
Introduction
Magnifying endoscopy with narrow band imaging (M-NBI) has
made a huge contribution to endoscopic diagnosis of early gas-
tric cancer (EGC) and its use has become commonplace in gas-
trointestinal endoscopy [1]. Recently, an algorithm for the
magnifying endoscopy diagnosis of EGC (MESDA-G: Magnifying

Endoscopy Simple Diagnostic Algorithm for early Gastric can-
cer) was proposed [2], and the usefulness of M-NBI in diagnos-
ing EGC is high [3–13]. However, we have sometimes encount-
ered false-negative cases with M-NBI diagnosis (endoscopists
diagnosed as non-cancerous with M-NBI but the pathological
diagnosis was cancerous) (i. e., M-NBI diagnostic limitation le-
sion: M-NBI-DLL).
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ABSTRACT

Background and study aims Magnifying endoscopy with

narrow band imaging (M-NBI) has made a huge contribu-

tion to endoscopic diagnosis of early gastric cancer (EGC).

However, we sometimes encountered false-negative cases

with M-NBI diagnosis (i. e., M-NBI diagnostic limitation le-

sion: M-NBI-DLL). However, clinicopathological features of

M-NBI-DLLs have not been well elucidated. We aimed to

clarify the clinicopathological features and histological rea-

sons of M-NBI-DLLs.

Patients and methods In this single-center retrospective

study, M-NBI-DLLs were extracted from 456 EGCs resected

endoscopically at our hospital. We defined histological

types of M-NBI-DLLs and analyzed clinicopathologically to

clarify histological reasons of M-NBI-DLLs.

Results Of 456 EGCs, 48 lesions (10.5%) of M-NBI-DLLs

were enrolled. M-NBI-DLLs was classified into four histologi-

cal types as follows: gastric adenocarcinoma of fundic-

gland type (GA-FG, n =25), gastric adenocarcinoma of fun-

dic-gland mucosal type (GA-FGM, n=1), differentiated ade-

nocarcinoma (n=14), and undifferentiated adenocarcino-

ma (n=8). Thirty-nine lesions of M-NBI-DLLs were H. pylori-

negative gastric cancers (39/47, 82.9%). Histological rea-

sons for M-NBI-DLLs were as follows: 1) completely covered

with non-neoplastic mucosa (25/25 GA-FG, 8/8 undifferen-

tiated adenocarcinoma); 2) well-differentiated adenocarci-

noma with low-grade atypia (1/1 GA-FGM, 14/14 differenti-

ated adenocarcinoma); 3) similarity of surface structure

(10/14 differentiated adenocarcinoma); and 4) partially

covered and/or mixed with a non-neoplastic mucosa (1/1

GA-FGM, 6/14 differentiated adenocarcinoma).

Conclusions Diagnostic limitations of M-NBI depend on

four distinct histological characteristics. For accurate diag-

nosis of M-NBI-DLLs, it may be necessary to fully under-

stand endoscopic features of these lesions using white light

imaging and M-NBI based on these histological characteris-

tics and to take a precise biopsy.
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In 2010, we proposed classifying differentiated adenocarci-
noma with low-grade atypia, especially those presenting with a
marked predominance of differentiation into chief cells, as a
new type, namely gastric adenocarcinoma of fundic-gland
type (GA-FG) [14]. GA-FG is a notable new entity in gastric can-
cer, which was described as an oxyntic gland adenoma or gas-
tric adenocarcinoma of fundic-gland type in WHO Classifica-
tion of Tumours, 5th Edition, published in 2019 [15]. Recently,
in addition to a fundic-gland type, a few cases of a GA-FG sub-
type, with a tendency of differentiating toward a foveolar-epi-
thelium type, have been reported as gastric adenocarcinoma
of fundic-gland mucosal type (GA-FGM) [16–18].

GA-FG is often diagnosed as non-cancerous by M-NBI, imply-
ing a M-NBI diagnosis is limited when applied to such lesions.
Most GA-FG appear to be a type of Helicobacter pylori (Hp)-naïve
gastric cancer. Histological types of Hp-naïve gastric cancers
are generally dominated by undifferentiated adenocarcinoma
and differentiated adenocarcinoma with low-grade atypia, in-
cluding GA-FG [19].

This suggests some M-NBI-DLLs may be included in Hp-naïve
gastric cancers. Accompanied by widespread use of Hp eradica-
tion therapy in recent years, the incidence of Hp-naïve gastric
cancers has increased. However, clinicopathological features
of M-NBI-DLLs have not been well elucidated. We aimed to clar-
ify the clinicopathological features and histological reasons of
M-NBI-DLLs and investigate their Hp infection status.

