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Abstract

BACKGROUND

Although the criteria for the indication of endoscopic submucosal dissection
(ESD) for undifferentiated early gastric cancer (UD-EGC) have been recently
proposed, accumulating reports on the non-negligible rate of lymph node
metastasis (LNM) after indicated ESD raise questions on the reliability of the
current criteria.

AIM

To investigate the prevalence and risk factors of LNM in UD-EGC cases meeting
the expanded indication for ESD.

METHODS

We retrospectively reviewed 4780 UD-EGC cases that underwent surgical
resection between January 2008 and February 2019 at Asan Medical Center, a
tertiary university hospital in Korea. To identify the risk factors of LNM of UD-
EGC meeting the expanded criteria for ESD, we performed a case-control study
by matching the cases with LNM to those without at a ratio of 1:4. We reviewed
the clinical, endoscopic, and histologic features of the cases to identify features
with a significant difference according to the presence of LNM. Univariate and
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multivariate logistic regression analyses were performed to estimate the odds ratios (ORs).

RESULTS

Of the 4780 UD-EGC cases, 1240 (25.9%) were identified to meet the expanded indication for ESD.
Of the 1240 cases, 14 (1.1%) cases had LNM. Among the various clinical, endoscopic, and
histopathological features that were evaluated, mixed histology (tumors consisting of 10%-90% of
signet ring cells) had a marginally significant association (P = 0.059) with the risk of LNM.
Moreover, diffuse blurring of the muscularis mucosae (MM) underneath the tumorous epithelium,
a previously unrecognized histologic feature, had a significant association with the absence of
LNM (P = 0.028). Multivariate logistic regression analysis showed that the blurring of MM was the
only explanatory variable significantly associated with a reduced risk of LNM (OR: 0.12, 95%Cl:
0.02-0.95; P = 0.045).

CONCLUSION
The risk of LNM is higher than expected when using the current expanded indication for UD-
EGC. Histological evaluation could provide useful clues for reducing the risk of LNM.

Key Words: Gastric cancer; Undifferentiated carcinoma; Endoscopic submucosal dissection; Lymph node
metastasis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a retrospective study investigating the prevalence and risk factors of lymph node
metastasis (LNM) in cases with undifferentiated early gastric cancer meeting the expanded indication for
endoscopic submucosal dissection (ESD). We found that the incidence rate of LNM was 1.1% (14/1240),
which was higher than expected for indicated ESD. A subsequent case-control study revealed that two
histological features-histologic purity of tumors and blurring of the muscularis mucosae underneath the
tumorous epithelium-are promising factors for predicting the risk of LNM. Combining these histologic
features could improve the current expanded indication criteria for ESD.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) has gained popularity in the treatment of early gastric cancer
(EGC) due to the benefits of organ preservation and maintenance of the quality of life. However, ESD
cannot dissect lymph nodes around the stomach and diagnostic modalities such as endoscopic
ultrasonography, computed tomography, and positron emission tomography cannot provide adequate
data for detecting lymph node metastasis (LNM); as such, the indication for ESD for EGCs has been
suggested based on the analysis of the risk of LNM in a large number of surgically resected specimens
[1], and ESD is usually considered for tumors with a very low risk of LNM.

Undifferentiated EGC (UD-EGC) accounts for 40%-50% of EGCs, and has been reported to show a
higher incidence of LNM than EGCs with differentiated histology[2,3]. Thus, gastrectomy with
lymphadenectomy has been used as the standard treatment for UD-EGCs, and ESD for UD-EGC
remains an investigational treatment[3,4]. In an attempt to expand the indication of ESD in UD-EGC,
some researchers have reported that a select group of UD-EGCs had a very low possibility of LNM[1].
Accordingly, it has been suggested that ESD could be considered for UD-EGC cases when the tumor is
an intramucosal lesion with a size of less than 2 cm and no sign of ulcer, and no further surgery is
indicated when pathologic evaluation of the ESD specimen does not reveal lymphovascular invasion
(LVI) or positive vertical and horizontal margin[1,4]. However, there have been several reports of lymph
node or distant metastases arising after curative ESD in UD-EGC cases meeting the expanded criteria[5,
6]. These conflicting data raise a question on the reliability of the current expanded criteria for UD-EGC,
and necessitates further efforts to identify more clinicopathologic features associated with the risk of
LNM in UD-EGC.
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Because LNM-negative patients can be curatively treated with minimally invasive ESD, evaluating
the risk factor of LNM is crucial for determining the appropriate treatment. Although many studies
have been performed to identify the clinicopathological factors associated with LNM in UD-EGC[7,8],
the only risk factors that were identified include tumor size, depth of invasion, presence of LVI, and
ulcer. Therefore, to obtain clarity regarding the treatment of UD-EGC, we investigated the risk of LNM
of UD-EGCs meeting the criteria for the expanded indication for ESD, and performed a case-control
study to identify the clinical, endoscopic, and histopathologic features related to the risk of LNM.

