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Background: Endoscopic submucosal dissection (ESD) has increasingly gained broad application in the 
treatment of early gastric cancer (EGC). This study aimed at evaluating the clinical significance of lymph 
node metastasis (LNM) in patients with ulcer positive [UL (+)] EGC and assessing the feasibility of expanded 
indications of ESD for such cases.
Methods: Patients with UL (+) EGC undergoing radical surgical resection between January 2012 and 
December 2018 were retrospectively reviewed. Associations between clinicopathological factors and the 
incidence of LNM were investigated by univariate and multivariate linear regression analysis.
Results: Retrospective statistical analysis was performed on 653 EGC patients. The multivariate linear 
regression analysis showed that the presence of LNM was significantly associated with depth of invasion 
(P<0.0001) and lymphatic invasion (P<0.001). The proportion of EGC patients met absolute and expanded 
indication of ESD with positive LNM who were subject to the criteria of curative resection was 0.75% (4/532) 
and 6.67% (8/120), respectively. LNM between patients, which were subject to the absolute and expanded 
ESD indication, is significantly different (P=0.000274).
Conclusions: Our study revealed that 6.67% (8/120) of EGC patients who did not meet all criteria of 
curative resection were present with LNM. EGC patients with UL (+), differentiated adenocarcinoma, 
tumor invasion pathologically diagnosed as T1a, and tumor diameter ≤3 cm showed for ESD are suggested 
for a carefully weighed treatment.
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Introduction

In line with the treatment principle of advanced gastric 
cancer, the curability of early gastric cancer (EGC) patients 
is highly determined by the radical resection of the tumor 
and its metastatic lymph nodes (1-3). Surgery is the primary 
treatment option for patients with early gastric cancer. R0 
resection has been widely considered as a definite goal, 
whereas the type of resection (subtotal/total gastrectomy 
or function preserving gastrectomy) along with extent of 
lymph node dissection remain a subject of controversy. 
Meanwhile, lymph node metastasis (LNM) is a decisive 
factor influencing the long-term survival of EGC patients. 
Although a substantial proportion of EGC patients are not 
presented for LNM, it has been increasingly observed in the 
clinical practice. Furthermore, there are absolute indications 
proposed by the Japanese Gastroenterological Endoscopy 
Society (JGES) in collaboration with the Japanese Gastric 
Cancer Association (JGCA) in 2016 for endoscopic 
submucosal dissection (ESD). These indications are too 
strict to include more EGC patients for ESD treatment 
and, therefore, lead to a limited benefit for EGC patients (4). 
In light of this, Chinese gastric cancer treatment guidelines 
proposed by the National Health Commission of China PR 
in 2018 expanded the absolute indication for ESD: a ulcer 
positive (UL+), differentiated-type adenocarcinoma with 
tumor invasion pathologically defined as T1a and tumor 
diameter ≤3 cm (used to be confirmed as the expanded 
indication in Japanese gastric cancer guidelines) (5).

Therefore, this study aimed to identify the predictive 
factors for LNM in a large cohort of EGC patients 
undergoing radical surgery performed in two clinical centers 
for gastric cancer treatment in China. We aim to assess the 
feasibility of applying ESD in UL (+) EGC patients who fail 
to meet all the conventional absolute criteria for ESD.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4303).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki. The study was approved by the 
Institutional Ethical Board of Ruijin Hospital, Shanghai 

Jiao Tong University School of Medicine. Because of the 
retrospective nature of the research, the requirement for 
informed consent was waived. The amount of EGC cases 
takes about 20% of the Chinese gastric cancer patients, and 
the prognosis of EGC patients is much better than that of 
advanced gastric cancer. Therefore, for a case-control study 
of Chinese EGC population, the sample size included in the 
retrospective analysis should be more than 2,000 cases. 

