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Abstract

Background: Advances in gastrointestinal endoscopy
have resulted in endoscopic mucosal resection becoming
the main therapy for many early gastric cancers confined
to the mucosa and, in some cases, of minimal submu-
cosal invasion. Thus, preoperative determination of the
depth of the cancer is important. We compared the re-
sults of high-frequency ultrasound probe sonography
with those of histologic study to clarify the usefulness of
identifying of submucosal invasion and determining the
depth of early gastric cancer.
Methods: Subjects were 295 patients diagnosed with
early gastric cancer who had undergone endoscopic
mucosal or surgical resection. High-frequency ultra-
sound probe sonographic findings were compared with
histologic findings.
Results: The muscularis mucosae was visualized in 63%
of cases of early gastric cancer. By construction on re-
ceiver operator characteristics curve, we determined that
submucosal invasive cancer could be diagnosed by high-
frequency ultrasound probe sonography to a depth of
about 600 lm. There was no case in which invasion
deeper than 1000 lm was diagnosed as a hypoechoic area
limited to the mucosal layer or a fan-shaped hypoechoic
area in the submucosal layer. The depth of early gastric
cancer was accurately determined in 90% of cases.

Conclusions: High-frequency ultrasound probe is a use-
ful tool for accurately determining the depth of invasion
of early gastric cancer when its limitations are under-
stood.
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Advances in gastrointestinal endoscopy have resulted in
endoscopic mucosal resection (EMR) becoming the
main therapy for many early gastric cancers (EGCs)
confined to the mucosa [1]. Because of the association
between differentiated gastric adenocarcinoma and
lymph node metastasis, the indications for endoscopic
resection are being expanded to such adenocarcinomas
if submucosal invasion is minimal [2, 3]. Thus, preop-
erative determination of the depth of cancer invasion is
important.

Endoscopic ultrasonography (EUS) was developed in
1979 [4, 5]. Rapid advances ensued, and the miniprobe,
which can be passed through the instrument channel of
the conventional diagnostic endoscope, was reported in
1989 [6]. Accurate determination of the depth of invasion
of gastric cancer was made much easier. We compared the
results of high-frequency ultrasound probe sonography
(HFUPS) with those of histology to clarify the usefulness
of HFUPS in identifying submucosal invasion and accu-
rately determining the depth of invasion in cases of EGC.Correspondence to: S. Tanaka; email: colon@hiroshima-u.ac.jp
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Materials and methods

Subjects were recruited from a series of 302 consecutive
patients with EGC who were examined by HFUPS be-
fore therapy at Hiroshima University Hospital between
November 1998 and September 2002. The diagnosis of
EGC was confirmed in all cases by histologic study of
resected specimens. Seven of the 302 patients were ex-
cluded because the ultrasonographic image was not suf-
ficient for determining cancer depth. Of the remaining
295 patients, 213 underwent endoscopic mucosal resec-
tion, and 82 underwent surgical resection. These were
222 men and 73 women whose ages ranged from 38 to 91
years (mean 66.6 years). Informed consent was obtained
from patients and/or family members for participation in
the study.

We examined the depth of tumor infiltration ultr-
asonographically by intraluminal scanning of the stom-
ach before treatment. To improve transmission of the
ultrasound beam, aspiration of sufficient intragastric
duodenal air and instillation of de-aerated water (300 to
500 mL) were performed. SP-701 series miniprobes (7.5,
12, 15, and 20 MHz; Fuji Photo Optical Co., Ltd., Sai-
tama, Japan) and UM series miniprobes (12, 20, and 30
MHz; Olympus Co., Ltd., Tokyo, Japan) were used. We
used the highest frequency possible. If accurate diagnosis
could not be achieved because of attenuation of the
ultrasound beam, we lowered the frequency.

Our interpretation of the layered structure of the
gastrointestinal wall depicted by EUS was in accordance
with the guidelines of the Japan Gastroenterological
Endoscopy Society [7]. Under the best scanning condi-
tions, tumors were identified as a thickening or a dis-
ruption of the layers of the wall by a hypoechoic mass.
Cancer depth was determined simply by HFUPS as a
hypoechoic area limited to the mucosal layer or a fan-
shaped hypoechoic area in the submucosal layer (EUS-
MÆSM1), as an arch-shaped hypoechoic area in the
submucosal layer (EUS-SM2; Figs. 1, 2, 3), or as an
arch-shaped hypoechoic area spreading to the muscularis
propria (EUS-AD).

