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1. ABSTRACT

c-Met is a tyrosine kinase receptor largely
described to be involved in cancer progression and
metastasis. In such pathologic situation, many alterations of
this receptor were noticed that include transcriptional
overexpression, gene amplification, somatic or germline
mutations and/or ligand dependent autocrine/paracrine
loops. More recently it has also been suggested that c-Met
would be involved in resistance to targeted therapies
directed towards EGFR or angiogenesis. Major efforts from
a large number of pharmaceutical companies are invested
dedicated to evaluate the efficacy of either small molecule
inhibitors or monoclonal antibodies directed against c-Met
or its unique ligand HGF. A series of promising results
from the first completed clinical trials indicated that
compounds targeting c-Met have an acceptable toxicity
profile and that efficacy was noticed in some treated
patients. Non squamous NSCLC patients that express more
often high levels of c-Met seemed to represent a most
sensitive subset for and anti-c-Met/erlotinib therapy. Many
Phase III trials are currently recruiting and a particular
effort was performed in order to discover biomarkers
associated with efficacy and patient selection. This review
will provide an overview of the current knowledge on the
c-Met axis for development of novel therapeutics in
Oncology.

2. INTRODUCTION

Within the past decade, the receptor tyrosine
kinase (RTK) c-Met has emerged as a potential target for
cancer therapy. Activation of c-Met occurs via hepatocyte
growth factor (HGF) binding and results in the activation of
a series of signaling patways such as PI3K/Akt, Src,
MAPK/Erk, STAT3 and FAK(1). c-Met is involved in
tumor cell proliferation, migration, invasion, angiogenesis,
survival and metastasis(2-5). c-Met pathway is frequently
deregulated in a wide variety of human malignancies,
including gastric, lung, colon, breast, bladder, head and
neck thyroid, pancreatic and prostate cancers as well as
hematological malignancies and central nervous system
tumors(6-9). There are many aberrant situations related to
c-Met status in cancer patients. It has been found to be
transcriptionally up regulated in many tumors resulting in
its significant over-expression (10). Gene
amplification(11), germline(2,12) or somatic(8,13)
mutations also leads to constitutive activation of c-Met.
Finally HGF dependent autocrine loops are also described
in gliomas(14). More recently c-Met has been described as
potentially responsible for resistance to targeted
therapies(15-17). Indeed there is accumulating evidence
that acquired resistance to epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors and angiogenic inhibitors
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Figure 1. The c-Met receptor. C-Met is a transmembrane RTK with an extracellular domain consisting in 3 regions ; an N-
terlinal region, a plexin semaphoring integrin domain (PSI) and a four unit immunoglobulin-like fold, plexins, transcription
factors (IPT) domain. The intracellular C-terminal portion includes a juxtamembrane domain (JM), the TK domain and two
tyrosines (Y1349 and Y135-) that form a unique-substrate docking site. In this figure, amino-acid residues are identified using the
X54559 accession number. The corresponding J02958 accession numbers are written between brackets.

can be due, at least in part to increased activations of the c-
Met pathway.

Inhibiting c-Met signaling is emerging as a
promising strategy and several inhibitors are in various
stages of clinical development. Promising results have been
reported in lung, gastric, prostate and papillary renal cancer
patients treated with these compounds. The main challenge
facing the effective use of HGF/c-Met-targeted antagonists
for cancer treatment remain the identification of the right
subset of patients(18).

3. THE c-Met RECEPTOR IN CANCER DISEASES

The c-Met structure and functions
The c-Met receptor belongs to a sub-family of

receptor tyrosine kinases (RTKs). It is formed by
proteolytic processing of a 190 kDa glycosylated precursor
in the post-golgi compartment and is composed of a 50 kDa
extracellular -chain disulfide-bounded to a 145 kDa
membrane spanning -chain. The extracellular portion of c-
Met is composed of three domains. The N-terminal 500
residues are folded into a large semaphoring (SEMA)
domain, which includes the whole -chain and part of the
-subunit. The SEMA domain shares homologies with

domains found in members of the semaphorin and plexin
families of receptors. The PSI (also found in plexins,
semaphorins and integrins) follows the SEMA domain,
spans 50 residues and includes four disulfide bounds. It is
though to function as a linking module that orients the
extracellular fragment of c-Met for proper ligand
binding(19). Further downstream are four immunoglobulin-
plexin-transcription (IPT) domains which are relating to
immunoglobulin-like domains. Intracellularly, the c-Met
receptor contains a tyrosine kinase catalytic domain and a
multifunctional docking site (20,21) (Figure 1). Several
reports claim that the SEMA domain is the only ligand
binding domain in c-Met(22). However, Basilico et al.(23)
claim that IPT repeats 3 and 4, located closest to the
juxtamembrane (JM) domain, also mediate high affinity
ligand binding. c-Met has a single known ligand referred as
hepatocyte growth factor (HGF) and also known as scatter
factor (SF). This growth factor, mainly produced by
mesenchymal cells, is widely distributed in the extracellular
matrix of most tissues, where it is sequestrated in its
inactive form by heparin like proteoglycans. HGF acts as a
pleiotropic factor and cytokine, promoting many functions
such as mitogenesis (24,25), motogenesis(26), invasion(27-
29), morphogenetic differentiation(30-32) and
angiogenesis(33,34). It is also involved in resistance to
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Figure 2. c-Met Functions. c-Met mediates multiple signaling cascades, ultimately resulting in transformation, mitogenesis,
motogenesis, and survival.

apoptosis  and is considered as an epithelial-mesenchymal
transition promoter(35). Under physiological conditions,
the first step of c-Met activation involves HGF binding,
that results in receptor dimerization, triggering
conformational changes that activates c-Met tyrosine kinase
activity(7). Normally expressed by epithelial and
endothelial cells, c-Met plays a role in embryological
development(36-38), tissue regeneration(39) and
development of various organs(36,37,40-44) . However c-
Met is also described as an oncogene that plays a major
role in tumorigenesis and cancer progression(2). It is
expressed in a variety of human cancers(11) in which many
HGF/c-Met alterations have been described that may
confer a substantial growth advantage and invasive
potential to cancer cells. Among them, transcriptional up-
regulation of c-Met(10,45-52),  gene amplification(11,53-
56), somatic(8,13) or germline(2,12) mutations were
described. Several situations are also observed where
autocrine HGF/c-Met loops induce aberrant activation of c-
Met(9,14,57,58). Receptor activation could occur either
upon ligand stimulation or independently of the presence of
HGF. In this latter case, cell signaling is driven by
spontaneous dimerization, when c-Met is over-expressed
on cancer cells(59,60).

