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Abstract

Background The 2010 Japanese Gastric Cancer Associ-

ation guidelines for the treatment of submucosal invasive

gastric cancer (SM-GC) specify size 30 mm or less, dif-

ferentiated-dominant histology, lack of vessel involvement,

and submucosal invasion of less than 500 lm (SM1) as

expanded criteria for curative endoscopic resection. Our

purpose in this study was to confirm the validity of the

expanded indications for curative endoscopic submucosal

dissection (ESD) of SM-GC.

Methods The study subjects were 173 patients with SM-

GC resected by ESD at Hiroshima University Hospital

between April 2002 and September 2010, including 99

patients for whom 3-plus years’ follow-up information was

available. Post-ESD outcomes were compared between

cases of SM1-GC that met the expanded ESD criteria,

those that did not, and SM2-GC cases.

Results Complete resection was achieved for 93.2% of

the SM1-GCs that met the expanded criteria. There was

neither metastasis to lymph nodes or other organs nor local

recurrence among the SM1-GCs. Disease-specific survival

did not differ significantly between patients that were

simply followed up after ESD and those that were treated

by additional surgical resection.

Conclusions Our outcome data support the clinical

validity of ESD without additional surgical resection for

SM1-GCs that meet the expanded criteria.

Keywords ESD � Submucosal invasive gastric cancer �
Prognosis

Introduction

Early gastric cancer (EGC) is defined as tumor invasion

confined to the mucosa or submucosa, irrespective of

whether lymph node metastasis is present. The Japanese

classification of gastric carcinoma issued by the Japanese

Gastric Cancer Association (JGCA) defines submucosal

invasion of less than 500 lm as SM1 and that of 500 lm or

more as SM2 [1].

Endoscopic submucosal dissection (ESD) is an estab-

lished treatment method in Japan that does not rely on

snare techniques for the dissection of submucosal tissue

and allows en-bloc resection of even large EGCs [2–6].

Moreover, submucosal tissue can be resected with suffi-

cient vertical distance from the muscularis mucosae. Thus,

ESD allows precise histologic assessment of the resected

specimen and may prevent local recurrence.

Gotoda et al. [7] summarized data from 2 very large

centers and reported that ECGs 30 mm or less in diameter,

with differentiated-dominant histology, lack of vessel
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involvement, and submucosal invasion of less than 500 lm

were entirely free of lymph node metastasis. Therefore,

according to the JGCA treatment guidelines [8], this sub-

group of submucosal invasive gastric cancers (SM-GCs)

can be followed up without additional surgical resection.

Five-year disease-specific survival has been achieved in

96.8% of patients with SM-GCs treated by surgical resec-

tion [9]. However, the prognosis in patients with SM-GCs

treated by ESD remains unspecified, and the actual feasi-

bility of ESD for SM-GCs remains controversial. To our

knowledge, although outcomes of EGCs resected by ESD

have been reported [10–17], there are no reported com-

parisons between SM1-GC and SM2-GC. Therefore, we

studied outcomes in patients with SM-GCs treated by ESD

to determine the feasibility of the procedure across

classifications.

Patients and methods

Patients

A total of 173 patients with 173 SM-GCs were treated by

ESD at Hiroshima University Hospital between April 2002

and September 2010. Upon pathologic examination, the

lesions were classified as follows: those 30 mm or less in

diameter, with differentiated-dominant histology, lack of

vessel involvement, and submucosal penetration of less

than 500 lm (i.e., meeting the expanded SM1 criteria,

n = 59); those with submucosal penetration of less than

500 lm that did not meet the expanded SM1 criteria

(n = 31); and those showing submucosal penetration of

500 lm or more (SM2) [8]. In principle, we recommend

that patients with an SM2 tumor or those with an SM1

tumor that does not meet the expanded criteria be treated

by additional surgical resection. Written informed consent

was obtained from all patients for ESD and for additional

surgical resection if necessary.

