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Abstract

OBJECTIVES: To explore the rule of subcarinal lymph node metastasis in thoracic oesophageal cancer and its clinical significance in the
radical resection of oesophageal cancer.

METHODS: We retrospectively analysed 2223 patients with oesophageal cancer who were admitted to Henan Cancer Hospital during
2004-2011 and underwent surgery as the first treatment option. Routine subcarinal lymph node dissections were performed, and the
sections from the resected lymph nodes were embedded in paraffin for routine pathological examination.

RESULTS: Subcarinal lymph node metastasis was observed in 200 patients (9%). Logistic regression analysis identified the following risk factors
(P <0.05): tumour location, depth of invasion into the oesophageal wall, tissue type, number of lymph node metastases, paraoesophageal
lymph node metastasis (level 8 lymph nodes), left gastric cardiac lymph node metastasis. Unpaired t-test and y-test showed that more lymph
node metastases, longer tumour length, deeper tumour invasion, middle oesophageal cancer, squamous-cell carcinoma, lower degree of dif-
ferentiation, paracesophageal lymph node metastasis and left gastric cardiac lymph node metastasis were associated with a higher frequency
of subcarinal lymph node metastases (P < 0.05). Using the Kaplan-Meier method, recurrence and metastasis were shown to be more likely
with solitary subcarinal lymph node metastasis than with solitary paracesophageal lymph node metastasis (P = 0.001).

CONCLUSIONS: Tumour location, depth of invasion, pathological type, degree of differentiation and other factors are closely associated with
subcarinal lymph node metastasis. Recurrence and metastasis after oesophageal dissection are more likely with subcarinal lymph node

metastasis.
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INTRODUCTION

Oesophageal cancer is 1 of the top 10 most-common cancers,
and its morbidity is ranked eighth among all cancers globally [1].
An estimated 16470 new oesophageal cancer patients and
14 280 deaths were recorded in the USA in 2008 [2]. China has
one of the highest oesophageal cancer rates in the world. At
present, surgical resection is still the main approach in the treat-
ment of oesophageal cancer [3]. Nodal-stage classification is con-
sidered the most useful predictor of survival and is an indicator of
the risk of disease recurrence [4]. However, the extent of lymph
node dissection is associated with increased trauma and compli-
cations [5-7]; thus, the appropriate extent of lymph node dissec-
tion may not only guarantee the effect of operation and the
postoperative quality of life, but may also reduce the incidence of
postoperative complications. Therefore, it is of great clinical sig-
nificance to explore the characteristics of lymph node metastasis
in oesophageal cancer and to define the appropriate extent of
lymph node dissection accompanying oesophagectomy.
Subcarinal lymph nodes have traditionally been considered to
occur in the region of oesophageal cancer [8]; thus, subcarinal

lymph node dissection has become a routine procedure during
oesophagectomy. However, few studies have reported the details
of subcarinal lymph node metastasis in oesophageal cancer.
Therefore, further relevant studies are necessary.

PATIENTS AND METHODS

The medical history data of 2223 patients undergoing radical
oesophagectomy in Henan Cancer Hospital during 2004-2011
were collected. None of the patients underwent radiotherapy and
chemotherapy prior to oesophagectomy. The selected patients
did not have tumours located in the cervical oesophagus or
below the gastro-oesophageal junction. Subcarinal lymph node
dissection was performed in all cases, and from each lymph node,
paraffin-embedded sections were made for pathological examin-
ation. In total, 22 936 lymph nodes were dissected, and of these,
the number of lymph node metastases was 2165. Postoperative
pathological staging followed the oesophageal cancer tumour-
node metastasis (TNM) staging system of the American Joint
Committee on Cancer (AJCC2009, 7th edition) (Table 1) [9].
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Patients with solitary subcarinal (SSNM) or paraoesophageal
lymph node metastasis (SPNM) for whom we had intact clinical
data and medical history were included. In accordance with the
standard requirement for radical resection for treatment of oe-
sophageal carcinoma in China, patients with lymph node metas-
tasis identified by postoperative lymph node biopsy were given
adjuvant chemoradiotherapy. All of the patients underwent 4-6
courses of chemotherapy after oesophagectomy. The time of re-
currence was considered as the period from the end of chemo-
therapy to the occurrence of haematogenous, lymphatic, or
other metastasis (Fig. 1).

