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Abstract

Hepatocellular carcinoma (HCC) is the second cause
of death due to malignancy in the world, following
lung cancer. The geographic distribution of this disease
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accompanies its principal risk factors: Chronic hepatitis
B virus and hepatitis C virus infection, alcoholism, afla-
toxin B1 intoxication, liver cirrhosis, and some genetic
attributes. Recently, type II diabetes has been shown
to be a risk factor for HCC together with obesity and
metabolic syndrome. Although the risk factors are quite
well known and it is possible to diagnose HCC when the
tumor is less than 1 cm diameter, it remains elusive at
the beginning and treatment is often unsuccessful. Liver
transplantation is thus far considered the best treatment
for HCC as it cures HCC and the underlying liver disease.
Using the Milan criteria, overall survival after liver
transplantation for HCC is about 70% after 5 years. Many
attempts have been made to go beyond the Milan Criteria
and according to recent works reasonably good results
have been achieved by using a histochemical marker such
as cytokeratine 19 and the so-called “up to seven criteria”
to divide patients into categories according to their risk of
relapse. In addition to liver transplantation other therapies
have been proposed such as resection, tumor ablation
by different means, embolization and chemotherapy. An
important step in the treatment of advanced HCC has
been the introduction of sorafenib, the first oral, systemic
drug that has provided significant improvement in survival.
Treatment of HCC patients must be multidisciplinary and
by using the different approaches discussed in this review
it is possible to offer prolonged survival and quite good
and sometimes even excellent quality of life to many
patients.

Key words: Hepatocellular carcinoma; Treatment; Liver
cancer; Epidemiology; Liver transplantation; Percutaneous
ethanol injection; Chemoembolization; Chemotherapy;
Radiofrequency ablation
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Core tip: This review summarizes on the current state
of the art of treatment of hepatocellular carcinoma
(HCC). After a brief chapter on epidemiology, risk factors
and biology of HCC, the review presents all possible
therapeutic approaches for HCC, from the most effective
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such as liver transplantation to important but palliative
treatments which can prolong patient survival such as
different types of trans-artery-chemo-embolization and
chemotherapy.

Mazzanti R, Arena U, Tassi R. Hepatocellular carcinoma: Where
are we? World J Exp Med 2016; 6(1): 21-36 Available from:
URL: http://www.wjgnet.com/2220-315X/full/v6/i1/21.htm DOI:
http://dx.doi.org/10.5493/wjem.v6.i1.21

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the ten most
commonly occurring solid cancers worldwide and is
the second cause of death from malignancy. The most
recent data indicate that its incidence is still increasing
in many countries whereas the most effective way of
reducing mortality due to HCC is prevention!"’.

These observations appear to be in contrast with
what we know about this lethal cancer. Most of its risk
factors are known. It is possible to diagnose HCC when
the tumor is 1 cm diameter or less and it can be treated
either surgically or medically. So why we are losing the
battle against an enemy we know so well?

It is clear that there are some other risk factors which
are not yet known. We do not understand the precise
mechanisms by which liver cells become neoplastic
clones without the possibility of our immune system
to controlling them. Most important of all, the natural
history of HCC before it has been diagnosed is unknown.
Sophisticated technology for searching for cancer cells
in blood has revealed that even small tumors distribute
thousands of cancer cells into the circulation that then
may begin the process of metastasis much earlier than
was formerly thought™. In other words, the concept of
“early cancer” that has been applied successfully to other
situations, such as gastric cancer; has not yet proven for
HCC. Although it is believed that not all viable cancer cells
are able to metastasize, but only those with stem cells
properties, we must consider these aspects before saying
we can cure cancer patients™?. Relapse can occur years
later, well after the standard 5 years that are considered.
Breast cancer is the best example of this phenomenon.

Liver cells undergo replicative activity throughout
life (thus the concept of the “streaming liver”) but it has
been not clarified whether this process helps to eliminate
“initiated” cells or; on the contrary, helps them to arrive in
the blood circulation. Moreover, since HCC occurs mostly
in the cirrhotic or chronically inflamed liver, it is possible
that chronic liver disease encourages the process of
metastasis from tiny neoplastic nodules.

This review will focus on some of these aspects of HCC
and the various current and future treatment options.

EPIDEMIOLOGY

According to the most recent data, the global incidence of
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HCC is still increasing, although it varies throughout the
world. The highest rates occur in Eastern Asia whereas
the positive effect of vaccination against hepatitis B virus
(HBV) infection is showing the first results in China and
Taiwan now. The lowest rates are in Northern Europe
and North America. These data are mainly explained on
the basis that two of the risk factors for HCC, HBV and
hepatitis C virus (HCV) infections, are largely diffused in
Eastern Asia. In Italy, for example, HBV-related HCC is
now rapidly declining, in comparison to HCV-related HCC
because of the introduction of mass HBV vaccination
several years ago™>.. Moreover, aflatoxin-B1 intoxication,
an important risk factor for HCC, is quite common in
those geographic areas where the incidence of HCC
is high due to inadequate cereals and food storage
conditions. The known risk factors for HCC are reported
in Table 1.

Some pathological aspects of the liver such as
cirrhosis and fibrosis, conditions resulting from chronic
inflammation due to chronic HBV and HCV infection
or to alcohol intoxication, can lead to cancer through
several mechanisms, some of which are linked to chronic
inflammation such as hepatocyte necrosis, liver regeneration
and fibrosis and others that are specific of each virus.
For example, HBV causes about 70%-80% of HCC cases
in East Asia, and possesses transformation activity due
to some of its proteins, i.e., protein X, or by integrating
part of its DNA genome into that of humans and thus
altering it"®”). HCV, which is an RNA virus without an
inverse transcriptase, cannot integrate its genome
with the human, but it has several proteins that have
transforming properties. In addition, HCV infects the
immune system and endothelial cells, leading to immune
dysfunction and chronic deregulated angiogenesis. Both
conditions are known risk factors for cancer’®®,

Alcoholism is an important risk factor for HCC because
it causes fatty liver, necro-inflammation, fibrosis, liver
cirrhosis and malnutrition, especially when it is associated
with HCV infection. Alcohol abuse is the most important
risk factor for HCC in North America and Northern Europe.

