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ABSTRACT
Gastrointestinal stromal tumors (GISTs) are rare but are the most
common mesenchymal tumor in the gastrointestinal tract. They
arise from a precursor cell in the myenteric plexus, and most
tumors express a characteristic CD117 antigen, which is part of
a tyrosine kinase receptor. This finding has led to the
development of novel chemotherapeutic agents targeted at
these receptors and has revolutionized the treatment of these
tumors, which had been historically disappointing. Surgery is
recommended for tumors .2 cm in size and even has a role in
metastatic disease. The approach to tumors ,2 cm in size is
more controversial, as these lesions tend to be less aggressive,
but the true malignant potential of GISTs can only be determined
by surgical resection and histologic evaluation.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the

most common mesenchymal tumor of the gastroin-
testinal tract. However, they only constitute approx-
imately 1% of all primary GI tumors. They may occur
anywhere in the GI tract from esophagus to anus, and
rarely in the omentum and mesentery adjacent to the
GI tract. GISTs are most commonly found in the
stomach (60%–70%) and small intestine (20%–30%).
Colorectal (5%) and esophageal (,5%) tumors are
less often encountered.1

The neoplastic GIST cells appear to originate from
a precursor cell lineage in the myenteric plexus which
also differentiates into the interstitial cells of Cajal.2–4

EPIDEMIOLOGY
Older epidemiologic data, such as that from the

National Cancer Institute’s Surveillance, Epidemiolo-
gy, and End Results registry, may be inaccurate
because of misclassification of GISTs as smooth
muscle tumors.5–11 Nevertheless, the data suggest
the incidence of GISTs to be about 10 to 20 cases per
million per year.1,9,11 However, the incidence of very
small subcentimeter GISTs may be much higher. Two
small studies demonstrated the presence of micro-
scopic GISTs in resected stomachs in up to 35% of
patients.12,13 This finding has led some experts to
believe that most small GISTs do not progress to a
clinically relevant size with malignant potential.14

Symptomatic GISTs typically do not occur before
the 6th decade of life, and asymptomatic tumors may
go completely undetected until autopsy, if at all.8,9,15

There may be a small male predominance.8,16,17 Up to
30% of GISTs may be malignant at the time of
diagnosis.1

PATHOGENESIS AND HISTOLOGY
Morphologically, GISTs can range in size from a

diameter of a few millimeters to extremely large
masses measuring more than 30 cm. They generally
appear as a single, well-circumscribed submucosal
mass but may also form polypoid serosal or mucosal
masses. Multiple tumors at different sites in the GI
tract should raise a suspicion of familial GISTs.14

GISTs are histologically defined as spindle cell,
epithelioid, or sometimes pleomorphic tumors arising
from the GI stroma/mesenchyma. The differential
diagnosis of these stromal tumors is broad and
includes leiomyoma, leiomyosarcoma, malignant mel-
anoma, schwannoma, malignant peripheral nerve
sheath tumor, desmoid tumor, inflammatory myofi-
broblastic tumor, solitary fibrous tumor, sarcomatoid
carcinoma, neuroendocrine carcinoma, and angiosar-
coma. GISTs, however, have a characteristic immu-
nohistochemical pattern in that almost all (95%)
express the CD117 antigen, which is part of the c-
kit tyrosine kinase receptor.1,14 Most other GI mes-
enchymal tumors are negative for CD117, although
some sarcomas (angiosarcomas, Ewing’s sarcoma),
seminomas, and metastatic melanoma and small cell
lung carcinoma can also be immunopositive for c-
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kit.18,19 A small percentage of GISTs (,5%) will not
stain for CD117 (c-kit). The diagnosis of GIST in these
cases is more challenging, and clinical factors such as
tumor location and morphology are strongly consid-
ered. In addition, some GISTs also stain positive for
other markers such as CD34 (60%–70%) and smooth
muscle actin (30%–40%). Finally, gene mutation
analysis can assist in the diagnosis, as about 80%
of GISTs have a mutation in the KIT tyrosine kinase
gene, and a smaller subset (5%–7%) will have a
mutation in the platelet-derived growth factor
(PDGFRA) tyrosine kinase gene.14,18,20–25

CLINICAL PRESENTATION
GISTs are often incidentally detected during

endoscopic or radiographic studies or during surgery
for other conditions.1 Symptomatic esophageal GISTs
usually present with dysphagia or as a mediastinal
tumor.26 Symptomatic gastric and small bowel GISTs
usually present with nonspecific complaints such as
early satiety and bloating. Occasionally they can
ulcerate and bleed, or grow large enough to cause
pain or obstruction.17,27,28 Symptomatic colorectal
GISTs may present with lower GI bleeding, perfora-
tion, pain, or obstruction. An externally palpable mass
may rarely be present with malignant GISTs.1 Para-
neoplastic production of insulin-like growth factor II
leading to severe hypoglycemia has been described
in rare cases.29

