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Abstract

One of the most prominent characteristics of
gastrointestinal stromal tumors (GISTs) is their
unpredictable and variable behavior. GISTs are
not classified as “benign” or “malignant” but are
rather stratified by their associated clinical risk of
malignancy as determined by tumor size, location,
and number of mitoses identified during surgical
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histology. The difficulty in assessing the malignant
potential and prognoses of GISTs as well as the
increasing incidence of “incidental GISTs” presents
challenges to gastroenterologists. Recently, endoscopic
enucleation has been actively performed as both a
diagnostic and therapeutic intervention for GISTs.
Endoscopic enucleation has several advantages,
including keeping the stomach intact after the removal
of GISTs, a relatively short hospital stay, a conscious
sedation procedure, relatively low cost, and fewer
human resources required compared with surgery.
However, a low complete resection rate and the risk of
perforation could reduce the overall advantages of this
procedure. Endoscopic full-thickness resection appears
to achieve a very high RO resection rate. However, this
technique absolutely requires a very skilled operator.
Moreover, there is a risk of peritoneal seeding due
to large active perforation. Laparoscopy endoscopy
collaborations have been applied for more stable
and pathologically acceptable management. These
collaborative procedures have produced excellent
outcomes. Many procedures have been developed and
attempted because they were technically possible.
However, we should first consider the theoretical basis
for each technique. Until the efficacy and safety of
sole endoscopic access are proved, the laparoscopy
endoscopy collaborative procedure appears to be an
appropriate method for minimally destructive GIST
surgery.

Key words: Gastrointestinal stromal tumor; Endoscopy;
Laparoscopy; Efficacy; Safety
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Core tip: Several endoscopic approaches have recently
been investigated for removing gastrointestinal stromal
tumors. Endoscopic enucleation has several advantages.
However, there is the possibility of peritoneal seeding
when accidental perforation occurs. Furthermore,
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the rate of RO resection is not yet acceptable. While
endoscopic full-thickness resection has a more solid
theoretical basis than endoscopic enucleation in terms
of RO resection, the possibility of tumor cell shedding
into the peritoneum would increase when capsule injury
results from the procedure. Compared with endoscopy
only procedures, laparoscopy endoscopy cooperative
surgery and LAFTR provide a higher complete resection
rate and a more stable process, which are accordant
with the purpose of minimally destructive surgeries.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) constitute
an unusual tumor type that is poorly understood by
medical and surgical oncologists. GISTs are the most
common mesenchymal tumor of the gastrointestinal
tract and are believed to originate from the interstitial
cells of Cajal regulating gastrointestinal motility. In the
medical literature, GISTs have been confused with true
smooth muscle tumors due to their similar features
under light microscopy. Once a poorly recognized
disease, GISTs have gained increasing interest fo-
llowing advances in diagnostics, both in terms of
immunohistochemistry and the characteristic gain of
functional mutations in either the c-KIT or PDGFRa
genes, which have been identified as hallmarks of
their pathogenesis™ ™. The presence of c-KIT has been
shown through its receptor in approximately 80% of
GISTs™, and 8% of GISTs have mutations in PDGFRa,
which encodes a c-KIT-homologous receptor tyrosine
kinase'™?,

The range of clinical feature of GISTs ranges
from symptomatic bleeding to incidental detection
during a routine endoscopy®.. In general, 10%-30%
of GISTs are clinically malignant'®, but all GISTs
are alleged to have some degree of malignant
potential™. Despite size and location of GISTs are
imperative factors facilitating an estimation of the
risk of malignancy prior to operation'”!, dependable
preoperative examination for predicting malignancy
are not readily available. Endoscopic ultrasonography
is useful for obtaining some specimens'®, and the
risk of GISTs can be stratified according to several
factors™”!; for instance, micro-GISTs (no more than
1 cm) generally show benign behavior irrespective of
the mitotic rate!®’. However, the difficulty in estimating
the malignant potential and the increasing incidence
of “incidental GISTs” are particularly challenging
for gastroenterologists, who must make decisions
regarding patient care and management of this
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disease; in the case of micro-GISTs, regular endoscopic
follow up is generally accepted!®, but RO resection is
frequently considered in cases with larger tumors.