MATERIALS AND METHODS

Patients

We retrospectively reviewed the medical records of all patients who underwent curative gastrectomy
with extended lymphadenectomy for UD-EGC at Asan Medical Center between January 2008 and
February 2019. To focus on the histologic types that are most frequently encountered in clinical practice,
we only included tumors diagnosed as “adenocarcinoma, poorly differentiated (with or without signet
ring cell component),” “poorly cohesive carcinoma,” and “signet ring cell carcinoma (SRCC),” and
excluded rare variants such as mucinous adenocarcinoma and gastric carcinoma with lymphoid stroma.
We also excluded patients with multiple tumors, tumors in the remnant stomach, any synchronous
malignancy in other organs, a history of preoperative treatment such as ESD, and those who received
neoadjuvant chemotherapy. Cases with less than 15 lymph nodes harvested were also excluded. Based
on the original pathology reports of the remaining cases, we included those meeting all of the following
criteria for the expanded indication of ESD: (1) confinement to the mucosal layer (pT1a); (2) size <2 cm;
(3) absence of ulcer; and (4) absence of LVI[3,4].

To identify the clinical, endoscopic, and pathologic findings associated with the risk of LNM, we
performed a case-control study by matching the patients with LNM to those without at a ratio of 1:4 in
terms of sex, age at gastrectomy (+ 2 years), and tumor size. Histologic review was conducted to confirm
whether the cases indeed satisfy the expanded criteria. The selection process for our study population is
shown as a flowchart (Figure 1).

Data collection

Clinical data, endoscopic features, and pathological characteristics of the study patients were evaluated.
Endoscopic characteristics (e.g., tumor location, macroscopic type of the lesion, endoscopic presence of
ulcer, converging folds, exudates, and tumor island) were evaluated by two endoscopists (JY and KDC);
the endoscopists independently reviewed the initial endoscopic images obtained before biopsy, and
discussed with each other until a consensus was reached. The tumor locations were specified both
longitudinally (upper vs middle vs lower third) and cross-sectionally (lesser curvature vs posterior wall
vs greater curvature vs anterior wall). By referring to the classification system of the Japanese Research
Society for Gastric Cancer[3], the macroscopic type of the lesion was evaluated based on the
predominant type into three categories as follows: elevated type (including the protruded type and
superficial elevated type), flat type (the superficial flat type), and depressed type (the superficial
depressed type and excavated type)[3]. Endoscopic ulcer was defined as the presence of a mucosal
defect of > 3 mm. Converging folds were indicated by the presence of any centripetal folds in the EGC
lesions. The representative endoscopic appearance is depicted in Supplementary Figure 1.

Histologic evaluation of the tumor and background stomach

Hematoxylin and eosin (HE)-stained glass slides produced at the time of initial diagnosis were
evaluated to double-check the size of tumors in the greatest dimension, depth of invasion, and the status
of lymph node metastasis. Entire tumors and adjacent non-tumor areas were serially sectioned at 3-to-4-
millimeter intervals and made into paraffin blocks, which were then used to generate slides for
histologic evaluation. Histologic mapping was performed to explicitly measure the size of a tumor, and
the entirely embedded tumor and adjacent normal area were examined for the percentage of signet ring
cells (SRCs), and status of background gastric mucosa. The percentage of SRCs was evaluated by
examining the entire tumor sections. Definition of SRCs was established by the agreement between two
pathologists (SYY and YSP) based on a recent consensus guideline on poorly cohesive gastric carcinoma
[9]; according to the guideline, tumors almost exclusively (= 90%) consisting of SRCs were designated as
SRCC, and those with <10% of SRC components as poorly differentiated carcinomas (PDs), which
encompass both poorly differentiated adenocarcinomas and non-SRC type of poorly cohesive
carcinomas. The remaining tumors in which SRCs comprise 10%-90% of the components were
designated as mixed tumors (e.g., adenocarcinoma, poorly differentiated with SRC component and
adenocarcinoma, moderately differentiated with SRCC). The status of background gastric mucosa was
evaluated based on the likelihood of Helicobacter pylori (H. pylori) colonization as follows: less likely
[minimal to mild chronic gastritis (CG) with no intestinal metaplasia (IM)], indeterminate (moderate CG
or presence of IM), possible [chronic active gastritis (CAG)], and definite (CAG with clearly visible H.
pylori). For each case, the section that seemed most likely to harbor H. pylori was selected for immuno-
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Figure 1 Flow chart of study patients. EGC: Early gastric cancer; SM: Submucosa; LVI: Lymphovascular invasion.
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histochemical studies.

