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Abstract 
Biomarkers for surveillance, diagnosis and prediction 
of prognosis in patients with hepatocellular carcinoma 
(HCC) are currently not ready for introduction into 
clinical practice because of limited sensitivity and 
specificity. Especially for the early detection of small 
HCC novel biomarkers are needed to improve the 
current effectiveness of screening performed by 

ultrasound. The use of high-throughput technologies 
in hepatocellular research allows to identify molecules 
involved in the complex pathways in hepatocarcinoge
nesis. Several invasive and non-invasive biomarkers 
have been identified already and have been evaluated 
in different clinical settings. Gene signatures with 
prognostic potential have been identified by gene 
expression profiling from tumor tissue. However, a 
single “all-in-one” biomarker that fits all-surveillance, 
diagnosis, prediction of prognosis-has not been found 
so far. The future of biomarkers most probably lies in a 
combination of non-invasive biomarkers, imaging and 
clinical parameters in a surveillance setting. Molecular 
profiling of tumorous and non-tumorous liver tissue 
may allow a prediction of prognosis for the individual 
patient and hopefully clear the way for individual 
treatment approaches. This article gives an overview 
on current developments in biomarker research in 
HCC with a focus on currently available and novel 
biomarkers, in particular on microRNA.

Key words: Hepatocellular carcinoma; Biomarker; 
Diagnosis; Prognosis; MicroRNA

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The aim of this review is to provide an overview 
on current invasive and non-invasive biomarkers in 
hepatocellular carcinoma (HCC) with respect to their use 
in surveillance, diagnosis and prediction of prognosis. We 
also give an outlook on the future development of HCC 
biomarker research with a focus on microRNA.
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) 
is rising throughout the world as a consequence of 
a rising prevalence of hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infection and an increase in 
prevalence of (non-alcoholic) fatty liver disease due to 
the metabolic syndrome[1-4]. The number of patients 
that are at risk to develop HCC and need to undergo 
structured surveillance is therefore constantly rising 
in parallel. 

Transabdominal ultrasound currently is the only 
recommended tool for surveillance in the Western 
world which has been shown to be cost-effective. Its 
sensitivity is dependent on many factors, including the 
quality of the ultrasound machine, the experience of 
the examiner and also the patient. Especially in obese 
patients with NASH cirrhosis liver ultrasonography 
may be difficult and therefore not always appropriate 
to rule out HCC. In patients with liver cirrhosis regen
erative nodules may be hard to distinguish from HCC 
on ultrasound, and the sensitivity of ultrasound to 
detect early HCC lies in a range of 32% to 65%[5,6]. 
On the other hand, surveillance by contrast-enhanced 
computed tomography or contrast-enhanced magnetic 
resonance tomography is rather expensive and not 
cost-effective. In addition, they are associated with 
the additional exposure to radiation with an increased 
risk of tumor development and/or contrast-media 
related deterioration of kidney function. In developing 
countries, where even the availability of ultrasound 
surveillance is quite low, serological markers for 
surveillance are of special interest[7]. 

Biomarkers in blood, other body fluids or tissue 
for screening, prediction of prognosis and monitoring 
of response to a therapy would be an important 
contribution to the management of patients with 
HCC.

Early detection of HCC is the most important factor 
to offer the patient the chance of cure. α-fetoprotein 
(AFP) is the most widely used and broadly known 
biomarker for HCC, but the measurement of serum 
AFP levels has been dropped from current surv
eillance guidelines in Europe and the United States 
because of low sensitivity and specificity. This is 
based on the knowledge that almost 80% of small 
HCCs do not show increased levels of AFP, and the 
sensitivity decreases to 25% in tumors smaller than 
3 cm[8]. Nonetheless, serum AFP measurement is 
still combined with ultrasound by many physicians 
worldwide to reduce the risk of missing small lesions 
in the cirrhotic liver that have not been detected by 
ultrasound. Alternative or additional biomarkers may 
be useful tools for surveillance or as a decisional tool 
in clinical practice to identify patients that will benefit 
from advanced imaging methods in a surveillance 
setting to augment the proportion of patients with 
HCC diagnosed in an early tumor stage. 

