
Abstract. Background/Aim: Laparoscopic surgery (LS) is
being adopted for gastrointestinal stromal tumors (GISTs) of
the stomach. Few studies have examined the outcome of LS
for intestinal GISTs. In the present study, we evaluated the
outcomes of LS for intestinal GISTs. Patients and Methods:
This study was a prospective-collecting retrospective review
of 85 patients with intestinal GISTs who underwent LS or
laparotomy in 102 months. The demographic data and
oncological outcomes were compared. Results: The cohort
included 85 patients (26 LS and 59 laparotomy patients). The
LS group presented earlier oral resumption and a shorter
hospital stay. The recurrence rate, recurrence-free and overall
survival were comparable. Tumor size greater than 7 cm [risk
ratio (RR)=4.148; p=0.022] and mitotic index of greater than
5/50 high-power fields (RR=5.500; p=0.002) were two
predictors for tumor recurrence. Conclusion: The study
demonstrated that LS for intestinal GISTs leads to
oncological outcomes comparable to those of laparotomy.
Moreover, LS was associated with favorable perioperative
recovery and a shorter hospital stay. With strict precautions,
LS is a safe and effective procedure for intestinal GISTs.

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors arising within the
gastrointestinal (GI) tract. GISTs are thought to arise from
the interstitial cells of Cajal (1, 2). These tumors most

frequently occur in the stomach (60%) or intestine (30%) (3,
4). Lymphatic spread is rare; thus, the treatment of choice
for localized primary GISTs is complete surgical resection
with clear margins (5, 6). For this reason, GISTs are often
removed by limited resection when technically feasible,
rather than by formal en bloc resection. Surgical resection of
GISTs has been traditionally performed by laparotomy (4).
Currently, laparoscopic surgery (LS) is being increasingly
adopted as a minimally-invasive approach to treatment of
GISTs (7, 8). Immediate outcomes of LS are comparable to
those of laparotomy in terms of blood loss, operative time,
and postoperative recovery (9, 10). More recently, research
has demonstrated that long-term oncological outcomes after
LS to remove gastric GISTs are comparable to those after
laparotomy (11, 12).

Intestinal GISTs are thought to have a more aggressive
malignant potential than gastric GISTs (4, 13, 14), and
adopting LS as a treatment for intestinal GISTs requires
further investigation. Only a few studies have examined the
applicability of LS for intestinal GISTs (15-18).
Furthermore, LS has only been used for small-sized
intestinal GISTs; for medium-sized GISTs, there is no clear
evidence that LS is safe or feasible.

In the present study, we sought to determine the feasibility
of LS for removal of intestinal GISTs and examined the
impact of this surgical option on perioperative and
oncological outcomes.

Patients and Methods

Study design. We prospectively collected data from all patients who
underwent surgical resection of intestinal GISTs between January
2005 and June 2013 at Chang Gung Memorial Hospital (CGMH) in
Linkou, Taiwan, and retrospectively reviewed these data. The
Internal Review Board of CGMH approved this study No.102-
4798B. We included patients with GISTs in the jejunum and ileum
in this study. Demographic information and medical, operative,
postoperative, and pathological records were prospectively collected
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in a computerized database. In this study, we performed both LS
and laparotomy to remove intestinal GISTs. Demographic
information was collected, along with the results of physiological
and clinical analyses. Additionally, perioperative findings, operative
time, amount of blood loss, and conversion to laparotomy were
recorded. Relevant postoperative outcomes were also recorded,
including time to resumption of oral intake, duration of use of
parenteral or epidural analgesics, and postoperative length of
hospital stay (LOS). The follow-up time was defined as the time
from the operation until recurrence or until December 2013. We
excluded patients with tumors greater than 10 cm in size. Patients
with tumors located in the duodenum were excluded because of the
complexity of the surgical procedure. Patients who concurrently had
other types of malignancies were also excluded (Figure 1).

Nasogastric tubes were routinely used and were removed on
postoperative day 2 unless the drainage volume exceeded 200 ml.
Oral intake was resumed when bowel movement began. During
follow-up, the patients underwent a physical examination and an
abdominal computed tomography (CT) scan every 3 to 6 months.
Tumor recurrence and metastasis were documented during the
follow-up period. When tumor recurrence was observed, patients
were given imatinib mesylate (Gleevec®, 400 mg daily; Novartis,
Basel, Switzerland). 