Immunohistochemistry

Immunohistochemical staining was performed on 4 pm-thick serial tissue sections of formalin-fixed
paraffin-embedded (FFPE) blocks. For H. pylori evaluation, tissue sections were stained using the
antibody against H. pylori (1:500, rabbit polyclonal, catalog No. 215A-76, Cell Marque, Rocklin, CA)
using the OptiView DAB IHC Detection Kit on the BenchMark XT automatic immunostaining device
(Ventana Medical Systems, Tucson, AZ, United States) according to the manufacturer's instructions. The
abundance of immunohistochemically highlighted H. pylori was evaluated based on the Sydney system
[10] as follows: O (absent), 1+ (H. pylori occupies < 1/3 of mucosa), 2+ (H. pylori occupies 1/3-2/3 of
mucosa) and 3+ (H. pylori occupies > 2/3 of mucosa). H. pylori stain could not be performed in two cases
due to the unavailability of FFPE blocks. TP53 staining was performed on representative sections at the
time of initial diagnosis following the same protocol described above (1:1000, mouse monoclonal, clone
DO-7, catalog No. M7001, Dako, Glostrup, Denmark). The degree of TP53 nuclear immunoreactivity
was graded as 0 (no positive cells), 1+ (focal, faint positivity), 2+ (focal, moderate positivity), and 3+
(unanimously strong positivity); 0 was interpreted as the loss of expression, 1+ and 2+ as wildtype
pattern, and 3+ as overexpression. TP53 status could not be evaluated in four cases due to the loss of
stained slides.

Histologic evaluation of the tumor microenvironment

The abundance of tumor-infiltrating lymphocytes (TILs) was evaluated in HE slides in a semi-
quantitative manner according to the proposed standardized methodology described in a recent
consensus guideline[11].

The degree of peritumoral fibrosis was evaluated by Masson’s trichrome (MT) staining. For 85 cases
with accessible FFPE blocks, two sections per case-the deepest section and the edge of the tumor-were
selected, and MT stain was performed on 4 pm-thick serial tissue sections of FFPE blocks using
Trichome III Blue Staining Kit (Ventana Medical Systems) at BenchMark Special Stains platform
(Ventana Medical Systems). The degree of fibrosis was visually graded as mild, moderate, or marked
(Supplementary Figure 2C). For computer-aided image analysis, slides were scanned by the Pannoramic
250 Flash slide scanner (3D HISTECH, Budapest, Hungary) at 20x magnification with a resolution of
0.22 pm per pixel.

The degree of MT staining was quantified by pixel classification functionality of QuPath, an open-
source software for analyzing digital pathology images (Supplementary Figure 2D)[12]. Briefly, the
interface between MM and submucosa underneath the tumorous epithelium was manually annotated as
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the region of interest (ROI). Two different types of pixel classifiers were trained and sequentially
applied. The first classifier was trained to classify the ROI into empty (empty space and fat vacuoles)
and non-empty areas. Non-empty areas were placed into the second classifier that graded the intensity
of MT as 0 (vessel and MM), 1+ (mild), 2+ (moderate), or 3+ (marked). To express the intensity and
extent of MT staining, a metric named “fibrosis score” was defined as follows:

3 x Area;, + 2 X Area,,+ 1 x Area,,

Fibrosis score =
Area of total non - empty area

Evaluation of blurring of muscularis mucosa

Blurring of MM underneath tumorous epithelium was primarily evaluated at scanning magnification. A
case was judged to have blurred MM when any of the two MT-stained slides showed a focus of blurring
or disruption of MM by fibrosis that caused loss of integrity relative to adjacent MM underneath the
non-tumorous epithelium. If a case had more than one of such foci or the disruption was prominent
enough to localize the tumor at scanning magnification, the case was judged to show diffuse blurring of
MM (Figure 2A and B). At the foci of MM blurring, the distance from the invasive front to MM was
measured. The value of 0 was assigned for tumors touching or invading into the MM. The interobserver
reproducibility of MM blurring (non-diffuse or diffuse) was assessed by independent assessment of two
pathologists (SYY and YSP). MM blurring assessed by SYY was used for subsequent statistical analysis.

Statistical analysis

Categorical variables are expressed as numbers with percentages and continuous variables are
expressed as medians with interquartile ranges (IQRs). The Chi-squared test or Fisher’s exact test was
used to compare categorical variables as appropriate, and the ¢-test or Wilcoxon rank-sum test was used
to compare continuous variables depending on the result of the Shapiro-Wilk normality test.
Univariable and multivariable logistic regression analyses were performed to identify the risk factors by
estimating the ORs and 95%ClIs. Cohen’s kappa was computed as a metric of interobserver reprodu-
cibility of MM blurring. P values < 0.05 were considered statistically significant. Statistical evaluations
were performed using SAS 9.4 (SAS Institute, Inc., Cary, NC, United States) and R version 3.6.2 for
Windows (R Foundation for Statistical Computing, Vienna, Austria). The statistical methods of this
study were reviewed by Kim HJ from the Department of Clinical Epidemiology and Biostatistics at
Asan Medical Center, University of Ulsan College of Medicine.

RESULTS
Risk of LNM in UD-EGCs meeting the criteria for expanded indication for ESD

During the study period, 4780 patients underwent curative gastrectomy with extended lymphaden-
ectomy for EGCs whose histology showed SRCs, PD, or a mixed type of both tumors. Of the 4780
patients, 1240 satisfied the criteria for the expanded indication for ESD. Among them, 22 patients had
LNM and the remaining 1218 patients did not.

