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Abstract

There are differences in the diagnoses of superficial gastric lesions between Japan and
other countries. In Japan, superficial gastric les'&ms are classified as adenoma or cancer.
Conversely, outside Japan, the same lesion is classified as low-grade dysplasia (LGD),
high-grade dysplasia, or invasive neoplasia. Gastric carcinogenesis occurs mostly de
novo, and the adenoma-carcinoma sequence does not appear to be the main pathway of
carcinogenesis. Superficial gastric tumors can be roughly divided into the APC
mutation type and the TP53 mutation type, which are mutually exclusive. APC-type
tumors have low malignancy and develop into LGD, whereasg TP53-type tumors have
high malignancy and are considered cancertas even if small. For lesions diagnosed as
category 3 or 4 in the Vienna classification, it is desirable to perform complete en bloc
resection by endoscopic submucosal dissection followed by staging. If there is
lymphovascular or submucosal invasion after mucosal resection, additional surgical
treatment of gastrectomy with lymph node dissecﬁn is required. In such cases,
function-preserving curative gastrectomy guided by sentinel lymph node biopsy may
be a good alternative.
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Core Tip: Gastric carcinogenesis occurs mostly de novo. Superficial gastric tumors can be
roughly divided into the APC mutation type and the TP53 mutation type, which are
mutually exclusive. APC-type tumors have low malignancy and develop into low-grade
dysplasia, whereas TP53-type tumors have high malignancy and are considered
cancerous even if they are small. For lesions diagnosed as category 3 or 4 in the Vienna
classification system, endoscopic submucosal dissection and staging should be
performed the tumor is diagnosed with lymphovascular or submucosal invasion,

additional surgical treatment of gastrectomy with lymph node dissection is required.

ETRODUCTION
Gastric cancer is one of the most common cancers worldwide. However, the incidence
of gﬁic cancer declined in many Western countries during the 20th century. Japan was
one of the countries with a high incidence of gastric cancer, but the incidence is also
decreasing. This fact proves that Helicobacter pylori (H. pylori) infection is deeply
involved in the development of gastric cancerlll. In Japan, the water supply and
sewerage systems were completed in the 1960s, and the H. pylori infection rate has
decreased among the generations born subsequently23l. Most patients with gastric
cancer in Japan are elderly, and the incidence of gastric cancer among age groups with
low H. pylori infection rates is low. Besides H. pylori, many factors are known to be
involved in gastric carcinogenesis. These include salt intake, smoking, exposure to N-
nitroso compounds, and Epstein-Barr virus infection/*7l. However, the molecular
mechanisms leading to gastric carcinogenesis are not well understood.

In contrast, the molec mechanism leading to colorectal cancer has been clarified to
some extent. Colorectal cancer is one of the most common cancers worldwide. Many

orectal cancers are thought to develop from adenomas and serrated polyps through
the adenoma-carcinoma sequence. The molecular mechanism of colorectal

carcinogenesis has long been a subject of interest and has been well-studied, with
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genetic and epigenetic changes in oncogenes and tumor suppressor genes identified in
considerable detail.

There are various reasons for this difference in the understanding of the molecular
mechanisms between gastric carcinogenesis and colorectal carcinogenea's. The most
important is that gastric carcinogenesis is often of the de novo type and does not
necessarily follow the adenoma-carcinoma sequence, making it difficult to examine the
genetic changes from benign lesions to carcinoma in a sequential manner. Another
reason is that the diagnostic criteria for gastric adenomas are vague and differ between
countries in the East and West.

In this article, we describe the issues surrounding gastric adenomas, the molecular
mechanisms of carcinogenesis that have been identified to date, and future

perspectives.

DIAGNOSTIC CRITERIA FOR GASTRIC ADENOMA

It has long been known that some benign superficial gastric lesions are difficult to
distinguish from adenocarcinoma. They are conventionally called atypical epithelial
lesions or Ila-subtypel®°l. These cases were organized and_given the diagnostic name

Iﬂ'

