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Abstract

Objective The indications for endoscopic submucosal

dissection (ESD) in patients with early gastric cancer

(EGC) have been expanded. However, the long-term out-

comes of ESD remain unclear. We retrospectively inves-

tigated the long-term outcomes of ESD in patients with

EGC.

Methods We retrospectively studied patients with EGC

who underwent ESD at 11 institutions between January

2003 and December 2010. A total of 6456 patients (7979

lesions) who met the absolute indications for ESD and

4202 patients (5781 lesions) who met the expanded indi-

cations for ESD were studied. Clinicopathological features,

clinical course, and outcomes were studied in 67 patients in

whom local recurrence or metastatic recurrence was diag-

nosed as of March 31, 2014. The median follow-up period

was 56 months.

Results Local recurrence was diagnosed in 14 patients

(0.22%) who met the absolute indications and 53 patients

(1.26%) who met the expanded indications. The rate of

local recurrence was significantly higher in patients with

expanded-indication lesions (p\ 0.05). As additional

treatment for recurrence, most patients received endoscopic

treatment. Metastatic recurrence did not develop in any

patient with absolute-indication lesions, but was diagnosed

in 6 patients (0.14%) with expanded-indication lesions
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(p\ 0.05). The histological type was undifferentiated

mixed type in half the patients. Three patients died of

primary gastric cancer.

Conclusions ESD for expanded-indication lesions of EGC

is considered an effective therapy associated with an

extremely low rate of metastatic recurrence on long-term

follow-up. However, fully informed consent concerning the

risk of metastatic recurrence should be obtained before

ESD, and close postoperative follow-up is essential.

Keywords Early gastric cancer � Absolute-indication
lesions � Expanded-indication lesions � ESD � Outcomes

Introduction

More than 10 years have elapsed since the development of

endoscopic dissection (ESD). Improvements in instruments

and devices and progress in techniques have led to the

rapid dissemination of ESD in clinical practice. ESD has

enabled the en bloc resection of lesions that previously had

to be resected in a piecemeal fashion by conventional

endoscopic mucosal resection (EMR) [1]. One of the most

important features of ESD is that accurate pathological

evaluation is possible.

Clinical expansion of the indications for ESD has been

attempted on the basis of the findings of Gotoda et al. [2].

However, the long-term outcomes of lesions meeting the

expanded indications for ESD remain unclear [3, 4]. In the

present multicenter collaborative study, we retrospectively

evaluated the long-term outcomes of lesions that met the

absolute indications (absolute-indication lesions) or the

expanded indications (expanded-indication lesions) for

ESD in patients with early gastric cancer (EGC). The study

protocol and analysis were approved by the ethics com-

mittees of each participating hospital.

Subjects

Among patients with EGC (absolute-indication lesions or

expanded-indication lesions) who underwent ESD from Jan-

uary 2003 through December 2010, we studied patients who

had local recurrence or metastatic recurrence as of March 31,

2014 (i.e., patients who were followed up for at least 3 years).

Methods

The study protocol was prepared, and the co-investigators

requested the ethics committee in each hospital to review

the study protocol. The study protocol was approved by all

hospitals. Satoshi Tanabe was the chief investigator, and

Kenji Ishido was in charge of the study secretariat office,

which sent the patient case report forms to the co-investi-

gators. The responsible co-investigator at each participat-

ing hospital completed the case report forms and sent them

to the study secretariat office, which then compiled and

analyzed the study data. Statistical analysis was performed

with chi-square tests, and P values of less than 0.05 were

considered to indicate statistical significance.

Study variables

The following variables were studied: age at the time of

treatment, sex, concurrent underlying diseases, conditions

defining indications (absolute-indication lesion or expan-

ded-indication lesion), macroscopic type, presence or

absence of ulcer, tumor location, preoperative invasion

depth (mucosa, M or submucosa, SM), pathological inva-

sion depth (mucosa, M or first layer of the submucosa,

SM1), greatest tumor diameter, main histological type,

undifferentiated mixed-type cancer (differentiated-type-

predominant or undifferentiated-type-predominant), lym-

phovascular invasion (lymph nodes, ly or blood vessels, v),

resection margins (horizontal margin, HM and vertical

margin, VM), additional treatment after ESD, date of

confirming local residual tumor or recurrence, treatment for

local residual tumor or recurrence, presence or absence of

metastatic recurrence, treatment for metastatic recurrence,

outcomes, and the cause of death (death from gastric

cancer, death from other diseases). Lymphatic involvement

was evaluated by D2-40 immunostaining.

