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Abstract

Purpose Laparoscopic local resection for gastrointestinal stromal tumors (GISTs) near the esophagogastric junction (EGJ)
increases the risk of injuring the EGJ. We investigated the safety of laparoscopic local resection for GISTs near the EGJ
according to the distance from the EGJ to the tumor edge.

Methods We retrospectively evaluated 40 patients who had undergone laparoscopic local resection for GISTs near the EGJ
between January 2009 and December 2019. After excluding 1 patient who had undergone right colectomy at the same time,
39 patients were classified according to distance of the GIST from the EGJ in the Near group (0-2.0 cm; n=16) and the Far
group (2.1-5.0 cm; n=23).

Results We found no marked differences in the operation time, blood loss, length of postoperative hospital stay, or postop-
erative complication rate in the two groups. Anastomotic leakage occurred with a tumor located on the EGJ. Three tumors
recurred in the Near group, and all of them were located on the EGJ.

Conclusion Except for GISTs located on the EGJ, laparoscopic local resection for GISTs near the EGJ can be performed

safely with few postoperative complications and a low risk of recurrence.
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Introduction

Gastrointestinal stromal tumors (GISTs) are gastric sub-
mucosal tumors. Although GISTs arise most commonly
in the stomach, GISTs in general are rare [1]. Surgery is
the first choice of treatment for resectable stomach GISTs.
Such surgery entails complete resection of the tumor with
a negative gross margin without disrupting the capsule
of the tumor. Because stomach GISTs rarely progress to
lymph node metastasis, laparoscopic local resection is typi-
cally performed [2, 3]. However, when GISTs arise near the
esophagogastric junction (EGJ), local resection carries a risk
of deformity and stenosis of the EGJ or may cause gastroe-
sophageal reflux disease; thus, surgery for such GISTs is
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considered difficult [4, 5]. In attempts to avoid injuring the
EG]J, the resection margin may be positive if resection of
nearby GISTs is insufficient.

Some reports have verified the safety and effectiveness
of laparoscopic local gastrectomy for GISTs near the EGJ
[4-6]. We have performed laparoscopic local resection of
such GISTs regardless of the distance from the EGJ. When
GISTs are very close to the EGJ, local resection is more
difficult because the resection or suturing lines often extend
to the EGJ. The incidence of complications can therefore
increase when the tumor is located close to the EGJ. Fur-
thermore, an insufficient resection margin around the EGJ
as a result of efforts to avoid injuring the EGJ may lead to
local recurrence of nearby GISTs.

No report has yet compared the safety of laparoscopic
local resection based on the distance of GISTs from the
EGJ [4, 5, 7, 8]. Therefore, in the present study, we newly
assessed the incidence of complications and recurrence
of GISTs near the EGJ in patients who had undergone
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laparoscopic local gastrectomy according to the distance
from the EGJ to the oral edge of the tumor.

Methods
Patients

We retrospectively reviewed a prospectively compiled surgi-
cal database to identify 99 consecutive patients who under-
went laparoscopic local resection for primary GISTs at Kobe
University Hospital between January 2009 and December
2019. We then extracted the 40 patients whose GISTs were
located near the EGJ. Such GISTs were defined as tumors
for which the distance from the EGJ to the tumor edge was
within 5 cm. When the distance from the EGJ to the tumor
oral edge was expected to be within 5 cm by preoperative
esophagogastroduodenoscopy, we routinely measured the
distance using endoscopic measuring forceps.

To evaluate the intraoperative parameters and postopera-
tive outcomes related to laparoscopic local resection for the

GIST itself, one patient who had undergone combined sur-
gery with right colectomy was excluded. The remaining 39
patients were then divided into 2 groups according to the
distance from the EGJ to the oral edge of the tumor. Those
in whom the distance was <2 cm were classified as the Near
group (n=16), and those in whom the distance was>?2 cm
were classified as the Far group (n=23). The patient flow
diagram of this study is shown (Fig. 1).

