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Backgrounds: Previous studies identified the extent of lymph node dissection
for esophagogastric junction (EGJ) carcinoma based on the metastatic
incidence. The study aimed to determine the optimal extent and priority of
lymphadenectomy based on the therapeutic efficacy from each station.

Methods: The studies on the lymph node metastasis (LNM) and therapeutic
efficacy index (El) for EGJ carcinomas were identified until April 2022. The
obligatory stations with the LNM rates over 5% and therapeutic El exceeding 2%
should be routinely resected for D2 dissection, whereas the optional stations
with El between 0.5% and 2% should be resected for D3 dissection in selective
cases.

Results: The survey yielded 16 eligible articles including 6,350 patients with
EGJ carcinoma. The metastatic rates exceeded 5% atno. 1, 2, 3, 7, 9, 11p, and
110 stations and were less than 5% in abdominal no. 4sa~6, 83, 10, 11d, 12a, and
16a2/bl and mediastinal no. 105~112 stations. Consequently, obligatory
stations with El over 2% were largely determined by the epicenter location
and located at the upper perigastric, lower mediastinal, and suprapancreatic
zones, corresponding to those with rates of LNM over 5%. Consistent with the
LNM rates less than 5%, the optional stations with El between 0.5% and 2% were
largely dependent on the degree of tumor extension toward the lower
perigastric, splenic hilar (grecurvature), para-aortic (less curvature of the
cardia), and middle or upper mediastinal zones.

Conclusions: The obligatory stations can be resected as an “envelope-like”
wrap by transhiatal proximal gastrectomy with lower esophagectomy,
whereas the optional stations for dissection are indicated by the tumor
extension. The extended gastrectomy is required for the lower perigastric
in the stomach-predominant tumor with gastric involvement exceeding
5.0 cm, para-aortic dissection in the less curvature-predominant tumor and
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splenic hilar dissection in the grecurvature-predominant tumor whereas
transthoracic subtotal esophagectomy is required for complete mediastinal
dissection and adequate negative margin in the esophagus-predominant
tumor with esophageal invasion exceeding 3.0 cm.

KEYWORDS

esophagogastric junction carcinoma, epicenter location, tumor extension, lymph
node metastasis, lymph node dissection, therapeutic efficacy

Introduction

In recent years, the incidence of esophagogastric junction
(EGJ) adenocarcinoma has increased gradually worldwide (1-5).
Siewert’s classification defines EGJ cancer as adenocarcinoma with
an epicenter within 5.0 cm of the EG]J, as follows (6): type I, 5~1 cm
above the EGJ; type II, 1 cm above to 2 cm below the EGJ; and type
I, 2~5 c¢cm below the EGJ. In Japan, Nishi’s classification (7)
defines EGJ cancer as the epicenter located within 2.0 cm of the
EG]J, which is almost the same as Siewert type II carcinoma. A
worldwide consensus regarding the surgical procedure has been
reached for Siewert I and III type carcinoma from two randomized
controlled trials (8-11). Ivor Lewis esophagectomy with complete
mediastinal dissection is the standard treatment for Siewert I
carcinoma (10, 11), transhiatal extended gastrectomy with
excessive perigastric dissection for Siewert III carcinoma (8, 9).
However, Siewert II carcinoma has been treated as esophageal
carcinoma or gastric cancer depending on the surgeon’s preference
(12, 13). Even for Siewert II tumors with the same location,
thoracic surgeons prefer transthoracic esophagectomy, whereas
gastric surgeons prefer transabdominal extended gastrectomy (13).
The former ensures adequate proximal resection margin and
complete mediastinal dissection with a great impact on the
survival (Figure 1A), whereas the latter ensures lower morbidity
and extensive abdominal lymph node dissection based on the
main lymphatic pathways from the cardia downward to the para-
celiac nodes (Figure 1B). Indisputably, whether the dissection in a
certain area is worthwhile remains dependent on the metastatic
incidence and therapeutic efficacy index of such procedures in
terms of benefit-risk balance (12). The fact is that the long-term
survival rates between the two procedures are comparable from the
two randomized controlled trials (8-11). However, the extent of
lymph node dissection is obviously different between transthoracic
esophagectomy and transhiatal extended total gastrectomy (12)
(Figure 1A vs. 1B). Finally, the extent of lymphadenectomy for EGJ
cancer has been poorly defined according to the metastatic rates
from multiple retrospective studies (14, 15). They could not
accurately determine the survival benefit from the dissection of
each metastatic station due to selection bias and sample size.
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This survey aimed to identify the optimal extent and priority
of lymph node dissection for EGJ cancer, based on the incidence
of lymph node metastasis (LNM) and therapeutic efficiency
index (EI) of estimated survival benefit from nodal dissection
of each station by reviewing findings from the latest studies.
Additionally, EGJ cancer defined by Nishi’s classification
corresponds to Siewert II cancer according to the Japanese
Classification of Esophageal Cancer and Japanese Classification
of Gastric Carcinoma (14, 15). Therefore, EGJ cancer according
to Nishi’s definition was assigned into the same category as
Siewert IT cancer in the data analysis.

Materials and methods

Definition and classification of
EGJ cancer

Nishi’s classification was adopted by the TNM classification
of malignant tumor 8th edition (16); EGJ cancer was defined as
adenocarcinoma with an epicenter located between 2.0 cm
proximal to and distal from the EGJ and corresponded to
Siewert type II cancer defined by Siewert’s classification (7)
(Figures 2A, B). The terms “E, EG, E=G, GE, and G” were
used to describe the subtypes depending on the epicenter
location at the oral E and anal G portions of the EGJ. Both of
the epicenter location and tumor extension effect on the nodal
metastasis should be taken into consideration for the optimal
dissection. E, EG, and E=G were scheduled as the esophagus-
predominant tumor (E>G) (15) and G and GE as the stomach-
predominant tumor (G>E) (14) (Figure 2C).

Literature search strategy

A systematic literature search was undertaken using Medline
(via PubMed) and the Cochrane library databases up to
December 2019. The search terms “esophagogastric junction”,

“gastroesophageal junction”, “Siewert classification”, “Nishi’s
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FIGURE 1

Lymph node dissection for EGJ cancer determined by the surgical approach. Two-field D3 dissection via transthoracic esophagectomy was
adopted by the Japanese Classification of Esophageal Cancer (11" edition) (A), and D2 dissection via transhiatal extended gastrectomy was
employed by the Japanese Gastric Cancer Treatment Guidelines (5 edition) (B). The former ensures adequate proximal margin and complete
mediastinal dissection, whereas the latter ensures extensive abdominal dissection and lower morbidity. The survivals are comparable between
the two different procedures for dissection. N1, metastasis involving only group 1 lymph nodes; N2, metastasis to group 2 nodes, regardless of
involvement of group 1 nodes; N3, metastasis to group 3 nodes, regardless of involvement of group 1 or 2 nodes; N4, metastasis to distant
(group 4) nodes, regardless of whether any other group(s) of regional lymph nodes are involved or not. D1, complete dissection of N1 nodes,
but no or incomplete dissection of N2 nodes. D2, complete dissection of N1 and N2 nodes, but no or incomplete dissection of N3 nodes. D3,
complete dissection of N1, N2, and N3 nodes. The stations for dissection are marked with colored circles according to the grading of lymph
node metastasis. The left side (L) and the right side (R) should be distinguished for 101, 102, 104, 106rec, 106tb, 109, and 112pul.

classification”, “cardiac carcinoma”, “carcinoma”, “lymph node
metastasis”, “lymph node dissection”, and Medical Subject
Headings were used in combination with the Boolean
operators “AND” or “OR”.

Study selection

After eliminating duplicates, titles and abstracts were
carefully screened by two of the authors (Baoyu Zhao and
Rong Liang) to determine their suitability for inclusion in the
pooled analysis. The full text of relevant articles was
independently retrieved and assessed for inclusion (Figure 3).
Primary articles with EGJ cancer patients undergoing
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esophagectomy or gastrectomy or esophagogastrectomy plus
lymph node dissection were eligible for inclusion. Just the
studies evaluating the metastatic incidence and the therapeutic
value index of estimated benefit from each nodal station were
included. Esophagus cancer, gastric carcinoma, Siewert I or III
carcinoma, case reports, studies with fewer than 30 patients,
reviews, posters, letters, comments, abstracts, surgical techniques,
studies published before 2022, and studies in a language other
than English were excluded. In addition, studies without nodal
station and 5-year survival rate of metastatic station were
excluded. Additionally, some references from these articles were
also retrieved and added, to become more comprehensive. Any
discordance regarding inclusion between the two authors was
resolved by consensus.
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Definition and description of EGJ cancer. Nishi's classification (A) adopted by the TNM classification of malignant tumor 8th edition, which
defined EGJ cancer as adenocarcinoma with an epicenter located within 2.0 cm above and below from the EGJ and corresponded to Siewert
type Il cancer defined by Siewert's classification (B). The terms “E, EG, E=G, GE, and G" were used to describe the subtypes depending on the
epicenter location at the oral "E" and anal "G" portions of the EGJ. E, EG, and E=G were scheduled as the esophagus-predominant tumor (E>G)
and G and GE as the stomach-predominant tumor (G>E) among five types (C). Both Siewert's and Nishi's classification clearly settled the
epicenter location within 2 cm above and below the EGJ, irrespective of tumor size in the former and histological type in the latter as well as

tumor extension in both. EGJ esophagogastric junction.

Data extraction and presentation

Two independent reviewers (Rong Liang and Baoyu Zhao)
extracted data and reached an agreement by discussion with
conflict resolution by a third reviewer (Rong Wang). Major
extracted items included study design, first author, publication
year, sample size, histology, classification, lymph node
metastasis from each station, and therapeutic efficacy index
from each station. The extracted data were presented per
study. The grouping of mediastinal and abdominal lymph
node stations adopted the Japanese classification of esophageal
carcinoma (11th edition) (15) and Japanese classification of
gastric cancer (3th edition) (17), respectively (Table 1).

Therapeutic efficacy of lymph node
dissection and statistical analysis

To evaluate the therapeutic efficiency of nodal dissection at
each station, we adopted the efficacy index (EI) calculated by
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multiplying the incidence of lymph node metastasis (LNM) to
each station by the corresponding 5-year overall survival rate in
the patients with metastasis at that station (18, 19). Thus, the
survival benefit was evaluated without any concept of staging of
lymph node metastasis.

