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Preface

Liver cancer is the fifth most frequently diagnosed cancer in men worldwide, and is the sec-
ond leading cause of cancer-related death. Hepatocellular carcinoma (HCC) is the most com-
mon type of primary liver cancers, and has unique age, sex, and geographic distributions
that are most likely determined by specific etiologic factors. HCC is potentially curable by
surgical resection and liver transplantation. However, the majority of patients present with
unresectable, advanced-stage disease, which is most commonly accompanied by severe
background liver disease. Therefore, management of HCC is complicated by its highly vari-
able biologic behavior and the frequent coexistence of underlying liver disease in affected
patients. Hence, the care of patients with HCC has long been based upon a multidisciplinary
approach, which involves experts from multiple specialties collaborating from the earliest
stages of treatment planning to ensure personalizing the treatment for each individual pa-
tient. Thus, our book will describe not just diagnosis and treatment of HCC, but also the
entire range of existing and evolving interdisciplinary surgical, local and systemic therapies
for this complex disease.

Furthermore, the demonstration of improved patient outcome in clinical trials of targeted
agents in this very challenging malignancy has generated renewed enthusiasm in the field
which led to a wide expansion of clinical research efforts in all aspects of HCC management.
However, clinical development of targeted therapy in HCC suffers from several handicaps
including lack of effective ways of choosing patients who are likely to respond, and moni-
toring biologic activity as measured by plasma and tissue biomarkers or imaging-based bio-
markers to assess tumor response. Therefore, we have chosen to present some relevant
literature reviews and research studies related to recent research advances in HCC.

We are very grateful for the dedication and work of all authors in putting together this inter-
disciplinary collection of the clinical and research knowledge on the management of HCC,
and for their steadfast efforts in bringing this book to life.

We believe that this description of HCC multidisciplinary care will be a valuable resource
for physicians and researchers from multiple specialties and in different practice settings
and an example for other multidisciplinary endeavors.

Dr. Ahmed O. Kaseb

Assistant Professor, Department of Gastrointestinal (GI) Medical Oncology,
Division of Cancer Medicine, The University of Texas,

Anderson Cancer Center, Houston, USA






Chapter 1

Role of Alleles and Genotypes of Polymorphisms of IL-18
(-607 C/A; and -137 C/G), IFN-y (+874 A/T) and TNF-a
(-238 A/G and -308 A/G) and HLA-G Genes in the
Susceptibility of Hepatocellular Carcinoma

Andreza Correa Teixeira,
Ana de Lourdes Candolo Martinelli and
Eduardo Antonio Donadi

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/56350

1. Introduction

Hepatocellular carcinoma (HCC) is a primary malignant tumor of the liver which represents
a serious public health problem in the world, corresponding to the fifth more frequent
malignant neoplasia among men, the eighth among women, and the third cause of cancer death
in the world [1,2]. Seventy to ninety percent of HCC cases occur in patients with cirrhosis or
with chronic liver disease, with cell injury followed by regeneration mediated by the immune
response playing an important role in hepatocarcinogenesis [3].

In Brazil, a national survey to update HCC epidemiology and clinical profile of patients with
HCC (29 centers, with 1,405 patients diagnosed with HCC from 2004 to 2009) showed that the
median age at diagnosis was 59 years (1-92 years old; 78% male) and 98% of the patients had
cirrhosis (1279/1308), with the hepatitis C virus being the main etiology (54%), followed by
hepatitis B virus (16%) and alcohol (14%). In Southeastern and Southern Brazil, hepatitis C
virus accounted for over 55% of cases. In the Northeast and North, hepatitis C virus accounted
for less than 50%, and hepatitis B virus accounted for 22-25% of cases [4]. In Ribeirdo Preto,
Southeastern Brazil, the clinical characteristics of 130 patients with HCC attended at the
University Hospital of the Faculty of Medicine of Ribeirao Preto, University of Sao Paulo
(HCFMRP-USP) was revised. The mean (+ SD) age at the time of HCC diagnosis was 55.6+11.2
years, with 81.5% of them being males. Cirrhosis was present in 89.2% of cases, with 53.4% of

I m EC H © 2013 Teixeira et al,; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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the patients being ChildPugh A; chronic hepatitis B or C without cirrhosis was detected in
3.2%, nonalcoholic steatohepatitis (NASH) in 3.8%, and a normal liver in 3.8% [5].

The human major histocompatibility complex (MHC) represents a set of genes responsi-
ble for coding histocompatibility molecules. It is a high density region [3.6 Mb DNA) located
on the short arm of chromosome 6, region 6p21.3, which contains more than 200 genes
grouped into three classes denoted class I, II and III. Class I genes (classic or class Ia) code
for the classic histocompatibility molecules HLA-A, B and C; class II genes code for the
histocompatibility molecules HLA-DR, DQ and DP, and class III genes, although includ-
ed in the MHC, do not code for histocompatibility molecules. Among class I genes, there
are also those denoted non-classic or class Ib, which code for the non-classic histocompat-
ibility molecules HLA-E, F and G [6].

HLA-G is a class I non-classic HLA gene consisting of eight exons and seven introns with
a stop codon in exon 6 (exon 7 is always absent from mature mRNA and, due to the stop
codon in exon 6, exon 8 is not translated), a 5" promoter region and a 3’ untranslated region
(3’'UTR) [7,8]. The characteristics of HLA-G are: low polymorphism, alternative splicing in
the primary transcript that codes for seven protein isoforms, limited distribution in normal
tissues, and immunsuppressive properties [9]. Of the seven proteins coded by the HLA-G
gene, four are linked to the membrane (HLA-G1 to HLA-G4) and three are soluble (HLA-
G5 to HLA-G7). The HLA-G1 and HLA-G5 proteins are the main isoforms described in
healthy issues such as trophoblast, thymus, cornea, and erythroid and endothelial precur-
sors. On the other hand, the expression of HLA-G can be induced in pathological situa-
tions such as autoimmune and inflammatory diseases, viral infections, cancer, and
transplantation. HLA-G exerts inhibitory activity by binding to inhibitory receptors denoted
immunoglobulin-like transcript (ILT)-2 and ILT-4, which are expressed by lymphoid and
myeloid cells and by myeloid cells only, respectively, and killer immunoglobulin-like
(KIR)2DL4 receptor, present only in natural killer cells [9].

Thus far, 47 alleles have been attributed to the HLA-G gene, which code for 15 distinct
functional proteins with all isoforms (HLA-G*01:01, *01:02, *01:03, *01:04, *01:06, *01:07, *01:08,
*01:09, *01:10, *01:11, *01:12, *01:14, *01:15, *01:16, and *01:17) and truncated (G*01:05N allele)
or no proteins at all (G*01:13N allele). Polymorphic sites are observed in the coding and non-
coding regions. The promoter and 3'UTR regions of HLA-G are highly polymorphic, with the
variations in the 3'UTR being associated with the levels of HLA-G expression. Two main
polymorphic sites were identified in the 3'UTR: a 14bp insertion/deletion, in which the
insertion has been associated with reduced levels of HLA-G, and the presence of guanine at
position +3142, which increases the affinity of specific microRNAs for HLA-G mRNA, reducing
the expression of HLA-G [8,10].

The expression of HLA-G is frequently detected in malignant tumors of various origins and in
some situations has been significantly correlated with tumor size, degree of invasion, meta-
stasis, clinical stages of the disease, and mortality [11,12]. Regarding HCC, few studies
evaluating the role of alleles and genotypes of HLA-G polymorphism are available in the
literature, and evolve different population. Jiang et al, studying a Chinese population showed
that the heterozygote and the 14bp Il homozygote confer a lower risk of HCC compared with
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14bp DD, and that the associations were stronger in the hepatitis B-positive than the hepatitis
B-negative population [13] Zhang et al, examining fifteen single-nucleotide polymorphisms
(SNPs) in the non-classical class I alleles, found that the SNPs rs17875380, rs41557518,
rs114465251, and rs115492845 were associated with susceptibility to chronic hepatitis B
infection or HCC, and HLA-F*01:04, HLA-G*01:05N, and HLA-E*01:01 were associated with
hepatitis B or hepatitis B with HCC [14].

In general, the inflammatory response mediated by the immune system is beneficial to the
host; however, when tissue homeostasis is chronically affected the interactions between innate
and adaptive immune responses may be deregulated, culminating with chronic inflammation,
excessive tissue remodeling, loss of tissue architecture, apoptosis/necrosis and oxidative stress
which, under certain circumstances, may increase the risk of tumor development [15]. The
cytokines are responsible for the regulation of growth differentiation and activation of immune
cells. The ability to produce cytokines by an individual is influenced by genetic components
that have been attributed to molecular mechanisms, including variations in the transcription,
translation and secretion pathways [16].

2. Problem statement

Over the last years, regarding HCC, few studies evaluating the role of alleles and genotypes
of HLA-G polymorphism are available in the literature, and included diverse patient popula-
tions. Moreover, previous studies have concentrated on cytokine promoters, encouraged by
the identification of a series of SNPs [17]. However, the relation of these polymorphisms with
susceptibility to HCC or disease severity has not been clarified.

Application area
Immune response and carcinogenesis
Research course

Alleles and genotypes of cytokines polymorphisms and 14bp of HLA-G gene in HCC patients.

3. Method and patients

We evaluated, in a Brazilian cohort, the association of alleles and genotypes of the 14bp
insertion/deletion polymorphism of the HLA-G gene, and alleles and genotypes of polymor-
phisms of genes IL-18 (-607 C/A; rs1946518 and -137 C/G; rs187238), IFN-y (+874 A/T;
1s62559044) and TNF-a (-238 A/G; rs361525 and -308 A/G; rs1800629) with susceptibility to
HCC and with the type of tumor presentation (infiltrative diffuse, multinodular and uninod-
ular), with nodule size (>10 cm, 5-10 cm and <5 ¢m), with the Milan criteria (fulfills or does not
fulfill), the evaluation of metastasis (present or absent), and the histological classification of
the tumor (Edmondson-Steiner Classification) [18,19, 20,21].
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This was a retrospective cross-sectional study conducted on 109 patients (89 men) with mean
age 55.8+11.4 years for the 14bp insertion/deletion polymorphism of the HLA-G gene, and 112
consecutive patients [Mean (+SD) age was 55.6+11.2 years, and 81.5% were males] for the
polymorphisms of genes IL-18 (-607 C/A; 1s1946518 and -137 C/G; rs187238), IFN-y (+874 A/T;
rs62559044) and TNF-a (-238 A/G; rs361525 and -308 A/G; rs1800629) followed up from 2001
to 2009 at the Focal Hepatic Injuries Outpatient Clinic of the Faculty of Medicine of Ribeirdo
Preto, University of Sao Paulo (HCFMRP-USP). The study was approved by the Research
Ethics Committee of HCFMRP-USP. Individuals of both genders who fulfilled the following
criteria were included in the study: a) diagnosis of HCC defined by the Barcelona 2000 criteria
[22] for the diagnoses performed up to 2006 and according to the recommendations of the
American Association for the Study of Liver Disease (AASLD) [23] for the diagnoses performed
since 2007; b) with DNA stored in the Biological Sample Bank of the Laboratory of Gastroen-
terology, Department of Internal Medicine. Exclusion criteria were patients with focal hepatic
injuries other than HCC according to the Barcelona 2000 criteria and the recommendations of
the AASLD and patients with other concomitant neoplasias.

The evaluation of the severity of HCC was based on: a) tumor presentation (uninodular,
multinodular or diffuse infiltrative); b) nodule size (<5 cm, 5-10 cm or >10 cm); ¢) Milan criteria
(fulfills or does not fulfill); d) metastasis (present or absent); e) histological classification
according to Edmondson & Steiner, 1954 (grades I, I1, III or IV) [24].

A total of 202 healthy individuals (56 females and 146 males) with a mean age (+SD) of 33.3+8.3
years and from the same geographic region as the patients studied were used as controls for
the evaluation of the frequency of 14bp, IL-18, IFN-y and TNF-« alleles and genotypes.

For the determination of the 14bp insertion/deletion, IL-18 (-607 C/A; rs1946518 and -137 C/G;
rs187238), IFN-y (+874 A/T; rs62559044) and TNF-a (-238 A/G; rs361525 and -308 A/G;
rs1800629) genotypes, we first extracted genomic DNA from peripheral leukocytes by the
salting out technique [25]. The HLA-G 14bp insertion/deletion genotypes at exon 8 of the HLA-
G locus was analyzed as described: 200ng of genomic DNA were amplified in a 25mL reaction
mixture containing 0.20mM dNTP (Invitrogen, Carlsbad, CA), 0.2mM of each primer, 0.5U
Taq DNA polymerase (Invitrogen, Carlsbad, CA), 1.5mM MgCl2 and a 1x PCR buffer (0.2M
Tris-HCl, pH 8.5; 0.5M KCl). After an initial denaturation step at 94°C for 5 minutes, samples
were submitted to 30 additional cycles at 94°C for 45 seconds, 56°C for 45 seconds and 72°C
for 1 minute, with a final extension cycle at 72°C for 7 minutes with 5-TGTGAAA-
CAGCTGCCCTGTG-3" as the forward primer and 5'-AAGGAATGCAGTTCAGCATGA-3 as
the reverse primer [26,27]. After DNA amplification by PCR, the reaction products were
submitted to 10% polyacrylamide gel electrophoresis under non-denaturing conditions
followed by silver impregnation. The presence of 345 bp fragments corresponded to the
deletion allele, while the 359 bp fragment corresponded to the 14bp insertion allele.

The alleles and genotypes of IL-18 (-607 C/A; rs1946518 and -137 C/G; rs187238), IFN-y (+874
AJT; rs62559044) and TNF-a (238 A/G; rs361525 and -308 A/G; 1s1800629) polymor-
phisms were analyzed by the polymerase chain reaction using allele-specific primers (PCR-
SSP) (Table 1). For SNP IL-18 -607, a generic reverse primer 5-TAACCTCATTCAGG
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SNP Primer Sequence (5'-3")

IL-18-607 C/A IL-18 607.2 TAACCTCATTCAGGACTTCC
IL-18 607C GTTGCAGAAAGTGTAAAAATTATTAC
IL-18 607A GTTGCAGAAAGTGTAAAAATTATTAA
HGBA.S CGGTATTTGGAGGTCAGCAC
HGBAA CCCACCACCAAGACCTACTT

IL-18-137 C/G IL-18137.2 AGGAGGGCAAAATGCACTGG
IL-18 137C CCCCAACTTTTACGGAAGAAAAC
IL-18 137G CCCCAACTTTTACGGAAGAAAAG
HGBA.S CGGTATTTGGAGGTCAGCAC
HGBA.A CCCACCACCAAGACCTACTT

IFN-y +874 A/T IFN-y 874 TCAACAAAGCTGATACTCCA
IFN-y 874 T TTCTTACAACACAAAATCAAATCT
IFN-y 874 A TTCTTACAACACAAAATCAAATCA
GH1 GCCTTCCCAACCATTCCCTTA
GH 2 TCACGGATTTCTGTTGTGTTTC

TNF-a-238 A/G TNF 238 UP AGGCAATAGGTTTTGAGGGCCAT
TNFAS238G CCCCATCCTCCCTGCTCC
TNFAS238A TCCCCATCCTCCCTGCTCT
HGBA.S CGGTATTTGGAGGTCAGCAC
HGBA.A CCCACCACCAAGACCTACTT

TNF-a-308 A/G TNFAA 308.2 CAGCGGAAAACTTCCTTGGT
TNFAS 308G ATAGGTTTTGAGGGGCATGG
TNFAS 308A ATAGGTTTTGAGGGGCATGA
HGBA.S CGGTATTTGGAGGTCAGCAC
HGBA.A CCCACCACCAAGACCTACTT

IL-18: interleukin-18; IFN-y: interferon-gamma; TNF-a: tumor necrosis factor-alpha; HGBA.S and HGBA.A: human

hemoglobin; GH1 and GH2: human growth hormone.

Table 1. Primers for the detection of single nucleotide polymorphisms (SNPs) of genes IL-18 (-607 C/A and -137 C/G),

IFN-y (+874 A/T) and TNF-a (-238 A/G and -308 A/G).

ACTTCC-3" and two allele-specific forward primers (5'-GT TGCAGAAAGTGTAAAAAT-
TATTAC-3" and 5-GTTGCAG AAAGTGTAAAAATTATTAA-3') were used to amplify a
196-bp product. For SNP IL-18 ~137, a common reverse primer 5-AGGAGGGCAAAATG-
CACTGG-3" and two allele-specific forward primers (5'-CCCCAACTTITACGGAAG
AAAAG-3" and 5-CCCCAACTTTTACGGAAGAAAAC-3') were used to amplify a 261-

5
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bp product. An internal positive amplification control was performed using the primers 5'-
CG GTATTTGGAGGTCAGCAC-3" and 5-CCCACCACCAAGA CCTACTT-3’, which are
specific for the human hemoglobin genes. The reactions were performed in a final vol-
ume of 10uL containing 200ng of genomic DNA, 3pmol of each primer (the generic one
and a specific one), 2pmol of each control primer, 0.25mM dNTP (Pharmacia Biotech, Paris,
France), 1.5mM MgCl2, 0.75U of Taq DNA poly- merase (Invitrogen, Carlsbad, CA), and
1x PCR buffer (0.2 M Tris - HCl, pH 8.5, 0.5 M KCl). The cyclingconditions were 3min at
94°C, followed by seven cycles of 20s at 94°C, 40s at 64°C for IL18 -607 or 60s at 68°C for
IL18 -137 and 40s at 72°C and 25 cycles of 20s at 94°C, 40s at 57°C for IL18 -607 or 20s at
62°C for IL18 -137 and 40s at 72°C, and final stage of 5min at 72°C [9]. For the TNF-a (-238
and -308) and IFN-y +874 specific amplification, the primers were identical to those
previously described [28,29]. All amplification products were visualized using 10% non-
denaturing polyacrylamide gel electrophoresis (PAGE) followed by silver staining.

For statistical analysis, the allele and genotype frequencies were calculated by the direct count
method in all groups. Adherence of genotypic proportions to Hardy-Weinberg expectations
was determined by the exact test of Guo and Thompson [30] using the GENEPOP software v.
4.0.10. The presence of a significant association between polymorphisms of the same gene was
evaluated by a likelihood ratio test of probability of linkage disequilibrium using the ARLE-
QUIN software, v. 3.1 [31]. If a positive association was detected, but the gameteic phase was
unknown, the PHASE (v. 2 package) [32] and EM algorithms [33] were used to reconstruct the
TNF or IL haplotypes. Allele, genotype and haplotype frequencies were compared by the two-
tailed Fisher exact test using the GraphPad InStat 3.06 software, which was also used to
estimate the odds ratio (OR) and its 95% confidence interval (95%CI). The level of significance
was set at P<0.05.

4. Results

Cirrhosis was observed in 89% of the patients, and major underlying causes included:
hepatitis C (35%), alcohol plus hepatitis C (25%), alcohol (18%), hepatitis B (9%), alcohol
plus hepatitis B (4%), alcohol plus hepatitis C plus hepatitis B (1%), hereditary hemochro-
matosis (1%), non-alcoholic steatohepatitis (1%), autoimmune hepatitis (1%) and cryptogen-
ic cirrhosis (5%). Four percent of the patients had no underlying liver disease, 4% non-
alcoholic steatohepatitis and 3% chronic hepatitis without cirrhosis (two hepatitis B and
one hepatitis C). Fifty-four percent (59/109) of the patients met the Milan criteria for liver
transplantation [34]. Metastasis search was performed in 88% of cases (17% had metasta-
sis and 93% did not). Tumors <5cm, 5-10cm and >10 cm were found in 57%, 18% and 8%
respectively. Diffuse infiltrative HCC totaled 15% of the cases. Histological evaluation of
HCC was performed in 39% (42/109) of subjects with 62% presenting Edmondson-Steiner
I or II and 38% III or IV.
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4.1. 14bp insertion/deletion polymorphism

Genotype frequencies of patient and control groups were in accordance to Hardy-Weinberg
Equilibrium. The 14bp*D allele was more frequent in cases of HCC than in controls (0.6514 vs.
0.5619; P=0.0326), conferring an OR=1.46 (95%CI=1.04-2.05). Evaluation of genotype frequency
(genotypes 14pb DD, DI and II) did not show significant difference between the groups studied
(P=0.0871; OR=1.54; 95%CI=0.96-2.48; P=0.7182; OR=0.89; 95%CI=0.56-1.44; and P=0.1343;
OR=0.60; 95%CI=0.32-1.12, respectively). However, the 14bp DD genotype was marginally
more frequent among individuals with HCC than among controls, with 10.3% difference
(0.4495 vs. 0.3465, respectively) (P=0.0871; OR=1.54; 95%CI=0.96-2.48). Patients were stratified
according to the characteristics of HCC (type of tumor presentation, nodule size, Milan criteria,
presence of metastasis and Edmondson-Steiner classification), and no significant differences
were detected between groups regarding the 14bp insertion/deletion allele frequencies
(14bp*D and 14bp*I alleles) or genotype frequencies (14bp DD, DI and II genotypes). Table 2
shows the frequency of the 14bp insertion/deletion polymorphism and Table 3 shows the
results of the statistical analyses.

Samples 14bp alleles 14bp genotypes
| D I DI DD
Groups n(frequency) n(frequency) n(frequency) n(frequency) n(frequency)
Control 177[0.4381] 227[0.5619] 451[0.2228] 87[0.4307] 70[0.3465]
HCC 76 [0.3486] 142 [0.6514] 16[0.1468] 4410.4037] 49[0.4495]
Tumor presentation
Diffuse 7[0.2500] 21[0.7500] 1[0.0714] 5[0.3571] 8[0.5714]
Multinodular 14[0.3684] 241[0.6316] 13[0.1579] 91[0.4211] 61[0.4211]
Uninodular 55[0.3667] 95 [0.6333] 12[0.1600] 311[0.4133] 32[0.4767]
Nodule size
>10cm 6[0.3333] 12[0.6667] 1[0.1111] 41[0.4444] 41[0.4444]
5-10cm 111[0.2750] 29[0.7250] 1[0.0500] 9[0.4500] 10[0.5000]
<5cm 51[0.4113] 73[0.5887] 13[0.2097] 25[0.4032] 241[0.3871]
Metastasis
Present 410.2857] 10[0.7143] 0[0.0000] 410.5714] 3[0.4286]
Absent 63[0.3539] 115[0.6461] 13[0.1461] 371[0.4157] 39[0.4382]
Milan criteria
Yes 46[0.3898] 721[0.6102] 11[0.1864] 240.4068] 241[0.4068]
No 30[0.3000] 70[0.7000] 5[0.1000] 20 [0.4000] 25[0.5000]
Edmondson
I-11 2410.4615] 28[0.5385] 5[0.1923] 14[0.5385] 710.2692]
n-1v 16 [0.5000] 16 [0.5000] 4[0.2500] 8[0.5000] 41[0.2500]

HLA-G: Human Leukocyte Antigen-G; bp: base pairs; HCC: hepatocellular carcinoma; I: insertion; D:deletion

Table 2. Distribution of the HLA-G 14bp insertion/deletion allele and genotype frequencies.
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Comparisons 14bp alleles 14bp genotypes
| D Il DI DD
Groups
HCC vs. control 0.0326 0.0326a 0.1343 0.7182 0.0871b

Tumor presentation

Diffuse vs. multinodular 0.4238 0.4238 0.6197 1,0000 0.4905

Diffuse vs. uninodular 0.2839 0.2839 0.6830 0.7738 0.3863

Multinodular vs. uninodular 1.0000 1.0000 1.0000 1.0000 1.0000
Nodule size

>10cmvs. 5-10 cm 0.7577 0.7577 0.5320 1.0000 1.0000

>10cmvs. <5cm 0.6132 0.6132 0.6769 1.0000 0.7318

5-10 cmvs. <5 cm 0.1372 0.1372 0.1698 0.7963 0.4382

Milan criteria

Yes vs. no 0.1995 0.1995 0.2794 1.0000 0.3421

Metastasis

Present vs. Absent 0.7739 0.7739 0.5883 0.4556 1.0000

Edmondson-Steiner

-l vs. 1MI-IV 0.8232 0.8232 0.7109 1.0000 1.0000

HLA-G: Human Leukocyte Antigen-G; bp: base pairs; HCC: hepatocellular carcinoma; I: insertion; D:deletion
2 Odds ratio= 1.46 [95% confidence interval: 1.04-2.05]

b Odds ratio= 1.54 [95% confidence interval: 0.96-2.48]

Table 3. Probability values obtained by means of two-tailed Fisher exact test in the comparisons of HLA-G 14bp
insertion/deletion allele and genotype frequencies between different groups.

4.2. TL-18 (-607 C/A; rs1946518 and -137 C/G; rs187238), IFN-y (+874 A/T; rs62559044) and
TNF-a (-238 A/G; rs361525 and -308 A/G; rs1800629) polymorphism

The genotypification of the polymorphisms of the genes IL-18 (-607 C/A and -137 C/G), IFN-y
(+874 A/T) and TNF-a (-238 A/G and -308 A/G) was performed in 112 patients with HCC and
in 202 healthy controls. The genotype distribution of the two groups adhered to the theoretical
proportions of Hardy-Weinberg equilibrium. Significant associations were detected between
HCC and the following alleles (Table 4): IL-18 -607*A (P=0.0235; OR=1.48; 95%CI=1.06-2.08);
TNF-a -238*A (P=0.0025; OR=2.12; 95%CI=1.32-3.40), and TNF-a -308*A (P=0.0351; OR=1.82;
95%ClI=1.07-3.08). When the genotypes were evaluated (Table 5), the following associations
with HCC were detected: IL-18 -607 AA (P=0.0048; OR=3.03; 95%Cl=1.40-6.55); TNF-a -238 GA
(P=0.0011; OR=2.44; 95%Cl=1.45-4.12); and TNF-a -308 GA (P=0.0031; OR=251;
95%ClI=1.39-4.51). Alleles and genotypes from IL-18 -137G/C and IFNy +874T/A were not
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associated with susceptibility to HCC. The inference of haplotypes was performed for the
polymorphisms of IL-18 and TNF-a. Haplotypes -607A/-137G IL-18 and TNF-a -308G/-238A
-308A/-238G were more frequent in patients with HCC compared with the control group (P =
0.0180, OR =1.69, 95% CI 1.10 to 2.59, P = 0.0036, OR = 2.06, 95% CI 1,28-3.31 and P = 0.0480,
OR=1.75;95% CI=1.03 t0 2.97, respectively). On the other hand, TNF-a -308G/-238G haplotype
was more frequent in the group of healthy subjects (P =0.0001, OR = 0.46, 95% CI 0.32 to 0.68),
providing protection against HCC.

SNP Allele frequency
allele HCC Control P OR 95%ClI
n (frequency) n (frequency)
IL-18-137C/G C 62[0.2768] 120[0.2970] 0.6464 0.90 0.63-1.30
G 162[0.7232] 284[0.7030] 0.6464  1.10 0.77-1.59
IL-18-607A/C A 92[0.4107] 129[0.3193] 0.0235  1.48 1.06-2.08
C 132[0.5893] 275[0.6807] 0.0235  0.67 0.48-0.94
IFN-y +874A/T A 130[0.5856] 240[0.5941] 0.8652 0.96 0.69-1.35
T 92[0.4144] 164 [0.4059] 0.8652 1.03 0.74-1.44
TNF-a -238A/G A 41[0.1847] 39[0.0965] 0.0025 212 1.32-3.40
G 1811[0.8153] 365[0.9035] 0.0025 0.47 0.29-0.76
TNF-a-308A/G A 30[0.1351] 32[0.0792] 0.0351 1.82 1.07-3.08
G 192 [0.8649] 372[0.9208] 0.0351 0.55 0.32-0.93

Table 4. Distribution of the allele frequencies of polymorphisms of the IL-18 (-607 C/A and -137 C/G), IFN-y (+874
A/T), and TNF-a (-238 A/G e -308 A/G) genes among patients with hepatocellular carcinoma (HCC) and healthy
controls.

When the -607C/A SNP of IL-18 was evaluated in terms of the different presentations of the
HCC, the frequencies of the -607*C and -607*A alleles between individuals with multinodular
and uninodular HCC, showed that the -607*C allele confers significant susceptibility to
multinodular lesions (P=0.0289; OR=2.4; 95%CI = 1.09-5.28). Evaluation of the genotype
frequency in SNP -607C/A of IL-18 revealed that genotype 607CC was significantly more
frequent in cases of multinodular HCC compared to uninodular tumors (P=0.0284; OR=3.5;
95%ClI=1.24-9.86). On the other hand, genotype +874AT was found to be more frequent among
patients with infiltrative diffuse HCC compared to uninodular HCC (P=0.0443; OR=3.6;
95%C1=1.04-12.47), thus conferring greater susceptibility to the diffuse tumor.
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SNP Genotype frequency
HCC Control
genotype n (frequency) n (frequency) P OR 95%dl
IL-18 -137C/G CcG 4810.4286] 84[0.4185] 0.9051 1.05 0.66-1.68
cC 7[0.0625] 18[0.0891] 0.5157 0.68 0.27-0.68
GG 57 [0.5089] 100 [0.4950] 0.9063 1.06 0.67-1.68
IL-18-607A/C CA 56 [0.5000] 105[0.5198] 0.8138 0.92 0.58-1.47
AA 18[0.1607] 12[0.0594] 0.0048 3.03 1.40-6.55
cc 38[0.3393] 85[0.4208] 0.1845 0.71 0.44-1.14
IFN-y +874A/T AT 50[0.4505] 821[0.4059] 0.4741 1.20 0.75-1.91
AA 40[0.3604] 791[0.3911] 0.6276 0.88 0.54-1.42
1T 21[0.1892] 411[0.2030] 0.8823 0.92 0.91-1.65
TNF-a-238A/G GA 41[0.3694] 39[0.1931] 0.0011 244 1.45-4.12
AA 0[0.0000] 0[0.0000] 1.0000 1.81 0.03-92.15
GG 70[0.6306] 163 [0.8069] 0.0011 0.40 0.24-0.69
TNF-a -308A/G GA 30[0.2703] 261[0.1287] 0.0031 2.51 1.39-4.51
AA 0[0.0000] 3[0.0149] 0.5548 0.25 0.01-4.99
GG 81[0.7297] 173[0.8564] 0.0098 0.45 0.25-0.80

Table 5. Distribution of the genotype frequencies of polymorphisms of the IL-718 (-607 C/A and -137 C/G), IFN-y (+874
A/T), and TNF-a (-238 A/G and -308 A/G) genes among patients with hepatocellular carcinoma (HCC) and healthy
controls.

No significant differences in the allele or genotype frequencies of SNPs of IL-18, IFN-y and
TNF-a were detected between the various tumor sizes, although the TNF-a -238*A allele was
slightly more frequent in tumors larger than 10cm compared to tumors smaller than 5cm
(P=0.0889; OR=2.82; 95%CI: 0.94-8.41). Similarly, genotype TNF-a -238AG indicated a margin-
ally greater susceptibility to tumors >10cm (P=0.0565; OR=4.63; 95%CI=1.05-20.48) than to
tumors <5 cm, whereas genotype TNF-a -238GG conferred marginal protection against large
lesions (>10 cm vs. <5cm) (P=0.0565; OR=0.22; 95%CI=0.05-0.95).

Evaluation of SNP -607C/A of IL-18 revealed no significant difference in allele and genotype
frequencies between patients with HCC with or without metastasis. In contrast, evaluation of
SNP -137C/G of IL-18 revealed that the -137*C allele was more frequent among individuals
with metastasis than among individuals with no meatastasis (P=0.0240; OR=4.00;
95%ClI=1.32-12.14). The frequencies of genotypes -137CC, CG or GG did not differ significantly
between patients with and without metastasis, although genotype -137CC tended to confer
greater susceptibility to metastasis (P=0.0564; OR=8.80; 95%CI=1.29-60.13) and genotype
-137GG presented marginal protection against secondary lesions (P=0.0548; OR=0.14;
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95%CI=0.02-1.21). Regarding genes IFN-y and TNF-q, the allele and genotype frequencies did
not differ significantly between the groups with and without metastasis.

The 14bp*D allele in gene HLA-G was more frequent in cases of HCC compared to control,
with the 14bp DD genotype tending to be more frequent among individuals with HCC. The
alleles and genotypes of the 14bp insertion/deletion polymorphism of the HLA-G were not
associated with disease severity.

Chenetal., inastudy of 150 individuals of the Chinese Han population, showed that genotypes
of the 14bp insertion/deletion polymorphism of HLA-G were significantly associated with the
expression of soluble HLA-G in plasma in this population [35]. These authors detected a
dramatically lower expression of soluble HLA-G in plasma in the presence of the 14 bp I/I
genotype than in the presence of the 14 bp I/D (P = 0.004) or D/D (P = 0.003) genotypes. No
significant difference in plasma expression of soluble HLA-G was detected between 14 bp I/D
and D/D genotypes.

Many mechanisms of tumor escape have been proposed in the literature, some of them local
and others systemic. Particularly important among them is the expression of immunomodu-
latory molecules in the tumoral microbiota, as well as the expression of soluble suppressive
factors by the tumoral cells. HLA-G represents one of these immunomodulatory molecules,
playing an important role in the mechanisms of immunotolerance by the inhibition of the
activity of NK cells, cytotoxic T lymphocytes and antigen-presenting cells [9,36].

The 14bp insertion/deletion polymorphism in exon 8 of HLA-G (3'UTR of the transcript) has
been associated with the magnitude of protein production through the modulation of the
stability of HLA-G mRNA, although the mechanisms involved still need to be elucidated. It
has been demonstrated that the HLA-G allele containing the insertion polymorphism may
suffer an additional splicing stage, so that 92 bp are removed from the primary mRNA. Thus,
smaller HLA-G transcripts, without the 92 bp, are more stable than the complete mRNA form:s.
The alternative splicing may also be related to the presence of other polymorphisms in linkage
disequilibrium with the 14bp insertion [8,10]. Overall, HLA-G expression may be modulated
by many actors including transcription factors (influenced by the 5" polymorphisms of the
promoter region) and the rate of mRNA degradation or translation, highly influenced by
polymorphisms observed at 3'UTR [8]. Ferguson et al. recently reported that the risk for
invasive cancer of the uterine cervix in a Canadian population was significantly higher in the
presence of 14 bp I/I genotype (OR=2.17, 95% CI: 1.10-4.27, P=0.020) as well as homozygous
genotypes HLA-G*01:01:02 (OR=3.52, 95% CI: 1.43-8.61, P=0.006) and *01:06 (OR=19.1, 95% CI:
2.29-159, P=0.005) [12]. Similarly, Chen et al. studying the relationship between HLA-G gene
polymorphism and the susceptibility of esophageal cancer in Kazakh and Han nationality in
Xinjiang, found that the risk of developing esophageal cancer was significantly increased in
individuals with 14 bp I/I genotype compared with 14 bp D/D genotype (OR=2.69, 95% CI:
1.30-5.55, P=0.04) in Kazakh population [11].

The tumoral microbiota or even the cells that underwent mutation per se can induce the
expression of HLA-G. Studies have demonstrated the expression of HLA-G in various
malignant tumors, although with variations in the percentage of lesions expressing the
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molecule. In studies involving renal cell carcinoma [37], endometrial adenocarcinoma [38] and
gastric cancer [39], at least 30% of the tumors exhibited HLA-G expression.

Regarding hepatic diseases, Souto et al., in a study of 74 liver biopsies of individuals with
chronic HBV infection and 10 specimens obtained from previously healthy cadaver liver
donors, demonstrated that 77% of the samples of chronic HBV hepatitis presented HLA-G
expression in the hepatocytes, as opposed to none of the controls [40]. These authors detected
a case of HCC, in which HLA-G expression was not detected in the tumor cells but was detected
in adjacent non-tumoral hepatic tissue.

Lin et al. evaluated by immunohistochemistry the expression of HLA-G in 219 HCC and
adjacent nontumoral tissue samples. The expression of HLA-G was observed in 50.2% of HCC
samples vs. 0% of normal corresponding adjacent tissue. Evaluation of HCC stages showed
that HLA-G expression was detected in 37.8%, 41.9% and 71.4% of cases in stages L, I and III,
respectively. The data reported by these authors revealed that the expression of HLA-G was
strongly correlated with advanced HCC stage and that soluble HLA-G was significantly more
elevated in the plasma of patients with HCC compared to healthy controls [41]. Similarly, Cai
et al. studied the expression of HLA-G by immunohistochemistry in 173 HCC specimens and
observed that HLA-G expression was associated with the prognosis of HCC, especially in the
early stages of the disease, with higher HLA-G expression being independently associated
with shorter overall survival and greater tumor recurrence after surgical resection [42].

Recently, a study involving 267 patients divided as anti-HBs positive healthy individuals
(n=50), chronic HBV carriers (n=45), active hepatitis B (n=46), liver cirrhosis (n=46) and early-
stage HCC patients (n=80) showed that serum concentrations of soluble human leukocyte
antigen-G (sHLA-G) were significantly higher in the active hepatitis B and HCC groups
compared to the other groups (P<0.05). Moreover, the concentrations of sHLA-G were higher
in the patients with HCC than in those with liver cirrhosis or active hepatitis B, suggesting that
serum sHLA-G concentrations may be associated with the different phases of hepatitis B
infection. They did not find any association between sHLA-G concentrations and HCC stage,
number of tumors, pathologic grade and presence of vascular invasion [43]. Another study,
examining fifteen SNPs in the non-classical class I alleles, found that the SNPs rs17875380,
rs41557518, rs114465251, and rs115492845 were associated with susceptibility to chronic
hepatitis B infection or HCC, and HLA-F*01:04, HLA-G*01:05N, and HLA-E*01:01 were
associated with hepatitis B or hepatitis B with HCC, concluding that these polymorphisms
may play an important role in immune surveillance of hepatitis B and HCC, possibly leading
to immune responses to virus or cancer cells [14].

It has been demonstrated that, in addition to genetic factors, the microbiota, for example, strees
inducers, hypoxia and cytokines (interferons, IL-10, TNF-a), influences the expression of HLA-
G, so that more studies are needed for a better understanding of the interaction of molecules
derived from the tumor and from host factors [9].

In summary, the present findings show that the deletion allele of the HLA-G 14bp insertion/
deletion polymorphism was more frequent among patients with tumors than among healthy
individuals, a fact that may confer greater susceptibility to HCC.
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A higher frequency of the IL-18 -607*A allele and -607AA genotype was found among HCC
patients compared to healthy individuals in the present study. Mi et al. analyzed a pool of
studies on the association between polymorphisms of the IL-18 gene and the risk of cancer
(cancer of renal cells, of the ovary and breast, nasopharyngeal an cervical cancer, cancer of the
esophagus, prostate, lung and stomach, and colorectal cancer) involving approximately 2137
cases and 3117 controls for the -607C/A variant, and 2372 cases and 3476 controls for the -137G/
C polymorphism, and they observed that the -607*A and -137*C alleles were associated with
an increased global risk of cancer compared to patients with the wild allele. Analysis of the
different ethnic groups showed that these polymorphisms were associated with an increased
risk of cancer in Asians but not in Europeans or Africans [44]. Regarding the evaluation of SNP
-137C/G, in the present study no significant differences in allele or genotype frequencies were
detected between patients with HCC and healthy individuals. However, the IL18 -137G/-607A
haplotype was more frequent among individuals with HCC than among control. These results
suggest that, even though no association was detected between SNP -137G/C and HCC, the
interaction between the two polymorphisms may have been involved in the susceptibility to
HCC. Regarding the polymorphism of the IFN-y gene (+874 A/T), no significant difference in
allele or genotype frequencies were observed between patients with HCC and healthy controls.
Migita et al. studied 236 Japanese patients with chronic HBV infection who were divided into
two groups: with (n=48) and without (n=188) HCC, for the evaluation of the association of
polymorphisms of the TNF-a, IFN-y, TGF-f1, IL-6 and IL-10 genes with the risk of HCC. When
evaluating the SNP +874 of IFN-y, the authors did not detect a statistically significant difference
between the two groups, as also observed in the present study [45].

We observed that alleles TNF-a -238*A and -308*A confer significant susceptibility to HCC,
and that genotypes TNF-a -238GA and -308GA and haplotypes TNF-a -238A/-308G and
-238G/-308A are also more frequent among patients with HCC compared to control. Also in
agreement with these results, Akkiz et al. when analyzing 110 patients with HCC and 110
healthy controls from the Turkish population, observed that patients with HCC had a higher
frequency of genotype TNF-a -308GA and a lower frequency of genotype TNF-a -308GG
compared to control and after logistic regression, genotype -308GA was found to be associated
with risk of HCC. In addition, individuals with the -308*A allele (genotypes -308AA and
-308GA) had a 4.75-fold higher chance to develop HCC compared to individuals with the GG
genotype [46]. Similarly, Jung et al., studying 227 Korean patients with HCC and 365 controls,
detected a higher frequency of allele -238*A among patients with HCC than among healthy
controls [47]. On the other hand, Yang et al., did not find statistical difference in TNF-a -308G/
A alleles or genotypes frequencies between Chinese HCC patients (n=772) and healthy controls
(n=852), but they observed that TNF-a -863AA genotype may increase the risk of HCC
compared with the wild-type TNF-a CC [48].

The expression of TNF-« is regulated both at the transcriptional and post-transcriptional level
and polymorphisms in the promoter region of TNF-a have been related to the production of
this cytokine [22]. Greater TNF-a production up to five-fold the basal level and induction of
mRNA expression have been associated with the TNF-a -308*A allele, with elevated serum
TNF levels being observed even in heterozygous patients [49]. Many mechanisms of the
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cancerigenous activity of TNF-a have been suggested, such as induction of pro-malignant
chemokines, metalloproteinases, cell adhesion molecules, angiogenic mediators, reactive
oxygen intermediates and inflammatory enzymes. Increased TNF-a levels are correlated with
hepatic inflammation, fibrosis and tissue damage [46].

Studies evaluating the association of polymorphisms of IL-18 with the severity of cancer have
been reported. Saenz-Lopez et al. investigated whether the presence of SNPs -137G/C and
-607A/C of IL-18 were associated with size, grade, and TNM Classification of 158 patients with
renal cell carcinoma. These authors observed that genotype -607CC was significantly associ-
ated with larger tumor size (P=0.001), grade (P=0.030), and T (P=0.001) and M (P=0.012) stage,
while genotype -137GG was correlated with larger tumor size (P=0.036), grade (P=0.017), and
stage T (P=0.026) [50]. Another authors, studing the association of SNPs -607A/C and -137G/C
of IL-18 with histology of colorectal and gastric cancer (moderately differentiated or undiffer-
entiated vs. well differentiated), noticed that no difference in genotype frequency was detected,
although the combination of genotypes -607AA/-137GC was more frequent among patients
with less differentiated tumors [51].

Literature evidence has demonstrated that IL-18 is a pleiotropic cytokine that enhances the
Th1 or Th2 immune response according to the medium and to genetics. In the presence of
IL-12, IL-18 induces IFN-vy secretion by NK and T cells, activating the Th1 response, important
for defense against tumor cells. On the other hand, IL-18 can increase tumor growth via
increased stimulation of VEGF and of the immune response, and also stimulate solid tumor
metastasis [52]. A possible explanation for this fact is the increased Th1 response in the early
stages of the cancer which, however, is replaced with Th2 as tumor malignancy worsens with
tumor development. Thus, as the tumor develops, IL-18 polymorphisms, which induce great
IL-18 production, may contribute to the promotion of more advanced tumors due to the
activation of angiogenesis, differentiation of tumor cells and regulation of stimulators of cell
proliferation [53]. To corroborate these data, Tangkijvanich et al., in a study of 70 patients with
HCC and 10 healthy controls, observed that serum IL-18 levels were significantly correlated
with the presence of vascular invasion and of more advanced tumors according to the Okuda
classification. In addition, the survival of patients with high serum levels of IL-18 was worse.
Multivariate analysis showed that serum IL-18 levels proved to be a significant and inde-
pendent prognostic factor regarding survival [54].

Regarding the +874 A/T polymorphism of the IFN-y gene, study involving 100 patients with
chronic HCV infection and different degrees of disease severity (chronic hepatitis, n=42;
cirrhosis + HCC, n=58) and 103 healthy controls detected that the TT and AT genotypes were
significantly more frequent among patients with cirrhosis and HCC. These genotypes were
associated with a 2.5 higher risk of progression to more severe forms of hepatic disease. In
addition, the +874*T allele was approximately twice more frequent among patients in an
advanced stage of hepatitis C than among patients with chronic hepatitis, although multivari-
able analysis did not show that the +874*T allele was an independent predictive factor of
severity [55].
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5. Conclusions

Our results suggest that the 14bp-deletion allele in HLA-G gene is associated with HCC
susceptibility in a Brazilian population, and that the alleles IL-18 -607*A and TNF-a (-238*A
and -308*A) may confer susceptibility to HCC, whereas IL-18 -607*C and -137*C alleles may
confer susceptibility to multinodular and diffuse HCC, respectively. Furthermore, deletion/
deletion genotype was marginally associated with greater risk of HCC. More studies in
different populations are needed to confirm these findings.
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1. Introduction

The incidence of hepatocellular carcinoma (HCC) has increased exponentially. Liver cancer,
primarily HCC, has become the third cause of death from cancer worldwide and the ninth
cause of cancer deaths in the U.S.A. According to the center for disease control and prevention
statistics, the annual incidence of HCC has increased significantly to an average of 3.0 per
100,000 persons. The annual percentage change in incidence (APC) is 3.5% and the highest
APC was found in age group 50-59 years [1]. These statistics should be tampered with caution
as only biopsy proven HCC, histology code 8170 and 8175, were counted. This definitely
underestimates the scope of the disease.

2. Risk factors

While HCC may arise in healthy livers, the majority of cases develop in a back ground of
chronic liver disease i.e. cirrhosis which makes management even more challenging. Viral
hepatitis, both B (HBV) and C (HCV), cause 78% of primary liver cancer worldwide [1]. Other
risk factors include alcoholic liver disease [2], fatty liver disease (FLD) and non-alcoholic
steatohepatitis (NASH) [3, 4], hemochromatosis [5], primary biliary cirrhosis [6] and primary
sclerosing cholangitis [7]. Moreover, liver adenoma carries a 10% risk for malignant transfor-
mation [8]. Tobacco smoking increases the incidence of HCC [9]. Fungi Aspergillus flavus
present in poorly stored grains produce Aflatoxin, an environmental hazard for HCC [10].
Hepatic venous occlusive disease has been implicated in HCC development in anecdotal case
reports [11].
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3. Who is eligible?

Orthotropic Liver transplantation (OLT) offers the prima facie cure for both HCC and liver
cirrhosis. Historically, while orthotropic liver transplantation (OLT) was at its infancy,
courageous attempts by Dr. Thomas Starzl and colleagues to offer OLT as a cure for HCC were
complicated by early recurrence [12]. As experience with OLT grew, researchers explored HCC
benchmarks that would guarantee comparable survival in tumor and non-tumor patients.
These efforts lead Mazzafero et al to Milan criteria. In HCC confined to the liver without
macrovascular invasion single tumor < 5cm or up to three tumors each < 3 cm had a five year
survival of 75% and a disease free survival of 83% [13]. Milan criteria results for OLT were
reproducible and ushered a new dawn for HCC patients. This success led to pushing the size
limits even further and University of California San Francisco (UCSF) criteria were introduced.
Such criteria include single tumor < 6.5 cm or up to three tumors the maximum diameter of
which £ 4.5 cm or the total diameter <8cm. The one- and five -year survivals were 90% and
75% respectively [14].

It is intriguing that both criteria gained wide acceptance by the transplant community when
they focused on number and size of HCC lesions and ignored biological signature of the tumor
atamolecular level. To fuel the argument even more, according to data from Euro Transplant,
current imaging modalities when compared with explanted liver pathology were found to
underestimate by 10.4% or overestimate by 36.2% tumor size [15].

University of Toronto liver group took matters even further. They developed a protocol biopsy
for tumors up to 10cm in diameter and excluded poorly differentiated ones. Ablative therapies
were employed intensively to downstage/control the tumor while waiting for liver transplan-
tation. Patient survival was similar for those with HCC within Milan criteria compared to
patients beyond such criteria [16].

Mazzafero et al recently reevaluated Milan criteria to find if they are restrictive to patients with
more tumor burden who may achieve similar outcomes. A multicenter data base was estab-
lished. A retrospective analysis came up with the up-to-seven (Up-to-7) criteria; with 7 being
the sum of the size and number of tumors for any given hepatocellular carcinoma [17]. OLT
listing criteria are summarized in table 1.

Criteria UNOS TNM Definition
UNOS/ TNM | T1 1 nodule<1.9cm
1] T2 1 nodule, 2to 5 cm, or 2 to 3 nodules, all< 3 cm
11l T3 1 nodule >5cmor2to 3 nodules, 1>3cm
\% T4a >4 nodules, any size; no gross vascular invasion
T4b Any T with gross vascular invasion
N1,M1 Metastases
Milan 1 nodule < 5cm or up to three nodules each < 3cm
UCSF 1 nodule < 6.5 cm or up to 3 nodules,

all < 4.5 cm; total diameter <8 cm

Up-to-7 Diameter of the largest nodule (cm) + number of nodules < 7

Table 1. Current criteria employed in liver allocation for HCC patients.
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4, Patient evaluation for OLT

Thorough history and physical examination by transplant surgeons and hepatologists are the
corner stone in assessment for OLT candidacy. Thereafter, patients undergo stringent testing
literally from head to toe.

4.1. Blood tests

An extensive laboratory tests are essential for patients’ evaluation. 1. Blood type and antibody
screen, panel of reactive antibody (PRA). 2. Full hepatitis profile, to include serum HCV-RNA
titers, HCV genotype, HBV-DNA, HBV-E antigen and antibody. 3. Full autoimmune markers
to include iron and copper studies, immune protein electropheresis. 4. Cancer markers, i.e.
alpha fetoprotein (AFP), CEA, PSA (prostate specific antigen) for males and CA 19-9. Another
diagnostic HCC marker has been recently introduced is descarboxyprothrombin (DCP) also
known as Prothrombin Induced by Vitamin K absence II (PIVKA II) [18]. 5. Complete blood
count (CBC), complete metabolic panel (CMP) to include magnesium and phosphate. 6.
Coagulation studies, i.e., PT/INR, fibrinogen levels and 7. Cytomegalovirus (CMV) status,
varicella titers, cryptococcal antibodies

4.2. Endoscopy

Esophago-gastro-duodenoscopy (EGD); to screen for esophageal/gastric varices, to identify
the extent of portal hypertensive gastropathy (PHG). This is important for bleeding risk
stratification while the patient is on the waiting list. Usually the esophageal varices are ligated
with rubber bands endoscopically.

Colonoscopy: All patients with cirrhosis older than age 35, or younger patients with higher
risk with history of colitis or family history of early colon cancer, undergo screening colono-
scopy with prostatic digital exam being performed in men at the same time. Polyps are
identified and endoscopically removed. Patients with precancerous polyps and with history
of colitis will require further screening colonoscopies every few years following OLT.

Endoscopic retrograde cholangio-pancreatography (ERCP): may be required in certain cases
at the discretion of the transplant surgeons e.g. tumors at the porta hepatis or involving the
confluence of the bile ducts.

4.3. Imaging

Ultrasound of liver for HCC surveillance and to determine vessels patency by Doppler studies

Liver protocol 4- phase dynamic contrast computerized tomography (CT) of abdomen and
pelvis with oral and intravenous contrast is pivotal for HCC patients. Liver and spleen volumes
are computed, and the spinal bone density is detected during the procedure. Number, largest
diameter and location as well as macrovascular invasion are well documented to stratify the
tumor within transplant candidacy criteria. HCC has a characteristic pattern on 4-phase CT
scan. During the arterial phase it appears enhanced by taking up the i.v. contrast and in the

23



24 Hepatocellular Carcinoma - Future Outlook

following portal phase and delayed venous phase it appears hypointense the so called “wash
out” [19].

In addition, CT of lungs and brain as well as nuclear bone scan are obtained to look for potential
metastatic disease. Any extra hepatic disease precludes the patient from candidacy for OLT.

Magnetic resonance scan (MRI): may be required if the CT scan is not conclusive to further
delineate the diagnostic patterns of HCC. During gadolinium contrast dynamic MRI, on T1
weighted images the tumor appears hypointense, isointense or hyperintense. On T2 weighted
images HCC appears hyperintense on the arterial hepatic phase [20].

4.4. Cardiac assessment

In Cirrhotic patients, cardiomyopathy can compound the situation [21, 22]. All patients get
base line echocardiogram. Further testing such as cardiolyte cardiac stress testing and coronary
angiogram is at the discretion of the transplant cardiologist.

4.5. Pulmonary assessment

Chest roentgenogram (X R) is the base line test. Pulmonary function tests and ABG are ordered
as indicated e.g. ex-smokers, pulmonary hypertension (HTN) and hepatopulmonary syn-
drome. Pulmonary HTN requires right sided heart catheterization and pressure measurement.
Hepatopulmonary syndrome is evaluated by bubble echocardiogram.

Sinus XR, panorex XR of teeth may be required according to history and physical examination.
Any sinus infection or dental caries has to be treated prior to transplantation.

4.6. Vaccinations

Prior to OLT, candidates should receive the following vaccines guided by their history of
previous vaccination 1.Hep A and B vaccination, if there is no evidence of prior immunity
indicated by antibody titers. 2. Pneunomax (pneumonia vaccine needs to be repeated every
five years). 3. Flu vaccination once a year. 4. PPD skin test for TB screening is also applied.

Also, Mammogram / Pap smear for women as appropriate for age are part of the pre transplant
evaluation tests.

4.7. Biopsy

The role of liver biopsy is contentious. The most dreaded complications are hemorrhage and
tumor seeding rate of 2%-3%. HCC recurrence rates were found to be higher in patients who
underwent liver transplant and had tumors >3cm, alpha feto protein >200ng/l and underwent
biopsy [23]. Liver biopsy is not routinely required for patients’ evaluation as long as the
imaging characteristics are diagnostic [24]. Correlation with serum alpha feto protein levels
can shed more light. In rare cases; lesion image guided biopsy is required for definitive
diagnosis. Liver biopsy can be done via trans jugular approach in coagulopathic patients.
Hepatic venous pressure gradient (HVPG) can be measured at the same time HVPG objectively
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assess the degree of portal hypertension [25]. As future research unfolds molecular signatures
and proteomics profiling of HCC; the role of pre transplant biopsy in liver transplant candidacy
for HCC patients will gain grounds. On a molecular level, proliferating indices, tumor
promoter genes, tissue invasion and metastases markers, angiogenic markers, growth factors
and genetic biomarkers and micro RNA have been implicated in diagnosis and prognostication
of HCC patients [26].

Barcelona clinic scheme for management of HCC offers a practical staging and treatment
strategy for HCC patients (Figure 1)

| . 1

Stage 0 Stage A-C Stage D
Child A; PSTO Okuda 1-2; Child A-B; Okuda 3; Child C;
l PS|0-2 PS>2
! | !
Very Early Early Stage A Intermediate Advanced Terminal
Stage 0 Single to 3 nodules Stage Stage C Stage D
Single <2 cm <3emPSTO Muttinodular; Portal invasion,
carcinoma PSTO N1, M1, PST 1-2
in situ
Single
Portal
pressure
bilirubin
l Associated
Normal — Increased =+ ... c0s
I No O—LQYOS
1 l r 2
. Liver ,,

Randomized Controlled Symptomatic
Trials (30%) TTO (30%)
3-yr survival: 20% to 40% 1-yr survival: 10%

Curative Treatment (30%)

S-yr survival: 50% to 70%

PEI, percutaneous ethanol injection; PS performance status; PST, performance status test; RF, radiofrequency; TTO,
time trade off.

Figure 1. Bracelona Clinic Scheme from Llovet et al [27]
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5. Diagnostic dilemmas

Often times, diagnosis of HCC is not that straight forward. Currently used markers such as
serum alpha feto protein and PIVKA II as well as imaging study can be equivocal. The lesion
may be too small to characterize with current imaging modalities. Also, hyperplastic or
macroregenrative nodules in cirrhotic livers can be difficult to distinguish from HCC. The
guide lines of the American Association for the Study of the liver disease (AASLD) recom-
mends repeat ultrasound for lesions < 1cm at three month [28].

Positron emission tomography (PET) scan using F-18 fluoro-2-deoxy-D-glucose (FDG) has a
limited role in HCC diagnosis because of low sensitivity of 50%-55% [29].

Mixed tumors HCC/intrahepatic cholangiocarcinoma may have unconventional enhancement
patterns on CT and MRI scans. Usually, they are diagnosed on the explanted liver histopa-
thology and carry worse survival than HCC [30, 31].

Even more, some small HCC are hypovascular and only diagnosed by biopsy or at the explant
pathological examination [32]

6. Care of HCC patients while on the waiting list:

6.1. Surveillance

Patients on the transplant waiting list with risk factors for HCC should be screened for HCC.
Once screening is positive they should join a surveillance protocol. For those who have HCC
enhanced follow up is required to monitor tumor development and treat as appropriate. Liver
ultrasound (US) and serum alpha feto protein at six months interval is the gold standard
according to AASLD are the main stay for surveillance. US reported sensitivity is between
65%- 80% and specificity is greater than 90% [33]. Nodular cirrhotic livers, small tumors and
obese patients impose a challenge for US. In such cases contrast enhanced dynamic CT or MRI
is invaluable for lesion characterization.

6.2. The concept of down staging and bridging therapy

Only 5% of HCC patients evaluated for OLT are amenable for transplant [34]. This led to
adoption of techniques to control tumor size. The rapidly evolving loco-regional therapies
have served well HCC patients by; (i) down staging the tumor to acceptable, within criteria,
size and number, (ii) disease control, while the patient is awaiting deceased donor OLT, so
called “bridging therapy” i.e. bridge to transplantation and (iii) and improving post OLT
survival with particular reference to tumor recurrence [35, 36]. Treatment has to be “tailored”
for each patient according to their Child-Pugh score, tumor burden and location and available
expertise and resources. T2 patients who are predicted to wait more than six months on the
list benefit from tumor therapy [35].Loco regional therapies include percutaneous alcohol
injection (PEI), thermal ablation such as radio frequency ablation (RFA) and microwave,
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chemotherapy delivered directly to the tumor tissue i.e. transarterial chemoembolization
(TACE), radiotherapy delivered in various ways such as transarterial Yttrium- 90, three
dimentional conformal radiotherapy and proton beam radiotherapy. In a prospective study
including forty eight patients, Graziadei et al reported tumor control and survival using TACE
for HCC patients while on the waiting list for OLT. The intention to treat 5- year survival was
93% and patients 5 year survival was 93%. Tumor recurred in one patient only, 2.4% rate [37].
Different modalities of radiotherapy are usually reserved for advanced HCC beyond trans-
plant candidacy.

RFA as a bridge to transplantation was studied in a series of 52 patients with 87 HCC nodules.
Mean tumor diameter was 2.5 cm (range 0.4-5.07). Radiographic local tumor control was
achieved in 74 out of 87 tumors. In the 41 patients who received OLT; complete tumor necrosis
was found on explant pathology in 46 out of 70 lesions (65.7%) [38].

Combining two modalities can have a synergistic effect, ameliorate complications of each and
reduce the number of sessions to achieve tumor necrosis in patients with well compensated
liver functions.

Combination of RFA and PEI has increased the efficacy of RFA to produce coagulative necrosis
of HCC [39]. Another study employed TACE and laparoscopic RFA each as a single modality
or in combination for down staging a series of sixty one patients who had tumors exceeding
T2 stage i.e. a single lesion 2-5 cm or up to three lesions <3 cm. Tumor down staging was
achieved in 70.5% of patients and thirty five patients (57.4%) became candidates for OLT. The
explanted liver histology showed complete tumor necrosis in thirteen patients and down
staging to T2 in seventeen patients [40].

