
Summary
Hepatocellular carcinoma has an increasing incidence 

and an impressive mortality. At present, the only authorized 
systemic treatment is the multi-kinase inhibitor sorafenib. 
A multitude of clinical trials are aimed at improving out-
comes, both in first- and in second-line therapy. In this mul-
titude of clinical trials, the purpose of our article was to 
familiarize physicians with the mechanisms of action of 
new biological therapies and to offer an algorithm for op-
timal trial selection for each patient, based on clinical and 
biological indicators. The available data were structured as 

follows: antiangiogenic therapy, c -MET inhibitors, combi-
nations of chemotherapy with sorafenib, immune response 
modulators, cellular metabolism modulators, mTOR inhib-
itors, other multi-kinase inhibitors.

Conclusion: Treatment of advanced hepatocellular car-
cinoma remains a challenge for oncologists. Choosing the 
“right” trial may be the only chance of prolonging patient 
survival and improve his/her clinical status.
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Introduction 

 Hepatocellular carcinoma is the most com-
mon primary liver cancer (90 %), the 5th most 
common cancer and 3rd cause of death from can-
cer worldwide [1]. In Romania, hepatocellular car-
cinoma is the 10th most common neoplasia and 
the 7th cause of death [2]. Although the etiology of 
hepatocellular carcinoma is well known, the inci-
dence of this disease is steadily increasing, while 
its high mortality rate is a consequence of late 
diagnosis (advanced stages) and of the fact that 
80% of cases are developed on an already cirrhotic 
liver. Only 30% of all patients are diagnosed with 
a localized, potentially curable disease [3]. 

In the era of molecular targeted therapies with 
multiple opportunities to intercept inter- and in-
tracellular signaling in cancer tissues, biological 
research is done on a particularly fertile ground 
in oncology. Although many targeted therapies 

have proved effective in the treatment of different 
malignancies, some of them act through a mech-
anism that is not completely understood - a good 
example is sorafenib in the treatment of hepato-
cellular carcinoma.

Currently, there are three main known path-
ways responsible for the occurrence and progres-
sion of hepatocellular carcinoma. These pathways 
are involved in cellular proliferation (RAS/Raf/
MAPK pathway), survival (AKT/mTOR pathway) 
and differentiation (Wnt and Hedgehog path-
ways) [4]. In addition, angiogenesis mediated by 
VEGF (vascular endothelial growth factor) and 
PDGF (platelet-derived growth factor) is highly 
expressed in hepatocellular carcinoma. Most in-
dolent cancers are initiated by β-catenin gene mu-
tations. Overexpression of Wnt -1 plays a central 
role in embryonic development, organogenesis, 
angiogenesis and proliferation of stem cells. In 
addition, it is of major importance in the progres-
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sion of hepatocellular carcinoma. Wnt proteins 
(19 known until now) are involved in the carcino-
genesis of several cancers. Regarding hepatocel-
lular carcinoma carcinogenesis, recent proteomic 
studies and mRNA analysis showed an overex-
pression of Wnt -1 in relation with B and C vi-
ral infections. Hepatitis B virus protein-Xa (HBx) 
increases β-catenin stability, a process which is 
essential in the activation pathway of Wnt/β-cat-
enin. Wnt -1 overexpression is associated with 
hepatocyte proliferation. This proliferation is me-
diated by HCV “core” protein and nuclear factor 
κB-p50. All these data support the central role of 
Wnt in hepatocellular carcinoma carcinogenesis 
induced by hepatitis viruses. In addition, over-
expression of Wnt -1 appears to be a prognostic 
marker for a high risk of recurrence in patients 
with viral infections [5]. Unfortunately, pharma-
cological blockade of Wnt/β-catenin pathways is 
not available at the present time. However, the 
blockade of tyrosine kinase receptors involved in 
Ras-Raf-MAPK pathway is possible, and the Akt 
pathway may be intercepted by inhibiting mTOR.

In addition, the development of invasive can-
cer is heavily dependent on the presence of a fa-
vorable tumor microenvironment. The intercellu-
lar “dialogue” is a continuous process and it may 
influence many features, from carcinogenesis 
to metastasis and invasion [6]. Many innovative 
molecular therapies that are presented in the fol-
lowing paper address precisely this relationship 
between tumor and the tumor microenvironment.

