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Abstract

It is well recognized that one cause of chronic liver
disease and hepatocellular carcinoma (HCC) is alcohol
consumption. Research in Italy and the United States
concludes that the most common cause of HCC (re-
sponsible for 32% to 45% of HCC) is alcohol. It has
recently been shown that a significant relationship be-
tween alcohol intake, metabolic changes, and hepatitis
virus infection does exist. Alcohol may be a factor in the
development of HCC via direct (genotoxic) and indirect
mechanisms (cirrhosis). There is only one way of diag-
nosing HCC, which is early identification through sur-
veillance, when curative treatments become possible.
After stopping alcohol intake the risk of liver cancer de-
creases by 6% to 7% a year, and an estimated time pe-
riod of 23 years is also needed. Therefore, surveillance
is also important in former drinkers and, in our opinion,
independently from the presence of compensated cir-
rhosis. In cases of very early stage (VES) and early

JRaishideng®

WJG | www.wjgnet.com 15943

stage with portal hypertension, liver transplantation is
the optimal option; and in cases of associated disease,
percutaneous ethanol injections, radiofrequency and
microwave ablation are the ideal treatments. Despite
the possibility of detecting microvascular invasion with
HR, several studies and some randomized controlled
trials revealed that overall survival and DSF rates in pa-
tients with VES HCC are much the same after ablation
and HR. Therefore, ablation can be regarded as a first-
line choice for patients with VES HCC. It is important
to emphasize that the choice of treatment should be
weighed carefully in the context of a multidisciplinary
cancer team.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: It is well recognized that one cause of chronic
liver disease and hepatocellular carcinoma (HCC) is
alcohol consumption. There is only one way of diag-
nosing HCC, which is early identification through sur-
veillance, when curative treatments become possible.
After stopping alcohol intake the risk of liver cancer
decreases by 6% to 7% a year, and an estimated time
period of 23 years is also needed. Ablation can be re-
garded as a first-line choice for patients with very early
stage HCC. It is important to underline that the choice
of treatment should be weighed carefully in the context
of a multidisciplinary cancer team.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is ranked the sixth most
common form of cancer globally, and is the third most
common cause of cancer mortality''. The most recent
statistics available estimated 609000 deaths globally from
this disease in 2004,

According to the World Health Organization (WHO),
liver disease is responsible for 70% of directly recorded
mortality from alcohol, and alcohol causes around 80%
of deaths from liver disease'”.

Among men and women, 33% (11%-54%) and 18%
(3%-38%) of the total number of HCCs is caused by past
and present alcohol intake in the selected European coun-
tries (France, Italy, the United Kingdom, the Netherlands,
Greece, Germany, and Denmark)'”.

More recently, Welzel ez al”. evidenced that the largest
attributable fraction of the population is associated with
alcohol abuse plus HCV infection (39.7%), followed by
diabetes/obesity (36.6%), alcohol related liver disorders
(23.5%), HCV (22.4%), HBV (6.3%), and rate genetic
disorders (3.2%).

Mancebo ef a/* affirmed that the annual HCC rate
among those patients with Child-Pugh Class A or B al-
coholic cirrhosis is around 2.5%. Both platelet count and
age can be used to classify those at risk of developing
HCC into 3 separate groups during the next 5 years. The
annual HCC rate in the group having neither of these
factors (age < 55 years, platelets > 125000), with one fac-
tor (age > 55 years or platelets < 125000), and with both
factors (age > 55 years and platelets < 125000) was 0.3%,
2.6%, and 4.8% (P < 0.0001) respectively.

NATURAL HISTORY OF ALCOHOL
ASSOCIATED TO HCC

The spectrum of hepatic injury caused by alcohol ranges
from clinically insignificant ot biochemical damage, to
alcoholic hepatitis, fatty liver, and all the way up to cit-
thosis™.

Alcohol intake leads to liver damage through endo-
toxins, oxidative stress, and inflammation™”.

Furthermore, independently to the ingestion of alco-
hol through drinking, ethanol is produced endogenously
in small quantities in a normal intermediary metabolism,
and in the gastrointestinal tract in particulat, by the for-
mation of microbes. The concentrations caused by this
process in human venous blood have been approximated
as being between 0 and 50 pm®,

Liver function is tesponsible for most alcohol me-
tabolism. The three metabolic systems in the liver able to
perform ethanol oxidation are: the microsomal ethanol
oxidizing system, which is to be found in the smooth
endoplasmic reticulum of hepatocytes, cytosolic alco-
hol dehydrogenase (ADH), and catalase, situated on the
peroxisomes. The finished product of all these hepatic
enzymes is acetaldehyde.

The dominating enzyme pathway is alcohol dehydro-
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The alcohol oxidation caused by any of the mecha-
nisms outlined above produces acetaldehyde, which is
quickly metabolized to acetate, mostly by cytosolic Alde-
hyde Dehydrogenase 1 (ALDH1) and mitochondrial Al-
dehyde Dehydrogenase 2 (ALDH2)"™,

There are various histological stages through which
alcoholic liver disease (ALD) is thought to advance: fatty
liver (steatosis), steatohepatitis (alcoholic hepatitis, alco-
holic steatonecrosis), fibrosis, cirrhosis and HCC.

