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Purpose: The surgical or endoscopic resection is the current treatment modality for 2-5 cm
gastric gastrointestinal stromal tumors (GISTs). However, evidence is lacking as to which
treatment modality is better. Our objective is to provide a new reference for the standardiza-
tion of the treatment of 2-5 cm gastric GISTs.

Patients and Methods: A retrospective study was conducted on 177 patients who under-
went resection for 2-Scm gastric GISTs between January 2007 and July 2019 at Xiangya
Hospital of Central South University. The cases were divided into surgical group (n=118) and
endoscopic group (n=59). The clinical data, pathological and genetic characteristics, short-
and long-term outcomes were compared.

Results: Symptoms showed more obvious in the surgical group including abdominal pain
and bleeding. In the endoscopic group, tumor size was smaller (p<0.001), and risk classifica-
tion was lower (p<0.001). Patients in the endoscopic group had shorter anal exhaust time
(p<0.001) and lesser hospital cost (p<0.001). However, the incidence rate of complications
(25.42 vs 4.20%; p<0.001) and reoperation (22.03 vs 0.00%; p<0.001) in the endoscopic
group was relatively higher than these in the surgical group. There was no significant
difference in recurrence-free survival or overall survival between two groups.

Conclusion: Gastric GISTs of 2—5cm may be suitable to select laparoscopic surgery.
Keywords: gastric gastrointestinal stromal tumors, surgical resection, endoscopic resection,
prognosis

Introduction

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal tumors
of the gastrointestinal tract. They can arise in any part of the digestive tract, such as in
the stomach (50—-60%), in the small intestine (30-35%), in the colon and rectum (5%),
or in the esophagus (<1%)." The estimated incidence of GISTs worldwide is about
2 per 100,000 people.” Although target drugs like Imatinib have shown efficacy in the
treatment of GISTs,” surgical resection remains the main treatment modality for
primary GISTs.*® Gastric GISTs<2 cm with no signs of malignancy may be managed
with active surveillance. However, endoscopic resection is recommended for patients
with a high-risk of recurrence (irregular echoic lesion in ultrasound gastroscopy).” For
gastric GISTs with tumor diameter >5cm, due to their intermediate or high risk of
recurrence, surgical resection (open or laparoscopic surgery) is the preferred treatment
option. For 2-5 cm gastric GISTs, there is currently not a high level of evidence-based
medicine supporting a clear best choice of treatment for managing these tumors.
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Accordingly, this study is a retrospective analysis of the data
of 177 gastric GISTs patients who underwent endoscopic or
surgical resection at Xiangya Hospital of Central South
University (Changsha, China) from January 2007 to
July 2019. Our objective is to provide a new reference for
the standardization of the treatment of 2-5 cm gastric
GISTs.

Patients and Methods

Patients

From January 2007 to July 2019, a total of 879 patients with
GISTs underwent surgical or endoscopic treatment at
Xiangya Hospital of Central South University. In order to
retrospectively analyze the data on clinical features, diagno-
sis, treatment, and prognosis, we established inclusion and
exclusion criteria (Figure 1). The inclusion criteria were the
following: (1) tumor size of 2—5 cm; (2) tumor was located
in the stomach. The exclusion criteria were as follows: (1)
the clinical data was incomplete (n=45); (2) there were
multiple GISTs (n=2); (3) patients had other cancers, such
as gastric cancer, liver cancer, esophageal cancer or pancrea-
tic cancer (n=9); (4) patients have recurrent GISTs (n=7); (5)
patients underwent simultaneous resection of other organs,
such as the hepatectomy (n=4); (6) patients received

preoperative treatments, such as Imatinib (n=3). Ultimately,
177 cases were included in the study, among which 59
patients underwent endoscopic resection of the tumor (endo-
scopic group), and 118 underwent surgical resection of the
tumor (surgical group). This study protocol was approved by
the Medical Ethics Committee of Xiangya Hospital of
Central South University, and written informed consent
was obtained from all patients before surgical or endoscopic
resection.

