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Abstract

Hepatocellular carcinoma (HCC) is a major cause of
cancer death worldwide, accounting for over half a mil-
lion deaths per year. The geographic pattern of HCC
incidence is parallel to exposure to viral etiologic factors.
Its incidence is increasing, ranging between 3% and
9% annually depending on the geographical location,
and variability in the incidence rates correspond closely
to the prevalence and pattern of the primary etiologic
factors. Chronic infections with hepatitis B viruses or
hepatitis C viruses have both been recognized as human
liver carcinogens with a combined attributable fraction
of at least 75% of all HCC cases. Multiple non-viral fac-
tors have been implicated in the development of HCC.
Increased body mass index and diabetes with subse-
quent development of non-alcoholic steatohepatitis rep-
resent significant risk factors for HCC. Other non-viral
causes of HCC include iron overload syndromes, alcohol
use, tobacco, oral contraceptive, aflatoxin, pesticides
exposure and betel quid chewing, a prevalent habit in
the developing world. Wilson disease, o-: antitrypsin de-
ficiency, Porphyrias, autoimmune hepatitis, Schistosoma
Japonicum associated with positive hepatitis B surface
antigen, and thorotrast-ray are also contributing hepa-
tocellualar carcinoma. In addition, primary biliary cirrho-
sis, congestive liver disease and family history of liver
cancer increase the risk of HCC incident. In conclusion,
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clarification of relevant non-viral causes of HCC will help
to focus clinicians on those risk factors that are modifi-
able. The multilevel preventative approach will hopefully
lead to a reduction in incidence of non-viral HCC, and a
decrease in the patient morbidity and mortality as well
as the societal economic burden associated with HCC.

© 2013 Baishideng. All rights reserved.
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Core tip: Hepatocellular carcinoma (HCC) is one of the
most common and deadly cancers worldwide, there
are multiple non-viral factors have been implicated in
the development of HCC, hemochromatosis, obesity,
diabetes, alcohol and tobacco have consistently been
shown to dramatically increase the rate of HCC. Oral
contraceptive, aflatoxin, pesticides exposure and betel
quid chewing also increase HCC risk, in addition, Wil-
son disease, a-1 antitrypsin deficiency, porphyries, au-
toimmune hepatitis, Schistosoma japonicum infection
associated with positive hepatitis B surface antigen,
and thorotrast-ray are contributing in the prevalence
of the disease. Moreover, primary biliary cirrhosis, con-
gestive liver disease and family history of liver cancer
play a significant role of disease progression.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represents an internation-
al public health concern as one of the most common and
deadly cancers worldwide". Tt is the fifth most common
cancers” and the third cancer-related death worldwide". It
is rarely to be detected early and usually fatal within a few
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months of diagnosism. HCC is represented by 85%-90%
of primary liver cancers'" accounting for 3.5% and 7.5%
of all cancers among women and men, respectively” and
accounts for half a million deaths per year,

Although this disease typically affects elderly males,
in recent years there has been a shift towards relatively
younger age groupsm. In patients who are not transplant
candidates, HCC is particularly lethal, with a 5-year sur-
vival of less than 5%". HCC has a high incidence rate in
sub-Saharan Africa and Southeast Asia, but a low inci-
dence rate in the United States and Europem. In Middle
Eastern countries, liver cancer is a major concern among
men, especially in certain countries such as Egypt and
Saudi Arabia, and to a lesser extent in other countries of
this regionm. In Egypt, several attempts were made to
establish cancer registriesﬂo]. Among these attempts in
1998, the Egyptian Ministry of Health and Population in
collaboration with the National Cancer Institute of Cairo
University established a population-based Cancer Regis-
try (NCR).

The NCR data confirmed the high incidence of HCC
in Egypt and the change in the trends during the last de-
cade. HCC was reported to account for about 4.7% of
chronic liver disease patients[m. It formed 11.75% of the
malignancies of all digestive organs and 1.68% of total
malignancies. Liver tumors were mostly HCC (70.48%),
while hepatoblastoma constituted 10.24%, non-Hodgkin’s
lymphoma 4.21% of hepatic malignancies and adenocar-
cinoma unspecified 9.03%!"".

VIRAL FACTORS CONTRIBUTING TO HCC

HCC has been increasing in worldwide with a doubling
in the incidence rate in the past 10 years due to several

biological and environmental factors"”. A significant
proportion of this increase is accounted by the growing
prevalence of hepatitis C and B viruses (HCV and HBV)
infection™"?.