ESD procedure

ESD was performed with the use of a single-channel

endoscope (GIF-H260, -H260Z, or -Q260J; Olympus,

Tokyo, Japan; or EG-450RD5; FUJIFILM Medical, Tokyo,

Japan) or a 2-channel endoscope (GIF-2TQ260M; Olym-

pus; or EG-450D5; FUJIFILM Medical). Several spots

were marked by argon plasma coagulation 5–10 mm out-

side the margin of the cancer lesion. After the injection of

10% glycerin solution and 5% fructose with 0.0025%

epinephrine into the submucosa, an initial incision was

made with a needle knife outside the line of spots. We used

mainly an insulation tipped (IT) knife, IT knife2, or Hook

knife (Olympus), which was then inserted into the initial

incision, and electrosurgical current was applied with the

use of an electrosurgical generator (ICC 200, VIO 300D;

ERBE, Tubingen, Germany; or ESG-100; Olympus) to

complete the circumferential mucosal incision around the

lesion. An IT knife or IT knife2 was used to exfoliate the

submucosa with coagulation current. Injection was repe-

ated as needed, and further resection was carried out to

ensure total removal of the lesion.

At the end of the ESD procedure, all exposed vessels on

the artificial ulcer were coagulated with the use of hemo-

static forceps (FD-410LR; Olympus; or HDB2418W-W;

PENTAX, Tokyo, Japan). We consistently undertook sec-

ond-look endoscopy on the day after ESD, and we coag-

ulated all exposed vessels on the artificial ulcer regardless

of whether bleeding was present [18, 19].

Bleeding after ESD was defined as bleeding manifested

by a fall in the hemoglobin level of 2 g/dl or more below

the most recent preoperative level, observation of any

bleeding source, or massive melena [20]. Perforation was

diagnosed endoscopically just after resection or by the

presence of free air on a plain abdominal radiograph or

computed tomography image.

Histopathologic examination

Histopathologic examination was based on the 2010 Jap-

anese classification of gastric carcinoma issued by the

JGCA. The entire resected specimen was cut into 2-mm-

thick parallel sections and examined under hematoxylin

and eosin staining for detailed analysis, including analysis

of the deepest invasive portion containing infiltrating can-

cer cells. GCs are classified as differentiated or undiffer-

entiated. The former type includes well-differentiated

tubular adenocarcinoma, moderately differentiated tubular

adenocarcinoma, and papillary adenocarcinoma; the latter

includes poorly differentiated adenocarcinoma, signet ring

cell carcinoma, and mucinous adenocarcinoma. En-bloc

resection was defined as resection in a single piece.

Complete resection was defined as the en-bloc resection of

a tumor that was shown to be free of cancer cells at both

the horizontal and vertical cut ends.

Follow-up

Follow-up endoscopic examinations for local recurrence

were scheduled according to the type of resection. In

patients who had had a complete resection, follow-up

examination was done at 6 months after the procedure and

once every 12 months thereafter; in patients who had had

an incomplete resection, follow-up examination was done

at 3 months after the procedure, 12 months after the pro-

cedure, and every 12 months thereafter. In addition, if

deemed necessary, in patients who had had an incomplete
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resection, transabdominal ultrasonography and computed

tomography were performed every 6 months after ESD.

Biopsy specimens were taken from any ulcerative lesion

identified during follow-up examinations to histologically

confirm the presence of residual tumor or local recurrence.

Evaluation of outcomes

The following clinical variables were investigated: patient

age, sex, tumor location, gross type, size, ulceration,

dominant histologic type, histologic type of the deepest

invasive portion, infiltration, lymphatic involvement,

venous involvement, en-bloc resection rate, complete

resection rate, positive vertical margin rate, delayed

bleeding rate, perforation rate, and operation time.

