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Hepatocellular carcinoma (HCC) ranks eighth in frequency among 
cancers worldwide. The disease has an extremely poor prognosis and is 
the direct cause of about 1 million deaths annually.23 Hepatocellular 
carcinoma rates vary widely between countries. High-risk populations 
are clustered in sub-Saharan Africa and eastem Asia,Z3 where the re
ported incidence is 150/100,000 population and the disease accounts for 
almost 50% of all diagnosed tumors. Approximately 30,000 cases in 
Europe and 23,000 cases in Japan are diagnosed each year. In the United 
States, HCC represents less than 2% of all tumors and has an incidence 
of 1 to 4 cases/100,000 population. The incidence in the United States 
has risen by 48% during the past 7 years, however, from 15,000 in 1993 
to an expected 22,000 in 2000. As the sixth most common malignancy 
among men and the eleventh most common malignancy among 
women,23 HCC has a male proponderance, male:female ratios that vary 
from 0.7: 1 in Paraguay to 6.4: 1 in the Bas Rhin area of France.23 In the 
United States the ratio is 2 : l. The incidence of HCC increases with age. 
The median age at diagnosis is 53 years in "Asia and 62 years in United 
States. Studies of emmigrants from areas of high incidence have shown 
that it may take generations for cancer rates to decrease.65 
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ORIGIN ANO RISK FACTORS 

Hepatitis B Virus lnfection 

In 1994, a working group of the Intemational Agency of Research 
on Cancer (IARC) concluded that chronic infection with hepatitis B virus 
(HBV) is carcinogenic in humans.48 The association between HBV and 
HCC was suggested by the high incidences of HCC in regions where 
HBV infection is hyperendemic. With the exception of the Eskimos of 
Greenland, where HBV is endemic but increased HCC rates have not 
been reported, the relative risk of developing HCC for HBV carriers 
worldwide ranges from 5 in Spain to 98 in Taiwan.B The risk of eventu
ally developing HCC is inversely related to the age of acquisition of 
HBV. Thus, children exposed to HBV have a much greater chance of 
becoming chronic HBV carriers than do newly infected adults. The 
incorporation of HBV DNA into tumor DNA has been well docu
mented.69 Molecular studies have shown that HBV DNA is present in 
the tumor tissues of HCC patients who are chronic carriers of HBV, 162 

and that 10% to 29% of patients with HCC harbar markers of past HBV 
infection.14, 162,192 

Integration of HBV DNA may not always result in the production 
of HBV proteins, either because the gene is disrupted or because it is 
hypomethylated.12 The HBV genome has four open reading frames and 
encocles four genes, designated as S and Pre-S, e, OP and x.62· 100· 186 

Usually, only portions of the HBV genome are integrated into tumor cell 
DNA. These portions may include the S gene, which encocles the hepati
tis B surface antigen (HBsAg), and the x gene, which encocles for the x 
protein. The e gene, which encocles for the hepatitis B core antigen 
(HBcAg), is often disrupted during the integration process and may be 
entirely absent from the tumor DNA. Furthermore, integrated HBV 
DNA may undergo changes in structure, including rearrangement, du
plication, and deletion of viral sequences.l87 Integration of HBV DNA 
has been found on chromosomes 15/6 11,157 and 18.187 Hepatitis B virus 
has not been shown to function asan oncogene,62 but its DNA contains 
two promoters that function to stimulate the_ir own growth an~ r~pro
duction. The x gene encocles a bas~c polypeptide ~a~ has transcnpti<?nal 
transactivation properties that can increase the activlty of hepadnav1rus 
promoters.31· 171 

Hepatitis C Virus lnfection 

Hepatitis C virus (HCV) has been suggested as a majar cause- ?f 
HCC in areas where the incidence of HBV infection is low.24· 168 The 
prevalence of anti-HCV antibodies among patients with HCC ranges 
from around 30% China and South Africa to 70% to 80% in southem 
Europe and Japan.3 Chronic HCV infection coexists with HBV infection 
or alcohol abuse in 20% of cases.3 In areas where HBV is hyperendemic, 
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such as Taiwan, the prevalence of anti-HCV antibodies is much higher 
among hepatitis HBsAg-negative HCC patients than among HBsAg
positive HCC patients. Sheu et al found a higher incidence of HCV RNA 
in serum and liver tissue of HBsAg-negative patients with HCC than in 
samples from HBsAg-positive patients, suggesting that HCV infection 
is important in the pathogenesis of HCC in HBsAg-negative patients.165 
Prospective studies have indicated that more adults are long-term carri
ers of HCV than of HBV.39 In a group of patients with transfusion
associated liver disease, the interval between blood transfusion and 
diagnosis of anti-HCV-antibody-positive HCC was as long as 29 years. 

The IARC working group determined that chronic infection with 
HCV is carcinogenic in humans. It has been hypothesized that HCV is 
probably the major viral cause of HCC in areas with a low incidence of 
HBV carriers.48 Although there is no evidence that HCV is oncogenic, it 
has been suggested that this agent may promote carcinogenesis through 
the induction of chronic necroinflammatory hepatic activity and liver 
cirrhosis.zz, 23, 31,37 

Chronic Delta Hepatitis 

The hepatitis delta virus is a hybrid RNA virus that comprises 
HBsAg and a nucleocapsid component of the delta antigen. It occurs 
only in HBsAg-positive patients. Infection with this virus does not 
increase the risk of HCC above that of patients with HBV infection 
alone.111 

Cirrhosis 

Cirrhosis is the most important risk factor for HCC3, 32, m, 188 and 
underlies HCC in more than 80% of the cases. The annual incidence of 
HCC among patients with cirrhosis ranges from 3% to 5%.33· 144 Autopsy 
studies of patients with cirrhosis have shown a prevalence of HCC 
ranging from 20% to 80%. In Africa and Asia the cause of underl~ing 
liver cirrhosis may be related to exposure to HBV or HCV. In the Umted 
States, however, cirrhosis is most commonly linked to alcohol abuse. 
Although alcohol is nota carcinogen,161 severallaboratory and epidemio
logic studies conclude that alcohol plays an _indirect role in _heJ:>a~o
carcinogenesis.3· 107 The reported risk of developmg HCC among md1v1d
uals with alcoholic cirrhosis ranges from 3% to 15%. The risk may ~. 
actually increase after cessation of alcohol consumption,115 but this in- · · 
crease results from an extended lifespan rather than from a direct effect 
on tumor formation. 111 Hepatocellular carcinoma has been observed in 
60% to 80% of patients with macronodular cirrhosis and in 3% to 10% • 
of the patients with the micronodular pattem.111 
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Primary Biliary Cirrhosis 

Prirnary biliary cirrhosis is a disease of unknown cause that predom
inantly affects middle-aged woman. The course is characterized by slow 
progression leading to end-stage liver disease in 5 to 15 years. Hepatocel
lular carcinoma develops in 3% of cases.111 The clinical presentation and 
prognosis of HCC caused by primary biliary cirrhosis do not differ from 
those of HCC related to other forms of cirrhosis. 

