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Abstract: Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors, 
thought to arise from the interstitial cells of Cajal. Almost all GISTs have muta-
tions in the oncogenic tyrosine protein kinase KIT or platelet-derived growth factor 
receptor-alfa. GISTs are mostly formed in the stomach and the small intestine. 
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GISTs are often asymptomatic, but when symptoms occur, they most commonly 
include gastrointestinal bleeding, early satiety, and abdominal pain. These tumors 
do not have specific endoscopic or radiological features. The treatment for con-
firmed GISTs is surgery if the lesion is resectable with no metastases, or therapy 
with tyrosine kinase inhibitors if the lesion is unresectable, metastatic, or recurrent. 
The prognostic factors are tumor location, tumor size, mitotic index, and type of 
mutation. All surgical techniques can be performed laparoscopically using five 
trocars for wedge resection, subtotal gastrectomy or total gastrectomy based on 
tumor location. In case of intragastric resection with a single port under laparo-
scopic control, intraoperative endoscopy is used to identify the exact location of 
the lesion, and to guide single port device placement inside the stomach after 
gastrotomy. During subtotal and total gastrectomy, indocyanine green fluores-
cence angiography is performed to assess the vascular supply. This chapter dis-
cusses the clinicopathological features of gastric GISTs and describes the standard 
minimally invasive management techniques.

Keywords: gastrointestinal stromal tumor; minimally invasive surgery for GIST; 
prognostic factors of gastrointestinal stromal tumor; risk classification of gastroin-
testinal stromal tumor; surgical management of gastric GISTs

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are mesenchymal tumors with a variable 
clinical behavior, arising from the interstitial cells of Cajal (1). GISTs belong to soft 
tissue sarcomas family (STSs) but are considered separately due to their peculiar 
histogenesis, clinical behavior, and specific therapy (2). The estimated global inci-
dence of GISTs is 1–1.5 per 100,000 persons per year, and the prevalence is 13 
per 100,000 persons per year (3). The median age at diagnosis is 62.5 years (3). 
GISTs in children and adolescents are very rare, but represent a distinct, often 
syndromic, subset (4). The etiology of GISTs is unknown in most cases, and the 
co-existence of another cancer is more common in GISTs patients than in the 
general population (5). The most common sites of GISTs are the stomach 
(50–60%) and small intestine (20–30%), but they may also be located in the 
colon, rectum, esophagus, mesentery, omentum, and retroperitoneum (6).

Almost all GISTs contain mutations in the oncogenic tyrosine kinase (KIT) or 
platelet-derived growth factor receptor-alpha (PDGFRA) genes (7, 8); however, 
KIT/PDGFRA mutations are mostly absent in children and young patients (4). 
Other mutations in GISTs patients may include loss of function of neurofibroma-
tosis type 1 (NF1) or gain of function in the proto-oncogene BRAF (9). Several 
genetic syndromes that are linked to GISTs has been reported:

•	� The Carney triad syndrome: Gastric GISTs, paraganglioma, and pulmonary 
chondroma can occur at any age (10).

•	� Familial GIST: This syndrome is rare, occurs in families with autosomal 
dominant mutation of KIT and shows multiple GISTs in pediatric age (11).

•	� Carney–Stratakis syndrome: Germ-line mutations of one of the succinate 
dehydrogenases (SDH) subunits with development of GISTs and paragan-
gliomas (12, 13).
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•	� Type-1 neurofibromatosis: Localization is in the small bowel, often multi-
focal, loss of function of NF1 and absence of mutations in KIT and 
PDGFRA (14).

The diagnosis and treatment of GISTs have rapidly improved after the discov-
ery of mutations in KIT and PDGFRA genes and the subsequent introduction of 
tyrosine kinase inhibitors (TKIs) (15).

CLINICAL PRESENTATION

The most common symptoms of GISTs are gastrointestinal bleeding, anemia, early 
satiety, abdominal distension, pain or discomfort, and a palpable mass (16). Based 
on location, the clinical presentation may change: small bowel GISTs may present 
with acute events like hemorrhage or rupture, after a long silent period; colorectal 
GISTs can occur with abdominal pain, obstruction or bleeding; and dysphagia can 
appear in esophageal and gastro-esophageal junction GISTs. Gastrointestinal 
bleeding is more frequently observed in gastric GISTs than in other locations. 
Symptoms can change from chronic microcytic anemia to acute hematemesis or 
melena, and at diagnostic endoscopy they may be wrongly diagnosed as peptic 
ulcer. Non-specific systemic symptoms, which are common in some patients, like 
weight loss and night sweating, may be misleading and may delay the diagnosis. 
Often GISTs are asymptomatic until advanced stages but may be found inciden-
tally during endoscopy, especially in the stomach, or at postmortem autopsy 
(17, 18). Metastasis to lymph nodes or extra-abdominal spread of GISTs is rare, 
except for the succinate dehydrogenase (SDH)-deficient GIST (19). Recently, the 
observation of so-called mini GISTs (<1cm) as an incidental microscopic diagno-
sis in the stomach resected from patients with gastric cancer, and at autopsy, has 
been reported (20–22). 

The natural history of GISTs remains mostly unknown, and microscopic sub-
clinical gastric GISTs have an unexpectedly high incidence in clinicopathologic 
studies (20, 23). In patients over 50 years of age, small GISTs (up to 10mm in 
diameter) are commonly found, especially in the proximal stomach (22). However, 
these mini/small GISTs are often biologically inert at medium- and long-term 
follow-up, except in cases with high-risk features (like irregular margins or ulcer-
ation) (24). Even though the gold standard treatment for symptomatic GISTs is 
surgical resection, the indication of surgery for incidentally discovered mini GISTs 
is still debated (25).

