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INTRODUCTION 

Gastrointestinal stromal tumors were previously thought to represent smooth 
muscle tumors of the Gl tract and were formerly classified as leiomyomas and 
leiomyosarcomas. Recently, there have been several major scientific advances 
in our understanding of these tumors which have greatly impacted our approach 
to their diagnosis and treatment. Gastrointestinal stromal tumors (GISTs} are 
defined as mesenchymal tumors arising from the gastrointestinal wall, 
mesentery, omentum or retroperitoneum that express the c-kit proto-oncogene 
protein, a cell membrane receptor with tyrosine kinase activity.1

• 
2

• 
3

• 
4

• 
5 This 

expression of c-kit distinguishes GISTs from true leiomyomas, leiomyosarcomas 
and other mesenchymal tumors of the Gl tract. GISTs represent the large 
majority of mesenchymal tumors of the Gl tract and therefore, the earlier 
literature depicting Gl smooth muscle tumors is largely a reflection of GISTs 
rather than true leiomyomas or leiomyosarcomas. 

IMMUNOHISTOCHEMISTRY AND PATHOGENESIS 

The pathologic and clinical differentiation of GISTs from other Gl mesenchymal 
tumors has been a source of great confusion in the past. Most recently, 
immunohistochemical analysis of archived tissue specimens revealed almost 
universal expression of the c-kit proto-oncogene protein in studied GISTs. The c
kit protein, also known as CD117, is now recognized as a highly sensitive and 
specific marker for GISTs that differentiates them from other Gl mesenchymal 
tumors such as leiomyomas, which do not express CD117.6

· 
7 

The c-kit proto-oncogene is located on the long arm of chromosome 4 and it 
encodes a 145 kD transmembrane receptor with internal tyrosine kinase activity .8 

The c-kit receptor ligand is a growth factor known as stem cell factor, and when 
bound, it leads to activation of the receptor and subsequent phosphorylation of a 
series of signal transduction molecules that control intracellular processes 
including gene transcription, cell division, actin reorganization, and chemotaxis. 8

· 
9 (Figure 1) 
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Figure 1. KIT tyrosine kinase is a transmembrane receptor with internal tyrosine 
kinase activity. Binding of the ligand, stem cell factor (SCF), causes dimerization 
of the receptor and turns on a series of intracellular signals resulting in cell 
growth. 

CD117 is also expressed in a wide variety of cell types including the interstitial 
cells of Cajal, hematopoietic stem cells, mast cells, melanocytes, germ cells, 
epithelial breast cells, basal cells of the skin and small cell lung cancer. 10 The 
interstitial cells of Cajal (ICCs), are a complex network of cells within the 
gastrointestinal muscle layers that serve as a pacemaker system that regulates 
gut motility.11 The ICCs, like GISTs, demonstrate strong expression of CD117, 
and their development appears to be dependent on normal c-kit activity. 12

• 
13 

Several studies performed on animals with mutant c-kit genes or mutant forms of 
the gene encoding the c-kit receptor ligand have shown inhibition of the normal 
development of the ICCs and subsequent disruption of gut motility. 11 

Immunohistochemical studies comparing ICCs and GISTs have demonstrated 
identical patterns of staining of a variety of cell antigens, including CD117. 14

• 
15 

Given these structural and immunophenotypic similarities, in 1998, Kindblom et 
al proposed that GISTs originate from the ICCs or may evolve from pluripotential 
stem cells that differentiate towards a pacemaker cell phenotype. 15 

Further investigation of c-kit expression in GISTs led to the discovery of several 
gain-of-function mutations in the c-kit proto-oncogene.16

· 
17

' 
18 These mutations 

result in the constitutive activation of the c-kit tyrosine kinase receptor 
independent of the receptor ligand. This in turn, leads to uncontrolled cell 
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proliferation and inhibition of normal apoptotic cell death. Stable transfection of 
murine lymphoid cells with complementary DNA containing these mutations 
induces autonomous cell growth and malignant transformation of these cells. 
Germline activating mutations have been reported in several families with 
multiple members with benign and malignant GISTs. 19

· 
20

· 
21 The development of 

gain-of-function mutations in the c-kit gene has therefore, been proposed as a 
major mechanism in the pathogenesis of GISTs. 

