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Case Report

Evaluating treatment effects of gastric gastrointestinal stromal
tumors between open and endoscopic ultrasonography guided
endoscopy resection approaches: revealing minimally invasive,
fast recovering and economical surgery for patients
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Abstract: This study aims to compare the clinical outcomes of endoscopic and open approaches in patients
with gastrointestinal stromal tumor (GIST). GIST is a relatively rare type of neoplasms. It represents 1%
of gastrointestinal tumors (GITs) and 20-30% of all malignancies. Most of the GISTs develop in the area
of stomach. In this retrospective study, 77 patients who underwent surgery for GIST tumors within length
of 1.5-4 cm were divided into two groups according to type of surgical approach: open surgery (OS group,
n=36) and endoscopy resection (ER group, n=41). The clinical outcomes were compared between the two
groups. OS group contains 36 in total with 58.33% male and 41.67% female. ER group contains 41 in total
with 43.9% male and 56.1% female. In comparison to conventional OS, patients treated with endoscopic
ultrasonography (EUS) guided ER showed significantly less time in surgery procedure, less operative
blood loss, less complication rates, less duration for postoperative fasting and postoperative hospitalization,
indicating a quicker recovery and better clinical outcome. Furthermore, treatment group with ER displayed
reduced expense of hospitalization due to lower procedure expense and shorter hospital stay with rare
tumor recurrence. Here, we also included an example case report of successful treatment of GIST with ER.
Endoscopic tumor resection is an effective method to remove non-high risk GISTs in patients comparing to

OS, and may be beneficial to patients economically.
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Introduction

Gastrointestinal stromal tumor (GIST) is a rare kind of
stromal neoplasm representing one of the most common
mesenchymal tumor types of the gastrointestinal (GI) tract.
It is firstly described by Mazur and Clark as early as 1983 (1).
The estimated frequency of GIST is 10-20 cases per million
populations (2,3). GIST accounts for less than 1% of all
gastrointestinal tumors (GI'Ts) and a majority of the lesions
are benign with about 20-30% possibly malignant (3,4).
GIST is hypothesized to originate from the interstitial cells
of Cajal (ICC), the gut motility coordinator, which belongs
to the autonomic nervous system of the intestine (5,6).
Therefore, GIST could arise from anywhere along the GI
tract from the esophagus to the rectum, usually from the
muscularis mucosa or propria layers of the GI wall (7), but
rarely found in the peritoneum, mesentery or omentum (8).

Clinical manifestations of GISTs are dependent on
tumor size and location, therefore highly variable. GIST
symptoms include melena, hematemesis, abdominal
pain, discomfort, fullness, early satiety and palpable
mass, although many GISTs exhibit no symptoms and
are incidentally identified by imaging or endoscopy
(6,9-14). Malignant GISTs often have local or distant
metastasis when diagnosed, with the liver being the most
frequent site and the bone, peritoneum, lung, pleura and
subcutaneous tissue being common sites (15).

Most GISTs locate in the stomach (2) and is characterized
by indolent clinical symptoms despite of possibilities for
life-threatening emergency. GISTs bearing tumor size
larger than 4 cm may display as abdominal emergencies,
including GI hemorrhage (usually due to pressure necrosis
and ulceration of overlying mucosa), intestinal obstruction
or perforations.

The introduction of minimally invasive surgery has led
to reduced post-operative stress and shorter hospital stay.
In gastric surgery, the laparoscopic approach was correlated
with rapid recovery, low morbidity, and decreased length
of hospital stay compared with laparotomy (16,17). Similar
to laparoscopy, endoscopy is considered as a minimally
invasive approach and mostly used in diagnosis (18).
However, endoscopy resections (ERs) are performed to
remove small lesions (19). With guidance of endoscopic
ultrasonography (EUS), the surgical process is hypothesized
to be more improved and accurate (20). Hwang et al.
evaluated sub epithelial GIST masses diagnosed by
esophagogastroduodenoscopy (EGD), sigmoidoscopy or
colonoscopy prospectively (21). It has also been reported
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that EUS retains 92% sensitivity and 100% specificity
in differentiating submucosal tumor from extrinsic
compression (22).

