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Simple Summary: Recent treatment guidelines for gastric cancer recommended additional surgery
check for

updates for patients with non-curative endoscopic submucosal dissection (ESD). However, this strategy may

be too excessive since few patients have lymph node metastasis (LNM). In this study, we modified
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invasion and venous invasion as a single entity of lymphovascular invasion. By using the modified
eCura system, patients after non-curative ESD were simply categorized into high- and low-risk
groups as lymph node metastasis depending on whether the tumor had lymphovascular invasion
and other risk factors or not. Moreover, there was no intermediate-risk group, which could not
recommend the appropriate treatment modality in the eCura system.

Abstract: Background: Additional surgery after non-curative endoscopic submucosal dissection
(ESD) may be excessive as few patients have lymph node metastasis (LNM). It is necessary to develop
a risk stratification system for LNM after non-curative ESD, such as the eCura system, which was
introduced in the Japanese gastric cancer treatment guidelines. However, the eCura system requires
venous and lymphatic invasion to be separately assessed, which is difficult to distinguish without
special immunostaining. In this study, we practically modified the eCura system by classifying
lymphatic and venous invasion as lymphovascular invasion (LVI). Method: We retrospectively
reviewed 543 gastric cancer patients who underwent radical gastrectomy after non-curative ESD
between 2006 and 2019. LNM was evaluated according to LVI as well as size >30 mm, submucosal
invasion >500 pm, and vertical margin involvement, which were used in the eCura system. Results:

LNM was present in 8.1% of patients; 3.6%, 2.3%, 7.4%, 18.3%, and 61.5% of patients with no, one,
Publisher’s Note: MDPI stays neutral ~ two, three, and four risk factors had LNM, respectively. The LNM rate in the patients with no risk
with regard to jurisdictional claims in  factors (3.6%) was not significantly different from that in patients with one risk factor (2.3%, p = 0.523).
published maps and institutional affil- ~ Among patients with two risk factors, the LNM rate without LVI was significantly lower than with
LVI (2.4% vs. 10.7%, p = 0.027). Among patients with three risk factors, the LNM rate without LVI was
lower than with LVI (0% vs. 20.8%, p = 0.195), although not statistically significantly. Based on LNM

rates according to risk factors, patients with LVI and other factors were assigned to the high-risk
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group (LNM, 17.4%) while other patients as a low-risk group (LNM, 2.4%). Conclusions: Modifying
the eCura system by classifying lymphatic and venous invasion as LVI successfully stratified LNM
risk after non-curative ESD. Moreover, the high-risk group can be simply identified based on LVI and
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Attribution (CC BY) license (https://
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1. Introduction

A mass screening program for gastric cancer in the East increased the number of
early gastric cancer (EGC) diagnoses [1,2]. Endoscopic submucosal dissection (ESD) has
been accepted as one of the curative treatment modalities for patients with EGC, although
additional surgery is occasionally necessary after ESD [3-5]. The Korean and Japanese
gastric cancer treatment guidelines recommend radical gastrectomy with lymph node
dissection after ESD if the result of ESD does not meet the curative criteria because of the
lymph node metastasis risk [6,7]. However, lymph node metastasis incidence is rather
variable, ranging from 5% to 10% in patients who underwent radical surgery after non-
curative ESD [8-11]. Accordingly, it may be too aggressive and excessive to recommend
radical surgery to all patients following non-curative ESD.

Recently, the eCura system, a risk-scoring system for lymph node metastasis after
non-curative ESD, was introduced in the Japanese gastric cancer treatment guidelines
to guide treatment recommendations. According to the eCura system, the risk score
for lymph node metastasis was calculated by adding points based on tumor size and
depth, lymphatic invasion, venous invasion, and positive vertical margin. Based on
the risk score, patients after non-curative ESD are categorized into low-, intermediate-,
and high-risk categories [12]. Patients in the low-risk category can be recommended
only observation as a treatment option rather than additional surgery, whereas those in
the high-risk category should be treated by additional gastrectomy with lymph node
dissection [11,13]. However, the treatment recommendation for intermediate-risk patients
is not as clearly determined. Another limitation of the eCura system is the difficulty of
distinguishing venous invasion from lymphatic invasion. Accurately identifying venous
or lymphatic invasion requires additional immunohistochemically staining for special
markers [14-16]. Moreover, immunohistochemical staining is not always practical in
every institution because it is labor-intensive, time-consuming, and costly [17]. Thus,
it is troublesome to clinically use the eCura system in institutes where lymphatic and
vascular invasions are not separately assessed. In these contexts, we analyzed lymph
node metastasis according to risk factors after classifying lymphatic and venous invasion
together as lymphovascular invasion in patients who underwent additional surgery after
ESD. Based on the results of the analysis, we propose a practical modification of the eCura
system for the determination of additional treatment strategies after non-curative ESD.

