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Abstract

BACKGROUND
The optimal extent of lymphadenectomy in esophageal squamous cell carcinoma
(ESCC) patients remained debatable.

AIM

To explore the ideal number of cleared lymph nodes in ESCC patients undergoing
upfront surgery.

METHODS

In this retrospective, propensity score-matched study, we included 1042 ESCC
patients who underwent esophagectomy from November 2008 and October 2019.
Patients who underwent neoadjuvant therapy were excluded. We collected pa-
tients’” clinicopathological features and information regarding lymph nodes, in-
cluding the total number of resected lymph nodes (NRLN), and pathologically
diagnosed positive lymph nodes (RPLN). SPSS and R software were used for
statistical analysis.

RESULTS

Among the included 1042 patients, two cohorts: <21 (n = 664) and > 21 NRLN (n
= 378) were identified. The final prognostic model included four variables: T
stage, N, venous thrombus, and the number of removed lymph nodes. Among
them, NRLN > 21 was determined as an independent prognosticator after surgery
for esophageal cancer (hazards regression = 0.66, 95% confidence interval: 0.50-
0.87, P = 0.004). A nomogram was created based on the regression coefficients of
the variables in the final model. In the training cohort, the predictive model dis-
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played an uncorrected five-year overall survival C-index of 0.659, with a bootstrap-corrected C-index of 0.654. In
the subgroup analysis, adjuvant chemotherapy was beneficial in the subgroup with NRLN > 21 and RPLN < 0.16
and NRLN <21 and RPLN > 0.16.

CONCLUSION
NRLN > 21 was an independent prognostic factor after ESCC surgery. The combination of NRLN and RPLN may
provide a reference for adjuvant chemotherapy use in potential beneficiaries.

Key Words: Esophageal squamous cell carcinoma; Lymphadenectomy; Adjuvant chemotherapy; Prognosis; Nomogram
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Core Tip: This study delineates the prognostic value of the number of lymph nodes removed during esophagectomy in
esophageal squamous cell carcinoma (ESCC) patients, highlighting that a count greater than 21 significantly improves
survival outcomes. It introduces a novel prognostic model, incorporating lymph node count with clinical variables, and
proposes a nuanced approach to post-operative adjuvant chemotherapy based on lymph node ratio. These insights affirm the
importance of extensive lymphadenectomy in ESCC and offer a refined strategy for tailoring adjuvant treatment, thereby
enhancing personalized patient care.
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INTRODUCTION

Esophageal cancer (EC) is one of the deadliest cancers in the world[1], and most of the cases are esophageal squamous
cell carcinoma (ESCC). Benefiting from multimodality treatment, the mortality rate of EC is decreasing year by year[2,3].
Neoadjuvant therapy followed by surgery is the current standard treatment option for patients with locally advanced
ESCC[4]. Despite advances in clinical research, the significance of the number of lymph nodes removed in clinical practice
is still unclear. On one hand, performing a more comprehensive lymphadenectomy could lead to more precise staging,
which in turn may enhance postoperative treatment guidance and improve disease-specific survival rates[5], on the other
hand, extensive lymphadenectomy is associated with more postoperative complications in the short term[6]. A study
shows that removing more lymph nodes increases the risk of chylothorax, which makes it more difficult for thoracic
surgeons to manage post-operative events[7]. The National Comprehensive Cancer Network currently recommends that
at least 15 lymph nodes be resected during lymphadenectomy[8]. However, the proper upper limit of lymph node
resection remains unclear for preventing complications of excessive surgery. Consequently, investigating the optimal
number of lymph node resection is essential to strike a balance between survival benefits and potential complications. In
the present study, we studied the appropriate number of lymph node resections for specific patients to ensure survival
benefits and reduce postoperative complications. We tried to obtain the extent of lymph node resection for a better
prognosis and provide a reference for the thoracic surgeon to perform lymphadenectomy.

MATERIALS AND METHODS

Patients and database

This multicenter database contains specific information on patients” clinicopathological features, information regarding
lymph nodes including the total number of resected lymph nodes, and pathologically diagnosed positive lymph nodes.
The naming of the lymph node stations was based on the 11* Japanese Classification of Esophageal Cancer[9].