Endoscopic enucleation and related variations of this
treatment have recently been introduced for managing
GISTs, most often in incidentally detected cases. There
are several advantages of endoscopic treatment, but it
presents some risks as well. Endoscopic full-thickness
resection (EFTR), laparoscopy endoscopy cooperative
surgery (LECS), laparoscopy-assisted endoscopic full-
thickness resection (LAEFR), and non-exposed wall-
inversion surgery (NEWS) have been applied for more
pathologically acceptable management. This article
provides an overview of the theoretical basis and
technical feasibility of gastric GIST treatment in terms
of an endoscopic approach with or without laparoscopic
collaboration, considering the imperative points of
conventional surgical resection.

THEORETICAL BASIS

Incidental GIST

Endoscopic enucleation is typically performed for
asymptomatic GISTs. Approximately 15%-30% of
GISTs were incidentally discovered without presenting
any symptoms®'**?, In these studies, the incidental
discovery of GISTs primarily occurred after surgical
resection for other reasons or during postmortem
examination. Several studies have noted the existence
of subclinical microscopic gastric GISTs!"**®!, Micro-
scopic gastric GISTs were discovered in 22.5% of
consecutive autopsies conducted on patients aged no
less than 50 years old™. Kawanowa et a/*® presented
evidence that microscopic GISTs were observed in
35% of whole stomachs that were surgically resected
due to gastric carcinoma. As upper gastrointestinal
examination by endoscopy has been increased, the
incidental recognition of subepithelial lesions has also
substantially increased. According to one retrospective
study, the prevalence of subepithelial gastric lesions
was 0.36% during routine exanimation”). These
studies show that GISTs are far more common than
previously presumed. Considering this suggestion, a
gastroenterologist may frequently encounter GISTs in
normal clinical practice, and a practical guide should
be established to avoid irregular management of
incidentally detected GISTs.

Malignant potential

Importantly, all GISTs are thought to have some
degree of malignant potential. Approximately
20%-25% of GISTs in the stomach demonstrate
malignant behavior™. One of the most prominent
features of GISTs is unpredictable and variable
behavior. Large, presumably aggressive GISTs can
progress in an indolent manner, whereas small,
incidentally discovered GISTs can show malignant
behavior. Thus, GISTs are not classified as “malignant”
or “benign” but are rather stratified by the clinical
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Table 1 Prognostication of gastrointestinal stromal tumor atdifferent sites by tumor size and mitotic rate based on follow-up studies

of over 1700 gastrointestinal stromal tumors prior to imatinib

Tumor parameters Percentage of patients with progressive disease during long-term follow-up and quantitative characterization of the
risk for metastasis
Group Size Mitotic rate Gastric GISTs Small intestinal GISTs Duodenal GISTs Rectal GISTs
1 <2cm 0 none
2 >2<5cm <5/50 1.9 (very low) 4.3 (low) 8.3 (low) 8.5 (low)
3a >5<10cm HPFs 3.6 (low) 24 (moderate) . a1 . a1
34 (high 57 (high
3  >10cm 12 (moderate) 52 (high) (high) (high)
4 <2cm 0 50! : 54 (high)
5 >2<5cm >5/50 16 (moderate) 73 (high) 50 (high) 52 (high)
6a >5<10cm HPFs 55 (high) 85 (high) NN N
6b  >10cm 86 (high) 90 (high) 86 (high) 71 (high)

'Small number of cases. Groups combined or prognostic prediction less certain; No tumors encountered with these parameters. (Adopted from Miettinen
et al™). HPF: High power field; 50 high: Power fields equal approximately 5 mm? GIST: Gastrointestinal stromal tumor.

INNER CIRCULAR
“PEOUTER LONGINAL|

Figure 1 Features of gastrointestinal stromal tumors. A: An approximately 2-cm elevated lesion covered with nearly intact mucosa was observed at the cardia; B:
EUS demonstrated a 21-mm, generally homogenous hypoechoic, well circumscribed pear-shaped lesion originating from the inner circular layer of the proper muscle
layer. Inside the lesion, a hyperechoic septum-like structure was noticed; C: There was a small deep focal ulceration at the center of the gastrointestinal stromal tumor
(GIST) (white arrows).

