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Introduction
!

Although the incidence of adenocarcinoma of the
esophagus and esophagogastric junction (EGJ) is
dramatically increasing in Western countries, [1,
2] esophageal adenocarcinoma (Barrett’s adeno-
carcinoma) is uncommon, accounting for only
1%–4% of the esophageal carcinoma in Eastern
countries, including Japan. [3,4] Since most
cases of Barrett’s adenocarcinoma found in Ja-
pan arise from short-segment Barrett’s esopha-
gus, [3,5,6] it is difficult to distinguish Barrett’s
adenocarcinoma preoperatively from gastric
cardia adenocarcinoma in patients with type II
EGJ cancers (tumors invading the EGJ, in which
the center is located between 1cm above and 2
cm below the EGJ). [5–7]
Endoscopic submucosal dissection (ESD) is poten-
tially a useful, safe, and curative treatment for su-
perficial gastrointestinal cancers including esoph-
ageal, gastric, and colonic cancers. [8–10] There

are a few reports that examine the efficacy of
ESD for EGJ cancers, [5,11–14] but there has not
been a more detailed analysis that subdivides EGJ
cancers into Barrett’s adenocarcinoma and gastric
cardia adenocarcinoma. Adenocarcinoma of the
EGJ often invades underneath the normal esopha-
geal squamous epithelium (subsquamous carci-
noma extension). [3,4] This is clinically proble-
matic in EGJ cancers treated with ESD, because
cancer margins (especially on the oral side) can-
not be accurately determinedwhen subsquamous
carcinoma extension is not visible during the pre-
operative endoscopy.
The aim of the present study was to analyze EGJ
cancers retrospectively and compare the efficacy,
adverse events, and long-term outcomes of ESD,
as well as disease prevalence and length of sub-
squamous carcinoma extension, between Bar-
rett’s adenocarcinoma and gastric cardia adeno-
carcinoma. The classification of the type of adeno-
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Background and Study Aims There are a few re-
ports about the efficacy of endoscopic submuco-
sal dissection (ESD) for adenocarcinomas of the
esophagogastric junction (EGJ). However, there is
no detailed analysis that divides EGJ cancers into
Barrett’s adenocarcinoma and gastric cardia ade-
nocarcinoma. The aim of this studywas to analyze
the efficacy of ESD for EGJ cancers, comparing
these two adenocarcinomas.
Patients and Methods This study included 43 pa-
tients who underwent ESD for type II EGJ cancers
between 2004 and 2011.Pathological examina-
tion of resected specimens confirmed 14 cases of
Barrett’s adenocarcinoma and 29 cases of gastric
cardia adenocarcinoma. Cutting margins on the
oral side were placed 1cm from the squamoco-
lumnar junction, or 1cm away from the slight ele-
vation that is an endoscopic sign of subsquamous
carcinoma extension. Clinical outcomes, preval-
ence and length of subsquamous carcinoma ex-

tension, and long-term outcomes were compared
between these two types of adenocarcinoma.
Results No significant differences in clinical out-
comes were found between these two types of
adenocarcinoma (en bloc, 100% versus 100%;
complete, 100% versus 89.7%; curative, 85.7% ver-
sus 75.9%). No serious adverse events were en-
countered. The prevalence of subsquamous carci-
noma extension was significantly higher in Bar-
rett’s adenocarcinoma compared with gastric car-
dia adenocarcinoma. Local and distant recurrence
were not observed in any cases with curative re-
section during the follow-up period (1.6–87.6
months).
Conclusion ESD for EGJ cancers, including both
Barrett’s adenocarcinoma and gastric cardia ade-
nocarcinoma, was efficient and useful. ESD with
a 1cm safety margin may be acceptable for EGJ
cancers.



carcinoma was confirmed by pathological examination of resect-
ed specimens.

Patients and Methods
!

