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Background: Endoscopic resection is increasingly used to treat pathological T1 (pT1) esophageal 
cancer (EC) patients. However, the procedures are limited by lymph node metastasis (LNM) and remain 
controversial. We aimed to construct a nomogram to predict the risk of LNM in patients with pT1 
esophageal squamous cell carcinoma (ESCC).
Methods: A total of 243 patients with pT1 ESCC who underwent esophagectomy and lymph node 
dissection at two different institutes between February 2013 and June 2019 were analyzed retrospectively. 
Patients were categorized into the negative group and the positive group according to whether there was 
LNM. Risk factors for LNM were evaluated by univariate and multivariate analyses. The nomogram was 
used to estimate the individual risk of LNM.
Results: Forty-six (18.9%) of the 243 patients with pT1 ESCC exhibited LNM. The LNM rate in patients 
with stage T1a disease was 5.7% (5/88), and the rate in patients with stage T1b disease was 26.5% (41/155). 
Multivariable logistic regression analysis showed that tumor differentiation [odds ratio (OR) =1.942, 95% 
confidence interval (CI): 1.067–3.536, P=0.030], the T1 sub-stage (OR =4.750, 95% CI: 1.658–13.611, 
P=0.004), the preoperative alanine aminotransferase/aspartate aminotransferase ratio (LSR) (OR =5.371, 
95% CI: 1.676–17.210, P=0.005), and the high-density lipoprotein cholesterol (HDL-C) level (OR =5.894, 
95% CI: 1.917–18.124, P=0.002) were independent risk factors for LNM. The nomogram had relatively 
high accuracy, with an area under the receiver operating characteristic curve (AUC) of 0.803 (95% CI: 
0.732–0.873). The calibration curve showed that the predicted probability of LNM was in good agreement 
with the actual probability.
Conclusions: Clinicopathological and hematological parameters of tumor differentiation, the T1 sub-
stage, the preoperative LSR, and the HDL-C level may predict the risk of LNM in T1 ESCC. The risk of 
LNM can be predicted by the nomogram.
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Introduction

Esophageal cancer (EC) is a common digestive tract 
cancer. The morbidity and mortality due to EC rank 7th 
and 6th worldwide, respectively (1). In recent years, with 
the improvement of individuals’ awareness of the need to 
seek medical treatment, the improvement of dietary habits 
and the dissemination of cancer prevention knowledge, 
the incidence of EC in high-incidence areas has tended to 
decrease (2). Esophageal squamous cell carcinoma (ESCC) 
is the most common histological type of EC in China. The 
five-year survival rate for patients with ESCC diagnosed 
in an early stage is greater than 90.0% after curative 
treatment (3,4).

Radical esophagectomy and lymph node dissection are 
the gold standard of treatment. Owing to improvements in 
surgical instruments and technology, endoscopic submucosal 
dissection (ESD) and endoscopic mucosal resection (EMR) 
can be performed in patients with early-stage ESCC (5,6). 
A retrospective study showed that the endoscopic resection 
rates for stage T1a and stage T1b EC patients were 53.0% 
and 20.9%, respectively (7). The incidence of lymph node 
metastasis (LNM) in pathological T1 (pT1) ESCC is 
7.0–16.0% in the mucosa and 16.0–38.2% in the submucosa 
(6,8,9). The higher risk of LNM in submucosa limits the 
application of endoscopic resection. In addition, previous 
studies have reported that the lymph node status is the most 
important prognostic factor in early-stage ESCC (4,8,10). 
Therefore, an accurate prediction of the risk of LNM in 
T1 ESCC significantly affects treatment decisions and 
prognostic predictions.