There are other risk factors for HCC, i.e., hemoch-
romatosis, fructosemia, tyrosinemia, galactosidemia,
diabetes type 1I, genetic propensity, or clinical conditions
such as obesity or hypothyroidism. Hemochromatosis, for
instance, is the most common genetic defect (1/200 born
in the West) and it leads to the accumulation of iron in the
body, causing heart, joint, endocrine and liver diseases.
Its prevention could be a key step to preventing HCC and
other fatal diseases.

In recent years, other important risk factors have
been described such as type II diabetes, metabolic
syndrome and non-alcoholic steato-hepatitis. Type 11
diabetes is so common in western countries (about 10%
of the adult population) that it constitutes an enormous
societal health problem. Type II diabetes also increases
the risk for other types of cancer, especially the most
deadly pancreatic cancer. It is also the main risk factor for
heart and vessel diseases. Since its occurrence is much
facilitated by obesity and the lack of physical exercise,
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Table 1 Identified risk factors for hepatocellular carcinoma

Age

Ethnicity

Male Gender

Liver cirrhosis

Chronic HBV infection
Chronic HCV infection
Hemochromatosis
Alcoholism

Aflatoxin-B1 intoxication
Tyrosinemia, galactosidemia, fructosemia
Alphal anti-trypsin deficiency
Genetics predisposition
Anabolizing hormones
Estrogen contraceptives
Obesity

Type II diabetes

Glucose overload

Metabolic syndrome
Hypothyroidism

Fatty liver

Non-alcoholic steato-hepatitis

HBV: Hepatitis B virus; HCV: Hepatitis C virus.

its prevention should become a target for all healthcare
systems in developed countries where large portions of
the population are becoming more and more overweight
and sedentary.

As mentioned above, also fatty liver significantly
increases the risk of HCC™?. This condition per se
does not seem a risk factor, but when it becomes the
expression of underlying metabolic disorders or other
more severe diseases it may become a predisposing
lesion of HCC, as in the large use of anabolic hormones
to increase body mass. On the other hand, it now seems
possible to exclude the use of modern contraceptive
pills from this category of risk factors™. Estrogen
actually may reduce the risk of HCC as suggested by
the observation that HCC occurs more frequently in men
rather women with a ratio ranging from 2:1 to 4:1.

Ionizing radiation and smoking are also risk factors
for HCC although there are no specific works on these.
Finally, last but not least, we cannot forget that HCC is an
age-related disease. Although it can occur at every age
from infants to the elderly, nevertheless its frequency
increases in individuals from 30 to 70 years of age,
according to the population under consideration (in much
younger individuals in Africa and East Asia where HBV is
prevalent, and in older subjects in Europe or America).

The process that transforms a normal liver cell
into neoplastic one is not known, although changes in
normal liver histology are likely to play an important role
together with genetic alterations due to viruses, oxygen
derived free radicals, toxic compounds and changes in
the host immune system.

Cancer is a genetic- and age-related disease and
HCC is not an exception. All the risk factors that we have
taken into consideration may result in changes in the
hepatocyte DNA and, since the process of transformation
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is quite long, the immune system is also involved in the
development of clinically evident cancer. This means
that the pathway to HCC must be long enough to cause
an irreversible phenomenon. Chronic liver diseases and
cirrhosis are very good examples of this old observation.
There are thousands of patients who have had acute
HBV or HCV infections many years earlier and then
who developed HCC after a chronic disease that lasted
decades in the literature. If either HBV or HCV are
directly and rapidly oncogenic as experimental research
shows, why does it take so long to develop HCC in
humans? We know that HBV-related protein X or HCV
NS3, NS5 or core proteins or others have the capacity
to transform normal cells in vitro, but why does this not
happen in all patients and, more importantly, why does
it take 20-30 years for a neoplastic nodule to appear in
man? Is it only due to our still rudimentary diagnostic tools
which do not perceive tiny cancerous foci, or are some
individual's immune systems able to combat the disease,
or are there more complex pathways which we do not
yet understand?

Consider the recent data published by two of the
top scientists worldwide on colon cancer: The main risk
factor according to their data is bad luck. After thousands
of papers published on this issue, billions of dollars spent
on research on it, the bitter conclusion is that the most
important factor, but not the only one, in getting colon or
lung cancer is bad luck™?., What a terrible conclusion!

The liver is an example that fits quite well what
Tomasetti and Vogelstein have shown!*?, Since liver stem
cells have quite intense replicative activity and since the
greater the replication, the higher the risk that one or
more daughter cells have mutation in their DNA, it makes
sense that the risk of acquiring HCC is higher in the
presence of risk factors, such as HBV or HCV infection,
alcoholism, aging, excessive iron, ionizing radiation, and
smoking, however HCC also occurs in subjects who do
not have any of the above risk factors.

Vaccination against HBV infection, prevention of
HCV-infected transfusions, prevention of alcoholism or
aflatoxin intoxication are crucial factors in the prevention
of HCC. And we should also mention that besides the risk
factors, there are also protective conditions that could
help us to understand better how cancer develops. The
most important protective factor for HCC is vaccination
against HBV infection. Prevention of chronic HBV carrier
status and chronic liver disease is crucial as shown
recently by the decrease in HCC in Taiwan and China after
the adoption of mass vaccination™. Reducing the HBV
load in patients with liver cirrhosis and chronic hepatitis
reduces also reduces the risk of HCC'™®., There are other
factors that can help protect from HCC, such as regular
consumption of vegetables and coffee drinking (3-4
cups/d). Vitamin D and calcium intake may also exert
a protective role although results are controversial™**”
(Table 2). It is also possible that other dietary factors act
as protective factors, including consumption of phenols
contained in red wine, green tea, olive oil, but these data
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Table 2 Protective or probably protective factors

HBYV vaccination

Physical exercise

Balanced diet

High vegetable consumption
Calcium

Vitamin D

Coffee

HBV: Hepatitis B virus.

require confirmation*®.,

BIOLOGICAL FEATURES OF HCC

Despite recent advances in surveillance and manage-
ment of HCC, its molecular biology is quite elusive. A
complete definition of molecular events that lead to
hepato-carcinogenesis is a major challenge in the clinical
management of this disease. There is no doubt, however,
that liver cirrhosis, chronic hepatitis, chronic HBV and
HCV infections, and intoxication by alcohol, iron and
aflatoxin-B1 all play a major role in causing HCC.