From January 2012 and December 2018, 10,211 patients 
with gastric cancer underwent curative resection with D2 
lymphadenectomy in the Department of Surgery, Ruijin 
Hospital, and the department of gastric surgery, Fudan 
University Shanghai Cancer Center. A total of 3248 EGC 
patients were enrolled in the study who were scrutinized 
and pathologically examined and diagnosed.

The inclusion criteria included (I) histologically 
diagnosed as EGC, (II) single primary lesion, (III) aged 
between 15 and 95 years old, (IV) no distant metastasis 
(cM0 or sM0) for an enhanced CT scan and a pre-operative 
laparoscopic examination, (V) R0 resection, (VI) total or 
subtotal gastrectomy, (VII) D2 lymphadenectomy, (VIII) no 
history of operation for peptic ulceration or any abdominal 
carcinoma, (IX) no history of other malignant types of 
carcinoma, (X) no history of neoadjuvant chemotherapy or 
radiation therapy for this or any other carcinoma, (XI) no 
history of severe sepsis or the pre-operative administration 
of therapeutic antibiotics. Exclusion criteria included (I) 
incomplete patient information, (II) less than 15 lymph 
nodes examined, (III) broken or fragmentary surgical 
specimens.

The pathological observation was performed as tumor 
size, tumor location, and gross types according to the 
rules published in the Japanese Classification of Gastric 
Carcinoma (3rd English Edition) (6). Pathological 
evaluations were performed as follows: (I) the resected 
stomach specimen was fixated on an flat board with the 
mucosal side up, pinned at the edges with stainless steel 
pins, and fixed in a 10% buffered formalin solution. The 
diagnosis of the tumor with ulcer [UL (+)] is determined 
with the macroscopic predominance of intratumoral 
ulcerative findings. A biopsy-induced scar is usually 
histologically observed as fibrosis restricted to limited areas 
just beneath the muscularis mucosae. In case the biopsy-
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induced scar was indiscriminative from the ulcer scar, 
such a case was classified as UL (+). Representative images 
showing the gross and pathologic UL (+) EGC lesions are 
shown in Figure 1 and Figure 2. (II) The representative 
sections, including the carcinoma, were microscopically 
examined along the lesser curvature as a reference line to 
assess background mucosal changes. In Type 0 superficial 
tumors, a set of sections parallel to the reference line were 
constructed at 2 to 3 mm intervals. (III) Furthermore, 
the fixed specimen was histologically classified into either 
the differentiated or undifferentiated type. The former 
type includes papillary adenocarcinoma (pap) and tubular 
adenocarcinoma (tub1, tub2), whereas the latter one 
includes poorly differentiated adenocarcinoma (por1, 
por2), mucinous adenocarcinoma (muc) and signet-ring cell 
carcinoma (sig). In the case of more than two histological 
types coexisting in the specimen, the predominant type was 
prioritized for the study. Other types (e.g., carcinoid tumor, 
endocrine carcinoma, adenosquamous carcinoma, squamous 
cell carcinoma, miscellaneous carcinoma) were excluded 
from the study.

According to the results of the pathological evaluation, 
EGC patients were subsequently divided into two groups 
by LNM or not: LNM positive and LNM negative groups. 
The clinicopathological factors such as age (the continuous 
variables of age were categorized by WHO), sex, ulcer 
positive or not, tumor size (the continuous variables 
of tumor size were categorized by ESD indications), 
depth of invasion, tumor location, differentiated type, 
lymphovascular infiltration, and perineural invasion) were 
compared between these two groups.

Statistical analysis

Samples that are subject to the normal distribution are 
described using mean value and standard deviation. 
Otherwise, the median and quartile values were used. The 
frequency and percentage are used to describe enumeration 
data. For samples that are subject to the normal distribution, 
the comparisons are conducted by using a t-test or analysis 
of variance (ANOVA). Otherwise, the rank-sum methods 
were used.

