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Molecular basis for treatment of gastrointestinal stromal t u m o u r s  I 
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Abstract 

Gastrointestinal stromal turnout (GIST) is a rare turnout of the gastrointestinal tract that arises from activating mutations in KIT or 
platelet-derived growth factor receptor c~ (PDGFR(x). Imatinib, a molecularly targeted therapy that inhibits the kinase activity of KIT, 
PDGFRs, ABL, and BCR-ABL, has been shown to be highly efficacious in patients with advanced GIST. Most patients with advanced 
GIST treated with imatinib achieve either a partial response or experience stable disease, and median survival is longer than 3 years in 
either case. There is a strong correlation between the type of  K/T or PDGFRA mutation and the clinical response to imatinib in patients 
with advanced GIST. In a phase II trial, significantly higher partial response rates were achieved in patients with GISTs harbouring K/T 
exon 11 mutations than in patients with GISTs harbouring K/T exon 9 mutations or in patients with GISTs exhibiting no detectable K/T 
or PDGFRA mutations. Resistance to imatinib treatment is a clinical challenge in the management of patients with advanced GIST. Many 
imatinib-resistant GISTs have an associated secondary kinase mutation of K/T or PDGFRA. Continuing research efforts are directed at 
optimising the use of imatinib in patients with advanced GIST as well as the development of novel treatment approaches to prevent and/or 
treat imatinib-resistant clones of GIST. 
© 2006 Elsevier Ltd. All rights reserved. 
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1. I n t r o d u c t i o n  

Gastrointestinal stromal turnout (GIST) is the most common 
mesenchymal tumour o f  the gastrointestinal (GI) tract. 
GISTs bear striking morphologic and immunophenotypic 
similarities to interstitial ceils o f  Cajal (ICC), a network o f  
innervated GI tract cells that regulate peristalsis [1,2]. These 
similarities, including expression of  the haematopoietic 
progenitor cell antigen CD34, have led to the speculation 
that GISTs are derived from or share a multipotential  mes- 
enchymal stem cell progenitor with ICC [1,3-7]. Notably, 
ICC and GIST express the transmembrane receptor for stem 
cell factor or Steel factor, KIT [4]. Identification o f  KIT 
activating mutations as a key factor in the pathogenesis o f  
GIST has substantially altered the diagnosis and treatment 
of  GIST. 

2. C e l l u l a r  a n d  m o l e c u l a r  a e t i o l o g y  o f  G I S T  

KIT, a 145-kD glycoprotein, is normal ly  expressed by 
haematopoietic progenitor cells, mast cells, melanocytes,  
germ cells, and ICC [4]. KIT expression has a critical role 
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in the development o f  ICC, as mice that are null izygous 
for genes encoding either functional KIT or KIT l igand are 
deficient in ICC [8-13]. In 1998, two groups reported that 
KIT is highly expressed in GIST, supporting the hypothesis 
that these tumours arise from or share a common progenitor 
with ICC [1,14]. 

Dr Hirota's group further showed that the vast majori ty of  
GISTs have K / T  mutations resulting in constitutive kinase 
activity. Together, these observations suggested that K/T  
mutations are oncogenic and play an important role in 
the growth and survival o f  GISTs. Follow-up studies from 
many laboratories around the world strongly support this 
hypothesis. For example, KIT isolated from GIST extracts 
is highly phosphorylated,  an indicator of  KIT kinase 
activity [15]. K I T  gene mutations are detectable in 80-85% 
o f  all GISTs [16-18], and such mutations are as common in 
small  (<2 cm), incidentally discovered lesions as they are in 
larger, more advanced lesions [18,19]. In addition, a nmnber 
o f  kindreds with germline K I T  gene mutations have been 
identified in which affected individuals have an extremely 
high risk for developing one or more GISTs [20-25]. More 
recently, two groups have generated mouse models  of  GIST 
by targeted insertion o f  K/T  genes containing exon 11 or 13 
mutations that are homologous to K/T  mutations seen in 
sporadic human GISTs [26,27]. Transgenic mice expressing 
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these constitutively activated forms of KIT develop diffuse 
hyperplasia of ICC and focal GIST formation. Thus, 
oncogenic activation of KIT is not only common in GISTs 
but occurs early in their tumorigenesis - making KIT an 
excellent therapeutic target. 

