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ABSTRACT

Background

The treatment of early gastric cancer (EGC) using endoscopy, namely endoscopic mucosal resection (EMR), has been adopted for
about 20 years, but the effectiveness and safety of the modality are still controversial. Furthermore, the quality of trials of this technique
has not been assessed systematically.

Objectives
The purpose of this review was to compare the effectiveness and safety of endoscopic mucosal resection with gastrectomy for the
treatment of early gastric cancer.

Search strategy

Searches were conducted on the Cochrane Central Register of Controlled Trials (CENTRAL) which includes the Cochrane Upper
Gastrointestinal and Pancreatic Diseases Group (UGPD) Trials Register (The Cochrane Library 2005, Issue 1), MEDLINE (1966 to
March 2005), EMBASE (1980 to March 2005), CINAHL (1985 to March 2005) and CBM (Chinese BioMedical Database 1982
to 2002). The searches of CENTRAL, MEDLINE and EMBASE were updated in February 2006. Reference lists from trials selected
by electronic searching were handsearched to identify further relevant trials. Published abstracts from conference proceedings from
the United European Gastroenterology Week (published in Gut) and Digestive Disease Week (published in Gastroenterology) were
handsearched. Members of the Cochrane UGPD Group, and experts in the field were contacted and asked to provide details of
outstanding clinical trials and any relevant unpublished materials.

Selection criteria
All randomised controlled trials of early gastric cancer patients involving a treatment arm of EMR and a comparison arm of gastrectomy
were to be included, but no RCTs were found.

Data collection and analysis
Three review authors (YP Wang, C Bennett and T Pan) independently assessed the eligibility of potential trials and extracted the data.

Main results
There were no randomised controlled trials identified for systematic review. Available evidence derived from non-randomised controlled
trials is discussed in the main text of this review.

Authors’ conclusions

There is a lack of randomised controlled trials in which endoscopic mucosal resection (EMR) is compared with gastrectomy for early
gastric cancer. There is, therefore, a need for well-designed randomised controlled trials to determine the effects of EMR compared to
gastrectomy.
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PLAIN LANGUAGE SUMMARY

Endoscopic mucosal resection for early stomach cancer

There is a lack of randomised controlled trials (RCTs) in which endoscopic mucosal resection (EMR) is compared with surgery for

early stomach cancer. There is a need for well-designed randomised controlled trials to determine the effects of EMR compared to

gastrectomy.

BACKGROUND

Stomach cancer is the fourth most common cancer worldwide.
In the UK, it is the fifth most common cancer for men and the
ninth most common cancer for women (Cancer Research UK). It
is the second most common cause of death from cancer worldwide.
Geographically, there are some high risk areas, such as China and
Japan, and lower rates of occurrence in North America, Australia
and New Zealand (Parkin 2002).

Early gastric cancer (EGC) was defined in 1962 by the Japanese
Research Society for Gastric Cancer as tumours with invasion lim-
ited to the mucosa or submucosa of the stomach irrespective of
lymph node involvement (Kojima 1998). Surgical gastrectomy was
the only method of treatment for EGC before endoscopic mucosal
resection (EMR) or endoscopic mucosectomy was introduced in
Japan (Hiki 1996). However, accumulated histopathological data
on surgical gastric cancer specimens have revealed that many early
gastric cancer patients did not have any metastatic lesions (Gotoda
2000; Tada 2000). That is, gastrectomy for resection of regional
lymph nodes is not always required and the option of treating EGC
using endoscopy, namely endoscopic mucosal resection (EMR),
can be considered when the probability of lymph node metastasis
is low.

The indications for EMR according to the Japanese Gastric Cancer
Association Guidelines include:

(1) a tumour with a low risk of lymph node metastasis;

(2) differentiated adenocarcinoma, intramucosal cancer;

(3) a tumour of less than 20 mm in size, regardless of macroscopic
type, and without ulcer findings (Japanese GCA 1998; Eguchi
2003).