Irreversible Electroporation (IRE or Nano knife): This is an emerging technology that is still
undergoing clinical trials yet promising. Short pulses of high voltage current through electro-
des inserted into the target tissue produces Nano size pores in the cell membrane that leads to
cell death. It has been validated in animal models [41] and limited number of patients with
variable inoperable tumors [42]. No intense heat is produced which makes it applicable for
tumors near major vessels, bile ducts and porta hepatis.

Molecular targeted therapies have emerged as an effective treatment for a variety of tumors.
Sorafineb is an oral multikinase inhibitor that blocks tumor cell proliferation by targeting raf/
MEK/ERK signaling. It also has antiangiogenic properties by targeting the vascular endothelial
growth factor receprtor-2/-3 and platelet derived growth factor beta tyrosine kinases [43].
Using the Markov model for decision making analysis [44], assuming that therapy starts on
the day of listing Sorafineb was found to be cost effective as compared to no therapy [45]. This
theoretical model does not take into account side effects of sorafineb particularly its antian-
giogenic effect in proximity to major surgery as liver transplant. Clinical trials are awaited to
examine if sorafineb improves out comes and reduce post-transplant recurrence.

6.3. Liver resection as bridge to transplantation

In view of organ shortage and unpredictable waiting list time for deceased organs donors, liver
resection may be a rational option for patients with favorable lesions and well compensated
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livers. However, only a small percentage, 10%-15%, of HCC is resectable at time of presentation
due to advanced cirrhosis, extensive burden of the neoplasm or patients cardiopulmonary
status [46]. This rate of recetability is higher in Asian centers. One explanation is the higher
prevalence of HBV than HCV in Asia. In the natural history and hepatocarcinogensis of HBV,
HCC can develop in earlier stages of the disease than HCV. In a review of 271 patients who
are candidate for OLT, 98 of whom treated by liver resection multivariate analysis showed that
liver resection as a first line of treatment was a negative independent factor for disease free
survival as compared to primary OLT. Only 20% of the 98 patients who were suitable for
transplant but treated by resection received OLT later 17% for tumor recurrence and 3% for
liver decompensation [47].

In another series of 107 patients who underwent OLLT for HCC; 88 patients were within Milan
criteria. Of those 88 patients, 70 underwent primary OLT and 18 patients had liver resection
first before “salvage” transplantation. The mean time between liver resection and listing was
20 months (range 1-84). Indication for salvage transplant was tumor recurrence in 11 patients,
liver decompensation in 4 patients and high risk for recurrence in 3 patients. Three- year
survival (82 versus 82%) and five year survival (59%versus 61 %) were comparable in the two
groups [48].

It seems that the role of liver resection is limited to a highly selected group of HCC patients
with single small well differentiated lesion, no vascular invasion and well compensated
cirrhosis without portal hypertension. Therapeutic options has to be individualized taking into
consideration tumor biology, organ availability, patient preference, center practice and
regional rules for organ allocation.

7. Organ allocation

Shortage of deceased organ donors led to the development of organ allocation schemes to
ensure that such scarce resource is allocated to those patients who need it the most regarding
justice in distribution of organs amongst different patients groups. Model for end stage liver
disease (MELD) score is adopted by United Network for Organ sharing to prioritize patients
on the waiting list. MELD was originally developed to predict mortality for patients with portal
hypertension undergoing transjugular intrahepatic porto-systemic shunts (TIPS). MELD
mathematical equation is 0.957 x log (serum creatinine, mg/dl+ 0.378 x log (serum bilirubin,
mg/dl +1.120 log (INR) + 0.643 [49]. Patients who have T2 (2-5 cm) HCC tumors within Milan
criteria gain 22 exceptional MELD points. If the patient with stable disease is still waiting for
OLT for three month the exceptional points are increased to 25 [50]. These exceptional points
led to an exponential increase in the number of registered HCC patients for OLT [51].

8. Living liver donors

One of the major challenges facing the liver transplant community is donor organ shortage
especially in Asia where deceased organ donation is limited. High mortality while on the
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transplant waiting list compounds the challenge. Living donor liver transplant (LDLT)
programs have emerged as one of the solutions to bridge the gap between the overwhelming
demand and the limited supply. Live donation offers many advantages to the recipients; it
eliminates waiting time on the list, offers the convenience of scheduling the operation at an
opportune time and optimal short cold ischemia time. Nevertheless, it subjects healthy donors
to a major operation with possible 1% mortality and significant morbidity [52]. Healthy
volunteers for donation undergo scrutinizing tests to validate their candidacy for liver
donation including psychological evaluations. In a large number of living donor volunteers
who step forward for evaluation; liver anatomical morphology and/or anomalies prohibit
donation [53]. Pediatric patients usually receive left lateral segment (segments I and III) while
adult recipients may receive right or left lobe depending on the liver volume, size and
recipients' weight and height.

Advances in imaging technology allow calculating the liver volume of each lobe and also each
segment as desired [54]. Actual knowledge of liver parenchymal, vascular and biliary anatomy
is crucial to minimize operative and post-operative complications [55]. Computer assisted and
image guided surgery have contributed to the safety and precision of the donor operation.
Two dimensional CT scans are converted to three dimensional (3D) images that delineate the
vascular and biliary anatomy. Pre-operative planning and virtual resection have contributed
significantly to liver resection safety. Also 3D pre-operative images guide venous reconstruc-
tion and help surgeons avoid venous congestion [56].

In a series of 236 patients who received LDLT for HCC and 172 patients outside Milan criteria;
the recurrence rate was 12.7%. One and three year recurrence free survival was 72.7% and
64.7% respectively. Independent risk factors for tumor recurrence were serum alpha feto
protein level, tumor size, bilobar distribution, tumor differentiation and vascular invasion.
[57]. Vakili et al found that in HCC tumor recurrence is higher in LDLT recipients than in
deceased donor recipients; 28.6 % versus 12.1% respectively. Paradoxically one- and five -year
patient and graft survival in LDLT were 94% and 81% [58]. This higher HCC recurrence rate
in LDLT may be explained by the time lag bias. Longer waiting time for deceased donors liver
recipients discloses tumors with aggressive biology and patients drop out from the list.
Another explanation may be the milieu of tumor regeneration with outpouring of growth
factors that enhances tumor recurrence. Whether LDLT enhances recurrence remains contro-
versial. In a well matched cohort of LDLT and DDLT recipients for HCC; the survival and
recurrence rate were similar in the two groups. Microvascular invasion was the only predictor
of tumor recurrence using regression analysis [59]. In a series of 221 LDLT for HCC; one of the
significant factors for tumor recurrence is tumor size and number. Three-year HCC recurrence
rates were 13.6% within Milan criteria, 20% within UCSF criteria and 51.6% beyond UCSF
criteria [60].

9. Split livers

Another solution that was improvised to expand the donor pool in face organ shortage is split
livers. The deceased donor liver is split to transplant two patients. Usually, the split incurs left
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lateral segment (segment II and III) for a pediatric recipient and the extended right (segments
IV-VIII) for an adult recipient. Survival of split liver transplant is comparable to those of whole
graft [61, 62]. In vivo, also in situ, splitting offers better out comes than ex vivo splitting in terms
of post-operative complications and graft dysfunction [63]. In a series of six patients with HCC
who received split liver grafts with a median follow up of 20 months no recurrence was
observed [64]

In both approaches of reduced grafts, LDLT and split liver transplant, size matching is an
important consideration in LDLT. A ratio of graft volume to standard liver volume of > 30%
is crucial for adequate post-transplant hepatic function [65].

Small for size syndrome has been described in LDLT recipients when the graft liver volume
is too small for the recipient [66]. Graft failure was attributed to high portal blood flow. It was
described mainly in left lobe recipients. One of the protective strategies is of portal blood
modulation. This is achieved by partial diversion of the portal blood flow to the inferior vena
cava (IVC) by anastomosing the right portal branch to the right hepatic vein [67].

Also, large for size syndrome is a result of size mismatch when the abdominal cavity of the
recipient cannot accommodate comfortably the graft [68]. Graft compression exaggerates the
ischemia reperfusion injury. Using synthetic grafts such as gortex mesh or alloderm to close
the abdominal wall without tension increase the chances of postoperative infections

10. Inmunosuppression

Immunosuppression remains the drawback of transplantation. Imnmunosuppression entails
substantial cost, compliance, vulnerability to a wide scope of infections and side effects and
de novo malignancies.

Steroids, calcinurin inhibitors (CNIs) including cyclosporine and tacrolimus, mycofenolate
mofetil and mammalian target of rapamycin (mTOR) inhibitor (rapamycin) remain the main
agents for maintenance therapy. Each of those agents has a myriad of side effects. Usually two
to three agents are used in combination in a trial to reduce the dose of each and subsequently
minimize size effects. Major side effects of CNIs are renal toxicity, hypertension, diabetes
mellitus and neurotoxicity. Serum levels have to be monitored frequently and dose adjusted
accordingly. Major side effects of sirolimus are impaired wound healing, hypercholesterole-
mia, anemia, thrombocytopenia and mouth ulcers.

Steroids have a wide range of side effects including increased susceptibility to infections,
diabetes mellitus, hypertension, impaired wound healing and cataracts to name a few. Early
withdrawal of steroids is thought to be beneficial especially in HCV patients to control
recurrence of viral hepatitis. One study found that early steroid withdrawal had no influence
on HCV recurrence but reduced the incidence of post OLT diabetes mellitus [69].

In quest for the holy grail of transplantation, immune tolerance, induction immunosuppressive
therapies have evolved to include various biological agents that are either monoclonal
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(muromonab-CD3, daclizumab, basiliximab, alemtuzumab) or polyclonal antithymocyte
globulin [equine] or antithymocyte globulin [rabbit] antibodies. These agents can be further
classified to depleting agents and non-depleting agents according to their ability to deplete
lymphocyte. Depleting agents include antithymocyte globulin and anti CD52, alemtuzumab
(Campath). Antilymphocyte globulin causes T lymphocyte lysis through a complement —
dependent manner while alemtuzumab causes lymphocyte lysis by binding to CD 52, a
receptor present on virtually all B and T lymphocytes. Non depleting agents include basilixi-
mab (simulect) and Daclizumab (zenapax). Both agents are receptor antagonists that have high
affinity to alpha subunits of IL-2 receptor, also known as CD- 25. IL-2 antagonism prevents T
lymphocyte activation and proliferation.

The rational of induction immunotherapy is immunomodulation to curb allograft rejection,
reduce the steroid and CNIs doses and subsequently minimize the side effects. The initial
results are encouraging. In a randomized controlled study using rabbit antithymocyte globulin
(RATG) for induction therapy; steroids were avoided, rejection episodes were less and HCV
recurrence was decreased [70]. Using interlukin-2 receptor antibody (basiliximab) for induc-
tion allowed early withdrawal of the steroids and reduction of the tacrolimus dose. This was
associated with fewer incidences of post OLT diabetes and acute cellular rejection [71].

New immunosuppression agents or immunomodulation agents for a better term, are being
developed and tested in clinical trials involving mainly kidney transplant. Voclosporin
(ISA247) is anovel CNI that proved to have similar effectiveness to Tacrolimus with potential
reduction in new onset diabetes mellitus [72]. Belatacept is a chimeric fusion protein that blocks
costimulation of T-lymphocytes was comparable to cyclosporine plus an improved renal
function and fewer metabolic complications but increased risk of post-transplant lymphopro-
liferative disease [73]. Everolimus is an mTOR inhibitor, a rapamycin analogue. In a random-
ized controlled study involving liver transplant recipients, everolimus was found to impart
same efficacy and better renal function when used with low dose tacrolimus compared to
standard dose tacrolimus [74].

11. Tumor recurrence

Tumor recurrence remains a potential threat to HCC patients who receive liver transplants.
HCC recurrence can be as high as 40% following OLT [75]. Researchers at University of
Western Ontario, Canada looked at variables that significantly influence HCC recurrence post
OLT. In a total of 75 cases 20 cases had recurrence within a follow up mean of 8 years. Tumor
criteria were assessed based on the explant pathology. Those patients within UCSF criteria had
a recurrence rate of 67% versus 12% of those within Milan criteria (p <0.001). Also, 5-year
survival was lower in UCSF group compared to Milan group 15% versus 83% respectively (p
<0.001) [76].

Immunosuppression regimen may have an influence on tumor recurrence. Decaens and
colleagues found out that induction therapy with lymphocyte antibody (ATG) or anti CD3
antibody is a risk factor for HCC recurrence after OLT [77].
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The antiproliferative property of rapamycin (sirolimus) makes it an attractive option for HCC
patients in an attempt to reduce tumor recurrence and reduce the long term side effects of
CNIs. In an animal model using human HCC tumor (LCI-D20) cell line; rapamycin alone or
in combination with sorafineb was found to inhibit primary tumor growth and lung metastasis
[78]. In one matched -cohort of HCC patients who underwent OLT; one group received
sirolimus and the other group received tacrolimus based immunosuppression. Three-year
recurrence free survival in the sirolimus group was 86% compared to 56% in the tacrolimus
based group (p < 0.04) [79]. This issue remains controversial specially that HCC patients fall
under different criteria; Milan, UCSF and beyond UCSF and immunosuppression protocols
can vary great deal. Most publications in favor of the hypothesis that using sirolimus for post
OLT immunosuppression reduces tumor recurrence are retrospective and level 3-4 evidence
according to center for evidence based medicine, Oxford, U.K. [80]. This highlights the need
for prospective, well designed, multicenter studies to solve this debate.

In a multivariate analysis involving 109 patients who underwent OLT, Lai et al found that
exceeding UCSF criteria (p =0.003) and microvascular invasion (p= 0.007) were independent
risk factors for recurrence [81].

Up- to -7 criteria was tested in a recent study involving 479 HCC patients who received OLT
at two different centers. In 335 patients who met up -to -7 criteria; the calculated recurrence
probability at 1-, 3- and 5- year was 4%, 8% and 14%. Multivariate analysis showed that only
macrovascular invasion and tumor grade were significant predictors of survival [82].

Many liver transplant centers confirm that tumor biology plays an important role post OLT
survival and recurrence. Crude markers such as degree of differentiation (G1-G4) and
microvascular invasion are increasingly found to be predictors of recurrence [83]. Also, tumor
numbers, diameter of the largest lesion and donor age were significant predictors of recurrence
[84]. Another study included 48 patients found that pre transplant AFP slope greater than 50
ug/L per month is associated with higher rate of one year recurrence [85].

The fact that tumor recurs in a subgroup of transplant patients after removal of the only source
i.e. HCC bearing liver coupled with the growing evidence of the role or vascular invasion, both
micro and macro, as a risk factor for recurrence supports the hypothesis of circulating tumor
cells (CTC) role in recurrence [86].

12. Conclusion and future look

In conclusion, the major strides in liver transplantations made it a valuable therapeutic option
for a subset of carefully selected HCC patients. Studies continue to identify tumor criteria that
yield post-transplant outcomes comparable to those of non-tumor transplant patients. Tumor
signature at a molecular level is a promising field to further characterize HCC in the context
of liver transplantation. Pre transplant loco-regional therapies, especially for T2 HCC patients
who are anticipated to wait more than six months, provide tumor control and possibly improve
outcomes. Ongoing research in surgical technology adds new items to the surgical armamen-
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tarium such as image guided surgery, Nano knife that makes liver surgery safer and more
effective. Advances in immunomodulation are coming up with promising new agents that are
more efficient and with fewer side effects.
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1. Introduction

Nuclear medicine therapy is required to be highly specific and targeted since it always involves
administration of unsealed sources of radioactivity. Radionuclides emitting -particles are
generally used for therapeutic purposes because of their ability to penetrate and depositing
cytotoxic energy in tissues. There are several choices of 3 emitters with respect to energy of
the emission. Lower energy £ particles can travel a few cell diameters, or at most in the sub-
millimeter range, whereas higher energy 8 particles such as those emitted by yittrium 90 (90Y)
have a greater tissue penetration with a range beyond the source of several millimeters. The
physical half-life of the therapeutic radionuclide is also an important consideration and
underlying principle for therapy planning. For therapeutic purposes, radionuclides are
usually, except in thyroid treatment, attached to a drug or particle that controls the biodistri-
bution. The ideal therapeutic radiopharmaceutical is one that remains attached to the parent
drug or its metabolites, and is excreted rapidly through a known simple route[1].

1.1. Concepts and principles

Along with the significant progress in hepatobiliary surgery in the last 30 years, various
innovative liver-directed treatments have been developed [2] including conformal radiation,
hepatic arterial infusion chemotherapy (HAI), transarterial chemoembolization (TACE),
radiofrequency ablation (RFA) and radioembolization (RE) with radionuclide microspheres [3].

Conformal and stereotactic radiation therapy techniques can be used to deliver high radiation
doses in cases with focal involvement [4]; however, since hepatic primary neoplasms are often
multifocal and irregular in shape, and potentially replacing large parts of the liver volume,
only a small minority of patients are optimal candidates for such therapies[5].

I m EC H © 2013 Ahmadzadehfar et al,; licensee InTech. This is an open access article distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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Radioembolization (RE), also named selective internal radiation therapy (SIRT), is a promising
catheter based liver-directed modality for patients with primary and metastatic liver cancer.
RE provides several advantages over traditional treatment methods including its low toxicity
profile[6, 7].

Its rationale arises from the anatomic and physiological aspects of hepatic tumors being
exploited for the delivery of therapeutic agents. The prominent feature is the dual blood supply
of liver tissue, from the hepatic artery and the portal vein. Observations on vascular supply to
hepatic malignancies have demonstrated that metastatic hepatic tumors >3 mm derive 80—
100% of their blood supply from the arterial rather than the portal hepatic circulation[8].
Normal liver tissue, in contrary, is predominantly fed by the portal vein (60-70%). Apart from
RE with 90Y microspheres, being an approved therapy by the Food and Drug Administration
(FDA), various other radionuclides has also been used or investigated for treatment of liver
tumors including Phosphorus-32, Rhenium-188 and holmium-166[9-12]. In this chapter,
however, we focus only on the therapeutic indications, usefulness and methods of treatment
with *Y-microspheres.

1.2. Physical characteristics of °°Y and microspheres

Y is a pure {3 emitter, produced by neutron bombardment of yttrium-89 in a reactor, with a
limited tissue penetration (mean 2.5 mm, max 11 mm), and short half-life (64 h), making it an
ideal transarterial liver-directed agent. The size of the microspheres ranges between 20-40 pm.
The upper size limit of the microspheres allows delivery to the tumours via the hepatic artery,
while the lower size limit prevents the microspheres from passing from the arterial circulation
into the venous circulation. The microspheres remain trapped within the vasculature of the
tumours and deliver a selective radiation dose to the tumour tissue [13].

The mean tissue penetration of 2.5 mm of 8 particles emitted from the selectively delivered
yttrium allows an extremely high local tumour doses ranging from 50 to 150 Gy [14-17] to >
1000 Gy to the tumour tissue while sparing normal liver parenchyma. This is in contrast to
traditional whole liver external beam radiation where radiation doses have to be limited to 30
Gy to prevent serious hepatic dysfunction [18].

Two 90Y microsphere products are commercially available: TheraSphere® (glass micro-
spheres) and Sirsphere® (resin microsphere). There are some distinct differences in properties
between the two products as shown in Table 1.

1.3. Patient selection criteria

The selection process of patientsreferred for RE involves several aspects tobe takeninto account.
Patients considered for RE should have especially (1) unresectable hepatic tumour, (2) liver-
dominant tumour burden, (3) a life expectancy of at least 3 months and (4) an ECOG perform-
ance score of <2[19]. The general clinical condition, as described by the ECOG or Karnofsky
performance score is an important aspect for patient selection prior to RE. Patients with a
significantly reduced performance status are at higher risk of developing severe side effects,
including radiation induced liver failure[20, 21] and generally have worse treatment outcome.
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Y90 microspheres SIR-Spheres TheraSphere
Sirtex Medical, Sydney, MDS Nordion, Ottawa,
Company ) )
Australia Ontario, Canada
material resin-based glass-based
Diameter 20-60 um 20-30 pm
Activity per particle 50 Bq 2500 Bq
Number of microspheres
) 40-80X 106 1.2X 106
per 3-GBq vial
Specific gravity 1.6g/mL 3.2g/mL
Maximal prescribed dose (GBq) 3 20
Relative embolic potential Higher Lower
Relative pressure for infusion Lower Higher
Contrast injection during infusion possible Not possible

Table 1. Properties of resin and glass yttrium-90 microspheres

Theselead toquestioning therationaleof posing the patientatsuch costly and potentially harmful
treatment measure. Contraindications for RE include pretreatment angiogram indications of
flow to the gastrointestinal tract which can not be corrected by coilc embolization techniques,
an excessive shunting to the lungs that would resultin>30 Gy lung dose on a single administra-
tion as quantified by the tc-99m macroaggregated albumin (Tc-MAA) scan, excessive tumour
burden with limited hepatic reserve, and biochemical evidence of reduced liver function as
potentially indicated by elevated levels of bilirubin (widely suggested cut-off: 2 mg/dl), highly
elevated liver enzymes (AST or ALT >5x upper normal limit), significantly altered INR or PTT,
or reduced serum albumin. Patients with prior radiotherapy involving the liver should be
carefully reviewed on a case-by-case basis (Table 2) [7, 19].

1. Absent surgical (resection, liver transplantation) or ablative options (RFA)

2. Preserved liver function (intact liver synthesis)

a Bilirubin (< 2 mg/dl)

b. Albumin (= 3 mg/dl)

¢. PT/PTT (no endogenous severe impairment)
d. AST/ALT <5 x normal

3. Adequate general condition (ECOG performance score < 2)

4. Liver-dominant tumor burden
5. Life-expectancy = 3 months

6. Acceptable LSF (=20% for resin and <30Gy for glass microspheres)

Table 2. Basic requirements for radioembolization
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The renal status should be adequate to accommodate for any concurrent chemotherapy that
is part of the treatment plan[22], as well as for the use of contrast agents during the diagnostic
and the therapeutic angiogram. Hemodialysis patients may be treated with RE, however,
dialysis has to be planned and timed before and after the intervention.

The decision to perform RE should be based on an interdisciplinary consent, ideally after
discussion in an adequate tumor board with participation of specialists in surgery, gastroen-
terology, oncology, radiology, nuclear medicine and radiation therapy. Especially patients not
fulfilling the common inclusion criteria should only be accepted as RE candidates after
appropriate consent from such interdisciplinary tumor board.

1.4. Imaging modalities before radioembolization

The imaging includes a three-phase contrast computed tomography (CT) and/or gadolinium-
enhanced magnetic resonance imaging (MRI) of the liver for assessment of tumour and non-
tumour volume, main portal vein patency, and extent of extrahepatic disease.

18F-Fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG-
PET/CT) is a very sensitive functional imaging modality for tumours with high glucose
metabolism such as colorectal carcinoma, melanoma, head and neck tumors, and breast cancer.
However, it is not a satisfactory imaging choice for pre- and post treatment evaluation of
patients with HCC as these tumours except for their aggressive types, show no or a very low
grade FDG uptake. This results in the suboptimal sensitivity of 18F-FDG-PET for HCC, ranging
between 50% and 70% [23, 24]. Nevertheless, 18F-FDG-PET may provide prognostic informa-
tion (metabolic grading) as patients with a negative FDG-PET have a better prognosis than
those with high FDG uptake. Furthermore, addition of a metabolic imaging to the anatomical
imaging modalities before performing RE leads to a more accurate follow up and therapy
response assessment[25].

1.5. Angiogram with selective visceral catheterization and therapy simulation

Once a patient has been selected as a candidate for RE, an initial angiographic evaluation,
known as test-angiogram, has to be performed as the first step, It is well known that the
anatomy of the mesenteric system and the hepatic arterial bed has a high degree of variation,
with “normal vascular anatomy” being present in only 60% of cases. Therefore, in order to
perform any kind of therapeutic transarterial procedure in the liver in a safe and efficient
manner it is essential to be acquainted with the hepatic arterial anatomy[26].

A feature of the neoplastic vasculature within tumours is the formation of arteriovenous
anastomoses or shunts. Shunts allow microspheres to directly enter the venous return by
bypassing the terminal arterioles in the tumour. This will deposit the shunted microspheres
into the lung, resulting in radiation pneumonitis [22, 27].

Dystopic spread of microspheres to other extrahepatic visceral sites such as stomach, duode-
num or pancreas, may also be associated with the risk of severe radiation damage leading to
pain, ulceration and possibly perforation, pancreatitis, cholecystitis, skin necrosis and other
non-target radiation complications[28].
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Avoiding extrahepatic deposition of microspheres requires prophylactic embolization of all
extrahepatic vessels including the gastroduodenal, right gastric and pancreaticoduodenal
branches. If embolization is not possible, the catheter for treatment can alternatively be placed
beyond the respective origins of these vessels. The angiogram must be accomplished with Tc-
MAA injected into the hepatic artery similar to the application during microsphere treatment
[19]. Scintigraphy should be performed within 1 hour of Tc-MAA injection to prevent false-
positive extrahepatic activity due to free *™technetium (***Tc). The unwanted uptake of *™Tc-
pertechnetate in the thyroid and stomach can be avoided using perchlorate. For this purpose
patients should receive 600 mg perchlorate orally 30 minutes before angiography [29, 30].

Itis of note that these vessels/organs can revascularize quickly, and therefore the embolization
should be performed close to the intended time of RE, with a check arteriogram required before
RE to ensure that such revascularization has not occurred[19].

Determining the possibility of lung damage due to liver-to-lung shunting is relatively simple as
described by Lau et al.[31] Following infusion of 100-400 MBq Tc-MAA in the hepatic arterial
branches, a whole body scan in anterior and posterior projections is sufficient to calculate the
percentage of lung shunting and, consequently, the possibility of pulmonary side effects. The
percentage of lung shunting can be determined from the total counts within regions of interest
(ROIs) over both lobes of the lung and the liver, using the geometric mean of ventral and dorsal
images. Depending on the shuntrate, a reduction of the total administered dose to the liver may
be necessary. The highest tolerable dose to the lungs after treatment with RE is considered to be
up to 30 Gy with a single injection, and up to 50 Gy for multiple injections[27]. The estimated
dose (Gy) to the lungs is equal to A (GBq) x LSF x 50, assuming the total mass of both lungs to be
1kg. Where Ais the activity infused and LSF is the lung shunt fraction. The cumulative absorbed
lung radiation dose can be calculated with the following equation [32] [33]:

Cumulative absorbed lung radiation dose=50 x lung mass ) Ai x LSF,

i=1
Where Ai=activity infused, LSFi=lung shunt fraction during infusion, n =number of infusions,
and approximate vascular lung mass = 1 kg.

Another way is recommended by SIRTex Company as shown in table 3. According to SIRTex
recommendations, the amount of microspheres delivered to the patient should be reduced if
the lung shunting is more than 10% and RE should not be performed if there is a shunt more
than 20% of the administered dose[22].

Percent Lung Shunting Activity of SIR-Spheres microspheres
<10% Deliver full amount of SIR-Spheres
10% to 15% Reduce amount of SIR-Spheres by 20%
15% to 20% Reduce amount of SIR-Spheres by 40%
>20% Do not give SIR-Spheres microspheres

Table 3. The percent lung shunting may alter the activity that can be safely implanted commensurate with acceptable
risk of radiation pneumonitis.
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Extrahepatic hot spots in Tc-MAA images indirectly mark the possible locations of micro-
spheres misplaced during therapy. However, detection and accurate localisation of extrahe-
patic hot spots using only two-dimensional planar scintigraphic images is not always possible,
mainly due to the low spatial resolution. Furthermore, the localization of several different
organs within a relatively small region of upper abdomen demands the analysis of tomo-
graphic images in order to accurately distinguish whether the Tc-MAA has accumulated in
the liver or in some adjacent organ [30] as planar images cannot always make this distinction
due to organ superposition.

If an extrahepatic tracer accumulation is detected by the Tc-MAA scan, angiogram and coil-
embolization of aberrant arteries should be repeated prior to the RE until no extrahepatic
accumulation is detectable[30]. In this setting, Tc-MAA SPECT/CT imaging has been shown
to provide valuable additional information compared to planar and SPECT images and is the
imaging modality of choice [30, 34, 35]. It significantly increases the sensitivity and negative
predictive value of Tc-MAA scan compared to planar and SPECT alone[30, 34]. The sensitivity,
specificity, positive predictive value and negative predictive value of SPECT/CT in the
diagnosis of abdominal extrahepatic shunting has been found to be as high as100%, 93 %, 89
% and 100 % respectively [30].

2. Dose calculation and therapy planning

In addition to the selective distribution of the microspheres to the liver, the distribution within
the liver plays a critical role in the planning of RE. The treatment should result in low radiation
doses to normal liver tissue and a lethal dose to the tumor tissue. Abnormal high radiation
doses to normal tissue may result in radiation induced hepatitis with potential risk of liver
failure[36].

The required activity for treatment of each patient is to be calculated differently according to

whether glass or resin microspheres are to be used and their significant physical differences
should be considered (Table 1). Selection of the optimal activity of microspheres for an
individual patient is a complex and challenging task. There are some methods for dose
calculation which are briefly introduced here.

2.1. Glass *"Y microsphere activity calculation

TheraSphere® consists of insoluble glass microspheres, where Y is an integral constituent of
the glass. The mean sphere diameter ranges from 20 to 30 um. Each milligram contains between
22,000 and 73,000 microspheres[37].

The dose determination for glass microspheres is based on a nominal average target dose
(80-150 Gy/kg) and the patient's liver mass which determined from the CT or MRI data and
assumes the uniform distribution of the microsphere throughout liver volume as [38]:

D(Gy)xM (Kg)

A(GBq)glass = 50
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In this equation, A is the activity, D the nominal target dose, and M is the mass of the targeted
liver tissue.

It is recommended that the cumulative lung dose be kept to < 50 Gy to prevent radiation
pneumonitis. The target dose for any given solid tumor is not known; however, it is believed
that doses of 100-120 Gy balance response rates and hepatic fibrosis risk when glass micro-
spheres are used[19].

When lung shunt fraction and residual activity in the vial after treatment are taken into account,
the actual dose delivered to the target mass (Gy) becomes:

D (in Gy) = [A (in GBq)x50x(1 — [LSF - R])/M (in kg)

where A is net activity delivered to the liver, D is the radiation absorbed dose to the target liver
mass, M is target liver mass, LSF is lung shunt fraction, and R is percentage residual activity
in the vial[21].

2.2. Resin *Y microsphere activity calculation

There are two methods for prescribed activity determination provided by the resin micro-
sphere user’s manual[22] (1) the empiric method and (2) the partition method.

2.2.1. The empiric method

The empiric method recommends a standard amount of activity which is varied only according
to the size of the tumour within the liver. The recommended activity to be implanted for
different degrees of tumour involvement of the liver is as follow:

Tumor <= 25% of the total mass of the liver by CT scan =2 GBq whole-liver delivery
Tumor > 25% but < 50% of liver mass by CT scan = 2.5 GBq whole-liver delivery

Tumor > 50% of liver mass by CT scan = 3 GBq for whole-liver Delivery

2.2.2. The Body Surface Area (BSA) method

BSA method is a variant of the empiric method that is to adjust the activity implanted according
to the size of the tumor within the liver and the size of the patient. The BSA method is calculated
as follows:

First BSA is calculated from a weight/height chart

BSA(m?)=0.20247 x height (m)®7% x weight (kg)***

The activity of resin microspheres can be calculated with following formula:
Activity of resin microspheres in

volume of tumour
volume of tumour + volume of normal liver

GBg=(BSA-0.2) +[ ]
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The BSA method is recommended for patients having concurrent systemic chemotherapy or
for particularly small patients[22].

2.2.3. The partition model

This method involves implanting the highest possible activity to the tumour while maintaining
radiation dose to sensitive tissues such as the lung and the normal liver. The partition model
was developed from basic MIRD methodology to provide an estimate of the radiation dose
separately to tumour and to normal liver. The partition model considers the liver and tumour
to be effectively separate organs from the MIRD point of view. This model relies on accurate
information relating to the degree of lung shunting, liver mass, tumour mass and tissue/normal
(T/N) ratio.

Use of the partition model requires two measurements to be made:

1. measurement of the volume of tumour and normal liver determined from a CT or MRI
scan and

2. measurement of the proportion of Tc-MAA activity that lodges in the tumour, normal
liver and lung.

To determine the T/N the following equation should be used:

(Atumour /Mtumour)
Aliver /Mliver

T/N=

Where

A Tumor is the activity in tumor

M Tumor is the mass of tumor

A Liver is the activity in the normal liver

M Liver is the mass of the normal liver

The activity could be calculated as shown by the equation below:

Dliver({T ‘N xMtumour} +Mliver)

A(GBY) p6in= 49670(1— LSE /100)

Where

D jier = nominal dose (Gy) to the liver

LSF = shunt fraction (%) of microspheres from liver to lung based on MAA scan
M . = total mass of liver (kg) from CT volume

The partition model has been described in detail in the SIRTex user manual[22].

The activity prescribed can be reduced if the hepatic function is compromised. There is no
consensus guideline regarding the needed rate of reduction in the activity if a patient’s liver
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function or estimated reserve is only just good enough to be a candidate. Generally, more
experienced users reduce dose by 30% for patients with poorer liver function who are still
candidates for this approach according to established eligibility criteria[19]. The amount of
90Y should be also reduced according to the dose adjustment of lung shunt (table 3) if the
percentage lung shunting is greater than 10%[39].

3. Radioembolization

3.2. Complications and side effects

3.2.2. Intrahepatic complications

Before performing the RE some pre medications should be administered.
1. Gastrointestinal (GI) prophylaxis to prevent GI inflammation and ulceration:

Due to the possibility of small unrecognized arterial vessels coursing to the GI system the
routine use of prophylactic antiulcer medications in all patients is recommended. A proton
pump inhibitor (e.g. omeprazole or pantoprazole) or H2-blocker (e.g. ranitidine) commencing
1 week prior to RE and continuing for at least 4 weeks post treatment is to be administered.

2. Anti-nausea prophylaxis

Anti-emetics (e.g. ondansetron or granisetron) are recommended prior to and after RE to
reduce post-treatment nausea.

2. Post embolization syndrome prophylaxis

Fever, malaise and lethargy can occur due to the radiation injury and embolic effect of the RE
on the tumour neo-vasculature. Provided the patient is not diabetic — and oral steroids are not
otherwise contra-indicated — a tapering 5-day steroid dose pack of oral corticosteroids is
recommended. However, this is not a routine practice at all centres.

2. Pain control

Oral analgesia may be required for 1 week following treatment to relieve pain from radiation
injury and the embolic effect of microspheres, as well as liver capsular pain from tumour
edema[22]. Using slow infusion of an i.v. analgesia (e.g. pethidin) and a corticosteroid during
therapy with resin microspheres could be helpful against embolization symptoms.

3.1. Application of the calculated dose

On the treatment day, the calculated activity is injected after confirming the absence of
collateral vessels connecting to the gastrointestinal tract. Administration is performed in an

49



50 Hepatocellular Carcinoma - Future Outlook

angiography suite, primarily by an interventional radiologist. The catheter is usually posi-
tioned in essentially the same location as that used at arteriography for therapy planning. There
are two different administration sets for application of resin and glass microspheres. The
preparation of these sets and the method of injection have been described in detail in the
respective instructions manuals [22, 32].

During the application direct tracking of microspheres distribution is not feasible and not
required when using glass microspheres. But, it should be performed if resin microspheres are
administered because the resin microspheres have an embolic tendency. In this case the
radiologist must repeatedly check with fluoroscopy to make sure that resin microspheres are
being delivered to the liver and no reflux is occurring back down the artery as this will result
in spillage into other organs such as the stomach and duodenum.

It is highly recommended to perform Bremsstrahlung (BS) scintigraphy up to 24 hours after
application of the microspheres to document the distribution of microspheres within the liver.
Accidental extrahepatic spread of microspheres can also be visualized on post-therapeutic BS
images. In case of adverse events this may allow for a faster diagnosis and early initiation of
treatment. Although whole body and planar BS scans can detect diffuse extrahepatic *Y
microspheres accumulations in the lungs, intestinal tract or along HFA, their analysis may be
difficult and even misleading due to the low spatial resolution and organ superposition.
Distinguishing between the accumulation of 90Y in the liver and in some adjacent organ
demands the analysis of tomographic images. In a study obtained by our group the sensitivity,
specificity, positive predictive value, negative predicative value and accuracy of SPECT and
SPECT/CT in prediction of GI ulcer were 13 %,88%,8%,92%, 82 % and 87%,100%,100%,99 %,
99% respectively[40].

Overall, the incidence of complications after RE, if patients are selected appropriately and
target delivery is performed meticulously, is low[5]. The complications can be divided into
extrahepatic and intrahepatic.

There is also frequent observation of post embolization symptoms that are not addressed as
complications. It is quite common for patients undergoing RE with resin microspheres to
experience mild post embolization syndrome during the therapy, on the day of treatment and
for up to 1-2 weeks after treatment. These symptoms include fatigue, nausea, and abdominal
pain[19]. The most prominent aspect of post embolization syndrome is fatigue, occurring in
over 50% of the patients[13].

3.2.1. Extrahepatic complications

Serious complications have been reported when microspheres were inadvertently deposited
in excessive amounts in organs other than liver. Reported conditions include gastrointestinal
ulceration/bleeding, gastritis/duodenitis, cholecystitis, pancreatitis, and radiation pneumoni-
tis [5, 7, 27, 41-43].

Delayed cases of gastroduodenal ulceration were observed despite a standard pre-treatment
evaluation and the contribution of experienced interventional radiologists [31]. These cases
that would be associated with small amounts of Tc-MAA misplaced into the stomach and
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undetected by conventional scintigraphic planar images could have been avoided by the use
of SPECT/CT [34, 44].

One important complication is affection of the non tumorous hepatic parenchyma by radiation.
Cases of veno-occlusive disease, radiation hepatitis and hepatic fibrosis have been described.
To avoid liver complication the therapeutic doses should be adjusted as accurately as possible
and careful dosimetric studies should be carried out. Transient elevation in liver function tests
may occur in patients following RE, specifically a mild increase in alanine transaminase,
alkaline phosphatise and bilirubin[22]. As expected, the likelihood of toxicity is often related
to the patient’s pretreatment liver condition and bilirubin level [5, 21, 45, 46].

3.2.2.1. Radioembolization Induced Liver Disease (REILD)

This mechanism involves the irradiation of normal parenchyma beyond its tolerance (30 Gy)
[47]. REILD is a rare complication of RE,occurring in about 0%-4% of the patients, since this
technique allows the safe delivery of radioactive particles to liver tumours sparing healthy
liver tissue and induce 4-6 times higher tumour absorbed doses from 90Y-microsphere
comparing those to the normal liver tissue[48, 51]. REILD may result in various degrees of
hepatic decompensation and is hard to distinguish from hepatic veno-occlusive disease. In
contrast to radiation induced liver disease from external radiation characterized by sympto-
matic ascites and elevated liver enzymes but usually not bilirubin, radioembolization-induced
liver disease presents with ascites, usually with non-elevated transaminases (except for ALP
and GGPT), and significant bilirubin increase.

Kennedy et al studied the incidence of REILD after 680 RE with resin microspheres. REILD
was observed after 28 treatments (4%). Their data suggest an association between the
amount of activity delivered to the patient and REILD [52]. There may also be an associa-
tion between the use of the empiric method for the calculation of the dose (for resin
microspheres) and toxicity [39].

In another study, age, bilirubin at baseline, treatment approach (whole-liver vs. unilobar), and
the amount of activity administered relative to the total volume treated were found to be
independent risk factors for the development of REILD[53, 54].

To reduce the possibility of REILD, prophylactic administration of corticosteroid, ursodeoxy-
cholic acid, low-molecular weight heparin, glutamine infusion, prostaglandin-E1, pentoxyfil-
line and defibrotide may be of benefit [55-57].

High doses of corticosteroids traditionally are administered in an attempt to decrease intra-
hepatic inflammation. Treatment results are variable and mostly not gratifying, as the
condition progresses in some patients to hepatic insufficiency of various degrees[5]. In most
patients the only treatment needed is the use of diuretics and sodium restriction to maintain
water and sodium balance. Hepatotoxic drugs should be avoided and infections should be
identified and treated promptly.
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4. Follow up

The most appropriate length of follow-up and the time points to technical success are not yet
well defined and follow up schedules vary depending on the treatment plan of each patient.

Continual monitoring of liver function tests is recommended to determine the outcome of
treatment. This includes monitoring for stabilization in liver function tests implying the control
of disease[22]. A biweekly assessment in order to rule out REILD is recommendable in the first
two months after RE.

Abdominal and whole body imaging should be performed for response evaluation as well as
for evaluation of extra hepatic metastases. The frequency and the interval of post-RE imaging
tests should be planned according to the tumour type and individual treatment plan. In our
department patients receive the first post-RE imaging consisted of abdomen MRI and a
metabolic imaging, normally FDG-PET/CT if the HCC was FDG avid, 4 weeks after the
therapy. The next series of imaging are performed 3, 6, 9 and 12 months after therapy unless
there are some other reasons for further imaging studies such as disease progression or
performing other therapies such as chemotherapy.

5. Clinical results of the radioembolization in HCC

All the evidence that supports the use of RE in HCC is based on retrospective series or non-
controlled prospective studies (levels of evidence II-2 and II-3) and no randomized controlled
trials have been published comparing RE with other loco-regional, systemic therapies or best
supportive care[58]. Most series of RE for HCC have reported on the outcome of patients at
different stages that had progressed or relapsed after TACE or were considered poor candi-
dates for TACE due to the presence of portal vein invasion or bulky tumors.

Geschwind et. al. [59, 60] published a comprehensive analysis on using glass microspheres for
HCC which showed improved survival in Okuda I when compared to Okuda II. In this study
patients classified as Okuda stage I (n=54) and II (n=26) had median survival durations and
1-year survival rates of 628 days and 63%, and 384 days and 51%, respectively (P=.02)[60].

In a prospective study on 291 patients, 526 treatments with glass microspheres were performed
and response rates were 42% and 57% based on WHO and EASL criteria, respectively. The
overall time to progression was 7.9 months and survival times differed between Child-Pugh
A and B patients (A:17.2 months, B:7.7 months, P=0.002). Child-Pugh A patients, with or
without PVT, benefited most from treatment and Child-Pugh B patients with PVT had the
worst outcomes[61]. They survived for only 5.6 months (95% CI:4.5-6.7).

In a multicenter analysis 325 patients were treated with a median activity of 1.6 GBq resin
microspheres[62]. Typically, patients were Child-Pugh class A (82.5%) had underlying
cirrhosis (78.5%) and good (ECOG) performance status (ECOG 0-1; 87.7%). Over half of the
patients had advanced BCLC staging (BCLC C,56.3%) and one-quarter had intermediate
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staging (BCLC B, 26.8%). The median overall survival was 12.8 months but varied significantly
between the patients with different disease stages (BCLC A, 24.4 months; BCLC B, 16.9 months;
BCLC C, 10.0 months). Consistent with this finding, survival varied significantly by ECOG
status, hepatic function (Child-Pugh class, ascites, and baseline total bilirubin), tumor burden
(number of nodules, alpha-fetoprotein), and presence of extrahepatic disease. In this study the
most significant independent prognostic factors for survival upon multivariate analysis were
ECOG status, tumor burden (nodules >5), INR >1.2 and extrahepatic disease. Common adverse
events were: fatigue, nausea/vomiting, and abdominal pain. Grade 3 or higher increases in
bilirubin were reported in 5.8% of patients. All-cause mortality was 0.6% and 6.8% at 30 and
90 days, respectively[62].

In a retrospective analysis, Salem et al. [63]compared RE with TACE regarding time to
progression and toxicity. RE resulted in longer time-to-progression and less toxicity in this
study. The survival times of the patients were similar for both treatment modalities, however;
post-hoc analyses of sample size indicated that a randomized study with more than1000
patients would be required to establish equivalence of survival times between patients given
the different therapies.

In a recently published meta analysis of 14 papers, Venti et. al[64] showed almost 80 % any
response (AR =(CR+PR+SD)) for a total of 325 patients with HCC. In this meta analysis
treatment with resin microspheres was associated with a significantly higher proportion of AR
compared to that of glass microsphere treatment (0.89 vs. 0.78 (p=0.02)). Median survival from
RE varied between 7.1 and 21.0 months, and median survival from diagnosis or recurrence
was 9.4- 24.0 months.

In a study of 108 patients with advanced HCC and liver cirrhosis[65] complete responses were
determined in 3% of patients, partial responses in 37%, stable disease 53%, and primary
progression in 6% of patients. Time to progression was 10.0 months and the median overall
survival was 16.4 months.

5.1. Radioembolization of patients with portal vein thrombosis

A compromised portal vein blood flow is usually considered a contraindication for
TACEJ[66].

Due to the lack of significant macroembolic effect causing liver decompensation, portal vein
thrombosis is not an absolute contraindication to RE. However, patients with main portal vein
thrombosis have a poor prognosis after RE with a median overall survival ranging from 3 to
6 months[67, 68]. On the Contrary, patients with branch (segmentary or lobar) portal vein
thrombosis may achieve an unforeseeable median survival post-RE of 10 to 14 months[67, 69].

5.2. Treating and Downsizing of HCC as a bridging to transplantation or resection

Patients with HCC are only conferred the United Network for Organ Sharing (UNQOS) priority
status upgrade if they meet the Milan (T2) criteria [70]. Therefore, if a patient can be down-
staged from T3 to T2, the immediate advantage is a significant gain in status and therefore
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much quicker access to a potentially life-saving organ. Lewandowski et al.[71] treated 86
patients with either TACE (n = 43) or RE (n = 43). The patients treated with RE achieved a
median dose of 110 Gy. Median tumor size was similar in both groups. Partial response rates
favored RE versus TACE (61% vs. 37%). Downstaging to UNOS T2 was achieved in 31% of
TACE and 58% of RE patients. Time to progression according to UNOS criteria was similar for
both groups. Event-free survival was significantly greater for RE than TACE (17.7 vs. 7.1
months, p =0.0017). Overall survival favored RE compared to TACE (censored 35.7/18.7
months; p =0.18; uncensored 41.6/19.2 months; p = 0.008). The authors concluded that RE may
outperform TACE for downstaging HCC from UNOS T3 to T2. There was also a significant
difference between these two groups considering the median number of hospitalization days,
being two days for TACE and 0 for RE (p < 0.001)[71].

Author, year n Response rate Median survival
Lau[31], 1998 71 PR:27%, SD:65% 9.4 months
Goin[77], 2005 121 Low risk: 15.5 months
High risk: 3.6 months
Salem[21], 2005 43 PR: 47 % Okuda I: 24 months
Okuda Il: 13 months
Young[51], 2007 41 Okuda I: 21.7 months
Okuda Il: 14.2 months
Kulik[67], 2008 108 PR: 42% No PVT: 15.4 months
SD: 35 % Branch PVT: 10.0 months
Mail PVT: 4.4 months
Inarrairaegui[78], 2010 62 13 months

<5 nodules: 19 months

> 5 nodules: 8 months

Hilgard[65], 2010 108 CR: 3% 16.4 months
PR: 37 %
SD: 53%

Salem, 2010 291 CR:23 % BCLC A: 26.9 months
PR: 34 % BCLC B: 17.2 months

BCLC C: 7.3 months

BCLC D: 2.5 months
Sangro[62],2011 325 12.8 months

BCLC A:24.4 months

BCLC B: 16.9 months

BCLC C: 10.0 months

PR: partial response; CR: complete response; SD: stable disease; PVT: portal vein thrombosis;

Table 4. Response rate and median survival of patients with HCC underwent RE
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HCC arising from the caudate lobe is rare and has a poorer prognosis than HCC arising from
the other hepatic lobes[72, 73]. In a retrospective study by Ibrahim et al[74] the effect of RE of
unresectable HCC in caudate lobe was investigated in 8 patients who received a median
radiation dose of 117 Gy. All patients presented with both cirrhosis and portal hypertension.
Four patients were UNOS stage T3. One patient (13%) showed complete tumor response by
WHO criteria, and three patients (38%) showed complete response using EASL guidelines.
Serum AFP decreased by more than 50% in most patients (n = 6, 75%). Four patients (50%)
were UNOS downstaged from T3 to T2, three of who underwent transplantation. One
specimen showed histopathologic evidence of 100% complete necrosis, and two specimens
demonstrated greater than 50% necrosis. Thus, RE seems to be a feasible, safe, and effective
treatment option for patients with unresectable caudate lobe HCC.

Kulik et al.[75] reported a study of 35 patients with T3 unresectable HCC with RE with the
intention of downstaging to resection or RFA. The study showed that RE can be used as a
bridge to transplantation, surgical resection, or RFA. This allows the patients more time to wait
for donor organs and thus increase their chance to undergoing liver transplantation[59]. Post
RE downstaging followed by tumor resection or transplantation provides the possibility of
long-term survival in a select subgroup (UNOS T3 stage) with otherwise limited options[76].

In Table 4 a summary of literatures on RE of HCC with more than 40 patients is demonstrated.

6. Conclusion

RE is a promising treatment modality to achieve regional tumour response and disease control
in HCC. It offers survival benefit with a low toxicity profile. Recent investigations showed
favorable survival outcomes even in patients with limited hepatic reserve and portal vein
thrombosis that were excluded from most therapeutic options. However, Caution regarding
patient selection, treatment preparation and performance is particularly important to prevent
serious toxicity. Improvements in predicting dosimetry will lead to optimization of treatment
outcome even in borderline treatment candidates.

RE has also been successfully used to bridge and downstage patients to resection, ablation or
transplantation. With the sustained accumulation of promising clinical results, RE is moving
forward from the salvage setting indication to the use in earlier stages of metastatic disease.
Clinical trials should further define the precise role of RE in the treatment paradigm.
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1. Introduction

The use of image-guided locoregional therapies (LRTs) plays a key role in the management of
patients with hepatocellular carcinoma (HCC). These therapies, classically used for palliation,
are now more frequently being used with curative intent either as a bridge before the definitive
therapy (surgical resection or orthotopicliver transplantation) or as a sole or combined therapy
in selected patients for whom surgical options are precluded [1-3]. The refinement and
development of new imaging technologies combined with recent advances in catheter
technology, embolic agents, chemotherapeutic drugs, and delivery systems have been linked
to further improved patients’ outcomes, thus increasing the interest in this approach. In the
first part of this chapter, an overview of the current available image-guided LRTs will be given.
In the second part, indications for different LRTs according to tumor stage will be discussed.
The third section will discuss the pivotal role of follow-up diagnostic imaging in the pre- and
post-procedural care of patients with HCC. Finally, future directions with regard to the use of
LRTs will also be presented and discussed.

2. Overview of currently available image-guided LRT options

2.1. Transarterial therapies

2.1.1. Chemoembolization

Hepatic transarterial embolization for the treatment of liver tumors was first performed in
the 1970s to improve local disease control. The rationale behind this approach emerged
from the peculiarities of blood flow to HCC, which is supplied preferentially via the hepatic
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artery owing to the intense angiogenesis during disease progression. For transarterial
chemoembolization (TACE), first described in 1977 by Yamada [4], one or more chemother-
apeutic drugs are added to the embolic agent, on the basis of the theory that tumor ischemia
caused by embolization of the dominant arterial supply has a synergistic effect with the
chemotherapeutic drugs. Several chemotherapeutic agents are used for TACE, the two most
commonly used doxorubicin and cisplatin, which can be mixed with one or several different
embolic agents. Recently, the development of calibrated microparticles loaded with
doxorubicin (DEBDOX-TACE) have gained acceptance. These drug-eluting microspheres
allow more reliable distal occlusion of small vessels and delivery of high-dose chemother-
apy to the tumor with a very low systemic circulation of the chemotherapeutic agent. A
randomized phase II study [6] comparing conventional TACE with DEBDOX-TACE
demonstrated a significant reduction in liver toxicity and serious adverse drug events in
the latter arm and an insignificant trend of better antitumoral effect [5, 6].

2.1.2. Yttrium-90 microsphere radioembolization

Transarterial radioembolization (TARE) is the transcatheter arterial delivery of microspheres
loaded with yttrium-90 (*"Y), a pure beta emitter with a physical half-life of 64.2 hours, after
which it decays into stable zirconium. Like other transarterial therapies, TARE relies on the
preferential arterial supply and enhanced microvascular density of hepatic neoplasms [7, 8].
Acting as carriers, these biocompatible microspheres can conceptually deliver radiation
preferentially to tumors following hepatic artery delivery via embolization in the tumor-
related arterioles. Additionally, employing high-energy beta radiation instead of traditional
gamma radiation can potentially create an intense local radiotherapeutic effect that is propor-
tional to the density of microsphere distribution. Hence, compared to nonselective extracor-
poreal x-ray radiotherapy, TARE allows the particles to be deposited predominantly within
the tumor vasculature, thereby leading to tumor damage while preserving the surrounding
liver parenchyma. This critical feature allows the delivery of substantially higher radiation
doses than those that can be safely delivered via external beam radiotherapy.

In the United States, two Food and Drug Administration (FDA)-approved *Y microsphere
products are in current clinical use: TheraSphere® (MDS Nordion Inc., Kanata, Ontario,
Canada), which consists of glass microspheres, and the resin-based SIR-Spheres™ (SIRTeX
Medical Ltd., Sydney, New South Wales, Australia). The glass Y microspheres are approved
in the United States for use in radiation treatment or as a neoadjuvant treatment before surgery
or liver transplantation in patients with HCC under the auspices of a humanitarian device
FDA exemption for orphan devices. TheraSphere has been used for neoplasia other than HCC
under compassionate circumstances after adherence to FDA-related guidelines. The resin *°Y
microspheres have premarket approval for the treatment of hepatic metastasis from colorectal
primary cancers with adjuvant hepatic arterial infusion of floxuridine. However, globally, the
regulatory approval of both products is more generic, and they also commonly used for HCC
therapy. The use of resin microspheres for an indication not included in the US FDA-specific
labeling is considered off-label use. Clinicians should consult and adhere to their institutional
and regulatory agencies before prescribing the treatment for off-label use with either device.
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2.1.3. Embolization with ¥iodine

The use of radioactive iodine (**'I) has been proposed for internal radiotherapy for HCC. In
this technique, ethiodized oil is tagged to the ' via an atom-atom exchange. **'I-lipiodol then
emits gamma radiation with energy of 374 KeV and penetration of up to 0.4 mm. The retention
of lipiodol inside the HCC tumor cells allows a targeted dose-intensified radiation therapy to
be delivered. Despite the reported efficacy of *'I-lipiodol [9, 10], its use in routine daily practice
is limited owing to the lack of additional data and the complexity of this procedure when
compared with other available therapies such as TACE and TARE. Patients are also required
to be isolated for several days after the procedure for radiation safety. An initial randomized
study comparing internal "*'I-lipiodol radiation therapy versus supportive care in patients with
HCC and portal vein thrombosis suggested the former conferred a survival benefit [9].
Considering the lack of clinical evidence and the possible severe side effects such as liver failure
and pneumonia related to its use, this treatment method deserves further analysis.

2.2. Percutaneous ablative therapies

2.2.1. Ethanol injection

Percutaneous ethanol injection (PEI) is the prototypical technique used for percutaneous
ablation. On this technique, absolute ethanol is injected inside the tumor and around it
using a guiding needle inducing coagulative necrosis as a result of cell dehydration, protein
denaturation and chemical occlusion of small vessels. PEI is a well-established technique
for treating nodular types HCCs with the extent of necrosis obtained via this technique
intrinsically correlated with the size of the lesions with complete necrosis achieved in 90%,
70%, and 50% of tumors measuring <2 cm, 2-3 cm, and 3-5 cm, respectively [11-13]. A
possible explanation for the suboptimal response of larger tumors to PEI is the presence of
intratumoral septa and/or a capsule that blocks the diffusion of ethanol. Recently, the
introduction of a specific multipronged injection needle (Quadrafuse, RexMedical, Philadel-
phia, PE) for single-session PEI has resulted in a sustained complete response rate of
80%-90% in tumors measuring < 4cm [14].

2.2.2. Radiofrequency ablation

Radiofrequency ablation (RFA) has become the first-line choice for percutaneous ablation and
has superseded PEI as the method of choice for ablative LRT mainly because it yields complete
necrosis with fewer sessions than required for PEL especially in larger tumors, thus leading to
better local disease control [15-19]. This technology relies on its physical characteristics to
deliver an alternating electrical current within the lesion via an electrode needle placed directly
into the tumor. The resulting frictional heat and movement of electrons within the lesion and
surrounding tissues generate heat in the immediate vicinity of the electrode which is then
conducted to the surrounding environment, thereby resulting in the coagulative necrosis of a
predetermined volume of tissue. RFA is performed by connecting a generator that provides
an electric current to a metallic applicator probe (needle), which is inserted into the tumor
percutaneously via computed tomography, fluoroscopy, magnetic resonance imaging, or
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ultrasound guidance. Thermal energy is applied to tissues through the tip of the probe. The
tissues surrounding the tip are destroyed within seconds as temperatures reach 55°- 60°C. Care
is taken to avoid charring tissues, which limits heat propagation. Ideally, the ablation zone
should encompass the tumor and a 5-10-mm margin of normal tissue, which might eliminate
small, undetected satellite lesions. The size and shape of the ablation zone vary depending on
the amount of energy, the type and number of electrodes, the duration of ablation, and inherent
tissue characteristics [20].

Initial RFA indications included the treatment of small lesions (<3cm) in patients who were
not surgical candidates and the palliation of large lesions. However, owing to the efficacy and
safety profile of the technique, its use has greatly expanded and it is now offered to patients
who are surgical candidates with comparable 5 year survival outcomes to resection [21]. The
limitations of the technique include a “heat-sink” effect, whereby adjacent blood vessels
produce perfusion-mediated attenuation of thermal energy deposition, potentially leading to
incomplete ablation; large (>5 cm) lesions; and proximity to thermal sensitive structures, such
as the gastrointestinal wall, gallbladder, diaphragm, and nerves.

2.2.3. Microwave ablation

Microwave ablation (MW) is an emerging hyperthermic ablative therapy that is a valuable
alternative to RFA for the ablation of HCC. Several MW systems have been approved for
clinical use in the United States [22], comprised by an energy generator that is connected via
a coaxial cable to a percutaneous needle(s) that functions as an active antenna that delivers
energy within the tumor. The application of electromagnetic microwaves in the matter creates
heat by agitating water molecules in the surrounding tissue, thereby producing friction and
heat and inducing cellular destruction via coagulative necrosis [23]. Compared with other
available ablative technologies, MW creates larger tumor ablation volumes with consistently
higher intratumoral temperatures, has faster ablation times, and an improved and a more
favorable convection profile [22], thus resulting in a reduction in the “heat sink” effect created
by vessels in proximity to the ablated zone [24]. Recent advances in MW engineering have
resulted in better MW systems with the potential for creating more effective ablation zones.

2.2.4. Cryoablation

The application of freezing temperatures to tumors can be also utilized to cause tissue
destruction. Similarly to RFA and MW, a cryoablation probe is directly inserted into the target
lesion. Argon circulates through the probe, causing a rapid drop in the local temperature
around the probe, promoting local ischemia and a disruption of the cellular membrane. Ice
crystals form within the cells and adjacent interstitium, causing cell dehydration and sur-
rounding vascular thrombosis. Subsequently, when the tissues thaw, vascular occlusion leads
to further ischemic injury [25]. Consistent tumor cell death is accomplished when the tissues
are exposed to temperatures of at least -20°C within an area of approximately 3 mm inside the
margins of the ice ball. As with RFA, the main limitations of cryoablation include proximity
of the lesion to blood vessels, gastrointestinal organs, nerves, and skin. Treatment of large
tumor volumes with cryoablation can lead to the development of rare but serious systemic
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complications, such as ‘cryoshock’, a cytokine-mediated inflammatory response associated
with coagulopathy and multiorgan failure, myoglobinuria, and severe thrombocytopenia
[26-28]. Otherwise, most complications of cryotherapy are generally similar to those of RFA,
such as hemorrhage and injury to adjacent organs.

