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Background/Aims: Magnifying endoscopy with narrow-band imaging (ME-NBI) enables the vi-
sualization of detailed microsurface (MS) and microvascular (MV) structures in the gastrointesti-
nal tract. White globe appearance (WGA) is a small whitish lesion with a globular shape identified 
during ME-NBI for early gastric cancer (EGC). This study aimed to investigate the associations 
between WGA, clinicopathological characteristics, and other ME-NBI findings in patients with 
EGC.
Methods: The presence or absence of WGA in 122 patients (126 lesions) with an endoscopic 
diagnosis of EGC who underwent ME-NBI before endoscopic or surgical resection was prospec-
tively collected and retrospectively analyzed. During ME-NBI, the MS and MV patterns and the 
presence of WGA and white opaque substances (WOS) were investigated. EGC cases were 
categorized as differentiated or undifferentiated type, and mucosal, submucosal, or advanced.
Results: Of 126 lesions, WGA was observed in 25 (19.8%). WGA was associated with tumor 
size (≤2 cm [17/63, 27.0%] vs >2 cm [8/63, 12.7%]; p=0.044), histologic type (differentiated type 
[22/89, 24.7%] vs undifferentiated type [3/37. 8.1%]; p=0.033), and tumor location (upper third 
[1/11, 9.1%] vs middle third [18/58, 31.0%] and lower third [6/57, 10.5%]; p=0.017). Although 
WGA was observed more frequently in lesions with an oval/tubular MS pattern, a fine-network 
MV pattern, and the absence of WOS, the difference was not statistically significant (MS pattern, 
p=0.358; MV pattern, p=0.212; WOS, p=0.121, respectively).
Conclusions: WGA was associated with small tumor size, differentiated-type histology, and 
middle-third tumor location, and was more frequently observed in lesions with an oval/tubular MS 
and fine-network MV patterns and the absence of WOS. (Gut Liver 2025;19:50-58)

Key Words: Magnifying endoscopy; Narrow band imaging; Stomach neoplasms; White globe 
appearance

INTRODUCTION

Magnifying endoscopy with narrow-band imaging 
(ME-NBI) enables clear visualization of the microsurface 
(MS) architecture and microvascular (MV) structures on 
the gastric mucosa. Since the vessel plus surface classifica-
tion system for diagnosing early gastric cancer (EGC) was 
first suggested by Yao et al.,1 the clinical usefulness of ME-
NBI in the diagnosis and characterization of EGC has been 
reported.2-8 In our previous study, differentiated-type EGC 

mainly showed an oval and/or tubular MS pattern and a 
fine network or loop MV pattern, while undifferentiated-
type EGC mainly showed absent MS and corkscrew MV 
patterns.2

White globe appearance (WGA) is reported as an en-
doscopic marker for gastric cancer observed during ME-
NBI.9 WGA is defined as a small whitish structure with a 
globular shape located underneath the gastric epithelium. 
It is histopathologically associated with intraglandular 
necrotic debris (reported as a histopathological marker 
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specific for gastric cancer), seen as eosinophilic material 
with necrotic epithelial fragments inside the dilated gland 
lumen.9,10 WGA is reported to have a high specificity in 
differentiating EGC from non-cancerous lesions including 
low-grade adenoma9,10 and a high interobserver concor-
dant rate.10,11

In addition to the diagnostic usefulness of WGA, there 
have been few studies on the clinical significance of WGA 
in EGC, especially on the association of WGA with MS 
and MV patterns on ME-NBI. Therefore, this study aimed 
to investigate the associations between WGA, clinico-
pathological characteristics, and other ME-NBI findings in 
patients with EGC.

MATERIALS AND METHODS

1. Patients
Between October 2018 and March 2020, 135 patients 

(with 139 lesions) with an endoscopic diagnosis of EGC 
underwent ME-NBI. Of these patients, 13 were excluded 
from our study because of the lack of final histologic re-
sults owing to loss to follow-up. Thus, 126 EGC lesions 
from 122 patients (86 men and 36 women; age range, 37 
to 87 years; median age, 66 years) were included in this 
study (Fig. 1). ME-NBI data were prospectively collected 
and retrospectively analyzed, with special focus on MS and 
MV patterns, and the presence or absence of white opaque 
substances (WOS) and WGA in each lesion. The study 
protocol was reviewed and approved by the Institutional 
Review Board of Pusan National University Hospital (IRB 
number: 2401-002-134). The requirement for acquisition 
of informed consent from patients was waived by the IRB 
owing to the retrospective nature of this study.

