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Abstract
Background and aim Endoscopic ultrasonography is a reliable diagnostic modality for determining indications of endoscopic 
submucosal dissection for early gastric cancer. We aimed to clarify the clinical significance of endoscopic ultrasonography 
in the invasion depth diagnosis of early gastric cancer.
Methods We retrospectively assessed 1598 consecutive patients with 2001 early gastric cancers who underwent EUS before 
ESD or surgery between October 2010 and April 2019 at our institution. Lesions were classified according to endoscopic 
ultrasonography-determined invasion depth as EUS-M/SM1 (lesions confined to sonographic layers 1 and 2 or lesions with 
changes in sonographic layer 3; depth, < 1 mm) and EUS-SM2 (lesions with changes in sonographic layer 3; depth, ≥ 1 mm). 
We evaluated the invasion depth determination accuracy of endoscopic ultrasonography and analyzed the clinicopathological 
features of misdiagnosed early gastric cancer cases.
Results The invasion depth determination accuracy was as follows: EUS-M/SM1: pathological T1a/T1b1 early gastric can-
cer, 97%; EUS-SM2: pathological T1b2 early gastric cancer, 79%. The accuracy, sensitivity, specificity, positive predictive 
value, and negative predictive value were 95%, 98%, 69%, 97%, and 79%, respectively. In EUS-M/SM1 early gastric cancer, 
tumor size of ≥ 15 mm, presence of ulceration, and undifferentiated histological type were significantly associated with 
endoscopic ultrasonography accuracy. In EUS-SM2 early gastric cancer, tumor size of ≥ 30 mm was significantly associated 
with endoscopic ultrasonography accuracy.
Conclusions Endoscopic ultrasonography is a useful modality in accurately determining the invasion depth of early gastric 
cancer before endoscopic submucosal dissection.
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Introduction

In Japan, gastric cancer is one of the most common cancers 
and the third most common cause of cancer-related death. 
There are several options for the treatment of gastric can-
cer; however, accurate preoperative diagnosis is important 
to select the appropriate treatment.

Endoscopic submucosal dissection (ESD) is one of 
the treatments available for gastric cancer; various stud-
ies have investigated ESD for gastric cancer [1–7]. When 
determining an indication for ESD for early gastric cancer 
(EGC) according to the Japanese Gastric Cancer Treatment 
Guidelines 2018 [8], the invasion depth of EGC is one of 
the most important factors. In the guidelines, the absolute 
criteria for ESD include differentiated intramucosal cancer 
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without ulceration and differentiated intramucosal cancer 
with ulceration and tumor size of ≤ 3 cm. The expanded 
criteria are undifferentiated intramucosal cancer without 
ulceration with a tumor size of ≤ 2 cm. Additional surgery 
is also recommended in the current treatment guidelines 
for gastric cancers with deep submucosal invasion identi-
fied in the pathological evaluation after ESD (pT1b2; depth 
of submucosal invasion, ≥ 500 μm) owing to the risk of 
lymph node metastasis. Notably, it is important to diagnose 
whether there is submucosal deep invasion during gastric 
ESD. Various reports on the diagnostic ability of endoscopic 
ultrasonography (EUS) have been published. However, most 
reports have examined the diagnostic ability of EUS that 
distinguishes T1 from T2 cancer [9–23]; several reports 
have examined its diagnostic ability that distinguishes T1a 
from T1b cancer [24–31] and T1a/T1b1 from T1b2 cancer 
[31–39]. In addition, the number of cases included in each 
study was up to several hundred at most. In meta-analyses, 
the number of cases was large; however, the devices used 
for EUS were not uniform. In this study, we evaluated the 
ability of EUS with a mini-probe to diagnose submucosal 
deep invasion and investigated the factors influencing the 
diagnosis of cancer by comparing the clinicopathological 
features of cases with an inconsistent depth on preoperative 
diagnosis by EUS and pathological examination.

