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Abstract

Background The ability to predict the presence of lymph node metastasis has gained significant importance in
recent years due to changes in treatment strategies. Ensuring the absence of lymph node metastasis is crucial in the
management of early gastric cancer. This consideration can help avoid radical treatments and facilitate organ-sparing
approaches. This study aimed to retrospectively evaluate early gastric adenocarcinoma (T1a-b) cases treated with
radical surgery and identify the factors that affect lymph node metastasis.

Methods A retrospective analysis was performed on 360 patients who underwent surgery for gastric
adenocarcinoma were reviewed, and 41 patients diagnosed with early gastric cancer were included in the study.

The relationship between patient age, gender, tumor stage, tumor size, tumor location, histological subtype,
lymphovascular invasion, perineural invasion, ulceration, tumor-infiltrating lymphocytes, and lymph node metastases
was analyzed. A cumulative risk score was developed using significant predictors to stratify patients into risk groups.

Results The study cohort consisted of 41 patients, with a mean age of 63 years and 66% male. Notably, none of the
14 patients with T1a exhibited lymph node metastasis, whereas 10 of 27 (37%) patients with T1b presented with
lymph node metastasis. Univariate analysis revealed that tumor stage (p=0.009), tumor differentiation (p=0.043),
and lymphovascular invasion (p=0.006) were significant predictors of lymph node metastasis. Multivariate analysis
identified a significant association between lymphovascular invasion (p=0.024) and tumor size (p=0.05) with lymph
node metastasis. The proposed risk scoring system effectively stratified patients into low, intermediate, and high-risk
groups.

Conclusion Examination of radical surgical specimens suggests that organ-preserving methods based on

expanded ESD criteria could be a viable option for our population. Tumor stage, histological subtype, tumor size, and
lymphovascular invasion were identified as factors influencing the incidence of lymph node metastasis, with tumor
stage and lymphovascular invasion emerging as primary determinants. The exploratory scoring model may aid in risk-
based clinical decision-making, particularly in selecting candidates for non-surgical treatment.
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Background

Gastric cancer (GC) remains the third leading cause of
cancer-related mortality worldwide. However, the rate of
early diagnosis has significantly improved over the past
few decades [1]. According to recent reports, more than
60% of newly diagnosed gastric cancer cases in Japan
are identified as early gastric cancer, underscoring the
importance of early detection and treatment [2].

Early gastric cancer is defined as tumors that invade
no deeper than the submucosa, regardless of lymph node
metastasis (pT1), according to the recent TNM clas-
sification [3]. The presence of lymph node metastasis is
a significant indicator of patient survival and serves as
a critical factor in determining appropriate treatment
options. Historically, the standard recommendation was
to pursue radical surgery irrespective of lymph node
status. However, in the context of early gastric cancer,
when it has been confirmed that there is no lymph node
metastasis, organ-preserving treatment modalities may
now be preferentially considered. There is growing inter-
est in organ-preserving modalities due to their potential
to minimize morbidity and mortality while improving
the overall quality of life, especially in cases of early gas-
tric cancer. Endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD) have become
standard procedures for managing early gastric cancer,
particularly in Asia [4-7]. The recent expansion criteria
of the Japanese gastric cancer guidelines have broad-
ened the criteria for considering ESD, including (1) dif-
ferentiated non-ulcerating T1a tumors larger than 2 cm,
(2) differentiated ulcerating T1a lesions 3 cm or smaller,
(3) undifferentiated non-ulcerating T1a tumors 2 cm or
smaller, and (4) differentiated non-ulcerating T1b tumors
3 c¢m or smaller within 500 pm of the muscularis mucosa
[6].

Various studies have identified the factors that predict
lymph node metastasis, particularly in Asian populations
[8, 9]. The primary objective was to utilize factors such
as tumor size, ulceration, tumor histology, depth of inva-
sion, and lymphovascular invasion are critical in deter-
mining the likelihood of lymph node metastasis [10-13].
Western guidelines remain more conservative than the
increasingly expansive Eastern guidelines, leading to an
ongoing debate regarding the optimal approach for eval-
uating gastric cancer pathology [14, 15].

Distinct variations in lymph node metastasis rates
between Eastern and Western studies are evident, with
Eastern studies demonstrating superior survival and
lower rates of lymph node metastasis. This discrep-
ancy has led to skepticism about the applicability of the
“expanded ESD criteria” in Western contexts [8, 10, 11].

This study aims to identify the morphological factors
influencing lymph node metastasis in early gastric cancer,

Page 2 of 8

contributing to the varying lymph node metastasis rates
reported in different populations within the literature.

Methods

Study design

This retrospective cohort study was conducted using data
from patients who underwent surgical resection for early
gastric cancer at the Department of General Surgery of
the Istanbul Faculty of Medicine.

