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from non-GIST based on endoscopic ultrasound radiomics and machine learning. Methods A total of 435 eligible patients were
enrolled, and 3 279 endoscopic ultrasound images of GIST (257 cases) and non-GIST (including 145 cases of gastric leiomyoma
and 33 cases of schwannoma) were collected and assigned (case proportion, 7 : 3) to training set or test set. Pyradiomics software
was used to extract tumor radiomics features, and principal component analysis (PCA), least absolute shrinkage and selection
operator (LASSO), extreme gradient boosting (XGBoost), random forest, and recursive feature elimination (RFE) algorithms were
used to design feature screening schemes. Based on the selected features, the models were established by support vector machine
classifier. Receiver operating characteristic (ROC) curve was used to evaluate the predictive performance of the models for GIST
and non-GIST. Results The radiomics prediction models were established based on the selected features. The area under curve
values of 5 models based on different feature screening methods (PCA, PCA+LASSO, PCA+XGBoost, PCA +random forest,
and PCA+RFE) were 0.581, 0.870, 0.874, 0.860, and 0.661, respectively. Conclusion PCA +XGBoost algorithm has the best
feature screening effect. A model based on the radiomics and machine learning methods in this study for distinguishing GIST from
non-GIST can be used for preoperative prediction of patients.

[ Key words | gastrointestinal stromal tumor; endoscopic ultrasound; radiomics; machine learning; principal component
analysis; extreme gradient boosting
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B iE A8 ( gastrointestinal stromal tumor,
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ultrasound-guided fine-needle aspiration, EUS-FNA )
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Fig1 A case of ROI segmentation of EUS image

A: Original EUS image; B: ROI segmentation according to
tumor contour (red region). EUS: Endoscopic ultrasound; ROI:

Region of interest.
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Fig2 PCA projection diagram
Red star: The original point; Yellow cross: Projection point;
Grey line: Projection distance; Blue line: Feature vector. PCA:

Principal component analysis.
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3 LASSO HiiERRMLHE
Fig3 LASSO algorithm for optimal solution
Red line ellipse: Contour of the cost function; Blue rectangle:
The constraint domain of L1 regularization. ﬁ : Center point of the
contour line, indicating the minimum value. Horizontal axis /8, and
vertical axis 3, indicate the values of different regression coefficients.

LASSO: Least absolute shrinkage and selection operator.
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&1 IZGEMNKEEFNIES AORE BRI KEHE
Tab 1 Sociodemographic information and clinical characteristics of patients in training set and test set
Index Training set N=305 Test set N=130 P value
Gender, n (%) 0.876
Male 112 (36.7) 46 (35.4)
Female 193 (63.3) 84 (64.6)
Agel/year, median (range) 58.0 (27.0-83.0) 62.0 (21.0-88.0) 0.077
Lesion size/mm, median (range) 14.0 (4.0-88.9) 14.5 (3.6-73.0) 0.868
Lesion size, n (%) 0.954
<20 mm 209 (68.5) 88 (67.7)
=20 mm 96 (31.5) 42 (32.3)
Lesion location, 1 (%) 0.286
Antrum of stomach 21(6.9) 11 (8.5)
Body of stomach 143 (46.9) 64 (49.2)
Cardia 38 (12.5) 22 (16.9)
Fundus of stomach 103 (33.8) 33 (25.4)
Pathological type, n (%) 0.933
GIST 179 (58.7) 78 (60.0)
Gastric leiomyoma 102 (33.4) 43 (33.1)
Gastric schwannoma 24(7.9) 9(6.9)
GIST risk stratification’, n (%) 0.247
Very low risk 87 (48.6) 28 (35.9)
Low risk 64 (35.8) 35 (44.9)
Intermediate risk 20 (11.2) 12 (15.4)
High risk 8 (4.5) 3(3.8)
EUS probe, 1 (%) 0.157
Miniprobe 158 (51.8) 57 (43.8)
Radial scope 147 (48.2) 73 (56.2)

" 179 cases in training set and 78 cases in test set for GIST risk stratification. GIST: Gastrointestinal stromal tumor; EUS:

Endoscopic ultrasound.
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FEUZ, K Pyradiomics /34 HLE] 1 409 43
TR RHE . 7E 5 FhifE ) 52, FIFH PCASE
PR PRIE YRR A AE R 150 48, F LASSO ik .

XGBoost Hik . LA L RFE S5 58
FREFREER] 10 1~ HUH PCA B3k 1t 7 280 i
ARG R A2, Ay 4 PR B3R
FRIET RS R T IR RAAR SRR AN 2 Fis .

%2 FATFE5 GIST #idE GIST K EUS MGAFHHERRLER
Tab 2 Radiomics feature selection results of EUS for identifying GIST and non-GIST

Algorithm Selected radiomics feature
PCA+LASSO Gray level emphasis, gray level variance, gray level non-uniformity, difference average, joint energy
PCA+XGBoost Joint energy, IDMN, gray level non-uniformity normalized, difference average, small dependence low gray

level emphasis

PCA+random forest Joint energy, IDMN, gray level non-uniformity normalized dependence entropy, difference average, high gray

level run emphasis

PCA+RFE
emphasis, zone percentage

Autocorrelation, complexity, gray level non-uniformity normalized, small dependence high gray level

GIST: Gastrointestinal stromal tumor; EUS: Endoscopic ultrasound; PCA: Principal component analysis; LASSO: Least

absolute shrinkage and selection operator; XGBoost: Extreme gradient boosting; RFE: Recursive feature elimination; IDMN: Inverse

difference moment normalized.

23 BAMKXLR FET LIRS FRREEED
Bk, KRR SVM 2 888k HE 57 X GIST 5
Ak GIST #E47 A shk X Ay F AR AL, 5 Fp B3k i
X o7 T AR Y () MR BE 4G SR 3k 3 PR . T PCA
BRI 8 248 I im0 07 258 7T LA R 473 288 T A6 76
1) AUC A A [F) 2 B2 42 55, 55 T PCA (Y 1k [ 4k

5 LASSO Bk M 45 A i AUCHE = T 49.7%, 5
XGBoost BILILE A AUCHEE T 50.4%, SBEL
PR 45 A8 AUC IR T 48.0%, 5 RFEHA
B LE A AUC R T 13.8%, HAh 3T PCA+
XGBoost 572 Ay AR B X} GIST FlEE GIST B i 2%
fief i, AUC b 0.874,

x3 BT EUS ZEEFH S MEERTI R RERL R GIST F13E GIST HIZEELLE
Tab 3 Comparison of classification models of 5 algorithms based on EUS radiomics for identifying GIST and non-GIST

Algorithm Sensitivity/% Specificity/% PPV/% NPV/% Accuracy/% AUC
PCA 54.9 72.0 54.1 72.7 65.6 0.581
PCA+LASSO 95.4 73.8 68.6 96.4 81.9 0.870
PCA+XGBoost 95.9 73.3 68.2 96.7 81.7 0.874
PCA+random forest 86.3 73.9 66.5 90.0 78.6 0.860
PCA-+RFE 58.8 63.4 49.0 72.0 61.7 0.661

EUS: Endoscopic ultrasound; GIST: Gastrointestinal stromal tumor; PCA: Principal component analysis; LASSO: Least absolute

shrinkage and selection operator; XGBoost: Extreme gradient boosting; RFE: Recursive feature elimination; PPV: Positive predictive

value; NPV: Negative predictive value; AUC: Area under curve.
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