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Risk factors of lymph node
metastasis or lymphovascular
invasion for superficial
esophageal squamous cell
carcinoma: A practical and
e�ective predictive nomogram
based on a cancer hospital data

Yali Tao†, Shengsen Chen†, Jiangping Yu, Qiwen Shen,

Rongwei Ruan* and Shi Wang*

Department of Endoscopy, Zhejiang Cancer Hospital, Institute of Basic Medicine and Cancer

(IBMC), Chinese Academy of Sciences, Hangzhou, China

Background: Lymphovascular invasion (LVI) is mostly used as a preoperative

predictor to establish lymph node metastasis (LNM) prediction models for

superficial esophageal squamous cell carcinoma (SESCC). However, LVI still

needs to be confirmed by postoperative pathology. In this study, we combined

LNM and LVI as a unified outcome and named it LNM/LVI, and aimed to develop

an LNM/LVI prediction model in SESCC using preoperative factors.

Methods: A total of 512 patients who underwent radical resection of SESCC

were retrospectively collected. Logistic regression and least absolute shrinkage

and selection operator (LASSO) regression were adopted to identify the

predictive factors of LNM/LVI. Integrated discrimination improvement (IDI)

and net reclassification improvement (NRI) were calculated to select the

potential predictive factors from the results of LASSO and logistic regression.

A nomogram for predicting LNM/LVI was established by incorporating these

factors. The e�cacy, accuracy, and clinical utility of the nomogram were,

respectively, assessed with the area under the curve (AUC), calibration curve,

and decision curve analysis (DCA). Finally, the random forest (RF) algorithmwas

used to further evaluate the impact of these factors included in the nomogram

on LNM/LVI.

Results: Tumor size, tumor location, tumor invasion depth, tumor

di�erentiation, and macroscopic type were confirmed as independent

risk factors for LNM/LVI according to the results of logistic regression,

LASSO regression, IDI, and NRI analyses. A nomogram including these five

variables showed a good performance in LNM/LVI prediction (AUC = 0.776).

The calibration curve revealed that the predictive results of this nomogram

were nearly consistent with actual observations. Significant clinical utility of

our nomogram was demonstrated by DCA. The RF model with the same
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five variables also had similar predictive e�cacy with the nomogram (AUC

= 0.775).

Conclusion: The nomogram was adopted as a final tool for predicting

LNM/LVI because its risk score systemmade it more user-friendly and clinically

useful than the random forest model, which can help clinicians make optimal

treatment decisions for patients with SESCC.

KEYWORDS

lymph node metastasis, lymphovascular invasion, superficial esophageal squamous

cell carcinoma, predictive model, nomogram, random forest

Introduction

Esophageal cancer is one of the most common malignant

tumors on a global scale, with a very high mortality rate

(1). The histopathological types of esophageal cancer are

mainly classified as squamous cell carcinoma (SCC) and

adenocarcinoma, and this cancer in western countries is

predominantly adenocarcinoma, while in Asian countries like

China is dominated by squamous cell carcinoma (1, 2).

Superficial esophageal squamous cell carcinoma (SESCC) is

defined as esophageal cancer with tumor cell invasion confined

to the intraepithelial (Tis), mucosal (T1a), or submucosal (T1b),

without respect to regional lymph node metastasis (LNM) (3).

Conventionally, esophagectomy is taken as the mainstay

treatment for SESCC. However, substantial postoperative

morbidity and mortality have been reported to be related to this

treatment (3). Recently, with the development and improvement

of endoscopic resection (ER), such as endoscopic mucosal

dissection (ESD) or endoscopic mucosal resection (EMR),

SESCC patients without LNM are recommended to receive

ER because this treatment is a minimally invasive procedure

with few complications and it also has good curative effect

for LNM negative patients (4, 5). Nevertheless, if patients with

SESCC have LNM, esophagectomy plus lymph node dissection

needs to be considered for these patients (6, 7). Therefore,

the preoperative lymph node status of patients with SESCC

is a critical factor in determining the treatment strategy (8),

and exploring the risk factors of lymph node metastasis is

of great significance for clinical decision-making. LNM is

usually assessed by endoscopic ultrasonography (EUS), contrast-

enhanced computed tomography (CT), and fluorodeoxyglucose

positron emission tomography (FDG-PET) in prior studies (9–

11), but LNM often go undetected preoperatively by these

methods because of their limited accuracy (12).