Pathological Diagnosis

Within 30 minutes after resection, GISTs were fixed in
a 10% buffered formalin solution with a standard surgical
pathology specimen processing protocol for subsequent
pathological evaluation. Histopathology analysis revealed
cell features. Also, the number of mitosis per 50 high-
power field was counted by hematoxylin and eosin stain-
ing. GISTs markers CD34, CDI17 and DOGI were
detected by immunohistochemical analysis. After com-
plete removal of the tumor, primary GISTs were examined
and classified into four grades, namely very low risk, low
risk, intermediate risk and high risk based on a modified
National Institutes of Health (NIH) classification system
(2008). Finally, the pathologist (Haiyan Zhou) determined
and recorded the location of the GISTs, their maximum

879 Patients underwent resection for gastric
GISTs during January 2007 to July 2019

632 Excluded:

with tumors size <2cmor >5cm
or tumors located outside the stomach

247 With tumors size

2-5 cm and located in
stomach

70 Excluded:
45 With incomplete clinical data
2 Had multiple GISTs

9 With other cancers

7 With recurrent GISTs

4 Combined resection with other organs
3 Received preoperative treatments

177 Enrolledin the retrospective study

[

|

59 In the endoscopic group

Figure | Flowchart of patients selection process.

I
118 In the surgical group
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diameter and other related data. Gene mutation analysis
(C-KIT 9, 11, 13, 17 and PDGFRA 12, 18) was performed
for the tumor of some patients after the surgery.

Interventions

Preoperative Examination

Before surgery, patients were examined using computed
tomography (CT) to exclude adjacent organ infiltration and
metastases. In addition, they underwent either gastroscopy or
ultrasound gastroscopy to determine the location and size of
the gastric GISTs. Cardiopulmonary examinations, including
electrocardiography and pulmonary function test, were per-
formed on the patients to assess their tolerance to surgery.

Surgical Resection

In the surgical group, all 118 patients received general
anesthesia with trachea cannula for either laparoscopy or
open surgery. The choice of surgical modality was mainly
based on the preoperative evaluation and the patients’ phy-
sical condition. In the open surgery cases, first a straight 15-
cm incision was made in the middle of the upper abdomen,
then surgeons fully exposed the location of the tumor, dis-
sected the blood vessels and the omentum around the tumor,
and surgeons eventually chose a suitable surgical procedure
(Billroth I, Billroth II or partial gastrectomy) according to
the location of the tumor. All tumors were completely
resected to achieve RO resection and the incision margin
was 2 cm beyond the tumor margin. In the laparoscopic
cases (Figure 2), first a needle was used to establish the
pneumoperitoneum using a maintenance pressure of about
12—15 mmHg. Subsequently, the surgeons inserted 5 trocars
into the abdomen and confirmed the location of the tumor in
a laparoscopic field of vision. Then, they dissected the
omentum and the blood vessels to expose the tumor and
resected it. Finally, a 5-cm midline abdominal incision was

carefully made and the tumor was removed. All surgeries
were performed by surgeons with similar high levels of
experience. After the surgery, a gastric tube and a urinary
catheter were routinely retained, and a drainage tube was
placed at the tumor resection bed according to intraoperative
conditions. During the postoperative period, all patients
fasted and received prophylactic antibiotic treatment, nutri-
tional support and other comprehensive treatment according
to the physiological requirements and biochemical indices of
each patient.

Endoscopic Resection

For the endoscopic group, all 59 patients received intrave-
nous anesthesia. Currently, there are mainly 5 types of
endoscopic procedures for treating gastric GISTs,® namely
endoscopic full-
thickness resection (Figure 3), endoscopic submucosal exca-

submucosal dissection, endoscopic
vation, endoscopic band ligation, and submucosal tunnel
endoscopic resection. In our study, all the surgeries were
performed by one expert endoscopist (Miao Ouyang). If
massive bleeding or incomplete resection occurred during
endoscopic resection, surgical interventions were performed
for patient safety. After the surgery, patients were treated
with conventional methods, including nutritional support,
fasting and gastrointestinal decompression.

Data Collection
In the hospital information system of Xiangya Hospital of
Central South University, we recorded the clinical data of
all patients, including their name, age, sex, major com-
plaint, hospitalization date, hospital stay, hospitalization
cost, etc. We also recorded surgical and endoscopic resec-
tion-related data in operative and medical records, includ-
surgical procedure, complications,

ing the gastric

intubation duration, anal exhaust time, postoperative

. y
6 7 8 9 10 111213 14 15 16 17 18 19 20 21 22 23 24 25 ¢

Figure 2 Laparoscopic resection of gastric GIST. (A) Direct resection by liner stapler. (B) Open the stomach cavity and cut with ultrasonic scalpel along the edge of the
tumor, when the bottom of the tumor cannot be identified from outside of the stomach. (C) Postoperative specimen and the results of the final postoperative examination

show this tumor is GIST with the size< 5cm.
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Figure 3 A 65 years old woman, complained upper abdominal distention for 3 months. (A) A submucous lesion (about 3.5x2.0 cm in size) was found in the body of stomach
by gastroscopy. (B) She received an EFTR (endoscopic full-thickness resection) procedure under an experienced endoscopist. (C) The wound in stomach was large and deep
after the lesion was removed. (D and E) The wound was closed by detachable snare loop technique. (F) The specimen of the removed lesion, with the size about