Surgical procedures

Surgical procedures included primary tumour resection and lymph
node dissection. The most commonly used surgical approaches
included the left transthoracic procedure, the Ivor-Lewis approach,
and the cervical-thoracoabdominal procedure. The left transthor-
acic procedure and Ivor-Lewis procedure with anastomosis of the
upper chest were performed for all tumours of the lower thoracic
oesophagus and some tumours of the middle thoracic oesophagus.
The cervical-thoracoabdominal procedure was used for all tumours
of the upper thoracic oesophagus and some tumours of the

Table 1: General clinical data of patients [n (%)]

Variables X1 X2 P
Age 5826 +7.61 59.06 +7.84 0.17
Sex
Male 135 (67.5) 1349 (66.7) 0.82
Female 65 (32.5) 674 (33.3)
Tumour location
Upper 6 (3.0) 177 (8.7) 0.001
Middle 176 (88.0) 1521 (75.2)
Lower 18 (9.0) 325 (16.1)
Number of lymph node 3.96+2.8 06+1.2 0.000
metastasis
Number of lymph node 11.31+45 1095+4.4 0.000
dissected
Tissue types
Squamous 182 (91.0) 1890 (93.4) 0.32
Adenocarcinoma 7 (3.5) 63 (3.1)
Other 11 (5.5) 70 (3.5)
Level 8 lymph nodes
Metastasis 100 (50.0) 321 (15.9) 0.001
Not 100 (50.0) 1702 (84.1)
Left gastric cardia lymph node
Metastasis 97 (48.5) 355 (17.5) 0.001
Not 103 (51.5) 1668 (82.5)
Depth of invasion
Tis 0(0.0) 32 (1.6) 0.001
T 4(2.0) 255 (12.6)
v 41 (20.5) 596 (29.5)
T3 144 (72.0) 1094 (54.1)
T4 11 (5.5) 46 (2.3)
Length of cancer 572+21 447+19 0.000
Degree of differentiation
G1 34 (17.0) 523 (25.9) 0.041
G2 68 (34.0) 659 (32.6)
G3 51 (25.5) 426 (21.1)
Gx 47 (23.5) 415 (20.4)

X1: subcarinal lymph node metastasis; X2: no subcarinal lymph node
metastasis.

middle thoracic oesophagus. In this cohort of patients, en bloc
lymph node dissection was performed, including the subcarinal,
paraoesophageal, pulmonary ligament, diaphragmatic and paracar-
dial lymph nodes, as well as those located along the lesser gastric
curvature, the origin of the left gastric artery. In addition, the
lymph nodes, such as aortopulmonary, anterior mediastinal and
left tracheobronchial nodes were removed when the left transthor-
acic procedure was used, and the right superior mediastinal lymph
nodes and right recurrent laryngeal nerve nodes were removed
when the Ivor-Lewis procedure or cervical-thoracoabdominal pro-
cedure was used. Cervical lymphadenectomy was not systematical-
ly undertaken. For patients with cervical anastomosis, the lymph
nodes exposed by the cervical incision were also dissected. The ali-
mentary tract was reconstructed using the gastric pull-up tech-
nique; if the stomach was unavailable, a jejunal loop or the
transverse colon was used. The surgeons identified the sites of the
nodes during the operation. All resected specimens were submit-
ted for pathological examination.

Statistical analysis

Data were analysed using SPSS version 17.0 (SPSS, IBM, Chicago,
IL, USA). Continuous data were expressed as the mean + SD and
were analysed using the unpaired t-test. Categorical variables
were presented as frequency (%) and were analysed using the y?
test. Multiple logistic regression analysis of factors correlated to
subcarinal lymph node metastasis. The Kaplan-Meier method
was used to test the associated risk factors for the time of recur-
rence and metastasis. Comparison between groups was calcu-
lated by log-rank test. P < 0.05 was considered significant.

RESULTS

According to our pathological examinations, subcarinal lymph
node metastasis was observed in 200 cases, with a rate of 9%

Figure 1. Time of recurrence and metastasis of oesophageal cancer patients
with solitary subcarinal lymph node metastasis and solitary paraoesophageal
lymph node metastasis.



Ma et al. / Interactive CardioVascular and Thoracic Surgery 841

(200/2223). The t-test and y2-test showed the following factors
to be associated with a higher frequency of subcarinal lymph
node metastasis (P <0.05, Table 1): more lymph node metasta-
ses, longer tumour length, deeper invasion, middle oesophageal
cancer, squamous-cell carcinoma, lower degree of differenti-
ation, paraoesophageal lymph node metastasis and left gastric
cardiac lymph node metastasis.