2. ME-NBI
The EVIS-LUCERA SPECTRUM system (CV-260, CV-

290; Olympus, Tokyo, Japan) and high-resolution magnify-

ing endoscopes (GIF-H260Z, GIF-H290Z; Olympus) were 
used for video endoscopy. To obtain a clear view during 
ME-NBI, a soft black hood (MB-46; Olympus) was attached 
to the distal tip of the endoscope to maintain a proper fo-
cus distance. A single experienced endoscopist (G.H.K.) 
performed ME-NBI, and all endoscopies were performed 
under conscious sedation with 2–5 mg midazolam. After 
routine observation, ME-NBI examination of the EGC was 
performed to evaluate MS and MV patterns. MS patterns 
were classified as (1) oval and/or tubular, (2) papillary, (3) 
destructive, or (4) absent, while MV patterns were classified 
as (1) loop, (2) fine network, or (3) corkscrew, based on our 
previous study (Fig. 2).2 If lesions showed combined MS or 
MV patterns, the predominant pattern was used for clas-
sification. WOS was defined as a white substance that was 
present in the superficial layer of the mucosa, obscuring 
subepithelial MV structures, and was clearly visualized on 
ME-NBI.12 When WOS was observed in more than 10% of 
the lesion area, the lesion was determined to be WOS (+). 
WGA was defined based on two features identified dur-
ing ME-NBI: (1) a small, <1 mm, whitish structure with a 
globular shape and (2) the presence of overlying microves-
sels on the lesion (Fig. 3).9 Lesions with these findings were 
determined to be WGA (+).

The location (upper third, middle third, or lower third), 
color (isochromatic, reddish, or discolored), and macro-
scopic shape (flat, elevated, or depressed) were evaluated 
during endoscopy. The color of the lesions was compared 
with surrounding non-cancerous mucosa and classified as 
isochromatic (same as the surrounding mucosa), reddish, 
or discolored.13 The macroscopic shapes of the lesions were 
classified based on the Japanese Classification of Gastric 
Carcinoma:14 type I (protruding), type II (non-protruding 
and non-excavated), or type III (excavated). Type II lesions 
were sub-classified as slightly elevated (IIa), flat (IIb), or 
slightly depressed (IIc). All lesions were classified into three 
groups: elevated (I, IIa), flat (IIb), and depressed (IIc, III).

The endoscopic grade of atrophic gastritis was assessed 

13 Absence of final histopathologic results

25 WGA (+) 101 WGA ( )

126 Tumors in 122 patients

139 Tumors in 135 patients

Excluded

Fig. 1.Fig. 1. Flowchart showing patient 
inclusion in the study. WGA, white 
globe appearance.
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using the Kimura-Takemoto classification.15 In the closed 
type, the atrophic border remained on the lesser curvature 
of the stomach, whereas in the open type, the atrophic bor-
der no longer existed on the lesser curvature but extended 
along the anterior and posterior walls of the stomach. He-
licobacter pylori infection status was evaluated using the 
rapid urease test, histology, and the 13C urea breath test. If 
any of the tests yielded a positive result, H. pylori infection 
was considered present.

3. Histologic assessment
Endoscopic submucosal dissection (ESD) or gastrec-

tomy was undergone within 2 weeks of ME-NBI. The 
resected specimens were fixed in 10% buffered formalin. 
Carcinoma and adjacent non-neoplastic mucosa were 
serially cut into 2-mm slices for ESD specimens and 
5-mm slices for surgical specimens, embedded in paraf-
fin, sectioned, and stained with hematoxylin and eosin for 
histologic examination. The tumor size, depth of invasion, 
degree of differentiation, and presence of ulceration were 
assessed microscopically based on the Japanese Classifica-

Oval/tubular Papillary Destructive Absent

Microsurface pattern

Loop Network Corkscrew

Microvascular pattern

Positive

Positive

White opaque substance

White globe appearance

Fig. 2.Fig. 2. Classification of microsurface and microvascular patterns, white opaque substance, and white globe appearance using magnifying endos-
copy with narrow-band imaging in early gastric cancer. Adapted from the article of Ok et al. Gut Liver 2016;10:532-541.2

A B C

Fig. 3.Fig. 3. A representative case of early gastric cancer having a white globe appearance (WGA) in magnifying endoscopy with narrow-band imaging 
(ME-NBI). (A) A 1.2-cm sized, isochromatic, slightly depressed lesion is seen at the anterior wall of the gastric lower body. (B) On ME-NBI, the le-
sion reveals an oval and/or tubular microsurface pattern and a loop microvascular pattern. White opaque substance is not seen. Three WGAs (yellow 
arrows) are observed at the inner side of cancerous mucosa close to the demarcation line between the cancerous mucosa and the surrounding 
mucosa (white arrows). The typical features of WGA are a whitish lesion with a globular shape and the presence of overlying microvessels. (C) The 
final histopathology is a well-differentiated adenocarcinoma, limited to the lamina propria. Intraglandular necrotic debris (red asterisks) is present 
within markedly dilated neoplastic glands underneath the gastric neoplastic epithelium (hematoxylin and eosin stain, ×100).
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tion of Gastric Carcinomas.14

4. Statistical analyses
Variables are expressed as medians, ranges, and propor-

tions. Differences in the clinicopathological characteristics 
and other ME-NBI findings according to the presence or 
absence of WGA were evaluated using the chi-square test, 
Fisher exact test, or independent t-test. Differences in ME-
NBI findings according to the histologic type or invasion 
depth were evaluated using the chi-square test or Fisher ex-
act test. Statistical calculations were performed using SPSS 
version 27.0 software for Windows (IBM Corp., Armonk, 

NY, USA). Results were considered statistically significant 
when the p-value was <0.05.