This study was conducted in accordance with the ethi-
cal principles outlined in the Declaration of Helsinki
(1964) and its subsequent amendments, which empha-
size respect for individuals, beneficence, and justice in
biomedical research involving human subjects. Ethi-
cal approval was obtained from the Istanbul University,
Istanbul Faculty of Medicine Ethics Board (approval
number: 1779298, May 26, 2023). Due to the retrospec-
tive nature of the study, individual informed consent
was not required. However, all patients had previously
signed institutional consent forms allowing the use of
their anonymized clinical data for academic and research
purposes.

Patient selection

Patients with confirmed pT1 adenocarcinoma after cura-
tive resection for gastric cancer between January 2011
and December 2022 at the Istanbul Faculty of Medicine
Department of General Surgery were included. Patients
who received neoadjuvant therapy or surgery for recur-
rent or remnant disease were excluded from the study.

All patients were staged using thoracic and abdomi-
nal computed tomography (CT) and Positron Emission
Tomograhy/Computed Tomography (PET/CT) before
surgery following endoscopic diagnosis.

A total of 360 patients underwent resection during this
period, of whom 41 (11%) were confirmed to have pT1
early gastric cancer. All surgeries were performed by the
same team with consistent D2 dissection.

Pathological evaluation was performed by a single gas-
trointestinal pathologist. Due to the retrospective nature
of the study, blinding was not performed.

Variables
The following variables were analyzed: age, sex, tumor
location (cardia, corpus, and antrum), tumor size, depth
of invasion (intramucosal (T1a) and submucosal (T1b)),
ulceration, tumor differentiation (well, moderate, and
poor), histologic subtype (adenocarcinoma, signet ring
cell carcinoma, mucinous adenocarcinoma), lympho-
vascular invasion (LVI), tumor-infiltrating lymphocytes,
and perineural invasion. The total number of harvested
lymph nodes was also analyzed.

The primary endpoint was the association between
the variables and LNM. The secondary endpoint was
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the eligibility of the patients for ESD according to the
expanded criteria.

Statistical analysis

The data were analyzed using Kolmogorov-Smirnov and
Shapiro-Wilk tests to assess the normality of quantita-
tive variables. Categorical data are presented as numbers
and percentages, while quantitative data are reported as
medians with minimum-maximum ranges. The Pearson
Chi-Square test was used to compare the effects of cat-
egorical variables on lymph node involvement, and the
Mann-Whitney-U test was used for non-normally dis-
tributed quantitative variables. Logistic regression was
used for multivariate analysis of factors affecting lymph
node positivity. Statistical significance was set at p <0.05.
Statistical analyses were conducted using SPSS Version
28.0 (IBM, USA).

Table 1 Baseline characteristics
Age

Median (min-max) 63 (33-81)
n %

Gender Female 14 34
(n=41) Male 27 66
Tumor Location Cardia 8 20
(n=41) Corpus 6 14

Antrum 27 66
Depth of Invasion T1a 14 34
(n=41) Tib 27 66
Differentiation Well 2 5
(n=38) Moderate 16 42

Poor 20 53
Tumor Size (cm)
Median (min-max) 2,5(0,2-6)

n %

Tumor size <2cm 17 42
(n=41) <3cm 30 73

>3cm 1 27
Ulceration Positive 24 60
(n=40) Negative 16 40
Lymphovascular invasion Positive 16 47
(n=34) Negative 18 53
Perineural invasion Positive 3 10
(n=33) Negative 30 0
Tumor-infiltrating lymphocytes  Positive 10 37
(n=27) Negative 17 63
Histologic subtype Signet ring cell 12 32
(n=38) carcinoma

Adenocarcinoma 24 63

Mucinous 2 5

adenocarcinoma
Lymph node metastasis Positive 10 24
(LNM) Negative 31 76

(n=41)
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Risk stratification model

To assess the cumulative effect of significant clinicopath-
ological predictors on lymph node metastasis (LNM), we
developed a data-driven risk scoring system using our
own patient cohort. Variables were selected based on
their statistical association with LNM in univariate analy-
sis and their clinical relevance.

Point values were assigned proportionally to the
observed LNM rates within each subgroup. Lymphovas-
cular invasion (LVI) and submucosal invasion (T1b) dem-
onstrated the highest LNM rates (40-45%) and were each
assigned 2 points. Poor tumor differentiation and tumor
size greater than 3 cm were associated with more modest
increases in LNM risk and were each assigned 1 point.
This generated a total cumulative score ranging from 0 to
6 per patient.

Based on the distribution of scores and correspond-
ing LNM incidence, patients were stratified into three
risk categories: low (0-2 points), intermediate (3—4
points), and high (5—6 points). The relationship between
these categories and actual LNM positivity was analyzed
descriptively and visualized.