Number of patients with metastasis at each station
LNM(%) =

Number of total dis sec ted patients at that station

x 100 %

B = Number of patients with metastasis at each station
=\ Number of total dis sec ted patients at that station

< the 5 — year overall survival rates for >
X

patients with metastasis at that station

Medians with interquartile ranges (IQRs) expressed the
values of LNM and EI at each station. The nodal stations were
divided into four categories according to the EI after dissection
(18): EI-1 category (should be resected in every case), EI
exceeding 5%; EI-2 category (should be resected as far as
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FIGURE 3

Flow diagram of included studies. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.

practicable), EI between 2% and 5%; EI-3 category (need not be
resected if a patient is at high risk for mortality and morbidity),
EI from 0.5% to 2%, divided into EI-3A (1%~2%) and EI-3B
(0.5%~1%); and EI-4 category (need not be resected in any case),
EI less than 0.5%. Based on the incidence of LNM (lymph
node ratio), the stations were grouped into three categories
for dissection (18-20): LNM-1 category (strongly recommended),
rate exceeding 10%; LNM-2 category (weakly recommended), rate
from 5% to 10%; and LNM-3 category (not recommended), rateless
than 5%. The cutoff values of LNM rates were determined by the
grouping of the regional lymph nodes based on the efficacy index of
estimated survival benefit in the 13th Ed. Japanese Classification of
Gastric Carcinoma (15, 19, 20). The lymph nodes were strictly
classified into the category of D grading by the efficacy index value
from the retrospective study, but they can be classified by the
metastatic rates from the prospective study unless the index value
was provided. According to the Japanese Classification of
Esophageal Cancer and Japanese Gastric Carcinoma Treatment
Guidelines, both LNM-1, 2 and EI-1, 2 nodes were scheduled as the
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obligatory categories of stations for D2 dissection; LNM-3 and EI-3
nodes as the optional categories for D3 dissection (Table 2).

Results

Characteristics of the included study on
EGJ carcinoma

In the qualitative synthesis, a systematic search yielded 16
eligible and retrospective studies including 6,350 patients with
EG]J carcinoma according to Siewert or Nishi’s classification. The
majority of patients from included studies have advanced
adenocarcinoma (pT2~T4 stages) with an epicenter located at
2.0 cm above and below the EGJ. In addition, some studies were
of greater interest in the dissection at the upper perigastric,
mediastinal, lower perigastric, para-aortic and splenic hilar
stations. Fewer included studies performed the subgroup
analysis by tumor size, tumor stage, and tumor extension. The
values of LNM and EI are listed in Table 3. The data from the
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TABLE 1 The stations of regional lymph nodes from EGJ cancer.

(1) Cervical LNs

No. 100 Superficial LNs of the neck
No. 101 Cervical paraesophageal LNs
No. 102 Deep cervical LNs

No. 103 Peripharyngeal LNs

No. 104 Supraclavicular LNs

(2) Thoracic LNs

No. 105 Upper paraesophageal LNs
No. 106 Thoracic paratracheal LNs
No. 106rec  Recurrent nerve LNs

No. Left recurrent nerve LNs
106recL

No. Right recurrent nerve LNs
106recR

No. 106pre Pretracheal LNs

No. 106tb  Tracheobronchial LNs

No. 106tbL.  Left tracheobronchial LNs
No. 106tbR  Right tracheobronchial LNs
No. 107 Subcarinal LNs

No. 108 Middle paraesophageal LNs
No. 109 Main bronchus LNs

No. 109L  Left main bronchus LNs
No. 109R  Right main bronchus LNs
No. 110 Lower paraesophageal LNs
No. 111 Supradiaphragmatic LNs
No. 112 Posterior mediastinal LNs
No. Anterior thoracic paraaortic
112a0A LNs

No. Posterior thoracic paraaortic
112a0P LNs

No. 112pul  Pulmonary ligament LNs
No. 113 Ligamentum arteriosum LNs
No. 114 Anterior mediastinal LNs

(3) Abdominal LNs

No. 1

No. 3a
No. 3b
No. 4sa
No. 4sb
No. 4d

z Z Z
e o 0
N o v

No. 8a

No. 8p

No. 11
. 11p
. 11d
No. 12
. 12a
. 12b
. 12p
No. 13
No. 14
No. 15

No.
16al

No.
16a2

No.
16b1

No.
16b2

No. 19
No. 20

Right paracardial LNs

Left paracardial LNs

Lesser curvature LNs along the left gastric artery

Lesser curvature LNs along distal part of right gastric artery
LNs along the short gastric vessels

LN along the left gastroepiploic artery

LNs along the right gastroepiploic artery

Suprapyloric LNs

Infrapyloric LNs

LN along the left gastric artery

LNs along the common hepatic artery (anterior group)

LNs along the common hepatic artery (posterior group)

LNs along the celiac artery

LN at the splenic hilum

LNs along the splenic artery

LN along the proximal splenic artery
LNs along the distal splenic artery

LNs in the hepatoduodenal ligament

LN along the proper hepatic artery

LNs along the bile duct

LN along the portal vein

LNs on the posterior surface of the pancreatic head cranial to the duodenal papilla
LN along the superior mesenteric vessels
LNs along the middle colic vessels

LN in the aortic hiatus

LNs around the aorta (from the upper margin of the celiac trunk to the lower margin of the left renal vein)
LNs around the aorta (from the lower margin of the left renal vein to the upper margin of the inferior
mesenteric artery)

LNs around the aorta (from the upper margin of the inferior mesenteric artery to the aortic bifurcation)

Infradiaphragmatic LNs along the subphrenic artery
LNs in the esophageal hiatus of the diaphragm

The lymph node station adopted the Japanese Classification of Esophageal Carcinoma (11th edition) and Gastric Cancer (3th edition). LNs, lymph nodes. The left side (L) and the right side
(R) should be distinguished for nos. 101, 102, 104, 106rec, 106tb, 109, and 112pul.

TABLE 2 The grading of lymph node dissection according to metastatic rate and efficiency index.

Obligatory stations

Category

LNM LNM-1

Cutoft (%) >10%

D grading Strongly recommended for D1
EI EI-1

Cutoff (%) >5%

D grading Frequent metastasis

Good prognosis after dissection

Should be resected in any case

Optional stations Distant metastasis

LNM-2
5%~10%

LNM-3 LNM-3
<5%

Weakly recommended for D2 Not recommended for D3 Not recommended for D4
EI-2

2%~5%

EI-3 EI-4

E-3A:1%~2% E3-B: 0.5%~1% <0.5%

Intermediate metastasis Rare metastasis Distant metastasis

and prognosis after dissection Poor prognosis after dissection

Need not be resected at high risk

Need not be resected in any case
Resected as far as practicable

LNM, lymph node metastasis; EI, efficiency index = LNM (%) x 5-year overall survival rate (%)/100; D, dissection; D1, complete dissection of obligatory EI-1 nodes only; D2, complete
dissection of obligatory EI-1 and EI-2 nodes, but no or incomplete dissection of optional EI-3 nodes; D3, complete dissection of EI-1, EI-2, and EI-3 nodes; D4, complete dissection of EI-1,

EI-2, EI-3 and EI-4 nodes.
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TABLE 3 Metastatic rate and therapeutic efficiency index of each nodal station for esophagogastric junction carcinoma.

Study
H.Yamashita 2011
(21

S. Mine(22) 2012
MJYura(23) 2018
Peng J(24) 2015
K. Fujitani 2012
(25)

H. Goto(26) 2012
T. Matsuda 2014
(27)

H. Yabusaki 2013
(28)

Jia-Bin 2017
Wang(29)

Hui-Hua 2018
Cao(30)

S. Hasegawa 2013
(31)

H. Goto(32) 2015
H. 2016
Yamashita

(33)

T. 2014
Yoshikawa

(34)

H. Fujita 2007
(19)

Ming-Zhi 2019
Cai(35)

I

11
Nishi
I
I

11
Nishi

1T

I
I

11

1T

I
Nishi

EG
EG
EG
EG
GE
GE
)i

i
Nishi

EG
GE
I

AC

AC
AC/SCC
AC
AC

AC
AC/SCC

SscC

AC
AC

AC

AC

AC
SCC/AC

AC
AC
SCC
Nee
AC
AC
AC

SCC
AC/SCC

AC/SCC
AC/SCC
AC

Year Classification Sample

225

150

84/26

192
86

42

53/15

51

72
385

141

95

92
2807

397
237
150
177
1018
775
381

50
1289

130/393
694/72

167

No. 1
LNM EI
38.2 13.8
44.7 18.8
273 14.3
60 18
61.6 16.3
59.5 299
29.4 10.3
40.8 11.3
45.8 11.1
249 11.6
42.1 19.5
39.1 14.3
5 35
34.6 9.2
6.7 6
299 14
4 3
30.5 134
39.8 16.2
447 17.1
33.7 13.2
30 14
353 13.2

No.
2
LNM

23.1

34.7
209
60
314

19
17.6

18.4

222
29.5

263

16.5

19.2
1.6

30.8

25

233
19.8
30.5

EI

15.3
7.7

5.8

8.9
1.4

6.1

8.3
13.5

9.1

2.1

1.4
57
4.3
12.5
1.6
7.2
13.6

7.4

7.6
9.3

NO. 3
LNM EI
351 137
46 207
26 10
581 233
523 116
571 303
235 103
347 116
403 111
55 287
453 215
37 168
7.1 5
287 134
107 105
243 134
39 31
295 152
415 198
347 72
22 81
249 10
551 228

No.4sa

LNM

34
13
30.6

2.4
3.6

1.8
8.8

22

0.3
1.3

0.6
0.1

0.8
4.3

2.1

2.8

EI

13
5.8
35

3.6

24

0.5

0.5

No.4sb
LNM EI
13 0
0 0
35 1.2
4.8 24
0 0
18 0
23 0
22 1.1
03
13
0 0
0 0
0 0
05
27 03
0 0
1.5 0.9
37 28
12 06

No.4d

No. 5

No. 6

LNM EI LNM EI LNM EI

3.5

0.8

0.2
0.4
2.9

16.7

15
2.6

0.4
0.4

0.8
1.5

0.6

154
12

24

17
35

2.7

o ©o o o o

0.5
17

0.6

o o o o

24

0.5

© © © © o o ©

0.8
1.8

12

12.5
35

2.4

2.8

4.8
12.5

0.7

2.3

1.6
0.3

o o o o o

0.4

No. 7
LNM EI
20.9 38
28 14.8
16.4 6.4
48 12
259 59
30.9 18.1
16.1 43
19.1 6.4
28.2 5.6
36.7 17.3
326 10.9
21.7 8.8
38 28
17.7 4.8
6 5.1
21.5 10.6
1.1 1
12.5 4.4
26.7 11.7
17.4 4.4
189 6.8
17.1 55
19.8 7.8

No.8a
LNM EI
62 22
23 0
2.7 0
12.8 4.2
8.5 24
24 0
23 0
7.6 1.5
83 23
6.8 2.8
35 1.8
05 05
38 09
0.7
2.8 2.8
0.2
3 1.1
49 07
24 0
6.7 22
65 33
66 12

No. 9
LNM EI
10.2 1.5
12.7 14
5.5 2.8
27 15.4
8.8 1.3
238 7.1
8.9 0
15.9 14
204 8.5
3.6 0
17.2 39
1 14
6.8 39
0.7 0
5.6 6.4
0.9 0.6
35 0.8
11.7 1.7
7.1 24
5.7 2
6.8 2.7
114 3.6

No. 10
LNM EI
4.1 0.7
4.7 1.9
8.3 4.2
2.7 27
29 1.5
4.8 0
0 0
7 23
8.9 1.8
4.7 1.6
5.8 0
0.3 0
0.8 0
0 0
0 0
0.1 0.9
0.9 1.1
9.5 1.8
0 0
0.4 0.2
39 13
5 0

