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chemotherapy. Because SMANCS is not
generally available, the practice is to
prepare a mixture of the cytotoxic drug and
Lipiodol with the aid of an angiographic
agent having the same specific gravity as
Lipiodol, a procedure called lipiodolization.
The current trend is to treat inoperable
cases with lipiodolization followed by TAE.
Radiation Therapy. With a linear
accelerator, a slow and progressive tumor
regression occurs, but it also causes a
progressive atrophy of the liver
parenchyma, leading to late hepatic failure
in patients with Child C cirrhosis. A large

0

MONTH
Fig. 12. Survival curve for 16,728 patients who

Group of Japan, Ref. #11).
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underwent resection in Japan (Liver Cancer Study

radiation dose can be delivered with the
heavy particle synchrotrone (such as proton
and '°C); the Bragg effect prevents tissue
damages beyond the target.

Local ablation therapy. With the
improved aiming using an ultrasound

Transcatheter arterial embolization (TAE), in which 1 -
to 2 - mm Gelfoam particles are used, was first
introduced in Japan in 1977. In 1979, Konno and
Maeda synthesized a polystyrene-maleic acid.
conjugated with neocarzinostain (SMANCS) and
administered it mixed with Lipiodol into the hepatic
artery (39). Under such conditions, Lipiodol is cleared
from the parenchyma within 2 weeks or so, whereas it
remains in the cancer tissue almost indefinitely,
effecting slow release of the drug-targeting
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hypervascular.

Fig. 11. Typical angiogram of a midd1e sized HCC which is

investigators, is given in Table 4. In
this scheme, only the size of the tumor
and major cirrhosis-related factors
(ascites and serum albumin and
bilirubin) are considered

Surgical Treatment

Operative technique for resection
has been vastly improved over the
years, and considerable progress has
also been made in the preoperative
assessment of hepatic functional
reserve, the type of operation to be
used, and the extent of safe resection
The analysis of 16728 resected cases
by the Liver Cancer Study group of
Japan showed a median survival of 54
months and a 5-year survival rate of
45% (Fig. 12). Theoretically, liver

.l{ y

cancer. Even if this has been achieved, the underlying
cirrhosis poses a constant threat of de novo
emergence of HCC. A new HCC will develop from the
cirrhotic  nodules, which are  preneoplastic
themselves, one after another as the patient lives on.
Posttreatment emergence of new lesions, often called
recurrence, is common, making the prognosis poor
even with successful treatment. There has always
been a doubt as to whether early detection and early
resection afford a permanent cure or a significant
prolongation of survival. The available data clearly
show that those fortunate patients with less advanced
cirrhosis who have undergone successful resection or
transplantation live much longer than those who did
not have the same luck.

The prognosis of HCC largely depends on the size
of tumor growth speed, which can be assessed from
tumor doubling time, the degree of cirrhotic changes;
and underlying disease. According to Primack and
associates, who divided Ugandan patients into three
stages (36), the median survival of least advanced
cases (stage 1) was 3 months and that of advanced
cases (stage lll) only 2 weeks. Our study made in
1985 in Japan (37) in which 850 patients were divided
into three stages and the median survival of untreated
stage | patient was found to be 8.3 months. None
lived beyond 42 months. The staging scheme used In
our study, which is now used by some European

transplantation before extrahepatic
spread is the best treatment in which a cirrhotic liver
is replaced by a noncirrhotic liver and cancer
removed. Early results were not very satisfactory
because most cases had advanced HCC and survival
rate was not much different from that will resection
More recent results with smaller HCC are remarkable
(38).

Nonsurgical Treatment

Systemic  Chemotherapy. Many anticancer
agents have been used singly or in combination
through the intravenous or oral route, but the
response rates have been low.

Intraarterial chemotherapy. The rationale for
intraarterial administration is to deliver drugs directly
to cancer tissue in high concentrations. Drugs are
injected in a single bolus into the hepatic artery after
angiographic assessment or by chronic infusion. A
specially designed heparinized catheter has also
been developed. Such a catheter is passed into the
hepatic artery and the other end connected to a
reservoir or bellows, which is then implanted
subcutaneously.

