
Oncotarget10676www.impactjournals.com/oncotarget

www.impactjournals.com/oncotarget/ Oncotarget, Vol. 7, No. 9

Histology-based prediction of lymph node metastases in early 
gastric cancer as decision guidance for endoscopic resection

Ulrich Ronellenfitsch1,*, Christiane Lippert2,*, Rainer Grobholz3, Siegfried Lang4, 
Stefan Post1, Georg Kähler1 and Timo Gaiser2

1 Department of Surgery, University Medical Center Mannheim, University of Heidelberg, Mannheim, Germany
2 Institute of Pathology, University Medical Center Mannheim, University of Heidelberg, Mannheim, Germany
3 Institute of Pathology, Kantonsspital Aarau, Aarau, Switzerland
4 First Department of Medicine, Division of Biostatistics, University Medical Center Mannheim, University of Heidelberg, 
Mannheim, Germany
* These authors have contributed equally to this work

Correspondence to: Timo Gaiser, email: timo.gaiser@umm.de
Keywords: early gastric cancer, lymph node metastases, histopathological risk factors, endoscopic treatment, Western study pop-
ulation
Received: October 21, 2015 Accepted: January 24, 2016 Published: February 06, 2016

AbstrAct
Background: Selected cases of early gastric cancer (EGC) can be successfully 

treated by endoscopic therapy if the risk of concurrent lymph node metastases (LNM) 
is negligible. Criteria for endoscopic resection based on risk factor analyses for LNM 
have been established mainly in Asia. However, it is not clear to what extent these 
recommendations can be transferred to Western collectives. The aim of this study 
was to analyze predictors for LNM in EGC in a Western study population.

Methods: From our institutional archive, we selected all patients with gastric 
adenocarcinoma who had undergone gastrectomy with lymphadenectomy (1972 
– 2005). Among 1970 patients 275 cases with EGC were identified. Clinical and 
pathological data were collected and logistic regression analyses performed.

Results: LNM were present in 36/275 (13.1%) patients. With deeper invasion 
proportion of LNM increased. At submucosa level (sm1), patients were almost five 
times more likely to have LNM than at mucosa levels. 

Multivariable logistic regression analysis revealed lymphovascular 
invasion, diffuse- and mixed-type, and invasion depth as significant independent 
histopathological predictors of LNM. In patients with intestinal type according to 
Lauren and no lymphovascular invasion, we found only one LNM-positive case out of 
43 patients in the pT1b (sm1 and sm2) groups.

Conclusions: Our results underline the recommendation of most guidelines that 
endoscopic resection is sufficient for pT1a ECG because of the low incidence of LNM in 
this group. However, there seems also a role for endoscopic therapy in cases of pT1b 
(sm1/2) EGC with intestinal type differentiation and no lymphovascular invasion.

IntroductIon

Despite a decline in incidence, gastric cancer is still 
the fourth most common cause of cancer-related mortality 
in Western countries [1]. As advanced stages are present in 
more than half of patients, the generally poor prognosis is 
only improved by timely diagnosis of early gastric cancers 
(EGC). According to the WHO classification, these are 

defined as adenocarcinomas of the stomach restricted to 
the mucosa or submucosa (pT1a or pT1b), regardless of 
whether lymph node metastases (LNM) are present or 
not [1, 2]. However, the prognosis of EGC is excellent 
with a more than 90% five-year survival rate only in cases 
without LNM [3].

As treatment options for EGC, procedures such 
as endoscopic mucosal resection and endoscopic 
submucosal dissection are considered to be efficient 
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and minimally invasive approaches. However, as lymph 
nodes cannot be removed endoscopically, both techniques 
should only be applied in the absence of LNM [4-7]. 
Therefore, accurate staging and prediction of the risk 
of LNM are crucial for selecting suitable patients for 
endoscopic procedures. Unfortunately, there is no wholly 
reliable upfront staging method for identifying LNM. 
In several studies, computed tomography, endoscopic 
ultrasonography and positron emission tomography failed 
to predict the presence of LNM accurately [8-10]. The 
current gold standard for assessing the risk of LNM is 
therefore based on histological and clinical features of 
the primary tumor after endoscopic resection. Several 
histological and clinical factors have been shown to be 
associated with the occurrence of LNM in ECG: e.g. 
macroscopic tumor type, tumor size, tumor location, depth 
of invasion, presence of vascular or lymphatic invasion 
and histological classification [11-13]. These findings 
resulted in treatment guidelines recommending endoscopic 
procedures for mucosal and at least partly for submucosal 
tumors. However, the exact criteria which carcinoma can 
still be treated with endoscopic resection are unclear and 
recommendations differ between guidelines. 

