
Abstract. Aim: A meta-analysis was conducted to evaluate
and compare the short- and long-term outcomes of
laparoscopic and conventional open surgery for gastric
gastrointestinal stromal tumors (GISTs). Materials and
Methods: We searched MEDLINE, EMBASE, Science Citation
Index, and the Cochrane Controlled Trial Register for relevant
articles published between 2000 and July 2013 by using the
search terms “laparoscopic”, “laparoscopy-assisted”,
“surgery”, “gastrointestinal tumor”, “GIST” and “gastric”.
Results: We identified 12 articles reporting results that
compared laparoscopic surgery with open surgery for gastric
GISTs. Our meta-analysis included 644 patients with GISTs;
312 had undergone laparoscopic surgery, and 332 had
undergone open surgery. In the short-term period, 14 outcome
variables were examined. In the long-term period, six
oncological variables were analyzed. Laparoscopic surgery for
gastric GIST was associated with a reduction in intraoperative
blood loss, shorter period to flatus, earlier resumption of oral
intake, and shorter duration of hospital stay over the short-
term, and with a significantly lower rate of overall recurrence,
metastatic recurrence and local recurrence in the long-term
compared to open surgery. Conclusion: Laparoscopic surgery
may be an acceptable surgical treatment option compared to
open surgery for gastric GIST.

Gastrointestinal stromal tumors (GISTs) originate from the
interstitial cell of Cajal, an intestinal pacemaker cell in the
gut (1, 2). GISTs are rare tumors and represent approximately
0.3-3% of all gastrointestinal tumors (3), while they are the

most common mesenchymal tumors in the gastrointestinal
tract (4). The incidence of GISTs ranges between 11 and
14.6/million/year based on national epidemiological studies
(5, 6) and is slightly higher in men than in women (7).
Although GISTs can occur anywhere along the length of the
GI tract, they are located mainly in the stomach (60-70%),
followed by the small intestine (20-30%), the colon and
rectum (5%), and the esophagus (5%) (8). Occasionally,
GISTs arise in the omentum, the mesentery, or the
retroperitoneum (2). Most GISTs metastasize to the liver
hematogenously and disseminate throughout the peritoneal
cavity, and rarely, they metastasize to the lymph nodes (9).
Activating mutations in receptor tyrosine kinase (KIT) or
platelet-derived growth factor receptor alpha (PDGFRA) have
been identified in up to 80% and 10% of GISTs, respectively
(10). Surgery is potentially curative and currently is main
treatment for patients with operable GIST (11, 12). The aim
of surgery for resectable GIST is complete resection with
macroscopically-negative margins of at least 1-2 cm, avoiding
tumor rupture (13, 14). Prognosis of patients with a primary
GIST is related to tumor size and its mitotic index (15, 16).
Partial resection is recommended to preserve organ function,
and no report has so far defended that systematic lymph node
dissection improves the prognosis of patients with GIST.
Partial resection for gastric GISTs was traditionally
performed by conventional open surgery (Open). Recently,
the feasibility and safety of laparoscopic surgery (Lap) for
gastric GISTs has been reported (17, 18). While tumor size
and location are limiting factors, several studies have
indicated that Lap for GISTs of 5 cm or smaller can be safely
performed (17, 18). The value of Lap for gastric GISTs has
remained controversial because the short- and long-term
outcomes have not been clarified. To accurately evaluate the
efficacy of Lap for gastric GISTs, the short- and long-term
outcomes of Lap must be compared to those of Open.
However, no randomized controlled trials comparing Lap
with Open for gastric GISTs have been reported, largely
because of the low occurrence rate of gastric GISTs. The
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methodological index for non-randomized studies (MINORS)
is a valid instrument for assessing the methodological quality
of non-randomized studies, especially for purposes of meta-
analysis (19, 20). Here, we conducted a meta-analysis of
previously conducted non-randomized controlled trials (21-
32). The outcomes of each of the surgical procedures were
analyzed for short- and long-term periods. 