K/T mutations, however, are not found in all GISTs. 
A small subset of GISTs have constitutively activating 
mutations in the gene encoding platelet-derived growth 
factor receptor c~ (PDGFR~), a receptor tyrosine kinase 
homologous to KIT, whereas other GISTs harbour wild-type 
genes encoding KIT and PDGFRc~ [2,27-29]. This suggests 
that GIST oncogenesis is multifactorial and can be triggered 
by constitutive activity of KIT, PDGFRc~, or other unknown 
molecular targets [14,28 31]. 

3. Current therapy for GIST 

Complete surgical resection is currently the first-line 
therapy for patients with resectable GIST [32,33]. However, 
many patients develop recurrent or metastatic disease after 
resection of the primary tumour. 

Standard chemotherapy is ineffective for treatment of 
GIST, yielding disappointing results both as adjunctive 
therapy after primary resection and as therapy for recurrent 
or metastatic disease[34-36]. Radiotherapy is also of 
limited value in the management of GIST, due to the 
relative radioresistance of the tumours and the potential 
dose-limiting toxic effects of radiotherapy on surrounding 
vital organs [35,37]. The prospects for patients with locally 
advanced or metastatic GIST have been significantly 
improved with the availability of imatinib in both the USA 
and Europe. 

4. Targeted therapy with imatinib 

Imatinib is a relatively selective, small-molecule inhibitor 
of KIT, PDGFRc~, PDGFR~, c-FMS, BCR-ABL, and ARG 
tyrosine kinase activity[33,38-41]. Imatinib is currently 
indicated as first-line therapy for metastatic, unresectable, or 
recurrent GIST, as well as for chronic myeloid leukaemia in 
all phases [42,43]. The use of imatinib for GIST was based 
on the discovery that most of these tumours arise from 
KIT activating mutations, and the hypothesis that inhibition 
of KIT would exert an anti-proliferative and/or apoptotic 
effect on GIST cells [44,45]. This hypothesis was supported 
by studies in human KIT-dependent cell lines demonstrating 
that imatinib, at clinically relevant concentrations, blocked 
KIT kinase activity as well as induced anti-proliferative 
and pro-apoptotic responses in these cells. These early 
preclinical studies led to extensive clinical trials that have 
since established the efficacy and safety of imatinib in 
patients with advanced GIST. 

5. Immunohistochemical classification of GIST 

Approximately 95% of GISTs stain positively with an 
immunohistochemical assay for the CDl17 antigen, an 

extracellular epitope of KIT [ 18,46], whereas another 5% 
express undetectable levels of KIT [47]. This nearly ubiq- 
uitous immunopositivity for KIT is a valuable diagnostic 
criterion enabling GIST to be differentiated from other 
tumours included in the differential diagnosis that typ- 
ically do not exhibit detectable KIT [6,7,46,48]. Other 
malignancies stain positively for KIT, however, they are 
rarely included in the differential diagnosis of GIST [ 13,49]. 
Expression of other markers by GIST is more variable, 
including BCL-2 (80%), CD34 (70%), muscle-specific 
actin (50%), smooth muscle actin (35%), S-100 (10%), 
and desmin (5%)[6,17,18,48]. KIT (CDll7),  CD34, and 
desmin are a useful combination of markers for confirming 
the diagnosis in a morphologically typical GIST, with 
desmin stain serving primarily to rule out leiomyosarcoma. 

