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ABSTRACT: Hepatocellular carcinoma (HCC) is a major health problem with a high incidence
and mortality all over the world. The current ability to increase the survival of patients with HCC re-
lies upon clinical surveillance, which allows HCC precursors and malignant tumors to be recognized
at an earlier stage making cure possible. In this paper we will report the main histopathological cri-
teria to discriminate between HCC precursors and well differentiated HCC, with attention to the
role of immunohistochemical markers.

Over time, many staging and scoring systems have been proposed for the classification and
prognosis of patients with HCC. A complete system for HCC classification nowadays should include
multifunctional and phenotypic characteristics of the tumor, the general health of the patient and
the potential therapeutic approaches available. The second part of the paper is devoted to an
overview of the current staging systems for HCC.

Genetic studies of tumor samples and the use of newer molecular approaches such as non cod-
ing RNA and genome-wide association studies, according to immunohistochemistry, proteomics
and clinical criteria are highlighting the variability that exists among diverse HCC. Identification of
new target pathways for the treatment of HCC by more personalized and targeted regimens are
the main goals of the current translational medical research. The third part of the paper focuses on
the molecular aspects of HCC.
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INTRODUCTION noma (HCC) have been defined at the Barcelona-
2000 EASL (European Association fof the Study

Hepatocellular carcinoma (HCC) has an in- of the Liver) conference!. Not so defined were the
creasing incidence worldwide, and it is the lead- staging criteria, a useful tool to the physician to
ing cause of death in patients with cirrhosis. The choose the most appropriate treatment. Unlike
criteria for the diagnosis of Hepatocellular carci- most other cancers, the HCC staging systems pro-
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TABLE 1. NOMENCLATURE OF SMALL HEPATOCELLULAR NODULES/LESIONS.

Displastic foci

A cluster of hepatocytes with features of early neoplasia (small- and large-cell change or iron-free foci in a siderotic back-

ground) measuring less than 0.1 cm

Displastic nodule

Gross features: these nodules have different color, size, texture and bulging from the adiacent liver paranchyma and have

distinct margins
Histologic features:

a. low-grade (LGDN): mild increase in cell density with a monotonous pattern, no cytologic atypia, detectable portal
tracts inside the nodule, large cell change/dysplasia may be present;

b. high-grade (HGDN): increased cell density, architectural and cytologic atypia, but insufficient for a diagnosis of HCC,
unpaired arteries in most lesions, detectable portal tracts inside the nodule, large cell change/dysplasia and small cell

change/dysplasia (most frequent) may be present
Small HCC (=2 cm)

a. early HCC: a vaguely nodular lesion with indistinct margins, incomplete/absent capsule, increased cell density (>2x the
surrounding non tumoral liver), well differentiated (G1), mild cellular/architectural atypia, scattered intratumoral por-
tal tracts, variable number of unpaired arteries, fatty change, absence of microvascular invasion;

b. Progressed HCC: distinctly nodular lesion rimmed by condensed fibrosis/pseudocapsule, well to moderately differen-
tiated (G1/G2), portal tracts are no longer identified, rare steatosis for more complete neoarterialization (unpaired ar-

teries), microvascular invasion is seen in 25% of cases.

posed are not universally accepted, mainly be-
cause the staging of the tumor does not take into
account the severity of the underlying liver dis-
ease that most often is the factor conditioning the
prognosis of HCC.

PATHOLOGY

Surveillance and clinical aspects for early
detection of HCC

The population groups at risk for HCC have
traditionally included those with chronic hepatitis
and cirrhosis. Surveillance should be undertaken
if the risk of HCC is high enough, if an appropri-
ate treatment is available and if surveillance is
cost-effective. The latter parameter seems to be
strongly influenced by the incidence of HCC. The
American Association for the Study of Liver Dis-
ease (AASLD) identified different groups for
whom surveillance is recommended, according to
specific threshold incidence per year (0.2% for
hepatitis B and 1.5-2% for cirrhosis from other
causes, for instance)?.

In non-hepatitic liver, metastases are more
common than primary benign and malignant neo-
plasms. In the hepatitic/cirrhotic liver under sur-
veillance for early HCC detection, the prevalence
of malignancy among hepatocellular nodules is
largely dependent on the size of the lesion: most
of <1 cm lesions are non-malignant whereas the
large majority of lesions exceeding 2 cm are HCC.
Only a minority of regenerative/dysplastic nod-

ules convert to malignancy (mostly in the group
high-grade dysplasia), doing so in a relatively
short interval, while 40-60% stabilize and a few
definitely disappear during follow-up?*.

HCC is fed by a neoarterial supply which is of
major importance for its imaging detection. Cur-
rent international guidelines indicate that nodules
greater than 2 cm arising in cirrhotic patients, with
typical features for HCC at one dynamic tech-
nique, do not require biopsy confirmation. On the
contrary, if lesions reveal atypical features, which
occurs in 10-15% of the cases’, biopsy is required.
For nodules between 1 and 2 cm, two concordant
radiological tests are needed for a non-invasive
diagnosis of HCC, otherwise biopsy is recom-
mended and this occurs in about 60-70% of the
cases. Thus, most of small incident nodules in cir-
rhosis, suspicious but not conclusive for HCC, are
currently biopsied.

