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Abstract: Objective To construct a risk prediction model for perforation during endoscopic submucosal dissection (ESD) in
early gastric cancer, and to provide a scientific basis for clinicians to assess surgical risks and formulate reasonable treatment
plans. Methods Clinical data of 102 patients with early gastric cancer who underwent ESD treatment in the Third Affiliated
Hospital of Soochow University from January to December 2024 were collected, including general information, tumor-related
characteristics, and operation-related indicators. Univariate analysis and multivariate logistic regression analysis were used to
identify related factors and independent risk factors, and a perforation risk prediction model was constructed. The predictive
efficacy of the model was evaluated by receiver operating characteristic (ROC) curve. Results Among the 102 patients, there
were 20 cases in the perforation group and 82 cases in the non-perforation group. Multivariate logistic regression analysis
showed that tumor diameter >3 cm, tumor located in the upper part of the gastric body, and operation time >120 min were
independent risk factors for ESD-related perforation in early gastric cancer (OR=3.557, 95%C/: 1.777-7.120, P<0.01;, OR=2.892,
95%CF 1.406-5.949, P=0.004; OR=4.276, 95%C/ 2.253-8.117, P<0.01). Hosmer-Lemeshow goodness of fit test results showed
that the regression model had a good fitting effect on the data (x’=6.328, P=0.612). The area under the ROC curve (AUC) for
the combined factors in predicting the risk of ESD perforation was 0.86 (95%C/ 0.80-0.92), indicating good predictive accuracy.
Conclusion  The successfully constructed risk prediction model for ESD-related perforation in early gastric cancer
incorporates independent risk factors such as tumor diameter, tumor location, and operation time. It can predict the

perforation risk relatively accurately.
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Early gastric cancer refers to cancer tissue confined to
the gastric mucosa or submucosa, regardless of lymph node
metastasis [1]. In recent years, with the development of
endoscopic technology, endoscopic submucosal dissection
(ESD) has become an important method for treating early
gastric cancer and precancerous lesions [2-3]. Compared
with traditional surgery, ESD has advantages such as
minimal trauma, rapid recovery, and complete lesion
resection, which can effectively improve patients’ quality
of life and survival rate [4]. However, as an invasive
procedure, ESD also carries certain complication risks,
among which perforation is a relatively serious
complication that not only increases patient suffering and
medical costs but may also affect patient prognosis [5]. The
occurrence of perforation is associated with multiple
factors, including patients’ individual characteristics,
biological tumor behavior, and complexity of surgical
procedures [6].

Currently, clinical assessment of ESD perforation risk
mainly relies on physicians' experience and subjective

judgment, lacking scientific and accurate prediction models.

This makes it difficult to accurately assess patients'
perforation risk before surgery, increasing surgical
uncertainty and risk [7]. Therefore, constructing a scientific
and accurate ESD perforation risk prediction model has
significant clinical implications. Through this model,
clinicians can quantitatively assess patients' perforation risk
before surgery, identify high-risk patients in advance, and
take targeted preventive measures, such as adjusting

surgical plans and strengthening intraoperative monitoring,
thereby reducing the incidence of surgical perforation,
improving the safety and effectiveness of ESD treatment,
and enhancing patient prognosis. Therefore, this study aims
to construct a prediction model for early gastric cancer
ESD perforation risk to provide strong support for clinical
practice and promote the development of ESD treatment of
early gastric cancer toward standardization and precision.

1 Subjects and Methods
1.1 Study Subjects

A total of 102 patients with early gastric cancer who
underwent ESD treatment at the Third Affiliated Hospital
of Soochow University from January 2024 to December
2024 were retrospectively selected as study subjects. This
study was approved by the Ethics Committee of the Third
Affiliated Hospital of Soochow University [Ethics
Approval Number: (CZYY-LL-25021)].

1.2 Inclusion Criteria

(1) Diagnosed with early gastric cancer through
gastroscopy and histopathological biopsy, defined as
cancer tissue confined to the gastric mucosa or submucosa,
regardless of lymph node metastasis; (2) Met the surgical
indications for ESD treatment, including but not limited to
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relatively small lesion diameter, absence of obvious ulcers,
and relatively clear lesion boundaries, and ESD treatment
was adopted after evaluation through multidisciplinary
consultation (including experts from gastroenterology,
surgery, pathology, and other departments); (3) Patients or
their family members fully understood relevant
information about ESD treatment, including the surgical
procedure, possible complications, and prognosis, and
signed informed consent forms.

