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Abstract

Objective: To explore the clinical value of endoscopic ultrasonography and image analysis tech-
niques in assessing the risk grade of gastric stromal tumors. Methods: A total of 62 patients with
gastric stromal tumor who underwent surgery or endoscopic resection in the Affiliated Hospital of
Qingdao University from 2015 to 2021 were collected. According to the 2008 NIH risk grading
standard, the patients were divided into very low-risk group (n = 11), low-risk group (n = 29), in-
termediate-risk group (n = 13), and high-risk group (n = 9) to analyze the characteristics of en-
doscopic ultrasonography of gastric stromal tumors in each risk stratification group. The endos-
copic ultrasound images were quantified by Photoshop software, expressed as gray mean (echo
intensity), gray standard deviation (echo uniformity), and the differences of tumor diameter, gray
mean mean (Tmean), and gray standard deviation mean (TSD) in each risk stratification group
were analyzed, the receiver operating characteristic curve (ROC) was drawn, and the efficacy of
the three to assess the risk classification of gastric stromal tumors was evaluated. Results: The li-
quefaction, calcification, and blood flow signals were significantly different among GST risk groups
(P < 0.05). After binary logistic regression analysis, liquefaction was an independent risk factor to
predicting the risk classification of GST (OR = 3.504, 95% CI = 1.087~11.299, P < 0.05). The tumor
diameter, Tmean, and TSD of GST were significantly different among different risk stratifications
(P < 0.05) and the tumor diameter, Tmean, and TSD in the very low-risk group, low-risk group,
and intermediate-risk group were lower than those in the high-risk group (P < 0.05). The ROC
curve was drawn with high risk stratification as the positive result. When tumor diameter > 42.5
mm, Tmean > 17.3775, TSD > 8.0988, the efficacy AUC values for predicting GST as high invasive
risk were 0.872, 0.769, and 0.885, respectively. Conclusion: EUS has high clinical value for preo-
perative assessment of the invasive risk of GST. Liquefaction is an independent risk factor for as-
sessing the risk stratification of GST. Tumor diameter and image analysis technology (Tmean,
TSD), as important indicators to distinguish the high malignant potential of GST, can better assist
EUS in the evaluation of GST.

Keywords

Gastric Stromal Tumor, Risk Grading, Endoscopic Ultrasonography, Image Analysis Techniques

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
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& W I8 (8] 7R (GIST) E B Y5 T B I43E /) Cajal 41 i (Interstitial Cells of Cajal, ICC), &M ALIE & WL
PR TR Y IR, AT RAE T B E AR AT ER AL, 2 T8 70% [1]. 3RE GIST KA EL) N 0.40/10 J5,
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FREX[5] [6]o A NE(EUS)SS &I B B Al A o @ ML ai, X GIST B2 Wi K Sa i FE Al BA 2
i IO RBUR YL S e 51, & H T GIST ARRETZ WK B 24 & 7 s —[7]. {2 EUS X TR ISR 0
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2. EMEFE
2.1. ARMR

AR T 2015 FFE 2021 T H B REMEEFATFARB NS T UIBRIGTT (NS T IBRA
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SRRIFHIZ N GST: 2) — MK KL EUS BUR BRI SR 4% 3) 47 EUS K 2 T sl F AR AT AR B8 32 AT ]
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Figure 1. Included object screening process
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22. ARFZE

22.1.EUS &

WEfebr: MR RN KT N/IESMRE) RIFE RGN E/FEAIZE) . i Gh i3
MIELHE R T SR RATE . AR EFE TR, MEAE (B IR/ BB ), SER/mA), RiEmGe/
), MG/ )AL (2/77). EUS BUR M2 B A 10 0L B2 M N SR IT R Sl a4
W W5 5 = A7 B R A B N R R AT W18 IR A5 R IR A ik .