Histological classification. Tumor pathology was reviewed to
determine the size, anatomic location, mitotic index [number of
mitoses per 50 high-power field (HPFs)], and resection margins. The
risk assessment was described according to the National
Comprehensive Cancer Network (NCCN) criteria (5); tumor spillage
was defined during the operation, and microscopic rupture was
defined as a break in the intact GIST pseudocapsule, as observed
under a microscope.

Surgical technique. Various surgeons experienced in minimally-
invasive surgery performed the laparoscopic resections. For the
operation, the patients were placed in a lithotomy position under
general anesthesia, and a nasogastric tube and a Foley tube were
inserted. After the insertion of ports and establishment of the
pneumoperitoneum, we identified the tumor before proceeding and
avoided direct tumor manipulation (Figure 2A). We grasped the
neighboring bowel or mesentery during manipulation and evaluation
(Figure 2B). The GI tract and mesentery were evaluated from the
ileocecal valve to the Treitz ligament to exclude the possibility of
concurrent lesions. The peritoneal cavity was checked for possible
seeding nodules. For exophytic tumors, we covered the lesion with
a sterilized bag to protect against laceration of the capsule.
Intracorporeal bowel resection was performed using linear staples,
and the mesentery was divided using an ultrasonic instrument. The
specimen was protected in a sealed, sterilized bag (Figure 2C). The
umbilical incision was extended, and we inserted a wound retractor
(Applied Medical, Rancho Santa Margarita, CA, USA) to make the
incision as wide as possible. The specimens were removed from this
incision with double protection (sterilized bag and wound retractor).
For tumors that were difficult to remove, the incision was extended
to a maximum of 6 cm to prevent crushing of the tumor. Next, we
performed intracorporeal side-to-side anastomosis with linear
staples or end-to-end handsaw anastomosis via the umbilical
incision (Figure 2D). No drain was left after the operation. We
switched to laparotomy if the incisions needed to be expanded to
more than 6 cm. 

Results

Study population. The cohort included 85 patients: 26 in the
LS group and 59 in the laparotomy group. The mean age was
58.9 years for the LS group and 59.9 years for the
laparotomy group (Table I). Eighty patients (94.1%) were
symptomatic. The most common symptoms in both groups
were GI bleeding (52.9%), abdominal pain (22.9%), and
anemia (18.6%). Between the LS and laparotomy groups,
there were no significant differences in age (p=0.576),
gender (p=0.799) or clinical symptoms (p=0.639).

Perioperative aspects. The American Society of
Anesthesiology scores of patients in the LS and laparotomy
groups were comparable (p=0.271). The overall operating
time was significantly shorter in the LS group than in the
laparotomy group (p=0.001). There was less blood loss in
the LS group than in the laparotomy group (p=0.051). There
were two conversions to laparotomy in the LS group due to
the presence of a large tumor that needed to be resected.
Patients in the LS group resumed oral intake earlier than
patients in the laparotomy group (p<0.001). The
laparoscopic approach was associated with a significantly
earlier return of bowel function and resumption of diet. The
duration of parenteral and epidural analgesic was
significantly shorter in the LS group than in the laparotomy
group (p<0.001), as was the average length of postoperative
hospital stay (p=0.025) There was one postoperative
complication (intra-abdominal abscess) in the LS group, and
there were two patients (3.4%) with complications in the
laparotomy group (one pneumonia and one intra-abdominal
abscess). There were no perioperative mortalities in the LS
group within 30 days after the operation, while one patient
died due to profound sepsis in the laparotomy group during
this period (Table I).
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Figure 1. Diagram describing cohort identification. GIST:
Gastrointestinal stromal tumor.



Tumor characteristics. The pathological characteristics of the
patients are summarized in Table II. There was no significant
difference in tumor size between the LS and laparotomy
groups (p=0.155). There was no tumor spillage during
operation in the LS group, but two tumors had spillage in the
laparotomy group. There were two microscopic tumor
ruptures in the LS group and six microscopic ruptures in the
laparotomy group.

Regarding anatomic distribution, there were 19 tumors
located at the jejunum in the LS group and 41 in the
laparotomy group. There were seven tumors located at the
ileum in the LS group and 18 in the laparotomy group.
According to NCCN criteria, only five tumors (5.9%) were
classified as having no risk, while 28 (32.9%) as having high
risk for recurrence. There was no statistically significant
difference in NCCN classification between the LS and
laparotomy groups (p=0.229). 

