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Superficial esophageal squamous cell carcinoma (ESCC) is defined as cancer infilt-
rating the mucosa and submucosa, regardless of regional lymph node metastasis
(LNM). Endoscopic resection of superficial ESCC is suitable for lesions that have

Revised: November 7, 2023 no or low risk of LNM. Patients with a high risk of LNM always need further
Accepted: December 8, 2023 treatment after endoscopic resection. Therefore, accurately assessing the risk of
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To analyze risk factors for LNM and develop a nomogram to predict LNM risk in

superficial ESCC patients.
METHODS

Clinical and pathological data of superficial ESCC patients undergoing

esophagectomy from January 1, 2009 to January 31, 2016 were collected. Logistic
regression analysis was used to predict LNM risk factors, and a nomogram was
developed based on risk factors derived from multivariate logistic regression
analysis. The receiver operating characteristic (ROC) curve was used to obtain the

accuracy of the nomogram model.
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RESULTS

A total of 4660 patients with esophageal cancer underwent esophagectomy. Of these, 474 superficial ESCC patients
were enrolled in the final analysis, with 322 patients in the training set and 142 patients in the validation set. The
prevalence of LNM was 3.29% (5/152) for intramucosal cancer and increased to 26.40% (85/322) for submucosal
cancer. Multivariate logistic analysis showed that tumor size, invasive depth, tumor differentiation, infiltrative
growth pattern, tumor budding, and lymphovascular invasion were significantly correlated with LNM. A
nomogram using these six variables showed good discrimination with an area under the ROC curve of 0.789
(95%ClI: 0.737-0.841) in the training set and 0.827 (95%Cl: 0.755-0.899) in the validation set.

CONCLUSION
We developed a useful nomogram model to predict LNM risk for superficial ESCC patients which will facilitate
additional decision-making in treating patients who undergo endoscopic resection.

Key Words: Superficial esophageal squamous cell carcinoma; Lymph node metastasis; Risk factors; Nomogram; Predictive
model

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to identify risk factors for lymph node metastasis (LNM) in superficial esophageal
squamous cell carcinoma (ESCC) and to develop a nomogram model for predicting LNM. A total of 474 superficial ESCC
patients who underwent esophagectomy were enrolled. Multivariate logistic analysis showed that tumor size, invasive depth,
tumor differentiation, infiltrative growth pattern, tumor budding, and lymphovascular invasion were significantly correlated
with LNM. A predictive nomogram using these six variables showed good performance and will facilitate the treatment
choice for superficial ESCC patients.

Citation: Wang J, Zhang X, Gan T, Rao NN, Deng K, Yang JL. Risk factors and a predictive nomogram for lymph node metastasis in
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URL: https://www.wjgnet.com/1007-9327/full/v29/i47/6138.htm
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INTRODUCTION

Superficial esophageal squamous cell carcinoma (ESCC) is defined as esophageal cancerous lesions infiltrating the
mucosa and submucosa, regardless of lymph node metastasis (LNM)[1]. Endoscopic resection has been the first treatment
choice for superficial ESCC patients with no or low risk of LNM and has an en bloc rate of more than 90%[2,3]. However,
additional treatment is recommended for patients with high risk of LNM, especially for patients with positive
lymphovascular invasion (LVI) and positive vertical margins[4]. Assessing pathological characteristics after endoscopic
resection and predicting the risk of LNM is critical for additional treatment strategies.

Recent studies have established several predictive models to identify LNM risk for superficial ESCC patients[5-8].
However, some limitations existed in these models. For example, some studies did not incorporate critical factors, such as
tumor budding and tumor infiltrative growth (INF) pattern, into LNM risk prediction. In some studies, the submucosa
was considered as an entire layer[5,6] and the depth was not classified as submucosa 1 (SM1), SM2 or more[7,8].
Therefore, we aimed to establish a nomogram predictive model based on comprehensive pathological features obtained
from esophagectomy to improve the predictive performance of such models.

