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1. Context for most primary cancers of the liver. HCC is the most
common malignant neoplasm in several regions of Af-
rica and Asia. At least 300,000 of the 600,000 deaths
from HCC worldwide occur in China, and most of other
300,000 deaths occur in resource-challenged countries
in sub-Saharan Africa. This dramatic rise in the preva-
lence of HCC is presumably associated with chronic hepa-

Primary liver cancer is one of the most common and
deadly malignant neoplasms worldwide. Globally, it is
the fifth most common cancer and the third most com-
mon cause of deaths by cancer, behind lung and stomach
cancers (1-3) Hepatocellular carcinoma (HCC) accounts
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titis B and C (2, 3). The emergence of the hepatitis C virus
(HCV) in developed countries accounts for approximate-
ly half of this increase in HCC (1-4). In Japan, the United
States, Latin America, and Europe, hepatitis Cis the major
cause of HCC. The incidence of HCC is 2% to 8% per year
in patients with chronic hepatitis C and established cir-
rhosis. In Japan, mortality rate owing to HCC has been
more than tripled since the mid-1970s; HCV infection is
responsible for 75% to 80% of the cases. In Asia, Africa, and
some eastern European countries, chronic hepatitis B is
the primary cause of HCC, far outweighing the impact of
chronic hepatitis C. There are 300 million people infected
with HBV, which 120 million are Chinese. In China and Af-
rica, hepatitis B is the major cause of HCC; approximately
75% of the HCC patients have hepatitis B. The etiology of
HCCin 15% to 50% of new cases still has remained unclear,
which suggests that other risk factors likely account for
the increase (5). In Egypt, the incidence of HCC has been
nearly doubled over the last decade (6, 7), and Egypt has
simultaneously been plagued with the highest preva-
lence of HCV in the world, ranging from 6% to 28% (8, 9).
The prevalence of serological markers of HCV infection
in patients with HCC is nearly 80% (4). Of all the cancer
sites, HCC represents the leading cause of death (7). In-
terestingly, the incidence of HCC in developed countries
including Japan, Australia, European countries, Canada,
and the United States has been increased over the last 20
years (10, 11) . In the United States alone, the annual inci-
dence of HCC has increased by approximately 80% over
the last two decades (2). The incidence and mortality
rates for HCC are virtually identical, reflecting the poor
overall survival rates for patients with this kind of tumor.
Most therapies are only effective if HCC is diagnosed at
early stages(12). HCC presents two relevant concerns: i)
the presence of a cirrhotic background that severely af-
fects both the quality of life and the survival of the pa-
tients, and ii) the pleiotropic pathogenesis possessing a
common background: chronic inflammation and oxida-
tive stress.

2. Evidence Acquisition

Surveillance tests include serologic and radiologic ex-
aminations. Most HCC-related cancer biomarkers are due
to chronic inflammation and cancer. These biomarkers
according to their biologic characteristics are divided
into three groups, comprises the onco-foetal protein,
stress protein, and post-translational modification
groups. The efficacy of serum biomarkers based evalua-
tion is still limited. Serum tumor markers, such as alpha-
fetoprotein (AFP) and des-gammacarboxy prothrombin
(DCP), are commonly used for the surveillance, but their
roles are being intensely debated despite existence of
sensitive radiologic tests. Even though, the presence of
these markers sometimes overlaps during the diagnosis
of HCC, a combination assay of at least two or three mark-

ers is recommended for a more sensitive and specific di-
agnosis of HCC. However, these traditional biomarkers
do not reflect the biological features of the tumor or pro-
vide information about HCC behavior; thus, they do not
allow the physician to accurately predict the outcomes of
HCC patients (13). In the emerging era of new molecular-
targeted therapy for HCC, the evaluation of these novel
agents will also require novel tools. Well-established
concepts in oncology may be no longer valid, which in-
dicates that there is much room for improvements in
both the efficacy of the traditional biomarkers as well as
other serological markers. Multiple efforts are now being
directed towards the discovery of novel HCC biomarkers.
Recent advances in genomics and proteomics could pro-
vide novel tools to improve the diagnostic and prognos-
tic prediction of HCC. Biomarkers derived from microar-
ray expression-profiling data can be subject to high false
positive rates because of the multiple hypotheses inher-
ently being tested when working with large numbers of
genes and gene combinations. A predictive biomarker
signature or gene set determined from a given set of sam-
ples (the training set) must be validated with data from
independent samples (the test/validation set) (14). Meet-
ing this goal can be challenging because independent
data sets, especially those from clinical samples treated
in a similar way, are scarce or it requires a significant time
investment to accumulate. One workaround to this limi-
tation is the formulation and elucidation of novel serum
HCC biomarkers with high diagnostic accuracy. In this re-
view, an overview of biomarkers for the diagnosis of HCC
has been made.

