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Can laparoscopic surgery be applied in gastric
gastrointestinal stromal tumors located in

unfavorable sites?

A study based on the NCCN guidelines
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Abstract
This article investigated the feasibility of laparoscopic surgery in unfavorable site gastric gastrointestinal stromal tumors (GISTS).

We identified 214 patients who underwent primary gastric GIST resection at our institution (January 2006-December 2014) from a
prospectively collected database. These patients were divided into a Favorable group (140 cases) and an Unfavorable group (74
cases) according to the 2014 version of the National Comprehensive Cancer Network Clinical Guidelines (NCCN guidelines).

The wedge resection rate of the Favorable group was higher than that of the Unfavorable group, and most procedures were
performed laparoscopically (P < 0.05). In addition, there were no differences in the other clinicopathological features between these
groups (P>0.05). The postoperative stay of the Unfavorable group was longer than that of the Favorable group (P=0.02).
Laparoscopic surgery in both groups resulted in a shorter operative time, lower blood loss, faster time to first flatus, faster time to first
fluid diet, and shorter postoperative stay than open surgery (P < 0.05). Although the difference was not significant (P=0.09), the
postoperative complication incidence of the Favorable group was less than that of the Unfavorable group (10% vs 17.6%).
Furthermore, in the Unfavorable group, the incidence of postoperative complications from laparoscopic surgery was significantly
lower than that of open surgery (P=0.001). There were no differences in the 5-year overall survival (OS) and recurrence-free survival
(RFS) of these groups (P> 0.05). Furthermore, in the Unfavorable group, the 5-year OS and RFS were similar for both laparoscopic
and open procedures. Multivariate Cox regression analysis showed that imatinib (IM) treatment was an independent risk factor for
pOoOor Prognosis.

Laparoscopic operation for gastric GISTs located in unfavorable sites can yield similar long-term outcomes compared with an open
operation. However, laparoscopic surgery has the obvious advantage of being minimally invasive, and the incidence of postoperative
complications was low. Laparoscopic surgery is thus an option for the treatment of localized gastric GISTs.

Abbreviations: ALB = albumin, ASA score = American Society of Anesthesiologists score, BMI = Body mass index, CCl =
Charlson comorbidity index, d = day, ESMO = European Society for Medical Oncology, Gl = gastrointestinal, GISTs =
gastrointestinal stromal tumors, HB = hemoglobin, IM = imatinib, Min = minute, ml = milliliter, NCCN = Comprehensive Cancer
Network, NIH risk classification = National Institutes of Health risk classification scheme, OS = overall survival, RFS = recurrence-free
survival, RMB = Renminbi, WHO = World Health Organization.
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1. Introduction

The initial treatment for gastrointestinal stromal tumors (GISTs)
is surgical resection. Currently, some controversy exists regarding
the application of laparoscopic operations for gastric GIST. The
2014 version of the National Comprehensive Cancer Network
Clinical Guidelines (NCCN guidelines) ™! modified the old
version regarding the tumor size limitation for laparoscopic
surgery and suggests that a laparoscopic approach may be
considered for select GISTs in favorable anatomical locations
(greater curvature and anterior wall of the stomach) by surgeons
with appropriate laparoscopic experience. However, the appli-
cability of laparoscopic surgery in unfavorable sites of gastric
GSIT, such as the gastroesophageal junction, the small curvature
of the gastric body, and the posterior wall of the stomach, is
unclear, and there are few relevant studies. Therefore, this article
summarized the clinical data of 214 patients with GISTs in our
hospital from January 2006 to December 2014 and analyzed the
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Figure 1. Red: Unfavorable site; yellow: Favorable site.

short- and long-term effects of laparoscopic operations for
unfavorable site gastric GISTs.

