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Hepatocellular carcinoma (HCC) is the fifth
most prevalent cancer worldwide and the
third leading cause of cancer deaths [1].

Although HCC has many causes, most is
associated with chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections [2]. Both
viruses have been screened out of the blood
supply by appropriate blood tests, and HBV
infection is prevented with a highly efficacious
protective vaccine, but no vaccine is available for
HCV. The pathogenesis of HBV and HCV is
variable in different individuals, although once
chronic hepatitis develops, the destruction and
regeneration of liver cells, combined with
elevated levels of reactive oxygen species (ROS)
generated by immune responses against virus
infected cells, promote the development of scar
tissue in the liver (fibrosis) which may progress
to cirrhosis. HCC most often develops on a
background of cirrhosis [3,4]. This process
usually takes some 30-50 years, and due to its
highly regenerative nature, much of the liver is
destroyed before disease becomes clinically
apparent. Thus, early diagnosis is uncommon
because HCC is often asymptomatic. Early HCC
also lacks biomarkers that would be useful for
early, curative intervention, such as surgical
resection or liver transplantation [5]. Hence,
most people who are diagnosed with HCC
already have late stage disease and a poor
prognosis.

Current treatment approaches 
Treatment options for patients with HCC vary,
depending upon the stage of disease, but range
from localised radiation or chemotherapy to abla-
tion by ethanol injection or freezing, and by
systemic use of classical cytotoxic drugs [5]. The
reason why there are so many treatment options
is that none of them are effective in the majority
of patients. In addition, none of these approaches
are tumour specific. Given that HCC is a highly
vascularised tumour, and that the liver vascula-
ture lacks basement membranes, provides ample
opportunities for intrahepatic metastases to occur.
As a consequence, most patients are diagnosed
with inoperable, multi-nodular HCC [5]. Among
the roughly 200 clinical trials performed with
more than 50 drugs and drug combinations, only
sorafenib has shown efficacy [6]. Sorafenib is a
multi-kinase inhibitor that blocks signaling
emanating from several pathways that are known
to promote HCC growth [6]. Treatment with
sorafenib has extended the life span of patients by
a mean of three months, and presently, most clin-
ical trials use sorafenib with other compounds in

attempts to devise synergistic combination thera-
pies. Time will tell whether any of these will be
successful.    

A proposal for the future of HCC drug
development 
As more becomes known about the molecular
pathways involved in the pathogenesis of HCC,
specific therapies could be devised.  As indicated
above, the introduction of Sorafenib was a first
step. In fact, some of the pathways that promote
tumourigenesis already have drugs that are used
to treat other cancers and medical conditions, but
clinical trials need to be done here in order to
assess efficacy. For example, the epidermal
growth factor receptor (EGFR) and its binding
partner, ErbB2, are up-regulated in the liver of
many HBV patients with HCC [7,8]. ErbB2 over-
expression is associated with decreased patient
survival following tumour diagnosis [8],
suggesting that drugs used to target these
molecules in other tumours may be useful. Given
that chronic liver disease is a major risk factor for
the development of HCC [2] and that much of the
liver damage and mutations that accumulate
result from long term oxidative stress in the
context of continued regeneration and prolifera-
tion, it is possible that anti-oxidants from natural
sources may be useful in reducing the severity
and progression of disease.  

Antiviral therapy, consisting of long term inter-
feron treatment, has also been effective in
reducing virus load and delaying the appearance
of HCC among HBV infected patients [9,10].
Although powerful nucleoside analogs targeting
HBV replication are also available to evaluate
their impact on disease, most of these compounds
have not been in the clinic long enough for this to
be done. Given that HBV and HCV encode poly-
merases that do not have proofreading capabili-
ties [11,12] means that single antiviral drugs will
likely give rise to drug resistance at some point
during treatment of these chronic infections. In
this context, the paradigm for treatment of human
immunodeficiency virus (HIV) provides an
important lesson. HIV encodes a reverse tran-
scriptase similar to that encoded by HBV, and the
lack of proofreading means that misincorporation
of bases during virus replication gives rise to
mutations that can easily be propagated and give
rise to drug resistance. The solution for HIV was
the development of drugs to multiple targets that
could be administered simultaneously [13].
Recent drug development for HCV has incorpo-
rated this thinking, and now there are drugs
targeting several virus encoded proteins involved
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in virus replication (e.g., NS5B polymerase inhibitors) and maturation (e.g.,
NS3/4A protease inhibitors) [14].  For HBV, most of the drugs in the market target
the polymerase [15], but recently a new class of compounds disrupting normal
nucleocapsid assembly, has been reported [16].  Since HBV replication occurs in
cytoplasmic nucleocapsids [17], when their assembly is disrupted, so is virus
replication. The goal of these efforts is to reduce virus replication to such low
levels that drug resistance does not appear and that there are not enough virus
infected hepatocytes to trigger immune responses that would otherwise promote
chronic liver damage. Other HBV encoded proteins, such as hepatitis B x (HBx)
antigen should also be considered for drug development, since it stimulates virus
gene expression and replication, protects infected hepatocytes from immune
mediated destruction, and contributes importantly to the development of HCC by
altering patterns of host gene expression [18]. For HCV, core, NS3 and NS5A
appear to contribute importantly to the development of HCC by inactivating
tumour suppressors like p53 and constitutively activating signaling pathways that
override apoptosis and promote tumour growth [19]. The other advantage of
targeting virus proteins is that highly specific drugs should also have low toxicity.