NON-VIRAL FACTORS CONTRIBUTING
TO HCC

Other potential causes of HCC are garnering close at-
tention. Increased body mass index and diabetes with
subsequent development of non-alcoholic steatohepatitis
(NASH) represent significant risk factors for HCC"™ ",
This is especially concerning in light of the growing
epidemic of obesity in adults and children over the past
25 years'' ', Other no viral causes of HCC include iron
overload syndromes, alcohol use, tobacco, oral contra-

ceptive, aflatoxin, pesticides exposure and betel quid
chewing, a prevalent habit in the developing world""",
Wilson disease, o-1 antitrypsin deficiency, Porphyries, au-
toimmune hepatitis, Schist soma _jabonium, and thorotrast-
ray are also contributing hepatocellualar carcinoma!”’ .,
Primary biliary cirrhosis, congestive liver disease and
family history of liver cancer increase the risk of HCC

incident”. These factors are cleatly illustrated in Table 1.
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Table 1 Non-viral factors associated with hepatocellular

carcinoma

Non-viral factors contributing hepatocellular carcinoma Ref.
Hereditary hemochromatosis Powell et al™
Non-alcoholic fatty liver disease Caldwell et al™
Obesity Wolk et al™
Diabetes El-Serag et al™
Diet Polesel et al*"
N-nitroso compounds Sauvaget et al'”"
Alcohol Donato et al™
Smoking Marrero et al™
Oral contraceptives Rosenberg'®!
Betel quid Tsai et al™
Aflatoxin Qian et al™
Coffee La Vecchia et al™
Schistosomiasis Ezzat et al'™”
Pesticides Anwar et al”
Thorotrast Bull e al®
Alpha-1 antitrypsin deficiency Van Thiel et al™
Autoimmune hepatitis Wong et al™
Porphyrias Mogl et al™
Wilson disease Reyes™
Primary biliary cirrhosis Liang et al™
Congestive liver disease Muguti et al"*

Family history of liver cancer Turati et al"™

Emerging evidence suggests that the etiology of
many cases of HCC is in fact multifactorial, including
both viral infections and non-viral environmental and di-
etary exposures'

Hereditary hemochromatosis (iron overload syndromes)
Hereditary hemochromatosis, a condition characterized
by excess iron absorption, is caused by mutations in the
HFE gene and/or other mutations in the iron metabo-
lism machinery. This condition represents one of the
most common autosomal recessive genetic disorders,
affecting as many as 1 in 200 people of Northern Euro-
pean descent™. The HFE gene is required for efficient
in vivo iron metabolism and two mutations within the
HFE gene product, C282Y and H63D, have been well
described in patients with hereditary hemochromatosis™.
The C282Y mutation, which results in a base pair sub-
stitution in which tyrosine is substituted for cysteine at
amino acid 282, is found in the homozygous state in up
to 83% of patients with hereditary hemochromatosis®™.
The H63D mutation, characterized by substitution
of histidine with aspartic acid at codon 63, is present in a
minority of cases of hereditary hemochromatosis either
in a homozygous state or with one copy of the C282Y
mutation, a state referred to as a compound heterozy-
gote™. The clinical significance of this latter mutation
within the HFE gene, however, continues to be contro-
versial. The altered iron metabolism seen in hereditary
hemochromatosis leads to excess iron storage in the liver
and the subsequent development of liver dysfunction.
Although other organs systems are also susceptible to
iron overload, the liver bears the majority of malignant
disease, with those patients with hereditary hemochroma-
tosis being 20 times more likely to develop liver cancer
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than all other cancers combined””. Several population-
based and case-control studies have shown that the diag-
nosis of hereditary hemochromatosis confers a consis-
tent and markedly elevated risk for the development of
HCCR2

In addition, the relationship between hereditary he-
mochromatosis and HCC is modified by diabetes, sex
and genetics. Subjects with liver cancer and concomitant
diabetes mellitus were 82 times more likely to have a
diagnosis of hemochromatosis””. Furthermore, a popu-
lation-based study from Scandinavia found that men with
hemochromatosis had a 29-fold increase in risk of liver
cancer, whereas women with hemochromatosis had a
sevenfold increase in risk"”.

In fact, those patients with excess total body iron
secondary to other etiologies have been shown to have a
higher risk of HCC in the absence of genetic hemochro-
matosis”™. Studies have suggested that conditions such
as B thalassemia or iron overload in people of African
descent might be associated with an increased risk of
HCC™!. Mandishona ez a/*” found that African iron
loaded subjects had a 10-fold inctrease in the risk of de-
veloping HCC after adjusting for viral hepatitis, alcohol
use and environmental exposures, such as aflatoxin. Re-
gardless of etiology, iron overload is not a benign condi-
tion and when recognized, surveillance for HCC should
be undertaken™”.

Non-alcoholic fatty liver disease

Several case reports and subsequent observational studies
have proposed that non-alcoholic fatty liver disease (NA-
LFD), and more specifically, NASH, confers an elevated
risk of developing HCC". NAFLD is a spectrum of
clinical disease that ranges from benign or bland steato-
sis to NASH. The latter stage of this disease, through a
process of chronic inflammation and subsequent hepatic
fibrosis, can lead to cirthosis" . The presence of cirrhosis
itself is an independent risk factor for the development
of HCC™.

