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Background: We examined the association between the number of resected lymph nodes and survival to 
determine the optimal lymphadenectomy for thoracic esophageal squamous cell carcinoma (ESCC) patients 
with negative lymph node. 
Methods: We included 1,836 patients from Chinese three high-volumed hospitals with corresponding 
clinicopathological characters such as gender, age, tumor location, tumor grade and TNM stage of patients. 
The median follow-up of included patients was 45.7 months (range, 1.03–117.3 months). X-Tile plot was 
used to identify the lowest number of lymphadenectomy. The multivariate model’s construction was in use 
of parameters with clinical significance for survival and a nomogram based on clinical variable with P<0.05 
in Cox regression analysis. Both two models were validated using a cohort extracted from the Surveillance, 
Epidemiology, and End Results (SEER) 18 registries database between 1975 and 2016 (n=951). 
Results: More lymphadenectomy numbers were significantly associated with better survival in patients 
both in training cohort [hazard ratio (HR) =0.980; 95% confidence interval (CI): 0.971–0.988; P<0.001] and 
validation cohort (HR =0.980; 95% CI: 0.968–0.991; P=0.001). Cut-off point analysis determined the lowest 
number of 9 for thoracic ESCC patients in N0 stage through training cohort (C-index: 0.623; sensitivity: 
80.7%; 1 − specificity: 72.5%) when compared with 10 in validation cohort (C-index: 0.643; sensitivity: 
78.2%; 1 − specificity: 63.0%). The cut-off points of 9 were examined in training cohort and validated 
in the divided cohort from validation cohort (all P<0.05). Meanwhile, nomograms for both cohorts were 
constructed and the calibration curves for both cohorts agreed well with the actual observations in terms of 
predicting 3- and 5-year survival, respectively.
Conclusions: Larger number for lymphadenectomy was associated with better survival in thoracic ESCC 
patients in N0 stage. Nine was what we got as the lowest number for lymphadenectomy in pN0 ESCC 
patients through this study, and our result should be confirmed further.
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Introduction

Esophageal cancer (EC) is considered as one of the most 
malignant cancer with nearly 40,000 deaths every year all 
over the world, accounting for 4.9% of all cancer caused 
deaths (1,2). Similarly, number of deaths cases correlated 
with EC ranked at 4th place among all the tumor-related 
deaths in China (3). Previous studies have demonstrated the 
prognostic value of tumor infiltration (T stage), lymph node 
metastasis (N stage) and distant metastasis (M stage), being 
assembled in American Joint Committee on Cancer (AJCC) 
staging manual to define the final stage of EC. Besides, 
cancer location, histologic grade and histopathologic 
cell type, providing potential association with prognosis 
and tumor development were also added in manual from 
the 7th edition (4,5). Among these prognostic factors, 
lymph node metastasis (LNM) was regarded as the most 
important prognostic factor correlated with the prognosis in 
esophageal squamous cell carcinoma (ESCC) patients (4-6).  
Lymphadenectomy has been widely accepted to restrict 
and eliminate the LNM. Basically, the recommendation 
of resecting 10 regional lymph nodes for pT1 cancers, 
20 for pT2, and ≤30 for pT3 in terms of AJCC cancer 
staging manual 8th ed is regarded as the current clinical 
guideline for lymphadenectomy (6); however, what should 
be the lowest number to use for lymph node resection in 
EC remains on discussion (7-10). Some scholar suggested 
that extensive lymphadenectomy increased morbidity and 
might also increase perioperative mortality rather than 
significantly improve patients’ survival (11,12). However, 
others held the opinion that wider lymph node dissection 
guaranteed the elimination of known or occult disease as 
well as micrometastases, and thereby lead to improved 
prognosis in EC patients (9,13,14). Meanwhile, some studies 
reported that patients without lymph node metastasis also 
developed locoregional recurrence, which may be attributed 
to the presence of nodal micrometastases (NMMs) (15-18). 