2.2.2. PS BB &S

P [l — 44 PR 2 Tk U — 10 5 7E 7.5 Hz AR T i i EUS 1%, B FH Photoshop CS6 {4 4k
HEAE, B —RAEETEBLIEO BB @ K @ KE @ i) LLVERR 2K B DA AREE 1)
SO o VPR e B0 14 5 SR R X S (RO 52t Ji 8 () IR P~ 38 . K bt 22 . Rk G TR IE 5 %,
DA/ NI AR 2 o B R IUR FE P38 K BEARUE IR 22 5 U B AF (V0T 354 FH 2K B~ 35 (5 34 (Tmean,
e ] 75 5 P55 ) R AR A i 22 P 35 {BL(TSD, S Bl [ 75 241 5] ) R o

2.23. BEREZEHMIRRECDFDEREE

Alder 3 ZbrviE: 0 2, RERIPEEMRES: 14, ASEMR, 1~2 D rAURERABRIROIME, 1T 2,
HREIA, 3~4 AUV B — AN R 28 Nk, HAK R nf B s i e 42 11 2%, &
W A A AR L 2 Mg KM . % 0. T NMALERZ 4, 1. I A M5 4[9].
224. BRESER

KM 2008 R AR NIH Gl JZAniE, ARAEMIE AN AL % 70 R G HOM iR s 2 UL
R mbl o AR fedl. el Fadmmadl i rE4s5], Wk i,

Table 1. Modified NIH risk classification of 2008
F< 1. 2008 TR A NIH B E 4R

eSAE s R ANem) B RRE(SOHPE) MR U AL
WARSE <2.0 <5 e IR A
(A 2.1~5.0 <5 fEAaT A
SN 2.1~5.0 6~10 H
<5.0 6~10 FETHAL
5.1~10.0 <5 H
HifE any any iR A 2R
>10.0 any FEATHRAL
any >10 FEATEAL
>5.0 >5 {EATHRAL
2.1~5.0 >5 EHRAK
5.1~10.0 <5 B K

"HPF: .
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23. G ERZE

KM SPSS BAF(ff A 22.0, IBM)ZEAT GE it 22 0, IR0 A € B TR AUYME + #RifEZE (means + SD)
T, AN CBCRMEA R T 200, #i4 g0H 72 57 M Bonferron AT P LS ARIEZS /)0 Af
(e B TR AR AL 8RR, 2 ARG ECR A Kruskal-Wallis BRI, 256 Goit 2 22 5 FdEAT B EL A
SEPE VORI S 71 20 LR, LT BUACR A R D7 K 36 B Fisher BTIBEARE . 35 P < 0.05, W22 5 A

B .
3. &8
3.1. —RRIE PR ZERHFAE

LN GST H37 63 1], Ttk 25 1911(40.3%), Lotk 37 11(59.7%), Bz bl 1:1.48, HFER AL
By 59.0 %, Mg T B, Bk, B 08 19 61(30.6%). 32 41(51.6%)- 11 H#i(17.8%). 4 2008
B 24 R NIH 73 A, AR fa B B 4H 11 91(17.8%), R A& 62 P 2 29 11 (46.7%) , HH s B 2H 13 4511(21.0%) »
B GRS UL 9 B1(14.5%) . & TFARIGIT # 26 11(41.9%), P85 N47 ESD 8% ESE A3 36 5(58.1%). .7 2,

Table 2. General clinicopathological data of 62 GST patients
% 2. 62 il GST B&E—MRIEARRIR R}

#1%5(62) F 73 H (%)
531
% 25 40.3
4 37 59.7
kS
iz + DU ALIEIEE(M + QR) 59.0 £10.25
filEIvA
H & 19 30.6
ERZS 32 51.6
H 11 17.8
falk oy =
ARSI 11 17.8
RSfaf 29 46.7
TG 13 21.0
T 55 B2 9 14.5
FAITHX
FARYIBR 26 41.9
M8 T UIER(ESD B ESE) 36 58.1
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32.GSTH EUS fERERETEHXR

SR ITKIN T Fisher Wi UIMERE, BB itk B54L7E GST MGl /4l 27 A it 5 (P <
0.05). MR AR KT BIFZ K B BN MR FAE GST fal & 7 410 22 7 o4
AR (P > 0.05). AR Alder 2320, IMLfEER= 4 35 $1(56.5%), IMAEFEE 4L 27 6(43.5%), MAEEL= 240
o, ARG RfER R a0 11 (17.7%) 15 (24.2%)~ 7 (11.3%) 2 (3.2%)-
It 2H AR A 6 ARG R B2 rh G B B2 e S B B2 4030l 9 00 (0.0%)+ 14 (22.6%)+6 (9.7%)7 (11.3%),
2% Fisher BTINERI1AE50, P AN 0.002 < 0.05, GST iR P 3 LR A3 B 7 S s 70 2 22 e et 24 o
W2 3.

