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Abstract. Squamous cell carcinoma is the main subtype of 
esophageal cancer in East Asia. The effect of the number of 
lymph nodes (LNs) removed to treat middle and lower thoracic 
esophageal squamous cell carcinoma (ESCC) in China remains 
controversial. Therefore, the present study aimed to investigate 
the impact of the number of LNs removed during lymphadenec‑
tomy on the survival of patients with middle and lower thoracic 
ESCC. Data were obtained from the Sichuan Cancer Hospital 
and Institute Esophageal Cancer Case Management Database 
from January 2010 to April 2020. Either three‑field systematic 
lymphadenectomy (3F group) or two‑field systematic lymph‑
adenectomy (2F group) was performed for ESCC cases with or 
without suspicious tumor‑positive cervical LNs, respectively. 
Subgroups were designed for further analysis based on the 
quartile number of resected LNs. After 50.7 months of median 
follow‑up, 1,659 patients who underwent esophagectomy were 

enrolled. The median overall survival (OS) of the 2F and 3F 
groups was 50.0 months and 58.5 months, respectively. The 
OS rates at 1, 3 and 5 years were 86, 57 and 47%, respectively, 
in the 2F group, and 83, 52 and 47%, respectively, in the 3F 
group (P=0.732). The average OS of the 3F B and D groups 
was 57.7 months and 30.2 months, respectively (P=0.006). In 
the 2F group, the OS between subgroups was not significantly 
different. In conclusion, resection of >15 LNs during two‑field 
dissection in patients with ESCC undergoing esophagectomy 
did not affect their survival outcomes. In three‑field lymphad‑
enectomy, the extent of LNs removed could lead to different 
survival outcomes.

Introduction

Globally, more than 50% of the esophageal cancer cases in 
occur in China (1). Squamous cell carcinoma (SCC) is a major 
subtype of esophageal carcinoma in China, Japan, and other 
East Asian countries (2). According to a study in 2021, the 
5‑year overall survival (OS) rate of patients with esophageal 
cancer after esophagectomy was 59.3% in Japan (3). In Japan, 
Europe, and America, esophageal cancer is treated in much 
the same method as in China. In addition to differences in 
tumor characteristics across these countries and regions, the 
largest difference is the extent of lymph node (LN) dissection. 
Professor Akiyama's study showed that three‑field lymphad‑
enectomy increased 5‑year OS in patients with esophageal 
cancer compared to systematic thoracoabdominal two‑field 
lymphadenectomy (55.0% vs. 38.3%) (4). Thus, LN metastasis 
is an important factor affecting OS in esophageal cancer; this 
has been confirmed in an increasing number of studies (5‑9). 
According to the literature, at least 15 LNs should be removed 
during esophageal cancer surgery. Similar findings have been 
confirmed by the National Comprehensive Cancer Network. 
However, studies encouraging the removal of more than 15 
LNs are still controversial (10‑12). A series of studies carried 
out by Professor Liu, involving two‑field and three‑field 
lymphadenectomy, has sparked widespread discussion among 
Chinese surgeons (13,14). While a large number of studies 
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have indicated that LN dissection can reduce the likelihood 
of recurrence and increase OS, some have also shown that 
extensive LN dissection incurs greater surgical trauma and 
increases the incidence and mortality of postoperative compli‑
cations (15).

The appropriate extent of LN removal necessary to limit 
surgical trauma and postoperative complications remains a 
problem that must be resolved. In February 2021, a Chinese 
single‑center randomized controlled study showed that 
three‑field LN dissection could allow more precise staging 
of middle and lower thoracic SCC than two‑field LN dissec‑
tion, but there was no improvement in OS and disease‑free 
survival (DFS) (16). However, the choice of procedure is 
usually individualized based on the case and patient prefer‑
ences. For patients without suspicious tumor‑positive cervical 
LNs, two‑field systematic LN dissection for esophageal 
SCC (ESCC) is sufficient, while for patients with suspicious 
tumor‑positive cervical LNs, three‑field systematic LN dissec‑
tion for ESCC is necessary. In both cases, the number of LNs 
resected during surgery should be adjusted. To this end, this 
study was designed to elucidate the impact of the number of 
resected LNs (RLNs) on the OS of patients with middle and 
lower thoracic ESCC.