Criteria defining absolute-indication lesions and expan-

ded-indication lesions according to the Japanese Gastric

Cancer Association (JGCA) state absolute-indication crite-

ria for the endoscopic treatment of differentiated mucosal

cancer include tumors less than 2 cm in diameter, without

ulceration [5]. On the other hand, the expanded-indication

criteria proposed byGotoda et al. [2] recommend endoscopic

resection for the management of differentiated mucosal

cancer regardless of size in the absence of ulceration or

tumors less than 3 cm in diameter in the presence of ulcer-

ation. In addition, we included lesions with minute submu-

cosal invasion (SM1: invasion depth 500 lm below the

muscularis mucosae) that were less than 30 mm in diameter.

Results

Subjects (Table 1)

The study group comprised patients with EGC who

underwent ESD in the 11 participating hospitals from

January 2003 through December 2010. A total of 6456
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patients with 7979 absolute-indication lesions and 4202

patients with 5781 expanded-indication lesions were stud-

ied. The median follow-up was 56 months (range,

39–76 months). The overall capture rate was 76.0%. Out-

comes were confirmed by telephone or letter in about 50%

of patients with each type of lesion.

Local recurrence rates (Table 1)

Local recurrence occurred in 14 patients (0.22%) with

absolute-indication lesions and 53 patients (1.26%) with

expanded-indication lesions. The rate of local recurrence

was significantly higher in patients with expanded-indica-

tion lesions (p\ 0.05).

Clinicopathological features of local recurrence

(Table 2)

The sites of local residual tumor or recurrence were

approximately equally distributed in the upper, middle, and

lower thirds of the stomach for both absolute-indication

lesions and expanded-indication lesions. Macroscopically,

the majority of absolute-indication lesions and expanded-

indication lesions were flat or depressed. The median tumor

diameter was significantly greater for expanded-indication

lesions (30 mm) than for absolute-indication lesions

(7 mm). The depth of tumor invasion was intramucosal

(M) in 49 of the 53 patients with expanded-indication

lesions. The histological type was undifferentiated mixed-

type cancer in 1 (7%) of the 14 patients with local recur-

rence of absolute-indication lesions and 9 (17%) of the 53

patients with local recurrence of expanded-indication

lesions (differentiated-type predominant in 7 patients and

undifferentiated-type predominant in 2 patients). The hor-

izontal margin was positive in 7 (50%) patients with

absolute-indication lesions and 30 (57%) patients with

expanded-indication lesions. The vertical margin was

positive in no patient with absolute-indication lesions and

in 1 patient with expanded-indication lesions. The vertical

margin could not be evaluated in 5 patients because of heat

denaturation. The median time to the development of local

recurrence was significantly shorter in patients with

expanded-indication lesions (8 months) than in those with

absolute-indication lesions (15 months).

Courses and outcomes of patients with local

recurrence

Absolute-indication lesions (Fig. 1)

Additional treatment for the 14 patients who had local

recurrence of absolute-indication lesions comprised endo-

scopic treatment in 12 patients and surgery in 1 patient.

The other patient was followed up with no further treat-

ment because of advanced age. The endoscopic treatment

procedure was ESD in 11 patients and argon plasma

coagulation (APC) in 1. At the time of this writing, all

these patients are still alive with no subsequent recurrence.

The patient who was followed up without additional

treatment died of another disease.

Expanded-indication lesions (Fig. 2)

The clinical courses of the 53 patients who had local

recurrence of expanded-indication lesions are shown in

Table 1 Patient registration and analysis

Absolute indication Expanded indication

No. of patients 6456 4202

No. of lesions 7979 5781

Local recurrence 14 (0.22%)* 53 (1.26%)*

Metastatic recurrence 0 (0%)* 6 (0.14%)*

* p\ 0.05 (v2 analysis)

