
Molecular Determinants of Prognosis in Hepatocellular
Carcinoma

Jean-Charles Nault1,2,3

1Inserm, UMR-1162, Génomique fonctionnelle des Tumeurs solides, IUH, Paris, France; 2Université Paris Descartes, Labex
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Abstract

Hepatocellular carcinoma is one of the leading causes of
death by cancer worldwide. Prognosis of hepatocellular
carcinoma is determined by characteristics of the tumor and
the surrounding cirrhotic liver. Several molecular signatures
reflecting tumor biology and derived from tumor analyses
predict early tumor recurrence and survival. In contrast,
molecular signatures from cirrhotic non-tumor samples are
enriched in immunity/inflammation related genes and could
predict late tumor recurrence. Moreover, combination of
clinical, pathological, and molecular features may refine
prognosis prediction in these patients. Finally, molecular
signatures from both tumor and non-tumor tissues will be
helpful in the future to guide treatments in different clinical
settings.
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University. Published by XIA & HE Publishing Ltd. All rights
reserved.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent
primitive liver malignancies, followed by cholangiocarcinoma,
and involves malignant proliferation of hepatocytes.1,2 The
main etiologies of HCC are chronic hepatitis B (HBV) and C
infection (HCV), alcoholic liver disease, metabolic syndrome
(non-alcoholic steatohepatitis (NASH)), and hemochromato-
sis. Worldwide, the incidence of HCC is heterogeneous and

follows the geographic distribution of the underlying etio-
logy.3 HBV infection is responsible for most cases in Asian
countries, while HCV, alcohol consumption, and NASH are the
causes of most cases in western countries. In western
countries, HCC develops primarily following cirrhosis. In
Asia, HCC may occur in non-cirrhotic liver due to the direct
carcinogenic effect of HBV.3 European Association for the
Study of the Liver (EASL) and American Association for the
Study of Liver Diseases (AASLD) recommend the Barcelona
Clinic Liver Cancer (BCLC) classification for stratifying HCC
patients and guiding treatment.4 The main curative treat-
ments are liver resection, radiofrequency, and liver trans-
plantation.1 Liver resection and radiofrequency ablation are
impaired by a high rate of tumor recurrence.5 In contrast,
liver transplantation enables long-term survival with a low
rate of recurrence but is possible only for early HCC and is
limited by organ shortage.4 Most cases, however, present at
advanced stages and can only be treated by transarterial
chemo-embolization or sorafenib.6,7 A precise prognosis for
these patients is of utmost importance in guiding clinical
decisions and stratifying treatments.

General considerations concerning prognosis
assessment in patients with HCC

The prognosis in HCC is related to features of both tumoral
and non-tumoral liver.8 Moreover, clinical and molecular
studies revealed two patterns of tumor recurrence closely
related to biological and clinical characteristics: early recur-
rence during the 2–3 years following surgery and late
recurrence occurring 2–3 years after surgery.9 Early recur-
rence is driven by tumor features and is related to intrahe-
patic metastasis of the original tumor. In contrast, late
recurrence is characterized by de novo carcinogenesis of
cirrhosis and is related to cirrhotic features.8–10 This dicho-
tomy is clear-cut with curative treatments such as radio-
frequency ablation and liver resection, where the cirrhotic
liver is still present after treatment. In liver transplantation,
the diseased liver is removed and tumor recurrence is
conditioned only by tumor features. At advanced stages,
the patient’s prognosis is mainly linked to HCC progression
and tumor features. These observations have several poten-
tial implications for therapy. Secondary chemoprevention to
avoid the occurrence of new HCC of cirrhosis can be useful in
patients treated by resection or percutaneous ablation, but is
useless in patients treated by liver transplantation or with
advanced HCC.11 In contrast, analysis of biological features of
HCC is necessary to personalize target therapy at each stage
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of the disease.8 Cirrhotic patients, however, may also die
from liver failure due to cirrhosis independently of tumor
recurrence. All three factors (tumor recurrence due to the
initial tumor, de novo carcinogenesis, and liver failure not
related to tumor progression) must be taken into account in
order to accurately predict patient prognosis.