Follow-up. The median follow-up time was longer in the
laparotomy group than the LS group but not significantly
different (44.9 months vs. 24.3 months, respectively;
p=0.137). Four patients (17.4%) in the LS group and 13
patients (22.4%) in the laparotomy group experienced
recurrence (p=0.316). There was no difference in recurrence-
free survival (RFS) between the LS and laparotomy groups
(p=0.871, Figure 3). 

Patients with recurrent disease were then treated with
imatinib. Thus far, seven patients with GIST in the laparotomy
group have died, while there have been no mortality in the LS
group. However, there is no difference in the Kaplan–Meier
curves for overall survival (OS ) between the laparotomy and
LS groups for intestinal GISTs (p=0.208) (Figure 4).

Risk analysis. The significant univariate predictors of tumor
recurrence were tumor size greater than 7 cm [risk ratio
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Figure 2. A: An intestinal gastrointestinal stromal tumor was identified. B: Grasping the neighboring bowel or mesentery to avoid of direct
manipulation of the tumor. C: The specimen was protected in a sterilized bag. D: Handsaw anastomosis can be performed via the umbilical incision.



(RR)=4.148; p=0.022], mitotic index greater then 5/50 HPF
(RR=5.500; p=0.002), and NCCN moderate/high risk
(RR=4.667; p=0.016). Multivariate analysis identified tumor

size greater than 7 cm (p=0.046) and mitotic index greater
than 5/50 (p=0.015) as independent predictors of tumor
recurrence (Table III).
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Table I. Comparison of demographic and perioperative data between patients who underwent laparoscopic surgery (LS) and laparotomy for intestinal
gastrointestinal stromal tumor.

LS group Laparotomy group p-Value
N=26 N=59

Mean±SD age (years) 58.0±13.4 59.9±14.9 0.576
Male gender, n (%) 14 (53.8%) 30 (50.8%) 0.799
Symptoms, n (%) 24 (92.3%) 56 (94.9%) 0.639
ASA score, n (%)

I 0 (0%) 4 (6.8%) 0.271
II 12 (53.8%) 31 (52.5%)
III 14 (46.2%) 24 (40.7%)

Mean±SD operative time (min) 107.3±49.2 175.3±89.8 0.001
Conversion, n (%) 2 (7.7%)
Mean blood loss (ml) 31.9±54.6 93.2±222.0 0.051
Mean time to oral intake (days) 3.5±1.2 5.6±1.8 <0.001
Duration of analgesia (days) 3.2±1.6 5.8±2.3 <0.001
Hospital stay (days) 8.0±2.8 10.1±5.1 0.025
Perioperative morbidity, n (%) 1 (3.8%) 2 (3.4%) 0.369
Perioperative 30-day mortality, n (%) 0 (0%) 1 (1.7%) 1.000

ASA: American Society of Anesthesia risk score.

Table II. Comparison of tumor characteristics and oncological outcomes between patients who underwent laparoscopic surgery (LS) and laparotomy
for intestinal gastrointestinal stromal tumors.

LS group Laparotomy group p-Value
N=26 N=59

Median tumor size, cm (interquartile range) 4.2 (2.7) 4.7 (4.0) 0.155
Tumor location, n (%)

Jejunum 19 (73.1%) 41 (69.5%) 0.738
Ileum 7 (26.9%) 18 (30.5%)

Mitotic index, n (%)
≤5/50 HPF 19 (73.1%) 38 (69.5%) 0.433
>5/50 HPF 7 (26.9%) 21 (35.6%)

NCCN risk, n (%)
None 0 (0%) 5 (8.5%) 0.229
Low 13 (50.0%) 19 (32.2%)
Moderate 4 (15.4%) 14 (23.7%)
High 9 (34.6%) 21 (35.6%)

Tumor spillage, n (%) 0 (0%) 2 (3.4%) 0.550
Microscopic rupture, n (%) 2 (8.7%) 6 (13.6%) 0.718
Recurrence, n (%) 4 (15.4%) 13 (22.0%) 0.568
Alive without recurrence 22 (84.6%) 42 (71.2%)
Alive with recurrence 4 (15.4%) 10 (16.9%)
Overall mortality, n (%) 0 (0%) 7 (11.8%) 0.095
Due to GIST 0 3 (5.1%)
Due to other causes 0 4 (6.7%)

HPF: High-power field; NCCN: National Comprehensive Cancer Network.
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Figure 3. Kaplan–Meier survival curve of recurrence-free survival for patients with intestinal gastrointestinal stromal tumors with laparoscopic
surgery versus traditional laparotomy.