Between November 2008 and October 2019, 1821 patients with EC who underwent esophagectomy at the First
Affiliated Hospital of Shantou University Medical College and Guangdong Provincial People’s Hospital were eligible for
further selection. In this retrospective cohort study, the inclusion criteria included: (1) Pathologically confirmed diagnosis
of ESCC; (2) Thoracic EC; (3) Underwent lymph nodes resection; and (4) No history of other cancers. 1470 patients met
the inclusion criteria. Patients with a lack of lymph node information (1 = 364), lack of follow-up information (n = 29),
positive resection margins (n = 22), and death within one month after surgery (n = 13) were excluded. Eventually, a total
of 1042 patients were enrolled in this study. All clinical characteristics and pathological data were retrieved from medical
records.
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Preoperative workup
The preoperative workup included upper gastrointestinal endoscopy to confirm the diagnosis of EC; chest computed
tomography or positron emission tomography-computed tomography reveal tumor and lymph node features.

Surgical procedures and pathological stage

The patients underwent a right or left transthoracic esophagectomy with lymphadenectomy. Resection of lymph nodes
was performed with standard lymphadenectomy, extended lymphadenectomy, and total lymphadenectomy. Standard 2-
field lymphadenectomy is defined as an extent that covers the entire posterior mediastinum and includes the resection of
lymph nodes in the abdomen, along the celiac trunk, common hepatic and splenic arteries, and those along the lesser
curvature of the stomach and in the lesser omentum; extended 2-field lymphadenectomy includes all lymph nodes
addressed in the standard 2-field, with additional clearance of the nodes in the right paratracheal gutter; total 2-field
lymphadenectomy expands upon the extended 2-field resection by also removing the lymph nodes in the left
paratracheal gutter. Among the included patients, 519 received standard 2-field lymphadenectomy, 335 received
extended 2-field lymphadenectomy, and 188 received total 2-field lymphadenectomy. Pathological staging was assigned
to each patient following the eighth edition of the tumor-node-metastasis (TNM) staging system released by the
American Joint Committee on Cancer[10]. T staging was based on the depth of tumor invasion, and N staging was
categorized by the number of regional positive lymph nodes.

Follow-up and outcomes

Patients were monitored every three months for the first two years post-esophagectomy and biannually for the
subsequent three years. Follow-up continued until January 31, 2022, or until the patient’s death, with a median follow-up
duration of 53.0 months. The primary endpoints were overall survival (OS) and disease-free survival (DFS) which were
defined as the survival time after surgery and the time with no evidence of local or distant disease recurrence,
respectively.

Ethical approval

The ethics committee of the two hospitals approved our work (No. GDREC2019687H), and written consent was waived
due to the retrospective nature of this study. The Declaration of Helsinki’s rules and regulations were followed when
carrying out the study protocol.

Statistical analysis

The Student’s t-test was employed to analyze continuous variables, while the y? test or Fisher’s exact test was utilized for
comparing categorical variables. The optimal cutoff values of the total lymph nodes number were determined by the
“surv_cutpoint” function of the “survminer” R package (Supplementary Figure 1). We employed the Kaplan-Meier
method and the log-rank test for univariate analysis, selecting variables with a P value less than 0.05 for inclusion in the
multivariate analysis, which was performed using forward stepwise Cox proportional hazards regression. The prognostic
model, developed from variables that were statistically significant in the multivariate analysis, was depicted using a
nomogram. The performance of the predictive model was evaluated using operating characteristic curves (ROC) curve
analysis and calibration curves, while decision curve analysis (DCA) was utilized to assess its clinical utility. Propensity
score matching was used to compare the OS between the cohorts with different numbers of cleared lymph nodes. The
variables age, sex, tumor stage, nodal stage, differentiation grade, venous thrombus, perineurial invasion, positive lymph
node number, and positive lymph node ratio were matched. Using nearest neighbor-matching, a 1:1 match was
conducted on the propensity score with a maximum caliper of 0.2 (Supplementary Table 1). All statistical analyses were
performed by SPSS software (version 26.0; IBM Corp) and R software (version 4.0.0, R Foundation).

RESULTS

Clinicopathological characteristics of the investigated populations

In the enrolled cohort of 1042 patients, their median age was 60 (interquartile range: 54-66) years and most of the patients
were male (78.7%). More than half of the patients were at the T3 stage (46.7%). Most of the patients had moderately differ-
entiated pathologic outcomes. Most patients were negative for venous thrombus (14.9% positive) and perineurial
invasion (25.0% positive) (Table 1). 12 patients died within 90 d, with a 90-d mortality rate of 1.15%. 130 patients died
within 1 year, with a 1-year mortality rate of 12.18%. Based on the optimal cutoff values of the total number of removed
lymph nodes number, the patients were divided into two cohorts: < 21 cohorts (n = 664) and > 21 cohorts (n = 378).
Patients in > 21 cohorts were more likely to achieve a longer survival time at the follow-up (P = 0.049; Figure 1A). In the
final result, 203 patients were matched well. Patients in > 21 cohorts continued to have better survival outcomes (P =
0.035; Figure 1B).

