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Abstract

Esophagogastric junctional cancer is classified into three categories according to the Siewert classification, which reflects
the epidemiological and biological characteristics. Therapeutic strategies have been evaluated according to the three Siewert
types. There is a consensus that types I and III should be treated as esophageal cancer and gastric cancer, respectively. On the
other hand, type II is often described as true cardiac cancer, which has different clinicopathological features from the other
types. Thus, there is no consensus on the surgical management of type II esophagogastric junctional cancer. The optimal
surgical management should focus on the principles of cancer surgery, which take into consideration oncological curability,
including an appropriate resection margin, adequate lymphadenectomy, and minimization of postoperative complications. In
this review, we evaluate the current relevant literature and evidence, on the surgical treatment of esophagogastric junctional
cancer, focusing on type II. Esophagectomy with a thoracic approach has the advantage of ensuring a sufficient proximal
resection margin and adequate mediastinal lymphadenectomy. However, the oncological benefit is offset by a high incidence
of postoperative complications. Minimally invasive esophagectomy could be a possible solution to reduce complications
and improve long-term outcomes. Further development of surgical treatments for Siewert type Il is required to improve the
outcomes. Furthermore, the surgical team should have expertise in both gastric cancer and esophageal cancer treatment, or
patients should be managed with close collaboration between thoracic surgeons and gastric cancer surgeons.
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Introduction

The incidence of esophagogastric junctional cancer has
increased in Western countries and in Japan, together with
a decrease in Helicobacter pylori infection, an increase in
gastroesophageal reflux disease, and an increase in obesity.
However, the definition and management of esophagogastric
cancer are not simple because EGJ cancer is “a zone disease”
rather than “an organ disease” with etiologically heterogene-
ous backgrounds with characteristics of gastric and esopha-
geal cancers [1]. Siewert et al. [2] established a classifica-
tion system for esophagogastric junctional adenocarcinoma,
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which classifies esophagogastric junctional cancer into three
types according to the location of the epicenter of the tumor.
This classification is used to determine strategy of surgical
management. In this classification, Siewert type II tumor,
which have an epicenter within 1 cm above and 2 cm below
the esophagogastric junction, is often described as a true car-
diac cancer, and there is less consensus on the surgical man-
agement in comparison to the other two types. This review
introduces the previous evidence and theoretical rationale
for future perspectives.

Definition of esophagogastric junctional
cancer

As mentioned above, Siewert et al. [2] classified esophago-
gastric junctional adenocarcinoma into three types according
to location of the tumor epicenter: type I, located 1-5 cm
above the esophagogastric junction regardless of invasion
to the esophagogastric junction; type II, invading the esoph-
agogastric junction and located within 1 cm above and 2 cm
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below the esophagogastric junction; and type III, invading
the esophagogastric junction and located 2—5 cm below the
esophagogastric junction. Traditionally in Japan, the Nishi
classification has been used for defining esophagogastric
junctional cancer. This classification defines esophagogas-
tric junctional cancer as a tumor whose epicenter is located
within 2 cm above and 2 cm below the esophagogastric
junction, regardless of histological type and invasion to
the esophagogastric junction, which is almost equivalent
to Siewert type II. The Nishi classification reflects the epi-
demiological and biological characteristics and does not
include Siewert type I and III tumors. Siewert type I tumors
generally originate in Barrett’s esophagus [3] [4], whereas
Siewert type III tumors are associated with Helicobacter
pylori infection [3]. In the latest edition of the UICC-TNM
classification, a tumor with an epicenter <2 cm below the
esophagogastric junction is staged as esophageal cancer,
while a tumor with an epicenter >?2 cm below the junction
is staged as gastric cancer. Thus, Siewert type I and II tumors
are staged as esophageal cancer, while type III tumors are
staged as gastric cancer. On the other hand, the treatment
strategy is not simple. Traditionally, Siewert type I tumors
have been treated as esophageal cancer, and Siewert type III
tumors have been treated as gastric cancer [5—10]. However,
whether type II tumors should be treated as esophageal or
gastric cancer is a problematic issue.

A precise diagnosis of the tumor location is important for
optimal surgical management. However, it is sometimes dif-
ficult to determine the exact location of the esophagogastric
junction preoperatively [11]. It is well known that a precise
diagnosis cannot be made for an advanced esophagogastric
cancer forming a bulky mass.