Pitfalls in the prognostic molecular signature

Since Golub et al. in 1999 first molecularly classified tumors
using microarray,12 several groups have reported molecular
classification and prognostic molecular signatures in HCC.13

However, the potential application to clinical practice of these
different signatures should be viewed with caution. Several
guidelines (including the REMARK statement, the PROGRESS
statement, and EASL guidelines for HCC) have paved the
way for the development of prognostic biomarkers that are
robust, reproducible, and have potential translation into
clinical practice: 4,14,15

N Firstly, in order to avoid overestimation of the value of
biomarkers in the training set, identification of biomarkers
should be performed using a training cohort set followed
by a validation set (Fig. 1).14,15

N Secondly, the biomarkers should retain their prognostic
value when compared to classical clinical and pathological
features (serum alpha-fetoprotein (AFP), Barcelona Clinic
Liver Cancer (BCLC) staging, severity of cirrhosis, pre-
sence of portal hypertension, size and number of tumors,
microvascular invasion, satellite nodules, etc.).9,16 Most of
the oldest studies on HCC prognostic molecular signatures
did not follow these recommendations.

N Finally, the different guidelines concerning prognostic
biomarkers should be validated externally by other

groups, with the aim of testing the robustness and
reproducibility of the molecular signature (Fig. 1).4 This
is a key point, since HCC develops at different stages of
liver disease and is due to various etiologies worldwide.
This heterogeneity should be taken into account for future
use of prognostic biomarkers in clinical practice.

Prognostic molecular signatures of tumors

More than 20 different prognostic molecular signatures from
tumor tissue have been currently published.17,18 Here, we
detail some of these molecular signatures:

Proliferative subclasses

One seminal study was published by Snorri Thorgeisson’s
group in 2004.19 Using microarray, they distinguished two
major groups, named A and B. HCC patients classified into
group A had a worse prognosis. This subgroup was also called
the ‘‘proliferative’’ class because it was characterized by
deregulation of cell cycle and proliferation genes.19

HCC with stem cell features

The same group reported that HCC harboring stem cell
features (‘‘hepatoblast-like’’) had a high risk of recurrence
and death.20 These stem cell characteristics were also
detected using immunohistochemical markers like cytoker-
atin 7 (CK7), cytokeratin 19 (CK19), and epithelial cell
adhesion molecule (EPCAM).21,22 However, three recent
studies did not reproduce the prognostic value of stem cell
features in early HCC.23–25 This could be explained by
the lower prevalence of stem cell features in early HCC

Fig. 1. Different steps for biomarker prognostic studies. RFA: radiofrequency ablation, FFPE: formalin-fixed, paraffin-embedded
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Fig. 2. Molecular determinants of prognosis after HCC resection on cirrhosis. Some examples of molecular signatures related to tumor biology and to features of
cirrhotic non tumor liver (carcinogenic field effect) are shown.
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developing in HCV-related or alcohol-related cirrhosis com-
pared to the higher frequency in advanced HCC- or HBV-
related HCC.

G1-G6 classification

We reported molecular classification of tumors into 6
subgroups (G1-G6) based on closely related clinical and
genetic features.26 G1-G3 subgroups were characterized by
chromosomal instability and G4-G6 subgroups by chromoso-
mal stability. The G1 subgroup was characterized by reactiva-
tion of fetal genes and the presence of stem cell markers in
young women with high AFP levels. The G1-G2 subgroup was
associated with HBV chronic infection. The G3 subgroup was
associated with poor prognosis.23,26 These tumors have
inactivating mutations of TP53 and inactivation of CDKN2A
by promoter methylation.27 This suggests that co-occurrence
of inactivation of P53 and the retinoblastoma pathway could
be a reason for poor prognosis of these tumors. In addition,
G3 HCC harbored dysregulation of genes coding proteins of
the nuclear pore and cell cycle. G5-G6 subgroups were
strongly associated with activating mutations of B-catenin
(coded by CTNNB1). Recently, a study compiled eighteen
prognostic molecular signatures from tumors to assess their
validity in a series of 287 HCC developing in cirrhosis and
treated by liver resection.19,20,23,26,28–32 Strikingly, among
18 different prognostic molecular signatures, HCC classified
by our G3 subgroup was the most accurate biomarker for
predicting early tumor recurrence.