A few studies have reported that LNM in stage T1 
EC is related to the depth of tumor invasion, degree of 
tumor differentiation, tumor location and tumor size 
(5,8,9). However, there is still controversy. In addition, 
previous studies indicated that the preoperative alanine 
aminotransferase/aspartate aminotransferase ratio (LSR) 
and preoperative high-density lipoprotein cholesterol 
(HDL-C) level were factors affecting the prognosis of 
ESCC (11-13). However, no previous studies have proven 
their relationship with LNM. We speculated that some 
preoperative hematological indicators could also reflect the 
lymph node status. In addition, it is essential to construct 
an effective model for the prediction of the risk of LNM to 
select the optimal treatment and lymphadenectomy strategy 
for ESCC.

Methods

Patients

This study was a retrospective study of data from 243 
patients with pT1 ESCC who underwent esophagectomy at 
the Affiliated Hospital of North Sichuan Medical College 
and Nanchong Central Hospital from February 2013 to 
June 2019. The following criteria were used for inclusion in 
this study: (I) patients with primary ESCC; (II) patients who 
underwent McKeown esophagectomy (thoracotomy/video-
assisted thoracic surgery) and three-field lymphadenectomy; 
and (III) reevaluation of the postoperative pathology 
showed that the tumor only infiltrated the mucosal layer or 
the submucosa. The following exclusion criteria were used: 
(I) patients with esophagogastric junction carcinoma; (II) 
patients who received preoperative neoadjuvant therapy; 
(III) patients with distant metastases; (IV) patients with any 
concurrent primary cancer of other organs; and (V) patients 
>80 years old. The Ethics Committees and Review Board of 
the Affiliated Hospital of North Sichuan Medical College 
approved the study, and the need for patient consent was 
waived.

Patients were categorized into the negative group and 
the positive group according to whether there was LNM. 
The following variables were extracted from the database: 
sex, age, tumor location, degree of tumor differentiation, 
T1 sub-stage, tumor size, carcinoembryonic antigen 
(CEA) level, neutrophil count, lymphocyte count, LSR and 
HDL-C level.

This study based the tumor dissection, pathological 
staging, and lymph node status on the American Joint 
Committee on Cancer (AJCC) & The Union for 
International Cancer Control (UICC) 8th edition EC 
TNM classification criteria (14). The lymph node 
metastasis ratio (LNMR) was calculated as follows: (number 
of pathologically confirmed LNM/total number of lymph 
nodes dissected) ×100%.

Surgical procedures

All patients underwent gastroscopy, upper gastrointestinal 
radiography and contrast-enhanced computed tomography 
(CT) of the neck, chest, and upper abdomen prior to 
surgery. Esophageal mucosa staining was performed in 
patients with unclear lesions, and esophageal biopsy was 
performed to confirm the preoperative diagnosis. No 
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preoperative neoadjuvant therapy was administered, and 
no contraindications for surgery were noted. All patients 
underwent McKeown esophagectomy with three-field 
lymphadenectomy.

Experienced pathologists completed the postoperative 
pathology reports. All specimens were analyzed for the 
depth of tumor invasion, degree of tumor differentiation, 
and the presence of lymphatic invasion. In patients with 
multifocal cancer, the lesion with the greatest invasion 
depth was chosen for the classification of tumor depth and 
the evaluation of lymph node status.

Statistical analysis

The statistical analysis was performed using IBM SPSS 
Statistics (version 22.0 Inc., Chicago, IL, USA) and the R 
programming language (version 3.4.1, Vienna, Austria). 
Data are reported as the frequencies, means and medians 
with percentages. The chi-square test and Student’s t-tests 
were performed in univariate analysis to determine the 
differences in parameters between the two groups. Factors 
found to be significant (P<0.050) in univariate analysis were 
included in the subsequent multivariate logistic regression 
analysis to identify the independent risk variables associated 
with LNM. The nomogram was constructed based on 
the results of the multivariate analysis and evaluated by 
the receiver operating characteristic (ROC) curve, the 
area under the ROC curve (AUC), and the calibration 
curve. The calibration curve was based on 1,000 bootstrap 
replicates (15). The odds ratio (OR) and 95% confidence 
interval (CI) were calculated. A P value <0.05 was 
considered statistically significant.