Arterial Chemoembolization and Targeting
Chemotherapy. Because HCC tissue, except for the
capsule, depends on arterial supply, cancer cells die
when arterial blood supply is interrupted.
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Fig. 10. Small HCC on T2-weighted image
seen as a hyperintense mass (arrow).

fixed section in which a lesion was found by the prior
plain CT scan. With faster CT scanners, such as
helical CT, without the knowledge of tumor location,
one can slice the entire liver while contrast medium is
being injected at a high speed. One can catheterize
the hepatic artery and carry out dynamic sequential
CT to find an HCC enhanced during the arterial phase
(CTA, CTHA). With the catheter replaced in the
superior mesenteric artery, arterial portography is
carried out and the liver is sliced while contrast
medium is coming into the liver by way of the portal
vein (CTPA). These angiographic CT procedures are
most sensitive for small HCC (32).

Magnetic resonance imaging (MRI). The
diagnostic accuracy of MRI is about the same as x-
ray CT, but the former provides information that CT
does not, such as blood flow and tissue diagnosis.
HCC has prolonged T1 and T2 values and is perhaps
best visualized by T1- and T2-weighted spin-echo
techniques. HCC usually is of higher intensity than the
parenchyma on T2-weighted images (Fig. 10) and of
a lower intensity on T1 images. To improve tumor
detection, several contrast agents are used, such as
gadolinium, and superparamagnetic iron oxide
(SPIO)

Angiography. HCC is arterially supplied and
opacified early in the early phase of arteriography
(Fig. 11). Although invasive, angiography provides

Wy

information that other modalities do not, and it often
discloses small lesions that were missed by other
imaging techniques. The catheter in the hepatic artery
used for angiography can then be used for the
purpose of chemoembolization. The characteristic
angiographic features of HCC that have been well
established include hypervascularity, neovasculature
(tumor-associated arterial vessels), tumor stains,
displacement of large arteries, encasement of
arteries, vascular lakes and channels inside the
tumor, arterioportal shunts, portal regurgitation, and a
radiolucent rim in the late phase indicative of a
capsule (33). An HCC is supplied by arteries, and
therefore, the tumor usually is hypervascular and the
feeding artery enlarged. Poorly differentiated HCC
and some atypical HCC may not be hypervascular.

Early Detection and Mass Screeing

In the People’'s Republic of China, AFP
measurements by an insensitive technique among a
large number of adults in endemic regions in the
1970s detected a significant number of asymptomatic
cases, many of whom subsequently underwent
successful resections. In Japan, the first clinical
attempt at detecting small HCC was made by this
author in which patients with cirrhosis were followed
by AFP measurements and periodic scintigraphy. It
was learned then that when serum AFP levels started
rising atan exponential rate, the tumor was already 4
toc 5 cm in size (28). It has since been repeatedly
shown that serum AFP levels usually are not much
increased in small HCC. With the advent of. real-time
ultrasonography, the strategy for early HCC detection
has changed to the current one in which abdominal
ultrasonography is carried out every 3 to 4 months
(34) along with AFP/PIVKAII measurement on
patients with liver cirrhosis and advanced chronic
hepatitis. CT examination should be done additionally
at intervals of 6 to 8 months, because 3 to 7% of
patients with cirrhosis due to HCV infection develop
HCC per year (35).

Clinical Course and Prognosis

The clinical course of advanced HCC is
relentlessly progressive and the patient succumbs
within a few months. The cure of HCC is not possible
without total removal or complete destruction of the
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Fig. 9. The thread and streaks sign seen in the
hepatic vein characterizing HCC thrombus which
extends into the inferior vena cava.

patients with suspected hepatobiliary disease
before any diagnostic imaging is done. The echo
pattern within the lesion varies with the tumor
histology and usually is different from the
parenchymal echo; the lesion may be demarcated
by a hypoechoic rim (Fig. 8). Small HCCs usually
are distinguished from a metastatic lesion because
they typically are hypoechoic, whereas metastases
of comparable sizes are isoechoic or hyperechoic.

For the detection of small HCC,
ultrasonography is more sensitive than other
imaging modalities, and without ultrasonography,
early detection of HCC is not possible. Small
HCCs of less than 2 cm often are found as
hyperechoic lesions because fatty changes are
common in extremely well differentiated early
lesions, requiring differential diagnosis from
hemangioma difficult. In a special technique called
angioechography, a small amount of carbon
dioxide or microbubble producing contrast agent is
injected into the hepatic artery; a small HCC is
seen as a clearly demarcated. hyperechoic lesion
after several minutes from injection.