Materials and methods

Data were obtained from the Sichuan Cancer Hospital & 
Institute Esophageal Cancer Case Management Database. We 
retrospectively evaluated middle and lower thoracic esophageal 
cancer patients who underwent esophagectomy from January 

2010 to April 2020. Patient records were reviewed for clinico‑
pathologic findings and outcomes. Approximate esophagectomy 
was performed through a right transthoracic procedure with 
two‑field or three‑field lymphadenectomy. Surgical approaches 
depended on patient characteristics and surgeon preferences; 
for example, patients with enlargement of specific cervical LN 
groups underwent three‑field lymphadenectomy. Disease stage 
was presented according to the American Joint Committee 
on Cancer 8th edition tumor‑node‑metastasis (TNM) system. 
There were three inclusion criteria: (1) patients who underwent 
esophagectomy, (2) tumor located in the thoracic esophagus, 
and (3) tumor with pathological evidence of SCC. The following 
exclusion criteria were also considered: (1) less than 15 RLNs, 
(2) presence of other malignant tumors, (3) pathological T 
stage=Tis/Ia/IVb, and (4) absence of any required data.

Patients were followed up once every 3 months for the first 
2 years and once every 6 months for the next 3‑5 years. OS was 
estimated from the month and year of surgery to death or last 
follow‑up in April 2022. The study was approved by the Ethics 
Committee for Medical Research and New Medical Technology 
of Sichuan Cancer Hospital (SCCHEC‑02‑2022‑050). All 
patients were fully informed before providing verbal consent 
as per approved ethics protocol.

Patients were grouped depending on the presence or 
absence of suspicious tumor‑positive cervical LNs. The refer‑
ence standard was LN short diameter ≥1 cm observed on 
contrast‑enhanced computed tomography (17,18). Patients 
were divided into two groups based on the presence of suspi‑
cious tumor‑positive cervical LNs. In cases without suspicious 
tumor‑positive cervical LNs, two‑field systematic LN dissection 

Figure 1. Consolidated Standards of Reporting Trials diagram of patient selection. RLN, resected lymph node; TESCC, thoracic esophageal squamous cell 
carcinoma; 3F, three‑field systematic lymphadenectomy; 2F, two‑field systematic lymphadenectomy.
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for ESCC was performed and patients were categorized into the 
‘2F group’. For patients with suspicious tumor‑positive cervical 
LNs, three‑field systematic LN dissection for ESCC was 
performed and the patients were categorized into the ‘3F group’.

According to the quartile number of RLNs, four subgroups 
from both groups were designed for analysis depending on 

the extent of lymphadenectomy. In the 2F group, patients with 
15‑18, 19‑22, 23‑29, and more than 30 RLNs were divided into 
the ‘A group’, ‘B group’, ‘C group’, and ‘D group’, respectively. 
In the 3F group, patients with 17‑30, 31‑37, 38‑50, and more 
than 51 RLNs were divided into the ‘A group’, ‘B group’, 
‘C group’, and ‘D group’, respectively.

Table I. Baseline demographic and patient characteristics of the 2F (n=1,562) group.

Variables Group A (n=393) Group B (n=373) Group C (n=421) Group D (n=375) 