2. Materials and Methods
2.1. Patients

We retrospectively reviewed a prospective database of patients with gastric adeno-
carcinoma who underwent radical gastrectomy with lymph node dissection within 90
days after ESD between January 2006 and December 2019 at the Department of Surgery,
Yonsei University College of Medicine, Seoul, Korea. We described the procedure of ESD in
Figure 1. We reviewed the curability of endoscopic resection in these patients. Inclusion cri-
teria comprised patients who had ESD results of endoscopic curability C-2 according to the
Japanese gastric cancer treatment guidelines 2018, 5th edition [7]. Specifically, endoscopic
curability C-2 was classified when the resection did not correspond to endoscopic curability
A, B, and C-1. Endoscopic curability A or B was classified when the tumor was negative for
vertical margin, had no lymphovascular invasion, and met one of the following conditions:
(1) dominantly differentiated-type tumor, pTla, and no ulcerative findings; (2) dominantly
differentiated-type tumor, pT1la, ulcerative findings, and tumor size <3 cm; (3) dominantly
differentiated-type tumor, SM1 (tumor invaded submucosa less than 500 pm from the
muscularis mucosa), and tumor size <3 cm; (4) dominantly undifferentiated-type tumor,
pTla, and tumor size <2 cm. Endoscopic curability C-1 was classified when the tumor was
dominantly differentiated-type and corresponded to endoscopic curability A or B but either
had not been resected en bloc or was positive for horizontal margins (Table 1). Exclusion
criteria were as follows: (1) synchronous EGC, (2) proper muscle-invaded tumors, and (3)
incomplete pathological data. The institutional review board of the Severance Hospital,
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Yonsei University Health System approved this study (approval number: 4-2020-1280) and
waived the need for informed consent to use patient data due to the retrospective nature of
this study.

Figure 1. The procedure of endoscopic submucosal dissection (ESD). 1.8 x 1.7 sized type IIb early
gastric cancer located at the greater curvature side of the antrum (A). Marking was made circum-
ferentially at approximately 5 mm lateral to the margin of the lesion (B). The submucosal layer just
beneath the lesion was dissected using an electrosurgical knife (C). The artificial ulcer was seen after
complete resection of the lesion (D). The resected specimen was on a plate with a central early gastric
cancer (E).
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Table 1. The curability of endoscopic resection in the Japanese gastric cancer treatment guidelines 2018, 5th edition.

Tumor Depth Ulcer Differentiated Undifferentiated
<20 mm >20 mm <20 mm >20 mm
Negative endoscopic endoscopic endoscopic endoscopic
1 curability A *1 curability A 11 curability B 1 curability C-2
a
P <30 mm >30 mm
Positive endoscopic endoscopic endoscopic endoscopic
curability A *1 curability C-2 curability C-2 curability C-2
<30 mm >30 mm
pT1b (SM1) endoscopic endoscopic endoscopic endoscopic
curability B 1 curability C-2 curability C-2 curability C-2

SM1, tumor invasion into submucosa <500 pm from the muscularis mucosa. ¥ Confined to negative horizontal and vertical margins without
lymphovascular invasion. 1 Piecemeal resection or positive horizontal margin is regarded as endoscopic curability C-1. ¥ Tumor invasion
into submucosa >500 um from the muscularis mucosa is regarded as endoscopic curability C-2.

2.2. Additional Surgery

During the study period, gastrectomy was performed via open, laparoscopic, or
robotic approaches. The extent of gastric resection was determined according to the
location of the tumor removed by ESD. Distal subtotal gastrectomy was performed for the
lesion located on the distal part of the stomach, whereas total or proximal gastrectomy was
performed for proximal gastric cancer. The extent of lymph node dissection was usually
D1+ lymph node dissection according to the Korean practice guideline for gastric cancer [6].
D2 lymph node dissection was occasionally performed when lymph node metastasis was
intraoperatively suspected.

2.3. Analysis of Lymph Node Metastasis According to Risk Factors

Lymph node metastasis was analyzed according to the risk factors used in the eCura
system. However, lymphatic invasion and venous invasion were not pathologically distin-
guished, but rather regarded as a single entity of lymphovascular invasion in our institution.
The risk factors included in the analysis were tumor size, submucosal invasion, vertical
margin involvement, and lymphovascular invasion.

2.4. Statistical Analysis

Categorical variables were presented as numbers with percentages and analyzed
using the chi-square test or Fisher’s exact test, as appropriate. Continuous variables were
presented as median values with interquartile ranges (IQR). The probability of lymph
node metastasis was estimated using 95% confidence intervals (CI) according to the exact
binomial distribution. Lymph node metastasis risk factors were included in the multivariate
analysis following logistic regression. The corresponding odds ratios (ORs) and 95%
CIs were calculated. Survival curves were calculated using the Kaplan-Meier method.
Differences between survival curves were examined using the log-rank test. All tests were
two-sided, and a p-value <0.05 was considered statistically significant. Statistical analyses
were performed using IBM SPSS Statistics software for Windows version 25.0 (IBM Corp.,
Armonk, New York, NY, USA).

3. Results
3.1. Clinicopathological Features

During the study period, 550 patients underwent radical gastrectomy after ESD, as the
pathological results of ESD corresponded to endoscopic curability C-2. Patients excluded
from the analysis were those with (1) synchronous gastric cancer (n = 4), (2) proper muscle
invasion (n = 1), and (3) incomplete pathological data (n = 2). Finally, 543 patients were
included in the analysis.
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The median age of patients was 64 (IQR, 57-70) years. Most patients were male (71.6%),
and most tumors were located in the lower third of the stomach (71.8%). The median tumor
diameter was 19 (IQR, 12-28) mm, and 103 patients (19.0%) had a tumor larger than
30 mm. A total of 170 patients (31.3%) had a mucosal or SM1 tumor, and 373 (68.7%)
patients had an SM2 or SM3 tumor. Moreover, 441 patients (81.2%) had differentiated-type
tumors, while 102 patients (18.8%) had undifferentiated-type tumors. There were 154
patients (28.4%) with a positive vertical margin. Lymphovascular invasion was identified
in 292 patients (53.8%).