6. Molecular classification of GIST 

KIT and PDGFRc~, as members of the class III receptor 
tyrosine kinase family, share a high degree of homology in 
their cytoplasmic domains [50]. Mutation of a number of 
discrete domains of these proteins can result in constitutive 
kinase activation (Fig. 1). The reported frequency of 
K/T-activating mutations in GIST ranges from 80% to 
85% [18]. Analysis of data from 322 GIST cases showed 
that K/T mutations occurred most frequently (66.1%) in 
exon 11 [18], whereas mutations in exons 9, 13, and 17 
occurred at much lower frequencies. Additionally, 7.1% of 
the GISTs in this series had mutations in P D G F R A  exon 
12 or 18. The remainder of the GISTs in this series 
expressed wild-type K/T and P D G F R A .  In a recent update 
these investigators recently reported on 1105 GISTs, of 
which 80 tumours (7.2%) harboured a P D G F R A  mutation: 
66 in exon 18, 11 in exon 12, and 3 in exon 14 [51]. Other 
studies have indicated that most GISTs that do not express 
detectable levels of KIT and lack K/T mutations express 
P D G F R A  mutations [28,47,52-54]. 

Several reports have suggested that GIST mutations are 
associated with tumour location and, possibly, prognosis. 
Occurrence of K/T exon 11 mutations does not seem 
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Fig. 1. Structural diagram of KIT and PDGFRc~ indicating regions and 
approximate frequency of activating mutations encoded by the respective 
genes [16,51]. 
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to be related to tumour site, with similar frequencies of  
such mutations reported for the stomach, small intestine, 
oesophagus, and anorectum[6,55,56]. In contrast, KIT 
exon 9 mutations seem to preferentially occur in the small 
intestine [56,57], although this has not been a consistent 
finding [58]. 

The vast majority of GISTs with PDGFRA mutations 
originate in the stomach and, less frequently, in the omen- 
rum and mesentery[47,51,54,59,60]. In a recent study of 
25 KIT-negative GISTs, mutational analysis showed that 18 
tumours harboured PDGFRA mutations. Of  these tumours, 
15 (83%) had mutations in exon 18; 9 of  these tumours 
originated in the stomach, 3 in the abdomen, and 1 each in 
the omentum, mesentery, and small bowel [47]. Two of  the 
mmours, 1 in the abdomen and 1 in the omentum, expressed 
PDGFRA mutations in exon 12. The remaining tumour, 
with a PDGFRA mutation in exon 14, also originated in 
the abdomen. Sakurai et al. [53] examined 30 GISTs that 
were immunohistochemically weak or negative for KIT, and 
found PDGFRA mutations in 20 tumours. Twenty (67%) of 
these ~rnours had mutations in PDGFRA (18 in exon 18, 
2 in exon 12); 18 originated in the stomach, and 2 in the 
omentum. Recently, Lasota et al, [59] analysed 447 GISTs 
lacking K/T exon 11 mutations and found mutations of  
PDGFRA exon 12 (11 cases) or exon 18 (128 cases) in 31% 
of these cases. Notably, 98% of the PDGFRA-mutant GISTs 
arose from the stomach. 

Approximately 10% to 15% of GISTs that arise in adults 
lack identifiable mutations of KIT or PDGFRA. While the 
molecular pathogenesis of  these tumours is unknown, the 
maj ority of  these tumours strongly express KIT protein and 
have evidence of KIT activation[15]. In contrast, the vast 
majority of GISTs that arise in children or adolescents do 
not have KJT or PDGFRA mutations. GISTs arising in 
young adults (age <30 years) comprise a heterogeneous 
group of tumours with some cases having "adult" character- 
istics (KJT or PDGFRA mutations, "adult" gene expression 
profiles) and others having "paediatric" characteristics 
(female predominance, lack of KIT/PDGFRA mutations, 
"paediatric" gene expression profile) [61]. 

In addition, GISTs can arise in association with familial 
syndromes such as neurofibromatosis or the Carney triad - 
these cases rarely have KarT or PDGFRA mutations[18, 
61-65]. 

Evidence suggests that the type of tumour mutation may 
be a prognostic risk factor for GIST [66-68]. In a study 
that evaluated the prognostic relevance of K/T mutations in 
48 GIST patients, those with exon 11 missense mutations 
were found to have a higher 5-year recurrence-free survival 
rate than patients with other mutation types (89% vs 40%, 
P=0.03)[67].  In addition, there are studies suggesting 
that mutations in KIT exon 9 (56, 57) or exon 13 [57] 
are associated with an unfavourable prognosis. Conversely, 
another study in GIST patients found no difference in 
prognosis between patients with exon 9 and exon 11 
mutations [69]. In view of the conflicting data in this area, 

