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Abstract
Cancer is the most dangerous disease in the world because of its wide range of the morbidity and mortality. Cancer has become an
important issue in medicine as it is major cause of death in both developed and developing countries. Among that, Hepatocellular
carcinoma is a primary malignancy of the liver and it is the second leading cause of cancer- related deaths globally. The main risk factors
for developing HCC are hepatitis B and C virus infection, alcohol intake and ingestion of fungal metabolite aflatoxin B1. Additional risk
factors are diabetes, non alcoholic fatty liver disease, and smoking. It has poor prognosis with a median survival time of approximately
11 months. The incidence of HCC is higher in men and in those over 40 years old. Early detection of HCC is critical to providing
effective treatment which has a significant impact on survival. For that, understanding the carcinogenic process and staging system
remains essential keys in diagnosis and treatment of HCC. This review outlines the minutiae of Hepatocellular carcinoma.

INTRODUCTION
Hepatocellular carcinoma is the most common primary
hepatic malignancy with average survival rate between 6 to
20 months.[1] It is the fifth commonest malignancy and the
second commonest global cause of cancer deaths.[2]
Hepatocellular carcinoma is the fifth most common cancer
in men and eighth most common cancer in women world
wide resulting in at least 5,00,000 death per year.[3] The
major cause of cancer is cirrhosis of liver due to alcohol
abuse, autoimmune disease of liver, infection with hepatitis
B and C virus, chronic inflammation of liver, Iron over
load,[1-4] ingestion of fungal metabolite Aflatoxin B1,
chemical and industrial carcinogens, metabolic syndrome,
[5]
and
diabetes.[6]
hepatovasular
abnormalities
Hepatocellular carcinoma has poor prognosis because of
high rate of recurrence and liver failure.[7] More over twothirds of Hepatocellular carcinoma patients are diagnosed
at advanced stage even in developed countries.[2]
Treatments such as hepatic resection and orthotopic liver
transplant give good prognosis, but they are limited to early
stage of Hepatocellular carcinoma. [8] Early diagnosis of the
disease is very essential to improve the survival rate. For
that, effective surveillance program and antiviral treatment
for both hepatitis B and C are indispensable. [9]
Epidemiology
Hepatocellular carcinoma is diagnosed in more than half a
million people world wide. The latest figure showed an
estimated 7,48,300 new cases of HCC and 6,95,000 deaths
caused by this disease. The World Health
Organization
(WHO) indicates HCC as the second leading cause of
cancer- related death in humans due to its high incidence in
the East, in areas of Africa, and in the Western Pacific.
In Asia-Pacific region especially north and South Korea,
Indonesia and Vietnam, the rate of HCC in men is 4 folds
higher than that of women. Approximately 85% of the
cases occur in developing countries. The incidence of HCC
is closely related to the incidence of HBV and HCV
In Singapore, Japan and Australia,
infection. [9-12]
NewZealand, HCC is mainly due to high incidence of HCV
infections. HCV infection is the main leading cause of
HCC in Europe and United States. [13]

The prognosis of the liver cancer, even in developed
countries is very unfavorable. In the United States the one
year survival is less than 50% and the five year survival
only 10%. Survival is even less favorable in developing
countries. [12]
Etiopathogenesis
The primary risk factor or cause for developing HCC is
cirrhosis. [14] There are varieties of congenital and acquired
conditions, which induce the development of HCC without
cirrhosis. They are viral hepatitis (HBV, HCV), Alcohol,
Aflatoxin B1, Chemical and industrial carcinogens, Tissue
Iron over load, inherited diseases, Metabolic syndrome,
Hepatic vascular abnormalities, Benign tumours like
hepatic adenoma and sex hormones. [15]
Cirrhosis of liver
Cirrhosis is the major risk factor for the HCC development.
