
Abstract. Treatment of patients affected by advanced or
inoperable GIST was revolutionized by the use of the tyrosine
kinase inhibitors. Despite the fact that most patients have a
good durable response of disease, they develop a resistance
to treatments after a median time of 24 months. The acquired
resistance is an emerging aspect in medical oncology especially
in the era of target therapies. The aim of this review is to
report all known mechanisms of secondary resistance to
tyrosine kinase inhibitors and to highlight their clinical
implications. In general, they may be divided in mechanisms
related to the acquisition of new molecular abnormalities
associated to KIT and PDGFRA receptor signalling pathway,
such as the loss of KIT expression, the genomic amplifi-
cation of KIT, the activation of an alternative downstream
signalling pathways such as AKT/mTOR and the acquisition
of new receptor mutations, and other mechanisms different to
KIT/PDGFRA receptors. Future research perspectives on
target therapy and early resistance evaluation are also
discussed.
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1. Introduction

Gastrointestinal stromal tumours (GISTs) arise from the
interstitial cells of Cajal (ICC). They are the most common
mesenchymal tumours of the gastrointestinal tract, harbouring
mainly in the stomach. The oncogenic event that leads to
GIST development is a gain-of-function KIT or PDGFRA
gene mutation that results in the constitutive ligand-indepen-
dent activation of receptors and of their downstream signalling
with the loss of control of the cellular cycle, cell proliferation
and resistance to apoptosis (1). As well known, GISTs are
poorly responsive to radiotherapy and conventional chemo-
therapy (2). No effective medical treatment was available until
2001 when imatinib mesylate (Gleevec®) was successfully
introduced to treat advanced unresectable GISTs (3). The
development of tyrosine kinase inhibitors and their wide use
in clinical practice has dramatically changed the natural
history of GISTs and at moment imatinib mesylate represents
the standard medical treatment for advanced unresectable
disease. In fact, about 75-90% of patients with advanced
GISTs treated with imatinib have a clinical benefit (stable
disease or partial/complete response) (3). Despite such a high
response rate, there are subsets of tumours that are primarily
resistant to imatinib. As widely demonstrated, the response to
tyrosine kinase inhibitors is strictly correlated to KIT and
PDGFRA mutational status (4). Heinrich et al reported that
patients with exon 11 KIT mutations have a response rate of
83.5%, compared to 48% for patients with exon 9 mutations
(4). Moreover, patients with exon 11 mutations have a longer
event-free survival and median survival than patients with
exon 9 mutations (4,5). In particular, specific KIT exon 11
point mutation V560G is associated with increased suscepti-
bility to imatinib inhibition of kinase activity (6). Patients with
exon 18 PDGRFA D842V point mutation are not usually
sensitive to imatinib (7,8). Finally, wild-type KIT/PDGFRA
GISTs are also more resistant to imatinib, but the percentage
of response or stable disease is variable according to several
studies (4,5,9).

Also the patients who have a good response to imatinib
quite invariably develop disease progression. Several mecha-
nisms of secondary resistance have been proposed among
which the predominant one seems to be a reactivation of the
receptors due to a new acquisition of a point of mutation in
KIT or PDGFRA conferring imatinib resistance (10).
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The aim of this review is to report all known mechanisms
of secondary resistance of GISTs to tyrosine kinase inhibitors,
to highlight their clinical implications and to discuss future
research perspectives on target therapy and early response
evaluation.

2. Evidence of KIT and PDGFRA mutations

KIT and PDGFRA genes are both located in chromosome
4q12. They encode for transmembrane receptors that belong
to the type III tyrosine kinase family whose natural ligand are
stem cell factors (SCF) and plateled derived growth factors
(PDGF). The structure of the receptor is similar for KIT
and PDGFRA, made of an extracellular domain with five
immunoglobulin-like domains, a transmembrane domain and
an intracellular domain which contains two tyrosine kinase
domains: the first one with an adenosine triphosphate (ATP)
binding region and the second one with a phosphotransferase
region (activation loop). The activation of receptors normally
occurs with the ligand binding, and consequently with the
dimerization of the receptor, then autophosphorylation of the
tyrosine kinase domain and finally, the activation of
substrates of KIT/PDGFRA such as PI3K/Akt, Ras/MAPK
and JAK/STAT which promotes cell cycle activation, cell
proliferation, and apoptosis inhibition (11,12). Several gain
of function mutations of KIT and PDGFRA in different exons
have been reported (Figs. 1 and 2) (13,14). Hirota et al in
1998 demonstrated for the first time the key role of KIT
activating mutations in GISTs pathogenesis. They examined
six GIST samples, found KIT activating mutation in five, all
located in the juxta-membrane domain (exon 11) within
Lys550 and Val 560, responsible for constitutive activation
of the KIT receptor (1,15). Afterwards several groups