Guidelines from the National Comprehensive 
Cancer Network (NCCN) restrict endoscopic treatment to 
pT1a tumors with a diameter ≤2 cm, good or moderate 
tumor differentiation, no ulceration and no lymphovascular 
invasion [14]. The clinical practice guidelines of the 
European Society for Medical Oncology (ESMO) give 
similar recommendations regarding tumor size, depth of 
invasion and absence of ulceration but restrict endoscopic 
treatment to well differentiated tumors and furthermore do 
not appreciate lymphovascular invasion as a risk factor 
for LNM [15]. The treatment guidelines of the Japanese 
Gastric Cancer Association (JGCA) consider endoscopic 
resection still curative in pT1b EGC if the tumor has a 
diameter of ≤ 3 cm, is of differentiated histology (papillary 
or tubular adenocarcinoma) and has a submucosal 
infiltration depth of < 500 µm [16].

The basis of all of these recommendations is a risk 
estimate of concurrent LNM in EGC. If the incidence 
of LNM with certain clinical and pathological factors 
is estimated to be very low, lymphadenectomy is not 
required and endoscopic treatment is regarded curative 
[17]. However, these risk estimates require large studies 
to accrue a sufficient number of patients in each group, 
and are therefore very difficult to perform due to the 
general small number of EGC patients. Nearly all 
studies achieving these numbers were performed in 
Asian populations, where EGC is much more prevalent 
and endoscopic screening and treatment is more widely 
performed than in Europe and North America. Since 
differences in biology and aetiology of gastric cancer 
might exist between Eastern and Western countries, 
it could be inappropriate to transfer Eastern treatment 
recommendations without further examination in Western 

collectives [10, 18].
The few available smaller Western studies could 

already identify a number of risk factors in EGC for the 
incidence of LNM [19-23]. Among those were tumor size, 
Lauren type, tumor differentiation, macroscopic aspect of 
the tumor, and invasion depth. However, risk factors were 
inconsistently identified across studies, and only one of the 
series assessed lymphovascular invasion as a potential risk 
factor [19]. Consequently, it remains unclear if Eastern 
criteria for endoscopic treatment can be safely applied 
in this population. Therefore, we recognized the need to 
precisely identify histopathological predictors of LNM in 
EGC in a large Western patient population.

MAterIAls And Methods

Patients and data collection

This retrospective study comprised 275 consecutive 
patients with histologically confirmed pT1 gastric 
adenocarcinoma who underwent surgical resection 
(total or subtotal gastrectomy) including systematic 
lymphadenectomy between October 1972 and June 2005 
at the University Medical Center Mannheim, Germany. 
After this date, definite endoscopic treatment became 
the institutional standard for select cases of EGC. In 
total, 1,970 patients with gastric adenocarcinoma were 
operated at the institution during the study period. None 
of the patients had received neoadjuvant chemotherapy. 
Clinical data were gathered retrospectively from an 
institutional database. Primary tumors were cut into 2-mm 
serial sections followed by complete histopathological 
examination. Data about depth of tumor invasion, tumor 
size, lymphovascular invasion, Lauren classification and 
LNM were reanalysed by experienced gastrointestinal 
pathologists (RG, TG), respectively. The Lauren 
classification was established with the two major 
histological subtypes (intestinal type and diffuse type) 
and mixed type. Histologically, intestinal-type carcinomas 
were diagnosed on the basis of cohesive, gland-forming 
tumor cells with expanding or infiltrative growth patterns, 
whereas diffuse-type carcinomas showed non-cohesive, 
non-gland-forming tumor cells with diffuse growth 
patterns. Mixed type was diagnosed if a combination of 
the two components was present independently of their 
distribution or proportion. Primary tumors (T category) 
were classified by applying the seventh version of the 
UICC TNM staging system of gastric cancer [24]. Depth 
of invasion was classified according to which third of the 
mucosa or submucosa was reached (m1 to 3, sm1 to 3). 
Tumor size was determined as the maximal diameter in 
any dimension on formalin fixed specimens. The study 
was approved by the institutional ethics committee 
(reference number 805R/2014).
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statistical analyses