The most common location of metastatic GIST is
in the liver and peritoneum. Lung metastases are rare,
although this is the most common site of metastatic
disease for other soft tissue mesenchymal tu-
mors.20,30,31

GISTs may also present as part of a rare
syndrome in young women named ‘‘Carney’s triad,’’
which includes primarily gastric GISTs, paraganglio-
ma, and pulmonary chondroma. The GISTs in this
syndrome can exhibit different behavior from other
GISTs in that they can be quite indolent even after
metastasizing.32 Another distinct autosomal dominant
familial syndrome consisting of multicentric paragan-
gliomas and multifocal GIST tumors has also been
seen in young men and women.33

DIAGNOSIS
As mentioned previously, GISTs are often inci-

dentally found during investigation for unrelated
problems. Contrast-enhanced computed tomography
(CT) (or occasionally magnetic resonance imaging) is
the imaging modality of choice to further evaluate an
abdominal mass or nonspecific abdominal symptoms.
GISTs usually appear as hyperdense enhancing solid
mass lesions with IV contrast. Occasionally they may
appear heterogeneous if there is necrosis, hemor-

rhage, or degeneration within a very large tumor.14,34

When a small tumor is found on endoscopy, CT
should be used to determine extent of the primary
lesion or presence of metastases.14

FDG (18fluoro-deoxy-glucose)-positron emission
tomography (PET) scan can add information on tumor
metabolic activity, which can be of value since
changes in activity often precede anatomic changes
on CT. Combined PET/CT allows for matching and
fusing any abnormal FDG activity to an anatomic
finding. FDG-PET may be quite valuable in detecting
unapparent metastases or an otherwise unknown
primary site, and for assessing response to chemo-
therapy. For the patient with a large mass who is at
high risk of metastases (Table 1), FDG-PET scan is
recommended for staging. FDG-PET can also be used
to determine whether tumor growth seen on CT is
from actual tumor progression, which would likely
have increased metabolic activity, or from tumor
hemorrhage/edema.14

Endoscopically, GISTs, like other subepithelial
masses in the GI tract, generally have normal-
appearing mucosa overlying the lesion. They usually
appear smooth with tapered margins along the edges
of the lesion (Figures 1 and 2). Changing patient
position and air insufflation/deflation can help the
endoscopist to distinguish if the mass is from external
compression.36 GIST size is important in manage-
ment; however, endoscopic visualization generally
underestimates tumor size.37–39 Cold biopsy forceps
can be used to estimate the size of the lesion,
although this is usually underestimated by visual
inspection alone.37–39 Forceps can also be used to
obtain biopsy specimens and determine mass mobil-
ity and consistency. Gentle pressure with the closed
forceps does not reveal a ‘‘pillow sign,’’ which is a
soft indentation of the wall commonly associated with
lipomas. Unfortunately, endoscopic biopsies usually
do not obtain sufficient tissue for definitive diagno-
sis.36,40

Radiologic imaging and routine endoscopic visu-
alization have significant limitations in correctly
diagnosing a GIST. These modalities cannot identify
the different histologic layers of the bowel wall, and
therefore are limited in their ability to differentiate
between different causes of intramural masses.36

Furthermore, a recent study reported that the sensi-
tivity and specificity of correctly distinguishing an
intramural lesion from extramural compression with
endoscopy alone was 87% and 29%, respectively.41

Ultimately, endoscopic ultrasound is the most
accurate method of reaching a specific diagnosis of a
subepithelial lesion. For the purposes of this article,
focus will be placed specifically on endoscopic
ultrasound (EUS) diagnosis of GISTs only. Sonograph-
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ically, GISTs most commonly arise from the hypo-
echoic 4th layer of the gastrointestinal tract, which is
the level of the muscularis propria. Rarely they can
arise from the muscularis mucosa (2nd layer) (Fig-
ures 3 and 4). They are usually homogeneous with
well-defined margins, although liquefaction necrosis,
connective tissue deposition, and cystic or hyaline
degeneration can change the appearance.37,42,43

Because the differential diagnosis of a hypo-
echoic submucosal mass arising from the muscularis
propria is broad, a definitive diagnosis of GIST can
only be made histologically. Endoscopic biopsy with
cold forceps typically is not helpful as usually only

mucosal (not submucosal) specimens are obtained.
However, EUS-guided fine needle aspiration (EUS-
FNA) with a 22-gauge needle or core needle biopsy
using a 19-gauge Trucut needle can target the lesion
to secure a specimen for cytologic or core tissue
examination, respectively. As mentioned, GISTs usu-
ally express unique immunohistochemical markers
such as CD-117 (kit) and CD34, among others.
Subsequently, multiple studies have established that
GISTs can be reliably diagnosed using both cytomor-
phologic and immunohistochemical staining features
of cytologic material or core tissue specimens
obtained at EUS-FNA.44–56

Figure 1. Endoscopic appearance of a gastric GIST in the
antrum.