Methods

Patients and lesions

We retrospectively assessed 1598 consecutive patients 
with 2001 EGCs who underwent EUS before ESD or sur-
gery between October 2010 and April 2019 at our insti-
tution. There were no patients who underwent ESD and 
surgery without EUS during this period. Of these 2001 
EGCs, 106 EGCs that were insufficient to be diagnosed 
by EUS for various reasons (e.g., tumor location, ulcera-
tion, and elevated type tumor) were excluded. In these 
cases, the layer structure could not be clearly visualized 
by EUS, and we could not diagnose the depth of inva-
sion with high confidence. The results of these treat-
ments were retrospectively reviewed. The details of the 
factors that were insufficient for EUS are shown in Fig. 1. 
First, the 1895 remaining EGCs were classified into two 
grades according to the EUS-determined depth of submu-
cosal invasion: EUS-M/SM1 (n = 1734) and EUS-SM2 
(n = 161). EUS-M/SM1 was defined as tumors confined 
to sonographic layers 1 and 2 or lesions with changes in 
sonographic layer 3 but not deeper than 1 mm. EUS-SM2 
was defined as tumors with changes in sonographic layer 
3 deeper than 1 mm. Second, each of both groups was 

    M: the tumor remaining in the second layer 
    SM1: tumor protruding to the third layer <1-mm deep 
    SM2: tumor protruding to the third layer ≥1-mm deep  
    T1a: tumors limited to the mucosal layer 
    T1b1: tumors with penetration to the submucosal layer less than 500 µm from the muscularis mucosae 
    T1b2: tumors with penetration of 500 µm or more from the muscularis mucosae 

1598 consecutive patients with 2001 early gastric cancer underwent EUS before ESD or surgery 
at Hiroshima University Hospital between October 2010 and April 2019 

EUS diagnosis M/SM1, n=1734 EUS diagnosis SM2, n=161 

Poor endoscopic image, n=106 

pT1a/ T1b1, n=1676 pT1b2, n=58 pT1a/ T1b1, n=34 pT1b2, n=127 

Reasons of insufficient for EUS 
  Location  50 
    Cardia    6 
    Lesser curvature of angular incisure  3 
    Forecourt of pylorus  28 
    Fold     9 
    Gastric tube    1 
    Remnant stomach   1 
    Anastomic portion   2 
  Ulceration  46 
  Elevated type tumor  7 
  Others    7 

    *Some of factors were overlapped 

Fig. 1  A flow diagram of early gastric cancers included in this study. 
Patients with gastric cancer who were enrolled in this study were 
classified based on the EUS diagnosis and pathological diagnosis. 
EUS endoscopic ultrasonography, ESD endoscopic submucosal dis-
section, EUS-M/SM1 tumors confined to sonographic layers 1 and 
2 or lesion with changes in sonographic layer 3 but no deeper than 

1 mm, EUS-SM2 tumors with changes in sonographic layer 3 deeper 
than 1  mm, pT1a/T1b1 tumors limited the mucosal layer or tumors 
with penetration into the submucosal layer less than 500 µm from the 
muscularis mucosae, pT1b2 tumors with penetration of 500  µm or 
more
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subclassified histologically into two grades according to 
the depth of submucosal invasion: pT1a/T1b1 and pT1b2. 
pT1a/T1b1 was defined as tumors limited to the mucosal 
layer (pT1a) or tumors with penetration to the submu-
cosal layer less than 500 µm from the muscularis mucosae 
(pT1b1); pT1b2 was defined as tumors with penetration 
of 500 µm or more according to the Japanese Classifi-
cation of Gastric Carcinoma (15th edition). Finally, we 
evaluated the accuracy of EUS in determining the depth 
of tumor invasion and analyzed the clinicopathological 
features of EGCs that were misdiagnosed by EUS. In 
addition, the invasion depth of all EGCs was determined 
by conventional endoscopy (CE) and was performed prior 
to EUS at our institution. To compare with the diagnos-
tic ability of EUS, EGCs were classified into two grades 
according to the CE-determined depth of submucosal 
invasion (CE-M/SM1 and CE-SM2), and each group was 
subclassified histologically into two grades according to 
the depth of submucosal invasion: pT1a/T1b1 and T1b2. 
The depth of invasion diagnosed by CE was performed 
with comprehensively evaluating several findings such as 
the concentration of folds of stomach wall, the marginal 
ridge, the presence or hardening of the stomach wall, and 
the presence of deformation of the stomach wall due to 
the amount of air in the stomach [40, 41].