Alpha1-antitrypsin Deficiency 

Deficiency of alpha1-antitrypsin, a major serum protease inhibitor, is 
associated with pulmonary emphysema in adults, and neonatal hepatitis, 
portal fibrosis, and cirrhosis in children and adults, and development of 
HCC in all groups.53 

Hemochromatosis 

Although iron levels have not been examined as extensively as 
other risk factors, higher body iron levels seem to predispose patients to 
the development of HCC.48 Primary and secondary hemochromatosis 
have been associated with HCC, especially in cases of cirrhosis. 

Aflatoxins 

Aflatoxins are mycotoxins produced by the fungi Aspergillus flavus 
andA. parasiticus, These toxins may contaminate food stored in humid 
conditions. Animal studies suggest that aflatoxin B1 (AFB1) is a carcino
gen.111· 137, 191 Early case-control studies, however, failed to find a signifi
cant association between human HCC and aflatoxin exposure.22

• 
23

• 
113 In 

Mozambique, South Africa, Swaziland, China, and Taiwan, the use of 
biomarkers has shown a statistically significant correlation between di
etary aflatoxin exposure and HCC mortality or morbidity.23 Areas with 
high aflatoxin contamination overlap areas with high rates of HBV 
infection. Sorne investigators propose that the combination of aflatoxin 
and HBV infection has a synergistic effect that leads to oncogenesis.3· 89· 
143· 174, 191 In liver cells, aflatoxin is metabolized by the microsomal mixed-, 
function oxidase. Aflatoxin Bl-2-3-epoxide, a highly reactive metabolite 
of aflatoxin B, is capable of binding to DNA and RNA and is thought 
to be the main carcinogenic metabolite of aflatoxin.111 Aflatoxin Bl is 
known to induce a rri.utation at codon 249 of p53.15· 74• 89, 9s, 143, 191 Thts 
mutation could be one of the mechanisms leading to HCC. 
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Thorotrast 

Thorotrast is an aqueous, colloidal solution containing approxi
mately 25% thorium dioxide. Thorium, a radioactive element that emits 
about 90% alpha particles, 9% beta particles, and 1% gamma rays, has 
an estimated biologic half-life of 400 years.111 Exposure to Thorotrast 
has been associated with the development of hemangiosarcoma (33%), 
cholangiocarcinoma (32%), and HCC (20%). A Japanese study showed 
the risk of developing liver cancer was 47 times greater in individuals 
exposed to Thorotrast than in the general population.90 The latency 
period between exposure and tumor development is approximately 20 
to 25 years.48 An increased risk is associated with male gender and a 
younger age of thorium exposure.189 The exact mechanism of Thorotrast
induced carcinogenesis is still unclear, but exposure to alpha radiation 
could play a role.189 

Estrogens 

Oral contraceptives were reported to be associated with the develop
ment of hepatic cell adenomas, benign hepatomas, focal nodular hyper
plasia, and hamartomas. Other malignant tumors described in users of 
oral contraceptives include HCC, cholangiocarcinoma, hepatoblastoma, 
and fibrolamilar carcinomas.68 The relative risk of estrogen-induced liver 
cancer is two to four times higher in regions where hepatitis is not 
endemic than in areas where hepatitis is endemic, there are sorne uncer
tainties about potential confounding factors, such as hepatitis status, 
alcohol consumption, and exposures to other agents.3 

Androgens 

An association between androgens and HCC was first described in 
197}.52 Liver cancer has been reported within 2 months of androgen 
use.127 Histologic changes in the liver that,may develop after short- or 
long-term use include benign transformation (~if~se hYRerplasia, !l.Odu
lar regenerative hyperplasia, or adenoma), pelios1~ hep~tis, or mahgnant 
characteristics (HCC, angiosarcoma, or cholang10carcmoma).52

• 
58 In a 

noncirrhotic liver, HCC usually presents with a well-differentiated histol
ogy without metastasis. There have been reports of regression of these 
tumors after withdrawal of the hormones. 52

• 
84 

Vinyl Chloride 

Vinyl chloride, a halogenated aliphatic hydrocarbon, is carcinogenic, 
both alone and through its related monomers. Autoclave cleaners have • 
the greatest risk of developing vinyl chloride-induced liver tumors; the 
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median age of presentation is 52 years.48 Exposure to vinyl chloride has 
been related mostly to the development of angiosarcoma, but sorne 
reports have associated this exposure with HCC.49 A recent report linked 
vinyl chloride exposure toras gene mutations that are cell- and species
specific to hepatocarcinoma.U 

Other Compounds 

Nitrosamines, pyrrolizidene alkaloids, tannic acid, and organochlo
rine insecticides also have demonstrated carcinogenic potential in animal 
models.111 

MOLECULAR MECHANISMS OF ONCOGENESIS IN 
HEPATOCELLULAR CARCINOMA 

The mechanisms of carcinogenesis in HCC are not well understood. 
Loss of heterozygosity (LOH) has been associated with inactivation of 
tumor suppressor genes.91

' 93' 
169

' 
175

' 
183 In human HCC, LOH has been 

reported in several chromosome bands, including 1p,98 4q/8 5q40 6q,35 

8p,46 8q,98 10q,60 llp,157 13q/8' 132 and 17p.98, 132 Abnormalities in chromo
some 17 have been associated with HBV infection124

• 
196 and in sorne 

cases have been located near the tumor suppressor gene p53.124
• 

196 Sorne 
chromosome abnormalities are not associated with HBV infection.60

• 
157 

In the woodchuck model, hepatitis virus DNA is frequently integrated 
into the c-myc or N-myc proto-oncogenes.57

• 
76 In human HCC, the sites 

of HBV integration are highly variable, and integration frequently leads 
to rearrangements that cause translocations, inverted duplications, dele
tions, and recombinatorial events. These alterations may result in the 
loss of tumor suppressor genes and important cellular genes. 

