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Purpose: The standard treatment for primary localized gastric gastrointestinal stromal tumor (GIST) is surgical
resection. The clinical behavior of gastric GIST after surgical resection is extremely variable. We conducted a multicenter,
retrospective study of gastric GISTs patients who underwent curative surgical resection to evaluate clinical features and
the prognosis of surgically treated gastric GISTs.

Methods: We performed a retrospective study on 406 consecutive patients who underwent curative resections for localized
gastric GIST at four university hospitals in Daegu, Korea, between March 1998 and March 2012. The retrospectively
collected medical records were reviewed with respect to clinical parameters including age, gender, tumor location,
surgical approach, and recurrence.

Results: There were 406 patients: 157 males (38.7%) and 249 females (61.3%), with a mean age of 60.8 + 10.8 (standard
deviation) years. The mean tumor size was 4.9 cm (range, 0.3—29 cm). Curative surgical resection was performed in all
patients without tumor rupture or spillage. Laparoscopic wedge resections were performed in 156 patients (38.4%) and
open resections in 250 patients (61.6%). The tumor size of the laparoscopic wedge resection group was smaller than that of
open resection group (3.45 cm vs. 5.46 cm; P < 0.001). There were 11 recurrent cases (2.7%). No recurrence was observed
in patients who underwent laparoscopic wedge resections.

Conclusion: Gastric GISTs had a low recurrence rate after curative resection in our series. Laparoscopic gastric wedge

resection is feasible for treating gastric GISTs in selected patients.

[Ann Surg Treat Res 2014;87(6):298-303]
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal tract [1].
It is well known that GISTs arise from the interstitial cells of
Cajal or their common stem cell, and that activating mutations
of the KIT or PDGFRA proto-oncogenes are related to the
oncogenic development of GISTs [2,3].

The most common symptom of gastric GIST is bleeding,

and other symptoms that may be present include dyspepsia,
abdominal pain or discomfort, obstructive jaundice, and mass
palpation. However, most patients are asymptomatic and are
diagnosed incidentally during endoscopy [4].

GISTs represent less than 1% of all gastrointestinal (GI) tract
malignancies. The most common location of GISTs is the
stomach (70%), but they can occur in all parts of the GI tract,
such as the small intestine (20%—30%), colon/rectum (10%), and
rarely the omentum, esophagus, and appendix [5]. The annual
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incidence is 7—14 cases per million in Western countries. The
median age is 63 years at the time of diagnosis, and a slight
male predominance has been reported [4,6,7]. However, GISTs
are reported at any age and their incidence varies according to
race and country [4].

The standard treatment for primary localized GIST is surgical
resection, to achieve tumor-free margins and an intact tumor
capsule. The clinical behavior of GIST after surgical resection
is extremely variable. Some tumors follow a benign, indolent
course, but others show aggressive clinical courses despite
adequate oncologic resection. The prognosis in reported series
also varies widely [8-10].

Recently, gastric GISTs have attracted interest because of
relative higher incidence than that of other GI tract organs, and
advances in laparoscopic techniques, which have allowed the
minimally invasive resection of tumors [9].

There have only been a few large-scale studies about clinical
features and prognosis of surgically treated gastric GISTs. Here,
we report a multicenter, retrospective study of 406 cases of
gastric GIST patients who underwent curative surgical resection.

METHODS

Patients
This study was conducted at four tertiary referral university

hospitals (Daegu Catholic University Medical Center, Kyungpook
University Hospital, Keimyung University Dongsan Medical
Center, and Yeungnam University Medical Center) in Daegu,
Korea. We performed a retrospective study on 400 consecutive
patients who underwent curative resection for localized
gastric GIST between March 1998 and March 2012. No tumor
rupture or spillage occurred during operation. All patients were
confirmed as gastric GISTs by immunohistochemical staining
for CD117(ckit), CD34, or both.

The retrospectively collected medical records were reviewed
with respect to clinical parameters, including age, gender, tumor
location, the surgical approach, pathological characteristics, and
recurrence. Pathological parameters were assessed, including
tumor size, mitotic count, cell type (pure spindle, mixed spindle
and epithelioid, pure epithelioid), cellularity, and mucosal
invasion. Tumor size was measured and the largest dimension
was taken into account. The mitoses were counted on 50 high
power fields (HPFs) (x400). Preoperative diagnostic studies
included esophagogastroduodenoscopy and CT. Endoscopic
ultrasonography was performed selectively to identify the
nature and location of tumors. The study design was approved
by the institutional review boards of each hospital.

