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Abstract

BACKGROUND
Minute gastric cancers (MGCs) have a favorable prognosis, but they are too small
to be detected by endoscopy, with a maximum diameter <5 mm.

AIM
To explore endoscopic detection and diagnostic strategies for MGCs.

METHODS

This was a real-world observational study. The endoscopic and clinicopatho-
logical parameters of 191 MGCs between January 2015 and December 2022 were
retrospectively analyzed. Endoscopic discoverable opportunity and typical
neoplastic features were emphatically reviewed.

RESULTS

All MGCs in our study were of a single pathological type, 97.38% (186/191) of
which were differentiated-type tumors. White light endoscopy (WLE) detected
84.29% (161/191) of MGCs, and the most common morphology of MGCs found
by WLE was protruding. Narrow-band imaging (NBI) secondary observation
detected 14.14% (27/191) of MGCs, and the most common morphology of MGCs
found by NBI was flat. Another three MGCs were detected by indigo carmine
third observation. If a well-demarcated border lesion exhibited a typical neo-
plastic color, such as yellowish-red or whitish under WLE and brownish under
NBI, MGCs should be diagnosed. The proportion with high diagnostic confidence
by magnifying endoscopy with NBI (ME-NBI) was significantly higher than the
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proportion with low diagnostic confidence and the only visible groups (94.19% > 56.92% > 32.50%, P < 0.001).

CONCLUSION

WLE combined with NBI and indigo carmine are helpful for detection of MGCs. A clear demarcation line
combined with a typical neoplastic color using nonmagnifying observation is sufficient for diagnosis of MGCs. ME-
NBI improves the endoscopic diagnostic confidence of MGCs.

Key Words: Minute gastric cancer; White light endoscopy; Narrow-band imaging endoscopy; Indigo carmine; Magnifying
endoscopy; Detection; Diagnosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Minute gastric cancers (MGCs) represent the incipient stage of GC; therefore, they may be missed during
endoscopy because the maximum diameter is < 5 mm. Narrow-band imaging secondary observation combined with indigo
carmine third observation could detect MGCs missed by white light endoscopy. A lesion with a clear demarcation line and a
typical neoplastic color using nonmagnifying observation can be diagnosed as MGCs.

Citation: Ji XW, Lin J, Wang YT, Ruan JJ, Xu JH, Song K, Mao JS. Endoscopic detection and diagnostic strategies for minute gastric
cancer: A real-world observational study. World J Gastrointest Oncol 2024; 16(8): 3529-3538

URL: https://www.wjgnet.com/1948-5204/full/v16/i8/3529.htm

DOI: https://dx.doi.org/10.4251/wjgo.v16.i8.3529

INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and the third leading cause of cancer death worldwide, with > 1
million new cases and an estimated 783000 deaths in 2018[1]. The Japanese Gastric Cancer Association (JGCA) reported
that the 5-year overall survival rates of patients with GC who underwent surgical resection with pathological stage IA, IB,
II, IIIA, IIIB, and IV disease were 91.5%, 83.6%, 70.6%, 53.6%, 34.8%, and 16.4%, respectively[2]. The 5-year overall
survival rates of early GC (EGC) treated via endoscopy with absolute and extended indications were 91.6% and 90.3%,
and the 5-year disease-specific survival rates were 99.9% and 99.7%, respectively[3]. In 2015, the Japan Gastroentero-
logical Endoscopy Society in collaboration with JGCA created guidelines for endoscopic submucosal dissection (ESD) and
endoscopic mucosal resection for EGC[4]. For patients with EGC conforming to the absolute endoscopic indication,
endoscopic treatment is preferable to traditional surgery for organ retention and similar therapeutic efficacy, so
endoscopic treatment has gradually become the standard for EGC[5,6].

Unlike colorectal cancer, GC does not have a well-defined focal precancerous lesion. As the incipient phase of GC,
minute GC (MGC) maintains the initial state of neogenesis. MGCs are too small to be detected by endoscopy. We
retrospectively analyzed the endoscopic and clinicopathological features of MGCs to evaluate endoscopic detection and
diagnostic strategies.

MATERIALS AND METHODS

Patients

The study included consecutive MGC patients who underwent ESD or surgery at the Second Affiliated Hospital of
Zhejiang University School of Medicine from January 2015 to December 2022. The flowchart of patient enrollment is
shown in Figure 1. Of the enrolled patients, 184 GC patients, including 191 MGC lesions, were retrospectively analyzed.
The Japanese criteria were used to diagnose GC in our study. The study was approved by the Research Ethics Committee
of The Second Affiliated Hospital of Zhejiang University School of Medicine (Protocol No. 2022/0502).