Patients and methods
This study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board of Jun-
tendo University School of Medicine (approval number: JHS 17-
0027). Patients were not required to give consent for the study
because the analysis used anonymous clinical data that were
obtained after each patient agreed to treatment by verbal and
documental consent. Individuals cannot be identified from the
data presented.

Study design

We retrospectively reviewed both M-NBI images and resected
specimens from a total of 468 EGCs in 439 consecutive patients
who had undergone preoperative M-NBI examination and
endoscopic resection between January 2013 and December
2017 at our hospital (▶Fig. 1). Lesions for which M-NBI images
were not taken at maximum magnification or were difficult to
evaluate because of mucus or erosions were excluded. After ex-
clusion, a total of 456 lesions in 427 patients were enrolled in
this study. Of these 456 lesions, false-negative cases with M-
NBI diagnosis (=M-NBI-DLL) were extracted and subjected to a
clinicopathological evaluation.

M-NBI diagnostic criteria

We employed a vessel plus surface classification system (VSCS)
[20] which is main algorithm of MESDA-G for an M-NBI diagno-
sis of EGC (▶Fig. 2). Two expert endoscopists (H.U. and K.M.)
reviewed M-NBI images of all cancerous lesions. Both of two
endoscopists checked M-NBI images of all lesions whether a le-
sion complied with the cancerous diagnostic criteria of the
VSCS. Lesions that did not fulfill the cancerous diagnostic crite-
ria of VSCS (any patterns of microvascular (MV) and microsur-
face (MS) without a demarcation line (DL), or regular MV and
regular MS pattern with a DL) were defined as M-NBI-DLL, and
we excluded misdiagnosed horizontal margin lesions from M-
NBI-DLL.

468 EGCs resected by ESD or EMR at our hospital
(2013/1–2017/12)

Two experienced endoscopists reviewed
all M-NBI images, retrospectively 

456 lesions analyzed

M-NBI diagnostic limitation lesion
(M-NBI-DLL)

Excluded:
12 M-NBI findings were inappropriate

Non-cancerous
(misdiagnosis)

Both of two 
endoscopists

Either one or both of 
two endoscopists

Cancerous
(correct diagnosis)

▶ Fig. 1 Flowchart of case selection and analysis. EGC, early gastric
cancer; ESD, endoscopic submucosal dissection; EMR, endoscopic
mucosal resection; M-NBI, magnifying endoscopy with narrow band
imaging.

DL

Non-cancerous

Absent

Absent

Present

Present

Cancerous

IMVP and/or IMSP

▶ Fig. 2 Vessel plus surface classification system (VSCS). DL, de-
marcation line; IMVP, irregular microvascular pattern; IMSP, irregu-
lar microsurface pattern.
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Determination of Hp infection status

Hp infection status of M-NBI-DLLs was examined. A status of Hp-
positive was defined as positive for at least one of the following
current Hp infection tests: rapid urease test (Otsuka Pharma-
ceutical Co., Tokyo, Japan), 13C-urea breath test (Photal Otsuka
Electronics, Tokyo, Japan) and Hp stool antigen test (Premier
Platinum HpSA; Meridian, Cincinnati, Ohio, United States).

Hp-negative included the statuses of Hp-naïve and post-Hp
eradication. A status of Hp-naïve was defined as the fulfillment
of all the following criteria: no eradication history, no mucosal
atrophy in endoscopic (no atrophy in the stomach or C-1 ac-
cording to Kimura–Takemoto Classification [21]) and patholog-
ical findings, and negative for at least one of the following tests:
rapid urease test, 13C-urea breath test, Hp stool antigen test
and serum Hp antibody (Eiken, Tokyo, Japan).

If the patient had a history of Hp eradication and negative for
current Hp infection test above-mentioned, the patient was di-
agnosed with post-Hp eradication without current infection.
Post-Hp eradication gastric cancer was defined as a lesion diag-
nosed by endoscopy a year or more after successful eradication.

Histological investigation

Specimens obtained by endoscopic resection were histological-
ly evaluated. A histological diagnosis was made according to a
revised Vienna classification by a highly experienced gastroin-
testinal pathologist (T.Y.) at our hospital. For the purpose of
this study, revised Vienna categories C4 and C5 were reclassi-
fied as cancerous, and all other classifications as non-cancerous
(▶Table1) [22]. Gastric cancer was histologically typed accord-
ing to the Japanese Classification of Gastric Carcinoma, 15th
edition [23]. Intestinal/ diffuse/indeterminate types of the Lau-
ren classification corresponded to differentiated/undifferenti-
ated/special types according to the Japanese Classification of
Gastric Carcinoma 15th edition.