The logistic regression analysis showed that the following
factors were associated with a risk of subcarinal lymph node me-
tastasis (P <0.05, Table 2): tumour location, depth of invasion
into the oesophageal wall, tissue type, number of lymph node
metastases, number of lymph nodes dissected, paraoesophageal
lymph node metastasis, left gastric cardiac lymph node metasta-
sis and cervical lymph node metastasis.

As given in Table 3, the difference (in location) of recurrence
and metastasis of oesophageal cancer patients with SSNM and
SPNM were statistically significant (P =0.025). The Kaplan-Meier

Table 2: Logistic regression analysis of factors correlated
to subcarinal lymph node metastasis

Variables SE Sig. OR (95% Cl)

Tumour location 0.3029 0.0318 0.522 (0.360-0.693)

Number of lymph node 0.0918 0.0001 2.498 (1.939-3.155)
metastasis

Number of lymph node 0.0171  0.0001 0.839 (0.808-0.873)
dissection

Level 8 lymph nodes 0.2472  0.0067 0.512 (0.410-0.626)

Left gastric cardia lymph 0.2620  0.0001  0.360 (0.243-0.501)
node metastasis

Depth of invasion 0.2419 0.0413 1.638(1.233-2.183)

OR: odds ration; SE: standard error.

Table 3: Difference (in location) of recurrence and
metastasis of oesophageal cancer patients with solitary
subcarinal lymph node metastasis (SSNM) and solitary
paraoesophageal lymph node metastasis (SPNN) [n (%)]

Variables SSNM SPNM P
Anastomotic stoma 10 (185) 15(16.3)  0.025
Superior mediastinum lymph nodes 21 (38.9) 20 (21.7)
Supraclavicular lymph nodes 13(24.1) 15(16.3)
Abdominal lymph nodes 3(5.6) 19 (20.7)

Bone metastasis 3(5.6) 6 (6.5)

Liver 4(74) 17 (185)

method was used to test the relevant factors for the time of re-
currence and metastasis. The median time of solitary subcarinal
lymph node metastasis was 15 months, and that of solitary para-
oesophageal metastasis was 19 months. The difference in both
groups was statistically significant (P =0.001, Table 4).

DISCUSSION

Compared with the Western world, oesophageal squamous-cell
cancer is more common in Asian countries. The prevalence of
the squamous-cell subtype of oesophageal cancer in some
regions of China and Japan is reported to be >90% [10, 11]. The
5-year survival rate after oesophageal cancer surgery increased
from 15-18% in the 1980s [12] to 32-37% by 2000 [13, 14]. At
present, oesophagectomy is still the first line of treatment for oe-
sophageal cancer, but there is not yet a standard for the extent
of lymph node dissection. Currently, the extent of lymph node
dissection in oesophageal cancer surgery around the world can
be classified into four types: standard, extended, total and three-
field. Because the rates of metastasis from upper, middle and
lower thoracic oesophageal cancer to the cervical nodes account
for 39-47%, 26-41% and 19~27%, respectively, many treatment
centres in Japan have listed three-field lymph node dissection as
a routine surgical procedure [15]. For the patients who were
diagnosed with NO by traditional pathological methods, micro-
metastatic carcinoma could still be found in their negative
lymph nodes, indicating that it is nearly impossible to dissect all
of the lymph nodes at risk of cancer metastasis using surgery
only. Therefore, some European and American scholars have
held the opinion that mediastinal lymph node dissection is not
required at all, suggesting that oesophageal cancer should be
considered a systemic disease and that excess lymph node dis-
section may not improve outcomes. For example, Orringer et al.
[16] conducted oesophagectomy through the oesophageal hiatus
without opening the chest. They supplemented the surgery with
radiotherapy and chemotherapy before and after the operation.
The 2-year survival rate reached 60%, and the curative effect was
similar to that of extensive resection. In addition, Japanese scho-
lars reported that three-field lymph node dissection was benefi-
cial for the survival of patients, but the duration of the operation
was long, with trauma and high operative mortality as well as
more postoperative complications [5, 6]. The results of a rando-
mized controlled trial reported by Western scholars showed that
three-field lymph node dissection did not significantly improve
the 5-year survival rate of oesophageal cancer but did increase
some complications, such as recurrent laryngeal nerve injury and
pulmonary infection, in addition to the surgical risks [17].
Therefore, the decrease in the postoperative quality of life and
the forward advantages of three-field lymph node dissection

Table 4: Difference of median times of oesophageal cancer patients with solitary subcarinal lymph node metastasis (SSNM)

and solitary paraoesophageal lymph node metastasis (SPNN)