An extensive analysis of p53 gene mutations led to the finding that 
8 of 16 HCC samples examined (50%) had a point mutation at the third 
position of codon 249, resulting in a G:C to T:A transversion.74 Other 
groups have confirmed this finding in ,HCC patients from Africa and 
Mexico.15, 170 Moreover, a dose-dependent relationship between dietary 
exposure to AFB1 and mutations at codon 249ser of p53 is observed in 
areas where HBV is endemic. This mutation is specific for HCC and does 
not require integration of HBV into the tumor DNA.75 Hepato~ellular 
carcinoma from geographic areas of low AFB1 exposure have a different 
mutational spectrum.142 It has been hypothesized that in sorne cases of 
HCC, mutations of p53 are a late event in tumor progression.82

' 
184 This 

hypothesis is supported by the finding that sorne liver nodules shQW 
both p53 with LOH and p53 without LOH; the former is associated with 
more severely atypical cells.184 The retinoblastoma tumor suppressor 
gene (Rb) mutation has also been reported in HCC and was associated 
with p53 mutations in 37 of 43 cases (86%).129 These data and t~ 
finding that all tumors with both abnormalities had poorly to moderately 
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differentiated histology suggest that p53 and Rb mutations have additive 
effect during the progression of hepatocarcinogenesis. 

Although activated oncogenes are found in many cases of spontane
ous and experimentally induced HCC in animal models, no single onco
gene has been shown to be preferentially activated in human HCC.64 

The overexpression of c-myc, N-ras and e-Jos in the absence of a mutation 
is common in human HCC.6 Overexpression and mutations of H- and 
K-ras are rare, however.134 The x protein of the HBV x gene and the pre-
52/S region of the HBV genome after 3' truncation are both able to 
activa te c-myc and c1os. 92

• 
106 

Telomeres, specialized structures at the ends of eukaryotic chromo
somes, are important in maintaining the stability and integrity of the 
chromosomes. 66 The shortening of telomeres can lead to chromosome 
instability and even to the development of cancer. Telomerase activity is 
increased in immortal cells and cancer.176 Piatyszek has demonstrated 
increased activity of telomerase in 39 HCC tissue samples, suggesting 
that this mechanism may be involved in hepatocarcinogenesis.164 

lnsulin-like growth factors (IGFs) 1 and 11 are potent hepatocellular 
mitogens.114 Insulin-like growth factor 11 and insulin receptor substrate 
(IRS) are frequently overexpressed in human HCC.128• 173• 179 Murakami et 
al examined the relationship between the expression of retinoic acid 
receptor alpha (RAR-alpha) and the increased expression of insulin
like growth factor binding protein-3 (IGFBP-3) in the retinoid-induced 
inhibition of HCC cell proliferation. Hepatocellular carcinoma cell lines 
showed marked RAR-alpha expression, which was closely related to the 
increased expression of IGFBP-3 but not with the expression of RAR
beta. These results show that an RAR-alpha agonist would inhibit the 
growth of HCCP8 Data suggest that in NIH-3T3 cells, IRSl exhibits 
transforming potential that is dependent on IGF-1,80 and that overexpres
sion of IRSl may contribute to liver cancer by preventing transforming 
growth factor (TGF)-¡3-induced apoptosis.28 Transforming growth factor
alpha, another cellular mitogen, has been found in higher concentration 
in adjacent nontumorous liver tissue in patients with detectable HBsAg 
and or HBcAg than in patients whose livers lack these viral proteins.73 

1t is not known whether TGF-a has a role in carcinogenesis. 

ANGIOGENESIS 

Angiogenesis is the process of new blood vessel formation.55
• 

56 

Tumors usually not grow more than a few millimeters without the 
formation of a vascular net providing oxygen and nutrients. Several 
molecules, including positive and negative regulators, are involved ~· . 
angiogenesis.16 Vascular endothelial growth fa~~or (VEGF) an~ bas1c· · 
fibroblast growth factor (bFGF) are the most spee1fic and potent ffiltogens 
of the endothelial cells.16

• 
104

• 
125 Hepatocellular carcinoma is characterized 

by increased pathologic angiogenesis and by increased levels of VEGF • 
and bFGF. In sorne studies the extent of tumor angiogenesis has been 
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associated with prognosis.4
• 

30
• 

44
• 

63
• 

71
• 

72 In a recent study, Chow et al 
showed that increased expression of VEGF is associated with a signifi
cantly higher proliferative index and sonographic evidence of portal 
vein thrombosis. Because VEGF expression does not correlate with the 
biochemicalliver profile, alpha-fetoprotein (AFP) levels, histologic grade, 
gender, or clinical stage of cirrhosis, the authors concluded that the 
expression of VEGF may characterize the progression toward higher 
proliferation in hepatocarcinogenesis in vivo.27 Blockage of the neovascu
lature of the HCC has been used as a therapeutic target.2• 38• 43• 54• 94 Kin et 
al recently evaluated the effects of the angiogenesis inhibitor, TNP-470, 
on hepatocellular carcinoma in rats. 

PATHOLOGV 

The World Health Organization (WHO) has classified types of HCC 
on the basis of the structural organization of tumor cells. The WHO has 
reviewed and accepted the following histologic classifications of HCC: 

l. Trabecular (sinusoidal): tumor cells are arranged in cords of 
variable cell thickness separated by sinusoids; fibrosis is absent 
or minimal 

2. Pseudoglandular (acinar): tumor cells form glandlike structures; 
canaliculi with or without bile are common; glandlike spaces 
may be derived from central degeneration and are filled with 
cellular debris, exudate, and macrophages 

3. Compact: cells form a salid mass; sinusoids are inconspicuous 
4. Scirrhous: significant fibrous stroma separate cords of tumor cells 

The most important characteristic defining HCC tumors smaller 
than 1.5 cm in diameter is that most of the tumor consists solely of 
well-differentiated carcinoma with little cellular or structural atypia.96

• 
131 

When well-differentiated carcinoma proliferates several histologic varia
tions, along with its dedifferentiation, can be seen in the same nodule. 
Cancer nodules smaller than 1 cm in diameter uniformly consist of well
differentiated cancerous tissues. In tumors 1 cm or larger but less than 
3 cm in diameter, 40% of the cancer noaule consists of more than two 
cancerous tissues of varying degrees of differentiation. 