Pathology

According to the JGCA, the stomach is divided into the upper, middle, and lower thirds. Macroscopic classifications were
made in accordance with the Paris classification system. Based on the JGCA classification, lesions were classified as well
differentiated tubular adenocarcinoma (Tub1l), moderately differentiated tubular adenocarcinoma (Tub2), poorly differ-
entiated adenocarcinoma (Porl/2), signet ring cell carcinoma (Sig), papillary adenocarcinoma (Pap), and mucinous
adenocarcinoma (Muc). In addition, rare subtypes such as gastric adenocarcinoma of fundic gland type (GA-FG), oxyntic
gland adenoma (OGA), and gastric adenocarcinoma of fundic gland mucosa type (GA-FGM) were also analyzed. The
lesions were classified as differentiated or undifferentiated according to the Nakamura classification.
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1107 patients underwent ESD for gastric 3237 patients underwent surgery for
cancer from January 2015 to December gastric cancer from January 2015 to
2022 December 2022

‘ Inclusion: The maximum diameter < 5 mm ‘

MGCs (ESD) MGCs (surgery)
174 patients 56 patients
Excluded: Excluded:
Unsharp endoscopic | | | Lacking preoperative endoscopic
images (77 = 2) images (77 = 36)
Underestimation of lesion size
(n=28)
MGCs (ESD) MGCs (surgery)
172 patients 12 patients
179 lesions 12 lesions

Figure 1 Flowchart of patient enroliment. MGCs: Minute gastric cancers; ESD: Endoscopic submucosal dissection.

Endoscopy equipment
All procedures were performed using GIF-H260, GIF-H290, GIF-HQ290, GIF-H260Z or GIF-H290Z endoscope (Olympus
Medical Systems, Tokyo, Japan).

Analysis of endoscopic images

We reviewed all endoscopic images of MGCs. According to the sequence of photography, the first endoscopic image of a
suspicious lesion was defined as discoverable opportunity. White light endoscopy (WLE) provided information on
morphological changes, color changes, covering with thin white moss, and spontaneous hemorrhage. Narrow band
imaging (NBI) endoscopy was used to detect brownish areas. According to the diagnostic system based on microvascular
and microsurface patterns (the VS classification), magnifying endoscopy (ME)-NBI was used to detect irregular
superficial microstructures and/or microvessels to evaluate the nature of lesions[7]. Chromoendoscopy using indigo
carmine spraying was used to visualize surface unevenness and boundaries.

According to the images obtained from MGCs, the lesions were divided into three types as follows: Type 1, only visible
but indefinite nature by endoscopy; type 2, visible and suspected to be a neoplastic lesion by endoscopy, classified as low
confidence in diagnosis; and type 3, visible and diagnosed as a neoplastic lesion by endoscopy, classified as high
confidence in diagnosis. The endoscopic differences in the diagnosis of MGCs between the high confidence group and the
low confidence group were analyzed. The typical endoscopic features that enable diagnosis of neoplastic lesions were
summarized.

Statistical analysis

Statistical analysis was performed using IBM SPSS software (version 23.0). Categorical variables were described as
frequencies and/or percentages. The ¥? test or Fisher’s exact test was used to compare between groups. P < 0.05 was
considered indicative of statistical significance.

RESULTS

Clinicopathological characteristics

A total of 184 eligible GC patients, including 191 MGC lesions, were enrolled in our study. There were 107 males and 77
females with a median age of 59 years (range: 38-85 years). Among them, 131 lesions were examined using ME-NBI and
60 using conventional WLE or WLE combined with NBI. MGCs were mostly located in the lower part of the stomach
(157/191, 82.2%). All MGCs were of a single pathological type, and the most common pathological type was the differen-
tiated type (186/191, 97.38%). There were 10 lesions invading the submucosa, including eight GA-FG, one GA-FGM, and
one moderately differentiated adenocarcinoma. This moderately differentiated adenocarcinoma was a surgical resection
specimen. There were 56 multiple cancers, including 40 synchronous multiple cancers and 16 heterochronous multiple
cancers. Morphological change was seen in 84.82% (162/191) of MGCs, and the most common morphology was
protruding. Color changes were observed by WLE in 76.44% (146/191) of MGCs, and the most common colors were
yellowish-red and reddish (Table 1).
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Table 1 Clinicopathological characteristics of minute gastric cancers (patients and lesions)

