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@ Table 3 Indications for endoscopic resection of early gastrointestinal
2
[ neoplasm
S
g 2|58 necoo Lesion Position  Indication
o~ N — N MmO
c Esophagus Well- or moderately differentiated m1 or m2 SCC or
% AC < 20 mm, without venous or lymphatic
t‘c‘: involvement; less than a third of the circumference
elaad &322 involved (to avoid risk of post-resection stricture
formation)
5% B ER for Barrett's esophagus is still being studied
S5 8 p g
2 € & E Stomach Standard criteria: Well- or moderately differentiated
E <o ©wWooN AC and/or papillary carcinoma;
ar|"° Qoo cancer confined to mucosa lla < 20 mm; cancer
u - confined to the mucosa Ilb, lic < 10 mm, without
s evidence of lymphatic involvement
3 Expanded criteria: Mucosal well-/moderately
TY differentiated AC, irrespective of size, without
c E ©
5 g 5 ulceration; < 30 mm with ulceration; if minute
§ x é submucosal invasion is found then the size of the
E ® o~ — 9 O D lesion is = 30 mm, without venous or lymphatic
2 g 28 8583 involvement; mucosal undifferentiated AC
= 20 mm, without lymphovascular involvement or
. !
5 ulceration
2 g mE mOE Colorectum Laterally spreading tumors
25 2|38 BESZ High-grade dysplasia
- - The indication for resection of mucosal or AC
8 invading slightly into the SM s still being studied.
g
o ESD has been reported for resection of:
e P
3 v © < © o - well- or moderately differentiated AC; cancer
ex|TC gugw confined to the mucosa: lla < 20 mm, Ilb, lic
- <10 mm, without evidence of venous or lymphatic
.% involvement
5 - superficially invading the SM (< 500 um from the
E = 0 o~ g : g o muscularis mucosa); without venous or lymphatic
involvement
T
B % . AC, adenocarcinoma; ER, endoscopic resection; lla, slightly elevated
& L h
2 é ‘@ 2 superficial tumor; I1b, flat superficial tumor; Iic, slightly depressed super-
£ e .
3 3 - s ? ficial tumor; m, mucosal; SCC, squamous cell carcinoma; SM,
Ol 8 ~NEW®O® a
o |S BR|®° N - w % submucosa
S lw
- 2 3
o 2 o
= o 5 o
& ® S ] . . )
“ Q 3 E Gastrectomy with regional lymph node dissection was formerl;
5 9 _ 5 y p y
2 2 [ 2 the only available curative treatment for early gastric cancer. In
2 < £ o Y i
® g o B g 1996, the National Cancer Center Hospital (Tokyo) published their
15 %’ 23 H data describing over 1000 patients with intramucosal early gastric
= L e 3 . : : X
8 £ oo moan~|gT cancer who underwent surgical resection. This study provided
L g 22 e2xlact g Y P
g o 38 HB8F6|Q ; some of the first evidence to suggest that radical surgery with
8 5 % 2 lymphad my was y for certain gastric cancers due
2 5 o < ¢ to the extremely low incidence of spread to lymph nodes.® Cura-
g '8 S Q- 2985 5 % tive endoscopic resection of early intramucosal gastric cancers has
@ . X g . :
E 28| Q5§ since become a valid therapeutic option, but until recently was
S °g pe; P y
@ @ 25 restricted to small lesions less than 2 cm in size with no evidence
s § 2 § of surface ulceration. Although other publications suggested that
e e 2¢8 |w2 certain lesions invading into the submucosa also carried a low risk
° S§E EBEo - & . 2 . - :
2o 29 208 s 0 of progression, these studies were limited by small patient
< |2 SE 388 5 -2 progre: P
I © 29 cohorts. 4
& o8 = § Gotoda and colleagues published extensive data in 2000 that
S 8 = . . .
o~ " g E ® 2 |8 s provided a more robust evidence base for the expansion of endo-
22 e% Esffi|szc scopic resection criteria. They examined the presence of lymph
5% 58 £E:g8|35 P A P ymp
[ =4 S0 HB=288|Fa node metastasis in 5265 patients who underwent gastrectomy with
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Table 4 Early gastric cancer with no risk of lymph node metastasis

