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Abstract

Even though Sorafenib has radically changed the natural
history of those hepatocellular carcinoma patients
who are not amenable for curative treatments, further
therapeutic improvements are badly needed. As it was
for Sorafenib, our increasingly refined understanding of
the complex mechanisms underlying HCC carcinogenesis
are the starting point for the future development of
such treatments. Presently, a number of molecularly
targeted agents are in different stages of development
for this once orphan cancer. Indeed, several pathways
are presently being explored to identify potentially
active drugs, including epidermal growth factor rece-
ptor, vascular endothelial growth factor/vascular endo-
thelial growth factor receptors, mammalian target of
rapamycin, phosphatidyl-inositol-3-kinase/Akt, insulin
growth factor, Aurora kinase, Wnt/p-catenin, retinoic
acid receptor and hepatocyte growth factor/C-Met. This
review is aimed at addressing the results obtained so far
with these newer drugs, also considering the challenges
we shall face in the near future, including the issue of
response evaluation and identification of predictive/
prognostic biomarkers.
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INTRODUCTION

The medical treatment of hepatocellular carcinoma (HCC)
has remained a major ‘black hole’ in Oncology for many
years. We have lacked systemic therapies that could impact
the life expectancy of that 40% of patients who are not
candidates for either a potentially curative treatment (su-
rgical resection, liver transplant, or local ablation therapy)
or palliation with chemoembolization, which does how-
ever have a positive impact on survival.

This discouraging scenario has suddenly changed
thanks to the positive results obtained with Sorafenib.
This molecularly targeted agent with both antiangiogenic
and antiproliferative capabilities'
overall survival of these patients versus placebo within a
randomized clinical trial”.

The extent of this advantage in terms of survival,
31% improvement over placebo, was initially under-
estimated by some. It is, in fact, an extraordinary result,
comparable to those obtained with Bevacizumab in
carcinoma of the large intestine™, and with Trastuzumab

. . &
in breast carcinoma™.

was seen to increase the

Such positive results have cleatly encouraged research
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Figure 1 Schematic representation of HCC carcinogenesis.

on other molecularly targeted drugs which are selectively
directed against the molecular mechanisms specific to
HCC. The aim is to further improve, if possible, the res-
ults achieved with Sorafenib and to increase the number
of patients who can benefit from treatment.

Our increasingly accurate and refined understanding
of the complex mechanisms underlying HCC develo-
pment (carcinogenesis), local growth, angiogenesis
mechanisms, and distant spread, therefore offer an opp-
ortunity to develop new therapies which will be even
more effective.

MOLECULAR PATHOGENESIS OF HCC

When dealing with the molecular mechanisms responsible
for HCC development and progression, we must consider
the extremely heterogeneous nature of this type of tumor.

HCC can develop in a healthy liver, in a diseased but
not cirrhotic liver o, most frequently, in a frankly cirrhotic
liver. Degeneration into cancer can be triggered by va-
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rious causes, from damage by toxic substances (alcohol,
aflatoxins, iron accumulation, and so on) to viruses, as in
the case of chronic infections from hepatitis (B or C). In
very broad terms, liver carcinogenesis can be schematized
as seen in Figure 1.

