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ABSTRACT

Because of its frequency and grave prognosis, preventing hepatocellular carcinoma is an urgent priority.
Prevention should be possible because environmental carcinogens-chronic hepatitis B and C virus infectio-
ns, dietary exposure to aflatoxins, and iron overload-cause the great majority of these tumors. Chronic he-
patitis B virus infection accounts for 55% of global hepatocellular carcinomas and 80% of those in the
high-incidence Asia Pacific and sub-Saharan African regions. In these regions the infection that becomes
chronic is predominantly acquired very early in life. A safe and effective vaccine against this virus is availa-
ble and its universal inclusion in the immunization of infants has already resulted in a marked reduction
of chronic infection and a 70% decrease in the occurrence of hepatocellular carcinoma in those immunized.
Chronic hepatitis C virus infection is the major cause of hepatocellular carcinoma in industrialized coun-
tries. The infection is mainly acquired in adulthood and, until a vaccine becomes available, prevention will
consist mainly of identifying, counselling, and treating chronically infected individuals, preventing spread
of the virus by the use of safe injection practices (particularly in intravenous drug abusers), and screening
all donated blood for the presence of the virus. 4.5 billion of the world’s population are exposed to dieta-
ry aflatoxins. Prevention involves treating susceptible crops to prevent fungal contamination, and handling
the foodstuffs in such a way as to prevent contamination during storage. Iron overload in hereditary hemo-
chromatosis can be prevented by repeated venesection and in African dietary iron overload by fermenting
the home-brewed beer in iron-free containers.
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THE NEED TO PREVENT
HEPATOCELLULAR CARCINOMA

Among the reasons for the belief that HCC is one
of the major cancers in the world today are two that
are particularly germane when considering the need
to prevent the tumor. The first is the high incidence
of HCC and the second its extremely poor prognosis.

HCC is the sixth most common global cancer,!2
with approximately 630,000 new cases occurring
each year, accounting for about 5.7% of all new hu-
man cancers.? Its incidence differs considerably in
different geographical regions, with more than 80%
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of cases occurring in resource-poor countries in the
Asia-Pacific region and sub-Saharan Africa.l® In
addition, the incidence of the tumor is increasing
in a number of countries in which it previously had
a low or an intermediate occurrence rate. HCC
ranks third in annual global cancer mortality rates,
and has the shortest survival times of any cancer in
both males and females.!** The prognosis is especia-
lly grave in Chinese and Black African patients, in
whom the annual fatality ratio is 0.97 and the tu-
mor is responsible for as many as two-thirds of can-
cer deaths.* Although some improvement in the
results of treating HCC have recently been achieved
in resource-rich countries, this has had little impact
on the overall mortality rate of the tumor.

As a consequence of the often rapid growth of
HCC, especially in Black African and Chinese pa-
tients, and the absence of symptoms during the
early stages of the disease, the tumor is usually at
an advanced stage when the patients are first
seen.

© 2019, Fundacion Clinica Médica Sur, A.C. Published by Elsevier Espaiia S.L.U. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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So prevalent is HCC, especially in many populous
resource-poor countries, so poor are the results of
treatment when the tumor is symptomatic, and so
grave is the prognosis, that prevention of HCC is an
urgent priority. Because the etiology of HCC is
known in more than 90% of the patients and the
great majority of these causes are potentionally pre-
ventable, prevention of almost all of these tumors
should theoretically be possible.

CAUSES OF
HEPATOCELLULAR CARCINOMA

The commonest and geographically most widely
distributed of the recognised causes of HCC are
chronic HBV and HCV infections and cirrhosis,
whatever its cause. Other risk factors are important
in certain geographical regions only: dietary expo-
sure to the fungal toxin, aflatoxin, in parts of sub-
Saharan Africa, the People’s Republic of China, and
Taiwan; dietary iron overload in parts of sub-Saha-
ran Africa; NASH, mainly in resource-rich indus-
trialized countries; ditch, pond, or river water
contaminated by blue-green algae that produce tu-
mor-promoting microcystins in parts of the People’s
Republic of China; and membranous obstruction of
the inferior vena cava in Nepal, South Africa, Ja-
pan, the People’s Republic of China, and Korea.
Rare causes include a number of inherited metabolic
diseases, the most common of which is HH.

The prevention of only the more common of the
causes of HCC will be considered in this review.

Chronic hepatitis B virus infection

Approximately 45% of the world’s population live
in regions endemic for HBV infection.® More than 2
billion people worldwide are estimated to have been
exposed to HBV, of which some 360 million
(approximately 6% of the global population) are
chronically infected with the virus.*#% Chronic HBV
infection is the predominant cause of HCC world-
wide, being responsible for approximately 55% of the
tumor throughout the world and about 80% of
the tumor in the Asia-Pacific region and sub-Saha-
ran Africa. Of those individuals chronically infected
with the virus, one-quarter or more will develop
HCC.124 Each year between 500,000 and 700,000 in-
dividuals chronically infected with HBV die from
HCC, cirrhosis, or both diseases.?