An important merit of ultrasonography is its
capability of demonstrating major portal and
hepatic veins and intravascular tumor invasion.
Cavernous transformation of the portal vein that
follows portal occlusion by HCC can also be

Imaging Diagnosis

Plain radiography. Chest films may demonstrate
elevation of the right hemidiaphragm or coin lesions in
the lung fields. Localized diaphragmatic elevation
must be differentiated from partial eventration of the
diaphragm

Radionuclide scanning. Even with single-photon
emission computed tomography (SPECT) or positron
CT, the sensitivity is still inferior to ultrasonography
and x-ray CT. Only half of hepatic lesions about 2 cm
in size are visualized by SPECT. For these reasons,
radionuclide scanning is much less frequently carried
out for the diagnosis of hepatic tumors.

Ultrasonography. Real-time ultrasono-graphy,
using a linear, convex, or sector transducer, is a
useful and practical method for detecting focal
lesions. Ultrasonography should be carried out on

IFVA age— GUT 1 P lga b 1 VP 5 ¥l o lads 1 i e

readily recognized by ultrasonography as an
irregular vascular structure in the hepatic hilum.
Another merit is its capability of determining tumor
growth speed, or the doubling time (31).

Computed Tomography (CT). Neoplastic lesions
in the liver usually are seen as areas of decreased
attenuation, but occasionally they are isodense or
hyperdense because of calcification. In the case of
HCC, dynamic CT or intraveous bolus injection
enhancement rather than slow contrast injection is
most desirable. With this technique, an arterially
supplied HCC is quickly enhanced before the
parenchyma receives enough contrast medium to be
enhanced (Fig. 9), producing a strong and positive
contrast (32). The contrast subsequently is reversed,
with the mass becoming lower in density relative to
the parenchyma, which is now enhanced, because
arterially enhanced HCC is quickly de-enhanced.
Conventional dynamic CT is carried out in the
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Fig. 8. Ultrasound finding of a 2 cm HCC.
Note the surrounding hypoechoic rim (arrow).

Rapidly progressive anemia is suggestive of bleeding
from the tumor into the peritoneal cavity.
Erythrocytosis as a paraneoplastic syndrome is
uncommon but does occur.

Blood Chemistry. In the advanced. stage, serum
levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), lactate dehydrogenase
(LDH), and alkaline phosphatase (ALP) are elevated.

AFP is fucosylated at N-acetyl-glucosamine whereas
the AFP molecule derived from the yolk sac is not. A
significantly higher proportion of AFP binds to lentil
lectin in patients with HCC (45%) than in those with
benign liver diseases (4%). Similarly, binding to jack
bean lectin (concanavalin A) may distinguish HCC
from other AFP-producing tumors. Taketa and
coworkers (29) suggested that simultaneous analysis
of lenti lectin A -reactive AFP-L3 and
erythroagglutinating  phytohemagglutinin- reactive
AFP-P4 was effective in monitoring the evolution of
HCC in patients with cirrhosis

Des -y— Carboxy prothrombin. In the synthesis
of prothrombin (factor II), vitamin K (K) is required in
the y-carboxylation of the glutamic acid residue (Glu)
of prothrombin precursors. In K deficiency such as
one after ingestion of K antagonists (warfarin), the 10
Glu of the prothrombin molecule are not fully
carboxylated. As a result, des-y-carboxy prothrombin
(DCP), which lacks the coagulant activity, appears in
blood. This abnormal prothrombin is also called
PIVKA-II (protein induced by vitamin K absence or
antagonist-l1).

DCP elevation is more specific for HCC than AFP.
There is no correlation between DCP and AFP levels
in patients with HCC, and the combination of these
two tests should improve nonimaging diagnosis of
HCC (30).

An important biochemical feature of
HCC is a large difference between
AST and ALT, the former being
higher and the difference becoming
greater with the progression of the
disease.

a-Fetoprotein (AFP). The
biologic properties of AFP and
albumin are similar, and the major
control of AFP synthesis is at the
level of gene transcription. Values
above 1000 ng/mL are highly
suggestive of HCC. Because levels
above 400 ng/mL seldom are seen
in benign liver diseases, values
around 400 ng/mL often are used as

proves diagnostic in small HCCs.
Fucosylated AFP. HCC-derived

and staining are increased.