1.3 Exclusion Criteria

(1) Presence of severe cardiopulmonary dysfunction,
such as severe coronary atherosclerotic heart disease
(coronary heart disease), acute exacerbation of chronic
obstructive pulmonary disease, etc., making them unable to
tolerate ESD surgery, or severe hepatic or renal
insufficiency that may affect surgical safety and
postoperative recovery; (2) Presence of coagulation
dysfunction, such as thrombocytopenic  purpura,
hemophilia, etc., or currently receiving anticoagulant or
antiplatelet therapy that cannot be adjusted to a safe range
before surgery, increasing the risk of intraoperative
bleeding and perforation; (3) Inconsistent lesion
characteristics: extensive tumor invasion exceeding the
resectable range of ESD, or special lesion location, such as
proximity to important blood vessels, nerves, and other
structures, making surgical operation extremely difficult
with very high perforation risk, as well as patients with
distant metastasis; (4) Pregnant or lactating women; (5)
History of mental illness and inability to cooperate with
surgery and related examinations; (6) Incomplete clinical
data, unable to obtain sufficient information for analysis.

1.4 Data Collection

1.4.1 General Information

(1) Baseline data: age, gender, height, weight, body
mass index (BMI), and other basic information. (2)
Medical history: whether the patient had a history of gastric
surgery, peptic ulcer disease, cardiovascular disease,
diabetes, and other underlying conditions. (3) Family
history: whether there is a family history of gastric cancer
or other malignant tumors.

1.4.2 Tumor-Related Information
(1) Tumor size: accurate measurement of the
maximum tumor diameter through preoperative endoscopic

ultrasound, abdominal CT, and other imaging examinations.

(2) Tumor location: specific location of the tumor within
the stomach, such as gastric fundus, gastric body, gastric
antrum, cardia, etc., and whether it is close to important
anatomical structures of the stomach, such as pylorus,
cardiac sphincter, etc. (3) Pathological type: determination
of the tumor's pathological type based on postoperative

pathological examination results, such as
well-differentiated adenocarcinoma, moderately
differentiated adenocarcinoma, poorly differentiated

adenocarcinoma, mucinous adenocarcinoma, etc. (4)

Histological grade: assessment of the tumor's histological
grade to determine the degree of tumor cell differentiation.

1.4.3 Surgery-Related Information

Through the hospital electronic medical record system
(including  surgical records, anesthesia  records,
intraoperative nursing records), endoscopic operation
image archiving system, and pathological examination
reports, the following information was extracted and
verified. (1) Surgical duration: total time from the start of
endoscopic insertion into the digestive tract to the
completion of surgery. (2) Operative difficulty: assessed by
the surgeon based on actual conditions during surgery, such
as lesion boundary clarity, degree of adhesion to
surrounding tissues, and complexity of the procedure,
classified into three levels: high, moderate, and low. (3)
Intraoperative conditions: whether complications such as
bleeding and perforation occurred during surgery, as well
as management measures and outcomes. (4) Anesthesia
method: the anesthesia method used for surgery.

1.5 Statistical Methods

SPSS 26.0 and R software were used for data analysis
and plotting. For measurement data conforming to normal
distribution, they were expressed as x+s, and comparisons
were performed using independent sample t-test; count
data were expressed as cases (%), and y? test was used.
Multivariate logistic regression was used to analyze
independent influencing factors of perforation, and a
prediction model was constructed based on the influencing
factors. The predictive performance of the model was
analyzed using receiver operating characteristic (ROC)
curve. P<0.05 was considered statistically significant.

2 Results
2.1 Baseline Data Analysis

Among 102 patients, 20 cases developed perforation
(perforation group), and 82 cases did not develop
perforation (non-perforation group). Patients in the
perforation group had higher age, larger tumor diameter,
higher proportion of tumors located in the upper gastric
body, higher proportion of poorly differentiated
adenocarcinoma, longer surgical duration, and higher
proportion of high operative difficulty compared to the
non-perforation group, with statistically significant
differences (P<0.05). [Table 1]

