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Background: The Chinese expert consensus on thoracic lymph node (LN) dissection in radical
esophagectomy (Chinese Criteria, 2017 edition) was newly promoted. This study examined the prognostic
significance and role of thoracic LN metastasis based on the Chinese Criteria for esophageal cancer.
Methods: Data of patients with thoracic esophageal squamous cell carcinoma (ESCC) who underwent
curative esophagectomy in the West China Hospital from May 2005 to May 2015 were retrospectively
analyzed. Patients’ prognosis and clinicopathological features were compared to determine the role of
Chinese Criteria and their relationship with Union for International Cancer Control (UICC)/American
Joint Committee on Cancer (AJCC) 8th TNM staging.

Results: Overall, 2,285 qualified patients were divided into the no (n=1,148), skip (n=156), local (n=665),
and mediastinal (n=316) metastasis groups according to the Chinese Criteria. Significant prognostic
differences occurred among the four groups in all the thoracic and lower mediastinal ESCC patients (both
P<0.001). The Chinese Criteria grouping was an independent prognostic factor for all thoracic [P<0.001;
hazard ratio (HR) =1.261, 95% confidence interval (CI): 1.103-1.441], upper (P<0.001; HR =1.391, 95% CI:
1.264-1.530), lower mediastinal thoracic ESCC patients (P<0.001; HR =1.312, 95% CI: 1.257-1.370) and all
thoracic ESCC after adjuvant therapy (P<0.001; HR =1.303, 95% CI: 1.221-1.390). Significant prognostic
differences among Chinese Criteria groups occurred with N1 (P=0.014) and N2 (P=0.018) stages only.
Significant differences in survival among N stages were found in local (P<0.001) and mediastinal (P=0.009)
metastasis groups.

Conclusions: Our study was the first to report the Chinese Criteria in measuring the degree of thoracic
LN metastasis. Similar to N-stage, the Chinese Criteria were confirmed as an independent prognostic factor

for thoracic ESCC. Further confirmation of our findings is warranted.
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Introduction

Esophageal cancer is recognized as one of the most
malignant tumors worldwide, with postoperative overall
survival (OS) rate ranging 10-40% (1,2). In China, from
about 270 thousand new cases of esophageal cancer in 2013,
about 200 thousand deaths that occurred contributed the
fourth highest to mortality due to malignant cancers (3).
However, although the primary treatment for esophageal
cancer is surgery, the prognosis of localized advanced tumor
is unsatisfactory, and the 5-year OS rate in patients with
stages IIA-III esophageal squamous cell carcinoma (ESCC)
treated by surgical resection alone ranges from 20.6% to
34.0% (4,5). Among the clinical and pathological features
of esophageal cancer, lymph node (LN) metastasis is one of
the strongest prognostic factors, reported as being related
to poor prognosis in patients with esophageal cancer (6-8).
Globally, thoracic LN dissection remains controversial;
and the two histological forms (squamous cell and
adenocarcinoma) of esophageal cancer vary in terms of their
geographic prevalence and associated risk factors. Thus,
the Chinese expert consensus on thoracic LN dissection
for the radical resection of esophageal cancer (Chinese
Criteria, 2017 edition) (9) was published by Chinese Society
of Esophageal Cancer, China Anti-cancer Association. The
consensus is to provide guidance for the standardization
of thoracic LN dissection for the radical resection of
esophageal cancer. The Chinese Society of Esophageal
Cancer laid down the Chinese thoracic LN maps for
esophageal cancer with reference to other guidelines. These
include the American Joint Committee on Cancer Staging
Manual, 8th edition (AJCC 8th TNM), the Union for
International Cancer Control protocol (UICC) (10,11),
and the Japanese Classification of Esophageal Cancer
(JES), 11th Edition: part I (12) (Table I). These meet the
requirements of clinical care of esophageal cancer patients
in China to a large degree.

According to the Chinese Criteria, the thoracic LNs
were divided into two: the upper (including the thoracic LN
stations from C201 to C205) and lower (the thoracic LN
stations from C206 to C209) mediastinal compartments.
However, whether a significant difference exists in the OS
of esophageal cancer patients or not using the Chinese
Criteria, and the relationship of regional LN metastasis
between the Chinese Criteria and AJCC 8th TNM, remain
unclear. Therefore, 2,285 patients with surgically resected
esophageal cancer were retrospectively investigated. The
role that the Chinese Criteria played in the prognostic

© Annals of Translational Medicine. All rights reserved.

Shang et al. A retrospective study

significance of such patients as well as the relationship
between the Chinese Criteria and the AJCC 8th TNM were

evaluated.

