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A guide for the diagnosis and management
of gastrointestinal stromal cell tumors

Paul S. Sepe and William R. Brugge

Abstract | Gastrointestinal stromal cell tumors (GISTs) are the most common mesenchymal neoplasm of the
gastrointestinal tract and are frequently detected on routine endoscopy. Although only ~10-30% of GISTs

are clinically malignant, all may have some degree of malignant potential. Preoperative determination of
malignancy risk can be estimated from tumor size and location, but reliable histopathologic criteria are not
currently available. Given such biological uncertainty, accurate diagnosis is essential to differentiate these
lesions from other truly benign, subepithelial tumors. Endoscopic ultrasound-guided fine-needle aspiration
has emerged as an important procedure to secure a tissue diagnosis of a GIST. When encountering GISTs,
gastroenterologists are faced with challenging management decisions, especially in the face of small,
incidentally discovered lesions. The majority of localized GISTs are managed via surgical resection, although a
select few may be observed using serial endoscopic ultrasound examinations. This Review provides a general
overview of GISTs, with an emphasis on their endoscopic diagnosis, the management of localized disease, and
the management of incidentally discovered GISTs.
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Introduction

Gastrointestinal stromal cell tumors (GISTs) are the
most common mesenchymal neoplasm of the gastro-
intestinal tract and are thought to originate from the
interstitial cells of Cajal, which regulate gastrointestinal
motility. In the medical literature, GISTs have been con-
fused with true smooth muscle neoplasms because of
their similar appearance by light microscopy. In the past
10 years or so, immunohistochemical staining for the
tyrosine kinase, c-kit (also known as CD117), has shown
the presence of this receptor in approximately 95% of
GISTs,! thereby allowing differentiation from other
mesenchymal spindle-cell neoplasms. C-Kkit is a trans-
membrane receptor that is activated by the binding of
KIT ligand—a stem cell factor. Approximately 75-80%
of GISTs have KIT mutations, while 8% have mutations
in the platelet-derived growth factor receptor, o poly-
peptide gene (PDGFRA) encoding a c-kit-homologous
receptor tyrosine kinase.>* Mutations in these genes
cause functional changes in the protein that lead to
ligand-independent constitutional activation.

The clinical presentation of GISTs can range from
symptomatic gastrointestinal bleeding or abdominal pain,
to incidental discovery during an endoscopy performed
for other reasons.* Approximately 10-30% of GISTs are
clinically malignant,® but all GISTs are known to have
some degree of malignant potential.* Although tumor
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size and location can afford an estimate of the preopera-
tive malignancy risk,"* reliable preoperative histological
tests to predict malignancy are not currently available. In
addition, the majority of the available literature regarding
prognosis provides a biased viewpoint, as most of the
patients in the reported studies presented with clinical
symptoms, large tumors, or metastatic GISTs.*”'° The
above-mentioned difficulty in assessing GIST malignant
potential and prognosis and the increasing incidence of
the ‘incidental GIST” pose particular challenges to gastro-
enterologists, who need to make management decisions
after these lesions are discovered.

This article provides an overview of GIST diagnosis
and treatment, with emphasis on endoscopic diag-
nosis, the management of localized disease, and the
incidental GIST.

Epidemiology

Approximately 4,000-6,000 new cases of GIST are diag-
nosed in the US each year. The reported annual inci-
dence is 11-14.5 cases per 1 million individuals, with
a prevalence of approximately 129 cases per 1 million
individuals.’®!* GISTs most commonly occur in the
stomach (60-70% of cases), followed by the small intes-
tine (20-30%), the colon and rectum (5%), and the
esophagus (<5%)."

Histology

Histomorphologically, most GISTs are composed of
spindle cells, although 20-30% are predominantly com-
posed of epithelioid cells.”* Regardless of morphology,
c-kit expression has emerged as the defining feature of
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Key points

= Gastrointestinal stromal cell tumors are the most common mesenchymal
neoplasm of the gastrointestinal tract and are frequently discovered on routine

endoscopy

= Approximately 10-30% of gastrointestinal stromal cell tumors are clinically
malignant, but all such tumors may have some malignant potential

= Preoperative malignancy risk can be estimated from tumor size and location,
but a set of reliable histologic criteria do not currently exist

= The diagnosis of a gastrointestinal stromal cell tumor can be suggested by
esophagogastroduodenoscopy or endoscopic ultrasonography, but definitive
diagnosis requires tissue acquisition via endoscopic ultrasound-guided
fine-needle aspiration

= Complete surgical resection is the mainstay of treatment for localized disease,
although, for a small subset of patients, surveillance via serial endoscopic
ultrasound examinations can be undertaken

= |matinib therapy is the treatment of choice for locally advanced and metastatic
disease, and can also be used as neoadjuvant therapy before surgical

resection

GIST.? By contrast, other spindle-cell neoplasms of the
gastrointestinal tract do not express c-kit."* GISTs can
also stain positive for the cell surface glycoprotein CD34
(60-70%), smooth muscle actin (30-40%), S100 protein
(5%), and desmin (1-2%)."* Approximately 75-80% of
GISTs display KIT mutations. Of the 20-25% of GISTs
without KIT mutations, about one-third (8% of the total)
display PDGFRA mutations.>"

Clinical presentation

Symptoms

Approximately 70% of GISTs are clinically symptom-
atic.'®! In one large cohort of patients with GISTs, the
most common presenting symptom was gastrointestinal
bleeding (53% of patients). Overt gastrointestinal bleed-
ing occurred in 34% of patients, whereas anemia second-
ary to insidious bleeding was present in 19%.'° Other
common presenting symptoms were abdominal pain or
fullness (32%), or the presence of a palpable mass (13%).
Site-specific symptoms include dysphagia for esopha-
geal GISTs, and rare obstruction and/or perforation for
colonic GISTs.

Incidental GIST

In large, population-based studies, 15-30% of patients
with GISTs were asymptomatic; in these patients, GISTs
were discovered incidentally.*!*!¢ In these studies,
incidental GIST discovery occurred mostly via sur-
gical resection performed for other reasons or by
postmortem examination. In the past 3 years or so,
several studies have noted the existence of subclinical
microscopic gastric GISTs.'”?° Agaimy et al. found
that microscopic gastric GISTs were present in 22.5%
of consecutive autopsies performed on patients aged
50 years or older." Kawanowa et al. reported micro-
scopic GISTSs in 35% of surgically resected whole stom-
achs removed because of gastric carcinoma.?® Given that
endoscopic examination is increasingly being used for

assessment of the upper gastrointestinal tract, the recog-
nition of incidental subepithelial lesions during these
procedures has significantly increased accordingly. One
retrospective study reported a prevalence of subepithelial
gastric masses of 0.36% during routine endoscopy.*
These studies suggest that GISTs are far more common
than has previously been recognized.