Informed consent was obtained from all patients for
the use of the clinical data in this study, and the study was
approved by the Kobe University Institutional Review Board
(no. B210039).

Surgical technique

During laparoscopic surgery, the surgeon stood on the
patient’s right-hand side, the assistant on the left side,
and the endoscopist between the legs of the patient. An
umbilical incision was made with the standard cut-down
technique, and the first trocar was then inserted. Carbon
dioxide was insufflated through this port, and the pressure

Fig. 1 Patient flow diagram.
EGJ, esophagogastric junction;
GIST, gastrointestinal stromal
tumor

Patients who underwent laparoscopic local resection
for primary GISTs between Jan 2009 to Dec 2019

(n = 99)

Patients whose GISTs were located
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Distance from the EGJ to the tumor
oral edge was 2 cmor less
(Near group; n = 16)

Distance from the EGJ to the tumor
oral edge was greater than 2 cm
(Far group; n =23)
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was maintained at 10 mmHg. The endoscope was inserted
through this port. Three other ports were established in the
upper left, upper right, and lower right regions of the abdo-
men, and an additional port was inserted in the lower left
region if necessary.

Until July 2014, laparoscopic wedge resection (LWR) was
performed for all GISTs in the stomach. Since August 2014,
laparoscopic and endoscopic cooperative surgery (LECS)
has been performed for GISTs in the stomach with endogas-
tric and transgastric growth patterns, and LWR continues
to be performed for such GISTs with an exogastric growth
pattern.

The location of the tumor was confirmed intraoperatively
by esophagogastroduodenoscopy. If necessary, blood vessels
and any part of the omentum around the tumor were divided
with laparoscopic coagulation shears. In LECS, we injected
physiological saline into the submucosa around the tumor,
keeping a 2 mm margin from the tumor edge. We then used
a FlushKnife BTS (Fujifilm, Tokyo, Japan) to make an inci-
sion in the stomach wall all around to the submucosa endo-
scopically and laparoscopic coagulation shears to incise the
remaining layers laparoscopically. In LWR, we used laparo-
scopic coagulation shears to incise the full-thickness layer of
the gastric wall over half or one-third of the circumference
of the tumor laparoscopically. During the incision of the
gastric wall, we observed by endoscopy whether or not a
sufficient margin from the tumor edge could be secured. To
prevent incision of the tumor, we placed stay sutures on the
normal area of the gastric wall outside the tumor margin,
and a plastic bag was inserted into the abdominal cavity to
collect the specimen.

We then resected the tumor using laparoscopic coagu-
lation shears or linear staplers. During the resection, an
endoscope was inserted into the stomach as a bougie of the
EGIJ. We were also careful not to injure the EGJ during the
procedure. The resected specimen was placed in the plas-
tic bag immediately after resection. We then laparoscopi-
cally viewed the area around the suture or the staple line
to confirm the absence of bleeding or leakage. At the same
time, we confirmed by endoscopy that no bending or ste-
nosis of the EGJ had occurred. We closed the defect of the
gastric wall with 3-0 polyglactin (Vicryl™) sutures or linear
staplers.

Indications for postoperative adjuvant
chemotherapy

Postoperative adjuvant chemotherapy was actively recom-
mended for all patients classified as high risk according to
the modified Fletcher classification [9]. Thus, once informed
consent was obtained, postoperative adjuvant chemotherapy
was performed.

Statistical analyses

To perform statistical analyses of the patients’ background
characteristics and surgical data, we used the JMP soft-
ware program version 14.0 (SAS Institute Inc., Cary, NC,
USA). Data for continuous variables were calculated as the
means + standard deviations, and Student’s ¢ test was used for
comparisons between the groups. Categorical variables were
calculated as numbers and percentages of patients and com-
pared in Fisher’s exact test. A P value <(0.05 was considered
statistically significant.