The 5-gene score

Recently, we developed a 5-gene score in order to accurately
predict the prognosis for HCC treated by liver resection.24

This simple molecular signature was derived from analysis of
tumor tissues and dichotomized patients into good and poor
prognosis groups. The 5-gene score was able to accurately
predict early recurrence and overall survival of patients with
HCC treated by liver resection in France, independently of
clinical and pathological features. The 5-gene score also more
accurately predicted risk of death compared to the G3
signature.24 In addition, this molecular signature was exter-
nally validated in one series of 213 cirrhotic patients with
early HCC from western countries and one series of 221
patients with HBV-related HCC from Asia. In addition to this
reproducibility, regardless of underlying liver disease and
etiology, the 5-gene score was validated in formalin-fixed,
paraffin-embedded (FFPE) samples.24 This assured its
robustness for potential use in the future.

Mir-26 and response to interferon therapy

Moreover, some prognostic signatures were derived from
micro-RNA analysis of HCC.33,34 Patients with low mir-26
expression in the tumor had shorter overall survival in three
cohorts of 455 patients with HCC treated by liver resection in
Asia.35 In addition, low mir-26 expression predicted a
satisfactory response to adjuvant interferon therapy. That
study provided the link between prognostic value (predicting
prognosis independently of treatment) and predictive value
(predicting response to a specific treatment) of a molecular
test.36 However, that study focused on Asian patients infected
by hepatitis B and needs to be reproduced in western patients
with alcohol- or hepatitis-C-related cirrhosis.

Prognostic values of somatic genetic alterations

Finally, like other cancers, HCC is a disease of the genome
and is characterized by an accumulation of genetic alterations
in a somatic manner. In several types of cancer, genetic
alterations have been linked with prognosis. For example,
isocitrate dehydrogenase 1 (IDH1) mutation is associated
with good prognosis in glioblastoma and human epidermal
growth factor receptor 2 (HER2) amplification with poor
prognosis in breast cancer.37–39 In HCC, both candidate gene
studies and, more recently, next-generation studies have
refined our understanding of genetic alterations of HCC. The
most frequent genetic alterations are telomerase reverse
transcriptase (TERT) promoter mutations (59%), Tumor
protein p53 (TP53) mutations (20–40%), and Catenin
(Cadherin-Associated Protein), Beta 1 (CTNNB1) mutations
(20–30%).40–42 TERT promoter mutations were not asso-
ciated with prognosis in a series of western patients treated
by liver resection, but additional studies are required in HCC
having different etiologies and at different stages.42 There is
also a substantial discrepancy in the prognostic value of
CTNNB1 (coding for B-catenin) mutations, ranging from good
to poor prognosis.24,43–45 Finally, TP53 mutations were
associated with poor prognosis after liver resection of HBV-
related HCC from Asia.46–48 HCC with TP53 mutations also
harbored stem cell markers. In contrast, in a series of
western patients with HCC treated by liver resection, TP53
mutations were not associated with tumor recurrence or
overall survival.24 This could indicate that prognostic bio-
markers vary according to etiology and underlying liver
disease. Other recurrent genetic alterations have been
described in HCC, including ARID1A (AT-rich interactive
domain-containing protein 1A), ARID2 (AT-rich interactive
domain-containing protein 2), NFE2L2 (Nuclear factor (ery-
throid-derived 2)-like 2), RPS6KA3 (Ribosomal protein S6
kinase, 90kDa, polypeptide 3), MLL4 (Myeloid/lymphoid or
mixed-lineage leukemia 4), and KEAP1 (Kelch-like ECH-
associated protein 1 ) mutations, but their prognostic value
alone and in combination remains unknown.41,49,50

Prognostic molecular signatures from non-tumoral
cirrhotic tissue

Biological features of the surrounding non-tumoral liver is
strongly related to so-called ‘‘de novo carcinogenesis’’, with
both occurrence of HCC in cirrhotic patients without HCC at
baseline and late recurrence after resection of HCC.10,51–53