Sex    
  Male 337 (85.8%) 317 (85.0%) 375 (89.1%) 343 (91.5%)
  Female 56 (14.2%) 56 (15.0%) 46 (10.9%) 32 (8.5%)
Age, years    
  Median (range) 62 (39‑84) 63 (36‑81) 62 (37‑85) 62 (39‑84)
  <75 365 (92.9%) 355 (95.2%) 403 (95.7%) 359 (95.7%)
  ≥75 28 (7.1%) 18 (4.8%) 18 (4.3%) 16 (4.3%)
Pathological differentiation grade    
  Moderate or Well G1‑2 240 (61.1%) 241 (64.6%) 267 (63.4%) 248 (66.1%)
  Poor or undifferentiated G3 153 (38.9%) 132 (35.4%) 154 (36.6%) 127 (33.9%)
Tumor location    
  Middle 269 (68.4%) 258 (69.2%) 287 (68.2%) 240 (64.0%)
  Lower 124 (31.6%) 115 (30.8%) 134 (31.8%) 135 (36.0%)
Pathological T stage    
  T1b 45 (11.5%) 42 (11.3%) 39 (9.3%) 32 (8.5%)
  T2 120 (30.5%) 103 (27.6%) 116 (27.6%) 94 (25.1%)
  T3 207 (52.7%) 198 (53.1%) 238 (56.5%) 218 (58.1%)
  T4 21 (5.3%) 30 (8.0%) 28 (6.7%) 31 (8.3%)
N stage    
  N0 180 (45.8%) 170 (45.6%) 140 (33.2%) 138 (36.8%)
  N1 124 (31.5%) 104 (27.9%) 138 (32.8%) 106 (28.3%)
  N2 69 (17.6%) 64 (17.1%) 95 (22.6%) 71 (18.9%)
  N3 20 (5.1%) 35 (9.4%) 48 (11.4%) 60 (16.0%)
8th TNM Stage    
  I 36 (9.2%) 39 (10.5%) 28 (6.7%) 12 (3.2%)
  II 145 (36.9%) 128 (34.3%) 113 (26.8%) 125 (33.3%)
  III 186 (47.3%) 167 (44.7%) 224 (53.2%) 170 (45.4%)
  IV 26 (6.6%) 39 (10.5%) 56 (13.3%) 68 (18.1%)
Radical resection rate    
  R0 387 (98.5%) 358 (96.0%) 413 (98.1%) 365 (97.3%)
  R1/2 6 (1.5%) 15 (4.0%) 8 (1.9%) 10 (2.7%)
Thoracic surgery    
  MIE 226 (57.5%) 207 (55.5%) 224 (53.2%) 179 (47.7%)
  OE 167 (42.5%) 166 (44.5%) 197 (46.8%) 196 (52.3%)
Abdominal surgery    
  MIE 194 (49.4%) 178 (47.7%) 210 (49.9%) 160 (42.7%)
  OE 199 (50.6%) 195 (52.3%) 211 (50.1%) 215 (57.3%)

Group A, 15‑18 RLNs; group B, 19‑22 RLNs; group C, 23‑29 RLNs; and group D, >29 RLNs. MIE, minimally invasive esophagectomy; 
OE, open esophagectomy; RLN, resected lymph node; TNM, tumor‑node‑metastasis; 2F, two‑field systematic lymphadenectomy.
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Statistical analysis. Categorical variables are reported as 
percentages. They were investigated using the chi‑square or 
Fisher's exact test. Univariate and multivariate logistic regres‑
sion analyses were used to calculate the independent risk 
factors associated with LN metastasis, and the hazard ratio 
and 95% confidence interval (CI) are used to describe each 
variable. The Cox proportional hazards regression model was 

used to evaluate the impact of all baseline covariates on the 
outcome. A graphical representation of the model was devel‑
oped using GraphPad Prism (GraphPad Software, Boston, 
MA, USA). OS was evaluated by plotting Kaplan‑Meier 
curves, compared using the log‑rank test, and described as the 
median rate and value at specific time points with 95% CIs. 
Statistical significance was defined as a P‑value less than 0.05. 

Table II. Baseline demographic and patient characteristics of the 3F (n=97) group.

Variables Group A (n=24) Group B (n=25) Group C (n=24) Group D (n=24)