2.3. Combination therapies

The use of combined therapies, either a combination of different LRTs or LRT combined with
systemic therapies, has gained particular attention in the last decade. Combining different
modalities of LRT such as RFA and chemoembolization could increase the treatment success
rate, particularly in large HCCs [29]. The rationale for this approach lies in the devasculariza-
tion of large HCCs via embolization or chemoembolization, which reduces the possibility of
having a deleterious “heat sink” effect in hypervascular tumors treated with RFA and thereby
increases its therapeutic effect. This approach has been validated in several studies that
demonstrated larger ablation zones when bland embolization or chemoembolization was
performed before the ablative treatment [30-32]. Moreover, performing RFA before chemo-
embolization has been shown to increase the deposition of the chemoembolic agent in the
periphery of the ablated tumor, the most common area for disease recurrence [33].

It is also suggested that the hypoxic environment after TACE may trigger the expression of
neoangiogenic factors such as the vascular endothelial growth factor (VEGF), possibly leading
to tumor growth and progression. Therefore, to avoid the development of a neoangiogenesis
cascade and, by consequence, tumor progression systemic therapies in the form of chemo-
therapy or antiangiogenic drugs with the intent of acting in different fronts of neoangiogenesis
have been proposed.

3. LRT for HCC according to disease stage

To review the available LRTs according to different stages of disease, we used the Barcelona
Clinic Liver Cancer (BCLC) staging system, which has emerged in recent years as the standard
means of classifying HCC. In this system, cases are classified into 5 different stages — very early
(0), early (A), intermediate (B), advanced (C), and terminal (D) — according to pre-estabilished
prognostic variables, thereby allowing therapies to be allocated according to treatment-related
status (Figure 1). Terminal-stage treatment options are beyond the scope of this chapter, as
LRTs are not administered in that setting.

3.1. Very early stage (0)

Patients diagnosed with very early-stage disease (performance status: 0, Child-Pugh score:
A, single HCC <2 cm) on the BCLC staging system have the highest potential for cure.
Surgical resection is the modality of choice for this stage and yields a 5-year survival rate
of around 75% in these patients, with the anatomic resection—defined as the en bloc removal
of a portion of liver supplied by a major branch of the portal vein and the hepatic artery
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Figure 1. BCLC staging system and treatment strategy, 2011 [2]

utilized as the preferred surgical technique [34, 35]. Despite the improvements achieved
with recent refinements in surgical technique and postoperative care, which resulted in a
low mortality rate of 1%-3%, anatomic resection in patients with very early HCC is still
limited depending on the volume of segments that need to be resected. Nodules smaller
than 2 cm that are not subcapsular, perivascular, or adjacent to the gallbladder are the ideal
indication for ablative therapies, and RFA is the standard technique in many institutions
[2, 36, 37]. In a recent study, Cho and colleagues [38] concluded that RFA and hepatic
resection are equally effective for the treatment of stage 0 HCC. Livraghi and colleagues
[19] reported a complete response rate of 97.2% and a 5-year survival rate of 68% in 218
patients with very early-stage HCC treated using RFA. In another recent study [39] of 83
patients with very early HCC who were treated using different modalities of percutane-
ous ablation (33 PEI, 19 MW, and 31 RFA), the complete response rate was 95%, and the
5-year survival rate was 78%. Therefore, RFA is suggested by some authors as first-line
therapy for very early-stage HCC, and surgical resection is reserved for when individual
patient variables render RFA unfeasible or unsafe [40]. In selected cases of very early-
stage HCC, when surgery or RFA cannot be offered because of increased bilirubin level,
signs of portal hypertension, and risky tumor location, such as pericholecystic lesions and
lesions near the hilum, PEI can still be offered as an alternative.
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3.2. Early stage (A)

Patients with a solitary HCC or up to three lesions measuring less than 3 cm without associated
diseases are the ideal candidates to be effectively treated with liver transplantation. On those
where associated disease exists or where bridge therapy is required before liver transplanta-
tion, percutaneous ablation (PEI/RFA) is the modality of choice. Compared with PEI, RFA is
consistently more effective and renders better local disease control. It also offers a survival
benefit compared with PEI, as demonstrated by three independent meta-analyses that revealed
5-year survival rates of 51%-64% in patients who met the BCLC criteria for surgical resection
[41-43].

MW ablation is emerging as a viable alternative to RFA in patients with early-stage HCC owing
to its larger tumor ablation volumes, because the inherent characteristics of this technique are
less affected by the “heat-sink” effect created by vessels in proximity to the tumor. To date,
the only randomized control trial comparing RFA and MW ablation did not reveal any
differences in the effectiveness of the two techniques, with a trend toward RFA in respect
achieving tumor ablation in fewer sessions [44]. Nevertheless, the recent advances in MW
engineering along with improvements in the learning curve of this technology will potentially
create a more effective ablation zone and better local disease control when compared to RFA.

Although not specified in the BCLC guidelines, a combination of ablative and transarterial
treatments could be considered for cases in which the target lesion measures between 3 and 5
cm in its longest axis in view of the suboptimal response of larger lesions to ablative therapies
alone [30, 31, 45, 46]. The recent results of a randomized control trial [46] accessing the efficacy
of combining RFA with subsequent conventional TACE (lipiodol plus epirubicin at 30-50 mg
followed by introduction of gelatin sponge) in patients with HCCs measuring 3.1-5.0 cm
showed that the rate of tumor progression was significantly lower in the combination group
than in the ablation-only group (39% versus 6%, P=0.012) [46]. DEB-TACE administered after
RFA has also been studied and yielded a potential increase of 60.9%+-39.0 in treatment-induced
necrosis on imaging [33]. Further studies to determine the ideal sequence of techniques and
the real impact of this approach are needed.

When percutaneous ablative therapies such as REA and MW are not feasible or safe, TACE
can be performed as an alternative. This can be a valuable tool in patients with solitary large
(>5 cm) lesions, for whom the benefits of combining different LRTs seems negligible. In a recent
study, DEB-TACE administered before liver transplantation yielded complete necrosis in 77%
of treated tumors on pathology (mean size: 3.2 cm+/-1.54 cm) with no serious adverse events
observed.

3.2.1. Intermediate stage (B)

TACE is the standard of care for patients with stage B disease, according to BCLC guidelines.
This indication is based on the improved survival rates demonstrated in a meta-analysis of six
randomized clinical trials that compared TACE with the best supportive care or suboptimal
therapies [47]. Of note, however, the studies included in this meta-analysis were considerably
heterogeneous (particularly with regard to the patient populations and the TACE techniques
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used), and the cases of intermediate-stage HCC comprised a heterogeneous population of
patients whose liver function and tumor burden varied widely. Therefore, not all patients
included in BCLC stage B will have the same benefits from TACE, as demonstrated by a recent
meta-analysis of randomized control trials [48]. On a recent study by Burrel et al [49], a median
survival of 42.8 months was achieved with the use of DEB-TACE in patients classified as BCLC-
B after censoring follow-up at the time of liver transplantation, sorafenib treatment and TARE.
A sub-stratification of this patient population, along with the comparison of TACE with other
LRTs and systemic therapies, should be encouraged in future research.

The combination of DEB-TACE with sorafenib in patients with intermediate-stage HCC was
assessed in a phase II randomized, double-blind, placebo-controlled trial. Patients who
received sorafenib combined with DEB-TACE had a longer time to progression than did the
control group, to whom DEB-TACE was administered in combination with placebo (hazard
ratio: 0.797). Nonetheless, the difference in median survival was only 3 days in favor of the
sorafenib group (169 versus 166 days), and the difference in overall survival between two
groups was 6 days in favor of the placebo group (562 versus 554 days). Evidence from ongoing
phase III trials is expected to clarify the clinical efficacy of this combination.

The use of radioembolization with Y in patients with intermediate to advanced stage HCC
has been investigated in a phase Il study [50]. In this study, 17 patients with intermediate-stage
HCC without portal vein thrombosis were treated with a lobar delivery of 120 Gy. Nine (52.9%)
patients had complete response (CR) or partial response (PR) accordingly to the European
Association for the Study of Liver (EASL) criteria. Disease control (CR, PR or stable disease
[SD]) was achieved in 15 patients (88.2%). Time to progression was 13 months, and overall
survival was 18 months (range, 12-38 months) [50]. In a recent multicenter trial [51] assessing
the use of radioembolization with Y in patients with HCC, 87 patients with BCLC stage B
HCC treated with *°Y had a median survival of 16.9 months (95% CI 12.8-22.8). Of note, this
study demonstrated that radioembolization with *Y appears to be particularly promising for
the subset of patients with intermediate-stage HCC who are considered poor candidates for
TACE (median survival: 15.4-16.6 months) as well for those for whom prior TACE or bland
embolization was ineffective (median, 15.4 months). The results of this study emphasize the
possibility of using radioembolizaiton as a complementary therapy to TACE in the HCC
armamentarium.

3.3. Advanced stage (Stage C)

According to the BCLC guidelines, the use of the systemic multi tyrosine-kinase inhibitor,
sorafenib, is the cornerstone for patients with advanced HCC [2]. The benefit of this therapy
was demonstrated in two randomized control trials [52, 53] in which this new therapy was
compared with placebo. Both studies revealed an improvement in the median overall survival
and the median time to disease progression on imaging. Although LRTs are not recommended
for patients with BCLC stage C disease, many patients who undergo LRT in the form of TACE
or radioembolization are in fact classified as having advanced-stage disease according to the
aforementioned criteria. This subclass of patients is characterized by the presence of tumoral
invasion of a branch vein with or without limited extra-hepatic disease and a performance
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status 1-2. Combination therapy using TACE and sorafenib is technically feasible and generally
well tolerated in patients with unresectable HCC [54-56]. In a recent phase II study of concur-
rent conventional TACE and sorafenib, Park et al. [55] demonstrated a median time to
progression of 7.3 and 5 months for patients with BCLC stage B and C disease, respectively.
Compared with unpublished data from the same group, the combination of sorafenib with
conventional TACE yielded increased time to progression in both patients with BCLC stages
B and C when compared with conventional TACE (cTACE) alone (4.5 and 2.8 months,
respectively).

Concurrent therapy with DEB-TACE and sorafenib has also been investigated [56]. DEB-TACE
promotes a lesser degree of serum aminotransferase elevation than does conventional TACE,
which is the most common cause for delaying therapy with sorafenib. Of note, sorafenib should
ideally be administered as soon as possible after TACE is administered to to prevent an early
surge of vascular endothelial growth factor and other angiogenic factors. Pawlik et al. [56]
assessed the safety and response rate of combination therapy using DEB-TACE and sorafenib
in patients with advanced-stage HCC. The results of this study demonstrated that the combi-
nation of sorafenib and DEB-TACE was well tolerated and safe, and most toxic effects related
to sorafenib were manageable with dose adjustment. Disease control was achieved in 95% of
patients (SD+PR), according to Response Evaluation Criteria in Solid Tumors (RECIST ) with
an objective response of 58% (according to the EASL).

4. Imaging response assessment for LRT

The RECIST and the world health organization (WHO) criteria are the standard criteria for
assessing imaging response in patients who undergo systemic therapies using cytotoxic drugs.
These criteria assess the response of target lesions solely on the basis of their measurement in
diameters and their changes after systemic therapy. In the setting of LRT, tumor response as
determined via by simple measurement in diameters is not accurate enough since tumor
necrosis, a common endpoint for all LRTs, is not taken into consideration.

The inconsistency of using these response evaluation criteria for systemic therapy in patients
undergoing LRTs was first addressed by a panel of experts on HCC from the European
Association Study of Liver in 2000, which suggested that response assessment should be based
on the estimation of the reduction in viable tumor, as recognized by arterial-phase enhance-
ment on radiologic imaging. The concept of achieving complete necrosis (complete response)
after LRT is a good surrogate for excellent outcome and has been confirmed by a number of
different studies [57-60].

More recently, the addition of molecular targeted therapies such as sorafenib, bevacizumab,
and erlotinib to the anticancer armamentarium rendered an improvement in overall survival
without showing any significant imaging response rate according to the RECIST criteria [54,
61]. This finding can also be explained by the ability of these new agents to cause necrosis in
the target lesions without any significant significantly affecting the reduction of the size of the
lesions. In fact, it is now known that some lesions tend to increase in volume after the use of
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molecularly targeted therapies owing to the presence of massive necrosis and edema on their
interior.

Figure 2. TACE and magnetic resonance imaging follow-up utilizing the mRECIST: (A) Digital subtraction angiography
(DSA) demonstrating the hypervascular lesion (black arrow) located in the segment VI. (B) Parenchymal phase show-
ing the encapsulated pattern of the lesion (black arrow). (C) post DEB-TACE DSA no longer characterizing the hyper-
vascular tumor. (D)Baseline magnetic resonance imaging (MRI) showing the hypevascular tumor in the arterial phase
(white line) measuring 3.2 cm. (D) post DEB-TACE MRI arterial phase, showing the absence of arterial enhancement at
the lesion (white arrow) after the DEB-TACE, configuring acomplete response according to the mRECIST. Liver explant
analysis confirmed complete necrosis of the treated

To address all the limitations associated with the RECIST criteria in assessing therapy response,
especially that of HCC, novel imaging correlative endpointswere proposed by different
investigators [61-63]. One of the initial proposals created was the amendment of enhancement
criteria to the WHO criteria (EASL criteria), which use the enhancement observed in the arterial
phase by the intravenous contrast as a surrogate for viable tumor, whereas the absence of
arterial enhancement within the tumor indicates tumor necrosis. Despite the initial enthusi-
asm, recent studies have demonstrated that these criteria cannot provide prognostic data to
enable differentiation between the survival outcomes of patients who achieved partial
response and those who had stable disease. This is possibly explained by the different
thresholds for therapy response extrapolated from the WHO criteria. Therefore, a new
proposal suggested for assessing therapy response for HCC was made by the modification of
the conventional RECIST criteria with the incorporation of the concept of viable tumor (Figure
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2). These criteria, also known as the modified RECIST (mRECIST) [63], have been demonstrat-
ed to be an accurate tool for assessing response for both locoregional and systemic therapies
[59, 60, 64] and should be used as the method of choice for assessing treatment response in
patients with HCC [2]. Although mRECIST helps to predict survival outcomes in patients
undergoing LRTs, further data are needed to establish these criteria for assessing survival in
the setting of systemic therapies with molecularly targeted drugs. A summary of the different
response criteria are summarized in Figure 3.

Radiographic respongecriteria used to assess the clinical effects of HCC treatment.

Approaches for Response

Measurement
Eadirnensional Unidimensional
Sire critena Ennancement criteqa Size citena Enhancarmend critena
WHO EASL RECIST mRECIST
CR: Total disappearanca CR: Total disappearance
PR: 508 decreasa PR 30% decrease
5D: Neither PR nor PO mat SD: Maithar PR nor PD met
PD: 25% increase or new lesion(s) PD: 20% inCraasse of new lasion(s)

Shim J H ot al Radiology 2012;262:T05-T18

2012 oy Raliologhanl Sociesy of Morh Arerka

Figure 3. Radiographic response criteria used to assess the clinical effects of HCC treatment [59]. Adapted from: Shim,
J.H., et al., Which response criteria best help predict survival of patients with hepatocellular carcinoma following che-
moembolization? A validation study of old and new models. Adapted from Radiology, 2012. 262(2): p. 708-18.

5. Future directions

The last few decades were characterized by establishing the limits of outcomes of liver directed
therapies for HCC. Recent therapeutic advances exploiting molecular biological pathways
have created new vistas in our collective approaches towards this disease. Certain distinct
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clinical scenario will remain the focus of future endeavors such as recurrence and cancer
prevention. Tumor recurrences are a major drawback in patients with very early and early
stages HCC submitted to ablative therapies or resection. Effective preventive agents in the
form of better ablative technologies or combined loco-regional and systemic therapies are
needed given the projected increase in patients at risk for developing HCC. Irreversible
electroporation (IRE) is a new ablative therapy that increases cell membrane permeability by
changing the transmembrane potential and subsequently disrupts the lipid bilayer integrity
resulting in cell death [65, 66]. Currently there is one IRE system available on the market.
Similarly to an RFA system, this system consists of two major components: a generator that
delivers energy of up to 3000 V and a needle-like electrical probe. Compared with other
available ablative technologies, this technology can create a sharper boundary between the
treated and untreated area in vivo within microsecond or milliseconds; moreover, because it
is a non-thermal technique, issues associated with perfusion-mediated tissue cooling or
heating are not relevant. Preclinical investigations [67] focused on HCC have demonstrated
the great potential of this technology for targeted ablation of HCC and have prompted its
clinical evaluation.

Light-activated drug therapy uses light-emitting diodes to activate talaporfin sodium, a small
molecule synthesized from a chlorophyll derivate that has the ability to concentrate within the
tumors when administered intravenously and activated by placing a percutaneous light
emitter intratumorally under imaging guidance. Talaporfin is capable of absorbing long-
wavelength light, resulting in singlet oxygen that causes apoptotic cell death through oxidation
and permanent tumor vessel occlusion. Preclinical animal studies suggested that the produc-
tion of large apoptotic masses in tumor with light-activated drug therapy yields tumor-specific
clones of CD8+ T cells which infiltrate distant, untreated tumors. A phase III clinical trial is
currently assessing the use of talaporfin for HCC.

In patients with advanced-stage HCC, future research will hopefully better delineate the
indications for TACE and TARE, either in the form of isolated therapy or combined with
sorafenib with possible improvements in slowing disease progression. Finally, advances in
molecular cell biology will identify new therapeutic strategies for patients with advanced-
stage HCC. For these advances to take place, a multidisciplinary continuous clinical and
experimental research is vital.
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1. Introduction

Hepatocellular carcinoma (HCC), a primary fatal malignancy of the liver, is the sixth most
common cancer and the third most common cause of cancer death worldwide [1]. The estimat-
ed incidence of HCC is about 500,000-1000, 000 per year worldwide, causing 600,000 deaths
globally peryear [2].It varies widely according to geographiclocation, with thehighestincidence
in sub-Saharan Africa and China, where chronic hepatitis B virus (HBV) infection remains the
leading cause [3]. In the United States and Europe, the incidence of HCC is on the rise and is
expected to increase over the next two decades because the number of patients with chronic
hepatitis C virus (HCV) infection gradually increased in the past two decades[4]. Liver cirrhosis,
especially after chronic infection with hepatitis B or C virus, remains the main risk factor that
predisposes to the development of HCC, although rarely can HCC develop in a patient without
cirrhoticliver. Despite of major progressin diagnosis and therapeutic options of HCCin the past
two decades, the prognosis of HCC is still dismal and 5-year survival rate is less than 5%.

Of the therapies aiming at cure, surgical resection or liver transplantation are the optimal
treatments with better outcomes in well-selected patients HCC. Unfortunately, more than 50%
of all HCCs are diagnosed at locally advanced tumor stage or extrahepatic metastasis and
therefore not eligible for potentially curative therapy such as surgical resection and liver
transplantation [5]. In addition, some patients with early HCC are not eligible for curative
hepatic resection because of poor liver function. Thus, only 10%-30% of patients with early
HCC at diagnosis are amenable to curative surgical treatment and the rest of patients with
have to receive non-curative treatment. Furthermore, after curative resection, tumor recur-
rence rates can be as high as 25% per year and 50-90% of postoperative death is due to recurrent
disease. Therefore, despite curative treatment options for patients with early stage HCC,
survival rate after curative treatment has been as low as 50% at 3 years and 20-30% at 5 years
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[6-8]. Tumor recurrence is the main drawback of resection and intra-hepatic recurrence is
frequently the only site of recurrence. HCC commonly arises from chronic hepatitis viral or
alcoholic liver diseases, which are likely to harbor multiple and independent clones of
premalignant cells. When these clones are further exposed to continuous carcinogenic insults,
multicentric carcinogenesis follow. Thus, intra-hepatic recurrence may represent either “de
novo” tumor formation in a cirrhotic liver, or intra-hepatic metastasis from a clonally identical
neoplasm. In other word, recurrent HCC can result from intrahepatic dissemination of the
primary tumor (true recurrence) or by new “de novo” carcinogenesis. No matter how the
recurrence happens, it is generally believed that recurrences arise not because of inadequate
resection but because of pre-existing microscopic tumor foci that are undetected by imaging
modalities, or because malignant cells have been disseminated during surgical manipula-
tion[9-10]. Therefore, neoadjuvant or adjuvant therapy could potentially delay or decrease the
incidence of intrahepatic recurrence, which could improve patients’ prognosis after hepatic
resection.

Liver transplantation is an optimal treatment to manage end-stage liver disease with HCC,
because this procedure cures not only the tumor but also the underlying cirrhosis. Liver
transplantation achieves excellent results in selected patients with HCC. Patients with solitary
HCC of less than 5 cm or with up to three nodules of less than 3 cm with no macroscopic
vascular invasion (the Milan criteria) have a 5-year survival of 70% after liver transplantation,
with recurrence in less than 10% [11]. Compared with surgical resection, liver transplantation
is associated with better overall and disease-free survival in well-selected patients [12].Un-
fortunately, the majority of HCC patients are diagnosed at a late stage and therefore not eligible
for liver transplantation. Furthermore, patients drop off the transplant list owing to tumor
progression during the long waiting time, resulting from shortage of liver donor worldwide.
Thus, it is pivotal to decrease the rate of dropout by using neoadjuvant therapy for those
patients during the waiting time. In addition, neoadjuvant therapy for HCC beyond the Milan
criteria may downstage HCC tumors within the Milan criteria to expand liver transplantation
candidates.

Neoadjuvant therapy is used preoperatively with the aim to reduce tumor recurrence in the past
twodecades. Theaimsofneoadjuvanttherapy aretoreduce thetumormass thusmaking curative
surgery more feasible and to reduce postoperative recurrence. Thus, the administration of
neoadjuvantchemotherapy may offerseveral theoreticaladvantages. First, neoadjuvanttherapy
can reduce the tumor burden and shrink the tumor so patients are amenable to curative and
negative-margin resection. Second, it can potentially eliminate “circulating cancer cells” or
“disseminated cancer cells”, which is regarded as the source of tumor recurrence. Third,
neoadjuvant chemotherapy potentially reduces intraoperative tumor cells spread. Fourth, the
delivery of treatment agents before surgical manipulation may provide better tissue oxygena-
tion, facilitating the distribution of chemotherapy agents into the tumor, and increasing normal
tissue tolerance. Fifth, the administration of chemotherapy before surgery allows an in-vivo
assessment of tumor chemo-sensitivity through analyzing resected tissue samples. Finally,
neoadjuvant chemotherapy may alsolead to more definitive surgical resections by reducing the
risk of tumoral infiltration of lymph nodes and of resection margins in the surgical specimen.
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However, neoadjuvant therapy has the disadvantage of delaying the surgery. This can be
detrimental if the tumor fails to respond to the therapy and continues to grow and becomes
inoperable. Moreover, neoadjuvant therapy alsohas the potential to adversely affecting theliver
function, with an increased risk of liver failure after partial hepatectomy [13-14]. In recent
decades, more light has been shed on the role of neoadjuvant or adjuvant therapy for HCC.

2. Neoadjuvant therapy for resectable hepatocellular carcinoma

Surgical resection offers the only hope for cure and is the preferred option for patients with HCC.
For those noncirrhotic HCC patients, surgical resection is the optimal curative treatment. They
are likely to tolerate extended hepatic resection without liver failure. Moreover, the noncirrhot-
ic residual liver is less likely to develop de-novo HCC. Unfortunately, the majority of patient
develops HCC in the context of cirrhosis, so the selection criteria of liver resection depend not
only on tumor-related parameters (tumor size, numbers, location and vascular invasion) but
also on preserved liver function. Meanwhile, the long-term survival remains poor owing tohigh
incidenceof recurrenceand metastasisafterhepatectomy. Recurrences, in particular, intrahepat-
ic recurrences are the most common and are found in up to 68-96% of patients undergoing
resection [15-16]. Therefore, neoadjuvant HCC therapy, which can decrease or delay the
incidence of intra-hepatic recurrence, may improve the results of liver resection.

Large HCC, tumor with a diameter of 5 cm or more, are relatively common, especially when
HCC screening is not a routine practice in patients at risk. Generally speaking, patients with
large HCC are not eligible for liver transplantation or ablation. Hepatic resection thus remains
the only surgical treatment option for these patients. Despite improvements in preoperative
assessment and intraoperative techniques in liver resection over the past 10 years, major liver
resection in diseased liver is still considered a risky procedure [17-18], because of the potential
risk of developing liver dysfunction after hemihepatectomy or hepatic trisegmentectomy.
Thus, portal vein embolization (PVE) is used prior to extended hepatectomy to increase future
remnant liver volume and to prevent postoperative liver dysfunction.

The primary goal of neoadjuvant HCC therapy is to eradicate residual microscopic HCC foci
and to reduce the incidence of a second HCC from developing within the live remnant after
partial hepatectomy and thus to reduce death from recurrent HCC. Recently published reviews
concluded that there are little or no evidence to show that neoadjuvant therapy added benefit
after curative hepatectomy for HCC so far. However, neoadjuvant therapy is continuously
evolving and gaining importance in the treatment of HCCs. At present, the most popular
techniques include transarterial chemo-embolization(TACE), portal vein embolization (PVE),
and target therapy. Herein, we review the rationale behind each strategy and the studies on
neo-adjuvant treatments for HCC before partial hepatectomy.

2.1. TACE

Since transarterial chemoembolization (TACE) was introduced during the late 1970s as a
palliative treatment for patients with unresectable hepatocellular carcinoma (HCC), ithas been
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applied more frequently in patients withunresectable HCC. In contrast to thenormalliver which
has dual blood supply, mainly from the portal venous system, hepatocellular carcinoma tumor
is supplied almost exclusively by arterial supply. By direct infusion of the lipiodol and chemo-
therapy through thehepaticartery, itallowsahigh dose of chemotherapy tobe delivered directly
to the tumor. This provides the rationale for therapeutic local chemotherapy and hepatic artery
selective obstruction of HCC via TACE. Theembolization of the hepaticartery reduces the blood
flow of tumor, creates ischemia and increases the contact time between the chemotherapeutic
agent and the tumor cells, resulting in synergetic effect and complete tumor necrosis.

A meta-analysis including seven randomized clinical trials was undertaken in the late 1990s
to investigate the usefulness of TACE for treating unresectable HCC, which demonstrated an
improvement in 2-year survival (P = 0.017) compared with control patients who were treated
conservatively or received suboptimal management [19]. According to the guidelines pub-
lished by the American Association for Study of Liver Diseases (AASLD) [20] and the European
Association for the Study of the Liver (EASL) [21], TACE is recommended as first-line non-
curative therapy for non-surgical patients with large/multifocal HCC who do not have
vascular invasion or extrahepatic spread (level I). Given the promising results in its palliative
role, TACE has been evaluated as a neoadjuvant therapy with the hope of reducing tumor size,
inducing tumor necrosis, and preventing tumor dissemination. Preoperative TACE is not only
intended to prevent recurrence by controlling intrahepatic spread via the portal system, but
also to facilitate surgery by reducing tumor bulk. The use of TACE as a neoadjuvant treatment
for HCC was first described in the early 1990s, where its use was proposed in a variety of
settings; palliatively for unresectable recurrent HCC, to increase the rate of resectability of
unresectable HCC, and to downstage the primary tumor for liver transplantation [22].

Whether preoperative TACE is beneficial for survival of patients with resectable HCC remains
a controversy owing to the numerous conflicting reports. A few studies suggested that
preoperative TACE may be beneficial for overall survival and/or disease-free survival in
patients with resectable HCC [23-24]. In contrast, several studies have shown that neoadjuvant
TACE had no significant influence on postoperative survival [25-26]. A randomized controlled
trial from China indicated that preoperative TACE did not improve surgical outcome and five
patients lost the chance of undergoing a curative liver resection owing to disease progression
and hepatic failure [27]. Furthermore, several studies have found that preoperative TACE
negatively affected survival of patients postoperatively [28-29]. A meta-analysis including
three randomized clinical trials is undertaken to evaluate the definitive effect of preoperative
TACE on both disease-free survival rate and overall survival rate following curative resection
in resectable HCC patients, which demonstrated no significant benefits for 5-year overall
survival and disease-free survival[30]. However, the number of patients was small in these
trials, which limited the ability to draw frim conclusions. Another systemic analysis indicates
that there appears to be no DFS advantage by using TACE as a neoadjuvant therapy for
resectable HCC, although it is a safe procedure [31].

Can we predict which kind of HCC will develop necrosis after neoadjuvant TACE owing to
its heterogeneity or does it benefit the subgroup of patients according to tumor size, tumor
stage, frequency of TACE, the interval between TACE and operation, etc.? The answer to these
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questions is very important to evaluate the role of neoadjuvant TACE. In conclusion, current
evidence indicates that there appears to be no DFS advantage despite its safety and feasibility.
In future, a well-designed prospective multi-institutional randomized controlled trials (RCTs),
with a clearly defined protocol for concealed allocation, eligibility criteria, TACE intervention
regimen and endpoints will be potentially meaningful.

2.2. PVE+TACE

Hepatic resection is considered to be the only curative treatment for patients with large HCC
and preserved liver functions, because these patients are not amenable to liver transplantation
or ablative therapy. For these patients, major hepatic resection is feasible in theory and
technique to achieve complete resection and provide the possibility of cure, but, most of them
will develop postoperative liver failure, a fatal complication, owing to no enough remnant
liver volume. In addition, most patients with hepatitis B or C virus—associated liver cirrhosis
increase the risk of postoperative live failure.

Preoperative portal vein embolization (PVE), first reported by Makuuchi, is a technique to
induce atrophy of the embolized lobe to be removed with compensatory hypertrophy of the
nonembolized future liver remnant (FLR). This technique was first applied to patients with
hilar bile duct tumors (Klatskin tumors) [32], then has been introduced in major hepatic
resection. The aim of PVE is to preserve enough remnant liver volume and to prevent post-
hepatectomy liver failure, which is the predominant cause of death in cirrhotic patients.
However, the major limitation of PVE is a compensatory increase in the hepatic arterial flow
to the embolized segments, thus resulting in insufficient nonembolized liver hypertrophy or
rapid tumor growth because most HCCs are hypervascular tumors fed mainly by arterial blood
flow [33]. To overcome the shortcoming of PVE, sequential preoperative TACE combined with
PVE has been evolved. The new technique has recently shown promising results for increasing
the rate of hypertrophy in HCC patients with chronic liver disease, as it decreases arterial flow
and thus increases parenchymal damage in the embolized liver and suppresses arterioportal
shunts [34]. In addition, it may have a strong anticancer effect by obstructing tumor feeding
vessels and suppressing intrahepatic spread by portal vein invasion from HCC and arterio-
portal shunts in HCC patients. Thus, preoperative TACE+PVE may increase the probability of
resectability for major hepatectomy and may decrease the risk of postoperative hepatic failure.
However, sequential TACE and PVE may have the theoretical drawback of increased risk of
liver damage caused by double occlusion of the blood supply. The data from Yoo shows that
incidence of hepatic failure is higher in the PVE-only group than in the TACE + PVE group (P
=(0.185) after operation and overall (P =0.028) and recurrence free (P =0.001) survival rates are
significantly higher in the TACE + PVE group than in the PVE-only group[35]. Other studies
also show that preoperative sequential TACE and PVE is a safe and feasible technique and the
short and long-term survival outcomes are satisfactory [36-37].

2.3. Sorafenib

Sorafenib is an oral multi-kinase inhibitor, which simultaneously inhibits molecular compo-
nents of the Raf-MEK-ERK signaling pathway, abrogating tumor growth and VEGFR-1,
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VEGEFR-2, VEGFR-3, and PDGFR-f, thus inhibiting neoangiogenesis [38]. By targeting two key
pathways that are reported to play an important role in the pathogenesis of hepatocellular
carcinoma, sorafenib is likely to delay disease progression [39]. Furthermore, sorafenib
exhibited growth-inhibitory effects, induction of apoptosis, and down-regulation of the anti-
apoptotic proteins in a wide range of tumor models.

Recently, Sorafenib was approved and regarded as the first and so far the only drug which
shows an increase in overall survival in patients with advanced, unresectable HCC. In the large
randomized phase Il study (SHARP), median overall survival (OS) increased from 7.9 months
in the placebo group to 10.7 months in the sorafenib group. Sorafenib showed a significant
benefit also in terms of time to progression (TTP), with a median of 5.5 months in the sorafenib
group and 2.8 months in the placebo group. On the basis of these findings, FDA has approved
sorafenib for advanced HCC treatment [40]. Thus, for patients with unresectable HCC,
sorafenib is the first systemic therapy to significantly prolong survival and is now considered
standard of care for patients with Child A cirrhosis and good performance status. Could
sorafenib downstage HCC and thus represent a bridge to surgery, as a neoadjuvant therapy
for advance HCC? The phase III SHARP study reported a partial response of only 2% with
complete remission given the cytostatic nature of sorafenib effect. However, Irtan et al reported
two cases of locally advanced HCC with portal vein tumor thrombosis (PVTT) who complete
regression by sorafenib treatment allowed curative resection with good long-term outcome
[41]. Another study also reports two cases with large HCC in the right liver with venous
neoplastic thrombi undergo curative resection after sorafenib treatment [42]. However, no
large clinical experiences have been reported in neoadjuvant therapy with the use of sorafenib.
Thus, large scale RCT clinical trials should be undertake to investigate the role of sorafenib as
a neoadjuvant treatment in advanced HCC, preferably in combination with local therapy
modalities to increase the chances of down-sizing.

In summary, further randomized controlled studies need to be carried out. Currently, there is
no consensus on a standard neoadjuvant therapy in partial hepatectomy for HCC.

3. Neoadjuvant therapy for hepatocellular carcinoma before liver
transplantation

Liver transplantation is a potentially curative treatment for HCC for those patients with early
HCC in the setting of cirrhosis. It has two principle advantages to remove the tumor as well
as the underlying liver cirrhosis, restoring both liver function and decreasing the risk of de
novo HCC. Compared with surgical resection, liver transplantation is associated with better
overall and disease-free survival in well-selected patients (5 year-DFS >75% vs. 50%) [43].
Patients with solitary HCC of less than 5 cm or with up to three nodules of less than 3 cm, with
no macroscopic vascular invasion (the Milan criteria) have a 5-year survival of 70% after liver
transplantation, with recurrence in less than 10% [11]. In addition, the survival matches post-
transplant survival of most other indications for liver transplantation, such as end-stage liver
cirrhosis disease. As evidence accumulated of good outcomes in some patients outside the
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Milan criteria, there was a drive to identify expanded criteria and to increase the number of
eligible candidates for liver transplantation. Among the many proposals, only the University
of California San Francisco (UCSF) criteria (one tumor <6 5 cm, three nodules at most with the
largest <4 5 cm, and total tumor diameter <8 cm) have been prospectively validated with long-
term survival comparable to patients with Milan criteria [44]. At present, the Milan criteria
have been adopted as the guideline of liver transplantation for HCC worldwide. Unfortu-
nately, the majority of HCC patients are diagnosed in a late stage and therefore not eligible for
liver transplantation. Meanwhile, shortage of available graft is still a very stringent problem
worldwide so that many patients will drop off the transplant list owing to tumor progression
during the long waiting time. Historical data suggest that the median doubling time in HCC
is about 3 to 6 months, but the waiting time for live transplantation continues to increase and
is up to 24 months in the United States [45]. So, many eligible patients with HCC will drop out
if they are not given some effective therapy to stop tumor progression during the waiting time.
Thus, neoadjuvant therapy has been proposed as a strategy to treat HCC before liver trans-
plantation.

Neoadjuvant therapy for HCC beyond the Milan criteria has been performed with the purpose
of downstaging HCC to parameters within the Milan criteria. This enables substantially the
expansion of liver transplantation candidates with potential good outcomes after transplan-
tation. It is defined as ‘“downstaging therapy’. Another aim of neoadjuvant therapy is to delay
tumor progression and decrease dropout for those patients within Milan criteria HCC. It is
defined as ‘bridging therapy’. The last aim of neoadjuvant therapy can decrease or even
eliminate circulating cancer cells, which are the mainstay source of recurrence and metastasis.
Although associated with good results, around 10% of within Milan criteria HCC patients will
exhibit post-transplant recurrence. Recurrence is either due to the growth of occult metastases
or to the engraftment of circulating tumor cells. Thus, pre-transplant neoadjuvant therapy may
serve a pivotal role in improving survival following liver transplantation. At present, neoad-
juvant therapy is gradually evolving and gaining importance in the treatment of HCC patients
undergoing liver transplant.

Locoreginal therapy, such as TACE, transarterial radio-embolization (TARE) and radiofre-
quency ablation (RFA), and systemic chemotherapy are most common used as neoadjuvant
therapy for patients with HCC before liver transplantation. Herein, we evaluate the rationale
of each strategy for HCC before liver transplantation.

3.1. TACE

The rationale for using TACE as a neoadjuvant therapy prior to liver transplantation is to
control tumor growth while the patient awaits an organ and to cause significant tumor
necrosis, which may reduce tumor dissemination during surgery. In addition, TACE can be
used to downstage tumor and make them eligible for transplantation[46]. In a case-control
study, researchers showed that the high rate of tumor necrosis observed in the pretransplant
TACE group was not associated with difference in overall survival [47]. In the French multi-
center case-control study, the patients in the TACE group in which more than 80% of the tumor
was necrotic at the time of transplantation and their matched controls had 5-year survival rate
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of 63% and 54%, respectively (p = 0.9) [48]. Thus, although preoperative TACE can lead to
tumor necrosis in about one third of cases and reduces tumor size in half of the patients, there
was no sufficient evidence to support the concept that it can improve long-term survival for
patients with within Milan criteria HCC after transplantation.

Success in downstaging has been reported in many studies, although most of these are
uncontrolled observational studies. As a downstaging tool in his study, Graziadei et al.
included 15 advanced HCC patients not eligible for transplantation received TACE (range, 2—
12). 11 patients had a partial response with >50% necrosis and 1 < 50%. 10 patients underwent
OLT and and found to have 30% HCC recurrence rate. Thus, despite successful downstaging
before OLT, patients with primarily advanced HCC had a significantly less favorable outcome
in the intent-to-treat analysis as well as in the post-transplantation survival compared with
patients with early-stage HCC (31% vs. 94% at 5 years, p <0.001 and 41% vs. 94% at 5 years, p
<0.001) [49]. Downstaging of HCC by TACE is possible in most of candidates; however, these
patients tend to have higher dropout rates, higher recurrence rates, and unfavorable outcomes
compared with early stage patients. Therefore, there is currently no sufficient evidence that
pretransplant TACE may delineate the possibility of expanding current selection criteria for
liver transplantation in patients with HCC.

3.2. RFA

Radiofrequency ablation appears to be equivalent to surgical resection inducing total tumor
necrosis in tumor < 3 cm [50]. Subsequently, RFA is used as the second most popular neoad-
juvant therapy before liver transplantation after TACE. In transplant candidates, RFA has been
used mainly as a bridge therapy rather than for downstaging before transplantation owing to
its limited efficacy for large tumors. However, RFA can have sever side effect, including tumor
dissemination in subcapsular HCC. Pretransplant RFA for HCC as a strategy to reduce dropout
has been addressed in some studies [51]. More than 80% of patients were in the Milano criteria
treated by FRA with approximately 1 year on the waiting list. The dropout rate ranged from
0 to 14%. However, the effect of preoperative RFA should be carefully evaluated by more
randomized clinical trials

In summary, the lack of controlled clinical trials, some uncontrolled studies support the use
of RFA as a safe and effective bridge therapy in patients who meet the Milan criteria.

3.3. Transarterial Radio-Embolization (TARE)

Radioembolization involves the transarterial administration of embolic microspheres labeled
with Yttrium-90 (Y90). TARE has been used as a primary therapy for unresectable HCC. For
patients with unresectable HCC, retrospective studies found similar efficacy and toxicity
between radio embolization and TACE. For patients with main portal vein thrombosis,
radioembolization may be considered advantageous over TACE, owing to its relatively
decreased embolic effect. Radioembolization has also demonstrated favorable outcomes for
downstaging tumors to meet the Milan criteria. Lewandowski et al retrospectively compared
transarterial radioembolization with Y90 (TARE-90) with TACE in patients with T3 disease. The
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TARE-90 group demonstrated a trend toward higher partial response and higher percentage of
downstaging from T3 to T2 (58 vs. 31%, P <.028), thus falling within the Milan criteria [52].

3.4. Sorafenib

HCC is highly refractory to traditional cytotoxic chemotherapy, with no evidence to date of a
survival benefit from its use. Sorafenib, a small molecule multi-kinase inhibitor acting via
inhibition of tumor-cell proliferation and tumor angiogenesis, has been widely used in most
solid tumor. Recently, Sorafenib is regarded as the first and so far the only drug which shows
an increase in overall survival in patients with advanced, unresectable HCC. Can sorafenib be
used as a tool to bridge or downstage HCC for patients before transplantation? At present,
there are no reported randomized clinical trials in this setting. However, a few case reports
show a promise of HCC tumor response to neoadjuvant sorafenib therapy, with effective
downstaging to allow for liver transplant listing [53].

3.5. How to select neoadjuvant therapy?

Patient-individualized treatment strategy should be based on the performance status, hepatic
reserve, tumor burden and tumor vascularity pattern. Generally speaking, for single HCC <3
cm, RFA may be appropriate. For larger or multifocal HCC, TACE would be indicated. In cases
of thrombosis of the main or large branches of the portal vein, TARE appears to be better
tolerated because of its less embolic nature. Moreover, these therapies might be implemented
alone or via a combined approach. In addition, the benefit of the thoughtful concept of
combining locoregional therapy with systemic therapies such as sorafenib has to be proven.
In addition, the combination of locoreginal therapy strategy, such as TACE+RFA and TACE
tsorafenib, has been used in some transplantation communities and the outcome is promising.
However, due to the lack of prospective data, the most appropriate treatment protocol has not
yet been defined.

In summary, more light has been shed on the role of neoadjuvant therapy for HCC in recent
decades, although the benefits of the therapy remain marginal so far. One of the possible
reasons is tumor heterogeneity. Who will benefit from neoadjuvant therapy? The outcome
after neoadjuvant therapy will be better if we can predict who will respond to the neoadjuvant
therapy before the treatment.

4. Role of circulating tumor cells in recurrence

The term circulating tumor cells (CTC) defines specifically the tumor cells spontaneously
disseminating from primary or metastatic sites and invading into peripheral blood or lym-
phatic vessels. They are also called disseminated tumor cells (DTCs). CTC may remain silent,
in a dormant state, for variable periods of time, or grow into clinically detectable metastases.
The presence of CTC reflects the aggressiveness characteristic feature of a solid tumor. The
major difficulty in the CTC studies is that an extremely small number of CTCs exists in the
bloodstream [54] and common serological, imaging and pathological approaches are not
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sensitive enough to effectively capture CTC. Approximately less than 10 CTCs may be found
among one billion blood cells in early stage cancers; therefore highly sensitive methods are
required to detect and isolate these cells from the bloodstream. Although CTC detection has
been applied and well documented in different types of cancer, especially in breast cancer [55],
CTC detection is not routinely performed in HCC and remains in the experimental field. The
clinical results suggest CTC detection and identification can be used to evaluate prognosis and
may serve as an early marker to assess antitumor activity of treatment [56]. In addition, CTC
detection might bring new interesting information of metastatic process and might be used as
diagnostic tool of early recurrence after HCC resection or transplant, and may allow a better
patient selection.

A major factor in tumor recurrence after a potentially curative treatment for HCC is CTC.
Although tumor recurrence in the liver after tumor resection or transplantation may be
explained by either intrahepatic tumor cell spreading or de novo tumor development,
intrahepatic tumor recurrence after liver transplantation can be explained only by the homing
of systemically disseminated and circulating tumor cells. CTC have the potential to migrate
and engraft in multiple organs, including the newly implanted liver, where significant
recurrences are observed. The tumor response to preoperative treatment might be predictable
prior to surgery by a drop in CTC count and this allows improved choice of the best timing of
surgery. After surgery, CTCs can be examined in terms of pharmacodynamic biomarkers to
choose the most sensitive chemotherapy agents and assist in deciding the duration of adjuvant

therapy.

There are so many questions to answer in future. Is CTC a transient or recurrent phenomenon?
Does locoreginal therapy in HCC affect the number of CTC? Can the number of CTC be used
as criteria of liver transplantion? Which pharmacological and/or surgical protocols might be
successful in eliminating or restricting tumor-cell circulation and spread? Thus, the detailed
analysis and characterization of CTC in HCC patients may give us new insights into their

biology and may lead to new therapeutic strategies for their elimination.
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1. Introduction

Cancer is uncontrolled proliferation of cells, which results from the loss of proper balance
between cell death and cell growth. The transformed phenotypes of cancer cells are caused by
the accumulation of mutations in a variety of genes, products of which normally play a role
in the biochemical pathways that regulate cell death and cell proliferation. Cancer is a broad
term used to define a group of more than 250 different diseases (Roncalli et al. 2010). It is a
slow multi-stage, multi-step process (Camma et al. 2008; Calvisi et al. 2009; Sherman 2011). In
the first instance, these cells, derived initially from a normal cell, form a primary tumor which
comprises a growth-transformed population of cells. The cells acquire a set of mutations to a
set of genes which allow them to divide repeatedly in a way that normal cells cannot
(Besaratinia et al. 2009; Calvisi et al. 2009). Histologically, cancer is characterized by several
morphological alterations, including changes in tissue architecture, cytological abnormalities
of both the nucleus and cytoplasm and the presence of abnormal mitoses. A stepwise several
biochemical, genetic and biological alterations eventually result in a cancer.

Primary liver cancer or hepatocellular carcinoma (HCC) is a very common malignant hepa-
tobiliary disease and it represents the fifth most frequent neoplastic disease which causes
approximately 1 million deaths per year (Yang and Roberts, 2010, Cha et al. 2010). HCC is the
third leading cause of cancer related death worldwide (Raphael 2012). Viruses and chemicals
have been identified as the most important etiological factor associated with the development
of human liver cancer (Carr et al. 2010). The most common cause of HCC is hepatitis B and C
(Woo et al. 2008; Masuzaki et al. 2008, Gouas et al. 2010; Iavarone and Colombo 2011) and a
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number of risk factors that have been identified (Shariff et al. 2009; Sherman 2010; Gomaa et
al. 2008 and 2009). Most of HCC cases develop from a cirrhotic liver (Bartolomeo et al. 2011;
Chagas et al. 2009; Orlando et al.2009; Camma et al. 2008) with an annual incidence of 2-6%
for hepatitis B virus carriers (Kew 2010; Lim et al. 2009; Hadziyannis 2011) and 3-5% for
hepatitis C virus-infected patients (Masuzaki et al. 2008; Rosen 2011). Males are more suscep-
tible to HCC.

Despite the advances in cancer treatments there is no effective chemotherapeutic protocol to
treat HCC (Andreana et al. 2009; Arii et al. 2010). Advanced HCC has a poor prognosis ( Simile
et al. 2011; Sonja et al. 2010). Historically, no effective systemic chemotherapy treatment
options have been available for patients with advanced HCC (Bruix and Sherman 2011). Thus,
proper understanding of the molecular basis of pathogenesis of HCC can lead us to plan for
proper therapeutic strategies to combat the notorious disease.

Accumulating epidemiological evidence suggests that a pronounced predisposition to
develop cancer as a consequence of a mutation in a single gene is rare (approximately 1-5%)
(Frau et al. 2010). One possible explanation for this finding is that carcinogenesis is a multi-
stage process involving a number of different genes and environmental factors (Chung et al.
2008; Forner et al. 2010; Frau et al. 2010). In connection with many distinct subtypes of cancer,
some functional alterations are required for malignant transformation. They are, namely,
sufficiency with respect to growth signals, insensitivity to growth-inhibitory signals, evasion
of programmed cell death (apoptosis), the potential for unlimited replication, sustained
angiogenesis, tissue invasion and metastasis (Bergers and Hanahan 2008; Bartolomeo et al.
2011; Cao et al. 2010; Frau et al. 2010; Gouas et al. 2010). The exact number of distinct stages
involved may vary from tumor to tumor, since some of these acquired characteristics probably
interact with other processes (Roncalli 2010). Indeed, the heterogeneity of tumors, both with
regards to morphology and pattern of gene expression, may even indicate the participation of
many more sequential steps.

A highly regulatory network controls cellular proliferation in multicellular organisms.
Normally cells in many tissues and organs remain in a non-proliferative state. In response to
external stimuli such as growth factors, hormones or antigens, cells are stimulated to begin
DNA synthesis and cellular proliferation according to the need of the living system. As soon
as the need is fulfilled, the cell division stops. However, cancerous cells are characterized by
the unrestrained cellular proliferation due to the alteration of normal cellular signalling
process and they acquire complete or partial independence of mitogenic signals through
production of growth factors (Garrett et al. 2008; Hironaka et al. 2009) and /or alteration in
number or structure of cellular receptors (Lachenmayer et al. 2010) and/ or modulation in the
activity of post receptor signalling pathway (Cavard et al. 2008; Chen et al. 2009). The com-
munication of extracellular signals to the cells, then to the nucleus to modulate gene expression
is governed by phosphorylation regulated signal transduction cascades which act to amplify
the events generated at the cellular membrane by ligand-receptor interaction or cell stress.
Therefore, identification of the extracellular factors that modulate cell proliferation and
elucidation of the cellular molecular mechanism during the development of cancer can answer
many fundamental questions in cancer cell biology. It is important to understand in details the
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receptors and the signal transduction pathways involved in the pathogenesis of cancer to
provide potential target for therapeutic intervention. Many studies have focused to identify
molecular pathways to elicit cancer cell proliferation, including HCC. Here many of them have
been highlighted to identify fundamental targets of hepatocellular oncogenesis. Thus, the
present chapter has been projected to the molecular targets and approaches to intervene the
targets for the management of HCC in humans in coming years.

2. Therapeutic targets for HCC

Three generally considered fundamental but interrelated targets of controlling oncogenesis
are regulation of deregulated energy metabolism and ion homeostasis; signal transduction,
oncogenes and growth factors; and immunomodulation. One of the most characteristic
phenotypes of rapidly growing cancer cells is their propensity to catabolise glucose at high
rates. Rapidly growing activity to cancer cells has a reduced number of mitochondria and
increased glycolytic activity with a shift from respiratory to fermentative ATP supply to cover
most of their energy requirement. The stimulation of the K*, H* and Na* fluxes is a general
early response in most of the quiescent cells stimulated to proliferate by multiple combinations
of growth promoting factors. Growth factors, cytokines exert their action on cell proliferation
by modulation of cell signalling process. There is a strong relationship between the immune
system and cell proliferation. Immune suppressive agents have a powerful effect on hepatocyte
growth regulation in HCC.

Reviewing current literature, a selection of therapeutic targets of HCC has been described
below.

Like most other cancers, growth factors, their receptors, and downstream signalling proteins
play a pivotal role in the development and maintenance of HCC and are of significant
interest for future therapeutic approaches. In foetal liver, a large number of growth factors
such as epidermal growth factor (EGF), fibroblast growth factor (FGF), hepatocyte growth
factor (HGF), insulin-like growth factors (IGFs), platelet-derived growth factor (PDGEF),
transforming growth factors-a and -3 (TGF-a, TGF-B), and vascular endothelial growth
factor (VEGF) (Hopfner et al. 2008; Hoshida et al. 2008 and 2009) are produced. Their
secretion either declines or shuts down in adult liver. However, during hepatic regenera-
tion due to the cause of hepatic injury or damage many such growth factors (B6hm et al.
2010), namely, EGF, TGF-a, IGFs, and VEGF are upregulated in normal hepatocytes. The
transient upregulation of those factors is dysregulated in the chronic injured liver leading
to sustained mitogenic/ oncogenic signalling, during the development of HCC. FGF and
PDGF released from non-hepatocyte sources such as activated hepatic stellate cells,
myofibroblasts, endothelial cells, Kupffer cells, and bile duct epithelia have been shown to
play important roles in promoting hepatic fibrosis and HCC growth (Friedman 2008). The
ubiquitin-proteasome pathway has emerged as a key player in the regulation of several
diverse cellular processes. Inhibition of poly-ubiquitination using proteasome inhibitors has
shown some light in HCC treatment. Besides, immunomodulation has been found to be
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effective in stabilizing HCC growth in patients. Number of immunomodulators has been
investigated and few of them have been found to be effective. They have been discussed
below under immunomodulation agents. Signal transduction, and growth factors; inhibi-
tors of proteasome pathway, immunomodulation and antisense oligomer-mediated
inhibition of targeted oncogenes have been projected as future targets and approaches of
HCC (Table 1).

Molecular targets in HCC Inhibitors / Modulators / Antisense oligonucleotides
Growth factors, e.g., EGFR, EGF, TGF-a, TGF-B, VEGF Cetuximab, Gefitinib, Erlotinib, Vandetanib.
mTOR Rapamycin, Temsirolimus, Salirasib, RAD0O1
Multikinase Sorafenib, Everolimus, AP23573, RADOO1.
Proteasome Bortezomeb

) Thymostimulin, Retinoids, Everolimus, Azathioprine, 6-
Immunomodulators used in HCC .
mercaptopurine.

Antisense oligonucleotides used in HCC ISIS5132. 15152513

Table 1. Growth factors, proteasome-inhibitors, immunomodulators and antisense oligomers in HCC

3. Approaches

A selection of agents currently in the development and/or testing stages for the clinical
application in targeted HCC treatment is summarized in the following section.

3.1. Therapies against EGFR

There are two classes of anti-EGFR agents found to have antitumor activity against HCC. One
of them belongs to monoclonal antibodies (as an example cetuximab) which competitively
inhibit extracellular endogenous ligand binding. The other class belongs to chemicals such as
gefitinib, erlotinib which inhibit the intracellular tyrosine kinase domain. EGF, TGF-a, heparin
binding-EGF and EGFR have been shown to involve in the pathogenesis of HCC. Thus, EGFR
signalling pathways have become a potential investigating area of research to identify the
target (s) to inhibit proliferation of HCC and metastasis. Gefitinib, erlotinib, cetuximab were
tested in patients with advanced HCC (Thomas et al. 2007; Philip et al. 2005; Asnacios et al.
2008; Wu et al. 2011, Levéque 2011) and were reported to possess signals of activity in
controlling the progress of HCC in a variable extent.

3.2. Targeting approaches towards VEGF and VEGFR

HCCsrely on the formation of new blood vessels for growth, and VEGF is critical in this process
(Zhu et al. 2011). HCCs are with high vascular architecture and VEGEF is a key factor in tumor
angiogenesis (Bergers and Hanahan, 2008; Garrett et al. 2008; Hironaka et al. 2009). Therefore,
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the inhibition of angiogenesis is a potential and promising therapeutic approach in HCC. Anti-
VEGEF therapy with sorafenib was the first systemic therapy against VEGF to demonstrate
improved survival in patients with advanced-stage HCC (Cheng et al. 2009; Zhu et al. 2011,
Miller et al. 2009; Zhu 2008, Llovet et al. 2008a). Sorafenib was also tested in advanced stage
liver cirrhosis patients with unresectable HCC (Pinter et al. 2009). Bevacizumab alone or in
combination with other agents showed promise in patients with advanced HCC (Siegel et al.
2008; Thomas et al. 2009; Thomas et al. 2008; Kaseb et al. 2012). However, the common
bevacizumab-related side effects were hypertension, bleeding, and proteinuria (Thomas et al.
2009; Siegel et al. 2008a; Kopetz et al. 2009). Besides, inhibition of the tyrosine kinase activity
of VEGEFR has been tried as an effective measure to inhibit angeogenesis in HCC (Bhide et al.
2010). PTK787/ ZK222584 (vatalanib) is an oral angiogenesis inhibitor that targets tyrosine
kinase activity of VEGFR (Gauler et al. 2012). Pan-VEGER tyrosine kinase activity inhibitor
with activity against PDGFRs also carries a new hope.

3.3. Multi-kinase inhibitor

Like all other cancers diverse signaling pathways in HCC are very complex. One of the key
pathways regulating cellular proliferation is the mitogen activated protein Kinase (MAPK)
pathway. Other pathways involved in the development of HCC include the PI3K/Akt/mTOR,
hepatocyte growth factor (HGF)/c-MET, insulin-like growth factor (IGF) and its receptor
(IGFR) pathways, and the Wnt-3 catenin pathway (Cavard et al. 2008;Chen et al. 2009; Desbois-
Mouthon et al. 2009; Takigawa and Nouso 2008; Zhang et al. 2008). The Raf family of kinases
are central to this pathway where the transduction of extracellular growth signals from the cell
surface to the nucleus occurs via the ras-raf-MEK-ERK signaling cascade. The several experi-
ments have shown that Raf, MEK, MAP Kinase are downstream effector molecules of Ras and
their sequential order in the pathway. The Raf serine/threonine kinases are the principal
effectors of Ras in this mitogen activated protein Kinase (MAPK) signaling pathway. As serine/
threonine kinases, Raf proteins phosphorylate and activate serine and threonine residues on
subsequent downstream effector proteins of Ras. Therefore, molecularly targeted agents that
interact with multiple signaling pathways/effectors appear to be very promising in the
treatment of patients with HCC (Cervello et al. 2012; Cheng et al. 2009). The novel bi-aryl urea
sorafenib, an orally available multi-kinase inhibitor, targets kinases of wild-type B-Raf, mutant
V559EB-Raf and cRaf, thereby blocking tumor growth (Spangenberg et al. 2008). There are
three ras protooncogenes that encode 21 Kd proteins — H-Ras (Harvey murine sarcoma virus),
N-Ras (neuroblastoma cell line) and two alternatively spliced K-Ras, K-Ras 4A, and K-Ras 4B;
These isoforms are capable of differentially activating various critical effectors, thereby
exerting distinct biologic effects. Sorafenib, an inhibitor of receptor tyrosine kinases was found
to stabilize the advanced unresectable HCC patients by regulating angiogenesis, and was
approved by regulatory agencies in 2007. It has a role on human VEGF receptors-2 and -3
(VEGFR-2/-3) and PDGEF-BR. However, sorafenib has been also suggested to provide antitu-
mor action in HCC by inhibition of the Raf/MEK/ERK pathway (Llovet and Bruix, 2008 and
2009). Multikinase inhibitor sunitinib is a small molecule that inhibits members of the split-
kinase domain family of receptor tyrosine kinase including VEGFR types 1 and 2 (Llovet et al.
2008a). Antiangiogenic effects of sunitinib have been suggested through VEGFR and PDGFR.
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However, a randomized phase 3 study in HCC failed to show a significant survival benefit as
compared to sorafenib and study stopped in 2011.

3.4. mTOR inhibitors

mTOR inhibitors are potential anti-HCC agents for future (Zhou et al. 2009). Promising mTOR
inhibitors are rapamycin and its analogues such as sirolimus, temsirolimus (CCI-779),
everolimus (RAD001) and AP23573 (Nocera et al 2008; Rizell et al. 2008). Rapamycin and its
analogues such as temsirolimus ( the cell cycle inhibitor) and everolimus and AP23573 (an
orally bioavailable derivative of rapamycin) modulate angiogennesis to improve survival of
patients in advanced HCC (Heuer 2009, Huynh et al. 2008 ). RAD001, an orally-administered,
novel mTOR inhibitor was evaluated in a phase I study (Huynh et al. 2008 and 2008a; Chen et
al 2009). Treatment of patients with the combination of rapamycin/ rapamycin-analogue(s)
with conventional anticancer drug(s) such as doxorubicin, vinblastine has been found to
improve survival in advanced HCC patients (Spangenberg et al. 2008).

3.5. Proteasome inhibition

HCC is highly ubiquitinated. The ubiquitination is important to the development and
progression of HCC. Proteasome inhibitor such as bortezomib blocks multi-ubiquitinated
protein degradation by reversible and competitive inhibition of the active site threonine
residue of the 26S proteasome (Cao and Mao, 2011; Boozari et al. 2009). Antineoplastic activity
of bortezomib approved for the treatment of mantle cell lymphoma has already been shown
to stabilize advanced HCC in patients (Hopfner et al 2008).