Follow-up clinical study
For the follow-up clinical studies, history taking, physical

examination, chest x-ray, gastroduodenoscopy, and abdominal

Table 1. Clinicopathological characteristics of 406 gastric
GIST patients

Characteristic No. of patients (%)

Age (yr)

<60 215 (52.9)

>60 191 (47.1)
Sex

Male 157 (38.7)

Female 249 (61.3)
Location

Upper 200 (49.3)

Middle 122 (30.0)

Lower 84 (20.7)
IHC

CD117 380 (96.6)

CD 34 334 (82.3)

Both 308 (75.9)
Tumor size (cm)

<2 1(12.6)

>2, <5 248 (61.1)

>5, <10 9(19.5)

>10 8 (6.9)
Mitotic count

<5 306 (75.4)

>5, <10 91 (22.4)

>10 9(2.2)
Open vs. laparoscopy

Open 250 (61.6)

Laparoscopy 156 (38.4)
NIH criteria

Very low 1(15.0)

Low 177 (43.6)

Intermediate 5(20.9)

High 3(20.4)
AJCC staging system

| 288 (70.9)

Il 73 (18.0)

1 45 (11.1)
Histopathological classification

Spindle 311 (76.6)

Epitheloid 65 (16.0)

Mixed 30 (7.4)
Cellularity

Low 204 (50.2)

Intermediate 111 (27.3)

High 91 (22.4)
Mucosal invasion

No 357 (87.9)

Yes 49 (12.1)
Recurrence

No 395 (97.2)

Yes 112.7)

GIST, Gastrointestinal stromal tumor; IHC, Immuno-histo-che-
mistry; NIH, National Institute of Health; AJCC, American Joint
Committee on Cancer, 7th ed.
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CT scans were carried out biannually until the second
postoperative year; after that, annual follow-up was performed.
If necessary, abdominal ultrasonography, chest CT scans, and
PET scans were performed. Recurrences were investigated
retrospectively using the medical records. The median follow-
up period was 42.9 months (2—166 months).

Statistical analysis
Summaries of demographic and clinicopathological cha-

racteristics were performed using descriptive statistics. The
values of means and standard deviations (SDs) are presented
for quantitative variables and values of frequency and percent
for qualitative variables, Comparisons between groups (open
and laparoscopic) were performed using the chi-square test for
qualitative variables and two-sample t-test with normality for
quantitative variables. All tests were two-sided and P-values less
than 0.05 were considered to indicate statistical significance.
The IBM SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA)
was used for analyses.

RESULTS

Patient characteristics
The clinicopathological characteristics of all patients are

shown in Table 1. There were 157 males (38.7%) and 249
females (61.3%), with a mean age of 60.8+10.8 (SD) years. Of
the 406 tumors, 200 (49.3%), 122 (30.0%), and 84 (20.7%) were
located in the upper, middle, and lower portion of the stomach,
respectively. Immunohistochemistry showed that 380 tumors
(96.6%) were positive for CD117 and 334 (82.3%) were positive
for CD34. Tumor sizes were < 2 cm in 51 patients (12.6%), 2 cm
< tumor size < 5 cm in 248 (61.1%), 5 cm < tumor size < 10
cm in 79 (195%), and >10 cm in 28 (6.9%), with a mean size of

I Laparoscopy [1 Open

Ratio

2004 2005 2006 2007 2008 2009 2010 2011 2012

Fig. 1. Yearly changes in the proportion of open resection
and laparoscopic resection for gastric gastrointestinal stromal
tumors (GISTs). There showed an increasing tendency to
perform laparoscopic resections for gastric GISTs.

49 cm (range, 0.3—29.0 cm). Mitotic counts (per 50 HPF) were <
5 in 300 patients (75.4%), 5 < mitotic count < 10 in 91 (22.4%),
and > 10in 9 (2.2%).

We classified the patients by risk group according to both of
the National Institute of Health (NIH) criteria and the American
Joint Committee on Cancer (AJCC) staging system. According
to the NIH criteria, 15.0% of patients were classified in the
very low risk group, 43.6% were in low risk group, 20.9% were
intermediate risk, and 20.4% were high risk. According to AJCC
staging, 70.9% of patients were stage I, 18.0% were stage 11, and
11.1% were stage III.