MATERIALS AND METHODS

Patients

Patients who underwent esophagectomy at West China Hospital of Sichuan University from January 1, 2009, to January
31, 2016, were enrolled. The inclusion criteria were as follows: (1) Histopathological diagnosis of esophageal cancer; and
(2) patients who received esophagectomy. The exclusion criteria were as follows: (1) Not pT1 stage tumor; (2) the
histologic type was not squamous cell carcinoma; (3) number of dissected lymph nodes < 12; (4) history of previous
malignancies; (5) incomplete clinical data; and (6) lesions with low-grade intraepithelial neoplasia or high-grade intrae-
pithelial neoplasia. This retrospective study was approved by the Institutional Review Board of West China Hospital of
Sichuan University (No. 2015-159). Informed consent was signed before the surgery.
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Data collection

General clinical and endoscopic features, such as age, sex, tumor location, and endoscopic type, were retrospectively
collected. Tumor location was defined as: (1) Upper: 15 to 24 cm from the incisors; (2) middle: 24 to 32 cm from the
incisors; and (3) lower: 32 cm from the incisors to the cardia. Endoscopic types were identified according to the Paris
classification criteria for superficial tumors[9]. The pathologic diagnosis was independently confirmed by two
experienced pathologists. If the diagnosis is inconsistent, a third expert pathologist will re-examine the specimen, and the
final diagnosis will be made when two or more pathologists agree on the diagnosis.

Data regarding pathological characteristics of specimens, such as tumor size, invasion depth, differentiation grade, INF
pattern, tumor budding, LVI, and number of dissected lymph nodes, were collected. The vertical invasion depth of
submucosal invasion was measured from the muscularis mucosae according to the Japanese guidelines[10]. The invasion
depth was classified into four layers: Muscularis mucosae (MM), upper third of submucosa (SM1), middle third of
submucosa (SM2) and lower third of submucosa (SM3) according to the Japanese Classification of Esophageal Cancer
[10]. The differentiation grade was grouped as well differentiated (G1), moderately differentiated (G2), and poorly differ-
entiated (G3)[11]. The tumor INF pattern was carefully observed and classified into three groups according to previous
reports[10,12]: INF-a (expansive type, expansive growth of tumor nests downward continuously from the epithelium as a
whole), INF-b (intermediate type between INF-a and INF-c), and INF-c (infiltrative type, tumor infiltrates with a way of
single cell or small tumor nests, or trabecular arrangement of tumor cells on the leading edge of the tumor). Tumor
budding is defined as a single tumor cell or a small tumor nest consisting of up to 4 cells at the front of the tumor invasion
[13]. In this study, tumor budding was assessed on hematoxylin and eosin-stained slides at the front of tumor invasion.
Tumor budding was categorized into three types: No budding, low-grade tumor budding (1 to 4 budding foci at a 20 x
objective lens) and high-grade tumor budding (= 5 budding foci at a 20 x objective lens) according to a previous study
[14]. For LVI, two experienced pathologists observed the same specimen to improve diagnostic accuracy.

Statistical analysis

Continuous variables are presented as mean * SD and are compared with a t test in the case of a normal distribution.
Categorical data are presented as percentages and are compared with the chi-square test or Fisher’s exact test. All
variables associated with LNM at a significant level were enrolled in the stepwise multivariate logistic analysis. All data
were statistically analyzed by SPSS 22.0 software (IBM SPSS, Chicago, IL, United States). P values < 0.05 were considered
statistically significant.

R software (version 4.1.3) with the rms package was used to formulate a predictive nomogram using variables derived
from multivariate logistic analysis. The pROC package was used to formulate the receiver operating characteristic (ROC)
curve, and the area under the curve (AUC) was used to evaluate the predictive performance of this nomogram as
previously reported[15]. The nomogram can convert each regression variable to a scale of 0-100 points based on the
regression coefficient. Finally, the predicted probabilities were derived from the total points obtained from each
independent variable.

