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Abstract

Background Intramucosal and minute submucosal (M-SM1;
<500 pm in depth) differentiated gastric cancers, which
have a negligible risk of lymph node metastasis, are the
targets for endoscopic resection. However, there have been
few reports about the endoscopic distinction between these
cancers and cancers with deeper submucosal invasion
(SM2; >500 pm in depth). The aim of this retrospective
study was to analyze the differences in the endoscopic
features between M-SM1 and SM2 cancers, and to develop
a simple scoring model to predict the depth of these early
gastric cancers.

Methods We analyzed 853 differentiated early gastric
cancers treated endoscopically or surgically as a derivation
group. Endoscopic images were reviewed to determine the
relationship between depth of invasion and the following
endoscopic features: tumor location, macroscopic type,
tumor size, and endoscopic findings (remarkable redness,
uneven surface, margin elevation, ulceration, and enlarged
folds). Secondly, we created a depth-predicting model
based on the obtained data and applied the model to 211
validation samples.
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Results  On logistic regression analysis, tumor size more
than 30 mm, remarkable redness, uneven surface, and margin
elevation were significantly associated with deeper submu-
cosal cancers. A depth-predicting score was created by
assigning 2 points for margin elevation and tumor size more
than 30 mm, and 1 point for each of the other endoscopic
features. When validation lesions of 3 points or more were
diagnosed as deeper submucosal cancers, the sensitivity,
specificity, and accuracy as evaluated by three endoscopists
were 29.7-45.9, 93.1-93.7, and 82.5-84.8%, respectively.
Conclusions The depth-predicting score could be useful
in the decisions on treatment strategy for differentiated
M-SM1 early gastric cancers.
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Introduction

Endoscopic resection in patients with early gastric cancer
(EGC) is less invasive and more economical than con-
ventional surgery. The negligible incidence of lymph node
metastasis in certain stages of EGC means that, in selected
cases, patients can be cured with such therapies. Gotoda
et al. [1] concluded that among 5265 patients who under-
went gastrectomy, there was no lymph node involvement in
differentiated mucosal (M) gastric cancers without lym-
phatic or vessel invasion when the cancers were smaller
than 3 cm in diameter with ulceration, or any size with-
out ulceration. Differentiated minute submucosal (SMI,
<500 pm in depth) cancers without lymphatic or venous
involvement and cancers smaller than 3 c¢m also showed no
lymph node involvement [1]. The endoscopic submucosal
dissection (ESD) technique using an insulation-tipped
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diathermic knife or other endo-knives could technically
achieve one-piece resection for such lesions [2-7]. It is
important to distinguish M-SM1 cancers from deeper
submucosal (SM2; >500 pm in depth) cancers, which have
the possibility of lymph node metastasis, for making the
proper decision on treatment strategy.

Thus, preoperative determination of the depth of inva-
sion is important. Although the usefulness of endoscopic
ultrasonography (EUS) has been reported, with this
modality it is impossible to distinguish M-SM1 from SM2
definitively [8, 9]. Conventional endoscopy is the initial
route of EGC detection, but there have been few reports
comparing the endoscopic features of EGC stages M-SM 1
and SM2. Furthermore, no objective criteria regarding the
depth of invasion exist, and many endoscopists diagnose
based on their own experiences. The aim of this retro-
spective study was to analyze the differences in the endo-
scopic features between M-SM1 and SM2, and to develop a
simple model to predict the depth of these EGCs.

Materials and methods

Analyzed lesions and review methods

A total of 880 consecutive differentiated EGCs were trea-
ted endoscopically or surgically between 2001 and 2003 at
the National Cancer Center Hospital in Tokyo. Twenty-
seven lesions were excluded because precise endoscopic
findings could not be depicted [eight detected in remnant
stomach, six after esophagectomy, six local recurrences
after endoscopic mucosal resection (EMR), five with
insufficient endoscopic images, one with a tattoo, and
another with an endo-clip artifact].

The remaining 853 differentiated EGCs (M 592, SM1 111,
SM2 150, mean patient age of 65.6 years, 686 male and 167
female patients) were analyzed as a derivation group. An
endoscopist (S.A.), experienced with more than 5000 gas-
troscopies, reviewed conventional endoscopic images without
histological information about depth. The following charac-
teristics were evaluated: tumor location (upper, middle, and
lower), tumor size (mm), macroscopic type, and five other
endoscopic findings that are widely accepted as markers of
deeper submucosal invasion among Japanese endoscopists,
with some minor variations (remarkable redness, uneven sur-
face, margin elevation, ulceration, and enlarged folds) [ 10, I 1].

Subsequently, we made a simple and practical scoring
model (depth-predicting score, DPS) to distinguish M-SM1
from SM2 cancers, based on the analyzed data in the
derivation group. Three endoscopists (S.A., T.K., and K.T.,
each experienced with more than 5000 gastroscopies)
evaluated the endoscopic findings and investigated the
sensitivity, specificity, and accuracy of our DPS in our
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validation set, consisting of 211 differentiated EGCs trea-
ted between January and June in 2000 at our hospital.

Conventional white-light endoscopy (video-endoscope
Q240 or Q260; Olympus Medical Systems, Tokyo, Japan)
was used for pretreatment endoscopic examination. In
addition, surface details were enhanced by indigo-carmine
chromoendoscopy.

Definitions

The EGC macroscopic and histological types in the enrolled
patients were decided according to the Japanese classifica-
tion of gastric carcinoma [12]. We divided the macroscopic
types into three groups: I1a (elevated lesions such as 0 1, 0 IIa,
and 01 + IIa), Ilc (depressed lesions such as 0 IIc, 0 Ilc + III,
and O III + Ilc), and Ila + Ilc (combined type, such as
0Ma + Ilc and 0 Ilc + IIa). Histological type was diagnosed
based on the predominant tumor pattern and then divided into
two types; differentiated type and undifferentiated type. Well
differentiated, moderately differentiated, and papillary ade-
nocarcinoma were defined as differentiated type.

We described five endoscopic features in this study.
Remarkable redness was defined as a reddish area similar to
regenerative epithelium (Fig. 1). Nodulations in the tumor’s
surface were considered an uneven surface (Fig. 2). Margin
elevation referred to the finding of a protruding edge
surrounding the tumors, including submucosal tumor
like component with a limited amount of air insufflation
(Fig. 3a,b). Either a scar or an ulcerative area within the tumors
was evaluated as ulceration (Fig. 4). Finally, enlarged folds
included any thickened or merged convergent folds (Fig. 5).

Statistical methods

To identify the variables that were significantly more
common in SM2, the endoscopic data were initially

Fig. 1 Remarkable redness: endoscopic picture shows unusual
redness inside the lesion
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Fig. 2 Uneven surface: nodular mucosa can be seen

Fig. 4 Ulceration: endoscopic picture of ulceration

Fig. 3 a Margin elevation: endoscopic picture of surrounding
elevation. b Margin elevation: endoscopic picture of submucosal
tumor like component can be demonstrated from the view with a
limited amount of air insufflation

evaluated with Student’s 7 test for tumor size and the »” test
for other endoscopic features. We then entered the candi-

date variables into a logistic regression analysis.

Fig. 5 Enlarged folds: thickened or merged folds can be seen toward
the inside of the lesion

Endoscopic features independently and statistically asso-
ciated with SM2 penetration were selected as examination
items for the DPS. The relative weighting of each DPS
variable was based on its f-coefficient in the logistic
regression analysis. The significance level was set at 5%
for each analysis. A p value of <0.05 was considered
significant.

