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Abstract
Background  The site of lymph node metastasis (LNM) may affect the prognosis of patients with esophageal 
squamous cell carcinoma (ESCC). To investigate the prognoses of pararespiratory and paradigestive LNM and to 
propose a novel N (nN) staging system that integrates both the LNM site and count.

Methods  This study was a multicenter, large-sample, retrospective cohort study that included ESCC patients with 
LNM between January 2014 and December 2019 from three Chinese institutes. Patients were set into training (two 
institutes) and external validation (one institute) cohorts. The primary outcomes were survival differences in LNM 
site and the development of novel nodal staging system. The overall survival (OS) of patients with pararespiratory 
LNM only (Group A), paradigestive LNM only (Group B), and both sites (Group C) was evaluated by Kaplan-Meier. 
Cox proportional hazards models were used to identify the independent prognostic factors. An nN staging system 
considering both the LNM site and count was developed and evaluated by the area under the receiver operating 
characteristic curve (AUC).

Results  In total, 1313 patients were included and split into training (n = 1033) and external validation (n = 280) 
cohorts. There were 342 (26.0%), 568 (43.3%) and 403 (30.7%) patients in groups A, B and C, respectively. The OS of 
patients with pararespiratory and patients with paradigestive LNM presented significant differences in the training 
and validation cohorts (P < 0.050). In the training cohort, LNM site was an independent prognostic factor (hazard ratio: 
1.58, 95% confidence intervals: 1.41–1.77, P < 0.001). The nN staging definition: nN1 (1–2 positive pararespiratory/
paradigestive LNs), nN2 (3–6 pararespiratory LNs or 1 pararespiratory with 1paradigestive LN), nN3 (3–6 LNs with 
≥ 1 paradigestive LN), nN4 (≥ 7 LNs). Subsets of patients with different nN stages showed significant differences in 
OS (P < 0.050). The prognostic model of the nN staging system presented higher performance in the training and 
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Introduction
Esophageal cancer ranks 6th in mortality among all can-
cers with 544, 000 new deaths occurring in 2020 [1]. The 
main prevalent histological type of esophageal cancer is 
esophageal squamous cell carcinoma (ESCC), constitut-
ing 90.0% of cases in China [2]. Lymph node metastasis 
(LNM) is one of the common metastatic routes of ESCC, 
exhibiting characteristics of continuous, bidirectional, 
and skip metastases, which significantly affects survival 
[3, 4]. Accurate node (N) staging is crucial for predicting 
patient prognosis and formulating optimal postoperative 
treatments [5].

The 8th edition American Joint Committee on Can-
cer (AJCC) & The Union for International Cancer Con-
trol (UICC) and the 11th edition of the Japan Esophageal 
Society (JES) tumor-node-metastasis (TNM) staging 
systems for esophageal cancer are widely used in current 
clinical work. However, the definitions of N staging are 
extremely different between the two staging systems. The 
AJCC/UICC TNM system defines the N staging based on 
the count of LNM [6]. In the JES TNM system, there are 
separate N staging criteria for tumors at different loca-
tions, and this staging is defined by the spread of LNM 
rather than the count [7]. To date, studies have reported 
modifications in N staging, mainly in terms of the meta-
static LN ratio (mLNR, metastatic LNs/examined LNs), 
number of positive LN stations, and positive LN station 
ratio (positive LN stations/examined LN stations) [8–10]. 
Nevertheless, no study has investigated the association of 
LNM site with N stage.

A previous study demonstrated that the paraesopha-
geal, paracardial, and left gastric artery LNs presented 
higher metastatic rates than supraclavicular and para-
tracheal LNs [11]. Furthermore, ESCC patients with left 
gastric artery and middle paraesophageal LNM had poor 
overall survival (OS), revealing the potential differences 
in survival based on LNM site [12, 13]. However, it is 
still unclear whether ESCC patients with LNM around 
the respiratory system and digestive system have favor-
able survival outcomes after curative esophagectomy. 
Hence, we first defined pararespiratory and paradigestive 
LN stations on the basis of the 8th edition AJCC/UICC 
system and aimed to investigate the prognoses of patients 
with LNM at the abovementioned sites. In addition, we 
attempted to develop a new N (nN) staging system that 
integrates both the site and count of LNM.

Methods
Study population
This study was a multicenter, retrospective study that 
included ESCC patients with LNM between January 2014 
and December 2019 at three institutes. Patients were 
set in a training cohort (Sichuan University, West China 
Hospital and Affiliated Hospital of North Sichuan Medi-
cal College) and an external validation cohort (Suining 
Central Hospital). The inclusion criteria were as follows. 
(1) primary thoracic ESCC, (2) esophagectomy with LN 
dissection, (3) complete resection (R0) and (4) avail-
able pathological results for LNs. Patients with cervical 
ESCC were excluded from the study because of the lim-
ited cases, and the fact that upper abdominal lymph node 
dissection was not performed. In total, 4095 consecutive 
patients with thoracic ESCC were initially collected. We 
excluded 344 patient who received preoperative neoadju-
vant therapy, 94 with distant metastasis or any concur-
rent primary cancer of other organs, 92 examined less 
than 5 LNs, 2068 with absence of LNM from pathology, 
159 with incomplete clinicopathological records, and 
25 with death in one month after surgery; thus, 1313 
patients were ultimately enrolled for further analysis. 
The flow chart of selection is shown in Fig. 1. The study 
was performed in accordance with the Declaration of 
Helsinki. The Ethics Committees and Review Board 
of the Sichuan University, West China Hospital (No. 
2019 − 632), Affiliated Hospital of North Sichuan Medical 
College (No. 2020ER181-1), and Suining Central Hospi-
tal (No. LLSNCH20200027) approved this study, and the 
need for patient informed consent was obtained.