DIAGNOSIS

GISTs do not have specific endoscopic or endoscopic ultrasound (EUS) features, 
and often they are identified during endoscopy like a submucosal tumor (SMT), 
with pathological diagnosis only after surgery. In SMTs that are smaller than 2 cm 
with no high-risk features, and also in cases where histological diagnosis 
of GISTs was made after biopsy, only endoscopic follow up can be carried 
out until the patient becomes symptomatic or the tumor grows in size (24). 
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The decision-making process may also include a histological diagnosis by EUS-
guided fine-needle aspiration (EUS-FNA) biopsy. The optimal follow-up timing 
for these lesions is still debated in the literature, so an initial short-term follow-up 
at six months with EUS is recommended, which may then be deferred in time if 
high-risk features do not appear. This prolonged follow-up does not worsen the 
prognosis of patients with gastric GIST, as confirmed by a recent retrospective 
study (26). Endoscopic resection of SMTs is not considered oncologically safe, 
due to the risk of positive margins and high risk of cells dissemination. EUS-FNA 
biopsy can provide a histological diagnosis before surgery and set the indications 
for neoadjuvant therapy on the basis of the histological characteristics. EUS-FNA 
biopsy is to be preferred instead of conventional endoscopic forceps biopsy, 
because standard biopsy forceps do not reach the lesion beyond the normal 
mucosa and submucosa (27). However, EUS-FNA biopsy is not necessary for 
tumors measuring less than 2 cm, for undoubtedly benign tumors and for tumors 
which have already been planned for surgical resection (28). Instead, contrast 
enhanced computed tomography (CT) is recommended for initial diagnosis of 
tumors larger than 2 cm in diameter (Figure 1), to evaluate for the presence of 
high-risk features (25, 26). Furthermore, the Japanese guidelines recommend sur-
gical resection for all GISTs that are larger than 5 cm in diameter (29). Finally, in 
metastatic disease, a biopsy of an easily accessible metastatic site can be per-
formed, followed by a local and/or systemic treatment. 

PATHOLOGY 

Immunohistochemistry plays a central role in the pathologic assessment of GISTs, 
with CD117 (KIT) immunopositivity (30) and more recently with the inclusion of 

Figure 1.  CT Scans. Abdominal CT scans showing an intraluminal and extraluminal gastric 
GIST. On the left, the extraluminal portion of the lesion is in close contact with the tail of the 
pancreas with no signs of infiltration. On the right, the two portions of the lesion, in 
continuity with each other, are shown by the arrows. 
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DOG1 (Discovered on GIST-1) protein as tumor marker (31). However, a small 
number of GISTs are immunonegative: 5% are negative for CD117, 5% are nega-
tive for DOG1 and about 1% for both (32). In case of diagnostic doubt in strongly 
suspected GISTs, but with CD 117 and DOG1 negativity, the analysis for activat-
ing mutations in KIT or PDGFRA may be of help (32). Another prognostic factor 
for risk stratification is the mitotic count (33): an index of less than 5 mitoses per 
50 high-power fields classifies the GIST as at low risk; an index of mitoses between 
6 and 10 per 50 high-power fields classifies the GIST as at intermediate risk; an 
index of mitoses more than 10 per 50 high-power fields classifies the GIST as at 
high risk (33).

Analysis of the mutational state is fundamental to predict the sensitivity to 
molecular-targeted therapy, especially for treatment with imatinib, and for overall 
prognostic value. In the diagnostic process of GISTs, the analysis of the mutational 
state should be carried out routinely as standard practice in all patients. 
Furthermore, in KIT or PDGFRA negative GISTs the recommendation is to per-
form immunohistochemistry for succinate dehydrogenase B (SDH-B), and, if neg-
ative, for SDH-A (32). In case of KIT or PDGFRA negativity, mutations in BRAF 
should also be searched, since BRAF inhibitors (Dabrafenib) may be included in 
the therapeutic strategy in these patients (33). A special focus is for patients with 
neurofibromatosis and a germline mutation in NF1, because of the increased risk 
of GISTs’ development and recurrence (33).

STAGING

For staging and follow-up of GISTs, the main investigation is contrast enhanced 
abdominal and pelvic CT scan, because disease recurrence is almost exclusively 
located in the liver and/or in the peritoneum. Magnetic resonance imaging may be 
considered as an alternative investigation only in very selected young patients in 
order to limit exposure to radiation. The chest should be investigated with CT 
scan only in the staging process, but this is not considered a routine exam during 
follow-up. The 18F-fluorodeoxyglucose (FDG) positron emission tomography 
(PET) scan can be used in patients treated with neo-adjuvant imatinib therapy in 
order to evaluate the response.

TREATMENT

For small GISTs measuring less than 2 cm in diameter, when the diagnosis by 
endoscopic biopsy may be difficult, the only way to make a histological diagnosis 
is by surgical excision, though most of these nodules are at very low risk. In these 
patients, a standard approach would include diagnosis by EUS-FNA biopsy and 
annual follow-up. Surgical excision is recommended only for patients who become 
symptomatic or for tumors increasing in size. In GISTs that are larger than 2 cm 
in diameter, the gold standard treatment is surgical excision. Only in selected 
cases, like low-risk GISTs and in patients with major morbidity at high risk for 
surgery, a follow-up strategy without surgery may be an option after in-depth 
discussion with the patient. A multidisciplinary approach is always mandatory, 
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including oncologist, surgeon, radiologist, and histopathologist. The optimal 
strategy would be to refer the patient to a high-volume center, like highly special-
ized centers for the management of sarcomas and GISTs with highly experienced 
surgeons.

When the surgical indication is set by the multidisciplinary team, in case of 
localized GISTs, the gold standard is complete surgical excision without lymphad-
enectomy if lymph nodes are clinically negative, but always respecting the prin-
ciples of oncological surgery. In case of involvement of adjacent organs, in bloc 
resection is required. When the risk of tumor rupture is high, as in the case of 
large tumors, the laparoscopic approach should be avoided because of the high 
risk of cell dissemination.

