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Abstract

Background Laparoscopic resection of gastric gastroin-
testinal stromal tumors (GISTs) appears technically feasi-
ble and associated with favorable outcomes. Tumor size
plays an important role in surgical approach, with lapa-
rotomy tending to be used to treat larger tumors. This study
evaluated the technical feasibility, safety, and oncologic
efficacy of laparoscopic surgery for GISTs >5cm in
diameter.

Methods One hundred forty patients who underwent
resection of primary gastric GIST at our institution from
January 2007 to December 2012 were identified. Twenty-
three patients with tumor larger than 5 cm in diameter
treated by laparoscopic resection and were randomly mat-
ched (1:1) by tumor size (£1 cm) to patients with open
resection. Clinical and pathologic variables and surgical
outcomes for each surgical type were identified and
compared.

Results There were no significant differences in clinico-
pathologic characteristics between the two groups. Lapa-
roscopic group was superior to open group in operation
time, blood loss, time to ground activities, time to first
flatus, times to liquid diet, and postoperative stay
(P < 0.05). Number of transfusions and time to semi-liquid
diet, however, did not differ between groups. There was no
operative mortality, and the postoperative complications
were similar. Fifteen patients in the laparoscopic group and
17 patients in the open group received adjuvant treatment
with imatinib. Recurrence or metastasis occurred in eight
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cases (three in the laparoscopic group and five in the open
group). No significant difference in long-term disease-free
survival was found between the two groups (P > 0.05).
Conclusion When performed by experienced surgeons,
laparoscopic resection for gastric GISTs larger than 5 cm is
a safe and effective minimally invasive surgery.

Keywords Laparoscopy - Stomach - Gastrointestinal
stromal tumors - Surgery

Gastrointestinal stromal tumor (GIST) is the most common
type of mesenchymal tumor of the gastrointestinal (GI)
tract [1], but occurs only rarely, with an incidence of
approximately 10-20 neoplasms per 1 million cases
annually [2]. GISTs occur most commonly in the stomach
(60-70 %) [1], and surgical resection is the only possible
curative therapy. Because GISTs grow by expansion rather
than diffuse infiltration, and seldom invade nearby lymph
nodes, routine lymph node dissection is usually not war-
ranted [3-5] and minimally invasive surgery (MIS) is
feasible. Advances in equipment and techniques now allow
many surgical procedures to be performed through tiny
abdominal incisions. When performed by skilled operators,
MIS results in dramatically shorter hospital stays and less
postoperative discomfort. Therefore, gastric GISTs resec-
tion is particularly amenable to laparoscopic surgery. Pre-
viously, the GIST Consensus Conference (2004)
recognized laparoscopic resection as an appropriate oper-
ative intervention for small tumors [6], and the last decade
has brought dramatic changes in laparoscopic surgery in
this area. Several case series have demonstrated the safety
and feasibility of laparoscopic resection of larger gastric
GISTs [7-9]; however, the oncologic benefits of this
technology have rarely been reported for tumors larger than
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5 cm. In the present study, we retrospectively reviewed
detailed data for patients who underwent laparoscopic
surgery or traditional open surgery for resection of GIST at
our center between 2007 and 2012. Clinical data, benefits
of operation, perioperative events, and oncologic outcomes
were evaluated for associations with type of surgery in a
matched-cohort study.