Targeting epigenetic mechanisms in chronic liver disease and
tumourigenesis
As mentioned above, both HBV and HCV encode proteins that contribute to multi-
step carcinogenesis. These steps occur years to decades prior to tumour diagnosis.
In addition, changes in gene expression during the time prior to tumour appear-
ance are likely to epigenetic in nature. Epigenetics involves heritable changes in
host gene expression independent of mutations [20]. These include post-transla-
tional modifications of histones and non-histone proteins by acetylation (regu-
lated by histone acetylases and deacetylases, as well as sirtuins), methylation
(regulated by histone methyl transferases), phosphorylation (regulated by kinases
and phosphatases), etc., altering protein function that in turn regulates host gene
expression. HCV core protein also impacts upon virus replication, and HBx alters
host gene expression, in part, by deregulating the expression of DNA methyl-
transferases (DNMTs) [21,22]. HBV encoded HBx and HCV encoded core, NS5A,
and NS3 also affect the stability of transcriptional complexes by directly binding
to those complexes in the nucleus and/or indirectly by stimulating signal trans-
duction pathways in the cytoplasm (e.g., PI3K/Akt, ras/raf/MAPK, Notch,
Hedgehog, NF-κB, etc) that ultimately alter the expression of selected target genes
[19,23]. HBV and HCV infections also trigger changes in the expression of selected
microRNAs (miRNAs) [24]. Each miRNA, in turn, down-regulates the expression
of up to several hundred target genes, suggesting that selected HBV and HCV
encoded proteins could cause widespread changes in gene expression profiles
accompanied by alterations in cell fate that accompany conversion to a malignant
phenotype. There is also preliminary evidence that HBV and HCV may promote
the expression of factors characteristic of hepatic stem cells (HSC) [26], which are
the only cells that persist long enough to acquire the required genetic changes for
neoplastic development. However, it is not clear whether these viruses convert
HSCs to cancer stem cells (CSCs) and/or whether CSCs arise from dedifferentia-
tion of infected hepatocytes or from hepatic progenitor cells. Either way, it is likely
that CSCs will be an important target in cancer therapeutics because such cells are
often multi-drug resistant and are capable of metastasis.  

Conclusions
The development of drugs against additional virus encoded proteins, and using
them to generate cocktails against multiple virus proteins, will be an important
step in devising combination therapies that will suppress HBV replication over the
long term. Simultaneous targeting of multiple virus gene products will go far to
prevent the appearance of drug resistant mutants and re-emergence of disease. In
addition, given that many of the epigenetic changes discussed above occur long
before the appearance of tumour, and that they involve wild type pathways (in
contrast to mutated pathways in tumours) that are amenable to pharmacological
intervention, suggests that therapeutic regimes could be developed that will effec-
tively delay or prevent the appearance of HCC in chronically infected patients, and
that cancer chemoprevention would be a far better choice in reducing morbidity
and mortality compared to starting treatment in patients with advanced cancer.
HCC, like many other tumour types, is genetically heterogeneous, which makes it
difficult to treat. However, the finding that epigenetic modifications in preneo-
plastic tissue impact upon the function of many of the same pathways that are
later found to be mutated in tumours [27] further suggests that early intervention
may well reduce the incidence of HCC among infected patients who are at risk for
the development and progression of chronic liver disease. ■
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