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Abstract
Background: Endoscopic submucosal dissection (ESD) has been accepted as a standard treatment for
early gastric cardiac cancer (EGCC). Here, we investigate the clinical outcomes of the EGCC patients who
underwent ESD in different indications.
Methods: From January 2011 to October 2019, we enrolled 502 EGCC lesions from 495 patients which
were resected by ESD at our center. We retrospectively analyzed the short-term and long-term clinical
outcomes among different indication groups.
Results: The number of the patients in the absolute indication (AI), expanded indication (EI) and beyond
the expanded indication (BEI) groups was 265, 137 and 93, respectively. The en bloc resection rate was
100%, 100% and 98.9% ( P =0.185). The complete resection rate was 99.3%, 98.5% and 74.5%,
respectively ( P <0.001). During a median follow-up of 48.1 months, the lymph node metastasis rate was
0%, 0% and 2.3% ( P <0.001). The distant metastasis rate was 0.4%, 0% and 2.3% ( P =0.150). The fiveyear disease-specific survival rate in the BEI group was 96.6% ( P =0.016), compared to 99.6% in the AI
group and 100% in the EI group.
Conclusion: The efficacy for ESD patients in EI group was almost equal to the AI group. Patients in the
BEI group showed generally favorable clinical outcomes and needed to be carefully checked after ESD.
ESD may be an optional treatment for patients unsuitable for gastrectomy.

Background
Gastric cardiac cancer locates in the gastric cardia beneath the gastroesophageal junction[1]. It may
cross the gastroesophageal junction to invade the distal esophagus. Our previous study showed 23.6% of
early gastric cancer (EGC) was gastric cardiac carcinoma at our center, which is much higher compared
to 7.0% in Japan[2] and 11.9% in western cohort[3]. The incidence of gastric cardiac cancer is rising
worldwide for unknown reasons. Gastric cancer is the second most common cause of cancer-related
death worldwide[4]. The five-year survival rate was less than 10% in the advanced stage[5]. As a result, it
is urgent to perform early detection of gastric cancer through early screening[6]. Endoscopic resection
should be applied for EGC[7]. Endoscopic mucosal resection (EMR) and endoscopic submucosal
dissection (ESD) exhibited terrific clinical effects in the aspects of complete resection rate and survival
outcomes if only the EGC lesions fit the standard and expanded indications[8]. Only a few studies have
been published on the exact prevalence of early gastric cardiac cancer (EGCC) due to the rarity and a lack
of widely accepted definition for gastric cardiac caner. According to our team’s previous research,
compared to distal gastric cancer, early proximal gastric cancers feature smaller size, deeper invasion[1].
Besides, EGCC had a significantly lower risk than non-EGCC, therefore, EGCC may be more suitable for
endoscopic resection[1, 9-11]. Our team have found based on the independent risk factors for gastric
cardiac cancer in Chinese patients differ from those of distal gastric cancer or esophageal
adenocarcinoma, the classification of gastric cardiac cancer should be considered as a separate gastric
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cancer entity in the Chinese population[12]. As a consequence, we wonder whether EGCC could achieve a
favorable clinical outcome compared to the total EGC. It is widely accepted the EGCC patients of the AI
and EI group can obtain excellent treatment outcome. However, a part of specimen is confirmed with
lymphovascular invasion, massive submucosal invasion, undifferentiated histology or ulceration after
ESD, which lead to “beyond the expanded indication” (BEI).
Until now, the long-term clinical consequence of the BEI group in EGCC patients has not been confirmed.
We hope to evaluate the short-term and long-term treatment outcome in all EGCC patients, including the
clinical application of the BEI patients.

Methods
Patients
From January 2011 to October 2019, 570 patients who underwent endoscopic resection for EGCC at the
Affiliated Nanjing Drum Tower Hospital of Nanjing University Medical School were retrospectively enrolled
consecutively. EGCC is defined as early cancers with epicenters located in a narrow region of about 3 cm
below the esophagogastric junction (EGJ)[13]. EGJ is defined as the distally esophageal palisading
vessels. Even if the EGJ was involved, it would be staged using the stomach cancer TNM and stage
groups[14]. The exclusion criteria for entry into this study were: (1) low grade epithelial neoplasia (n=25);
(2) other type of carcinoma (n=10); (3) no carcinoma (n=28); (4) multiple lesions in different indications
(n=4); (5) insufficient data (n=8). 495 patients with 502 lesions were enrolled at last. A detailed flow chart
on patient selection was exhibited in Supplementary Figure 1.