Materials and methods
Materials

Between January 2007 and December 2012, 140 patients
with primary gastric GISTs were treated with radical
resection at the Department of Gastric Surgery, Fujian
Medical University Union Hospital. A retrospective ana-
lysis was performed, using a prospectively maintained
comprehensive database, to determine the technical pitfalls
of the procedure. Out of the 140 patients, 23 who had a
tumor larger than 5 cm in diameter (range, 5.0-9.7 cm)
underwent laparoscopic resection and were matched to
patients in the open group by tumor size (£1 cm) and
whether neoadjuvant imatinib was administered. When
more than one patient matched, the patient whose date of
surgery was closest was selected. Clinical and pathological
data were obtained from patients’ medical records. Clinical
diagnosis of GIST was based on endoscopic features such
as an intact mucosa, a predominantly submucosal location,
and in some cases, a pedunculated appearance. Most of the
patients also underwent preoperative abdominal computed
tomography (CT) as part of their initial diagnostic workup
or to assess for the presence of distant metastases or local
tumor invasion. Hospital charts were reviewed, and various
outcome measures recorded, including operative time,
estimated operative blood loss, morbidity, time to oral
intake, and postoperative hospital stay. All GISTs were
pathologically confirmed by dedicated sarcoma patholo-
gists at our center. Mitotic rate was defined as number of
mitoses per 50 high-power fields (HPFs), and tumor size
was defined as the maximal tumor dimension in the
resected specimen. Estimated blood loss was obtained from
operative or anesthesia records. When not precisely quan-
tified but described as negligible or minimal, it was
assigned a value of 5 mL. Patients’ management pathways
followed the National Comprehensive Cancer Network
(NCCN) guidelines and European Society for Medical
Oncology (ESMO) guidelines [10, 11]. If RO surgery was
not feasible, or if it could be achieved through less muti-
lating surgery with cytoreduction, or the surgeon believed
the surgery could be made safer for a patient, neoadjuvant
imatinib therapy was recommended. Neoadjuvant therapy
with imatinib was administered to one patient in each
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group. Risk stratification for relapse was performed on the
basis of prognostic factors, which included: mitotic rate,
tumor size, tumor site, and surgical margins (including
whether tumor rupture occurred) [12]. Routine follow-up
of patients consisted of physical examination, laboratory
tests, chest radiography, abdominopelvic ultrasonography
(USG) or computed tomography (CT), and an annual
endoscopic examination. Survival periods were calculated
from the time of surgery until death related to the disease
or not, or were right-censored at final follow-up.

Surgical procedure

Tumors were classified according to tumor location
(Fig. 1). Indications for the types of surgery by tumor
location were as follows: Tumor in the upper part of the
stomach near the esophagus (gastroesophageal junction)—
proximal subtotal gastrectomy (STG); Tumor located at
fundus of stomach and greater curvature of gastric body—
Partial gastrectomy; Tumor in the lower part of the stom-
ach (near the pylorus)—Distal STG; Tumor involved two
or more sections—TG.

Open resection was typically performed through a
15-20 cm midline incision. For the laparoscopic approach,
the patient was placed in supine position with his or her
legs spread apart and general anesthesia was given. After
pneumoperitoneum was established at 12 mmHg, a 10-mm
trocar for the laparoscope was inserted below the umbili-
cus. The stomach and peritoneal cavity were inspected
using a 30° forward oblique laparoscope to rule out inva-
sion of adjacent organs and peritoneal seeding. A 12-mm
port was inserted percutaneously in the left upper quadrant
as the dominant hand port. A 5-mm trocar was placed in

Fig. 1 Tumor location and the corresponding operative technique:
A (proximal subtotal gastrectomy), B (partial gastrectomy), and
C (distal subtotal gastrectomy). When tumor involved two or more
sections, total gastrectomy was performed
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the contralateral side. Another two 5-mm trocars were
inserted, one each in the left and right lower quadrants. The
surgeon stood to the left side of the patient, the first
assistant stood to the right, and another assistant who
helped to manipulate the laparoscope stood between the
patient’s legs. Occasionally, gastroscopy was used to assist
with identification and extent of the tumor. Partial gas-
trectomy was usually achieved using an Endo GIA™ sta-
pler, and the tumor specimen was extracted using a bag.
Laparoscopic proximal or distal STG and TG was per-
formed via a 6-10-cm epigastric incision.

Statistics

Statistical analysis was performed using SPSS version 16.0
(SPSS Inc., Chicago, IL) for Student’s t test or chi-square
test, and cumulative survival was using the Kaplan-Meier
method and log rank test. Chi-square analysis was per-
formed to find associations between poor outcomes and
factors such as age, tumor size, mitotic index, necrosis,
ulcerations, nodal disease, and CD117 and CD34 expres-
sion. Cox proportional hazard model was used for multi-
variate analysis. A P value <0.05 was considered
statistically significant.