EMR has the advantage of not only allowing the lesion to be ex-
amined histologically to reveal its extent and infiltration depth but
also the outcome of treatment can be evaluated on the basis of
macroscopic and histological findings. Therefore, EMR provides
significant benefits for an accurate final diagnosis and eradication
of submucosal lesions. The procedure is less invasive than surgi-
cal gastrectomy without sacrificing the possibility of a cure (Hiki
1996; Ono 2001). Because of this, EMR appears to be a good
therapeutic modality for EGC, especially in patients at high risk of
having severe complications or refusing surgery (Hamada 1996).
Endoscopic treatment has become increasingly popular in recent
years as an alternative to surgical treatment and with the hope of
offering superior quality of life for the patient. EMR is consid-

erably cheaper compared with conventional surgery (O’Mahony
2001). A low incidence of post-operative complaints and no se-
vere complications have been reported (Takeshita 1997a; Suzuki
1999). No deaths related to complications of EMR were registered
in a review of 1832 patients treated with EMR in Japan over 10
years (Kojima 1998). Due to technological advances in detection
methods, almost 10,000 cases of early gastric cancer are diagnosed
every year in Japan, corresponding to 40% to 50% of all gastric
cancers (Kojima 1998). The five-year survival rate of patients with
EGC in that country is about 90% after gastrectomy and com-
plete removal of primary and secondary lymph nodes (Ono 2001).
Five and 10-year survival rates of EMR are similar to conventional
surgery (Tada 2000). Thus, in differentiated gastric adenocarci-
noma with minimal submucosal invasion and not accompanied
by peptic ulcer or other risk factors, such as lymphatic invasion
EMR alone may have a curative potential, without the necessity
for further radical surgery (Kashimura 1999:Tada 2000). Because
of the excellent results of EMR, experts believe that early detec-
tion of cancerous lesions and their treatment using EMR is the
ideal goal of cancer treatment in people with cancers of the gas-
trointestinal tract (Ono 2001; Inoue 2002). EMR for mucosal
gastric carcinoma without lymph node metastasis is the currently
accepted curative procedure in Japan. Many other countries have
adopted EMR treatment for EGC, such as China, the Americas
and Western countries (Zhou 1995; Giovannini 1999; Llorens
2000; Wehrmann 2001; Ahmad 2002).

There are numerous techniques and many published studies eval-
uating EMR available (Zhou 1995; Kajiyama 1996; Takeshita
1997b; Giovannini 1999; Suzuki 1999; Kim 2000; Wehrmann
2001; Yoshikane 2001; Ahmad 2002). However, the quality of
these trials has not been assessed systematically even though the
technique of EMR has been in use for about 20 years.

OBJECTIVES

The purpose of this review was to compare the effectiveness and
the safety of EMR with gastrectomy for the treatment of EGC.
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CRITERIA FOR CONSIDERING
STUDIES FOR THIS REVIEW

Types of studies

We searched for all randomised and quasi-randomised controlled
trials of EGC patients involving a treatment arm of EMR and a
comparison arm of gastrectomy. Abstracts or unpublished articles
were included.

Types of participants

Participants included patients with EGC defined as tumours with
invasion limited to the intermucosa and submucosa, using the
Japan or Vienna Criteria (Schlemper 2000; Eguchi 2003), as these
types of lesions have a low risk of metastasis (Yamao 1996).

Types of intervention

Endoscopic mucosal resection (EMR) was compared with gastrec-
tomy (including partial, distal and total gastrectomy) in the treat-
ment of EGC.

TprS Of outcome measures

Primary outcome

* Five-year survival rate.

Secondary outcomes

* Recurrence.

* Metastasis after therapy.

* Failure cases of EMR (patients whose EGC is not resected by
EMR).

* Reports of complications, including bleeding, perforation and
death associated with EMR.

* Quality of life measures.

Cost assessments were not performed.

SEARCH METHODS FOR
IDENTIFICATION OF STUDIES

See: Cochrane Upper Gastrointestinal & Pancreatic Diseases
Group methods used in reviews.

Searches were conducted to identify all published and
unpublished randomised controlled trials. Articles published in
any language were included.

Trials were identified by searching the following electronic
databases: Cochrane Central Register of Controlled

Trials (CENTRAL) which includes the Cochrane Upper
Gastrointestinal and Pancreatic Diseases Group Trials Register
(The Cochrane Library 2005, Issue 1), MEDLINE (1966 to
March 2005), EMBASE (1980 to March 2005), CINAHL (1985
to March 2005) and CBM (Chinese BioMedical Database 1982
to 2002). The searches of CENTRAL, MEDLINE and EMBASE
were updated in February 2006. To identify randomised
controlled trials (RCT), the following search was combined with

the Cochrane highly sensitive search strategy phases, one two and
three as contained in the Reviewer’s Handbook (Higgins 2005).
MEDLINE search strategy

exp gastrectomy/

gastrectom$. tw.