2. Methods
2.1. Study population

This study was carried out with the approval of the ethics
committee of Fujian Medical University Union Hospital. And the
study cohort consisted of 563 GIST (confirmed by pathology)
patients at this hospital from January 2006 to December 2014.
The primary gastric GIST patients who had not received
preoperative chemotherapy or oral imatinib (IM) treatment or
previously undergone a radical operation were included in the
analysis. We excluded those patients who received endoscopic
resection or biopsy or had distant metastasis or the presence of
other malignant diseases and those whose tumors were located
outside the stomach. Finally, a total of 214 cases were enrolled in
the study. This study was conducted in a retrospective way. The
choice of surgical methods was based on both the patient’s
condition and surgeons’ experience. All the 133 cases was
conducted laparoscopic surgery successfully, with no one
converting to open. These patients were divided into the
Favorable group (140 cases) and the Unfavorable group (74
cases) according to the 2014 version of the NCCN guidelines.
The tumor sites of the Favorable group were located in the gastric
fundus, the anterior wall, and the greater curvature of the gastric
body, and this group included 140 cases. The tumor sites in the
Unfavorable group were located in the gastroesophageal
junction, the lesser curvature of the gastric body, the posterior
wall of the stomach, antrum, and pylorus, and this group
included 74 cases (Figs. 1 and 2 and Table 1).

Operation procedure of laparoscopic surgery included the
following: The patient was placed in the reverse Trendelenburg
position with the head elevated approximately 15° to 20° and
tilted left side up at approximately 20° to 30°. The surgeon stood
between the patient’s legs, with the assistant and camera operator
both on the patient’s right side. For those whose tumor location
or side was unclear before surgery, we would figure out the
location or measurement intraoperatively with the help of
intraoperative gastroscopy. After the tumor was isolated, we
would adopt wedge resection, proximal gastrectomy, and distal
gastrectomy or total gastrectomy according to the features of

tumor, without touching the tumor directly. Tissue separation,
capture, anastomoses were performed in the normal gastric tissue
surrounding the tumor. Then, the tumor would be removed from
abdominal cavity with a specimen bag.

2.2. Variables and definitions

The tumor size was defined as the maximum tumor diameter. The
mitotic rates were defined as the number of mitoses per 50 high-
power fields. The recurrence risk was graded by the modified
National Institutes of Health (NIH) risk-classification scheme.!?!
Body mass index (BMI) = 25 was defined as overweight
according to the World Health Organization (WHO) criteria.
Blood loss was estimated according to the volume of blood
absorbed by the gauze and suction pumped after subtracting the
volume of fluids used for irrigation. Preoperative comorbidities
were classified according to the Charlson comorbidity index
(CCI),P! and postoperative complications were classified accord-
ing to the Clavien-Dindo classification.*!

2.3. Follow-up

Specially trained researchers used outpatient records, visits,
letters, and telephone calls to follow-up with the patients
postoperatively. The last follow-up period ended in March 2015.
The follow-up information included survival status, postopera-
tive review results, tumor recurrence, and/or metastasis and
adjuvant therapy. The overall survival (OS) was recorded from
the operation time to the end of the follow-up period, the time of
death, or the value input in the follow-up database (such as death
from other diseases). Recurrence-free survival (RFS) was
recorded from surgery to tumor recurrence.

2.4. Statistical analyses

All statistical analyses were performed using SPSS version 18.0
(SPSS Inc., Chicago, IL). The measurement data are presented as
the means+standard deviations (SDs). Categorical data were
compared with a x* test or Fisher exact test. The variables with
P <0.1 in the univariate analysis were subsequently included in a
multivariate binary logistic regression model. The results of the
univariate and multivariate analyses were expressed as the odds
ratios (ORs) with corresponding 95% confidence intervals (95%
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ClIs). The survival rates were calculated using the Kaplan—Meier
method, which used the log-rank test to detect differences in the
survival curves of the various subgroups. P-values < 0.05 were
considered significant.

Patient GIST location.

Laparoscopic Open

Location Total surgery surgery
Favorable site

Fundus 7 55 (71.4%) 22 (28.6%)

The anterior wall of gastric body 27 13 (48.1%) 14 (51.9%)

The greater curvature of gastric body 36 22 (61.1%) 14 (38.9%)
Unfavorable site

Gastroesophageal junction 11 6 (54.5%) 5 (45.5%)

The lesser curvature of gastric body 27 17 (63.0%) 10 (37.0%)

The posterior wall of gastric body 18 12 (66.7%) 6 (33.3%)

Antrum 12 6 (50.0%) 6 (50.0%)

Pyloric 6 2 (33.3%) 4 (66.7%)

3. Results

3.1. Clinicopathological characteristics

The clinical and pathologic variables of the patients are
summarized in Table 2. The wedge resection rate of the
Favorable group was higher than that of the Unfavorable group,
and most of the procedures were performed laparoscopically
(P<0.05). There were no differences in the other clinicopatho-
logical features between the groups (P> 0.05). In the Favorable
group, the postoperative IM treatment rate after laparoscopic
operation was lower than that after open surgery (37.8% vs
54.0%; P=0.047).

