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This paper highlights the differences in the treatment outcomes
between EMR and ESD from a retrospective analysis of a large
number of cases of early gastric cancer.
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Abstract

Endoscopic submucosal dissection is a novel endoluminal technique that enables resection of early stage gastrointestinal

Background.
malignancies in an en bloc fashion,

Aim. To assess whether preceding endoscopic submucosal dissection affected the prognoses of patients who underwent additional
gastrectomy with lymph node dissection due to suspicion of nodal metastasis from endoscopic submucosal dissection specimens.

Patients and methods. Thirty-one patients with early gastric cancer who underwent g

ymy after endoscopic submucosal dissection

were retrospectively investigated in terms of their survival and wumour recurrence. Additional gastrectomy was performed when histology of

the endoscopic submucosal dissection specimens led that the

% did not meet the criteria for node-negative cancers,

Results. Twenty-three (74%) and eight (26%) patients had undergone endoscopic submucosal dissection previously due to clinical
diagnoses of node-negative cancers and possible node-positive cancers, respectively. Histology of the resected stomachs and lymph nodes
revealed residual carcinoma of the stomach in two (6.5%) patients and nodal metastases in four (13%) patients. All patients remain alive
without recurrence (median follow-up, 3.4 years: mange, 0.6-5.2 years).

Conclusions. Based on the histology of endoscopic submucosal dissection specimens, preceding endoscopic submucosal dissection itself
had no negative influence on a patient’s prognosis when additional gastrectomy was performed. It may be permissible to resect some early

gastric cancers by endoscopic submucosal dissection as a first step to prevent unnecessary gastrectomy, if technically resectable.
© 2007 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Lud. All rights reserved.
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1. Introduction

Endoscopic submucosal dissection (ESD) is a recently
developed endoscopic treatment for early stage gastroin-
testinal malignancies. It is characterized by circumferential
mucosal incision and submucosal dissection of the lesion
[1]. Because ESD enables endoluminal resection of the

™ “This paper was presented in part at the 15th United European Gastroen-
terology Week Meeting, held October 27-31, 2007, in Paris, France.
* Comesponding author. Tel: +81 3 3815 541 1; fax: +81 3 5800 8806.
E-mail address: mtfujish-kkr@umin.ac jp (M. Fujishiro).

lesion in a one-piece fashion, a pathological diagnosis,
whether curative resection is achieved or not, has become
easier and more precise than that of a lesion resected by
endoscopic mucosal resection in ‘piece-meal’ fashion [2].
According to the pathological results of ESD specimens
of early gastric cancer (EGC), which show, for exam-
ple, deeper invasion into the submucosa, angiolymphatic
invasion, coexistence of diffuse type adenocarcinoma, or
ulcerative findings in a large tumour, an additional gastrec-
tomy with lymph node dissection after ESD is performed in
order to obtain complete eradication of possible cancer cells
remaining in perigastric lymph nodes [3]. However, there is

1590-86358/530 © 2007 Editrice Gastroenterologica ltaliana S.r.l. Published by Elsevier Lid. All rights reserved.
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no report showing whether preceding endoscopic treatment
itself, such as ESD, influences the prognosis or survival of
patients.

In the field of colorectal surgery, the ‘no-touch’ isolation
technique is accepted in general [4.5]. This technique requires
that no contact is made with the tumour itself until all of the
surroundings, such as lymph nodes and blood vessels, are
completely trimmed and resected in an en bloc fashion, so as
not to stimulate and accelerate tumour progression or dissem-
ination. The benefit of this concept has also been reported in
other cancers such as pancreatic cancer [6], bile duct cancer,
and ampullary cancer [7]. Relating this concept to ESD for
EGC, the residual cancer cells on the ESD ulcer have already
been “touched” by various endoscopic devices and a submu-
cosal fluid cushion, which may lead not only to further tumour
progression on the ESD ulcer, but also to tumour spread to
angiolymphatic vessels and distant sites. Furthermore, the
artificial stimulation on the primary site may influence pos-
sible cancer cells in the perigastric lymph nodes to acquire
more malignant potential. Thus, in this study, we retrospec-
tively assessed the impact of preceding ESD on the prognoses
of patients with additional gastrectomy after ESD for EGC
with possible nodal metastases.

2. Patients and methods

The subjects of this study were 31 consecutive patients
who underwent additional gastrectomy with lymph node dis-
section after ESD for EGC at our hospital between September
2000 and September 2006 and were followed for more
than six months at our hospital. The reasons for additional
gastrectomy were the possibility of lymph node metasta-
sis and/or the presence of residual carcinoma according to
pathological findings of ESD specimens for EGC. Using the
patients” reports, we investigated the reason for gastrectomy,
the method of applied gastrectomy and lymph node dissec-
tion, the presence of residual carcinoma on the ESD ulcer,
the gastric wall around the ESD ulcer, or lymph nodes, and
recurrent-free survival.

In this study, carcinomas in a remnant stomach after gas-
trectomy or in a gastric tube after oesophagectomy were
excluded because a previous operation might have changed
the angiolymphatic flow and the previous carcinoma might
have influenced the patient’s survival, Carcinomas located in
the oesophago-gastric junction were also excluded, because it
was controversial whether the stomach or esophagus criteria
were appropriate to be utilized for additional lymphadenec-
tomy.

Lesions with an indication for ESD were determined by
endoscopic features using chromoendoscopy with biopsy.
‘When the lesions had a possibility of submucosal invasion,
submucosal fibrosis due to ulcer findings, or diffuse-type
histology from the above examinations, endoscopic ultra-
sonography and chest-abdominal computed tomography
were additionally performed 1o investigate submucosal inva-

sion, submucosal fibrosis, and metastases to lymph nodes or
distant organs. The criteria for node-negative carcinoma we
adopted here were:

- intestinal-type intramucosal adenocarcinoma

- intestinal-type intramucosal adenocarcinoma with ulcer
findings less than 3 cm in diameter

- intestinal-type adenocarcinomas with slight invasion into
the submucosa (sml, <500pum below the muscularis
mucosa) less than 3 cm in diameter

- diffuse-type intramucosal adenocarcinoma less than 2cm
in diameter [3].

The cases of EGC that were preoperatively considered
to be outside the criteria of node-negative carcinomas were
not principally indicated for ESD. However, because of the
fairly low diagnostic accuracy of depth of tumour invasion
for submucosal invasive carcinoma [8], ESD was indicated
as a staging measure for technically resectable carcinomas
without radiologically proven metastases when the patient
desired this procedure.

Techniques for ESD have been described elsewhere [9,10].
The main electrosurgical knife was a flex-knife (KD-630L;
Olympus, Tokyo, Japan), and other knmives, such as an
insulation-tipped diathermic knife (IT knife) [11] and/or a
hook-knife [12], were used in addition when required by
the complexity of the lesion. In order to create a submu-
cosal fluid cushion, a preparation of either 20% glucose or a
mixture of 10% glycerine plus 5% fructose and 0.9% saline
(Glycerol, Chugai Pharmaceutical Co., Tokyo, Japan) con-
taining 0.005% indigo carmine and 0.0005% epinephrine
was used [13]. Hyaluronic acid was added 1o the injection
solution when the lesion had ulcerative findings or when it
was located in the cardia. Hemostatic forceps (HDB2422W:;
Pentax, Tokyo, Japan) were used for bleeding during the pro-
cedure or for the treatment of visible vessels on the mucosal
defect after resection.