Table 3. The relationship between EUS signs and GST risk stratification
% 3. EUSfER S GST B BHXFH

fe k3
c*/Fisher P 1l
PRA S5 52 (en53E s iz e fE 5 B
it gRE AL
B &K 6 (9.7%) 6 (9.7%) 2 (3.2%) 5(8.1%)
10.996 0.079
=R 5(8.1%) 18 (29.0%) 7 (11.2%) 2 (3.2%)
=E+ 0 (0.0%) 5(8.1%) 4(6.5%) 2 (3.2%)
AKTT
A 9 (14.5%) 14 (22.6%) 6 (9.7%) 3 (4.8%)
9.453 0.116
Jis &b 1 (1.6%) 6 (9.7%) 1 (1.6%) 0 (0.0%)
R 1 (1.6%) 9 (14.5%) 6 (9.7%) 6 (9.7%)
ALY 2 IR
B R 2 0 (0.0%) 3 (4.8%) 2 (3.2%) 0 (0.0%) 2.137 0.579
& A WL 11(17.8%) 26 (41.9%)  11(17.8%) 9 (14.5%)
B
I 8 (12.9%) 22 (35.5%) 8 (12.9%) 1(1.6%) 12.259 0.005
H 3 (4.8%) 7 (11.2%) 5(8.1%) 8 (12.9%)
I 11(17.8%)  25(40.3%)  10(16.1%) 6 (9.7%) 4.565 0.183
H 0 (0.0%) 4 (6.5%) 3 (4.8%) 3 (4.8%)
1k
I 8 (12.9%) 22(35.5%)  11(17.8%) 2 (3.2%) 10.105 0.012
H 3 (4.8%) 7(11.3%) 2 (3.2%) 7 (11.3%)
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Continued

R A
G 9 (14.5%) 24 (38.7%) 11 (17.8%) 9 (14.5%) 1.715 0.664
2] 2 (3.2%) 5(8.1%) 2 (3.2%) 0 (0.0%)

il
FLI 11 (17.8%) 23 (37.1%) 13 (21.0%) 9 (14.5%) 5.124 0.095
ANKRIU 0 (0.0%) 4 (6.5%) 0 (0.0%) 2 (3.2%)

il ¥/
M ptsk= 11 (17.7%) 15 (24.2%) 7 (11.3%) 2 (3.2%) 14.245 0.002
A= 0 (0.0%) 14 (22.6%) 6 (9.7%) 7 (11.3%)

3.3. GST BB E R, Tmean, TSD SERESENXEA

PRI FR T 22 W 45 R GST 1 s ELARAE fE 6 43 J2 1R 22 S LA G ih 2% 58 (P < 0.05), JFEAT W 4 L &G,
£t Bonferron & 1E, tRAKSEA  ARSELL H fE 2 i Mg B4R/ TS fEZH(P < 0.05), HIRK a4 5% a4
KGH 5 hEA R E A ZER TS #5 L. Kruskal-Wallis FEATKG 5645 578 Tmean. TSD 7£ fG 56 70 )2
B) 1 22 S g it 2 B U(P < 0.05), 48 Bonferron 152 1E , i K& 4 K& 4L 1) Tmean B BAK T = fE4H(P < 0.05),
MK . KEHK Tmean 5P GH, TREHK Tmean 5 EHGHER LG IHFE L. WILGH. 1KE
H, HfEh e TSD ¥ME T Efa(P < 0.05), MRMKEH . (KEHR TSD 5 a7z R LRI %8 L.
W% 4,