The aim of surgery should be an R0 excision, meaning absence of residual 
tumor. If this is envisioned to be not possible, because of major functional 
sequelae, a neoadjuvant therapy is indicated (34, 35). After cyto-reduction ther-
apy, lasting between 6 and 12 months, surgical excision is performed. Prior analy-
sis of KIT or PDGFRA mutations is mandatory in order not to delay surgery, in 
case of non-responding tumors. An early radiological re-evaluation after a few 
weeks is possible to study tumor response to imatinib. In case of failure of neoad-
juvant therapy, an R1 resection with microscopically positive margins may be 
proposed by the multidisciplinary team, especially for low-risk tumors (36). In 
case of histologically unexpected R1 margins, a surgical strategy with re-excision 
should be considered.

Imatinib is the gold standard treatment in patients with metastatic disease or 
with inoperable tumors because a surgical approach as primary treatment is not 
recommended in these patients. The MetaGIST group (37) reported that a stan-
dard dose of imatinib (400 mg daily) should be doubled in patients with KIT exon 
9 mutations for a better progression-free survival rate. 

In case of progressive disease during imatinib treatment, surgical treatment is 
not recommended. In case of limited local or distant recurrence, the indication for 
surgery may be discussed with the patient, to possibly achieve better progression-
free interval as compared to a second-line treatment with sunitinib. In case of liver 
metastases, interventional radiology procedures may be considered. In case of 
disease progression after therapy, or in case of intolerance to imatinib, the approved 
second line treatment is tyrosine kinase inhibitor (TKI) sunitinib (38) with bene-
fits in progression-free survival, possibly also with a continuous lower daily 
dose (39). However, a small number of patients do not respond even to sunitinib, 
and this is suggestive of special mutations in loop domain of KIT or in exon 18 of 
PDGFRA. Figure 2 shows a proposed algorithm for the management of SMT.

PROGNOSTIC FACTORS AND RISK CLASSIFICATION

Prognostic factors for GISTs are tumor location, tumor size, mitotic index, type of 
mutation, and the presence of tumor rupture (29). However, discrimination 
between benign and malignant GISTs is difficult. The occurrence of postoperative 
metastases is possible in case of small tumors with low mitotic index. The 
Miettinen and Lasota (32), and the modified Fletcher classification (33), are the 
two most utilized risk-classification methods; both incorporate tumor size, mitotic 
index, and tumor site.



Surgical Management of Gastric GISTs 49

SURGICAL TECHNIQUES

GIST resection may be performed by open, laparoscopic, or robotic surgery 
(40–43) but the surgical approach that is most frequently reported in the litera-
ture is the laparoscopic one (40–43). In fact, minimally invasive surgery is associ-
ated with better intra- and post-operative outcomes as compared to open surgery 
in term of intraoperative blood loss, hospital stay, postoperative pain and return 
to daily activities, with the same oncological results of open surgery (40–43). 
However, the open approach still has a rationale, in case of large masses infiltrat-
ing adjacent structures, which may be technically difficult to remove by minimally 
invasive surgery (40–43). On the other hand, the role of the robotic approach in 
comparison to laparoscopy has not been clarified yet, due to the lack of compara-
tive studies between the two approaches (41). The laparoscopic approach for the 
management of GIST is briefly described below. 

The patient is under general anesthesia, placed in supine position with 
abducted legs and the surgeon stands between the patient’s legs. The operating 
table is placed in anti-Trendelenburg position. Pneumoperitoneum at 14mmHg is 
established with a Veress needle in the left hypochondrium (Palmer’s point), and 
a 30°, 10 mm optic is used. During subtotal and total gastrectomy, indocyanine 
green (ICG) fluorescence angiography (FA) may be employed to assess the vascu-
lar supply. ICG powder 25 mg (Verdye, Diagnostic Green, Aschheim-Dornach, 

Figure 2.  Proposed strategies for management of submucosal tumor (SMT).
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Germany) is diluted in 5 cc of sterile water and 3 cc of the solution are intrave-
nously administered to evaluate the vascular organ perfusion by FA during sur-
gery (total of 15 mg per patient). The camera is positioned approximately 5 cm 
away from the tissue in zooming modality and fluorescence evaluation is per-
formed in real time. 

Laparoscopic gastric wedge resection

Five trocars are used: one 11 mm trocar is placed in the supraumbilical position; 
two 12 mm trocars are placed along the right and left midclavicular lines, two cm 
above the transverse umbilical line; and two 5 mm trocars are placed, one in sub-
xiphoid position and the other one along the right anterior axillary line. The first 
step of the procedure is to identify the lesion. It can be located on the anterior or 
on the posterior wall of the stomach. In case of posterior location, it is necessary 
to gain access to the lesser sac. Gastric mobilization is performed using an 
advanced energy device (LigaSure™, Medtronic, Minneapolis, Minnesota, USA or 
Ultracision, Harmonic Scalpel, Ethicon Endo Surgery, Cincinnati, Ohio, USA). 
Next, wedge resection of the tumor is performed using a linear stapler with two 
or three 60 mm gold or blue cartridges (Echelon Flex Powered Endopath, Ethicon 
Endo-Surgery, Johnson & Johnson, Cincinnati, Ohio, USA), based on the gastric 
tumor location and on surgeon’s preference, buttressed with absorbable material 
(polyglycolic acid and trimethylene carbonate, Seam-guard® Gore & Associates, 
Inc. Newark, Delaware, USA). Intraoperative endoscopic control is recommended 
in order to ensure that tumor margins are free (R0 resection) and to avoid stenosis. 
The specimen is removed by an endobag through a Pfannenstiel incision or by 
enlarging one of the 12 mm trocar incisions. 