RESULTS

Clinicopathologic characteristics

In total, 4660 esophageal cancer patients underwent esophagectomy from January 1, 2009 to January 31, 2016 of which,
474 superficial ESCC patients were enrolled in the final analysis (Figure 1). The clinicopathologic characteristics of
enrolled patients are presented in Table 1. Most of the superficial ESCC patients were male (77.4%), the average age was
60 (range, 38-84) years, and the average tumor size was 23 (range, 3-73) mm. Most tumors (63.9%) were located in the
middle third of the esophagus. According to the endoscopic appearance, 309 (65.2%) tumors presented as flat lesions.
Regarding invasion depth, 152 (32.1%) patients had intramucosal cancer, 80 (16.9%) patients had SM1 cancer, and 242
(51.0%) patients had tumors deeper than SM1. Regarding tumor differentiation, 103 (21.7%) patients, 279 (58.9%) patients,
and 92 (19.4%) patients had well differentiated, moderately differentiated, and poorly differentiated tumors, respectively.
INF-b was the most common INF pattern, with 232 (48.9%) cases reported as such. The total tumor budding rate was
13.5% (64/474), and the LVI rate was 5.7% (27/474). Overall, 90 of the 474 (16.48%) patients had lymph node metastasis
(LNM), and the LNM rate was 3.29% (5/152) in T1a tumors and 26.40% (85/322) in T1b tumors. The average number of
dissected lymph nodes was 18.0 (range, 12-53) (Table 1).

Risk factors for LNM

The 474 enrolled patients were randomly grouped into a training set and a validation set at a ratio of 7:3. Comparisons of
clinicopathological characteristics between the LNM+ and LNM- groups are presented in Table 2. Variables such as
tumor size, invasion depth, tumor differentiation, INF pattern, tumor budding and LVI were significantly associated with
LNM in both the training set and validation set according to the univariate analysis (Table 2). Furthermore, multivariate
logistic regression analysis also showed that tumor size, invasion depth, tumor differentiation, INF pattern, tumor
budding, and LVI were independent risk factors for LNM (Table 3).

Development and validation of the nomogram
Subsequently, a nomogram was developed based on six independent risk factors derived from the multivariate analysis
(Figure 2). The point of each factor was proportional to its own B-coefficient resulted from logistic regression. Finally, the
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Table 1 Patient clinicopathologic characteristics

Characteristics No. of patients, n (%)
Gender
Male 367 (77.4)
Female 107 (22.6)
Age (yr), median (range) 60 (38-84)
Tumor size (mm), median (range) 23 (3-73)

Tumor location

Upper third 28 (5.9)
Middle third 303 (63.9)
Lower third 143 (30.2)

Paris classification

0-1 95 (20.0)
0-11 309 (65.2)
0-IIT 70 (14.8)

Depth of invasion

MM 152 (32.1)

SM1 80 (16.9)

SM2 106 (22.3)

SM3 136 (28.7)
Differentiation

Well 103 (21.7)

Moderate 279 (58.9)

Poor 92 (19.4)
INF pattern

INF-a 196 (41.4)

INF-b 232 (48.9)

INF-c 46 (9.7)
Tumor budding 64 (13.5)
LVI 27 (5.7)
LNM

Yes 90 (19.0)

No 384 (81.0)
Dissected LN, median (range) 18.0 (12-53)

MM: Muscularis mucosae; SM1: Upper third of submucosa; SM2: Middle third of submucosa; SM3: Lower third of submucosa; INF pattern: Infiltrative
growth pattern; LVI: Lymphovascular invasion; LNM: Lymph node metastasis; LN: Lymph node.

total points of each factor were added and visually corresponded to a predictive value for LNM. The ROC curve showed
that this nomogram had good predictive performance both in the training set and in the validation set, with AUCs of
0.789 (95%CI: 0.737-0.841) and 0.827 (95%CI: 0.755-0.899), respectively (Figure 3).

DISCUSSION

Endoscopic resection has become one of the preferred treatment methods for superficial ESCC. Compared to surgery, it
has fewer complications and a shorter recovery time[16]. Guidelines and studies have indicated that endoscopic
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Table 2 Comparisons of clinicopathological characteristics between lymph node metastasis positive and lymph node metastasis