Results

The background characteristics and surgical procedures for
all 39 patients in the Near and Far groups are summarized
in Table 1. We found no statistically significant differences
between the two groups in terms of the sex, age, tumor size,
preoperative pathological diagnosis, growth pattern, or
pathological horizontal margin. However, we found a sig-
nificant difference in tumor localization between the groups
(P <0.01): all tumors located in the greater curvature were
found in patients in the Far group, and the number of tumors
located on the posterior wall was greater in the Far group
than in the Near group.

The intraoperative parameters and postoperative out-
comes are summarized in Table 2. The surgical procedure
selected did not differ markedly between the two groups,
and we found no significant difference in the conversion
rate between the groups, although one patient in the Near
group required conversion to an open procedure. We found
no marked differences in the operation time, amount of
blood loss, length of postoperative hospital stay, or postop-
erative complication rate between the groups. However, the
time until the start of oral intake was significantly longer
in the Near group (3.9 + 1.4 days) than in the Far group
(3.2+0.7 days; P=0.047), and the recurrence rate was also
significantly higher in the Near group (18.8%) than in the Far
group (0%; P=0.038). All three cases of recurrence were
in the Near group.

Of the 39 GISTs near the EGJ, 4 were located on the EGJ.
Clinical characteristics and outcomes are showed in Table 3.
Three of them had experienced tumor recurrences. Two
recurrences were liver metastases, and the other resulted
from peritoneal dissemination. The remaining tumor that
did not recur instead caused anastomotic leakage.

Discussion
In most cases, resection or suturing with a linear stapler

unavoidably involves the EGJ when the distance between
the tumor edge and the EGJ is within 2 cm. Therefore, we
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Table 1 A comparison of the

o ; . Factors All (N=39) Near group (n=16) Far group (n=23) P value
characteristics of patients in the
Near and Far groups Sex 0.5
Male 17 (43.6%) 8 (50%) 9 (39.1%)
Female 22 (56.4%) 8 (50%) 14 (60.9%)
Age (years) 67.4+11.1 71.5+10.0 64.6+11.1 0.31
Tumor size (cm) 38+1.5 42+2.0 35+1.0 0.15
Distance from the EGJ (cm) 29+14 1.5+0.8 3.8+0.8 <0.0001*
Preoperative pathological diagnosis 0.49
GIST 35 (89.7%) 15 (93.8%) 20 (87.0%)
Unknown 4 (10.3%) 1 (6.3%) 3 (13.0%)
Tumor location 0.001*
EGJ 4 (10.3%) 4 (25.0%) 0 (0%)
Greater curvature 7 (17.9%) 0 (0%) 7 (30.4%)
Lesser curvature 6 (15.4%) 2(12.5%) 4 (17.4%)
Anterior wall 13 (33.3%) 9 (56.3%) 4 (17.4%)
Posterior wall 9(23.1%) 1(5.7%) 8 (34.8%)
Tumor growth pattern 0.93
Endogastric 20 (51.3%) 8 (50.0%) 12 (52.2%)
Exogastric 8 (20.5%) 3 (18.8%) 5(21.7%)
Transgastric 11 (28.2%) 5(31.3%) 6 (26.1%)
Pathological horizontal margin
Positive 0 (0%) 0 (0%) 0(0%)
Negative 39 (100%) 16 (100%) 23 (100%)