At the molecular level, the mechanisms responsible
for the etiopathogenesis of HCC can be summarized
into two major groups. First is the activation of specific
pathways triggering cancer development and subsequent
proliferation, such as those of the Epidermal Growth
Factor Receptor (EGFR)/mitogen activated protein
(MAP)-kinase, Wnt, Insulin-like Growth Factor (IGF),
or mammalian target of rapamycin (mTOR) and the
second group includes the activation of more generic
mechanisms/pathways, shared by neatly all types of
cancet, which are responsible for the activation of an-
giogenesis [e.g. Vascular Endothelial Growth Factor
(VEGE), Platelet-Detived Growth Factor (PDGF) and
relative receptors], insensitivity to apoptosis (Bcl-2,
p53, PI3K/Akt), the inactivation of specific cell cycle
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Agent Targets Development stage
Sorafenib (BAY 43-9006) Small molecule VEGEFR-2 e -3, PDGFR-B, Raf Registered
Sunitinib (SUO11248) Small molecule VEGEFR-1, e 2 (-3), PDGFR-a e-B, FIt-3, C-Kit, RET Phase I
Vatalanib (PTK787/ZK222584) Small molecule VEGFR-1, -2 e-3, PDGFR, C-Kit, c-Fms Phase I
Cediranib (AZD2171) Small molecule VEGFR-1, -2 e-3, C-Kit Phase II
Brivanib (BMS-582664) Small molecule VEGFR-2, FGFR-1 Phase I
Bevacizumab Monoclonal antibody VEGF-A Phase II
Gefinitib (ZD1839) Small molecule EGFR/ErbB1/Herl Phase II
Erlotinib (OSI774) Small molecule EGFR/ErbB1/Herl Phase I
Lapatinib (GW572016) Small molecule EGFR/ErbB1/Herl, ErbB2/Her2neu Phase I
Cetuximab Monoclonal antibody EGFR/ErbB1/Herl Phase 1I
Everolimus (RAD001) Small molecule mTOR Phase 1 /1
Bortezomib Small molecule Proteasome Phase 1 /11
Belinostat (PXD101) Small molecule Histone-deacetylase (HDAC) Phase I
AZD6244 Small molecule MEK Phase I
PI-88 Small molecule Eparanase Phase III
TAC-101 Small molecule RAR-a Phase II

VEGFR: Vascular endothelial growth factor receptors; PDGFR: Platelet-derived growth factor receptors; VEGF: Vascular endothelial growth factor; EGFR:
Epidermal growth factor receptor; HDAC: Histone-deacetylase; mTOR: Mammalian target of rapamycin; HCC: Hepatocellular carcinoma.

Class Agent Development Comments
Small
molecules
Erlotinib ~ As single-agent Cytostatic more
than cytotoxic
In combination with ~ Active (high ORR),
bevacizumab but toxic
Gefitinib ~ As single-agent Not active
Lapatinib ~ As single-agent Too early to draw
conclusions
Monoclonal
antibodies
Cetuximab As single-agent Low ORR (but

prolonged survival)
In combination with High DCR, but toxic

chemotherapy

DCR: Disease control rate; ORR: Overall response rate.

checkpoints (e.g. p53, Rb, TP53, p21, cycline D1), or for
preserving unlimited replicative potential™,

Any of these changes can, at least potentially, be
treated either with drugs that are already on the market,
although mostly prescribed for other indications, or with
molecules undergoing different phases of preclinical

and/or clinical development (Table 1).

AGENTS TARGETING THE EGFR

As mentioned above, the EGFR pathway significantly
contributes to the proliferation, resistance to apoptosis
and invasive behavior of HCC cells'”.

Three small molecules targeting the tyrosine-kinase
receptor of the EGFR (Erlotinib, Gefinitib and Lapatinb)
and a monoclonal antibody neutralizing the EGFR (Cet-
uximab) have undergone clinical trials for use in HCC

(Table 2, Figure 2).
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Erlotinib

Etlotinib has been shown to possess some anticancer acti-
vity against HCC in both preclinical models and clinical
trials.

In a first trial®, 38 patients with intermediate to ad-
vanced HCC according to the Barcelona Clinic Liver
Cancer (BCLC) classification”, 39% of whom already had
extra-hepatic metastases, were treated with this EGFR
inhibitor, administered per os at the dose of 150 mg/d.
The objective response rate was low (9%), which is not
very surprising given the cytostatic, rather than cytotoxic,
activity of this drug. However, progression-free survival
(PES) at 6 mo was 32%, and median survival was 13 mo.
Both these figures are noteworthy, even though they can
be at least partly explained by the the fact that a large part
(42% of cases) of the enrolled patients had no associated
non-cancer liver condition.

In a second trial" the combination of Etlotinib
and the monoclonal anti-VEGF antibody Bevacizumab,
proved to be feasible, even though toxic, and active. The
objective of this study was to determine the proportion
of HCC patients treated with such a combination who
were alive and progression-free at 16 wk (PFS16). The
choice of this someway singular timepoint was based
on the analysis of several previous trials of different
chemotherapeutic agents, which have indeed demon-
strated a median PFS of about 16 wk. This choice of
timepoint has, not surprisingly, been criticized by many.

Of the 40 patients enrolled, 12 and 26 were from the B
and C stages of the BCLC classification respectively, while
just 11 had been previously treated with Transcatheter
Arterial Chemoembolization (TACE). Further indications
that such a patient population was not really representative
of the vast majority of HCC patients we see everyday
were that only 27 of them had a concomitant cirrhosis
and that only 10 and 6 patients were positive for hepatitis
C virus (HCV) and hepatitis B virus, respectively.