Lymphovascular invasion (LVI) is a histopathological

condition in which tumor cells are found in the lymphatics or

blood vessels (13). It has been identified to play a crucial role in

the development of LNM (14). Besides, LVI can greatly increase

the risk of local malignant tumors micrometastasis (15) and

lead to poor prognosis in patients with SESCC (16). However,

almost all LVI is confirmed by postoperative histopathological

examination, and it is extremely difficult to assess the status of

LVI before surgery (17, 18), which means that using LVI to make

a preoperative prediction for LNM may be infeasible. So LNM

and LVI should be integrated and considered as one outcome

(it can be named LNM/LVI), and usable models for predicting

the presence of LNM/LVI in patients with SESCC still have not

been reported.

In this study, we aimed to explore the feasible preoperative

clinical variables for LNM/LVI prediction in SESCC and to

stratify LNM/LVI risk according to nomogram analysis. The

development of a user-friendly clinical tool to predict which

patients are at high risk of LNM/LVI will facilitate the selection

of the most appropriate treatment in patients with SESCC.

Methods

Patient selection and data collection

We retrospectively collected patients who were diagnosed

with esophageal cancer (Tis and T1 stages) and underwent

esophagectomy from January 2005 to May 2018. The exclusion

criteria were as follows: (1) patients who had received

radiotherapy or chemotherapy before surgery; (2) patients who

had undergone endoscopy examination more than 1 month

before surgery; (3) surgical margins did not reach R0; (4)

LNM/LVI status had not been evaluated by histopathological

examination; (5) patients already had undergone ESD before

esophagectomy (patients received a supplementary surgery after

ESD); (6) history of othermalignant tumors; and (7) clinical data

were incomplete. In addition, pathological findings of basaloid

squamous cell carcinoma, adenocarcinoma, adenosquamous

carcinoma, carcinosarcoma, mucoepidermoid carcinoma, and

neuroendocrine carcinoma were also excluded. A total of 512

eligible patients with SESCC were finally enrolled in our study.

The flowchart of patient selection is shown in Figure 1.
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FIGURE 1

Flowchart of patients included in the analysis.

Clinical variables and pathological
characteristics

Basic information on admissions such as age and sex was

collected. Then, circumferential extension, number of lesions,

tumor location, and macroscopic morphology were extracted

from the endoscopic reports. Besides, the data on tumor size,

depth of invasion, LNM, and LVI were obtained from the

results of postoperative histopathological examination. Here,

we combined the LNM and LVI as one integrated parameter

which is named LNM/LVI. LNM positive and LVI negative

(LNM+/LVI–), LNM negative and LVI positive (LNM–/LVI+),

and LNM positive and LVI positive (LNM+/LVI+) were

considered as LNM/LVI positive. LNM/LVI negative meant

LNM negative and LVI negative (LNM–/LVI–).

Statistical analysis

Comparisons between continuous variables were performed

by using the Mann–Whitney U-test. We compared categorical

variables by using the χ2 test or Fisher’s exact test. Variables

that were significantly associated with LNM/LVI in univariate

analysis or had clinical significance for LNM/LVI were

incorporated into multivariate logistic regression. LASSO

regression is used to reduce the dimensionality of data

and screen out the most significant variables with non-zero

coefficients (19). The net reclassification improvement (NRI)

can be used to assess whether the classification performance of a

model will improve if one important parameter is added (20).

The integrated discrimination improvement (IDI) reflects the

difference in the prediction probabilities of twomodels, that is, it

can be used to evaluate the overall improvement in the predictive

power of a model when a new variable is incorporated into this

model (21).