Treatment with sorafenib is indicated as first-
line therapy for most patients with Barcelona 
Clinic Liver Cancer stage C (BCLC–C) and some 
selected patients with stage BCLC-B (who are not 
candidates for locoregional therapies). 

Sorafenib is a small molecule that inhibits 
tumor cell proliferation and tumor angiogenesis 
and increases the rate of apoptosis in different tu-
mor models. It acts by inhibiting the serine–thre-
onine kinases Raf-1 and B-Raf and the receptor 
tyrosine kinase activity of VEGFR (vascular en-
dothelial growth factor receptors) 1, 2, and 3 and 
PDGFR-β (platelet-derived growth factor receptor 
β). Cellular signaling that is mediated by the Raf-
1 and VEGF pathways has been implicated in the 
molecular pathogenesis of hepatocellular carcino-
ma, thus providing a rationale for investigating 
sorafenib for hepatocellular carcinoma.

SHARP (Sorafenib Hepatocarcinoma Assess-
ment Randomized Protocol) phase III study includ-
ed 602 patients with well-preserved liver function 
(>95% Child–Pugh A), randomized to receive ei-

ther sorafenib 400  mg or matching placebo oral-
ly b.i.d. on a continuous basis, until progression 
or unacceptable toxicity. Primary outcomes were 
overall survival (OS) and the time to symptomatic 
progression. Secondary outcomes were the time 
to radiologic progression and safety.

Median OS improvement for sorafenib was 
2.8 months (10.7 months in the sorafenib group 
and 7.9 months in the placebo group, hazard ra-
tio 0.69; 95% confidence interval, 0.55 to 0.87; 
p<0.001). There was no significant difference for 
the median time to symptomatic progression (4.1 
vs 4.9 months, respectively, p=0.77). The median 
time to radiologic progression was 5.5 months in 
the sorafenib group and 2.8 months in the place-
bo group (p<0.001). The disease-control rate was 
significantly higher for sorafenib vs placebo (43 
vs 32%, p=0.002). Diarrhea, weight loss, hand-foot 
skin reaction, and hypophosphatemia were more 
frequent in the sorafenib group [7]. 

Since the approval of sorafenib as the stand-
ard systemic first-line treatment, no other system-
ic therapy has demonstrated superior efficacy in 
first-line treatment; moreover, the results of clin-
ical trials could not establish a standard of care 
for patients progressing under treatment with 
sorafenib. Given the above data (abundance of 
eligible patients, the limited results in the first-
line treatment, absence of standard second-line 
therapy), there are a multitude of clinical trials 
underway, with the purpose to identify systemic 
therapies with better results, both as comparison/
combination with sorafenib and in patients with 
progression after first-line therapy.

On the following pages we attempt a classi-
fication of the clinical trial research in hepatocel-
lular carcinoma according to the mechanism of 
action of the novel drugs, based on data from pub-
lished clinical trials or trials still in progress [8].

1.	 Antiangiogenic therapy : ramucirumab , AMG 
386

2.	 c -MET inhibitors : cabozantinib , tivantinib

3.	 Combinations of chemotherapy with sorafenib

4.	 Immune response modulators (nivolumab , 
Pexa - Vec, tremelimumab)

5.	 Cellular metabolism modulators

6.	 mTOR inhibitors : everolimus

7.	 Promotion of apoptosis

8.	 Multi-kinase inhibitors: brivanib , linifanib , 
sunitinib.
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Antiangiogenic therapy

Angiogenesis can be seen as a physiologic 
process involved in wound healing, ovulation, fe-
tal development or as a pathologic process such 
as diabetic retinopathy, rheumatoid arthritis or 
cancer development. The main engine of angio-
genesis is the interaction of VEGFs and their re-
ceptors (VEGFRs), but many other factors may 
also influence this process and its consequences 
on tumor progression. We can mention here a few 
examples: inflammation mediators, metallopro-
teinases, β-PDGF (platelet-derived growth factor 
β), TNF-α (tumor necrosis factor-α) , TGF (trans-
forming growth factor). Therefore, angiogenesis 
is a process that results from the interaction of 
endothelial cells, tumor cells and the tumor mi-
croenvironment [9].