3.2. Risk Factor Analysis for Lymph Node Metastasis

Lymph node metastasis was present in 44 (8.1%) patients included in the study.
Patients with a tumor size larger than 30 mm (16.5%; 95% CI, 9.3-23.7%) revealed a
significantly higher lymph node metastasis rate than patients with a tumor size of 30 mm
or less (6.1%; 95% CI, 3.9-8.4%; p = 0.001). Patients with an SM2 or SM3 tumor (9.4%;
95% CI, 6.4-12.3%) had a higher lymph node metastasis rate than those with a mucosal
or SM1 tumor (5.3%; 95% CI, 1.9-8.7%), although there was no statistically significant
difference (p = 0.105). Patients with a positive vertical margin (14.3%; 95% CI, 9.2-16.9%)
had a significantly higher lymph node metastasis rate than those without vertical margin
involvement (5.7%; 95% CI, 3.4-8.0%; p = 0.001). The lymph node metastasis rate was
significantly higher in patients with lymphovascular invasion (13.0%; 95% CI, 9.2-16.9%)
than in those without (2.4%; 95% CI, 0.5-4.3%; p < 0.001) (Table 2). In the multivariate
logistic regression analysis, a tumor size larger than 30 mm (OR, 3.772; 95% CI, 1.867-7.624;
p < 0.001), a positive vertical margin (OR, 3.930; 95% CI, 2.007-7.698; p < 0.001), and
lymphovascular invasion (OR, 8.199; 95% CI, 3.304-20.346; p < 0.001) were independent
risk factors for lymph node metastasis after non-curative ESD, whereas the SM2 or SM3
tumor was not (OR, 1.509; 95% ClI, 0.655-3.477; p = 0.334) (Table 3).

Table 2. Baseline characteristics and clinicopathological features.

Characteristic Patients LNM Rate of LNM (%) p-Value
(n = 543) (n=44) (95% CI)
Age 0.713
<60 years 199 (36.6) 15 7.5(3.9-11.2)
>60 years 344 (63.4) 29 8.4 (5.5-11.4)
Sex 0.079
Male 389 (71.6) 26 6.7 (4.2-9.2)
Female 154 (28.4) 18 11.7 (6.6-16.8)
Location 0.444
Upper third 74 (13.6) 7 9.5 (2.8-16.1)
Middle third 79 (14.5) 8 10.1 (3.5-16.8)
Lower third 390 (71.8) 29 7.4 (4.8-10.0)
Size 0.001
<30 mm 440 (81.0) 27 6.1 (3.9-8.4)
>30 mm 103 (19.0) 17 16.5 (9.3-23.7)
Depth of invasion 0.105
Mucosa/SM1 170 (31.3) 9 5.3 (1.9-8.7)
SM2/SM3 373 (68.7) 35 9.4 (6.4-12.3)
Histopathological type 0.610
Differentiated 441 (81.2) 37 8.4 (5.8-11.0)

Undifferentiated 102 (18.8) 7 6.9 (2.0-11.8)
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Table 2. Cont.

Patients LNM Rate of LNM (%)

Characteristic (1 = 543) (1 = 44) (95% CI) p-Value
Vertical margin 0.001
Negative 389 (71.6) 22 5.7 (3.4-8.0)
Positive 154 (28.4) 22 14.3 (8.8-19.8)
Lymphovascular invasion <0.001
Negative 251 (46.2) 6 2.4 (0.5-4.3)
Positive 292 (53.8) 38 13.0 (9.2-16.9)

Values in parentheses are percentages. Abbreviations: LNM, lymph node metastasis; CI, confidence interval;
SM1, tumor invasion into submucosa <500 um from the muscularis mucosa; SM2/SM3, tumor invasion into
submucosa >500 um from the muscularis mucosa.

Table 3. Multivariate risk factor analysis for lymph node metastasis.

Risk Factors Odds Ratio 95% CI p-Value
Size <0.001
<30 mm 1 Reference
>30 mm 3.772 1.867-7.624
Depth of invasion 0.334
Mucosa/SM1 1 Reference
SM2/SM3 1.509 0.655-3.477
Vertical margin <0.001
Negative 1 Reference
Positive 3.930 2.007-7.698
Lymphovascular invasion <0.001
Negative 1 Reference
Positive 8.199 3.304-20.346

Abbreviations: CI, confidence interval, SM1, tumor invasion into submucosa <500 um from the muscularis
mucosa; SM2/SM3, tumor invasion into submucosa >500 pm from the muscularis mucosa.

3.3. Modification of the eCura System

A total of 28 patients with no risk factors had a lymph node metastasis rate of 3.6%
(1/28; 95% CI, 0-10.4%). Among 216 patients with one risk factor, the lymph node metasta-
sis rate in patients with a tumor size more than 30 mm was 4.2% (1/24; 95% CI, 0-12.2%),
that in patients with an SM2 or SM3 was 1.0% (1/98; 95% CI, 0-3.0%), that in patients
with a positive vertical margin was 11.1% (1/9; 95% CI, 0-31.6%), and that in patients with
lymphovascular invasion was 2.4% (2/85; 95% CI, 0-5.6%). The lymph node metastasis
rate in patients with one risk factor (5/216; 2.3%) was not significantly different from
that in patients with no risk factors (1/28; 3.6%, p = 0.523). Among patients with two
risk factors, the lymph node metastasis rate in patients with two risk factors other than
lymphovascular invasion (2/82; 2.4%; 95% CI, 0-5.8%) was significantly lower than that
in patients with lymphovascular invasion (13/122; 10.7%; 95% CI, 5.2-16.1%; p = 0.027).
In patients with three risk factors, no lymph node metastasis was observed in patients
without lymphovascular invasion (10 patients), while the lymph node metastasis rate in
patients with lymphovascular invasion was 20.8% (15/72; 95% CI, 11.5-30.2%; p = 0.195).
A total of 13 patients had all four risk factors, with a lymph node metastasis rate of 61.5%
(8/13; 95% CI, 35.1-88.0%) (Table 4).
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Table 4. Lymph node metastasis rate according to risk factors.

