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Abstract

Background Endoscopic submucosal dissection (ESD)
yields substantially high rates for curative resection of
early gastric cancer (EGC). It is suggested that larger,
ulcerative, or upper EGCs may prevent successful ESD. A
detailed analysis of factors associated with the curability of
ESD was performed.

Methods Endoscopic submucosal dissection was per-
formed for patients with EGC that fulfilled the expanded
criteria, which specified mucosal cancer without ulcer find-
ings irrespective of tumor size, mucosal cancer with ulcers
3 cm in diameter or smaller, and minute submucosal inva-
sive cancer 3 cm or smaller. Resectability (en bloc or by
piecemeal resection), curability (curative or non-curative),
and complications were assessed, and logistic regression
analysis was used to analyze the related factors.

Results  Ulcerative EGCs showed a significantly higher
risk associated with ESD on multivariate analysis. When the
risk factors (tumor size, location, and ulcer findings) were
combined, the larger EGCs (>30 mm) located in the upper
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third or ulcerative tumors located in the upper and middle
portion of the stomach were at significantly higher risk of
non-curative resection. Such lesions also were associated
with increased risk of procedure-related perforation.
Conclusions When risk factors including positive ulcer
findings and larger size and upper location of tumors are
combined, ESD should be performed more carefully.

Keywords Curative resection - Early gastric cancer -
En bloc resection - Endoscopic submucosal dissection

Early gastric cancer (EGC) is defined as gastric cancer
confined to the mucosa or submucosa (T1 cancer) irre-
spective of whether regional lymph node metastases is
present [1]. Currently, almost 10,000 cases of EGC are
detected annually in Japan, accounting for 40% to 50% of
all gastric cancers [2].

Because endoscopic mucosal resection (EMR) is mini-
mally invasive, safe, and convenient, it is widely accepted as
a standard treatment for EGC with nominal risk of lymph
node metastasis [3, 4]. However, the snaring procedure is not
reliable for lesions larger than 20 mm in diameter or lesions
with ulcer findings [5, 6]. Conventional EMR is associated
with a high risk of local recurrence (range, 2-35%) in such
cases, especially when resections are not accomplished en
bloc or the margins are not clear [7].

Endoscopic submucosal dissection (ESD) was devel-
oped for direct dissection along the submucosal layer using
specialized devices, including an insulation-tipped dia-
thermy knife (IT knife; Olympus Optical Co., Ltd, Tokyo,
Japan) [8, 9]. The ESD procedure allows precise histologic
assessment of the resected specimens and may prevent
residual disease and local recurrence [4, 6, 7]. Preliminary
studies have been published showing the advantage of ESD
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over conventional EMR for removing larger or ulcerated
EGC lesions in an en bloc manner [5, 10, 11].

In alarge consecutive series of EGCs treated by ESD, Oda
et al. [12] documented that each parameter including upper
and middle stomach location, tumor size greater than
21 mm, and positive ulcer findings was associated with
piecemeal resection, affecting ESD curability. In another
series, EGCs with ulceration or larger than 21 mm prevented
their complete removal [S]. However, these studies used only
univariate analysis, whereas multivariate analysis is needed
to evaluate fully the impact of the factors on curability of
ESD. In addition, the effect that combinations of factors have
on the curative resection rates needs to be considered.

The current study aimed to assess the curability of ESD
for the treatment of EGC using logistic regression analysis,
with special reference to tumor size, tumor location, and
ulcer findings.

Patients and methods
Patients

A total of 601 EGCs in 559 consecutive patients were
treated by ESD at the hospitals of the Nagasaki University
School of Medicine from June 2003 to May 2008. The
study excluded patients for whom clinicopathologic data
were not fully available. In these cases, curability could not
be evaluated due to difficulties in histopathologic assess-
ment resulting from the burn effect or insufficient recon-
struction of the piecemeal fragments.