Malignant potential

As mentioned earlier, approximately 10-30% of GISTs are
clinically malignant, although the fact that all GISTs
are considered to have some degree of malignant poten-
tial should be kept in mind. GISTs in the small intestine
are more aggressive than those located in the stomach;
malignant behavior is detected in approximately 40-50%
of GISTs in the small intestine and in about 20-25% of
gastric GISTs.! Few data are available on the behavior
of GISTs located in unusual sites, such as the esopha-
gus, colon, and rectum; however, in terms of prognosis,
tumors in these sites should probably be assumed to have
a similar risk profile to that of intestinal GISTs.! One of
the most striking features of GISTs is their variable and
unpredictable behavior. Large, presumed malignant
GISTs can behave in a benign manner, whereas small,
incidentally discovered GISTs can behave in a malig-
nant fashion. Thus, GISTs are not classified as ‘benign’
or ‘malignant, but are rather stratified by the clinical risk
of malignancy associated with them (very low, low, mod-
erate, or high), as determined by tumor size, location,
and number of mitoses identified on surgical histology
(Table 1).° A preoperative estimate of risk can be made
from tumor size and location, but a reliable set of pre-
operative histopathological criteria do not currently exist.
Making a reliable diagnosis of GIST on initial discovery
is particularly important because of the uncertainty
regarding the behavior of these tumors. Differentiation
from other subepithelial tumors is imperative, as the
majority of these neoplasms are truly benign, and may
be managed very differently from GIST.

Diagnostic tools

CT

CT is usually the initial imaging modality used in patients
who present with abdominal symptoms. One study that
looked at the use of CT scans in evaluating suspected
GISTs reported that small GISTs have sharp margins, an
intraluminal growth pattern, and a homogenous density.
By contrast, large lesions have irregular margins, extra-
luminal growth patterns, and inhomogenous density.?
Radiographic features that correlated with aggressive
GISTs were calcification, ulceration, necrosis, cystic
areas, fistula, metastases, ascites, and signs of infiltra-
tion.?? Unfortunately, the usefulness of CT in the evalua-
tion of GIST is limited by the fact that smaller lesions
cannot be easily analyzed. In addition, CT does not allow
accurate evaluation of the gastrointestinal wall layers, a
shortcoming that limits the usefulness of this technique
for differential diagnosis. Thus, CT is mainly reserved for
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Table 1 | Malignancy risk stratification of gastrointestinal stromal cell tumors by tumor size, mitotic count, and location

Size Mitotic count Risk of progressive disease by location (%)?
Gastric Jejunal/lleal Duodenal Rectal

<2cm <5 per 50 HPFs None (0) None (0) None (0) None (0)

>2cm, <5cm <5 per 50 HPFs Very low (1.9) Low (4.3) Low (8.3) Low (8.5)

>5cm, <10cm <5 per 50 HPFs Low (3.6) Moderate (24) (Insufficient data) (Insufficient data)
>10cm <5 per 50 HPFs Moderate (12) High (52) High (34) High (57)

<2cm >5 per 50 HPFs None (0)° High (50)° (Insufficient data) High (54)

>2cm, <5cm >5 per 50 HPFs Moderate (16) High (73) High (50) High (52)

>5cm, <10cm >5 per 50 HPFs High (55) High (85) (Insufficient data) (Insufficient data)
>10cm >5 per 50 HPFs High (86) High (90) High (86) High (71)

2Defined as metastasis or tumor-related deaths. ®Denotes tumor categories with very few patients. Abbreviation: HPFs, microscopic high-power field in tissue
sections. Permission obtained from Elsevier © Miettinen, M. & Lasota, J. Semin. Diagn. Pathol. 23, 70-83 (2006).

the characterization of large GISTs or for the assessment
of metastatic spread.

PET

GISTs are metabolically active, and thus take up the
PET imaging agent "*F-fluorodeoxyglucose, a radio-
labeled, synthetic analog of glucose. Traditionally, PET
imaging has been mainly used to determine the stage
of advanced disease, when planning surgery, and in
assessing response to imatinib therapy. Serial PET scans
have also become standard-of-care to monitor tumor
response to therapy. A 2005 study of 10 patients with
gastric GIST reported a significant correlation between
8E-fluorodeoxyglucose uptake and mitotic index but not
tumor diameter.” These results led authors to suggest
that *F-fluorodeoxyglucose uptake is a predictor of the
malignancy potential of a GIST.? However, before PET
becomes a standard tool to characterize malignant risk
before surgery, further studies will need to be performed
to validate these findings.

Endoscopy

The majority of subepithelial gastrointestinal lesions
are discovered on endoscopy. Typically, subepithelial
lesions present as a bulge in the gastrointestinal tract,
with smooth, intact, normal overlying mucosa. When
encountering such formations, possible etiologies
include mesenchymal tumors (GISTs, leiomyomas, leio-
myosarcomas, glomus tumors, lipomas, liposarcomas,
hemangiomas, neuromas, granular cell tumors), vascular
structures (aneurysms, varices), cysts, pseudocysts, neo-
plasms of adjacent organs, and even extramural struc-
tures (in up to 30% of all cases presenting as subepithelial
masses).** " Standard forceps are usually unsuitable for
collecting adequate tissue samples for diagnosis because
of the subepithelial location of these tumors. Some clini-
cians have advocated the use of stacked, or bite-on-bite
biopsies, but the diagnostic yield of this approach is
poor, in the range of 17-42%.%>*° Important imaging
features that help narrow the differential diagnosis
include lesion size, location, color, overlying mucosa,

Figure 1 | Esophagogastroduodenoscopy image of a
gastrointestinal stromal cell tumor showing a mass with
smooth, intact, normal overlying mucosa. The arrow points
to the tumor.

and compression characteristics. GISTs are the most
common subepithelial gastrointestinal lesions, and they
are usually characterized by an oval or smooth shape,
normal overlying mucosa with occasional ulceration,
location in the stomach or small intestine, and a firm
consistency on compression (Figure 1). One prospec-
tive study compared the performance characteristics of
endoscopy with those of endoscopic ultrasonography
(EUS) in the diagnosis of gastrointestinal subepithelial
masses.?* Esophagogastroduodenoscopy (EGD) corre-
lated well with EUS in determining the size of intramural
lesions, but performed poorly in the determination of
extramural lesion size. Diagnosis using EGD was correct
in only 39% of cases. Given the poor accuracy and speci-
ficity of EGD, and the inability to obtain adequate tissue
by using standard forceps biopsy, further evaluation of
gastrointestinal subepithelial masses with EUS is, there-
fore, usually warranted following EGD to obtain an
accurate diagnosis.
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Figure 2 | Endoscopic ultrasonography images of gastrointestinal stromal cell
tumors. a | The classic findings of a round, hypoechoic mass, located in the
fourth sonographic layer. b | The high-risk features of a large mass with irregular
borders (arrow).