Apart from their role as a surveillance tool, bio

markers may play a role as diagnostic tool once 
a suspicious lesion in a patient with liver cirrhosis 
has been detected. In the past, a significant concen
tration of AFP in the serum of a patient with liver 
cirrhosis and a suspicious mass in the liver larger th
an 2 cm was sufficient to diagnose HCC[9]. However, 
diagnostic algorithms endorsed by the American 
Association for the Study of Liver Diseases (AASLD) 
and the European Association for the Study of 
the Liver (EASL) nowadays strictly rely on typical 
radiological hallmarks in dynamic contrast-enhanced 
imaging apart from biomarkers[9-11].

Once the diagnosis of HCC is confirmed, molecular 
biomarkers could potentially be used for prediction 
of prognosis of the individual patient and also for 
the guidance of therapeutic decisions. Currently, 
early studies on predictive biomarkers are on their 
way to make a step towards a personalized and 
individualized therapy of patients with HCC.

This review gives a concise overview on current 
clinical-translational knowledge on biomarkers in 
surveillance, diagnosis and prediction of prognosis 
with a focus on miRNA.

ROLE OF BIOMARKERS IN 
SURVEILLANCE AND DIAGNOSIS 
Geographical differences in tumor prevalence, tumor 
biology and resources have resulted in differences in 
current guidelines with respect to screening recomm
endations. The main pillar of surveillance in high risk 
populations is repeated transabdominal ultrasound 
with small differences with respect to the definition of 
target populations in various guidelines. Throughout 
the world three serum biomarkers are suggested as 
tools to determine the risk of liver cancer in high risk 
populations: AFP, the proportion of the fucosylated 
isoform of AFP, AFP-L3, and des-gamma-carboxy-
prothrombin (DCP). These markers are FDA approved 
for this indication, but not a part of the surveillance 
guidelines published by the AASLD and the EASL[10,11]. 
Current expert opinion from Western countries has 
been rather critical on these biomarkers regarding 
their clinical value[12]. On the other hand, the Asia 
Pacific guideline recommends to combine ultrasound 
with the measurement of AFP levels in the serum and 
the Japanese society even recommends to apply all 
three mentioned biomarkers[13,14] for surveillance. 

However, most studies on the performance of 
biomarkers in HCC detection have not been performed 
in a surveillance setting but compared levels of 
predefined biomarkers in patients with HCC with a 
comparator group, in most cases in patients with 
chronic liver disease.

A randomized controlled study performed in a 
high-risk population in China showed that screening 
by AFP measurement led to earlier diagnosis of 
HCC but had no impact on mortality[15]. On the 
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other hand, semiannual screening for HCC by AFP 
measurement in a population-based study in Alaska 
was effective in detecting HCC at early stages and 
significantly prolonged survival rates[16].

As the discussion on the rise and fall of AFP as 
biomarker in HCC surveillance and diagnosis has 
been intense and sometimes even emotional during 
the last decade[17-19], data on the most important 
diagnostic studies referred to in this discussion are 
summarized in Table 1.

A recent meta-analysis on the performance of 
AFP in diagnosis of HCC included seven studies and 
revealed a pooled sensitivity of 66% with a specificity 
of 86% and an area under the cure (AUC) of 0.87[24]. 
In a further meta-analysis including ten studies the 
pooled sensitivity of AFP for the diagnosis of HCC 
was 51.9% at a specificity of 94% (AUC = 0.81)[25]. 
It is a major drawback of AFP as surveillance tool 
that its serum levels are influenced by the activity of 
the underlying liver disease and therefore increased 
in patients with elevated ALT levels even in the 
absence of HCC as shown in the HALT-C trial[26]. 
Additionally, only a proportion of patients with HCC 
exerts elevated AFP serum levels leading to low 
sensitivity of the marker. The heterogeneity of tumor 
biology in HCC therefore results in a necessity to 
find better or complementary markers to close this 
diagnostic gap.