Although the eCura system is widely used to guide
post-ESD surveillance, we did not directly apply it for two
reasons: first, our cohort consisted entirely of surgically
treated patients without actual ESD procedures; second,
key eCura variables such as vertical margin status and
venous invasion were unavailable in our dataset. Thus, a
simplified, exploratory scoring model tailored to our data
was developed to enable internal stratification.

Results

Patient characteristics

The study included 41 patients with a median age of 63
years (range: 33—-81 years). Among them, 66% (27/41)
were male. Tumors were located in the antrum in 66%
(27/41) of cases, and 66% (27/41) were submucosal (pT1).
Tumor differentiation was classified as poor in 53%
(20/38) of cases, and the signet ring cell carcinoma sub-
type was identified in 32% (12/38). Lymphovascular inva-
sion (LVI) was present in 47% (16/34) of cases, and lymph
node metastasis (LNM) was observed in 24% (10 out of
41). The average number of harvested lymph nodes was
27. The baseline characteristics are detailed in Table 1.

Univariate analysis of factors affecting lymph node
metastasis
In univariate analysis, lymphovascular invasion (p <0.01),
depth of invasion (p<0.01), and tumor differentiation
(p=0.04) were significant predictors of LNM. Table 2
presents the results of the univariate analysis.

Variables affecting LNM were analyzed using a logistic
regression analysis. Tumor size (OR: 1.75, 95% CI 1-3.06,
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Table 2 Univariate analysis of factors affecting LNM
LNM positive LNM negative p
n % n %

Age 0,223M
Gender Female 5 36 9 64 0,267%
(n=41) Male 5 18 22 82
Tumor Location Proximal 2 25 6 75 0,848
(n=41) Distal 8 24 25 76
Depth of Invasion Tla 0 14 100 0,009%
(n=41) Tib 10 37 17 63
Differentiation Well and moderate 2 11 16 89 0,043
(n=38) Poor 8 40 12 60
Tumor size <3cm 7 23 23 77 0,119
(n=41) >3cm 3 27 8 73
Ulceration Positive 7 29 17 71 0,711
(n=40) Negative 3 19 13 81
Lymphovascular invasion Positive 8 50 8 50 0,006¢
(n=34) Negative 1 6 17 %
Perineural invasion Positive 2 67 1 33 0,1 74K
(n=33) Negative 7 23 23 77
Tumor-infiltrating lymphocytes Positive 2 20 8 80 0,678%
(n=27) Negative 5 29 12 71
Histologic subtype Signet ring cell carcinoma 3 27 8 73 0,629¢
(n=38) Adenocarcinoma 5 21 19 79

Mucinous adenocarcinoma 1 50 1 50

M Mann-Whitney U Test
K Pearson Chi-square Test

Table 3 Logistic regression analysis of node positivity

OR Cl (%95) P

Age 0,96 091-1,02 0,211
Gender 15 0,08-26,85 0,783
Tumor size 1,75 1-3,06 0,05

Differentiation 533 0,95-29,81 0,057
Lymphovascular invasion 17 1,81-160,05 0013
Perineural invasion 6,57 0,52-83,76 0,147
Tumor location(proximal) 1,04 017-6,22 0,964
Ulceration 1,78 0,39-8,27 0,459

Tumor-infiltrating lymphocytes 0,6
OR: Odds Ratio, CI: Confidence Interval

0,09-3,89 0,592

p=0.05) and LVI (OR: 17, 95% CI 1.81-160.05, p=0.001)
were found to be significant. (Table 3)

Risk stratification analysis
A total risk score ranging from 0 to 6 was calculated for
each patient based on the presence of four variables:
lymphovascular invasion (2 points), submucosal inva-
sion (2 points), poor tumor differentiation (1 point), and
tumor size >3 cm (1 point). Based on cumulative scores,
patients were categorized into low (0-2 points), interme-
diate (3—4 points), and high (5—6 points) risk groups.

Of the 41 patients, 18 (44%) were classified as low risk,
12 (29%) as intermediate, and 10 (24%) as high risk. LNM
was observed in 1 patient (5.6%) in the low-risk group,

3 patients (25%) in the intermediate-risk group, and 6
patients (60%) in the high-risk group. A clear trend of
increasing LNM prevalence with higher risk score was
observed (Fig. 1).

