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Abstract: c-MET is the membrane receptor for hepatocyte growth factor (HGF), also known 

as scatter factor or tumor cytotoxic factor, a mitogenic growth factor for hepatocytes. HGF is 

mainly produced by cells of mesenchymal origin and it mainly acts on neighboring epidermal and 

endothelial cells, regulating epithelial growth and morphogenesis. HGF/MET signaling has been 

identified among the drivers of tumorigenesis in human cancers. As such, c-MET is a recognized 

druggable target, and against it, targeted agents are currently under clinical  investigation. c-MET 

overexpression is a common event in a wide range of human malignancies, including gastric, 

lung, breast, ovary, colon, kidney, thyroid, and liver carcinomas. Despite c-MET overexpression 

being reported by a large majority of studies, no evidence for a c-MET oncogenic addiction 

exists in hepatocellular carcinoma (HCC). In particular, c-MET amplification is a rare event, 

accounting for 4%–5% of cases while no mutation has been identified in c-MET oncogene in 

HCC. Thus, the selection of patient subgroups more likely to benefit from c-MET inhibition 

is challenging. Notwithstanding, c-MET overexpression was reported to be associated with 

increased metastatic potential and poor prognosis in patients with HCC, providing a rationale 

for its therapeutic inhibition. Here we summarize the role of activated HGF/MET signaling in 

HCC, its prognostic relevance, and the implications for therapeutic approaches in HCC.
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Introduction to c-MET and brief  
overview of physiological functions
c-MET is the tyrosine kinase receptor for hepatocyte growth factor (HGF),1,2 also known 

as Scatter Factor3 or Tumor Cytotoxic Factor.4 It is a single-pass heterodimer made of 

an extracellular alpha subunit containing three functional domains (the semaphorin, 

plexin–semaphorin–integrin, and immunoglobulin– plexin–transcription domains) 

linked to a transmembrane beta subunit by a disulphide bond. The transmembrane and 

the intracellular subunits are made of three portions controlling the kinase activity. 

c-MET pathway activation may occur either upon HGF binding (canonical pathway) 

or following interaction with other signaling cascades, such as that triggered by epi-

dermal growth factor receptor (EGFR) or by binding with other circulating factors 

such as des-gamma carboxyprothrombin.5 In the canonical pathway, HGF binding 

leads to c-MET receptor homodimerization and autophosphorylation of tyrosine 

residues of the carboxy terminal domain of c-MET. These events lead to the activation 

of mitogen-activated protein kinase, phosphoinositide 3-kinase (PI3K)-dependent, rat 

sarcoma (RAS)-dependent, extracellular-signal-regulated kinase (ERK)-dependent, and 
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RAC1-cell division control protein 42 homolog cascades,6 as 

summarized in Figure 1, which promote cell proliferation, 

survival, and cell motility. Another important function of 

c-MET is the prevention of apoptosis, which occurs through 

sequestering of the death receptor FAS, thus preventing its 

binding to FAS ligand.7 The physiological activation of the 

c-MET–driven program occurs in embryogenesis, wound 

healing, and tissue repair, and it is self limiting. c-MET’s 

activation promotes the “invasive growth” program, which 

is characterized by enhanced cell motility, invasion, and 

reduced apoptosis.

During embryogenesis, the HGF/MET axis sustains 

hepatocyte proliferation and liver and placenta development. 

