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Gastrointestinal stromal tumour
Brian P Rubin, Michael C Heinrich, Christopher L Corless

Gastrointestinal stromal tumours are the most common mesenchymal neoplasm of the gastrointestinal tract and are 
highly resistant to conventional chemotherapy and radiotherapy. Such tumours usually have activating mutations in 
either KIT (75–80%) or PDGFRA (5–10%), two closely related receptor tyrosine kinases. These mutations lead to 
ligand-independent activation and signal transduction mediated by constitutively activated KIT or PDGFRA. Targeting 
these activated proteins with imatinib mesylate, a small-molecule kinase inhibitor, has proven useful in the treatment 
of recurrent or metastatic gastrointestinal stromal tumours and is now being tested as an adjuvant or neoadjuvant. 
However, resistance to imatinib is a growing problem and other targeted therapeutics such as sunitinib are available. 
The important interplay between the molecular genetics of gastrontestinal stromal tumour and responses to targeted 
therapeutics serves as a model for the study of targeted therapies in other solid tumours.

Gastrointestinal stromal tumours are the most common 
mesenchymal neoplasm of the gastrointestinal tract 
and are highly resistant to conventional chemotherapy. 
Over the past few years, scientists have begun to unravel 
the molecular abnormalities that underlie the 
pathogenesis of these tumours. These fi ndings have led 
to substantial advances in the understanding of the 
biology of such tumours, increased accuracy in 
pathological diagnosis, and have provided a rationale 
for treatment with targeted therapies. This Seminar 
summarises the status of knowledge about 
gastrointestinal stromal tumours.

Clinical features
Gastrointestinal stromal tumours have no predilection 
for either sex, and although they occur over a wide age 
distribution, about 75% are diagnosed in patients older 
than 50 years (median 58 years).1 These tumours can 
arise anywhere in the gastrointestinal tract, but their 
most frequent locations are the stomach (50%) and the 
small bowel (25%).1–10 About 10% of primary 
gastrointestinal tumours are in the colon and rectum.1,4,7,8 
These tumours also develop within the mesentery, 
omentum, retroperitoneum, and pelvis in about 10% of 
cases.11,12

Patients generally present with non-specifi c symptoms 
including early satiety, bloating, gastrointestinal 
bleeding, fatigue from anaemia, or obstruction. Small, 
clinically insignifi cant lesions may be found incidentally 
at endoscopy or at the time of surgery for other cancers 
such as gastric cancer.13 Since most gastrointestinal 
stromal tumours arise from the bowel wall, they can 
grow into the mucosa and cause ulceration or protrude 
towards the serosal side, in which case endoscopic 
ultrasound or CT-scanning might be necessary for 
visualisation.

Aggressive gastrointestinal stromal tumours have a 
defi ned pattern of metastasis to the liver or throughout 
the abdomen (usually as innumerable serosal-based 
nodules), or both.1 Importantly, these tumours rarely 
metastasise to lymph nodes. Extra-abdominal spread is 
mainly to the lungs and bone but is unusual, except in 
the most advanced cases.14 

Pathology
Gastrointestinal stromal tumours range in size from 
tiny tumours discovered incidentally, during tests for 
other diseases, measuring less than 10 mm to very 
large lesions measuring upwards of 350 mm (median 
50 mm).13 Gastrointestinal stromal tumours share 
many features that can be identifi ed by electron 
microscope and immunophenotyping with the 
interstitial cells of Cajal.15–19 The interstitial cells of Cajal 
are innervated cells associated with Auerbach’s plexus 
that have autonomous pacemaker function and 
coordinate peristalsis throughout the gastrointestinal 
tract. A popular hypothesis is that gastrointestinal 
stromal tumours either arise from the interstitial cell 
of Cajal, or that they share a common stem cell. The 
tumours usually present as single nodules but they can 
consist of many nodules. They are usually fl eshy and 
solid in consistency but can have central cystic 
degeneration.

Gastrointestinal stromal tumours tend to fall into three 
categories of morphology, epithelioid, spindle cell, or 
mixed.15,20,21 The tumours can have substantial histological 
variation, which necessitates a broad diff erential 
diagnosis and immunohistochemistry is often needed to 
verify diagnosis. The tumours can be positive for 
KIT (95%), CD34 (60–70%), ACAT2 (smooth muscle 
actin; 30–40%), S100 (5%), DES (desmin; 1–2%), and 
keratin (1–2%).15,20,21 KIT is the most specifi c and sensitive 
marker. However, about 5% of tumours are KIT-negative 
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Search strategy and selection criteria

We identifi ed reports by searching PubMed (1984–2006) for 
the term “gastrointestinal stromal tumor”, with relevant 
subheadings “resistance”, “targeted therapies”, “imatinib”, 
“resection”, “surgery”, “radiology”, “oncology”, “pathology”, 
“therapy”, “sunitinib”, and “KIT”. We searched citation lists in 
selected papers to identify additional references. To limit the 
number of references, review articles, book chapters or the 
latest publications in a series of articles from the same 
laboratory were given preference. English language papers 
only were included.
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and a subset of these patients might benefi t from 
KIT-targeted therapy.20 Therefore, KIT-negative 
gastrointestinal stromal tumours should be reviewed by 
a reference pathologist for verifi cation.