Validation of endoscopic resection criteria

All patients were evaluated according to the criteria for
endoscopic resection. Cases meeting the specified crite-
ria did not exhibit lymph node metastasis (LNM). Twelve
patients met the expanded ESD criteria in our cohort,
and none of the patients had lymph node metastasis. One
patient exhibited LNM positivity without LVI. The tumor
was classified as T1b, > 3 cm, and poorly differentiated,
thus failing to meet specified criteria. (Table 4)

Discussion

In our study, 24% of pT1 gastric adenocarcinomas exhib-
ited lymph node metastasis (LNM), a rate slightly higher
than that reported in Eastern studies, but consistent with
findings from Western studies. For example, a Japanese
study involving 5,265 patients by Gotoda et al. reported
2.2% positive lymph node metastases in 3,016 intramu-
cosal cases (pTla), and 17.9% in 2,249 submucosal
cases (pT'1b) [8]. Similarly, Holscher et al. reported that.
reported 10.6% lymph node metastasis in intramucosal
tumors and 25.3% lymph node metastasis in submucosal
tumors in a study of 121 early gastric cancer cases [16]. A
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Lymph Node Metastasis Rate by Risk Group
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Fig.1 Lymph node metastasis (LNM) rate by risk group. Patients were stratified into low (0-2 points), intermediate (3—4 points), and high (5-6 points) risk
categories based on a cumulative risk score. LNM rates were 5.6%, 25%, and 60%, respectively

Table 4 Validation of ESD criteria

Differentiation Tumor size LVI negative LVI positive
Total LNM positive Total LNM positive
n % n %
Well and moderate <2cm 4 0 0 3 1 33
<3cm 6 0 0 5 2 40
>3cm 0 2 2 100
Poor* <2cm 2 0 3 2 67
<3cm 7 0 0 5 4 80
>3cm 4 1 25 3 2 67

LVI: Lymphovascular invasion, LNM: Lymph node metastasis

*Signet ring cell carcinoma and mucinous adenocarcinomas classified as poorly differentiated

recent Canadian study by Watanabe et al. reported lymph
node metastasis rates of 3.8% in intramucosal tumors
and 41% in submucosal tumors [11]. Disparity between
the Eastern and Western pathological standards must be
considered when comparing these rates. In Japan, severe
dysplastic cytologic atypia, characterized by enlarged
vesicular oval nuclei and prominent nucleoli, is sufficient
for cancer diagnosis, whereas in the West, evidence of
invasion into the lamina propria is required. The differ-
ence presents a challenge in defining early cancer, and
an ongoing debate persists on this issue [17-19]. In our
study, we observed a 37% rate of lymph node metastasis
in submucosal tumors.

Clinical staging is the initial step in determining treat-
ment options. Endoscopy, CT, PET/CT, and particularly
for early-stage cases, endoscopic ultrasound (EUS) are
recommended. CT scans can detect the depth of inva-
sion at a rate of 43—-82%, whereas PET/CT identifies it

at a lower rate. Additionally, CT can detect lymph node
metastasis at a rate of 56%, while PET/CT detects it at a
rate of 78%. Although these rates seem improved through
combined use, they do not demonstrate high reliability in
excluding lymph node metastasis [20-22].

Endoscopic Ultrasound (EUS) is endorsed as a method
for assessing the depth of invasion and the presence of
lymph node metastasis. However, operator dependency
may introduce a level of subjectivity in the evaluation of
results. A comprehensive multicenter study revealed that
EUS achieves an accuracy of 46.2% in detecting the depth
of invasion and an accuracy of 66.7% in identifying lymph
node metastasis [23]. When combined with other imag-
ing methods, sensitivity and specificity have been shown
to increase. EUS is particularly useful for distinguishing
between T1 and T2 stages. In a meta-analysis involving
2,772 patients from 46 studies for differentiating T1 from
T2, sensitivity and specificity were found to be 0.85 (95%
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CI 0.78 to 0.91) and 0.90 (95% CI 0.85 to 0.93), respec-
tively [24]. Although EUS seems superior to other imag-
ing methods for local staging, particularly in early gastric
cancer; however, literature shows varying results due to
its operator-dependent nature.

The presence of LNM is a critical factor limiting the use
of endoscopic resection for gastric cancer. Curative endo-
scopic resection with negative margins in LNM-negative
gastric cancer is now the standard practice. Therefore,
accurate prediction of LNM is essential for success-
ful management of early gastric cancer with endoscopic
resection. Factors such as tumor size, histology, and lym-
phovascular invasion have been identified as important
predictors in this regard [7].

In our cohort, lymph node metastasis was detected in
24% of patients with pT1 gastric adenocarcinoma, includ-
ing 37% of those with submucosal invasion. These find-
ings support the continued necessity of surgical resection
in patients who do not clearly meet endoscopic resection
criteria. Notably, Petrucciani et al. [25] emphasized that,
despite the growing adoption of endoscopic treatment,
lymphadenectomy remains crucial for accurate staging
in early gastric cancer. Their analysis showed that even
among patients meeting endoscopic resection criteria,
a small but clinically meaningful proportion exhibited
nodal involvement, underscoring the limitations of cur-
rent predictive models and the ongoing need for surgical
lymph node assessment in selected patients.

In the literature, there is debate regarding the total
number of lymph nodes required to accurately assess
metastasis. A review by Kwee et al. of 40 studies on
lymph node metastasis in early gastric cancer highlighted
that 16% of these studies included D2 dissection, with
emphasis on the number of lymph nodes removed [12].
Current guidelines recommend removing at least 15
lymph nodes to ensure adequate staging [5]. During the
study period, D2 dissection was consistently performed
at our institution, and we reported a median lymph node
harvest of 27, which is in line with current standards.