A nomogram for LNM/LVI prediction was constructed

by incorporating variables that were significantly correlated

with an outcome event. Nomogram can proportionally convert

the regression coefficients to a scale of 0–100 points (22)

so that each variable in the nomogram is assigned a

corresponding score, and the predicted probability can be

known according to the sum of each variable point. The receiver

operating characteristic (ROC) curve and the calibration

curve were adopted to evaluate the predictive performance

of the nomogram. Then, decision curve analysis (DCA) was

performed to assess the clinical utility of this nomogram by

calculating patients’ net benefits at different points of threshold

probabilities (23).
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Additionally, the variables in the nomogram were

incorporated into a random forest model to further confirm

the predictive effect of these variables for LNM/LVI. The

random forest algorithm is a Bagging method (ensemble

learning) based on a decision tree algorithm (24). The

randomly selected samples with bootstrap are used to develop

decision trees, and the nodes of these trees are split based on

the randomly selected best subset of explanatory variables

or features (24). In a random forest, the final prediction

for an event is determined according to the majority vote

of prediction results generated by each tree (25). The

importance of variables included in the model is generally

represented by the mean decreased Gini in the output results

of random forest. The greater the mean decreased Gini, the

more important the variable in the random forest model

(26). Finally, the ROC analysis was used to estimate the

predictive ability of the random forest for LNM/LVI in patients

with SESCC.

In all analyses of this study, a two-sided p-value of <0.05

was considered statistically significant. All statistical analyses

were performed using SPSS version 22.0 (SPSS Inc, Chicago,

IL, USA) and R version 4.0.3 (The R Foundation for Statistical

Computing, Vienna, Austria).

Results

Clinicopathological characteristics

In this study, 512 patients with SESCC were enrolled

for analysis, with a median age of 61.5 years (range 22–79),

FIGURE 2

Venn diagram showing details of LNM/LVI. LNM positive and LVI

negative (LNM+/LVI–), LNM negative and LVI positive

(LNM–/LVI+), and LNM positive and LVI positive (LNM+/LVI+)

were regarded as LNM/LVI positive. LNM/LVI negative meant

LNM negative and LVI negative (LNM–/LVI–).

including 438 men (85.5%) and 74 women (14.5%). Tumors

located in the middle esophagus were found in 361 cases,

followed by 133 cases with tumors located in the lower

esophagus, and tumors located in the upper esophagus were

only found in 18 cases. The median tumor size was 3 cm (range

3–11). A total of 142 patients (27.7%) had tumors confined to

the mucosa, and 370 patients (72.3%) had tumors infiltrated

into the submucosa. According to the tumor differentiation

results, 114 cases (22.3%) were well-differentiated or carcinoma

in situ, 245 (47.9%) were moderate differentiation, and 153

(29.9%) were poor differentiation. Circumferential extension of

lesions in 406 patients (79.3%) was ≤1/2 and in 106 patients

(20.7%) was >1/2. Among these patients, the macroscopic type

of lesions in 271 patients (52.9%) was flat type and in 241

patients (47.1%) was a non-flat type. Only 35 (6.8%) patients

had multiple lesions while the other 477 patients (93.2%) did

not. There were 147 patients with SESCC who had positive

LNM/LVI, of which 92 patients (62.6%) had LNM+/LVI–,

32 patients had LNM+/LVI+ (21.8%), and 23 patients had

LNM–/LVI+ (15.6%) (Figure 2), and the remaining 365 patients

were an absence of LNM/LVI. The detailed clinicopathological

characteristics of 512 patients with SESCC are shown in

Table 1.

Independent significant factors for
LNM/LVI

The clinical characteristics between the LNM/LVI-positive

and -negative groups were compared by using univariate

analysis, and the results showed that tumor size, tumor location,

depth of tumor invasion, tumor differentiation, macroscopic

type, and multiple lesions were significantly correlated with

LNM/LVI; while age, sex, and circumferential extension were

not related with LNM/LVI (Table 1). We also identified the

cutoff value of tumor size as 2.5 cm for evaluating LNM/LVI

status by using ROC curve analysis (Supplementary Figure S1).

Given that the P-value of sex between LNM/LVI-positive and

-negative groups was 0.051 (very close to 0.05), we then

incorporated sex together with tumor size, tumor location,

tumor invasion depth, tumor differentiation, macroscopic

type, and multiple lesions into the multivariate logistic

regression analysis, and found that tumor size, tumor invasion

depth, tumor differentiation, and macroscopic type were

independent predictive factors of LNM/LVI (Table 2). However,

the multivariate logistic analysis showed that the effect of

tumor location on LNM/LVI development did not have

statistical significance overall (p = 0.086); but tumors located

in the upper esophagus had a lower risk of LNM/LVI

compared with tumors located in the lower esophagus (p =

0.028, OR = 0.493). Among these independent predictors,

tumor invasion depth and differentiation had the greatest
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TABLE 1 Clinicopathological characteristics of patients with SESCC based on LNM/LVI status.