Comparisons between enumeration data were conducted 
by the chi-square or Fisher exact method. In order to 
minimize the influence of the common confounding 
bias in case control study, a stepwise multiple logistic 
regression analysis was used to explore whether each 
clinicopathological parameter could serve as an independent 
risk factor for gastric LNM. P<0.05 was considered 
statistically significant.

Statistical analysis was conducted using the statistical 
software SAS ‘PROCGLM’ 9.2 for Windows (SAS, Cary, 
NC, USA).

Results

Between January 2012 and December 2018, many 3,248 
EGC patients underwent radical surgery at the Department 
of Surgery, Ruijin Hospital (1,794 EGC patients), and the 
department of gastric surgery, Fudan University Shanghai 
Cancer Center (1,454 EGC patients). A brief schema for the 
study are presented in Figure 3. By using the derivation set, 
we performed a univariable analysis which demonstrated 
that age at diagnosis (P=0.001), larger tumor size (P<0.0001), 
UL (+) (P=0.001), submucosa invasion (P<0.0001), 

Figure 1 The estimated cancer invasion postoperatively was 
deeper than mucosa, as an ulcer in the lesion was seen.

Figure 2 Microscopically, the arrow indicated that the coloboma 
of mucosa was covered with necrotic tissues and exudates.
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histological subtype (P<0.0001), lymphovascular infiltration 
(P<0.0001) and perineural invasion (P=0.0091) were 
significantly associated with LNM in EGC patients (Table 1).

With strict evaluating, 653 UL (+) EGC patients 
(20.1%, 653/3248) were included in this study. LNM 
was pathologically confirmed in 23.4% (153/653) of 
the UL (+) EGC patients. Univariate analysis revealed 
that LNM in UL (+) EGC patients was significantly 
associated with tumor size (>3 cm) (P=0.0150), submucosal 
invasion (P<0.0001), lower tumor location (P=0.0389) and 
prevalence of lymphatic or venous infiltration (P<0.0001) 
(Table 2). Multivariate linear regression analysis further 
confirmed that submucosal tumor invasion (P<0.0001) and 
lymphovascular infiltration (P<0.0001) were independent 
risk factors for LNM (Table 3).

As shown in Table 4, the intergroup analysis of EGC 
patients revealed that 532 Chinese EGC patients met the 
absolute indication of ESD proposed by the JGES. Among 
them, 22 patients (4.14%, 22/532) were presented with 
LNM, and four patients (0.75%, 4/532) were positive 
for lymphovascular infiltration. However, many 120 UL 
(+) EGC patients fully met the expanded indication of 
ESD, with eight patients (6.67%, 8/120) diagnosed with 
positive LNM. No lymphovascular infiltration was found 
in any EGC patient with tumor size ≤3 cm, UL (+), T1a, 
histologically of differentiated type of tumor. Notably, there 
was a significant difference in LNM (P=0.000274) between 
EGC patients, which were subject to absolute and expanded 
indications for ESD.

Discussion

Our study is the first case-control study from the 
cooperation of two clinical centers for gastric cancer 
treatment in Shanghai; each of them provided medical 
services for more than 350 EGC patients yearly. This study 
aims to investigate the feasibility and safety of expanding the 
absolute indication of ESD for UL (+) EGC patients. The 
diagnosis of EGC proposed by the Japanese Classification 
of Gastric Carcinoma (JCGC) stresses the importance of 
tumor invasion depth rather than LNM (6). However, 
multiple studies repeatedly prove the significantly worse 
prognosis of EGC patients with LNM compared with EGC 
patients without LNM (7).

According to a mono-institutional study (8) of 1,663 
patients in China, the 5-year survival rate of gastric cancer 
patients undergoing radical surgical resection was 94.5% at 
stage IA (pT1N0M0) and 88.4% at stage IB (pT1N1M0/

pT2N0M0), respectively, demonstrating the notable 
survival difference between LNM positive and negative 
EGC patients as well as the significance of treating these 
two groups of EGC patients differently. To address LNM, 
in this study, we reviewed 3,248 EGC patients and then 
confirmed this ulceration was the independent risk factor 
for LNM. Among 653 UL (+) EGC patients, LNM was 
proven to be more common in tumors with diameter >3 cm. 
Compared with the patients meeting the absolute indication 
(4.14%), the incidence of LNM in UL (+) EGC patients 
were meeting the expanded indication (6.67%) of ESD was 
not significantly increased.