Figure 4. Kaplan-Meier survival curve of overall survival for patients with intestinal gastrointestinal stromal tumors with laparoscopic surgery
versus traditional laparotomy.



Discussion

This study demonstrates that LS for intestinal GISTs may be
a safe surgical option for small- to medium-sized tumors.
The demographic and tumor characteristics were similar
between the LS and laparotomy groups, indicating that LS is
as safe and feasible as laparotomy as a treatment option for
intestinal GISTs. However, LS had advantages over
laparotomy for intestinal GISTs, namely, a shorter operative
time, a lower rate of tumor rupture, an earlier return of bowel
function, less postoperative pain, and a shorter LOS. Similar
to previous studies focusing on gastric GISTs (11, 19), we
postulated that LS for intestinal GISTs might be feasible and
superior to laparotomy with regard to short-term results. A
distinguishing feature of our study is that it successfully
demonstrated the advantages of LS over laparotomy in terms
of postoperative recovery time and shorter LOS.

GISTs larger than 2 cm have malignant potential;
therefore, the oncological outcome is important when
examining a new technique. The development of imatinib has
led to modifications in the standard care for GISTs in many
places around the world (20, 21). If technically possible,
limited resection of GISTs is the ideal procedure from an
oncological point of view (19, 22). The goal of surgery is
complete resection of the tumor without large margins or
lymphadenectomy. LS might be regarded as a treatment of
choice if it offered a similar oncological outcome as
laparotomy and better immediate results. In the past decade,
there has been an increased trend toward the use of LS for
gastric GISTs, but few reports have examined the use of LS
for intestinal GISTs (16, 18, 23). In this study, the 3-year

RFS of patients who underwent LS and laparotomy was
100.0% and 78.2%, respectively, and the 5-year RFS was
88.5% and 71.4%, respectively. Once patients had
recurrence, they were treated with imatinib, and the
prognosis remained good. The 3-year OS and 5-year OS of
patients who underwent LS and laparotomy were similar (3-
year OS: 100% vs. 92.9%, respectively; 5-year OS: 100% vs.
87.5%, respectively). This finding indicates that the
oncological outcomes are comparable between LS and
laparotomy procedures.

As a surgical technique, we first started performing LS for
small-sized GISTs (12, 23). As we gained experience, we
extended the use of LS to larger-sized tumors. Although the
NCCN guidelines recommend LS for GISTs smaller than 5
cm (5), this study demonstrated that the oncological
outcomes of LS for intestinal GISTs smaller than 10 cm
were comparable to those of laparotomy, with similar rates
of tumor-free margins, tumor recurrence, RFS, and OS. The
oncological outcomes in our study justify LS for intestinal
GISTs when tumors are no larger than 10 cm.

Compared to gastric GISTs, the intestine is free in the
peritoneal cavity, and the tumor can be mobilized and
resected properly. Thus, intestinal GISTs have several
characteristics that make them appealing candidates for a
laparoscopic approach. Intestinal GISTs can be manipulated
without any direct contact with the tumor by grasping the
mesentery or nearby normal small bowel segment, which
eliminates the risk of rupture. With this mobility, most
intestinal GISTs can be treated by simple segmental
resection. In the present study, we also covered the lesion
with a sterilized bag before manipulation, which enhanced

ANTICANCER RESEARCH 35: 1033-1040 (2015)

1038

Table III. Risk analysis of intestinal gastrointestinal stromal tumor recurrence.