Tumor location may influence surgical technique and
has been suggested as a potential predictor of lymph
node metastasis. However, our findings align with those
of recent studies that showed no significant relationship
between tumor location and lymph node metastasis.
A large study by ZeLong et al., which investigated 5440
cases of early gastric cancer, found no significant differ-
ence between proximal and distal gastric tumors, consis-
tent with previous Asian studies [13]. Similarly, our study
did not find that tumor location was a significant predic-
tor of LNM. (OR:1.04 [95% CI 0.17-6.22], p =0,14)

Tumor size was identified as a significant factor in pre-
dicting lymph node metastasis, with larger tumors being
more likely to exhibit LNM. This factor is now incor-
porated into the ESD criteria. (OR: 1.6, 95% CI 1-3.05,
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p=0.05). The role of tumor size in undifferentiated car-
cinomas remains debatable. Oh et al. in Korea found
that tumors smaller than 2 ¢cm without LVI had a low
risk LNM rate of 1.5%, and tumors smaller than 0.9 cm
showed no LNM [26]. When assessed in conjunction
with other variables in the study by Kim et al., encom-
passing 3246 patients, tumor size was significant [27].
Our findings align with this finding, as smaller tumors
without LVI showed a lower risk of LNM.

Lymphovascular invasion and tumor differentiation
were identified as the strongest predictors of LNM in
our study, consistent with findings in the literature [7, 8].
In particular, LVI emerged as the most significant factor
(OR:17, [95% CI 1.81-160.05], p<0,01). This is consis-
tent with previous studies that highlight LVI and depth
of invasion as the most important predictors of LNM [9,
28]. Perineural invasion, although significant in other
studies, did not show a significant correlation with lymph
node metastasis in our study (OR:6.57 [95% CI 0.52—
83.76], p=0,14).

Our findings allowed us to propose an exploratory risk
stratification model for predicting lymph node metasta-
sis (LNM) in early gastric cancer. The model, integrating
four key pathological variables, effectively differentiated
patients into low-, intermediate-, and high-risk groups
with LNM rates of 5.6%, 25%, and 60%, respectively.
While preliminary, these results suggest that such a
scoring system could assist in refining individualized
treatment decisions, particularly when evaluating the
suitability of non-surgical approaches such as endoscopic
resection.

Although the eCura system is widely used for stratify-
ing LNM risk in patients undergoing endoscopic resec-
tion, we did not apply it in our study for two reasons:
first, our cohort consisted solely of surgically resected
patients who did not undergo ESD; second, essential vari-
ables required for eCura scoring—such as vertical margin
status and venous invasion—were not consistently avail-
able. As a result, we sought to develop a simplified and
internally coherent model based on the variables present
in our dataset.

Similar predictive models have been reported in the
literature. For instance, Sekiguchi et al. developed a risk-
scoring model incorporating tumor size, submucosal
invasion depth, histological type, ulcerative findings, and
lymphovascular involvement to predict LNM in early
gastric cancer patients undergoing gastrectomy in Japan
[29]. However, to our knowledge, such stratification tools
have rarely been validated or developed in Western sur-
gical cohorts. This distinction underscores the potential
contribution of our findings to expanding the applica-
bility of risk-adapted treatment algorithms in broader
clinical settings. Further validation in larger, multicentric
Western cohorts is warranted.
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Unlike most existing models for LNM prediction,
which have been developed and validated in Eastern pop-
ulations undergoing endoscopic resection, our scoring
system is based on a Western patient cohort that under-
went surgical resection with full pathological assessment
of resected specimens. This distinction is critical, as it
allows for direct histopathological validation of lymph
node status and provides insight into a patient group
often underrepresented in endoscopic series. Our model
therefore contributes to the literature by addressing LNM
risk stratification in a surgically treated Western popula-
tion—a context where external validation of existing risk
models remains limited.

This study has several limitations. First, the sample size
is relatively small, which may limit the statistical power
of both univariate and multivariate analyses. Second, the
retrospective and single-center design may introduce
selection and reporting biases. Third, certain variables
relevant to established scoring systems, such as venous
invasion or vertical margin status, were not available
in all cases, limiting the direct applicability of external
models like eCura. Finally, while our risk scoring model
demonstrated promising internal discriminatory capac-
ity, it should be interpreted as hypothesis-generating and
requires prospective validation in larger, multi-institu-
tional Western cohorts.