EUS

EUS can help to further characterize subepithelial lesions
by providing information regarding tumor size, shape,
which gastrointestinal wall layer it originated from, tumor
border, and internal composition. Classic EUS features of a
GIST are a dark or hypoechoic appearance, a round to oval
shape, and a location in the fourth sonographic wall layer,
which corresponds to the muscularis propria (Figure 2a).
The tumor border is usually smooth and well defined,
although large or clinically malignant GISTs can display
an irregular contour. The tissue can be heterogeneous or
homogenous, and the masses can occasionally exhibit
features of echogenic foci, cystic spaces, or ulceration.
Leiomyomas may present with similar characteristics, but
these tumors are predominantly located in the esophagus,
and are rare in the stomach or small intestine.

Several trials have examined the ability of EUS to differ-
entiate GISTs from other subepithelial tumors. Hunt et al.
found that subepithelial tumors were more likely to be
GISTs than c-kit-negative tumors when they were larger
than 4 cm, or displayed ulcerations or cystic spaces. When
using these criteria, the calculated diagnostic sensitivity
for GIST was 64.7% and the specificity was 91.7%.> This
study also reported that subepithelial tumors located in
the stomach or small intestine were GISTs in 80.0% of
cases. Subepithelial tumors located in the esophagus were
GISTs in only 11.1% of cases. If tumors located in the
stomach or small intestine were considered to be GISTs,
whereas tumors located in the esophagus were consid-
ered to be non-GISTs, the diagnostic sensitivity and speci-
ficity would be 94% and 67%, respectively.*"*> Brand et al.
reported a sensitivity and specificity of 95% and 72%,
respectively, for the simplified diagnostic criterion that
“..all hypoechoic lesions not originating in the submucosa
[are GISTs].*>* Okai et al. also suggested that the pres-
ence of a marginal halo and the finding of relatively high
echogenicity (as compared with the surrounding proper
muscle layer) on EUS might suggest the diagnosis of a
GIST, but the sensitivity of these criteria was very low.*

In spite of the promising studies described above, the
usefulness of EUS imaging alone for the diagnosis of
subepithelial masses has been called into question. EUS
performs better than EGD in evaluating gastrointestinal

subepithelial lesions, but the diagnostic accuracy of EUS
imaging alone has been shown to be as low as 43%.** In
addition, studies have shown interobserver agreement to
be poor, and the diagnostic accuracy to depend heavily
on the experience of the endosonographer.’

EUS to assess malignant potential

Despite limitations in the use of EUS imaging alone to
make the diagnosis of a GIST, the characteristics of the
subepithelial lesions as viewed via EUS can be used to
assist in predicting malignant potential. Chak et al. found
that features predictive of malignant submucosal tumors
were diameter >4 cm, irregular extraluminal border,
echogenic foci, and cystic spaces.’® When the presence
of at least two of the following three features were used
as malignancy determinants—irregular border, echo-
genic foci, and cystic spaces—sensitivity ranged from
80% to 100%, depending on the endosonographer.* The
likelihood of malignancy when all three features were
absent was between 0% and 11%.% Palazzo et al. found
that presence of an irregular extraluminal margin, cystic
spaces, and lymph nodes with a malignant pattern were
predictive of malignancy risk.*” Presence of at least one
of these three features as criterion for malignancy had a
sensitivity of 91%, a specificity of 88%, and a positive pre-
dictive value of 83%. Brand et al. showed that using any
two of the three following criteria for malignancy, hetero-
genous echotexture, size >3 cm, and irregular margins,
had a sensitivity of 80% and specificity of 77%.%

A 2007 study by Jeon et al. examined exclusively c-kit-
positive gastric GISTs and found that the EUS features of
mass size >3 cm, irregular borders, mucosal ulceration,
or a non-oval shape suggested the lesions were at high
risk of malignancy.®® Shah et al. performed a similar
analysis and found that tumor size >5cm, the presence
of an irregular extraluminal border, local invasion, and
heterogeneity were predictive of malignancy risk.”

The above studies are retrospective and provide some-
what conflicting results that have not been validated in
prospective series. An abstract by Nickl et al.*” represents
the only available report of a large, prospective study to
date assessing EUS features predictive of malignancy
risk in GISTs. This study found that size 23 cm, surface
ulceration, a nonoval shape, and the presence of irregu-
lar or indistinct margins were associated with high-risk
lesions. Notably, echogenic foci and cystic spaces were
not associated with malignant potential. Given that this
study was only published as an abstract, we are left to
draw our own conclusions from a conflicting body of
literature. Large tumor size and irregular border have
been associated with malignancy risk in the majority of
studies, and thus they should be considered as indicators
of malignancy when encountered (Figure 2b). Variables
such as ulceration, cystic spaces, echogenic foci, and
heterogeneity have proven less consistent than tumor size
and irregular border in their ability to predict malignancy
risk. Thus, the endosonographer should recognize that,
although EUS imaging may aid in identifying malignant
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potential, the predictive accuracy of this methodology
has not been well defined.

EUS-guided fine-needle biopsy

As EUS imaging characteristics alone lack sufficient
specificity and accuracy in the diagnosis of GIST,
acquisition of tissue for histological analysis has become
the standard-of-care. The options for sampling a GIST
include jumbo forceps biopsy using the bite-on-bite
technique, endoscopic submucosal resection, EUS-
guided fine-needle aspiration, EUS-guided Tru-cut®
(Allegiance Healthcare Corp., McGaw Park, IL) biopsy,
laparoscopic or laparotomic excision, and percutaneous
biopsy. Laparoscopic or laparotomic excision is the stan-
dard approach for lesions that are not amenable to endo-
scopic sampling.*! Percutaneous biopsy is not usually
recommended because of the possible risk of tumor
rupture and peritoneal spread. Forceps biopsy and endo-
scopic submucosal resection are not feasible sampling
techniques because of their poor tissue yield and the
risk of perforation,?** respectively. Current guidelines
of the National Comprehensive Cancer Network,* and of
the American Gastroenterological Association® state
that EUS-guided sampling of GIST tumors is the pre-
ferred sampling technique. This approach entails use of
fine-needle aspiration or core biopsy, and usually relies
on cytology. This strategy enables the collection of suffi-
cient subepithelial tissue to provide a cytologic diagnosis
of a ‘spindle’ or ‘epithelioid’ neoplasm (Figure 3), as well
as to perform immunohistochemical staining for c-kit
for definitive diagnosis (Figure 4).

EUS-guided fine-needle aspiration

EUS-guided fine-needle aspiration (EUS-FNA) has
been proven to provide enough cytologic material for
diagnosis, with many large studies supporting its use in
sampling lymph nodes, the pancreas, and extraintestinal
masses.**° Although these studies included only a small
number of patients with GISTs, they were able to demon-
strate that EUS-guided sampling was safe and effective
in this setting. Several studies have assessed the efficacy
of EUS-FNA for the diagnosis of subepithelial tumors.
Ando et al. retrospectively examined 49 patients with sub-
epithelial tumors originating in the fourth sonographic
layer.’! The overall tissue yield of EUS-FNA in sampling
subepithelial tumors was 91.8%, and the calculated sensi-
tivity for the diagnosis of a GIST was 95%. The diagnostic
accuracy of immunohistochemical analysis on EUS-FNA
specimens was 91%, compared with 77% accuracy when
EUS features alone were examined. Vandernoot et al.
collected tissue samples from 62 intramural and extra-
mural masses and reported a sensitivity, specificity, and
diagnostic accuracy of EUS-FNA of 89%, 88%, and 89%,
respectively.® Akahoshi et al. reported biopsy data on 53
patients with subepithelial lesions undergoing EUS-FNA,
and reported a diagnostic yield of 82% for this tech-
nique.*® A 2009 retrospective study evaluated 38 surgi-
cally resected, histologically confirmed, c-kit-positive

Figure 3 | Cytology smear showing spindle cells from a
tissue sample collected by endoscopic ultrasonography-
guided fine-needle aspiration.

