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ABSTRACT

Objective To explore the value of vein phase texture analysis parameters based on enhanced CT in
predicting the risk grade and Ki-67 expression level of gastric stromal tumors. Methods CT imaging
data of 80 GST patients diagnosed by pathology in Weifang people's hospital were analyzed
retrospectively,the patients were divided into very low-risk and low-risk group and middle-risk and
high-risk group,And Ki-67 low expression group and high expression group.Image J software is used
to measure and record texture analysis parameters, including histogram parameters: mean, standard
deviation, skewness and kurtosis; Gray level co-occurrence matrix parameters: energy, contrast,
correlation, inverse moment and entropy. Two independent sample t-test or Mann Whitney U-test are
used for statistical analysis of texture analysis parameters. The receiver operating characteristic curve
(ROC) is used to evaluate the effectiveness of each parameter in identifying GST risk classification
and Ki-67 expression level. Results There were statistically significant differences in mean, standard
deviation, correlation, deficit moment and entropy between very low-risk and low-risk group and
middle-risk and high-risk group (P<0.05),The difference in mean and entropy between the low
expression group and the high expression group of Ki-67 was statistically significant (P<0.05).Among
them, entropy is the most effective parameter in differentiating GST risk grade and Ki-67 expression
level, with AUC values of 0.85 and 0.69, sensitivity of 96.97% and 80.00%, and specificity of 59.57%
and 57.14%, respectively. Conclusion Enhanced CT venous phase texture analysis parameters are
helpful to the classification of GST and the prediction of Ki-67 expression level, and can provide more
precise treatment strategies and evaluate prognosis for the clinic.

Keywords: Gastric Stromal Tumor; Texture Analysis; Risk Classification; ki-67

& 1738 8] /& (gastrointestinal stromal tumors,GISTs) 2 B i7iE & & WAIE_ LR 14
i, ERTSmENCajaldie”, TEIMIEELENEREG, ERASSRETF
S, HRENFEHREG, LALETFaE. HRE. MBS, GISTAEER
1, BERERINEBIATNGISTRIRESRITARINIH 2008E4IE % FELGISTH
BRESRHRY, ZHREFMEAN. BLHEHRFTREDMIEBEGISTHN
WERKRE. RERE. PRRERSRERE,

EMGSTARRERBREL, B, DEMRRPK-6TIERSCSTHRERE S
HEPL Ki-67TR2—FISEAMARX IR, EESMARTPNTRNRE, TS
mrhEaik, B, ®rozREINAREENTSEY. REGSTRMERAM
R EMITER N BENLTF A E2EEEIESNE, AW EEMENIHEEEEE
o CTSIESH(CT texture analysis,CTTA)BI 3T A BR TS AN 2R EI AR L ol At 25 A9 AR 2R 45
MR TERREMMAR", AR SERITETFILRCTRSIE ST SGSTRRE
DERFKi-6TRAKERE R,

1 BEE5=*

1.1 —%E EFRELETARER2019F1AE2021F11B NRFERAFTEEZ
AERE. REANMIELAGCSTEENIRERCTEGER, REMNARIIFEH 80
7, HEhEMEEICH, EBESAF], Fik48~84%, F1Y64.85%, RIENIHDERAR
HERITOE, ERIEZEHELIN, KZH2346, REH200, sH27H. PREMS
BHGSTRFFRATFTHURLYIN, BERAGEEBRELNTER", BARARE
FrEERED ARE. REENT. SEERKE, BN RKRAK-6TIER<SWNBELEEFE
Fa, HEEE D HKI-67<5%(RRIAA)RkKi-67>5%(FRAA), HARERIAHA4S
7, BFRAA3541,

MNTE: B NEEENEARGRIBILELNGST; FrE2ENIRKRAFGANYT
BEMEL, HsnE: EESEFEMTMEME; MEER/NTF5m, BBXELAE,
1.2 EHZE EAFEIIFSiemens SOMATOM DefinitionXUECT, &EE120kV, &
BAFXAEZELE AR, EEH1I28mmX0.6mm, HAEEElmm, %¥FE512X512,

(5—15E] £TE, @, TEMLIHARE, FTERRAR: BERFEXLKIZE. E-mail: 1021402433@qqg.com
(BREE] £z, B, TEEM, TEHRARAAE: BE. Bl BURAXKIZEFE, E-mail: wangxianliang2011@126.com

