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Abstract: To treat early gastric cancer, one must choose between endoscopic treatment and surgical
treatment. Endoscopic treatment has been developing significantly since the late 1990s and has made
great progress up to the present. However, many patients with early gastric cancer still undergo
unnecessary surgery or endoscopic procedures. This is due to the existence of a "gray zone" of
ambiguities between endoscopic and surgical treatment. These ambiguities arise because the
important factors in determining the treatment for early gastric cancer can only be fully understood
after endoscopic or surgical resection, or because of discrepancies between the factors identifiable
before treatment and those identifiable after treatment. This article aims to explore these ambiguous
factors and discuss methods and efforts to reduce them.

Keywords: early gastric cancer; gray zone; endoscopic treatment; surgical treatment; endoscopic
submucosal dissection

1. Introduction

Endoscopic treatment for early gastric cancer (EGC) began in the 1990s, driven by the need for
less invasive but equally effective therapeutic options. To ensure safe and effective treatment, a
comprehensive guideline was developed based on clinical outcomes from surgical treatments. This
guideline initially established the absolute indication for endoscopic treatment by analyzing factors
such as tumor size, histologic differentiation, and ulcer presence, which are closely associated with the
risk of lymph node metastasis [1].

With advancements in endoscopic tools and techniques, as well as growing expertise among
endoscopists, the treatment of larger and more complex lesions has become feasible. Endoscopic
submucosal dissection (ESD), using specialized endoscopic knives, has replaced endoscopic mucosal
resection (EMR) as the preferred method for treating EGC, offering significantly higher complete
resection rates. Despite these advancements, outcomes of endoscopic treatment for EGC remained
suboptimal, especially for larger and more complex lesions. This led to the development of the
expanded indication for endoscopic treatment, based again on the patients’ surgical outcomes [2].

The categorization, as outlined in Japanese Gastric Cancer Treatment Guidelines 2010 (3
edition) and the Japanese Cancer Treatment Guideline (6th Edition), presents categories: absolute
indication (absolute indication for EMR/ESD), expanded indication (absolute indication of ESD), and
relative indication (Figure 1). These categories are based on the possibility of lymph node metastasis
observed in the surgical specimen [3,4]. Table 1 summarizes indications for endoscopic treatment
presented in the Japanese Gastric Cancer Treatment Guidelines and the changes in these indications and
terminology over the years.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Depth Ulceration Differentiated type Undifferentiated type
Tumor diameter <2cm > 2cm <2cm
ULo Incidence of nodal metastasis 0% (0/437) 0% (0/493) 0% (0/310)
. 95% confidence interval 0-~0.7% 0~0.6% 0-~0.96%
Tumor diameter <3cm > 3cm <2cm
ULI Incidence of nodal metastasis 0% (0/488)
95% confidence interval 0-0.6%
——— on
SM1 Incidence of nodal metastasis 0% (0/145)
95% confidence interval 0-2.6%
Depth of invasion Ulceration ' Differentiated type  Undifferentiated type
ULO =2cm >2cm =2cm 2cm
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3cm 3cm

ULl ‘
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Absolute indications for
EMR/ESD

Relative indications

-Absolute indications
for ESD

Figure 1. Indication of endoscopic treatment. A: Japanese Gastric Cancer Treatment Guidelines 2010 (3¢ edition)
Green zone indicates absolute indication for endoscopic resection, yellow zone indicates expanded indication

and red zone indicates relative indication. B: Japanese Gastric Cancer Treatment Guidelines 2021 (6th edition).

Table 1. Evolution of Endoscopic Treatment Indications in the Japanese Gastric Cancer Treatment Guidelines.