Clinical Characteristics 

The median age at presentation of HCC is usually between the ~O 
and 50 years. The disease predominates in ~en, but the gender ~a9-o 
varíes in different series.23 Forty percent of pahents are asymptomatic at 
the time of diagnosis. Pain is the most frequent symptom (91%), ap
pearing at advanced stages and when Glisson's capsule is affected. Pain 
is typically located in the right upper quadrant of the abdomen. Acute-
onset pain may indicate bleeding into the peritoneal cavity resulting 
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from rupture of the tumor and is the first symptom of HCC in 5% of 
cases. Most patients have underlying hepatic cirrhosis and present with 
such signs and symptoms of liver failure as malaise (31 %), weight loss 
(35%), anorexia (27%), and jaundice (7%). Jaundice may be caused by 
functional impairment of the liver tissue or may be obstructive, resulting 
from tumor compression and blood clotting. Nausea and vomiting are 
observed in 8% of cases. Physical signs include hepatomegaly (89%), 
hepatic bruit (28%), ascites (52%), splenomegaly (65%), jaundice (41 %), 
wasting (15%), and fever (38%).138 As many as 15% of patients admitted 
to the hospital with variceal bleeding are diagnosed with HCC, and as 
many as 20% of patients who present with spontaneous bacteria! perito
nitis have underlying HCC. Hemorrhagic ascites may reflect minor or 
major bleeding of the tumor. In a necropsy series, 50% of the patients 
with HCC were found to have hemorrhagic ascites, a feature that is 
seldom seen in cirrhotic patients. In a few patients, the symptoms of 
metastatic spreading of the disease are the first symptoms of HCC, 
especially when metastatic disease has spread to the hilar nodes, bones, 
lungs, and adrenal glands. Diarrhea, which is probably caused by the 
production of vasoactive substances (vasoactive intestinal polypeptide, 
gastrin, and prostaglandins) by the tumor, occurs in as many as 50% of 
patients at an average of 3 months befare the diagnosis. Erythrocytosis 
is seen in 10% of patients. Other findings in HCC include hypercalcemia, 
sexual precocity, and gonadotropin production. Cryofibrinogenemia, 
dysfibrinogenemia, polymyositis, and carcinoid syndrome are infre
quent.20 An absence of normal feedback control in hepatoma cells, lead
ing to a deletion of beta-hydroxymethylglutaryl coenzyme A reductase, 
has been associated with hypercholesterolemia in 10% to 40% of pa
tients.20 

METHODS OF TUMOR DETECTION 

Tumor Markers 

Alpha-fetoprotein is a serum protein normally synthesized by fetal 
liver cells, by yolk-sac cells, and in trace amounts by the fetal gastro~tes
tinal trad. It is increased in approximately 60% to 70% of HCC patients 
in the United States and Europe.20 The normal range of this serum 
marker is Oto 20 ng/mL, and levels above 400 ng/mL are d~agnosti~ ~f 
HCC. False-positive results may be caused by acute or chroruc hepatitis, 
germ cell tumors, or pregnancy. Although AFP ele

0
vations c_an be ~e

tected early in the course of HCC, fewer than 10 Yo of pahents w1th 
uninodular HCC tumors smaller than 5 cm in diameter ha ve AFP levels. 
above 100 ng/ dL. Most clinical studies suggest that ultrasonography is , · 
more sensitive than AFP elevation in detecting early cancers. On the 
basis of studies of sensitivity and specificity/2· 33

• 
136 it is generally ac

cepted that cirrhotic patients with AFP levels above 20 ng/mL should • 
be carefully followed with ultrasonography every 3 months. Still, in-
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creased AFP levels remain the standard against which other assays must 
be judged.20 

The other most widely used assay is that for des-gamma-carboxy 
prothrombin, an abnormal prothrombin. This PIVKA-2 protein is in
duced by the absence of vitamin K and cannot interact with other 
coagulation factors. 190 The protein is increased in as many as 91% of 
patients with HCC but may also be elevated in patients with vitamin K 
deficiency, chronic active hepatitis, or metastatic carcinoma.102

• 
108

• 
159 Its 

sensitivity in detecting lesions smaller than 3 cm in diameter ranges 
from 19% to 48%.181 The elevations of both AFP and PIVKA-2 observed 
in patients with chronic hepatitis and cirrhosis sometimes make it diffi
cult to interpret these assays. Although many other assays have been 
developed, including fucosylated AFP and serum alpha-L-fucosidase 
assays,5

• 
13

• 
180 none has greater aggregate sensitivity and specificity than 

AFP and PIVKA-2.50
• 

121 

Ultrasonography 

Ultrasonography is widely used in the diagnosis of HCC, particu
larly in surveillance programs for patients with chronic liver disease 
who are at risk for developing HCC. This test method is inexpensive 
and widely available and thus is useful in third-world countries, where 
the incidence of HCC is higher. Ultrasonography has been shown to be 
more sensitive than repetitive AFP testing, especially for small tumors 
in high-risk patients.166 The sensitivity of ultrasonography for neoplasms 
ranges from 70% to 80%. On the hepatic ultrasonogram, neoplasms 
may appear strikingly more or less echogenic than surrounding normal 
hepatic parenchyma or may manifest as a disorganization of the echoar
chitecture. The typical ultrasonographic findings of small HCC tumors 
are a mosaic pattem, septum formation, peripheral sonolucency (halo), 
a lateral shadow produced by fibrotic pseudocapsule, and posterior 
echo enhancementY· 167 Ultrasonography is also helpful in distinguishing 
small HCC from metastatic tumors because HCC smaller than 2 cm in 
diameter have a typical ring-shaped appearance.48 Ultrasound angiogra
phy is one of the most sensitive tools for detecting small, hypervascular 
HCC tumors. Color Doppler ultrasound is a useful, noninvasive method 
for differentiating HCC from other hepatic tumors.182 

