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Abstract: There are many controversies in lymphadenectomy for thoracic esophageal cancer, and whether
3-field lymphadenectomy or 2-field lymphadenectomy is better have still been in doubt. The aim of this
article is to review the role of the lymph node dissection by introducing the merits and demerits in 3-field
lymphadenectomy, and the development in lymphadenectomy’s selection, treatment and diagnosis. All the
literatures related to esophageal lymphadenectomy and minimally invasive surgery (MIE) were searched
in PubMed database and the cross references were added and reviewed to complete the reference list.
Several researches elucidated that better overall survival (OS) in patients with esophageal cancer after
3-field lymphadenectomy had been reported worldwide, and 3-field lymphadenectomy is more suitable
for treating esophageal cancer with cervical and/or upper mediastinal lymph nodes metastasis than 2-field
lymphadenectomy regardless of the tumor’s histology and location. Many approaches based on the
characteristics of esophageal cancer lymph node metastasis are taken to improve the accuracy of 3-field
lymphadenectomy and decrease the postoperative morbidity and mortality, while every approach needs
further studies to demonstrate its feasibility. The benefits of the recently rapid-developed techniques
performed in treating esophageal cancer: the MIE and the robotic-assisted thoracoscopic esophagectomy are
illuminated as well, and both of them are technically safe and feasible for esophageal cancer, whereas further

evaluations are still necessary.
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Introduction

Esophageal cancer is thought to be one of the lethiferous
neoplasm with a 5-year overall survival (OS) rate of
approximately 50% in some Japanese series (1), whereas in
some western countries this value can be lower as 25% (2).
Extensive works have been conducted to look for the
optimal treatment and to improve the present therapy
options, especially for the optimal choice for the dissection
of the lymph node. However, there’s still a controversial
in the decision of the extent of the lymph node dissection
now. Some research has reported that the esophageal cancer
correlate with a high rate of nodal and distant metastasis,
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even at the early stage, and it cannot reach the complete
cure without help of the lymph node dissection (3).
Furthermore, some Japanese series claimed that extended
lymphadenectomy may prevent recurrence and prolong
survival after resection of thoracic esophageal carcinoma (4).
At the same time, the discussion of the mortality and
morbidity as well as the pattern of the lymph node dissection
is another debate concerns. The aim of this article is to
review the role of the lymph node dissection by introducing
the merits and demerits in 3-field lymphadenectomy, and
the development in lymphadenectomy’s selection, treatment

and diagnosis.
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Table 1 Clinical outcomes of en bloc esophagectomy

E1137

Histology (%)

Authors Year Number s A Hospital mortality (%) 5-year survival (%) Morbidity (%) Recurrence (%)
Logan (5) 1963 NR NR 29 14.9 NR NR
Skinner (6) 1983 80 49 45 11 18 NR NR
Lerut et al. (7) 1992 54 65 35 9.6 48 27.6 NR
Dresner et al. (8) 2000 176 63 113 4 31 NR 48.3
Altorki et al. (9) 2001 111 73 27 5.4 40 38.7 39
Siewert et al. (10) 2001 527 100 0 7.9 37.4 NR NR
Collard et al. (11) 2001 235 50 48.5 5 49 NR 33.2
S, squamous cell of carcinoma; A, adenocarcinoma; NR, not reported.
Table 2 Surgical outcomes of 3-FL
Authors Vear  Number Histology (%) 5-year survival (%) 5-year dlisease—free Mortality ~ Morbidity
S A Total  Negative lymph node Positive lymph node survival (%) (%) (%)
Ferankose et al. (12) 2006 46 100 0 56 68.9 33.7 41.4 NR NR
Tachibana et al. (13) 2005 141 100 0 47.8 65.5 28.7 NR 6.4 80
Noguchi et al. (14) 2004 68 100 0 57.3 NR NR NR 4.4 NR
Lerut et al. (15) 2004 174 45 55 41.9 80.2 245 46.3 1.2 58
Igaki et al. (16) 2004 101 93 7 49.3 NR NR NR 2.6 68
Igaki et al. (17) 2003 336 97 3 61 NR NR NR 2 70
Altorki et al. (18) 2002 80 60 40 51 88 33 46 5 46
Igaki et al. (19) 2001 437 100 0 69 NR NR NR 3 62
Fang et al. (20) 2001 362 100 0 48.1 NR NR NR 3.3 61.6
Kato et al. (21) 1993 43 100 0 73.2 NR 68.6 NR 2.3 NR
S, squamous cell of carcinoma; A, adenocarcinoma; NR, not reported.
Material and methods Background

All literatures were searched in the PubMed and EMBASE
databases using the terms of Esophageal Neoplasm [Mesh],
Lymphatic Metastases [Mesh], Lymph Node Excision
[Mesh], Minimally Invasive Surgery, and Robotic-assisted
Surgery. Cross references were added and reviewed to
complete the reference list. The literatures were examined
by reading abstract and full text. The English literatures
published from 1961 to 2015 were included. The data in
Tibles 1-6 were extracted from the related studies, which are
comparable, and associated cases were referred and used in
this article. And the literatures’ search strategy and study
selection are exhibited in Figure 1.
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Lymph node metastasis