3.0x4.5 cm, and the GIST diagnosis was confirmed by the pathologist.

hospital stay, hospital cost, and reoperation. Tumor loca-
tion and growth type were recorded by preoperative exam-
inations, like CT scan, gastroscopy, as well as by
postoperative pathological analysis results. The pathologi-
cal characteristics, including tumor size, mitotic index,
modified NIH risk classification, CD117, CD34, DOGI,
and gene mutations were recorded. Patients who had suf-
fered recurrence were recorded in outpatient department
follow-up from July 2019 to January 2020. Additionally,
whether the patient had experienced recurrence or died
was also recorded by
February 2020.

telephone  follow-up in

Complications

In our study, complications were determined using the
Clavien-Dindo classification.” Grade I: Any deviation
from the normal postoperative course without the need
for pharmacological treatment or surgical, endoscopic
and radiological interventions. Acceptable therapeutic
regimens are: drugs as antiemetics, antipyretics, analge-

tics, diuretics and electrolytes, and physiotherapy. Grade

II: Requiring pharmacological treatment with drugs other
than such allowed for grade I complications. Grade III:
Requiring surgical, endoscopic or radiological interven-
tion; Grade Ill-a: intervention not under general anesthe-
sia; Grade III-b: intervention under general anesthesia.
Grade IV: Life-threatening complication. Grade V: Death
of a patient.

Postoperative Follow-Up

Follow-up was regularly conducted by telephone or out-
patient service. Any possible side effects, recurrence time
and pattern, death time and cause of the included cases
were recorded. The follow-up time was calculated starting
from the time of patient’s operation, and the cut-off time
was the date of death or the follow-up deadline of
February 2020. All patients were routinely reexamined in
the outpatient clinic, undergoing routine blood, liver and
kidney function tests to evaluate the postoperative recov-
ery, wound healing and postoperative complications at 2
weeks after discharge, and then underwent abdominal CT
scan or conventional upper endoscopy during the
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following 3 years to rule out recurrence or metastasis.
According to the health insurance policy in Hunan pro-
vince, China, many patients with intermediate and high-
risk GISTs must come to Xiangya hospital’s outpatient
department to get an Imatinib prescription from a doctor
and were routinely treated with Imatinib and placed under
surveillance for tumor recurrence.

Statistical Analysis

Continuous data are expressed as the mean =+ standard
deviation or median and range. Categorical data are
expressed as the number of cases. Statistical differences
between groups were assessed by the x> or Fisher’s exact
test for categorical data and by Student’s r-test, or the
Mann—Whitney U-test for continuous data. The overall
survival (OS) and recurrence-free survival (RFS) were
calculated by the Kaplan—Meier method and compared
using a Log rank test. Data were analyzed using the
SPSS 25.0 software (IBM Corp., Armonk, NY, USA) for
Windows, and values of P<0.05 were considered statisti-
cally significant.

Results

Demographic and Clinical Characteristics
The demographic and clinical characteristics of the
patients are summarized in Table 1. The median age of
patients in the surgical group was 56 years (21-85 years)
and 54 years (28-79 years) in the endoscopic group. There

Table | Demographic and Clinical Characteristics of Two Groups

were 64 males (54.24%) and 54 females (45.76%) in the
surgical group, and 28 males (47.46%) and 31 females
(52.54%) in the endoscopic group. The localization of
the primary tumor in patients of the surgical group was
50 (42.37%) in gastric fundus, 50 (42.37%) in gastric
body, 11 (9.33%) in gastric antrum and 7 (5.93%) in
gastric cardia, while in patients of the endoscopic group
it was 30 (50.85%) in gastric fundus, 19 (32.20%) in
gastric body, 4 (6.78%) in gastric antrum and 6 (10.17%)
in gastric cardia. There were no significant differences in
these features between these groups. However,
a significant difference was observed in the growth type
between the two groups (p<0.001). The main symptoms of
the patients were abdominal pain, abdominal distension,
bleeding, and no symptoms. We classified symptoms like
melena and hematemesis as bleeding. All patients without
any symptoms were inadvertently identified as gastric
tumors during physical examinations. In the surgical
group, the most common clinical symptom was abdominal
pain (45.76%), while in the endoscopic group, it was no

symptoms (40.68%).