For prognostic analysis, data obtained for 99 of the 173

patients were analyzed. The 99 patients represent 91.7% of

the 108 patients with SM-GCs who were treated by ESD

between April 2002 and September 2007. In other words,

considerable time had passed since the ESD, so 3-year

survival, death, and recurrence rates could be analyzed. We

analyzed overall and disease-specific survival rates for

each of the following: SM-GCs treated by additional sur-

gical resection after ESD, SM1-GCs that met the expanded

criteria and were simply followed up after ESD, SM1-GCs

that did not meet the expanded criteria and were simply

Table 1 Clinicopathologic

features of submucosal invasive

gastric cancers resected by ESD

ESD endoscopic submucosal

dissection, expanded SM1
criteria submucosal invasive

gastric cancer 30 mm or less in

diameter, with differentiated-

dominant histology, lack of

vessel involvement, and

submucosal penetration of less

than 500 lm, infiltration a
tumor shows expanding growth

and a distinct border in relation

to surrounding tissue,

infiltration b tumor

characteristics between those of

infiltration a and infiltration c,

infiltration c tumor shows

infiltrating growth and an

indistinct border in relation to

surrounding tissue

Variable SM1 SM2 (n = 83) Total (n = 173)

Expanded criteria

met (n = 59)

Criteria not

met (n = 31)

Patient age (years) 69.3 ± 7.9 71.2 ± 8.8 71.8 ± 10.6 70.8 ± 9.5

Sex ratio (M/F) 53/6 23/8 62/21 138/35

Tumor location

Upper 18 6 22 46

Middle 16 16 21 53

Lower 24 9 39 72

Remnant 1 0 1 2

Gross type

Depressed 47 24 54 125

Non-depressed 12 7 29 48

Size

B30 mm 59 14 67 140

[30 mm 0 17 16 33

Ulceration

Present 13 18 26 57

Absent 46 13 57 116

Histology (dominant)

Differentiated 59 24 69 152

Undifferentiated 0 7 14 21

Histology at the deepest invasive portion

Differentiated 59 21 58 138

Undifferentiated 0 10 25 35

Infiltration

a 15 9 13 37

b/c 44 22 70 136

Lymphatic involvement

Present 0 5 19 24

Absent 59 26 64 149

Venous involvement

Present 0 2 7 9

Absent 59 29 76 164
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123



followed up after ESD, and SM2-GCs that were simply

followed up after ESD.

Statistical analysis

Quantitative data are expressed as means and standard

deviation (SD) or percentages. Differences in values were

analyzed by the v2 test with Yates correction or by Stu-

dent’s t-test. Kaplan–Meier survival curves were drawn,

and Cox proportional hazards modeling and log-rank test

were used for analysis of survival. Differences at p \ 0.05

were considered statistically significant.

Results

Clinicopathologic variables

The clinicopathologic features of the 173 study patients are

shown in Table 1. There were no between-group differ-

ences in patient age, sex, tumor location, gross type,

ulceration, or infiltration. Overall, 152 of the SM-GCs were

of the differentiated type, and 21 were of the undifferen-

tiated type. Histologic examination of the deepest invasive

portion revealed differentiation in 138 cases and non-dif-

ferentiation in 35. Lymphatic involvement was found in 24

cases, and venous involvement was found in 36.

Clinical outcomes of ESD for SM-GCs

The outcomes of the ESDs are shown in Table 2. The en-

bloc resection rate did not differ significantly between

tumors that met the expanded SM1 criteria (93.2%), tumors

that did not meet the expanded SM1 criteria (80.6%), and

SM2 tumors (84.3%). However, the complete resection rate

was significantly better for tumors that met the expanded

SM1 criteria (93.2%) than for those that did not meet the

expanded SM1 criteria (74.2%) or for the SM2 tumors

(57.8%). The positive vertical margin rate was significantly

higher for the SM2 tumors (30.1%) than for those that met

the expanded SM1 criteria (0%) and for those that did not

meet the expanded SM1 criteria (3.2%). There was no

statistically significant difference between the 3 groups in

delayed bleeding rate, perforation rate, or operation time.