Written informed consent was obtained from all 
patients prior to the procedures and treatment, and the 
study design was approved by the Ethics Committee of 
Hiroshima University Hospital (No. 3358).

EUS procedure

The EUS procedures were performed under sedation with 
midazolam or diazepam. We performed CE to obtain gen-
eral information on the stomach and magnifying observa-
tion with narrow-band imaging and chromoendoscopy in 
all cases. EUS was performed using 12-MHz and 20-MHz 
mini-probes (Fujifilm, Saitama, Japan). Deaerated water 
was instilled to improve the transmission of the ultra-
sound beam. Acoustic coupling with the gastric wall was 
achieved by instilling 300–800 mL of deaerated water to 
the stomach. The entire tumor was observed as much as 
possible while moving the EUSprobe, and the depth of 
tumor invasion was evaluated. In the EUS observation, 
the layer structure of the stomach wall was evaluated as 
five layers. The invasion depth of the tumor was clas-
sified according to the system proposed by Yanai et al. 
[42]. That is, the tumor remaining in the second layer 
was described and classified as EUS-M; tumor protrud-
ing to the third layer < 1 mm deep, EUS-SM1; and tumor 
protruding to the third layer ≥ 1 mm deep, EUS-SM2.

Histopathological evaluation

Histopathological examination was based on the Japanese 
classification of gastric cancer. The specimens resected dur-
ing ESD and surgical resection were sliced at 2-mm and 
5-mm intervals, respectively, after fixation in formalin and 
were examined under hematoxylin and eosin staining for 
detailed analysis. Histopathological type, tumor diameter, 
submucosal invasion depth, lateral and vertical margins, 
and lymphatic–vascular invasion were evaluated in each 
slice. Immunohistochemical staining using antibodies 
against podoplanin (D2–40) was performed to distinguish 
the small blood vessels from the lymphatic capillaries and 
to determine the lymphatic invasion. Venous invasion was 
determined using Elastica van Gieson staining. En bloc 
resection was defined as resection in a single piece. The his-
topathological type was classified as the differentiated type 
(well- or moderately differentiated tubular adenocarcinoma 
or papillary adenocarcinoma) and the undifferentiated type 
(poorly differentiated tubular adenocarcinoma, mucinous 
adenocarcinoma, or signet-ring cell carcinoma) according 
to the 15th edition of the Japanese Classification of Gastric 
Carcinoma [43].

Investigated variables

The following clinicopathological variables were evaluated 
for each group: sex, age, tumor location, macroscopic type, 
tumor size, presence of ulceration, main histopathologi-
cal type (differentiated type or undifferentiated type), and 
submucosal invasion depth. We compared these variables 
between the two groups and analyzed which factors influ-
enced the discrepancy between the diagnoses by EUS and 
by pathological examination.

Statistical analysis

The chi-square and Fisher’s exact tests were used to evaluate 
the associations among the various categorical variables in 
the intergroup comparisons of the clinicopathological char-
acteristics. p values of < 0.05 were considered significant. 
All analyses were performed using the JMP Pro 15 software 
(SAS Institute, Cary, NC, USA).

Results

Clinicopathological features of the patients 
and EGCs

The clinicopathological features of the patients and lesions 
in this study are shown in Table  1. There were 1102 
men in this study, and the mean age of the patients was 
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70.3 ± 10.1 years. Eight hundred forty-eight EGCs (44%) 
were located in the lower third of the stomach, and one thou-
sand one hundred twenty-seven (59%) were of the depressed 
type. The mean tumor size was 17.8 ± 12.7 mm; 202 lesions 
(11%) were accompanied by ulceration, and 187 lesions 
(10%) were of the undifferentiated type. A total of 1710 
lesions (90%) were diagnosed as pT1a/T1b1 lesions and 185 
lesions (10%) as pT1b2 lesions by pathological examination. 
Incidentally, there were only three lesions of VM + among 
the ESD cases without residual cancer after additional surgi-
cal resection. Thus, it was possible to diagnose T1b2 cancer 
pathologically. Therefore, we decided that there was no need 
to exclude these lesions.