Construction and evaluation of the predictive model

A univariate regression analysis was applied to the clinicopathological characteristics to determine which variables
affected the prognosis (Table 2). There were statistically significant differences in G stage, N stage, T stage, venous
thrombus [hazards regression (HR) = 2.1, 95% confidence interval (CI): 1.68-2.36, P < 0.001], perineurial Invasion (HR =
1.79, 95%CI: 1.41-2.29, P < 0.001), maximal tumor diameter (HR = 1.01, 95%CI: 1-1.01, P = 0.038), adjuvant chemotherapy
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Table 1 Clinicopathological information of the study population

Variables Level Overall
Number 1042
Sex, n (%) Male 820 (78.7)
Female 222 (21.3)
Age (yr), median (IQR) 60 (54, 66)
T, n (%) 1 98 (9.4)
2 219 (21.0)
3 487 (46.7)
4 238 (22.8)
N, 1 (%) 0 612 (58.7)
1 234 (22.5)
2 134 (12.9)
3 62 (6.0)
G, n (%) Well differentiated 124 (11.9)
Moderate differentiated 740 (71.0)
Poor differentiated 178 (17.1)
Venous thrombus, 7 (%) Negative 887 (85.1)
Positive 155 (14.9)
Perineurial invasion, 1 (%) Negative 509 (75.0)
Positive 170 (25.0)
NPLN, mean (SD) 1.17 (2.15)
RPLN, mean (SD) 0.06 (0.11)
NRLN, mean (SD) 19.67 (9.81)
Adjuvant chemotherapy, 1 (%) No 599 (57.5)
Yes 443 (42.5)

IQR: Interquartile range; NPLN: Number of positive lymph nodes; RPLN: Ratio of positive lymph nodes.

(HR =1.27, 95%CI: 1.06-1.52, P = 0.009) and the number of removed lymph nodes (> 21 vs <21, HR = 0.83, 95%CI: 0.68-1,
P = 0.049). The forward stepwise Cox regression model for multivariate analysis included a univariate analysis of
variables with significant differences. By excluding the interaction between variables, the final prognostic model included
four variables: T stage, N, venous thrombus, and the number of removed lymph nodes (Table 3). The number of lymph
nodes > 21 was identified as an independent favorable prognostic factor following EC surgery (HR = 0.66, 95%ClI: 0.50-
0.87, P = 0.004). A nomogram was created based on the regression coefficients of the variables in the final model
(Figure 2). The model in the training cohort had an uncorrected 5-year OS C-index of 0.659 and a bootstrap-corrected 5-
year OS C-index of 0.654. To assess the discriminatory ability of the predictive models, the calibration curve of the
nomogram predicting 3-year and 5-year OS (Figure 3A) and 3-year OS and 5-year OS ROC were plotted with area under
the ROC curves (AUCs) of 0.676 and 0.647 (Figure 3B), respectively. The clinical utility of the models was assessed using
DCA (Figure 3C).

Cross-validation of the prediction model
A 5-fold internal cross-validation was conducted 200 times to protect against the influence of the random splits
(Figure 3D).

Stratified effect of number of resected lymph nodes and ratio of positive lymph nodes on adjuvant chemotherapy

We used the Kaplan-Meier analysis to draw survival curves to further explore the stratified effect of number of resected
lymph nodes (NRLN) and ratio of positive lymph nodes (RPLN) on adjuvant chemotherapy. The results found that a
combination of NRLN and RPLN could identify the patients who underwent adjuvant chemotherapy and could receive a
better prognosis (Figure 4).
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Figure 1 Kaplan-Meier curve for overall survival before and after propensity-scoring matching. A: Survival difference between the number of
removed lymph node > 21 and < 21 before propensity-scoring matching; B: Survival difference between two cohorts after propensity-scoring matching. LN: Lymph
nodes.