No.11p
LNM EI
11.1 2.6
16.5 34
33 0
20 6.6
20.5 8.2
16.7 5.6
12.8 2.6
9.4 1.6
11 4.7
17.7 33
13.2 2.5
0.3 0
4.2 33
0 0
2.3 24
0.5 0.6
4.5 2.8
17.2 4.7
29 0
5.5 2.6
7.7 29
10.8 32
(Continued)
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TABLE 3 Continued

Study Year Classification
H.Yamashita 2011 I AC
(21)
S. Mine(22) 2012 1I AC
M.Yura(23) 2018 Nishi ~ AC/SCC
Peng J(24) 2015 il AC
K. Fujitani 2012 I AC
(25)
H. Goto(26) 2012 I AC
T. Matsuda 2014 Nishi AC/SCC
(27)
H. Yabusaki 2013 I SCC
(28)
11 AC
Jia-Bin 2017 11 AC
Wang(29)
Hui-Hua 2018 1I AC
Cao(30)
S. Hasegawa 2013 11 AC
(31)
H. Goto(32) 2015 I AC
H. 2016 Nishi SCC/AC
Yamashita
(33)
EG AC
EG AC
EG scc
EG scc
GE AC
GE AC
T. 2014 I AC
Yoshikawa
(34)
I scc
H. Fujita 2007 Nishi AC/SCC
(19)
EG AC/sCC
GE AC/sCC
Ming-Zhi 2019 I AC
Cai(35)

Sample

225

150
84/26
192
86

42
53/15

51

72
385

141

95

92
2807

397
237
150
177
1018
775
381

50
1289

130/393
694/72

167

No.11d
LNM EI
6.9 22
0 0
4.8 0
0 0
0 0
2.6 1.3
3.1 0
0.3 0
21 24
0 0
0 0
0 0
13 1.7
6.3 1.7
0 0
24 0

No.12a 16a2/b1

LNM EI LNM EI

0 0 11 14
8 0 17 3.2
0 0
8.3 0
0 0

33 0 54 0

o o o o

0.6
14 0 14.4 24

25 11.1

0.2 0 1 0.4
0.7 0.3 2.5 0.7
12 0

No. 19

No. 20

No. 110

LNM EI LNM EI LNM EI

9.5 4.8 4.8

174 0 9.5
0.3 0 0.8
0 0 0
0 0 0.7
0 0 1.7
0 0 0
0.8 3.1 0.4
49 0 1.5
6.3 0

0.6 0.4 13
0.5 0.4 1
8.6 0 6.2

2.4

4.8

0.8

0.7
1.6

7.4

18
19.6
17.2

18.2

30.4

11.7

12.8

0.5
5.1
27
11.9

0.9
18.1

25

14.3
5.6

1.8

6.3
12.2
53

4.5

4.5

29

7.7

1.9
33
7.8

4.2

1.1

No. 111
LNM EI
0 0
82 2l
133 0
83 0
0 0
230
03 0
17 12
07 L1
34 0
0
05 0
67 37
31 06

No. 112
LNM EI

0 0

82 21
3 3

83 0

125 0
0 0

05 L1
130
0

23 11
0

03

54 16
12 07

LNM lymph node metastasis, EI efficiency index=LNM (percentage) x 5-year overall survival rate (percentage)/100, AC adenocarcinoma, SCC squamous cell carcinoma.

No. 107 No. 108

LNM EI LNM EI

11.4 0
6.9 17 17 9.7

4.8 24 4.8 24

0 0 0 0
15.4 0
0 0.8 2.5

0.4 2.6 13 0

0 13
1.7 12 4 2
0 0
0 0.3 0
20 5
19 0
3.8 1 6.9 24
0 0 14 0.6

No. 109 No. 105 No. 106

LNM EI LNM EI LNM EI

16.7 8.9 16.7 8.9

2.7 2.7
0 0.3 0.3 0
17 0 0.4 0
0 0 5 22
2.8 3.8 1.1 5.1 0.7
0 0 0
0 0 0.1 0
15.8
8.3 0

5.2 1.5 2.1 0 9.8 18
0 0 0.1 0 0.8 0.4
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studies only with Siewert I and III type tumors were excluded,
because they were assigned into Barrett’s esophageal
adenocarcinoma and sub-cardia gastric adenocarcinoma,
respectively, and there has been consensus on the lymph
node dissection.

Lymph node metastasis and therapeutic
efficacy index

The rate of lymph node metastasis and the efficacy index were
expressed as LNM and EI (median, IQR: P,5~Pys5), respectively,
from each station as shown in Figure 4. The perigastric zones with
median LNM rates exceeding 10% were assigned to LNM-1 nodes
including no. 1 (35.3%, 29.4%~44.7%), no. 2 (20.9%, 16.5%
~29.5%), no. 3 (34.7%, 23.6%~46.0%), no. 7 (19.8%, 16.4%
~28.0%), and no. 11p (10.1%, 3.2%~16.6%) stations and LNM-2
nodes exceeding 5% included no. 9 (8.0%, 2.4%~6.7%)
(Figure 4A). LNM-3 nodes with rates of less 5% included No.
4sa~6 (0.7~2.1%, 0%~4%), no. 8a (3.7%, 2.4%~6.7%), no. 10

10.3389/fonc.2022.913960

(3.4%, 0.3%~5.2%), no. 11d (0.8%, 0%~3%), no. 12a (1.2%, 0%
~8%), no. 16a2/bl (2.5%, 0%~14.4%), no. 19 (0.6%, 0%~7.5%),
and no. 20 (1.0%, 0.2%~3.3%) stations. Obligatory EI-1 and EI-2
nodes with EI exceeding 2% were located at the no. 1 (13.8), no. 2
(7.6), n0. 3 (13.4), no. 7 (6.4), no. 9 (1.9), and no. 11p (2.9) stations
(Figure 4B), the order being consistent with that of the frequency
of nodal metastasis. Optional EI-3 nodes included no. 4sa (0.5),
no. 8a (1.4), and no. 10 (0.8) stations, whereas the rest of the distal
perigastric No. 4sb~6 and No. 11d, 12a, and 16a2/b1 nodes were
assigned to EI-4 nodes. The obligatory mediastinal LNM-1 nodes
included only no. 110 station (12.4%), and the EI was 4.5. The rest
of the No. 107~109 and No. 105~106 nodes were assigned to the
EI-3A (1.1~1.5) and EI-4 categories (0.0~0.7), respectively.

Obligatory station category of lymph
node dissection for EGJ cancer

Taking into account the benefit-risk balance, the obligatory
stations with a lymph node metastatic rate exceeding 5% and an

A
1No.2 20.90
1tNo.3

§No.4sa

40% - 50%

No.4sb

No.4d 30% - 40%

1No.7
§No.8a
$No.9
§No.10

20% - 30%

#No.11p
No.11d

10% - 20%

No.12a
No.16a2/b1
No.19 5%-10%
No.20

$No.110

No.111
§No.112
§No.107 1.05 0
§No.108 135
§N0.109 0 0

No.105 0.40 0
§N0.106 0.76

125 2%-5%

0% - 2%

11: LNM( %) IQR: P55

IQR: P

FIGURE 4

IQR, interquartile range.
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Lymph node metastasis (A) and efficiency index (B) for advanced EGJ carcinomas at each station. t LNM-1 >10% EI-1 >5;  LNM-2 >5% EI-2 >2;
§ LNM-3<5% EI-3 >0.5 (EI-3B >1.0 and EI-3B >0.5). LNM-1 and LNM-2 nodes with LNM >10% and 5% are designated as obligatory stations for
dissection in any case (A), and corresponding to El-1 and EI-2 nodes with EI >5 and 2 (B), while both EI-3A and EI-3B nodes with El >1 and El
>0.5 are designated as optional stations. The obligatory stations for dissection is determined by the epicenter location, whereas the optional
stations remain dependent on the tumor extension. The obligatory nodes are located at the no. 1, 2, 3, 7, 9, 11p, 110 stations, whereas optional
nodes are located in abdominal no. 4sa~6, 8a, 10, 11d, 12a, and 16a2/b1 stations and mediastinal no. 105~112 stations. Accordingly, El-1 and EI-2
nodes were consistent with those with a rate over 5%. In contrast, optional nodes with a rate of less than 5% were assigned to El-4 less than
0.5% and EI-3 less than 2%, respectively. EGJ, esophagogastric junction; Il, Siewert type II; LNM, lymph node metastasis; El, efficiency index;
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efficiency index over 2% should be resected in any case for D2
dissection. The nodal stations with highest efficiency and
metastatic incidence from dissection were located at the
pericardium and lesser curvature, suprapancreatic zone along
at the root of the left gastric and the proximal splenic artery, and
the lower esophagus, whereas the subsequent stations to be
dissected were located at the celiac artery. The distal
perigastric nodes were much less often metastatic and assigned
to the EI-4 category. The efficiency index from middle
mediastinal dissection showed marginal benefit from survival,
and they were assigned to the EI-3A category. Superior
mediastinal No. 105 and 106 nodes were assigned to the EI-
3B/4 category. The metastasis to obligatory stations was largely

10.3389/fonc.2022.913960

dependent on the predominant epicenter location in terms the
distribution of EI-1 and EI-2 nodes, and these obligatory zones
for en block dissection as an “envelope-like” wrap were identified
by the obligatory stations (Figure 5A).

Optional station category of lymph node
dissection for EGJ cancer

Overall, the optional stations with a lymph node metastatic
rate of less than 5% and the efficiency index less than 2% were
resected in selective cases, depending on the tumor extension. We
did our best to search the published articles, but only the findings

FIGURE 5

Obligatory and optional stations for lymph node dissection determined by the epicenter location and tumor extension in the stomach-
predominant tumor (A) and esophagus-predominant tumor (B). EI-1 and EI-2 nodes with El exceeding 2% are designated as obligatory stations,
while EI-3 nodes between 0.5% and 2% are designated as optional stations. The obligatory lymph nodes around the upper perigastric, lower
mediastinal, and suprapancreatic zones should be resected in any case. The epicenter location has a greater impact on the metastasis at the
obligatory stations. In contrast, tumor extension has a more important role on the metastasis at the optional stations. Lower perigastric and
paraaortic nodes should be resected in the stomach-predominant tumor with gastric involvement exceeding 5.0 cm, and splenic hilar nodes in
the Grecurvature involvement (A). Upper and middle mediastinal nodes should be resected in the esophagus-predominant tumor with
esophageal involvement exceeding 3.0 cm (B). The D grading of nodal stations are marked with colored circles. D2 Complete dissection of El-1
and El-2 nodes. D3 Complete dissection of El-1, EI-2, and EI-3 nodes. The left side (L) and the right side (R) should be distinguished for 101, 102,
104, 106rec, 106tb, 109, and 112pul. El, efficiency index; LNM, lymph node metastasis.
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from prospective and large retrospective studies were adopted to
identify the optional stations based on the predominant tumor
location, tumor stage, tumor size, and involvement (Table 4). The
optional stations for dissection were largely determined by the
location and grade of tumor extension as well as anatomic plane
and en block dissection (Figure 5B).