Nomenclature of small hepatocellular
nodules

An International Consensus® has recently been
obtained on the classification of small (= 2 cm)
hepatocellular nodules: the main definitions and
criteria are illustrated in Table 1.

The distinction between this lesion, also termed
HCC of vaguely nodular type or HCC with indis-
tinct margins, and HGDN often requires addition-
al techniques, as morphology alone is not
sufficient. Extensive neovascularization process
could be detected by immunohistochemical stain-
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ing with endothelial marker CD34 and the Actin
Smooth Muscle antigen (SMA) for muscolarized
unpaired arteries. Stromal invasion of well differ-
entiated hepatocytes into portal tracts or fibrous
septa could be a useful diagnostic clue for malig-
nancy: this histological aspect can be highlighted
by immunostaining for cytokeratins CK7/19 de-
picting the ductular reaction which takes place
around non malignant nodules but is absent
around HCC. Finally, the overexpression of three
specific immunomarkers (Glypican 3 — GPC3;
Heat Shock protein 70 — HSP70; Glutamine syn-
thetase — GS) in the neoplastic cell population, has
been recognized as able to selectively label small
and early HCC as compared to non malignant
counterparts®. In the appropriate clinico-patholog-
ical context, the finding of 2 unequivocal positive
immunomarker (out of 3 among GPC3, HSP70,
GS) can detect early HCC with a sensitivity of
72% and a specificity of 100%’.

Role of biopsy sampling in HCC diagnosis

As an increasing number of HCCs are diagnosed
without pathologic examination (see paragraph
“Surveillance and clinical aspects for early detec-
tion of HCC”), pathologists examine fewer cases of
HCCs with the typical cytoarchitectural features:
most cases are small well-differentiated hepatocel-
lular nodules for which the differential diagnosis
between early HCC and precursor lesions should
be considered. The first step to characterize hepato-
cellular nodules in biopsy specimens is to evaluate
the adequacy of the specimen itself. The ideal liver
biopsy should contain sufficient tissue from both
the tumour and the adjacent non-neoplastic liver. If
there is no histological evidence of the target le-
sion, serial or deeper sections should be performed
prior to recommending a repeat biopsy or follow
up. If there is a suspected target on the biopsy but
the lesion is too small for morphological evaluation
or accompanied by a marked crushing artifact, an
immunohistochemical stain could be performed
with the 3-HCC marker panel (GPC3/HSP70/GS),
as already stated®. The morphological features are
recommended to be interpreted in context with the
clinico-radiological findings, especially as the
gross features of the nodule cannot be evaluated on
biopsy specimens.

The replacement of biopsy evaluation as the
gold standard for the diagnosis of HCC > 2 cm
does not imply that all atypical cases in a cirrhotic
liver represent HCC or its precursors: other le-
sions, such as large regenerative nodules (> 2 cm),
may be detected in a cirrhotic liver (e.g. in au-
toimmune epatitis cirrhosis).

In the setting of non-cirrhotic livers, the possi-
bility of hepatocellular adenoma (HCA) or focal
nodular hyperplasia (FNH) should be considered
in the differential diagnosis of hepatocellular nod-
ules. HCA is characterized by proliferation of
bland-looking hepatocytes. The trabeculae are ir-
regularly and mildly thickened, numerous thin-
walled arteries are present without accompanying
bile ducts, and pseudoglandular structures can oc-
casionally be seen, especially in[l[]-catenin-acti-
vated HCAs. Therefore, the differential diagnosis
between HCA and well-differentiated HCC may
be challenging on a liver biopsy. It is even more
problematic when there is evidence of focal cyto-
logic or architectural atypia and in clinical settings
unusual for HCA (atypical age/sex/morphology):
terms such as ‘atypical HCA-like neoplasms’ and
‘well-differentiated hepatocellular neoplasm of
uncertain malignant potential (HUMP)” have been
proposed for similar tumors, which have shown
aggressive behavior. GPC3 and HSP70 immunos-
tains may be helpful in distinguishing between
HCAs and HCC; whereas GS, also part of the 3-
marker HCC panel, is not always helpful in the dif-
ferential diagnosis between HCC and HCA, as it is
diffusely expressed in b-catenin-activated HCAs.
The differential diagnosis between FNH and well-
differentiated HCC or HCA may be challenging
when FNH shows atypical features (e.g. lack of
central scar), and the central stellate scar may not
be sampled in liver biopsies. Immunohistochemi-
cal stains are of invaluable help in this setting: GS
is expressed in FNH with a unique ‘map-like’
staining pattern, which is not showed in HCC or
HCA.

Finally, the diagnosis of all the varieties of
“combined hepatocellular- cholangiocarcinoma”
is very complex on biopsy samples. Immunohis-
tochemistry is usually mandatory to highlight he-
patocytic and cholangiocytic differentiation, and
mucin stains can be helpful to detect biliary dif-
ferentiation (see paragraph “Histology — Recently
discovered subtypes’). However, the diagnosis on
liver biopsy may be difficult if the tumour is sam-
pled from an area of typical HCC (or an area of
typical cholangiocarcinoma) and the other com-
ponents are not included in the specimen.