Pathological and Genetic Characteristics

As shown in Table 2, there were significant differences in
tumor size and risk classification between the two groups
(p<0.001). The average tumor size was 3.78+1.10 cm
(2.0-5.0 cm) and 2.7440.92 cm (2.0-5.0 ¢cm) in the surgi-
cal and endoscopic groups, respectively. Among the

Surgical Resection (n=118) Endoscopic Resection (n=59) P value
Age (years) Median (Range) 56 (21-85) 54 (28-79) 0.950
Mean * SD 55+ 12 55+ 11
Gender (n, %) Male 64 (54.24%) 28 (47.46%) 0.395
Female 54 (45.76%) 31 (52.54%)
Symptoms (n, %) Abdominal pain 54 (45.76%) 19 (32.20%) 0.084
Abdominal distention 9 (7.63%) 12 (20.34%) 0.014
Bleeding 30 (25.42%) 4 (6.78%) 0.003
No symptoms 25 (21.19%) 24 (40.68%) 0.006
Tumor location (n, %) Gastric cardia 7 (5.93%) 6 (10.17%) 0.403
Gastric fundus 50 (42.37%) 30 (50.85%)
Gastric body 50 (42.37%) 19 (32.20%),
Gastric antrum 11 (9.33%) 4 (6.78%)
Growth type (n, %) Intraluminal 63 (53.39%) 57 (96.61%) 0.000
Extraluminal 55 (46.61%) 2 (3.39%)
Abbreviation: SD, standard deviation.
Cancer Management and Research 2020:12 submit your manuscript 7663
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Table 2 Pathological Characteristics of Two Groups

Surgical Resection Endoscopic Resection P value
(n=118) (n=59)
Tumor size (cm) Mean + SD 378+ 1.10 274 £ 0.92 0.000
Risk Very low 7 (5.93%) 16 (27.12%) 0.000
Classification® (n, %)
Low 72 (61.02%) 39 (66.10%)
Intermediate 24 (20.34%) 2 (3.39%)
High 15 (12.71%) 2 (3.39%)
CDI117 expression (n, %) Positive 110 (93.22%) 57 (96.61%) 0.532
Negative 3 (2.54%) 0 (0.00%)
NA 5 (4.24%) 2 (3.39%)
CD34 expression (n, %) Positive 102 (86.44%) 52 (88.14%) 0.973
Negative 10 (8.47%) 5 (8.47%)
NA 6 (5.09%) 2 (3.39%)
DOGI expression (n, %) Positive 112 (94.92%) 57 (96.61%) 1.000
Negative | (0.85%) 0 (0.00%)
NA 5 (4.23%) 2 (3.39%)

Note: *The risk classification is based on modified National Institutes of Health classification system (2008).
Abbreviations: DOGI, discovered on GIST-1; SD, standard deviation; NA, data unavailable.

postoperative pathological results of the 177 patients,
tumor necrosis was found in one patient in the surgical
group and calcification in one patient in the endoscopic
group. According to the modified NIH classification sys-
tem (2008),” primary GISTs should be staged, then the risk
of tumor recurrence was evaluated. In the surgical group,
the majority of the patients were in the low risk (61.02%)
and intermediate risk (20.34%) subgroups, while in the
endoscopic group the majority of the patients were in the
very low risk (27.12%) and low risk (66.10%) subgroups.

As shown in Table 3, the immunohistochemical and
genetic characteristics show no significant difference
between two groups. The tumors from 167 (92.78%) and
3 (1.67%) patients were positive and negative, respec-
tively, for the expression of CD117. The tumors from
154 (86.03%) and 15 (8.38%) patients, were positive and
negative, respectively, for the expression of CD34. The
tumors from 169 (93.89%) and 1 (0.56%) patients were
positive and negative, respectively, for the expression of
DOGI1. The gene mutation analysis is helpful for the
diagnosis of some ambiguous cases, to predict the effec-
tiveness of targeted drugs and provide guidance for clin-
ical treatment.'® The analysis of gene mutations included
exons 9, 11, 13 and 17 of C-KIT and exons 12 and 18 of
PDGFRA. Mutation analysis of these genes was performed

in 31 patients. Gene mutation analysis was performed in
24 patients in the surgical group. A total of 19 patients
(79.17%) had mutations in exon 11 of C-KIT, one patient
(4.17%) had a mutation in exon 13 of C-KIT, 4 patients
(16.67%) had a mutation in exon 18 of PDGFRA, and no
patient had any mutation in exon 9, 17 of C-KIT and exon
12 of PDGFRA. In the surgical group, it should be noted
that one patient had two mutations, which were at exonl1
and 13 of C-KIT, and another patient (4.17%) had a wild-
type GIST. The wild-type GIST refers to the case that is
consistent with GISTs in pathological diagnosis, but there
is no C-KIT or PDGFRA mutation in the molecular
detection.'" Gene mutation analysis was performed in 7
patients in the endoscopic group. One patient (14.29%)
had a mutation in exon 9 of C-KIT, and 6 patients
(85.71%) had a mutation in exon 11 of C-KIT.