“gastric adenomal'?” approximately during the time the World Health organization
(WHO) histological classification of gastric cancer was established in the 1970s. In
Japan, superficial gastric lesions are classified into adenoma and cancer and a treatment
policy is adopted: the cancer is resected, small adenomas are followed up, and large
adenomas are regarded as early gastric cancer (EGC) and treated by mucosal resection.
In Japan, gastric adenomas are classified mainly according to glandular structure, with
occasional reference to immunohistochemical mucin staining. Recently, foveolar-type
gastric adenomas with a raspberry-like appearance in H. pylori-negative cases have
become a contentious issuelll12l. Conversely, outside Japan, dysplasia is used

describe lesions that are difficult to distinguish from benign to malignant. Dysplasia is

defined as a histologically probable neoplastic lesion without evidence of invasive

growth within the specimen. Intraepithelial neoplasia is a synonymous condition.
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Dysplasia is 1assi_fied into low-grade dysplasia (LGD) and high-grade dysplasia (HGD)
according to the degree of cellular atypial'3l. Gastric adenoma exists outside Japan but
mainly refers to a protruding tumor.

Therefore, there are differences in the diagnoses of superficial gastric lesions between
Japan and other countries. Table 1 also shows the classification of gastric lesions
according to the WHO classification, Vienna classification proposed at the worldwide
pathologists’ consensus meetingl4l, and revised Vienna classi&ation['ﬁl. Figure 1 shows
the relationship between the diagnosis of gastric lesions and the Japanese classification
of gastric carcinomal!®l, WHO classification, and Vienna classification. The diagnosis of
adenomas in Japan is probably the most limited. It is difficult to determine the correct
classification system because they all have advantages and disadvantages, and there are
also differences in the frequency of encountering lesions and treatment strategies. In
Japan, where the prevalence of gastric cancer is high, clinicians perform numerous
endoscopic screenings. They often find EGCs, and targeted biopsy is frequently used for
definitive diagnosis. Pathologists and clim’cﬁns must determine benign or malignant
lesions from biopsies and determine cancer based on cellular and structural atypia. As
the presence or absence of submucosal invasion is not required under the Japanese

ssification, cancer can be diagnosed without performing complete resection and
determining the presence or absence of submucosal invasion. However, intramucosal
carcinoma is also considered a cancer, although this is not accepted by some
pathologists in Western countries. Conversely, according to criteria other than those of
the Japanese Gastric Cancer Association (JGCA), it is difficult to obtain tissue from the
submucosal layer with endoscopic biopsy; therefore, pathological judgment using
biopsy material can only be performed in dysplasia, making it difficult to diagnose
cancer using biopsy. Pathologists cannot determine gastric cancer without complete
resection of the lesion, and intramucosal cancer is not defined as cancer. Although
intramucosal carcinoma has a good prognosis and rarely metastasizes, lymph node
metastasis still occurs in 2% of casesl!7}; if left untreated, it can progress to submucosal

and advanced cancer(!8l, Therefore, intramucosal cancer should still be considered life-
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threatening. In Japan, adeno are regarded as “benign lesions”; therefore, even
among Japanese pathologists, it is difficult to distinguish high-grade intestinal-type
adenomas and foveolar-type adenomas from cancer, and discrepancies in diagnosis

sometimes occur.

DOES GASTRIC ADENOMA BECOME CANCER?

Many colorectal cancers are thought to develop from adenomas and serrated polyps.
Do gastric adenomas become cancers, similar to colorectal cancer?

Some gastric lesions might be cancerous after mucosal resection, even if the
preoperative diagnosis is adenoma using targeted biopsy. The frequency of such cases
varies in the literature; howeverdhere are reports of a reasonably high rate; therefore,
caution should be exercised™l. It is sometimes difficult to distinguish between high-
grade intestinal-type adenomas and very well-differentiated tubular adenocarcinomas,
and sampling errors may occur in targeted biopsies!'”l. In contrast, adenocarcinoma in
adenoma, unlike colorectal cancer, is rarely observed in low-grade intestinal-type
adenoma, and it is rare for low-grade adenoma of Vienna classification category 3 to
become malignant(’l. In addition, gastric minute carcinomas without adenomatous
components are common. Gastric carcinogenesis is mostly de novo, and the adenoma-
carcinoma sequence does not appear to be the main pathway of carcinogenesis.