Patients
Between 2007 and 2011, 1024 cases of superficial gastric and
esophageal cancer were treated with ESD by our department.
From this group, 43 (4.2%) cases of type II EGJ cancer, identified
according to Siewert’s classification, [15] were retrospectively
analyzed. ESD is indicated in cases where preoperative endo-
scopic evaluation and endoscopic biopsy find EGJ cancer that is
a differentiated adenocarcinomawith mucosal invasion. EGJ can-
cers were classified as either Barrett’s adenocarcinoma or gastric
cardia adenocarcinoma based on pathological examination after
ESD. We compared procedure time, resection rate, adverse event
incidence, pathology, and long-term outcomes such as recur-
rence and survival time between these two groups. The protocol
of this study was approved by the Institutional Review Board of
the Osaka City University Graduate School of Medicine.

Determination of the Lateral Margin of the Tumor
and Setting of Marking before ESD
Preoperative endoscopy was performed by using an Evis Lucera
Spectrum system (Olympus, Tokyo, Japan) with a magnifying up-
per gastrointestinal endoscope (GIF-H260Z; Olympus). We deli-
neated the area of the lesion using conventional white light
endoscopy (●" Fig.1a) and magnifying endoscopy with narrow-

band imaging (NBI). We assessed the presence of a demarcation
line with the presence of an irregular microvascular pattern or ir-
regular microsurface pattern by performing magnifying endos-
copy with NBI according to a systematic but simple classification
system based on microvascular pattern and microsurface pattern
(the VS classification system) [16,17] (●" Fig.1b). An endoscopic
sign of subsquamous carcinoma extension is a slight elevation
that is similar in appearance to a submucosal tumor located at
the esophageal squamous epithelium and continuing from the
squamocolumnar junction (●" Fig.1c). Marking dots were placed
using a bipolar needle knife (B knife; Xemex Co., Tokyo, Japan) or
the monopolar needle knife (Flush knife, DK2618JN; Fujifilm
Medical, Tokyo, Japan). Themarking dots were positioned at least
2mm outside the margin of the tumor, except on the oral side,
where the marking dots were placed 1cm away from the slight
elevation (●" Fig.1d), or 1cm from the squamocolumnar junction
in cases with no abnormal endoscopic findings that were sugges-
tive of subsquamous carcinoma extension (●" Fig.1e).●" Fig.1f
demonstrates the histology of subsquamous carcinoma exten-
sion.

ESD Procedure
Experienced endoscopists conducted all endoscopic procedures.
Intravenous midazolam and pethidine hydrochloride were used
to place patients under conscious sedation for endoscopic proce-
dures. During ESD procedures, a single-channel upper gastroin-
testinal endoscopewith awater jet system (GIF-Q260J; Olympus)
with a transparent hood (D-201–11804; Olympus) attached to
the tip of the endoscope and a standard electrosurgical generator

Fig.1a– f Endoscopic appearance of esophagogastric junction (EGJ) cancers and their histology. aWhite-light endoscopic image showing a slightly depressed
lesion located at the left wall of the EGJ. b Narrow-band imaging magnifying endoscopic image showing the presence of a demarcation line with the presence
of an irregular microvascular pattern (*). c Endoscopic appearance of subsquamous carcinoma extension, showing the slight elevation that is similar to the
appearance of a submucosal tumor (arrow). d Marking dots on the oral side of the tumor in a case showing a slight elevation were placed 1cm away from the
elevation. e Marking dots on the oral side of the tumor in a case not showing a slight elevation were placed 1cm away from the squamocolumnar junction.
f Histology of a subsquamous carcinoma extension. Hematoxylin-eosin staining. Original magnification×200.
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(ICC 200 or VIO300D; Erbe Elektromedizin GmbH, Tübingen, Ger-
many) were used. A B-knife or a Flush Knife and an insulation-
tipped diathermy knife (IT knife-2; Olympus) were the main elec-
trosurgical knives. A Coagrasper (FD-410LR; Olympus) was also
used to stop bleeding or to prevent hemorrhage before vessel cut-
ting. Initially, a hyaluronic acid solution was injected into the
submucosal layer around the marking dots to lift it. Next, a nee-
dle knife was used to make a circumferential mucosal incision on
the oral side around the periphery of the marking dots. After ad-
ditional submucosal injection below the lesion, submucosal dis-
section was performed, using the same needle knife, from the
oral side toward the anal side. After removing the lesion to the
cardia of the stomach, circumferential cutting on the anal side,
followed by submucosal dissection, was performed using a retro-
flex approach with an IT knife-2, and complete en bloc resection
was performed. The total procedure timewas defined as the peri-
od from injection of hyaluronic acid solution to removal of the tu-
mor. Procedure speed (min/cm2) was calculated as the total pro-
cedure time (min) divided by the area of the resected specimen
(cm2).

