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Abstract. Patients with malignant biliary obstruction (MBO) 
are often treated with endoscopic retrograde cholangiopan‑
creatography (ERCP) combined with biliary stent placement 
for tumor progression. However, certain patients die within 
30 days after the procedure, increasing healthcare resource 
consumption and patient burden. Therefore, the develop‑
ment of early mortality prediction models is important for 
optimizing treatment decisions. The present study retrospec‑
tively analyzed the clinical data of 285 patients with MBO, 
including demographic information, laboratory indicators and 
tumor‑related factors. Logistic regression and artificial neural 
network (ANN) models were used to construct a prediction 
tool, and the model performance was evaluated using area 
under the curve (AUC), accuracy, sensitivity and specificity. 
The logistic regression model, which identified the cancer 
antigen 19‑9 (CA19‑9) level and a history of previous ERCP 
surgery as independent risk factors, had an AUC of 0.727 and 
an accuracy of 65.0%. The ANN model, which combined five 
variables, namely CA19‑9, history of previous ERCP surgery, 
neutrophil‑lymphocyte ratio (NLR), liver metastasis and 
carcinoembryonic antigen, demonstrated that NLR was the 
most weighted predictor. Furthermore, the ANN model had 

an AUC of 0.813, an accuracy of 88.2% and a specificity that 
was markedly higher than that of the logistic regression model 
(95.5 vs. 83.3%). However, the ANN model was revealed to 
be slightly less sensitive compared with the logistic regression 
model (61.1 vs. 61.2%). In conclusion, compared with logistic 
regression, the ANN model had a greater performance level 
in terms of predictive power and specificity, and is suitable 
for capturing complex non‑linear relationships. However, 
its complexity and risk of overfitting need to be further 
optimized. The present study provides a new tool for the 
accurate prediction of the risk of early death after ERCP in 
patients with MBO, which could help improve individualized 
treatment strategies.

Introduction

Malignant biliary obstruction (MBO) is a spectrum of 
disorders in which malignant tumors cause narrowing of the 
bile ducts, thereby affecting bile excretion. Common causes 
include cholangiocarcinoma, gallbladder cancer, pancreatic 
cancer, bladder cancer and metastatic tumors. However, this 
disease usually progresses insidiously, resulting in >80% of 
patients being ineligible for radical surgery at the time of 
diagnosis (1,2). Therefore, endoscopic retrograde cholangio‑
pancreatography (ERCP) combined with biliary stenting has 
become the treatment of choice for patients with MBO who 
cannot undergo radical surgery. This approach is favored for 
its minimally invasive nature, high success rate and good 
patient tolerability  (3,4). However, a study in the United 
Kingdom reported an early mortality rate of 19.1% within 
30 days after ERCP, with ahigher rate of 25.3% in patients 
with severe biliary obstruction (5,6). In patients with early 
mortality within 30 days postoperatively, the main purpose 
of ERCP stent implantation is to ensure biliary patency and 
drainage. In such cases, the placement of plastic stents is suffi‑
cient to guarantee the continuation of the life of the patient, 
and the advantages of metal stents in terms of duration of use 
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and patency are null and void, whereas their high cost imposes 
a significant financial burden on the patient and the healthcare 
system (7). Therefore, it is urgent to predict the risk of early 
postoperative mortality and to select clinical protocols based 
on the expected survival time of patients with MBO.

Currently, most studies on early death within 30 days after 
ERCP in patients with MBO have focused on the analysis of 
risk factors associated with postoperative death (6,8), whilst 
modeling studies aimed at predicting early death within 
30 days after ERCP in patients with MBO are scarce. This 
makes it difficult to effectively predict the risk of early post‑
operative death with preoperative data and to screen high‑risk 
patients with preoperative information. Kalaitzakis  (9) 
predicted the risk of early death within 30 days after ERCP 
in patients with biliary obstruction by analyzing demographic 
characteristics, mode of admission and comorbidities; however, 
the study included patients with benign biliary obstruction. 
Zhu et al (10) reported that factors such as distant metastasis, 
total bilirubin level, post‑ERCP complications and successful 
drainage were associated with early death within 30 days after 
ERCP in patients with MBO; however, the exploration of the 
general condition of the patients and tumor‑related factors 
was not comprehensive. Furthermore, most of these studies 
were limited to a small number of laboratory indicators, and 
their predictive ability still needs to be further validated and 
evaluated. To achieve accurate early warning of early death 
within 30  days after surgery, new early warning models 
need to be constructed and validated based on more compre‑
hensive preoperative data, including laboratory indicators, 
tumor‑related factors and the general health status of patients.

It is currently common practice to use traditional statis‑
tical methods, such as logistic regression, to build simple 
and easy‑to‑use predictive models. However, as patients 
with MBO may have multiple tumor types, which results in 
increased complexity of features and possible correlations 
among features, traditional statistical methods may not be 
able to effectively address this complexity (11,12). By contrast, 
an artificial neural network (ANN), as an advanced machine 
learning technique, can learn the relationship between complex 
features and outcomes from a large amount of heterogeneous 
data (13), which provides new ideas and strong support for the 
establishment of clinical prediction models.

Therefore, the present study aimed to assess the potential 
clinical predictors of death within 30 days after ERCP in 
patients with MBO using comprehensive clinical data and 
construct a visualized prediction model. Furthermore, the 
present study aimed to build a simple ANN model to evaluate 
its predictive ability and compare it with the traditional model 
to verify the advantages and disadvantages of the performance 
of both in clinical applications.