3. Results
3.1. Hepatocellular Carcinoma Specific Biomarkers
3.1.1. Alpha-Fetoprotein

Alpha-fetoprotein (AFP) is the most common and clas-
sical tumor marker used for HCC evaluation. Bergstrand
and Czar (15) discovered AFP in 1956 using paper for its
electrophoretic separation from human fetoprotein in
serum. Tatarinov, in 1964, and Abelev (16), in 1968, pre-
sented the first reports on the usage of AFP as a diagnostic
marker for HCC. AFP is a glycoprotein with a molecular
weight of approximately 70 kDa, which is synthesized in
the endodermal cells of the yolk sac during early fetal de-
velopment and subsequently in embryonic hepatocytes
(17). It reaches a maximum serum concentration of 3 g/L
in weeks 1216 of fetal life and during the next 18 month to
this time. The AFP values subsequently decrease (18). The
human AFP gene has been linked to chromosome 4 (4q11-
q13) which is part of the albuminoid gene superfamily.
Plus AFP, this gene encodes several proteins including
albumin and vitamin D-binding proteins (19). AFP pre-
sumably functions as a transport molecule for several
ligands, such as bilirubin, fatty acids, retinoid, steroids,
heavy metals, dyes, flavonoids, phytoestrogens, dioxin,
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Table 1. Diagnostic Values of Alpha-Fetoprotein as a Hepatocellular Carcinoma Biomarker
Cut-off value, mg/L  Sensitivity,% Specificity, %
Gambarin-Gelwan M. et al. (2000) and Kokudo N. et al. (2009) (25,26) 20 55-60 88-90
Kokudo N. et al. (2009) (26) 50 47 96.0
Gambarin-Gelwan M. et al. (2000) (25) 100 31.2 98.8
Gambarin-Gelwan M. et al. (2000) (25) 200 224 99.4
Gambarin-Gelwan M. et al. (2000) (25) 400 17.1 99.4

Table 2. Diagnostic Values of the Hepatocellular Carcinoma Serum Bio-
markers

Sensitivity, % Specificity, %

AFP-13(36,38) 61.60 92.00

DCP (36,38) 72.70 90.00
AFP(36,38) 67.70 71.00
AFP-13+DCP (36,38) 84.80 97.80
AFP-L13+AFP (36-38) 73.70 86.60
DCP+AFP (36, 38) 84.80 90.20
AFP-L3+DCP+AFP (36,38)  85.90 59.00
Osteopontin (53) 95.35 100

and various drugs (20). AFP is thought to exhibit immu-
nosuppressive activity, it also plays a role in regulation of
cell proliferation (21). Its synthesis in adults is repressed.
Pathological elevation is detected during hepatocyte re-
generation and hepatocarcinogenesis. Despite the exist-
ing uncertainty concerning its biologic role, an increase
in the serum concentration of AFP is primarily used as a
tumor marker for HCC evaluation.