3.6. Imnmunomodulatory agents

An immunomodulator is a substance which has an effect on the immune system. An immu-
nomodulator may be at the same time an immunosuppressant or an immunostimulant and
can act on different targets within the immune system. Cell signalling process regulates
immune system consisting of immunomodulatory endogenic chemicals and cells. Immuno-
modulators interfere with the signalling process by shifting the homeostasis of the immune
system to reduce or eliminate disease symptoms. Thus these compounds are the obvious choice
for therapeutic intervention of HCC. Thymostimulin (a standardized low molecular protein
fraction containing thymosin alpha 1 and thymic humoral factor) has been shown to produce
cytotoxic immune reaction against HCC. Phase II trials using thymostimulin in patients with
advanced and metastasised HCC have shown to control metastatic HCC without predominant
side-effects (Dollinger et al. 2010). However, thymostimulin administration in some patients
was found to accumulate ascites and cause renal failure (Dollinger et al. 2010).

3.7. Antisense therapy

Antisense oligonucleotides offer one approach to target genes involved in cancer progression.
They are typically less than 50 nucleotides long and are specifically designed to hybridize to
corresponding gene/ mRNA by Watson-Crick binding. They inhibit mRNA function in several
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ways, including modulation of splicing and inhibition of protein translation by disruption of
ribosome assembly. Single stranded synthetic nucleic acid (oligonucleotide) when hybridize
with DNA or RNA alters transcription or prevents translation thus, preventing or modifying
protein production. Because of the volume of information nowadays available on gene
sequencing, there has been burst of exploration of capacity for oligomers to inhibit gene/
protein expression. Thus, antisense therapies focus on controlling the production of the
proteins on a genetic level. A strand of mRNA is transcribed from DNA, and is a copy of the
“coding” or “sense” strand of the gene. The main form of therapy uses the complementary or
antisense strand to hybridize the sense strand or mRNA and thus it prevents production of
the protein by blocking or altering transcription or translation (Figure 1). With the backbone
chemical modifications (in phosphate linkage), antisense oligonucleotides increase resistance
tonuclease digestion, prolong their biological half-lives and significantly suppress target-gene
expression. Antisense oligonucleotides have been studied for several years as treatments for
many diseases and genetic disorders. The therapy is based on the principles of genetic
expression. The most widely used modified oligomers in antisense therapies is phosphoro-
thioate oligonucleotides, which have much greater resistance to digestion by nucleases.
Phosphorothioate oligonucleotides are rapidly and extensively absorbed and distributed from
blood.

Figure 1. Antisense oligomer-mRNA duplex inhibiting to synthesize peptide chain

The first antisense treatment to get FDA approval to date has been Formivirsen (Vitravene),
which is a treatment for cytomegalovirus (CMYV) retinitis in people with acquired immuno-
deficiency disease (AIDS) (Rahman et al. 2008). Several antisense oligonucleotides were shown
to target various oncogenes, to overcome tumour escape and to improve therapeutic activity.
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Several studies have shown the anticancer potential of antisense oligonucleotides (Das et al.
2010; Rayburn and Zhang, 2008) and many of them are in clinical trial. They have less cytotoxic
side-effects than conventional chemotherapy agents. Systemic treatment with fomivirsen is a
milestone in the field of antisense treatment with antisense oligonucleotides. This has led the
way for development of antisense oligonucleotides for various new potential targets for the
treatment of cancer, including HCC.

4. Conclusion

Several experimental evidences have established that targeted inhibition of genes/ proteins
involved in controlling HCC growth combined with cytostatic anticancer treatments is a
promising approach for HCC therapy. Blocking of single gene/ protein has been found to control
neoplastic cellular proliferation in vitro effectively. However, considering the multitude of
molecular entities and signalling pathways that regulate the proliferation and the life/death
decision in cancer cells, inhibition of a single target gene may not be sufficient to suppress tumor
growth. The preclinical/ clinical trials of several potential compounds targeting liver cancer-
relevant genes/ proteins may address more specific and adequate future therapies for HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause
of cancer death worldwide [1]. HCC is strongly associated with chronic hepatitis B virus (HBV)
or hepatitis C virus (HCV) infection, which are implicated in about 80% of HCCs in certain
geographic area [2]. Risk of HCC is increased 5- to 15-fold in chronic HBV carriers [1] and 11.5-
to 17-fold in HCV-infected patients [3]. In addition, epidemiological studies have shown that
chronic inflammation of the liver predisposes individuals to HCC. Most HCCs are associated
with severe fibrosis or cirrhosis caused by unresolved inflammation. Both HBV and HCV show
a wide spectrum of clinical manifestations, ranging from a healthy carrier state to chronic
hepatitis, cirrhosis and HCC. Notably, HCC occurs less often in chronic viral hepatitis with-
out cirrhosis. As liver fibrosis progresses from chronic hepatitis to cirrhosis, HCC occurrence
increases [4]. Thus, unresolved inflammation with long-term viral infection leads to HCC
associated with cirrhosis. Approaches to understanding how human HCC develops in chronic
inflammatory liver diseases should therefor focus on molecular mechanisms shared between
liver fibrosis and carcinogenesis (fibro-carcinogenesis).

Transforming growth factor (TGF)-{ is a key regulator of many important biologic processes.
TGF-B can inhibit epithelial cell growth, physiologically acting as a tumor suppressor, but it
also can promote neoplasia. TGF-{3 has been shown to play both tumor-suppressive and tumor
promoting roles [5-7]. As disease progresses toward malignancy, cancer cells gain advantage
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by selective reduction of the tumor-suppressive activity of TGF- together with augmentation
of TGF-f3 oncogenic activity [6]. In concert with mitogens, TGF-3 induces accumulation of
extracellular matrix (ECM), while mitogenic signaling antagonizes cytostatic TGF-{3 function
[8,9]. These results indicate that perturbation of TGF-{3 signaling by mitogens can promote
hepatic fibro-carcinogenesis.

The TGF-f superfamily includes many multifunctional cytokines including TGF-@, activin,
and others [6,10]. Progress over the past 10 years has disclosed important details of how the
TGF-p family elicits its responses [11-14]. Smads, central mediators conveying signals from
receptors for TGF-3 superfamily members to the nucleus, are modular proteins with conserved
Mad-homology (MH)1, intermediate linker, and MH2 domains [13]. In cell-signaling path-
ways, various transcription factors are phosphorylated at multiple sites by upstream kinases.
Catalytically active TGF-3 type I receptor (TBRI) phosphorylates COOH-tail serine residues
of receptor-activated Smads (R-Smads), which include Smad2 and the highly similar protein
Smad3 [12]. Mitogenic signals alternatively cause phosphorylation of R-Smad at specific sites
in their middle linker regions [15-20]. After a phosphorylated R-Smad rapidly oligomerizes
with Smad4, this complex translocates to the nucleus, where it regulates transcription of target
genes.

Monitoring phosphorylation status of signaling molecules is a key step in dissecting their
pathways. In Smad signaling, phosphorylation of not only the COOH-tail but also the linker
regions of R-Smads are likely to be important in regulating Smad activity under physiologic
and pathologic conditions [21]. Understanding of molecular mechanisms underlying hepatitis
virus-induced fibro-carcinogenesis can help to guide early management and improve therapy
for patients with chronic liver diseases. This review describes current knowledge of the
molecular pathogenesis of human fibro-carcinogenesis, especially concerning Smad3 phos-
phorylation profiles. We further consider how enhanced understanding of phospho-Smad3
signaling could lead to more effective prevention of human fibro-carcinogenesis.

2. Smad3 phosphoisoforms

The canonical TGF-B pathway involves Smad2 and Smad3 signaling through direct serine
phosphorylation of COOH termini by TBRI upon TGEF-3 binding (Figure 1A), [10,13]. TBRI-
mediated phosphorylation of Smad2 and Smad3 induces their association with the shared
partner Smad4, followed by translocation into the nucleus where these complexes activate
transcription of specific genes [10-14]. Smad2 and Smad3 proteins contain a conserved Mad-
homology (MH)1 domain that binds DNA, and a conserved MH2 domain that binds to
receptors, Smad4, and transcription co-activators.

More divergent linker regions separate the two domains [13]. The linker domain undergoes
regulatory phosphorylation by Ras/mitogen-activated protein kinase (MAPK) pathways
including extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), p38
MAPK, and cyclin-dependent kinase (CDK)-2/4, as well as glycogen synthase kinase 3-, Ca
(2+)-calmodulin-dependent protein kinase II, and G protein-coupled receptor kinase-2 (Figure
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Figure 1. Reversible phospho-Smad3 signaling between tumor-suppression and fibro-carcinogenesis A) TGF-8
treatment activates TR, further leading to direct phosphorylation of Smad3C, which inhibits normally hepatocytic
growth by up-regulating p21VA"! transcription. B) Mitogens drastically alter phospho-Smad3 signaling via the JNK
pathway, increasing basal nuclear fibro-carcinogenic pSmad3L activity while shutting down TGF-B-dependent cyto-
static pSmad3C. Although TGF-B signal weakly phosphorylates Smad3L in normal hepatocytes (dotted line), hepatitis
viral components including HBx, pro-inflammatory cytokines including TNF-a, and somatic mutations such as Ras addi-
tively transmit fibro-carcinogenic signal through the JNK-dependent pSmad3L pathway to participate in hepatocytic
growth and ECM deposition, possibly by stimulating transcription of c-Myc and PAI-1 genes. Linker phosphorylation of
Smad3 indirectly prevents COOH-tail phosphorylation, pSmad3C-mediated p21WA™ transcriptions and cytostatic func-
tion. C) Either various JNK inhibitors or a Smad3 mutation causing lack of JNK phosphorylation sites in the linker re-
gion can eliminate fibro-carcinogenic pSmad3L signaling, restoring or maintaining the tumor-suppressive pSmad3C
signaling characteristic of mature hepatocytes.

1B), [15-26]. TGF-{3 alternatively elicits signaling responses through non-Smad pathways
representing important effectors for TGF-p activated kinase (TAK) 1 in response to pro-
inflammatory cytokines. TAK1 activates JNK and p38 MAPK signaling through mitogen-
activated kinase kinase (MKK) 4/7 and MKK3/6 [27,28]. JNK and p38 MAPK have been linked
to modification of TGF-{ signaling by pro-inflammatory cytokines through their regulation of
distinct processes such as cytoskeleton organization, cell growth, survival, migration and
invasion [29]. Imbalances between signaling through non-Smad and Smad pathways may
occur during fibro-carcinogenesis, with interaction between these pathways mediating pro-
fibrogenic and pro-tumorigenic effects of TGF-{3 [30]

Findings in mice with targeted deletion of Smad3 and JNKI indicate that both Smad3 and
JNK1 pathways promote hepatic fibro-carcinogesis. When acute liver injury was induced by
administration of CCl,, Smad3” mice showed approximately half as much of the induction of
collagen type ImRNA as seen in wild-type mice [31]. JNKI" mice resisted not only liver fibrosis
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but also HCC development. Remarkable collagen deposition in wild-type and JNK27 was less
evident in JNK17 mice, suggesting importance of JNK1 in development of liver fibrosis [32].
JNKI7 mice exhibited impaired liver carcinogenesis with reduced tumor mass, size, and
number [33]. Importantly, [NK17 mice displayed decreased HCC proliferation in a carcino-
genic model and decreased hepatocytic growth in a model of liver regeneration. In both cases,
the impaired proliferation was caused by increased expression of p21WAf, a cell-cycle inhibitor,
and reduced expression of c-Myc, a negative regulator of p21WAF,

Mitogens simultaneously activate linker-phosphorylated R-Smad and non-Smad signaling,
with both usually operating in parallel. Biologic significance of linker-phosphorylated R-
Smad pathways is therefore difficult to assess in isolation. Here we will review recent work
in this area with a particular focus on how mitogens modulate TGF-3 signaling through
Smad3 linker phosphorylation, using hepatic fibro-carcinogenesis as an example. Antibod-
ies (Abs) reactive with structurally related phosphorylated peptides are emerging as valuable
tools for determining phosphorylation sites in vivo and for investigating distinct signals via
phosphorylated domains. Domain-specific phospho-Smad3 Abs have allowed us to reveal
that TPRI and JNK differentially phosphorylate Smad3 to create 2 phosphorylated forms
(phosphoisoforms): COOH-terminally phosphorylated Smad3 (pSmad3C) and linker
phosphorylated Smad3 (pSmad3L) [34-37]. Linker phosphorylation can modify COOH-
terminally phosphorylated R-Smad signaling [15-17,19-24]. Differential localization of kinases
and phosphatases in the cytoplasm or nucleus raises the intriguing possibility of differen-
ces in temporal dynamics between cytoplasmic and nuclear R-Smad phosphoisoforms,
adding to the repertoire of signaling responses that determine cell-fate decisions [8,9].
Immunohistochemical and immunofluorescence analyses using specific Abs in human tissues
can examine the clinical significance of context-dependent and cell type-specific signaling
mediated by R-Smad phosphoisoforms by comparison of their tissue and cellular localiza-
tion in pathologic specimens.

3. Tumor-suppressive (cytostatic) TGF-p signaling: the pSmad3C pathway

TGF-p inhibits proliferation of normal hepatocytes, a crucial function in hepatic homeostasis
[38]. In the context of cell cycle control, the most important targets of action by TGF-f are the
genes encoding two CDK inhibitors (p21"4" and p15™*F) and c-Myc [39]. The pSmad3C signal
induces expression of these CDK inhibitors and represses expression of c-Myc, shutting down
cell cycle progression in the early to mid G, phase of the cell cycle (Figure 1A). Development
of HCC is ordinarily blocked through actions of the pSmad3C pathway, which causes normal
hepatocytes to cease growth and enter apoptosis after hepatocytic proliferation.

4. Carcinogenic (mitogenic) JNK signaling: the pSmad3L pathway

Mitogens strongly activate the JNK pathway, as TGF-3 does more weakly (Figure 1B) [40]. Ras/
MAPK signaling has been shown to induce phosphorylation of Smad2 and Smad3 at their
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linker regions [15]. Smad2 phosphorylation at the linker region inhibits nuclear accumulation
of Smad2 without interfering with TGF-B-induced phosphorylation of its COOH-tail
[19,41-50]. In contrast, linker phosphorylation does not retain Smad3 in the cytoplasm,
permitting further consequences of Ras/JNK signaling. Mechanisms underlying this difference
between the two R-Smads are not known, but phosphorylation sites of Smad3 at clusters of 3
serine residues in its linker region (Ser®™, Ser?®, and Ser*?®) somewhat differ in sequence
location from the corresponding linker phosphorylation sites of Smad2 (Ser*, Ser®, and
Ser?),

Several lines of evidence indicate that JNK transmits carcinogenic (mitogenic) signal via the
pSmad3L pathway. First, INK can directly phosphorylate Smad3 linker sites in vitro, while
JNK inhibitors block Smad3 linker phosphorylation in vivo [16,19]. Second, mitogens translo-
cate pSmad3L into the nucleus [16,19,20]. Third, nuclear pSmad3L forms a hetero-complex
with Smad4 [16,23]. Fourth, nuclear pSmad3L binds to the Smad-binding element in the
promoter with high affinity and specificity [23,51-53]. Finally, mitogens induce growth of
normal epithelial cells by up-regulating c-Myc, and such mitogenic effects are blocked in
Smad3 mutants lacking linker phosphorylation sites and by JNK inhibitors [19,54]. These
results strongly support the notion that JNK specifically signals via Smad3 [55].

5. Reversible shifts in phospho-Smad3 signaling between tumor-
suppression and carcinogenesis

JNK/pSmad3L and TfRI/pSmad3C signals oppose each other; most importantly, the balance
between carcinogenesis and tumor-suppression can shift (Figure 1C). Linker phosphorylation
of Smad3 blocks COOH-tail phosphorylation induced by TBRI [16,19,24,54,56]. Mitogenic
signaling accelerates nuclear transport of pSmad3L from the cytoplasm, while preventing
Smad3C phosphorylation, pSmad3C-mediated transcription, and anti-proliferative effects of
TGF-p [16,19]. Smad3 mutants lacking linker phosphorylation sites, as well as JNK inhibitors,
can restore growth inhibitory and transcriptional responses to TGF-{ in Ras-transformed cells
and pre-neoplastic hepatocytes, both in vitro and in vivo [19,54,56]. Our model implies that the
JNK pathway directly or indirectly modulates pSmad3C- and pSmad3L-mediated signaling
to regulate target genes, resulting in an antagonistic relationship between carcinogenesis and
tumor-suppression. Thus, effectiveness of tumor-suppressive TGF-f3 signaling can depend on
extent of Smad3 phosphorylation at the linker region.

6. Homeostatic termination of mitogenic JNK/pSmad3L/c-Myc signaling
after liver regeneration by hepatocytic TBRI/pSmad3C/p21VA* signaling

Carcinogenesis is currently thought to occur as a sequence of steps termed initiation, promo-
tion, and progression. Each step is characterized by disruption of normal cellular control
mechanisms. Thus, development of HCC involves sequential alterations of physiological
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mechanisms regulating hepatocytic growth. Before consideration of molecular mechanisms of
hepatocarcinogenesis, examination of the physiologic role of phospho-Smad3 signaling in liver
regeneration isinstructive. A unique feature of adult mammalian liver is its ability to accurately
regenerate lost mass, which occurs following surgical resection or diffuse liver injury [57].
Although precise identities of cytokines and molecular mechanisms involved in liver regen-
eration are largely unknown, TGF-p and tumor necrosis factor (TNF)-a apparently act as
positive and negative regulators of hepatocytic growth, respectively (Figure 1 A and 1B).

Hepatocytes undergo transition from a resting to a proliferative state after acute liver injury
or partial hepatectomy [57]. Loss of parenchyma rapidly induces a wave of hepatocytic
proliferation capable of restoring the total mass of the liver to normal. Several converging lines
of evidence have established that pro-inflammatory cytokines such as TNF-a and interleukin
(IL)-6 are important components of the mitogenic pathways leading to regeneration after acute
liver injury [58]. Treatment of hepatocytes with antibodies against TNF-a resulted in decreased
DNA synthesis and JNK activity [38]. DNA synthesis during liver regeneration was severely
impaired in mice with a TNF-a type I receptor deficiency [59]. After acute liver injury, TGF-
[ increases in damaged livers within a time frame similar to that of increases in pro-inflam-
matory cytokines [60-62]. This raises the problem of how hepatocytes manage to proliferate in
response to a mitogenic pro-inflammatory cytokine signal despite elevated TGF- concentra-
tion. During liver regeneration, hepatocytes acquire temporary resistance to cytostatic effect
of TGF-B, allowing them to proliferate [61-63]. The phosphorylation pattern of Smad3 in
regenerative hepatocytes after acute liver injury suggested important participation of phos-
pho-Smad3 in hepatocytic growth regulation. In actively growing hepatocytes, intracellular
phosphorylation at Smad3L was found to be high [54,56,64]. Translocated to the nucleus,
inflammatory cytokine-induced pSmad3L stimulated c-Myc transcription [54,64,65], which
increased proliferation of hepatocytes and opposed the cytostatic action of the pSmad3C/
p21WAT pathway (Figure 1B). Accordingly, pSmad3C/p21WA™ was undetectable in regenera-
tive hepatocytic nuclei; escape from TGF-p-induced cytostasis was crucial in a subset of
progenitor cells devoted to ensuring epithelial renewal. Thus, pSmad3L signaling can permit
liver regeneration in response to mitogenic pro-inflammatory cytokines even though TGF-3
concentration is elevated after acute liver injury.

Liver regeneration is tightly controlled by a delicate balance between hepatocytic growth and
inhibition. Anti-mitotic effects of TGF-3 contribute to the termination of hepatocyte prolifer-
ation observed following the wave of DNA synthesis in the regenerating liver. Post regener-
ation, return of TGF-f sensitivity thus limits hepatocyte proliferation and terminates liver
regeneration [61,63]. After TNF-a and pSmad3L decreased, hepatocytic proliferation ceased,
as decreases in pSmad3L allowed increased sensitivity to phosphorylation at Smad3C by TRI
(Figure 1C). TGF-p-dependent pSmad3C appears to limit the proliferative response of
regenerating hepatocytes through inhibition of the G1 to S phase transition in the cell-cycle.
Such signaling represents a highly effective defense mechanism against development of HCC,
since nonproliferating hepatocytes containing pSmad3C that might have sustained any
mutations are destined to die [66].



Early Chronic Inflammation and Subsequent Somatic Mutations Shift Phospho-Smad3 Signaling from...
http://dx.doi.org/10.5772/56739

7. Liver fibrosis as the largest single risk factor for HCC occurrence

Liver fibrosis usually precedes the multistage process of HCC development. Liver fibrosis is
strongly associated with HCC, with 80 to 90% of HCCs arising in cirrhotic livers [67]. In
hepatitis B infection is a risk factor for HCC, along with age, gender, viral DNA load, and viral
core promoter mutation [68]. Fibrosis has also been identified as risk factor in hepatitis C
infection, where cancer risk is directly related to fibrosis severity [69]. Similarly, HCC devel-
opment is linked to alcoholic cirrhosis [70], nonalcoholic steatohepatitis (NASH) [70], and
hemochromatosis [71], with a yearly HCC incidence of 1.7% in alcoholic cirrhosis [70] and 2.6%
in NASH cirrhosis [72].

8. Involvement of both myofibroblasts and hepatocytes in liver fibrosis

Hepatic fibrosis is characterized by accumulation of excess ECM proteins, regardless of
underlying etiology. Amount of matrix deposition reflects a balance between matrix synthesis
and degradation [73,74]. When synthesis of ECM exceeds degradation, pathologic accumula-
tion of ECM leads to liver fibrosis. Reversibility of experimental hepatic fibrosis and a striking
decrease in collagenolytic activity observed in liver fibrosis models suggest crucial importance
of impaired matrix degradation in hepatic fibrogenesis [75]. The plasminogen activator/
plasmin system, which is situated upstream of the fibrolysis system, can directly degrade
matrix components, and indirectly inhibit ECM deposition [76]. Plasminogen activator
inhibitor-1 (PAI-1), the major physiologic inhibitor of plasminogen activator, is a potent
promoter of fibrosis. Introduction of a PAI-1 small interfering RNA attenuates deposition of
ECM and hydroxyproline content in experimental hepatic fibrosis [77].

Liver fibrosis is one of the most common pathologic processes occurring in response to
increased inflammatry factors. A complex interplay among different hepatic cell types takes
place in injured livers. Hepatocytes are the targets for most hepatotoxic agents, including
hepatitis viruses, alcohol metabolites, and chemical toxins [78]. Damaged hepatocytes induce
recruitment of white blood cells by local inflammatory cells. Apoptosis of damaged hepato-
cytes stimulates fibrogenesis by Kupffer cells. Activated Kupffer cells secrete pro-inflamma-
tory cytokines including TNF-a and IL, as well as TGF-{. Intensive studies have shown that
hepatic stellate cells (HSC) are the major cell type responsible for matrix production in
damaged liver tissues [75]. HSC, characterized by retinoid droplets in the cytoplasm, are
present in the space of Disse [79].

Standardized methods of obtaining HSC from livers have been developed [80]. Long-term
culture of HSC on plastic substrates is widely accepted as a model of liver fibrosis [79]. HSC
spontaneously transdifferentiate to a myofibroblast (MFB) phenotype on plastic dishes, and
this response reproduces the features of activation in vivo. MFB usually retain fibrogenic TGF-
[ signaling component, but have lost the capacity to respond to TGF- with growth arrest [81].
Such a state of altered TGF-[3 responsiveness is also observed in pre-neoplastic hepatocytes,
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which typically exhibit a limited growth inhibitory response to TGF-{3, instead responding to
TGF-p with pro-fibrogenic behavior [9].

Hepatic fibrosis results from a wound-healing response to repeated injury in chronic liver
diseases [82], in which HSC undergo dramatic phenotypic activation, with acquisition of
fibrogenic properties. Patients develop liver fibrosis as a result of chronic liver damage,
characterized by ECM accumulation that distorts hepatic architecture by forming a fibrous
scar [79]. Ultimately, nodules of regenerating hepatocytes become enclosed by scar tissue, an
event defining cirrhosis. Excess deposition of ECM of which type I collagen predominates
disrupts the normal architecture of the liver, resulting in pathologic damage with pathophy-
siologic consequences.

A new concept has been proposed that epithelial cells undergo a phenotypical change termed
epithelial-mesenchymal transition (EMT), acquiring a fibroblastic phenotype. EMT facilitates
metastasis and cancer development [83]. Pioneering studies on EMT in organ fibrosis were
carried out in kidney, ocular lens, and lung [84,85]. Involvement of EMT also has been
proposed in liver fibrosis. Zeisberg et al. demonstrated that hepatocytes acquire expression of
fibroblast-specific protein 1 in response to CCl, injury in vivo or TGF-{ in vitro [86].

9. Fibrogenic pSmad3L signaling shared between MFB and pre-neoplastic
hepatocytes

As a result of chronic liver damage, HSC undergo progressive activation to become MFB-like
cells. During transdifferentiation in culture, pSmad3C-mediated signal decreases while the
pSmad3L pathway predominates [23]. These observations complement the finding of
pSmad3L rather than pSmad3C in nuclei of a-smooth muscle actin (SMA)-immunoreactive
MEB in portal tracts of chronically HCV-infected liver specimens [64]. The presence of a-SMA
is associated with transdifferentiation of HSC into scar-forming MFB, an event considered
pivotal in the fibrogenic response [75].

Plasma TGF-, TNF-a, and PAI-1 concentrations are usually elevated in patients with chronic
liver diseases [87-89]. Since pSmad3L can transmit a fibrogenic signal by stimulating PAI-1
transcription (Figure 1B) [23], we investigated the pSmad3L pathway in human chronic liver
disease. The results indicated nuclear localization of pSmad3L in PAI-1-immunoreactive MFBs
and hepatocytes in chronic hepatitis specimens [64]. Thus, hepatocytes are regulated by the
same pSmad3L pathway as are MFBs. Hepatocytes in HCV-infected livers, particularly those
adjacent to inflamed portal tracts, exhibited phosphorylation at Smad3L [64]. Extent of
phosphorylation at Smad3L was less in hepatocytes distant from portal tracts, in sharp contrast
to pSmad3C, which was predominantly located in hepatocytic nuclei distant from portal tracts
[64]. Extent of hepatocytic pSmad3L/PAI-1 increased in proportion to fibrotic stage in chronic
liver diseases [56,74]. TGF- and pro-inflammatory cytokines are released from infiltrating
Kupffer cells in portal tracts to activate JNK [90,91]. Considering these findings together with
a previous observation showing transcriptional activation of the PAI-1 gene by JNK [92], TGF-
p and TNF-a can mediate JNK/pSmad3L signaling that in turn induces PAI-1 expression and
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promotes ECM deposition in both hepatocytes and MFB. Thus, hepatocytes affected by chronic
inflammation undergo transition from the tumor-suppressive pSmad3C pathway, character-
istic of mature hepatocytes, to the JNK/pSmad3L/PAI-1 pathway, which favors a state of flux
characterized by MFB.

Our findings support many important papers reporting that hepatocytes can promote
fibrogenesis via TGF-{3/Smad signaling. Dooley et al. reported that overexpression of inhibi-
tory Smad?7 in hepatocytes attenuated TGF-pB-mediated fibrogenesis by blocking Smad
signaling [93]. Since the large latent TGF-3 complex consisting of TGF-f3, the N-terminal part
of its precursor, and the latent TGF-3 binding protein exists in not only HSC but also hepato-
cytes, the complex can transmit a pro-fibrogenic signal [94], although intracellular functions
of the TGF- complex are poorly understood. TGF-3 down-stream mediator connective tissue
growth factor (CTGF) also involves hepatic fibro-carcinogenesis [95]. CTGF expression
increasesin fibrotic livers and various tumor tissues [96]. More importantly, in vivo knockdown
of CTGF by small interfering RNA leads to substantial attenuation of experimental liver
fibrosis. Differential regulation of CTGF expression in hepatocytes and HSC by Smad2
signaling may contribute to hepatic fibro-carcinogenesis [97]. Interestingly, a methylxanthine,
caffeine, inhibits synthesis of CTGF in hepatocytes and HSC, primarily by inducing degrada-
tion of Smad2 [96].

10. Additive promotion of human carcinogenesis by persistent hepatitis
viral infection and chronic inflammation

Various experiments support the notion that a single promoting agent is insufficient for
development of cancer. Hepatocarcinogenesis is multi-factorial, involving collaboration
between 2 or more promoting agents in HCC occurrence [98]. Among tumor-promoting
agents, hepatitis viruses and chronic inflammation directly participate in HCC pathogenesis,
which frequently occurs during long-standing hepatitis viral infection.

Many clinical observations suggest that persistent hepatitis viral infection and chronic
inflammation additively influence development of human HCC. For example, alcohol
consumption is a recognized major cause of liver disease, and plays an important role in
progression to HCC. However, alcoholic hepatitis progresses less frequently to HCC than
HBV- or HCV- related hepatitis. In addition, patients with both viral infection and alcohol
consumption have a higher risk of developing HCC than those with alcohol consumption alone
[3,99,100]. Autoimmune hepatitis (AIH) and primary billiary cirrhosis (PBC) are chronic
inflammatory disorders that proceed to cirrhosis. However, HCC only rarely arises from AIH
or PBC, particularly in the absence of HBV or HCV infection [101,102]. Conversely, asympto-
matic HBV or HCV carriers maintaining normal alanine aminotransferase (ALT) levels despite
intensive viral replication less frequently develop HCC than patients with chronic hepatitis B.
The annual risk of HCC occurrence in HBV healthy carriers is 0.26% to 0.6%, while risk
increases to 1% in patients with chronic active hepatitis B [103]. Moreover, HBV can act
synergistically with HCV. Patients co-infected with HBV and HCV have a 2- to 6-fold higher
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risk of HCC occurrence than those with either infection alone [104,105]. Accordingly, we will
consider how the oncogenic JNK/pSmad3L pathway induces development of HCC, with
particular attention to potential synergy between hepatitis viruses and inflammation in
formation of pre-neoplastic hepatocytes.

11. Hepatitis virus components can activate oncogenic JNK/pSmad3L
pathway

One of the earliest evidence linking HBV to development of HCC was obtained in the wood-
chuck hepatitis virus model, in which 100% of rodents infected with woodchuck hepatitis virus
developed HCC [106]. Because HBV contains partially double stranded-DNA, it can directly
cause HCC by integrating its DNA into the host genome. HBV genomic integration is present
in over 85% to 90% of HBV-related HCC, usually even before development of HCC [107].
Integration of HBV DNA is not restricted to HCC but also is found in non-tumor tissue in
patients with chronically HBV infection [108,109]. HBV integration induces a wide range of
genetic alterations within the host genome, including chromosomal deletions, translocations,
production of fusion transcripts, amplification of cellular DNA, and generalized genomic
instability [110,111]. Many integration events occur near or within fragile sites or other cancer-
associated regions of the human genome that are prone to instability in tumor development
and progression. Genetic instability associated with integration may alter expression of
oncogenes, tumor suppressor genes, and microRNAs [111]. A recent large-scale analysis of
HBV DNA integration sites in cellular DNA found a preference for sites regulating cell
signaling, proliferation, and viability [112]. A large proportion of HCC have integrated HBV
sequences encoding HBV X (HBx) and/or truncated envelope pre-52/S proteins.

The HBx protein encoded by the X gene has been long suspected as a viral oncoprotein
participating in hepatocarcinogenesis. This protein is involved in liver cell transformation
because of its pleiotropic activities on cell cycle regulation, cell signaling pathways and DNA
repair [113-115]. Numerous attempts have been made to examine the oncogenic potential of
HBx in cell culture. However, its transforming ability was barely measurable evident only
when cells were immortalized by other oncogenes, such as SV40 T-antigen [116,117] or TGF-
a [118]. Furthermore, most transgenic mice harboring the HBx gene did not develop serious
liver diseases or tumors [119]. Only in a certain transgenic lineage of CD-1 strain, HBx weakly
promoted carcinogenesis, where HBx was highly expressed [120]. A second mouse lineage
with lower HBx expression developed liver tumors at the same rate as normal CD-1 mice [121].
HBx was shown to potentiate c-Myc-induced liver carcinogenesis in transgenic mice [122].
Thus, HBx does not have strong transforming activity, but HBx overexpression in a certain
genetic background might induce tumor formation in a multistage transformation, most likely
in collaboration with other cellular oncogenic pathways.

HBx is mainly located in the cytoplasm and exhibits pleiotropic effects that modulate cell
responses to oncogenic signaling pathways [114]. HBx protein do not bind directly to DNA,
but rather acts on cellular promoters. Such protein-protein interaction can modulate cytoplas-
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mic pathways [113,114,123]. For example, HBx protein was found to activate the JNK-
dependent pathway and up-regulate oncogenic c-Myc gene expression [124].

To investigate whether HBx alters phospho-Smad3 signaling in hepatocytes, we stably
transfected immortalized rat hepatocytes using a construct of HBx with a mammalian
expression vector, resulting in high HBx-expressing cells [56]. High expression of HBx protein
in hepatocytes tended to shut down pSmad3C-mediated signaling and favored acquisition of
constitutively active JNK-mediated pSmad3L signaling, which fostered hepatocytic growth
by up-regulating c-Myc (Figure 1B).

In transgenic models, HBx played an important role in hepatocarcinogenesis via the pSmad3L/
c-Myc pathway [56]. HBx transgenic mouse livers progressed through hyperplasia to HCC.
HBx, pSmad3L, and c-Myc were not detected in normal mouse livers. Beginning at the age of
2 months, HBx transgenic mouse liver showed centrilobular foci of cellular alteration with
cytoplasmic vacuolation surrounding central veins where Bromodeoxyuridine (BrdU) was
uptaken into the hepatocytes [121]. Smad3L was phosphorylated in hepatocytic nuclei of the
centrilobular region, where HBx and c-Myc were expressed. Hepatocytic HBx, pSmad3L, and
c-Myc increased as mouse liver progressed through hyperplasia to HCC.

Positivity of hepatocytic nuclei for pPSmad3L in early chronic hepatitis B specimens increases
with amount of HBV-DNA [56]. Taken together with results of in vitro experiments using HBx-
expressing hepatocytes and HBx transgenic livers, these human findings indicate that HBx
oncoprotein participates directly in hepatocarcinogenesis by shifting hepatocytic phospho-
Smad3 signaling from the tumor-suppressive pSmad3C/p21VAf pathway to the oncogenic
JNK/pSmad3L/c-Myc pathway (Figure 1B), [56].

Unlike HBV, HCV is a positive-single-strand RNA virus, apparently incapable of integration
into the host's genome. The HCV genome has a long open reading frame, which encodes a
polyprotein precursor [125,126]. This polyprotein is cleaved by both host and viral proteases
to generate 4 structural proteins (C, E1, E2, and P7) and 6 nonstructural proteins (xlink, NS3,
NS4A, NS4B, NS5A, and NS5B) [127,128]. The HCV components modulate anumber of cellular
regulatory functions by targeting a wide spectrum of cellular signaling pathways [129-136].
HCV core expression has been shown to induce activation of the JNK pathway in regulation
of vascular endothelial growth factor [136]. NS5A acts as a positive regulator of the JNK
signaling pathway by interacting with tumor necrosis factor receptor-associated factor 2,
which may play a key role in HCV pathogenesis [137]. In an HCV infection model, Lin ef al.
demonstrated that HCV directly induced TGF-f3 release from hepatocytes in reactive oxygen
species (ROS)-dependent and JNK-dependent manner [138]. Moreover, recent studies using
transgenic mouse models indicate that HCV directly involves hepatocarcinogenesis. Three
different HCV core transgenic lines develop liver steatosis and HCC [139-141]. Accordingly,
future studies are expected to prove that the HCV components can activate the oncogenic JNK/
pSmad3L pathway.
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12. Activation of the oncogenic JNK/pSmad3L pathway by chronic
inflammation

Inflammatory microenvironments are present in human hepatocarcinogenesis before malig-
nant change occurs. A hepatitis virus infection triggers chronic inflammation, increasing the
risk of HCC development. Several studies have discussed how chronic inflammation affects
the proliferation and survival of hepatocytes [142,143]. TNF-a, IL-1p3 and IL-6 are multifunc-
tional pro-inflammatory cytokines largely responsible for the hepatic response to chronic
inflammation [144-146]. Serum concentrations of these cytokines are increased in chronic liver
inflammation including hepatitis viral infection and steatohepatitis [147]. JNK is a key signal
transducer for inflammatory cytokines and has emerged as an important endogenous tumor
promoter [148,149].

TGF-p is also released by infiltrating Kupffer cells, the liver's resident macrophages, in portal
tracts during chronic inflammation [150]. These findings suggest that elevated pro-inflamma-
tory cytokines might alter hepatocytic TGF-f signaling in inflammatory microenvironments.
We investigated this hypothesis using rat cultured hepatocytes [64]. Pretreatment of hepato-
cytes with SP600125, a JNK inhibitor, reduced the subsequent increase in pSmad3L, c-Myc
transcription, and hepatocytic growth triggered by pro-inflammatory cytokine stimulation
(Figure 1C), suggesting a direct role of the JNK/pSmad3L/c-Myc pathway in facilitating
hepatocytic growth in response to cytokine stimulation (Figure 1B).

Experimental models of HCC including inflammation can elucidate how chronicinflammation
contributes to hepatocarcinogenesis. In a rat model involving diethylnitrosamine (DEN)-
induced carcinogenesis, chronic inflammation liver accompanies abnormalities that progress
to HCC [151]. This DEN-induced rat HCC is histologically and genetically similar to human
HCC, and also is associated with chronic inflammation [152]. In this chemical model, JNK act
participates importantly in hepatocarcinogenesis via pSmad3L/c-Myc signaling. In DEN-
treated livers, the JNK/pSmad3L/c-Myc pathway was activated in early pre-neoplastic
hepatocytes (Figure 1B), [54]. Moreover, a JNK inhibitor SP600125 suppressed HCC develop-
ment in DEN-treated rat livers by restoring carcinogenic pSmad3L/c-Myc to the basal
pSmad3C/p21WA™! pathway in the pre-neoplastic hepatocytes (Figure 1C), [54].

In human chronic hepatitis C specimens, mainly in groups of hepatocytes adjoining inflam-
matory cells in portal tracts, Smad3 was found to be phosphorylated at the linker region [64].
Furthermore, positivity of hepatocytic nuclei for pSmad3L/c-Myc in chronic hepatitis C
specimens showed a significant relationship with necrosis and inflammatory activity [64].
Taken together with the results of in vitro experiments and DEN-treated rat livers, the human
findings indicate that chronic inflammation directly participates in hepatocarcinogenesis by
shifting hepatocytic phospho-Smad3 signaling from the tumor-suppressive pSmad3C/
p21WAF pathway to the oncogenic JNK/pSmad3L/c-Myc pathway [54,64].

Many tumor-enhancing effects of pro-inflammatory cytokines on hepatocytes are exerted at
the level of tumor promotion [58]. TNF-a promotes HCC occurrence in mice lacking the P-
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glycoprotein Mdr2 [153]. HCC follows cholestatic inflammation in these mice. Incidence of
HCC can be enhanced by another member of the TNF family, lymphotoxin (3 [154]. Tumor-
promoting cytokines produced by Kupffer cells activate several transcription factors, includ-
ing NF-kB, STAT3, and AP-1, in pre-malignant hepatocytes [155]. The activated transcription
factors stimulate transcription of their target genes involved in hepatocytic proliferation and
survival, representing a major tumor-promoting mechanism. Similarly to these transcription
factors, tumor-promoting actions of hepatocytic Smad3 in human chronic liver disease rarely
result from direct mutations [156]. Instead, pSmad3L depends on mitogenic pro-inflammatory
cytokine signals produced by neighboring Kupffer cells.

13. Constitutive phosphorylation at Smad3L in pre-neoplastic hepatocytes
in cirrhotic human liver

The mechanism regulating regeneration, which avoids accumulation of deleterious mutations
in genes that promote cell growth and division, must be disrupted before hepatocytes can
throw off normal restraints and behave as an asocial HCC. Constitutive phosphorylation at
Smad3L is observed in pre-malignant hepatocytes in cirrhosis [56,64]. Constitutively active
pSmad3L stimulates hepatocytes to proliferate continuously in human livers that normally
experience little proliferation because hepatocytic regeneration is tightly regulated by cyto-
static pSmad3C signaling. Since JNK is constitutively activated in pre-neoplastic hepatocytes
in cirrhotic human liver [157], constitutive Smad3L phosphorylation in pre-malignant lesions
can be a direct consequence of proto-oncogene-mediated JNK signaling. Somatic mutations in
pre-neoplastic hepatocytes include changes in the Ras pathway that favor progression from
cirrhosis toward HCC [158]. In pre-neoplastic hepatocyte nuclei, pSmad3L/c-Myc can accu-
mulate when somatic mutations constitutively activate the J]NK pathway to phosphorylate
Smad3 at the linker region (Figure 1B). Then, the proliferative effect mediated via the pSmad3L/
c-Myc pathway constitutively keeps on suppresses the growth-inhibitory pSmad3C/p21WAF

pathway in the nuclei of pre-neoplastic hepatocytes.

Pre-neoplastic hepatocytes and HCC show reduction of anti-mitogenic responses to TGF-f3
[20,37]. Escaping the cytostatic action of pSmad3C is a critical step for progression to full
malignancy in cancers, which must overcome multiple fail-safe genetic controls [39,159,160].
The TGF-B/pSmad3C pathway is required for maintenance of genomic stability, induction of
replicative senescence, and suppression of telomerase [161-163]. Selection for genetic instabil-
ity occurs in clones of aberrant cells able to produce tumors, since genetic instability greatly
accelerates accumulation of further genetic and epigenetic changes required for tumor
progression. In this regard, the TGF-f/pSmad3C pathway contributes to tumor suppression
along with its cytostatic effect.
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14. Chronic inflammation together with hepatitis virus effects in shifting
phospho-Smad3 signaling into oncogene-dependent fibro-carcinogenic
signaling

In the pathogenesis of HCC, continuous viral infection and chronic inflammation have a
prominent role. On the other hand, detailed analysis of HCC development in experimental
animals and correlation of these results with HCC in humans has identified a variety of
genomic and molecular alterations in fully developed HCC [164]and to a lesser extent in
morphologically defined pre-neoplastic precursor lesions [165]. Thus, a series of mutations
may accumulate in individual hepatocytes over time. Finally, hepatocytes come to carry
somatic mutations that lead to focal uncontrolled hepatocytic growth and eventual malignant
cell transformation, in some cases, HCC [166].

Chronic inflammation associated with hepatitis virus infection may be the primary initial
requirement in multistep hepatocarcinogenesis. If pSmad3L-positive and pSmad3C-negative
hepatocytes survive in the course of chronic hepatitis, such hepatocytes and their descendants
can accumulate, and acquire various mutated alleles. Mutations may involve genes in Ras
pathway [158]that impel pre-neoplastic hepatocytes with constitutive phosphorylation at
Smad3L toward a neoplastic growth [8]. Tumor promotion results in further selective clonal
expansion of initiated cells, thereby enhancing the likelihood of additional genetic damage as
a consequence of endogenous mutations. During tumor progression, premalignant cells
continue to develop progressive phenotypic changes and genomic instability, developing into
overt HCC.

15. The JNK/pSmad3L pathway as a therapeutic target to avert HCC
development

Clinical analyses of pSmad3L and pSmad3C in human tumor formation have provided
substantial mechanistic insights. For example, specimens from patients with chronic hepatitis
B who develop HCC show abundant Smad3L but limited Smad3C phosphorylation in
hepatocytic nuclei, while other patients with abundant hepatocytic pSmad3C but limited
pSmad3L do not develop HCC [56]. The same relationships are observed in human HCV-
related hepatocarcinogenesis [64]. These clinical observations support roles for pSmad3C as a
tumor-suppressor and pSmad3L as a promoter during human carcinogenesis.

HCC is a highly chemoresistant cancer with no effective systemic cytotoxic chemotherapy
[167]. Despite surgical or locoregional therapies, the prognosis remains poor because of high
likelihood of tumor recurrence or progression and there are no well-established effective
adjuvant therapies [168]. Molecular events that affect carcinogenesis need to be identified and
targeted to validate new treatment approaches and expand available therapeutics to include
chemoprevention to other therapeutics. Since JNK acts as an important regulator of Smad3
signaling that increases the basal amount of hepatocytic pSmad3L available for cell growth
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while inactivating the TGF-f3-dependent cytostatic actions of pSmad3C (Figure 1B), pharma-
cologic interference with JNK/pSmad3L signaling could interrupt carcinogenesis. A key
therapeutic aim in chronic liver disorders is restoration of lost tumor-suppressive function
observed in normal hepatocytes, at the expense of effects promoting hepatic carcinogenesis
[169]. To accomplish this difficult aim, Nagata et al. (2009) administered a JNK inhibitor
SP600125 to rats and were able to suppress chemical carcinogenesis by shifting hepatocytic
Smad3 signaling from the carcinogenic pSmad3L pathway to the tumor-suppressive pSmad3C
pathway (Figure 1C), [54]. These studies provide evidence that JNK/pSmad3L is an important
target for development of chemopreventive and therapeutic measures to reduce emergence of
HCC in the context of chronic liver injury and to slow progression of existing tumors. We must
also consider whether long-term use of any drug inhibiting C-terminal phosphorylation of R-
Smads might cause cancer development [7].

Tumor-suppressive pathway Fibro-carcinogenic pathway

TPRI / pSmod3C -  THK / pSmadil

IAERARAARARARAN
Inflammation

T . ting Hepatitis virus
agents ' 1
Somatic mutations

Figure 2. After hepatitis virus infection, early chronic inflammation and subsequent somatic mutations shift
hepatocytic phospho-Smad3 signaling from the tumor-suppressive TBRI/pSmad3C made to the fibro-carcino-
genic JNK/pSmad3L mode characteristic of MFB, accelerating liver fibrosis while increasing risk of HCC. Both
hepatitis virus infection and chronic inflammation represent early fibro-carcinogenic steps representing non-mutagenic
tumor-promoting stimuli. In advanced liver fibrosis, mitogenic genetic or epigenetic alterations can drive multistep fibro-
carcinogenesis via the pSmad3L pathway. Escaping the cytostatic action of pSmad3Cis a critical step for progression to
full malignancy in cancers, which must overcome multiple fail-safe genetic controls.

16. Conclusion and perspectives

Human fibro-carcinogenesis is a complex multistep process, which involves dysregulation
of physiological signal transduction pathways. To maintain hepatic homeostasis, hepatocyt-
ic TBRI/pSmad3C/p21WA™ terminates mitogenic JNK/pSmad3L/c-Myc signaling after liver
regeneration. During progression of chronic liver diseases, however, early pro-inflammato-
ry cytokines together with hepatitis viruses and subsequent somatic mutations switch
hepatocytic phospho-Smad3 signaling from the tumor-suppressive TBRI/pSmad3C to the
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fibro-carcinogenic JNK/pSmad3L mode characteristic of MFB, which accelerates liver fibrosis
while increasing risk of HCC (Figure 2). Our model is likely to represent a crucial molecu-
lar mechanism by which most HCCs arise in from fibrosis or cirrhosis caused by chronic
inflammation associated with persistent hepatitis virus infection [164]. Thus, Smad phosphoi-
soforms function as an important orchestrator of a human chronic inflammation-fibrosis-
HCC axis [9,170].

Recent studies in animal models using conditional transgenic expression have suggested an
intriguing reversibility of malignant transformation at specific time points if the primary
inciting cause of the neoplasia is eliminated [171,172]. However, the fibro-carcinogenic stage
in human chronic liver at which the process becomes irreversible. Chronic hepatitis B and C
can be cured if patients are treated with antiviral therapy that arrests chronic inflammation by
eradicating hepatic HBV and HCV populations. Continued histologic improvement and
reversal of fibrosis by antiviral therapy can lead to reduction of HCC development [173,174],
but prevention appears most effective when therapy is given before development of cirrhosis.
Chronic hepatitis is clearly dependent on continued promoter stimulation - involving in this
case the presence of hepatitis viruses and chronic inflammation. However, many patients with
cirrhosis have evolved beyond dependence on inflammation because hepatocytes have
acquired genetic and epigenetic carcinogenic properties. We are carrying out several trials to
determine whether or not antiviral therapy can decrease liver fibrosis and lower HCC
incidence. The trials will bear upon important questions regarding relative participation in
fibro-carcinogenesis of inflammation-dependent and oncogene-dependent Smad3 phosphoi-
soform signaling in HBV- and HCV-related chronic liver disorders. In the trials, pathologic
analyses using domain-specific phospho-Smad3 Abs, together with clinical data, will be used
to evaluate the benefit from antiviral therapy, which decreases stimulation of the inflamma-
tion-dependent Smad phosphorisoform pathway. After antiviral therapy, hepatocytic
pSmad3L and pSmad3C assessment in liver specimens should prove clinically useful for
predicting progression of fibrosis and risk of HCC.
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1. Introduction

Hepatocellular carcinoma (HCC is the fifth most common cause of mortality worldwide and
the third cancer related cause and is responsible for about 1 million deaths yearly [1]. The age-
adjusted worldwide incidence is 5.5-14.9 per 100.000 population. In some areas of the world,
such as sub-Saharan Africa and Southeast Asia, HCC represents the first cause of cancer death
with an incidence of 52 per 100.000. Furthermore, in Europe and USA, HCC incidence has
progressively raised in the past decade representing a burden problem.

HCC is one of the few cancers for which a number of risk factors are known in great detail [2,
3]. HCC is almost always (80%) associated with cirrhosis, at least in developed countries, and
chronic hepatitis C and B infection, alcoholic cirrhosis and haemocromatosis are some of the
established risk factors [4]. The metabolic syndrome related to hypertension, central obesity,
diabetes and obesity has been identified as a new risk factor. As a result, screening programs
have developed, with the use of ultrasound and a-fetoprotein (AFP), with a hope to increase
the chances of diagnosing small HCC and unltimately increase the rate of curability.

Definitive diagnosis relies on the demonstration of a typical vascular pattern per liver imaging
techniques (triple-phase CT-scan or MRI) of tumors larger than 2 cm with arterial hypervascu-
larity and venous wash- out. Nodules, smaller than 2 cm, should be rechecked every six months
or, if highly suspect, subjected to needle biopsy. It’s likely that the study of tumor-specific tissue
markers with prognostic value could introduce a systematic use of needle biopsy.

Over the past 20 years, surgical treatment of hepatocellular carcinoma has seen an immense
boost and improvement, with good survival outcomes and reduced morbidity and mortality.

I m EC H © 2013 Uzzau et al,; licensee InTech. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Liver resection (LR) and orthotopic liver transplantation (OLT) and ablative therapies are now
considered the only potentially curative treatments for this cancer. LR has achieved improve-
ment in survival within the past decade as a result of advances in diagnosis, surgical man-
agement of HCC and perioperative care. However, the long-term prognosis remains poor, and
the 5-year overall survival rate ranges between 33% and 44%, with a 5-year cumulative
recurrence rate of 80% to 100%.

OLT could be viewed as the optimal treatment for HCC that is accompanied by advanced
cirrhosis because of the widest possible resection margins for tumour and for a definitive cure
of cirrhosis and its related complications. OLT for HCC performed within well-defined
oncologic criteria (Milan criteria “reference”) has shown long-term results comparable with
those of transplantation for non-HCC patients. However, the critical shortage of available
donated organs, together with the increasing number of patients awaiting transplantation,
makes this therapeutic option available to only a small percentage of patients. Owing to the
limited organ supply, many liver transplant centers usually make a selection to resect patients
with compensated liver cirrhosis, defined as Child-Pugh A chronicliver disease and resectable
tumor and to reserve transplantation for those with impaired liver function (Child-Pugh class
B-C) and small oligonodular HCC considered within the currently accepted criteria for
transplantation.

Radiofrequency and microwave ablation are relatively new percutaneous techniques in
clinical use for HCC, that can produce tumour necrosis. Complete response rates are high in
large series if tumour is less that 3 cm in diameter.

This chapter will consider the main surgical techniques for the treatment of HCC in the light
of the major guidelines currently available and of personal experience.

Also, we will review HCC prognostic factors, and the particular situation of “large” HCC and
the strategy for liver tumours located at the hepato-caval confluence.

2. Surgical approach to HCC

Until two decades ago, prognosis of HCC was considered inevitably poor. Survival values of
54%, 40% and 28% at 1, 3 and 5 years in a group of patients with unresectable HCC were
reported [5]. Since then, the therapeutic approach and the prognosis have been significantly
modified [6], overall survival rates at 5 yearsreached values of 35-70% for liver resection [7,
8] and 40-75% for liver transplantation, depending on the stratification system of patients [9,
10]. This mainly related to better allocation of patients to current available treatments (OLT,
LR, local therapies), enhancement of post-operative care, and treating patients at centers with
a high-volume of hepatic surgeries. With regard to LR there has been an improved balance
between extent of resection and parenchymal volume spared, a systematic use of intraopera-
tive ultrasound examination (IOUS), and meticulous care to minimize blood loss by mean of
intermittent clamping of the portal triad [11], selective clamping, and use of innovative
hemostatic tools for dissection as ultrasound dissectors, harmonic scalpel, and argon-beamers.
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Side by side, some new techniques, such as portal vein embolization to induce hypertrophy
of the remnant liver, and intraoperative radiofrequency (RFA) or microwave (MW A) ablation
have allowed it to expand and optimize the surgical offer. HCC occurs in over 80% of cases of
cirrhosis. Furthermore, both tumor and cirrhosis contribute to the risk of mortality, and
cirrhosis represents a limit for hepatic resection due to the risk of liver failure.

For HCC arising in the setting of healthy liver, it is undisputed that resection represents the
first line of treatment; parenchymal resections extended up to 60% of the organ fall within an
acceptable risk of post-operative liver failure and mortality.

Conversely, for HCC accompanied by cirrhosis, surgical outcome and prognosis are depend-
ent on the degree of cirrhosis, independent of the tumor stage. In general, considering only the
size of the tumor, three categories of HCC could be defined: (<3 cm), -(3-5 cm), a (5-10 cm) and
(> 10 cm). The outcome after resection is good in the setting of smaller tumorsand the results
after transplantation are optimal for single tumor<5cm or up to 3 tumors, <3cm each (Milan
criteria). Furthermore tumor ablation by percutaneous alcohol treatment or RF ablation is
optimal for tumors in the first category, and in select cases in the second, not applicable for
tumors >5 cm. These results depend on the fact that, with an increase in the tumor size there
increases the likelihood of vascular infiltration, poor tumor grading 3-4, satellites nodules, and/
or multinodularity which represent (in particular the first two) a strong negative prognostic
factors. If it is true that the best results in terms of survival are obtained for single lesion, there
is now agreement that multiple nodules, up to 3, and no larger than 3cm can be addressed to
transplantation with results similar to those of single tumor < 3 cm. Percutaneous ablative
therapies or multiple resections, or resections supplemented by intraoperative ablation also
offer discrete survival results in selected cases. The presence of a peritumoral capsule (in the
so-called expansive capsulated HCC) represents another favorable prognostic element, while
vascular infiltration, both microscopic and macroscopic, even more drastically reduces
survival expectancy, because it determines an additional risk of early recurrence. Improved
knowledge of the weight of these prognostic factors has led to the development of pathological
classification systems very useful for evaluating the prognosis in non-surgical cases. AJCC /
UICC pathological classification [12] devotes particular concern to the presence of macroscopic
vascular infiltration or infiltration of large venous branches seen on imaging scans, but not to
the size of the lesion, which is useful for prognostic purposes. The classification of the American
Liver Tumor Study Group [13] also used by the United Network of Organ Sharing (United
Network for Organ Sharing - UNOS 2012) [14] takes into account the size and nodularity of
HCC tumors and is used to evaluate patients before resection or transplantation.

Finally, another HCC tumor parameter, which is critical to treatment decisionsis of the tumor
location within the liver and its relationship with vascular structures. This technical aspect
isespecially relevant to small tumors that are centrally located, or close to the main portal
branches or to the hepato caval confluence, which should be considered for percutaneous
therapy or transplantation, given the difficulty of extensive resection in this setting. In addition,
other aspects related to the underlying liver disease must be addressed, such as the presence
of portal hypertension (with pressures > 10mmHg), or platelets <100,000 that are associated
with poor survival outcome following surgery, and increased bilirubin levels.
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3. Liver resection and assessment of liver function

Problems to be faced in order to formulate a correct indication to resection are linked to 1)
general conditions of the patient, in particular the presence of co-morbidities, 2) stage of the
tumor, and 3) presence of advanced cirrhosis and hepatic function status which represent a
limiting condition to hepatic resection and a real risk of postoperative liver failure, this being
the major cause of mortality.

Liver function in cirrhotic liver is evaluated using different models, none of which is more
useful than others in predicting of residual liver function after resection. Child-Turcotte-Pugh
(CTP) [15] is the functional classification still widely used in most Western Centers: patients
who fall within class A can be submitted to resection, even extended, with a low risk of liver
failure, patients in class B are better candidates for non-surgical procedures (such as RFA, or
transarterial chemoembolization), while those belonging to class C can only aspire to a
transplant (Table 1) if within Milan criteria and good surgical candidates. However, the
accuracy of CTP in predicting survival and treatment outcome has been questioned. Further-
more, this classification based only on few functional aspect of the liver is of limited utility in
a decisional algorithm that must take into account also pathological aspects of the tumor.

For this reason, attempts have been made to integrate functional aspects of cirrhotic liver and
tumor features. An example of these attempts is the Okuda classification (Table 2) [16] which
combines tumor burden expressed as a percentage value of liver measure (< 50% or > 50%),
with other functional and clinical variables: bilirubin and albumin levels, and the presence of
ascites. Okuda’s classification is certainly useful for predicting the risk of post-operative
complications but not the results of long-term survival. In untreated patients with HCC on
cirrhosis, this classification has proved to be highly predictive of survival.

Point Bilirubin Prothrombin time  Albumin Ascites Encefphalopathy
(mg/dL) (g/dL) (grade)

1 <2 "/>70% "/>3.5 None None

2 2-3 40-70% 2.8-3.5 Slight 1-2

3 />3 <40 % <28 Moderate 3-4

Stage Score

A 5-6

B 7-9

C =10

Table 1. Child-Pugh-Turcotte Score

In many Centers, especially Asians, CPT score is supplemented with the indiocyanin green
clearance test (ICG) [17, 18]. Indocyanine Green dye is exclusively cleared from the blood by
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Criterion Cut-off

+
Tumor size (*) "/>50% <50%
Ascites Clinically detectable Absence
Albumin <3g/dL "/>3g/dL
Bilirubin "/>3 mg/dL <3mg/dL
Stage | No positives
Stage Il One or two positives
Stage Il Three or four positives

Table 2. Okuda staging system. (*) Largest cross-sectional area of tumor to largest cross-sectional area of liver
the liver. A value of ICG at 15 minutes < 14% is considered as predictive of a good functional
reserve that allows resection of more than two segments according to Couinaud classification,

both in patients in class A as well as for those in CPT class B [17, 19, 20]. Compared to only
CPT score, ICG15r offers a prediction of the extent of liver resection [11] (Figure 1).

None or controlled Not controlled

Total bilirubin

Normal 1.1-1.5 mg/100ml 1.6-1.9 mg/100ml =2 mg/100ml

|ICG15% |Limited resection| | Enucleation | | Not indicated for hepatectomy
K=0.15 K=0.11 K=0.08 K=0.16
Normal 10-19% 20-29% 30-39% = 40%

| | ! | |

Trisectoriectomy Left hepatectomy Limited

Bisectoriectomy| [Monosectoriectomy Segmentectomy resection Enucleation

Figure 1. Possible extent of liver resection based on ICGr15 test.

It should be noted that these methods of evaluating liver function do not directly consider the
presence and degree of portal hypertension, which instead is withheld as an high risk factor
of post-operative morbidity in most Western Centers. Guidelines of the "European Association
of the Study of the Liver (EASL 2005) in fact, strongly recommend to preclude resection to
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patients with portal hypertension (PHT) with hepatic venous portal gradient (HVPG) >
10mmHg [5, 21, 22]. According to EASL guidelines, direct measurement of veno-portal
gradient is more appropriate than an indirect assessment for the presence of esophageal
varices, splenomegaly, and thrombocytopenia [23]. Recently hepatic elastography, which is a
measure of the parenchymal "stiffness" would seem to linearly correlate with the values of
HVPG, and may be considered as a simple alternative to the direct measurement [24, 25].