RESULTS

1. Baseline clinicopathological characteristics of 
patients with EGC
Of the 126 EGC lesions examined in this study, 11, 58, 

and 57 were located in the upper, middle, and lower thirds 
of the stomach, respectively (Table 1). The most com-
mon macroscopic shape was the depressed shape (92/126, 

Table 1.Table 1. Clinicopathological Characteristics of Early Gastric Cancers According to the Presence or Absence of WGA during Magnifying Endoscopy 
with Narrow-Band Imaging

Characteristic Total (n=126) WGA (+) (n=25) WGA (–) (n=101) p-value

Sex* 0.364
Male 86 (68.3) 18 (78.3) 68 (68.7)
Female 36 (28.6) 5 (21.7) 31 (31.3)

Age, yr 65.3±11.0 63.3±11.7 65.7±10.9 0.343
Location 0.017

Upper third 11 (8.7) 1 (4.0) 10 (9.9)
Middle third 58 (46.0) 18 (72.0) 40 (39.6)
Lower third 57 (45.2) 6 (24.0) 51 (50.5)

Tumor color 0.294
Normal 76 (60.3) 12 (48.0) 64 (63.4)
Reddish 39 (31.0) 11 (44.0) 28 (27.7)
Discolored 11 (8.7) 2 (8.0) 9 (8.9)

Macroscopic shape 0.926
Elevated 26 (20.6) 6 (24.0) 20 (19.8)
Flat 8 (6.3) 1 (4.0) 7 (6.9)
Depressed 92 (73.0) 18 (72.0) 74 (73.3)

Ulceration 0.253
Absent 114 (90.5) 21 (84.0) 93 (92.1)
Present 12 (9.5) 4 (16.0) 8 (7.9)

Tumor size, cm 2.6±1.6 2.1±1.5 2.7±1.6 0.148
Tumor size 0.044
≤2 cm 63 (50.0) 17 (68.0) 46 (45.5)
>2 cm 63 (50.0) 8 (32.0) 55 (54.5)

H. pylori infection 0.966
Absent 66 (52.4) 13 (52.0) 53 (52.5)
Present 60 (47.6) 12 (48.0) 48 (47.5)

Atrophic gastritis 0.562
C-type 22 (17.4) 3 (12.0) 19 (18.8)
O-type 104 (82.6) 22 (88.0) 82 (81.2)

Histologic type 0.033
Differentiated type 89 (70.6) 22 (88.0) 67 (66.3)
Undifferentiated type 37 (29.4) 3 (12.0) 34 (33.7)

Tumor depth 0.584
Mucosa 96 (76.2) 21 (84.0) 75 (74.3)
Submucosa 26 (20.6) 4 (16.0) 22 (21.8)
Subserosa 4 (0.3) 0 4 (4.0)

Treatment method 0.094
Endoscopic resection 72 (57.1) 18 (72.0) 54 (53.5)
Surgical resection 54 (42.9) 7 (28.0) 47 (46.5)

Data are presented as number (%) or mean±SD.
WGA, white globe appearance; H. pylori, Helicobacter pylori.
*Two patients had two lesions, and one had three lesions.
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73.0%). The mean tumor size was 2.6 cm (range, 0.4 to 
8.3 cm). Seventy-two lesions were treated with ESD, and 
54 were treated surgically. The final histologic assessment 
results with regard to invasion depth and histologic type 
were as follows: 96 lesions were mucosal cancers, 26 were 
submucosal cancers, and four were advanced cancers, and 
89 lesions were differentiated types and 37 were undiffer-
entiated types.

2. Association between WGA and clinicopathologic 
characteristics
The prevalence of WGA in EGC lesions was 19.8% 

(25/126), and the mean number of WGA in the 25 WGA 
(+) lesions was 2 (range, 1 to 7). Almost all WGAs were 
observed at the inner side of cancerous mucosa close to the 
demarcation line between the cancerous mucosa and the 
surrounding mucosa (Fig. 3). WGA was more frequently 
observed in lesions with a small size (≤2 cm [27.0%, 17/63] 
vs >2 cm [12.7%, 8/63], p=0.044) and differentiated-type 
histology (differentiated type [24.7%, 22/89] vs undif-
ferentiated type [8.1%, 3/37], p=0.033) (Table 1). WGA 
was more frequently observed in the middle third of the 
stomach than in the upper and lower thirds (31.0% [18/58] 
vs 9.1% [1/11] and 10.5% [6/57], respectively, p=0.017). 
There was no correlation between the presence of WGA 
and sex, age, tumor color, macroscopic type, ulceration, 
H. pylori infection status, the grade of atrophic gastritis, or 
tumor depth (all p>0.05).