Surgical procedure
Patients with no contraindications underwent radical 
esophagectomy via left (Sweet) or right (McKeown or 
Ivor-Lewis) esophagectomy approaches depending on 
the tumor location with at least a two-field (thoracic and 
abdominal) lymphadenectomy. We did not perform rou-
tinely cervical LN dissection; only patients with suspi-
cion of LNs involvement in the cervical field assessed by 
the preoperative computed tomography and ultrasound 
underwent three-field LN dissection. The LN stations 
were initially identified by surgeons during the operation 
according to the 8th AJCC/UICC TNM staging system.

validation cohorts at 3-year OS (AUC, 0.725 and 0.751, respectively) and 5-year OS (AUC, 0.740 and 0.793, respectively) 
than the current N staging systems.

Conclusions  Compared to pararespiratory LNM, the presence of paradigestive LNM is associated with worse OS. The 
nN staging system revealed superior prognostic ability than current N staging systems.

Keywords  Esophageal squamous cell carcinoma, Lymph node metastasis, Pararespiratory, Paradigestive
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Definition
Pathological results were reevaluated (Y-SY and S-HJ) 
according to the 8th edition of the AJCC/UICC TNM 
staging system. Meanwhile, pathological tumor stage was 
assessed by JES TNM staging system based on available 
records. Stations 1, 2, 3, 4, 5, 6, 7, 9, and 10 are classi-
fied as pararespiratory LN stations, while stations 8, 15, 
16, 17, 18, 19, and 20 are defined as paradigestive LN sta-
tions (Fig. 2a). The definition was based on their location 
relative to the respiratory and digestive tracts, as well as 
the naming convention in the AJCC/UICC TNM staging 
system. Patients with pararespiratory LNM only, paradi-
gestive LNM only, and both sites were set as groups A, 
B and C, respectively. We tried to develop an nN staging 
system that integrated both the site and count of LNM 
on the basis of 8th AJCC/UICC N staging system. First, 
patients were divided into 9 groups by permutation and 

integration of LNM site (around the respiratory, diges-
tive and both sites) and count (1–2, 3–6 and ≥ 7). Then, 
factorMerger method was performed to combine groups 
with similar distribution of survival curves into the same 
nN staging as previous study reported [14].

Data collection and follow-up
Clinicopathological data included age, sex, preopera-
tive comorbidity, postoperative complications, surgi-
cal approach, tumor location, tumor differentiation (G 
stage), T stage, AJCC/UICC N staging system, AJCC/
UICC TNM staging system, JES N staging system, JES 
TNM staging system, count of examined LNs, and count 
of LNM. After surgery, follow-up was performed every 
1–6 months, and the last follow-up time was conducted 
in July 2021. The overall follow-up duration was calcu-
lated from the date of surgery to the date of last follow-up 

Fig. 1  The flow chart for patient inclusion and exclusion
ESCC, esophageal squamous cell carcinoma; LN, lymph node; LNM, lymph node metastasis
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or death. Patients lost to follow-up were censored at last 
contact.

Statistical analysis
Statistical analyses were performed using IBM SPSS Sta-
tistics (version 25.0 Inc., Chicago, IL, USA) and the R 
programming language (version 4.0.2, Vienna, Austria). 
Clinicopathological data are described using descriptive 
statistics, frequency, and percentages for categorical vari-
ables. Continuous variables are expressed as the median 
(range). The Kaplan − Meier method with the log-rank 
test was used to estimate OS. For the training cohort, 
cox proportional hazards regression and binary logis-
tic regression models were performed to determine the 
prognostic factors and risk factors for LNM site associ-
ated with worse survival, respectively. Only variables in 
the univariate analysis at P < 0.100 were included in the 
multivariate analysis. The odds ratio (OR), hazard ratio 
(HR) and 95% confidence interval (CI) were calculated. 
FactorMerger method with factor merge tree and sur-
vival plot was performed to determine the nN staging 
system in the training cohort. The area under the receiver 
operating characteristic curve (AUC) was used to investi-
gate the predictive ability of different staging systems for 
3- and 5-year OS in the training and validation cohorts. 
A P value < 0.050 was considered statistically significant.

Results
Clinicopathological characteristics
In total, 1313 patients (1060 male and 253 female) with a 
median age of 62 years (range: 37–81) were divided into 
a training cohort (n = 1033) and an external validation 
cohort (n = 280). There were 342 (26.0%), 568 (43.3%) and 
403 (30.7%) patients in group A, group B and group C, 
respectively. The right surgical approach was performed 
in more than half of the cohorts (716, 54.5%). Most 
tumors originated from the middle portion of the esoph-
agus (749, 57.0%), followed by the lower portion (440, 
33.5%). Among all patients, 157 (12.0%), 602 (45.8%), 
and 554 (42.2%) cases were located at G1, G2 and G3, 
respectively. Tumor infiltration depth was predominantly 
at T2 and T3 in 341 (26.0%) and 601 (45.8%) patients, 
respectively. In our study, the majority of patients (991, 
75.5%) had AJCC/UICC stage III disease. When the JES 
TNM staging system was applied, 928 (70.7%) patients 
had stage III disease. More detailed clinicopathologic 
information is shown in Table  1. Additionally, base-
line characteristics for Group A, B and C in the training 
and validation cohort were showed in Supplementary 
Tables 1 and 2.