Methods
Patients

Data of patients with esophageal cancer who underwent
radical esophagectomy at the Department of Thoracic
Surgery, West China Hospital of Sichuan University from
May 2005 to May 2015 were retrospectively reviewed.
The patients were excluded using the following exclusion
criteria: (I) lost to follow-up; (II) carcinoma located at
the cervical esophagus or esophagogastric junction; (III)
other pathologically confirmed thoracic esophageal cancer
types except ESCC; (IV) palliative surgery and R1 or R2
resection; (V) the total number of LNs removed were
<10; (VI) patients who had accepted the preoperative
neoadjuvant chemotherapy or radiotherapy; (VII) patients
whose status was defined as M1 preoperatively; (VIII)
cervical or abdominal LN metastasis. Finally, 2,285 patients
were enrolled in our study. The study was approved by the
human participants committee of West China Hospital
of Sichuan University. Preoperatively, permission for the
use of patients resected specimens and written informed
consents were obtained.

Surgical procedure and pathology

In this study, the surgical procedures’ selected for each
patient depended mainly on the patients’ preoperative
computed tomography (CT), magnetic resonance imaging
(MRY), specific X-ray, and cervical ultrasonography images.
Furthermore, surgeons might evaluate a patient’s general
condition to determine the most appropriate surgical
procedure for that patient. Generally, the McKeown
esophagogastrectomy (right thoracotomy followed by
laparotomy and cervical anastomosis) with three-field LN
dissection were applied for tumors in the upper, middle, and
lower thoracic esophagus; and the Sweet and Ivor-Lewis
procedures with two-field LN dissection were applied for
middle or lower thoracic ESCC patients. The cervical or
thoracic anastomoses, which depended on the resection of
the margin of the tumor, were performed in a standardized
way with the gastric conduit for reconstruction. The
dissected LNs, which were separated from the resected
esophagus and the peri-esophagus tissues, were marked
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Table 1 Chinese Criteria of thoracic lymph node classification of esophagus cancer and their corresponding relations with UICC/AJCC standards
and JES standards

Region

Chinese classification and anatomical position description

UICC/AJCC standards®

JES standards®

Upper
mediastinum

Lower
mediastinum

C201: right recurrent laryngeal nerve lymph nodes (initial reentry
of right vagus nerves to right terminal subclavian artery, peripheral
lymph nodes and adipose tissue of right recurrent laryngeal nerves)

C202: left recurrent laryngeal nerve lymph nodes (upper left 1/3 of
trachea, peripheral lymph nodes and adipose tissue of left recurrent
laryngeal nerves of superior border of aortic arch)

C203: upper thoracic paraesophageal lymph nodes (lymph nodes
from apex pulmonis to inferior border of inferior border of azygos

vein)

C204: paratracheal lymph nodes (lymph nodes from right vagus
nerves to esophagus, on the right side of tracheae)

C205: subcarinal lymph nodes (caudal to the carina of the trachea)

C206: middle thoracic paraesophageal lymph nodes (from the
tracheal bifurcation to the caudal margin of the inferior pulmonary

vein)

C207: lower thoracic paraesophageal lymph nodes (paraesophageal
lymph nodes from inferior border of inferior pulmonary vein to

gastroesophageal junction)

C208: inferior pulmonary ligament lymph nodes (lymph nodes that
are close to inferior border of right lower inferior pulmonary vein and
within inferior pulmonary ligament)

C209: diaphragmatic nodes (lymph nodes on the right side of

cardiophrenic angle)

2R: right upper
paratracheal nodes

2L: left upper
paratracheal nodes

8U: upper thoracic
paraesophageal lymph
nodes

4R: right lower
paratracheal nodes

4L left lower
paratracheal nodes

5: subaortic nodes

6: anterior mediastinal
nodes

7: subcarinal nodes

8M: middle thoracic
paraesophageal lymph
nodes

8Lo: lower thoracic
paraesophageal lymph
nodes

9L: left inferior
pulmonary ligament
nodes

9R: right inferior
pulmonary ligament
nodes

10L: left bronchial
paratracheal nodes

10R: right lower
bronchial paratracheal
nodes

15: diaphragmatic
nodes

106recR: right recurrent
laryngeal nerve lymph
nodes

106recL.: left recurrent
laryngeal nerve lymph
nodes

105: upper thoracic
paraesophageal lymph
nodes

106: paratracheal lymph
nodes (106pre: pre-tracheal
lymph nodes; 106tbR: right
paratracheal lymph nodes)

106tbL: left paratracheal
lymph nodes

113: lymph nodes of
arterial ligament

114: anterior mediastinal
lymph nodes

107: subcarinal lymph
nodes

108: middle thoracic
paraesophageal lymph
nodes

110: lower thoracic
paraesophageal lymph
nodes

112L: left posterior
mediastinal lymph nodes

112R: right posterior
mediastinal lymph nodes

109L: left bronchial
paratracheal nodes

109R: right bronchial
paratracheal nodes

111: superior phrenic lymph
nodes

2 is based on literature (10,11); °, is based on literature (12); -, refers to lymph nodes which were not included in Chinese Criteria; “C”
in Chinese classification stands for Chinese Criteria, “2” indicates thoracic lymph nodes; AJCC, American Joint Committee on Cancer;