Table 1 
Molecular classification of GISTs [18] 

GIST Type Comments 

Sporadic GIST 

K/Tmuta t ion  

- E x o n  11 

- E x o n  9 

- Exon 13 

- Exon 17 

PDGFRA mutation 

- Exon 12 

- Exon 18 

Wild type 

Familial GIST 

K/T 

- E x o n  11 (V559A, 
delV559, W557R) 

- Exon 13 (K642E) 

- Exon 17 (D820Y) 

P e d i a t r i c  G I S T  

Sporadic 

Carney's triad 

NF-1 Related GIST 

Best response to imatinib 

More commonly associated with primary 
imatinib resistance than e~on 11 mutant 
GISTs 

Sensitive to imatinib in vitro; clinical 
responses observed 

Sensitive to imatinib in vitro; clinical 
responses observed 

Sensitive to imatinib in vitro; clinical 
responses observed 

D842V has poor response to imatinib; most 
other mutations are sensitive 

Less responsive to imatinib 

Skin pigmentation, urticaria pigmentosa, 
mastocytosis 

No skin pigmentation or mastocytosis 

No skin pigmentation or mastocytosis; 
abnormalities in oesophageal peristalsis 

K/T  mutations much less frequent than in 
adults 

Gastric GIST with pulmonary chondroma 
and/or paraganglioma; female: male= 7 : 1; 
n o  K/T mutations identified 

K/T  mutations are very rare 
No reported PDGFRA mutations 

further research on the prognostic value of mutation type 
is warranted. However, as described below, compelling 
evidence suggests that mutation type is predictive for the 
quality and duration of response to imatinib. Based on the 
above considerations, Corless et al. [18] have proposed a 
molecular classification of GISTs (Table 1). 

7. T r e a t m e n t  cons ide ra t ions  for  G I S T  

7.1. Imatinib efficacy 

The first clinical report suggesting efficacy of imatinib in 
treatment of  GIST was that describing its use in a 50-year- 
old woman [70]. The patient had extensive metastatic GIST 
despite multiple surgeries and chemotherapy. Treatment 
with imatinib 400 mg once daily (QD) decreased tumour 
size by 50% after 1 month; after 8 months of  treatment, 
6 of  28 hepatic lesions were no longer detectable by 
magnetic resonance imaging (MRI), others were smaller, 
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Table 2 
Imatinib trial results in advanced GIST 

Trial Phase Dose Objective Turnout control 
response (PR+CR+SD, %) 
(PR+CR, %) 

EORTC [71] I 400-800mg 63 90 

EORTC [72] II 400mg BID 71 89 
EORTC [73] III 400 mg QD 50 82 

EORTC [73] III 400mg BID 54 86 
US-Finnish [74] II 400 mg QD 66 83 

US-Finnish [74] II 600 mg QD 66 83 
US-Canadian [75] III 400 mg QD 48 75 

US-Canadian [75] III 400 mg BID 48 74 

demonstrated that stable disease is a relevant clinical 
endpoint in GIST treatment, at least in the context of 
imatinib therapy. 

A phase II study conducted by the EORTC Soft Tissue 
and Bone Sarcoma Group enrolled 27 patients with 
advanced and/or metastatic GIST [72]. Patients received 
imatinib 400 mg BID, the maximum tolerated dose identi- 
fied in their phase I study. In all, 4% of patients achieved 
complete response, 67% had partial response, 18% had 
stable disease, and 11% of patients experienced disease 
progression (Table 2). Responses and stable disease were 
maintained, with 73% of the patients free from progression 
at 1 year. 

and no new lesions had appeared. The patient continued 
to improve, as demonstrated by MRI, histologic evalua- 
tions, and [18F]fluoro_2_deoxy_D_glucose positron emission 
tomography (FDG-PET). Improvement was sustained and 
imatinib was well tolerated. 