Duai-Phase Helical Computed Tomography 

The normalliver parenchyma receives 80% of its blood supply fr_pm 
the portal vein; the vascularized tumor receives most of its blood supp~y 
from the hepatic artery. By providing separate images of the hepatic 
arterial phase and the portal venous phase of hepatic enhancement, 
dual-phase helical CT allows differentiation of the two phases. Becau~e 
a CT sean shows little enhancement of the normal or cirrhotic liver 
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during the hepatic artery phase, hypervascularized tumors are easily 
seen.8 Because dysplastic nodules are supplied mainly by the portal vein 
and HCC is supplied mainly by the hepatic artery,120 differentiation 
between a dysplastic nodule and HCC might be made on the basis of 
differential blood supply shown by dual-phase CT sean. This technique 
has shown low sensitivity for small dysplastic nodules ( < 3 cm in 
diameter) with small foci of HCC that usually have well-differentiated 
architecture. Such lesions are usually supplied mainly by the portal vein 
that also supplies the rest of the hepatic parenchyma. The sensitivity of 
these lesions to dual-phase helical CT is 56%.177 

MR lmaging 

The presence of HCC is suspected with findings of intratumoral fat 
or a capsule in MR imaging scans. Areas of hyperintensity in T2-
weighted images distinguish HCC from dysplastic and regenerative 
nodules, which demonstrate hypointensity and isointensity, respectively, 
on T2-weighted images.158 To improve tumor detection, researchers are 
working to develop echo-gradient sequences that would allow breath
hold MR imaging during the hepatic arterial phase and the portal 
venous phase after injection of extracellular gadolinium. Other tools 
being tested are contrast agents such as reticuloendothelial and hepato
biliary agents that reveal specific biodistribution pattems within the 
liver.117 

Angiography 

As mentioned previously, HCC receives its blood supply from the 
hepatic artery. Angiography can detect 9% of adenomatous hyperplastic 
nodules containing HCC foci.178 Lesions smaller than 3 cm in diameter 
are detected as hypervascular lesions in 93% of cases.176 For hypervascu
lar and hypovascular lesions, however, a -combination of CT sean and 
angiography is usually necessary in the preoperative setting. 

Staging 

The most commonly used clinical staging system is that developed 
by Okuda et al (Table 1).139 The patient is evaluated using four clinicat 
criteria: presence of ascites, serum albumin levels, bilirubin concentra-·· 
tion, and tumor size. This system has prognostic significance because it 
takes into consideration the severity of underlying liver cirrhosis. Un
treated patients with stage 1, 11, and III cirrhosis have a median survival • 
time of 8.3, 2, and 0.7 months, respectively. 
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Table 1. OKUDA STAGING SYSTEM 

Criterion 

Tumor size* 
Ascites 
Albumin 
Bilirubin 

Stage 
1 

11 
III 

Positive 

>50% 
Clinically detectable 
< 3 g/dL 
> 3 mg/dL 

Criterion 
No positives 
1 or 2 positives 
3 or 4 positives 

Negative 

<50% 
Absent 
> 3 g/dL 
< 3 mg/dL 

*Largest cross-sectional area of the tumor to largest cross-sectional area of the liver. 
(Adapted from Schafer DF, Sorrell MF: Hepatocellular Carcinoma. Lancet 353:1253-1257, 1999; with 

permission.) 

TNM Classification 

The TNM classification18 is available but is not helpful in determin
ing the prognosis of HCC, because it ignores underlying liver cirrhosis. 

Histologic Grade 

Under the HCC histologic classification system developed by Ed
monson and Steiner,42 HCC is graded using six basic histologic criteria: 
cytoplasmic eosinophilia, nuclear chromatism, nuclear cytoplasmic ratio, 
tumor cell cohesiveness, bile secretion, and histologic structure. The 
histologic grades in this classification system are defined in the box. 

Grade 

GX 
G1 

G2 

G3 

Edmonson and Steiner Grading System 

Criteria 

Grade cannot be assessed. 
Well-differentiated. Hepatocyte-like tumors cells arranged in tra
becules, as in normal liver. Constitute 3.3% of hepatocellular 
carcinomas. 
Moderately differentiated. The nuclei are usually larger and the 
nucleoli more prominent than those in G1 cells. Glandular-like 
patterns observed are often filled with bile or proteinaceous ma
terial. 
Poorly differentiated. Lacks the trabecular or glandular pattern; ~:. 
more single cells or solid groups of tumor cells are isolated 
from the cords. Occasionally, intravascular, tumorous syncytial 
giant cells and bizarre hyperchromatic nuclei are numerous. 
The nuclear cytoplasm ratio is higher and the cytoplasm less 
acidophilic than in G2. 
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G4 Undifferentiated. Large, hyperchromatic nuclei often occupy al
most the entire cell. The cytoplasm tends to be basophilic; the 
cells are loosely coherent. Spindle cells rather than giant cells 
are common. 

TREATMENT 

Because hepatitis B and C viral infections, as well as alcohol abuse 
and the associated chronic liver damage, play such a major role in the 
origin of HCC it is not surprising that liver cirrhosis is so commonly 
encountered in patients with HCC. Indeed, treatment options and prog
nosis for HCC are closely linked to the severity of liver cirrhosis. Treat
ment options discussed here are assessed in terms of their suitability for 
patients with liver cirrhosis. The most widely used staging system for 
cirrhosis is the one proposed by Child and Pugh. Also useful is the 
staging system proposed by Okuda that takes into account the severity 
of liver cirrhosis. 

Hepatic lntra-arterial Chemotherapy 

The blood flow to HCC is supplied mainly by the hepatic artery. 
Selective hepatic arterial infusion (HAI) delivers chemotherapy agents 
directl y into the tumor, thus optimizing the drug dose and minimizing 
adverse effects. Continuous delivery of the drugs can be achieved with 
an implantable pump. Hepatic arterial infusion is appropriate only in 
patients with HCC confined to the liver. In patients with severe liver 
dysfunction, this procedure may cause complications, because pump 
placement requires major surgery. Complications may include impaired 
liver function, biliary sclerosis, liver abscess, and dislodgment of the 
catheter tip. Agents that have been used either alone or in combination 
for HAI include 5-fluorouracil (S-FU) and floxuridine (FudR).l01 Other 
agents used either alone or in combinatio!l with other drugs that have 
yielded response rates of up to 50% include doxorubicin/ 
mitoxantrone/01• 163 epirubicin,101 and cisplatin.29

• 
86

• 
101 Kajanti et al re

ported no survival advantage for patients receiving epirubicin and 5~FU 
over those receiving systemic chemotherapy.85 Unlike chemoembo~a
tion, HAI can be performed with implantable pumps and can be deliv
ered even in the presence of portal vein occlusion or hepatofugal blood 
flow in the portal vein. 