In our study, 77 patients with GIST were enrolled and
divided randomly into two groups, the open surgery group
(OS group) and the EUS guided ER group. The clinical

outcomes were compared between the two groups.

Methods
Patients and study design

The study was performed in 77 GIST cases (OS + ER
group, n=77) in the No. 1 People’s Hospital of Yunnan,
China between Jan 2012 to Dec 2016, including 39 male
patients and 38 female patients within the age range of
58.2+7.6 years. All procedure and data collection are
aligned and complied with national guidelines. Written
informed consent was obtained from the patient for
publication of this case report and any accompanying
images. All patients included developed single tumor
without metastasis. GISTs were diagnosed and confirmed
by ultrasonography, computed tomography (CT),
endoscopy and EUS. Thirty-six patients (21 males and 15
females) were treated with conventional laparotomy or
OS group and 41 patients (18 males and 23 females) were
treated with EUS assisted endoscopy (ER group). Patients
were followed up from 0.5 to 4 years post operation
with detailed information recorded: the post-operative
recovery and complications were traced and summarized
for analysis. The protocol for general anesthesia and post-
operative pain relief was identical in all patients.

Tumors evaluated by EUS had to satisfy the following

criteria for entry into study:

(I) Tumors with irregular margins (heterogeneous,
lobulated, regional lymphadenopathy, ulceration,
extraluminal) and high echo area (cystic region and
liquefied) during EUS scan were excluded;

(II) Tumors sizing from 1.5-4 cm as a bulge with a
smooth, intact, normal appearing mucosa in the GI
tract were included,

(TI) Tumors were located in gastric muscularis mucosa,
submucosa and propria. EUS assisted ER surgical
methods include:

(i) endoscopic submucosal dissection (ESD);
(if) endoscopic full-thickness resection (EFR);
(iii) submucosal tunneling endoscopic resection

(STER).
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Table 1 Basic clinical characteristics of GIST patients undergoing
elective surgical approaches

Patient OS group ER group

characteristics (n=36) (n=41) P value
Age (years), 61.1+6.7 52.2+4.1 0.183
mean + SD
Gender 21/15 18/23 0.125
(male/female), n
Tumor size (longer axis), n
1.5-3cm 14 23 0.113
3-4cm 22 18 0.236
Tumor location, n
Cardia 7 6 0.254
Gastric fundus 11 17 0.108
Gastric body 9 14 0.237
Gastric antrum 9 4 0.251

GIST, gastric gastrointestinal stromal tumor; OS, open surgery;
ER, endoscopy resection; SD, standard deviation.

Statistical analysis

The Chi-square statistics were used in categorizing
variables comparison with frequencies presented by
percentages. Continuous variables were expressed as mean =
standard deviation (SD) or median. The comparisons were
performed by the independent samples #-test or the Mann-
Whitney U-test. P value <0.05 was regarded as statistically
significant.

Results

Seventy-seven patients were enrolled with entry into this
study. The average age is 58.2+7.6 years overall. They were
analyzed and divided into two groups: (I) treated with OS
(OS group n=36, male n=21, female n=15); (II) treated with
EUS-guided ER (ER group n=41, male n=18, female n=23).
The relevant characteristics of patients and the types of
surgical approaches are summarized in Zables I and S1. The
average age is 61.1£6.7 in the OS group and 52.2+4.1 in
the ER group. The statistical analysis of age, gender, tumor
size (tumor length between 2-4 cm) and tumor location
suggested similar patient characteristics between the two
groups with all P>0.05. According to National Institutes
of Health (NIH) criteria for classification, the GISTs were
classified into very low, low, intermediate and high risks post
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resection (23,24). In OS group, there were 4 very low risk
cases, 20 low risk cases, 11 intermediate cases and 1 high risk
case. In ER group, there were 8 very low risk cases, 30 low
risk cases and 3 intermediate cases. Regardless of the
1 high-risk case in the OS group, both groups contain
similar number of different grades of GISTs (P>0.05),
therefore comparable in other parameters.

