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Abstract

Laparoscopic surgery and tyrosine kinase-inhibitor (TKI) therapy are frequently used to treat gastrointestinal
stromal tumors (GISTs). The purpose of this review was to analyze the published data on minimally invasive treatment
of GISTs, with special focus on tumor location and on the possible role of laparoscopy in association with imatinib
mesylate therapy in the treatment of advanced forms. The MEDLINE® and Embase® databases were searched
for potentially eligible English-language studies published through June 30, 2015. Laparoscopic surgery can be
considered a treatment option for GISTs at all locations. Most gastric GISTs are suitable for laparoscopic wedge
resection (44-100% in recent series). Gastric GISTs in difficult-to-treat areas may benefit from innovative approaches
such as transgastric or intragastric resection. Few data are available for small-bowel and colonic GISTs, although
laparoscopic resection complying with the oncologic principles seems feasible and safe with reported morbidity and
mortality rates of 3.8-6.7% and 0%, respecively. Primary resection of large rectal GISTs carries a risk of recurrence
up to 40%. To improve long-term results and reduce the invasiveness of surgery in this setting, as in other difficult-
to-treat areas, neoadjuvant imatinib therapy should be considered. In selected cases, the combination of imatinib
mesylate therapy and laparoscopy can minimize surgical trauma. The appropriate adoption of laparoscopic surgery

and TKI therapy can reduce surgical trauma and optimize long-term results.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most common
mesenchymal tumors of the gastrointestinal tract. They are quite rare,
representing 0.3-3% of all gastrointestinal tumors [1]. At presentation,
potential dimensions and malignancy vary with tumor location, size,
and mitotic count [2-4]. GISTs with a diameter of less than 1 cm
(micro-GIST) occur in roughly one of three adults and are generally
considered benign [5,6]. Conversely, large GISTs with high mitotic
counts, typically occurring in the liver and abdominal cavity, have high
rates of recurrence after surgery alone or in combination with tyrosine
kinase-inhibitor (TKI) therapy [7-9].

GISTs may occur anywhere along the gastrointestinal tract. They
are located mainly in the stomach (50-70%) and small bowel (20-30%),
but they can also occur in the esophagus (5%), the colon and rectum
(5%), and occasionally in the omentum, mesentery, or retroperitoneum
[10].

Although no randomized controlled trials have been published
comparing laparoscopic and open resection, laparoscopic surgery
is widely performed and is considered safe for small GISTs [11,12].
Several case series on primary laparoscopic treatment of gastric GIST's
have been published [13,14], but data on GISTs in other locations, or
those treated in association with TKIs, are scarce [15,16].

The purpose of this review was to analyze the published data on
minimally invasive treatment of GISTs, with special focus on tumor
location and, in the treatment of advanced forms, on the possible role
of laparoscopy in association with imatinib mesylate therapy.

Methods

The MEDLINE® and Embase® databases were searched for
potentially eligible English-language studies published through
June 30, 2015. Search terms were “laparoscopy”, “laparoscopic”,
“laparoscopic treatment”, “minimally invasive”, “minimally invasive
treatment”, “surgery”, “gastrointestinal stromal tumor”, “GIST”,

“gastric”, “stomach”, “small bowel”, “jejunum”, “ileum”, “bowel”,
“large intestine”, “colon”, “rectum”, “colorectal”, “intra-abdominal”,
“retroperitoneal”, “retroperitoneum”, “mesenteric”, “mesentery”,
“omental”, and “omentum”. The search was limited to English-
language original research articles, guidelines, or consensus papers.
The reference lists of articles identified were manually searched to

locate other articles of relevance.