Operative method
Complete surgical resection was performed for all 406 pa-

tients with tumor-free resection margins. No intraoperative
tumor rupture or spillage event occurred. Laparoscopic wedge
resections were performed for 156 patients (38.4%) and
conventional open surgical resections for 250 patients (61.6%).
The laparoscopic wedge resection was first performed in 2004,
and the proportion of the laparoscopic approach increased

Table 2. Comparison of open resection group and laparo-
scopic resection group for patients of gastric GISTs

Variable (Qpen - Laparoscony e

Age 58.73 +11.43 59.75+10.95 0.377
Gender 0.265
Male 102 (40.8) 55 (35.26)

Female 148 (59.2) 101 (64.74)
Tumor size (cm) 546 +4.57 3.45+1.48 <0.001*
Tumor location 0.743
Upper 126 (50.4) 74 (47.44)

Middle 72 (28.8) 50 (32.05)

Lower 52 (20.8) 32 (20.51)
Mitotic count 0.220
<5 188 (75.2) 118 (75.64)

>5, <10 54 (21.6) 37 (23.72)

>10 8(3.2) 1(0.64)

NIH criteria <0.001*
Very low 26 (10.4) 35 (22.44)

Low 107 (42.8) 70 (44.87)
Intermittent 53 (21.2) 32 (20.51)

High 64 (25.6) 19 (12.18)
AJCC staging system 0.024*
| 172 (68.8) 116 (74.36)

1l 43 (17.2) 30(19.23)

1] 35 (14.0) 10 (6.41)
Recurrence 0.008*
No 239 (95.6) 156 (100)

Yes 11 (4.4) 0 (0)

GIST, Gastrointestinal stromal tumor; NIH, National Institute of
Health; AJCC, American Joint Committee on Cancer, 7th ed.
Values are presented as mean + standard deviation or number (%).
*Statistically significant with P < 0.05.
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Table 3. Recurrences in patient underwent surgical resection for gastric GISTs

No. Sex Age (y1) Size of primary Mitotic count NIH Site of Treatment for
tumor (cm) (/50 HPF) classification recurrence recurrence
1 F 50 18.5 7 High Liver Gleevec
2 M 41 14 5 High Liver Gleevec
3 M 74 20 7 High Peritoneum  Operation, Gleevec
4 M 57 24 50 High Liver Gleevec
5 F 50 4.5 39 High Liver Gleevec
6 M 67 4.0 1 low Liver Gleevec
7 M 57 29 22 High Liver Gleevec
8 M 57 20 6 High Peritoneum  Gleevec
9 F 77 12 15 High Liver Gleevec
10 M 63 16 7 High Liver Gleevec
11 F 45 3.5 5 low liver Gleevec

GIST, gastrointestinal stromal tumor; HPF, high power field; NIH, National Institute of Health.

annually, reaching 8% in 2012 (Fig. 1). A comparison of the
characteristics of open resection group and laparoscopic
resection group is shown in Table 2. Compared with open
resection group, patients who underwent laparoscopic resection
had smaller tumors (3.45 cm vs. 5.46 cm, P < 0.001). There was
no significant difference in tumor location or mitotic count.
Recurrence occurred in 11 patients who underwent open
resection, while no recurrence was observed in laparoscopic
resections (P = 0.008).

Recurrence
The median follow-up period was 42.9 months (2—166

months) and there were 11 recurrence patients (2.7%).
Clinicopathological characteristics of the recurrent cases after
curative resection are shown in Table 3. Nine of the eleven
recurrent cases were in the high-risk group according to the
NIH criteria. Recurrence sites were the liver in nine cases, and
peritoneal recurrences were observed in two. All recurrent
patients were treated with imatinib mesylate (Gleevec).

DISCUSSION

We analyzed 406 consecutive patients retrospectively who
had undergone resection of gastric GISTs at four centers
between March 1998 and March 2012. In previous studies
by Miettinen et al. [4] and Tran et al. [7], median age of
GIST patients at the diagnosis was 63 and there was a slight
male predominance. However, our study showed a female
predominance, with mean age of 60.8 years. Several studies in
Korean populations have reported female predominance [11,12].
The stomach is the most common site of GISTs, 52%—60% of
cases, with the proximal stomach involved in about two-thirds
of those patients [13,14]. Similarly, in our study, the upper third
was the most common site, involved in 49.3% of patients.

A consensus conference held at the National Institutes of

Health in 2001 provided the first practical scheme for the
assessment of risk in the clinical course of GISTs. The risk
categorization was based on an evaluation of the size and
mitotic count (per 50 HPF) of tumors [2]. The NIH criteria have
been used widely for risk assessment of GISTs in the clinical
field. In 2010, the AJCC TNM staging system included GISTs
in an attempt to assist in the management and surveillance of
GISTs [15]. Distributions of the risk groups according to both
NIH criteria and AJCC 7th staging in our study were similar to
previous large-scale studies of gastric GISTs [16,17].

The primary goal of treatment for localized gastric GISTs is
surgical resection with negative margins. In the past, it was said
that a 1- to 2-cm margin was necessary for adequate resection
[4,18]. However, recent studies suggested that extensive
resection to obtain wide margin was not necessary and did
not improve outcome [14,19]. Thus, it is now accepted that the
surgical goal for GIST is complete resection with a negative
margin only. Lymphadenectomy is also not indicated generally
because of the rarity of lymphatic spread of GISTs [9,10]. For
this reason, the laparoscopic wedge resection for gastric GISTs
is now used more frequently with the advantages of a small
incision, less pain, and oncologic safety [19-21].