Results

Characteristics

A total of 243 patients were included in the analysis: 160 
(65.8%) patients were male, and 83 (34.2%) patients 
were female. The median age was 64.6±7.59 years. The 
distribution of tumor locations in all patients was as follows: 
41 (16.9%), 161 (66.2%) and 41 (16.9%) patients had EC 
in the upper, middle and lower esophagus, respectively. The 
distribution of the degree of tumor differentiation was as 
follows: 92 (37.9%), 130 (53.3%), and 21 (8.6%) had G1, 
G2 and G3 disease, respectively. The numbers of patients 
with stage T1a and T1b disease were 88 (36.2%) and 155 
(63.8%), respectively. The mean tumor size, CEA level, 

neutrophil count, lymphocyte count, LSR and HDL-C 
level were 2.32±1.11 cm, 2.39±1.53 µg/L, 4.46±1.99 109/L,  
1.63±0.57 109/L, 0.84±0.30 and 1.30±0.31 mmol/L, 
respectively. The clinicopathological and hematological 
characteristics of patients in the LNM-negative and LNM-
positive groups are shown in Table 1.

The prevalence of LNM

Forty-six (18.9%) of the 243 pT1 ESCC patients exhibited 
LNM. The LNM rates in patients with T1a and T1b 
disease were 5.7% (5/88) and 26.5% (41/155), respectively. 
A total of 6,240 lymph nodes were dissected during 
surgery, with a mean of 27±6 lymph nodes. Two hundred 
sixty-two lymph nodes were metastatic. The LNMR was 
4.2% (262/6,240). The LNMRs in patients with T1a and 
T1b disease were 0.8% (16/1,999) and 5.8% (246/4,241), 
respectively.

The risk factors for LNM

The results of the univariate analysis revealed that the 
factors affecting LNM in T1 ESCC were the degree of 
tumor differentiation, T1 sub-stage, tumor size, LSR and 
HDL-C level (P<0.050). There was no significant difference 
in sex, age, tumor location, CEA level, neutrophil count 
or lymphocyte count (P=0.349, 0.447, 0.325, 0.053, 0.222, 
0.381 and 0.849, respectively) (Table 1).

Multivariate logistic regression analysis demonstrated 
that the independent risk factors for LNM were tumor 
differentiation (OR =1.942, 95% CI: 1.067–3.536, P=0.030), 
the T1 sub-stage (OR =4.750, 95% CI: 1.658–13.611, 
P=0.004), the LSR (OR =5.371, 95% CI: 1.676–17.210, 
P=0.005), and the HDL-C level (OR =5.894, 95% CI: 
1.917–18.124, P=0.002) (Table 2).

Nomogram

The established nomogram allowed for the estimation of 
the individual risk of LNM (Figure 1). A total score was 
calculated based on the degree of tumor differentiation, 
T1 sub-stage, tumor size, the LSR and the HDL-C 
level. A total score could be easily calculated by summing 
each individual score, and by projecting the total score 
to the lower total point scale, we were able to predict 
the probability of LNM. It also illustrated the relative 
contribution of each factor to the overall risk for LNM.
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Table 1 Main clinical characteristics and parameters in 243 patients with pT1 ESCC

Variable All patients, N=243
LNM

P value
Negative, N=197 Positive, N=46

Sex 0.349a

Male 160 (65.8%) 127 (64.5%) 33 (71.7%)

Female 83 (34.2%) 70 (35.5%) 13 (28.3%)

Age (years) 0.447a

<60 58 (23.9%) 49 (24.9%) 9 (19.6%)

≥60 185 (76.1%) 148 (75.1%) 37 (80.4%)

Tumor location 0.325a

Upper 41 (16.9%) 35 (17.8%) 6 (13.0%)

Middle 161 (66.2%) 132 (67.0%) 29 (63.0%)

Lower 41 (16.9%) 30 (15.2%) 11 (23.9%)

Degree of tumor differentiation <0.001a,*

G1 92 (37.9%) 80 (40.6%) 12 (26.1%)

G2 130 (53.5%) 107 (54.3%) 23 (50.0%)