Materials and methods

Patient selection. A total of 625 patients, diagnosed with 
MBO through imaging and/or pathology and treated with 
ERCP combined with biliary stenting at the Department of 
Hepatobiliary Surgery in the General Hospital of Ningxia 
Medical University (Yinchuan, China) between January 2018 
and September 2021, were included in the present study. After 
excluding 340 patients, a total of 285 patients were included. 

The specific study procedure and patient selection are outlined 
in Fig.  1. Prior to surgery, all patients provided written 
informed consent for the procedure. The study was approved 
by the Ethics Committee of the General Hospital of Ningxia 
Medical University (approval no. KYLL‑2023‑0450). The 
inclusion criteria were as follows: i) Age of >18 years; ii) suffi‑
cient evidence (imaging and pathology) to diagnose MBO; and 
iii) inability to perform surgical resection of the lesion due to 
lesion progression, metastasis and poor general condition. The 
exclusion criteria were as follows: i) Serious infection or organ 
failure before surgery; ii) Eastern Cooperative Oncology Group 
(ECOG) score of 4 (14); iii) received other antitumor treatment 
within 1 month after surgery, such as percutaneous transhe‑
patic cholangial drainage or endoscopic ultrasound‑guided 
biliary stenting (except symptomatic supportive treatment); 
iv) incomplete clinical data; v) other surgery within 30 days 
after surgery; and vi) other accidental death due to non‑disease 
causes (such as from traffic accidents or suicide).

Data collection. The data collected included several clinical 
characteristics of the patients. Demographic information, 
such as age, sex and body mass index, was recorded. General 
information, such as liver function Child‑Pugh classifica‑
tion  (15), ECOG score, history of previous ERCP, history 
of abdominal surgery and history of gallstones, was also 
documented. Laboratory markers, including white blood cell 
count, hemoglobin, total bilirubin, direct bilirubin, albumin 
and glucose levels, neutrophil‑lymphocyte ratio count (NLR), 
cancer antigen 19‑9 (CA19‑9), carcinoembryonic antigen 
(CEA), alanine aminotransferase, aspartate aminotransferase, 
lactate dehydrogenase and alkaline phosphatase levels, and 
prothrombin time, were measured and recorded. Other indica‑
tors, such as the length and location of the obstruction, presence 
of biliary infection, presence of liver metastasis, presence of 
abdominal lymph node metastasis, presence of distant metas‑
tasis and type of stent used, were also documented. Surgical 
time was categorized as <30 and ≥30 min based on previous 
studies (16,17). In the present study, due to the limitation of 
the number of cases, obstruction was categorized according to 
the location of the obstruction, with high biliary obstruction 
considered as above the site of the confluence of the cystic duct 
and common bile duct, and low biliary obstruction considered 
as below it  (18). Obstruction length was determined using 
intraoperative ERCP angiography.

The data collection process was performed retrospectively, 
ensuring that all relevant clinical information was recorded 
accurately and comprehensively. This comprehensive dataset 
allowed for a thorough analysis of the potential risk factors 
associated with early death after ERCP in patients with MBO.

ERCP method of operation. A thorough preoperative laboratory 
and examination was performed to rule out contraindications to 
ERCP. CT and MRI were performed to assess the location of the 
tumor, the degree of invasion and the type of bile duct stricture. 
The intraoperative decision to perform a sphincterotomy of Oddi 
was based on the difficulty of intubation. Stents were selected 
based on observations of the location and extent of the stricture, 
and the internal diameter of the bile duct. In certain patients 
with high MBO obstruction, pathological sampling and stenting 
were performed under direct vision using the Spyglass transoral 
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choledochoscope fiberoptic direct vision system (Olympus, 
Corp.). Postoperatively, the patients were treated with primary 
care, acid and enzyme suppression, prophylactic anti‑infectives 
and other symptomatic supportive therapy.

Study endpoints and related definitions. According to the 
relevant literature, early deaths are defined as those occur‑
ring within 30 days following ERCP (6,19). Therefore, the 
endpoint event of the present study was to determine whether 
early death occurred in patients with MBO after undergoing 
ERCP combined with biliary stent placement. Patient death 

was primarily due to disease progression or disease‑related 
events, excluding accidental deaths unrelated to the underlying 
condition (such as traffic accidents or suicides).

Statistical analysis. Statistical analyses were performed using 
SPSS 26.0 software (IBM Corp.) and the R language package 
(4.1.3; R Package for Statistical Computing; www.r‑project.org). 
Data are presented as median (interquartile range) or n (%). The 
unpaired Student's t‑test or the Mann‑Whitney U test were used 
for continuous variables, and Pearson's χ2 test or Fisher's exact 
test were used for categorical data. Univariate analysis was used 

Figure 1. Flowchart of the model test for predicting the occurrence of early death within 30 days after ERCP combined with biliary stenting. ERCP, endoscopic 
retrograde cholangiopancreatography; MBO, malignant biliary obstruction; ANN, artificial neural network.
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Table I. Characteristics of the patients in the training and validation groups.