Prediction of prognosis of primary tumours has been 
studied intensively. Tumour size and mitotic activity were 
two principal factors in the risk stratifi cation system 
originally proposed by Fletcher and colleagues,20 a tenet 
of which was that almost all gastrointestinal stromal 
tumours have malignant potential. This idea has been 
supported by several retrospective reviews of tumours 
diagnosed before the availability of imatinib.10,14,22–24 Table 1 
shows a revised version of the risk assessment scheme, 
which is based on several large series published by 
Mietinnen and colleagues.26 This scheme includes 
anatomic site as a factor, since small bowel stromal 

tumours carry a higher risk of progression than gastric 
stromal tumours of similar size and mitotic activity. 

Epidemiology
Population-based studies suggest that gastrointestinal 
stromal tumours are more common than was once 
thought, with as many as 4000–6000 new cases in the 
USA each year.20,22,27 The annual incidence is between 11 
and 14·5 per million people, and prevalence is estimated 
to be 129 per million.22,23 Stratifi ed by risk group according 
to Fletcher criteria,22 the prevalence is 22·2 per million 
for very low risk, 51·9 per million for low risk, 
24·2 per million for intermediate risk, and 22·2 
per million for high risk.22 

Risk factors and causative factors have not been 
identifi ed, although neurofi bromatosis type I confers an 
increased risk of developing gastrointestinal stromal 
tumours, as do two other tumour syndromes, Carney 
triad28–31 and familial gastrointestinal stromal tumour 
syndrome.32–39 Gastrointestinal stromal tumours do not 
seem to be associated with other malignancies.40 

Oncogenic kinase mutations
About 75–80% of gastrointestinal stromal tumours have 
KIT mutations.41–44 Most involve the juxtamembrane 
domain (exon 11) and consist of in-frame deletions or 
insertions, or missense mutations (or combinations 
thereof). Mutations also occur in the extracellular 
domains of KIT (exons 8 and 9), and in the kinase I and II 
domains (exons 13 and 17) (fi gure 1). 

Of the 20–25% of gastrointestinal stromal tumours that 
have no KIT mutations, about a third (8%) have mutations 
in a homologous receptor tyrosine kinase, platelet-derived 
growth factor receptor, alpha polypeptide (PDGFRA).45,46 
Sites of mutations in this kinase parallel those of KIT 
(fi gure 1). KIT and PDGFRA mutations are mutually 
exclusive. Altogether, about 85-90% of gastrointestinal 
stromal tumours have a mutation in one of these two 
kinase genes. 

Binding of KIT ligand (stem cell factor) results in 
activation of two KIT receptors, activation of their 
respective kinase domains, and phosphorylation of 
several signalling substrates known to promote cell 
growth and survival.47 The most common mutations 
aff ect the juxtamembrane region of KIT (exon 11), which 
structural studies have shown, normally inhibits KIT 
kinase activity in the absence of KIT ligand.48 Disruption 
of this domain promotes spontaneous kinase activation 
(fi gure 2).49–51 Mutations in the kinase II domain, which 
are the most common type of mutation in PDGFRA, 
change the activation loop, which conformationally 
regulates the ATP-binding pocket. By these and probably 
other mechanisms, mutations of KIT and PDGFRA 
promote continuous oncogenic signalling in 
gastrointestinal stromal tumours. 

The importance of kinase mutations in these tumours 
is supported by many studies. KIT mutations are 
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Figure 1: Location and frequency of KIT and PDGFRA mutations
Identifi ed in 1059 gastrointestinal stromal tumours sequenced consecutively in 
the laboratories of MCH and CLC. Overall mutation frequency=86%.

Size Risk of progressive disease* 

Gastric Duodenum Jejunum 
or ileum

Rectum

Mitotic index 
≤5 per 50 hpf

≤2 cm 0% 0% 0% 0%

2–5 cm 1·9% 4·3% 8·3% 8·5%

5–10 cm 3·6% 24% .. ..