General considerations for laparoscopic treatment of gists

Once the diagnosis of GIST has been established, the goal of surgery
is complete resection while avoiding tumor rupture and achieving
negative margins. The 2004 European Society for Medical Oncology
(ESMO) Consensus Conference on GISTs recommended that, because
of the higher risk of tumor rupture and subsequent peritoneal seeding,
laparoscopic surgery should be avoided, but that laparoscopic resection
might be acceptable in cases of small (<2 c¢m) intramural tumors
[17]. The 2007 National Comprehensive Cancer Network (NCCN)
Guidelines® emphasized the expanding role of laparoscopy and its
safety when performed by experienced surgeons [18]. Whereas the
NCCN and ESMO guidelines indicate that nodules >2 cm in size
should be excised and biopsied, some authors recommend excision
even of micro-GISTs because of their potential for malignancy [11,19-
22]. ESMO recommends resection of smaller nodules located in the
esophagus, stomach, and duodenum that are increasing in size, and
of rectal nodules of any size. ESMO guidelines recommend that
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laparoscopic excision follow the principles of oncologic surgery and
clearly discourage a laparoscopic approach in larger tumors because of
the higher risk of tumor rupture and peritoneal relapse [12].

Laparoscopic resection was the treatment of choice in several
series, in which it was demonstrated to be feasible and safe, even for
tumors > 5 cm, when performed by an experienced operator [13,23-
25]. Nevertheless, because the advantages of laparoscopic surgery
are limited to short-term outcomes, its adoption is not justified if
essential oncologic principles are not respected. Tumor rupture
from intraoperative manipulation leads to an extremely high risk of
peritoneal seeding and transforms GISTs of any size into metastatic
GISTs. Because GISTs are highly friable, strict no-touch technique and
tumor retrieval through a plastic bag should be considered mandatory
to minimize the risk of peritoneal dissemination [12].

Conversely, because lymph node involvement is rarely observed,
major resection with extended lymphadenectomy should be avoided
unless absolutely necessary [11,12]. RO resection with clear margins
of 1-2 cm is adequate to ensure complete surgical resection [26,27];
however, a microscopically involved (R1) margin, rather than a major
resection, should be considered in selected cases (e.g., low-risk tumors
near the esophagogastric junction, lower rectum, or duodenum)
[12,28]. In this setting, as in larger tumors, neoadjuvant TKI therapy
can facilitate radical surgery with preservation of organ function, [29-
31].

Gastric gists

Most reports of laparoscopic GIST resections involve tumors
located in the stomach. As submucosal and lymphatic spread is rarely
observed in gastric GISTs, these tumors are often treated by local
or wedge resection [32]. In several retrospective series comparing
laparoscopic and open approaches, the laparoscopic approach was
found to be associated with better short-term and comparable long-
term outcomes than those of open surgery [13,33-36]. However, the
technical feasibility of treating larger tumors laparoscopically remains
questionable; because of the paucity and short follow-up periods of

published cohorts, the assumption of higher risk of tumor rupture and
peritoneal seeding has not been completely ruled out [24]. Results of
studies reporting on laparoscopic resection for gastric gastrointestinal
stromal tumors are summarized in (Table 1).

GISTs of the stomach have a better prognosis than GISTs at
other sites. In a recent observational cohort study based on published
population-based series of operable GISTs in patients who did not
receive TKI therapy, GISTs of the stomach were reported to have
recurrence-free 20-year survival of about 80% [4]. The estimated risk
of recurrence for a tumor with no rupture, a diameter of <5 cm, and
a mitotic count of < 10 high-power fields (HPFs) ranged between 20%
and 40%. Conversely, for tumors with the same characteristics but with
rupture, the recurrence risk rose to 80% [4].

The median tumor size of gastric GISTs treated laparoscopically
is approximately 4 cm, although tumors ranging from 1 cm to 15 cm
were included in the cohorts [36,37]. The majority of tumors of the
anterior abdominal wall, greater curvature, and fundus are treated with
wedge resection using a linear stapler or resection and suturing. Major
gastric resections are seldom performed and are usually reserved for
tumors of the esophagogastric junction (EGJ) or pyloric area [47,48]
(Table 1).

Resection by endoscopic submucosal dissection (ESD) has been
demonstrated to be technically feasible for small endophytic lesions
in Eastern as well as a few Western centers [49-51], but some issues
regarding ESD remain. First, the application of ESD in centers in
Europe and the United States is quite limited, and its use in tumors
developing from the muscularis propria confers a higher risk of
complications such as hemorrhage, perforation, and resection failure
[22,32]. Second, few studies have evaluated the suitability and safety of
ESD for the treatment of GISTs. In particular, ESD allows enucleation
of the tumor with close resection margins. Although gastric GISTs less
than 2 cm in diameter are at low risk of recurrence, they should be
considered potentially malignant lesions until demonstrated otherwise.
Third, the follow-up periods of studies published to date are too short
to consider ESD more than investigational [52].