The clinical utility of high-sensitivity AFP-L3 (hs-
AFP-L3) in early prediction of HCC development 
in patients with chronic HBV or HCV infection was 
recently evaluated in a large Japanese study. Even 
at low AFP levels and in absence of suspicious 
ultrasound findings an elevation of hs-AFP-L3 was an 
early predictor of HCC development with an elevation 
in 34.3% of patients one year prior to diagnosis of 
HCC[27]. In patients with low AFP levels (< 20 ng/mL), 
the diagnostic sensitivity for hs-AFP-L 3% at a cut-off 
of 5% was 41.5% with a specificity of 85.1%[28].

Numerous studies have investigated the perfor
mance of alternative markers or combinations of 
already established markers. New candidate markers 
include squamous cell carcinoma antigen-immun
oglobulin M complex (SCCA-IGM), α-l-fucosidase[29], 
glypican-3 (GPC-3), insulin-like growth factor 
(IGF)[30], vascular endothelial growth factor (VEGF), 
or Dickkopf-1 (DKK1)[31].

Three further biomarkers have intensively been 
studied for their potential use in screening for HCC, 
namely Golgi protein 73 (GP73), interleukin-6 (IL-6) 
and squamous cell carcinoma antigen (SCCA) and 
were addressed in a recent meta-analysis[32]. The 
transmembrane glycoprotein GP73 has a sensitivity 
of 62% with a specificity of 88% at a cut-off of 10 
relative units in a study comparing 144 patients with 
HCC to 152 patients with cirrhosis and 56 healthy 
controls[33]. A further study including 4217 subjects 
of whom 789 were patients with HCC revealed a 
sensitivity of 74.6% with a specificity of 97.4% 
at a cut-off of 8.5 relative units[21]. Two smaller 
studies were identified in the meta-analysis studying 
the cytokine IL-6. Using different cut-off-values, 
sensitivity for HCC ranged from 46% to 73% with a 
specificity of 87% to 95%[32,34,35]. The largest study on 
the role of the serine protease inhibitor SCCA included 
961 patients and resulted in a sensitivity of 42% at 
specificity of 83% using a cut-off of 3.8 ng/mL[32,36]. 

Seven well-designed studies on the diagnostic 
performance of osteopontin, an integrin-binding 
glycophosphoprotein, were published and recently 
summarized in a meta-analysis[24]. Osteopontin is 
expressed by transformed malignant cells and has 
been evaluated also in colon and pancreatic cancer. 
All of the reported studies were retrospective in 
design and included a range of 30 to 179 patients 
with HCC. The pooled sensitivity of osteopontin for 
HCC was 86% with a specificity of 86% resulting in a 
diagnostic accuracy comparable to that of AFP in the 
included studies. The authors of the meta-analysis 
conclude that further validation studies are needed 
before the marker could be suggested for the use in 
daily clinical routine.

By combining two or more biomarkers the 
diagnostic performance of a single non-invasive test 
can be optimized. This has been investigated for the 
three best established non-invasive biomarkers in 
HCC, AFP, AFP-L3 and DCP.

When comparing 164 European patients with 
HCC to 422 controls with chronic liver disease a 
significant increase in AFP serum levels was mainly 
shown in patients with advanced stages of HCC 
and in patients suffering from viral hepatitis while 
DCP was more frequently elevated in patients with 
early-stage and NASH associated HCC. Taken alone, 
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Table 1  Diagnostic performance of alpha-fetoprotein serum levels in selected studies

Ref. Year n  Comparator Cut-off-level Sensitivity Specificity AUC

Marrero et al[20] 2009 836 total (419 HCC) Liver cirrhosis 20 ng/mL 59% 90% 0.8
Mao et al[21] 2010 4217 total (789 HCC) Amongst others healthy controls, HBV carriers, 

liver cirrhosis 
35 ng/mL 58.20% 85.30%

Farinati et al[22] 2006 1158 HCC No control 400 ng/mL 18% 0.59
Lok et al[23] 2010 39 HCC, 77 matched controls Hepatitis C 20 ng/mL 61% 81% 0.79

AUC: Area under the cure; HCC: Hepatocellular carcinoma.
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in hepatocarcinogenesis of multiple proteins, genes 
and transcription factors. First examples of this 
approach have successfully been evaluated in clinical 
studies, but none of the signatures has been validated 
in large prospective studies. 