There is a controversy regarding the lowest number 
recommended for lymphadenectomy during esophagectomy 
in pN0 ESCC patients and very few studies addressed this 
issue. Therefore, this study aimed to evaluate the prognostic 
significance of the dissected number of lymph nodes in pN0 
ESCC patients. To this end, we evaluated patient data from 
three high-volume Chinese hospitals including various 
regions and clinical practice, validating the outcomes 
through SEER database, which may represent real world 
situation more accurately and help further determine 
the lowest threshold required for the number of resected 

lymph nodes. We present the article in accordance with the 
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/jgo-20-371).

Methods

Patients

We retrospectively reviewed two patient cohorts. One 
cohort (training cohort) comprised 1836 ESCC patients 
from three high-volumed hospitals: the West China 
Hospital, Shantou University Medical College, and Sun 
Yat-sen University Cancer Centre who underwent radical 
esophagectomy from April 2008 to April 2012. patients were 
ruled out in line with the criteria as follows: (I) patients who 
were lost to follow-up; (II) other types of EC confirmed 
pathologically; (III) patients without receiving R0 resection; 
(IV) patients with more than one positive lymph nodes; (V) 
the number of resected lymph node is zero; (VI) patients 
with receiving pre-or postoperative adjuvant therapy; (VII) 
patients with cervical EC or esophagogastric junction 
carcinoma; (VIII) patients with other malignant tumors; 
(IX) patients who were defined as M1 preoperatively. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013), and was approved by the 
human participants’ committee of West China Hospital of 
Sichuan University (No. 2021762A), Shantou University 
Medical College (No. 2020-094), and Sun Yat-sen 
University Cancer Centre (No. 2013B021800163, Science 
and Technology Plan Projects of Guangdong Province 
of China), and the written consents of operation and 
the application of the resected specimens were obtained 
preoperatively. To validate results obtained in our study and 
compare them with those of a different cohort, we obtained 
patients data for the second cohort (validation cohort) from 
the Surveillance, Epidemiology, and End Results (SEER) 
cancer registry. 

SEER database

A total of 32,872 patients with ESCC diagnosed from 1975 
to 2016 were extracted from the latest version of the SEER 
database released in April 2019 (covering 18 registries) 
using SEER*Stat software (seer.cancer.gov/seerstat) 
Version 8.3.6 (19). We retrieved the individual data of each 
patient from SEER database, including diagnostic age, sex, 
survival months, histology types, vital status recode, grade, 
primary tumor site, AJCC T 7th ed, AJCC N 7th ed, 
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AJCC M 7th ed, radiation record, chemotherapy record, 
regional nodes examined as well as regional nodes 
positive. Included EC patients who were defined by the 
International Classification of Diseases for Oncology 
(ICD-O-3)/World Health Organization 2009 site code 
C153-C155 were regarded as eligible cases. Estimated 
overall survival (OS) recorded in the SEER database 
was the “cause-specific classification of death”, and was 
stratified as “dead (attributable to this cancer dx)” or “alive 
or dead of other cause”. Meanwhile, we excluded patients 
who met the exclusion criteria of our study. What needs 
to be emphasized is that the patients who were diagnosed 
before 2010 were also excluded from this study owing to 
the lack of specific AJCC 7th staging system until 2010. 
The details and the process of selection of patients’ data 
extracted from SEER database are shown in Figure 1. 
Finally, 951 patients were included in validation cohort of 
our study.

Surgery and pathology

In terms of patients’ preoperative examinations and general 

condition, the Mckeown, the Sweet or the Ivor-Lewis 
esophagogastrectomy with radical lymphadenectomy was 
selected individually. Meanwhile, anastomoses followed by 
esophagogastrectomy was performed safely and normally. 
Additionally, the gastric conduit was the preferred means of 
reconstruction for the most of surgeons. 

The surgeon separated lymph nodes from the resected 
esophagus and para-esophageal tissues. The specimens 
were routinely fixed, embedded and stained by means of 
formalin, diaminobenzidine chromogen counterstained 
solution and hematoxylin subsequently. The standard 
method of histological examination of each specimen was 
conducted by two experienced pathologists, at the same 
time, the pathologists also recorded the extent and the 
station of metastatic lymph nodes during the examination.  