>10 cm 10% 52% 34% 57%

Mitotic index 
>5 per 50 hpf

≤2 cm .. .. .. 54%

2–5 cm 16% 73% 50% 52%

5–10 cm 55% 85% .. ..

>10 cm 86% 90% 86% 71%

*Defi ned as metastasis or tumour-related death. Data are from long-term 
follow-up of 1055 patients with gastric tumours, 629 with tumours of the small 
intestine, 144 with duodenal tumours and 111 rectal stromal tumours before 
availability of imatinib.10,24,25 Modifi ed from reference 26 by permission of Elsevier. 
Data for oesophageal and extragastrointestinal stromal tumours are too few to 
include in table—mitotic index is likely to be the best indicator of aggressive 
behaviour. hpf=high-power fi eld.

Table 1: Guidelines for risk assessment of primary gastrointestinal 
stromal tumours
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common in small (1 cm or smaller) gastrointestinal 
stromal tumours discovered incidentally, which suggests 
that the mutations occur very early.52,53 Extracts of 
gastrointestinal stromal tumours contain activated 
(phosphorylated) KIT or PDGFRA. Inhibition of KIT 
blocks growth of gastrointestinal stromal tumour cell 
lines.54–57 Similarly, introduction of KIT short hairpin 
RNA into these cell lines also inhibits their growth.54 
Expression of mutant KIT in transgenic knock-in mice 
results in KIT-positive tumours of spindle cells that 
morphologically resemble gastrointestinal stromal 
tumours.58,59 Finally, GIST tumours that become 
secondarily resistant to imatinib, a KIT inhibitor, after an 
initial response commonly acquire new mutations in 
KIT or PDGFRA that interfere with drug binding, which 
suggests continued dependence on signalling from these 
kinases.54,60–62 

Molecular classifi cation 
Subclassifi cation of gastrointestinal stromal tumours 
according to their kinase mutation status has both 
biological and clinical implications (table 2). Whereas 
stromal tumours with mutations in KIT exon 9 arise 
almost exclusively in the small intestine and right colon, 
those with a PDGFRA D842V substitution (the most 
common PDGFRA mutation), are limited to the stomach 
and omentum. Additionally, stromal tumours with KIT 

exon 9 mutations are often high-risk or overtly malignant, 
suggesting an inherently aggressive biology.65–67 By 
contrast, tumours with PDGFRA mutations might be less 
aggressive than those with KIT mutations.68 
Gastrointestinal stromal tumours with juxtamembrane 
mutations of KIT or PDGFRA, and those without, occur 
at all locations in the gastrointestinal tract. The molecular 
subtypes of gastrointestinal stromal tumours diff er greatly 
in their response to treatment with kinase inhibitors.

Familial
Several heritable mutations in exon 8, exon 11, exon 13 
and exon 17 of KIT and in exon 12 of PDGFRA have been 
identifi ed.32–37,69–74 Aff ected people develop many 
gastrointestinal stromal tumours of the stomach and 
small bowel as early as 18 years of age; diff use hyperplasia 
of the interstitial cells of Cajal is often evident in the 
adjacent gut wall. Additional fi ndings can include 
pigmented macules on the skin of the perineum, axilla, 
hands and face, and evidence of skin mastocytosis 
(urticaria pigmentosa). 

Paediatric
Gastrointestinal stromal tumours are rare in paediatric 
patients and seem to fall into two subgroups: those with 
tumours that have a KIT or PDGFRA mutation, and 
those with tumours without mutations. The second 
group dominates; patients are almost exclusively females 
with one or more gastric stromal tumours by age 
20 years.24,75 
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Figure 2: KIT and PDGFRA signaling in gastrointestinal stromal tumours 
This diagram shows the predominant oncogenic pathways identifi ed in gastrointestinal stromal tumours. 
Signaling through KIT or PDGFRA is initiated through a KIT or PDGFRA mutation resulting in constitutive activation 
of the KIT or PDGFRA signaling cascade, leading to inhibition of apoptosis and cell proliferation. Loss of function 
mutations in neurofi bromin 1 are also associated with gastrointestinal stromal tumours and work independently 
of KIT or PDGFRA mutation. PI3K and STAT3 are thought to be the main targets of oncogenically activated 
KIT/PDGFRA. AKT=v-akt murine thymoma viral oncogene homolog. BAD=BCL2 antagonist of cell death. 
FRAP1=FK506 binding protein 12-rapamycin associated protein 1 (mTOR). GDP=guanosine diphosphate. 
GTP=guanosine triphosphate. MAP2K1=mitogen-activated protein kinase 1 (MEK1). MAP2K2=mitogen-activated 
protein kinase 2 (MEK2). NF1=neurofi bromin 1. P=phosphate. PI3K=phosphoinositide-3-kinase. PIP2=phosphatid
ylinositol-4,5-bisphosphate. PIP3=phosphatidylinositol-3,4,5-triphosphate. PTEN=phosphatase and tensin 
homolog. NRAS=neuroblastoma RAS viral (v-ras) oncogene homolog. RAF1=v-RAF-1 murine leukaemia viral 
oncogene homolog. RPS6KB1=ribosomal protein S6 kinase, 70 kD, 1. STAT3=signal transducer and activator of 
transcription 3. STAT5=signal transducer and activator of transcription 5. 