UICC, Union for International Cancer Control; JES, Japan Esophagus Society.
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Figure 1 Lymph nodes classification referring to Chinese Criteria
grouping (cited from (9)).

and the location according to the guideline of AJCC
8th TNM and UICC protocol was indicated. The mean
number of dissected LNs is 15 per patient (range, 10-78).
Two experienced pathologists fixed the resected specimens,
embedded and stained them with diaminobenzidine
chromogen counterstained solution [1:50, EnVisionTM
Detection Kit, Gene Tech (Shanghai) Company Limited]
and hematoxylin (Zhongshan Golden Bridge Biotechnology
Co., Ltd, Beijing, China) subsequently. The routine way
of assessing each specimen was adopted histologically, and
the pathologists documented the extent and location of
metastatic LNs by examining the largest cross section of the
dissected LNs.

Tumor location and thoracic LN classification

With reference to the Chinese Criteria, the mediastinum
was divided into the upper and lower mediastinum, with the
boundary of subcarina. Furthermore, the tumor location and
thoracic LNs were also re-classified into two mediastinal
compartments, which lie parallel to their location in
the mediastinum, according to their classification. The
location of the cancer primary site was defined by the
cancer epicenter, with the boundary of subcarina; the upper
mediastinal thoracic ESCC, which according to the Chinese
Criteria was classified as the tumor epicenter was located
above the subcarina, including the location of the subcarina.
The epicenter of the thoracic ESCC located under the
subcarina was regarded as the lower mediastinal thoracic
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ESCC. Based on the AJCC 8th TNM, the UICC protocol,
and the Chinese Criteria, thoracic LN metastasis was not
only confined to the number of the metastatic LNs but also
focused on the region where the thoracic LNs metastasized
to. Typically, according to the longitudinal position of the
thoracic LN relative to the location of the primary tumor,
the thoracic LNs should be further classified into proximal
and distal nodes. The proximal nodes were defined as
those in the nodal group at the same cross section as the
primary tumor and its nearest neighborhood groups (13),
while the other group of nodes was defined as the distal
nodes. Therefore, based on the thoracic tumor location
and the thoracic metastatic region, the enrolled patients
were divided into four groups (Chinese Criteria grouping)
(Figure 1): (I) local metastasis group (defined as the thoracic
proximal LN metastasis with the distal LNs free of tumor
infiltration, consist of the upper mediastinal esophageal
cancer with upper mediastinal LN metastasis only and
the lower mediastinal esophageal cancer with lower
mediastinal LN metastasis only). (II) Skip metastasis group
(regarded as the thoracic metastatic involvement of the
distal LNs with the proximal LNs free of tumor infiltration;
including the upper mediastinal esophageal cancer with
the lower mediastinal LN metastasis only and the lower
mediastinal esophageal cancer with the upper mediastinal
LN metastasis only). (III) Mediastinal metastasis group (this
means that the thoracic metastatic involvement in both
proximal and distal LNs, comprised both upper and lower
mediastinal esophageal cancer with the entire mediastinal
LN metastasis). (IV) No metastasis group.

Adjuvant therapy

After operation, patients in our hospital received the
common chemotherapy regimen: cisplatin (DDP) +
S-fluorouracil (5-Fu). The chemotherapy lasted for 4-6 cycles
and the concurrent radiotherapy was performed with the
clinical target volume dose of 40.0 Gy (36.0-46.0 Gy).
Whether the patients received the adjuvant therapy or
not depended on the tumor stage, doctor’s opinion, and
patients’ status and preference. Generally, the volumes of
each regimen were under the control of the oncologist.

Follow up

In the present study, patients were followed-up every
3 months for the first and second year; every 6 months for
the third to fifth year after the treatment; and yearly after
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the fifth year. Routine blood tests, gastroscopy, chest CT,
neck and abdominal ultrasound; when necessary, according
to the patients’ symptoms and physical examination findings,
other examinations such as positron emission tomography-
CT, radionuclide bone scanning, and MRI may be included
in the patients’ follow-up examinations. The tumor status
(including tumor metastasis and recurrence), patients’
status (including survival and death) as well as those lost to
follow-up were all documented through outpatient and
telephonic/letter follow-up.

Statistical analysis

The clinicopathologic features in the local, skip,
mediastinal, and no metastasis groups were analyzed by
Fisher’s exact test and the y’ test. Categorical variables
were presented using frequencies and percentages. The
logistic regression analysis was performed to determine
the independent factors related to each group. The OS of
each group was determined from the Kaplan-Meier curves
while the log-rank test was used to determine the statistical
significance. Multivariate survival analysis was conducted
through the Cox proportional hazard regression model.
P<0.05 was significant, and all statistical analyses were
conducted by IBM® SPSS® Statistics Version 21.0.