Follow up

In this study, patients were followed up every 3 months 
within 2 years postoperatively and the pan will be changed 
as every 6 months from the third to the fifth year. After 
the fifth year, the patients will be followed up every  
1 year. The postoperative examinations such as chest CT, 
gastroscopy, blood test and neck or abdominal ultrasound 
will be recommended for patients. Information about the 
patients including tumor stage, recurrence, metastasis as 
well as survival status will be recorded through outpatient, 
telephone or letter follow up.

Statistical analysis

The clinicopathological characteristics of patients in 
both cohorts included were analyzed by the means of the 
Pearson’s chi-squared test or Fisher’s exact test to compare 
the dichotomous variables, and the Student’s t-test was 
applied for the mean values of continuous variables agreed 
to normality distribution assumption, others were analyzed 
through Mann-Whitney U test. We used the X-Tile plot 
(http://www.tissuearray.org) to identify the lowest number 
of lymphadenectomy in training cohort and compared it 
with the lowest number obtained through the analysis of the 
validation cohort (20). OS in patients in both cohorts was 
calculated by Kaplan-Meier curves and the log-rank tests 
based on the lowest number in training cohort was used 
to determine the statistical significance. Cox proportional 
hazard regression model was used for multivariate 
survival analysis. With the help of the X-Tile plot, we also 
performed stratified analyses by T stage in both cohorts in 

Case with ESCC diagnosed 
from 1975–2016 (n=32,872)

Potential relevant cases
(n=2,001)

Cases included in the study
(n=951)

Cases diagnosed before 2010 (n=13,645)
Cases who lost follow-up (n=9,570)
Surgery not performed (n=5,321)
Cases without tumor grade (n=97)
Cases without AJCC T and M stage (n=65)
Cases without tumor location (n=33)
Cases with neoadjuvant and/or adjuvant therapy 
record (n=275)
Cases with unknown lymph nodes (n=1,865)

Cases diagnosed as AJCC N1–N3 stage (n=678)
Cases diagnosed as AJCC M1 stage (n=327)
Cases with tumor locates at cervical esophagus 
or esophagogastric junction (n=45)

Figure 1 The details and the process of selection of patients data 
extracted from the SEER database. ESCC, esophageal squamous 
cell carcinoma; AJCC, American Joint Committee on Cancer; 
SEER, Surveillance, Epidemiology, and End Results.

http://www.tissuearray.org
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order to make the comparison. The statistical significance 
was regarded as the probability value <0.05 in two-sided 
test, and all the statistical analysis were conduct by IBM® 
SPSS® Statistics Version 21.0.

Nomogram construction

The nomogram with variables obtained from the analysis of 
training cohort was built using R Programming Language 
(R® Version 3.4.0, http://www.r-project.org/) and we 
validated it with validation cohort. The nomogram model 
for prognosis was employed to predict 3- and 5-year OS 
in thoracic ESCC patients without lymph node metastasis 
using the variables obtained with variables obtained in 
multivariate analysis using in Cox proportional hazard 
regression model, and P value <0.05 was defined as 
statistically significant. The nomograms of two cohorts 
were evaluated from two aspects: on the one hand, the 
discrimination of nomogram will be assessed by means 
of concordance index (C-index); on the other hand, we 
compared the observed and the predicted survival rates with 
the corresponding 3- and 5-year cancer-specific survival 
probabilities calculated by the nomogram. The average of 
200 bootstrap samples’ Kaplan-Meier estimates was used to 
quantify the bootstrap-corrected 3- and 5-year OS. 

Results

Patient characteristics and the distribution of resected 
lymph nodes

After applying selection criteria, 1,836 thoracic ESCC 
patients from Chinese centers and 951 patients whose 
data was extracted from SEER database, were enrolled in 
this study. The clinicopathological characteristics of both 
cohorts are listed in Table 1. Overall, the median number of 
resected lymph nodes was 14 (range, 1–78; mean 15.57; SD 
9.28) in training cohort while, among patients in validation 
cohort, the median number of resected was 14 (range, 
1–87; mean 15.21; SD 10.14). The median follow-up for 
the patients in training cohort, was 45.7 months (range, 
1.03–117.3 months), and 3- and 5-year survival rates were 
66.6% and 58.2%, respectively. For validation cohort, 
the median follow-up time was 33.3 months (range, 0.8– 
83.7 months), and the 3- and 5-year survival rates were 
67.8% and 58.7%, respectively. The distribution of the 
number of lymph nodes resected in both cohorts are 
presented in Figure 2. 