Fig. 2  Distribution of LN stations and survival curves for LNM site
a, Distribution of LN stations. b, Survival curve for LNM site in the training cohort (A vs. B: P = 0.027, A vs. C: P < 0.001, B vs. C: P < 0.001). c, Survival curve for 
LNM site in the validation cohort (A vs. B: P = 0.001, A vs. C: P < 0.001, B vs. C: P < 0.001). Group A, patients with pararespiratory LNM only; Group B, patients 
with paradigestive LNM only; Group C, patients with pararespiratory and paradigestive LNM both; LN, lymph node; LNM, lymph node metastasis; NR, not 
report
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Table 1  Clinicopathological features of ESCC patients
Variables No. of patients (%)/ Median (range) P value

All Cohort Training Cohort Validation Cohort
Sex 0.614
  Male 1060 (80.7) 831 (80.4) 229 (81.8)

  Female 253 (19.3) 202 (19.6) 51 (18.2)

Age (years) 62 (37–81) 62 (37–81) 62 (40–79) 0.954
Preoperative comorbidity 0.066
  Yes 794 (60.5) 638 (61.8) 156 (55.7)

  No 519 (39.5) 395 (38.2) 124 (44.3)

Postoperative complications < 0.001
  Yes 355 (27.0) 256 (24.8) 99 (35.4)

  No 958 (73.0) 777 (75.2) 181 (64.6)

Surgical approach 0.560
  Left 597 (45.5) 474 (45.9) 123 (43.9)

  Right 716 (54.5) 559 (54.1) 157 (56.1)

Location 0.193
  Upper 124 (9.4) 92 (8.9) 32 (11.4)

  Middle 749 (57.0) 584 (56.5) 165 (58.9)

  Lower 440 (33.5) 357 (34.6) 83 (29.6)

G stage < 0.001
  G1 157 (12.0) 114 (11.0) 43 (15.4)

  G2 602 (45.8) 445 (43.1) 157 (56.1)

  G3 554 (42.2) 474 (45.9) 80 (28.6)

T stage < 0.001
  T1 196 (14.9) 126 (12.2) 70 (25.0)

  T2 341 (26.0) 220 (21.3) 121 (43.2)

  T3 601 (45.8) 527 (51.0) 74 (26.4)

  T4 175 (13.3) 160 (15.5) 15 (5.4)

LNM site 0.030
  Group A 342 (26.0) 277 (26.8) 65 (23.2)

  Group B 568 (43.3) 457 (44.2) 111 (39.6)

  Group C 403 (30.7) 299 (28.9) 104 (37.1)

AJCC/UICC N staging system 0.025
  N1 822 (62.6) 660 (63.9) 162 (57.9)

  N2 358 (27.3) 280 (27.1) 78 (27.9)

  N3 133 (10.1) 93 (9.0) 40 (14.3)

AJCC/UICC TNM staging system 0.001
  IIB 141 (10.7) 94 (9.1) 47 (16.8)

  III 991 (75.5) 799 (77.3) 192 (68.6)

  IVA 181 (13.8) 140 (13.6) 41 (14.6)

JES N staging system 0.290
  N1 538 (41.0) 413 (40.0) 125 (44.6)

  N2 600 (45.7) 478 (46.3) 122 (43.6)

  N3 127 (9.7) 100 (9.7) 27 (9.6)

  N4 48 (3.7) 42 (4.1) 6 (2.1)

JES TNM staging system < 0.001
  II 337 (25.7) 220 (21.3) 117 (41.8)

  III 928 (70.7) 771 (74.6) 157 (56.1)

  IVa 48 (3.6) 42 (4.1) 6 (2.1)

The count of examined LNs 17 (5–86) 18 (5–86) 12 (5–40) < 0.001
The count of LNM 2 (1–47) 2 (1–47) 2 (1–16) 0.104
ESCC, esophageal squamous cell carcinoma; Group A, patients with pararespiratory LNM only; Group B, patients with paradigestive LNM only; Group C, patients with 
pararespiratory and paradigestive LNM both; AJCC/UICC, American Joint Committee on Cancer & The Union for International Cancer Control; JES, Japan Esophagus 
Society; LNM, lymph node metastasis; LN, lymph node



Page 6 of 10Tian et al. BMC Cancer          (2023) 23:695 

LNM status
In all cohorts, the median number of involved and exam-
ined LNs were 2 (range: 1–47) and 17 (range: 5–86), 
respectively. The dominant stations of involved LNs were 
found at stations 8, 16 and 17, 2 and 7 with metastatic 
rates of 39.1%, 29.7%, 29.0%, 26.5% and 23.2%, respec-
tively (Supplementary Fig.  1a). The total frequency of 
LNM observed around the respiratory and digestive sys-
tems was 931 vs. 1478. In addition, stations 1, 2, 8, 16 and 
17 had higher mLNRs of 26.5%, 33.7%, 22.4%, 19.4% and 
18.4%, respectively (Supplementary Fig.  1b). The total 
number of LNMs observed around the respiratory and 
digestive systems were 1455 and 2392, respectively.