3. ME-NBI findings of EGC according to histologic 
type
First, MS patterns were analyzed according to histo-

logic type. Among the 89 differentiated-type cancers, an 
oval and/or tubular pattern was observed in 75 (84.3%), 

a destructive pattern in nine (10.1%), a papillary pattern 
in four (4.5%), and an absent pattern in one (1.1%) (Table 
2). Among the 37 undifferentiated-type cancers, an absent 
MV pattern was observed in 17 (45.9%), an oval and/or 
tubular pattern in 14 (37.8%), a papillary pattern in four 
(10.8%), and a destructive pattern in two (5.4%). Accord-
ingly, the main MS pattern was oval and/or tubular in 
differentiated-type cancers and absent in undifferentiated-
type cancers (p<0.001). In addition, MV patterns were 
analyzed according to histologic type. Among the 89 
differentiated-type cancers, a fine network pattern was 
observed in 45 (50.6%), a loop pattern in 42 (47.2%), and 
a corkscrew pattern in two (2.2%) (Table 2). Among the 37 
undifferentiated-type cancers, a corkscrew pattern was ob-
served in 26 (70.3%), a fine network pattern in six (16.2%), 
and a loop pattern in five (13.5%). Accordingly, the main 
MV pattern was fine network or loop in differentiated-type 
cancers and corkscrew in undifferentiated-type cancers 
(p<0.001). WOS was more frequently observed in differen-
tiated-type cancers than in undifferentiated-type cancers; 
however, this difference was not significant (16.9% [15/89] 
vs 8.1% [3/37], p=0.201).

4. ME-NBI findings of EGC according to the invasion 
depth
The main MS pattern in mucosal cancers was oval and/

or tubular (77/96, 80.2%) (Table 3). Although an oval and/
or tubular MS pattern was predominant in submucosal or 
deeper cancers (12/30, 40.0%), destructive and absent MS 
patterns were also frequently observed (30.0% and 26.7%, 
respectively). There was a significant difference in the MS 
patterns between mucosal cancers and submucosal or 
deeper cancers (p<0.001). A loop MV pattern was more 
frequently observed in mucosal cancers (42/96, 43.8%), 

Table 2.Table 2. Magnifying Endoscopy with Narrow-Band Imaging of Early Gastric Cancers According to the Histologic Type of the Tumor

Variable Differentiated type (n=89) Undifferentiated type (n=37) p-value

Microsurface pattern <0.001
Oval and/or tubular 75 (84.3) 14 (37.8)
Papillary 4 (4.5) 4 (10.8)
Destructive 9 (10.1) 2 (5.4)
Absent 1 (1.1) 17 (45.9)

Microvascular pattern <0.001
Loop 42 (47.2) 5 (13.5)
Fine network 45 (50.6) 6 (16.2)
Corkscrew 2 (2.2) 26 (70.3)

White opaque substance 0.201
Present 15 (16.9) 3 (8.1)
Absent 74 (83.1) 34 (91.9)

White globe appearance 0.033
Present 22 (24.7) 3 (8.1)
Absent 67 (75.3) 34 (91.9)

Data are presented as number (%).
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and a corkscrew MV pattern was more frequently observed 
in submucosal or deeper cancers (12/30, 40.0%). There was 
a significant difference in the MV pattern between muco-
sal cancers and submucosal or deeper cancers (p=0.006). 
No significant differences were observed in the presence of 
WOS and WGA between mucosal cancers and submucosal 
or deeper cancers (15.6% [15/96] vs 10.0% [3/30], p=0.560 
and 21.9% [21/96] vs 13.3% [4/30], p=0.306, respectively).

5. Association between WGA and other ME-NBI 
findings
Among the 25 WGA (+) lesions, an oval and/or tubular 

pattern was observed in 21 (84.0%), a destructive pattern 
in two (8.0%), a papillary pattern in one (4.0%), and an ab-
sent pattern in one (4.0%) (Table 4). Among the 101 WGA 
(–) lesions, an oval and/or tubular pattern was observed in 
68 (67.3%), an absent MV pattern in 17 (16.8%), a destruc-

tive pattern in nine (8.9%), and a papillary pattern in seven 
(6.9%). Although WGA was more frequently observed 
in lesions with an oval and/or tubular MS pattern than 
in those with other MS patterns, there was no significant 
difference between WGA and MS patterns (p=0.358). In 
terms of MV patterns, a loop MV, fine network, and cork-
screw patterns were observed in six (24.0%), 14 (56.0%), 
and five (20.0%) WGA (+) lesions, and 41 (40.6%), 37 
(36.6%), and 23 (22.8%) WGA (–) lesions, respectively; 
there was no significant difference between WGA and MV 
patterns (p=0.212). WGA was more frequently observed 
in WOS (–) lesions than in WOS (+) lesions; however, the 
difference was not statistically significant (p=0.121).