Results

Analysis of endoscopic features

Table 1 shows the histological and therapeutic character-
istics of both the derivation and validation groups. There
were no significant differences between the two groups in

the depth of invasion, histological type, or treatment
strategies.
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Table 1 Histological and therapeutic characteristics

Table 2 Endoscopic comparison between M-SM1 and SM2 in der-
ivation group

Derivation Validation p value
group group M-SM1 SM2 p value
(n = 853) (n=211) (n = 1703) (n = 150)
Depth (M-SM1/SM2) 703/150 175/36 NS* Location
Histological type U 134 38
Well 732 185 NS* M 257 35 NS*
Moderately 109 25 L 312 77
Papillary 12 1 Tumor size (mm)
Treatment Mean, range 19.2 (3-120) 31.6 (5-120) <0.0001**
EMR/ESD 632 171 NS* Macroscopic type
Surgery 221 40 Ila 178 30
M-SM1 intramucosal and minute submucosal (<500 pm in depth) lle 458 88
cancers, SM2 deeper submucosal (>500 pum in depth) cancers, well a + Mc 67 32 <0.0001*
well-differentiated adenocarcinoma, moderately moderately differ- Endoscopic features
entiated adenocarcinoma, papillary papillary adenocarcinoma, EMR, Remarkable redness 160 (22.8%) 70 (46.7%) <0.0001*
endoscopic mucosal resection, ESD endoscopic submucosal dissec- o : ’ ’ .
tion, NS not significant Uneven surface 72 (10.2%) 47 (31.3%) <0.0001
* 4 test Margin elevation 110 (15.6%) 82 (54.7%) <0.0001*
Ulceration 152 (21.6%) 57 (38.0%) <0.0001*
Enlarged folds 7 (1.0%) 11 (7.3%) <0.0001*

In the derivation group, there was no significant differ-
ence in tumor location between M-SM1 and SM2. SM2
gastric cancers were significantly larger and were charac-
terized as Ia + Ilc. According to the endoscopic features,
we also found statistically significant differences in
remarkable redness, uneven surface, margin elevation,
ulceration, and enlarged folds (Table 2).

The tumor size cutoff was set at 30 mm with a cross
point between the receiver operating characteristic (ROC)
curve against SM2 and the 45° line, which represented the
ROC curve of a test whose decision ability is no better than
chance (Fig. 6). Tumor size more than 30 mm was deter-
mined as a variable in multivariate analysis.

In the logistic regression analysis, tumor size (more than
30 mm), macroscopic type, and endoscopic features which
were significantly more common in SM2 by univariate
analysis were investigated. As a result, margin elevation,
tumor size (more than 30 mm), remarkable redness, and
uneven surface were significantly associated with SM2
EGCs (Table 3).

Establishment of depth-predicting score

The DPS was created based on the above results. One point
was given for remarkable redness and uneven surface,
while margin elevation and tumors more than 30 mm were
scored with 2 points because the relative magnitude of the
[-coefficient was roughly twice that of other variables.
Thus, the range of the resulting DPS was 0—6 points
(Table 4). A total of 3 points was defined as the cutoff
between M-SM1 and SM2. This was done in order to
balance the power for SM2 selection and minimize the
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Fig. 6 Receiver operating characteristic curve for tumor size and the
sensitivity of submucosal cancers >500 pm in depth (SM2): the
arrow (30-mm diameter) shows the cutoff point between intramucosal
and minute submucosal <500 um in depth (M-SM1) and SM2
cancers

population for overtreatment. The sensitivity, specificity,
and accuracy of the proposed DPS were 57.3% (95%
confidence interval [CI] 49.4-65.3%), 86.2% (95% CI
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Table 3 Multivariate logistic regression analysis

[f-coefficient Odds ratio p value
(95% CI)
Margin elevation 7.838 6.221 (3.938-9.825) <0.0001
Tumor size (more 6.570 4.937 (3.066-7.951) <0.0001
than 30 mm) ’
Remarkable redness 3.411 2.087 (1.367-3.186)  0.0006
Uneven surface 3.343 2.306 (1.413-3.764)  0.0008

CI confidence interval

Evaluated items in multiple logistic regression analysis were fol-
lowed: tumor size more than 30 mm, macroscopic type (ITa + IIc),
remarkable redness, uneven surface margin elevation, ulceration and
enlarged folds. Only the statistically significant items are listed in the
table

Table 4 Proposed depth-predicting score

Factor Points

Present Absent
Margin elevation 2 0
Tumor size (more than 30 mm) 2 0
Remarkable redness 1 0
Uneven surface 1 0

83.7-88.8%), and 81.1% (95% CI 78.5-83.8%), respec-
tively (Fig. 7).

Finally, we applied the suggested DPS model to the 211
validation lesions without any histological information.
When we considered 3 points or more as SM2, the sensi-
tivity, specificity, and accuracy of the proposed DPS,
assigned by the three endoscopists, were 29.7-45.9,
93.1-93.7, and 82.5-84.8%, respectively. When we divi-
ded the validation group into “Ila” and “IIc/Ila 4 IIc”, the
sensitivity, specificity, and accuracy were 50.0-83.3,
92.6-96.3, and 91.7% (by all three endoscopists) for Ila
lesions and 25.8-38.7, 92.5-93.3, and 78.8-82.1% for
IIc/Ila + Ilc lesions (Table 5).

Discussion

Patients’ quality of life is one of the most important issues
in EGC treatment, because the prognosis of EGC is
favorable [13]. Differentiating endoscopically resectable
M-SM1 gastric cancers from surgically resectable SM2
lesions is of great significance, given the low risk of lymph
node metastases with the former. In conventional endo-
scopic diagnosis for these EGCs, however, endoscopists
have had to empirically estimate the depth of invasion, as
no objective criteria existed.

1.00

75 4

3 points

sensitivity
3

.25 1

0.00
0.00 .25 50 75 1.00
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Fig. 7 Receiver operating characteristic curve for depth-predicting
score (DPS) and the sensitivity of SM2: the arrow (3 points) shows
the cutoff point between M-SM1 and SM2

Table 5 Diagnostic sensitivity and specificity by depth-predicting
score according to macroscopic type in the validation group

Ila [c/a + Ic Total

Endoscopist 1
Sensitivity  50.0% (3/6)
Specificity 96.3% (52/54)
91.7% (55/60)

25.8% (8/31)
92.5% (111/120)
78.8% (119/151)

29.7% (11/37)
93.7% (163/174)
Accuracy 82.5% (174/211)
Endoscopist 2
Sensitivity  83.3% (5/6)
Specificity  92.6% (50/54)

91.7% (55/60)

38.7% (12/31)
93.3% (112/120)
82.1% (124/151)

45.9% (17/37)
93.1% (162/174)
Accuracy 84.8% (179/211)
Endoscopist 3
Sensitivity  50.0% (3/6)
Specificity 96.3% (52/54)

91.7% (55/60)

35.8% (11/31)
92.5% (111/120)
80.8% (122/151)

37.8% (14/37)
93.7% (163/174)

Accuracy 83.9% (177/211)

The first aim of this retrospective study was to analyze
the differences in conventional endoscopic features
between M-SM1 and SM2 EGCs. We found that tumor size
more than 30 mm, margin elevation, uneven surface, and
remarkable redness were significantly associated with an
increased risk of SM2 invasion according to logistic
regression analysis.