The patients were enrolled according to the criteria pro-
posed by Gotoda et al. [4, 13], which required well and
moderately differentiated gastric cancers (tubular adeno-
carcinoma and papillary adenocarcinoma) with no lympha-
tic—vascular involvement and thus a nominal risk of lymph
node metastasis. These cancers included mucosal cancer
without ulcer findings irrespective of tumor size, mucosal
cancer with ulcer findings 3 cm in diameter or smaller, and
minute submucosal invasive cancer 3 cm in size or smaller
(<500 pm from the muscularis mucosae) (sm1).

Patients with EGCs that did not fall into one of these
categories were excluded from the study and urged toreceive a
gastrectomy with removal of lymph nodes. Written informed
consent was obtained from all the patients before ESD.

ESD

First, EGCs were identified and demarcated using white-
light endoscopy and chromoendoscopy with indigo-car-
mine solution. Marking around the lesions then was per-
formed with spotty cautery using a needleknife. Next,
glyceol (10% glycerol and 5% fructose; Chugai
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Pharmaceutical Co, Tokyo, Japan) was injected into the
submucosal layer to lift the mucosa. A circumferential
mucosal incision was made around the lesion using the IT
knife. Submucosal dissection was performed for complete
removal of the lesion using the IT knife and the hook knife
(Olympus). High-frequency generators (ICC200 or VIO
300D; ERBE Elektromedizin GmbH, Tiibingen, Germany)
were used during marking, incision of the gastric mucosa,
and exfoliation of the gastric submucosa.

Procedure-related bleeding after ESD was defined as
bleeding that required transfusion or surgical intervention
or bleeding that caused the hemoglobin level to fall by 2 g/
dl [12]. Perforation was diagnosed endoscopically or by the
presence of free air on an abdominal plain radiograph or
computed tomogram (CT).

Clinicopathologic evaluation

The EGC lesions were classified according to their main
location in the upper, middle, or lower thirds of the
stomach. They also were classified in terms of their loca-
tion in the anterior wall, posterior wall, major curvature, or
minor curvature. The macroscopic type of EGC was divi-
ded into the elevated type and the flat/depressed type.
Moreover, the predominant macroscopic appearance was
classified as I, IIa, IIb, Ilc, or III in accordance with the
Japanese Classification of Gastric Carcinoma.

The excised specimens were sectioned perpendicularly at
2-mm intervals and classified histologically as differentiated
adenocarcinoma (well or moderately differentiated adeno-
carcinoma or papillary adenocarcinoma) or undifferentiated
adenocarcinoma (poorly differentiated adenocarcinoma or
signet-ring-cell carcinoma). The tumor size, depth of inva-
sion, presence of ulcerative changes, lymphatic and vascular
involvement, and tumor involvement to the lateral and ver-
tical margins were assessed.

En bloc resection refers to a resection in one piece [12].
When the lesion had to be removed in multiple segments,
the piecemeal-resected specimens were reconstructed as
completely as possible.

The ESD was classified as either curative or noncurative
[12, 14]. Resections were deemed curative when the removal
was achieved with tumor-free lateral and vertical margins
and there was no submucosal invasion deeper than 500 pm
from the muscularis mucosae and no lymphatic and vascular
involvement. Noncurative resection was defined as one that
did not meet the curative criteria or one in which compart-
ments of undifferentiated carcinoma were found.

Statistical analysis

The significance of differences in patient characteristics
and clinicopathologic features was determined using
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Fisher’s exact test, the chi-square test, the Mann—Whitney
U test, or the Student’s r-test, as appropriate. Factors
associated with curability of ESD were analyzed using
logistic regression analysis. Odds ratios (OR) together with
95% confidence intervals (95% CI) were calculated to
estimate the relative risk of noncurative resection and their
associations with various parameters.

Results

Of the 601 EGCs treated by ESD, 23 lesions diagnosed as
having undifferentiated cancer based on the resected

specimens were excluded from the study. An additional 49
lesions were excluded because of detected lymphatic or
vascular invasion. The study also excluded 19 EGCs with
massive submucosal invasion, 6 with minute submucosal
invasion exceeding 30 mm in size, and 9 with intramucosal
cancer and ulcer findings exceeding 30 mm in size.