2.2 Multivariate Logistic Regression Analysis

Univariate analysis showed that age >60 years, tumor
diameter >3 cm, tumor located in the upper gastric body,
poorly differentiated adenocarcinoma, surgical
duration >120 min, and high operative difficulty were
significantly associated with ESD perforation risk (P<0.05).
Multivariate logistic regression analysis indicated that
tumor diameter >3 cm, tumor located in the upper gastric
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body, and surgical duration >120 min were independent
risk factors for early gastric cancer ESD perforation
(P<0.05), while age >60 years and poorly differentiated
adenocarcinoma were not independent risk factors
(P>0.05). [Table 2] The model goodness-of-fit test used
the Hosmer-Lemeshow test, showing y*=6.328, P=
0.612>0.05, indicating that the regression model had good
fit to the data and the model specification was reasonable.

2.3 Model Construction

The prediction model constructed based on these

factors had an area under the curve (AUC) of 0.86 (95% CI:

0.80-0.92), demonstrating good predictive accuracy.
Through ROC curve analysis, the optimal cutoff value for

the combined prediction model was determined to be 0.423.

At this point, the model's sensitivity was 80.0%, specificity

was 79.3%, and Youden index was 0.593. [Table 3 &
Figure 1]

2.4 Decision Curve Analysis (DCA)

To evaluate the clinical utility of the model, DCA was
performed on the combined prediction model. The results
showed that when the threshold probability ranged from
0.10 to 0.85, the net benefit rate of the combined prediction
model was higher than the two extreme strategies of "treat
all" and "treat none," suggesting that this model can
provide valuable reference for clinicians in making
treatment decisions in clinical practice, -effectively
identifying high-risk patients and avoiding excessive
intervention. [Figure 2]

Tab.1 Comparison of baseline data between two groups

Variable Perforation group (n=20) Non-perforation group (n=82) t/x? value P value

Age (years, X+s) 65.3+7.2 58.6+6.5 3.987 <0.001
Age >60 years [n(%)] 14(70.0) 28(34.2) 8.533 0.004
Gender (male/female, n) 12/8 49/33 0.012 0.984
Underlying diseases [n(%)] 9(45.0) 22(26.8) 2.509 0.113
Tumor diameter (cm, X+s) 3.8+1.1 2.5+0.9 5.538 <0.001
Tumor diameter >3 cm [n(%)] 15(75.0) 20(24.4) 18.271 <0.001
Tumor location [n(%)]

Upper gastric body 13(65.0) 25(30.5) 8.193 0.004

Other 7(35.0) 57(69.5)
Pathological type [n(%)]

Poorly differentiated adenocarcinoma 8(40.0) 10(12.2) 6.747 0.010

Other 12(60.0) 72(87.8)
Surgical duration (min, X+s) 135.6+25.8 98.5+18.3 7.459 <0.001
Surgical duration >120 min [#(%)] 16(80.0) 24(29.3) 17.360 <0.001
Operative difficulty (high/medium/low, n) 10/10 18/64 6.352 0.012

Tab.2 Multivariate logistic analysis of ESD perforation in early gastric cancer
Variable p SE ‘Wald OR value 95%CI P value
Tumor diameter >3 cm 1.269 0.354 12.850 3.557 1.777-7.120 <0.001
Tumor located in upper gastric body 1.062 0.368 8.328 2.892 1.406-5.949 0.004
Surgical duration >120 min 1.453 0.327 19.744 4276 2.253-8.117 <0.001
Age >60 years 0.421 0.385 1.198 1.524 0.716-3.240 0.274
Poorly differentiated adenocarcinoma 0.513 0.412 1.551 1.670 0.745-3.744 0.212
Tab.3 Analysis of the diagnostic efficacy of the model
Variable AUC 95%CI Optimal cutoff value Sensitivity (%) Specificity (%) Youden Index

Tumor diameter >3 cm 0.65 0.61-0.69 0.350 75.0 58.5 0.335
Tumor located in upper gastric body 0.60 0.56-0.64 0.320 65.0 59.8 0.248
Surgical duration >120 min 0.63 0.59-0.67 0.380 80.0 549 0.349
Combined model 0.86 0.80-0.92 0.423° 80.0 79.3 0.593

Note: ? segmentation threshold of risk probability
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Fig.1 The ROC curves for the diagnostic efficacy of the model