risk of malignancy depending on mitotic count, size, form a smooth-contoured elevation (Figure 1A and
location (Table 1), A preoperative estimation of risk B).Focal mucosal ulceration is common in GISTs
can be induced from size and location, but reliable at all sites (Figure 1C) and is not related to tumor
criteria for surgery do not currently exist. Unlike gastric malignancy. GISTs are usually well circumscribed
adenocarcinomas, regional lymph node metastasis of and surrounded by a pseudocapsule. The presence
GIST is unusual; the prevalence has been reported to of a pseudocapsule contributes to the indication for
range from 1.1% to 3.4%!"%?%, Because it is difficult to ~ complete resection in endoscopic enucleation.

predict the malignant behavior of GISTs, together with When considering endoscopic enucleation, GISTs
the rarity of lymph node metastasis, the theoretical must be classified into several types according to their
basis for endoscopic removal can be reasonably locations in the gastric wall (Figure 2). Type [ is a GIST
supported if this method results in complete resection that has a very narrow connection with the PM and
and does not cause peritoneal seeding. protrudes into the luminal side, similar to polyps (Figure

2A). Type 1I has a wider connection with the PM and
Gross appearance and location in the gut wall protrudes into the luminal side at an obtuse angle
To estimate the feasibility of endoscopic procedures, (Figure 2B). Type Il is located in the middle of the
it is important to understand the gross findings. gastric wall (Figure 2C). Type IV protrudes mainly into

GISTs range in size from a few mm to 35 cm, with a the serosal side of the gastric wall (Figure 2D). Of the
median size between 5 and 8 cm!?!, The targets of four types, type I is the best candidate for endoscopic
endoscopic enucleation and related procedures are enucleation due to its narrow connection with the PM

small- to medium-sized gastric GISTs less than 5 cm layer, and it seems possible to remove type II lesions
in size. Small- to medium-sized GISTs typically form by endoscopic enucleation. However, it is nearly
a well-delineated spherical or hemispherical mass, impossible to achieve complete resection of type III

arising mostly from the proper muscle (PM) layer and type IV GISTs by endoscopic enucleation. Thus,
beneath the mucosa and pushing into the lumen to EFTR, LECS, LAEFR, or NEWS should be considered for
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Figure 2 Classification of gastrointestinal stromal tumors according to the location in the gastric wall. A: Type 1 is a gastrointestinal stromal tumor (GIST)
that has a very narrow connection with the proper muscle layer and protrudes into the luminal side like a polyp; B: Type II has a wider connection with the proper
muscle layer and protrudes into the luminal side at an obtuse angle; C: Type III is located in the middle of the gastric wall; D: Type IV protrudes mainly into the serosal
side of the gastric wall. White dotted lines indicate the area dissected from the proper muscle layer. 1: Mucosa; 2: Submucosa; 3: Circular layer of proper muscle; 4:

Longitudinal layer of proper muscle.

type Il and IV GISTs.

Surgical resection and follow-up program

Surgical removal is the primary treatment for a
localized GIST in the majority of cases. Prior to
evaluating the feasibility of therapeutic endoscopic
procedures for GISTs, it is necessary to understand the
surgical procedures and outcomes as a conventional
standard strategy. The primary goal of surgery
is complete tumor removal with clear resection
margins. Avoiding pseudocapsule rupture is very
important because intra-abdominal dissemination
and a poor prognosis have been seriously associated
with its occurrence'. It seems not necessary to
perform routine lymphadenectomy due to rare nodal
metastasis!®’!.

Depending on the location of the lesion, the type
of surgery is determined. In cases of esophageal,
small intestinal, and rectal GISTs, wide resections are
the surgery of choice®. Gastric wedge resection is
the most frequently performed procedure for gastric
GISTs, and it is recommended as the treatment of
choice; however, in some cases, tumor size and
location may indicate extensive surgery, including
a partial or total gastrectomy. Laparoscopic wedge
resection, which is less invasive than the traditional
technique, has been demonstrated to have comparable
results in terms of efficacy, safety profile, and length of
hospitalization®>?, Short- and long-term outcomes of
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laparoscopic wedge resection have been shown to be
equivalent to the open surgical approach. Guidelines
suggest that laparoscopic wedge resection can be
used for tumors < 5 cm'®?\, Laparoscopic approaches
to GIST management continue to expand and should
adhere to standard oncological principles, including
avoidance of direct grasping and tumor rupture, and
an extraction bag is recommended when tumors are
removed™***1, Although a microscopically positive
margin was not found to be a significant adverse factor
in some studies™™®!, one study did find it to be an
adverse factor for survival®,

The guidelines of the national comprehensive
cancer network recommended abdominal and pelvic
CT scan every 3-6 mo for 3-5 years and annually
thereafter following completer resection™”. Less
frequent surveillance may be acceptable for small
tumors (< 2 cm). Currently, Imatinib is approved both
in the United States and the EU as an adjuvant therapy
for GIST after surgical resection.