Histologic examination of the entire resected cancer-
ous lesion was carried out in parallel sections graduating
in thickness from 2 to 4 mm, each of which was stained
with hematoxylin and eosin. Depth of cancer invasion
and histologic type of gastric cancer were determined
histologically in resected specimens according to the
Japanese Classification of Gastric Carcinoma of the
Japanese Gastric Cancer Association [8, 9]. Gastric
cancers were classified as differentiated or undifferenti-
ated. Papillary and tubular adenocarcinomas were con-
sidered differentiated, whereas poorly differentiated
adenocarcinoma and signet ring cell carcinoma were
considered undifferentiated. Mucinous carcinoma was
considered differentiated or undifferentiated depending
on other predominant characteristics (papillary, tubular,

poorly differentiated, or signet ring cell elements). Depth
of submucosal invasion was subclassified histologically
into two grades: penetration into the submucosal layer
no farther than 500 lm from the muscularis mucosae
(SM1) or penetration of at least 500 lm (SM2).

In each case, the EUS image was compared with the
histopathologic features of the resected specimen, and
the actual measurement of submucosal invasion was
measured in every specimen with a microscopic scale. We
compared the HFUPS diagnosis with the actual mea-
surement of submucosal invasion in 52 submucosally
invasive cancers.

We evaluated the diagnostic usefulness of HFUPS for
minimal submucosal cancer by means of receiver oper-
ator characteristics (ROC) curve analysis. Using the
histologic findings of the resected specimens as the gold
standard for determination of depth of cancer invasion,
an ROC curve was constructed for each parameter by
plotting sensitivity (true-positive rate) against 1-specific-
ity (false-positive rate) over all possible threshold levels
at which EUS recognizes minimal submucosal invasion.
A description of the derivation and use of this method of
analysis has been provided by Metz [10, 11]. To deter-
mine the accuracy of HFUPS, we compared histologic

Fig. 1. A The HFUPS hypoechoic area is limited to the
mucosal layer. The border between the mucosal and sub-
mucosal layers is smooth, and the muscularis mucosae is
visible. There is no change in the submucosal layer. Cancer
depth is EUS-MÆSM1. B Schema of HFUPS image. C Histo-
logic examination demonstrates mucosal cancer. Hematoxy-
lin and eosin stain, original magnification 4·.
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findings with HFUPS findings by considering M and
SM1 tumors together as EUS-MÆSM1 tumors and by
considering SM2 tumors as EUS-SM2 tumors. The
presence or absence of ulcerative lesions or scarring from
previous ulceration (converging folds, deformity of the
muscularis propria, or fibrosis in the submucosa or
deeper layer) was considered, and thus tumors were de-
scribed as UL+ or UL).

Bonferroni correction was applied to compare the
actual measurements of submucosal invasion across three
groups of lesions (EUS-MÆSM1, EUS-SM2, and EUS-
AD). Accuracy rates for diagnosis by HFUPS are re-
ported as percentages and 95% confidence intervals, and
differences were analyzed by chi-square test. A p value
less than 0.05 was considered statistically significant.

Results

The gastrointestinal wall was visualized ultrasono-
graphically as a five-layered, seven-layered, or nine-lay-

ered structure that included the muscularis mucosae in
72, 37, and 186 cases, respectively. Actual measurements
of submucosal invasion showed that the EUS-SM2 le-
sions were significantly deeper than the EUS-MÆSM1
lesions. Of the EUS- MÆSM1 lesions, 62% (18 of 29) were
within 500 lm of the lamina muscularis mucosae. Of the
EUS-SM2 and EUS-AD lesions, 86% (19 of 22) and
100% (1 of 1), respectively, were farther than 500 lm
from the lamina muscularis mucosae. In all cases of
EUS-MÆSM1, the actual measurement of submucosal
invasion was shorter than 1000 lm (Fig. 4). Sensitivity
(true-positive rate) and 1-specificity (false-positive rate)
of HFUPS were plotted in relation to actual measure-
ments of submucosal invasion at 125-lm increments. The
curve was closest to the upper left corner of the graph at
625-lm depth of invasion (Fig. 5).

For EGC identified histologically as M and SM1,
depth was accurately measured by HFUPS in 93% (246
of 264) of cases. For SM2 cancers, accurate depth mea-
surements were obtained by HFUPS in 61% (19 of 31) of

Fig. 3. A The arch-shaped hypoechoic area is in the sub-
mucosal layer. Cancer depth is EUS-SM2. B Schema of
HFUPS image. C Histologic examination shows submucosal
cancer. Hematoxylin and eosin stain, original magnification
5·.

