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Purpose: Endoscopic submucosal dissection (ESD) is recommended for the treatment of early 

gastric cancer (EGC) diagnosed as differentiated adenocarcinoma ,30 mm in diameter with 

depth of invasion into the submucosa #500 µm (ie, submucosal [SM] 1 cancer). It is therefore 

important to develop a method for the differential diagnosis of SM1 (invasion depth #500 µm) 

from SM2/3 cancers (invasion depth .500 µm), of which the latter cannot be treated with ESD. 

To aid in differential diagnosis, a prospective study was conducted to establish a new diagnostic 

method for more accurate differential diagnosis by measurement of lesion depth using endoscopic 

ultrasonography (EUS) as a preoperative diagnostic modality.

Patients and methods: The lesions of 92 EGC patients were examined by EUS prior to 

ESD or surgery to identify and measure the area with the most thickened submucosal layer. 

A pathological examination of the entire resected lesion was conducted to diagnose depth of 

invasion and histological type of EGC. Using receiver operating characteristic analysis, a cut-

off threshold of 2.2 mm for submucosal thickness was calculated for differential diagnosis of 

mucosal (M)-SM1 from SM2/3 cancers.

Results: By using thickness of the submucosal layer as measured by EUS and a cut-off threshold 

of 2.2 mm, M-SM1 could be distinguished from SM2/3 cancer with 98.6% accuracy, 93.2% 

sensitivity, and 94.7% specificity.

Conclusion: Using the thickness of the submucosal layer of an EGC lesion as determined by 

EUS and a cut-off threshold of 2.2 mm is a highly accurate means of differentiating M-SM1 

from SM2/3 cancers when determining the best means of EGC treatment.

Keywords: adenocarcinoma, depth of invasion, early gastric cancer, endoscopic submucosal 

dissection, endoscopic ultrasonography, submucosal thickness

Introduction
Since endoscopic submucosal dissection (ESD) was first introduced as an alternative 

to endoscopic mucosal resectioning (EMR), the number of indications for endoscopic 

treatment of early gastric cancer (EGC) has been increasing. To clarify the indica-

tions for performing ESD for EGC, Gotoda et al examined the rates of lymph node 

metastases in patients who had undergone EGC.1 They reported that if the EGC 

pathology indicates a well-differentiated adenocarcinoma with diameter ,3 cm and 

depth of invasion into the submucosa #500 µm (ie, a submucosal [SM] 1 cancer), ESD 

is indicated. It is important to differentiate mucosal (M)-SM1 (depth of invasion into 

the mucosa or submucosa, within 500 µm) from SM2/3 cancers, because in the case of 

SM2/3 cancers, the depth of invasion into the submucosa is .500 µm and thus these 

cancers cannot be treated with ESD. Therefore, differential diagnosis between M-SM1 
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and SM2/3 cancers is extremely important in determining 

whether to use ESD as a treatment for EGC.

This diagnostic requirement calls for the development of 

a more accurate means of differential diagnosis of SM1 from 

SM2/3 cancers. Currently, the diagnostic accuracy of endo-

scopic ultrasound sonography (EUS), an objective method 

for the determination of lesion depth in EGC diagnosis, is not 

always very high (70%–80%). Another challenge the authors 

have recently reported is difficulty in measurement in cases 

where the lesion invades more than 500 µm into the submu-

cosal layer, where the thickness of the submucosal layer may 

increase to more than 2.0 mm.2 To address these challenges, 

a new diagnostic method was developed for more accurate 

differential diagnosis of M-SM1 and SM2/3 EGC lesions by 

using EUS as a preoperative diagnostic modality. By com-

paring the thickness of the submucosal layers of the EGC as 

measured by EUS and using a predetermined cut-off threshold 

of 2.2 mm for submucosal thickness in the diagnosis, M-SM1 

cancers were able to be distinguished from SM2/3 with 98.6% 

accuracy, 93.2% sensitivity, and 94.7% specificity.

