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Abstract: Objectives: We aimed to clarify the endoscopic and clinicopathological features of raspberry-
shaped gastric lesions (RSGLs) and to establish an endoscopic diagnostic algorithm for RSGLs.
Methods: We collected RSGLs from an endoscopic database at our hospital between May 2009
and August 2021. All RSGLs were histopathologically classified and compared based on their
endoscopic and clinicopathological characteristics. Results: Sixty-five RSGLs in 54 patients were
classified into five histopathological types: gastric adenocarcinoma of foveolar type (GA-FV, n = 43),
gastric adenocarcinoma of fundic-gland type (GA-FG, n = 2), gastric adenocarcinoma of fundic-gland
mucosa type (GA-FGM, n = 4), hyperplastic polyp (HP, n = 12), and proton pump inhibitor-related
lesion (PPI-L, n = 4). All RSGLs exhibited polygonal or curved marginal crypt epithelium (MCE).
GA-FV lesions had homogenously reddish (95%) and an irregular microvascular (MV) pattern (91%).
GA-FG lesions were heterogeneously reddish with a submucosal tumor shape (100%) and had a
regular MV pattern (50%). GA-FGM lesions were homogen+ously reddish (75%) and occasionally
had a submucosal tumor shape (50%) with an irregular MV pattern (75%). HPs and PPI-Ls were
homogeneously reddish (93%), with linear or dotted MCE (81%) and a regular MV pattern (100%).
Conclusion: Our diagnostic algorithm for RSGLs constructed using endoscopic features might be
useful for the endoscopic differential diagnosis of RSGLs.

Keywords: Helicobacter pylori-uninfected gastric cancer; gastric adenocarcinoma of foveolar type;
raspberry-shaped gastric lesion; gastric adenocarcinoma of fundic-gland type; gastric adenocarci-
noma of fundic-gland mucosa type; hyperplastic polyp; proton pump inhibitor-related lesion; early
gastric cancer

1. Introduction

Gastric cancer development presents with histological changes resulting from Heli-
cobacter pylori (H. pylori) infection, such as atrophic gastritis and intestinal metaplasia [1,2].
In Japan, most patients with gastric cancer are H. pylori-positive or undergoing H. pylori-
eradication therapy, and H. pylori-uninfected gastric cancer is considered rare (0.42-2.5% of
gastric cancer) [3-7]. Recently, the proportion of H. pylori-positive patients has gradually
decreased due to the widespread use of H. pylori eradication therapy; consequently, the
incidence of gastric cancer without H. pylori infection has been gradually increasing [5].

Gastric adenocarcinoma of foveolar type (GA-FV), which is diagnosed as a differenti-
ated type of gastric cancer with low-glade atypia in H. pylori-uninfected gastric cancers,
has recently been categorized as a subtype of raspberry-shaped gastric cancers (RSGCs),
which appear reddish protruded lesions with a fine granular surface [8-12]. According to
the Japanese Classification of Gastric Carcinoma (JCGC), GA-FV is a well-differentiated
adenocarcinoma. However, per the WHO criteria, it is a foveolar-type adenoma [9,10,13].
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According to previous studies, there is a tendency for gastric adenocarcinoma of fundic-
gland type (GA-FG) and gastric adenocarcinoma of fundic-gland mucosa type (GA-FGM)
to differentiate into foveolar epithelial cells, fundic gland cells, or mucus neck cells [14,15].
In addition, some cases of GA-FG and GA-FGM present with reddish protruded lesions
similar to those observed in RSGC. We previously reported the clinicopathological and en-
doscopic features of gastric cancers that resembled GA-FV in H. pylori-uninfected patients,
and we subclassified RSGCs histopathologically into GA-FV, GA-FG, and GA-FGM [10].
However, benign lesions that resemble RSGCs are often observed in clinical practice. The
classification, clinicopathological, and endoscopic features of raspberry-shaped benign
gastric lesions (RSBGLs) have not been adequately elucidated.

Therefore, this study aimed to establish a new histopathological classification of raspberry-
shaped gastric lesions (RSGLs), which include RSGC and RSBGL, and clarify endoscopic and
clinicopathological features of each subtype of RSGLs in H. pylori-uninfected patients.

2. Materials and Methods
2.1. Study Design

We collected RSGCs in H. pylori-uninfected patients from 1048 early gastric cancer
lesions resected using an endoscopic procedure and RSBGLs that endoscopically resembled
RSGC at our hospital between April 2009 and August 2021. We designed a new histopatho-
logical classification of RSGLs and compared it using endoscopic and clinicopathological
evaluations. In addition, we investigated the endoscopic findings that were useful for
establishing a diagnostic algorithm for RSGLs.

2.2. H. pylori Infection Status
Absence of H. pylori infection was defined as per the following four criteria:

1. Lack of gastric mucosal atrophy in endoscopy or Kimura—-Takemoto Classification of

C-1[16];

Absence of gastric atrophy in resected specimens as per pathological examinations;

3. Negative clinical findings observed for at least one of the following three tests: The
13C-urea breath test (UBT; cutoff value <2.5%, Otsuka, Tokushima, Japan), the H.
pylori stool antigen test (Premier Platinum H. pylori SA; Meridian, Cincinnati, OH,
USA), or lack of serum immunoglobulin G antibodies against H. pylori (H. pylori Ab;
cutoff value < 3 U/mL, Eiken, Tokyo, Japan);

4. No history of previous therapy for H. pylori eradication [16,17].

N

2.3. Immunohistochemical Examination and Phenotypic Classification

Hematoxylin and eosin (H&E) staining and immunohistochemistry were performed
on resected specimens after they were formalin-fixed and sectioned. The following markers
were targeted with their respective monoclonal antibodies: MUC6 (Novocastra, Newcas-
tle upon Tyne, UK) as a gastric mucous neck cell and pyloric gland marker, MUC5AC
(Novocastra, Newcastle upon Tyne, UK) as a gastric foveolar cell marker, MUC2 (Leica,
Newcastle upon Tyne, UK) as an intestinal goblet cell marker, CD10 (Novocastra, New-
castle upon Tyne, UK) as a small intestinal brush border marker, H* /K*-ATPase subunit
(MBL, Nagoya, Japan) as a parietal cell marker, pepsinogen-I (Abcam, Cambridge, UK) as a
chief cell marker, p53 (BioGenex, Fremont, CA, USA), and Ki-67 (MIB-1, DAKO, Glostrup,
Denmark). Positivity was defined as >10% of the sample area exhibiting staining. The
percentage of MIB-1-positive nuclei was used as the Ki-67 MIB-1 labeling index (LI), which
was evaluated by observing at least 1000 nuclei in selected fields at x400 magnification.
In addition, gastric mucin (MUC5AC and MUCS6) and intestinal mucin (MUC2, CD10)
phenotypes were determined using immunohistochemistry (Figure S1).