While homozygous null mice for either HGF or c-MET 

die in utero at day 13 and 16, respectively, due to impaired 

organogenesis,8,9 when HGF or MET are knocked down 

at later phases during the development, the livers of these 

mice are reduced in size as a result of decreased hepatocyte 

proliferation and increased susceptibility to apoptosis. In the 

adult animals, under physiological conditions, loss of c-MET 

is not critical for hepatocyte function.10 Conversely, the role 

of c-MET appears to be critical when a response to injuries 

is required. In this regard, several experimental models have 

confirmed the pivotal role of MET in liver regeneration and 

restoration of the liver mass after partial hepatectomy.10 In the 

setting of fulminant hepatitis in mice treated by the agonistic 

antibody of FAS receptor, HGF was able to prevent the onset 

of fulminant hepatitis by suppressing hepatocytes apoptosis.11 

When liver injury is induced as in FAS-induced apoptosis, 

the adaptive response of the liver is strongly reduced in the 

absence of c-MET. Mice lacking c-MET gene in hepatocytes 

are hypersensitive to FAS-induced apoptosis, dying as a result 

of a massive liver apoptosis.12

Another pathological condition in which c-MET exerts 

its cytoprotective role is cholestasis13 induced by bile duct 

ligation in mice. Indeed, during cholestasis the HGF/c-MET 

signaling provides cytoprotective effects in hepatocytes.13 In 

line with these findings, the role of c-MET in the maintenance 

of the structural integrity and adaptive plasticity of the liver 

under adverse conditions was reported by Marquardt et al,14 

who explored the effects of c-MET inhibition (in c-MET 

conditional knockout mice) in the presence of carbon 
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Figure 1 c-MeT activation signaling pathways.
Abbreviations: AKT, protein kinase B; CD44, cell differentiation molecule 44; CDC42, cell division control protein 42 homolog; eGFR, epidermal growth factor receptor; 
eRK, extracellular-signal-regulated kinase; FAS-L, FAS ligand; HeR2, human epidermal growth factor receptor 2; HGF, hepatocyte growth factor; iL, interleukin; mTOR, 
mammalian target of rapamycin; p53, tumor protein p53; Pi3K, phosphoinositide 3-kinase; TGF-β, transforming growth factor beta; TNF-α, tumor necrosis factor alpha; 
veGFR, vascular endothelial growth factor receptor.
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tetrachloride-induced liver damage. Loss of hepatocyte 

c-MET signaling altered the hepatic microenvironment and 

was associated with more pronounced fibrogenesis and liver 

damage, decreased hepatocyte proliferation, stellate cell acti-

vation, and rapid dystrophic calcification of necrotic areas. 

In the same setting, a transcriptomic analysis revealed an 

impact of c-MET on signaling pathways leading to fibrosis, 

chemotactic and inflammatory signaling, reorganization of 

the cytoskeletal network, intercellular communications and 

adhesion, proliferation, damage, and stress response.

Very recently, Kroy et al15 showed that c-MET deletion 

in the methionine–choline-deficient mouse model of non-

alcoholic steato-hepatitis (NASH) triggers NASH progression, 

due to fatty acid accumulation, early progression of fibrosis, 

and increased apoptosis. Hepatocyte-specific deletion of 

c-MET (occurring in the postnatal period in a conditional 

knockout mice) leads to the development of severe NASH in 

mice.15 One of the molecular mechanisms linking c-MET to 

NASH is the ability of c-MET to sequester the death recep-

tor FAS, preventing its binding to FAS ligand. In NASH, 

FAS ligand is produced in excess and the protective effect of 

MET is not effective, resulting in increased apoptotic death 

of  hepatocytes.16 In liver cirrhosis, Kim et al17 showed how 

HGF/MET activation is able to suppress hepatocyte apoptosis 

and, at the same time, to trigger apoptosis of alpha-smooth 

muscle positive and portal myofibroblasts, outlining the 

contribution of this signaling to the resolution of cirrhotic 

changes in animal models of cirrhosis. This study showed 

that, while c-MET is undetectable in quiescent hepatic 

stellate cells, its expression becomes relevant in activated 

hepatic stellate cells and in liver myofibroblasts express-

ing alpha-smooth muscle actin. In vitro, HGF inhibited the 

activation of ERK1/2 pathway, induced c-Jun N-terminal 

kinase (JNK)1 phosphorylation, and promoted apoptosis in 

cultures of rat portal myofibroblasts. Similarly, in vivo, during 

 diethylnitrosamine-induced rat liver injury, HGF inhibited 

proliferation and induced apoptosis of alpha-smooth muscle 

actin-positive portal myofibroblasts, reducing liver fibrosis.

All of these findings are in line with a critical role of the 

HGF/c-MET axis in the regulation of liver regeneration and 

survival, in the adaptive response of the liver, and in tissue 

remodeling.