Development of hepatocellular carcinoma 
is dependent on new blood vessels formation 
through various mechanisms such as sprouting, 
vascular recruitment, vasculogenesis from pre-
cursors or by invagination. In all of these, VEGF 
plays a central role. VEGF synthesis is depend-
ent on many local processes ant it may be inde-
pendently controlled by the local hypoxia and 
acidosis. Amplification of VEGF expression is a 
consequence of gene mutations, hormones, cy-
tokines, nitric oxide and MAP kinases. In addition, 
VEGF synthesis is dependent on the degree of tu-
mor differentiation, presence of vascular invasion 
or portal thrombosis and chronic liver disease. An 
increased level of circulating VEGF is associated 
with poor prognosis and a high rate of relapse and 
it can occur after applying a local treatment such 
as surgery, radiofrequency ablation or TACE (tran-
sarterial chemoembolization) . The consequence 
of an increasing gradient of VEGF is vascular hy-
perpermeability, extracellular matrix remodeling 
and endothelial cell activation. Antiangiogenic 
therapy may normalize tumor vasculature and en-
hance the effect of chemotherapy and radiothera-
py [10].

As hepatocellular carcinomas are highly vas-
cularized with an increase in microvascular den-
sity and high levels of VEGF, various trials have 
used monoclonal antibodies such as bevacizum-
ab alone [11] or in combination with other drugs, 
with good preliminary results. One phase II study 
used the combination of gemcitabine with oxalip-
latin (an active regimen in pancreatic and biliary 
tumors, but also in hepatocellular carcinoma in 
phase II studies) together with bevacizumab for 
the treatment of advanced hepatocellular carci-
noma. The objective response rate was 20%, and 

27% of the patients had stable disease. The medi-
an OS was 9.6 months and the progression-free 
(PFS) survival 5.3 months [12]. This combination 
has brought encouraging results and should be 
further investigated in comparative trials. 

The combination of erlotinib (EGFR tyros-
ine kinase inhibitor) and bevacizumab produced 
a median OS of 15.7 months in phase II studies 
[13-15] and because of these promising results, it 
is presently studied in comparison with sorafenib. 
The combination of bevacizumab with capecit-
abine showed only modest results (median PFS) 
and OS was 2.7 and 5.9 months, respectively) [16].

The treatment with sorafenib was the first 
systemic treatment that has shown to improve 
survival in patients with advanced hepatocellular 
carcinoma [7,17]. Sorafenib continues to be stud-
ied with the intention of optimizing the antitumor 
effect: as an adjuvant therapy or in combination 
with other methods such as chemoembolisation 
(DEB-TACE) [18] or in combination with radia-
tion therapy [19]. In vivo and in vitro tests showed 
that radiation therapy applied sequentially with 
sorafenib induced a reduction in tumor blood sup-
ply and the mitotic index, with a better effect than 
concomitant administration, or than radiation 
therapy alone. These data may have significance 
in the design of future trials and clinical decisions.

Although multiple anti-angiogenic therapies 
have shown promising results in phase II trials, 
not many have been evaluated in phase III. A 
positive example toward this direction is ramu-
cirumab, a recombinant monoclonal antibody 
which binds to the extracellular domain of VEG-
FR-2 (Vascular endothelial growth factor recep-
tor-2), recently approved by the Food and Drug 
Administration for advanced gastric cancer. In 
hepatocellular carcinoma, ramucirumab demon-
strated satisfactory efficacy in a phase II trial in 
sorafenib-naive patients with a disease control 
rate of 50 % [20]. Ramucirumab is now studied in 
second-line hepatocellular carcinoma treatment 
after sorafenib in a phase III trial, called REACH 
[21], whose results are expected soon. REACH is 
a double-blind, placebo-controlled study (given 
that no medication has shown satisfactory effica-
cy in second-line treatment in order to establish 
a standard treatment). However, only patients 
with preserved liver function (Child-Pugh under 
7) were included, a relatively rare clinical situa-
tion in patients with BCLC-C stage who had pro-
gressed after treatment with sorafenib.