2.4. Histopathological Classification of RSGL

Pathological diagnoses of gastric cancer were defined as follows: GA-FV was indi-
cated by differentiated adenocarcinoma comprising cells resembling foveolar epithelium



J. Clin. Med. 2023, 12, 5437

3of 14

and positivity of MUC5AC, a marker for gastric foveolar cells (Figure 1c-i); GA-FG was
indicated by differentiated adenocarcinoma consisting of cells resembling fundic glands
and pepsinogen-I and/or H* /K*-ATPase positivity (Figure 2c-i); GA-FGM was indicated
by differentiated adenocarcinoma comprising cells resembling the foveolar epithelium and
fundic glands (Figure 3c-i). Additionally, MUC5AC positivity was required for neoplastic
foveolar epithelium, and pepsinogen-I and/or H* /K*-ATPase positivity was required
for neoplastic fundic gland cells. The pathological diagnoses of proton pump inhibitor-
related lesion (PPI-L) were made using the following criteria: dilation and elongation of
the foveolar epithelium, fundic gland polyps with parietal cell hyperplasia and protrusion,
and vascularity of stroma associated with long-term use of PPI [18-20]. A gastrointestinal
pathology specialist (T.Y.) performed all histopathological diagnoses.

Non-neoplastic
fundic gland

Foveolar hyperplasia
()

Figure 1. Endoscopic and pathological findings of GA-FV. (a) WLI reveals a reddish superficial

(h)

elevated lesion, with an approximate size of 5 mm, on the greater curvature of the upper third of
the stomach. The MCE shape is only polygonal or curved; (b) ME-NBI shows an irregular MV
pattern plus a regular MS pattern with a demarcation line and an irregular inner edge shape of MCE
(red arrow); (c,d) Hematoxylin and eosin (H&E) stain. Histological findings of endoscopic mucosal
resection specimen indicate well-differentiated adenocarcinoma that mimicked foveolar epithelium
in the superficial layer; (e—i) immunostaining; (e) MUC5AC (gastric foveolar epithelial cell). Diffusely
positive; (f) MUC6 (gastric mucous neck cell). Negative; (g) pepsinogen-I (chief cell). Negative;
(h) H* /K*-ATPase (parietal cell). Negative; (i) Ki-67 is overexpressed (Labeling index 80%); (j) the
structural schema of GA-FV is presented. Original magnification: (c,e-h) x40, (d,i) x100. [M, Less,
0-I, 5 x 4 mm, pap, pTla/M, pULO, Ly0, VO, pHMO, pVMO].
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Figure 2. Endoscopic and pathological findings of GA-FG. (a) WLI reveals a heterogenous reddish
protruded lesion with a submucosal tumor shape, with an approximate size of 5 mm, on the greater
curvature of the upper third of the stomach; (b) ME-NBI shows an irregular MV pattern plus a
regular MS pattern with a demarcation line; (c,d) H&E stain. Histological findings of the endoscopic
submucosal dissection specimen indicate well-differentiated adenocarcinoma that mimicked gastric
fundic glands structured as irregular branches in the deep layer of the lamina propria mucosa,
infiltrating the submucosal layer (300 pm). The superficial layer of the tumor margin is covered
with a non-neoplastic epithelium; (e—i) immunostaining; (e) MUC5AC (gastric foveolar epithelial
cell). Negative; (f) MUCS6 (gastric mucous neck cell). Positive; (g) pepsinogen-I (chief cell). Diffusely
positive; (h) H* /K*-ATPase (parietal cell). Positive; (i) Ki-67 is overexpressed (Labeling index 10%);
(j) the structural schema of GA-FG is presented. Original magnification: (c,e-h) x40, (d,i) x100. [U,
Gre, 0-1, 5 x 4 mm, adenocarcinoma of fundic gland type, pT1b1/SM1 (300 um), pULO, Ly0, VO,
pHMO, pVMO].
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Figure 3. Endoscopic and pathological findings of GA-FGM. (a) WLI reveals a homogenous red-
dish protruded lesion with a submucosal tumor shape, with an approximate size of 8 mm, on the
anterior wall of the upper third of the stomach. The MCE shape is both polygonal/curved and
linear/dotted; (b) ME-NBI shows a regular MV pattern plus an irregular MS pattern with a demarca-
tion line; (c,d) H&E stain. Histological findings of the endoscopic submucosal dissection specimen
indicate well-differentiated adenocarcinoma that mimicked foveolar epithelium in the superficial
layer and mimicked gastric fundic glands structured as irregular branches in the deep layer of the
lamina propria mucosa, which infiltrated the submucosal layer (300 pm); (e-i) immunostaining;
(e) MUC5AC (gastric foveolar epithelial cell). Positive; (f) MUC6 (gastric mucous neck cell). Positive;
(g) pepsinogen-I (chief cell). Diffusely positive; (h) H* /K*-ATPase (parietal cell). Positive; (i) Ki-67
is overexpressed (Labeling index 20%); (j) the structural schema of GA-FGM is presented. Original
magnification: (c,e-h) x40, (d,i) x100. [U, Gre, 0-I, 8 x 7 mm, tubl, pT1b1/SM1 (300 um), INFa,
pULO, Ly0, VO, pHMO, pVMO].