Alcoholic steatosis is largely macrovesicular, being
more pronounced in zone three of the liver acinus, the
area around the central veins. As yet there has been no
clarification of the pathophysiology of ALD. The intra-
mitochondrial redox potential is changed by the metabo-
lism of ethanol through the generation of NADH by
ADH. Oxidative stress is thus caused by ethanol. This in
turn is detrimental to tricarboxylic acid cycle activity and
the beta-oxidation of fatty acids, leading to an increase in
intra-hepatocellular free fatty acids, a greater formation
of triacylglycerol, and higher rates of synthesis of very
low-density lipoproteinm.

A non-oxidative pathway of ethanol also exists. In
order to form fatty acid ethyl esters the esterification of
ethanol with fatty acids has to take place; this reaction is
initiated and catalysed by the fatty acid ethyl esters syn-
thase enzyme. Phosphatidylethanol »iz phospholipase D
with a decrease in phosphatidylcholine is also generated
via this pathway".

The intestinal epithelial tight junctions are disturbed
by acetaldehyde through augmenting the intestinal per-
meability to endotoxins. A vital part is played by endotox-
emia in damaging the liver by triggering Kupffer cells to
secrete a spectrum of reactive oxygen intermediates and
cytokines, and by causing hepatic sinusoids to increase
vascular permeability[s]. Tumor necrosis factor (INF)-q,
along with a rise in TNF-q, receptors, and acting as an
inflammatory mediator, could well lead to further he-
patic injury. It is recognized that an increase in TNF-q is
related to a worse prognosislsj. We can state that cellular
oxidative-stress (due to a disproportion between a lack of
anti-oxidant defence mechanisms and the generation of
free radicals, which includes a decrease in phosphatidyl-
choline, glutathione, and vitamin E) along with endotox-
emia are definitely the main mediators in the progression
to steatohepatitis and fibrosis'”.

Around 20% to 40% of patients with steatosis have
changes on their liver biopsies indicative of steatohepa-
titis: steatosis along with hepatocellular damage and the
related fibrosis and inflammation.

When steatohepatitis has developed, the liver mot-
phology rarely goes back to normal, even after cessation,
and there is a higher risk of the development of cirrhosis.
Once the stellate cells have been activated (fibrogenesis),
the hepatic stellate cells (HSC) react to a range of stimuli
in both an autocrine and paracrine way to reproduce,
migrate and contract; they secrete extracellular matrix
components, cytokines, chemokine, proteases and growth
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factors. They also express transcription factors and sig-
nalling molecules™.

Three principal kinds of scarring are prominent in
human ALD: sinusoidal capillarization (pericellular fi-
brosis), centrilobular scarring and periportal fibrosis. The
fibrosis process ends in central-to-central veins bridging
fibrosis and regenerative nodules, or cirrhosis.

Among the various genetic polymorphisms that fa-
vour alcoholic hepatopathy, some of them are strongly
determining, The list includes genes that modulate alco-
hol metabolism, oxidative stress, lipid storage, endotoxin-
induced inflammation, and fibrogenetic pathways. Re-
cently, two genetic polymorphisms have been identified:
TNF-o and patatin-like phospholipase domain-contain-
ing protein 31,

Polymorphism of the gene encoding for CD14 ex-
pressed on a Kupffer cell has been implicated in the risk
of ALD and HCC.

RISK FACTORS

There is no clear-cut linear association between the

amount of alcohol ingested and the development of he-
patic disease.

Studies have shown women to be two times as sus-
ceptible as men to alcohol-mediated hepatotoxicity, and
they can develop more serious ALD after a shorter time
consuming alcohol and with smaller quantities.

It was found by O’Shea ¢ /" that consuming 25 to
80 g/d of alcohol for 10 years or more for men and 12
to 20 g/d for women increases the risk of developing cir-
rhosis.

It was reported by Bellentani e# al™ that the changes
of developing cirrhosis or more minor liver disease with
an alcohol consumption of more than 30 g/d were 13.7
and 23.6 in comparison to teetotallers™"?.

In a more up-to-date meta-analysis, increased chances
of death from cirrhosis was observed in both men and
women consuming 12-24 g of alcohol daily. Further-
more, the study also recorded a significant rise in women
drinking up to 12 g/d. It has been proposed by the Eu-
ropean Association for the Study of Liver Disease that
if there is a threshold, then it is very low and difficult to
detect due to the difficulties of measuring a daily alcohol
intake of less than 10-12 gm.

Consuming alcohol between mealtimes has been
shown to raise the odds of developing ALD by 2.7 times
in comparison with those who drink only with their
meals.

Other crucial important independent risk factors
come into play: abdominal fat, obesity, diabetes, hyperli-
pidaemia, resistance to insulin, metabolic syndrome, vari-
ous hepatitis viruses (mostly HBV and HCV) and Pearls
gfade[8’11)13].

It was demonstrated by Raynard ¢z a/'" that blood
fasting glucose and body mass index (BMI) are further in-
dependent risk factors for the development of fibrosis in
alcohol-related hepatic disease. It has also been independ-
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ently verified that there is a correlation between Peatls
Grade and a fibrosis score. Being overweight or obese also
lead to a rise in susceptibility to endotoxin hepatic injury.
Moreover, it is recognized that there is a close association
between endotoxemia and the severity of alcohol-related
hepatic damage.