Results
All patients

Overall, 2,285 patients with thoracic ESCC were finally
enrolled in our study, of which, 1,148 (50.24%) were in the
no metastasis group. The median (range) age of the enrolled
patients was 59 years (25-88 years) while the median
survival time was 27.17 months (1.03-115.4 months).
Furthermore, 156 (6.83%), 665 (29.10%), and 316 (13.83%)
patients were divided in the skip, local, and mediastinal
metastasis groups, respectively. The clinicopathological
features of the four groups are presented in Table SI. Sex
(P<0.001), tumor differentiation (P<0.001), adjuvant therapy
(P<0.001), T-stage (P<0.001), N-stage (P<0.001), and tumor
location (P<0.001) showed significant differences between
the four groups. The median follow-up time for all patients
was 38.27 (1.43-115.4) months, and the median OS was
44.90 [95% confidence interval (CI): 40.39-49.41] months.
The 3- and 5-year survival rates were 54.9% and 44.4%,
respectively. The Kaplan-Meier curves showed that the
OS rate in the thoracic ESCC patients in the mediastinal

© Annals of Translational Medicine. All rights reserved.

Page 5 of 12

metastasis group was significantly lower than that in the
local metastasis group (P<0.001, Figure 24). The OS rate
of patients in local metastasis group was significantly lower
than that in the skip metastasis group (P=0.013, Figure 2A).
The survival difference between the skip and no metastasis
groups was significant (P<0.001, Figure 24). The effects
of clinicopathologic features including Chinese Criteria
grouping on OS evaluated through the Cox proportional
hazard regression indicated that T-stage [P<0.001; hazard
ratio (HR) =1.407, 95% CI: 1.284-1.540], N-stage (P<0.001;
HR =1.442, 95% CI: 1.279-1.626), age (P=0.001; HR
=1.261, 95% CI: 1.103-1.441), and Chinese Criteria
grouping (P<0.001; HR =1.261, 95% CI: 1.103-1.441) were
independent prognostic factors for thoracic ESCC patients
(Tible S2).

The metastasis groups

The median (range) follow-up time for the no, skip, local,
and mediastinal metastasis groups were 43.28 (95% CI: 1.47-
115.4), 40.17 (95% CI: 2.27-104.97), 33.53 (95% CI: 1.43—
103.73), and 29.98 (95% CI: 1.63-93.83) months, respectively.
The median survival time for these four groups were 35.25
95% CL: 1.03-115.4), 39.47 (95% CI: 25.23-53.71), 29.63
95% CI: 26.44-32.83), and 18.69 months (95% CI: 16.14-
21.24) months, respectively. The 3- and 5-year survival rates
for these four groups were 69.6% and 60.9%; 52.9% and
37.3%; 43.6% and 32.0%; and 26.3% and 13.6%, respectively.

From the Cox proportional hazard regression analysis,
while T-stage (P=0.002; HR =2.318, 95% CI: 1.375-3.908)
and age (P=0.002; HR =2.065, 95% CI: 1.296-3.290) were
independent prognostic factors of thoracic ESCC in local
metastasis group; adjuvant therapy (P=0.039; HR =0.802,
95% CI: 0.651-0.989), T-stage (P=0.005; HR =1.339, 95%
CI: 1.133-1.582), N-stage (P<0.001; HR =1.655, 95%
CI: 1.400-1.956), and age (P=0.003; HR =1.407, 95%
CI: 1.125-1.758) were such factors in the local metastasis
group. In the mediastinal metastasis group, independent
prognostic factors of thoracic ESCC were adjuvant therapy
(P=0.003; HR =0.674, 95% CI: 0.520-0.873) and N-stage
(P=0.006; HR =1.346, 95% CI: 1.105-1.639).

The relationship between tumor location and the Chinese
Criteria grouping

According to the Chinese Criteria, the relationship between
the thoracic LN metastasis and the newly defined tumor
location is shown in Table S1. Differentiation (P=0.023), age
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Figure 2 Prognosis of Chinese Criteria grouping in all thoracic ESCC patients, upper and lower mediastinal ESCC patients. (A) The

OS rate in the thoracic ESCC patients in the mediastinal metastasis group was significantly lower than that in the local metastasis group

(P<0.001). The OS rate of patients in local metastasis group was significantly lower than that in the skip metastasis group (P=0.013).

The survival difference between the skip and no metastasis groups was significant (P<0.001). (B) In upper mediastinum, OS rate in the

mediastinal metastasis group was significantly lower than in the local metastasis group (P=0.002). The OS rate in the local metastasis group

tended to be lower than that in the skip metastasis group, the difference was not significant (P=0.382). There was a significant difference in

OS rate between the skip and the no metastasis groups (P<0.001). (C) In lower mediastinum, the OS rate in the local metastasis group was

significantly lower than in the skip metastasis group (P=0.010). ESCC, esophageal squamous cell carcinoma; OS, overall survival.