Sex    
  Male 18 (75.0%) 18 (72.0%) 20 (83.3%) 23 (95.8%)
  Female  6 (25.0%) 7 (28.0%) 4 (16.7%) 1 (4.2%)
Age (years)    
  Median (range) 61 (44‑71) 61 (39‑70) 61.5 (46‑67) 61 (40‑75)
  <75 24 (100%) 25 (100%) 24 (100%) 22 (91.7%)
  ≥75 0 (0%) 0 (0%) 0 (0%) 2 (8.3%)
Pathological differentiation grade    
  Moderate or Well G1‑2 12 (50.0%) 18 (72.0%) 16 (66.7%) 13 (54.2%)
  Poor or undifferentiated G3 12 (50.0%) 7 (28.0%) 8 (33.3%) 11 (45.8%)
Tumor location    
  Middle 18 (75.0%) 21 (84.0%) 19 (79.2%) 17 (70.8%)
  Lower 6 (25.0%) 4 (16.0%) 5 (20.8%) 7 (29.2%)
Pathological T stage    
  T1b 3 (12.5%) 2 (8.0%) 1 (4.2%) 0 (0%)
  T2 9 (37.5%) 8 (32.0%) 9 (37.5%) 6 (25.0%)
  T3 12 (50.0%) 15 (60.0%) 12 (50.0%) 16 (66.7%)
  T4 0 (0%) 0 (0%) 2 (8.3%) 2 (8.3%)
N stage    
  N0 8 (33.3%) 8 (32.0%) 7 (29.2%) 7 (29.2%)
  N1 7 (29.2%) 10 (40.0%) 6 (25.0%) 9 (37.5%)
  N2 8 (33.3%) 4 (16.0%) 6 (25.0%) 4 (16.7%)
  N3 1 (4.2%) 3 (12.0%) 5 (20.8%) 4 (16.7%)
8th TNM Stage    
  I 2 (8.3%) 2 (8.0%) 2 (8.3%) 0 (0%)
  II 5 (20.8%) 6 (24.0%) 5 (20.8%) 6 (25.0%)
  III 16 (66.7%) 13 (52.0%) 10 (41.7%) 13 (54.2%)
  IV 1 (4.2%) 4 (16.0%) 7 (29.2%) 5 (20.8%)
Radical resection rate    
  R0 24 (100.0%) 25 (100.0%) 24 (100.0%) 24 (100.0%)
Thoracic surgery    
  MIE 20 (83.3%) 18 (72.0%) 19 (79.2%) 15 (62.5%)
  OE 4 (16.7%) 7 (28.0%) 5 (20.8%) 9 (37.5%)
Abdominal surgery    
  MIE 20 (83.3%) 17 (68.0%) 19 (79.2%) 15 (62.5%)
  OE 4 (16.7%) 8 (32.0%) 5 (20.8%) 9 (37.5%)

Group A, 17‑30 RLNs; group B, 31‑37 RLNs; group C, 38‑50 RLNs; and group D, >50 RLNs. MIE, minimally invasive esophagectomy; 
OE, open esophagectomy; RLN, resected lymph node; TNM, tumor‑node‑metastasis; 3F, three‑field systematic lymphadenectomy.
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All analyses were conducted using SPSS version 23.0 software 
(SPSS Inc., Chicago, IL, USA).

Results

A total of 1659 patients were included in the analysis. A flow‑
chart describing the study enrollment is shown in Fig. 1. The 
clinicopathological and pathological characteristics of the 2F 
and 3F groups are shown in Tables I and II. Two‑field system‑
atic LN dissection was performed in 1562 of 1659 patients 
(94.2%) and categorized as the 2F group; 97 of 1659 patients 
(5.8%) underwent three‑field systematic lymphadenectomy and 
were categorized as the 3F group. Additionally, postoperative 
pathological examination showed that 20 of the 97 patients 
(20.6%) in the 3F group had tumor‑positive cervical LNs.

After 50.7 months (95% CI, 47.2‑54.1) of median follow‑up, 
1659 patients who underwent esophagectomy were enrolled. 
The median OS of the 2F group was 50.0 months (95% CI, 
46.6‑53.5) and that of the 3F group was 58.5 months (95% CI, 
45.5‑71.5). The OS rates at 1, 3, and 5 years were 86, 57, and 
47%, respectively, in the 2F group (Fig. 2). In the 3F group, the 
OS rates at 1, 3, and 5 years were 83, 52, and 47%, respectively 
(P=0.732). However, the 3F B group did not reach the median 
OS time, and the average OS of the 3F B and 3F D groups 
was 57.7 months (95% CI, 47.3‑68.0) and 30.2 months (95% 
CI, 22.5‑37.9), respectively. The OS rates at 1, 3, and 5 years 
were 92, 71, and 65%, respectively, in the 3F B group. In the 
3F D group, the OS rates at 1, 3, and 5 years were 79, 28, and 
28%, respectively (hazard ratio, 3.095; 95% CI, 1.318‑7.273; 
P=0.01). In the 2F subgroups, the OS was not significantly 
different between the A, B, C, and D groups (Fig. 3).

