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Development of preoperative models for predicting positive esophageal
margin in proximal gastric cancer based on machine learning

GUO Zhenjiang', WANG Ning”, ZHAO Guangyuan', DU Ligiang', CUI Zhaobo®, LIU Fangzhen'
(1. Department of Gastrointestinal; 2. Department of Respiratory and Critical Care Medicine,
Hengshui People’s Hospital, Hengshui 053000, Hebei, China)

Abstract: Objective To develop machine learning models for preoperative prediction of positive esophageal margins in
proximal gastric cancer and to compare its prediction performance with conventional Logistics models. Methods A total
of 382 patients with proximal gastric cancer who received operation at the Department of Gastrointestinal Surgery of
Hengshui People’s Hospital from January 2013 to December 2022 were retrospectively analyzed and divided into the
margin-positive group (n=30) and the margin-negative group (n=352) according to the pathologic diagnosis. The
clinicopathological factors that might affect the positive esophageal margins of proximal gastric cancer were collected,
and the study population were randomly divided into the training set (n=254) and the test set (n=128) in a ratio of
2:1. The unbalanced data in the training set were processed by synthetic minority oversampling technique ( SMOTE).
Three machine learning models, that is, the random forest (RF) , support vector machine (SVM) and extreme gradient
boosting ( Xgboost) , and Logistic regression model were established based on the balanced SMOTE dataset. The predic-
tive performance of the different models was compared by the AUC values of the above four models in predicting posi-
tive esophageal margins in the test set, and the importance of the predictors in the best predictive model was visually
ranked. Results RF had the highest AUC value (0.772, 95% CI. 0.620-0.925) , followed by SVM ( AUC: 0.747,
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95%CI; 0.604-0.891) , the Logistic regression ( AUC: 0.716, 95% CI. 0.537-0.895), and Xgboost ( AUC: 0.710,
95%CI ; 0.560-0.859). The RF model had the best predictive performance. Tumor size, tumor location, Borrmann stag-

ing, Lauren staging and cT staging were the top 5 important factors in the RF model. Conclusion The established ran-

dom forest model for preoperative prediction of positive margins in proximal gastric cancer shows good performance,

with tumor size, tumor location, Borrmann staging, Lauren staging and cT staging being the main predictive factors.
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Table 1

Preoperative baseline characteristics of patients with proximal gastric cancer in the margin-positive group

and the margin-negative group/n(%) or M[ P, ,P.s ]

Af i VI B4 (n=30) VI BIPE (n=352) Y/z P
iy, % 0.035 0.851
<65 12(40.0) 147(41.8)
=65 18(60.0) 205(58.2)
P51 0.007 0.932
5 18(60.0) 214(60.8)
@ 12(40.0) 138(39.2)
e KN/ em 4.20(3.40,5.10) 5.50(4.38,6.98) -4.143 <0.001
Jieea o7 18.168 <0.001
ik EGI %% 17(56.7) 304(86.4)
EGJ %% 13(43.3) 48(13.6)
Borrmann 437! 10.957 <0.001
/1 8(26.7) 204(58.0)
m/v 22(73.3) 148(42.0)
Ji9gd 534k 2.867 0.090
m-hark 5(16.7) 118(33.5)
fl-AK51k 25(83.3) 234(66.5)
Lauren 737 5.094 0.024
iz 184 12(40.0) 215(61.1)
PRiE R/ R AR 18(60.0) 137(38.9)
cT 434 12.923 <0.001
T2~3 12(40.0) 252(71.6)
T4 18(60.0) 100(28.4)
cN 41 7.807 0.005
cNO 15(50.0) 260(73.9)
cN+ 15(50.0) 92(26.1)
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Table 2 Logistics stepwise regression analysis of positive esophageal margin
of proximal gastric cancer

AR B Wald x* OR(95%CI) P

Borrmann 43 (I~ IV vs. [ ~ 1Y) 2.178 0.546 15.923 8.824(3.236~28.228) <0.001
Lauren 3% (R R/ IR A vs. JJHHY) 1.022 0.441 5.364 2.779(1.192~6.809) <0.001
cT 43 (cT4 ] vs. cT2~3 ) 0.554 0.473 1.375 1.741(0.688 ~4.456) 0.241
eN AT eN(+) ] vs. cNO 3] -0.123 0.500 0.061 0.884(0.325~2.331) 0.806
g v & (EGI vs. 3F EGJ) 3.465 0.625 30.705 31.991(10.333~122.956) <0.001
Jibggd /N 0.615 0.155 15.809 1.850( 1.384~2.548) <0.001
Jibggd oAk (s - Ak vs. AIR-FR A1k 1.035 0.494 4.382 2.815(1.100~7.754) 0.036
g8l -7.085 1.177 36.210 0.001(0~0.007) <0.001

2.3 HlgEFSERME R TR L&

5T SMOTE %4l 4 43 J #4 2@ RF, SVM #l
Xgboost 3 FHL &% = TR AY g FH 3 A PE AL
Logistics [A]JAA 7 [z 3 FbfL i ¢ >J Fo0mI 5L 7Y frg 93
PERE, &5 R R 4 FIEEHL Y AUC {E M & 2R R
A RF 74 0.772(95%CI:0.620~0.925) ,SVM #1%

0.747 (95% CI; 0.604 ~ 0.891) , Logistic [n] 7 4& %I
0.716(95%CI:0.537 ~0.895) il Xgboost #7# 0.710
(95%CI:0.560~0.859) . RF B# 4 % (0.828)
FVERE S PE (0.853) fx i, T SVM AR B 1Y 5 Jek
(0.667) F1 G-mean(0.736) fx =, W3 3.

34T RE LA

Table 3 Comparison of prediction performance of 4 models

i AUC(95%CI) T % U ek G-mean
RF 0.772(0.620~0.925) 0.828 0.583 0.853 0.695
SVM 0.747(0.604~0.891) 0.815 0.667 0.828 0.736
Logistics EY/=| 0.716(0.537~0.895) 0.766 0.500 0.793 0.619
Xgboost 0.710(0.560~0.859) 0.813 0.583 0.836 0.688
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Figure 1 Importance ranking of RF prediction model variables
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