Figure 4 | Cell block specimen showing diffuse brown
staining for c-kit immunohistochemistry from a tissue
sample collected by endoscopic ultrasonography-guided
fine-needle aspiration.

GISTs.> The diagnostic yield and sensitivity of preopera-
tive EUS-FNA was found to be 78.4%. Notably, the pres-
ence of an onsite cytopathologist to immediately review
the adequacy of samples has been shown to improve
diagnostic yield and has proven to be cost-effective.”>¢

The use of EUS-FNA has its limitations, including
its inability to determine malignant potential on cyto-
logical specimens, and an inadequate tissue yield in up
to 33.3% of samples.”” Nevertheless, the performance of
EUS-FNA for the diagnosis of GIST compares favorably
with other well-accepted indications of this procedure,
such as sampling pancreatic lesions and lymph nodes.
Presently, EUS-FNA has proven to be the most accu-
rate and reliable method to secure a diagnosis of GIST.
As performance of EUS-FNA is good, but not excel-
lent, more studies are needed to further characterize
alternative sampling techniques.
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Localized GIST

X Yes
Symptomatic? Resect
No
’ Ye
Mass size >2cm? =S Resect
No
- Yes
Suspicious EUS features?2 Resect
No

Consider EUS surveillance®

Figure 5 | Proposed algorithm for the management of
localized gastrointestinal stromal cell tumors. ®Possible
high-risk endoscopic ultrasonography features include
irregular border, cystic spaces, ulceration, echogenic foci,
and heterogeneity. "Endoscopic ultrasonography
surveillance should only be considered after a thorough
discussion with the patient regarding the risks and
benefits. Abbreviations: EUS, endoscopic ultrasonography;
GIST, gastrointestinal stromal cell tumor.

EUS-guided Tru-cut® biopsy
EUS-guided core needle biopsy using a 19-gauge Tru-
cut® needle has been proposed to overcome some of the
limitations of EUS-FNA. The Tru-cut® needle is a spring-
loaded device that yields an actual core of tissue rather
than individual cells or small groups of cells. The use of
tissue cores enables immunohistochemical staining, as
well as affording the theoretical benefit of preoperative
assessment of malignancy risk. The device functions well
in the esophagus, rectum, and stomach. However, given
that it relies on triggering a spring-loaded cutting sheath,
its use is limited in the fundus, antrum, and duodenal
bulb, because of the echoendoscope angulation interfer-
ing with its deployment.*® Preliminary reports that have
examined the diagnostic accuracy of Tru-cut® biopsies
have been promising, in particular regarding its use in
the diagnosis of subepithelial lesions.*®* In this sub-
group of lesions, implementation of EUS-guided Tru-
cut® biopsy provided an accurate tissue diagnosis in
80% of patients, compared with a diagnostic accuracy of
20% achieved using EUS-FNA.® However, the number
of GISTs in these studies was extremely small, totaling
five in one study® and two in the other.*® In addition,
one follow-up study failed to demonstrate a significant
difference in accuracy between the two modalities, and
reported mediastinitis and bleeding to be complications
associated with Tru-cut® biopsy.®! Technical problems
with Tru-cut® deployment were also reported.® Other
studies have provided conflicting results.5>-¢*

Given anatomical limitations, the risk of complications,
and conflicting results reported by studies performed to

date, EUS-guided Tru-cut® biopsy is usually reserved for
collecting samples from lesions that cannot be adequately
sampled by EUS-FNA and that are in a location suitable
for Tru-cut® deployment.

Fine-needle biopsy predictors of malignancy
Several factors have been studied in an effort to provide
preoperative cytologic risk assessment. One study showed
that the presence of mitoses in specimens collected by
fine-needle aspiration were associated with malignant
GISTs.” However, mitoses are seldom seen on smears.
The same study also found that a high Ki-67 labeling
index, a protein marker of cell proliferation, was signifi-
cantly associated with malignant lesions. However, large,
prospective studies have not been performed to vali-
date the usefulness of this marker. Since 2001, KIT and
PDGFRA mutation analysis has been proven possible using
EUS-guided cell block specimens.®**” As KIT mutation
analysis has prognostic importance and can be predictive
of response to treatment,*®-72 its preoperative determina-
tion may help to guide the approach to treatment in
locally advanced and metastatic disease. The clinical
role of such testing is currently being investigated.

Management of GISTs

Localized GISTs

The management of localized GISTs remains contro-
versial, as no prospective studies addressing this subject
have been published. Some experts recommend surgical
removal of all GISTs, regardless of their size, because of
the uncertainty surrounding the issue of their malignant
potential. However, as the incidental discovery of GISTs
on routine endoscopy is increasingly frequent, the resec-
tion of all neoplasms may not be feasible. Figure 5 illus-
trates an algorithmic approach we propose to aid in the
management of localized GISTs.

Surgical resection

In the majority of cases, resection is the primary treat-
ment for localized GISTs. The primary goal of surgery is
complete tumor removal with clear resection margins.
Avoidance of tumor rupture is imperative, as its occur-
rence has been shown to be associated with a high risk of
intra-abdominal dissemination and a poor prognosis.”
Routine lymphadenectomy does not seem necessary as
nodal metastasis is rare.” The location of the lesion dic-
tates the type of surgery that should be performed. In
cases of esophageal, small intestinal, and rectal GISTs,
wedge resections are not usually feasible, and thus wide
resections are the surgery of choice.” As GISTs are most
commonly found in the stomach, we will focus on the
surgical approach to GISTs in this location. Gastric
wedge resection is the procedure performed most
frequently, and we recommend it as the treatment of
choice. However, in some cases, tumor size and location
may be an indication for an extensive surgery, includ-
ing partial or total gastrectomy. In the past few years,
laparoscopic wedge resection, which is less invasive than
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the traditional technique, has been studied, and it has
demonstrated promising results with regard to efficacy,
safety profile, and length of hospitalization.”"* Short and
long-term outcome in these studies have been equivalent
to the open surgical approach. Guidelines suggest that
laparoscopic wedge resection may be used for tumors
<5cm.” When planning the surgical removal of a GIST,
the choice between an open gastric wedge resection and
a laparoscopic wedge resection should be made by the
individual surgeon, and it is usually based on personal
experience and institutional preference.