Oncological strategy for Siewert type Il
esophagogastric junctional cancer

Adequate lymphadenectomy

The pathways of lymphatic flow around the esophagogastric
junction are known to be complex. In a previous radioisotope
study, the lymphatics of the lower esophagus were observed
to flow into the lower mediastinum and upper perigastric
lymph nodes [12], indicating that EGJ cancer is likely to
involve both the abdominal and mediastinum lymph nodes.
Thus, to improve patient prognosis, surgeons need to take
this lymphatic flow into account when considering the extent
of lymphadenectomy.

Many studies [13-22] have evaluated the pattern of
lymph node metastasis in Siewert type II tumors. An out-
line of studies and rates of lymph node metastasis in each
study is provided in Table 1. Figure 1 shows the location
of each nodal station. The median lymph node metastatic
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rate for each station was visually summarized in Fig. 1b.
Of the 11 studies, 9 were from Japan and 2 were from the
Europe. Basically, 10 studies evaluated the rate of metasta-
sis in each station based on a review of a clinical database,
implying that the extent of lymph node resection was not
consistent and was judged by each surgeon. On the other
hand, in one prospective observational study, the extent of
lymph node resection was defined before surgery accord-
ing to the tumor location Figure 2.

Although the approach and extent of lymph node dis-
section differ depending on each study, the similarities
among these studies are as follows. First, nodes located
in the upper stomach (#1, #2, #3) had the highest rate of
metastasis. Second, nodes located at the left gastric artery
(#7), suprapancreatic nodes (#8a, #9, #11p), and lower
mediastinal nodes (#110, #111, #112) had a relatively high
rate of metastasis. Third, metastasis to nodes around the
distal stomach (#4d, #5, #6, #12a) was rare. Meanwhile,
nodes at the paraaortic area (16a2), middle mediastinum,
upper mediastinum, and cervix showed different rates of
metastasis depending on the report.