Materials and methods
The study began with determination of differences in the thick-

ness of the submucosal layer (sonographic layer 3) in each part 

of the stomach. To do so, EUS with instillation of nonaerated 

water was performed parallel to the normal mucosa of the 

lesser and greater curvature of the body and the antrum of ten 

healthy volunteers using a 20 MHz miniature probe (UM-3R, 

Olympus, Tokyo, Japan); this was followed by measurement 

of the thickness of the entire stomach wall and the submucosal 

layer. Between January 2007 and August 2010, 97 consecutive 

patients (70 male, 27 female; mean age, 68.8 years) suspected 

of having EGC and with no indication of advanced cancer were 

prospectively enrolled into the study. Of the 97 patients, five 

were subsequently excluded, four of these due to the presence 

of cystic lesions in the submucosal layers and one due to mus-

cularis propria invasion. After the patients had been diagnosed 

with EGC, mostly by routine endoscopic examination, EUS 

was performed to obtain images over a 3 cm range prior to 

performing either endoscopic or surgical treatment. Specifi-

cally, EUS was performed parallel to the mucosal surface of 

a lesion with the 20 MHz miniature probe, with instillation of 

nonaerated water, using the same procedure to measure the 

submucosal thickness of the lesion as was used to measure the 

thickness of the submucosal layer in the healthy volunteers.

Using clear EUS images, the lesions were examined to 

identify the area with the thickest submucosal layer, and the 

thickness of this layer was measured using distance markers. 

After the EUS images had been measured three times, the 

thickness of the thickest submucosal layer was recorded, and 

the data on the thickness of the submucosal layer obtained 

by EUS were compared with the data on the pathological 

depth of each EGC lesion. The lesions were treated either 

endoscopically or surgically according to the guidelines for 

the treatment of early gastric cancer proposed by the Japanese 

Gastric Cancer Association in 2004.3 A pathological examina-

tion of the entire resected lesion was conducted parallel to 

2 mm thick sections by performing hematoxylin and eosin 

staining, after which the depth of invasion and histological 

type of EGC was diagnosed.

In these 92 cases, no invasion into the submucosal layer 

was observed and the lesion was therefore diagnosed as M 

cancer. In cases in which submucosal invasion was observed, 

the lesion was subclassified into one of three grades: SM1, if 

penetration into the submucosal layer was ,500 µm from the 

muscularis mucosa; SM2, if penetration was .500 µm from 

the muscularis mucosa but did not reach the border of the mus-

cularis propuria; or SM3, if penetration was sufficiently deep 

to reach the border of the muscularis propuria. The patients 

with M-SM1 and SM2/3 lesions were divided into either the 

UL(−) (without ulceration) group or UL(+) (with ulceration) 

group, according to the presence of ulceration, to examine the 

effect of ulceration on the submucosal thickness of the lesion 

and determine whether there was a significant difference in the 

submucosal thickness of the lesions of the two groups.

As the results of a preliminary examination2 had indi-

cated that the submucosal thickness of the two groups fol-

lowed a normal distribution, the M-SM1 and SM2/3 groups 

were evaluated by performing two-sample t-testing. Based 

on the results of this examination and receiver operating 

characteristic (ROC) analysis, a cut-off threshold of 2.2 mm 

for submucosal thickness was calculated for differential 

diagnosis of M-SM1 from SM2/3 cancers.

This study was performed in accordance with the ethical 

standards laid down in the 1964 Declaration of Helsinki. All 

persons or their families gave their written informed consent 

prior to their inclusion in the study.

Technique for EUS
The stomach was washed out with nonaerated water before 

scanning the lesion with EUS, in order to remove any tiny 

food particles and sputum. This eliminates most foreign mat-

ter in the instilled nonaerated water, ensuring that good EUS 

images are obtained. The stomach is then filled with instilled 

nonaerated water, and any tiny bubbles that may be present on 

the lesion are eliminated by flushing the endoscopic channel 
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with the nonaerated water. Between scans, the EUS probe 

is kept parallel to and at a small distance from the mucosa. 

Once a good EUS image is seen, the image is frozen and 

captured, and the submucosal layer of the lesion is identified 

by comparison with the normal mucosa around it. Then, the 

thickness of the submucosal layer is determined on the image 

with the help of distance markers.