Thus, 468 patients with a total of 495 EGC lesions were
enrolled in the study. These patients had median age of
72 years (mean, 71 years; range, 38-92 years), and a male/
female ratio of 2.57:1 (337:131).

By definition, 476 (96%) of the 495 lesions were
resected curatively. Table 1 shows the clinicopathologic
characteristics of the 495 EGCs according to the curability

Table 1 Clinicopathologic
parameters of early gastric

Curative resection
group (n = 476) (n)

cancers according to curability
of endoscopic submucosal
dissection

m mucosal invasion, sm/ minute
(less than 500 pm) submucosal
invasion, Pap papillary
adenocarcinoma, Tubl, well-
differentiated adenocarcinoma,
Tub2 moderately differentiated
adenocarcinoma

Non-curative resection
group (n = 19) (n)

Total (n = 495) (n)

Median age (years)

Gender (F:M)

Macroscopic appearance

Elevated
Flat/depressed

I

Ila

Ib

IIc

Tumor size (mm)
Median

<20

20-30

>30

Location

Upper

Middle

Lower

Anterior wall
Posterior wall
Minor curvature
Major curvature
Ulcer findings
Present

Absent
Invasion depth
m

sml

Histology

Pap

Tubl

Tub2
Resectability
En bloc resection

Piecemeal resection

72

129:347

242
234
26
216
9
225

16
336
30
70

65
232
179

84

87
127

78

31
445

458
18

13
396
67

459
17

79 72
7:12 136:459
9 251
10 244
28

7 223
0 9
10 235
20 16
12 348
32

5 75
5 70
10 242
4 183
2 86
5 92
9 136
3 81
4 35
15 460
16 474
3 21
0 13
17 413
2 69
15 474
4 21

@ Springer



2716

Surg Endosc (2009) 23:2713-2719

of ESD. Significant differences in age, the presence of
ulcer findings, and the depth of tumor invasion were found
between the curative and the noncurative resection groups
(p < 0.05 for each). En bloc resection was achieved for 474
(95.8%) of the 495 lesions. The one-piece resection rate
was significantly higher in the curative resection group
(96.4%, 459/476) than in the noncurative resection group
(78.9%, 15/19; p < 0.01).

Table 2 summarizes the association between the clini-
copathologic parameters and the curability of ESD.

Univariate analysis showed that older age, positive ulcer
findings, minimal invasion, and piecemeal resection were
significant contributors to noncurative resection. According
to multivariate regression analysis, age, resectability, and
the presence of ulcer findings had a significant impact on
ESD curability.

Next, we analyzed the curability of ESD when the study
factors (tumor size and location and ulcer findings) were
combined in the same patient (Table 3). The larger EGCs
(>30 mm) located in the upper third of the stomach were at

Table 2 Logistic regression

analyses for the association Factors Univariate analysis Multivariate analysis
between clinicopathologic OR (95% CI) p Value OR (95% CI) p Value
parameters of early gastric
cancers and curability of Age (years) 1.08 (1.02-1.15) 0.01 1.11 (1.03-1.20) 0.01
endoscopic submucosal Gender
dissection Female 1 (reference)
Male 0.64 (0.25-1.66) 0.36
Tumor size (mm) 1.03 (0.99-1.07) 0.11
<20 1 (reference)
20-30 0.80 (0.18-3.65) 0.77
>30 2.00 (0.68-5.86) 0.21
Macroscopic appearance
Elevated 1 (reference)
Flat/depressed 1.15 (0.46-2.88) 0.77
I 1 (reference)
Ila 0.42 (0.08-2.14) 0.30
b 0.0000008 (0.00-) 0.98
Ilc 0.58 (0.12-2.78) 0.49
Tumor location
Lower 1 (reference) 1 (reference)
Middle 1.93 (0.60-6.25) 0.27
Upper 3.44 (0.90-13.22) 0.12
Anterior wall 1 (reference)
Posterior wall 2.41 (0.46-12.79) 0.30
Minor curvature 1.67 (0.35-7.87) 0.52
Major curvature 1.62 (0.26-9.93) 0.60
Ulcer findings
Absent 1 (reference) 1 (reference)
Present 3.83 (1.20-12.23) 0.02 12.94 (2.48-67.41) 0.002
Invasion depth
m 1 (reference) 1 (reference)
sml 4.77 (1.27-17.86) 0.02 4.39 (0.91-21.28) 0.07
Histology
Tubl 1 (reference)
m mucosal invasion, sm/ minute Tub2 0.70 (0.16-3.08) 0.63
(<500 pm) submucosal
invasion, Tubl well- Pap 0.000002 (0.00-) 0.97
differentiated adenocarcinoma, Resectability
Tub2 moderately differentiated En bloc 1 (reference) 1 (reference)
adenocarcinoma, Pap papillary .0 o) 7.20 (2.16-24.02) 0.001 6.61 (1.52-28.79) 0.01

