]. J Nucl Med,2020,61(4):488-495.

[9] CUIY, LIU H, REN J, et al. Development and validation of a
MRI-based radiomics signature for prediction of KRAS muta-
tion in rectal cancer|J].Eur Radiol,2020,30(4):1948-1958.

[10] BEOFAR LT, 8 5% e R AR R WA T

18 B HOMAUSAR 20056 5 SO A7 AR 1 T i oA ik
ELES AL YA ELL]. AR 27 2%38,2022,56(3):279-285.

[11] SUROV A, MEYER H J, HOHN A K, et al. Correlations be-

tween intravoxel incoherent motion (IVIM) parameters and

histological findings in rectal cancer: preliminary results[J].
Oncotarget,2017,8(13):21974-21983.
[12] 56, Ik vh A5 P8 HRT2WIHK & DWISE AR 415 3% B



Has B e
2024 4F6 H

v BB
Anhui Medical Journal 693

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

i AT WUZ S8 Wi (LD . E LR 1R, 2023, 14(4):
102-106,131.

FAN Y, YU Y, WANG X, et al. Radiomic analysis of Gd-
EOB-DTPA-enhanced MRI predicts Ki—67 expression in
hepatocellular carcinomalJ]. BMC Med Imaging, 2021, 21
(1):100.

WRAS, B e R R 55 R OB 02 B TR L Y5 R A
BT Ki-67 B ATHE BO 4 B 9 U 09I R AN (B,
rf R E 4% 35,2022,32(3):243-250.

LOU Z W, ZHU M G, ZHANG Z Q, et al. Increased expres-
sion of Ki—67 is a poor prognostic marker for colorectal can-
cer patients: a meta analysis[J].BMC Cancer,2019,19(1):123.

BAKKE K M, MELTZER S, GR@VIK E, et al.Sex Differ-
ences and tumor blood flow from dynamic susceptibility con-
trast mri are associated with treatment response after chemo-
radiation and long—term survival in rectal cancer[J]. Radiol-
0gy,2020,297(2):352-360.

QIAO X, GU X, LIU Y, et al. MRI radiomics—based machine
learning models for Ki—67 expression and gleason grade
group prediction in prostate cancer[J]. Cancers(Basel), 2023,
15(18):4536.

HUANG Y, WEI L, HU Y, et al. Multi-parametric mri—based
radiomics models for predicting molecular subtype and an-
drogen receptor expression in breast cancer|J]. Front Oncol,
2021,11: 706733.

QIAN X, ZHOU C, WANG F, et al. Development and valida-
tion of combined Ki—67 status prediction model for intrahe-
patic cholangiocarcinoma based on clinicoradiological fea-
tures and MRI radiomics[J]. Radiol Med, 2023, 128(3):
274-288.

GAJE P N, AMALIA CEAUSU R, JITARIU A, et al. Mast
cells: key players in the shadow in oral inflammation and in
squamous cell carcinoma of the oral cavity[J]. Biomed Res
Int,2016,2016:9235080.

FEH K PR, A, % ADC A T2WI S S HOR

[22]

(23]

[24]

[25]

[26]

[27]

(28]

(29]

LI -5 A IR Ki-67 SRk K-F- BB 5E L)), [ B s
A4 .2022.45(5):508-514.

LI H, MENDEL K, LAN L, et al. Digital mammography in
breast cancer: additive value of radiomics of breast paren-
chyma [J].Radiology, 2019,291(1):15-20.

VON SCHACKY C E, WILHELM N J, SCHAFER V S, et al.
Development and evaluation of machine learning models
based on X-ray radiomics for the classification and differen-
tiation of malignant and benign bone tumors [J]. Eur Radiol,
2022,32(9):6247-6257.

XU Q Q, SHAN W L, ZHU Y, et al. Prediction efficacy of
feature classification of solitary pulmonary nodules based on
CT radiomics [J].Eur J Radiol, 2021,139:109667.

SHIN J, SEO N, BAEK S E,et al. MRI radiomics model pre-
dicts pathologic complete response of rectal cancer following
chemoradiotherapy|J].Radiology,2022,303(2):351-358.
SONG M, LI S, WANG H Z, et al. MRI radiomics indepen-
dent of clinical baseline characteristics and neoadjuvant
treatment modalities
therapy in rectal cancer[J]. Br J Cancer, 2022, 127(2):
249-257.

WANG X, HIELSCHER T, RADTKE ] P, et al. Comparison

predicts response to neoadjuvant

of single—scanner single—protocol quantitative ADC measure-
ments to ADC ratios to detect clinically significant prostate
cancer|]J]. Eur J Radiol,2021,136:109538.
LI H, MO Y, HUANG C, et al. An MSCT-based radiomics
nomogram combined with clinical factors can identify
Crohn’s disease and ulcerative colitis[J]. Ann Transl Med,
2021,9(7):572.
LI W, WU Z, CHEN T, et al. Communication—censored dis-
tributed stochastic gradient descent[J]. IEEE Trans Neural
Netw Learn Syst,2022,33(11):6831-6843.
(2023-11-21 ki)
(A SCHm - 4 18, ot )