Variable	 Training group (n=200)	 Validation group (n=85)	 χ2/Z	 P‑value

Sex				  
  Male	 108 (54.0)	 47 (55.3)	 0.04	 0.841
  Female	 92 (46.0)	 38 (44.7)		
Age, years	 72.0 (64.0‑78.0)	 73.0 (67.5‑79.0)	 ‑0.946	 0.344
BMI, kg/m2	 22.0 (20.3‑24.6)	 22.2 (21.5‑23.3)	 ‑0.446	 0.655
Infections				  
  Yes	 51 (25.5)	 28 (32.9)	 1.648	 0.199
  No	 149 (74.5)	 57 (67.1)		
Death				  
  Yes	 39 (19.5)	 18 (21.2)	 0.105	 0.746
  No	 161 (80.5)	 67 (78.8)		
Ascites				  
  Yes	 24 (12.0)	 6 (7.1)	 1.546	 0.214
  No	 176 (88.0)	 79 (92.9)		
History of ERCP				  
  Yes	 61 (30.5)	 27 (31.8)	 0.045	 0.833
  No	 139 (69.5)	 58 (68.2)		
History of abdominal surgery				  
  Yes	 49 (24.5)	 14 (16.5)	 2.233	 0.135
  No	 151 (75.5)	 71 (83.5)		
Liver metastasis				  
  Yes	 34 (17.0)	 8 (9.4)	 2.734	 0.098
  No	 166 (83.0)	 77 (90.6)		
Lymph node metastases				  
 Yes	 34 (17.0)	 10 (11.8)	 1.252	 0.263
  No	 166 (83.0)	 75 (88.2)		
Distant metastasis				  
  Yes	 12 (6.0)	 3 (3.5)	 0.329	 0.567
  No	 188 (94.0)	 82 (96.5)		
ECOG score				  
  0	 7 (3.5)	 4 (4.7)	 ‑0.132	 0.895
  1	 45 (22.5)	 18 (21.2)		
  2	 104 (52.0)	 43 (50.6)		
  3	 44 (22.0)	 20 (23.5)		
Child‑Pugh class				  
  A	 15 (7.5)	 13 (15.3)	 ‑1.166	 0.224
  B	 172 (86.0)	 65 (76.5)		
  C	 13 (6.5)	 7 (8.2)		
Type of malignancy				  
  Gallbladder cancer	 8 (4.0)	 4 (4.7)	 0.547	 0.990
  Cholangiocarcinoma	 67 (33.5)	 28 (32.9)		
  Pancreatic cancer	 41 (20.5)	 17 (20.0)		
  Liver cancer	 21 (10.5)	 7 (8.2)		
  Ampullary cancer	 27 (13.5)	 12 (14.1)		
  Metastatic cancer	 36 (18.0)	 17 (20.0)		
Obstruction site				  
  High obstruction	 78 (39.0)	 38 (44.7)	 0.805	 0.370
  Low obstruction	 122 (61.0)	 47 (55.3)		
Obstruction length, mm	 21.0 (11.2‑31.8)	 20.0 (13.0‑31.0)	 ‑0.385	 0.700
Stent type				  
  Plastic stent	 32 (16.0)	 13 (15.3)	 1.587	 0.662
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in the training group to screen for potential risk factors associ‑
ated with 30‑day mortality, P<0.05 was considered to indicate a 
statistically significant difference.

Potential risk factors identified in a multifactorial 
analysis were included in the logistic regression model, 
which was constructed using independent risk factors, with 
P<0.05. The odds ratio (OR) and 95% confidence interval 
(CI) for the predictors were calculated, and the model was 
visualized using a column‑line graph based on the logistic 
results. Furthermore, the ‘Neural Network’ module in 
SPSS 26.0 software was used to construct the ‘Multilayer 
Perceptron’ ANN model. The model had three layers: Input 
layer, hidden layer and output layer. The covariates were 
rescaled using a standardized method. The activation func‑
tion of the hidden layer was the hyperbolic tangent function; 
the training type was batch training; the optimization 
algorithm chose conjugate gradient; the initial sigma was 
set to 0.00005; the interval offset was ±0.5; the maximum 
training time was set to 15  min; the minimum relative 
change of training error was 0.0001; the minimum relative 
change of the training error rate was 0.001; and the output 
layer used the softmax function and the error function used 
cross‑entropy. As training progressed, the neural network 
model gradually increased the accuracy of its correlation 
weight coefficients, and when the training was complete, 
the ANN was constructed.

In the present study, the predictive ability of the logistic and 
ANN models was comprehensively assessed, validated and 
compared through different indicators, including area under 
the curve (AUC) with 95% confidence interval (CI), accuracy, 
sensitivity and specificity. AUC is a key indicator for assessing 
the discriminative ability of a model; it can be used to reflect 
the overall discriminative ability of a model for positive and 
negative samples by plotting receiver operator characteristic 
(ROC) curves. Moreover, the 95% CIs of AUC values demon‑
strate the statistical reliability of the results and can assess the 
stability and significance of the model performance. Accuracy 
is an important indicator for assessing the correct classifica‑
tion of the model, which can evaluate the overall performance 
of the dataset. Sensitivity measures the ability of the model to 
detect positive cases, which can be used to assess the model's 
ability to recognize positive cases and helps assess the model's 
false‑negative rate , and specificity reflects the ability of the 
model to correctly identify the negative cases, which helps 
to assess the misdiagnosis rate of the model. These metrics 
comprehensively evaluate the performance of the model from 
multiple dimensions, such as overall performance, positive 
case detection ability and negative case exclusion ability, 
respectively. Therefore, these indicators of AUC with 95% CI, 
accuracy, sensitivity and specificity can be used to compare 
the predictive performance of logistic regression models and 
ANN models, and to clarify their respective advantages and 

Table I. Continued.