Median PFS16 was 62.5%, objective response rate
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Figure 2 Molecularly targeted agents of potential interest in HCC and relative targets. A: EGFR and VEGF/VEGFR pathways; B: The MAP-kinase and PI3K/
mTOR pathways.
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was 25%, while overall survival was 68 wk. On the other
hand, toxicity was a significant issue, with several grade 3
or 4 adverse events, including fatigue (20%), hypertension
(15%), gastrointestinal bleeding episodes (12.5%), diarrhea
(10%), increase of transaminases (10%), and infections/
wound healing complications (5%).

Overall, even though this study has been criticized,
probably with some justification, it clearly suggests that
the combination of Etlotinib plus Bevacizumab deserves
further evaluation on larger and less selected, (i.e. biased),
case series.

Gefitinib

Gefitinib appeared to prevent HCC development in exp-
erimental models. However, a single phase-1I trial on
31 patientsm failed to show any significant therapeutic
benefit, with a median survival of 6.5 mo, a mean PFS of
only 2.8 mo, no objective response, and a single instance
of disease stabilization. Therefore, in contrast to its ‘twin’
Erlotinib, this EGFR inhibitor appears unsuitable for
further clinical trials for HCC, although the reasons for
this lack of efficacy are quite elusive.

Lapatinib

Though overexpression/amplification of Her2/neu!"
and EGFR mutations'” are quite uncommon events in
HCC, Lapatinib, a double inhibitor of EGFR and Her?2 is

currently on trial for this type of cancer'”.

|

Cetuximab

Cetuximab, a chimeric anti-EGFR antibody, was seen
to exhibit antiproliferative and pro-apoptotic activity in
preclinical models of HCC, but failed to provide any
objective response in two trials!*". Time to progression
(T'TP) was as low as 8 wk in one trial (32 patients)"”, alt-
hough the authors of the second trial"” reported a faitly
good median survival of 9.6 mo (with a PES of only 1.4
mo), which suggests the need to test this drug further and
in larger series.

In another trial™ Cetuximab was combined with Ge-
mcitabine and Oxaliplatin chemotherapy (the GemOx
regimen). This combination provided a 23% objective
response (43 patients), 65% of disease control rate (DCR),
and a decrease in ou-fetoprotein higher than 50% in half
of the patients. On the other hand, the toxicity profile was
not neglectable (60% of grade 3 or 4 toxicity), although
still acceptable.

ANTIANGIOGENIC AGENTS

HCC is known to be a highly vascular tumor and angio-
genesis plays a major role in its pathogenesism. Conse-
quently, angiogenesis and the growth factors that con-
tribute to its regulation are the preferred target in this type
of cancer, at least theoretically.

In addition to Sorafenib, which exhibits both anti-
neoangiogenic and antiproliferative activity by inhibiting
the MAP-kinase pathwaym, many other drugs have been
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studied in HCC. These include Bevacizumab, the anti-
VEGF monoclonal antibody, and Sunitinib, Brivanib,
Vatalanib and Cediranib, small molecules inhibiting diff-
erent kinases (Figure 2).

No activity or even tolerability data on Brivanib, Vata-
lanib and Cediranib are yet available as the relevant clinical
trials are still underway.

Bevacizumab
A first trial, updated yearly from 2005 to 2007 and then
published i extenso in 2008 clearly showed that Beva-
cizumab is safe when administered at the dosage of 5
and 10 mg/kg to patients with localized but untesectable
HCC who exhibit adequate residual liver function and
have no esophageal varices at high risk of bleeding. As
a whole, these results indicate a positive impact of this
monoclonal antibody on the natural history of the disease,
the DCR being 80%, and the median TTP exceeding 6
mo. However, one of the most relevant, and troublesome,
findings of this trial is an 11% increase in the risk of
bleeding, possibly fatal, of esophageal varices''.

The activity and toxicity results of Bevacizumab have
been subsequently confirmed by a small French phase- Il

Another recent trial™ demonstrated Bevacizumab to
be active and tolerated also when administered by an intra-
arterial route, at the dose of 5 mg/kg, Of 10 patients,
2 achieved a complete response lasting 4 mo, while 6
others had a partial response and the remaining 2 a 6-mo
disease stabilization. Seven of 10 patients also exhibited a
serological response, defined as a decrease in al-fetopro-
tein values greater than 50%, relative to baseline. These
encouraging results obviously need confirmation from
lager seties of patients.

