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[ Abstract] Objective To investigate the predictive value of computed tomography (CT) texture analysis
for ¢-KIT Exon 11 gene mutation in gastrointestinal stromal tumors ( GIST). Methods The retrospective and
descriptive study was conducted. The clinicopathological data of 285 GIST patients who were admitted to three
domestic medical centers (93 cases in Huzhou Central Hospital, 92 cases in Fu Yang People’s Hospital and 100
cases in Shanghai GuangHua Hospital of Integrated Traditional Chinese and Western Medicine) from January 2012
to May 2020 were collected. There were 130 males and 155 females, aged from 25 to 82 years, with a median age
of 62 years. Of the 285 patients, 190 cases with mutated ¢-KIT Exon 11 gene and 95 with non-mutated c¢-KIT Exon
11 gene were allocated into mutation group and non-mutation group. All patients underwent preoperative CT
examination. Observation indicators; (1) comparison of clinicopathological features between groups; (2)
consistency check of CT texture parameters between observers; (3) comparison of CT texture parameters between
groups; (4) diagnostic efficiency of clinicopathological parameters and CT texture parameters. The intraclass
correlation coefficient (ICC) analysis was used for consistency check of CT texture parameters between observers,
and ICC>0. 80 was defined as good consistency between observers. The means of CT texture parameters with I[CC>
0.80 were used for further analysis. The Shapiro Wilk was used for normality test of measurement data.
Measurement data with normal distribution were represented as Mean+SD, and comparison between groups was
analyzed using the independent sample ¢ test. Measurement data with skewed distribution were represented as M
(P25,P75), and comparison between groups was analyzed using the Mann-Whitney U test. Count data were
described as absolute numbers, and comparison between groups was analyzed using the chi-square test. Comparison
of ordinal data was analyzed using the Kruskal-Wallis rank sum test. The multiunivariate Logistic regression was
used to combine parameters with significant differences, and the receiver operating characteristic curve was used to
evaluate the predictive value of parameters for ¢-KIT Exon 11 gene mutation in GIST. Data from January 2012 to
January 2018 were used for internal test, and data from February 2018 to May 2020 were used for external
validation. The Delong test was used to compare areas under curve. Results (1) Comparison of clinico-
pathological features between groups: cases negative, weakly positive, positive, strongly positive for CD34
expression and cases negative, weakly positive, positive, strongly positive for CD117 expression were 0, 15, 50,
125 and 5, 15, 55, 115 for the mutation group, the above indicators were 5, 55, 5, 30 and 5, 45, 15, 30 for the
non-mutation group, respectively. There were significant differences in the above indicators between the two groups
(Z=11.53, 12.32, P<0.05). (2) Consistency check of CT texture parameters between observers: in plain CT,
the ICC of texture parameters median value, standard deviation, cluster prominence, mean value, skewness,
kurtosis, uniformity, energy, entropy, Inertia, inverse difference moment and Haralick were 0.77, 0.79, 0.75,
0.83, 0.89, 0.85, 0.83, 0.81, 0.85, 0.87, 0.82, 0.84; in arterial phase, the above indicators were 0. 79,
0.71, 0.74, 0.83, 0.81, 0.86, 0.87, 0.80, 0.84, 0.82, 0.83, 0.81; in venous phase, the above indicators
were 0.74, 0.72, 0.70, 0.88, 0.81, 0.84, 0.89, 0.82, 0.83, 0.84, 0.86, 0.88. (3) Comparison of CT
texture parameters between groups: skewness and inverse difference moment in plain CT, mean value and energy
in arterial phase, skewness, uniformity, energy, inverse difference moment and Haralick in venous phase of the
mutation group were 0. 78+0. 38, 4.22(3.18,5.38), 5.51+1.87, 0.013(0.007,0.020), 0.66+0.20, 4.40+
1.41, 0.004(0.001,0.007), 0.23(0.15,0.28), 0.24+0. 10, respectively, versus 0.59+0.25, 5.16(4. 35,
6.10), 3.96+1.04, 0.020(0.014,0.027), 0.45+0.12, 6.22+2.09, 0.005(0.003,0.008), 0.25(0.21,
0.28), 0.18z0. 06 of the non-mutation group. There were significant differences in the above indicators between
the two groups (t=-2.17, Z=-6.87, t=-4.03, Z=-11.43, 1=-2.21, -3.92, Z=-2.06, -4.18, t=
-3.02, P<0.05). (4) Diagnostic efficiency of clinicopathological parameters and CT texture parameters; ROC
analysis of internal test data showed that CD34 and CD117 had AUC of 0.75 and 0.71, combined
clinicopathological parameters had AUC of 0. 75, single CT texture parameters had AUC of 0. 54-0. 67, combined
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CT texture parameters had AUC of 0. 79, clinicopathological parameters combined with CT texture parameters had
AUC of 0.89. ROC analysis of external test data showed that CD34 and CD117 had AUC of 0.77 and 0.72,
combined clinicopathological parameters had AUC of 0.78, single CT texture examination had AUC of 0.51-

0. 73, combined CT texture parameters had AUC of 0. 80, clinicopathological parameters combined with CT texture

parameters had AUC of 0. 88. Delong test showed that the combination of clinicopathological parameters and CT

texture parameters had a higher AUC than combination of clinicopathological parameters (Z=2.13, P<0.05).