The lymph node metastasis to the lower perigastric stations
was much less frequent for EGJ tumors smaller than 4.0 cm and
delegated to the optional EI-3 category for dissection. In
contrast, it can move to the obligatory EI-2 category in the
stomach-predominant tumor larger than 4.0 cm and even to the
EI-1 or LNM-1 category when the tumor size was bigger than
6.0 cm or gastric involvement exceeded 5.0 cm. The para-aortic

10.3389/fonc.2022.913960

lymph nodes (16a2/bl) were categorized as LNM-1 category
when gastric involvement exceeded 5.0 cm or no. 2 or 7 node
metastasis, especially for the less curvature-predominant tumor.
Splenic hilar nodes were classified as LNM-2 category in the
Grecurvature-predominant or Borrmann IV type tumor; only
the LNM-3 category in the non-Grecurvature-predominant
tumor. The mediastinal metastasis was frequent in the
esophagus-predominant tumor, whereas it was rare in the
stomach-predominant tumor. The lower mediastinal nodes
were designated as LNM-2 category when esophageal
involvement exceeded 1.0 cm, and the middle and upper
mediastinal nodes as LNM-2 category when esophageal
involvement exceeded 3.0 cm, respectively (Table 4).

TABLE 4 The optional stations for lymph node dissection based on the epicenter location and tumor extension.

Node zone Multicenter study Type

Perigastric

Nos. 1,2, 3 Kurokawa et al. (36) Prospective

Nos. 4d~6 Kurokawa et al. (36) Prospective
Fujita et al. (19) Retrospective
Yamashita et al. (33) Retrospective
Lin et al. (37) Retrospective
Mine et al. (38) Retrospective

Suprapancreatic

Nos. 7, 8a, 9,11p Kurokawa et al. (36) Prospective

Paraaortic

Nos. 16a2, bl Motoori et al. (39) Prospective
Kurokawa et al. (36) Prospective

Splenic hilar

No. 10 Sano et al. (40) Prospective
Maezawa et al. (41) Retrospective
Yura et al. (42) Retrospective
Kano et al. (43) Retrospective

Mediastinal

Nos. 110~112 Kurokawa et al. (36) Prospective

Nos. 107~109

Nos.105~106

Nos. 110~112 Fujita et al. (19) Retrospective

Nos. 107~109

Nos. 105~106

Risk factors for LNM Category
Stomach-predominant tumor
Any case LNM-1
Tumor size >6.0 cm LNM-1
Stomach-predominant EI-3A
Esophagus-predominant EI-3B
Esophagus-predominant T3-4 <4.0cm EI-3
Stomach-predominant T3-4 <4.0cm EL-3
Tumor size >4.0 cm EI-1
Tumor size<4.0 cm EI-3A
Gastric involvement >5.0 cm EI-1
Advanced EG]J cancer
Any case LNM-1/2
Gastric involvement
Gastric involvement >5.0 cm LNM-1
Tumor size >6.0 cm LNM-1
No. 2 or 7 nodes (+) LNM-2
Nos. 2 and 7 (+) LNM-1
Tumor size >6.0 cm LNM-1
Grecurvature-predominant
No LNM-3
Yes LNM-2
Yes LNM-2
Yes LNM-1
Esophageal involvement
>2.0 cm LNM-2
>3.0 cm LNM-2
>3.0 cm LNM-2
Esophagus-predominant
Yes E-1/2/3A
Yes E-3A/2/3B
Yes E-3A/3B/4

The optional nodes zones were investigated by the risk factors including the predominant tumor location, tumor size, and length of gastric or esophageal involvement from the large-scale

multicenter studies.

LNM, lymph node metastasis; EI, efficiency index; LNM-1, LNM >10%; EI-1, EI >5; LNM-2, LNM >5%; EI-2, EI >2; LNM-3, LNM<5%; EI-3, EI 20.5 (EI-3B >1.0% and EI-3B >0.5%). EI-1
and EI-2 nodes expressed as obligatory stations for dissection, while EI-3A and EI-3B as optional stations.
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Discussion

The required extent of lymph node dissection for advanced
EGJ adenocarcinoma was discordantly defined by the Japanese
Classification of Esophageal Cancer (15) (Figure 1A) and Gastric
Carcinoma Treatment Guideline (14) (Figure 1B), based on the
incidence of lymph node metastasis from previous retrospective
studies. Due to the lack of the estimated benefit from dissection
at each station, we conducted an international survey on the
extent of D2 dissection for EGJ carcinoma on the grounds of the
therapeutic efficacy index (rate of metastasis x 5-year survival
rate of patients with metastasis) derived from retrospective
studies (18, 19). In the study, we investigated the nodal
involvement and therapeutic efficacy from 16 retrospective
studies which included 6,350 patients. According to the
prespecified D2 dissection rule of LNM (%) exceeding 5% and
EI over 2% in this study (18, 19, 36), the obligatory lymph nodes
located at the lower mediastinal no. 110 station; upper
perigastric no. 1, 2, and 3 stations; and suprapancreatic no. 7,
9, and 11p stations should be dissected in any case with
advanced EGJ cancer (Figure 4). In contrast, the other
abdominal and mediastinal stations, including the distal
perigastric no. 4sb~6, splenic hilar no. 10, and para-aortic no.
16a2/bl nodes as well as the middle and upper mediastinal
nodes, needed not be routinely resected because of less
metastasis and marginal benefits. Considering the benefit-risk
balance, an optional station for en block dissection depended on
the predominant location (epicenter location) and tumor
extension (Borrmann type III and IV) (19, 33, 36, 38, 39, 44—
46). The lower perigastric nodes should be resected in the
stomach-predominant tumor with gastric involvement
exceeding 5.0 cm, whereas the middle and upper mediastinal
nodes should be resected in the esophagus-predominant tumor
with esophageal involvement exceeding 3.0 cm, splenic hilar
nodes in the Grecurvature-predominant tumor, and the
paraaortic nodes in those with nodal involvement at the left
pericardia or left gastric artery. Based on the findings, we
deduced that the lower mediastinal, upper perigastric, and
suprapancreatic nodes to be resected should be required for
D2 dissections as an “envelope-like” wrap in any advanced EGJ
cancer. In contrast, the optional stations for dissection depended
on the area occupied by the tumor extension.

The dissection grading of lymph
node metastasis

The beneficial effect of lymph node dissection depends on en
block dissection according to the metastatic grading at each station
for EGJ carcinomas, especially for complete dissection of group 1
and group 2 nodes as the standard D2 dissection for gastric cancer
(14, 15). In curable cases of advanced gastric cancer, D2 dissection
(nodal dissection up to group 2 nodes) is associated with better
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prognosis than D1 dissection (dissection of perigastric nodes only).
The D grading (the extent of lymph node dissection) is required to
be larger than the anatomic N grading (the spread of lymph node
metastasis) for complete RO resection when the metastasis to
adjacent lymph nodes is limited to the ability but for an excessive
dissection to the inability of the surgeon to excise widely all tissues
(15, 17). Thus, the N grading depends on not only the number of
positive nodes (N-stage) and the sites (stations) of lymph node
metastases but also qualitatively according to the therapeutic benefit
(regional nodes) (18). Ideally, the most accurate surgical dissection
for nodal metastasis is D equal to N rather than D greater than N.
However, the preoperative detection of lymph node metastasis is
difficult, let alone identify the grading of dissection. The therapeutic
efficacy index of estimated survival benefit from lymph node
dissection, calculated by multiplying the metastatic incidence to
each station by the corresponding 5-year survival rate, is a more
useful method to express the extent of lymph node metastasis asa D
grading (18, 19), irrespective of any other tumor stage. Thus, the
efficiency index takes into account not just the distribution and
incidence of metastatic nodes but also the estimated survival benefit
from each metastatic station (18). The order of efficiency index was
consistent with that of the corresponding LNM rate from each
station. Accordingly, LNM-1 and LNM-2 nodes with rates
exceeding 5% correspond exactly to the EI-1 and EI-2 nodes of
EI exceeding 2%, whereas LNM-3 nodes with rates less than 5%
correspond to EI-3 and EI-4 nodes of EI less than 2% in our study.
Considering en block dissection and benefit-risk balance, LNM-1/
2 and EI-1/2 nodes were designated as obligatory lymph node
stations to be dissected in any EGJ carcinomas, whereas LNM-3
and EI-3 nodes designated as optional stations need not be
dissected routinely unless in a low risk for morbidity and
mortality. The EI-4 nodes as distant metastasis need not be
dissected in any case. Although many dissenters argued that it
was not the best way to determine the extent of lymph node
dissection based on the metastatic distribution, there was not an
accurate method to replace it, since the regularity of lymphatic
flow is very abundant and complex from the EGJ zone between
stomach and esophagus (47, 48). Currently, the D grading of
lymph nodes is more favorable than the N grading for identifying
the obligatory stations with the highest metastatic rate and greatest
benefit from dissection, and the optional stations with much less
frequent metastasis and marginal benefit, and also avoiding
unbeneficial dissection for those with an extensive
involvement (Table 1).

Obligatory lymph node D2 dissection
determined by epicenter location

Overall, large retrospective or prospective studies have
reached consensus on the obligatory stations for dissection at
the upper perigastric, suprapancreatic, and lower mediastinal
zones based on nodal metastasis from each station (8-11, 19, 21,
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33, 36, 49) (Figure 5A). There is a general rule from the
guidelines that the incidence of nodal metastasis is positively
related to the pathological T stage that determines the prognosis,
whereas the lymph node metastasis distribution is strongly
associated with the tumor location that determines the range
of surgical dissection. The former is quantitatively expressed by
N stage, whereas the latter is locally expressed by nodal stations.
Obviously, the metastatic stations to be dissected depend on the
classification of tumor location, including the epicenter and the
tumor extension, because lymph node metastasis spreads from
the tumor location, via the lymph vessel along the artery, and to
the lymph node station. EGJ cancer shares the bidirectional
pathway of the lymphatic reflux from the lower esophagus and
the upper stomach at the EGJ zone. It begins with the upper
perigastric and lower paraesophageal nodes (group 1), which
pass via the suprapancreatic nodes along the celiac artery and
the lower mediastinal nodes along the left subphrenic artery
(group 2), to the para-aortic nodes (group 3). Accordingly, the
lymph node metastases to the obligatory stations for dissection
were largely dependent on the epicenter location defined by
Nishi’s and Siewert’s classification as a relatively constant zone
(Figures 2A, B). The findings clearly displayed that the
obligatory nodes for dissection were located at the lower
mediastinal, upper perigastric, and suprapancreatic zones.