There have been few reports about the usefulness of
conventional endoscopy for predicting depth of invasion.
The overall accuracy rates for determining depth of inva-
sion of EGCs were between 63 and 73% by non-objective
criteria [11, 14, 15]. Namieno et al. [16] concluded that
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macroscopic appearance, histological differentiation, and
tumor size were associated with submucosal invasion.
However, they did not analyze the morphologic features of
the tumors.

Although we used endoscopy in the present study, EUS
can also show the depth of invasion clearly. The intro-
duction of high-frequency thin probes has allowed target
scanning with high resolution under endoscopic control [8,
9]. In spite of some excellent accuracy data [17], there have
been no significant differences between EUS and endos-
copy in terms of depth accuracy [14].

Considering the need for simple and objective diagnosis,
we proposed an endoscopic determination for the depth of
invasion of differentiated EGCs by the DPS described here,
based on our analysis of the derivation group. The DPS
could be used to determine an appropriate treatment
strategy for the validation group with 82.5-84.8% accu-
racy. Based on macroscopic type, the accuracy for elevated
lesions tended to be better than that for the depressed and
combined lesions.

Although specificity was good in steering M-SM1 can-
cers toward endoscopic treatment, low sensitivity was a
weak point of the DPS. Selected endoscopic features may
not reflect microscopic SM2 invasion. Also, each variable
was considered as only either present or absent. If the
significance of each finding had been taken into consider-
ation, the sensitivity and accuracy of the score may have
increased. However, this would have complicated the DPS,
and was therefore not done.

EUS could be omitted for lesions with a DPS of less
than 2 points and endoscopic resection performed, except
for large ulcerative lesions more than 30 mm in diameter.
Lesions with a DPS of 3 points or more may be considered
as candidates for additional EUS, potentially providing
more precise prediction. By using this simple diagnostic
model, appropriate treatment strategies can be determined
for differentiated M-SM1 EGCs, while saving time and
cost as compared to EUS being done for all cases.

The limitation of this investigation was the retrospective
design at a single institution. Further research in a pro-
spective study is needed to investigate the utility of the
DPS in combination with EUS for lesions with a DPS of 3
points or greater.

In conclusion, the proposed DPS may be useful in
making treatment decisions for differentiated M-SM1
EGCs.
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Abstract

Background Endoscopic submucosal dissection (ESD) is
a technique developed to enable the endoscopic resection
(ER) of large and ulcerative neoplastic lesions that were
previously unresectable using conventional endoscopic
mucosal resection (EMR). We investigated the clinical
outcomes of ER of early gastric cancer (EGC) before and
after the introduction of ESD, with particular attention to
surgery and its potential consequences.

Methods We reviewed 2,785 consecutive surgical
patients with EGC and 2,469 consecutive lesions treated by
ER with curative intent between 1990 and 2005. The study
was divided into an EMR period (1990-1999) and an ESD
period (2000-2005). We analyzed the clinical outcomes of
endoscopic and surgical resections and defined ‘potentially
avoidable surgery’ as cases of surgery performed for
lesions curable by ER.

Results The rate of potentially avoidable surgery was
3.8% (52/1,369) in the EMR period and 0.2% (3/1,416) in
the ESD period (P < 0.001). For ER patients, the rate of
overall non-curative ER was 36.9% (154/417) in the EMR
group and 17.0% (348/2,052) in the ESD group
(P < 0.001). The rate of non-curative ER for lesions
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defined as having ‘positive or difficult to estimate hori-
zontal margins only’ decreased significantly, from 26.1%
(109/417) in the EMR group to 1.4% (29/2,052) in the ESD
group (P < 0.001). Conversely, the rate of non-curative ER
for lesions defined as having ‘possible lymph node
metastasis’ significantly increased in the ESD group
(15.5%; 319/2,052) compared to that in the EMR group
(10.8%; 45/417) (P < 0.01).

Conclusions The application of a pathway involving ESD
resulted in a significant decrease in the rate of potentially
avoidable surgery, highlighting the advantages associated
with performing ESD.

Keywords Early gastric cancer - Lymph node
metastasis - Endoscopic submucosal dissection - Potentially
avoidable surgery - Non-curative endoscopic resection

Abbreviations
ER Endoscopic resection
EGC  Early gastric cancer

EMR  Endoscopic mucosal resection
ESD  Endoscopic submucosal dissection
sm2 Submucosal deep invasion

sml Submucosal superficial invasion
Introduction

Therapeutic endoscopic resection (ER) has been performed
for early gastric cancer (EGC) since the mid 1980s and is
now accepted as the standard treatment for those patients
with negligible risk of lymph node metastasis [1-8]. The
conventional method by which EGCs were removed was
by endoscopic mucosal resection (EMR). The limitations
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of applying EMR to all potentially endoscopically resect-
able lesions were size, location, and scarring from previous
ulceration, so that only piecemeal removal was possible in
such cases [9-11]. Unfortunately, piecemeal resection of
EGC is associated with both difficulties in accurate histo-
logical assessment and a higher rate of local recurrence
[12, 13]. Consequently, surgery was often chosen as the
initial preferred method of treatment for lesions which
were difficult to resect by EMR and those associated with
difficulty in estimation of tumor depth.

A major breakthrough was achieved at the turn of the
twenty-first century, with the advent of endoscopic sub-
mucosal dissection (ESD) [14-20]. ESD is a technique
developed to enable the resection of large and ulcerative
lesions, regardless of tumor location, that are unable to be
removed using the conventional EMR procedure. The other
major advantage of ESD is its ability to achieve a higher
rate of en-bloc resection, thus providing more accurate
histological assessment as compared to EMR [12, 21]. For
the aforementioned reasons, ESD has translated into lower
rates of local recurrence of gastric cancer as compared with
EMR [22, 23]. The gastric cancer treatment guidelines of
the Japanese Gastric Cancer Association for lesions that are
considered curative by EMR are shown in Table 1 [24].
Based on the risk of lymph node metastasis determined
from a large cohort of surgically treated cases of EGCs,
ESD is now regarded as a curative procedure for lesions
selected using the National Cancer Center expanded cri-
teria (Table 2) [25].

Table 1 JGCA guideline criteria for endoscopic resection

Differentiated adenocarcinoma
Intramucosal cancer

<20 mm in size without ulceration

JGCA Japanese Gastric Cancer Association

Table 2 NCC expanded histopathological criteria for curative
endoscopic resection

Early gastric cancer with negligible risk of lymph node metastasis
Differentiated adenocarcinoma
No lymphatic or venous invasion
Intramucosal cancer regardless of tumor size without ulceration
Or intramucosal cancer <30 mm in size with ulceration
Or submucosal superficial cancer (sml) <30 mm in size
Resection margin
Tumor-free horizontal margin

Tumor-free vertical margin

NCC National Cancer Center

An important advantage of ESD is that it can also be
considered as improving diagnostic assessment due to the
suboptimal accuracy of the endoscopic staging of EGC,
which is sometimes difficult because EGC shows unclear
margins due to gastritis, and depth diagnosis is not always
accurate [26-28]. Thus, the use of ESD has enabled us to
achieve enhanced diagnosis of lesions where it may have
been difficult to estimate the tumor depth or where there
was a technical difficulty in resection with EMR. The
treatment strategy in which additional surgery is performed
after confirmation of the histological assessment of the ER
specimen has already been established as one of the ther-
apies for EGC [29-31]. We hypothesized that ESD might
reduce the rate of potentially avoidable surgery by its
improvement of diagnostic and therapeutic capacity com-
pared to that of EMR. We retrospectively investigated the
relationship between the surgical and endoscopic treatment
of EGC before and after the introduction of ESD, with
particular attention to the rate of surgical resection and its
potential consequences.