Intragastric resection with single port under laparoscopic control 

After establishing pneumoperitoneum, one 11 mm trocar is placed in supraum-
bilical position, and two 5 mm trocars are placed laterally to the previous one 
along the midclavicular line on the left and on the right. Another 5 mm trocar 
is placed in a subxiphoid position to retract the liver. Intraoperative endoscopy 
is used to identify the exact location of the lesion and to define the best position 
to insert the single port device. Next, a single port (TriPort Plus, Advanced 
Surgical Concepts, Bray, Ireland) replaces one of the 5 mm trocars and it is 
placed inside the stomach after creation of a 12–15 mm gastrotomy. Full thick-
ness resection of the gastric wall harbouring the tumor is performed by using 
the ultrasonic device (Ultracision, Harmonic Scalpel, Ethicon Endo Surgery, 
Cincinnati, Ohio, USA), and then closing the residual defect by means of run-
ning 3–0 absorbable barbed suture (V-Loc™, Medtronic, Minneapolis, 
Minnesota, USA). The specimen is removed using an endobag. The single port 
is then removed from the stomach, but it is left in the abdominal cavity to be 
used as a trocar. The gastrotomy is closed by using a linear stapler with 60 mm 
blue cartridges (Echelon Flex Powered Endopath, Ethicon Endo-Surgery, 
Johnson & Johnson, Cincinnati, Ohio, USA) and the stomach is then insufflated 
by the endoscopist in order to evaluate the presence of leakage by performing 
an air leak test (44). 
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Laparoscopic subtotal gastrectomy

Five trocars are used. One 11 mm trocar is placed in supraumbilical position, two 
12 mm trocars are placed along the right and left midclavicular lines two cm 
above the transverse umbilical line, and two 5 mm trocars are placed, one in a 
subxiphoid position and the other one along the right anterior axillary line. The 
liver is retracted with a grasper introduced from the subxiphoid trocar. Gastric 
mobilization is performed by using an advanced energy device (LigaSure™, 
Medtronic, Minneapolis, Minnesota, USA or Ultracision, Harmonic Scalpel, 
Ethicon Endo Surgery, Cincinnati, Ohio, USA). 

The first step of the procedure is to mobilize the greater omentum. The lesser 
sac is opened by dividing the short gastric vessels along the greater curvature and 
right gastroepiploic artery, taking down any retrogastric adhesions (Figure 3). The 
duodenum is prepared 2 cm beyond the pylorus, paying attention not to injure 
the gastroduodenal artery, and it is divided by linear stapler with a 60 mm blue 
cartridge (Echelon Flex Powered Endopath, Ethicon Endo-Surgery, Johnson & 
Johnson, Cincinnati, Ohio, USA) buttressed with absorbable material (polygly-
colic acid and trimethylene carbonate, Seam-guard® Gore & Associates, Inc. 
Newark, Delaware, USA). After opening the pars flaccida of the lesser omentum 
along the lesser curvature of the stomach, the right gastric artery near the antrum, 
the descending branch of the left gastric artery and the coronary vein are divided 
using the energy device. The stomach is then divided above the tumor using the 
linear stapler with 60 mm blue cartridges. Before the anastomosis is created, 
ICG-FA is performed in order to assess the vascular supply of the gastric stump 
and jejunum. 

A double-loop Roux-en-Y reconstruction technique is used to restore bowel 
continuity, as reported for gastric bypass in bariatric surgery. The greater omen-
tum is divided and a side-to-side mechanical antecolic gastro-jejunal anastomosis 
is created on the posterior wall of the stomach (biliary limb, measured at 60 cm 
from the Treitz ligament). The enterotomy is closed using a running suture with a 
3–0 reabsorbable barbed suture (V-Loc™, Medtronic, Minneapolis, Minnesota, 
USA). A mechanical side-to-side jejuno-jejunal anastomosis is then created (ali-
mentary limb, measured 80–100 cm from the first anastomosis), with a similar 
technique as previously described, by using a linear stapler with white cartridge, 
followed by enterotomy closure with a running suture. The two anastomoses are 
checked by the methylene blue test. After that, the small bowel between the gas-
tro-jejunal and the jejuno-jejunal anastomosis is divided by a linear stapler with 
60 mm white cartridge. The specimen is removed using an endobag through a 
Pfannesteil incision. 

Laparoscopic total gastrectomy

Five trocars are used. One 11 mm trocar is placed in supraumbilical position, two 
12 mm trocars are placed along the right and left midclavicular line two cm above 
the transverse umbilical line, and two 5 mm trocars are placed, one in a subxi-
phoid position and the other one along the right anterior axillary line. The liver is 
retracted with a grasper introduced from the subxiphoid trocar. Gastric mobiliza-
tion is performed using an advanced energy device (LigaSure™, Medtronic, 
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Figure 3.  Extraluminal portion of gastric GIST. A, Laparoscopic resection. After division of the 
short gastric vessels on the greater curvature and along the right gastroepiploic artery, the 
lesser sac is opened showing a large extraluminal portion of a gastric GIST in continuity with 
the intraluminal portion, both located along the posterior wall of the gastric fundus and 
body. B, After division of the short gastric vessels on the greater curvature and along the 
right gastroepiploic artery, the lesser sac is opened showing multiple synchronous satellite 
nodules of gastric GIST located in the antrum of the same patient displayed in Figure A.

Minneapolis, Minnesota, USA or Ultracision, Harmonic Scalpel, Ethicon Endo 
Surgery, Cincinnati, Ohio, USA). The first step of the procedure is to mobilize the 
greater omentum. The lesser sac is opened by dividing the short gastric vessels on 
the greater curvature and along the right gastroepiploic artery (Figure 3). 
The dissection proceeds cranially along the greater curvature up to the angle of 
His and with exposure of the left crus of the esophageal hiatus. 

The duodenum is prepared beyond the pylorus, and it is divided by a linear 
stapler with 60 mm blue cartridge (Echelon Flex Powered Endopath, Ethicon 
Endo-Surgery, Johnson & Johnson, Cincinnati, Ohio, USA) buttressed with 
absorbable material (polyglycolic acid and trimethylene carbonate, Seam-guard® 
Gore & Associates, Inc. Newark, Delaware, USA). The lesser omentum is opened, 
and the right and left gastric arteries are divided, as well as the left gastric vein.