TECHNICAL FEASIBILITY OF THE
ENDOSCOPIC APPROACH

Nearly all interventions have been performed for
submucosal tumors originating from the PM layer
without validating preoperative histological findings.
Therefore, it is realistic to estimate the feasibility of
an endoscopic approach for GIST by accessing data
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Figure 3 Endoscopic enucleation using the standard endoscopic submucosal dissection technique. A: An approximately 2.5-cm subepithelial tumor was
identified at the greater curvature side of the upper body of the stomach; B: A 2.6-cm mixed echogenic tumor with a slightly irregular border arising from the proper
muscle layer was noticed; C: Endoscopic enucleation using the endoscopic submucosal dissection technique was performed; D: En bloc resection was achieved; E:
There was no perforation at the operation site; F: On pathologic examination, a vertical resection margin was apparently involved with tumor cells (red boxed area);
R1 resection was confirmed. (Courtesy of Kyung Oh Kim, Gil hospital, Incheon, South Korea).

acquired from submucosal lesions originating from the
PM layer.

ENDOSCOPIC ENUCLEATION

Submucosal endoscopic dissection

GISTs originating from the PM layer are not likely to
be removed completely and safely using standard or
modified endoscopic submucosal dissection (ESD). In
such cases, deep submucosal dissection and PM layer
resection should be performed. Moreover, the PM layer
under the lesion must be carefully dissected (Figure 3).
Thus, perforation risk is inevitably high. Furthermore,
the margin seems to be minimal and easily involved in
tumor cells (Figure 3F); there is also a potential risk of
injury to the pseudocapsule. Several studies presented
similar rates of successful en bloc resection (64%-94%)
and perforation rates from 0% to 12% using ESD for
GISTs originating from the PM layer (Table 2) (n = 11,
25, and 22)"*4, The imperative point, which should
be noted, is that not all studies assessed pathologic
evaluation, although they insisted on complete
resection (n = 11 and 25)"**!), One recent study (n
= 86) reported a 5.8% local recurrence rate after
endoscopic enucleation of 86 GISTs, although all of the
GISTs were completely removed endoscopically™.

Endoscopic muscularis dissection
Liu et al* introduced another endoscopic technique,
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called endoscopic muscularis dissection (EMD), for
tumors originating from the PM layer (n = 31, 14
esophageal and 17 gastric tumors)™**. Of these
tumors, 97% (30/31) were completely resected. The
perforation rate was 13% (4/31)"%. A longitudinal
incision may have advantages in closing the mucosa
with clips and promoting wound healing (Figure 4).

Endoscopic submucosal tunnel dissection

Endoscopic submucosal tunnel dissection (ESTD) is
an innovative method that provides a solution for
perforation, which frequently occurs during proper
muscle dissection. The first case was reported by Inoue
et al™, submucosal endoscopic tumor resection for
cardial and esophageal subepithelial tumors (n = 7).
Submucosal tunnel dissection includes four major
procedures (Figure 5): (1) creating a submucosal
tunnel; (2) dissecting the tumor from the mucosa or
submucosa; (3) dissecting the PM layer attached to the
tumor; and (4) retrieving the specimen and closing the
mucosal entry site with clips (n = 7, 12, and 85)1*™7,
The imperative advantage of ESTD is maintaining
mucosal integrity during en bloc resection of sube-
pithelial tumors (n = 143)“8, ESTD may possibly de-
crease the risk of gastrointestinal tract leakage and
subsequent infection*®), Therefore, this technique may
be a promising novel method for selected™® GISTs
arising from the PM layer at the cardia, particularly
because endoscopic enucleation in this area can result
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Table 2 Recent publications reporting endoscopic enucleation and endoscopic full-thickness resection for upper gastrointestinal