Accuracy of EUS and CE diagnosis

The accuracy of the diagnosis of the invasion depth is shown 
in Table 2. Of all 1895 lesions, 1734 lesions (92%) were 
diagnosed as M/SM1 by EUS (EUS-M/SM1). Of these, 

1676 lesions (97%) were diagnosed as T1a/T1b1 cancer, 
while 58 lesions (3%) were diagnosed as T1b2 cancer based 
on the histopathological findings (underestimation group). 
A total of 161 lesions (8%) were diagnosed as SM2 by EUS 
(EUS-SM2). Of these, 127 lesions (79%) were diagnosed as 
T1b2 cancer, while 34 lesions (21%) were diagnosed as T1a/
T1b1 cancer based on the histopathological findings (overes-
timation group). The overall diagnostic accuracy, sensitivity, 
and specificity of EUS for diagnosing submucosal cancer 
were 95%, 98%, and 69%, respectively. The positive and 
negative predictive values were 97% and 79%, respectively. 
The accuracy of the diagnosis of the invasion depth by CE is 
shown in Table S1. Of all 1895 lesions, 1759 lesions (93%) 
were diagnosed as M/SM1 by CE (CE-M/SM1). Of these, 
1661 lesions (94%) were diagnosed as T1a/T1b1 cancer, 
while 98 lesions (6%) were diagnosed as T1b2 cancer based 
on the histopathological findings. A total of 136 lesions 
(7%) were diagnosed as SM2 by CE (CE-SM2). Of these, 
87 lesions (64%) were diagnosed as T1b2 cancer, while 49 
lesions (36%) were diagnosed as T1a/T1b1 cancer based 
on the histopathological findings. The overall diagnostic 
accuracy, sensitivity, and specificity of EUS for diagnosing 
submucosal cancer were 92, 97, and 47%, respectively. The 
positive and negative predictive values were 94 and 64%, 
respectively. Compared with the accuracy of the diagnosis 
based on EUS, EUS was associated with 3% higher accu-
racy, 1% higher sensitivity, and 22% higher specificity than 
those associated with CE. The p values were as follows: 
accuracy, p ≤ 0.01; sensitivity, p = 0.09; specificity, p < 0.01.

Clinicopathological features of EUS‑M/SM1 gastric 
cancer

The clinicopathological features of EUS-M/SM1 gastric 
cancer are shown in Table 3. The proportion of the tumors 
of the depressed type and those with a diameter of ≥ 15 mm, 

Table 1  Clinicopathological features of patients and lesions

M the tumor remaining in the second layer, SM1 tumor protruding to 
the third layer < 1 mm deep, SM2 tumor protruding to the third layer 
≥ 1 mm deep, T1a tumors limited to the mucosal layer, T1b1 tumors 
with penetration to the submucosal layer less than 500 µm from the 
muscularis mucosae, T1b2 tumors with penetration of 500  µm or 
more from the muscularis mucosae

Variables 1516 
patients, 
1895 lesions

Sex
  Male 1102 (73)
  Female 414 (27)

Age, mean ± SD, years 70.3 ± 10.1
Location

  Upper 353 (19)
  Middle 694 (37)
  Lower 848 (44)

Macroscopic type
  Elevated 768 (41)
  Depressed 1127 (59)

Mean tumor size (mm) 17.8 ± 12.7
Ulceration

  (−) 1693 (89)
  (+) 202 (11)

Histopathological type
  Differentiated 1708 (90)
  Undifferentiated 187 (10)

Depth of pathological diagnosis
  T1a/T1b1 1710 (90)
  T1b2 185 (10)

(%)

Table 2  Accuracy of EUS for the invasion depth in early gastric can-
cers

Accuracy: 95%, sensitivity: 98%, specificity: 69%, positive predictive 
value: 97%, negative predictive value: 79%
M the tumor remaining in the second layer, SM1 tumor protruding to 
the third layer < 1 mm deep, SM2 tumor protruding to the third layer 
≥ 1 mm deep, T1a tumors limited to the mucosal layer, T1b1 tumors 
with penetration to the submucosal layer less than 500 µm from the 
muscularis mucosae, T1b2 tumors with penetration of 500  µm or 
more from the muscularis mucosae