In addition to c-kit expression, GISTs frequently coexpress CD34, a sialylated 
transmembrane glycoprotein and a hematopoietic progenitor cell antigen found in 
mesenchrmal cells. Approximately 60% to 70% of GISTs are positive for 
CD34.4

' 
2 Currently, immunohistochemical staining for CD34 and CD117 is 

essential for the positive identification and diagnosis of GISTs. In a study of 
nearly 300 GIST cases, Miettinen et al found that over 90% of gastric, 
esophageal and rectal GISTs were positive for CD34. 7 In contrast, CD34 
positivity was found in only 50% of small intestinal GISTs. Unlike typical 
leiomyomas, GISTs are negative for desmin and primarily negative for smooth 
muscle actin (SMA), although a subset of GISTs usually in the small intestine 
may also express SMA. 22 True leiomyomas, which are benign mesenchymal 
tumors typically found in the esophagus, stain positive for desmin and SMA and 
negative for CD117 and CD34. Schwannomas, another class of benign 
mesenchymal tumors which usually develop in the stomach, are CD117 and 
CD34 negative and stain consistently positive for the S100 protein. 

EPIDEMIOLOGY 

The true incidence of GISTs is unknown. Unconfirmed estimates of the annual 
incidence in the United States have been calculated to be as high as 5000 to 
6000 cases per year. 5 Based on the Finnish Cancer Registry data, Miettinen et 
al have estimated that the incidence of malignant GISTs is approximately 4 per 
million in the Southern Finland population.2 GISTs typically present in older 
patients, with a peak incidence in the 5th and 6th decades of life. In general, 
GISTs are rare under the age of 40 and extremely rare in children. Despite this, 
several large case series have reported malignant GISTs in patients less than 40 
years old.2

· 
3

• 
23

• 
24

· 
25

• 
26 GISTs appear to be slightly more common in men than in 

women. An association between GISTs and neurofibromatosis type 1 has been 
reported with patients presenting with multiple GISTs, usually in the small 
intestine.27

· 
28 

CLINICAL PRESENTATION 

Approximately 10% to 30% of GISTs may be completely asymptomatic and are 
incidentally discovered during radiographic studies, endoscopy or surgery 
performed for unrelated reasons. 2

· 
3 In general, symptoms at the time of 

presentation depend on the location and size of the tumor. The majority of 
GISTs occur in the stomach (60%-70%) and small intestine (20%-30%). Less 
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than 10% of all GISTs are found in the esophagus, rectum, colon, mesentery, 
omentum and retroperitoneum. In the esophagus, GISTs are very rare, since the 
large majority of esophageal mesenchymal tumors are true leiomyomas rather 
than GISTs. Dysphagia and weight loss appear to be the most common 
symptoms of esophageal GISTs.29

· 
30 Esophageal tumors have also been 

reported presenting as a mediastinal mass on chest x-ray. 29 GISTs of the 
stomach are usually associated with gastrointestinal bleeding (20%-50%), 
abdominal pain (40%-50%) or a palpable mass (25%-40%).2

• 
24

· 
31

• 
32 

Tumors of the small bowel are more frequent in the jejunum, followed by the 
ileum and duodenum.33 Small bowel GISTs frequently present with Gl bleeding, 
abdominal pain or a palpable mass. 33

• 
34

• 
35

· 
36

• 
37 Rarely, duodenal lesions have 

been reported to cause jaundice.23 Partial or complete intestinal obstruction and 
intussusception can also occur. Ileal tumors presenting with pain or a palpable 
mass can often be mistaken for gynecologic disease in women. 23 

GISTs of the colon are rare, but most often are associated with Gl bleeding, 
abdominal pain, a palpable mass or change in bowel habits.23

· 
38

· 
39 Rectal GISTs 

are more common than esophageal or colonic GISTs. Usually, they cause 
hematochezia, rectal pain or fullness, or may be found incidentally during routine 
prostate or gynecologic examination.40 

Rarely, tumors can arise from the appendix or gallbladder and can mimic acute 
appendicitis or cholecystitis.41

• 
42 Cases of gastrointestinal GISTs perforatin~ and 

causing acute peritonitis, abscesses or ascites have also been reported.23
· 

2 
· 

37
• 

38
• 

43 Primary GISTs of the omentum, mesentery or retroperitoneum are rare and 
can occur without evidence of gastrointestinal involvement. 44 These tumors 
characteristically present as solitary intra-abdominal masses rather than multiple, 
scattered nodular lesions seen in the metastatic spread of primary 
gastrointestinal GISTs. The majority of patients display symptoms of abdominal 
pain or a palpable mass.45 