In eastern and south-eastern Asia, Melanesia,
and sub-Saharan Africa, with HBV carrier rates as
high as 15% and a very high incidence of HCC, the

infection is predominantly acquired in infancy or
early childhood. The main route of infection in Chi-
nese populations is perinatal transmission of the vi-
rus from highly infectious HBV e antigen-positive
carrier mothers to their newborn babies. Fewer in-
fections occur a little later as a result of horizontal
transmission of the virus.” In contrast, relatively
few infections in Black African children are the re-
sult of perinatal transmission, most infections being
acquired a little later by horizontal spread of the vi-
rus.® Young siblings or playmates, recently infected
and hence highly infectious, are the major source of
the horizontal transmission, although other family
members, especially the mother, also play an impor-
tant role. HBV infections acquired during the first
year of life have a 90% chance of becoming chronic
and those acquired between one and five years a 30-
50% chance.® This contrasts with a risk of less than
5% when HBYV infection is acquired in adulthood.
These early onset carriers are at very high risk of
HCC development later in life, with lifetime relative
risks as high as 100.1° The risk of malignant trans-
formation is even greater when cirrhosis is pre-
sent.!! Because the majority of the older population
in these countries are already immune to HBV in-
fection, and HBV infections acquired at these ages
seldom become chronic,? viral transmission later in
life is uncommon.

Chronic hepatitis C virus infection

Chronic HCV infection is another important glo-
bal cause of HCC, and is a major risk factor for the
tumor in many industrialized countries. Some 170
million people worldwide are currently estimated to
be chronically infected with this virus.412 The infec-
tion is almost always acquired in adulthood, mainly
as a result of the illicit use of injectable drugs and
sexual transmission. Eighty percent or more of indi-
viduals acutely infected with HCV become chronic
carriers of the virus and about 60% develop chronic
hepatitis. Of the latter, approximately 20% progress
to cirrhosis over a period of 20 to 25 years, and a
portion of these develop HCC!2123 The annual risk of
tumor formation in those chronically infected ran-
ges from 8-9% in Japan to 1.9% in the United Sta-
tes, the risk being at least four-times greater in
those with cirrhosis.!?1% Other risk factors are a
high viral load, increasing age, male gender, and
more severe degrees of hepatic fibrosis.1?

During recent decades, the incidence of HCV-rela-
ted HCC has increased two- to three-fold in Japan
and Egypt and to a slightly lesser extent in the Uni-
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ted States, Canada, the United Kingdom, some wes-
tern European countries, and Australia.* HCV is the
major cause of HCC in Japan (which has a high in-
cidence of HCC), Spain, Italy and Egypt (with inter-
mediate incidences of the tumor), and a number of
industrialized countries with a low incidence of the
tumor.*

Cirrhosis

All etiological forms of cirrhosis may be complica-
ted by the development of HCC, although not with
equal likelihood.* The main causes of cirrhosis com-
plicated by malignant transformation are chronic
HCYV infection, chronic HBV infection, habitual alco-
hol abuse, and, to a lesser extent, NASH. Although
chronic HCV infection and alcohol abuse may occur
together in industrialized countries, the exact nature
of their interaction in hepatocarcinogenesis remains
to be determined.!® Apart from the etiology of the ci-
rrhosis, the major factors predisposing to malignant
transformation in cirrhotic patients are increasing
age, duration of cirrhosis, and male sex.141® Reactive
oxygen and nitrogen species generated by the chronic
necroinflammatory hepatic disease (chronic hepatitis
and cirrhosis) are mutagenic and carcinogenic,'®
with the increased hepatocyte turnover rate acting as
a potent tumour promoter.

Aflatoxins

Aflatoxins are structurally related difuranocou-
marin derivatives produced mainly by Aspergillus
flavus and Aspergillus parasiticus. These fungi are
ubiquitous, but because humidity and moisture con-
tent of plants are important factors in determining
growth and toxin production by the moulds, conta-
mination of crops occurs particularly in tropical and
sub-tropical countries with warm, humid climates.
Certain staple foodstuffs, especially maize, ground
nuts, and fermented soy beans, are particularly pro-
ne to contamination,!”18 especially in subsistence
farming communities. Contamination occurs not
only during growth of the crops, but also as a result
of their improper storage.

Of the aflatoxins, AFB, is most often found in
contaminated human foodstuffs, and is the most po-
tent hepatocarcinogen in both humans and experi-
mental animals.1”-18 The hepatocarcinogenic effects
of AFB, and HBV are synergistic, with multiplicati-
ve relative risks for HCC development.!®

The liver is the primary site for biotransforma-
tion of AFB,; Although the parent molecule is inno-

cuous, it is converted by members of the cytochrome
P450 super-family in the phase I pathway into elec-
trophilic intermediates.!”-!8 The exo- and endo-epoxi-
des formed are detoxified by a number of phase II
pathways, principally by glutathione-S-transferase-
mediated conjugation.16 If the quantity of AFB, in-
gested in the diet exceeds the capacity of the phase II
pathways to detoxify the epoxides formed or if, for
any reason, the activity of these pathways is decrea-
sed (for example, by polymorphisms of the glutathio-
ne-S-transferase gene), the highly reactive
accumulated exo-epoxide binds with high affinity to
guanine bases in cellular DNA to form the AFB,-N 7.
gua adduct.!” AFB,-N7-Gua can be converted to the
more persistent AFB,-FABY adduct. These adducts
give rise to guanine to thymine transversions in ce-
llular DNA. AFB,-induced promutagenic changes
can result in the activation of proto-oncogenes and
inactivation or loss of tumor suppressor genes, with
malignant transformation of hepatocytes as the final
outcome.

