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Clinical impact of a strategy involving endoscopic
submucosal dissection for early gastric cancer:
determining the optimal pathway
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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

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.
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Abbreviations

ER Endoscopic resection

EGC Early gastric cancer

EMR Endoscopic mucosal resection

ESD Endoscopic submucosal dissection

sm2 Submucosal deep invasion

sm1 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].

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.

Table 1 JGCA guideline criteria for endoscopic resection

Differentiated adenocarcinoma

Intramucosal cancer

B20 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 B30 mm in size with ulceration

Or submucosal superficial cancer (sm1) B30 mm in size

Resection margin

Tumor-free horizontal margin

Tumor-free vertical margin

NCC National Cancer Center
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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. 1).

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: C500 lm),

positive lymphatic and/or venous invasion, intramucosal

cancer more than 3 cm in size in the presence of ulceration,

submucosal superficial invasion (sm1:\500 lm) 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 v2 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,

including rates of potentially

avoidable surgery and non-

curative endoscopic resection

based on the histological results.

EGC Early gastric cancer, EMR
endoscopic mucosal resection,

ESD endoscopic submucosal

dissection, ER endoscopic

resection, LNM lymph node

metastasis, PHM positive or

difficult to estimate horizontal

margin
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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

(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,

sm1 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)

Table 5 Rates of non-curative endoscopic resection

EMR group

% (n = 417)

ESD group

% (n = 2,052)

P

Non-curative with possible

LNM

10.8 (45) 15.5 (319) \0.01

Non-curative with PHM only 26.1 (109) 1.4 (29) \0.001

Total 36.9 (154) 17.0 (348) \0.001

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

% (n = 417)

ESD group

% (n = 2,052)

P

sm2 cancer 8.9 (37) 7.5 (153) NS

Positive lymphatic and/or

venous invasion

5.3 (22) 5.4 (110) NS

Intramucosal cancer

[30 mm in size with

ulceration

0 (0) 1.7 (34) \0.004

sm1 cancer [30 mm in size 0 (0) 2.3 (48) \0.0003

Predominantly

undifferentiated type

1.4 (6) 3.8 (79) \0.01

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, sm1 submucosal superfi-

cial invasion, NS not significant

Table 3 Non-curative endoscopic resection

Non-curative with possible risk of lymph node metastasis

Submucosal deep invasion (sm2)

Positive lymphatic and/or venous invasion

Intramucosal cancer [30 mm in size with ulceration

Submucosal superficial invasion (sm1) [30 mm in size

Predominantly undifferentiated type adenocarcinoma

Positive vertical margin

Non-curative with positive or difficult to estimate horizontal

margins only

Table 4 Rates of potentially avoidable surgery

EMR period

(1990–1999)

ESD period

(2000–2005)

P

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
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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.

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 B30 mm

in size with ulceration, and 16 sm1 cancers B30 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.

Acknowledgments We thank Dr. Sunil Dolwani and Dr. Marcus

Chin for their writing assistance.

Conflict of interest None.

References

1. Tada M, Shimada M, Murakamai F, Mizumachi M, Arima K,

Yanai H. Development of strip-off biopsy (in Japanese with

English abstract). Gastroenterol Endosc. 1984;26:833–9.

2. Tada M, Murakami A, Karita M, Yanai H, Okita K. Endo-

scopic resection of early gastric cancer. Endoscopy. 1993;25:

445–50.

3. Hirao M, Masuda K, Asanuma T, Naka H, Noda K, Matsuura K,

et al. Endoscopic resection of early gastric cancer and other

tumors with local injection of hypertonic saline–epinephrine.

Gastrointest Endosc. 1988;34:264–9.

4. Inoue H, Takeshita K, Hori H, Muraoka Y, Yoneshima H, Endo

M. Endoscopic mucosal resection with a cap-fitted panendoscope

for esophagus, stomach, and colon mucosal lesions. Gastrointest

Endosc. 1993;39:58–62.

5. Akiyama M, Ota M, Nakajima H, Yamagata K, Munakata A.

Endoscopic mucosal resection of gastric neoplasms using a

ligating device. Gastrointest Endosc. 1997;45:182–6.