tumors originating from the proper muscle layer

Ref. n Method Mean operation time Mean tumor Complete resection Complications/recurrence
(min) diameter (mm) rate (%)
Wang et al™ (2014) 86  Standard ESD - - 100 4 delayed bleedings
9 perforations
5 local recurrences
Ye et al'” (2014) 85 ESTD 57 19 100 4 pneumothorax and subcutaneous
emphysema
2 pneumothorax
2 subcutaneous emphysema
Feng et al* (2014) 48 EFTR 60 16 100 0
Li et al™ (2012) 143 ESD (134), EFTR 45 18 94 2 pneumothorax,
(6), ESTD (3) 1 subcutaneous emphysema
Biatek et al*” (2012) 22 Standard ESD - - 68" 2 perforations
Liu et al™ (2013) 31 EMD 77 22 97 4 perforations
Inoue et al™ (2012) 7 SET 152 19 100 0
Gong et al* (2012) 12 ESTD 48 20 83 2 pneumothorax
and subcutaneous emphysema

Zhou et al®™ (2011) 26 EFTR 105 28 100 0
Hwang et al'*"! (2009) 25 ESD = 29 64 3 perforations
Lee et al* (2006) 1 ESD 61 21 75 0

'Pathologically evaluated. EFTR: Endoscopic full-thickness resection; EMD: Endoscopic muscularis dissection; ESD: Endoscopic submucosal dissection;

ESTD: Endoscopic submucosal tunnel dissection; SET: Submucosal endoscopic tumor resection.

Figure 4 Endoscopic muscularis dissection of an esophageal subepithelial tumor originating from the proper muscle layers. A: Endoscopic view of the
esophageal submucosal tumor; B: Exposure of the tumor using a longitudinal incision; C: Blunt dissection of the tumor as deep as the proper muscle layer with a
transparent hood; D: Stopping bleeding after blunt dissection; E: The whole tumor was removed F: Linear clipping was performed to close the submucosal entry site
(adopted from Liu et af*%).

in pneumothorax and subcutaneous emphysem

Advantages and drawbacks

Given the safety and efficacy of endoscopic enucleation,
these emerging techniques can be preferable options
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for GISTs arising from the PM layer who are admitted
to institutions with experienced operators. Endoscopic
enucleation has several advantages, such as an intact
stomach after GIST removal, a relatively short hospital
stay, a conscious sedation procedure, relatively low
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Figure 5 Endoscopic submucosal tunnel dissection procedure with longitudinal access. A: A 2-cm longitudinal mucosal incision was created, approximately
5 cm over the submucosal tumor; B: Submucosal dissection was performed, making a submucosal tunnel until the tumor was visible; C: Dissection was performed
along the margin of the tumor; D: Dissection was completed; E: After removing the tumor, potential bleeding foci were coagulated; F: Closing the entry with clips (adopted
from Gong et af*%).

cost, and fewer human resources required compared
with surgery.

However, it should be noted that several dis-
advantages also exist, which must be overcome to
ensure the efficacy and safety of these advanced
endoscopic techniques. First, there have been no
data showing whether or not there was remnant
GIST tissue at dissection sites when R1 resection was
conducted; most studies have only validated en bloc
resection!®*44447491 The dissection surface was
ablated by an electrical knife or snare, so there may
not be remnant GIST cells, although R1 resection
was achieved. Although this assertion seems logical,
there have been no data proving this hypothesis.
Moreover, one of the latest studies reported that a
5.8% local recurrence was observed even though
complete endoscopic resection was achieved in all
cases. To address this hypothesis, surgical resection of
the dissected area should be obtained, and a careful
pathological examination of the dissected surface
must be conducted. Although several studies have
shown that a microscopically positive margin was not
a significant adverse factor”**®, we should understand
that these were surgical outcomes. In laparoscopic
surgery, staples are used for the procedure, and
the additional tissue from the resection line is
essentially removed, indicating that R1 resection of
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GIST specimens during surgical procedures includes
cases with RO resection in a remnant stomach. In
contrast, endoscopic enucleation does not involve
this additionally removed area. There has also been
disagreement regarding this result even in conventional
surgical procedures®®’. Considering this information,
R1 resection in endoscopic enucleation should be
regarded as true R1 resection until appropriate studies
demonstrate contrasting evidence. Currently, post-
procedural management of R1 resection should be
additional surgery, particularly for R1 resection of
intermediate- to high-risk GISTs.