The combination of clinicopathological parameters and CT texture parameters had no significant difference in the

AUC compared with the combination of CT texture parameters (Z=1.66, P>0.05). Conclusion

CT texture

analysis can early and non-invasively predict the mutation status of ¢-KIT Exon 11 gene in GIST, the combination

of clinicopathologic parameters and CT texture parameters has better predictive performance.
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¢-KIT Exon 11 JERIAR AR BN ARREARH , ARAFS
MFAEOH/RERETYNER, BELRBHEE
HME R RS
1.2 ANASRAERIHER AR
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R KA HAT B il A, e & EEs CT
KA, B S AT R R A, ARSI .
(1) WH T P B2 B i T YA vh P B 25 A B B
KHARZ 2280 CT, 4R 120 kV AR
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Jik 49 % k39 DICOM 3CA4:, I A Omni-Kinetics
BAELEAT GIST i kb 1 /2) i K S0 BES H0 42 HL, F
W53 BIEA 5 45 8 AR FR AL AR 12 T 2 50 1) AR
BB, 76 B E R PR B AR AR LT, 20 ST ) )
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ZWIALRE : O NFRMHAEE R 2 2 Logistic [MIH4%
B, QNG 4 2 1 F Logistic M 94551,
QW FBIREE 4 ROC 43 HT 4558, @ F1H 56 %
PEEE ROC 23Hr4h
1.5 St
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20 51 % 9 (xes, %) (xes,em) B /N H IR 55 WME SR OB S5 MME SR OBIE 55 MR iR

H PR FH 14 FH P BRI FHPE PR

ZAEH 190 85 105 59+14  8.4x1.1 135 50 5 0 15 50 125 5 15 55 115 10 45 20 115

KIEAFH 95 45 50 64=11 8.6+x1.0 75 20 0 5 55 5 30 5 45 15 30 5 35 25 30
SItHH X?=0.04 =-157 X*=0.80 1=-0.49 Z=11.53 Z=12.32 7=1.87
PH >0.05 >0.05 >0.05 >0.05 <0.05 <0.05 >0.05

L RATA B H -KIT Exon 11 LN RS, RRAZHEHE o-KIT Exon 11 FER K RAF

2.2 CT RS SHONEE — SR g

CT AT H L PSR P bR 22 SR RE
SR EIAME R R —BohE BB A 15
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0.75.0.83.0.89.0.85,0.83,0.81,0.85, 0.87,
0. 82.0. 84 ; 2 k3 43 %>~ 0.79.0.71.,0. 74 0. 83,
0.81.0. 86.0. 87 .0. 80.0. 84 0. 82.0. 83.0. 81; # ik
48514 0. 74 0. 72,0. 70 ,0. 88 0. 81 0. 84 0. 89,
0.82.0.83.0. 84 0. 86.0. 88,
2.3 PIdEE CT KESHSE LK

RATH IR RN B E CT KA F A8 S5
i B ﬁ%ﬂﬁthﬁ ERVAGITERE L (P<
0.05) ; V- Y(H W RE | — 3Pk BB RL(E R{E J\r
Haralick %%, %%iﬁ%%1+MiX(P>O- 05) .

oMk W A 3% 25 8E  Haralick e, 2R Is
THEE X (P>0.05) , PILLEA CT Kot i bk 8o
SRR — 20 BB E 0 2215 Haralick HE%R,
2 S IH G475 SL(P<0. 05) 5 2 {8 R M
BE LU, 2RI TEG 2= L (P>0.05) . W3R 2,
2.4 IERIRHESEE CT KASHS L WiRLhE
(1) NI EHE SE Z N K Logistic 015455 5
7 :CD34 F2iksK - CD117 ik K F-, CT K Ar-F-H14C
HSHWIE 2500 CT KA sl iSO S 5OF 34916,
CT KA H kNSRS AR — S0k Re s (a3 2500
Haralick , 22 S ¥ 4511278 L (P<0.05) , W3 3,
(2) FMEBIAE B2 2 [ 2 Logistic [F1H 4558 8.
7 :CD34 FA/KF- CD117 Fik/KF-, CT K414
HISHM L 392208 CT K& NSO S50 41,