Overall survival
The median follow-up duration was 54 (range: 1–85) 
months. In the training cohort, the OS was significantly 
different among groups A, B and C, with median sur-
vival times of 40, 30 and 17 months, respectively (A vs. 
B: P = 0.014, A vs. C: P < 0.001, B vs. C: P < 0.001, Fig. 2b). 
In addition, a significant difference was also found in the 
validation cohort (A vs. B: P = 0.001, A vs. C: P < 0.001, 
B vs. C: P < 0.001, Fig.  2c). The subsets of patients in 
the training cohort based on AJCC/UICC staging (N1, 
N2 and N3) showed significant differences in OS (all 
P < 0.050, Supplementary Fig. 2a). When the JES N stag-
ing system was applied, patients with N1 disease were 
found to have better OS than those with N2, N3 and N4 
disease (all P < 0.050), while no significant difference was 
observed among patients with N2, N3 and N4 disease 
(Supplementary Fig. 2b). Considering that most patients 
were in the TNM stage III (both the AJCC/UICC and JES 
staging systems), we further performed stratified analy-
ses and found that patients with paradigestive LNM had 
poorer OS than those with pararespiratory LNM (all 
P < 0.050, Supplementary Fig. 3).

Prognostic factors for overall survival in the training cohort
In the univariate analysis, the sex, preoperative comor-
bidities, postoperative complications, surgical approach, 
G stage, T stage, and LNM site were associated with OS 
(all P < 0.050). However, only male patients (HR 0.74, 95% 
CI 0.60–0.92, P = 0.007), postoperative complications (HR 
1.34, 95% CI 1.11–1.61, P = 0.002), advanced T stage (HR 
1.32, 95% CI 1.19–1.46, P < 0.001) and at least paradiges-
tive LNM (HR 1.58, 95% CI 1.41–1.77, P < 0.001) were 
independent adverse prognostic factors in the multivari-
ate analysis (Table 2).

Risk factors for paradigestive LNM in training cohort
Because paradigestive LNM resulted in worse progno-
ses, we further evaluated the risk factors for paradigestive 
LNM. In the univariate analysis, LNM around the diges-
tive system showed significant associations with age, sur-
gical approach, tumor location, and T stage (P < 0.050). 
After adjusting for significant clinical variables, the 
multivariable analysis revealed that younger age (OR 
0.98, 95% CI 0.96-1.00, P = 0.020), left surgical approach 
(OR 0.50, 95% CI 0.36–0.70, P < 0.001) and tumor in the 
middle or lower esophagus (OR 2.84, 95% CI 2.16–3.74, 
P < 0.001) were independent risk factors for paradigestive 
LNM (Supplementary Table 3).

The nN staging system
Considering the importance of the site and count of 
LNM, we integrated both criteria and developed a nN 
staging system based on merging path plot and survival 
plot in the training cohort (Fig.  3a). Briefly, the subsets 
of nN staging were defined as follows. nN1: 1–2 positive 
pararespiratory LNs or paradigestive LNs; nN2: 3–6 posi-
tive pararespiratory LNs or 1 positive pararespiratory LN 
with 1 paradigestive LN; nN3: at least one in 3–6 posi-
tive paradigestive LNs; and nN4: 7 or more positive LNs 
regardless of site (Fig.  3b). There were 563 (54.5%), 147 
(14.2%), 230 (22.3%), and 93 (9.0%) patients with stage 

Table 2  Univariate and multivariate analyses of overall survival in training cohort
Variables Univariate Multivariate

HR (95% CI) P value HR (95% CI) P 
value

Sex (male/female) 0.73 (0.59–0.90) 0.003 0.74 (0.60–0.92) 0.007

Age (mean) 1.00 (0.99–1.01) 0.703

Preoperative comorbidity (yes/no) 1.18 (1.01–1.40) 0.039 1.07 (0.91–1.27) 0.418

Postoperative complications (yes/no) 1.25 (1.00-1.49) 0.017 1.34 (1.11–1.61) 0.002

Surgical approach (left/right) 0.85 (0.73-1.00) 0.046 0.94 (0.80–1.10) 0.430

Location (upper/middle/lower) 1.05 (0.93–1.20) 0.427

G stage (G1/G2/G3) 1.18 (1.05–1.33) 0.008 1.13 (0.99–1.27) 0.063

T stage (T1/T2/T3/T4) 1.42 (1.29–1.57) < 0.001 1.32 (1.19–1.46) < 0.001

LNM site (A/B/C) 1.64 (1.47–1.84) < 0.001 1.58 (1.41–1.77) < 0.001
HR, hazard ratio; CI, confidence interval; AJCC/UICC, American Joint Committee on Cancer & The Union for International Cancer Control; JES, Japan Esophagus 
Society; Group A, patients with pararespiratory LNM only; Group B, patients with paradigestive LNM only; Group C, patients with pararespiratory and paradigestive 
LNM both; LNM, lymph node metastasis
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nN1, nN2, nN3, and nN4 disease, respectively. The nN 
staging system was presented as an independent prog-
nostic factor in the multivariate Cox model analyses of 
OS (HR 1.59, 95% CI 1.48–1.71, P < 0.001, Supplemen-
tary Table  4). OS was significantly different among the 
above four groups, with the median survival times of 47, 
33, 20 and 12 months, respectively (all P < 0.050, Fig. 3c). 
The validation cohort also showed a significant differ-
ence in OS between subsets of the nN staging system (all 
P < 0.050, Fig. 3d).