Hepato-carcinogenesis is a multi-step process that
begins from an altered hepatic microenvironment,
typically related to chronic liver disease, characterized by
massive inflammation and fibrosis that are responsible
for the deregulation of several signaling pathways and
accumulation of genetic alterations in normal hepa-
tocytes™®?!l. The latter are finally transformed into
dysplastic lesions causing early carcinoma which finally
progresses to HCC*?. What seems particularly important
in liver oncogenesis in humans is the lag time from the
beginning of the inflammatory process or the exposure
to risk factors and the occurrence of HCC. This review
does not address specific aspects that could be involved
in liver oncogenesis, but we do present some updated
references that can provide more thorough information
to the interested reader.

HCC is an extremely heterogeneous solid cancer’” and
factors such as platelet derived growth factor, transforming
growth factors (TGFs), vascular endothelial growth factor
(VEGF), hepatocyte growth factor, reactive oxygen species
(ROS) and cellular factors such as hepatocytes, stem like,
stellate and inflammatory cells are involved®**”', We believe
that ROS and the oxidative stress that are associated
with inflammation are of particular importance®’. HCV
infection, alcohol abuse or iron intoxication, for instance, all
cause ROS and reactive nitrogen species (RNS) that can
eventually overcome the liver’s defense against oxidative
stress, thus damaging DNA and cell proteins®®”. HBV-
related inflammation also causes oxidative stress due to
both the inflammation itself and protein X that stresses
the endoplasmic reticulum via cAMP-responsive element-
binding protein (CREBH)™®. The presence of transforming
proteins such as HBVx protein or HCV-related NS3, NS5,
or core proteins may all lead to hepatocyte transformation.
Intense angiogenesis in the liver during chronic HCV
infection is also important and thus these patients are at
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[28,29]

greater risk of developing HCC

Understanding the precise molecular processes occu-
rring during these steps may offer a better therapeutic
approach to HCC. Unfortunately, our understanding of
how things occur in vivo is not sufficient to drive safe
and effective therapy, which is the main reason why
traditional chemo- and hormone therapies have produced
discouraging results”. From a molecular point of view
HCC is a heterogeneous disease that shows heterogeneity
between different tumor nodules in the same patient and
differences in the same nodule itself®**%, This may reflect
the existence of distinct pools of cancer stem-like cells with
different oncogenicity and independent genomic evolution.
Thus, not only does each patient have his/her own HCC,
but each nodule may be genetically unique®®>>. With
regard to this point, unfortunately the theory about the
importance of cancer stem-like cells in HCC has produced
little. There is a controversy regarding what they are
and where they come from in HCC as well as in other
cancers™®*, Like many, we think that they come from
oval cells that, after prolonged proliferative activity, evolve
towards a sort of erroneous differentiation. It is possible
that oxidative stress causes DNA damage that results in
initiation of the process. However, this is pure speculation,
as we simply do not know! What we know very well is
that without liver cirrhosis, chronic HBV and HCV infections
or iron, ethanol or aflatoxin B1 intoxication, HCC is a rare
disease.

MOLECULAR ASPECTS OF HCC

Genome-wide surveys have been used to try to better
understand HCC molecular mechanisms. Pathways
commonly altered by genetic alterations (somatic mutations
or homozygous deletions) include the Wnt/beta-catenin
pathway, the p53 pathway, phosphatidylinositol 3-kinase
(PI3K)/Ras signaling pathways, oxidative and endoplasmic
reticulum stress modulators and processes responsible for
chromatin remodeling!*®. Interestingly, different mutations
segregated by the etiology of the underlying liver disease
suggest that the carcinogenesis and development of
mutations causing cancer may vary, depending on pre-
existing liver disease. For example, inactivation of genes
involved in chromatin remodeling is more common
in patients with alcoholic cirrhosis, while p53 pathway
deregulation is predominant in HBV-positive patients and
Ras in those affected by HCV***,

Similar results have recently been obtained through
transcriptome analysis of liver cancer that has shown
a deregulation in some oncogenic signaling pathways
such as those of TGF-p1, MYC, PI3K/Akt, Wnt/B-catenin,
NOTCH and MET**,

Some of these HCC hallmarks have been analyzed
in depth and their role as a potential target for HCC
treatment is under investigation. VEGF and its receptors
are known to be key mediators in HCC initiation, growth
and diffusion®™**, Increased VEGF expression from low
to high grade dysplastic nodules or advanced HCC and
the correlation of VEGF levels with tumor stage and risk
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of recurrence, support this hypothesis™**®!. We have
confirmed the importance of angiogenic phenotype in
HCV-related HCC*”, Fibroblast growth factor (FGF) and
its family of receptors are recognized as a central player
in augmenting HCC growth, invasion, and angiogenesis,
making it an intriguing candidate for HCC therapy. FGF
activation is involved in neovascularization. Increased
serum levels of FGF or activation of its receptors are
associated with recurrence, treatment resistance, and poor
prognosis*? while synergistic interactions between FGF
and VEGF have been shown to be a resistance mechanism
to the antiangiogenic effects of VEGF-targeted agents™.