We have already mentioned the promising combination
with Etlotinib"” but would point out that Bevacizumab
has also been combined, mostly within small phase-II
trials, with chemotherapy agents exhibiting some, albeit
small, activity against HCC, namely Capecitabine and/or
Oxaliplatin and/or Gemcitabine.

One trial investigated the combination of Capecitabine
[825 mg/m’, per vs, bid., from d 1 to d 14], Oxaliplatin
(130 mg/mz, IV, on d 1, every 21 d) and Bevacizumab
(5 mg/kg, IV, on d 1, every 21 P Of 30 patients
receiving this regimen, 11% had a partial response and
78% achieved disease stabilization, adding up to an overall
DCR of 89%. The mean PFS was 5.4 mo, with 70% and
40% PES at 3 and 6 mo, respectively. As for tolerance,
33% of the patients had grade 2 or 3 Oxaliplatin-induced
neuropathy and 11% had grade 2/3 Capecitabine-induced
hand-foot syndrome. One patient experienced intestinal
petforation after the first administration of Bevacizumab
(and Oxaliplatin), and two others experienced bleeding
from preexisting esophageal varices.

Another phase-1I trial™ carried out on 45 patients
receiving 6 cycles of Capecitabine (800 mg/ m’ per os, BID,
from day 1 to day 14, every 3 wk) and Bevacizumab (7.5
mg/kg, IV, every 3 wk) provided 16% objective responses,
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Development Comments

Bevacizumab As single agent, i.v. route Active (high DCR), but
increased risk of bleeding
from esophageal varices
Promising early results
Active (high ORR), but

toxic

As single agent, i.a. route
In combination with other
molecularly targeted
agents, e.g. erlotininib

In combination with Not particularly active and

chemotherapy toxic

60% DCR, median PFS of 4.1 mo and median survival of
10.7 mo. Toxicity was as expected and mild (grade 3 at the
most), even though there was one case of acute bleeding
from a gastric ulcer.

Another phase- II trial® investigated the combination
of Gemucitabine (1000 mg/ m’, IV infusion of 10 mg/ m’/
min, on days 2 and 16 of each 28-d cycle), Oxaliplatin
(85 mg/m’, IV, on days 2 and 16) and Bevacizumab (10
mg/kg, IV, every 15 d) on 27 HCC patients. It may be
considered somewhat surprising that this trial provided
quite poor results, with only 2 minor responses (no ob-
jective responses), and 5 disease stabilizations. The clinical
study was related to a trial investigating the treatment
effect on tumor perfusion by means of dynamic con-
trast-enhanced magnetic resonance imaging, which dem-
onstrated a transient and reversible decrease in tumor
blood supply only after Bevacizumab administration.

In conclusion, despite the small numbers of cases
available, which come from selected series and from very
different studies, we believe that Bevacizumab does exhibit
some anticancer activity in HCC and that this does not
appear to be especially increased by its combination with
chemotherapy. As a whole, the results obtained so far with
Bevacizumab, alone or in combination, are summatized in
Table 3.

On the other hand, Bevacizumab may cause severe,
and even fatal, bleeding in these patients. Although ex-
pected, this problem obviously limits the use of this ag-
ent to patients without any esophageal varices at risk of
bleeding and, realistically, also without thrombocytopenia.

Sunitinib

To date, three phase-1I trials have investigated the activity
and tolerability of this agent, an inhibitor of several
tyrosine kinases [Vascular Endothelial Growth Factor
Receptor (VEGFR)-1 and -2, Platelet-Derived Growth
Factor Receptor (PDGFR), C-Kit, RET, Flt3, and others],
for HCC.

One trial™ carried out on 37 patients receiving a full
dose (50 mg/d, per os) and following the classic treatment
schedule (4 wk on and 2 wk off) provided one single
partial response and 13 disease stabilizations (39%), with
signs of tumor necrosis and decreased tumor perfusion in
a significant number of patients (46% of cases exhibited
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necrosis > 50%). However, side-effects were severe, with
frequent grade 3-4 toxicities (thrombocytopenia in 43%
of cases, neutropenia in 24%, neurological symptoms in
24%, asthenia in 22%, and bleeding in 14%), with as many
as 5 toxic deaths. Moreover, 27% of patients needed a
dosage decrease during treatment.