The OS group showed significantly longer operative
time in surgical procedure (95.1+11.6 min) in contrast
to the ER group (82.8+10.2 min). The estimated blood
loss during surgery was significantly less in the ER group
(39.8+7.2 mL) compared to the OS group (112.8+17.6 mL).
All patients from both groups had complete resection with
negative margins. The post-operative fasting and post-
operative hospitalization are both shorter in the ER group
significantly (7able 2), indicating a quicker recovery and
better clinical outcome for the ER group.

Given that OS costs more than normal EUS-guided ER,
we compared the cost and expenses of treatment mainly by
examining the total hospitalization days and post-operative
hospitalization days. Also, we calculated total expenses
and expenses for medicine only. The ER group exhibited
significantly fewer days not only in total hospitalization
days, but also in post-operative hospitalization days.
Consistently, the expenses only for medicine and the total
expenses were significantly lower in the ER group, partially
due to shortened hospitalization and reduced steps of
procedures (7able 3), suggesting that EUS-guided ER is an

economic surgical option in GIST patients.

Case presentation

In all of the successful ER treated patients, we would like to
report one of the cases. A 48-year-old Chinese man was first
admitted due to upper right abdominal pain under pressure.
EUS detected a bulging mass in the greater curvature of
the stomach (Figure 14), located in the muscularis propria
(Figure 1B,C). Abdominal CT confirmed a solid mass
measuring approximately 2.5 cm x 2.0 cm (Figure 1D). The
tumor was diagnosed as GIST growing outward from the
gastric wall.

EFR was performed under the guidance of EUS.
Operative findings revealed that the tumor as a hard mass
firmly attached to the greater curvature of the stomach
closed to the posterior gastric wall (Figure 24,B). The
branches of the right and left gastroepiploic arteries fed
the tumor, which required clipping of arteries during the
process. After the tumor was detached together with the
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Table 2 Treatment details of operable patients
Treatment characteristics OS group (n=36) ER group (n=41) t value P value
Operation time, min 95.1+11.6 82.8+10.2 2.73 0.008
Operative blood loss, mL 112.8+17.6 39.8+7.2 2.31 0.011
Postoperative fasting, d 5.1+£1.3 2.2+0.3 212 0.023
Postoperative hospitalization, n 8.5+2.0 5.2+1.2 2.07 0.0.27
OS, open surgery; ER, endoscopy resection.
Table 3 Hospitalization days and expenses of grouped patients
Economic characteristics OS group (n=36) ER group (n=41) t value P value
Total hospitalization, day 13.17+3.84 9.37+2.27 4.356 0.015
Postoperative hospitalization, n 8.5+2.0 5.2+1.2 3.329 0.113
Total expense, KRMB 35.69+3.47 21.41+7.25 2.361 0.026
Medicine expense only, KRMB 17.81+£2.15 6.13+2.66 2.051 0.01

OS, open surgery; ER, endoscopy resection.

EEE/EEE
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Figure 1 Endoscopic view of a bulging mass in upper stomach (A); pre-operative EUS revealed the solid mass resided in the muscularis

propria (B,C); CT examination revealed a solid mass measuring 2.5 cm x 2.0 cm (D). EUS, endoscopic ultrasonography; CT, computed

tomography.
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Figure 2 Operative findings found the tumor was firmly attached to the greater curvature of the stomach (A) as a bulging solid mass (B).

The incision was exposed after a full-thickness tumor removal (C) and then sutured and clipped with titanium clip (D).

full-thickness (Figure 2C), the incision was sutured leaving a
titanium clips to fix the suture (Figure 2D).