confirmed these data and other KIT exon 11 mutations have
been identified such as an in-frame deletion involving codons
encoding amino acid residues from 550 to 579, in particular
the 557 codon, and less frequently points of mutation (mainly
in 557, 559, 560 and 576 codons), duplications, insertions
and complex mutations (4,5,13,14,16,17). Mutation of the
juxta-membrane domain brings KIT constitutive activation
and was observed mainly in tumours with gastric localization
(14,16). Mutations in other exons of KIT receptor were
reported (16-23). Lux et al identified an insertion of six nucleo-
tides in exon 9 which leads to an amino acidic duplication of
Ala-Tyr in the extracellular domain of the receptor (18). This
mutation is normally found in about 11% of GISTs, however
its frequency is significantly associated with large size tumours
and arising in the small bowel (14,16,19,20,23).

In a small number of GIST some exon 13 mutations, among
which the K642E point mutation is the most common,
harbouring in the tyrosine kinase site (18,19,22). Even less
frequently, mutations affecting the activation loop (exon 17)
are involved in the pathogenesis of GISTs. The N822K and
N822H have been identified in sporadic GISTs, whereas
D820Y has been observed in familiar GISTs (21,22,24).

Evidence of PDGFRA mutations in KIT-wild-type (WT)
GIST was demonstrated for the first time by Heinrich et al
in 2003. Using GIST478 cell line they observed that
phosphoPDGFRA (activated PDGFRA) was highly expressed
in this cell line and that phosphoPDGFRA and phosphoKIT
expression are mutually exclusive. Moreover, in cells with
high expression of phosphoPDGFRA, they identified a
missense D842V mutation and an in-frame deletion of
amino acid residues 842-845 of the exon 18 which encodes
for the PDGFRA activation loop (7). Other sites of mutation
are further identified in exon 18 (D842Y, deletion 842 to
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1359-1366  28/4/2009  08:46 Ì  ™ÂÏ›‰·1360



845-delDIMH842-845-, delRD841-842KN), exon 12
(delSPDGHE566-571-R, del560-564) exon 14 (N659K) (25).

As well known, mutational status of KIT and PDGFRA
affects prognosis and response to tyrosine kinase inhibitors,
and it may confer primary or secondary resistance (4,26).

3. Mechanisms of secondary resistance

The mechanisms of secondary resistance to tyrosine kinase
inhibitors have been widely investigated (Fig. 3). The demon-
strated mechanisms are related to abnormalities of KIT and
PDGFRA receptors (structure and function). Other mecha-
nisms are supposed such as chromosomal alterations, pharma-
cokinetic variables or tumour differentiation.

4. Tyrosine kinase receptor-related mechanisms

Disease progression under imatinib treatment may occur after
a median time to progression of about 24 months. Knowledge
on chronic myeloid leukemia (CML) has been helpful to
understand drug resistance mechanisms in GIST. In fact
chronic myeloid leukaemia develops resistance to imatinib
through several cellular mechanisms, one of which is the
acquisition of new BCR/ABL gene mutations (27). Fletcher
et al identified four different mechanisms of imatinib
secondary resistance associated to KIT and PDGFRA
receptor in GISTs: i) the activation of an alternative down-
stream signalling pathways such as AKT/mTOR; ii) the
activation of an alternative tyrosine kinase receptor and loss
of KIT expression; iii) the genomic amplification of KIT; iv)
the acquisition of new KIT/PDGFRA mutations. At present
the latter is considered the most important and the most
frequent one (Table I) (10).

Chen et al studied a series of 12 GISTs with primary
mutations in exons 9 and 11 which developed imatinib

resistance after an initial response (28). Mutational analysis
of six resistant lesions revealed in all of them the presence of
the V654A mutation in the tyrosine kinase domain I, encoded
by exon 13, later recognized as the most commonly acquired
mutation (28-31). Subsequent studies allowed to identify
other acquired points of mutation, especially in KIT exon 14
(resulting in the T670I substitution) and in exon 17 (resulting
in the Y823D, D716N, D816G and D820E /Y substitution,
N822K) (32-34). Antonescu et al performed mutational
analysis of 31 tumour nodules from patients treated with
imatinib classified as ‘non-resistant’, ‘primary-resistant’ and
‘acquired-resistant’ (35). When possible more than one
nodule of the same patient was analyzed. Results showed the
absence of new mutations in non-resistant tumours. Instead, in
7 of 15 progressing patients secondary KIT mutations were
found. The most common site of secondary mutations was
exon 17 with substitution N822K, D820K and Y823D,
whereas other already known points of mutations were
identified in exon 13 (V654A) and in exon 14 (T760I). In a
patient who underwent recurrence resection, two different
mutations were found: the first one was located in exon 13
(V654A) and the second one was found in the exon 17
(N822K). In 3 patients the secondary mutations were present
only in one, but not in all nodules. Successively, the
occurrence of more than one acquired KIT mutation in the
same patient was described (36-38). Waldermann et al
studied 32 patients with progressive disease under imatinib
treatment and found secondary mutations in 14 patients: 10
patients developed only 1 new mutation, and 4, 3, 2 mutations
were found in 3 different patients. No more than one
mutation was detected in the same lesion. Moreover, primary
mutations can be detected in all tumour samples before and
after imatinib whereas, in consequence of clonal evolution,
secondary mutations were expressed exclusively in progressing
lesions (36). The theory of clonal evolution of some nodules
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resistant to imatinib was also described by Desai et al (6).
They demonstrated that in 48 patients with progressive
disease, 23 patients developed a resistant nodule (defined as
a new enhancing nodule within a pre-existing mass)
detectable about five months before the objective progression
(as increment of tumour size). In 80% of these patients,

secondary mutations were detected. The clonal evolution of
resistant nodules detected by CT-scan or FDG-PET may be
considered a pattern of progressing disease (6).

In a recent paper Liegl et al highlighted the wide spectrum
of resistance mechanisms to tyrosine kinase inhibitors with
different mutations found in different samples taken from the
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Table I. Secondary resistance mutations to tyrosine kinase inhibitors in GISTs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

No. of Sequenced
Author Year patients Primary mutation samples Secondary mutation Refs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Chen LL 2004 5 1 exon 9-4 exon 11 6 KIT exon 13 (V654A) (28)

Tamborini E 2004 1 Exon 11 1 KIT exon 14 (T670I) (32)

Wakai T 2004 1 Exon 11 1 KIT exon 17 (Y823D) (33)

Antonescu CR 2005 15 3 exon 9-11 exon 11-1 KIT/ 16 KIT exon 13 (V654A) (35)

PDGFRA WT KIT exon 14 (T670I)

KIT exon 17 (N822K, D820Y, Y823D)

Debiec-Rychter M  2005 26 6 exon 9-19 exon 11-1 KIT/ 26 KIT exon 13 (V654A) (34)

PDGFRA WT KIT exon 14 (T670I)

KIT exon 17 (D716N, D820E, D820Y,

N822K, D816G) PDGFRA (D842V)

Waldermann E 2005 32 7 exon 9-22 exon 11-3 KIT/ 104 KIT exon 13 (V654A) (36)

PDGFRA WT KIT exon 14 (T670I, T670E, S709F)

KIT exon 17 (D816E, D820E, D820G,

D820Y, N822K, Y823D)

Tamborini E 2005 1 Exon 11 1 KIT exon 13 (V654A) (29)

Grimpen F 2005 2 Exon 11 2 KIT exon 17 D816H, Arg-Asp 815-816 del (64)

Heinrich MC 2006 33 3 exon 9-25 exon 11-1 exon 13- 54 KIT exon 13 (V654A) (9)

1 exon 13 +exon 17-1 exon 11 + KIT exon 14 (T670I)

exon 13-1 PDGFRAV561D-2 KIT exon 17 (C809G, Y823D, N822K)

KIT/D816H, D820A, D820G,

PDGFRA WT

Bertucci F 2006 1 Exon 9 1 KIT exon 13 (V654A) (31)

Utsunomyia T 2007 1 Exon 11 1 KIT exon 13 (V654A) (30)

Lim KH 2008 12 3 exon 9-8 exon 11-1 KIT/ ND KIT exon 11 (V559A) (38)

PDGFRA WT KIT exon 13 (V654A, insertion 643

nucleotide A frameshift) KIT exon 17

(D820G, D820Y, N822K) PDGFRA

exon 14 (H687Y) PDGFRA

exon 18 (V824V)

Nishida T 2008 25 3 exon 9-22 exon 11 45 KIT exon 13 (V654A, N822K, Y823D) (37)

KIT exon 14 (T670I)

KIT exon 17 (K786N, C809G, D816H,

D816E, D820V, N822Y, N822K, N822D,

Y823D, A829P)

Liegl B 2008 5 1 exon 9-3 exon 11-1 exon 13 16 KIT exon 11 (V559A) (39)

KIT exon 13 (V654A)

KIT exon 17 (D820G, D820Y, Y823D)

KIT exon 18 (A829P)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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same lesion or in different lesions from the same patient (39).
They analyzed 53 metastases from 14 patients after imatinib
or sunitinib treatment failure. Primary tumours were not only
GIST with classical features, KIT positive tumours with KIT
exon 9, 11, 13 mutations, but also KIT negative, with unusual
morphology and KIT/PDGFRA WT-GISTs. Secondary KIT
mutations were found in 9 of 11 GIST with KIT primary
mutation. In 6 of 9 patients were found 2-5 different mutations
in separate metastases and in 3 of 9 patients two mutations
were found in one or more tumour samples. Recurrent point
of mutations were five (V654A, D820G, N822K (T➝A and
T➝G), Y823D), located in the KIT tyrosine kinase domain and
in the ATP activation loop. Interestingly, in KIT/PDGFRA
WT-GISTs and in those with an unusual morphology no
secondary mutations were found. Wide heterogeneity within
and between metastases in the same patient is a crucial
emerging GIST feature. Different resistance mechanisms
such as genomic amplifications detected by Fluorescence In
Situ Hybridization (FISH) was also investigated and found in
1 patient.

In general, frequency of secondary acquired mutations
under imatinib therapy was about 50% in those tumours with
primary KIT exon 9 or 11 mutations. Secondary mutations
are single substitutions and occur in different exons but on the
same allele of primary mutation. Similar to chronic myeloid
leukemia, acquired imatinib resistant mutations affects the
tyrosine kinase domain and the activation loop, respectively
encoded by exons 13, 14 and 17 (14,28,32-35,39). The most
common secondary mutation is the V654A, mainly in GIST
which harbour an exon 11 primary mutation (9). In general,
secondary mutations were detected only in progressive
nodules and not in non-progressive ones (35,40). Patients
with WT-GIST do not develop mutations (39).

PDGFRA secondary mutations are rare. The D842V was
identified in 1 patient with primary mutation V561D, which
is notably associated with imatinib resistance (9).

Secondary mutations may also occur in a distinct receptor
to those affected by the primary mutation but it is
uncommon. The first case was described by Debiec-Rychter
et al, a patient who had a KIT G565R primary mutation
became imatinib resistant through a D842V PDGFRA point
mutation (34). The second case was described by Lim et al, a
patient who had a primary KIT mutation in exon 9 developed a
secondary mutation in PDGFRA exon 14 (H687Y) (38).

From a biological point of view, acquired mutations
confer drug resistance through conformational changes or
constitutive activation of receptor (notably imatinib binds the
inactive form of tyrosine kinase) (41,42). A missense mutation
that leads to an amino acidic substitution may create some
movement and may modify the three-dimensional structure
of receptor interfering with imatinib binding, such the V654A
mutations (43,44). A conformational change of the ATP/
imatinib binding pocket occurs in the case of T670I mutation,
which corresponds to the T315I mutation of BCR/ABR in
CML where the threonine makes a critical hydrogen bond
with imatinib, and the loss confers resistance to imatinib
(43-45). Finally, acquired mutations may confer imatinib
resistance by constitutive stabilization of kinase activity
which precludes the imatinib binding as the D816V and the
Y823D mutation (35,43). Notably, an activating mutation is

normally found in no more than one KIT exon in GIST
specimens before imatinib treatment, whereas more than one
different KIT mutations is frequently found in progressing
GIST lesions.

In conclusion, there is a relatively small set of secondary
mutations, nevertheless they generate high intralesional and
interlesional variability. The obvious consequence is the
development of a multi-drug resistant disease or also,
depending on the point of view, the development of different
tumours in the same patient.