The impressive results in this patient, together with 
the success achieved with imatinib in the treatment of 
patients with chronic myeloid leukaemia, rapidly led to 
the initiation of a phase I dose-finding study by the 
European Organization for Research and Treatment of 
Cancer (EORTC) Soft Tissue and Bone Sarcoma Group [71, 
76]. The study included 40 patients with advanced soft 
tissue sarcomas, 35 of whom had GIST. Patients received 
imatinib at doses of 400mg QD or 300mg, 400mg, or 
500 mg twice daily (BID). After 8 weeks, 19 (54%) patients 
with GIST had a confirmed partial response and 13 (37%) 
had stable disease[71,76]. At the 10-month follow-up, 
18 GIST patients (51%) continued with partial responses, 
and 11 (31%) with stable disease [76]. This study helped 
establish the efficacy of imatinib as a treatment for GIST, 
and indicated that 400 mg BID was the maximum tolerated 
dose in patients with advanced GIST. 

The US-Finland phase II trial evaluated the effects of 
imatinib doses of 400rag or 600rag QD in 147 patients 
with unresectable or metastatic KIT-expressing GIST [74]. 
At a median follow-up of 288 days (-9 months), 54% of 
patients had partial response and 28% had stable disease. 
Early resistance to imatinib was observed in 14% of 
patients. There were no statistically significant differences 
ha response rates between the 400rag and 600mg doses 
of imatinib. At the 21-month follow-up, <1% of patients 
achieved complete response, 67% had partial response, 
16% had stable disease, and 12% experienced progressive 
disease. No significant differences in survival rates were 
found between patients with stable disease (92%) and 
those with partial response (95%). At the time of the 
report (October/November 2004), median survival exceeded 
3 years[77,78]. Recent follow-up data from this trial 
indicate that overall median survival is 4.8 years and 
median survival has yet to be reached in the subpopulation 
of patients with KJT exon 11 mutations [79]. This trial 

7. 2. Correlation of  imatinib efficacy with molecular 
characterisation o f  GIST 

KIT or PDGFRA mutations in GIST differ in type and 
affect different receptor domains. Several studies have 
examined the relationship between various activating K/T or 
PDGFRA mutations and the clinical response to irnatinib in 
patients with advanced GIST. The findings of these studies 
indicate that tumour mutational status influences the clinical 
response of  GISTs to imatinib. 

In the US-Finland phase II study, the correlation between 
mutation type and clinical response to imatinib was studied 
in 127 metastatic GIST patients treated with 400mg or 
600mg QD. In this study, the mutational frequency of 
KIT or PDGFRA mutations was 88.2% (n = 112) and 4.7% 
(n=6), respectively[16,77]. Partial response rates were 
significantly higher in patients with GISTs harbouring K/T 
exon 11 mutations (83.5%) than in patients with tumours 
harbouring KIT exon 9 mutations (47.8%, P =  0.0006) or 
no K/T or PDGFRA mutations (0.0%, P<0.0001).  No 
significant differences in response rates were noted between 
patients with KIT exon 11 point mutations and those with 
KIT exon 11 deletion mutations. Imatinib-treated GIST 
patients with K/T exon 11 mutations also had longer event- 
free survival and overall survival than those with either 
KIT exon 9 mutations or no mutations in K/T or PDGFRA 
(P ~< 0.004) (Fig. 2). 

The investigators also performed in vitro biochemical 
profiling of  different types of GIST-associated mutations. 
All of  the profiled K/T mutations (in exons 9, 11, 13, 
and 17) were sensitive to imatinib. In addition, PDGFRd 
exon 12 and certain exon 18 mutations were also shown 
to be imatinib sensitive. However, the most common GIST- 
associated PDGFRA exon 18 mutation, D842V, was found 
to be resistant to clinically achievable levels of imatinib. 
The clinical results seen in treating patients with PDGFRd- 
mutant tumours in this trial were congruent with the in vitro 
predictions of drug sensitivity. Notably, none of 3 patients 
with PDGFRA mutations encoding the PDGFRct D842V 
substitution had an objective response to imatinib, whereas 
2 of  the 3 patients with PDGFRA mutations encoding 
imatinib-sensitive PDGFRc~ had a partial response during 
imatinib therapy. 
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A second study [80] examined GISTs from 37 patients 
enrolled in the EORTC phase I and phase II trials to explore 
the predictive value of K/T and PDGFRA mutations [71,72, 
76]. Patients with GISTs expressing K/T exon 11 mutations 
were more likely to achieve partial responses to imatinib 
therapy (83%) than were patients with GISTs harbouring 
mutations in K/T exon 9 (25%), KIT exon 13 (0%), 
PDGFRA exon 18 (0%), or no mutations (33%). Patients 
with K/T mutations had longer median survival times and 
were less likely to experience disease progression during 
imatinib therapy than patients with PDGFRA mutations or 
no mutations in either PDGFRA or K/T. 