Endoscopic resection
Each patient underwent a routine gastroscopy to evaluate the status of margin and invasion depth of the
EGCC lesion. Abdominal enhanced CT and endoscopic ultrasonography (EUS) were used to determine
pretreatment tumor staging. All patients were intravenously anesthetized with midazolam and propofol
before endoscopic resection. The ESD procedure was performed by 5 experienced endoscopists at our
center with a standard procedure. The standard procedure is as follows: demarcation by indigo-carmine
chromoendoscopy and NBI magnifying endoscopy; marking around the lesion; a circular mucosal
incision around the marking spots and submucosal resection using a Dual knife step by step. Freshly
endoscopically excised specimens were nailed on a dental wax plate, pictured, routinely measured, fixed
overnight in 10% neutral formalin buffer then. Next, the specimens were cut evenly into 2-mm intervals.
Size of the lesions, depth of tumor invasion, tumor differentiation, lymphovascular invasion and ESD
resection margin were examined (Supplementary Figure 2).
Definition
EGCC patients were divided into absolute, expanded, beyond the expanded indication group according to
the classification of the Japanese Gastric Cancer Association[8]. Absolute indication was defined as
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differentiated mucosal cancer smaller than 2 cm in diameter without ulcer. Expanded indications cover
one of the circumstances: 1). Differentiated mucosal adenocarcinoma larger than 2 cm without
ulceration or lymphovascular invasion; 2). Differentiated ulcer-positive mucosal cancer smaller than 3 cm
in size without lymphovascular invasion; 3). Poorly differentiated or undifferentiated ulcer-negative
mucosal tumor less than 2 cm in size without lymphovascular invasion; 4). Differentiated ulcer-negative
cancer with submucosal invasion less than 500 μm in depth smaller than 3 cm without lymphovascular
invasion. When it does not meet absolute and expand criteria, it is considered to be beyond the expanded
indication[7].

En bloc resection referred to continuous monolithic resection after endoscopic resection. Complete
resection was defined as endoscopic en bloc resection without histopathological evidence of tumor
involvement of margins. Curative resection referred to en bloc resection, tumor size less than 2 cm,
histologically of differentiated type, pT1a, no residual tumor at the margin and no lymphovascular
invasion. For lesions under expanded indication, the resection is considered as curative when all of the
following condition are fulfilled: en bloc resection, negative horizontal and vertical margin and no
lymphovascular infiltration[7].
The ESD-related complications included significant bleeding, perforation, and stenosis. Significant
bleeding was a drop of over 2 g/dL hemoglobin or clinical features instance of endoscopic visible melena
or hematemesis. According to whether significant bleeding occurred over 48 hours after ESD, we divided it
into early and late delayed bleeding[15]. When we observed a hole in the stomach wall under endoscope
or a chest X-ray that found free air of the abdomen, it could be diagnosed as a perforation. When the
endoscope couldn’t reach the cardiac through distal esophagus because of the excessive contraction of
the cardiac, we considered that a stenosis had occurred[16].
Local recurrence was diagnosed once a new tumor was discovered at the prior ESD site. Tumors that
were detected at other sites within 1 year after the ESD were interpreted as synchronous tumors, while
tumors that were revealed at other sites more than 1 year after the ESD procedure were termed
metachronous tumors.
eCura system
We evaluated the lymph node metastasis rate of EGCC patients after ESD by eCura system. The eCura
system consists of five clinicopathological factors, which are scored as followed: 1 point each for tumor
size >30 mm, positive vertical margin, venous invasion, and submucosal invasion over 500 µm and three
points for lymphatic invasion. And the patients are divided into three groups according the total points:
low risk (0-1 points), intermediate risk (2-4 points) and high risk (5-7 points)[17]. In this study, we used the
eCura system to access the disease specific survival and cancer recurrence rate between the two BEI
patients with or without additional surgery.