Outcomes of ESD in relation to ulceration are shown in

Table 3. The en-bloc resection rate and complete resection

rate in patients with SM1-GCs were significantly higher for

tumors without ulceration (96.6 and 94.9%, respectively)

than for tumors with ulceration (74.2 and 71.0%, respec-

tively). The vertical margin was positive in 1.1% (1/90) of

SM1-GC cases and 30.1% (25/83) of SM2-GC cases

(p \ 0.01), and it was positive in a significantly greater

percentage of SM2-GCs with ulceration (52.0%) than in

those without ulceration (20.7%). The average depth of

SM2 lesions with a positive vertical margin was 1529 lm.

Table 2 Outcomes of ESD of

submucosal invasive gastric

cancers

VM vertical margin

Variable SM1 SM2 (n = 83) p value

Expanded criteria

met (n = 59)

Criteria not

met (n = 31)

En-bloc resection 93.2% (55/59) 80.6% (25/31) 84.3% (70/83) 0.1683

Complete resection 93.2% (55/59) 74.2% (23/31) 57.8% (48/83) 0.0000

VM-positive 0% (0/59) 3.2% (1/31) 30.1% (25/83) 0.0000

Delayed bleeding 3.4% (2/59) 6.5% (2/31) 6.0% (5/83) 0.7241

Perforation 5.1% (3/59) 3.2% (1/31) 7.2% (6/83) 0.6735

Operation time (min) 74 ± 44 120 ± 95 107 ± 104 0.061

Table 3 Outcomes of ESD according to the presence of ulceration

Variable SM1 (n = 90) SM2 (n = 83)

UL (-) (n = 59) UL (?) (n = 31) UL (-) (n = 58) UL (?) (n = 25)

En-bloc resection 96.6% (57/59)a 74.2% (23/31)b 89.7% (52/58) 72.0% (18/25)

Complete resection 94.9% (56/59)a 71.0% (22/31)b 65.5% (38/83) 40.0% (10/25)

VM-positive 0% (0/59) 3.2% (1/31) 20.7% (12/58)a 52.0% (13/25)b

Operation time (min) 74 ± 47c 121 ± 69d 80 ± 53a 168 ± 104b

VM vertical margin, UL ulceration

a vs. b: p \ 0.01

c vs. d: p \ 0.05
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Operation time was significantly shorter for SM2 tumors

without ulceration than for those with ulceration.

Survival outcomes after ESD for SM-GCs

The clinicopathologic features of the 99 patients for whom

survival data were analyzed are shown in Table 4. Of the

99 patients, 41 had a tumor that met the expanded SM1

criteria. Eight of these patients were treated by additional

surgical resection after ESD. Thirteen of the 99 patients

had an SM1 tumor that did not meet the expanded criteria.

Of these patients, 6 were treated by additional surgical

resection after ESD. Forty-five patients had an SM2 tumor;

28 of these patients were treated by additional surgical

resection after ESD. Additional surgical resection was

performed for 25.9% (14/54) of the SM1-GCs (average

follow-up period, 52.4 months); however, there was no

lymph node metastasis in any of these patients. There was

also no recurrence of any of the 40 SM1-GCs that were not

treated by additional surgical resection after ESD (average

follow-up period, 51.2 months).

Additional surgical resection was performed for 62.2%

(28/45) of the SM2-GCs (average follow-up period,

56.1 months); lymph node metastasis was observed in 2 of

these patients, and 2 patients had residual submucosal

invasion. One of the 2 patients with lymph node metastasis

Table 4 Clinicopathologic

features of the 99 patients for

whom survival data were

analyzed

Expanded SM1 criteria
submucosal invasive gastric

cancer 30 mm or less in

diameter, with differentiated-

dominant histology, lack of

vessel involvement, and

submucosal penetration of less

than 500 lm, infiltration a
tumor shows expanding growth

and a distinct border in relation

to surrounding tissue,

infiltration b tumor

characteristics between those of

infiltration a and infiltration c,

infiltration c tumor shows

infiltrating growth and an

indistinct border in relation to

surrounding tissue

Variable SM-GCs treated by

additional surgical

resection after ESD

(n = 42)