Several other pathways have been shown to be
involved in HCC pathogenesis. In particular, promising
results come from the PI3K/Akt/mTOR, EGFR, Ras/Raf/
mitogen-activated protein kinase (MEK)/extracellular-
signal-regulated kinase (ERK), and IGFR pathways®**%,

The PI3K/Akt/mTOR pathway is a major intracellular
signaling cascade that is involved in the regulation of
cell proliferation, growth and survival, through activation
of tyrosine kinase receptors, such as VEGFR, EGFR,
PDGFR, and IGFR. Nearly 50% of patients with HCC
exhibit activation of the mTOR pathway, which may be
partially attributable to activation signals from receptor
tyrosine kinases such as IGFR and/or EGFR pathways.
mTOR pathway activation is associated with aggressive
HCC and decreased survival in these patients™*, Despite
promising results targeting mTOR, a substantial benefit
in HCC patients has not been shown in clinical practice.

The Ras/Raf/MEK/ERK signaling cascade is another
important intracellular pathway altered in HCC such as
the Wnt pathway, however, while Raf inhibitors such as
sorafenib have been developed in HCC therapy, Wnt
inhibitors have not yet been developed.

CMET, a tyrosine kinase receptor with its ligand
hepatocyte growth factor, has been implicated in HCC and
probably in multidrug resistance’®” and represents a target
that is undergoing intense investigation. Randomized
phase II data of the cMET inhibitor, tivantinib, has
demonstrated activity in patients with advanced HCC who
progress on sorafenib with elevated expression of cMET by
immunohistochemistry. Tivantinib is undergoing phase III
investigation in this subgroup of patients™>%,

Given the molecular heterogeneity of HCC, the
challenge is to identify in which patients any given alteration
is critical. It is unlikely that any of these targeted agents will
yield dlinical success without selecting the patients whose
tumors are most dependent on these pathways and are
therefore most likely to benefit, and the identification of
predictive markers of response is essential for the successful
development of new targeted agents.

SURVEILLANCE PROGRAMS AND
DIAGNOSIS

If we exclude the so-called “incidental” occurrence of HCC
that is found by chance in subjects undergoing ultrasound
scan and/or computerized tomography (CT) for other

Roishidenge ~ WJEM | www.wjgnet.com

25

Mazzanti R et a/. HCC today

reasons, most HCC cases are suspected and diagnosed
in a program of clinical controls or planned controls in
patients known to be at risk for the disease. It is possible
to diagnose HCC using different imaging techniques such
as ultrasound, CT, nuclear magnetic resonance (NMR),
but confirmation comes only with histology. There is a
general agreement now that ultrasound should be the
first tool for detecting HCC nodules in patients admitted
to follow-up because of chronic liver disease or for the
existence of an at-risk condition. Blood tests are much
less useful, and they may help more in patient follow-up
rather than in diagnosis. It is possible to find diagnostic
algorithms made by experts after extensive discussion in
the international literature™®!, However, we believe that
confirmation of the presence of HCC by histology should
be searched in all cases where image means (CT and/or
NMR) are not conclusive or legal controversy may arise
when such confirmation is lacking.

As mentioned above, HCC can first be observed by
ultrasound scan, which is an inexpensive, easy, fast, and
readily available technology in every part of the globe.
Most scientific societies for the study of liver diseases
agree that a 6-mo interval is the most convenient for
checking up the development of HCC in liver patients!®”®
(Table 3).

Some authors suggest that surveillance becomes
convenient when the ratio between cost and benefit
achieves 3 extra mo of life at a cost of less than 50000
dollars®, The 6-mo interval comes from a large number
of studies that have shown that the doubling time of HCC
is about 6-mo, although very few of them have shown a
clear gain in survival as compared to groups of patients
who did not undergo programmed check-up™®.

The effectiveness of ultrasound in detecting any form
of HCC is quite good (94%), but its sensitivity drops to
63% when the target to be detected is small®®®?, Because
no ethical committee would permit a comparative study
between controlled and uncontrolled cirrhotic patients,
we think that the 6-mo interval is reasonable to follow-
up patients. This interval becomes useless for assessing
the response to treatment or to check for relapse in
patients who have been treated for HCC. In addition, in
patients where ultrasound has shown lesions of less than
1 cm diameter it should be repeated with a much shorter
interval than 6-mo (we use 3-mo, normally). It is clear
that once liver patients have been treated for HCC, they
should be carefully followed-up with intervals inferior to
6-mo, either to follow how the treated nodule(s) is doing
or to assess new lesions.

There is another exception that must be considered
and it concerns those who are on the waiting list for liver
transplantation. The occurrence of a small nodule of
suspected HCC puts these patients into the priority line
for transplantation according to the Milan criteria®®*,

Contrast-enhanced ultrasound does not increase the
sensitivity for small HCC, but it helps in differentiating
some lesions™®. It is common that most of those with
liver nodules undergo ultrasound-guided needle biopsy
to assess the histology of the lesion. Expert pathologists
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Table 3 Patients where surveillance program is suggested by International Societies for the Study of the Liver (AASLD, EASL-

EORTC, JSH, APASL)

Society Target population Target population
APASL, 2010 Chronic hepatitis Cirrhosis
No recommendation HBV and HCV cirrhosis
AASLD, 2011 HBV-positive patients HBV and/or HCV cirrhotics
Male Asian HBV+ > 40 yr Fourth stage PBC
African > 20 yr; Familial predisposition + for HCC al-antitrypsin deficit
Autoimmune hepatitis
NASH
JSH, 2011 HBV and HCV chronic hepatitis Non viral cirrhosis
HBV and HCV cirrhosis
EASL, 2012 HBYV + active hepatitis Child A and B cirrhosis

HCV + hepatitis with advanced fibrosis F3 (Metavir)

Child C cirrhosis with indication to liver transplantation

AASLD: American Association for the Study of Liver Diseases; JSH: Japan Society of Hepatology; EASL: European Association for the Study of the Liver;
APASL: Asian Pacific Association for the Study of the Liver; NASH: Non-alcoholic steato-hepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HCC:
Hepatocellular carcinoma; PBC: Primary biliary cirrhosis; EORTC: European Organization for Research and Treatment of Cancer.

are needed to solve sometimes difficult diagnoses and
the use of ultrasound scan, CT, or even NMR are very
helpful in some cases. Before biopsy there are other
techniques that help clinicians to reach the correct
diagnosis.