Pathological Examination
After fixation in formalin, the resected specimens were cut into
2-mm slices. Histological type, size, depth of invasion, lateral
and vertical margins, and lymphovascular invasion were evaluat-
ed in each slice. Barrett’s adenocarcinoma was defined as cancer
arising from Barrett’s esophagus, which was defined by the pres-
ence of esophageal glands, duplication of the muscularis muco-
sae under the lesions, or a squamous island within the lesions,
in accordancewith the Japanese Classification of Esophageal Can-
cer. [18] Gastric cardia adenocarcinoma was defined as cancer
that did not have these characteristics. When adenocarcinoma
had subsquamous carcinoma extension, microscopy with a dis-
played scale was used to determine the length of extension.

Definition of Resection
An en bloc resection was defined as a resection in one piece that
included all markings. A complete resection was defined as an en
bloc resection with histologically cancer-free margins. A curative
resection of Barrett’s adenocarcinoma was defined as a complete
resection within an invasion depth of T1a-DMM (deep muscu-
laris mucosa) and without lymphovascular invasions, [18] while
curative resection of gastric cardia adenocarcinoma was defined
as a complete resection without lymphovascular invasion that
fulfilled the following criteria in accordance with the Japanese
Classification of Gastric Carcinoma [19]: intramucosal cancer, re-
gardless of tumor size, without ulceration; intramucosal cancer
less than 30mm in size with ulceration; or minute submucosal
cancer (within 500µm from muscularis mucosa) less than
30mm in size.

Adverse Events
Perforation was defined as a visual hole in the esophageal or gas-
tric wall that exposed the mediastinal or peritoneal cavity as re-
cognized on endoscopy. Delayed bleeding was defined as bleed-
ing with hematemesis or melena that required endoscopic rein-
tervention or transfusion after the ESD procedure. Esophageal
stricture was defined as diameter reduction with dysphagia that
a standard 9.2-mm-diameter endoscope (GIF-Q260; Olympus)
failed to pass through.

Follow-up
For the patients who underwent curative resection, endoscopic
examinations were performed 2 and 12 months after ESD, and
annual surveillance was performed thereafter. Contrast-en-
hanced computed tomography was also performed annually to
detect lymph node and distant metastasis. For the patients who
underwent noncurative resection, additional surgical resection
or chemotherapy was recommended, but the choice of additional
treatment depended on the case.

Statistical Analysis
Characteristic values of the enrolled patients and clinical out-
comes are presented as the median with the range, the mean±
standard deviation (SD), or as a percentage. Differences between
the groups were examined by using chi-square tests, one-way
ANOVA followed by Fisher’s paired least-significant difference
test, or Student’s t-test. P<0.05 was considered significant.
Long-term outcomes were analyzed using the Kaplan–Meier
method and log-rank test. Again, P<0.05 was considered signifi-
cant. Statistical analyses were performed using SPSS software
version 21.0 for Windows (SPSS Inc., Japan).

Results
!

Clinicopathological Characteristics of the Study Subjects
Of the 43 cases of EGJ cancer, 14 (32.6%) were pathologically di-
agnosed as Barrett’s adenocarcinoma while 29 (67.4%) were gas-
tric cardia adenocarcinoma. One case of Barrett’s adenocarcino-
ma arose from long-segment Barrett’s esophagus, while the re-
maining 13 cases arose from short-segment Barrett’s esophagus.
The clinicopathological characteristics of the study subjects are
shown in●" Table1. There were no significant differences in age,
gender, tumor size, macroscopic appearance, or depth of cancer
invasion between the Barrett’s adenocarcinoma group and the
gastric cardia adenocarcinoma group.However, the incidence of
subsquamous carcinoma extension was significantly higher in
Barrett’s adenocarcinoma (12/14, 85.7%) than in gastric cardia
adenocarcinoma (2/29, 6.9%). The median length of subsqua-
mous carcinoma extension was 3.0mm, with a range of 0.2mm
to 7.0mm, showing that subsquamous carcinoma extension
measured less than 1cm in all cases. Among the 14 cases of sub-
squamous carcinoma extension, 6 (42.9%) were detected by pre-
operative endoscopy, but 8 (57.1%) were undetected by preo-
perative endoscopy. There was no significant difference in length

Table 1 Clinicopathological characteristics of the study subjects.