Brief overview of physiological 
functions and patient outcomes
The role of the HGF/MET axis in liver development has 

been underscored by c-MET and HGF knockout mice, 

which display an impaired liver development with reduced 

size. Similarly, experimental models of liver regeneration 

in response to acute and chronic damage outline the role of 

c-MET as a strong mitogenic and antiapoptotic stimulus.18,19 

In line with these findings, deregulated c-MET signaling 

was observed in hepatocelluar carcinoma (HCC) tissues and 

its deregulated expression was associated with clinical 

and pathological characteristics in HCC patients.20 c-MET 

and HGF expression in tumor tissue has been evaluated in 

many studies, with contrasting findings probably due to the 

heterogeneous and small populations assayed, the different 

etiologies, the intrinsic heterogeneous nature of HCC (whose 

molecular classification is still poorly defined) and the use 

of different techniques, such as Northern blot, Western blot, 

reverse-transcription polymerase chain reaction (RT-PCR), 

and immunohistochemistry (IHC) – this last being the most 

commonly used method for examination of c-MET expres-

sion in human tissues.

c-MET overexpression was observed in human HCC 

samples by means of Northern blot analysis and an IHC study. 

Northern blot analysis revealed c-MET mRNA expression in 

the tumors of 6/19 patients (31.6%); in the IHC study, high 

c-MET expression was detected in 16/23 patients (69.9%). 

Both methods revealed c-MET overexpression in HCC 

compared with the surrounding normal liver.20 Tavian et al21 

performed an IHC study and RT-PCR in 24 patients with 

HCC and showed c-MET overexpression in most of the cases, 

but low levels of HGF. c-MET overexpression was observed 

by Western blot analysis in 62 patients with HCC and was 

associated with an increased incidence of intrahepatic metas-

tases and worse survival. Patients with high expression of 

c-MET in HCC tissue had a significantly shorter survival 

than patients with low c-MET expression (33% versus 80.3%, 

respectively).22 These findings were further confirmed by 

Kaposi-Novak et al,23 who identified a c-MET-driven gene-

expression signature in all HCC metastases but in only a 

subgroup of primary HCCs.

Most reports suggest that c-MET overexpression is 

significantly associated with clinicopathological features of 

HCC, such as tumor grade,20,24 vascular invasion or thrombo-

sis, tumor recurrence,25 metastases,25,26 and worse prognosis 

with impaired 5-year survival.22,27 However, other studies 

reported contradictory findings, in particular with respect 

to tumor stage.28,29 A recent large retrospective study of 

194 patients with HCC treated by hepatectomy or microwave 

ablation revealed that c-MET overexpression was associated 

with unfavorable clinical outcomes.27 Recently, Lee et al30 

assayed c-MET expression and amplification in 287 patients 

with HCC that was associated with hepatitis B virus infec-
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tion in 75% of cases. They reported a c-MET overexpression 

in about 30% of patients with HCC that was not associated 

with any clinicopathological variable (histopathological 

grade, size, microvascular and macrovascular invasion, stage, 

recurrence-free survival, overall survival).

A higher consensus can be found among studies testing 

genetic alterations of c-MET genomic region, including 

c-MET amplification and activating point mutations. c-MET 

 amplification and mutation seem to be rare events in most of 

the studies performed in HCC. A low frequency of c-MET 

amplification was reported in the HCC series examined by 

Takeo et al,31 who identified only one case out of 20 HCCs 

with c-MET amplification, as well as in the 59 patients with 

HCC examined by Kondo et al26 and in the large series of 

286 patients with HCC assayed by Wang et al, where only 

4%–5% of cases displayed c-MET amplification.32 Con-

versely, in this same study, no patient with HCC displayed 

an amplification of HGF. Concerning activating point 

mutations,  Guichard et al33 did not identify any c-MET 

point mutations in 24 patients with HCC analyzed by whole 

exome sequencing.