Patients and methods

We retrospectively reviewed the clinical records and
endoscopic and histological reports of 2,785 consecutive
patients with EGC treated by surgery with curative intent
and 3,102 consecutive EGC lesions treated by ER at the
National Cancer Center Hospital, Tokyo, between 1990
and 2005. Informed consent was obtained from all patients
in accordance with the institutional protocol. Our primary
aim in this study was to retrospectively compare the rate of
potentially avoidable surgery before and after the intro-
duction of ESD and to compare the rates of non-curative
ER and rates of complications between the EMR and ESD
groups. All patients and lesions were discussed and the
treatment strategies were determined in weekly multidis-
ciplinary conferences involving endoscopists, surgeons,
radiologists, and pathologists. The study was divided into
an EMR period (1990-1999), during which the main
endoscopic modality of treatment for EGC was EMR,
based on the guideline criteria of the Japanese Gastric
Cancer Association (Table 1) [24] and an ESD period
(2000-2005), during which ESD became the predominant
method by which EGCs were endoscopically resected,
based on the National Cancer Center expanded criteria
(Table 2) [25].

For surgical patients, we defined cases of ‘potentially
avoidable surgery’ as those cases with surgically resected
histopathological specimens within the guideline criteria of
the Japanese Gastric Cancer Association [24]. In other
words, the patients with potentially avoidable surgery were
those who underwent surgery for lesions curable by ER.
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In the ER patients, 2,469 lesions, after exclusions, were
treated by ER with curative intent; 417 lesions from the
EMR group included only those lesions that were treated
by EMR during the EMR period, while 2,052 lesions from
the ESD group involved only those lesions that were
treated by ESD during the ESD period. Another 248 lesions
that were treated by ESD in the EMR period and 90 lesions
that were treated by EMR in the ESD period, all with
curative intent, were excluded from this study (Fig. 1). In
addition, other EGCs were excluded from this study
because ERs were performed for palliative purposes or
because the ERs were performed for residual/recurrent
lesions from previous endoscopic treatments. Palliative
ERs were performed in patients who refused or were unfit
for surgery because of comorbidities and for those lesions
found during pre-therapeutic staging to have submucosal
deep invasion (sm2) or deeper invasion, as well as those
lesions with undifferentiated adenocarcinomas as revealed
by biopsies. Palliative ERs included 191 lesions (150 by
ESD and 41 by EMR) and residual/recurrent ERs included
104 lesions (100 by ESD and four by EMR) during each
respective period (Fig. ).

The curability of ER was divided into categories of
curative and non-curative; the non-curative category

included lesions that could not be precisely evaluated his-
tologically based on the National Cancer Center expanded
criteria and the tumor margins [25]. Non-curative ER was
separated into two groups based on histological results:
‘non-curative with positive or difficult to estimate hori-
zontal margins only’ and ‘non-curative with a possible risk
of lymph node metastasis irrespective of horizontal mar-
gin’, based on submucosal deep invasion (sm2: >500 pm),
positive lymphatic and/or venous invasion, intramucosal
cancer more than 3 cm in size in the presence of ulceration,
submucosal superficial invasion (sm1: <500 pm) in a lesion
greater than 3 cm in size, predominantly undifferentiated
type adenocarcinoma, and positive vertical margin
(Table 3). Therefore, non-curative ERs with a possible risk
of lymph node metastasis were cases of ER carried out in
patients who went on to require additional surgery. In other
words, these patients were those who underwent ER for
lesions curable by surgery. Complications including per-
foration and delayed bleeding that required blood transfu-
sion were also investigated in the EMR and ESD groups.

Clinical outcomes were analyzed using the y* test and
Fisher’s exact test (Statview; Abacus Concepts, Berkeley,
CA, USA), and P <0.05 was considered statistically
significant.

Fig. 1 Outline of the study, <Surgery> <Endoscopic Resection>
including rates of potentially
avoidable surgery and non- 2785 3102
curative endoscopic resection
based on the histological results. EGC EGC
EGC Early gastric cancer, EMR Exclusion:
endoscopic mucosal resection, * 248 ESD (1990-1999)
ESD endoscopic submucosal * 90 EMR (2000-2005)
dissection, ER endoscopic 1369 1416 » 191 Palliative ER
resection, LNM lymph node EMR period ESD period (150 by ESD/41 by EMR)
metastasis, PHM positive or i g » 104 Residual/Recurrent ER
difficult to estimate horizontal (1990-1999) ~ (2000-2005) (100 by ESD/4 by EMR)
margin l l 2469
| Potentially Avoidable Surgery ] /\
52 3
417 2052
(3.8%) (0-2%) EMR group  ESD group
(1990-1999)  (2000-2005)
| Non-Curative Endoscopic Resection I
154 348
(36.9%) (17.0%)
*Possible risk of LNM 45 (10.8%) 319 (15.5%)
*PHM only 109 (26.1%) 29 (1.4%)
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Table 3 Non-curative endoscopic resection Table 5 Rates of non-curative endoscopic resection

Non-curative with possible risk of lymph node metastasis EMR group ESD group P
Submucosal deep invasion (sm2) % (n=417) % (n = 2,052)
Positive lymphatic and/or venous invasion Non-curative with possible ~ 10.8 (45) 155 (319)  <0.01
Intramucosal cancer >30 mm in size with ulceration LNM
Submucosal superficial invasion (sml) >30 mm in size Non-curative with PHM only 26.1 (109) 1.4 (29) <0.001
Predominantly undifferentiated type adenocarcinoma Total 36.9 (154)  17.0 (348) <0.001

Positive vertical margin
Non-curative with positive or difficult to estimate horizontal
margins only

Table 4 Rates of potentially avoidable surgery

EMR period ESD period P
(1990-1999) (2000-2005)
Treated surgically 1,369 1,416
Guideline lesion 52 (3.8%) 3 (0.2%) <0.001
Technical difficulty 21 0 <0.001
Incorrect assessment 31 3 <0.001

EMR endoscopic mucosal resection, ESD endoscopic submucosal
dissection

Results

Potentially avoidable surgery

The study results are outlined in Fig. 1. The rate of
potentially avoidable surgery was 3.8% (52/1,369) in the
EMR period and 0.2% (3/1,416) in the ESD period
(P < 0.001) (Table 4). There were two possible contribu-
tory factors to potentially avoidable surgery: technical
difficulty with ER and incorrect pre-therapeutic assessment
of EGC. EMR was not possible in 21 patients where
technical difficulty arose from there being a remnant
stomach due to prior surgery; scarring from previous
ulceration close to the lesion; and the location of the lesion,
in particular those very close to the pylorus and the gas-
troesophageal junction. Thirty-one patients did not undergo
EMR due to incorrect pre-therapeutic endoscopic findings
suggesting submucosal invasion and unclear margins. In
the ESD group, all attempted lesions were treated suc-
cessfully with ESD, and, in the ESD period, there were
three surgical patients with incorrect preoperative assess-
ments with lesions thought to have submucosal invasion
(Table 4).