Conclusion

This study demonstrated a higher prevalence of lymph
node metastasis in early gastric cancer in Western pop-
ulations than in Eastern populations, which is consis-
tent with previous literature. Factors such as the depth
of invasion, lymphovascular invasion, tumor size, and
tumor differentiation are critical in predicting lymph
node metastasis. Our findings suggest that the expanded
Endoscopic Submucosal Dissection (ESD) criteria may
be feasible for use in Western populations. Additionally,
the proposed risk scoring system effectively stratified
patients into low-, intermediate-, and high-risk groups
and may support individualized treatment planning.
However, larger-scale studies in both Eastern and West-
ern contexts are needed to validate these findings and
further refine the criteria for endoscopic resection in
early gastric cancer.
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Acknowledgements
We thank Professor Yaman Tekant (Department of General Surgery, Faculty
of Medicine, Istanbul University) for his criticisms on this issue and paper.

Page 7 of 8

We also thank Dr. Meryem Tuncak (Department of General Surgery, Faculty
of Medicine, Istanbul University) for her efforts on ethical approval and data
collection.

Author contributions

Research conducted by MKG and HAB, with MB analyzing pathological
specimens and reports, while LDE, MI, and AFKG examined data and gathered
appropriate cases. HAB and |G analyzed the results and wrote the paper. All
authors reviewed and approved the final manuscript.

Funding
The author(s) received no financial support for the research, authorship, and/
or publication of this article.

Data availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Istanbul University, Istanbul Faculty of
Medicine Ethics Board (Approval No. 1779298, dated May 26, 2023). The study
was conducted in accordance with the Declaration of Helsinki and its later
amendments. Due to the retrospective nature of the study, the requirement
for individual informed consent was waived by the ethics committee.
However, all patients had previously signed institutional consent forms
permitting the use of anonymized clinical data for academic and research
purposes.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 January 2025 / Accepted: 13 June 2025
Published online: 04 July 2025

References

1. Ferlay JSI, Soerjomatarm |, Ervik M, et al. GLOBOCAN 2012 v1.0, Cancer
incidence and mortality worldwide; IARC CancerBase No. 11. Lyon, France:
International Agency for Research on Cancer; 2013.

2. Ministry of Health, Labour and Welfare. The 4th NDB Open Data. [cited 2020
Nov 1]. Available from: https://www.mhlw.gojp/stf/seisakunitsuite/bunya/00
00_177221_00003.html

3. Sobin LH, Gospodarowicz MK, Wittekind C. UICC TNM classification of malig-
nant tumors. 7th ed. Oxford: Wiley-Blackwell; 2010.

4. Park CH, Yang DH, Kim JW, Kim JH, Kim JH, Min YW, Lee SH, Bae JH, Chung H,
Choi KD, Park JC, Lee H, Kwak MS, Kim B, Lee HJ, Lee HS, Choi M, Park DA, Lee
JY, Byeon JS, Park CG, Cho JY, Lee ST, Chun HJ. Clinical Practice Guideline for
Endoscopic Resection of Early Gastrointestinal Cancer. Clin Endosc. 2020.

5. National Comprehensive Cancer Network. Gastric Cancer. (Version 5.2021).
https://www.nccn.org » physician_gls > pdf > gastric. Accessed May 2021.

6. Japanese Gastric Cancer Association. Japanese gastric cancer treatment
guidelines 2018 (5th edition). Gastric Cancer. 2021,24(1):1-21. https://doi.or
9/10.1007/510120-020-01042-y. Epub 2020 Feb 14. PMID: 32060757; PMCID:
PMC7790804.

7. OnoH,Yao K, Fujishiro M, Oda I, Nimura S, Yahagi N, lishi H, Oka M, Ajioka
Y, Ichinose M, Matsui T. Guidelines for endoscopic submucosal dissection
and endoscopic mucosal resection for early gastric cancer. Dig Endosc.
2016;28(1):3-15. https://doi.org/10.1111/den.12518. Epub 2015 Oct 4. PMID:
26234303.

8. GotodaT,Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shimoda T, Kato
Y. Incidence of lymph node metastasis from early gastric cancer: estima-
tion with a large number of cases at two large centers. Gastric Cancer.
2000;3(4):219-225. https://doi.org/10.1007/pl00011720. PMID: 11984739,

9. HattaW, Gotoda T, Oyama T, Kawata N, Takahashi A, Yoshifuku Y, Hoteya S,
Nakagawa M, Hirano M, Esaki M, Matsuda M, Ohnita K, Yamanouchi K, Yoshida


https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000_177221_00003.html
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000_177221_00003.html
https://www.nccn.org
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1111/den.12518
https://doi.org/10.1007/pl00011720

Bozkurt et al. BMC Surgery

(2025) 25:287

M, Dohi O, Takada J, Tanaka K, Yamada S, Tsuji T, Ito H, Hayashi Y, Nakaya N,
Nakamura T, Shimosegawa T. A scoring system to stratify curability after
endoscopic submucosal dissection for early gastric cancer: eCura system. Am
J Gastroenterol. 2017;112(6):874-881. https://doi.org/10.1038/ajg.2017.95.
Epub 2017 Apr 11. Erratum in: Am J Gastroenterol. 2019;114(12):1925-1926.
PMID: 28397873.