adenocarcinoma
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Table 3

(a) Association of combined size and location of early gastric cancers with curability of endoscopic submucosal dissection

Tumor location

Tumor size

<20 mm % (1) OR (95% CI)

20-30 mm% (1) OR (95% CI)

>30 mm % (1) OR (95% CI)

Lower

Middle

Upper

Anterior wall
Posterior wall
Minor curvature

Major curvature

98.6 (141/143) 1 (reference)
95.7 (156/163) 3.16 (0.65-15.48)
92.9 (39/42) 5.42 (0.88-33.61)
98.5 (67/68) 1 (reference)

94.0 (64/67) 4.25 (0.46-39.10)
96.8 (150/155) 2.23 (0.26-19.49)
96.6 (56/58) 2.39 (0.21-27.09)

95.7 (22/23) 3.21 (0.28-36.85)
97.3 (36/37) 1.96 (0.17-22.21)
100.0 (12/12) 0.00005 (0.00-)
100.0 (10/10) 0.00002 (0.00-)
100.0 (9/9) 0.00002 (0.00-)

95.1 (77/81) 3.48 (0.38-31.91)
93.3 (14/15) 4.79 (0.28-81.20)

94.1 (16/17) 4.41 (0.38-51.36)
95.2 (40/42) 3.53 (0.48-25.82)
87.5 (14/16) 10.07 (1.32-77.12)*
87.5 (7/8) 9.57 (0.54—170.40)
93.8 (15/16) 4.48 (0.26-75.54)

100.0 (8/8) 0.00002 (0.00-)

(b) Association of combined ulcer findings and location of early gastric cancers with curability of endoscopic submucosal dissection

Tumor location

Ulcer findings

Absent % (1) OR (95% CI)

Present % (1) OR (95% CI)

Lower

Middle

Upper

Anterior wall
Posterior wall
Minor curvature

Major curvature

98.3 (169/172) 1 (reference)
96.4 (216/224) 2.09 (0.55-7.99)
93.8 (60/64) 3.76 (0.82-17.27)
97.5 (79/81) 1 (reference)

95.5 (85/89) 1.86 (0.33-10.43)
97.1 (204/210) 1.16 (0.23-5.88)
96.3 (77/80) 1.54 (0.25-9.47)

90.9 (10/11) 5.63 (0.54-59.16)
88.9 (16/18) 7.04 (1.10-45.30)*
83.3 (5/6) 11.27 (1.09-128.22)"
100.0 (4/4) 0.00007 (0.00-)

66.7 (2/3) 19.75 (0.99-318.62)
88.9 (24/27) 4.94 (0.78-31.30)
100.0 (1/1) 0.00007 (0.00-)

(c¢) Association of combined ulcer findings and size of early gastric cancers with curability of endoscopic submucosal dissection

Tumor size (mm)

Ulcer findings

Absent % (n) OR (95% CI)

Present % (n) OR (95% CI)

<20 96.9 (311/321) 1 (reference) 92.6 (25/27) 2.49 (0.52-11.98)
20-30 98.5 (66/67) 0.47 (0.06-3.75) 80.0 (4/5) 7.78 (0.80-76.03)
>30 93.3 (70/75) 1.83 (0.56-6.01) -