Numerous data have proved that significantly higher
AFP serum levels associated with various liver diseases,
such as viral hepatitis, liver cirrhosis, and liver tumors
(primarily HCC and hepatoblastoma, but also metastasis
in 5%-10% cases), and other neoplasms, which are the most
prevalent cancers of the digestive tract (pancreas ~24%,
stomach ~15%, large intestine ~3%, and gallbladder). The
low specificity of AFP as a diagnostic tool for HCC is a
clinical problem. In contrast, fucosylated AFP (AFP-L3) is
amore specific marker for HCC when compared with AFP
alone (22). Recently, Marrero et al. reported that a new
cut-off for AFP gave a higher sensitivity than either AFP-L3
or Des-gamma-carboxy prothrombin (DCP) (23). Paradox-
ically, these data suggest the low significance of AFP-L3
and DCP as markers for the early detection of HCC. Ad-
ditional research is required to assess the value of these
markers in clinical trials. In addition, the positive predic-
tive values (PPV) for AFP are significantly lower among pa-
tients with an HCC viral etiology than a non-viral etiology
(PPV: 70% vs. 94%, respectively, P < 0.05) (24). It has been
confirmed in numerous investigations that AFP serum
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concentration increase in parallel with HCC tumor size.
AFP specificity varies from about 76% to 96% and this par-
entage is improved with the elevation of cut-off value (25,
26) (Table 1).

3.1.2. DCP (PIVKA-II)

DCP was identified as an HCC biomarker in 1984. DCP an
abnormal prothrombin protein induced by antagonist
II (PIVKA-II) or the absence of vitamin K. It represents an
abnormal product of liver carboxylation during the for-
mation of thrombogen that acts as an autologous mito-
gen for HCC cell lines (27, 28). Increased levels of DCP are
most notably found in advanced cases with portal vein
invasion (29). DCP is potentially valuable primarily as a
prognostic biomarker, which would be predictive of rap-
id tumor progression and provide idea about possibility
of poor prognosis (30). Besides its utility for HCC screen-
ing, serum DCP can also be used as a clinicopathologic or
prognostic indicator for HCC patients and potentially to
be more helpful than AFP in reflecting the aggressive in-
vasive distinctiveness of HCC. It has been reported that
approximately 30% of AFP-negative HCC is DCP-positive.
These sub groups of HCC patients who are DCP seroposi-
tive and AFP seronegative usually display a higher fre-
quency of HCC possessing a distinct margin, large size
nodules of more than 3 cm, few nodules, and moderate
to poor differentiation (31). Notably, simultaneous de-
termination of the serum DCP concentration and tissue
DCP expression is of synergistic value than assessment of
any of these factors alone for predicting the prognosis of
HCC patients (32). For a small HCC, measurement of both
tumor markers is recommended, since DCP is a more
specific marker compared with AFP (33). A high DCP level
implies a poor prognosis, and a slight increase in the DCP
concentration after therapy could suggest recurrence.

Interestingly, DCP has a biological function in HCC
growth. Suzuki et al. reported that DCP acts as a growth
factor in both an autocrine and paracrine manner (28).

DCP is a novel type of vascular endothelial growth fac-
tor that possesses potent mitogenic and migrative ac-
tivities (34). DCP stimulates cell proliferation in HCC
lines through the activation of Met-Januskinase 1 signal
transducer and an activator of the transcription three
signaling pathway. Moreover, DCP can induce both cell
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proliferation and migration of human umbilical vein
endothelial cells. Several reasons put DCP forward to be
an important tumor marker in the daily clinical practice.
Beside that the diagnostic value of DCP as a biomarker is
comparable to that of AFP, Grazi et al. (35) proved that AFP
and DCP are not correlated, so the combination of those
couple of markers can significantly improves HCC detec-
tion, with 74.2% sensitivity and 87.2% specificity (Table 2)
(36-38). DCP can be analyzed by immunoenzymatic meth-
odology with a higher sensitivityAFP-L3 and DCP by im-
munoenzymatic methodology with a higher sensitivity
(35).

3.1.3. Glypican-3 (GPC-3)

Glypican-3 (GPC-3) is an onco-foetal protein and a hepa-
rin sulphate proteoglycan that is anchored to the plasma
membrane through glycosylphosphatidyinositol (39). In
normal situation, GPC-3 is involved in the regulation of
cell proliferation and survival during embryonic devel-
opment and plays a crucial role as a tumor suppressor.
GPC-3 show different behaviors among different cancers,
while it has been reported to be downregulated in breast
cancer, ovarian cancer and lung adenocarcinoma (40),
it has been reported to be upregulated in HCC (41). Nor-
mally, GPC-3 is absent from the healthy hepatocytes and
in patients with a non-malignant hepatocytes. In HCC pa-
tients, GPC-3 can be detected in approximately 50% and
33% of HCC patients that are seronegative for both AFP
and DCP. The specificity of GPC-3 is 100% (42). Emerging
evidence refer to the potential value of the simultaneous
determination of GPC-3 and AFP which may impact sig-
nificantly in increasing the sensitivity of HCC detection
without any reduction in the specificity (43).

