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Abstract

Background and Aims: Metal stents and intraluminal irradiation with '*’I seeds are the preferred non-
surgical treatments for malignant biliary obstruction, with proven efficacy in improving patient survival
outcomes. However, the incidence of restenosis in metal stents remains high, and the factors contributing
to this are not well understood, with no reliable predictive models currently available. Therefore, this
study investigated the factors influencing metal stent restenosis in malignant biliary obstruction,
developed a predictive model, and validated its performance.

Methods: A total of 110 patients with malignant biliary obstruction who received metal stents and '’
seed intraluminal irradiation for the first time between January 2019 and March 2022 were selected.
Patients were divided into restenosis and non-restenosis groups based on whether restenosis occurred
within 12 months after operation. Univariate analysis and LASSO regression were initially used to
screen for characteristic variables associated with stent restenosis, followed by Logistic regression to
further analyze the related influencing factors. A nomogram predictive model was constructed using R
language, and its value was assessed using the concordance index (C-index), Hosmer-Lemeshow
goodness-of-fit test, the area under the receiver operating characteristic curve (AUC), and clinical impact
curves. An additional 50 patients with malignant biliary obstruction from the same center, who received
metal stents and '*I seed intraluminal irradiation for the first time during a different period, were
selected as an external validation dataset, and the « statistic was used to compare the concordance rate
between the nomogram prediction of restenosis and clinical reality.

Results: Of the 110 patients, 58 cases of restenosis occurred within 12 months after operation.
Univariate analysis showed that diabetes, total bilirubin (TBIL), carbohydrate antigen 19-9 (CA19-9),
postoperative biliary infection, gallstones, albumin level, radiofrequency ablation, and photodynamic
therapy were associated with restenosis (all P<0.05). Logistic regression analysis identified TBIL, CA19-9,
postoperative biliary infection, gallstones, radiofrequency ablation, and photodynamic therapy as
independent factors associated with metal stent restenosis in malignant biliary obstruction (all P<0.05).
The nomogram predictive model based on Logistic regression had a C-index of 0.838, and the Hosmer-
Lemeshow goodness-of-fit test indicated no significant difference between the predicted and observed
values (¥*=2.796, P=0.803). The AUC of the constructed nomogram for predicting metal stent restenosis
in malignant biliary obstruction was 0.838 (95% CI=0.762-0.913), and the clinical impact curve showed
a high concordance between the predicted high-risk group and actual outcomes across various threshold
probabilities. Using the nomogram predictive model to predict the external validation dataset showed a
concordance rate of 94.00% between the predicted restenosis rate and the actual one, with a x value of
0.880.

Conclusion: TBIL, CA19-9, postoperative biliary infection, gallstones, radiofrequency ablation, and
photodynamic therapy are independent factors associated with metal stent restenosis in malignant biliary

obstruction. The predictive model based on these factors demonstrates good predictive ability and may
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provide a reference for early clinical identification of high-risk patients.
Key words Cholestasis; Stents; Restenosis; Risk Factors; Nomograms
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Figure 1 Main interventional procedure steps