Short-Term Outcomes

Short-term outcomes are summarized in Table 4. No signifi-
cant differences were observed in the gastric intubation dura-
tion and postoperative hospital stay. Compared with the
surgical group, the anal exhaust time was shorter (2.47
+0.935 vs 3.11+0.714 days, p<0.001), and hospital cost was
lower (33,820.34+11,372.674 vs 42,977.58+17,850.799
RMB, p<0.001) in the endoscopic group.
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Table 3 Genetic Characteristics of Two Groups
Surgical Resection (n=24) Endoscopic Resection (n=7) P value
CKIT exon 9 (n, %) Mutation 0 (0.00%) 1 (14.29%) 0.226
Non-mutation 24 (100%) 6 (85.71%)
CKITexon |1 (n, %) Mutation 19% (79.17%) 6 (85.71%) 1.000
Non-mutation 5 (20.83%) 1 (14.29%)
CKIT exon 13 (n, %) Mutation 1? (4.17%) 0 (0.00%) 1.000
Non-mutation 23 (95.83%) 7 (100.00%)
CKIT exon 17 (n, %) Mutation 0 (0.00%) 0 (0.00%) -
Non-mutation 24 (100.00%) 7 (100.00%)
PDGFRA exon 12 (n, %) Mutation 0 (0.00%) 0 (0.00%) -
Non-mutation 24 (100.00%) 7 (100.00%)
PDGFRA exon 18 (n, %) Mutation 4 (16.67%) 0 (0.00%) 0.550
Non-mutation 20 (83.33%) 7 (100.00%)
Wild - type (n, %) Yes | (4.17%) 0 (0.00%) 1.000
No 23 (95.83%) 7 (100.00%)
Note: *One patient has two mutation in exonl I, 13 of kit gene.

In our study, complications among all the 177 patients
included post-operative bleeding, intraoperative bleeding,
pulmonary embolism, pulmonary infection, leakage and
incomplete excision. The incidence of complications in
the surgical group was 4.2% compared with 25.42% in
the endoscopic group (p<0.001). Complications in the
surgical group occurred in 5 patients (2 cases of pulmon-
ary embolism, 2 cases of pulmonary infection, one case of
postoperative bleeding). In the endoscopic group, there
were 15 patients with complications (4 cases of intraopera-
tive bleeding, 5 cases of leakage, 6 cases of incomplete
excision). Among these patients, 4 patients who experi-
enced intraoperative bleeding during the endoscopic resec-
tion were converted to the surgical intervention. Two
patients who suffered leakage were treated with fasting,
Unfortunately, 3
patients who suffered severe leakage underwent surgical

nutritional support and antibiotics.

interventions due to the failure of the conservative treat-
ments, and 6 patients without RO resection were converted
to surgery. According to the Clavien-Dindo classification,
5 patients were classified as grade II in the surgical group.
In contrast, in the endoscopic group, there were 15 patients
with complications, including 2 cases of Clavien—Dindo
grade II, 12 cases of Clavien—Dindo grade III-b and one
case of Clavien—Dindo grade IV. All complications were
satisfactorily and safely solved. Beside these, we com-
pared more data in the complicated cases (n=20) as
shown in Table 5. Analysis results demonstrated that the

complicated cases’ hospital cost in surgical group is higher
than in endoscopic group (61,478.20+11,778.432 RMB vs
44,704.07+ 11,001.612 RMB; p=0.009) and the other dif-
ferences were not statistically significant.

Furthermore, we evaluated and compared open surgery
(n=96) with laparoscopic surgery (n=22) in the surgical
group. The statistical outcomes show that the laparoscopic
surgery group had a shorter hospital stay compared with that
of the open surgery group (6.09+0.465 days vs 7.79+0.273
days; p=0.002), and hospital cost was higher in the laparo-
scopic surgery group than that in the open surgery group
(48,367.50+18,357.626 RMB vs 41,742.39+14,608.127
RMB; p=0.041). However, there was no statistical difference
between the two groups regarding gastric intubation dura-
tion, anal exhaust time and the incidence of complications.