Barrett’s ade-

nocarcinoma

Gastric cardia

adenocarcinoma

P value

n=14 n=29

Age, years, mean ± SD 61.4 ±14.2 65.3 ± 11.8 0.25

Sex, male/female, n 13/1 24/5 0.65

Tumor size, mm,
median (range)

18 (8–30) 13 (2–67) 0.65

Macroscopic
appearance, elevated/
depressed, n

6/8 18/11 0.33

Depth of cancer,
mucosa/submucosa, n

12/2 19/10 0.28

Subsquamous carci-
noma extension, n (%)

12 (85.7) 2 (6.9) < 0.01
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between detectable and undetectable cases of subsquamous car-
cinoma extension (●" Fig.2).

Clinical Outcomes of ESD
Clinical outcomes and adverse events are shown in●" Table2. Al-
though total procedure times of ESD for Barrett’s adenocarcino-
ma and gastric cardia adenocarcinoma were not significantly dif-
ferent, the procedure speed of ESD for Barrett’s adenocarcinoma
was significantly faster than the speed for gastric cardia adeno-
carcinoma (P=0.03). There were no significant differences in en
bloc, complete, and curative resection rates between Barrett’s
adenocarcinoma and gastric cardia adenocarcinoma. All lesions
were resected en bloc by ESD. Pathological examination showed
that all Barrett’s adenocarcinoma and gastric cardia adenocarci-
noma lesions were resected with a negative lateral margin, but
in two cases of gastric cardia adenocarcinoma that had invaded
the submucosa a positive vertical margin was revealed. Twelve
cases (85.7%) of Barrett’s adenocarcinoma and 22 cases (75.9%)
of gastric cardia adenocarcinomawere found to have curative re-
section. Among curatively resected cases of Barrett’s adenocarci-
noma, five had an invasion depth of T1a-SMM (superficial mus-
cularis mucosa), 2 cases T1a-LPM (lamina propria muosa,), and 5
cases T1a-DMM. [18] Among curatively resected cases of gastric
cardia adenocarcinoma, 19 had a mucosal invasion depth and 3
cases a submucosal invasion depth (less than 500µm, SM1) [19].
One case of noncuratively resected Barrett’s adenocarcinomawas
a tumor with submucosal invasion over 200µm (SM2), while one
case was a poorly differentiated adenocarcinoma with submuco-
sal invasion less than 200µm (SM1). [18] On the other hand, all
cases of noncuratively resected gastric cardia adenocarcinoma
were tumors with submucosal invasion over 500µm (SM2), and
2 cases of these had lymphovascular invasion. [19] There was 1
case (3.4%) of procedure-related perforation among the gastric
cardia adenocarcinoma group.Postoperative adverse events
were delayed bleeding and esophageal stricture, which were
each encountered in 1 case (3.4%) of gastric cardia adenocarcino-

ma. All patients recovered with endoscopic and conservative
treatment such as oral intake restriction and antibiotics. No ser-
ious adverse events that required blood transfusion or surgical
treatment were encountered.

Additional Treatment and Long-Term Outcomes
Among the 9 patients who underwent noncurative resection, 2
patients with Barrett’s adenocarcinoma and 2 patients with gas-
tric cardia adenocarcinoma underwent salvage surgery, and 2 of
these 4 patients died of other causes. Two patients with gastric
cardia adenocarcinoma received chemotherapy, and the remain-
ing 3 patients were observed without additional treatment, but
no local or distant recurrence was found during the follow-up
period (median 41.5 months, range 2–65).
Among the 34 patients who underwent curative resection, there
were no local or distant recurrences during a median follow-up
period of 42.3 months (range 11.9–77.4) in patients with Bar-
rett’s adenocarcinoma and 41.5 months (range 1.6–87.6) in pa-
tients with gastric cardia adenocarcinoma. Two patients with
gastric cardia adenocarcinoma died of lung cancer (n=1) and
esophageal squamous cell carcinoma (n=1). The patient with
esophageal cancer was followed for 5 years at our hospital and
cancer was discovered at another hospital 79months after he un-
derwent ESD at our hospital. The 5-year overall survival rate of
patients with curative resectionwas 100% for Barrett’s adenocar-
cinoma and 88.9% for gastric cardia adenocarcinoma, which
shows no statistical difference (log-rank test 0.74) (●" Fig.3). The
5-year cause-specific survival rate for both Barrett’s adenocarci-
noma and gastric cardia adenocarcinoma was 100%.