However, the nodal metastasis of optional stations may
depend more on the tumor extension rather than the
predominant tumor location, and then the grading of tumor
extension is not well described by both of the classifications.
Thus, it remains debatable on the optional dissection at the distal
perigastric, para-aortic, splenic hilar, and middle as well as
superior mediastinal stations. The esophagus-predominant
tumors are more prone to mediastinal metastasis depending on
the extent of esophageal invasion, whereas the stomach-
predominant tumors are more likely to develop abdominal
metastasis depending on the extent of gastric involvement
toward the different gastric region in terms of the lymphatic
flow routes from the marked geographic distributions of epicenter
location and tumor extension. We failed to reveal the indications
for optional stations dissecting due to the limitations of the
material. Therefore, these stations were discussed in detail,
based on the prospective or large retrospective studies.

Optional dissection of distal perigastric
lymph nodes

The extended gastrectomy with inferior esophagectomy was
performed in most of advanced cases with the stomach-
predominant tumor, because nodal metastasis was frequently
involved in the abdominal stations by the tumor extension
toward the gastric side (19, 21, 25, 33, 36, 50). In the findings,
the highest incidence and efficiency index of abdominal stations
to be dissected for EGJ cancer were the no. 1,2, 3,7, 9, and 11p

Frontiers in Oncology

13

10.3389/fonc.2022.913960

nodes (EI-1 and EI-2 nodes) at the proximal perigastric and
suprapancreatic stations except for the distal perigastric no. 4sa,
4sb, 4d,5, and 6 nodes (EI-3 nodes). It was consistent with the
low incidence of metastasis and marginal benefit from dissection
at the distal perigastric stations (No. 4sa~6 nodes) (19, 29, 30, 33,
36). According to the EI and LNM categories for a stomach-
predominant tumor, EI-1 (LNM-1/N1) and EI-2 (LNM-2/N2)
nodes can be resected by transhiatal proximal gastrectomy with
partial esophagectomy. In order to resect EI-3 nodes, the
supporters argued that the distal perigastric nodes should be
resected for survival benefits, especially in the stomach-
predominant tumor. Thus, the extended gastrectomy remains
a prevalent procedure for EGJ cancer in Asia, irrespective of
gastric involvement (14). The predominant tumor location,
stage, and size were considered as the important indications
for extended gastrectomy (37, 38). However, a multicenter study
(19) reviewing 1,289 patients with the EGJ tumors indicated that
the no. 4d~6 nodes should be assigned to EI-3 and need not be
dissected because of low metastatic rate and poor prognosis,
even in the stomach-predominant tumor. Although the large-
sample multicenter study revealed that proximal perigastric,
suprapancreatic, and inferior mediastinal dissections were the
most essential zones for advanced EGJ cancer, a further analysis
on the extent of gastric involvement was lacking. Similarly, the
Japanese Gastric Association and Esophageal Society Joint
Working Group proposed the optimal extent of
lymphadenectomy for 2,807 patients with EGJ cancer of less
than 4.0 cm in diameter (33). They determined that the
metastatic rate was very high in the no. 1, 2, 3, and 7 nodes;
moderate in the no. 8a, 9, 11p, and 110 nodes; and low in the no.
4sa, 4sb, 4d, 5, and 6 nodes. Even in the stomach-predominant
cancer at stages T3-T4, the rates of no. 4sa and 4sb were 1.0%
and 0.8%, respectively. Accordingly, the distal perigastric node
dissection seemed to be unable to offer survival benefits. The
findings confirmed very low metastatic rates (0.3%~2.1%) and
an efficiency index (0%~0.5%), suggesting that the dissection
along the lower perigastric portion was unnecessary unless in the
case of tumors larger than 4.0 cm in terms of en block dissection,
and also the potential benefit was observed only in a
retrospective study (37). Another multicenter study of 288
patients with advanced Siewert type II carcinoma stated that
the extent of metastasis to the distal perigastric nodes was
associated with the distance from the EGJ to the distal end of
gastric involvement (38). When the distance <30 mm, the
metastasis rate of at least one lymph node was 2.2%; proximal
gastrectomy is sufficient. In contrast, when the distance >50 mm,
the rate was 20.0%; a total gastrectomy should be considered.
The distance was 30~50 mm, a rate of 8.0%; the choice should
satisfy the surgical requirements. The prospective multicenter
study conducted by Kurokawa et al. (36) unequivocally
displayed that LNM-1 nodes included abdominal stations 1, 2,
3, 7,9, and 11p, whereas LNM-2 nodes included abdominal
stations 8a and 19 and lower mediastinal station 110 only.

frontiersin.org


https://doi.org/10.3389/fonc.2022.913960
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liang et al.

Subgroup analysis based on the tumor size showed that the
metastasis rate of at least one of perigastric stations 4d, 5, or 6
reached 10.7% in cases with a tumor size bigger than 6.0 cm.
However, the survival benefit remains waiting.

These findings described above seem to imply that the tumor
extension associated with tumor size (gastric involvement) had a
greater impact on the distal perigastric lymph node metastasis
than the predominant tumor location and T stage. Since both
Siewert’s and Nishi’s classification clearly settled the epicenter
location within 2.0 cm above and below the EGJ, irrespective of
tumor size in the former and histological type in the latter, and
proximal and distal involvement as well as macroscopic
classification in both (15). Considering the immovable epicenter
location, the distal perigastric metastasis might depend more on
the extent of tumor extension (macroscopic types) rather than on
the epicenter location (deepest tumor invasion). Moreover, the
predominant tumor location and size might affect the extent and
direction of gastric involvement associated with the metastatic
pattern of lymph nodes. Unfortunately, the majority of included
studies located the epicenter 2.0 cm above and below the EGJ
alone according to Siewert’s and Nishi’s classification but lost the
subgroup analysis on the tumor extension into different gastric
regions. Only by a logical analysis in this way was it reasonable to
explain the similar low LNM rate and EI index in both stomach-
predominant and esophagus-predominant tumors, but they were
sharply increased in gastric involvement by more than 5.0 cm or
tumor size by over 4.0 cm. In clinical practice, the type of
gastrectomy limits the extent of lymph node dissection, and also
the metastatic distribution affects the type of gastrectomy. In fact,
extended gastrectomy was widely performed in EGJ cancer
because of adequate distal margin and reflux symptoms caused
by proximal gastrectomy rather than en block dissection. The
survey aimed at the extent of nodal dissection larger than the
spread of nodal metastasis for complete RO resection but rather
the gastrectomy. Based on the discussions from the findings
above, the proximal gastrectomy with lower esophagectomy
should be an optimal procedure in the stomach-predominant
tumor small than 4.0 cm, whereas extended gastrectomy should be
considered in those of gastric involvement more than 5.0 cm in
terms of en block dissection and sufficient distal margins. In other
words, the para-pyloric (no.5 and 6 stations) dissection may be
required for an en block dissection when the EGJ tumors are large
enough to involve the right gastric artery and the right
gastroepiploic artery ( Borrmann III or IV type). A prospective
trial on tumor location and extension remains highly warranted
for this population.

Optional dissection of paraaortic
lymph nodes

Paraaortic lymph node dissection is not a standard treatment
for EGJ cancer (14, 15). However, several studies have reported a
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high incidence of metastasis and the most frequent site of
recurrence to para-aortic stations among patients with EGJ
cancer (22, 33, 34, 51). Moreover, the finding showed that para-
aortic no. 16a2/b1 nodes with a rate of 2.5% (0%~14.4%) less than
5% and EI (0.0~1.9) less than 2.0 were classified as LNM-3 and EI-
4 nodes. The finding was obviously inconsistent with that of
LNM-1 (17%, 14.4%, and 22%) and EI-2 (3.2, 2.4, and 4.9) nodes
in retrospective studies reported by Mine et al. (22), Yoshikawa
et al. (34), and Nunobe et al. (51), respectively. However, it was
consistent with the overall rate of 4.7% and was thus classified as
LNM-3 with a rate less than 5% in the prospective multicenter
study reported by Kurokawa et al. (36). Subgroup analysis showed
that the rate of no. 16a2 was 10.1% if the tumor size exceeded
6.0 cm, but therapeutic efficiency remains ongoing for availability.
These retrospective findings were conflicted with those from the
prospective study but completely consistent with those of tumor
sizes larger than 6.0 cm, which indicated a selective bias from the
small retrospective study. Therefore, we combined the latest
findings to determine the necessity and effectiveness of
paraaortic dissection based on the efficacy index. Unexpectedly,
the finding consistent with that of the prospective one
consolidated that no. 16a2/bl nodes should not be routinely
resected as LNM-3 nodes. Due to the lack of the material, we
failed to perform a subgroup analysis based on tumor size, tumor
stage, and the correlation among metastatic stations to identify
those subsets with a high therapeutic efficacy. However, Motoori
et al. (39) identified a metastatic rate of 4.7% among 344 patients
in the prospective multicenter study on the paraaortic dissection
in advanced EGJ cancer. The independent risk factors for no. 16a2
metastasis were at stage N2-3 (11.8%), metastasis at the no. 2 and
7 nodes (23.7%), gastric involvement exceeding 5.0 cm (12.5%),
and tumor size bigger than 6.0 cm (10.1%). This revealed that the
lymph nodes from EGJ] zone can easily metastasize to terminal
stations, para-aortic nodes, along the left gastric artery (no.7
nodes) and the subphrenic artery (no.2 nodes) as long as the
EGJ tumor infiltration is sufficient to involve the mesogastric
vessels. Based on the findings combined with those of the
prospective trial, we inferred that para-aortic lymph nodes need
not to be resected routinely unless in the stomach-predominant
cases with positive nodes at the no. 2 or 7 station or gastric
involvement exceeding 5.0 cm. As an extensive involvement,
paraaortic dissection should be performed cautiously based on
the epicenter location and gastric involvement in terms of en block
dissection. The further prospective trials on the no. 16a2/bl
metastasis after neoadjuvant chemotherapy are highly warranted
for beneficial effects.

Optional dissection of splenic hilar
lymph nodes

The splenic hilar node dissection is not a standard treatment
for EGJ cancer (14). The lymphatic flow from no. 4sa and 4sb
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stations along the greater curvature can metastasize to splenic
hilar nodes (no. 10) (48). Therefore, Grecurvature-predominant
tumor involvement is an independent risk factor for lymph node
metastasis in the splenic hilum (41-43). In fact, the less
curvature-predominant tumor is still the most common type
for EGJ cancer. Regularly, the findings showed a low incidence of
only 3.4% at the splenic hilar nodes, and EI was 0.8% as EI-3B.
Meanwhile, randomized trials (40) showed that the splenectomy
in the upper gastric cancer of no Grecurvature involvement
could not improve the prognosis compared with spleen
preservation. This result may be applicable for EGJ tumors.
The dissection at the splenic hilum should be optional rather
than obligatory. Even in the Grecurvature-predominant tumor,
the benefit from splenic hilar dissection is lacking.