Iron storage diseases

Although essential for the growth of cells, in ex-
cessive amounts iron is toxic. The liver is especially
subject to this toxic effect because it is the major
site of iron storage. Iron storage disease occurs in
two main forms-HH and dietary iron overload in the
Black African. HH is an autosomal recessive disor-
der that results in increased absorption of elemental
iron from a diet containing normal amounts of the
metal. Portal fibrosis, cirrhosis, and HCC are fre-
quent complications of the resulting iron accumula-
tion.?° HCC is responsible for as many as 45% of
deaths in patients with HH, with a relative risk
of greater than 200: the longer the patient survives the
greater is the risk.2? A substitution of tyrosine for
cysteine at amino acid 282 of the a3 loop (C282Y) of
the HFE protein is the mutation most often respon-
sible for HH.

Cirrhosis was thought to be an essential precur-
sor of malignant transformation of hepatocytes in
HH. However, in recent years more than 30 patients
with the disease but without cirrhosis have been re-
ported to develop HCC, suggesting the possibility
that excess hepatic iron may be directly hepatocarci-
nogenic, in addition to causing HCC indirectly
through the supervention of cirrhosis. Further evi-
dence is provided by the observation that the risk of
HCC in patients with cirrhosis complicating HH is
greater than that in patients with cirrhosis attribu-
table to other causes.?!
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Increased levels of hepatic iron, on a par with
those present in HH, are found in Black Africans
with dietary iron overload.?? This condition occurs in
many rural areas of sub-Saharan Africa, where as
many as 15% of the men may be iron-overloaded.?3
It results from the consumption of large quantities
of traditional alcoholic beverages with a high iron
content as a result of being brewed in iron drums or
pots. During the process of fermentation, the pH of
the ferment drops to a very low level, leaching iron
from the container into the contents. Large quanti-
ties of the beverage are consumed because it has a
low alcohol content.

Portal fibrosis and cirrhosis complicate dietary
iron overload in significantly fewer patients than oc-
curs in HH.?224 Nevertheless, HCC develops, with a
relative risk of 10.6 (95% confidence limits 1.5-76.8)
and a population attributable risk of 29.25 Further
support for a direct carcinogenic effect of excess he-
patic iron is provided by the formation of iron-free
preneoplastic foci and HCC, in the absence of cirrho-
sis or portal fibrosis, in an animal model of dietary
iron overload?® Malignant transformation in this
model appears to be induced as a result of the gene-
ration of reactive oxygen species by the increased
hepatic iron.2

Microcystins

In most rural regions of the People’s Republic of
China with a high incidence of HCC, the population
drinks primarily pond or ditch water. Drinking
water from these sources or, to a lesser extent, river
water rather than deep-well water, is a risk factor
for HCC in some of these regions, relative risks of
1.9 (95% confidence interval 1.01-4.74) and 2.9 (95%
confidence interval 2.59-3.27) being recorded in Hai-
men and Fusui, respectively.?” Tumor- promoting
microcystins derived from blue-green algae have
been identified in pond and ditch water in these high
incidence regions of HCC, and differences in the mi-
crocystin content of the drinking water have been
recorded between HCC patients and controls.?

PREVENTION OF
HEPATOCELLULAR CARCINOMA

Attempts at preventing HCC are of relatively re-
cent origin, but there is every prospect that preven-
tion of most cases of this common and devastating
tumor will be possible in the not-too-distant future.
For the immediate future the emphasis should be on
practical and economical interventions in countries

with high incidences of HCC, especially resource-
poor countries. Because of the different patterns of
the causes of the tumor in different geographical re-
gions, strategies for prevention will need to be tailo-
red for each such region.

Primary prevention

Primary prevention, defined as preventing the
etiological agent from initiating the carcinogenic
process, is, at least theoretically, the most effective
form of cancer prevention. It lends itself particularly
well to intervention in viral, chemical, and physical
causes of cancer. Given that oncogenic hepatitis vi-
ruses contribute to the development of more than
80% of global HCC, prevention of these chronic in-
fections alone would have an immense impact on the
global occurrence of the tumor. Primary prevention
could most effectively be accomplished by universal
immunization against the viruses. This approach be-
came possible when an effective and safe vaccine
against HBV became available in the 1970s.

* Immunization against hepatitis B virus in-
fection: Since 1991 the WHO has recommended
that HBV vaccine be included in the routine in-
fant immunization program in all countries.??
The vaccine is currently incorporated into the
EPI in 168 countries, with a global coverage of
infants of 60% in 2006. In those countries in whi-
ch HBV infection is endemic and universal infant
immunization is in place, 80-90% of babies are
now receiving a full course of the vaccine. This
accomplishment has already resulted in a decrea-
se from 90% to 15% in the percentage of chroni-
cally infected babies born to highly infectious
carrier mothers, and a 10-fold or more decrease
in the rate of chronic HBV carriage in the age
groups that have been immunized.3*3! Because of
the usually long interval between the initial in-
fection with HBV and the development of HCC, it
will take 25-50 years for a significant decrease in
incidence of HBV-induced HCC in adults to be
realised in these countries. Nevertheless, in
Taiwan, where immunization of babies against
HBV began in 1984 and universal coverage was
achieved by 1986, coverage of all preschool chil-
dren by 1987, and extension to older school
children, teenagers, and adults by 1990, the pre-
valence of HCC among recipients of the vaccine
has decreased by 70% in comparison with those
in the non-vaccinated age groups.?’ In early re-
ports, the response rate was higher in boys than
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girls,3! but in later analyses based on larger num-
bers of children this difference was not evident.32
With the passage of time the decrease in inciden-
ce of HCC in those immunized became evident in
adolescents and recently in young adults. These
findings augur well for the eventual elimination
of HBV infection and HBV-induced HCC in the
Asia-Pacific region and have shown the way for
other countries and regions to follow. In the few
“break-through’ cases of HCC still seen, failure
to complete the full course of immunization was
responsible.?3