Histological findings were analyzed according to presence or
absence of: (1) well-differentiated adenocarcinoma with low-
grade atypia (defined as well-differentiated adenocarcinoma
with low-grade cellular and architectural atypia, the judgment
of which was hard to make for a diagnosis of cancer or inflam-
mation); (2) similarity of surface structure (defined as few dif-
ferences between density of neoplastic glandular duct and
non-neoplastic glandular duct); (3) partially covered with non-
neoplastic mucosa on the tumor surface; and (4) completely
covered with non-neoplastic mucosa on the tumor surface.

▶Table 1 Histological diagnoses in this study.

Vienna

Category

Diagnosis

1 Negative for neoplasia Non-can-
cerous

2 Indefinite for neoplasia

3 Mucosal low-grade neoplasia

▪ Low-grade adenoma

▪ Low-grade dysplasia

4 Mucosal high-grade neoplasia Cancerous

▪ 4.1 High-grade adenoma/dysplasia

▪ 4.2 Non-invasive carcinoma
(carcinoma in situ)

▪ 4.3 Suspicious for invasive carcinoma

▪ 4.4 Intramucosal carcinoma

5 Submucosal invasion by carcinoma

▶Table 2 Clinicopathological features of 456 early gastric cancers
from 427 patients.

Number of lesions, n 456

Male/female 298/129

Age, years, median (range)  71.3 (35–92)

Location: upper/middle/lower  78/175/203

Tumor size, mm, mean (range)  14.9 (1–56)

Macroscopic type

▪ elevated type 180

▪ flat and depressed type 276

Histological type

▪ Differentiated type (intestinal type)

– tubular adenocarcinoma 358

– papillary adenocarcinoma   7

▪ Undifferentiated type (diffuse type)

– signet-ring cell carcinoma  19

– poorly differentiated adenocarcinoma   5

▪ Mixed type (differentiated plus undifferen-
tiated type)

 34

▪ GA-FG  25

▪ GA-FGM   3

▪ Special type (indeterminate type)

– gastric adenocarcinoma with enteroblastic
differentiation

  3

– hepatoid adenocarcinoma   1

– gastric carcinoma with lymphoid stroma   1

Depth of invasion: M/SM 379/77

Mean depth of SM invasion, µm (range) 731.5 (50–5000)

GA-FG, gastric adenocarcinoma of fundic-gland type; GA-FGM, gastric
adenocarcinoma of fundic-gland mucosal type; M, mucosa; SM, submucosa
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Results
Clinicopathological findings

▶Table 2 shows the clinicopathological features of 456 EGCs
from 427 patients. Of 456 EGCs, 48 lesions (10.5%) were M-
NBI-DLLs. Males predominated (M/F, 298/129), with an average
age of 71.3 years (range 35–92). Tumor locations were lower
third (L) >middle third (M) >upper third (U) = 203/175/78,
respectively. Mean tumor diameter was 14.9mm (range 1–
56). For macroscopic type, flatter and more depressed than
elevated types were found (flat and depressed/elevated, 276/
180). The histological types were as follows: 358 tubular ade-
nocarcinomas and seven papillary adenocarcinomas among dif-
ferentiated adenocarcinomas, 19 signet-ring cell carcinomas
and five poorly differentiated adenocarcinomas among undif-
ferentiated adenocarcinomas, 34 mixed type (differentiated
plus undifferentiated) adenocarcinomas, 25 GA-FG, and 3 GA-
FGM. There were three gastric adenocarcinomas with entero-
blastic differentiation, one hepatoid adenocarcinoma, and one
gastric carcinoma with lymphoid stroma among special type
gastric carcinomas. In terms of tumor depths, more tumors

showed mucosal than submucosal invasion (mucosal/sub-
mucosal, 379/77). Mean depth of submucosal invasion was
731.5µm (range 50–5000).

▶Table 3 shows the clinicopathological features of M-NBI-
DLLs. M-NBI-DLLs was classified into four histological types as
follows; GA-FG (n=25), GA-FGM (n=1), differentiated ade-
nocarcinoma (n=14), and undifferentiated adenocarcinoma
(n=8).