Regarding the expanded ESD indication, in 2018, 
Chinese gastric cancer treatment guidelines recommended 
the inclusion of (I) tumor size ≤3 cm, (II) cT1a, (III) UL 
(+), and (IV) differentiated-type adenocarcinoma into the 
absolute indication for ESD considering the results from 
JCOG0607 study (9). As a multi-institutional, single-arm, 
confirmatory clinical trial, the JCO0607 study demonstrated 
that the 5-year survival rate of EGC patients receiving ESD 
treatment was approximately 97% and, therefore, suggested 
that ESD meeting the criteria above should be considered 
the standard treatment instead of radical gastrectomy. 
However, we can still put forward some disputes. Tanabe  
et al. (10) conducted a multicenter descriptive study 
reviewing the management and follow-up of 10,658 
EGC patients. Among all patients, no case of local/
distant recurrence nor cancer-related death was observed 
from various 6,456 EGC patients who met the absolute 
indication. On the contrary, 5 cases of perigastric nodes 
metastases, 1 case of lung metastasis, and 3 cases of cancer-
related death were found in the 4,202 EGC patients who 
met the expanded indication of ESD. It is still essential 
to find the patient population that fits the expanded ESD 
indication considering these events, which should be 
executed with extreme cautiousness.

Moreover, this study adopted a 5-year follow-up for the 
patients. Notably, however, the survival of EGC patients 
with local or even distant recurrence often exceeds five 
years. Therefore, we believe that a follow-up of 60 months 
for EGC patients might not be sufficient to reflect the truth 
and suggest a more extended period of follow-up for them.

As for the ESD-associated adverse events, the relatively 
elevated risk of perforation (11-14) and bleeding (15) 
are enlisted on the top for UL (+) patients proposed by 
the JCOG0607 study. Understandably, it stressed the 
significance of tumor size and suggested that postoperative 
hemorrhage tended to be less common with tumor 
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Table 1 Univariable analysis of independent risk factors for lymph node metastasis in EGC

Clinicopathologic  
parameters

Lymph node metastasis
P value (Chi-square)

The proportion in each  
subcategory with LNMPositive (n=508) Negative (n=2,740)

Age (years) 0.001

≤44 85 292 15.98 85/377 (19.16%)

45–59 194 1,088 194/1,282 (15.13%)

60–74 193 1,165 193/1,358 (14.21%)

≥75 36 195 36/231 (15.58%)

Sex <0.0001

Male 294 1,853 18.19 294/2,147 (13.69%)

Female 214 887 214/1,101 (19.44%)

Macroscopic type <0.0001

Ulceration 153 500 37.9 153/653 (23.43%)

Non-ulceration 354 2,240 354/2,594 (13.65%)

Tumor size (cm) <0.0001

≤2 250 1,797 7.021 250/2,047 (12.21%)

>2 258 943 258/1,201 (21.48%)

Tumor size (cm) <0.0001

≤3 397 2,405 33.51 397/2,802 (14.17%)

>3 111 335 111/446 (24.89%)

Depth of invasion <0.0001

pT1a 124 1,498 157 124/1,622 (7.64%)

pT1b 384 1,242 384/1,626 (23.62%)

Tumor location 0.1399

Upper 42 288 3.933 42/330 (12.73%)

Middle 105 619 105/724 (14.50%)

Lower 361 1,833 361/2,194 (16.45%)

Histology subtype <0.0001

Differentiated 204 1,462 29.89 204/1,666 (13.95%)

Undifferentiated 304 1,278 304/1,582 (19.22%)