3.2. Perioperative and postoperative results

The mean postoperative stay of the Unfavorable group was
significantly longer than that of the Favorable group (9.8 +5.4 vs
11.8+7.0 d; P=0.02). In addition, laparoscopic surgery resulted
in less blood loss and shorter operation time, time to first flatus,
time to first fluid diet, and postoperative stay than open surgery in
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Baseline characteristics of eligible patients.

Favorable group (n=140)

Unfavorable group (n=74)

Variables Total group OPEN (n=50) LAP (n=90) P Total group OPEN (n=31) LAP (n=43) P P
Male/Female 73/67 26/24 47/43 0.980 37/37 1417 23/20 0.638 0.776
Age, y 58+11.8 56.6+12.9 58.8+11.0 0.294 59.1+11.9 58.7+11.9 59.5+12.0 0.765 0.528
BMI, kg/m? 22.3+2.6 21.9+2.6 225+2.6 0.228 22.4+3.0 223+28 22.4+3.1 0.954 0.929
ASA score 0.092 0.930 0.529
| 81 (57.9%) 29 (58.0%) 52 (57.8%) 42 (56.8%) 18 (58.1%) 24 (55.8%)
I 46 (32.9%) 13 (26.0%) 33 (36.7%) 28 (37.8%) 11 (35.5%) 17 (39.5%)
I 13 (9.3%) 8 (16.0%) 5 (5.6%) 4 (5.4%) 2 (6.5%) 5 (4.7%)
CCl 0.037 0172 0.478
0 105 (75.0%) 34 (68.0%) 71 (78.9%) 60 (77.1%) 23 (74.2%) 37 (86.0%) 0.238 0.445
1-2 32 (22.9%) 13 (26.0%) 19 (21.1%) 14 (18.9%) 8 (25.5%) 6 (14.0%)
34 3(21%) 3 (6.0%) 0 (0%) 0 (0%) (%) (%)
Growth style 0.049 0.232 0.972
Exogenous type 59 (42.1%) 27 (54.0%) 32 (35.6%) 31 (41.9%) 10 (32.3%) 21 (48.8%)
Endogenous type 81 (57.9%) 23 (46.0%) 58 (64.4%) 43 (58.1%) 21 (67.7%) 22 (51.2%)
Tumor resection types 0.043 0.772 0.004
Wedge resection 108 (77.1%) 33 (66.0%) 75 (83.3%) 42 (56.8%) 16 (51.6%) 26 (60.5%)
Proximal gastrectomy 1 (7.9%) 6 (12.0%) 5 (5.6%) 7 (9.5%) 3(9.7%) 4 (9.3%)
Distal gastrectomy 1 (7.9%) 7 (14.0%) 3 (3.3%) 17 (23.0%) 9 (29.0%) 8 (10.8%)
Total gastrectomy 0 (7.1%) 4 (8.0%) 7 (7.8%) 8 (10.8%) 3(9.7%) 5 (11.6%)
Size, cm 5.313.4 58+45 49+25 0.177 48+2.7 53+29 44424 0.209 0.307
Mitotic rates/50HPF 0.337 0.084 0.781
<5 109 (77.9%) 36 (72.0%) 73 (81.1%) 60 (81.1%) 27 (87.1%) 33 (76.7%)
5-10 22 (15.7%) 9 (18.0%) 13 (14.4%) 9 (12.2%) 1 (3.2%) 8 (18.6%)
>10 9 (6.4%) 5 (10.0%) 4 (4.4%) 5 (6.8%) 3(9.7%) 2 (4.7%)
NIH risk classification 0.052 0.158 0.572
Extremely low risk 2 (8.6%) 7 (14.0%) 5 (5.6%) 0 (13.5%) 5 (16.1%) 5 (11.6%)
Low risk 58 (41.4%) 5 (30.0%) 43 (47.8%) 9 (39.2%) 9 (29.0%) 20 (46.5%)
Moderate risk 42 (30.0%) 4 (28.0%) 8 (31.1%) 4 (32.4%) 14 (45.2%) 10 (23.3%)
High risk 28 (20.0%) 4 (28.0%) 4 (15.6%) 1 (14.9%) 3(9.7%) 8 (18.6%)
CcD117 136 (97.1%) 7 (94.0%) 89 (98.9%) 0.130 1 (95.9%) 30 (96.8%) 41 (95.3%) 1.00 0.695
CD34 138 (98.6%) 9 (98.0%) (98 9%) 1.000 3(98.6%) 43 (100.0%) 30 (96.8%) 0.419 1.000
IM treatment 61 (43.6%) 7 (54.0%) 4 (37.8%) 0.047 1 (41.9%) 14 (45.2%) 17 (39.5%) 0.642 0.813