Fig. 2. A The fan-shaped hypoechoic area is in the sub-
mucosal layer. Cancer depth is EUS-MÆSM1. B Schema of
HFUPS image. C Histologic examination shows mucosal
cancer with ulcer fibrosis. Hematoxylin and eosin stain, ori-
ginal magnification 4·.
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cases. The overall accuracy rate for EGC was 90% (265
of 295; Table 1). The accuracy of HFUPS for deter-
mining gastric cancer depth according to histologic type
and ulcerative status are presented in Table 2. Overall
accuracy rates were 90% for differentiated EGCs (230 of
255) and 88% for undifferentiated EGCs (35 of 40).
Overall accuracy rates were 94% for UL) EGCs (204 of
217) and 78% for UL+ EGCs (61 of 78).

Discussion

EGCs controllable by EMR are now widely diagnosed in
Japan owing to several factors including mass screening
for EGC, advances in endoscopic technology, and the
low cost of measuring serum pepsinogens [12]. In addi-
tion, gastric cancer lesions are often found in elderly
patients and in patients with underlying disease for
whom surgery would be risky. Thus, it is important to
make an accurate preoperative determination of depth of
cancer invasion to determine whether EMR is indicated.
According to the Japanese Gastric Cancer Association,

Fig. 4. Submucosal gastric cancer depth in relation to the
actual measurement under the muscularis mucosae and
HFUPS diagnosis.

Fig. 5. ROC curve of accuracy of HFUPS for diagnosing
submucosal gastric cancer depth in relation to the actual
measurement under the muscularis mucosae in 125-lm
increments. The ROC curve is used to graphically assess the
tradeoff between sensitivity and specificity over all cutoff
points of a test. The sensitivity and 1-specificity at 625 lm
were 0.72 and 0.26, respectively.

Table 1. Accuracy of high-frequency ultrasound probe sonography lor
determining depth of EGC

Histologic diagnosis

M SM1 SM2

EUS diagnosisa

EUS-MÆSMI 227 19 11
EUS-SM2 15 2 19
EUS-AD 1 0 1

Accuracy (95% CI) 93% (90–96) 90%
(70–99)

61%
(42–78)b

Cases/patients 227/243 19/21 19/31
Total (M and SMI) 93% (89–96),

246/264
Total accuracy for
detection of EGC

90% (86–93),
265/295

aNumbers of tumors unless otherwise indicated
bVersus lolal 93%, p < 0.001
CI, confidence interval; EGC, early gastric cancer; EUS-AD, arch-
shaped hypoechoic area spreading to the muscularis propria; EUS-
MÆSM1, hypoechoic area limited to the mucosal layer or a fan-shaped
hypoechoic area in the submucosal layer; EUS-SM2, aroh-shaped
hypoechoic area in the submucosal layer; M, mucosal; SM1, penetra-
tion into submucosal layer £ 500 lm from the muscularis mucosae;
SM2, penetration into submucosal layer ‡500 lm from the muscularis
mucosae

Table 2. High-frequency ultrasound probe sonograpy for determining
depth of early gastric cancer according to histologic type and ulcerative
status

Histologic diagnosis

M, SM1 SM2 Total

Differentiated
Accuracy (95% CI) 93 (89–96) 61 (39–80) 90 (85–94)
Case/patients 216/2.52 14/23 230/255

Undifferentiated
Accuracy (95% CI) 94 (79–99) 63 (24–91) 88 (73–96)
Cases/patients 30/32 5/8 35/40

UL)

Accuracy (95% CI) 97 (94–99) 63 (38–84) 94 (90–97)
Cases/patients 192/198 12/19 204/217

UL+

Accuracy (95% CI) 82 (70–90) 58 (28–85) 78 (67–86)
Cases/patients 54/66 7/12 61/78

aVersus UL+, p < 0.001
CI, confidence interval; M, mucosal; SM1, penetration into submucosal
layer £ 500 lm from the muscularis mucosae; SM2, penetration into
submucosal layer ‡500 lm from the muscularis mucosae; UL+, ulcer-
ation or scarring present in lesion; UL) ulceration or scarring absent in
lesions
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EMR is indicated for patients with differentiated
mucosal cancer smaller than 2 cm in diameter [1]. In a
previously reported study, none of the differentiated
adenocarcinomas smaller than 30 mm in diameter with-
out lymphatic or venous permeation were associated
with lymph node metastasis, provided that invasion was
shallower than 500 lm into the submucosa [3]. In our
institute, no well-differentiated adenocarcinomas have
been associated with lymph node metastasis, provided
that invasion was shallower than 400 lm into the sub-
mucosa [2].