2.5. Clinicopathological Assessment

Clinicopathological findings included age, sex, PPI administration, smoking history,
alcohol history, survival period, outcome, tumor location, tumor size, therapy method,
depth of invasion, mean depth of submucosal invasion, presence of lymphatic and vascular
invasion, lateral and vertical margins, presence of foveolar hyperplasia around the tumor,
and presence of covered or mixed non-neoplastic epithelium. The survival period was
defined as the survival time from treatment to the last outpatient visit or annual endoscopy.
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2.6. Endoscopic Assessment

A raspberry-like reddish protruded lesion with white-light imaging (WLI) was diagnosed
as an RSGL. Endoscopic findings with WLI included redness (homogeneous/heterogeneous),
the type of shape of the marginal crypt epithelium (MCE) (polygonal, curved, linear, or
dotted), submucosal tumor shape, the presence of a whitish area around the tumor, the
coexistence of multiple white and flat elevated lesions, and fundic gland polyps.

To diagnose early gastric cancer with magnifying endoscopy with narrow-band imag-
ing (ME-NBI), a “vessel plus surface” classification system [21], the main algorithm for
magnifying endoscopy simple diagnostic algorithm for early gastric cancer (MESDA-
G) [22], was used. In the analysis of endoscopic findings with ME-NBI, the following
factors were considered: the presence of a demarcation line, microvascular (MV) pattern,
microsurface (MS) pattern, and irregular inner edge shape of the MCE (Figure 2b). All
WLI and ME-NBI images were retrospectively analyzed by three expert endoscopists (N.S.,
A, and H.U.). In the case of different diagnoses, a consensus was reached following a
discussion between these experts.

3. Results

Sixty-five RSGLs from 54 patients were histologically classified as RSGCs (n = 49) and
RSBGLs (1 = 16). Forty-nine RSGCs were subclassified into 43 GA-FV lesions, 2 GA-FG
lesions, and 4 GA-FGM lesions. Sixteen RSBGLs were subclassified into 12 hyperplastic
polyps (HPs) and 4 PPI-Ls. One PPI-L contained low-grade dysplasia in part of the lesion.
Three patients had 2 GA-FV lesions, 2 patients had 1 GA-FV lesion and 1 HP, 1 patient had
2 GA-FV lesions and 1 HP, and 1 patient had 4 GA-FV lesions and 1 HP.

In addition, 24 lesions of RSGCs (19 GA-FV, 2 GA-FG, 3 GA-FGM lesions) were the
same as those analyzed in our previous report [10]. However, we report the results of this
study as novel findings since our previous report did not include an analysis of RSBGLs,
the shape of MCE in RSGCs, and the diagnostic algorithm of RSGLs.

3.1. Clinicopathological Features of RSGLs

The clinicopathological features of the RSGLs are summarized in Table 1. GA-FV
occurred more frequently in males (27/36, 75.0%). The RSGCs were predominantly located
in the greater curvature (44/49, 89.8%) of the upper or middle third of the stomach (49/49,
100%). HPs were more frequently located in the upper third of the stomach, especially
in the cardia (4/12, 33.3%). PPI-Ls were more frequently located in the lower third of
the stomach (2/4, 50.0%). The mean tumor size of the GA-FV lesions was 3.3 mm, which
was smaller than that of other subtypes of RSGLs. All GA-FV lesions remained in the
mucosal layer. Two GA-FG lesions (2/2, 100%) and three GA-FGM lesions (3/4, 75.0%)
showed invasion into the submucosal layer. None of the RSGCs showed lymphovascular
invasion or lateral or vertical margins. One PPI-L lesion (1/4, 25.0%) showed a mix of
atypical foveolar hyperplasia. The therapy methods were biopsy, cold forceps polypectomy
(CFP), endoscopic mucosal resection (EMR), and endoscopic submucosal dissection (ESD)
in 5/18/21/5 RSGCs and 6/7/3/0 RSBGLs. Foveolar hyperplasia around the tumor
was observed in all GA-FV and 3 GA-FGM lesions (3/4, 75.0%). Covered or mixed non-
neoplastic epithelium of the tumor showed 13 GA-FV lesions (13/41, 31.7%), 2 GA-FG
lesions (2/2,100%), and 1 GA-FGM lesion (1/4, 25.0%). Foveolar hyperplasia around the
tumor and covered mixed non-neoplastic epithelium were unevaluated in 2 GA-FV lesions.
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Table 1. Clinicopathological features of RSGLs.
RSGC RSBGL
GA-FV GA-FG GA-FGM HP PPI-L
Patients (n = 54) n=36 n=2 n=4 n=12 n=4
Age (mean), years (range) 56.1 (29-81) 65.5 (51-80) 51.3 (40-63) 65.5 (46-76) 67.8 (54-81)
Sex (male/female) 27/9 0/2 2/2 6/6 2/2
PPI administration (+/—) 9/27 0/2 0/4 4/8 4/0
Smoking history (+/—) 22/14 1/1 2/2 6/6 1/3
Alcoholic history (+/—) 13/23 1/1 1/3 3/9 0/4
Survival periods (mean), months (range) 26.2 (1-141) 77.0 (45-109) 24.3 (1-76) NA NA
Outcome One death due to All alive NED All alive NED NA NA
another disease
Lesions (1 = 65) n=43 n=2 n=4 n=12 n=4
Endoscopic findings
Location (U/M/L) 27/16/0 2/0/0 4/0/0 7/4/1 1/1/2
(GC/LC/Ant/Post) 42/0/0/1 2/0/0/0 0/0/2/2 7/5/0/0 2/2/0/0
Size (average), mm 3.3 (2-6) 8.5 (5-12) 8.0 (4-15) 48 (1-15) 8.5 (3-20)
Therapy method (biopsy/CFP/EMR/ESD) 5/18/20/0 0/0/0/2 0/0/1/3 4/6/2/0 2/1/1/0
Pathological findings
Invasion depth (M/SM) 43/0 0/2 1/3 NA NA
Distance of SM invasion (average), pm (range) NA 250 (200-300) 433 (300-700) NA NA
Lymphatic invasion (+/—) 0/43 0/2 0/4 NA NA
Venous invasion (+/—) 0/43 0/2 0/4 NA NA
Lateral margin (+/—) 0/43 0/2 0/4 NA NA
Vertical margin (+/—) 0/43 0/2 0/4 NA NA
Foveolar hyperplasia around tumor (+/—) 41/0 0/2 3/1 NA NA
Covered or mixed non-neoplastic epithelium (+/—) 13/28 2/0 1/3 NA NA
RSGC—raspberry-shaped gastric cancer; RSBGL—raspberry-shaped benign gastric lesion; GA-FV—gastric
adenocarcinoma of foveolar type; GA-FG—gastric adenocarcinoma of fundic-gland type; GA-FGM—gastric
adenocarcinoma of fundic-gland mucosa type; HP—hyperplastic polyp; PPI-L—proton pump inhibitor-related
lesion; U—upper third; M—middle third; L—lower third; GC—greater curvature; LC—lesser curvature; Ant—
anterior wall; Post—posterior wall; CFP—cold forceps polypectomy; EMR—endoscopic mucosal resection; ESD—
endoscopic submucosal dissection; M—mucosal layer; SM—submucosal layer; NA—not assessed; NED—no
evidence of disease.
3.2. Immunohistochemical Features of RSGLs
The immunohistochemical features of RSGLs are summarized in Table 2. The immuno-
histochemical features of all RSGCs were the same as those previously reported [10]. All
RSGLs were positive for MAC5AC and/or MUC6 and were classified as the gastric mucin
phenotype. The mean Ki-67 MIB-1 LI of GA-FV was relatively higher than that of the other
RSGCs (GA-FV/GA-FG/GA-FGM: 43/15/23%). No RSGC exhibited p53 overexpression.
Table 2. Inmunohistochemical features of RSGLs.
RSGC RSBGL
GA-FV GA-FG GA-FGM HP PPI-L
Lesions n =40 n=2 n=4 n=9 n=4
MUCS5AC (+/-) 40/0 0/2 4/0 9/0 4/0
MUCS6 (+/-) 0/40 2/0 4/0 9/0 3/1
MUC2 (+/-) 0/40 0/2 0/4 0/9 0/4
CD10 (+/-) 0/40 0/2 0/4 0/9 0/4
Gastric phenotype (+/—) 40/0 2/0 4/0 9/0 4/0
pepsinogen-I (+/—) 0/40 2/0 4/0 4/5 4/0
H*/K*-ATPase (+/—) 0/40 2/0 4/0 3/6 4/0
Ki-67 MIB-1 labeling index (%) (mean) 42.8 15.0 225 NA NA
(range) 5-80 10-20 10-30 NA NA
p53 over expression (+/—) 0/40 0/2 0/4 NA NA