Notably, in late 1990s, another classification was proposed, named Barcelona Clinic Liver
Cancer (BCLC) staging; which takes into account both variables linked to the tumor, and
patient’s conditions (CTP), to be also used as a treatment alloction system (Table 3) [5].

BCLC stratifies patients depending on the size and features of the tumor in four categories or
stages: early stage (quite broad: single tumor up to 5 cm in diameter or up to three HCC with
a diameter of <3 cm), intermediate stage, advanced and terminal stages. For each category,
after considering the performance status, values of bilirubin and presence or absence of portal
hypertension, each patient is assigned to a specific treatment modality (resection, transplan-
tation, percutaneous treatment (PEL, RF, MW) which should offer the expectation of survival
and treatment outcome.

Stadio Tumor features Clinical features
Stage A (EC early)
ATPSTO Single tumor Portal hypertension absent, normal

bilirubin levels

A2 PSTO Single tumor Portal hypertension present, normal

bilirubin levels

A3 PSTO Single tumor Portal hypertension present,

abnormal bilirubin levels

A4 PST O 3 nodules less than 3 cm Child Pugh A-B

B (EC intermediate) PST 0 Multinodular Child Pugh A-B

C(ECadvanced ) PST 1-2 Vascular infiltration and extrahepatic Child Pugh A-B
extension

D (EC end stage) PST 3-4 Any Child Pugh C

Table 3. BCLC staging system (Barcelona Clinic Liver Cancer). PST: performance Status Test.

Notably, the American Association for the Study of the Liver guidelines (AASLD) [26], adopted
BCLC HCC staging. The Asia-Pacific Association for the Study of the Liver (APASL) [27]
maintained a bolder position: it does not evaluate a "functional reserve", and even puts a limit
in the presence of portal hypertension, reflecting different development experience in Eastern
Centers. The gap between the two guidelines is expanded even more if it considers the tumor
burden, in fact AASLD guidelines recommend liver resection only in the presence of a single
HCC, while APASL guidelines allows resection if HCC is confined to the liver, if the portal
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trunk is patent and the resection technically feasible, verbatim “Liver resection is a first-line
curative treatment of solitary or multi-focal HCC confined to the liver, anatomically resectable,
and with satisfactory liver function”. This recommendation is obviously very different from
that of the AASLD, verbatim “Patients who have a single lesion can be offered surgical
resection if they are non-cirrhotic or have cirrhosis but still have preserved liver function,
normal bilirubin and hepatic vein pressure <10 mm Hg".

Thus, HCC staging and treatment allocation reflect a certain methodological variability [28]
determined by ethical and social influences, and different practical needs of the different health
care systems worldwide, which ultimately produce center-specific selection criteria.

4. Indication to liver resection

Resection for HCC is placed on the basis of two preliminary “technical” considerations:
1. Amount of liver function reserve and value of residual liver volume (RLV).
2. Anatomical location and extent of the tumor.

Single HCC below 5 cm, or multifocal HCC (not more than three tumors) without vascular
invasion and with limited dimensions (<3 cm each), offer very good survival results that reach
50% at 5 years [29-31], and up to 70% at 5 years in a category of patients with normal bilirubin
values and absence of portal hypertension [5]. In view of these results, there is a rather frequent
disease relapse, estimated in terms of 50% at 3 years, 70% at 5 years and > 80% at 10 years [29-
32]. Since these hopeful survival results (in particular for single HCC < 3 cm) were consistent
with those of percutaneous ablation therapies, and slightly lower than those of transplantation,
the choice of the procedure essentially depends on the experiences of the treating center [26].

The best results in terms of survival and low disease recurrence are offered by transplant
specially in cases with established cirrhosis, even if, on a basis of "intention-to-treat" compar-
ison the difference tends to be closer [33]. However, the option of liver transplantation is clearly
limited by the shortage of organs supply. In 2010, based on the Organ Procurement and
estimated Transplantation Network (OPTN), average waiting list time ranged from 140 days
for American Indians up to 651 days for Hispanics [34]. Depending on the wait time period
and the selection criteria used, the dropout rate for patients with HCC awaiting LT ranged
between 12% and 38% [10, 35-37], and was essentially linked to tumor progression. Therefore,
for early stage HCC transplantation should be reserved for those patients with poor liver
function (eg CPT class C), and/or with evidence of portal hypertension. Since the report from
Mazzaferro on the results of liver transplantation in a very well defined category of HCC, with
actuarial 4-year overall survival of 85% and disease-free survival of 92%, subsequently
confirmed by others, the "Milan criteria" [9] has marked an important turning point towards
a more homogeneous transplant indication. Subsequently, other centers [38] have attempted
to expand these criteria with fairly consistent results. However, the favorable results of
transplantation for HCC within the Milan criteria must be considered very carefully, because
it may be influenced from a selection bias. In fact, stratifying patients for factors other than
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size (for example for the presence of vascular invasion), survival curves between OLT and LR
showed a similar trend [39]. Many high volume centers for HCC treatment reported that
patients eligible for OLT (within the Milan criteria), but subjected to liver resection showed 5-
year actuarial survival rate of about 60-70%, [6, 8, 40-45], in particular in a subgroup of patients
without vascular invasion [39, 42-48].

Taking into account these observations, it seems appropriate to offer hepatic resection to
patients with preserved liver functions who may be also eligible for transplantation, thanks to
the rapidity of care, the greater simplicity of resection compared to transplant, and the lower
rate of post-operative morbidity and mortality. Furthermore, it must be considered that
transplant exposes patients to the risk of toxicity and potentially fatal infections related to
immunosuppressive therapy, and predispose to the development of "de novo tumors".

In contrast, as previously mentioned, resection is associated with a higher recurrence rate
(50-70% at 5 years) given the persistent background defect of the underlying liver disease that
led to HCC development in the first place. Liver recurrence could be managed surgically (with
a re-resection) in selected cases, or through the use of percutaneous ablative therapies, or by
mean of “salvage transplant”. Recurrences rates are lower if tumors are within the Milan
criteria could benefit after orthotopic liver transplant as well as from split liver transplantation
(SLT), the latter, using of a portion of liver from a living or dead donor, allows a more rapid
access to liver transplantation. Two recent studies showed 5-year survival, morbidity and
recurrence rate after salvage transplant to be similar to OLT performed as first choice [41, 49].

Recurrence is influenced in part by HCC pathological criteroa such as satellites nodules,
vascular invasion, and poor histologic grading G3-G4. Translational research aimed at
identifying molecular characteristics of HCC predictive of high risk of recurrence will be
promising to avance this area of clinical challenge. Thus far, different chemoterapeutic agents
have been tested in the adjuvant setting to reduce the recurrence rate. However, the small
numbers of patients and the confounding variables did not lead to conclusive results.

The evidence gained to date for reducing the risk of recurrence has been linked to the surgical
technique details. In particular, during the exploratory time, intraoperative ultrasonography
should be systematically used for the correct evaluation of the position of the lesion, for the
exclusion of further lesions not identified at pre-operative imaging, and yet for a correct
evaluation of the vascular anatomy (Figure 2). It is estimated that 22 to 35% of the planned
resections could change as a result of the IOUS examination.

HCC tend to permeate portals pedicles causing "anatomical" metastases or tumor thrombi that
in turn are responsible of liver metastases (Figure 3). For this reason, many surgeons prefer to
perform anatomical segmental or sub-segmental resections rather than atypical or wedge
resections to ensure the inclusion of any microscopic satellite nodules, and tumor segmental
embolization [50]. The advantage of anatomic resections remains valid, even in cases of
multifocal lesions, as an alternative to extended resections such as hepatectomy or extended
hepatectomy, given the advantage of preserving the hepatic functional reserve [51]. In the case
of small centrally located HCC, and/or HCC proximal to major vascular pedicles, extensive
resections are required [52], but alternatively bi- or three-segmentectomy whenever feasible,
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Figure 2. Intraoperative ultrasound examination showing a small HCC of 2 cm (star mark) located in the eighth seg-
ment and two minimal HCC (5 and 4 mm) (arrows) in the contiguous seventh segment. The planned resection of the
eight segment was changed to a bisegmentectomy of 7+8.

offers the same oncologic advantage, and at the same time allows a second surgical approach
in case of relapse. Central resection (segments 5, 8, and 4), anterior-central resection (segments
4b and 5), posterior-central resection (segments 4° and 8), and lateral-superior bisegmentec-
tomy (segments 7 and 8), and inferior-right bisegmentectomy (segments 6 and 5) represent an
economic alternatives to standard right hepatectomy.

The segmental nature of the liver has been reported by Bismuth [53] who described eight
segments, each of which is provided by an independent artero-portal and biliary pedicle.
Segments are easily identified by anatomical landmarks, or through the intraoperative
ultrasonography study of the portal branches distribution. A clear segmental demarcation
could be obtained through by ultrasound-guided direct puncture and flushing of the portal
branch with intravenous dye (methylene blue) tattooing the liver surface corresponding to the
perfused district; using small bilumen-catheters equipped with inflatable balloon, and the
Seldinger technique it is possible to simultaneously tattooing the liver surface (Figure 4) and
occluding the vascular lumen in order to stop blood flow to the segment, minimizing blood
loss, and theoretically reducing the risk of retrograde embolization from the tumor.

In general HCC <3cm can be treated with a segmentectomy, or with sub-segmentectomy, HCC
3-5 cm with segmentectomy eventually extended to contiguous subsegments, HCC>5 cm may
require more extensive resections in order to provide a free margin from neoplasm of at least
1 cm (Figure 5).
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Figure 3. Modality of intrahepatic spreading of HCC. Tumor infiltrating sub-segmentary portal branches and deliver-
ing tumor cells to the perifery (intra-segmental diffusion) (left). Tumor thrombus has invaded a portal pedicle and be-
comes a source of dissemination at distance (intra- extra-segmental diffusion) (right).

Figure 4. Technic of tattooing liver segment. Staining a segment through a bilumen catheter introduced according to
Seldinger technique, after direct puncture under US guidance of a segmental portal pedicle (left). Blood flow occlu-
sion inflating the balloon (optional) (center). Division of the parenchyma in segmental ischemic condition (left).

With regard to the definition of the so-called "high-risk HCC", it is still controversial. The high-
risk HCC could be defined as:

1. “large”, those > 5 cm in diameter (Figure 6). Large HCC increases the risk of vascular
infiltration, worsening the prognosis. Even 10 years ago, 5-year survival after resection was
no more than 33%. Today survival rate for large HCC without vascular infiltration are
reported to be about 70% at 5 years [54] and 45% for so-called “giant HCC” (> 10cm) [55].
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Figure 5. Tattooing of sub-segment of the fifth segment for a small HCC deeply located.

2. “multifocal tumors”. Multifocality was considered for a long time as a contraindication
to surgical approach, since it is associated with a poor prognosis. The only feasible
treatment within the limits of small dimensions (3 nodules < 3cm each) is liver transplan-
tation. However, many patients do not fall within the selection criteria and about 20% of
those selected experience progression and dropout from the waiting list. Thus, surgical
resection for patients with preserved liver functions may be the only curative option for
multifocal HCC. Global survivals from 29.9% to 58% are reported at present, depending
on the selection criteria [56, 57].

3.  “macroscopic portal/hepatic vein involvement”. This condition indicates the worst
prognosis with a life expectancy of a few months in the absence of treatment.

In general, resectability for high-risk HCC is considered in absence of extrahepatic disease
(lymph node metastasis or extrahepatic hematogenous spread and contiguous organs
involvement), and in presence of preserved liver function. Due to the size, number, location
and vascular involvement of the tumor, major resections or multiple resections are required,
and are often associated with vascular reconstruction procedures. Limits to indication are the
percentage value of the estimated remnant liver, and feasibility of vascular reconstruction.
This configure a complex liver surgery that exposes at significatively higher morbidity/
mortality risk and different survival rates depending on specific Centers selection and
influenced by three main prognostic factors: grading, vascular infiltration, and size of the
tumor. However, if resection is technically feasible, long-term survival for these patients is
better than second-line therapy as trans-arterial chemo-embolization (TACE) [58, 59].

For multifocal and bilobar HCC although there are no randomized trials,there is anevidence
of cohort studies that rported successful resection in select cases [60, 61]. Resection can be
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Figure 6. A case of very large, or so-called “giant HCC" which measured > 30 cm in diameter and weighted 5 Kg, in-
volving the entire right hepatic lobe. The tumor did not involve the portal trunk and the left lobe was hypertrophic.
Note the ischemic demarcation line (arrows) after selective right pedicle clamping.

combined with intraoperative ablation (RFA) expanding the rate of curability. Overall 5 years
survival between 39% and 58% for large, multifocal and vascular infiltrating HCC [57, 58, 62—
65] compared with the results of TACE overall survival of 24-63% at 2 years, and lowest rate
of survival at 5 years [66-68].

Recently, Delis [69] compared a group of 59 patients within the UCSF (abbreviation needs to
be defined..) liver transplant criteria (single tumor <6.5 cm, or three or fewer tumors of which
the largest <4.5 cm and the sum of the tumor diameter <8 cm) [38] and another group of 27
pateints who exceeded these criteria: all patients underwent hepatectomy or extended
hepatectomy with no mortality, but with higher rates of complications in the group that
exceeded the UCSF criteria. 1, 3 and 5 years disease-free survival were 66%, 37% and 34%,
respectively, in the first group and 56%, 29% and 26%, respectively, in the second group (p
<0.01), and the rate of recurrence was significantly higher in the second group, 74% vs 69% (p
<0.002). Vascular invasion was a strong predictive factor of intrahepatic and distant recur-
rences. Therefore, major vascular invasion is considered a contraindication to surgery and
transplant in many surgical centers. Ikai [62] reports results of 66% and 43% 5-year survival
in HCC with and without vascular infiltration, and found better survival values for the cases
with tumor invasion of the portal branches of 2nd and 3rd order compared with invasion of
the portal trunk or main branches, or contralateral infiltration. The recurrence rate was high
(percentage??), but a considerable proportion of cases may be candidates for re-resection or
ablative treatments. In the presence of tumor invasion of the portal trunk, 5-year survival of
26.4% is reported (thrombosis with portal infiltration) and 28.5% (p =.33) (without portal
infiltration) [70]. According to some authors pre-treatment with TACE before resection can
increase the global values of 5-year survival up to 42% that is a value significantly higher than
7% observed in non resected patients [71]. Resection and reconstruction of the portal trunk or
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of the main portal branches represent a very small percentage of the total resections, but they
impose considerable technical difficulty because they require mobilization of the portal vein
to the pancreas, an accurate posterior skeletonization, and dissection of the contralateral portal
pedicle before the venotomy.

In the presence of hepatic veins involvement resection also extended to venous segments is
accompanied by global survival at 1 and 3 years of 88% and 50% respectively, with mortality
rates of 12% [72]. These are very selective indication procedure, which must be addressed at
highly skilled centers in the hepato-biliary-pancreatic surgery.

In conclusion, for high-risk HCC there are no guidelines supported by strong scientific evi-
dence at the moment, but nevertheless, resection is offered more frequently in both Eastern and
Western Centers as well as in Academic Centers with a high volume of liver surgery [73-75].

5. Technical details

Major resection, defined as the resection of more than two segments (on liver with chronic
disease), does not involve particular risks of liver failure in patients with preserved functional
reserve (CTP class A), which can tolerate even more extensive resections, such as right or left
hepatectomy. However, except for cases of large HCC where the resected liver accounts for a
small proportion of functioning liver parenchyma, in other cases it is appropriate that a greater
hepatectomy is replaced by more limited resections, allowing to reduce the risk of postoper-
ative liver failure, and maintaining the chance of a new intervention in case of recurrence.

As aforementioned, the choice of a segmental resection is standard because it reduces the
incidence of early complications, such as seromas, abscesses and in particular biliary leak. This
aspect should not be underestimated since postoperative infection could lead to increased risk
of liver failure.

An adequate knowledge of the vascular anatomy of the liver, the improvement of surgical
technique and post-operative care have allowed to extend resections for large tumors, select
cases of majorvascular involvement, saving the functioning segments, such as the salvage of
segment 6 to preserve the portal postero-inferior pedicle, or reconstructing hepatic vessels in
order to avoid vascular congestion of residual segments and/or sectors (Figure 7). Vascular
reconstruction can be of direct-type as hepato-caval, or with prosthetic interposition (generally
Gore-Tex), or venous segment interposition (portal or gonadal). This procedure can be
performed with direct vascular control, or with ex-vivo technique using veno-venous bypass.
Vascular reconstructions have the main purpose of avoiding the congestion of segments that
have no other way of direct outflow [76]. For these techniques a complete study of vascular
distribution preoperatively with CT-angiography and intraoperatively by mean of ultraso-
nography is mandatory.

Intraoperative bleeding represents a further technical problem., In fact, blood loss affects both
the patient outcome in the short term, as well as the long-term survival and relapse. In the case
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Figure 7. Direct reconstruction of the middle hepatic vein (white arrows) after resection of HCC situated between seg-
ment 8 and 4a. The yellow arrow indicates the upper segmental branch for segment 8.

of cirrhotic patients, bleeding is a cofactor of liver failure. Currently in high volume centers
for liver surgery, 50-70% of resected patients do not require blood transfusions.

To limit blood loss, Pringle maneuver or clamping the portal triad are the technique most
commonly used. Intermittent clamping of the hepatic hilum is preferred in cirrhotic patients
compared to continuous clamping aimed to limit ischemia/reperfusion damage. Typically,
clamping that determines a state of warm ischemia, is prolonged in cirrhotic up to 15 minutes.
In the case of prolonged resection times clamping can be repeated with periods of unclamping
(reperfusion) of 5 minutes (intermittent clamping). To limit the risk of ischemia/reperfusion
damage many surgeons employ the technique of pre-conditioning, which consists of 10
minutes clamping followed by 10 minutes reperfusion, which precedes the definitive clamp-
ing. Pre-conditioning is believed to adapt liver parenchyma to warm ischemia thus reducing
the damage of ischemia/reperfusion. In fact, there is much evidence of this advantageous use
of the pre-conditioning in animal studies. However, evidence from few clinical studiesdoes
not conclude potential definite benefit in humans [77-79].

Anelegant and effective alternative to the Pringle maneuver is vascular direct control by means
of ligation and division of the portal and arterial branches of the hepatic lobe to be resected if
a hepatectomy is planned, or its selective clamping in the course of segmental resections; thus
maintaining blood flow to the contralateral lobe. The selective exclusion of blood flow is
confirmed by a change in color (ischemic demarcation) on the surface of the liver lobe excluded.
Typically, if resections are performed with vascular control outset, the hepatic vein drainage
is identified and secured too, thus causing a total parenchymal ischemia. Under certain
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favorable circumstances of anatomical dissection (easy hilum), inflow vascular control can also
be obtained on second order branches (sectorial pedicles) determining a super-selective
ischemic control.

Clamping of the hepatic vessels is generally employed during major resections, while it is not
necessary if a small segmental resections, or wedge and laparoscopic resection are carried out

[80-82].

The interruption of the blood flow from the hepatic pedicle effectively reduces bleeding during
transection; however, bleeding could still results from the hepatic veins branches. To limit this
further source of bleeding, it is useful to conduct resection under low value of central venous
pressure (PVC) at less than 5 mmHg, and to place the patient in 20-25° Trendelemburg
decubitus. The value of CVP in fact is reflected both at the level of the hepatic veins as well as
at the sinusoidal compartment level, and blood volume lost during resection well correlates
with the value of CVP [83-86].

Intraoperative control of bleeding is further optimized by the use of different instruments of
parenchymal dissection, all aimed at containing bleeding from venular or sinusoidal origin.
Classical hepatic dissection is carried out through parenchymal crushing by means of the Kelly
or Klemmer clamps (crushing clamp technique): clamp pressure fractures the parenchyma
leaving uncovered blood vessels that, depending on the size, are secured by mean of coagu-
lation device or sutures or clips. Alternatively one can employ tools that divide the parenchyma
in a gentler manner, through the ultrasonic dissector (ultrasonic dissection - CUSA-), bipolar
current instruments (LigaSure), or radio frequency device (Harmonic Scalpel), to list a few
examples. Although simple to use, the usefulness of these instruments is not clearin terms of
blood saving or shorter time of resection[87].

Another technical consideration related to expanding the possibility ofresection even in those
cases in which the total liver remnant volume is < 30% in healthy liver or < 35-40% in cirrhotic
liver is expected, which are the limits generally accepted to contain the risk of postoperative
liver failure [88, 89]. Itis in fact possible to increase the volume of the hepatic remnant through
the mechanism of liver lobe induced hypertrophy occluding the contralateral portal branch,
the so-called portal vein embolization (PVE). This procedure is generally carried out under
local anesthesia, through the puncture of a portal branch under ultrasound guidance or by
fluoroscopy, which is then occluded by different embolizatin materials. This technique
determines a volumetric increase of the residual lobe of about 8 to 12% over the time of about
20-30 days. After PVE, the percentage of patients undergoing surgery ranges from 62 to 100%
according to recent studies [90, 91].

6. Indication to orthotopic liver transplantation

Since 1968 the "European Liver Transplant Registry” (ELTR) records all data of liver trans-
plants in 145 centers across Europe. These data give an overview on what is the trend of
transplants in Europe during each period.
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Both the number of centers and the number of liver transplants gradually increased, but after
an exponential growth until the 80s, they reached a plateau that was maintained as shown by
recent data (ELRT) with about 5800 liver transplants performed per year across Europe.
Cirrhosis was the most common indication for liver transplantation (52%) rate, followed by
primary tumors of the liver (14%, HCC 12.1%).

Indication for liver transplantation have significantly changed over time. Subsequently, the
rate of liver transplantation for increased to 20% in late 1990s. Between 2000-2010, two groups
of indications have increased: primary tumors of the liver (16%), especially HCC, and cirrhosis
(53%), especially alcohol related (20%).

Transplantation for HCC has thus become a therapeutic approach more commonly used in
Europe where it accounted for 25% of all indications for liver transplantation. Improvement
of survival of cirrhotic patients given by the pharmacological control of HBV and HCV, has
led to an increased rate of survival and lower rate of recurrent HCC. In fact, HCC has gradually
become the most common complication in cirrhotic patients. In the last three years the number
of patients with HCC in transplant list has grown dramatically: more than 30% in France, 26%
in Europe, 34% in the United States [92, 93].

7. The role of liver transplant from living donor

Living donor liver transplantation (LDLT) is a practice used mainly in Asia, where orthotopic
organs are not readily available. Its use was later extended to other countries, mostly in Europe
and North America to compensate for the shortage of organs and the long time on the waiting
list which leads to patients’ death, or dropout for medical reasons or progression of cancer
beyond acceptable transplant criteria.

The main requirement of the transplant from a living donor is the "donor safety”, namely
the protection of the donor. Although the risks of this intervention in specialized centers are
very low, the incidence of death of the donor ranges from 0.15 to 0.30%, but can reach up to
0.50%. The concept of "double equipoise” was proposed to describe the balance that must be
maintained between the benefits related to the survival of the recipient and the risk of
morbidity/mortality of the healthy donor. For example, in Europe and North America
transplantation for acute liver failure from a living donor is not accepted, as the mortality of
the recipient in such cases is higher. Some studies have suggested a higher risk of tumor
recurrence related to liver regeneration after transplantation using a hemiliver from living
donor compared to cadaveric whole liver. Other studies have shown no significant differen-
ces related to the type of graft used, and the only risk factor appeared to be related to the
timing of transplantation from a living donor (fast-tracked patients), a short interval between
the diagnosis of HCC and transplantation whaich can lead to a greater risk of tumor
recurrence in the short term related to the fact that the biological behavior of HCC has not
yet fully manifested. For these reasons, it is generally required to have a wiat time ofat least
three months between the diagnosis of HCC and transplant before offering a graft from a
living donor. The transplant from a living donor is acceptable if the 5-year survival is
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comparable to that of patients transplanted from cadaveric donor. The use of cadaveric donors
in the event of failure of the graft is generally accepted. The need for re-transplantation is
still very low however, and the survival after re-OLT is high. In patients transplanted for
HCC from a living donor within regionally accepted criteria, re-transplantation for graft
failure using a cadaveric liver is also possible and accepted by the scientific community. If
the transplant from a living donor had been done over the criteria, re-transplant from a
cadaver is not recommended [94-98].

8. Inclusion criteria

Currently, in many countries, the eligibility criteria for transplantation for HCC follow "Milan
criteria" [9]:

* the presence of a single tumor of less than or equal to 5 cm in size;

* up to three tumors of size less than or equal to 3 cm;

* absence of extrahepatic or lymph node metastases;

* absence of tumor thrombosis of the portal veins, or hepatic veins per liver imaging.

The tumor should be considered unresectablebased on the location, major vessel involvement,
or if the tumor is multifocal or the patient has advanced cirrhosis (Child class B or C) [9, 99].

The expansion of the Milan criteria with the criteria of San Francisco (1 nodule < 6.5 cm in
diameter or multiple nodules of 4.5 cm in diameter with the sum of the diameters < 8cm)
had mixed results in terms of survival (survival at 5 years of 50%); for patients with HCC
outside the limits of the criteria of Milan, the survival tends to decrease mainly in the
recurrence of disease. Survival that is reduced to less than 50% at five years after transplan-
tation is considered not acceptable. Given the scarcity of available organs, many countries
circumscribe selection of patients exclusively to the Milan criteria. In practice, the problem
of the shortage of organs is the principal factor influencing the indications for transplanta-
tion. Therefore, it became mandatory to tranplant only patients who can reach an adequate
survival.

The "United Network of Organ Sharing or UNOS" has rejected the use of CTP classification to
prioritize HCC patients on the waiting list, who may have an increased risk of mortality while
on the waiting list. The MELD system became the standard method for assessing the clinical
severity of a patient potentially candidate for liver transplantation. It is based on a numerical
score that takes into account the levels of serum creatinine, total bilirubin and INR. The score
is calculated according to the formula:

9.57*log (creatinin mg/dl) + 11.2*log (INR) +3.78*1og (Bilirubin mg/dl) + 6.43

This formula calculates the risk of 3-months mortality. Patients with high scores have priority
on the waiting list for transplantation [100].
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The limit above which a patient can be enrolled into a waiting list is of MELD 15; whenever
the MELD is less than 15 the risk of the transplantation is certainly greater than the risk of
mortality by three months in the absence of transplantation. Since patients with HCC often
have aMELD <15 and therefore alower priority of transplantation, UNOS considered to assign
all patients with HCC (T1-T2) a MELD of 22, regardless of the actual state of liver disease. This,
however, several others factors are still considered.

In addition to the number and size of lesions (Milan criteria) and serum creatinine, bilirubin
and INR (MELD score), great importance is also given to the values of the a-FP. Although
there is not a cut-off default, in patients with cirrhosis and HCC, if a-FP levels is increasing by
more than 15 microg / L per month, liver transplantation is associated with a 5-year survival
of less than 54%. Consequently, a-FP is considered a marker of related HCC aggressiveness
and therefore should be considered to select potential candidates [101].

9. Prognosis

The main causes of death after liver transplantation are:

* Perioperative generalized morbidity causes such as multi-organ failure, cerebrovascular,
cardiovascular, pulmonary and renal complications (29%).

* Recurrence of the primary disease (20%), especially tumors (11%).

* Sepsis (18%), especially bacterial (9%).

* Technical complications (5%), especially bleeding and vascular disorders (3%).
* Rejection (4%), especially chronic (3%).

Intraoperative death and liver failure represent 3% of all deaths.

Over the past 10 years there is a decrease in mortality in the range of 16%.

Survival after transplantation account for 82% at 1 year, 71% at 5 years, 61% at 10 years, 51%
at 15 years and 43% at 20 years.

Survival has improved over the time reaching 85% at one year in 2004, compared to 76% in
1990-1994 to only 33% in 1985 (please list reference(s)..). This improvement over the time is
most evident in liver transplantation for liver tumor.

From 1988 to 2009, 5-year survival was statistically higher for patients with cirrhosis (72%)
than in patients with primary liver cancer (52%). During the last 10 years, post transplant
survival for cirrhosis and liver cancer tended to approach (73 vs. 64%).

Moreover, a recent multicenter study from Europe showed that cumulative 1 and 5 year
survival for patients transplanted for HCC on cirrhosis is 86% and 70% respectively in patients
within the Milan criteria. Patients beyond the Milan criteriahad an average overall 5-year
survival of 61.5% (correct?) [92, 102].
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Years (1999-2009)

Etiology of liver disease

1 year actuarial survival (%) 5 years actuarial survival (%)
and (n. TX)
Graft (%) Pazient (%) Graft (%) Pazient (%)

Acute hepatic failure

70 76 62 69
(3449)
Colostatic disease (4675) 83 89 74 81
Congenital biliary

84 90 79 87
pathology (2167)
Cirrhosis (25424) 81 85 69 73
Primary liver tumors

81 83 61 64
(7640)
Metastatic tumors (361) 77 83 50 55
Metabolic diseases

82 87 72 79
(2866)
Budd Chiari (400) 76 81 66 73

Table 4. Patients and graft survival over the last 10 years (adat from European studies of liver transplant for HCC
(correct?). Modified from [92]

10. Follow-up and treatment of recurrence

The main concern for patients subjected to liver transplant for HCC is recurrence that occurs
in 8 to 20% (reference). Recurrence usually occurs within the first two years and is associated
with a median survival of less than one year from the time of diagnosis (range 7-18 months).
The adoption of a-FP assay and imaging (ultrasound, CT and MRI) every six months in the
course of the follow-up has resulted in early detection of recurrence, allowing for a possible
treatment to more than 1/3 of the cases.

Recent studies have tried to identify the role of post-transplant adjuvant therapy, but results,
while highlighting a benefit in terms of overall survival and disease-free interval, are not
conclusive because of their variability in terms of chemotherapeutic regimen, dosage, inclusion
criteria and end points.

Sorafenib is a tyrosine kinase multi-targeted inhibitor, approved for treatment of patients with
advanced HCC. However, its use post-transplant is not permitted outside of clinical trials.
Loco-regional therapies for HCC recurrence (RF, TACE) and resection have been used in
patients with limited burden of disease and appear to be useful in selected cases. In conclusion,
the HCC recurrence after transplantation provides surgery for resectable lesions or through
loco-regional therapies or systemic therapies (including Sorafenib) for unresectable lesions.
Liver re-transplantation for HCC recurrence is not established [103-106].
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11. Summary

Surgical treatment of HCC has evolved over the last 20 years due to improvements in surgical
technique, anesthesiologist care and in particular to more appropriate criteria for carrying out
resection or liver transplantation. Using systematic screening of at-risk groups has increased
the detection of HCC at an early stage, potentially curable.

Survival rates following HCC surgical treatments, which were disappointing in the past, are
very high today exceeding 50% at 5 years, both with resection as well as with transplantation
in the category of single and small HCC. The choice between transplant and resection is
eventually related to liver function that may be compromised by coexisting cirrhosis, and the
availability of grafts that is currently lacking.

The biggest flaw of hepatic resection remains its high rate of relapse of the disease. In part, due
to true recurrence, and partly due to the emergence of new HCC. In this situation it is possible
to consider a transplant rescue, a second resection or local therapy options if the disease is
limited to the liver, or systemic therapies if metastatic.

A most relevant concern remains that of high risk HCC for which transplantation is precluded.
In this category of HCC resection with very strict indications can still meet a decent expectation
of survival.
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1. Introduction

The high frequency of cases of hepatocellular carcinoma (HCC) led to vigorous efforts to
identify the biological behavior and the pathogenetic mechanisms of this disease. The esti-
mated 564.000 new cases worldwide and almost the same number of deaths in 2000 make it
necessary to understand how to treat and control HCC [1]. This is possible acquiring a deep
knowledge of the natural history of the disease, particularly of its initial steps which bring the
parenchyma to the first changes and expose the cells to chronic insults, leading to a long
standing disease endowed with a high risk of cancer development.

The pathogenesis of HCC is a complex phenomenon-, given the high number of variables and
factorsinvolved in liver function and of the possible pathway activation or deregulation during
liver disease.

The first valuable step is based upon the death of hepatocytes: different pathological conditions
able to induce hepatocyte damage and death will determine recruitment of inflammatory cells
and deposition of connective tissue.

On the one hand this fact shows the relatively limited range of liver parenchyma response to
various kind of damage. The structure and function of the organ are associated with necroin-
flammatory, fibrotic and cholestatic changes as the main phenomena which the parenchyma
response to damage is able to produce.

On the other hand, this kind of elementary lesions is mostly self-maintaining: in fact, some of
the main consequences of hepatocyte destruction and fibrotic parenchymal substitution are
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the changes in blood flow and in the composition and function of both extracellular matrix
and microenvironment of the liver [1], which heavily influence hepatocyte life and function.

There is a strict connection between different phenomena concerning the liver in normal and
pathological conditions. Chronic inflammation and fibrosis are well known as the main
changes leading to neoplasia harboring in the majority of chronic liver diseases; but some
insights into the mechanisms and the cellular types which can act either in organ development,
or in regenerative and neoplastic processes represent one of the objective of this text. At this
regard, a particular role in the relationship between microenvironment and liver cells prolif-
eration concerns tumor associated fibroblasts (TAFs), considered critical for tumor growth and
progression.

Experimental studies in solid tumors other than HCC suggest a possible origin of these cells
from mesenchymal stem cells derived from the bone marrow, but in vitro human models lack.
These cells exert important functions in cirrhotic and neoplastic liver parenchyma: recently it
has been demonstrated the presence in human neoplastic livers of a population of multipotent
adult stem cells with properties of tumor associated fibroblasts, while a population of MASCs
derived TAFs is already present in cirrhotic, not yet neoplastic parenchyma. Furthermore,
mesenchymal stem cells isolated from non-neoplastic and non-cirrhotic livers can acquire a
TAF phenotype when grown in a medium conditioned by tumor cell lines [2]

After a brief evaluation of the main factors playing important roles in the pathogenesis and
progression of hepatocellular carcinoma (pathways deregulation with respect to morpholog-
ical changes, molecular factors and pathways cross-talk influencing interplay between
different cellular elements, role of extracellular matrix and angiogenesis), the relationship
between liver embryogenesis, regeneration and neoplastic growths is considered, inparticular
as far as the interplay between parenchymal cells and stromal component in non-neoplastic
and neoplastic liver is concerned. Further deeper look is addressed to more recent progresses,
which can really offer new important insights in the pathogenesis and treatment of hepato-
cellular carcinoma: microRNA deregulation and tumor associated fibroblasts. The former
show a great potential in targeting a lot of genes involved in the neoplastic process: different
tumors in different organs show strict relationships with the effects of groups of miRNA
similarly associated for some organs, giving rise to signatures characteristic of neoplastic
development, able to predict prognosis and to represent targets for new therapeutic chances.
Similar results come from the action of miRNA in hepatocellular carcinoma, where distinct
tumor subtypes are associated with different miRNA signature.

Tumor associated fibroblasts represent a population of stromal cells able to influence in crucial
ways the parenchymal microenvironment changes which accompany all steps of HCC
development, from the origin to progression and diffusion.

1.1. Growth factors and molecular pathways

With the ongoing of the pathological process the proliferation of liver cells accelerates and
monoclonal populations occur: this is the hallmark of all preneoplastic lesions and takes places
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also in HCC. From this point of view the foci of phenotypically altered hepatocytes represent
the first discrete step, morphologically identifiable, in the way leading to cancer.

The foci of altered hepatocytes contain differentiated hepatocytes that have acquired molecular
aberrations and changed their metabolic properties [3]: this may allow the progress to
malignant phenotype. These cells and their morphological and biochemical phenotype are
unstable and, given the absence of uniformity in foci, the clonal origin is partly suggested: at
least 8 cytomorphological and cytochemical atypical foci types exist [3]. These premalignant
changes represent perhaps one of the first effects of viral or environmental damage.

The main etiological agents of HCC are well known: HBV,HCV and Aflatoxin B1 are consid-
ered causative agents of about 80% of cases [1]. During last years a lot of genomic aberrations
have been identified and the mechanisms of interaction at molecular level between liver cells
and etiologic agents in producing gene changes responsible of the development of neoplasia
have been studied and often understood [1].

After the production of foci of altered hepatocytes, the subsequent step, morphologically
defined, is represented by the formation of dysplastic foci and dysplastic nodules: in these
lesions, probably, molecular changes can take further development with a selection of genetic
and epigenetic changes leading to a proliferative advantage for altered hepatocytes and to the
involvement of several regulatory pathways in simultaneous disorders favoring the passage
from dysplastic to neoplastic lesion.

The simple increase in cell proliferation and DNA synthesis associated with increasing
enzymatic and metabolic changes is not enough to give rise to carcinogenesis.

The production of growth factors and hormones (e.g. Insulin, IGF2, TGF alfa, TGF beta, HGF,
Transferrin, VEGF), of cytokines and chemokines and the activation or deregulation of
different pathways give an essential contribution to the development of neoplasia, but the
whole mechanism of the transformation from dysplastic to fully neoplastic lesion is not yet
completely understood.

A crucial element to consider in this context comes from the interaction between the different
cell types present in liver parenchyma.

For example, hepatocyte proliferation is regulated by cytokines (especially IL-6) produced by
Kupffer cells as well as by endothelial cells and hepatic stellate cells. On the other hand,
hepatocytes modulate sinusoidal endothelium phenotype and its production of prostaglan-
dins, endothelin, IL-1 e IL-6 and Hepatocyte Growth Factor [4]. Moreover, the complexity of
cross talk between cellular types is relevant in the relationship between hepatocytes and
hepatic stellate cells: the production of peptides stimulating hepatic stellate cells proliferation
leads to the increased production of cytokines by hepatic stellate cells. These latter are able
either to inhibit or to stimulate hepatocyte proliferation [5]. For example, TGF-beta produced
by hepatic stellate cells can act as an inhibitor of liver cells replication; moreover, IL-6 response
is downregulated by SOCS-3 (suppressor of cytokine signaling 3) with blocking of JAK
mediated STAT-3 activation [4, 5].
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Regarding the interaction between hepatocytes and Kupffer cells, growth factors and cytokines
activate critical transcription factors, such as AP-1, NFkB, STAT-3, inducing Kupffer cells
activation and production of IL-6 thus increasing liver cell DNA synthesis [5].

1.2. Extracellular matrix

The site where the described interactions take place is not a silent structure away from any
biochemical activity: the relationship between hepatocytes and extracellular matrix is partic-
ularly active and crucial [3].

A lot of adhesion molecules and receptor mediating cell-matrix binding are present.

Extracellular matrix acts as a reservoir and presenter of cell growth factors and cytokines; it
undergoes a rapid turnover and significant modifications, often induced by liver parenchymal
and non-parenchymal cells, through the production of matrix-degrading enzymes, such as
metalloproteinases, and their inhibitors which control the extracellular matrix degradation.
Soluble mediators able to influence hepatic stellate cells and Kupffer cells induce the produc-
tion of proteinases which may initiate the process of matrix degradation. Kupffer cells adhesion
on endothelial cells via CD4 and ICAM-1 produce hepatic stellate cells stimulating factors:
again, hepaticstellate cells, modulated by hepatocytes, endothelial cells, Kupffer cells, platelets
and inflammatory cells play a role in fibrogenesis and liver morphogenesis.

When extracellular matrix at sinusoidal subendothelial level undergoes some kind of disrup-
tion, hepatocytes can lose their differentiated function and morphofunctional changes take
place: altered porosity in sinusoidal barrier and impaired movement of solutes and macro-
molecules into and out of Disse spaces favor fibrogenetic progression, with further functional
impairment. In particular, extracellular matrix turnover and degradation are under the control
of different factors, either at extracellular (metalloproteinases) or intracellular level (lysoso-
malcathepsins) [3].

Collagenases acting on fibrillar collagen, stromelysins (degrading collagen IV, gelatin, laminin,
fibronectin), gelatinase, neutrophilic collagenase ( acting on collagen I and III) and so on
parallel the activity of molecules expressed by hepatocytes and hepatic stellate cells, function-
ing as inhibitors of metalloproteinases (tissue inhibitors of metalloproteinases 1 and 2 and alfa
2 macroglobulin), with a regulation of relative gene expression by same cytokines and growth
factors as metalloproteinases [3].

Interstitial collagenase activity is increased in liver fibrosis, mainly during the early develop-
ment of extensive lesions, but diminishes with advanced cirrhosis.

1.3. Angiogenesis

Fibrogenetic progression with Disse spaces fibrosis and sinusoidal capillarization induces
greatimpairment particularly in hepatocellular secretion of proteins (albumin, clotting factors,
lipoproteins), associated with dramatic changes in fluid dynamics [3].

Genetic changes and local hypoxia may lead to secretion of soluble angiogenic factors, with a
complex interplay between cells, basal membranes and pro-or antiangiogenic factors.
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The proangiogenetic factors exert their influence in particular by activating endothelial cells,
which, when activated, loose interendothelial cells contacts and breakdown the surrounding
basement membrane and extracellular matrix: the associated phenomena of proliferation and
migration of endothelial cells are widened by further secretion of angiogenic factors,former-
lysequestered in perivascular extracellular matrix. The secretion of protease induces the release
of free vascular endothelial growth factor which stimulates endothelial cells [6, 7].

Endothelial cells proliferation and migration is followed by the tendency to assemble in
tubular structures, with subsequent basement membrane material production and peri-
cytes (supportive vascular smooth muscle cells) recruitment through the action of PDGF
beta: these newly formed vascular channels nevertheless show irregular and variable
diameter, with abnormal branching pattern, incomplete structure of basement membrane
and only partialpericytes cover, which represent the main characteristics of new vascular
channels associated with the development of neoplastic growth at the beginning. The
process go on when phenomena ofhypoxia in the central area of the tumoror some viral
component if present ( for example HBX protein ) stimulate the production of Hipoxia
Inducible Factor-1alfa, followed by the action of VEGF glycoproteins (A,B,C,D and placental
growth factor) on corresponding receptors (fltl1 and flkl) on endothelial cells. It has been
demonstrated that Trans arterial chemoembolization (TACE) for hepatocellular carcinoma
treatment is followed by parallel increase of VEGF expression related to microvascular
density and hypoxia [6, 7], which confirms the relationship between ischemia and reac-
tive neoangiogenesis.

Angiogenic stimuli produce different effects in normal, cirrhotic and neoplastic liver paren-
chyma:within normal and regenerating tissue new functional sinusoids appear, while in
chronic liver disease capillarized vascular structures take place [7].

The high number of complex interplays, here rapidly summarized, underlines the crucial
connection between parenchymal cells, non-parenchymal cells and extracellular matrix,
including vascular component. Again this phenomenon-show significantsimilarities between
different physiological and pathological events involving the liver.

2. Liver development, regeneration, neoplasia: The role of stem cells

It has been recognized the existence, in the liver, of a strict connection between development,
regeneration, and carcinogenesis [8, 9]. As a consequence, researchers are trying to dissect the
molecular mechanisms regulating liver homeostasis, the comprehension of which could open
the way to new targeted therapies for liver regeneration, liver cirrhosis and primary liver
cancers [8, 9].

Liver development involves complex mechanisms. Multipotent tissue specific progenitor cells,
derived from blastocyst inner cell mass stem cells, give rise to the different organs [8].
Specifically, fibroblast growth factor (FGF) from the cardiac mesoderm, through a coordination
of signaling with bone morphogenic proteins from the septum transversum mesenchyme,
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influences the hepatic induction [10-14]. In fact, committed foregut endoderm elements,
through WNT signaling, promote liver bud emergence [15-17]: hepatoblasts invade the septum
transversum mesenchyme to give rise to liver bud and proliferate under the influence of
mesenchymal cells derived cytokines and growth factors, such as FGF, HGF and TGF beta
[18-21] and of neighboring endothelial cells signaling.

The hepatoblasts show bipotential characteristic and specific pathways induce their differen-
tiation into hepatocytes or biliary epithelium, respectively. Some studies suggest the ductal
plate as the site of fetal liver progenitor cells, with 4 hypothetical anatomic compartments [22]:
hepatocytes which meet the canal of Hering, pankeratin positive cells in the canal of Hering,
intraductalcholagiocytes, peribiliary” null” cells.

After injury, liver regeneration processes are strictly related to the extent of the loss of liver
parenchyma [8] Specifically, after experimental partial hepatectomy, mass restoration is
mainly due to mitotic division of mature liver cells [23], while when this regenerative capacity
is overwhelmed by massive parenchymal loss, for example in chronic liver disease, mass
regeneration implies the activation of a liver progenitor cell compartment [22]. The molecular
pathways activated in this latter case suggest a recapitulation of the fetal development [8]. In
fact progenitor cells phenotypes and antigenic profiling are similar to fetal liver: these cells are
located at the canal of Hering; the presence of label retaining cells within the iuxta portal,
proximal biliary tree (slow cycling cells which retain Bromodeoxyuridin (BRDU) label for 8
weeks after experimental injury related cell division) confirm this site as a possible stem cell
niche [22]. Similar observations concern peribiliary hepatocytes, mostly identified as BRDU
positive very early in post-injury period, at variance with mid-acinar and central acinar
hepatocytes, involved in rapid turnover for regenerative response to the loss of parenchyma.
On the other hand, intraductalcholangiocytes and peribiliary “null” cells are less likely to take
a role in the niche population, due also to the difficult evaluation of their relationship with
neighbor liver parenchyma [22].

Liver regeneration takes places within some days or few weeks from the insult. After
experimental partial hepatectomy, inflammatory cells produce TNF-alfa which damages
surviving cells, but induces DNA synthesis and adult liver cells proliferation; this mecha-
nism needs the presence of a specific receptor on hepatocytes (Tumor necrosis factor
Receptor 1). TNFR1-null mice can nevertheless grow to adulthood, demonstrating the
possible development also in the absence of this interaction TNF alfa-TNFR1. This is simply
one out of several mechanisms (such as the action of drugs or hormones) which increase
hepatocyte proliferation, while interaction with TNF is not a unique way for liver develop-
ment [24]: although TNF production and Glutation (GSH) synthesis represent rapid reaction
to experimental hepatectomy, TNF simply activates different factors (such as NFKB and
SEK-1, a stress related kinase) that permit hepatocytes to survive to TNF exposure.
“Surviving hepatocytes are then surveyed for damage and repaired or deleted” [24]: this is
a defensive, initial mechanism that, together with antiapoptotic and antioxidant factors,
makepossible subsequent parenchymal regeneration. All these observations show a complex
picture of stress regulated intracellular signals that allow adult hepatocytes to proliferate,
to survive without proliferation or to dye.



Conditions that Predispose to the Development of HCC: The Role of Tumor Associated Fibroblasts and of microRNA
http://dx.doi.org/10.5772/56951

Chronic inflammatory response, growth factors and DNA damaging agents (including ROS)
also play a role [25, 26], favoring the involvement of progenitor cells in regenerative / prolif-
erative activity and therefore probably also favoring tumor development.

Type and duration of exposure to ROS, increasing after cellular stress, play a pivotal role in
choosing the direction of cells destiny. An acute and transient increase in ROS is necessary for
proto-oncogenes and growth factors to induce cellular proliferation [24]. Interestingly,
similarly toregenerative response, with H-RAS mediated proliferative activity, malignant
transformation also requires K-RAS proto-oncogene activation, inducing ERK 1-2 activation
[24]. Surviving hepatocytes surveillance could therefore be overwhelmed by stress induced
proliferative stimuli associated to malignant transformation.

On the one hand, normal livers, which undergone experimental hepatectomy, show a regen-
erative, mitotic response starting from adult hepatocytes. On the other hand, in the presence
of a chronic parenchymal damage, the response isbased upon progenitor cells, with molecular
signaling patterns that suggest a recapitulation of fetal development [8].

A part from experimental parenchymal damage, chronic ethanol consumption generally
increases the death rate of mature hepatocytes. This stimulates a compensatory regenerative
response to preserve normal liver mass and function. Nevertheless, most of the mature
hepatocytes that survive in alcohol damaged livers are replicatively senescent and hence
incapable of proliferating to replace their dead neighbors, given the chronic alcohol exposure
which inhibits the induction of DNA synthesis. Hence, regeneration of alcohol damaged livers
involves the expansion and differentiation of facultative liver progenitor cells [24]. This
regenerative mechanism requires lengthening the time needed for liver mass reconstitution,
due to the time necessary for differentiation of progenitor cells.

On the whole, the reparative processes take advantage of two principal strategies of defense,
depending on the extent of the damage [8]. While mild injury is mainly repaired through
compensatory hyperplasia of hepatocytes, severe damage implies the activation of a liver
progenitor cell compartment [27]. In both cases, other non-parenchymal cells (stellate cells,
vascular and biliary cells) proliferate as soon as hepatocytes starts to [27]and cooperate to
restore morphofunctional competent liver tissue. In rodent experimental models with chronic
liver injury.

HGF and EGF promote the upregulation of proliferation rate and expansion of oval cells, while
TGF-beta exerts the opposite effect on oval cells [28-31], with an upregulation of the WNT-Beta
Catenin pathway in acute and chronic liver injury experimental models [8]. These data again
suggest symmetry between fetal development and regenerative mechanisms. Molecular
mechanisms involved in fetal development, when identified, can allow to target pathways
connected with parenchymal damage: tyrosine kinase inhibitors, for instance, are able to
inhibit progenitor cell response, liver fibrosis and liver cancer development in a mouse model
of chronic liver injury [32]; C-kit inhibition by imatinibmesylate attenuates progenitor cell
expansion and inhibits liver tumor formation in mice [32].
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Therefore, the presence of pathways playing a role either in fetal development or in regener-
ative but also in neoplastic phenomena opens important perspectives: three distinct cell
lineages can be found in the liver,susceptible of neoplastic transformation: mature hepatocytes,
small proliferating hepatocytes and stem cells [33, 34].

Specifically, hepatocellular carcinoma might result from dedifferentiation of mature hepato-
cytes, from activation of oval cells, from arrested differentiation of tissue based stem cells, the
latter being an expression of blocked ontogeny, linked to hepatocarcinogenesis. Evidence of
the fact that hepatocarcinogenesis partly recapitulates fetal development comes from some
observations: both progenitor and fetal cells are self-renewing, with heterogeneous progeny
and limitless division; bipotent cells, with hepatocytic and cholangiocytic potential are present
in fetal livers and have been isolated in a number of HCC cell lines; finally, the strict relation-
ship between tumor cells and fetal program is testified by the fact that HCC cell lines (e.g.
Huh1, Huh 7, Hep 3b cell lines) share with fetal liver progenitors several oncofetal markers
and that HCC characterized by a gene expression profile similar to fetal hepatoblasts have a
poorer prognosis than HCC with an adult-type genomic profile [35-39].

According to the possible origin from progenitor cells or from dedifferentiated adult cells,
HCC could assume different phenotypes and be linked to the activation of different pathways,
associated to variable parenchymal morphological changes. For instance, significantly fewer
HCCs expressing CK7 or CK19 show nuclear beta Catenin expression. The beta catenin
pathway could preferentially involve “mature” hepatocytes versus less “mature” (progenitor)
phenotype cells, with CK7 and CK19 expression,associated withless advanced fibrosis in non-
tumoral parenchyma [40].

CK19 expression in HCC can change with different expression of beta catenin: decreased
fibrosis degree in the non-tumoral parenchyma parallels reduced nuclear beta catenin
expression [25].

Regarding oval cells, many of the compounds that induce their proliferation are DNA-
damaging agents or carcinogens, therefore oval cells can be considered as potential precan-
cerous cells [41]. Oval cells activation with “ductular reaction” represent the expansion of a
transit amplifyingcell compartment of small biliary bipotent cells [25].

In cirrhosis, hepatocytes are characterized by senescence determined by telomere shortening,
while mesenchymal cells (e.g. endothelial cells and stellate cells) seem not to be affected by
replicative senescence [25]. In the hepatocytes this latter can be the result of an enhanced
proliferation rate that can persist for 20-30 years of chronic liver disease. It is possible to
hypothesize that the parallel proliferative activity of progenitor cells and mesenchymal cells
allows an influence of the latter elements on the progenitor cells carcinogenic evolution: it is
known that sinusoidal lining cells like hepatic stellate cells proliferate in close anatomical
relationship with progenitor cells and are able to produce growth factors for which progenitor
cells have the receptors, suggesting an interaction between these cell compartments [26].

“A characteristic of stem cells is to survive to toxic and hypoxic stimuli due to their low cell
cycling “.
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“One possibility is that HLSC may represent a mesenchymal population modified by the
influence of the local environment, reflecting the importance of the niche in establishing the
phenotype of MSC” [42].

The “tumor stroma” can be considered as “normal wound healing gone awry [43], able to
interact through paracrine and juxtacrine pathways with the tumor stem cells that are
influenced by the microenvironment in which they are endowed, with a direct role of micro-
environment cells in determining the malignant phenotype [44-52]. In summary, fetal devel-
opment, regeneration and carcinogenetic processes show some point of similarity in molecular
pathways and mechanisms, partly recapitulatedin chronic parenchymal liver damage evolv-
ing to advanced stages.

Starting from the concept of chronic liver disease development, with progressive liver cell
destruction, reactive fibrosis and general parenchymal organization disarray, it is possible a
better comprehension of the whole changes.

These phenomena are all present since the beginning of liver damage, when liver cells are
involved by viral or toxic damage and fibrous tissue deposition replace the destroyed cells.
This is the beginning of fibrosis development, firstly at sub-sinusoidal level, then within the
damaged areas, often associated, in more advanced stages, with a ductular reaction.

Importantly, evolution of liver fibrosis and activation of hepatic stellate cells share some
pathways [4]. In fact, the adhesion molecules and receptors mediating cell-extracellular matrix
binding and growth factors and cytokines present in ECM influence matrix turnover and
modifications and, together with liver cells, endothelium, Kupffer cells and inflammatory cells,
modulate hepatic stellate cells. These latter express Integrins, mediating cell adhesion to
fibronectin and collagens and modulating metalloproteinases: integrins activate intracellular
signaling pathways in response to ECM protein they recognize, influencing hepatocytes
differentiation.

As a consequence, any kind of liver parenchymal damage, though mild, induces a regenerative
liver cell response, starting from periportal liver cells [25].

Liver cells, ductular cells, stromal cells and perisinusoidal cells all undergo regenerative
phenomena: it is a complex sequence associated with progressive collagen deposition with a
healing role, involving subsinusoidalDisse spaces, periportal and perilaminarinterstitium,
with ECM and parenchymal cells activation and proliferation and with ECM synthesis by
stellate cells, fibroblasts and, in some cases, parenchymal cells. In fact, in this context, epithelial-
mesenchymal transition and mesenchymal-epithelial transition play a role, with different
tissue component phenotypic changes, significantly involving parenchymal structure and
function [53].

If chronic inflammation with long standing tissue damage represents a risk condition for
neoplastic disease, cirrhosis is the typical predisposing setting for hepatocellular carcinoma.
In fact, cirrhosis is characterized by a microenvironment possibly favoring HCC onset: most
cases of hepatocellular carcinoma are linked to the presence of cirrhosis [54, 55].
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3. Molecular changes in the development of HCC: The novel role of miRNA

During the last years it has been shown a significant correspondence between clinical and
humoral parameters (tumor size, differentiation grading, HBV or HCV infection, serum
alfafeto protein (AFP)) and different molecular pathways activated in HCC cases: beta-catenin
and Axin-1 mutated cases, with early relapse, behave in a different way comparedto cases with
c-Myc and AKT activation associated with Interferon target genes inhibition, but also com-
pared to hepatocellular carcinoma with overexpression of p53 and p21, the latter showing
better differentiation and lower size [56]. Subclasses S1,52,53 defined on the basis of above
mentioned clinical, humoraland morphological parametersare oftenassociated with different
molecular profiles: S1 show Beta catenin and Axin mutation; S2 activation of c-Myc, AFP
overexpression, AKT activation, IFN target genes inhibition; S3 cases are associated with better
histological differentiation, overexpression of p53, p21, gene related with glycolipidic and
alcohol metabolism, oxygen radical scavenging and coagulation [56]. The effort is the identi-
fication of a classification system on the basis or with the contribution of the molecular changes
of the tumors.

At this regard, miRNAs can play a crucial role. In fact, each of these small endogenous
non-coding RNAs is characterized by the ability to transcriptionally or post-transcriptional-
ly regulate many different target genes, thus being responsible of complex molecular
changes [57].

In fact, these sequences favor mRNA degradation through sequence-specific interaction with
the 3’ untranslated region (3’-UTR) of targeted mRNAs; when the sequence is totally comple-
mentary, miRNA pairing will induce mRNA degradation and are involved in development,
apoptosis, proliferation and differentiation processes [58]. Alternatively, sequences partially
complementary will more probably induce a stop in translation, without mRNA degradation.
Therefore, a single miRNA is able to regulate the genic expression of hundreds of target
genes.Its altered expression could cause a “post transcriptional collapse”, i.e. the contemporary
deregulation of multiple tumor suppressor or oncogenes whose sequences are complementary
to the considered miRNA [59], thus deregulating many molecular pathways which could favor
a malignant cellular phenotype [57]. In fact, the global effect of inactivation of a miRNA
molecule will be the over-expression of its target genes, while its activation will induce the
down-regulation of a lot of target genes. If deregulated miRNA target genes are involved in
the regulation of important biological processes, such as apoptosis, cell cycle, tumoral cells
invasiveness or angiogenesis, then the risk of uncontrolled growth and tumor development
will increase [58].

Accordingly, in HCC has been described a deregulation of miRNA expression [57]. The fact
that HCC-related changes in miRNA expression are absent in non-neoplastic parenchyma and
the association of these changes with other neoplasms confirm the hypothesis of miRNA
involvement in HCC pathogenesis.

Interestingly, more than 50% of miRNA genes are located in fragile chromosomal site or in
cancer-associated genomic regions [60].
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Many experimental evidences support the relationship between fragile sites and DNA
instability in cancerous cells. In fact, fragile sites are preferential sites for chromatids exchang-
es, translocations, deletions, gene amplification or integrations of associated viral sequences,
such as HPV [60].

Besides the association with fragile sites, microRNA genes may be involved in tumorigenesis
process through other mechanisms, such as point mutation, deletion, amplification, translo-
cation or epigenetic modifications [61]. Most known microRNA have been identified within
genomic cancer-associated regions: minimal regions of loss of heterozigosity, where often
oncosuppressor genes are present or minimal region of amplification, where often oncogenes
have been identified [62]. This strongly suggest that miRNAgenes may behave either as
oncogenes or as tumor suppressor genes and, in particular, the same miRNA may behave in
different way on the basis of the kind of alteration, cellular type or transcriptional/post-
transcriptional regulation of target genes.

miRNA deregulation can also be the consequence of epigenetic changes, In fact, an extensive
genomic analysis of miRNA-coding gene sequences showed that about 50% of these loci are
CpGisland associated [62] makingpossible that an alteration in DNA methylation/acethylation
could be responsible for miRNA deregulation in tumors [63].

Regarding the changes in miRNA expression in different tumors, the Volinia study [64],
performed a microarray analysis of 20 different miRNAs in 540 specimen obtained from
different tumor types (lung, breast, stomach, prostate, colon, pancreas) identifying a miRNA
signature common to some different solid tumors). The value of this study, find a confirma-
tion in the similar grouping, between different tumors, of the miRNA expression signa-
ture: this suggest a common mechanism of involvement of miRNA in human carcinogenesis.
Prostate, colon, stomach, pancreas show mostly similar signature among them, whereas
lung and breast are represented by a fairly different signature. Furthermore, within the
signature, some miRNA have been found whose association with other human tumors was
already known: among them there are miR-17-5p, miR-20a, miR-21, miR-92, miR-106a, e
miR-155, and molecular targets of these miRNA are significantly rich in tumor suppres-
sor genes and oncogenes. These data suggest the crucial involvement of miRNA in the
pathogenesis of solid tumors and confirm the function of miRNA as dominant and recessive
tumoral genes. Furthermore, it has been shown the role of miRNA not only in the early
phases of primitive tumors development, but also during the progression and the metastat-
ic diffusion of the neoplastic disease. In fact, many experimental evidences show miRNA
involvement in the regulation of biological process leading to the acquisition of metastat-
ic potential, such as adhesion, invasion, migration, epithelial-to-mesenchymal transition and
angiogenesis [65, 66].