We further estimated the ability of the proposed nN 
staging system versus the current AJCC/UICC and JES N 

staging systems to predict survival. The AUCs of the 3- 
and 5-year Cox models are shown in Table 3. Briefly, the 
nN staging system demonstrated superior performance 
compared to the AJCC/UICC N staging and JES N stag-
ing systems at both 3-year OS (AUC, 0.725 vs. 0.716 and 
0.648) and 5-year OS (AUC, 0.740 vs. 0.727 and 0.649) 
in the training cohort. Meanwhile, in external validation 
cohort, the nN staging system showed a better predic-
tive accuracy than the other two N staging systems at 
3-year OS (AUC, 0.751 vs. 0.741 and 0.741) and 5-year 
OS (AUC, 0.793 vs. 0.786 and 0.765).

Discussion
In this study, we first proposed pararespiratory and para-
digestive LN stations, evaluated the survival of patients 
with LNM at the above two different sites, and developed 
a nN staging system for accurate OS prediction with 
external validation. The following findings were revealed. 
(a) Patients with paradigestive LNM had worse OS than 
those with pararespiratory LNM in both the training and 
validation cohorts. (b) LNM site was confirmed as an 
independent prognostic factor for OS. (c) We developed a 
nN staging system with four subsets that integrated both 
the site and count of LNM, and found that it predicted 
significantly different OS for patients. (d) Compared to 
the current AJCC/UICC and JES N staging systems, the 
nN staging system demonstrated higher performance in 

Table 3  Area under the curve of the 3- and 5-year prognostic 
models based on different stagings
Staging systems 3-year 5-year

AUC 95% CI AUC 95% CI
Training cohort

  AJCC/UICC N staging system 0.716 0.69–0.76 0.727 0.71–0.77

  JES N staging system 0.648 0.63–0.69 0.649 0.64–0.71

  nN staging system 0.725 0.69–0.76 0.740 0.71–0.77

Validation cohort

  AJCC/UICC N staging system 0.741 0.70–0.82 0.786 0.72–0.83

  JES N staging system 0.741 0.67–0.80 0.765 0.66–0.78

  nN staging system 0.751 0.72–0.83 0.793 0.74–0.85
AUC, area under the curve; CI, confidence interval; AJCC/UICC, American Joint 
Committee on Cancer & The Union for International Cancer Control; JES, Japan 
Esophagus Society

Fig. 3  Factor merger tree with survival plot, definition of nN staging system and Survival curves
a, Factor merger tree and survival plot. b, Definition of nN staging system. c, Survival curve for nN staging system in the training cohort (all P < 0.001). d, 
Survival curve for nN staging system in the validation cohort (nN1 vs. nN2: P = 0.042, nN1 vs. nN3: P < 0.001, nN1 vs. nN4: P < 0.001, nN2 vs. nN3: P = 0.039, 
nN2 vs. nN4: P < 0.001, nN3 vs. nN4: P = 0.031). AJCC/UICC, American Joint Committee on Cancer & The Union for International Cancer Control; LNM, lymph 
node metastasis; LN, lymph node
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predicting 3- and 5-year OS, and was well validated in an 
external cohort.

Abundant longitudinal and transverse lymphatic net-
works constitute the lymphatic drainage system of the 
esophagus, providing an anatomical basis for LNM [15]. 
A systematic review and meta-analysis revealed that the 
most prevalent LNM sites in patients with ESCC were 
around paraesophageal and abdominal regions, possibly 
related to the primary site of the esophageal tumor [16]. 
In this study, the majority of involved LNs were located 
around the digestive system, which is consistent with the 
results of the meta-analysis.

Considering the potential differences in the clinico-
pathological significance of LNM at different sites, we 
further analyzed the OS of patients with LNM at differ-
ent sites. Patients with paradigestive LNM had a worse 
survival than those with pararespiratory LNM in both 
the training and validation cohorts, which might indi-
cate a higher malignancy rate in the former group. Pre-
vious studies have reported the prognoses of patients 
with LNM at various stations, but controversy remains. 
Liu et al. [13] and Ma et al. [17] reported that patients 
with subcarinal LNM had a worse OS than those with 
paraesophageal and left gastric artery LNM. In contrast, 
Hong and colleagues [12] reported that the 5-year sur-
vival rate of patients with paraesophageal LNM was sig-
nificantly lower than that of patients with LNM around 
the recurrent laryngeal nerve and subcarinal nerve. The 
aforementioned controversies may result from the differ-
ences in research purpose, inclusion criteria and sample 
size. In addition to certain LN stations, previous studies 
have combined LN stations for further evaluation. Lin et 
al. [18] verified that the dominant LN stations (stations 
1, 2, 8 and 16) of their cohort could better predict sur-
vival outcomes than nondominant LN stations in ESCC 
patients after surgery. The definition of dominant LN 
stations may vary across different institutes due to the 
patient’s inclusion criteria and lymphadenectomy region 
during surgery. Furthermore, they enrolled patients with 
cervical ESCC (28 cases in cervical and upper thoracic 
ESCC, accounting for 10.8%) which often presented more 
cervical LNM and led to an overestimation of station 1 
metastasis, while only thoracic ESCC was included in our 
current study.