Tumor characteristics Number 95%
of cases confidence

interval

Intramucosal 1230
Well-/moderately differentiated

No lymphovascular invasion

Irrespective of ulcer findings

Tumor less than 3 cm in size

Intramucosal 929
Well-/moderately differentiated

No lymphovascular invasion

No ulcer

Irrespective of tumor size

Intramucosal 141
Poorly differentiated

No lymphovascular invasion

No ulcer

Tumor less than 2 cm in size

Minute submucosal penetration (SM1) 145
Well-/moderately differentiated

No lymphovascular invasion

Tumor less than 3 cm in size

0-0.3%

0-0.4%

0-2.6%

0-2.5%

lymph node dissection for early gastric cancer from two centers.
Only 2.2% (65/3016) of intramucosal cancers were associated
with regional lymph node metastasis. Of these lesions, lymph node
metastasis was associated with poor differentiation, signet ring
histology, lymphovascular invasion and lesions greater than 3 cm
with surface ulceration. Specifically, intramucosal lesions without
ulceration did not d lymph node is irrespective
of size. Gotoda et al. also showed that 18% of cancers with deeper
invasion into the sut sal layer were d with lymph
node metastasis. However, lesions less than 3 cm in size with
submucosal invasion less than 500 um, well- or moderately differ-
entiated histology and no evidence of lymphovascular involvement
demonstrated no lymph node metastasis. Table 4 summarizes data
from this study, showing the lesion types that displayed no evi-
dence of lymph node metastasis.*’

In 2004, the Japanese Gastric Cancer Association issued
expanded criteria for the treatment of early gastric cancer based on
this study.*® Hirasawa and colleagues have since explored undif-
ferentiated early gastric cancers in a similar population of
3843 Japanese patients. Undifferentiated lesions confined to the
mucosa, less than 20 mm in diameter, without lymphovascular
involvement or ulcer presence showed ho lymph node metastasis.
They proposed that endoscopic resection should also be consid-
ered for these lesions, thus further expanding the criteria for endo-
scopic management of gastric cancer.* Other studies of the risk of
lymph node metastasis in poorly differentiated lesions have pro-
duced similar results, although they involved smaller patient
numbers. %

Early lesions of the colorectum

‘Worldwide, colorectal cancer incidence ranks fourth in frequency
in men and third in women. Despite a relatively good prognosis,
rates of colorectal cancer are rising rapidly in countries such as
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Japan where the risk was previously low.*’ Important work done in
the 1980s demonstrated that specific genetic alterations occurred
in adenomas and carcinomas, suggesting that colorectal cancer
development involved mutational activation of an oncogene and
loss of tumor suppressor genes. This evidence led to the develop-
ment of a genetic model for colorectal tumorigenesis, and to the
suggestion that most carcinomas arise from benign adenomatous
precursors.>* In contrast, a proportion of colorectal cancers appear
to arise from normal mucosa and do not follow the adenoma—
carcinoma sequence. These de novo carcinomas tend to be small,
depressed-type lesions and may have an mtreasad invasive ten-
dency.** Originally, dep d-type 1 were
thought to exist only in Eastern populati but their

and invasive potential in the West have since been proven by
groups from the UK and the USA.5#