For univariable analyses, patients were divided 
into those with and those without LNM in final 
histopathological work-up. For data with normal 
distribution, the Student’s t-test was applied to compare 
the two groups. For non-normally distributed data, the 
Mann-Whitney U test was used as a non-parametric 
test. Deviations from the Gaussian distribution were 
tested by the Kolmogorov-Smirnov test. Non-continuous 
(categorical) variables were analysed by use of a 2x2 
table, Fisher’s exact test and the chi-squared test. To 
identify independent predictors of LNM, multivariable 
logistic regression analysis was performed with LNM as 
the dependent binary variable and gender, age, depth of 
invasion, lymphatic invasion and subtype according to 
the Lauren classification as independent variables. There 
was no imputation of missing information for single 
patients. A p-value of p≤0.05 (two-tailed) was considered 
statistically significant for all analyses. The calculations 
were performed with InStat 3.01 (GraphPad Software, San 

Diego, CA, USA) and SPSS 17.0 (IBM SPSS Software 
GmbH, Munich, Germany).

results

A total of 275 patients with pT1 gastric 
adenocarcinoma were included in the study. LNM 
were present in 36 out of 275 (13.1%) patients. Gender 
distribution was 166 males to 109 females, with a 
median age of 64.0 years (range 32 to 85). Histologically, 
intestinal tumors according to the Lauren classification 
were predominant (53.6%) compared with diffuse (30.8%) 
and mixed type (15.6%). One hundred and sixty-two out of 
275 tumors (59.0%) showed submucosal invasion (pT1b). 
Lymphovascular invasion (L1) was present in 23 out of 
275 tumors (8.4%). Demographic, clinical and tumor 
characteristics of patients with and without LNM are listed 
in Table 1. In univariable analysis, patients with LNM 
were significantly younger, were more likely to be female 
and had significantly deeper tumor invasion. Tumors with 
LNM  were significantly more likely to have a diffuse or 
mixed histology according to the Lauren classification 

Figure 1: distribution of lymph node metastases according to depth of invasion. LN: lymph node; m1: invasion into upper 
third of mucosa (relation of LN-negative to LN-positive = 2:0; LN-positive: 0%); m2: invasion into middle third of mucosa (46:1; 2.1%); 
m3: invasion into lower third of mucosa (25:2; 7.4%); sm1: invasion into upper third of submucosa (35:7; 16.7%); sm2: invasion into 
middle third of submucosa (37:6; 14.0%); sm3: invasion into lower third of submucosa (36:11; 23.4%); chi-squared test for trend: p < 0.001.
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and showed more often lymphovascular invasion. Nine 
out of 36 patients with LNM (25.0%) had lymphovascular 
invasion and all of them showed submucosal invasion.

Tumors with LNM were of larger diameter 
compared to those without LNM (3.16 cm (±1.91) versus 
2.66 cm (±1.87)), but the difference failed to reach 
statistical significance (p-value: 0.170). There was a 
positive association of tumor diameter and invasion depth: 
whereas mean tumor diameter in m1 was only 0.85 cm, 
highest values were reached for sm3 with a mean diameter 
of 2.91 cm. LNM were significantly correlated with depth 
of invasion (p-value: 0.001). While no LNM were present 
in m1 tumors, 23.4% of sm3 EGC were nodal positive 
(Figure 1). With increasing invasion depth (from m1 
to sm3) the proportion of patients with LNM increased 
(chi-squared test for trend, p-value < 0.001). When the 
submucosa was infiltrated (level sm1 or deeper), patients 
were almost five times more likely to have LNM than at 
mucosa levels (odds ratio: 4.9, 95% confidence interval: 
1.19-19.97, p-value: 0.033). In the final logistic regression 
model, multivariable analysis revealed depth of invasion, 
lymphatic invasion, Lauren subtype and female gender as 
significant independent risk factors for LNM (Table 2). 