Discussion
!

The indication for endoscopic resection of superficial EGJ cancers,
including Barrett’s adenocarcinoma, has not been established be-
cause the incidence of lymph node metastasis of these cancers is
not well known. Although several studies have suggested that
ESD and its criteria for curative resection may be indicated for
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Fig.2 Length of subsquamous carcinoma extension according to the de-
tection of endoscopic signs. There was no difference in length of carcinoma
extension between detectable and undetectable cases of subsquamous
carcinoma extension.

Table 2 Clinical outcome and adverse events of endoscopic submucosal
dissection.

Barrett’s

adenocarcinoma

Gastric cardia

adenocarcinoma

P value

n=14 n=29

Procedure

Total time, min,
median (range)

85 (29–176) 124 (34–331) 0.11

Speed, min/cm2,
median (range)

4.9 (2.8–16.1) 11.9 (1.8–22.3) 0.03

Results of
resection, n (%)

En bloc resection 14 (100) 29 (100) 1.00

Complete
resection

14 (100) 27 (89.7) 0.54

Curative resection 12 (85.7) 22 (75.9) 0.69

Adverse events, n
(%)

Perforation 0 (0) 1 (3.4) 0.48

Delayed bleeding 0 (0) 1 (3.4) 0.48

Stricture 0 (0) 1 (3.4) 0.48
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EGJ cancers, based on gastric cancer guidelines, [11–14] others
have suggested that EGJ cancers have a higher possibility of
lymph node metastasis than gastric cancer. [20] Leers et al. re-
ported that the prevalence of lymph node metastasis in Barrett’s
adenocarcinoma was 1.3% in patients with mucosal cancer and
22% in those with submucosal invasion. [21] A systematic review
using data from surgical resections showed that 26 of 1350 pa-
tients with mucosal Barrett’s adenocarcinoma who were treated
by surgical resection (1.93%) had lymph node metastasis. [22]
These reports suggest that curative resection of Barrett’s adeno-
carcinoma by performing ESD should be defined as resection of
cancer limited to the mucosa and not found in the submucosa.
This is the reason why we used pathological examination after
ESD to divide EGJ cancers into Barrett’s adenocarcinoma and gas-
tric cardia adenocarcinoma and evaluated curative resection of
these two cancers on the basis of different criteria.
Recently, a large Japanese survey demonstrated that therewas no
disease-specific death among 111 patients with mucosal Bar-
rett’s adenocarcinoma treated by endoscopic resection, and 1 of
32 patients with submucosal invasion (3.1%) died because of
peritoneal dissemination during an observation period that was
longer than 2 years. [3] Since our results showed no recurrence or
metastasis in any patient with curative resection, the definition
of curative resection used in this study may be acceptable.
Several studies have reported that en bloc resection rates of ESD
for EGJ cancers of 90%–100%. [11–14, 23] Our results also
showed a 100% en bloc resection rate. The curative resection
rates of EGJ cancers according to the Japanese Classification of
Gastric Carcinoma are reported to be 72.0%–84.1%. [11–14]
When Hoteya et al. subdivided EGJ cancers into Barrett’s adeno-
carcinoma and gastric cardia adenocarcinoma, as in our study,
they found curative resection rates of 48.0% for Barrett’s adeno-
carcinoma and 80.6% for gastric cardia adenocarcinoma. [23] The
higher rates of curative resection found in our studymight be due
to differences in rates of positive lateral margins of the resected
specimens. In Hoteya’s study, 36% of Barrett’s adenocarcinomas
had positive lateral margins due to subsquamous carcinoma ex-
tension. [23] However, in our study no cases with positive lateral

