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Abstract
Background and Aim: There are no globally approved, distinguishing criteria
enabling the classification of gastric adenomas and intramucosal carcinomas for differ-
ential diagnosis of noninvasive neoplasia (NIN).
Methods: Next-generation sequencing of 50 cancer-related genes was undertaken on
68 pathologically diagnosed microdissected gastric neoplasms (25 adenomas,
27 intramucosal carcinomas, and 16 submucosal carcinomas) obtained during endo-
scopic submucosal dissection. Findings from magnifying endoscopy with narrow-
band imaging (M-NBI) of 52 NINs (the 25 adenomas and 27 intramucosal carcino-
mas) were compared with these data.
Results: Among all 68 neoplasms, the most frequently mutated genes were APC
(76% in adenoma, 11.1% in intramucosal carcinoma, and 0% in submucosal carci-
noma; P < 0.001) and TP53 in intramucosal and submucosal carcinomas (8% in ade-
noma, 48.1% in intramucosal carcinoma, and 75% in submucosal carcinoma;
P < 0.001). Dividing the NIN neoplasms into five groups according to their muta-
tional status (A1: APC mutation, A2: APC + α mutation, B: APC + TP53 mutation,
C: TP53 mutation, D: no mutation in either APC or TP53) resulted in almost identical
diagnoses by pathology and M-NBI for groups A1 (12/13, 92%), C (12/13, 92%), and
D (16/17, 94%) but not for groups A2 (3/7, 43%) or B (0/2, 0%). This finding implies
that NINs with the APC + α mutation have carcinoma-like endoscopic features despite
most being judged as adenomas by pathology.
Conclusion: A diagnosis of NINs by pathology or M-NBI in the subset of gastric
tumors classified by cancer-related mutations is not completely identical, suggesting
the possible additional role of M-NBI in diagnosing NINs. Further studies are needed
to confirm this.

Introduction
Recent high-throughput cancer-related genetic analysis, using next-
generation sequencing (NGS), has revealed molecular abnormalities
in gastric cancer, and significant advances in personalized and preci-
sion medicine are now expected as a result.1–5 Although these previ-
ous studies were mainly aimed at assessing advanced cancers, there
are also some recent reports on early gastric carcinomas (GC) and
adenomas. The most commonly mutated genes are TP536,7 in early
GC and APC in adenomas.8 Because cancer-related gene mutations
are reflected in cancer biology, they may provide important informa-
tion on the biological characteristics of these neoplasms.

In Europe and the United States, histopathological evi-
dence of infiltration of neoplasms into the submucosa or deeper

has been considered to indicate “carcinoma,” whereas noninva-
sive neoplasias (NINs)9–16 confined to the mucosa have been
conventionally described as “dysplasia.” However, in Japan,
NINs have been classified into two pathological categories, “ade-
nomas” and “intramucosal carcinomas,” based on the nuclear
and structural atypicality of the neoplastic cells and tissues.16 In
order to unify these discrepant diagnostic criteria, the Vienna
classification17 was proposed and revised in 200018 to reflect
agreement to include “high-grade dysplasia” (as designated in
Europe and the United States) and “intramucosal carcinoma”
(in Japan) in the same category. Such NINs do have the potential
for infiltrating the submucosa and require treatment; currently,
endoscopic resection including endoscopic submucosal dis-
section (ESD) is widely accepted as the local treatment of choice
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because of its low invasiveness and high control rate. However,
despite such international agreements on the diagnosis of gastric
NINs by pathology,19 the differential diagnosis of gastric adeno-
mas and gastric intramucosal carcinomas remains challenging in
clinical practice. This is because of the diverse morphological
features of NIN lesions and the lack of standardized diagnostic
criteria to distinguish between adenomas and gastric intramucosal
carcinomas,16,17,20,21 especially in borderline cases.