Materials and Methods

Study designs. There were no randomized controlled trials
comparing Lap vs. Open for gastric GIST. Non-randomized studies
that compared the short- and long-term outcomes of Lap versus
Open for gastric GIST were considered for this meta-analysis. 

Literature search. To identify articles relevant to our study, we
searched the major medical databases–MEDLINE, EMBASE,
Science Citation Index, and the Cochrane Controlled Trial

Register–for studies published between 2000 and July 2013. The
following search terms were used: “laparoscopic”, “laparoscopy-
assisted”, “surgery”, “gastrointestinal stromal tumor”, “GIST” and
“gastric”. Appropriate data from the studies were used for this meta-
analysis. This meta-analysis was prepared in accordance with the
Preferred Reporting Items for Systemic reviews and Meta-Analysis
(PRISMA) statement (33) (Figure 1). 

Inclusion criteria. To enter this meta-analysis, studies had to: be
written in English; compare Lap with Open for gastric GISTs; and
report on at least one of the outcome measures mentioned below. 

Exclusion criteria. Studies were excluded from this analysis if the
outcomes of interest were not reported for the two surgical techniques.

Study quality. The MINORS was used to evaluate the
methodological quality of the non-randomized studies (19, 20). Two
reviewers independently evaluated the studies. Disagreements were
resolved by discussion and consensus. 
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Figure 1. Flow diagram of this meta-analysis in accordance with the PRISMA Statement.  



Data extraction. Three researchers (HO, HN, and KM) extracted
data from each article by using a structured sheet and entered the
data into a database. We conducted meta-analyses for the short- and
long-term. For the short-term analysis, we collected data on
operation time, estimated blood loss, time-to-first flatus, time-to-
oral diet, hospital stay, overall complications, anastomotic leakage,
pneumonitis, ileus, deep venous thrombosis (DVT), perioperative
mortality, positive resection margin, conversion rate, and tumor size.
For the long-term analysis, we used data on the rate of overall
recurrence, local recurrence, metastatic recurrence, wound-site
recurrence, overall mortality, and GIST-related mortality. 

Statistical analysis. Weighted mean differences (WMDs) and odds
ratios were used for the analysis of continuous and dichotomous
variables, respectively. Random effects models were used to identify
heterogeneity between the studies (34), and the degree of
heterogeneity was assessed using the χ2 test. For the analysis of the
conversion rate, the χ2 test was used. The confidence interval (CI) was
established at 95%, and p-values of less than 0.05 were considered to
indicate statistical significance. For the computation of the CI,
estimates of the mean and standard deviation were obtained using
formulas proposed by Hozo et al. (35). Statistical analyses were
performed using Review Manager (RevMan) software, version 5.2.6
(Cochrane Collaboration, Copenhagen, Denmark).

Results

Search results. The present meta-analysis met the PRISMA
statement. Overall, 205 citations were retrieved from the
search strategy. Five additional articles were identified by
contacting clinical experts and searching bibliographies. Two
studies were excluded because of duplicate reporting. Fifty-
five studies were removed from the 208 because they were not
written in English, and reported GISTs of the other organs and
no human studies. One hundred and forty-one studies were
excluded on account of non-comparative trials. We identified
12 trials that suitably compared Lap with Open for gastric
GISTs for this meta-analysis. The characteristics of each trial
are presented in Table I. Our meta-analysis included 644
patients with gastric GIST; of these, 312 had undergone Lap,
and 332 had undergone Open. Short- and long-term results are
shown in Figures 2 and 3, respectively. Only two articles
reported neoajuvant or adjuvant therapy for GIST. The study
quality by using the MINORS is shown in Table II.

Short-term Outcomes
No significant difference was found in the operative time
between Lap and Open from the analysis of 581 resections
(290 Lap and 291 Open). Intraoperative estimated blood loss
in the Lap group was significantly lower (by 34.47 ml) than
in the Open group. The time-to-flatus, the time-to-oral diet,
and the duration of hospital stay were significantly shorter
in Lap than in Open. The occurrence rate of overall
postoperative complications, anastomotic leakage, ileus,
pneumonia and DVT did not differ significantly between the
two procedures. Examining 201 resections (105 Lap and 96

Open), there was none and one perioperative mortality
among patients who underwent Lap and Open, respectively.