Variable	 Training group (n=200)	 Validation group (n=85)	 χ2/Z	 P‑value

  Metal stent	 36 (18.0)	 17 (20.0)		
  Metal + nasobiliary drainage	 48 (24.0)	 15 (17.6)		
  Nasal biliary drainage	 84 (42.0)	 40 (47.1)		
CA19‑9				  
  ≥240 U/ml	 103 (51.5)	 41 (48.2)	 0.254	 0.614
  <240 U/ml	 97 (48.5)	 44 (51.8)		
CEA				  
  ≥5 ng/ml	 76 (38.0)	 25 (29.4)	 1.923	 0.166
  <5 ng/ml	 124 (62.0)	 60 (70.6)		
WBC, x109/l	 6.4 (5.0‑7.7)	 6.5 (5.5‑8.1)	 ‑1.379	 0.168
NLR	 3.9 (2.6‑5.8)	 4.4 (2.4‑6.1)	 ‑0.790	 0.429
HGB, g/l	 125.0 (111.0‑135.0)	 124.0 (108.5‑134.5)	 ‑0.526	 0.599
TBIL, µmol/l	 198.3 (93.2‑296.3)	 189.0 (67.5‑307.0)	 ‑0.595	 0.552
DBIL, µmol/l	 102.5 (27.8‑181.6)	 103.0 (14.0‑187.5)	 ‑0.137	 0.891
ALB, g/l	 33.4 (30.0‑37.1)	 32.6 (29.3‑36.9)	 ‑0.888	 0.374
ALT, U/l	 124.8 (69.8‑192.3)	 125.0 (68.9‑204)	 ‑0.016	 0.987
AST, U/l	 112.0 (58.6‑205.1)	 109.0 (60.8‑200.5)	 ‑0.150	 0.881
LDH, U/l	 485.0 (375.0‑648.0)	 471.0 (367.0‑617.0)	 ‑0.778	 0.436
ALP, U/l	 341.3 (230.2‑541.0)	 314.0 (205.5‑624.5)	 ‑0.095	 0.924
PT, sec	 12.3 (11.3‑13.2)	 12.6 (11.4‑13.7)	 ‑1.582	 0.114

Measurement data are expressed as median (interquartile range) and count data are expressed as n (%). BMI, body mass index; ERCP, 
endoscopic retrograde cholangiopancreatography; ECOG, Eastern Cooperative Oncology Group; CA19‑9, cancer antigen 19‑9; CEA, carcino‑
embryonic antigen; WBC, white blood cell count; NLR, neutrophil‑lymphocyte ratio count; HGB, hemoglobin; TBIL, total bilirubin; DBIL, 
direct bilirubin; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline 
phosphatase; PT, prothrombin time.
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Table II. Univariate analysis of 30‑day mortality‑related risk factors.

	 Died within 30 days	 No death within 30 days		
Variable	 (n=39)	 (n=161)	 χ2/Z	 P‑value

Sex				  
  Male	 22 (56.4)	 86 (53.4)	 0.113	 0.736
  Female	 17 (43.6)	 75 (46.6)		
Age, years	 75.0 (67.0‑78.0)	 72.0 (64.0‑78.0)	 ‑1.273	 0.203
BMI, kg/m2	 21.9 (19.6‑24.5)	 22.4 (20.6‑24.7)	 ‑0.785	 0.433
Infections				  
  Yes	 11 (28.2)	 40 (24.8)	 0.187	 0.666
  No	 28 (71.8)	 121 (75.2)		
Ascites				  
  Yes	 4 (10.3)	 20 (12.4)	 0.139	 0.709
  No	 35 (89.7)	 141 (87.6)		
History of ERCP				  
  Yes	 19 (48.7)	 42 (26.1)	 7.585	 0.006
  No	 20 (51.3)	 119 (73.9)		
History of abdominal surgery				  
  Yes	 9 (23.1)	 40 (24.8)	 0.053	 0.818
  No	 30 (76.9)	 121 (75.2)		
Liver metastasis				  
  Yes	 11 (28.2)	 23 (14.3)	 4.311	 0.038
  No	 28 (71.8)	 138 (85.7)		
Lymph node metastases				  
  Yes	 9 (23.1)	 25 (15.5)	 1.268	 0.260
  No	 30 (76.9)	 136 (84.5)		
Distant metastasis				  
  Yes	 4 (10.3)	 8 (5.0)	 0.742	 0.389
  No	 35 (89.7)	 153 (95.0)		
ECOG score				  
  0	 1 (2.6)	 6 (3.7)	 ‑0.923	 0.356
  1	 7 (17.9)	 38 (23.6)		
  2	 21 (53.8)	 83 (51.6)		
  3	 10 (25.6)	 34 (21.1)		
Child‑Pugh class				  
  A	 1 (2.6)	 14 (8.7)	 ‑0.668	 0.504
  B	 36 (92.3)	 136 (84.5)		
  C	 2 (5.1)	 11 (6.8)		
Type of malignancy				  
  Gallbladder cancer	 0 (0.0)	 8 (5.0)	 7.218	 0.205
  Cholangiocarcinoma	 10 (25.6)	 57 (35.4)		
  Pancreatic cancer	 12 (30.8)	 29 (18.0)		
  Liver cancer	 5 (12.8)	 16 (9.9)		
  Ampullary cancer	 6 (15.4)	 21 (13.0)		
  Metastatic carcer	 6 (15.4)	 30 (18.6)		
Obstruction site				  
  High obstruction	 15 (38.5)	 63 (39.1)	 0.006	 0.939
  Low obstruction	 24 (61.5)	 98 (60.9)		
Obstruction length, mm	 23.0 (15.0‑35.0)	 21.0 (11.0‑31.5)	 ‑1.014	 0.311
Stent type				  
  Plastic stent	 6 (15.4)	 31 (19.3)	 5.736	 0.125
  Metal stent	 8 (20.5)	 28 (14.7)		
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disadvantages, to more comprehensively guide the selection in 
practical applications.