Given these tolerance problems with a full drug
dose, another trial® scheduled 34 patients to receive
37.5 mg (again for 4 wk on plus 2 wk off). Similarly to
what has been observed in renal cancer, Sunitinib at this
dosage was seen to have mild anticancer activity (only 1
partial response and 8 disease stabilizations), but a fair
tolerability profile, i.e. a decrease in anticancer activity
upon a decrease in the drug Area Under the Curve
(AUC)™. This trial also demonstrated that at least two
circulating angiogenic markers, IL-6 and endothelial
precursor cells, correlate with survival™, providing the
rational basis for future research.

Similar results in terms of activity and tolerability
were obtained in another trial”” carried out on 23 pat-
ients who also received the lower dosage, 37.5 mg for 4
in every 6 wk.

These results, especially those relating to tolerability
(at least at the most active drug doses), make the actual
practical use of such a powerful but toxic treatment
questionable in such delicate patients as cirrhotics!.
Nontheless, Sunitinib deserves to be further investigated
in HCC™.

Brivanib, vatalanib and cediranib

As already mentioned, no clinical data are available on
these three drugs. However, there is preclinical evidence
that they may exert not only high antiangiogenic, but also
antiproliferative or at any rate angiogenesis-independent,
activity in HCC®",

Brivanib alaninate, an inhibitor of both the VEGFR
and the Fibroblast Growth Factor Receptor pathwaysmj,
appears to be a particularly promising agent. It is the
latter activity that makes this compound so interesting,
at least theoretically, since the Fibroblast Growth Factor
1s known to play a major role in the etiopathogenesis of
HCCM

OTHER POTENTIAL MOLECULAR
TARGETS

The mTOR pathway

About 50% of HCCs exhibit activation of the mTOR
pathway, as demonstrated by immunohistochemical
analysis of the phosphorylation of ribosomal protein S6.
This is a direct consequence of the upstream activation
of the pathways of the IGE, of the EGFR, or of the
dysregulation of PTEN", PTEN is a phosphatase ex-
hibiting tumor suppressor actiVitme, which can both
inhibit cell proliferation™ and increase cell sensitivity to
apoptosis and anoikis. This latter is a very special type of
apoptosis, typical of epithelial cells, which is triggered
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by changes in the relationship between some membrane
integrins and the extracellular matrix” .

mTOR appears to make a potentially very interesting
target in HCC and we have acquired some preclinical
evidence of HCC xenotransplant growth inhibition by
the mTOR inhibitor Everolimus™. It is not, therefore,
surprising that mTOR inhibitors are currently undergoing
clinical trials in HCC.

The PI3K/Akt pathway

The pathway of phosphatidylinositol-3-kinase (PI3K)/
Akt is crucial for cell proliferation and, especially, survival
in both normal and abnormal conditions. Physiologically,
the PI3K/Akt pathway is an essential regulator of cell
survival under stress; since tumors, by definition, develop
in an environment characterized by severe cell stress from
different causes, e.g. a low pH, decreased availability of
oxygen and nutrients, this pathway appears to be key to
the complex mechanisms of carcinogenesis'™.

Activation of the PI3K/Akt pathway ultimately leads
to severe disturbance in the control of cell growth and
survival, which results in the competitive proliferative
advantage, metastatic competence and resistance to
apoptosis that characterize cancer. PI3K/Akt makes
therefore a very attractive target for cancer therapy, also in
HecH Many compounds that can inhibit this pathway
are currently under developmentm. Among them, Peri-
fosine, an oral alkyl phospholipid*, is considered the
most promising agent, even though its use in HCC is not
expected in the near future.

The Aurora kinase family

Correct cell progression through the different cell cycle
phases is strictly regulated by the presence of checkpoints
whose purpose is to safeguard genomic stability and
ultimately prevent transformation into cancer cells™.