5. Other mechanisms of secondary resistance

As well known, a wide spectrum of cellular abnormalities are
found in progressing GISTs under imatinib therapy. Some of
them may be responsible for treatment resistance in
alternative to secondary alterations of KIT and PDGFRA
receptors signalling pathway. In order to understand the
complex biology of progressing lesions, a more comprehensive
molecular study is necessary. Debiec-Rychter et al performed
a histological examination on primary and progressing lesions
that revealed loss of histological spindle features, loss of KIT
expression and acquisition of epithelioid aspect in progressing
ones from 2 different patients (34). More recently Liegl et al
observed the presence of rhabdomyosarcomatous differen-
tiation areas adjacent to classic GIST areas in metastatic
lesions from 5 patients progressing to tyrosine kinase treat-
ments (in 2 cases the primary GISTs have a spindle cell
morphology and in the remaining 3 cases an epithelioid
morphology) (46). Primary KIT mutations were still detectable
in rhabdomyoblastic areas of the progressing nodules, but no
evidence of secondary mutations was found (46).

Other mechanisms of secondary imatinib resistance have
been described in vitro studies such as the overexpression of
the oncogenic kinase receptor AXL, as ‘kinase switch’, or the
modifications of cellular transporter mechanisms of kinase
inhibitors (47,48). However, until now scarce data are
available in GIST on the contrary to CML. In fact, some
observations on the role of drug transporters on resistance to
imatinib have already been reported in patients with chronic
myeloid leukemia (CML) (49-51). The human organic cation
transporter 1 (hOCT1) is an active transporter of imatinib
into cells and its expression or its genetic polymorphisms
may influence the intracellular level of imatinib and conse-
quently its effectiveness (52). Attention to this matter should
also be paid in GISTs. Finally, chromosomal alterations in
GISTs have already been demonstrated by the comparative
genomic hybridisation (CGH) such as the loss of chromosome
14q, chromosome 22q, and chromosome 1p (53,54). The
significance of these macroscopic alterations in terms of
treatments resistance has not been described.

In addition to the cellular and molecular profile of disease,
large variations of imatinib through plasma levels have been
reported in GIST patients (55; Demetri GD, et al, Gastro-
intestinal Cancer Symposium: abs. 3, 2008). The decrease of
imatinib bioavailability during chronic therapies should be
considered as further interesting possible mechanism of
resistance. Recently Demetri et al (60) studied the imatinib
pharmacokinetic and pharmacodynamic profiles in advanced
GIST patients to detect possible correlations between the
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imatinib through plasma concentrations and clinical outcome.
They observed that patients with the lowest imatinib serum
levels had lowest overall response rate and shortest time to
progression.

The patient's compliance to the drug administration, the
pharmacokinetic variability in the tyrosine kinase inhibitor
metabolism and transporter enzymes and other aspects
should be considered as possible variants influencing the
treatment responses and patients outcome.

6. Clinical implications and perspectives

Most of the secondary resistance mechanisms are related to
tumour genotyping and in particular, multiple and co-existing
mutations or the presence of other abnormalities associated
with treatment resistance was reported. The observation that
within the tumour mass may coexist synchronously resistant
and sensitive foci leads clinicians to review both the medical
and surgical therapeutic approach of GISTs (56-58). Regarding
medical treatment, at present patients progressing on first line
imatinib treatment have the possibility of imatinib dose
escalation or treatment with sunitinib (59,60). New compounds
are under investigation such as nilotinib, dasatinib, the heat
shock protein 90 inhibitor IPI-504 or the mTOR inhibitor
silorimus (48,61,62). Some of them are investigated in patients
resistant to both imatinib and sunitinib as usually required by
clinical research steps. Nevertheless advanced GIST patients
are often widely pre-treated, consequently their diseases have
acquired new molecular abnormalities which are different
in comparison to previously untreated settings. Clinicians
should ask themselves if it makes sense to test new drugs
firstly in widely pre-treated patients, whose resistant diseases
are biologically different from primary ones. If we can expect
a ‘new’ disease over time, the role of second, third line and
further line therapy should be revised. The results from
clinical trials in patients with imatinib- or sunitinib-resistant
GISTs may not be useful to plan first line clinical trials.
However, a crucial objective is to overcome the multiple
mechanism resistance typical of advanced disease, and one
possible way may be the combination of multiple tyrosine
kinase inhibitors, the investigation of a new role for
chemotherapy and its combination with tyrosine kinase
inhibitors.