Non-curative ER with possible risk of lymph node
metastasis and positive or difficult to estimate
horizontal margins only

The rate of overall non-curative ER was 36.9% (154/417)
in the EMR group and 17.0% (348/2,052) in the ESD group

EMR endoscopic mucosal resection, ESD endoscopic submucosal
dissection, LNM lymph node metastasis, PHM positive or difficult to
estimate horizontal margin

Table 6 Causes of non-curative endoscopic resection

EMR group ESD group P
% (n =417) % (n = 2,052)

sm2 cancer 8.9 (37) 7.5 (153) NS

Positive lymphatic and/or 5322 5.4 (110) NS
venous invasion

Intramucosal cancer 0 (0) 1.7 (34) <0.004
>30 mm in size with
ulceration

sml cancer >30 mm in size 0 (0) 2.3 (48) <0.0003

Predominantly 1.4 (6) 3.8 (79) <0.01
undifferentiated type

Positive vertical margin 4.6 (19) 2.2 (46) <0.007

Positive horizontal margin ~ 31.4 (131) 3.0 (62) <0.001

In some patients there was more than one cause

EMR endoscopic mucosal resection, ESD endoscopic submucosal
dissection, sm2 submucosal deep invasion, sm] submucosal superfi-
cial invasion, NS not significant

(P < 0.001) (Fig. 1) (Table 5). Reasons for non-curative
ER are summarized in Table 6. The rates of sm2 invasion
and positive lymphatic and/or venous involvement did not
differ between the two groups. However, rates of intra-
mucosal cancer more than 3 cm in size with ulceration,
sml lesions more than 3 cm in size, and predominantly
undifferentiated type adenocarcinoma in the ESD group
significantly increased compared to those in the EMR
group. The rate of positive vertical margins significantly
decreased in the ESD group. In Table 6, we have listed the
causes of non-curative endoscopic resection. Lesions con-
sidered non-curative with possible risk of lymph node
metastasis may have been considered as such for one or a
combination of overlapping criteria. To put this another
way, the rate of non-curative ER with possible risk of
lymph node metastasis regardless of horizontal margin
increased in the ESD group (15.5%; 319/2,052) compared
to that in the EMR group (10.8%; 45/417) (P < 0.01)
(Table 5). Conversely, the rate of non-curative ER with
positive or difficult to estimate horizontal margins only
dramatically decreased in the ESD group (1.4%; 29/2,052)
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compared to that in the EMR group (26.1%; 109/417)
(P < 0.001) (Table 5).

Complications

The rate of perforation in the EMR group (6.0%; 25/417)
was significantly higher compared to that in the ESD group
(3.0%; 62/2,052) (P <0.003). All perforations were
detected endoscopically during the procedure, except for
one patient in the ESD group with a delayed perforation
who had a gastric tube after esophagectomy. Seven patients
in the EMR group and one patient in the ESD group
underwent emergency surgery because the perforations
were difficult to manage endoscopically using endoclips.
Blood transfusion was required in one patient in each group.

Discussion

This retrospective study shows that the rate of potentially
avoidable surgery decreased significantly and the overall
non-curative ER rate also decreased with the development
of ESD. In the ESD group, the rate of non-curative endo-
scopically resected specimens with positive or difficult to
estimate horizontal margins only significantly decreased
compared with that in the EMR group, but the rate of non-
curative ERs with possible risk of lymph node metastasis
increased significantly.

The rate of potentially avoidable surgery was 3.8% (52/
1,369) during the EMR period and 0.2% (3/1,416) during
the ESD period (P < 0.001) (Table 4). We believe this
may be as a result of two factors, the technical progress of
ER and improved diagnostic accuracy. The progress of ER
with EMR, and now ESD, over the past two decades has
involved major breakthroughs in endoscopy and has rev-
olutionized the treatment of EGC. The advent of ESD has
enabled us to achieve a higher rate of en-bloc resection
in situations not possible before. These include remnant
stomachs, scarring from previous gastric ulceration, and
certain technically difficult locations. Despite the recent
development of new technology such as narrow band and
autofluorescence imaging [32, 33], there have been no
significant changes in our ability to diagnose the depth of
invasion of EGC [27, 28]. Other studies have reported that
the endoscopic staging of EGC is not always accurate and
is correct in only 80-90% of cases, even with endoscopic
ultrasonography [26, 34-36]. In our study, we found that
incorrect preoperative assessments such as endoscopic
overstaging leading to potentially avoidable surgery drop-
ped significantly with the use of ESD (Table 4), but we
believe that the increased use of ESD for enhanced diag-
nosis, rather than improvements in other diagnostic
modalities, resulted in this reduction.
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For reference, the rate of surgery for lesions included
within the National Cancer Center expanded criteria was
4.7% (67/1,416) during the ESD period (data not shown).
These lesions consisted of 18 intramucosal cancers >20
mm without ulceration, 33 intramucosal cancers <30 mm
in size with ulceration, and 16 sml cancers <30 mm in
size. It is believed that surgery on some of these lesions
was potentially avoidable, but a direct comparison using
the guideline criteria of the Japanese Gastric Cancer
Association and the National Cancer Center expanded
criteria cannot be made because of differences between the
two sets of criteria.

The rate of non-curative ER, secondary to positive or
difficult to estimate horizontal margins only, in the ESD
group (1.4%; 29/2,052) significantly decreased compared
to that in the EMR group (26.1%; 109/417) (P < 0.001)
(Table 5). This reflects the inability of EMR to resect large
lesions en bloc, the lesion often being resected in multiple
fragments, making it difficult to ensure complete resection
[9-11]. The other main problem that arises with performing
EMR, even for small lesions, is the uncertainty regarding
inaccurate resection margins. Several previous articles
have reported higher rates of local recurrence caused by
piecemeal resection and positive tumor margins [12, 13,
22, 23, 37]. The development of ESD has addressed these
problems, as it enables an en-bloc resection with tumor-
free margins.

On the other hand, the rate of non-curative ERs with
possible risk of lymph node metastasis (which should
ideally be managed by gastrectomy with lymph node dis-
section) increased in the ESD group (15.5%:319/2,052)
compared to that in the EMR group (10.8%:45/417)
(P <0.01) (Table 5). This five percent difference could
have occurred due to several reasons, but the primary cause
was most likely the increase in the number of patients who
underwent diagnostic ESD for borderline lesions which
were either difficult to resect technically by EMR or dif-
ficult to estimate tumor depth accurately. Specifically, the
introduction of the National Cancer Center expanded cri-
teria and the ability of ESD to resect larger lesions are two
possible reasons for the increase in the number of intra-
mucosal cancers more than 3 cm in size with ulceration
and sm1 lesions more than 3 cm in size for which ER was
undertaken. An increase in the number of lesions with
predominantly undifferentiated adenocarcinoma also
occurred, most likely because the heterogeneity of gastric
carcinoma may increase in larger-size lesions. Thus, this
five percent rise in the rate of non-curative ERs with pos-
sible risk of lymph node metastasis has to be weighed
against the potential advantages in undertaking ESD and
the significantly reduced rate of potentially avoidable sur-
gery. Oda et al. [31] reported that the actual rate of lymph
node metastases, as determined from surgically resected
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specimens, in a group of cases of ‘non-curative ESD with
possible risk of lymph node metastasis’, was 6.3%. This
emphasizes the fact that this cohort of patients should
receive additional surgery.

In the present study, the rate of perforation in the EMR
group (6.0%) was significantly higher compared to that in
the ESD group (3.0%) although it is widely recognized that
the rate of perforation with ESD is higher than that with
EMR [22]. There is no evident explanation for this result,
but one possible reason may be that EMR procedures were
performed more aggressively because of curative intent in
the EMR group.