Results
Patients characteristics

Characteristics of the 46 case-matched patients (23 lapa-
roscopic vs. 23 open) were listed in Table 1. There were 27
males and 19 females whose age ranged from 38 to
75 years (62.7+10.1 years). The mean tumor sizes in the
laparoscopic group and open group were 7.2 cm (range,
5.0-9.7 cm) and 7.3 cm (range, 5.0-10.5 cm), respec-
tively. According to proposed classification of GISTs by
relative risk of malignancy [13], 29 cases (67.4 %) were
classified as intermediate risk and 17 cases (32.6 %) as
high risk. The numbers of cases of upper, middle, and
lower third gastric GISTs were 15, 5, and 3, respectively, in
laparoscopic group, whereas in open group the numbers
were 9, 11, and 3. There were no statistically significant
differences in the major demographic parameters between
the two groups (Table 1).

Operative outcomes

No tumor rupture occurred in the laparoscopic group. The
number of patients transfused (P = 0. 489) and time to
semi-liquid diet (P = 0.083) between the two groups was
similar. However, the laparoscopic group was superior to
open surgery group in operation time (P < 0.001), blood
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Table 1 Clinicopathological characteristics of the patients
Characteristics Lap (n = 23) Open (n = 23) P value
Gender 0.134
Female 12 7
Male 11 16
Age (years) 63.4+12.9 62.0+11.3 0.699
Tumor size (cm) 7.24+1.6 7.3+1.5 0.931
BMI (Kg/m?) 22.343.4 21.544.0 0.113
Tumor location 0.153
Upper 15 9
Middle 5 11
Lower 3 3
Gastric body 0.522
Lesser curve 6 8
Greater curve 17 15
Gastrectomy extent 0.912
Partial gastrectomy 13 12
Distal STG
Proximal STG
Total gastrectomy 3 2
Mitotic rate (per 50 HPF) 0.664
<5 16 13
5-10 5
>10 2 3
Risk 0.359
Intermediate 16 13
High 7 10
CD117+ 0.636
Yes 20 21
No 3 2
CD34+ 0.636
Yes 20 21
No 3 2

STG subtotal gastrectomy

loss (P = 0.006), time to ground activities (P = 0.004),
time to first flatus (P = 0.018), times to liquid diet
(P = 0.011), and postoperative hospital stay (P = 0.001).
There was one conversion to open surgery (4.3 %), because
the operation was performed by surgeons during the initial
part of their learning curve for laparoscopy. The incidence
of postoperative complications did not differ between the
two groups (two patients in the laparoscopy group [8.7 %]
vs. three patients in the open group [13.0 %]; P = 0.636).
No patient died during their hospital stay in either group
(Table 2).

Adjuvant treatment and oncologic outcomes

Fifteen patients in the laparoscopic group and 17 patients in
the open group underwent adjuvant imatinib therapy
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Table 2 Operative characteristics and perioperative outcomes

Lap (n = 23) Open P value
(n =23)
Operation time (min) 124.1 £50.3 196.5 £ 64.8  0.000
Blood loss (ml) 356 £283 127.8 £ 116.8 0.006
Surgical margin (cm) 56 +£23 62 +28 0.226
Conversions to open 1 - -
Transfused patients 0 2 0.489
Time to ground activities 1.6 £ 0.6 25+ 0.6 0.004
(days)
Time to first flatus (days) 1.9 &+ 1.2 30+ 1.0 0.018
Times to liquid diet (days) 2.3 + 1.5 354+23 0.011
Time to semi-liquid diet 5.7 £ 1.5 6.2+ 1.8 0.083
(days)
Postoperative hospital 72+ 1.6 10.1 + 2.6 0.001
stay (days)
Complications 2 3 0.636
Anastomotic leakage 0 1
Gastrasthenia 1 0
Pulmonary infection 1 2

(8-24 months). One patient in each group received neo-
adjuvant imatinib; for 3 months preoperatively in the lap-
aroscopic group and for 6 months in the open group
(Table 3).

Median follow up duration for the entire cohort was
34.0 months (range, 6-78 months). Eight patients had
recurrence, three with local recurrence and five with
metastasis. Three patients, all defined as high risk, died of
the disease: one in the laparoscopic group and two in the
open group (Table 3). There was no significant difference
in disease-free survival between the two groups (Fig. 2).