Radiologists have studied the behavior of blood
distribution inside the tumor, differentiating the artery
phase from the portal phase (early and tardive). By
using liver specific contrast it is possible to observe how
the liver handles the contrast, suggesting the presence of
HCC tissue or benign lesions. HCC is commonly a hyper-
vascular lesion and contrasted CT can distinguish a rapid
wash-in phase of the tumor (artery supply) from liver
tissue that surrounds the HCC nodule. In patients with
chronic liver disease the occurrence of a lesion having
such characteristics strongly suggests the presence of
HCC independently from other signs. Sometimes lesions
are hypo-vascularized, especially those with a diameter
of less than 2 cm. In these cases the most sensitive and
specific technique is NMR with hepato-specific contrast
that distinguishes the hypo-vascular lesion from other
aspects of the liver, taking advantage of the absence of
any metabolism of the contrast by neoplastic cells®

In patients with chronic liver disease, especially with
liver cirrhosis, it is relatively common to observe lesions
of less than 1 cm diameter by ultrasound and CT scan.
These lesions are difficult to diagnose, even when using
ultrasound-guided biopsy because of the occurrence of
false negatives. It is more prudent to wait and watch
before doing anything, unless the patient is on the
waiting list for liver transplantation. As mentioned before,
this occurrence can move the patient into priority line for
liver transplant. In patients with Child-Pugh stage A liver
cirrhosis, repeated ultrasound check-ups must be done
and if the lesion tends to grow, it may be considered for
needle biopsy by expert hands. Once liver histology has
been obtained, the pathologist should perform many
specific tests such as CD 34, CK7, glypican 3, HSP-70
and others to assess the malignancy of the tissue
according to guidelines of the European Association for
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the Study of the Liver, or the European Organization for
Research and Treatment of Cancer. There is controversy
among different scientific societies regarding use of
contrasted ultrasound in differentiating HCC, though
CEUS can better identify a small lesion in a cirrhotic liver.

An issue that has been discussed intensely concerns
whether liver biopsy of suspected nodules should be
performed. From what was said above, we are in favor
of liver biopsy in cases where not invasive techniques are
not conclusive®. In addition, now that target therapy is
becoming a reality, we think that good quality molecular
study of each biopsy could add the knowledge that
is required for administering the right target therapy.
Circulating cancer cells could be the alternative in the
future, but at present they do not give certainty about
the presence and the site of HCC"*”"),

As regards the use of biochemical blood parameters
such as alpha-fetoprotein, or fucosylate alpha-pheto-
protein or des-gamma-prothrombin, we agree with most
western researchers that these parameters have limited
utility in diagnosing HCC. They are especially misleading
in screening programs because of poor sensitivity and
specificity. On the contrary, they can be useful once HCC
has been diagnosed to follow up the results of treatment.
While this manuscript was in preparation a study
concerning a possible new blood indicator for the presence
of HCC in cirrhotic patients was published”. Only time will
tell whether this new indicator for the presence of HCC will
become of general use or will be disappointing, like many
others.

CLINICAL ASPECTS

As most solid cancers, HCC is asymptomatic for several
months and sometimes for years. This means that HCC
should be searched for in all known chronic liver disease
patients with adequate diagnostic tools at regular
intervals.

When HCC occurs in patients with an apparently
healthy liver, the diagnosis is usually late and the patient
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HCC in liver cirrhosis, 2015

Performance status (ECOG) PS=0 1<sPS=<2 PS =2
L | | |
T 1
BCLC stage 0/A stage A stage B1/B2 stage = B3/B4 BCLC = C BCLC = D/terminal
CP=AorB<7; Multinodular or large Multinodular or HVPG > 18 mm Hg HVPG >18 mm HG,
1-3 nodules < 2 cm; . . [
. up to 3 nodules < HCC > 3 cm large HCC > 3 cm Multinodular; locally  ascites, bilirubin
Unilobular; CP = A ;
3 cm size CP<7 CP=7 advanced >3 mg%
HVPG <
10 mm Hg HVPG > 10
<18 mmHg_{T7 patient
neg for
CK19 and
S2
LR; LT; (LA) LT; LA; (LR)? TACE TACE; Sorafenib Sorafenib BSC; LA?

Figure 1 Staging and possible strategy to treat patients with hcc and liver cirrhosis. PS: Performance status according to ECOG; BCLC: Barcelona clinic liver
cancer; HVPG: Hepatic vein portal gradient; BSC: Best supportive care; CP: Child-Pugh score; CK19: Cytokeratin 19; S2: Patients beyond Milan Criteria (see text).

References™™>7'#!

has advanced disease.

Symptoms, when present, are those of chronic
hepatitis with the addition of pain in the right superior
quarter of the abdomen, increased volume, and more
fatigue. If a liver disease patient presents with a
change in mood, edema in the legs, swollen abdomen
due to ascites, rapid occurrence or deterioration of
portal hypertension with esophageal or rectal varices,
hemorrhoids or bleeding, the physician should consider
that HCC may be developing. Decompensation of diab-
etes can also be a sign of the presence of HCC. Ultr-
asound scan without and with liver-specific contrast
should be done rapidly and followed by a CT scan with
contrast medium.

Early detection of liver nodules and diagnosis of HCC
is crucial to ensuring that the patient have the greatest
possibility of being cured or, at least, of prolonging
survival and improving quality of life. It must be
remembered that only 15%-35% of those who develop
HCC can undergo surgery.

A patient’s prognosis strongly depends upon the
condition of his/her liver at diagnosis. Because of this,
several authors have tried to make a “road map” to
assist in selecting the proper therapy for the right
patient.