In the evaluation of ESD specimens, the following criteria
were used to recommend additional gastrectomy with lymph
node dissection:

- diffuse-type intramucosal adenocarcinoma over 2¢m in
diameter

- adenocarcinoma with angiolymphatic invasion

- adenocarcinoma with massive invasion into the submucosa
(sm2 or deeper, =500 pum below the muscularis mucosa)

- intestinal-type adenocarcinoma with slight invasion into

the submucosa (sml, <500 um below the muscularis

mucosa) over 3 cm in diameter

intestinal-type intramucosal adenocarcinoma with ulcer

findings over 3 cm in diameter

diffuse-type adenocarcinoma which tested positive for sur-

gical margins

Intestinal-type adenocarcinomas with positive surgical

margins were endoscopically followed at two months, six

months and |2 months after ESD, and then annually, because

the margin of carcinoma was easily recognized in this sub-
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Table 1

Clinicopathologic characteristics of 31 patients who underwent gastrectomy
with lymphadenectomy after endoscopic submucosal dissection because of
the possibility of lymph node metastasis

Sex
Male 26
Female 5

Age (years), mean+ S.D.
Location
Upper 3
Middle 18
Lower 8

Pre-ESD diagnosis
Conventional criteria
Expanded criteria 18
Outside the criteria 8
The reason for gastrectomy®
Diffuse-type over 2cm
Angiolymphatic invasion
sm2 invasion”
sml over 3cm
Over 3 cm with ulceration
Diffuse-type of positive surgical margin
* Some patients fulfil more than one reason.
" sm: submucosa (cut-off line between sm1 and sm2 is 500 pm).
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group and burning of the tissue during mucosal cutting might
result in tumour eradication, even if the pathology revealed
a positive surgical margin. When the follow-up endoscopy
revealed remnant carcinoma, ESD or gastrectomy was per-
formed according to the status of the carcinoma in order to
eradicate the entire lesion.

Additional gastrectomy was performed by gastrointesti-
nal surgeons after confirmation of the histology of ESD
specimens. The delay between ESD and gastrectomy was
determined by the surgeons responsible for the patients’ care,
considering scheduled operations and patients’ conditions.
Surveillance after gastrectomy was also determined by the
surgeons responsible for the patients’ care. Chest-abdominal
computed tomography, assay of tumour markers including
CEA and CA19-9, and endoscopy of the remnant stomach
were generally scheduled at least once a year.

3. Results

The tumour characteristics of the subjects are summarized
in Table 1. As for the pre-ESD diagnoses, five lesions were
considered to meet the conventional indication criteria [14]
(intestinal-type adenocarcinoma <2 cm in size without ulcer
findings), 18 met the expanded indication criteria [3] (which
were identical to the criteria for node-negative carcinoma
except for the conventional indication criteria), and eight
were outside the criteria for node-negative carcinoma, for
which ESD was performed as a staging measure. Out of the
six above criteria for additional gastrectomy, 13, 15, two and

008 -8 @ 0 Gl GG & 80
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Fig. 1. Disease-free survival curve of the patients who underwent additional
gastrectomy with lymph node dissection after ESD. All patients survived
without recurrences for a median of 3.4 years.

one patient(s) underwent gastrectomy due to the fulfillment
of one, two, three or four criteria, respectively. According to
the tumour location, total gastrectomy was performed in three
patients, proximal gastrectomy in five patients and, distal gas-
trectomy in five patients, pylorus-preserving gastrectomy in
18 patients. The type of lymphadenectomy performed was
D1 +a in 11 patients, D1 4+ in 19 patients, and D2 in one
patient (median duration between ESD and gastrectomy, 62
days; range, 8148 days). All surgical operations resulted in
RO resection. Histological evaluation of the resected stom-
achs and lymph nodes revealed residual carcinoma on the
stomach in two (6.5%) patients and nodal metastases in four
(13%) patients (Table 2). As shown in Fig. 1, all patients with
additional gastrectomy survived without recurrences regard-
less of residual carcinoma on the stomach or nodal metastases
(median follow-up, 3.4 years; range, 0.6-5.2 years).

4. Discussion

Due to the technical advancements of ESD, the indica-
tion criteria for ESD are now nearly equal to the criteria
for node-negative carcinoma, which includes large carcinoma
or carcinoma with ulcer findings. However, the more com-
plex the lesion becomes, the more frequently misdiagnoses of
depth of tumour invasion or identification of angiolymphatic
invasion from ESD specimens occur. Thus, more lesions
that are considered to be node-negative carcinomas preopera-
tively turn out to require additional gastrectomies with lymph
node dissections in comparison to those treated by EMR.
Another consideration is the application of ESD for lesions
suspected of being outside the criteria for node-negative
carcinomas preoperatively as a staging measure, because
some of these lesions are technically resectable using ESD
techniques. In this situation, incomplete resection becomes
more frequent than when the indication criteria are strictly
observed.

In daily practice, we are sometimes unable to conclusively
diagnose node-negative carcinoma, even when endoscopic
ultrasonography is used to determine the tumour depth.
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Clinical and pathologic were findings of six patients who were revealed to have locally residual cancers or lymph node metastases on additional gastrectomy with lymph node dissection

Table 2
Patient
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Because the patient never has an entire stomach after per-
forming gastrectomy, challenges for curative resection by
ESD in the above situation may be acceptable to some
extent. It is impossible to overemphasize that one of the
intrinsic benefits of ESD is the ability to evaluate an entire
lesion of the primary site histologically. However, we have
to elucidate the fact that the prognoses of patients with addi-
tional gastrectomy may not be worsened due to preceding
ESD. If non-curative ESD causes the patient’s prognosis
to worsen, we must refrain from performing ESD as a
staging measure. Therefore, we conducted this retrospec-
tive analysis concerning recurrent-free survival of the cases
of additional gastrectomy with lymph node dissection after
ESD.

The prognosis of EGC patients after gastrectomy is
remarkably good, as demonstrated by the five-year survival
rate of 99% in mucosal cancer groups and 96% in submu-
cosal cancer groups [15]. If the survival rate of the patients
who underwent non-curative ESD was below that of curative
gastrectomy with lymph node dissection alone, challenging
ESD procedure might not become acceptable as a staging
measure. The favourable results of this study, that there was
neither tumour-recurrence nor disease-related death as far as
we observed, suggests that preceding ESD resulting in non-
curative resection does not have an influence on the prognoses
of EGC patients.

The limitation of this study, however, is that it is a non-
controlled, retrospective study with a small number of cases.
Further investigations with multi-centre studies are neces-
sary to confirm our results. However, we consider that the
shortcomings are partly counterbalanced by the findings of
no recurrence in consecutive and unselected patients during
the median follow-up period of more than three years. It has
been reported that nearly 50% of deaths from recurrent gastric
cancer occur in the first year of follow-up and that approxi-
mately 75% of tumour-related deaths occur within two years,
even after curative gastrectomy [16,17]. Although the median
follow-up of this study is not long enough to draw a final con-
clusion, we believe that the duration of this study is acceptable
to indicate favourable results with high probability.