DISCUSSION

Surgery is the foundation of the treatment of EC, and lymph node resection is an important part[11,12]. Nonetheless, the
effect of the number of lymph nodes resected on survival remains uncertain. For years, researchers have argued whether
adequate lymph node resection yields actual therapeutic benefit. The appropriate NRLN should be carefully selected to
balance the potential survival benefit with lower postoperative morbidity. In this retrospective analysis, data from two
thoracic surgical centers with radical esophagectomy were used to identify the role of NRLN in survival prognosis. Given
the potential impact of neoadjuvant therapy on lymph node status, which could bias the results, patients with
neoadjuvant therapy were excluded from this study.

Our results indicate that NRLN is an independent prognostic factor, with the survival of NRLN > 21 better than < 21.
By matching the propensity scores of clinicopathological information between the two groups, the differences remained.
In this study, we observed a 90-d mortality rate of 1.15% and a 1-year mortality rate of 12.18%, reflecting the technical
challenges and complexity of esophageal surgery. Specifically, patients with more than 21 lymph nodes removed
exhibited improved survival metrics compared to the general cohort, suggesting that extensive lymphadenectomy might
be associated with better medium-term survival outcomes despite its complexity. This comparison underscores the
importance of surgical precision and comprehensive perioperative care in enhancing patient survival.

There is a rich longitudinal lymphatic network in the submucosa of the esophagus[13]. The extended lymph node
resection removed potential micrometastases that were not detected by pathological examination[14]. Kamel et al[15]
noted that patients with 20 or more lymph nodes removed experienced a 14% relative improvement in OS, and
underwent esophagectomy following neoadjuvant chemoradiation. In contrast, this study was conducted on patients
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Table 2 Univariate analysis for overall survival

Prognostic factors Pvalue HR (95%Cl)
Age 0.576 1(0.99-1.01)
Maximal tumor diameter 0.038 1.01 (1-1.01)
NRLN 0.049 0.83 (0.68-1)
Sex (ref male) 0.634 0.95 (0.76-1.18)

Tumor location (ref upper)

Middle 0.065 0.71 (0.49-1.02)

Lower 0.051 0.65 (0.43-1)
T (ref T1)

T2 0.028 1.78 (1.07-2.99)

T3 <0.001 2.8 (1.74-4.52)

T4 <0.001 2.71 (1.65-4.44)
N (ref NO)

N1 <0.001 2.04 (1.64-2.53)

N2 <0.001 2.35 (1.82-3.02)

M3 <0.001 3.38 (2.45-4.65)
G (ref G1)

G2 0.006 1.57 (1.14-2.15)

G3 0.002 1.81 (1.25-2.61)
Venous thrombus (ref negative) Positive <0.001 2.1 (1.68-2.63)
Perineurial Invasion (ref negative) Positive <0.001 1.79 (1.41-2.29)
Adjuvant chemotherapy (ref no) Yes 0.009 1.27 (1.06-1.52)

NRLN: Number of removed lymph nodes; HR: Hazards regression; CI: Confidence interval.

who did not receive neoadjuvant therapy. However, the results of the exploration are similar. This indicates that the
NRLN is an important factor in improving postoperative survival.

The TNM staging system is now the most frequently applied tool for assessing patient outcomes. However, consid-
erable variations in survival have been reported among individuals with the same clinical stage[16]. As a result, a more
accurate and effective prognostic model is urgently required. Nomograms have long been used in oncology to evaluate a
patient’s prognosis based on important clinical factors[17,18]. In this research, we constructed and internally verified a
nomogram to predict postoperative survival time in patients with ESCC, and we discovered that our model had good
performance in predictive accuracy. This tool was developed using independent prognostic factors for ESCC, including T
stage, N stage, Venous Thrombus, and NRLN. The 3- and 5-year AUCs were 0.676 and 0.647, respectively. By combining
several independent prognostic factors in a prognostic model, this nomogram scoring system is more accurate and
convincing in predicting different patients, helping to identify different prognoses of ESCC patients and accurately
predicting long-term survival. This scoring system is indicative of postoperative treatment strategy decisions for ESCC
patients. The thoracic surgeon can easily predict OS rates based on the clinicopathological characteristics of a specific
patient by visualization.