) SR 5 i

the cutoff value. However, itseldom | £i0 7 "well-differentiated early HCC (to the right). Cellularity
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Fig. 6. Early enhancement following bolus
contrast injection before liver parenchyma is
enhanced. Note a mosaic pattern of the tumor
(arrow).

former, and the differences seem to be due to more
frequent advanced cirrhosis in Japanese patients.
Small HCCs, more frequently detected in recent years
by improved imaging techniques and regular checkup
of chronic liver disease, usually are not associated
with any symptoms caused by tumor (27).

Clinical manifestations. When the patient is
found to have a liver mass,

cancer (such as bone metastasis). This classification
applies only to advanced cases. The size of cancer in
patients seen at major gastrointestinal centers in
Japan is smaller than 5 cm in more than half, and
these patients have only the sign attributable to
cirrhosis. In Hong Kong, one fifth of patients with HCC
seen at a surgical unit had a ruptured tumor.
Palpation of a large liver with suspected HCC should
be done with outmost caution (28). Emergency celiac

angiography may be carried out for arterial
embolization, which stops the bleeding.
Diagnosis

Biopsy entails a certain risk of bleeding,

particularly when the target mass is near the liver
surface. Diagnosis of HCC is still possible without
histologic confirmation if the liver is cirrhotic, a space-
occupying lesions is discerned by imaging, and serum
levels of AFP or des -y-carboxy prothrombin are high.
Diagnosis of cirrhosis is not difficult with modern
imaging.

Laboratory Findings

Hematology. Pancytopenia may be present as a
result of splenomegaly caused by portal hypertension.

which usually is the case in
countries that have no early-
detection program, the upper
abdomen visibly protrudes. An
arterial bruit is commonly
heard over the mass,
suggesting a hypervascular or
an arterialized tumor. The right
diaphragm often is elevated.
Ascites and jaundice are
mostly caused by preexisting
cirrhosis and tumor invasion.
Berman (2) divided his
patients seen in Johannesburg
into five clinical types: frank
cancer (typical presentation),

acute  abdominal cancer
(rupture and
hemoperitoneum), febrile

cancer, occult cancer (patients
seen for other reasons and
tumor found), and metastatic

cytoplasm of cancer cells and very thick fibrous stroma. This type is
common among young Caucasians, not among Orientals.
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Invasion of hepatocellular
carcinoma into vessel and
ductal systems

Hepatocellular carcinoma
distinguishes itself from secondary liver
cancers by its propensity to invade into
and grow within the portal vein, hepatic
vein and bile duct. With modern
imaging, tumor growth in the portal vein
and inferior vena cava and atrium. is
readily recognized. HCC thrombi in the
portal vein are either actively growing or
necrotic. If actively growing (Fig. 8), it
has arterial supplies within the tumor
thrombus with frequent hepatofugal
blood flow within the portal vein. By

angiography, arteries within a tumor F|g 4 Trabecular type HCC. Cancer cell cords are lined by
thrombus are delineated presenting the | endothelium and surrounded by blood sinusoids.

so-called thread and streaks sign (24)
(Fig. 6).

Hepatocellular carcinoma growth in the bile duct
system is not very uncommon, It was seen in 10% of
autopsy cases. If it occurs in a major bile duct, there
will be an acute rise in serum bilirubin frequently
associated with right upper quadrant pain, mimicking
stone disease.

Pedunculated HCC

Hepatocellular carcinoma may grow mainly
outside the liver. Such a tumor is called extrahepatic
growth of HCC or pedunculated HCC. We recently
found that most right-sided pedunculated HCCs are a
fusion product of a metastatic adrenal HCC and. the
liver (25).

Minute HCC and HCC in the early stage

The characteristics of small HCCs in the early
stage is that most are well differentiated. Those well-
differentiated small HCCs are characterized by a
various combination of the following features: (1)
increased cellularity  with an increased
nucleus/cytoplasm ratio and increased staining affinity
(eosinophilic or basophilic); (2) irregular, thin
trabecular pattern with frequent pseudoglandular or
acinar structures (Fig. 7), and (3) frequent fatty
changes. In about one third of minute HCCs up to 2
cm in diameter, the tumor nodule consists of more
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than two cancerous tissues of different groups of cells
of varying grades of differentiation, from well to
moderately  differentiated. Less differentiated
cancerous tissue is almost always surrounded by
well-differentiated ones, and the areas of well-
differentiated cancerous tissues diminish in size as
the tumor size increases.