On the other hand, HGF expression was not increased 

in tumor tissues in most of the studies performed on human 

HCCs.21,22 This last evidence suggests an HGF-independent 

c-MET activation. Remarkably, abnormal c-MET pathway 

activation can occur from the interaction with adhesive recep-

tors, tyrosine kinases receptors, such as EGFR and vascular 

endothelial growth factor receptor (VEGFR), proapoptotic 

FAS, and, finally, by binding with des-gamma-carboxy pro-

thrombin secreted from HCC cells.5

Because no standardized quantification approach can be 

recommended to assay c-MET expression in HCC, and no 

scoring system can be suggested, c-MET quantification in 

HCC largely depends on the analytical approach adopted 

by each individual study, assessing either mRNA or protein 

expression. In addition, because HCC is an extremely hetero-

geneous cancer, the analysis of small groups with different 

etiologies and different clinical and pathological charac-

teristics may contribute at least in part to the contradictory 

results reported in the literature. Meanwhile, the discovery 

of microRNAs as regulators of c-MET expression makes 

the quantification of mRNA questionable as a biomarker to 

assess c-MET expression in HCC. In this perspective, the 

use of c-MET–dependent downstream factors or pathways 

as biomarkers reflecting c-MET pathway activation might 

help in the choice of patients more likely to benefit from 

c-MET-inhibitors. Moreover, most of the data reported in 

the literature are derived primarily from surgical series of 

patients who underwent hepatectomy for early HCC32 and 

who were usually previously untreated.

Remarkably, few data on c-MET expression are avail-

able in advanced HCC and, especially, in previously treated 

patients, as several therapeutic approaches (such as transar-

terial chemoembolization or antiangiogenic drugs) induce 

hypoxia and might be responsible for increased c-MET 

expression in tumor tissue. Hypoxia, occurring during 

tumor progression or as a result of specific treatments, is a 

well-known factor able to activate the transcription of the 

c-MET proto-oncogene, as proven both in vitro and in vivo.34 

Although low partial oxygen tension represents a limiting 

factor for tumor growth, it nonetheless acts as a positive 

stimulus by inducing neoangiogenesis,35 by selecting cells 

that are more resistant to apoptosis,36 and by triggering inva-

sive growth through the increased transcription of the c-MET 

proto-oncogene and the HGF signaling stimulation.

Role of c-MET in cancer
c-MET overexpression is a common event in a wide range of 

human malignancies, including gastric, lung, breast, ovary, 

colon, kidney, thyroid and liver carcinomas.37 The first evidence 

underscoring the driver effect of c-MET in tumorigenesis was 

the discovery of the germline activating mutation in patients with 

hereditary papillary renal cancer.38 Similarly, activating germline 

point mutations have been identified in patients affected by child-

hood HCC,39 gastric carcinoma,40 and squamous cell cancers.41 

Spontaneous somatic mutations remain a rare event, accounting 

for no more than 3%–4% of cases.42 Another relevant finding 

confirming the role of c-MET in cancer was represented by the 

identification of c-MET as the protein product of a chromosomal 

rearrangement in an osteosarcoma cell line treated with a chemi-

cal carcinogen.43 This rearrangement results in a constitutively 

active fused oncogene, the translocated promoter region (TPR)-

MET. In a transgenic mouse model, the enforced expression 

of TPR-MET leads to the development of mammary tumors.44 

In humans, the TPR-MET rearrangement has been detected in 

some cases of gastric cancer.45

Different molecular alterations were found to determine 

c-MET activation in human tumors: point mutations, gene 

amplifications, enhanced transcription, autocrine activation. 

In HCC, the aberrant activation of c-MET signaling results 

mostly from ligands binding or from its overexpression due to 

enhanced transcription, rather than from gene mutations.46,47 In 

turn, c-MET enhanced transcription can be triggered by various 

factors, including: 1) cytokines such as interleukin (IL)-1, IL-6, 

tumor necrosis factor-α, and transforming growth factor-β;48 

2) stimulation by HGF;49 3) hypoxia and in particular by HIF1-
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α;34 4) cross-talking with oncogenic pathways such as those of 

RAS,50 ETS,51 and RET;52 5) adhesive receptors such as CD4453 

and α6β4 integrins;54 6) cross-talk with the downstream path-

ways regulated by receptor tyrosine kinases such as EGFR, 

human epidermal growth factor receptor 2, and VEGFR;55,56 7) 

cross-talk with plasma membrane proteins such as Caveolin1, 

involved in the modulation of signal transduction;57 or, 8) as a 

result of tumor-suppressor gene inactivation, such as TP53.58

Besides these events responsible for c-MET overexpres-

sion, the contribution of microRNAs as modulators of c-MET 

expression was recently outlined. In particular, miR-1, 

 miR-34b and c,59 and miR-199a60 were demonstrated to 

directly bind c-MET transcript and to modulate its expression 

as well as its biological effects. miR-199a downregulation is 

a common and quantitatively relevant event in HCC61 result-

ing from abnormal histone methylation. In HCC, c-MET 

overexpression resulting from miR-199a downregulation is 

responsible for increased proliferation and increased invasion 

capability.60 Korhan et al62 recently demonstrated that c-MET 

is a direct target of miR-181a-5p, whose downregulation in 

HCC leads to enhanced motility, invasion, and branching 

morphogenesis. Another microRNA-dependent modula-

tion of the HGF/c-MET pathway is operated by miR-26a in 

HCC. Indeed miR-26a directly targets HGF, thus suppressing 

 angiogenesis.63 Recently, Takeda et al64 demonstrated that 

mixed-lineage leukemia (MLL), the human homologue of the 

trithorax in Drosophila, activates matrix metalloproteinase 

(MMP)-1 and MMP-3 transcription via H3K4 methyla-

tion. MLL-ETS2 complex, which is responsible for histone 

H3K4 methylation, is stabilized by HGF/MET signaling, 

conferring invasive and metastatic potential to HCC cells. 

Indeed, deregulated extracellular proteolysis is an essential 

element contributing to cancer-cell metastatic spread and it 

mainly relies upon MMP activity. Ozaki et al65 described an 

upregulation of MMP-1, MMP-3, MMP-7 as well as c-MET 

both in primary HCCs and in HCC-derived cell lines. They 

also determined the role of HGF as an inducer of MMP-1, 

MMP-3, MMP-7, and c-MET via ETS-1 binding to MMP 

promoters in HCC.65 Conversely, no increase of MMP-2, 

MMP-9 or HGF mRNA expression could be found.

To date it is commonly accepted that the HGF/c-MET 

signaling pathway regulates multiple cellular processes, 

notably leading to increased cell growth, protection from 

apoptosis, scattering and migration, invasion, and angio-

genesis, through interaction with a plethora of downstream 

stress and survival association molecules.66 These complex 

events, defined as “invasive growth” program,67 are involved 

in a wide variety of physiological and pathological contexts, 

such as embryonic development during gastrulation and 

nervous system expansion, adult tissue regeneration after 

injuries and organ failure,68,69 and, finally, in pathological 

conditions, in the mechanisms of growth and invasion that 

occur during tumor development and progression.70 While in 

physiological events c-MET activation is a transient occur-

rence, during tumor onset and progression c-MET signaling 

can be constitutively active. Experimental evidence linking 

the constitutive activation of c-MET to the malignant pheno-

type and in particular to liver cancer have been reported both 

in vitro and in vivo. Indeed, c-MET overexpression increases 

the tumorigenic potential of HCC cell lines injected into 

nude mice.  Xenografts obtained with HCC-derived cell lines 

manipulated for enhanced or inhibited expression of c-MET 

clearly outline the relevance of MET overexpression as an 

event promoting the tumorigenic properties of these cells.29 

Experimental conditions that mimic the spontaneous ampli-

fication of the c-MET proto-oncogene observed in human 

tumors, such as transgenic mice overexpressing c-MET, 

confirmed the development of hepatocellular carcinomas.71,72 

In addition, c-MET cooperates with other known oncogenes 

involved in HCC development, such as c-Myc and beta-

catenin, to generate more aggressive tumors in mice.73

The advantage conferred by the activation of c-MET 

pathway to neoplastic cells during tumor progression has been 

linked mainly to their increased capability to disaggregate 

from surrounding tumor cells, destroy the basement mem-

branes, and enhance cell motility and metastatic potential. 