Univariate Multivariate 

Variable N (%) Risk ratio (95% CI) p-Value p-Value

Tumor size  
>7 cm 8 (40.0%) 4.148 (1.329-12.948) 0.022 0.046
≤7 cm 9 (13.8%) 1

Mitotic index 
>5/50 HPF 11 (39.3%) 5.500 (1.766-17.131) 0.002 0.015
≤5/50 HPF 6 (10.5%) 1

Location
Jejunum 11 (18.3%) 0.711 (0.230-2.194) 0.552 -
Ileum 6 (24.0%) 1

NCCN risk 
None/low 3 (8.1%) 1 0.016 0.713
Moderate/high 14 (29.2%) 4.667 (1.229-17.724)

Operative procedure
Laparoscopic surgery 4 (15.4%) 0.643 (0.188-2.202) 0.480 -
Laparotomy 13 (22.0%) 1

CI: Confidence interval, HPF: high-power field, NCCN: National Comprehensive Cancer Network.



the protection of tumor integrity. The 'no-touch' concept is
another way to reduce tumor rupture during bowel
manipulation (24, 25). In most cases, GISTs are oval, so
specimens can be delivered through an incision that is
slightly smaller than the shortest diameter of the mass.
Therefore, even a mass that is 10 cm in diameter can be
delivered through an incision smaller than 6 cm (18). A
drawback of LS for intestinal GISTs is the requirement for
alimentary tract anastomosis, which may not always be
encountered in gastric GISTs. Surgeons who perform LS for
intestinal GISTs must be skilled and familiar with
intracorporeal sutures, which limits this procedure to
experienced laparoscopic surgeons. To overcome this
problem, we applied a wound protector, which not only
prevented tumor contamination but also stretched the
umbilical incision to a larger size. Due to the mobility of the
bowel, we were able to position the intestine under the
umbilical incision and perform the bowel anastomosis
intracorporeally or via the umbilical incision under direct
vision. Under certain circumstances, the surgeon can apply
conventional instruments to bring the bowel lesion under the
umbilical incision. This approach can reduce the operative
time and lower the learning curve of this procedure, making
it accessible to novice laparoscopic surgeons (26). Another
potential benefit of LS is the decreased possibility of
adhesion and incisional herniation, which is proportional to
the length of the incision (27). This theoretically explains the
lower possibility of adhesion and ventral herniation.
Additionally, the high possibility of recurrence means that
additional operations may be necessary. Minimally invasive
procedures lead to fewer postoperative adhesions, thereby
making subsequent operations easier (27, 28).

Based on univariate analysis, tumor size, NCCN risk, and
mitotic index were identified as indicators for recurrence.
The type of procedure and tumor location had a limited
effect on recurrence risk. Based on multivariate analysis, the
only independent factor that predicted early recurrence was a
mitotic index of more than  5/50 HPF. For intestinal GISTs,
the pathological presentation of the tumor was a critical
factor that influenced recurrence, rather than the operative
technique. Therefore, if patients have no contraindications
for LS, then LS may be a therapeutic option for patients with
small- to medium-sized intestinal GISTs.

Although our results may support the safety and feasibility
of LS for intestinal GISTs, there were several limitations
inherent to this study. Firstly, this was a retrospective study,
so the selection of patients could not be randomized.
Although all data were collected prospectively and the
characteristics of the two groups were similar and
homogeneous, selective and recall bias could not be
completely prevented.

The laparoscopic operation techniques for intestinal GISTs
are diverse and are dependent on the location of the tumor.

The operation became complex for tumors located at the
duodenum; thus, we excluded this group of patients from the
study to enhance the cohort homogeneity and to allow for a
better comparison between LS and laparotomy. This
exclusion may have reduced the total case number and
statistical power.

Another limitation of this study is that it was not double-
blinded. Therefore, biases due to patient and surgeon attitudes
are likely to arise. In the LS group, the unblinded patients may
have had more motivation to reduce analgesic usage and to
begin early ambulance because they had undergone minimally
invasive surgery. Unblinded surgeons may have been more
aggressive in facilitating early feeding and discharge after the
operation. Hence, the placebo effect could not be completely
avoided in this study. To overcome these limitations, our results
should be confirmed by further prospective randomized
controlled trials that compare the open versus laparoscopic
approach for the surgical removal of intestinal GISTs.

In conclusion, this study demonstrated that LS for
intestinal GISTs led to oncological outcomes that were
comparable to those of laparotomy after a long-term follow-
up. Moreover, LS was associated with favorable perioperative
outcomes and a shorter hospital stay compared to laparotomy.
With strict oncological precautions and protection,
laparoscopic treatment may be a safe and effective procedure
for small- and medium-sized intestinal GISTs.

Acknowledgements

The Authors thank Su-Fang Huang as the member of GIST
databank registry who made a great contribution to data collection
for this research. They also acknowledge the involvement of the
participants, without whom this research could not have been
conducted.