Among miRNAs with an aberrant expression in both HCC and other solid tumors, we must
list: miR221/222 (up-regulated in HCC, colon, pancreas and gastric cancer); miR-21 (up-
regulated in HCC, ovarian, lung, breast cancer and glioblastoma); miR-199a, 200b and 214
(down-regulated in HCC and ovarian cancer) and miR-199b (down-regulated in HCC, ovarian
and lung cancer). Importantly, genes frequently de-regulated in HCC, such as p27/CDKN1B
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and p57/CDKNI1C or PTEN, have been identified as targets of miR-221/222 and miR-21 targets
(see below).

Considering HCC-specific miRNAs, miR-122 is one of the best characterized molecules.
miR-122 is, in fact, a liver specific miRNA, representing 70% of all liver expressed miRNAs,
and it is down-regulated in most human and murine HCC. Its deregulation induces important
changes in the phenotype of adult hepatocytes and in several liver functions, such as lipid
metabolism [67] and cholesterol synthesis [68]. These data allow hypothesizing a correlation
between the lowered miR-122 expression in HCC and the loss of hepatic differentiation in
neoplastic cells. Furthermore, Joplinget alhave demonstrated that miR-122 is able to bind to 5'-
UTR RNA region of HCV [69]: this region is preserved in all six viral genotypes, so suggesting
that miR-122 is an essential element for virus replication in hepatocytes. It has been shown that
functional inactivation of miR-122 induces the 80% reduction of viral replication, suggesting
that miR-122 inactivation in hepatocellular carcinoma could increase neoplastic cells resistance
to HCV replication.

Concerning the miRNA involvement in different steps of hepatocellular carcinoma progres-
sion, it has been demonstrated a correlation between miR-222, miR-106, miR-92, miR-17-5p,
miR-20, miR-18 and hepatocellular carcinoma differentiation grading, suggesting the involve-
ment of a restricted number of miRNA in neoplastic progression [70]. According to this data
a 20 miRNAs signature has been reported [71], capable to distinguish primitive hepatocellular
carcinoma metastasizing through venous channels from solitary, non-metastatic tumors.
Furthermore, a predictive analysis revealed that most of 20 miRNA of HCC signature are
associated with patients’ survival. These signatures could then represent a simple method for
a diagnostic/prognostic profiling, capable of identifying HCC patients at high risk of devel-
oping a metastatic disease or a liver relapse.

Other authors evaluate the predictive accuracy in distinguishing neoplastic and non-neoplastic
parenchyma equal t097,8% on the basis of 8 miRNAs, while others again identify 18 overex-
pressed miRNA in hepatocellular carcinoma and only 6 overexpressedin non-neoplastic tissue
[72] (and with aberrant miR-21 expression associated with metastasis risk and connected with
PTEN targeting; miR-224 could act on genes apoptosis regulating (API-5) [73, 74].

Another miRNA involved in tumor progression and diffusion is miR-34a, a transcriptional
target of p53, deleted in many human neoplastic lesions. Besides molecular targets involved
in cell cycle progression, miR-34a regulates the expression of the oncoprotein c-Met, a tyrosin
kinase receptor activated by the hepatocyte growth factor binding, able to induce the phos-
phorilation of molecules responsible for signal transduction, such as ERK1/2, thus exerting the
function of key factors in tumor invasion and migration regulation.

A recent study [66] reported a significant reduction of miR-34a expression in most carcinom-
atous liver tissue with respect to non-neoplastic adjacent liver tissue, with an inverse correla-
tion between miR-34a-and c-Met-expression levels. Furthermore, low levels of miR-34a
positively relate with the development of metastatic disease and neoplastic vascular invasion.
Accordingly, in vitro studies showed a lower migration and metastatic potential of neoplastic
cells after miR-34a c-Met dependent suppression.
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It is worth noting that another mi-RNA under-expressed in most HCC [75], miR-199a-3p, is
capable of regulating c-Met oncogene expression [76]:these data suggest that various deregu-
lated miRNA in a specific neoplasia may modulate the same target gene, leading to strong
alteration of the molecular pathways downstream the target gene, thus influencing the tumor
progression.

RAS oncogene overexpression is associated to miRNA deregulation without oncogene point
mutation. Pathway alteration can be induced by downregulation of let-7 miRNA family
component.

Regarding the biological processes controlled by miRNAs, they play a direct role on cellular
growth control. As previously mentioned, miR-221 is up-regulated in many neoplasms and
influence the expression of the cyclin-dependent kinase inhibitor CDKN1B/p27, which
controls the cell cycle progression [57]. The activation of pathways involving PI3K/AKT leads
to phosphorylation of proteins that favor cell survival, under the control of tumor suppressor
lipid phosphatase PTEN, which is a direct miR-21 target; in vitro studies showed the associa-
tion between mir-21 inhibition and PTEN overexpression, with subsequent decreased neo-
plastic cell proliferation and invasion [57]. Moreover, MiR-21 inhibition induces changes in
metalloproteinases 2 and 9 expression: both these molecules are downstream PTEN mediators
with a known role in cellular migration and invasion [57]. These data suggest that the aberrant
miR-21 expression may favor HCC growth and diffusion through the modulation of the
expression of PTEN and of PTEN-dependent pathways involved in neoplastic cells phenotype
and behavior modulation. Again, cyclin G1 upregulation following miR-122 down-regulation
may induce p53 down-regulation, so favoring tumorigenesis [57].

Regarding the role of miRNA as biomarkers, there is evidence that, in HCC, miRNAs could
have a prognostic as well as a diagnostic role.

As already underlined, some known molecular factors characterizing HCC may play a role as
prognostic factors (for example c-MET or p27); similarly, there is evidence that some deregu-
lated miR [58] may allow, in association with clinical parameters and histological patterns,
classifying HCC, thus identifying new criteria for prognostic stratification [57]. This is also
possible due to distinct miRNA profiles of different hepatocellular carcinoma subtypes (at
variance with similar signature between tumors in different organs)Such a differentiation takes
place on the basis of supposed mechanism of origin (cancer stem cells or mature hepatocyte-
like): the different groups show distinctbiological behavior. Furthermore,HBV or HCV
etiology of basic disease and primary or metastatic nature of the neoplasticlesion are associated
with different miRNA signatures in HCC [60].

Regarding the potential role of miRNAs as diagnostic biomarkers, at least 20 miRNAs show
different changes between lesions with different origin; cancer stem cells origin is associated
with self-renewal capability, differentiation and aggressive tumorigenesis in vivo: miR-181
family members, over-expressed in HCC, favor the origin of neoplasia from progenitor cells
through an influence on CDX2 and GATAG®, differentiation related genes, and on NLK a WNT/
Beta catenin pathway inhibitor.
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MiR-21, miR-10b, miR-222 and miR-224 are highly represented in HCC, while non-malignant
hepatic lesions show decreased miR-202 and miR-203 expression. Alcohol consumption
related hepatocellular carcinoma shows low miR-126 levels, while high levels of miR-96 are
present in neoplastic lesions HBV associated: such alterations have not been shown in non-
neoplastic parenchyma [58]. Furthermore, hepatocellular carcinoma cases with high risk of
metastatic diffusion and cases without metastasis risk present distinct miRNA groups’
expression.

Low miR-375 expression have been shown either in hepatocellular adenoma or in carcinoma
with Beta catenin mutation: the significant inverse correlation between miR-375 level and Beta
catenin targeted gene expression suggests a direct relationship between Beta catenin activation
and miR-375 repression [58]. Recently a role of survival predictor and IFN adjuvant therapy
response in hepatocellular carcinoma for miR-26 has been identified [77].

Finally, as previously mentioned, genetic mutations and transcriptional, epigenetic changes
may induce miRNA alterations. In the case of HCC it has been shown the role of endoribonu-
clease III DICER for miRNA maturation: its role in cleavage and maturation of miRNA renders
impossible for the cell a full expression of miRNA if endoribonuclease is disrupted. DICER
deficient hepatocytes loose the expression of all miRNA, with expression of liver specific fetal
genes and deregulation of much genes related to neoplastic development [60].

In conclusion, up to date experimental evidences show that hepatocellular carcinoma
subtypes are characterized by distinct miRNA expression profiles, related to grade of
aggressiveness, risk factors and genetic changes. MiRNAs may therefore represent not only
useful diagnostic and prognostic markers, but important target molecules for potential
therapeutic treatment.

4. Tumor associated fibroblast in the development of HCC

If molecular changes take place in liver parenchymal cells undergoing to inflammatory and
fibrotic parenchymal damage, leading to the phenomena that characterize tumoral initiation
and progression, then, it is also an important matter the evaluation of the role of inflammatory
conditions and fibrosis in stromal changes, and, particularly, in tumor associated fibroblasts
development.

Among the constituents of the tumor microenvironment, tumor associated fibroblasts (TAF)
play a key role in tumor progression, angiogenesis, growth and metastasis: they are charac-
terized by the expression of specific markers [45, 78-82] and seems to assume a role in clinical
tumor prognosis.

Recently [83, 84] it has been optimized a method to isolate, from several human adult tissues,
a population of primitive cells, named multipotent adult stem cells (MASCs) with mesenchy-
malimmunophenotype, clonogenicity and multiple in vitro differentiation capacity [83, 84].
MASC:s isolated both from neoplastic and from cirrhotic human liver tissue allow to test the
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hypothesis that liver resident MASCs could generate TAFs in pathological conditions: a
population of MASCs with TAFs characteristics both in human hepatocellular carcinoma and
cirrhotic liver has been demonstrated, so suggesting a possible role in the development of
neoplasia in the adequate environment [2]. On the other hand, TAFs from non-neoplastic and
non-cirrhotic livers do not show aberrant growth properties: so, TAFs can originate from
resident primitive cells [2].

The in vivo counterpart of MASCs is still undefined, but the interesting data concern their
sharing of some feature with activated hepatic stellate cells [85-87]. This aspect is of particular
interest, given the hypothesis that stellate cells could be progenitor cells: in fact, the expression
of OCT-4 and of markers of all the three germ layers and their ability to give rise in vitro to
endothelial cells and hepatocytes offer essential elements [2].

A fate-mapping study showed that stellate cells could become oval cells when activated in
liver injury, and that these cells participate in ductular proliferation [88]. This offers a sub-
stantial contribution to the discussed sharing of pathways and cells between developmental,
regenerative and neoplastic processes in the liver.

All these evidences point to the presence of mesenchymal, widely multipotent cells in adult
tissues, which can take parttoregenerativeaswell asinflammatory and neoplastic processes[89].

In the paper by Cesselli et al 2011 [2] it is well documented that MASCs isolated from hepa-
tocellular carcinoma have the main characteristic of TAFs, at variance with cells from non-
neoplastic and non-cirrhotic livers. TAFs act on the tumor growth in different ways, which are
able to modify the microenvironment in the sense of a more suitable situation for the increase
of tumor growth [48, 78, 90]. TAFs are contractile cells, with a strict spatial relation with blood
vessels; they produce growth factors (HGF, TGF beta, EGF, bFGF, IGF), cytokines, chemokines,
enzymes; they can degrade the extracellular matrix and can behave as immunomodulating
cells [48, 78, 90]. Finally, increased metastatic potential and poor prognosis are associated with
the presence of TAFs [48].

Tumor cell lines medium can induce in L-MASCs aberrant growth properties and the ability
to produce specific TAF markers [47, 48, 78]. The origin of TAFs seems to be connected with
four possible sources: epithelial-mesenchymal transition of the neoplastic cells (associated
with genetic changes within the TAFs); recruitment and activation of resident fibroblasts;
recruitment of circulating/bone marrow derived mesenchymal stem cells; recruitment of
mesenchymal stem cells [48, 78, 82]. In the paper from Cesselli, Beltrami et al. it has been shown
the origin of TAFs from a population of resident primitive cells with mesenchymal features
[2].The Authors also underline that blocking the activation of TAFs and their continuous
communication with the cancer cells could, in conjunction with chemotherapy regimens, limit
tumor progression and metastasis [45, 82, 91]: the much lower instability of TAFs versus
malignant cells seems to make them less likely to undergo the onset of resistance to chemo-
therapy drugs [81, 92].
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5. Conclusions

Liver parenchyma, exposed to long standing viral or toxic damage, undergoes a diffuse,
fibrosing rearrangement, developing cirrhosis. In this context, genetic changes in the cellular
component, the activation of different pathways, the production of cytokines and growth
factors, phenotypic changes of epithelial or mesenchymal cells produce complex phenomena,
involving regenerative, preneoplastic and neoplastic changes.The role of liver cells and/or
progenitor cells in neoplastic growth is heavily influenced by mesenchymal component, in
particular by TAFs. Cirrhotic livers, when not yet neoplastic, already possess a population of
multipotent adult stem cells with TAFs properties.

The possible origin of TAFs from a population of primitive mesenchymal stem cells gives to
the tumor supporting stroma a more complex and important role. In fact, from “ rare resident
stem cells, such as multipotent adult stem cells (MASCs) “ the entire formation and instruction
of the elements of supportive microenvironment could take place [2]. MASCs differentiation
potential “ into many stromal cell types and their molecular signature consisting of overex-
pression “ of a gene panel involved in extracellular matrix remodeling, immunomodulation,
and cytokines and growth factors production [83] offer a key to understand the relationship
between liver parenchyma, neoplastic growth and stromal component.

“ Multipotent adult stem cells isolated from healthy livers can acquire a TAF phenotype when
grown in conditional medium from tumor cell lines, suggesting that multipotent cells residing
in the liver may represent a population “ able to stroma formation and contributing to tumor
progression, in adequate conditions [2]. The effort to identify novel therapies aimed at
interfering with the interaction between stroma and cancer cells represent a crucial perspective.

The discovery, in 1993, by Ambros and Ruvkun of this new mechanism of gene regulation,
with large mRNA under the control of a small RNA opened a new way to develop the
understanding of the regulation of critical cellular process (cell division, metabolism, devel-
opment and death) by micro RNA. MiRNA can target more than 500 mRNA and a single
mRNA can be targeted by multiple miRNA. The specificity of targets depend on the degree
of base complementarities to the target mRNA: when the miRNA have perfect base comple-
mentarities, than messenger RNA undergo degradation; if there is not perfect complementar-
ity, than posttranslational inhibition occur. Through this mechanism, miRNA can exert an
essential control on a lot of processes, in particular in neoplasia harboring and diffusion,
opening a crucial field in prognostic prediction and in possible intervention to break the
carcinogenetic process and to obtain the disease control through target therapy.

The concepts of multidirectional differentiation of mesenchymal stem cells, of tumor associ-
ated fibroblasts, of cancerization fields, epithelial-mesenchymal transition and mesenchymal-
epithelial transition, miRNA deregulation,the progress in the identification of reproducible
classification criteria on the basis of hepatocellular carcinomamolecular changes offer new
insights concerning liver neoplastic growths, with key points concerning the association
between developmental, regenerative and neoplastic growth mechanisms and the relationship
between parenchymal hepatocytes and stromal component in preneoplastic and neoplastic
liver diseases as the main ways for a better understanding of neoplastic liver biology.
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1. Introduction

Hepatocellular carcinoma (HCC) is often diagnosed after the tumor manifests clinical signs
and symptoms. Early diagnosis is usually performed thanks to HCC screening programs for
patients affected by liver cirrhosis or chronic viral hepatopathies using ultrasound and serum
alfa-fetoprotien. In most HCC cases, clinical signs and symptoms of this tumor may occur
several months after development, when therapy can not be curative, given the advanced
tumor stage and underlying liver disease, which preclude curative options, such as ablation,
resection, or liver transplantation.

Clinical features of HCC are often similar to those caused by the underlying hepatic disease.
It is very hard for physicians to distinguish signs and symptoms of HCC in contests charac-
terized by an advanced liver disease. Advanced liver cancer can be responsible for accelerated
liver functions deterioration caused by the intrahepatic tumor growth.

In this chapter, we review the clinical signs and symptoms induced by advanced carcinoma.
We also discuss particular clinical scenarios caused by metastases and paraneoplastic syn-
dromes, sometimes described case reports in literature.

2. Non-specific signs and symptoms

Non-specific systemic signs and symptoms as asthenia, anorexia, weight loss, and nausea, are
often present in patients with HCC (table 1). HCC should be suspected with the onset of these
clinical features in patients at risk for this tumor.
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2.1. Clinical aspects of cirrhosis

Clinical signs and symptoms of hepatic cirrhosis that is often present in patients with HCC,
usually mask the presence of an underlying early hepatocellular carcinoma [1]. Symptoms and
signs of cirrhosis are often the only expression of the disease. Because of this, patients affected
by HCC usually present at an advanced stage of the disease with clinical signs as jaundice,
ascites, peripheral oedemas, neurologic manifestations of hepatic encephalopathy, bleeding,
or infections. Other signs of hepatic cirrhosis include gynecomastia, palmar erythema, spider
angiomas, axillary or chest hair loss, hypogonadism (testicular atrophy, loss of libido).

Alarge HCC can worsen the underlying hepatic disease, therefore in case of clinical worsening
of a cirrhotic patient, onset of a HCC should be suspected.

2.2. Hepatomegaly

Hepatomegaly can be an expression of the tumor mass,(table 1) [1,2]. In case of HCC, the
palpable edge of the liver is more often irregular, hard, with nodular consistency.

Hepatomegaly is more often present in patients without advanced cirrhosis [2]. In case of large
tumors, the mass can cause asymmetry of the abdomen [3]. The costal margin can be deformed
and the profile of lower ribs can be asymmetric. The right hemi-diaphragm can be elevated.
This alteration of diaphragm profile can be asymptomatic or can cause mild respiratory
symptoms. With thorax percussion is possible to detect an area of dullness, while trough
auscultation is possible not to hear the vescicular murmur in case of elevation of diaphragm.
HCC can also cause a pleural effusion. All these clinical aspects are difficult to be differentiated
from signs and symptoms of the underlying chronic liver disease: Right diaphragm elevation
is possible in case of hepatopathy not associated to HCC and pleural effusion can be the
expression of an ascending ascitic fluid or of the anasarca state caused by cirrhosis and
hypoalbuminemia.

2.3. Vascular bruit

Trough auscultation of the abdomen, an arterial bruit can be heard in patients affected by HCC.
This bruit is typically heard throughout the liver and it is described to have different charac-
teristic from other vascular abdominal auscultatory findings. In fact, usually, arterial bruit
caused by abdominal aortic aneurysm or by renal artery stenosis are soft and short. Arterial
bruit caused by HCC is usually a hard bruit and it is more prolonged than those caused by
other conditions. This clinical sign is thought to be caused by the presence of an arteriovenous
fistula in the context of the tumor [4], suggesting the presence of a highly vascularized HCC [5].

3. Abdominal pain, portal vein thrombosis, rupture of HCC

A frequent manifestation of onset of HCC is abdominal pain. The pain is usually mild, located
in right hypochondrium and it can radiate to the right shoulder. Prior reports suggested that
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in black South African patients, abdominal pain is frequent in 95% of cases while it is referred
by 46%, 51% and 38% of Japanese, Chinese and Italian patients, respectively (table 1).

Abdominal pain is more frequent in non cirrhotic patients, and in case of portal thrombosis [1].
Portal vein thrombosis has been found in (14-44%) of autopsies of patients with HCC [6,7].
Patients with both cirrhosis and hepatic carcinoma have the highest risk to develop portal vein
thrombosis [6]. Portal vein thrombosis is reported to be diagnosed during investigation for
acute abdominal pain in 18% of cases in cirrhotic patients [8].

Other clinical manifestations of portal vein thrombosis and/or portal hypertension are
hematemesis from rupture of esophageal varices, nausea, vomiting, anorexia, weight loss,
diarrhea. Splenomegaly has been reported to be present in 75-100% of patients with portal vein
thrombosis [9]. Bleeding from esophageal varices or from portal hypertensive gastropathy is
the most common presenting symptom of portal vein thrombosis in cirrhotic patients [8,10].
In 43% of cases of Portal vein thrombosis in cirrhotic patients, diagnosis is done during a
routine echo-Doppler examination [8].

If a cirrhotic patient present an acute pain, then bleeding from rupture of tumor should be
suspected. HCC rupture causes a severe and sudden pain, and the patient can present the
clinical features of an acute abdomen, with rebound and tenderness during physician palpa-
tion and an abdominal involuntary defense contraction. A hypovolemic state and signs and
symptoms of acute anemia can be present. Clinical features of chronic anemia can be present
in case of slow blood loss from HCC.

HCC rupture has been reported to be a rare condition in Western countries, occurring only in
3% of Italian patients [11], while spontaneous hemoperitoneum is more frequent in Sub-
Saharian Africa and in Southeast Asia, being present in 10% of patients at presentation [12].

Usually, HCC tumors bleedings are spontaneous, but in rare cases, they can be caused by
external causes. The protrusion of HCC beyond the liver surface seems to be an important risk
factor for HCC rupture [13]: hemorrhages occur more easily and can also be caused by slight
external forces. So HCC rupture can be caused by abdominal traumas [14],vigorous muscular
exertion, or rarely after forceful physician’s palpation [15].

HCC rupture is also a rare complication of therapeutic procedures on HCC. For example after
transcatheter arterial chemoembolization (TACE), HCC rupture occurs in less than 1% of
patients [16].

The drainage of hematic peritoneal liquid in patient with acute abdominal pain can suggest
the presence of a ruptured HCC, not being specific for this condition.

3.1. Gastrointestinal bleeding

A particular manifestation of HCC can be a bleeding from esophageal varices. This presenta-
tion is not frequent, occurring as first clinical sign only in 1%-8% of cases of HCC [17,18]
(tablel). Variceal bleeding is caused by higher pressure in portal district which in turn can be
caused by tumor invasion of this venous system and portal hypertension [17]. This portal
invasion can be detected radiologically in 44-57% [17,18] of cases of variceal bleeding as

199



200 Hepatocellular Carcinoma - Future Outlook

presenting clinical manifestation of HCC. If variceal bleeding can be related with portal venous
system invasion suggesting an advanced neoplastic disease, it does not seem to exist a
relationship between this kind of clinical presentation and the size of the underlying tumor.
Bleeding from esophageal varices is obviously a more frequent clinical presentation of HCC
in patients with more advanced liver cirrhosis [18] and high degree of portal hypertension.
However, HCC can present with variceal bleeding also in patients without a known history
of hepatopathy [17].

Variceal bleeding can present with melena or hematemesis. Bleeding can be massive, leading
to hypovolemic state and it is one of the known triggers of cirrhotic encephalopathy so that
tremors, confusion till to coma, can be present in these patients too. Also infections can be
caused by gastrointestinal bleeding in cirrhotic patients (22% of cases) [19], therefore, clinical
signs and symptoms of an abdominal infections can be present.

Additionally, 50 % of causes of gastrointestinal hemorrhages are represented by hypertensive
gastropathy, peptic ulcer and direct tumoral invasion of digestive tract [20,21].

3.2. Jaundice

Jaundice is a frequent sign of presentation of HCC. Some studies indicated that it is present at
the diagnosis of HCC in 28% of African patients, but less frequent in Chinese, Japanese or
European countries (tablel).

Different pathologic conditions linked to HCC can explain the onset of jaundice. Jaundice can
be expression of hepatic failure, due to extensive tumor infiltration of a cirrhotic liver or by
worsening of the underlying hepatitis that can occur in presence of HCC. [22].

In other cases, jaundice result from obstruction of bile ducts by HCC. Clinical manifestation
are those of typical cholestatic syndrome. In these cases jaundice is usually accompanied by
itchiness, caused by elevation of serum level of bile acids, hypocolic stool and dark urine. All
these symptoms can be presents also in the underlying liver disease, not being specific for
biliary tract invasion.

The neoplastic obstruction can occur due to intraluminal biliary obstruction, extraluminal
neoplastic compression or clot formation secondary to hemobilia caused by tumor invasion of
biliary tree [23]. The presence of an intraluminal free-floating tumor fragment in the extrahe-
patic biliary tree may show an intermittent jaundice that can be associated with colicky pain
[24]. Also in case of hemobilia a colicky pain can be present [5].

3.3. Fever

Fever of Unknown Origin can be a way of presentation of HCC [25,26]. It can be intermittent,
and usually is accompanied by leukocytosis. Imaging studies are often necessary to differen-
tiate an HCC from a liver abscess. Fever occur more frequently in patients with massive HCC
and in non cirrhotic individuals [1].
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3.4. Caval invasion

If HCC invades the inferior vena cava, signs and symptoms of venous insufficiency can appear.
In this case relevant pitting edema can appear, usually bilaterally, affecting both inferior limbs,
from the inguinal region. The invasion of the venous district, can worsen ascites and hepato-
megaly [24].

Caval tumor thrombus can extend to the right atrium, causing dyspnea and heart failure [27].
When a patient presents signs and symptoms of right heart failure, such as jugular turgor,
dyspnea, new onset of inferior limbs edema and worsening of hepatic insufficiency, heart
tumoral invasion should always be suspected [28]. Anyway atrial invasion is reported to be
also asymptomatic [29]. Pulmonary embolization by venous invasion is a rare, but reported
primary manifestation of HCC [30].

4. Age differences in presentation

Patient’s age can influence the clinical presentation of HCC. Signs and symptoms at presen-
tation of HCC described in patients affected by hepatitis B are significantly different in patients
younger and older than 40 years. Younger patients present more often with pain, hepatome-
galy and ruptured HCC. Older patient present more often with ankle oedema and ascites. This
is explained by the fact that in patients affected by viral hepatitis, advanced cirrhosis is more
frequent in the older ones [2]. In younger patients it is more difficult that cirrhosis masks
clinical aspect caused by HCC.

Clinical signs and symptoms in different geographic regions (%)

Black African Japan China Europe (Italy)
Asymtomatic - - 29,9 38
Abdominal pain 95 46 51 38
Ascites 51 27 18 12
Palpable mass 92 23 5
Hepatomegaly - - 54 90
Ankle Edema - 17 14 -
Jaundice 28 17 9 14
Fever 35 17 2 12
Diarrhea - - 1 3
Hemoperitoneum - 7 3 3
Variceal Bleeding 2 8 - 4

Table 1.[1,2,11,24]
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5. Extrahepatic metastases

Metastases from HCC, spread through lymphatic or hematic system, are more frequently
placed in abdominal and thoracic lymph nodes, lung, bones, adrenal glands. Less frequent
sites of metastases are brain, spleen and breast [31]. Rarely metastases can also be detected in
digestive tube, pancreas, seminal vesicle and bladder [32].

When HCC is diagnosed, extrahepatic metastases, are present in more or less 40% of cases,
[32,33] and several signs and symptoms can be caused by this condition. Sometimes signs and
symptoms caused by metastases are the only clinical manifestation of HCC [34]. Regional
lymph nodes are affected in up to 60% of metastatic HCC, while distant lymphatic stations are
involved only in 12% of these cases [32]. The frequencies of metastases in different sites are
reported in (Table 2).

Pain and pathologic fractures can be caused by osteolytic metastases. Severe pain is present in
90 % of patients with bone metastases [35]. Bone metastases are present in up 66% of patients
in some studies, mostly in the transverse skeleton as in thoracic spine, lumbosacral spine,
sacrum. Frequently they can also be present in ribs, skull, head of femur and peripheral bones
[24,32]. Rarely HCC can have as only presentation pain or other symptoms caused by bone
metastases, and this can also occur in non-common bone sites [36,37].

HCC metastases can cause also symptoms linked to nervous system. In fact in case of vertebral
fractures, spinal cord compression can occur, causing neurological symptoms, leading to
paraplegia in some cases. Clinical features of spinal compression can occur as complication of
advanced known HCC, or rarely they can be the clinical presentation of this tumor [38].

Excluding lymph nodes, lung is the most common site of metastases (54% of metastatic HCC)
[39].Lung metastases sometimes are causes of dyspnea, cough, hemoptysis, chest pain [40].
Fatal respiratory failure is described in more or less 20% of HCC lung metastatic tumors [39].

Brain metastases are not frequent, but often they cause important neurological symptoms, up
to causing paralysis in most of these cases [39].

Peritoneal metastases can cause ascites and abdominal pain and they are present in more or
less 10% of metastatic HCC [32]. Rarely, metastases were reported in appendix, and signs and
symptoms typical of acute appendicitis, as pain in the right lower quadrant associated with
tenderness at the physical examination, can be a clinical presentation of HCC [41].

6. Paraneoplastic syndromes

Paraneoplastic syndromes occur in 19-44% of patients affected by HCC [42,43]. The presence
of paraneoplastic syndromes is described to be related with younger patients, with larger size
tumor (>10 cm) and with presence of portal vein thrombosis [43].

Among patients that have paraneoplastic syndromes during the clinical course of HCC, most
of them have a single paraneoplastic manifestation. Hypercholesterolemia, erythrocytosis,
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Frequency of metastases in different sites (%)

Frequent Sites Not Frequent Sites

Lungs 55 Brain 2
Lymph Nodes 53 Rectum 1
Regional 41 Spleen 1
Distant 12 Diaphragm 1
Musculoskeletal 28 Duodenum 1
Adrenal 11 Esophagus 1
Peritoneum and/or omenutm 1" Pancreas 1

Seminal Vescicle 1

Bladder 1

Table 2. [32]

hypoglycemia and hypercalcemia are some of the most common paraneoplastic manifestations
of HCC. Only 7% of patients have 2 of these syndromes, and rarely can be present all of them
(<1% of cases) [42].

Below, there are described the most common paraneoplastic syndromes and there are also
reported other manifestations described in some case reports. See (Table 3) for some of the
reported paraneoplastc syndromes.

6.1. Hypoglycemia

Hypoglycemia is not an infrequent paraneoplastic syndrome caused by HCC, occurring in
about 4,6-27% of the patients with advanced HCC [43-45]. Hypoglycemia is caused by the
increased demand for glucose by the tumor together with a reduction of gluconeogenesis and
glycogenolysis, due to a decreased residual liver tissue coupled with cachectic state and
malnutrition that are often present in these patients [46]. Episodes of hypoglycemia caused by
an advanced HCC typically occur in the last weeks before the death of the patients.

Another pathologic mechanism involved in causing hypoglycemia is overproduction by the
tumor of Insulin-Like Growth Factor II [47]. Hypoglycemia caused by over production of IGF
IT occurs not only in late stage HCC, but also in the early phases of the neoplastic disease [44].

Hypoglycemia has been also described as the first clinical manifestation of HCC in some

reports [44,48].

6.2. Hypercalcemia

Hypercalcemia is described to occur in 7-12% of patients with HCC [43,45,49]. A PTH-like
humoral factor is probably responsible of this paraneoplastic syndrome [50]. Hypercalcemia
can also be caused by the presence of osteolytic bone metastases [51].
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Hypercaclemic coma can occur in patients with HCC and it can be confused with hepatic
encephalopathy [52].

6.3. Hypercholesterolemia

Paraneoplastic hypercholesterolemia is present in 11-20% of patients with HCC [43,45,53].
Hypercholesterolemia in patients with HCC has been related with a reduced expression of
LDL receptor, as in familiar hypercholesterolemia. Clinical manifestation of hypercholestero-
lemia in patients with HCC are not reported, but increased cardiovascular risk can be present
and manifestations typical of familiar hypercholesterolemia, as xanthelasmas could be
possible.

6.4. Erythrocytosis

Erythrocytosis is present in 2-16% of patients with HCC [45,54-58]. Higher levels of erythro-
poietin, produced by the tumor, have been reported [58]. Local hypoxia has been suggested
to be the cause of overproduction of erythropoietin by large HCC tumors [58,59].

Erythrocytosis accompanied by high levels of erythropoietin has been described as a rare
primary presentation of HCC [60].

6.5. Thrombocytosis

Thrombocytosis has been reported to be present in 3% of cases of HCC. This paraneoplastic
syndrome seems to occur in younger patients (<60 yr), being related with the presence of a
larger tumor and main portal vein tumor thrombosis representing an unfavorable prognostic
factor [61]. Thrombocytosis has been described to be related with thrombopoietin production
by the HCC [62]. A case of HCC associated with both thrombocytosis and acquired Von
Willebrand disease has been reported [63].

6.6. Arterial hypertension

Arterial hypertension has been described as a paraneoplastic manifestation of HCC. Some
cases of severe arterial blood pressure associated with high plasma level of angiotensin-I,
accompanied with hypokalemia have been reported [64]. Elevated concentrations of angio-
tensinogen have been found, whether or not associated with higher plasma levels of renin.
Overproduction of angiotensinogen and renin could both play a role in causing paraneoplastic
hypertension in patients affected by HCC [65].

6.7. Diarrhea

Watery diarrhea is another manifestation that can occur in patients with HCC. Overproduction
of intestinal peptides as gastrin and vasoactive intestinal peptide (VIP) is one possible
explanation of the onset of diarrhea in these patients [66]. Diarrhea was also described to be a
possible clinical presentation of HCC [67-69].
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6.8. Feminization

Feminization is described to be present in patient with HCC, also in those not affected by liver
cirrhosis, showing clinical signs and symptoms as gynecomastia, loss of body hair, loss of
libido. Onset of spider naevi can be a sign of an underlying HCC and this finding has been
reported more frequently in men than in women [70]. Studies about circulating sex hormones
in patients affected by HCC have shown unclear results and a direct role of HCC in causing
feminization is still not defined [71-74].

7. Cutaneous manifestaion

Various cutaneous manifestations have been reported as paraneoplastic syndromes caused by
HCC. In rare cases, dermatomyositis has been described in patients affected by HCC, either
associated or not to viral hepatitis. [75-77]. Also polymyositis can be a paraneoplastic mani-
festation of HCC. Polymyositis has been described also as a rare presenting manifestation of
HCC, sometimes causing severe rhabdomyolysis [78-81].

A relationship between HCC and acquired porphyria cutanea tarda has been reportedin
literature, [82-84].

Pityriasis rotunda is a rare cutaneous disease characterized by round/oval, hypo/hyperpig-
mented rash with scaling. The number of skin lesion is variable and the size is described to be
between 1,5 to 25 cm. The localization of the lesions is usually over the trunk, lower back and
proximal extremities [85,86].

In South African Black patients with diagnosis of HCC, its prevalence is of 16%, much higher
than in patients affected by other diseases associated with pityriasis rotunda. In selected
groups of people, the onset of this cutaneous disorder could represent a diagnostic instrument
for HCC [87].

The sign of Leser-Trelat defined as the abrupt appearance and rapid increase in size and
number of multiple seborrheic keratoses as a result of cancer development has been reported
[88]. This sign has been reported also in association to HCC [89].

Also paraneoplastic pemphigus has been related to HCC [90].

8. Neurological manifestations

Neurologic paraneoplasic syndromes are rarely present in patients affected by HCC, such as
multifocal necrotizing leukoencephalopathy leading to coma or non-inflammatory cerebral
vasculopathy with widespread cortical and subcortical infarcts causing progressive hemipa-
resis and dysarthria, also in young patients [91,92].

Peripheral polyneuropathy with cranial nerve involvement has been described as a rare
presenting manifestation of HCC [93].
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9. Other paraneoplastic syndromes

Other paraneoplastic manifestations rarely described in patients with HCC are dysfibrino-
gennemia [94,95], cryofibrinogenemia [96], carcinoid syndrome [24], myasthenia gravis [97]
and membranous glomerulonephritis [98].

Paraneoplastic Syndromes

Usual Manifestations

Hypoglycemia Hypercalcemia Hypercholesterolemia Erythrocytosis

Thrombocytosis Pityriasis Rotunda

Reported Manifestations

. ) Dermatomyositis/ ) .
Arterial Hypertension - Porphyria cutanea tarda Pemphigus
Polymyositis

) ) ) ) ) Membranous
Sign of Leser-Trelat Diarrhea Neurological manifestations o
glomerulonephritis

Dysfibrinogenemia Cryofibrinogenemia Carcinoid syndrome Myasthenia grave

Table 3. Add caption

10. Conclusion

Clinical signs and symptoms of HCC are various. In absence of screening programs clinical
signs can be helpful for diagnosis. Clinical signs are different depending on tumor size,
vascular invasion, presence of cirrhosis and presence of metastases. Several paraneoplastic
syndromes are described but our knowledge about some manifestation is limited to few
published case reports.
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1. Introduction

Globally, liver cancer represents a major health care burden, accounting for almost 700,000
deaths annually. [1] Hepatocellular carcinoma (HCC) comprises 70% to 85% of primary liver
cancers in most regions. [2] Although the incidence of HCC has historically been lower in the
US than in many other countries, age-adjusted rates tripled between 1975 and 2005. [3] In fact,
liver cancer is the fastest-growing cause of cancer-related death in American men. [4] Most
patients with HCC are diagnosed at advanced stages and are ineligible for potentially curative
treatments such as surgical resection and liver transplantation. [5] Prior to the introduction of
sorafenib in 2007, systemic treatments were unavailable for patients with HCC.

In defining optimal treatment for patients with HCC, several questions remain unanswered.
Clinical data are needed to evaluate sorafenib safety in patients with advanced liver disease
(i.e., those with Child-Pugh [CP] B disease) and in those with HCC-associated portal hyper-
tension. In addition, how best to utilize sorafenib in combination with sequential locoregional
therapies (LRT) or post-surgery remains unclear. These challenges are further compounded
by the ongoing uncertainties in determining the value of the modified Response Evaluation
Criteria In Solid Tumors (mRECIST) and understanding the optimal timing for response
assessment in patients treated with sorafenib and/or LRT. Proactive management of adverse
events (AEs) associated with sorafenib also remains an area of active investigation. Finally,
although sorafenib has demonstrated a clear benefit to patients with advanced HCC, the
majority of patients will ultimately experience disease progression. Efforts are underway to
evaluate the best approaches to treating these patients in a manner that minimizes the risk of
mortality from deterioration of the underlying liver disease. In this review, we describe the
current understanding of sorafenib’s efficacy and safety, and ongoing approaches to defining
even better treatment options for patients with HCC.

I m EC H © 2013 Kaseb and Kulik; licensee InTech. This is an open access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits
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2. Late-phase clinical development of sorafenib for unresectable, advanced
HCC: Pivotal trials and subanalyses

Clinical trial design in HCC is challenging owing to the complex nature of the disease. The
coexistence of cancer, liver disease, and other comorbidities, and the prior or concomitant use
of locoregional therapies make selection and recruitment of an appropriately homogeneous
patient cohort difficult. Geographical heterogeneities in disease etiology, patient characteris-
tics, and practice patterns are significant and contribute to the need for, and confound, multi-
institutional studies.

Both pivotal trials of sorafenib, the Sorafenib Hepatocellular Carcinoma Assessment Random-
ized Protocol (SHARP) and Asia-Pacific (AP), were designed to elucidate the effect of the drug
in a specific population of patients with preserved liver function (CP A). In these trials,
sorafenib produced a significant survival advantage over placebo in patients with advanced
HCG; these results led to regulatory approval of sorafenib [6,7] (Table 1).

In subanalyses of these pivotal trials, the safety profile of sorafenib was similar regardless of
baseline liver function. In the SHARP trial, sorafenib treatment consistently improved overall
survival (OS), time to progression (TTP), and disease control rate (DCR) irrespective of Eastern
Cooperative Oncology Group performance status (ECOG PS); tumor burden, as evidenced by
macroscopic vascular invasion or extrahepatic spread; tumor stage (Barcelona Clinic Liver
Cancer [BCLC] stage B or C); prior curative treatments (including surgery, radiofrequency
ablation, or percutaneous ethanol injection); or prior transarterial chemoembolization (TACE)
[8] (Figure 1). However, patients with tumors confined to the liver, with no vascular invasion
or metastases, had better outcomes. Substantially similar results were obtained in subanalyses
of the AP trial, with the exception of patients with ECOG PS 0, who had a slightly reduced OS
in the sorafenib treatment group [9] (Figure 2). In both studies, sorafenib also improved OS
over placebo irrespective of baseline serum alanine aminotransferase/aspartate aminotrans-
ferase, alpha-fetoprotein (AFP), and bilirubin levels. [9, 10] Notably, in the SHARP trial,
hepatitis B virus (HBV) surface antigen positivity was associated with a longer median OS but
shorter TTP in patients treated with sorafenib; however, DCR was similar in sorafenib- and
placebo-treated groups.

It is interesting to note that in the SHARP trial, patients positive for HCV antibody derived
more benefit from sorafenib treatment than patients with other etiologies [8] (Figure 1)
Consistent with this notion, preclinical data suggest that sorafenib may inhibit Raf-dependent
HCYV replication and HCV-induced increases in vascular endothelial growth factor (VEGF)
expression. [11, 12] However, in a small clinical study in 33 HCV-infected patients, viral load
was not reduced during treatment, even among those who showed a tumor response; notably,

VEGEF levels were not measured. [13]
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Study Treatment . ) .
Patient Population Efficacy Results Safety Results
Phase N Schema
Llovet [7] 400 mg BID CP: A, 97%; B, 3% Median OS: 10.7 mo SORvs 7.9 mo  Gr 3/4 drug-related AEs (SOR vs
Phase 3 continuous SOR vs BCLC stage: B, 17%, C, PBO; HR 0.69 (95% Cl 0.55-0.87; P<.  PBO):
SHARP PBO 82% 001) HFSR: 8% vs <1% (P<.001)
N=602 ECOGPS: 0,54%; 1, Median time to symptomatic Diarrhea: 8% vs 2% (P<.001)
38%; 2,8% progression: 4.1 mo SOR vs 4.9 mo Fatigue: 4% vs 3%-4% (P=1.0)
Hepatitis virus status:  PBO; P=.77)
HBV, 18%; HCV, 28% Median time to radiologic
progression: 5.5 mo SOR vs 2.8 mo
PBO (P<.001)
Response, by RECIST (SOR vs PBO):
CR: 0% vs 0%
PR: 2% vs 1% (P=.05)
SD: 71% vs 67% (P=.17)
DCR (=SD for =28 days): 43% vs 32%
(P=.002)
Cheng [6] Randomized 2:1to CP: A, 97%; B, 3% Median OS: 6.5 mo SOR vs 4.2 mo Gr 3/4 drug-related AEs (SOR vs
Phase 3 400 mg BID BCLC stage: C, 96% PBO (HR 0.68 [95% CI 0.50-0.93]; P=. PBO):
N=226 continuous SORvs ECOG PS: 0, 26%; 1, 014) HFSR: 11% vs 0%
PBO 69%; 2, 5% Median TTP: 2.8 mo SOR vs 1.4 mo Diarrhea: 6% vs 0%
Hepatitis virus status:  PBO (HR 0.57 [95% C1 0.42-0.79]; P=. Fatigue: 3% vs 1%
HBV, 73%; HCV, 8%  0005)
Response by RECIST (SOR vs PBO):
CR: 0% vs 0%
PR: 3% vs 1%
SD: 54% vs 28%
PD: 31% vs 54%
Not accessible: 12% vs 17%
DCR (=SD for =28 days): 35% vs 16%
(P=.002)
Lencioni [15] Prospective, non- CP: A, 61%; B, 23%; C, Median OS by initial dose: Gr 3/4 drug-related AEs:
Phase 4 interventional 2% 400 mg/d: 7.1 mo (95% C15.8-8.1)  HFSR: 5%
GIDEON study of pts with  BCLC stage: A, 7%; B, 800 mg/d: 9.3 mo (95% Cl 8.6-10.2) Fatigue: 3%-4%

N=1571 for 2nd
interim analysis

unresectable HCC
treated with SOR

19%,; C, 54%; D, 6%
ECOG PS: 0, 40%; 1,
43%; 2,9%; 3-4,3%
HCC etiology: HBV,
37%; HCV, 32%;
alcohol, 29%

Median TTP by initial dose:

400 mg/d: 3.6 mo (95% Cl 2.8-4.1)
800 mg/d: 4.5 mo (95% Cl 4.1-5.1)

Median OS by CP status:

A, 10.3mo; B, 4.8 mo; C, 2.0 mo
Median TTP by CP status:

A, 4.2 mo; B, 3.6 mo; C, 2.1 mo

Diarrhea: 3%

Drug-related serious AEs: 9%
AEs leading to SOR
discontinuation: 28%

AE, adverse event; BCLC, Barcelona Clinic Liver Cancer; BID, twice daily; Cl, confidence interval; CP, Child-Pugh; CR,
complete response; DCR, disease control rate; ECOG PS, Eastern Cooperative Oncology Group performance status;
GIDEON, Global Investigation of Therapeutic DEcisions in Hepatocellular Carcinoma and Of its Treatment with SorafeNib;
gr, grade; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HFSR, hand-foot skin reaction;
HR, hazard ratio; OS, overall survival; PBO, placebo; PD, progressive disease; PR, partial response; pt, patient; RECIST,
Response Evaluation Criteria in Solid Tumors; SD, stable disease; SHARP, Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol; SOR, sorafenib; TTP, time to progression

Table 1. Key phase 3 and phase 4 trials evaluating the safety and efficacy of sorafenib in advanced HCC
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Median OS, mo

M Sorafenib

Placebo

BCLC, Barcelona Clinic Liver Cancer; ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahe-
patic spread; HBSAG, hepatitis B surface antigen; HCV, hepatitis C virus; MVI, macroscopic vascular invasion; OS, overall
survival; TACE, transarterial chemoembolization.

Figure 1. Median survival in the SHARP trial population overall and by subgroups. [8] *Includes 1 sorafenib-treated
patient with BCLC D. **Resection/local ablation, percutaneous ethanol injection, or radiofrequency ablation.
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ECOG PS, Eastern Cooperative Oncology Group performance status; EHS, extrahepatic spread; HBV, hepatitis B virus;
MVI, macroscopic vascular invasion; OS, overall survival; TACE, transarterial chemoembolization.

Figure 2. Median survival in the AP trial population overall and by various subgroups. [9]
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3. Understanding sorafenib efficacy and safety in advanced liver disease

The Global Investigation of Therapeutic DEcisions in Hepatocellular Carcinoma and Of its
Treatment with SorafeNib (GIDEON) was initiated in 2009 as a global, prospective, post-
marketing non-interventional study to further evaluate the safety of sorafenib in patients with
unresectable HCC and CP B liver function. This study of more than 3000 patients was designed
to assess a variety of patient subsets under real-life practice conditions. [14] Ata second interim
analysis in 2011, grade >3 AEs and drug-related serious AEs were similar across BCLC stages
and were consistent with those reported in the SHARP and AP trials (i.e., hand-foot skin
reaction [HFSR], diarrhea, fatigue). [15, 16] The GIDEON data are consistent with those from
another study by Abou-Alfa and colleagues, who observed comparable AE rates in CP A and
CP B patients with the exception of all-grade elevated bilirubin levels (67% vs 86%, respec-
tively), grade >3 hyperbilirubinemia (14% vs 53%, respectively), and grade >3 encephalopathy
(8% vs 13%, respectively). [17]

In both the GIDEON second interim analysis and the study by Abou-Alfa, patients with CP B
status exhibited shorter median OS compared with patients with CP A, supporting the
prognostic significance of this classification. [17, 18] Nonetheless, data suggest that CP B
patients derive benefit from sorafenib. A retrospective study compared the outcomes of 148
patients with unresectable HCC treated with sorafenib to those of a similar cohort of 78 patients
receiving best supportive care (BSC). [19] Sorafenib significantly extended the median OS over
BSC in patients with CP A (11.3 vs 6.4 months, respectively; P=.01) and patients with CP B (5.5
vs 1.9 months, respectively; P=.02). An ongoing randomized phase 3 trial (BOOST, NCT
01405573) comparing sorafenib plus BSC to BSC in patients with CP B will further explore
efficacy outcomes in this population; this study is estimated to be completed in March 2014.

4. Trials comparing sorafenib to other potential first-line agents in
advanced HCC

The American Association for the Study of Liver Diseases (AASLD) recommends sorafenib for
the treatment BCLC stage C disease, [20] and it remains the only approved systemic treatment
for unresectable HCC. Although several other targeted therapies have been investigated, to
date, none have improved on the outcomes of sorafenib in randomized controlled trials. Cheng
and colleagues compared sunitinib and sorafenib in 1073 patients with advanced HCC similar
to those in the SHARP and AP trials. [21] Although TTP was comparable, sorafenib-treated
patients experienced significantly longer OS (10.0 vs 8.1 months; P=.002) than sunitinib-treated
patients, possibly due to greater sunitinib-related toxicity, and the trial was terminated early.
Employing a non-inferiority statistical design, a recent trial comparing first-line brivanib to
sorafenib in advanced HCC (BRISK-FL; N=1155) did not meet its primary OS objective. [22] A
phase 3 study evaluating linifanib and sorafenib in CP A patients with advanced HCC
(N=1035) failed to show an advantage for linifanib in this setting. [23] OS was 9.8 and 9.1
months in sorafenib- and linifanib-treated patients, respectively. Although secondary end-
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points of TTP and overall response rate favored treatment with linifanib, sorafenib was better
tolerated in this study population.

op

Agent Molecular Targets

Sorafenib BRAF, mutant BRAF, CRAF, FLT3, KIT, PDGFRB, RET, VEGFR1, VEGFR2, VEGFR3 [70]
Sunitinib CSF1R, FLT3, PDGFRa, PDGFRB, RET, VEGFR1, VEGFR2, VEGFR3, KIT [71]

Brivanib FGFR1, VEGFR [72]

Linifanib CSFR1, FLT3, KIT, PDGFRB, VEGFR1, VEGFR3 [73]

Dovitinib CSFR1, FGFR1, FGFR2, FGFR3, FLT3, KIT, PDGFRB, RET, TrkA, VEGFR1, VEGFR2, VEGFR3 [74]
Nintedanib FGFR1, FGFR2, FGFR3, FGFR4, PDGFRa, PDGFRB, VEGFR1, VEGFR2, VEGFR3 [75]

CSF1R, colony-stimulating factor 1 receptor; FGFR, fibroblast growth factor receptor; HCC, hepatocellular carcinoma;
PDGFR, platelet-derived growth factor receptor; VEGFR, vascular endothelial growth factor receptor.

Table 2. Specificities of targeted inhibitors investigated in clinical trials of HCC

It is remarkable that despite significant overlap in molecular target specificity — particularly
the VEGF receptors (Table 2) — none of these agents have, as yet, demonstrated superior OS
benefit compared with sorafenib. One explanation may be that a unique molecular activity of
sorafenib accounts for its consistently improved benefit. For example, among these agents,
sorafenib is the only reported inhibitor of BRAF; overexpression of Rafl has been detected in
49-100% of HCC biopsies and is an independent risk factor for death [24, 25] (Table 2). It is also
possible that tolerance of sorafenib is a factor in improving OS or that the clinical trial designs
(e.g., dosing, patient criteria) were suboptimal for demonstrating comparator activity. Two
additional agents, dovitinib and nintedanib (BIBF1120), which have significant activity against
fibroblast growth factor receptor, are currently being evaluated as first-line agents in phase 2
trials (NCT01232296, NCT01004003).

5. Addressing HCC management dilemmas: Ongoing studies

The introduction of sorafenib has unveiled a number of new challenges in the real-world
setting. Patient management is complicated by the concurrence of underlying hepatic dys-
function. Given the complexity of managing both liver cancer and hepatic impairment, the
value of a multidisciplinary approach to HCC care has become increasingly apparent. Patients
may have undergone or be candidates for procedures such as TACE, surgery, or radiofre-
quency ablation. Questions remain as to whether sorafenib use is safe and beneficial in these
settings and when it should be used in the continuum of care. Similar questions arise in the
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context of transplantation. Compounding these scientific quandaries is the fact that these
patients may initially be seen by surgeons or interventional radiologists, who typically do not
prescribe oncology medications. By the time patients are evaluated by an oncologist or
hepatologist, clinical deterioration may prohibit the initiation of sorafenib therapy. Moreover,
while institutional standards exist with respect to implementation of these procedures,
substantial regional variations occur, making clinical trial design difficult. Significant chal-
lenges persist in defining appropriate response guidelines (e.g., RECIST) for specific therapies
[26] and in defining the role of sorafenib in the treatment of patients with HCC progression.

5.1. Combination with locoregional therapy

The rationale for combining sorafenib with TACE is to mitigate the VEGF surge in response
to hypoxemia associated with embolization of the hepatic artery supplying the tumor. [27,
28] Because increased circulating VEGF post-TACE has been linked to more aggressive disease,
[29] blocking angiogenesis following embolization is hypothesized to improve outcomes and
provides rationale for further studies.

Two large placebo-controlled studies evaluated the efficacy and safety of sorafenib combined
with TACE. The first trial (N=458) evaluated sorafenib in Japanese and Korean patients with
unresectable HCC, good performance status (88% ECOG PS 0), preserved liver function (100%
CP A), and prior radiologic response to TACE. [30] The median time from TACE to initiating
treatment with sorafenib was 9.3 weeks. This interrupted sequencing did not significantly
prolong OS or median TTP (5.4 and 3.7 months in the sorafenib and placebo groups, respec-
tively). Hypothetically, the delay between TACE and sorafenib initiation and the relatively
low daily dose of sorafenib (median 386 mg, range 112-794.5 mg) may have contributed to the
lack of superiority for combined treatment. Notably, significant differences in outcomes were
observed among patient groups stratified by geographic region, likely reflecting regional
variations in HCC treatment.

Sorafenib may exert its greatest benefit when administered before or concurrent with TACE
treatment. The second trial, Sorafenib or Placebo in combination with transarterial chemoem-
bolization with doxorubicin-eluting beads for intermediate-stage HCC (SPACE), examined
this strategy. This global phase 2 study randomized 307 patients (CP A, ECOG PS 0) with
intermediate-stage HCC to TACE with doxorubicin-eluting beads (DEB-TACE) plus sorafenib
or placebo. DEB-TACE was administered 3-7 days after initiating sorafenib or placebo and
subsequently on the first day of cycles 3, 7, and 13, and every 6 cycles thereafter. [31] While
TTP was similar between the DEB-TACE/sorafenib and DEB-TACE/placebo arms, interpreta-
tion of the results is limited by the study design (scheduled DEB-TACE treatments are not
routinely employed in clinical practice) and challenges inherent with assessing response to
locoregional therapies. A third, single-center, phase 2 randomized controlled study (N=80)
examined TACE with or without sorafenib exclusively in HCV-infected patients. [32] In this
study, in which sorafenib was administered 30 days after TACE, TTP was significantly delayed
in the sorafenib-treated group (9.2 months vs 4.9 months; P=.001). This result is interesting in
light of the SHARP trial results in which patients with HCV may have derived more benefit
from sorafenib treatment than patients with other HCC etiologies.
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Several additional trials are currently recruiting patients to evaluate the combined use of LRT
and sorafenib. A phase 3 (N=412) TACE-2 trial (NCT01324076) is examining the benefit of
initiating sorafenib treatment 2-5 weeks prior to DEB-TACE. Patients may undergo further
TACE based on their clinician’s evaluation. Another phase 3 (N=400) trial, ECOG 1208
(NCT01004978), will also evaluate initiating sorafenib prior to TACE, with TACE treatment
occurring every 4 weeks with up to 4 courses of treatment. In this trial, the TACE protocol may
use conventional chemoembolization comprising doxorubicin hydrochloride only or DEB-
TACE. Finally, the phase 3 (N=400) STOP-HCC trial (NCT01556490) is evaluating the use of
radioembolization followed 30 days later by sorafenib (R. Salem, personal communication).
The large number of trials assessing the combination of LRT with sorafenib attests to the
perceived potential of this approach. However, the wide variations in trial design underscore
the difficulties in evaluating the true benefit of this combination. Variations in the timing of
sorafenib dosing and the type of LRT (conventional TACE, DEB-TACE, or radioembolization)
and frequency employed, coupled with a lack of reliable standardized methods for evaluating
response, make trial design and treatment decision-making very challenging.

5.2. Is there a potential role for adjuvant sorafenib?

Despite intervention with potentially curative resection or ablation, HCC recurrence remains
at 15-20% annually, with the 5-year recurrence rate reaching 80-90%. [33] Addressing residual
disease and preventing or delaying recurrence remain key unmet needs; proven adjuvant
therapies do not yet exist. A phase 3 randomized, double-blind, placebo-controlled study of
sorafenib as an adjuvant treatment after surgical resection or local ablation (STORM:
NCTO00692770) is underway. If sorafenib can substantially delay HCC recurrence, survival may
be impacted in a clinically meaningful way.

5.3. Could neoadjuvant sorafenib facilitate surgery or transplantation?

Liver transplantation is the accepted best curative option for HCC patients meeting the Milan
criteria. However, organ availability is limited, and in one study, dropout while on the waiting
list was found to be the sole prognostic factor in patients selected for orthotopic liver trans-
plantation (OLT). [34] Sorafenib may represent a potential “bridge” option for patients
awaiting OLT. Evaluating the benefit of sorafenib treatment in the transplant setting faces
many of the same hurdles as for TACE, especially with respect to when it should be used in
the continuum of care. Using a sensitivity analysis, one study showed that neoadjuvant
sorafenib improved survival over no therapy, providing a cost benefit in T2-HCC patients
waiting for liver transplant for <6 months; however, further safety assessments in the pre-
transplant population are needed. [35]

In a pilot cohort study (N=33) of patients undergoing liver transplantation for HCC, overall
death rates were similar between sorafenib-treated patients and controls (20% vs 9%, respec-
tively; P=NS). [36] Despite the small sample size, the incidence of post-transplant biliary
complications (67% vs 17%, respectively; P=.01) and acute cellular rejection (67% vs 22%,
respectively; P=.04) were significantly higher in the sorafenib group than in controls. Notably,
in this study, sorafenib was continued until the day of transplant. Some practitioners recom-
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mend that sorafenib be discontinued before a surgical procedure due to potential risks for
bleeding, impaired wound healing, and liver dysfunction in the perioperative period. [37]
However, limited notice of organ availability challenges the ability to implement defined and
controlled pre-transplant regimens. Consequently, patients may be required to remain off
therapy for a protracted period of time, with the impact on HCC recurrence unknown.

In another study, investigators reviewed 59 consecutive HCC patients (10 treated with
sorafenib and 49 controls) who underwent liver transplantation at a single center and con-
cluded that pre-transplant sorafenib did not increase the rate of surgical complications. [38]
The frequency of post-transplant AEs, including biliary complications, strictures, wound
infection, and bleeding, was similar in both groups.

Two case reports describe successful outcomes associated with sorafenib followed by curative
treatment for HCC. In one report of two patients with locally advanced HCC with portal vein
thrombosis (PVT), neoadjuvant sorafenib administered for 10 and 12 months, respectively,
produced sufficient tumor shrinkage to reverse PVT, normalize alpha-fetoprotein (AFP), and
enable curative surgical resection. In both patients, sorafenib was stopped one week prior to
surgery without post-operative complications. [39] However, in the SHARP and AP trials,
response rates were <5%; therefore, chances of consistently downsizing HCC are very slim,
and multimodality therapies need to be studied in this setting. In another report, a patient with
relapsed HCC following hepatic resection was treated for 5 months prior to salvage transplant
without complications. Three months after transplant (at the time of the report), the patient
had normal liver function and no evidence of recurrence. [40]

5.4. Sorafenib in the post-transplant setting

Only a few small studies have addressed treatment options for post-transplant HCC recur-
rence. Preliminary data from a phase 1 trial show that sorafenib treatment in high-risk HCC
patients post-transplant is feasible, with no dose-limiting toxicities to date; 12 patients have
received sorafenib (200 mg once daily [QD] escalating thus far to 400/200 mg QD) for a median
167 days (range 21-170 days) and 3 patients experienced HCC recurrence. [41]

In a retrospective case-controlled study of 17 patients outside Milan criteria who underwent
OLT, adjuvant or palliative sorafenib was administered to 5 and 6 patients, respectively.
Patients treated adjuvantly demonstrated significantly improved disease-free survival at 6
months (100% vs 37.5%, P=.034), 12 months (66.7% vs 9.4%, P=.026), and 18 months (68% vs
0%, P=.011). All 5 patients treated with adjuvant sorafenib were alive at 24 months, while OS
for patients treated with palliative sorafenib was 66.7% at 12 months (vs 40% for controls, P=.
248) and 50% at 18 months (vs 20%, P=.17). [42]

In a single-center retrospective analysis of 24 patients with HCC recurrence post-transplant,
treatment with sorafenib (N=8) for disseminated disease outside the liver produced a mean
OS of 6.7 months (95% confidence interval [CI], 4.8-8.6). [43] These data require confirmation
through further study with larger cohorts and a more rigorous trial design. A randomized
phase 2 trial (N=356) of sorafenib versus placebo in high-risk patients after liver transplant
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(NCTO01624285) is ongoing; 2-year recurrence-free survival (RFS) is the primary endpoint, with
secondary endpoints of OS, safety, and RFS at 1 year.