Cases
We examined the data of 92 cases (Table 1) and present the 

three typical cases below:

Case 1
This was a typical case of M-SM1 cancer diagnosed using 

this method, for which ESD was performed. This patient 

presented with a slightly depressed lesion at the lesser 

curvature of the middle body with red-colored mucosa and 

a diameter of approximately 2.5 cm (Figure 1A). Based on 

the results of a biopsy, the lesion was diagnosed as a well-

differentiated IIc-type (superficial depressed type) adenocar-

cinoma, and the patient was thus diagnosed with EGC. After 

a routine endoscopic examination, EUS was performed with 

a 20 MHz miniature probe, with instillation of nonaerated 

water, throughout the lesion, and the thickness of the most 

thickened submucosal layer was measured by freezing it three 

times (Figure 1B). After the thickness of the thickest submu-

cosal layer of the lesion was determined to be 0.9 mm, the 

lesion was diagnosed as an M-SM1 cancer. Since the lesion 

was diagnosed as a well-differentiated adenocarcinoma with 

a depth consistent with the diagnosis of M-SM1 and with 

a diameter ,3 cm, ESD was performed. The entire lesion 

resected by ESD was pathologically classified as tub1 (well-

differentiated adenocarcinoma), SM1 (submucosal invasion 

of 252 µm), ly0 (no invasion into the lymph duct), v0 (no 

invasion into the venous duct), and cut-end (−) (the resected 

margin was negative for cancer) (Figure 1C).

Case 2
This was a typical case of SM2/3 cancer diagnosed using this 

method, for which surgical operation was performed. This 

patient presented with a IIc+III-type (superficial, mixed 

depressed, and excavated type) EGC at the greater curvature 

of the anglus. Based on the results of a biopsy, the lesion was 

diagnosed as a differentiated adenocarcinoma (Figure 2A). 

After performing a routine endoscopic examination, EUS was 

performed using a 20 MHz miniature probe, with instillation 

of nonaerated water, throughout the lesion, and the thickness 

of the most thickened submucosal layer was measured by 

freezing it three times (Figure 2B). After the thickness of 

the thickest submucosal layer of the lesion was determined 

to be 3.2 mm, the lesion was diagnosed as an SM2/3 cancer. 

As this diagnosis was a contraindication for ESD, the lesion 

was treated by surgical resectioning of the entire lesion. 

The entire resected lesion was pathologically classified as 

A

B

C

Figure 1 A slightly depressed lesion with red-colored mucosa at the lesser curvature 
of the middle body. (A) Endoscopic view. (B) The thickness of the most thickened 
submucosal layer of the lesion was measured as 0.9  mm, and therefore mucosal-
submucosal (M-SM) 1 cancer was diagnosed. (C) The entire endoscopically resected 
lesion was pathologically classified as tub1 (well-differentiated adenocarcinoma), SM1 
(submucosal invasion of 252 µm), ly0 (no invasion into the lymph duct), v0 (no invasion 
into the venous duct), and cut-end (-) (the resected margin was negative for cancer).
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tub2 (moderately differentiated adenocarcinoma), SM3 

(submucosal invasion of 3.48 mm), ly1 (minimally invaded 

the lymph duct), v0, and cut-end (-) (Figure 2C).

Case 3
This was a typical case of M-SM1 cancer diagnosed using this 

method, even though the lesion was accompanied by severe 

fibrosis caused by ulceration. This patient presented with a 

IIc+III-type EGC lesion at the anterior wall of the lower body 

that was diagnosed as an undifferentiated adenocarcinoma 

based on a biopsy evaluation (Figure 3A). After performing a 

routine endoscopic examination, EUS was performed with a 

20 MHz miniature probe, with instillation of nonaerated water, 

throughout the lesion, and the thickness of the most thickened 

A

B

C

Figure 2 IIc+III-type early gastric cancer at the greater curvature of the anglus. 
(A) Endoscopic view. (B) The thickness of the most thickened submucosal layer of 
the lesion was measured as 3.2 mm, based on which submucosal (SM) 2/3 cancer 
was diagnosed. (C) The entire surgically resected lesion was pathologically classified 
as tub2 (moderately differentiated adenocarcinoma), SM3 (submucosal invasion of 
3.48 mm), ly1 (minimally invaded the lymph duct), v0 (no invasion into the venous 
duct), and cut-end (-) (the resected margin was negative for cancer).

A

B

C

Figure 3 IIc+III-type early gastric cancer at the anterior wall of the lower body. 
(A) Endoscopic view. (B) The thickness of the most thickened submucosal layer of 
the lesion was measured as 1.7 mm, based on which M-SM1 cancer was diagnosed. 
(C) The entire surgically resected lesion was pathologically classified as por (poorly 
differentiated adenocarcinoma), mucosal, ly0 (no invasion into the lymph duct), 
v0 (no invasion into the venous duct), and cut-end (-) (the resected margin was 
negative for cancer).
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submucosal layer was measured by freezing it three times 

(Figure 3B). After the thickness of the thickest submucosal 

layer of the lesion was determined to be 1.7 mm, the lesion 

was diagnosed as an M-SM1 cancer. Despite being an M-SM1 

cancer, the pathology of the lesion was a contraindication 

for ESD, and the lesion was therefore surgically resected. 