Vos EL, Nakauchi M, Gonen M, Castellanos JA, Biondi A, Coit DG, Dikken

JL, D'ugo D, Hartgrink H, Li P, Nishimura M, Schattner M, Song KY, Tang

LH, Uyama |, Vardhana S, Verhoeven RHA, Wijnhoven BPL, Strong VE. Risk

of lymph node metastasis in T1b gastric cancer: an international com-
prehensive analysis from the global gastric group (G3) alliance. Ann Surg.
2023;277(2):e339-45. https://doi.org/10.1097/SLA.0000000000005332. Epub
2023 Jan 10. PMID: 34913904; PMCID: PMC9192823.

Watanabe A, McKendry GJ, Yip L, Donnellan F, Hamilton TD. Risk of lymph
node metastasis in early gastric cancer for a Western population. J Surg
Oncol. 2023;127(5):791-7. https://doi.org/10.1002/js0.27192. Epub 2022 Dec
30. PMID: 36583664.

Kwee RM, Kwee TC. Predicting lymph node status in early gastric cancer.
Gastric Cancer. 2008;11(3):134-48. https://doi.org/10.1007/510120-008-047
6-5. Epub 2008 Sep 30. PMID: 18825308.

Zelong Y, ZhenYu C, JianHai L, MingHua Z, KeCheng Z, ChunXi W. Influence
of tumor location on lymph node metastasis and survival for early gastric
cancer: a population-based study. J Gastrointest Surg. 2020;24(9):1978-86.
https://doi.org/10.1007/511605-019-04367-x. Epub 2019 Aug 28. PMID:
31463650.

Schlemper RJ, Kato Y, Stolte M. Review of histological classifications of
gastrointestinal epithelial neoplasia: differences in diagnosis of early
carcinomas between Japanese and Western pathologists. J Gastroenterol.
2001,36:445-56.

Riddell RH, lwafuchi M. Problems arising from Eastern and Western classifica-
tion systems for gastrointestinal dysplasia and carcinoma: are they resolv-
able? Histopathology. 1998;33:197-202.

Hoélscher AH, Drebber U, Monig SP, Schulte C, Vallbéhmer D, Bollschweiler E.
Early gastric cancer: lymph node metastasis starts with deep mucosal infiltra-
tion. Ann Surg. 2009;250(5):791-7. https://doi.org/10.1097/SLA.0b013e3181b
dd3e4. PMID: 19809298.

Edge SB, Compton CC. The American Joint Committee on Cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann Surg
Oncol. 2010;17(6):1471-4. https.//doi.org/10.1245/510434-010-0985-4. PMID:
20180029.

Schlemper RJ, Riddell RH, Kato Y, Borchard F, Cooper HS, Dawsey SM, Dixon
MF, Fenoglio-Preiser CM, Fléjou JF, Geboes K, Hattori T, Hirota T, Itabashi M,
Iwafuchi M, lwashita A, Kim Y1, Kirchner T, Klimpfinger M, Koike M, Lauwers GY,
Lewin KJ, Oberhuber G, Offner F, Price AB, Rubio CA, Shimizu M, Shimoda T,
Sipponen P, Solcia E, Stolte M, Watanabe H, Yamabe H. The Vienna classifica-
tion of gastrointestinal epithelial neoplasia. Gut. 2000;47(2):251-5. https://doi.
0rg/10.1136/gut47.2.251. PMID: 10896917; PMCID: PMC1728018.

Kim JM, Cho MY, Sohn JH, Kang DY, Park CK, Kim WH, Jin SY, Kim KM, Chang
HK, Yu E, Jung ES, Chang MS, Joo JE, Joo M, Kim YW, Park DY, Kang YK, Park SH,
Han HS, Kim YB, Park HS, Chae YS, Kwon KW, Chang HJ. Diagnosis of gastric
epithelial neoplasia: dilemma for Korean pathologists. World J Gastroenterol.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 8 of 8

2011;17(21):2602-10. https://doi.org/10.3748/wjg.v17.i21.2602. PMID:
21677827; PMCID: PMC3110921. Gastrointestinal Pathology Study Group of
Korean Society of Pathologists.

Stahl A, Ott K, Weber WA, Becker K, Link T, Siewert JR, Schwaiger M, Fink U.
FDG PET imaging of locally advanced gastric carcinomas: correlation with
endoscopic and histopathological findings. Eur J Nucl Med Mol Imaging.
2003;30(2):288-95. Epub 2002 Nov 8. PMID: 12552348.

Chen J, Cheong JH, Yun MJ, Kim J, Lim JS, Hyung WJ, Noh SH. Improvement
in preoperative staging of gastric adenocarcinoma with positron emission
tomography. Cancer. 2005;103(11):2383-90. https://doi.org/10.1002/cncr.210
74. PMID: 15856477.