DISCUSSION

In the present study, we examined the presence or 
absence of WGA in ME-NBI and investigated the clini-
copathological significance of WGA in EGC. WGA was 
observed in 19.8% of EGC lesions and its presence was as-
sociated with small tumor size (≤2 cm), differentiated-type 
histology, and location in the middle third of the stomach. 
Compared with other ME-NBI findings, WGA was not 
associated with MS and MV patterns, or WOS. To the best 
of our knowledge, this is the first report on an association 
between WGA and other ME-NBI findings.

WGA is known to correspond to the endoscopic visu-
alization of the apoptotic-necrotic phenomenon9 and it 
histopathologically represents the intraglandular necrotic 
debris, which is seen as eosinophilic material with necrotic 
epithelial fragments within the dilated gland lumen. The 
sensitivity and specificity of intraglandular necrotic debris 
for gastric cancer have been reported to be 43.1% and 

Table 3.Table 3. Magnifying Endoscopy with Narrow-Band Imaging of Early Gastric Cancers According to the Invasion Depth of the Tumor

Variable Mucosal cancer (n=96) Submucosal or deeper cancer (n=30) p-value

Microsurface pattern <0.001
Oval and/or tubular 77 (80.2) 12 (40.0)
Papillary 7 (7.3) 1 (3.3)
Destructive 2 (2.1) 9 (30.0)
Absent 10 (10.4) 8 (26.7)

Microvascular pattern 0.006
Loop 42 (43.8) 5 (16.7)
Fine network 38 (39.6) 13 (43.3)
Corkscrew 16 (16.7) 12 (40.0)

White opaque substance 0.560
Present 15 (15.6) 3 (10.0)
Absent 81 (84.4) 27 (90.0)

White globe appearance 0.306
Present 21 (21.9) 4 (13.3)
Absent 75 (78.1) 26 (86.7)

Data are presented as number (%).

Table 4.Table 4. Association Between WGA and Other Findings on Magnifying 
Endoscopy with Narrow-Band Imaging of Early Gastric Cancers

Variable
WGA (+)
(n=25)

WGA (–)
(n=101)

p-value

Microsurface pattern 0.358
Oval and/or tubular 21 (84.0) 68 (67.3)
Papillary 1 (4.0) 7 (6.9)
Destructive 2 (8.0) 9 (8.9)
Absent 1 (4.0) 17 (16.8)

Microvascular pattern 0.212
Loop 6 (24.0) 41 (40.6)
Fine network 14 (56.0) 37 (36.6)
Corkscrew 5 (20.0) 23 (22.8)

White opaque substance 0.121
Present 1 (4.0) 17 (16.8)
Absent 24 (96.0) 84 (83.2)

Data are presented as number (%).
WGA, white globe appearance.
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98.7%, respectively,16 and those of WGA for differentiating 
gastric cancer from other lesions and low-grade adenoma 
were 21.4% and 97.5%,10 and 21.5% and 100%, respective-
ly.9 The low sensitivity of WGA for diagnosing gastric can-
cer compared to intraglandular necrotic debris can be ex-
plained by the fact that only intraglandular necrotic debris 
located just beneath the gastric epithelium can be detected 
as WGA during ME-NBI. However, despite its low sensi-
tivity, its high specificity suggests that WGA is a valuable 
endoscopic marker of gastric cancer. In the present study, 
the prevalence of WGA in EGC was 19.8%, similar to the 
results of previous studies (21% to 26%).9,11,17

The presence of WGA indicates the presence of a glan-
dular structure in the lesion. Therefore, WGA (+) EGC 
includes components of differentiated-type histology, such 
as well-to-moderately differentiated tubular adenocarcino-
ma.17 In the present study, the differentiated-type histology 
was associated with the presence of WGA. In contrast, two 
previous studies reported no correlation between WGA 
and histologic type.9,18 However, the number of undiffer-
entiated-type EGC included in these studies was only four 
and 13 lesions, respectively. In addition, in a study that 
evaluated intraglandular necrotic debris in gastric biopsy 
and surgical specimens, intraglandular necrotic debris was 
mainly observed in differentiated-type EGC.16 These re-
sults support the higher incidence of WGA in differentiat-
ed-type EGC than in undifferentiated-type EGC observed 
in the present study.

In the present study, WGA was more frequently ob-
served in small-sized tumors (≤2 cm), which is consistent 
with the result of a previous study which reported that the 
size of WGA (–) EGC was significantly larger than that of 
WGA (+) EGC.10 As the tumor size increases, the missing 
rate for detecting WGA also could increase. However, un-
like previous studies, we prospectively collected ME-NBI 
findings for each lesion; therefore, we could have overcome 
this limitation. We believe that a higher incidence of WGA 
in small-sized EGC would be helpful for the correct diag-
nosis of cancer in small lesions. Further prospective studies 
on the usefulness of WGA for diagnosing cancer in small 
gastric lesions are required to validate our results.