Because the majority of patients treated with 
anti-VEGF therapy develop resistance after a var-
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iable period of time, other ways of inhibiting 
tumor angiogenesis are explored. The Ang/Tie 
signaling pathway is composed of two receptor 
tyrosine kinases (Tie1 and Tie2), preferentially 
expressed by vascular endothelium and three li-
gands (Ang1, Ang2 and Ang4). As Ang2 functions 
generally as an antagonist of Ang1, the balance 
of the two proteins has an important role in de-
fining the vascular phenotype: stabilized or desta-
bilized. Ang1/Tie2 interaction promotes vascular 
stabilization and reduces vascular permeability. 
Ang2/Tie2 interaction may induce tumor angio-
genesis suppression, but since Ang 2 may act as 
an Ang1 antagonist, it may promote the destabi-
lization of local vasculature and will allow new 
vessels to sprout [22]. To tackle these processes, 
AMG 386 (trebananib) was developed - a pepti-
body that binds to and inhibits antiangiopoietin 
1 and 2, thus blocking their interaction with the 
receptor Tie2. This may inhibit angiogenesis and 
may eventually lead to an inhibition of tumor cell 
proliferation. AMG 386 is currently investigated 
in the treatment of hepatocellular carcinoma in a 
phase II study [23]. Safety data regarding the ad-
ministration of AMG 386 are available [24]. Taking 
into account the above data, we must draw atten-
tion to the possibility of action as a double-edged 
sword for dual blockade of both Ang and VEGF. 
Blocking both molecules appears to be the best 
therapeutic approach, since VEGF may increase 
the proangiogenic effect of Ang2 [22].

c-Met inhibitors

c-Met is a tyrosine kinase receptor associated 
significantly with the progression of hepatocellu-
lar carcinoma. Stimulation of this pathway (e.g. 
by means of des-γ-carboxyprothrombin or DCP) 
[25] is reponsibile for promoting tumor growth, 
angiogenesis and metastasis [26,27]. DCP overex-
pression is associated with the presence of vascu-
lar invasion and metastasis. Thus, inhibiting the 
function of c-Met represents a goal in the treat-
ment of hepatocellular carcinoma, especially in 
patients with enhanced expression of the DCP. The 
main ligand of c-Met is the hepatocyte growth 
factor (HGF) and their interaction will stimulate 
tissue regeneration, cell proliferation and lo-
cal invasion. In addition, the c-Met receptor is a 
functional partner of VEGF signaling, and c-Met 
overexpression is associated with resistance to 
anti-VEGF therapy. There are currently studied 
molecules targeting c-Met pathway. Cabozantinib 
(inhibitor of c-Met, VEGFR2, RET, KIT, AXL, and 

FLT3, already registered for the medullary carci-
noma of the thyroid gland) has demonstrated ef-
ficacy in phase II hepatocellular carcinoma trials 
[28,29]. Tivantinib (that binds to the c-Met protein 
and disrupts c-Met signal transduction pathways) 
is studied as single agent or in combination with 
sorafenib [30-32].

Combinations of chemotherapy with 
sorafenib

Many trials have studied systemic chemo-
therapy in hepatocellular carcinoma, with limited 
success. The most used agent was doxorubicin. A 
study on 60 patients, published in 1988, compar-
ing doxorubicin with supportive therapy demon-
strated a statistically significant (p=0.036), but 
clinically very modest benefit in terms of survival, 
from 7.5 weeks to 10.6 weeks [33]. Doxorubicin 
has traditionally been used to treat hepatocel-
lular carcinoma despite low response rates and 
marginal impact on survival. In a phase III study, 
PIAF regimen (cisplatin, interferon, adriamycin, 
5- fluorouracil) was compared with single-agent 
doxorubicin. Although the response rate favoured 
the combination (20.9 vs 10.5%), the differences in 
survival were not statistically significant (8.7 vs 
6.8 months, p=0.83), and toxicity was increased in 
PIAF [34]. The GEMOX regimen appeared better 
tolerated but it has been tested only in a phase 
II study. Other conventional chemotherapy regi-
mens or even hormones were ineffective and can-
not be recommended based on current data [35-
38].

However, sorafenib is studied in combination 
with chemotherapy, like doxorubicin [39] or gem-
citabine and oxaliplatin [40] or oxaliplatin and 
capecitabine [41].