(P=0.012), and Chinese Criteria grouping (P<0.001) were
significantly associated with the location of thoracic ESCC.
However, no significant differences were found with any
other clinicopathologic features. Logistic regression showed
that differentiation [P=0.030; odds ratio (OR) =1.196,
95% CI: 1.093-1.440], age (P=0.050; OR =1.344, 95% CI:
1.000-2.306), and Chinese Criteria grouping (P<0.001; OR
=1.070, 95% CI: 1.049-1.868) were independent factors of
the location of thoracic ESCC.

The upper and lower mediastinal ESCC

A total of 320 and 1,965 patients were found with the upper
and lower mediastinal ESCC, respectively. The median (range)
follow-up time for the upper and lower ESCC were 41.98
(1.90-105.00) and 37.77 (1.43-115.40) months, respectively.
The median OS for the two groups were 39.72 (95% CIL:
31.20-48.24) and 46.27 (95% CI: 40.02-52.52) months,
respectively. The 3- and 5-year survival rates for the upper
(53.10% and 41.00%) and lower (55.2% and 45.0%)
mediastinal ESCC are shown, respectively.

In the upper mediastinal ESCC, the Kaplan-Meier
survival curves showed that OS rate in the mediastinal
metastasis group was significantly lower than in the local
metastasis group (P=0.002, Figure 2B). Whereas, although
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the OS rate in the local metastasis group tended to be
lower than that in the skip metastasis group, the difference
was not significant (P=0.382, Figure 2B). There was a
significant difference in OS rate between the skip and the
no metastasis groups (P<0.001, Figure 2B). Furthermore,
T-stage (P<0.001; HR =1.526, 95% CI: 1.235-1.886),
N-stage (P<0.001; HR =1.685, 95% CI: 1.434-1.980), and
Chinese Criteria grouping (P<0.001; HR =1.391, 95% CIL:
1.264-1.530) were independent prognostic factors of upper
mediastinal ESCC.

The lower ESCC, mediastinal metastasis group had the
worst prognosis while the no metastasis group had the best.
The OS rate in the local metastasis group was significantly
lower than in the skip metastasis group (P=0.010,
Figure 2C). Furthermore, T-stage (P<0.001; HR =1.400,
95% CI: 1.266-1.548), N-stage (P<0.001; HR =1.654,
95% CI: 1.543-1.772), age (P=0.003; HR =1.242, 95% CI:
1.075-1.434), and Chinese Criteria grouping (P<0.001; HR
=1.312,95% CI: 1.257-1.370) were independent prognostic
factors of the lower mediastinal ESCC.

The relationship between N-stage and the Chinese Criteria
grouping

To investigate the similarity or otherwise between Chinese
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Figure 3 Comparison on prognosis of the Chinese Criteria grouping and N stage. (A) In N1 stage, the OS rate in the mediastinal metastasis
group was significantly lower than in the local metastasis group (P=0.005). The OS rate in the local metastasis group tended to be lower than
that in the skip metastasis group but the difference was not significant (P=0.456). (B) In N2 stage, the OS rates in the mediastinal metastasis
group and the local metastasis group were not significantly different (P=0.363). The OS in the local metastasis group was significantly lower
than that in the skip metastasis group (P=0.019). (C) In N3 stage, no significant difference in OS rate in the Chinese Criteria groups was
found in N3 stage. (D) In local metastasis group, the OS rates in each N-stage was significantly lower in the local metastasis group, with
N3 stage being significantly lower than in N2 stage (P=0.036), and N2 stage was significantly lower than in N1 stage (P<0.001). (E) In
mediastinal metastasis group, significant differences in OS rates between the N3 and N2 stages were found (P=0.010). The OS rate in N2
stage tended to be lower than that in N1 stage; but the difference was not significant (P=0.369). (F) In skip metastasis group, No significant
differences in OS rate in all N-stages were found in the skip metastasis group. OS, overall survival.

Criteria grouping and N-stage, we compared the prognosis
in thoracic ESCC patients using either the N-stage or the
Chinese Criteria grouping.

(P=0.005, Figure 34). Although the OS rate in the local
metastasis group tended to be lower than that in the
skip metastasis group, the difference was not significant
(P=0.456, Figure 3A4). Furthermore, in N2 stage, the OS
rates in the mediastinal metastasis group and the local
metastasis group were not significantly different (P=0.363,
Figure 3B), while that in the local metastasis group
was significantly lower than that in the skip metastasis
group (P=0.019, Figure 3B). Nevertheless, no significant

In N-stage

Using the Kaplan-Meier survival curves, in N1 stage,
the OS rate in the mediastinal metastasis group was
significantly lower than in the local metastasis group
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Figure 4 Prognosis of Chinese Criteria grouping in all thoracic ESCC patients, upper and lower mediastinal ESCC patients after adjuvant
therapy. (A) In all patients (after adjuvant therapy), the OS rate in the mediastinal metastasis group was significantly lower than that in the
local metastasis group (P=0.002). The OS rate in the local metastasis group tended to be lower than that in the skip metastasis group, the
difference was not significant (P=0.140). The survival difference between the skip and no metastasis groups was significant (P=0.021). (B) In
upper mediastinum (after adjuvant therapy), no significant prognostic differences were found among four groups. (C) In lower mediastinum
(after adjuvant therapy), the OS rate in the mediastinal metastasis group was significantly lower than in the local metastasis group (P=0.008),
meanwhile, the survival difference between the skip and no metastasis groups was significant (P=0.012). However, no significant difference

of prognosis was found between skip and local metastasis group (P=0.370). ESCC, esophageal squamous cell carcinoma; OS, overall survival.

difference in OS rate in the Chinese Criteria groups was
found in N3 stage (Figure 3C).