Chemoembolizat\on 

Devascularization of the tumor offers the potential advantage of • 
cutting of the supply of nutrients and oxygen to the tumor. Agents used 
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to embolize or vasoconstrict the hepatic artery include gelatin (Gelfoam), 
iodized oil (Lipiodol), and angiotensin II. These agents have yielded 
response rates of up to 50% and 2-year survival rates of up to 25%.87

,
140 

Although randomized studies have shown that chemoembolization 
shrinks the tumor, no survival advantage has been demonstrated.152 This 
procedure is contraindicated in patients with portal hypertension, portal 
vein occlusion, hepatofugal flow, or decompensated liver cirrhosis. Ad
vantages of chemoembolization include increased local drug concentra
tion, prolonged drug exposure, and induction of tumor ischemia. Chem
oembolizations cannot be repeated indefinitely, however. 

Percutaneous Ethanol lnjection 

Intratumoral injection of ethanol causes dehydration, intracellular 
coagulation, necrosis, vascular occlusion, and fibrosis. A large series 
from Japan indicated that patients with small tumors (i.e., < 5 cm in 
diameter) treated with this approach had a 3-year survival rate of 53%, 
a rate similar to that reported for surgical resection and better than that 
reported for chemoembolization? This approach may benefit patients 
with small tumors and underlying liver disease (i.e., cirrhosis) that limits 
resectability. This approach does not deal with multifocal or micrometas
tatic disease. 

Radiation 

Extemal beam radiation is rarely used without additional therapies. 
It has been recommended that a dosage of more than 50 Gy be used to 
kill HCC cells/09 but this dosage is associated with radiation-induced 
hepatitis and hepatic failure when the whole liver is exposed. Therefore, 
if radiation therapy is used, the delivered dose should be rather low 
(30-35 Gy over 3-4 weeks). Survival of HCC patients following radiation 
therapy is short; most patients die within 6 months.34 Larger doses of 
radiation using a linear accelerator have been associated with a resp~nse 
rate of 64% and a 3-year survival rate of 41%.135 Proton therapy 1s a 
newer method in which a large dose of radiation is focused on the 
lesion. A 50% reduction in tumor size has been observed in treated 
patients, with minimal side effect~ and a ~ood 9-uality of life.109 R~diatio? 
therapy may be used safely in pahents w1th Child-Pugh stage A curhos1s 
and tumors smaller than 8 cm in diameter or with Child-Pugh stage B 
cirrhosis and tumors smaller than 5 cm in diameter. This approach 
does not deal with multifocal or micrometastatic disease. Conventioriál , -
radiation is recommended as a palliative treatment for painfullesions. 

Intra-arterially administered Yttrium-90 glass microspheres have 
also been used in HCC, in analogy to brachytherapy.141

, 
193 Pilot and 

phase II trials of this procedure are ongoing in the United States. 
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Surgery 

Surgery is the only treatment with a definitive chance of cure. The 
outcome of patients with HCC depends largely on the clinical condition 
of the patient, as assessed using the Child-Pugh classification of liver 
cirrhosis or the TNM and Okuda tumor staging systems. Por example, 
patients in TNM stage 1 or 11 have a 5-year actuaria! survival rate of 
60% to 70% and an operative mortality rate of 5% to 10%_81, 156 Therefore 
surgical excision should be attempted in patients with Child-Pugh stage 
A, TNM stages 1 or 11, or Okuda stage 1 lesions, when unifocal tumors 
are 5 cm or less in diameter, preferably encapsulated, and there is no 
evidence of portal vein, hepatic vein, serosal, or capsular invasion.45 

At M.D. Anderson Cancer Center, preoperative treatment with fluoro
pyrimidine and interferon-u (IFN-u) are offered even to patients with 
resectable disease. If multiple lesions are found, surgery is still an option 
if the tumors are located in one lobe. Long-term survival is seldom 
achieved when more than one lobe is involved.81 Also, a right hepatic 
lobectomy may be harmful when the residual left lobe is too small to 
support the patient postoperatively. None of the surgical approaches 
deals with micrometastasis, and recurrence is common. 

Cryosurgery 

The application of subzero temperatures has been safely performed 
in patients with HCC and cirrhosis who have inadequate hepatic reserve 
or multifocallesions. The 3-year survival rate is around 20%.195 

Thermotherapy 

Thermotherapy uses temperature changes to destroy the tumor. 
A pro be is inserted into the target area of the liver as. detect~d by 
ultrasounography, and 60-W microwave-generated heat 1s applied at 
2450 MHz of frequency for 60 to 120 seconds.109 It has been calculated 
that the probe destroys tumors within a raqius of about 5 cm109 and that 
the therapy is associated with few side effects. The treatment also offers a 
potential cure for patients with lesions up to 9 cm in diameter. Although 
patients receiving thermotherapy have been reported to have an overall 
survival rate of about 60% at 5 years, 109 this approach does not deal with 
multifocal or metastatic liver disease. Indeed, recurrences are frequently 
observed, and the approach at M.D. Anderson Cancer Center favors a 
combination therapy, possibly with a fluoropyrimidine and interferon-u 
before and after thermotherapy. 

Transplantation 

Orthotopic liver transplantation is a particularly attractive option 
for patients with primary HCC and cirrhosis because it offers the possi-
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bility of tumor excision and replacement of dysfunctional liver paren
chyma. Sorne individual centers have reported 3-year survival rates as 
high as 80%, but other centers have reported 5-year survival rates of 
only 20%.153 Most deaths after transplantation are caused by recurrence 
of the tumor in the transplanted liver or elsewhere.103 Tumor recurrence 
may even be enhanced by obligatory antirejection drugs. Tumors smaller 
than 3 cm are less likely to recur than are those larger than 5 cm. 

