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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

S. Nonaka - I. Oda (X)) - T. Nakaya - C. Kusano - H. Suzuki -
S. Yoshinaga - T. Gotoda

Endoscopy Division, National Cancer Center Hospital,

5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045, Japan

e-mail: ioda@ncc.go.jp

C. Kusano - T. Gotoda
Gastroenterology and Hepatology, National Center
for Global Health and Medicine, Tokyo, Japan

T. Fukagawa - H. Katai

Gastric Surgery Division, National Cancer Center Hospital,
Tokyo, Japan

@ Springer

defined as having ‘positive or difficult to estimate hori-
zontal margins only’ decreased significantly, from 26.1%
(109/417) in the EMR group to 1.4% (29/2,052) in the ESD
group (P < 0.001). Conversely, the rate of non-curative ER
for lesions defined as having ‘possible lymph node
metastasis’ significantly increased in the ESD group
(15.5%; 319/2,052) compared to that in the EMR group
(10.8%; 45/417) (P < 0.01).

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

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

Abbreviations

ER Endoscopic resection

EGC  Early gastric cancer

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

sml Submucosal superficial invasion
Introduction

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

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

Table 1 JGCA guideline criteria for endoscopic resection

Differentiated adenocarcinoma
Intramucosal cancer

<20 mm in size without ulceration

JGCA Japanese Gastric Cancer Association

Table 2 NCC expanded histopathological criteria for curative
endoscopic resection

Early gastric cancer with negligible risk of lymph node metastasis
Differentiated adenocarcinoma
No lymphatic or venous invasion
Intramucosal cancer regardless of tumor size without ulceration
Or intramucosal cancer <30 mm in size with ulceration
Or submucosal superficial cancer (sm1) <30 mm in size
Resection margin
Tumor-free horizontal margin

Tumor-free vertical margin

NCC National Cancer Center

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

Patients and methods

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

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

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

Fig. 1 Outline of the study, <Surgery>
including rates of potentially

avoidable surgery and non- 2785

curative endoscopic resection EGC

based on the histological results.

EGC Early gastric cancer, EMR

endoscopic mucosal resection,

ESD endoscopic submucosal

dissection, ER endoscopic 1369 1416
resection, LNM lymph node EMR period ESD peri
metastasis, PHM positive or (1990-1999)  (2000-20

difficult to estimate horizontal

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

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

<Endoscopic Resection>

3102
EGC

Exclusion:
* 248 ESD (1990-1999)
* 90 EMR (2000-2005)
—> « 191 Palliative ER
(150 by ESD/41 by EMR)
» 104 Residual/Recurrent ER
(100 by ESD/4 by EMR)

od
05)

margin l l 24*69
‘ Potentially Avoidable Surgery ‘ /\
52 3
417 2052
(3.8%) (0.2%) EMR group  ESD group

*Possible risk of LNM

*PHM only
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Table 3 Non-curative endoscopic resection Table 5 Rates of non-curative endoscopic resection

Non-curative with possible risk of lymph node metastasis EMR group ESD group P
Submucosal deep invasion (sm2) % (n=417) % (n = 2,052)
Positive lymphatic and/or venous invasion Non-curative with possible  10.8 (45) 15.5 (319) <0.01
Intramucosal cancer >30 mm in size with ulceration LNM
Submucosal superficial invasion (sm1) >30 mm in size Non-curative with PHM only 26.1 (109) 1.4 (29) <0.001
Predominantly undifferentiated type adenocarcinoma Total 36.9 (154) 17.0 (348) <0.001

Positive vertical margin

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

Table 4 Rates of potentially avoidable surgery

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

EMR endoscopic mucosal resection, ESD endoscopic submucosal
dissection

Results
Potentially avoidable surgery

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

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

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

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

Table 6 Causes of non-curative endoscopic resection

EMR group ESD group P
% (n = 417) % (n = 2,052)
sm2 cancer 8.9 (37) 7.5 (153) NS
Positive lymphatic and/or 5.3 (22) 5.4 (110) NS
venous invasion
Intramucosal cancer 0 (0) 1.7 (34) <0.004
>30 mm in size with
ulceration
sml cancer >30 mm in size 0 (0) 2.3 (48) <0.0003
Predominantly 1.4 (6) 3.8 (79) <0.01
undifferentiated type
Positive vertical margin 4.6 (19) 2.2 (46) <0.007
Positive horizontal margin ~ 31.4 (131) 3.0 (62) <0.001

In some patients there was more than one cause

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

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

Complications

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

Discussion

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

The rate of potentially avoidable surgery was 3.8% (52/
1,369) during the EMR period and 0.2% (3/1,416) during
the ESD period (P < 0.001) (Table 4). We believe this
may be as a result of two factors, the technical progress of
ER and improved diagnostic accuracy. The progress of ER
with EMR, and now ESD, over the past two decades has
involved major breakthroughs in endoscopy and has rev-
olutionized the treatment of EGC. The advent of ESD has
enabled us to achieve a higher rate of en-bloc resection
in situations not possible before. These include remnant
stomachs, scarring from previous gastric ulceration, and
certain technically difficult locations. Despite the recent
development of new technology such as narrow band and
autofluorescence imaging [32, 33], there have been no
significant changes in our ability to diagnose the depth of
invasion of EGC [27, 28]. Other studies have reported that
the endoscopic staging of EGC is not always accurate and
is correct in only 80-90% of cases, even with endoscopic
ultrasonography [26, 34-36]. In our study, we found that
incorrect preoperative assessments such as endoscopic
overstaging leading to potentially avoidable surgery drop-
ped significantly with the use of ESD (Table 4), but we
believe that the increased use of ESD for enhanced diag-
nosis, rather than improvements in other diagnostic
modalities, resulted in this reduction.

@ Springer

For reference, the rate of surgery for lesions included
within the National Cancer Center expanded criteria was
4.7% (67/1,416) during the ESD period (data not shown).
These lesions consisted of 18 intramucosal cancers >20
mm without ulceration, 33 intramucosal cancers <30 mm
in size with ulceration, and 16 sml cancers <30 mm in
size. It is believed that surgery on some of these lesions
was potentially avoidable, but a direct comparison using
the guideline criteria of the Japanese Gastric Cancer
Association and the National Cancer Center expanded
criteria cannot be made because of differences between the
two sets of criteria.

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

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

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

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

Limitations

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

Conclusions

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

enhanced diagnostic information and consequently enables
more appropriate therapy.
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