3.1. The c-Met signaling pathways
The complex phenotype that results from c-Met

signaling involves a series of molecular events which have
been described in many recent reviews(61-63). Activation
of c-Met leads to the autophosphorylation of specific
tyrosine residues (Y1230/1234/1235) within the activating

loop of the TK domain which in turn autophosphorylate of
the carboxy-terminal bidentate substrate binding site
Y1349/Y1356. These two tyrosines form a tandem SH2
recognition motive unique to c-Met
(Y1349VHVX3Y1356VNV) which, stimulates multiple
downstream signaling pathways(35) (Figure 2) via a series
of effector proteins including Grb2, SHC, PI3K, SHIP-2,
SRC and STAT3. In addition, unique to c-Met is its
association with the adaptor protein Gab1 (64), a multi-
adaptor protein that, once bound to and phosphorylated by
c-Met, creates binding sites for more downstream adaptors.
Gab1 can bind directly, through a unique 13-amino-acid c-
Met binding site, and indirectly through c-Met-bound Grb2.
Additional tyrosines could also contribute to c-Met
signaling. When phosphorylated, Y1313 binds and
activates PI3K probably promoting cell viability and
motility(65). In addition Y1365 is involved in the
regulation of cell morphogenesis(65).

The downstream response to c-Met activation
relies on signaling modulators common to many RTKs
including the MAPK, PI3K, PLC1, STAT3 and FAK
pathways. For the MAPK cascade, docking proteins such as
SHC and Grb2 bind to the phosphotyrosine residues of the
activated receptor. Grb2 binds then to the guanine
nucleotide exchange factor SOS that becomes activated and
promotes the removal of GDP from Ras. Ras can in turn
bind GTP and becomes active leading to the indirect
activation of Raf kinases which subsequently activate the
MAPK effector kinase MEK, and finally ERK/MAPK that
translocate to the nucleus and activate transcription factors
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responsible for regulating a large number of genes involved
in cell cycle progression, proliferation and motility. SHP2
can also link c-Met signaling to the MAPK cascade, as
sequestration of SHP2 to Gab1 is responsible for extending
the duration of MAPK phosphorylation. The PI3K pathway
is also largely involved in c-Met signaling(66). The p85
subunit of PI3K can bind either directly to phosphorylated c-
Met or indirectly through Gab1, which then signals through
AKT/protein kinase B. This latter axis is primarily responsible
for the cell survival response to c-Met signaling as Akt is able
to suppress apoptosis through inactivation of the pro-apoptotic
protein Bcl-2 antagonist of cell death BAD and to activate the
E3 ubiquitin-protein ligase MDM2, which promotes the
degradation of the pro-apoptotic protein p53. Transformation
downstream to c-Met is mediated by the phosphorylation of
JNK that occurs via binding to CRK. STAT3 has also been
involved in transformation(67,68). The direct binding of
STAT3 to c-Met results in STAT3 phosphorylation,
homodimerization through the SH2 domains and translocation
to the nucleus where they play the role of transcription factors
to regulate a series of genes. This has been shown to result in
tubulogenesis and invasion. However, other published data
have found that, STAT3 is also required for c-Met-induced
transformation with no effect on proliferation, invasion or
branching morphogenesis. Finally, FAK activated through
phosphorylation by SRC kinase family leads to cell migration
and promotion of anchorage-independent growth.

Many mechanisms are involved in c-Met
regulation. Phosphorylation of S985 located within the JM
domain negatively regulates kinase activity(71). Another
important regulatory site, also located in the JM domain of
c-Met involves the Y1003 residue. When phosphorylated,
Y1003 binds to c-Cbl, which ubiquitinates activated c-Met,
inducing receptor internalization, trafficking to late
endosomes  and ultimate degradation(69,70). A negative
regulation is also induced by binding of PLC to c-Met that
leads to the activation of PKC that in turn inhibits c-Met
activation(71). Independently of PKC activation, an
intracellular increase of calcium can also result in a
negative regulation of c-Met(72). c-Met is also the
substrate for several protein tyrosine phosphatases (PTPs),
including receptor PTPs such as DEP1 (also known as
PTPRJ), LAR (also described as PTPRF)(73,74) or non-
receptor PTPs among which PTP1B (also described as
PTPN1) and TCPTP (also known as PTPN2)(75). These
phosphatases inhibit c-Met signals by triggering
dephosphorylation of either the catalytic domain of c-Met
(PTP1B or TCPTP) or docking tyrosines (DEP1). More
recently, a new mechanism regulating protein expression
has been discovered that involved microRNAs, which are
small non-protein-coding RNAs that function as negative
gene regulators. Three microRNAs that negatively regulate
c-Met (miR-34b, miR-34c and miR-199a) have already
been identified(76).

4. HGF/c-Met AXIS ALTERATIONS IN CANCER
DISEASES

4.1. c-Met over-expression
Over-expression of c-Met has been shown to be

sufficient for transformation of normal cells both in in vitro

and in vivo models (77-79). Over-expression can occur by
transcriptional up-regulation that possibly results from
upstream gene mutations. Various activated oncogenes
(Ras, Ret, ETS) have been shown to induce c-Met over-
expression(80). c-Met has been identified as a
transcriptional target of -catenin(81), PAX5(82) and
MACC1(83). Some data indicated that changes in the
tumor microenvironment are also involved(84). For
example, hypoxia up regulates c-Met expression through
the binding of HIF-1 to the c-Met promoter.