In sub-Saharan Africa, for a number of reasons
but principally because of financial constraints,
competing health care priorities (HIV/AIDS, ma-
laria, tuberculosis, measles, and diarrheal illnes-
ses) and poor delivery services not able to access
large parts of the countries, only 10% of babies
were until quite recently being immunized
against the virus. However, with the provision of
financial backing from the Global Alliance for
Vaccines and Immunization, the Vaccine Fund,
and other governmental and non-governmental
sources the dismal response in sub-Saharan Afri-
ca is now changing for the better.343% Approxi-
mately 60% of Black African infants are
currently being immunized.

The encouraging results achieved in the Far East
give promise that the universal incorporation of
HBYV vaccine into the EPI in countries in which HBV
infection is endemic will in the future prevent
hundreds of thousands of deaths each year from
HCC and cirrhosis,® and that with global immu-
nization HBV-induced HCC could ultimately be
completely prevented.

Because of the early acquisition in highly ende-
mic regions of HBV infection that becomes chro-
nic, immunization should be performed at or
shortly after birth. In populations in which peri-
natal transmission from highly infectious HBV e
antigen positive mothers to their babies is the
predominant mode of infection, the highest level
of protection against the virus is achieved when
the first dose of the vaccine is given as soon after
birth as possible, together with HBIG-induced
passive immunoprophylaxis.3%-35:36 The second
and third doses of the vaccine are given at one
and six months.?%34 In endemic regions of HBV
infection active immunization with three or four
doses of vaccine without HBIG is immunogenic
in 90% of neonates born to HBV e antigen-nega-
tive carrier mothers or non-carrier mothers.3%37
In regions in which the majority of the infections

that become chronic are acquired a little later in
childhood by the horizontal route, the first dose
of the vaccine can be given slightly later and
without passive immunization. Three injections
are normally given. The aim of all vaccine pro-
grammes should be to reach vaccine coverage le-
vels of at least 95%.38

Novel HBV vaccine strategies are being explored,
including the use of epidermal powder immuniza-
tion® and oral administration of HBsAg-transge-
nic plants.4041

The introduction of HBV vaccine into the EPI in
most countries and the beneficial effect this has
already achieved in reducing viral carriage rates
and the occurrence of HCC in vaccinated chil-
dren is undoubtedly the most promising and far-
reaching development in the prevention of this
tumor. HBV vaccine is the only vaccine currently
in use that prevents cancer, but its success gives
promise that other virally-induced cancers will in
future be preventable.

* Immunization against hepatitis C virus in-

fection: Despite extensive research over many
years into the development of a vaccine against
HCV, there appears to be little likelihood of such
a vaccine becoming available in the near future.
Difficulties impeding the development of this vac-
cine include the extreme variability of the geno-
mic structure of the virus, especially in the
hypervariable region, the large number of quasis-
pecies in the blood of infected individuals at any
one time, and the lack of evidence for an effective
neutralizing antibody against the virus.
Because immunization against HBV is still not
universally practiced and the full beneficial
effects of immunization against HBV on the occu-
rrence of HCC will not be felt for many years,
and there is still no early prospect of a vaccine
against HCV, other methods of preventing the
spread of these viruses must continue to be rigi-
dly enforced in an attempt to prevent HCC indu-
ced by these viruses.

Other forms of primary prevention
against hepatitis C and B virus infections

These forms of primary intervention are potentia-
lly more effective in preventing HCV-related than
HBV-related HCC. Persistent infection with HCV
occurs predominantly in adulthood!?1342 by routes
that are, in the absence of vaccination, more amena-
ble to intervention than those responsible for the
great majority of the chronic HBV infections acqui-
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red in early childhood in endemic regions of the vi-
rus.”8

Despite recent advances in treating patients with
chronic HCV infection with anti-viral drugs, the
overall impact of therapy is relatively small becau-
se the majority of chronically infected individuals
are unaware that they are infected.*> Consequently,
prevention of spread of, and infection with, this vi-
rus by means other than vaccination, as well as
anti-viral treatment, will continue to be an impor-
tant strategies for the foreseeable future. Efforts to
prevent infection should focus both on identifying
persons at increased risk of HCV infection and pro-
viding them with counselling and testing for the
presence of the virus, and on reducing the inciden-
ce of new infections and the risk of progression of
these infections to chronic liver disease. The follo-
wing practices should be introduced on as wide a
scale as possible.*3

* Safe injection practices: These are based on

education of medical, paramedical, and dental
practitioners to avoid the use of unnecessary in-
jections and to improve the safety of their injec-
tion and infusion techniques. The latter includes
the rigid adherence to the use of needles and
syringes on a single occasion only or, if this is
not possible, the unfailing use of fool-proof me-
thods of sterilization of needles or syringes that
have to be re-used. Also important are the avoi-
dance of, or correct use of, multi-dose vials, and
lessening the risk of nosocomial infections resul-
ting from ‘needle-stick’ injuries by the proper dis-
posal of used needles and, and whenever possible,
the use of ‘disposal-proof ‘needles.
Preventing HCV and HBYV infections in illicit
drug users remains a difficult and sometimes
contentious issue. Changes in injection practices
that will minimise sharing of contaminated equi-
pment by providing needle and syringe exchange
programs (which should include exchange not
only of needles and syringes but also all the
other drug paraphanalia) on as wide a scale as is
possible is a pivotal part of any program to pre-
vent infection spread of HCV or HBV among in-
travenous drug addicts.