Additionally, this study does not suggest that further
expansion of ESD indication is possible, because the majority
of subjects in this study were preoperatively diagnosed with a
node-negative carcinoma. The most important task is to per-
form precise histological evaluation of the ESD specimen and
to refer patients with possible of nodal metastases to the gas-
trointestinal surgeon for additional gastrectomy. If patients
with possible nodal metastases are followed without under-
going additional gastrectomy, they may not be cured. The use
of staging ESD is only applicable when the patient agrees
to additional gastrectomy when non-curative resection is
revealed.

In summary, because preoperative diagnosis is not 100%
and angiolymphatic invasion is impossible to identify pre-
operatively, the concept of staging ESD for EGC may be
e acceptable to prevent unnecessary gastrectomy when the

No
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Alive
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No Yes

Di+B
D1 +B

PPG
LAPPG

L

Angiolymphatic invasionand M

sml over 3¢cm

¥ DG, distal gastrectomy: TG, total gastrectomy; LA, laparoscope-associated; PPG, pylorus-preserving gastrectomy.

b sm: submucosa (cut-off line between sm1 and sm2 is 500 pm).

¢ Piecemeal resection by ESD.

Qutside the criteria

Expanded criteria

F
M

.,
57




0. Goto e1 al. / Digestive and Liver Disease 40 (2008) 293-297 297

lesion has a possibility of curative resection by ESD alone.
However, we have to stress the necessity for additional gas-
trectomy with lymph node dissection when the histology of an
ESD specimen reveals non-curative resection with possible
nodal metastases.
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Endoscopic submucosal dissection (ESD) has be-
come a widely accepted method for treating gas-
trointestinal cancer. The aim of this study was to
evaluate the efficacy and safety of for gastric
cancer in patients with liver cirrhosis. A total of
18 gastric cancers were treated by ESD in 15 pa-
tients with cirrhosis. The rate of en bloc resection
was 88.9% (16/18). En bloc resection with tumor-
free lateralfbasal margins (RO resection) was

Introduction

v

Endoscopic mucosal resection (EMR) is a less in-
vasive treatment than surgical operation, but the
lesions that can be treated by conventional EMR
are limited by their shape and size. Endoscopic
submucosal dissection (ESD) was developed to
overcome the technical limits of conventional
EMR and is capable of performing en bloc resec-
tion of large or ulcerative lesions [1]. However,
the techniques of ESD are relatively difficult com-
pared with those of conventional EMR, and com-
plications are more likely to occur [2]. In the
present study. we aimed to evaluate the efficacy
and safety of ESD for gastric cancers in patients
with liver cirrhosis, for whom surgery may cause
severe postoperative complications [3).

Case report

v

Patients with gastric cancer and liver cirrhosis
who underwent ESD from April 2004 to October
2006 at the University of Tokyo Hospital, Japan,
were included. The ESD indication criterion was
differentiated early gastric cancer diagnosed by
endoscopy.

The ESD procedure was carried out as previously
reported [4]. The whole procedure was carried
out under conscious sedation using diazepam
(5-30mg) and pentazocine (15-30mg). Pro-

77.8% (14/18). Three patients had postoperative
bleeding and underwent emergency gastroscopy
for hemaostasis. No recurrence was observed dur-
ing the median follow-up of 21.4 months, exclud-
ing three patients in whom additional endo-
scopic resection or surgery was carried out. ESD
can be safely performed for gastric cancer in pa-
tients with cirrhosis, resulting in a high en bloc
resection rate.

phylactic blood transfusion of platelets or fresh
frozen plasma was not generally performed, ex-
cept in one patient. All patients provided written
informed consent before receiving the treatment.
Endoscopic characteristics of the lesions were
classified according to the Paris endoscopic clas-
sification [5]. Histological classification was done
microscopically according to the revised Vienna
classification of gastrointestinal epithelial neo-
plasia [6]. The location was described by UML
(upper, middle, lower) classification |7)]. Condi-
tions for declaring the resection curative were
en bloc resection with margins free of neoplasms
(i.e. en bloc + RO resection), with any of the fol-
lowing findings: intramucosal cancer, differenti-
ated type, no angiolymphatic invasion, and no ul-
ceration, irrespective of tumor size; intramucosal
cancer, differentiated type, no angiolymphatic in-
vasion, and tumor size <3 cm, irrespective of ul-
ceration findings: or minimally invasive submu-
cosal cancer (invasion depth <500 um, SM1), dif-
ferentiated type, no angiolymphatic invasion,
and tumor size <3cm. Resection that did not
meet the above conditions and that had margins
positive for tumor were considered noncurative.
A total of 15 patients (10 men and five women)
were enrolled, and 18 gastric cancer lesions
were resected endoscopically. Generally, patients
were treated within 3 months of diagnosis. The
mean age of the patients was 69.6 years (range
52-82 years). As shown in © Table 1, one patient
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Table 1 Clinical characteristics of patients

Demography
Mean age, years (range)} 69.6 (52~82)
Men/women (%) 10/5(66.7/33.3)
Cause of liver dysfunction
HBV/HCV/non-B non-C (%) 1/9/5(6.7/60.0/33.3)
No. of patients who had histological liver
evaluation
HBV/HCV[non-B non-C 0/6/2
Child-Pugh Class
AIBIC (%) 9/6/0 (60/40/0)
Ascites
Absent[present (%) 12/3(80/20)
Encephalopathy
Absent/present (%) 14/1(93.3/6.7)
Laboratory data by mean (range)
Platelet count (< 10"7L) 11.0(4.3-28.2)
Prothrombin time (seconds) 12.7(11.4-152)
INR 1.27(1.10-1.76)
Bilirubin (mg/dL) 0.9(0.4-1.8)
Albumin (g/dL) 36(2.6-4.5)
Endoscopic findings related to portal
hypertension :
Gmmmpmaen!nﬁus (%) 7(46.7)
Portal-hyp gastropathy (%) 2(13.3)

HBY, hepatitls B virus; HCV, hepatitis Cvirus; INR, international normalized
ratio.

was positive for hepatitis B virus and nine for hepatitis C virus.
Among the five patients who were negative for viral hepatitis,
four had a history of alcoholism and one was suspected of having
nonalcoholic steatohepatitis. Histological evaluation of the liver
was carried out in two of four patients suspected of alcoholic liv-
er disease, but no specific signs were found. Nine patients were
Child-Pugh class A and six were class B. No patient belonged to
class C. Laboratory results and endoscopic findings related to cir-
rhosis are shown in © Table 1. No patient received anticoagu-
lants or antiplatelet agents.

Histopathological findings of the resected lesions are summar-
ized in © Table2. The mean size of the lesions was 18.4 mm
(range 5-34mm) and 10 lesions were >20mm in diameter.
The size of resected specimens ranged from 18 to 51 mm. The
en bloc resection rate was 88.9% (16/18) and the en bloc plus RO
resection rate was 77.8% (14/18).