Most common causes of liver cirrhosis are chronic alcohol
abuse, long term viral hepatitis C infection, hepatitis B
infection, Non alcoholic fatty liver disease (NAFLD), and
Non alcoholic steatohepatitis (NASH). Less common
causes are auto immune hepatitis, damage to bile ducts,
hemochromatosis, Wilson’s disease and rare viral
infections of liver like hepatitis D and hepatitis E and other
causes are prolonged use of medications (like
acetaminophen, some antibiotics, antidepressants),
prolonged exposure to toxic chemicals, parasitic infections
and chronic heart failure with liver congestion. [16] Thus
chronic liver injury (cirrhosis) initiates increased liver cell
turnover, triggering oxidative DNA damage and
inflammatory events. This leads to formation of dysplastic
and macro regenerative nodules which are considered to be
neoplastic nodules. [17]
Hepatitis B virus
Hepatitis B Virus (HBV) is a partially double stranded
circular DNA virus belonging to the hepadnavirus family.
[18,19]
HBV virions infect hepatocytes by binding to cellular
surface receptors which remain unknown. Then the viral
inner cores are transported into the nucleus where it is
converted into covalently closed circular form DNA
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(cccDNA) and it is transcribed into viral mRNA by the host
RNA polymerase II. This mRNAs enter into the cytoplasm
where they are translated into different viral proteins. Then,
the viral inner cores are assembled in the cytoplasm. The
inner core contains a single molecule of pregenomic RNA,
a viral DNA polymerase and core proteins. The pregenomic
DNA is then converted into double stranded DNA by
reverse transcription. Most cores are then coated with viral
lipoprotein envelopes by budding into the endoplasmic
reticulum and they are exported from the cell as mature
virions, while a small portion of core particles are
transported back to the nucleus to maintain a stable pool.
[20]

The major complication of Infection of HBV is HCC.
Evolution of HCC may be the direct or the indirect effect of
the virus. First, HBV infection causes hepatocytes injury
and chronic necrotic inflammation with subsequent
hepatocytes proliferation, fibrosis and cirrhosis. The
continual necrosis of the hepatocytes during chronic HBV
infection accompanied by rapid regeneration lead to
accumulation of mutations in host genome which results in
genetic alteration, chromosomal rearrangements, activation
of the oncogenes and inactivation of the tumour suppressor
genes. Finally it leads to HCC.
HBV can also cause HCC in absence of cirrhosis. In it,
there is integration of HBV DNA in the host genome which
may act as mutagenic agent or transactivation of oncogenes
of the host by HBx protein or by another truncated protein
derived from the pre-S2/S region of HBV genome. HBV
can integrate into genes encoding for proteins related
control of cell signaling proliferation and viability, which
leads to deregulation of the cell cycle control and
interference with cellular DNA repair and apoptosis. [21-23]
Hepatitis C Virus
Hepatitis C Virus (HCV) is RNA virus belongs to the
Hepacivirus genus, Flaviviridae family. HCV is transmitted
mainly via blood and its products and other routes are
occupational exposure, hemodialysis, household exposure,
birth to an infected mother, intra nasal cocaine use, drug
and sexual behavior. [24] After entering the susceptible host,
HCV invades, infects and replicates within the
bloodstream, peripheral B and T lymphocytes and various
tissues like pancreas, thyroid, adrenal glands, spleen and
bone marrow. Liver is the principal site of HCV
replication. [25] HCV replicates in the cytoplasm of the
hepatocytes. The replication ranging is between 1010-1012
virions per day and the virions half life is 2-3 hour. Because
of the rapid viral replication and lack of error proofreading
by the viral RNA polymerase are reasons for HCV
mutations. [26]
HCV can cause HCC by induction of chronic inflammation
or by direct way via viral factors. In indirect way, HCV
infection cause chronic hepatic inflammation, progressive
liver fibrogensis, and initiation of neoplastic clones which
leads to somatic genetic or epigenetic alterations and
progression of malignant clones in a carcinogenic tissue
microenvironment. [27]
In direct way, being HCV is a RNA virus, it cannot
integrate into the host genome but its viral proteins such as
structural (core, E1, E2) and non structural proteins (P7,

NS2, NS3, NS4A, NS4B, NS5A & NS5B) can cause
change in the signaling pathways and gene expression
which leads to epigenetic modification of tumour
suppressor genes which cause expression of oncogenes in
early tumourigenesis and mutation in these oncogenes
supports tumour survival and growth and cause HCC. [28]
Alcohol
Another causative factor of chronic liver disease and
Hepatocellular carcinoma is alcohol consumption, which
cause HCC via direct (genotoxic) and indirect mechanisms
(cirrhosis). [29] In hepatocytes, primarily ethanol is
metabolized into acetaldehyde by alcohol dehydrogenase in
the cytosol, cytochrome P450 in microsomes and catalase
in peroxisomes.