Risk profile analysis

It is of particular interest to re-evaluate cases 
with LNM in the context of the current guidelines for 
endoscopic resection of EGC. In our population, the 
earliest stage of EGC presenting with LNM was a pT1a 
(m2) carcinoma of small size (1.2 cm) and intestinal type 
according to Lauren. In the next subgroup of EGC, namely 
the pT1a (m3) cases, two out 25 cases showed LNM. 
One carcinoma had intestinal histology and no additional 
histological risk factor. The second LNM positive 
carcinoma in the pT1a (m3) group presented with a size 
of 4.0 cm and mixed type histology according to Lauren. 
While lymphadenectomy would be recommended at least 
by some treatment guidelines for the latter case (due to the 
partly undifferentiated histology), the remaining two cases 
would not be considered aggressive since none of the risk 
parameters indicate a high risk for LNM.

Evaluating the group of pT1b (sm1) EGC, one can 
observe an obvious increase in LNM incidence from 3.9 
% (m3) to 18.2 % (sm1), thereby generally questioning 
safe endoscopic treatment in this group. Multivariable 
logistic regression analyses also showed the significance 
of submucosa infiltration for predicting LNM. However, 
by taking into account additional risk factors (patients with 
diffuse or mixed histology and lymphovascular invasion) 
new aspects arise. In cases with intestinal type histology 
and without lymphovascular invasion (“low risk profile”), 
the risk of LNM is low (1/43 cases; 2.3%) when invasion 
depth is not beyond the sm2 level (Table 3).

dIscussIon

The aim of this study was to re-evaluate and verify 
the current guidelines for endoscopic treatment of EGC 
in a Western population by analysing histopathological 
predictors for LNM. To our knowledge, this study is the 
largest to date conducted in a Western population. After 
multivariable analysis three histopathological parameters, 
namely subtype according to the Lauren classification, 
lymphovascular invasion and depth of invasion, could be 
identified as independent predictors for LNM. Additional 
non-tissue-based factors like age and gender could also be 
identified as risk factors for LNM. Increasing tumor size 
was associated with LNM but failed to reach statistical 
significance.

In our multivariable regression analyses, Lauren 
classification was identified as an independent predictor 
for LNM. Diffuse-type and mixed-type histology showed 
an increased risk for the presence of LNM. This is in 
line with the findings of several studies demonstrating 
that diffuse type EGC had the highest rate of LNM [12, 
20-23]. Conversely, Bamboat and colleagues found that 
diffuse type in early stages did not show an inferior 
prognosis compared with intestinal types of gastric cancer 
[25]. It should be noted that mixed-type histology in our 
study presented a particularly strong association with 
LNM, which confirms earlier findings that mixed type 
affects outcomes by a higher risk of LNM [26, 27]. The 
second histological parameter which was significant for 
predicting LNM in our study was lymphovascular invasion 
(L1). While this is in line with findings by Gotoda and 
colleagues [11], most Western studies had not assessed 
this histopathologic feature [12, 20-23]. Just recently our 
findings were confirmed by Ahmad et al. showing the 
importance of L1 in a small Western collective of EGC by 
multivariate analyses (p < 0.001) [19].

Despite high interobserver variability in diagnosis of 
lymphovascular invasion [28] many guidelines recognize 
the predictive importance of L1 and rule out endoscopic 
treatment for EGC with lymphatic invasion [6, 14, 16].

The strongest predictor of LNM in our analyses 
was depth of invasion. The current TNM classification 
separates pT1 gastric cancers into tumors invading the 
lamina propria or muscularis mucosae (pT1a) and those 
invading the submucosa (pT1b) [24]. This separation 
seems justified since we found a significant increase of 
LNM risk from pT1a to pT1b (3.9% in m3 versus 18.2% 
in sm1 EGC). Independently of this separation it is widely 
debated whether a certain depth of mucosal or submucosal 
invasion can serve as a cut-off criterion for the risk of 
LNM. Although some studies could not demonstrate 
a significant association between depth of invasion and 
LNM, the majority found a positive correlation [20-23, 
29-31]. One of the few Western series available stated that 
endoscopic procedures should be limited to m1 and m2 
carcinomas on the basis of an observed rate of 13% LNM 
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table 1: univariable analysis of risk factors for lymph node metastasis in 275 patients undergoing surgical treatment 
for early gastric cancer

lnM + 
(13%, N = 36)

lnM - 
(87%, N = 239)