As shown in Table 6, the reoperation rate in the surgi-
cal group was significantly lower than that in the endo-
scopic group (0.00% vs 22.03%; p<0.001). Thus it
indicated that the surgical resection is relatively safer.
Among the 13 patients with reoperation in the endoscopic
group, 4 cases were due to massive intraoperative bleed-
ing, 6 cases were due to incomplete excision, and 3 cases
were due to leakage. If patients undergo surgical treatment
again, they face an increased risk of surgery. Eventually,
most of the patients treated with endoscopy cannot
undergo an adequate preoperative preparation.

In order to better provide clinical guidance, we further
compared and evaluated the incidence of complications

Cancer Management and Research 2020:12
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Table 4 Short-Term Outcomes of Two Groups

Surgical Resection (n=118) Endoscopic Resection (n=59) P value
Gastric intubation duration (days) | Mean + SD 34+ 1.798 3.86 £ 2.439 0.220
Anal exhaust time (days) Mean * SD 3.1 +£0714 2.47 £ 0.935 0.000
Postoperative hospital stay (days) Mean * SD 7.45 * 2,663 7.47 * 3.607 0.267
Hospital cost (RMB) Mean + SD 42,977.58 + 17,850.799 33,820.34 + 11,372,674 0.000
Complications (n, %) Total cases 5 (4.24%) 15 (25.42%) 0.000
Postoperative bleeding | (0.84%) 0 (0.00%) 1.000
Intraoperative bleeding | 0 (0.00%) 4 (6.78%) 0.012
Leakage 0 (0.00%) 5 (8.47%) 0.004
Pulmonary infection 2 (1.70%) 0 (0.00%) 0.553
Pulmonary embolism 2 (1.70%) 0 (0.00%) 0.553
Incomplete excision 0 (0.00%) 6 (10.17%) 0.001
Abbreviation: SD, standard deviation.
Table 5 Data of the Complicated Cases in Two Groups
Surgical Resection (n=5) Endoscopic Resection (n=15) P value
Tumor size (cm) Mean * SD 4.10 = 1.02 3.17 £ 1.03 0.096
Growth type (n, %) Intraluminal 4 (80.00%) 13 (86.67%) 0.601
Extraluminal | (20.00%) 2 (13.33%)
Tumor location (n, %) Gastric cardia 1 (20.00%) 0 (0.00%) 0.340
Gastric fundus 2 (40.00%) 10 (66.67%)
Gastric body 2 (40.00%) 4 (26.67%)
Gastric antrum 0 (0.00%) | (6.66%)
Intervention modality (n, %) Conservative treatment 5 (100.00%) 2 (13.33%) 1.000
Surgical treatment 0 (0.00%) 13 (86.67%)
Risk classification® (n, %) Very low 0 (0.00%) 0 (0.00%) 0.249
Low 3 (60.00%) 13 (86.67%)
Intermediate 1 (20.00%) 0 (0.00%)
High I (20.00%) 2 (13.33%)
Hospital cost (RMB) Mean * SD 61,478.20 = 11,778.432 44,704.07 = 11,001.612 0.009
Note: *The risk classification is based on modified National Institutes of Health classification system (2008).
Abbreviation: SD, standard deviation.
Table 6 Causes of Reoperation of Two Groups
Surgical Resection (n=118) Endoscopic Resection (n=59) P value
Reoperation (n, %) Total cases 0 (0%) 13 (22.03%) 0.000
Intraoperative bleeding 0 (0%) 4 (6.78%) 0.012
Incomplete excision 0 (0%) 6 (10.17%) 0.001
Leakage 0 (0%) 3 (5.08%) 0.036
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Table 7 The Complications and Reoperation of 2-3cm Gastric GISTs in Two Groups
Surgical Resection Endoscopic Resection P value
(n=41) (n=44)
Complications (n, %) Total cases 2 (4.88%) 8 (18.19%) 0.091
Intraoperative bleeding 0 (0.00%) 2 (4.55%) 0.495
Leakage 0 (0.00%) 4 (9.09%) 0.117
Pulmonary infection | (2.44%) 0 (0.00%) 0.482
Pulmonary embolism | (2.44%) 0 (0.00%) 0.482
Incomplete excision 0 (0.00%) 2 (4.55%) 0.495
Reoperation (n, %) Total cases 0 (0.00%) 6 (13.65%) 0.026
Intraoperative bleeding 0 (0.00%) 2 (4.55%) 0.495
Incomplete excision 0 (0.00%) 2 (4.55%) 0.495
Leakage 0 (0.00%) 2 (4.55%) 0.495

and reoperation of 2-3cm gastric GISTs in two groups
(Table 7). In this study, there are 85 patients with 2—-3cm
gastric GISTs, with 41 in the surgical group and 44 in the
endoscopic group. For 2-3cm gastric, GISTs the incident
of reoperation in endoscopic group are still higher than in
the surgical group (13.65% vs 0.00%; p=0.026). Other
differences did not reach statistical significance.