In Chinese Criteria grouping

The OS rates in each N-stage was significantly lower in the
local metastasis group, with N3 stage being significantly
lower than in N2 stage (P=0.036, Figure 3D), and N2 stage
was significantly lower than in N1 stage (P<0.001, Figure 3D).
Equally, in the mediastinal metastasis group, significant
differences in OS rates between the N3 and N2 stages
were found (P=0.010, Figure 3E). The OS rate in N2 stage
tended to be lower than that in N1 stage; but the difference
was not significant (P=0.369, Figure 3E). No significant
differences in OS rate in all N-stages were found in the skip
metastasis group (Figure 3F).

The relationship between Chinese Criteria grouping and
adjuvant therapy

Among all the patients, there are 868 patients received the
adjuvant therapy after operation, and the median (range) follow-
up time for them were 38.30 (95% CI: 1.43-115.40) months,
respectively. The median OS for them was 44.77 (95% CI:
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38.52-51.02) months, respectively. The 3- and 5-year
survival rates for all patients after adjuvant therapy were
55.40% and 42.4%, respectively.

From the Kaplan-Meier curves, in all patients (after
adjuvant therapy), the OS rate in the mediastinal metastasis
group was significantly lower than that in the local metastasis
group (P=0.002). The OS rate in the local metastasis group
tended to be lower than that in the skip metastasis group,
the difference was not significant (P=0.140). The survival
difference between the skip and no metastasis groups was
significant (P=0.021) (Figure 4A4). In upper mediastinum
(after adjuvant therapy), no significant prognostic
differences were found among four groups (Figure 4B).
In lower mediastinum (after adjuvant therapy), the OS
rate in the mediastinal metastasis group was significantly
lower than in the local metastasis group (P=0.008),
meanwhile, the survival difference between the skip and
no metastasis groups was significant (P=0.012). However,
no significant difference of prognosis was found between
skip and local metastasis group (P=0.370) (Figure 4C).
Furthermore, the Chinese Criteria grouping (P<0.001;
HR =1.303, 95% CI: 1.221-1.390) was demonstrated as
the independent prognostic factors for all thoracic ESCC
patients after adjuvant therapy.
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Discussion

The indications, approaches, the number, and the extent of
thoracic LN metastasis dissection in radical esophagectomy
are still being debated. Some scholars hold the opinion
that the radical lymphadenectomy performs well in
restricting tumor recurrence and eliminating the micro-
metastatic involvement in the LNs, and is also good at
prolonging the OS time of esophageal cancer patients
(14-16); however, some differ, because they believe that
radical lymphadenectomy contributes to a high morbidity
postoperatively (17-19). The current grouping criteria for
thoracic LN in esophageal cancer are currently documented
in the UICC/AJCC 8th TNM manual (10,11), wherein the
N-stage is based on the number of metastatic LNs, and the
JES criteria (12), where both the number and the extent
of metastatic LNs need to be taken into consideration
in the N-stage. The UICC/AJCC 8th TNM manual is
easily incorporated into practice and was confirmed with
the association of OS (8,20). However, the JES criteria
are rarely used in China because of the preference for the
relatively sophisticated sets of N-staging. In fact, radical
lymphadenectomy for esophageal cancer patients in China
has not been unified regardless of the regions of China and
the grade of the hospital. In considering the fundamental
situation of China, combining the UICC/AJCC 8th
TNM manual and the JES criteria, the Chinese Society of
Esophageal Cancer first proposed the Chinese grouping
criteria for thoracic LN in esophageal cancer. On the one
hand, the Chinese grouping criteria simplified the grouping
of thoracic LNs, for example, we removed groups of 4L,
5, 6, 10L, and 10R, and amalgamated groups of 9L and 9R
into one single LN group (C208). However, we divided
the thoracic LNs into two mediastinal compartments: the
upper and the lower mediastinum with the boundary of
subcarina; and either the thoracic LNs or the location of
thoracic esophageal cancer, which were mutually parallel
with the classification, were partitioned. In these regard, the
Chinese grouping criteria differ from the other two criteria
from which the new pattern of thoracic LN metastasis are
consequently derived. Thus, the prognostic significance
and role of the new thoracic LN metastasis pattern in
esophageal cancer became our focus.