Item Value
Patients, n 184
Sex (male/female) 107/77
Age, range (median), yr 38-85 (59)
Lesions 191
Endoscopy (ME-NBI/WLE or WLE-NBI) 131/60
Size, range (median), mm 1.0-5.0 (4.0)
Location (upper/middle/lower) 12/22/157
JGCA classification' (Tubl1/Tub2/Sig/GA-FG/GA-FGM/OGA) 65/10/5/8/2/1
Nakamura classification (differentiated / undifferentiated) 186/5
Therapy (ESD/surgery) 179/12
Depth of invasion (mucosa/submucosa) 180/11
Multiple cancer (absent/synchronous/heterochronous) 135/40/16
Morphology change (protruding/flat/depressed) 95/28/68
Colour change (reddish/yellowish-red/no colour change/whitish) 65/55/45/25

1GA-FG/GA-FGM/OGA were classified as rare subtypes of gastric adenocarcinoma according to the fifth edition of the World Health Organization. For
statistical convenience, they were merged with the Japanese Gastric Cancer Association classification.

JGCA: Japanese Gastric Cancer Association; ESD: Endoscopic submucosal dissection; WLE: White light endoscopy; NBI: Narrow-band imaging; ME-NBI:
Magnifying endoscopy with narrow-band imaging; Tubl: Well differentiated tubular adenocarcinoma; Tub2: Moderately differentiated tubular
adenocarcinoma; Por1/2: Poorly differentiated adenocarcinoma; Sig: Signet ring cell carcinoma; GA-FG: Gastric adenocarcinoma of fundic gland type; GA-
FGM: Gastric adenocarcinoma of fundic gland mucosa type; OGA: Oxyntic gland adenoma.

Discoverable opportunity of MGCs

We retrospectively analyzed all endoscopic images of MGCs, and found that all MGCs were initially observed by WLE. A
total of 161 lesions (84.29%, 161/191) were detected by WLE. Twenty-seven lesions (14.14%) were found by secondary
NBI observation but missed during the initial WLE screening. Three lesions were not found by WLE initial screening and
NBI secondary observation, but found by chromoendoscopy third observation using indigo carmine. The endoscopic
differences between MGCs found by WLE and NBI are shown in Table 2. The most common morphology of MGCs found
by WLE was protruding, while the most common morphology of MGCs found by NBI was flat. The surface covered with
thin white moss and spontaneous bleeding were helpful for the detection of MGCs by WLE. The typical MGCs found by
NBI are shown in Figure 2, and the typical MGCs found by indigo carmine in Figure 3.

MGCs diagnosed only using WLE combined with NBI

We found that some lesions were diagnosed as neoplasms only using WLE combined with NBI before obtaining
pathological results (Figure 4). A clear demarcation line with a typical neoplastic color was sufficient to diagnose MGC.
The typical neoplastic color was yellowish-red or whitish under WLE and brownish under NBIL

Diagnostic efficiency of ME-NBI

There were 131 MGCs examined by ME-NBI and 124 by indigo carmine. A total of 114 MGCs were observed using ME-
NBI and indigo carmine. Eighty-six lesions were diagnosed as MGCs before obtaining pathological results, and classified
as the high diagnostic confidence group. Sixty-five lesions were suspected as MGCs, and classified as the low diagnostic
confidence group. Forty lesions were only visible under endoscopy, but the nature could not be determined via
endoscopy. For MGCs diagnosed using ME-NBI, the proportion with high diagnostic confidence was significantly higher
than the proportion with low diagnostic confidence and the only visible groups (94.19% > 56.92% > 32.50%). For MGCs
diagnosed using indigo carmine, the proportion with high diagnostic confidence was significantly higher than the
proportion with low diagnostic confidence and the only visible groups (89.53% > 50.77% > 35.00%; Table 3). Figure 5
showed the diagnostic differences between the high- and low-confidence groups using ME-NBI.