Auther (Gountry) Study sze) - lap. caves TuMOrsize® Typo of resection’ (%l (EECIY stays | (Localrec)
Otani et al. (Japan) [37] '93-'04 (60) 38 (63) NA WR 0 NA 7.2 NA
Nishimura et al. (Japan) [38] '93-'04 (67) 39 (58) 3.8 WR/ IGWR 2.6 NA (0) NA 2.6 (2.6)
Nakamori et al. (Japan) [39] '98-'03 (56) 25 (44) NA WR/ IGWR 0 0 (0) NA 8 (0)
Karakousis et al. (United States) [34] '98-'09 (155) 40 (26) 3.6 WR 32.5 15 (0) 4 2.5(2.5)
De Vogelaere et al. (Belgium) [36] '97-10 (31) 31 (100) 4.4 WR 0 3.2(3.2) 8.5 0
Lee et al. (Korea) [40] '08-'10 (57) 57 (100) 2.8 WR/ TGWR 0 17.5 (0) 4.7 NA
Melstrom et al. (United States) [13] '99-'08 (46) 17 (37) 4.3 WR 5.8 11.8 (0) 2.7 0
Valle et al. (Italy) [41] '04-'12 (38) 38 (100) 3.6 WR/ TGWR/ Gastr. 0 0 (0) <8 NA
Honda et al. (Japan) [42] '05-'12 (78) 78 (100) 34 WR/ Gastr.9 1.3 9 (0) 3 1.3(1.3)
Lin et al. (China) [25] '07-'12 (140) 23 (16) 7.2¢ WR/ Gastr. 4.3 8.7 (0) 7.2 8.7 (NA)
Masoni et al. (Italy) [43] '07-'11 (24) 24 (100) 5.5 WR 33.3(0) 3 0
Hsiao et al. (Taiwan) [44] '02-'12 (39) 18 (46) 6.3 WR 0 (0) 8.4 5.5 (0)
Cai et al. (China) [45] '06-'13 (177) 90 (51) 3.5 WR NA 4.4(0) 6.0 1.1 (0)
Goh et al. (Singapore) [46] '98-'13 (114) 50 (44) 3.5 WR 10 6 (0) 4 0

aData reported refer to laparoscopic cases only.
° Al studies were retrospective reviews of patient cohorts.

°Study size refers to the total number of gastrointestinal stromal tumor cases treated during the study period.

9Numbers with decimals are means; whole numbers represent medians.
eTumors less than 5 cm in diameter were excluded from analysis.

fWR: wedge resection; IGWR: intragastric wedge resection; TGWR: transgastric wedge resection; Gastr.: distal, proximal, or total gastrectomy with any kind of

reconstruction.

9 Cases of laparoscopic and endoscopic cooperative surgery (LECS)were included in this series.

Table 1: Main characteristics and results of studies reporting on laparoscopic resection for gastric gastrointestinal stromal tumors.
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Several hybrid laparoscopic and endoscopic procedures have been
described in the setting of minimally invasive treatment of gastric
GISTs. Endoscopically assisted laparoscopic resection is the most
frequently employed method [35,53]. Interestingly, some Japanese
authors proposed endoscopic resection via full-thickness ESD
with laparoscopic assistance [54,55]. Laparoscopic and endoscopic
cooperative surgery (LECS), as described by Hiki et al., has been utilized
for intraluminal protruding lesions, and the authors contemplated the
use of ESD to mark the lesion and perform a full-thickness resection
of three-fourths of the lesion, completing the resection and suturing
the defect laparoscopically. Honda et al. recently reported on LECS
technique in 40 patients. The cohort was analyzed together with
38 patients treated with laparoscopic wedge resection (32 cases) or
laparoscopic gastrectomy (six patients). The number of complications
in the overall series was low (9%), no positive resection margins were
demonstrated, and conversion to open surgery was necessary in only
one case [42].