Following complete resection, guidelines of the
National Comprehensive Cancer Network suggest
abdominal and pelvic CT scan surveillance every
3-6 months for 3-5 years, and annually thereafter.”
Less frequent surveillance than this may be acceptable
for small tumors (<2 cm).

EUS surveillance

Although the majority of GISTs should be resected, for
a small subset of patients, EUS surveillance may be the
best option. No large, prospective studies have assessed
the safety of EUS surveillance for patients with GISTs;
however, one small case series reported the follow-up of
25 subepithelial tumors over a mean period of 19 months.
This study found that 24 of 25 lesions (96%) remained
stable with regard to size and EUS features. One lesion in
this study increased in diameter from 30 mm to 38 mm
and became irregular and nonhomogenous during follow-
up. This lesion was subsequently identified as a GIST of
high malignant potential at resection.**** Guidelines
differ slightly in their recommendations regarding the
use of EUS surveillance in this setting. The American
Gastroenterological Association recommends removal of
all GISTs with diameter >3 cm, as well as tumors <3 cm
with concerning endosonographic features (for example,
an irregular border, presence of cystic spaces, echogenic
foci, heterogeneity).** The National Comprehensive
Cancer Network recommends removal of all GISTs with
size 22 cm,” whereas the European Society for Medical
Oncology recommends removal of all GISTs >2cm.*
All guidelines recognize that the management of small,
incidentally discovered GISTs remains controversial.
Taken together, these guidelines suggest that surveil-
lance is probably a safe approach for the management of
the asymptomatic patient with an incidentally discovered
small GIST (<2 cm), which does not display suspicious
endosonographic features.** Although an irregular border
is, aside from size, the only high-risk feature recognized
for GISTs by the majority of available studies, additional
features, such as cystic spaces, ulcerations, echogenic
foci, and heterogeneity have been shown to be predictive
of high risk in some patient series.”>*¢-** Thus, the pres-
ence of any of the above characteristics should probably
suggest a surgical approach and preclude EUS surveil-
lance as a primary management strategy. Monitoring with
EUS should also be considered for elderly patients
with significant comorbidities and a high surgical risk.

Given the dearth of data on the safety and limitations
of an EUS surveillance strategy, a thorough discus-
sion with the patient regarding the possible malignant
potential of all GISTs, as well as the risks and benefits of
serial examinations versus surgical resection, should be
undertaken before proceeding with this approach. When
opting for EUS surveillance, the gastroenterologist should
be aware that compliance with serial examinations has
been shown to be low. The study by Nickl and colleagues
demonstrated that only 50% of patients completed
even one follow-up surveillance examination.*

Optimal timing of surveillance has not been investi-
gated, and the frequency of EUS examination should,
therefore, be selected on a case by case basis. The most
common frequency selected is 1 year,* although more
frequent surveillance may be necessary depending on the
clinical scenario.

Endoscopic resection

Endoscopic resection of GISTs, which are located in the
muscularis propria, is rarely implemented because of
an inability to obtain a complete resection, and because
implementation of this procedure is associated with a
high rate of complications (for example, bleeding and
perforation). Several small case series have studied
varying techniques, including endoscopic submucosal
resection, endoscopic submucosal dissection, endo-
scopic band ligation, and endoscopic enucleation using
an insulated-tip electrosurgical knife.®>-* Efficacy and
complication rates varied in these studies, and follow-
up was limited. The uncertainty associated with the
adequacy of resection, and the high complication rates
associated with these procedures, means they do not have
arole in the management of GIST.

Locally advanced or metastatic GISTs

An in-depth discussion on the management of locally
advanced and metastatic GISTs is beyond the scope of
this article. However, since 2000, treatment options have
been changed substantially by the development of imatinib
mesylate, a selective inhibitor of certain tyrosine kinases,
including c-kit and the platelet-derived growth factor recep-
tor, a polypeptide.®® In the setting of locally advanced or
metastatic GISTs, patients should be referred to an oncolo-
gist for discussion regarding initiation of imatinib therapy.*’
In the case of localized, large GISTs that are initially con-
sidered unresectable, neoadjuvant imatinib therapy may be
implemented for 6-12 months before surgery to increase
the chance of complete resection and to decrease morbid-
ity.#! Imatinib may also be useful as an adjuvant therapy
after surgery.*! In a 2006 study, sunitinib, another tyrosine
kinase inhibitor, has been shown to be useful in patients
with advanced GIST after failure of imatinib therapy.”
Imaging can be used to monitor response to tyrosine
kinase inhibitor therapy. Performing a CT scan, and pos-
sibly a PET scan, is recommended within 3 months of ini-
tiating therapy,” and serially thereafter with the frequency
of scans dictated by the response to treatment.
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Conclusions

The diagnosis and management of GISTs represent a
unique challenge to gastroenterologists. This Review
has attempted to provide an overview of GISTs, with an
emphasis on the endoscopic diagnosis and the manage-
ment of localized disease. As large, prospective studies
have not been performed to help guide GIST manage-
ment, the diagnostic and therapeutic approach to the
small, incidental GIST is mostly empirical and extra-
polated from small case series. Future studies will need
to focus on alternative sampling methods to provide core
tissue, the preoperative determination of malignancy
risk, and the role of minimally invasive endoscopic
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“subepithelial tumor”, “endoscopic ultrasound”,
“endoscopic ultrasonography”, “EUS”, “endoscopic
ultrasound-guided fine-needle aspiration”, “fine-

needle aspiration”, “Tru-cut® biopsy”, and “endoscopic
submucosal resection”, both alone and in combination.
Original articles, reviews, practical guidelines, letters,
editorials, and their reference lists were considered.
There were no language restrictions. Emphasis was

placed on randomized, controlled trials, and reviews were

therapeutic interventions.

Miettinen, M. & Lasota, J. Gastrointestinal
stromal tumors: review on morphology, molecular
pathology, prognosis, and differential diagnosis.
Arch. Pathol. Lab. Med. 130, 1466-1478 (2006).
Heinrich, M. C. et al. PDGFRA activating mutations
in gastrointestinal stromal tumors. Science 299,

Hirota, S. et al. Gain-of-function mutations of c-kit
in human gastrointestinal stromal tumors.

Miettinen, M., Sobin, L. H. & 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. 29, 52-68

Miettinen, M., Sarlomo-Rikala, M. & Lasota, J.
Gastrointestinal stromal tumors: recent advances
in understanding of their biology. Hum. Pathol. 30,

Miettinen, M. & Lasota, J. Gatrointestinal stromal
tumors: pathology and prognosis at different
sites. Semin. Diagn. Pathol. 23, 70-83 (2006).
Besana-Ciani, I., Boni, L., Dionigi, G.,

Benevento, A. & Dionigi, R. Outcome and long
term results of surgical resection for
gastrointestinal stromal tumors (GIST). Scand.