In patients with chronic HBV infection and liver 
cirrhosis, proteomic analyses in the plasma identified 
a cluster of 11 proteins that is able to identify 
patients at high risk for HCC development (OR = 
4.83, 95%CI: 1.26-18.56)[42].

Gene expression profiling of peripheral blood 
mononuclear cells in HCC patients using microarrays 
and bioinformatics-driven analysis of the data has 
identified a blood-based signature of three genes, 
namely Chemokine (C-X-C motif) receptor 2 (CXCR2), 
C-C chemokine receptor type 2 (CCR2) and E1A-
Binding Protein P400 (EP400), that predicts HCC with 
an AUC of 0.96 yielding at a sensitivity of 93% with a 
specificity of 89%[43].

High-throughput metabolomics technologies with 
the comprehensive analysis of small molecular meta
bolites may additionally identify serum metabolic 
profiles that can be used as diagnostic biomarkers. 
First steps into this direction have also already been 
taken[44,45].

To distinguish dysplastic nodules from well-
differentiated HCC is a challenge, not only for the 
radiologist on imaging, but also for the pathologist 
on tissue samples. 

Molecular signatures derived from gene expression 
profiling have been identified that are helpful to 
answer this critical question that is decisive for the 
further management of the patient.

Characteristic genomic changes during hepato
carcinogenesis have been identified. Specific gene 
signatures accurately reflect the pathological 
progression of disease from cirrhosis to dysplasia 
to early and advanced HCC in patients with HCV 
infection in Asian and Western patients[46,47].

A three gene set in the tissue including glypican 

neither of the two parameters could detect more 
than one third of HCC patients independently of 
stage or etiology but by combination of AFP with 
DCP a sensitivity of 55% for early stage HCC and 
78% for all stages (cut-off for AFP 10 ng/mL and 
for DCP 5 ng/mL) was reached[37]. The addition of 
AFP-L3% to this combination, led to a further gain in 
sensitivity (84%) in another European study[38].

The incorporation of clinical variables like age 
and gender into models based on a combination of 
biomarkers for HCC detection further improve the 
predictive performance of these models[39]. A model 
using a combination of age, gender, AFP, AFP-L3 and 
DCP estimates the probability to suffer from HCC in 
an individual patient with chronic liver disease with 
a sensitivity of 86% for HCC in BCLC stage 0 or A 
and a sensitivity of 94% for later tumor stages[40]. 
The diagnostic performance of novel circulating 
biomarkers and scores is summarized in Table 2.

Although the complex process of hepatocarcin
ogenesis is still not fully understood, several signal 
transduction pathways have been identified as critical 
players in the pathophysiology of HCC, including the 
Wnt/β-Catenin pathway, the p53 pathway, the tumor 
suppressor retinoblastoma protein pRb1 pathway, 
the mitogen-activated protein kinase pathway, the 
Ras pathway, JAK/STAT signaling, mechanisms of 
cellular stress response like heat shock proteins and 
epidermal growth factor receptor and transforming 
growth factor-β signaling[41]. As a consequence of 
different risk factors causing HCC in the individual 
patient, the alterations in these pathways differ in 
different settings which is probably the cause of 
insufficient sensitivity of single biomarkers. Genetic 
and epigenetic alterations occur in these pathways 
and mediate cell proliferation. The possibility to 
perform proteomic profiling and whole genome 
sequencing in combination with systems biology has 
led to a new era in biomarker development that will 
hopefully help to understand the complex interactions 

Table 2  Diagnostic performance of novel non-invasive biomarkers

Ref. Year Marker n Comparator Cut-off-level Sensitivity Specifity AUC

Toyoda et al[31] 2011 hs-AFP-L3% 666 Chronic liver disease and AFP 
< 20 ng/mL

5% 41.50% 85.10% 0.707

Ertle et al[37] 2013 DCP 586 Chronic liver disease 5 ng/mL 45.80% 95% 0.87
Wan et al[24] 2014 Osteopontin Meta-analysis (7 studies) mixed Pooled: 86% Pooled: 86% 0.92
Hsia et al[35] 2007 IL-6 128 Mixed, including chronic liver 

disease and healthy controls
3 pg/mL 46% 95%

Mao et al[21] 2010 GP73 4217 Mixed, including chronic liver 
disease and healthy controls