B CT £ sl KW 208 S 8oh - {E ﬁ‘éi{ﬁ CT KAk SO S AR — Sk e E 022

FAr, 2SS FE L (P<0.05) fiE W —  Haralick, 22 F A S i1% 5 X (P<0.05), W#E 4,
F2 RABMEREBABMEIFTUEEY CT KASESH L
CT ki PSS
G B T fRE wE Bk Al {id Jifit it 228 Haralick
(xs) (xs) (x+s) (x=s) [M(P25,P75) ] (xs) (x=s) [M(P25,P75) ] (xs)
ZASM 190 0.26£0.10 0.78+0.38 9.97+1.78 6.18+2.59 0.007(0.005,0.017) 14.64+6.67 12.31x4.38 4.22(3.18,5.38) 5.52+1.53
KIFA 95 0.27+0.07 0.59£0.25 7.95+3.75 7.89+3.99 0.008(0.003,0.022) 14.65x4.12 13.76+4.57 5.16(4.35,6.10) 5.16£1.55
gitE 1=-0.87 1=-2.17 =049 1=-1.95 Z=-1.28 1=-0.01 1=-1.61 7=-6.87 1=0.72
P >0.05 <0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05 >0.05
CT H 2 sk SN S5L
215 g SFIE P 3£ 355 —Fk fEm(E R {EL 15 R Haralick
(x+s) (xs) (x#s) (xts) [(M(P25,P75) ] (x£s) (x+s) [M(P25,P75) ] (xxs)

AR 190 5.51+1.87 0.62+0.21 0.22+0.07 2.50£1.19 0.013(0.007,0.020) 0.21+0.07 7.81£3.79 0.010(0.001,0.024) 6.14+2.91
KRIEEAEH 95 3.96+£1.04 0.54x0.21 0.24+0.09 2.82x1.14 0.020(0.014,0.027) 0.23+0.10 5.60+2.35 0.008(0.002,0.017) 7.89+3.99

GiiHE t=-4.03 t=-147 1=-0.87 1t=-0.98 Z=-11.43 1=-0.82  1=-2.66 Z=-1.13 1=-1.89
P <0.05 >0.05 >0.05 >0.05 <0.05 >0.05 >0.05 >0.05 >0.05
CT KA K S 241
2051 e A i 353 — fiet(d TR {EL fités 2R Haralick
(xs) (xs) (x+s) (xs) [M(P25,P75) ] (x+s) (xs) [M(P25,P75) ] (xs)
AR 190 15.07£7.50 0.66+0.20 13.80+6.01 4.40+1.41 0.004(0.001,0.007) 8.07+3.65 0.24+0.10 0.23(0.15,0.28)  0.24+0.10
KRRASE 95 12312644 0.45+0.12 14.22+4.86 6.22+2.09 0.005(0.003,0.008) 9.08+4.39 0.18+0.06 0.25(0.21,0.28)  0.18+0.06
ESWARIEN 1=-1.44  1=-221 1=-026 1=-3.92 7=-2.06 1=-0.92  1=-1.75 7=-4.18 1=-3.02
PE >0.05 <0.05 >0.05 <0.05 <0.05 >0.05 >0.05 <0.05 <0.05