@ p <0.05

significantly higher risk of noncurative resection
(Table 3a). The ulcerative tumors located in the upper and
middle portions also were associated with a significantly
higher risk of noncurative resection (Table 3b and c).
Procedure-related bleeding was seen in seven patients
(1.4%). All hemorrhagic episodes were successfully treated
by endoscopic clipping or coagulation. Perforations related
to ESD occurred in 21 patients (4.2%) and also could be
managed by conservative medical treatment after endo-
scopic closure with clipping. Procedure-related bleeding was
not associated with any clinicopathologic characteristics.
Among the various clinicopathologic parameters, univariate
analysis showed that upper location and tumor size had an
impact on ESD-related perforation. Lesions in the upper
third (odds ratio [OR], 13.35; 95% confidence interval [95%
CI], 2.81-63.50; p < 0.01) and EGCs larger than 30 mm
(OR, 3.34;95% CI, 1.32-8.49; p < 0.05) were the significant
risk factors for ESD-related perforation. On the other hand,

upper location of the tumors was the sole contributor to
procedure-related perforation according to multivariate
analysis (OR, 14.67; 95% CI, 2.74-78.60; p < 0.01).

Next, we analyzed the risk of procedure-related perfo-
ration when the study factors (tumor size and location and
ulcer findings) were combined (Table 4). As shown in
Table 4a, EGCs larger than 30 mm or smaller than 20 mm
in the upper third of the stomach were at significantly
higher risk of perforation. Ulcerative EGCs in the upper
third also were associated with a significantly higher risk of
perforation (Table 4b).

Discussion
Despite the increasing use of ESD for EGC, the factors

related to curability of ESD have not been analyzed in
detail. En bloc resection of ESD provides much higher
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Table 4

(a) Association of combined size and location of early gastric cancers and perforation with endoscopic submucosal dissection

Tumor location Tumor size

<20 mm % (1) OR (95% CI)

20-30 mm % (1) OR (95% CI)

>30 mm % (1) OR (95% CI)

Lower 0.7 (1/143) 1 (reference)
Middle 4.3 (7/163) 6.37 (0.77-52.44)
Upper 9.5 (4/42) 14.95 (1.62-137.70)*
Anterior wall 4.4 (3/68) 1 (reference)

Posterior wall 3.0 (2/67) 0.67 (0.11-4.12)
3.9 (6/155) 0.87 (0.21-3.60)

1.7 (1/58) 0.38 (0.04-3.76)

Minor curvature

Major curvature

0.0 (0/23) 0.00004 (0.00-)
2.7 (1/37) 3.94 (0.24-64.61)
0.0 (0/12) 0.00004 (0.00-)
0.0 (0/10) 0.000002 (0.00-)
0.0 (0/9) 0.000002 (0.00-)
6.2 (5/81) 1.43 (0.33-6.20) -
0.0 (0/15) 0.000002 (0.00-)

5.9 (1/17) 8.88 (0.53-148.87)
4.8 (2/42) 7.10 (0.63-25.82)
31.3 (5/16) 64.55 (6.92-602.16)"
0.0 (0/8) 0.000002 (0.00-)

18.8 (3/16) 5.00 (0.91-27.58)

12.5 (1/8) 3.10 (0.28-33.91)

(b) Association of combined ulcer findings and location of early gastric cancers and perforation with endoscopic submucosal dissection

Tumor location Ulcer findings

Absent % (n) OR (95% CI)

Present % (1) OR (95% CI)

Lower 1.2 (2/172) 1 (reference)
Middle 4.5 (10/224) 3.97 (0.86-18.37)
Upper 9.4 (6/64) 8.79 (1.73-44.79)°

Anterior wall 3.7 (3/81) 1 (reference)
5.6% (5/89) 1.55 (0.36-6.69)
3.8 (8/210) 1.03 (0.27-3.98)

2.5 (2/80) 0.68 (0.11-4.10)