Esophageal hiatus dissection continues from the left crus towards the right one 
and posteriorly until the aorta is visualized. Next, the abdominal esophagus is 
divided by using a linear stapler with 60 mm blue cartridge. Before creation of 
the anastomosis, ICG-FA is performed in order to assess the vascular supply of 
the  esophageal stump and jejunum. A double-loop Roux-en-Y reconstruction 
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technique is used, as reported for gastric bypass in bariatric surgery. In this case, 
the jejunal loop runs posteriorly to the colon after creating a retrocolic window 
through the transverse mesocolon on the left of the middle colic vessels. The 
greater epiploon is divided and a side-to-side mechanical esophago-jejunal anas-
tomosis on the posterior wall of the esophagus is performed (biliary limb, mea-
sured 60 cm from the Treitz ligament), followed by closure of the residual 
enterotomy with a 3-0 absorbable barbed suture (V-Loc™, Medtronic, Minneapolis, 
Minnesota, USA). A mechanical side-to-side jejuno-jejunal anastomosis is created 
(alimentary limb, measured 80–100 cm from the first anastomosis), following a 
similar technique as previously described, using a linear stapler with white car-
tridge. Both anastomoses are checked by the methylene blue test to detect any 
leakage. The small bowel is then divided between the esophago-jejunal and the 
jejuno-jejunal anastomosis using the linear stapler with 60 mm white cartridge. 
The specimen is then removed by endobag through a Pfannenstiel incision. 

OPEN vs LAPAROSCOPIC SURGERY

Inaba et al. reported data obtained from the National Cancer Database (NCDB) of 
5096 patients who underwent open and laparoscopic surgery for GIST between 
2010 and 2014 (42). The study included 2910 (57%) stage I, 954 (19%) stage II, 
and 1232 (24%) stage III patients. Patients’ characteristics were similar between 
the two groups, with no statistically significant differences (42). Laparoscopy, in 
comparison to the open approach, showed decreased 90-day mortality and 30-day 
readmission rates, in all stages, even though a statistically significant difference 
was observed only in stage I (42). Moreover, laparoscopy was associated with 
shorter hospital stay in comparison to open surgery in all stages (42). Regarding 
follow-up, the Kaplan-Meier long-term survival curves showed better results for 
the laparoscopic approach in stages I and II, with no significant differences in 
stage III (42).

In the meta-analysis by Chen et al., 19 observational studies comparing lapa-
roscopic and open surgery were included (45). They reported significantly lower 
intraoperative blood loss, shorter time of first flatus and first oral intake days in 
the laparoscopic group, indicating quicker recovery of the bowel function (45). 
Furthermore, a lower dose of postoperative analgesics consumption and a shorter 
hospital stay in the laparoscopic group were observed (45). The postoperative 
complication rate was also statistically significantly lower in the laparoscopic 
group (45). During follow up, the recurrence rate in the laparoscopic group was 
lower and the difference was statistically significant (p = 0.03). However, it should 
be considered that in the open surgery group the tumors were larger and had a 
higher mitoses rate, both being negative prognostic risk factors (45).

CONCLUSION

GISTs are mesenchymal tumors marked by differentiation towards the interstitial 
cells of Cajal, and almost all contain mutations in oncogenic KIT or PDGFRA. The 
most common localizations of GISTs are the stomach and the small intestine. 
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The treatment for confirmed GISTs is surgery if the lesion is resectable with no 
metastases, or therapy with tyrosine kinase inhibitors if the lesion is unresectable, 
metastatic, or in case of recurrent disease. The prognostic factors are tumor loca-
tion, tumor size, mitotic index, and type of mutation. When feasible, laparoscopic 
surgery is the recommended option for management of GISTs because it is associ-
ated with more favorable outcomes in terms of complications, length of hospital 
stay, postoperative pain and recurrence rates, as compared to the open approach. 

Conflict of Interest: The authors declare no potential conflict of interest with 
respect to research, authorship and/or publication of this chapter.

Copyright and Permission Statement: The authors confirm that the materials 
included in this chapter do not violate copyright laws. Where relevant, appropri-
ate permissions have been obtained from the original copyright holder(s), and all 
original sources have been appropriately acknowledged or referenced.

REFERENCES

	 1.	 Kindblom LG, Remotti HE, Aldenborg F, Meis-Kindblom JM. Gastrointestinal Pacemaker Cell Tumor 
(GIPACT) Gastrointestinal Stromal Tumors Show Phenotypic Characteristics of the Interstitial Cells of 
Cajal. Am J Pathol. 1998;152(5):1259–69.

	 2.	 Alves MR, Carneiro FC, Lavorato-Rocha AM, da Costa WH, da Cunha IW, de Cássio Zequi S, et al. 
Mutational status of VHL gene and its clinical importance in renal clear cell carcinoma. Virchows 
Arch. 2014;465(3):321–30. https://doi.org/10.1007/s00428-014-1629-z

	 3.	 Gatta G, van der Zwan JM, Casali PG, Siesling S, Dei Tos AP, Kunkler I, et al. Rare cancers are 
not so rare: The rare cancer burden in Europe. Eur J Cancer. 2011;47(17):2493–511. https://doi.
org/10.1016/j.ejca.2011.08.008

	 4.	 Pappo AS, Janeway KA. Pediatric Gastrointestinal Stromal Tumors. Hematol Oncol Clin North Am. 
2009;23(1):15–34. https://doi.org/10.1016/j.hoc.2008.11.005

	 5.	 Agaimy A, Wünsch PH, Sobin LH, Lasota J, Miettinen M. Occurrence of other malignancies in 
patients with gastrointestinal stromal tumors. Semin Diagn Pathol. 2006;23(2):120–9. https://doi.
org/10.1053/j.semdp.2006.09.004