The gastrointestinal wall is visualized as a five-layered
structure on conventional EUS images, and these layers
correspond to the histologic layers [13, 14]. The EUS
pattern of fibrosis is used to determine the depth of
invasion and peptic ulceration in the tumor focus [15].
The fibrosis spreads in the shape of a fan within the
stomach walls, and the cancer spreads in the shape of an
arch within the stomach walls. However, resolution of the
conventional echoendoscope is not sufficient for diag-
nosing EGC, and obtaining accurate scanning of small
lesions is difficult [16]. With the miniprobe, it is very easy
to depict small lesions, and operability is improved.
Moreover, the image of the surface layer is more detailed
with high-frequency ultrasound. High-frequency imaging
separates the normal gastrointestinal wall into 9 or 11
layers, thus providing detailed observation of lesions. We
interpreted the layered structure according to the guide-
lines of the Japan Gastroenterological Endoscopy Soci-
ety, i.e., 5 to 13 layers [7]. When determining the depth of
submucosal invasion, it is important to obtain an image
of the muscularis mucosae, which is a clinically important
border between the mucosa and the submucosa. In an ex
vivo study with a 30-MHz miniprobe, the muscularis
mucosae was clearly defined in all normal gastric wall
specimens [17]. In our in vivo study, we were able to
visualize the gastrointestinal wall as a structure with more
than nine layers that included the muscularis mucosae in
63% (186 of 295) of EGC cases. EUS is limited in its
resolution and ability to diagnose minimal invasion [18].
In an ex vivo study, submucosal invasion (<200 lm) was
undetectable by HFUPS with a 30-MHz miniprobe, but
submucosal invasion deeper than 500 lm below the level
of the muscularis mucosae was clearly visualized [17]. We
used the ROC curve, which graphically assesses the
tradeoff between sensitivity and specificity, over all cutoff
points to determine the limitation in visualizing the depth
of submucosal cancer by HFUPS. On the basis of our
present findings and the ROC curve in particular, we
determined that submucosal invasive cancer can be
diagnosed in vivo by HFUPS to a depth of about 600 lm.
There was no case in which invasion deeper than 1000 lm
was diagnosed as EUS-MÆSM1.

In this study, according to indications for EMR, we
compared M and SM1 cancers with EUS-MÆSM1 can-
cers and SM2 cancers with EUS-SM2 cancers [1–3]. With

EUS, the overall accuracy rate for EGC, the accuracy
rate for M plus SM1, and the accuracy rate for SM2 were
90%, 93%, and 61%, respectively. Diagnoses of M and
SM1 EGCs were accurate, but diagnosis of SM2 EGC
was significantly low in accuracy. This is because diag-
nosis of SM2 EGC requires visualization of malignant
changes on HFUPS images. Overcoming this problem
may require improved equipment or enhanced perfor-
mance of the equipment. The multibending endoscope
may enhance performance of the miniprobe by providing
for an ultrasonographic scanning plane perpendicular to
the area of interest within the focal zone [19].

The differentiated type of gastric cancer tends to be
characterized by expansion of the tumor nodule or mass,
and the undifferentiated type tends to be characterized
by diffuse infiltration of tumor cells individually or in
small nests [20, 21]. However, according to our data,
accuracy of HFUPS in diagnosing undifferentiated EGC
did not differ significantly from accuracy in diagnosing
differentiated EGC, possibly because, even in undiffer-
entiated EGC, the entire cancer does not consist of
infiltration of tumor cells. The accuracy for diagnosis of
UL) EGC was 94%, which was significantly better than
the 78% accuracy for UL+ EGC. Even if the pattern
analysis method and miniprobe are used, it is difficult to
distinguish ulcer fibrosis from submucosal invasion.

Although HFUPS is limited in its diagnostic ability
with respect to minimal submucosal invasion and the
presence of UL, it is advantageous because it can directly
visualize submucosally invasive cancer. HFUPS provides
high accuracy in predicting the depth of invasion of gastric
cancer, and surgeons should consider HFUPS examina-
tion when determining whether EMR is indicated.
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