Chemotherapy 

The major disadvantage of all the surgical and local modalities of 
treatment mentioned is the lack of activity on multifocal hepatic disease, 
extrahepatic disease, and micrometastasis. Therefore, systemic therapies 
must be evaluated for the treatment of patients with HCC. The median 
survival time for patients who are not eligible for surgery and who 
cannot receive other local treatments for HCC maybe as low as 2 months 
or less.139 5-Fluorouracil is a pyrimidine antimetabolite used in the treat
ment of HCC. Several doses, schedules, and duration of the treatment 
with this agent have been tested, but overall response rates have been 
about 10%, and a median survival time of 3 to 5 months has discouraged 
further use of S-FU as a single agent.59· 109 Several agents have been 
added to S-FU in the treatment of HCC; combinations include S-FU and 
leucovorin and S-FU and INFa. Other agents include doxorubicin59· 
99· 122 alone or combined with interferon (IFN), amsacrine,59 epirubicin/0 

etoposide,122 cisplatin,19· 61· 123 5-epidoxorubicine and IFN, mitoxantrone51 

and IFN-[3,10· 77
• 

194 isophosphamide,110· 118· 185 pyrazoloacridine (PZA),1 and 
cisplatin combined with IFN-')'78· 79 and IFN-a.67· 147 Combination chemo
therapy with amifostine, gemcitabine, and cisplatin,19 or gemcitabine 
and cisplatin without amifostine have been tried with encouraging re
sults.61 Of all available chemotherapy agents, doxorubicin seems to be 
the most active single agent, with a response rate of 25% and with an 
advantage in survival when compared with no treatment.99 Patt et al are 
using a combination of cisplatin, interferon alfa-2b, doxorubicin, and S
FU systemically in patients likely to tolerate such treatment. An initial 
impressive response in liver and extrahepatic disease has been re
ported.147 The same regimen was tested in Hong Kong in Chinese pa
tients by Leung et al.105 Even though an objective radiologic partial 
response (PR) was observed only in 26% of P.atients, diseas~ previou.,siy 
considered nonresectable became resectable m 9 of 50 patients (18 Yo), 
and in 4 of 50 patients (9%) a complete histologic remission was docu
mented. This combination, which included cisplatin and doxorubicin;; js 
unlikely to be tolerated in patients with advanced cirrhosis because of 
the intravascular volume expansion required to avoid cisplatin renal 
toxicity. Doxorubicin cannot be given to patients with hyperbilirubi
nernia. 
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lnterferon Chemotherapy Combinations 

Interferon-u has antiviral, antiangiogenic, and antitumoral activities. 
It has been shown that in patients with viral hepatitis, the rate of HCC 
development was significantly lower in the group treated with IFN-u 
than in the untreated group, especially in patients with a higher serum 
titer of HBV DNA.79 Combined therapy consisting of intra-arterial cis
platin infusion and systemic IFN-u, have shown promising results as 
palliative treatments.29 No sustained antitumoral response or significant 
toxicity has been reported in patients with advanced HCC using 5-FU 
and IFN-u; the reported median survival time was 10 months in heavily 
pretreated patients.172 

A phase 11 clinical trial was conducted to evaluate the efficacy of 5-
FU administered as a continuous intravenous infusion at a dose of 
600 mg/m2 for 5 consecutive days plus recombinant interferon alfa-2b 
administered subcutaneously ata dose of 5 MU/m2 1 time/day on days 
1, 3, and 5 of the 5-FU infusion. The treatment was repeated at 14-day 
intervals. Results indicated a PR rate of 18% and a minor response rate 
of 4%. Responses lasted from more than 2 months to more than 24 
months (median, 11.5 months). Mucositis occurred in 54% of the patients; 
diarrhea and dermatitis were observed in 16% and 17% of the patients, 
respectively; fatigue, thrombocytopenia, granulocytopenia, neurologic 
toxicity, and nausea and vomiting were not commonly seen. The authors 
concluded that this regimen was well tolerated and induced durable 
partial response in 31% (5 of 16) of patients with HCC who had low 
levels of serum AFP and in those with 50% or less of liver replacement. 
In contrast, the regimen was ineffective in patients with HCC who had 
high levels of serum AFP or extensive liver disease.148 This same group 
also reported a response rate of 50%, a median survival time of 16.77 
months, anda 1-year survival rate of 64% associated with mild toxicity 
among 6 of 11 patients (55%) with fibrolamellar HCC who were treated 
with a continuous infusion of 5-FU and riFN-u.69 The combination 
induced complete histologic remissions in a few patients with nonfibro
lamellar HCC whose disease became resectable (Patt et al, unpublished 
data). 

Oral Fluoropyrimidins 

Capecitabine is an oral fluoropyrimidine that is a prodrug devel
oped to generate 5-FU. Thymid~e ph?sphorylase (dTh~P~se) is ,the rate
limiting enzyme that metabolizes 5 -deoxy-5-fluo~our.Idme (5 -dFU~d, 
doxifluridine), an intermediate metabolite of capee1tabme, to the active 
drug 5-fluorouracil (5-FUra), whereas dihydropyrimidine dehy~r<;>~e.. 
nase (DPD) catabolizes 5-FU toan inactive molecule. ~e suscept1b1hty 
of tumors to fluoropyrimidines is reported to correlate with tumor levels 
of these enzymes.126 

Lozano et al112 havé recently reported data regarding 55 patients • 
with unresectable hepatobiliary carcinoma treated with capecitabine, 
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2000 mg/m2 in two divided oral doses/ day for 14 days. Sixteen percent 
of the patients had a response. The median time to progression was 6.3 
months, with a 1-year survival rate of 67% for patients with HCC; 37% 
of the patients had hand-foot syndrome as a side effect. The treatment 
was well tolerated even by the patients with cirrhosis.112 Updated analy
sis of the data indicates a 13% response rate (RR) (95% confidence 
interval [CI], 4%-23%) among 31 patients with HCC, a 6% RR (95% Cl, 
0%-15%) among 16 patients with cholangiocarcinoma, and a 50% RR 
(95% CI, 21 %-79%) among eight patients with gallbladder cancer. Al
though the activity of capecitabine is modest, it deserves, further evalua
tion in the setting of liver cirrhosis, alone or in combination with other 
drugs, in patients with HCC and in patients with gallbladder carcinoma. 