G3 21 (8.6%) 10 (5.1%) 11 (23.9%)

T1 sub-stage <0.001a,*

T1a 88 (36.2%) 83 (42.1%) 5 (10.9%)

T1b 155 (63.8%) 114 (57.9%) 41 (89.1%)

Tumor size (cm) 0.002a,*

<2 90 (37.0%) 82 (41.6%) 8 (17.4%)

≥2 153 (63.0%) 115 (58.4%) 38 (82.6%)

CEA (µg/L) 2.39±1.53 2.45±1.54 2.14±1.50 0.222b

Neutrophil (109/L) 4.46±1.99 4.52±2.09 4.23±1.48 0.381b

Lymphocyte (109/L) 1.63±0.57 1.63±0.58 1.65±0.53 0.849b

LSR 0.84±0.30 0.81±0.28 0.97±0.33 0.001b,*

HDL-C (mmol/L) 1.30±0.31 1.26±0.29 1.44±0.35 0.001b,*

*, P<0.05; a, Chi-square test; b, Student’s test; LNM, lymph node metastasis; ESCC, esophageal squamous cell carcinoma; CEA, 
carcinoembryonic antigen; LSR, alanine aminotransferase/aspartate aminotransferase ratio; HDL-C, high-density lipoprotein cholesterol.

Table 2 Multivariate analysis of predictive factors for LNM in pT1 ESCC

Characteristic B OR 95% CI P value

Degree of tumor differentiation (G1/G2/G3) 0.729 1.942 1.067–3.536 0.030*

T1 sub-stage (T1a/T1b) 0.664 4.750 1.658–13.611 0.004*

Tumor size (<2 cm/≥2 cm) 1.559 2.075 0.851–5.062 0.108

LSR 1.683 5.371 1.676–17.210 0.005*

HDL-C (mmol/L) 1.775 5.894 1.917–18.124 0.002*

*, P<0.05. LNM, lymph node metastasis; ESCC, esophageal squamous cell carcinoma; LSR, alanine aminotransferase/aspartate 
aminotransferase ratio; HDL-C, high-density lipoprotein cholesterol; B, regression coefficient; OR, odds ratio; CI, confidence interval.
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The ROC analysis is shown in Figure 2, which demonstrated 
that the nomogram had a robust discriminatory ability, 
with an AUC of 0.803 (95% CI: 0.732–0.873) (Figure 2). 
According to the calibration curve, the LNM probabilities 
predicted by the nomogram were consistent with the actual 

probabilities (Figure 3).

Discussion

Previous studies reported that the LNM rate in patients 
with T1a EC was 8.6–16.0%, and the rate in those with 
T1b was 16.0–34.3% (6,8,9,16). The differences in the 
incidences of LNM between reports may result from 
differences in the pathological type, sample size, method of 
lymph node dissection, and quality of the histopathological 
assessment of the resected samples (8).

The results of our study revealed an incidence of LNM 
of 5.7% (5/88) in stage T1a ESCC. This incidence was 
similar to that reported by Toshiaki et al. (17). The present 
study demonstrated an incidence of LNM of 26.5% (41/155) 
in stage T1b ESCC. A retrospective study of 295 patients 
who underwent surgery and/or ESD/EMR demonstrated 
that the T1b ESCC LNM rate was 34.3% (35/102) (16). 
This result may be partially attributed to the fact that both 
studies focused on the resection of lymph nodes and the 
evaluation of postoperative pathological sections, resulting 
in a higher LNM rate. However, Nentwich et al. (18) 
reported that the LNM rate in patients with T1b ESCC was 
16.7% (5/30). The difference between these two results may 
be due to the larger sample size of our study and the fact 
that the patients underwent three-field lymphadenectomy.