Alcohol consumption and chronic hepatitis C infec-
tion are responsible for 70% to 90% of all chronic he-
patic disease in western countries. Moreover, as many as
8% to 43% of patients with ALD also test positive for
anti-HCV.

A major risk factor in both the histological and clini-
cal progression of HCV infection is alcohol consump-
tion. It was shown in a recent study that the combined ef-
fects of alcohol and HCV work together to augment free
radical formation in the liver, and to lower its antioxidant
defences. Moreovet, it has been assessed that both mod-
erate (< 50 g/d) and heavy drinking (> 50 g/d) increase
the odds of developing oxidative stress by 3 times and
13 to 24 times, respectively[g’ﬁ]. It was also demonstrated
by Perlemuter ¢ a/'” that the expression of HCV core
protein and chronic ingestion of alcohol in combination
enhance hepatic lipid peroxidation and work together to
increase the expression of hepatic TNF-¢ and TGF-3.
The HSC are activated by TGF-f3, causing extracellular
matrix to be overproduced; The formation of ROS is
also caused by TGF-f, which may lead to further hepatic
fibrosis™'.

ALCOHOL AND CARCINOGENESIS

Recently, the International Agency for Cancer Research
(WHO) evidenced that ethanol, acetaldehyde and alcohol
intake are carcinogenic for humans (group 1). Alcohol

consumption is associated with an increased risk of the
following cancer types: head and neck, oral cavity, phar-
ynx, larynx, oesophagus, bowel, breast and, obviously,
liver ™,

The underlying causes of cancers related to alcohol
consumption are not yet clear, although various factors
have been proposed as having a role to playmz‘ﬂ: the lo-
calized effects of alcohol, the induction of cytochrome
P4502E1 (CYP2E1) (the conversion of various xenobiot-
ics), acetaldehyde (isoenzyme polymorphism), malnutri-
tion, the interaction with retinoids, alterations in the level
of methylation, immunological surveillance and angio-
genesis.

Alcohol could well be crucial in initiating cancers, due
to enhancing certain oncogene expression or the impair-
ment of cells’ ability to mend their DNA, thus increasing
the chances that oncogenic mutations will take place.

ADH metabolizes ethanol to acetaldehyde. This
function is also carried out by CYP2E1 and, to a much
lesser degree, by catalase. It is then oxidized to acetate by
ALDH.

Acetaldehyde is not only extremely toxic, it is also
carcinogenic. Cells or tissues are exposed to an amount
of acetaldehyde after alcohol consumption which may be
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significant and could well increase carcinogenesis.

Acetaldehyde derived from the metabolism of etha-
nol is carcinogenetic for humans (Group 1: oesophagus,
neck and head). Studies have shown' that beer has a sig-
nificantly lower acetaldehyde content than wine or spiits.

ALDH is the enzyme which causes the oxidation of
acetaldehyde. Acetaldehyde formation and degradation is
dependent on the actions of both ADH and ALDH.

Exposure to acetaldehyde in men is known to be
cumulative. An up-to-date, large-scale epidemiological
survey has backed up this premise by showing a supra-
multiplicative combined chance of oesophageal cancer
in subjects who consume both alcohol and tobacco, and
who were low ADH1B and ALDH2-deficient cattiers (the
highest adjusted OR being as high as 382.3) 52023

The activity of total alcohol dehydrogenase is signifi-
cantly greater in cancer tissues than in healthy ones (i.e.
oesophagus, liver and colon-rectum). ADH activity in
cancer cells is much greater than ALDH activity, indicat-
ing that cancer cells have a higher propensity for ethanol
oxidation, but less capability for removing acetaldehyde
than healthy tissues®**".

Both ADH and ALDH are encoded by multiple
genes. As some of these genes exist in several different
forms and the enzymes which are encoded by certain
of these vatiants may lead to increased levels of acetal-
dehyde, the presence of these variants may cause a pre-
disposition to cancer. Recently it was evidenced that the
combination of a genotype of myeloperoxidase (MPO)
(associated with higher MPO expression), and just one
Ala-superoxide dismutase 2 allele (related to high hepatic
iron levels) significantly increases the odds of the occur-
rence of HCC and mortality in patients suffering from
alcoholic cirrhosis®*™.

It is possible that alcohol acts as a co-carcinogen by
increasing the effects of direct carcinogens found, for
example, in diet and tobacco. This effect of alcohol is
partly due to CYPP450 enzyme induction (in the lungs,
liver and intestine), which can metabolize various dietary
and tobacco components into those free radicals which
promote cancer™,

The concentration of CYP2E1 in the liver has been
demonstrated as being possibly related to hydroxyethyl
radical generation, and therefore to lipid peroxidation.
Lipid peroxidation triggers the production of 4-hydrox-
ynonenal, which can bind to purine and pyrimidine DNA
bases, thus generating carcinogenic exocyclic etheno-
DNA adducts. A significant association has been shown
to exist between CYP2E1 induction and the occurrence
of exocyclic etheno-DNA adducts in hepatocytes.