	 6.	 Tran T, Davila JA, El-Serag HB. The epidemiology of malignant gastrointestinal stromal tumors: An 
analysis of 1,458 cases from 1992 to 2000. Am J Gastroenterol. 2005 Jan;100(1):162–8. https://doi.
org/10.1111/j.1572-0241.2005.40709.x

	 7.	 Seiichi Hirota, Koji Isozaki, Yasuhiro Moriyama, Koji Hashimoto, Toshirou Nishida, Shingo Ishiguro, 
et al. Gain-of-Function Mutations of c-kit in Human Gastrointestinal Stromal Tumors. Science. 
1998;299(5607):708–10. https://doi.org/10.1126/science.279.5350.577

	 8.	 Heinrich MC, Corless CL, Duensing A, McGreevey L, Chen CJ, Joseph N, et al. PDGFRA activat-
ing mutations in gastrointestinal stromal tumors. Science. 2003;299(5607):708–10. https://doi.
org/10.1126/science.1079666

	 9.	 Pantaleo MA, Nannini M, Corless CL, Heinrich MC. Quadruple wild-type (WT) GIST: Defining the 
subset of GIST that lacks abnormalities of KIT, PDGFRA, SDH, or RAS signaling pathways. Cancer 
Med. 2015;4(1):101–3. https://doi.org/10.1002/cam4.325

	10.	 Zhang L, Smyrk TC, Young WF, Stratakis CA, Carney JA. Gastric stromal tumors in carney triad 
are different clinically, pathologically, and behaviorally from sporadic gastric gastrointestinal stro-
mal tumors: Findings in 104 cases. Am J Surg Pathol. 2010;34(1):53–64. https://doi.org/10.1097/
PAS.0b013e3181c20f4f

	11.	 Postow MA, Robson ME. Inherited gastrointestinal stromal tumor syndromes: mutations, 
clinical features, and therapeutic implications. Clin Sarcoma Res. 2012;2(1). https://doi.
org/10.1186/2045-3329-2-16

https://doi.org/10.1007/s00428-014-1629-z�
https://doi.org/10.1016/j.ejca.2011.08.008�
https://doi.org/10.1016/j.ejca.2011.08.008�
https://doi.org/10.1016/j.hoc.2008.11.005�
https://doi.org/10.1053/j.semdp.2006.09.004�
https://doi.org/10.1053/j.semdp.2006.09.004�
https://doi.org/10.1111/j.1572-0241.2005.40709.x�
https://doi.org/10.1111/j.1572-0241.2005.40709.x�
https://doi.org/10.1126/science.279.5350.577�
https://doi.org/10.1126/science.1079666�
https://doi.org/10.1126/science.1079666�
https://doi.org/10.1002/cam4.325�
https://doi.org/10.1097/PAS.0b013e3181c20f4f�
https://doi.org/10.1097/PAS.0b013e3181c20f4f�
https://doi.org/10.1186/2045-3329-2-16�
https://doi.org/10.1186/2045-3329-2-16�


Surgical Management of Gastric GISTs 55

	12.	 Pasini B, McWhinney SR, Bei T, Matyakhina L, Stergiopoulos S, Muchow M, et al. Clinical and 
molecular genetics of patients with the Carney-Stratakis syndrome and germline mutations of the 
genes coding for the succinate dehydrogenase subunits SDHB, SDHC, and SDHD. Eur J Hum Genet. 
2008;16(1):79–88. https://doi.org/10.1038/sj.ejhg.5201904

	13.	 Gaal J, Stratakis CA, Carney JA, Ball ER, Korpershoek E, Lodish MB, et al. SDHB immunohistochem-
istry: A useful tool in the diagnosis of Carney-Stratakis and Carney triad gastrointestinal stromal 
tumors. Mod Pathol. 201;24(1):147–51. https://doi.org/10.1038/modpathol.2010.185

	14.	 Miettinen M, Fetsch JF, Sobin LH, Lasota J. Gastrointestinal Stromal Tumors in Patients With 
Neurofibromatosis 1. A Clinicopathologic and Molecular Genetic Study of 45 Cases. Am J Surg 
Pathol. 2006;30(1):90–6. https://doi.org/10.1097/01.pas.0000176433.81079.bd15. Demetri GD, 
von Mehren M, Blanke CD, Van den Abbeele AD, Eisenberg B, Roberts PJ, et al. Efficacy and safety of 
imatinib mesylate in advanced gastrointestinal stromal tumors [Internet]. N Engl J Med. 2002;347(7):​
472–80.​ https://doi.org/10.1056/NEJMoa020461

	16.	 Joensuu H, Hohenberger P, Corless CL. Gastrointestinal stromal tumour. Lancet. 2013;382(9896):​
973–83. https://doi.org/10.1016/S0140-6736(13)60106-3

	17.	 Miettinen M, Sobin LH, Lasota J. Gastrointestinal Stromal Tumors of the Stomach A Clinicopathologic, 
Immunohistochemical, and Molecular Genetic Study of 1765 Cases With Long-term Follow-up. 
Am J Surg Pathol. 2005;29(1):52–68. https://doi.org/10.1097/01.pas.0000146010.92933.de

	18.	 Nilsson B, Bümming P, Meis-Kindblom JM, Odén A, Dortok A, Gustavsson B, et al. Gastrointestinal 
stromal tumors: The incidence, prevalence, clinical course, and prognostication in the preimatinib 
mesylate era - A population-based study in western Sweden. Cancer. 2005;103(4):821–9. https://doi.
org/10.1002/cncr.20862

	19.	 Miettinen M, Wang ZF, Sarlomo-Rikala M, Osuch C, Rutkowski P, Lasota J. Succinate dehydroge-
nase-deficient GISTs: A clinicopathologic, immunohistochemical, and molecular genetic study of 66 
gastric GISTs with predilection to young age. Am J Surg Pathol. 2011;35(11):1712–21. https://doi.
org/10.1097/PAS.0b013e3182260752

