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Patterns of regional lymph node metastasis predict postoperative
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Background: Lymph nodal characteristics are highly significant in predicting the survival of patients with
esophageal squamous cell carcinoma (ESCC). However, there is currently a scarcity of studies examining
their role in locally advanced ESCC. In the present study, we attempted to depict the patterns of regional
lymph node metastasis and investigate their predictive potential in locally advanced ESCC.

Methods: Patients with locally advanced ESCC underwent esophagectomy at the Department of Thoracic
Surgery, The First Affiliated Hospital of Shantou University Medical College were included. Kaplan-Meier
curve was used to compare the survival differences between groups. Cox regression was constructed to screen
the independent risk factors.

Results: A total of 439 patients were included. We identified 10% as the optimal cutoff value for positive
lymph node ratio (PLNR) with X-tile software. Statistically significant differences were found in both overall
survival (OS, P<0.001) and disease-free survival (DFS, P<0.001) among different PLNR groups. PLNR
[hazard ratio (HR): 1.85, P<0.001] and metastatic lymph nodes along the left gastric artery (HR: 1.63,
P=0.02) were the independent prognostic factors for OS. While PLNR (HR: 1.77, P<0.001) and metastatic
total main bronchus lymph nodes (HR: 2.78, P=0.047) were the independent prognostic factors for DFS.
Conclusions: We discovered that higher PLNR is associated with poorer OS and DFS of locally advanced
ESCC. The lymph nodes along the left gastric artery and the total main bronchus lymph nodes were
independent prognosticators for OS and DFS, respectively.
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Introduction (ESCC) (2). Despite advances in therapeutic strategies, the
prognosis of EC remained poor (3). Surgery is the primary
mainstream treatment modality for locally advanced
related death in the world (1). In China, the predominant ESCC. However, postoperative locoregional recurrences

type of EC is esophageal squamous cell carcinoma and distant metastasis remains a considerably heavy tumor

Esophageal cancer (EC) is the sixth leading cause of cancer-
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burden, which results in dismal overall survival (OS) (4,5)
and quality of life (6).

Postoperative positive lymph node number is of great
significance in predicting OS of ESCC patients (7).
Moreover, the total number of resected lymph nodes
(TLNs), representative of the extent of lymphadenectomy,
was also shown to be an important prognosticator for
surgically resected ESCC (8). The researchers further
integrated these two nodal characteristics by calculating
the ratio of number of metastatic nodes to the number
of resected nodes and named it positive lymph node
ratio (PLNR) (9-11). Previous studies have explored
the prognostic significance of PLNR in EC (12-14).
In addition, the distribution of metastatic lymph nodes
may be associated with the various biological features of
the primary tumor (15). Differences in the location of
metastatic lymph nodes were also reported as a prognostic
factor for ESCC (16). However, there is currently limited
research dedicated to examining the impact of lymph node-
related characteristics on locally advanced ESCC.

The current study set out to investigate the association
between the lymph node-related characteristics and
prognosis of locally advanced ESCC patients. In addition,
we attempted to depict the patterns of regional lymph
node metastasis and investigate their predictive ability in
assessing postoperative recurrence and distant metastasis.

Highlight box

Key findings

* Positive lymph node ratio (PLNR) is associated with poorer overall
survival (OS) and disease-free survival (DFS) in patient with locally
advanced esophageal squamous cell carcinoma (ESCC).

* The lymph nodes along the left gastric artery and the total main
bronchus lymph nodes were independent prognosticators for OS
and DFS in patients with locally advance ESCC, respectively.

What is known and what is new?

¢ Lymph nodal characteristic is highly significant in predicting the
survival of patients with esophageal squamous cell carcinoma.

® In this study, we discovered that the PLNR and specific lymph
node metastasis, such as lymph nodes along the left gastric artery
and the total main bronchus lymph nodes, hold independent
prognostic significance for the survival of patients with locally
advanced ESCC.

What is the implication, and what should change now?

¢ Considering additional lymph node features, such as PLNR and
specific lymph node metastasis, can contribute to predicting the
prognosis of patients with locally advanced ESCC.
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We present this article in accordance with the STROBE
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-23-976/rc).