WGA was also more frequently observed in the middle 
third of the stomach than in the upper and lower thirds 
of the stomach, similar to the result of a recent study that 
WGA (+) EGCs were mainly located in the middle third of 
the stomach (62%).17 Contrarily, there was no correlation 
between WGA and invasion depth as observed in previous 
studies.9,18 Although Watanabe et al.16 previously reported 
that submucosal cancers showed the highest incidence of 
intraglandular necrotic debris, they included intramucosal 
or submucosal cancers with microinvasion into the submu-

cosa because they recruited patients who were candidates 
for ESD. In addition, as mentioned above, ME-NBI can 
recognize only intraglandular necrotic debris located just 
beneath the gastric epithelium as WGA. Therefore, further 
studies evaluating the presence of WGA according to the 
location of intraglandular necrotic debris in histopatho-
logical specimens are needed. Furthermore, there was no 
correlation between WGA and tumor color, macroscopic 
shape, ulceration, H. pylori infection, or the grade of atro-
phic gastritis in the present study.

Several studies have reported differences in MS and 
MV patterns according to the histologic type and inva-
sion depth of EGC. In the present study, the main MS 
patterns in differentiated-type and undifferentiated-type 
cancers were an oval and/or tubular pattern and an absent 
pattern, respectively, whereas the main MV patterns in 
differentiated-type and undifferentiated-type cancers were 
fine network and loop patterns and a corkscrew pattern, 
respectively. In terms of invasion depth, while an oval and/
or tubular MS pattern and a loop MV pattern were pre-
dominant in mucosal cancers, the proportion of destruc-
tive and absent MS patterns and a corkscrew MS pattern 
was higher in submucosal or deeper cancers. These results 
are consistent with those of our previous study2 and other 
studies.19-22 The histopathological basis for the difference 
in MS and MV patterns according to histologic type and 
invasion depth can be explained as follows. Histopatho-
logically, proliferation of vessels within the neoplastic 
interstitial tissue is usually observed in the differentiated-
type cancers, whereas destruction of vascular architecture 
in the normal mucosa by infiltrating cancer cells in the 
absence of proliferation in the interstitial tissue is observed 
in the undifferentiated-type cancers.23,24 These differences 
contribute to make differences in MS and MV patterns be-
tween the two histologic types; differentiated-type cancers 
display maintenance of gland structures (an oval and/or 
tubular MS pattern) with abundant vasculature (loop and 
fine network MV patterns), whereas undifferentiated-type 
cancers typically display poor vasculature (a corkscrew MV 
pattern). In addition, an absent MS pattern in undifferen-
tiated-type cancers is caused by neoplastic cell infiltration 
destroying the glandular architecture.25 Also, the deeply 
invasive portion of differentiated-type cancers tends to be 
de-differentiated than the surrounding areas and exhibits 
desmoplastic reactions, and the glandular portion of the 
tumor is less dense.2 These histopathological changes could 
explain the predominance of the destructive MS pattern 
and corkscrew MV pattern in submucosal cancers.

WOS is frequently observed in gastric epithelial neo-
plasms (adenoma or cancer) with an intestinal pheno-
type.26 WOS can be seen as white substances observed 
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through the reflection or strong scattering of the projected 
light from the endoscope on minute lipid droplets accumu-
lated in and under the epithelium.27,28 It has been reported 
that WOS (+) tumors have an intestinal mucin phenotype 
(intestinal or gastrointestinal phenotype)27 and that WOS 
can be an indicator of differentiated-type cancers because 
WOS is not observed in undifferentiated-type cancers.29 In 
the present study, WOS was also more frequently observed 
in differentiated-type cancers than in undifferentiated-type 
cancers.

Because WGA is more frequently observed in differenti-
ated-type cancers, we investigated the association between 
WGA and other ME-NBI findings. Although WGA was 
more frequently observed in lesions with oval and/or tu-
bular MS and fine network MS patterns, there was no sig-
nificant difference in WGA according to MS and MV pat-
terns. Furthermore, no association was observed between 
WGA and WOS. WGA was observed in only one of the 18 
WOS (+) lesions. This could be partially explained by the 
fact that when WOS is present, the projected light cannot 
reach the subepithelial area, resulting in poor visibility of 
the intraglandular necrotic debris located underneath the 
epithelium.

Our study has several limitations to be addressed. First, 
because we performed ME-NBI after gastric cancer was 
confirmed histopathologically via endoscopic forceps bi-
opsy, the ME-NBI findings, such as MV and MS patterns, 
might have been influenced by the biopsy. Second, because 
gastric cancers are classified into differentiated or undiffer-
entiated types based on the predominant histologic type of 
the tumor, the MS and MV patterns observed in this study 
might not exactly indicate the corresponding histology.2 
However, we included a relatively large number of lesions 
and categorized ME-NBI findings based on the predomi-
nant pattern of the tumor, thereby overcoming this limi-
tation to some degree. Third, we did not investigate the 
presence or absence of intraglandular necrotic debris in 
the histopathological specimens. According to a previous 
study, discrepancies in visualization of WGA and its as-
sociation with histological intraglandular necrotic debris 
were present, because ME-NBI and ESD or surgery were 
usually performed on different days.9 Lastly, since ME-
NBI was performed by a single experienced endoscopist, 
interobserver variation was not evaluated. Although ME-
NBI findings, especially WGA, are thought to be reliable 
according to recent reports,11,21,30,31 interobserver variability 
in the assessment of ME-NBI findings must be evaluated 
before clinical application.