The relationship between K/T or PDGFRA mutations and 
clinical response to imatinib was further examined in a 
randomised phase III study that compared imatinib doses of  
400 mg and 800 mg QD in 746 patients with KIT-positive 
GISTs [75]. Pretreatment tumour samples from 324 patients 
were screened for mutations in K/T or PDGFRA [81]. K/T 
mutations were found in 86.4% of patients, and PDGFRA 
mutations were found in 1% of patients. Patients with 
K/T exon 11 mutations demonstrated objective responses 
more frequently (67%) than patients with K/T exon 9 
mutations (40%) or no kinase mutations (39%, P = 0.0022). 
No significant differences in response rates were observed 
between GISTs with different types of  exon 11 mutations 
(point mutation vs deletion/insertion) among the patients 
with K/T exon 11 mutations. Multivariate analysis showed 
that a KIT exon 11 mutation was the best predictor of  
objective response. K/T exon 11 mutations also conferred 
longer median time to treatment failure (576 days) than 
K/T exon 9 mutations (308 days) or no detectable kinase 
mutations (251 days) (P = 0.0012). There was a very strong 
trend for a higher objective response rate for K/T exon 9 
mutant GISTs (odds ratio = 8.0) treated with high-dose 
versus standard-dose imatinib. However, this difference in 
the interim analysis did not reach the level of  statistical 

Vol. 4 Suppl. 1 (2006) 10-18 

significance. In contrast, there was no evidence that the 
imatinib dose influenced the likelihood of an objective 
response for GISTs with K/T exon 11 mutations or GISTs 
without K/T or PDGFRA mutations. 

8. C D l l 7  staining 

Although positive staining for KIT (CD 117) is considered 
to be the best immunophenotypic marker for GIST, the 
level of  KIT expression does not correlate with imatinib 
response [82]. A single-patient case report suggested that 
even GISTs with very low levels of KIT expression may 
respond to treatment with imatinib [82]. The patient had 
a metastatic gastric tumour that contained a K/T exon 11 
mutation and stained positively for CD34. However, the 
biopsies of  the primary tumour and the liver metastasis 
stained only weakly or not at all for CD117. Despite the 
near-negative staining for CD 117 of the tumours, the patient 
responded well to imatinib therapy, suggesting that a low 
level of KIT expression in GIST does not preclude clinical 
response of the tumour to imatinib. 

Samples from the US-Canadian phase III trial were 
centrally reviewed for confirmation of diagnosis and KIT 
expression, the latter being a criterion for eligibility for 
enrollment in the study [81,83]. A diagnosis of  a KIT- 
expressing GIST was confirmed in 94% of cases (377/401), 
with a diagnosis of  KIT-negative GIST or leiomyosarcoma 
in 3.5% and 2.5% of cases, respectively. Molecular analysis 
of  a subset of  these cases revealed KIT or PDGFRA 
mutations in 87.5% of KiT-positive GIST (86% K/T 
mutations, 1.5% PDGFRA mutations), 87.5% of KIT- 
negative GIST (37.5% K/T, 50% PDGFRA), and 0% of 
leiomyosarcoma cases. Outcome assessment showed that 
response rates and progression-fi'ee survival in patients 
with KiT-negative GIST did not differ significantly from 
that in patients with KIT-positive GIST (43% vs 49%, 
estimated 2-year progression-free survival). However, the 
estimated 2-year overall survival rate was significantly 
greater in patients with KiT-positive GIST than in those 
with KIT-negative GIST (77% vs 57%, P<0.01) .  These 
results indicate that imatinib therapy can provide a clinical 
benefit for patients with KIT-negative GIST, and that the 
high incidence of kinase mutations in KIT-negative GIST 
supports trials of  imatinib in all GIST patients, irrespective 
of  CD 117 expression. These results also highlight the utility 
of  clinical mutation testing in the diagnosis of KIT-negative 
GIST, as kinase mutations are found in the vast majority of 
KIT-negative GISTs, but are not found in histologic mimics 
of  GIST [47,52,84,85]. 