The detection of these new developed biological
abnormalities is difficult for various reasons. First of all,
invasive procedures are required to collect samples.
Moreover, the information derived from ex vivo analysis is
related to small tumour specimens and it is not representative
of the global disease especially in the metastatic setting where
foci of resistance and foci of response were previously well
described. To overcome these difficulties some future
challenges should be considered. A non-invasive global
analysis of the molecular background of the primary tumour
and the metastases may be more useful for the clinical practice.
The molecular imaging approach with functional techno-
logies such as positron emission tomography (PET) using
conventional but also novel tracers specifically directed to
molecular abnormalities could provide information on in vivo
distribution of biological markers and could improve the
selection of patients before therapies (63). The correlation

between functional data obtained by imaging technology and
molecular background of disease may help the clinicians in
the management of GIST patients (64). Moreover, this
approach may be applied serially in different steps of the
disease. As already reported, 18F-fluorodeoxyglucose (FDG)
uptake strongly decreases after imatinib, even 24 h after the
start of the administration, and showed good potential in the
early prediction of tumour response or primary resistance by
evaluating the variations of glucose metabolism (65-67).
FDG-PET may also detect foci of secondary resistance by the
re-emergence of glycolytic activity early probably due to the
acquisition of new mutation within mass FDG negative after
imatinib (68). However, FDG-PET evaluates only the glucose
metabolism and may not always be useful for monitoring the
molecular inhibition to therapy. This aspect in addition to the
possibility of a heterogenous response to TK inhibitors in
metastatic disease suggests and encourages the development
and the study of novel PET radiotracers (69-72). 18-Fluoro-
deoxythymidine (FLT) has already been demonstrated to be a
marker for monitoring antiproliferative drug in oncology
because it provides information directly on the cell prolife-
ration inhibition and not through the reduction of glucose
transporter enzymes as for FDG (69).

PET tracers specifically targeting the therapeutic
molecules have been developed. Kil et al have recently
synthesized a PET tracer labeling imatinib with 11C which is
directed to activated KIT (70). This tracer may be useful in
monitoring the focal drug sensitiveness and assessing the
focal drug resistance as well. In addition, the PET imaging of
vascular endothelial growth factor receptor (VEGFr) may
provide information on the effect of sunitinib, even its anti-
angiogenic activity in GIST is still controversial. Wang et al
have reported a preclinical study on a tracer targeting
VEGFr-2, the 64-Cu-DOTA-VEGF(121) and 64-Cu-DOTA-
VEGF(DEE), showing the tumour accumulation in 4T1
xenograft models expressing VEGFr-2 using small animal
PET (71). The future translation of these PET tracers in the
clinical setting seems promising but is still far, and further
studies and more efforts are still needed.

Another challenge is a more comprehensive genome
analysis, not only of KIT and PDGFRA oriented, that may
provide global information about molecular background and
new therapeutic targets. In the recent study of Liegl et al the
multiple and co-existing mutations or the presence of other
abnormalities associated with treatment resistance were
identified thanks to the combination of different molecular
methodologies like D-HPLC (Denaturing High Performance
Liquid Chromatography) and AS-PCR (Allele Specific
Polymerase Chain Reaction) and FISH (39). This finding
suggests that multiple-assay approach is required in order to
obtain more detailed tumour genotyping. Moreover, in the
case of wild-type tumours the absence of kinase domain
mutations suggest the importance of investigating other
genetic changes. A whole genome analysis may be added to
the standard analysis of mutational and amplification status
of the receptors. For example, the array-technologies that
have the advantage of screening the global genome through a
high-resolution analysis, may provide both the gene expression
profiling underlying to a specific genotype and the copy-
number alterations (73-75). The array analysis with single-
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nucleotide polymorphisms array (SNPs array) was recently
introduced for characterizing the whole cancer genome and
has demonstrated a great potential for identifying still
unknown genes involved in cancer (76). Obviously, the power
of using different assays, genotype-specific and wide genome,
needs to be investigated in a large series.

The combination of the information coming from mole-
cular imaging technologies and molecular biology (array and
gene oriented analyses) may contribute to identify the
specific areas of resistance and the myriad of molecular
alterations other than KIT and PDGFRA that may have a role
on drug responsiveness (77). However, great efforts are
needed to realize this approach.

7. Conclusions

The acquisition of new biological abnormalities may occur
during the natural history of metastatic disease especially in
long-time and heavily treated patients and it may be
responsible for the secondary resistance. In GISTs, the most
common mechanism is related to the alterations of the
receptor signalling pathways, in particular the acquisition of
new mutations. The secondary mutations may often be
multiple and intra- and interlesions heterogeneous especially
in the metastatic disease. In the future, combination therapies
and the use of conventional and high laboratory assays
together with innovative molecular imaging technology may
improve the treatment of every single patient affected by a
disease with a kaleidoscopic molecular alteration.
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