It has been demonstrated by Seitz that CYP2E1 activ-
ity takes place at fairly low levels of alcohol ingestion (40
g/d) and that, with this level of consumption, induction
is detectable even within one week, although how far and
how much is different between individuals. Some patients
show a very minor level of CYP2E1 activity-related in-
duction, while others show a much higher level. There-
fore, it is likely that this difference in level of CYP2E1

Baishidenge ~ WJG | www.wjgnet.com

activity-related induction may have an effect on alcoholic
carcinogenesis in men™

Chronic alcohol ingestion also leads to lower levels
of retinoic acid. This is mainly caused by CYP2E1 in-
duction, which leads to the degradation of retinol and
retinoic acid to polar metabolites (for example, 4-oxo and
18-hydroxy retinoic acid). This rise in the metabolism of
retinoic acid leads to reduced levels of tretinoic acid, thus
causing an augmented expression of the AP1 gene and
a subsequent rise in the c-jun and c-fos proteins. In the
end this leads to a rise in cycline D1, which is related to
hyperproliferation in the liver. Therefore, there is a rela-
tionship between retinoic acid deficiency and accelerated
carcinogenesis[zzl.

DNA methylation alters the expression of genes:
hypomethylation is related to enhanced gene expression.
The hypomethylation of tumor promoter genes in par-
ticular has been suggested as a possible undetlying fac-
tor for the cancer development. The decrease in the liver
enzyme methyladenosyltransferase II in alcohol-related
diseases causes lower S-adenosylmethionine (SAMe)
production, (the methyl donor for DNA methylation
reactions). Moreover, levels of homocysteine are usu-
ally augmented in alcohol-related diseases, leading to an
increase in S-adenosylhomocysteine levels and restricting
the activity of DNA methyltransferase enzymes. In some
experimental models, a scarcity of SAMe caused by a diet
lacking in methionine-choline, causes DNA hypometh-
ylation and increases in the breaking of DNA strands,
thereby producing DNA instability and a greater risk of
cancer. In transgenic mice which have no methyladeno-
syltransferase II, the spontaneous development of HCC
occurs. These experiments provide evidence for DNA
methylation abnormalities being an underlying factor for
cancer in alcohol-related diseases™ . Figure 1 shows the
main alcohol-induced carcinogenic pathways.

HEPATOCARCINOGENESIS

Role of alcohol

Alcohol-related cirrhosis of the liver is most likely the
main risk factor for HCC in groups of people with low
rates of infection of the hepatitis B and hepatitis C vi-
ruses, such as the United States and northern Europe.

There have been studies in the United States and in
Italy which indicate that alcohol is the main cause of
HCC (making up 32% to 45% of HCC).

Alcohol intake has definitely been recognized as a
cause of HCC. This may well be related to the develop-
ment of HCC due to direct (genotoxic) and indirect fac-
tors (cirrhosis development) .

There is a liver carcinogenesis model proposed by
Donato et al™" showing the disease to have been caused
by alcohol consumption.

It shows both the early (initiation) and late stages
(promotion/progtession) of carcinogenesis.

Long-term alcohol intake, as mentioned above, causes
CYP2E1 enzyme induction; this results in augmented
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Figure 1 Alcohol ANS carcinogenesis. ADH: Alcohol dehydrogenase; CYP2E1:
Cytochrome P4502E1; ALDH: Aldehyde dehydrogenase; ROS: Reactive oxygen
species.

hepatic acetaldehyde production. Hepatic oxidative stress
and the production of reactive oxygen species (ROS), es-
pecially hydroxyethyl radicals, increase dramatically. ROS
is able to form protein adducts and DNA. Free radicals
are also able to react with lipid molecules located in the
cell membrane, allowing the production of biologically
reactive aldehyde molecules.

We recently studied the various mechanisms of the
starting-point of carcinogenesis in subjects with long-term
ALD[34,35]'

Since alcohol is one of the leading causes of ROS
production and oxidative stress, how often DNA dam-
age occurs in the peripheral lymphocytes of patients with
ALD seems to be of particular interest.

According to our experience, human lymphocytes were
sepatated from petipheral blood (4 mL) using centrifuga-
tion through a Ficoll solution for 30 min at 400 X g. After
being plated in 24-well uncoated tissue culture plates (2 X
10” cells/14.5-mm well), the fragmentation of the DNA
was measured using an alkaline Comet assay as used by
Singh e# al™. For each patient the images of 50 randomly
chosen cells from 2 slides were studied, and how much
DNA damage had occurred was measured by tail length
(TL) and tail moment (TM) with computerized image
analysis (Sorin System, Florence, Italy). TM is calculated
by measuring the tail length and the fraction of the total
DNA contained in the tail.

A statistically significant increase in average TL and
TM values can indicate alkali-labile sites and DNA single-
strand breaks, was evidenced in the lymphocytes of sub-
jects with alcoholic cirrhosis.

These data indicate a direct genotoxic effect of alco-
hol. The close relationship between alcohol consumption
and oxidative DNA damage indicates that free radicals
arising from the metabolism of ethanol could lead to the
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fragmentation of DNA in lymphocytes. In general, these
results indicate that genotoxic mechanisms may occur in
alcohol-dependent subjects’ livers, and therefore may be
a factor behind hepatocarcinogenesis.

Moreover, the level of fragmentation of DNA in pe-
ripheral blood lymphocytes seems to correlate with how
severe liver cirrhosis is.