Figure 2. Endoscopic appearance of a gastric GIST in the
fundus.

Table 1. Risk Stratification of Primary GISTs (Reprinted with permission from Miettinen, M. Gastrointestinal stromal tumors:
Pathology and prognosis at different sites. Semin Diagn Pathol. 2006;23:70–83.)35

Group

Tumor Parameters
% of Patients with Progressive Disease During Long-term Follow Up and

Characterization of Risk for Metastasis

Size Mitotic Rate Gastric GISTs Jejunal and Ileal GISTs Duodenal GISTs Rectal GISTs

1 #2 cm #5 per 50 HPFs 0 none 0 none 0 none 0 none
2 .2 # 5 cm #5 per 50 HPFs 1.9 very low 4.3 low 8.3 low 8.5% low
3a .5 # 10 cm #5 per 50 HPFs 3.6 low 24 moderate
3b .10 cm #5 per 50 HPFs 12 moderate 52 high 34 high{ 57{ high{
4 #2 cm .5 per 50 HPFs 0{ 50{ 1 54 high
5 .2 # 5 cm .5 per 50 HPFs 16 moderate 73 high 50 high 52 high
6a .5 # 10 cm .5 per 50 HPFs 55 high 85 high
6b .10 cm .5 per 50 HPFs 86 high 90 high 86 high{ 71 high{

* Based on previously published long-term follow-up studies on 1055 gastric, 629 small intestine, 144 duodenal, and 111 rectal GISTs.12,15,18,30

{ Denotes tumor categories with very small numbers of cases.

{ Groups 3a and 3b or 6a and 6b are combined in duodenal and rectal GISTs because of small number of cases.

1 No tumors of such category were included in the study. Note that small intestinal and other intestinal GISTs show a markedly worse prognosis in many mitosis and size

categories than gastric GISTs.
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The general consensus is that essentially all GISTs
have malignant potential.1,57,58 CT or endosono-
graphic features of increased malignancy risk include
tumor size exceeding 3 cm and irregular margins.
There is less agreement among experts on the
prognostic value of other features, including echo-
genic foci, cystic spaces, non-oval shape, heteroge-
neous echotexture, exophytic development, and
ulcerated overlying mucosa. Tumors associated with
enlarged lymph nodes are also more likely to be
malignant.6,42,59 However, CT or sonographic features
alone are usually not sufficient to assess malignancy
risk. Mitotic index of a GIST is an integral part of risk
assessment. In fact, size and mitotic count of a tumor
were the foundation for a consensus approach to risk
stratification of GISTs published in 2002.14,18 Unfor-
tunately, cytology obtained by FNA is insufficient to
evaluate mitotic count, so tissue obtained via surgical
resection is required.56

In addition to size and mitotic count, anatomic
location of the tumor factors into risk stratification. In
general, nongastric primary location is a risk factor for
poorer disease-free survival. Some studies have
shown that in the stomach, the most common site
for GISTs, benign tumors outnumber malignant ones
by up to 5 to 1. On the other hand, most esophageal
and colonic GISTs are malignant.1,9,35,58,60–63 Table 1
summarizes the risk of progressive disease, defined
as metastases or tumor-related death, of GISTs with
regard to size, location, and mitotic index.35

MANAGEMENT
A recent guideline publication by the National

Comprehensive Cancer Network suggests that all
localized, nonmetastatic GISTs $2 cm in size should
be resected.14,35 In general, the goal of surgery is
segmental resection with an intact pseudocapsule
and negative resective margins. Peritumor resection is

associated with a higher risk of local recurrence when
compared with segmental resection.14,64 Thorough
exploration of the abdomen for evidence of metasta-
ses (especially the liver and peritoneal surfaces) is
essential, and careful handling of the tumor is
necessary to avoid rupture. Routine lymph node
resection is not necessary because nodal metastases
are uncommon.14,65

The management of smaller GISTs (,2 cm) is
more controversial. The growth rate and metastatic
potential of these tumors remains unknown. Endo-
scopic resection of small GISTs has been reported
although risk of positive margins and tumor spillage
render this approach contentious.66 Laparoscopic
resection has been described for gastric GISTs with
good results, but data on this surgical approach for
tumors in other locations are limited.14,67,68 Asymp-
tomatic small lesions with benign endosonographic
features may be followed with surveillance; however,
a strategy for such surveillance has not been
established, and as mentioned, the malignant poten-
tial of smaller tumors is not truly known.