Lymphovascular infiltration <0.0001

Yes 290 159 946.1 290/449 (64.59%)

No 218 2,581 218/2,799 (7.79%)

Perineural invasion

Yes 16 41 0.0091 16/57 (28.07%)

No 492 2,699 6.794 492/3,191 (15.42%)

EGC, early gastric cancer.
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Table 2 Univariable analysis of independent risk factors for lymph node metastasis in UL (+) EGC 

Clinicopathologic parameters
Lymph node metastasis

P value (Chi-square) Rates of LNM
Positive (n=153) Negative (n=500)

Age (years) 0.6564

≤44 15 50 1.613 15/65 (23.1%)

45–59 54 189 54/243 (22.2%)

60–74 69 227 69/296 (23.3%)

≥75 15 34 15/49 (30.6%)

Sex 0.1577

M 103 368 1.996 103/471 (21.9%)

F 50 132 50/182 (27.5%)

Tumor size (cm) 0.015

≤3 124 445 5.992 124/569 (21.8%)

>3 29 55 29/84 (34.5%)

Depth of invasion <0.0001

Mucosa 13 179 40.768 13/192 (6.8%)

Submucosa 140 321 140/461 (30.4%)

Tumor location 0.0389

Upper 1/3 12 37 6.492 12/49 (24.5%)

Middle 1/3 28 143 28/171 (16.4%)

Lower 1/3 113 320 113/433 (26.1%)

Differentiated type 0.0125

Differentiated 82 326 6.245 82/408 (20.1%)

Undifferentiated 71 174 71/245 (29%)

Lymphovascular infiltration <0.0001

Yes 64 48 83.388 64/112 (57.1%)

No 89 452 89/541 (16.5%)

Perineural invasion 0.489*

Yes 4 8 4/12 (33.3%)

No 149 492 149/641 (23.2%)

*, comparisons between enumeration data were conducted by Fisher exact method. EGC, early gastric cancer.

diameter less than 3 cm. Another major concern regards the 
curability of endoscopic resection. It is easily confused with 
R0 resection, which indicates the negativity of the surgical 
margin, whereas the negative endoscopic margin does not 
secure curative resection.

It has been recommended recently that the expanded 
indication for ESD resection is determined as curative when 

all the following conditions are fulfilled to unify the criteria 
of prognosis evaluation, eCura system (16,17). An en bloc 
resection, tumor size, ≤3 cm, differentiated type, pT1a, UL 
(+), negative horizontal margin (HM0), negative vertical 
margin (VM0), and no lymphovascular infiltration [ly(−), 
v(−)].

Follow-up with annual or biannual endoscopy is 
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recommended after curative ESD resection of tumors 
under the expanded indications (5). Our study found the 
lymphovascular infiltration as an independent risk factor 
for LNM in EGC. Unfortunately, due to the limitation 
of gastroscopic biopsy, the diagnosis of lymphovascular 
infiltration in EGC is not 100% secured. Fujimoto et al. (18) 
proposed that ESD could be an essential way to determine 
if the metastasis of perigastric lymph nodes exists or not. 
Therefore, patients may have to face the risk of remedial 
surgical resection if ESD identifies positive LNM is. In this 
study, many 532 EGC patients met the absolute indications 
of ESD, and 22 cases (4.15%, 22/532) demonstrated 
perigastric LNM validated by pathological examination. 
Among these 22 LNM positive EGC patients, 18 were 
positive for lymphovascular infiltration.

Notably, there were still 4 (4/532, 0.75%) patients 
who “escaped” the eCura system and developed LNM. 
Simultaneously, there were 120 cases of UL (+) EGC 
patients meeting the expanded indications of ESD 
following the Japanese gastric cancer treatment guidelines, 
8 of which were positive for perigastric LNM (8/120, 
6.67%). However, whereas with the high incidence of 
lymphovascular infiltration (81.8%, 18/22) in the group 
of absolute indication, none of these eight patients was 
detected with lymphovascular infiltration. Moreover, with 
the help of eCura system UL (+), EGC patients meeting 

expanded indications had a significantly higher rate of 
perigastric LNM when compared with patients meeting the 
absolute indication (P=0.000274).