EUS diagnosis Pathological diagnosis Total 

T1a/T1b1 T1b2

M/SM1 1676 (97) 58 (3) 1734 (100)
SM2 34 (21) 127 (79) 161 (100)

(%)
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presence of ulceration, and undifferentiated-type histol-
ogy was greater in the pT1b2 group than in the pT1a/T1b1 
group: depressed type, 57% (960/1676) versus 76% (44/58), 
p < 0.01; tumor size of ≥ 15 mm, 45% (754/1676) versus 
74% (43/58), p < 0.01; presence of ulceration, 7% (114/1676) 
versus 28% (16/58), p < 0.01; and undifferentiated-type his-
tology, 7% (120/1676) versus 24% (14/58), p < 0.01.

Table 4 shows the factors related to the misdiagnosis of 
M/SM1 by EUS in pathological T1b2 cancer. In the multi-
variate analysis, tumor diameter of ≥ 15 mm, presence of 
ulceration, and undifferentiated-type histology were found 
to be the independent risk factors for the misdiagnosis of 
M/SM1 by EUS in pathological T1b2 cancer (tumor size of 
≥ 15 mm: odds ratio (OR) = 2.98, 95% confidence interval 
(95% CI) = 1.62–5.47; presence of ulceration: OR = 3.85, 
95% CI = 2.05–7.26; undifferentiated-type histology: 
OR = 2.93, 95% CI = 1.48–5.79).

Clinicopathological features of EUS‑SM2 gastric 
cancer

The clinicopathological features of EUS-SM2 gastric cancer 
are shown in Table 5. The proportion of the tumors with a 
diameter of 30 mm and presence of ulceration was greater 
in the pT1a/T1b1 group than in the pT1b2 group: tumor size 

Table 3  Clinicopathological features of EUS-M/SM1 gastric cancers 
in each diagnosis

M the tumor remaining in the second layer, SM1 tumor protruding 
to the third layer < 1  mm deep, T1a tumors limited to the mucosal 
layer, T1b1 tumors with penetration to the submucosal layer less than 
500 µm from the muscularis mucosae, T1b2 tumors with penetration 
of 500 µm or more from the muscularis mucosae

Factors Pathological diagnosis p value

T1a/T1b1, n = 1676 T1b2, n = 58

Location
  Upper 295 (18) 11 (19) 0.07
  Middle 589 (35) 28 (48)
  Lower 792 (47) 19 (33)

Macroscopic type
  Elevated 716 (43) 14 (24) < 0.01
  Depressed 960 (57) 44 (76)

Tumor size (mm)
  < 15 922 (55) 15 (26) < 0.01
  ≥ 15 754 (45) 43 (74)

Ulceration
  (−) 1562 (93) 42 (72) < 0.01
  (+) 114 (7) 16 (28)

Histopathological type
  Differentiated 1556 (93) 44 (76) < 0.01
  Undifferentiated 120 (7) 14 (24)

(%)

Table 4  Multivariate analysis of risk factors to misdiagnose M/
SM1by EUS in pathological T1b2

M the tumor remaining in the second layer, SM1 tumor protruding to 
the third layer < 1 mm deep, T1b2 tumors with penetration of 500 µm 
or more from the muscularis mucosae, 95% CI 95% confidence inter-
val

Factors Odds ratio 95% CI p value

Location Reference
  Upper 1
  Middle 1.03 0.49–2.16 0.93
  Lower 0.69 0.32–1.49 0.34

Macroscopic type
  Elevated 1 Reference
  Depressed 1.79 0.95–3.42 0.07

Tumor size (mm)
  < 15 1 Reference
  ≥ 15 2.98 1.62–5.47 < 0.01

Ulceration
  (−) 1 Reference
  (+) 3.85 2.05–7.26 < 0.01

Histopathological type
  Differentiated 1 Reference
  Undifferentiated 2.93 1.48–5.79 < 0.01

Table 5  Clinicopathological features of EUS-SM2 gastric cancers in 
each diagnosis