Advanced HCC
Macroscopic morphology

Most HCC are grossly nodular lesion, softer
than the background liver. HCC can be unifocal or
multifocal. Multifocality is defined as tumor nod-
ules clearly separated by intervening non-neoplas-
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Figure 1. Histological appearance and immunohistochemical staining in HCC. (A) trabecular pattern of HCC, composed of cords
of variable thickness that are separated by sinusoid-like blood spaces; neoplastic cells tend to resemble normal hepatocytes, main-
taining a polygonal shape, with a slightly basophilic cytoplasm and variable degree of nuclear atypia (hematoxylin&eosin). (B) Hep
Par 1, a specific marker for HCC, yields a diffuse cytoplasmic granular staining pattern in neoplastic hepatocytes, sparing bile duct
epithelium and inflammatory cells (Hepatocyte paraffin 1 — Hep Par 1 immunostaining). (C) In HCC, pCEA staining reveals a char-
acteristic and specific “chicken-wire fence” canalicular pattern, not observed in adenocarcinomas. The sensitivity of this marker giv-
en by the canalicular staining. Monoclonal CEA is not reactive in HCC. (Polyclonal carcinoembryonic antigen — pCEA
immunostaining). (D) In HCC the stroma is composed of sinusoid-like blood spaces lined by endothelial cells showing changes of
“capillarization”, as they resemble normal capillaries, with immunoistochemical positivity for CD34 (CD34 immunostaining).

tic liver. Multifocal HCCs can represent either in-
dependent tumors arising simultaneously (i.e.
multicentric HCC) or intrahepatic metastases
from a primary tumor. The latter are more prone to
develop early recurrences (usually within 2 years
after treatment).

Based on autopsy data from advanced disease,
Eggel’s gross classification of HCC into nodular,
massive, and diffuse types® is of limited value in
clinical practice, because the majority of surgical-
ly resectable HCCs are the nodular type. Based on
an analysis of surgically resected HCCs, a new
gross classification has been proposed, in which
Eggel’s nodular type is subclassified into single
nodular type, single nodular type with extranodu-
lar growth, and contiguous multinodular type.
This classification has proven to be of clinical val-
ue in predicting patient outcome: single nodular
type was demonstrated to be an independent fac-
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tor for low risk of recurrence and low risk of dis-
ease-specific death’.

Vascular invasion seems to be related to tumor
size. Grossly, the distance of the embolized ves-
sels from the main tumor mass, have an independ-
ent prognostic significance: vessels distant more
than 1 cm from the main tumor mass have a very
poor outcome!”.

Histology

HCC features cells that usually resemble nor-
mal hepatocytes, whereas the stroma is composed
of sinusoid-like blood spaces lined by endothelial
cells showing changes of “capillarization”, as
they resemble normal capillaries, with immunois-
tochemical positivity for CD34 (Figure 1D), fac-
tor VIII antigen or subendothelial laminin. Newly
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formed arteries, so-called “unpaired or non-tri-

adal” arteries, supply blood flow for HCC. Portal

tracts are not identified within the tumor. The
most recent WHO classification has described
several architectural patterns:

e Trabecular pattern (most frequent- typical of
G1/G2 HCCs), composed of cords of variable
thickness that are separated by sinusoid-like
blood spaces; such cords become thicker as tu-
mor dedifferentiate (Figure 1A);

* Pseudoglandular/acinar pattern, in which
gland-like structures, formed by a single layer
of cells, are actually modified, abnormal bile
canaliculi formed between tumor cells.

e Compact pattern, a solid appareance, typical of
poorly differentiated tumors, with inconspicu-
ous and slit-like blood-spaces.

In all of these patterns, cytologic features of

HCC tend to resemble those of normal hepatocytes,

with variable degree of nuclear atypia (Figure 1A).

Special types of HCC

Fibrolamellar carcinoma: overall, fibrolamel-
lar carcinoma accounts for 0.5-9% of all primary
liver cancers, with a peak incidence around 25
years. It typically arises in non-cirrhotic liver and, in
two-third of the cases, it occurs in the left lobe, with
a central scar. Histologically, fibrolamellar carcino-
ma has pushing margins and is made up of large
polygonal cells, with abundant eosinophilic cyto-
plasm, large nuclei and nucleoli. The latter, along
with lamellar fibrosis, are its distinctive features.
Prognosis is more favourable than HCC arising in
cirrhosis, but similar to HCC in non-cirrhotic liver.

Scirrhous HCC: about 5% of HCCs showed
marked fibrosis along sinusoid-like spaces associ-
ated with varying degree of atrophy of neoplastic
trabeculae. They typically arise below liver cap-
sule. Similar changes occur after chemotherapy, ra-
diation and transarterial chemoembolization. Due
to its morphology and less frequent Hep Par-1
staining (see below) scirrhous HCC must be distin-
guished from fibrolamellar HCC, cholangiocarci-
noma and metastatic adenocarcinoma. Glypican 3
and arginase have yielded a 100% sensitivity to
identify scirrhous HCC variant in this context.!!