According to the Chinese Criteria grouping, the new
patterns of thoracic LN metastasis of esophageal cancer
were classified into four groups: no, skip, local, and
mediastinal metastasis groups.

In our study, the 2,285 thoracic ESCC patients without
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cervical or abdominal LN metastasis were classified into
these four groups, and more patients were males, and had
advanced T stages and lower thoracic esophageal cancer.
Except for no metastasis group, earlier N stage was seen
in skip and local metastasis groups while the mediastinal
metastasis group didn’t show that. Most of the results for
the four groups were similar to that reported in other
studies (21,22); however, the T stage result in the skip
metastasis group was different. By virtue of the abundant
submucosal lymphatic vessel communication in esophagus,
the cancer cells spread from the mucosal lymphatic ducts
to drain into a rich submucosal plexus, and then spread
longitudinally through this dense lymphatic network (23).
Therefore, this unique pattern of LN metastasis contributes
to the metastatic spread to neighboring LNs from the
esophageal cancer to any segments of the esophagus. The
skip metastasis therefore occurred not only in thoracic
esophageal cancer, but also in the cervical and abdominal
esophageal cancers. Secondly, owing to the study on thoracic
LN metastasis, the definition of skip metastasis in our
study did not include the LN metastasis to the cervical and
abdominal lymphatic stations, but was confined to the skip
metastasis in the thorax. Furthermore, the earlier part of the
esophagus is equipped with the bilateral vascular supply and
lymphatic drainage system; however, the separation at the
level of tracheal bifurcation delimits the joining of the two
separate lymphatic drainage system during the embryonic
and fetal development (24). Therefore, to this end, this
results in the diversity of the patterns of LN metastasis in
different segments of the esophagus despite their intensive
lymphatic vessel communication. Therefore, the chances
of thoracic LN metastasis to either upper or lower thoracic
esophageal cancer are similar. This finally results in the
different T stages in our study when compared with other
studies.

The present study demonstrated that the thoracic LN
metastasis according to the grouping of Chinese Criteria
could be used to stratify the patients based on different
prognosis. For example, the four thoracic LN metastasis
groups referring to the Chinese Criteria could be regarded
as the classification of the number of fields with LN
metastasis. Different numbers of fields with LN metastasis,
as reported in many studies, is a convenient and better index
in evaluating the prognosis of patients with esophageal
cancer (21,25,26). The fields included the neck, chest, and
abdomen; in our study, the skip and local metastasis groups
could be considered to be the field with LN metastasis in
the thoracic ESCC while the mediastinal metastasis could
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be regarded as the two fields with LN metastasis in the
thoracic ESCC. Obviously, significant differences occur
in prognosis between the one field and the two fields,
as confirmed in previous studies (20-22). Moreover, the
prognostic difference in skip metastasis has been assessed
in several studies in which the positive impact on survival
was well observed, when compared with the local and
mediastinal LN metastasis (23,27), which confirmed the
result in our study. Meanwhile, the Chinese Criteria
grouping as well as the T-stage, N-stage, and age were
identified as independent prognostic factors of thoracic
ESCC patients in our present study, which indicates that
the Chinese Criteria grouping play the analogous function
as N-stage does in thoracic ESCC patients.

According to Skandalakis et /. (24), the joining of two
separate lymphatic drainage systems was delimited by
the tracheal bifurcation during the embryonic and fetal
developments, as well as in adulthood. The classification
of thoracic LNs with the boundary of subcarina according
to the Chinese Criteria suits the two separated lymphatic
drainage systems anatomically. Furthermore, the tumor
location parallel to the newly classified thoracic LNs
should be defined once more. In our study, at the subcarina
level, the thoracic esophagus was divided into two parts:
upper and lower thoracic esophagus. Based on the
logistic regression, none of the other clinicopathological
characteristics in the thoracic ESCC patients was associated
with the tumor location except for tumor differentiation,
age, and Chinese Criteria grouping. Meanwhile, the
difference in prognosis in thoracic ESCC patients in these
different groups was obviously distinguished both in the
upper and lower thoracic esophagus. Moreover, the Chinese
Ciriteria grouping, and the T and N stages were identified
as the independent prognostic factors in upper and lower
esophagus. Therefore, the role of Chinese Criteria grouping
in directing the prognosis of the thoracic ESCC patients
was confirmed once again as with the N stage in UICC/
AJCC 8th TNM (10,11) and in JES criteria (12).