At present, the need of the extended lymphadenectomy
is still under debate, because of several factors, such as
the early lymphatic spread and complex distant metastasis
of the esophageal cancer. Anatomically, the esophageal
can be divided into three parts, which locate in three
compartments of the body. And the cancer cells can spread
through the lymphatic system longitudinally. So the unique
pattern of the lymph node metastasis happened in any
lymph node from the neck to the abdomen (28). Several
series have showed that the lymph node metastasis were
found in the celiac and gastric lymph nodes, nevertheless,
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Table 3 Mortality and morbidity of 3-FL

Authors Year Number  Mortality (%) Morbiaity (%)
Pulmonary complications (%) Anastomotic leakage (%) Recurrent nerve injury (%)
Tachibana et al. (13) 2005 141 6.4 29 26 28
Noguchi et al. (14) 2004 68 4.4 15 1.5 2.9
Lerut et al. (15) 2004 174 1.2 271 4.2 2.6
Igaki et al. (16) 2004 532 2.6 313 38.6 8.9
Altorki et al. (18) 2002 80 5 23.8 1.3 8.7
Table 4 Surgical outcomes of 2-FL
Histology (%) Morbidity (%)
Authors Year Number —As-yea:;) L;Nival Mo(;a)lity Pulmonary Anastomotic leakage  Recurrent nerve
complications (%) (%) injury (%)
Shim et al. (22) 2010 34 100 0 35.3 NR 0 11.8 14.7
Noguchi et al. (14) 2004 78 100 0 61.5 7.6 2.6 6.4 0
Igaki et al. (16) 2004 55 93 7 50.9 NR 10.9 29.1 18.2
Fujita et al. (23) 2003 65 100 0 NR 6.2 13.9 20 55.4
Kato (24) 1995 121 100 0 30.7 10.7 9.1 25.6 231
Fuijita et al. (25) 1992 100 100 0 23 6 5 15 NR
S, squamous cell of carcinoma; A, adenocarcinoma; NR, not reported.
Table 5 Surgical outcomes of different tumor location
Lymph node metastasis (%) 5-year overall survival (%)
Authors Year Number Total Cervical lymph node metastasis Total Cervical lymph node metastasis
c u m | u m | u m |
Chen et al. (26) 2014 1,715 NR NR NR NR 44.2 315 14.4 213 213 NR NR
Fang et al. (27) 2007 87 19.5 255 23 241 29.2 20.8 10 NR 50 2-year NR
Fujita et al. (28) 1994 70 714 NR NR NR 40 21.6 4.3 NR 71.4 35.9 0

C, cervical esophageal cancer; u, upper mediastinal esophageal cancer; m, middle mediastinal esophageal cancer; |, lower mediastinal esophageal cancer;
NR, not reported.

Table 6 Surgical outcomes of robotic thoracoscopic esophagectomy

Postoperative complications

Lymph node Total operation  Total blood ICU stay Hospital Mortality Thoracic RLN  Pleural
Author Year Number . ) Anastomotic N . Anastomotic
harvested time (min) loss (mL) (day) stay (day) (%) duct injury palsy effusion .
leak (%) stricture (%)
(%) (%) (%)

Galvani et al. (29) 2008 18 14 [7-27] 267+71 54 [10-150] 1.8[1-5] 10 [4-38] 0 33.3 5.6 5.6 5.6 5.6
Kim et al. (30) 2010 21 38+14.2 176.3+12.3 NR NR NR 0 19 NR 28.6 NR NR
Dunnetal. (31) 2013 40 20 [3-38] 311 97.2 1[0-16] 9 [6-36] 0 25 NR 35 45 67.5
Morietal. (32) 2015 22 30 524 [445-724] 385[30-890] NR  18[11-41] 0 18 4.5 4.5 NR 4.5
Parketal 33) 2015 114 43.5+1.4 419.6+7.9 NR NR 16 25 14.9 NR 26.3 NR NR
Puntambekar 2015 83  18.4[13-24] 204.9 [180-300] 86.8 [50-200] 1[1-3] 10.4[10-13] O 3.6 1.2 24 3.6 72

et al. (34)
NR, not reported.
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Figure 1 Flow diagram of the search strategy and study selection.

these metastasis were originating from the cancer above
the tracheal bifurcation, and the lymph nodes at this level
thought to drain into the thoracic duct (35). And the upper
thoracic esophageal cancer is accompanied with higher rate
of pure cervical lymph node metastasis buy the lower rate
of locoregional lymph node metastasis when compared
to lower thoracic group (28,35,36). With more and more
practical experiences and knowledge accumulated in order
to improve the treatment of the esophageal cancer since
the 19th century. Many surgeons gradually realized the
importance of the clearance of the regional lymph nodes
in the treatment of the esophageal cancer. After that,
Nakayama (37) proposed the clearance of the celiac artery
nodes and Logan (5) reported the role of the mediastinal
node dissection in the 1960s. In the 1970s, according to
the reported frequency of supraclavicular nodes, Sannohe
et al. (38) first conducted the lymph node dissection in the
bilateral supraclavicular, right intrathoracic and abdominal
regions in 36 patients with the thoracic esophageal
cancer. In the 1980s, with the development of the surgical
techniques, perioperative and postoperative care, many
surgeons preferred the extensive lymph node dissection in
the treatment of esophageal cancer because of the decreased
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o | Full-text articles excluded [165]

1. Letter [37]

2. Unclear surgical procedure [35]

3. Only title in English but article in other language [27]

4. Children studies (less than 18-year old) [23]

5. Patients were not suitable for operation (serious organ
disease and infection) [43]

mortality as well as the improved OS rate. Later in 1994,
the types of lymphadenectomy were classified as standard,
extended, total, or three-field lymphadenectomy in the
Consensus Conference of the International Society for
Diseases of the Esophagus (ISDE) (39).