Lambert ez a/’” defined DNA methylation patterns in
HCC. They discovered a high number of specific genes
with aberrant hypermethylation. The genes which were
differentially hypermethylated in HCC are commonly
found in the host response to infection (DOKI1), neu-
rotransmission and angiogenic growth (CHRNA3), Ras
signalling (RASSF1A), and detoxification of carcinogens
(GSTP1).

The most commonly hypermethylated gene is RASS-
F1A which is a tumor suppressor gene. The second most
frequently methylated gene (tumor suppressor) in HCCs
is DOKI1. In 54% of the cases, hypermethylation of
GSTP1 was found. GSTP1 belongs to the glutathione
S-transferase family that prevents variety of carcinogens
from damaging cells. Lambert ez al’" concluded that spe-
cific genes in cirrhotic tissue with aberrant methylation,
although not at all common, backed up the theory that
the hypermethylation of certain genes in pre-malignant
lesions could well predate and thus be a factor in the de-
velopment of hepatic cancer.

Human Toll-like-receptor (TLR) constitutes 11 mem-
bers, structurally recognizable by the existence of a leucine-
rich repeat domain within their extracellular domain,
and a Toll/Interleukin-1 receptor domain within their
intracellular domain; each one being responsible for rec-
ognizing specific viruses, bacteria and fungi microbial
structures. Despite a robust pro-inflammatory and anti-
viral response after TLR stimulation being favourable to
get rid of pathogens at first, a longer or greater activation
of TLR signalling could well be disadvantages[38]. TLRs
are molecular sensors; they sense products deriving from
pathogens, and bind to various adapter proteins that
kick-start specific signalling pathways, for example the
intetleukin 1 (IL1), the receptor-associated kinase family,
and the TANK-binding kinase 1. These adapters trigger
pathways which cause the activation of their own specific
transcription factor; interferon regulatory factor 3 (IRF3)
and nuclear factor kappa B (NF-xB). Both IRF3 NF-xB
cause the discharge of many different immune and in-
flammatory cytokines such as TNF and IL6, which have
proven to be perfect targets for inflammatory diseases.
In experimental models, mice deficient in TLR were dis-
covered to be safe from, or developed fewer inducible
tumors. These findings indicate that biological signals are
stimulated tumor cells activated by TLR; this might be a
connection between inflammation and cancer on a mo-
lecular level™.

Eiro et a™ showed a relationship between the expres-
sion of TLR, tumor aggression and unfavourable prog-
nosis. These outcomes provide support for conducting
additional studies about the impact of TLRs on HCC
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prognosis, and to investigate and develop novel therapeu-
tic strategies for liver cancer.

Forty percent of HCCs are clonal, and are thus con-
sidered to originate from progenitor/stem cells.

Telomere length in proliferating tissues is longest at
birth and shortens progressively with age, so telomere
length is a matrker of biological cellular aging. Individu-
als with shorter telomeres have a higher risk of cancer at
multiple sites.

Pavanello ¢ a/”” demonstrated that telomere length
was nearly halved in alcohol consumers compared with
controls, and decreased in relation with an increase in
drink-units per day. Individuals drinking > 4 drink-units/
d had substantially shorter telomere lengths than those
drinking < 4 drink-units/d. Telomere shortening is a
feature of chronic liver disease and cirrhosis. Telomerase
reactivation has been associated with hepatocarcinogen-
esis in the advanced stages (dysplastic lesions up to well
differentiated, moderately differentiated and poorly dif-
ferentiated HCC)™, Eighty five percent of human HCC
specimens showed a reactivation of telomerase activity,
thus providing a selection advantage aiding uncontrolled
hepatocyte replication'!

Loss and/or mutation of p53 usually occurs in late
stages of tumorigenesis (dysplastic nodule HCC)™".

A methyl-deficient diet is often observed in alcoholics.
Lu and Mato demonstrated that knockout mice with
impaired SAMe synthesis spontaneously developed fatty
liver and hepatocellular carcinoma; SAMe administration
induced apoptosis in the hepatoma cells and prevented
liver cancer, thus supporting this hypothesis.

During the late phase (promotion/progtession), hepa-
tocyte DNA could well be caused by hypetproliferation
to become vulnerable to mutagenesis, leading to gene in-
stability. Moreover, it has been shown that HCC develops
due to chronic oxidative stress applying specific pressure
that gives rise to the outgrowth of progenitor cell clones
which are most resistant to oxidant injurymj.

Usually, liver progenitor cells are the second line of
defence against liver failure. Oval cells have the bipoten-
tial ability to differentiate between hepatocytes and bile
duct cells. Progenitor cells are present in the terminal
bile ductules, also called the canals of Hering. This latent
group of cells is a reserve population to be triggered to
action when the adult hepatocytes cannot mend or regen-
erate the damaged liver. The oval cells reproduce in the
portal zone and appear to be a grouping of progenitor
cells surrounded by cells made up of intermediate differ-
entiation.