To identify the risk factors of LNM in patients with UD-EGC satisfying the expanded indication, a 1:4
case-control study was designed. According to the matching conditions, 22 patients with LNM were
matched to 88 patients without. Subsequent pathology review was conducted for case and control
patients to ensure that they satisfied the criteria for the expanded indication; as a result, 8 cases in the
case group revealed histologic features inconsistent with the original pathology report and did not meet
the criteria for the expanded indication as follows: size > 2 cm (1 = 2), presence of submucosal invasion (
n =1), ulcer (n = 3), and LVI (n = 2). Similarly, 15 cases in the control group were excluded from the
study owing to the following discrepancies from the original pathology report: size > 2 cm (n = 4),
presence of submucosal invasion (n = 2), and ulcer (1 = 9). Consequently, 14 (1.1%) patients among 1240
patients with UD-EGC were designated to have LNM and were included in the case group (LNM+), and
73 patients without LNM were included in the control group (LNM-).

Clinical and endoscopic features of the study patients

Clinical and endoscopic features of the 87 UD-EGC cases are summarized in Table 1. The median tumor
size of the LNM+ group was 1.5 cm (IQR 1.3-1.8 cm), and the size of 11 (78.6%) LNM+ lesions exceeded
1 cm. Ten (71.4%) patients showed macroscopically depressed morphology, and the median number of
harvested lymph nodes in the LNM+ group was 30.5. There were no significant differences between the
LNM- and LNM+ groups in terms of the tumor location, gross type, and the number of retrieved LNs.
Also, no significant differences were noted between the two groups in the preoperative endoscopic
findings such as exudate, endoscopic ulcer, converging fold, and tumor island.

Detailed information on the 14 LNM+ cases is presented in Table 2; of those, cases 1, 3, 5, and 9 did
not show endoscopic findings such as exudate, mucosal break, converging fold, and tumor island
(Figure 3). Case 5 had six lymph node metastasis, but the endoscopic findings showed only a flat lesion
with hyperemic mucosa (Figure 3C).
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Table 1 Clinical and endoscopic features of the patients according to the presence of lymph node metastasis

Variables LNM- (n=73) LNM+ (n = 14) P value
Age at diagnosis, yr (median, IQR) 47.0 (41.0-52.0) 43.5 (37.0-51.0) 0.276
Lesion size, cm (median, IQR) 1.5(1.2-1.7) 1.5 (1.3-1.8) 0.485
Male, 1 (%) 25 (34.2) 4(28.6) 0.918
Longitudinal location, n (%) 0.269
Upper 4 (5.5) 0 (0.0)

Middle 22 (30.1) 2 (14.3)

Lower 47 (64.4) 12 (85.7)

Cross-sectional circumference, 7 (%) 0421
Anterior wall 16 (21.9) 6 (42.9)

Great curvature 16 (21.9) 2(14.3)

Posterior wall 23 (31.5) 3(21.4)

Lesser curvature 18 (24.7) 3(21.4)

Gross type, n (%) 0.440
Depressed 42 (57.5) 10 (71.4)

Flat 25 (34.2) 4 (28.6)

Elevated 6(8.2) 0 (0.0)

Number of retrieved LNs (median, IQR) 30.0 (25.0-37.0) 30.5 (25.5-37.0) 0.862
Endoscopic appearances, 1 (%)

Exudate 6(8.2) 1(7.1) >0.999
Endoscopic ulcer 30 (41.1) 7 (50.0) 0.747
Converging fold 11 (15.1) 1(7.1) 0.715
Tumor island 14 (19.2) 3 (21.4) >0.999

LNM: Lymph node metastasis; IQR: Interquartile range.
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Histologic features of tumor and background stomach

Histopathologic features of the study patients and their background gastric mucosa were evaluated
from HE stains and immunohistochemical stains for H. pylori and TP53 (Table 3). Except for the
diagnostic category according to the proportion of SRCs, none of the histologic features showed
significant differences between the LNM- and LNM+ groups. Although no significant difference was
noted in the average percentage of SRCs, the LNM+ group tended to have more patients with mixed
histology (consisting of 10-90% of SRCs) than pure SRCC or PD carcinoma (P = 0.059).

Histologic features of the tumor microenvironment

We further evaluated histologic features of the tumor microenvironment, abundance of TILs, and
degree of peritumoral fibrosis (Table 4). We specifically focused on fibrosis because while evaluating
histologic features of tumors and the background stomach, we observed that some tumors showed
marked peritumoral fibrosis (Supplementary Figure 2A and B). We performed MT staining and
analyzed the slides visually and computationally to investigate the degree, extent, and pattern of
peritumoral fibrosis (Supplementary Figure 2C-E). However, neither TIL abundance nor the pattern and
degree of peritumoral fibrosis showed a statistically significant association with the risk of LNM.