Cervical lymph node metastasis

When referred to the 3-FL, the primary difference between
the 2-FL and 3-FL is the clearance of the cervical lymph
node, thus recognize the role of the cervical lymph node
metastasis correctly make it easier find the benefits 3-FL
brings to the patients.

In the last century, the cervical lymph node metastasis
was not normally defined, and according to the 9th edition
of the Guidelines for clinical and pathologic studies on
carcinoma of the esophagus published from Japanese Society
for Esophageal Diseases in 1999 (40), the cervical lymph
nodes were classified into four groups: 101 (para-esophageal
nodes), 102 (deep cervical nodes), 103 (retropharyngeal
lymph nodes), 104 (supraclavicular lymph nodes), and
each group was divided into left and right sides. However
there’s no series reported the prognosis of this classification
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until Chen ez 4l. (26) reported that there was no significant
difference in terms of 5-year survival rates among the 101
alone group, group of 104 alone and the group of 101 and
104 (24.1%, 16.2% and 11.7%, respectively P=0.117). And
it elucidated that the different parts of the cervical lymph
node metastasis shall be regarded as one common regional
lymph node metastasis, which support the AJCC cancer
staging manual 7th ed. (41). Furthermore, the AJCC cancer
staging manual 7th ed. (41) proposed that the subdivision
of “M” stage depend on the presence of the non-regional
lymph node involvement should be vanished, which
regard cervical lymph node as the regional lymph node.
Hsu er al. (42) found there’s no survival difference among
patients in N1, Mla and non-regional LNM-related M1b
(23.2%, 22.0% 18.5%, respectively, P>0.05), and there’s
definite survival difference between patients with and
without distant metastasis (P<0.001). Therefore the cervical
lymph node metastasis would be better considered as “N”
staging instead of “M” staging (24).

The impact of recurrent laryngeal nerve lymph node
metastasis

Anatomically, the lymph nodes near the recurrent laryngeal
nerve are located at the junction of the neck and chest
where the cervical and mediastinal lymph nodes frequently
intersected. It is reported that the high risk of metastasis
to the lymph nodes near both sides of recurrent laryngeal
nerve. Kato er al. (21) found the right recurrent laryngeal
nerve lymph nodes was the most frequent site of lymph node
metastasis (16.3% in Kato’s series), while Fujita et /. (28)
reported the most frequent lymph node recurrence after
operation was seen in the lymph nodes near left recurrent
laryngeal nerve. Meanwhile, in Ye et a/. (43) study, the rate
of LN metastasis near the bilateral recurrent laryngeal
nerve was 34.2%, in which 15.8% involving the left LNs
and 20.8% involving the right LNs. The rate of skip
metastasis to the LNs near the recurrent laryngeal nerve
was 4.2%. Therefor the dissection alone the both sides
of the lymph nodes near the recurrent laryngeal nerve is
necessary with regard to its high rate of the lymph node
metastasis. Furthermore, Yoshioka er 4/. (44) reported the
rate of cervical lymph node metastasis was 51.6% in patients
with lymph node metastasis near the recurrent laryngeal
nerve, while the rate was 11.6% in patients without lymph
node metastasis near the recurrent laryngeal nerve (P<0.05).
At the same time, Ye er al. (43) reported the significant
higher rate of 3-year survival in patients with lymph node
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metastasis near the recurrent laryngeal nerve after radical
surgery with 3-FL than patients without recurrent laryngeal
nerve lymph node metastasis (29.3% vs. 58.2%, respectively
P<0.05). Malassagne et al. (45) showed the similar outcomes
with the lower rate of 5-year survival in patients with
metastatic recurrent laryngeal nerve lymph node after 3-FL
than that of patients with non-LN metastasis (21% uvs.
47%, respectively, P<0.05). With too much series, it can be
considered that the recurrent laryngeal nerve lymph node
is a reliable and strong indicator of cervical lymph node
metastasis, and it equally is an important factor affecting
the postoperative survival rate of patients with esophageal
cancer (43-45). Therefore the recurrent laryngeal nerve
lymph node can be regarded as “sentinel node” for cervical
lymph node metastasis of esophageal cancer.