Recently, a large cohort by Harada and colleagues [19] 
assessed the prognostic influence of paratracheal LNM. 
They defined paratracheal LNs as stations 1, 2, and 4 
according to the 8th AJCC/UICC staging system and 
found that paratracheal LNM was associated with shorter 
survival in resectable patients. However, they focused on 
esophageal adenocarcinoma and gastroesophageal junc-
tion adenocarcinoma, which may be pathophysiologically 
different from ESCC. In our study, we tried to extend the 
range of definitions as pararespiratory LNs and proposed 

the definition of paradigestive LNs which achieved sat-
isfying results. Further analysis demonstrated that LNM 
site (paradigestive LNM/pararespiratory LNM) is an 
independent prognostic factor, and patients with paradi-
gestive LNM had worse survival outcomes.

To our knowledge, previous studies have reported that 
age is not associated with LNM sites at stations 8 and 16 
(8th AJCC/UICC staging system) [12, 13]. In this study, 
we revealed that younger patients were more likely to 
present paradigestive LNM. The reasons for this obser-
vation may include the higher tumor aggressiveness and 
baseline characteristics of younger patients in the current 
study. A majority of tumors in the younger patient (< 62 
years, median) were located in the middle and lower tho-
racic esophagus (308/335), which consequently increases 
the risk of paradigestive LNM. Moreover, patients with 
ESCC originating from the middle and lower esophagus 
showed a higher rate of paradigestive LNM in the current 
cohort. This result is in accordance with Tachimori et al. 
[20] who found that more positive LNs were located in 
the perigastric and celiac regions, due to direct infiltra-
tion of tumors at the middle-lower esophagus. Interest-
ingly, patients who underwent the left approach (sweet 
thoracotomy) in our study more frequently showed 
paradigestive LNM. This may be because of the limited 
examination of LNs located in the upper mediastinum 
when using the sweet thoracotomy [21, 22]. The parares-
piratory LNM (23.4%) by the left approach may be under-
estimated, leading to a higher rate of paradigestive LNM 
(76.6%) (Supplementary Table 5).

Previous studies have reported that the N staging strat-
egy in the 8th AJCC/UICC staging system sometimes 
fails to discriminate survival outcomes between N2 and 
N3 stage patients [8, 23, 24]. Therefore, there are ongoing 
efforts to refine the current N staging system to predict 
survival. However, the advantages are limited, and con-
sensus has not been achieved. Ning et al. [8] and Peng et 
al. [11] reported that modified N categories based on the 
number of positive LN stations could better predict sur-
vival than the AJCC/UICC staging system. The rationale 
of using LN stations for a better prognostic prediction 
may help to limit imprecise LN calculations for multi-
nodular fusion [25, 26]. Moreover, Fu and colleagues [9] 
revealed that the LN station ratio (number of positive LN 
stations/examined LN stations) category had superior 
predictive ability relative to the 8th AJCC/UICC N stag-
ing system. Recently, Zhang et al. [10] proposed the feasi-
bility of modified N staging based on the ratio of positive 
to negative LNs. However, extended LN dissection would 
decrease the ratio and result in overestimation of sur-
vival. The JES N staging system seems more practically 
adaptable in describing the spread of esophageal cancer 
at different locations but failed to well predict survival in 
the current study and no revision based on JES N staging 
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system has been proposed [27]. Moreover, Kunisaki et al. 
[28] reported that the number of LNMs was more signifi-
cant for the survival outcomes than the sites.

In our study, both the LNM site and the AJCC/UICC 
N staging system (the count of LNM-based) were dem-
onstrated to be ideal classifiers, although the two cat-
egorization principles were extremely different. We 
hypothesized that there might be more benefit from the 
integration of both classifiers and developed a nN stag-
ing system on the basis of the site and count of LNM. 
Our current proposal is extremely different from previ-
ous studies investigating the number of positive LN sta-
tions and mLNR [9, 11, 24]. Both our nN staging system 
and theirs presented a better or similar predictive perfor-
mance compared to AJCC/UICC or JES N staging sys-
tems. However, our system is more comprehensive and 
convincing and has been validated in an external cohort.

The current study has several limitations that should 
be mentioned. First, this was a retrospective study with 
inevitable selection bias. Current findings should be fur-
ther validated by a randomized controlled trial. Second, 
because the LN stations were identified during surgery 
according to the 8th AJCC/UICC TNM staging system, 
there may be errors in the reassessed JES N staging based 
on the available pathology reports. Third, some LN sta-
tions (stations 5, 6, 9) may be equivocal when defined as 
pararespiratory LNs in our study. Considering the small 
case number (15, 4, 45, respectively) and low LNM rate 
(1.1%, 0.3%, 3.4%, respectively), the results may not be 
affected by these stations. Lastly, future studies should 
consider including N0 patients to enhance the compre-
hensiveness and validation of the new N staging system.

Conclusion
Our study is the first to report that the site of LNM is 
an independent prognostic factor and that patients with 
paradigestive LNM showed a worse OS than those with 
pararespiratory LNM. We developed a nN staging sys-
tem according to the site and count of LNM, and the 
proposed nN staging system showed superior prognostic 
ability when compared to the 8th AJCC/UICC and 11th 
JES N staging systems, potentially providing an addi-
tional reference when formulating future guidelines for N 
staging.