9. Resistance to imatinib 

9.1. Scope of the problem 

Although imatinib is effective in most patients with ad- 
vanced GIST, early or late resistance of tumours to imatinib 
is an increasing clinical problem. Early resistance has been 
reported in only 10-26% of patients (Table 2). However, 
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the vast majority of  responding patients will eventually 
develop secondary tumour progression. In phase II/III 
clinical studies, the median time to turnout progression 
was 20 to 24 months [71,73-76]. At the current time, it 
remains unclear whether a small fraction (< 15%) o f patients 
with metastatic GIST actually are cured with imatinib 
treatment. 

Because of the potential for tumour recurrence, surveil- 
lance during imatinib treatment is crucial. It should be noted 
that development of  imatinib resistance and subsequent 
disease progression can follow several patterns, including 
the standard patterns of  turnout enlargement and metastasis, 
as well as the recently described "nodule within a mass". 
First described in 2004 [86], the nodule-within-a-mass 
pattern was observed in 21 of 39 patients who developed 
recurrent GIST after an initial response to imatinib ther- 
apy [87]. In 17 patients, the appearance of the nodules on 
a computerised tomography (CT) scan was the first sign 
of disease progression. This novel pattern was believed 
to reflect the emergence of imatinib-resistant clones, an 
interpretation supported by the presence of new activating 
kinase mutations in the turnour genotype [86]. This pattern 
is considered important for the diagnosis of progressive 
disease because conventional tumour assessments - which 
depend on size or volume as measures of  progression (e.g., 
Response Evaluation Criteria in Solid Tumors [RECIST]) - 
would not consider nodular recurrence as a criterion 
for disease progression. Other changes in the internal 
structure of  tumour tissue indicative of  both response and 
reprogression without change in tumour size have also 
been noted [88]. Thus, radiological imaging surveillance 
requires an awareness on the part of the interpreter of  
these unique imaging characteristics of  GISTs treated with 
imatinib [89]. 

9. 2. Molecular mechanisms in resistance 

Imatinib resistance can appear early (appearing after <180 
days of  therapy without initial objective response) or late 
(appearing after >180 days of  therapy and initial objective 
response). Early resistance is most commonly associated 
with patients whose GIST harbours K/T exon 9 mutations, 
PDGFRA D842V mutations, or no KIT/PDGFRA muta- 
tions [16,80]. In the ease of  GISTs with K/T exon 9 muta- 
tions or no kinase mutations, it is hypothesised that imatinib 
resistance is due to intrinsic molecular abnormalities that 
are present in the tumours before initiation of therapy. 
Specifically, these turnouts are thought to have a lesser 
dependence on KIT signalling for cellular proliferation 
and avoidance of apoptosis and can more easily adapt to 
conditions of  KIT inhibition. In the case of  GISTs with 
mutations involving codon D842 (most commonly D842V), 
it is hypothesised that although these GISTs depend upon 
PDGFRct activation, mutations involving codon 842 result 
in an imatinib-resistant form of the PDGFRct kinase [16,29, 
51,80]. In support of this hypothesis, the development of a 
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Fig. 3. Frequency of acquired K/T mutations in secondary (late) imadnib- 
resistant GISTs is lower in GISTs with primary K/T exon 9 mutations 
than in GISTs with primary K/T exon 11 mutations. Mutational data are 
compiled from Antonescu et al. (2005) [90] and Debiec-Rychter et al. 
(2005) [91]. 

secondary D842V mutation has been reported in association 
with a case of  acquired imatinib-resistance [91]. 