Resection margins. Examining 310 resections (165 Lap and
145 Open), there were no cases with positive resection
margins in either Lap or Open. The resection margin of one
case was less than 0.1 cm and the extent of that of the one
other case is unclear in the Lap group.

Conversion rate. The conversion rate from Lap to Open
ranged from 0 to 25% (Table I). The overall conversion rate
was 7.0%. The conversion rate for studies whose number of
Lap-treated patients was fewer than 30 was 7.8%, whereas
that for studies with 30 or more Lap-treated patients was
5.9%. The difference was not statistically significant.

Tumor size. The tumor size for Lap was significantly smaller
(by 1.15 cm) than that for Open from the analysis of 644
resections (312 Lap and 332 Open).

Long-term Outcomes
Tumor recurrence. The rate of overall recurrence, metastatic
recurrence, and local recurrence were significantly lower in
Lap than in Open, from the analysis of 524 resections (252
Lap and 272 Open), 379 resections (200 Lap and 179 Open)
and 379 resections (200 Lap and 179 Open), respectively. No
cases of wound-site recurrence were observed in either of the
two surgical groups from 256 resections examined (128 Lap
and 128 Open).

Mortality. In the analysis of 275 resections (141 Lap and 134
Open), we found no significant difference in overall
mortality between patients who underwent Lap and those
who underwent Open. No significant difference was
observed in GIST-related mortality between the two groups,
examining 279 resections (158 Lap and 121 Open).

Heterogeneity
In the short-term period, significant heterogeneity was found
between studies with respect to operative time, estimated
blood loss, time-to-first flatus, time-to-oral intake, duration
of hospital stay, and tumor size. There was no significant
heterogeneity in overall complications, anastomotic leakage,
ileus, pneumonia and DVT. In the long-term period, we
found no significant heterogeneity in the recurrence and
mortality rates between studies.

Discussion

Lap is increasingly performed for surgical treatment of
gastric GISTs. While there have been no randomized trials
comparing Lap to Open for gastric GIST, several non-
randomized trials have been reported (21-32). The short- and
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long-term outcomes of laparoscopic and open gastric GIST
resection were compared in this meta-analysis. 

In the short-term period, analysis of pooled data revealed
that there was no significant difference in the operative time
between the Lap and Open group. Significant reduction in
intraoperative blood loss in Lap may be accomplished by
meticulous resection using instruments for laparoscopic

surgery and videoscopic magnification. Patients who
underwent Lap experienced flatulence significantly earlier,
resumed oral intake significantly earlier, and had
significantly shorter hospital stays than did patients who
underwent Open; this finding suggests that Lap leads to
faster recovery. This observation is in agreement with the
studies comparing Lap and Open for other conditions,
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Figure 2. Continued
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Figure 2. Meta-analysis of the short-term outcomes for gastric gastrointestinal stromal tumors (GISTs).
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Figure 3. Continued



including gastric cancer (36) and colorectal cancer (37, 38).
There was no significant difference in overall postoperative
complications or in specific complications, such as
anastomotic leakage, ileus, pneumonia or DVT between Lap
and Open. Only one case out of 282 in the Lap group had
anastomotic leakage, which was managed conservatively.
One patient out of 300 in the Open group who had
anastomotic leakage died due to multiple organ failure. No
cases in the Lap group had ileus after surgery. There were
no cases and one case of perioperative mortality in Lap and
in Open, respectively. All of these observations suggest that
the safety and feasibility of Lap for gastric GIST is not
inferior to that of Open. Moreover, the quality of Lap may
be practically similar to that of Open, as shown by the
absence of cases with positive surgical margins in both
groups. Two cases out of 165 in Lap had similar resection
margins (23, 31). It may be necessary to resect the margin
more carefully in Lap. 