	20.	 Kawanowa K, Sakuma Y, Sakurai S, Hishima T, Iwasaki Y, Saito K, et al. High incidence of micro-
scopic gastrointestinal stromal tumors in the stomach. Hum Pathol. 2006;37(12):1527–35. https://
doi.org/10.1016/j.humpath.2006.07.002

	21.	 Agaimy A, Wünsch PH, Hofstaedter F, Blaszyk H, Ru¨mmele PR, Gaumann A, et al. Minute 
Gastric Sclerosing Stromal Tumors (GIST Tumorlets) Are Common in Adults and Frequently 
Show c-KIT Mutations. Am J Surg Pathol. 2007;31(1):113–20. https://doi.org/10.1097/01.
pas.0000213307.05811.f0

	22.	 Muenst S, Thies S, Went P, Tornillo L, Bihl MP, Dirnhofer S. Frequency, phenotype, and geno-
type of minute gastrointestinal stromal tumors in the stomach: An autopsy study. Hum Pathol. 
2011;42(12):1849–54. https://doi.org/10.1016/j.humpath.2011.01.024

	23.	 Agaimy A, Wu¨nschwu¨nsch PH, Dirnhofer S, Bihl MP, Terracciano LM, Tornillo L. Microscopic 
Gastrointestinal Stromal Tumors in Esophageal and Intestinal Surgical Resection Specimens 
A Clinicopathologic, Immunohistochemical, and Molecular Study of 19 Lesions. Am J Surg Pathol. 
2008;32(6):867–73. https://doi.org/10.1097/PAS.0b013e31815c0417

	24.	 Demetri GD, von Mehren M, Antonescu CR, Dematteo RP, Ganjoo KN, Maki RG, et al. NCCN Task 
Force Report: Update on the Management of Patients with Gastrointestinal Stromal Tumors. J Natl 
Compr Canc Netw. 2010;8 Suppl 2(0 2):S1–41. https://doi.org/10.6004/jnccn.2010.0116.

	25.	 Nishida T, Kawai N, Yamaguchi S, Nishida Y. Submucosal tumors: Comprehensive guide for the diag-
nosis and therapy of gastrointestinal submucosal tumors. Dig Endosc. 2013;25(5):479–89. https://
doi.org/10.1111/den.12149

	26.	 Park CH, Kim EH, Jung DH, Chung H, Park JC, Shin SK, et al. Impact of Periodic Endoscopy on 
Incidentally Diagnosed Gastric Gastrointestinal Stromal Tumors: Findings in Surgically Resected 
and Confirmed Lesions. Annals of Surgical Oncology. 2015;22(9):2933–9. https://doi.org/10.1245/
s10434-015-4517-0

	27.	 Kaneko E, Kumagai J, Honda N, Nakamura S, Kino I. Evaluation of the new giant-biopsy forceps in 
the diagnosis of mucosal and submucosal gastric lesions. Endoscopy. 1983;15(5):322–6. https://doi.
org/10.1055/s-2007-1021545

https://doi.org/10.1038/sj.ejhg.5201904�
https://doi.org/10.1038/modpathol.2010.185�
https://doi.org/10.1097/01.pas.0000176433.81079.bd15�
https://doi.org/10.1056/NEJMoa020461�
https://doi.org/10.1016/S0140-6736(13)60106-3�
https://doi.org/10.1097/01.pas.0000146010.92933.de�
https://doi.org/10.1002/cncr.20862�
https://doi.org/10.1002/cncr.20862�
https://doi.org/10.1097/PAS.0b013e3182260752�
https://doi.org/10.1097/PAS.0b013e3182260752�
https://doi.org/10.1016/j.humpath.2006.07.002�
https://doi.org/10.1016/j.humpath.2006.07.002�
https://doi.org/10.1097/01.pas.0000213307.05811.f0�
https://doi.org/10.1097/01.pas.0000213307.05811.f0�
https://doi.org/10.1016/j.humpath.2011.01.024�
https://doi.org/10.1097/PAS.0b013e31815c0417�
https://doi.org/10.6004/jnccn.2010.0116.25�
https://doi.org/10.6004/jnccn.2010.0116.25�
https://doi.org/10.1111/den.12149�
https://doi.org/10.1111/den.12149�
https://doi.org/10.1245/s10434-015-4517-0�
https://doi.org/10.1245/s10434-015-4517-0�
https://doi.org/10.1055/s-2007-1021545�
https://doi.org/10.1055/s-2007-1021545�


Paganini AM et al.56

	28.	 Dumonceau JM, Polkowski M, Larghi A, Vilmann P, Giovannini M, Frossard JL, et al. Indications, 
results, and clinical impact of endoscopic ultrasound (EUS)-guided sampling in gastroenterol-
ogy: European Society of Gastrointestinal Endoscopy (ESGE) Clinical Guideline. Endoscopy. 
2011;43(10):897–909. https://doi.org/10.1055/s-0030-1256754

	29.	 Nishida T, Hirota S, Yanagisawa A, Sugino Y, Minami M, Yamamura Y, et al. Clinical practice guide-
lines for gastrointestinal stromal tumor (GIST) in Japan: English version. Vol. 13, Int J Clin Oncol. 
2008;13:416–430. https://doi.org/10.1007/s10147-008-0798-7

	30.	 Fletcher CDM, Berman JJ, Corless C, Gorstein F, Lasota J, Longley BJ, et al. Diagnosis of gastro-
intestinal stromal tumors: A consensus approach. Hum Pathol. 2002;33(5):459–65. https://doi.
org/10.1053/hupa.2002.123545

	31.	 Miettinen M, Wang ZF, Lasota J. DOG1 Antibody in the Differential Diagnosis of Gastrointestinal 
Stromal Tumors A Study of 1840 Cases [Internet]. 2009. Am J Surg Pathol. 2009;33(9):1401–8. 
https://doi.org/10.1097/PAS.0b013e3181a90e1a