ASA score =American Society of Anesthesiologists score; BMI=body mass index; CCl= Charlson comorbidity index; IM treatment =imatinib treatment; NIH risk classification = National Institutes of Health risk

classification scheme.

both patient groups (P <0.05). The perioperative and postoper-
ative results are summarized in Table 3.

3.3. Postoperative complications

Although this difference was not significant (P=0.09), the
postoperative complication incidence of the Favorable group was
less than that of the Unfavorable group (10% vs 17.6%).
Furthermore, in the Unfavorable group, the incidence of

postoperative complications from laparoscopic surgery was
significantly less than that of open surgery (P=0.001), especially
grade M-IV complications (2.3% vs 29.0%, P=0.001). The
postoperative complications are summarized in Table 4.

3.4. Long-term outcomes

A total of 201 patients (93.9%) were followed-up. The
median follow-up time was 40 months (range: 1-116 months).

Perioperative and postoperative results.

Favorable group

Unfavorable group

Variables Total Group OPEN (n=50) LAP (n=90) P Total Group OPEN (n=31) LAP (n=43) P P

Operation time, min 135.8+75.8 187.0+84.6 107.3+52.3  0.000 162.2+72.3 197.4+71.2 119+534 0.00 0.128
Blood loss, ml 116.9+320.8  263.8+505.5 3524342 0.000 167.4+427.6  350.6+619.5 35.2+31.2 0.001  0.332
Time to first fluid diet, d 43+15 49+1.8 40+1.2 0.010 47423 55+25 42+19 0.012 0.121
Time to first flatus, d 3.3+141 37412 3.0+0.94 0.000 36+1.6 42+20 32+12 0.007  0.073
Time to pull out gastric tube, d 39+1.7 42+19 37+15 0.135 40+16 40+21 40+1.0 0.902 0573
Time to pull out the 7647 7.9+51 7.5+45 0.561 7.9+3.1 8.3+3.3 76+29 0.385  0.657

drainage tube, d

Postoperative stay, d 9.8+5.4 12455 8.3+4.8 0.000 11.8+7.0 149478 9.5+53 0.001  0.021
Costs (ten thousand RMB) 43+3.1 42+1.8 43+3.6 0.885 42420 44+2.6 41+15 0.619  0.941

RMB =Renminbi.
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Postoperative complications.

Favorable group

Unfavorable group

Variables Total group  OPEN (n=50)  LAP (n=90) P Total group  OPEN (n=31)  LAP (n=43) P P
Total” 14 (10.0%) 16 (19.8%) 16 (19.8%) 0.125 13 (17.6%) 11 (35.5%) 2 (4.7%) 0.001 0.087
Grade -II" 12 (8.6%) 7 (14.0%) 5 (5.6%) 0.084 10 (13.5%) 9 (29.0%) 1 (2.3%) 0.001 0.184
Pneumonia 8 5 3 7 6 1

Abdominal infection 1 1 0 0 0

Wound infection 1 0 0 0 0 0

Urinary tract infection 1 0 1 1 1 0

Gl leaks 0 0 0 1 1 0

Lymphatic fistula 1 0 0 1 1 0

Anastomotic block 0 0 0 0 0 0

Gastroplegia 1 0 1 1 1 0

Grade I-IV" 2 (1.4%) 0 (0%) 2 (2.2%) 0.538 3 (4.1%) 2 (6.5%) 1 (2.3%) 0.378 0.226
Anastomotic block 1 0 1 1 0 1

Adhesive intestinal obstruction 0 0 0 0 0 0

Abdominal infection 1 0 1 1 1 0

Heart failure 0 0 0 1 1 0

Gl=gastrointestinal.
“Repeat cases not included.