All PAtIents 
(N = 275) odds ratio, 95% cI p-value

Age (mean±sd) 58.3 years (±13.4) 63.0 years (±11.1) 62.4 years (±11.5) 0.02e

Gender 3.15 (1.52; 6.53) 0.002e

Female (%) 23 (63.9%) 86 (36.0%) 109 (39.64%)
Male (%) 13 (36.2%) 153 (64.0%) 166 (60.4%)
depth of invasiona 5.34 (1.82; 15.67) 0.001e

pT1a (%) 4 (11.1%) 94 (39.3%) 98 (35.6%)
pT1b (%) 30 (83.3%) 132 (55.2%) 162 (58.9%)
subgroups & tumor sizeb 
(mean±sd) <0.001f

m1 (%), 0.85±0.21 cm 0 (0%) 2 (1.1%) 2 (1.0%)
m2 (%), 2.66±2.53 cm 1 (3.7%) 46 (25.4%) 47 (22.6%)
m3 (%), 2.69±1.77 cm 2 (7.4%) 25 (13.8%) 27 (13.0%)
sm1 (%), 2.41±1.60 cm 7 (25.9%) 35 (19.3%) 42 (20.2%)
sm2 (%), 2.72±1.78 cm 6 (22.2%) 37 (20.4%) 43 (20.7%)
sm3 (%), 2.91±1.65 cm 11 (40.7%) 36 (19.9%) 47 (22.6%)

tumor sizec (mean±sd) 3.16 cm (±1.91) 2.66 cm (±1.87) 2.73 cm 
(±1.88) 0.170e

lauren subtyped 4.33 (1.87; 10.03) <0.001g

Diffuse (%) 10 (30.3%) 67 (30.9%) 77 (30.8%)
Intestinal (%) 8 (24.2%) 126 (58.1%) 134 (53.6%)
Mixed (%) 15 (45.5%) 24 (11.1%) 39 (15.6%)
lymphovascular invasion 5.36 (2.12; 13.55) 0.001e

Yes (%) 9 (25.0%) 14 (5.9%) 23 (8.4%)
No (%) 27 (75.0%) 225 (94.1%) 252 (91.6%)

SD: standard deviation; cm: centimetres; LNM: lymph node metastases; CI: confidence interval
a available in 260 patients
b available in 208 patients
c available in 223 patients
d available in 250 patients
e Fisher’s exact test
f chi-square test for trend
g chi-square test

table 2: Multivariable analysis of risk factors for lymph node metastasis in 275 patients 
undergoing surgical treatment for early gastric cancer

Odds ratio (95% confidence interval)
Depth of invasion 
(submucosa versus mucosa) 4.25 (1.35; 13.33)

Lymphovascular invasion 
(yes versus no) 4.01 (1.28; 12.58)

Lauren subtype (diffuse or 
mixed-type versus intestinal 
type)

3.14 (1.12; 8.83)

Gender (female versus 
male) 2.68 (1.14; 6.28)

Age (one-year difference) 0.97 (0.94; 1.01)
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in m3 carcinomas [12]. However, this is in contrast to the 
findings by Ahmad and colleagues also examining Western 
EGC patients and detecting only one LNM positive patient 
out of 23 pT1a tumours [19]. The finding is in line with 
many other publications finding a relevant incidence of 
LNM only in tumors with submucosal invasion (pT1b), 
advocating that all pT1a carcinomas are suitable for 
endoscopic treatment [7, 17, 18, 24].