Results

Baseline characteristics. The 285  patients who were 
included in the present study were randomized into a training 
group (n=200) and a validation group (n=85). A total of 
155  patients were male and 130 were female, with ages 
ranging from 35‑90 years. The distribution of cancer types 
was as follows: Cholangiocarcinoma, n=95; gallbladder 
carcinoma, n=12; pancreatic carcinoma, n=58; hepatocel‑
lular carcinomas involving the first hepatic hilar, n=28; 
pancreatic carcinoma, n=39; and metastatic carcinoma, 
n=53. The incidence of early postoperative death was 20.0% 
(57/285). Of these cases, 39 occurred in the training group 
and 18 in the validation group. Analysis of the case records 
revealed that the causes of death were progressive malignant 
disease in 32 cases, cholangitis in 17 cases, acute liver failure 
in 5 cases, gastrointestinal hemorrhage in 1 case, cardiac 
arrest in 1  case and acute pulmonary edema in 1  case. 
No statistically significant differences were demonstrated 
between the modeling and validation groups for any of the 
assessed characteristics. The data for the characteristics of 
each group are presented in Table I.

Table II. Continued.

	 Died within 30 days	 No death within 30 days		
Variable	 (n=39)	 (n=161)	 χ2/Z	 P‑value

  Metal stent and nasobiliary	 14 (35.9)	 32 (19.9)		
  drainage
  Nasal biliary drainage	 11 (28.2)	 70 (43.5)		
CA19‑9				  
  ≥240 U/ml	 30 (76.9)	 73 (45.3)	 12.536	 <0.001
  <240 U/ml	 9 (23.1)	 88 (54.7)		
CEA				  
  ≥5 ng/ml	 21 (53.8)	 55 (34.2)	 5.163	 0.023
  <5 ng/ml	 18 (46.2)	 106 (65.8)		
WBC, x109/l	 7.0 (5.3‑8.5)	 6.2 (5.0‑7.6)	 ‑1.912	 0.056
NLR	 5.9 (4.2‑8.9)	 3.5 (2.4‑5.0)	 ‑4.655	 <0.001
HGB, g/l	 124.0 (111.0‑140.0)	 125.0 (111.0‑134.5)	 ‑0.295	 0.768
TBIL, µmol/l	 203.0 (72.8‑267.0)	 194.5 (97.5‑305.2)	 ‑0.544	 0.586
DBIL, µmol/l	 121.0 (74.8‑163.7)	 86.9 (14.7‑185.1)	 ‑1.573	 0.116
ALB, g/l	 32.5(28.9‑35)	 33.6 (30.0‑37.3)	 ‑1.221	 0.222
ALT, U/l	 133.3(98.5‑193.0)	 114.0 (67.3‑192.0)	 ‑1.238	 0.216
AST, U/l	 120.2 (73.0‑195.0)	 111.0 (54.9‑206.6)	 ‑0.683	 0.495
LDH, U/l	 527.0 (346.0‑690.0)	 471.0 (375.0‑644.0)	 ‑0.791	 0.429
ALP, U/l	 401.3 (265.7‑536.0)	 328.0 (220.1‑544.9)	 ‑0.937	 0.349
PT, sec	 12.4 (11.6‑13.1)	 12.1 (11.3‑13.3)	 ‑0.578	 0.563

Measurement data are expressed as median (interquartile range) and count data are expressed as n (%). BMI, body mass index; ERCP, 
endoscopic retrograde cholangiopancreatography; ECOG, Eastern Cooperative Oncology Group; CA19‑9, cancer antigen 19‑9; CEA, carcino‑
embryonic antigen; WBC, white blood cell count; NLR, neutrophil‑lymphocyte ratio count; HGB, hemoglobin; TBIL, total bilirubin; DBIL, 
direct bilirubin;, ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline 
phosphatase; PT, prothrombin time.

Figure 2. Receiver operating characteristic, AUC and optimal cut‑off values 
of CA19‑9 for predicting 30‑day mortality. According to the maximum 
Youden index, the optimal cut‑off value of CA19‑9 is 238.850 U/ml, which is 
equal to ~240 U/ml for simplified statistics (20). AUC, area under the curve; 
CI confidence interval; CA19‑9, cancer antigen 19‑9; FPR, false positive rate; 
TPR, true positive rate.

https://www.spandidos-publications.com/10.3892/ol.2025.14983
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Risk factor analysis for early death. The results of univariate 
analysis in the training group revealed five potential risk 
factors associated with the risk of 30‑day post‑ERCP mortality 
in patients with MBO. These factors included a history of 
previous ERCP surgery, CA19‑9 levels, CEA levels, liver metas‑
tasis and NLR (Table II). CA19‑9 levels ranged from 2 U/ml 
to 1,200 U/ml, and for the purpose of statistical analysis, the 
optimal cutoff value of 240 U/ml was determined based on the 
maximum Jordon index (20). This value was then categorized 
into high and low levels (Fig. 2) and transformed into a binary 
variable. Similarly, the range of values for CEA was also wide, 
and the upper limit of the normal value (4.7 ng/ml) was used 
as the cutoff value. To simplify the statistical analysis, a cutoff 
value of 5 ng/ml was used, transforming it into a dichotomous 
variable.

Logistic regression model. A total of two independent risk 
factors, ERCP history and CA 19‑9 levels, were identified 
through multifactorial logistic regression analysis (Table III). 

A logistic regression model was then constructed: Y=Logit 
P=‑3.899 + 1.690 x CA19‑9 + 1.366 x ERCP history. To 
visualize the model, a nomogram was created (Fig. 3).