Over-expression could also result of c-Met gene
amplification and many reports demonstrated that in such
cases tumors were described as addicted to c-Met. Several
cell lines from gastric(11,53,85,86), esophageal(11,87),
liver metastasis of colorectal carcinomas(56) and
NSCLCs(54,88) display an amplification of the c-Met gene.
For such cells, it has been shown that c-Met inhibition
results in a significant proliferative impairment and in a
massive apoptotic cell death(89-91). This dramatic
response is similar to the one observed in EGF-R-addicted
cell lines upon treatment with EGFR inhibitors(92-94). An
analysis of a panel of gastric cancer cell lines by using
qPCR identified increased c-Met gene copy number in 29%
of cases(85). In all amplified cell lines, FISH analysis
showed the c-Met gene copies to be integrated within its
specific chromosomal locus, consistent with so-called
homogeneously stained regions (HSRs). An 8-fold cutoff of
gene amplification, as measured by qPCR, has been
selected to provide a clear distinction between gastric
cancer cells with low-level aneuploidy (Amp-) versus those
with high-level specific HSR-amplification of c-Met
(Amp+). As expected, Amp+ cells displayed dramatic
elevation in c-Met protein expression, compared to Amp-
ones. Furthermore Amp+ cells also displayed high levels of
baseline ligand-independent c-Met activation. To confirm
the potential therapeutic relevance of these observations,
Amp- and Amp+ cells were treated with PHA-665752. Five
of 5 Amp+ cell lines appeared to be highly sensitive to this
drug whereas no effect was observed in any of the 12 Amp-
cell lines. These observations strongly demonstrated that c-
Met amplification in gastric cancers may constitute an
important molecular biomarker. Similar observations have
been performed with NSCLC cell lines(88): (i) a subset of
them carried c-Met amplification associated with c-Met
over-expression, (ii) these cells are dependent on c-Met for
their proliferation and survival. This property is opposed to
what is observed for non-amplified NSCLC cell lines
which have very low level of basal c-Met activation and
that are not dependent on c-Met for growth. A parallel
between preclinical studies and the clinical situation
regarding c-Met amplification should be considered. c-Met
has been reported to be over-expressed in many epithelial
cancers, but gene amplification is most common in gastric
cancers, where 10-20% of all primary tumors and up to
40% of the scirrhous histological subtype exhibited
increased c-Met gene copy number(86,90,95). Using FFPE
primary tumor tissues from 482 patients with gastric
cancers to analyze  their c-Met expression it has been
demonstrated that patients with c-Met amplification and
concomitant c-Met protein activation showed the worst
outcome in subgroup analyses(96). Amplified c-Met gene



C-MET as a target for cancer

458

has been found as a frequent event (21%) in chemotherapy
and EGFR-TKIs naïve NSCLC patients(97). In this latter
case, c-Met gene amplification could be associated with
EGFR amplification (43% of the c-Met gene amplified
patients), but not with the presence of K-Ras mutation. In
gastric cancer tissues c-Met expression correlated with
advanced tumor stages(48,91,98-100). c-Met amplification
has been reported to occur at a higher percentage in diffuse
type gastric carcinomas compared to intestinal type cancers
(101). Nakajima et al.(91) described c-Met amplification as
an independent poor prognostic factor for gastric
carcinoma. Amemiya et al. (99) found a significantly
higher frequency of c-Met expression in stage IV gastric
cancer with liver metastasis than in stage IV carcinoma
without liver metastasis. Studies on patients with colon
cancer also underlined that c-Met gene amplification
was associated with advanced stage colorectal cancer
(stage IV) and liver metastases(102), proposing the role
of c-Met as a useful indicator of liver metastasis. Huang
et al(98) described a correlation between depth of tumor
invasion and c-Met expression but did not find an
association with lymph node, liver or peritoneal
metastasis. More recently, Kong et al(103) suggested
that over-expression of c-Met was associated with
shorter survival time and poor treatment response in
glioblastoma. However, no data indicated whether the
observed over-expression of c-Met resulted from a c-
Met gene amplification. Altogether, these investigations
point to the involvement of c-Met in tumor progression
for a subset of patients with high grade and metastatic
disease. In contrast with these data, Drebber et al(104),
did not found any correlation between c-Met protein
expression and tumor stage according to TNM
classification, nor a higher rate of c-Met positive
carcinomas in diffuse type carcinoma compared to
intestinal type. However, and in agreement other
published data(91), they found a statistically significant
correlation between high c-Met expression and poor
prognosis, confirming the role of c-Met as an
independent prognostic factor.

Taken together, these data highly suggest the
relevance of c-Met amplification for gastric, colon and
NSCLC patient selection. However, recent studies
emphasis on the importance of differentiating patients with
c-Met amplification from the one harboring a polysomy of
chromosome 7(105) in order to determine whether tumors
from both subsets are likely to be c-Met driven. Indeed it is
known that breast tumors with an increase HER2 gene copy
number as a result of polysomy 17 behave as HER2-
negative tumors(106).

4.2. Phosphorylation of c-Met
Phosphorylation of c-Met (p-c-Met) was detected

in cancer cells, but was rare in normal tissue. When
assessing for functional activity of tumor tissues with p-c-
Met staining, 44% of adenocarcinomas, 86% of large cell,
71% of squamous cell, 40% of carcinoids and 100% of
SCLC demonstrated c-Met phosphorylation at the Y1003 c-
Cbl binding site. Likewise, autophosphorylation at the
Y1230/1234/1235 site was observed in 33% of
adenocarcinomas, 57% of large cell and 50% of

SCLC(107). In bladder cancer, although c-Met,
pY1234/1235 c-Met and pY1349 c-Met were associated
with pT stage, multivariate analysis identified pY1349 c-
Met expression only as a significant factor for high pT
stage. Expression of pY1349 c-Met was a significant
predictor of metastasis and survival of patients with bladder
cancer(108).

Moreover, Zucali et al(109) observed  that
pY1003 c-Met membrane staining was significantly
correlated to primary gefitinib resistance and shorter time
to progression in NSCLC. A multivariate analysis
investigating EGFR-TKIs in NSCLC confirmed an
increased risk of disease progression in the subset of patient
whose over-expressed pY1003 and interestingly, all these
patients presented typical EGFR-TKIs non responder
characteristics. Among the patients with strong pY1003 c-
Met over-expression, 3 out of 4 analyzed by FISH
exhibited also high MET copy numbers and 7 out of 9
(78%) had also positive expression of pAkt. None of these
patients harbored EGFR19 mutations or experienced some
benefit from EGFR-TKIs when treated.