CLINICAL FEATURES

Past and. personal histories. Many patients with
HCC in developed countries in which adults often
undergo a medical checkup have current or past
histories of chronic liver disease. In a survey
conducted in Japan, about 60% were aware of having
cirrhosis, and. about 50% of them had past or
ongoing chronic hepatitis. A history of acute hepatitis
was elicited in about one sixth of these patients, but it
could have been an acute exacerbation of chronic B
hepatitis in HBsAg-positive cases.

General malaise, upper abdominal pain, anorexia,
abdominal full sensation, weight loss, ascites,
palpable mass, nausea, vomiting, jaundice, fever, leg
edema, hematemesis, and melena are the presenting
symptoms among Japanese patients. Among South
African rural blacks, most patients present with
abdominal pain and 35% have fever (2). Symptoms
mainly caused by cirrhosis, such as ascites, pedal
edema, and jaundice, are more common among the
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Table 4. Three stages of the disease (Okuda*)
Tumor size Albumin Bilirubin
>50% <50%  Ascites <3g/dl >3g/dl >3mg/dl <3mg/dl
Stage | (+) () (I (+) (-) (+) )

I ) (=) ) (-)

Il 1o0r2(+)

1] 3ord(+)
+: sign of advanced disease.
* Ref. 37

worldwide.

endothelial cells.

two- to
trabecular pattern (Fig. 4).

be dilated into gland-like spaces.

Compact type. This is basically
pattern, but the tumor cells grow in an
apparently solid mass and the blood
spaces are rendered inconspicuous by
compression.

Scirrhous type. Areas with
abundant fibrous stroma separating
cords of tumor cells are most often
seen after radiation, chemotherapy, or
infarction. This type of HCC should not

be confused with HCC of the
fibrolamellar type.
Sclerosing  carcinoma. When

Omata and Peters (23) analyzed 30
cases of this type in 1981, the cell
origin was hepatocellular in 63%, ductal
in 20%, and in the remainder it was
mixed or indistinguishable between the
two cellular origins. They emphasized
frequent (69%) hypercalcaemia. In
Japan, hypercalcaemia is much less
common.

Trabecular type (sinusoidal). The tumor cells
grow in cords of variable thickness separately by flat
The endothelial cells,
inconspicuous, sharply define the trabeculae. In well-
differentiated HCC, the tumor cells are arranged in
three-cell thickness, presenting a thin

Pseudoglandular type (acinar) This type of HCC
shows a variety of gland-like structures, but the basic
trabecular structure remains recognizable. Canaliculi,
with or without bile, often are recognizable and may

VA ags — T 1 0lga Sl 1 PV 9 V1o lad / (i lof

Clear cell HCC. The cancer cells in clear cell HCC
have a clear cytoplasm with a small nucleus. the clear
appearance is due to increased levels of glycogen or
fat. Cancer cells are usually well differentiated, and
some claim this type to have a better prognosis or
longer survival, although others disagree.

Fibrolamellar carcinoma. This histologically
distinct carcinoma derived from the hepatocyte is
virtually non-existent in Japan, whereas it occurs in 2-
12% of all HCC in the West. Itis characterized by
eosinophilic neoplastic hepatocytes separated into
cords by lamellar fibrous strands (Fig. 5). Among
Caucasians, HCC in young adults is mostly of this

type.

usually

a trabecular
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Fig. 3. Diffuse type HCC. Note tumor thrombus in the protal
vein, and it has caused multiple intrahepatic spread.
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Table 3. The rate of HCC appearance in
patients with viral cirrhosis

HCCs -- single nodular with and without
perinodular tumor growth, confluent multinodular,
and multinodular (18). Nakashima and Kojiro (19)

classified advanced HCC according to the
difference in the growth pattern with consideration
of capsule, cirrhosis, and portal vein tumor

thrombus.

Infiltrative type. This is the same as the

spreading type in the Okuda-Peters-Simson

classification. A typical infiltrative type is seen in
HCC without liver cirrhosis, in which the tumor-

nontumor boundary is irregular and indistinct.

Expansive type. This is well demarcated,

Senior |Country| Number of Annual
author patients followed| rate (%)
Oka Japan 140 6.5
Colombo | Italy 447 3.2
lkeda | Japan 795 5.0 (Calone)
Sato Japan 361 3.0
Pateron | France 118 58
Cottone | lItaly 147 4.4

nodular, and, frequently encapsulated (Fig. 2)

(Modified from Munoz N, Bosch X. Epidemiology of
hepatocellular carcinoma. In: Okuda K, Ishak KG, eds.
Neoplasms of the liver. Tokyo, Springer, 1987, p3)

Most HCCs of this type are associated with liver
cirrhosis. This type may be subclassified into
single nodular and multinodular. The former is

stage.