Assessment of recurrent risk
Recurrence and metastasis during the follow-up period
were considered poor outcomes, and prognostic factors

such as age, tumor size, laparoscopic vs. open surgery,

Table 3 Adjuvant treatment and survival outcomes

Lap Open P value
(n = 23) (n = 23)

Adjuvant imatinib treatment 0.811

(imatinib)

No 8 6

Post-operative 14 16

Pre- and post-operative 1 1

Survival outcomes 0.727

No recurrence 20 18

Recurrence 2 3

Dead 1 2
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Fig. 2 Comparison of disease-free survival curve between laparos-
copy and open resection by log-rank test (P > 0.05)

mitotic index, antigen expression, necrosis, ulceration, and
macroscopic surgical margin were examined. Univariate
analysis demonstrated a significant correlation between
poor outcomes and tumor size, mitotic index, tumor
necrosis, and adjuvant treatment. However, further multi-
variate analysis revealed that only the tumor mitotic index
was an independent predictive variable affecting survival
(hazard ratio = 12.325; confidence interval, 2.131-36.523,
P < 0.001).

Discussion

The stomach is by far the most common site of GISTs
(52-60 % of cases), with the proximal stomach involved in
about two-thirds of those patients [13—15], and gastric
GISTs are becoming more frequently encountered because
of the rising use of upper gastrointestinal endoscopy. Prior
to laparoscopic resection of a GIST, it is important that
tumor size, tumor location, local infiltration, and metastasis
be assessed with endoscopy or endoscopic ultrasound and
other imaging methods. Tumor size is widely accepted as a
prognostic factor, and can be accurately evaluated before
surgery. Mochizuki et al. [16] suggested that only gastric
GISTs <5 cm in diameter are suitable for laparoscopic
surgery because very large lesions are difficult to resect
using endoscopic linear staplers, and that the removal of a
GIST requires special care to prevent tumor spillage.
However, in a study by Daigle et al. [17], 19 of 23 GIST
patients underwent laparoscopic resection of tumors a
mean of 3.2 cm in size, with the largest tumor measuring
6.8 cm. There were no episodes of tumor rupture or spill-
age and no major intraoperative complications. They
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concluded that Laparoscopic resection is the preferred
technique for these patients. Ma et al. [18] also reported
that they had successfully performed laparoscopic gastric
resection of a tumor 11.5 cm in diameter.

NCCN guidelines were modified in 2007 to reflect the
increasing literature on this approach. Under the new
guidelines, tumors up to 5 cm in size can be safely
approached laparoscopically, and even larger tumors can
be considered for a laparoscopic hand-assisted approach
[10]. However, only rare direct comparison of laparoscopic
and open approaches for gastric GISTs larger than 5 cm
had been done. In our study, all tumors were greater than
5 cm in diameter, the largest tumor was 9.7 cm, and were
successfully resected laparoscopically without tumor rup-
ture. Only one patient, whose tumor measured 6 cm,
underwent conversion to open surgery because it was
performed during the initial part of the surgeons’ learning
curve for laparoscopy. To maintain the integrity of the
tumor under laparoscopy, it is important to avoid grasping
the tumor directly and to prevent forceful extraction of the
tumor out of the abdominal cavity through the small inci-
sion. We believe that the decision to proceed with a lapa-
roscopic approach should be based on a variety of factors,
including patient characteristics, tumor size, invasion, and
location, and operators’ skills and experience. But a large
gastric GIST is not an absolute contraindication for lapa-
roscopic surgery when performed by experienced surgeons.

Because wide surgical margins and lymphadenectomy
are usually unnecessary, a minimally invasive technique
such as laparoscopic surgery for GISTs has found favor
with many surgeons. Pitsinis et al. [19] compared open and
laparoscopic resection of GISTs and reported that the
median operating time was 132 minutes in the open group
and 110 minutes in the laparoscopic group, and that
patients who undergone laparoscopic resection had a
shorter hospital stay (4 vs. 11 days). Chen et al. [20]
compared the outcomes of 16 patients who underwent
laparoscopic surgery to those of 40 patients who underwent
open surgery, and found that laparoscopic resection had
advantages of fewer days to resume diet, shorter postop-
erative stay, and less analgesia use during the perioperative
period. Our size-matched comparison revealed similar
short-term results. In addition, there was no statistically
difference in the mobility and mortality between the two
groups. From this viewpoint, laparoscopy for gastric GISTs
larger than 5 cm is a safe and feasible choice.