In 5 studies [15, 16, 18, 21, 22], the efficacy of lymph
node resection was evaluated based on a therapeutic index,
which was calculated by multiplying the frequency of
metastasis to the station and the 5-year survival rate of
patients with metastasis to each station, representing the
priority of resection for each node. The therapeutic index
in each station demonstrated in 5 studies is summarized
in Table 2. In addition, we defined the priority order of
nodal dissection by the ranking of the therapeutic index
in each nodal station based on each study. Then, we cal-
culated the mean priority order to determine priority of
each nodal dissection. In all 5 studies, upper perigastric
nodes (#1, #2, #3) and nodes located at the left gastric
artery (#7) were of especially high priority. Following
those nodes, the nodes of the inferior mediastinum (#110,
#111, #112) and the suprapancreatic nodes (#8a, #9, #11p)
could be interpreted to have the next priority. In contrast,
the priority of the lymph nodes around the lower stomach
(#4d, #5, #6, #12a), upper mediastinum (#106rec), and
cervical lymph nodes was relatively low. Figure 3 showed
the mean priority order. Top priority for nodal dissection
was #1 and #2, followed by #2, #7, and #11p. Subsequent
priority was #110, #16a, #9, #8a, #17, and #9. The nodes
of the middle mediastinum (#107, #108) and periaortic
lymph nodes (#16a2) had different priorities depending
on the study and require careful interpretation. However,
all 5 studies were retrospective in nature, and the extent of
nodal dissection was not uniform. The presence or absence
of nodal metastasis is evaluable when dissecting the cor-
responding lymph nodes. As lymph node dissection of the
upper and middle mediastinum is difficult by a transhiatal
approach, the rates of metastasis of these nodes could be
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Table 1 Frequency of lymph node metastasis
#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 Median$
Year 2006 2012 2013 2013 2013 2013 2015 2015 2016 2017 2021
N 485 60 86 42 95 150 92 176 381 237d 7756 332
Approach
TT 27 23 15 0 24 65 10 94 35 ND ND
TH 391 77 71 42 71 85 82 82 65
Other 67
LN
1 67 42 61.6 59.5 42.1 44.7 39.1 24.0 39.8 34.6 30.5 36.4 40.9
63 17 314 19.0 26.3 347 13.0 30.8 16.5 15 27.5 25.2
3 66 32 52.3 57.1 453 46.0 37.0 56.0 415 28.7 29.5 38.8 434
4sa ND 2 7.0 24 1.1 34 22 ND 43 1.3 0.8 4.2 2.3
4sb 0 35 4.8 23 22 2.7 13 0.5 0.8 2.2
4d 0 0 0 35 0 29 0.8 04 22 0.4
5 3 1.2 24 0 1.0 2.7 1.7 0.0 0.5 1.1 1.2
5 35 24 0 0 0 0.8 0.8 0.9 1.7 0.9
25 18 259 30.9 32.6 28.0 21.7 26.7 17.7 12.5 232 25.0
8a 5 8.5 24 6.8 23 35 4.9 3.8 3.0 6.2 4.9
9 10 8.8 23.8 3.6 12.7 17.2 1.0 11.7 6.8 35 13.0 10.9
10 ND 2 2.9 4.8 4.7 47 5.8 ND 9.5 0.8 0.9 ND 4.7
11p 0 20.5 16.9 17.7 16.5 13.2 17.2 4.2 4.5 142 154
11d 0 4.8 2.6 31 6.3 2.1 1.3 4.7 29
12a 0 ND 0 33 8.0 0 1.4 ND ND ND 0.7
16a 3 ND ND 54 17.0 ND 14.4 0.8 0.3 4.8 4.8
19 2 ND 9.5 ND ND 17.4 4.9 0.0 0.0 5.6 4.9
20 0 4.8 9.5 1.5 0.0 0.0 4.7 15
105 ND ND ND 0.5 0.1 1.5 0.5
106rec 0.0 0.0 6.0 0
107 ND 0.4 0.0 3.0 04
108 2 154 1.3 0.3 3.0 2.0
109 ND ND 1.7 0.0 3.0 17
110 12 3 12.8 18.0 23.0 18.1 5.1 0.9 9.0 12.0
111 1 23 1.7 0.5 3.7 3.7
112 0 0 1.3 0.3 1.9 1.9
Cervical** 2 ND ND ND 20 0.0 0.0 ND
Upper med*** 2 4.0 2.0 15.8 ND
Middle med{ 2 7.0 20.0

#1: Faith [13], #2:Y Kakeji [14], #3: K Fujitani [15], #4: H Goto [16], #5: S Hasegawa [17], #6: S Mine [18], #7: H Goto [19], #8: K Parry [20],

#9: T Yoshikawa [21], #10: H Yamashita [22], #11: Y Kurokawa[23]

**: Cervical nodes. ***: Upper mediastinal nodes. T: Middle mediastinal nodes. ®: Esophagus-predominant tumor. % Stomach predominant

tumor

metastatic rate

underestimated unless a thoracic approach is selected for
all cases.

Kurokawa et al. [23] conducted nationwide multi-center
prospective study that identified the accurate rate of metasta-
sis for each mediastinal and abdominal lymph node. Briefly,
a transhiatal approach was uniformly selected for patients

with esophageal involvement of < 3.0 cm, whereas a right
transthoracic approach was uniformly selected for patients
with esophageal involvement of > 3.0 cm. In the transtho-
racic approach, the nodes for which dissection was manda-
tory included the upper (stations 105, 106recL, 106recR)
and middle mediastinal nodes (stations 107, 108, 109L,
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The location of
each nodal station
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Fig. 1 The location of each station

109R), in addition to the perigastric field (stations 1, 2, 3a),
the suprapancreatic field (stations 7, 8a, 9, 11p, 11d), the
paraaortic field (station 16a2lat), the abdominal hiatal field
(stations 19, 20), and the lower mediastinal field (stations
110, 111, 112). The results of this study are demonstrated in
Table 1 (see #11). In this multi-center prospective study, sta-
tions in which metastasis was frequently observed included
the perigastric nodes, suprapancreatic nodes, and lower
mediastinal nodes, whereas metastasis was less frequently
observed among the lower perigastric nodes, confirming the
results of previous retrospective studies. On the other hand,
the rate of metastasis to the nodes at the upper and middle
mediastinum was 2.9% and 1.4-4.3%, respectively, when the
length of esophageal invasion was <4 cm, but reached 10.7%
and 7.1%, respectively, when the length was >4 cm. Based
on these results, the latest edition of the JGCA Guidelines
provisionally recommended the following lymph node dis-
section areas for EGJ cancer: upper gastric lymph nodes,
suprapancreatic lymph nodes, and lower mediastinal lymph
nodes when the length of esophageal invasion is <4 cm. The
middle and upper mediastinal lymph nodes were addition-
ally recommended when the length of esophageal invasion