To characterize the natural history of NAFLD, 420
patients identified in Olmstead County, United States
with liver disorder were followed for an average of 7
years to determine overall mortality. In this population
based study, NAFLD was associated with a 34% increase
in mortality and a significant increase in the risk of HCC,
with two cases or 0.5% being diagnosed over the pe-
riod of follow—upm]. NASH-related cirrhosis, however,
the rate of HCC approached 10%™. In another study
in Japan, among 82 NASH patients treated from 1990
through 2001, six patients with HCC were identified over
11 years of follow—up[34]. All six patients developed HCC
in the setting of NASH-related cirrhosis®. These data
highlight an association between NASH cirrhosis and an
increase in the incidence of HCC over that of the gen-
eral population. Therefore, regular HCC surveillance is
imperative in patients with NASH cirrhosis.

In advanced fibrosis, an absence of steatosis may be
appreciated, a finding which can obscure identification of
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the underlying etiology of liver injury in these patients,
in this case, patients might be classified as having cryp-
togenic cirrhosis (cirrhosis due to unidentified causes).
In a United States study that examined 105 consecutive
patients with HCC, after HCV, cryptogenic cirrhosis was
the most common etiology of liver injury™. Further-
more, only 23% of patients with cryptogenic cirrhosis
were undergoing surveillance for HCC in comparison to
61% of subjects who had a history of HCV-related liver
diseasc™. These observations emphasize the importance
of HCC surveillance in this group of patients and the
failure thus far to appropriately screen for HCC in this
disease processm].

Obesity

The prevalence of obesity has increased to epidemic pro-
portions over the last three decades. Excess body mass is
classified as overweight if the body mass index (BMI) is
> 25 kg/m2 and < 30 kg/mz, or obese if the BMI is =
30 kg/ m”. In addition to the increase in an array of dis-
ease processes observed with being overweight or obese,
both classifications of excess body mass are associated
with a higher risk of developing all cancers, including
liver cancer”

In one population-based study from Sweden, 28 cases
of HCC were diagnosed in 28129 patients from 1965 to
1993, thus conferring an almost threefold higher risk of
HCC in obese patientsm. A recent European case-con-
trol study observed a significantly increased risk of HCC
among obese or diabetic patients without viral hepatitis.
This risk of HCC was even greater if both obesity and
diabetes were present in co morbid conditions™”

A Danish study further confirmed these results, find-
ing a twofold increase in liver cancer incidence in obese
subjects compared to non-obese subjectspg]. Generally, it
was concluded that patients who were overweight had a
17% increase in risk of developing HCC, whereas obese
patients had an 89% increase in risk™. Based on the
prevalence of HCC, it was estimated that 28% of HCC
cases in men and 27% in women were due to being over-
weight or obese™.

In addition to an increased risk of developing HCC,
overweight or obese patients appear to be at increased
risk for HCC-related mortality. In a population-based
study of cancer mortality and BMI, men with a BMI
of 30-34.9 were found to have a twofold increase in the
risk of death from HCC, with a 4.5-fold increase noted
in men with BMI > 35", Lastly, viz the pathway of the
metabolic syndrome with resultant NASH cirrhosis,
obese patients have been found to be at an increased risk
for HCC occurrence.

Many lines of evidence point to the role of cirrhosis
as a mediator in these patients. Patients presenting with
cryptogenic cirrhosis were found to have a significantly
higher prevalence of obesity than patients with cirrhosis
from non-alcoholic hepatitis C or autoimmune liver dis-
ease, but a similar prevalence of obesity when compared
to patients with documented NASH™. These data are
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supported by a case-control study in which 49 patients
with cryptogenic cirrhosis were compared to 98 matched
controls with an established cause of cirrhosis. In that
study, obesity was significantly more prevalent in the
cryptogenic cirrhosis patientsw.

Therefore, being overweight and obesity, secondary to
cryptogenic cirrhosis, or more likely undiagnosed NASH
cirrhosis, can increase the risk of developing HCC.
Clearly, these data suggest that screening is important for
diagnosis of asymptomatic HCC and highlight the need

for surveillance in this population.

Diabetes

Diabetes has been found to increase the risk of develop-
ing chronic liver disease and HCC". The mechanisms
are yet to be elucidated but insulin resistance with sec-
ondary hyperinsulinemia is the most supported hypoth-
esis since it may have a mitogenic effect by activating
insulin-like growth factor-1 receptorm]. Studies that have
compared patients with cryptogenic cirrhosis to patients
with a known etiology of their cirthosis have shown a
significantly higher prevalence of diabetes among the lat-
ter groupm’m. As noted with the overweight and obese, a
similar prevalence of diabetes has been observed among
patients with cryptogenic and NASH cirthosis™™”.