STAGING

As in all patients with cancer, staging is crucial before
deciding any treatment. In addition, since more than
90% of HCC patients have an important underlying liver
disease, careful staging of it must also be performed
to avoid cancer treatment that damages the liver
reserve. In the last 50 years several systems have been
proposed to stage liver disease with or without HCC.
With others we have developed in Italy a system to
estimate the prognosis of patients affected by HCC and
liver cirrhosis, the Cancer of the Liver Italian Program
that, according to our own results and in the opinion
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of many other researchers has been very precise in
defining the prognosis of patients”!. However, the
Barcelona Clinic Liver Classification (BCLC) system with
few modifications is more frequently used now because
it also takes into consideration the choice of treatment.
The BCLC staging system divides HCC associated
with liver cirrhosis into: Very early stage (0 stage),
early stage (stage A), intermediate stage (stage B),
advanced stage (stage C) and terminal stage (stage D)
and, compared to others, has the advantage of taking
into account not only tumor burden, stage of liver
cirrhosis, liver function, physical condition but also the
efficacy of available treatment”?. Patients have the best
treatment opportunities at Centers with vast experience
who utilize the BCLC system, which has recently been
updated because of stage B heterogeneity, so B stage
can now be divided into four subgroups, B1, B2, B3, B4
according to Child Pugh, Milan criteria, number and size
of lesions, and ECOG performance status (Figure 1)>7¢,

TREATMENT

The treatment of HCC is difficult and requires a multi-
disciplinary approach, whereby specialists in gastro-
enterology, hepatology, radiology, oncology, surgery and
others need to bring their expertise to provide patients
with the best and most updated therapies. It is possible to
differentiate treatments into two main categories: Those
that are potentially curative and those that are palliative.

POTENTIALLY CURATIVE TREATMENTS

In this category we consider three types of approach: Liver
transplantation, liver resection, and liver ablation. Each of
these approaches has indications and contraindications,
and need to be discussed carefully and tailored to each
individual patient.

Liver transplantation is widely considered the only real
potentially curative approach that provides treatment
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of both HCC and the underlying liver cirrhosis. Its gold
standard indication is early unresectable HCC in patients
with compensated liver cirrhosis or HCC with no more
than 3 nodules, Stage 0 or A according to the BCLC
system. Recent reports show that 70% of transplanted
patients for HCC are alive after 5 years, especially
when transplantation was performed using the Milan
criteria”””®!, This percentage of success is extremely
good when considering that most of these patients had
liver cirrhosis and HCC. Unfortunately, only a minority of
patients can undergo liver transplantation even when it is
indicated. The number of donors is largely insufficient to
cope with the worldwide need and the shortage of organs
makes waiting lists longer each day in every country, so
that many patients become unsuitable for transplantation
or die while awaiting transplant. Many attempts have
been made to go beyond the limits of the Milan criteria
and results are under scrutiny now. One large review
involving 770 consecutive transplanted patients for HCC
shows that performing transplantation beyond the Milan
criteria attains a 57% general rate of survival, after 5
years, with a rate of recurrence of 35%"". However, by
using tissue cytokeratin 19 (CK 19) and the sum of the
size of the largest tumor size plus the number of nodules
up to 7, as for S2 patients, as prognostic markers, it
was possible to divide the entire group of patients in
two: (1) one group of individuals who were negative
for CK 19 and were not included in the S2 group; and
(2) another group resulting positive or to be in the S2
group. The results were quite different and impressive:
The first group had a 64% survival rate and 19% relapse
compared to the other group where survival dropped to
45% with a rate of recurrence of 53%""..

There are several reviews that address the issue
of selection of patients to insert on the waiting list for
transplantation®®?, In this general review it is sufficient
to say that patients with early or very early unresectable
HCC and liver cirrhosis with good liver reserve function
(Child Pugh A) (stage 0 or A according to the BCLC
system) are excellent candidates for liver transplant.
Those who have poor reserve of liver function or too
advanced HCC, stage C of the BCLC system, are not
good candidates because of the surgery risk and/or
frequent and/or rapid recurrence or appearance of
metastases. Finally, there is a group of heterogeneous
patients, included in the intermediate stage according
to the BCLC system (stage B), where the decision on
whether to submit patients to transplantation must be
discussed among experts with different expertise. One
possible pathway is indicated in Figure 1. Patients with
Stage D disease are not candidates for transplantation
nor for active treatment of HCC.

There are other problems with liver transplant: One
is that many candidates for transplantation have chronic
HBV or HCV infections that recur after transplantation
and may quite rapidly reproduce liver cirrhosis. Effective
treatments have been available for HBV infection for
several years, including use of interferon, lamivudine
and other antiviral drugs®®®!, Treatment is usually
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effective and eradicates the infection in most. Therapy
should start before surgery and be continued for several
months. It is more difficult to deal with HCV infection,
especially that due to HCV genotype 1 that is particularly
resistant to antiviral treatment with peg-interferon
and ribavirin. Relapse of chronic hepatitis and liver
cirrhosis occurs rapidly and, in addition, these patients
show significantly worse prognosis than others®®.
Accordingly, active HCV infection has been a reason to
exclude patients from transplantation in many centers.
However, major progress has been made in the last 2
years in the treatment of chronic HCV infection including
that due to genotype 1, through introduction of drugs
such as sofosbuvir, ledipasvir, elbasvir and others that
specifically target HCV proteins!®®, These drugs are
able to clear the virus in most HCV patients though
bitter discussion is in progress in several countries over
the cost of these drugs and on their generalized use.
It is too early to ascertain whether these new antiviral
drugs have solved the problem. It must be kept in mind
that HCV infects several sanctuaries of the body and
since transplanted patients are chronically treated with
immunosuppressive drugs, it is not possible to exclude
later relapse of infection. Moreover, reactivation of HBV
infection has been reported in patients on treatment
with these new anti-HCV drugs and the issue is still
open to possible surprises®.