8.5 rel. units 74.60% 97.40% 0.94

Giannelli et al[36] 2007 SCCA 961 Liver cirrhosis 3.8 ng/mL 41.90% 82.60% 0.656
Ertle et al[37] 2013 AFP combined 

with DCP
586 Chronic liver disease DCP 5 ng/mL

AFP 10 ng/mL
78% 89.30% 0.91

Johnson et al[40] 2014 GALAD-score 670 Chronic liver disease 93% 89%

hs-AFP: High-sensitivity α-fetoprotein; DCP: Des-gamma-carboxy-prothrombin; SCCA: Squamous cell carcinoma antigen; GP73: Golgi protein 73; IL-6: 
Interleukin-6; AUC: Area under the cure.
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3 (GPC3; 18-fold increase in HCC, P = 0.01), LYVE1 
(12-fold decrease in HCC, P = 0.0001), and survivin 
(2.2-fold increase in HCC, P = 0.02) has an accuracy 
of 94% to discriminate dysplastic nodules from early 
HCC in HCV cirrhosis. Especially immunostaining for 
GPC3 is highly discriminative[48].

Heat shock protein 70 and cyclase-associated 
protein 2  are further examples for tissue biomarkers 
identified in comprehensive approaches that found 
their way into clinical testing and application[49,50].

MICRORNAS AS NOVEL BIOMARKERS
With respect to novel potential biomarkers, non-
coding RNA and specifically microRNA (miRNA) 
have received the greatest attention over the 
past years[51]. MiRNAs are small non-coding and 
evolutionary conserved RNA molecules that serve as 
posttranscriptional regulators of mRNA expression 
and interfere with translation to protein. Following 
several common modifications steps, miRNA 
become a part of the so called RISC (RNA silencing 
complex) to be functionally active[52]. MiRNAs can 
either preserve their function intracellularly by 
regulating the expression of a target population of 
molecules, or can be released from the cell bound 
to other proteins and also as a free molecule[53,54]. 
As part of the released vesicles, specific miRNAs can 
further preserve their functional activity locally or be 
transported in blood or probably other specimens to 
other tissues or organs[55]. 

The most exiting advantages of miRNA over 
various other molecules are their stability against 
degradation, cell-type specific miRNA expression 
patterns and detectability in all types of human 
specimens such as blood, feces, saliva, etc.[56-59]. 
While mRNA or various proteins are relatively 
sensitive to extracellular enzymes, miRNA expression 
levels remain, as long as they are preserved in a 
natural milieu, relatively resistant to RNA digestions, 
heating, storage, drying, formalin fixation, etc. For 
detailed information regarding the biogenesis of 
miRNA as well as regarding the current knowledge 
on molecular function we refer to the several 
excellent reviews from the field[51,60,61]. 

Shortly after definite recognition of miRNA, 
several groups have provided seminal evidence 
for differences in miRNA expression patterns 
between different tissues and malignant conditions 
including HCC[62,63]. High quality analyses using deep 
sequencing have recently provided an important 
view in microRNAome in liver tissue and HCC[64]. 
Interestingly, about 86% of the miRNA were 
expressed in very low concentrations and only 
about 1% were expressed abundantly. Three of 
those miRNAs, namely miR-122, miR-192 and miR-
199a/b-3p, were responsible for 74% of all miRNA 
in normal liver tissue with miR-122 accounting for 
almost 52% suggesting that those miRNAs are the 

most important ones in liver biology[64]. Many recent 
reports have shown a broad spectrum of changes in 
microRNAoma in HCC[64-67]. Therefore, miRNAs may 
have the potential to become valid biomarkers in 
HCC.