Two lesions resulted in piecemeal resection and no residual tu-
mor was found on follow-up. The lateral surgical margins of two
resected specimens were diagnosed as positive for cancer. One
patient with residual cancer successfully underwent additional
endoscopic resection. In the other patient, no residual cancer
was found on follow-up endoscopy. Other than these patients,
five were considered for additional therapy because of the risk
of lymph node metastasis. They had massive submucosal inva-
sive cancer (> 500 um) and/or angiolymphatic invasion. Among
these five patients, two underwent additional surgery with lap-
arotomy. One had gastrectomy with lymph node dissection and
the other had laparoscopy-assisted lymph node dissection with-
out gastrectomy. Neither of the patients was revealed to have
any detectable lymph node metastasis. For the other three pa-
tients, surgery was declined by the patients or surgeons because
of age, general health, or liver function of the patients. Excluding
three patients in whom additional endoscopic resection or sur-
gery was performed, no recurrence was observed during the me-
dian follow-up of 21.4 months in the 12 remaining patients.

Ogura K et al. Endoscopic mucosal dissection for cirrhotic patients... Endoscopy

Table2 Pathological features of 18 gastric cancers treated by endoscopic
submucosal dissection, and resection and complication rates

Mean lesion size, mm (range) 18.4(5-34)
Location of the lesion

Upper third of the stomach 4

Middie third of the stomach 10

Lower third of the stomach 4
Macroscopic type

I 1

1+la 1

Ha 5

Hatilh i

Hatlie 1

b+lie 1

e T

lie+ha 1
Histological depth

Mucosa 1"

SM1 3

M2 4
Mean operation time, minutes (range) 70(10-450)
En bloc resection (%) 16 (88.9)
£n bloc resection + RO resection (%) 14(72.8)
Plecemeal resection (%) 2(1.1)
Bleeding (%) 3(20)
Perforation (%) oo
Death refated to the operation (%) 0(0)
Median waiting time before treatment, manths 1.5(0.5-12.0)
(range)
Median follow-up duration, months (range) 22.0(11.6-39.3)

Treatment-related complications are presented in © Table2.
Postoperative bleeding was defined as evident bleeding (hema-
temesis or melena) or a decrease in hemoglobin of >2 g/dL
Three patients (20%) were considered to have postoperative
bleeding and underwent emergency endoscopy. Active bleeding
was confirmed in all three patients, and one of them needed
blood transfusion for severe anemia. The bleeding was managed
endoscopically in all patients. All three were Child-Pugh class B.
The platelet count of these three patients was 43000, 73000,
and 79000ful, respectively. The international normalized ratio
(INR) of prothrombin time was 1.33, 1.37, and 1.52, respectively.
No perforation occurred, and no patient required laparotomy for
complications. The mean procedure time was 70 minutes (range
20- 450 minutes).

Discussion

L4

Gastric cancer is a major health problem and a leading cause of
cancer mortality. Traditional surgical resection has been estab-
lished as the principal treatment for gastric cancer, with a high
overall survival rate of ~-90% and a low 2-3% 10-year relapse
rate for early gastric cancer [8]. However, liver cirrhosis is known
to carry a high risk for abdominal surgery [3].

Concerning the risk of liver cirrhosis for gastric surgery, Isozaki
et al. reported that they experienced hospital death in four of
39 patients who underwent surgery for gastric cancer accompa-
nied by liver cirrhosis in 1997 [9]. Recently, Ryu et al. reported
excellent results in 26 patients with gastric cancer and liver cir-
rhosis, all Child-Turcotte-Pugh classification grade A who un-
derwent gastrectomy |10, Paracentesis was needed in one pa-
tient and diuretics were administered in eight to control post-



operative ascites. There was no postoperative mortality. Another
study showed death from hepatorenal failure with intractable
ascites among two of 94 patients with hepatic cirrhosis after
gastrectomy | 11]. One patient who died was classified as Child's
class B and the other as Child’s class C. Thus, gastrectomy for
Child's class A may not be a contraindication. although the clin-
ical outcome still varies among the institutes. A curative but less
radical treatment is required for patients with gastric cancer
who have liver cirrhosis.

The major advantages of the ESD technique compared with con-
ventional EMR are that larger lesions can be resected in an en
bloc fashion, ulcerative lesions can be resected, and better
pathological evaluation is achieved using en bloc specimens. In
the present study, we treated 18 lesions of early gastric cancer
in patients with liver cirrhosis. En bloc and RO resection was
achieved for 14 lesions (77.8%), which included eight that were
>20 mm in diameter. No recurrence was observed up to the end
of 2007 for all but three patients who received additional treat-
ment.

The disadvantages of ESD are its higher technical difficulty, se-
vere complications, long operating time, and high cost compared
with conventional EMR. When applied to patients with liver cir-
rhosis, complications and long operating time are of concern. In
some cases, a long procedure time with sedation of up to 450
minutes is used because of the difficulties of tumor location
and bleeding tendency. The average operation time in this study
population was 94 minutes, which was longer than the 80 min-
utes described in a previous study that described ESD in the gen-
eral population, even though the mean lesion size in the two
studies was similar [2]. One possible reason for this difference
in procedure time is that a bleeding tendency related to cirrhosis
requires frequent hemostatic procedures. Postoperative bleed-
ing was observed in three (20.0%) patients, which is high com-
pared with the postoperative bleeding rate of 3.4 to 6.2% in pre-
vious studies [1,4]. This may also have been due to the bleeding
tendency, such as a low platelet count or prolonged prothrombin
time. All three who had postoperative bleeding were Child's
class B. They were among seven with a platelet count <80000/
uL and four with INR > 1.3. However, no increase in ascites, no

development of hepatic encephalopathy, and no worsening of
liver function took place during the perioperative period. No per-
foration occurred during and after the procedure.

In conclusion, ESD can be safely performed for gastric cancer in
patients with cirrhosis, and is expected to be effective with a
high en bloc resection rate. However, a bleeding tendency in pa-
tients with cirrhosis may lead to longer procedure times and
postoperative bleeding. Attention should be paid to these fac-
tors, and further improvement of the procedure will be helpful.
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Successful en bloc resection of superficial

esophageal cancer treated by endoscopic
submucosal dissection with a splash needle

Endoscopic submucosal dissection (ESD)
enables resection of large or nonlifting
gastrointestinal epithelial neoplasms in
an en bloc fashion. However, the high fre-
quency of complications and the com-
plexity of the procedure need to be im-
proved [1-4]. In collaboration with the
Pentax Corporation, Tokyo, Japan, we
have therefore invented a novel electro-
surgical knife for ESD, called the splash
needle (DN-2618A; Pentax Corp.), which
has an ultra-thin short needle with a wa-
ter-jet function (© Fig. 1. The advantages
are: (i) the short needle is adjustable in
length (maximum 2.5mm); (ii) the thin-
ness of the needle (0.3mm diameter)
makes it possible to resect using only co-
agulation current from mucosal incision
to submucosal dissection, to reduce the
risk of heavy bleeding. or to resect shar-
ply with minimal tissue damage by using
cutting or Endocut current; (iii) the wa-
ter-jet function from the knife itself al-
lows the endoscopic view field to be kept
clean, bleeding vessels to be easily identi-
fied, and additional submucosal injection
to be done without changing the device. A
disadvantage could be that a sharper cut-
ting ability could lead to perforation if the
knife is used incorrectly. A 64-year-old
gentleman with a semicircular non-Lu-
gol-staining area diagnosed as squamous
cell carcinoma in the lower esophagus
was referred for ESD. With a preoperative
diagnosis of type 0-llc intramucosal squa-
mous cell carcinoma (m2). 3 cm in size,
ESD was performed with a splash needle
without complications in an operating

Fig. 1 Splash needle.
The tip of the knife
consists of a small
channel for water

Imigation and a thin

time of 65 minutes, in a similar way to

that described previously, with some

modification [5] (© Fig.2, © Video 1).