The entire resected lesion was pathologically classified as 

por (poorly differentiated adenocarcinoma), M, ly0, v0, and 

cut-end (−) (Figure 3C). Although advanced fibrosis was 

observed in the submucosal layer at the center of the lesion, 

no thickening of the submucosal layer was observed.

Results
ESD and surgery was performed for an equal number (46) 

of the 92 patients (1I, 17IIa, 14IIa+IIc, 4IIb, 37IIc, 14IIc+III, 

and 5III+IIc) (for detailed information on each lesion, refer 

to Table 1). A significant difference was observed between the 

thickness of the entire stomach wall in the body and the antrum 

(body, 2.46 ± 0.58 mm; antrum, 3.15 ± 1.15 mm), but no signif-

icant difference in thickness was observed between the submu-

cosal layer (body, 0.70 ± 0.18 mm; antrum, 0.64 ± 0.20 mm). 

The types of EGC lesions are shown in Table 1, and the distri-

bution in the stomach of each lesion with or without ulceration 

is shown in Table 2. Based on analysis of the pathological 

depth of the lesion, 49 M cancers, 22 SM1 cancers, ten SM2 

cancers, and eleven SM3 cancers were diagnosed (Figure 4). 

The thickest submucosal layer, as determined by EUS, was 

1.29 ± 0.46 mm in the M cancers, 1.61 ± 0.47 mm in the SM1 

cancers, 2.89 ± 0.97 mm in the SM2 cancers, and 3.34 ± 0.77 mm 

in the SM3 cancers (Figure  5). Significant differences 

were observed in the submucosal thickness of the M-SM1 

cancers (1.39 ± 0.49 mm) compared to the SM2/3 cancers 

(3.00 ± 0.92 mm; P , 0.001; Figure 6). When the M-SM1 can-

cers were subdivided into the UL(-) group and UL(+) groups 

and the differences in the submucosal thickness of each group 

were examined (Figure 7), no significant differences were 

observed (P = 0.469). It was not possible to perform the same 

comparison for the SM2/3 cancers because only two cases had 

been diagnosed as UL(-). Using the previously determined cut-

off threshold of 2.2 mm for submucosal thickness in the differ-

ential diagnosis of M-SM1 from SM2/3 cancers, it was possible 

to distinguish M-SM1 from SM2/3 cancers with 98.6% accu-

racy, 93.2% sensitivity, and 94.7% specificity (Figure 8).

Discussion
Currently, ESD is extensively performed for the treat-

ment of patients with EGC. It was initially introduced as 

an alternative to EMR, but is gaining popularity as the 

treatment for EGC. If the depth of the lesion is consistent 

with a diagnosis of SM1 and its diameter is ,3 cm, ESD 

rather than EMR is often indicated for treatment. Under 

these circumstances, it is extremely important to perform 

a precise differential diagnosis of the depth of the EGC 

lesion before initiating therapy. Several medical institutions 

use a two-step procedure to determine the necessity of an 

additional surgical operation after pathological diagnosis 

based on the depth of the ESD specimen. However, as this 

procedure is complex and resource intensive, it is desirable 

to determine whether ESD is clearly indicated by making a 

correct diagnosis based on the depth of the lesion. At present, 

EUS is considered the most objective means of determining 

lesion depth,4–6 but its diagnostic accuracy is not always 

very high.7–9

As a means of addressing this challenge, the efficacy of 

using the indicator of submucosal thickness of a lesion was 

examined in this study as a means of improving the accuracy 

of diagnosis. The authors have previously reported that the 

thickness of the submucosal layer increases according to 

the degree of invasion of cancer into the submucosa.2 Based 

on these findings, it was hypothesized that increases in the 

thickness of the submucosal layer are primarily caused by 

the infiltration of cancerous and inflammatory cells.10 If the 

lesion has invaded more than 500 µm into the submucosal 

layer and, therefore, been diagnosed as an SM2/3 cancer, the 

submucosal layer is expected to be extremely thick. We thus 

further hypothesized that using the thickness of the submu-

cosal layer as an indicator in the differential diagnosis of 

M-SM1 from SM2/3 cancers may allow for highly accurate 

diagnosis.