Methods
Study design and patient characteristics

This study was a single-center, retrospective study. A
prospectively maintained database of patients with locally
advanced ESCC who underwent esophagectomy between
January 2010 and November 2019 at the Department
of Thoracic Surgery, The First Affiliated Hospital of
Shantou University Medical College was reviewed. The
patients were enrolled according to the following criteria:
(I) pathologically confirmation of ESCC and underwent
esophagectomy; (II) ESCC was the primary malignancy;
(III) complete and retrievable clinical records. Patients with
esophageal adenocarcinoma/adenosquamous carcinoma,
M1 disease before surgery, and incomplete medical records
which hamper the statistical analyzes were excluded. A
flowchart of the study design is shown in Figure 1. The
study protocol was approved by the ethics committee of
The First Affiliated Hospital of Shantou University Medical
College (KY-N0.2020-094). The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). As a retrospective study, the need for informed
consent was waived by the institutional review board.

Surgery and pathological examination

A radical subtotal esophagectomy with lymphadenectomy
was performed in all the enrolled patients. During
operation, all dissected lymph nodes stations were identified
in individually labeled specimen jars before pathological
examination. The surgical specimens were further made
into hematoxylin and eosin slides and reviewed by two
pathologists independently. The pathologists were blinded
to each other’s pathological report. The metastatic situation
of the following lymph nodes was examined and recorded:
cervical lymph nodes, right/left/total recurrent nerve lymph
nodes, upper/middle/lower/total thoracic paraesophageal
lymph nodes, subcarinal lymph nodes, right/left/total
main bronchus lymph nodes, paracardial lymph nodes,
lesser/greater curvature lymph nodes, paragastric lymph
nodes, lymph nodes along the left gastric artery, lymph
nodes along the common hepatic artery, lymph nodes
along the abdominal aorta. Criteria for lymph node station
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Assessment for eligibility
Include (n=478):

carcinoma patients who underwent esophagectomy

(Ill) Complete and retrievable clinical records

() Pathologically confirmation of esophageal squamous cell

(Il) Esophageal cancer diagnosed as the primary malignancy
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() Esophageal adenocarcinoma/adenosquamous

Y
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\
| Statistical analysis (n=439) |

\d

Depiction of lymph node metastasis
patterns (n=439)

> carcinoma (n=21)
(Il) Metastatic disease before surgery (n=15)
(Ill) Incomplete medical records (n=3)

,

.

Positive lymph node ratio
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Individual lymph node stations
(n=439)

\d

Disease-free survival & overall
survival (n=439)

Figure 1 Flowchart of the study design.

classification is based on the 11™ edition of the Japanese
Classification of Esophageal Cancer (17).

Outcome measures and follow-up information

Clinical endpoints included OS and disease-free survival
(DES). OS was calculated from the date of surgery to
the date of death (18). DFS was defined as the time from
surgery to the evidence of first recurrence or distant
metastasis (18,19). All the participants were followed up
postoperatively every 3 months for 1 year, every 6 months
for the subsequent 2 years, and annually thereafter.
Censored data included living or lost to follow-up
individuals at the last follow-up.

Statistical analysis

Comparisons of continuous variables were analyzed using

© Journal of Gastrointestinal Oncology. All rights reserved.

the Student’s z-test or the Wilcoxon rank sum tests for
parametric and non-parametric variables, respectively.
Categorical variables were compared by using the Chi-
square test or Fisher’s exact test. X-tile software was used
to determine the optimal cut-off value for continuous
variables. Univariate Cox analyzes were performed to
identify survival-associated factors, and multivariate Cox
regression was constructed to screen the independent
risk factors for ESCC. A stepwise forward procedure was
adopted in the multivariate regression analyses. Moreover,
the Kaplan-Meier method and log-rank test were used to
estimate OS/DFS and to compare the survival differences
among groups (20). P<0.05 (two-sided) was considered
statistically significant. All statistical data were analyzed
using the software “Statistical Package for Social Science”
(SPSS) version 26 for Windows (SPSS Inc., Chicago,
IL, USA) and R 4.0.0 (R Core Team 2020). High-quality
figures were generated using the R package.
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Table 1 Demographic and clinicopathological characteristics of
patients (N=439)