The surgically resected stomach never returns to its
natural state. Currently, the pathway whereby we use ESD
as the optimal therapeutic strategy for the treatment of
EGC seems to reduce the rate of potentially avoidable
surgery and allows us to more appropriately select those
cases that would benefit from additional surgery, as it
enables more accurate histological assessment, particularly
in difficult EGC cases. As a result, this pathway has
brought about major benefits for patients by reducing
potentially avoidable surgery, because with this strategy
the final diagnosis is obtained with higher reliability due to
precise feedback from histological assessments. However,
it would be prudent to advise caution in performing ESD
for EGC unless the indications have been carefully
reviewed in the individual to ensure that the EGC is within
the established selection criteria. We would emphasize that
recognition of resectability and curability are two very
different matters. It is also important to recognize the role
of ESD in providing enhanced diagnostic information, thus
contributing to the optimal therapy being undertaken for
the appropriate indication.

Limitations

This study was retrospective and there were differences in
criteria for ER between the two groups. In addition, the
transitional phase was at the turn of the twenty-first cen-
tury, but it was not clearly delineated as both procedures
were being used at that time. However, we believe that by
analysis by procedure (EMR and ESD) we have minimized
the impact of this last factor.

Conclusions

We believe that a pathway of undertaking ESD in lesions
where it may be difficult to estimate the depth of invasion
and in technically difficult cases results in a significant
decrease in the rate of potentially avoidable surgery, this
being due to the advantages associated with not only a
potentially curative procedure, but also one which provides

enhanced diagnostic information and consequently enables
more appropriate therapy.
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CASE STUDIES

Endoscopic submucosal dissection with electrosurgical knives in a
patient on aspirin therapy (with video) T
Andrew Y. Wang, MD, Fabian Emura, MD, PhD, Ichiro Oda, MD, Dawn G. Cox, RN, Hyun-soo Kim, MD,

Paul Yeaton, MD

Charlottesville, Virginia, USA

Background: The electrosurgical knives required to perform endoscopic submucosal dissection (ESD) have
recently passed the 510(k) premarketing evaluation by the U.S. Food and Drug Administration and are now
available for purchase in the United States. Challenges to ESD being more widely performed in the United States
include the lack of intensive hands-on training programs and a low incidence of appropriate, highly dysplastic
gastric lesions on which an ESD-trained endoscopist can begin performing this procedure in patients. Further-
more, there are no guidelines regarding the safety of continuing antiplatelet therapy in patients undergoing ESD.

Objective: To report on the first gastric ESD performed in the United States by using recently approved
electrosurgical knives on a patient who was maintained on aspirin therapy.

Design: Case report.
Setting: Large academic medical center.

Patient: One patient with a 2-cm high-grade dysplasia (HGD) lesion in the posterior antrum who had indwelling
coronary stents and was maintained on aspirin therapy throughout the periprocedural period.

Interventions: High-definition white-light and narrow-band imaging endoscopy, endosonography, and ESD by
using recently approved electrosurgical knives.

Main Outcome Measurements: Complete resection of the HGD gastric lesion.

Results: En bloc complete resection of the HGD gastric lesion was achieved without any immediate or delayed
bleeding or perforation. No residual or recurrent dysplasia was found on 1- or 3-month follow-up endoscopies.
Limitations: Generalizations cannot be made from this single case.

Conclusions: After receiving intensive hands-on training in both ex vivo and in vivo animal models, gastric ESD
was successfully performed by 2 U.S. endoscopists by using recently approved electrosurgical knives in a patient
maintained on aspirin therapy without any complications.

Endoscopic submucosal dissection (ESD) is an ac-
cepted endoscopic therapy for highly dysplastic gastric
lesions in Japan and parts of Asia and South America. '
Despite nearly a decade of experience in Asian countries,

Abbreviations: ESD, endoscopic submucosal dissection; HGD, high-
grade dysplasia; LGD, low-grade dysplasia; NBI, narrow-band
imaging.
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the expertise to perform ESD in the stomach, or in other
parts of the luminal GI tract, is largely lacking in Western
countries.” This disparity in experience is likely because of
the relatively low prevalence of highly dysplastic gastric
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lesions and carly gastric carcinomas found in patients living
in Western countries.” Furthermore, because ESD of esoph-
ageal or colorectal lesions is even more challenging than
gastric ESD, performing ESD in these locations is considered
to be inappropriate for inexperienced operators.®

Eastern endoscopists rely on advanced optical imaging
techniques (such as chromoendoscopy and narrow-band
imaging [NBI] to identify lesions containing high-grade
dysplasia (HGD) or early gastric adenocarcinomas that are
suitable for endoscopic resection. Although increasing,
experience with these advanced optical imaging technol-
ogies is not widespread among Western gastroenterolo-
gists.? Furthermore, there are no training programs in the
United States that offer the intensive hands-on instruction
required to learn ESD. A final, yet critically important, issue is
that the specialized electrosurgical knives required to per-
form ESD have only recently passed the 510(k) premarketing
evaluation by the U.S. Food and Drug Administration, and as
such they have only recently been made available for con-
sumer purchase and use in the United States.

The American Society for Gastrointestinal Endoscopy
practice guidelines®!" and other sources!'? have recom-
mended, in the absence of a preexisting bleeding disorder,
that aspirin or nonsteroidal anti-inflammatory drug ther-
apy may be continued in patients undergoing endoscopic
procedures. However, if a procedure with a higher risk of
bleeding is planned, an individualized approach has been
recommended.!? For patients undergoing higher-risk en-
doscopic procedures, it has been recommended that clo-
pidogrel be discontinued 7 to 10 days before their proce-
dures.’ Finally, American Society for Gastrointestinal
Endoscopy guidelines do state that patients on combina-
tion antiplatelet therapy (eg, aspirin and clopidogrel) may
be at increased risk of bleeding as a result of endoscopic
procedures. !’

At present, there are no published reports describing
the use of the recently approved electrosurgical knives to
perform ESD in individuals on antiplatelet therapy in the
United States.

CASE REPORT

A 66-year-old Chinese woman with known gastric in-
testinal metaplasia was referred for dyspepsia and a his-
tory of a gastric polyp. She had a history of diabetes
mellitus, hypertension, hyperlipidemia, and coronary ar-
tery disease with 2 metal stents that had been placed in her
right coronary artery 5 years ago in China. One year ago,
she underwent cardiac catheterization for chest pain that
demonstrated nonobstructive coronary artery disease, and
the patient was maintained on aspirin 81 mg/day and
clopidogrel 75 mg/day. An initial EGD was performed by
using high-definition white light, NBI, and chromoendos-
copy by using 0.8% indigo carmine (GIF-H180 gastroscope
using the Evis Exera II platform; Olympus America, Center
Valley, Pa), which demonstrated a 20-mm raised lesion

(Paris 0-112),!3 along the posterior wall of the antrum that
had dysplastic features. Biopsy samples were taken that
confirmed HGD. There were a few other small dysplastic
areas identified in other portions of the body and antrum
that were found to contain low-grade dysplasia (LGD) on
biopsy specimens. The patient’s case was presented at a
multidisciplinary GI-oncology tumor board at the Univer-
sity of Virginia Hospital. The consensus recommendation
was to offer the patient either a subtotal gastrectomy,
given the multifocal LGD with focal HGD, or a staging EUS
examination followed by ESD of the lesion containing
HGD and frequent endoscopic surveillance of the LGD
lesions. The patient chose to pursue endoscopic therapy
with subsequent close surveillance. Radial EUS demon-
strated a lesion in the distal antrum that was confined to
the mucosa, and no pathological perigastric lymph nodes
were identified, which further confirmed that this lesion
was appropriate for ESD.