The 3-year OS values in the Favorable group and the Unfavorable
group were 96.6% and 92.1%, respectively. The 5-year OS
values were 90.7% and 92.1%, respectively (P=0.84). The
3-year RFS values of the Favorable group and Unfavorable group
were 95.8% and 90.5%, respectively. The 5-year RFS values
were 84.2% and 89.0%, respectively (P=0.46) (Fig. 3A, B).
Furthermore, in both groups, the 5-year OS and 5-year RFS of the
laparoscopic surgery and open surgery were similar (P> 0.035)
(Figs. 4A, B and 5A, B).

3.5. Univariate and multivariate analyses of OS

A univariate Cox regression analysis showed that preoperative
albumin (ALB), American Society of Anesthesiologists (ASA)
score, CCI, tumor size, mitotic rates, tumor resection methods,

and IM treatment were pretty related to the S5-year OS.
Multivariate analysis showed that IM treatment was an
independent factor for patients’ prognosis [hazard ratio (HR)=
0.328, P=0.007]. Furthermore, in high-risk groups, patients who
took IM treatment after surgery had a higher rate of 5-year RFS
than those who did not (74.8% vs 68.3%, P=0.034) (Table 5).

4. Discussion

The stomach is the most common site for GISTs and accounts for
50% to 70% of cases.’””! Surgical operation is the primary
treatment for gastric GISTs. The application of laparoscopic
surgery for gastric GISTs is rapidly increasing.*%! Masoni
et al'®! excluded patients whose tumors were located at the
gastroesophageal junction and pylorus and analyzed 24 patients
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who underwent laparoscopic operation. The results showed that
no patients had major complications and that no recurrence
occurred after 75 months of follow-up. Karakousis et all®!
enrolled a total of 80 patients after excluding 14 patients whose
tumors were located in the gastroesophageal junction. The results
showed that laparoscopic surgery reduced the intraoperative
bleeding and postoperative hospital stay. In addition, in patients
whose tumor was located in a favorable site in our study,
laparoscopic surgery shortened the operation time, reduced
intraoperative bleeding, and accelerated the recovery of gastro-
intestinal function after surgery compared with open surgery.
Laparoscopic surgery for gastric GISTs located in the favorable
site has the clear advantage of being minimally invasive.

Therefore, the 2014 version of the NCCN guideline suggested
that the laparoscopic approach be considered for select GISTs in
favorable anatomical locations (e.g., the greater curvature of the
stomach or anterior wall of the stomach).

However, research on laparoscopic operations in unfavorable
site gastric GISTs is lacking. Some scholars believe that gastric
GIST locations are too deep to expose when the tumor is located
in the gastroesophageal junction, the lesser curvature, and the
posterior wall of the gastric body, which increases the surgical
difficulty.['31521:221 Nguyen et al*!! analyzed 28 cases of gastric
GIST patients with attempted laparoscopic surgery. In that study,
3 cases were converted to open surgery, and 2 were attributed to a
tumor near the gastroesophageal junction. In the study by Poskus
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Figure 5. (A) Kaplan-Meier curves of OS stratified by laparoscopic surgery versus open surgery in the Unfavorable group (x*=0.554, P=0.457). (B) Kaplan-Meier
curves of PFS stratified by laparoscopic surgery versus open surgery in the Unfavorable group (x2=0.005, P=0.944).
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Cox analysis of 5-year OS.