The combinations between biologic thera-
pies and chemotherapy have the disadvantage of 
increased side effects. Complications such as di-
arrhea and neutropenia may even be fatal in pa-
tients with decompensated chronic liver disease. 
As a result, administration of such combination 
may have side effects that outweigh the benefits. 
To improve the therapeutic index, patients en-
rolled in such studies must be carefully selected 
(preserved liver function, good performance sta-
tus). However, most patients have advanced-stage 
disease and might be unable to tolerate a com-
bination treatment due to complications caused 
by the presence of  the underlying malignancy, 
especially long-suffering chronic hepatitis (viral 
hepatitis, toxic liver cirrhosis).
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Immune response modulators

The immune system can play a dual role in 
the development of liver tumors. In most cases, 
following interactions in the tumor microenvi-
ronment, immune system suppression may be in-
duced. For example, the interaction between PD-1 
protein (programmed death-1) and its ligand (PD-
L1) induces  inactivation of T cell lymphocytes, a 
major mechanism for local immune suppression. 
Current studies show a favorable toxicity profile 
in the context of a good quality response in hepa-
tocellular carcinoma after treatment with mono-
clonal anti-PD 1 antibody nivolumab [42]. Prelim-
inary data suggest a correlation between the level 
of PD-L1 expression and response rates [43].

Creating antitumor vaccines remains an im-
portant line of research, so the idea of increasing 
antitumor immune response was investigated in 
the case of hepatocellular carcinoma. The oncolyt-
ic immunotherapy JX -594, also known as Pexasti-
mogene devacirepvec (Pexa-Vec) has three mecha-
nisms of action: viral oncolysis, acute reduction in 
tumor perfusion and antitumor immune response 
amplification. Phase I and II studies have shown 
good tolerability and rapid response regardless 
of the mode of administration: intratumoral in-
jection or i.v., alone, or sequential with sorafenib. 
Taking into consideration the fact that efficacy 
seems to be dose-dependent, the optimal mode of 
administration remains to be defined [44,45].

Tremelimumab (CP- 675206) is a monoclonal 
anti-CTLA-4 (Cytotoxic T - Lymphocyte Antigen-4) 
antibody, with similar mechanism of action to ip-
ilimumab (the latter is already authorized for clin-
ical use in malignant melanoma). The expression 
of CTLA-4 on activated T lymphocytes inhibits the 
antitumor immune response. Blocking the CTLA-
4 mediated inhibition allows antitumor response 
in multiple malignancies such as melanoma, 
prostate or bladder. Data from studies conducted 
so far seem to be promising [46,47].

Cellular metabolism modulators

Hepatocellular carcinoma cells require 
an increased intake of exogenous arginine for 
growth and are also deficient in the expression 
of arginin-succinate synthase, which makes them 
auxotrophic for arginine. Given these data, ADI-
PEG20 (pegylated arginine deiminase) was stud-
ied. ADI-PEG20 is an enzyme involved in the deg-
radation of arginine. After analyzing the results 
from phase II studies for potential efficacy and 
safety, ADI-PEG20 is currently investigated in 

combinations with cytotoxic agents as first-line 
treatment [48-51], or alone, after progression to 
sorafenib [52].

mTOR inhibitors

One of the ways to stimulate tumor growth 
in hepatocellular carcinoma cells is the PI3K-Akt-
mTOR (mammalian target of rapamycin) pathway. 
Stimulation of this pathway is important in the 
synthesis of VEGF which, in turn, may stimulate 
the tumor proliferation, progression and metas-
tasis. This process is accomplished by means of 
EGFR and IGF-1 receptor. Considerable efforts 
are made to block the Akt pathway, at any level 
[53,54]. Some new medications, like everolimus 
(a m-TOR inhibitor approved for clinical use in 
breast cancer, renal cell cancer and neuroendo-
crine tumors) seems to have a minor antitumor 
activity in the hepatocellular carcinoma patients 
even if they have already been exposed to another 
therapy [55].

Promotion of apoptosis

Mapatumumab is a human agonistic mon-
oclonal antibody that targets one of the TRAIL 
death receptors, TRAIL-R1 (TRAIL-Receptor 1), 
and may promote apoptosis of cancer cells. Soon 
will be available the results of a randomized 
phase II study, where the Institute of Oncology 
Ion Chiricuta, the Regional Institute for Oncology 
Iasi and Oncolab Craiova were actively involved. 
The study compared the efficacy and safety of 
sorafenib with or without mapatumumab in ad-
vanced hepatocellular carcinoma.