The first study that addressed this question at the molecular
level was conducted by the team of XW Wang.51 They
identified a signature of non-tumoral liver that predicted
overall survival. The gene included in this signature was
enriched in immune/inflammatory genes.51 Moreover,
another study identified a 186-‘‘poor survival’’-signature
derived from analysis of cirrhotic tissue in patients treated
by liver resection for HCC.52 This signature predicted both
overall survival and late recurrence but not early recurrence.
That study provided molecular proof of principle that non-
tumoral tissue in cirrhotic patients with HCC was strongly
linked to de novo carcinogenesis and late recurrence.52 In
addition, that paper showed that FFPE tissues could be used
to assess molecular patterns and paved the way for potential
use of molecular signatures in clinical practice. Indeed, FFPE
samples are more widely available than frozen ones.
Strikingly, genes with the ‘‘poor survival’’ signature belonged
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to the pathway of interferon signaling, tumor necrosis factor
signaling, and the nuclear factor-kappa B (NFKB) pathway.52

These two studies converged and pinpointed immunity and
inflammation as key pathogenic events in de novo liver
carcinogenesis.10 Recently, these 186-gene signatures were
tested in FFPE samples from biopsies of cirrhotic patients
without HCC.54 They were able to predict death, HCC
occurrence, and progression to advanced cirrhosis. This
suggests that molecular signatures from non-tumoral liver
reflect the severity of cirrhosis and could predict both de novo
carcinogenesis and death from liver failure.8,10

A combination of molecular signatures and clinical and
pathological features for refining prognosis assessment

Since the molecular signature from tumoral and non-tumoral
tissues captures different biological signals and is able to
predict different clinical events, we hypothesized that the
association of these two predictive features would refine the
assessment of prognosis. Along this line, we showed that
the association of the 5-gene score from the tumor and the
186-gene ‘‘poor survival’’ signature from the non-tumoral
tissue would more accurately predict the prognosis than each
signature alone.24,52 Interestingly, patients classified into the
poor prognosis group by both the 5-gene score and the 186-
poor survival signature had the worst prognoses.24 Moreover,
most studies had compared clinical and pathological features
with molecular features.23 However, the prognostic value of
clinical, pathological, and molecular features could be com-
bined to refine the assessment of prognosis. We mixed
clinical features (the BCLC classification), pathological fea-
tures (presence or absence of microvascular invasion), and
molecular scores (the 5-genes score) into a nomogram that
provided individual risk of death for each patient.24

Conclusions

Huge advances have been made in the field of molecular
classification and molecular assessment of the prognosis of
HCC. At present, nomolecular signature has been validated in
the setting of radiofrequency ablation, liver transplantation,
or advanced HCC treated by chemo-embolization or sorafe-
nib.55 Likewise, the validation of different molecular signa-
tures in tumor biopsies will be required for use in clinical
practice.4,56 Consequently, the most important step is to
translate this molecular tool into clinical practice in an easy,
robust manner (Fig. 1). Importantly, this new tool should be
tested to guide clinical decisions in various settings.57 In
cirrhotic patients, identification of patients at high risk for
HCC could be useful for testing chemoprophylaxis or in
intensive screening strategy.11,58 In patients treated by
curative methods such as liver resection and radiofrequency
ablation, molecular signatures from tumor tissues could
stratify patients at high risk of recurrence so as to adapt
adjuvant treatment.8,59,60 In the same clinical setting,
assessment of the carcinogenic potential of cirrhotic tissues
by molecular tools would be useful for selecting guided
secondary chemoprophylaxis.10 Finally, the molecular signa-
ture could also be used to select patients who will benefit from
liver transplantation.61 Patients with HCC falling within the
Milan criteria and classified into the poor prognosis group
should receive aggressive neoadjuvant/waiting treatment or
possibly be excluded from the waiting list if they progress
under treatment. In contrast, patients falling outside the

Milan criteria and classified within the good prognosis group
by molecular tools could be transplanted.62,63 However, this
type of strategy should be tested prospectively in order to
validate the concept of personalized medicine in the field of
liver cancer.
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