Most mature hepatocytes in alcoholic fatty livers are
senescent, and cannot replicate to compensate for the
increased rates of hepatocyte death caused by ethanol™,

Gu et al® highlighted that ethanol induces angio-
genesis and vascular endothelial growth factor (VEGE)
expression. In their research, a CAM model from the
embryo of a chick with human fibrosarcoma was used
to show that administering a physiologically appropriate
dose of ethanol produced a significant rise in intramu-
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ral vascular volume density and growth of tumor and,
together with the up-regulation of VEGF expression
in tumors. The authors discovered that physiologically
relevant amounts of alcohol led to a dose-related rise in
both VEGF mRNA, and protein expression in cultured
fibrosarcoma cells in humans.

This experience of Gu e al® supports the hypothesis
that angiogenesis induction and VEGF expression by al-
cohol represent an important factor behind the progres-
sion of cancer associated with alcohol intake!*".

Matsuhashi ¢z a/*” evidenced that alcohol intake is
closely related to the tumor volume doubling time of
HCC in patients with type C cirrhosis.

Nahon ¢ a/”” demonstrated that MPO and manga-
nese superoxide dismutase 2 (MnSOD2) polymorphisms
comodulate the chances of HCC and mortality in alco-
holic cirrhosis.

Their objective was to find out whether G-463A-
MPO, Ala16Val-SOD?2, or T-262C-CAT (catalase) dimot-
phisms have an effect on the risks of HCC and mortality
in alcoholic cirrhosis. The GG-MPO genotype (causing
a high MPO expression) together with at least one Ala-
SOD?2 allele (correlated to a high iron score in the liver)
significantly increased the chances of HCC and mortality
in subjects with alcoholic cirrhosis.

A modest intake of alcohol (20-70 g/d) might play
a more significant role in hepatic carcinogenesis than is
presently thoughtw.

Recently, Persson ¢f a/* evidenced how the consump-
tion of three drinks per day is positively associated with
both HCC occurrence and liver disease mortality. In this
study, folate intake modified the relationship between
alcohol and HCC incidence, but had no effect on the re-
lationship between alcohol and liver disease mortality.

Alcohol and cofactors

There is a major correlation between alcohol intake (50 to
80 g/d), hepatitis virus infection (HBV, HCV, and meta-
bolic changes, which has recently been shown by Hassan
et al™. They showed a serious rise in risk when alcohol
intake is associated with diabetes mellitus and hepatitis
viruses. A common pathway for hepatocarcinogenesis
has been suggested.

In cases of heavy alcohol intake (> 80 g/d) along
with long-term hepatitis virus infection (HBV or HCV),
an OR of 53.9 has been found (alcohol alone OR = 2.4,
virus alone OR = 19.1); in cases of heavy alcohol intake
along with diabetes (both insulin-dependent and non-
insulin-dependent) an OR of 9.9 has been found (diabetes
alone 2.4)™",

The risk of HCC incidence is 3.1 times higher in us-
ers of alcohol who have a BMI of 30 kg/ m” or higher,
compared with non-users with a BMI of less than 30
kg/ m’, which is suggestive of a synergic effect. Obesity
significantly augments the risk of HCC incidence in users
of alcohol, but not in non-users”".

French ¢t a/*” demonstrated the role of TLR signal-
ling as being the factor behind liver stem cell and pro-
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genitor transformation to HCC. This pathway indicates
how alcohol raises the chance of HCC in cases of HCV
and HBV infection, hemochromatosis, diabetes, and ¢-1-
antitrypsin deficiency. This correlation is caused by trig-
gering a common pathway; TLR signalling leads through
NF-kB activation to the production of pro-inflammatory
cytokines and the expression of growth factors via the
stimulation of the activator protein 1.

HCV NS5A-induced TLR4 is triggered by endotox-
emia correlated with alcohol consumption, causing fur-
ther TLLR4 signalling, which in turn up-regulates the stem
cell marker Nanog necessary for TLR4-dependent liver
oncogenesis. This discovery on the NS5A-TL.LR4-Nanog
axis In synergistic oncogenesis is starting to give new in-
sights into molecular mechanisms for HCC in alcoholic
HCV patients. Experimental studies performed on rats,
identified that Nanog is up-regulated by TLLR4 activation
and by the CD133/Nanog-positive cells being present in
hepatic tumors. The TLR4-dependent mechanism leads
to liver disease through HCV and alcohol, and is partially
dependent on Nanog, a TLR4 downstream genem.

It is well known that, in cases of non-alcoholic he-
patic disease, HCC development might be favoured by
moderate alcohol consumption.

SURVEILLANCE AND DIAGNOSIS

A causal link between alcohol consumption and HCC has
been confirmed.

In a multivariate analysis, four variables have been
found to be independent predictors of HCC: being 55
years of age and over, the co-presence of anti-HCV posi-
tivity, prothrombin activity of 75% or less, and a platelet
count of <75 x 10°/mLP*,

Surveillance leading to early discovery is the only way

of diagnosing HCC when curative treatments are possi-
ble™.

High-risk HCC groups for whom surveillance is rec-
ommended include: cirrhotic patients from any cause,
non-cirrhotic patients with chronic HBV infection, and
those with a perinatal acquisition of the infection, or with
an end-stage liver disease.

Moreover, a meta-analysis indicates that the risk of
hepatic cancer actually decreases after giving up alcohol
by 6% to 7% a year. An estimated period of 23 years is
necessary after giving up drinking, as is a correspondingly
high 95% confidence period of 14 to 70 yeats in order
that the risk of hepatic cancer becomes the same as that
of teetotallers””.