Given the patient’s coronary artery disease and indwell-
ing coronary stents, it was decided that she should con-
tinue her aspirin therapy throughout the periprocedural
period and stop her clopidogrel at least 4 days before her
procedure, ESD was performed at the University of Vir-
ginia Hospital by 2 interventional endoscopists (A.Y.W.,
P.Y.), who each perform more than 500 interventional
endoscopies yearly. Both U.S.-based endoscopists first re-
ceived hands-on instruction by using an ex vivo and an in
vivo porcine model from a visiting professor (H.K.) from
Korea who had performed more than 150 gastric ESDs.
Further didactic and hands-on training by using an in vivo
animal model was obtained by attending an intensive
3-day course in gastric ESD held in Bogota, Colombia
(taught by F.E. and 1.O., who are both Japanese-trained
endoscopists, who together have performed well over
1000 gastric ESDs).!* This course culminated with a
hands-on practical examination and a written examination
followed by observing a live gastric ESD procedure in a
human patient, after which university certification in ESD
was awarded. Subsequently, both U.S. endoscopists per-
formed at least 5 additional successful ESDs using an in
vivo or an ex vivo porcine model before performing this
procedure. Institutional credentialing in ESD and informed
consent was obtained before performing the procedure.

A span of 4 months elapsed before the ESD could be
performed because we were awaiting 510(k) approval of
the necessary electrosurgical knives. The procedure was
performed with the patient under general endotracheal
anesthesia, and preprocedural intravenous ampicillin (2 g)
and gentamicin (60 mg) were administered given the pa-
tient's diabetes and the potential risks of bleeding and
perforation. Intravenous esomeprazole (40 mg) was also
administered preprocedurally. A diagnostic gastroscope
(GIF-H180; Olympus America) and a processor capable of
high-definition white-light imaging and NBI (Evis Exera If;
Olympus America) were used during ESD. An ESD cap
(D201-11804; Olympus Americd) was attached to the distal
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end of the gastroscope and secured with clear plastic tape,
Electrocautery was provided by using an clectrosurgical
generator (ESG-100, Olympus America). Submucosal in-
jections were performed by using 4 1:100,000 solution of
epinephrine in normal saline solution tinted with a few
drops of 0.8% indigo carmine (a total of 100 mL of this
solution was used in divided doses during ESD).

Under high-definition white light and NBI, 4 20-mm,
raised lesion (Paris 0-11a),13 without ulceration or mucosal
tenting, was seen in the distal, posterior antrum. NBI
without optical magnification allowed clear delineation of
the highly dysplastic borders of the lesion. The stomach
was lavaged by using simethicone washes, and all the fluid
was evacuated. Under high-definition NBI visualization, a
HookKnife (KD-620LR; Olympus America) was used to
mark a circular border approximately 5 mm outside of the
area of HGD by using soft coagulation current set at 20 W.
A double marking was placed in the distal/anterior border
(at the 12 o'clock position) to provide directionality for
subsequent histopathology. The final diameter of the cir-
cumscribed lesion was 30 mm. After the circumferential
marking was completed, the lesion was lifted by using the
dilute epinephrine/indigo carmine/saline solution. The
circumferential incision into the submucosa was begun by
using a straight needle-knife (KD-10Q-1; Olympus Amer-
ica), and it was completed with a combination of the
IT-knife2 (KD-611L; Olympus America) and the FlexKnife
(KD-630L; Olympus America) by using a pulse cut slow
mode set at 60 W. In sequential fashion, the submucosal
dissection was performed with the IT-knife2 and the
FlexKnife, by using either a forced coagulation current set
at 20 to 50 W or a pulse cut slow current set at 40 to 60 W
to carefully dissect through the submucosal plane. During
the circumferential incision and the submucosal dissec-
tion, any mild oozing encountered was controlled with the
short blades of the IT-knife2, by using a forced coagula-
tion current set at 50 W, and when 4 visible vessel was
exposed, it was coagulated by using coagulation forceps
(Coagrasper, FD-410LR; Olympus America) with the soft co-
agulation current set at 50 W. There was no significant bleed-
ing or perforation encountered during this procedure, which
was performed in 1 hour and 45 minutes. After ESD was
completed, there remained a 30-mm submucosal antral ulcer.
Two endoclips (long upper QuickClip2, HX-201LR-135L.B;

Olympus America) were used to mechanically obliterate 2
nonbleeding visible vessels seen in the ulcer base to re-
duce the risk of delayed bleeding.

The resected specimen measured approximately 30 mm
when stretched and pinned to a Styrofoam board covered
with gauze wetted with saline solution. This specimen was
fixed while attached to the Styrofoam and then serially
sectioned to evaluate for oncologic resection. Histopathol-
ogy showed HGD in a background of intestinal metaplasia
without evidence of invasive carcinoma. The deep and
circumferential margins were free of dysplasia.

The patient was admitted for observation for 3 days
after her ESD. She was kept on nothing by mouth for the
first night, and then clear liquids were initiated unevent-
fully the following day. She experienced no new abdom-
inal pain, had no signs of melena or hematemesis, and
serial hemoglobin values remained stable. A planned
follow-up EGD performed 2 days after her ESD showed
early granulation tissue in the ulcer. The patient main-
tained her aspirin therapy throughout her procedure, and
she resumed clopidogrel 7 days after the ESD procedure.
A follow-up EGD 1 month later showed a 5-mm clean-
based, residual ulcer with an adherent endoclip. Another
EGD, 3 months after the ESD, showed complete mucosal
healing with moderately inflamed granulation tissue, and
biopsy samples confirmed that there was no residual or
recurrent dysplasia (Fig. 1) (Video 1, available online at
www.giejournal.org).

DISCUSSION

We report here what we believe to be the first pub-
lished case of an endoscopic en bloc resection of a large
gastric lesion containing HGD via ESD in the United States,
which was performed by using newly approved electro-
surgical knives in a patient maintained on aspirin therapy.
Given the differences in histopathological interpretation
between Japanese and Western pathologists, this lesion
would have likely been culled a well-differentiated,
mucosally-based early gastric cancer in Japan.'>'® Given
our complete endoscopic resection of this lesion, and
because the anticipated risk of lymph node metastasis for
this lesion is nearly 0% (according to large published
Japanese series on early gastric cancer),!!” it would be

Figure 1. A, High-definition NBI endoscopy demonstrated a dysplastic 20-mm raised lesion (Paris 0-I1a) in the distal antrum along the
posterior wall. B, Radial EUS demonstrated that this was 1 mucosally-based lesion with no submucosal invasion. C, NBI was used to
delineate the dysplastic margins and circumferential marking was made by using 4 HookKnife (with a double mark to provide orientation).
D, ESD was performed by using a straight needle-knife, an IT-knife2, and a FlexKnife. The lesion was resected en bloc and affixed to wet
gauze on top of Styrofoam (E), leaving behind a 30-mm submucosal ulcer (F). G, Final surgical pathology demonstrated complete resection
of the HGD lesion. H, A follow-up EGD 1 month later demonstrated a nearly healed 5-mm antral ulcer with a retained endoclip; there was
no recurrent or residual dysplasia. I, Another EGD, 3 months after the ESD, showed complete mucosal healing with moderately inflamed
granulation tissue and a retained endoclip. Biopsy samples confirmed that there was no residual or recurrent dysplasia. (Special thanks to
Edward B. Stelow, MD, and Dirk P. Stanley, MD, for their assistance in obtaining a photomicrograph of the relevant histopathology for this

case.)
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reasonable to perform surveillance endoscopy on an an-
nual basis primarily to detect metachronous HGIY and
early gastric cancer.!® Use of NBI was important in initially
identifying the highly dysplastic lesion, subsequently in
delineating the dysplastic margins for ESD, and finally in
surveying for recurrent or metachronous dysplasia on
follow-up endoscopy.