(total adj3 gastrectom$).tw.

(subtotal adj3 gastrectom$).tw.

(partial$ adj3 gastrectom$).tw.

(distal adj3 gastrectom$).tw.

(radical$ adj3 gastrectoms$).tw.

(gastr$ adj10 resect$).tw

(stomach adj10 resect$).tw.

or/30-38

(endoscopic adj3 mucosal adj3 resection).tw.

(endoscop$ adj3 mucosectomy).tw.

or/40-41

39 and 42

Reference lists from trials identified by electronic searching
were handsearched to identify further relevant trials. Published
abstracts of conference proceedings from the United European
Gastroenterology Week and British Society of Gastroenterology
(published in Gut) and Digestive Disease Week (published

in Gastroenterology) were handsearched. The authors also
handsearched conference abstracts from the World Congress of
Gastroenterology, Digestive Disease Week of China and the
International Gastric Cancer Congress.

In addition, members of the Cochrane UGPD Group and
experts in the field were contacted and asked to provide details of
outstanding clinical trials and any relevant unpublished materials.

METHODS OF THE REVIEW

Study selection

All identified trials were reviewed to determine if they were
RCTs or quasi-RCTs. The review of eligibility was carried out
independently by three authors (YP Wang, C Bennett and T
Pan). There was no difference in opinion. Trials published only
in abstract form were included if full details of the protocol were
given. Duplicate publications were excluded.

Eligibility

Studies were assessed for eligibility by T Pan, checked by YP Wang
and independently assessed by C Bennett. No randomised trials
were found.

DESCRIPTION OF STUDIES

None of the forty-five potential RCTs was suitable for inclusion.
None of these excluded studies was an RCT, these trials being
largely retrospective reviews of therapy for EGC, either single
arm or controlled against other modalities of EMR or against
surgery. There were only four trials which directly compared EMR
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with surgery (Mizumoto 1992; Nishida 1993; Fukase 1994; Kim
2000). One further trial reviewed EMR and surgery cases ret-
rospectively but this was not a direct comparison as it reported
lymph node metastasis and mode of invasion in the EMR cases
and background factors and treatment results in the surgery cases
(Misumi 1991). All four of these were non-randomised trials and
were excluded.

METHODOLOGICAL QUALITY

There were no included studies.

RESULTS

There were no included studies.

DISCUSSION

Many studies of EMR have been published, particularly in the
Japanese literature. There are currently no randomised controlled
trials (RCTs) which evaluate the efficacy and safety of endoscopic
mucosal resection (EMR) for early gastric cancer (EGC), or which
compare EMR to gastrectomy for EGC. This discussion is, there-
fore, based on available evidence derived from reports of non-ran-
domised studies. It is difficult to draw conclusions from the data
obtained from non RCTs as selection bias in the series quoted will
be present.

Updated searches will be carried out on a regular basis. If RCTs
or potential RCTs become available they will be assessed and,
where appropriate, incorporated into an updated review. If further
details are required to assess the trials, for example method of
randomisation, the study investigators will be contacted to obtain
further details. A routine update of the review is due within two
years of publication.

Indications for endoscopic mucosal resection

Based on the Japanese classification of gastric carcinoma (Japanese
GCA 1998), the indications for endoscopic therapy are (Tada
2000) as follows.

1) Well-differentiated adenocarcinoma.

2) A tumour of size 20 mm or less in elevated types.
3) A tumour of size10 mm or less in depressed types.
4) Not associated with peptic ulcer.

5) Invasion limited to the mucosa.

The incidence of lymph node metastasis from intramucosal EGCs
fulfilling these criteria is small, reported as only 0.36% (Yamao
1996).