HISTOLOGIC FEATURES 

The histologic appearances of GISTs can be divided into 3 main categories. 2• 
3

• 
4

· 
5 Approximately 70%- 80% of tumors are of the spindle cell type consisting of 
uniform eosinophilic cells arranged in short fascicles or whorls. In general, the 
spindle cells have a pale eosinophilic cytoplasm with indistinct cell margins, and 
uniform nuclei in an ovoid shape. (Figure 2A) The epithelioid type accounts for 
approximately 20%- 30% of GISTs, and consists of round cells with variable 
eosinophilic to clear cytoplasms. (Figure 28) These tumors tend to also have 
uniform nuclei in a round to ovoid shape and their architecture can sometimes 
appear carcinoid-like. Less than 10% of GISTs can have mixed histology 
exhibiting separate areas of spindle cell and epithelioid cell types. 
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Figure 2. (A) Spindle cell type gastrointestinal stromal tumor (H & E stain; 
original magnification 400x). (B) Epithelioid type gastrointestinal stromal tumor 
(H & E stain; original magnification 400x). Courtesy of Christopher Corless, M.D. 

MALIGNANCY 

The determination of malignancy in GISTs poses a difficult challenge, which 
cannot be resolved by the use of standard histopathologic features. Miettinen et 
al have estimated that up to 30% of all GISTs are malignant. 3 Malignant 
behavior is defined by omental, mesenteric or peritoneal seeding, invasion to 
adjacent organs, tumor recurrence after surgical resection, or metastasis to 
extra-intestinal organs or the abdominal wall. 2

· 
3 The liver is the most common 

site of extra-intestinal metastasis occurring in 50% of malignant tumors, followed 
by the lung (<1 0%) and bone (<1 0%). In general, GISTs do not exhibit lymphatic 
spread and lymphadenopathy is an extremely rare finding. 

In general, all GISTs are considered to have malignant potential, and therefore, 
the term "benign" is no longer ascribed to GISTs. Difficulty in establishing 
malignancy occurs with those tumors presenting without metastasis. Currently, 
there is no single prognostic factor that can be used alone to predict tumor 
behavior. Pathologic factors that have been used to determine malignancy 
include mitotic activity, nuclear pleomorphism, degree of cellularity, nuclear to 
cytoplasmic ratio, tumor size, mucosal invasion, ulceration, and tumor necrosis. 46 

Both mitotic activity and tumor size have been identified as the most useful 
morphologic features in predicting malignant behavior. 47 It is generally accepted 
that tumor size > 5 em is associated with a high risk of metastasis or 
recurrence.46

· 
48 Currently, a mitotic count of> 5 mitoses per 50 high power fields 

(HPF) is considered to be associated with malignant behavior. However, a small 
percentage of GISTs with negligible mitotic activity(< 5/50 HPF) and small size 
i< 5 em) have been reported to metastasize or recur after long term follow-up. 25

· 
9

· 
5° Furthermore, small intestinal GISTs can display unpredictable malignant 
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behavior despite small size and mitotic inactivity, and may also have a worse 
prognosis than gastric tumors with similar size and mitotic count. 51

· 
52 

In April of 2001, the National Institutes of Health convened a GIST Workshop 
including expert pathologists and oncologists. A set of guidelines was proposed 
for defining the risk of malignant behavior in GISTs using tumor size and mitotic 
activity.5 It was also recommended that consideration be given to decreasing the 
size threshold for small intestinal tumors by 1-2 em in each risk category, since 
these tumors may exhibit different behavior than other GISTs throughout the Gl 
tract. 

2.00 ·1 NIH GiST V\/orkshop Gul·delines 
'·r• · D · ··crr·'.-;·lr·· fl(j~!)irq)'~· tl P('i~·lv:r:r I ~· I , I C . I _. •. L f ::J , , .::.: L· 1 , . .J • . , . • I ... 