Logistic model calibration plots demonstrated no statisti‑
cally significant difference between predicted and true values 
(Fig. 4). The Bootstrap method revealed a c‑value of 0.727 
for the training group and 0.761 for the validation group, and 
the Hosmer‑Leme show test demonstrated a P‑value of 0.934 
for the training group and 0.915 for the validation group. 
Therefore, this indicated that the model had good prediction 
performance. Furthermore, the AUC values for each group 
determined using the ROC curves were 0.727 for the training 
group and 0.771 for the validation group (Fig. 5; Table IV).

ANN model. ANN models were constructed based on the five 
potential risk factors obtained from univariate analysis using 
samples from the training and validation groups. Among 
them, NLR was used as a covariate, and the remaining 
four variables were dichotomous, including CA19‑9 level, 

Table III. Multivariate logistic regression analysis.

Variable	 ß	 SE	 Wald	 P‑value	 Exp(B)	 95% CI

CA19‑9	 1.690	 0.457	 13.685	 <0.001	 5.417	 2.213‑13.259
History of ERCP	 1.366	 0.430	 10.081	 0.001	 3.919	 1.687‑9.106
Liver metastasis	 0.788	 0.479	 2.704	 0.100	 2.200	 0.860‑5.630
NLR	 0.083	 0.044	 3.586	 0.058	 1.087	 0.997‑1.185
CEA	 0.717	 0.409	 3.066	 0.080	 2.048	 0.918‑4.570
Constant	 ‑3.899	 0.560	 48.189	 <0.001	 0.020	 ‑

CA19‑9, cancer antigen 19‑9; ERCP, endoscopic retrograde cholangiopancreatography; NLR, neutrophil‑lymphocyte ratio count; CEA, 
carcinoembryonic antigen; SE, standard error; CI, confidence interval.

Figure 3. Nomogram of logistic model predicting the risk of early death within 30 days after ERCP combined with biliary stenting. The upper scale is the 
score of each variable, and the total score of the two variables was obtained. The corresponding lower scale is the risk of early death within 30 days. ERCP, 
endoscopic retrograde cholangiopancreatography; CA19‑9, cancer antigen 19‑9.
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CEA level, liver metastasis and history of ERCP surgery. 
The ANN model used in the present study was a multilayer 
perceptron ANN, including an input layer (five variables), 
an implicit layer and an output layer (dichotomous endings) 
(Fig. 6). Moreover, the ANN model had an AUC value of 
0.813 (Fig. 7), and the degree of importance of the variables 
in the ANN model was expressed in terms of significance 

and standardized significance in descending order (Table V; 
Fig.  8). The prediction efficiency of the ANN model is 
presented in Table VI.

Validation and comparison of models. The predictive perfor‑
mance of the logistic and ANN models was internally and 
externally validated in the training and validation groups, and 

Figure 5. Receiver operating characteristic curves of the logistic model predicting the risk of early death within 30 days after endoscopic retrograde combined 
with biliary stenting in the training and validation groups. (A) Training group. (B) Validation group. AUC, area under the curve; CI confidence interval; FPR, 
false positive rate; TPR, true positive rate.

Figure 4. Calibration diagram of the logistic model predicting the risk of early death within 30 days after endoscopic retrograde cholangiopancreatography 
combined with biliary stenting. (A) Training group. (B) Verification group. The abscissa (x) represents the predicted value, the ordinate (y) represents the true 
value and the solid line (y=x) in the graph represents the ideal situation (the predicted value is the same as the true value).

https://www.spandidos-publications.com/10.3892/ol.2025.14983
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the predictive abilities were compared (Table VII). The accu‑
racy of the logistic model was 59.0 and 65.0% in the training 
and validation groups, respectively, and the accuracy of the 

ANN model was 85.5 and 88.2% in the training and valida‑
tion groups, respectively. The latter was markedly higher than 
that of the logistic model, indicating that the ANN model 
had a stronger overall predictive ability. The sensitivity of 
the logistic model in the training and validation groups was 
54.7 and 61.2% in the training and validation groups respec‑
tively, and the sensitivity of the ANN model was 51.3% in the 
training group and 61.1% in the validation group; therefore, 
the difference between the models was not notably different 
in the same group. However, the sensitivity of the ANN model 
was still slightly weaker, suggesting that it may have certain 
deficiencies in the capture of positive samples. Furthermore, 
the specificity of the logistic model was 76.9 and 83.3% in the 
training and validation groups, respectively, while the speci‑
ficity of the ANN model was as high as 93.8 and 95.5% in the 
training and validation groups, respectively. This indicates 
that the ANN model has an improved predictive ability and a 
marked advantage in identifying negative samples.

Discussion

MBO is a group of diseases in which the bile duct is blocked 
or compressed by a malignant tumor, resulting in biliary 
stricture or obstruction of bile drainage. Currently, ERCP is 
the palliative treatment of choice for patients with MBO (5). 
ERCP treatment involves placement of biliary stents, and 
plastic and metal stents are common options. Studies have 
reported that there is no significant difference in the use of 
metal and plastic stents in the effectiveness of biliary drainage 
and risk of adverse events in patients who die within 30 days 
of ERCP treatment (21,22); however, plastic stents are more 
cost‑effective, providing effective treatment and saving 
healthcare resources whilst reducing the economic burden on 
patients and society (8,23). Accurate prediction of prognosis 
after ERCP is of great importance for clinical decision support 
and appropriate treatment selection. Currently, there are few 
existing reports on predicting this risk in patients with MBO. 
Therefore, the aim of the present study was to construct a 
model to predict the risk of death within 30 days after ERCP 

Table IV. Prediction efficiency of the logistic model training 
and validation groups.