The involvement of the HGF/MET axis in facilitating tumor 

metastasis is sustained by experimental evidence obtained in 

vitro, in animal models, and indirectly confirmed by stud-

ies on human HCC specimens. The induction of proteases 

such as urokinase-type plasminogen activator and MMPs is 

responsible for the breakdown of the extracellular matrix 

which, in turn, facilitates the invasion capability of cancer 

cells. Several studies performed on human HCC samples 

seem to confirm the possible role of c-MET in tumor pro-

gression and metastasis, since MET overexpression is associ-

ated with poor-to-moderate differentiation,20,25 presence of 

intrahepatic metastasis,22,25 and shorter survival.21 In line with 

these findings, c-MET inhibition in experimental settings was 

shown to reduce HCC growth and invasion capability.74,75

However, the studies analyzing the role of HGF/MET sig-

naling in hepatocarcinogenesis have also provided contrasting 

evidence. Even though it is widely accepted that c-MET is 

required for normal liver regeneration,10,12 Takami et al76 reported 

that liver-specific c-MET-/- mice displayed a greater number of 

HCCs that were also larger in size and earlier in the development 
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following a treatment with N-nitrosodiethylamine.76 Interest-

ingly, the growth advantage conferred by the abrogation of 

c-MET signaling was observed in the early stages of hepato-

carcinogenesis. In this model of HCC induced by N-nitroso-

diethylamine, c-MET knockout was associated with increased 

lipid peroxidation, decreased ratio of reduced glutathione to 

oxidized glutathione, and upregulation of superoxide dismutase 

1 and heat shock protein 70, all consistent with a compensatory 

response to increased oxidative stress and with a role of MET 

in the maintenance of a normal redox homeostasis. In addition, 

the transcriptomic analysis performed by microarray confirmed 

an upregulation of genes associated with cell proliferation and 

stress responses in c-MET mutant livers.

Thus, HGF/MET signaling may elicit opposing proliferative 

responses in normal and transformed hepatocytes.77 The loss 

of functional c-MET in hepatocytes was thus responsible for a 

state of chronic oxidative stress with increased reactive oxygen 

species production triggering hepatocarcinogenesis. Indeed, 

in this experimental setting, dietary supplementation with the 

thiol-containing antioxidant N-acetyl-L-cysteine rescued the 

pro-oxidative effect of c-MET deficiency, reducing hepatocar-

cinogenesis. Similar findings were reported by Marx-Stoelting 

et al78 in a N-nitrosodiethylamine and phenobarbital-induced 

model of HCC obtained in a different strain of mice that lacked 

a functional c-MET. As reported in the previous studies, condi-

tional c-MET knockout mice developed an increased number 

of preneoplastic and  neoplastic liver lesions when compared to 

controls, again outlining how impaired c-MET signaling par-

ticipates in HCC  induction. These findings supporting tumor-

promoting effects of c-MET deficiency should be taken into 

consideration for their possible implications in the planning of 

c-MET targeted treatment in specific subgroups of patients.

Even more controversial data have been reported in stud-

ies exploring the functions of HGF in in vitro and in vivo 

models of HCC. Indeed, HGF, originally identified as a fac-

tor sustaining mitogenic, morphogenic, antiapoptotic, and 

motogenic properties of hepatocytes, is also able to inhibit 

proliferation and cell growth in hepatic stellate cells. It is 

likely that the final effects of HGF/MET axis activation 

mainly rely upon the cell type, the simultaneous functional 

status of other signaling pathways cross-talking with it, such 

as ERK phosphorylation,79 or activation of JNK1.80

Critical analysis of the potential  
for targeting c-MET in  
hepatocellular carcinoma
Based on the therapeutic rationale to target c-MET, various 

c-MET inhibitors are currently being developed as potential 

treatments for a variety of cancers.81 Clinical trials  targeting 

c-MET in hepatocellular carcinoma are summarized in 

Table 1.

Tivantinib, an oral selective c-MET receptor tyrosine 

kinase inhibitor, has shown promising results in Phase I 

and II studies as monotherapy for the treatment of advanced 

HCC.82,83

In a multicenter, single-arm, Phase IB study, 21 cirrhotic 

patients (Child–Pugh A or B) with advanced HCC for whom 

prior systemic therapy had failed were treated with tivantinib 

at a dose of 360 mg twice daily.82 Treatment was associated 

with disease stabilization in 56% of 16 evaluable patients. 

Twenty patients (95%) had at least one drug-related adverse 

event (AE); the most common of any grade were neutropenia 

(52%), anemia (48%), asthenia (48%), leukopenia (38%), 

anorexia (38%), and diarrhea (29%). The most-frequent 

grade 3/4 AEs were neutropenia (38%), anemia (24%), and 

leukopenia (19%). Serious AEs occurred in four (19%) 

patients and included anemia, neutropenia, and one fatal 

septic shock secondary to neutropenia.