Another recent study has shown the potential diagnos-
tic value of a couple of novel discovered membranous
proteins: Golgi protein 73 (GP73) and mucin 1 (MUCA).
GP73 is a resident Golgi protein, which is upregulated in
the hepatocytes of patients with acute hepatitis (44) and
cirrhosis (45) and in the sera of patients with HBV- and
HCV-related HCC (46). Promising results were reported
by Marrero et al. (46) who shows that it exhibit a higher
sensitivity (69%) and specificity (75%) in comparison to
AFP in discriminating HCC from cirrhotic patients, in-
dicating its superiority in comparison to AF, which has
a sensitivity of 30% and a specificity of 96%. MUC-1 is a
membrane protein that is expressed in many epithelial
cells but it is reported to be overexpressed in patients
with breast cancer (47), inflammatory lung diseases (48),
and HCC (49, 50). Serious of studies refer to its value in
diagnosis of HCC patients. Moriyama et al. (50) reported
the expression of MUC-1 in HCC cells and in the serum of
patients with HCV-related HCC. Gad et al. (49) reported a
specificity of 99% and a sensitivity of 87% for the combi-
nation of MUC-1, DCP and AFP in Japanese and Egyptian
patients with HCC.

3.1.4. Osteopontin

Osteopontin (OPN) is an integrin-binding glycophos-
phoprotein that is expressed in several cell types, for in-
stance in particular transformed malignant epithelial
cells, and is believed to be involved in many physiological
cellular functions such as regulation of migration, inva-
sion, and also metastasis of tumor cells as well as their
survival (51). The elevated expression of OPN at mRNA lev-
els has been reported to be associated with the prognosis
of HCC patients (52). In a recent study performed by our
group (53), the plasma OPN levels were significantly high-
er in HCV-related HCC patients than in healthy control in-
dividuals and also higher than in patients with chronic
liver diseases. In contrast to o-fetoprotein, the OPN levels
within the HCC group correlated to an advancing degree
of the tumor stage indicated by the number of nodules,
the size of the tumor nodules, vascular invasion, lymph
node metastasis and TNM staging. Additionally, the di-
agnostic efficacy of OPN was superior to AFP in terms of
AUC, sensitivity, specificity, PPV and NPV, whereas the cor-
relation between the OPN and AFP levels was not signifi-
cant. Ultimately, the diagnostic usage and implication of
plasma OPN in HCC needs to be validated in other large
multicentre cohort studies.

3.1.5. Other Biomarkers

Multiple other biomarkers are emerging for the diagno-
sis evaluation of HCC. Squamous cell carcinoma antigen
(SCCA) which represents a family of serine proteases of
high molecular weight, also known as serpins. Hussein et
al. (54), reported the potential value of SCCA in the diag-
nosis of HCC. The Sensitivity and specificity for SCCA in
HCC diagnosis are 77.6% and 84%, respectively. Giannelli
et al. suggested that the harmonizing powers which can
be gained from (high sensitivity/low specificity) and total
AFP (low sensitivity/high specificity) would cause the use
of both markers to be of potential added for screening.
In fact, this combination leads to a diagnostic accuracy
of 90% (55). The concentrations of serum heat shock pro-
teins (HSPs) are a potential tumor marker for HCC evalu-
ation. Given that HSPs are widespread molecules induced
in cells, it can be liable easily to exposed to various stress
conditions, including carcinogenesis. HSPs have also
been identified as a tumor marker for HCC evaluation
obtained from proteomic analyses (56). HSP70 could be
used as a perceptive marker for the accurate differentia-
tion between early HCC from precancerous lesions or a
non-cancerous liver. In daily clinical practice this differ-
entiation is challenge distinction for pathologists ow-
ing to the very well differentiated histology with little
atypia in early HCC (57). Further studies on HSP70 and
HCC at the molecular level are required. miRNA as fu-
ture biomarkers of hepatocellular carcinoma attaining
more attentions nowadays. miRNA expression profiling
of HCC was compared in 25 paired HCC patients, using
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Table 3. Hepatocellular Carcinoma Biomarkers and Their Potential Clinical Use

HCC Marker Clinical Use

Alpha-fetoprotein Early diagnosis, monitoring, and recurrence
Des-gamma-carboxy prothrombin (DCP) Early diagnosis and prognosis, portal vein invasion and metastasis
Glypican-3 Early diagnosis

Ostepontin Early diagnosis, monitoring, and recurrence

Micro RNAs Tumor spread and survival

Lens culinaris agglutinin reactive AFP (AFP-L3%)

Early diagnosis and prognosis, vascular invasion

adjacent non-tumorous (NT) tissue samples by miRNA
microarray analysis, revealed an increased expression of
three miRNAs and decreased expression of four miRNAs
in HCC (58) . The significant increased miR-18 and miR-20
abundance in correlation with increase of the poorness
of tumor differentiation is suggesting that it may be that
altered miRNA expression is contributing to loss of hepa-
tocyte differentiation. Basic evidence from model of HCC
revealed 23 unregulated and 4 down regulated miRNAs,
notably that miR-122 was the most consistently down-
regulated miRNA in HCC tissue (59). Our increased un-
derstanding of the molecular basis of HCC, and this iden-
tification of dysregulated miRNA expression in HCC has
led to putting forward of the hypothesis of evaluating the
potential value of miRNA target identification as a novel
molecular targeted therapy for management of late stag-
es HCC patients. On the other hand the potential value
of the assay of altered miRNAs in HCC for predicting the
response to HCC therapies deserves further evaluation.
Scarce data are available show that by examining miRNA
expression profiles in hepatoma cells in comparisonwith
human hepatocytes. Twenty six miRNAs including mem-
bers of the let-7 family were found to be downregulated
in hepatoma cells (60). Another clinical finding show
that reduced expression of miR-199a-3p in HCC was asso-
ciated with a significantly decreased time to recurrence
in patients who underwent surgical resection (59).

4. Conclusion

In conclusion, we have summarized the primary HCC
biomarkers (Table 3). While many tumor markers for HCC
have been reported in other studies, none of them have
been proven to be completely optimal. Despite the fact
that the presence of these markers sometimes overlaps
during the diagnosis of HCC, a combination assay com-
prising at least two or three markers is recommended for
amore sensitive and specific diagnosis for HCC. AFP is the
best clinical HCC marker to date. Although DCP, AFP-L3,
and OPN exhibit high specificity regarding the diagnosis
of HCC, many clinicians use AFP values to follow-up pa-
tients with chronic liver diseases due to its higher sen-
sitivity. The results of conventional tumor markers are
negative for approximately 30% to 40% of HCC patients;
therefore, searching for novel HCC markers must be con-
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tinued. SCCA and HSP70 may be considered as key bio-
markers for HCC patients when the results for traditional
biomarkers are negative.

4.1. Prospective Aspects

Recent advances in genomics and proteomics could
provide a novel tool to improve the diagnostic and prog-
nostic prediction of HCC. Development and progression
of HCC is known to be caused by an accumulation of ge-
netic changes that results in the expression of cancer-re-
lated genes, such as oncogenes, tumor suppressor genes,
and genes involved in many regulatory pathways, includ-
ing cell cycle control, apoptosis and angiogenesis.

Modern technology enables investigators to measure
the expression of thousands of miRNAs simultaneously,
which may lead to acquiring some comprehensive infor-
mation for the diagnosis and therapy of HCC patients.
However, it is difficult to detect such molecules in sera of
patients with cancer at an early stage, even if high expres-
sion of the molecule has been detected in cancer tissues
with several arrays. According to novel advances in the
management of HCC reported by Llovet et al. (61) in 2008,
high accuracy rates have been presented by a 3-gene set,
glypican-3, LYVE1 (lymphatic vessel endothelial hyaluro-
nan receptor-1), and survivin. Major limitations for rou-
tine use of molecular technology in a clinical setting are
currently the costand access to these technologies. Hope-
fully, the costs will soon decrease, and this technology
will become increasingly more popular and automated.
Exploration for novel biomarkers for the diagnosis of
HCC is an evolving process.
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