Variable	 Training group	 Validation group

Sensitivity, %	 54.7	 61.2
Specificity, % 	 76.9	 83.3
Accuracy, %	 59.0	 65.0
Area under the curve	 0.727	 0.771

Table V. Importance of independent variables and normaliza‑
tion in the artificial neural network model.

		  Standardized
Variable	 Importance	 importance, %

CA19‑9	 0.216	 54.6
History of ERCP	 0.215	 54.5
Liver metastasis	 0.126	 31.9
CEA	 0.047	 12.0
NLR	 0.395	 100.0

CA19‑9, cancer antigen 19‑9; ERCP, endoscopic retrograde cholan‑
giopancreatography; NLR, neutrophil‑lymphocyte ratio count; CEA, 
carcinoembryonic antigen.

Table VI. Prediction efficiency of the artificial neural network 
model in the training and validation groups.

A, Training group

	 Prediction
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Actual measurement	 0	 1	 Correctness, %

0	 151	 10	 93.8
1	 19	 20	 51.3
Overall, %	 85.0	 15.0	 85.5

B, Validation group

	 Prediction
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Actual measurement	 0	 1	 Correctness, %

0	 64	 3	 95.5
1	 7	 11	 61.1
Overall, %	 83.5	 16.5	 88.2

Outcome event was whether the patient died within 30 days: 1, 
outcome event occurred; 0, outcome event did not occur.

Table VII. Comparison of the prediction performance between 
the logistic and ANN models.

A, Logistic model

Group	 Accuracy, %	 Sensitivity, %	 Specificity, %

Training	 59.0	 54.7	 76.9
Validation	 65.0	 61.2	 83.3

B, ANN model

Group	 Accuracy, %	 Sensitivity, %	 Specificity, %

Training	 85.5	 51.3	 93.8
Validation	 88.2	 61.1	 95.5

ANN, artificial neural network.
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combined with biliary stent placement in patients with MBO. 
The model utilized preoperative clinical data and employed 
both logistic and ANN models. The predictive ability of these 
two models was evaluated and compared.

In the present study, all indicators associated with the 
risk factors, including history of previous ERCP surgery, 
CA19‑9 levels, CEA levels, liver metastasis and NLR, were 
easily available before the surgery. The logistic model was 
presented succinctly and intuitively through column‑line 
graphs, whereas the ANN model appeared to be complex and 
inconvenient to use. In both the training and validation groups, 
the accuracy of the ANN model (85.5 and 88.2%, respectively) 
was notably higher than that of the logistic model (59.0 and 

65.0%, respectively), suggesting that the ANN model had a 
stronger overall predictive ability. This may be attributed to 
the more complex structure and non‑linear fitting ability of 
the ANN model, allowing it to capture deeper features in the 
data. However, it is important to note that ANN models may 
overfit the training data, which potentially reduces the gener‑
alization ability when dealing with new data (24). Sensitivity 
is an important measure of the ability of a model to recognize 
positive samples. The sensitivity of the logistic model in the 
training and validation groups was 54.7 and 61.2%, respec‑
tively, whilst the sensitivity of the ANN model was 51.3 and 
61.1%, respectively. Despite the slight increase in the sensi‑
tivity of the ANN model in the validation group compared 

Figure 6. Artificial neural network model for predicting the risk of early death occurring within 30 days after ERCP combined with biliary stenting. The first 
layer is the input layer, the second layer is the hidden layer, using the hyperbolic tangent function, and the third layer is the output layer, using the softmax 
function. The grey connection lines indicate a positive weight value, and the blue connection lines indicate a negative weight value. CA19‑9, cancer antigen 
19‑9; ERCP, endoscopic retrograde cholangiopancreatography; LM, liver metastasis; CEA, carcinoembryonic antigen; NLR, neutrophil‑to‑lymphocyte ratio; 
H, hidden layer.

https://www.spandidos-publications.com/10.3892/ol.2025.14983
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Figure 7. Receiver operating characteristic curves of the artificial neural network model for predicting the risk of early death within 30 days after ERCP 
combined with biliary stenting. ERCP, endoscopic retrograde cholangiopancreatography; AUC, area under the curve.

Figure 8. Importance of variables in the artificial neural network model for predicting the risk of early death within 30 days after ERCP combined with biliary 
stenting. ERCP, endoscopic retrograde cholangiopancreatography; NLR, neutrophil‑to‑lymphocyte ratio; CA19‑9, cancer antigen 19‑9; LM, liver metastasis; 
CEA, carcinoembryonic antigen.
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with the training group, the overall sensitivity of both models 
was low, especially the sensitivity of the ANN model, which 
was markedly lower than its specificity. This may indicate 
certain limitations in the performance of the ANN model in 
the case of an insufficient number of positive samples or a 
sample imbalance. This also suggests the necessity of further 
studies to be performed with large samples. The specificity of 
the ANN model reached 93.8 and 95.5% in the training and 
validation groups, respectively, which was notably higher than 
that of the logistic model (76.9 and 83.3%, respectively). This 
indicated that the high specificity of the ANN model provided 
a significant advantage in reducing misdiagnosis rates, making 
it more suitable compared with the logistic model for identi‑
fying patients who die within 30 days after ERCP. The AUC 
value of the ANN model was 0.813, which was higher than 
that of the logistic model (AUC, 0.727), indicating that the 
ANN model had an improved performance in distinguishing 
between positive and negative samples. The difference in 
the AUC values further supports the superiority of the ANN 
model in terms of its overall performance, especially when 
dealing with complex data structures.