In a recent systematic review of 13 case control stud-
ies, 11 supported an association between diabetes and
the development of HceP. Among the 13 case-control
studies, subjects with diabetes were found to have a two-
fold increase in the risk of HCC, an association that was
further strengthened by excluding studies with significant
heterogeneitym].

The presence of diabetes remained an independent
risk factor for HCC after adjustment for alcohol use or
viral hepatitism]. However, as dictated by the limitations
of the studies available in the literature, further well-
defined studies are required to account for dietary factors
and obesity""”.

Diet

Several studies have examined whether alterations in diet
have an effect on the risk of HCC. A trial from Italy has
examined a broad range of dietary habits among 185 pa-
tients with HCC and 412 patients without cancer™. HCC
were more likely to consume a large amount of calories,
were five times more likely to be former drinkers, and
were 30 times more likely to be infected with either HCV
or HBV.

Among dietary compounds, consumption of iron and
thiamine were associated with a significant threefold and
twofold increase in risk of HCC, respectively. An associa-
tion between intakes of iron was also evaluated according
to the presence or absence of viral hepatitisl44j. When
compared to appropriate controls, consumption of iron
among patients without viral hepatitis was associated with
a significantly increased risk of HCC™. This increase in
risk was not conferred to those with HCV or HBV, Con-
versely, 3-carotene and linoleic acid consumption was as-
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sociated with a reduced risk of HCC™.

In a similar study, those subjects with consumption in
the highest quartile for yogurt and milk, white meat and
eggs had a significantly lower likelihood of developing
HCC™. This effect was observed in patients with and
without viral hepatitisw. Other studies from Japan and
Europe have found those who consume a large amount
of green vegetables have a significantly lower likelihood
of developing HCCH, Sauvaget e al'" added that eat-
ing green vegetables daily had a protective effect against
the development of HCC, as compared with consump-
tion fewer times per week.

In summary, there is evidence to suggest that con-
sumption of yogurt and milk as well as vitamin supple-
ments offers a protective effect against HCC. The enthu-
siasm for these findings however should be tempered by
the fact that the majority of these studies were retrospec-

.. [18]
tive 1n nature

Food containing N-nitroso compounds

Nitrites are found in smoked and cured fish, cheeses,
bacon, hotdogs and other cured meats™. Nitrites are
mainly manufactured as a food preservative. Both nitrates
and nitrites are used extensively to enhance the color
and extend the shelf life of processed meats. Nitrate is a
normal component of the human diet, with the average
daily intake from all sources estimated at 75 milligrams.
Upon ingestion, about 5% of the nitrate taken in by
healthy adults is converted (reduced) to nitrite by bacteria
in saliva; further nitrate is converted by bacteria inside the
alimentary tract”.

Certain conditions in the stomach can increase the
conversion of nitrate to nitrite, specifically when the pH
of the gastric fluid is high enough (above 5) to favor
the growth of nitrate-reducing bacteria. This process
is of major concern for infants, whose gastrointestinal
systems normally have a higher pH than those of adults.
Nitrites in the stomach can react with food proteins to
form N-nitroso compounds; these compounds can also
be produced when meat containing nitrites or nitrates is
cooked, particularly using high heat™

Animals with low or long-term exposure to N-nitroso
compounds in food or drinking water recorded liver

[50]
cancer

. However, all animals exposed to N-nitroso
compounds suffered internal bleeding, usually followed
by death”'! It is not yet known if these compounds will
cause similar effects in humans. However, there is a high
probability that breathing or touching N-nitroso com-

. . 51
pounds causes liver disease and cancer™".

Alcohol

The mechanism by which alcohol consumption increases
the risk of HCC is primarily through the development of
cirrhosis. It has been suggested that heavy alcohol con-
sumption of > 80 g/d ethanol for at least 5 years increas-
es the tisk of HCC by neatly 5-fold™. The risk appears
to be proportional to the amount of alcohol consumed.
In addition to a daily dose response, persistent alcohol
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consumption appears to have a long-term effect on the
risk of HCC occurrence. A prospective case-control study
from Japan has observed that heavy alcohol drinkers, de-
fined as > 600 L of alcohol during a lifetime, had a five-
fold increase in the risk of HCC in comparison to non-
drinkers or those who consumed < 600 L of alcohol””.
However, the risk of HCC among those who consume
low or moderate levels of alcohol remains unknown!".

An association between genetic polymorphisms of
the enzymes participating in the metabolic pathway of
ethanol and the increased risk of HCC in heavy alco-
hol drinkers has been also proposed as a mechanism by
which HCC develops. The frequency of aldehyde dehy-
drogenase 2 (ALDH?2) genotype polymorphisms is sig-
nificantly associated with increased risk of HCC in heavy
alcohol drinkers™.