Table 4. The relationship between tumor diameter, Tmean, TSD and risk stratification of GST

= 4.GST WMJEE R, Tmean. TSD 5K TEMER

FE T 4y 2
F/c? P1H
WA fis 16 RSER w1 6 BE T G
i B A% 1596 £5.55"  29.18+8.43”  2928+10.10°  43.31+11.09 15.926 0.001
Tmean (FF 7 %0) 10.39% 11.79° 15.03 22.70 15.042 0.002
TSD (% FHIMH) 4.83" 5917 6.23" 10.42 13.842 0.003

©% Bonferron K 1E, SEifaditL, P <0.05.

WA RSB BRI G FEVE N IVESS SR, Sl E B SE R, 4ethil BUS 1ER (MR
4%, Tmean. TSD)X T4 GST fGEEE /0201 ROC Bh4k, ML SIRBAEHRBAR = RBUE +
S - DA = E WS AEEUEA, Tmean Wl GST fERFE /> H M S AEEUEIE N 17.3775, AUC M 0.769,
TSD P44 GST &K 7 2% ek B8 9 8.0988, AUC 4 0.885, JR ELA21Ffli GST f&le: 7 2 1 B
FE#RIE{E M 42.5000, AUC 4 0.872, W& 2, # 5.
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Figure 2. The ROC curve of tumor diameter, Tmean and TSD for GST risk stratification
B 2. BEER. Tmean. TSD ¥f GST &4 BAI ROC Bk

Table 5. The optimal cutoff values of tumor diameter, Tmean and TSD for GST risk stratification

5. fEER. Tmean. TSD X GST B ERNHESILE

=gEz I [E] AUC 95% CI P
Tmean 17.3775 0.769 0.602~0.936 0.010
TSD 8.0988 0.885 0.789~0.980 0.000
JiE BT 42.5000 0.872 0.734~0.998 0.000

3.4. GST fEleE R =T Logistic EYIN 4T

B R R A ST 2 2 710 BUS IER(Wifk . 854k Miifs 5) 7 A E A B9\ —JC logistic [
ST, RBENGRSE, WG E. RERE. BIRE “0” , PakE. makEymE <17,
HAR B : Witk: 5 =0, & =1, 85fk: & =0, £ =1, MFHES: WKz =0, MEEE =1,
g WL 0 IR ANCE R N VRAL A GST &R FE 2 21 A7 52 [R 25 (OR = 3.504, 95% CI = 1.087~11.299, P <
0.05). W7 6.

Table 6. The binary logistic regression analysis of GST risk classification

= 6. GST Bl E 7 KA =TT logistic BV 4

EUS fiF% B Frifh izt OR 95% CI Wold 7718 P 1A
WAk 1.254 0.597 3.504 1.087~11.299 4.405 0.036
Ay, 0.968 0.628 2.634 0.770~9.014 2.380 0.123

MFAE S 0.547 0.601 1.728 0.532~5.607 0.829 0.362
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4. i1ig

GIST J& V¥ s s 5 DL B[R] HJs it e, o R AT B A/, GST 21 60.00%~70.00% [10]. HHTIA
N, GST AW AT B IR ZHE, AR . AR, MR ER<2 em. R REACH GST
WEFS . SR, AT B TIIES: (KfE. e Ean) GST TATAMRFE N BT R LLUR FLe 8]
BR[11]. EARJE GST HRAEFM SE K, JLHEEEERE . EHir EFERA 2008 4ok RIR1 NIH 732
BRTEEte R AT S o0 S, AR I /Ny PR A« A% 43 2 52 J50R e 8 ot 475 100 Tl g B8 3 o AR A S
fiKfe. i, mife, falendilim, REEBG, FIERIRIK12]. o RREUENER I ZE bRk iR E
BB ERNE, TERGHEISMNR TGRSR IR FRERA T LS R E AL, il BRI
B, I HIEK S e A 13]. Kt GST 12 28 16 B0 A5 20 LE A Ry A LAVEERf T A