Follow-up
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Patients were required scheduled endoscopy examination in the first 3, 6, 12 months after ESD procedure,
and once a year thereafter. The surveillance of thoracic and abdominal CT was performed after 6,12
months. When endoscopists found a new tumor at a previous ESD location, local recurrence was
considered to occur. Synchronized tumors were diagnosed once tumors were found at other sites within a
year of ESD, and metachronous tumors were that occurred at the other sites over a year after ESD.
Statistical analysis
Statistics was analyzed by SPSS 23.0 (IBM, Armonk, New York, USA). Student’s tor Chi-square test was
applied to assess the differences between measurement data. Chi-square test or Fisher’s exact test was
called for the analyses of categorical variables to obtain statistical significance. Kaplan-Meier method
was used to estimate the survival rates. A p value of < 0.05 was regarded as statistically significant.

Results
Demographic and Clinical Features
A total of 570 patients had undergone ESD and 495 patients with 502 lesions were enrolled with the
following criteria, among whom 265 patients with 271 lesions were enrolled in the AI group, 137 patients
with 137 lesions in the EI group and 93 patients with 94 lesions in the BEI group. 5 patients were
withdrawn during the follow-up. 450 patients were enrolled for the long-term outcome analysis in the end
(Supplementary Figure 3).
As shown in Table 1, the average age was 65.5 (range, 44-87) and 82% were male. 291 patients (58.8%)
had a smoking history, 263 patients (53.1%) had a drinking habit and 230 patients (46.5%) regularly ate
pickled food. Nearly half of the patients (40.8%) had a family tumor history. The most common
complication was hypertension (32.7%, 162/495). 14 patients (2.8%) suffered from gastroesophageal
reflux disease.
Endoscopic and Pathological Characteristics
The average tumor size was 12 mm (range, 2-20) in the AI group, 23 mm (range, 6-66) in the EI group, and
27 mm (range, 5-65) in the BEI group (P<0.001) (Table 2). Most lesions were smaller than 20 mm (73.7%,
370/502). The most common site of EGCC was posterior curvature (51.0%, 256/502), followed by lesser
curvature (42.2%, 212/502). The most common endoscopic infiltration growth pattern was INFa (66.3%,
333/502). The most common macroscopic pattern, in the descending order, was 0-IIc (45.2%, 227/502),
0-IIa+IIc (27.9%, 140/502), 0-IIa (14.9%, 75/502), 0-IIb (10.0%, 50/502), 0-III (1.2%, 6/502), and 0-I (0.8%,
4/502). All tumor lesions in the AI group were intramucosal and differentiated. Instead, in the BEI group, 5
patients (5.3%, 5/94) had undifferentiated carcinoma and the majority (94.6%, 89/94) had submucosal
invasion (P<0.001). 24 patients (4.8%, 24/502) had ulceration over the three group and 13 patients
(13.8%, 13/94) in the BEI group were positive. Focal distal esophageal involvement was detected in 12.0%
(60/502) in all patients. Lymphovascular invasion was identified in 3.0% (15/502) in all patients. Gastritis
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cystica profunda was found in over 24% of lesions (122/502) and there were no differences among the
three groups. Overall positive rate of helicobacter pylori was 56.8% and the difference among the three
groups was non-significant. Atrophic gastric carditis was found in 89.4% (449/502).
Short-term Outcomes and Complications based on indication
As table 3 clarified, the overall en bloc resection rate was 99.8% (501/502), among which only one lesion
in the BEI group was broken. Complete resection rate of all cases was 94.4% (474/502); 99.3% (269/271),
98.5% (135/137) and 74.5% (70/94), respectively (P<0.001). The rate of curative resection was 79.9% in
all the patients: 98.5% (267/271), 97.8% (134/137) and 0% (0/94), respectively (P<0.001). Factors
associated non-curative resection included lymphovascular infiltration (n=15), submucosal invasion
(n=71), positive vertical margin (n=4), positive lateral margin (n=21), or positive lateral and vertical
margin (n=3).
In the aspect of complications, 12 cases had significant bleeding, in which 8 cases were early delayed
bleeding, 4 cases were late delayed bleeding. The early delayed bleeding rate was 0.4% (1/271), 1.5%
(2/137), 5.3% (5/94) in the AI, EI and BEI group, respectively, which was a difference of statistics among
the three groups (P=0.004). This could be due to the larger size of tumor lesions and submucosal
invasion. Luckily, all the patients who suffered from bleeding were successfully managed by endoscopic
hemostasis (n=11) and the use of hemostatic drugs such as octreotide acetate and somatostatin (n=1).