In such a setting, recent advances in magnifying endos-
copy with narrow-band imaging (M-NBI) have made it possible
to distinguish between cancerous and noncancerous neoplasms
without a pathological diagnosis.22,23 In addition, M-NBI might
be useful for the differential diagnosis of gastric adenoma and
gastric intramucosal carcinoma.24,25 In Japan, a “magnifying
endoscopy simple diagnostic algorithm for early gastric carci-
noma” (MESDA-G) has been proposed using M-NBI informa-
tion on the demarcation line (DL), microvascular pattern (MVP),
and microsurface pattern (MSP) of the neoplasm surface. The
usefulness of this algorithm is gradually being acknowledged
clinically.26 However, in the context of the increasingly routine
assessment of cancer-related mutations, it was unclear whether
M-NBI findings from previous studies would provide any addi-
tional information useful for the accurate diagnosis of gastric
NINs. The present study therefore investigated the relationships
between pathology and M-NBI findings classified by the distribu-
tion of cancer-related mutations.

Methods

Patients and samples. A total of 68 lesions was included
in this retrospective study. Histopathology indicated 25 gastric
adenomas and 43 early GC (differentiated adenocarcinoma).
Here, we focused on the differences between adenoma and
intramucosal well-differentiated adenocarcinoma because it is
often difficult to distinguish these forms by pathology. We there-
fore excluded undifferentiated adenocarcinoma. Among these

68 early GC, 27 were intramucosal, and 16 were submucosal.
The lesions were resected by ESD at Yamanashi University Hos-
pital from February 2011 to February 2016, with 68 lesions
being the total number available over this time period. The histo-
pathological diagnosis was determined according to the Japanese
classification of GC, 3rd English edition,27 by two independent
expert pathologists (KM and MO). Helicobacter pylori infection
status was determined by the presence of immunoglobulin G
antibody in serum, 13C-urea breath test, or tissue culture of
biopsied samples.

This study was approved by the Human Ethics Review
Committee of Yamanashi University, Faculty of Medicine.

Collection of samples, extraction of DNA, and
analysis of somatic alterations. Tumor areas and neigh-
boring nontumor areas were taken from consecutive sections of
pathology-diagnosed specimens using laser capture microdis-
section (LCM). DNA was extracted from the cut tissue and semi-
exhaustively searched for tumor-related genetic abnormalities
using NGS and digital polymerase chain reaction (dPCR).
Detailed methods of LCM, extraction of DNA, NGS, and dPCR
are shown in Supplemental Methods.

Endoscopic procedures and analyses. Target lesions
were observed under normal light, or optionally with indigo car-
mine dye, and then under M-NBI. From the M-NBI images,
endoscopic diagnosis of the target lesions was made by three
experienced endoscopists using MESDA-G.26 For the endoscopic
diagnosis of target lesions under M-NBI, it was first determined
whether there was a clear DL at the border between the lesion
and the surrounding mucous membrane. Next, the MVP of the
lesion was determined as (i) regular, (ii) irregular, or (iii) absent.
Similarly, the MSP was determined as (i) regular, (ii) irregular,
or (iii) absent. An example is shown in Figure 1. The judgment
made by two or more of the three endoscopists was recorded as
the final endoscopic diagnosis.

Regular Irregular Absent

MVP

MSP

Figure 1 Gross morphology showing regular, irregular, and absence of a microvascular pattern (MVP) and microsurface pattern (MSP).
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Statistical analysis. We compared baseline characteristics
of the groups using Fisher’s exact test for categorical variables.
We used the Cochran–Armitage test to detect the trend between
gastric mucin phenotypes and cancer-related mutations in early
GC. P values of <0.05 by the two-tailed test were considered to
indicate statistical significance.

Results

Clinicopathological characteristics of the gastric
neoplasms. A total of 68 lesions from 68 patients was
included in this retrospective study (Table 1): Histopathology
defined 25 as gastric adenomas and 43 as early GC (differenti-
ated adenocarcinomas). Of the latter, there were 27 intramucosal
carcinomas and 16 submucosal carcinomas. Patients were mainly
men in their 70s. Locations, macroscopic types, and color varied
according to each neoplasm. There were 52 NINs (25 adenoma
and 27 intramucosal GC).

Somatic mutations of cancer-related genes. Cancer-
related mutations and their correlations with the clinicopathologi-
cal background are shown in Figure 2. A list of mutations, muta-
tion frequency, mutational effect, nucleotide change, amino acid
change, and coverage identified in each adenoma lesion is shown
in Table S1. Similarly, information on intramucosal carcinoma
and submucosal carcinoma is detailed in Tables S2 and S3.