. . Patients LNM Rate of LNM (%)
No. of Risk Factors Risk Factors (1 = 543) (1 = 44) (95% CI)
0 None 28 (5.2) 1 3.6 (0-10.4)
Tumor size > 30 mm 24 (44) 1 4.2 (0-12.2)
1 SM2/SM3 98 (18.0) 1 1.0 (0-3.0)
Vertical margin (+) 9(1.7) 1 11.1 (0-31.6)
LVI 85 (15.7) 2 2.4 (0-5.6)
5 Without LVI 82 (15.1) 2 2.4 (0-5.8)
With LVI 122 (22.5) 13 10.7 (5.2-16.1)
3 Without LVI 10 (1.8) 0
With LVI 72 (13.3) 15 20.8 (11.5-30.2)
4 All risk factors 13 (2.4) 8 61.5 (35.1-88.0)

Values in parentheses are percentages. Abbreviations: LNM, lymph node metastasis; CI, confidence interval;
SM2/SM3, tumor invasion into submucosa >500 pum from the muscularis mucosa; LVI, lymphovascular invasion.

Based on lymph node metastasis rates according to risk factors, we categorized pa-
tients into two groups, the low-risk and high-risk groups. Patients without lymphovascular
invasion or with lymphovascular invasion only were classified as the low-risk group. In
contrast, patients with lymphovascular invasion combined with other risk factor(s) were
classified as the high-risk group. The lymph node metastasis rate in the low-risk group was
2.4% (95% Cl, 0.8—4.0%), while that in the high-risk group was 17.4% (95% ClI, 9.5-19.4%,
p < 0.001) (Table 5).

Table 5. Lymph node metastasis rate after risk stratification.

. . Patients LNM
Risk Group Risk Factors (n = 543) (n = 44)
Low without LVI or with LVI only 336 (61.9) 8 (2.4%; 95% CI: 0.8-4.0)
High with LVI and other risk factors 207 (38.1) 36 (17.4%; 95% CI: 12.2-22.6)

Values in parentheses are percentages. Abbreviations: LNM, lymph node metastasis; LVI, lymphovascular
invasion; CI, confidence interval.

3.4. Survival Analysis

The median follow-up duration was 50 months. During the follow-up, eight patients
(2.4%) in the low-risk group died from reasons other than gastric cancer. In the high-
risk group, 11 patients (5.3%) died, with only one gastric cancer-induced death. Overall
survival was significantly worse in the high-risk group than in the low-risk group (p = 0.027)
(Figure 2A).

In the low-risk group, one patient experienced recurrence at the anastomosis site, and
six patients had metachronous remnant gastric cancer. In contrast, there were two patients
with metachronous gastric remnant cancer and two patients with distant recurrence (bone
and peritoneum) in the high-risk group. The relapse-free survival rate was worse in the
high-risk group than in the low-risk group, although the difference was not statistically
significant (p = 0.128) (Figure 2B).
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Figure 2. Kaplan—-Meier survival curves between the low and high-risk groups. Overall survival (A) and relapse-free
survival (B).

4. Discussion

In this study, the eCura system was modified by classifying lymphatic invasion and
venous invasion as a single entity of lymphovascular invasion to determine whether
to perform additional surgery after non-curative ESD. Lymphovascular invasion was a
crucial feature for the risk stratification of lymph node metastasis in the modified eCura
system. Compared with the eCura system, the modified eCura system simply predicts
lymph node metastasis risk according to the presence of lymphovascular invasion and
other risk factors. Using the modified eCura system, patients after non-curative ESD
were successfully categorized into the high- and low-risk lymph node metastasis groups,
without the intermediate-risk group, for which an appropriate treatment modality could
not be recommended by the eCura system.

Recent treatment guidelines recommended gastrectomy with lymph node dissection
for patients after non-curative ESD [6,7]. However, determining additional treatment
after non-curative ESD is a clinical dilemma not only for clinicians but also for patients
because only 5~10% of patients who undergo radical surgery after non-curative ESD have
LNM [8-11]. Moreover, previous studies have demonstrated that radical gastrectomy may
only lead to limited improvements in prognosis in a patients group with a low rate of lymph
node metastasis after non-curative ESD [13,18]. In this study, patients who truly required
radical surgery more than ESD in the low-risk group were only 8 patients (2.4%) with
lymph node metastasis. It is difficult to determine additional surgery in elderly patients
or those with serious comorbidities. When recommending radical surgery to patients,
surgeons should consider the shortcomings of major operations, such as postoperative
mortality and complications. Considering the postoperative mortality of approximately
0.5% in radical gastrectomy for EGC [19,20], the survival benefits of additional surgery
may be marginal, especially when expected lymph node metastasis is low. Moreover, no
additional gastrectomy after non-curative ESD ensures a better quality of life by preserving
the stomach and has similar survival rates to surgery [21]. Follow-up alone without
additional surgery may benefit patients with high surgical risk and low lymph node
metastasis risk. Therefore, a system to determine whether to perform additional surgery
by estimating lymph node metastasis risk based on the pathological ESD results, such as
the eCura system, is essential.