Intramucosal colorectal lesions have no risk of lymph node
metastasis and can be cured by endoscopic resection.”® Once the
submucosa has been breached, the incidence of lymphatic spread
rises to around 10%, but this is di on depth of i
Lesions with submucosal invasion less than 1000 pm have a low
risk of lymph node metastasis and are good candidates for endo-
scopic therapy.? Klfﬂ_]lma et al. reported an overall mmdence of
lymph node in 865 sut
cancers of 10%. Poor differentiation, lymphatic invasion and
venous invasion were significant risk factors for metastasis. They
showed that pedunculated lesions with submucosa.l invasion less
than 3000 pm and no evid: of lymphati displayed no
evidence of lymph node metastasis. All sessile cancers w1th lymph
node metastasis had invaded the submucosal layer by more than
1000 pm.%®

Egashira and colleagues demonstrated a similar rate of lymph
node metastasis of 9%, and identified submucosal invasion greater
than 2000 pm as an independent risk factor. Their study was
smaller, involving only 140 cancers, and cases were not subdivided
into pedunculated and non-pedunculated.®' With regard to pedun-
culated lesions, Haggitt identified stalk invasion as an important
factor in predicting clinical outcome. Tumors extending beyond
the stalk into the sub but not hing the i
propria (Haggitt level 4) were associated with poor outcome. This
study was limited by moderate patient numbers (n = 129), a factor
that should be taken into consideration in practical application.5

Special consideration should be given to LST of the colorectum.
Uraoka et al. studied 511 colorectal LST and reported significant
differences in depth of invasion between granular and non-
granular lesions. LST-NG had a higher potenua] for mahgnancy
compared to LST-G with fr 'y of sut of
14% versus 7%. Whilst plsccmea] resection was considered
acceptable for LST-G type, en bloc resection was suggested as the
best therapeutic approach for LST-NG type.®*

The therapeutic approach to lesions of the colorectum is very
much dependent on the accuracy of endoscopic diagnosis.
Matsuda et al. recently carried out a large prospective study of
4215 lesions in 3029 consecutive patients between 1998 and 2005
at the National Cancer Center Hospital, Tokyo. All lesions were
detected via the conventional endoscopic view and assessed using
magnifying chromoendoscopy for evidence of invasive features
according to pit pattern evaluation. They showed that 99.4% of
lesions diagnosed endoscopically as ‘non-invasive’ were adenoma,
high-grade dysplasia or adenocarcinoma with submucosal inva-
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sion less than 1000 pm. Among lesions diagnosed with ‘invasive’
pattern, 87% were cancers with submucosal invasion deeper than
1000 um. This is the first large-scale prospective study to validate
the use of magnifying chromoendoscopy as a highly effective
method in the prediction of invasion depth of colorectal
neoplasms.®

Application of ESD in countries other
than Japan

ESD is an appealing prospect for treatment of certain lesions of the
GIT in the West, such as superficial carcinomas of the esophagus,
high-grade dysplasia in Barrett’s mucosa and large flat non-
granular tumors of the colorectum. There are, however, a number
of limitations to widespread use of ESD outside Japan.

Firstly, selection of appropriate lesions for ESD is crucial, and
the diagnostic skills to facilitate this, including determination of
lesion characteristics, are of great importance. Whilst optical mag-
nification is used in Japan allowing up to 150x image enlargement,
digital magnification is more commonly available in the West,
providing views with less resolution. Chromoendoscopy is also a
routine modality in GI lesion assessment in Japan, but rarely used
outside specialist units in the West. Consequently, the ability to
analyze lesion surface vascularity and pit pattern in detail and
therefore lesion selection for ESD is limited. These assessment
techniques are considered crucial in Japan to enable correct diag-
nosis of lesion type, depth and amenability to endoscopic treat-
ment. Successful application of ESD in the West will certainly
require a change in di i hnique and close refé to
Japanese literature in selection of lesions for resection.