As shown above, the N-stage and the Chinese Criteria
grouping are two criteria reflecting the thoracic LN status
and evaluating the esophageal cancer patients’ prognosis.
Moreover, the relationship between the two criteria was
examined in the present study. On the one hand, with the
increase in the number of metastatic thoracic LNs, the
prognostic difference in the thoracic ESCC patients were
always stratified into the local and mediastinal metastasis
groups, except with the skip metastasis group. The
explanation of this result might be interpreted as follows:
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first, with the small amount of thoracic ESCC patients in
the skip metastasis group, the prognostic difference could
not be easily stratified among N1, N2, and N3 stages
when compared with other groups. Secondly, the different
LN classification systems used in various studies led to
the diverse results as well. On the other hand, with the
N stage, the most favorable and the worst prognosis of
the thoracic ESCC patients were always found in the skip
and mediastinal metastasis groups, respectively, whereas
the prognostic difference in each group in the different
N stages were not statistically significant. Several studies
have reported that the number and the ratio of LN were
independent prognostic factors in patients with esophageal
cancer (28-30). In the present study, the LN ratio in the skip
metastasis group was lower in N1, N2, and N3 stages. Long
et al. (31) once described that the development of the skip
metastasis might attribute to the proliferative potential of
metastatic tumor cells mediated by adhesion molecules and
growth factors. Therefore, as several studies have reported
(23,32) that the lower ratio of the metastatic LNs in the skip
metastasis group contributes to the positive influence on
survival when compared to the continuous LN metastasis,
which, based on our speculation, leads to a better prognosis
among the thoracic ESCC patients in the skip metastasis
group in N1, N2, and N3 stages, consequently. Similar
studies on esophageal cancer were not available, thus far.
There are also some limitations to our study. First,
because the newly issued Chinese Criteria were mainly
focused on the thoracic LN dissection in the radical
resection of esophageal cancer, the present study excluded
patients with the cervical and abdominal esophageal
cancer; however, the skip metastasis group in this study
was restricted to the thoracic ESCC; thus, selection bias
was inevitable. Secondly, some studies that reported LN
micrometastases drew our attention (27,33). Hosch ez 4. (27)
demonstrated that lymphatic micrometastases, detected by
immunohistochemistry, were an independent prognostic
factor of esophageal cancer, with higher detection
ratio, higher precision, and positive prognosis when
compared with those detected through histopathology.
Nevertheless, we have hardly developed an assessment of
LN micrometastases in clinic work, and the feasibility of
this approach required evaluation in our hospital. Thirdly,
it is common in China for the Sweet esophagectomy to be
widely conducted in areas with high incidence of esophageal
cancer because of its lower morbidity and shorter operation
time (3). In the present study, some patients also accepted
the Sweet approach; however, the disadvantage of this was
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the incomplete lymphadenectomy, especially for the C02
node in the Chinese Criteria (34). Obviously, for those
reasons, we could not negate the current N-stage based on
the UICC/AJCC 8th TINM; however, the Chinese Criteria
grouping was demonstrated as another schema to measure
the degree of LN metastasis, which played almost the same
role as N-stage in our study. A multicenter randomized
controlled trial is required to confirm our results.

Conclusions

In conclusion, the present results demonstrated that when
compared with the N-stage based on the UICC/AJCC 8th
TNM, the Chinese Criteria grouping played almost the
same function in measuring the degree of LN metastasis
in EC as N-stage did. The Chinese Criteria grouping
significantly stratified the patients with different prognosis,
and it was confirmed as an independent prognostic factor of
thoracic ESCC in patients with esophageal cancer. Further
confirmation is warranted.
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Longhini 2019 6.2 5.93 10 8.33 6.45 10 25.7% -2.13[-7.56, 3.30] .-
Mauri 2012 9.6 6.7 10 8.6 6.1 10  24.0% 1.00 [-4.62, 6.62] -
Piquilloud 2014 33 15 13 33 17 13 5.0% 0.00[-12.32, 12.32] 1
Schimidt 2015 12.43 11.87 16 11.17 13.82 16 9.5% 1.26 [-7.67, 10.19] I
Schmidt 2012 14.07 7.19 17 13  8.41 17 27.4% 1.07 [-4.19, 6.33] -
Total (95% CI) 80 80 100.0% 0.30 [-2.45, 3.05] ¢
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est for overall effect: Z = 0.21 (P = 0.83) Favours [experimental] Favours [control]
Figure S5 Peak Edi.
NAVA PSV Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Kuo 2016 1.2 1.7 14 1.1 0.9 19 58.8% 0.10[-0.88, 1.08]
Mauri 2012 1.4 1 10 2 1.6 10 41.2% -0.60[-1.77,0.57]
Total (95% CI) 24 29 100.0% -0.19 [-0.94, 0.56]
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est for overall effect: Z = 0.49 (P = 0.62) Favours [experimental] Favours [control]
Figure S6 P 0.1.
NAVA PSV Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Ferreira 2017 41.53 34.71 20 34.03 21.46 20 85.1% 7.50 [-10.38, 25.38] _‘.—
Kuo 2016 74.7 54.9 14 89.5 70.1 19 14.9% -14.80[-57.47,27.87]
Schimidt 2015 0 0 0 0 0 0 Not estimable
Total (95% CI) 34 39 100.0% 4.17 [-12.33, 20.66] ’
Heterogeneity: Chi’ = 0.89, df = 1 (P = 0.34); I> = 0% 5_100 —éO 1 550 100’