Long-Term Outcomes

Among these 177 patients, 129 were followed up and 48
were lost to follow-up (34 patients in the surgical group, 14
patients in the endoscopic group). In the surgical group, the
average follow-up period was 50.69 + 31.04 months (range
from 5 to 116 months), while in the endoscopic group the
average follow-up period was 40.00 = 23.09 months (range
from 8 to 109 months). There was no significant difference in
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follow-up time between the two groups. In the surgical
group, 2 patients with intermediate risk of recurrence died
of GIST recurrence at 5 and 19 months, respectively, and one
patient died at 49 months due to lung cancer after discharge.
In the endoscopic group, nobody died, although the tumor
recurred in one patient at 37 months after the endoscopic
surgery (recurred in January 2020) and was waiting for the
surgical operation.

The 3-year OS and 5-year OS rate were 98.2 (2/118) and
96.8% (3/118) for the surgical group, and 100.0 (0/59) and
100.0% (0/59) for the endoscopic group, respectively. The
3-year RFS rate was 98.2 (2/118) and 97.6% (1/59) in the
surgical and endoscopic groups, respectively. According to
the results of the Kaplan-Meier analysis, there was no sig-
nificant difference between the surgical and endoscopic
groups in OS (p=0.251) and RFS (p=0.978) (Figure 4).

The surgical group (n=118)

08 —I1The endoscopic group (n=59)
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Figure 4 The difference between two groups of patients in overall survival (A) or recurrence-free survival (B) did not attain statistical significance (P=0.25| and P=0.978,

respectively).
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Discussion

GISTs are among the most common mesenchymal tumors of
the gastrointestinal tract. The tumor initiates in very early
forms of special cells in the wall of the gastrointestinal tract,
known as interstitial cells of Cajal, which are always referred
to as the “pacemakers” of the gastrointestinal tract.'> Most
cases of GISTs have activated mutations in C-KIT and
PDGFRA. In recent years, studies have found that some
drugs can target gene changes in GISTs’ cells. For example,
the target drugs Imatinib, Sunitinib, Regorafenib and
Ripretinib have been successfully used to treat GISTs.'*'
Additionally, some new drugs, like Avapritinib (BLU-285),
also have a very bright application prospect in the treatment of
GISTs."

The development of laparoscopy has led to its gradual
application in the treatment of GISTs. The laparoscopic
resection of GISTs has been demonstrated to be feasible
and safe.'®'® In the Chinese consensus guideline,’ laparo-
scopic surgery is recommended for tumors located at the
greater curvature of the stomach or with diameter < Scm of
the anterior wall of the gastric fundus. Our data showed
that it resulted in a shorter hospital stay (6.09+0.465 vs
7.79+£0.273days; p=0.002) and a higher hospital cost
(48,367.50+3,114.463 vs 41,742.39+1,873.617 RMB;
p=0.041), compared to the open surgery. Laparoscopy is
a minimally invasive surgical technique, with some advan-
tages over open surgical techniques in the treatment of 2—
5-cm gastric GISTs in terms of faster recovery after
operation.

Due to the development of endoscopic resection and
the biological behavior of GISTs (no lymph node metas-
tasis), currently gastric GISTs can be resected using the
endoscopy. Indeed, numerous studies' ' have shown that
the endoscopic resection of gastric GISTs of <2 cm in
diameter is safe and feasible. Our data reveal that endo-
scopic resection has advantages in bowel function recov-
ery and hospital cost, compared with the surgical
resection. Patients are more willing to accept endoscopic
treatment because it results in less trauma, quicker recov-
ery time and better cosmetic results. Some studies®**
have demonstrated that endoscopic resection is a feasible
and safe for 2-5 cm gastric GISTs. However, our data
show that the incidence rate of complications (25.42 vs
4.2 0%; p<0.001) and reoperation (22.03 vs 0.00%;
p<0.001) in the endoscopic group was relatively higher
than these in the surgical group. In the surgical group, our
data show that 2 patients suffered from postoperative