Although the absolute value of the submucosal thickness 

is often discussed as an indicator, this variable may depend 

on the section of the stomach that is examined. To examine 

this possibility, EUS of normal mucosa was performed at the 

lesser and greater curvature of the body and the antrum with 

instillation of nonaerated water. While doing so, a significant 

difference was observed between the thickness of the entire 

stomach wall in the body and the antrum, but no significant 

difference in thickness of the submucosal layer. Therefore, the 

possibility that the localization of a lesion could influence the 

thickness of the submucosal layer was dismissed. In addition, 

it was recognized that this concern could be resolved by 

comparing the ratio of the submucosal thickness in the lesion 

with the surrounding normal mucosa that had been already 

examined in the resected specimen.2 Having concluded that 

submucosal thickness does not vary according to the stomach 

section, it could further be concluded that using the absolute 
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Table 1 Patient sex and age and characteristics of the lesions

Sex (male/ 
female)

Age (y) Shape Location Submucosal  
thickness (mm)

EUS  
diagnosis

Treatment  
course

Pathology Pathological  
depth

M 48 III+IIc Angulus lesser 1.5 M-SM1 Surgery por SM1
M 63 IIc Cardia lesser 0.9 M-SM1 ESD tub1 M
M 54 IIc Angulus posterior 1.5 M-SM1 Surgery tub2 M
M 76 IIc+III Angulus posterior 4.7 SM2/3 Surgery tub2 SM2
M 66 IIc Middle body greater 2.3 SM2/3 Surgery sig SM2
M 80 IIc Antrum greater 1.2 M-SM1 ESD tub1 M
M 56 IIb Middle body posterior 1.4 M-SM1 Surgery tub2 M
F 69 IIc Lower body anterior 0.9 M-SM1 ESD por1 M
M 65 IIc Antrum greater 1.2 M-SM1 ESD tub2 M
M 54 IIa+IIc Cardia lesser 1.2 M-SM1 ESD tub1 M
M 66 IIa Upper body lesser 1.8 M-SM1 Surgery tub1/2 M
M 36 IIc Lower body anterior 0.9 M-SM1 Surgery por1 M
M 56 IIa+IIc Upper body anterior 4.1 SM2/3 Surgery muc SM2
M 62 III+IIc Lower body anterior 0.9 M-SM1 Surgery tub2 M
M 72 IIc Antrum posterior 0.9 M-SM1 ESD tub1 M
M 64 IIc Angulus greater 1.4 M-SM1 Surgery sig M
M 65 IIc+III Lower body posterior 1.9 M-SM1 Surgery sig SM2
F 74 IIc Upper body greater 3.5 SM2/3 Surgery por2 SM2
M 80 IIc Lower body lesser 1.4 M-SM1 Surgery tub2 M
M 74 IIc+III Antrum anterior 1.2 M-SM1 ESD tub1/2 SM1
M 86 IIa Angulus lesser 1.6 M-SM1 ESD tub1/2 M
F 58 IIc Middle body anterior 2.2 SM2/3 Surgery sig SM1
M 65 IIc+III Upper body posterior 1.6 M-SM1 Surgery tub2/por SM1
M 67 IIc advanced Middle body lesser 2.3 SM2/3 Surgery por1 SM2
F 77 IIc Prepylorus lesser 3.5 SM2/3 ESD tub1 M
F 64 IIc+I Antrum anterior 4.7 SM2/3 Surgery muc SM3
M 77 IIc Middle body greater 1.2 M-SM1 ESD tub1 SM1
M 76 IIa Lower body lesser 0.7 M-SM1 ESD tub1 M
F 65 IIa+IIc Middle body lesser 2.5 SM2/3 Surgery por SM3
M 67 IIc advanced Angulus anterior 3 SM2/3 Surgery por SM3
F 47 IIc Antrum greater 4.2 SM2/3 Surgery por SM3
F 72 IIa+IIc Angulus lesser 0.9 M-SM1 ESD tub1 M
M 77 IIa Cardia anterior 1.2 M-SM1 Surgery pap SM1
F 66 III+IIc Middle body greater 1.9 M-SM1 Surgery por SM2
F 77 III+IIc Upper body lesser 0.7 M-SM1 Surgery tub1/2 M
F 67 IIb Angulus greater 1.9 M-SM1 ESD por M
F 70 IIc Middle body lesser 0.7 M-SM1 ESD tub1 M
M 71 IIb Upper body anterior 1.3 M-SM1 Surgery tub2/por M
M 65 IIc Middle body anterior 1.9 M-SM1 ESD tub2 SM1
M 74 IIc+III Angulus greater 3.3 SM2/3 Surgery tub2 SM3
F 62 IIc Angulus greater 1 M-SM1 ESD sig M
F 63 IIc+III Angulus posterior 2.5 SM2/3 Surgery por M
M 67 IIc+III Antrum posterior 2.4 SM2/3 Surgery por/sig M
M 71 IIa Antrum lesser 0.5 M-SM1 ESD tub1/2 M
M 69 IIc Upper body anterior 1.5 M-SM1 ESD tub2 SM1
M 72 IIc Angulus greater 1 M-SM1 ESD tub2 M
M 58 IIc Angulus lesser 1.6 M-SM1 Surgery Por/sig SM1
M 73 IIa Upper body lesser 1.8 M-SM1 ESD tub2-por M
F 73 IIa Middle body posterior 2.1 M-SM1 Surgery muc SM1
M 84 IIc Upper body lesser 0.9 M-SM1 ESD tub1 SM1
F 69 III+IIc Angulus posterior 2.8 SM2/3 Surgery tub2 SM3
F 50 IIc Angulus anterior 1.7 M-SM1 Surgery por/sig M
F 87 IIa Angulus lesser 1.4 M-SM1 Surgery tub2 M
M 48 IIa+IIc Upper body lesser 0.8 M-SM1 ESD tub2/por M