132 -



LBEINMENMI, XKASEFHBELN EPEHBCTEXTEEF
80~120mL (B & E7350mg/mL), FHEEH2.5~3.5mL/s, *
SXLEFIFF ARG, NS E Rk (0% FE100 HU) shfkHERITHE,
Z[EHEIR45s. 90sTTREBKER. IERERFTE,
1.3 BLE5 9 UL “DICOM” X MPACS TS
80 BEMCTEIR, FAImage JRHFITHER, HRBAES
FHRIZMERNE T EEINEEEEHIZER T R AEEE
MMEG, YRENERRRMEIHEER—; AIENIL
S F R A ERMBX (region of interest, ROI), REEHIPEE
EMmE. ©5%(E1), 9ER0IGE, SGESEGHIEE AR
INE, BREEd=1, MRZEELSHERE =0°, RHEE
MERBNNESESH: WE. TEE. RE. BE,; KEH
SIEPESE: BEE. XWHE. XM, BEE. Ko
1.4 FEitE o4 FIA SPSS 23.04 X BN BEHITHITE
2. KAShapiro-Wilkib BN EEEEHEERHELESHM,
NFRHEESHHENSHAHELIINEE (x ) TR, HEER
REAMMBIEEARE, FRSESOGNSHBARUk( L. T

CHINESE JOURNAL OF CT AND MRI, JAN. 2023, Vol.21, No.01 Total No.159

O &R, AlEltbiEREMann-Whitney UKL, LIP<0.05
INAERBRTEER N

24 B

21 HBAMBHERREDENRXR GSTRHE. REAS
., SEAENE. tnEE. BXM. FEERBZENERA
BHRITFEENX(P<0.05), K. REHMNGE. XM, BEE
B, Bds, MEERBERY. SEdAf. HthsiESsHK
HNESTHITFENX(P>0.05, L&)

2.2 B EBEK-6TRIEKFIHNRR Ki-6TRRAASS
RRAEHERBEZENERERERITFERN(P<0.05), &
RANBERERAAS; BRAANYERERAEAS. Hi
NEBHNERTARITFENX(P>0.05, &2,

2.3 ROCHIZIT{ BELINGSTRMRE DR RLKI-67REKTER
S, LM ARR, HAUCESF1/90.85. 0.72, SR
M4381996.97%. 80.00%, 4FEHM95759.57%. 60.00%(
R3. ®4. E2. E3),

Rl BRBGESHSRREIENXR
B8 RAE. REd . &red P t(Z)&
HE 134.31(127.12, 139.27) 124.64(108.38, 134.48) 0.003 -3.005°
nEE 14.25(11.51, 18.49) 17.68(14.92, 21.48) 0.013 -2.482°
RE -0.06(-0.17, 0.17) -0.02(-0.18, 0.10) 0.872 -0.161°
353 -0.07(-0.29, 0.27) 0.06(-0.11, 0.34) 0.251 -1.148°
BEE 0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.516 -0.650°
XFEE 233.14(167.02, 372.16) 271.89(178.40, 345.56) 0.796 -0.259°
XM 0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.003 -3.003°
WERE 0.12%+0.04* 0.10%+0.04* 0.028 -2.242°
Vi 7.02(6.31, 7.42) 7.85(7.38, 8.10) 0.000 -5.322°
dORRESHHEE; al&ktE, bARZE
R2 BEASIES RS ki-6TRIAKFHRA

B8 EREA SRIAA p t(2)&
BE 131.40£14.69* 123.63£20.00* 0.049  2.003%
EE 15.93(12.54, 20.09) 17.32(13.97, 20.56) 0.519  -0.645°
RE -0.08(-0.21, 0.12) 0.02(-0.15, 0.21) 0.171  -1.368°
I 0.03(-0.24, 0.34) 0.04(-0.18, 0.26) 0.865  -0.170°
BEE 0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.274  -1.095°
L 253.81(175.74, 359.86) 234.07(170.15, 351.37) 0.680  -0.412°
EES kS 0.00(0.00, 0.00) 0.00(0.00, 0.00) 0.396  -0.849°
WEE 0.13(0.09, 0.14) 0.11(0.08, 0.14) 0.412  -0.820°
o 7.33(6.63, 7.69) 7.77(7.22, 8.15) 0.004  -2.866°

i RRESHHYIE; aftRtE, bAKRZE

R3 BRESFPER I FRXNYES TESBROCHLEDH

S AUC BRE(%) FRE(%) Youdents#
WE 0.70 96.97 42.55 0.40
nEE 0.67 45.45 85.11 0.31
M 0.70 63.64 70.21 0.34
WEE 0.64 66.67 61.70 0.28
V] 0.85 96.97 59.57 0.57