The tumor measured 28 mm x 20 mm x 18 mm, and
the cut surface of the resected specimen was pink, smooth
and uniform (Figure 34). The tumor was then sectioned for
pathological analysis. Under bright field for hematoxylin
and eosin (H & E) staining, the tumor sample revealed
proliferating of spindle-shaped cells, a typical tissue feature
for GISTs (Figure 3B). Immuno-histological examination
showed that the tumor was negative for PCK, desmin, S100
and positive for Vimentin, CD34, CD117 and Anoctamin 1,
consistent with the diagnosis and grading into intermediate
GIST (Figure 3C and data not shown).

Patients were hospitalized from 5-8 days for additional
observation for complications such as delayed bleeding,
perforation and infections, since resection of small tumors
would likely lead to high incidence of gastric wall perforation
(Table S2). The patient’s post-operative course was uneventful.
There were no clinical complications during post-operative
hospitalization and no sign of tumor recurrence was observed
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for 5 months after operation. The examination follow-up 3
months after operation exhibited good recovery at the suture
with the titanium clip attached (Figure 3D).

Discussion

GISTs are rare tumors with high index of suspicion for
diagnosis (3,6,25). A combined diagnosis procedure is
normally used since none of the single diagnostic procedure
such as CT, ultrasonography and magnetic resonance
imaging pertains a 100% certainty (2,3). Although,
preoperative fine needle aspiration has the risk of tumor
rupture, recent reports have shown up to 89% accuracy by
EUS guided fine needle aspiration, indicating the refined
diagnostic results by aid of EUS (26).

The most common arising site (60-70%) for GIST is the
stomach (2). Thus our study mainly focused on the GISTs
happening in gastric area. The standard treatment of choice
is complete surgical resection as soon as presentation/
identification of the tumor (27), with 5-year survival of
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Figure 3 Bright field for tumor sizing: the resected specimen measured 28 mm x 20 mm x 18 mm and the cut surface was pink, smooth and

uniform (A); H & E staining showed the proliferation of spindle cells (B); immunohistology staining showed positive CD117 expression

in tumor (C); post-operative examination after 3 months revealed good healing and recovery with attached titanium clips (D). H & E,

hematoxylin and eosin.

48-65%, partially due to poor response to chemotherapy
or radiotherapy (2,3,28,29). Therefore, surgical approaches
should be carefully reviewed in each case before the removal
of the GIST patients to favor a better clinical outcome and
lighter economic pressure to the families.

In this study, we enrolled 77 patients to compare two
major surgical approaches for GIST tumors within length
of 1.5-4 cm. In comparison to conventional OS, patients
treated with EUS-guided ER showed significantly less
time in surgery procedure, less operative blood loss, less
complication rates, less duration for postoperative fasting
and postoperative hospitalization, indicating a quicker
recovery and better clinical outcome. Furthermore,
treatment group with ER displayed reduced expense of
hospitalization due to lower procedure expense and shorter
hospital stay with rare tumor recurrence. Our one successful
case indicated EUS-guided ER as a favored, promising,
minimally invasive and economic approach for non-high
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risk GIST patients, paving the road for future patient/
doctor references in utilizing EUS-guided ER treatment.

In summary, EUS-guided endoscopic tumor resection
is an effective method to remove 1.5-4 c¢m non-high risk
GISTs in patients comparing to OS, and may be beneficial
to patients economically.
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Supplementary

Table S1 Postoperative risk classification

Risk OS group (n=36) EUS group (n=41)
Very low 4 8

Low 20 30
Intermediate 11 3

High 1 0

OS, open surgery; EUS, endoscopic ultrasonography.

Table S2 Complications of EUS group

Complications of EUS group Case Percentage Procedures Outcomes
Severe intraoperative bleeding 1 1/41 Open surgery Succeed
Postoperative delayed bleeding 3 3/41 Endoscopic hemostasis Succeed
Intraoperative perforation (serosal destruction) 31 31/41 Titanium clip and nylon ring (loop) Succeed
Delayed perforation after operation 0 0 NA NA

Postoperative Intra-abdominal infection 1 1/41 CT guided puncture drainage Succeed
Residual lesion 0 0 NA NA

EUS, endoscopic ultrasonography; CT, computed tomography.