In conclusion, WGA was associated with small tumor 
size, differentiated-type histology, and middle-third tumor 
location, and was more frequently observed in lesions with 

an oval/tubular MS and fine-network MV patterns and the 
absence of WOS. Therefore, WGA may be helpful in the 
characterization of EGC during ME-NBI.

CONFLICTS OF INTEREST

G.H.K. is an editorial board member of the journal but 
was not involved in the peer reviewer selection, evaluation, 
or decision process of this article. No other potential con-
flicts of interest relevant to this article were reported.

AUTHOR CONTRIBUTIONS

Study concept and design: G.H.K. Data acquisition: 
G.H.K., K.K., H.K.J., D.C.J., M.W.L., B.E.L. Data analysis 
and interpretation: D.J.J., G.H.K., K.K. Drafting of the 
manuscript: D.J.J., G.H.K. Approval of final manuscript: all 
authors.

ORCID

Dae Jin Jung https://orcid.org/0000-0002-7136-9070
Gwang Ha Kim https://orcid.org/0000-0001-9721-5734
Kyungbin Kim https://orcid.org/0000-0001-5430-4235
Hye Kyung Jeon https://orcid.org/0000-0002-1550-7192
Dong Chan Joo https://orcid.org/0000-0001-8734-4938
Moon Won Lee https://orcid.org/0000-0002-8411-6398
Bong Eun Lee https://orcid.org/0000-0003-2734-2134

REFERENCES

 1. Yao K, Anagnostopoulos GK, Ragunath K. Magnifying en-
doscopy for diagnosing and delineating early gastric cancer. 
Endoscopy 2009;41:462-467.

 2. Ok KS, Kim GH, Park DY, et al. Magnifying endoscopy 
with narrow band imaging of early gastric cancer: correla-
tion with histopathology and mucin phenotype. Gut Liver 
2016;10:532-541.

 3. Yao K. Clinical application of magnifying endoscopy 
with narrow-band imaging in the stomach. Clin Endosc 
2015;48:481-490.

 4. Hu Y, Chen X, Hendi M, Si J, Chen S, Deng Y. Diagnostic 
ability of magnifying narrow-band imaging for the extent of 
early gastric cancer: a systematic review and meta-analysis. 
Gastroenterol Res Pract 2021;2021:5543556.

 5. Horiuchi Y, Hirasawa T, Fujisaki J. Endoscopic features of 
undifferentiated-type early gastric cancer in patients with 

https://orcid.org/0000-0002-7136-9070
https://orcid.org/0000-0001-9721-5734
https://orcid.org/0000-0001-5430-4235
https://orcid.org/0000-0002-1550-7192
https://orcid.org/0000-0001-8734-4938
https://orcid.org/0000-0002-8411-6398
https://orcid.org/0000-0003-2734-2134


Gut and Liver, Vol. 19, No. 1, January 2025

58  www.gutnliver.org

Helicobacter pylori-uninfected or -eradicated stomachs: a 
comprehensive review. Gut Liver 2024;18:209-217.

 6. Wang J, Zeng Z, Zhang S, et al. Targeted labeling with tissue 
marking dyes guided by magnifying endoscopy of endoscop-
ic submucosal dissection specimen improves the accuracy of 
endoscopic and histopathological diagnosis of early gastric 
cancer: a before-after study. Surg Endosc 2023;37:2897-2907.

 7. Chuman K, Yao K, Kanemitsu T, et al. Histological archi-
tecture of gastric epithelial neoplasias that showed absent 
microsurface patterns, visualized by magnifying endoscopy 
with narrow-band imaging. Clin Endosc 2021;54:222-228.

 8. Lee W. Application of current image-enhanced endoscopy in 
gastric diseases. Clin Endosc 2021;54:477-487.

 9. Doyama H, Yoshida N, Tsuyama S, et al. The "white globe ap-
pearance" (WGA): a novel marker for a correct diagnosis of 
early gastric cancer by magnifying endoscopy with narrow-
band imaging (M-NBI). Endosc Int Open 2015;3:E120-E124.

 10. Yoshida N, Doyama H, Nakanishi H, Tsuji S, Yao K. White 
globe appearance is a specific endoscopic marker for gastric 
cancer: a prospective study. Gastrointest Endosc 2015;81(5 
Supplement):AB565.