0.30 Red = Combined model; Green = Treat all; Black

= Treat none

0.25 Maximum net benefit =0.225 (threshold = 0.25)

0.20

t benefit
h

2 0.10

c

N

0.05

0.00

=-0.05

0.001020304 0506070809 1.0
Threshold probability
Fig.2 Clinical DCA of the joint prediction model

3 Discussion

ESD, as an important therapeutic approach for early
gastric cancer, offers numerous advantages; however,
perforation remains a critical complication affecting its
safety and efficacy [8]. Univariate analysis in this study
demonstrated that age >60 years, tumor diameter >3 cm,
tumor location in the upper gastric body, pathological type
of poorly differentiated adenocarcinoma, operative
time >120 min, and high practical difficulty were
significantly associated with the risk of ESD perforation.
Age represents one of the important factors influencing
surgical risk. Regarding patient characteristics,
physiological function gradually declines with advancing
age, accompanied by decreased tissue elasticity and repair
capacity [9]. In patients >60 years, tissue of stomach wall
may be more vulnerable, rendering it more susceptible to
perforation during ESD procedures. This finding aligns
with previous research, as multiple studies have
demonstrated that elderly patients face higher complication
risks when undergoing endoscopic surgery [10]. Tumor
diameter is also a critical factor affecting perforation risk
[11]. When tumor diameter > 3 cm, the surgical field
expands, requiring more extensive tissue manipulation,
thereby increasing the likelihood of perforation [12].
Larger tumors may exhibit tighter adhesion to surrounding
tissues, and the separation process may damage the full
thickness of the stomach wall, leading to perforation.
Tumor location in the upper gastric body is associated with
increased perforation risk. The upper gastric body has
complex anatomical structures with important blood
vessels and nerves distributed in close proximity, and the

relatively confined operative space increases surgical
difficulty and perforation risk [13]. Furthermore, the
stomach wall at this location is relatively thin, making it
more susceptible to perforation during manipulation.
Poorly differentiated adenocarcinoma exhibits stronger
invasiveness and metastatic potential. Its histological
features result in unclear boundaries between the tumor and
surrounding tissues, making accurate assessment of
resection margins difficult during surgical excision, thus
predisposing to perforation [14]. Additionally, poorly
differentiated adenocarcinoma is characterized by active
cellular proliferation and firm consistency, which may
more easily cause stomach wall injury during separation.
Operative time > 120 min is one of the risk factors for
perforation. Prolonged surgical procedures may lead to
operator fatigue, decreased attention, and reduced
procedural precision, thereby increasing perforation risk
[15]. Simultaneously, prolonged operative time may
exacerbate patients' stress responses, affecting tissue blood
supply and repair capacity, further increasing the
probability of perforation.

Multivariate logistic regression analysis indicated that
tumor diameter >3 cm, tumor location in the upper gastric
body, and operative time >120 min were independent risk
factors for perforation during ESD for early gastric cancer.
The odds ratio for tumor diameter >3 cm was relatively
high, indicating its significant impact on perforation risk.
This suggests that clinicians should pay attention to tumor
size during preoperative assessment. For tumors with larger
diameters, perforation risk should be fully considered, and
appropriate preventive measures should be formulated.
More detailed preoperative imaging examinations can be
performed to evaluate the relationship between the tumor
and surrounding tissues, facilitating the development of
more rational surgical plans. Tumor location in the upper
gastric body is also an important independent risk factor.
For such patients, surgeons should possess extensive
experience and refined technical skills, exercising greater
caution during procedures. Adjunctive techniques such as
endoscopic  ultrasound-guided manipulation may be
employed to enhance surgical safety [16]. Operative time >
120 min also substantially impacts perforation risk. To
reduce operative time, surgeons can ensure thorough
preoperative preparation and familiarize themselves with
patients' conditions and anatomical structures. During
surgery, procedural steps should be rationally organized to
improve efficiency. Additionally, team collaboration may
be considered to reduce operator fatigue and enhance
procedural precision [17].

The prediction model constructed based on the above
independent risk factors demonstrated a combined
prediction AUC of 0.86, with an optimal cutoff value of
0.423, sensitivity of 80.0%, specificity of 79.3%, and
Youden index of 0.593. Hosmer-Lemeshow test indicated
good model fit, suggesting that the model not only
possesses good predictive accuracy but also ideal fitting
performance, enabling relatively accurate prediction of
perforation risk during ESD for early gastric cancer.