Prior to 2001, complete resection of primary
GISTs was not possible in approximately 50% of
patients, resulting in a median survival of only 1 to 2
years.27 Standard cytotoxic chemotherapy regimens
have shown significantly dire response rates (0%–5%)
for unresectable or metastatic disease.67–72 Treat-
ment of these tumors was revolutionized, however, by
the subsequent finding that mutational activation of
KIT or PDGFRA stimulated their growth. This led to
the development of specific small molecule inhibitors
of tyrosine kinase such as imatinib mesylate (Gleevec)
and sunitinib malate. Two major phase III trials have
shown, in patients with unresectable or metastatic

Figure 3. Endoscopic ultrasound image of the gastric GIST
seen endoscopically in Figure 1. The tumor arises from
the fourth layer endosonographically. Figure 4. Endoscopic ultrasound image of the gastric GIST

seen endoscopically in Figure 2. The tumor arises from
the fourth layer endosonographically.
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GIST, response rates of about 50% and 1-year
progression-free survival and overall survival rates of
about 70% and 85%, respectively, with imatinib.73,74

The results of these studies led to the 2001 FDA
approval of imatinib mesylate for first-line use with
metastatic or unresectable GISTs.75 Recent long-term
results have shown that nearly 50% of patients with
advanced GISTs treated with imatinib survived for
more than 5 years.76 Patients who are intolerant or
resistant to imatinib may respond to sunitinib malate
(Sutent), which is also an oral tyrosine kinase inhibitor
that is less specific than imatinib. Sunitinib was FDA
approved in January 2006 as second-line use in
patients with advanced GIST.14

In addition to primary therapy for unresectable and
metastatic disease, imatinib mesylate is also recom-
mended as neoadjuvant therapy for both large tumors
and poorly positioned small GISTs that may be
considered marginally resectable on technical
grounds.14,77–82

For primary localized resectable GISTs, standard
of care is surgery followed by postoperative radiologic
surveillance.14 Unfortunately, previous studies have
shown that only about 50% of all patients with
localized resectable GISTs remain free of recurrence
after 5 years, despite complete tumor resection.27,83–93

Several large studies have recently been launched to
evaluate the efficacy of adjuvant imatinib for tumor
recurrence. Preliminary reports from a phase III trial
conducted by the American College of Surgeons
Oncology Group are encouraging. In patients with a
completely resected GIST at least 3 cm in maximal
diameter who received 1 year of adjuvant imatinib vs.
placebo, the recurrence rate was only 3% vs. 17%
after a median of 14 months.94

Surgery may also have a role in recurrent or
metastatic disease in patients with stable disease or
with limited disease progression on tyrosine kinase
inhibitors (TKI) (imatinib or sunitinib). Data from
several studies have led the National Comprehensive
Cancer Network to recommend surgery for 1) disease
that is stable or shrinking on TKI therapy when
complete gross resection is possible; 2) isolated
areas of progressive disease on TKI therapy after
initial response (indicative of secondary drug resis-
tance), while other sites of disease remain stable
(limited disease progression); or 3) emergencies
including hemorrhage, perforation, obstruction, or
abscess. Patients with widespread or diffuse disease
progression on TKI therapy (generalized disease
progression) should have their imatinib dose in-
creased, have their TKI switched to sunitinib, or be
enrolled in clinical trials.14 In patients with isolated
liver metastases, but multifocal bilobar disease
precluding hepatic resection, hepatic artery chemo-

embolization may also have some therapeutic bene-
fit.95–97
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Gastrointestinal stromal tumors in Iceland, 1990–2003: the
Icelandic GIST study, a population-based incidence and pathologic
risk stratification study. Int J Cancer. 2005;117:289–293.

16. Lerma E, Oliva E, Tugués D, Prat J. Stromal tumours of the
gastrointestinal tract: a clinicopathological and ploidy analysis of
33 cases. Virchows Arch. 1994;424:19–24.

17. Ueyama T, Guo KJ, Hashimoto H, Daimaru Y, Enjoji M. A
clinicopathologic and immunohistochemical study of
gastrointestinal stromal tumors. Cancer. 1992;69:947–955.