Perforation was found in 1 AI patient and this patient's symptoms improved after conservative treatment.
Stenosis was a common complication of patients who underwent ESD and was found in 3.6% (18/502)
patients, among whom 4 patients (1.5%, 4/271) were in the AI group, 10 patients (7.3%, 10/137) belonged
to the EI group and 4 patients (4.4%, 4/94) were members of the BEI group (P=0.002). After balloon
dilation, the symptoms of stenosis were easily improved. The presence of stenosis was positively related
to a circumferential extent of the mucosal defect of > 3/4 or longitudinal extent of > 5 cm in length
according to the previous investigation[18]. The median time of ESD operations was 65.3 minutes (range
10-246), while the BEI patients required longer procedure time, which was 72.9 minutes (range 18-223)
(P=0.007). The average hospitalization time was 6.6 days (range 2-19). Similarly, the EI and BEI patients
stayed longer than the AI patients (P=0.012).
Long-term therapeutic outcomes according to the indication
During the median follow-up of 48.1 months (range 18-101), 45 patients (9.1%, 45/495) were lost during
follow-up. Additional surgery was carried out for 7 AI patients (2.9%, 7/239), 10 EI patients (8.1%, 10/124)
and 42 BEI patients (48.3%, 42/87) (Table. 3). Local recurrence was found in only one AI patient because
of the residual tumor (P=1.000). Synchronous cancer was detected in 39 patients (8.7%, 39/450), and
there was no statistically significant difference among the three groups. The similar conclusion was
achieved for metachronous cancer. During the follow-up, 2 BEI patients (2.3%, 2/87) were found to have
lymph node metastasis (P=0.037). These patients underwent the additional surgery and survived well
during long-term follow-up. Distant metastasis was developed in one AI patient and two BEI patients
(Table.4). They didn’t receive the additional surgery and passes away unfortunately. Disease-specific
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death occurred in 4 patients (0.9%, 4/450); 1 (0.4%, 1/239) in the AI group, no patient in the EI group and
3 (3.4%, 3/87) in the BEI group (P=0.030). The AI patient was dead because of metastasis whose lateral
margin was positive and he refused the additional surgery. One BEI patient was dead due to the
significant bleeding after the additional surgery. The other two patients passed away related to distant
metastasis without additional surgery (Table 5). Five-year overall survival rates were 96.1% (AI), 98.3%
(EI) and 89.1% (BEI), which didn’t have any statistic difference (P=0.180) (Fig.1 A). Five-year diseasespecific survival rates of three groups were 99.6%, 100% and 96.6% in the AI, EI and BEI group,
respectively, which was significantly different between each other (P=0.016) (Fig.1 B). Besides, we
analyzed whether the additional surgery was necessary for the patients in the BEI group. After ESD
surgery, 93 patients were enrolled into the BEI group based on postoperative pathology. 6 patients were
lost during the follow-up. 42 of the remaining 87 BEI patients underwent additional surgery according to
the doctor's advice. As we can see in Fig.1 C and D, the additional surgery didn’t have an influence on
neither the overall survival nor the disease specific survival.
We wondered why the disease specific survival was no significantly difference between the two BEI group
with or without the additional surgery. So, we applied the eCura system to evaluate whether there was any
difference between these two group. According to the generally accepted method, we divided the BEI
patients with or without additional surgery into three categories (Supplementary Table 1). The detailed
scores had no difference between the two groups (Fig.1 E), which meant the LNM risk was resemble
between the BEI patients with or without surgery, consistent with the survival analysis. In low risk
category, disease specific survival was higher in the patient accepted the additional surgery (100% vs
97.1%), but was no significant difference for the two groups (p=0.389; Fig.1 F). In the intermediate risk
category, we could achieve the similar conclusion: the patients received the additional surgery has higher
five-year disease-free survival rate, but there was no significantly different (92.9% vs 88.9%, p=0.830; Fig.1
G). Since there was no disease-related death of the patients in the high-risk category and a small number
of cases, we could not achieve a reliable survival analysis for the data (Fig.1 H). In summary, the patients
in the BEI group may not benefit from the additional surgery after ESD in our research due to the small
account of data.