References

1 Kindblom LG, Remotti HE, Aldenborg F and Meis-Kindblom
JM. Gastrointestinal pacemaker cell tumor (GIPACT):
gastrointestinal stromal tumors show phenotypic characteristics
of the interstitial cells of Cajal. The American Journal of
Pathology 152: 1259, 1998.

2 Sircar K, Hewlett BR, Huizinga JD, Chorneyko K, Berezin I and
Riddell RH: Interstitial Cells of Cajal as Precursors of
Gastrointestinal Stromal Tumors. The American Journal of
Surgical Pathology 23: 377, 1999.

3 Yeh C-N, Hwang T-L, Huang C-S, Lee P-H, Wu C-W, Chen-Guo
K, Jan Y-Y, Chen M-F, Taiwan Surgical Society of
Gastroenterology: Clinical practice guidelines for patients with
gastrointestinal stromal tumor in Taiwan. World J Surg Oncol
10: 246, 2012.

4 DeMatteo RP, Gold JS, Saran L, Gönen M, Liau KH, Maki RG,
Singer S, Besmer P, Brennan MF and Antonescu CR: Tumor
mitotic rate, size, and location independently predict recurrence
after resection of primary gastrointestinal stromal tumor (GIST).
Cancer 112: 608-615, 2008.

Liao et al: Laparoscopic Surgery for Intestinal GISTs

1039



5 Demetri GD, Mehren von M, Antonescu CR, DeMatteo RP,
Ganjoo KN, Maki RG, Pisters PWT, Raut CP, Riedel RF,
Schuetze S, Sundar HM, Trent JC and Wayne JD: NCCN Task
Force report: update on the management of patients with
gastrointestinal stromal tumors. pp. S1-41- quiz S42-4, 2010.

6 Fan R, Zhong J, Wang Z-T, Yu L-F, Tang Y-H, Hu W-G, Zhu Y-
B and Jin X-L: Prognostic factors and outcome of resected
patients with gastrointestinal stromal tumors of small intestine.
Med Oncol 28(Suppl 1): S185-1858, 2011. 

7 Catena F, Battista M, Fusaroli P, Ansaloni L, Scioscio V, Santini
D, Pantaleo M, Biasco G, Caletti G and Pinna A: Laparoscopic
treatment of gastric Gist: report of 21 Cases and Literature’s
Review. J Gastrointest Surg 12: 561-568, 2007.

8 Novitsky YW, Kercher KW, Sing RF and Heniford BT: Long-term
outcomes of laparoscopic resection of gastric gastrointestinal
stromal tumors. Ann Surg 243: 738-45- discussion 745-747, 2006,

9 Karakousis GC, Singer S, Zheng J, Gönen M, Coit D, DeMatteo
RP and Strong VE: Laparoscopic versus open gastric resections
for primary gastrointestinal stromal tumors (GISTs): a size-
matched comparison. Ann Surg Oncol 18: 1599-1605, 2011.

10 Silberhumer GR, Hufschmid M, Wrba F, Gyoeri G, Schoppmann
S, Tribl B, Wenzl E, Prager G, Laengle F and Zacherl J: Surgery
for gastrointestinal stromal tumors of the stomach. J Gastrointest
Surg 13: 1213-1219, 2009.

11 Koh Y-X, Chok A-Y, Zheng H-L, Tan C-S, Chow PKH, Wong
W-K and Goh BKP: A Systematic Review and Meta-Analysis
Comparing Laparoscopic Versus Open Gastric Resections for
Gastrointestinal Stromal Tumors of the Stomach. Ann Surg
Oncol 20: 3549-3560, 2013.

12 Chen YH, Liu KH, Yeh CN, Hsu JT, Liu YY, Tsai CY, Chiu CT,
Jan YY and Yeh TS. Laparoscopic resection of gastrointestinal
stromal tumors: safe, efficient, and comparable oncologic
outcomes. J Laparoendosc Adv Surg Tech A 22: 758-763, 2012. 

13 Rutkowski P, Gronchi A, Hohenberger P, Bonvalot S, Schöffski
P, Bauer S, Fumagalli E, Nyckowski P, Nguyen B-P, Kerst JM,
Fiore M, Bylina E, Hoiczyk M, Cats A, Casali PG, Cesne A,
Treckmann J, Stoeckle E, Wilt JHW, Sleijfer S, Tielen R, Graaf
W, Verhoef C and Coevorden F: Neoadjuvant Imatinib in Locally
Advanced Gastrointestinal Stromal Tumors (GIST): The EORTC
STBSG Experience. Ann Surg Oncol, 2013.