The checkpoint regulating the formation of the
mitotic spindle is particularly important because it is
the first defense against the possible development of
an ancuploid clone and is the controller of correct chro-
mosome segregation. Among the many kinases that
regulate this checkpoint, the family of setine/threonine
kinases called Aurora is emerging as an extremely impoz-
tant controller of cell mitosis, which is essential to
maintaining genomic stability. Aberrant expression of
one, ot more, of the three members of the Aurora family
(Aurora A, B or C) has been observed in many solid and
hematological cancers'

As for HCC, overexpression of Aurora kinase B,
which specifically regulates chromosome segregation,
cytokinesis, protein localization to centromere and kin-
etochore, as well as correct microtubule anchoring to
the kinetochore itself* is correlated with the genetic
instability of HCC and has been identified as an indep-
endent predictor of recurrence in this cancer*,

We can thus speculate that some small molecules
having inhibitory activity on Aurora kinase, particularly

Aurora kinase B (VX-680, PHA-680632, AT9283,

144

Jgn?s:iﬁm"* WJH | www.wjgnet.com

Porta C et a/. Going beyond sorafenib in HCC

AZD1152 and others), which are mostly undergoing
phase- I trials in different solid tumors'”
ally make good candidates for use in HCC.

, may eventu-

The IGF and Wnt/3-catenin pathways

The IGF family, which plays a major role in the regulation
of many normal cell functions, has also been implicated
in the genesis of many cancers'™,

In HCC, even though IGF- I can potentially improve
cirthosis”, as suggested by some experimental trials, IGF-
II appears to be overexpressed in about 30% of human
HCCs, while IGF-binding proteins IGF-BP-1, 3 and -4),
which can act as oncosuppressors, are downregulatedm].
The oncosuppressor Insulin-like Growth Factor Receptor
(IGFR)-1II, which is mainly involved in IGF-1I binding
and degradation, is also downregulated in a subgroup of
HCCs, as the direct result of mutations/deletions in the
long arm of chromosome 6™,

Many compounds targeting IGFR-1I, both mon-
oclonal antibodies and small molecules, are currently on
trial in various solid tumots.

As for the Wnt/ [-catenin pathway, its activation has
been implicated in the etiopathogenesis of over one third
of HCCs, especially those related to HCV!Y, making this
pathway an extremely attractive one from a therapeutic
viewpoint. However, this pathway is currently considered
the worst possible candidate for the development of
drugs targeting it at any level and has thus been defined
as “undruggable”m.

The retinoic acid receptor

TAC-101 4-[3, 5-bis (trimethyl-silyl) benzamido] benzoic
acid is certainly one of the most interesting new com-
pounds currently tested in HCC.

TAC-101 is a synthetic retinoid for oral administration
that binds the receptor of retinoic acid and activates
its transcriptional activity. This triggers many biological
events, such as stimulation of cell differentiation (common
to many retinoids, stimulation of apoptosis, inhibition
of DNA-activator protein (DNA-AP-1) binding (with
consequent inhibition of angiogenesis and of extracellular
matrix degradation), inhibition of phosphorylation of
the retinoblastoma gene product, and cell cycle arrest.
The latter is correlated with modulation of the activity of
cyclin-dependent kinase 2 inhibitors™ ",

A first phase- I trial®™ on 29 patients defined the
dose to be used in subsequent trials (24 mg/mz) and
indicated specific drug toxicities, such as muscle pain,
hypertriglyceridemia, and especially venous thrombo-
embolism, observed in 7 of 21 patients unscreened for
thrombophilic factors.

A subsequent Phase- I /1 trial on 33 HCC patientsbgJ
confirmed this toxicity profile and demonstrated mainly
cytostatic drug activity in this cancer. Indeed, no objective
responses were achieved during treatment although
57% of patients exhibited long disease stabilization,
with an extremely interesting overall survival of 19.2
mo. Surprisingly, two patients exhibited a late response,
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appearing after drug discontinuation, which would seem
to be a specific characteristic of TAC-101.

Unfortunately, an international randomized, phase
I, study aimed at comparing TAC-101 versus placebo
in HCC patients pre-treated with Sorafenib, has been
recently closed to the enrollment due to the occurrence
of an unexpectedly high incidence of thromboembolic
events. It is therefore possible that these events, already
observed also in earlier phases of development, could
significantly slow the development of what is, never-
theless, a potentially highly interesting compound, at least
in HCC.

The hepatocyte growth factor (HGF)/C-Met pathway
C-Met, a tyrosine kinase receptor, is presently the only
known receptor for the HGE, also known as scatter factor.