@ Springer

#station
Median metastasis rates (%)
(range%)

#106rec #105
0% 0.5%
(06%) ) (0.1-1.5%)

(0.3-15%)

#112
1.9%
(0.9-23%) (0-23%)

#asa

;73

#10
25.2% 4.7%

#19 (13-63%) (0.8-9.5%)
R #11d
(i) #1 25.2%

#9 40.9% 1 (13-63%)

10.9% o0 #11p

(1-25%) | (24-67%) 1545
M2 S 7/ (0-20.5%)

0.7% #16a
o
(0-8%) 4.8% 25%

#8a (0.3.-17%) (12-33%)
#s
1.2% 4.9%
(03%) (2.3-25%)

#3

43.4%
(29-66%)

#6
0.9%

(0-5%) #ad

0.4%
(0-3.5%)

Fig.2 The median metastatic rates in previous reports. For some
lymph nodes that were not reported as subdivided sites (4sa/4sb/4d,
11p/11d, 110/111/112), the median was calculated as the same meta-
static rate

was >4 cm. However, optimal lymph node dissection should
not be based on the rate of metastasis. Long-term survival
data from the Kurokawa study are expected to reveal the
priority of lymph node dissection according to a therapeutic
index.

Ensuring an optimal resection margin

It is generally accepted that the microscopic spread of esoph-
ageal cancer is usually far more extensive than the macro-
scopic boundaries of the primary tumor. In particular, direct
submucosal tumor extension or intramural spread without
mucosal change is common. Gao et al. [24] reported that
56% of patients with Sievert type I and II tumors had positive
submucosal margins without mucosal infiltration. Adequate
distance from the gross tumor margin is necessary to ensure
that there are no residual tumor cells at the resection mar-
gins. Thus, many studies are conducted to identify the opti-
mal distance of the proximal longitudinal margins (Table 3).
Matiette et al. [25] reported that a proximal margin of > 8 cm
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#station
Mean priority order #105

#106rec ‘
NA

15.9

#107
9.2 NA

#109
#109

NA #108
12.2

#110
6.9

#112
10.0

#12a
11.8

#6
121

#ad
124

Fig.3 Mean priority orders based on therapeutic value index in pre-
vious reports

is necessary, while Ito et al. demonstrated that a proximal
margin of 6 cm [26] is mandatory. In both studies, the safe
distance for the proximal margin was determined by exam-
ining the length from the gross tumor edge to the proximal
end of the resection specimen in patients with no residual
tumor cells. Meanwhile, Barabur et al. [7] investigated the
correlation between the distance of the resection margin and
survival, suggesting that proximal margin length of > 3.8 cm

Table 3 The optimal proximal longitudinal margin distance

in the resected specimen was one of independent prognostic
factors. Similarly, Mine et al. [27] examined the length of
the proximal margin which affects the prognosis, conclud-
ing that gross proximal margin length of >2.0 cm was an
independent prognostic factor. In the 2 studies examining the
prognostic impact of margin length, the recommended mar-
gin lengths were shorter than the former two studies examin-
ing margin lengths that ensured there was no residual cancer
cell at the proximal margin. Since advanced EGJ cancer has
a poor prognosis even when radical resection is achieved,
it may be appropriate to consider the prognosis rather than
the possibility of residual tumor cells at the resection mar-
gin. There are concerns regarding the determination of the
optimal resection margin for patients with Sievert type II
adenocarcinoma. First, the length of the esophagus resected
is influenced by the methods of anastomosis and organ
reconstruction, including surgical approach. The length of
esophagus resected is limited in the transhiatal approach in
comparison to the transthoracic approach, implying that the
transthoracic approach is likely to be superior to the tran-
shiatal approach in terms of ensuring oncological safety of
the proximal margin. However, the surgical approach was
determined by a variety of factors, including surgeon pref-
erence and the risk of postoperative complications. Various
factors should be considered when determining the optimal
resection margin. Second, the esophagus shrinks immedi-
ately after resection; thus, the length in vivo before resection
is different from the length measured after resection ex vivo.
Although a previous study [28] reported that the esophagus
shrinks by approximately 50% from its in vivo length after
resection, it is exactly unclear how long the resection margin
length in vivo corresponds to the ex vivo length evaluated
in previous studies. To summarize, to completely ensure
that there are no residual tumor cells at the resection mar-
gin, a margin of at least 5 cm ex vivo is required. However,
considering the risk of surgery and other factors that affect
the prognosis, a proximal resection margin>2.0 cm on the
resected specimen is recommended as an appropriate length
and has been shown to be associated with the prognosis.