Characteristics Values
Sex
Male 339 [77]
Female 100 [23]
Age (years) 61 [56-66]
Tumor location
Thoracic upper portion 50 [11]
Thoracic middle portion 270 [62]
Thoracic lower portion 119 [27]
Grade
Well differentiation 42 [10]
Moderate differentiation 345 [79]
Poor differentiation 52 [12]
pT
T1a 9[2]
T1b 40 [9]
T2 101 [23]
T3 289 [66]
pN
NO 269 [61]
N1 102 [23]
N2 60 [14]
N3 8[2]
pTNM
B 44 [10]
A 113 [26]
1B 122 [28]
A 20 [5]
B 132 [30]
IVA 8[2]
Resection
RO 422 [96]
R1 17 [4]

Values are presented as n [%] or median [interquartile range]. pT,
pathological tumor stage; pN, pathological nodal stage; pTNM,
pathological TNM stage.

© Journal of Gastrointestinal Oncology. All rights reserved.
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Table 2 Lymph node metastasis status in participants (N=439)

Variables Values

Cervical lymph nodes 22 (5.01)
Right recurrent nerve lymph nodes 25 (5.69)
Left recurrent nerve lymph nodes 11 (2.51)
Total recurrent nerve lymph nodes 34 (7.74)
Thoracic paraesophageal lymph nodes 53 (12.07)
Subcarinal lymph nodes 44 (10.02)
Total main bronchus lymph nodes 6 (1.37)

Paracardial lymph nodes 40 (9.11)
Lesser curvature lymph nodes 24 (5.47)
Lymph nodes along the left gastric artery 44 (10.02)
Lymph nodes along the abdominal aorta 5(1.14)

Values are presented as n (%). Only lymph node stations whose
metastatic incidences were higher than one percent were
presented.

Results
Demographic and clinicopathological characteristics

The clinicopathological characteristics of the study
participants are presented in Zable 1. A total of 439 patients
were included. The median age was 61 [interquartile range
(IQR), 56-66] years. Over 60% of the primary tumors were
located in the middle portion of the thoracic esophagus. In
terms of nodal involvement, nearly 40% of the patients had
node positive disease, N1 (n=102, 23%), N2 (n=60, 14%)
and N3 (n=8, 2%). For recorded metastatic lymph node
stations whose incidences were higher than one percent are
presented in Table 2.

Prognostic significance of PLNR

Using X-tile software, we identified 10% as the optimal
cutoff value for PLNR. Patients were divided into Group
A, Group B, and Group C according to the level of PLNR:
0%, <10%, and >10%, respectively. Significant association
between PLNR and tumor location (P=0.02), pathological
T stage (P=0.003), pathological N stage (P<0.001) and
pathological TNM stage (P<0.001) were found. Kaplan-
Meier survival analysis demonstrated significant differences
in both OS (P<0.001, Figure 24) and DFS (P<0.001,
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Figure 2 Kaplan-Meier curves for overall survival (A) and disease-free survival (B) among PLNR groups. Patients were divided into Group A,

Group B, and Group C according to the level of PLNR: 0%, <10%, and >10%, respectively. PLNR, positive lymph node ratio.

Figure 2B) among the three PLNR groups.

Prognostic significance of metastatic lymph node stations

The 11" Japanese Classification of Esophageal Cancer
Guideline classified cervico-thoraco-abdominal lymph
nodes into 35 stations (17). Considering convenience in
statistical analysis and clinical significance, we included
lymph node stations whose incidence was higher than
one percent in the study population. There is a significant
association between PLNR and the following lymph nodes:
cervical lymph nodes (P<0.001), right recurrent nerve
lymph nodes (P<0.001), left recurrent nerve lymph nodes
(P=0.002), total recurrent nerve lymph nodes (P<0.001),
thoracic paraesophageal lymph nodes (P<0.001), total
main bronchus lymph nodes (P=0.04), subcarinal lymph
nodes (P<0.001), paracardial lymph nodes (P<0.001), lesser
curvature lymph nodes (P<0.001) and lymph nodes along
the left gastric artery (P<0.001). In addition, survival analysis
revealed significant differences in OS among cervical lymph
nodes [hazard ratio (HR): 1.78, 95% confidence interval
(CD: 1.07-2.97, P=0.03], thoracic paraesophageal lymph
nodes (HR: 2.41, 95% CI: 1.71-3.40, P<0.001), total main
bronchus lymph nodes (HR: 5.16, 95% CI: 2.11-12.61,
P<0.001), subcarinal lymph nodes (HR: 2.37, 95% CI:
1.59-3.54, P<0.001), paracardial lymph nodes (HR: 2.49,
95% CI: 1.69-3.65, P<0.001), lesser curvature lymph nodes
(HR: 2.52, 95% CI: 1.53-4.15, P<0.001) and lymph nodes
along the left gastric artery (HR: 2.81, 95% CI: 1.93-4.09,
P<0.001) (Table 3).