4.3. Mutated c-Met forms
More than 20 different somatic or germline

mutations have been described so far for c-Met by
sequencing DNA from patient samples(110). The major
part of these mutations is missense mutations within
different domains of the receptor. Extensive mutation
analysis of the c-Met gene in sporadic human primary
tumors and cell lines indicate that c-Met gene mutations
are quite rare events in human primary carcinogenesis,
expected for hereditary papillary renal carcinoma
(HPRC)(2,111). However, they are frequently associated
with tumor progression(112-114). Indeed, a significant
number of c-Met mutations, mostly located in the
tyrosine kinase domain, have been found in metastases of
cell carcinomas(8). In HPRC, a genetic connection has
been established between c-Met and cancer occurrence.
Upon sequencing the c-Met gene from affected members of
HPRC families and from patients with sporadic papillary
carcinomas, 14 different mutations have been
characterized, that result in amino acid substitutions in the
receptor kinase domain(2,111). Eight of them are germline
(g) mutations (M1149T(g), V1206L(g), V1238I(g),
D1246N(g), Y1248C(g), V1110I(g), H1112Y(g),
Y1248D(g)) and six are somatic (s) ones (L1213V(s),
D1246H(s), Y1248H(s), M1268T(s), H1112L(s),
H1124D(s)). Four of these mutations, are of particular
interest: i) D1246N(g) and D1246H(s), located at
positions homologous to a naturally-occurring mutation
in the tyrosine kinase receptor c-Kit (D816V), ii)
M1268T(s) corresponding to a position homologous to a
mutation in the Ret proto-oncogene (M918T) and iii)
V1110I(g) is a mutation homologous to the chicken
proto-oncogene, c-erbB (V157I)(115). Mutated Kit
alleles are found in patients with mastocytosis and acute
myeloid leukaemia of M2 subtype(116,117) and
missense mutations in Ret are associated with multiple
endocrine neoplasia type 2B(118). This suggests that
alteration of these residues is a critical event in
deregulating tyrosine kinase receptors.
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When transfected in NIH 3T3 cells, all of the
above described mutants induced stronger
autophosphorylation than wild type c-Met did(119).
However, M1268T was a very strong activating mutation
whereas others resulted only in moderate (D1246N,
D1246H, Y1248H, Y1248C, Y1248D, H1112Y) to weak
(V1238I, V1206L, M1149T, V1110I, H1112L, H1124D)
activation. The level of intrinsic activation of c-Met
phosphorylation was tightly correlated with a transformed
phenotype of NIH 3T3 cells and their ability to form foci
when cultured in vitro. Moreover cells expressing each of
the mutant c-Met proteins were able to form tumors in
athymic nude mice more readily than cells expressing wild-
type c-Met. As with the foci formation assay, a strong
correlation was observed between autophosphorylation
activity and tumorogenesis, with M1268T activating
mutation being the most tumorigenic one. Additional
experiments with cells carrying the M1268T form of c-Met
also demonstrate that i) they were highly metastatic in vivo,
and ii) able to induce scattering in MDCK cells, compared
to the wild type c-Met cells(3). In recent studies, analysis of
c-Met trafficking indicated that internalization of this active
mutant was enhanced compared with wild type but also that
recycling of the M1268T mutant was more efficient (a
property also observed for the D1246N mutant)(120). After
acute HGF stimulation, wild type receptor was degraded
over several hours(121), but both activated mutants were
largely refractory to degradation. This recycling could be
part of the oncogenicity of these mutants.

None of these mutations in the c-Met proto-
oncogene were detected in other tested tumor types
including metanephric adenomas, pancreatic and colon
carcinomas, malignant melanomas, papillary thyroid
carcinomas, Wilm’s tumors, gliomas, bladder and prostate
cancers(111). However, Park et al.(13) described 3 other
missense mutations (T1191I(s), K1262R(s), M1268I(s)) in
the kinase domain of c-Met that were exclusively found in
childhood hepatocellular carcinomas (HCC). Other
activating and oncogenic mutations of c-Met were also
found in head and neck squamous carcinomas metastases
(Y1253D(s))(8,112) or in colorectal metastases
(N1118Y(s))(112). Additional mutations were observed
within the semaphoring domain (E168D, L229F, S323G,
N375S, M431V, N454(9,107)I (107,122). Seven percent of
mesothelioma patients (3 of 43) were found to carry
N375S, M431V and N454I mutations within this
domain(9). Mutations were also described within the
juxtamembrane domain (P1009S(g), T1010I(g), R988C,
S1058P, N948S, alternative splice product skipping entire
juxtamembrane domain)(12,107,123), and in the c-Cbl
domain binding site of c-Met (Y1021F)(124). In this latter
case, observed in NSCLC, the mutation leaded to a loss of
Cbl E3-ligase binding which enhances c-Met protein
stability resulting in a sustained c-Met activation(125).

5. CROSSTALK BETWEEN c-Met AND OTHER
SIGNALING PATHWAYS

c-Met interacts with other membrane receptors
and many different molecules acts as c-Met partners.
Among them, interactions with plexin family

members(126), integrin 64, adhesive molecules such as
CD44v6(127), tetraspanines(128,129), FAS but also other
TKR were described. Relating to TKR a large number of
reports have documented that c-Met was involved in
mechanisms that can drive the escape from TKI therapies
that occurred either by amplification of an oncogenic
kinase gene or by substitution of the signaling functions of
the targeted kinase by up-regulation of compensatory
pathways. Some of these resistance mechanisms will be
described thereafter.

5.1.  Crosstalk BETWEEN c-Met and EGFR
An increasing number of preclinical data,

including combination experiments, are in agreement with
the major role of EGFR and c-Met crosstalks in resistance
to EGFR therapies(15,54,130). Gefitinib and erlotinib
inhibit the EGFR kinase and are approved to treat NSCLCs
that have activating mutations such as i) deletions involving
at least 12 nucleotides in exon 19 that eliminate a
conserved LREA motif or ii) single point mutations in exon
21 (L858R) of the EGFR gene(92,93,131,132). While most
of these EGFR mutant NSCLCs initially respond to EGFR
inhibitors, the vast majority of these tumors finally become
resistant to that therapy. In about 50% of the cases,
resistance is due to the occurrence of a secondary mutation
in EGFR described as T790M(133,134) or D761Y(134). To
explore additional mechanisms of gefitinib resistance in
NSCLC, Engelman et al.(15) isolated resistant clones of the
gefitinib hypersensitive EGFR exon 19 mutant HCC827
cell line. The selected resistant cells maintained activation
of Her3, PI3K and Akt in presence of Gefitinib. Performing
genome wide copy number analyses and mRNA expression
profiling of resistant versus parental cells, the authors
found that resistant cells had amplified the c-Met oncogene.
Treatment of resistant cells with either a TKI specific for c-
Met or gefitinib alone did not inhibit cell viability nor
affect Her3 and Akt phosphorylation. However, the
combined treatment impaired significantly resistant cell
growth and fully suppressed Her3 and Akt phosphorylation.
Co-precipitation experiments strongly suggested that in
gefitinib-resistant cells c-Met, that has been amplified,
could trigger the activation of Her3, independent of EGFR
kinase activity. Altogether these data suggest that resistant
cells had escaped from drug-mediated EGFR inhibition by
recruiting c-Met as a compensatory input to activate Her3,
PI3K and Akt as survival pathways(135). The clinical
relevance of in vitro results has been evaluated by
analyzing c-Met copy status in tumors from 18 patients
who had shown partial responses to gefitinib or erlotinib
during initial treatment but who showed signs of tumor
relapse while still receiving the treatment. In available
paired tumor samples, 2 out of 8 specimens showed c-Met
gene amplification in resistant but not in pre-therapy tumor
samples indicating that therapeutic pressure may have
induced this gene amplification. Including all samples, c-
Met gene amplification was detected in 22% resistant lung
cancers. Similar results were also observed by Bean et al.
(54) who found a c-Met gene amplification in 9 of 43
(21%) patients with acquired resistance to gefitinib or
erlotinib versus 2 of 62 (3%) in patients unexposed to
EGFR kinase inhibitors. To determine whether c-Met
amplification is also responsible for primary resistance to
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gefitinib therapy in EGFR-positive NSCLC patients, a
larger study was performed in colorectal cancer patients
(136). In the selected cohort, K-RAS, Her2 and EGFR gene
status was determined, in order to evaluate the impact of c-
Met without the confounding effect of other biological
mechanisms potentially responsible for primary resistances.
A c-Met FISH analysis was carried out on tumor biopsies
from patients before exposure to EGFR-TKIs and no
patient with amplified c-Met was identified while a large
percentage of the studied patients displayed a primary
resistance to gefitinib therapy.