All differentiated adenocarcinomas were tubular adenocar-
cinoma, and all undifferentiated adenocarcinomas were sig-
net-ring cell carcinoma. In 48 patients with 48 lesions of M-
NBI-DLLs, males predominated (M/ F, 27/21), with average
age 66 years (range 41 to 81). Tumor locations were U> L >M
=22/14/12, respectively. Mean tumor diameter was 9.7mm
(range 1 to 43). For macroscopic type, more flat or depressed
than elevated types of tumors were found (26/22, respective-
ly).

▶Table 3 Clinicopathological and histological features of M-NBI-DLLs.

GA-FG GA-FGM Differentiated

adenocarcinoma

Undifferentiated

adenocarcinoma

Total

Number of lesions, n  25   1 14  8 48

Male/female  13/12   1/0  9/5  4/4 27/21

Age, years, mean (range)  67.4 (51–80)  63 70.2 (46–81) 55 (41–73) 66 (41–81)

Location: upper/middle/lower  21/2/2   1/0/0  0/8/6  0/2/6 22/12/14

Tumor size, mm, mean (range)   9 (2–43)  15 12.6 (0.8–35)  6.4 (2–12)  9.7 (1–43)

Macroscopic type

▪ elevated type  16   1  5  0 22

▪ flat or depressed type   9   0  9  8 26

Depth of invasion: M/SM   7/18   0/1 14/0  8/0 29/19

Median SM invasive width, µm (range) 341.7 (50–1400) 700

DL: positive/negative   2/23   0/1  5/9  0/8  7/41

MV: regular/irregular/absent  25/0/0   1/0/0 11/2/1  8/0/0 45/2/1

MS: regular/irregular/absent  25/0/0   1/0/0 12/2/0  8/0/0 46/2/0

Histological findings

▪ ①Well-differentiated adenocarcinoma
with low-grade atypia

 25/25 (100%)   0  0  8/8 (100%)

▪ ② Similarity of surface structure   0   1/1 (100%) 14/14 (100%)  0

▪ ③ Partially covered with a non-neoplastic
mucosa

  0   1/1 (100%)  6/14 (42.9%)  0

▪ ④ Completely covered with a non-
neoplastic mucosa

  0   0 10/14 (71.4%)  0

GA-FG, gastric adenocarcinoma of fundic-gland type; GA-FGM, gastric adenocarcinoma of fundic-gland mucosal type;
DL, demarcation line; MV, microvascular pattern; MS, microsurface pattern; M, mucosa; SM, submucosa;
M-NBI-DLL, magnifying endoscopy with narrow band imaging diagnostic limitation lesion.

E1236 Matsumoto Kohei et al. Diagnostic limitations of… Endoscopy International Open 2020; 08: E1233–E1242 | © 2020. The Author(s).

Original article



Histological findings

▶Table 3 shows histological features of M-NBI-DLLs. The fre-
quency of four distinct histological findings in M-NBI-DLLs
were as follows. Well-differentiated adenocarcinoma with low-
grade atypia was seen in all differentiated adenocarcinoma le-
sions. Similarity of surface structure was seen in 10 of 14 differ-
entiated adenocarcinoma lesions. Partially covered with a non-
neoplastic mucosa was seen in six of 14 differentiated adeno-
carcinoma lesions. Completely covered with a non-neoplastic
mucosa was seen in all GA-FG and undifferentiated adenocarci-
noma lesions. In GA-FGM, a well-differentiated adenocarcino-
ma with low-grade atypia and partially covered with a non-neo-
plastic mucosa was found.

Hp infection status

Thirty-nine of 47 (83.0%) patients with M-NBI-DLLs were Hp
negative (GA-FG/GA-FGM/differentiated adenocarcinoma/un-
differentiated adenocarcinoma; 20/1/11/7, respectively) (▶Ta-
ble4). Among 39 Hp-negative patients with M-NBI-DLLs, 24
were Hp-naïve, and nine were post-eradication. Six of 39 pa-
tients with M-NBI-DLLs were Hp-negative in clinical findings, al-
though mucosal atrophy was present in endoscopic findings
and past infection was suspected. However, Hp infection status
in six patients with M-NBI-DLLs was difficult to discern because
no eradication history could be found.

Case presentations

Representative cases of each histological type investigated in
this study are shown in ▶Fig. 3, ▶Fig. 4, ▶Fig. 5 and ▶Fig. 6.