I EE (2001) 2nd (2004) 3 (2010) | 4t (2014) | 5% (2018) | 6t (2021)

D-type , UL(-), and Absolute indication ~ Absolute indication ~ Absolute indication ~ Absolute indication

< 2cm in diameter

D-type, UL(-), but
>2 c¢m in diameter

D-type, UL(+), and
<3 c¢m in diameter

UD-type, UL(-), and
<2 cm in diameter

not fulfill the
absolute or
expanded
indication,
option for the
elderly and high-
operative-risk
patients with
severe
comorbidities

A locally recurred
lesion, diagnosed
as T1a, for a lesion
with an absolute
indication and D-

type

(EMR or ESD)

Expanded
indication (not
EMR but ESD)

Expanded
indication (not
EMR but ESD)

Expanded
indication (not
EMR but ESD)

Could be treated
by another
ESD
(investigational)

(EMR or ESD)

Expanded
indication (ESD
rather than EMR)

Expanded
indication (ESD
rather than EMR)

Expanded
indication (ESD
rather than EMR)

Considered as
expanded
indication

(investigational)

for EMR or ESD

Absolute indication
for ESD

Absolute indication
for ESD

Expanded
indication

Relative indication

Considered as
expanded
indication (need a
large-scale
observational study)

for EMR or ESD

Absolute indication
for ESD

Absolute indication
for ESD

Absolute indication
for ESD

Relative indication

Expanded
indication
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D-type: differentiated-type, UD-type: undifferentiated-type, UL: ulceration, EMR: endoscopic mucosal

resection, ESD: endoscopic submucosal dissection.

In a meta-analysis comparing ESD and surgery for EGC with absolute and expanded indication,
the 5-year overall survival, disease-specific survival, and disease-free survival rates were found to be
similar for both treatments. However, the rates of recurrence, synchronous cancers, and
metachronous cancers were higher with endoscopic treatment compared to surgery [5]. The
evolution of endoscopic techniques has expanded the indications for ESD, providing a safe and
effective alternative to surgery

However, there are still ambiguities in the application of endoscopic treatment and surgery
when determining the appropriate approach for EGC. In some cases, patients undergo unnecessary
surgery or endoscopic treatment, highlighting the importance of reducing this gray zone (Figure 2).
At this point, the question arises: where does the definite boundary lie within the gray zone between
endoscopic treatment and surgery? This issue persisted even during the transition from absolute
indication to expanded indication in the past. The goal of this article is to explore the gray zone and
the factors that influence it.

Unnecessary surgery

|
Endoscopic treatme Unnecessary ESD - . Surgical treatment

Figure 2. The concept of the gray zone between endoscopic treatment and surgical treatment.

2. Factors Affecting Endoscopic Treatment

Depth of invasion
Histologic Ulceration
Histologic differentiation
Tumor diameter (size)
Evaluation of Margin

SANRCLN IR .

Lymphovascular invasion

The six factors mentioned above serve as criteria for determining the feasibility of endoscopic
treatment. When endoscopic treatment is performed, these factors also determine the success of the
procedure or the need for additional surgery. However, it is important to consider whether the
observations and measurements of these criteria can vary. Assessing the accuracy and reliability of
these criteria is essential, especially considering that their interpretation may differ based on the
clinical context or the stance of the endoscopist or pathologist.

2.1. Depth of Invasion

The stomach is anatomically divided into five distinct layers, each with clear histologic
distinction. For example, it is usually easy to distinguish between invasion of the mucosa and
submucosa, or between the submucosa and the muscularis propria.
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Accurate and precise sectioning of histologic tissue is important for assessing the depth of tumor
invasion. Creating dense sections of approximately 2-3 mm intervals allows for accuracy and
precision. With such sectioning, it becomes clear which specific layer the tumor has invaded.

Challenges arise in more detailed assessments. In particular, it can be difficult to accurately
measure and distinguish the degree of invasion in the submucosal (SM) layer, especially when
determining whether the invasion is within 500 micrometers or classifying it as SM1, SM2, or SM3.
The current 500-micrometer (SM1) standard is based on specimens resected through surgery, which
include all five layers of the stomach. Until now, there has been no better parameter than this.
However, the ESD flap comprises only the gastric mucosa and the SM layer, which is the loosest layer
and can be significantly affected by handling during and after the procedure. Therefore, it is
questionable whether the 500-micrometer measurement in surgical tissue is applicable to the ESD
specimen. If a significant portion of the SM layer obtained through endoscopic procedures is below
500 micrometers or if there is significant damage, such as a large hole in the flap, it can create
significant difficulties in accurate evaluation. Moreover, the flaps of the cardia, fundus and upper
body (thinner flaps) and the flaps of the antrum (thicker flaps) have different thicknesses, but the
current indication does not take this into account. These anatomical differences can further
complicate the assessment, as the varying thickness of flaps between different stomach regions could
influence the accuracy of depth measurement and subsequent diagnosis.

To accurately assess the depth of invasion, efforts should be made to minimize thermal injury to
the SM layer during ESD treatment. To minimize damage to the flap and ensure precise treatment,
careful observation of the layer during endoscopic procedures is also essential. Additionally, direct
coagulation of the flap due to bleeding from the flap's vessels should be avoided to preserve the
integrity of the SM layer and facilitate accurate evaluation. It is preferable to locate the perforating
vessel and control the bleeding, rather than directly coagulating the bleeding site of the flap.

2.2. Histologic Ulceration

A gastric ulcer is defined as the destruction of the stomach lining extending beyond the
muscularis mucosa [6,7]. In indication for endoscopic treatment, the criteria for ulceration are based
on histologic rather than gross (endoscopic) ulceration [4]. However, biopsy tissue alone cannot
reliably determine ulceration, and histologic ulceration can only be fully evaluated after endoscopic
treatment through a complete specimen [4,8]. Therefore, when determining indication for endoscopic
treatment before the procedure, it is necessary to consider gross ulceration observed during
endoscopy.

However, EGC has a lifecycle that includes depressed, ulcerative, and healing phases. The
appearance of the lesion varies depending on the time of observation [9]. There may be confusion
due to a shallow ulceration or a healing ulcer due to ulcer medications seen endoscopically.
Additionally, distinguishing true ulceration from biopsy-related artifacts can sometimes be
challenging during histologic evaluation. In one study, it was found that the diagnosis of ulcers on
endoscopy was overestimated in 38.7% of lesions, and they were particularly observed in the lower
third of the stomach [10].

2.3. Histologic Differentiation

Histologic differentiation in gastric cancers is determined by the quantitative predominant type
of cellular differentiation, typically requiring that more than 50% of the tumor cells exhibit a specific
differentiation [11]. This criterion can lead to discrepancies between pre-treatment biopsy results and
post-treatment specimen analysis after endoscopic treatment, as biopsies may not fully capture tumor
heterogeneity [12]. In a comprehensive study investigating differentiated type EGC, mixed histology
was observed in 2.7% of cases, with larger tumor size, mid-third location, and moderate
differentiation identified as independent risk factors for mixed histology in forceps biopsies [13]. A
meta-analysis of mixed histology and lymph node metastasis showed that both differentiated and
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undifferentiated type EGC demonstrated higher lymph node metastasis rates in mixed types
compared to pure types [14].

There are limitations of the pre-treatment biopsy in assessing the histologic predominance and
mixed histology. As a result, fully understanding the histologic differentiation based solely on pre-
treatment endoscopic appearance and biopsy results remains challenging in certain cases.

2.4. Tumor Diameter (Size)

The tumor diameter (size) is also an important factor in determining the choice between
endoscopic treatment and surgical treatment for EGC. This factor is based on the final diameter (size)
measured during histologic evaluation after the endoscopically resected specimen is fixed in formalin
[15]. The issue with this measurement is that there are no clear guidelines or criteria for the amount
of tension to be applied when pinning and stretching the specimen. Additionally, the specimen may
shrink during the formalin fixation process, further complicating the measurement. As mentioned
earlier, there are anatomical differences in the thickness of the mucosa and submucosa in the different
regions of the stomach.

However, there is no consideration of the differences in the deformation of the specimen
depending on the location during the pinning and stretching process and after formalin fixation. The
original indications for endoscopic treatment were based on surgically resected histologic specimens,
so it makes sense that the final diameter (size) measured in the histologic specimen is used as the
standard. Surgical specimens consist of five layers, including a strong proper muscle structure, while
endoscopically resected specimens are composed only of the mucosa and submucosa, which is the
loosest tissues in the stomach. It is unreasonable to expect the same changes for these two different
specimen types. Furthermore, while making treatment decisions based solely on endoscopic
observation, it is difficult to predict the final diameter (size) of the specimen that has been
endoscopically resected and fixed in formalin.

When resected tissue is fixed in formalin, it generally shrinks, although the extent varies
depending on the location and composition of the tissue (Figure 3). A study analyzing changes in the
thickness and size of fresh and formalin-fixed specimens from laparoscopic sleeve gastrectomy
tissues showed notable differences between tissues containing full-thickness layers and those
comprising only the mucosa and submucosa (mucosa/submucosa) of the fundus, corpus, and antrum
[16]. After formalin fixation, the full-thickness tissues showed a thickness increase of 4.4, 5.6, and 7.2
times and a size reduction of 21.7%, 23.2%, and 25.2% in the antrum, corpus, and fundus, respectively.
Meanwhile, the mucosa/submucosa tissues showed a thickness increase of 1.8, 2.5, and 4.6 times and
a size reduction of 28.0%, 32.9%, and 35.3% in the antrum, corpus, and fundus, respectively.
According to this study, it can be concluded that formalin fixation causes an increase in tissue
thickness and a reduction in size, with variations observed depending on the gastric location and
type of specimen. A noteworthy aspect of this study is that, unlike the conventional practice of
pinning and stretching the margins with multiple pins after endoscopic treatment, the tissue was
fixed using only a single pin at its center. This approach was taken to compare changes in thickness
and size between full-thickness tissue and mucosa/submucosa tissue.
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Figure 3. Theoretically considered changes in the surgically resected stomach.

Ironically, two studies comparing the size of lesions observed during endoscopy with those in
ESD specimens during histologic evaluation after formalin fixation found that the size of the lesions
actually increased during histologic evaluation after fixation, contrary to the expected shrinkage
during the fixation process [17,18]. This phenomenon may be attributed to the process of pinning and
stretching the specimen after endoscopic resection, and then fixing it in formalin (Figure 4). In one
study [17], Measurement discrepancies based on histologic lesion size were observed as follows: for
lesion sizes of 1.0 cm or less, the measurement discrepancy mean was 0.04 cm; for lesion sizes between
1.0 and 2.0 cm, the mean was 0.14 cm; for lesion sizes between 2.0 and 3.0 cm, the mean was 0.31 cm;
for lesion sizes between 3.0 and 4.0 cm, the mean was 0.68 cm; and for lesion sizes between 4.0 and
5.0 cm, the mean was 0.80 cm. In another study [18], the overall median size of the lesions was 12.0
mm (IQR 10.0-15.0) during endoscopic observation and 12.0 mm (IQR 7.0-20.0) during histologic
evaluation (P = 0.367). The overall median size discrepancy was 5.0 mm (IQR 2.0-9.0). When the
tumor size exceeded 2 cm, the size observed on endoscopy was underestimated compared to the
histologic measurement. Both studies showed that the size of the lesions increased during histologic
evaluation compared to endoscopic observation, particularly as the lesions were larger and of
undifferentiated type histology.

Stretiching and pinning

Expectation

Lesion in the body Endoscopic observation (air inflation)  Histologic exam (fixed in the formalin)
Own size Overestimated

Figure 4. Theoretically considered changes in the endoscopically resected specimen.
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2.5. Evaluation of Margin

It is important to avoid challenges in assessing margins due to electrical injury during histologic
evaluation. During endoscopic procedures, close attention should be taken to prevent electrocautery
damage to the margins from marking dots, knives, or other instruments. After the procedure,
resected specimens, which tend to curl easily, should be carefully stretched with minimal tension and
pinned for proper fixation. Following these steps ensures that margin evaluation can be conducted
with minimal ambiguity.