This prediction model has important application value.
Preoperatively, clinicians can utilize this model to assess
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patients' perforation risk based on tumor diameter, tumor
location, and operative time. For high-risk patients,
targeted preventive measures can be implemented, such as
adjusting surgical plans and strengthening intraoperative
monitoring to reduce perforation incidence [18]. For
low-risk patients, surgical indications may be appropriately
relaxed to improve the accessibility of ESD treatment. This
model can also provide a basis for rational allocation of
medical resources. High-risk patients can be assigned to
experienced surgeons or operated in better-equipped
operating rooms to enhance surgical safety. Simultaneously,
unnecessary waste of medical resources can be reduced,
improving healthcare efficiency [19-20]. DCA confirmed
that the model demonstrated significant net benefit within
the threshold probability range of 0.10-0.85, suggesting its
high practical utility in clinical practice. Preoperatively,
clinicians can calculate perforation risk probability through
the model based on patients' baseline characteristics such
as tumor diameter and tumor location, combined with
estimated operative time. When the risk probability is
>0.423, patients are classified as high-risk, and targeted
preventive measures can be adopted, such as optimizing
surgery, increasing intraoperative monitoring intensity, and
arranging experienced operators to reduce perforation
incidence. For low-risk patients with risk probability
<0.423, ESD treatment can be routinely performed,
avoiding excessive consumption of medical resources.

This study also has certain limitations. First, the
sample size was relatively small, including only 102
patients, which may introduce some sampling error. Future
studies could expand sample size and conduct multicenter
research to improve the accuracy and reliability of the
model. Second, this study only considered some factors
that may affect perforation risk, and other unincorporated
factors may influence perforation risk, such as patients'
psychological status and intraoperative bleeding [21-22]. In
subsequent studies, additional influencing factors could be
further explored to refine the prediction model. The
prediction model constructed in this study requires
validation and optimization in broader clinical practice.
The model can be applied to patients in different regions
and hospitals to observe the stability and generalizability of
its predictive performance. Simultaneously, based on
feedback from practical applications, the model can be
continuously adjusted and improved.

In conclusion, this study successfully constructed a
perforation risk prediction model for ESD in early gastric
cancer. The model incorporated independent risk factors
including tumor diameter, tumor location, and operative
time, demonstrating good predictive accuracy. This model
provides a scientific basis for clinicians to assess surgical
risk and formulate rational treatment plans, helping to
reduce surgical perforation incidence and improve the
safety and efficacy of ESD treatment.
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Construction of prediction model for perforation risk in endoscopic submucosal

dissection of early gastric cancer
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Abstract: Objective To construct a risk prediction model for perforation during endoscopic submucosal dissection
(ESD) in early gastric cancer, and to provide a scientific basis for clinicians to assess surgical risks and formulate
reasonable treatment plans. Methods Clinical data of 102 patients with early gastric cancer who underwent ESD
treatment in the Third Affiliated Hospital of Soochow University from January to December 2024 were collected,
including general information, tumor-related characteristics, and operation-related indicators. Univariate analysis and
multivariate logistic regression analysis were used to identify related factors and independent risk factors, and a
perforation risk prediction model was constructed. The predictive efficacy of the model was evaluated by receiver
operating characteristic (ROC) curve. Results Among the 102 patients, there were 20 cases in the perforation group
and 82 cases in the non-perforation group. Multivariate logistic regression analysis showed that tumor diameter >3 c¢m,
tumor located in the upper part of the gastric body, and operation time >120 min were independent risk factors for ESD-
related perforation in early gastric cancer (OR=3.557, 95%CI:1.777-7.120, P<0.01; OR=2.892,95%CI : 1.406-5.949 ,
P=0.004; OR=4.276,95%CI : 2.253-8.117, P<0.01). Hosmer - Lemeshow goodness of fit test results showed that the
regression model had a good fitting effect on the data (x’=6.328, P=0.612). The area under the ROC curve (AUC) for
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the combined factors in predicting the risk of ESD perforation was 0.86 (95%C1:0.80-0.92) , indicating good predictive

accuracy. Conclusion The successfully constructed risk prediction model for ESD-related perforation in early gastric

cancer incorporates independent risk factors such as tumor diameter, tumor location, and operation time. It can predict

the perforation risk relatively accurately.

Keywords: Gastric cancer, early stage; Endoscopic submucosal dissection; Perforation risk; Prediction model
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