Lympb node dissection

Although the 1994’s ISDE conference classified the four
types of the lymphadenectomy, the terminologies rarely used
in some articles or literatures. At present, the commonly
used terms are Ide. classification, which include standard
2-field (2S), extended 2-field (2F) and 3-field resections
(3F) (46). Commonly, the region of the lymphadenectomy
involve the bilateral lower cervical lymph nodes (including
the lymph nodes of the cervical paraesophageal and both
sides of supraclavicular), the upper, middle and lower
mediastinal lymph nodes (including the lymph nodes of
the paraesophageal and the lymph nodes along bilateral
recurrent nerves) and the superior abdominal lymph nodes
(including the lymph nodes around the cardiac, celiac artery
and esophageal hiatus). The 3-FL involves all of these
regions, while the extended 2-FL covers all regions except
the bilateral cervical lymph nodes. And standard 2-FL is
not included the upper mediastinal lymph nodes. In some
eastern countries like Japan and China, where the main type
of the esophageal cancer is the squamous cell, and it usually
locates in the middle and lower esophagus. So the 2-FL,
which is referred to the 2F, as a standard surgical treatment
has been widely used (14,16,23), and the 3-FL also has
been frequently conducted in China in recent years (26,27).
However, in some western countries, the adenocarcinoma
of the lower esophagus or the esophagogastric junction is
common. And the cervical and upper mediastinal lymph
node dissection seems distant from where the tumor locates
and is rarely conducted. Furthermore, they seldom preform
3-FL because of the not obvious survival rate improving,
like Watanabe et 4l. (47) compared the 5-year survival rate
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between the 2-FL and 3-FL, the outcomes of which are
54.9% and 47.6% respectively, and there’s no significant
difference between two groups, therefore the 2-FL here is
referred to the 2S. Occasionally in some western studies,
there’s distinguish between 2S and 2F, and D’Journo ez a/. (48)
reported the extended 2-field (2F) improve the 5-year
disease-free survival when compared to standard 2-field (2S)
(41% versus 10% P<0.05), especially in patients with NO
disease (median survival: 44 versus 17 months, P=0.001), and
got almost the same mortality (9% versus 11%, P=0.68) but
a bit more non-fatal morbidity, especially the pulmonary
complications. Nevertheless the 2F are rarely conducted in
western world, because the patients satisfy the needs of 2F are
usually submitted to multimodal therapeutic protocols (49),
the 2F are not a standard therapy currently.

Although there are too many studies reported the
outcomes of the extensive lymph node dissection, there’s
still a controversy in how to choose the proper operation
to treat different esophageal cancers. Thus it is necessary
to review the different types of studies associated with
the esophagectomy and lymphadenectomy, collecting the
related information on the basis of the modalities of the
operation, tumor type, complications, survival, mortality
and morbidity in the perioperative and postoperative
period, in order to conclude some suggestions for surgeons.

3-FL versus 2-FL

En-bloc esophagectomy (EBE) vs. transhiatal esophagectomy
(THE)

When referred to the esophagectomy we cannot avoid
the subject: the EBE, which is frequently performed in
most eastern and western countries. From Logan (5) first
propagated EBE in 1963 and Skinner (6) broadened the
use of EBE in treating thoracic and abdominal esophageal
cancer in 1983, more and more studies were conducted
to find its benefit in improving the survival (the 5-year
survival: from 14.9% to 49% in Tuable 1) (5-11) and
decreasing the mortality (the hospital mortality is ranged
from 4-29% in Table 1) (5-11) and recurrence (48.3%
to 33.2%) (8,9,11) after the operation. However, several
studies from westerns countries also have reported the
benefits THE had brought to patients with esophageal
adenocarcinoma (6,9), but Hulscher ez /. (50) conducted a
prospective randomized study comparing EBE with THE
for esophageal adenocarcinoma. The 5-year overall and
disease-free survival rates (39% and 39%, respectively) after
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EBE were marginally better than those (27% and 29%,
respectively) after THE (P<0.05). Although THE brings
the benefits for esophageal adenocarcinoma in lower thorax
and esophagogastric junction, the EBE does the same even
better effect for patients wherever the tumor locates and
whatever the tumor type is. Nevertheless, a more extended
esophagectomy also brings the rising morbidity (27.6% and
38.7%) (7,9), and the pulmonary complication is the most
common cause of the morbidity and the septic complication
is the next (6,7,9).

Clinical outcomes

Tachibana et /. (51) has once reviewed the surgical
outcomes of extended esophagectomy with 3-field lymph
node dissection after 1980 and made the conclusion that
the extended esophagectomy with 3-FL would be a safe
treatment with low morbidity and acceptable mortality
rates. Meanwhile, there’s also some series showed the
similar surgical outcomes in Table 2 with the 5-year OS
rates range from 41.9% to 73.2% (12-21,51), which is
better than the outcome of 2-FL in Table 4 (14,16,22-24).
The mortality rates maintained between 1.2% and 10.4%,
which is lower than that in 2-FL (14,16,22-25). Akiyama (52)
reported the significant survival difference between
2-FL and 3-FL (38.3% versus 55.0% P=0.0013) after RO
resection in 717 patients. Nishihira ez 2/. (4) once conducted
a prospective randomized trial, comparing the outcomes
after 3-FL and 2-FL, and the hospital death was 3% in
3-FL group and 7% in 2-FL group. The 5-year survival
was 66.2% and 48.0%, and the recurrence rate was 19.9%
and 24.1%, which drew the conclusion that 3-FL may
prevent recurrence and prolong survival after thoracic
esophagectomy. However, from Table 3, the morbidity after
3-FL is high, which is ranged from 46-80% (13,15-20), and
it is not difficult to find the most frequently happened after
3-FL was pulmonary complications (13-16,18), comparing
with the anastomotic leakage and recurrent nerve injury.
Fang et al. (20) report with the significant higher respiratory
failure (70.6% versus 31.6%, P=0.045) and death rate
(47.1% versus 15.8%, P=0.047) in primary postoperative
complications group than in secondary complications group
after 3-FL, and it accounts for not only the more morbidity
but also the more mortality after three-field lymph node
dissection in Table 2.