Information regarding long-term oncologic results of
laparoscopic resection of gastric GISTs, which is important
to confirm the appropriateness of the use of laparoscopic
technique, is scarce. Novitsky et al. [21] reported a case
series in which 50 patients underwent laparoscopic or
laparoscopic resection of gastric GISTs with mean tumor
size of 4.4 cm. All 50 patients had negative resection

margins, and 92 % of the patients were disease free during
a 36-month follow-up. Karakousis et al. [22] presented a
size-matched comparison of laparoscopic resection vs.
open resection for GISTs. Oncologic outcomes were sim-
ilar with no microscopically positive margins and one
recurrence in each group during a median follow-up of
34 months. In the present series, we found that there was
no significant difference in the survival curve between the
two groups. Laparoscopic surgery for gastric GISTs larger
than 5 cm achieved survival similar to that of open surgery,
although the present study was not a randomized controlled
trial and the follow-up period was relatively short.

The prognostic characteristics of surgically treated
GISTs have not been clearly defined in the past. However,
recent studies have provided a more comprehensive clini-
cal and histologic analysis of GISTs. Factors associated
with poor prognosis are age, tumor size, mitotic index,
tumor ulceration, and necrosis [23-25] (Table 4). On the
other hand, the development of imatinib (Gleevec [Nov-
artis], a tyrosine kinase inhibitor) has been strongly justi-
fied in the treatment of metastatic GISTs [26, 27]. More
trials and studies have been initiated to assess the role of
neoadjuvant and adjuvant therapy in treating non-meta-
static disease. The findings of which may help improve the
long-term survival of patients undergoing laparoscopic or
open resection of GISTs. While neoadjuvant imatinib
therapy for gastric GIST is still controversial [28, 29], and
there are rare studies on the laparoscopic resection for
gastric GISTs after neoadjuvant therapy. If it results in less
mutilating surgery and lower risk of tumor bleeding and
rupture, preoperative imatinib seems an option for patients
with limited disease. There was one patient who received
neoadjuvant Gleevec therapy had successfully underwent
laparoscopic gastrectomy, the excellent result may provide
a new choice for gastric GISTs after neoadjuvant therapy.
But a well designed, large sample, multicenter, randomized
study is necessary before a definitive clinical benefit can be
determined. In our study, univariate analysis demonstrated
that tumor size, mitotic index, tumor necrosis, and adjuvant
treatment were associated with poorer outcomes. However,
further multivariate analysis revealed tumor mitotic index
to be the only independent predictor of survival. Surgical
method (laparoscopy or open resection) was not found to
be associated with poor outcomes. Given the fact that the
safety of laparoscopic techniques in colonic and gastric
oncologic surgeries has been confirmed by recent trials
[30-32], the role of laparoscopic resection for GISTs of the
stomach may be further clarified in the near future.

In conclusion, our size-matched comparison has dem-
onstrated that laparoscopic resection of gastric GISTs up to
10 cm results in operative durations, morbidity, and out-
comes that are similar to those of open resection but is
associated with shorter hospital stays, and that tumor
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Table 4 Factors predictive of poor prognosis

Characteristics Recurrence-free ~ Recurrence P value
(n = 38) (n=23)
Age (years) 63.0 £ 11.8 612 £ 11.1 0.351
Male 22 (57.9 %) 5(62.5 %) 0.810
Tumor size (cm) 69 +£15 8.6 +£ 1.8 0.006
Laparoscopy 20 (52.6 %) 3 (37.5 %) 0.437
Mitotic index 354+£27 20.5 £ 11.9  0.000
CD117 positive 34 (89.4 %) 7 (87.5 %) 0.871
CD34 positive 35 (92.1 %) 6 (75.0 %) 0.158
Ulcerations 10 (26.3 %) 4 (50.0 %) 0.186
Necrosis 6 (15.9 %) 5 (62.5 %) 0.013
Surgical margin (cm) 6.1 £ 4.5 52 +4.1 0.131
Adjuvant treatment 29 (76.3 %) 3 (37.5 %) 0.030

location is clearly an important factor in the selection of an
operative approach. Laparoscopic gastric resection selected
based on tumor location is a safe and feasible minimally
invasive approach for appropriate cases of gastric GISTs
and provides a favorable oncologic outcome.
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