In moderate alcohol intake, Acetaldehyde is rapidly
metabolized into acetate by acetaldehyde dehydrogenase in
mitochondria. This acetate is rapidly released from the liver
into circulation and is then metabolized into CO2 via the
Krebs cycle in heart, skeletal muscle and brain. In chronic
alcohol abuse, acetaldehyde production is increased which
is a highly reactive compound and toxic to hepatocytes
because it forms a variety of proteins and DNA adducts that
promotes glutathione depletion, lipid peroxidation and
mitochondrial damage. These lead to hepatic injury,
cirrhosis and Hepatocellular carcinoma. [30-32]
Aflatoxin
Aflatoxin is a mycotoxin produced by the common
Aspergillus flavus and Aspergillus parasiticus. This
mycotoxin is found in foodstuffs, including corn, rice,
oilseeds, dried fruits and peanuts that have been stored
improperly in hot, humid and unsanitary conditions. [33]
When animals consume aflatoxin contaminated feed, a
metabolite, aflatoxin M1, is excreted in the milk. [34]
Aflatoxins are a group of secondary metabolites. There are
four major aflatoxins known as B1, B2, G1 and G2. Among
them, aflatoxin B1 (AFB1) is the most toxic mycotoxin and
the most potent naturally occuring chemical liver
carcinogen and mutagen.
In the liver cells, AFB1 is metabolized into the reactive
oxygen species such as aflatoxin-8,9-epoxide, which binds
to the liver cell DNA and form DNA adducts namely 8,9dihydro-8(N7guanyl)-9-hydroxy-AFB1(AFB1N7-Gua). If
this is not repaired before DNA replication, the DNA
adducts interact with the guanine base of the DNA and
cause mutational effects in the p53 tumour suppressor gene
resulting in hepatocarcinogenesis. [33-36]
Other causes
Non Alcoholic Fatty Liver Disease (NAFLD) and Non
Alcoholic Steatohepatitis (NASH) are the most common
etiology of chronic liver disease. NAFLD is directly
associated with metabolic syndrome, [37] because, the
components of metabolic syndrome are the risk factors for
the development of NAFLD. [38] Metabolic syndrome
(MetS) is a constellation of problems which including 6
major components, they are abdominal obesity,
Atherogenic dyslipidemia, Raised blood pressure, Insulin
resistance ± glucose intolerance, Proinflammatory state and
Prothrombotic state. [39] Obesity is the major component in
metabolic
syndrome,
Diabetes
mellitus
and
hyperlipedemia. Obesity is characterized by a low grade
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inflammatory response. In it, there is expansion of adipose
tissue leads to release of pro-inflammatory cytokines like
TNFα (Tumor necrosis factor α) which is potent activator
of pro-oncogenic pathways and IL-6 (Interleukin -6) which
exerts cell proliferative and anti-apoptotic effects. Adipose
tissue expansion decreases the release of adipose derived
hormones or adipokines like adiponectin which exerts
potent anti-inflammatory effects and increase the release of
Leptin which exerts pro-inflammatory and pro-fibrogenic
effect by activating kupffer cells and stellate cells which
lead to disease progression.[40] These events are catalytic to
hepatic fibrosis, cirrhosis and eventually Hepatocellular
carcinoma.[41,42]
Iron over load – Iron is essential for many vital functions.
But it should be regulated within limits. When the body
iron exceeds which leads to iron overload and iron toxicity.
Iron overload, generally defined as an increase in total body
iron exceeding 5 gram. [43] Causes of iron overload may be
genetic like hereditary haemochromatosis, Thalassemia
syndromes, sideroblastic anaemias or acquired like alcohol
abuse, dietary iron over load, exposure to heavy metals,
chronic hepatitis C, NAFLD, and NASH. [44,45] Liver is the
major storage place of Iron. Iron overload induces reactive
oxygen species (ROS) production via Haberweiss reaction
(Interaction between iron and superoxide) and Fenton
reaction (Interaction between iron and hydrogen peroxide).