Dematteo, R. P et al. Tumor mitotic rate, size, and
location independently predict recurrence after
resection of primary gastrointestinal stromal
tumor (GIST). Cancer 112, 608-615 (2008).
DeMatteo, R. P et al. Two hundred gastrointestinal
stromal tumors: recurrence patterns and
prognostic factors for survival. Ann. Surg. 231,

Nilsson, 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 103, 821-829 (2005).
Tryggvason, G., Gislason, H. G., Magnusson, M. K.
& Jonasson, J. G. Gastrointestinal stromal
tumors in Iceland, 1990-2003: the Icelandic
GIST study, a population-based incidence and
pathologic risk stratification study. Int. J. Cancer

Miettinen, M. & Lasota, J. Gastrointestinal
stromal tumors—definition, clinical, histological,
immunohistochemical, and molecular genetic
features and differential diagnosis. Virchows Arch.

1.
2.

708-710 (2003).
3.

Science 279, 577-580 (1998).
4.

(2005) (2005).
5.

1213-1220 (1999).
6.
7.

J. Surg. 92, 195-199 (2003).
8.
9.

51-58 (2000).
10.
11.

117, 289-293 (2005).
12.

438,1-12 (2001).
13.

Dong, Q., McKee, G., Pitman, M., Geisinger, K. &
Tambouret, R., Epithelioid variant of
gastrointestinal stromal tumor: diagnosis by fine-

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

needle aspiration. Diagn. Cytopathol. 29, 55-60
(2003).

Fletcher, C. D. et al. Diagnosis of gastrointestinal
stromal tumors: a consensus approach. Hum.
Pathol. 33, 459-465 (2002).

Hirota, S. et al. Gain-of-function mutations of
platelet-derived growth factor receptor a gene in
gastrointestinal stromal tumors. Gastroenterology
125, 660-667 (2003).

Tryggvason, G. et al. Clinical study on
gastrointestinal stromal tumors (GIST) in Iceland,
1990-2003. Dig. Dis. Sci. 52, 2249-2253
(2007).

Abraham, S. C., Krasinskas, A. M.,

Hofstetter, W. L., Swisher, S. G. & Wu, T. T.
“Seedling” mesenchymal tumors
(gastrointestinal stromal tumors and
leiomyomas) are common incidental tumors of
the esophagogastric junction. Am. J. Surg. Pathol.
31, 1629-1635 (2007).

Agaimy, A. et al. Microscopic gastrointestinal
stromal tumors in esophageal and intestinal
surgical resection specimens: a clinicopathologic,
immunohistochemical, and molecular study of 19
lesions. Am. J. Surg. Pathol. 32, 867-873 (2008).
Agaimy, A. et al. Minute gastric sclerosing stromal
tumors (GIST tumorlets) are common in adults
and frequently show c-KIT mutations. Am. J. Surg.
Pathol. 31,113-120 (2007).

Kawanowa, K. et al. High incidence of microscopic
gastrointestinal stromal tumors in the stomach.
Hum. Pathol. 37, 1527-1535 (2006).

Hedenbro, J. L., Ekelund, M. & Wetterberg, P
Endoscopic diagnosis of submucosal gastric
lesions. The results after routine endoscopy.
Surg. Endosc. 5,20-23 (1991).

Ghanem, N. et al. Computed tomography in
gastrointestinal stromal tumors. Eur. Radiol. 13,
1669-1678 (2003).

Kamiyama, Y. et al. ‘F-fluorodeoxyglucose
positron emission tomography: useful technique
for predicting malignant potential of
gastrointestinal stromal tumors. World J. Surg.
29, 1429-1435 (2005).

Hwang, J. H. et al. A prospective study comparing
endoscopy and EUS in the evaluation of Gl
subepithelial masses. Gastrointest. Endosc. 62,
202-208 (2005).

Motoo, Y. et al. Endoscopic ultrasonography in the
diagnosis of extraluminal compressions
mimicking gastric submucosal tumors.
Endoscopy 26, 239-242 (1994).

Nickl, N. J. Endoscopic approach to
gastrointestinal stromal tumors. Gastrointest
Endosc. Clin. N.Am. 15, 455-466 (2005).

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

cited in areas where there were no marked updates.

Nickl, N. J. et al. Clinical implications of
endoscopic ultrasound: the American
endosonography club study. Gastrointest. Endosc.
44,371-377 (1996).

Rosch, T. et al. Accuracy of endoscopic
ultrasonography in upper gastrointestinal
submucosal lesions: a prospective multicenter
study. Scand. J. Gastroenterol. 37, 856-862
(2002).

Hunt, G. C., Smith, PP & Faigel, D. O. Yield of
tissue sampling for submucosal lesions
evaluated by EUS. Gastrointest. Endosc. 57,
68-72 (2003).

Cantor, M. J., Davila, R. E. & Faigel, D. O. Yield of
tissue sampling for subepithelial lesions
evaluated by EUS: a comparison between
forceps biopsies and endoscopic submucosal
resection. Gastrointest. Endosc. 64, 29-34
(20086).

Hunt, G. C., Rader, A. E. & Faigel, D. O.

A comparison of EUS features between CD-117
positive GI stromal tumors and CD-117 negative
Gl spindle cell tumors. Gastrointest. Endosc. 57,
469-474 (2003).

Polkowski, M. Endoscopic ultrasound and
endoscopic ultrasound-guided fine-needle biopsy
for the diagnosis of malignant submucosal
tumors. Endoscopy 37, 635-645 (2005).

Brand, B. et al. Impact of endoscopic ultrasound
for evaluation of submucosal lesions in
gastrointestinal tract. Dig. Liver Dis. 34, 290-297
(2002).

Okai, T. et al. Endosonographic evaluation of
c-kit-positive gastrointestinal stromal tumor.
Abdom. Imaging 28, 301-303 (2003).

Gress, F. et al. Interobserver agreement for EUS
in the evaluation and diagnosis of submucosal
masses. Gastrointest. Endosc. 53, 71-76
(2001).

Chak, A. et al. Endosonographic differentiation of
benign and malignant stromal cell tumors.
Gastrointest. Endosc. 45, 468-473 (1997).
Palazzo, L. et al. Endosonographic features
predictive of benign and malignant
gastrointestinal stromal cell tumours. Gut 46,
88-92 (2000).

Jeon, S. W. et al. Gastrointestinal stromal tumors
of the stomach: endosonographic differentiation
in relation to histological risk. J. Gastroenterol.
Hepatol. 22, 2069-2075 (2007).

Shah, B, Gao, F., Edmundowicz, S. A., Azar, R. R.
& Early, D. S. Predicting malignant potential of
gastrointestinal stromal tumors using
endoscopic ultrasound. Dig. Dis. Sci.
doi:10.1007/s10620-008-0484-0487 (2008).

370 | JUNE 2009 | VOLUME 6

© 2009 Macmillan Publishers Limited. All rights reserved

www.hature.com/nrgastro



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Nickl, N. et al. Hypoechoic intramural tumor
study: final report [Abstract]. Gastrointest.
Endosc. 55, AB98 (2002).

Casali, R G. et al. Gastrointestinal stromal
tumors: ESMO clinical recommendations for
diagnosis, treatment and follow-up. Ann. Oncol.
19 (Suppl. 2), ii35-ii38 (2008).