The number of patients and percentages are listed for categorical values. Means and standard deviations
are listed for continuous variables. The Near group comprised patients in whom the distance between
the tumor edge and the EGJ was<2 cm, and the Far group comprised patients in whom this distance

was>2 cm

EGJ esophagogastric junction, GIST gastrointestinal stromal tumor

*Statistically significant (P <0.05)

hypothesized that the rate of complications such as EGJ ste-
nosis and gastroesophageal reflux disease caused by EGJ
dysfunction would be increased in patients with tumors close
to the EGJ. However, none of these issues occurred in our
patients. We believe that this is because when the EGJ was
close to the tumor edge, we actively selected to perform
hand-sewn suturing, which minimized the extent of resection
and deformation, rather than using a stapler for resection and
suturing, which tends to result in excessive resection and
deformation. In addition, in all cases, we routinely observed
the resection with endoscopy to keep the resection range
from being excessive, and the endoscope was passed through
the stomach and used as an EGJ bougie during suturing.
These practices helped overcome the technical difficulty of
laparoscopic local resection for GISTs near the EGJ. Oral
intake was started later in patients from the Near group than
in those from the Far group. Surgeons’ likely desire to care-
fully start ingestion in cases where the tumor is close to
the EGJ, and complications probably did not influence this
decision in the present study.

Although a total of six complications occurred in the
patients in this study, we found no marked difference
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between groups in the incidence of complications. Accord-
ing to the Clavien—Dindo classification [10], five of them
were grade I or II, while only one case of anastomotic leak-
age was grade IIIb. This anastomotic leakage occurred in a
case where the tumor edge was on the EGJ. Because the oral
edge of the resection line affected the esophagus, an esoph-
agogastric anastomosis was created in that case. This may
increase the risk of anastomotic leakage compared to gas-
trogastric anastomosis. Furthermore, suturing in the limited
surgical field of the lower mediastinum is also considered to
increase the risk of anastomotic leakage. Thus, laparoscopic
local resection, especially for tumors located very close to
the EGJ, should be performed only by highly experienced
surgeons.

From an oncological perspective, the pathological hori-
zontal margin was negative in all cases. This good result
is attributed to conducting endoscopic observation when
determining the resection line and during resection itself.
However, a total of three tumors recurred in our study, all
of which were located on the EGJ. In addition, two of them
were large GISTs (diameter > 5 cm) with high malignant
potential. Laparoscopic local resection of GISTs located
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Table 2 A comparison of the intraoperative parameters and postoperative outcomes in the Near and Far groups
Factors All patients (N=39) Near group (n=16) Far group (n=23) P value
Procedure 0.57
Laparoscopic wedge resection 24 (61.5%) 9 (56.3%) 15 (65.2%)
Laparoscopic and endoscopic cooperative 15 (38.5%) 7 (43.7%) 8 (34.8%)
surgery
Length of operation (min) 184.1+73.5 187.8+79.0 181.4+71.1 0.79
Blood loss (mL) 27.9+106.5 48.1+154.6 13.9+52.6 0.33
Conversion to open surgery 1(2.6%) 1(6.3%) 0(0%) 0.23
Complications® 6 (15.4%) 4 (25.0%) 2 (8.7%) 0.17
Grade I 1(2.6%) 1(6.3%) 0 (0%)
Wound infection 1(2.6%) 1(6.3%) 0(0%)
Grade 11 4 (10.3%) 2 (12.5%) 2 (8.7%)
Atelectasis 2 (5.1%) 1(6.3%) 1(4.3%)
Urinary tract infection 1(2.6%) 1(6.3%) 0 (0%)
Enteritis 1(2.6%) 0 (0%) 1(4.3%)
Grade III 1(2.6%) 1(6.3%) 0 (0%)
Anastomotic leakage 1(2.6%) 1(6.3%) 0 (0%)
Resumption of oral intake (days) 35+1.1 39+14 32+0.7 0.047*
Postoperative hospital stay (days) 11.6+£6.5 13.5+9.3 10.3+3.1 0.13
Disruption of tumor capsule 1(2.6%) 1(6.3%) 0 (0%) 0.23
Modified Fletcher classification 0.07
Very low 1(2.6%) 1(6.3%) 0 (0%)
Low 26 (66.7%) 8 (50.0%) 18 (78.3%)
Moderate 9(23.1%) 4 (25.0%) 5(21.7%)
High 3(7.7%) 3 (18.8%) 0 (0%)
Postoperative adjuvant chemotherapy 2(5.1%) 2(12.5%) 0 (0%) 0.09
Tumor recurrence 3(7.7%) 3 (18.8%) 0 (0%) 0.038*
Follow-up period (months) 33.1+£30.7 33.6+28.6 33.1+32.8 0.88