Glutathione S-transferases (GST) are a super family
of detoxifying enzymes involved in the neutralization of
endogenous by-products of oxidative stress and exog-
enous chemicals of proven carcinogenicity. A study from
Italy has observed that, among subjects who consumed
> 100 g/d of ethanol and were bearers of the GST M1
(GSTMT) null genotype (i.e., partial deletion of the cod-
ing sequence causes the total absence of enzymatic func-
tion) had twice the risk of HCC compared with bearers
of the GSTM7 non-null genotypem].

Smoking
Several studies have evaluated the association between
smoking and development of primary liver cancer. An ef-
fect of tobacco in the development of HCC is biological-
ly plausible, due to the carcinogenic potential of several
of the ingredients in tobacco that are metabolized in the
liver™. A prospective cohort study including 4050 men
aged = 40 years who were followed-up for an average
length of 9 years observed that those who smoked had
a threefold increased risk of primary liver cancer when
compared to never smokers™”. Additionally, a study from
Korea has found a 50% increase in the risk of primary
liver cancer for current male smokers compared to never
smokers””. In contrast however, a recent population-
based case-control study from the United States did not
observe a significantly increased risk of primary liver
cancer among current male smokers™. Male ex-smokers,
however, had a significant increase in risk of primary liver
cancer, which suggests that there is perhaps a dose or du-
ration response underlying this association™”, Although
the amount of smoking did not alter the risk of HCC, the
duration of smoking significantly increased the risk of
HCC for subjects who had smoked for > 20 years when
compared to those who had smoked for < 10 years'.
The association between tobacco and liver cancer
and its reliance on host factors such as genetics, sex, and
an underlying history of viral hepatitis has also been ex-
plored. With respect to the role of genetics, a small study
from Japan has evaluated 78 patients with HCC and
genetic polymorphisms of tobacco and alcohol-related
metabolizing enzymes and 138 hospital controls without

(49

TR
JBaishideng®

WJH | www.wjgnet.com

315

Hamed MA et a/. Hepatocellular carcinoma

cancer. They have demonstrated that cigarette smokers
did not have a significantly increased risk of HCC when
compared with non-smokers”. To analyze the effect of
sex, a prospective cohort study that included 83885 pa-
tients followed up for 8 years observed a positive associa-
tion between smoking and HCC in women who smoked
> 10 cigarettes per day™. However, no significant in-
crease in the risk of HCC was demonstrated among male
smokers””.

In addition to an increase in the risk of developing
HCQC, it is also suggested in the literature that smok-
ing increases the risk of death in HCC. In the Korean
Cancer Prevention cohort study, men who were cutrtent
smokers had an increased risk of death from HCC™.
Women who were cutrent smokers did not have the same
elevation in risk of HCC-related death as that observed

P Marrero et al™ showed a synergistic interac-

in men
tion between heavy alcohol consumption, heavy tobacco
smoking and obesity on the risk of HCC. However, the
biological mechanism for the synergy between tobacco,
alcohol and obesity is unknown.

Lastly, to determine the effect of viral hepatitis on the
association between HCC and tobacco, a prospective study
of 12008 men observed that smoking significantly in-
creased the risk of HCC only in anti-HCV-positive patients
but not in those who were anti-HCV-negative when com-
pared to anti-HCV-negative nonsmoking individuals®".

Oral contraceptives

Prior to the widespread use of oral contraceptives (OCs),
benign liver tumors in young women were rarely ob-
served"”. In current literatures, therapy with oral contra-
ceptives appears to be associated with the development
of benign liver tumors such as hepatic hemangioma,
hepatocellular adenoma or focal nodular hyperplasia[éz]
Although not well researched, it has been proposed that
OCs might also be associated with malignant liver tumors
including HCC',

Rarely, malignant transformation can occur within
the context of hepatic adenomas. It is unclear, however,
whether the use of OCs influences the likelihood of
developing adenoma and that these benign tumors trans-
form into tumor™. Within the literature, there have been
14 cases of hepatic adenoma with focal malignant trans-
formation to HCC in women taking OCs"**. The mean
age of these patients at the time of diagnosis of malig-
nant transformation was 36 years (range: 23-57 years)
and the mean duration of OCs use was 11 years (range:
1 mo-20 years)™™. The frequency of HCC among hepatic
adenomas appears to vary from 5% to 18%“"*,

To evaluate further the risk of HCC in the setting of
OCs use, several observational studies have been con-
ducted. A recent meta-analysis of 12 case-control studies,
including 739 cases and 5223 controls, which evaluated
the risk of HCC among women using OCs indicated that
there was no increase in risk of HCC with short-term
use; defined as < 5 years of exposurem.