The Cancer Genome Atlas system classifies gastric cancer into four categories based
on molecular biological characteristics!?!l. A summary of this classification system is
presented in Table 2. The molecular biological features revealed here help in the
consideration of treatment strategies for advanced gastric cancer; however, this system
does not provide insight into genetic alterations in the early stages of carcinogenesis.
The pathway for the accumulation of gene mutations leading to gastric carcinogenesis is
not as clear as that in colorectal cancer. This may be mainly due to the lack of a clear
adenoma-carcinoma sequence in the stomach and the discrepancy in the diagnostic
criteria for gastric adenoma and intramucosal carcinoma between countries in the East

and West.
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GENETIC MUTATION AND CANCERIZATION OF GASTRIC ADENOMA AND
DYSPLASIA

Recent advances in genetic analysis have provided insights into gene mutations in
adenomas and dysplasia, and the pathway to carcinogenesis in adenomas and dysplasia
is becoming more clear.

Fassan et all2l investigated tﬁ mutational status of HGD and EGC using high-
throughput mutation profiling. Mutations in APC, ATM, FGFR3, PIK3CA, RB1, STK11,
and TP53 were confirmed in both HGD and EGC. Lim et all®l examined the mutation
profiles of LGD using whole-exome sequencing and confirmed that APC mutations
occur in LGD. Lee et al!l examined APC mutationsé adenomas, dysplasias, and
adenocarcinomas. They found that APC mutations play an essential role in the
pathogenesis of adenoma and dysplasia but have a limited role in the progression to
adenocarcinoma. Rokutan ef all®! investigated the mutational status of LGD, HGD, and
intramucosal carcinoma using targeted deep DNA sequencing. They found that APC
mutations and TP53 mutations were highly prevalent in these lesions and were the
initial mutations in the tumors. TP53 mutations were also found in microscopic
intramucosal carcinomas of 1 mm and 3 mm. APC mutations were found in all the
LGDs examined. In contrast, no TP53 mutations were detected in the LGD group. APC
mutations and TP53 mutations are frequently observed in patients with HGD, but they
are mutually exclusive.

Based on these results, superficial gastric tumors can be roughly divided into the APC
mutation type and the TP53 mutation type. APC-type tumors have low malignancy and
develop into LGD, whereas TP53-type tumors have high malignancy and are judged as
cancerous even if they are smalll®l. It is still unclear whether APC-type LGD progresses
into HGD or whether APC-type HGD progresses into cancer. In contrast, it is
reasonable to treat TP53-type HGD as cancer. This finding is illustrated in Figure 2.
Figure 2 also shows the translation of this to the JGCA criteria. Many Japanese gastric

cancer specialists believe that all mucosal cancers progress from submucosal to
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advanced. However, some mucosal cancers may not progress to submucosal cancer,

although they may progress laterally.

HOW SHOULD GASTRIC TUMORS BE TREATED?

Superficial gastric tumors are often observed in H. pylori-positive stomachs under
numerous gastroscopies. There is still no consensus regarding the treatment of these
tumors.

In Japan, EGC is often detected, and endoscopic submucosal dissection (ESD) is
frequently performed; therefore, most superficial gastric tumors, including gastric
adenomas, are resected by ESDI'?l. The treatment policy is the same in China and South
Korea, where there are many H. pylori-positive individuals. In contrast, in Western
countries, the treatment of dysplasia is not always standardized due to the small
number of H. pylori-positive patients, low number of gastroscopies performed, and lack
of widespread use of ESD. In the Vienna classification[!41%], a target biopsy diagnosis is
set from category 1 to 5, with category 1 being negative for neoplasia and should
undergo no treatment, category 2 is indefinite for neoplasia and should undergo repeat
biopsy, and category 5 iaindicated for surgical resection. The problem is the treatment
of categories 3 and 4. The revised Vienna classificatitalwl recommends endoscopic
resection or follow-up for category 3 and endoscopic or surgical local resection for
category 4. The 2012 MAPS guidelinel2l states that “patients with endoscopically visible
HGD or carcinoma should undergo staging and adequate management”. According to
this, category 3 should be followed up, and category 4 should undergo excision. In
contrast, the 2019 MAPS II guidelinel?! states that “patients with an endoscopically
visible lesion harboring LGD, HGD, or carcinoma should undergo staging and
treatment.” Due to the uncertainty of biopsy diagnosis/229], it is assumed that LGD
would be upgraded to HGD or adenocarcinoma after resection. Therefore, treatment is
also required for LGDI?], and category 3 is targeted for diagnostic treatment. However,
staging and treatment methods have not been described. Considering the invasiveness

of surgical resection, it is desirable to perform complete en bloc resection by ESD first!*]
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and then perform staging. Subsequent treatment should follow the Japanese Gastric
Cancer Treatment GuidelinesPll. If the tumor is a well to moderately differentiated
mucosal cancer with no lymphovascular invasion, treatment is completed, and if
lymphovascular invasion or submucosal invasion is found, additional surgical
treatment of gastrectomy with lymph node dissection is required.