Therefore, surveillance for HCC should also be
imperative in former drinkers and, in our opinion, inde-
pendently of the presence of compensated cirrhosis™”.

Ultrasonography (US) is recommended as the primary
sutrveillance exam for HCC.

One operator-dependent technique is US; an appro-
priate professional training program to carry out US is
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strictly necessary.

The ITALICA Group affirmed that semi-annual sur-
veillance increases the detection rate of very early HCC,
and reduces the number of advanced tumors as com-
pared to an annual program.

The detection of serum levels of o-fetoprotein is not
adequate for surveillance®*",

The identification of nodules of under 2 cm is con-
sidered the ideal goal of surveillance due to their excel-
lent prognosis after radical treatments'” Y,

Ultrasound-guided biopsies may be particularly valu-
able for the diagnosis of small nodules in cirrhosis; nev-
ertheless, they may be not completely reliable as sampling
errors are possible. Differential diagnosis between early
HCC and dysplastic nodules is difficult, including biopsy
material.

Immunohistochemical staining for heat-shock pro-
tein-70, glypican-3, and glutamine synthetase could well
establish a diagnosis when non-conclusive results return
from conventional stainingm. 30% of HCC may have
non-diagnostic biopsies.

US has to be repeated at 3-mo intervals if a nodule
smaller than 1 cm has been found; in cases of nodules
of over 1 cm, the diagnosis should be made by imaging
criteria based on contrast enhancement patterns (CT and
MR). During the arterial phase intense contrast uptake,
and during the venous/delayed phase contrast washout,
are both considered specific for HCC.

Contrast-enhanced US (CEUS) is not advisable due
to false positive HCC diagnosis in subjects suffering from
cholangiocarcinoma[(’ﬁ’(’ﬂ.

Recently, Friedrich-Rust ¢# a confirmed that in-
ternational guidelines for ultrasounds recommended the
performance of CEUS as the most effective method
after conventional ultrasounds for the diagnostic work-up

J39:681

of focal liver lesion.

The results emerging from meta-analysis back up the
proposals of the European Federation of Societies for
Ultrasound in Medicine and Biology to utilise CEUS as
the first method of choice.

In the diagnosis of HCC, no statistically significant
difference was found between CT/MRI and CEUS, while
CEUS sensitivity was found to be much higher.

Jang ez al” confirmed that CEUS can be routinely
utilised for focal lesions found unexpectedly by a conven-
tional US, and to make obscure lesions detected on an
MRI or CT clearer.

In relation to the chance that CEUS gives false-pos-
itive HCC diagnoses in subjects suffering from cholan-
giocarcinoma, the authors affirm that hypervascular
cholangiocarcinoma can present an enhancement pattern
much the same as that of HCC during the arterial phase.
Although this more often presents as early washout ™"
in CEUS, and the median time of the beginning of wash-
out is recognized as being 2 min in HCC. CEUS is found
in a few European and Asian guidelines, but has not re-
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ceived approval from the FDA in the United States' ">,

VERY EARLY AND EARLY HCC:
STADIATION AND TRADITIONAL
TREATMENT

The Barcelona Clinic Liver Cancer criteria (BCLC) are
well known by hepatologistsm.

We have mainly focused on Very Early Stage and
Early Stage HCC. Usually, PST is 0-1.

Very early stage HCC (VES) consists of the existence
of a single nodule smaller than 2 ¢cm in a patient with
Child-Pugh A disease.

Early stage (ES) is the presence of a single nodule of
under 5 cm, or up to 3 nodules of under 3 cm.

Hepatic resection (HR) is the most effective treat-
ment for VES HCC; in cases of normal portal pressure
and normal values of bilirubin. An excellent functional
hepatic reserve with no signs of portal hypertension is
essential to guarantee good outcomes and avoid life-
threatening postsurgical cornplicationsm.

Liver transplantation appears to be the best choice in
cases of VES and ES HCC with portal hypertension. If
comorbidities exist, percutaneous ethanol injections and
radiofrequency (RF) are the ideal treatments'

ABLATION TREATMENT: THE
EVOLUTION

HR is viewed as the most effective treatment for patients
who are not eligible for L'T.

This point of view is not founded on RCTs »s other
possible treatment options, but on the medical assump-
tion that HR is the most appropriate treatment to obtain
total tumor ablation, along with a surrounding layer of

tissue.

This point of view was formed in spite of some non-
RCTs comparing HR and ablation that did not produce
more favourable results in favour of HR.

HR certainly allows histological evaluations; the pres-
ence of microvascular invasion and microsatellite nodules
must be taken into account to establish a prognosis. It is
a well-known fact that the presence of these histological
findings is possible, even in cases of nodules of <2 cm.

A few authors have proposed that the discovery of
risk factors of recurrence, for example microsatellite nod-
ules after resection or microvascular invasion ought to be
considered an indication for LT (“ab initio” L.T)"" ™.

Koijro e a/*" made a distinction between indistinctly
and distinctly nodular HCC.

Nevertheless, microinvasion is improbable in cases of
nodules of < 1.5 cm, and in cases of nodules of between
1.5 ¢cm and 2 cm, microinvasion is found in about 10%
of cases on the basis of the experimental data®"*,

Nodules of between 1 cm and 1.5 cm show typical
features; they are indistinctly nodular, well-differentiated,
with a rate of microinvasion of about 2%, without satel-
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litosis, and with a hypovascular pattern.