Impact of lymphadenectomy numbers on survival

When the var iables  of  age,  sex ,  tumor locat ion, 
differentiation, T stage were used for Cox regression 
analysis, we found that higher lymphadenectomy values 
were significantly associated with better survival both in 
training cohort [hazard ratio (HR) =0.980; 95% confidence 
interval (CI): 0.971–0.988; P<0.001] and in validation 
cohort (HR =0.980; 95% CI: 0.968–0.991; P=0.001). After 
stratification by age, sex, tumor location, differentiation 
and T stage, the differences for both cohorts remained 
significant in subgroups of lower thoracic ESCC, patients 
older than 55 years old, gender, grade of G2 and G3 as well 
as T2 and T3 stages (Table 2).

Impact of the least lymphadenectomy number on survival

The cut-off point analyses were performed through X-tile 
in training cohort and the lowest lymphadenectomy number 
in thoracic ESCC patients without metastatic lymph 
nodes was defined as 9. Among patients in training cohort, 
those with >9 lymph nodes resected had significantly 
better prognosis when compared with patients with  
≤9 lymph nodes resected (P<0.001, Figure 3). The variables 
tested in univariate analysis, showed that the factors 
significantly associated with OS were age, differentiation, 
tumor location, lymphadenectomy number, and T stage. 
In multivariate analysis, Age (HR =1.334; 95% CI: 1.123–
1.584; P=0.001), differentiation (HR =1.212; 95% CI: 
1.079–1.361; P=0.001), tumor location (HR =0.864; 95% 
CI: 0.767–0.973; P=0.016), lymphadenectomy number 
(HR =0.733; 95% CI: 0.618–0.869; P=0.000), and T stage 
(HR =1.591; 95% CI: 1.445–1.751; P=0.000) were found as 
independent prognostic factors for OS (Table 3). 

Validation of prognostic impact of number 9 for resected 
lymph nodes in validation cohort

We then used patient data from validation cohort to 
validate the prognostic impact of the number obtained. 
Patients in validation cohort were divided into two groups 
according to the lowest number of lymphadenectomy (n=9). 
Log-rank tests showed that the OS in the group of patients 
with >9 lymph nodes resected was significantly better than 
that in patients with ≤9 lymph nodes resected (P<0.001, 
Figure 4). Variables used in Cox regression analysis included 
sex, age, Differentiation, tumor location, lymphadenectomy 
number, and T stage. Age (HR =1.560; 95% CI: 1.113–

http://www.r-project.org/
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Table 1 Clinicopathological characters of training cohort and validation cohort

Training cohort (n=1,836) Validation cohort (n=951) P value

Sex 0.054

Male 1,393 748

Female 443 203

Age <0.001

<55 years 557 131

≥55 years 1,279 820

Grade <0.001

Well 316 243

Moderate 948 400

Poor 572 308

Tumor location <0.001

Upper 280 72

Middle 1,115 181

Lower 441 698

T stage <0.001

T1 357 437

T2 393 156

T3 958 332

T4 128 26

LD number <0.001

≤9 409 334

>9 1,427 617

SEER, Surveillance, Epidemiology, and End Results; LD number, lymphadenectomy number.

Figure 2 Distribution of the lymphadenectomy number in patients with thoracic esophageal squamous cell carcinoma (ESCC) from the (A) 
cohort from three tertiary esophagus centers (Training cohort) and the (B) Surveillance, Epidemiology, and End Results cohort (validation 
cohort).
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2.188; P=0.010), differentiation (HR =1.246; 95% CI: 
1.078–1.441; P=0.003), tumor location (HR =0.728; 95% 
CI: 0.626–0.847; P<0.001), lymphadenectomy number (HR 
=0.611; 95% CI: 0.491–0.760; P<0.001) and T stage (HR 
=1.371; 95% CI: 1.228–1.530; P<0.001) were found as the 
independent prognostic factors for OS (Table 3).