Cancer-related somatic gene mutations in histo-
pathologically diagnosed gastric adenoma. A total
of 34 mutations was found in 20 of 25 (80%) adenomas, with no
mutations in the remaining 5 (20%) (Fig. 2). The most common
and frequent mutation among the adenomas was in the APC gene

as found in 19 cases (76.0%), in which mutations of genes other
than APC were also detected in 7, including 2 TP53, 3 KRAS,
1 FBXW7, 1 ATM mutation, and 1 CDKN2A mutation. Of the
19 adenomas with APC mutations, 3 had >1 mutation in the APC
gene. A single adenoma case had only an SMO mutation. These
mutation patterns are shown in Figure 3 comprising 34 mutations,
of which 11 were nonsense, 12 missense, and 11 frameshifts,
with the latter observed only in the APC gene. Of the 23 point
mutations found, 13 were C > T transitions, 7 were C > A trans-
versions, 2 were C > G transversions, and 1 was an A > C tran-
sversion (Fig. 3).

Cancer-related somatic gene mutations in histo-
pathologically diagnosed early gastric carcinoma.
A total of 49 mutations was found in 34 (79.1%) of the 43 early
GC, with no mutations found in the remaining 9 (20.9%). Of these
34 cases, 25 had a single mutation, and 9 had multiple mutations
(Fig. 2). The most frequent mutation among early GC was in the
TP53 gene, found in 25 cases (58.1%). Stratifying early GC into
intramucosal or submucosal carcinoma allowed comparison of the
presence or absence of TP53 mutations and multiple other muta-
tions. However, there were no significant differences between the
two groups regarding the presence or absence of the TP53 mutation
(P = 0.12). On the other hand, although there were also no signifi-
cant differences between intramucosal and submucosal carcinomas
with respect to the presence or absence of multiple mutations, there
was a tendency for submucosal carcinoma to have multiple muta-
tions (P = 0.057).

Of these 49 mutations (Fig. 2), 8 were nonsense, 35 mis-
sense, 2 frameshift and 2 nonframeshift indel, and 1 each of
Splicesite and Stoploss, with the highest number of missense
mutations. Of the 43 point mutations (Fig. 3), 29 were C > T

Table 1 Clinicopathologic characteristics of 25 adenomas and 43 early gastric cancer (EGC)

EGC (n = 43)

Age (years)† Adenoma (n = 25) Intramucosal GC (n = 27) Submucosal GC (n = 16)

Gender, n (%) 72 (62–84) 73.5 (54–88) 73 (58–87)
Male 21 (84) 19 (70.4) 13 (81.3)
Female 4 (16) 8 (29.6) 3 (18.8)

Location, n (%)
U 3 (12) 3 (11.1) 6 (37.5)
M 12 (48) 9 (33.3) 7 (43.8)
L 10 (40) 13 (48.1) 1 (6.3)
Remnant stomach 0 2 (7.4) 2 (12.5)

Size (mm)† 15 (6–60) 12 (6–29) 21 (6–42)
Macroscopic types, n (%)
Elevated (I/IIa/IIa + IIc) 23 (92) 14 (54.6) 2 (12.5)
Depressed (IIc/IIc + IIa) 2 (8) 13 (48.1) 14 (87.5)

Color, n (%)
Whitish or normal color 20 (80) 18 (66.7) 3 (18.8)
Reddish color 5 (20) 9 (33.3) 13 (91.2)

Histological classification, n (%)
tub1 or tub1 > tub2 26 (96.3) 13 (81.2)
tub2 or tub2 > tub1 1 (3.7) 3 (18.8)

†Median (range).
GC, gastric cancer; L, lower third; M, middle third; U, upper third.
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transitions, 4 were C > A transversions, 3 were C > G trans-
versions, 2 were A > G transitions, 4 were A > T transversions,
and 1 was an A > C transversion. Thus, as in the adenomas,
C > T transition was the most common.

Comparison of mutations in histopathologically
diagnosed adenoma and intramucosal carcinoma.
The most commonly mutated genes in adenoma and intramucosal
carcinoma were APC (76%, 19/25) and TP53 (48.1%, 13/27),
respectively, a significant difference (P < 0.001 and P = 0.0019).
Seven adenomas and three intramucosal carcinomas had muta-
tions in multiple genes, but there were no significant differences
between the two (P = 0.16). In addition, the same combinations
of mutations were found across adenomas and intramucosal car-
cinoma: APC + KRAS mutations in two adenomas and one
intramucosal carcinoma and APC + FBW7 mutations in one ade-
noma and one intramucosal carcinoma.