* Screening of donated blood for the presen-
ce of hepatitis viruses: Transfusion-associa-
ted hepatitis C and B virus infections have been
virtually eliminated in industrialized countries by
screening of all donated blood with very sensitive
assays for detecting these viruses. Regrettably,
screening of donated blood for blood-borne viru-

ses is not performed in many resource-poor coun-
tries, especially in sub-Saharan Africa (where as
many as 45% of blood transfusions are estimated
to be unscreened).?® Rectifying this hazardous
practice is an essential step in preventing HCV-
induced HCC and to a lesser extent HBV-induced
HCC in these countries.

* The rational use of viral inactivation steps
in the manufacture of blood products.

* Passive immunization: Passive immunization
with HBIG is useful in preventing transmission
of HBV, but it is expensive and its effect is of li-
mited duration. The value of immune globulin in
preventing HCV infections has still to be ascer-
tained.

* Anti-viral agents: Treatment with currently
used anti-viral agents has limited efficacy in the
sustained eradication of hepatitis B and C viru-
ses, and so achieves relatively little in preventing
the spread of these viruses. Nevertheless, in tho-
se patients with HCV or HBV infection who res-
pond to treatment with anti-viral drugs the risk
of HCC development is reduced or delayed (see
Tertiary Prevention).

Prevention of exposure to aflatoxin B,

Contamination of staple foodstuffs by AFB, does
not occur in industrialized countries because those
foodstuffs that might be affected are screened for
their aflatoxin content by governmental agencies
and do not enter the commercial market if unaccep-
tably high levels are found. The problem occurs in
resource-poor countries where regulations to con-
trol exposure are either non-existent or unenforcea-
ble in practice, and where the crops are consumed
by the subsistence farmer’s family and neighbors
and are sold locally or regionally without ever co-
ming under the scrutiny of a governmental agency.
It is estimated that about 4.5 billion of the world’s
population are exposed to aflatoxins. Because conta-
mination by Aspergillus species takes place both du-
ring growth of the crops and as a result of their
improper storage, attempts at primary prevention
must be directed at minimising both sources of fun-
gal contamination.17.18:4445

One possible intervention is to alter agricultural
practices in regions of high dietary AFB, intake by
replacing crops that are highly susceptible to fungal
contamination with others, such as rice, at lower
risk. This approach has been successfully used in
one limited study in the People’s Republic of China
when a change to a rice-based diet resulted in an
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appreciable decrease in AFB, intake.!”1® Unfortuna-
tely, for most communities in resource-poor coun-
tries a change in diet is not feasible. Relatively
simple pre-harvest prevention could involve spra-
ying of the crops with fungicides and, because dama-
ged plants are more susceptible to fungal
contamination, increasing the resistance of the
plants to fungal infection by ensuring adequate irri-
gation and spraying with insecticides.1”-184445 In the
longer term contamination of growing crops might
be prevented by the introduction of non-aflatoxige-
nic strains of Aspergillus to compete with the afla-
toxin-producing strains, or by genetically
engineering foodstuffs that are resistant to infection
with Aspergillus species. These methods are likely,
however, not to be affordable or feasible in those
countries with the greatest need to prevent dietary
exposure to AFB;.

The likelihood of contamination during storage is
increased by excessive moisture and damage to the
crops. Methods of combating this include sun drying
of the crops before storage and drying on cloth ra-
ther than directly on the earth; removal of visibly
mouldy plants by hand sorting; well-ventilated, rain-
proof storage facilities; storage in jute rather than
plastic sacks and in wooden containers rather than on
the earth; and the use of insecticides to control
insect damage and fungicides to prevent spread of
fungal spores.!”18 A study confirming the effective-
ness of post -harvest intervention in significantly
reducing AFB, intake has been performed in a rural
region of Guinea.*® For these interventions to be
successful on a wide scale in resource-poor countries
will require education of subsistence farmers in
their use and the provision of the means to improve
storage facilities, as well as monitoring of levels of
contamination.

Prevention of dietary iron overload

Dietary iron overload has virtually disappeared
from urban Black Africans as a result of a change in
their drinking habits from home-brewed traditional
beverages with a high iron content to commercially
available iron-free types of alcohol. However, the
pattern of alcohol consumption in rural areas re-
mains largely unchanged. Attempts at intervention
will require education about the health hazards of
alcohol brewed in iron drums or pots, backed up by
the provision of suitably-sized aluminium or other
iron-free containers in which to prepare the beverage.
Such a program has yet to be attempted on a lar-
ge scale.