An adjusted analysis, which accounted for variables
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Figure 1 These ingredients have been shown to have genotoxic, mutagenic and tumorigenic properties. A, B: Nuts and leaves of Piper betle; C, D: Different
forms of betel quid chew; E, F: Side effects of betel quid chewing. (A: medicalinspection.net; B: iamshaman.com; C: wholesaleshamanicherbs.com; D: gethealthyc-

larkcounty.org; E: vietnamgrouptour.com; F: medianlinspection.net.)

such as age, race and parity, did not yield significant find-
ings'”. On the contrary, another study has observed a
significantly increased risk of HCC among women tak-
ing OCs for > 5 years; an increase in risk of 2-20 fold®”.
However, given the variable periods of duration used in
the study, a pooled estimate of risk could not be gener-
ated™. Based on these results, further studies are required
to evaluate the association between OCs and the risk of
HCC and how such risk is modified by duration of OCs
use. Additionally, it should be noted that an association
between new-generation OCs with lower doses of hot-
mones and the risk of HCC has not yet been explored"®.

Betel quid

Betel quid is one of the most addictive substances used in
Asia and among migrated communities in Africa, Europe
and North America. The chewing of betel quid is woven
into the cultural fabric of up to 20% of the world popu-
lation. Betel quid consists of the nut of the Areca catechu
palm (areca nut), betel leaf or fruit from Pjper betle and
red slaked paste!””. These ingredients have been shown to

have genotoxic, mutagenic and tumorigenic properties'”

(Figure 1).

A case-control study from Taiwan has shown that be-
tel quid chewing was an independent risk factor for liver
cirrhosis'™. Contrary, a prospective case-control study
from Asia has observed a significant association between
betel quid chewing and the incidence of HCC. This study
included 263 pairs of age- and sex-matched patients with
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HCC and healthy controls and observed that betel quid
chewing was a dependent risk factor for HCC, with a
threefold risk noted. The aggregate risk increased with
increasing duration and/or quantity of consumption”.
These data wete further supported by a study from Tai-
wan, including 420 age- and sex-matched patients with
HCC and liver cirrhosis, liver cirthosis only and healthy
controls. In this study, a neatly six fold and neatly two-
fold increased risk of HCC was observed in patients with
HCC compared with healthy controls and patients with
liver cirrhosis, respectively!™”,

Aflatoxin
Aflatoxin B1 (AFB1) is the major metabolite of the molds
Aspergillus fumigatns and Aspergillus parasiticns. These molds
grow on a variety of food products that are stored in
warm and damp conditions or are cultivated in countries
with hot and humid climates'?. AFB1 induces a single
nucleotide substitution in codon 249 in the p53 tumor
suppressor gene, which results in the change of the amino
acid arginine to serine!”! which is indigenous to geograph-
ic regions with high exposure to AFB1™. On the other
hand, this mutation is absent in patients with HCC from
regions with low exposure to AFB1™. Moreover, it has
been recently demonstrated that AFB1-albumin adducts
in patients with HCC correlate significantly with the pres-
ence of plasma DNA hypermethylation and mutations in
the p76 and p53 tumor suppressor genes'”.

Several studies have evaluated an association between
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the risk of HCC and exposure to AFB1. A prospective
case-control study from China which included 18244
middle-aged men showed that individuals with the pres-
ence of urinary aflatoxin biomarkers had a significantly
increased risk of HCC after adjusting for HBV surface
antigen seropositivity and cigarette smokingm. These
data were further supported by a community-based co-
hort study from Taiwan which found that elevated AFB1
exposure measured by detectable AFB1-albumin adducts
was an independent risk factor for HCC after adjustment
for important confounders.

In Egypt, Dilber ez al™ detected a significant higher
percent of aflatoxins in the serum of Egyptian patients
with HCC compared to their controls; with a twofold
increased risk. Hifnawy ez al™ revealed the prevalence of
AFB1 contamination in corn, wheat, peanut, lupine, white
rice, cowpea, fava bean and brown rice by 64.7%, 53%,
53%, 47%, 47%, 41%, 29.4% and 29.4%, respectively.

It should be stressed that areas with high exposure to
AFBI1 are also characterized by a high prevalence of HBV
infection. AFB1 is independent of the risk conferred by
HBYV; however concomitant exposure to both HBV and
AFB1 markedly increases the risk of HCC. The risk of
HCC was 60 times higher in patients with HBV infection
and a concomitant elevation of urinary AFB1 markers™.
Patients with HBV infection and normal urinary AFB1
markers had sevenfold increase in risk of HCC when
compared to those without HBV infection™".

Coffee

In addition to its reported association with reductions in
bladder cancer and colorectal cancer, coffee consumption
has also been extensively studied and appears to have a
potentially favorable effect on the prevention of liver
diseases, including HCC™. There are several hypotheses
that could explain why consuming coffee attenuates the
risk of developing HCC. One hypothesis argues that cof-
fee intake lowers serum levels of y-glutamyl transferase,
which is associated with a lower incidence of HCC™*,
Coffee consumption has also been linked to a lower in-
cidence of cirrhosis, which is a major risk factor for the
development of HCC™.