Kaplan‑Meier curves showed that the OS of the four 
subgroups of the 2F group were all similar. However, the OS 
in the four subgroups of the 3F group were all significantly 
different, particularly between groups B and D (P<0.05). This 
result suggested that the best strategy for lymphadenectomy in 

patients with enlarged specific cervical LNs was the resection 
of 31 to 37 LNs. Therefore, we compared the clinical and path‑
ological characteristics of the patients. However, there were 
no significant differences between the 3F B and D groups, as 
shown in Table III.

Univariate analysis of patients without suspicious 
tumor‑positive cervical LNs indicated that sex (P=0.001), 
age (P=0.045), tumor grade G3 (P<0.001), pathological 
T1b/T2/T3/T4 stage, pathological N0/N1/N2/N3 stage, 8th 
TNM stage I/II/III/IV, radical resection (P<0.001), thoracic 
surgery (P<0.001), and abdominal surgery (P<0.001) 
significantly influenced the 5‑year OS after esophagectomy 
(Table IV). Further analysis using multivariate methods 
indicated that sex (P=0.008), age (P<0.001), tumor grade G3 

Figure 2. Overall survival of the 2F and 3F groups. OS, overall survival; 3F, 
three‑field systematic lymphadenectomy; 2F, two‑field systematic lymphad‑
enectomy.

Figure 3. Study cohort. (A) Overall survival of four subgroups in the 2F 
group; A group: 15‑18 RLNs; B group: 19‑22 RLNs; C group: 23‑29 RLNs; D 
group: >29 RLNs. (B) Overall survival of the four subgroups in the 3F group; 
A group: 17‑30 RLNs; B group: 31‑37 RLNs; C group: 38‑50 RLNs; D group 
>50 RLNs. RLN, resected lymph node; OS, overall survival; 3F, three‑field 
systematic lymphadenectomy; 2F, two‑field systematic lymphadenectomy.
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(P=0.007), pathological T1b/T3/T4 stage, N0/N2/N3 stage, 
and radical resection (P=0.026) affected the 5‑year OS after 
esophagectomy (Table IV).

In the 3F group, univariate analysis indicated that age 
(P=0.018), pathological N0/N2/N3 stage, and 8th TNM 

stage I (P=0.006) significantly influenced the 5‑year OS after 
esophagectomy (Table V). Further analysis using multivariate 
methods indicated that pathological N0 stage (P=0.003) 
significantly affected the 5‑year OS after esophagectomy 
(Table V).

Table III. Summary of pathological characteristics compared between the 2F/3F and 3F B/D subgroups.

 Total esophageal cancer (n=1659) Esophageal cancer 3F (n=97)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
 2F Group 3F Group  Group B Group D
Variables (n=1562) (n=97) P‑value (n=25) (n=24) P‑value