To overcome the shortage of donors and to cut -
waiting list time for recipients of a new liver it has been
proposed to split the available deceased-donor livers
(DDLT) or to take part of the liver from live donors (LDLT)
(usually a relative of the patient). The results appear
good according to what has been published especially
in Asia, without any statistically significant increase in
recurrence of HCC as compared to traditional cadaveric
donors® 1, Complications of liver surgery of live donors
make this option still debatable especially considering
a mortality rate that ranges from 0.1% to 0.3% of the
donort®>*,

What should be done to stop HCC progression
while patients are on the transplant waiting list? The
ideal approach would destroy the neoplastic tissue as
much as possible without damaging the rest of the
liver, without reducing functional reserve and, most
importantly, without increasing the number of circulating
liver cancer cells that cause metastases. Radiofrequency
ablation (RFA) that causes almost full coagulative
necrosis of the nodule in a single shot might be the
best procedure, at least for small lesions. However,
the use of trans-hepatic artery embolization (TAE) or
trans-hepatic artery chemo-embolization (TACE) (see
later) that theoretically deprive HCC of artery blood
flow, necrotizing most of the tumor while allowing the
presence of other neoplastic nodules to be assessed
during the same procedure, are generally used. Many
papers published on this issue show that TACE provides
good results and increases overall survival compared
to transplantation alone or TACE alone®!. However,
there are no controlled randomized studies comparing

February 20, 2016 | Volume 6 | Issuel |



TACE and RFA as neoadjuvant treatment prior to liver
transplant. In addition, many centers are now using
a different technique of TACE that uses beads eluting
anticancer drugs or ionizing microspheres charged with
Yttrium-99 to embolize the artery that feeds the tumor.
Results are similar in terms of overall survival, although
bead-TACE seems to produce fewer side effects than
traditional TACE®**®, Bead-TACE also appears useful in
downstaging HCC or in maintaining it at a steady stage
while patients are awaiting transplant®'°”,

Liver resection

Liver resection is the other surgical option for treatment
of HCC!™®*4, Liver surgery in patients with cirrhosis or
chronic liver disease requires expert surgeons and teams
trained to work together in these patients, who may
develop liver failure after large resection. In addition,
recurrence of HCC within 3 years is quite common (>
50%) even after the introduction of ultrasound during
surgery. Other procedures have been proposed to
improve the outcome of patients with HCC and liver
cirrhosis who undergo liver resection. The adoption of
the Milan criteria used for liver transplantation and NMR
with gadoxetic acid-enhanced MRI during surgery can
improve detection of small lesions by 16% and makes
surgery more precise and radicalt!®*%,

Liver resection has some advantages over trans-
plantation (organ saving, costs, expertise, etc.) and in
addition leaves open the possibility of later transplantation,
thus allowing many patients to gain time. Unfortunately,
liver resection does not treat the underlying cirrhosis
that is a pre-neoplastic lesion and it can be too risky for
patients with advanced HCC and/or liver disease (stage
C according to the BCLC). Even very selective resection
can cause liver decompensation and/or gastrointestinal
bleeding, especially in patients with high values (>10
mmHg) of portal hypertension and gastro-esophageal
varices. This limitation has been disputed recently as it
excludes too many patients (about one-fourth) who could
benefit from surgery from effective treatment™®.

Liver resection in patients with BCLC Stage B can
be done quite safely by avoiding to operate those with
serum bilirubin over 2 mg/dL and/or ascites. In selected
patients, resection leads to an overall survival > 85%
at 5 years, making this type of surgery the best option
for treating early or very early HCC in well compensated
liver cirrhosis (Child Pugh A).

Liver ablation

Liver ablation performed using different techniques can be
used in patients where surgery is not possible or too risky.
Ablative techniques performed by experts in selected
patients can allow survival comparable to transplantation
even if more recent data have questioned this
condusion®*4, Of the ablative techniques, Percutaneous
ethanol injection (PEIL) was the first to be used in patients
with small lesion(s) (< 3 cm diameter) HCC. Excellent
results have been observed with recurrence rates at 5
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years similar to resection. PEI consists in injecting ethanol
inside the tumor mass to cause coagulative necrosis of
all neoplastic nodules. PEI has been the most successful
technique in treating small (less than 3 cm diameter)
HCC nodules. It is easy, inexpensive, requires minimal
equipment and expertise, and has been shown to prolong
survival of these patients so much as to be comparable
to surgery. PEI is so convenient and easy that it could
be done at the patient’s home even in poor countries
where health systems are weak. Ethanol destroys cancer
tissue and diffuses well in the cirrhotic liver, and the
procedure can be repeated several times on the same
nodule or on new ones. The side effects are minimal, no
general anesthesia is required and the procedure can be
performed in an ambulatory situation. The use of this
simple and inexpensive procedure has shown that it is
possible to prolong survival of many patients and allow
them to maintain an excellent quality of life™**'?), PEI can
be used in patients with more than one nodule, usually
no more than 3, and because it can easily be repeated on
the already treated nodule, offers patients a simple and
inexpensive treatment of their disease.

The ablative technique obtained by PEI has been
improved by using RFA that can destroy cancer tissue
in only one step. This procedure, more complex and
expensive than PEI, has the advantage that it can treat
cancer lesions with a larger diameter than PEI can (usually
< 5 cm diameter) and many of them with one single
application. Because of the pain involved in the procedure,
RFA is more commonly performed with the patient under
light anesthesia. Side effects occur more commonly than
with PEI and but are rarely severe.

A comparison between PEI and RFA shows that when
patients are carefully selected, the results in terms of
overall survival are similar, though disease recurrence
can be observed more frequently in patients treated by
PEI[113'114].

Ablation of the tumor can be obtained by other
means, such as acetic acid or laser, but what is crucial is
the expertise of the operator and good patient selection.

PALLIATIVE TREATMENTS

As mentioned earlier, most HCC patients cannot undergo
surgery and so, for them, especially those with locally
advanced disease, the most effective and safe treatment
is that which aims to destroy the most cancer tissue
without affecting liver reserve function.

The procedures that can be used are PEI, RFA,
TAE, TACE, in association or not with different forms of
chemotherapy.

PEI and RFA are so easy and safe that they can be
performed even in patients with advanced stage of liver
cirrhosis (stage C according to the BCLC system). The
main risks are infection and bleeding in patients with
severe defects in blood coagulation (pro-thrombin time
< 60% and platelet counts < 60000/mL?). The risk of
diffusing cancer cells along the needle passage is real,
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but in our experience is a rare event.