R o-KIT Exon 11 3EFE 548  REAH B H ¢-KIT Exon 11 FEF K zAF
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3 HIBMREARHR LA E Logistic [FIIH4E RS PRI 432 TAERHE th 4k i 1
E 2 LI 95%TMEXIH P 1A B8 HELF - 95% - RME ASRE
= Eonl 2 . A A
CD34 FikKF- 0.92 0.88~0.97  <0.05 HE AREE (%) (%)
CD34 F kK- 0.75 0.60~0.91 69.31 77.21 <0.05
CD117 FKikKF- 0.71 0.62~0.91  <0.05
CD117 FRikIKF- 0.71 0.56~0.86 66.20 70.38 <0.05
CT KA S SO S 5 0.82 0.78~0.90  <0.05
Il A BB BB & 0.75  0.60~0.91 79.46  80.22 <0.05
CT KAy S8 S 508 24 0 0.91 0.88~0.95  <0.05
~ ) ) CT s P800
CT A2 S Bk SO S RO 1 0.84  0.79~0.93  <0.05 SRR 066 051-0.82 6931 7022 >0.05
CT A i B S A 079  0.61~0.94  <0.05 CT Kot 0
CT R # kI s i 28— siohk 0.90 0.80~0.98  <0.05 SR 2E IR 0.67 0.52~0.82 66.28  69.38 <0.05
CT R Sk SO S 5 e B E 0.69 0.52~0.93  <0.05 CT Fa e 2 Dk &3
SR . 48~0. . . .
CT A6 k) S0 B B R0 72 0.78 0.69~0.93  <0.05 SRCPIMH 064 0.48~0.80 6246 65.37 >0.05
CT ¥y oy
CT A A H HOH SIS Haralick 0.72  0.63~0.98  <0.05 ;@E@mﬁ * 065 0.50~079 T2.57 TLES >0.05
CT A ik ) S
F 4 IMEEAEEAREZ F R Logistic [IH%5 SR 059 045~0.75 69.46 6833 >0.05
2 WALl 95%WTfHI<H] P (K CT Ak s
e 0.56 0.40~0.72 5236  65.42 >0.05
CD34 ik 0.78 0.68~0.90  <0.05
) e CT K ik ) s
D17 FRKF 079 0.61~0.97  <0.05 SR 054 037071 7146 69.82 >0.05
CT KA A SO S50 0.77 0.62~0.89  <0.05 CT Ko 5 0 kb B
CT R PSS 50 22 1 0.69 0.51~0.89  <0.05 S Haralick 0.66 0.51~0.81 73.57 62.79 <0.05
CT K2 S bk I SO S 7 39 0.64  0.50~0.89  <0.05 CT KASGESHEE 079 0.67~091 68.68  77.01 <0.05
CT K2 # kI SO S 4 m 0.59 0.41~0.92  <0.05 I AR EL . CT Kty
ISR . .80~0. . . .
CT R # Ik SO S 85— bk 0.68 0.51~0.93  <0.05 SRS R 089 080-0.97 8840 7553 <0.05
CT KA kA s S e A 0.60 0.50~0.89  <0.05
B 2 SR iy ?1/ Ql/ Q:I:
CT R # bk S 2 4500 22 1 0.70 0.60~0.91  <0.05 & 6 SRS U TARRFE M2 et
. , . " LT 95% RYEE R
i WEHSHL Haralic . .51~0. . % .
CT KA gk SO 244 Haralick 0.66 0.51~0.91  <0.05 SH W TERE (%) (%) Py
CD34 FKikKF- 0.77 0.61~0.90 68.88 79.19 <0.05
(3) NFER IR EHE 5 ROC 4345 R R I IR CD117 #ikKF- 072 0.56~0.87 6723 7155 <0.05
SEERIZ M S50 CD34 .CD117 Fik/KEH AUC 4 GEHRRISEMEA 078 061094 7922 81.03  <0.05
4 0. 75.0. 71 ; It AR BE S BB A AUC 4 0.75; CT Ko 28 P800
\ 2 . SRR 0.61 0.50~0.83 61.32 71.52 >0.05
PATH CT #r & SUS% AUC 0. 54~0. 67;CT & 2x li g
X T A . . W CT K V-4 80
USRS AUC 2 0. 79; I R ER S5 % CT #5 WYL 073 0.61~0.85 6021 69.17 <0.05
BYHSHEA AUC H0.89, WL 5 K 3A, CT o 5h ks
. — BHOP 0.60 0.51~0.83 61.33 61.39 >0.05
(4) SR TERCRAE ROC AMH74% 5 5077 . I B P ’
T . CT #  bk 4 e 3t
TEZ W ZH0h CD34,CD117 KIK/KF-1) AUC 43 2\’&%2& 0.61 0.50~0.81 70.51 72.11 >0.05
HIA 0. 77,0, 72 I R BE S UG AUC i 0. 78 CT K Dk i
BT CT KA SIS H0 AUC 4 0. 51~0. 73 CT fo gt SH—E 051 0.41~0.79 69.55 69.01 >0.05
; KT A s oy % A CT Ko ik 20
SORSHRS AUC 24 0. 80; IR IS HL L CT Erea 0.54 0.41~0.76 5277  65.01 >0.05
AOEISHI AT AUC 29 0. 88, WL3% 6,14 3B, CT e kNS
Delong L et AT s %ﬁ@g}ﬁ& CT #5 E2isie il 0.58 0.41~0.75 70.40 69.42 >0.05
o FH S R T A B 1A SR T A CT # A ik S0
HECHSRURE AUC B TR S EUR &, 22 5 £%Y Haralick 0.69 0.50~0.85 70.22 6271 <0.05
N YN TN - N K
BEFEN(Z=2.13,P<0.05) . i AMH S 4L CURESIUSHIES 080 0.69~0.90 68.92  79.10 <0.05
K CT A s S 5EA AUC 5 CT B s S S50 G PRI CT o 2
LRSS 0.88 0.80~0.93 89.71  79.26 <0.05

A, R LG (Z=1.66,P>0.05) ,
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