Size, mm 

Very low risk <20 <5 

2Q-50 $5 

$50 6-10 

5o-100m 55 

>50 >5 

>100 Any mitotic rate 

Any size >10 

In 2006, Miettinen et al published their data on long-term follow-up of more than 
1600 patients with intestinal GISTs.53 Subsequently, Miettinen et al suggested 
new guidelines for the risk stratification of GISTs based not only on tumor size 
and mitotic index, but also on tumor location. The guidelines show that GISTs 
that are~ 2 em in size and have a mitotic index of~ 5 per 50 HPF can be 
deemed to be at no risk of malignant behavior. 
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Size Gastric Duodenum Jejunum/Ileum Rectum 

s 5 per 50 hpf s2cm None (0%) None (0%) None (0%) None (0%) 

s 5 per 50 hpf > 2 s Scm Very low (1.9%) Low(4.3%) Low(8.3o/o) Low(8.5%) 

s 5 per 50 hpf >5s 10cm Low (3.6%) Moderate (24%) (lnsuff. data) (lnsuff. data) 

s 5 per so hpf >10cm Moderate (10%) High (52%) High (34%) High (57%) 

> 5 per 50 hpf s 2cm No net Hight (lnsuff. data) High (54%) 

> 5 per so hpf > 2 s Scm Moderate (16%) High (73%) High (SO%) High (52%) 

> 5 per 50 hpf >Ss 10cm High (55%) High (85%) (lnsuff. data) 

> 5 per 50 hpf >10cm High (86%) High (90%) High (86%) High (71%) 

Abbreviations: GIST, gastrolnte51:1nal stromal tumor. hpf, high poNer fteld; lnsuff, Insufficient 
Adapted from Mlettlnen and Lasota, 2006. Data are based on long-term follow-up of 1055 gastric, 629 small Intestinal, 
144 duodenal, and 111 rectal GISTs. (Miettlnen et al. 2001, 2005, and 2006). 
•Defined as metastasis or tumor-related death. 
tDenotes small numbers of cases. 

OTHER POTENTIAL PROGNOSTIC FACTORS 

Several c-kit gene mutations have been described which result in ligand
dependent activation of the tyrosine kinase. c-kit mutations appear to occur in 
85% to 90% of all GISTs. Mutations in exon 11, which affect the intracellular 
domain of the t¥rosine kinase, appear to be the most common, occurring in up to 
70% of cases. 4 

·
54

· 
55

· 
56 In a study of 124 cases of GISTs, those patients found 

to have exon 11 mutations were significantly more likely to experience recurrent 
disease and had decreased 5-year survival compared to mutation negative 
patients. 57 Mutations in exon 9, which affect the extracellular domain, appear to 
occur in 10% of GISTs, and are associated with small intestinal tumors and more 
aggressive clinical behavior.58

· 
59 In approximately 1% of cases, exon 13 (split 

kinase domain) and exon 17 (kinase activation loop) mutations occur. In a recent 
study by Corless et al of 13 benign, small (S10mm) GISTs in asymptomatic 
patients, 85% of tumors had c-kit mutations, including exon 11 mutations in 77% 
of cases.60 This suggests that c-kit mutations may be acquired early in the 
development of GISTs and may or may not have prognostic implications. 

In approximately 5% to 10% of GISTs, platelet derived growth factor a 
(PDGFRA) mutations are seen involving exons 12, 14, and 18. These mutations 
also result in ligand-independent activation of a similar signal transduction 
pathway. C-kit and PDGFRA mutations are mutually exclusive. Tumors with 
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PDGFRA mutations tend to occur in the stomach, and generally have less 
aggressive behavior.61

' 
62 

Approximately 5% of tumors do not harbor either c-kit or PDGFRA mutations and 
are referred to as "wild-type." These tumors can often be positive for CD117 
despite lack of c-kit mutations. Patients with wild-type GISTs tend to have a poor 
clinical prognosis. Recent reports have shown high expression of insulin-like 
growth factor 1 receptor (IGF1 R) in wild-type GISTs which may suggest that 
IGF1 R has a role in the oncogenesis of wild-type tumors.63

• 
64 

Recent studies looking at gains and losses of genetic material in GISTs have 
demonstrated changes in DNA copy number in malignant tumors. In a study of 
60 cases of GISTs, the absence of chromosomal gains was significantly 
associated with benign behavior.65 Gains and high-level amplifications at 
chromosomes Sp, 8q, 17q, and 20q were exclusively seen in malignant tumors 
and were found to indicate a poor prognosis. Furthermore, losses in 9p, 13q, 
15q and 19q were significantly more frequent in malignant than benign tumors. 
Additional genetic studies of GISTs have demonstrated a loss of heterozygosity 
in region 1 p36 which is associated with a significantly shorter survival.66 These 
results suggest that genetic studies of GISTs may have an important role in 
determining tumor behavior and prognosis 