The main modifications were:

1. Asingle channel upper Gl endoscope
with a water-jet system was used (GIF-
Q260]; Olympus Medical Systems Co.,
Ltd., Tokyo, Japan), which connected to
a water-jet supplier (OFP; Olympus
Medical Systems) containing sterile
water to wash out blood and mucus
from the target area, to keep the en-
doscopic view clean, and to identify
bleeding points precisely during the
procedure. The knife was connected to
another water-jet supplier (SA-P2;
Pentax) containing normal saline to
make an immediate and sufficient
submucosal fluid cushion in the area
intended to be cut without changing
the device.

2. The following electracautery settings
(V10 300D; ERBE Elektromedizin, Tii-
bingen, Germany) were used: forced
coagulation mode (effect 2, output 30
W) for marking and submucosal dis-
section, and Endocut Q mode (effect 2,
duration 1, interval 3) for circumfer-
ential mucosal incision. This case

Endoscopic submucosal dissection with a
splash needie for superficial esophageal can-
cer. Using the splash needle, the marking,
mucosal incision, additional submucosal fluid
Injection, and submucosal dissection are all
possible without changing the device,

Fig.2 a~-cSuperficial esophageal cancer re-
sected by endoscopic submucosal dissection
with a splash needle. a Type 0-lic intramucosal
squamous cell carcinoma (m2), 3am in size, is
located in the lower esophagus. b Mucosal de-
fect after endoscopic submucosal dissection
with a splash needle. ¢ The lesion is completely
resected In one piece with a tumor-free re.
sected margin.

shows that this novel knife unques-
tionably has several functional advan-
tages which enable a step forward in
ESD techniques.
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Abstract

Endoscopic submucosal dissection (ESD) is an advanced
technique of therapeutic endoscopy for superficial
gastrointestinal neoplasms. Three steps characterize it:
injecting fluid into the submucosa to elevate the lesion,
cutting the surrounding mucosa of the lesion, and
dissecting the submucosa beneath the lesion. The ESD
technique has rapidly permeated in Japan for treatment
of early gastric cancer, due to its excellent results of en-
bloc resection compared to endoscopic mucosal resection
(EMR). Although there is still room for improvement
to lessen its technical difficulty, ESD has recently
been applied to esophageal and colorectal neoplasms,
Favorable short-term results have been reported, but the
application of ESD should be well considered by three
aspects: (1) the possibility of nodal metastases of the
lesion, (2) technical difficulty such as location, ulceration
and operator’s skill, and (3) organ characteristics.

© 2008 WJG. All rights reserved.
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INTRODUCTION

Applicanon of endoscopic resecnon (ER) to gastrointesunal
(GI) necoplasms is limited w lesions with no nsk of nodal
metastasis. Either polypectomy or endoscopic mucosal
resection (EMR) is beneficial for patients because of
its low level of invasivencss. However, to ensure the
curanve potential of these trearment modalitics, accurate
histopathologic assessment of the resected specimens is
essential because the depth of invasion and lymphovascular
infiltration of the tumor is associated with considerable
risk for lymph node metastasis. For accurate assessment
of the appropriateness of the therapy, en bloc resection
is more desirable than piecemeal resection. For a relable
en bloc resection of Gl neoplasms, a new method of ER
called endoscopic submucosal disscetion (ESD) has been
developed. In this arncle, an outline of the current status of
ESD will be discussed.

DEVELOPMENT OF ESD

The ESD technique has developed from one of the
EMR techniques, namely endoscopic resection afrer local
injection of a solution of hypertonic saline-epinephrine
(ERHSE)". Initially, the ESD technique was called by
various names such as curting EMR, exfoliating EMR,
EMR with circumferential incision erc. However, a
new name was proposed to this technique in 2003, as a
treatment positioned between EMR and laparoscopic
surgery, since this technique is innovative and enables
complete resection of neoplasms that were impossible o
resect en bloc by EMR.

At present, numerous electrosurgical knives such as
insulation-tipped diathermic knife (Fr—knil‘t]:" 9 needle
knife™, hook knife™, flex knifc” ", trangle-tipped knife!'?,
flush knife"”, mucoscetome’”, splash needle”” and a
special device called a small-caliber tip transparent (S8T)
hood™ are available for this technique. One or two of
these clectrosurgical knives are used in combination with a
high frequency electrosurgical current (HFEC) generator
with an automatically controlled system (Endocut mode,
Erbotom 1CC200, ICC350, VIO300D, ERBE, Tubingen,
Germany) (PSD-60, Olympus, Tokyo, Japan). New tvpes
of endoscopes are available for ESD, such as an endoscope
with a water jer system (EG-2931, Pentax, Tokyo, Japan,
GIF-Q260), Olympus, Tokyo, Japan), an endoscope with a
multi-bending system (M-scope: XGIF-Q240M, R-scope:
XGIF-ZTQ240R, Olympus, Tokyo, Japan) w facilitate the
ESD procedure™ ™. As another approach to successful
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ESD, investgations of submucosal injection solutions have
been actvely done. Ir was reported that a hyaluronie acid
solution makes a better long-lasting submucosal cushion
without tissue damage than other available solutions”*,
As a further 1mprr:vuncm. of hyaluronic acid solution,
uscfulness of a mixture of high- -molecular- -weight h}'a]umnlc
acid, glycerin, and sugar has also been reported ™Y,

ESD is characterized by three steps: injecting fluid into
the submucosa to elevate the lesion from the muscle layer,
circumferential cutting of the surrounding mucosa of the
lesion, and subsequent dissection of the connecuve tissue
of the submucosa beneath the lesion. Major advantages
of this technique in comparison with polypectomy or
EMR are as follows. The resceted size and shape can be
controlled, en bloe resection is possible even in a large
neoplasm, and neoplasms with submucosal fibrosis are
also resectable. So this technique can be applied to the
resection of complex neaplasms such as large neoplasms,
ulcerative non-lifting neoplasms, and recurrent neoplasms.
The disadvantages of this technique are the requirement
of two or more assistants, it is time-consuminy, there is
a higher risk of bleeding and perforation than EMR. In
Japan, ESD is now gaining acceptance as the standard
endoscopic resection technique for stomach neoplasms in
an carly stage, especially for large or uleerative neoplasms.
Recently, the ESD technique is applied o esophageal or
colorectal neoplasms in some institutions, although it
15 sull controversial considering the rechnical difficuley,
assoctated risks, and favorable outcomes by EMR.