Comparison between lowest numbers and subgroup analyses

We next performed a cut-off point analysis in validation 
cohort in order to test whether the lowest number of 
lymphadenectomies was consistent between the two cohorts, 
and 10 was found to be the lowest number in validation 
cohort, which was similar to the number 9 found in training 
cohort. Meanwhile, the lymphadenectomy number of 10 

was also demonstrated as an independent prognostic factor 
for OS in patients of the validation cohort (HR =0.572; 
95% CI: 0.463–0.706; P<0.001). Then, we stratified patients 
by T stage in order to assess what was the lowest number 
of lymphadenectomies for every T stage. Regarding the 
distribution of lymphadenectomy number at different T 
stages, the median number in training cohort was 13 (range, 
1–52; mean 14.63; SD 8.50) in contrast to 14 (range, 1–65; 
mean 15.58; SD 10.12) of validation cohort in patients with 
T1 stage (P=0.151). In patients with T2 stage, the median 
resected number in training cohort was 14 (range, 1–56; 
mean 15.05; SD 8.96), compared with 12 (range, 1–60; mean 
14.17; SD 9.94) in validation cohort (P=0.319). For T3 
stage, the median number of lymphadenectomies in training 
cohort and validation cohort was 15 (range, 1–78; mean 

Table 2 Cox regression analysis of lymphadenectomy number on overall survival in two cohorts

Overall survival of training cohort Overall survival of validation cohort

HR 95% CI P HR 95% CI P

LD summary 0.980 0.971–0.988 <0.001 0.980 0.968–0.991 0.001

Sex

Male 0.979 0.969–0.989 <0.001 0.981 0.968–0.994 0.005

Female 0.980 0.961–1.000 0.049 0.972 0.947–0.998 0.032

Age

<55 years 0.985 0.968–1.002 0.093 0.992 0.954–1.031 0.690

≥55 years 0.977 0.967–0.988 <0.001 0.978 0.966–0.990 <0.001

Differentiation

High 0.988 0.965–1.012 0.326 0.989 0.972–1.007 0.230

Moderate 0.981 0.969–0.993 0.002 0.977 0.960–0.995 0.013

Low 0.976 0.961–0.992 0.003 0.957 0.927–0.987 0.005

Location

Upper 0.989 0.969–1.009 0.269 0.997 0.975–1.020 0.814

Middle 0.979 0.968–0.990 <0.001 0.994 0.971–1.018 0.634

Lower 0.970 0.949–0.993 0.009 0.967 0.952–0.983 <0.001

T stage

T1 0.989 0.959–1.019 0.472 0.985 0.966–1.004 0.119

T2 0.966 0.945–0.988 0.002 0.967 0.937–0.998 0.039

T3 0.980 0.969–0.991 <0.001 0.977 0.960–0.995 0.012

T4 0.983 0.956–1.010 0.203 0.985 0.946–1.026 0.474

SEER, Surveillance, Epidemiology, and End Results; LD, lymphadenectomy; HR, hazard ratio; 95% CI, 95% confidence interval; Ref, 
Reference.
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16.37; SD 9.23) and 14 (range, 1–87; mean 15.24; SD 9.90), 
respectively (P=0.068). Among patients in training cohort, 
the 13, 22, and 22 were considered as the lowest numbers of 
lymphadenectomy for stages T1, T2, and T3, respectively. 
Nevertheless, in validation cohort, the lowest number was 
14, 7, and 10 for stages T1, T2, and T3, respectively.

Nomogram for training cohort and for validation cohort

In order to further test the feasibility of resecting at least 
9 lymph nodes for N0 thoracic ESCC patients, nomogram 
for predicting 3- and 5-year survival in patients of the 
validation cohort was constructed based on the results 
of the Cox proportional hazard regression analysis. 
The nomogram showed that T stage made the largest 
contribution to prognosis, followed by tumor location, 
and the lymphadenectomy number group ranked the 
third. Differentiation showed the smallest effect on the 
survival rate (Figure 5). The coefficients are used to assign 
the score of these independent factors. Finally, the sum 
of these scores can be used to predict the probability of 
OS in 3 and 5 years. With regard to the discrimination 
of the nomogram, the C-index for training cohort and 
for validation cohort was 0.623 (95% CI: 0.619–0.654) 
and 0.643 (95% CI: 0.633–0.676), respectively, and the 

sensitivity as well as 1 − specificity was 80.7% and 72.5% 
in training cohort and 78.2% and 63.0% in validation 
cohort. A calibration plot of the nomogram is presented 
in Figure 6, which shows that the predicted 3- and 5-year 
survival probabilities for both cohorts agreed well with the 
real-world observations.