Posterior wall
Minor curvature

Major curvature

0.0 (0/11) 0.00002 (0.00-)
0.0 (0/18) 0.00002 (0.00-)

50.0 (3/6) 11.27 (1.09-128.22)°
0.0 (0/4) 0.00002 (0.00-)

0.0 (0/3) 0.00002 (0.00-)

11.1 (3/27) 3.25 (0.62-17.17)
0.0 (0/1) 0.00002 (0.00-)

(¢) Association of combined ulcer findings and size of early gastric cancers and perforation with endoscopic submucosal dissection

Tumor size (mm) Ulcer findings

Absent % (n) OR (95% CI)

Present % (n) OR (95% CI)

<20 3.4 (11/321) 1 (reference)
20-30 1.5 (1/67) 0.43 (0.06-3.37)
>30 10.7 (8/75) 2.56 (0.92-7.17)

3.7 (1/27) 1.08 (0.14-8.73)
0.0 (0/5) 0.00005 (0.00-)

2 p <0.05,°p<0.001, °p <001, p<0.0001

curative resection rates than piecemeal resection [12], as
confirmed in the current study. In addition, ESD permits
precise histopathologic examination of curability to guide
further management and to stratify a patient’s risk for
the development of metastases, offering successful out-
comes after ESD [4, 7].

Logistic regression analysis was used to assess the
impact of various clinicopathologic parameters on the
curability of ESD. Besides piecemeal resection, older age,
positive ulcer findings, and minute submucosal invasion
were significant risk factors for noncurative resection
according to univariate analysis.

Multivariate analysis showed that the absence of ulcer
findings was the sole contributor to curative ESD. Oda
et al. [12] documented that EGCs located in the upper and
middle stomach, those larger than 21 mm, and those with
ulcer findings were associated with piecemeal resection,
thus affecting ESD curability. Oka et al. also showed that

@ Springer

ulceration prevented complete removal of EGCs, notably
with lesions larger than 21 mm [5]. A similar tendency was
seen in EGC patients treated with ESD for recurrent EGC
after previous EMR [14]. Thus, it is of clinical importance
to assess such risk factors, particularly ulcer findings, to
predict ESD curability.

The current study analyzed curability when tumor
location and size were combined with ulcer findings in the
same patient. The findings showed that EGCs larger than
30 mm located in the upper third and ulcerative tumors
located in the upper and middle stomach were at signifi-
cantly greater risk of noncurative resection. The curative
resection rates for such lesions were rather low, ranging
from 83.3% to 88.9%. These intractable lesions that pre-
vented successful ESD also were associated with ESD-
related perforation, with the odds ratios varying from 11.27
to 64.55. Higher levels of endoscopic skill and experience
are required for such high-risk EGCs.
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By combining the risk factors, clinicians should be able
to predict the curability of ESD and the complications
before performing the procedure. Less invasive surgery
under laparoscopic assistance may be chosen in certain
cases considering the high risks of noncurative resection
and procedure-related perforation with the use of ESD.

The ESD procedure still had a relatively high procedure-
related bleeding rate (1.4%) in the current study. Oda et al.
[12] reported that post-ESD bleeding was seen in 6% of
cases, significantly associated with upper third location.
However, procedure-related bleeding was not associated
with any clinicopathologic characteristics in the current
series.

The limitation of the current study was its relatively small
sample size, especially with respect to EGCs with ulcer
findings. Obviously, further confirmation with a larger
cohort is required. However, larger or ulcerative EGCs in the
upper stomach can be carefully treated as long as the patients
are given sufficient information with respect to the risk of
incomplete removal and the higher incidence of related
complications before they give their informed consent.

In conclusion, EGCs with ulcer findings were at higher
risk of noncurative resection. When the factors of positive
ulcer findings are combined with larger size and upper
location of the tumors, the risks of noncurative resection
and perforation increased. Therefore, only skilled and
experienced endoscopists should treat such risky EGCs.
The findings of the current study also may be useful
information for education and training in the use of ESD
for EGCs.
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