More recently it has been described that high
levels of HGF immunoreactivity were detected in lung
adenocarcinoma from patients who showed intrinsic or
acquired resistance to gefitinib without relation to T790M
second mutation or c-Met amplification(137). Using Her3
siRNA, Yano et al.(137) demonstrated that HGF treatment
completely restored PI3K/Akt signaling independently of
Her3 in both PC-9 and HCC827 cell lines. Additional
studies confirmed the role of HGF in mediating EGFR TKI
resistance(138). Indeed Turke et al. demonstrated that HGF
can independently rescue both PI3K/AKT and ERK
signaling in presence of gefitinib but also that, unlike in c-
Met-amplified resistant cancers, HGF-mediated resistance
occurred through Gab1 and not ERBB3 signaling. Higher
levels of HGF can be detected in tumor specimen from
patients with NSCLC that are clinically resistant to
gefitinib or erlotinib, compared with pretreatment tumors
specimens. Notably, in some patients without evidence of
EGFR T190M or c-Met amplification, HGF expression was
greater in the resistant specimen than in pretreatment
specimens, supporting the role of HGF alone in promoting
drug resistance. A second role of HGF was described
indicating that the c-Met ligand was able to accelerate the
emergence of c-Met amplification in HCC827 cells both in
vitro and in vivo. This process requires concomitant EGFR
inhibition suggesting that this latter inhibition provides a
unique proliferative advantage to a subset of cells with high
c-Met expression, thus facilitating their rapid clonal
expansion. These findings indicate that involvement of c-
Met signaling is a unique resistance mechanism to kinase
inhibitors that can occur through multiple independent
mechanisms such as amplification or ligand mediated
activation that can lead to rapid drug resistance when
combined.

Taken together, these data support that the
development of anti-c-Met therapeutic strategies should be
focused on patients with acquired EGFR-TKI resistance.
However, targeting c-Met might also be used as
combinations with EGFR-targeted therapies to sensitize
patients to gefitinib. Clinical trial combining ARQ197, a
selective non-ATP competitive inhibitor of c-Met and
erlotinib has been investigated in a randomized trial
comparing the combination regimen to erlotinib
monotherapy in 2nd/3rd line NSCLC(139).

5.2. Crosstalk between c-Met AND Her2
Her2 was identified as an important regulator of

cancer cell proliferation. As a consequence, many strategies
that aimed at reducing the presence or activity of the Her2

receptor have been developed with trastuzumab being the
most successful(140). However, resistance to trastuzumab,
both inherent and treatment acquired represents a
significant barrier to the effective treatment of Her2-
positive breast cancer. c-Met and its ligand, HGF, are
frequently over-expressed in breast cancer and correlate
with decreased relapse-free survival(141-146). Indeed, c-
Met receptor over-expression is an independent predictor of
poor prognosis in breast cancer(52,147,148). A recent
immunohistochemical study of Her2+ breast tumors
showed that a subset of patients (5 of 20) were strongly
positive for c-Met receptor expression(149). This is of
particular importance since c-Met and Her2 have been
shown to synergize in promoting cellular invasion,
suggesting that tumors expressing both receptors may be
more aggressive(150). More recently, a physical interaction
between Her2 and c-Met has been demonstrated by co-
immunoprecipitation experiments(151). Shattuck et al.(17)
showed that attenuation of c-Met activity using siRNA or
the small molecule inhibitor of c-Met SU11274, led to
sensitization to trastuzumab treatment. Moreover, c-Met
activation protected cell from the growth inhibitory effect
of trastuzumab by preventing trastuzumab-induced p27
induction. In addition, they demonstrated that c-Met is co-
expressed along with Her2 in Her2-over-expressing breast
cancer cells, as well as in Her2+ clinical breast cancer
samples. Finally, gene expression analysis of trastuzumab
and vinorelbine-resistant tumor samples showed that HGF
and c-Met expression was significantly increased. The
average increase in expression was ~1.5-fold for HGF and
2.0-fold for c-Met receptor in the resistant tumors as
compared to the sensitive ones. These data suggested that
c-Met receptor signaling plays a role in trastuzumab
resistance. However, as patients were treated with a
combined therapy, more define experiments are needed to
confirm c-Met implication in trastuzumab resistance. Liu et
al.(152) recently evaluated baseline tumor c-Met
expression levels and clinical outcome to lapatinib, an
EGFR/Her2 inhibitor, in 64 Her2+ advanced breast cancer
patients enrolled in a trial with lapatinib monotherapy as
first-line treatment. In this study, a trend towards an
association between increased c-Met expression and
decreased response was observed. Patients with high Her2
and low c-Met gene expression had the longest PFS
compared to patients with low Her2 and high c-Met gene
expression. Based on these data, a combination study of
lapatinib and GSK1363089, a multi-kinase c-Met inhibitor,
has been considered in Her2+ breast cancer patients with
high c-Met gene expression(152).