MIRNAS AS NON-INVASIVE DIAGNOSTIC 
BIOMARKERS FOR HCC 
The biggest effort from miRNA-based biomarker 
research has been made to improve the diagnostic 
utility in HCC. In parallel with the dominant etiol
ogical factors in HCC development, the largest body 
of data comes from Asian populations and virus-
related HCC cohorts. In one of the first profiling 
studies, Li et al[68] performed deep sequencing in 
pooled samples from chronic HBV virus patients, 
HCC patients and controls with and without cancer. 
They identified a pattern of 21 miRNA that show 
differential expression in cHBV patients and 6 
miRNA differentially expressed in HCC patients. 
Following subsequent testing and validation, 13 
miRNA, including miR-122, miR-375, miR-92a, miR-
10a and let-7c, were identified as a biomarker for 
patients with HBV (acute and chronic) and HCV 
virus infection. Furthermore, using only 3 miRNAs 
(miR-25, miR-375, let7f) the authors could reach 
an AUC of 99.7% with a 97.9% sensitivity and a 
99.1% specificity to discriminate controls from HCC 
patients. Most interestingly for HCC diagnosis, the 
comparison of the two cohorts with chronic HBV and 
HBV-associated HCC lead to identification of two 
miRNAs (miR-10a and miR-125b) that could separate 
the HCC cohort with an AUC of 99.2% (sensitivity 
98.5% and specificity 98.5)[68]. Recently, another 
large scale study studied plasma samples from 934 
patients with various conditions including healthy 
subjects, patients with chronic HBV, liver cirrhosis 
and HBV-related HCC[69]. Following discovery and 
training phases, the authors identified a panel of 7 
microRNAs (miR-122, miR-192, miR-21, miR-223, 
miR-26a, miR-27a and miR-801) that provided the 
highest diagnostic accuracy for the identification of 
HBV-related HCC. Using an independent validation 
cohort of 390 samples, the area under the curve 
value was comparable with the training data and 
reached 0.888 with a sensitivity of 81.8% and a 
specificity of 83.5%. Interestingly, the diagnostic 
accuracy was independent of disease stage and 
was comparable to healthy subjects, patients with 
chronic hepatitis or livers cirrhosis. At present, this 
study is one of the largest to evaluate the biomarker 
potential of miRNAs in cancer. Notably, the 
expression of selected miRNA was analyzed using 
RT-PCR which may be critical for clinical translation 
of the results. Whether miR-1228 is the optimal 
normalizer needs further evaluation[69]. 

Besides profiling studies, a candidate-based 
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approach has been also used to evaluate the 
expression differences of liver and tumor-related 
miRNA. In particular miR-21, which is most freq
uently deregulated miRNA in cancer, was found 
at higher level both in sera and plasma from HCC 
patients[70,71], while other showed no significant expr
ession differences[72,73]. In similar fashion, miR-122, 
the most abundant miRNA of the liver, was also 
found at high level in sera from HCC patients[71,72]. 
However, the level of circulating miR-122 may be 
strongly influenced by inflammation or apoptosis 
of hepatocytes in such conditions as acute or 
chronic hepatitis or nonalcoholic fatty liver disease, 
suggesting that background condition of the liver 
inflammation may strongly influence the miR-122 
level[74]. Nevertheless, the data from candidate-based 
studies correlate with the data from Link et al[54] 
at least for both miRNAs miR-21 and miR-122[69]. 
There are several other studies that have identified 
additional miRNA, however, at present no inde
pendent validation has been performed (Figure 1). 
It is further more important to mention that the 
potential of miRNA as biomarker has not been equally 
analyzed in all HCC-related risk conditions. Systemic 
analyses for alcohol, NASH or HCV-related conditions 
are pending.

NON-INVASIVE PROGNOSTIC 
BIOMARKERS IN HCC 
The molecular heterogeneity of HCC results in 
differences in outcome of affected patients. Clinically, 
main factors that have an impact on patient survival 
have been identified. These include tumor related 
factors like number and size of nodules, vascular 
invasion, existence of extrahepatic metastases, liver 
function and patient related factors. The Barcelona 
Classification summarizes these factors in a compre
hensive algorithm and is endorsed by current guid
elines[10,11]. However, within the defined tumor stages 

the survival of patients is still heterogeneous, and 
some patients that are treated in curative intent 
or even undergo liver transplantation show early 
recurrence of disease. Knowledge on high-risk profiles 
would therefore be important to guide individualized 
treatment.

Several of the non-invasive biomarkers that have 
been evaluated for their diagnostic power in HCC have 
also been studied for their prognostic significance.