In this analysis, the conversion rate was not significantly
related to the number of cases in each of the studies, i.e.
studies whose number of patients was fewer than 30, or 30 or

more, who underwent Lap. Karakousis et al. reported that
tumor location and size, as well as technical factors, were
the most common reasons for conversion (23). 

The follow-up period in the Lap group was 18.9-80
months. In the long-term period, we found that the rates of
overall recurrence, metastatic recurrence and local recurrence
were significantly lower in patients who underwent Lap than
in those who underwent Open. This finding is a positive
outcome for Lap though there is a limitation that tumor size
in Lap is significantly smaller than in Open. There were no
cases of wound-site recurrence in the two groups. Kim et al.
reported a case of a port-site metastasis following
laparoscopic surgery for a malignant GIST (39). On the other
hand, it is recommended in the 2010 National Cancer Care
Network guidelines that GISTs are safely retrieved by using
a specimen bag (40). We found no significant difference in
overall mortality and GIST-related mortality. These findings
suggest that Lap is comparable to Open with respect to long-
term oncological results and, therefore, may be an optional
surgical treatment for gastric GIST. Since the most important
prognostic features for GIST are tumor size and mitotic
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Figure 3. Meta-analysis of long-term outcomes for gastric gastrointestinal stromal tumors (GISTs).



index, it is fundamentally necessary to take these factors into
account for accurately evaluating the long-term oncological
outcomes of Lap versus Open. If possible, prospective
randomized trials comparing Lap to Open should be
performed in the near future.

There are several limitations of this study. Firstly, it is
difficult to match the tumor size between the Lap group and
the Open group. All of the 12 articles reported data on the
tumor size. Nine out of the 12 reported that there was no
significant difference in tumor size between the two groups.
However, in an analysis of pooled data, we found that the
tumor size for Lap was significantly smaller (by 1.16 cm)
than that for Open. The difference may result from the
principle that Lap can be safely performed for GISTs of 5 cm
or smaller (14). Secondly, there is a problem regarding the
variation of tumor location within the stomach. Nine out of
the 12 articles reported data on tumor location in the stomach.
Eight out of the nine reported that there was no significant
difference in the tumor location between the two groups. Yet
most procedures were wedge resection of the stomach, the
type of operation, e.g. gastrectomy or laparoscopic
intragastric surgery, varied depending on tumor size or
location. Thirdly, the mitotic index for GIST was variable.
Eight out of the 12 articles reported data on the mitotic index
in the two groups; all of them reported that there was no
significant difference in the mitotic index between the two
groups. Fourthly, only two out of the 12 articles reported
neoajuvant or adjuvant therapy for GIST. The influence of
neoajuvant or adjuvant therapy on prognosis can therefore not
be discussed. Considering the period tthat hese studies were
carried out, neoajuvant or adjuvant therapy for GIST may not
have been performed in some studies. 

Significant heterogeneity between studies was observed
only for short-term outcomes, including operative time,
estimated blood loss, time-to-flatus, time-to-oral intake,
duration of hospital stay, and tumor size. In the long-term
period, we found no significant heterogeneity between
studies. The reason for the observed heterogeneity in
operative time and estimated blood loss may be variations in
the skills of the surgeon, tumor size, location, and
vascularity. The heterogeneity in time-to-flatus may result
from differences in operative time and estimated blood loss.
Differences in the clinical approach at different institutions
may have caused the heterogeneity in time-to-oral intake and
the duration of hospital stay. Heterogeneity in tumor size
may have resulted from the principle that Lap for GIST
should be considered for tumors smaller than 5 cm on
preoperative imaging studies.

In conclusion, although there are several limitations, the
present meta-analysis shows that Lap for GIST is associated
with a reduction in intraoperative blood loss, shorter period
to flatus, earlier resumption of oral intake, and shorter
duration of hospital stay over the short-term, and is not

inferior in long-term oncological outcomes compared to
Open. Therefore, Lap may be an acceptable optional
treatment to Open for gastric GISTs.
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