Late imatinib resistance is most commonly associated 
with acquisition of secondary K/T kinase mutations in a 
GIST with a primary (pre-imatinib) KIT  exon 11 mutation. 
Secondary mutations can also be found in association 
with KIT  exon 9 mutant GISTs, but the frequency of 
secondary mutations is markedly lower than that seen with 
KIT  exon 11 mutant GISTs (Fig. 3). These secondary 
mutations are clustered in two discrete regions of the KIT 
kinase domain: [1] the ATP/imatinib binding pocket of  the 
protein (exons 13 and 14); and[2] the KIT activation loop 
(exon 17) (Table 3). These secondary mutations are believed 
to abrogate imatinib binding, either by directly altering 
the drug-binding pocket or stabilising the kinase in the 
active conformation (imatinib can only bind to the inactive 
conformation of the kinase)[40]. The development of 
secondary kinase mutations is associated with reactivation 
of  KIT kinase activity in GIST cells, despite continued 
treatment with imatinib. 

Amplification of the KIT locus has been reported as 
an infrequent event in GISTs with secondary imatinib 
resistance and no secondary kinase mutations. Theoreti- 
cally, such amplification when accompanied by KIT over- 
expression might result in progression with standard dose 
imatinib [90,91 ]. 

KIT-independent molecular mechanisms of imatinib re- 
sistance in GIST include activating mutations or direct 
activation of receptor tyrosine kinases that utilise shared 
signalling pathways with KIT (eg, PI3K/AKT), increased 
imatinib metabolism, or the development of  multi-drug re- 

Table 3 
Secondary K/T mutations conferring imafinib resistance in GIST 

Domain Codon Reported mutations Reference(s) 

ATP/imatinib binding 

Activation loop 

654 V654A [90-92] 

670 T670I, T670E [93] 

816 D816E, D816G [91,94] 

820 D820Y,, D820E [90,91] 

822 N822K [90,91,94] 

823 Y823D [95] 



16 M.C. Heinrich/EJC Supplements Vol. 4 Suppl. 1 (2006) 10-18 

sistance. In some cases, these KIT-independent mechanisms 
can be associated with deletion of the K/T locus and/or 
loss of KIT expression. Development of  imatinib resistance 
through the mutation of a different kinase gene was first 
reported in a mutational analysis of  26 imatinib-resistant 
GISTs, where 1 newly acquired PDGFRA mutation was 
detected. 

The discovery that many cases of  imatinib resistance are 
due to reconstitution of KIT-dependent signalling pathways 
has led to the hypothesis that switching to structurally unre- 
lated KIT/PDGFRa kinase inhibitors might be an effective 
form of salvage therapy. As discussed by Dr Reichardt in 
his paper entitled Optimising therapy for GIST patients, 
a number of new KIT/PDGFRa kinase inhibitors have 
been tested for activity against imatinib-resistant GIST. 
Notably, a phase III trial of sunitinib (formerly SUl1248) 
versus placebo demonstrated significant improvements in 
progression-free and overall survival among the patients 
treated with sunitinib. 

10. Conclusion 

Molecularly targeted therapy has considerably improved 
the outlook for patients with advanced GIST. Complete 
responses are rare, but most patients achieve either partial 
response or stable disease with imatinib therapy. Median 
time to imatinib treatment failure is approximately 18 to 
24 months, and median survival for patients with partial 
response, complete response, or stable disease is more 
than 3 years [16,77,78]. The mutational status of  a given 
GIST is predictive of  response, with patients whose GISTs 
harbour KIT exon 11 mutations being more likely to 
achieve a partial response to imatinib, compared with 
patients whose GISTs harbour K/T exon 9 mutations, 
PDGFRA exon mutations, or no detectable kinase gene 
mutation [71]. Emerging data suggest that many cases of  
focal progression during imatinib therapy are the end 
product of  clonal evolution. Most acquired resistance is 
attributable to KIT-dependent mechanisms. Because new, 
resistant clones may exist concurrently with responding 
tumour tissue, continued imatinib therapy despite secondary 
progression is recommended. Continuing research efforts 
are directed at optimising the use of  imatinib in patients 
with advanced GIST as well as the development of  novel 
treatment approaches to prevent and/or treat imatinib- 
resistant clones of  GIST. 
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