Variables Total (n = 512) LNM/LVI negative (n = 365) LNM/LVI positive (n = 147) P

Sex, n (%) 0.051

Male 438 (85.5) 305 (83.6) 133 (90.5)

Female 74 (14.5) 60 (16.4) 14 (9.5)

Age (years), median (range) 61.5 (22–79) 62 (22–79) 60 (44–78) 0.243

Tumor size (cm), median (range) 3 (1–11) 3 (1–9) 3 (1–11) 0.002

Circumferential extension, n (%) 0.068

≤1/2 406 (79.3) 297 (81.4) 109 (74.1)

>1/2 106 (20.7) 68 (18.6) 38 (25.9)

Location within esophagus, n (%) 0.013

Upper 18 (3.5) 12 (3.3) 6 (4.1)

Middle 361 (70.5) 271 (74.2) 90 (61.2)

Lower 133 (26.0) 82 (22.5) 51 (34.7)

Depth of invasion, n (%) <0.001

Mucosa 142 (27.7) 131 (35.9) 11 (7.5)

Submucosa 370 (72.3) 234 (64.1) 136 (92.5)

Tumor differentiation, n (%) <0.001

Well or Carcinoma in situ 114 (22.3) 93 (25.5) 21 (14.3)

Moderate 245 (47.9) 182 (49.9) 63 (42.9)

Poor 153 (29.9) 90 (24.7) 63 (42.9)

Macroscopic type, n (%) <0.001

Flat 271 (52.9) 221 (60.5) 50 (34.0)

Non-flat 241 (47.1) 144 (39.5) 97 (66.0)

Multiple lesions, n (%) 0.032

No- 477 (93.2) 346 (94.8) 131 (89.1)

Yes 35 (6.8) 19 (5.2) 16 (10.9)

LNM, Lymph node metastasis; LVI, lymphovascular invasion; I, superficial and protruding type; II, flat type; III, superficial and excavated type; P, Categorical variables—χ2 test or Fisher’s

exact test; Continuous variables—Mann–Whitney test.

The bold values mean statistical significance.

impact on LNM/LVI (p < 0.001 in multivariate analysis),

suggesting that patients with submucosal tumors which were

poorly differentiated had a higher risk for LNM/LVI. The

LNM/LVI rates according to the tumor invasion depth and

differentiation are summarized in Supplementary Figure S2,

Supplementary Table S1.

Identification of predictive factors by
LASSO regression

Subsequently, nine variables were incorporated into

LASSO regression and five variables including tumor size,

depth of invasion, tumor differentiation, tumor location,

and macroscopic type were screened out to be associated

with LNM/LVI (Figure 3). The weights of each variable

affecting LNM/LVI were assessed by calculating the coefficients

in the LASSO regression. When λ = 0.039 and log(λ) =

−3.251, the specific coefficients of each variable were shown

as follows: coefficient of tumor location was 0.130, tumor

size was 0.237, tumor invasion depth was 1.046, tumor

differentiation was 0.377, and macroscopic type was 0.354

(Supplementary Table S2).

Confirmation of the best prediction
model for LNM/LVI

Four variables (tumor size, tumor invasion depth, tumor

differentiation, and macroscopic type) that were confirmed to

be significantly associated with LNM/LVI both in multivariate

regression and LASSO regression analyses were used to

construct a base model (model A). However, for analyzing the

predictive effect of tumor location on LNM/LVI, multivariate

logistic regression and LASSO regression showed different

results. So we then constructed a new model named model
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TABLE 2 Risk factors of LNM/LVI in multivariate logistic analysis.