Discussion
This is a large-scale research to compare the short- and long-term clinical outcomes among the absolute
indication, expanded indication and beyond the expanded indication EGCC patients of endoscopic
resection. Across hospitals all over the world, endoscopic resection has gain widely acceptation as a
standard treatment of EGC under absolute and expanded criteria as an alternative to surgical resection of
distal esophagus and proximal stomach[19-23]. ESD has advantages in lower rates of acute
complications and comparable overall survival[22]. Several studies have displayed the effectiveness and
safety of endoscopic resection for adenocarcinoma of EGJ[24, 25]. For the cancer located in EGJ, it
encompasses both gastric cardia adenocarcinoma (GEA) and Barrett’s esophageal adenocarcinoma
（BEA） due to short-segment Barrett’s esophagus. Few researches have specially focused on the clinical
outcome of ESD for these gastric cardiac adenocarcinomas. Osumi et al. reported curative resection rate
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was higher in GCA group (81%) than BEA group (60%)[26]. Jang et al. enrolled 82 patients with gastric
cardiac tumors and the en bloc resection, complete resection, and curative resection rates were 87%, 79%,
and 66%[27]. A handful of researches have proved ESD is an efficient way to cure EGCC patients. Due to
the small sample size, more persuasive studies needed to be conducted.
In our study, we enrolled 495 patients with 502 ESD-related EGCC lesions. The effectiveness of ESD was
confirmed by comparing the short and long-term clinical consequence among the AI, EI and BEI groups.
No significant difference was found in demographic statistics for these three groups. In the present study,
patients in BEI group had more family history than AI and EI groups (P=0.018). Increased tumor size,
deeper tumor invasion, presence of ulcer and poor differentiated were significantly different among the
three groups, which was consistent with the definition. In our research, atrophy of the mucosa around the
tumor lesion could be found in the vast majority EGCC patients. Atrophic gastritis and intestinal
metaplasia were the most significant risk factors for gastric cancer[28, 29], thus the endoscopic
surveillance in these high risk patients were expected to be extremely important.
The complete resection and curative resection rates in the AI group were meaningfully higher in
comparison with the other two groups (P<0.001). This was closely related to the positive vertical and
lateral cutting margins in the EI and BEI groups. Suzuki et al. drew the conclusion through their research
that positive margins with submucosal infiltration (odds ratio 3.6) and lymphovascular invasion (odds
ratio 3.5) had significant correlation with lymph node metastasis and patients who didn’t meet curative
resection especially with lymphovascular invasion or positive margin with submucosal invasion should
receive additional gastrectomy[30]. Positive lateral margin was related closely to a mixed-type carcinoma,
larger than 3 cm in size and the upper one third of stomach, reported by Fu et al[31]. However, there is no
research about the risk factor of vertical and lateral incomplete resection in EGCC patients which needs to
study in depth.
In the AI and EI group, the five-year overall and disease-specific survival rates were no statistic differences
with 96.1-98.3% and 99.6-100%. No case in the AI and EI group was found lymph node metastasis until
now. Only one AI patient died because of a positive lateral margin. We notified the patient that there was
a problem with the pathological result and additional surgery was required. However, the patient had
some concerns, thinking that he was old, may have a higher risk of surgery, and have a slower recovery.
He did not want to perform a second surgery in a short time, so he refused the additional surgery and died
14 months after ESD unfortunately. These findings were consistent with the previous results and the fiveyear survival rate of ESD surgery was comparable to that of radical gastrectomy[32-34]. The five-year
overall survival rate of mucosal EGC was 99% and the five-year overall survival rate of submucosal EGC
was 96% by surgical treatment according to the National Cancer Center of Japan[7], which was
consistent with the long-term outcome of EGCC patients after ESD at our center. In short, if only the tumor
lesions met the absolute or expanded indication, endoscopic resection could achieve satisfactory safety
and efficacy from the long-term follow-up. As a consequence, conclusion could be drawn that endoscopic
resection was an effective way for the EGCC patients within the AI and EI group similar to other studies[3,
35, 36].