In Europe, the recommendations of the GIST consensus con-
ference in 2004 were that the laparoscopic approach should be
limited to small GISTs (<2 ¢m) [1] and the Japanese guidelines
suggested that the laparoscopic approach was acceptable
for lesions smaller than 5 cm and only when performed by
skilled surgeons [22]. However, no absolute indication for
laparoscopic surgery for GISTs has yet been established. In
our study, laparoscopic wedge resections were performed in
156/406 patients (38.4%). We first performed laparoscopic wedge
resections in 2004 and the proportion increased annually (Fig.
1). The median tumor size of the patients who underwent
laparoscopic wedge resection was 3.45 cm (0.4—85 cm), which
was significantly smaller than that of open surgery, 546 cm
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(03—29 cm). Comparing open and laparoscopic surgery groups,
the risk group distribution was also significantly different, but
there was no significant difference in mitotic count. Although
no definite indication or guideline for laparoscopic surgery
was used in our study, tumor size may be a factor that affects
the decisions of surgeons as to whether to perform open or
laparoscopic surgery.

Although there has been no prospective randomized trial
comparing results of laparoscopic and open surgery, several
studies have reported the feasibility and oncologic safety of
laparoscopic surgery for GISTs [12,19]. In our study there was
no recurrence in patients who underwent laparoscopic wedge
resection, whereas there were 11 recurrences with open surgery.
We also suggest that laparoscopic wedge resection is feasible to
treat gastric GISTs for selected patients. However the difference
of recurrence rates between open resection and laparoscopic
resection groups does not represent oncological safety or
superiority of laparoscopic resection. Because tumor size of
laparoscopic resection group was significant smaller than open
resection group, lower recurrence rate of laparoscopic resection
group might be affected by smaller tumor size.

The recurrence rates of gastric GISTs after surgery in previous
studies ranged from 17% to 24% [23,24]. In this study, although
most of our patients who underwent surgical resection were
at very low or low risk group, according to the NIH criteria
(238/4006, 58.6%), we had a lower recurrence rate (11/400, 2.7%)
in our series than those in other Western reports [23,24]. Tumor
recurrence tends to be intra-abdominal and it usually occurs in
the liver, the peritoneum, or both [9], similar to our results (Table
3). In this study, the most common site of recurrence was the
liver (9 patients, 81.8%) followed by the peritoneum (2 patients,
18.2%). In recurrent gastric GISTs, some reports demonstrated
that a combination of surgery and targeted therapy may
reduce the development of recurrence or decrease the risk of
disease progression [5,25]. In this study, imatinib mesylate was
administrated to all patients with recurrence, 8/11 (72.7%) of
whom showed partial responses to treatment.

Unfortunately, in this study, due to limitations of retro-
spective study and the small number of recurrence events,

we could not assess risk factors affecting recurrence. It is
difficult to compare results between previous studies directly,
because of wide variety of patient characteristics among the
studies. We think possible reasons for the discrepancies in
prognosis between prior studies and ours include that we
conducted this study only for gastric GISTs, which have a more
favorable prognosis than that of intestinal GISTs. There was
no intraoperative rupture or spillage of tumors, Also, previous
studies included a greater number of large tumors than ours
[4,13,14,26].

Recently, with advances in operative methods and early
diagnoses, several studies have reported better oncological
outcome of gastric GIST undergoing curative resection,
especially in Korea and Japan. There are high incidences of
gastric cancer in Korea and Japan, so there may be more of
a possibility of the early detection of gastric GISTs because
diagnostic studies, such as gastroduodenoscopy, are performed
more often for the diagnosis and screening of gastric cancer.
Furthermore, most gastric GISTs patients in these countries
may undergo surgery by a surgeon who specializes in gastric
cancer surgery. In Korea, Yang et al. [27] reported that 6 of
105 gastric GIST patients (5.7%) who underwent curative
resections had recurrences. Kim et al. [12] also studied gastric
GIST patients who underwent curative resection; there were
5 recurrences (4.8%) after surgery. In Japan, Honda et al. [28]
reported that only 1 recurrence (1.3%) developed in 78 patients
who underwent laparoscopic surgery for gastric GISTs.

In conclusion, there was a lower recurrence rate of gastric
GISTs after curative resection in our series than in other
Western reports. Laparoscopic gastric wedge resection is feasible
to treat gastric GISTs in selected patients and further efforts are
necessary to conduct a prospective randomized study to prove
the oncological safety and establish a clear indication of this
procedure.
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