An analysis of two large prospective studies of 70000
participants in Japan has shown that those who drank
one or more cups of coffee daily had a significantly lower
tisk of developing HCC™., A case-control study of 2746
people has found that those who drank three or more
cups of coffee were 40% less likely to develop HCC™,

In summary, those who drank any coffee compared to
non-drinkers had a significantly lower risk of HCC. The
greater the coffee consumption, the greater the attenua-
tion in HCC risk. Low coffee consumption was associ-
ated with a 30% reduction in risk and high consumption
with a 55% reduction in HCC risk™.

Although these results are impressive and consistent,
one must consider that the findings of an inverse rela-
tionship between coffee consumption and the risk of
HCC might be influenced by bias. Coffee metabolism is
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impaired in cirrhotic livers as compared to the normal
liver. This altered metabolism generates an increase in
the untoward side effects of the beverage. Therefore, the
presence of liver disease might lead affected patients to
consume less coffee. This could result in a falsely negative
association. Therefore, the potential bias of this associa-
tion in the liver disease patient cannot be discounted"”.

Schistosomiasis

Schistosomiasis, caused by infestation with trematode
blood flukes, is endemic in tropical areas of Africa, South
America, Asia and the Caribbean. Three species of schis-
tosomes, Schistosoma mansoni, Schistosoma japonicum, Schisto-
soma mekongi preferentially infect the liver, however, only S.
Japonicum has been classified as possibly carcinogenic in hu-
mans®”. A recent study has supported the role of . japoni-
cum infection in HCC as a cofactor with HBV and HCV

. . . . 87
infections rather than as a primary hepatocarcinogen®’.

Pesticides

Occupational exposure to pesticides may have a con-
tributory role in the etiology or progression of Hcc",
According to McGlynn ez al®™ no statistically significant
associations between HCC and household application of
pesticides were observed for urban males or for females.
As expected, the strongest risk factors for HCC were
HCV and current HBV infection. This study therefore
suggested that exposures to organophophorus and carba-
mate pesticides are additive risk factors to current HCV
and HBV infection among rural males. Future investiga-
tion should address the possible hepatocarcinogenicity of
pesticides using biomarkers of exposure and other tech-

. . - . 10]
niques to better estimate dose-response relauonshlpsI !

Thorotrast

Persons exposed to Thorotrast, an X-ray contrast me-
dium (thorium dioxide) have found a 120-fold increased
risk of primary liver cancer, largely due to risks of angio-
sarcoma and intrahepatic (:holangiocarcinomalg()J

Alpha-1 antitrypsin deficiency

It is an autosomal recessive disorder resulting in the ex-
pression of a defective alpha-1 antitrypsin protein as a
consequence of the presence of an abnormal allele. Liver
disease in alpha-1-antitrypsin deficiency is caused by a
gain-of-toxic function mechanism engendered by the ac-
cumulation of a mutant glycoprotein in the endoplasmic
reticulum®™. HCC is common in children with alpha-1
antitrypsin deficiency and cirrhosis as well as in adults
who are 50-60 years of age. In the adult cases of alpha-1
antitrypsin with cirrhosis, HCC is reported to occur in
31%-67% of cases"”. The hepatic endoplasmic reticulum
and mitochondtion in individuals with alpha-1 antitrypsin
deficiency demonstrate morphologic and biochemical
abnormalities. As a result, the sum of the many different
cellular injuries associated with oxidative stress especially
with mitochondrial injury is thought to be the driving
force for HCC development in cases of alpha-1 antitryp-
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sin deficiency".

Autoimmune hepatitis

Autoimmune hepatitis (AIH) is a disease of unknown
etiologym. It is an inflammation of the liver that occurs
when immune cells mistake the liver’s normal cells for
harmful invaders and attack them. It is an anomalous
presentation of human leukocyte antigen class II on the
surface of hepatocytes, possibly due to genetic predispo-
sition or acute liver infection that causes a cell-mediated
immune response against the body’s own liver. Research-
ers think a genetic factor may make some people more
susceptible to autoimmune diseases. About 70 percent of
those with autoimmune hepatitis are female. The disease
is usually quite serious and, if not treated, gets worse over
time. Autoimmune hepatitis is typically chronic, mean-
ing it can last for years, and can lead to cirrhosis the liver.
Eventually, liver failure can result™.

The risk of HCC among patients with AIH is be-
lieved to be low compared with other chronic liver
diseases. The risk of HCC among AIH patients with cit-
rhosis is 1.9% per year. This is comparable to HCC risk
among patients with cirrhosis secondary to HBV, HCV,
hemochromatosis, or alcohol-related liver disease!”.
Meza-Junco et al”" added that HCC occur in 7% of pa-
tients with AIH and cirrhosis of at least 5 year durations,
with an incident of 1 per 350 patients-years. When this
study excluded HCV infection, they found that one case
of HCC with 212 patients with HIA (0.5%) in absence
of viral infection.