negative group

Training set (n = 332) Validation set (n = 142)
Variable P value Pvalue
LNM(-) LNM(+) LNM(-) LNM(+)
Gender 0.298 0.913
Male 201 51 84 20
Female 68 12 31 7
Age (yr), median (range) 60 (42-80) 60 (45-84) 0.204 60 (38-78) 58 (47-76) 0.522
Tumor size, (cm), mean + SD 2.23+1.21 2.65 +0.99 0.008 2.07 £0.97 2.61+0.86 0.008
Tumor location, 1 (%) 0.095 0.702
Upper third 14 6 7 1
Middle third 181 47 62 13
Lower third 74 10 46 13
Paris classification, 1 (%) 0.282 0.158
0-I 46 14 26 9
0-1T 186 37 74 12
0-IIT 37 12 15 6
Depth of invasion, n (%) <0.001 <0.001
MM 100 3] 47 2
SM1 53 6 19 2
> SM1 116 54 49 23
Differentiation, 1 (%) 0.015 0.029
Well 77 8 15 3
Moderate 148 38 80 13
Poor 44 17 20 11
INF pattern, n (%) 0.001 0.014
INF-a 125 13 58 5
INF-b 123 41 52 16
INF-c 21 9 10 6
Tumor budding, n (%) 0.009 0.009
No 241 48 103 18
Low 19 8 8 5
High 9 7 4 4
LVI, n (%) 0.005 0.004
Yes 10 8 4 5
No 259 55) 111 22

LNM: Lymph node metastasis; MM: Muscularis mucosae; SM1: Upper third of submucosa; INF pattern: Infiltrative growth pattern; LVI: Lymphovascular

invasion.

submucosal dissection (ESD) and endoscopic submucosal tunnel dissection (ESTD) can be used to treat lesions limited to
the muscularis mucosa and submucosal lesions with invasion depths < 200 pm, which have no or an extremely low risk of
lymph node metastasis[2,17-19]. The en bloc resection rate of ESD for superficial ESCC is 98.2%-100%, and the curative
resection rate is 78.2%-96.1%[17-19]. However, patients with a high risk of LNM or noncurative endoscopic resection
always need further treatment[4]. Therefore, summarizing post-ESD pathological characteristics and identifying risk
factors for predicting LNM are critical to guide post-ESD treatment. In this study, we enrolled superficial ESCC patients
who underwent esophagectomy and lymph node dissection and collected detailed pathological information, such as
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Table 3 Multivariate logistic analysis of risk factors for lymph node metastasis in superficial esophageal squamous cell carcinoma

Training set Validation set
Factors
OR 95%Cl P value OR 95%Cl P value

Tumor size (cm) 1.365 1.081-1.723 0.009 1.750 1.139-2.688 0.011
Invasive depth

MM Reference Reference

SM1 3.774 0.907-15.696 0.068 2474 0.325-18.856 0.382

>SM1 15.517 4.707-51.158 0.001 11.031 2.463-49.401 0.002
Tumor differentiation

Well or cis Reference Reference

Moderate 2423 0.807-9.451 0.072 0.715 0.179-2.856 0.635

Poor 3.670 1.465-9.198 0.006 4.078 0.977-17.026 0.054
INF pattern

INF-a Reference Reference

INF-b 3.205 1.637-6.274 0.001 3.262 1.114-9.552 0.031

INF-c 4121 1.566-10.843 0.004 6.360 1.623-24.922 0.008
Tumor budding

Low 2114 0.875-5.108 0.096 3.815 0.978-14.813 0.054

High 3.905 1.387-10.995 0.010 4.769 1.315-17.290 0.017

No Reference Reference
LVI

No Reference Reference

Yes 3.767 1.422-9.979 0.008 4.408 1.346-14.438 0.014

MM: Muscularis mucosae; SM1: Upper third of submucosa; INF pattern: Infiltrative growth pattern; LVI: Lymphovascular invasion.

Patients accepted

esophagectomy (n = 4660)
: Advanced esophageal

‘ cancer (n = 3927)

Superficial esophageal
cancer (n = 733) Adenocarcinoma (n = 47)

Neuroendocrine carcinoma (n = 22)

Basaloid squamous cell carcinoma (n = 15)

Malignant melanoma (n = 3)

Carcinoma sareomatodes (n = 2)

Superficial esophageal squamous Adenosquamous carcinoma (n = 3)

cell carcinoma (n = 641)

\
; Dissected lymph node number < 12 (n = 73)

Incomplete clinical data (n = 22)
Low-grade intraepithelial neoplasia (n = 8)
High-grade intraepithelial neoplasia (n = 64)

Finally enrolled
patients (n = 474)

/\

Training set (n = 322) ‘ Validation set (n = 142) ‘

DOI: 10.3748/wjg.v29.i37.6138 Copyright ©The Author(s) 2023.