Factors β OR 95% CI P

Sex

Male 0.538 1.712 0.857–3.422 0.128

Female Reference

Tumor size

≤2.5 cm Reference 0.019

>2.5 cm 0.585 1.795 1.100–2.929

Circumferential extension

≤1/2 Reference

>1/2 0.286 1.332 0.756–2.346 0.321

Tumor location within esophagus 0.086

Upper −0.707 0.493 0.263–0.926 0.028

Middle −0.363 0.695 0.419–1.155 0.161

Lower Reference

Depth of invasion

Mucosa Reference

Submucosa 1.899 6.681 3.241–13.774 <0.001

Tumor differentiation <0.001

Well or Carcinoma in situ −1.534 0.216 0.113–0.412 <0.001

Moderate −1.011 0.364 0.221–0.601 <0.001

Poor Reference

Macroscopic type

Flat Reference

Non-flat 0.652 1.919 1.200–3.069 0.007

Multiple lesions, n (%)

No Reference

Yes 0.438 1.550 0.690–3.481 0.288

LNM, Lymph node metastasis; LVI, lymphovascular invasion; I, superficial and protruding type; II, flat type; III, superficial and excavated type.

The bold values mean statistical significance.

B by adding tumor location into model A to explore

the significance of tumor location in LNM/LVI prediction.

Compared with model A, the AUC of model B for LNM/LVI

prediction did not significantly increase, but IDI and cNRI

both showed a significant improvement after adding tumor

location into model A (Table 3), implying that model B

was superior to model A in the prediction of LNM/LVI

and tumor location could be considered as a risk factor

for LNM/LVI.

Development and validation of an
LNM/LVI-predicting nomogram and its
score system

Next, we used the five variables included in model B (tumor

size, tumor invasion depth, tumor differentiation, macroscopic

type, and tumor location) to develop a nomogram that could

predict the probability of LNM/LVI presence (Figure 4A). ROC

analysis showed that the AUC of this nomogram in LNM/LVI

prediction was 0.776 (Figure 4B), suggesting the nomogram had

a good predictive performance for LNM/LVI. In addition, the

calibration curve demonstrated that the nomogram-predicted

LNM/LVI status was nearly consistent with the actual LNM/LVI

status (Figure 4C). Each variable in the nomogram was assigned

a corresponding risk score (the detailed scores of these five

variables are seen in Supplementary Table S3). The scores of

each variable in this nomogram were summed to obtain the total

scores ranging from 0 to 289. The optimal cut-off value of the

total scores was identified as 179 based on themaximumYouden

index in ROC analysis (Supplementary Table S4).

Clinical use of the nomogram for
LNM/LVI prediction

According to the cut-off value determined above, patients

with SESCC were divided into LNM/LVI high-risk (total score
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FIGURE 3

Selection of demographic and clinical features using the least absolute shrinkage and selection operator (LASSO) regression model. (A) Selection

of optimal parameter (λ) in the LASSO model by using 10-fold cross-validation via 1 standard error of the minimum criteria (1-SE criteria). The

binomial deviance curve was plotted vs. log(λ). Dotted vertical lines were drawn at the optimal values using the 1-SE criteria. (B) LASSO

coe�cient profiles of nine features. A coe�cient profile plot was produced against the log (lambda) sequence. A vertical line was drawn at the

value selected using a 10-fold cross-validation, where optimal λ resulted in five non-zero coe�cients.

TABLE 3 Predictive power comparison of di�erent models in evaluating the status of LNM/LVI.

Variables Model A (base model) Model B P

AUC (95%CI) 0.763 (0.724–0.799) 0.776 (0.738–0.812) 0.077

IDI (95%CI) Reference 0.016 (0.004–0.028) 0.007

cNRI (95%CI) Reference 0.308 (0.119–0.497) 0.001

Model A, Tumor size + Depth of invasion + Tumor differentiation + Macroscopic type; Model B, Model A + Tumor location; AUC, area under curve; IDI, integrated discrimination

improvement; cNRI, continuous net reclassification improvement.

The bold values mean statistical significance.