Discussion

In this study, we evaluated the prognostic value of resected 
lymph nodes number in patients with thoracic ESCC 
patients in N0 stage. Lymph node metastasis has been 
one of the important prognostic factors in patients with 
EC. Surgeries are recommended for patients with positive 
lymph nodes, and neoadjuvant therapy combined with 
surgery are more popular treatment strategies nowadays. 
For node-negative patients and patients with early-
stage EC, endoscopic interventional or limited surgical 
procedures are becoming a new trend. However, lymph 
node-negative status cannot be considered as the absence 
of lymph node metastasis. Indeed, previously published 
research provided evidence that lymph node metastasis 
was present in over 40% of submucosal carcinomas even 
though they were lymph node-negative histologically, and 
the malignant potential of nodal micrometastasis could be 
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lymphadenectomy number is 9 through finding the brightest pixel (black circle marked), in which the training cohort is divided into high 
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those with >9 lymph nodes resected had significantly better prognosis when compared with patients with ≤9 lymph nodes resected (P<0.001).
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detected immunohistochemically (15,16,21,22). Prenzel 
et al. (23) reviewed 69 patients with pT1 stage cancer of 
esophagus and found that the prognosis in pN0 patients 
with micrometastasis was significantly worse than in those 
without micrometastasis (5-year survival: 57% vs. 82%, 
P=0.002). Meanwhile, lamina muscularis mucosa was also 
confirmed as the barrier as lymphatic channels were only 
found in the submucosa like gastric cancer, which support 
for lymph node micrometastasis in patients of pT1b 
stage (23,24). Therefore, the radical lymphadenectomy 
is necessary for node-negative patients, especially for 
those with cancers restricted to submucosa, in order to 
eliminate the lymph node micrometastasis. Nevertheless, 
the recommended number of lymph node harvest during 
esophagectomy for node-negative patients is unclear. 

Regarding the extent of lymphadenectomy, many 
scholars have explored the role of the lowest number for 
lymphadenectomy and confirmed the effectiveness of more 
extensive lymphadenectomy to improve survival rates 

Table 3 Univariate and multivariate Cox regression analyses of thoracic ESCC patients without lymph node metastasis in two cohorts

Training cohort Validation cohort

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Sex 0.922 0.722–1.103 0.375 1.129 0.876–1.456 0.349

Age 1.302 1.112–1.567 0.001 1.334 1.123–1.584 0.001 1.439 1.027–2.015 0.034 1.560 1.113–2.188 0.010

Differentiation 1.294 1.156–1.448 <0.001 1.212 1.079–1.361 0.001 1.358 1.179–1.564 <0.001 1.246 1.078–1.441 0.003

High Ref Ref Ref Ref Ref Ref Ref Ref

Moderate 1.534 1.204–1.954 0.001 1.283 1.004–1.639 0.046 1.409 1.055–1.882 0.020 1.242 0.927–1.664 0.147

Low 1.802 1.400–2.318 <0.001 1.472 1.141–1.900 0.003 1.861 1.389–2.494 <0.001 1.547 1.148–2.084 0.004

Location 0.866 0.769–0.976 0.018 0.864 0.767–0.973 0.016 0.707 0.608–0.823 <0.001 0.728 0.626–0.847 <0.001

Upper Ref Ref Ref Ref Ref Ref Ref Ref

Middle 0.973 0.792–1.195 0.794 0.997 0.081–1.226 0.981 0.745 0.509–1.090 0.129 0.731 0.496–1.077 0.113

Lower 0.757 0.591–0.970 0.028 0.759 0.592–0.972 0.029 0.511 0.365–0.715 <0.001 0.502 0.371–0.734 <0.001