The use of transgenic mice, the technique to
introduce defined DNA sequences into the germline
of mice, provides a powerful means to study the
pathologic consequences of deregulated gene
expression and carcinogenesis. Chisari and
colleagues (16) introduced into transgenic mice the
HBV Bgilila fragment containing genes for envelope
proteins, HBV enhancer element, and the X open
reading frame and its putative promotor sequences
downstream of mouse albumin promotor and
enhancer sequences. The mice developed severe,
prolonged hepatocellular injury that initiated a
programmed sequence within the liver characterized
by inflammation, regenerative hyperplasia
progressing to neoplasia. Using transgenic mice Kim
et al (17) showed the HBV X-gene alone produced
HCC.

Pathology

The gross anatomic classification of HCC
proposed by Eggel in 1901 has been widely used up
to the presenttime. He classified HCC into massive,
nodular, and diffuse types It has become difficult,
however, to classify relatively small, surgically
resected HCCs using Eggel's classification, which is
based on autopsy cases with an extensively
advanced tumor. The Liver Cancer Study Group of
Japan has recently subclassified Eggel's nodular type
HCC into four types to be adaptable to relatively small
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clearly demarcated and usually with a distinct
fibrous capsule that is also called encapsulated HCC.

Mixed expansive and infiltrative type. This
constitutes about33% of advanced HCCs.

Encapsulated HCC

HCC growing in an expanding pattern often
acquires a distinct fibrous capsule and the clinical
course is generally benign because the growth speed
of the tumor is slow and the cancer cells are well
differentiated, often  producing bilirubin  and
sometimes also albumin (20). More than half of HCC
in Japan are of this type. The capsule is readily
recognized by ultrasound, computed tomography
(CT) and magnetic resonance (MR) imaging.

Diffuse type HCC. This is a gross pathological
type emphasized by Eggel who described it as being
indistinguishable from cirrhosis nodules, but all such
cases we studied represented disseminated
intrahepatic spread through the portal vein system
occurring within a short period of time (21)(Fig. 3).

Histology

The histologic structure of HCC resembles that of
a normal liver, in that the tumor parenchyma
comprises a liver cell cord-like (trabecular) structure
and the stroma consists of a sinusoid-like blood
space lined by a single layer of endothelial cells.

The histologic classification proposed by the World
Health Organization (WHQ) (22) has been accepted
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1977, and it has been steadily declined up to 16.7% in
1994-95 (11).

The natural history of those patients with hepatitis
C is such that the disease looks deceivingly benign in
the early stage but ends up with cirrhosis and HCC. In
Japan, ltaly and France, 3 to 6.5% of patients with C-
cirrhosis develop HCC annually (Table 3). The
interval between acute hepatitis C and development
of HCC is about 30 years.

HCV is a ribonucleic acid (RNA) virus and is not
reverse transcribed to DNA,; its oncogenic association
is not explained by integration of genomic material
into the host chromosome. Recent studies in Japan
have shown that HCV core protein produces HCC in
transgenic mice (12) and NS3 protein transforms
NIH3R3 cells (13).

Chemical Carcinogens.

Aflatoxins. Aflatoxins are produced by Aspergillus
flavus and Aspergillus parasiticus. AFB1 is the most
toxic and most carcinogenic of all analogues. Chronic
AFB1 feeding induces liver cancer in many animal
species, such as the rat, mouse, marmoset, monkey,
rainbow trout, guppy, salmon, duck, and ferret. Based
on such epidemiologic data and food analyses, a
causative role for aflatoxins in hepatocarcinogenesis
in humans has been strongly suggested in Africa and
Southeast Asia. According to Van Rensburg and
coworkers (14), the degree of food contamination by
aflatoxins and HCC incidence are closely and
significantly correlated. In Qidong County in China,
north of Shanghai across the Yangtze River, farmers

in the newly reclaimed coastal region had difficulty
getting water from the ground. According to Yu (5),
there was a crude HCC death rate of 62 to
101/100,000/yr among those who were drinking
stagnant ditch water around their houses as
contrasted with O to 11.9 deaths/100,000 among well-
water drinkers. It was subsequently found that the
ditch water contained a blue-green algal carcinogen,
microcystin.