On a conventional endoscopy with white-light imaging
(WLI), a whitish, submucosal tumor (SMT) shape of an elevated
lesion about 6mm in size was observed in the gastric fundus
(GA-FG, Hp-naïve, ▶Fig. 3). Dilated vessels with branch archi-
tecture were seen in the superficial layer of the lesion without
atrophic changes in the surrounding background mucosa. M-
NBI revealed dilatations of the intervening part (IP) and crypt
opening (CO), regular MS and MV pattern and no clear DL.
Pathological findings showed a proliferation of neoplastic cells

similar to fundic gland cells invading from the deep layer to be-
neath the superficial layer of the mucosa, with partial infiltra-
tion into the submucosal layer. Immunohistochemical staining
revealed the lesion was positive for pepsinogen-I, H+/K+-AT-
Pase and MUC6, and negative for MUC5AC, MUC2, and CD10,
leading to a final pathological diagnosis of the lesion as U, ade-
nocarcinoma of fundic-gland type, 0-IIa, 6 × 5mm, pT1b/SM1
(250µm), pUL0, Ly0, V0, pHM0, and pVM0. The superficial layer
of the tumor was completely covered with non-neoplastic epi-
thelial cells, which may have contributed to the diagnosis of
being non-cancerous by M-NBI examination.

On conventional endoscopy with WLI, a reddish, SMT shape
of an elevated lesion about 10mm in size was observed in the
gastric fundus (GA-FGM, Hp-naïve, ▶Fig. 4). M-NBI revealed di-
latations of the IP and CO, regular MS and MV pattern and no
clear DL. Based on endoscopic findings, a reddish elevated
type of GA-FG was suspected. Pathological findings showed
proliferation of neoplastic cells, similar to fundic gland cells, in-
vading from the middle layer to the deep layer of the mucosa,
with partial infiltration into the submucosal layer (700µm). Im-
munohistochemical staining revealed that the lesion was diffu-
sely positive for pepsinogen-I and MUC6, while sporadically po-
sitive for H+/K+-ATPase. However, MUC5AC-positive neoplastic
cells differentiated into foveolar epithelium – like cells and were
detected on the superficial layer of the mucosa. The final
pathological diagnosis of the lesion was U, adenocarcinoma of
fundic-gland mucosal type, 0-IIa, 15 ×13mm, pT1b/SM2 (700
µm), pUL0, Ly0, V0, pHM0, and pVM0.A diagnosis of a non-can-
cerous lesion by M-NBI was made based on the low irregularity
of the tumor exposed on the superficial layer of the mucosa
(differentiated adenocarcinoma with low-grade atypia), and
the coexistence of and/or coverage with non-neoplastic epithe-
lial cells over the lesion.

On a conventional endoscopy with WLI, a whitish, depressed
lesion about 8mm in size was observed on the greater curva-
ture of the gastric antrum. M-NBI revealed regular MS and MV
pattern and no clear DL (undifferentiated adenocarcinoma, Hp-
naïve, ▶Fig. 5). The final pathological diagnosis of the lesion
was L, signet-ring cell carcinoma, 0-IIc, 7 × 6mm, pT1a/M,

▶Table 4 Helicobacter pylori infection status of M-NBI-DLLs.

GA-FG

n=25

GA-FGM

n=1

Differentiated

adenocarcinom

n=14

Undifferentiated

adenocarcinoma

n=8

Total

n=48

Number of lesions evaluated for infection status 24 1 14 8 47

H. pylori-positive  4 (16.7%) 0  3 (21.4%) 1 (12.5%)  8 (17.0%)

H. pylori-negative 20 (83.3%) 1 (100%) 11 (78.6%) 7 (87.5%) 39 (82.9%)

▪ H. pylori-naïve 17 1  0 6 24

▪ Post-H. pylori eradication  2 0  7 0  9

▪ Suspected past infection (unidentified in eradication
history)

 1 0  4 1  6

GA-FG, gastric adenocarcinoma of fundic-gland type; GA-FGM, gastric adenocarcinoma of fundic-gland mucosal type;
M-NBI-DLL, magnifying endoscopy with narrow-band imaging diagnostic limitation lesion.
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pUL0, Ly0, V0, pHM0, and pVM0. Signet-ring cell carcinoma was
confined to the middle layer of the mucosa. The superficial lay-
er of the tumor was completely covered with a thick layer of
non-neoplastic epithelial cells, which may have contributed to
a diagnosis of a non-cancerous lesion by M-NBI.