Undifferentiated carcinoma: it is a rare primary
liver tumor that can be diagnosed as carcinoma on
the basis of immunohistochemical findings alone,
but cannot be further classified. It shares similar
clinical manifestations and imaging data with clas-
sic HCC, but prognosis is supposed to be worse.

Lymphoepihelioma-like carcinoma: It is a
very rare tumor featuring pleomorphic tumor cells,
occasionally organized in a syncytial growth, inter-

mixed with numerous lymphocytes. In some cases,
neoplastic cells are positive for Epstein-Barr virus
(EBV).

Sarcomatoid HCC: HCC could be partially or
fully composed of malignant spindle cells. When
such sarcomatoid transformation is prominent, the
tumor is defined sarcomatoid HCC. Areas of more
typical morphology usually emerge after adequate
sampling. Sarcomatoid change is more frequent
after chemotherapy and transarterial chemoem-
bolization.

Recently discovered subtypes

HCC with stem/progenitor cell immunophe-
notype: there is a recently proposed subtype of pro-
gressed HCC (mostly G2/G3), not otherwise rec-
ognizable by hematoxylin and eosin stain, in which
a fraction of tumour cells (>5%) expresses
stem/progenitor cell markers such as CK19 (cy-
tokeratin 19), epithelial cell adhesion molecule (Ep-
CAM), CD133, etc. It is still unaddressed whether
this phenotype reflects an origin from a stem/prog-
enitor cells or dedifferentiation from mature hepa-
tocytes'>!?. These tumours have been reported to be
more aggressive as compared to usual HCC with-
out stem/progenitor markers, with increased like-
lihood of recurrence following resection, resistance
to chemotherapy, and radiotherapy, and increased
likelihood of metastasis'>!3.

Mixed hepatobiliary carcinoma, classical
type: mixed hepatobiliary carcinoma, classical
type, accounts for about 2.5% of primary liver
cancers. The most typical form is combined hepa-
tocellular and cholangiocarcinoma, which has ar-
eas of typical HCC and areas of typical
cholangiocarcinoma. This definition has not to be
applied to collision tumours in which HCC and
cholangiocarcinoma arise separately. These tu-
mours can be defined morphologically. Confirma-
tion of hepatocellular differentiation can be
supported by immunostaining for hepatocyte
specific antigen (Hep Parl), polyclonal anti-carci-
noembryonic antigen (pCEA), and CD10.
Cholangiocarcinoma components are usually pos-
itive for CK7 and CK19. Small areas of interme-
diate morphology at the interface between HCC
and cholangiocarcinoma areas can be detected at
careful examination. Therefore, these small tu-
mour cells at the interface suggest a recapitulation
of stem/progenitor cells'*. The prognosis of this
subtype has been reported to be poorer as com-
pared to the usual progressed HCC.

Mixed hepatobiliary carcinoma, with
stem/progenitor cell phenotype and immunophe-
notype: recently a rare subtype has been reported, in
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which the majority of tumour cells show stem/prog-
enitor like cells or intermediate features between he-
patocyte and cholangiocyte. The prognosis of this
subtype is uncertain given the absence of large co-
horts of patients. The large sized “cholangiolocellu-
lar carcinomas” (>4.0 cm) had higher recurrence
rates following treatment's, and the overall survival
of intermediate carcinoma was intermediate be-
tween those of typical HCCs and typical cholangio-
carcinoma, whereas small sized mixed hepatobiliary
carcinomas with stem/progenitor cell phenotype and
immunophenotype in explanted livers showed no re-
currence's.

Grading

Grading of HCC has relied for many years on
Edmondson and Steiner system, which divided
HCC into four grades from I to IV on the basis of
histological differentiation'’. Grade I is the best
differentiated consisting of small tumor cells, with
regular nuclei, arranged in thin trabeculae. Cells
in grade II are larger with abnormal nuclei, some
hyperchromatism, nucleoli, >N/C ratio and glan-
dular structures may be present. In grade III nuclei
are larger and more hyperchromatic than grade II
cells and cytoplasm is granular and acidophilic,
but less than grade II. In grade IV, tumor cells are
much less differentiated with hyperchromatic nu-
clei and loss of trabecular pattern. Marked anapla-
sia with giant and pleomorphic cells are evident.

HCC versus metastatic neoplasms

Metastases are by far the most common malig-
nant neoplasms in non-hepatitic/cirrhotic liver.
Without antecedent liver disease, HCC seems to
account for about 2% of malignant neoplasms in
the liver. Because of the wide spectrum of histo-
logic appearance of HCC, the differential diagno-
sis between HCC and other tumors involving the
liver can be challenging. Lung, colon, pancreas
and breast are the most common primary sites of
hepatic metastases, but malignant tumors from al-
most any site can metastasize to the liver. Second-
ary carcinomas may be difficult to assign to their
origin but immunohistochemistry may be very
helpful to distinguish between primary and
metastatic tumors and, among metastases, to iden-
tify their primaries'®.