The binding of HGF with the high-affinity ex-
tracellular domain of its receptor C-Met, causes a multi-
merization of the receptor itself and results in the phos-
phorylation of multiple tyrosine residues, localized within
the intracellular portion of C-Met and, ultimately leads to
signal transduction to the nucleus. This pathway regulates
several biological events which are highly involved in
the processes of cancerogenesis. These include the ap-
pearance of a more invasive phenotype, the stimulation
of mitogenic and motogenic activity, increased resistance
to apoptosis and increased angiogenesis[()m. It is therefore
easy to guess how such a pathway is frequently deregulated
in a number of human tumors, including HCC™,

ARQ-197 is an extremely interesting first-in-class
compound, which selectively inhibits C-Met. It is presently
under clinical evaluation, within a randomized, placebo-
controlled, phase I study, in HCC patients pre-treated
with Sorafenib.

MOLECULARLY TARGETED AGENTS
AND RESPONSE ASSESSMENT

The assessment of response is unquestionably one of the
main problems emerging with the increasingly frequent
use of the new moleculatly targeted drugs. As seen, first
in gastrointestinal stromal tumors (GIST) treated with
Imatinib® and then in the phase-II trial of Sorafenib in
HCC™ | the classic response criteria used in Oncology,
from WHO to RECIST, which were originally developed
to assess response to conventional chemotherapeutic
drugs, are difficult to apply to molecularly targeted agents
and have a high risk of underestimating drug activity.

In order to address this issue, which will become
increasingly important in the near future, some authors
have developed new and different guidelines for response
assessment. For GIST, Choi***" based assessment on
changes in tumor density as demonstrated by computed
tomography (CT) scan, and on those by the EORTC,
determined by changes in glucide metabolism as dem-
onstrated by positron emission tomography (PET) with
fluorodeoxyglucose. No specific response critetia are yet
available for fusion CT/PET techniques, while new PET
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tracers aimed at depicting specific molecular or metabolic
pathways are under evaluation'®”,

Since in clinical practice we still rely on inadequate
morphologic techniques or not fully validated functional
techniques, the need for the development of new resp-
onse assessment criteria is real and this research field will
certainly boom in the next few years.

MOLECULARLY TARGETED
TREATMENTS AND PREDICTIVE/
PROGNOSTIC FACTORS

Despite the current revolution represented by the ad-
dition of Sorafenib to our currently poor therapeutic
armamentarium and the promise shown by experimental
treatments, HCC remains an incurable disease unless
it can be treated with (non)surgical radical ablation or
transplantation. This lack of curative treatment options
is accompanied by the growing issue of the cost of new
molecularly targeted agents, which is especially important
now that financial resources are limited. These factors
underline the need to identify really reliable prognostic
and predictive factors, another important line of research
which is undergoing major progress.

As for Sorafenib, we now know that the amount of
basal phosphorylation of ERK a protein downstream of
Ras in the MAP-kinase pathway, is correlated with PFS in
patients treated with this drug™. We need to identify and
carefully validate other and more reliable biomarkers to be
able to select the patients who could benefit, ornot, from
these expensive treatments. This will allow us to allocate
the scarce resources available in the most appropriate, and
accurate, possible way.

CONCLUSION

Therapy aimed at specific, though sometimes multiple,
molecular targets has rapidly grown in Oncology, to
become the most innovative and promising approach
to the treatment of many solid tumors. This approach
also appears extremely promising in HCC thanks to the
development of Sorafenib, the first medical treatment
proven to impact on HCC survival®”,

Nevertheless, the results obtained so far must be
improved. We will have to pursue this goal by better
defining and characterizing the molecular mechanisms
undetlying carcinogenesis and by consequently developing
increasingly specific, active and tolerated molecularly
targeted agents. Studies must be designed that combine
different agents of this type with one another and/or with
conventional chemotherapy or locoregional ablation. New
predictive and prognostic factors need to be identified,
possibly directly related to the molecular mechanisms
inhibited by the different drugs (biomarkers). We also
need better means of understanding and describing the
cytotoxic or cytostatic activity of the various agents.

Although are certainly on the verge of an exciting era
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there is much work ahead. Specialists from different fields,
from molecular biology to biochemistry, hepatology,
oncology, radiology, and nuclear medicine must join in
a common effort to try to achieve these ambitious but

indispensable goals.
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