EMR can be used to completely resect small EGCs restricted to
the mucosa or can be considered when the degree of invasion into
the submucosa is minute (Noda 1997). In this review the par-
ticipants’ characteristics were predetermined by the characteristics

of patients who were enrolled by the individual studies. Perhaps
as a result of this, most of the trials we assessed only included
people who had tumours with apparently limited local invasion
and low risk of metastasis. The true depth of invasion is not nor-
mally known at the time of EMR and one of the advantages of
EMR is that it provides detailed information on depth of invasion
and risk of lymph node metastasis. If cases in which lesions were
found to invade deeper than expected are excluded from studies,
the potential advantage of EMR in such cases cannot be assessed.
Some studies do report the application of EMR to patients with
such expanded criteria (Kojima 1998). Kajiyama et al 1996 eval-
uated the diagnostic accuracy and therapeutic value of EMR for
the treatment of sub-mucosal lesions in the gastrointestinal tract.
In a series of 77 patients, they concluded that EMR can be used
to eradicate some types of sub-mucosal lesions (Kajiyama 1996).
In an assessment of local curability of early gastric cancer, that is,
no recurrence of tumour in the stomach two years after treatment,
patients who did not satisfy then current therapeutic indications
were treated by EMR. These patients should have been treated
by surgery but had severe concomitant disease. Local cure rate in
these cases was only 67% compared with a 98% local cure rate for
tumours that met the standard criteria (Amano 1998). Noda 1997
cautions that as surgical gastrectomy has a five-year survival rate
of 98%, any expansion of endoscopic therapy in EGC should at
present only be in cases where there are clinical contraindications
for surgical treatment. However, results from studies which sup-
port the use of EMR in patients having larger, well-differentiated
mucosal carcinomas and developments in EMR techniques may
influence widening the present indications for EMR.

Resection rates

Reported resection rates varied. In a review of 1832 cases in the
Japanese literature, Kojimal998 reported that compete resection
was achieved in 73.9% of cases (Kojima 1998). Higher rates have
been reported: 90.4% (Giovannini 1999), 97.7% (Tani 1997) and
O-izumi et al report only 9.7% residual lesions in patients with
standard indications for EMR (O-izumi 1991). Lower rates of
complete resection have been noted in series which expanded the
indications for EMR (Hiki 1995). A large study, which prospec-
tively recruited patients with early gastric cancer for treatment with
EMR, gave an overall complete excision rate of 71.9% for patients
who completed the study and had small, moderately to well-differ-
entiated intramucosal carcinomas but only 46.3 % for cases with
larger differentiated carcinomas of size 2.1 to 4 cm. Completeness
of resection was assessed histopathologically and suitable incom-
pletely resected cases underwent additional endoscopic treatment.
Subsequent endoscopic findings, including biopsies, showed no
residual tumour, indicating that in some cases of incomplete EMR
repeat treatment can be successful in eliminating tumours (Ida
2004).

Factors which influence incomplete resection by EMR are proba-
bly related to the resection technique used, the definition of clear
margins and the inclusion of patients with expanded criteria, for
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example patients who have tumours with some degree of submu-
cosal invasion (Kojima 1998).

Techniques

Numerous types of and modifications to the technique of EMR
have been described (Takeshita 1997b; Chonan 1998) and dis-
cussed in Tanabe et al (Tanabe 1999). Additionally, there is debate
over single fragment or piecemeal resection with it being suggested
that EMR for EGC be performed en bloc rather than by divid-
ing the lesion (Miyata 2000; Ono 2001; Eguchi 2003). Resection
rates are reduced in lesions that are difficult to remove as a result
of their size or location on the anterior or posterior wall rather
than the lesser curvature of the stomach (Takekoshi 1994). To en-
sure adequate resection, it is suggested that a ’security margin’ of
2 mm between the edge of the resected specimen and the margin
of cancer should be preserved (Mizumoto 1992; Hamada 1996).

Residual and recurrent cancers

Incomplete resection may result in persistence or reappearance of
a tumour. Clinicians then need to explore the options of further
endoscopic therapy, observation or surgery depending on the sta-
tus and fitness of the patient for major surgery and the degree of
invasiveness of the tumour (Kojima 1998). Tada 2000 discussed
this and reported the development of a protocol to follow up in-
complete resection.