>179) and low-risk (total score ≤179) groups. The ratio of

positive LNM/LVI in the high-risk group was 48.5%, while

only 12.7% of patients with SESCC presented with LNM/LVI

in the low-risk group, which meant that patients with SESCC

in the high-risk group had a significantly higher probability

of LNM/LVI (Figure 5A). Then, the DCA results clarified

that taking treatment based on the LNM/LVI nomogram

predicted results had a higher net benefit than treating all

or zero patients when the risk threshold of a patient was

>0.2 (Figure 5B), suggesting that the clinical utility of this

nomogram was good. In addition, we plotted a clinical impact

curve of the nomogram for predicting LNM/LVI to gain a

more comprehensive understanding of the clinical significance

of our nomogram (Figure 5C). It can be seen from this

figure that the distance between the predicted number of

high risk (the gray curve) and the actual number of high

risk with LNM/LVI (the red curve) approaches as the risk

threshold increases, indicating a good predictive power of

this nomogram.

Random forest model and its predictive
e�ectiveness for LNM/LVI

Furthermore, all 512 samples in our study were used to

construct a random forest model. The five independent risk

factors identified above related to LNM/LVI in SESCC, including

tumor size, tumor invasion depth, tumor differentiation,

macroscopic type, and tumor location, were ranked according

to the mean decreased Gini (Figure 6A). Tumor invasion

depth and tumor differentiation were the two most important

variables in the random forest model because their mean

decreased Gini was higher than other variables. The out of

bage (OOB) error rate was 25.98% when the number of the

decision tree was 500 (Supplementary Figure S3), meaning the

prediction performance of this random forest model was not

bad. ROC analysis was adopted to further assess the efficacy

of the random forest model, and the AUC of this model for

predicting LNM/LVI in SESCCwas 0.775 (Figure 6B), which was

similar to the AUC (0.776) of LNM/LVI-predicting nomogram
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FIGURE 4

A nomogram for predicting LNM/LVI and its predictive performance. (A) The nomogram for predicting LNM/LVI was constructed by

incorporating tumor size, tumor invasion depth, tumor di�erentiation, tumor location, and macroscopic type. Locate the patient’s characteristic

on a variable row and draw a vertical line straight up to the points’ row (top) to assign a point value for the variable. Adding up the total number

of points and dropping a vertical line from the total points’ row to obtain the probability of a predictive outcome. (B) The predictive ability of this

nomogram was demonstrated by a ROC curve with an AUC of 0.776. (C) Calibration curve of the nomogram for predicting LNM/LVI in SESCC,

based on internal validation with a bootstrap resampling frequency of 1,000.

(Figure 4B). Finally, we chose the nomogram as a clinical tool for

LNM/LVI prediction in this study due to its supply of detailed

scores for each risk factor.

Discussion

Endoscopic resection (ER) represented by EMR or ESD

has been widely carried out to treat early esophageal cancer

because it causes less trauma and improves the postoperative

quality of life compared with traditional esophagectomy (27, 28).

Nevertheless, ER is unable to dissect the lymph nodes around the

esophagus with potential tumor metastasis (29). Also, there is a

lack of accurate methods to preoperatively assess the status of

LNM in esophageal cancer (30). If SESCC patients with potential

LNM undergo endoscopic resection, they will face the risk of

tumor postoperative recurrence and metastasis (7, 29). Hence,

ER is suitable for SESCC patients with negative LNM, and
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FIGURE 5

Clinical utility of the nomogram for predicting LNM/LVI in SESCC. (A) The discriminatory power of the nomogram for LNM/LVI was shown with a

bar chart. Risk classification of the predictive nomograms was conducted by the maximum Youden index in a ROC analysis, and the

performance in distinguishing the LNM/LVI was confirmed by the chi-square test. (B) Decision curve of the nomograms for predicting the

presence of LNM/LVI. The horizontal solid black line represents the hypothesis that no patients experienced the presence of MVI or its M2 grade,

and the solid gray line represents the hypothesis that all patients met the endpoint. (C) Clinical impact curve of the nomogram for predicting the

status of LNM/LVI. At di�erent threshold probabilities within a given population, the number of high-risk patients and the number of high-risk

patients with LNM/LVI can be known from the y-axis.

FIGURE 6

A random forest model for predicting LNM/LVI. (A) The importance ranking of factors related to LNM/LVI in SESCC, including tumor size, tumor

invasion depth, tumor di�erentiation, tumor location, and macroscopic type. The larger the mean decrease of Gini, the more important the

factor was. (B) The predictive performance of the random forest model (incorporated tumor size, tumor invasion depth, tumor di�erentiation,

tumor location, and macroscopic type) was demonstrated by a ROC curve with an AUC of 0.775.

exploring the preoperative risk factors of LNM is important to

select the best treatment strategy for patients with SESCC.