Another approach is UFT, a combination of the 5-FU pro-drug 
(tegafur) and uracil in a 1 :4 molar ratioY6 Tegafur is converted to 5-FU 
by liver microsomes. The degradation to inactive metabolites is inhibited 
by uracil, allowing higher levels of the active compound within the 
tumor cells. Based on phase 1 trials149 and the recognized activity of UFT 
in other gastrointestinal malignancies, 150

• 151 Mani et al recently published 
their experience with 16 patients with advanced, unresectable HCC. The 
UFT combination was given ata starting dose of 300 mg/m2/day and 
leucovorin at 90 mg/ da y, with both drugs given in three divided doses/ 
dayfor 28 days, repeated every 35 days. In three patients disease became 
stable for 17 to 22 months, but neither complete nor partial responses 
were observedY9 

Antiangiogenic Agents 

Hepatocellular carcinoma is characterized by increased pathologic 
angiogenesis which could be correlated with increased serum VEGF and 
bFGF levels; indeed, increased serum levels of bFGF were associated 
with poorer prognosis in sorne studies.4

• 
30

• 
44

• 
63

• 
71

• 
72 In a recent study, 

Chow et aF7 showed that expression of VEGF is significantly associated 
with a higher proliferative index and sonographic evidence of portal 
vein thrombosis. They suggested that expression of VEGF may character
ize progression toward higher proliferation in hepatocarcinogenesis in 
vivo. Antiangiogenic therapy has attracted considerable interest in treat
ment of solid tumors. Therefore, blockage of neovasculature of the HCC 
has been used as a therapeutic target.2

• 
38

• 
43

• 
54

• 
94 Kin et al recently 

evaluated the effects of the angiogenesis inhibitor, TNP-470, on HCC. 
Treatment with TNP-470 resulted in a reduction in size and frequency 
of HCC in treated rats when compared with control rats and significantly 
reduced tumor vascularity relative to the controls. Also, the frequency 
of apoptotic hepatoma cells was higher in the TNP-470-treated r~~ 
than in control rats. These results indicate that TNP-470 suppresses the 
progression of HCC in rats through ~bi~g angiogenesis and suggest 
that TNP-470 might have a therapeutic role m HCC.94 

• 

Thalidomide is an antiangiogenic and immunomodulatory agent 
that inhibits the processing of mRNA-encoding peptide molecules in-
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cluding tumor necrosis factor-alpha (TNF-a) and the angiogenic factor 
VEGF.43 The agent is currently being tested alone or in combination in a 
number of salid tumors, including HCC.43

• 
146 

Because HCC tumors are known to be highly vascularized, Patt et 
al have conducted a phase II trial of thalidomide in patients with HCC. 
Preliminary results indicated a 5% partial response rate, a 5% minar 
response rate, and a 45% rate of disease stability with mild toxicity, 
mostly in the form of drowsiness. Disease stability was associated with 
a decrease in AFP and longer survival even among patients whose 
disease subsequently progressed. The authors concluded that thalido
mide should be considered for combination with other agents that could 
also be given even to patients with severe liver cirrhosis.145

• 
146 A phase 

11 trial of thalidomide combined with capecitabine is contemplated. 
Combinations of antiangiogenic agents with conventional anticancer 

treatments such as chemotherapy, radiotherapy, immunotherapy, or sur
gery could be of value. 

Tamoxifen 

The presence of estrogen receptors in 33% of HCC has lead to the 
investigation of tamoxifen in HCC.47 A phase 11 study showed no re
sponse to tamoxifen; stable disease ranged only from 5 to 13 months. 
The median survival time in that study was 6 months from the initiation 
of tamoxifen therapy.47 Compared with placebo, tamoxifen does not 
extend the survival of patients with cirrhosis and advanced HCC.155 

Other groups compared tamoxifen with the best supportive care and 
found no survival prolongation in patients with HCCP Tamoxifen has 
also been used in combination with VP-16, showing modest activity 
and acceptable toxicity in far-advanced HCC, and is a useful palliative 
treatment in 25% of such patients.25 In vitro data have indicated that 
tamoxifen significantly enhances the cytotoxic effect of doxorubicin in 
HCC cells.26 High-dose tamoxifen seems to be an effective biochemical 
modulator of doxorubicin in the treatment of HCC.26 A study of doxoru
bicin in addition to oral tamoxifen, however, indicated that in patients 
with advanced HCC this combination therapy is unlikely to improve 
survival significantly more than tamoxifen alone.160 Most recently Javed 
et al reported better partial response and improved survival rates . in 
patients randomly treated with tamoxifen, 40 mg orally/ da y, plus radlo
therapy of 180 cGy 5 days/week for a total2500 to 3000 cGy in 3 to 3.5 
weeks than in patients treated with tamoxifen alone.83 

Octreotide 

Octreotide is a somatostatin analogue that possess antimitotic activ-' · -. -
ity against a variety of nonendocrine tumors.97 Reubi et al studied tissue 
samples of 59 cases of HCC. Their group found that 41% of HCC 
expressed somatostatin receptors and that the somatostatin receptors • 
showed high affinity for somatostatin and for octreotide.154 
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Kouroumalis et al treated 58 patients with advanced HCC randomly 
with either subcutaneous octreotide, 250 ¡.¡,g two times/day, or no treat
ment. Treated patients had an increased median survival (13 months 
versus 4 months, P = 0.002) and an increased cumulative survival rate 
at 6 and 12 months (75% versus 37% and 56% versus 13%, respectively). 
Decrease in the AFP levels at 6 months was also associated with octreo
tide treatmenU7 If these results can be confirmed by additional random
ized trials, this approach would be extremely promising, and octreotide 
could be added to the armamentarium of treatment of HCC in patients 
with advanced liver cirrhosis. 

SUMMARY 

The prognosis of patients with HCC remains dismal. Even in the 
subgroups of patients who have the most favorable characteristics and 
are eligible for surgical resection, the 5-year survival rate is less than 
25%. For patients with more advanced disease, the median survival time 
is less than 1 year.34 The good news in HCC research is that the disease 
can be prevented. In Taiwan, the rate of HCC in children aged 6 to 9 
years decreased from 5.2 per million population before the neonatal 
vaccination program began in 1984 to 1.3 per million population in the 
first vaccinated cohort.21 Treatment of viral hepatitis with IFN may 
decrease the rates of long-term development of HCC.88

•
133 Other agents 

that may prevent second primary tumors following resection of HCC, 
such as polyprenoic acid and acylic retinoid, are also being investi
gated.130 
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