(Continued)
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Table 1 (Continued)

Sex (male/ 
female)

Age (y) Shape Location Submucosal  
thickness (mm)

EUS  
diagnosis

Treatment  
course

Pathology Pathological  
depth

M 86 IIa+IIc Antrum lesser 3.1 SM2/3 Surgery tub2/por SM3

M 84 IIc Upper body lesser 0.8 M-SM1 ESD tub1 SM1
M 61 IIc Antrum anterior 0.8 M-SM1 ESD por/sig M
M 59 IIc Angulus greater 3.1 SM2/3 Surgery tub2 SM3
M 48 IIa+IIc Lower body posterior 2.9 SM2/3 Surgery tub2/por SM2
M 69 IIc+III Antrum anterior 1.3 M-SM1 ESD tub2 M
F 75 IIa Lower body anterior 1.4 M-SM1 ESD tub1 M
M 67 IIc+III Antrum greater 1.8 M-SM1 Surgery muc SM1
M 67 IIa+IIc Antrum anterior 2.2 SM2/3 Surgery tub2/por SM1
F 73 IIc+III Angulus lesser 1 M-SM1 ESD tub2 M
M 73 IIa+IIc Cardia lesser 0.9 M-SM1 ESD tub1 M
M 74 IIa Antrum greater 0.9 M-SM1 ESD pap M
M 89 IIa Middle body lesser 1.7 M-SM1 ESD tub1 SM1
M 61 IIa+IIc Angulus anterior 2.3 SM2/3 Surgery tub1 SM1
M 74 IIa+IIc Lower body lesser 0.8 M-SM1 ESD tub1 M
M 69 IIa+IIc Angulus lesser 1.8 M-SM1 Surgery por SM1
F 86 IIa Angulus anterior 1.8 M-SM1 ESD tub1 M
M 67 IIc+III Lower body lesser 1.2 M-SM1 ESD tub1 M
M 72 I Fornix greater 1.6 M-SM1 ESD tub2 SM1
F 69 IIc Middle body posterior 3.4 SM2/3 Surgery por SM3
M 77 IIa Middle body lesser 1.2 M-SM1 ESD pap M
M 58 IIa+IIc Upper body posterior 2.7 SM2/3 Surgery tub1 SM3
M 69 IIa Upper body lesser 2 M-SM1 ESD tub1 M
F 85 IIa Middle body lesser 1.1 M-SM1 ESD pap M
M 68 IIa Angulus posterior 2.6 SM2/3 Surgery tub1 SM1
M 74 IIc Angulus lesser 0.9 M-SM1 ESD tub2 M
M 74 IIc+III Antrum greater 1.2 M-SM1 ESD tub2 SM1
F 75 IIc Antrum greater 1.7 M-SM1 ESD tub2 SM1
M 60 IIc Antrum lesser 1.5 M-SM1 ESD tub1 M
M 76 IIc Antrum lesser 3.6 SM2/3 Surgery por SM3
M 67 IIc Lower body anterior 1.9 M-SM1 ESD tub2 SM2
F 66 IIc Lower body posterior 0.9 M-SM1 Surgery tub2 SM1
F 61 IIa+IIc Angulus posterior 1.9 M-SM1 Surgery por M
M 70 IIc+III Prepylorus lesser 2 M-SM1 Surgery tub2 M
M 78 IIc Upper body posterior 1.5 M-SM1 ESD tub1 M
F 76 IIb Angulus lesser 1.2 M-SM1 Surgery por M
M 74 IIa Lower body lesser 1.6 M-SM1 ESD tub1 M
M 82 IIc+III Lower body lesser 1.8 M-SM1 ESD tub1 SM2