Blurring of MM as an independent risk factor for LNM

During the evaluation of MT stain, we noticed a peculiar pattern of fibrosis disrupting the MM, which
could be categorized into diffuse and non-diffuse (focal plus no disruption) types (Figure 2).
Importantly, the diffuse blurring of MM (Figure 2A and B) was significantly associated with the
invasion of MM, shorter distance between the invasive front and MM, and higher fibrosis score (all P <
0.001, Supplementary Table 1). Some cases that lacked diffuse MM blurring had substantial peritumoral
fibrosis (Supplementary Figure 3A) or invading MM (Supplementary Figure 3B-C), and other cases
showed diffuse blurring of MM while being confined to the lamina propria or devoid of peritumoral
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Table 2 Detailed clinical information of the 14 patients with lymph node metastasis

Case Age Size . . Depth of Total number of dissected Number of metastatic
Sex  Type Location Histology . .

No. (yr) (cm) invasion LNs LNs

1 59 Female IIb 1.5 Middle PD with LP 31 3
SRC

2 41 Female Ilc 1.3 Lower PD with LP 18 3
SRC

8] 57 Male Ilc 1.3 Lower SRC LP 21 1

4 47 Female Ilc 1.8 Middle PD with LP 21 3
SRC

5 46 Female IIb 2.0 Lower PD with LP 25 6
SRC

6 37 Female Ilc 1.5 Lower PD with MM 31 3
SRC

7 48 Female Ilc 1.5 Lower PD with LP 37 1
SRC

8 35 Male Ilc 0.9 Lower PD with LP 38 1
SRC

9 35 Female Ilc 1.5 Lower PD with LP 27 1
SRC

10 52 Female IIb 0.7 Lower PD with LP 29 1
SRC

11 60 Male il 0.6 Lower PD with MM 30 1
SRC

12 39 Female Ilc 2.0 Lower PD with LP 37 1
SRC

13 37 Female IIb 1.8 Lower PD with LP 42 1
SRC

14 33 Male Tlc 2.0 Lower PD with LP 48 3
SRC

LNM: Lymph node metastasis; PD: Poorly differentiated carcinoma; SRC: Signet ring cell; SRCC: Signet ring cell carcinoma; LP: Lamina propria; MM:

Muscularis mucosa.
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fibrosis (Supplementary Figures 3D-E). Most importantly, we found a significant association between
diffuse MM blurring and the absence of regional LNM (P = 0.028, Table 4). Multivariate logistic
regression analysis with backward variable selection revealed that of the multiple clinical and
histological variables, diffuse blurring of MM was the only statistically significant explanatory variable
associated with the risk of LNM (OR: 0.12, 95%CI: 0.02-0.95; P = 0.045, Table 5).

Potential clinical utility of MM blurring

Independent assessment of MM blurring by a second pathologist revealed strong interobserver
reproducibility with a Cohen’s Kappa coefficient of 0.90 (95%CI: 0.80-0.96, Supplementary Table 2).
Furthermore, MT staining on the ESD specimens of UD-EGC cases demonstrated that the presence of
MM blurring could be readily evaluated in ESD specimens (Supplementary Figure 4). Collectively, these
results suggest that MM blurring could serve as a feasible histologic marker that aids the decision on the
follow-up strategy after ESD for UD-EGC cases meeting the expanded indication criteria.

DISCUSSION

In this study, we investigated the risk factors for LNM in patients with UD-EGC meeting the criteria for
the expanded indication for ESD by using surgically resected cases. Our results demonstrated that the
incidence rate of LNM in cases of UD-EGC meeting the criteria for the expanded indication for ESD was
1.1% (14/1240). By reviewing the clinical, endoscopic features, and pathologic results, we found that the
LNM- and LNM+ groups did not show significant differences in terms of preoperative clinical and
endoscopic features. On the other hand, histologic features such as mixed histology (P = 0.059) and
blurring of MM (P = 0.028) showed a notable difference according to the presence of LNM, suggesting
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Table 3 Histologic features of the tumors and background stomach according to the presence of lymph node metastasis

Variables LNM- (n =73) LNM+ (n = 14) Pvalue
Depth of invasion 0.503
LP 53 (72.6) 12 (85.7)

MM 20 (27.4) 2 (14.3)

Size, cm 15 (1.2-1.7) 1.5 (1.3-1.8) 0.642
% of SRCs 0.157
<10% 17 (23.3) 0(0)

210% and < 50% 35 (47.9) 10 (71.4)

250% and < 90% 14 (19.2) 3(21.4)

>90% 7 (9.6) 1(7.1)

Diagnostic category according to the proportion of 0.059
SRCs

Non-mixed (SRCC and PD) 24 (32.9) 1(7.1)

Mixed (PD with SRC component) 49 (67.1) 13 (92.9)

Background stomach 0.278
Mild CG 8 (11.0) 0(0)

Moderate CG or IM 24 (32.9) 3(21.4)

CAG 22 (30.1) 4 (28.6)

CAG with visible H. pylori 19 (26.0) 7 (50.0)

H. pylori abundance, 1/ total n 0.263
0 23/71 (32.4) 2/14 (14.3)

1+ 14/71 (19.7) 3/14 (21.4)

2+ 14/71 (19.7) 6/14 (42.9)

3+ 20/71 (28.2) 3/14 (21.4)

TP53 expression, 1/ total >0.999
Loss (0) 3/70 (4.3) 0/14 (0)

Wildtype pattern (1+/2+) 63/70 (90.0) 13/14 (92.9)

Overexpression (3+) 4/70 (5.7) 1/14 (7.1)

LNM: Lymph node metastasis; IQR: Interquartile range; LP: Lamina propria; MM: Muscularis mucosa; SRC: Signet ring cell; SRCC: Signet ring cell
carcinoma; PD: Poorly differentiated carcinoma encompassing adenocarcinoma and non-signet ring cell type of poorly cohesive carcinoma; CG: Chronic
gastritis; IM: Intestinal metaplasia; CAG: Chronic active gastritis; H. pylori: Helicobacter pylori.

that histologic evaluation could be useful for improving patient stratification.