The eCura system can successfully select patients to be observed without additional
surgery after non-curative ESD by categorizing them in the low-risk group. The eCura
system demonstrated a similar prognosis of patients without additional surgery compared
with that of patients who underwent radical surgery after ESD in the low-risk category,
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whereas a significant survival difference was observed in the high-risk category. Meanwhile,
there was an intermediate-risk category, in which patients without additional surgery
experienced worse survival and higher recurrence rates, although multivariate analysis did
not show significant differences in prognosis between patients without additional surgery
than those with radical surgery after ESD [13]. Thus, determining a treatment strategy
after non-curative ESD in intermediate-risk patients is an inconclusive clinical dilemma. In
contrast to the original eCura system, the modified eCura system practically categorizes
patients after non-curative ESD only into two groups, the low- and high-risk groups.
Moreover, the modified eCura system simply categorizes patients based on the presence of
lymphovascular invasion and other risk factors, without a scoring system. The high-risk
group is defined as the presence of lymphovascular invasion with any other risk factor,
while low-risk group patients had no lymphovascular invasion or only lymphovascular
invasion according to the modified eCura system. The proportion of patients in the low
risk group was higher in the modified eCura system (61.9%) than the original eCura system
(36.6%), even the rate of lymph node metastasis in the low risk group was similar. Although
lymphovascular invasion is a significant risk factor for lymph node metastasis, patients
with mucosal gastric cancer with lymphovascular invasion have a very low rate of lymph
node metastasis [22]. Thus, patients with lymphovascular invasion without any other risk
factors can be regarded as a low-risk group.

Another major difference between the original and modified eCura systems related
to the aspect of handling venous invasion. The modified eCura system considers venous
invasion the same as lymphatic invasion, whereas the eCura system separately assesses
venous invasion and lymphatic invasion. Consequently, if a tumor had venous invasion,
patients with at least one other risk factor other than lymphatic invasion were classified
into the high-risk group in this study, while they could not be classified into the high-risk
group in the original eCura system. In contrast, if a tumor had no venous invasion, patients
with two or three other risk factors other than lymphatic invasion were classified into
the low-risk group in this study, but into the intermediated-risk category by the original
eCura system.

Venous invasion and lymphatic invasion are significant risk factors for lymph node
metastasis after non-curative ESD [23-26]. It is difficult to distinguish lymphatic invasion
and venous invasion by routine pathologic examination with hematoxylin and eosin
staining alone (Figure 3), as immunohistochemical staining using specific markers, such
as D2-40, CD31 or CD34, is required to precisely identify lymphatic invasion and venous
invasion [16]. Since lymphatic and blood vessels are connected, they cannot be regarded
as independent routes of metastasis [27]. Based on the results of this study, lymph node
metastasis risk stratification after non-curative ESD was possible, even if venous invasion
and lymphatic invasion were regarded as a single entity of lymphovascular invasion. The
results of previous studies are consistent with our results. The lymph node metastasis rate
was approximately 2% among patients without lymphovascular invasion after non-curative
ESD [23,26,28,29] and more than 18% in patients with lymphovascular invasion and at
least one other non-curative factor [24]. Whether it is necessary to separate lymphatic
invasion and venous invasion to predict lymph node metastasis risk after non-curative
ESD is questionable. Thus, the modified eCura system, which considers venous invasion
the same as lymphatic invasion, was an acceptable tool to predict lymph node metastasis
after non-curative ESD.

Our study has limitations. Firstly, this study is based on a single-center experience in
Korea. Multi-center studies in various regions are necessary to generalize the application
of the modified eCura system. Since venous invasion and lymphatic invasion were not
independently assessed in the study population, it was impossible to compare the modified
system with the original eCura system. Thus, further studies comparing the original eCura
system with the modified system by separately analyzing venous invasion and lymphatic
invasion are needed. Secondly, it was unexpected that SM2 or SM3 tumors were not
independent risk factors for lymph node metastasis after non-curative ESD. Although SM2
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or SM3 tumors were identified in pathological results after ESD, they were all assessed to
be a mucosa or SM1 tumor before ESD. Thus, lymph node metastasis incidence of SM2
or SM3 tumors after ESD would be different from that of identified SM2 or SM3 tumors
after gastrectomy, which were evaluated as tumors beyond the expanded criteria of ESD.
Moreover, in the original eCura system, SM2 or SM3 tumors also were not independent risk
factors for lymph node metastasis after non-curative ESD, but had marginal significance
(p = 0.065). Similarly, undifferentiated tumors confirmed after ESD must be diagnosed as
differentiated tumors or a small sized mucosal lesion with undifferentiated histology. Thus,
lymph node metastasis incidence of undifferentiated tumors confirmed after ESD would
not be similar to that of undifferentiated tumors indicated for gastrectomy upon diagnosis.
Moreover, patients who had an undifferentiated-type tumor accounted for 18.8% of the
patients included in this study, which was quite low compared with the prevalence of
undifferentiated-type tumors in EGC [30,31]. Further study including a larger number
of undifferentiated-type gastric cancers is necessary. Finally, since this study included
patients who underwent radical gastrectomy after non-curative ESD, we could not compare
the survival outcomes between the patients with no additional surgery and those with
radical surgery. Further study is required to evaluate the long-term outcomes depending on
whether patients underwent additional surgery after non-curative ESD in each risk group.