INDICATION FOR ENDOSCOPIC RESEC-
TION
Gastric cancer

Larly gastric cancer (EGC) is defined 1o a mucosal or
submucosal invasive cancer (T1 cancer) irrespective of
the presence of lymph node merastasis. Lesions indicited
for ER should be EGC with no nsk of nodal metastasis
and that can be resected in a single fragment, Using a
large database of more than 5000 EGC patients who
underwent gastrectomy with D2 lymph node dissecrion,
a criteria of node negative cancer has been defined™, At
present, lesions with preoperative endoscopic diagnosis
of differentiated type intramucosal cancer without
ulcer findings, differennated type intramucosal cancer
no larger than 3 em in diamerter with uleer findings,
differentiated type minute invasive submucosal (less than
500 micrometers below muscularis mucosa) cancer no
larger than 3 cm in diameter are considered as expanding
indication for ER™. Undifferentiated type cancer lesions
are often difficult to delineate its margin, and preoperative
diagnosis of ulceranve findings is difficult, so thar ER for
these lesions should be earcfully considered.

Esophageal cancer

Early esophageal cancer (EREC) involving the epithelium
(m1: carcinoma in situ) or the lamina propris (m2) are
eandidates for ER because no lymph node metastasis have
been reported in cancers limited to these two layers™
For EEC invading the musculans mucosa (m3), the lvmph

2963

node metastasis rate is reported as 9%, and for cancer
with minute submucosal invasion (< 200 micrometers
below the muscularis mucosa; sm1) the rate is 19%,
The lymph node metastasis rate of m3 or sml cancer
without lymphovascular infiltration of the tumor is
reported as 4.7%"". Therefore, for patients unwilling for
esophagectomy or patients with comorbid diseases not
suited for surgery, ER may be a relative indication for m3
or sml cancer. Also, for lesions spreading more than three-
quarter of circumference of the esophagus are considered
as relative indication for ER because post-operative
stricture occurs in a high marte.

Colorectal cancer

Early colorectal cancer (ECC) limited to the mucosa or with
slight submucosal invasion (< 1000 micrometers below the
muscularis mucosa; sm1) are candidates for ER'™. However,
even for lesions that meet the criteria above, lapatoscopic
or open surgery may be selected in some institutions
considering the location and size of the lesion. In
insttutions actvely performing ESD for colorectal lesions,
depressed lesions and laterally spreading tumors of non-
granular type (LST-NG) are considered as good candidates
for ESD because these lesions have a high possibility of
submucosal invasion which may he difficult to diagnose
preoperatively, and a thorough histopathological assessment
of the resected specimen is essential,

Preoperative evaluation for candidates of ER

Endoscopy with chromoendoscopy is essennal to define
the lesion. To evaluate the depth of the lesion, sizc, redness,
presence or absence of ulceration, superficial structure
of the lesion, and deformity of the wall of the organ in
compliance with air-flow rate are carefully observed by
endoscopy and chromoendoscopy. Magnification endoscopy
with narrow band imaging technique (NBI) has been
reported as a promising new modality to evaluate the depth
of EEC. Magnificaton endoscopy with NBI is also useful
L8] di!tinguish the border of EGC in case of lack of l.l‘l:i]l.t\
of chromoendoscopy with indigocarmine. Magnification
endoscopy with crystal violet staining or NBI is uscful in
esumating the depth of colorectal lesions, Endoscopic
ultrasonography is often performed to evaluate the depth
of invasion, and computed tomography may be performed
to detect lymph node metastasis if any, if the diagnosis of
node negatve cancer is difficult to judge even with mulnple
diagnostic modalities.

Pathological evaluation of the removed specimen
Whether a lesion may be included into the eriteria of
node-negative neoplasms is considered before treatment.
However, at present, it is impossible to make a definite
diagnosis of a ncoplasm regarding depth, histological
type and lymphatic vessel invasion before treaoment. 1t is
often expenienced thar although a biopsy specimen shows
adenoma/dysplasia of a lesion, a diagnosis of cancer
is made afrer total resection of the lesion. Therefore, 4
precise pathological evaluation of the resected specimen is
essennal, and an en bloc reseenon of the lesion 1s desirable
in this respect.
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After removal, the specimen should be oriented
immediarely before iris immersed in formalin. Orienranon
of the specimen is accomplished by fixing the periphery
with thin ncedles on a plate of rubber or wood. The
submucosal side of the specimen is faced to the plate.
After fixation, the specimen is sectioned serally at 2 mm
meervals parallel to a line that includes the closest part
berween the margin of the specimen and of the neoplasm,
so that both lateral and vertical margins are assessed. The
depth of invasion is then evaluated microscopically along
with the degree of differentiation and lymphovascular
infiltration, if any.

In result of thorough pathological assessment, if
the lesion is resected en bloc with negative margins
of neoplasm and fulfills the criteria of node-negative
neoplasms with no lymphovascular infiltration, the
treatment is judged as curative resection. For lesions with
piecemeal resection but being judged as node-negative
neoplasms, or lesions with histologically non-evaluable
arcas due to arrifact or fdssuc burning, a periodical
endoscopic follow-up should be performed to detect
residual neoplasm or local recurrence. On the other hand,
for lesions that do not fulfill the eriteria of node-negative
ncoplasms, additional surgery with nodal dissection should
be srongly recommended.

OUTCOMES OF ESD
En bloc resection rate

Recent results of en bloc resection rate and local recurrence
of ESD for ncoplasms in the stomach, esophagus and
colorectum are described in Table 1. For gastric neoplasms
larger than 20 mm, en bloc resection rate is extremely low
among conventional EMR methods, and local recurrence
rates are around 10%""", Although ESD was considered
as a difficult and complicated technique when it was first
described in the stomach, after matunty of the techniques
of ESD, en bloc resection rates became greater than 0%,
regardless of size, and local recurrence rates became almost
zero, Technical feasibility and favorable results of ESD have
also been reported in recurrent neoplasms'™ ™, neoplasms
of the esaphago-gastric junction', and duodenal neoplasms
although the number of cases is small. Few reports of
ESD for resection of subepithelial tumors have also been
published™,

Complication

Complications of ESD include pain, blceding, perforation,
and stricture, Pain after ESD is often mild and lasts one or
two days after the procedure although the frequency is low.
Patients of esophageal ESD are more likely to develop
pain than gastric or colorectal ESD.

Complications of post-operative bleeding and
perforation among various ESD methods in the stomach,
esophagus and colorectum are described in Table 2,
Bleeding is more frequent in the stomach cases, whereas
perforation is more frequent in the colorecral cases. To
prevent post-procedural bleeding, hemostasis of appearing
vessels on the arufical ulcer after removing the specimen is
essential. Hemostasis is performed by hemostatie forceps
(HDB2422/HDB2418, Pentax), coagrasper (FD-410LR,
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Table | Recent outcomnes of varous endoscopic submucosal
dlssecton mechods for stomach, esophagus and colorectum

Site Author  Year  Method Enbloc  Local
resection  recurrence
rate (%) rate (%)

Stomach  Yamamoto™ 2002 EMRSH 76 3
B/ @/en

Ishigooka™' 2004  sERHSE ™ 0
@iy o/

oda™ 2005 ESDIT knife %' -

571003
Kakushima™ 2006  ESD-Flexknife  91' -
(347/383)

imagawa™ 2006  ESD-Flex knife B 0
(181/19%)  {0/164)