OVERVIEW OF CURRENT HCC
STAGING SYSTEMS

The goal of a tumor staging system is to esti-
mate a patient’s prognosis, which allows for ap-
propriate therapy to be selected. In HCC the
importance to measure the contribution of both
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the cancer and the impaired liver function — due to
metabolic and/or viral conditions at the roots of
cancer itself- was early recognized. To be effec-
tive and widely used, a staging system has to be
reliable, reproducible and simple, using data ele-
ments that can be obtained as part of standard
clinical practice across a wide range of treatment
sites. Most HCC staging systems have identified
prognostic factors through multivariate analyses
of large cohorts of patients to weight the different
variables according to prognostic impact. Once
proposed, a classification system must be validat-
ed across the spectrum of HCC cohorts.

TNM

The TNM system assesses primary tumor fea-
tures (T), the presence or absence of nodal in-
volvement (N) and distant metastasis (M). The
criteria are developed jointly by the American
Joint Committee on Cancer (AJCC) and the Inter-
national Union for Cancer Control (UICC) and
have been lastly updated in 2010, when the Sev-
enth Edition took effect!®. Recent versions of the
TNM staging have been influenced largely by data
from patients who underwent curative resections.
Different authors proposed that the T-component
focused on vascular invasion, tumor number/s and
tumor size?® and found that the key prognostic fac-
tors for 5-year survival were major vascular inva-
sion, microvascular invasion and involvement of
surrounding tissues®!. The TNM system is based
on histopathology and is applicable in prognosti-
cating survival for the distinct minority of patients
who have undergone curative surgery. By itself,
the TNM T-stage does not offer guidance on re-
sectability and therefore adds very little discrimi-
natory value to patients’ assessment. It has little
relevance to patients presenting with advanced
disease because of the model’s inability to reflect
the prognosis of underlying liver disease.

Okuda score

The Okuda system is a prognostic score intro-
duced in 1985 and incorporates both tumor fea-
tures as well as the degree of underlying cirrhosis.
Okuda and colleagues devised a staging system
based on four factors representing advanced dis-
ease: tumor occupying greater or less than 50% of
the liver, the presence or absence of ascites, and
serum albumin and bilirubin levels. Despite the
absence of a prospective validation and its crude
classification of early stage patients, the Okuda
system is still in use. The evolution of imaging
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and surveillance make it extraordinary nowadays
to discover a tumor when it occupies more than
half the liver.

BCLC staging classification

Derived from a single institution experience,
the BCLC classification was first published in
1999 and is considered the standard HCC system
by the American Association of for the Study of
Liver Disease (AASLD) and European Associa-
tion for the Study of the Liver. BCLC considered
parameters are: size and extent of the primary tu-
mor, liver function and physiological factors and
incorporates the Okuda stage and Child-Pugh
score. Each stage has a corresponding treatment
schedule, ranging from curative therapies such as
resection or transplant for early stage patients to
best supportive care for end-stage patients.

CLIP score

Cancer of the Liver Italian Program (CLIP) is a
simple scoring system designed by an Italian
group with the aim of overcoming the main limi-
tations of the TNM and Okuda. It has been de-
rived from a retrospective cohort study of 435
patients** and then externally validated by a ran-
domized trial that prospectively enrolled patients
with cirrhosis and HCC. The CLIP includes the
liver function according to Child-Pugh score, the
morphology of the tumor (uninodular, multinodu-
lar, massive), its extension in the liver, the levels
of Alpha-fetoprotein and the eventual presence of
PVT. This score presents some limits, including
the absence of general well-being assessment of
the patient, and the inability to identify the early
stages, which may benefit from percutaneous or
surgical therapies.

Japan Integrated staging (JIS)

In 2003, the The Liver Cancer Study Group of
Japan (LCSGJ) proposed the JIS score, which in-
corporates the LCSGJ’s modification of the TNM
system and the Child-Pugh score®. Arguing that
the CLIP score did not provide sufficiently accu-
rate prognostication for the early stage patients
commonly diagnosed in Japanese centers due to
screening programs and increased awareness of
HCC, these investigators emphasized this very fa-
vorable group from other early-stage patients. Pa-
tients with a JIS score of 0 had a 10-year survival
rate of 65% while patients with a CLIP score of 0

had 10-year survival rates of only 23%. It is wide-
ly used in Japan but it lacks external validation in
Western countries.

Chinese University Prognostic Index (CUPI)

The CUPI* was designed in 2002 by the analy-
sis of a cohort of 926 Chinese patients with HCC,
adding five prognostic factors (total bilirubin,
presence of ascites, alkaline phosphatase, alpha
fetoprotein, and asymptomatic disease on presen-
tation) to the TNM, in order to set up 3 classes of
risk with highly significant differences in sur-
vival. This score was obtained from a monocen-
tric and mono-ethnic cohort of patients, it was not
validated in studies involving Western popula-
tions and most of the patients had a liver disease
secondary to HBV infection. Therefore, the trans-
portability of data of this score could be limited to
this specific subset of patients.