Abbreviations
AJCC	� The American Joint Committee on Cancer
AUC	� Area under the receiver operating characteristic curve
CI	� Confidence interval
ESCC	� Esophageal squamous cell carcinoma
HR	� Hazard ratio
JES	� The Japan Esophageal Society
LN	� Lymph node
LNM	� Lymph node metastasis
mLNR	� Metastatic lymph node ratio
nN	� Novel N
OR	� Odds ratio

OS	� Overall survival
TNM	� Tumor-node-metastasis
UICC	� The Union for International Cancer Control.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-023-11055-2.

Supplementary Material 1

Acknowledgements
We would also like to thank the American Journal Experts for editing the 
English text of a draft of this manuscript.

Authors’ contributions
D.T. and K.Y.J. made substantial contributions to the conception and design of 
the work, data interpretation, and draft of the manuscript. Y.S.Y., H.J.Y, R.X.Y. and 
H.H. contributed to data analysis. Y.S.Y. and S.H.J. contributed to pathological 
re-stage. H.N.Z., H.Y.W and L.Q.C. supervised this research. All authors read and 
approved the final manuscript.

Funding
This study had no funding sources.

Data Availability
The datasets used or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki. The 
Ethics Committees and Review Board of the Sichuan University, West China 
Hospital (No. 2019 − 632), Affiliated Hospital of North Sichuan Medical College 
(No. 2020ER181-1), and Suining Central Hospital (No. LLSNCH20200027) 
approved this study, and the need for patient informed consent was obtained.

Consent for publication
Consent for publication is not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Thoracic Surgery, West China Hospital, Sichuan University, 
37 Guoxue Alley, Chengdu 610041, China
2Department of Cardiothoracic Intensive Care Unit, Affiliated Hospital of 
North Sichuan Medical College, Nanchong 637000, China
3Department of Surgery, Tohoku University Graduate School of Medicine, 
Sendai 980-8575, Japan
4College of Medical Imaging, North Sichuan Medical College,  
Nanchong 637000, China
5Department of Thoracic Oncology, Cancer Center, West China Hospital, 
Sichuan University, Chengdu 610041, China
6Department of Pathology, Affiliated Hospital of North Sichuan Medical 
College, Nanchong 637000, China
7Department of Thoracic Surgery, Suining Central Hospital,  
Suining 629000, China

Received: 12 November 2022 / Accepted: 10 June 2023

References
1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and 

https://doi.org/10.1186/s12885-023-11055-2
https://doi.org/10.1186/s12885-023-11055-2


Page 10 of 10Tian et al. BMC Cancer          (2023) 23:695 

mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

2.	 Yang J, Liu X, Cao S, Dong X, Rao S, Cai K. Understanding esophageal 
Cancer: the Challenges and Opportunities for the Next Decade. Front Oncol. 
2020;10:1727.

3.	 Sun X, Niwa T, Ozawa S, Endo J, Hashimoto J. Detecting lymph node metasta-
sis of esophageal cancer on dual-energy computed tomography. Acta Radiol 
2020:284185120980144.

4.	 Shang QX, Yang YS, Xu LY, Yang H, Li Y, Li Y, Wu ZY, Fu JH, Yao XD, Xu XE, 
et al. Prognostic role of nodal skip metastasis in thoracic esophageal 
squamous cell carcinoma: a large-scale multicenter study. Ann Surg Oncol. 
2021;28(11):6341–52.

5.	 Napier KJ, Scheerer M, Misra S. Esophageal cancer: a review of epidemiology, 
pathogenesis, staging workup and treatment modalities. World J Gastrointest 
Oncol. 2014;6(5):112–20.

6.	 Rice TW, Ishwaran H, Ferguson MK, Blackstone EH, Goldstraw P. Cancer of the 
Esophagus and Esophagogastric Junction: an Eighth Edition staging primer. J 
Thorac Oncol. 2017;12(1):36–42.

7.	 Japan Esophageal S. Japanese classification of Esophageal Cancer, 11th Edi-
tion: part I. Esophagus. 2017;14(1):1–36.

8.	 Ning ZH, Wang ZG, Chen J, Li XD, Chen LJ, Xu B, Gu WD, Shao YJ, Xu Y, Huang 
J, et al. Proposed modification of nodal staging as an alternative to the sev-
enth edition of the american joint committee on cancer tumor-node-metas-
tasis staging system improves the prognostic prediction in the resected 
esophageal squamous-cell carcinoma. J Thorac Oncol. 2015;10(7):1091–8.

9.	 Fu X, Liu Q, Luo K, Wen J, Yang H, Hu Y, Wang X, Lin P, Fu J. Lymph node 
station ratio: revised nodal category for resected esophageal squamous cell 
carcinoma patients. J Surg Oncol. 2017;116(7):939–46.

10.	 Zhang J, Li H, Zhou L, Yu L, Che F, Heng X. Modified nodal stage of esopha-
geal cancer based on the evaluation of the hazard rate of the negative and 
positive lymph node. BMC Cancer. 2020;20(1):1200.

11.	 Peng J, Wang WP, Dong T, Cai J, Ni PZ, Chen LQ. Refining the nodal staging for 
esophageal squamous cell carcinoma based on lymph node stations. Ann 
Thorac Surg. 2016;101(1):280–6.