6. Tanabe S, Koizumi W, Kokutou M, Imaizumi H, Ishii K, Kida M,

et al. Usefulness of endoscopic aspiration mucosectomy as

compared with strip biopsy for the treatment of gastric mucosal

cancer. Gastrointest Endosc. 1999;50:819–22.

7. Rembacken BJ, Gotoda T, Fujii T, Axon AT. Endoscopic

mucosal resection. Endoscopy. 2001;33:709–18.

8. Soetikno R, Kaltenbach T, Yeh R, Gotoda T. Endoscopic

mucosal resection for early cancers of the upper gastrointestinal

tract. J Clin Oncol. 2005;23:4490–8.

9. Korenaga D, Haraguchi M, Tsujitani S, Okamura T, Tamada R,

Sugimachi K. Clinicopathological features of mucosal carcinoma

of the stomach with lymph node metastasis in eleven patients. Br

J Surg. 1986;73:431–3.

10. Ell C, May A, Gossner L, Pech O, Gunter E, Mayer G, et al.

Endoscopic mucosal resection of early cancer and high-grade

dysplasia in Barrett’s esophagus. Gastroenterology. 2000;118:

670–7.

11. Tanabe S, Koizumi W, Mitomi H, Nakai H, Murakami S, Nagaba

S, et al. Clinical outcome of endoscopic aspiration mucosectomy

for early stage gastric cancer. Gastrointest Endosc. 2002;56:

708–13.

12. Eguchi T, Gotoda T, Oda I, Hamanaka H, Hasuike N, Saito D. Is

endoscopic one-piece mucosal resection essential for early gastric

cancer? Dig Endosc. 2003;15:113–6.

13. Tanabe S, Koizumi W, Higuchi K, Sasaki T, Nakatani K, Han-

aoka N, et al. Clinical outcomes of endoscopic oblique aspiration

mucosectomy for superficial esophageal cancer. Gastrointest

Endosc. 2008;67:814–20.

14. Gotoda T, Kondo H, Ono H, Saito Y, Yamaguchi H, Saito D,

et al. A new endoscopic mucosal resection procedure using an

insulation-tipped electrosurgical knife for rectal flat lesions:

report of two cases. Gastrointest Endosc. 1999;50:560–3.

15. Yamamoto H, Yube T, Isoda N, Sato Y, Sekine Y, Higashizawa

T, et al. A novel method of endoscopic mucosal resection using

sodium hyaluronate. Gastrointest Endosc. 1999;50:251–6.

ESD reduces avoidable surgery 61

123



16. Ono H, Kondo H, Gotoda T, Shirao K, Yamaguchi H, Saito D,

et al. Endoscopic mucosal resection for treatment of early gastric

cancer. Gut. 2001;48:225–9.

17. Oyama T, Kikuchi Y. Aggressive endoscopic mucosal resection

in the upper GI tract––Hook knife EMR method. Min Invas Ther

Allied Technol. 2002;11:291–5.

18. Yahagi N, Fujishiro M, Kakushima N, Kobayashi K, Hashimoto

T, Oka M. Endoscopic submucosal dissection for early gastric

cancer using the tip of an electrosurgical snare (thin type). Dig

Endosc. 2004;16:34–8.

19. Gotoda T. A large endoscopic resection by endoscopic submu-

cosal dissection procedure for early gastric cancer. Clin Gastro-

enterol Hepatol. 2005;3:S71–3.

20. Ono H, Hasuike N, Inui T, Takizawa K, Ikehara H, Yamaguchi

Y, et al. Usefulness of a novel electrosurgical knife, the insula-

tion-tipped diathermic knife-2, for endoscopic submucosal dis-

section of early gastric cancer. Gastric Cancer. 2008;11:47–52.

21. Oda I, Gotoda T, Hamanaka H, Eguchi T, Saito Y, Matsuda T,

et al. Endoscopic submucosal dissection for early gastric cancer:

technical feasibility, operation time and complications from a

large consecutive series. Dig Endosc. 2005;17:54–8.

22. Oda I, Saito D, Tada M, Iishi H, Tanabe S, Oyama T, et al. A

multicenter retrospective study of endoscopic resection for early

gastric cancer. Gastric Cancer. 2006;9:262–70.