Table 2 Clinicopathological

features of local recurrence in

patients with absolute- and

expanded-indication lesions

No. of patients 14 (absolute) 53 (expanded) p

Location: upper third/middle third/lower third 4/6/4 14/18/21 0.73

Macroscopic type: elevated/flat/depressed 5/2/7 20/3/30 0.54

Median tumor size (range) 7 mm (5–20) 30 mm (10–95) 0.00

Tumor depth, M/SM1 14/0 49/4 0.28

Types of histology

Diff/mixed (diff[ un)/mixed(un[ diff)/un 13/1/0/0 44/7/2/0 0.60

Horizontal margin, positive/negative/ne 7/5/2 30/13/10 0.69

Vertical margin, positive/negative/ne 0/14/0 1/47/5 0.41

Curability, curative/noncurative 5/9 13/40 0.40

Median time to local recurrence (range) 15 months (2–84) 8 months (1–87) 0.03

diff differentiated, mixed differentiated and undifferentiated, un undifferentiated, ne not evaluated
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Fig. 2. Additional treatment for local recurrence comprised

endoscopic treatment in 46 patients, surgery in 5 patients,

and chemotherapy in 1 patient who had local as well as

metastatic recurrence. Only 1 patient was followed up with

no further treatment. The procedure used in the 46 patients

who received endoscopic treatment was EMR in 1 patient,

ESD in 41 patients, APC in 2 patients, photodynamic

therapy (PDT) in 1 patient, and coagulation with a ‘‘hot

biopsy’’ forceps in 1 patient. ESD was thus performed in

nearly 90% of the patients who received additional endo-

scopic treatment. Table 3 summarizes the characteristics of

the 5 patients who underwent surgery for local recurrence

of expanded-indication lesions. Three patients had

differentiated-type mucosal cancer exceeding 3 cm in

diameter, 1 patient had differentiated-type mucosal cancer

measuring 3 cm or less in diameter and accompanied by an

ulcer, and 1 patient had differentiated-type SM1 cancer

measuring less than 3 cm in diameter. Three of the 5

patients had undifferentiated mixed-type cancer. All

patients who underwent surgical resection are alive. All 6

patients who died after endoscopic treatment died of other

diseases.

Clinicopathological characteristics of patients

with metastatic recurrence

Metastatic recurrence occurred in six patients (0.14%) with

expanded-indication lesions and in no patient with abso-

lute-indication lesions (p\ 0.005) (Table 1). The charac-

teristics of the six patients with metastatic recurrence are

summarized in Table 4. Age range was 57 to 77 years, and

five of the patients were men. The depth of invasion was

intramucosal in three patients and SM1 in the three other

patients. The tumor diameter was less than about 20 mm,

except for one patient with a tumor diameter of 55 mm.

The histological type was differentiated-type-predominant,

undifferentiated mixed-type cancer in half the patients. All

lateral and vertical resection margins were tumor negative,

and resection was evaluated to be curative in all patients.

Only one patient had local recurrence accompanied by

metastatic recurrence. The time to metastatic recurrence

ranged from 16 to 87 months (median, 50 months) and was

50 months or longer in four patients. The site of metastatic

Local 
recurrence

14 cases

Endoscopic 
treatment
12 cases

ESD
11 cases Alive

12 cases

APC ablation
1 case

Surgery
1 case

Alive
1 case

Follow-up
(advanced 

age)
1 case

Died of other 
disease
1 case

APC: argon plasma coagula�on

Fig. 1 Clinical course of local recurrence in patients with absolute-

indication lesions (n = 14). ESD endoscopic submucosal dissection,

APC argon plasma coagulation

Local 
recurrence

53 cases

Endoscopic 
treatment
46 cases

ESD 41 cases

Alive
38 cases

EMR 1 case

APC ablation 2 cases

Died of other 
disease
6 cases

Others 2 cases
(PDT 1 case, HOT 1 

case)

Alive 
2 cases

Surgery
5 cases

Alive
5 cases

Chemotherapy
1 case

Died of 
gastric cancer

1 case

Follow-up
1 case

Alive
1 case

PDT: photodynamic therapy
HOT: hot biopy

APC: argon plasma coagula�on

Fig. 2 Clinical course of local

recurrence in patients with

expanded-indication lesions

(n = 53). EMR endoscopic

mucosal resection, APC argon

plasma coagulation, PDT

photodynamic therapy, HOT hot

biopsy
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recurrence was lymph nodes in five patients and the lung in

one. As additional treatment, two patients underwent sur-

gery and three received chemotherapy. The remaining

patient was followed up with no further treatment. At the

time of this writing, three of the six patients are still alive,

and three have died of gastric cancer.