In several patients where surgery is not indicated,
TAE and TACE can be employed to embolize the artery
feeding the HCC. Patients for this procedure must be
selected very carefully and the individual performing
the procedure needs to be expert (usually a radiologist)
in superselective embolization™*'**!, Necrosis of the
tumor is rarely complete because of tumor angiogenesis
that forms bunches of new small vessels that feed the
cancer nodule. In addition, in many cases significant
blood supply comes from portal blood and the liver
cancer cells are ischemia resistant'!**'”), Nevertheless,
the growth of the tumor may be impaired for weeks,
making TACE or TAE the most commonly performed
pre-transplantation procedure and the most used
technique in HCC of large dimension and/or with too
many nodules to be ablated.

Several authors have reported TACE prolonging
survival also in patients with intermediate or advanced
HCC. Considering that there are no other possible proce-
dures in many patients, chemoembolization must be
regarded as palliative but also active treatment!''®**%),

Recently, two retrospective works have compared
liver resection and TACE in patients with BCLC stage B.
In a Chinese study, resection appears as safe as TACE
and provides better overall survival at 3 years (59%
vs 29%) and 5 years (37% vs 14%) with a highly
statistically significant difference (P < 0.001)M**), In
the other study, from Spain, the authors analyzed their
results according to the revised BCLC classification
system that divides stage B into 4 substages (B1, B2,
B3 and B4) on the basis of Child Pugh score, inclusion in
the Milan criteria and furthermore, size and number of
lesions under or over 7, and Performance Status (P.S.)
according to ECOG. They found that liver resection
provides particularly good results in the B1 group (Child
Pugh score 5-7, within Milan Criteria and < 7, and P.S.
= 0) with an overall survival of 62.9% after 5 years and
a recurrence rate of 25% as opposed to a recurrence
rate of 60% in the TACE group (P < 0.018). B3 (Child
Pugh score = 7, beyond Milan criteria or > 7 and P.S.
= 0) or B4 (Child Pugh score 8 or 9, any Milan criteria
or number, P.S. >0) patients had the worst prognosis
after 5 years (15.4% as overall survival). These authors
concluded that modern surgical techniques and good
selection of patients with liver cirrhosis and HCC in
BCLC stages B1 or B2 (Child Pugh 5 or 6, beyond Milan
Criteria but number < 7, P.S. = 0) according to the new
BCLC system can provide particularly good results with
liver resection in terms of survival and recurrence rate
compared to similar patients treated with TACE™,

In the last decade, the use of radio-labeled micro-
spheres or embolizing beads that carry anticancer agents
such as doxorubicin or cisplatin has been proposed to
treat advanced HCC. The results have been encouraging
and similar to those obtained by traditional TACE or
TAE in terms of anticancer activity. Side effects appear
less frequent and of minor gravity, making this new
BEAD-TACE procedure one of the most favored in many
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centers!*?124,

Since all these treatments must be considered
palliative and locally active, to improve their efficacy,
it has been proposed to associate them with systemic
chemotherapy.

CHEMOTHERAPY

In intermediate or in selected advanced HCC patients
who cannot be treated by ablative or embolizing
techniques or where HCC is already extrahepatic, the
only systemic chemotherapy that has been proved to
be effective is sorafenib™**?”). This drug (800 mg/d,
orally) is a tyrosine kinase activity inhibitor that acts
mainly as antiangiogenic to slow down the growth of
the tumor. The response rate is not particularly high
(about 4%) and toxicity may be relevant. Sorafenib
has been described as decompensating liver cirrhosis,
and then its dosage must be reduced to 600 mg/d or
400 mg/d. In a few cases therapy must be withdrawn
and it is possible to reintroduce it at a lower dosage
once liver function has recovered. Sorafenib can be too
toxic in patients with advanced liver cirrhosis, provoking
side effects that include mucositis, skin toxicity, fatigue,
bleeding and liver failure!*****, 1t should be considered
that drug resistance to sorafenib and other inhibitors
of tyrosine-kinase activity has been reported™. It is
also possible to try to reverse drug resistance by using
other drugs that interfere with mechanisms of drug
resistance!™", Agents such as sunitinib, erlotinib, and
many others have been proposed but toxicity or drug
resistance have limited their use and they have been
abandoned so far for the treatment of HCC.

Recently, as already mentioned when talking about
the biology of HCC, and following experimental data
showing the importance of the cMET pathway in HCC,
a phase II randomized study was carried out using
tivantinib, a specific inhibitor of the cMET, as second-
line treatment after sorafenib. The results of this study
show that especially in HCC showing MET expression
tivantinib is active and significantly slows tumor growth.
The authors conclude that a phase III study is warranted
to see the real impact of this new drug in advanced
HCC[SS'SG].

Several authors have tried to improve the efficacy of
these palliative treatments by associating sorafenib with
TACE, TAE, ablation, or surgery™**'*, Sorafenib has
also been used as adjuvant chemotherapy in patients
after complete resection of HCC to prevent relapse or as
neoadjuvant chemotherapy before liver transplantation
or resection. Though some encouraging preliminary
results have emerged, none of these studies have
shown clear advantages and must be regarded as
experimental protocols which need to be repeated as
controlled and much larger studies™®,

Many years ago we performed a pilot study
(phase 1I') by using traditional intrahepatic artery
chemotherapy using 5-fluorouracil in patients who
were not suitable for surgery or ablative techniques or
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after relapse of HCC. This drug was well tolerated and
our results, in terms of tumor response and survival,
were positive compared with historic controls and in
line with what others have recently shown, but the lack
of randomized controls and small number of patients
enrolled strongly limited the overall significance of this

study
In conclusion, HCC is at present one of the most

[137]

challenging cancers in clinical practice*®. Though our
understanding of its risk factors and how it develops
have improved in the last decade, so much remains to
be clarified. Currently the best way to significantly reduce
the death rate remains prevention of HBV and HCV
infection and alcoholism.
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