On a conventional endoscopy with WLI, a pale-red depressed
lesion about 10mm in size with an obscure border was ob-
served on the lesser curvature of the gastric antrum (differenti-
ated adenocarcinoma, post-Hp eradication, ▶Fig. 6). M-NBI re-
vealed regular MS and MV pattern and no clear DL. The final
pathological diagnosis of the lesion was L, well-differentiated

▶ Fig. 3 Endoscopic and histological findings of GA-FG. a WLI. A whitish, submucosal tumor in the shape of an elevated lesion, 6mm in size,
was detected in the gastric fornix. There were dilated vessels with branch architecture at the surface of the lesion. The yellow square area
corresponds to b. b Highest power magnification with NBI. M-NBI demonstrates dilatation of the CO and IP. There was no clear DL (MESDA-G:
regular MV pattern plus regular MS pattern without a DL). c Histological findings. The blue square area corresponds to d. d Pathological find-
ings showed proliferation of neoplastic cells, similar to fundic gland cells, invading from the deep layer to beneath the surface of the mucosa.
The superficial layer of tumor was completely covered with noncancerous epithelial cells. e, f, g, h Immunohistological findings. e pepsinogen-
I positive. f H+/K+-ATPase partially positive. g MUC5AC negative. h MUC6 positive.
CO, crypt opening, DL, demarcation line; IP, intervening part; MESDA-G, magnifying endoscopy simple diagnostic algorithm for early gastric
cancer; M-NBI, magnifying endoscopy with narrow-band imaging; MS, microsurface; MV, microvascular; NBI, narrow-band imaging; WLI,
white-light imaging

E1238 Matsumoto Kohei et al. Diagnostic limitations of… Endoscopy International Open 2020; 08: E1233–E1242 | © 2020. The Author(s).

Original article



adenocarcinoma, 0-IIc, 14 ×6mm, pT1a/M, pUL0, Ly0, V0,
pHM0, and pVM0.A diagnosis of a non-cancerous lesion by M-
NBI was made based on the presence of a differentiated adeno-
carcinoma with low-grade atypia and the partial coexistence of
non-neoplastic epithelial cells. Moreover, the surface structure
of the cancerous region resembled the non-cancerous region
surrounding it, which may have made it more difficult to deter-
mine DL on endoscopic imaging.

Discussion
Diagnostic performance of M-NBI for EGC is very high, with Yao
et al. reporting the accuracy, sensitivity and specificity of its
diagnoses as 98.1, 85.7, and 99.4%, respectively [24]. The NBI
system is an optical image-enhanced technology containing a
narrow-band filter with central wavelengths of 415 and
540nm. Because light with such wavelengths is absorbed by he-
moglobin and propagates shallowly within the mucosal tissue,

▶ Fig. 4 Endoscopic and histological findings of GA-FGM. a WLI. A reddish, submucosal tumor shaped as an elevated lesion, 10mm in size, was
detected in the gastric fornix. b Highest power magnification with NBI. There was no clear DL (MESDA-G: regular MV pattern plus regular MS
pattern without a DL). c Histological findings. Atypia of the tumor exposed on the superficial layer of the lesion was extremely low (red bar),
where coexistence of and/partial coverage with non-cancerous epithelial cells was observed (blue bar). d, e, f, g Immunohistological findings.
d pepsinogen-I positive. e H+/K+-ATPase positive. f MUC5AC positive. g MUC6 positive.
DL, demarcation line; GA-FGM, gastric adenocarcinoma of fundic-gland mucosal type; MS, microsurface; MV, microvascular; NBI, narrow-
band imaging; WLI, white-light imaging.
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subepithelial MV architecture and mucosal MS are visualized in
high contrast.

However, M-NBI is only suitable for visualizing MS and MV in
the upper layer of the mucosa and unsuitable for visualizing le-
sions in deep layers of the mucosa [25]. Therefore, M-NBI is not
suitable for visualizing lesions within or deeper than the deep
layer of the mucosa and those with a superficial layer of non-
neoplastic epithelial cells. Thus, such lesions can be considered
as M-NBI-DLLs. Histological types presenting with the above-
mentioned histostructural findings include GA-FG, undifferen-
tiated adenocarcinoma, and moderately differentiated adeno-
carcinoma [16, 26–28].

GA-FG accounted for the largest number of M-NBI-DLLs. In
GA-FG, neoplastic cells, which originate from fundic glands
and are similar to fundic gland cells, proliferate mainly in the
deep layer of the mucosa. In all GA-FG cases, tumor was not ex-
posed on the surface of the lesion.

Meanwhile, all undifferentiated adenocarcinomas of M-NBI-
DLLs were signet-ring cell carcinomas. Undifferentiated adeno-
carcinomas, especially signet-ring cell carcinomas, are thought
to originate from the proliferative cell zone in the gastric gland
neck and expand laterally within the middle layer of the mucosa
during the initial stage of proliferation. During this stage, little
destruction of the mucosal structure by proliferating cells oc-
curs. All cases of signet-ring cell carcinoma were confined
within the middle layer of the mucosa.