Frequency Familial 
examples

In vitro sensitivity 
to imatinib

Objective 
responses*†

Progressive 
disease*

KIT mutation 80%

Exon 8 <1% None Yes .. ..

Exon 9 10% None Yes 34–40% 17%

Exon 11 67% 10 kindreds Yes 65–67% 3%

Exon 13 1% 2 kindreds Yes Responses reported ..

Exon 17 1% 2 kindreds Yes Responses reported ..

PDGFRA mutation 5–8%

Exon 12 1% 2 kindreds Yes Responses reported ..

Exon 14 <1% None Yes .. ..

Exon 18 5% None D842V is resistant, 
most others are 
sensitive

Responses reported Yes (D842V)

Wild-type 12–15% Yes Yes 23–40% 19%

*Data combined from EORTC Australasian phase III trial and North American SWOG phase III trial.63,64 †Complete 
responses plus partial responses by RECIST criteria.

Table 2: Molecular classifi cation of gastrointestinal stromal tumours
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Carney triad
The association of gastric stromal tumours, 
paraganglioma, and pulmonary chondroma, known as 
Carney triad, is a rare tumour syndrome occurring 
primarily in girls and young women.76 Gastrointestinal 
stromal tumours  associated with the Carney triad do not 
have KIT or PDGFRA mutations (Heinrich and Corless, 
unpublished).24,75 

Type I neurofi bromatosis
Gastrointestinal stromal tumours (mostly in the small 
intestine) arise in a subset of patients with 
neurofi bromatosis type I. A Swedish study of 70 patients 
with neurofi bromatosis type I showed gastrointestinal 
stromal tumours in about 7% of patients.31 The tumours 
are frequently multifocal and strongly KIT-positive by 
immunohistochemistry, yet they are generally negative 
for KIT mutations.29,30,77–79 

Molecular progression
Cytogenetic analyses of gastrointestinal stromal tumours 
support a general model for chromosomal changes that 
are associated with malignant progression: from KIT or 
PDGFRA mutation to 14q deletion, 22q deletion, 
1p deletion, 8p gain, 11p deletion, 9p deletion, and 
17q gain.80 About two-thirds of such analyses show either 
monosomy,14 or partial loss of 14q, and at least two tumour 
suppressor loci have been suggested to reside on this 
chromosome.45,80–84 Similarly, loss of the long arm of 
chromosome 22 is seen in about half of tumours.45,81,82,84 
Losses on chromosomes 1p, 9p, and 11p are clearly 
associated with malignant progression.45,81,82–86 A key gene 
on chromosome 9p is CDKN2A (p16INK4A), which 
encodes an important cell cycle regulator and is commonly 
inactivated in malignant stromal tumours of the 
gastrointestinal tract.87 Gains on chromosomes 8q and 17q 
have been associated with metastatic behaviour.82,88,89 A 
subset of tumours (about 15%) is either hemizygous or 
homozygous for the primary KIT or PDGFRA mutation, 
suggesting selective pressure against expression of the 
wild-type kinase in these tumours.65

Activated signalling pathways
Analyses of tumour extracts have shown that tumours 
with KIT mutations have strong KIT phosphorylation 
and show evidence for activation of downstream 
signalling pathways including MAPK3/1, AKT, RPS6KB1 
(p70 S6 kinase), STAT1 and STAT3 (fi gure 2).80,90 Similar 
pathways of signal transduction activation are seen in 
tumours with PDGFRA mutations.45 By contrast, the 
MAP2K4 (stress-activated protein kinase) and STAT5 
pathways are not activated in gastrointestinal stromal 
tumours. Specifi c inhibitors of KIT, MAP2K1 (MEK1), 
MAP2K2 (MEK2), PI3 kinase, or FRAP1 (mTOR), have 
shown that activation of the PI3 kinase and FRAP1 
pathway, but not the MAP kinase pathway, is important 
in KIT-mediated oncogenic signalling in gastrointestinal 

stromal tumours.90 This fi nding accords with a continuing 
trial of a FRAP1 inhibitor for the treatment of 
imatinib-resistant gastrointestinal stromal tumours. 
Tumours with mutations of KIT exon 9 show substantially 
less AKT phosphorylation than tumours with mutations 
of exon 11, providing further evidence for biological 
diff erences between subtypes of tumour.90