To date, ESD for UD-EGC has required an expanded indication, and surgery has been the standard
treatment because the risk of LNM has been shown to be relatively higher in UD-EGCs than in differen-
tiated EGCs, thus raising concern about the long-term outcomes. However, in the recent guidelines in
Japan, UD-EGC lesions have been integrated into the absolute indication for ESD[13]. Li et al[14]
reported that there were no cases of LNM in patients with UD-EGC meeting the expanded indications
of ESD. Another study revealed that LNM was not found in intramucosal cancer when the lesion was 20
mm or less without LVI and ulcerative findings[1]. However, these studies have the limitations of small
sample sizes and retrospective study design. In a recent multicenter clinical trial, Takizawa et al[15].
reported that patients who were followed after undergoing curative ESD for UD-EGC showed neither
local/ distant recurrence nor deaths due to gastric cancer, thereby suggesting favorable clinical outcomes
of ESD for UD-EGC; however, this study had a single-arm design and the outcomes after ESD were not
compared with those after surgery. In addition, other studies reported contrasting results in that up to
2.3% of patients with UD-EGC meeting the criteria of expanded indications (intramucosal cancer, size of
< 20 mm without LVI and ulcerative findings) were found to have LNM[16]. Our study also showed
that 1.1% of 1240 patients meeting the criteria for the expanded indication for ESD showed LNM.
Considering these conflicting results, further targeted investigations are required regarding the risk of
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Table 4 Histologic features of the tumor microenvironment according to the presence of lymph node metastasis

Variables LNM- (n=73) LNM+ (n = 14) P value
TIL abundance 0.438
<10% 25 (34.2) 7 (50.0)

10%-20% 33 (45.2) 6 (42.9)

>20% 15 (20.5) 1(7.1)

Degree of central fibrosis 0.522
Mild 6 (8.5) 2 (14.3)

Moderate 35 (49.3) 8 (57.1)

Marked 30 (42.3) 4 (28.6)

Degree of peripheral fibrosis

Mild 11 (15.5) 2(14.3) 0.495
Moderate 53 (74.6) 9 (64.3)

Marked 7 (9.9) 3 (21.4)

Distribution of fibrosis

Central = peripheral 32 (45.1) 7 (50.0) 0.204
Central > peripheral 33 (46.5) 4 (28.6)

Central < peripheral 6 (8.5) 3 (21.4)

Fibrosis score 0.55 (0.38-0.83) 0.53 (0.31-0.77) 0.273
Blurring of MM, n/total 0.028
Non-diffuse (absent/focal) 43/71 (60.6) 13/14 (92.9)

Diffuse 28/71 (39.4) 1/14 (7.1)

LNM: Lymph node metastasis; TIL: Tumor-infiltrating lymphocytes; IQR: Interquartile range; MM: Muscularis mucosa.
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LNM in UD-EGC cases meeting the expanded criteria.

LNM is the most important factor for deciding the treatment strategy in cases of UD-EGC. For the
appropriate usage of ESD in UD-EGC, the characteristics of UD-EGCs with LNM should be clarified so
that such cases should be excluded from consideration for ESD. Hence, we reviewed the original
pathologic reports of 4781 surgically resected UD-EGC and found that 1240 cases met the criteria for the
expanded indication for ESD, 22 of whom exhibited regional LNM. However, a subsequent histologic
review revealed that 8 of the 22 cases with LNM and 15 out of the matched 88 control cases did not
satisfy the criteria for expanded indications due to deviation in size from the original pathology reports
(n = 2 in the case group, n = 4 in the control group) and the presence of ulcer (n = 3 in the case group, n =
9 in the control group). The discrepancy likely occurred because unlike mucosectomy specimens,
gastrectomy specimens do not mandatorily undergo systematic evaluation for the tumor size and the
presence of an ulcer[3,17]. In our study, three cases with submucosal invasion that had been misdia-
gnosed as mucosal cancer showed deceptive histologic features that called for careful examination. In
one case, it seemed that the site of submucosal invasion had been missed because the tumor was located
in an extensively thick and undulating mucosa. The tumor in another case was accompanied by a
massively lymphoid stroma so that the tumor cells in the submucosa were barely visible. Tumor cells of
the remaining case were almost indistinguishable from macrophages. TP53 immunostaining, which is
routinely performed for all stomach cancer cases at our institution, was useful in highlighting the tumor
cells in the submucosa in the latter two cases. Careful attention is needed to diagnose ESD cases
showing features of discrepant cases.