Figure 1 Flowchart of enroliment process.
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Figure 2 Nomogram for predicting the probability of lymph node metastasis in superficial esophageal squamous cell carcinoma patients.
Calculate the total points of different characteristics, and drop a vertical line from the total points row to obtain the probability of lymph node metastasis. MM:
Muscularis mucosae; SM1: Upper third of submucosa; SM2: Middle third of submucosa; SM3: Lower third of submucosa; INF pattern: Infiltrative growth pattern; LVI:
Lymphovascular invasion; LNM: Lymph node metastasis.

A Training set B Validation set

1.0 - 1.0 —

/J

0.8 1 0.8 1 Jj
£ 06 / Z 061 J
= =
g 0.4 1 g 041 }/

0.2 1 0.2 1

AUC: 0.789 (0.737-0.841) AUC: 0.827 (0.755-0.899)
00 02 04 06 08 10 00 02 04 06 08 1.0
1-Specificity 1-Specificity

DOI: 10.3748/wjg.v29.i37.6138 Copyright ©The Author(s) 2023.

Figure 3 Receiver operating characteristics curve of the nomogram for predicting lymph node metastasis. A: Receiver operating characteristics
(ROC) curve in the training set; B: ROC curve in the validation set. AUC: Area under the curve.

tumor budding and tumor infiltrative growth pattern, to comprehensively analyze and identify the risk factors for LNM,
providing favorable evidence for post-ESD treatment decisions.

Our findings in this study indicated that superficial ESCC patients with positive LNM were more likely to have larger
tumors, deeper invasion, poorer differentiation, more INF-c infiltrative patterns, more high-grade tumor budding, and
more positive LVI both in both the training and validation sets. Some previous studies have likewise indicated that tumor
size is positively correlated with LNM risk[5-8]. Ruan et al[8] found that tumor size > 2 cm was an independent risk factor
for LNM in superficial ESCC. Our results showed that patients with tumor size > 3 cm had a higher risk of LNM
(Figure 2). In another study, it was reported that a 1-cm increase in esophageal tumor length increased the LNM risk by
3.55 times[20]. Therefore, it is necessary to measure the area of cancer cells after the ESD procedure. If possible,
pathological recovery should be performed to determine tumor size after the ESD procedure since it is crucial for
predicting LNM risk.

In addition, we found that tumor invasion depth is associated with LNM risk. It was reported that the LNM rates of
T1a and T1b superficial ESCC were 6.2%-8.0% and 20.0%-29.3%, respectively[21-23]. Similarly, in our study, the LNM rate
in Tla tumor was 3.29% (5/152) and increased to 26.40% (85/322) in T1b tumor. Further multivariate analysis showed
that an invasion depth deeper than SM1 (OR: 15.517, 95%CI: 4.707-51.158) is an independent risk factor for LNM, which
has been confirmed by other studies[5,6]. The esophageal submucosa is an area rich in lymphovascular network, and
once intruded into the submucosa, tumor cells are more likely to infiltrate vasculature[24,25]. In our study, LVI positivity
(OR: 3.767, 95%CI: 1.422-9.979) was also an independent risk factor for LNM. Therefore, additional treatment, such as
surgery or chemoradiotherapy, should be recommended for post-ESD patients with submucosal invasion deeper than 200
pm and positive LVI.
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It has been well established that the grade of tumor budding is positively correlated with the rate of LNM in solid
cancers, including gastrointestinal cancers[26-28]. We found that high-grade tumor budding (OR: 3.905, 95%CI: 1.387-
10.995) was positively correlated with LNM risk in superficial ESCC. Similarly, Li et al[29] checked tumor budding in
pT1b ESCC by using Pan-CK immunohistochemical (IHC) staining and found that the tumor budding level is an excellent
predictor of LNM and patient survival time. However, there is no gold standard for differentiating the threshold value of
tumor budding in superficial ESCC specimens, and a clear and standardized method for distinguishing and reporting
tumor budding in superficial ESCC is urgently needed. In addition, tumor budding status in post-ESD specimens should
be carefully assessed and reported.