There are two randomized controlled studies
demonstrated the better survival benefit of the 3-FL.
Nishihira er /. (4) reported a prospective randomized
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trial of extended and conventional lymphadenectomy,
which was referred to 3-FL and 2-FL respectively. The
S-year survival was 66.2% versus 48.0%, and hospital
death occurred in 3% and 7%, respectively, which
concluded the extended lymphadenectomy is better than
the conventional lymphadenectomy. And Kato er al. (53)
got the similar results as Nishihira ez 4. (4) did (the 5-year
survival was 48.7% in 3-FL group and 33.7% in 2-FL
group, respectively, P<0.01). Although these two studies
are randomized trials, there are still some limitations to
make these two studies less convinced. The advantages of
Nishihira’s studies are the strict criteria of the patients’
selection and the strict randomization they followed, while
the number of the patients finally included in this trial was
too small, which were 32 cases in extended group and 30
cases in conventional group. Though Kato’s reported finally
included the 150 cases, the lack of the strict randomization
becomes the drawback of their trail.

Tumor location

When compared with the location of the esophageal cancer,
3-FL is recommended to the cancer with cervical or upper
mediastinal lymph node metastasis wherever the cancer
locates. It can be demonstrated that the upper mediastinal
esophageal cancer has a higher risk of the cervical lymph
node metastasis than the middle and lower mediastinal
esophageal cancer in Table 5 (26-28). At the same time, Chen
et al. (26) reported that the cervical lymph node metastasis
was independent of tumor location. Fujita er al. (28)
and Kato et 4l. (21) proposed the most frequently lymphatic
recurrence after operation was found in the left upper
recurrent nerve nodes and the right supraclavicular,
celiac and abdominal paraaortic nodes, in contrast, the
right recurrent nerve nodes metastasis was the most
frequently found at operation. Meanwhile, Fang ez al. (54)
explained that the cervical lymph node metastasis is
significantly correlated with the upper and/or middle
mediastinal esophageal cancer (both P<0.01), while there’s
no association with the lower and abdominal esophageal
cancer. It seemed that the cervical lymph node dissection
is more benefit for patients with the upper and middle
thoracic esophageal cancer. At the same time Fujita ez al. (55)
found the better survival rate in 3-FL with the lymph node
metastasis from the upper and middle thoracic esophageal
cancer than in 2-FL (1-year survival: 87.3% versus 73.8%;
3-year survival: 50.8% versus 44.6%; 5-year survival: 39.7%
versus 35.4%, respectively). Also when take lower thoracic
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esophageal cancer into consideration, and Igaki ez /. (16)
recommended the 3-FL in squamous cell carcinoma of
lower thoracic esophagus presented with the upper/middle
mediastinal lymph node metastasis (5-year survival rate after
2-FL and 3-FL was 5.6% and 30.0%, respectively P=0.005).
Meanwhile Shim ez al. (22) who compared the upper
thoracic esophageal cancer with 2-FL and 3-FL, and found
there’s no survival benefit in 3-FL without cervical lymph
node metastasis (5-year survival of 3-FL vs. 2-FL: 44% vs.
52% P=0.65, respectively). Therefore when treated with
esophageal cancer with cervical and/or upper mediastinal
lymph node metastasis, it would be better choose the 3-FL
no matter where the cancer locates.

Number of removed lymph nodes

There’s a consensus that the better survival is related to
the more harvested lymph nodes. And there are some
series in relation to this problem. Peyre et a/. (56) analyzed
2,303 esophageal cancer patients (1,381 adenocarcinoma,
922 squamous) from 9 international centers who had accepted
RO esophagectomy, and he concluded that the number of
the dissected lymph node was an independent predictor
of survival after having esophagectomy, and minimum of
23 regional lymph nodes dissected harvest a better survival.
On the basis of the worldwide data, the AJCC cancer
staging manual 7th ed. (41) recommends the more lymph
nodes resected, the better survival harvested, and the
dissected number should follow the increasing pT stage
(C 10 for T1; C 20 for T2; and C 30 for T3 and T4).
However, Lagergren et al. (57) reported the cohort study
of 606 patients who had undergone the esophagectomy
revealed that patients in 25-52 lymph nodes dissected didn’t
cause a statistically significant decrease in all-cause-5-year
mortality compared with the patients in 0-10 lymph nodes
dissected (HR: 0.86; 95% CI: 0.63-1.17), whereas the great
number of metastatic nodes and the high ratio of positive
and negative lymph nodes were related to the improvement
of the mortality rates. Equally, van der Schaaf ez a/. (58)
demonstrated the same results by reporting the 1,044 patients
who had undergone the esophagectomy. Patients with the
7-15 nodes removed and/or 16-114 nodes removed didn’t
decrease the 5-year mortality when compared with the
<7 nodes removed (HR: 1.13; 95% CI: 0.95-1.35 and HR:
1.17; 95% CI: 0.94-1.46, respectively), especially in early
T stages (Tis—=T1) (HR: 1.53; 95% CI: 1.13-2.06). Thus,
the view point of the more number of dissected lymph
nodes, the better survival harvested will be challenged by
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the current results, and further research is needed to change
clinical practice.

