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Abstract: Objective To investigate the clinical features of tumor-induced acute pancreatitis (TIAP) , to construct and validate a
predictive model for TIAP, and to provide help for early identification in clinical practice. Methods A retrospective analysis was
performed for the clinical data of 3 051 patients with acute pancreatitis (AP) who were admitted to The First Affiliated Hospital of
Xinjiang Medical University from January 2020 to January 2026, among whom there were 72 patients with TIAP. To reduce class
imbalance, 216 patients with non-tumor-related AP (2 979 patients) were randomly selected as conventional group using sex-

stratified sampling, resulting in a cohort of 288 patients, and this cohort was randomly divided into a training set with 201 patients
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and a test set with 87 patients at a ratio of 7: 3. The two groups were compared in terms of general information and laboratory
markers. The independent-samples ¢ test was used for comparison of normally distributed continuous data between two groups, and
the Mann-Whitney U test was used for comparison of non-normally distributed continuous data between two groups; the chi-square
test was used for comparison of categorical data between two groups. Recursive feature elimination and least absolute shrinkage and
selection operator regression were used for screening of characteristic variables, and five machine learning models were
constructed, i.e., logistic regression model, random forest model, support vector machine model, extreme gradient boosting
model, and light gradient boosting machine model. The receiver operating characteristic curve and the precision-recall curve were
used to assess model performance; the calibration curve was used to assess goodness of fit; decision curve analysis was used to
evaluate clinical applicability and practicality ; Shapley additive explanations were used to assess model interpretability. Results In
the training set of 201 patients, there were 52 patients (25.9%) in the TIAP group, and in the test set of 87 patients, there were 20
patients (23.0%) in the TIAP group. Compared with the conventional group, the TIAP group had a significantly higher proportion
of patients with pancreatic duct dilatation (¥’=79.474, P<0.05) , a significantly higher age (Z= -5.838, P<0.05) , and
significantly lower levels of white blood cell count (7=5.630, P<0.05), amylase (7=2.606, P<0.05), hemoglobin (7=5.038, P<
0.05), and neutrophil percentage (7=5.269, P<0.05), as well as a lower level of direct bilirubin (Z=0.936, P>0.05). The five
machine learning models constructed based on these seven variables had a certain predictive ability, among which the logistic
regression model had the best performance in the test set, with an area under the curve of 0.893 (95% confidence interval : 0.821—
0.953) , an average precision of 0.654 in the precision-recall curve, good calibration, and good clinical benefits based on the decision
curve analysis. Conclusion The predictive model for TIAP based on pancreatic duct dilatation, age, white blood cell count,
amylase, hemoglobin, neutrophil percentage, and direct bilirubin shows good predictive performance and can provide important

guidance for the early diagnosis of TIAP.
Key words: Pancreatitis; Digestive System Tumors; Machine Learning; Models, Statistical
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F1 IGESNIKEIRKREBEI LR

Table 1 Comparison of clinical characteristics between the training and test sets

b M E (n=87) YIIZ4E (n=201) Gl PIH
Jibyeg L4511 (%) ] X'=0.137 0.711
v 67(77.0) 149(74.1)
f 20(23.0) 52(25.9)
P[5 (%) ] X’<0.001 0.999
& 37(42.5) 87(43.3)
5 50(57.5) 114(56.7)
U EEARICN X'=0.054 0.817
G 60(69.0) 143(71.1)
i 27(31.0) 58(28.9)
I [ 41(%) ] X=1573 0.210
G 57(65.5) 148(73.6)
f 30(34.5) 53(26.4)
2 RUBE R L1 (%) X=0.379 0.538
T 68(78.2) 165(82.1)
el 19(21.8) 36(17.9)
R 4 1 52 975 s [ 491 (%) | X=0.103 0.749
J 72(82.8) 171(85.1)
H 15(17.2) 30(14.9)
RIR[ (%) ] X'=0.474 0.491
J 75(86.2) 165(82.1)
H 12(13.8) 36(17.9)
JEEFRRE (%) ] X=0.474 0.491
Brp R 75(86.2) 165(82.1)
A 12(13.8) 36(17.9)
NRIEZS A [ (%) ] X’<0.001 0.999
G 57(65.5) 131(65.2)
i 30(34.5) 70(34.8)
JERAEY 5K [ (%) ] X=0.264 0.608
G 71(81.6) 157(78.1)
H 16(18.4) 44(21.9)
JRAEY T[] (%) ] X=0.379 0.538
G 68(78.2) 165(82.1)
el 19(21.8) 36(17.9)
Y (%) 50.00(34.50 ~ 61.00) 50.00(38.00 ~ 61.00) 7=-0.459 0.647
FI 4T ( x 10°/1) 9.86(6.96 ~ 13.57) 9.82(6.47 ~ 13.15) 7=0.393 0.695
Fh MR AN 4 (%) 77.40(67.60 ~ 84.45) 78.60(68.40 ~ 84.80) 7=-0.253 0.801
ML 2L3E H (g/L) 140.00(121.50 ~ 155.00) 139.00(125.00 ~ 156.00) Z=-0.466 0.613
TEHE(U/L) 182.43(86.16 ~ 537.32) 167.26(79.25 ~ 499.43) Z=0411 0.682
g i (U/L) 297.76(109.06 ~ 1 009.25) 303.86(66.62 ~ 1 514.50) 7=0.196 0.845
175 %5 (mmol/L) 2.23(2.10 ~ 2.30) 2.21(2.10 ~ 2.30) 7=0.616 0.538
23 W IMUBE (mmol/L) 6.64(5.33~9.20) 6.70(5.30 ~ 9.36) 7=-0.274 0.784
LT mol/L) 58.90(50.34 ~ 72.28) 58.26(49.80 ~ 73.08) 7=0.045 0.964
HEH (g/L) 41.81(37.73 ~45.72) 40.37(37.14 ~ 44.14) Z=1.724 0.085
Hh = A5 (mmol/L) 1.84(0.99 ~ 3.75) 1.65(1.05 ~ 5.45) 7=-0.032 0.975
S E [ S (mmol/L) 4.56(3.42 ~5.84) 4.54(3.71 ~ 6.04) 7=-0.677 0.499
BRLT 2 (wmol/L) 21.88(15.62 ~39.20) 22.09(15.28 ~35.78) 7=0.079 0.937
HIEIRZZR (umol/L) 8.29(5.58 ~ 13.14) 9.55(6.33 ~ 17.79) Z=-1.051 0.294
(]2 AR 2T 2 (pmol/L) 12.45(8.23 ~21.84) 12.66(8.29 ~ 20.14) 7=0.136 0.893
RAFMRARFA[E(U/L) 35.33(24.82 ~73.37) 37.40(27.01 ~ 80.92) 7=-0.837 0.403
WHRRAHEEHE(U/L) 31.40(21.00 ~ 58.23) 33.04(20.00 ~ 95.00) 7=-0.725 0.469
TR B (U/L) 93.44(71.55 ~ 136.61) 98.92(74.03 ~ 151.13) Z=-0.510 0.610
R85 2 IR (ng/LL) 0.09(0.05 ~ 0.20) 0.11(0.04 ~ 0.28) 7Z=-0.559 0.576
H A2 6(pg/L) 24.90(7.15 ~ 65.03) 22.70(7.67 ~ 69.64) 7=-0.301 0.764
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Table 2 Comparison of clinical characteristics between the tumor-induced acute pancreatitis group and the conventional group