 11. Omura H, Yoshida N, Hayashi T, et al. Interobserver agree-
ment in detection of “white globe appearance” and the abil-
ity of educational lectures to improve the diagnosis of gastric 
lesions. Gastric Cancer 2017;20:620-628.

 12. Yao K, Iwashita A, Tanabe H, et al. White opaque substance 
within superficial elevated gastric neoplasia as visualized by 
magnification endoscopy with narrow-band imaging: a new 
optical sign for differentiating between adenoma and carci-
noma. Gastrointest Endosc 2008;68:574-580.

 13. Kim GH. Systematic endoscopic approach to early gastric 
cancer in clinical practice. Gut Liver 2021;15:811-817.

 14. Japanese Gastric Cancer Association. Japanese Gastric Can-
cer Treatment Guidelines 2021 (6th edition). Gastric Cancer 
2023;26:1-25.

 15. Kimura K, Satoh K, Ido K, Taniguchi Y, Takimoto T, Take-
moto T. Gastritis in the Japanese stomach. Scand J Gastroen-
terol Suppl 1996;214:17-23.

 16. Watanabe Y, Shimizu M, Itoh T, Nagashima K. Intraglandu-
lar necrotic debris in gastric biopsy and surgical specimens. 
Ann Diagn Pathol 2001;5:141-147.

 17. Masunaga T, Yoshida N, Akiyama S, et al. White globe ap-
pearance is an endoscopic predictive factor for synchronous 
multiple gastric cancer. Ann Gastroenterol 2021;34:183-187.

 18. Cheng J, Xia J, Zhuang Q, et al. A new exploration of white 
globe appearance (WGA) in ulcerative lesions. Z Gastroen-
terol 2020;58:754-760.

 19. Nakayoshi T, Tajiri H, Matsuda K, Kaise M, Ikegami M, 
Sasaki H. Magnifying endoscopy combined with narrow 

band imaging system for early gastric cancer: correlation of 
vascular pattern with histopathology (including video). En-
doscopy 2004;36:1080-1084.

 20. Kanesaka T, Sekikawa A, Tsumura T, et al. Absent microsur-
face pattern is characteristic of early gastric cancer of undif-
ferentiated type: magnifying endoscopy with narrow-band 
imaging. Gastrointest Endosc 2014;80:1194-1198.

 21. Yokoyama A, Inoue H, Minami H, et al. Novel narrow-band 
imaging magnifying endoscopic classification for early gas-
tric cancer. Dig Liver Dis 2010;42:704-708.

 22. Yoshida T, Kawachi H, Sasajima K, Shiokawa A, Kudo SE. 
The clinical meaning of a nonstructural pattern in early gas-
tric cancer on magnifying endoscopy. Gastrointest Endosc 
2005;62:48-54.

 23. Ohtani H, Nagura H. Differing microvasculature in the two 
major types of gastric carcinoma: a conventional, ultrastruc-
tural and ultrastructural immunolocalization study of von 
Willebrand factor. Virchows Arch A Pathol Anat Histopathol 
1990;417:29-35.

 24. Adachi Y, Mori M, Enjoji M, Sugimachi K. Microvascular 
architecture of early gastric carcinoma: microvascular-histo-
pathologic correlates. Cancer 1993;72:32-36.

 25. Fukui H, Shirakawa K, Nakamura T, et al. Magnifying phar-
macoendoscopy: response of microvessels to epinephrine 
stimulation in differentiated early gastric cancers. Gastroin-
test Endosc 2006;64:40-44.

 26. Miyaoka M, Yao K, Tanabe H, et al. Diagnosis of early gas-
tric cancer using image enhanced endoscopy: a systematic 
approach. Transl Gastroenterol Hepatol 2020;5:50.

 27. Yao K, Iwashita A, Nambu M, et al. Nature of white opaque 
substance in gastric epithelial neoplasia as visualized by 
magnifying endoscopy with narrow-band imaging. Dig En-
dosc 2012;24:419-425.

 28. Ueo T, Yonemasu H, Yada N, et al. White opaque substance 
represents an intracytoplasmic accumulation of lipid droplets: 
immunohistochemical and immunoelectron microscopic in-
vestigation of 26 cases. Dig Endosc 2013;25:147-155.

 29. Ueo T, Yonemasu H, Yao K, et al. Histologic differentiation 
and mucin phenotype in white opaque substance-positive 
gastric neoplasias. Endosc Int Open 2015;3:E597-E604.

 30. Anagnostopoulos GK, Yao K, Kaye P, et al. High-resolution 
magnification endoscopy can reliably identify normal gastric 
mucosa, Helicobacter pylori-associated gastritis, and gastric 
atrophy. Endoscopy 2007;39:202-207.

 31. Pimentel-Nunes P, Dinis-Ribeiro M, Soares JB, et al. A mul-
ticenter validation of an endoscopic classification with nar-
row band imaging for gastric precancerous and cancerous 
lesions. Endoscopy 2012;44:236-246.