Approach

Study Year N Optimal distance Outcome

Mariette [25] 2003 1. 46 8 cm Distance
II: 34
III: 14

Ito [26] 2004 II: 59 6 cm Distance
III: 23

Barbaur [7] 2007 1. 112 3.8cm Survival
II: 276
I 117

Mine [27] 2013 1I: 92 2 cm Survival
III: 48

Transthoracic: 73
Transhiatal: 21

No infiltration in patients with proximal
margin exceeding 7 cm.

Transthoracic: 48
Transhiatal: 34

Transthoracic: 352
Transhiatal: 153

No infiltration in patients with proximal
margin exceeding 6 cm.

Ex vivo margin >3.8 cm was independent
prognostic factor

Transhiatal: 140 Ex vivo margin >3.8 cm was independent

prognostic factor

@ Springer
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Surgical strategy

Which is better a thoracic approach or a transhiatal
approach?

Esophagectomy with a thoracic approach has the advantage
of ensuring a sufficient proximal resection margin and ade-
quate mediastinal lymphadenectomy. However, this requires
a two-field incision and is associated with a higher degree
of surgical stress in comparison to a transhiatal approach
without a thoracic incision, which suggests that the thoracic
approach is associated with a higher risk of fatal complica-
tions in comparison to the transhiatal approach without a
thoracic incision. The transhiatal approach results in mild
surgical stress and avoids fatal complications but does not
provide adequate mediastinal lymphadenectomy. Hence, it
has continued to be a matter of debate whether a transtho-
racic or transhiatal approach is more appropriate for esoph-
agogastric junctional cancer. Hulscher et al. [29] conducted
a randomized control trial comparing right thoracotomy
esophagectomy with extended lymphadenectomy and tran-
shiatal esophagectomy with limited lymphadenectomy for
patients with Siewert type I and type II esophagogastric
junctional cancer. In the transhiatal approach of this trial,
the esophagus was bluntly resected from the neck to the
abdomen followed by esophagogastrostomy performed in
the neck, while en bloc mediastinal lymphadenectomy was
performed in right thoracotomy extended esophagectomy.
The 5-year survival rate was 34% in transhiatal esophagec-
tomy and 36% in extended esophagectomy, suggesting that
right thoracotomy with extended esophagectomy provided
no significant survival benefit. However, in a subset analysis
of patients with 1-8 positive lymph nodes in the resected
specimen, the 5-year overall survival rate was 20% higher
in patients treated with a transthoracic approach (transhiatal
vs. transthoracic: 19% vs. 39%), suggesting that patients with
a limited number of positive nodes seem to benefit from
extended transthoracic esophagectomy. Another randomized
control trial was reported from Japan. Sasako et al. [30]
conducted a phase III trial to compare the left thoracoab-
dominal approach with the abdominal-transhiatal approach
in patients with Siewert type II and III esophagogastric
junctional cancer (JCOG9502). In both groups in the trial,
paraaortic nodes lateral to the aorta and above the left renal
vein were dissected with total D2 gastrectomy. In the left
thoracoabdominal approach, radical lower mediastinal node
dissection via the left thorax was performed. On the other
hand, resection of the lower mediastinal nodes was limited to
the peri-esophageal lymph nodes in the transhiatal approach.
This trial was stopped after the first internal analysis and
demonstrated that patients assigned to the left transthoracic
approach did not have improved survival in comparison