Prevention of exposure
to blue-green algae and microcystins

Since 1973 the government of the People’s Repu-
blic of China has been urging rural populations to
drink deep-well water.* This has resulted, for exam-
ple in Qidong county, in 80% of the population now
drinking deep-well water compared with only 20% in
the 1970s.46 In addition, in some regions the drin-
king water is treated by granular- activated carbon
filtration. The effect of these interventions on the
occurrence of HCC has yet to be published.

Secondary prevention

Secondary prevention of HCC, defined as interfe-
ring with the metabolism of a carcinogen or preven-
ting it from reaching its target or interacting with
tissue nucleophiles, especially DNA, currently provi-
des a limited number of opportunities only. These
include early treatment of acute hepatitis C with an-
tiviral agents to prevent progression to chronic he-
patitis,*”*° modulating phase I and II metabolism of
AFB,, and early diagnosis and treatment of some in-
herited metabolic diseases to prevent the complica-
ting tumor. In addition, some of the genetic and
epigenetic changes involved in the complex pathoge-
nesis of HCC have been unravelled and modification
of these may lend themselves in time to secondary
prevention of the tumor. For example, secondary
prevention of HCC in individuals already chronically
infected with HBV might in the future be accomplis-
hed by preventing HBV replication or the expression
of the HBV x gene, which has been incriminated in
the pathogenesis of HBV-induced HCC, with appro-
priately designed small interfering ribonucleic acids
or ribozymes.?® Another future possibility might be
the use of DNA vaccination, which has been shown
in animal models to induce antibodies against HB-
sAg/anti-HBs.5152

Chemoprevention may make use of natural or
synthetic chemicals to block, retard, or reverse the
carcinogenic process. Effective strategies need to be
safe, inexpensive, and mechanistically simple. Some
preliminary evidence is available that chemopreven-
tion might play a role in preventing AFB,-induced
HCC.

* Chemoprevention of aflatoxin B,- induced
hepatocellular carcinoma: Chemoprevention
of AFB,-induced malignant transformation is ba-
sed on the principle of attenuating the conse-
quences of currently unpreventable dietary
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exposure to the toxin. This is attempted by mo-
dulating the balance between metabolic activa-
tion and detoxification of the reactive AFB,
metabolites, AFB,-8,9, exo epoxide and AFB;-
FABY in particular. AFB,-induced malignant
transformation in experimental animals can be
inhibited by many chemopreventive agents and
in a variety of ways. However, very few of these
agents are suitable for use in humans. One such
agent is chlorophyllin.

Chlorophyllin. Sodium copper chlorophyllin, a
water soluble derivative of natural chlorophylls, is
a potent anti-carcinogen in a number of experi-
mental models,5® including AFB,-induced HCC.
Chlorophyllin acts as an “interceptor molecule”,
forming tight molecular complexes with a number
of chemical carcinogens, including aflatoxins,
thereby reducing their bioavailability and hence
their carcinogenic capability.?® It also acts as an
antioxidant®* and is a potent inhibitor in vitro of
cytochrome p450 enzymes involved in the bioacti-
vation of several environmental carcinogens.354
Chlorophylin is most effective if given in molar
excess to the carcinogen at or around the time of
exposure.?®

A single randomised, double-blind, placebo-con-
trolled trial in Qidong county, the People’s Repu-
blic of China, has thus far been conducted.?® This
showed that chlorophyllin, administered three ti-
mes a day for four months, caused a 55% reduc-
tion in the median level of urinary excretion of
AFB,-N "-gua when compared with placebo. No
toxic side effects were observed and compliance to
the drug was good. Further trials are needed
to ascertain whether the long-term administra-
tion of this drug will be feasible and safe. Supple-
mentation of the diet with foods that are rich in
chlorophylls, such as spinach and other leafy green
vegetables, might be a more practical alternative.
Oltipraz. A second approach is to modify the de-
toxification pathway of AFB, in such a way as to
render its reactive metabolite innocuous. The
anti-schistosomal drug, oltipraz (a substituted
1,2-dithiole-3-thione) is structurally similar to
the dithiolethiones found in cruciferous vegeta-
bles that may play a role in cancer preven-
tion.1857 Oltipraz is a potent inducer of the
expression of the phase II detoxifying enzyme,
glutathione-S-transferase, and also regulates the
transcription of genes encoding other conjuga-
ting or antioxidative enzymes, and might therefo-
re be effective in the secondary prevention of
AFB,-induced HCC.58%° KEAP1 sequesters NRF2

in the cytoplasm by binding to its amino-terminal
regulatory domain.?” Treatment with oltipraz
disrupts the interaction between KEAP1 and
NRF2, allowing NRF2 to translocate to the nu-
cleus, where it forms heterodimers with small
MAF-family proteins to activate the expression of
glutathione-S-transferase and other genes,!® en-
hancing the phase II inactivation of the AFB,-8,9
epoxides. More recent studies of the pharmacody-
namic effects of oltipraz have shown that the
drug also has an inhibitory effect on certain pha-
se 1 enzymes, including CYP3A4 and CYP1A2.50
It therefore reduces the activation of AFB, to
AFB,-8,9-epoxides.