This discrepancy after the second histologic review implies a more serious message. Considering that
the number of patients in the LNM+ group decreased from 22 to 14 after the second histologic review,
the total number of UD-EGC patients satisfying the expanded criteria could decrease from 1240 if the
entire case cohort was reviewed. As a consequence, the actual incidence rate can be actually higher than
1.1%. Therefore, our results suggest that UD-EGC cases meeting the criteria for the expanded indication
does have a risk of LNM, which may be too higher to consider endoscopic resection. Therefore, further
research is needed to discover clinical, endoscopic, and histologic features of UD-EGC that can aptly
supplement the current expanded criteria.

April 21,2022 | Volume28 | Issuel5 |



Yoon J et al. Risk factors of LNM of UD-EGC

Table 5 Logistic regression analysis for the risk of Lymph node metastasis

Variable OR 95%Cl P value

Depth of invasion

LP 1

MM 0.44 0.09-2.15 0.312
Diagnostic category according to % of SRCs

Non-mixed (SRC and PD) 1

Mixed (PD with SRC component) 6.37 0.79-51.6 0.083
Background stomach

CG 1

CAG 2.86 0.74-11.1 0.129

Presence of H. pylori

Absent (0) 1

Present (> 1+) 2.88 0.59-13.9 0.190
TIL abundance 0.409
<10% 1

10%-20% 0.65 0.19-2.17 0.484
220% 0.24 0.03-2.13 0.199
Fibrosis score 0.34 0.05-2.49 0.285
Blurring of MM

Non-diffuse (absent/focal) 1

Diffuse 0.12 0.02-0.95 0.045

LNM: Lymph node metastasis; OR: Odds ratio; LP: Lamina propria; MM: Muscularis mucosa; SRC: Signet ring cell; SRCC: Signet ring cell carcinoma; PD:
Poorly differentiated carcinoma encompassing adenocarcinoma and non-signet ring cell type of poorly cohesive carcinoma; CG: Chronic gastritis; CAG:
Chronic active gastritis; TIL: Tumor-infiltrating lymphocytes; H. pylori: Helicobacter pylori.

For this purpose, the tumor characteristics of 14 patients with LNM were evaluated. The tumor
characteristics including tumor location, gross type, the number of retrieved LNs, and endoscopic
appearances did not have significant associations with LNM. According to histologic analysis, among
various histologic features, mixed histology (consisting of 10%-90% SRCs) in comparison with non-
mixed histology (i.e., pure SRCC, poorly cohesive carcinoma, or poorly differentiated adenocarcinoma)
was the only variable with a marginal statistical significance (P = 0.059). This is consistent with previous
studies suggesting more aggressive biology of EGC by using mixed histology rather than pure
adenocarcinoma and SRCC[18,19]. Therefore, it is likely that we would have reached statistical
significance if a larger number of cases were analyzed.

Inspired by the recent interest in the role of the tumor microenvironment on metastasis[20], we
further investigated the histologic features of the tumor microenvironment, especially the pattern and
degree of peritumoral fibrosis. Previous studies on submucosal fibrosis of EGCs have mostly focused on
its negative effect on successful ESD[21-25]. Conversely, we focused on whether the extent or pattern of
submucosal fibrosis had an impact on LNM. While the degree of submucosal fibrosis did not show a
significant association with LNM, we unexpectedly discovered a significant association between MM
blurring and LNM. A structural study on the distribution of lymphatic and blood capillaries of human
gastric mucosa showed that lymphatic capillaries were present in the deep lamina propria adjacent to
and within the MM[26]. As such, we hypothesize that the blurring of MM is a consequence of an
exaggerated anti-tumoral reaction against tumor cells trying to invade the lymphatics within the MM. In
contrast with the traditional concept of the pro-tumorigenic role of fibrosis, recent studies have
suggested that tumor-related fibrosis can also restrain cancer initiation, proliferation, and metastasis
[27]. Therefore, it is possible that tumors that managed to elicit anti-tumoral fibrosis against the tumor
cells” attempt to invade lymphatics are seen as having blurred MM, and are hence less likely to
metastasize into the regional lymph nodes.

Considering the intimate relationship between lymphatics and the MM, it can be assumed that the
tumor’s proximity to the MM would be significantly associated with the risk of LNM. Indeed, it has
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Figure 2 Blurring of muscularis mucosa underneath the tumorous epithelium. Representative images of tumors with diffuse, focal, and
no blurring of muscularis mucosa. A: Diffuse blurring of muscularis mucosa (MM) was prominent enough to localize the tumor at scanning magnification
(arrowhead); B: At higher magnification (40°), the thickness of MM appeared irregular due to collagen fibers disrupting the muscle fibers of MM; C: The majority of MM
underneath the tumorous epithelium (both ends are marked by arrows) was undisrupted compared with adjacent MM underneath the non-tumorous epithelium,
making the foci of MM blurring focal (arrowhead); D: With no blurring of MM, it was difficult to localize the tumor (both ends are marked by arrows) at scanning
magnification based on the status of MM.