Conversely, do we need ESD for all category 3 cases? Endoscopic resection of
colorectal adenomas reduces the incidence of colorectal cancer, which provides
evidence that the adenoma-carcinoma sequence is an essential pathway for colorectal
carcinogenesis. In contrast, low-grade intestinal adenomas, which are rarely associated
with adenocarcinomas, are unlikely to become cancerous even if left untreated.
Upgrading to HGD or adenocarcinoma has been reported to be less than 10% after
follow-up for adenoma and LGDI2032], and the possibility of regression with H. pylori
eradication therapy has also been reported®2. For these reasons, category 3 adenomas
can be safely treated with observation; if the adenoma meets the intestinal type in the
JGCA criteria and is less than 2 cm in size, resection may not be necessary. However, a
case of gastric-type adenoma that was adenocarcinoma in adenoma with submucosal
invasion has been reported(*3], and follow-up of gastric-type adenoma may not always
be safe. In addition, the safety of observing LGDs that fall into mucosal cancer in the
JGCA criteria is not guaranteed. In the future, further understanding of the relationship
between genetic mutations in LGD and the natural history of lesions will provide
profiles for safe follow-up of category 3 Lesions. Category 3 patients with APC
mutations may be observed. However, at this time, category 3 adenomas, other than
intestinal-type adenomas, seem to have no choice but to undergo complete diagnostic
resection with ESD.

The results are summarized in Figure 3. Since category 3 and 4 Lesions are highly
likely to be mucosal adenocarcinomas according to the JGCA criteria, complete en bloc
resection of the mucosal layer is desirable even for diagnostic purposes, and ESD is
appropriate. However, ESD is a complicated procedure. Surgical mucosal resection and

laparoscopic intragastric surgery may also be acceptable in cases where there is no
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skilled endoscopistl®l. In contrast, category 5 corresponds to submucosal
adenocarcinoma in the JGCA criteria; therefore, gastrectomy with lymph node
dissection is necessaryl'7.%l. Category 4.3. also has a high possibility of developing
similar lesions; thus, surgery should be performed from the beginning. In addition,
since the possibility of lymph node metastasis is only 15%-20% even for such lesions,
not only gastrectomy with nodal dissection up to D1* but also function-preserving
curative gastrectomy guided by sentinel lymph node biopsy may be a good

indication[7],

CONCLUSION

Gastric carcinogenesis occurs mostly de novo, and the adenoma-carcinoma sequence
does not appear to be the main pathway of carcinogenesis. Superficial gastric tumors
can be roughly divided into the APC mutation type and the TP53 mutation type, which
are mutually exclusive. For lesions diagnosed as category 3 or 4 in the Vienna
classification, it is desirable to perform ESD for accurate diagnosis and staging. If there
is lymphovgscular or submucosal invasion, additional surgical treatment of

gastrectomy with lymph node dissection is required.

Figure 1 The relationship of the diagnosis of superficial gastric lesions between the
Japanese classification of gastric carcinoma by the Japanese Gastric Cancer
Association, the WHO classification, and the Vienna classification. In Japan, gastric
cancer is diagnosed based on cellular and structural atypia. On the other hand, outside
Japan, dysplasia is used to describe lesions that are histologically probable neoplastic
lesions without evidence of invasive growth. Intraepithelial neoplasia is a synonymous
condition. Therefore, all mucosal and some submucosal cancers diagnosed by the
Japanese Gastric Cancer Association criteria are diagnosed as dysplasia outside Japan.

The original Vienna classification is the answer to this discrepancy by setting non-
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invasive carcinoma and intramucosal carcinoma. IEN: Intraepithelial neoplasia; JGCA:

Japanese Gastric Cancer Association.

Figure 2 The diagram assuming the relationship between gene mutations and gastric
carcinogenesis. Superficial gastric tumors can be roughly divided into two types by
specific gene mutations: The APC mutation type and the TP53 mutation type. APC-type
tumors have low malignancy and develop into low-grade dysplasia, whereas TP53-type
tumors have high malignancy and are_considered cancerous even if small. JGCA:
Japanese Gastric Cancer Association; HGD: High-grade dysplasia; LGD: Low-grade
dysplasia.