LD number 0.757 0.637–0.894 0.001 0.733 0.618–0.869 <0.001 0.618 0.497–0.767 <0.001 0.611 0.491–0.760 <0.001

T stage 1.595 1.449–1.756 <0.001 1.591 1.445–1.751 <0.001 1.396 1.253–1.555 <0.001 1.371 1.288–1.530 <0.001

T1 Ref Ref Ref Ref Ref Ref Ref Ref

T2 1.786 1.333–2.392 <0.001 1.752 1.306–2.350 <0.001 1.570 1.151–2.142 0.004 1.492 1.090–2.041 0.012

T3 2.439 1.888–3.151 <0.001 2.478 1.911–3.214 <0.001 2.019 1.592–2.561 <0.001 2.005 1.572–2.557 <0.001

T4 4.727 3.428–6.519 <0.001 4.537 3.279–6.279 <0.001 2.381 1.344–4.219 0.003 2.261 1.108–3.542 0.021

ESCC, esophageal squamous cell carcinoma; SEER, Surveillance, Epidemiology, and End Results; LD number, lymphadenectomy 
number; HR, hazard ratio; 95% CI, 95% confidence interval; Ref, reference.
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Figure 4 Prognostic impact of number 9 for resected lymph nodes 
in Surveillance, Epidemiology, and End Results (SEER) cohort. 
Overall survival in validation cohort with >9 lymph nodes resected 
was significantly better than that in patients with ≤9 lymph nodes 
resected (P<0.001).
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Figure 6 The calibration curves for predicting thoracic esophageal squamous cell carcinoma (ESCC) patient survival at (A) 3-year and (B) 
5-year in Training cohort, and at (C) 3-year and (D) 5-year in Surveillance, Epidemiology, and End Results (SEER) cohort. Nomogram-
predicted survival is plotted on the x-axis; actual survival is plotted on the y-axis.
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(7,8,13). However, it is still controversial whether better 
survival was related to the higher number of harvested 
lymph nodes. On the basis of the worldwide data, the AJCC 
cancer staging manual 8th ed recommends the optimum 
lymphadenectomy for maximal survival following the simple 
rule of resecting 10 regional lymph nodes for pT1 cancers, 
20 for pT2, and ≤30 for pT3. Nevertheless, van der Schaaf 
et al. (11) reviewed 1,044 patients who had undergone the 
esophagectomy and found different results. Patients with 
7–15 nodes removed and/or 16–114 nodes removed did not 
have a decrease in the 5-year mortality rate when compared 
with those who had <7 nodes removed (HR =1.13, 95% CI: 
0.95–1.35 and HR =1.17, 95% CI: 0.94–1.46, respectively), 
especially in early T stages (Tis–T1) (HR =1.53, 95% CI: 
1.13–2.06). The same results were also shown in Lagergren 
et al. study (12). While many studies focused on the 
extent of lymphadenectomy, the exact number of lymph 
node dissection in the context of the presence or absence 
of lymph node metastasis was not addressed separately. 
Therefore, we specifically explored the number of lymph 
node harvest in pN0 patients in this study.

In our study, both training cohort and validation cohort 
have revealed an independent association between number 
of lymph node harvested and survival in node-negative 
thoracic ESCC patients. Obviously, more resected lymph 
nodes were correlated with the better prognosis, which 
was observed in subgroups stratified by age, sex, tumor 
location, differentiation and T stage in both cohorts. In 
terms of the relationship between the lowest number 
for lymphadenectomy and survival, 9 was identified as 
the minimum required for lymphadenectomy for node-
negative thoracic ESCC patients. The threshold number of 
9 was examined and validated in the validation cohort and 
the prognostic differences remained significant. This result 
agreed with those shown in previous studies suggesting 
that high number of lymph nodes harvested was associated 
with better survival (25,26). Furthermore, a recent meta-
analysis that included 26 studies, also demonstrated that 
the OS was significantly improved in the high lymph node 
yield group (HR =0.81; 95% CI: 0.74–0.87; P<0.01) (27).  
One possible reason for these results is that a higher 
number of resected lymph nodes guaranteed the radical 
clearance of metastasized lymph nodes, even for the lymph 
node micrometastasis (23-25). Meanwhile, the number 
for lymphadenectomy represents the adequacy of surgery, 
pathology and institutional care, affecting the treatment 
outcome eventually (26).