Figure 3. Lymphovascular invasion on Hematoxylin and Eosin (H-E) staining (magnification 400 x,
Scale bar = 50um). Lymphovascular invasion can be identified by the presence of cancer embolus in
the lumen cavity formed by a lumen of the endothelial cell monolayer. However, H-E staining could
not accurately differentiate between the lymphatic and capillary walls.

5. Conclusions

The modified eCura system, which considered lymphatic invasion and venous inva-
sion as a single lymphovascular invasion, would be an acceptable approach for the risk
stratification of lymph node metastases after non-curative ESD. Additionally, our results
may provide decision-making information to clinicians in institutions in which lymphatic
invasion and vascular invasion are not assessed separately. Using the modified eCura
system, we would be able to simply identify the risk group of patients with lymph node
metastasis after non-curative ESD by whether they have lymphovascular invasion and any
other risk factor.

Author Contributions: Conceptualization, WJ.H. and S.L.; formal analysis, ].H.S., SH.P, M.C,,
YMK. and H.-LK,; data curation, J.H.S., SH.P, M.C., YM.K. and H.-LK.; writing-original draft
preparation, S.L.; writing-review and editing, W.J.H.; supervision, W.J.H. All authors have read and
agreed to the published version of the manuscript.



Cancers 2021, 13, 5768 11 of 12

Funding: This work was supported by the Seoul R&BD program (CY200023). The funding source had
no role in the design or conduct of the study; data collection, analysis, or interpretation; preparation,
review, or approval of the manuscript; or decision to submit the manuscript for publication.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of the Severance Hospital,
Yonsei University Health System (4-2020-1280, 4 January 2021).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of
this study.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.

Conflicts of Interest: Hyung W] reports grants from Medtronic and GC Pharma during the study.
Hyung W] is the chief executive officer of Hutom and holds its stocks. Hyung W] provided consul-
tancy services to Ethicon and SK Hynix (Wuxi) unrelated to the submitted work. There are no other
conflicts of interest to declare.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Choi, K.S; Jun, ] K.; Suh, M.; Park, B.; Noh, D.K,; Song, S.H.; Jung, KW.; Lee, H.Y.; Choi, L].; Park, E.C. Effect of endoscopy
screening on stage at gastric cancer diagnosis: Results of the national cancer screening programme in korea. Br. J. Cancer 2015,
112, 608-612. [CrossRef] [PubMed]

Sano, T.; Hollowood, A. Early gastric cancer: Diagnosis and less invasive treatments. Scand. ]. Surg. 2006, 95, 249-255. [CrossRef]
[PubMed]

Pimentel-Nunes, P; Dinis-Ribeiro, M.; Ponchon, T.; Repici, A.; Vieth, M.; De Ceglie, A.; Amato, A.; Berr, F; Bhandari, P; Bialek, A.;
et al. Endoscopic submucosal dissection: European society of gastrointestinal endoscopy (esge) guideline. Endoscopy 2015, 47,
829-854. [CrossRef] [PubMed]

Ono, H.; Yao, K,; Fujishiro, M.; Oda, I.; Nimura, S.; Yahagi, N.; Iishi, H.; Oka, M.; Ajioka, Y.; Ichinose, M.; et al. Guidelines
for endoscopic submucosal dissection and endoscopic mucosal resection for early gastric cancer. Dig. Endosc. 2016, 28, 3-15.
[CrossRef] [PubMed]

Hatta, W.; Gotoda, T.; Koike, T.; Masamune, A. History and future perspectives in japanese guidelines for endoscopic resection of
early gastric cancer. Dig. Endosc. 2020, 32, 180-190. [CrossRef] [PubMed]

Korean practice guideline for gastric cancer 2018: An evidence-based, multi-disciplinary approach. J. Gastric Cancer 2019, 19, 1-48.
[CrossRef]

Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2018 (5th edition). Gastric Cancer 2021, 24, 1-21.
[CrossRef]

Gotoda, T.; Yanagisawa, A.; Sasako, M.; Ono, H.; Nakanishi, Y.; Shimoda, T.; Kato, Y. Incidence of lymph node metastasis from
early gastric cancer: Estimation with a large number of cases at two large centers. Gastric Cancer 2000, 3, 219-225. [CrossRef]
[PubMed]

Suzuki, H.; Oda, I.; Abe, S.; Sekiguchi, M.; Nonaka, S.; Yoshinaga, S.; Saito, Y.; Fukagawa, T.; Katai, H. Clinical outcomes of early
gastric cancer patients after noncurative endoscopic submucosal dissection in a large consecutive patient series. Gastric Cancer
2017, 20, 679-689. [CrossRef] [PubMed]

Sekiguchi, M.; Oda, I.; Taniguchi, H.; Suzuki, H.; Morita, S.; Fukagawa, T.; Sekine, S.; Kushima, R.; Katai, H. Risk stratification
and predictive risk-scoring model for lymph node metastasis in early gastric cancer. . Gastroenterol. 2016, 51, 961-970. [CrossRef]
Hatta, W.; Gotoda, T.; Oyama, T.; Kawata, N.; Takahashi, A.; Yoshifuku, Y.; Hoteya, S.; Nakamura, K.; Hirano, M.; Esaki, M.; et al.
Is radical surgery necessary in all patients who do not meet the curative criteria for endoscopic submucosal dissection in early
gastric cancer? A multi-center retrospective study in japan. J. Gastroenterol. 2017, 52, 175-184. [CrossRef]