Experiments have shown that mutant isoforms of KIT 
are unstable and need interaction with a heat shock 
protein (HSP90) to avoid rapid degradation.91 IPI-504 
(Infi nity Pharmaceuticals, Cambridge, MA, USA), an 
HSP90 inhibitor is in phase I trials. Furthermore, 
preliminary evidence suggests that imatinib inhibits the 
interaction of oncogenic KIT and HSP90 in a 
gastrointestinal stromal tumour cell line, suggesting that 
imatinib could work synergistically with an HSP90 
inhibitor.55

Radiological assessment
Gastrointestinal stromal tumours are often discovered 
incidentally by CT or endoscopy. Endoscopic ultrasound 
is very accurate in locating lesions on the wall of the 
gastrointestinal tract.92 CT and 18F-fl uoro-deoxyglucose 
PET are both useful for preoperative staging of such 
tumours.93 Although CT shows greater anatomic detail, 
PET can reveal small metastases and establish baseline 
metabolic activity, which can later aid assessment of 
therapy eff ectiveness. Scans providing both PET and CT 
images are gaining popularity.94 MRI does not off er any 
advantages in imaging gastrointestinal stromal tumours, 
except in the anorectal region where greater anatomic 
detail can be necessary to plan appropriate surgery. 

One of the main issues arising from clinical trials is 
how to monitor clinical response. Standard (RECIST) 
criteria for evaluation of response of these tumours, 
which needs a 30% reduction in tumour size to be termed 
a partial response, is clearly not appropriate because a 
decrease in size does not necessarily correspond with 
therapeutic response. Indeed, lesions can remain stable 
in size after therapy because of the replacement of 
tumour by fi brous tissue, or they might seem larger 
because of decreased tumour density from intratumoural 
oedema or haemorrhage.95,96 Generally, tumours that 
respond become hypocellular with myxoid stroma and 
variable amounts of necrosis.97–99 Quantitative decreases 
in standard uptake value between pretreatment and 
post-treatment PET scans can predict long-term clinical 
response.100 Predictive criteria for assessment of CT scans 
have also been validated.97 Lesions that respond can lose 
density on CT images over time. The Canadian Advisory 
Committee on Gastrointestinal Stromal Tumours 
recommended that follow-up CT imaging be done every 
3–6 months for a minimum of 5 years after resection in 
patients without residual disease.101 Triphasic CT 
(assessing arterial, venous, and portal phases of 
circulation) is recommended for liver lesions arising 
after imatinib treatment.
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Management of localised disease
Preoperative biopsy is not recommended for lesions that 
are highly suspected of being gastrointestinal stromal 
tumours.101 For lesions of indeterminate type, endoscopy 
techniques including fi ne needle aspiration or biopsy, 
are the methods of choice for accessible lesions; open 
biopsy is recommended for lesions that are not accessible 
by endoscopy.102 Percutaneous biopsy is not recommended 
because of the risk of tumour rupture and peritoneal 
spread.

The main treatment for localised gastrointestinal 
stromal tumours is surgical resection. The goal of surgery 
is complete gross resection with preservation of an intact 
pseudocapsule. These tumours should be handled 
carefully to avoid tumour rupture, which confers a very 
high risk of intra-abdominal dissemination. In a large 
retrospective series, patients whose complete resection 
was complicated by tumour rupture had signifi cantly 
shortened survival compared with patients who had 
complete resections without tumour rupture.103,104 
Generally, segmental tumour resection is recommended 
with the goal of obtaining negative microscopic margins. 
However, simple enucleation of the tumour should be 
avoided. In skilled hands, laparoscopic surgery can be 
used to resect small to intermediate sized tumours, 
especially from the stomach. This approach decreases 
morbidity and shortens hospital stay and has local 
recurrence rates similar to open procedures.105–109 As 
discussed above, the prognosis following complete 
surgical resection is strongly aff ected by both tumour 
size and mitotic activity.13 Since gastrointestinal stromal 
tumours metastasise to lymph nodes only rarely, routine 
lymphadenectomy is not recommended.