Endoscopic re-treatment of recurrences after EMR can result in
local cure. In one study the patients were followed up by endo-
scopic examination up to five years after the completion of initial
treatment (and extended for a further three years after endoscopic
re-treatment for recurrence). With respect to small, moderately to
well-differentiated intramucosal carcinomas, in patients that com-
pleted the study “the long term results, including cases of addi-
tional treatment for residual cancer following the original EMR,
showed that recurrence occurred in 8 out of 199 cases (4.0%) in
five of whom local cure was achieved with endoscopic treatment,
giving a local final cure of 98.5%”. The remaining three recur-
rent tumour patients, who underwent surgery, had no lymph node
metastases (Ida 2004).

Local recurrence may occur in completely resected cases and may
be explained by the inappropriate assessment of multi-fragment
specimens (Ono 2001). In a large prospective study by Ida et al,
published in 2004, there were no cases of recurrence following
complete excisions in a single procedure. The authors do, however,
conclude that in the cases of incomplete resection there were still
recurrences after additional treatments and that in order to achieve
radical cure by EMR the lesion must be initially detected and
treated at the stage of local intramucosal disease (Ida 2004). En-
doscopic surveillance of patients treated by EMR is recommended
with suggested schedules of every six months for five years (Miyata
2000) or every three to six months for the first year and yearly
thereafter (Kondo 2001). Endoscopic monitoring may reveal the
development of metachronous cancers.

Complications and mortality due to endoscopic mucosal resection

Mortality due to EMR is low. No cases were reported by Kojima
etal 1998.

Complications associated with EMR include bleeding and perfo-
ration (Nelson 2000). Bleeding and haemorrhage are managed by
local coagulation therapy. Bleeding is more frequent when large le-
sions are removed or piecemeal resection techniques are employed
(Noda 1997; Tanabe 1999).

Rates of bleeding vary from 1.2% (O-izumi 1991) t0 20.5% (Tan-
abe 1999) and are also described as ’frequent’ (Ono 2001).
Perforation rates vary from 0.4% (O-izumi 1991) to 5.2 % (Kondo
2001), this being managed by clipping or surgery.

A multi-centre collaborative prospective study of endoscopic treat-
ment of early gastric cancer reported haemorrhage rates of 1.7%
(7/409) and only one case of perforation (0.2%) (Ida 2004). Only
one trial reported a comparison of complications of surgery com-
pared with EMR. In a report comparing EMR with 256 radical
surgery cases, postoperative complications occurred in 7.8% with
an operative mortality of 0.78% in the radical surgery group. In
the 56 EMR cases, nine experienced slight bleeding which was
treated by ethanol injection using endoscopy (Mizumoto 1992).

Survival

Only one death after EMR was due to gastric cancer in the series
reported by Kojima et al (Kojima 1998); with survival rates near-
ing 100% for small tumours with minimal submucosal invasion
(Ponchon 2001).

In a retrospective evaluation of endoscopic treatment (116 cases)
for gastric cancer compared with surgical treatment (59 cases), sur-
vival rates with Kaplan-Meier curves were calculated. In patients
who were younger than 65 years, five-year survival was 92.8% for
EMR cases and 100% for surgery cases. The 10-year survival rates
for patients less than 65 years of age were 92.8% for EMR treated
cases and 91.7% for surgery cases. In patients older than 65 years
of age, five-year survival was 80.8% for EMR treated cases and
100% for surgery cases. The 10-year survival rates for patients
older than 65 years of age were 80.8% for EMR and 75.0% for
surgery cases. There were no significant differences between the re-
sults for patients older or younger than 65 or between the survival
of EMR treated cases and surgically treated cases (Fukase 1994).
Similar rates were noted by (Kim 2000), that is two and five-year
survival rates for EMR versus surgery were 95% and 100% for
EMR and 100% and 100% for surgically treated patients. Nishida
et al (Nishida 1993) showed that in elderly patients (older than
75 years of age) endoscopic therapy showed better results than
conventional surgery in the first two years and almost the same
results after three years. Tada et al (Tada 2000) looked at survival
in 410 patients treated over a 15-year period by strip EMR. Sur-
vival rates over five and ten years for EMR compared with surgery
were 84.9% and 83.5% and 90.9% and 87.4% respectively, with
no significant differences between the two groups.

Quality of life (QoL)

Endoscopic mucosal resection for early gastric cancer (Review)
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Only one study discussed QoL. Takeshita 1997a referred to a
report which indicated poor quality of life after gastrectomy. They
suggested that QoL after EMR was favourable in terms of healing,
diet, ability to work, drug therapy and performance status.