Optional dissection of mediastinal
lymph nodes

Regarding mediastinal nodes, the incidence of metastasis
was quite high for patients with EGJ cancer in previous studies
(51-54). The findings showed that the highest incidence and
efficacy of mediastinal nodes to be dissected was only no. 110
nodes with a metastatic rate of 12.4%, whereas the rest of the no.
105~112 nodes were assigned to LNM-3 (0%~2%) and EI-3 or
EI-4 (0.0~1.5), respectively. Middle mediastinal nodes at the no.
107~109 stations (1.1~1.5) were assigned to the EI-3A category,
superior mediastinal nodes at the no. 105~106 stations (0.0~0.7)
to EI-4. According to the EI category, EI-1 and EI-2 nodes can be
resected by transhiatal lower esophagectomy with proximal
gastrectomy. Middle and upper mediastinal dissection was not
routinely required in case of limited esophageal invasion less
than 3.0 cm. Particularly, the JCOG9502 trial (8, 9) showed that
left transthoracic mediastinal dissection provided no advantage
over transhiatal lower mediastinal dissection for patients with
EGJ cancer with esophageal invasion less than 3.0 cm. A
multicenter retrospective study (55) showed that the metastatic
rate of the upper or middle mediastinal nodes was higher when
esophageal involvement exceeded 3.0 cm, whereas the rate was
higher in the lower mediastinal nodes when involvement
exceeded 2.0 cm. One of the most popular explanations was
that the potential metastasis was correlated with the length of
esophageal involvement (36, 45, 46, 55). Ultimately, Kurokawa
et al. (36) conducted the first prospective multicenter to confirm
that the overall rate of the mediastinal no. 110 nodes was 9.3%,
and the rate of at least one of the lower mediastinal nodes was
13.3%. Subgroup analysis showed that the metastasis rates at the
no. 111 and 112 stations were less than 5% unless esophageal
involvement exceeded 4.0 cm (10.7% and 7.1%). In contrast, the
rate at the no. 110 station exceeded 10.8% if esophageal
involvement exceeded 2.0 cm. It determined that dissecting
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no. 110 nodes were sufficient unless esophageal involvement
exceeded 4.0 cm, and dissecting no. 110 was unnecessary unless
esophageal involvement exceeded 2.0 cm. The incidence of at
least one of superior mediastinal nodes was 6.1%, and that of the
middle mediastinal nodes was 7.1% if esophageal involvement
exceeded 3.0 cm. Accordingly, in order to resect the EI-3 (LNM-
3) nodes, the subtotal esophagectomy with proximal
gastrectomy is required in an esophagus-predominant tumor
with esophageal involvement exceeding 3.0 cm. Nevertheless, the
therapeutic efficacy of dissection from each of the involved
stations remains to be unavailable. Lacking the materials, we
failed to perform the analysis based on the esophageal
involvement, which is an independent risk factor of
mediastinal metastasis. However, the survival benefits from
upper and middle mediastinal dissections were questionable in
Siewert II tumor (8, 9, 56) and even in Siewert I tumor (10, 11)
from RCT studies. It was worthwhile for adequate margin and en
block dissection (36). Based on the prospective findings, the
lower mediastinal dissection was obligatory in any case with EG]
cancer, whereas upper and middle mediastinal dissection was
optional for the esophagus-predominant tumor with the
esophageal involvement exceeding 3.0 cm. Because the lymph
nodes around the lower esophagus are mainly metastasized
along the left gastric artery and the subphrenic artery
downward to the para-celiac stations, while those nodes from
the middle and upper segment are mainly metastasized along the
bronchial artery, the recurrent laryngeal nerve and the lower
thyroid artery upward to the middle and upper mediastinal
stations. It can be explained that the range of tumor extension
has precedence over the epicenter location in the middle and
upper mediastinal metastasis for an esophagus-predominant
tumor (47, 48).

Comprehensive standpoints and
critical comments

Overall, the obligatory stations for dissection are largely
determined by the epicenter location, whereas the optional
stations depend on the tumor extension. The epicenter indicates
the vertical depth of deepest tumor invasion related to the tumor
size, whereas the tumor extension represents the horizontal length
of tumor invasion associated with the macroscopic types. The
current classification of gastric cancer and esophageal cancer
regards the epicenter location to be the most important factor
for defining regional lymph node grouping, irrespective of
macroscopic classification. Furthermore, even in infiltrative
ulcerative and diffuse infiltrative tumors, the epicenter location
still has precedence over the tumor extension in defining regional
lymph node grouping. According to the guidelines, both mass and
infiltrative cancers are considered to have the same lymph node
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grouping in the epicenters located in the same anatomic region. In
fact, both epicenter location and tumor extension have greater
effects on determining the regional lymph node grouping in terms
of the lymphatic drainage. In addition, even in infiltrative
carcinomas, the tumor extension should have precedence over
the epicenter location in determining the regional lymph node
grouping because of a wide extension. Thus, both of them should
be considered in practice. However, both Siewert’s and Nishi’s
classifications only defined the epicenter location, irrespective of
tumor size in the former, histological type in the latter, and tumor
extension as well as macroscopic type in both (Figure 2A, B).
Accordingly, a unified classification for EG] cancer had to be
developed for improving the surgical quality based on the
epicenter location with tumor extension, especially for
esophageal and gastric involvement. On the one hand, the
epicenter location should be described as the esophageal side
(E) and gastric side (G), and the distance between the epicenter
and the EG]J is recorded (7). On the other hand, tumor extension
into the esophagus or stomach should be described by the distance
from the EGJ to the proximal or distal end of the tumor, whereas
the extending location into the stomach is described as lesser
(Less) and greater (Gre) curvatures, and the anterior (Ant) and
posterior (Post) walls, and circumferential involvement (Circ)
based on the four equal parts of gastric circumference (17). It is
beneficial to eliminate the heterogeneity from the epicenter
location (depth of tumor invasion) and tumor extension
(macroscopic types). EGJ] cancer should be defined as
adenocarcinoma with an epicenter located within 2.0 cm of the
EGJ and scheduled as three subtypes as the following: E type,
epicenter location at the oral side of the EGJ and esophageal
involvement exceeding 3.0 cm; E-G type, epicenter location
between the oral and anal sides of the EGJ, esophageal, and
gastric involvement within 3.0 and 5.0 cm respectively; and G
type, epicenter location at the anal side of the EGJ with gastric
involvement exceeding 5.0 cm.

In a few words, the priority and optimal extent of D2 lymph
node dissection of EGJ cancer remain focused on those nodal
stations with frequent metastasis. These positive stations actually
represent a region of lymphatic reflux, so those positive stations
along with adjacent ones should be dissected along the
anatomical plane as an “envelope-like” wrap. Further on, the
therapeutic efficacy from en block dissection at nodal stations
with higher positive rates should be clarified as the survival
benefit. Therefore, the lymph node dissection for EGJ cancer
should consider at least the following important factors: epicenter
location, tumor extension, Borrmann type, and tumor T stage as
well as anatomical plane and en block dissection. Based on the
comprehensive findings assessing the metastatic pattern and
therapeutic efficacy in the large-scale international survey of
6,350 patients, we determined that the obligatory nodes with
highest metastatic incidence and therapeutic efficiency located at
the no. 1,2, 3,7, 9, 11p, and 110 stations and should be resected
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in any case. The no. 5, 8a, 12a, 11d, 19, and 20 stations should be
considered for an “envelope-like” wrap dissection, whereas the
optional nodes for dissection depended on the tumor extension.
Middle and superior mediastinal nodes should be resected in the
esophagus-predominant tumor with esophageal invasion
exceeding 3.0 cm, whereas distal perigastric and paraaortic
dissections should be resected in the stomach-predominant
tumor with gastric involvement over 5.0 cm, and splenic hilar
dissection in the Grecurvature-predominant tumor or
Grecurvature involvement considering en block dissection. In
practice, the surgical approach is governed largely by the
dissection D larger than metastatic N grading (14, 15, 17, 20).
On the one hand, for a stomach-predominant tumor, the
obligatory stations with EI-1 and EI-2 nodes can be resected by
proximal gastrectomy with lower esophagectomy via a
transhiatal approach, whereas extended gastrectomy is required
for the distal resection margin and excessive dissections at the
distal perigastric and paraaortic stations with optional EI-3 nodes
when gastric involvement exceeded the upper stomach or
Borrmann IV type (Figure 5A). On the other hand, for an
esophagus-predominant tumor, the obligatory nodes can be
resected by the lower esophagectomy with proximal
gastrectomy via a transhiatal approach, whereas the subtotal
esophagectomy with proximal gastrectomy via a transthoracic
approach is required for complete mediastinal dissection and
adequate margin when esophageal involvement exceeded 3.0 cm
(Figure 5B). The survival benefits from dissections at optional
stations remain worthy of prospective evaluation on the
paraaortic and mediastinal dissection based on the grade of
tumor extension (57).

Limitations of the study

This study has some limitations. Firstly, the included studies
are retrospective; secondly, some mediastinal stations are simply
merged for en block dissection; thirdly, we failed to determine
the optional stations of lymph node metastasis and adopted the
findings from the three prospective and large multicenter studies
based subgroup analysis on the tumor extension.

Conclusions

The obligatory D2 dissection stations for patients with
locally advanced EGJ cancer included the lymph nodes around
the pericardia and lesser curvature; left gastric artery, celiac
artery, and proximal splenic artery; and lower mediastinum. In
contrast, other optional lymph node stations for dissection
should be indicated by the predominant tumor location and
tumor extension. The obligatory stations can be resected by the
proximal gastrectomy with lower esophagectomy via a
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transhiatal approach, whereas optional station dissection was
indicated by the degree of tumor extension into gastric regions.
The extended total gastrectomy is required for lower perigastric
dissection in the stomach-predominant tumor with gastric
involvement exceeding 5.0 cm, whereas subtotal
esophagectomy via a right thoracic approach is required for
complete mediastinal dissection in the esophagus-predominant
tumor with esophageal involvement exceeding 3.0 cm.

In conclusion, we deduced that the upper perigastric,
suprapancreatic, and lower mediastinal nodes should be
routinely resected as an “envelope-like” wrap in any case for a
mandatory D2 dissection standard.

Author contributions

BZ and RL make substantial contributions to conception,
design, creating digital artwork, and acquisition, analysis and
interpretation of data. BZ drafted the paper. RW and XB revised
it critically for crucial intellectual content. All authors
contributed to the article and approved the submitted version.