JBaishideng®

been reported that tumors invading the MM are more likely to metastasize into regional lymph nodes
than those limited to the lamina propria[28]. However, we failed to reach the same conclusion in our
current study, and our study might suggest the opposite conclusion considering the significant
association between MM invasion and MM blurring. This may be due to the fact that our control group
is biased toward tumors invading the MM; however, unlike the two previous studies, we only focused
on UD-EGC cases meeting the expanded criteria for ESD.

We hypothesize that the seemingly counterintuitive result of our study might be explained by the
differences in the mode of invasion between differentiated and undifferentiated GCs, considering the
results of recent studies that elucidated the various modes of cancer cell invasion, ranging from single-
cell migration to collective invasion[29]. Because poor differentiation often involves the loss of cellular
adhesion molecules[30], undifferentiated GCs might preferentially invade as single cells. For this reason,
the main body of poorly differentiated tumors does not necessarily need to be in close proximity to
lymphatics to invade them, and desmoplasia is more likely attributable to anti-tumoral microenviron-
mental responses rather than invading tumor cells. On the other hand, differentiated GCs would invade
the adjacent normal structures by forming glands. Glandular structures are likely more destructive than
scattered cells, and massive violation of the normal structure itself is sufficient enough to elicit fibrosis;
for this reason, desmoplasia in differentiated GCs would more reflect the invasiveness of the tumors
than anti-tumoral responses. Further studies in independent cohorts are needed to validate the
hypothesis on the differential significance of MM blurring in differentiated and undifferentiated GCs.
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Figure 3 Endoscopic images of the cases with lymph node metastasis without exudate, mucosal break, converging fold, and tumor
island. A: Case 1, B: Case 3, C: Case 5, D: Case 9.
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There are several limitations to our study. First, because we excluded cases that showed deviation
from the original pathology reports (e.g., larger tumor size, ulcer, LVI, submucosal invasion), the study
population was reduced and the case-control study could not be performed as originally intended.
Second, the validity of MM blurring may benefit from further scrutiny; aside from the four tumors that
were small enough to be embedded in single blocks, we examined two representative sections per each
case and judged a case as having blurred MM when such foci were identified in any of the two sections.
As such, it is possible that the cases classified as clear MM might have disrupted MM in unexamined
sections. Finally, this study had limitations inherent to the nature of a retrospective, single-center study.
Although the number of patients with LNM was small, this is because the incidence of LNM in patients
with UD-EGC meeting the expanded indications of ESD is low. Considering the low incidence, a large-
scale, prospective, multicenter study is needed to confirm our findings. Despite these limitations, we
believe that our study appropriately highlights the fact that diffuse blurring of MM may be a potential
predictive factor for the risk of LNM in cases of UD-EGC meeting the expanded criteria for ESD. Further
research is needed to validate our results and to elucidate its mechanistic basis.

CONCLUSION

In conclusion, our results show that cases of UD-EGC meeting the criteria for the expanded indication
have the risk for LNM, albeit low (1.1%), and that routine histological examination has practical
limitations for identifying such cases. When ESD is planned for a case of UD-EGC, obtaining detailed
informed consent after the disclosure of the risk of LNM is necessary, and careful observation is
essential. A model for patient stratification based on histologic evaluation of the proportion of SRCs and
MM blurring in ESD specimens could be useful for identifying the patients with a higher risk of LNM.

ARTICLE HIGHLIGHTS

Research background

There have been several reports of lymph node or distant metastases arising after curative endoscopic
submucosal dissection (ESD) in undifferentiated early gastric cancer (UD-EGC) cases meeting the
expanded criteria.

Research motivation

The clinicopathologic features associated with the risk of lymph node metastasis (LNM) in UD-EGC
have not been well-studied.
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Research objectives
To investigate the prevalence and risk factors of LNM in UD-EGC cases meeting the criteria for the
expanded indication for ESD.

Research methods

In this retrospective study, we investigated the risk of LNM of UD-EGC meeting the criteria for the
expanded indication for ESD, and performed a matched case-control study to identify the clinical,
endoscopic, and histopathological features associated with the risk of LNM. Univariate and multivariate
logistic regression analyses were performed to identify the risk factors by estimating the odds ratios.

Research results

The incidence rate of LNM in UD-EGC cases meeting the criteria for the expanded indication for ESD
was 1.1% (14/1240). No significant differences existed between the LNM group and the matched non-
LNM group in terms of preoperative clinical endoscopic features and conventional histologic features.
In the tumor microenvironment, blurring of muscularis mucosa (MM) underneath the tumorous
epithelium was associated with the risk of LNM.

Research conclusions

The risk of LNM was higher than expected when using the current expanded indication for UD-EGC.
Evaluation of blurring of MM could provide useful clues for reducing the risk of LNM.

Research perspectives

Further studies are needed to validate the significance of MM blurring and elucidate its mechanistic
basis. Eventually, an improved model for patient stratification based on detailed histologic evaluation of
ESD specimens should be established to identify patients with a high risk of LNM.
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