Tumor types in 3-FL

We have mentioned that there’s difference exists in type of
esophageal cancer between eastern and western countries.
The adenocarcinoma of the esophagus is the main tumor
type in western countries. Thus the way of treating the
esophageal cancer is contradicted. Series showed in Tables 2,4
have already demonstrated that 3-FL in patients with
squamous cell carcinoma of the thoracic esophagus with
higher survival and less mortality and morbidity when
compared with 2-FL (14,16). Even some western scholars
have reported the outcomes of 3-FL as well. Lerut ez a/. (15)
have reported 174 cases of RO resection with 3-FL, which
included 96 adenocarcinoma of lower thoracic esophagus
and the esophagogastric junction, the 5-year survival was
41.9% and 5-year disease-free survival was 46.3% and the
local recurrence rate was 5.2%. In the meantime, there
are also 48 cases of adenocarcinoma of thoracic esophagus
included in Altork’s (18) research who reported 29 cases
with cervical and thoracic lymph node metastasis and 3 cases
with lymph node metastasis to celiac axis, even the 5-year
survival in stage III was reached to 54%. Thus, the benefit
in survival, lymph node metastasis, mortality and tumor
recurrence the 3-FL bring to can be seen in both squamous
cell cancer and adenocarcinoma of esophagus.

Patterns of the recurrence

Fang er al. (54) once proposed that although there were
various methods in treating the esophageal cancer, the long-
term survival was still unsatisfactory with regard to the large
quantities of the recurrent diseases developed in patients
after radical esophagectomy. Therefore, comparing the
patterns of recurrence after 2-FL and 3-FL is another way to
adopt the proper lymphadenectomy in treating esophageal
cancer. There’s a consensus that the lymph node recurrence
is the main part of the recurrence both in patients who had
undergone the esophagectomy with 2-FL and 3-FL (59,60).
And the lymph node recurrence in the cervical, mediastinal,
and abdominal regions are the most essential prognostic factors
as many series proposed (8,61,62). Equally, Kato er a/. (63)
once compared the pattern of recurrence in 50 pT3
patients after esophagectomy with 3-FL and the 100 pT3
patients after 2-FL. The lymphatic recurrence was found
less frequently in 3-FL group (34.8%) than in 2-FL group
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(63.3%) (chi’ =5.1149). It is not difficult to find that
the lymph node recurrence is the major pattern of the
locoregional recurrence following radical surgery, especially
the cervical lymph nodes and the recurrent laryngeal nerve
lymph nodes are not dissected routinely in some countries
like China (26), and the patients undergone the radical
surgery with 3-FL contribute less recurrence rate than 2-FL,
and several studies support this idea identically (4,64,65).

Technical improvement in 3-FL

Although the extended lymphadenectomy improve the
postoperative survival for patients with thoracic esophageal
cancer, the treatment is not suit for every patient. At
present, this procedure should be applied for selected
patients with good physical conditions in order to relieve
the greater surgical stress and to improve the accuracy and
specific of lymphadenectomy.

Diagnostic improvement

Several studies reported the 2-FL or 3-FL based on the
cervical ultrasonography (US) in patients with esophageal
cancer, in order to detect the presence of the cervical
lymph node metastasis. Natsugoe et /. (66) showed the
sensitivity, specificity, and accuracy of US diagnosis were
74.5%, 94.1%, and 87.6%, respectively in patients who
had undergone the radical esophagectomy through right
thoracotomy with 3-FL. And Shan et 4/. (67) compared
endobronchial ultrasonography (EBUS) with conventional
preoperative endoscopic ultrasonography (EUS) and
computerized tomography (CT) examination to evaluate
their ability to detect the recurrent laryngeal nerve lymph
node metastasis in patients with esophageal cancer. The
sensitivities of the preoperative evaluations of recurrent
laryngeal nerve lymph node metastasis by EBUS, EUS
and CT were 67.6%, 32.4% and 29.4%, respectively.
The sensitivity of EBUS was significantly different from
that of EUS or CT, especially in the detection of right
recurrent lymph node metastasis. Meanwhile he also
proposed the combination of the EBUS and EUS will
provide more precise information in determining not
only the perioperative tumor staging but also the proper
lymphadenectomy for the esophageal cancer. There’s
another imaging technique used by superparamagnetic
iron oxide (SPIO)-enhanced magnetic resonance imaging
(MRI) to estimate the need for neck lymphadenectomy
in submucosal esophageal cancer, the idea of which was

jtd.amegroups.com 7 Thorac Dis 2016;8(10):E1136-E1149



E1144

proposed by Motoyama er a/. (68). The detection rate was
95%, and there’s no recurrence of the cervical lymph node.
The overall recurrence rate was 5%. In the meantime, several
studies proposed the “sentinel node” is a good method to

improve the accuracy of lymphadenectomy (43-45).

Operational improvement

Saito et al. (69) reported the two stages technique, which
means radical esophagectomy with 3-FL is applied for those
whose physical condition is well, while if the patients with
the poor physical condition, the subtotal esophagectomy
with regional lymphadenectomy is performed for them
firstly, after approximately one month, the second operation
including the esophageal reconstruction with gastric tube
and the neck and abdominal lymph node dissection will
be conducted. This method not only extended the range
of conducting the 3-FL, but also improved the accuracy
of 3-FL (68%). At the same time, in order to reduce the
surgical stress, Noguchi et a/. (14) developed the two-step
3-FL for patients with thoracic esophageal cancer. In the
first step operation, the total thoracic esophagectomy
through a right thoracotomy with mediastinal and
abdominal lymph node dissection is performed. If the
recurrent laryngeal nerve lymph node metastasis is
pathologically positive, the cervical lymph node dissection
is performed 3 weeks after the first step operation. In this
method, the specificity is 53%, and though there’s no
significant difference in 5-year survival between the second
step group and first step group (58% vs. 61%, respectively,
P>0.05), 78 of the 146 patients avoided the cervical lymph
node dissection without negative therapeutic outcomes.