Management of advanced disease
Metastasis typically presents with tumours isolated in the 
peritoneal cavity or the liver, or both. Historically, the 
median survival of patients with advanced gastrointestinal 
stromal tumours was 18–24 months.1,103,104,110,111 Some patients 
present with metastatic gastrointestinal stromal tumours 
that are technically resectable with acceptable morbidity. 
However, almost all patients undergoing resection for 
advanced disease have subsequent recurrence, irrespective 
of the quality of the procedure.1,103,104,111 Before the intro-
duction of imatinib, treatment options were extremely 
limited for patients with unresectable or metastatic 
gastrointestinal stromal tumours. These tumours respond 
poorly to conventional cytotoxic chemotherapy agents and 
radiation therapy.

Imatinib is a small molecule tyrosine kinase inhibitor 
with activity against ABL, BCR-ABL, KIT, PDGFRA, 
PDGFRB, ARG and possibly CSF1R (fi gures 3 and 4).112 Its 
structure mimics ATP and it binds competitively to the 
ATP binding sites of the target kinases. Two important 
fi ndings suggested that imatinib might be eff ective against 
gastrointestinal stromal tumours. The fi rst was that 
imatinib could inhibit the kinase activity of both wild-type 

and mutant KIT.113 The second was that it inhibited the 
growth of a gastrointestinal stromal tumour cell line 
containing a KIT gene mutation.57 After a patient with 
widespread gastrointestinal stromal tumours responded 
well to imatinib in a compassionate use protocol (fi gure 5) 
multi-institutional phase I and phase II studies to treat 
metastatic unresectable gastrointestinal stromal tumours 
with imatinib were initiated.13 The results of these studies 
are summarised in table 3.114,118

Two randomised, phase III trials to compare the effi  cacy 
of 400 mg of imatinib given either once or twice a day were 
done in Europe and Australasia, and North America 
(table 3).63,116 The trial designs were intentionally similar 
except that the primary endpoints diff ered (progression 
free survival in the European Organisation for Research 
and Treatment of Cancer (EORTC) trial63 in Australasia 
and overall survival in the US National Cancer Institute 
(NCI) trial116). Notably, the results are very similar. Both 
doses of imatinib gave equivalent objective response rates 
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Figure 3: Chemical structure of imatinib mesylate
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Figure 4: Mechanism of action of imatinib mesylate 
(A) Normally, ATP binds to the active site of KIT or PDGFRA where it donates a phosphate to either KIT or PDGFRA, 
resulting in autoactivation, or to substrate molecules, resulting in activation of signal transduction. (B) Imatinib is 
a competitive inhibitor, binding to the same site as ATP, thus preventing phosphorylation of downstream 
substrates and resulting in inhibition of KIT or PDGFRA signalling.
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in both trials (fi gure 6). However, the 400 mg twice daily 
dose had signifi cantly longer progression-free survival in 
the EORTC trial (hazard risk 0·82; 95% CI 0·69–0·98, 
p=0·026). More dose reductions (16% vs 60%) were seen 
in the twice-daily dose arm in the EORTC trial. The 
diff erence in progression-free survival between the two 
treatments might largely be due to the reported benefi t in 
patients with KIT exon 9 mutations treated with the 400 mg 
twice-daily regimen.119 No signifi cant diff erence has been 
seen in overall survival between the two treatment arms 
in either trial. A meta-analysis of the two trials, including 
the mutational-clinical correlation data is planned 
for 2007 by the Meta-GIST consortium, including study 
coordinators from US NCI and EORTC GIST, and 
statisticians from SWOG and EORTC. 

Imatinib reliably achieves disease control in 70–85% of 
patients with advanced gastrointestinal stromal tumours 
and the median progression-free survival is in the range 
of 20–24 months. Importantly, the estimated median 
overall survival time with imatinib therapy exceeds 
36 months in all large clinical studies.41,63,116 By contrast, 
front-line doxorubicin-based chemotherapy is associated 
with a median survival of only 9 months.1,103,116,120 In all of 
the above studies, imatinib at doses of 400–800 mg/day 
proved to be effi  cacious, well tolerated, and safe. The 
toxicity profi le of imatinib is generally better than that of 
traditional chemo therapy. A study that reviewed common 
toxicities noted that 13% of patients had grade 3 or higher 
anaemia and 7% had neutropenia of that severity. About a 
third of patients had grade 2 or higher oedema, or fatigue, 
about a fi fth had nausea or diarrhoea, and a sixth had skin 
rash of similar severity.121 Toxicity was generally 
dose-related and risk factors included increasing age and 
female gender, possibly related to decreased imatinib 
clearance in these patient groups.121 A risk calculator is 
available for assessing indi vidual patient’s risk of imatinib 
toxicity.121 Imatinib has been approved in the USA and the 
EU for the treatment of unresectable and metastatic 
gastrointestinal stromal tumours.