The effectiveness of adjuvant chemotherapy after ESCC has been hotly debated[19-24], and while some articles have
reported on the survival benefits of adjuvant chemotherapy[25], there is still a lack of high-level evidence to identify
specific groups of ESCC who would benefit from adjuvant chemotherapy, such as the phase III randomized controlled
trials[8]. Our study stratified patients by the number of lymph nodes removed and the rate of positive lymph nodes and
we were surprised to find that different subgroups responded differently to adjuvant chemotherapy. In the subgroup
with positive postoperative pathological lymph nodes(pN+), adjuvant chemotherapy was beneficial in the subgroup with
NRLN < 21 and RPLN > 0.16. Similarly, adjuvant chemotherapy was beneficial in the subgroup with NRLN > 21 and
RPLN < 0.16. Consistent with our findings, Zheng et al[26] and Feng et al[27] suggested that postoperative adjuvant
chemotherapy improves the OS of patients with resected ESCC with positive lymph nodes. However, our study also
found that a subgroup of lymph node-positive patients with NRLN > 21 and RPLN > 0.16 did not benefit from adjuvant
chemotherapy. A comprehensive treatment plan may be required for this group of patients.
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Table 3 Multivariate analysis for overall survival

Prognostic factors Pvalue HR (95%Cl)
Maximal tumor diameter 0.667 1(0.99-1.01)
T (ref T1)
T2 0.055 2.04 (0.99-4.20)
jlis) 0.002 3.09 (1.51-6.31)
T4 0.005 7.44 (1.82-30.35)
N (ref NO)
N1 0.077 1.35 (0.97-1.89)
N2 0.075 1.46 (0.96-2.21)
M3 0.002 1.99 (1.28-3.11)
G (ref G1)
G2 0.103 1.42 (0.93-2.16)
G3 0.387 1.25 (0.76-2.05)
Venous thrombus (ref negative) Positive <0.001 1.8 (1.34-2.42)
Perineurial invasion (ref negative) Positive 0.088 1.29 (0.96-1.71)
Adjuvant chemotherapy (ref no) Yes 0.738 0.95 (0.71-1.27)
NRLN (ref <21) >21 0.004 0.66 (0.50-0.87)
NRLN: Number of removed lymph nodes; HR: Hazards regression; CI: Confidence interval.
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Figure 2 Nomogram integrating number of resected lymph nodes for overall survival in patients with esophageal squamous cell
carcinoma. NRLN: Number of resected lymph nodes; OS: Overall survival.
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Findings were also obtained in our analysis of subgroups with negative postoperative pathological lymph nodes
(pNO). In the NRLN < 21 subgroup, no significant differences in OS were found between the adjuvant-treated and non-
adjuvant-treated groups. In the NRLN > 21 subgroup, patients treated with adjuvant chemotherapy obtained a worse
prognosis. Adjuvant chemotherapy may do more harm than good to patients in this population. On the contrary, Deng et
al[28] showed that adjuvant chemotherapy prolonged OS and DFS in ESCC patients with pNO disease. Further research is
needed to elucidate such differences.

Our study primarily investigates the prognostic value of the extent of lymphadenectomy in EC. While this focus is
crucial, we also recognize the significant impact that perioperative care factors, such as advancements in anesthesia, pain
management, and Enhanced Recovery After Surgery protocols, have on patient recovery and morbidity. The periop-
erative period in foregut cancer surgery is complex, with numerous elements influencing outcomes. In addition to these
perioperative factors, nutritional status emerges as a critical component of patient management. The anatomical impacts
of foregut cancers often lead to complications such as dysphagia or vomiting, directly impairing oral intake and con-
tributing to malnutrition. This decline in nutritional status can profoundly affect treatment outcomes, including poorer
responses to chemotherapy, increased susceptibility to postoperative complications, and a diminished capacity for tissue
repair and immune function.

One of the limitations of our retrospective analysis is the unavailability of certain prognostic variables which could
potentially influence the outcomes. Due to the retrospective nature of our study, variables such as albumin levels,
nutritional status, and liver function, which could significantly impact patient outcomes, were not included in our
analysis. Moreover, in assessing the predictive performance of our model, it is important to recognize that the AUC value
obtained is below 0.70, indicating moderate discriminative ability. This level of discrimination reflects a certain degree of
uncertainty in the model’s predictive accuracy and presents a potential limitation to the robustness of our prognostic
evaluations. Prospective validation with a more comprehensive dataset and potentially the integration of additional
predictive variables may enhance the discriminative capacity of future models.

CONCLUSION

In conclusion, NRLN > 21 was an independent prognostic factor after ESCC surgery. We developed and validated a
nomogram, which is useful for thoracic surgeons to assess the prognosis of different patients.
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