23. Oka S, Tanaka S, Kaneko I, Mouri R, Hirata M, Kawamura T,

et al. Advantage of endoscopic submucosal dissection compared

with EMR for early gastric cancer. Gastrointest Endosc.

2006;64:877–83.

24. Japanese Gastric Cancer Association. Gastric cancer treatment

guideline (in Japanese). 2nd ed. Tokyo: Kanehara-Shuppan;

2004.

25. Gotoda T, Yanagisawa A, Sasako M, Ono H, Nakanishi Y, Shi-

moda T, et al. Incidence of lymph node metastasis from early

gastric cancer: estimation with a large number of cases at two

large centers. Gastric Cancer. 2000;3:219–25.

26. Sano T, Okuyama Y, Kobori O, Shimizu T, Morioka Y. Early

gastric cancer. Endoscopic diagnosis of depth of invasion. Dig

Dis Sci. 1990;35:1340–4.

27. Ono H, Yoshida S. Endoscopic diagnosis of the depth of cancer

invasion for gastric cancer. Stomach Intest (in Japanese with

English abstract). 2001;36:334–40.

28. Yin JX, Oda I, Suzuki H, Gotoda T, Shimoda T, Saito D.

Endoscopic diagnosis of gastric cancer invasion depth. Nippon

Shokakibyo Gakkai Zasshi (in Japanese with English abstract).

2009;106:1603–9.

29. Korenaga D, Orita H, Maekawa S, Maruoka A, Sakai K, Ikeda T,

et al. Pathological appearance of the stomach after endoscopic

mucosal resection for early gastric cancer. Br J Surg. 1997;84:

1563–6.

30. Nagano H, Ohyama S, Fukunaga T, Seto Y, Fujisaki J, Yamag-

uchi T, et al. Indications for gastrectomy after incomplete EMR

for early gastric cancer. Gastric Cancer. 2005;8:149–54.

31. Oda I, Gotoda T, Sasako M, Sano T, Katai H, Fukagawa T, et al.

Treatment strategy after non-curative endoscopic resection of

early gastric cancer. Br J Surg. 2008;95:1495–500.

32. Nakayoshi T, Tajiri H, Matsuda K, Kaise M, Ikegami M, Sasaki

H. Magnifying endoscopy combined with narrow band imaging

system for early gastric cancer: correlation of vascular pattern

with histopathology (including video). Endoscopy. 2004;36:

1080–4.

33. Uedo N, Iishi H, Tatsuta M, Yamada T, Ogiyama H, Imanaka K,

et al. A novel videoendoscopy system by using autofluorescence

and reflectance imaging for diagnosis of esophagogastric cancers.

Gastrointest Endosc. 2005;62:521–8.

34. Yanai H, Matsumoto Y, Harada T, Nishiaki M, Tokiyama H,

Shigemitsu T, et al. Endoscopic ultrasonography and endoscopy

for staging depth of invasion in early gastric cancer: a pilot study.

Gastrointest Endosc. 1997;46:212–6.

35. Yanai H, Noguchi T, Mizumachi S, Tokiyama H, Nakamura H,

Tada M, et al. A blind comparison of the effectiveness of

endoscopic ultrasonography and endoscopy in staging early

gastric cancer. Gut. 1999;44:361–5.

36. Seto Y, Shimoyama S, Kitayama J, Mafune K, Kaminishi M,

Aikou T, et al. Lymph node metastasis and preoperative diagnosis

of depth of invasion in early gastric cancer. Gastric Cancer.

2001;4:34–8.

37. Watanabe K, Ogata S, Kawazoe S, Koyama T, Kajiwara T,

Shimoda Y, et al. Clinical outcomes of EMR for gastric tumors:

historical pilot evaluation between endoscopic submucosal dis-

section and conventional mucosal resection. Gastrointest Endosc.

2006;63:776–82.

62 S. Nonaka et al.

123


	Clinical impact of a strategy involving endoscopic submucosal dissection for early gastric cancer: determining the optimal pathway
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Results
	Potentially avoidable surgery
	Non-curative ER with possible risk of lymph node metastasis and positive or difficult to estimate horizontal margins only
	Complications

	Discussion
	Limitations

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