2.6. Lymphovascular Invasion

Several studies on needle-based tissue biopsy have raised concerns about -cellular
contamination. This issue typically arises when the needle directly punctures the tumor, as seen in
procedures like liver biopsy or EUS-guided fine needle aspiration/biopsy. Although the likelihood of
contamination is very low, it could result in the spread of tumor cells to surrounding tissues or errors
in histologic diagnosis [19-21]. While no documented cases of metastasis or other complications have
been reported from directly puncturing a tumor using an endoscopic injector, the act of puncturing
the tumor site for submucosal injection carries a theoretical risk of cellular contamination. There is
also a theoretical possibility that these contaminated tumor cells could be introduced into blood
vessels or lymphatic tissues. Therefore, during endoscopic procedures, it is essential to avoid directly
puncturing the tumor when attempting submucosal injection.

In order to accurately assess lymphovascular invasion, electrocautery damage to the SM layer
should be minimized. To minimize damage to the SM layer of the specimen, when bleeding occurs
from the flap, it is preferable to locate the perforating vessel and control the bleeding rather than
directly coagulating the bleeding site of the flap.

The Gray Zone Between Endoscopic Treatment and Surgical Treatment

The reason a gray zone arises is that, when deciding on the treatment for EGC, it is necessary to
predict factors that can only be definitively determined after endoscopic resection (Figure 5). These
factors should be predicted solely using pre-treatment evaluations such as endoscopy, biopsy,
computed tomography, and endoscopic ultrasonography. Based on these evaluations, the
appropriate treatment strategy should be determined before treatment.

I Endoscopic resection ]

[ ] 3:1‘;2::; Diff iated-typ Undifferentiated-type
Diff-type Undiff-type uLO 2cm > 2 cm
dominant dominant (M) —
l l R uL1 3cm 3cm
(1) pTla, ULO pTla, ULO, =2 cm < Scm Son
(2) pT1a, UL1, S3cm HMO, VMO, Ly0, VO pT1bl (SM1) i—— ]
(3) pT1b(SM1), =3cm
& VMO, Ly0. Vo plez SMZ‘

No No I—j Yes
sCurac2 | [ eCurah ==3 1 ]

Add surgery Observation eCureA* eCureB* eCureC-2

eCura C-1 eCuraA, B
Re-ESD Observation

Coagulation

Observation

Add surgery

Figure 5. Algorithm and endoscopic curability (eCura) system for early gastric cancer after endoscopic

treatment. Japanese Gastric Cancer Treatment Guidelines 2021 (6th edition).

The endoscopic curability (eCura) scoring system (Figure 6) [22-24] may have a gray zone within
the low-risk category (0-1 point). When factors such as ulceration, undifferentiated type, tumor
diameter (size) over 3 cm, positive vertical margin, pT1b-SM2 invasion, or vascular invasion are
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present individually, the likelihood of lymph node metastasis is as low as 2.5%. Additional research
and data collection are needed to clarify the prognosis when these factors are present independently

Intermediate risk (2-4 points)
LNM rate: 6.7%

Low-risk (0-1 point)
LNM rate: 2.5%

3 points: Lymphatic invasion

1 point:  Tumor size >30 mm
Positive vertical margin pT1b-SM2
Vascular invasion

0 point: Undifferentiated-type

Ulceration (scar)

Figure 6. The endoscopic curability (eCura) scoring system and possibility of lymph node metastasis.

Table 2 summarizes the distinct zones and gray zones, the actions or steps that influence them,
and efforts to minimize these uncertainties. Additionally, based on the authors' perspectives, the
levels of understanding have been categorized into four stages: weak, relatively weak, relatively
strong, and strong.

Table 2. The gray zone between endoscopic treatment and surgical treatment.

-

Depth of invasion

Histologic Ulceration

Histologic differentiation

Tumor diameter

Evaluation of Margin

Lymphovascular invasion

« Intramucosal cancer
vs. SM cancer (M1,
M2, M3 vs SM)

Adequate
preservation of the
SM layer in the
specimen with
minimal
electrocautery
damage to the SM
layer.

No definitive ulceration

Homogeneity

* Less than 3cmin
differentiated type
cancer

.