DISCUSSION

Conventional WLE is the standard for screening of EGC, but its sensitivity is unsatisfactory[8,9]. NBI is an innovative
optical technique that enhances the visibility of the mucosal surface structure and the microvascular structure[10,11]. NBI
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Figure 2 Minute gastric cancers found by narrow-band imaging. A-C: 0-lic lesion in the posterior wall of gastric antrum; D-F: 0-IIb lesion in lesser
curvature of gastric body; G-I: 0-lla lesion in the greater curvature of gastric antrum; A, D and G: Lesions were difficult to be detected under white light endoscopy
(arrow); B, E and H: After switching to narrow-band imaging (NBI) endoscopy, the lesions were brownish under NBI; C, F and I: Irregular microstructures and/or
microvessels were seen under magnifying endoscopy with NBI.

could be the standard for early detection of superficial squamous cell carcinoma in the head, neck, and esophagus[12,13].
However, NBI endoscopy is unsuitable for large-scale screening of EGCs, because it is often too dark in the gastric cavity.
Type 0-I polypoid gastric cancer and type 0-III ulcerative gastric cancer can be easily detected via endoscopy[14].
However, the morphological and color changes in MGCs are often subtle, so they may be missed during endoscopy. All
MGCs in our study were of the superficial type and 84.29% were detected by WLE. Many differentiated minute and small
human gastric adenocarcinomas have a depression accompanied by a circumferential elevation of the surrounding
noncancerous mucosa[15]. In our study, 84.82% of MGCs exhibited morphological change, and the most common
morphology was protruding. Color change was observed by WLE in 76.44% of MGCs, and the most common colors were
yellowish-red and reddish. Thin white moss was observed on the surface in 34.55% of lesions, and 5.76% had
spontaneous hemorrhages. Therefore, MGCs should be detected by careful WLE examination of morphology and color
change.

Second-generation NBI (2G-NBI) images are significantly brighter, enabling the screening of EGCs. Although 2G-NBI
is no better than WLE for real-time EGC detection in high-risk individuals, the positive predictive value of 2G-NBI is
higher than WLE[16]. There were 27 MGCs missed by initial WLE screening but detected by secondary NBI observation.
These lesions were brownish under NBI, and most of them were flat. Therefore, if no lesion is found by WLE in patients
at high risk for GC, NBI endoscopy is recommended for a second screening. Compared with standard WLE, chromoen-
doscopy has a high diagnostic efficacy of EGCs and premalignant gastric lesions[17]. In our study, there were three
MGCs missed by WLE and NBI, but found after spraying indigo carmine, suggesting that indigo carmine could be used
for endoscopic screening of high-risk GC.
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Table 2 Differences between minute gastric cancers found by white light endoscopy and narrow-band imaging

Found by WLE (n = 161) Found by NBI (n = 27) Pvalue
Color change P=0.444
Reddish 58 6
Yellowish red 44 10
No color change 36 8
Whitish 22 3
Morphological change P <0.001
Protruding 84 6
Flat 15 14
Depressed 62 7
Covering with thin white moss P=0.130
Present 60 6
Absent 101 21
Spontaneous bleeding !
Present 11 0
Absent 150 27

1Unapplicable to statistics.
WLE: White light endoscopy; NBI: Narrow-band imaging.

Figure 3 Minute gastric cancers found by indigo carmine. A and B: 0-lla lesion near the gastric angle; C and D: O-lic lesion in the gastric angle. A and C:
Lesions were difficult to be detected under white light endoscopy (arrow); B and D: After spraying indigo carmine, the lesions were more obvious.
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Figure 4 Minute gastric cancers diagnosed only using white light endoscopy combined with narrow-band imaging. A and B: 0-lla lesion in the
posterior wall of the gastric antrum; C and D: 0-lla lesion in lesser curvature of the gastric body; E and F: 0-lla lesion in the posterior wall of the gastric body. A, C and
E: Lesions were yellowish-red or whitish under white light endoscopy; B, D and F: Lesions were brownish under narrow-band imaging with a clear demarcation line.

If a well-demarcated border lesion has an irregular color or surface pattern as viewed via WLE, an endoscopic
diagnosis of EGC should be made[14]. We found that if a clear demarcation line lesion has a typical neoplastic color via
WLE combined with NBI, an endoscopic diagnosis could be made. Yellowish-red or whitish under WLE and brownish
under NBI were typical neoplastic colors. ME requires special endoscopic systems that are too high a threshold for many
endoscopists to operate, and NBI enhances the visualization of mucosal surface features. If a lesion has a clear
demarcation line and a typical neoplastic color by nonmagnifying observation, an endoscopic diagnosis of MGC should
be made.