These ROS damages the biomolecules and promotes
oncogenes activation, DNA strand breaks, lipid
peroxidation, mutagenesis which leads to liver injury,
fibrosis, cirrhosis and eventually Hepatocellular carcinoma.
[46]

CLINICAL MANIFESTATIONS OF HCC
At early stage, patients with HCC are asymptomatic. The
common signs and symptoms are right upper quadrant pain,
palpable mass in right upper quadrant due to enlarged,
irregular and nodular liver, loss of appetite, loss of weight,
fatigue, fever, jaundice, Ascites, spleenomegaly, muscle
wasting and abnormal liver function test.
During the terminal stage, the patient may present with
Ascites, variceal bleeding, peripheral odema, hepatic
encephalopathy, cachexia, dyspnoea, anorexia, vomiting
and psychiatric distress.
Para neoplastic manifestations are hypercholesterolemia,
erythrocytosis,
hypoglycaemia,
hyper
calcaemia,
thrombocytosis, arterial hypertension, dermatomyositis and
peripheral polyneuropathy.[47,48]
Staging of HCC
Staging of cancer is very important for patient management
and research advancement. Several staging systems are
there. But American Joint Committee on Cancer (AJCC) /
Union Internationale Contre le Cancer (UICC) staging
system is most useful. Because, it is based on the standard
system of tumor, node and metastasis classification and its
capacity to help more accurately predict the prognosis and
to direct post operative adjuvant therapy and they have
been updated regularly since the first edition in 1977. [49,50]
Diagnosis
Because of its silent nature, diagnosis of HCC in early
stage is very difficult. 80% of the cases will be diagnosed

during advanced stage. The diagnostic techniques for HCC
include serum markers, various imaging modalities and
histological analysis. [51]
Serum markers – Number of serum markers are there to
diagnose HCC. They are Alpha Feto protein (AFP), Lens
culinaries agglutinin-reactive AFP (AFP-L3), Des-gamma
carboxy prothrombin (DCP), α-L-Fucosidase, Glypican-3,
Squamous cell carcinoma antigen (SCCA), Golgi protein
73, Hepatocyte growth factor (HGF), Transforming growth
factor β1 (TGF-β1), vascular endothelial growth factor
(VEGF), Serum proteomics.
Alpha Feto Protein (AFP) – AFP is a fetal specific
glycoprotein, which is elevated in hepatocarcinogenesis,
embryonic carcinoma, gastric cancer, lung cancer and
disease associated with high degree of hepatocyte
regeneration in absence of cancer. AFP value above 400500ng/ml has been considered to be diagnostic for HCC.
[51]

Lens culinaris agglutinin-reactive AFP – it is otherwise
known as AFP-L3 which is Isoform of AFP. AFP-L3
percentage of total AFP concentration [(AFP-L3 / total
AFP) X 100] or AFP-L3 % has been used as a marker for
early diagnosis for assessment of therapeutic effects and
predicting the prognosis of HCC. [52] AFP-L3 is produced
by malignant liver cells. AFP-L3 can be detected in the
serum of approximately 35% of the patients with small
HCC (<2cm). The AFP-L3 positive HCC has potential for
rapid growth and early metastasis. [53,54]
Des-gamma carboxyprothrombin (DCP) – DCP is an
abnormal prothrombin without carboxylation of the 10
glutamic acid residues in the N-terminus and is devoid of
coagulation activity. It is also known as PIVKA-II (protein
induced by vitamin K2 absence/ antagonist-II). It
completely lost the normal prothrombin function and may
play an important role in the malignant proliferation of
HCC. Therefore, DCP is specific to HCC and less prone to
elevation during chronic liver diseases. So DCP is a
potential serum marker of early diagnosis of HCC and
marker of intrahepatic metastasis. [55-57]
α-L-Fucosidase - It is lysosomal enzyme present in
mammalian tissues where it degrade fucose containing
fucoglyco-conjugates. Activity of this enzyme is detectable
in healthy subjects. But this enzyme level is increased in
HCC.[58]
Glypican3- It is cell surface glycoprotein. This protein is
not detectable in normal tissues except placenta and fetal
liver. But they are expressed and significantly increased in
HCC patients sera.[59]
Squamous cell carcinoma antigen - It is a serine protease
inhibitor, which is physiologically expressed in the skin
and other Squamous epithelial cells. This level will be
increased in head and neck cancers and other epithelial
cancers. This antigen levels have been increased in HCC
also.[60]
Golgi Protein 73 (GP 73) - It is a resident Golgi-specific
membrane protein expressed by biliary epithelial cells in
normal liver. This levels are elevated in HCC patients.[61]
Hepatocyte Growth Factor (HGF) - It is produced in
various body organs and it is a potent hepatocyte mitogen
and may stimulate the proliferation and invasiveness of
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human HCC cells via c-met receptors. Serum HGF levels
are significantly elevated in HCC patients. Patients with
serum HGF concentration greater than 0.6 ng/ml had HCC.