SM2 tumor protruding to the third layer ≥ 1  mm deep, T1a tumors 
limited to the mucosal layer, T1b1 tumors with penetration to the 
submucosal layer less than 500  µm from the muscularis mucosae, 
T1b2 tumors with penetration of 500 µm or more from the muscularis 
mucosae

Factors Pathological diagnosis p value

T1a/T1b1, n = 34 T1b2, n = 127

Location 0.16
  Upper 6 (18) 41 (32)
  Middle 17 (50) 60 (47)
  Lower 11 (32) 26 (21)

Macroscopic type 0.99
  Elevated 8 (24) 30 (24)
  Depressed 26 (76) 97 (76)

Tumor size (mm) 0.02
  < 30 15 (44) 85 (67)
  ≥ 30 19 (56) 42 (33)

Ulceration 0 00 < 0.01
  (−) 12 (35) 77 (61)
  (+) 22 (65) 50 (39)

Histopathological type 0.46
  Differentiated 21 (62) 87 (68)
  Undifferentiated 13 (38) 40 (32)

(%)



150 K. Kuroki et al.

1 3

of ≥ 30 mm, 56% (19/34) versus 33% (42/127), p = 0.02; 
presence of ulceration, 65% (22/34) versus 39% (50/127), 
p < 0.01.

Table 6 shows the factors related to the misdiagnosis of 
SM2 by EUS in pathological T1a/T1b1 cancer. In the mul-
tivariate analysis, tumor diameter of ≥ 30 mm and presence 
of ulceration were found to be the risk factors for the mis-
diagnosis of SM2 by EUS in pathological T1a/T1b1 cancer 
(tumor size of ≥ 30 mm: OR = 2.34, 95% CI = 1.05–5.20; 
presence of ulceration: OR = 2.75, 95% CI = 1.16–6.57).

Clinicopathological features of the lesions 
misdiagnosed by EUS

The clinicopathological features of the lesions misdiagnosed 
as M/SM1 by EUS in pathological T1b2 cancer are shown 
in Supplementary Table S2. Twenty lesions (34%, 34/58) 
were diagnosed as non-solid poorly differentiated adeno-
carcinoma (por2) or signet-ring cell carcinoma (sig); seven 
tumors (12%) showed type C infiltrative growth (Inf C) in 
the pathological examination; and twelve lesions (21%) had 
rich vessels in the submucosal layer.

In seven lesions, the depth of tumor invasion was less 
than 600 µm. Based on the images obtained during CE and 
EUS in the misdiagnosed cases, 16 lesions (28%) were 
located near the esophagogastric junction or pylorus. Thus, 
the lesions in these cases might be poorly observed owing 
to tumor localization.

The clinicopathological features of the lesions misdiag-
nosed as SM2 by EUS in pathological T1a/T1b1 cancer are 
shown in Supplementary Table S3. There were ten tumors 
with lymphoid follicles in the submucosal layer. (Figs. 2, 3).