The types of current and wattage used to perform ESD
will vary depending on the electrosurgical generator and
may at times need to be optimized according to the patient
and the lesion. At the National Cancer Center in Tokyo,
Japan, when using the ESG-100 generator, the recom-
mended standard setting for circumferential dissection is a
pulse cut slow current set at 40 W, and for submucosal
dissection either a forced coagulation current set at 50 W
or a pulse cut slow current set at 40 W is used. Although
techniques are emerging that may enable reliable endo-
scopic apposition of the post-ESD defect,'? at present, the
standard approach at most high-volume ESD centers is to
coagulate or clip exposed visible vessels and not to at-
tempt to close the submucosal defect.?

Because the electrosurgical knives needed to perform
ESD have received 510(k) approval, these tools can now
be purchased in the United States. However, despite
having the proper tools to perform this advanced pro-
cedure, challenges to performing ESD in the United
States include the lack of training programs based in the
United States and the relatively low prevalence of early
gastric cancers or highly dysplastic gastric lesions on
which a trained endoscopist can begin to perform this
procedure in patients. Although there is the potential to
perform ESD in the esophagus and colorectum, proce-
dures in these locations are more challenging because
of the thinner walls of these organs, and as such, these
locations are considered to be inappropriate areas in
which to begin performing ESD.°

In addition to training programs in Japan and other East
Asian countries (South Korea and Taiwan), there are spe-
cialized centers to obtain exposure to and training in ESD
in South America (eg, Colombia), where the incidence of
gastric cancer is very high.*?! A training model similar to
the one used by the U.S. endoscopists in this report has
been shown to be effective in teaching this procedure.??
Yamamoto et al?® studied ESD training by observing 3
Japanese residents, trained in routine endoscopy, perform
30 consecutive, supervised ESDs of small mucosally-based
lesions. These authors found that the self-completion rate
and operation time were significantly worse for the sub-
mucosal dissection part of the procedure than for the
circumferential mucosal incision portion. Two of the 3
trainee operators studied showed a flat learning curve for
submucosal dissection, and complications were related
mainly to uncontrollable hemorrhage.? This steep learn-
ing curve was further highlighted by Teoh et al,# who
reported a prospective study of 24 endoscopists partici-
pating in a Chinese ESD training program by using a

porcine model to teach esophageal and gastric ESD. These
investigators found that during gastric ESD, 15 participants
(65%) encountered perforations, and bleeding occurred
during 57% of ESDs. A significantly higher proportion of
perforations occurred with the use of noninsulated
knives.

We advise that endoscopists interested in performing
gastric ESD should first pursue intensive hands-on training
in both ex vivo and in vivo models supervised by an
expert in ESD, followed by observing live gastric ESD
procedures in patients. This basic training should be fol-
lowed up by self-study and by successfully performing
ESD procedures in both ex vivo and in vivo animal models
before performing ESD on a patient. Although in vivo
training is more costly and requires animal protocols and
special handling, we believe that the experience of per-
forming this procedure in a living animal is invaluable
because it offers the opportunity to encounter and treat
ESD-associated bleeding, which is paramount to acquiring
proficiency in this procedure. Furthermore, skill in coag-
ulating or clipping exposed visible vessels is mandatory,
because routine coagulation of visible vessels may prevent
delayed bleeding after ESD.?” Despite advanced hemosta-
sis techniques, the common practice in most high-volume
ESD centers is to stop antiplatelet and antithrombotic ther-
apy before performing ESD.? In this article, we report on
what we believe to be the first ESD performed in the
United States in a patient on continuous aspirin therapy.
Although generalizations cannot be drawn from a single
case, by ceasing clopidogrel but continuing aspirin ther-
apy, ESD was not complicated by immediate or delayed
bleeding, and the patient did not experience any cardio-
vascular complications.

As with all new procedures, specialized institutional
credentialing must be obtained before performing this
procedure, and careful informed consent is necessary. As
more endoscopists become trained in ESD in the United
States, a national training program may be feasible, and
investigation into the utility of ESD in the esophagus and
colorectum for HGD and early carcinomas will be neces-
sary. Last, specialized Current Procedural Terminology
codes will be required because this procedure is much
more than an upper endoscopy but not quite a subtotal
gastrectomy.
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Background: Criteria for endoscopic resection in patients with early gastric cancer (EGC) have been
expanded recently by the National Cancer Centre (NCC). This study compared long-term outcomes
in patients with EGC who underwent endoscopic treatment according to guideline criteria with those
treated according to expanded criteria.

Methods: Baseline and outcome data from patients undergoing curative endoscopic resection for EGC
between January 1999 and December 2005 were collected from electronic medical records. Survival time
hazard ratios and 95 per cent confidence intervals were calculated using the Cox proportional hazards
model.

Results: Of 1485 patients who had a curative resection, 635 (428 per cent) underwent resection
according to traditional criteria and 625 (421 per cent) according to expanded criteria. There was no
significant difference in overall survival between the groups.

Conclusion: Patients who have treatment following the expanded criteria have similar long-term survival
and outcomes to those treated according to guideline criteria.
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Introduction

In Japan, endoscopic mucosal resection (EMR) has
been the treatment of choice for small early gastric
cancer (EGC) for the past two decades'?. Owing to
the technical limitations of EMR, traditional indications
for endoscopic resection of EGC according to the
Gastric Cancer Treatment Guidelines of the Japanese
Gastric  Cancer Association (JGCA)  were
to resection of small intramucosal EGCs (smaller
than 20 mm) with intestinal-type histology and no

restricted

ulceration.

The low risk of lymph node involvement in EGC
confined to the superficial layers of the submucosa
indicated that cure can be achieved by local resection,
even of lesions larger than 20 mm, as long as the lesion is
removed en bloc* . Endoscopic submucosal dissection (ESD)
has become established as a technique that allows en bloc
resection regardless of size. Revised criteria were proposed
by the National Cancer Centre (NCC) in Tokyo (from

January 1999) to expand the indications for endoscopic

Copyright © 2010 British Journal of Surgery Society Ltd
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treatment and avoid unnecessary radical surgery, which
until recently was the ‘gold standard’ for larger lesions™?.

This study compared the long-term outcome of patients
with EGC who underwent endoscopic treatment based
on either guideline of JGCA criteria or expanded NCC

criteria.

Methods

Consecutive patients who had endoscopic  resection
for EGC between January 1999 and December 2005
were studied. Informed consent was obtained from all
patients in accordance with the institutional protocol. The
procedure was carried out under conscious sedation using a
combination of midazolam and pentazocine. Patients who
were assessed histologically as having had a non-curative
resection owing to positive lateral margins and/or deep
submucosal invasion, regardless of positive vertical margins
and/or lymphatic—vascular infiltration and/or diffuse-type
histology, and those who had undergone endoscopic
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