pulmonary infection, and 2 patients suffered from post-
operative pulmonary embolism. These complications may
be due to advanced age, long-term bed rest, wound pain,
etc. However, in recent years, with the application of
enhanced recovery after surgery in surgeries,”* these com-
plications have been greatly reduced. In addition, there
was a case of delayed bleeding after laparoscopic surgery,
but after conservative treatment, the patient was unevent-
fully discharged from the hospital. Meanwhile, in the
endoscopic group, leakage occurred in 5 patients.
Additionally, after the endoscopic resection, 2 patients
suffered from fever, abdominal pain and peritonitis.
Fortunately, after fasting, nutritional support, infection
treatment and gastric acid suppression treatment, the 2
patients recovered. However, unfortunately, 3 patients suf-
fered from severe peritoneal cavity infection which physi-
cians were not able to control. Ultimately, surgical
treatment had to be implemented. It is worth mentioning
that one patient with leakage spent two days in the inten-
sive care unit after the surgery. Bleeding is also a common
complication during the endoscopic resection. In our
study, 4 patients had massive bleeding during the endo-
scopic resection, and underwent emergency surgery imme-
diately. Endoscopic hemostasis is a safe and effective
method to achieve immediate hemostasis for mucosal
bleeding during the operation. However, this approach is
somewhat tricky for serosal or intraperitoneal bleeding.
Besides, gastric GISTs of 6 patients were not completely
dissected due to the large tumor size and resection diffi-
culty. As a result, surgeons had to perform surgical opera-
tions to remove the tumor completely in order to achieve
RO resection. The incidence rate of complications and
reoperation in the endoscopic group is relatively higher

123 also reached the

than it in the surgical group. Balde et a
same conclusion. Dong et al* also found that laparoscopic
resection is better than endoscopic dissection for 2—5 cm
gastric GIST due to the lower complication rate and
shorter hospital stay. Our data reveal that endoscopic
resection is often associated with higher complication
rate and higher reoperation rate than surgical resection.
Once complications of endoscopic resection occur, most
of them need to be solved by surgeries. This might raise
potential risks in the treatment of patients and the physi-
cian-patient relationship might be deteriorated.

Our results also showed that patients in the endoscopic
group had smaller tumor (2.74+0.92 cm vs 3.78+1.10 cm;
p<0.001) and lower risk classification (p<0.001) than these
in the surgical group. It may have been expected that
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endoscopic resection should also have advantages in OS
and RFS than surgical resection, but this was not the case.
This may be due to the small sample size and short follow-
up period. Long-term outcomes of GISTs still require con-
firmation in more prospective studies or multi-center
studies. However, one study”’ did find a high local recur-
rence rate (5.8%) after endoscopic enucleation of 86 GISTs,
even though complete endoscopic resection was achieved in
all cases. Accordingly, it is possible that endoscopic resec-
tion is not appropriate for 2—5 cm gastric GISTs. First, if the
tumor is large, the endoscopist cannot completely remove it
from the esophagus. Another report™ showed that gastric
GIST with a minimum cross-sectional diameter of < 3.5cm
can be successfully removed through the upper digestive
tract. Large gastric GIST can only be removed after being
piecemeal resected in the stomach using an endoscope.
Thus, the effect of endoscopic resection on GIST oncology
is not clear. A systematic meta-analysis®’ showed that the
endoscopic resection was related to more patients with
positive margins. The Japanese guidelines®® recommend
ensuring that margins are both macroscopically and histo-
logically negative, because non-R0 resection may influence
the risk of local and peritoneal recurrences. Moreover, it
was difficult for the endoscopist to protect tumor integrity
when a 2—5cm gastric GIST was resected, as the endoscopic
resection of gastric GIST limited the operating space and
visual field. If tumor rupture occurs during endoscopic
resection, it perhaps not only requires postoperative adju-
vant treatments but also increases the risk of poor
prognosis.’' These risk factors may affect the statistically
significant differences between the two groups, despite find-
ing smaller tumor and lower risk classification in the endo-

scopic group.

Conclusion

In conclusion, we still have a conservative attitude towards
gastric GISTs in endoscopic treatments of 2—5cm, and recom-
mend surgical treatments, choice especially laparoscopic sur-
gery. However, in the future, it is possible that the endoscopic
resection will play an indispensable role in the treatments of
2-5 cm gastric GISTs. More prospective clinical random
control trials are warranted to settle this argument.
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