Porphyries

Hepatic porphyries are a group of inherited diseases
caused by partial enzyme defects in haem biosynthesis.
They manifest with either neurological complications
“acute”) or skin problems (“cutaneous”), or occasion-
ally both. The term derives from the Greek, porphyira,
meaning “purple pigment”. The name is likely to have
been a reference to the purple discolouration of feces
and urine in patients during an attack”™. The commonest
types are acute intermittent porphyria (AIP) and variegate
porphyria. Clinically these porphyrias are characterized
by occasional acute attacks consisting of abdominal pain
and various neuropsychiatric symptoms. The prognosis
of patients with acute hepatic porphyria has improved
greatly during recent decades™.

An association between HCC and AIP was first sug-
gested by Mogl e7 al” in Sweden. Kauppinen ez al™ te-
corded that in acute hepatic porphyria, the calculated risk
of hepatocellular carcinoma is increased 61-fold. In ad-
dition, a significant iron overload, as found in hereditary
hemochromatosis, is a risk factor for HCC and may also
promote the symptoms of porphyria cutanea tarda.

Wilson disease

Wilson disease (WD), an inborn copper metabolism
defect, is traditionally diagnosed on the basis of clinical
features, positive family history, biochemical parameters,
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the presence of Kayser-Fleischer rings on slit lamp eye
examination, and neurologic abnormalities””.
Carcinogenesis in WD is thought to be the result of
accumulated copper in the liver and underlying cirrho-
sis™, Although copper deposition in the liver is actually a
risk factor for the development of HCC, some research-
ers have observed that decreased copper in patients fol-
lowing D-penicillamine and other chelator treatments
may enhance the risk of developing HCC™. Guan ef al”
reported the occurrence of HCC in a young woman with
Wilson’s disease who had never been took oral contracep-
tives or exposed to hepatitis B virus. Therefore, all newly
researches indicated that WD is a risk factor for HCC™.

Primary biliary cirrhosis

Several studies have indicated that primary biliary cirrho-
sis (PBC) may be associated with increased risk of some
cancers and HCC"". PBC primarily affects females and
is rarely complicated by HCC. Although HCC incidence
in PBC patients is low, several characteristics and risk fac-
tors associated with its development have been reported.
Males are at risk of developing HCC at any histological
stage of PBC. Therefore, male PBC patients in particu-
lar should be carefully screened for HCC from the eatly
stages of pPBC™"

Congestive liver disease

Muguti ez al"™ found that among 17 patients with he-
patic focal nodular hyperplasia (FNH), FNH was found
in association with hepatocellular carcinoma in three,
one of whom also had peliosis and an hepatic adenoma.
FNH was also found in association with other condi-
tions which may affect hepatic function, structure or
circulation, including chronic obstructive airways disease,
congestive cardiomyopathy, chronic active hepatitis,
granulomatous hepatitis, coeliac artery stenosis and
metastatic malignant melanoma. This observation draws
attention to a possible link between FNH, hepatic ma-
lignancy and conditions which may disturb the hepatic
circulation. Therefore, patients with FNH should be
investigated thoroughly and an aggressive management

policy should be adopted.

Family history of liver cancer

In a study conducted in the United States, individuals
with a first-degree family history of liver cancer (liver
cancer in a parent, sibling, or child) were roughly four
times more likely to develop liver cancer than individuals
without such a family history. This increased risk was ob-
served even in the subset of people without viral hepati-
tis™"", This study suggests that either genetic factors or
shared environmental factors influence the risk of liver
cancet.

CONCLUSION

Multiple non-viral factors have been implicated in the de-
velopment of HCC. Hemochromatosis and iron overload
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syndromes have consistently been shown to dramatically
increase the rate of HCC. Additionally, factors such as
obesity and diabetes, which operate »ia NASH cirrhosis
or perhaps independently, have also been demonstrated
to increase the risk of HCC. With respect to other expo-
sures, although alcohol and tobacco clearly increase the
risk of HCC development and mortality, other exposures
such as coffee and high levels of vegetable consumption
may be protective against this condition.

Further studies are urgently needed to determine the
pathogenesis that underlies the occurrence of HCC in
the setting of these exposures, as well as the way in which
such risk is modified by environmental and host charac-
teristics such as genetics.

Clarification of relevant non-viral causes of HCC
will help to focus clinicians on those risk factors that are
modifiable. With more information, future surveillance
efforts will be more appropriately targeted toward popu-
lations at greatest risk.

This multilevel preventative approach will hopefully
lead to a reduction in incidence of non-viral HCC, and a
decrease in the patient morbidity and mortality as well as
the societal economic burden associated with HCC.
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