Abbreviations: M, mucosal; SM, submucosal; ESD, endoscopic submucosal dissection; tub1, well-differentiated adenocarcinoma; tub2, moderately differentiated 
adenocarcinoma; ly0, no invasion into the lymph duct; ly1, minimally invaded the lymph duct; v0, no invasion into the venous duct; cut-end (-), the resected margin was 
negative for cancer; sig, signet ring cell carcinoma; muc, mucinous adenocarcinoma; pap, papillotubular adenocarcinoma.

values of the submucosal thickness would not affect the 

accuracy of the results. Thereafter, the absolute value of the 

submucosal thickness was examined for real-time diagnosis 

of invasion depth by EUS. As Yasuda11 had proposed that the 

resolution of the 20 MHz miniature probe used in this study 

should be 0.08 mm, this instrument was considered appropri-

ate for this study, as well as appropriate for comparing the 

thickness of the submucosal layer with a 0.1 mm scale.

As the previous method used for diagnosing the depth 

of EGC by EUS depended on deciphering the EUS figures, 

it was a relatively subjective method, and therefore prone 

to human error.12,13 The reported accuracy of this method is 

only 70%–80%,14–16 although it was reported to be higher by 

Mouri et al.17 Nevertheless, as the accuracy of the diagnosis 

can differ across operators, it is an inadequate means of 

diagnosing the depth of EGC lesions prior to treatment. 

In undifferentiated adenocarcinomas in particular, the 

accuracy of EGC depth diagnosis tends to be low18 because it 

is often difficult to define EUS figures in such cancers at the 

margin of submucosal invasion, which affects the accuracy 
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of the diagnosis. The authors’ method, in contrast, measures 

only the thickness of the submucosal layer by EUS, there-

fore, it is not affected by the quality of EUS images, greatly 

contributing to the diagnostic accuracy of EGC depth.

No differences between the submucosal thickness of 

lesions associated with M and SM1 cancers were observed. 

This observation indicates that slight invasion into the 

submucosal layer, as observed in SM1 cancers, is a low-risk 

indicator for lymph node metastasis and causes only minor 

inflammatory reactions, and therefore does not affect the 

thickness of the submucosal layers. However, if the sub-

mucosal invasion exceeds 500  µm, protective and major 

inflammatory reactions are initiated, increasing the risk of 0 1 2 3 4 5

100

M-SM1

M

53.3% 25.0% 10.9%10.9%

SM1 SM2 SM3

SM2-3

806040200

100

n = 92

806040200

Pathological
diagnosis

EUS
diagnosis

Submucosal
thickness

(mm)

79.3% 20.7%

Figure 4 Bar graph showing the distribution of submucosal thickness. The 
corresponding diagnoses of mucosal-submucosal (M-SM) 1 and submucosal (SM) 2/3 
cancer based on endoscopic ultrasonography, and mucosal (M), SM1, SM2, and SM3 
cancer based on pathological results are shown. Before the treatment, 73 (79.3%) of 
the early gastric cancers (EGCs) were diagnosed as M-SM1 cancer and 19 (20.7%) 
as SM2/3 cancer but, based on pathological examinations, 49 (53.3%) of these EGCs 
were diagnosed as M cancer, 22 (25.0%) as SM1 cancer, ten (10.9%) as SM2 cancer, 
and eleven (10.9%) as SM3 cancer.
Abbreviation: EUS, endoscopic ultrasonography.

0 1 2 3 4 5 (mm)

Submucosal thickness

P = 0.381

P = 0.364

n = 92

(11)
SM3

(10)
SM2

(22)
SM1

(49)
M

Figure 5 Scatter plot showing the distribution of submucosal thickness values according 
to the type of cancer (mucosal-submucosal [M-SM] 1, submucosal [SM] 2, and SM3). 
Note: As seen from the plot, there was no significant difference in submucosal 
thickness between the mucosal (M) and SM1 cancer (P = 0.381), and also between 
the SM2 and SM3 cancers (P = 0.364).