A randomised, placebo-controlled, double-blind
trial of oltipraz conducted in adults with detecta-
ble serum levels of aflatoxin;albumin adduct in
Qidong county showed a 2.6-fold increase in the
urinary excretion of the AFB,- 8,9-exo-epoxide
metabolite, AFB,-mercapturic acid, and lesser in-
creases in excretion of other AFB, biomarkers.5!
In another study, one month of therapy with
weekly oltipraz administration led to a signifi-
cant decrease in aflatoxin M, excretion in the uri-
ne and sustained low dose oltipraz increased
conjugation of AFB, 2 However, because of cost
and safety considerations, it is doubtful whether
oltipraz could be used on a wide scale in the se-
condary prevention of HCC.

Other chemoprevention possibilities: A de-
crease in the risk of HCC correlates with an in-
creased consumption of leafy, green vegetables.%3
Plants belonging the family Cruciferae and the
genus Brassica (including broccoli, cauliflower,
and Brussel sprouts) contain large quantities of
isothiocyanates, mostly in the form of their
glycosinolate precursors. Some of these isothioc-
yanates have been shown to inhibit tumor forma-
tion in rats.%* Trials of the use of glycosinolates
and isothiocyanates from broccoli sprouts in pre-
venting HCC in cohorts of subjects at high risk
for the tumor are in progress. However, one such
trial in Qidong county, the People’s Republic of
China, showed no difference in urinary AFB,-N"-
gua levels between volunteers receiving infusions
of broccoli sprouts and those receiving placebo.%*
Iron storage diseases: Whether or not excess
hepatic iron is proved to be directly hepatocarci-
nogenic, ‘de-ironing’ of patients with HH by re-
peated venesection would be expected to have a
secondary preventive effect against HCC forma-
tion, both by reversing the accumulation of iron
and preventing the development of fibrosis and
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cirrhosis. ‘De-ironing’ aims to lower the serum
ferritin concentration to a normal level and to
maintain it there. Studies have shown that remo-
ving the excess iron dramatically improves life
expectancy, the number of cases of HCC decrea-
ses if cirrhosis is not present, and survival im-
proves considerably in those with cirrhosis.®®
This intervention is preferably commenced as
soon as the diagnosis of HH is made and should
be continued for life.

Family members of patients with HH should be
screened on the basis of their percentage transfe-
rrin saturation followed, if necessary, by gene
testing.

Those found to be positive for HH should have
regular prophylactic venesections, most conve-
niently administered by the local blood transfu-
sion service.

Secondary prevention or reduction of excess he-
patic iron in dietary iron overload has not been
attempted on a large scale.

Tertiary prevention

Tertiary prevention is defined as preventing pre-
cancerous lesions from progressing to cancer. Cirr-
hosis is a precancerous condition.!416 The three
most common causes of cirrhosis complicated by the
development of HCC are chronic HBV and HCV in-
fections and alcohol abuse. In the first two, long-
term suppression of viral replication could be
expected to reduce hepatic inflammation and hepato-
cyte necrosis and proliferation, and hence lessen the
risk of progression to malignant transformation.16-66
IFN has been most widely used in the treatment of
both chronic HCV- and HBV-induced diseases, and
glycyrrhizin has long been tried in chronic HCV in-
fection in Far Eastern countries. These agents may
be regarded as being immunopreventive by functio-
ning as biological response modifiers.

Use of anti-viral agents in preventing
hepatitis C virus-induced hepatocellular carcinoma

HCV-related HCC has become an increasingly
more common and more important tumor in
many industrialized countries. Its development is
closely related to the duration and progression of
chronic HCV-induced hepatitis and cirrhosis. A lar-
ge number of studies have shown that the risk of
malignant transformation is reduced in those pa-
tients who achieve a sustained virologic respon-
se.386776 The risk may also be reduced in some

patients who achieve only a sustained biochemical
response (normalization of serum transaminase le-
vels)3867.71L7475 oy perhaps even no response provi-
ded that fibrosis was mild (F1).69¢ HCC is more
likely to develop in the presence of severe hepatic fi-
brosis'’* and the likelihood of IFN preventing HCC
formation is proportional to the degree of hepatic fi-
brosis.%? Fibrosis has been shown either to progress
more slowly or to regress in patients in whom IFN
induces a sustained virological response and norma-
lization of serum transaminase levels, indicating
that the anti-fibrotic effects of IFN may contribute
to its chemoprevention capability. 7073

A tertiary preventive effect of IFN is supported by
studies that show that this treatment prevents recu-
rrences of HCC after initial surgical resection or
ablative treatment.”®7"

The mechanism or mechanisms by which IFN re-
duces the risk for HCC are uncertain. Clearance of
the virus and reduction in hepatic inflammation and
its consequences are obvious factors, but another
mechanism may be upregulating the function of tu-
mor suppressor genes.’® In support of this mecha-
nism is the observation that IFN has a tumor
inhibiting effect on HCC cell lines™

The combination of pegylated IFN and ribavirin
in the treatment of patients with chronic HCV infec-
tion has improved the sustained virological clearan-
ce rates and might therefore be expected to be
further improve the results of anti-viral treatment.
A recent meta-analysis shows a positive effect of the
drug combination in preventing the development of
HCC."2

Use of anti-viral agents in
preventing chronic hepatitis B virus-induced
hepatocellular carcinoma