SM1-GCs meeting the

expanded criteria and

followed up after ESD

(n = 33)

SM1-GCs not meeting

the expanded criteria

and followed up after

ESD (n = 7)

SM2-GCs

followed up

after ESD

(n = 17)

Patient age

(years)

68.1 ± 9.3 68.9 ± 7.8 74.2 ± 7.5 77.1 ± 7.4

Sex ratio (M/F) 34/8 29/4 3/4 12/5

Tumor location

Upper 11 7 1 3

Middle 14 11 3 3

Lower 17 14 3 11

Remnant 0 1 0 0

Gross type

Depressed 30 22 5 9

Non-depressed 12 11 2 8

Size

B30 mm 32 33 2 14

[30 mm 10 0 5 3

Ulceration

Present 15 6 1 4

Absent 27 27 6 13

Histology (dominant)

Differentiated 34 33 5 14

Undifferentiated 8 0 2 3

Histology at the deepest invasive portion

Differentiated 30 33 5 12

Undifferentiated 12 0 2 5

Infiltration

a 1 5 0 3

b/c 41 28 7 14

Lymphatic involvement

Present 7 0 0 4

Absent 35 33 7 13

Venous involvement

Present 3 0 0 3

Absent 39 33 7 14
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died of the primary disease. Of the 17 patients not treated

by additional surgical resection, 2 patients of advanced age

refused additional surgical resection and died of the pri-

mary disease (Table 5). Kaplan–Meier estimates of overall

survival are shown in Fig. 1. According to the log-rank

test, the overall survival of patients who were followed up

after ESD without additional surgical resection was sig-

nificantly lower than that of patients in the other 3 groups.

Disease-specific survival rates did not differ significantly

between any of the 4 groups (Fig. 2). The hazard ratios for

the overall and disease-specific survivals in patients with

SM2-GC followed up after ESD compared with those in

patients with SM1-GC followed up after ESD or with SM-

GC treated by additional surgical resection after ESD were

13.40 and 12.54, respectively (Table 6).

Discussion

Among our study patients, complete resection was

achieved in 93.2% of cases that met the expanded criteria

for SM1-GC proposed by Gotoda et al. [7]. The outcomes

for SM1-GCs that met the expanded criteria and were

simply followed up after ESD were equally as good as

those for SM-GCs treated by additional surgical resection

after ESD.

We have reported the usefulness of ESD versus endo-

scopic mucosal resection for complete resection of EGC [2,

21]. ESD makes complete resection possible regardless of

tumor size or location. However, the en-bloc resection rate

appears to be significantly lower for lesions with ulceration

than for those without. In our patient series, complete

resection was achieved for significantly fewer SM1-GCs

with ulceration than for SM1-GCs without ulceration. In

addition, operation time was significantly shorter for SM-

GCs without ulceration than for SM-GCs with ulceration.

Further studies are needed to develop new ESD techniques

and devices to overcome the technical difficulties associ-

ated with ulceration.

Although some investigators have reported that a pre-

treatment determination of whether submucosal invasion

exceeds 500 lm is difficult to achieve [22, 23], we have

reported that a depth of submucosal invasion of up to

1000 lm can be established by means of endoscopic

ultrasound [24]. ESD allows submucosal tissue to be

resected with sufficient vertical distance from the muscu-

laris mucosae. Therefore, precise pathologic examination

of the deepest invasive portion becomes possible with

ESD. Thus, ESD serves not only as a therapeutic procedure

but also ensures total incisional biopsy.

The probability of lymph node metastasis ranges from

10.2 to 22.9% in cases of SM-GC [25–29]. As we reported

previously [30], when examining SM-GCs, it is importantT
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to take into account the histologic type of the deepest

invasive portion in addition to the main histologic type.