Demetri, G. D. et al. NCCN clinical practice
guidelines in oncology soft tissue sarcoma.
http://www.nccn.org/professionals
physician_gls/PDF/sarcoma.pdf (2009).
Hwang, J. H., Rulyak, S. D. & Kimmey, M. B.
American Gastroenterological Association
Institute technical review on the management of
gastric subepithelial masses. Gastroenterology
130, 2217-2228 (2006).

Chhieng, D. C. et al. Endoscopic ultrasound-
guided fine-needle aspiration biopsy: a study of
103 cases. Cancer 96, 232-239 (2002).
Eloubeidi, M. A. et al. Yield of endoscopic
ultrasound-guided fine-needle aspiration biopsy
in patients with suspected pancreatic
carcinoma. Cancer 99, 285-292 (2003).
Giovannini, M., Seitz, J. F.,, Monges, G.,

Perrier, H. & Rabbia, |. Fine-needle aspiration
cytology guided by endoscopic ultrasonography:
results in 141 patients. Endoscopy 27,
171-177 (1995).

Shin, H. J., Lahoti, S. & Sneige, N. Endoscopic
ultrasound-guided fine-needle aspiration in 179
cases: the M. D. Anderson Cancer Center
experience. Cancer 96, 174-180 (2002).
Wiersema, M. J., Vilmann, R, Giovannini, M.,
Chang, K. J. & Wiersema, L. M.
Endosonography-guided fine-needle aspiration
biopsy: diagnostic accuracy and complication
assessment. Gastroenterology 112,
1087-1095 (1997).

Wiersema, M. J., Wiersema, L. M., Khusro, Q.,
Cramer, H. M. & Tao, L. C. Combined
endosonography and fine-needle aspiration
cytology in the evaluation of gastrointestinal
lesions. Gastrointest. Endosc. 40, 199-206
(1994).

Williams, D. B. et al. Endoscopic ultrasound
guided fine needle aspiration biopsy: a large
single centre experience. Gut 44, 720-726
(1999).

Ando, N. et al. The diagnosis of Gl stromal
tumors with EUS-guided fine needle aspiration
with immunohistochemical analysis.
Gastrointest. Endosc. 55, 37-43 (2002).
Vander Noot, M. R. et al. Diagnosis of
gastrointestinal tract lesions by endoscopic
ultrasound-guided fine-needle aspiration biopsy.
Cancer 102, 157-163 (2004).

Akahoshi, K. et al. Preoperative diagnosis of
gastrointestinal stromal tumor by endoscopic
ultrasound-guided fine needle aspiration. World
J. Gastroenterol. 13, 2077-2082 (2007).

Sepe, P et al. Endoscopic ultrasound-guided
fine-needle aspiration for the diagnosis of
gastrointestinal stromal cell tumors:

sensitivity and cytologic yield. Gastrointest.
Endosc. (in press).

Klapman, J. B., Logrono, R., Dye, C. E. &
Waxman, I. Clinical impact of on-site
cytopathology interpretation on endoscopic
ultrasound-guided fine needle aspiration. Am. J.
Gastroenterol. 98, 1289-1294 (2003).

Pellise Urquiza, M. et al. Endoscopic ultrasound-
guided fine needle aspiration: predictive factors
of accurate diagnosis and cost-minimization
analysis of on-site pathologist. Gastroenterol.
Hepatol. 30, 319-324 (2007).

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Rodriguez, S. A. & Faigel, D. O. Endoscopic
diagnosis of gastrointestinal stromal cell
tumors. Curr. Opin. Gastroenterol. 23, 539-543
(2007).

Levy, M. J. & Wiersema, M. J. EUS-guided Tru-cut
biopsy. Gastrointest. Endosc. 62, 417-426
(2005).

Gines, A. et al. Prospective study of a Tru-cut
needle for performing EUS-guided biopsy with
EUS-guided FNA rescue. Gastrointest. Endosc. 62,
597-601 (2005).

Levy, M. J., Jondal, M. L., Clain, J. &

Wiersema, M. J. Preliminary experience with an
EUS-guided Tru-cut biopsy needle compared with
EUS-guided FNA. Gastrointest. Endosc. 57,
101-106 (2003).

Varadarajulu, S. et al. Comparison of EUS-guided
19-gauge Tru-cut needle biopsy with EUS-guided
fine-needle aspiration. Endoscopy 36, 397-401
(2004).

Aithal, G. P et al. EUS-guided tissue sampling:
comparison of “dual sampling” (Tru-cut biopsy
plus FNA) with “sequential sampling” (Tru-cut
biopsy and then FNA as required). Endoscopy 39,
725-730 (2007).

Storch, I. et al. Advantage of EUS Tru-cut biopsy
combined with fine-needle aspiration without
immediate on-site cytopathologic examination.
Gastrointest. Endosc. 64, 505-511 (2006).
Wittmann, J., Kocjan, G., Sgouros, S. N.,
Deheragoda, M. & Pereira, S. P Endoscopic
ultrasound-guided tissue sampling by combined
fine needle aspiration and Tru-cut needle biopsy:
a prospective study. Cytopathology 17,27-33
(2006).

Gomes, A. L., Bardales, R. H., Milanezi, F.,,

Reis, R. M. & Schmitt, F. Molecular analysis of
c-Kit and PDGFRA in GISTs diagnosed by EUS.
Am. J. Clin. Pathol. 127, 89-96 (2007).

Rader, A. E. et al. Fine-needle aspiration biopsy
diagnosis of gastrointestinal stromal tumors
using morphology, immunocytochemistry, and
mutational analysis of c-kit. Cancer 93, 269-275
(2001).

Willmore-Payne, C., Layfield, L. J. & Holden, J. A.
¢-KIT mutation analysis for diagnosis of
gastrointestinal stromal tumors in fine needle
aspiration specimens. Cancer 105, 165-170
(2005).

Debiec-Rychter, M. et al. KIT mutations and dose
selection for imatinib in patients with advanced
gastrointestinal stromal tumours. Eur. J. Cancer
42,1093-1103 (2006).

Heinrich, M. C. et al. Molecular correlates of
imatinib resistance in gastrointestinal stromal
tumors. J. Clin. Oncol. 24, 4764-4774 (2006).
Heinrich, M. C. et al. Kinase mutations and
imatinib response in patients with metastatic
gastrointestinal stromal tumor. J. Clin. Oncol. 21,
4342-4349 (2003).

Singer, S. et al. Prognostic value of KIT mutation
type, mitotic activity, and histologic subtype in
gastrointestinal stromal tumors. J. Clin. Oncol. 20,
3898-3905 (2002).

Lasota, J. & Miettinen, M. Clinical significance of
oncogenic KIT and PDGFRA mutations in
gastrointestinal stromal tumours. Histopathology
53, 245-266 (2008).