Discussion

The advent of ESD has led to substantial progress in

endoscopic treatment for EGC. The indication range of

ESD is now being broadened from absolute-indication

lesions to include expanded-indication lesions. The long-

term outcomes of ESD in patients with absolute-indication

lesions have been reported to be equivalent to those of

curative surgery [6]. However, a consensus has yet to be

reached concerning the long-term outcomes of ESD in

patients with expanded-indication lesions [3, 4, 7]. In

clinical practice, treatment is performed after patients are

informed that the indication range of ESD is currently

being expanded on a clinical research basis.

Local recurrence and metastatic recurrence have dif-

ferent underlying mechanisms. Local recurrence can occur

when curative (R0) resection is not achieved at lateral or

deep margins. In contrast, metastatic recurrence is associ-

ated with the presence of risk factors such as submucosal

microinvasion and lymphovascular invasion even after R0

resection. The rate of locoregional recurrence has been

reported to range from 1.9% to 6.6% for conventional

EMR [8–11], as compared with only 0.2% to 3.7% for ESD

with en bloc resection [12–14]. In our previous single-

center retrospective study [12], the rate of local recurrence

of absolute-indication lesions was significantly lower in

patients who underwent ESD (0%) than in those who

underwent EMR (2.9%). In patients with expanded-indi-

cation lesions, the rate of local recurrence was also sig-

nificantly lower for ESD (0.6%) than for EMR (12.5%).

These findings showed that the local recurrence rate of

expanded-indication lesions was particularly high after

EMR and clearly demonstrated the value of en bloc

resection by ESD.

In the present multicenter collaborative study, we ana-

lyzed local recurrence and metastatic recurrence in a series

of more than 10,000 patients with EGC who underwent

ESD. The local recurrence rate was significantly higher for

expanded-indication lesions than for absolute-indication

lesions.

As for the clinicopathological characteristics associ-

ated with local recurrence of expanded-indication lesions,

the most common macroscopic type of tumor was flat or

depressed type, which was present in 75.5% of the

patients who underwent noncurative resection. Several

groups of investigators have reported that incomplete

resection and tumor-positive horizontal resection margins

are risk factors for local recurrence [13–16]. Imagawa

et al. [17] reported that tumor location (upper third of the

stomach) and size (C2 cm) are technical factors related to

incomplete resection. Takenaka et al. [13] also proposed

that tumor location in the upper part of the stomach and a

tumor diameter C30 mm are risk factors for local recur-

rence. Kakushima et al. [18] reported that a tumor

diameter C30 mm, recurrent lesions, submucosal inva-

sion, and undifferentiated cancer are risk factors for a

positive horizontal resection margin. In our study, the

median tumor diameter in patients who had local recur-

rence of expanded-indication lesions was 30 mm. Han

et al. [19] studied the relationship between histological

type and local recurrence and found that the local recur-

rence rate was significantly higher in patients with his-

tologically mixed-type cancer (19.8%) than in those with

differentiated-type cancer (1.7%) or undifferentiated-type

cancer (9.8%). Their analysis indicated that histologically

mixed-type cancer is associated with a higher rate of

incomplete resection. Because 9 patients with local

recurrence of expanded-indication lesions in our series

had undifferentiated mixed-type cancer, preoperative

diagnosis might have been challenging. A recent study

Table 3 Characteristics of patients with local recurrence of expanded-indication lesions who underwent additional surgery

Age Sex Macroscopic

type

Ulcer Depth Tumor size Histology HM VM Curability Time to

recurrence

(months)

Outcome

1 74 M 0-IIc ? M 30 tub2[por-sig – – Curative 33 Alive

2 51 F 0-IIc – M 45 tub1[tub2[por,

sig

? – Non-curative 1 Alive

3 70 F 0-IIa – M 50 tub1[tub2 ? – Non-curative 16 Alive

4 49 M 0-IIa?IIc – M 50 tub2[por ne – Non-curative 12 Alive

5 80 M 0-IIc ? SM1 9 tub1 ? – Non-curative 4 Alive

Tub1 well differentiated adenocarcinoma, Tub2 moderately differentiated adenocarcinoma, ne not evaluated, por poorly differentiated adeno-

carcinoma, sig signet ring cell carcinoma

Long-term outcomes of endoscopic submucosal dissection for early gastric cancer: a… S49
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has reported the usefulness of image-enhanced endoscopy

and magnifying endoscopy [20]. However, these endo-

scopic techniques have their limitations in patients with

undifferentiated mixed-type cancer [21], and other mea-

sures, including preoperative biopsy of the surrounding

region, are most likely required for an accurate diagnosis.