Multi-kinase inhibitors

So far, sorafenib is the only agent that has 
demonstrated therapeutic benefit, increasing OS 
in advanced hepatocellular carcinoma [7]. Al-
though its complex mechanism of action is not 
completely understood, the anti-angiogenic path-
way is of therapeutic importance, leading to the 
conclusion that other tyrosine-kinase inhibitors 
with anti-angiogenic effects may also be effective.

Brivanib, a dual inhibitor of VEGF and FGF (fi-
broblast growth factor) was tested in the first-line 
treatment vs sorafenib [56], and second-line treat-
ment in patients who progressed on sorafenib or 
were intolerant to sorafenib [57]. Brivanib showed 
no benefit over sorafenib and no better tolerabili-
ty profile. In addition, brivanib did not bring any 
survival benefit over placebo in the second-line 
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Table 1. Adaptive trial design and selection of patients for hepatocellular carcinoma trials

Mechanism of action/ Decision criteria Pro Against

Antiangiogenic therapy Early recurrence after local treatment c-Met overexpression (or anti-VEGF fail-
ure)

High level of VEGF Active bleeding or increased bleeding 
risk (Esophageal varices, hepatic fail-
ure)

Decompensated liver disease Future surgery

Vascular, portal invasion

c-Met inhibitors No criteria in favor of VEGF Unknown sensitivity to anti-VEGF

DCP overexpression Low level of DCP

Liver metastases

Anti-VEGF failure

Combinations of sorafenib and chemo-
therapy

Treatment with sorafenib has clear 
benefits. The association of chemo-
therapy may improve survival without 
unacceptable toxicity

Compensated liver disease Decompensated liver disease

Good performance status Low performance status

Immune response modulators Novel mechanism of action that may 
overcome resistance to sorafenib

Incomplete clinical data
Lack of predictors of treatment response

Cellular metabolism modulators The enzymatic degradation of arginine 
has possible antiviral and antitumor 
effects

Incomplete clinical data
Lack of predictors of treatment re-
sponse

mTOR inhibitors The mTOR pathway has been exten-
sively studied and has a clear role in 
the pathogenesis of hepatocellular 
carcinoma

Incomplete clinical data

Lack of predictors of treatment re-
sponse

Promotion of apoptosis Combination with sorafenib feasible Lack of predictors of treatment re-
sponse

Multi-kinase inhibitors The only approved systemic therapy 
for the treatment of hepatocellular car-
cinoma acts by inhibition of the same 
mechanism. The likelihood that other 
inhibitor to be effective is high.

There is no effective multi-kinase 
inhibitor after sorafenib failure

treatment.
Linifanib, a potent inhibitor of VEGF and 

PDGF, has demonstrated no superior efficacy com-
pared to sorafenib and no better safety profile [59].

Regorafenib, a dual targeted VEGFR2-TIE2 ty-
rosine kinase inhibitor (approved for clinical use 
in colorectal carcinomas and GIST) demonstrat-
ed acceptable tolerability and tumor activity in 
phase II studies in hepatocellular carcinoma pa-
tients who have progressed on sorafenib [59] and 
is currently investigated in a phase III study [60].

Although initial studies had promising re-
sults [61-63], sunitinib achieved inferior results 
compared to sorafenib in a phase III study, both 

in terms of OS and toxicity [64].
As a general observation, most of the older 

studies have recruited “consecutive” patients, re-
gardless of their biological profile and then tried 
to characterize the responders and to retrospec-
tively identify the predictive biomarkers in those 
cases. Although this approach is practical, it may 
be useless for the vast majority of patients. The 
so-called “adaptive design” of clinical trials (ran-
domization according to genetic / biological / 
clinical markers, with the purpose to “enrich” the 
active treatment arm with patients that, in theo-
ry, will benefit most) is gaining more and more 
ground (Table 1).
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Conclusions

With the purpose of improving outcomes, 
there is great interest in defining the new mo-
lecular classification in hepatocellular carcinoma 
[65]. This will allow a better strategy in research 
and treatment decision [66]. Until then, beside the 

routine use of the clinically approved sorafenib, 
active participation in clinical trials (using the 
right staging and based on clinical and biologic 
features) will help the patients and will bring a 
benefit both to the science and to the clinical prac-
tice.
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