Hatta, W.; Gotoda, T.; Oyama, T.; Kawata, N.; Takahashi, A.; Yoshifuku, Y.; Hoteya, S.; Nakagawa, M.; Hirano, M.; Esaki, M.; et al.
A scoring system to stratify curability after endoscopic submucosal dissection for early gastric cancer: “Ecura system”. Am. J.
Gastroenterol. 2017, 112, 874-881. [CrossRef] [PubMed]

Hatta, W.; Gotoda, T.; Oyama, T.; Kawata, N.; Takahashi, A.; Yoshifuku, Y.; Hoteya, S.; Nakagawa, M.; Hirano, M.; Esaki, M.; et al.
Is the ecura system useful for selecting patients who require radical surgery after noncurative endoscopic submucosal dissection
for early gastric cancer? A comparative study. Gastric Cancer 2018, 21, 481-489. [CrossRef] [PubMed]

Noguchi, Y. Blood vessel invasion in gastric carcinoma. Surgery 1990, 107, 140-148. [PubMed]

Kahn, H.J.; Marks, A. A new monoclonal antibody, d2-40, for detection of lymphatic invasion in primary tumors. Lab. Investig.
2002, 82, 1255-1257. [CrossRef]

Ji, R.C. Lymphatic endothelial cells, tumor lymphangiogenesis and metastasis: New insights into intratumoral and peritumoral
lymphatics. Cancer Metastasis Rev. 2006, 25, 677—-694. [CrossRef]

Compton, C.C. Colorectal carcinoma: Diagnostic, prognostic, and molecular features. Mod. Pathol. 2003, 16, 376-388. [CrossRef]
[PubMed]


http://doi.org/10.1038/bjc.2014.608
http://www.ncbi.nlm.nih.gov/pubmed/25490528
http://doi.org/10.1177/145749690609500407
http://www.ncbi.nlm.nih.gov/pubmed/17249273
http://doi.org/10.1055/s-0034-1392882
http://www.ncbi.nlm.nih.gov/pubmed/26317585
http://doi.org/10.1111/den.12518
http://www.ncbi.nlm.nih.gov/pubmed/26234303
http://doi.org/10.1111/den.13531
http://www.ncbi.nlm.nih.gov/pubmed/31529716
http://doi.org/10.5230/jgc.2019.19.e8
http://doi.org/10.1007/s10120-020-01042-y
http://doi.org/10.1007/PL00011720
http://www.ncbi.nlm.nih.gov/pubmed/11984739
http://doi.org/10.1007/s10120-016-0651-z
http://www.ncbi.nlm.nih.gov/pubmed/27722825
http://doi.org/10.1007/s00535-016-1180-6
http://doi.org/10.1007/s00535-016-1210-4
http://doi.org/10.1038/ajg.2017.95
http://www.ncbi.nlm.nih.gov/pubmed/28397873
http://doi.org/10.1007/s10120-017-0769-7
http://www.ncbi.nlm.nih.gov/pubmed/28983696
http://www.ncbi.nlm.nih.gov/pubmed/1689080
http://doi.org/10.1097/01.LAB.0000028824.03032.AB
http://doi.org/10.1007/s10555-006-9026-y
http://doi.org/10.1097/01.MP.0000062859.46942.93
http://www.ncbi.nlm.nih.gov/pubmed/12692203

Cancers 2021, 13, 5768 12 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Yang, HJ.; Kim, S.G.; Lim, ].H.; Choi, J.; Im, ].P; Kim, J.S.; Kim, W.H.; Jung, H.C. Predictors of lymph node metastasis in patients
with non-curative endoscopic resection of early gastric cancer. Surg. Endosc. 2015, 29, 1145-1155. [CrossRef]

Kim, W,; Kim, H.H.; Han, S.U.; Kim, M.C.; Hyung, W.J.; Ryu, S.W.; Cho, G.S.; Kim, C.Y.; Yang, HK_; Park, D.J.; et al. Decreased
morbidity of laparoscopic distal gastrectomy compared with open distal gastrectomy for stage i gastric cancer: Short-term
outcomes from a multicenter randomized controlled trial (klass-01). Ann. Surg. 2016, 263, 28-35. [CrossRef] [PubMed]

Hyung, WJ.; Yang, HK,; Han, S.U.; Lee, Y.J.; Park, ].M.; Kim, ].].; Kwon, O.K.; Kong, S.H.; Kim, H.IL; Lee, H]; et al. A feasibility
study of laparoscopic total gastrectomy for clinical stage i gastric cancer: A prospective multi-center phase ii clinical trial, klass 03.
Gastric Cancer 2019, 22, 214-222. [CrossRef] [PubMed]

Higuchi, N.; Nakamura, K; Ihara, E.; Akahoshi, K.; Akiho, H.; Sumida, Y.; Motomura, Y.; Kubokawa, M.; Ito, T.; Takayanagi, R.
Preserved gastric motility in patients with early gastric cancer after endoscopic submucosal dissection. J. Gastroenterol. Hepatol.
2013, 28, 494-498. [CrossRef] [PubMed]