Oyama'™ 2006 ESDMHook knife LY 0
y (/1) /111y

Onozate™ 2006 ESD-Flex knife o' 0
(s17) /99

Hirssaki™ 2007  ESDHIT knife % -
Esophagus Ovama® 2005 ESD-Hookknife 95 0
) (95/102)  (0/102)

Fujishirg™ 2006 ESD-Flexknife 100 25
J (58758 (1/40)
Colorectum Fujishiro'™ 2007 ESD-Flexknife 915 18
(832000 @711

Saito™ 2007 ESO several knives 81 03
(1687200  {1/180)

Tanaka™ 2007 ESD several knives 80 0
5670 (0/82)

Tamegai™ 2007 ESDHook knife 986 1
B3/42)  (4/36)

Onozato™ 2007  FESD-Flex knilie 77 0
@35 /B

'En bloc resection + RO resection rate

Olympus}, hot biopsy forceps, argon plasma coagulation
or endoclips, According to perforation, recent case series
suggest that small perforation immediately recognized
can be successfully scaled with endoclips and treated
conservatively by nasogastric suction, fasting and antibiotics
without emergency !upamtmm-'"’“. Huowever, there are rare
cases of delayed perforation, which requires surgical rescue.
Delayed perforanon may occur in the esophagus, stomach,
duodenum and colorectum’™ ", mostly at two or more days
after a successful ESD. The reason for delayed perforation
is unknown, however patients with uncontrolled diabetes
mellitus, patients on permanent hemodialysis, lesions located
on surgical anastomosis, and too much coagulation are
considered as possible sk factors,

Stricture after ESD may occur in esophageal ESD when
the ESD ulcer is larger than two-third of circumference
of the esophageal lumen, or in gastric ESD when the ESD
uleer involves more than three quarter of the pylorus or
pre-pylorus area. In these cases, early intervention to avoid
passage obstruction is required. Dilation using bougie
or balloon are often applied one week after ESD and
repeated several times undl healing of the ESD ulcerd™ "',

MANAGEMENTS AFTER ESD

In Japan, ESD is performed on hospitalized patients,
After ESD, cating is usually started on the next or 2 days
after ESD if there is no complication, and the patient
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Table 2 Bleeding and petforation yate of various endoscopic submucosal dissecti

methods for stomach, esophagud and colorectum

Site Author  Year Method  Total cases Bleeding (%) Perforation (%)
Stomach  Yamamoto 2002 EMRSH El 4 [
Ishigooka™ 2004 s ERHSE M 0 12
Oda™ 2005 ESDWIT knife 103 6 4
Kakushima™ 2006  ESD-Flex knife 383 34 a9
Imagawa™ 2006 ESD-Flex knifo 159 0 tl
Oyama™ 2006 ESD-Hook knife m - 1
Onozate”™™ 2006 ESD-Flex knife 171 7h 35
Hirasaki™' 2007 ESD-IT knife 12 1 1
Fsophagus  Oyama™ 2005  ESD-Hook knife 102 . 0
Fujishir™ 2006 ESD-Flex knife 5 0 69
Colorectum Fujishird™ 2007 ESD-Flex knife 200 1 #
Salte™ 2007 ESD-several knives 200 o 5
Tanaka™ 2007 ESD-several knives 70 14 10
Tamegai™ 2007 ESD-Hook knife k] - 14
Murlstone™ 2007 ESD-Flex knife a2 12 24
2007 ESD-Flox kiiife 3 0 29

may be discharged within a few days. Antacids are usually
administered to gastric and esophageal ESD patients to
relieve pain, prevent postoperative bleeding and promote
ulcer healing. A recent study showed that proton pump
inhibitors more effectvely prevented bleeding from the
gastric uleer created after ESD than did H2-receptor
antagonists” . Ulcers after ESD are reported to heal within
6 to 8 wk in the esophagus, stomach and colorectum™ ™!
Endoscopic surveillance should be carried out in patents
after ESD not only to detect local recurrence bur also
metachronous cancer especially in the esophagus and
stomach. A recent study showed that the average tume
to deteer a first merachronous gastric cancer (MGC) was
3.0 + 1.7 years after EMR/ESD, and the cumulative 3-yr
incidence was 5.9%"", In order to detect MGC at an early
stage to perform a successful ER, annual endoscopic
surveillance program may be practical for post-ER
patients,

LONG-TERM OUTCOMES AFTER ESD

Long-term outcomes after ESD for gastric cancers within
the expanded indication are currently under investigation,
Survival data is seill lacking in the literature, however in
the 2007 annual meeting of Japanese gastroenterological
endoscopy society (JGES), a symposium was held upon
long-term outcomes after gastric and esophageal ESD, For
gastric ESD, 3-yr disease free survival mte was reported as
907%/4-92%, local recurrence rate was reported as 0.8%-12%.
For lesions within the criteria of node negative cancers,
there were no reports of distant metastasis. Metachronous
gastric cancer detection rate during follow-up was reported
as 3.4%-10.2%. In comparison, long-term outcomes after
EMR for small differentiated mucosal EGC less than
20 mm 1n diameter have been reported as comparable
those after gastrectomy. The disease-specific 5- and 10-yr
survival rates were 99% and 99%", For esophageal
ESD, in the 2007 JGES meeting, 3-yr survival race for
ml-2 cancer and m3-sml cancer were 95.1% and 86.7%,
respectively, Aceording to colorectal ESD, there is stll no
long-term data at present.

FUTURE PERSPECTIVES

With the development of ESD, more than half of Gl
cancers in the carly stage are removed by ER in advanced
institutions in Japan, Ein bloc retrieval of lesions is essential
for demiled histopathologie studies, which form the basis for
stratification of wreatment outcomes and patient’s prognosis.
ESD theoretically offers greater histopathological accuracy
than conventional EMR methods or piecemeal resection.
However, ESD requires highly skilled endoscopists, and a
suitable training program is demanded for permeation of
this technique. For trainees starting ESD, skills of routne
endoscopy and colonoscopy, target biopsy, endoscopic
hemostasis techniques and simple EMR rechmques should
be required. A trainee would gain carly prnﬁcicn‘c}- af
ESD after 30 cases under supervision of a mento &=
On the other hand, serious complications such as delayed
perforation have been reported, and a thorough patient
care before and after ESD is essenual. At present, selecnon
of a lesion within the erniteria for ER, selection of the
patient with adequate general function should be well
considered. It 1s important to share the informanon and
experience among endoscopists to skill up and avoid serious
complications. The ESD rechnique is stll not a treatment at
case, and further refinements of the technique is required o
populanze ESD as a safe and rehable, less invasive trearment
for patents with GI neoplasms,
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Early gastric cancer shows different associations with adipose tissue
volume depending on histological type
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Abstract

Background. Visceral obesity is known to be a risk factor for
dinbetes and cardiovascular disease. Cancer of the gastric
cardia has been shown to have a close association with obesity
in Western couniries, In order o examine the possible rela-
tionship between fat volume and the development of gastric
cancer (GC), we guantified visceral and subcutaneous fat
areas of computed tomography (CT) images of patients with
carly GC,

Methods. A total of 210 patients who underwent endoscopic
resection or surgical gastrectomy and whose disease was
pathologically diagnosed as early GC were investigated for
total fat area (TFA), visceral fat area (VFA), and subcutane-
ous Fat area (SFA) with Fat Scan software, using a CT slice at
the wmbilical level, and the relationships of these findings with
clinical and pathological data were analyzed, The same analy-
sis was performed in 147 patients with early colorectal cancer
(CRC).