HGF levels greater than or equal to 1.0 ng/ml have been
associated with poor survival in HCC. So it can be used as
a prognostic marker in HCC. [62]
Transforming growth factor-beta 1(TGF-β1) - It is a
multifunctional factor. It plays a vital role in the regulation
of growth and differentiation of normal and transformed
cells, angiogenesis, extra cellular matrix formation,
immunosuppression and carcinogenesis. This level will be
significantly high in HCC patients. [63]
Vascular Endothelial Growth factor (VEGF) - It is an
endothelial cell Mitogen that initiates and promotes
neovascularization and endothelial cell proliferation. It
plays a vital role in regulating angiogenesis. This level will
be significantly high in HCC patients.[64]
Imaging Techniques for HCC - A number of imaging
modalities are available for the detection of HCC. They are
Ultrasound (US), Computed tomography (CT), Magnetic
Resonance imaging (MRI), and Positron Emission
Tomography (PET). They are all non invasive techniques,
which help for detection of HCC lesions, evaluation of
focal liver lesions and staging of HCC. [65] When diagnosis
is not achieved by these non invasive techniques, other
invasive techniques are used such as Iodized oil-CT, CT
during hepatic arteriography (CTHA), CT arterial
Portography (CTAP), Conventional hepatic angiography
and Cytological examination of a suspected lesion by US
guided fine needle aspiration biopsy. [51]
Histopathological
examination
Finally,
histopathological examination of liver biopsy or suspected
lesion is considered the ideal method to confirm the
diagnosis of HCC and staging of HCC. It is mandatory to
decide the treatment modalities.[51]
MANAGEMENT
Resection is the first line of therapy for localized HCC
without cirrhosis. But it is not suitable for cirrhotic patients
and patients with portal vein hypertension. In these
situations Liver transplantation is the best therapy. But it
can only be performed in patients in early stage of HCC.
Percutaneous ablation such as Percutaneous ethanol
Injection (PEI) and Radiofrequency ablation (RFA) is other
treatment options for the patients who are not suitable for
resection and Liver transplantation. Other palliative
treatment modality for HCC is Chemoembolization.
Being HCC is most chemo-resistant tumor, systemic
chemotherapy with cytotoxic agents such as doxorubicin,
Cisplatin, 5-fluorouracil, interferon and hormonotherapy
show marginal or poor improvement. [66]
Surgical procedures are effective in early stage of HCC.
But 80% of the HCC are diagnosed in the advanced stage.
The palliative therapies such as radiotherapy and
chemotherapy are shown more side effects. Because of
these disadvantages, patients seek alternative therapies to
improve the quality of life or survival period such as herbal
medicines. Because of the presence of bioactive
phytocompounds, the herbs show good anticancer activities

without that much side effects. To confirm this statement, it
requires advanced level research on herbal medicine.
CONCLUSION
Despite significant advances in medicine, Hepatocellular
carcinoma remains a major cause of death in the world.
Early diagnosis and continued improvement in surgical and
nonsurgical procedures may increase survival rate. Above
all, ‘Prevention is better than cure’. So, preventive
measures such as vaccinations, universal screening of blood
products, use of safe injection practices, treatment and
education to alcoholics and intravenous drug users,
antiviral therapy and changing the food habits may reduce
the death rate as well as occurrence of HCC.
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