In our study, LNM were present in only two pT1a 
(m3) cases, but this still accounted for a LNM risk of 
7.4% because of the small total number of patients in this 
group. This makes conclusions for this subgroup difficult 
and draws attention to the pT1b (sm1) group (42 cases in 
total, 7 LNM positive). In this group, there is a substantial 
increase in the rate of LNM (16.7% versus 7.4% in m3) 
which is mirrored by significance of the comparison of 
submucosal with mucosal invasion in the multivariable 
logistic regression analysis. However, when considering 
additional histological risk factors (excluding patients 
with diffuse or mixed histology or lymphovascular 
invasion; “low risk profile”) only one case with LNM 
remained in the pT1b (sm1) group. This finding was 
even more pronounced in the pT1b (sm2) group: after 
exclusion of cases with diffuse or mixed histology and 
lymphovascular invasion no case with LNM remained. In 
the pT1b (sm3) group, in turn, the LNM risk was higher 
even when the other histopathological factors matched a 
“low risk profile”. While this “case by case” discussion 
by considering additional histological risk factors can 
be helpful for decision making in selected patients it 
does not give a clear rationale for endoscopic treatment 
in pT1b EGCs. Since the majority of studies, including 
ours, indicate LNM in up to 20% of patients with pT1b 
tumors, surgical resection with lymphadenectomy 
remains the gold standard. The additional histological 
factors cannot be disregarded, but since these are based 
on low absolute patient numbers, “extended criteria” for 
endoscopic resection should only be defined in the context 
of prospective large multicenter studies.

Another non-tissue-based factor statistically 
associated with increased risk of LNM was female gender. 
Albeit no convincing biological rationale can be given for 

this observation, a previous study did report the same 
phenomenon in a Japanese population [32]. In clinical 
routine and the current guidelines, gender does not play a 
relevant role for quantifying the risk of LNM and deciding 
on this basis about endoscopic therapy in patients with 
EGC, and further research is needed to corroborate this 
finding.

Our study has a number of methodological 
limitations. First, it is a retrospective series from a single 
centre covering a large time period and the findings 
need external validation in prospective studies. Second, 
surgical and histopathological techniques have not 
been standardized and are prone to variation over time. 
Although for most of the specimens histopathological 
reassessment by experienced gastrointestinal pathologists 
was possible, a number of cases had to be included based 
on the original pathological reports, where some data 
were incomplete. In particular, we lacked information on 
ulceration and could not include this aspect in our analyses 
although it has been shown to be a risk factor for LNM in 
other series. Third, although systematic lymphadenectomy 
was the institutional standard for the entire study period, 
its true extent remains unclear as for many patients 
information on the exact number of harvested lymph 
nodes was not available. This is important, as the risk of 
LNM might be underestimated in cases with incomplete 
lymphadenectomy, because metastatic lymph nodes 
could have been missed during surgery. Fourth, although 
our cohort represents one of the largest non-Asian series 
published, the absolute number of patients with LNM is 
still relatively low. This limits the statistical power of our 
analyses and thus some true predictors of LNM might not 
have been identified. Additionally, the study simplifies 
the complex problem of LNM. Unfortunately, not all 
patients are cured by removal of LNM, but rather develop 
distant metastases subsequently, which ultimately leads 
to a fatal outcome. The study does not take into account 
that these patients do not benefit from lymphadenectomy. 
For reasons of clarity and rationalization, it was assumed 
that in the case of LNM patients will benefit from 
lymphadenectomy.

In conclusion, we were able to identify significant 

table 3: lymph node metastases in patients with gastric cancer of intestinal type and lack of lymphovascular invasion 
(“low risk profile”) according to depth of invasion into the mucosa/submucosa

no lnM lnM
m1 1 0
m2 25 1
m3 12 1
sm1 22 1
sm2 21 0
sm3 15 2

LNM: lymph node metastases; m1: cancer invasion into the upper third of the mucosa; m2: cancer invasion into the middle 
third of the mucosa; m3: cancer invasion into the lower third of the mucosa; sm1: cancer invasion into the upper third of the 
submucosa; sm2: cancer invasion into the middle third of the submucosa; sm3: cancer invasion into the lower third of the 
submucosa
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independent risk factors for LNM in EGC in a large 
Western cohort. Our model identified known parameters 
like lymphovascular invasion and depth of invasion. 
We were also able to demonstrate that the Lauren 
classification, which has existed for a long time, is still 
useful in predicting LNM in EGC by recognizing diffuse 
and mixed histology as a risk factor. We showed that 
submucosal invasion is a major risk factor for LNM 
in EGC and should lead to the recommendation of 
gastrectomy with lymphadenectomy. The possibility of 
performing endoscopic treatment in pT1b EGC in the 
absence of histological factors associated with high LNM 
risk should be evaluated in a clearly defined prospective 
clinical trial.
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