ENDOSCOPY AND ENDOSCOPIC ULTRASOUND 

On routine endoscopic evaluation, GISTs usually appear as a submucosal lesion 
or a bulge in the lumen with normal overlying mucosa. Occasionally, an area of 
umbilication or mucosal ulceration may be seen. An accurate diagnosis of GIST 
and differentiation from other submucosal lesions, however, cannot be achieved 
by endoscopy alone. Endoscopic ultrasonography (EUS) currently plays a 
crucial role in the evaluation, diagnosis, and potential management of GISTs. 
Typically on EUS, GISTs appear as hypoechoic mass lesions arisin.p from the 
fourth hypoechoic gastrointestinal wall layer or muscularis propria.6 

· 
68

• 
69

· 
70 

GISTs can also arise from the muscularis mucosa and can be seen within the 
second hypoechoic layer or deep mucosa. Occasionally, GISTs can be found in 
the third hyperechoic wall layer or submucosa. In such cases, it is thought that 
these tumors originate from the muscularis mucosa or muscularis propria and 
grow into the submucosa. 71 The majority of GISTs are ovoid or elliptical in 
shape, although they may also be multilobular or pedunculated. 

10 



EUS features may be helpful in identifying malignant tumors. In a study of 35 
benign and malignant GISTs evaluated by EUS, Chak et al found that tumor size 
> 4 em, irregular extraluminal border, echogenic foci, and cystic spaces were all 
independent factors associated with malignancy. 72 However, expert 
ultrasonographers in the study showed poor to fair interobserver agreement 
when interpreting the presence of cystic spaces, irregular borders, and 
echogenic foci. In cases where at least two of these three features were 
present, the sensitivity of EUS for detecting malignancy was as high as 80% to 
100%. Similarly, in a retrospective study of 56 benign and malignant GISTs, 
Palazzo et al showed that the presence of cystic spaces and irregular 
extraluminal margins were independent predictors of malignancy. 73 In addition, 
size$; 3cm, homogeneous echo pattern, and regular margins were EUS features 
associated with benign tumors. The presence of all three features combined had 
a specificity of 100% for benign tumors. 

GISTs may be indistinguishable from true leiomyomas and other Gl 
mesenchymal tumors on EUS. In contrast to GISTs, leiomyomas usually occur 
in the esophagus, colon and rectum, and are rare in the stomach and small 
intestine. Recently, Hunt et al compared the EUS features of CD117 positive 
versus CD117 negative mesenchymal tumors of the upper Gl tract. 74 All17 
CD117 positive tumors were identified as GISTs, and all but one of 12 CD117 
negative tumors were identified as true leiomyomas by tissue histopathology. 
GISTs were more likely to occur in the stomach compared to leiomyomas, which 
were usually found in the esophagus. Size> 4 em, ulceration and the presence 
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of cystic spaces were EUS features associated with a diagnosis of GIST. Eleven 
of 17 GISTs had at least one of these three features. In contrast, only one of 11 
leiomyomas had a size greater than 4cm, and none were found to have 
ulceration or cystic spaces. Despite these findings, the diagnosis of GIST should 
not be ruled in or out based on anatomic location or EUS findings, and a tissue 
diagnosis should be sought. 

Tissue sampling of suspected GISTs is essential for establishing a diagnosis. 
Endoscopic biopsies are generally not helpful in the diagnosis of these tumors, 
as they are usually not within the reach of standard biopsy forceps. An 
alternative may be endoscopic submucosal-mucosal resection (ESMR), which is 
a useful method of obtaining tissue in submucosal lesions. The overall 
diagnostic yield of ESMR is thought to be significantly higher than the yield of 
jumbo biopsy forceps for a variety of submucosal lesions including GISTs.75 In 
addition, ESMR offers a mode of definitive treatment for small tumors (<2cm) 
confined to the submucosa, which can be completely removed at the time of the 
EUS examination.76 However, this technique should not be used in tumors 
involving the muscularis propria given the high risk of perforation, and uncertain 
adequacy of resection. Diagnostic sampling of GISTs in the muscularis propria 
has been described with standard biopsy force~s after stripping of the overlying 
mucosa with a snare and exposing the lesion.7 Other techniques including 
endoscopic band ligation and endoscopic enucleation using an electrosurgical 
insulated-tip knife have been reported but are of unclear efficacy. 