Secondly, ESD is a technically demanding procedure requiring
a high level of endoscopic skill and intensive training. The learning
curve is steep and involves animal model work in the first instance.
Unlike Western countries, facilities for animal model training are
readily available in Japan and materials such as the isolated pig
stomach can be supplied at low cost. Initial ESD training in
patients entails removal of small gastric lesions in the antrum
under close expert supervision, and generally, at least 30 proce-
dures are required to reach basic proficiency.®® The likelihood of
major complications for ESD of lesions in this position is low,
even for endoscopists with less experience. The large lumen allows
easy maneuvering and the risk of perforation is reduced due to the
relative thickness of the gastric wall. Bleeding is common during
ESD and safe hemostasis is one of the most important aspects of
the procedure. However, acquiring skills for basic ESD maneuvers
from the beginning of training is vital and the lower vascularity of
the antral wall allows this due to reduced bleeding risk.

The incidence of early gastric cancer in the West is very low
compared to Japan, so opportunities to perform training gastric
ESD are few. Alternatively, rectal ESD is a comparatively safe
procedure and may provide a useful training medium for Western
endoscopists. Certain skills can be acquired during animal model
training, but collaboration with expert Japanese endoscopists and
training periods in their units may be helpful in order to reach the
necessary skill level. Suzuki et al. recently reported their early
experience of ESD as a modality to remove large sessile colorgctal
polyps at the Wolfson Endoscopy Unit, UK. Although only nine
patients were enrolled in the study, en bloc resection was achieved
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in seven patients, with only one major complication of post-
procedural bleeding requiring blood transfusion. Importantly, the
ESD technique was acquired under the supervision of an expert.%
Dinis-Ribeiro et al. published a case series of 19 gastric ESD from
Portugal reporting only one hemorrhage and no perforations.5”

Thirdly, ESD is considered more economical and less invasive
compared to surgery. Nevertheless, mean hospital inpatient stay
for ESD is 5 days and this could prove logistically difficult in the
West where bed availability is often limited. In addition, it could
be argued that laparoscopic surgery and transanal resection for
colorectal lesions in the West are more established techniques,
requiring a shorter or similar length inpatient stay; thus, they may
be a more viable option.

Finally, management of GIT lesions using ESD in the West will

doubtedly require a y team. During each proce-
dure, several endoscopists are often present in Japan, either to
assist or monitor patients, and propofol is frequently given without
anesthetists being present. However, although conscious sedation
is standard practice in the UK, anesthetists would be required to
administer propofol.® Practice varies worldwide, with anesthetist-
or nurse-administered propofol common in Australia and the
USA.® Endoscopy nurse training would also need to be addressed
in the West, as ESD requires highly trained assistants as well as
skilled technicians. Introduction of ESD into Western countries
could be of huge benefit to the management of GIT lesions.
However, close and supportive working relationships between
endoscopists, pathologists and surgeons would be vital for it to
succeed as a viable therapeutic option.
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Endoscopic
Submucosal
Dissection of
Non-Polypoid .
Colorectal Neoplasms
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Traditionally, endoscopic mucosal resection (EMR)'-5 and surgery were the only avail-
able treatments for large colorectal tumors, even for those detected at an early stage.
In Japan, EMR is indicated for the treatment of colorectal adenomas, intramucosal
and submucosal superficial (invasion <1000 pm from the muscularis mucosae)
cancers, because of its negligible risk of lymph node metastasis® and excellent clinical
outcomes.>™

The endoscopic submucosal dissection (ESD) technique, which enables en-bloc
resection of large tumors, is accepted as a standard minimally invasive treatment for
early gastric cancer in Japan.”® However, it is not widely used to treat superficial colo-
rectal cancer because of technical difficulty and the higher risk of complications.
Conventional EMR, therefore, is used for the resection of non-polypoid colorectal
neoplasms (NP-CRNs), including the large flat carpet lesions, called colorectal laterally
spreading tumors (LSTs).*® EMR, however, is not designed for en-bloc resection of
LSTs larger than 20 mm. Piecemeal EMR is associated with the risks of incomplete
removal and local recurrence® albeit most recurrences can be successfully treated by
additional EMR and only a few cases require surgery.® ESD of LSTs larger than 20 mm
is therefore an attractive treatment provided that it is safe to use in the colon and rectum.