RSGC—raspberry-shaped gastric cancer; RSBGL—raspberry-shaped benign gastric lesion; GA-FV—gastric adenocar-
cinoma of foveolar type; GA-FG—gastric adenocarcinoma of fundic-gland type; GA-FGM—gastric adenocarcinoma
of fundic-gland mucosa type; HP—hyperplastic polyp; PPI-L—proton pump inhibitor-related lesion.
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3.3. Endoscopic Features of RSGLs

The endoscopic features of RSGLs on WLI and ME-NBI are summarized in Table 3.
All RSGLs included polygonal or curved shapes of the MCE in the WLI. GA-FV was char-
acterized by homogenous reddish lesions (41/43, 95.3%) and was frequently accompanied
by only polygonal or curved MCE (40/43, 93.0%) and a whitish area around the tumor
(30/43, 69.8%) in WLIL. No GA-FV lesions showed submucosal tumor shape (0/43, 0%).
Most GA-FV lesions were diagnosed as cancer by an irregular MV pattern or irregular
inner edge of the MCE in ME-NBI (30/33, 90.9%) (Figure 1).

Table 3. Endoscopic features of RSGLs.

RSGC RSBGL

GA-FV GA-FG GA-FGM HP PPI-L

WLI n=43 n=2 n=4 n=12 n=4
Redness (homogenous/heterogeneous) 41/2 0/2 3/1 11/1 4/0
Shape of MCE (polygonal or curved) (+/—) 43/0 2/0 4/0 12/0 4/0
Shape of MCE (linear or dotted) (+/—) 3/40 1/1 3/1 9/3 4/0
Whitish area around tumor (+/—) 30/13 0/2 0/4 4/8 1/3
Submucosal tumor shape (+/—) 0/43 2/0 2/2 0/12 0/4
Multiple white and flat elevated lesions (+/—) 5/38 0/2 0/4 2/10 1/3
Fundic gland polyp (+/—) 33/10 2/0 1/3 9/3 4/0
ME-NBI n =33 n=2 n=4 n=11 n=3
MESDA-G (cancer/non-cancer) 30/3 1/1 3/1 0/11 0/3
Demarcation line (+/—) 33/0 2/0 4/0 11/0 3/0

Microvascular pattern (irregular/regular/absent) 30/0/3 1/1/0 3/0/1 0/9/2 0/2/1

Microsurface pattern (irregular/regular/absent) 0/33/0 0/2/0 0/4/0 0/11/0 0/3/0
Irregular inner edge shape of MCE (+/—) 30/3 1/1 4/0 0/11 0/3

RSGC—raspberry-shaped gastric cancer; RSBGL—raspberry-shaped benign gastric lesion; GA-FV—gastric
adenocarcinoma of foveolar type; GA-FG—gastric adenocarcinoma of fundic-gland type; GA-FGM—gastric
adenocarcinoma of fundic-gland mucosa type; HP—hyperplastic polyp; PPI-L—proton pump inhibitor-related
lesion; WLI—white-light imaging; ME-NBI—magnifying endoscopy with narrow-band imaging; MESDA-G—
magnifying endoscopy simple diagnostic algorithm for early gastric cancer.