EUS-guided fine needle aspiration (FNA) has been shown to be an effective 
method for obtaining tissue diagnosis. By performing immunohistochemical 
analysis of specimens obtained by EUS-FNA, CD117 expression can be 
determined, which is useful in making the diagnosis of GIST.78 The diagnostic 
yield of EUS-FNA appears to be approximately 85% to 90%. However, EUS
FNA alone is not as helpful when it comes to determining tumor behavior, since 
the histologic features used to determine mali~nancy including mitotic activity, 
are inconsistently present on FNA specimens. 9 The addition of 
immunohistochemical staining for Ki-67, a labeling index that denotes mitotic 
activity and cell proliferation, may be helpful in overcoming this problem. In their 
study of 23 GISTs, Ando et al performed immunohistochemical studies for Ki-67 
on EUS-FNA specimens.80 The use of Ki-67 staining in combination with the 
EUS-FNA cytological results was found to have a sensitivity and specificity of 
100% for malignant GISTs. The prognostic yield of EUS-FNA can also be 
enhanced by performing genetic mutational analysis for the detection of c-kit 
mutations which may have prognostic implications and potentially predict tumor 
response to medical therapy. 79

' 
81 Finally, EUS-guided diagnostic sampling of 

GISTs can also be performed with the EUS Tru-cut needle. The use of this 
device yields a core biopsy tissue specimen in which mitotic activity and other 
histological features can be more consistently identified. Currently, the use of 
Tru-cut biopsy is reserved for cases in which an adequate diagnosis could not be 
obtained by EUS-FNA. 82 
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TREATMENT 

Surgical resection remains the primary treatment of localized GISTs without 
evidence of metastasis.83 Surgery is indicated in all localized tumors ~2 em that 
are technically resectable and are associated with a reasonable risk for 
morbidity.83 The main goal is to remove all gross disease found, as this appears 
to improve patient outcome. Segmental or wedge resection are the 
recommended approaches. Wide margins of resection do not appear to be 
necessary.48 In addition, lymphadenectomy does not need to be performed since 
lymph node metastases are rare. Laparoscopic resection of GISTs has been 
demonstrated to have promising results with excellent efficacy, low morbidity, 
and short hospital stay. This approach has been primarily described in gastric 
tumors, but has also been reported in thB rectum and other intestinal sites.84 

Following complete resection, the National Comprehensive Cancer Center 
Network guidelines recommend CT scan surveillance every 3-6 months for up to 
5 years, and annually thereafter. 83 

The management of small, < 2 em GISTs remains controversial. The natural 
history of these tumors, their growth rate, and their potential for malignant 
behavior is not well known. The National Comprehensive Cancer Center 
Network guidelines recommend that for very small (<2 em), asymptomatic GISTs 
of the stomach, surveillance with endoscopic ultrasound at 6-12 months may be 
considered. 83 An interval increase in tumor size or the development of 
endosonographic features associated with malignancy on repeat EUS 
examination should prompt consideration of surgical resection. Further 
prospective clinical studies are needed to determine the best management of 
these small tumors and additional data is needed regarding the role of c-kit 
mutational analysis in predicting malignant behavior. 

The 5-year survival of all patients undergoing potential curative resection ranges 
from 20% to 78% in the surgicalliterature.85 For those patients undergoing 
surgery, overall survival appears to be related primarily to tumor size and 
completeness of resection.48

' 
86

' 
87 In a study from Memorial Sloan-Kettering 

Cancer Center, 200 patients with the diagnosis of malignant GIST were followed 
after surgery for a median period of 24 months.48 Eighty patients had complete 
resection of tumor. In this group, the 5-year survival was 54%, with a tumor 
recurrence rate of 40%. The median survival of patients with complete resection 
was 66 months compared to 22 months for those who had incomplete resection 
or whose tumor was unresectable. In multivariate analysis, only tumor size was 
found to be an independent predictor of survival. A study from M.D. Anderson 
Cancer Center in 191 surgical patients found better outcome on univariate 
analysis in those patients with complete resection without tumor rupture, 
localized tumor, low grade tumor, and tumor size < 5 em. 86 Complete resection 
was the only significant prognostic factor on multivariate analysis. A 
Massachusetts General Hospital report in 69 patients found in multivariate 
analysis that incomplete resection, age> 50 years, non-smooth muscle features 
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of the tumor, high or intermediate tumor grade, and tumor size> 5 em were 
significantly associated with decreased survival after surgery. 87 