Sex   0.065   0.024
  Male 1372 (87.8%) 79 (81.4%)  18 (72.0%) 23 (95.8%) 
  Female  190 (12.2%) 7 (18.6%)  7 (28.0%) 1 (4.2%) 
Age (years)   0.177   0.141
  <75 1482 (94.9%) 95 (97.9%)  25 (100%) 22 (91.7%) 
  ≥75 80 (5.1%) 2 (2.1%)  0 (0%) 2 (8.3%) 
Pathological differentiation grade   0.559   0.196
  Moderate or Well G1‑2 996 (63.8%) 59 (60.8%)  18 (72.0%) 13 (54.2%) 
  Poor or undifferentiated G3 566 (36.2%) 38 (39.2%)  7 (28.0%) 11 (45.8%) 
Tumor location   0.044   0.269
  Middle 1054 (67.5%) 75 (77.3%)  21 (84.0%) 17 (70.8%) 
  Lower 508 (32.5%) 22 (22.7%)  4 (16.0%) 7 (29.2%) 
Pathological T stage   0.32   0.231
  T1b 158 (10.1%) 6 (6.2%)  2 (8.0%) 0 (0%) 
  T2 433 (27.7%) 32 (33.0%)  8 (32.0%) 6 (25.0%) 
  T3 861 (55.1%) 55 (56.7%)  15 (60.0%) 16 (66.7%) 
  T4 110 (7.1%) 30 (30.9%)  0 (0%) 2 (8.3%) 
N stage   0.313   0.971
  N0 628 (40.2%) 30 (30.9%)  8 (32.0%) 7 (29.2%) 
  N1 472 (30.2%) 32 (33.0%)  10 (40.0%) 9 (37.5%) 
  N2 299 (19.1%) 22 (22.7%)  4 (16.0%) 4 (16.7%) 
  N3 163 (10.4%) 13 (13.4%)  3 (12.0%) 4 (16.7%) 
8th TNM Stage   0.12   0.554
  I 115 (7.4%) 6 (6.2%)  2 (8.0%) 0 (0%) 
  II 511 (32.7%) 22 (22.7%)  6 (24.0%) 6 (25.0%) 
  III 747 (47.8%) 52 (53.6%)  13 (52.0%) 13 (54.2%) 
  IV 189 (12.1%) 17 (17.5%)  4 (16.0%) 5 (20.8%) 
Radical resection rate   0.115   
  R0 1523 (97.5%) 97 (100.0%)  25 (100.0%) 24 (100.0%) 
  R1/2 39 (2.5%) 0  0 0 
Thoracic surgery   <0.001   0.478
  MIE 1523 (97.5%) 72 (74.2%)  18 (72.0%) 15 (62.5%) 
  OE 39 (2.5%) 25 (25.8%)  7 (28.0%) 9 (37.5%) 
Abdominal surgery   <0.001   0.686
  MIE 742 (47.5%) 71 (73.2%)  17 (68.0%) 15 (62.5%) 
  OE 820 (52.5%) 26 (26.8%)  8 (32.0%) 9 (37.5%) 

MIE, minimally invasive esophagectomy; OE, open esophagectomy; TNM, tumor‑node‑metastasis; 2F, two‑field systematic lymphadenec‑
tomy; 3F, three‑field systematic lymphadenectomy.
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Discussion

This study clarified the influence of the number of LNs resected 
during lymphadenectomy on long‑term survival. Patients who 
underwent two‑field lymphadenectomy exhibited no improve‑
ment in OS as the number of RLNs increased, but the OS of 

patients who underwent three‑field lymphadenectomy was 
significantly different in the B and D groups. In addition, there 
were no statistically significant differences in the characteris‑
tics of patients between the B and D groups, except sex.

From the study findings, it can be seen that the most 
reasonable number of RLNs is between 31 and 37; deviations 

Table IV. Univariate and multivariate Cox regression analysis factors affecting survival in the 2F group.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables HR 95% CI P‑value HR 95% CI P‑value

Sex   0.001   0.008
  Male 1.49 1.171‑1.897  1.394 1.090‑1.783 
  Female  1 0  1 0 
Age (years),   0.045   <0.001
  <75 1 0  1 0 
  ≥75 1.371 1.008‑1.865  2.006 1.465‑2.747 
Pathological differentiation grade   <0.001   0.007
  Moderate or Well G1‑2 1 0  1 0 
  Poor or undifferentiated G3 1.415 1.226‑1.634  1.226 1.058‑1.420 
Tumor location   0.879   
  Middle 1.012 0.869‑1.178    
  Lower 1 0    
Pathological T stage      
  T1b 1 0 <0.001 1 0 <0.001
  T2 1.761 1.242‑2.495 0.001 1.289 0.864‑1.923 0.213
  T3 2.675 1.930‑3.707 <0.001 1.777 1.196‑2.641 0.004
  T4 4.505 3.061‑6.631 <0.001 2.388 1.404‑4.062 0.001
N stage      
  N0 1 0 <0.001 1 0 <0.001
  N1 1.869 1.538‑2.271 <0.001 1.523 0.957‑2.424 0.076
  N2 3.855 3.167‑4.693 <0.001 2.877 1.768‑4.682 <0.001
  N3 5.391 4.307‑6.747 <0.001 3.5 1.674‑7.318 0.001
8th TNM Stage      
  I 1 0 <0.001 1 0 0.83
  II 1.692 1.083‑2.643 <0.001 1.128 0.684‑1.861 0.636
  III 4.033 2.627‑6.193 <0.001 1.383 0.672‑2.844 0.379
  IV 8.814 5.633‑13.791 <0.001 1.412 0.549‑3.631 0.474
Radical resection rate   <0.001   0.026
  R0 1 0  1 0 
  R1/2 2.272 1.586‑3.256  1.527 1.051‑2.219 
Thoracic surgery   <0.001   0.683
  MIE 1 0  1 0 
  OE 1.43 1.238‑1.650  0.941 0.703‑1.259 
Abdominal surgery   <0.001   0.366
  MIE 1 0  1 0 
  OE 1.404 1.212‑1.626  1.146 0.853‑1.539 