EUS 4563518 A 8 FIHE S 28 B PR i, ANOOAT DAPPA I8 (R /N RIS, 3 mT DA, e Ji e (1 RS iR 2
W, FRUE WA 54 [l SR AR N, CEONIEAGE R SR A E ik A T [ 14]. HRFIRI
EUS 2 GST HIRBUE N 88.27%, KrFEN 65.38%, UERIR N 85.11% [15]. GST 7 EUS TEH
VAN [, AESIEIE 2 35], A FEm B, SRIETEAENUZ[16]. L FILHE iR H GST
M fEME R ARG . KA WARAN ., Samal i, 2% % GEE g m 86 4
GST 1) BUS fiE G R B, MR RAAL . [8] A AN K B vl VR VP4l GST a2 s fa i R 2R [17]. BR
WU PESE NI, fadl a4l GST WM R 1H R AL 50 PSR 4b S Ak 1) R A 2 B S8 v TR S 4
R, WA, Pl 21l GST RN EESHIRIR[18]. ARWFFXTINN 62 1 GST 1)
EUS TER 5041, KR AL S A AEAN [ fE [ 43 /25 v 1) 22 53 B G i 22 5 U(P < 0.05) . 13— 84T Logistic
6] 143 4T 45 SR 7R R TR AL A2 VRl GST S A2 ST & 6 [R 25 (OR = 3.504, 95% CI = 1.087~11.299).GST
R B, WEBIME S, SRS AR R, GST MM s 5 EMRRER AL R
M., R R ZERA SR 9], FET AR5 DU ZEM ARG (1 logistic [a1 VAR BY 6 A4 2% XU
FI TR 2R 76.96% [19]. TEASHF 7T HOKE 62 41 GST {4l CDFI I3t 43 /2 AnvE s N sk = 41, i
F & W, MFAS 5 AEAF KRS 73 2 0] 22 S B Gev 22 5 S0 ABASREAE VTS GST fa e FE A 37 fa e A 3%
AT R 854 RN BEEA R G ZEZ R GR I EE L, 5B RS
AN FRA T —B. FBRBIAHTMARIEARELD, H EUS i RA—2 0.

Photoshop 4 HH(PS BAWE N —Fh G AL BRER 1, DR HL e RS i 3 IR 1 K FE A BT DL E 0K,
Bz N TR AR TAR R . 243K, PS BKARAE GIST M2 Wi 512 28 fa b B VEAl vh 1 B2 52 3 Ak %2
SEHWITE . EESE AR PS B4 E T 74 1)E & GIST f) Tmean {H /2 TSD {8, 8t tb# & BIARAK &
HER AN Tmean & TSD SMET Hh i 2H-5 i fE 4, $o 0] 75 0 B 6 1y [l s AN Y 5, f B 2 Sl v
1R A[20]. AFFFIME T 62 5] GST #) Tmean. TSD, Tmean #k, [A]7 k5%, TSD Bk, [[F K
A5 LM R GST MR B A%, Tmean. TSD fEA[F G402 7 2 34 48 it % (P < 0.05), H.
P ELEE, 28 Bonferron &21E, MRIKAEA. K4, HRAEAMMBE ES. Tmean. TSD /M FEfELHP <
0.05), KA EALH K. Tmean & TSD i, fafGsr/Zim, RBARMERS. RN UEGERSE
NFAPESE R, el T R B 4% Tmean. TSD iP5 &K 20 )21 ROC ik, MpJ8 H4%2 > 42.5 mm, Tmean >
17.3775, TSD > 8.0988, Titlll GST A1z 28 XS 1) &g AUC H 5714 0.872. 0.769. 0.885, AR
FHERII X 7> GST MIm fall 7 Z i t4e 5.

gr ERTR, AFEAEYFAT NN GST (1 EUS IER A — @M% . BEE GST B m, MEE
PR, M R A WA WERAEE S S N2 W JidRd P R AR VAL =2 VT Al GST fa e 73 J2 i)
SfERIFR . EUS AT AR GST MR E G R AR IR RIMNE. PS BAIEE S Hri R T
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