5.5. Potential for combination with other targeted systemic therapies

Although sorafenib significantly improves OS in patients with advanced HCC, patients
ultimately experience disease progression. Disease progression may result from the lack of
inhibition of, or compensatory activation of, alternate signaling pathways that promote tumor
regrowth. Adjunct treatment with other systemic agents may provide additive or synergistic
effects. Table 3 summarizes several phase 2 and 3 trials examining combinations of sorafenib
with inhibitors of HMG-CoA reductase, mTOR, and angiopoietins-1 and -2 in the first-line
setting. SEARCH (Sorafenib and Erlotinib, a rAndomized tRial protocol for the treatment of
patients with Hepatocellular carcinoma) (N=720) compared the efficacy of sorafenib plus the
epidermal growth factor receptor inhibitor erlotinib with sorafenib alone. This trial did not
achieve its primary endpoint of a 33% improvement in OS (9.5 vs 8.5 months, P=0.204). [44]

5.6. Sorafenib benefit in portal hypertension remains controversial

Preliminary data suggest a beneficial effect of sorafenib on portal hypertension (PHT) in
patients with cirrhosis and HCC. [45, 46] Increased splanchnic circulation combined with
increased hepatic vascular resistance and hyperperfusion are the principal mechanisms
leading to PHT. Angiogenesis is crucial in mediating increased splanchnic blood flow, and the
ability of sorafenib to inhibit angiogenesis may account for the observed effects. This finding
may be most relevant in patients with an HCV etiology due to a higher frequency of coexisting
cirrhosis and PHT, but additional studies are needed to confirm a benefit in this setting.

5.7. Optimization of sorafenib therapy and patient selection

Prognostic HCC staging may be used for (1) predicting survival; (2) guiding therapy decisions;
and (3) stratifying patients in clinical trials. Unlike other cancers, risk factors and underlying
chronic liver disease (CLD) in HCC patients may have a greater impact on OS than tumor
biology. This syndrome of “two diseases” directly affects patient survival, which in turn
influences prognostic stratification in clinical trials and clinical decision-making. Therefore,
HCC staging systems generally consider multiple prognostic factors related to CLD status and
tumor stage.

The CP score is the standard assessment for classifying liver function in HCC patients. BCLC
tumor staging, which also serves as a treatment algorithm, is most commonly used in the US
and Europe. BCLC staging is endorsed by the AASLD and the European Association for the
Study of the Liver and is most commonly used in therapeutic decision-making and in clinical
trials. The prognostic power of the BCLC and other staging systems may potentially be
improved by incorporating criteria based on plasma concentrations of biologic factors related
to liver reserve and tumor biology.
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Study phase
N

Study
identifier

Secondary

Title

agent

Secondary

agent target

Primary/secondary

outcome measures

Phase 3
N=474

NCT01075555

Randomized Phase Ill Trial
Sorafenib-Pravastatin
Versus Sorafenib Alone for
the Palliative Treatment of
CP A Hepatocellular

Carcinoma

Pravastatin

HMG-CoA

OS/PFS, TTP, QOL

reductase

Phase 2
N=106

NCT01005199

Sorafenib Alone orin
Combination With
Everolimus in Patients With
Unresectable
Hepatocellular Carcinoma.
A Randomized Multicenter
Phase Il Trial.

Everolimus

mTOR

PFS/OR, DS, PFS, TTP, OS

Phase 2
N=28

NCT01687673

Phase Il Trial of the
Combination of
Temsirolimus and Sorafenib
in Advanced Hepatocellular

Carcinoma

Temsirolimus mTOR

TTP/RR, PFS, OS, TTF

Phase 2
N=216

NCT01418729

Phase-II, Multicenter,
Randomized, Double-Blind,
Parallel-Group Trial to
Compare the Efficacy and
Safety of Sorafenib Plus
Pravastatin Against
Sorafenib Plus Placebo in
Patients With Advanced

Hepatocarcinoma

Pravastatin

HMG-CoA

OS/TTP, TTSP

reductase

Phase 2
N=60

NCT00872014

Phase 2 Open-label Multi- AMG386
Center Study to Evaluate

the Efficacy and Safety of

AMG 386 and Sorafenib as

First Line Therapy for

Subjects With Advanced or
InoperableHepatocellular

Carcinoma

angiopoietins -1 PFS/OR,DCR,OS, TTP

and -2

CP, Child-Pugh; DCR, disease control rate; DS, disease stabilization; OR, objective response; OS, overall survival; PFS,
progression-free survival; QoL, quality of life; RR, response rate; TTF, time to treatment failure; TTP, time to progression;
TTSP, time to symptomatic progression

Table 3. Prospective ongoing clinical trials evaluating sorafenib in combination with other agents in the first-line

setting
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In clinical studies, plasma levels of angiopoietin-2, [47] VEGF, [47] [50] hepatic growth factor
(HGF), [47] insulin-like growth factor (IGF)-1, [48, 51] and IGF-2 [47] have shown prognostic
value. In the SHARP study population, 10 plasma biomarkers implicated in HCC pathogenesis
were measured in 491 patients at baseline and 305 patients after 12 weeks of treatment. VEGF
and ang?2 were found to be strong, independent predictors of survival. [47] Similar results were
demonstrated in other studies in which elevated expression of angiopoietin-2 [52] and
upregulation of its mRNA [53, 54] in HCC tissues were associated with advanced pathologic
features and poor outcome. Elevated HGF was also found to be indicative of poor prognosis,
though its significance was not retained in multivariate modeling. [55] Kaseb et al have found
that integrating plasma IGF-1 as an indicator of liver reserve and VEGF as a measure of tumor
burden improves the prognostic stratification of BLCL stage C patients. [51] These results
represent promising steps in improving patient stratification but will require further valida-
tion.

Biomarkers predicting response to sorafenib have yet to be identified. In the SHARP analysis,
low baseline HGF or high baseline s-c-KIT levels were independent predictors of survival in
sorafenib-treated patients but showed only a non-significant trend as predictors of response.
[55] In another study, an AFP response (>20% decline over baseline) at 6 weeks was associated
with improvements in clinical benefit and PFS, and marginally improved OS. [56] Ueshima et
al reported that a >2-fold increase in serum des-y-carboxyprothrombin (DCP) at 2 weeks was
observed in HCC patients with significantly extended TTP (P=.029). [57] However, the use of
this marker is confounded by that fact that chronically elevated DCP levels are associated with
poorer prognosis. [58] Finally, preliminary data indicate that reductions in carbonic anhy-
drase-9 at 1 month after initiating sorafenib may be associated with delayed disease progres-
sion (P=.031). [59] Identifying and validating predictive biomarkers of response to sorafenib
has been challenging, at least in part, because markers explored to date are not directly affected
by sorafenib, and their levels often reflect a combined measure of tumor response and liver
reserve.

Studies suggest that AEs occurring during sorafenib treatment may provide prognostic and
predictive information. In a single-center prospective study of 40 Asian, predominantly HBV-
positive patients with unresectable HCC, the presence of any AE was associated with longer
OS than the absence of an AE (21.5 vs 7.6 months, respectively; P=.014) and was also predictive
of stable disease (hazard ratio [HR] 0.345 [95% CI 0.991-0.120]; P=.048). [60] In a retrospective
study of 112 sorafenib-treated patients with advanced HCC, the onset of diarrhea was an
independent predictor for prolonged OS (14.1 vs 7.1 months, P=.011, HR 0.41; P=.001), [61]
whereas, the occurrence of HFSR was not associated with prolonged OS or TTP. In contrast,
in a retrospective study of 65 sorafenib-treated patients, multivariate analysis found that those
developing any-grade HFSR or a rash within 1 month of initiating treatment demonstrated a
markedly reduced risk of progression (median TTP, 8.1 vs 4.0 months for patients without skin
toxicity; P=.006). [62]
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6. Perspective in the management of sorafenib-treated patients with HCC

When sorafenib treatment is initiated, several factors may be considered regarding dose
selection, including age, ECOG PS, and status of underlying liver disease. Sorafenib should be
continued until unacceptable toxicity or lack of clinical benefit is documented; this latter
endpoint is challenged by the suboptimal tools available to assess response in HCC [24] and
therefore relies heavily on the discretion of the treating physician. If a patient demonstrates
radiologic progression only, sorafenib may be continued at least until symptomatic progres-
sion. In a recently published nonrandomized study (N=36), Miyahara et al found that meta-
static tumor growth rates increased in patients who discontinued sorafenib after radiologic
progression, but remained unchanged in patients who continued sorafenib. Survival beyond
first radiologic progression was also significantly longer in patients who continued sorafenib.
[63] In the SHARP trial, both clinical and radiologic assessments were performed; OS did not
correlate with radiologic response, and patients continued sorafenib until both clinical and
radiologic progression. It is important to note that symptomatic progression may be related
to tumor growth and/or deteriorating liver status.

Management of side effects is critical for promoting uninterrupted treatment. It is well known
that sorafenib is associated with skin reactions, diarrhea, and fatigue, but with proactive
management and diligent follow-up in the early months of therapy, long-term treatment is
feasible. HFSR often contributes to early discontinuation of sorafenib. In one study, the median
onset of HESR-associated symptoms was 18.4 days after initiating therapy (range 3-56 days).
[64] A recent meta-analysis of 24 trials in patients with solid tumors reported a 9% incidence
of high-grade HFSR in sorafenib-treated patients. [65] Prophylactic measures may minimize
the onset and intensity of HESR. A large, randomized, controlled phase 2 study (N=868)
demonstrated that prophylaxis with urea-based cream over a 12-week period significantly
reduced the incidence of all grades of HFSR compared to BSC in sorafenib-treated patients
(56% vs 74%; P<.0001). [66] Other interventions may include removing hyperkeratotic tissue;
applying emollients, creams, and exfoliating agents; limiting exposure to hot water; and
protecting the feet with soft, well-fitting shoes and cotton socks [65, 67]; as well as sorafenib
dose reduction or interruption until resolution to grade 1 or 0. [68, 69]

7. Conclusion

Sorafenib is an orally active multikinase inhibitor approved for the treatment of advanced,
unresectable HCC. In randomized, double-blind, placebo-controlled, multicenter trials,
sorafenib monotherapy prolonged median OS and delayed median TTP. With its acceptable
safety profile and demonstrated survival benefit, sorafenib remains the only standard of care
systemic therapy for unresectable HCC. However, additional trials of new molecules or
combination therapy including sorafenib are needed to improve the outcomes of patients with
unresectable HCC. Critical to HCC management is the establishment of surveillance programs
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to facilitate identification and referral in earlier-stage HCC, as well as the introduction of novel
approaches to reducing the size of HCC tumors to increase the utilization and success of
curative options such as resection or transplantation.
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1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide [Serag
etal., 2007, Liovet et al., 2003, Yang et al., 2010]. More than 500,000 people are diagnosed with
HCC every year, and it remains the leading cause of death among patients with hepatitis B
virus (HBV), hepatitis C virus (HCV) and alcohol-induced liver cirrhosis. One of the main
obstacles for treating HCC is late diagnosis of patients. Many unresectable HCC patients are
treated with loco-regional therapies such as radiofrequency ablation and transarterial chemo-
embolization (TACE), but the prognosis remains poor [Bruix et al., 2005]. A recent study in
multiple clinical facilities in Japan reported that 5-year survival of patients treated with TACE
was less than 30% [Takayasu et al., 2006]. Moreover, HCC is poorly responsive to chemother-
apeutic drugs and radiotherapy [Arii et al., 2000, Kuwahara et al., 2009]; thus, effective
therapeutic tools for HCC are long-awaited.

Sorafenib (Nexavar, BAY 43-9006, Bayer HealthCare Pharmaceuticals) is a new type of drug
designed to target RAF signaling, and represents a new era of HCC treatment. However,
accumulating evidence has revealed the limited effect of sorafenib, and many clinical trials
of sorafenib-based combination therapy are now underway. It should be noted that, while
sorafenib was originally designed to target RAF-mediated signaling, recent studies have
strongly indicated that its effect is closely involved in various types of non-RAF signal-
ing [Matsuda et al., 2011]. To explore safe and effective therapies combined with sorafe-
nib, full understanding of the functional mechanism of sorafenib is necessary. Herein, we
review recent findings from studies of sorafenib-mediated inhibition of RAF and non-
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RAF signaling pathways. We also discuss the possibility of administering sorafenib with
other drugs in combination therapy, which might become a promising approach in the
treatment of advanced HCC.

2. Clinical perspectives of sorafenib

2.1. The effects and limitations of sorafenib

Sorafenib is an orally bioavailable inhibitor of multiple kinases including RAF, vascular
endothelial growth factor receptor (VEGFR), platelet-derived growth factor (PDGF) receptor,
and the v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene (KIT) and fms-like tyrosine
kinase 3 (FLT-3) oncogene [Wilhelm et al., 2004, Hochhaus et al., 2011]. At present, sorafenib
is the only oral drug shown to improve the survival of unresectable HCC. The SHARP trial
(the Sorafenib HCC Assessment Randomized Protocol), a multicenter double-blind phase III
trial in Europe, North America, South America, and Australasia conducted in 2008, reported
overall survival in the sorafenib-treated group was significantly longer than in the placebo
group (10.7 vs. 7.9 months) [Llovet et al., 2008]. An Asia-Pacific study, which was conducted
in China, South Korea, and Taiwan in 2009, also reported that the median overall survival in
the sorafenib-treated group was improved (6.5 vs. 4.2 months) [Cheng et al., 2009], suggesting
that the effect of sorafenib is universal among different ethnic backgrounds. Unfortunately
however, subsequent clinical studies have highlighted several issues. First, sorafenib treatment
rarely results in tumor shrinkage [Jubb et al., 2010]. A partial tumor response was seen in only
2% and 3.3% of the SHARP and the Asia-Pacific studies, respectively, and there have been few
reported cases that achieved complete remission after sorafenib treatment [SO et al., 2008,
Yeganeh et al., 2009, Wang et al., 2010, Sacco et al., 2011]. Second, sorafenib is less effective
when the patients are affected with medium to severe liver dysfunction (Child-Pugh class B
and C) [Pinter et al., 2009, Schiitte et al., 2011]. The reason for the influence of liver function
on the efficacy of sorafenib should be determined in the near future. Because liver cirrhosis is
a unique condition in which excessive inflammatory cytokines is produced, it is plausible that
cancer microenvironment in liver disease might affect the sorafenib efficacy (Fig. 1). Third,
sorafenib causes many side-effects, including diarrhea, skin eruption, and bone marrow
dysfunction. All these lines of evidence strongly suggest that safer and more effective sorafenib
therapy should be established for HCC patients.

2.2. Clinical trial of sorafenib-based combination therapy

To improve the limited efficacy of sorafenib, many clinical trials of sorafenib-based combina-
tion treatment have been undertaken. For example, a phase II multicenter study in Italy
reported that the combination of sorafenib and long-acting octreotide (an analogue of soma-
tostatin) resulted in a better survival rate as compared with sorafenib monotherapy [Prete et
al., 2010]. This report suggests a possible synergic tumor killing effect by sorafenib, because
octreotide monotherapy has been regarded as less effective in advanced HCC [Becker et al.,
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Figure 1. Sorafenib and Raf signaling. Sorafenib inhibits C-Raf rather than B-Raf, and attenuates the activation of
MAPK/ERK signaling. However, the effect of sorafenib might be influenced by the cancer microenvironment in liver
cirrhosis. MEK, mitogen-activated protein kinase kinase; MAPK, mitogen-activated protein kinase; ERK, extracellular
signal-regulated kinase.

2007]. Furthermore, combination of sorafenib and the chemotherapeutic drug doxorubicin was
found to be effective in HCC [Abou-Alfa et al., 2010].

Basic studies have now evaluated the preclinical protocols of the combination of sorafenib with
other therapeutic agents. The most prospective method for treating HCC is a combination of
sorafenib with rapamycin, an inhibitor of the mammalian target of rapamycin (mTOR)
pathway. mTOR is known to be activated in many types of cancer cells, and around half of
human HCC cases showed aberrant mTOR signaling [Villanueva et al., 2008]. Several studies
using a human HCC xenograft mouse model have reported that the combination of rapamycin
and sorafenib synergistically enhanced the anti-tumor effect, and resulted in tumor shrinkage
[Wang et al., 2008, Huynh et al., 2009, Newell et al., 2009]. Thus far, a phase I trial of the
combination therapy of sorafenib and temsirolimus (a rapamycin analog) is in progress for
treating advanced HCC [Kelley et al., 2010].

3. Sorafenib affects both RAF and non-RAF signaling pathways

3.1. RAF signaling

3.1.1. RAF signaling and HCC

The RAS oncogene encodes a small guanosine triphosphate-binding protein (GTPase) that
plays a central role in promoting the cell proliferation, survival and transformation [Karnoub
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et al., 2008]. Four proteins, including H-RAS, N-RAS, K-RASA and K-RASB are encoded by
the RAS gene, and all of these mutant forms have been known to lead to increased GTP-bound
RAS (RAS-GTP). Of these, K-RAS is frequently activated by gene mutation in many types of
cancer cells [Karnoub et al., 2008], indicating that RAS is a common oncogene in various cell
types. Several growth factors such as epidermal growth factor (EGF), insulin-like growth
factor-I (IGF-1) and PDGF induce cell proliferation through enhanced exchange of guanine
nucleotides on RAS. RAS has a guanosine diphosphate (GDP) binding domain, and GDP-
bound RAS (RAS-GDP) is activated when converted into RAS-GTP. Downstream mediators
of RAS (RAF, PI3K-bound RAL-GEF) bind RAS-GTP with higher affinity than RAS-GDP
[Herrmann et al., 1995]. RAS recruits members of the RAF serine/threonine kinase family to
the plasma membrane, whereupon they are activated by phosphorylation. The RAF kinase
family is composed of three members: A-RAF, B-RAF, and RAF-1 (also termed C-RAF). Of
these, many studies have suggested that RAF-1 plays a critical role in the early step of
carcinogenesis. It has now been widely accepted that RAF signaling exerts a critical role on the
progression in many of the incurable diseases. Good example might be an autosomal dominant
polycystic kidney disease (ADPKD). Recent studies have unveiled that Ras/Raf signaling is
hyper-activated in cyst epithelial cells in this disease, and both sorafenib and a novel Raf kinase
inhibitor PLX5568 can attenuate the proliferation of ADPKD cyst epithelial cells [Yamaguchi
T et al., 2010, Buchholz et al., 2011].

In the case of HCC, point mutations of RAS have been reported to be infrequent in HCC
[Challen et al., 1992]. However, it has been revealed that its downstream signaling is frequently
activated during hepatocarcinogenesis. Hepatitis B virus X protein (HBx) and HCV core
protein, both of which have been considered as strong promoters of hepatocarcinogenesis,
increase the kinase activity of RAF-1 [Aoki et al., 2000, Chen et al., 2007]. It has been also
reported that the C-terminal of HCV-encoded nonstructural protein 5A (NS5A) binds to and
activates RAF-1 [Biirckstiimmer et al., 2006]. More importantly, activated RAF-1 has been
found in around 90% of liver cirrhosis cases and in 100% of HCC cases [Hwang et al., 2004].

3.1.2. RAF signaling and sorafenib

RAF-1 is a mitogen-activated protein kinase (MAPK) kinase, which phosphorylates and
activates the serine/threonine-specific extracellular signal-regulated protein kinases ERK1 and
ERK2 [Avruch et al., 1994]. In the nucleus, phosphorylated ERK activates transcription factors
such as ELK-1 and c-JUN, leading to cell proliferation and survival. RAF-1 has been also
reported to form a complex with Cdc25 and activates the cyclin E-Cdk2 complex, leading to
progression through the G1-S phase transition [Kerkhoff et al., 1998, Hindley et al., 2002]. When
activated, RAF members form homologous and heterologous complexes, leading to activation
of the MEK/ERK pathway. It should be noted that the kinase activity of RAF complexes is
defined by the type of RAF constituents. It has been reported that the kinase activity of B-RAF
and c-RAF heterodimers is higher than that of B-RAF or C-RAF homodimers [Rushworth et
al., 2006]. Moreover, when B-RAF is mutated at V600E (B-RAFV 600E), as observed in some
types of cancer cells, it acquires strong kinase activity and can directly stimulate the MEK/ERK
pathway [Wan et al., 2004, Garnett et al., 2005]. In turn, the kinase activity of a heterologous
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complex consisting of C-RAF and B-RAFV600E becomes decreased as compared with C-RAF
and non-mutated B-RAF heterodimers [Garnett et al., 2005].

Intriguingly, the difference in the kinase activities of each RAF complex affects the therapeutic
effect of sorafenib. Sorafenib inhibits C-RAF at low doses, while it inhibits wild-type and
mutated B-RAF at high doses [Wilhelm et al., 2004]. Therefore, high doses of sorafenib can
inhibit the activities of both C-RAF and B-RAF (either wild-type or V600E), while at lower
doses, sorafenib only inhibits C-RAF, resulting in disinhibition of B-RAF [Garnett et al., 2005].
More importantly, low doses of sorafenib has the unique ability in that it induces the formation
of heterologous complexes between B-RAFV600E and wild-type B-RAF, leading to the
enhancement of the kinase ability of B-RAFV600E [Garnett et al., 2005]. It has been recently
reported that cells expressing oncogenic RAS are selectively inhibited, B-RAF, B-RAF-C-RAF
heterodimers are induced, and RAF/MEK/ERK signaling is activated [Heidorn et al., 2010]. It
has been also shown that B-RAF-ERK signaling and C-RAF signaling play dominant roles in
the regulation of proliferation of lung cancer cells with wild-type or mutant KRAS, respec-
tively. Intriguingly however, sorafenib can inhibit both cell types by targeting B-RAF-mediated
ERK phosphorylation in cells with wild-type KRAS, and by targeting C-RAF in the cells with
mutant KRAS [Takezawa et al., 2009]. These lines of evidence strongly suggest that clinicians
should decide the dosage of sorafenib in reference to the level of each RAF kinase in the tumors.

3.1.3. Apoptotic pathways and sorafenib

Recently, several studies have reported that sorafenib has a significant effect on non-RAF-
signaling pathways, as well as RAF-mediated signaling, particularly caspase-mediated
apoptotic signaling. Apoptosis is mainly regulated by two major pathways; (1) tumor necrosis
factor- alpha receptors (TNFRs) or the Fas-mediated caspase-8 signaling pathway, and (2)
BCL-2 family members-regulated caspase-9 pathway [Ashkenazi, 2008, Leber et al., 2010]. It
has been recently reported that sorafenib kills tumor cells by regulating MCL-1, which is a
member of the BCL2 protein family [Akgul, 2009, Thomas et al., 2010]. MCL-1 is a repressor
of apoptotic cell death via its interactions with the cell death inducer BAX, and overproduction
of MCL-1 inhibits cell apoptosis induced by growth factor withdrawal, MYC overexpression,
or cytotoxic agents. MCL-1 has been known to be overexpressed in many types of malignan-
cies, and many studies have suggested that the levels of MCL-1 expression may determine the
therapeutic efficacy of anti-tumor agents.

Recent studies have led to the suggestion that MCL-1 might be one of the main targets for
MEK/ERK-independent mechanisms of action of sorafenib. Sorafenib reduces MCL-1 in
various types of cancer cells by proteasome-mediated degradation [Yo et al., 2005], and
sorafenib-mediated MCL-1 downregulation is associated with MCL-1-translation and cyto-
chrome-c release into the cytosol. [Rahmani et al.,, 2005] Intriguingly, MCL-1 might be a
promising biomarker of therapeutic efficacy, because it was found to be upregulated in
sorafenib-resistant cells [Ulivi et al., 2009]. It has also been reported that HCV can increase
therapeutic response to sorafenib by miR-193b-dependent modulation of MCL-1 [Braconi et
al., 2010], suggesting that MCL-1 might be involved in the virus-associated drug response in
cancer cells.
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3.1.4. Endoplasmic reticulum stress and sorafenib

Another RAF-independent mechanism involved in sorafenib-inhibited signaling is endoplas-
mic reticulum (ER) stress [Rahmani et al., 2007]. The endoplasmic reticulum (ER) is a central
organelle in each eukaryotic cell that serves many general functions, including lipid synthesis,
protein folding and protein maturation, transportation of synthesized proteins, and activation
of chaperone proteins. When cells are exposed to various types of stress such as hypoxia,
oxidative stress, hypoglycemia and viral infection, unfolded protein aggregates (unfolded
protein response, UPR) accumulate to interfere the function of ER, which is generally called
ER stress [Tsukada et al., 1993, Kim et al., 2008]. ER stress causes decreased protein translation
to prevent further accumulation of unfolded proteins. It should be noted, however, that the
function of ER stress is complex because it can induce either cell survival or autophagy-related
cell death [Schleicher et al., 2010]. Several UPR-involving signaling molecules have been
identified; the PKR-like kinase (PERK) is an important inhibitor of protein translation through
phosphorylation of eukaryotic initiation factor 2 (eIF2«a). The kinase activity of PERK is
induced by ER stress, and phosphorylation of PERK at Thr980 is regarded as a marker for ER
stress. Endoplasmic oxidoreductin-1 (Erol) is an ER membrane-associated N-glycoprotein that
provides oxidizing potential and protein folding. Inositol requiring-1 (IRE1) and activating
transcription factor-6 (ATF6) induce calcium-dependent protein chaperones such as
GRP78/BiP to maintain correct protein folding [Kim et al., 2008, McConkey et al., 2008].
Calnexin is a calcium-binding protein that retains the synthesized glycoproteins inside the ER.
CAAT/enhancer binding protein (C/EBP) homologous protein (CHOP) is a dominant-negative
inhibitor of C/EBP and LAP, which plays a role in cell cycle arrest during G1 to S phase. During
ER stress, the level of CHOP is increased to induce the activation of GADD34, a downstream
protein of P53 tumor suppressor that causes DNA excision repair and cell arrest, and ERO-1
expression. ERO-1 promotes oxidative stress inside the ER, leading to programmed cell death.

Several studies have reported that sorafenib strongly induces ER stress. Sorafenib results in
the phosphorylation of PERK and elF2a, leading to decreases in protein synthesis [Tsukada,
1993]. ERK cannot rescue this cellular reaction, indicating that sorafenib-induced ER stress is
RAF-independent [Rahmani et al., 2007]. It has been also reported that sorafenib-induced
apoptosis is associated with the increase in the level of CHOP expression [Niessner et al.,
2011]; therefore ER stress might be another important mechanism of sorafenib efficacy.

3.1.5. Oxidative stress and sorafenib

It is well known that reactive oxygen species (ROS) is an important player in the process of
various types of cellular process. ROS is unique in its dual role; and it plays a critical role in
maintaining cancer phenotype, cell proliferation and genetic instability [Radisky et al., 2005,
Chen et al., 2005]. In turn, when produced at high concentrations, it activates the caspases to
induce apoptosis. Although the functional mechanisms of these opposing effects of ROS is
unknown, recent studies have revealed that the effect of cytotoxic anti-tumor agents is
exclusively caused by elevated ROS production. Recently it was revealed that sorafenib
induces mitochondria-dependent ROS production to induce hepatoma cell death. Chiou et al.
reported that ROS could be generated just 30 minutes after cells were treated with sorafenib,
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suggesting that sorafenib-induced oxidative stress might not be the secondary phenomenon
during cell death [Chiou et al., 2009]. Chiou et al. also reported that glutathione (GSH), an
intracellular non-protein-thiol antioxidant, was decreased after treatment with sorafenib.
Currently it is not known that why sorafenib results in the dysregulated balance of oxidants
and anti-oxidants. Park et al. reported that low doses of sorafenib and vorinostat, a histone
deacetylase inhibitor (HDACI) that has shown preclinical evidence of anti-tumor activity
against hepatoma, rapidly increase ROS, Ca (2+), and ceramide levels in gastrointestinal tumor
cells [Park et al., 2010]. In turn, Banerjee et al. reported that the anti-oxidant enzyme heme
oxygenase-1 (HO-1) protected apoptosis of cells treated with sorafenib [Banerjee et al., 2012].
HO-1 was found to induce the expression of anti-apoptotic BCL-yL and decreased the expres-
sion of autophagic proteins Beclin-1 and LC3B-II, indicating that ROS might determine the
therapeutic efficacy of sorafenib. To improve the efficacy of sorafenib, further investigation of
the relationship between ROS and sorafenib should be performed.

4. Future perspectives of combination treatment with sorafenib

Because accumulating evidence strongly indicated that the anti-tumor effect of sorafenib is
mediated by both RAF and non-RAF signaling, recent studies have investigated the usefulness
of sorafenib-based combination therapy via targeting of non-RAF signaling pathways [Peck-
Radosavljevic et al., 2010, Shen et al., 2010, Kudo et al., 2010]. Some studies have reported that
targeting non-RAF signaling such as TNF-related apoptosis-inducing ligand (TRAIL) [Meng
et al., 2007, Rosato et al., 2007, Ricci et al., 2007, Kudo et al., 2010], histone deacetylase
[Dasmahapatra et al., 2007] and BCL-2 [Lin et al., 2007] might be effective when combined with
sorafenib. Moreover, several clinically available agents such as sulforaphane (SF) [Rausch et
al., 2010], zoledronic acid [Zhang et al., 2010], and vitamin K1, K2, and K5 [Wei et al., 2010a,
2010b] have been also reported to be useful for combination treatment. Recently we found that
caffeine, which is a well-known inhibitor of DNA damage-response kinase ataxia telangiec-
tasia mutated (ATM), can effectively enhance the effect of sorafenib [Fujimaki et al., 2012].
ATMis a widely known DNA damage-stimulated serine/threonine kinase that phosphorylates
several of the DNA damage checkpoint molecules [Lavin, 2008]. We found that ATM is
activated by sorafenib-mediated non-genotoxic ROS production, resulting in the sorafenib-
induced reciprocal activation of AKT signaling to help the cells to acquire drug resistance
[Fujimaki et al., 2012]. Interestingly, it has been recently reported that intra-arterial local
administration of caffeine could potentiate cisplatin-based chemotherapy, without severe side-
effects [Takeuchi et al., 2007]. Together with our finding, it would be intriguing to investigate
if caffeine could enhance the effect of sorafenib in HCC patients.

5. Conclusions

At present, sorafenib is the only molecular targeting agent proven to have a significant effect
on the survival of patients with advanced HCC. Although its tumor-killing effect has been
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found to be limited, recent basic studies have revealed that this new agent acts upon multiple
non-RAF signaling pathways as well as RAF-mediated signaling. More interestingly, recent
studies have unveiled that sorafenib might also act as preventive agents against liver fibrosis.
Wang et al. reported that sorafenib treatment attenuated liver fibrosis in rat liver fibrosis
model, possibly due to its inhibitory role on the cell proliferation of hepatic satellite cells [Wang
at al., 2010]. Thus, to further identify an efficient protocol for sorafenib treatment, clinicians
should pay more attention to non-RAF signaling in cancer cells.
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1. Introduction

Hepatocellular carcinoma (HCC) is the third deadliest and 5" most common cancer world-
wide. It ranks the second in China among all malignancies, and its mortality is almost equal
to its morbidity [1-3]. Carcinogenesis of HCC is a multi-factor, multi-step and complex process,
which is associated with a background of chronic and persistent infection of hepatitis B virus
(HBV) or hepatitis C virus (HCV) [4-6]. Their infections along with alcohol and aflatoxin Bl
intake are widely recognized etiological agents in HCC [7, 8]. Multiple genetic alterations,
including the activation of oncogenes and inactivation of tumor suppressor genes, are required
for malignancy in human cancers and are correlated with increased stages of carcinogenesis
and further tumor progression with many characteristics, such as fast infiltrating growth,
metastasis in early stage, high-grade malignancy, and poor therapeutic efficacy [9-11]. HCC
prognoses are poor, and early detection is of the utmost importance [12, 13]. Most of HCC
patients died quickly because of the rapid tumor progression, and hepatic resection or
transplantation is the only potential curative treatment for HCC. Treatment options are
severely limited by the frequent presence of metastases. Therefore, it is the 3™ leading cause
of cancer-induced death worldwide with a very poor prognosis [14]. Growing understanding
of the molecular mechanisms underlying the carcinogenesis of HCC is a multi-factor, multi-
step, and complex process, involving chromosomal aberrations, gene mutations, epigenetic
alterations, and activation of complex signaling pathways [15, 16].

Recently, studies have discovered changes in the insulin-like growth factor (IGF) axis that
affect the molecular pathogenesis of HCC, and IGF-II is a polypeptide hormone secreted by
many organs of the fetus [17, 18]. IGF axis (Figure.1) has emerged as an important pathway in
the development and progression of HCC and as a potential therapeutic target. Human IGF-
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I gene contains 9 exons (E,;~Ey) and 4 promoters (P,~P, FigurelA). IGF system consists of the
ligands, cell surface receptors, and the IGF binding proteins (IGFBPs) [19]. IGF receptors
(IGF-1R and IGF-2R) are tyrosine kinase cell-surface receptor that binds either IGF-I or IGF-II.
IGFBPs have key roles in regulating ligand bioavailability. IGF-II interacts with IGF-IR, IGF-
IIR (lacks tyrosine kinase domain), and the exon 11-lacking (A) form of the insulin receptor
(IR), and the IGFBPs. Hybrid receptors form from dimerization of IGF-IR and IR hemirecep-
tors. These hybrid receptors retain high affinity for IGF-I, but have a significantly reduced
affinity for insulin [20, 21].

A

5’ Z0kb Y
E1 EZ E= E4 ES E& E¥Y E& ES
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N HCC
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e o
[
IGFBP-4 -
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Figure 1. Schematic illustration demonstrating the structure of IGF-1l gene (A) and the IGFs representative results (B)
from immunohistochemical analysis or in situ hybridisation of antisense MRNA to normal liver (N) and HCC tissues. The
intensity of gene expression is directly proportional to the darkness of the section. IGF, insulin-like growth factor;
IGFBP, IGF binding protein; IGF-IR, IGF-I receptor; and IGF-II/M6PR, mannose 6-phosphate receptor.

IGFs, including IGF-1, IGF-1I, IGF binding proteins, and their receptors (IGF-1R and IGF-2R)
were well characterized in primary HCC tissue (Figure 1B) [22]. The IGFs system regulates
many key aspects of cellular and whole- organism physiology and plays a crucial role in the
regulation of cell growth, energy metabolism, differentiation, as well as key aspects of tumors
such as transformation and anti-apoptotic signaling (Figure 2). Now, little is known of
relationship between IGF-II gene’s promoter methylation status and hepatocarcinogenesis.
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IGF-II gene has complex regulation of transcription, resulting in multiple mRNA initiated by
different promoters. Here, we review the complexity of IGF axis and focus on the expression
of hepatic IGF-II and their gene during the malignant transformation of hepatocytes, the
hepatic expression and circulating level of IGF-II in patients with liver diseases for prospec-
tively elucidating the relationship between IGF-II level and the pathological features as well
as the diagnosis and metastasis of HCC, and the effect of miRNA silencing IGF-II gene on
inhibition of HepG2 cell proliferation with an urgent need to search for novel effective
therapies for HCC. [23, 24]
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Figure 2. The IGF-1I/1GF-1R intracellular pathway. Binding of the ligands IGF-I and IGF-Il to IGF-IR activates its intrin-
sic tyrosine kinase activity resulting in signaling through cellular pathways that stimulates proliferation and inhibits
apoptosis. The key downstream signaling pathways include PI3K-AKT-TOR and the RAF-MEK-ERK pathway. Therapeu-
tic approaches that target the IGF-IR are being tested clinically and include antibodies directed at the extracellular por-
tion of the receptor and small molecule tyrosine kinase inhibitors with specificity for IGF-IR. ErK, extracellular signal-
related kinase; IGF, insulin-like growth factor; IGF-IR, IGF-I receptor; mTOR, mammalian TOR, target of rapamycin; IRS,
insulin receptor substrate; AKt, Ak transforming; Shc, Src homology 2 domain-containing; Ras, rat sarcoma viral onco-
gene homolog.
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2. Dynamic expression IGF-II during HCC development

IGF-Ilis a fetal growth peptide produced by the liver, which is over expressed in a wide variety
of neoplasms including HCC and involved in experimental liver carcinogenesis [25-27]. 48
male Sprague-Dawley rats, 4~6 weeks old and weighing 120~160 g, were randomly divided
into groups of 6 per cage, including control group and experimental groups. The control rats
were given a standard diet, and the experimental rats were fed with 0.05 % 2-fluorenylaceta-
mide (2-FAA, Sigma, USA) in an air-conditioned environment. One control rat and a group of
experimental rats were sacrificed under mild ether anesthesia every 2 weeks(wk), blood was
drawn from the heart and the serum was separated. The livers were washed free of blood, one
part was used for pathological examination and immunohistochemical analysis, and the others
were stored at -80 ‘C. All procedures were conducted in accordance with the guidelines for
experimental animals approved by the Animal Care and Use Committee of Nantong Univer-
sity. The morphological changes in rat liver cells were clearly seen during HCC development.
The histological examination confirmed changes in hepatocytes from granule-like degenera-
tion to atypical hyperplasia to HCC formation inducing with 2-FAA (Table 1).

Histopathological change (HE staining)

Group n
Normal Degeneration Precancerous HCC

Control 6 6 0 0 0
Experimental: 2nd wk 6 0 6 0 0

4t wk 6 0 6 0 0

6" wk 6 5 1 0 0

8" wk 6 0 3 2 1

10" wk 6 0 2 1 3

12 wk 6 0 0 2 4
Total 42 6 22 6 8

Table 1. Histopathological Changes of Rat Liver during HCC Development

At the early stage during HCC induction process, the granular degeneration appeared in the
cytoplasm and a large heterogeneous nucleus was seen (the degeneration group). At the
intermediate stage, hepatic plate cell layers increased, focal cell layers surpassed three, the
nuclear chromatin was denser, and the ratio of nucleus to cytoplasm increased (the precan-
cerous group). At the later stage, the hepatic structure disappeared, the cells arranged into
nido or funicular form, nuclei became middling large and the chromatin was denser, and the
ratio of nucleus to cytoplasm increased. All of these were highly differentiated HCC (the HCC

group).
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At the same time, the expression levels of IGF-II in hepatic tissues and sera progressively
increased (Table 2). In vivo, IGF-II is a growth factor that plays an important role during HCC
development. It is synthesized and activated through tyrosine kinase and the IGF-I receptor.
The process of IGF-II activation and expression has been confirmed in the liver tissues of HCC
rats, transgenic rats and experimental animals infected with hepatitis virus. When the
expression of IGF-II in the transgenic rat rise continuously, the risk of HCC increases. The
reason for the high expression of IGF-II is the reactivation of the embryonic IGF-II gene. In the
precancerous condition, IGF-II-mediated hepatocyte proliferation is mainly via IGF-IR by a
paracrine mechanism. IGF-II was distributed in the cytoplasm of hepatocytes and over-
expressed in the precancerous group, and the levels of IGF-II expression suggest that it may
be secreted by hepatoma cells themselves and stimulate their proliferation via an autocrine
mechanism. Although different levels of IGF-II expression were found in rat livers with
different histopathological changes, the expression of IGF-II was detected in the hepatic
cytoplasm of all rats fed with 2-FAA and none in the control group [28].

IGF-11 expression intensity

Group n Positive (%) - + ++ +++
Control 6 0(0.0) 6 0 0 0
Degeneration 22 8(36.36) 4 6 1 1
Precancerous 6 6 (100)* 0 3 2 1
HCC 8 8 (100)* 0 1 2 5

*P<0.01 vs. the control group.

Table 2. Dynamic Alteration of IGF-Il Expression during Rat HCC Development

IGFs are potent autocrine and paracrine mitogens for liver cancer cell proliferation, and their
bioactivity is reduced by IGFBP-3 [29]. Human embryonic liver cell lines also express IGF-1I,
suggesting that hepatoma cells may regain some embryonic characteristics like AFP secretion.
A smaller proportion of IGF-II is associated with other IGFBPs, while less than 5% of IGF-II
exists in the unbound or free form that is believed to be the biologically active fraction, capable
of binding to the IGF-2R. IGF-II present in the ternary complex is not easily dissociated.
However, IGF-II contained in low molecular weight binding complexes has a rapid turnover
and may be the source of much of the free IGF-II detected. The levels of serum IGF-II protein
were significantly higher in the HCC group than in the precancerous, degeneration and control
groups (Table 3). Its main mechanism possibly is that the abnormal activation and over-
expression cause precancerous cells in a high multiplication condition which transforms and
finally induces HCC. The levels of IGF-II expression reflect the degree of pathological change
in rat liver. Hepatic IGF-II may participate in liver cancer induction, and detection of IGF-II
expression during HCC development could be a useful molecular marker for early diagnosis
and prognosis of HCC [28].
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Serum IGF-II (ng/L) Liver IGF-1l (ng/mg protein)
Group n

Mean + SD t P value* Mean + SD t P value*
Normal 6 149.7+19.1 7.40 <0.01 52.3+4.5 8.85 <0.01
Degeneration 22 174.2+43.4 6.75 <0.01 54.9+12.8 6.79 <0.01
Precancerous 6 2741241 4.30<0.01 70.3+8.4 2.42 <0.05
HCC 8 450.3£112.6 80.7+7.4

*P<0.01, vs. the HCC group.

Table 3. Dynamic Quantitative Analysis of Liver and Serum IGF-II Expression during Rat HCC Development

IGF-IIis a kind of fetal growth factor, a mitogenic polypeptide closely related to insulin, highly
expressed in hepatocarcinogenesis, and causes mitosis in different cell types. IGF-II may
promote hepatocyte proliferation via a paracrine mechanism in the pre-cancerous stage. When
hepatocytes are transformed into malignant cells, they may secrete IGF-II and promote
malignant cell proliferation by an autocrine mechanism [30]. Identification of molecular
abnormalities associated with an increased risk of HCC is particularly important to improve
knowledge of both the pathways of liver carcinogenesis and the outcomes. Its gene has
complex regulation of transcription, resulting in multiple mRNAs initiated by different
promoters, which contribute to cell proliferation, differentiation, anti-apoptosis, and invasive
behavior.

3. Difference of IGF-II expression in human HCC tissues

3.1. Alteration of fetal IGF-II promoter methylation status

Carcinogenesis of hepatocytes is a multi-factor, multi-step, and complex process. Genetic and
epigenetic changes are the core biological processes in HCC. DNA cytosine methylation is a
central epigenetic modification that has essential roles in cellular processes including genome
regulation, development and disease [31-33]. Epigenetic changes include DNA methylation,
histone modification, and DNA methylation is performed by DNA methyltransferase. The
methylation status is closely associated with the development and progression of carcinoma.
Hepatic IGF-II gene contains 4 promoters (P,~P, FigurelA), P, for adult liver and P,~P, for
fetal liver [34-36].

The methylation status of IGF-II promoter and IGF-II expression were analyzed in HCC-,
their surrounding-, and noncancerous- tissues, and the patterns by MPS were shown in Figure
3. The incidences of IGF-II P; methylation was 0% ( 0 of 40 ) in human HCC, 47.5% (19 of
40) in their surrounding, and 100% (40 of 40) in normal tissues, respectively; and the incidence
was increased gradually (Table 4) from cancerous to non-cancerous parts of liver tissues,
with significant differences among them (Table 4, x* = 37.623, P < 0.001). The methylation
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Figure 3. Methylation analysis of IGF-Il promoter 3 region in human HCC tissues and IGF-1l expression. A, Exon-
intron and 4 promoter structure of human IGF-Il gene. Exons are shown as numbered boxes (plain are coding). The
122 bp (P;M) or 123 bp (P;U) fragment of IGF-Il promoter3 amplified for methylation analysis is enlarged below. Verti-
cal lines indicate 13 CpG positions. B, The patterns of promoter methylation of hepatic IGF-II in different liver tissues.
T-HCC; NT-Adjacent; N-Normal; U-Demethylation; M-Methylation; m, DNA marker.

rate of IGF-II P; in the adjacent tissues in poorly differentiated HCC were lower than well-
differentiated ones (P<0.001), suggesting the positive correlation between demethylation
status of IGF-II P, and hepatocarcinogenesis, suggesting aberrant methylation occurs before
mutation and is an early event in the development of HCC. IGF-II is highly expressed in the
fetal liver and early after birth, which is mainly based on activation of P, ~ P,. But its expression
is strongly reduced in adulthood, mainly based on activation of P;. Several studies have
shown elevated expression levels of IGF-II in preneoplastic lesions and very high levels in
HCC, and so was the IGF-II P,~P,, suggesting the correlation between IGF-II gene expres-
sion and promoter.

Group n M (%) PM (%) UM (%) Z P
HCC 40 0(0) 0(0) 40(100) 6.708 0.000
Adjacent 40 0(0) 19(47.5) 21(52.5) 4.290 0.000
Non-HCC 40 40 (100) 0(0) 0(0)

P<0.01, compared with non-cancerous group; M, methylation of liver IGF-Il gene P3 promoter; PM, part methylation of
liver IGF-1l gene P3 promoter; UM, unmethylation of of liver IGF-Il gene P3 promoter.

Table 4. The Status of IGF-Il Promoter 3 Methylation in Different Liver Tissues
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Tumor differentiation and gene methylation while gene displayed different methylation
profiles at different levels of differentiation, only two showed statistically significant differ-
ences. However, there was no correspondence with tumor progression toward poor differen-
tiation. Only the gene displayed lower methylation in the normal progression of a tumor from
well to moderate to poor differentiation. These findings might underscore the role of these
genes in the tumor differentiation process. Tumor stage and gene methylation profile gene
showed different methylation profiles at different tumor stages, with the gene displaying
statistically significant differences with higher methylation at lower methylation at higher
methylation at advanced stages [37].

3.2. Alteration of GF-II expression in different liver tissues

The expression of hepatocyte IGF-Il was analyzed in HCC, their surrounding, and nocancerous
tissues by immunohistochemistry were shown in Figure 4. Positive staining of hepatic IGF-II
showed brown particles, located in cytoplasm with only a few in cellular nuclei but none in
cell membrane. Positive cells were mostly located in the margin of portal area or near the
central vein. The expression level of IGF-II went up with the histological changes. It was
significantly higher in the HCC or the surrounding group than in the nocancerous group, and
its levels in HCC group were obviously higher than in the surrounding group (P<0.05). There
were 11 samples showed positive staining of IGF-II in degeneration group and 54.5 % of them
were staining moderately and above. Five samples in precancerous lesion group showed
positive staining of IGF-Il and 80 % of them were staining moderately and above. Eight samples
in cancerization group were positive for IGF-II staining and 87.5 % of them showed moderate
and above. Thus we concluded that the expression intensities of IGF-II were associated with
the morphological changes of hepatocytes [38, 39].

Figure 4. Immunohistochemical analysis with anti-human IGF-1l in HCC tissues; a, the absence of cytoplamic
staining for IGF-II (S-P, original magnification x200) from non- cancerous tissues of human HCC; b, the IGF-Il weakly
positive staining in cytoplasm and cell membrane from the surrounding tissues; and ¢, the IGF-Il strongly positive stain-
ing in cytoplasm and cell membrane (S-P, original magnification x100) from human HCC tissues.

3.3. Expression of total RNA and IGF-II mRNA in HCC tissues

IGF-II may be a biological marker in the early diagnosis of HCC. The expression levels of IGF-
II mRNA are different in different parts of HCC liver tissues. Different expression of hepatic
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total RNA (ug/mg wet liver tissue) was found in the different parts of 36 HCC tissues. The
total RNA levels were significantly lower in HCC tissues (17.9 + 27.7 pg/mg wet liver tissue)
than in self-control surrounding- (32.9 + 31.2 pug/mg wet liver tissue, P<0.05) or non-cancerous
liver tissues (41.4 + 50.3 pg/mg wet liver tissue, P <0.01), respectively [38].

Studies found that the amplified fragments of IGF-Il mRNA by RT-PCR were identical to
original designed ones with size of 170 bp and confirmed by sequencing analysis (Figure 5).
The dilution experiments revealed that the lowest sensitivity of our system was 2 ng/L of total
RNA (Figure 5A), the size of IGF-II DNA was identical to the original designed one, and
confirmed by DNA sequencing analysis (Figure 5B). The incidence of positive IGF-Il mRNA
fragments was 100 % in HCC tissues, and significantly higher (P<0.01) than that in their
surrounding (53.3 %) or in their non-cancerous (0%) liver tissues, respectively. [38, 39]
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Figure 5. Amplification of IGF-Il genomes from human liver tissues of HCC patients. IGF-Il mRNAs were synthesized
according to IGF-Il cDNA with random hexamers and moloney murine leukemia virus reverse-transcriptase, and de-
tected with different primer pairs by nested PCR (170 bp). The positive fragments of IGF-Il genome were found dis-
tinctly in HCC or surrounding tissues. A, the sensitive limitation of the detection system (2 ng/L), using total RNA with
102 ~10® fold dilution and then amplified by nested PCR; B, the amplified fragments (452 bp) of glyceraldehyde-3-
phosphate dehydrogenase genome from liver tissues; C, the amplification of IGF-Il genomes in human liver tissues
(No. 1~6). No. 1~3, the positively amplified fragments of IGF-Il mRNA from cancerous tissues of HCC patients; No. 4~5,
no positively amplified fragment from para-cancerous or non-cancerous tissue of HCC patients; No. 6, the positively
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amplified fragments of IGF-Il mRNA from para-cancerous tissue of HCC. GAPDH: glyceraldehyde-3 -phosphate dehy-
drogenase. M: DNA molecular weight marker. D, Alignment of nucleotide sequences of the amplified fragments of
IGF-Il genome from different liver tissues in patients with HCC by sequence analysis. Origin: the cited sequence (170
bp, nt 311-480) of human IGF-Il genome; Hepatoma: the amplification fragment of IGF-Il genome from human HCC
tissue; A-HCC: the amplified fragment of IGF-Il genome from the surrounding tissue in HCC patients. HCC, hepatocel-
lular carcinoma.

4. Expression of IGF-II associated with HBV or HCV infection

HCC is mainly associated with HBV and HCV infection. Activation of cell growth stimulator
IGF-II gene is observed in tumor formation especially in viral associated HCC [5, 6, 11, 13].
IGF-1I signaling is mediated through IGF-1R, up-regulation of IGF-II in some hepatocytes may
lead to high focal IGF-II levels sufficient to saturate local IGF-II binding capacities, and may
result in an increased susceptibility to cellular dedifferentiation and, ultimately, liver cancer.
Elevated focal IGF-II transcript levels may therefore indicate an increased risk for HCC. SNPs
sites (frequency >5%) of 376 HCC patients (312/21/43; HBV/HCV/NBNC) was found in
angiogenic genes including VEGF, HIF-1a, and IGF-II (TT genotype more common). T allele
(TT+CT genotype) at -13021C in IGF-II were independent risk factors in HCC recurrence. The
SNPs in IGF-II genes may be important risk factors for the recurrence of HCC [40].

4.1. Expression of IGF-II and HBV Infection

In HBV, HBx protein promotes cell cycle progression, inactivates negative growth regulators,
and binds to and inhibits the expression of p53 tumor suppressor gene and other tumor
suppressor genes and senescence-related factors. During recent years evidence has accumu-
lated that HBx protein modulates transcription of methyl transferases, causing regional DNA
hypermethylation that results in silencing of tumor suppressor genes, or global hypomethy-
lation that results in chromosomal instability, thereby playing a role in hepatocarcinogenesis.
Particularly important among the anti- apoptotic properties is inhibition of p53 [41].

Recent experimental observations suggest that HBx protein may increase the expression of
TERT and telomerase activity, prolonging the life-span of hepatocytes and contributing to
malignant transformation. Carboxy-terminal truncated HBx protein loses its inhibitory effects
on cell proliferation and pro-apoptotic properties, and it may enhance the protein's ability to
transform oncogenes. Dysregulation of IGF-Il enhances proliferation and anti-apoptotic effects
of oncogenes, resulting in uncontrolled cell growth. Significant increase in fetal transcripts is
associated with the p53 mutation and poor prognosis of the HCC patients and might serve as
one of identification parameters of poor HCC prognosis. HBx product become transcriptional
transactivators of cellular and viral genes, are known to play causative roles in HCC devel-
opment [42, 43]

Using 240 different combinations of three one-base anchored oligo-dT primers and 80 arbitrary
13 mers, 16 genes were differentially expressed in the HBx- positive HCC. Unexpectedly,
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upregulated genes in association with functional HBV proteins were different from those
reportedly transactivated by HBV viral proteins in vitro. Ten genes were downregulated,
including three novel genes. In contrast, 15 genes in HCC tissue negative for HBx-expression
were preferentially expressed including IGF-1I and 10 ribosomal proteins genes. Cellular genes
involved in the viral protein-transactivation may generally differ from those not associated
with transactivation in established HCC, and that the specific oncogenic coordination through
the transactivation by viral proteins which works in experiments in vitro, may play only a
potential role in hepatocarcinogenesis in vivo [43, 44].

HBV infection is one of the most important factors for HCC, especially HBV X gene (HBX) is
closely related to hepatocarcinogenesis. And more than 80% of HCC cases are associated with
HBV. Many studies showed HBV infection contributed to hypermethylation of tumour
suppressor genes. The methylation rates of IGF-II P; in positive surface antigen HCC patients
was significantly lower than those with negative surface antigen, suggesting DNA demethy-
lation could related to HBV infection. DNA methylation may be the molecular-targeted
therapies of HCC [41]. Further studies will allow us to investigate the changes of IGF-II gene
promoter methylation status in patients’ peripheral blood with HCC, and will elevate early
diagnosis and monitor metastasis of HCC. These reference epigenomes provide a foundation
for future studies exploring this key epigenetic modification in human disease and develop-
ment. DNA cytosine methylation is a central epigenetic modification that has essential roles
in cellular processes including genome regulation, development and disease [45, 46].

4.2. Expression IGF-II and HCV infection

In HCV, core protein is believed to transactivate host IGF-II receptor through PKC pathway
and the inhibition of tumor cell growth can be achieved by blocking IGF-II pathway either at
transcriptional level or increasing its binding with IGFBPs (IGF binding proteins) at C-
terminal, so that it is not available in free form. IGFBP-6 is a specific inhibitor of IGF-II actions.
Affinity of IGFBPs with IGFs is controlled by post- translational modifications. Phosphoryla-
tion of IGFBPs inhibits IGFs action on target cells while O-glycosylation prevents binding of
IGFBP-6 to glycosamino- glycans and cell membranes and resulting in a 10-fold higher affinity
for IGF-II. O-glycosylation and phosphorylation operate the functional expression of cellular
proteins, this switching on and off the protein expression is difficult to monitor in vivo [44].
By using neural network based prediction methods, alternate O-B-GlcNAc modification and
phosphorylation on Ser 204 control the binding of IGFBP-6 with IGF-II. This information may
be used for developing new therapies by regulating IGFBP-6 assembly with IGF-II to minimize
the risk of viral associated HCC [44].

During HCV/HBV infection, O-3-GlcNAc of IGFBP-6 at Ser 204 diminish their binding with
IGF-1II, increase IGF-II cellular expression and promote cancer progression which can lead to
hepatocellular carcinoma. Furthermore, this site can be used for developing new therapies to
control the IGF-II actions during viral infection to minimize the risk of hepatocellular carci-
noma [46]. The possibility that HCV core gene product (HCV-core) acts as a transactivator in
IGF-II gene transcription was tested. HCV-core protein increases endogenous IGF-II expres-
sion from promoter 4 (P,) of the IGF-II gene through two cis-acting elements: Sp1 and Egrl
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binding sites. Sp1 and Egrl both bind to IGF-II P4 and functionally cooperate in mediating the
maximal activity of IGF-II P4. HCV-core protein induced the binding of Sp1 and Egr1 on its
binding sites on IGF-II P4. In addition, Sp1 and Egrl were stimulated to phosphorylate by
HCV-core, and its DNA binding activity was up-regulated upon HCV-core transfection [47].

Transfection with HCV-core in HepG2 cells stimulated the membrane translocation of protein
kinase C (PKC) and the treatment of HCV-core transfected cells with calphostin C, a PKC
inhibitor, blocked induction of Sp1 and Egrl DNA binding activity, and eventually transcrip-
tional transactivations of the IGF-II gene. Increasing the DNA binding activity of the phos-
phorylated form of Sp1 and Egrl might be an important mechanism for regulating IGF-II gene
expression and for promoting cell division during hepatic carcinogenesis. HCV-core functions
as a positive regulator of IGF-II transcription through the PKC pathway and that Sp1 and Egrl
are direct targets of the transcriptional regulation of the IGF-II gene which plays an important
role in HCV pathogenesis during the formation of HCC. [47]

5. Circulating IGF-II and clinicopathological features

There were 156 patients with HCC enrolled for this study at Affiliated Hospital of Nantong
University, China. The patients’ ages ranged from 26 to 74 years (median, 46 years). 134 patients
(86 %) had a history of cirrhosis, and 22 (14%) had a history of chronic hepatitis [48]. All patients
were diagnosed by blood biochemical tests, viral histology and B-ultrasonic examination. The
incidence of hepatitis virus in these patients was 76 % (118 of 156) in HBsAg, and 10 % (16 of
156) in antibody to hepatitis C virus (ELISA, Beijing, China). The serum AFP level ranged from
33t02,500 ng/mL (median, 243 ng/mL). Serum AFP more than 50 ng/mL was taken as a positive
result. Other cases included 39 patients with acute hepatitis, 72 patients with chronic hepatitis,
75 patients with decompensated cirrhosis, and 60 healthy subjects with negative-HBV markers
(HBsAg, HBcAb, and HBV-DNA) and with normal serum ALT levels from the Nantong
Central Blood Bank. All peripheral blood samples were collected in the morning, with anti-
clot heparin, and peripheral blood mononuclear cells were separated immediately, according
to the method as described previously. AFP-mRNA in peripheral blood was also detected in
this study as described elsewhere. Ethics Statement, this study was approved by the Institu-
tional Review Board, Affiliated Hospital of Nantong University, and written informed consent
was obtained. The diagnosis of HCC and viral hepatitis was based on the criteria proposed by
Chinese National Collaborative Cancer Research Group and the 2000 Prevention and Cure
Scheme of Viral Hepatitis, respectively.

The levels of IGF-II expression in the serum of 224 patients with liver diseases was significantly
higher (P<0.001) in patients with HCC than in patients with liver cirrhosis or chronic hepatitis.
Also, the level of serum IGF-II in patients with HCC was significantly higher (P < 0.001) than
in patients with nonliver tumors or acute hepatitis. The evaluation of serum IGF-II and AFP
levels for HCC diagnosis using the ROC curves is shown in Figure 6. The analysis of 2 markers
for the whole range of sensitivities and specificities using the area (0.823 for AFP and 0.771 for
IGF-II) under ROC curvesindicated that the abnormality of serum IGF-II level could be a useful
molecular marker for HCC diagnosis [48, 49].
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Figure 6. The diagnostic value of circulating IGF-II level for HCC. Receiver operating characteristic (ROC) curves for
the serum insulin-like growth factor Il (IGF-II) investigated marker for hepatocellular carcinoma. Sensitivity, true-posi-
tive rate; specificity, false-positive rate. The area under the ROC curves was 0.823 for a-fetoprotein (AFP) and 0.771 for
IGF-II [50].