Discussion

Our study revealed that the accuracy of EUS for the diag-
nosis of invasion depth was high in EGC. As reported in 
several previous studies, EUS had a high sensitivity and a 
low specificity for T1a/T1b1 gastric cancer [24, 38, 44]. 
Further, the accuracy of discriminating mucosal cancer 
from submucosal cancer by CE alone was reported to be 
62–80% [32], and there was no significant difference in 
the diagnostic ability between CE and EUS [24, 38, 44]. 
In this study, there was no significant difference in sen-
sitivity between CE and EUS, but there was a significant 
difference in accuracy specificity. This result suggested 
that T1b2 cancer might be under-diagnosed by only CE 
observation without EUS and that the number of addi-
tional surgical resections after ESD for patients with T1b2 
cancer might be increased. However, these were the results 
of observation with CE alone or EUS alone. The combined 
use of CE and EUS was reported to show a significantly 
higher accuracy for the diagnosis of invasion depth in 
EGC in comparison to CE alone or EUS alone [38]. EUS 
was very useful for the preoperative diagnosis of invasion 
depth of EGC when the examination was performed by a 
trained operator and when the case with a poor study was 
excluded. Furthermore, the use of the mini-probe device 
allowed us to perform EUS without changing the scope 
after making observations with CE. In this study, EUS 
was performed using a mini-probe device. Mini-probe 
EUS has been reported to be able to assess the depth of 
cancer invasion more precisely in small and superficial 
cancers compared to the conventional EUS (radial and 
convex types) because the former uses a higher frequency 
(7.5–30 MHz) [45, 46]. Thus, as observed in this study, the 
application of EUS using a mini-probe device is reason-
able for diagnosing whether gastric cancer is an indication 
for ESD. Regarding the diagnostic ability of EUS to distin-
guish between T1a and T1b EGCs, the reported sensitivity, 
specificity, positive likelihood ratio (PLR), and negative 
likelihood ratio (NLR) in a previous meta-analysis were 
87%, 75%, 3.4, and 0.17, respectively [27]. However, there 
was no distinction between the mini-probe and conven-
tional types in this meta-analysis. In another study that 
used only mini-probe EUS, the accuracy, sensitivity, and 
specificity were 84%, 95%, and 43%, respectively [30]. In 
another meta-analysis, the diagnostic ability of mini-probe 
EUS to distinguish between T1a and T1b1 cancers was 
reported as follows: sensitivity of 92%, specificity of 69%, 

Table 6  Multivariate analysis of risk factors to misdiagnose SM2 by 
EUS in pathological T1a/T1b1

SM2 tumor protruding to the third layer ≥ 1  mm deep, T1a tumors 
limited to the mucosal layer, T1b1 tumors with penetration to the sub-
mucosal layer less than 500 µm from the muscularis mucosae, 95% 
CI 95% confidence interval

Factors Odds ratio 95% CI p value

Location
  Upper 1 Reference
  Middle 1.62 0.54–4.83 0.39
  Lower 2.68 0.83–8.63 0.10

Macroscopic type
  Elevated 1 Reference
  Depressed 0.55 0.19–1.58 0.27

Tumor size (mm)
  < 30 1 Reference
  ≥ 30 2.34 1.05–5.20 0.04

Ulceration
  (−) 1 Reference
  (+) 2.75 1.16–6.57 0.02

Histopathological type
  Differentiated 1 Reference
  Undifferentiated 1.12 0.45–2.76 0.81
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PLR of 2.83, and NLR of 0.13 [31]. In this study, the diag-
nostic ability to distinguish between T1a/T1b1 and T1b2 
cancers was analyzed; the sensitivity, specificity, PLR, and 
NLR observed were 98%, 69%, 3.2, and 0.06, respectively. 
This result was comparable with the diagnostic ability of 
EUS for differentiation between T1a and T1b cancers and 
between T1a and T1b1 cancers.

Several studies have reported that the tumor location 
[21–24, 29, 32, 47], macroscopic type [23, 31, 37], tumor 
size [22, 29, 31, 32, 47], presence of ulceration [23, 25, 31, 

34, 35, 46–48], and histological type [29, 31–34, 47] are the 
clinicopathological factors of tumors that affect the accuracy 
of EUS.

Regarding the location of lesions, there have been various 
reports on the influence of lesion location on the diagnostic 
ability of EUS. It was reported that the accuracy of EUS 
decreased in cases with lesions in the upper third of the 
stomach, including the cardia [22, 24, 32, 37, 47]. Whether 
the tumor location was the factor associated with the overes-
timation or underestimation of the invasion depth of tumors 

Fig. 2  Correct diagnosis of invasion depth of EGC. a White light 
image of depressed type EGC showing 10 mm in diameter at the cor-
pus of the stomach. b Chromoendoscopic image with indigo carmine 
dye spraying. c Endoscopic ultrasonography image of the lesion, 

showing the hypoechoic mass protruding to the submucosal layer. 
ESD as a total excisional biopsy was performed due to concomitant 
disease and old age. d Pathological diagnosis was tub1, pT1b2 (SM 
1500 µm), ly(−), v(−), HM0, VM0
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varied among studies. One reason for the decreased accuracy 
of EUS may be the difference in the thickness of the stomach 
layers, presence of fibrosis, or blood vessels surrounding 
the tumor [22, 32, 37]. Other reasons may be technical dif-
ficulties associated with scanning the lesions in the upper 
third of the stomach and difficulty in achieving the necessary 
pool of nonaerated water in the upper third of the stom-
ach, especially in the lesser curvature [21, 47]. In this study, 
there was no significant difference in the diagnostic ability 
of EUS depending on the location of the lesions. This might 

be because lesions at the cardia were excluded because of 
poor studies.