HR, hazard ratio; CI, confidence interval; MIE, minimally invasive esophagectomy; OE, open esophagectomy; TNM, tumor‑node‑metastasis; 
2F, two‑field systematic lymphadenectomy.
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greater or less than this are both detrimental to the OS of 
patients with suspicious tumor‑positive cervical LNs. There 
was a significant reduction in OS when the number of RLNs 
was greater than 50. However, this was not observed in 
patients without suspicious tumor‑positive cervical LNs who 
underwent two‑field lymphadenectomy. Consistent with these 
results, research by the Cleveland Clinic in Cleveland show 
that up to 25 to 30 RLNs can improve the OS of patients (19), 
while more than 30 RLNs reduce the OS. This suggests that 

surgical strategies should be individualized to optimize OS 
in different patients.

Few studies have been conducted on the extent of LN 
dissection by grouping according to this scheme recently. 
Although articles examining LN dissection have been 
published, the conclusions are not comparable due to different 
strategies being examined (20). As more studies focus on 
comprehensive treatment options for esophageal cancer, the 
debate now centers around how and when chemotherapy and 

Table V. Univariate and multivariate Cox regression analysis of factors affecting survival among patients in the 3F group.

 Univariate Multivariate
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables HR 95% CI P‑value HR 95% CI P‑value

Sex      
  Male 1.085 0.525‑2.241 0.826   
  Female 1     
Age (years)      
  <75 1     
  ≥75 5.744 1.353‑24.384 0.018 3.68 0.800‑16.939 0.094
Pathological differentiation grade      
  Moderate or Well G1‑2 1     
  Poor or undifferentiated G3 1.556 0.881‑2.749 0.128   
Tumor location      
  Middle 1.573 0.831‑2.979 0.164   
  Lower 1     
Pathological T stage   0.457   
  T1b 1     
  T2 1.334 0.306‑5.804 0.701   
  T3 1.298 0.308‑5.465 0.722   
  T4 3.306 0.551‑19.822 0.191   
N stage   <0.001   0.003
  N0 1   1  
  N1 1.974 0.827‑4.715 0.126 0.604 0.150‑2.432 0.479
  N2 8.438 3.495‑20.371 <0.001 2.716 0.645‑11.445 0.173
  N3 4.833 1.840‑12.692 0.001 2.003 0.284‑14.150 0.486
8th TNM Stage   0.006   0.198
  I 1   1  
  II 0.526 0.096‑2.873 0.458 0.543 0.099‑2.969 0.481
  III 2.694 0.642‑11.302 0.176 2.82 0.421‑18.879 0.285
  IV 3.464 0.771‑15.559 0.105 1.751 0.182‑16.884 0.628
Thoracic surgery      
  MIE 1     
  OE 1.005 0.522‑1.933 0.989   
Abdominal surgery      
  MIE 1     
  OE 1.056 0.548‑2.032 0.871   

HR, hazard ratio; CI, confidence interval; MIE, minimally invasive esophagectomy; OE, open esophagectomy; TNM, tumor‑node‑metastasis; 
3F, three‑field systematic lymphadenectomy.
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radiation should be administered, rather than the details of 
lymphadenectomy (21‑23).