Second, because perforation is usually accom-
panied by pseudocapsule injury, the possibility of
peritoneal seeding increases. Peritoneal seeding is
accompanied by a high recurrence rate and can result
in a poor prognosis. If PM layer dissection does not
cause perforation, capsule injury may not be a serious
problem; the tumor cells will shed into the lumen of
the gut and will be destroyed. However, there is some
likelihood of concomitant perforation and capsule
rupture or injury during the procedure, particularly
in cases where there is difficulty in conducting the
procedure. In such situations, shedding of tumor cells
into the peritoneal cavity is predicted. Currently, no
comparative data with conventional surgical outcomes
exist.
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Figure 6 Procedure for endoscopic full-thickness resection of gastric subepithelial tumors originating from the proper muscle layer. A: A circumferential
incision was made as deep as the proper muscle layer around the lesion with an IT knife; B: The tumor protruded into the peritoneal cavity after active perforation due
to the incision into the serosal layer around the lesion; C: The tumor and surrounding tissue were pulled into the gastric cavity; D: The gastric wound was successfully

closed with several metallic clips (adopted from Zhou et af™”).

ENDOSCOPIC FULL-THICKNESS
RESECTION WITHOUT LAPAROSCOPIC
ASSISTANCE

The first case of EFTR using a snharing technique
was reported in 2001"°, Ikeda et a/®" recently
presented EFTR by ESD in a swine stomach. This trial
demonstrates an important step forward in endoscopic
surgery, but it is currently not likely applicable in clinical
settings. The risk of peritoneal infection and skeptical
views of complete closure cause potentially major
concerns in endoscopy-only procedures. Thus, EFTR
should overcome the prevalent idea that perforation
is a serious complication. However, Zhou et al** (n =
26) and Feng et al*” (n = 48) succeeded in the use of
EFTR for resecting gastric SMTs originating from the
PM layer without laparoscopic assistance (Table 2).
Their EFTR technique was based on standard ESD and
consisted of four major procedures (Figure 6): (1) a
circumferential incision as deep as the PM layer; (2)
Creating active perforation by serosal layer incision; (3)
removing a tumor and its surrounding PM and serosal
layers by snare; and (4) closing active perforation site
by several clips***?. En bloc resection was achieved
in all cases***3. Furthermore, there were no serious
complications™**%, According to these two studies,
EFTR appears to be an ideal minimally destructive
measure for gastric GISTs. One thing that should be
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noted is that EFTR essentially creates a large active
perforation, which can result in the shedding of tumor
cells into the peritoneum when the pseudocapsule is
not intact. Thus, gentle maneuvering is required to
maintain an intact pseudocapsule. The efficacy and
safety of EFTR must be validated in multicenter studies
to standardize this promising technique.

LAPAROSCOPIC ENDOSCOPIC
COLLABORATIVE PROCEDURES

For the first time, a combination of gastrointestinal
endoscopy and laparoscopy has been reported for
removing esophageal subepithelial tumor by Izumi
et al®®, In this technique, a subepithelial tumor
was pushed out by a balloon on an endoscope, and
thoracoscopic enucleation was performed to remove
the protruded tumor™>¥, Hiki et a/® (n = 7)
reported the successful use of ESD for assisting local
laparoscopic gastric resection to remove a GIST. In
their technique, named LECS, laparoscopic multiple
staplers were used for resection after approximately
three-fourths cutline was completed by ESD. Tsujimoto
et al*® presented satisfactory surgical outcomes
after LECS for gastric subepithelial tumor also (n
= 20). Reducing the resected gastric wall volume
is an important advantage of LECS compared with
conventional laparoscopic wedge resection solely using
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Figure 7 Procedure for laparoscopy-assisted endoscopic full-thickness resection. A: Laparoscopic view while the lesser omentum attached around the tumor
site was dissected; B: Endoscopic view after marking around the gastric subepithelial tumor (white arrows) located on the lesser curvature side of the gastric body;
C: Gastroscopic view after incision as deep as the submucosal layer around the lesion; D: Gastroscopic view of the full-thickness incision from inside the stomach
using the IT knife (white arrow); E: Laparoscopic view of the full-thickness incision from inside the stomach using the IT knife (arrow, the tip of the IT knife; arrowhead,
the gastroscope); F: Laparoscopic view of the remaining full-thickness incision from outside the stomach using a Harmonic ACE (arrow); G: Laparoscopic view after
laparoscopic hand-sewn closure of the gastric-wall defect (adopted from Abe et af*®).