In terms of DFS, significant survival differences among

© Journal of Gastrointestinal Oncology. All rights reserved.

total recurrent lymph nodes (HR: 2.24, 95% CI: 1.36-3.68,
P=0.001), thoracic paraesophageal lymph nodes (HR: 2.28,
95% CI: 1.53-3.41, P<0.001), total main bronchus lymph
nodes (HR: 2.31, 95% CI: 1.71-12.60, P=0.003), subcarinal
lymph nodes (HR: 4.64, 95% CI: 1.18-3.10, P=0.008),
paracardial lymph nodes (HR: 1.91, 95% CI: 1.46-3.67,
P<0.001), lesser curvature lymph nodes (HR: 2.43, 95%
CI: 1.35-4.39, P=0.003) and lymph nodes along the left
gastric artery (HR: 2.51, 95% CI: 1.64-3.85, P<0.001) were
observed (Tuble 3).

Independent prognostic factors for ESCC

Through univariate analysis, PLNR (HR: 1.99, 95% CI:
1.69-2.34, P<0.001) and the above mentioned lymph node
stations were identified as key prognostic factors for OS.
Among these prognosticators, PLNR (HR: 1.85, 95% CI:
1.55-2.21, P<0.001) and metastatic lymph nodes along the
left gastric artery (HR: 1.63, 95% CI: 1.10-2.42, P=0.02) were
identified as the independent prognostic factors (Zible 3). For
DFS, univariate and multivariate analyses showed that PLNR
(HR: 1.77, 95% CI: 1.46-2.14, P<0.001) and metastatic total
main bronchus lymph nodes (HR: 2.78, 95% CI: 1.01-7.65,
P=0.047) were the independent prognostic factors (Tuble 3).
To compare the diagnostic effects of the above model and
the American Joint Committee of Cancer (AJCC) 8" edition
pathologic N in ESCC, we plotted 1-year ROC curves of
the two models and compared their area under curve (AUC)
values. ROC curve results indicated that the long-term
AUC level of PLNR and metastatic lymph nodes along the
left gastric artery (AUC =0.705) was higher than golden
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Table 3 Univariate and multivariate cox regression analysis of OS and DFS of ESCC patients

oS DFS

Variables Univariate Multivariate Univariate Multivariate

HR (95% ClI) P HR (95% ClI) P HR (95% Cl) P HR (95% Cl) P
Sex 0.95 (0.69-1.32) 0.77 - - 0.85(0.58-1.26)  0.42 - -
Tumor location 1.12(0.89-1.42) 0.34 - - 1.16 (0.89-1.51) 0.28 - -
Grade 1.42 (1.08-1.89) 0.01 - - 1.30 (0.94-1.81) 0.11 - -
pT 1.24 (1.02-1.50)  0.04 - - 1.16 (0.94-1.45) 017 - -
pN 1.85(1.59-2.15)  <0.001 - - 1.66 (1.40-1.98) <0.001 - -
pTNM 1.47 (1.33-1.62)  <0.001 - - 1.37 (1.22-1.53) <0.001 - -
PLNR 1.99 (1.69-2.34) <0.001 1.85(1.55-2.21) <0.001 1.80(1.49-2.18) <0.001 1.77 (1.46-2.14) <0.001
Cervical LN 1.78 (1.07-2.97) 0.03 - - 1.71(0.95-3.09) 0.07 - -
Right recurrent nerve LN 1.34 (0.73-2.48) 0.34 - - 1.79(0.99-3.23) 0.06 - -
Left recurrent nerve LN 1.68 (0.75-3.81) 0.21 - - 2.20(0.97-4.98) 0.06 - -
Total recurrent nerve LN 1.64 (0.99-2.71) 0.06 - - 2.24 (1.36-3.68) 0.001 - -
Thoracic paraesophageal LN 2.41 (1.71-3.40)  <0.001 - - 2.28 (1.53-3.41) <0.001 - -
Subcarinal LN 2.37 (1.59-3.54)  <0.001 - - 4.64 (1.18-3.10) 0.008 - -
Total main bronchus LN 5.16 (2.11-12.61)  <0.001 - - 2.31(1.71-12.60) 0.003 2.78 (1.01-7.65) 0.047
Paracardial LN 2.49 (1.69-3.65) <0.001 - - 1.91 (1.46-3.67) <0.001 - -
Lesser curvature LN 2.52 (1.53-4.15)  <0.001 - - 2.43 (1.35-4.39) 0.003 - -
LN along the left gastric artery 2.81(1.93-4.09) <0.001 1.63(1.10-2.42) 0.02 2.51(1.64-3.85) <0.001 - -
LN along the abdominal aorta 1.30 (0.42-4.07) 0.650 - - 1.68 (0.54-5.27) 0.37 - -