Pathogenesis

The molecular mechanism for hepatocarcino-
genesis is not yet well understood. The activation of
protooncogenes  brought about by various
mechanisms that affect the structure and expression
of these regulatory genes is believed to play an
important role in the formation and progression of
tumors. Carcinogenesis is a multistep process and
activation of a single oncogene or a single mutation
does not complete the transforming process. The
results of studies of protooncogene expression in
HCC tissue vary with the investigator, and no single
oncogene has been shown to be preferentially or
always activated in human HCC (15).

It has been shown that colorectal carcinogenesis
requires at least four steps as the histopathology of
the mucosa changes from a small adenoma to overt
carcinoma - ras gene mutation, allelic deletions at
chromosomes 5q, 18q, and 17p. Little is known about
suppressor genes in hepatocarcinogenesis except
that mutation occurs in the pS53 gene in HCC, but it
seems a late event, not required in the premalignant

Table 2. Cohort Studies

on HBsAg carriers and HCC risk

Cohort
Area/Country Total HBsAg-positive HCC Risk
Taiwan 22,707 3454 104.0
Japan, Tokyo
25,547 513 30.0
(Sakuma 88)
United States, - 6850 9.7
New York
England/Wales - - 3934 420

Springer, 1987, p3)

(Modified from Munoz N, Bosch X. Epidemiology of hepatocellular
carcinoma. In: Okuda K, Ishak KG, eds. Neoplasms of the liver. Tokyo,
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Thus, there is a distinct sex prevalence not anly in the
incidence rate but also in time trends. In Los Angeles,
the rate of HCC among all autopsies was 0.15% in
1918 to 1953; it rose to 1.48% in 1964 to 1983 (7).

Relation to cirrhosis. Most patients with HCC have
chronic liver disease, notably virus-induced cirrhosis.
It is the underlying disease in 80% to 90% of patients
with HCC i 1 .ost countries. Cirrhosis is less common
and HBsAg much more frequently positive in young
patients. Studies in Japan clearly showed that
cirrhotic livers with large nodules and thin stromas are
more commonly associated with HCC than livers with
small nodules and thick stromas. The former type is
assumed to have greater regenerative activities of
hepatocytes with increased DNA synthesis, and
hence more frequent rearrangements of DNA
sequences in the chromosomes. Macronodular
cirrhosis is more commonly associated with hepatitis
B virus (HBV) infection and is more prone to
hepatocarcinogenesis, but the association of HBV
and HCC is even stronger among young HCC
patients without cirrhosis. More recently, hepatitis C
virus (HCV)-associated cirrhosis is increasing and
HCC is more frequently associated with HCV. In
Japan, death due to HCC was about 30% among
patients with cirrhosis before 1970, but this rate has
steadily increased to the current 85%.

Etiologic factors

HBYV infection. When the close relation between
HBV infection and HCC incidence was found, it was
thought that the age-old enigma of its close
association with cirrhosis was resolved: both cirrhosis
and HCC were caused by HBV infection. It turned out
that HBY is not an oncovirus. Worldwide, there is a

certain parallelism between the HBsAg carrier rate
and the incidence rate of HCC, the carrier rate is high
in areas of high HCC incidence and low in areas of
low HCC incidence (8). There are exceptions to this
geographic relation.

Familial clustering of HBV-related diseases,
including HCC, is common throughout the world. it is
due to vertical transmission of HBV from a hepatitis B
e antigen (HBeAg)-positive mother to her children.
Cohort studies showed that HBsAg carriers have a
significantly higher risk of developing HCC (Table 2).
DNA extracted from HCC tissue taken from HBsAg-
positive patients often contains HBV DNA
demonstrable by the Southern blot hybridization
technique, showing integration of HBV DNA into the
chromosomal DNA of the host. However, integration
is random without a set pattern.