Lim JS, Yun MJ, Kim MJ, Hyung WJ, Park MS, Choi JY, Kim TS, Lee JD, Noh SH,
Kim KW. CT and PET in stomach cancer: preoperative staging and monitoring
of response to therapy. Radiographics. 2006,26(1):143-56. https://doi.org/10.
1148/rg.261055078. PMID: 16418249.

Spolverato G, Ejaz A, Kim Y, Squires MH, Poultsides GA, Fields RC, Schmidt

C, Weber SM, Votanopoulos K, Maithel SK, Pawlik TM. Use of endoscopic
ultrasound in the preoperative staging of gastric cancer: a multi-institutional
study of the US gastric cancer collaborative. J Am Coll Surg. 2015;220(1):48—
56. Epub 2014 Jul 18. PMID: 25283742.

Mocellin S, Pasquali S. Diagnostic accuracy of endoscopic ultrasonography
(EUS) for the preoperative locoregional staging of primary gastric cancer.
Cochrane Database Syst Rev. 2015;2015(2):CD009944. https://doi.org/10.1002
/14651858.CD009944.pub2. PMID: 25914908; PMCID: PMC6465120.
Petrucciani L, Marrelli D, Pacelli F, Morgagni P, Roviello F. The current role of
lymphadenectomy in early gastric cancer: still a need for surgical staging? J
Clin Med. 2023;12(7):2708. https://doi.org/10.3390/jcm 12072708

Oh SE, Ahn 'S, Kim KM, Choi MG, Lee JH, Sohn TS, Bae JM, An JY. Identification
of maximal tumor size associated with negligible lymph node metastasis

for endoscopic submucosal dissection of undifferentiated-type early gastric
cancer. Gastric Cancer. 2024,27(4):850-7. Epub 2024 Apr 25. PMID: 38658420.
Kim HW, Lee YJ, Kim JH, Park JJ, Youn YH, Park H, Kim JW, Choi SH, Noh SH. The
role of tumor size in surgical decision making after endoscopic resection for
early gastric cancer. Surg Endosc. 2016;30(7):2799-803. https://doi.org/10.100
7/500464-015-4556-4. Epub 2015 Oct 20. PMID: 26487204.

Goto A, Nishikawa J, Hideura E, Ogawa R, Nagao M, Sasaki S, Kawasato R,
Hashimoto S, Okamoto T, Ogihara H, Hamamoto Y, Sakaida I. Lymph node
metastasis can be determined by just tumor depth and lymphovascular inva-
sion in early gastric cancer patients after endoscopic submucosal dissection.
Eur J Gastroenterol Hepatol. 2017;29(12):1346-50. https://doi.org/10.1097/ME
(G.0000000000000987. PMID: 29084076; PMCID: PMC5690300.

Sekiguchi M, Oda |, Taniguchi H, et al. Risk stratification and predictive risk-
scoring model for lymph node metastasis in early gastric cancer. J Gastroen-
terol. 2016;51(10):961-70. https://doi.org/10.1007/s00535-016-1180-6

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1038/ajg.2017.95
https://doi.org/10.1097/SLA.0000000000005332
https://doi.org/10.1002/jso.27192
https://doi.org/10.1007/s10120-008-0476-5
https://doi.org/10.1007/s10120-008-0476-5
https://doi.org/10.1007/s11605-019-04367-x
https://doi.org/10.1007/s11605-019-04367-x
https://doi.org/10.1097/SLA.0b013e3181bdd3e4
https://doi.org/10.1097/SLA.0b013e3181bdd3e4
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1136/gut.47.2.251
https://doi.org/10.1136/gut.47.2.251
https://doi.org/10.3748/wjg.v17.i21.2602
https://doi.org/10.1002/cncr.21074
https://doi.org/10.1002/cncr.21074
https://doi.org/10.1148/rg.261055078
https://doi.org/10.1148/rg.261055078
https://doi.org/10.1002/14651858.CD009944.pub2
https://doi.org/10.1002/14651858.CD009944.pub2
https://doi.org/10.3390/jcm12072708
https://doi.org/10.1007/s00464-015-4556-4
https://doi.org/10.1007/s00464-015-4556-4
https://doi.org/10.1097/MEG.0000000000000987
https://doi.org/10.1097/MEG.0000000000000987
https://doi.org/10.1007/s00535-016-1180-6

	﻿Morphological predictors of lymph node metastasis in early gastric cancer
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Patient selection
	﻿Variables
	﻿Statistical analysis
	﻿Risk stratification model

	﻿Results
	﻿Patient characteristics
	﻿Univariate analysis of factors affecting lymph node metastasis
	﻿Risk stratification analysis
	﻿Validation of endoscopic resection criteria

	﻿Discussion
	﻿Conclusion
	﻿References