OS, overall survival; DFS, disease-free survival; ESCC, esophageal squamous cell carcinoma; pT,

pathological tumor stage; pN,

pathological nodal stage; pTNM, pathological TNM stage; PLNR, positive lymph node ratio; LN, lymph node; HR, hazard ratio; Cl,

confidence interval.

standard (AUC =0.674) (Figure S1).

Discussion

Nodal characteristics such as positive lymph node stations,
positive lymph node number, TLNs and PLNR has
been reported to associate with prognosis of patients
diagnosed with locally advanced ESCC (10,11,15,16).
Postoperative local recurrence and distant metastasis are
still heavy postoperative burdens which also affect both
patients quality of life (6) and life span (4,5). Currently, few
studies have addressed the specific relationship between
nodal characteristics and these postoperative events.
We conducted a retrospective cohort study, aiming at
investigating the association between lymph node-related
characteristics and postoperative survival of ESCC patients.

© Journal of Gastrointestinal Oncology. All rights reserved.

In this study, we discovered that PLNR is a significant
prognostic factors for OS and DFS. The optimal cut-off
value was 10%. Yao er al. reported that PLNR >0.16 is an
independent prognostic factor for OS in ESCC patients
according to the data in public database (21). Similarly,
Melis et al. also reported that PLNR is a negative predictor
for OS (22). Furthermore, Shao ez al. proposed that PLNR
could supplement the pN categorization system for better
prognostic assessment (9). Together with these results,
our findings indicated that PLNR plays an essential role
in predicting both long-term OS as well as undesired
postoperative events such as local recurrence and distant
metastasis. However, different cutoff values were selected in
these studies. This may be due to difference in the enrolled
participants and varied sample sizes. Further large-scale
studies are needed to address this issue.
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Our study also discovered that a number of lymph node
stations whose metastatic status was significantly associated
with prognosis. Among the investigated lymph node
stations, the lymph nodes along the left gastric artery and
the total main bronchus lymph nodes were revealed to be
independent prognosticators for OS and DFS, respectively.
Deng er al. concluded that dissection of the left gastric
lymph nodes is essential based on the carbon nanoparticle
labeling of the lymphatic drainage pathway of esophageal
carcinomas (16). Liu ez al. also reported that lymph node
metastasis along the left gastric artery in ESCC is an
important independent prognostic factor for cancer-specific
survival (23). In contrast to these studies, we pointed out
that left gastric lymph node metastasis only predicts OS but
not cancer-specific local recurrence and distant metastasis,
and that total main bronchus lymph node metastasis is more
likely to be significantly associated with DFS.

Although the findings should be interpreted with
caution, this study has several advantages. First, it included
a fairly large sample size with complete long-term follow-
up information. Second, based on the previous findings, this
study further explains the interaction between PLNR and
the individual metastatic lymph node stations.

However, this study also has several limitations. First, the
retrospective nature of this study could introduce potential
selection biases. Second, the lack of external validation
cohort may affect the robustness of the prognostic models

for OS and DFS.

Conclusions

In conclusion, we discovered that higher PLNR,
particularly at a cutoff value of 10%, is associated with
poorer OS and DFS. In addition, the lymph nodes along
the left gastric artery and the total main bronchus lymph
nodes were revealed to be independent prognosticators for
OS and DFS, respectively. Future multicenter, prospective
research is required to validate these findings.
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