With the development of the thoracoscopic surgery,
many surgeons use the minimally invasive surgery (MIE)
techniques in radical esophagectomy with 2-FL or 3-FL
(70-72), and it is considered that when compared with the
traditional open radical resection, not only dose MIE improve
the accuracy of detecting the positive lymph nodes, especially
in detecting positive recurrent laryngeal nerve lymph nodes,
which resulted in the upstaging of TNM and increased
the accuracy of tumor staging [17.11% in Shen et 4l.’s (70)
report and 23.6% in Zhang et al’s (72) report], but also it
brings the lower postoperative morbidity (12-28.6% versus
34-41.2%) (71-74) which is technically safe and feasible for
esophageal cancer.

Since Horgan et al. (75) first reported their experience in
using robotic-assisted technology to perform a transhiatal
total esophagectomy in 2003, many surgeons have taken
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it into practice. The robotic-assisted technology provides
the wider view of operating field with its three-dimensional
view, which guarantees the precise and accurate dissection
of the tissues near the esophageal, especially the more
extensive dissection of the lymph nodes. The mean number
of removed lymph nodes ranged from 14 to 43.5 in Table 6
(29-34). At the same time, with the help of robotic-
assisted system, a more extensive of lymph node dissection
can be easily achieved (34), and the RO resection was
achieved from 94.7% to 97.5% (29,31,33,34). van der
Sluis et al. (76) conducted the first randomized controlled
trial to compare the robot-assisted minimally invasive
thoraco-laparoscopic esophagectomy (RATE) with open
transthoracic esophagectomy as surgical treatment for
resectable esophageal cancer from January 2012, whose
follow-up will be 5 years. Although the trail has not been
accomplished yet, the more removed lymph nodes, lower
rate of perioperative complications, lower blood loss during
the operation, shorter hospital stay and the better prognosis
are what we expected from the outcomes of this randomized
controlled trial.

Discussion

It is believed that EBE provides more advantages in
survival rates of patients with esophageal cancer, especially
combined with the 3-field lymphadenectomy, because of
the thoroughly tumor resection and lymph node dissection.
There’re many studies compared the benefits between
the 2-FL and 3-FL, and all these studies proposed were
the suggestions of the suitable lymph node dissection in
different aspects of the oncological characteristics of the
esophageal cancer. Thus, whether choose the 3-FL or 2-FL
as the part of the operation of the esophageal cancer, it all
depends on the patient’s situation, characters of the tumor
and the surgeon’s experiences.

For the benefits in survival rates of different
lymphadenectomy, it can be discussed in different parts.

First, as for the location of the esophageal cancer, in early
years it suggested that 3-FL brought better survival benefits
for the upper and middle thoracic esophageal cancer than
2-FL, especially for the tumor accompanied with the
cervical or upper mediastinal lymph node metastasis. In
the meantime, the lower thoracic esophageal cancer gets
more advantages of survival rates from 2-FL than 3-FL.
It is because of the anatomic characters of the lymph node
metastasis of the esophageal cancer. Meanwhile, there
are cohort studies reported that the cervical lymph node
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metastasis is more often happened in the upper thoracic
esophageal cancer than in the lower thoracic esophageal
cancer. Therefore it is less useful in performing the
3-FL in the lower thoracic esophageal cancer and more
helpful in treating the upper thoracic esophageal cancer
conversely. However the further researches challenged
the results of the previous studies. They advocated that if
the esophageal cancer accompanied with the upper and/or
middle mediastinal lymph node metastasis, it is better to
take 3-FL as the paramount consideration, regardless of the
location of the esophageal cancer. Equally, when esophageal
cancer with no lymph node metastasis, the outcomes of the
postoperative survival rates was not significantly different
neither in the extent of the lymph node dissection nor in
the location of the esophageal cancer, according to the
cohort studies showed in this review. So it can be concluded
when treated with esophageal cancer with upper and/or
middle mediastinal lymph node metastasis, it would be
better choose the 3-FL, which can bring the better survival.
However, if the patient presented with no metastasis in
upper and/or middle mediastinal, either the 3-FL or the
2-FL is recommended.