Sekiguchi et al. [22] studied local recurrence in patients

with tumor-positive horizontal margins and reported that

a positive horizontal margin of 6 mm or longer is an

independent risk factor for local recurrence. How to treat

patients with positive horizontal margins remains a matter

of debate. Various treatments are currently used on a

patient-specific and hospital-specific basis.

Endoscopic treatment was used to manage local recur-

rence in 12 (86%) of 14 patients with absolute-indication

lesions, 11 of whom underwent ESD, and in 46 (87%) of

53 patients with expanded-indication lesions, 41 of whom

underwent ESD. ESD has been reported to be useful for the

treatment of local recurrence [23], but it is associated with

the development of fibrous scar tissue, a high level of

technical difficulty, and a high risk of perforation. These

problems should be addressed in future studies.

Metastatic recurrence was not found in any patient with

absolute-indication lesions but developed in six patients

with expanded-indication lesions (0.14%). This difference

was statistically significant. Several previous studies have

evaluated outcomes in patients with expanded-indication

lesions and found no difference in outcomes between

expanded-indication lesions and absolute-indication

lesions [3, 4, 7]. All these studies were conducted in a

single center and had a relatively small sample size. In our

study, only a very few patients had metastatic recurrence.

We believe that patients with expanded-indication lesions

should be followed up according to a stricter protocol than

patients with absolute-indication lesions.

The theoretical basis for expanding the indication range

of ESD is as follows. In the National Cancer Center

Hospital, the 5-year survival rate after surgical resection of

EGC is 99% in patients with mucosal cancer and 96% in

those with submucosal cancer, excluding deaths from other

diseases.

Therefore, if the rate of metastasis after ESD was 1% or

less for mucosal cancer and 4% or less for submucosal

cancer, the outcomes of ESD were hypothesized to be

equivalent to those of surgical resection. On the basis of this

theoretical calculation, the rate of metastatic recurrence in

our study was within expectation. As for the risk of surgery,

Kikuchi et al. [24] reported that 3 (0.35%) of 851 patients

with EGC died of surgery-related causes. Surgery is

therefore associated with a certain risk. Given that all

confirmed cases of metastatic recurrence in our study

developed in patients who were evaluated to have under-

gone curative resection, the risk of metastatic recurrenceT
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after endoscopic treatment for expanded-indication lesions

should be thoroughly explained to patients and informed

consent should be obtained preoperatively, even though the

risk is less than 1%. To our knowledge, this is the first

multicenter study to evaluate the risk of metastatic recur-

rence after ESD in such a large series of patients with EGC.

We therefore consider our results valuable.

As for ESD for expanded-indication lesions of early

gastric cancer, ulceration and submucosal invasion have

been reported to be risk factors for metastatic recurrence

[2]. Undifferentiated mixed-type cancer has been repor-

ted to be associated with higher biological malignancy

than pure differentiated-type cancer, potentially leading

to high rates of lymphatic invasion and lymph node

metastasis [25]. Takizawa et al. [26] studied intramu-

cosal gastric cancer in patients who underwent surgery

and reported that 13.2% of patients had mixed predom-

inantly differentiated cancer (MD) and 10.2% had mixed

predominantly undifferentiated cancer (MU). The rate of

lymph node metastasis was high in patients with MU

(24%). In contrast, none of the patients with MD had

lymph node metastasis. In our study, three of the six

patients with metastatic recurrence had undifferentiated

mixed-type gastric cancer. The management of such

cases, including preoperative diagnosis, is an issue for

future studies.

Our study had several important limitations. It had a

retrospective design and mainly evaluated patients who had

recurrence. There was no matching between patients with

absolute-indication lesions and those with expanded-indi-

cation lesions, and the ESD technique and follow-up pro-

tocol were not standardized. The results of a prospective

clinical study by the Japan Clinical Oncology Group

(JCOG0607 study) [27] are awaited.

In conclusion, metastatic recurrence was not observed

in any patient with absolute-indication lesions but did

develop in a very small number of patients with

expanded-indication lesions. These results are considered

equivalent to those of surgical therapy. ESD for expan-

ded-indication lesions of early gastric cancer is associ-

ated with an extremely low rate of metastatic recurrence

on long-term follow-up and is thus considered an

appropriate treatment. However, fully informed consent

about the risk of metastatic recurrence should be

obtained before ESD, and close postoperative follow-up

is essential.
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