High expression of AFP in serum correlates with 
high cell proliferation, high angiogenesis and low 
apoptosis and is associated with poor prognosis[75,76]. 
The fraction of AFP-L3 is another prognostic biomarker 
for survival after resection of HCC[77,78]. Patients that 
have undergone resection of HCC and had elevated 
levels of AFP, AFP-L3 and DCP at baseline had a worse 
prognosis than those patients that are positive for 
just one or two of the markers before surgery[79]. The 
combination of AFP, the percentage of AFP-L3 and 
DCP combined with the concentrations of bilirubin 
and albumin, summarized in the BALAD score, is 
prognostic for survival of patients with HCC in an 
Asian population[80]. Recently, a modification of this 
model, the BALAD-2 score, was validated in an 
international setting and confirmed to reliably predict 
the prognosis of patients with HCC[81]. 

Other circulating biomarkers that mirror current 
knowledge on pathways involved in hepatocarcin
ogenesis and shown to be of prognostic value are, 
amongst others, IGF1[82], DKK1[83,84], GPC-3 and HSP 
70[85] although prospective validation studies are still 
to come. In patients with advanced HCC, baseline 
angiopoietin 2 (Ang2), and VEGF concentration in 
the plasma also independently predict survival[76].

MIRNAS AS NON-INVASIVE 
PROGNOSTIC BIOMARKERS FOR HCC 
In addition to their diagnostic potential, miRNAs may 
be helpful in prediction of the prognosis of HCC. Li 

miR-21
miR-122
miR-25 
miR-375 
let7f

miR-122 
miR-192 
miR-21 
miR-223 
miR-26a, 
miR-27a  
miR-801
miR-10a 
miR-125b

NAFLD
NASH
NASH-LC

cHBV
HBV-LC

Healthy HCC

cHCV
HCV-LC

Ethanol LC

Fe/Cu

Adenoma

?

?

?

Figure 1  Schematic presentation of the potential microRNAs 
in diagnosis of hepatocellular carcinoma in relation to etiology. 
HBV-LC: Hepatitis B virus-liver cirrhosis; HCC: Hepatocellular 
carcinoma; NAFLD: Non-alcoholic fatty liver disease; NASH: 
Nonalcoholic steatohepatitis; cHCV: Chronic hepatitis C virus; cHBV: 
Chronic hepatitis B-virus; Fe: Hemochromatosis; Cu: M. Wilson; miR: 
microRNA.
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et al[86] studied the expression of several miRNAs 
in sera from 46 HCC patients and 20 controls. 
Specifically, miR-221 was fond in high concentration 
in HCC sera samples, which correlated with tumor 
size, cirrhosis and tumor stage. Kaplan-Meier 
survival analyses revealed an inverse correlation 
between miR-221 expression and survival rates. In 
another study, Tomimaru et al[70] analyzed miR-21 
expression in plasma from 126 HCC patients. MiR-21 
expression was high in HCC and diminished after 
surgical treatment. Most importantly, high miR-21 
expression level in plasma correlated with shorter 
cumulative survival following treatment. Köberle 
et al[87] analyzed the performance of miR-1 and 
miR-122 in European HCC patients. Higher miR-1 
and miR-122 serum levels were associated with 
longer overall survival compared to low expression 
of those miRNAs. However, miR-122, but not miR-1, 
showed a correlation with hepatic inflammation, 
liver function and synthetic capacity. The authors 
conclude that miR-1 may be a liver function inde
pendent predictive biomarker of HCC. There is also 
growing evidence that miRNA signature profiling can 
be useful in prognostic stratification[88]. A signature 
of 31-miRNA correlates with stage of disease[89]. 
A distinct 20-miRNA signature associated with 
metastases of HCC has also been identified[90]. 

Despite of the promising potential, there are 
several pitfalls in utility and implementation of 
miRNA-based biomarkers in clinical practice. First, 
the majority of data comes from Asian populations 
with predominantly virus-related HCC (Figure 1)[54]. 
However, in European or American populations 
the incidence of virus-related HCC is dropping and 
increases for NAFLD-related conditions therefore the 
data in these patients may probably be different. 
Second, the complexity of the miRNA alterations 
in the background of liver pathology (ex. chronic 
hepatitis with early fibrosis or cirrhosis) may impact 
the pattern of miRNA expression with increasing 
expression in one of the conditions and decreasing 
level in another. Furthermore, the ideal biomarker 
is probably the one that is expressed in HCC tissue 
with increasing concentration during progression 
of the disease. A combination of miRNA with the 
established-although not ideal-biomarker AFP may 
probably be beneficial[70]. 