Second, it is not difficult to find that the lymph node
recurrence is the major pattern of the locoregional
recurrence following radical surgery, and the patients
undergone the radical surgery with 3-FL contribute less
recurrence rate than 2-FL (4,64,65). At the same time, the
lymph node recurrence in the cervical, mediastinal, and
abdominal regions are the important prognostic factors
after esophagectomy (8,61,62), especially the lymph
node recurrence happened in the cervical regions (18).
The Japanese Society for Esophageal Diseases in 1999 (40)
once divided the cervical lymph nodes into four groups and
a cohort studies demonstrated that there’s no significant
difference with the 5-year survival rate in different groups,
and there’s also no difference with the survival rate on
subdivision of “M” stage according to the appearance
of the cervical lymph node metastasis. Thus the cervical
lymph node is gradually regarded as “N” rather than
“M?”, and the results was embodied in AJCC 7t¢h ed.
Staging (41). Based on the results of the cervical lymph
node metastasis, the impact of the cervical lymph node
dissection is reported in a number of studies. Meanwhile,
there are some studies reported that the cervical lymph
node metastasis is significantly more common in patients
with positive recurrent laryngeal nerve lymph nodes rather
than negative recurrent laryngeal nerve lymph nodes (45).
Moreover, high as the rate of the recurrent laryngeal nerve
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lymph nodes metastasis was, according to the rate of the
right laryngeal nerve lymph node metastasis from 15.8% to
16.3% (21,28), the recurrent laryngeal nerve lymph node
dissection was less undergone in some areas. It drew the
doctor’s attention, and many studies were concentrated on
finding the survival benefits of the recurrent laryngeal nerve
lymph node dissection. It’s believed that the dissection of the
recurrent laryngeal nerve lymph node would bring a better
OS after operation than those without the recurrent laryngeal
nerve lymph node dissection. And the patient with positive
recurrent laryngeal nerve lymph nodes who has undergone
the radical esophagectomy with 3-FL will get more benefits
of postoperative survival rate than patients with 2-FL (43-45).
At the same time Kato ez /. (63) have once reported that
the rate of local recurrence in 3-FL group was lower than
that in Ivor-Lewis group (17% versus 38%) regardless
of whether there’s cervical or upper mediastinal lymph
node metastasis or not. The 9% decrease was found in the
rate of mediastinal lymph node metastasis after 3-FL and
the rate of postoperative cervical lymph node metastasis
decreased 10% after 3-FL. Even in patients with esophageal
adenocarcinoma, 3-FL also decreased the postoperative
recurrence. Altorki (77) found that ten patients happened
the recurrence but only one patient happened local
recurrence. Thus 3-FL broads the extent of lymph node
dissection and plays an important role in decreasing the rate
of postoperative recurrence.

Third, there’re also some studies proposed the survival
benefits in 3-FL was because of the upstaging of TNM
(52,78). The cervical and upper mediastinal lymph node
metastasis are usually found during and after 3-FL, which
cause upstaging of TNM from stage III to stage IV, even
from stage I or II to stage IV. Altorki (77) found the higher
S-year survival rate in patients in stage III after 3-FL than in
patients in same stage after 2-FL (54% versus 34%), which
were caused by the upstaging of TNM. In 3-FL group,
almost of all the patients are truly in stage III because of the
thorough lymph node dissection while in 2-FL group, some
of the patients in stage III were stage IV actually, which lead
a lower 5-year survival. Although Nishihira et 4/ (4) and
Kato et al. (53) have conducted the randomized controlled
trail in comparing the survival benefit between 3-FL and
2-FL, the drawbacks of both two trails make the outcome
less convinced.

Although the 3-FL brings many benefits for patients
with esophageal cancer, the high postoperative morbidity
cannot be ignored. The morbidity after 3-FL is high,
which is ranged from 46-80% (13,15-20), and it is not
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difficult to find the most frequently happened after 3-FL
was pulmonary complications (13-16,18), comparing with
the anastomotic leakage and recurrent nerve injury. The
primary difference between 3-FL and 2-FL is the cervical
and upper mediastinal lymph node dissection during 3-FL,
which makes the higher risk of recurrent laryngeal nerve
injury, which will impact the quality of patients’ long-term
survival after operation. Therefore surgeons should be
familiar with the cervical and upper mediastinal anatomy,
and practice the surgical skills consistently, which will lead a
lower postoperative morbidity.

The AJCC cancer staging manual 7th ed. (41)
recommends resection of as many lymph nodes as possible
and that more nodes should be dissected with increasing pT
stage (C 10 for T1; C 20 for T2; and C 30 for T3 and T4)
based on worldwide data. Many studies proved this result
and the patients did get the survival benefits from the more
dissection of the lymph node. However, the opposite voice
come from several research that the more numbers of
the removed lymph nodes brings the same postoperative
survival rate as less numbers of the removed lymph nodes
does, especially in early T stages (Tis—T1), even the more
dissected lymph nodes lead to the worse postoperative
survival from the report of the van der Schaaf ez al. (58).
Therefore, the 3-FL is not feasible for every patient, and
the “selected” patients should be taken into consideration.
So the way for selecting patients were variously reported,
such as the two-step 3-FL, cervical US, EBUS combined
with EUS and the SPIO-enhanced MRI, which improved
the sensitivity and accuracy of authenticating the appearance
of the cervical lymph node metastasis and provided the
surgeons optimal operation decisions.

Not only are authentic techniques well-developed but
also the operational techniques are largely turned into
the area of minimally invasive techniques, including the
thoracoscopic esophagectomy and robotic thoracoscopic
esophagectomy, which make the lymphadenectomy more
feasible, safe and accurate. The research of MIE combined
with 3-FL are still in initial stage and it will take an
important role in future treatment of esophageal cancer.

Conclusions

Three-field lymphadenectomy is gradually becoming the
current way in treating esophageal cancer with cervical and/
or upper mediastinal lymph nodes metastasis, and there’s
no difference in OS, postoperative morbidity and mortality
between 2-field and 3-filed lymphadenectomy regardless
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of the tumor’s histology and location. Many approaches
based on the characteristics of esophageal cancer lymph
node metastasis are taken to improve the accuracy of 3-filed
lymphadenectomy and decrease the postoperative morbidity
and mortality, while each approach needs further studies to
demonstrate its feasibility.
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