Another attractive hybrid procedure that allows treatment of
lesions of the posterior gastric wall or EG]J is transgastric laparoscopic
resection. Several authors proposed a transgastric approach for
laparoscopic resection of lesions of the posterior wall through
an anterior gastrotomy performed under endoscopic guidance
[35,49,53,56,57]. Others proposed laparoscopic resection via a
transgastric approach by positioning trocars through the gastric wall.
For this reason, the procedure might be more accurately identified
as intragastric laparoscopic resection. It should be performed under
endoscopic guidance using two transgastric ports (for smaller lesions)
[58] or a laparoscopic camera with an additional trocar [59-62].
Although published reports are still limited, the option of intragastric
laparoscopic resection is extremely attractive and presents several
theoretical advantages over ESD and the transgastric approach. The
intragastric procedure is easier, less time consuming, more reproducible
and enables safer resection margins than ESD. It is also less likely than
the transgastric approach to transform endoluminal neoplastic disease
into extraluminal disease, with less risk of peritoneal seeding as well as
less chance of contamination of the peritoneal cavity.

Gist of the small bowel

One-third of GISTs are located in the small bowel [4]. In the pre-
imatinib mesylate era, long-term survival associated with small-bowel
GISTs was about 50%, which is much lower than that of gastric GISTs
[4,63-65].

Few studies have analyzed the results of laparoscopic treatment of
small-bowel GIST's in a limited number of patients and are summarized
in (Table 2). Nguyen et al. presented a series of 43 patients who
underwent laparoscopic treatment for GIST; among these, the tumor
was located in the small bowel in 15 cases. Laparoscopic treatment
was demonstrated to be feasible even in larger tumors (8.5 cm), but no

No. of

Author (Country) "?g‘::t;?{l spi(::)o :J small bowel -I;L;;"e?,r
cases
Nguyen et al. (United States) [66] ’00-'05 (43) 15 3.7
Chen et al. (Taiwan) [47] '05-'10 (16) 7 NA
Sakra et al. (Czech Republic) [67] '07-"10 (13) NA
Liao et al. (Taiwan) [68] '05-'13 (26) 26 4.2

aData reported refer to laparoscopic cases only.
° All studies were retrospective reviews of patient cohorts.

long-term results were reported [66]. Chen et al. compared 58 patients
who underwent laparoscopic (16 cases) and open (42 cases) resection
for GIST. Among the 16 patients treated laparoscopically, 7 had a GIST
of the jejunum or ileum and underwent laparoscopy-assisted small-
bowel resection through a mini laparotomy. No major complications
occurred, and the authors concluded that laparoscopic treatment of
small-bowel GISTs was feasible and safe and had some advantages in
short-term outcome [47]. Liao et al. [68] compared 85 patients who
underwent laparoscopic (26 cases) and open (59 cases) resection for
GIST of the small bowel. In the laparoscopic group, the tumor was
located in the jejunum in 19 patients and in the ileum in 7 patients.
The resection was performed laparoscopically and the specimen
removed using double protection (endobag and wound protector).
The anastomosis was performed intracorporeally with a linear stapler
or extracorporeally by hand sewing. The authors confirmed the safety
of laparoscopic resection and better short-term results with regard to
hospital stay, mean time to oral intake, and duration of analgesia. These
experiences confirm the feasibility of laparoscopic treatment of small
bowel GISTSs, but particular attention should be paid to manipulation
of the tumor in order to avoid its rupture and dissemination. The use of
plastic bags for tumor retrieval and the application of wound protector
in laparoscopy-assisted resections are strongly recommended.

Gist of the colon and rectum

Few data are available on colorectal GISTs, which represent 0.1%
of all tumors of the colon and rectum and occur more frequently in the
rectum than in the colon [69-71]. As with small-bowel GISTs, 10-year
disease-free survival is nearly 50%, but the recurrence risk, unlike that
of small-bowel GISTs, does not decrease over time [4].

Typically, symptomatic colonic GISTs present as large transmural
tumors with frequent intraluminal and outwardly protruding
components [69]. Although definite data on colonic GISTs are lacking,
laparoscopic resection could represent an option for tumors able to
be approached laparoscopically with strict adherence to oncologic
principles [72].