	32.	 Miettinen M, Lasota J. Gastrointestinal stromal tumors: Pathology and prognosis at different sites. 
Semin Diagn Pathol. 2006;23(2):70–83. https://doi.org/10.1053/j.semdp.2006.09.001

	33.	 Joensuu H. Risk stratification of patients diagnosed with gastrointestinal stromal tumor. Hum Pathol. 
2008;39(10):1411–9. https://doi.org/10.1016/j.humpath.2008.06.025

	34.	 Wang D, Zhang Q, Blanke CD, Demetri GD, Heinrich MC, Watson JC, et al. Phase II trial of neoad-
juvant/adjuvant imatinib mesylate for advanced primary and metastatic/recurrent operable gastro-
intestinal stromal tumors: Long-term follow-up results of radiation therapy oncology group 0132. 
Ann Surg Oncol. 2012;19(4):1074–80. https://doi.org/10.1245/s10434-011-2190-5

	35.	 Rutkowski P, Gronchi A, Hohenberger P, Bonvalot S, Schöffski P, Bauer S, et al. Neoadjuvant imatinib 
in locally advanced gastrointestinal stromal tumors (GIST): The EORTC STBSG experience. Ann Surg 
Oncol. 2013;20(9):2937–43. https://doi.org/10.1245/s10434-013-3013-7

	36.	 McCarter MD, Antonescu CR, Ballman K v., Maki RG, Pisters PWT, Demetri GD, et al. Microscopically 
positive margins for primary gastrointestinal stromal tumors: Analysis of risk factors and tumor recur-
rence. J Am Coll Surg. 2012;215(1):53–9. https://doi.org/10.1016/j.jamcollsurg.2012.05.008

	37.	 van Glabbeke M. Comparison of two doses of imatinib for the treatment of unresectable or metastatic 
gastrointestinal stromal tumors: A meta-analysis of 1,640 patients. J Clin Oncol. 2010;28(7):1247–53. 
https://doi.org/10.1200/JCO.2009.24.2099

	38.	 George D Demetri, Allan T van Oosterom, Christopher R Garrett, Martin E Blackstein, Manisha H Shah, 
Jaap Verweij, et al. Effi cacy and safety of sunitinib in patients with advanced gastrointestinal stromal 
tumour after failure of imatinib: a randomised controlled trial. Lancet. 2006;368((9544)):1329–38. 
https://doi.org/10.1016/S0140-6736(06)69446-4

	39.	 George S, Blay JY, Casali PG, le Cesne A, Stephenson P, DePrimo SE, et al. Clinical evaluation of contin-
uous daily dosing of sunitinib malate in patients with advanced gastrointestinal stromal tumour after 
imatinib failure. Eur J Cancer. 2009;45(11):1959–68. https://doi.org/10.1016/j.ejca.2009.02.011

	40.	 Wang W, Liu CX, Niu Q, Wang AL, Shi N, Ma FZ, et al. OTSC assisted EFTR for the treatment of GIST: 
40 cases analysis. Minim Invasive Ther Allied Technol. 2022;31(2):238–245. https://doi.org/10.1080/
13645706.2020.1781190

	41.	 Solaini L, Cavaliere D, Fico V, Milone M, de Pascale S, Desiderio J, et al. Open versus laparoscopic ver-
sus robotic gastric gastrointestinal stromal tumour resections: A multicentre cohort study. Int J Med 
Robot. 2021;17(2):e2198. https://doi.org/10.1002/rcs.2198

	42.	 Inaba CS, Dosch A, Koh CY, Sujatha-Bhaskar S, Pejcinovska M, Smith BR, et al. Laparoscopic versus 
open resection of gastrointestinal stromal tumors: survival outcomes from the NCDB. Surg Endosc. 
2019;33(3):923–32. https://doi.org/10.1007/s00464-018-6393-8

	43.	 Mazer L, Worth P, Visser B. Minimally invasive options for gastrointestinal stromal tumors of the 
stomach. Surg Endosc. 2021;35(3):1324–30. https://doi.org/10.1007/s00464-020-07510-x

	44.	 Morales-Conde S, Alarcón I, Ortiz-Moyano C, Barranco A, Padillo FJ, Socas M. Intragastric Endoscopic 
Assisted Single Incision Surgery for Gastric Leiomyoma of the Esophagogastric Junction. Case Rep 
Gastrointest Med. 2013;2013:1–4. https://doi.org/10.1155/2013/391430

	45.	 Chen K, Zhou YC, Mou YP, Xu XW, Jin WW, Ajoodhea H. Systematic review and meta-analysis 
of safety and efficacy of laparoscopic resection for gastrointestinal stromal tumors of the stomach. 
Surg Endosc. 2015;29(2):355–67. https://doi.org/10.1007/s00464-014-3676-6

https://doi.org/10.1055/s-0030-1256754�
https://doi.org/10.1007/s10147-008-0798-7�
https://doi.org/10.1053/hupa.2002.123545�
https://doi.org/10.1053/hupa.2002.123545�
https://doi.org/10.1097/PAS.0b013e3181a90e1a�
https://doi.org/10.1053/j.semdp.2006.09.001�
https://doi.org/10.1016/j.humpath.2008.06.025�
https://doi.org/10.1245/s10434-011-2190-5�
https://doi.org/10.1245/s10434-013-3013-7�
https://doi.org/10.1016/j.jamcollsurg.2012.05.008�
https://doi.org/10.1200/JCO.2009.24.2099�
https://doi.org/10.1016/S0140-6736(06)69446-4�
https://doi.org/10.1016/j.ejca.2009.02.011�
https://doi.org/10.1080/13645706.2020.1781190�
https://doi.org/10.1080/13645706.2020.1781190�
https://doi.org/10.1002/rcs.2198�
https://doi.org/10.1007/s00464-018-6393-8�
https://doi.org/10.1007/s00464-020-07510-x�
https://doi.org/10.1155/2013/391430�
https://doi.org/10.1007/s00464-014-3676-6�

