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Hepatocellular carcinoma has an increasing incidence and high mortality. Treatment
options are limited if the disease is not diagnosed in its early stage. The natural course
of the disease is aggressive but not always predictable. Molecular profiling is a promising
tool for classification in order to optimize prognosis prediction and treatment for an indi-
vidual patient. In the last decade a large amount of studies has been conducted to better
classify hepatocellular carcinomas. The focus of this review is on implications of molecular
classification for prognosis and therapeutic decision making in HCC patients. Most studies
used microarray technique for genome wide profiling, but other methods to detect genomic
changes and microRNA are gaining interest. The whole genome profiling studies identified
differences in affected signalling and tried to relate this to prognosis. Some common sub-
groups were identified, such as the proliferation cluster and the beta-catenin cluster. However,
there is still little overlap between most studies. Better study design and bio-informatical

analysis might help in this context.

© 2011 Elsevier Ltd. All rights reserved.

1. Background

Hepatocellular carcinoma (HCC) is the sixth most common
cancer in the world and is the third most common cause of
cancer related death.’ It is an epithelial tumour of which
the cells share some characteristics with normal hepatocytes
and that originates either from mature hepatocytes or stem
cells. In 80% of the cases HCC develops on the background
of advanced fibrosis, due to e.g. viral hepatitis or alcohol.? In
these cases hepatocellular carcinoma seems to develop fol-
lowing a multistep process, along dysplastic changes to inva-
sive cancer.>” Dysplastic nodules are present in around 15%
of the cirrhotic livers and eventually about 30% of the high
grade dysplastic nodules evolve to HCC. In a small percentage
of cases HCC can develop in a non-cirrhotic liver either from
liver adenomas, in patients with hepatitis B virus infection® or
after high aflatoxin B1 exposure.’

The exact pathogenesis is poorly understood, since the dys-
plastic changes vary between different patients. This is also re-
flected in the natural course of the disease, which is very
unpredictable.'® Currently, for an individual patient the prog-
nosis can be estimated and treatment can be determined using
a clinical classification scheme such as the Barcelona Classifi-
cation (BCLC).™ This classification system, like other prognos-
tic scores, takes into account tumour size and number,
macroscopic vascular invasion, remaining liver function and
performance status. However, patients within the same BCLC
stage still have a variable course of their disease. Different
attempts have been made to better classify these tumours on
a molecular basis in order to optimize treatment. Especially
with the development of new drugs, such as tyrosine kinase
inhibitors, it seems promising to profile these tumours molec-
ularly and aim for patient directed therapy. This review will
highlight the current advances in the molecular classification
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of HCCs. The focus of this review is on implications of molecu-
lar classification for prognosis and therapeutic decision mak-
ing in HCC patients. Molecular classification has already
proven its value in the differentiation between benign and
malignant lesions and in the classification of hepatocellular
adenomas.'>** Different techniques can be used for classifica-
tion, this review primarily looks at classification based on RNA
expression and microarray studies. With the development of
the microarray technique HCCs can be classified on their
RNA expression levels. Other methods, such as comparative
genomic hybridisation (CGH)- and single nucleotide polymor-
phism (SNP)-arrays, identify chromosomal alterations and re-
cently there is gaining interest in microRNA profiling.

2. Traditional classification

2.1. Tumoursuppressor or oncogene mutations in HCC

The first attempts to classify HCC were based on oncogene or
tumoursuppressor activity. Already in cirrhotic nodules there
are chromosomal aberrations in about half of the cases, espe-
cially in nodules displaying dysplasia. Butin HCC there are also
mutations in specific cancer related genes, more specific; acti-
vating oncogene mutations or inactivating tumoursuppressor
mutations (Table 1). The most common mutation is found in
the tumoursuppressor TP53 which leads to inactivation of this
gene. TP53 mutations are observed in up to 50% of HCC cases."®
A clearrelation was found between aflatoxin B1 exposure and a
point mutation at codon 249 of TP53.'” However, the finding of
such specific mutations is a rare phenomenon.

The second most common mutation of a specific gene is
activation of the oncogene B-catenin, found in 20-40% of
HCC.'®° Mutations lead to the accumulation of p-catenin,
both in the cytoplasm and in the nucleus.?® Beta-catenin acti-
vates Wnt-signalling, which plays a role in differentiation,
proliferation, epithelial-mesenchymal transition and stem-
cell renewal. In a small proportion of cases B-catenin accumu-
lates in another fashion. Bi-allelic mutations of the AXIN1
gene lead to blockage of B-catenin phosphorylation and,
therefore, prevent degradation.?* Other mutations that are
rarely found concern the tumoursuppressors retinoblastoma
1 (RB1), p16 (CDKN2A), insulin-like growth-factor-2 receptor
(IGF2R) and PTEN and the oncogene KRAS2.'82%-28

These gene mutations play an important role in the
hepatocarcinogenesis, however, they are inadequate to accu-

rately classify the tumours. The prognostic impact of the dif-
ferent mutated genes remains unclear and hitherto
unexplored as a therapeutic target. Therefore, there is gaining
interestin the role of mutations in the oncogene PIK3CA, since
there are PI3 kinase inhibitors. PIK3CA is an oncogene which is
involved in several molecular processes, such as proliferation
and is mutated in several types of cancer. In a series of 73
HCCs mutations in PIK3CA were reported in 35.6%.%° PIK3CA
is also thought to play a role in epithelial-to-mesenchymal
transition (EMT).>° The occurrence of EMT is a hallmark of
aggressive cancer, since cancer cells with a mesenchymal phe-
notype have an increased invasive potential > However, other
studies suggest that the frequency of PIK3CA mutations is
overestimated. In two studies no mutations were found in this
oncogene, although these studies recognise the over activa-
tion of downstream targets such as mTOR and p70 S6.3%33

3. Microarray studies

3.1. General classification and prognostic studies

With the development of the microarray technique it became
feasible to study HCC on a genome wide basis. The enormous
amount of data may uncover new candidate genes and new
significant targets. And in consequence, it became possible
to study altered pathways more than single genes. Nowadays
a large number of studies has been conducted. All these stud-
ies have a slightly different focus and can be divided into clas-
sification studies, prognostic studies and studies searching
for therapeutic targets (Table 2).

The first study to identify subgroups based on molecular
classification was conducted by Lee et al.>* in 90 patients from
China and Leuven (Belgium), where the majority was infected
with hepatitis B virus (HBV). Based on the expression of 406
genes, patients could be clustered into groups with good or
poor prognosis (p < 0.001). A subsequent analysis by the same
group in 2006 in 139 patients led to an even stronger division
between good and poor prognosis.>® Patients could be classi-
fied as having a hepatocyte-like - or a foetal hepatoblast-like
genotype, based on 941 genes that showed correlation with
either gene expression of adult rat hepatocytes or rat foetal
hepatoblasts. Patients with a hepatoblast-like gene expres-
sion had a significantly worse outcome.

Two other important studies identified clusters of HCC
that were related to genomic or functional pathways.?**’

Table 1 - Mutation frequency of tumoursuppressor genes and oncogenes in hepatocellular carcinoma.

Gene Full name Role Mutation rate in HCC (%)
TP53 Tumour protein p53 Tumoursuppressor >50

CTNNB1 Beta-catenin 1 Oncogene 2040

AXIN1 Axin 1 Oncogene 9

PIK3CA Phosphoinositide-3-kinase, catalytic, alpha polypeptide Oncogene 0-35

RB1 Retinoblastoma 1 Tumoursuppressor 0-14

CDKN2A Cyclin-dependent kinase inhibitor 2A (p16) Tumoursuppressor 6-30

IGF2R Insulin-like growth factor 2 receptor Tumoursuppressor 18

KRAS2 V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog Oncogene <2

PTEN Phosphatase and tensin homolog Tumoursuppressor 3
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Table 2a - Classification studies of hepatocellular carcinoma.

Study HCC type Ngce Subgroups
Boyault/Laurent-Puig®®>® All Two groups (with each three subgroups):
n=120
G1-3: High proliferation, chromosomal
instability, activation of IGF or Akt/mTOR signalling
- G2-3: Frequent p53 mutations
G4-6: Chromosomal stability
- G5-6: Activation of Wnt signalling,
high prevalence of CTNNB1 mutations
Chiang®’ HCV induced Five subgroups (no association with prognosis)
n=103 - CTNNB
— Proliferation (IGF/mTOR upregulation and high AFP)
— IFN related
- Polysomy chromosome 7 (c-Met)
— Unannotated
Wurmbach® HCV induced Dyplasia
n=35
Early HCC (Pathways affected — up: Wnt, down:
Jak/stat, insulin, TGF-b, Toll-like receptor
Advanced HCC (cell cycle - and DNA repair genes)
Breuhahn® All Two subgroups
n=234

(A) Upregulation of IFN-related genes (better prognosis)
(B) Downregulation of IFN-related genes and apoptosis
- B1 overexpression IGF2
- B2 Downregulation IGF2, FAF1, TNIP1

Katoh’! (Array based Comparative All
Genomic Hybridisation) n=87

Two groups (with each three subgroups
based on chromosomal alterations)

A1-3: Poor prognosis (intrahepatic metastasis,
high AFP, HBV infection)

Gains in 1q, 6p, 8q and loss in 8p

B1-3: Good prognosis (low frequency of chromosomal alterations)
A3 + B2: RPS6KB1 (mTOR-pathway)
A2: c-myc overexpression

Abbreviations: HCV, hepatitis C virus.

Interestingly, there was some overlap between the subgroups.
In both cohorts there was a subclass of patients with in-
creased cellular proliferation, with activation of Akt, RPS6
and IGFE. The activation of the mTOR/Akt pathway in the
proliferation subclass was confirmed by Villanueva et al.*?
Another shared subclass encompasses activation of the -
catenin pathway and nuclear accumulation of the p-catenin
protein. Other subgroups were associated with AXIN1 muta-
tions, CDKN2A methylation, polysomy of chromosome 7
and interferon (IFN) related genes. Immune related genes
were also reported in another study, with a better prognosis
for patients with upregulation of IFN-related genes.>®
Several prognostic studies revealed genes or gene signa-
tures that were associated with recurrence. A 12 gene set
including downregulation of vimentin, CCND2 and PDGFRA
was associated with an early recurrence in 60 patients.®
Whereas another gene set associated with a recurrence in
80 patients comprised 57 genes, with for example

dysregulation of the cytoskeleton related genes RACGAP1
and CDC42SE1.%° A third study found 628 genes that were
associated with recurrence in 65 HBV-positive HCC patients.
Patients with high risk of recurrence showed upregulation
of CD24.*" Another gene that was reported to be associated
with vascular invasion and metastasis in a series of HBV
patients was osteopontin.*?

3.2 Mechanism-driven analysis

Some studies applied a different approach to identify impor-
tant genes, pathways and new therapeutic targets. Known or
suspected oncogenic pathways were studied using in vitro
models. These models try to control other confounding exper-
imental variables and, therefore, a selection of relevant genes,
solely concerning the mechanism of interest, can be identified.
The advantage of this approach is that the number of genes is
more in relation to the number of patients studied, which
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Table 2b - Prognostic studies of hepatocellular carcinoma.

Study HCC type Ngce

Subgroups

Lee343> All
n=139

Three sub

oups
A: Proliferation genes, high AFP; poor prognosis

B: Opposite of A or smaller changes; good prognosis
HB: Foetal features, genes associated with invasion; very poor prognosis

Kurokawa® PCR-based array All

Ninety two genes expressed differently between patients
with and without early recurrence

Top 20 genes were strong predictors of recurrence (CDH1 among others)

n =100
lizuka® All

n==60
Wang?® All

n =380
Woo*! HBV

n==65
Van Malenstein®® All

n= 320

Genes associated with early (<1 yr) recurrence after ‘curative’ resection

Cirrhosis and vascular invasion together predict early recurrence
after surgery. One factor + gene signature predict too
Genes associated with high risk of recurrence

Two subgroups based on seven gene hypoxia score
- High hypoxia score: poor prognosis

- Low hypoxia score: good prognosis

Abbreviations: PCR, polymerase chain reaction; HBV, hepatitis B virus.

Table 2c - Phenotypic studies of hepatocellular carcinoma.

Study HCC type ngce) Subgroups
Ye*? HBV induced Two subgroups
n=67 — Metastatic (overexpression of osteopontin)
- Non-metastatic
Chen®® All Sixty one genes were associated with the presence of
n=102 vascular invasion. Of which MMP14 and ADAMTS1 are the most important
Korita®® (IHC-based) All Overexpression of osteopontin (SPP1/OPN) is associated with vascular invasion
n=125
Okabe HBV + HCV Significant difference between HBV- and HCV-induced
n=20 HCC 151 genes have different expressions with vascular invasion

Abbreviations: IHC, immunohistochemistry; HBV, hepatitis B virus; HCV, hepatitis C virus.

improves the performance of the statistical tests used after-
wards. Two studies used knock-out mice to identify gene
expression related to either hepatocyte growth factor (HGF)
and Met signalling or transforming growth factor beta (TGF-)
signalling.**** HGF/Met signalling functions as a regulator of
many cell functions, is upregulated after partial hepatectomy
to promote regeneration and is associated with metastasis for-
mation and angiogenesis. HGF/Met-related gene expression
could predict survival in 79 independent HCC patients and
metastastic disease in 103 HCCs. TGF-f signalling exerts a dual
role, with on one hand tumour suppression but on the other
hand oncogenic features in later stages of carcinogenesis.
Based on microarray results, gene expression induced by
TGEF-B can be divided into an early and a late signature. The late
TGF-p signature is associated with an aggressive phenotype of
HCC, displaying shorter survival, higher recurrence rates and
more invasive phenotype.

3.3.  Integrative analysis

The overlap between the different microarray studies that are
reported before is relatively poor. Previous results seem to de-
pend on the patient population studied and the microarray
platform used. With an integrative approach it may be possible

to overcome these shortcomings. An analysis by Hoshida et al.
combined eight available independent patient cohorts to
reveal shared subclasses and affected pathways.*> Further-
more they tried to combine expression data with the clinical
phenotype of HCC. Finally, three robust subclasses were
identified, with subclass 3 having the most favourable progno-
sis. Subclass 1 and 2 are characterised by upregulation of TGF-
and WNT signalling and encompass the hepatoblast-like
phenotype,® the late TGF-p signature** and the proliferation
subclass.>®*” Subclass 3 on the other hand contains Lee’s hepa-
tocyte-like phenotype and the beta-catenin subgroup of Boya-
ult and Chiang.

Although the classification looks promising, the major
drawback of this analysis is the applicability. To determine
the subclass to which a single patient belongs, it is still neces-
sary to perform microarray on HCC tissue and subsequently
complex bioinformatics analysis. Most microarray studies
use relative gene expression and clustering compared to gene
expression of large sets of HCC patients.

3.4.  Combination of in vitro and translational research

Our laboratory recently identified a 7 gene set that is of prog-
nostic importance based on in vitro and translational
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research, thus a combination of a mechanism-driven and
integrative analysis. We hypothesised that chronic exposure
to hypoxia leads to an adaptive gene expression profile which
influences the aggressive behaviour of the tumour cells. We
determined the gene expression pattern for human HepG2 li-
ver cells under chronic hypoxia by microarray. Differentially
expressed genes were selected and their clinical value was as-
sessed. In our integrative analysis we included four available
independent microarray studies of patients with HCC in one
single analysis. Three microarray studies were used as train-
ing sets to determine a minimal prognostic gene set and one
additional study was used for validation. Using computa-
tional methods we identified 7 genes, out of 3592 differen-
tially expressed under chronic hypoxia, that showed
correlation with poor prognostic indicators in all training sets
(272 patients) and this was validated in a 4th dataset (91 pa-
tients). Retrospectively the 7-gene set is associated with poor
survival and early recurrence in 135 patients. Moreover, using
a hypoxia score based on this 7-gene set we found that pa-
tients with a score >0.35 had a median survival of 307 days,
whereas patients with a score <0.35 had a significant longer
median survival of 1602 days.*® Another advantage of this
study is the clinical applicability, since this method requires
the determination of only 7 genes in contrast to most of the
previous microarray studies that needed large cohorts for
clustering and determining relative gene expression.

3.5. Surrounding liver tissue

Predicting the prognosis in cirrhotic patients with HCC is com-
plicated by the nature of the disease. Cirrhoticlivers, especially
with the presence of dysplastic nodules, are ‘livers at risk’ for
developing new tumours. Therefore, prognosis in HCC patients
does not only depend on the tumour characteristics and its risk
of recurrence but also on the risk of a second primary tumour.
The gene expression in the surrounding liver is of additional
value in prognosis prediction (Table 3). In a multivariate analy-
sis a 186 gene signature from surrounding liver was the stron-
gest predictor of late recurrence.?” Late recurrence can be seen
as the formation of a secondary primary tumour. The gene set
was also a significant predictor for overall survival.

The surrounding liver tissue seems to be important for the
development of intrahepatic metastases as well. A gene
expression analysis comparing patient with and without he-
patic metastases showed that immune-suppressive

responses may promote the dissemination of the tumour.*®
A 17 gene set, including ten different interleukins and inter-
feron-gamma, could predict venous metastases.

4, Revival of pathology in the classification of
HCC
4.1.  Progenitor cell phenotype and cancer stem cells

For many years it is known that fibrolamellar HCC behaves
differently than true HCC. But even true hepatocellular carci-
nomas are heterogeneous tumours. Pathology differences in
differentiation grade can be observed and in some cases cho-
langiocyte characteristics. As in other solid tumours, it is
thought that HCC is a genetically generated disease originat-
ing from a cell population with stemness features, the so-
called cancer stem cells.*=>" In the liver, three types of cells
are regarded as the source of malignant transformation being
hepatocytes, cholangiocytes and progenitor cells. In the liver
progenitor cells are located at the terminal branches of the
biliary tree®? and are activated in chronic liver disease.>® Sev-
eral studies suggest that HCC with stem cell features have a
poor prognosis. As mentioned before, Lee et al. showed signif-
icant survival differences between HCC patients with a hepa-
tocyte-like phenotype and a hepatoblast-like phenotype.*®
Other studies suggest that HCC positive for Keratin 19
(KRT19), which is a progenitor cell marker, has a higher rate
of recurrence after resection or transplantation.>*>® Other
foetal markers, such as AFP and epithelial cell adhesion mol-
ecule (EpCAM) are of prognostic value as well, since
EpCAM + AFP + HCC is associated with poor survival.>’

5. Promising other genome wide approaches

5.1. Genomic changes

As in other tumours there is an accumulation of genomic
alterations in HCC, and not only in gene expression measured
by microarray. Chromosomal stability, DNA methylation and
changes in copy number all influence gene expression and tu-
mour behaviour. The abundant presence of these changes in
HCC rendered them interesting for classification. The prog-
nostic relevance of these changes is for example supported
by the fact that fractional allelic loss (FAL) was an indepen-
dent prognostic marker in resected or transplanted HCC.>®>°

Table 3 — Surrounding liver tissues of hepatocellular carcinoma.

Study HCC type Ngce) Subgroups
Budhu*® 96% HBV Two subgroups
n=115 - Metastatic (increase in Th2 cytokines, decrease in Th1l cytokines)
- Non-metastatic
Hoshida*” (DASL assay) All Two subgroups
n =307 I. Good prognosis — Genes associated with normal liver

function (ADH5/6/9A1, AKR1A1/D1, CYP2B6)

II. Poor prognosis/high recurrence risk — Associated

with inflammation (IFN signalling, NFkB, TNFa, IL6)

Abbreviations: HBV, hepatitis B virus; DASL, cDNA-mediated annealing, selection, extension, and ligation.
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Chromosomal instability is associated with telomere
shortening.%>®* Telomere shortening has been described in
chronic liver disease®® and telomere dysfunction promoted
HCC development in an animal model.®® Telomere shortening
is further induced by the activation of telomerase (TERT), in
about 90% of HCC there are increased TERT mRNA levels.
HBV has been shown to integrate in the TERT locus in human
HCCs,** which might increase mRNA expression. The role of
HBV in chromosomal instability is supported by Laurent-Puig
et al., where they showed in 137 HCCs that HBV infected pa-
tients showed instability more frequently.>®

Genomic instability is further associated with aberrant
methylation and aberrations in mismatch repair genes.
Methylation is important in both hepatocarcinogenesis as
well as tumour progression. The role of methylation was
demonstrated in liver cancer cell lines, where demethylating
agents inhibit proliferation.®® The most frequently reported
site of hypermethylation is on the tumoursuppressor gene
p16(INK4a).2>%%¢” Other aberrant methylation was reported
on the Ras-pathway and genes involved in angiogenesis.®®

Gains and losses of chromosomes are also common and
can be detected with methods such as comparative genomic
hybridisation (CGH). Several common alterations were de-
tected, the most frequent were losses in the arms 17p, 8p,
16q, 16p, 4q, 9p, 13q, 1p and 6q and gains in the arms 1q,
79, 8q and 17q."®%%7° In some HCC cases the focal gains are
in the regions of a known cancer-related gene. For example,
copy number changes have been described in the c-Myc re-
gion’! and in the VEGF region.’” The counterpart of these
chromosomal gains is the loss of heterozygosity (LOH). In
HCC tumoursuppressor genes are in some cases targeted by
LOH, for example TP53, AXIN1 and RB1.

Genomic instability shows correlation with the prolifera-
tion subclass of HCC. However, classification purely based
on these genomic alterations is difficult. As mentioned before
for oncogenes and tumoursuppressor genes, the prognostic
impact of the different chromosomal changes remains un-
clear and hitherto there are no therapeutic options directed
to these changes. Another disadvantage of these technologies
is to extract driver events promoting HCC development and
progression as opposed to passenger events in the hugely di-
verse alterations, especially since there are several candidate
genes in every chromosomal region. To overcome this short-
coming, some studies combined CGH and microarray analy-
sis. Patil et al. correlated the expression of 48 genes with
the copy number of chromosome 8q in 49 HCC samples and
found a positive correlation for COPS5.”> COPS5 regulates E3
ubiquitin ligases and overexpression increases proliferation
in Hep3B cells, suggesting its role as an oncogene. Another
study by Villanueva et al. showed chromosomal gains in the
RICTOR region and activation of the mTOR pathway.*?

5.2. MicroRNA

The latest advance in genome wide studies is microRNA
(miRNA) profiling. miRNA are small non-protein-coding RNA
molecules, they play an important role in different biological
processes, such as proliferation, differentiation and apoptosis
by regulating gene expression. One single miRNA consists of
only ~22 nucleotides but targets around 200 genes.”®> miRNAs

can act as tumoursuppressors or oncogenes and some miRNA
dysregulation was found in specific tumour subtypes, sug-
gesting they could be used for classification.

Dysregulation of several miRNAs have been reported in
HCC, such as miR-1957* miR-221,° miR-122° and
miR-101.”7 One study found a correlation between miRNA
expression and underlying aetiology or oncogene/tumoursup-
pressor gene mutations. miR-126 underexpression was asso-
ciated with alcohol intake, miR-96 overexpression with HBV
infection and miR-375 dysregulation was associated with
beta-catenin mutation.”® Another study could predict venous
metastases based on the expression of 20 miRs.”®

The poor overlap between different studies is again strik-
ing. Furthermore, there is a need to better characterise the
target genes of every miRNA and its exact role in the biologi-
cal processes, especially to relate miRNA expression to new
therapeutic targets.

6. Linking classification with therapy:
targeted agents

One of the final goals of molecular classification is the identi-
fication of novel therapeutic targets. Targeted therapy was re-
cently boosted by the success of sorafenib treatment.
Sorafenib is a multikinase inhibitor that targets the serine-
threonine kinases Raf-1 and B-Raf, the vascular endothelial
growth factor (VEGF) receptors and the platelet-derived
growth factor beta (PDGFB) receptor. Sorafenib exerts its ef-
fect on tumour cells as well as endothelial cells and peri-
cytes.® Sorafenib was the first agent with positive results;
the phase III SHARP trial and the Asian-Pacific trial demon-
strated an overall survival benefit of three months compared
to a placebo in patients with advanced HCC.2#2 Whether
sorafenib is beneficial in earlier stages is currently under
investigation. Randomised trials with sorafenib as adjuvant
treatment in combination with resection and sorafenib in
combination with transarterial chemoembolisation are
running.

Different pathways are dysregulated in HCC and could be
used as targets. For example, mTOR/Akt — and insulin-like
growth factor pathways seem to be activated in different
aggressive subclasses, such as the cluster A in Lee et al., the
proliferation subclass by Chiang et al. and the G1-3 subtype
by Boyault et al. These data suggest a role for mTOR inhibition.
Already in cell lines and in a mouse model an additive effect
was shown for the combination of sorafenib with the mTOR
inhibitor rapamycin (RAD001).2* Phase III trials with RAD001
in HCC patients are ongoing. Other compounds studied are
for example erlotinib (targets EGFR) and brivanib (targets VEG-
FR2 and FGFR). These studies are conducted in patients with
advanced HCC, for example in those patients that showed pro-
gression under sorafenib. The rationale to use a target such as
the fibroblast growth factor (FGF) receptor is that the FGF path-
way can be activated to induce angiogenesis in an alternative
manner in patients under anti-angiogenic therapy directed to
VEGE2®* Another tumour promoting factor is c-KIT. However,
recently a phase III trial with Sunitinib (targets VEGFR, PDGFR
and c-KIT) was stopped early because of toxicity and lack of
benefit compared to sorafenib.
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Based on the molecular classification as it is known to
date, some frequent activated pathways are still untargeted.
Especially for the overactivation of Wnt-signalling (activated
by B-catenin or Axin 1 mutations) and to a lesser extent for
the TGF-B pathway, there are currently no drugs available.

7. Conclusion

The development of the genomic techniques made it possible
to generate a huge amount of data. With this data it has be-
come feasible to characterise molecular alterations and dys-
regulation of signalling pathways. Molecular classification
can be a very powerful tool for biomarker development and
to optimise prognosis prediction and patient directed therapy.
Currently, there are two subgroups identified in different
studies; the proliferation subgroup and the beta-catenin sub-
group. Furthermore, several signalling pathways and target
genes have been identified and need to be further tested.
But although great progress has been made, there is room
for improvement. Microarray studies for example have some
important drawbacks that limit the usefulness in clinical
practice to date. Consistency in study results is lacking and
the association with clinical phenotype is not always strong.
This might be due to the varying aetiologies in a single anal-
ysis and the small cohort size. Furthermore, the poor overlap
is also due to different microarray techniques, different
mathematical models and experimental models.?® In the fu-
ture these drawbacks should be taken into account with the
design of new studies. Ideally, analyses should be performed
with sufficient patients from the same stage of the disease.
Moreover, additional information can be found when the
genomic changes are analysed over time to better character-
ise the molecular aberrations in tumour development and
progression. One step further is the clinical application of
the molecular markers. It will be interesting to further devel-
op PCR-based techniques for genes of interest. These tech-
niques seem more robust, but are only practical in a limited
number of genes.
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