EiL2) HILAL (n=216) TIAPZ (n=72) GiiE P{E
PR (%) ] X'<0.001 0.999
& 93 (43.1) 31 (43.1)
5 123 (56.9) 41 (56.9)
WA sk [ 45 (% ) x=0.139 0.709
G 154 (71.3) 49 (68.1)
H 62 (28.7) 23 (31.9)
I [ 41(%) ] X'=0.683 0.409
G 157 (72.7) 48 (66.7)
i 59 (27.3) 24 (33.3)
2 BUBE PRI 11 (%) ] Y=11.394 0.001
G 185 (85.6) 48 (66.7)
f 31 (14.4) 24 (33.3)
JoRAR 9 i 295 S L (%) ] Y=12.019 0.001
pw 192 (88.9) 51 (70.8)
H 24 (11.1) 21(29.2)
RIR[(%) ] X'=0.300 0.584
o 178 (82.4) 62 (86.1)
el 38 (17.6) 10 (13.9)
FrE AR (%) ] X'=2.700 0.100
Rrp 175 (81.0) 65 (90.3)
Y5y 41 (19.0) 7(9.7)
JRIE 254 [1](%) ] Y'=3.452 0.063
G 134 (62.0) 54 (75.0)
H 82 (38.0) 18 (25.0)
A 5K [ (%) ] x2=79.474 <0.001
T 201 (93.1) 32 (44.4)
i 15 (6.9) 40 (55.6)
NRAE 5K [ (%) ] X'=26.077 <0.001
G 190 (88.0) 43 (59.7)
H 26 (12.0) 29 (40.3)
i (%) 45.00 (35.00 ~ 56.25) 59.00 (51.75 ~ 68.00) 7=-5.838 <0.001
FIEAE 45 (< 10°1) 11.09 (7.67 ~ 13.85) 6.88 (5.25~8.94) 7=5.630 <0.001
Fh R AN 4 E (%) 80.75 (72.75 ~ 85.43) 69.90 (60.83 ~ 77.88) 7=5.269 <0.001
IM2LEE H (g/L) 145.00 (128.00 ~ 161.00) 132.00 (115.00 ~ 139.50) 7=5.038 <0.001
TEAE(U/L) 182.91 (84.47 ~ 661.49) 156.09 (67.97 ~269.71) 7=2.606 0.009
A D5 A (U/L) 330.16 (78.89 ~ 1 567.87) 192.43 (51.91 ~ 891.95) 7=2.047 0.041
117 5 (mmol/L) 2.21(2.10~2.30) 2.22(2.11~2.30) 7=-0.011 0.992
25 W 1A (mmol/L) 6.83 (5.32~9.94) 6.33 (5.20 ~ 8.15) 7=1.299 0.194
VLA (umol/L) 59.61 (50.65 ~ 73.08) 56.74 (48.18 ~ 71.06) 7=0.938 0.349
MM (g/L) 41.87 (38.16 ~ 45.46) 38.60 (33.30 ~ 41.07) Z=4.981 <0.001
H il = (mmol/L) 1.85 (1.06 ~ 6.96) 1.39 (0.98 ~2.12) 7=2.975 0.003
SSIE [ B (mmol/LL) 4.87 (3.83 ~6.30) 3.88 (3.26 ~4.76) 7=4.681 <0.001
JARZT 2 (pmol/L) 22.64 (16.03 ~ 35.51) 18.63 (13.68 ~ 47.90) 7=0.662 0.509
BEHEARLT 2 (umol/L) 9.83 (6.40 ~ 14.89) 7.40 (4.91 ~33.77) 7=0.936 0.350
[E] #5012 (mol/L) 12.74 (8.33 ~ 20.06) 12.05 (8.04 ~ 21.77) 7=0.137 0.891
REAMRBFL LR (U/L) 37.71 (26.68 ~ 76.54) 33.88 (25.30 ~ 83.22) 7=0.600 0.549
WHERALE B (U/L) 32.64 (20.00 ~ 95.00) 31.68 (20.91 ~ 59.34) 7=0.827 0.409
B R (U/L) 96.73 (73.50 ~ 135.01) 103.83 (73.46 ~ 251.30) 7=-1.668 0.095
R4S 2 R (ng/LL) 0.11 (0.04 ~ 0.26) 0.09 (0.04 ~0.21) 7=0.832 0.405
F 4 6(pg/L) 30.38 (8.96 ~ 80.60) 10.85 (4.82 ~ 28.16) Z=3.604 <0.001
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Figure 2 ROC curves and precision-recall curves for five machine learning models on the test set
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Table 3 Performance comparison of five machine learning algorithms

HiH HER U FESEIE PEPEFGINGE  BAPERTE F135 Kappa 7341
PlEES S
RF 1.00 1.00 1.00 1.00 1.00 1.00 1.00
LR 0.86 0.62 0.95 0.80 0.88 0.70 0.61
XGBoost 1.00 0.98 1.00 1.00 0.99 0.99 0.99
LightGBM 1.00 1.00 1.00 1.00 1.00 1.00 1.00
SVM 0.80 0.27 0.98 0.82 0.79 0.41 0.32
il S
RF 0.80 0.60 0.87 0.57 0.88 0.59 0.46
LR 0.83 0.60 0.90 0.63 0.88 0.62 0.50
XGBoost 0.82 0.65 0.87 0.59 0.89 0.62 0.50
LightGBM 0.83 0.65 0.88 0.62 0.89 0.63 0.52
SVM 0.78 0.30 0.93 0.55 0.82 0.39 0.27

1 RF, BEHLARAR ; LR, 2248 1719 ; XGBoost , H FRAES FEFR T ; Light GBM, 5 i Bk BE SR THIL ; SVM, S HF1) B AL
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Figure 3 Model interpretation diagram of shapley additive explanations values
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Figure 4 Calibration curve and decision curve analysis
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