6. ONGOING CLINICAL TRIALS: SAFETY,
EFFICACY AND FIRST SELECTED BIOMARKERS

Several strategies targeting the HGF/c-Met axis
have been explored including monoclonal antibodies
against either c-Met or HGF, multikinase inhibitors and
selective tyrosine kinase inhibitors. Some of these
compounds are currently evaluated in clinical
trials(153,154) and many recent reviews recapitulate these
ongoing trials(155). In this review, we will particularly
focus our topic on the two most advanced selective
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Table 1. Ongoing clinical trials for the selective TKI ARQ 197 (Tivantinib)
Selective c-Met inhibitor : ARQ 197 (Tivantinib)

Type: not ATP-competitive, Company: ARQULE, High Status: Phase III

Clinical developpements (clinical trails.gov) : phase-indication-drug/combo-start date-trial number-status

Phase 2 - Non-small-cell Lung Cancer Advanced or Metastatic EGFR Mutation-positive - ARQ 197 + Erlotinib, May 2012; NCT01580735 - Not yet recruiting

Phase 2 - Metastatic Triple-Negative Breast Cancer - ARQ 197; April 2012; NCT01542996 - Not yet recruiting

Phase 2 - Recurrent or Metastatic Breast Cancer - ARQ 197; March 2012; NCT01575522 - Recruiting

Phase 2 - Metastatic Prostate Cancer - ARQ 197; January 2012; NCT01519414 - Recruiting

Phase 1 - Solid Tumors – ARQ 197 +  omeprazole + s-warfarin + caffeine + vitamin K + digoxin +  midazolam; December 2011; NCT01517399 - Recruiting

Phase 2 - Multiple Myeloma and Plasma Cell Neoplasm - ARQ 197; November 2011; NCT01447914 - Recruiting

Phase 1 - Advanced Solid Tumors – Pazopanib + ARQ 197; October 2011; NCT01468922 - Recruiting

Phase 3 - Non-small-cell Lung Cancer – Erlotinib +/- ARQ 197; July 2011; NCT01377376 - Recruiting

Phase 2 - Metastatic Non-Small Cell Lung Cancer - ARQ 197 + Erlotinib versus Pemetrexed, Docetaxel or Gemcitabine; July 2011; NCT01395758 - Recruiting

Phase 1 - Advanced/Recurrent Non-small-cell Lung Cancer - ARQ 197 + Erlotinib; December 2010; NCT01251796 - Active, not recruiting

Phase 3 - Non Squamous, Non-small-cell Lung Cancer - Erlotinib +/- ARQ 197; November 2010; NCT01244191 - Recruiting

Phase 1|Phase 2 - Advanced Solid Tumors - ARQ 197 as monotherapy or in combination with other drug(s)– (extension protocol for patients who have been
treated in previous ARQ 197 studies); August 2010; NCT01178411 - Recruiting

Phase 1 - Solid Tumors - ARQ 197 formulations; July 2010; NCT01149720 - Completed

Phase 2 - Gastric Cancer - ARQ 197; June 2010; NCT01152645 - Active, not recruiting

Phase 1 - Non-small-cell Lung Cancer - ARQ 197 + Erlotinib; February 2010; NCT01069757 - Active, not recruiting

Phase 2 - Gastric Cancer - ARQ 197 Versus Investigator's Choice of Second-Line Chemotherapy; February 2010; NCT01070290 - Withdrawn

Phase 1|Phase 2 - Metastatic Colorectal Cancer - ARQ 197 + Cetuximab + Irinotecan|; January 2010; NCT01075048 - Active, not recruiting

Phase 2 - Non-CNS Germ Cell Tumors (Seminomas and Nonseminomas) - ARQ 197; January 2010; NCT01055067 - Active, not recruiting

Phase 2 - Unresectable Hepatocellular Carcinoma - ARQ 197; September 2009; NCT00988741 - Active, not recruiting

Phase 1 - Advanced Solid Tumors - ARQ 197 + sorafenib; September 2009; NCT00827177 - Active, not recruiting

Phase 1 - Advanced Solid Tumors - ARQ 197 + gemcitabine; March 2009; NCT00874042 - Completed

Phase 1 - Cirrhosis Hepatocellular Carcinoma - ARQ 197; January 2009; NCT00802555 - Active, not recruiting

Phase 2 - Non Small Cell Lung Cancer - ARQ 197 + Erlotinib; September 2008; NCT00777309 - Completed

Phase 1 - Healthy Volunteers - ARQ 197 Polymorphs; April 2008; NCT00658554 - Completed

Phase 1 - Healthy Volunteers - ARQ 197 Pharmacokinetic (PK) Profile; March 2008; NCT00651638 - Completed

Phase 1 - Advanced Solid Tumors - ARQ 197; February 2008; NCT00612703 - Completed

Phase 1 - Solid Tumors - ARQ 197; January 2008; NCT00609921 - Active, not recruiting

Phase 2 - Pancreatic Neoplasms - ARQ 197 Versus Gemcitabine; November 2007; NCT00558207 - Completed

Phase 2 - Renal Cell Carcinoma (RCC)|Alveolar Soft Part Sarcoma (ASPS)|Clear Cell Sarcoma (CCS) - ARQ 197; October 2007; NCT00557609 - Completed

Phase 1 - Cancer, Advanced Solid Tumors - ARQ 197; April 2007; NCT00612209 - Completed

Phase 1 - Metastatic Solid Tumors - ARQ 197; January 2006; NCT00302172 - Completed

ompounds under development in each therapeutic class of
molecule in order to describe the common adverse events
and the observed efficacy of therapies targeting c-Met.

6.1. ARQ 197 Tyrosine kinase inhibitor
The main problem in tyrosine kinase

development is the selectivity of the compound and
regarding the inhibition of the c-Met the capacity to block
both ligand-dependent and ligand independent activation of
the receptor.

The most advanced selective TKI, ARQ197 (also
described as tivantinib), is a maleimide
derivative developed by Arqule. ARQ197 is an orally non
ATP-competitive inhibitor of c-Met with a high selectivity
assessed against 230 other kinases. ARQ197 inhibits HGF-
stimulated and constitutive c-Met phosphorylation in
multiple human cancer cell lines(156). It demonstrated anti-
cancer activities in breast, prostate, colon, and pancreatic
xenograft models(157,158) as well as a reduction of
pulmonary metastasis in the HT29 colon carcinoma
model(159). Combination studies have evidenced a synergy
between ARQ197 and sorefanib a multikinase inhibitor
RAF, c-KIT, FLT-3, VEGFR-2, VEGFR-3 et PDGFR-
β(160).