Objective clinical response to imatinib correlates with 
the tumour genotype, with best response rates in tumours 
with KIT exon 11 mutations (table 3, fi gure 7).41,122 Patients 
with gastrointestinal stromal tumours that expressed a 
KIT exon 11 mutant isoform also had longest median 
time to treatment failure and overall survival. By contrast, 
tumours with no KIT mutation or with the PDGFRA 
D842V mutation were less likely to have favourable or 
durable responses to imatinib.41,122 Patients whose 
tumours have KIT exon 9 mutations might benefi t from 
the use of higher imatinib doses.119,123 These results 
highlight the heterogeneity of this tumour type and the 
clinical value of the molecular classifi cation of 
gastrointestinal stromal tumours.65 

In a phase II trial in France, patients who responded 
well to imatinib for 12 months were randomised to either 
stopping the drug or continuing therapy. By 3 months, 
disease progression was signifi cantly more common in 
those who stopped treatment, and the trial was stopped.124 
Patients who stop taking imatinib before switching to 
new therapies can have rapid tumour growth, increased 
clinical symptoms and a tumour fl are seen by 18F-fl uoro-
deoxyglucose PET.102 For these reasons, patients who 
show a response to, or are stable with, imatinib should 
remain on treatment indefi nitely, unless drug tolerance 
becomes an issue. 

Management of imatinib-resistant tumours
Although imatinib has greatly improved the quality of 
life and survival of patients with advanced gastrointestinal 
stromal tumours, most patients are not cured.41,63,116 
Imatinib resistance can be divided into two categories. 
Patients who do not achieve stable disease or who 

A B

Figure 5: PET studies with 18F-fl uorodeoxyglucose in a patient with 
gastrointestinal stromal tumour with intra-abdominal dissemination
The study shown in (A) was done before imatinib therapy. Note the increased 
PET signal in the right renal pelvis, indicative of hydronephrosis. After 4 weeks of 
therapy with imatinib (B), metabolic activity, as shown by loss of PET signal, was 
lost in the tumour nodules and the right kidney. Reproduced from reference 98 
with permission of The Massachusetts Medical Society. 

Phase Patients 
enrolled

Dose Objective 
response*

Tumor 
control†

EORTC114 I 36 400–800 mg 63% 90%

EORTC115 II 27 400 mg twice a day 71% 89%

EORTC-AustralAsian116 III 473 400 mg once a day 50% 82%

EORTC-AustralAsian63 III 473 400 mg twice a day 54% 86%

US-Finnish117 II 73 400 mg once a day 66% 83%

US-Finnish117 II 74 600 mg once a day 66% 83%

US-Canadian64 III 345 400 mg once a day 48% 75%

US-Canadian64 III 349 400 mg twice a day 48% 74%

*Complete responses plus partial responses. †Complete response plus partial response plus stable disease.

Table 3: Clinical studies of imatinib for advanced unresectable gastrointestinal stromal tumour 

For more on risk calculation 
see www.eortc.be/tools/

imatinibtoxicity
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progress within 6 months of an initial clinical response 
have primary resistance. Tumours with a KIT exon 9 
mutation or no detectable kinase mutation (wild-type 
tumours) are over-represented in this group.41,122,123 Patients 
who develop one or more sites of disease progression 
after more than 6 months clinical response are classifi ed 
as having secondary resistance. In patients with secondary 
resistance, new, acquired kinase mutations are commonly 
seen in KIT (or PDGFRA) that interfere with imatinib 
activity.54,60–62,125,126 Protein modelling reveals that most of 
these mutations involve imatinib contact sites or change 
the accessibility of the ATP-binding pocket to the 
drug.46,54,56,127 In all likelihood, the emergence of these 
secondary mutations is due to a population of tumour 
cells for which imatinib is cytostatic rather than cytocidal. 
As with other cancers, medical cure of gastrointestinal 
stromal tumours might need eradication of the 
transformed stem cells that give rise to the tumour.