1 year 2 years 3 years

Median (95% Cl) P Median (95% Cl) P Median (95% Cl) P
SSNM 9 (7.040-10.960) 0.23 14 (12.615-15.385) 0.40 15 (13.569-16.431) 0.001
SPNM 9 (7.303-10.697) 16 (14.915-17.085) 19 (17.120-20.880)
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cancelled each other. Li et al. [18] reported that depth of inva-
sion was an important risk factor for lymph node metastasis.
Siewert et al. [19] reported that a higher degree of differentiation
in oesophageal cancer indicated a lower risk of lymphatic metas-
tasis, and that the degree of differentiation was an independent
risk factor for lymphatic metastasis in oesophageal cancer. The
retrospective data of this project showed that the following
factors were associated with a lower risk of lymph node metasta-
sis: upper oesophageal cancer, high degree of differentiation,
squamous-cell carcinoma, shorter tumour length, superficial in-
vasion and some other factors. Therefore, for the patients with
relatively early, local and superficial oesophageal cancer, further
study should be made to determine whether routine subcarinal
lymph node dissection is required.

The lymphatic drainage of the oesophagus runs in the longitu-
dinal direction, resulting in regional, up-down bidirectional me-
tastases and skips the metastasis of oesophageal cancer [20, 21].
Because the oesophagus lacks serosa, the local extension of the
tumour is also easy to diffuse. Currently, the regional lymphatic
drainage area of oesophageal cancer is not yet entirely clear. The
domestic and foreign institutes usually define the area according
to the site of lymph node metastasis in oesophageal patients, so
there is no uniform standard for the definition of regional lymph
node dissection in oesophageal cancer. The Japanese Society for
Esophageal Diseases (ISDE) and Japan Society for Eating
Disorders (JSED) defined the regional lymph nodes of oesopha-
geal cancer in 1992 and 1999, respectively, covering the extent
of three fields of cervical nodes, thorax and abdomen. As for the
definition of subcarinal lymph nodes and paraoesophageal
lymph nodes, neither the ISDE nor the JSED have given a specific
boundary. According to the definition of thoracic lymph nodes
proposed by the International Association for the Study of Lung
Cancer (IASLC) in 2009, the upper bound of subcarinal lymph
nodes (Group 7) is the carina of the trachea, and the lower
bound is the connection between the upper opening of bron-
chus lobar (inferior sinister) and the lower opening of the right
intermediate bronchus [22]. The anterior and posterior bounds of
middle thoracic paraoesophageal lymph nodes and subcarinal
lymph nodes have not yet been clearly defined. From the trad-
itional view, subcarinal lymph nodes are the regional lymph
nodes in oesophageal cancer [6]; thus, at oesophagectomy, sub-
carinal lymph node dissection has become a routine procedure.
However, few studies have reported the details of subcarinal
lymph node metastasis in oesophageal cancer.

The results of this study indicate that solitary subcarinal lymph
node recurrence and metastasis mainly occur in the superior
mediastinum and the supraclavicular lymph nodes, and when
solitary paraoesophageal lymph node metastases occur, they are
mainly located in the superior mediastinum, abdominal lymph
nodes and liver. In this study, the difference between the recur-
rence and metastasis of solitary subcarinal lymph nodes and soli-
tary paraoesophageal lymph nodes was statistically significant,
and when there was subcarinal metastasis, the risk of recurrence
and metastasis was higher than when there was solitary paraoe-
sophageal lymph node metastasis. Therefore, subcarinal lymph
nodes might not be considered regional lymph nodes of oe-
sophageal lymphatic drainage.

At present, even when three-field lymph node dissection is
used, the mean number of metastatic lymph nodes is as many
as 59.5-82 [23], which is still far from the mean number of 118-
234 lymph nodes in oesophageal cancer patients found by
autopsy  [20].  Positron  emission  tomography  (PET),

mediastinoscopy, endoscopic ultrasound (EUS) and endobron-
chial ultrasound (EBUS) have been used in the clinic, and they
can provide relatively accurate information about the absence or
presence of lymph node metastases [24, 25]. Therefore, for
patients with oesophageal cancer, we advocate individualized
and appropriate lymph node dissection, and the extent of dis-
section should be determined by preoperative examination,
intraoperative probing and the results of frozen sections. When
the surgery is relatively radical, extensive lymph node dissection
should be avoided, because it can reduce local tumour defense
function and immune function in patients. In this way, patients
can recover from surgical trauma as soon as possible and can
receive earlier multidisciplinary comprehensive treatment, which
benefits their treatment and rehabilitation.
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