In addition, the ability of the ANN model to assign weights 
to predictor variables could aid in the identification of variables 
among the numerous risk factors that have the greatest impact 
on outcome. This is important for predicting early death 
within 30 days after ERCP. Conversely, the logistic model 
could only account for the impact of changes within variables 
on outcome (25,26). For example, in the present study, the 
ANN model identified NLR as the most important factor in 
predicting the risk of death after ERCP in patients with MBO 
(with an importance of 0.395 and a standardized importance 
of 100.0%), but the logistic model could only account for the 
effect of risk factors on outcomes by considering the results of 
the model and the OR values for each indicator.

In summary, the ANN model in the present study generally 
outperformed the logistic model in terms of prediction perfor‑
mance. The ANN model had strong non‑linear approximation 
ability and was suitable for solving non‑linear problems (27); 
it could self‑learn and adjust according to the degree of error 
deviation to select the best model. By contrast, the logistic model 
was more suitable for datasets with relatively simple features 
and strong linear correlation. Nevertheless, there are certain 
disadvantages of using ANN models. First, there is a risk of 
overfitting the model, which may lead to overconfident predic‑
tions (28). Secondly, ANN models tend to be more complex in 
clinical applications compared with logistic models, which are 
more convenient. However, Pergialiotis et al (29) reported that 
these issues can be addressed by large sample studies. Small 
datasets may not be applicable to large cohorts, but the reverse 
is also possible.

Based on multifactorial regression analysis, the logistic 
model incorporated two independent risk factors: CA19‑9 
and a history of ERCP surgery. ERCP combined with biliary 
stenting does not prevent tumor progression (30,31), and ERCP 
surgery disrupts the biliary mucosal defense system as well as 
the physiological barrier between the bile ducts and intestines, 
which makes it easier for bacteria to invade the biliary system 
and cause prolonged inflammatory irritation of the bile ducts. 
These factors may accelerate the progression and metastasis 
of malignant tumors and severely affect the prognosis (32‑34). 

CA19‑9 has been recognized as an important prognostic factor 
in several tumors, including gallbladder, bile duct, pancreatic 
and bladder cancer (35‑37). The present study demonstrated that 
a CA19‑9 level of ≥240 U/ml was an independent predictor of 
death within 30 days after ERCP in patients with MBO [OR 
(95% CI), 5.417 (2.213‑13.259); P<0.001]. Other potential risk 
factors have also been reported as prognostic predictors for 
biliopancreas‑related malignancies, including NLR, CEA and 
liver metastases (23,38,39). These potential risk factors were not 
selected into the logistic model after multifactorial regression 
analysis but were important predictive variables in the ANN 
model. ANN models can obtain enough information from a set 
of variables to construct a predictive model, as ANN algorithms 
can derive complex and abstract non‑linear relationships from 
the variables (40). The NLR is regarded as an amplifier of the 
systemic inflammatory response (41,42). Neutrophils influence 
the activation and recruitment of inflammatory cells through 
cytokines and chemokines, which in turn affects the proliferation 
and metastasis of tumor cells (43,44). By contrast, lymphocytes 
monitor the tumor immune microenvironment and inhibit the 
maturation of tumor cells, and a decrease in the total number of 
lymphocytes in the blood often predicts a poor prognosis (41,45). 
Moreover, elevated CEA levels are a prognostic factor for poor 
survival in certain patients with advanced malignancies (46,47). 
The incidence of liver metastases also increases with decreasing 
pathological differentiation, especially in cases of malignant 
biliary obstruction, and it has been reported that the survival 
time of patients with liver metastasis in MBO is significantly 
shortened compared with those without liver metastasis (48,49).

There are several limitations of the present study. First, 
the data were all retrospective, which is less persuasive than 
prospective data. Second, the samples used were all from a single 
center, were limited in number and were not validated with data 
external to the model, which may limit the generalizability of 
the model. Therefore, caution must be exercised in applying the 
findings to a wider population. Third, there may be a certain 
degree of subjectivity in the assessment of certain predictor 
variables, such as abdominal pain and ECOG score. Fourth, the 
ANN model constructed in the present study is the simplest one 
and needs further optimization. Due to the ‘black box’ nature of 
the ANN model, its internal processes involve complex neuronal 
computations and parameter adjustments, making it difficult to 
describe the input‑output mapping using simple rules. This can 
pose challenges in the practical interpretation and application 
of the model; therefore, future studies should construct a simple 
and easy‑to‑use software or tool to facilitate the use of the ANN 
model. To overcome these limitations, prospective, multicenter 
and large‑sample studies would be beneficial. Such a study 
design could provide more robust and reliable results that would 
optimize the model and more accurately predict the risk of death 
within 30 days after ERCP in patients with MBO.

In conclusion, the present study constructed and compared 
the performance of logistic and ANN models in predicting the 
risk of death within 30 days after ERCP combined with biliary 
stent placement in patients with MBO. The ANN model 
outperformed the logistic model in terms of overall predictive 
ability, accuracy and specificity. The ANN model was able 
to efficiently capture the complex non‑linear relationships in 
the data, highlight important predictors such as NLR, and 
provide more accurate early warning information for clinical 
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decision‑making. In the future, multi‑center and large‑sample 
prospective validation should be performed and simple and 
easy‑to‑use ANN model tools should be developed to further 
improve the generalization ability and operability of the 
model, which will be helpful for its wide application in clinical 
practice. Temporary alternative efficient and economical 
methods of biliary decompression should be recommended 
for high‑risk patients who die within 30 days.
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