Resistant lesions are commonly seen on imaging 
studies as a new nodule within a larger, pre-existing 
tumour mass.128 In many cases, only one or a few such 
nodules  are detectable (seen as higher density tissue on 
CT); most of the tumour remains under the control of 
imatinib.128,129 In this circumstance, dose escalation of 
imatinib could slow the growth of these resistant lesions.130 
However, when dose escalation fails, patients should be 
assessed for possible surgical resection or radiofrequency 
ablation of resistant tumours, or both, or undergo hepatic 
artery chemoembolisation of liver lesions.131

Another approach to the treatment of imatinib-resistant 
stromal tumours, especially those with multifocal disease, 
is the use of alternative kinase inhibitors that can inhibit 
conformations of KIT or PDGFRA kinase that are 
associated with secondary mutations. Sunitinib (Sutent, 
Pfi zer, New York, NY, USA) was approved by the US Food 
and Drug Administration on Jan 26, 2006, for the 
treatment of advanced gastrointestinal stromal tumours 
in patients who fail (or are intolerant of) imatinib therapy. 
In addition to targeting KIT, sunitinib also has 
antiangiogenic eff ects by inhibition of vascular 
endothelial growth factor receptor. In a double-blind, 
phase III trial of this drug, the median time to progression 
with sunitinib was 6·3 months versus 1·5 months with 
placebo.110 With a target dose of 50 mg/day, taken for 
4 weeks then 2 weeks off  treatment, the main side-eff ects 
were diarrhoea, skin discolouration, mucositis, fatigue, 
hypertension and bleeding. Analysis of a phase I/II trial 
revealed that patients with tumours with KIT exon 9 
mutations, or wild-type gastrointestinal stromal tumours, 
had better and more durable responses to sunitinib than 
those with KIT exon 11 mutations.132 Thus, the 
eff ectiveness of this drug for salvage treatment could be 
aff ected by the underlying biology of gastrointestinal 
stromal tumours. 

Other drugs being tested for the treatment of 
imatinib-resistant gastrointestinal stromal tumours 
include the kinase inhibitors dasatinib, nilotinib, 

AMG-706 (Amgen, Thousand Oaks, CA, USA), the FRAP1 
inhibitor everolimus, and the HSP90 inhibitor IPI-504.

Future directions
Adjuvant imatinib therapy will probably be 
eff ective—since the development of imatinib resistance 
seems to be due to the emergence or expansion of 
individual clones, the risk of developing these resistant 
clones might be reduced by using imatinib for minimum 
residual disease. Several trials are investigating the role 
of adjuvant therapy in the management of patients with 
completely resected  gastrointestinal stromal tumours 
with intermediate or high risk of recurrence 
(table 3).120,133,134 At present, the use of adjuvant imatinib 
is investigational and physicians are encouraged to 
enrol eligible patients into clinical studies. 

Imatininib mesylate 400 mg per day (n=473)
Doxorubicin (n=86)

Imatininib mesylate 800 mg per day (n=473)
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Figure 6: Overall survival for study population of EORTC 62005
The study data are compared with historical gastrointestinal stromal tumour controls from the EORTC database. 
Reproduced from reference 116 with permission of Elsevier.
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Another subject of active investigation is the use of 
neoadjuvant imatinib to downsize primary or metastatic 
disease before surgery. Many reports have been published  
of this approach to convert an unresectable mass to one 
that is surgically approachable, or to reduce the morbidity 
of a procedure (eg avoiding an abdominal-perineal 
resection).101 The use of neoadjuvant imatinib, with or 
without adjuvant imatinib, to reduce or eradicate 
micrometastatic disease is also being assessed.135,136

Sunitinib is as an active agent for the treatment of 
imatinib-resistant gastrointestinal stromal tumours and 
other kinase inhibitors will probably have activity as 
third-line therapy. These agents might also be appropriate 
for testing against imatinib-naive gastrointestinal stromal 
tumours. The theoretical advantages of some of these 
agents compared with imatinib monotherapy include: 
greater potency against wild-type KIT kinase; greater 
potency against imatinib-resistant mutations; or  more 
eff ective inhibition of tumour-associated angiogenesis. 
However, whether such agents are as active and well 
tolerated as fi rst-line imatinib therapy remains to be 
established. In addition to the development of more 
potent KIT/PDGFRA inhibitors, combination of a kinase 
inhibitor with an agent that targets a critical downstream 
pathway (eg, PI3K/AKT) or an alternative biological 
mechanism such as antiangiogenesis could improve 
long-term results by delaying onset of drug resistance.

In summary, the treatment and prognosis of patients 
with gastrointestinal stromal tumours has been 
substantially changed by the discovery of oncogenic 
kinase mutations in the vast majority of these tumours 
and the introduction of specifi c molecular therapies that 
inhibit this molecular defect. However, gastrointestinal 
stromal tumours include several diff erent molecular 
subtypes that vary in their response to kinase inhibitors. 
This variety is analogous to the situation with breast 
cancer in which the response to endocrine therapy or 
trastuzumab can be estimated by molecular assessment 
of oestrogen receptor and HER2 expression, 
respectively.137,138 We believe that these diseases serve as a 
new framework, in which appropriate molecular 
classifi cation of tumours is essential for optimisation of 
cancer treatment and clinical outcomes.
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