GA-FG was characterized by a heterogeneous reddish submucosal tumor shape (2/2,
100%) (Figure 2). Meanwhile, GA-FGM was characterized by homogenous reddish (3/4,
75.0%) with mixed linear or dotted shape of MCE (3/4, 75.0%) and sometimes accompanied
by submucosal tumor shape (2/4, 50.0%) in WLL. Most GA-FGM lesions were diagnosed as
cancer by irregular MV pattern (3/4, 75.0%) or irregular inner edge of the MCE (4/4, 100%)
in ME-NBI (Figure 3).

RSBGLs were characterized by homogenous reddish (15/16, 93.8%) and mixed lin-
ear or dotted shape of MCE (13/16, 81.3%) without submucosal tumor shape (0/16,
0%) in WLI. All RSBGLs were diagnosed as non-cancerous using MESDA-G in ME-NBI
(Figures 4 and 5).

We established a diagnostic algorithm for RSGLs based on the following endoscopic
features (Figure 6). If RSGL is detected, the first step is to identify the presence of a
submucosal tumor shape in WLIL If a submucosal tumor shape is present, the next step is
to evaluate the redness of the lesion using WLI. If the redness of the lesion is homogenous,
GA-FGM may be diagnosed; if the redness of the lesion is heterogeneous, GA-FG may be
diagnosed. If the submucosal tumor shape is absent, the second step is to evaluate the
mixed linear or dotted shape of the MCE using WLL. If there is a mixed linear or dotted
shape of the MCE, RSBGL may be diagnosed; if there is no mixed linear or dotted shape of
MCE, GA-FV/GA-FGM may be diagnosed. According to ME-NB], if the MV is irregular,
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a diagnosis of GA-FV/GA-FGM may be made; if the MV is regular/absent, RSBGL may
be diagnosed.

(®

Figure 4. Endoscopic and pathological findings of HP. (a) WLI reveals a homogenous reddish

protruded lesion, with an approximate size of 6 mm, on the greater curvature of the upper third of the
stomach. The MCE shape is both polygonal/curved and linear/dotted; (b) ME-NBI shows an absent
MV pattern plus a regular MS pattern with a demarcation line; (c) H&E stain. Histological findings
of the biopsy specimen indicate foveolar epithelial hyperplasia with cystic dilatations and edema
and inflammation of lamina propria; (d-h) immunostaining; (d) MUC5AC (gastric foveolar epithelial
cell). Positive; (e) MUCS6 (gastric mucous neck cell). Negative; (f) pepsinogen-I (chief cell). Negative;
(g) H* /K*-ATPase (parietal cell). Negative; (h) Ki-67 is not overexpressed. Original magnification:
(c=h) x100.
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Figure 5. Endoscopic and pathological findings of PPI-L with low-grade dysplasia. (a) WLI reveals a
homogenous reddish protruded lesion, with an approximate size of 6 mm, on the greater curvature
of the upper third of the stomach. The MCE shape is both polygonal/curved and linear/dotted;
(b) ME-NBI shows a regular MV pattern plus a regular MS pattern with a demarcation line; (c,d) H&E
stain. Histological findings of the CFP specimen indicate parietal cell hyperplasia and protrusion,
dilation and elongation of the foveolar epithelium, and vascularity of stroma. The surface of the
PPI-L shows low-grade dysplasia; (e-i) immunostaining; (¢) MUC5AC (gastric foveolar epithelial
cell). Positive; (f) MUCS6 (gastric mucous neck cell). Negative; (g) pepsinogen-I (chief cell). Negative;
(h) H* /K*-ATPase (parietal cell). Negative; (i) Ki-67 is overexpressed (Labeling index 80%). Original
magnification: (c—i) x100.
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Figure 6. Diagnostic algorithm of RSGL.

4. Discussion

As a result of the 65 RSGLs analyzed, we clarified the endoscopic and clinicopatho-
logical features and established a diagnostic algorithm for RSGLs. This study is the first
report of endoscopic differentiation of RSGLs in H. pylori-uninfected patients using WLI
and ME-NBL

Herein, the frequency of RSGCs in patients without H. pylori infection (49 /1048, 4.7%)
was higher than that in patients with H. pylori infection in previous reports [3,4]. It is possi-
ble that in past studies using endoscopic evaluations, RSGCs may have been overlooked
because endoscopists may have originally considered that no cancer occurred in the H. py-
lori-uninfected stomach and diagnosed reddish protruded lesions in H. pylori-uninfected
stomach as HP. As the rate of cancer is high (49/65, 75.4%) in RSGLs, endoscopists should
recognize the possibility of RSGCs when they detect RSGLs in upper gastrointestinal en-
doscopy. When RSGLs are detected, a differentiated diagnosis of RSGLs can be made using
a diagnostic algorithm that comprises the presence of a submucosal tumor shape, the type
of reddish coloration, and the shape of the MCE in WLI. In addition, the MV pattern on
ME-NBI is useful for the differential diagnosis between RSGCs and RSBGLs.

As for endoscopic and histopathologic findings for each subtype of RSGL, GA-FG,
and GA-FGM appear as submucosal tumor shapes endoscopically because GA-FG (2/2,
100%) and GA-FGM (2/4, 50.0%) tumor cells exist in the deep part of the mucosal layer
histologically [23]. GA-FG shows heterogeneous redness in WLI and a regular MV pattern
in ME-NBI endoscopically because tumor cells of GA-FG are covered with non-neoplastic
foveolar epithelium histologically [23]. GA-FV and GA-FGM exhibit homogenous redness
in WLI and an irregular MV pattern in ME-NBI because their tumor cells are histologically
exposed on the surface of the epithelium [24-26]. In most lesions of GA-FV and GA-FGM,
the shape of MCE is only polygonal or curved in WLI because the tumor cells of GA-FV
and GA-FGM grow monotonously without non-neoplastic gastric mucosa histologically.
In most RSBGLs, the shape of the MCE is not only polygonal or curved but also linear
or dotted in WLI because the cells of RSBGLs grow to mimic the gastric oxyntic gland,
which contains linear or dotted shaped MCE histologically. Therefore, it was suggested
that RSGLs with a mixed linear or dotted MCE shape are likely to be RSBGLs. All RSBGLs
appear as regular MV patterns in ME-NBI because they are not cancerous. If tumor cells
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are histologically exposed on the surface of the epithelium, we can diagnose the lesion as
cancer by the endoscopic finding of a change in the regular MV /MS pattern to an irregular
MV /MS pattern. This finding is important for the differential diagnosis of RSGLs. A
diagnostic algorithm based only on WLI findings is useful because of the high positive
diagnosis rate (57/65, 87.7%), and combined with ME-NBI findings, the positive diagnosis
rate further increased.