Groupe d’Etude et de Traitement du
Carcinome Hépatocellulaire (GRETCH)

The French scoring system, proposed by
GRETCH in 19997, uses objective measures and
an estimate of performance status to predict sur-
vival. A cohort of 761 consecutive patients across
24 institutions in Europe and Canada were ran-
domly assigned to a training or a validation sam-
ple. Five predictors able to affect 1-year survival
were identified using univariate analysis with Ka-
plan-Meier estimates and then included in a Cox
proportional hazards model: performance status
by Karnofsky score, serum bilirubin, serum alka-
line phosphatase, AFP, and presence or absence of
portal obstruction by ultrasonography. An advan-
tage of the French classification is that its vari-
ables are generally available at the time of initial
diagnosis and do not require invasive procedures
or sophisticated imaging. The increasing use of
cross-sectional imaging as a diagnostic modality
could impact the prognostic value of this scoring
system by modifying the sensitivity for diagnosis
of portal obstruction.

Clinical staging comments

Several studies comparing the predictive power
of different models have shown conflicting results,
both in the general population and in specific sub-
sets of patients receiving different class of treat-
ments?. Currently, there is not an ideal staging and
prognostic system for HCC. The BCLC seems to
be the most comprehensive, since it integrates in-
formation about tumor extension, liver function
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and the presence of constitutional symptoms. It al-
so provides prognostic information and guidance
to the therapeutic choices, and it has been endorsed
by EASL and AASLD as standard for patients with
HCC. Anyway, it does not represent a perfect mod-
el and still it has several unmet points. First, unlike
CLIP, GRETCH and CUPI, the BCLC was not de-
rived from a cohort of HCC patients by a multi-
variate analysis, and therefore it is not a prognostic
model able to predict the mortality of HCC pa-
tients, being internally and externally validated
just as a staging system. Second, as a classification
model, it presents itself some inherent drawbacks.
BCLC stage B encompasses a great variety of clin-
ical situations, from four small tumors to near
complete replacement of the liver by tumor, pro-
vided liver function is preserved and there is no
vascular invasion, extrahepatic spread, or compro-
mised performance status, which would upstage to
BCLC stage C or D. Consequently, some BCLB-B
patients may no longer be eligible for liver direct-
ed therapies, and are in practice treated following
BCLC-C algorithms. The different conditions in-
cluded in the BCLC-B stage also introduce the po-
tential for prognostic heterogeneity within clinical
research protocols employing BCLC stage for eli-
gibility or stratification.

Third, as a treatment algorithm, the main limi-
tations of the BCLC is represented by its rigidity:

some prognostic factors are outlined as con-
traindications that preclude a therapy, whereas ev-
idence suggests the contrary. Moreover, BCLC
algorithm does not provide indications concerning
second-line therapies, retreatment choices or
combined treatments.

THERAPEUTIC MARKERS FOR HCC
AKT and Wnt/B-catenin pathways

HCC develops in a liver suffering from a chron-
ic disease with addition of multifactorial process-
es characterized by the accumulation of genetic
alterations and progressive chromosomal instabil-
ity, caused at least in part from chronic inflamma-
tory processes associated to pre-neoplastic stages
of the disease. To date, it is not yet possible to
identify a unique panel of molecular markers to
detect in a uniform and satisfactory way the HCC
disease. By analyzing the multitude of genetic
profiles originating from HCC of different etiolo-
gy reported in the literature in the last years, the
most important emerging element is the common
over-expression and/or genetic alteration of genes
involved in cell proliferation and in mitosis. The
HCC identified with such “highly proliferative”
profiles are characterized by a poorer prognosis
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Figure 2. Principal genetic and transcriptomic characteristics of the different G1 to G6 HCC subgroups taken from published da-
ta’'. G1 tumors were associated with low copy number of HBV and overexpression of genes expressed in fetal liver and controlled
by parental imprinting. G2 included HCCs infected with a high copy number of HBV and mutations in PIK3CA and TP53. Both G1
and G2 correlated with an activation of the AKT pathway. G3 showed mutation of TP53 and overexpression of genes controlling
the cell cycle. G4 showed TCF1-mutated HCC. G5 and G6 were strongly related to (3-catenin mutations that lead to Wnt pathway
activation; and in particular associated in G6 to E-cadherin expression.
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Figure 3. Wnt/B-catenin pathway. A) In the presence of a Wnt
ligand, Wnt through casein kinase (CK) activity, inhibits the ac-
tivity of the multiprotein complex (f3-catenin-Axin-adenoma-
tous polyposis coli (APC)-glycogen synthase kinase (GSK)-3b),
which targets B-catenin by phosphorilation, and thereby indi-
rectly inhibit $-catenin phosphorilation. The overall results cul-
minate an accumulation of f-catenin that in part links to the
E-cadherin and in part translocates into the nucleus where it
leads to transcription of Wnt target genes. B) Without activation
of Wnt the multiprotein complex phosphorilates (3-catenin, and
this can be now degradated by the proteasome complex.