Our study showed that the presence of ulceration and 
a large tumor size were the factors related to the misdi-
agnosis of M/SM1 by EUS in pathological T1b2 cancer 
(underdiagnosis) and of SM2 by EUS in pathological T1a/
T1b1 cancer (overdiagnosis). There have been several 
reports that the tumor size affects the accuracy of EUS 
[16, 22, 23, 25, 29, 31, 32, 47, 49, 50]. Previous studies 
have reported that a large tumor size was one of the risk 

Fig. 3  Incorrect diagnosis of invasion depth of early gastric cancer. a 
White light image of EGC showing 30 mm in diameter at the corpus 
of the stomach. b Chromoendoscopic image with indigo carmine dye 
spraying. c Endoscopic ultrasonography image of the lesion, show-

ing the hypoechoic mass protruding to the submucosal layer. Surgical 
operation was performed. d Pathological diagnosis was tub1, pT1a, 
ly(−), v(−). There were lymphoid follicles under the muscularis 
mucosae and it might be the cause of incorrect diagnosis
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factors for overdiagnosis of the depth of tumor invasion; 
however, no clear reason has been stated [16, 29, 49, 50]. 
As we speculate, the lesions might not extend even if the 
deaerated water is stored in cases of large tumors. Thus, 
the lesion and gastric wall might be scanned “diagonally” 
by EUS, and the depth of tumor invasion might be overdi-
agnosed by EUS. Conversely, the reason for the underes-
timation in the cases of large tumors might be the fact that 
the probe could not be properly placed at the site where 
cancer infiltrated to the submucosal deep layer. Similar 
to previous findings, the accuracy of EUS significantly 
decreased to 55–78% in EGC with ulceration [25, 31, 34, 
48]. In this study, the accuracy of EUS was 95%. However, 
the accuracy of EUS in the presence of ulceration was 
significantly greater than that in the absence of ulceration 
(97% versus 81%, p < 0.01). The reason for the decrease in 
the accuracy of EUS in the presence of ulceration might be 
that submucosal fibrosis due to ulceration was difficult to 
distinguish from cancer, as reported in several reports [30, 
32, 35, 36, 47]. Undifferentiated-type tumors tend to have 
diffuse or vesicular invasion of tumor cells to the submu-
cosal layer of the gastric wall compared to differentiated-
type tumors [34, 51, 52]. Thus, EUS could not visualize 
these microinvasions and might underestimate the depth 
of cancer invasion.

The limitations of our study need to be acknowledged. 
The results were obtained from a retrospective assessment 
based on the medical records of patients undergoing gas-
tric ESD or surgery at a single cancer center in Japan. As 
such, selection bias could not be denied. In addition, the 
data were collected not from the EUS image review but 
from the written text results. Therefore, gross endoscopic 
images should have been considered for the depth of inva-
sion evaluation. Thus, prospective multicenter nationwide 
studies are needed to more precisely evaluate the clini-
cal validity of EUS in patients with EGC. In this study, 
106 lesions (5%) were excluded because of insufficient 
observation by EUS owing to reasons, such as the location 
or macroscopic type of lesions. Thus, there were cases 
in which it was difficult to diagnose the depth of inva-
sion of EGC using EUS alone because of a tall prominent 
lesion or a location, such as the esophagogastric junction. 
In such cases, other modalities, such as CE and contrast 
radiography of the upper gastrointestinal tract, should be 
performed actively.

In conclusion, EUS is a useful method for accurately 
determining the invasion depth of EGCs before ESD. How-
ever, attention should be paid not to underestimate the inva-
sion depth of EGCs with a large tumor size, an ulceration, 
or an undifferentiated-type histology and not to overestimate 
the invasion depth of EGCs with a large tumor size and an 
ulceration.
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