Similar to previous studies, all RSGCs were located in the upper or middle third of
the stomach and the greater curvature or anterior/posterior wall [10,14]. Moreover, 3 and
7 RSBGLs were located in the lower third of the stomach (3/16, 18.8%) and in the lesser
curvature (7/16, 43.8%), respectively. Therefore, RSGLs located in the lower third of the
stomach or the lesser curvature are likely to be RSBGLs. In the case of RSGLs that are
difficult to differentiate using this algorithm, the location of the lesion may help differentiate
RSGC and RSBGL.

In our previous report, the presence of a whitish area around the tumor, one of
the endoscopic features of GA-FV in WLI, was useful for the endoscopic differentiation
of RSGCs [10]; similarly, it was observed frequently in this present study (30/43, 70%).
However, we did not include it in the algorithm because five RSBGLs appeared as a whitish
area around the tumor (5/16, 31%). The irregular inner edge shape of the MCE is frequently
observed in RSGCs (35/39, 89.7%) and may be useful for endoscopic differentiation [10].
Nevertheless, we did not include it in the algorithm because the irregularity of the inner
edge of the MCE was due to the deformation of the MV outer edge. We consider that the
identification of the MV pattern is more important than the irregularity of the inner edge of
the MCE. Therefore, we included the MV pattern in the diagnostic algorithm instead of the
inner edge shape of the MCE.

RSGCs were diagnosed as cancer by biopsy and were treated endoscopically. How-
ever, the pathological differential diagnosis between GA-FV and regenerative atypia by
biopsy is sometimes difficult and may require the diagnosis of expert gastrointestinal
pathologists [9,12,27]. In the case of a biopsy of small lesions (especially GA-FV), less
than 5 mm, the lesion often disappears, and only a scar remains at the next endoscopy
despite the lesion remaining just after the biopsy, and it is impossible to evaluate whether
curative resection has been achieved pathologically. When we found a lesion of suspected
GA-FV by the diagnostic algorithm less than 5 mm in size, we performed en bloc resection
using CFP, cold snare polypectomy (CSP), or EMR without biopsy after fully obtaining
informed consent, and we histopathologically evaluated whether a curative resection had
been achieved. Consequently, all GA-FV lesions, less than 5 mm in size, resected by EMR,
CFP, and CSP, achieved curative resection. Although further analysis of prognosis and
recurrence is needed, CFP and CSP may be treatment options for small GA-FV lesions. In
cases of GA-FV lesions >5 mm, EMR should be performed to achieve curative resection. If
the lesion is suspected to be GA-FG/GA-FGM, en bloc resection by EMR/ESD was con-
sidered preferable to achieve a negative vertical margin because GA-FG/GA-FGM lesions
tend to invade the submucosal layer regardless of their size. If RSGLs are diagnosed as
RSBGLs using the algorithm, the lesion does not require endoscopic therapy. If endoscopic
differentiation of RSBGLs from RSGCs is difficult, a pathological diagnosis should be made
via biopsy.

The immunohistochemical features of the RSGCs were the same as those previously
reported. Although we have reported that GA-FV lesions are smaller than that of GA-FG
or GA-FGM despite higher Ki-67 MIB-1 LI, indicating proliferative potential, the reason for
this has not been elucidated [10]. Mishiro et al. reported that single-nucleotide variations
in KLF4, associated with apoptosis, were present in GA-FV lesions and may be responsible
for the high Ki-67 LI [28].

This study had some limitations. First, this study was a retrospective observational
analysis performed at a single center with a small sample size. Second, the diagnostic
algorithm was not validated in a prospective study. Therefore, a multicenter prospective
study is needed to validate the diagnostic algorithm in the future. Third, our report
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contained the clinicopathological data of 24 lesions from a previous study [10]. However,
the endoscopic features and endoscopic differentiation of RSGLs have not been thoroughly
investigated. Thus, the fact that some lesions overlap with the previous report does not
undermine the novelty of this study. In addition, this diagnostic algorithm may seem to
require specialized knowledge and training. However, we believe this diagnostic algorithm
can be used by beginners or non-specialized centers since the endoscopic findings used in
this algorithm are relatively easy to visualize and judge in WLI.

5. Conclusions

RSGLs in H. pylori-uninfected patients were histopathologically classified as GA-FV,
GA-FG, GA-FGM, HP, and PPI-L, and we established a new diagnostic algorithm based
on the endoscopic features of each subtype. This study suggests this new diagnostic algo-

rithm might be useful for endoscopic differentiation and treatment strategy determination
for RSGLs.
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/ /www.mdpi.com/article/10.3390/jcm12175437 /s1, Figure S1: Phenotypic classification.

Author Contributions: Conceptualization, writing—original draft, writing—review and editing,
data curation, and project administration, N.S., H.U. (Hiroya Ueyama) and A.N.; investigation, T.Y.;
resources and validation, Y.U., TI., M.Y., H.U. (Hisanori Utsunomiya), R.U., D.A.,S.0., AL, N.Y, YA,
T.T., K.U. and M.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Juntendo University School of
Medicine (approval number: H19-0050).

Informed Consent Statement: Patient consent was waived because this study used anonymous
clinical data obtained after each patient agreed to treatment by verbal and written consent. Individuals
could not be identified from the data presented here.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. TARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Schistosomes, liver flukes and Helicobacter pylori.
IARC Monogr. Eval. Carcinog Risks Hum. 1994, 61, 1-241.