In the above section, we provided a brief 
insight into the growing field of miRNA-based biom
arker research for HCC. Before this approach may 
be further utilized for clinical testing there are 
also critical technical questions that need to be 
answered. What is the best non-invasive specimen 
for the early diagnosis of HCC: plasma or serum? 
What normalizer is the best for the analyses? 
What is the best method for translational testing? 
Indeed, array-based analyses may be probably too 
expensive to apply, therefore, a candidate-based 
approach will need to be standardized for effective 
implementation. Those are only few reasons why the 
currently available data are so heterogeneous[54,67]. 
Nevertheless, this miRNA-based approach may 
provide an additional value in personal-based 
management by prediction and application of new 
therapeutic targets[91].

INVASIVE BIOMARKERS AS 
PROGNOSTIC TOOLS FOR HCC 
After curative treatment of HCC the prognosis 
of the patient depends on the characteristics of 
the resected cancer but in addition on the risk of 
carcinogenesis due to the underlying etiology and 
inflammatory activity of chronic liver disease which 
persist after surgical resection or ablation. In a 
landmark study Hoshida et al[92] demonstrated that 
gene-expression profiling can be performed in frozen 
as well as in formalin-fixed paraffin-embedded 
tissues and identified a gene-expression signature 
in liver tissue adjacent to tumor in patients who 
underwent resection of HCC that correlated with 
survival.

Since then, a large number of gene-expression 
profile studies has been performed in HCC with the 
aim to distinguish molecular subtypes. A validated 
and commonly accepted molecular classification has 
not been identified so far. Based on a meta-analysis 
of gene expression profiles from eight European 
cohorts of patients with HCC, a classification 
framework for HCC based on gene expression 
profiles was proposed that distinguishes three HCC 
subclasses, each correlated with clinical parameters 
such as tumor size, extent of cellular differentiation, 
and serum α-fetoprotein levels[50,93]. The results of a 

Table 3  Genetic signatures from tumor tissue and their prognostic significance

Ref. Year Correlation with No. of genes in signature AUC P-value

Nault et al[95] 2013 Disease-free survival after resection 5 (tumor) 0.8 < 0.0001
Lim et al[96] 2013 Disease-free survival after resection 25 (tumor)   0.002
Kurokawa et al[97] 2004 Tumor recurrence after resection 20 (tumor)   0.001
Yoshioka et al[98] 2009 Tumor recurrence after resection 172 (tumor)     < 0.0001
Woo et al[99] 2008 Recurrence free survival 628 (tumor) < 0.01

AUC: Area under the cure.
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selection of recent studies with respect to prognostic 
gene expression profiles are summarized in Table 3. 
In a large validation study gene expression profiles 
of tumor and adjacent tissue were evaluated for their 
prognostic significance and a composite prognostic 
model was developed[94]. A further validation of this 
model is pending before it may be considered for 
clinical use. 

CONCLUSION
High-throughput technologies allow the identification 
of new molecules involved in complex pathways 
and their interaction in hepatocarcinogenesis. A 
single perfect biomarker has not been found so far 
to accomplish with the clinical demand for optimal 
HCC patient care. A combination of serological 
biomarkers may offer a better risk stratification of 
patients belonging to high-risk populations in the 
future. The combination of clinical characteristics 
and morphological signatures of tumor and the 
surrounding tissue will most likely be the best option 
for risk stratification and prediction of prognosis 
in patients with HCC in the future. Individualized 
treatment approaches that take into account the 
patient’s own cancer genetic profile need to be 
addressed in further research[12].

However, the critical step for translational resea
rch is to move the identified candidate signatures 
or single biomarkers from bench to bedside. There 
is a great hope that new molecular biomarkers can 
support clinicians in their daily routine and improve 
the care of patients with HCC. However, analyses 
tools need to be standardized and simplified in order 
to be useful, reliable and widely available. 
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