Univariate analysis

Multivariate analysis

Variables P HR 95% Cl P
Female Ref — — —
Male 0.597 — — —
Age <65y Ref — — —
Age=65y 0.616 — — —
BMI <25 Ref — — —
BMI >25 0.324 — — —
HB <120¢g/L Ref — — —
HB >120g/L 0.592 — — —
ALB <35¢/L Ref Ref — Ref
ALB >35¢/L 0.019 0.280 0.067-1.167 0.080
ASA score 0.008 — — 0.110
I Ref Ref Ref
I 0.065 3.866 0.710-21.065 0.118
[ 0.002 10.451 1.127-96.913 0.056
ccl 0.041 — — 0.991
CCl=0 Ref Ref — Ref
CcCl=1,2 0.016 0.908 0.183-4.512 0.906
CCl=3,4 0.175 0.833 0.036-19.310 0.909
Size 0.08 — — 0.200
<2cm Ref Ref — Ref
2-5cm 0.090 6.413 0-12.512 0.640
5-10cm 0.120 2.701 0-5.293 0.440
>10cm 0.310 15.56 0-30.663 0.530
Mitotic rates 0.069 — — 0.375
<5/HPF Ref Ref — Ref
5-10/HPF 0.059 2.798 0.645-12.126 0.169
>10/HPF 0.073 1.048 0.123-8.970 0.966
Modified NIH risk classification 0.369 — — —
Extremely low 0.941 — — —
Low 0.934 — — —
Moderate — — —
High 0.933 — — —
Growth type: Exogenous type Ref — — —
Growth type: Endogenous type 0.231 — — —
Favorable site Ref — — —
Unfavorable site 0.840 — — —
Open Ref — — —
Lap 0.272 — — —
Tumor resection types 0.237 — — 0.825
Wedge resection Ref Ref — Ref
gastrectomy 0.985 0.927 0-10.352 0.987
Distal gastrectomy 0.495 2.219 0.425-11.579 0.344
Total gastrectomy 0.040 1.282 0.238-6. 892 0.772
IM (—) Ref Ref — Ref
M (+) 0.000 0.328 0.143-0.738 0.007

ALB =albumin, ASA score = American Society of Anesthesiologists score, BMI =body mass index, CCl= Charlson comorbidity index, HB = hemoglobin, IM =imatinib, NIH risk classification =National Institutes of

Health risk classification scheme.

et al,”? the conversion rate of gastric GISTs located at the
gastroesophageal junction and cardia was 100% (4 cases were
converted to open surgery in total). Therefore, laparoscopic
surgery is not recommended for gastric GISTs in those
anatomical locations in the 2014 version of the NCCN
guidelines. This article analyzed 74 cases with tumors located
in unfavorable sites and represents the largest number of cases
studied with regard to the short-term and long-term outcomes of
laparoscopic surgery for unfavorable site gastric GISTs to date.
We found that in the Unfavorable group, laparoscopic surgery
significantly shortened the operation time, reduced intraoperative
bleeding, shortened the time to first flatus and the time to first
fluid diet, and reduced the incidence of postoperative compli-
cations, suggesting that laparoscopic operation can provide the

patients with better short-term outcomes than open surgery. We
believe that when the tumor is located in an unfavorable site, the
field of view and the visualization of anatomical structures are
improved under laparoscopic operation, thereby reducing
unnecessary tissue or vascular injury. In addition to the small
incision, laparoscopic surgery can also shorten the operation time
and reduce surgical trauma and the incidence of postoperative
complications.

The longest follow-up period in our research was 116 months.
In both the Favorable and Unfavorable groups, laparoscopic
surgery and open surgery had similar prognoses. Furthermore,
the S-year OS determined by Cox regression analysis revealed
that only postoperative IM treatment is an independent risk
factor for poor prognosis. In contrast, the GIST anatomical site
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and surgical method did not affect long-term outcomes of gastric
GIST patients. However, in the Favorable group, the postopera-
tive IM treatment rate after laparoscopic operation was lower
than that after open surgery. In our opinion, the number of
patients in extremely low risk and low risk in the laparoscopic
group were significantly less than that in the open group (47.8%
vs 30%, P=0.052) owing to the certain selection biases, which
reduced the treating rate of IM after laparoscopic operation. In
conclusion, compared with open operation, laparoscopic opera-
tion for gastric GISTs located in unfavorable sites can yield
similar long-term outcomes. However, laparoscopic operations
have the obvious advantage of being minimally invasive with a low
incidence of postoperative complications. Therefore, laparoscopic
surgery is an option for the treatment of localized gastric GISTs.
The analysis of this study was based on the retrospective data of a
single center. And, the choice of surgical methods was based on
both the patient’s condition and surgeons’ experience in this
retrospective study, which inevitably led to some certain selection
bias. Also, it is a main reason for that no any conversion to open
surgical procedure occurred in this research. Therefore, to improve
the accuracy and reliability of the study, it needs a larger scale,
prospective, multicenter randomized controlled study.
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