to those assigned to the transhiatal approach. In the final
analysis, the 5-year overall survival rate of patients treated
with a transhiatal approach was 52.3%, while that of patients
treated with a transthoracic approach was 37.9%. The mor-
bidity rate of patients treated with a transhiatal approach
was 34%, while that of patients treated with a transthoracic
approach was 49%. In particular, the incidence of postopera-
tive pneumonia in the transthoracic approach group (13%)
was significantly higher in comparison to that in the tran-
shiatal approach group (4%). As a result, a left transthoracic
approach cannot be recommended for Siewert type II and III
esophagogastric junctional cancer, because a left transtho-
racic approach does not improve survival but does increase
morbidity. A meta-analysis [31] comparing the transthoracic
and transhiatal approaches confirmed the results of these 2
trials, suggesting that the thoracic approach increases post-
operative complications and thereby offsets the oncological
benefits of en bloc resection.

Recently, minimally invasive esophagectomy has been
developing, and interest in reducing the risk of postoperative
complications has increased. Some studies [32—-36] demon-
strated the superiority of minimally invasive esophagectomy
to conventional open esophagectomy for decreasing post-
operative morbidity. In particular, a randomized controlled
trial conducted by Bare et al. [37] showed a 22% reduction
in postoperative respiratory complications, suggesting that
minimally invasive esophagectomy is a promising approach
for the prevention of pneumonia after thoracic surgery. Since
surgical safety and oncological curability are essential to
the improvement of long-term outcomes, minimally invasive
esophagectomy could be a possible solution to this problem.

Which procedure is best for Siewert type II?

It is widely accepted that esophagectomy by a thoracic
approach is indicated for Siewert type I EGJ cancer, and
total gastrectomy or proximal gastrectomy by an abdominal
approach is indicated for Siewert type III EGJ cancer. On the
other hand, there is no consensus on the standard surgical
approach for Siewert type II tumors. As mentioned above,
lymph nodes with high priority for dissection in patients
with Siewert type II tumors include the upper perigastric
area, suprapancreatic nodes, and paraaortic nodes; how-
ever, the priority of the lower perigastric nodes is relatively
low, suggesting that total gastrectomy is unnecessary, and
proximal gastrectomy or esophagectomy with gastric tube
reconstruction is sufficient. Proximal gastrectomy with a
transhiatal approach resecting the lower mediastinal nodes
could be feasible from an oncological standpoint. However,
esophagectomy via a transthoracic approach is necessary
when the middle or upper mediastinal nodes should be dis-
sected and when the transhiatal anastomosis is technically
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difficult due to resection of the proximal esophagus to ensure
oncological safety at the resection margin. Hence, surgical
teams treating patients with Siewert type II tumors need to
be well-skilled in lymphadenectomy for gastric cancer and
thoracic esophagectomy. In real-world clinical practice,
Siewert type II tumors are treated by both thoracic and gas-
tric surgeons, which could influence the decision to choose
a surgical approach. Haverkamp et al. [38] conducted world-
wide survey on preferences in the surgical treatment of EGJ
cancer. This survey received responses from 435 surgeons
who treat esophageal or gastric cancer, with 166 from Asia,
141 from Europe, 57 from North America, 57 from South
America, and 14 from other regions. When choosing surgi-
cal procedure for type II esophagogastric junctional cancer,
thoracic surgeons mainly chose esophagectomy and rarely
chose gastrectomy, while gastric surgeons mainly chose
gastrectomy and rarely chose esophagectomy. This result
indicated that the preference of the surgical approach for
Sievert type II tumors was strongly influenced by the sur-
geon’s specialty. Thus, the surgeon’s preference could be a
problematic issue when considering whether gastrectomy or
esophagectomy is the appropriate procedure for a Siewert
type II tumor. The development of treatment for Siewert type
IT esophagogastric junctional tumors will require a surgical
team with expertise in both gastric cancer and esophageal
cancer treatment, or close collaboration between thoracic
surgeons and gastric cancer surgeons.

No funding is available for this study. The authors declare
no conflict of interest. This article does not contain any stud-
ies with human participants or animals performed by any of
the authors.
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