Some studies have demonstrated a strong correlation

between LVI and LNM (31, 32), and 48.7% (18/37) of LNM-

positive patients with SESCC have LVI based on the results of

hematoxylin-eosin staining (33). In this study, 25.8% (32/124)

of LNM-positive patients with SESCC were presented with LVI,

while LVI-positive cases were only found to account for 5.9%

(23/388) of LNM-negative patients with SESCC. LVI was also

considered to be an independent risk factor for the development

of LNM and led to a poor prognosis for patients with esophageal

cancer (14, 16). Based on these viewpoints, LVI has great clinical

guiding significance for the selection of treatment strategies

in patients with SESCC. More importantly, LVI is difficult

to be diagnosed before surgery and is mostly identified by

postoperative pathological examination (17). However, prior

studies on LNM in patients with SESCC included LVI as one of

the predictive risk factors in statistical analysis (31–34), which

may greatly limit the clinical application of the findings from

these studies. Therefore, in this study, we combined LNM and

LVI as a unitary outcome and named it LNM/LVI to evaluate the

status of LNM and LVI more reasonably and comprehensively,

and further investigated the preoperative independent risk

factors associated with LNM/LVI to provide more precise

evidence for the selection of endoscopic treatment in patients

with SESCC.
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Tumor size, depth of invasion, and tumor differentiation

had been confirmed as independent risk factors for LNM

of SESCC in most of the previous studies (31, 32, 34, 35).

Therefore, it is speculated that these three variables may also

be correlated with the development of LNM/LVI in SESCC.

Then, our study identified that tumor size was significantly

associated with LNM/LVI in patients with SESCC. The risk of

LNM/LVI was also different between mucosal and submucosal

cancers in this study. Compared with mucosal cancers, SESCC

with submucosal infiltration was more likely to have LNM/LVI

(the odds ratio was 6.681, Table 2). Only 7.8% (11/142) of

patients with SESCC confined to the mucosa were in presence

of LNM/LVI, whereas the percentage of LNM/LVI positive

cases increased dramatically to 36.8% (136/370) in patients with

SESCC whose tumors invaded into the submucosa (Table 1).

As per our speculation, tumor histological differentiation was

also found as a significant risk factor for LNM/LVI in our

study. In submucosal cancers, 5.14% of SESCC with good

differentiation presented with LNM/LVI, which is relatively safe

for receiving ER. Moreover, LNM/LVI appeared in 15.68% of

moderate differentiated submucosal SESCC and 15.95% of poor

differentiated submucosal SESCC (Supplementary Figure S2,

the detailed LNM/LVI status according to invasion depth and

tumor differentiation is shown in Supplementary Table S1),

suggesting that these patients need to be treated with lymph

node dissection.

Interestingly, the macroscopic type of SESCC was also

identified as a significant risk factor for the LNM/LVI of

SESCC in this study. The macroscopic type of esophageal

cancer had been reported to be correlated with the depth of

tumor invasion, which might affect the status of LNM/LVI

(36, 37). Furthermore, in our multivariate logistic analysis

for the risk factors of LNM/LVI, the variable tumor location

did not show any overall statistical significance (p = 0.086);

on the contrary, in LASSO regression analysis, the location

of SESCC was demonstrated to be associated with LNM/LVI

(Supplementary Table S2). Since both multivariate logistic and

LASSO regression analyses revealed that tumor size, tumor

invasion depth, tumor differentiation, and macroscopic type

were significant risk factors for LNM/LVI, these four variables

were used to establish a base model (model A). We then built

a new model named model B by adding tumor location to

model A for exploring whether tumor location was a risk factor

of LNM/LVI in SESCC. Compared with model A, model B

including tumor location exhibited a remarkable improvement

in LNM/LVI prediction according to the results of IDI and

cNRI analyses (Table 3), implying that tumor location within the

esophagus was a true risk factor for LNM/LVI. The impact of

tumor location on LNM/LVI may be attributed to the difference

in the number of regional lymph nodes around different

locations of the esophagus, especially the regional lymph nodes

around the lower esophagus are more abundant than those

around the upper and middle esophagus (29), which may make

the lower esophageal tumor more likely to develop LNM/LVI.