ARQ197 is currently being evaluated in 17
active or recruiting clinical trials (Table 1): 8 phases I, 7
phases II and 2 phase III, on cancer patients with non
squamous non-small cell lung cancer, colorectal cancer,
hepatocellular carcinoma (HCC), pancreatic and other
advanced solid malignancies either alone or in combination
with another treatment: erlotinib, sorafenib, pazopanib,
irinotecan/cetuximab or gemcitabine. Final results of an
open-label dose escalation phase I in advanced solid tumors
were recently reported(161) and demonstrated a favorable
safety profile for ARQ197, with grade 1-2 fatigue nausea
and vomiting as common drug related adverse events, up to
the dose of 360 mg bid. A dose limiting toxicity (DLT) of
grade 3 febrile neutropenia was observed in two patients in
the 400 mg twice daily cohort. One of these patient also
experienced two other grade 3 DTLs relating to mucosal
inflammation and palmar-plantar erythrodysesthesia. Data
from this study recommended the use of a 360 mg twice
daily schedule for phase II studies. In this study, pre- and
postoperative paired tumor biopsies were performed and p-
c-Met and FAK were evaluated by immunohistochemistry
(IHC) as pharmacodynamic (PD) markers. Post therapy,
intratumoral c-Met, p-c-Met and p-FAK decreased and an
increase of apoptosis was shown by a TUNEL assay.
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Circulating endothelial cells (CEC) were also evaluated and
it has been shown that CEC declined in 61% of patient
suggesting an anti-angiogenic effect of ARQ197(162). The
best treatment response in this phase I was stable disease
(SD) for over 4 month in 14 patients (27%), with minor
regressions in gastric and Merkel cell carcinomas. One
patient with T276A MET mutation experienced SD for 20
weeks and had a marked improvement in symptoms.
Another phase I dose–escalation study in combination with
sorafenib in advanced solid tumors was performed. The
recommended selected dose for phase II was ARQ197 360
mg twice daily plus sorafenib 400 mg twice daily. The
most commonly reported adverse effects of any grade were
fatigue, diarrhea, anorexia and rash. A best response of SD
for 7-32 weeks was demonstrated(163). Taken together
these results showed that the tested combination was safe
and may have therapeutic potential.

As mentioned above, recent data suggested that
c-Met could be involved in resistance to EGFR targeted
therapies. Regarding to these observations(20,137,139), a
phase I trial, combining ARQ197 and Erlotinib, has been
completed that determined the recommended doses for
phase II. A schedule of 360 mg bid and 150 mg daily in a
28 cycle for ARQ197 and erlotinib respectively (139) has
been selected for the ongoing phase II versus erlotinib plus
placebo conducted in patients (N=167) with inoperable,
locally advanced non-small cell lung cancer
(NSCLC)(164). Progression-free survival (PFS) was
prolonged with the combined treatment compared to
erlotinib plus placebo (16.1 vs 9.7 weeks). This
improvement of PFS was paralleled with a similar
improvement in median overall survival (36.6 vs 29.4
weeks). Patients with non squamous histology benefited
most, with a 9.2-week improvement in median PFS (18.9
vs 9.7 weeks) and a 13.7-week improvement in median
overall survival (43.1 vs 29.4 weeks). Subgroup analysis
showed benefit of the combination in patients with c-Met
fluorescent in situ hybridization (FISH) gene copy number
greater than 4, EGFR wild-type status and KRAS mutation
status. There was no worsening of outcome in patients with
low c-Met gene copy number(165). Interestingly, this study
also demonstrated a potential effect of the combination on
metastatic dissemination and once again patients with non
squamous histology experienced the most significant effect
with median time to metastatic disease being increased
from 3.6 to 11.0 months(166). An exploratory biomarker
IHC analysis confirmed that non squamous NSCLC tumors
are more often positive for c-MET expression than
squamous tumors(167). Two ongoing, randomized, phase
III trials (MARQUEE™ and ATTENTION™) are
enrolling only non squamous NSCLC patients, which
should enrich the population de facto with c-MET+
patients.

6.2. MetMab monovalent antibody targeting c-Met
Most strategies targeting c-Met with antibodies

resulted in the generation of molecules bearing high
intrinsic agonist activities probably linked to cross-linking
and then activation of the receptor(1,168,169).To overcome
this issue, Genentech developed, MetMab (OA5D5 also
described as onartuzumab), a recombinant humanized

aglycosylated monovalent (one armed) monoclonal
antibody, produced in E coli, that has full antagonist HGF
activity whereas the bivalent counterpart antibody 5D5
behaves as an agonist compound to c-Met(169). MetMab is
able to displace HGF and has significant antitumor
activities in autocrine or paracrine tumors. However, no
activity was observed with this antibody on
autophosphorylated cell lines(170). Many clinical trials are
ongoing for MetMab evaluation (Table 2). Based on
preclinical data, a dose escalating phase I from 10, 20, 30
mg/kg every 3 weeks was performed(171). MetMab
appears to be safe and generally well tolerated. It had a
terminal half- life of ~10 days and a clearance of ~7.5
mg/kg/day that is approximately 2 times faster than a
traditional bivalent antibody. Change in serum HGF and in
circulating IL8 levels were evaluated as efficacy markers
by ELISA. Depending on patient, no change or decrease in
both HGF and IL8 were observed. A confirmed complete
response (CR) was observed in one patient (20 mg/kg) with
a diagnostic profile suggestive of “autocrine” biology: no
evidence of c-Met mutation, no c-Met amplification
(fluorescent in situ hybridization) and intratumoral c-Met
and HGF protein expression observed by IHC. This patient
is the only one demonstrating a sustain decrease in HGF
following MetMab treatment. This latter result suggests
that the serum HGF level could be a useful biomarker of
response to MetMab. However this hypothesis has to be
confirmed with a significant number of patients. Based on
results obtained in phase I and in preclinical combination
studies of MetMab with erlotinib or with an anti-VEGF
Mab(172) in xenograft experiments(172), combination
trials have been designed.  A phase I study of MetMab in
combination with Bevacizumab in patients with advanced
solid malignancies was completed that includes three parts :
a 3+3 dose escalation ranging from 1 to 30 mg/kg (N=21);
an expansion protocol at 15 mg/Kg every 3 weeks (N=13);
and a combination of MetMab at 10 and 15 mg/kg plus
bevacizumab at 15 mg/kg every 3 weeks (N=9) (173). The
most frequently adverse events observed was fatigue,
peripheral edema and hypoalbuminemia. No grade 3-5
treatment-related adverse events were reported with the
combination. A CR was observed in one patient with
gastric carcinoma after 4 cycles of single-agent MetMab. A
phase II trial of MetMab in combination with bevacizumab
plus paclitaxel in patients with triple negative breast cancer
is currently ongoing. A phase II study evaluating MetMab
in combinaison wih erlotinib in patients with advanced
NSCLC has been completed(174). This study included 128
patients with all histologies following at least one
chemotherapy containing regimen for stage IIIb/IV disease.
Patients were scored by IHC for the expression of c-Met. In
patients with high c-Met (Scores 2+ or 3+), the
combination of MetMab Plus erlotinib resulted in
significant improvement of both PFS and OS resulting in a
near three fold decrease in the risk of death.