More recently, tivantinib was studied in a randomized 

Phase II trial in patients with advanced HCC and Child–Pugh 

A cirrhosis who had radiological progression or intolerance to 

first line systemic therapy.83 Patients were randomized (2:1) 

to receive tivantinib (360 mg twice daily) or placebo until 

disease progression. The primary endpoint was time to pro-

gression (TTP) in the intention-to-treat population. c-MET 

expression was assessed in archival or recent tumor samples 

by IHC, and samples that scored $2 in at least 50% of tumor 

cells were considered as having high c-MET  expression. 

Importantly, the tivantinib dose was amended to 240 mg twice 

daily because of high incidence of treatment-related grade 

$3 neutropenia (21%) observed with the starting dose of 360 

mg twice daily. Four deaths occurred in patients receiving 

tivantinib, three in the 360 mg twice daily group and one in 

the 240 mg twice daily group, all of which were related to 

severe neutropenia.

From an antitumor standpoint, in molecularly unselected 

patients (71 tivantinib versus 36 placebo), median TTP was 

longer for those treated with tivantinib (1.6 months [95% 

confidence interval {CI} =1.4–2.8]) than placebo (1.4 months 

[95% CI =1.4–1.5]; hazard ratio [HR] =0.64; P=0.04) with no 

significantly different survival (median overall survival was 

6.6 months for patients in the tivantinib group and 6.2 months 

for patients in the placebo group; HR =0.90; P=0.63).

Interestingly, in the post hoc analysis of a c-MET-high 

subgroup, the tivantinib group (n=22) had a median TTP 

of 2.7 months (95% CI =1.4–8.5 months) compared to 
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1.4 months (95% CI =1.4–1.6 months; HR =0.43; P=0.03) 

in the placebo group (n=15), with a significantly longer median 

overall survival (7.2 months [95% CI =3.9–14.6 months] 

versus 3.8 months [95% CI =2.1–6.8 months], respectively; 

HR =0.38; P=0.01). Furthermore, the comparison of out-

comes by c-MET status in the placebo group showed that 

the  c-MET-high subgroup had a significantly shorter median 

overall survival than did c-MET-low patients (3.8 months 

[95% CI =2.1–6.8 months] versus 9.0 months [95% 

CI =3.7–24.0 months], respectively; HR =2.94; P=0.02), 

thus suggesting that c-MET overexpression is an independent 

negative prognostic factor for overall survival in a population 

of previously treated HCC patients.

Given these promising results, a Phase III, randomized, 

placebo-controlled trial to evaluate the efficacy of tivantinib 

in patients with c-MET-high HCC for whom sorafenib therapy 

had failed was initiated. The confirmation that HCC patients 

with high c-MET expression treated with tivantinib have a 

better outcome than those with low MET expression might 

offer the background for the first attempt at personalized 

therapy in HCC patients selected on a molecular basis.

Other c-MET inhibitors are currently under investigation 

in HCC.84 Cabozantinib is an oral small-molecule tyrosine 

kinase inhibitor that blocks phosphorylation of c-MET and 

VEGFR2.85 In a randomized discontinuation Phase II study, 

41 HCC patients (Child–Pugh A) who experienced tumor 

progression after one prior systemic therapy received cabo-

zantinib at a dose of 100 mg daily over a 12 week lead-in 

stage.86 Treatment continuation past week 12 was based 

on response: patients with partial response (PR) continued 

open-label cabozantinib, patients with stable disease (SD) 

were randomized to cabozantinib versus placebo, and those 

with progressive disease discontinued the treatment. The 

primary endpoint in the randomized phase was progression-

free survival.

Twenty-nine (71%) patients completed the lead-in 

stage. The overall disease control rate (DCR = PR + SD) 

at week 12 was 68%. Median progression-free survival 

was 4.2 months (95% CI =3.0–5.6 months). Most common 

grade 3/4 AEs were diarrhea (17%), palmar-plantar erythro-

dysesthesia (15%), and thrombocytopenia (10%). Based on 

the encouraging antitumor activity of cabozantinib, a Phase 

III evaluation in HCC patients where sorafenib failed or could 

not be tolerated is currently underway.