14 Grover S, Ashley SW and Raut CP: Small intestine gastrointestinal
stromal tumors. Curr Opin Gastroenterol 28: 113-123, 2012. 

15 Alam I, Kheradmand F, Alam S, Jamil A, Wilson I and Hurley
M: Laparoscopic management of acutely presenting
gastrointestinal stromal tumors: a study of 9 cases and review of
literature. J Laparoendosc Adv Surg Tech A 17: 626-633, 2007.

16 Tsui DKK, Tang CN, Ha JP and Li MK: Laparoscopic Approach
for Small Bowel Tumors. Surg Laparosc Endosc Percutan Tech
18: 556-560, 2008. 

17 Bianchi M, De Pascalis B and Koch M: Jejunal GIST: an
unusual cause of gastrointestinal bleeding. Dig Liver Dis 42:
744, 2010. 

18 Ihn K, Hyung WJ, Kim H-I, An JY, Kim JW, Cheong J-H, Yoon
DS, Choi SH and Noh SH: Treatment Results of Small Intestinal
Gastrointestinal Stromal Tumors Less than 10 cm in Diameter: A
Comparison between Laparoscopy and Open Surgery. J Gastric
Cancer 12: 243-248, 2012.

19 Tabrizian P, Nguyen SQ and Divino CM: Laparoscopic
Management and Longterm Outcomes of Gastrointestinal
Stromal Tumors. J Am Coll Surg 208: 80-86, 2009.

20 DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM and
Brennan MF: Two hundred gastrointestinal stromal tumors:
recurrence patterns and prognostic factors for survival. Ann Surg
231: 51-58, 2000.

21 DeMatteo RP, Ballman KV, Antonescu CR, Corless C,
Kolesnikova V, Mehren von M, McCarter MD, Norton J, Maki
RG, Pisters PWT, Demetri GD, Brennan MF and Owzar K:
Long-term Results of Adjuvant Imatinib Mesylate in Localized,
High-Risk, Primary Gastrointestinal Stromal Tumor. Ann Surg
258: 422-429, 2013.

22 Yeh C-N, Chen T-W, Wu T-J, Hsueh S, and Jan Y-Y: Treatment
of patients with advanced gastrointestinal stromal tumor of small
bowel: implications of imatinib mesylate. World J Gastroenterol
12: 3760-3765, 2006.

23 Yeh TS, Liu KH, Su MY, Lin CH, Chiu CT, and Tseng JH:
Laparoscopically assisted bowel surgery in an era of double-
balloon enteroscopy: from inside to outside. Surg Endosc 23: 1-
6, 2009. 

24 Valle M, Federici O, Carboni F, Carpano S, Benedetti M and
Garofalo A: Gastrointestinal stromal tumors of the stomach: the
role of laparoscopic resection. Single-centre experience of 38
cases. Surg Endosc 28: 1-8, 2013. 

25 Yahchouchy-Chouillard E, Etienne J-C, Fagniez P-L, Adam R
and Fingerhut A: A new “no-touch” technique for the
laparoscopic treatment of gastric stromal tumors. Surg Endosc
16: 962-964, 2002. 

26 Liao C-H, Liu Y-Y, Chen C-C, Wang S-Y, Ooyang C-H, Kuo I-
M and Yeh T-S: Single-incision laparoscopic-assisted surgery for
small bowel obstruction. J Laparoendosc Adv Surg Tech A 22:
957-961, 2012.

27 Duepree H-J, Senagore AJ, Delaney CP and Fazio VW: Does
means of access affect the incidence of small bowel obstruction
and ventral hernia after bowel resection? Laparoscopy versus
laparotomy. J Am Coll Surg 197: 177-181, 2003. 

28 Beck DE, Opelka FG, Bailey HR, Rauh SM and Pashos CL:
Incidence of small-bowel obstruction and adhesiolysis after open
colorectal and general surgery. Diseases of the colon and rectum
42: 241-248, 1999.

Received September 25, 2014
Revised October 20, 2014

Accepted October 27, 2014

ANTICANCER RESEARCH 35: 1033-1040 (2015)

1040