FigureéThe strategy for diagnosis, staging, and treatment of gastric dysplasia and
cancer according to the Vienna classificat'ﬁ. Since category 3 and 4 Lesions are highly
likely to be mucosal adenocarcinomas according to the Japanese Gastric Cancer
Association (JGCA) criteria, complete en bloc resection of the mucosal layer is desirable
for diagnosis and initial treatment. However, a small part of category 3, such as a small
intestinal-type adenoma judged by the JCGA criteria, can be followed up. In contrast,
category 5 corresponds to submucosal adenocarcinoma according to the JGCA criteria;
therefore, curative surgery is necessary. Category 4.3 was also treated surgically. The
asterisk (*): For en bloc mucosal resection, endoscopic submucosal dissection is
appropriate; however, laparoscopic intragastric surgery may be acceptable in cases
where there is no skilled endoscopist. The two asterisks (**): Gastrectomy with lyrrﬁl
node dissection up to D1* is recommended for surgical treatment. However, since the
possibility of lymph node metastasis is only 15%-20% even for such lesions, function-
preserving curative gastrectomy guided by sentinel lymph node biopsy can be

performed by a specialist.
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Table 1 The classifications of gastric adenoma of the Japanese Gastric Cancer

Association and gastric superficial lesions of the WHO classification and the

Vienna classification

Classification Code Diagnosis Subtype Subtype 2
JGCALle] Gastric adenoma Intestinal type
Gastric type Pyloric
gland type
Foveolar
type
WHO 2019131 8148/0 Glandular
intraepithelial
neoplasia, low grade
8148/2 Glandular
intraepithelial
neoplasia, high
grade
8213/0 Serrated dysplasia,
low grade
8213/2 Serrated dysplasia, Intestinal-type
high grade dysplasia
Foveolar-type
(astric  type)
dysplasia
Gastric  pit/crypt
dysplasia
144 /0 Intestinal-type
adenoma, low grade
8114/2 Intestinal-type Sporadic intestinal-

adenoma, low grade

gastric

type

adenoma
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Viennall4l

Revised

Viennall

8210/0

8210/2

41

4.2

4.3

5.2

41

Adenomatous polyp,
low-grade dysplasia
Adenomatous polyp,
Eigh-grade dysplasia
Non-invasive  low-
grade neoplasia
Non-invasive

high-

grade neoplasia

Invasive neoplasia

2

Mucosal low-grade
neoplasia

Mucosal high-grade

neoplasia

Syndromic
intestinal-type

gastric adenoma

Low-grade

adenoma/ dysplasia

High-grade
adenoma/ dysplasia
Non-invasive
carcinoma

(carcinoma in situ)

Suspicion of
invasive carcinoma
Intramucosal
carcinoma
Submucosal
carcinoma or
beyond

Low-grade
adenoma/ dysplasia
High-grade
adenoma/ dysplasia
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4.2 Non-invasive
carcinoma
(carcinoma in situ)

43 Suspicious for
invasive carcinoma

4.4 Intramucosal
carcinoma

8 Submucosal invasion

by carcinoma

JGCA: Japanese Gastric Cancer Association.
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Table 2 Brief summary of The Cancer Genome Atlas classification

Type Chromosomal EBV Microsatellite Genomically
instability instability stable

Percentage  50% 9% 21% 20%

Profile  of Male prevalence  Elderly age Younger age

patients

Location GE], cardia Corpus or fundus Antrum Distal
location

Lauren type Intestinal Intestinal Poorly
cohesive

Other DNA Carcinoma with

pathological aneuploidy lymphoid stroma

feature
Prognosis Favorable Worst
Genetic TP53 Extensive DNA MLHI promoter Low copy
features mutation promoter hypermethylation number
methylation alterations
and
mutational
burden
Amplification CDKN2A High mutational ARIDI,
of TKR promoter burden RHOA,
hypermethylation CDH1
mutations
PIK3CA, ARID1A, CLDN18-
BCOR mutations ARHGAPZ26

fusion in 15%

TCGA: The Cancer Genome Atlas; EBV: Eptein-Barr virus; GEJ: Esophagogastric

junction.
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