R4 ki-6TRAKFRERIU PR YNBSS MROCHLE I

2 AUC HRRE (%) KR (%) Youden$s#k

BE 0.67 93.33 42.86 0.36

iz} 0.72 80.00 60.00 0.40
33t i

GSTREE WAUEERMRIEME, TELRINFINCKIT

/MR BN £ KEF 2 ha(PDGFRA)EER T, AZDBR
HEGSTHAT B LML FERAEE, NFBHERLNEREE
EBNEMGSTEE, ©RBRaRABNISSENEFIFEDER

+ 133



hECTHIMRIZRE 20234018 £21% $01HA S 5515958

E1 %, 53%, HABE, ki-67=2% # k¥ F 34 BROIT

BE. B2 AR RE A B XSGR AT S8 ROCH

4. B3 ki-6TRAARFHH G I F B ML) S HNROCH .

WENMLT REEAT Y, FOERIENC-KITRPDGFRAME
SHINFH, AT EMGSTRERNAARBNHEKT, B
B, IR 3Z R ARIGSTRIRE S RATERNIH 20085
RIMENBRAR, R, BMREHE, AI—RZRENGSTEEN
WMERERE & NMARRER",

Ki-67T2—FDNALSIREN, FETEREENARS, 2
EARERNEKNSEMEBRIE, mERaBrRE", S
BRI N EBRATEY. Ki-6TMRASHENAN. %
NRRERX, HEXRSHBHTEEER, K-6TEEENE
EREHEE, BEARNKRS", Mki-67aILUMERRBREDRN
75, BMRER, Ki-67T1EEIEGSTIERN 2 MIENTE TS
hE—EHENX ", RETRENKI-6TIEEE 2B AR SHE
BT, AT, GSTHEEARKE, HAREEERREE
S, BOEETRERIERRMMEREM, B, R
Fki-67HR AR EMIFNA B F GSTRINGHRAT 5 B RIS T,

B BRYHRTRCSTAN N EERE Y —, Hh, 1833CT
HeE R MBI EREK AR, NEMARESTREILUR
B E 1 S s iGSTIE &I E, SR, 1838
CTAILUREME RS IAR, CTTAMER—FhEHE S E &
BRA, AIURMARTRONBAELEY, BIWEGRER
BENDHERBEEN D, BW. T20TEMEH SR
W —MAZM A EESEBANRER, —MESRTENRES
Bk B ASIRHE, —MERTENARELEEMHRE
BB SERE",

BRARPLMCSTHER WIS E R TS Fapk"", Eit
MBS R E AN, MAMREITETIIaCTRE SIS
D5 BB RIBR I E DR Ki-67R A FRIAB X EFZT,

YERMEGIUBGENHNTNYE, YUBNRERRNY
B K, HEXMARERBHREGIOBOEE, YiEMTEE
EEREE MR A, PEERBREGRKESBHANEE, 4
BAHRMNEFRYEERA"Y, KAKPRE. KELNY
B, MEERPEERT. SRAK, ki-6TRRKAMNIGER
BRKAL, EBREINCSTR RIS, AMENERN,
SAMSIRIEM, EGZAN, RRNERENYE. BX%
RYEE, AMRERS UEXTFEMMEINSIRN S RER
—H", MEERMEGBES THENNSEIZE, YiNE
EXFPARIEN D HTEA, EETYE, BRAREREESHE
BBENL M, BEEEEENRSE, KHRD, B SEAn
REZRBERRE. BREAS, ki-6TERAENBEBRER
KANBES, EEESAINCSTERRESBHNHENMES, T
ENEREEMRESNGSTARS S HIET., RRERE
mERs, SHEGZREAZRE, NTRIERSNEERITE
Z, UEEEHARERERSHNHEERLES, MEEE,
Feng™ SR £ M EBKIEREETE X 5/)\Fi5 g R E 5 s
ERS.

AR RIELETFIRCTRKBNSIE N2 HE TN
GSTRIMEDERKi-6THIZREK T

134 -

EMAFEN—LERE: ()ERARTANNIERSERD; (2)
ERABREENAGEE—ENENIE.