Even rectal GISTs usually present as large masses frequently
adherent to the pelvic floor or adjacent organs. In this setting, complete
tumor resection often requires extended procedures with sacrifice of
adjacent organs and the anal sphincter. In the pre-imatinib mesylate
era, though mutilating, extended procedures were performed, residual
disease reportedly occurred in 30% of cases and recurrence rates
exceeded 40% [73-76].

In a recent study, Wilkinson et al. reported on 19 patients with
primary rectal GIST treated over a 12-year period. Neoadjuvant
imatinib was used in 15 patients, significantly reducing mean tumor
size and mitotic count and enabling sphincter-sparing surgery in 7 out
of 9 patients who underwent resection. The authors concluded that the

Type of % of Morbidity Hospital stay ¢ Overall rec (Local
resection conversions = (Mortality) P y rec)¢
Lap./ Lap. ass 13 6.7 (0) 4 NA
Lap. ass 6 NA (0) NA 14.3 (0)
Lap. 50 NA (0) NA NA (0)
Lap./Lap. ass 7.7 3.8 (0) 8 15.4 (NA)

°Study size refers to the total number of gastrointestinal stromal tumor cases treated by laparoscopy during the study period.

9Numbers with decimals are means; whole numbers represent medians.

Table 2: Main characteristics and results of studies reporting on laparoscopic resection for gastrointestinal stromal tumor of the small bowel.
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use of neoadjuvant imatinib mesylate therapy for rectal GIST decreased
both tumor size and mitotic count, which allowed more sphincter-
sparing surgeries [77].

For rectal GIST, achieving a potentially curative (RO) resection
seems to be the major determinant of local relapse and long-term
survival. Although adherence to total mesorectal excision principles is
not strictly required because of the rarity of lymph node involvement,
tearing of the tumor capsule frequently occurs and has been
demonstrated to be a major determinant of recurrence. Interestingly,
recurrence is described to be locoregional in transanal local resections
and peritoneal in transabdominal rectal resections [73,76].

In the guidelines of Miettinen et al., which are based on the analysis
of 111 rectal GISTs <2 cm in size with a mitotic index of <5 per 50
HPFs are considered benign, while the risk of recurrence increases for
larger tumors or tumors with a mitotic index <5 [69]. On this basis,
transanal or transvaginal local resection is proposed for smaller tumors,
and rectal resection with or without conservation of the anal sphincter
is proposed for larger tumors [74,78]. In the pre-imatinib mesylate era,
tumors within 5 cm from the anal verge were frequently treated with
abdominoperineal resection.

Actually, the use of both neoadjuvant TKI therapy and laparoscopy
radically changed the approach to the disease. Results of studies
reporting on laparoscopic resection for rectal gastrointestinal stromal
tumors are summarized in (Table 3). Fujimoto et al. described five
cases of GIST of the lower rectum (within 5 cm from the anal verge)
treated by neoadjuvant TKI therapy and laparoscopic partial or
complete intersphincteric resection. RO resection was achieved in all
patients and no recurrences were observed after a mean follow-up
period of 31 months [31]. Similarly, laparoscopic sphincter-sparing
surgery has been demonstrated to be feasible by other authors [79,80-
82]. Chang et al. recently described the case of a 5-cm GIST of the lower
rectum treated by laparoscopic-assisted excision. After the middle and
lower rectum was mobilized, the tumor was excised and the specimen
extracted from the anus, and the defect was sutured transanally [80].

Extra-intestinal gist

Extra-intestinal GISTs (e-GISTs) usually present as large masses of
the omentum, mesentery, and retroperitoneal space. To our knowledge,
no report of laparoscopic treatment of an e-GIST has been published
to date. Laparoscopy is not usually considered for e-GISTs, even if it is
theoretically feasible, because of their size and uncertain diagnosis at
preoperative staging.