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However, there are still many concerns in terms of the BEI group. In this study, the rate of en bloc resection
arrived at 98.9% (93/94) in BEI group. Yet, The BEI group showed lower rates of complete resection
(74.5%, 70/94) (P<0.001). The reason for the result was mainly related to tumor lesion size,
lymphatic/vascular invasion, deep submucosal invasion and undifferentiated histology. These factors
were closely related to lymph node metastasis and recurrence[37-39]. As a result, these patients were not
suitable for endoscopic resection from the results of previous researches. We evaluated the tumor lesions
by EUS, CT or biopsy before ESD and we found some cases were under massive submucosal invasion.
Gastrectomy, especially proximal gastrectomy, is the most common surgical treatment of gastric cardiac
cancer for the patients unsuitable for ESD. However, some patients suffered from severe postoperative
complications, such as anastomotic leakage, reflux esophagitis and anastomotic stricture after proximal
gastrectomy. According to the recent reports, the short-term and long-term gastrectomy complications
rates could be up to 20% compared with less than 10% by ESD[40, 41]. Based on the EGC guideline, BEI
group should be recommended additional surgery strongly, however, in our study, only half BEI patients
received additional surgery. These patients were aware of beyond the expanded criteria but they still
insisted endoscopic resection when they met advanced age, serious underlying diseases and chose the
less invasive strategy instead of the surgery. In addition, 2.4% (1/42) patient dead because of massive
hemorrhage after the additional gastrectomy, which was far higher than the mortality rate reported in the
literatures. It has been reported that the rate of delayed massive hemorrhage after gastrectomy in
patients with gastric cancer was 0.9% with 0.2% death rate[42]. Park’s study showed the incidence of the
postoperative bleeding was 0.8% and the subsequent mortality rate was 0.08%[43]. This may be the result
of bias due to the low number of cases included in our research. If the number was expanded to a certain
extent, the mortality rate of patients undergoing surgery had still reached 2.4%, At this time, the risk of
death from additional surgery is already higher than the risk caused by the disease itself. The content of
this part needs further research. We found that the five-year overall survival rate and the disease specific
survival rate for the BEI group patients up to 89.1% and 96.6% during the long-term follow-up at our
center. In other centers, endoscopists found the similar results which the five-year disease-free survival
rate of BEI patients after ESD could be as high as 90% or more, which was quite effective[32, 44, 45]. The
rates of R0 resection and curative resection in BEI group may be lower than the patients within the
indications, but in the long run, the survival rate in the BEI group patients who underwent ESD instead of
radical gastrectomy still showed a favorable performance. Endoscopists would advise the BEI patients to
receive additional surgery after ESD. Between the two groups with or without surgery, we concluded that
there was no significant statistical difference from the K-M survival curve. Different from the previous
studies[40, 46], those patients under BEI group didn’t benefit from the additional surgery neither the fiveyear overall survival nor the five-year disease-specific survival. Based on the eCura system, it could be a
useful aid for selecting the appropriate treatment strategy after the noncurative ESD for EGCC[39]. If we
followed up long enough or enrolled more cases, we might get a different conclusion.
Our study still has several limitations. First, this research is a single center retrospective cohort analysis
which may leads to a section bias and referral bias. Besides, an average of 48.1 months of follow-up may
not allow us to find the significant difference in the survival rate of the BEI patients with or without
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additional surgery. In this rather small subgroup, the survival did not show significant differences
possibly because of the minor case number. In addition, we are urge to learn about the risk factors of
positive margins and noncurative resection.

Conclusion
Endoscopic resection of EGCC could achieve a favorable short-term and long-term prognosis for patients
with absolute and expanded indication. Patients in beyond the expanded indication showed generally
favorable clinical outcomes and needed to be carefully checked after ESD. ESD may be an optional
treatment for the patients unsuitable for gastrectomy.
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Tables
Due to technical limitations, Tables 1-5 are provided in the Supplementary Files section.
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Figure 1
Kaplan-Meier plots of survival among patients after ESD. A: Overall survival between three groups. B:
Disease specific survival between three groups. C: Overall survival between BEI patients with or without
additional surgery. D: Disease specific survival between BEI patients with or without additional surgery. E.
The eCura system score of the BEI patients with or without additional surgery. F. The disease specific
survival of the BEI patients with or without additional surgery in low risk category. G. The disease specific
Page 16/17

survival of the BEI patients with or without additional surgery in intermediate risk category. H. The disease
specific survival of the BEI patients with or without additional surgery in high risk category.
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