margins were found because we set 1cm safety margins not only
in cases in which subsquamous carcinoma extension was detect-
ed at preoperative endoscopy, but also in those in whom sub-
squamous extension was not detected at preoperative endos-
copy. In most cases with subsquamous carcinoma extension, the
extension was reported to be less than 1 cm; [24] in only 1 case
has extension greater than 1cm been reported. [25] Therefore,
whether an oral safety margin that is placed 1cm from the squa-
mocolumnar junction or the slight elevation that is an endo-
scopic sign of subsquamous carcinoma extension is sufficient or
not should be evaluated in the future.
There have been several attempts to detect subsquamous exten-
sion of EGJ carcinomas by performing preoperative endoscopy.
[4] Goda et al. found that subsquamous carcinoma extension
was accurately diagnosed in 97 of 175 Barrett’s adenocarcinomas
(55%) by performing conventional white light endoscopy and in
42 of 70 (60%) by performing magnifying endoscopy with NBI,
[3] a detection rate similar to that in our study. Recently, Yamaga-
ta et al. reported in a small study that magnifying endoscopy
with NBI did not provide additional information for the diagnosis
of subsquamous carcinoma extension compared with conven-
tional white endoscopy, but acetic acid spraying and magnifying
endoscopy with NBI detected 100% of six patients with subsqua-
mous carcinoma extension. [26] A large study is required to es-
tablish the utility of acetic acid spraying and magnifying endos-
copy with NBI for the diagnosis of subsquamous carcinoma ex-
tension in EGJ cancer.
The results of the present study show that the procedure speed of
ESD for Barrett’s adenocarcinoma was significantly faster than
that of ESD for gastric cardia adenocarcinoma. The exact reasons
for this difference are unknown. Tumor location could be a factor,
because among type II EGJ cancers gastric cardia adenocarcinoma
may extend beyond the cardia, including the angle of His, while
Barrett’s adenocarcinoma does not. In such cases, it is technically
difficult to complete the ESD procedure: the complicated shapes
make it difficult to attach the endoknife tomucosa or submucosa.
Surgical resection, including total gastrectomy with transhiatal
resection and esophagectomy, has been performed for EGJ can-
cers. Long-term outcomes for superficial cancers were reported
to be favorable. Endoscopic therapywas adapted as an alternative
therapy for superficial EGJ cancers, because surgical resection has
a highmortality rate that often exceeds 2%, [27,28] with substan-
tial morbidity and no guarantee of curing metastases. Other
therapies such as photodynamic therapy, radiofrequency abla-
tion (RFA), endoscopic mucosal resection (EMR), and a combina-
tion therapy of EMR and RFA are mainly applied to adenocarcino-
mas in long-segment Barrett’s esophagus, [2,29,30] because Bar-
rett’s esophagus has potent malignant potential and the inci-
dence rates of recurrent or metachronous cancers are high, and
these therapies enable treatment of both Barrett’s adenocarcino-
ma and Barrett’s esophagus. Since most Barrett’s adenocarcino-
ma found in Japan arises from short-segment Barrett’s esophagus
and metachronous cancer in the Barrett’s esophagus is rare, we
believe that ESD is an acceptable first-line treatment for superfi-
cial EGJ cancers including Barrett’s adenocarcinoma.
Our study has some limitations. First, the sample size was small
because EGJ cancers are very rare in Japan. The incidence of su-
perficial EGJ cancer in our study was 4.2%, which was compar-
able to other recent Japanese studies. Second, our study was a
retrospective observational analysis, not a randomized clinical
trial. A prospective randomized study is required to determine
the appropriate positioning of safety margins on the oral side of
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EGJ cancers. Third, this study was a single Japanese expert center
experience. The present results may not be applicable to EGJ can-
cers in Western countries because Barrett’s adenocarcinomas in
their patients mainly arise from long-segment Barrett’s esopha-
gus. In addition the technique of ESD for EGJ cancers requires
some expertise.
In conclusion, ESD was efficient and useful for the treatment of
superficial EGJ cancers including Barrett’s adenocarcinoma and
gastric cardia adenocarcinoma. ESD with a 1cm safety margin
may be effective for EGJ cancers with subsquamous carcinoma
extension.
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