Magnifying endoscopy findings with narrow-band
imaging, and conventional white-light imaging of
52 NIN neoplasms. All 52 neoplasms categorized as NINs
had a DL. The presence or absence of irregular microvascular
pattern (IMVP) and irregular microsurface pattern (IMSP) in 25

cases (a1–25) of adenoma and 27 cases (m1–m27) of
intramucosal carcinoma was judged by three investigators, as
shown in Table S4. Figure 4 summarizes the mutations, the pro-
files of IMVP and IMSP, and depression and redness evaluated
by conventional white-light imaging of these 52 neoplasms.
Overall, there were 30 IMVPs and 22 IMSPs, and all neoplasms
with IMSP also had IMVP.

IMVP and/or IMSP were found in 6 of 25 (24%) adenomas
and 24 of 27 (89%) intramucosal carcinomas (P < 0.001). The detec-
tion sensitivity of pathologically diagnosed intramucosal carcinomas
by IMVP and/or IMSP was 89%, and the specificity was 76%.

In addition, a significant difference was recognized with
respect to the presence of depression between the adenomas
(2/25, 8%) and the intramucosal carcinomas (13/27, 48%)
(P = 0. 0019). On the other hand, there were no significant dif-
ferences between the two groups regarding redness (20% in ade-
noma and 33.3% in intramucosal carcinoma, P = 0.36) (Fig. 4).

Relationships between mutations, endoscopic
findings, and pathology in NIN. Of the 52 NINs, 11 had
single TP53 mutations, of which 10 were IMVP- and/or IMSP-
positive (91%) with a pathological diagnosis of intramucosal carci-
noma. Thirteen possessed a single APC mutation, with none
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Figure 2 Distribution of somatic cancer-related gene mutations and clinicopathological findings in 68 gastric lesions (25 adenoma, 27 intramucosal
gastric carcinoma (GC), and 16 submucosal GC). Mutation rates on the right axis are for the genes of 25 adenomas and 43 early gastric carcinomas
(intramucosal gastric carcinoma + submucosal gastric carcinoma) (EGC). The depth of the pink bar represents neoplasm size, and the depth of the
blue bar indicates the depth of submucosal invasion. Adenoma and intramucosal GC are sorted by neoplasm size. Submucosal GC are sorted by
neoplasm depth. ( ), EGC; ( ), adenoma; ( ), nonsense; ( ), missense; ( ), frame shift; ( ), splice site; ( ), stop loss; ( ), non-frame indel; ( ), ade-
noma; ( ), tub1; ( ), tub1 > tub2; ( ), tub2 > tub1; ( ), tub2. ly, lymphatic invasion; v, vascular invasion.

K Tanaka et al. Diagnosis of noninvasive gastric neoplasia

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 446–453

© 2021 The Authors. JGH Open: An open access journal of gastroenterology and hepatology published by Journal of Gastroenterology and Hepatology Foundation and

John Wiley & Sons Australia, Ltd.

449



displaying IMVP or IMSP. The pathological diagnoses of these
13 neoplasms were 12 adenomas and 1 intramucosal carcinoma.
Moreover, in addition to the APC mutations, there were seven
pathologically diagnosed adenomas carrying another mutation,
within which IMVP and/or IMSP was recognized in six (86%)
(Fig. 4). IMVP and/or IMSP findings were significantly more fre-
quent in adenomas with APC + additional mutations (86%) than
adenomas with a single APC mutation (0%) (P < 0.001) (Fig. 4).