7. FUTURE PERSPECTIVES

Numerous alterations of the c-Met oncogene are described
in a wide range of cancers, including over-expression of the
receptor and/or its ligand(10,14), amplification of the c-Met
gene(11) and presence of
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Table 2.Ongoing clinical trials for the MetMab monovalent antibody targeting c-Met (Onartuzumab)
Anti-c-Met Monovalent Antibody : Onartuzumab, MetMab (OA5D5)

Produit: Humanized One armed, Company: GENENTECH, High Status Phase III

Clinical developpements (clinical trails.gov): phase-indication-drug/combo-start date-trial number-status

Phase 2 - Metastatic HER2-Negative Gastroesophageal Cancer – Metmab + mFOLFOX6, August 2012 ; NCT01590719 - Not yet recruiting

Phase 2 - Non-Small Cell Lung Cancer – MetMab + bevacizumab + paclitaxel + platinum OR MetMAb + pemetrexed + platinum, February 2012; NCT01496742
- Not yet recruiting

Phase 2 - Non-Small Cell Lung Cancer – MetMAb + Paclitaxel + Platinum, February 2012; NCT01519804 - Not yet recruiting

Phase 3 - metastatic Non-Small Met Diagnostic Positive Cell Lung Cancer - MetMAb+ Erlotinib; January 2012; NCT01456325 - Recruiting

Phase 2 - Metastatic Colorectal Cancer – MetMAb + FOLFOX + Bevacizumab as First-Line ; September 2011; NCT01418222 - Recruiting

Phase 2 – Metastatic, Triple Negative Breast Cancer -Metmab +/Or Bevacizumab + Paclitaxel ; March 2011; NCT01186991 - Recruiting

Phase 2 - Non-Small Cell Lung Cancer – MetMAb + Erlotinib; April 2009; NCT00854308 - Active, not recruiting

Phase 1 - Locally Advanced or Metastatic Solid Tumors- MetMAb alone or MetMAb + bevacizumab ; August 2007; NCT01068977 - Completed

activating mutations(2,8,12,13). Each of these may result in
cell transformation and malignant progression(2-5).
Abundant literature suggests that c-Met might be a valuable
prognostic marker, predicting progression, aggressiveness
and poor outcome in many cancer types, including
thyroid(46), breast(52,147), gastric(48,91,98-100),
colorectal(56,102), glioma  and rhabdomyosarcoma(58).

Could some of these alterations, linked to tumor
progression and poor patient outcome, be selected as
stratification markers? The main challenge in translating
the preclinical studies into effective clinical therapies is the
accurate identification of patients that could benefit from
the tested therapy. In that perspective, many
pharmaceutical companies started trials in patients carrying
tumors in which c-Met amplification or mutations have
been reported such as gastric or papillary renal carcinomas
(www.clinicaltrials.gov).  Some preliminary results with
selective compounds targeting c-Met described patients
with stable disease(175), partial regression(175,176) or
complete response(171). However, a better knowledge of
the target and its network is critical in order to improve the
frequency of responsive patients by identifying genetically
defined selected subset of patients. Many data are available
on oncogenic addiction, a proposed mechanism by which a
tumor cell becomes largely dependent on a single activated
oncogene(177,178). It has also been suggested that
oncogene addiction leads to activation of both survival and
apoptotic pathways, but in viable tumor cells, the apoptotic
signal is outweighed by the pro-survival (179). Inhibition
of this dominant oncogenic signal can result in a dramatic
modification of the balance between mediators of survival
and apoptotic signal that results in cell death (179). The
strong impairment of cancer cell proliferation and the
massive apoptosis observed in cell lines amplified for c-
Met when treated with a targeted c-Met therapy could be a
marker of such addiction in gastric and NSCL patients.
However the key point with this approach will be to
estimate the c-Met copy number that will switch tumor
behavior towards addiction for c-Met. This criterion should
probably not be considered as an isolated factor but in the
context of the whole tumor cell including also data on the
status of other RTK such as EGFR, Her2, VEGFR or
adaptor signaling protein such as PTEN or K-RAS. c-Met
has been shown to physically interact with other RTK and
to be over-expressed, amplified and/or activated in
situations where its partners are mutated or become
resistant to therapies.  As discussed by Pillay et al.(180),

the plasticity of the oncogenic network may have
significant implications for targeted therapies. Indeed their
work suggested that some tumor cells can harbor a
hierarchy of activated oncogenes, possibly arising through
their ongoing evolution. Thus even targeting the dominant
oncogene in some solid tumors may be relatively
ineffective as its inhibition could be rapidly overcome by
the promotion of other activated oncogenes to a dominant
position within the cell. This hypothesis is fully
exemplified by situations where c-Met is amplified when
cells become resistant to EGFR or Her2
therapies(15,151,152). With regard to these observations, a
strategy to determine the most likely responsive subset of
patients for testing a targeted therapy to c-Met should be to
include patients characterized for a panel of RTKs to
perform combined or sequential therapies. Moreover,
amplification of the c-Met gene only represents a subset of
situations where c-Met is over-expressed. In a significant
number of patients, over-expression of c-Met results from a
deregulation of transcriptional regulation. Even if there is
no clear rationale linking such over-expression of c-Met to
a particular susceptibility to targeted therapies, the level of
c-Met phosphorylation and the nature of activated tyrosine
residues (108,109,181) could be analyzed in order to
identify responsive subset of patients. The presence of
major mutations such as K-RAS or PTEN should be taken
into account and for TKI, mutations that occur in the TK-
domain should be carefully monitored to either exclude
patients with the ones responsible for resistance or to
identify those that could sensitize patients to therapy.

Most of the reagents and methods are available
to evaluate abnormal c-Met situations. FISH analysis may
be used to monitor gene amplification. Mutations of either
c-Met or protein adaptors related to c-Met could be
evaluated by DNA sequencing performed on biopsies or
blood samples from patients. IHC methods have been
described to determine subcellular distribution of c-Met
and its phosphorylation status. Circulation HGF
measurement could be achieved by ELISA and a suitable
electroluminescent assay has been published to quantify
circulation c-Met resulting from the shedding process.
Some of these parameters have been, or are currently,
evaluated in ongoing clinical trials. However much more
patients have to be included in clinical trials and more
parameters must be studied during trials to establish
correlations between one, or a set of biomarkers, and a
response to the tested therapy. Regarding to EGFR
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situation, clinical trials started more than 10 years ago and the
critical importance of K-RAS has only been discovered
recently while many compounds have been approved.

In conclusion, i) the diversity of abnormal situations
involving c-Met, ii) the complex network between c-Met and
many cell surface components including other RTK and, iii)
the number of c-Met mutations identified, point out to the need
of a careful monitoring of patients included in clinical trials. In
addition to determining the level of c-Met over-
expression/amplification, the activation status, potential c-Met
mutations, but also expression of c-Met partners, treatment
resistance and impairment of signaling pathway such as K-
RAS and PTEN might be taken into account to increase the
probability of identifying the most relevant subset of
responsive patients.
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