A: Percutaneous transhepatic puncture of the left hepatic duct, and
catheterization and imaging show continuity between the left and right hepatic ducts, with the upper segment of the common
bile duct severed; B: After inserting an 8 F sheath through the percutaneous hepatic puncture tract, a 6 F angiographic
catheter is guided by a guidewire, using a super-smooth guidewire, the upper segment of the common bile duct is probed
and navigated through the stenotic segment, and imaging with the catheter withdrawn reveals severe stenosis in the middle
and upper segments of the common bile duct, consistent with cholangiocarcinoma, with the stenotic segment approximately
3 cm in length; C: After introducing dual guidewires through the angiographic catheter, the catheter is withdrawn, leaving
the dual guidewires in place; D: An 8 mm x 60 mm bare-metal stent is introduced over one guidewire, and an angiographic
catheter is introduced over the other, both positioned at the stenotic segment; E: After confirming the location of the stenotic
segment and the stent, a loaded seed chain is advanced through the angiographic catheter and positioned in the stenotic
segment, the stent is released, and simultaneously the catheter is withdrawn, deploying the seed chain between the stent and
the stenotic segment; F: A guidewire is left in place, the 8 F sheath is withdrawn, and an 8.5 F external biliary drainage
catheter is introduced under guidewire guidance, the drainage catheter is secured, the area is bandaged, and an external
drainage bag is connected, concluding the procedure
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Table 1 Univariate analysis of factors for metal stent restenosis in malignant biliary obstruction
ekl FPZE 4 (n=58) TCHBRZE4H (n=52) iy P
TR (Y x +5) 67.12+4.38 65.97+5.01 1.284 0.202
Heiln(%)]
5 38(65.52) 33(63.46)
0.011 0.917
5’8 20(34.48) 19(36.54)
TR (kg/m? % = 5) 23.12+0.64 23.29+0.57 1.204 0.273
WEA 2 [n (% )]
AR R 5(8.62) 8(15.38) 0.997 0.318
2 0 5 19(32.76) 24(46.15) 2.066 0.151
TR IR 4(6.90) 7(13.46) 1.313 0.252
BE IR 13(22.41) 2(3.85) 8.026 0.005
JEELN I 7(12.07) 2(3.85) 1.495 0.222
1R I 9(15.52) 5(9.62) 0.860 0.354
Ji5 I [n(%)]
JET TS 41(70.69) 40(76.92)
A 0.549 0.459
0y I AR 17(29.31) 12(23.08)
ALT(U/L,% + s) 190.25+63.48 179.48+58.24 0.924 0.358
AST(U/L,% + s) 182.78+60.91 175.00+56.33 0.693 0.490
T PERA AR (UL, % + 5) 679.34+219.53 665.29+208.15 0.343 0.732
V- RSB (U/L,x £ 5) 640.28+202.77 628.13+194.50 0.320 0.750
TBIL(wmol/L,% + s) 349.57+90.26 262.15+81.44 5310 <0.001
HAZIRLLZ (pmol/L,x + 5) 223.09+63.14 212.49+67.38 0.852 0.396
ALB(g/L,% + ) 31.75+1.08 33.20+1.22 6.612 <0.001
CA19-9(ng/mL,x *+ s) 711.31+194.33 605.96+170.07 3.010 0.003
TR (mm, % + 5) 64.02+6.95 66.13+8.04 1.476 0.143
FIHEAR (mm L& + s) 8.55+0.43 8.60+0.49 0.570 0.570
ARHi47 PTCD [n(%)]
w 17(29.31) 10(19.23)
1.504 0.220
2= 41(70.69) 42(80.77)
ARAETYIEGIFIn(%)]
w 30(51.72) 21(40.38)
1.418 0.234
= 28(48.28) 31(59.62)
RS FRIEG 1 (%))]
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5.418 0.020
= 14(24.14) 4(7.69)
JRE5 A [n(%)]
w 37(63.79) 45(86.54)
7.475 0.006
& 21(36.21) 7(13.46)
ST Al (%))
w 56(96.55) 43(82.69)
5.852 0.016
= 2(3.45) 9(17.31)
KB I1i6T7 0 (%)]
w 55(94.83) 40(76.92)
7.463 0.006
= 3(5.17) 12(23.08)
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Figure 2 Analysis of characteristic variables for metal stent restenosis in malignant biliary obstruction

A: Dynamic process

of variable selection using LASSO regression; B: Selection process for the optimal A parameter through cross-validation
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Table 2 Logistic regression analysis of factors for metal stent restenosis in malignant biliary obstruction

e B SE Wald/y? OR(95% CI) P

TBIL 0.142 0.044 10.386 1.152(1.035~1.283) 0.003
CA19-9 0.285 0.082 12.075 1.330(1.174~1.506) <0.001
VN IEYz 0.925 0.274 11.400 2.522(2.236~2.845) <0.001
[IEES¥ay 0.935 0.290 10.406 2.548(2.087~3.112) 0.002
AR Rl -0.622 0.159 15.279 0.537(0.354~0.815) <0.001
HeF IR -0.567 0.163 12.084 0.567(0.404~0.797) <0.001
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Figure 3 Nomogram predictive model for metal stent restenosis in malignant biliary obstruction
10007
§ .
S 800 L
S BN
1.00 & N
£ 600 S——
- % L
.7 =400 N
&0 N\
i g AN
 0.50 £ 200
B = Nur is| \\\
AN
= 0 Nur isk with event N
0.254 T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
High Risk Threshold
0.007 T T T T T r T T T T T T 1
0.00 0.25 0.50 0.75 1.00 1:100 1:5 2:5 3:4 4:3 5:2 5:1 100:1
1- A Cost: Benefit Ratio B

4 FIZERTINREES T

x3 FILETMEREINBIIELER (n)
Table 3 External validation results of the nomogram
prediction model (n)

2R T AR

IIfs 240
Ifi R AR 2 B e P Bt
s 24 2 26
T 1 23 24
j=San 25 25 50

3 it it

AR A BE P E H AR IR YT i R A
SARFFEAR . A ARIF AN BLBIRITY . SR
TR R MR T, (HE2HEERZREED
ZREF RIS SRS AT W B HER Y& F AR
OB I g B AR A BELRE R, S SR AN L AR, S AR
He A R — AN 1095, B A AE it 32 T R (1 R
TR YIBR R AN 109%~20% . X A

http://www.zpwz.net

A: ROCZk; B: IR ML
Figure 4 Analysis of the predictive performance of the nomogram

A: ROC curve; B: Clinical impact curve
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