18. Fletcher CD, Berman JJ, Corless C, et al. Diagnosis of
gastrointestinal stromal tumors: A consensus approach. Hum
Pathol. 2002;33:459–465.

Gerrish, ST

Volume 8, Number 4, Winter 2008 201



19. Dow N, Giblen G, Sobin LH, Miettinen M. Gastrointestinal stromal
tumors: differential diagnosis. Semin Diagn Pathol.
2006;23:111–119.

20. Debiec-Rychter M, Wasag B, Stul M, et al. Gastrointestinal stromal
tumours (GISTs) negative for KIT (CD117 antigen)
immunoreactivity. J Pathol. 2004;202:430–438.

21. Medeiros F, Corless CL, Duensing A, et al. KIT-negative
gastrointestinal stromal tumors: proof of concept and therapeutic
implications. Am J Surg Pathol. 2004;28:889–894.

22. Corless CL, Fletcher JA, Heinrich MC. Biology of gastrointestinal
stromal tumors. J Clin Oncol. 2004;22:3813–3825.

23. Miettinen M, Lasota J. Gastrointestinal stromal tumors: review on
morphology, molecular pathology, prognosis, and differential
diagnosis. Arch Pathol Lab Med. 2006;130:1466–1478.

24. Heinrich MC, Corless CL, Duensing A, et al. PDGFRA activating
mutations in gastrointestinal stromal tumors. Science.
2003;299:708–710.

25. Hirota S, Ohashi A, Nishida T, et al. Gain-of-function mutations of
platelet-derived growth factor receptor alpha gene in
gastrointestinal stromal tumors. Gastroenterology.
2003;125:660–667.

26. Miettinen M, Sarlomo-Rikala M, Sobin LH, Lasota J. Esophageal
stromal tumors: a clinicopathologic, immunohistochemical, and
molecular genetic study of 17 cases and comparison with
esophageal leiomyomas and leiomyosarcomas. Am J Surg Pathol.
2000;24:211–222.

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

28. Ranchod M, Kempson RL. Smooth muscle tumors of the
gastrointestinal tract and retroperitoneum: a pathologic analysis of
100 cases. Cancer. 1977;39:255–262.

29. Pink D, Schoeler D, Lindner T, et al. Severe hypoglycemia caused
by paraneoplastic production of IGF-II in patients with advanced
gastrointestinal stromal tumors: a report of two cases. J Clin Oncol.
2005;23:6809–6811.

30. Potter DA, Glenn J, Kinsella T, et al. Patterns of recurrence in
patients with high-grade soft-tissue sarcomas. J Clin Oncol.
1985;3:353–366.

31. Rydholm A, Berg NO, Gullberg B, Persson BM, Thorngren KG.
Prognosis for soft-tissue sarcoma in the locomotor system. A
retrospective population-based follow-up study of 237 patients.
Acta Pathol Microbiol Immunol Scand [A]. 1984;92:375–386.

32. Horenstein MG, Hitchcock TA, Tucker JA. Dual CD117 expression
in gastrointestinal stromal tumor (GIST) and paraganglioma of
Carney triad: a case report. Int J Surg Pathol. 2005;13:87–92.

33. Carney JA, Stratakis CA. Familial paraganglioma and gastric
stromal sarcoma: a new syndrome distinct from the Carney triad.
Am J Med Genet. 2002;108:132–139.

34. Burkill GJ, Badran M, Al-Muderis O, et al. Malignant
gastrointestinal stromal tumor: distribution, imaging features, and
pattern of metastatic spread. Radiology. 2003;226:527–532.

35. Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology
and prognosis at different sites. Semin Diagn Pathol.
2006;23:70–83.

36. Hwang JH, Kimmey MB. The incidental upper gastrointestinal
subepithelial mass. Gastroenterology. 2004;126:301–307.

37. Sonnenberg A, Giger M, Kern L, et al. How reliable is determination
of ulcer size by endoscopy? Br Med J. 1979;2:1322–1324.

38. Margulies C, Krevsky B, Catalano MF. How accurate are
endoscopic estimates of size? Gastrointest Endosc. 1994;40(2 Pt
1):174–177.

39. Vakil N. Measurement of lesions by endoscopy: an overview.
Endoscopy. 1995;27:694–697.

40. Tio TL, Tytgat GN, den Hartog Jager FC. Endoscopic
ultrasonography for the evaluation of smooth muscle tumors in the
upper gastrointestinal tract: an experience with 42 cases.
Gastrointest Endosc. 1990;36:342–350.
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