ME based on microvascular architecture enables differentiation of flat EGC from gastritis[18]. Yao et al[7] proposed a
diagnostic system (the VS classification) based on an irregular microstructure and/or microvascular pattern with a clear
demarcation, which enabled accurate diagnosis of superficial cancer[7]. Using the VS classification, ME-NBI has greater
diagnostic accuracy than WLE for EGC[19,20]. Our findings agreed with these reports; ME-NBI increased the endoscopic
diagnostic confidence of neoplastic lesions. Therefore, if a non-neoplastic lesion is diagnosed by ME-NBI, biopsy may not
be necessary. If a neoplastic lesion is diagnosed by ME-NBI and meets the criteria of ESD, endoscopic resection could be
performed directly without biopsy. However, if the nature of the lesion could not be determined by ME-NBI, a biopsy
should be obtained for pathological confirmation.

Atrophy caused by Helicobacter pylori infection generally starts from the gastric antrum and progresses to the gastric
body along the lesser curvature, so tumors are located, in order of frequency, in the lower > middle > upper stomach[21,
22]. In our study, MGCs were located in order in the lower > middle > upper stomach. Ikeda et al[23] found that the
predominant histological type changed from differentiated to undifferentiated with progression of the tumor[23]. In our
study, all MGCs were only one pathological type, and the main pathological type of MGCs was differentiated. Perri et al
[24] found that 18% of MGCs invaded the submucosa[24]. In our study, except for eight GA-FG and one GA-FGM, only
one moderately differentiated adenocarcinoma invaded the submucosa. This may be because surgery was the only
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Table 3 Diagnostic efficiency of magnifying endoscopy with narrow-band imaging, n (%)

Only visible (n = 40) Low confidence (n = 65) High confidence (n = 86) P value
Endoscopy P <0.001
ME-NBI (1 = 131) 13 (32.50) 37 (56.92) 81 (94.19)
WLE/WLE-NBI (1 = 60) 27 (67.50) 28 (43.08) 5 (5.81)
Indigo carmine P <0.001
Used (1 = 124) 14 (35.00) 33 (50.77) 77 (89.53)
Unused (1 = 67) 26 (65.00) 32 (49.23) 9 (10.47)

NBI: Narrow-band imaging; WLE: White light endoscopy; ME-NBI: Magnifying endoscopy with narrow-band imaging.

Figure 5 Diagnostic differences between high-confidence and low-confidence diagnosis groups using magnifying endoscopy with
narrow-band imaging. A-C: 0-lla lesion in the lesser curvature of the pyloric duct. Magnifying endoscopy with narrow-band imaging (ME-NBI) showed irregular
microstructure and microvessels with a clear demarcation line, classified as high confidence in endoscopic diagnosis; D-F: 0-lic type lesion in the lesser curvature of
the gastric body. ME-NBI showed regular microstructure and slightly thickened microvessels, classified as low confidence in endoscopic diagnosis.

therapy in the study of Perri et al[24]. Inadequate stretching of surgical specimens may result in underestimation of tumor
size. Therefore, we speculate that the proportion of MGCs invading the submucosa is low, and even MGCs have no
possibility of submucosal invasion. The Osaka University ESD study group reported that the incidence of synchronous or
metachronous multiple GCs was 13.9% during a mean follow-up of 26.8 mo[25]. However, ~30% of multiple GCs were
seen in our study. It may be because the research group in our study focused on MGCs, and the accompanying tumors
were larger in diameter and easy to be detected.

Our study emphasized the diagnostic strategies for MGCs, which was novel and particularly challenging due to their
small size (£ 5 mm diameter). It was a real-world observational study that included 191 MGCs over an 8-year period. The
study highlighted the effectiveness of combining WLE, NBI, and indigo carmine to improve detection of MGC. The
robust data offered valuable insights into the detection and diagnosis of MGC, making the results relevant for everyday
clinical practice.

Our study had several limitations. First, it was a retrospective study conducted at a single institution with a small
sample size, which may have led to selection bias. Second, only experienced endoscopists used NBI and indigo carmine
for endoscopy, which may have resulted in observer bias. Third, some lesions were initially found in other hospitals and
transferred to our hospital for further treatment. The previous gastroscopic biopsy affected the endoscopic observation of
MGC:s. Fourth, the Japanese criteria were used to diagnose MGCs in our study. If the World Health Organization classi-
fication was used , some MGCs would be diagnosed as high-grade intraepithelial neoplasia.
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CONCLUSION

Most MGCs could be detected by careful WLE screening. NBI and indigo carmine are helpful to detect the lesions missed
by WLE. A lesion with a clear demarcation line and a typical neoplastic color should be diagnosed as MGC. ME-NBI
could improve diagnostic confidence and play the role of optical biopsy.
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