Tki and laparoscopic treatment

TKI therapy is widely accepted as the standard treatment for

Type of study No. of

patients with metastatic and/or non-resectable GISTs [11,20,83].
Indeed, several reports have demonstrated the efficacy of imatinib
mesylate in the neoadjuvant setting in cases of primary as well as
recurrent or metastatic non-resectable GIST [84,85]. Current NCCN
and ESMO guidelines recommend neoadjuvant therapy for patients
with large tumors, where resection would cause undue morbidity or
functional deficit, and small tumors in difficult-to-treat areas such as
the EGJ or low rectum [11,12]. Response is seen in more than 80% of
cases, with a response plateau generally reached after 6-12 months of
therapy. Serial computed tomography (CT) scanning performed at 2-
to 3-month intervals is the preferred method for evaluating response
and for decision-making regarding surgical resection [15,16,32,84].

The adoption of laparoscopy in such cases is not yet supported by
the literature. However, several small case series have described the
use of neoadjuvant imatinib mesylate therapy in low rectal GISTs in
order to reduce recurrence and accomplish sphincter-sparing surgery
[31,81,82]. Neoadjuvant imatinib therapy has also been reported for
GISTs located at the EGJ [86].

In cases of metastatic GIST with good response, surgical resection
should be considered when RO resection is possible, with the aim of
avoiding imatinib mesylate resistance with subsequent progression.
Similarly, in cases of limited progression, surgery plays an important
role in improving survival as well as quality of life. Furthermore,
surgical resection is indicated in metastatic disease to treat tumor-
related complications. Although not yet proven, laparoscopy may,
when technically feasible and safe, play a role in minimizing surgical
stress and postoperative immunosuppression as well as in allowing a
short interruption of imatinib mesylate therapy (Figure 1A-C).

Conclusions

Laparoscopic surgery is frequently used to treat GISTs. Whereas
many studies have reported on the feasibility and safety of laparoscopic
treatment of gastric GISTs, fewer data are available for small-
bowel and colorectal GISTs. Most gastric GISTs are suitable for
laparoscopic wedge resection, while gastric GISTs in difficult-to-treat
areas may benefit from innovative approaches such as transgastric
and intragastric resections. Primary resection of large rectal GISTs
carries a high risk of recurrence. In this setting, as in other difficult-
to-treat areas, neoadjuvant imatinib therapy should be considered to
improve long-term results and reduce surgical trauma. In selected
cases, the combination of imatinib mesylate therapy and laparoscopy
can minimize surgical trauma. Similarly, laparoscopic treatment in
advanced and metastatic cases with very good responses to TKI therapy
should, in principle, not be avoided.

Tumor o . Neoadjuvant . % of Morbidity = Hospital = Overall rec
Author (Country) (::ELZE;I cases size ? Mitotic count imatimib ® Type of resection conversions | (Mortality) stay © (Local rec)
Ebihara et al.
(Japan) [79] Case report 1 80 5/50 8 Lap. ISR no no NA no
Chang et al. Case report 1 50 0/50 no Lap. resection with no no NA no
(Japan) [80] transanal suture
Nakamuraetal. | o,c0 ronont 1 80 <5/50 12 Lap. assisted no NA NA no
(Japan) [81] transanal resection
Fuimotoetal.  Retrosp. (08- 4 31 NA 8.6 Lap. ISR 0 ileus (0) 16 0

(Japan) [31] 11)

>Weeks of neoadjuvant imatimib treatment.
°Numbers with decimals are means; whole numbers represent medians.

aTumor diameter and mitotic count (50 per high-power field) are before neoadjuvant imatimib treatment.

Table 3: Main characteristics and results of studies on laparoscopic resection for rectal gastrointestinal stromal tumors.
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Figure 1A: Symptomatic abdominopelvic mass, 180 x170 mm, with diffuse
peritoneal carcinomatosis and ultrasound-guided biopsy confirming GIST.

Figure 1B: Laparoscopic view in course of laparoscopic-assisted ileal
resection with biopsy-proven complete response of the peritoneum after
neoadjuvant imatinib therapy (400 mg daily for 12 weeks).

Figure 1C: Laparoscopic view in course of laparoscopic-assisted ileal
resection with biopsy-proven complete response of the peritoneum after
neoadjuvant imatinib therapy (400 mg daily for 12 weeks).
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