HCCs of between 1.5 and 2 cm are usually moderately/
well-differentiated, with a distinctly nodular structure, a
rate of microinvasion of between 10% and 22%, with
satellitosis in about 10% of cases, and with a hypovascu-
lar pattern.

With an increasing diameter, the rate of microinva-
sion increases proportionally (30%-60% in nodules 2-5
cm in size, and up to 60%-80% in those 5 cm in size)!l.

Despite the possibility of detecting microvascular in-
vasion with HR, several studies and some RCTs revealed
that the rates of OS and DFS in subjects with VES HCC
are much the same after ablation and HR*>***/,

These data have indicated the need to revise the Bar-
celona Criteria, with specific regard to VES HCC treat-
ment; the OS rate is similar between resection and abla-
tion (5-year survival rate, resection 64%-91%, ablation
67%-86%)"* 7,

Most authors consider ablation as the treatment of
choice for patients with single HCC nodules measuring 2
cm or less, even when no contraindications for resective
surgery exist, and obviously when the anatomical position
of the nodule allows access without exposing patients to
life-threatening complications.

The 5-year survival rate for both surgical resection
and ablation varies in relation to the presence of portal
hypertension; the survival rate is > 70% in patients with-
out portal hypertension, which reduces to 50%-60% in
cases of portal hypertension (> 10 mmHg), and in cases
of decompensated cirrhosis the survival rate is lower
than 50%.

Tremosini ¢ @/’ affirmed that the outcome offered
by resection or liver transplantation may be similar to that
offered by ablation if all tumours could be effectively
ablated. Indeed, in a solitary HCC of < 2 c¢m, ablation
should be considered as the first choice over transplant
because the risk of recurrence would not make the latter
feasible. Then resection would be considered if ablation
should fail.

As time has passed, most authors have confirmed this
concept[m, gradually abandoning the concern with micro-
invasion.

Recently, however, microinvasion has been associ-
ated with a poor prognosis, even in those patients who
underwent “ab initio” LT, compared to those who had
resection (ot other treatments)””. HCV infected patients,
as well as those with ALD, had the same poor prognosis
in cases of microinvasion.

Batreto ef al” confirmed that Sumie ¢ o/ had eatlier
recognized the impact of vascular invasion and had sug-
gested the use of the Gross classification as a basis for
predicting patients who were at an increased risk for hav-
ing microscopic vascular invasion.

The Markow model analysis demonstrated that abla-
tion leads to lower rates of complication, almost no peri-
operative death, lower non-neoplastic tissue ablation, and
becomes less expensive by decreasing treatment times,
stays in hospital, materials utilised, and the requirement
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for blood transfusions’™”

Therefore, ablation can be viewed as the most ef-
fective option for patients with VES HCC, who are not
eligible for T.T™,

Lencioni and Crocetti®™” described long-term out-
comes of HCC patients treated with R ablation; the
published results show that in subjects with ES HCC and
Child-Pugh class A disease, 5-year survival periods reach
51% to 64%, and can be as high as 76% in patients who
meet the BCLC surgical resection criteria.

One unanswered question is if RF ablation can chal-
lenge surgical resection as the first treatment of choice
in cases of early HCC (a solitary nodule of under 5 cm);
there are no definitive conclusions.

Some trials affirm that in cases of a solitary nodule
of between 2 cm and 3 cm, there is no significant dif-
ference in the OS between SR and RFA. In cases of a
solitary nodule of > 3 cm, the OS is significantly longer
in the resection group. In patients with a solitary HCC of
between 3 and 5 cm in size, the RF-TACE combination
could be considered. Moreover, local tumour progression
rates seem to be significantly less in the RF and TACE
ablation-treated group than in the RF ablation-only group
(6% vs 39%, P=0.012)",

Surveillance after ablation can be organized as follows
(even if there are not enough data to define an optimal
surveillance protocol after treatment): a multiphase,
cross-sectional image analysis 1 mo after the treatment,
then at 3-mo intervals for at least 2 years, and at 6 to
12-mo intervals thereafter.

The risk of HCC decreases after cessation of alcohol
by 6% to 10% a year; after several years the risk becomes
equal to that of the general population[%].

Many authors have considered the issue of chemopre-
vention. Prevention strategies, in cases of viral aetiology,
have been evaluated over the years (up to the proposal of
a maintenance interferon therapy). On the other hand, in
cases of alcohol-related diseases or NASH, the issue is
still under debate™. Further research on chemoprotective
agents is ongoing (ze., silybin, SAMe and curcumin, alone
or in association).

Chemoprevention should obviously be associated with
nutritional therapy and physical activity (healthy diet and
lifestyle) appropriate to the patients’ clinical conditions.

We can conclude, as suggested by Le ez al” that:
“ablation may be appropriate in selected ...... consider-
ing both medical and surgical criteria. Ablation offers a
safe and efficacious alternative with improved long-term
survival and the choice between resection and ablation
for patients with HCC should be weighed carefully in the
context of a multidisciplinary cancer team” (hepatologist,
surgeon, oncologist and so on).
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