Previous studies indicated that a worse degree of 

Figure 1 Nomogram predicting the risk of LNM in patients with T1 ESCC. LNM, lymph node metastasis; ESCC, esophageal squamous 
cell carcinoma; LSR, alanine aminotransferase/aspartate aminotransferase ratio; HDL-C, high-density lipoprotein cholesterol.
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Figure 2 The receiver operating characteristic (ROC) curve for 
the nomogram. The C-index was 0.803 (95% CI: 0.732–0.873).
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differentiation of ESCC resulted in a higher LNM rate. Our 
results showed that the LNM rates of G1, G2 and G3 tumors 
were 13.0% (12/92), 17.7% (23/130), and 52.4% (11/21), 
respectively. Shen et al. (19) reported that the LNM rates 
of G1, G2 and G3 tumors were 6.1% (3/49), 17.2% (17/99) 
and 45.2% (33/73) respectively, which were similar to the 
values obtained in our study. Akutsu et al. (16) reported that 
the LNM rates of well/moderately differentiated and poorly 
differentiated tumors were 17.4% (36/207) and 35.1% 
(13/37), respectively, which was different from our results 
of 15.8% (35/222) and 52.4% (11/21). There were fewer 
patients with poorly differentiated tumors in our study, but 
we still found that patients with G3 tumor differentiation 
had a significantly higher risk of LNM. We also found that 
the LNM rate of G3 tumors was 2-3 times higher than that 
of G1-G2 tumors.

The depth of tumor invasion (T1b) was one of the risk 
factors that affected LNM in the present study (P<0.05). 
The incidence of LNM increased markedly after the tumor 
invaded through the mucosal layer to the submucosa (16). 
Endoscopic treatment is acceptable for patients with limited 
LNM and stage T1a disease (5). However, whether it is 
suitable for patients with a high risk of LNM and stage T1b 
disease remains controversial. Previous studies reported 

that the submucosa was divided into sm1, sm2 and sm3, and 
the risk of LNM in each layer was assessed to confirm the 
application of endoscopic resection in patients with stage 
T1b disease (5,6,20). However, preoperative examinations 
are suitable for patients with stage T1a and T1b disease, 
and it is difficult to further differentiate the T1b sub-
stage (10,18). Furthermore, the submucosa is a thin layer, 
and endoscopic resection has no absolute safety zone (9). 
The LNM rate of patients with disease extending into the 
submucosa in this study was 26.5%. There is a high risk of 
LNM when using endoscopic treatment in patients with 
stage T1b ESCC.

Tumor size is an important index that refers to the 
maximum diameter of the primary tumor, and it is easily 
measured before and during the operation (21). Duan et al.  
reported that a tumor size larger than 2.5 cm was a risk 
factor for LNM, and the LNM rates of tumors smaller than 
2.5 cm and larger than 2.5 cm were 9.8% (8/82) and 27.9% 
(17/61), respectively (8). We used 2 cm as the threshold, and 
the results showed that the LNM rates of tumors smaller 
than 2 cm and larger than 2 cm were 8.9% (8/90) and 
24.8% (38/153), respectively. The results were consistent 
despite the differences in tumor size thresholds. In our 
study, the chi-square test showed a statistically significant 
difference in tumor size between the LNM-negative and 
LNM-positive groups. However, multivariate regression 
analysis showed that a tumor size greater than 2 cm was not 
a risk factor for LNM, possibly due to the collinearity of the 
included indicators.

The alanine aminotransferase (ALT) level, aspartate 
aminotransferase (AST) level, and LSR are often used to 
assess liver damage, metabolic syndrome and cardiovascular 
disease (22). Previous studies have reported that patients 
with a high LSR have a good prognosis (12,13). The 
LSR may affect some proinflammatory mediators (e.g., 
CCL2, TNF, and IL-6) involved in carcinogenesis and 
tumor invasion and metastasis (13). One study reported 
that alcohol consumption and the AST/ALT ratio were 
independent risk factors for the incidence of EC in 
Korean men (23). However, whether the level of the LSR 
affects LNM in T1 ESCC has not been reported. Our 
results showed that patients with higher LSR exhibited a 
significantly higher risk of LNM. We hypothesized that 
the CCL1 in the lymphatic sinus is expressed in large 
amounts when tumor cells metastasize via the flow of the 
lymph, and the entry of tumor cells into the lymph nodes 
is controlled (24). The proinflammatory mediators TNF, 
IL-1β, and LPS increase CCL1 production and tumor cell 