Nomogram has been regarded as a useful prediction tool

with a supply of risk scores for each patient and is widely used

in the prediction of prognosis or outcome events (38, 39). In

this study, we established a nomogram for predicting LNM/LVI

with high accuracy by incorporating five variables such as

tumor size, depth of tumor invasion, tumor differentiation,

tumor location, and macroscopic type. Satisfactory predictive

performance of this nomogram was confirmed by an AUC of

0.776. The calibration curve also suggested that the predicted

results of the nomogram were in excellent agreement with the

actual observed events. An optimal cut-off value of the total

scores derived from our nomogram was then determined to be

179 based on the maximum Youden index in ROC analysis.

Patients with a total score of >179 or ≤179 were assigned

to a high-risk or low-risk group of LNM/LVI. Esophagectomy

plus lymph node dissection will be recommended if a patient

with SESCC belongs to a high-risk group. Additionally, the

good clinical utility and predictive power of our nomogram for

predicting LNM/LVI were demonstrated by plotting the decision

curve and clinical impact curve in DCA.

To further evaluate the impact of the five variables

(tumor size, tumor invasion depth, tumor differentiation,

tumor location, and macroscopic type) in this nomogram

on LNM/LVI, we incorporated them into the random

forest model and calculated the importance of each variable

to LNM/LVI. The results showed that the random forest

model can well-distinguish the positive LNM/LVI and

negative LNM/LVI in patients with SESCC, with an AUC

of 0.775 in LNM/LVI prediction. Because the established

nonogram above assigned a detailed risk score to each

patient, and its predictive performance (AUC was 0.776)

for LNM/LVI was similar to that of the random forest

model, we finally used the nomogram as a discriminant

tool to predict LNM/LVI of patients with SESCC in

this study.

A majority of studies on clinical prediction models usually

split the dataset into a training set and validation set, but our

data were not analyzed in this way attributed to the limited

sample size of the current study. Besides, this approach does

not make full utilization of all available data to establish a

prediction model, which may result in statistical inefficiency or

even a waste of data (40). Unfortunately, there are still several

limitations in this study. First, the clinical data of this study were

collected retrospectively, and data selection bias was inevitable.

Thus, it is necessary to carry out a prospective study with

balanced patients’ characteristics to deeply affirm the reliability

and feasibility of our nomogram in the future. Second, the

tumor size and tumor invasion depth recorded in this study

were determined by postoperative pathological findings, but we

took it as preoperative data in statistical analysis. Although it
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is possible to obtain a relatively accurate tumor size and tumor

invasion depth by endoscopy and endoscopic ultrasonography

before surgery, a certain deviation may exist when compared

with the postoperative pathological results. Third, the patients

enrolled in this study were all from a single institution, and

the predictive performance of our nomogram was also not

validated. Therefore, a multicenter study should be conducted

to validate our results. Finally, this nomogram was established

only by using limited clinical variables, and some serological

markers associated with LNM/LVI also need to be identified

and incorporated into the nomogram to further advance its

prediction accuracy.

In summary, to our knowledge, this is the first study

to combine the LNM and LVI as a unitary outcome and

investigate the impact of preoperative factors on potential

LNM/LVI in patients with SESCC. We demonstrated that

tumor size, tumor invasion depth, tumor differentiation, tumor

location, and macroscopic type were significant risk factors for

the presence of LNM/LVI in patients with SESCC. Then, a

nomogram and a random forest model for predicting LNM/LVI

were established by incorporating these five variables. The

good clinical utility of our nomogram was confirmed by

DCA, and the risk score system also made the nomogram

more clinically useful than the random forest model despite

their similar AUC. Hence, this nomogram was adopted as a

final tool for LNM/LVI prediction in patients with SESCC.

According to the scoring system of our nomogram, if a

patient with SESCC is classified as high risk for LNM/LVI,

esophagectomy plus lymph node dissection will be prioritized

to reduce potential tumor recurrence in the future. Last but

not least, the nomogram established in this study is a user-

friendly and practical tool to facilitate optimal treatment strategy

selection for patients with SESCC by making an individualized

LNM/LVI prediction.
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