References

1. Blot WJ, Devesa SS, Kneller RW, Fraumeni JJF. Rising incidence of
adenocarcinoma of the esophagus and gastric cardia. JAMA: ] Am Med Assoc
(1991) 265:1287-9. doi: 10.1001/jama.265.10.1287

2. Parfitt JR, Miladinovic Z, Driman DK. Increasing incidence of
adenocarcinoma of the gastroesophageal junction and distal stomach in Canada
- an epidemiological study from 1964-2002. Can J Gastroenterol (2006) 20:271-6.
doi: 10.1155/2006/175751

3. Hvid-Jensen F, Pedersen L, Drewes AM, Sorensen HT, Funch-Jensen P.
Incidence of adenocarcinoma among patients with barrett's esophagus. New Engl |
Med (2011) 365:1375-83. doi: 10.1056/NEJMoal103042

4. Kusano C, Gotoda T, Khor CJ, Katai H, Kato H, Taniguchi H, et al. Changing
trends in the proportion of adenocarcinoma of the esophagogastric junction in a
large tertiary referral center in Japan. ] GASTROEN Hepatol (2008) 23:1662-5.
doi: 10.1111/j.1440-1746.2008.05572.x

5. Van Blankenstein M, Looman CWN, Siersema PD, Kuipers EJ, Coebergh
JWW. Trends in the incidence of adenocarcinoma of the oesophagus and cardia in
the Netherlands 1989-2003. BRIT ] CANCER. (2007) 96:1767-71. doi: 10.1038/
§j.bjc.6603798

6. Siewert JR, Feith M, Stein HJ. Biologic and clinical variations of
adenocarcinoma at the esophago-gastric junction: Relevance of a topographic-
anatomic subclassification. J Surg Oncol (2005) 90:139-46. doi: 10.1002/js0.20218

7. Japan Esophageal Society. Japanese Classification of Esophageal Cancer, 11th
Edition: part II and III. Esophagus (2017) 14(1):37-65. doi: 10.1007/s10388-016-
0556-2

8. Kurokawa Y, Sasako M, Sano T, Yoshikawa T, Iwasaki Y, Nashimoto A, et al.
Ten-year follow-up results of a randomized clinical trial comparing left
thoracoabdominal and abdominal transhiatal approaches to total gastrectomy for
adenocarcinoma of the oesophagogastric junction or gastric cardia. BRIT J Surg
(2015) 102:341-8. doi: 10.1002/bjs.9764

9. Sasako M, Sano T, Yamamoto S, Sairenji M, Arai K, Kinoshita T, et al. Left
thoracoabdominal approach versus abdominal-transhiatal approach for gastric
cancer of the cardia or subcardia: a randomised controlled trial. Lancet Oncol
(2006) 7:644-51. doi: 10.1016/S1470-2045(06)70766-5

10. Omloo JMT, Lagarde SM, Hulscher JBF, Reitsma JB, Fockens P, van Dekken
H, et al. Extended transthoracic resection compared with limited transhiatal
resection for adenocarcinoma of the Mid/Distal esophagus. Ann Surg (2007)
246:992-1001. doi: 10.1097/SLA.0b013e31815c4037

Frontiers in Oncology

17

10.3389/fonc.2022.913960

Funding

The Shanxi Provincial Science and Technology Key Project
(no. 20140313011-3) supported this work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

11. Hulscher JBF, van Sandick JW, de Boer AGEM, Wijnhoven BPL, Tijssen
JGP, Fockens P, et al. Extended transthoracic resection compared with limited
transhiatal resection for adenocarcinoma of the esophagus. New Engl ] Med (2002)
347:1662-9. doi: 10.1056/NEJMo0a022343

12. Hosoda K, Yamashita K, Katada N, Watanabe M. Overview of multimodal
therapy for adenocarcinoma of the esophagogastric junction. Gen Thorac
Cardiovasc Surgery. (2015) 63:549-56. doi: 10.1007/s11748-015-0575-2

13. Mariette C, Piessen G, Briez N, Gronnier C, Triboulet JP. Oesophagogastric
junction adenocarcinoma: Which therapeutic approach? Lancet Oncol (2011)
12:296-305. doi: 10.1016/S1470-2045(10)70125-X

14. Japanese Gastric Cancer Association. Japanese Gastric cancer treatment
guidelines 2018 (5th edition). Gastric Cancer (2021) 24(1):1-21. doi: 10.1007/
$10120-020-01042-y

15. Japan Esophageal Society. Japanese Classification of esophageal cancer,
11th edition: part I. Esophagus (2017) 14(1):1-36. doi: 10.1007/s10388-016-0551-7

16. Rice TW, Gress DM, Patil DT, Hofstetter WL, Kelsen DP, Blackstone EH.
Cancer of the esophagus and esophagogastric junction-major changes in the
American joint committee on cancer eighth edition cancer staging manual. CA:
A Cancer ] Clin (2017) 67:304-17. doi: 10.3322/caac.21399

17. Japanese Gastric Cancer Associatio Japanese Classification of gastric
carcinoma: 3rd English edition. Gastric Cancer (2011) 14(2):101-12.
doi: 10.1007/s10120-011-0041-5

18. Sasako M, McCulloch P, Kinoshita T, Maruyama K. New method to
evaluate the therapeutic value of lymph node dissection for gastric cancer. Br J
surgery. (1995) 82:346-51. doi: 10.1002/bjs.1800820321

19. Fujita H, Aikou T, Tsurumaru M, Yoshida M, Shimoda T. A new n category
for cancer in the esophagogastric junction based on lymph node compartments.
ESOPHAGUS-TOKYO (2007) 4:103-10. doi: 10.1007/s10388-007-0122-z

20. Japanese Gastric Cancer Associatio. Japanese classification of gastric

carcinoma - 2nd English Edition - Gastric Cancer (1998) 1:10-24. doi: 10.1007/
s101209800016

21. Yamashita H, Katai H, Morita S, Saka M, Taniguchi H, Fukagawa T. Optimal
extent of lymph node dissection for siewert type IT esophagogastric junction carcinoma.
Ann Surg (2011) 254:274-80. doi: 10.1097/SLA.0b013¢3182263911

22. Mine S, Sano T, Hiki N, Yamada K, Nunobe S, Yamaguchi T.
Lymphadenectomy around the left renal vein in siewert type II adenocarcinoma

frontiersin.org


https://doi.org/10.1001/jama.265.10.1287
https://doi.org/10.1155/2006/175751
https://doi.org/10.1056/NEJMoa1103042
https://doi.org/10.1111/j.1440-1746.2008.05572.x
https://doi.org/10.1038/sj.bjc.6603798
https://doi.org/10.1038/sj.bjc.6603798
https://doi.org/10.1002/jso.20218
https://doi.org/10.1007/s10388-016-0556-2
https://doi.org/10.1007/s10388-016-0556-2
https://doi.org/10.1002/bjs.9764
https://doi.org/10.1016/S1470-2045(06)70766-5
https://doi.org/10.1097/SLA.0b013e31815c4037
https://doi.org/10.1056/NEJMoa022343
https://doi.org/10.1007/s11748-015-0575-2
https://doi.org/10.1016/S1470-2045(10)70125-X
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1007/s10388-016-0551-7
https://doi.org/10.3322/caac.21399
https://doi.org/10.1007/s10120-011-0041-5
https://doi.org/10.1002/bjs.1800820321
https://doi.org/10.1007/s10388-007-0122-z
https://doi.org/10.1007/s101209800016
https://doi.org/10.1007/s101209800016
https://doi.org/10.1097/SLA.0b013e3182263911
https://doi.org/10.3389/fonc.2022.913960
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Liang et al.

of the oesophagogastric junction. BRIT ] Surg (2013) 100:261-6. doi: 10.1002/
bjs.8967

23. Hosokawa Y, Kinoshita T, Konishi M, Takahashi S, Gotohda N, Kato Y,
et al. Clinicopathological features and prognostic factors of adenocarcinoma of the
esophagogastric junction according to siewert classification: experiences at a single
institution in Japan. Ann Surg Oncol (2012) 19:677-83. doi: 10.1245/s10434-011-
1983-x

24. Peng ], Wang W, Yuan Y, Hu Y, Wang Y, Chen L. Optimal extent of lymph
node dissection for siewert type II esophagogastric junction adenocarcinoma. Ann
Thorac Surgery. (2015) 100:263-9. doi: 10.1016/j.athoracsur.2015.02.075

25. Fujitani K, Miyashiro I, Mikata S, Tamura S, Imamura H, Hara J, et al.
Pattern of abdominal nodal spread and optimal abdominal lymphadenectomy for
advanced siewert type II adenocarcinoma of the cardia: results of a multicenter
study. GASTRIC CANCER. (2013) 16:301-8. doi: 10.1007/s10120-012-0183-0

26. Goto H, Tokunaga M, Sugisawa N, Tanizawa Y, Bando E, Kawamura T,
et al. Value of splenectomy in patients with siewert type II adenocarcinoma of the
esophagogastric junction. Gastric cancer: Off ] Int Gastric Cancer Assoc Japanese
Gastric Cancer Assoc (2013) 16:590-5. doi: 10.1007/s10120-012-0214-x

27. Matsuda T, Takeuchi H, Tsuwano S, Nakamura R, Takahashi T, Wada N,
et al. Optimal surgical management for esophagogastric junction carcinoma. Gen
Thorac Cardiovasc surgery. (2014) 62:560-6. doi: 10.1007/s11748-014-0381-2

28. Yabusaki H, Nashimoto A, Matsuki A, Aizawa M. Comparison of the
surgical treatment strategies for siewert type II squamous cell carcinoma in the
same area as esophagogastric junction carcinoma: data from a single Japanese high-
volume cancer center. Surg Today (2014) 44:1522-8. doi: 10.1007/s00595-013-
0773-4

29. Wang J, Lin M, Li P, Xie ], Lin J, Lu J, et al. The prognostic relevance of
parapyloric lymph node metastasis in siewert type II/III adenocarcinoma of the
esophagogastric junction. Eur ] Surg Oncol (2017) 43:2333-40. doi: 10.1016/
j.€js0.2017.08.017

30. Cao H, Ooi M, Yu Z, Wang Q, Li Z, Lu Q, et al. Should pyloric lymph nodes
be dissected for siewert type IT and III adenocarcinoma of the esophagogastric
junctions: Experience from a high-volume center in China. ] gastrointestinal
surgery: Off ] Soc Surg Alimentary Tract. (2019) 23:256-63. doi: 10.1007/s11605-
018-3935-2

31. Hasegawa S, Yoshikawa T, Rino Y, Oshima T, Aoyama T, Hayashi T, et al.
Priority of lymph node dissection for siewert type II/IIl adenocarcinoma of the
esophagogastric junction. Ann Surg Oncol (2013) 20:4252-9. doi: 10.1245/s10434-
013-3036-0

32. Goto H, Tokunaga M, Miki Y, Makuuchi R, Sugisawa N, Tanizawa Y, et al.
The optimal extent of lymph node dissection for adenocarcinoma of the
esophagogastric junction differs between siewert type II and siewert type III
patients. GASTRIC CANCER. (2015) 18:375-81. doi: 10.1007/s10120-014-0364-0

33. Yamashita H, Seto Y, Sano T, Makuuchi H, Ando N, Sasako M. Results of a
nation-wide retrospective study of lymphadenectomy for esophagogastric junction
carcinoma. GASTRIC CANCER. (2017) 20:69-83. doi: 10.1007/s10120-016-0663-8

34. Yoshikawa T, Takeuchi H, Hasegawa S, Nozaki I, Kishi K, Ito S, et al.
Theoretical therapeutic impact of lymph node dissection on adenocarcinoma and
squamous cell carcinoma of the esophagogastric junction. GASTRIC CANCER.
(2016) 19:143-9. doi: 10.1007/s10120-014-0439-y