Hashimoto, M.; Hikichi, T.; Nakamura, J.; Watanabe, K.; Takasumi, M.; Kato, T.; Suzuki, R.; Sugimoto, M.; Irie, H.; Takagi, T.;
et al. Clinical characteristics of intramucosal gastric cancers with lymphovascular invasion resected by endoscopic submucosal
dissection. Digestion 2021, 102, 546-553. [CrossRef] [PubMed]

Kawata, N.; Kakushima, N.; Takizawa, K.; Tanaka, M.; Makuuchi, R.; Tokunaga, M.; Tanizawa, Y.; Bando, E.; Kawamura, T.;
Sugino, T.; et al. Risk factors for lymph node metastasis and long-term outcomes of patients with early gastric cancer after
non-curative endoscopic submucosal dissection. Surg. Endosc. 2017, 31, 1607-1616. [CrossRef] [PubMed]

Sunagawa, H.; Kinoshita, T.; Kaito, A.; Shibasaki, H.; Kaneko, K.; Ochiai, A.; Ohtsu, A.; Nishida, T. Additional surgery for
non-curative resection after endoscopic submucosal dissection for gastric cancer: A retrospective analysis of 200 cases. Surg.
Today 2017, 47, 202-209. [CrossRef]

Kikuchi, S.; Kuroda, S.; Nishizaki, M.; Kagawa, T.; Kanzaki, H.; Kawahara, Y.; Kagawa, S.; Tanaka, T.; Okada, H.; Fujiwara, T.
Management of early gastric cancer that meet the indication for radical lymph node dissection following endoscopic resection: A
retrospective cohort analysis. BMC Surg. 2017, 17, 72. [CrossRef] [PubMed]

Kang, H.J.; Chung, H.; Kim, S.G.; Kim, J.; Kim, J.L.; Lee, E.; Jung, H.C. Synergistic effect of lymphatic invasion and venous
invasion on the risk of lymph node metastasis in patients with non-curative endoscopic resection of early gastric cancer. J.
Gastrointest. Surg. 2020, 24, 1499-1509. [CrossRef] [PubMed]

Hyung, W.J].; Lee, ].H.; Choi, S.H.; Min, ].S.; Noh, S.H. Prognostic impact of lymphatic and/or blood vessel invasion in patients
with node-negative advanced gastric cancer. Ann. Surg. Oncol. 2002, 9, 562-567. [CrossRef] [PubMed]

Jung, D.H.; Huh, C.W,; Kim, ] H.; Hong, ]. H.; Park, J.C.; Lee, Y.C.; Youn, Y.H.; Park, H.; Choi, S.H.; Noh, S.H. Risk-stratification
model based on lymph node metastasis after noncurative endoscopic resection for early gastric cancer. Ann. Surg. Oncol. 2017, 24,
1643-1649. [CrossRef] [PubMed]

Toyokawa, T.; Ohira, M.; Tanaka, H.; Minamino, H.; Sakurai, K.; Nagami, Y.; Kubo, N.; Yamamoto, A.; Sano, K.; Muguruma, K;
et al. Optimal management for patients not meeting the inclusion criteria after endoscopic submucosal dissection for gastric
cancer. Surg. Endosc. 2016, 30, 2404-2414. [CrossRef]

Sano, T.; Sasako, M.; Kinoshita, T.; Maruyama, K. Recurrence of early gastric cancer. Follow-up of 1475 patients and review of the
japanese literature. Cancer 1993, 72, 3174-3178. [CrossRef]

Ikeda, Y.; Saku, M.; Kishihara, F.; Maehara, Y. Effective follow-up for recurrence or a second primary cancer in patients with early
gastric cancer. Br. |. Surg. 2005, 92, 235-239. [CrossRef] [PubMed]


http://doi.org/10.1007/s00464-014-3780-7
http://doi.org/10.1097/SLA.0000000000001346
http://www.ncbi.nlm.nih.gov/pubmed/26352529
http://doi.org/10.1007/s10120-018-0864-4
http://www.ncbi.nlm.nih.gov/pubmed/30128720
http://doi.org/10.1111/jgh.12086
http://www.ncbi.nlm.nih.gov/pubmed/23216195
http://doi.org/10.1159/000509599
http://www.ncbi.nlm.nih.gov/pubmed/32791507
http://doi.org/10.1007/s00464-016-5148-7
http://www.ncbi.nlm.nih.gov/pubmed/27495338
http://doi.org/10.1007/s00595-016-1353-1
http://doi.org/10.1186/s12893-017-0268-0
http://www.ncbi.nlm.nih.gov/pubmed/28637436
http://doi.org/10.1007/s11605-019-04302-0
http://www.ncbi.nlm.nih.gov/pubmed/31313145
http://doi.org/10.1007/BF02573892
http://www.ncbi.nlm.nih.gov/pubmed/12095972
http://doi.org/10.1245/s10434-017-5791-9
http://www.ncbi.nlm.nih.gov/pubmed/28150166
http://doi.org/10.1007/s00464-015-4491-4
http://doi.org/10.1002/1097-0142(19931201)72:11&lt;3174::AID-CNCR2820721107&gt;3.0.CO;2-H
http://doi.org/10.1002/bjs.4758
http://www.ncbi.nlm.nih.gov/pubmed/15609385

	Introduction 
	Materials and Methods 
	Patients 
	Additional Surgery 
	Analysis of Lymph Node Metastasis According to Risk Factors 
	Statistical Analysis 

	Results 
	Clinicopathological Features 
	Risk Factor Analysis for Lymph Node Metastasis 
	Modification of the eCura System 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