Recent studies have shown that patients with per-
sistently high levels of HBV replication, as shown
by the presence of HBeAg in serum and high viral
counts, are at high risk of HCC and that chronic
HBYV carriers with low serum HBV DNA levels sel-
dom progress to tumor formation.8%-83 Theoretically,
anti-viral treatment that results in viral clearance
or sustained suppression of HBV replication should
prevent the development of HCC. However, in con-
trast to the many studies of the effect of IFN in pre-
venting the development of HCC in patients with
HCV-induced chronic hepatitis or cirrhosis, fewer
studies have addressed this issue in patients with
HBV-related disease and the findings have been con-
flicting. Although most of the earlier studies failed
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to provide convincing evidence that treating such
patients with IFN would lessen the risk of malig-
nant transformation,7.6884 recent studies have
shown that IFN does lessen the risk.8-87 In the first
of the latter studies, 2.7% of patients treated with
IFN developed HCC compared with 13% in those not
treated (p = 0.011).34 In the second, HCC developed
in 34% of patients without clearance of HBV DNA
compared with 8% in those with clearance (p =
0.026).86 These results were confirmed in a recent
meta-analysis.?8

In addition, three recent trials have shown a
protective effect of lamivudine treatment in preven-
ting the development of HCC in patients with chro-
nic HBV infection. In the first, a randomised,
double-blind, placebo-controlled trial, HCC occu-
rred in 3.9% of Taiwanese patients in the lamivudi-
ne-treated group compared with 7.4% in the
placebo-treated group (hazard ratio 0.49: p =
0.047).89 In a case-control study, 142 HBeAg-positi-
ve lamivudine-treated patients were compared to
124 controls matched for age, HBeAg status, and
absence of cirrhosis, and followed for a mean of 89
months.? Lamivudine-treated patients had a signi-
ficantly lower cumulative rate of cirrhosis and/or
HCC (p = 0.005) than did those not receiving lami-
vudine. Even those patients who developed the
YYMD mutation had a lower rate of cirrhosis and/
or HCC (p = 0.024).%° The third case/control study
of a large number of Japanese patients with chronic
hepatitis B showed that those who received lamivu-
dine treatment had an annual incidence of HCC of
0.4%/patient compared with 2.5%/patient in the
control group.®! These results were confirmed in a
recent meta-analysis.®® The main disadvantage of
the long-term administration of lamivudine is the
emergence of resistant strains of the virus as a re-
sult of the development of YMDD mutations.
Newer drugs of a similar sort, adefovir and enteca-
vir, have a far lower risk of developing resistant
strains, and future trials should examine their effi-
cacy in preventing HCC. In addition, future trials
need to further address the questions of who to
treat and for how long treatment should be admi-
nistered.

Glycyrrhizin

Glycyrrhizin, the active principle of licorice, has
a chemical structure similar to cortisone. It is com-
posed of one molecule of glycyrretinic acid and two
molecules of glucuronic acid. Glycyrrhizin enhan-
ces IFN-y production, has immune modulating ac-

tivity, and stimulates natural killer cells.?2°% The
compound also has anti-oxidative properties and
suppresses hepatic inflammation.?2%% It has been
used for over 35 years in Japan, partly in the form
of the Chinese herbal medicine, Sho-saiko-to, of
which glycyrrhizin is one of the main ingredients,
in the treatment of chronic hepatitis (by far the
most common cause of which in Japan is HCV).
Daily intravenous injections of glycyrrhizin reduce
the levels of the serum aminotransferases in a dose-
dependent manner in these patients, although anti-
viral activity per se is not evident.’* In a
prospective trial performed in Japan over 15-20
years, a 2.5-fold lower risk of HCC formation was
reported in patients receiving parenteral glycyrrhi-
zin compared to those who did not [88]. HCV-RNA
titers did not decrease, and the beneficial effect of
the drug was attributed to controlling or retarding
necroinflammatory and fibrotic processes in the li-
ver. These conclusions were supported by two fur-
ther studies.?®% In addition, glycyrrhizin reduced
the risk of HCC recurrence after surgical resec-
tion.97

Daily intravenous injections of glycyrrhizin
would appear to be a drawback of this approach to
prevention.

Another chemopreventive approach is with po-
lyphenols derived from green teas. These agents
have been effective in preventing liver tumors in ani-
mal models and a clinical study is underway in
Guanxi, People’s Republic of China.?®

ABBREVIATIONS

* HCC: Hepatocellular carcinoma.

* HBV: Hepatitis B virus.

e HCYV: Hepatitis C virus.

* NASH: Non-alcoholic steatohepatitis.

* AFB;: Aflatoxin B,

* AFB,-N"-gua: 8,9-dihydro-8-(N’-guanyl)-9-
hydroxy-AFB, DNA adduct.

* DNA: Deoxyribose nucleic acid.

¢ EPI: Expanded Program of Immunization.

e HIV/AIDS: Human immunodeficiency virus/
aquired immunodeficiency disease syndrome.

* HBsAg: Hepatitis B virus surface antigen.

* HBIG: Hepatitis B virus immune globulin.

* Anti-HBs: Antibody to hepatitis B virus surface
antigen.

* AFB,-FABY: AFB,-formamidopyrimidine adduct.

e HH: Hereditary hemochromatosis.

¢ CYP: Cytochrome P.

* NRF2: Nuclear receptor factor 2.



130

Kew Michael C. Awnais of [lepatology, 2010; 9 (2): 120-132

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

KEAP1: Kelch-like ECH associated factor 1.
MAF: Macrophage activating factor.
IFN: Interferon-o.
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