35. Cai MZ, Lv CB, Cai LS, Chen QX. Priority of lymph node dissection for
advanced esophagogastric junction adenocarcinoma with the tumor center located
below the esophagogastric junction. MEDICINE (2019) 98:18451. doi: 10.1097/
MD.0000000000018451

36. Kurokawa Y, Takeuchi H, Doki Y, Mine S, Terashima M, Yasuda T, et al.
Mapping of lymph node metastasis from esophagogastric junction tumors: A
prospective nationwide multicenter study. Ann Surg (2019) 274(1):120-7. doi:
10.1097/SLA.0000000000003499

37. Lin X, Li Z, Tan C, Ye X, Xiong J, Liu J, et al. Survival benefit of pyloric
lymph node dissection for siewert type II/III adenocarcinoma of the
esophagogastric junction based on tumor diameter: A Large cohort study. Front
Oncol (2021) 11:748694. doi: 10.3389/fonc.2021.748694

38. Mine S, Kurokawa Y, Takeuchi H, Kishi K, Ito Y, Ohi M, et al. Distribution
of involved abdominal lymph nodes is correlated with the distance from the
esophagogastric junction to the distal end of the tumor in siewert type II tumors.
Eur ] Surg oncology: ] Eur Soc Surg Oncol Br Assoc Surg Oncol (2015) 41:1348-53.
doi: 10.1016/j.€j50.2015.05.004

39. Motoori M, Kurokawa Y, Takeuchi H, Sano T, Terashima M, Ito S, et al.
Risk factors for para-aortic lymph node metastasis in esophagogastric junction
cancer: Results from a prospective nationwide multicenter study. Ann Surg Oncol
(2022) 29(9):5649-54. doi: 10.1245/5s10434-022-11792-x

Frontiers in Oncology

18

10.3389/fonc.2022.913960

40. Sano T, Sasako M, Mizusawa J, Yamamoto S, Katai H, Yoshikawa T, et al.
Randomized controlled trial to evaluate splenectomy in total gastrectomy for
proximal gastric carcinoma. Ann Surg (2017) 265:277-83. doi: 10.1097/
SLA.0000000000001814

41. Maezawa Y, Aoyama T, Yamada T, Kano K, Hayashi T, Sato T, et al.
Yoshikawa t. priority of lymph node dissection for proximal gastric cancer
invading the greater curvature. GASTRIC Cancer (2018) 21:569-72. doi: 10.1007/
s10120-017-0775-9

42. Yura M, Yoshikawa T, Otsuki S, Yamagata Y, Morita S, Katai H, et al. The
therapeutic survival benefit of splenic hilar nodal dissection for advanced proximal
gastric cancer invading the greater curvature. Ann Surg Oncol (2019) 26:829-35.
doi: 10.1245/s10434-018-07122-9

43. Kano Y, Ohashi M, Ida S, Kumagai K, Makuuchi R, Sano T, et al.
Therapeutic value of splenectomy to dissect splenic hilar lymph nodes for type 4
gastric cancer involving the greater curvature, compared with other types.
GASTRIC CANCER. (2020) 23:927-36. doi: 10.1007/s10120-020-01072-6

44. Ueda Y, Shiozaki A, Itoi H, Okamoto K, Fujiwara H, Ichikawa D, et al. The
range of tumor extension should have precedence over the location of the deepest
tumor center in determining the regional lymph node grouping for widely
extending esophageal carcinomas. JPN ] Clin Oncol (2006) 36:775-82.
doi: 10.1093/jjco/hyl105

45. Shiraishi O, Yasuda T, Kato H, Iwama M, Hiraki Y, Yasuda A, et al. Risk
factors and prognostic impact of mediastinal lymph node metastases in patients
with esophagogastric junction cancer. Ann Surg Oncol (2020) 27:4433-40.
doi: 10.1245/s10434-020-08579-3

46. Mine S, Sano T, Hiki N, Yamada K, Kosuga T, Nunobe S, et al. Thoracic
lymph node involvement in adenocarcinoma of the esophagogastric junction and
lower esophageal squamous cell carcinoma relative to the location of the proximal
end of the tumor. Ann Surg Oncol (2014) 21:1596-601. doi: 10.1245/510434-014-
3548-2

47. Kinami S, Saito H, Takamura H. Significance of lymph node metastasis in
the treatment of gastric cancer and current challenges in determining the extent of
metastasis. Front Oncol (2021) 11:806162. doi: 10.3389/fonc.2021.806162

48. Kinami S, Nakamura N, Miyashita T, Kitakata H, Fushida S, Fujimura T,
et al. nPTD classification: an updated classification of gastric cancer location for
function preserving gastrectomy based on physiological lymphatic flow. BMC
CANCER. (2021) 21:1231. doi: 10.1186/s12885-021-08936-9

49. Siewert JR, Feith M, Werner M, Stein HJ. Adenocarcinoma of the
esophagogastric junction: Results of surgical therapy based on anatomical/
topographic classification in 1,002 consecutive patients. Ann Surg (2000)
232:353-61. doi: 10.1097/00000658-200009000-00007

50. Feith M, Stein HJ, Siewert JR. Adenocarcinoma of the esophagogastric
junction: surgical therapy based on 1602 consecutive resected patients. Surg Oncol
Clin N Am (2006) 15:751-64. doi: 10.1016/j.s0¢.2006.07.015

51. Nunobe S, Ohyama S, Sonoo H, Hiki N, Fukunaga T, Seto Y, et al. Benefit of
mediastinal and para-aortic lymph-node dissection for advanced gastric cancer
with esophageal invasion. J Surg Oncol (2008) 97:392-5. doi: 10.1002/j50.20987

52. Hosoda K, Yamashita K, Katada N, Moriya H, Mieno H, Sakuramoto S, et al.
Impact of lower mediastinal lymphadenectomy for the treatment of
esophagogastric junction carcinoma. Anticancer Res (2015) 35(1):445-56.

53. Yura M, Takeuchi H, Fukuda K, Nakamura R, Suda K, Wada N, et al. High-
risk group of upper and middle mediastinal lymph node metastasis in patients with
esophagogastric junction carcinoma. Ann gastroenterological surgery. (2018)
2:419-27. doi: 10.1002/ags3.12215

54. Igaki H, Tachimori Y, Kato H. Improved survival for patients with upper
and/or middle mediastinal lymph node metastasis of squamous cell carcinoma of
the lower thoracic esophagus treated with 3-field dissection. Ann Surg (2004)
239:483-90. doi: 10.1097/01.51a.0000118562.97742.29

55. Kurokawa Y, Hiki N, Yoshikawa T, Kishi K, Ito Y, Ohi M, et al. Mediastinal
lymph node metastasis and recurrence in adenocarcinoma of the esophagogastric
junction. SURGERY (2015) 157:551-5. doi: 10.1016/j.surg.2014.08.099

56. Leers JM, Knepper L, van der Veen A, Schroder W, Fuchs H, Schiller P, et al.
The CARDIA-trial protocol: a multinational, prospective, randomized, clinical trial
comparing transthoracic esophagectomy with transhiatal extended gastrectomy in
adenocarcinoma of the gastroesophageal junction (GE]) type II. BMC CANCER.
(2020) 20:781. doi: 10.1186/s12885-020-07152-1

57. Hagens ERC, van Berge Henegouwen MI, van Sandick JW, Cuesta MA, van
der Peet DL, Heisterkamp J, et al. Distribution of lymph node metastases in
esophageal carcinoma [TIGER study]: study protocol of a multinational
observational study. BMC CANCER. (2019) 19:662. doi: 10.1186/s12885-019-
5761-7

frontiersin.org


https://doi.org/10.1002/bjs.8967
https://doi.org/10.1002/bjs.8967
https://doi.org/10.1245/s10434-011-1983-x
https://doi.org/10.1245/s10434-011-1983-x
https://doi.org/10.1016/j.athoracsur.2015.02.075
https://doi.org/10.1007/s10120-012-0183-0
https://doi.org/10.1007/s10120-012-0214-x
https://doi.org/10.1007/s11748-014-0381-2
https://doi.org/10.1007/s00595-013-0773-4
https://doi.org/10.1007/s00595-013-0773-4
https://doi.org/10.1016/j.ejso.2017.08.017
https://doi.org/10.1016/j.ejso.2017.08.017
https://doi.org/10.1007/s11605-018-3935-2
https://doi.org/10.1007/s11605-018-3935-2
https://doi.org/10.1245/s10434-013-3036-0
https://doi.org/10.1245/s10434-013-3036-0
https://doi.org/10.1007/s10120-014-0364-0
https://doi.org/10.1007/s10120-016-0663-8
https://doi.org/10.1007/s10120-014-0439-y
https://doi.org/10.1097/MD.0000000000018451
https://doi.org/10.1097/MD.0000000000018451
https://doi.org/10.1097/SLA.0000000000003499
https://doi.org/10.3389/fonc.2021.748694
https://doi.org/10.1016/j.ejso.2015.05.004
https://doi.org/10.1245/s10434-022-11792-x
https://doi.org/10.1097/SLA.0000000000001814
https://doi.org/10.1097/SLA.0000000000001814
https://doi.org/10.1007/s10120-017-0775-9
https://doi.org/10.1007/s10120-017-0775-9
https://doi.org/10.1245/s10434-018-07122-9
https://doi.org/10.1007/s10120-020-01072-6
https://doi.org/10.1093/jjco/hyl105
https://doi.org/10.1245/s10434-020-08579-3
https://doi.org/10.1245/s10434-014-3548-2
https://doi.org/10.1245/s10434-014-3548-2
https://doi.org/10.3389/fonc.2021.806162
https://doi.org/10.1186/s12885-021-08936-9
https://doi.org/10.1097/00000658-200009000-00007
https://doi.org/10.1016/j.soc.2006.07.015
https://doi.org/10.1002/jso.20987
https://doi.org/10.1002/ags3.12215
https://doi.org/10.1097/01.sla.0000118562.97742.29
https://doi.org/10.1016/j.surg.2014.08.099
https://doi.org/10.1186/s12885-020-07152-1
https://doi.org/10.1186/s12885-019-5761-7
https://doi.org/10.1186/s12885-019-5761-7
https://doi.org/10.3389/fonc.2022.913960
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Mapping of lymph node dissection determined by the epicenter location and tumor extension for esophagogastric junction carcinoma
	Introduction
	Materials and methods
	Definition and classification of EGJ cancer
	Literature search strategy
	Study selection
	Data extraction and presentation
	Therapeutic efficacy of lymph node dissection and statistical analysis

	Results
	Characteristics of the included study on EGJ carcinoma
	Lymph node metastasis and therapeutic efficacy index
	Obligatory station category of lymph node dissection for EGJ cancer
	Optional station category of lymph node dissection for EGJ cancer

	Discussion
	The dissection grading of lymph node metastasis
	Obligatory lymph node D2 dissection determined by epicenter location
	Optional dissection of distal perigastric lymph nodes
	Optional dissection of paraaortic lymph nodes
	Optional dissection of splenic hilar lymph nodes
	Optional dissection of mediastinal lymph nodes
	Comprehensive standpoints and critical comments
	Limitations of the study

	Conclusions
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