The Japanese guidelines recommend that tumor infiltrative growth patterns should be reported in esophageal cancer
[10]. Some studies have identified infiltrative type ¢ (INF-c) as associated with deep tumor invasion, poor tumor differen-
tiation, and a high risk of LNM[12,30,31]. In our study, multivariate logistic regression identified INF-b (OR: 3.205;
95%CI: 1.637-6.274), INF-c (OR: 4.121, 95%CI: 1.566-10.843) and poor differentiation (OR: 3.670, 95%CI: 1.465-9.198) as
independent risk factors for LNM. Invasion of surrounding tissue by cancer cells is a key step in tumor progression and
metastasis[32]. As the tumor grows, the morphology and behaviour of cancer cells at the tumor front undergo epithelial
mesenchymal transition, detaching from the tumor body and infiltrating deep into the submucosa or even deeper[30].
Poorly differentiated tumors are more likely to have LVI and LNM in superficial ESCC, as previously reported[6,8].
Therefore, a detailed assessment of tumor differentiation, INF pattern, tumor budding, and LVI is critical for predicting
LNM risk in post-ESD patients.

Overall, we analyzed the risk factors for LNM in superficial ESCC patients by evaluating detailed pathological charac-
teristics and developed a nomogram by incorporating six variables, including tumor size, invasion depth, tumor differen-
tiation, tumor budding, tumor infiltrative growth pattern and LVI. This nomogram showed good predictive performance,
with an AUC of 0.789 (95%CI: 0.737-0.841) in the training set and 0.827 (95%CI: 0.755-0.899) in the validation set.
Although the data for this nomogram come from surgical specimens, we believe it is also applicable to post-ESD patients,
as all six enrolled predictors can be easily obtained from post-ESD specimens. The use of this predictive nomogram will
facilitate the assessment of LNM, thus providing references for guiding post-ESD treatment. However, this is a single-
center retrospective study. More multicenter studies are needed to further confirm the reliability of the nomogram.

In addition, this study has some limitations. First, this is a retrospective study, and bias in case selection cannot be
avoided. Second, differences in surgical procedures and chronological differences in pathological diagnostic criteria may
affect the consistency of the results. D2-40 and CD34 IHC staining were not used in LVI diagnoses in this study, which
would lead to underestimating the positivity of LVI. Finally, the LNM rate of superficial ESCC in this study cannot
accurately represent the overall LNM rate because patients who underwent ESD were excluded because their
postoperative LNM rate could not be calculated.

CONCLUSION

In conclusion, we identified the risk factors for LNM in superficial ESCC patients and developed a useful nomogram for
predicting LNM risk by integrating all significant risk factors. This nomogram model will facilitate decision-making
regarding additional treatment options in post-ESD patients.

ARTICLE HIGHLIGHTS

Research background

Endoscopic resection of superficial esophageal squamous cell carcinoma (ESCC) is limited to lesions that have no or low
risk of lymph node metastasis (LNM). Patients with a high risk of LNM always need further treatment after endoscopic
resection.

Research motivation
Accurately assessing the LNM risk is critical for additional treatment choices for superficial ESCC patients who
underwent endoscopic resection.

Research objectives
This study aimed to analyze the risk factors for LNM and develop a LNM predictive nomogram for superficial ESCC
patients.

Research methods
Clinical and pathological data from superficial ESCC patients underwent esopha-gectomy from January 1, 2009, to

January 31, 2016, were collected and analyzed. A nomogram was performed using R software (version 4.1.3) based on six
risk factors of LNM.

Research results
A total of 474 superficial ESCC patients were enrolled. The prevalence of LNM was 3.29% for intramucosal cancer and
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increased to 26.40% for submucosal cancer. A nomogram incorporating six variables, including tumor size, invasion
depth, tumor differentiation, tumor budding, tumor infiltrative growth pattern, and lymphovascular invasion, was
successfully developed.

Research conclusions
We developed a useful nomogram model to predict LNM risk for superficial ESCC patients, which will facilitate
additional treatment decisions for patients who underwent endoscopic resection.

Research perspectives
The nomogram model is a simple and useful tool to facilitate the prediction of LNM risk for superficial ESCC patients.
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