With regard to the validation cohort, we have found 

that 10 was the threshold number for lymphadenectomy. 
When stratified by T stage, firstly, no significant differences 
in lymphadenectomy number were found between two 
cohorts from T1 to T3 stages. Subsequently, we identified 
13 in training cohort as the lowest number for T1 stage 
when compared with 14 in validation cohort. However, 
in training cohort and validation cohort, 22 and 7, 
respectively, were regarded as the lowest numbers for T2, 
and 22 was considered to be the lowest number for T3, 
compared with 10 in validation cohort. The lowest number 
for lymphadenectomy in training cohort for every T stage 
well corresponded with the guidance of the AJCC cancer 
staging manual, 8th edition (6); moreover, the deeper tumor 
infiltration was, the highest was the incidence of lymph node 
micrometastasis even though the patient was node-negative, 
and a more radical lymphadenectomy was required in such 
circumstances (7,10). Recently, Xia et al. (9) firstly examined 
the relationship between the number for lymphadenectomy 
and the accuracy of N staging and survival in EC patients, 
and reported the lowest number for lymphadenectomy 
in ESCC patients and N negative patients was 14 and 13, 
respectively, which is similar to our results; however, the 
ESCC patients in their study also included the patients with 
positive lymph nodes and N negative patients also included 
adenocarcinoma patients; therefore, the ESCC patients in 
N0 stage were not analyzed in their study.

The nomogram was applied in our study as it is an 
established model used to estimate the prognosis of cancer 
patients and it has been carried out in many malignant 
tumors (25,28). The prognostic nomogram we constructed 
for both cohorts showed the acceptable agreement between 
the prediction probabilities and actual observations in 
terms of survival rate. Additionally, nomogram of validation 
cohorts seemed more agreeable than that in training cohort 
with regard to the least lymphadenectomy of 9. Meanwhile, 
the specific survival rate for specific ESCC patient could 
also be estimated with the nomogram with regard to the 
included clinicopathological factors, which, to a degree, 
made it easier for surgeons to tailor personalized treatment 
scheme for patients (29).

There are also some limitations in our study. First, 
the low C-index value suggested poor predictive value 
of the model, however, it can be explained as follows: on 
the one hand, this study is mainly focused on the optimal 
LD number for pN0 patients, therefore, patients with 
metastatic lymph nodes were ruled out initially, resulting 
in the included patients with single lymph node status. 
Besides, owing to the validation cohort was extracted from 
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the SEER database, meanwhile, we had to exclude the 
patients with positive lymph nodes, distant metastasis and 
the patients received the neo- or adjuvant therapy followed 
by the exclusion criteria, therefore, the number of clinical 
variables we can get from SEER database were limited. 
In order to ensure the homogeneity and uniformity of 
comparison between two cohorts, the clinical variables 
we finally collected were based on the SEER database. 
Therefore, limited number of covariates included into the 
regression model may attribute the low predictive value, 
we do believe the 9 is an instructive number of LD in pN0 
ESCC patients through our study. Of course, more studies 
for confirming our results are warranted. Second, in order 
to mainly focus on studying the impact of lymph node 
harvest for node-negative ESCC patients, we excluded the 
patients receive induction neoadjuvant and adjuvant therapy 
from this study, thus the findings cannot be generalized to 
those treated with pre-and postoperative therapy. Third, 
although this study was a multi-center retrospective study, 
selection bias existed in the choice of surgical approaches 
and follow-up could not be avoided. 

In conclusion, based on three tertiary esophagus 
centers, our analyses showed that a large number for 
lymphadenectomy was significantly associated with 
better survival in node-negative thoracic ESCC patients. 
Therefore, 9 was we got as the lowest number for 
lymphadenectomy in pN0 ESCC patients as confirmed 
through the validation of data obtained from SEER 
database, and our result should be confirmed further. 
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