Hanaoka et al. [31] reported that, in SM-GCs of mixed

differentiated and undifferentiated types, the undiffer-

entiated-type-predominant mixed-type showed a signifi-

cantly higher incidence of lymph node metastasis with a

significantly greater depth of submucosal invasion com-

pared to the differentiated type. Further, we have reported

that one of the independent risk factors for lymph node

metastasis of SM-GC is the undifferentiated type at the

deepest invasive portion [32]. Thus, examining the sub-

mucosal invasive portion is quite important for predicting

lymph node metastasis.

In reporting outcomes of ESD for EGCs [10–17], Goto

et al. [10] noted 5-year overall and disease-specific survival

rates of 96.2 and 100%, respectively, with neither lymph

node metastasis nor other-organ metastasis. Gotoda et al.

[11] found no significant difference in overall survival

between EGCs that met the guideline criteria and those that

met the expanded criteria. However, long-term outcomes

for SM1-GCs vs. SM2-GCs have not been reported.

Examination of overall survival in our patient series

revealed high survival rates for patients with SM-GCs

treated by additional surgical resection after ESD, those

with SM1-GCs that met the expanded criteria and were

simply followed up after ESD, and those with SM1-GCs

that did not meet the expanded criteria but were simply

followed up after ESD, although the overall survival rate of

patients with SM2-GCs followed up after ESD was lower

than that of the other patients. The overall survival rate of

patients with SM2-GCs was low; however, 11 of the 17

patients with SM2-GCs that were simply followed up after

ESD could not be treated by additional surgical resection

because of advanced age or the presence of another dis-

ease. Consequently, 8 patients (47.1%) with SM2-GCs

followed up after ESD died of concomitant disease. Thus,

it is quite difficult to compare survival between patients

with SM-GCs not treated by additional surgical resection

and those with SM-GCs treated by additional surgical

resection. In terms of disease-specific survival, there was

no statistically significant difference between any of our

groups. Statistical interpretation of our results, however, is

limited by the fact that our study included only a small

number of patients from one institution and the follow-up

period was not exceptionally long. In addition, the SM2-

GCs had been endoscopically diagnosed as indications for

ESD, resulting in a possible selection bias.

We have previously reported independent risk factors

for lymph node metastasis of submucosally invasive GCs

to include the following: width of submucosal invasion

Fig. 1 Kaplan–Meier analysis of overall survival in patients with

submucosal invasive gastric cancer (SM-GC) treated by endoscopic

submucosal dissection (ESD)

Fig. 2 Kaplan–Meier analysis of disease-specific survival of patients

with submucosal invasive gastric cancer (SM-GC) treated by endo-

scopic submucosal dissection (ESD). N.S. not significant

Table 6 Hazard ratios for overall and disease-specific survivals in each study group

Variable Overall survival Disease-specific

survival

No. of

deaths

Hazard

ratio

No. of

deaths

Hazard

ratio

SM1-GCs meeting the expanded criteria and followed up after ESD (n = 33) ? SM1-GCs not

meeting the expanded criteria and followed up after ESD (n = 7) ? SM-GCs treated by additional

surgical resection after ESD (n = 42)

5 1.00 1 1.00

SM2-GCs followed up after ESD (n = 17) 10 13.40 2 12.54
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greater than 6000 lm, lymphatic involvement, undiffer-

entiated type at the deepest invasive portion, depth of

submucosal invasion greater than 1000 lm, and tumor

diameter greater than 30 mm [32]. Although the limitations

of our present study make broad generalization of our

findings problematic, our data suggest that it may be pos-

sible to predict the absence of lymph node metastasis in

cases of submucosal invasive GCs by evaluating these five

risk factors in combination. Our present study involved 50

SM-GCs that satisfied these conditions. There was neither

lymph node metastasis nor metastasis to another organ in

any of these 50 cases.

In conclusion, our outcome data support the clinical

validity of ESD without additional surgical resection for

SM1-GCs of the differentiated type that are 30 mm or less

in diameter and without vessel involvement. Moreover, our

data suggest that it might be possible to expand the criteria

for curative ESD of SM-GCs. We recognize the need to

establish our findings in a larger patient population and by

prospective study.
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