In the Chemoradiotherapy for Oesophageal Cancer 
followed by Surgery Study (CROSS), the median OS of the 
neoadjuvant chemoradiotherapy plus surgery group was 
48.6 months and the 5‑year OS rate was 47% whereas the 
median OS of the surgery alone group was 24.0 months 
and the 5‑year OS rate was 33% (16). In the CheckMate 577 
study, the median DFS of the neoadjuvant chemoradiotherapy 
plus surgery and surgery alone groups was 22.4 months and 
11.0 months, respectively, and the 5‑year OS rates were both 
lower than at our center (22). However, histological classifica‑
tion may be an important factor that influences survival, along 
with strategies of lymphadenectomy. In the NEOCRTEC5010 
Clinical Trial, the median OS was 66.5 months (21), which is 
better than the median OS achieved at our center and may have 
been influenced by lymphadenectomy (13,21‑23). According 
to research from Fudan University Shanghai Cancer Center, 
the differences in OS and DFS were not significant between 
three‑field and two‑field lymphadenectomy for middle and 
lower thoracic esophageal cancer; a 5‑year OS of 63% was 
observed in both groups (23). In our study, the 5‑year OS in the 
2F group was 41%, and there were no significant differences 
based on the number of RLNs. This may be due to various 
differences in case characteristics such as pathological T/N 
stage.

Theoretically, on the one hand, if the intensity of lymphad‑
enectomy is too low, the metastatic LNs would not be removed 
and the risk of recurrence and metastasis would remain very 
high (24). On the other hand, if the intensity is too high, the 
lymphatic system may be damaged, which is not conducive to 
immune function. Consequently, OS will not improve signifi‑
cantly (25,26).

Therefore, it is crucial to find an appropriate lymphad‑
enectomy intensity in the treatment of esophageal cancer. 
The Japan Esophageal Society guidelines state that three‑field 
systematic LN dissection is indispensable in the treatment 
of upper thoracic ESCC. As for middle and lower thoracic 
ESCC, the condition of the cervical LN needs to be checked 
carefully. The international current consensus is that two‑field 
systematic LN dissection is enough to treat patients without 
suspicious tumor‑positive cervical LNs, whereas three‑field 
systematic lymphadenectomy is required to treat patients with 
suspicious tumor‑positive cervical LNs (27). Consequently, 
different cases will require removal of the LN station in 
different zones as well as different number of RLNs. Thus, the 
treatment of middle and lower thoracic ESCC should involve 
lymphadenectomy of different numbers and zones of RLNs 
based on whether tumor‑positive cervical LNs are present.

According to the Chinese Society of Clinical Oncology 
guidelines for the diagnosis and treatment of malignant LNs 
published in 2021, the number of RLNs during surgery should 
be ≥15 for ESCC, consistent with the 8th Union for International 
Cancer Control edition standards (27,28). However, variations 
by case, such as tumor location and LN condition, and the 
uniform standard for ≥15 RLNs during esophagectomy must 
be discussed further.

Some limitations in this study may have affected the 
results. Esophagectomy was performed by 12 surgeons in our 
center from January 2010 to April 2017. The main surgical 

types were McKeown esophagectomy and Ivor‑Lewis esopha‑
gectomy with two‑field lymphadenectomy or three‑field 
lymphadenectomy, and there was heterogeneity in lymph node 
dissection at each station. And there was a difference in the 
rates of minimally invasive surgery between the 2F group 
and the 3F group, but MIE showed no significant statistical 
difference according to the multivariate analysis. Thus, there 
may be subjective selection bias in the results. Additionally, 
because we retrospectively analyzed data from a single center, 
the representativeness of the results needs to be considered. 
The clinical value and efficacy of different LN stations were 
different, and the results may vary based on tumor loca‑
tion (29). These aspects can be examined further in future 
studies.

Based on a 5‑year follow‑up period in this study, the OS 
of patients without tumor‑positive cervical LNs does not 
improve when more than 15 LNs are dissected. However, 
patients with suspected tumor‑positive cervical LNs should 
undergo three‑field lymphadenectomy and the number 
of RLNs should range from 31 to 37. Therefore, optimal 
surgical strategies must be selected based on the patient and 
case characteristics.
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