The number of patients and percentage are listed for categorical values. Means and standard deviations are listed for continuous variables. The
Near group comprised patients in whom the distance between the tumor edge and the EGJ was <2 cm, and the Far group comprised patients in
whom this distance was>2 cm

*Statistically significant (P < 0.05)
*Evaluated according to the Clavien—Dindo classification

Table 3 Clinical characteristics and outcomes of the four patients with GISTs located on the EGJ

Case Sex Age Tumor  Complications Disruption of  Mitotic Modified Postoperative Recurrence
(years) size tumor capsule Count/50 Fletcher Clas-  adjuvant chemo-
(cm) HPFs sification therapy

Female 78 8.5 Wound infection Yes 32 High Imatinib Liver metastases

Female 74 7.4 None No 20 High Imatinib Liver metastases
3 Male 88 4.0 None No 10 Moderate None Peritoneal dis-

semination

4 Male 79 4.0 Anastomotic leak- No 10 Moderate None None

age

EGJ esophagogastric junction, GIST gastrointestinal stromal tumor, HPF high-power field

on the EGJ requires operation in a limited surgical field,
and if the lesions is larger than 5 cm, the surgical difficulty
is even higher. Previous reports have demonstrated that
large GISTs tend to have high malignant potential [11].

Therefore, especially for large GISTs, less invasive surgery
without complications is a better foundation for ensuring
the early start of postoperative adjuvant chemotherapy.
However, peritoneal dissemination occurred in one of our
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patients with a GIST located on the EGJ that was <5 cm
in diameter. The tumor capsule was not disrupted in the
intraoperative findings or operative video, and the surgical
margin was negative.

One reason for tumor recurrence may be acciden-
tal exposure of the tumor to the abdominal cavity dur-
ing the procedure. Because laparoscopic local resection
involves opening the stomach with a full-thickness inci-
sion, surgeons should remember that peritoneal or local
recurrence can arise regardless of careful intraoperative
management to avoid tumor disruption during surgery.
Surgical techniques for removing lesions without open-
ing the stomach, such as a combination of laparoscopic
approaches to neoplasia with the non-exposure technique
(CLEAN-NET) and non-exposed endoscopic wall-inver-
sion surgery (NEWS), have been devised and implemented
[12, 13]. Because these procedures do not entail opening
the stomach with a full-thickness incision, surgical and
oncological contamination by the gastric contents during
surgery can be minimized. In most of the reports, how-
ever, CLEAN-NET has been indicated only for GISTs
located > 2 cm from the EGJ, and NEWS has been indi-
cated only for GISTs smaller than 3 cm in size [13-15];
all of our patients who experienced recurrence fell outside
these indications.

Although there is no evidence-based approach for
GISTs located on the EGIJ, especially in tumors larger than
5 cm, surgeons should carefully select the best procedures,
including open local resection and laparoscopic proximal
gastrectomy as well as laparoscopic local resection, to pre-
vent complications and tumor recurrence.

Several limitations associated with the present study
warrant mention. First, because GISTs near the EGJ are
rare, the sample size was small; nevertheless, it was larger
than those of previous studies of GISTs near the EGJ. Sec-
ond, the safety of laparoscopic local resection for GISTs
near the EGJ must be confirmed by further studies, such
as comparisons of laparoscopic local resection with open
local resection and of laparoscopic local resection with
laparoscopic proximal gastrectomy.

In conclusion, except for GISTs located on the EGJ,
laparoscopic local resection of GISTs near the EGJ can
be performed safely with few postoperative complications
and a low risk of recurrence.
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