® Endoscopy Division, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo 104-0045,
Japan
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Based on the refinement of ESD instruments and progress in the development of
ESD skills, the ESD technique has recently been reported to be useful in the treatment
of large colorectal LSTs instead of EMR or surgery.'%-'5 Herein, the authors describe
their experience.

INDICATIONS FOR COLORECTAL ESD

The indication for colorectal ESD at the National Cancer Center Hospital (NCCH) in
Tokyo, Japan, is a nongranular type LST (LST-NG) larger than 20 mm.2

Based on clinicopathologic analyses of LSTs,*'® LST-NGs, which are large (>1 cm)
superficial elevated NP-CRNs with a smooth surface, have a higher rate of submu-
cosal (sm) invasion, which can be difficult to predict endoscopically. About 30% of
LST-NGs with sm invasions are multifocal, and such invasions are primarily super-
ficial submucosal cancers (smis) and difficult to predict before endoscopic
treatment.

Granular type LSTs (LST-Gs) have a lower rate of sm invasion, and most such inva-
sions are found under the largest nodule or depression, which are easier to predict
endoscopically.* 16 LST-Gs larger than 20 mm can be treated by endoscopic piece-
meal mucosal resection (EPMR) rather than by ESD, with the area that has the largest
nodule resected before resection of the remaining tumor. LST-Gs larger than 30 mm or
40 mm are possible candidates for ESD because they have higher sm invasion rates
and are more difficult to treat even by EPMR; so they have been treated by either
EPMR or ESD, based on the individual endoscopist’s judgment.

ESTIMATION OF THE DEPTH OF INVASION

A non-invasive pattern'”'® should be verified in each lesion, indicating suitability for
EMR or ESD: the estimated invasion depth should be less than that of superficial
submucosal cancers (sm1s). No biopsy is performed before ESD because it can cause
fibrosis and may interfere with submucosal lifting.

CESSATION PERIOD OF ANTICOAGULANT AND ANTIPLATELET BEFORE ESD

ESD is considered to be a high-risk procedure.’® Most patients receiving aspirin or
ticlopidine alone underwent ESD after a cessation period of 5 to 7 days and restarted
the drugs after 7 days if possible. Patients receiving warfarin used intravenous heparin

or subcutaneous low-molecular-weight heparin in the perioperative period and

resumed warfarin after the ESD procedure.

ESD PROCEDURE AT NCCH

The procedures were primarily performed using a ball-tip bipolar needle knife (B-knife)
(XEMEX Co, Tokyo Japan) (Fig. 1A)?° and an insulation-tip (IT) electrosurgical knife
(Olympus Optical Co, Tokyo, Japan) (see Fig. 1B) with carbon dioxide insufflations
instead of air insufflation to reduce patient discomfort (see Fig. 1C)." After submu-
cosal injection of 10% glycerin and 5% fructose (Glyceol, Chugai Pharmaceutical
Co, Tokyo, Japan)?' and 0.4% hyaluronic acid (MucoUp, Seikakagu Co, Tokyo,
Japan) (see Fig. 1D) into the sm layer, a circumferential incision was made using
the B-knife and an ESD was then performed using the B-knife and IT knife (see
Fig. 1A, B).
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Ball tip B-knife ~ IT knife = CO, Insufflation MucoUp

A B
Fig. 1. The procedures were primarily performed using a B-knife (A) and an IT electrosur-
gical knife (B) with carbon dioxide insufflation (C) instead of air insufflation to reduce
patient discomfort. After injection of Glyceol (Chugai Pharmaceutical Co, Tokyo, Japan)
and MucoUp (Seikakagu Co, Tokyo, Japan) (D) into the sm layer, a circumferential incision
was made using the B-knife and an ESD was performed using the B-knife and IT knife.
(From XEMEX Co, Tokyo, Japan; with permission [A]; Olympus Optical Co, Tokyo, Japan;
with permission [B]; and Seikakagu Co, Tokyo, Japan; with permission [D].)