Resulrs. TFA, VFA, and SFA values in GC patients were not
significantly different from the values in CRC patients. These
values did not differ with the location of the GC, However,
patients  with undilferentiated-type GC had significantly
smaller VFAs and SFAs than those with differentiated-type
GC. Among the patients with undifferentiated GC, TFA and
SFA wvalues in the patients with submucosal cancer were
significantly smaller than those in the patients with mucosal
cancer.

Conclusion. GC has different associations with adipose tissue
volume according to its histological type. As compared with
differentiated GC, lower adipose tissue volume may be a pre-
ferential environment for the development and progression of
undifferentiuted GC.

Key words Early gastric cancer - Visceral fat - Subcutaneous
fat - Differentiated type - Undifferentiated type
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Introduction

‘The metabolic syndrome is one of the greatest concerns
in healthcare in Japan, as well as in Western countries.
Abdominal obesity has been shown to be associated
with an increased risk not only for cardiovascular disease
[1-7]. diabetes [8], and hypertension [9] but also for
malignant disease [10-14]. Since Lew and Garfinkel
[15] first reported that overweight status and obesity
increased the risk of mortality from cancer, many epi-
demiologic studics have shown a positive association
between obesity and cancers in various organs, such as
the endometrium [16], kidney [17], breast (in postmeno-
pausal women) [18], colon [19], gallbladder [20], pros-
tate [21], thyroid [22, 23], gastric cardia [24-26], and
esophagus [27].

The incidence of gastric cardia cancer has been
increasing in Western countries, whereas the rate of
distal stomach cancer has declined [28-33]. This diver-
gent trend in incidence suggests different etiologies of
these gastric cancers (GCs). Obesity was associated
with gastric cardia cancer in some case-control studies
in Western countries [34, 35], but its association with
distal stomach cancer has not been well examined [36].
Chow et al. [24] performed a multicenter population-
based case-control study in the United States in 1998,
and reported that being in the highest quartile of body
mass index (BMI) compared with being in the lowest
quartile was associated with an increased risk of esopha-
geal adenocarcinoma and gastric cardia carcinoma,
Lagergren et al. [27] reported similar results from a
large study of the Swedish population. On the other
hand, in 2003, Zhang et al. [37] reported that the BMI
of patients with gastric cardia cancer was significantly
lower than that of patients with noncardia GC, indicat-
ing that being underweight was positively associated
with gastric cardia carcinoma. Thus, the association
between obesity and gastric cardia cancer remains con-
troversial. Kubo and Corley [38] performed a system-
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atic review and metaanalysis of 14 studies and concluded
that a high BMI was weakly associated with the risk of
cancer in the gastric cardia.

Obesity is manifested as a markedly high volume of
adipose tissue. Recent studies have demonstrated that
adipocytes produce a variety of secretory peptides,
named adipokines [39, 40]. More recently, some adipo-
kines, such as leptin and adiponectin, have been shown
to critically regulate the biological behavior of malig-
nant cells [41-50], raising the possibility that adipocytes
may have positive roles in the development of malig-
nant diseases through the secretion of adipokines in an
endocrine or intracrine manner. In addition, it has been
suggested that the biochemical characteristics of vis-
ceral and subcutaneous adipose tissues are somewhat
different [51, 52].

Taking these findings into account, we raised the
hypothesis that the distribution as well as the volume
of adipose tissue may have a specific association with
human cancer. However, there are no reports describ-
ing adipose tissue volume or distribution in cancer
patients. In this study, therefore, we measured visceral
and subcutaneous fat areas separately on CT images of
patients with early GC, and investigated the relation-
ship of these findings with various clinical and patho-
logical parameters of GC.

Patients, materials, and methods

Patients and methods

In this study, we examined the volume of visceral and
subcutaneous fat in one slice of a CT scan, using Fat
Scan software (N2 System, Osaka, Japan). Several
studies have revealed that the visceral fat area (VFA)
shown from a single scan obtained at the level of the
umbilicus (the level from L4 to LS) is highly correlated
with the total visceral fat volume [53-55]. Hence, we
used a slice of a CT image at the umbilical level to
measure VFAs and subcutaneous fat areas (SFAs). We
collected the data for SFA and VFA by a previously
reported technique |55, 56]. We determined the total fat
arca (TFA) as the sum of the SFA and VFA, and the
VIS ratio, as the VFA divided by the SFA.

We retrospectively studied 550 patients whose disease
was pathologically diagnosed as early GC who under-
went surgical gastrectomy or endoscopic resection
between April 2001 and February 2007 at the Tokyo
University Hospital. Early GC, according to the classi-
fication established by the Japanese Research Society
for Gastric Cancer, is defined as a lesion confined to the
mucosal or submucosal layer. We selected only patients
with early GC, because advanced-stage cancer may
affect the volume of adipose tissue through causing
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diminished appetite and altered metabolism. Therefore,
we also excluded patients with any other malignant
diseases.

Among the 550 patients, a CT scan image of the
umbilical slice was unavailable in 332 patients, who
were excluded from this study. Three patients had
had a previous gastrectomy and 5 patients had other
advanced malignant diseases; these 8 patients were also
excluded, because gastrectomy or the presence of other
malignancies may affect the fat area. Finally, 210 patients
(174 men and 36 women) for whom a CT image of a
slice at the umbilical level was available were enrolled
in this study. We also examined, in a similar manner,
147 patients (102 men and 45 women) with early colorec-
tal cancer (CRC) as a control group in this study.

In order to analyze the associations of SFA and VFA
with various parameters in cardia cancer, we used the
criteria for cardia cancer proposed by Siewert and Stein
[57). According to their criteria, adenocarcinomas
whose center lay within 1 cm proximal to and 2cm
distal from the gastroesophageal junction (Siewert type
1I) were classified as cardia cancer, and other adenocar-
cinomas were categorized as noncardia cancer.

This study was approved by the ethics committee of
the University of Tokyo.

Statistical analysis

We performed statistical analyses of TFA, VFA, SFA,
and the V/S ratio, as well as blood count data, blood
chemical data, and pathological data. Spearman rank
correlations were calculated to determine the relation-
ship between nominal data and continuous data, and
Mann-Whitney's U-test was used to determine the cor-
relation between two kinds of continuous data. Values
of P < 0.05 were considered to be significant.

Results

Total fat area (TFA), visceral fat area (VEA),
and subcutaneous fat area (SFA) in gasiric and
colorectal cancers

The data for our entire patient cohort are shown in
Table 1. BMI and TFA values showed no significant
difference between patients with GC and those with
CRC. Both BMI and TFA were the same in male and
female patients. In contrast, in both GC and CRC
patients, VFA was significantly larger in male patients.
while SFA was larger in female patients (GC, P < 0.001;
CRC, P < 0.01). This is consistent with the data of the
general population without cancer [58]. However, when
VFA and SFA were separately compared in each sex,
both parameters mostly showed the same values. Inter-