with a decreased patient survival and regardless of
cancer etiology. The more indicative genetic alter-
ations include mutation acquisition or chromo-
some loss (LOH) leading to an inactivation of p53
and activation of the Wnt/f-catenin pathways
mainly throught Axinl or CTNNBI1 gene alter-
ations, activation of RB1, p16 or IGF2 genes or
inactivation of IGFR2 receptor by mutation and
methylation of the promoter region of the CD-
KN2A gene. Based on the chromosome instabili-
ty Laurent-Puig and Zucman-Rossi indicated 2
different HCC classes occurring from a different
pathogenetic way?**: a pathogenetic way that
lead to poorly differentiated and HBV positive tu-
mors with a high chromosomal instability, muta-
tions of p53 and Axinl genes; and a second way
that leads to well-differentiated tumors, negative
for HBV infection and chromosomal instability
and with an altered activation of the WNT/B-

catenin pathway through CTNNBI1 gene alter-
ation (Figure 2). A subsequent study?! not only
confirmed this distinction but further subdivided
these 2 groups into 6 groups basing on their tran-
scriptomic profile. Groups 1-3 and groups 4-6, for
chromosomal instability and stability, respective-
ly (Fig. 2). A summary of the main pathways,
AKT and Wnt/B catenin, involved in HCC are re-
ported in Figures 3 and 4. According with this
model it appeared that the “high proliferation in-
dex” showed in HCC with a worse prognosis was
associated with an increased activity of genes in-
volved in the AKT pathway and suggested that the
activation of molecules with tyrosine kinase activ-
ity could be a trigger to counteract the high prolif-
eration of tumor cells observed in HCC.
Nowadays for advanced-stage HCC the only sys-
temic treatment available is based on the inhibi-
tion of multichinase inhibitors, the sorafenib. The
prolongation in survival of patients have encour-
aged to persist the studies in this direction with the
development of other drugs targeted to protein ki-
nases and confirmed the predictive value of the
molecular signals identified.

p-RPS6 protein and mTOR pathway

However, sorafenib treatment had demonstrated
limited benefit and moreover not all patients are
responsive. Subsequent studies by using array-
based pathway profiling has identified a signifi-
cant correlation between the phosphorilated form
of the RPS6 (p-RPS6) protein, a component of the
40S ribosomal subunit regulating the protein syn-
thesis, and the resistance to sorafenib treatment™.
Since, p-RPS6 is considered a molecular marker
for the activation of mTOR signaling pathway
(Figure 5)*. These experimental data have led to
the use of mTOR inhibitors, such as everolimus, in
patients with HCC resistant or not responsive to
sorafenib. Partial sucess of sorafenib and
everolimus in clinical phase I and II supports the
pivotal role of mTOR signaling in HCC and high-
lights the importance of reliable biomarkers dis-
covery to set best therapeutic options®*.
Identification of p-RSP6 like a predictive marker
for response to sorafenib treatment is particularly
important since at today several prognostic mark-
ers, like Ang2, VEGF, HGF, and IGF-2, were
proved unable to predict a response to sorafenib®.

Expression profiling

Molecular expression profiling has also
demonstrated an utility for prognostication of pa-
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Figure 4. AKT pathway regulates cell cycle proliferation. Binding to tyrosin kinase receptor activates PI3K and then Akt. Activat-
ed Akt translocates to the nucleus and shuttles back to the cytoplasm. The transient nuclear Akt phosphorylates cyclin-dependent
kinase (CDK) in the nucleus and leads to the temporary CDK relocation to the cytoplasm. When Akt is shuttled back to the cyto-
plasm, CDK rapidly translocates to the nucleus and helps in the cell cycle progression. AKT phosphorilates MDM2, this results in
MDM2 translocation into the nucleus where it binds to P53, and targets it for degradation by the proteasome. Cyclin-dependent ki-
nase inhibitor (CDKN2A) had a role in the cell cycle regulation directly by the tradition of p16 that ihbits cyclin-dependent kinase,

and inderectly by producing p16 protein that blocks MDM2 and the consequent degradation of p53.

tients with HCC. To this an HCC five-gene score
(HN1, RAN, RAMP3, KRT19 and TAF9) rigor-
ously validated has been strongly proposed as
prognostic markers for survival of patients after
liver resection®. These genes are not functionally
related, but for the first time, they represent a use-
ful tool to stratify patients for various therapeutic
decisions. In particular HCC with KRT19 expres-
sion could be used to identifie a subtype of HCC
originated from a common progenitor between
hepatocytes and cholangiocytes and thus perhaps
to be managed differently!?.

Epigenetics

With the advent of new techniques like the
genome-sequencing, epigenetics and proteomics
analyses, new perspectives regarding prognostic
markers are now appearing. Genome-sequencing
had highlighted that about 5% of all HCC had not
mutation in any protein kinase genes, thus sug-
gesting that any kinase inhibitors, as sorafenib,
would be effective in these cases. In the remaining
95% of cases mutations of CTNNBI1 (11-32%)
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and AXIN1 (15%), and alteration of genes in-
volved in cell cycle regulation such as p53 (18-
35%) and CDKN2A (7-10%) were confirmed as
previously found®*”*°. In addition, by studying
noncoding RNA, new insights in HCC tumorige-
nesis has been found. According to their size, non-
coding RNAs are divided into two groups: small
(<200 nucleotides, miRNA) and long (>200 nu-
cleotides, LncRNA). On the basis of overall miR-
NA profiles and integrating them with gene
expression analysis and assessment of cellular
pathway activation previously reported, a classifi-
cation of HCC based on miRNA profiles has been
proposed®. Moreover, it was found that IncRNA-
UFCI1 by interacting with b-catenin promotes the
tumor progression when overexpressed*!. Thus,
IncRNA-UFCI1 has been identified as both a prog-
nostic marker and a potential new therapeutic tar-
get associated with the WNT/[J-catenin pathway
in HCC.