The positive frequency of circulating IGF-II mRNA was 34% in HCC, and no amplified
fragment was found in other liver diseases, extrahepatic tumors, and normal controls. The
circulating IGF-IIl mRNA was correlated with the stage of HCC, and its incidence was 100%
in HCC with extrahepatic metastasis, and 35% in HCC with AFP-negative. No significant
difference was found between tumor sizes and circulating IGF-Il mRNA fragment and IGF-II
mRNA can only be detected in the peripheral blood of HCC patients. The levels of circulating
IGF-II mRNA and its diagnostic value increase with clinical stage of HCC and with distant
metastases. Circulating IGF-IIl mRNA could be a useful molecular marker for HCC diagnosis,
especially in monitoring extrahepatic metastases.

However, little is known about the diagnostic value of circulating IGF-II in the early stage of
HCC. In the present study, we analyzed the localization and expression of IGF-II during the
malignant transformation process in rat hepatic cells by immunohistochemistry, detected the
dynamic changes of IGF-II expression in the liver and sera of HCC model rats, and discussed
the possibility of circulating IGF-II becoming a marker for early diagnosis of HCC. Hence the
abnormal expressions of IGF-II and IGF-Il mRNA are useful tumor markers for HCC diagnosis,
differentiation of extrahepatic metastasis, and monitoring postoperative recurrence. The
pathologic characteristics of circulating IGF-II expression are shown in Table 5. The higher
expression of hepatic IGF-Ilin patients with HCC was associated with HBV infection (P<0.001).
However, no significant difference was found between IGF-II expression and patient sex, age,
tumor size, extrahepatic metastasis, or AFP level (P > 0.05) [50, 51].
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No. of Mean x SD
Group Cases IGF-11 (ng/mL) t P
HCC 146 3.74+0.67 - -
Sex Male 108 3.73+0.65 0.224 0.823
Female 38 3.77+0.77
Age (yr) =50 109 3.74+0.64 0.117 0.907
<50 37 3.75+0.77
Tumor size (cm) >5.0 66 3.77+0.76 0.491 0.624
<5.0 80 3.71+0.59
Extrahepatic With 38 3.88+0.69 2.013 0.058
metastasis
Without 108 3.62+0.67
a-Fetoprotein 2400.0 67 3.83+0.67 1.564 0.120
(ng/mL)
<400.0 79 3.66 +0.66
Hepatitis B surface Positive 110 3.93+0.50 5.390 0.000
antigen
Negative 36 3.16 +£0.80

HCC, hepatocellular carcinoma; IGF-I, insulin-like growth factor Il. *IGF-Il values are given in conventional units; to convert
to Systeme International (SI) units (nMol/L), multiply by 0.131. To convert the conventional units for alpha-fetoprotein
to Sl units (ug/L), multiply by 1.0.

Table 5. Pathologic Characteristics of Circulating IGF-II Expression in Patients with HCC*

6. Targeting IGF-1R

The IGF signaling axis is comprised of two receptors (IGF-1R and IGF-2R), the ligands IGF-1
and IGF-2, and a system of at least six binding proteins and attendant proteases that modulate
ligand availability [52, 53]. Insulin also binds to the IGF-1R, but with 100- to 1000-fold lower
affinity than that of the IGFs. The supporting preclinical and clinical data highlighting the
significance of this pathway in HCC, and the early clinical trials of targeting this axis in
advanced HCC. However, the underlying mechanisms that lead to malignant transformation
of infected cells remain unclear. The efficacy profile seems to be promising [54, 55]. However,
further studies are needed to define the exact role of IGF-1R inhibitors in clinical practice.
IGF-1R with its ligands and intracellular pathway is involved in cell growth and survival
control.

Many studies have shown how IGF-1R is over-expressed in HCC cell lines and histological
samples [56, 57]. In recent years many trials have been conducted investigating IGF-1R as a
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possible cancer therapy, with major efforts focusing on the use of monoclonal antibodies and
small molecules directed against the IGF-1R-driven pathway. Several drugs are currently
under intense investigation and in different experimental phases. Available data suggest that
this class of drugs is well tolerated with mild to moderate side effects, when used alone or in
combination with other therapeutic agents [58, 59].

It is speculated to serve as an autocrine growth factor in various cancers because they often
co-express IGF-II and IGF-IR in hepatocarcinogenesis, and re-expression of IGF-II gene has
recently been described in HCC. To date, several therapeutic strategies have been developed
in order to specifically inhibit IGF-1R while sparing IR, Phase I/II studies have shown that a
monotherapy with this class of drug seems to give stability of disease rather than responses.
More recent studies are, in fact, investigating combination of anti-IGF-1R therapy with
chemotherapy or other targeted agents, in order to give a wider tumor response through
multiple blocking of intracellular pathways or DNA damages. Anti-IGF-1R drugs seem to be
a very promising class of targeted agents for cancer therapy, although the real potential of this
class of drugs, whether alone or in combination, needs to be further investigated in randomized
studies. Another key point on which research should focus is to find a biological marker of
potential efficacy of this class of drugs, in order to select which patients should really benefit
from this treatment approach [60].

7. Inhibition of IGF-II on effect of HCC cell proliferation

Abnormal expression of IGF-1lis associated with the hepatocyte malignant transformation and
HCC progress [61-63]. Specific IGF-II miRNA plasmids were constructed and transfected to
HepG2 cells to knockdown IGF-II expression for observing effects on the cell proliferation,
survival, apoptosis, angiogenesis, and anchorage-independent colony formation [64-66]. IGF-
II mRNA was evaluated by quantitative real-time polymerase chain reaction, and the level of
IGF-II or VEGF was quantitatively analyzed by ELISA. Our data shown that down-regulation
of IGF-II expression resulted in the viability alteration, proliferation inhibition, and apoptosis
occurrence of HepG2 cells [67]. The level of VEGF expression in the supernatant of HepG2
cells in the IGF-II-miRNA-transfected group was significantly decreasing (P<0.01) than those
in the untransfected group or the miRNA-neg-transfected group, with the susceptibility to
anoikis and decreasing of anchorage-independent colony formation of HepG2 cells. Thus,
concluding that IGF-II is a potential molecular target for HCC gene therapy [68, 69].

HepG2 cells transfected with four recombinant targeting IGF-II plasmids: pCMV-IGEF-II-
miR-1, pCMV-IGF-II-miR-2, pCMV-IGF-II-miR-3, and pCMV- IGF-II-miR-4, containing green
fluorescent protein, are shown in Figure 7. After the HepG2 cells transfected with a high
efficiency at 24 h (Figure 7a, b), the alterations of IGF-II gene expression at transcriptional level
showed the four different silencing efficiencies, and one of the best plasmids was the
pCMVIGEF-II-miR-2. After the HepG2 cells were transfected with the pCMV-IGF-II-miR-2, the
expression of IGF-II gene at transcriptional level at 48 h was significantly inhibited (down to
15 %, P <0.001, Figure 7c), and the same interference effects (P <0.001) were observed at protein
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level (Figure 7d), with the IGF-II protein down to 25 % compared with the miR-neg group,
indicating that the highly specific and efficient miRNA could suppress the activation of IGF-
II expression in hepatoma cells at transcriptional or protein level.
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Figure 7. Suppression of IGF-Il activation in HepG2 cells with different miRNAs. [67] HepG2 cells were transfect-
ed according to the preoptimized instructions. At 24 or 48 h after the HepG2 cells transfected with different IGF-II
miRNAs, the cells were then harvested and checked. a The phase contrast and fluorescence photomicrographs (100x
magnification) of the HepG2 cells transfected with different constructed pCMV-IGF-II-miR plasmid vectors containing
green fluorescent protein at 24 h. b Analysis of IGF-Il gene at transcriptional level in the HepG2 cells transfected with
different pCMV-miR at 24 h. Lanes 1 the untreated HepG2 cells, 2 the HepG2 cells with IGF-Il-miR-neg, 3 the HepG2
cells with IGF-1I-miR-1, 4 the HepG2 cells with IGF-II-miR-2, 5 the HepG2 cells with IGF-lI-miR-3, 6 the HepG2 cells with
IGF-II-miR-4. ¢ IGF-Il gene transcriptional level at 48 h after the HepG2 cells were transfected with IGF-Il-miR-2; d IGF-II
protein level at 48 h after the HepG2 cells were transfected with IGF-1I-miR-2 by ELISA. Data were expressed as mean +
SD from three independent experiments. ***P<0.001 vs. the IGF-Il-miR-neg group.
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The viability inhibition after the HepG2 cells transfected with miRNA determined by a trypan
blue exclusion assay is shown in Figure 8. Compared with the control (miR-neg) group, the
viability of the HepG2 cells transfected with IGF-II-miR-2 (Figure 8a) was notably inhibited at
a time-dependent manner. The rapid growth of the HepG2 cells leads to insufficient blood
supply, and solid cancer cells should evolve to tolerate nutrition starvation. The effect of IGF-
IT on the death of serum-deprived HepG2 cells was also evaluated by trypan blue staining.
Compared with the miR-neg group, the IGF-II-miR-2-transfected group displayed higher
death rates for both 48 h (31.3 % vs. 17.3 %, P <0.01) and 72 h (68.7 % vs. 36.7 %, P < 0.001) after
serum starvation (Figure 8b), whereas the miR-neg group showed a similar frequency of death
as untreated group, indicating that highly IGF-II expression might increases the growth and
survival of HepG2 cells in vitro [67]

The downregulation of IGF-II expression, which inhibited the proliferation of HepG2 cells by
apoptosis mechanism, is shown in Figure 7c. The proliferation and apoptosis of the HepG2
cells were analyzed by EdU incorporation assay based on the measurement of DNA synthesis
regarded as a gold standard for measuring the cell proliferation. Under common culture
conditions (10 % FBS), the EdU incorporation assay displayed that DNA synthesis of the cells
was significantly inhibited in the IGF-II-miR-2-transfected group as compared with the miR-
neg-transfected group (P <0.01; Figure 7c, d). Furthermore, the analysis of apoptosis revealed
that the amount of apoptosis in the IGF-II-miR-2-transfected HepG2 group is increased as
compared with the control group (P < 0.01; Figure 8¢, e), indicating that downregulation of
IGF-II expression might inhibit HepG2 cell proliferation. [67]

IGF-II is involved in the process of HCC development and has exhibited numerous genetic
abnormalities as well as epigenetic alterations including modulation of DNA methylation.
Targeted therapy to the IGF system is being studied in combination with chemotherapy as
demonstrated by the phase II study. Other combination strategies are also being employed in
breast cancer, given the important links between the ER and the IGF-IR pathway that have
been discovered in experimental models. Constitutive activation of the IGF-signaling axis is
frequently observed in human HCC. Especially the overexpression of the fetal growth factor
IGF-II, IGF-IR, and cytoplasmic downstream effectors such as IRS contribute to proliferation,
anti-apoptosis, and invasive behavior [70, 71].

8. Perspectives

The IGF system is emerging as a promising new target in cancer therapy and promises to
revolutionize the way we select therapies in combination with chemotherapy, endocrine
therapy, and other biological agents. The relevant alterations in this signaling pathway and
independent in vivo models that support the central role IGF-II signaling during HCC
development and progression. Since this pathway has become the center of interest as a target
for potential anti-cancer therapy in many types of malignancies, various experimental
strategies have been developed, including neutralizing antibodies and selective receptor
kinase inhibitors, with respect to the specific and efficient reduction of oncogenic IGF-II/IGE-
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Figure 8. Silencing IGF-1l expression on effect of HepG2 cell growth and survival. a The downregulation of IGF-II
expression inhibition of HepG2 cell viability. At 48 h after transfection, the HepG2 cells were plated into 6-well plates
(50x10* cells per plate). After 48 and 72 h, cell viability was assayed with a trypan blue assay; b Suppression of IGF-II
inhibits HepG2 cells survival. After transfection at 48 h, HepG2 cells were plated into 6-well plates (50x10* cells per
plate). After 4 h, the adherent cells were switched to serum-free medium and harvested for the trypan blue staining at
different time points (48 or 72 h); then the trypan blue positive cells were counted and calculated as percent of total
cell number. Data represented the mean + SD from three independent experiments. c After the HepG2 cells (200x)
transfected with miRNA were stained with the EdU incorporation and Hoechest 33342. At 48 h, the cells were plated
in 96-well plates (2.0x103 cells per well) in triplicate for other 24 h, then exposed to EdU for 2 h, and visualized under
a fluorescence microscopy. EdU (red), DNA synthesis; Hoechst 33342 (blue), nuclear staining; Apoptotic cells (white
arrows) showed shrunken nuclei with a bright fluorescence appearance. d Quantitative analysis of the EdU incorpora-
tion assay. Data are represented from three independent experiments; e quantification of apoptotic events (white ar-
rows) as determined in Figure 7c. The number of cells with nuclear morphological features of apoptosis was counted
after staining with Hoechest 33342. Data are expressed as percentage of apoptotic cells based on counting 100 cells
in randomly selected fields. Data are from three separate experiments, and mean values + SD, from three independent
experiments [67]
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IR-signaling[72, 73]. Several laboratories have implicated constitutive activation of miRNA as
one of the early key events involving in neoplastic progression of the liver. Further studies will
permit us to analyze mechanism of human hepatocarcinogenesis and pay attention to these
areas to be more practical up to present [74, 75].
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Chapter 14

Simultaneous Changes in Expression of Bile Canalicular
CD10 and Sinusoidal CD105 (Endoglin) in Chronic
Hepatitis and Liver Cirrhosis
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Additional information is available at the end of the chapter
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1. Introduction

Liver tissue contains hepatic sinusoids and bile canaliculi among hepatocyte plates. Dynamic
changes of these components during a sequence of chronic hepatitis (CH) to liver cirrhosis
(LC) have been an interesting subject from a standpoint of cellular injury and regeneration. It
is known that proliferative activity of hepatocytes is significantly correlated with the severity
of CH [1-3]. On the other hand, the dynamic changes of proliferative sinusoidal cells have been
analyzed in experimental liver injury [4,5], but not enough in human cases of CH/LC in relation
to inflammatory activity or fibrosis stage. Similarly, bile canalicular changes in CH/LC have
not been analyzed until recently, because the bile canaliculi are difficult to recognize morpho-
logically.

Recent identification of markers for bile canaliculi or hepatic sinusoids facilitated the analysis
of phenotypic changes in these components in CH/LC. Some markers for bile canaliculi, such
as CD10, CD13 and biliary glycoprotein I, are known at present [6,7]. CD10, also called common
acute lymphoblastic ymphoma antigen (CALLA) or neprilysin, is a 100kD type II cell-surface
metalloproteinase [8] and modulates the enkephalin-mediated inflammatory response [9]. It
is expressed in various tissues, including brush border of enterocytes, renal tubules/glomeruli,
endometrial stroma, hepatic bile canaliculi and lymphoid precursor cells [10]. It is also a useful
marker for neoplastic counterpart of these tissues such as some lymphoma/leukemia [11], renal
cell carcinoma, endometrial stromal sarcoma [12] and hepatocellular carcinoma (HCC)
[6,7,13,14]. However, changes of expression pattern of CD10 in bile canaliculi (CD10(BC))
during a sequence of CH/LC have not been examined except for a report by Shousha et al. [15]
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CD105, also known as endoglin, is an 180kD homodimeric transmembrane glycoprotein
forming part of transforming growth factor-f3 (TGF-f3) receptor complex [16,17]. It is expressed
with marked tissue-specificity, predominantly in vascular endothelial cells of tissues under-
going active angiogenesis such as regenerating or inflamed tissue and tumoral stroma [18,19].
In particular, its expression in the stromal vessels of various carcinomas is associated with
unfavorable prognosis [19-22]. Thus, CD105 has been attracted considerable attention, not only
as a biological marker of tumor growth but also as a target molecule for diagnostic and
therapeutic application against cancer [23,24]. On the other hand, CD105 expression has also
been examined in the active/proliferative vessels of stromal tissues other than carcinomas, such
as hemorrhoids [25], inflammation and wound healing [26,27], endometrial tissue throughout
the menstrual cycle [28], or CH/LC [29-32]. Although expression of CD105 along hepatic
sinusoids (CD105(HS)) in CH/LC has been reported [29-32], a correlation between CD10 and
CD105 expression has not been examined so far. We previously reported changes in expression
of CD10 and CD105 in the hepatic tissue around tumors including HCC and metastatic
carcinoma [33]. In the present study, we analyzed CH/LC in the same way as in the previous
report.

2. Materials and methods

2.1. Tissue samples

Fifty-two cases of surgically resected liver specimens were retrieved from a pathological
database file at Suwa Red Cross Hospital (Suwa, Japan). The cases showing fatty metamor-
phosis or treated before operation by trans-arterial embolization or radiofrequency ablation
for tumors were excluded. The resected livers had HCC with CH or LC (40 cases, consisted of
26 cases of type C, 4 of type B and 10 of non-B/non-C type), metastatic carcinoma (11 cases; 8
for colorectal origin and 1 for breast, stomach and Vater’s papilla origin in each) and biliary
cystadenoma (1 case). None of the cases of metastatic carcinoma and cystadenoma showed
features of CH/LC clinically or histopathologically. All specimens had been fixed in 10%
phosphate-buffered formalin immediately after resection and embedded in paraffin. In each
case, representative paraffin blocks of the background hepatic tissue of tumors were selected
and serial tissue sections were subjected to Azan-Mallory and immunohistochemical stainings.
The sections contained part of the tumor nodule in 46 cases.

2.2. Evaluation of chronic hepatitis/cirrhosis

The inflammatory activity (A) and fibrosis stage (F) of CH/LC were evaluated by histological
observation of sections with hematoxylin-eosin and Azan-Mallory stainings according to the
new Inuyama Classification of Japan [34], which well corresponds to the International
Classification of chronic hepatitis [35]. The inflammatory activity was classified as A0 (no
inflammation or necrosis), Al (mild), A2 (moderate) and A3 (severe), and the fibrosis stage as
FO (no fibrosis), F1 (fibrous extension of Glisson’s sheathes), F2 (bridging fibrosis), F3 (distorted
bridging fibrosis or pre-cirrhotic state) and F4 (LC). The background hepatic tissues apart
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enough from the tumor nodule in the cases of metastatic carcinoma or cystadenoma were used
as controls.

2.3. Immunohistochemistry and evaluation of staining

The tissue sections were stained immunohistochemically using the streptavidin-biotin-
peroxidase method. Endogenous peroxidase activity in the sections was eliminated in 0.3%
hydrogen peroxide in methanol for 30 min. Thereafter, the sections were treated with 0.2%
trypsin for 40min. at 37 degrees C (for CD105) or were submerged in 0.01mol/l citrate buffer
(pH6.0) and boiled for 15 minutes in a microwave oven (for CD10) to retrieve the antigenecity
[36]. After cooling to room temperature, these sections were incubated with monoclonal
antibodies against CD10 (clone 56C6, Medical & Biological Laboratories, Nagoya, Japan, 1:50
dilution) and CD105 (clone SN6h, Dako, Glostrup, Denmark, 1:5 dilution), followed by
biotinylated antibody against mouse immunoglobulin (Dako, 1:50 dilution), and finally
reacted with peroxidase-conjugated streptavidin (Dako). The labeled peroxidase was visual-
ized by 3,3’-diaminobenzidine-hydrogen peroxide method and counterstained by hematoxy-
lin. Negative control sections for immunostaining were treated with phosphate-buffered saline
instead of the primary antibodies and were confirmed to be unstained.

CD10

CD105 Pl e

Figure 1. Representative features of CD10 score in bile canaliculi and CD105 score along hepativ sinusoids in lobular
areas.

A scoring system was introduced for evaluation of expression of CD10 or CD105 in the
background hepatic tissue, apart more than 5mm. from the tumor nodule. The intensity of
CD10- or CD105-reactivity in the peri-portal and lobular areas were evaluated separately as 0

283



284 Hepatocellular Carcinoma - Future Outlook

(no staining), 1 (weak), 2 (moderate) and 3 (intense) (Figure 1), and the sum of peri-portal and
lobular scores was defined as CD10 score or CD105 score respectively. The immunoreactivity
for CD10 in HCC was also evaluated as 0, 1, 2 and 3, and was defined as CD10-T. Statistical
analyses of the scores were performed mutually or in relation to the severity of CH/LC by
Mann-Whitney’s test using Statmate III software (Atoms, Tokyo, Japan). Spearman’s rank
correlation coefficient between CD10 score and CD105 score was calculated by Statmate IIL

3. Results

3.1. Control hepatic tissues

Out of 12 cases of metastatic carcinoma or biliary cystadenoma, the background hepatic tissues
in 10 cases were evaluated as AQ/FO and those in the remaining 2 as A1/F0 and A0/F1 respec-
tively. CD10(BC) expression was not uniform, while a difference of immunoreactivity was not
conspicuous between peri-portal and lobular areas. CD10 score was more than 4 (moderate to
intense staining) in 7 out of these 12 cases (Figure 2A, Table 1), including a case of A0/F1.

A B

Figure 2. Expression of CD10 (A) and CD 105 (B) in the control hepatic tissue (serial sections). Bile canaliculi are mod-
erately to intensely immunoreactive for CD10, whereas CD105 is not expressed in any regions.

As for CD105, 5 cases (including a case of A0/F1) showed no expression in any region of the
background hepatic tissues (Figure 2B, Table 2). The other 7 cases did not reveal CD105(HS)-
immunoreactivity in peri-portal areas but showed focal/weak expression in the lobular areas.

3.2. Chronic hepatitis/cirrhosis

CD10(BC) expression in the cases with CH/LC was not uniform, as in the control hepatic tissue,
while CD10 scores were, in general, significantly lower than those in the control hepatic tissue
(Figure 3A, Table 1). However, CD10(BC)-immunoreactivity was well preserved in the areas
that the hepatocyte plates were regularly arranged with distinct trabecular pattern in some
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cases (Figure 3B). In relation to inflammatory activity or fibrosis, a significant difference of
CD10 score was demonstrated between the cases of A0 and A1-3 or between those of FO and
F1-4, but, among each group, only between A0 and Al or F1-2 and F3 (Figures 4 B and 4E,
Table 1).

CD105-positive hepatic sinusoids also revealed uneven distribution in the hepatic lobules.
Although CD105 score was variable from case to case (Figures 4 C and 4F), the scores in
CH/LC were significantly higher than those in the control hepatic tissue (Table 2). They also
showed a tendency to be high in the cases of prominent inflammatory activity but not in those
of advanced fibrosis stage (Table 2).

A B

Figure 3. CD10 expression in a case of chronic hepatitis (A2/F2). (A) Decreased expression in the area of moderate
inflammatory acitivity. (B) Intense expression in the area of mild inflammatory activity and well-preserved trabecular
arrangement of hepatocyte plates.

CD10 score 01 2 3 4 5 6

Control (12) T 1 3 2 2 3 ol ve. GH/LG: 5<0.05
CH/LC 40) 12 6 8 7 4 3 conrerve FUER PSS
A0 (11) 1 3 2 2 3

KD 16 o4 12 s
A2 (18) 5 4 2 3 3 1 Al vs. A2: NS

A3 (3) 1 1 1

FO (13) 1 2 4 2 2 2

i@ 211 e
F2 (5) 2 2 1 F1-2 vs. F3: p<0.001
F3 (11) 5 2 3 1 F3 vs. F4: NS

F4 (19) 7 4 2 3 2 |1

NS: not significant

() number of cases

Table 1. CD10 score in bile canaliculi in control liver and CH/LC in relation to inflammatory acitivity and degree of
fibrosis
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CD105 score 0 1 2 3 4 5

control (1 2) 5 5 2 control vs. CH/LC: p<0.001
CH/LG (40) 4 9 11 10 4 2

A0 (11) 5 4 2

A1 (20) 3 8 5 3 1 A0 vs. A1-3: p<0.01
A2 (18) 1 2 6 5 3 1 A0 vs. A1: p<0.05
A3 (3) ) 1 Al vs. A2: p<0.05
Fo (1 3) 4 6 3 FO F1-4: p<0.005
Fi & 2 1 1 Fove FI2 NS
F2 (5 2 1 1 1 F1-2 vs. F3: NS

F3 (1 1) 1 4 4 1 1 F3 vs. F4: NS

F4 (1 9) 3 5 9 2 NS: not significant

(): number of cases

Table 2. CD105 score along hepatic sinusoid in control liver and CH/LC in relation to inflammatory activity and degree
of fibrosis

Figure 4. Representative cases of chronic hepatitis (CH): (A)-(C) CH (A1/F1), (D)-(F) CH (A2/F3). (A)(D) Azan-Mallory
staining, (B) CD10 score 3, (C) CD105 score 0 (serial section of (B)), (E) CD10 score 0, (F) CD105 score 4 (serial section of
(E)).
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Figure 5 shows a correlation between CD10 score and CD105 score in all cases examined
(including CL/LC and control hepatic tissues). There was a significant inverse correlation and
Spearman’s rank correlation coefficient was -0.533.

* B @ nonB/nonC
CD105 score @ ¢ I control
5

9 (ecoo-— @O @00 me
1% T P nm| o0) |
0 o [556) T0 S

0 1 2 3 4 5 CD10

score

Figure 5. Inverse correlation of CD10 score and CD105 score (r,=-0.533).

3.3. CD10 expression in HCC and background hepatic tissue

CD10 expression was observed, at least in part of HCC tissue, in 20 (58.8%) out of 34 cases
examined (Figure 6). Although the immunoreactivity was variable, the cases with CD10-
positive tumor tissues showed significantly higher CD10 score in the background hepatic
tissue than those with no intra-tumoral CD10 expression (Table 3).

Figure 6. Expression of CD10 in hepatocellular carcinoma.
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CD10 score in
background liver tissue 0 1 2 3 4 5

¢D10 in HCC () 6 2 2 2 1 1
) 41 6 5 2 2 —J P00

Table 3. CD10 expression in hepatocellular carcinoma and CD10 score in background liver tissue

4. Discussion

In normal human liver, CD10 is detected in the bile canaliculi and interlobular bile ducts [6,7].
The present study indicated a decrease of CD10(BC) expression in CH/LC, a similar finding
to what has been recently reported [15]. The distribution of CD10-immunoreactivity was not
uniform, while the regularly arranged hepatocyte plates with distinct sinusoids maintained
CD10-positive bile canaliculi. These observations may indicate, in CH/LC, a loss of differen-
tiation and/or a functional impairment of bile canaliculi due to persistent hepatocyte injury.
According to Shousha et al. [15], the loss of CD10(BC) reactivity was significantly correlated
with fibrosis stage, but not with necro-inflammatory grade. In our study, however, a significant
difference of CD10(BC) expression was demonstrated according to the presence or absence of
inflammatory activity or fibrosis, but not necessarily between the groups of different grades
of them. These results suggest that a decrease of CD10(BC) expression does not simply depend
on the grade of inflammatory activity or fibrosis. Concerning other factors in relation to the
severity of CH/LC, Shousha et al. reported a correlation of decreased CD10(BC) expression
with abnormalities in liver function tests in CH/LC [15]. Meanwhile, our preliminary exami-
nation on alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactic dehydro-
genase (LDH), alkaline phosphatase (ALP) and gamma-glutamyl transpeptidase (gamma-
GTP) showed that there was no distinct correlation between CD10 score and any data described
above (data not shown). Further investigation on the mechanism of change in expression of
CD10(BC) is warranted.

CD10 has also been used as a reliable marker for pathological diagnosis of HCC. The positive
rate (58.8%) of CD10 expression in HCC in the present study was consistent with the previous
reports (about 52-68%) [6,7,13,14]. In addition, CD10 in HCC was significantly correlated with
the CD10 score of background hepatic tissue, although there was no significant correlation
between CD10-T in HCC and CD score in the lobular areas in the previous report [33]. The
present study suggests a phenotypic similarity of neoplastic and non-neoplastic hepatic tissue
and also indicates the importance of evaluation of CD10 score in the all (peri-portal and lobular)
areas.

The current study disclosed a significant inverse correlation between CD10 score and CD105
score in CH/LC. It has been reported that CD105 is not or minimally expressed in sinusoidal
endothelial cells in normal human liver and is up-regulated in various types of chronic
diseases, such as viral CH [29-32], autoimmune hepatitis [37], primary biliary cirrhosis [37,38],
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alcoholic liver disease [39,40] and various benign nodular lesions [27]. Recently, it has been
reported that increased CD105(HS) expression is significantly associated with progressive
hepatic fibrosis in chronic hepatitis C virus infection [31]. The present study also showed up-
regulation of CD105(HS)-immunoreactivity in CH/LC, indicating neoangiogenesis of hepatic
sinusoids [30], and it was significantly correlated with the degree of inflammatory activity but
not with the degree of fibrosis. The discrepancy between the two reports may reflect differences
of methods of grading and scoring system. As for the type of hepatitis virus, CD105 score in
CH/LC caused by hepatitis B virus was 0 or 1 in all cases in the present study. A correlation
between CD105 score and type of hepatitis virus, however, could not be clarified because the
number of cases of type B CH/LC was too small. Further cases of hepatitis B virus-positive
CH/LC should be analyzed, although its infectious rate has been recently decreased due to
vaccination [41].

In conclusion, the present study indicates simultaneous down-regulation of CD10(BC) and up-
regulation of CD105(HS) in CH/LC. Although the phenotypic changes of bile canaliculi and
hepatic sinusoids may be caused by separate mechanisms, they seem to represent different
aspects induced by a common event, i.e., persistent hepatic injury.

5. Summary

The present study was undertaken in order to examine expression of CD10 in bile canaliculi
(CD10(BQ)) in relation to that of CD105 (endoglin) along hepatic sinusoids (CD105(HS)) in
chronic hepatitis and liver cirrhosis (CH/LC). Fifty-two cases of resected liver, bearing
hepatocellular carcinoma (HCC), metastatic carcinoma or biliary cystadenoma, were immu-
nostained for CD10 and CD105. The immunoreactivity for CD10(BC) and CD105(HS) in the
background hepatic tissue of tumors was scored separately. In the background hepatic tissue
of metastatic carcinoma or cystadenoma (as controls), CD10(BC) was moderately or markedly
expressed in more than half of the cases, whereas CD105(HS) was not or minimally positive.
Compared with the controls, CH/LC cases significantly showed a decrease of CD10 score and
an increase of CD105 score, the latter indicating neoangiogenesis, with inverse correlation (r,
= -0.533). The down-regulation of CD10 was not necessarily correlated with inflammatory
activity or degree of fibrosis, whereas the up-regulation of CD105 was significantly correlated
with inflammatory activity. These results indicate that the expression pattern of CD10(BC) and
CD105(HS) changed simultaneously in CH/LC by persistent hepatic injury, although the
mechanism of change of these markers may be different.
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1. Introduction

Liver cancer is the fifth and seventh most frequently diagnosed cancer worldwide in men and
women, respectively, but the second most frequent cause of cancer death in men [1]. In
addition, hepatocellular carcinoma (HCC) represents the major histological subtype of
primary liver cancers, accounting up to 90% of the total liver cancer burden worldwide [2].
The incidence of HCC has increased significantly over the past 10 years and is expected to
increase because of the actual high prevalence of viral hepatitis C-seropositive individuals and
also because of the known long latency period to HCC development from the initial hepatitis
C virus (HCV) infection, which may take 2-3 decades [3]. Despite of the varied treatment
options, the prognosis of HCC remains poor. Thus, estimated 5-year survival rates are in the
range of 26% to 50%, and disease-free survival is 13% to 29% [4]. At present, systemic chemo-
therapy is quite ineffective in HCC treatment, and is also known to express the multidrug-
resistance gene MDR-1 [5]. Therefore, is necessary to identify and characterize molecular
abnormalities of clinical significance in HCC. Besides the heterogeneity of different HCC
subtypes, these tumors may use different cellular pathways and oncogenic mechanisms at
different development stages, and this is of essential importance to develop biologically-based
clinical trials.

2. Steroid hormone receptors and hepatocellular carcinoma

Although sex differences in liver cancer may be attributed to differences in lifestyle [6-8], there
are several epidemiological and experimental studies suggesting that HCC might be, in part,
hormone-related. Liver cancer is predominantly a male disease, with approximately three
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times higher incidence and mortality among men than women [9]. This male predominance
is further supported by the fact that chronic liver disease progresses more rapidly to cirrhosis
in males than in females, and therefore cirrhosis-derived HCC is largely seen in men and
postmenopausal women disease [10].

The role of estrogens in modulating morphological and physiological features of liver became
evident in early 1970s when a possible correlation between occurrence of hepatic neoplasms
and use of oral contraceptives was suggested [11-12]. On the basis of these data, several in
vitro and in vivo studies have explored the importance of sex hormones in HCC. Animal model-
based studies indicate that sex hormones play a key role in tumor progression, showing that
ovarian estrogens protect against tumor progression, whereas androgens promote tumori-
genesis [13-15]. It has been reported that the protective effect of estrogens against chemically
induced liver tumors is mediated by prolactin (PRL) through liver prolactin receptors (PRLR)
[16-18]. Nevertheless, the precise role of male and female sex hormones and their receptors in
HCC remains still poorly understood. There is not enough information regarding the mecha-
nism of estrogen and androgen in HCC.

Estrogen and androgen mediate their biological functions through binding to their specific
receptors, the estrogen receptor (ER) and the androgen receptor (AR). Both ER and AR belong
to the nuclear receptors family that, as transcription factors, regulate the expression level of
several genes such as those involved in triggering immune responses, cell proliferation and
apoptosis [19-21]. Therefore, sex hormones play a key role in normal physiology of organs
other than these of the reproductive system.

Variable expressions of ER and AR has been found in normal liver and HCC using different
methods, such as immunohistochemistry, enzyme-immuno assays, or determining mRNA
levels (Table 1 and Table 2 give the details of these studies for ER and AR, respectively), which
indicate a relationship between sex hormones and pathogenesis of HCC. The percentage of
positivity for these receptors varied between the different studies [22]. These differences may
be due to several methodological aspects, such as differences in the origin of the studied
patients populations, sample types or technologies determining the receptor expression. In a
recent study, we determined the expression of sex hormones receptors in 31 HCC patients by
immunohistochemistry using tissue micro-arrays technology [23]. Our results demonstrate a
wide variability in the immunohistochemical values for steroid receptors among HCCs: 67.7%
of tumors stained positively for AR, 51.6% for ER and 83.8% for progesterone receptor (PgR),
but, among the positive cases, immunostaining score values for each protein were largely

variable.

. %

. Type of liver L .
Reference Protein /mRNA i Method Localization n positive Country Year

issue
cases

[122] ER protein Normal BA cytosolic 4 100 United Kingdom 1978
[123] ER protein Normal BA - 3 100 Germany 1978

[124] ER protein Normal BA - 2 100 United States 1982
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%

. Type of liver L .
Reference Protein /mRNA " Method Localization n positive Country Year
issue
cases
[125] ER protein Normal BA - 6 100 Germany 1982
[126] ER protein Normal BA - 6 100 United States 1983
) cytosolic and ) )
[127] ER protein Normal BA 4 100 United Kingdom 1983
nuclear
[128] ER protein Surrounding BA cytosolic 30 43 Japan 1986
) cytosolic and
[129] ER protein Non-cancerous BA 7 43 Japan 1986
nuclear
[130] ER protein Non-cirrhotic EIA cytosolic 12 12 Japan 1987
[131] ER protein Normal - 2 2 Japan 1988
[132] ER protein Surrounding BA cytosolic 17 65 Japan 1989
[133] ER protein Surrounding 22 64 Japan 1989
[134] ER protein Surrounding BA cytosolic 5 100 Japan 1990
) United States,
[135] ER protein Normal BA 9 9 1991
Italy
[52] ER protein Non-cancerous BA cytosolic 26 42 Spain 1993
[136] ER mRNA Non-cancerous ISH 13 54 Italy 1993
[137] ER mRNA Peritumoral RT-PCR - 32 88 Korea 2006
[124] ER protein HCC BA cytosolic 5 100 United States 1982
. cytosolic and ) .
[127] ER protein HCC BA 5 100 United Kingdom 1983
nuclear
[138] ER protein HCC IHC cytosolic 10 10 Singapore 1984
[128] ER protein HCC BA cytosolic 30 40 Japan 1986
) cytosolic and
[139] ER protein HCC BA 8 13 Japan 1986
nuclear
[130] ER protein HCC EIA cytosolic 13 38 Japan 1987
[132] ER protein HCC BA cytosolic 19 37 Japan 1989
[24] ER protein HCC BA cytosolic 66 39 Japan 1990
[134] ER protein HCC BA cytosolic 6 17 Japan 1990
[140] ER protein HCC BA cytosolic 21 48 Japan 1991
cytosolic and United States,
[141] ER protein HCC BA 9 89 1991
nuclear [taly
) cytosolic and United States,
[135] ER protein HCC BA 9 89 1991

nuclear Italy




298 Hepatocellular Carcinoma - Future Outlook

%

Reference Protein /mRNA Type. of liver Method Localization n positive Country Year
tissue cases
[52] ER protein HCC EIA cytosolic 26 15 Spain 1993
[136] ER protein HCC IHC - 15 0 Italy 1993
[136] ER mRNA HCC ISH - 15 73 Italy 1993
[142] ER mRNA HCC RT-PCR - 14 57 Italy 1995
[25] ER protein HCC EIA cytosolic 33 39 Germany 1997
[143] ER protein HCC IHC cytosolic 71 24 China 1997
[144] ER mRNA HCC RT-PCR - 40 70 Italy 1998
[145] ER mRNA HCC RT-PCR - 42 60 Italy 2003
[146] ER protein HCC IHC cytosolicand 45 71 United States/ 2004
nuclear Koreans
[147] ER protein HCC IHC - 28 39 China 2004
[147] ER mRNA HCC RT-PCR - 28 89 China 2004
[137] ER mRNA HCC RT-PCR - 32 100 Korea 2006
[148] ER protein HCC IHC - 66 5 Mexico 2007
[23] ER protein HCC IHC Nuclear 31 52 Spain 2007

ER: Estrogen receptor; HCC: Hepatocellular carcinoma; BA: Binding assay; EIA: Enzyme immunoassay; ISH: In situ
hybridization; RT-PCR: Reverse transcriptase-polymerase Chain reaction for ERa wild type; IHC: Immunohistochemistry.

Table 1. Estrogen expression in normal liver and hepatocellular carcinoma tissue samples.

. Type of liver L % positive
Reference Protein /mRNA i Method Localization n Country Year
tissue cases
) cytosolic and United
[127] AR protein Normal BA 4 0 ] 1983
nuclear Kingdom

cytosolic and

[139] AR protein Non-cancerous BA 6 17 Japan 1986
nuclear
[132] AR protein Non-cancerous BA cytosolic 17 65 Japan 1989
[133] AR protein Surrounding 21 33 Japan 1989
[134] AR protein Surrounding BA cytosolic 10 80 Japan 1990
United States,
[135] AR protein Normal - - 9 100 Hal 1991
aly

[137] AR mRNA Peritumoral RT-PCR 32 100 Korea 2006
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. Type of liver L % positive
Reference Protein /mRNA i Method Localization n Country Year
tissue cases
) cytosolic and United
[127] AR protein HCC BA 5 100 ) 1983
nuclear Kingdom
[138] AR protein HCC IHC cytosolic 10 50 Singapore 1984
[149] AR protein HCC BA cytosolic 19 74 Japan 1985
) cytosolic and United
[150] AR protein HCC BA 5 100 ) 1985
nuclear Kingdom
cytosolic and
[139] AR protein HCC BA 8 50 Japan 1986
nuclear
United
[151] AR protein HCC BA cytosolic 13 100 1988
Kingdom
[132] AR protein HCC BA cytosolic 19 37 Japan 1989
[27] AR protein HCC BA cytosolic 45 69 Japan 1989
[134] AR protein HCC BA cytosolic 11 64 Japan 1990
[140] AR protein HCC BA cytosolic 21 86 Japan 1991
i cytosolic and United States,
[135] AR protein HCC BA 9 100 1991
nuclear [taly
[152] AR protein HCC BA cytosolic 5 100 Japan 1992
[52] AR protein HCC BA cytosolic 26 54 Spain 1993
[28] AR protein HCC BA cytosolic 43 65 Spain 1995
[23] AR protein HCC IHC nuclear 31 68 Spain 2007
[129] AR mRNA HCC ISH - 22 73 Italy 1994
[153] AR mRNA HCC RT-PCR - 38 89 Italy 2002
[137] AR mRNA HCC RT-PCR - 32 100 Korea 2006

AR: Androgen receptor; HCC: Hepatocellular carcinoma; BA: Binding assay; ISH: In situ hybridization; RT-PCR: Reverse
transcriptase-polymerase Chain reaction; IHC: Immunohistochemistry.

Table 2. Androgen receptor expression in normal liver and hepatocellular carcinoma tissue samples.

Several studies have analyzed the relationship between ER or AR and clinicopathological
parameters from HCCs patients and their clinical outcome (Table 3). In general, ER expression
was associated with higher tumor aggressiveness and/or worse prognosis in HCC patients
[24-26], whereas AR expression was negatively associated with recurrence [27-29]. It is
remarkable the finding that the presence of the ERa variant has been associated with shortened

overall survival in patients with resectable HCC [30,26].
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3. Steroid receptors and hepatitis virus

It is of special interest the interaction between sex estrogen receptors and viral proteins in
hepatitis B virus (HBV) and hepatitis C virus (HCV)-induced HCC. It has been reported that
a HBV protein (HBx) interacts with ERa. HBx is a multifunctional protein involved in
neoplastic transformation in cultured cells and in HCC induction in transgenic mice. Both HBx
and vERa (Delta 5 deletion variant of ERa) have additive effects on suppressing ERa trans-
activation [31]. In addition, it was reported that tamoxifen inhibits ERat actions and suppresses
HCV genome replication [32], which may be of potential interest to develop new anti-HCV
strategies based on anti-ER drugs. On the other hand, higher serum androgen concentrations
or a specific AR gene, which leads to higher AR activities, have also been associated to higher
risk in HBV-mediated HCC [33-34]. Likewise, it has been reported that the combination of
male gender and HBV infection had a significant synergistic effect on HCC progression [35].
Most recently, Ming-Heng et al. found that hepatic AR increases the HBV viral titer by
enhancing HBV RNA transcription through direct binding to the androgen response element
near the viral core promoter. This activity forms a positive feedback mechanism with the
cooperation of its downstream target, the HBx protein, to promote hepatocarcinogenesis. In
addition in these same study administration of a chemical compound that selectively degrades
AR, ASC-J9, was able to suppress HCC tumor size in a transgenic HBV mouse model that
developed HCC upon exposure to alow dose of N'-N'-diethylnitrosamine (DEN). These results
demonstrate that targeting the AR, rather than the androgen, could be developed as a new
therapy to battle HBV-induced HCC [36].

Protein / clinicopathological .
Reference Correlation n year country
mRNA parameters

Serum alpha-fetoprotein, HBV
[128] ER protein profile, tumor histology, - 30 1986 Japan

carcinoembryonic antigen

ER and AR Serum alpha-fetoprotein,
[132] ) ) - 19 1989 Japan
protein  Histopathology, HBV markers

Sex, age, alcohol

consumption, hepatic ) )
) A ; ER- patients showed higher
) function, other liver disease, )
[24] ER protein } ) } rate of resection and larger 66 1990 Japan
tumor size, hepatic resection,

tumor size
tumor recurrence, long-term
survival rate
ER and AR AR expression was associated
[49] ) Local recurrence o ) 78 1995 Japan
protein with intrahepatic recurrence

) . ER+ tumor have a negative
) Survival after curative ) i
[25] ER protein ) effect on patient survival after 28 1997  Germany
resection ) )
curative resection
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Protein / clinicopathological .
Reference Correlation n  year country
mRNA parameters

) Wild type ERs tumors showed
[26] ER mRNA Survival o ) 96 2000 Italy
long survival in patients

AR+ patients showed higher
) ) recurrence rates.
[132] AR protein  Recurrence and survival rate ] 45 1989 Japan
AR- patients showed better

survival rates.

AR expression correlated with
) Tumor size and tumor smaller tumor size. Higher )
[28] AR protein ) 43 1995 Spain
recurrence tumor recurrence in AR+

surrounding tissues.

AR+ tumor correlated with
[29] AR protein  Tumor size and survival time higher tumor size and lower 32 1998 China

survival rates.

ER: Estrogen receptor; AR: Androgen receptor

Table 3. Relationship between estrogen or androgen receptors with clinicopathological parameters and clinical
outcome of patients with HCC.

4. Endocrine therapy in hepatocellular carcinoma

Considering both the epidemiologic and the experimental data supporting the sex steroids
influence in growth and progression from HCCs, different clinical studies analyzed if endo-
crine therapy could be interesting in advanced disease. Table 4 gives details of some of these
studies. Trials using several agents, such as the anti-estrogen tamoxifen, megestrol acetate,
progestin, the gonadotropin releasing hormone (GnRH) agonist leuprorelin and the anti-
androgen flutamide have been uniformly disappointing [37-40]. At present, experts have
concluded that hormonal manipulation should not be a part of the current management of
patients with HCC [41-42]. However, it is possible that the rational design of an endocrine
therapy requires a more complete understanding of the role of sex hormones in the tumorigenic
process and how hormones and organ systems interact during this process [18], in addition to
careful selection of the new studies patient populations, since patient stratification based on
gender may uncover signals of activity of hormonal therapy in these settings. Notably, it has
been shown that the anti-estrogens tamoxifen and raloxifene, behave differently in different
tissues, producing estrogen-agonist activity in one tissue while behaving as an antagonist in
another [43-44]. In addition, in vitro studies in the liver cell line Hep3B, indicate that raloxifene
induces the insulin-like growth factor (IGF-I) gene transcription, whereas estradiol or tamox-
ifen inhibits it [45]. On the other hand, the lack of hormone efficacy in these clinical studies, in
terms of tumor growth and survival, could be due to either a low expression of ER or AR in
HCC or to mutated receptors expression. Therefore, further studies will be necessary to
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improve patient selection on the basis of gender, ER tumor expression and their functional
status. With regard to this latter aspect, considering that PgR is an estrogen inducible protein,
itled us to consider that this steroid receptor could be a possible marker of ER functional status
in HCC, to select candidate patients to an anti-estrogenic therapy. In addition, we demon-
strated that PgR expression have a prognostic implication in patients with resected HCCs,
being a factor associated with better prognostic [23], which is a clinical finding previously
demonstrated in breast cancer [46-47]. This finding is very important considering also our
reported positive association between PgR expression and HCV infection [23], which repre-
sents an increasing aetiology of HCC in our patient’s population [3].

Several data suggest that blocking AR may be interesting in HCC therapy. Studies in animal
models suggest that increased hepatic AR expression correlated with accelerated tumor
development [48], or even AR expression was associated with intrahepatic recurrence in HCC
[49]. However, AR expression has also been reported to be associated to small tumor size, but
not with a higher rate of recurrence [28]. More recent data indicate that suppression of
androgen or AR signals also led to an increase in the number of infiltrating cells, such as
macrophages as well as B or T-cells [50], which shows diverse and important roles in the
promotion of HCC tumorigenicity [51]. Although there is few data on the effect of anti-
androgens in HCC patients, it has been suggested that anti-androgen therapy may have some
benefit in patients with androgen-positive tumors [52]. Likewise, recently it has been reported
that a multicenter trial with anti-androgens in HCC male patients, has been interrupted
because of digestive side effects [39]. Nevertheless, further studies will be necessary to assess
whether AR status may be a useful marker to select more accurately candidate patients to
further anti-androgenic therapies. Notably, it has been reported that expression of androgen-
induced proteins, such as apolipoprotein D or Zinc-alpha2-glycoprotein, is associated with
poor prognosis in HCC.

Apolipoprotein D (ApoD) is an androgen-induced protein increased in both prostate and
breast cancer cells [53-55]. A report of Utsunomiya ef al. showed that low ApoD expression
correlated significantly with less-differentiated HCCs and therefore with a worse prognosis
of patients [56]. However, we did not found any relationship between ApoD expression and
the hormonal receptor status in HCC [23]. Nevertheless, further studies will be also necessary
in order to assess the possible value of ApoD as a biological marker of androgen response and/
or other hormonal pathways in HCC. Thus, with regard to this latter aspect, although ApoD
is an androgen-regulated protein, it can also been induced by other hormonal steroids or
substances such as glucocorticoids, retinoic acid or 1,25-dihydroxyvitamin D;, that might be
involved in the regulation of this ApoD in human tumors [54,57-58]. This is relevant since it
has been described that both retinoid and glucocorticoid receptors have been also detected in
HCC [59-60], and that preliminary data show that retinoids are considered of clinical interest
as cancer chemotherapeutic agents in advanced HCC [61].

Zinc-alpha2-glycoprotein (ZA2G) is also an androgen-induced protein increased in breast
cancer [58,62]. Recently, ZA2G expression was found to be decreased in HCC tissues at both
mRNA and protein levels. Moreover, low expression of ZA2G was notably more prevalent in
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Hormone A
Valuation .
Receptor/ Treatment n Clinical outcomes Year Reference
parameters
mRNA
ER (previous
patient Tumor growth Progestin 5 Tumor regression in 2 1982 [124]
group)
No effect on the tumor,
in 8 remained stable
Anti-tumoral
Tamoxifen 20 mg between 5and 13
NA effect. 33 1990 [154]
twice daily. months. Prolonged
Survival.
survival in 4 patients
(over 18 months).
Anti-tumoral 120
Tamoxifen No effect on the tumor.
NA effect. (placebo = 1995 [155]
20 mg daily. No effect on survival.
Survival. 62)
Tamoxifen Tumor regression to half
80 mg daily in ) size in patients with wild
i ) ) ) 8 patients, 4 )
Wild type and patients with wild-ERs ] type ERs following
with wild ERs )
variant ER Tumor growth. or megestrol tamoxifen treatment. 1996 [30]
and 4 with
RNA m 160 mg daily in Megestrol slowed down
) . . variant ERs. .
patients with variant tumor growth in tumors
ERs. with variant ERs.
119 No effects on survival,
ERyPR Survival. Tamoxifen. (placebo = regardless of the type of 2000 [156]
58) receptor expressed.
Significantly slowed
) down tumor growth and
VariantER  Tumor growth. Megestrol 45 (placebo = o
i ] improved survival in 2001 [157]
mMRNA. Survival. 160 mg daily. 24). ]
treated patients than
placebo group.
) No effect on survival or
Tamoxifen
Survival. on quality of life.
NA ) ) 120 mg or 60 mg 329 ) ) 2002 [158]
Quality of life. Deleterious effects with

daily.
the higher dose.

ER= Estrogen receptor. NA=information not available. PR= Progesterone Receptor.

Table 4. Results of hormonal treatment in hepatocellular carcinoma

patients with poor tumor differentiation, advanced liver cirrhosis, high serum alpha fetopro-

tein (AFP) level and shorter survival time. These results suggest that ZA2G may be a promising
novel prognostic biomarker for HCC [63], and advocate for the need for validation studies.
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Recent data indicates that estrogens attenuate tumor progression in HCC in vivo by reducing
tumor cell invasion, arresting cell cycle progression, and promoting apoptosis, which is
characterized by an increased expression of cleaved caspase-3, and by a decrease in the
expression of Proliferating Cell Nuclear Antigen (PCNA), cyclin A, cyclin D1, Bcl-2, and matrix
metalloproteases (MMP) 2 and 9 [64]. It is relevant the data indicating that steroid hormones,
such as estrogens, may inhibit MMPs in several experimental models [65-67]. This may be of
great importance due to MMPs are proteolytic enzymes which participate in the degradation
of the stromal connective tissue and basement membrane component, therefore facilitating
tumor invasion and metastasis. Here, we show a negative relationship between ER expression
and MMP2, MMP-9 or MMP-11 expression in HCC (Figure 1).
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Figure 1. Relationship between ER expression and median score values of MMP2, MMP-9 or MMP-11 expression in
HCC.

5. Metalloproteases and their inhibitors

Degradation of the stromal connective tissue and basement membrane components are key
elements in tumor invasion and metastasis. Some components of the extracelluar matrix,
particularly interstitial collagens, are very resistant to proteolytic attacks, being degraded only
by matrix metalloproteases (MMPs) [68].

The human MMP family currently consists of 28 members of homologous zinc-dependent
endopeptidases, which can be divided into eight structural classes or, based on their substrate
specificity and primary structure, into the more familiar subgroups of collagenases (MMP-1,
-8 and -13), gelatinases (MMP-2 and -9), stromelysins (MMP-3, -10, -11), membrane-associated
MMPs (MMP-14, -15, -16, -17, -23, -24, -25) and other novel MMPs [69-71]. MMPs are synthe-
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sized as inactive zymogens, which are then activated predominantly pericellularly by other
MMPs or by serine-proteases. MMPs’ activity is specifically inhibited by the so-called tissue
inhibitors of metalloproteases (TIMPs). Currently, four different TIMPs are known to exist:
TIMP-1, -2, -3 and -4. In addition, there are other two additional aspects conferring relevance
to this enzymatic system in cancer biology. First, MMPs are able to impact on tumor cell
behavior in vivo as a consequence of their ability to cleave growth factors, cell surface receptors,
cell adhesion molecules, or chemokines/cytoquines [72-77]. Furthermore, by cleaving proa-
poptotic factors, MMPs may induce a more aggressive phenotype via generation of apoptotic
resistant cells [78]. MMPs may also regulate angiogenesis in cancer, both positively through
their ability to mobilize or activate proangiogenic factors [79-80], and negatively via generation
of angiogenesis inhibitors, such as angiostatin and endostatin, cleaved from large protein
precursors [81-83]. Second, it is now assumed that TIMPs are multifactorial proteins also
involved in the induction of proliferation and the inhibition of apoptosis [84-85].

Previous studies have shown the expression of several MMPs in HCC [86-100]. These findings
have a great interest because HCC is characterized by a disposition for vascular invasion and
high metastatic potential, thus leading to high incidence of early postoperative recurrence and
poor survival [101-102]. Although there is no basal membrane in the liver, HCC cancer cells
grow surrounded by extracellular matrix proteins secreted as a consequence of cirrhosis, and
therefore proteolytic activity is required to allow HCC cells to penetrate and cross over such
tissue boundaries [103]. In fact, several studies have suggested the significance of some MMPs
in the malignant behavior of HCC, such as MMP-2 [86-93], MMP-7 [88,94], MMP-9
[95-97,91,93,104], MMP-12 [105] or MMP-14 (MT1-MMP) [98,91,99-100]. In these studies,
MMPs were associated with several parameters indicative of tumor aggressiveness and poor
prognosis, although the cellular type expressing each factor (tumor cell and/or peritumor
stromal cell) was not specifically considered.

There are few available data referring to the integrated expression of these factors in relation
with HCC. In this context, we have described new findings about MMPs and TIMPs
expressions in HCC, together with an important expression by tumor stromal cells, as well
as their clinical relevance. It is known that MMPs expression in neoplastic tissues is high
due to regulation, in a paracrine manner, by growth factors and cytokines secreted by either
tumor or stromal cells [106]. Nevertheless, high MMPs and TIMPs expression by HCCs
tissues may be also due to the interplay between transformed cells and their microenviron-
ment, particularly the surrounding extracellular matrix. In human livers, fibrogenesis
underlies the development of HCCs in at least 90% of cases [107], and HCC is typically
surrounded by a fibrous capsule at an early stage [108]. In addition, several studies have
shown that some MMPs (MMP-1, -2, -9 and -13) and TIMPs (TIMP-1 and -2) are in-
volved in the liver fibrosis processes [90,109-112]. It has been demonstrated that extracellu-
lar matrix deposition induces overexpression of MMPs and TIMPs, such as MMP-2, secreted
by human mesenchymal cells but also by hepatoma cells [87].

Recently we reported thatimmunostaining for MMPs and TIMPs was localized predominantly
in tumor cells, but also in peritumor stromal cells in a significant percentage of cases. However,
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we found no stromal expression of MMPs or TIMPs in normal liver samples [113]. We also
found a positive and noteworthy association between MMP-1 expression by fibroblasts or by
mononuclear inflammatory cells (MICs) and a larger tumor size. In addition, our data showed
that MMP-1 expression by stromal fibroblasts, as well as the expression of MMP-13, TIMP-1
and 2, by MICs, were significantly associated with a shorter overall survival (Figure 2) [113].

=10 10 r 1,0
3 (A) B ! (B) -
24 f,
= a 1 * o
= = ' 3
26 B g g s
-b_ nl\:'ﬁ-lﬁuun.—n;.}. % E
24 o 4
3 = £
B =
é 2 .| Pt (11 ﬁ 2 2 2
£ S I g I
H 0,0
U'GU 0 20 3Ip 40 B0 wu 0 MW 20 30 40 &0
Time {months) Time (months)
=10
28
=
g 5
-]
£ 4
E
]
2 2
o
00

Zn @0 40 80
Time (months)

(=]
g
[=]

Figure 2. Kaplan-Meier survival curves as function of the expression by fibroblasts cells of MMP-1 (A); expression by
MIC of MMP-13 (B), TIMP-1 (C) and TIMP-2 (D).

There are discrepancies between different studies regarding the prognostic significance of
several of these factors in HCC, such as MMP-9 and MMP-2 expression in stromal
compartments [113,93]. Nevertheless, it is worth considering the existence of possible
differences in MMPs or TIMPs expression between different patient’s populations. Thus,
for example, in Asian countries HCC originates more frequently in healthy liver tissues,
with less incidence of cirrhosis, than in Europe, whereas in the Mediterranean area as well
as in the North American countries liver HCC only develops in chronically injured livers,
where altered turn-over and increased deposition of ECM proteins has been described. In
a such environment, upregulation of MMPs and TIMPs has been reported and it is possible
for them to play an important role in the rearrangement of the liver tissue architecture an
aspect that could influence the different expression pattern of MMPs and TIMPs in stromal
HCC cells [110,114].
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On the other hand, a decrease on TIMP-2 and -3 expression has been reported to be associated
with invasion and metastases in HCC [115-116]. Certainly, if TIMPs inhibit MMPs in vivo, it
should be expected that high levels of these inhibitors would prevent tumor progression and
thus to be related with good outcome in cancer patients. However, TIMPs are multifunctional
proteins that in addition to its MMP-inhibitory effect also shown distinct tumor-stimulatory
functions, such as the induction of proliferation and the inhibition of apoptosis [84]. Thus, it
is of note that TIMP-1 and -2 expressions by stromal cells were associated with shortened
overall survival[113]. Accordingly, it has been reported that TIMP-1 overexpression leads to
an increase of hepatoma cells migration [117], and also that it is associated with invasion and
metastases in HCC [115,117].
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Figure 3. Graphical representation of two-dimensional unsupervised hierarchical clustering results on immunohisto-
chemistry expression (score values) profile in 10 proteins (MMPs and TIMPs) in 30 samples of HCC tissue. Rows: tumor
samples; columns: MMPs and TIMPs. Protein expressions are depicted according to a color scale: red: positive staining;
green: negative staining; gray: missing data. At right bank of the figure is represented the overall survival status for
each patient (0, alive; 1, death due tumor progression).
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The unsupervised hierarchical cluster analysis of MMPs/TIMPs expressions in HCCs led us to
identify 2 well-defined clusters of cases (Figure 3): one with low expression of MMPs and
TIMPs (Group 1), and another with high expression of these factors (Group 2). This classifi-
cation could have biological interest in order to identify patient candidates to new therapies
based on enzymatic MMP inhibition. With regard to this, although there are no published data
about use of MMP inhibitors in HCC, recently it has been reported that decreased MMP activity
mediated by statins reduced progression and limits metastatic diffusion of established HCC
[118]. Likewise, it was demonstrated that blocking the tumor-related glycoprotein HAb18G/
CD147 by gene silence in HCC cells or with HA18 monoclonal antibody, resulted in a sup-
pressive effect on MMP secretion and cell invasion [119]. More recent studies have shown an
antimetastatic effect of Norcantharidin on HCC by transcriptional inhibition of MMP-9 [120],
as well as a metastasis inhibition of HCC cells due to down-regulation of Osteopontin via a
mechanism involving MMP-2 and urinary plasminogen activator (uPA) [121].

6. Conclusion

In summary, we consider that expression analysis of steroid hormone receptors, MMPs and
TIMPs, contributes to a better knowledge in the biological characterization of HCC and
highlights the need for further studies exploring new therapeutic targets for this common
tumor.
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