Furthermore, several moderately differentiated adenocarci-
nomas have unique histostructural findings, in which neoplastic
cells expand continuously from the portion exposed on the sur-
face of the lesion. Beneath non-neoplastic epithelial cells, these
neoplastic cells laterally invade the middle layer of the mucosa
as the primary localization. Yao et al. [26] described a case in
which determination of the horizontal margin with M-NBI was
difficult. However, in this type of moderately differentiated
adenocarcinoma, lesions are typically found with a portion ex-
posed on the superficial layer, and it is not difficult to diagnose
cancerous or non-cancerous; thus, such lesions were not con-
sidered difficult to diagnose in this study.

Based on these results, lesions with specific histostructural
findings in which the tumor is not exposed on the surface of
the lesion and the superficial layer is completely covered with
non-neoplastic epithelial cells can be considered M-NBI-DLLs.

However, Okada et al. [29] reported that, regarding undif-
ferentiated adenocarcinoma, including even signet-ring cell
carcinoma confined to the middle layer of the mucosa, when
foveolar epithelium is destroyed, the IP can be dilated and re-
cognized by M-NBI. Furthermore, we have reported the follow-
ing M-NBI findings characteristic for GA-FG: absence of clear
DL, dilation of the IP, dilation of the CO, and MV without dis-

▶ Fig. 5 Endoscopic and histological findings of undifferentiated
adenocarcinoma. a WLI. A whitish, depressed lesion, 8mm in size,
was detected in the greater curvature of the lower third of the
stomach. b Highest power magnification with NBI. There was no
clear DL (MESDA-G: regular MV pattern plus regular MS pattern
without a DL). c Histological findings. The superficial mucosal
layer was completely covered with a non-neoplastic mucosa. Sig-
net-ring cell carcinoma was present only in the middle layer of the
mucosa. d Magnified view of the yellow square area in (c).
DL, demarcation line; MESDA-G, magnifying endoscopy simple
diagnostic algorithm for early gastric cancer; MS, microsurface;
MV, microvascular; NBI, narrow-band imaging; WLI, white-light
imaging.

▶ Fig. 6 Endoscopic and histological findings of differentiated ade-
nocarcinoma. a WLI. A reddish, depressed lesion was detected in
the lesser curvature of the lower third of the stomach. The margin
of the lesion was unclear. The yellow square area corresponds to b.
b Highest power magnification with NBI. There was no clear DL
(MESDA-G: regular MV pattern plus regular MS pattern without a
DL). c Histological findings. A well-differentiated adenocarcinoma
with low-grade atypia (red bar) was present. Non-neoplastic mu-
cosa was present (blue bar: the area between the two yellow, da-
shed lines). The surface structures of cancerous and non-neo-
plastic mucosa near the tumor are relatively similar.
DL, demarcation line; MESDA-G, magnifying endoscopy simple
diagnostic algorithm for early gastric cancer; MS, microsurface;
MV, microvascular; NBI, narrow-band imaging; WLI, white-light
imaging.
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tinct irregularities [16]. All of these characteristics may be attri-
butable to modification of non-neoplastic mucosa depending
on the original locations of cancerous cells and forms of cellular
proliferation and invasion. Such M-NBI findings, in which it may
not be feasible to determine whether the lesion is cancer or
non-cancerous, are nevertheless of value in providing neces-
sary information suggestive of undifferentiated cancer and
GA-FG.

In comparison, lesions considered M-NBI-DLLs, albeit ex-
posed on the superficial layer, included GA-FGM and differenti-
ated adenocarcinoma. In GA-FGM, the cancerous region is ex-
posed on the superficial layer of the tumor. This can be detect-
ed as irregular MV/ MS patterns by M-NBI with such lesions
more likely to be diagnosed as cancer [16, 17]. In this study,
two of three GA-FGM cases were diagnosed as cancer by M-
NBI, while the remaining case was M-NBI-DLL and was diag-
nosed as non-cancerous. The pathological findings for this GA-
FGM misdiagnosed as non-cancerous were that a region of fo-
veolar – epithelial cancer with extremely low-grade atypia was
exposed on the superficial layer of the tumor that was partially
covered with non-neoplastic epithelial cells. There is no estab-
lished consensus on endoscopic features of GA-FGM due to the
rarity of such cases. Cases exist that are difficult to diagnose, as
represented by the above-mentioned GA-FGM case in which M-
NBI failed to judge its MS/ MV pattern as “regular” due to the
extremely low grade of atypia, despite a part of the tumor
being exposed on the superficial layer. Thus, further study is
warranted.