In order to further investigate the relationship between
mutations, pathological diagnosis, and M-NBI findings among
NINs, we divided them into four groups according to their
mutational patterns of APC and TP53, as follows: group A
(APC mutation+/TP53 mutation-, n = 20), group B (APC muta-
tion+/TP53 mutation+, n = 2), group C (APC mutation-/P53
mutation+, n = 13), and group D (APC mutation-/TP53 muta-
tion-, n = 17). Group A was further subdivided into A1
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(n = 13) and A2 (n = 7) according to the presence of other
mutations. As shown in Figure 5, diagnoses of group A1 neo-
plasms were almost identical whether based on pathology or
M-NBI (12/13, 92%), and all were judged to be adenomas.
Similarly, diagnoses of group C neoplasms were almost identi-
cal by pathology and M-NBI (13/13, 100%), all judged to be
intramucosal carcinoma. In group D, there was a mixture of
neoplasms judged as adenoma and intramucosal carcinoma,
and again, the diagnoses were almost identical whether by
pathology or M-NBI (16/17, 94%). In contrast, the diagnosis
by pathology was significantly different from M-NBI in group
A2/B (3/9, 33%); in this case, most of these neoplasms were
diagnosed as adenoma by pathology (7/9, 78%) but as carci-
noma by M-NBI (8/9, 78%) (Fig. 5). Figure S1 shows M-NBI
findings and images of several NINs in groups A1, A2, B, and
C in comparison with pathological findings after classification
according to cancer-related mutations.

Discussion
Because of the difficulty in differentially diagnosing gastric ade-
nomas and intramucosal adenocarcinomas using the current diag-
nostic system based on pathology, here, we performed a
semicomprehensive analysis of 50 cancer-associated genes in
gastric NINs, with the main aim of determining whether addi-
tionally assessing M-NBI would assist in making a diagnosis.
What is unique in this study is that it showed the relationship
between pathology and M-NBI finding after classifying NINs
through data on cancer-related mutations.

First, by analyzing adenoma, intramucosal carcinoma, and
submucosal carcinoma diagnosed by pathology, we showed that
mutations of the APC gene are characteristic of adenoma, while
TP53 mutations are characteristic of carcinoma. Importantly,
because no APC mutation was observed in “infiltrative” submuco-
sal carcinoma, TP53 mutations are considered essential in gastric
carcinogenesis, while adenoma-derived carcinoma, originating due

to mutation of APC, is less likely to develop. In comparison with
intramucosal gastric carcinoma, submucosal carcinoma has clearer
pathological features of submucosal invasion and is easier to diag-
nose by pathology. Therefore, the contribution of TP53 is evident,
whereas the contribution of APC is weaker or even the opposite in
the formation of submucosal carcinoma. This inverse relationship
between APC and TP53 and adenoma and carcinoma has been
reported previously,28 with a recent study reporting the stepwise
correlation of APC and TP53 along three steps of low-grade dys-
plasia, high-grade dysplasia, and early GC, as in our study.29

Compared to these earlier studies, ours is more comprehensive in
the context of a clear demonstration of TP53 and APC mutations
in early gastric carcinogenesis through the analysis of a larger
number of samples exploiting advanced sample acquisition tech-
nologies and harvesting very small amounts of tissue using laser
microdissection.

Next, we aimed to discover any additional roles of M-NBI
data as a supportive tool in the diagnosis of NINs through cancer-
related gene analysis. In a previous study reporting the differential
diagnosis of gastric adenoma and adenocarcinoma on the basis of
M-NBI, the sensitivity was 86–95% and the specificity was
38.9–88% when the diagnostic gold standard was set as pathologi-
cal carcinoma.24,25 In the present study, when pathology was simi-
larly set as the diagnostic gold standard of NINs, the sensitivity
was 89% and specificity was 76% for the diagnosis of carcinoma
in 52 NINs using M-NBI (data not shown); this is similar to the
previous report. On the other hand, classifying NINs by their
cancer-related mutations resulted in assigning five categories
according to the presence of APC and TP53 mutations (Fig. 5). In
this classification, the diagnosis of adenoma is most plausible for
group A1-NINs with APC+/TP53- because most of these NINs
were diagnosed as adenomas by both pathology and M-NBI. Simi-
larly, carcinoma is most plausible for group C-NINs with APC
−/TP53+ because most of the NINs were diagnosed as carcinomas
by both pathology and M-NBI. In contrast, the situation was dif-
ferent for APC−/TP53- NINs (group D). However, because the
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cancer gene panel used in this analysis contained only 50 genes
but not any previously reported driver genes such as RHOA,
ARID1A, and MUC6,1,24 precisely which genes are involved is
unclear. Interestingly, however, the diagnosis by both modalities
was almost identical for each NIN.