Figure 3 The calibration curves for the nomogram. The x-axis 
represents the predicted probability, and the y-axis represents the 
actual probability of LNM. LNM, lymph node metastasis.
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migration to lymphatic endothelial cells (24). The level of 
the LSR affects the functions of proinflammatory factors 
and chemokines and indirectly affects LNM.

HDL-C is an antiatherosclerotic lipoprotein that is 
considered a protective factor against coronary heart  
disease (25). Previous studies reported that EC patients 
with low levels of HDL-C exhibited a poor prognosis and 
that the HDL-C levels were significantly decreased in 
patients with cancer compared to normal human blood lipid 
levels (11,26). The reason for the reduced HDL-C level in 
cancer is that growing cancer cells require a large amount of 
cholesterol to synthesize new cell membranes. The activity 
of the HDL-C receptor is increased, and the outflow of 
intracellular cholesterol is increased, which reduces the 
amount of HDL-C in the serum (27). No previous studies 
have reported the relationship between serum HDL-C 
levels and LNM in ESCC. However, in a study on LNM in 
gastric cancer, we found that a low HDL-C level was a risk 
factor for LNM (28), which was contrary to our findings 
that a high HDL-C level was a risk factor in ESCC. We 
suspected that in ESCC and gastric cancer, the mechanism 
may be somewhat different. Of course, more mechanism 
studies are needed to verify this conjecture.

In addition, our study developed a nomogram to estimate 
the probability of LNM in patients with T1 ESCC. In our 

nomogram, the specific probability of LNM was predicted, 
and the discriminatory ability and calibration were 
determined. A previous study (8) developed a nomogram to 
predict the risk of LNM in patients with pT1 ESCC but did 
not evaluate its discriminatory ability and calibration. The 
discriminatory ability of the nomogram was determined by 
the AUC. The predicted and actual probabilities of LNM 
were compared in a calibration diagram (19,29). The AUC 
of our model was 0.803 (95% CI: 0.732–0.873), which 
proved that this model was highly accurate at predicting 
LNM. The calibration curve showed that the predicted 
probability of LNM was in good agreement with the 
actual probability. A total score was calculated from the 5 
included parameters. The summarized total score indicates 
the probability of LNM. Figure 4 shows a patient with 
poor tumor differentiation (G3), invasion into the mucosal 
layer (pT1a), a 3 cm tumor (≥2.0 cm), an LSR of 0.8 and 
an HDL-C level of 1.6 mmol/L. For this patient, the 
calculated total score was 140=45+0+20+27.5+47.5, and the 
corresponding risk of LNM was 33%.

Limitations

Some inevitable limitations were present in our study. First, 
this study was a retrospective study with some selection 
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Figure 4 A clinical example of the use of the nomogram. The total score is 140=45+0+20+27.5+47.5, and the corresponding risk of LNM 
is 33%. LNM, lymph node metastasis; LSR, alanine aminotransferase/aspartate aminotransferase ratio; HDL-C, high-density lipoprotein 
cholesterol.
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bias. Second, our study found for the first time that the 
preoperative LSR and HDL-C level were independent 
risk factors for LNM. However, we have not identified 
the mechanism of these effect on LNM at the cellular and 
molecular levels, and further studies are needed. Third, our 
nomogram still needs to be validated in other databases due 
to the selected inclusion indicators and epidemiological 
differences.

Conclusions

Patients with pT1b ESCC exhibited a relatively high 
probability of LNM. The clinicopathological and 
hematological parameters of the degree of tumor 
differentiation, T1 sub-stage, preoperative LSR and 
HDL-C level may predict the risk of LNM in T1 ESCC. 
The risk of LNM in individuals can be predicted by the 
nomogram.
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