Table 2 The presence or absence of ulceration and the depth and distribution of invasion in the stomach of each EGC patient

Pylorus Antrum Angulus Lower
body

Middle
body

Upper
body Cardia Fornix

A
nterior

Lesser
Posterior

G
reater

: m-sm1, UL(−)

: m-sm1, UL(+)

: sm2-3, UL(−)

: sm2-3, UL(+)

Notes: n = 92.
Abbreviations: M, mucosal; SM, submucosal; UL(-), without ulceration; UL(+), with ulceration.
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0

SM2-3
(19)

M-SM1
(19)

1 2

Submucosal thickness

3 4 5 (mm)

P < 0.001

n = 92

Figure 6 Scatter plot showing submucosal thickness according to the endoscopic 
ultrasonography diagnosis of mucosal-submucosal (M-SM) 1 and SM2/3 cancers.
Note: A significant difference in submucosal thickness was found between the two 
types of cancers (P , 0.001).

lymph node metastasis.1 This inflammation, accompanied 

by a cancerous mass, leads to an increase in the thickness 

of the submucosal layer, which is reflected in the significant 

differences between submucosal thickness in M-SM1 and 

SM2/3 cancers.

The authors believe it is important to consider the pos-

sibility of fibrosis, as ulceration influences changes in sub-

mucosal thickness. As shown in Table 2, which shows the 

presence or absence of ulceration and the depth of invasion 

and localization in the stomach, no significant differences 

were found in the localization of the lesions. Moreover, when 

the M-SM1 cancers were subdivided into the UL(−) and UL(+) 

groups and the differences between submucosal thickness in 

each group were examined, no significant differences were  

found between the groups. It was not possible to perform the 

same comparison for the SM2/3 cancers because only two 

cases had been classified as UL(−) (Figure 7). Based on these 

results, it was concluded that the fibrosis accompanying ulcer-

ation is not the main factor responsible for the increased thick-

ness of the submucosal layer (Figure 3c); rather, inflammatory 

cell infiltration and the cancer itself are the main factors. 

This conclusion is supported by the authors’ finding that 

the submucosal layer was thickest in SM3 cancers, followed 

by SM2 and then SM1 cancers (Figure 5).

By comparing the thickness of the submucosal layers as 

measured by EUS and the pathological depth as diagnosed 

by a pathological examination, a cut-off threshold of 2.2 mm 

Figure 7 Scatter plot showing distribution of submucosal thickness for mucosal-
submucosal (M-SM)1 cancers according to the presence (+) or absence (−) of 
ulceration.
Note: No significant difference was found between these groups of M-SM1 cancers 
(P = 0.469).

M-SM1
UL(+)
(34)

M-SM1
UL(−)
(37)

0.5 1.0

Submucosal thickness

1.5 2.0 2.5 (mm)

P = 0.469

n = 71

Figure 8 Receiver operating characteristic curve of the submucosal thickness values to determine the cut-off value for distinguishing between mucosal-submucosal (M-SM) 
1 and SM2/3 cancers, and the sensitivity, specificity, and accuracy of using this cut-off value. For the cut-off value of 2.2 mm, the accuracy, sensitivity, and specificity were 
98.6%, 93.2%, and 94.7%, respectively.
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was identified for submucosal thickness in the differentiation 

between M-SM1 and SM2/3 cancers. Using this threshold, the 

2 types of cancer could be differentiated with 98.6% accuracy, 

93.2% sensitivity, and 94.7% specificity. However, a major 

measurement limitation was the fact that four patients (4.1%) 

presented with submucosal cysts. As the cysts themselves 

may have been responsible for any increased thickness of the 

submucosal layer, the authors’ method could not be used to 

measure the depth of the lesion in these patients. Therefore, it 

is necessary to identify cysts in the submucosal layer before 

measuring the submucosal thickness.

Conclusion
By measuring the thickness of the submucosal layers of EGC 

by EUS, it is possible to successfully distinguish M-SM1 

from SM2/3 cancers in a precise manner for more accurate 

differential diagnosis than by review of EUS measurements 

alone. Use of this method allows for accurate diagnosis even 

in cases presenting with undifferentiated types of cancer or 

with ulceration, in which the deepest area of cancer invasion 

is difficult to determine.
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