a linear stapler®”. (Table 3)P*®%%89 The best indication for LECS and
LAEFR, i.e., EFTR with laparoscopic assistance, LAEFR may be intraluminal growing types of gastric
is an effective treatment for selected patients with GISTs originating from the PM layer. Such lesions
gastric subepithelial tumors (n = 4 and 25)°®**, There ~ cannot be well identified from the serosal side of
are four major steps in LAEFR (Figure 7): (1) deep the stomach; therefore, there is a high probability
submucosal incision using ESD"”’; (2) endoscopic that conventional laparoscopic wedge resection will
seromuscular layer incision, three-fourths or two-thirds cause a larger-than-expected resection and bring
of the circumference; (3) laparoscopic seromuscular about a gastric deformity or stenosis, or conversely,
incision for remaining circumference; and (4) hand- can produce a positive surgical margin®™’!, LECS
sewn closure. The different point of LAEFR from LES or LAEFR can avoid such problems. Full-thickness
is @ hand-sewn closure without linear staples. LECS resection procedures are derived from ESD. Therefore,
affords easier and more accurate resection, and the both can be applied regardless of tumor size, and a
LAFTR results in minimal resection®™”, LECS and LAFER pathologically acceptable resection margin can be
showed excellent outcomes. All reports have shown more easily accomplished™ %,
100% complete resection rates and no complications NEWS is a newly suggested technique developed
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Table 3 Publications reporting laparoscopic and endoscopic cooperative surgery, laparoscopy-assisted endoscopic full-thickness

resection, and non-exposed wall-inversion surgery for submucosal tumors in the upper gastrointestinal tract

Ref. n  Method Mean operation time (min) Mean tumor diameter (mm) Complete resection rate (%) Complications
Mitsui et al™ (2014) 6 NEWS 306 34 100 0
Hoteya etal® (2013) 25 LAFER 156 32 100" 0
Tsujimoto et al® (2012) 20  LECS 157 38 100" 0
Hiki et al* (2011) 38  LECS 100 0
Abe et al™ (2009) 4 LAEFR 201 30 100" 0
Hiki et al™ (2008) 7 LECS 169 46 100 0

'Pathologically evaluated. LAEFR: Laparoscopy-assisted endoscopic full-thickness resection; LECS: Laparoscopic and endoscopic cooperative surgery;

NEWS: Non-exposed wall-inversion surgery.

Figure 8 Procedure for non-exposed wall-inversion surgery. A: Laparoscopic markings on the serosal surface guided by light from the fiber-optic probe shining
through the gastric endoscope; B: Circumferential seromuscular layer dissection outside the serosal markings; C: Seromuscular layer suture closure; D: Laparoscopic
view of inversion of the dissected area; E: Endoscopic view of massive protrusion of the inverted tissue; F: Serosal surface (arrow) identified during mucosubmucosal
layer dissection; G: Flipped tissue to be resected (adopted from Mitsui et af®").

to minimize the resected tissue volume as well as
prevent peritoneal contamination (n = 6)®". There
are 7 major steps in NEWS (Figure 8)!%%: (1)
marking the mucosa around a lesion; (2) serosal
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marking using laparoscopy on the side opposite
the mucosal markings; (3) injecting hyaluronate
solution endoscopically into the submucosal layer;
(4) laparoscopic circumferential seromuscular
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Figure 9 Scheme of the procedure for non-exposed wall-inversion
surgery. A: Seromuscular layer suture after submucosal injection and
seromuscular cutting; B: Divided seromuscular layer inversion after
laparoscopic seromuscular closure; C: Mucosubmucosal layer dissection
(adopted from Mitsui et af®").

layer incision; (5 suturing the seromuscular layer;
(6) spontaneous inversion of the lesion; and (7)
circumferential incision of the mucosubmucosal layer.
Theoretically, this technique nearly perfectly prevents
peritoneal contamination because seromuscular
layer suture and closure is performed before
mucosubmucosal layer cutting (Figure 9)''!. However,
this innovative technique contains a few downsides
compared with LECS or LAEFR. Mitsui et a/®!
reported 2 perforations in 6 cases: one laparoscopic
mucosal injury during the seromuscular incision and
musculoserosal tearing by ESD. Two cases out of 6
also converted due to poor recognition of the tumor
margin'®!. Selecting appropriate lesions, type Il and
type IV, and advancement of this technique would be
necessary to apply NEWS in ordinary clinical fields.