Hepatitis C virus. HCV is transmitted not only by
blood transfusion but also through skin wounds, and
causes chronic hepatitis that ensues acute infection.
In due time, cirrhosis develaps in such patients, and
after an interval of about 30 years from acute
infection, HCC develops in Japan (9). The causative
role of non-A, non-B hepatitis virus in HCC was first
suspected by this author in Japan in 1982 (10)
because many patients with cirrhosis negative for
HBsAg who had had blood transfusions in the long
past began developing HCC in the late 1970s. It has
also been noted that the relative proportion of HBsAg-
positive cases among all patients with HCC is steadily
declining with increasing HBV-unrelated cases,
although the absolute number of HBsAg-positive
cases remains rather constant. The data compiled by
the Japan Liver Cancer Study Group showed the
HBsAg positive rate to be 40.7% in the period up to

Table 1. Frequency of primary liver cancer among all cancers and relative to other
major cancers in developed countries
Males (%) Females (%)
Organ |Japan USA England and Wales |Japan  USA England and Wales
Stomach | 25.4 33 7.8 22.5 2.5 5.6
Lung 19.0 34.3 33.8 10.7 19.2 16.3
Liver 13.6 1.7 0.9 7.4 1.3 0.8
(3rd) (6th)
Pancreas | 5.7 45 4.1 6.5 55 46
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Fig. 1. Time trends in incidence rate for
primary liver cancer in Japan, Singapore and
Hong Kong (Ref. #6).

sub-Saharan African natives, and in the Far East (1).
Berman (2) and later Higginson (3) called world
attention to the extremely high incidence rate of HCC
among the male black population (Shangaan tribe) in
Mozambique. The incidence rates among countries
may be divided into the high-incidence areas and
peoples (more than 20 per 100,000 per year), which
include Mozambique, Zimbabwe, Senegal, Singapore
Chinese, South African blacks, China, Taiwan, and
Japan (after 1976); the intermediate-incidence areas
and peoples (5 to 20 per 100,000 per year), which
include Singapore Malay, Singapore Indians, Brazil
(Recife), Nigeria, Indians in South Africa, Switzerland
(Geneva), Poland, Spain, New Zealand Maori,
American Indians, Jamaica, Cuba, and Canadian
Inuits; and the low-incidence areas and peoples (less
than 5 per 100,000 per year), such as New Zealand
whites, Sweden, the United Kingdom, Ireland,
Mauritius, Norway, whites and blacks in the United
States, Australian whites, Algeria, Canadian whites,

Israel, the area formerly known a West Germany,
Denmark, Yugoslavia (Slovenia), Hungary, India
(Bombay), and Pakistan (4). The relative significance
of this type of cancer among all cancers may be
appreciated from the age-standardized cancer rates
shown in Table 1.

China has a unique history of cancer epidemiology
study. During the period from 1972 to 1977, a huge
number of medical personnel were mobilized in a
mass survey on cancer incidence in 840 million
people. It was found that the main endemic areas for
liver cancer are along the southeast coast, particularly
the deltas, valleys, and islands. The hyperendemic
areas have a standardized mortality of more than 60
per 100,000 per year, whereas in low-incidence
areas, it is less than one tenth this figure (5).

Time Trends. In the national Registry of Autopsies
published annually by the Japan Pathological Society,
which records nearly 90% of all individual autopsy
cases compiled by major hospitals throughout the
country, HCC constituted 1.91% among 19,356
necropsies in 1958 to 1959 in Japan. This rate
steadily increased in the ensuing 30 years to the
current (1995 to 96) 8.42%, demonstrating an
indisputable increase. The same trend was verified by
our study based on the cancer registry in the Osaka
area (6). In this study, the incidence rate was found to
have risen from 16.3/100,000/yr in 1966 to 1968 to
40.9 in 1984 to 1986 among males, but peculiarly, the
increase among females was much less (Fig. 1).
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Fig. 2. HCC of an expanding growth type
acquiring a fibrous capsule. This gross type is
very common in Japan unlike among South
African blacks.
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Hepatocellular Carcinoma (HCC)

Kunio Okuda
Department of Medicine, Chiba University School of Medicine Chiba, Japan

Definition

HCC is a malignant tumor composed of cells that resemble or are derived from the hepatocyte. It usually
occurs in association with chronic liver disease, most frequently with cirrhosis. Several histologic types with
certain clinical characteristics are recognized. The prognosis usually is poor, depending not only on the extent
of tumor invasion at diagnosis but also on the disease state of the noncancerous hepatic parenchyma.
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Epidemiology

Geographie Prevalence. It has been established
that the incidence of HCC varies considerably with the
geographic region perhaps because of differences in
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the major causative factors and their frequencies.
Whereas the incidence is low among whites, it is
much higher among the blacks in Mozambique, the
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