Although the eCura system seemingly works, there is 
still a potential risk of recurrence in patients with curative 
resection by ESD (19,20). The local recurrence rate is 0.13–
1.3%, whereas the incidence of synchronous cancer and 
metachronous cancer is 4.0–2.9% and 2.5–5.1% (20-23), 
respectively. Moreover, the cumulative risk rate of 5, 7 and 
10 years is 9.5%, 13.1% and 22.7% (20). Recent large-scale 
Korean EGC patient studies reported that the frequency of 
EGC recurrence was 2.0% to 5.0% after curative resection 
(24-26). Although the reasons for local or distant recurrence 
remain unclear, it might be correlated with the synchronous 
micro-metastasis of perigastric lymph nodes, in particular 
of UL (+) EGC patients. They met the criteria of curative 
resection according to the eCura system. Moreover, 
according to the large-scale evidence-based medicine 
research and database analysis of clinicopathological data 
from the Chinese Association of Gastrointestinal Cancer 
Surgery (27), the perioperative mortality of Chinese gastric 
cancer patients in 2018 is only 0.23%. 

However, there are also some limitations in this study. 
We use an accurate pathological assessment method to 
determine whether EGC lesions are associated with ulcer 
and the existense of gastric LNM, and the degree of 

Table 3 Multivariate linear regression analysis of independent risk factors for lymph node metastasis in UL (+) EGC 

Clinicopathologic parameters Hazard ratio Relative risk (95% CI) P value

Tumor diameter (≤3/>3 cm) 0.4292 0.2292 to 0.8005 0.6679

Differentiation (D/Un-D) 1.686 −0.008989 to 0.1183 0.0922

Depth of Invasion (pT1a/pT1b) 4.797 0.09759 to 0.2329 <0.0001

Tumor location (U/M/L) 1.303 −0.08078 to 0.01633 0.193

Lymphovascular infiltration (yes/no) 8.524 0.2727 to 0.436 <0.0001

Perineural invasion (yes/no) 2.71 −0.2548 to 0.1975 0.1561

EGC, early gastric cancer.

Table 4 The relation between curative resection for UL (+) EGC of expanded indications for ESD and lymph node metastasis

ESD indication
LNM LNM with ly(−), v(−)

P
Yes (%) No Yes (%) No

Absolute indication 22 (4.15%) 510 4 (0.75%) 528 0.000274

Expanded indication 8 (6.67%) 120 8 (6.67%) 120

Ly(−), v(−): no lymphovascular infiltrations. EGC, early gastric cancer; ESD, endoscopic submucosal dissection.
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selection bias and information bias are reduced with the 
gold standard to the greatest extent, but as an observational 
study, the confounding bias may still inevitably. For 
example, there are more ulcer positive EGC cases with 
gastric LNM than ulcer negative cases, and the LNM is 
also possiblely caused by poorer tumor differentiation. 
Besides, there is also a correlation between the degree of 
tumor differentiation and EGC with ulcers or not. In order 
to minimize confounding bias, the study used multivariate 
techniques to control the effects of multiple covariates to 
determine whether ulcer in EGC lesions was a independent 
risk factor for gastric LNM. Secondly, the external validity 
should be considered. Although the population reviewed in 
this study were from two Chinese large gastric treatment 
centers, the observation population was only Chinese. 
Therefore, the results of this study can only represente 
Chinese or Asian ethnicity, which cannot be easily extended 
to all people around the world.

Further studies should be designed to investigate 
these unsolved doubts, which pave the way for a better 
understanding of EGC recurrence and a rational selection 
of multiple treatment strategies like ESD and radical 
surgery for EGC patients.
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