IMATINIB AS AN ADJUVANT
TREATMENT

Although a significant proportion of patients will
be cured with surgery alone, approximately 40%
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will eventually have a relapse of disease, with the
majority of these relapses occurring within the first 5
years. The ACOSOG Z9001 trial®®® compared 12 mo
of imatinib treatment with a placebo and showed an
estimated 1-year recurrence-free survival (RFS) of
98% in the Imatinib group compared with 83% in the
placebo group (HR: 0.35). More recently, the Phase
I Scandinavian Sarcoma Group Trial®" reported
that patients affected by GISTs with a high risk of
recurrence treated with adjuvant Imatinib for 36 mo
had longer RFS (5-year RFS, 65.6% vs 47.9%; HR:
0.46) and improved overall survival (5-year survival,
92% vs 81.7%; HR: 0.45) compared with those
receiving 12 mo of treatment. These trials provided
Level 2 evidence, according to the latest edition of the
Oxford Centre for Evidence-Based Medicine (OCEBM)
Levels of Evidence, for the role of adjuvant imatinib
in patients with resected GISTs. Together, the current
evidence supports at least 3 years of adjuvant imatinib
as a new standard for patients with resected, high-
risk GISTs, although the optimal duration of therapy
remains unknown'®, In endoscopic enucleation,
imatinib treatment appears to often be neglected,
possibly for the following reasons. First, a lesion
removed by endoscopic enucleation is typically
small- to medium-sized. Second, most GISTs were
incidentally detected in asymptomatic patients unlike
gastric cancer cases, which are typically more serious
and draw greater attention from doctors and surgeons.
However, it is absolutely desirable for practitioners to
follow the guidelines for adjuvant usage of imatinib,
based on the risk level of the GISTs.

CONCLUSION

Unpredictable malignant potential and rare lymph
node metastasis provided the theoretical basis for
the concept of minimally destructive surgery for
incidentally detected asymptomatic GISTs. Under this
theoretical concept, technical advances have been
made based on ESD-enabled surgeons performing
endoscopic enucleation of GISTs. However, there is the
possibility of simultaneous occurrence of perforation
and pseudocapsule injury, which can cause peritoneal
seeding. Furthermore, the rate of RO resection is not
yet acceptable, although one study reported a high
RO resection rate. Well-trained surgeons and a more
secure endoscopic enucleation technique are needed
to justify the implementation of this procedure.
Moreover, long-term results of endoscopic enucleation
will be necessary to confirm the true efficacy and
safety because reports on the use of endoscopic
enucleation are currently limited to case reports
and small, retrospective, or pilot series. While EFTR
has a much better theoretical basis than endoscopic
enucleation in terms of RO resection, the possibility
of tumor cell shedding into the peritoneum would
substantially increase when capsule injury results from
the procedure. Moreover, a surgeon needs advanced
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skills to close a large iatrogenic perforation. In
contrast with procedures that employ only endoscopy,
LECS and LAFTR provide safer procedures, a higher
complete resection rate, and a more stable process.
Although LECS and LAFTR require more resources,
including more people, more devices, and even
additional machines, LECS and LAFTR could represent
more acceptable procedures in terms of conventional
surgical purposes, because they result in complete
resection and avoid peritoneal seeding.

Various endoscopic procedures have challenged
conventional surgery with the aid of advances in
modern medical technology. Many procedures were
invented and attempted because they were technically
possible. However, we should consider the aim of
conventional surgery, which has accumulated vast
data. Until the efficacy and safety of sole endoscopic
access are demonstrated in multiple ways, LECS
and LAFTR appear to be appropriate procedures for
pursuing secure and effective surgical outcomes
that conform to the concept of minimally destructive

surgery.
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