Compared to the essentially identical agreement between
pathology and M-NBI diagnosis in groups A1 (92%, 12/13), C
(92%, 12/13), and D (94%, 16/17), the diagnosis of carcinoma
was more frequent by M-NBI than pathology in groups A2 (43%,
3/7) and B (0%, 0/2). Examining the difference between A2 and B
more closely, four NINs diagnosed as adenoma by pathology in
A2 were diagnosed as carcinoma by M-NBI, and two adenomas
diagnosed by pathology in B were diagnosed as carcinoma by M-
NBI. Regarding cancer-related mutations, A2 had mutations of
KRAS, FBXW7, ATM, and CDK2A in addition to APC, and B had
TP53 mutations in addition to APC. In previous studies, the
FBXW7 mutation was associated with poor prognosis in advanced
GC, ATM loss of function was associated with a 4–5-fold increase
in the incidence of early GC by Genome-wide association studies
(GWAS) analysis, and CDKN2A mutation was also associated
with early GC,30 while the role of KRAS mutation in gastric carci-
noma is debatable.28 Considering that the cancer-related mutations
could be a reflection of tumor biology, it is possible that the NINs
in groups A2 and B have a higher potential for malignancy com-
pared to those with a single APC mutation (A1). This finding sug-
gests an additional nonredundant role of M-NBI for the diagnosis
of NINs.

Why did the pathological diagnosis and the M-NBI diagno-
sis differ in some cases? Both these diagnostic systems rely on the
morphological features found in neoplasms, but they assess differ-
ent observation items in that NIN diagnosis by pathology relies on
the nuclear and structural atypia found in neoplasms, whereas the
M-NBI relies on irregularities in microstructure and
microvascularity on the surface. Currently, it is not clear whether
this diagnostic discrepancy between pathology and M-NBI was
caused by the differences in morphological changes observed in
association with tumor progression or whether it was caused by
differences in the ease of detectability of morphological changes
between the two. In Figure S1 showing M-NBI images of several
NINs, those in groups A2 and B seemed to have more malignant
M-NBI features, especially in MVP findings, relative to A1. Fur-
ther studies are needed to determine relationships among these
morphological features found in pathology and M-NBI and
cancer-related mutation status.

This study has some limitations. First, the number of cases
is not large. Second, this is a cross-sectional study, and the longi-
tudinal outcome of the patients with these NINs is unknown.
Specifically, although it is suggested that NINs in groups A2 and
B possessed a higher malignant potential than A1 NINs, it is
uncertain whether these did progress to infiltrative submucosal
carcinoma. In fact, the actual submucosal carcinomas in this
study always had TP53 mutations, whereas group A2-NINs did
not. Further studies are needed to clarify these issues.

In conclusion, through comparisons of pathology and M-
NBI for NINs in the context of cancer-related gene mutation data,
we have documented that a single APC mutation was specific for
gastric adenomas, while the TP53 mutation was specific for gastric
intramucosal carcinomas. Second, we showed that some NINs
were diagnosed as adenomas by pathology but as intramucosal

carcinomas by M-NBI, and such NINs with discrepant diagnoses
had a characteristic profile of APC plus other mutation(s), different
from the profiles found in the NINs without discrepant diagnoses.
Although the clinical significance of these findings requires clarifi-
cation in longitudinal studies, M-NBI findings are suggested to
have an additional valuable role in the diagnosis of NINs.
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Appendix S1. Supporting information.

Table S1. Genetic mutations identified in 25 gastric adenoma
lesions.
Table S2. Genetic mutations identified in 27 intramucosal GC
lesions.
Table S3. Genetic mutations identified in 16 submucosal GC
lesions.
Table S4. Results of decision by three doctors, based on magni-
fying endoscopic findings.

Figure S1. Images of gastric noninvasive neoplasias (NINs)
using magnifying endoscopy with narrow-band imaging (M-
NBI) in comparison with pathological findings stratified
according to cancer-related mutations. A1: APC mutation, A2:
APC + α mutation, B: APC + TP53 mutation, C: TP53 mutation.
Arrows indicate demarcation line. MSP, microsurface pattern;
MVP, microvascular pattern.
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