Less than 2cm in
undifferentiated type
cancer

Clear margins of the
lesion

Adequate preservation
of the SM layer in the
specimen with minimal
electrocautery damage
to the SM layer.

+ Tumor location
(cardia, fundus, body
vs antrum)

* SM cancer (SM1 vs
SM2 or SM3)

Suspicious ulceration,
ulcer scar, healing ulcer,
and biopsy artifact

Heterogenicity
» Over 3cm in

differentiated type
cancer (UL, SM1)

.

Over 2cm in
undifferentiated type
cancer

Difficulty in
identifying the
margins of the lesion
during diagnosis

Burning and
laceration of the
margin

Theoretical risk of
cellular contamination
caused by needle
puncture.

Injury and
cauterization of the
flap and SM layer

Actions or stages
influencing the gray
zone

Holes in the specimen
or damage to the SM
layer

Damage caused by
biopsy

Overstretch of specimen

Marking around the
lesion

Incision around the
lesion

Direct needle
puncture of the
tumor

Direct hemostasis in
case of bleeding from
the flap

Precautions during
endoscopic diagnosis
and treatment

Minimal injury and
cauterization of the flap
and SM layer

Reduce the number of
biopsies

Minimize curling with
appropriate tension,
secure with pins, and
carefully flatten to avoid
overstretching

Incision made after
ensuring an adequate
safety margin around
the lesion

+ Avoid direct needle
puncture of the
tumor

* Hemostasis of
perforating vessels
instead of flap vessels

The degree of
ambiguity, in the
author’s perspectives

Relatively weak

Relatively strong

Relatively weak

Strong

Weak

Weak
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Among these factors, tumor diameter (size) is considered to be an area with high ambiguity. As
previously mentioned, differences in processing methods between surgically resected specimens and
endoscopically resected specimens contribute to this ambiguity. While size assessments based on
surgically resected specimens may underestimate the actual size of the lesion in vivo, measurements
from endoscopically resected specimens may overestimate the size due to the pinning and stretching
process during specimen preparation.

In fact, studies on upper third lesions [25] and undifferentiated type EGC larger than 2 cm [26,27]
suggest that the current thresholds for tumor diameter (size)—3 cm for differentiated type EGC and
2 cm for undifferentiated type EGC—seem to require further revision and expansion. Of course, in
cases of ulcers, submucosal invasion greater than 500 micrometers, and undifferentiated type gastric
cancer, the possibility of lymph node metastasis may be higher, indicating the need for the discovery
and development of other clinical and histologic factors that can complement and assess these risks.

There are notable differences in the factors influencing the decision-making process between
endoscopic and surgical treatment in the esophagus [28,29] and colon [30], where tumor diameter
(size) is not considered a risk factor. Unlike other parts of the gastrointestinal tract, it is questionable
whether tumor diameter (size) is a significant factor in the stomach. In fact, considering the
progression from absolute to expanded indication, it seems that factors statistically significant in
surgical specimens were taken into account. It is well known that as tumor diameter (size) increases,
the tumor tends to be more aggressive (with deeper invasion and a higher likelihood of lymph node
metastasis). However, just as we observe superficial-type cancers in the esophagus or laterally
spreading tumors in the colon, we can also observe EGCs in the stomach that spread laterally. These
types of EGCs can be good candidates for effective endoscopic treatment.

As endoscopists, we have already faced similar challenges during the transition from absolute
indication to expanded indication for endoscopic treatment. Nevertheless, we successfully
established expanded indication and accumulated valuable clinical experience. In particular, East
Asia, including countries like Japan, China, and Korea, has a high incidence of gastric cancer, a
significant number of EGC detections due to screening programs, and a growing emphasis on quality
of life. Additionally, with an aging population, there is an increasing number of patients for whom
surgery is not a feasible option. In this context, efforts to narrow the gray zone have become
necessary. It seems reasonable, with appropriate caution, for treatment indications to rely more on
the outcomes of endoscopic treatment rather than solely on those established from surgical treatment
outcomes.
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