Demetri, G. D. et al. NCCN Task Force report:
management of patients with gastrointestinal
stromal tumor (GIST)—update of the NCCN
clinical practice guidelines. J. Natl Compr. Canc.
Netw. 5 (Suppl. 2), 1-29 (2007).

Blay, J. Y. et al. Consensus meeting for the
management of gastrointestinal stromal tumors.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

REVIEWS

Report of the GIST Consensus Conference of
20-21 March 2004 under the auspices of ESMO.
Ann. Oncol. 16, 566-578 (2005).

Bedard, E. L., Mamazza, J., Schlachta, C. M. &
Poulin, E. C. Laparoscopic resection of
gastrointestinal stromal tumors: not all tumors
are created equal. Surg. Endosc. 20, 500-503
(2006).

Catena, F. et al. Laparoscopic treatment of gastric
GIST: report of 21 cases and literature’s review.
J. Gastrointest. Surg. 12, 561-568 (2008).
Choi, S. M. et al. Laparoscopic wedge resection
for gastric GIST: long-term follow-up results. Eur.
J. Surg. Oncol. 33, 444-447 (2007).

Huguet, K. L. et al. Laparoscopic gastric
gastrointestinal stromal tumor resection:

the Mayo clinic experience. Arch. Surg. 143,
587-590 (2008).

Lai, . R., Lee, W. J. & Yu, S. C. Minimally invasive
surgery for gastric stromal cell tumors:
intermediate follow-up results. J. Gastrointest.
Surg. 10, 563-566 (20086).

Nguyen, S. Q., Divino, C. M., Wang, J. L. &
Dikman, S. H. Laparoscopic management of
gastrointestinal stromal tumors. Surg. Endosc.
20, 713-716 (2006).

Novitsky, Y. W., Kercher, K. W., Sing, R. F. &
Heniford, B. T. Long-term outcomes of
laparoscopic resection of gastric gastrointestinal
stromal tumors. Ann. Surg. 243, 738-745
(2006).

Rivera, R. E., Eagon, J. C., Soper, N. J.,
Klingensmith, M. E. & Brunt, L. M. Experience
with laparoscopic gastric resection: results and
outcomes for 37 cases. Surg. Endosc. 19,
1622-1626 (2005).

Melzer, E. & Fidder, H. The natural course of
upper gastrointestinal submucosal tumors:

an endoscopic ultrasound survey. Isr. Med.
Assoc. J. 2,430-432 (2000).

Hwang, J. H. & Kimmey, M. B. The incidental
upper gastrointestinal subepithelial mass.
Gastroenterology 126, 301-307 (2004).

Lee, I. L. et al. Endoscopic submucosal
dissection for the treatment of intraluminal
gastric subepithelial tumors originating from the
muscularis propria layer. Endoscopy 38,
1024-1028 (2006).

Park, Y. S. et al. Endoscopic enucleation of
upper-Gl submucosal tumors by using an
insulated-tip electrosurgical knife. Gastrointest.
Endosc. 59, 409-415 (2004).

Sun, S., Ge, N., Wang, C., Wang, M. & LU, Q.
Endoscopic band ligation of small gastric stromal
tumors and follow-up by endoscopic
ultrasonography. Surg. Endosc. 21,574-578
(2007).

Zhou, R H., Yao, L. Q. & Qin, X. Y. Endoscopic
submucosal dissection for gastrointestinal
stromal tumors: a report of 20 cases. Zhonghua
Wei Chang Wai Ke Za Zhi 11, 219-222 (2008).
Demetri, G. D. et al. Efficacy and safety of
imatinib mesylate in advanced gastrointestinal
stromal tumors. N. Engl. J. Med. 347, 472-480
(2002).

Buchdunger, E. et al. Abl protein-tyrosine kinase
inhibitor STI571 inhibits in vitro signal
transduction mediated by c-kit and platelet-
derived growth factor receptors. J. Pharmacol.
Exp. Ther. 295, 139-145 (2000).

Demetri, G. D. et al. Efficacy and safety of
sunitinib in patients with advanced
gastrointestinal stromal tumour after failure of
imatinib: a randomised controlled trial. Lancet
368, 1329-1338 (2006).

NATURE REVIEWS ‘ GASTROENTEROLOGY & HEPATOLOGY

© 2009 Macmillan Publishers Limited. All rights reserved

VOLUME 6 | JUNE 2009 | 371



http://www.nccn.org/professionals/ physician_gls/PDF/sarcoma.pdf
http://www.nccn.org/professionals/ physician_gls/PDF/sarcoma.pdf

	A guide for the diagnosis and management of gastrointestinal stromal cell tumors
	Abstract | Gastrointestinal stromal cell tumors (GISTs) are the most common mesenchymal neoplasm of the gastrointestinal tract and are frequently detected on routine endoscopy. Although only ~10–30% of GISTs are clinically malignant, all may have some degree of malignant potential. Preoperative determination of malignancy risk can be estimated from tumor size and location, but reliable histopathologic criteria are not currently available. Given such biological uncertainty, accurate diagnosis is essential to differentiate these lesions from other truly benign, subepithelial tumors. Endoscopic ultrasound-guided fine-needle aspiration has emerged as an important procedure to secure a tissue diagnosis of a GIST. When encountering GISTs, gastroenterologists are faced with challenging management decisions, especially in the face of small, incidentally discovered lesions. The majority of localized GISTs are managed via surgical resection, although a select few may be observed using serial endoscopic ultrasound examinations. This Review provides a general overview of GISTs, with an emphasis on their endoscopic diagnosis, the management of localized disease, and the management of incidentally discovered GISTs.
	Introduction
	Epidemiology
	Histology
	Competing interests
	Key points
	Clinical presentation
	Diagnostic tools
	Table 1 | Malignancy risk stratification of gastrointestinal stromal cell tumors by tumor size, mitotic count, and location
	Figure 1 | Esophagogastroduodenoscopy image of a gastrointestinal stromal cell tumor showing a mass with smooth, intact, normal overlying mucosa. The arrow points to the tumor.
	Figure 2 | Endoscopic ultrasonography images of gastrointestinal stromal cell tumors. a | The classic findings of a round, hypoechoic mass, located in the fourth sonographic layer. b | The high-risk features of a large mass with irregular borders (arrow).
	Figure 3 | Cytology smear showing spindle cells from a tissue sample collected by endoscopic ultrasonography-guided fine-needle aspiration.
	Figure 4 | Cell block specimen showing diffuse brown staining for c-kit immunohistochemistry from a tissue sample collected by endoscopic ultrasonography-guided fine-needle aspiration.
	Figure 5 | Proposed algorithm for the management of localized gastrointestinal stromal cell tumors. aPossible high-risk endoscopic ultrasonography features include irregular border, cystic spaces, ulceration, echogenic foci, and heterogeneity. bEndoscopic ultrasonography surveillance should only be considered after a thorough discussion with the patient regarding the risks and benefits. Abbreviations: EUS, endoscopic ultrasonography; GIST, gastrointestinal stromal cell tumor. 
	Management of GISTs
	Review criteria
	Conclusions