2. Uemura, N.; Okamoto, S.; Yamamoto, S.; Matsumura, N.; Yamaguchi, S.; Yamakido, M.; Taniyama, K.; Sasaki, N.; Schlemper, R.J.
Helicobacter pylori infection and the development of gastric cancer. N. Engl. ]. Med. 2001, 345, 784-789. [CrossRef] [PubMed]

3. Matsuo, T.; Ito, M.; Takata, S.; Tanaka, S.; Yoshihara, M.; Chayama, K. Low prevalence of Helicobacter pylori-negative gastric
cancer among Japanese. Helicobacter 2011, 16, 415-419. [CrossRef]

4. Ono, S.; Kato, M,; Suzuki, M,; Ishigaki, S.; Takahashi, M.; Haneda, M.; Mabe, K.; Shimizu, Y. Frequency of Helicobacter pylori
-negative gastric cancer and gastric mucosal atrophy in a Japanese endoscopic submucosal dissection series including histological,
endoscopic and serological atrophy. Digestion 2012, 86, 59-65. [CrossRef] [PubMed]

5. Yamada, A.; Kaise, M.; Inoshita, N.; Toba, T.; Nomura, K.; Kuribayashi, Y.; Yamashita, S.; Furuhata, T.; Kikuchi, D.; Matsui, A.;
et al. Characterization of Helicobacter pylori-Naive Early Gastric Cancers. Digestion 2018, 98, 127-134. [CrossRef]

6.  Mizutani, T.; Araki, H.; Saigo, C.; Takada, J.; Kubota, M.; Ibuka, T.; Suzui, N.; Miyazaki, T.; Shimizu, M. Endoscopic and
Pathological Characteristics of Helicobacter pylori Infection-Negative Early Gastric Cancer. Dig. Dis. 2020, 38, 474—483. [CrossRef]

7.  Sato, C.; Hirasawa, K.; Tateishi, Y.; Ozeki, Y.; Sawada, A.; Ikeda, R.; Fukuchi, T.; Nishio, M.; Kobayashi, R.; Makazu, M.; et al.
Clinicopathological features of early gastric cancers arising in Helicobacter pylori uninfected patients. World J. Gastroenterol. 2020,
26,2618-2631. [CrossRef]

8. Isono, Y,; Baba, Y.; Mukai, K.; Asakawa, H.; Nose, K.; Tsuruga, S.; Tochio, T.; Kumazawa, H.; Tanaka, H.; Matsusaki, S.; et al.
Gastric adenocarcinoma coexisting with a reddish semipedunculated polyp arising from Helicobacter pylori-negative normal
gastric mucosa: A report of two cases. Clin. |. Gastroenterol. 2018, 11, 481-486. [CrossRef]

9. Shibagaki, K.; Fukuyama, C.; Mikami, H.; [zumi, D.; Yamashita, N.; Mishiro, T.; Oshima, N.; Ishimura, N.; Sato, S.; Ishihara, S.;

et al. Gastric foveolar-type adenomas endoscopically showing a raspberry-like appearance in the Helicobacter pylori -uninfected
stomach. Endosc. Int. Open 2019, 7, E784-E791. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm12175437/s1
https://www.mdpi.com/article/10.3390/jcm12175437/s1
https://doi.org/10.1056/NEJMoa001999
https://www.ncbi.nlm.nih.gov/pubmed/11556297
https://doi.org/10.1111/j.1523-5378.2011.00889.x
https://doi.org/10.1159/000339176
https://www.ncbi.nlm.nih.gov/pubmed/22722747
https://doi.org/10.1159/000487795
https://doi.org/10.1159/000506120
https://doi.org/10.3748/wjg.v26.i20.2618
https://doi.org/10.1007/s12328-018-0887-8
https://doi.org/10.1055/a-0854-3818

J. Clin. Med. 2023, 12, 5437 14 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Yatagai, N.; Ueyama, H.; Ikemura, M.; Uchida, R.; Utsunomiya, H.; Abe, D.; OKki, S.; Suzuki, N.; Ikeda, A.; Akazawa, Y.; et al.
Clinicopathological and Endoscopic Features of Raspberry-Shaped Gastric Cancer in Helicobacter pylori-Uninfected Patients.
Digestion 2020, 15, 1-8. [CrossRef] [PubMed]

Fukuyama, C.; Shibagaki, K.; Mikami, H.; Izumi, D.; Yamashita, N.; Mishiro, T.; Oshima, N.; Ishimura, N.; Sato, S.; Ishihara, S.;
et al. Multiple Foveolar-type Adenomas and a Foveolar Hyperplasia in a Patient Not Infected with Helicobacter pylori, Report of
a Case. Stomach Intest. 2019, 54, 265-272.

Shibagaki, K.; Mishiro, T.; Fukuyama, C.; Takahashi, Y.; Itawaki, A.; Nonomura, S.; Yamashita, N.; Kotani, S.; Mikami, H.; Izumi,
D.; et al. Sporadic foveolar-type gastric adenoma with a raspberry-like appearance in Helicobacter pylori-naive patients. Virchows
Arch. 2021, 479, 687-695. [CrossRef] [PubMed]

Sekine, S.; Montgomery, E.; Vieth, M. Foveolartype adenoma. In WHO Classification of Digestive System Tumours, 5th ed.; World
Health Organization: Geneva, Switzerland, 2019; pp. 79-80.

Ueyama, H.; Yao, T.; Akazawa, Y.; Hayashi, T.; Kurahara, K.; Oshiro, Y.; Yamada, M.; Oda, I.; Fujioka, S.; Kusumoto, C.;
et al. Gastric epithelial neoplasm of fundic-gland mucosa lineage: Proposal for a new classification in association with gastric
adenocarcinoma of fundic-gland type. . Gastroenterol. 2021, 56, 814-828. [CrossRef]

Ueyama, H.; Yao, T.; Nakashima, Y.; Hirakawa, K.; Oshiro, Y.; Hirahashi, M.; Iwashita, A.; Watanabe, S. Gastric adenocarcinoma
of fundic gland type (chief cell predominant type): Proposal for a new entity of gastric adenocarcinoma. Am. J. Surg. Pathol. 2010,
34, 609-619. [CrossRef]

Kimura, K.; Takemoto, T. An Endoscopic Recognition of the Atrophic Border and its Significance in Chronic Gastritis. Endoscopy
1969, 1, 87-97. [CrossRef]