SUBMUCOSAL INJECTION SOLUTION

A mixture of 2 solutions was prepared before the procedure to create a longer-lasting
sm fluid cushion.

Solution 1: Indigo carmine dye (2 mL of 1% solution) and epinephrine (1 mL of 0.1%
solution) were mixed with 200 mL Glyceol?' in a container, which was then
drawn into a 5-mL disposable syringe.

Solution 2: MucoUp was drawn into another 5-mL syringe with a smaller amount of
indigo carmine dye and epinephrine. During the actual ESD procedure, a small
amount of solution 1 was injected into the sm layer to confirm the appropriate
sm layer elevation and then solution 2 was injected into the properly elevated
sm layer. Finally, a small amount of solution 1 was injected again to flush out
any residual solution 2.

DETAILED COLORECTAL ESD PROCEDURES

1. The margins of the lesion were delineated before ESD by spraying 0.4% indigo
carmine dye (Fig. 2A). After creation of the submucosal fluid cushion, an initial inci-
sion was made with the B-knife at the oral side of the lesion (see Fig. 2B).2° In colo-
rectal cases, it was not necessary to actually mark around lesions because tumor
margins can be visualized clearly with indigo carmine.

2. The B-knife was inserted into the initial incision, and an electrosurgical current was
applied in endocut mode (50 W) using a standard electrosurgical generator (ICC
200, ERBE, Tubingen, Germany) to continue the marginal incision around the
oral side of the lesion.

3. After partial resection of the margin on the oral side of the lesion to ensure adequate
submucosal lifting, submucosal dissection was begun using the same B-knife in
retroflex view (see Fig. 2B).

4. Additional resection of the margin on the anal side was performed using the B-knife
in the straight view (see Fig. 2C).

5. After the lesion was partially dissected so that the sm layer could be visualized
sufficiently, an IT knife (see Fig. 2D) was used to complete the dissection of the
sm layer quickly and safely. The previously indicated solutions were injected
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Fig. 2. ESD procedures. (A) An LST-NG type lesion 40 mm in size located in transverse colon
(reverse view). Lesion margins delineated before ESD using 0.4% indigo carmine dye spray-
ing. (B) After injection of Glyceol and sodium hyaluronate acid solution into the sm layer,
a half-circumferential incision (anal side) was performed using B-knife (retroflex view). After
circumferential incision, sm dissection was performed using the same B-knife. (C) Straight
view of the lesion after half-circumference marginal resection and sm dissection of the
oral side. Additional resection of the margin on the anal side was performed using the B-
knife in the straight view. (D) Dissection of the sm layer from outside to inside of the lesion
is easily performed using the IT knife. (E) Ulcer bed after successful en-bloc resection in 1.5
hours. (F) Resected specimen was 40 x 30 mm in diameter and histologic findings revealed
intramucosal cancer with tumor-free margin.

repeatedly into the sm layer to maintain the sm fluid cushion so as to minimize the
risk of perforation.

6. Hemostatic forceps were used in soft coagulation mode (70-80 W) to control visible
bleeding. The patient’s position was sometimes changed to facilitate visualization of
the tissue plane, and dissection continued until the lesion was completely excised.

7. After the colorectal ESD was completed, routine colonoscopic review to detect any
possible perforation or exposed vessels was conducted and minimum coagulation
was performed using hemostatic forceps on nonbleeding visible vessels to prevent
postoperative bleeding (see Fig. 2E). )

8. The resected specimen was stretched and fixed to the board using small pins (see
Fig. 2F).

CLINICAL OUTCOME OF ESD AT NCCH

The en-bloc resection rate was 88% and the curative resection rate was 86% among 500
ESDs (Table 1). Of these, 127 were tubular adenomas, 315 were intramucosal cancers or
minute sm c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>