In differentiated adenocarcinoma of M-NBI-DLLs, all lesions
were cancer with extremely low-grade atypia. Furthermore,
some lesions showed the similarity of surface structures and
partially covered and/or mixed with a non-neoplastic mucosa.

Based on these results, we envisioned difficulties in making a
cancer diagnosis by M-NBI, even for cases in which tumor was
exposed on the superficial layer of the lesion, in the following
specific situations. First, it is difficult to determine a DL along
non-cancerous areas in lesions with extremely low atypia, such
as differentiated adenocarcinoma with low-grade atypia in
which surface structures are similar between cancerous and
surrounding non-cancerous tissues. Second, it is also difficult
to detect the presence of tumors when non-neoplastic epithe-
lial cells coexist and/or partially cover the superficial layer of le-
sions.

In regard to Hp infection status, endoscopic demarcation
and a qualitative diagnosis may be more difficult for post-Hp
eradication gastric cancers since non-neoplastic epithelial cells
may coexist and/or cover the superficial layer of the tumor and
show surface differentiation with low cellular proliferation at
the luminal surface [30–33]. Post-Hp eradication gastric can-
cers accounted for 77 out of 456 cases in this study. Nine of
the 77 (11.7%) post-Hp eradication gastric cancers were M-
NBI-DLLs. In terms of histological types, seven cases of differen-
tiated adenocarcinoma and two cases of GA-FG were found.
Post-Hp eradication gastric cancers accounted for half the total
of 14 differentiated adenocarcinoma cases of M-NBI-DLLs. This
suggested that Hp eradication is one factor complicating an M-
NBI diagnosis. Hp-naïve gastric cancer (24 lesions) and post-Hp

eradication gastric cancer (9 lesions) collectively accounted for
nearly 70% (33/48 lesions) of M-NBI-DLLs in this study. Togeth-
er with cases for which the eradication history was unknown
but were assumed to have a history of past Hp infection, 39 of
48 M-NBI-DLLs (82.9%) were Hp-negative gastric cancers, de-
monstrating that the majority of M-NBI-DLLs were Hp-negative
gastric cancers.

As Hp eradication treatments become more widespread, the
Hp infection rate has been drastically decreasing with time [34],
and relative incidences of Hp-negative gastric cancers are ex-
pected to increase in the future. Accordingly, the incidence of
lesions that are difficult to diagnose on M-NBI may likely in-
crease.

Limitations of the current study include its single-center na-
ture, a retrospective design, a proportion bias of each histologi-
cal types of gastric cancer based on the institution, a lack of a-
nalysis of inter – intra reliability, and investigation of false-posi-
tive cases (an endoscopic cancer diagnosis, but a non-cancer-
ous pathological diagnosis).

Conclusion
In conclusion, this study revealed that M-NBI-DLLs were classi-
fied into four histological types as follows: GA-FG, GA-FGM, dif-
ferentiated adenocarcinoma, and undifferentiated adenocarci-
noma. The following histological features may be attributed to
difficulties in diagnosis by M-NBI: (1) the superficial layer of a
tumor completely covered with non-cancerous epithelial cells;
(2) extremely low atypia of tumor (well-differentiated adeno-
carcinoma with low-grade atypia); (3) high similarity of surface
structures between cancerous and surrounding non-cancerous
tissues; and (4) the coexistence of and/or coverage with non-
cancerous epithelial cells over the superficial layer of the tumor.
For accurate diagnosis of M-NBI-DLLs, it may be necessary to
fully understand endoscopic features of these lesions by WLI
and M-NBI based on these histological characteristics and to
take a biopsy precisely. However, lesions completely covered
with non-neoplastic mucosa are unable to be visualized on M-
NBI, and highlight a limitation of the diagnostic capacity of M-
NBI. Moreover, for lesions presenting with a histostructural
finding of well-differentiated adenocarcinoma with low-grade
atypia and/or high similarity of surface structure between can-
cerous and surrounding non-cancerous tissues, which can be
visualized as tumors on M-NBI, changes in MS and/or MV pat-
terns are minute, meaning that it can be difficult to judge irre-
gularities. In future, further investigations will be needed to es-
tablish a new judgment criterion for determining the regularity
or irregularity of such lesions and discovering a new character-
istic of M-NBI findings that suggests cancer.
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