The treatment of metastatic or unresectable GISTs with standard chemotherapy 
and radiation therapy has not been shown to be effective. Until recently, there 
was no available therapy for the treatment of these tumors. The development of 
STI571, also known as imatinib mesylate, has greatly impacted the management 
of malignant GISTs. STI571 is a selective inhibitor of certain tyrosine kinases, 
including the transmembrane receptor kit found in GISTs. Studies performed on 
human cell lines expressing c-kit have demonstrated inhibition of c-kit tyrosine 
kinase activity by imatinib, leading to decreased cell proliferation and the 
induction of apoptosis.88

• 
89 

In March of 2000, the first patient with metastatic GIST was treated with 400 
mg/day of oral imatinib.90 Treatment of this patient led to a dramatic reduction in 
tumor size and was associated with a sustained response over a 1-year follow-up 
period. The success of this case led to two large multicenter clinical trials in the 
United States and Europe. In the US study, 147 patients with unresectable or 
metastatic GISTs were randomly assigned to receive 400 mg or 600 mg of 
imatinib orally once a day.91 Patient response was assessed by serial CT or MRI 
scanning. Overall, 53.7% of the patients had a partial response to treatment, 
which corresponded to a 50-96% reduction in the bulk of tumor. An additional 
27.9% of patients had stable disease, and disease progression was noted in 
13.6% of patients. No patient had a complete response. There were no 
significant differences between the two dose levels used. The most common 
side effects included edema (74%), nausea (52%), diarrhea (45%), myalgias 
(40%), and fatigue (35%). The most serious adverse events were 
gastrointestinal or intraabdominal hemorrhage in patients with bulky tumors, 
which occurred in approximately 5% of patients. 

In the European study, 36 patients with advanced GIST were treated with 
imatinib at doses of 400 mg once daily, 300 mg twice daily, 400 mg twice daily 
and 500 mg twice daily.92 A partial response was seen in 69.4% of patients, 
whereas 19.4% had stable disease and 11.1% showed disease progression. 
Treatment responses were seen at all dose levels but there was increased 
toxicity associated with the 500mg twice daily dose, which required dose 
reduction. Tumor response assessed by positron-emission tomography (PET) 
correlated with clinical improvement and was a good predictor of overall 
treatment response. 

The response of GISTs to imatinib appears to be associated with the c-kit 
mutational status of tumors. In a study by Heinrich et al, one hundred and twenty 
one patients with advanced GIST undergoing treatment with lmatinib were 
examined for mutations in c-kit exons 9, 11, 13 and 17. Kit mutations were found 
in 86% of all GISTs.93 Patients with exon 11 kit mutations had a significantly 
higher partial response rate (72%) to treatment than patients with exon 9 
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mutations (31.6%) or those with no detectable kit mutation (11.8%). Moreover, 
the time to treatment failure was significantly prolonged for patients with exon 11 
mutations. 

Sunitinib malate is a multitargeted tyrosine kinase inhibitor with both anti
angiogenic and anti-tumor activities.83 The drug targets the kit tyrosine kinase as 
well as vascular endothelial growth factor receptors (VEGFR1 ,2, and 3), 
PDGFRA, Fms-like tyrosine kinase-3 (FL T3), and the receptor encoded by the 
ret proto-oncogene (RET). Sunitinib is currently used as second-line therapy in 
patients with advanced imatinib-refractory or imatinib-intolerant GISTs. 

CONCLUSION 

It has only been within the past decade that GISTs have been identified as a 
separate class of tumors of the Gl tract expressing the c-kit gene protein. The 
discovery of mutations in the c-kit gene and the advent of new therapies that 
selectively target the activated c-kit protein have revolutionized the approach to 
the diagnosis and treatment of GISTs. Our understanding of GIST oncogenesis 
is essential for improving our diagnostic tools, refining our prognostic schemes, 
and developing new treatment strategies in the future. 
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