Cost

A cost assessment was not included in the protocol for this review
as it was considered to be outside the scope of a Cochrane review.
In the trials assessed, no data regarding cost were reported. The
EMR procedure requires a shorter hospital stay than surgical gas-
trectomy but the cost saving may be offset by the need for long-
term endoscopic surveillance post EMR.

Long-term outcomes

These were not described in any study.

AUTHORS’ CONCLUSIONS

Implications for practice

No evidence has been found from RCTs to evaluate the safety and
efficacy of endoscopic mucosal resection (EMR compared with
gastrectomy for early gastric cancer (EGC). It is difficult to draw
too many conclusions from the data obtained from non-RCTs as
selection bias in the series quoted will be present.

As patients with EGC can expect a five-year survival of greater
than 90% with surgical gastrectomy, and there are no prospective
randomised controlled studies that evaluate the effectiveness of
EMR compared with gastrectomy in EGC, it is difficult to assess
if EMR should be adopted as the primary method of treatment
for small EGCs. In terms of quality of life after treatment and its
utility in patients who are unfit for surgery EMR does seem to be
an attractive alternative (O’Mahony 2001). However, complica-
tions are not infrequent and there is a risk of incomplete resection
or the development of recurrent or new cancers at a later date.
Long-term regular endoscopic surveillance may be unacceptable
to patients and would incur costs to the provider. Wide uptake of
this technique in the West may require the provision of specialist
centres with appropriately trained personnel.

Implications for research

There is a wide variation in the range of results reported in pub-
lished non-randomised studies, the reasons for this being unclear.
A review of the different recurrence rates, metastasis rates and
complication rates with the reasons for this variation is outside
the scope of this review but if undertaken elsewhere could provide
useful background information for practitioners and patients and
may inform the design of properly controlled trials. It is recom-
mended that future trials should analyse survival, employing Ka-
plan Meier curves and hazard ratios, this being a more powerful
tool than assessment of survival at five and ten years only. Qual-
ity of life and cost effectiveness should also be investigated. The
condition of patients and different modalities of EMR should be
considered, if possible. Ideally, guidelines for the management of
EGCs, including protocols for treatment of patients who are un-
suitable for EMR or whose tumours are not completely resected,
should be guided by results from properly designed controlled
trials conducted by individuals who have had proper training in

EMR.
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Characteristics of excluded studies

Study Reason for exclusion
Abe 1995 Non-controlled
Akiyama 1997 Non-controlled
Amano 1998 Non-controlled

Atsumi 1993 Non-controlled

Barreda 1998 Non-controlled
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Chonan 1998

Non-controlled

Fujisaki 1997

Non-controlled

Fukase 1994

Non-randomised controlled trial

Giovannini 1999

Non-controlled

Hamada 2001 Non-controlled
Hiki 1995 Non-controlled
Ida 2002 Non-controlled
Ida 2004 Non-controlled
Ikeda 1984 Non-controlled
Kajiyama 1996~ Non-controlled
Katsube 2002 Non-controlled
Kim 2000 Non-randomised controlled trial
Kondo 2001 Non-controlled

Llorens 2000

Non-controlled

Matsushita 1997

RCT but does not compare EMR with surgery (2 types of EMR compared)

Matsuzaki 2003

Non-controlled

Misaka 1997

Non-controlled

Misumi 1991

Non-randomised controlled trial

Miyamoto 2002

Non-controlled

Miyata 2000

Non-controlled

Mizumoto 1992

Non-randomised controlled trial

Nishida 1993

Non-randomised controlled trial

Noda 1997 Non-controlled
O-izumi 1991 Non-controlled
Ono 2001 Non-controlled
Suzuki 1999 Non-controlled

Takahashi 1997

Non-controlled

Takechi 1992

Non-controlled

Takekoshi 1988

Non-controlled

Takekoshi 1994

Non-controlled

Takeshita 1997a

Non-controlled

Takeshita 1997b

Non-controlled

Tanabe 1999

Non-controlled

Tanabe 2002 Non-controlled
Tani 1997 Non-controlled
Torii 1995 Non-controlled
Wehrmann 2001  Non-controlled
Yamamoto 2002  Non-controlled
Yoshikane 2001~ Non-controlled
Zhou 1995 Non-controlled
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