Conclusion
Understanding the signaling pathways driving the malignant 

phenotype opens the possibility of their therapeutic inhibition. 

The molecular events contributing to the c-MET–induced 

“invasive growth” program are being identified in different 

Table 1 Clinical trials targeting c-MeT in hepatocellular carcinoma

Drug Targets Study Dosage Eligibility Efficacy Toxicity

Tivantinib82 MeT Phase iB 360 mg twice daily 21 patients, prior  
systemic treatment(s),  
Child–Pugh A or B

SD: 56% 3/4 Aes: neutropenia (38%), 
anemia (24%), leukopenia (19%) 
Serious Aes: 19%

Tivantinib83 MeT Phase ii 360 mg twice  
daily or 240 mg  
twice daily, versus  
placebo (2:1)

107 patients, one prior  
systemic treatment,  
Child–Pugh A

in MeT-high tumors: 
TTP: 2.7 months  
versus 1.4 months 
OS: 7.2 months  
versus 3.8 months

Four deaths from severe 
neutropenia (three who were 
taking 360 mg twice daily) 
3/4 Aes at 240 mg twice daily: 
anemia (9%), neutropenia (6%), 
thrombocytopenia (6%)

Tivantinib MeT Phase iii 240 mg twice daily,  
versus placebo (2:1)

HCC with high MeT  
expression, one prior  
systemic treatment,  
Child–Pugh A

Ongoing Ongoing

Cabozantinib86 MeT 
veGFR2

Phase ii 100 mg/day 41 patients, one prior  
systemic treatment,  
Child–Pugh A

DC: 68% at week 12 
PFS: 4.2 months

Diarrhea (63%), fatigue (61%), 
palmar-plantar erythrodysesthesia 
(54%), vomiting (42%), nausea 
(39%), thrombocytopenia (34%) 
3/4 Aes: diarrhea (17%),  
palmar-plantar erythrodysesthesia 
(15%), thrombocytopenia (10%)

Cabozantinib MeT 
veGFR2

Phase iii 60 mg/day HCC patients who  
received prior sorafenib,  
Child–Pugh A

Ongoing Ongoing

Abbreviations: Ae, adverse event; DC, disease control (partial response + stable disease); HCC, hepatocellular carcinoma; OS, overall survival; PFS, progression-free 
survival; SD, stable disease; TTP, time to progression; veGFR 2, vascular endothelial growth factor receptor 2.
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experimental settings. Conversely, the full understanding of 

their role and their therapeutic targeting in HCC patients is 

still in progress. This has to be ascribed to several factors, 

among which is the high molecular heterogeneity of HCC, 

which is even more complex when advanced and previously 

treated tumors are considered. Anticancer treatments are in fact 

well-known triggers of genetic, epigenetic, and transcriptomic 

changes. In addition, a consensus on tissue biomarkers identify-

ing tumors in which the c-MET–dependent “invasive growth” 

program is a driver event are still poorly defined. Indeed, acti-

vating point mutations, gene amplification, c-MET–enhanced 

mRNA and protein expression, as well as c-MET–dependent 

signatures, have been assayed in different studies, but a cor-

relation between a specific biomarker(s) and the likelihood of 

response to c-MET inhibition is still under evaluation. The iden-

tification of shared assays reflecting the activation of c-MET 

signaling will give useful information, especially if the final 

effectors of the signaling pathways will be tested.

Indeed, the complexity of cross-talk with other intracel-

lular cascades makes the molecular scenario quite complex. 

This is more and more evident if we consider that HCC can-

didates for c-MET inhibition are those previously treated by 

both locoregional and systemic approaches. In these HCCs, a 

molecular classification is not available. Preclinical findings, 

however, clearly outline the role of hypoxia-inducing treat-

ments in the selection of more aggressive clones with high 

migration and invasion capability. In these settings it will 

be crucial to investigate whether the combinations between 

c-MET inhibitors or HGF antagonists might prevent the 

escape mechanisms described under hypoxic conditions.87 

In addition, it should be kept in mind that in several cases 

a lack of correlation was reported between HGF levels and 

c-MET expression and activation. This finding outlines the 

role of alternative ways of triggering of c-MET signaling, 

other than HGF, and might play a role in the resistance to 

c-MET receptor targeted treatments.
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