Yagi, K.; Nakamura, A.; Sekine, A. Characteristic endoscopic and magnified endoscopic findings in the normal stomach without
Helicobacter pylori infection. J. Gastroenterol. Hepatol. 2002, 17, 39-45. [CrossRef]

Miyamoto, S.; Kato, M.; Matsuda, K.; Abiko, S.; Tsuda, M.; Mizushima, T.; Yamamoto, K.; Ono, S.; Kudo, T.; Shimizu, Y.; et al.
Gastric Hyperplastic Polyps Associated with Proton Pump Inhibitor Use in a Case without a History of Helicobacter pylori
Infection. Intern. Med. 2017, 56, 1825-1829. [CrossRef]

Sugawara, K.; Imai, Y.; Fujimori, K.; Arai, S.; Inao, M.; Nakayama, N.; Nagoshi, S.; Ban, S.; Mochida, S. Cases of Gastric Fundic
Gland Polyps Increasing in the Size during the Long-term Therapy with Proton Pump Inhibitor. Gastroenterol. Endosc. 2009, 51,
1686-1691. [CrossRef]

Aoi, K.; Yasunaga, Y.; Matsuura, N.; Ikezoe, S.; Morita, K.; Masuda, E.; Yanagawa, K.; Fukushima, J.; Inui, Y.; Kohro, T.; et al.
Fundic Gland Polyp with Dysplasia Developed during Long-term Proton Pump Inhibitor Therapy, Report of a Case. Stomach
Intest. 2012, 47, 1270-1274. [CrossRef]

Yao, K.; Anagnostopoulos, G.K.; Ragunath, K. Magnifying endoscopy for diagnosing and delineating early gastric cancer.
Endoscopy 2009, 41, 462-467. [CrossRef]

Muto, M.; Yao, K.; Kaise, M.; Kato, M.; Uedo, N.; Yagi, K.; Tajiri, H. Magnifying endoscopy simple diagnostic algorithm for early
gastric cancer (MESDA-G). Dig. Endosc. 2016, 28, 379-393. [CrossRef] [PubMed]

Ueyama, H.; Matsumoto, K.; Nagahara, A.; Hayashi, T.; Yao, T.; Watanabe, S. Gastric adenocarcinoma of the fundic gland type
(chief cell predominant type). Endoscopy 2014, 46, 153-157. [CrossRef] [PubMed]

Imamura, K.; Yao, K.; Tanabe, H.; Nimura, S.; Kanemitsu, T.; Miyaoka, M.; Ohtsu, K.; Ueki, T.; Kinjo, K.; Ota, A.; et al.
Characteristic Endoscopic Findings and Clinical Pathology Associated with Gastric Adenocarcinoma of Fundic Gland Mucosa
Type in Patients without H. pylori Infection. Stomach Intest. 2020, 55, 1022-1035. [CrossRef]

Imamura, K,; Yao, K.; Nimura, S.; Tanabe, H.; Kanemitsu, T.; Miyaoka, M.; Ono, Y.; Ueki, T.; Iwashita, A. Characteristic endoscopic
findings of gastric adenocarcinoma of fundic-gland mucosa type. Gastric. Cancer 2021, 24, 1307-1319. [CrossRef]

Matsumoto, K.; Ueyama, H.; Yao, T.; Iwano, T.; Yamamoto, M.; Utsunomiya, H.; Uchida, R.; Abe, D.; Oki, S.; Suzuki, N.; et al.
Endoscopic Features of Gastric Epithelial Neoplasm of Fundic Gland Mucosa Lineage. Diagnostics 2022, 12, 2666. [CrossRef]
Serra, S.; Ali, R.; Bateman, A.C.; Dasgupta, K.; Deshpande, V.; Driman, D.K.; Gibbons, D.; Grin, A.; Hafezi-Bakhtiari, S.; Sheahan,
K.; et al. Gastric foveolar dysplasia: A survey of reporting habits and diagnostic criteria. Pathology 2017, 49, 391-396. [CrossRef]
Mishiro, T.; Shibagaki, K.; Fukuyama, C.; Kataoka, M.; Notsu, T.; Yamashita, N.; Oka, A.; Nagase, M.; Araki, A.; Kawashima, K,;
et al. KLF4 Mutation Shapes Pathologic Characteristics of Foveolar-Type Gastric Adenoma in Helicobacter pylori-Naive Patients.
Am. ]. Pathol. 2022, 192, 1250-1258. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1159/000511907
https://www.ncbi.nlm.nih.gov/pubmed/33321493
https://doi.org/10.1007/s00428-021-03124-3
https://www.ncbi.nlm.nih.gov/pubmed/34043063
https://doi.org/10.1007/s00535-021-01813-z
https://doi.org/10.1097/PAS.0b013e3181d94d53
https://doi.org/10.1055/s-0028-1098086
https://doi.org/10.1046/j.1440-1746.2002.02665.x
https://doi.org/10.2169/internalmedicine.56.8040
https://doi.org/10.11280/gee.51.1686
https://doi.org/10.11477/mf.1403113551
https://doi.org/10.1055/s-0029-1214594
https://doi.org/10.1111/den.12638
https://www.ncbi.nlm.nih.gov/pubmed/26896760
https://doi.org/10.1055/s-0033-1359042
https://www.ncbi.nlm.nih.gov/pubmed/24338239
https://doi.org/10.11477/mf.1403202091
https://doi.org/10.1007/s10120-021-01208-2
https://doi.org/10.3390/diagnostics12112666
https://doi.org/10.1016/j.pathol.2017.01.007
https://doi.org/10.1016/j.ajpath.2022.06.005

	Introduction 
	Materials and Methods 
	Study Design 
	H. pylori Infection Status 
	Immunohistochemical Examination and Phenotypic Classification 
	Histopathological Classification of RSGL 
	Clinicopathological Assessment 
	Endoscopic Assessment 

	Results 
	Clinicopathological Features of RSGLs 
	Immunohistochemical Features of RSGLs 
	Endoscopic Features of RSGLs 

	Discussion 
	Conclusions 
	References

