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Hepatocellular carcinoma (HOC) is the most common primary
tumor of the liver worldwide. Its incidence is in the region of
1,000,000 new cases per year, most of which occur in Southeast
Asia and tropical Africa. Mortality is nearly 100%, except for a small
number of early cases detected by screening. There is a heavy
male preponderance in all areas.

Etiology and pathogenesis
Hepatic carcinogenesis has been extensively investigated in ex-
perimental animals, mainly by the use of chemicals. These studies
established the multistep nature of malignant transformation
through initiation, promotion and progression. The findings are now
increasingly applied to humans. - -

The list of etiologies is quite long (Table 1) but chronic hepati-
tis B (HBV) and hepatitis C (HCV) infections respectively account
for 70-75% and 10-15% worldwide. HBV remains predominant in
Asia and Africa but the proportion of HCV-related cases is rising,
particularly in Japan and the Middle East. HBV transmission occurs
early in life and HOC develops in young middle age; HCV is
acquired in adulthood and patients are 15-20 years older. Aflatoxin
is an important factor or cofactor in certain areas such as
Mozambique and the Qidong province of China. Alcoholic cirrhosis
accounts for 50-70% of cases in low-incidence Western countries
alone or in combination with HBV or HCV. Inherited metabolic dis-
eases are rare but some, e.g., tyrosinemia, hemochromatosis,
carrya surprisingly high risk, Indeed, liver cancer is the only malig-
nancy that complicates these disorders regularly. Diabetes melli-
tus, a polygenic condition, has recently been added to the list. -

Tumor cells of HOC show evidence of severe genomic instabil-
ity by chromosome breakages, duplications and translocations.
Molecular biological studies ofthe role of HBV have been the most
interesting, if not yet conclusive. While this role may be indirect, as
70-90% of HBV-related HOC develop through cirrhosis, HBV may
act directly. It is a DNA virus that integrates in liver cell nuclei in a
random fashion but at sites that are close to growth controlling
genes and may result in their dysfunction. It was first thought that
this mechanism, resembling insertional mutagenesis of retroviruses,

Table 1. Etiology of hepatocellular carcinoma.

Hepatitis B virus (HBV)
Hepatitis C virus (HCV)
Aflatoxin
Alcohol
Inborn errors of metabolism

Tyrosinemia
Glycogen storage disease
Porphyria
alpha-1 -antitrypsin deficiency
Hemochromatosis

Synthetic gonadal steroids
Membraneous obstruction of the inferior vena cave
Radiation
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was largely responsible but no consistent pattern ever emerged.
More recently, two trans-activating proteins have been found, one
being the product of the pre-S2 region of the HBV S gene and the
other of the HBV X gene. Of the two, the latter is of the greater
interest. Most HOC and cell lines derived from them contain tran-
scripts of the X gene either as activated oncogenes of the ras, myc
and fos families, or as inactivated tumor suppressor genes notably
p53 and possibly Rb. The X gene may also have many other
effects on growth promoters, protein kinases and DNA repair.
Indeed, its activities have been described as “promiscuous. HBV-
like viruses in animals that do not possess the X gene do not give
rise to HOC; on the other hand, X gene transactivators lead to liver
cell tumors in transgenic mice.

HCV is an RNA virus that cannot integrate into the DNA of liver
cells and its role in hepatic carcinogenesis is likely to be that of a
chronic necroinflammatory agent causing cirrhosis. “Irregular
regeneration of hepatocytes” has been suggested to be the mor-
phological pathway to malignant transformation. HCV subtype lb is
the most prevalent in patients with HOC.

Studies of aflatoxin-DNA and aflatoxin-albumin adducts have
greatly helped in confirming the carcinogenic role of this metabolite
of Aspergillus flavus and so has the discovery of a G:C to T:A trans-
version at codon 249 of the p53 gene that appears to be specific
for aflatoxin exposure in patients with HOC. Alcohol itself is not a
carcinogen but it may act as a cofactor with viruses and chemicals
and is, of course, a common cause of cirrhosis in Western coun-
tries. The carcinogenic effect of synthetic gonadal steroids is weak
and, with doses currently employed, diminishing further.

Precancerous changes in the liver
Cirrhosis itself is a precancerous condition but the magnitude of the
risk of malignant change varies with etiology, i.e., high with HBV
and HCV and low with alcohol. Large cell dysplasia (and small cell
dysplasia) have been held to be associated with an increased risk
of malignant change for many years, especially in studies from
Africa, Italy and France, and macroregenerative nodule, adenoma-
tous hyperplasia,. dysplastic nodule (synonyms denoting large cir-
rhotic nodules with cytological and architectural abnormalities) in
Japan and the USA. Both suggestions have generated debate and
neither can be regarded as a obligatory steps in carcinogenesis as
they are not seen in noncirrhotic livers with HOC.

Pathology
Variations in the gross appearance of HOC (massive vs. multin-
odular) and histological grade (high vs. low) are not impressive
between high and low incidence areas but are reflected, to some
extent, in differences of clinical presentation (acute vs. chronic).
The morphological classification promoted by WHO has stood the
test of time. HOC reproduces the appearances of the normal liver
with abnormal liver cell plates separated by sinusoids: this is a sine
qua non requirement for diagnosis. The pattern may be further
refined into purely trabecular, pseudoglandular (due to necrosis),
compact (compression artefact) subtypes and, apart from the com-
mon liver-cell-like appearance, into clear cell and pleomorphic cell
types. Mallory bodies, acidophilic globular inclusions and ground
glass bodies may be seen. An important characteristic is deficien-
cy or loss of the normal reticulin framework. Small (less than 2-3
cm) tumors and those that are (rarely) pedunculated, carry a much
improved prognosis and so does fibrolamellar carcinoma, the only
genuine subtype. The latter affect mainly young people of both

sexes, is not associated with cirrhosis and less than 10% of
patients show evidence of an etiology such as HBV or HCV.

Special techniques
Enzyme histochemistry and electron microscopy are seldom used
nowadays but there has been an exponential growth in immunocy-
tochemIstry. The cells of HOC elaborate many liver export proteins,
such as AAT, albumin, ferritin, etc., but demonstration of bile canali-
culi by polyclonal carcinoembryonic antigen (CEA) antisera is the
simplest and most useful means of identifying a tumor as being of
liver cell origin, Liver carcinoma cells elaborate cytokeratins 8 and
18, express major histocombatibilty complex, ABH and Lewis blood
group antigens and show capillarization of sinusoids by positivity
for 0D31 and 0D34 antigens, laminin and collagen type IV. The
specificity of alpha-fetoprotein (AFP) production is high in the diagnosis
of HOC but its sensitivity is low. The latest antigenic marker is HEP
Par 1 for which a high liver cell specificity is claimed.

Studies of proliferative activity by AGNor count, proliferating
cell nuclear antigen and MIB-1/Ki 67 expression have been corre-
lated with growth, histological grade and prognosis. Ploidy by flow
cytometry and morphometric analyses have also been used for the
same purpose.

Loss of heterozygosity and mutations of p53 and Rb genes in
human HOC have been found to be relatively late events and/or
associated with poor prognostic parameters.

Prevention
Reduction of mortality by screening (ultrasound and AFP) for
“early” small, treatable tumors has not been found to be universal-
ly successful and is expensive. Vaccination against HBV is effec-
tive and should greatly reduce the incidence of HOC in the future.
In the meantime, millions remain infected with this virus and their
outlook is grave: in an important follow up study from Taiwan, the
relative death risk from HOC was calculated to be 98.4.
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