12.	 Hong H, Jie H, Liyu R, Zerui C, Borong S, Hongwei L. Prognostic significance 
of middle paraesophageal lymph node metastasis in resectable esophageal 
squamous cell carcinoma: a STROBE-compliant retrospective study. Med 
(Baltim). 2019;98(43):e17531.

13.	 Liu X, Wu L, Zhang D, Lin P, Long H, Zhang L, Ma G. Prognostic impact of 
lymph node metastasis along the left gastric artery in esophageal squamous 
cell carcinoma. J Cardiothorac Surg. 2021;16(1):124.

14.	 Sitko A, Biecek P. The merging path plot: adaptive fusing of k-groups with 
likelihood-based model selection. In.; 2017: arXiv:1709.04412.

15.	 Wang Y, Zhu L, Xia W, Wang F. Anatomy of lymphatic drainage of the esopha-
gus and lymph node metastasis of thoracic esophageal cancer. Cancer 
Manag Res. 2018;10:6295–303.

16.	 Hagens ERC, van Berge Henegouwen MI, Gisbertz SS. Distribution of Lymph 
Node Metastases in Esophageal Carcinoma Patients undergoing upfront 
surgery: a systematic review. Cancers (Basel) 2020, 12(6).

17.	 Ma H, Li Y, Ding Z, Liu X, Xu J, Qin J. The clinical significance of subcarinal 
lymph node dissection in the radical resection of oesophageal cancer. Inter-
act Cardiovasc Thorac Surg. 2013;16(6):839–43.

18.	 Lin Z, Chen W, Chen Y, Peng X, Zhu K, Lin Y, Lin Q, Hu Z. A new classification of 
lymph node metastases according to the lymph node stations for predicting 
prognosis in surgical patients with esophageal squamous cell carcinoma. 
Oncotarget. 2016;7(46):76261–73.

19.	 Harada K, Hwang H, Wang X, Abdelhakeem A, Iwatsuki M, Blum Murphy MA, 
Maru DM, Weston B, Lee JH, Rogers JE, et al. Frequency and implications of 
Paratracheal Lymph Node Metastases in Resectable Esophageal or Gastro-
esophageal Junction Adenocarcinoma. Ann Surg. 2021;273(4):751–7.

20.	 Tachimori Y, Ozawa S, Numasaki H, Matsubara H, Shinoda M, Toh Y, Udagawa 
H, Fujishiro M, Oyama T, Uno T, et al. Efficacy of lymph node dissection by 
node zones according to tumor location for esophageal squamous cell 
carcinoma. Esophagus. 2016;13:1–7.

21.	 Fujita H. Ways and tradition of Japan in esophageal surgery for cancer. Gen 
Thorac Cardiovasc Surg. 2020;68(10):1187–92.

22.	 Ma GW, Situ DR, Ma QL, Long H, Zhang LJ, Lin P, Rong TH. Three-field vs two-
field lymph node dissection for esophageal cancer: a meta-analysis. World J 
Gastroenterol. 2014;20(47):18022–30.

23.	 Yamasaki M, Miyata H, Miyazaki Y, Takahashi T, Kurokawa Y, Nakajima K, 
Takiguchi S, Mori M, Doki Y. Evaluation of the nodal status in the 7th edition 
of the UICC-TNM classification for esophageal squamous cell carcinoma: 
proposed modifications for improved survival stratification: impact of lymph 
node metastases on overall survival after esophagectomy. Ann Surg Oncol. 
2014;21(9):2850–6.

24.	 Yuan Y, Hong HG, Zeng X, Xu LY, Yang YS, Shang QX, Yang H, Li Y, Li Y, Wu 
ZY, et al. Lymph node station-based nodal staging system for esophageal 
squamous cell carcinoma: a large-scale multicenter study. Ann Surg Oncol. 
2019;26(12):4045–52.

25.	 Peng J, Wang WP, Yuan Y, Wang ZQ, Wang Y, Chen LQ. Adequate lymphad-
enectomy in patients with oesophageal squamous cell carcinoma: resecting 
the minimal number of lymph node stations. Eur J Cardiothorac Surg. 
2016;49(5):e141–146.

26.	 Guo X, Mao T, Gu Z, Ji C, Fang W. Clinical study on postoperative recurrence 
in patients with pN1 esophageal squamous cell carcinoma. Thorac Cancer. 
2015;6(2):146–50.

27.	 Udagawa H, Ueno M. Comparison of two major staging systems of esopha-
geal cancer-toward more practical common scale for tumor staging. Ann 
Transl Med. 2018;6(4):76.

28.	 Kunisaki C, Makino H, Kimura J, Oshima T, Fujii S, Takagawa R, Kosaka T, Ono 
HA, Akiyama H. Impact of lymph-node metastasis site in patients with tho-
racic esophageal cancer. J Surg Oncol. 2010;101(1):36–42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Pararespiratory and paradigestive lymph node metastases in esophageal squamous cell carcinoma: predicting survival and refining the N staging system
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study population
	﻿Surgical procedure
	﻿Definition
	﻿Data collection and follow-up
	﻿Statistical analysis

	﻿Results
	﻿Clinicopathological characteristics
	﻿LNM status
	﻿Overall survival
	﻿Prognostic factors for overall survival in the training cohort
	﻿Risk factors for paradigestive LNM in training cohort
	﻿The nN staging system

	﻿Discussion
	﻿Conclusion
	﻿References