2EH

[1]Sun Z Q,Hu S D,Li J,et al.Radiomics study for differentiating gastric
cancer from gastric stromal tumor based on contrast—enhanced CT images.
J Xray Sci Technol, 2019, 27 (6):1021-1031.

[2]Joensuu H.Risk stratification of patients diagnosed with gastrointestinal
stromal tumor.Hum Pathol, 2008, Oct, 39 (10):1411-9.

[3]Lu C,Liu L,Wu X,Xu W.CD133 and Ki-67 expression is associated with
gastrointestinal stromal tumor prognosis.Oncol Lett, 2013 Nov, 6(5): 1289-
1294.

[4]Booth D G, Takagi M, Sanchez-Pulido L,et al.Ki-67 is a PPl-interacting
protein that organises the mitotic chromosome periphery.Elife,2014 May
27,3:e01641.

[5]Fan T W,Malhi H,Varghese B,et al.Computed tomography-based texture
analysis of bladder cancer:differentiating urothelial carcinoma from
micropapillary carcinoma. Abdom Radiol (NY), 2019, Jan, 44 (1):201-208.

l6] RNer, B A, AT 30, . b T B I RB 5 R A M EACTAER ). #EE
FEAABR, 2019, 35(3): 376-380.

[7]Liang Y M,Li X H,Li W M,et al.Prognostic significance of PTEN,Ki-67 and
CD44s expression patterns in gastrointestinal stromal tumors. World T
Gastroenterol, 2012, Apr, 14, 18 (14): 1664-71.

[8]Liu X,Chu K M.Molecular biomarkers for prognosis of gastrointestinal
stromal tumor.Clin Transl Oncol, 2019, Feb, 21(2): 145-151.

DO ISR, Sk, XU 33, . B F OB AR B R B AR EF 7 1], k&
&R K24, 2020, 42 (1) : 51-55.

[10] Turkel Kucukmetin N,Cicek B,Saruc M,et al.Ki67 as a prognostic factor
for long-term outcome following surgery in gastrointestinal stromal
tumors. Bur J Gastroenterol Hepatol, 2015, Nov, 27 (11):1276-80.

[11]Liu X,Qiu H,Zhang P,et al.China gastrointestinal stromal tumor study
group (CN-GIST).Ki-67 labeling index may be a promising indicator to
identify "very high-risk" gastrointestinal stromal tumor:a multicenter
retrospective study of 1022 patients. Hum Pathol, 2018, Apr, 74: 17-24.

(12145 5%, 2 8. Ki6THE SR (o s b B (7). XK 4R (B #/R) , 2011, 32(6) - 852-
856.

L3, R EF, B ¥R, %.P53fuKio T Big P oy R a R R E X U], ¢ R4
AH 2R, 2011, 19 (4): 367-373.

[14] 56K L. hTERT. c-myc. Ki-6TEFFBAL T HRIREX ). M5 2T REF
Z47%,2009, 25 (4): 338-340.

[15]Lian M J,Huang C L.Texture feature extraction of gray-level co-
occurrence matrix for metastatic cancer cells using scanned laser pico—
projection images.Lasers Med Sci, 2019, Sep, 34 (7): 1503-1508.

L16] ks, T iz, »F B S SUE 7 7 BB 15 s R R (J]
%,2017,51(12): 979-982.

715k AE, BEA. BEFBOCTSH 1], FEIERFR, 2021, 34 (11): 1537
1539+1543.

(18] Tia i, 2k, AW, . 2T % AIMRIZUE AT SR 67 BB i B A 8 D).
AT S, 2020, 35 (4): 532-537.

(191 s =0, SR &, SP e b, A F R 36 A A5 16 SRR AE 07 S 5 B B o B 5 IR
KM AR 2 R G B8 (], P E A NRAR 5 R IT 5, 2020, 17 (04) : 228-232.
[20]Newton P K,Mason J,Hurt B,et al.Entropy,complexity,and Markov diagrams

for random walk cancer models.Sci Rep, 2014, Dec, 19, 4: 7558.

[21]1Feng C,Lu F,Shen Y,et al.Tumor heterogeneity in gastrointestinal
stromal tumors of the small bowel:volumetric CT texture analysis as a
potential biomarker for risk stratification.Cancer Imaging, 2018, Dec
5,18(1): 46.

- AR R

(WS BHA: 2022-09-19)
(Bext4wig: pkang)