Epigenetic studies in HCC emphatisizes an im-
portant role of chromatin remodelling proteins in
hepatocarcinogenesis. These studies are interest-
ing because they shifted HCC therapeutic targets
from coding tumor sequences of AKT and
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Figure 5. RPS6 is considered a molecular marker
for the activation of mTOR signaling pathway and a
marker for everolimus treatment. HCC who did not
respond to sorafenib showed a significant correla-
tion between the phosphorilated form of the RPS6
protein, a component of the 40S ribosomal subunit
regulating the protein synthesis, and the resistance
to treatment. AKT and mTOR pathways were both
involved on cell cyle progression deregulated in
HCC, thus sorafenib and everolimus have being
proposed in advanced HCC treatment.

WNT/B-catenin pathways towards the area of
chromatin-regulatory enzymes**’. Telomerase
(TERT) is a RNA polymerase that added telomere
repeat sequences at the end of chromosomes and it
is normally repressed in postnatal somatic cells.
Telomeres shorten progressively with each round
of cell division up to the death of the cell. A worst
prognostic factor and aggressive behavior of HCC
had been associated with long telomeres and in-
creased telomerase activity*’. Moreover, HBV
genome integration was recurrently found into the
promoter region of the TERT gene, and this corre-
lated with the increased TERT activity*’. Genes
involved in chromatin remodeling are the histone
methyltransferase (MLL), human AT-rich interac-
tion domain (ARID) family of genes, SWI/SNF
complexe® 404849 Key proteins that mediate epi-
genetic signalling through the acetylation and
methylation of histones and through chromatin re-
modelling represent a new frontier for the devel-
opment of future therapeutics**#’. The clinical
characteristics of tumors harboring these types of
gene mutation suggest that their inactivation may
be associated with an aggressive tumor phenotype
and reinforce the link between cancer genome de-
fects and epigenetic alterations in liver tumorige-
nesis.

Metabolomics

HCC metabolite profiling (metabolomics), the
global view of aminoacids end products of cellular
processes, is another promising new approach to
underlying patients classification by using a rapid
sensitive measure of cellular phenotype. Integra-
tion of both proteomics and genomics data will
lead to a more accurate and precise known of cel-
lular processes, which will move to the identifica-

tion of key biomarkers for a personalized prognos-
tic classification of HCC. A preliminar study of
Budhu and col. by using a complex integrated
metabolic and transcriptome analyses highlighted
metabolites coding someenzymes that catalyzed
the byosinthesis of monounsatures fatty acid with
the HCC proliferation®. They hypothesed that a
reduction in lipid bioavailibity, which affect the
liver microenvironement may promote the HCC
aggressiveness, since expression of these metabo-
lites were significantly and independently associ-
ated with survival times and HCC recurrence. This
study is interesting because it shifts the focus from
tumor cells to the microenvironment. Accordantly,
an analog study by combining HCC pathway clas-
sification with metabolomic results showed that
HCC tumor with a good prognosis harbored a di-
minished concentration of certain statured lipids,
consistent with an up-regulation of lipid catabo-
lism in HCC!.

Altogether, these data (Table 2) appear to be
promising, but it must be remembered that
genome-sequencing and genomic expression re-
quire further investigation to establish the real
clinical utility of these assays. Moreover, further
studies are needed to elaborate how disrupted his-
tone and chromatin regulators cooperate with al-
terations in known signaling pathways, such as
AKT, Wnt/b-catenin, and gene expression alter-
ation in HCC progression

CONCLUSIONS

There is increasing need for reliable pathologi-
cal classifications of HCC based on morphologi-
cal and immnophenotypic grounds. New
pathological entities are constantly recognized
and defined by using multiparametric characteri-
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TABLE 2. CONTRIBUTION TO THE DEFINITION OF SOME AMONG THE KEY
MARKERS FOR HCC.

Type of analysis Main results Comments

Genomics studies
Molecular expression
profiling

AKT and Wnt/p-catenin pathways
five-gene score

The main pathways involved in HCC

Expression of unrelated genes associated with the
prognosis

Epigenetics studies ~ TERT and chromatin remodeling
IncRNA-UFCI1 related to
Whnt/f3-catenin pathways

miRNA for HCC classification

A new therapeutic target based on epigenetic fators

An epigenetic factor associated to the Wnt/f-catenin
pathway

A classification of HCC based on miRNA

Proteomics studies Markers associated with the tumor microenvironement

up-regulation of lipid catabolism
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