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Preface

Hepatocellular Carcinoma - Clinical Research covers the clinical aspects of
hepatocellular carcinoma. Again this book is a compendium of papers written by
experts from different parts of the world to present the most-up-to-date knowledge on
the clinical aspects of hepatocellular carcinoma.

Hepatocellular Carcinoma - Clinical Research is divided into three sections: (I)
Diagnosis / Differential Diagnosis; (II) Surgical Treatment; and (III) Non-surgical
Treatment. There are altogether 19 chapters covering topics from novel diagnostic
methods to hepatic lesions mimicking hepatocellular carcinoma, from laparoscopic
liver resection to major hepatectomy without allogeneic blood transfusion, from
molecular targeted therapy to transarterial radioembolization, and from local ablative
therapy to regional therapy. This volume is an important contribution to the clinical
management of patients with hepatocellular carcinoma.

The intended readers of this book are clinicians who are interested in hepatocellular
carcinoma, including hepatologists, liver surgeons, interventional and diagnostic
radiologists, pathologists and epidemiologists. General surgeons, general physicians,
trainees, hospital administrators, and instrument and drug manufacturers will also
find this book useful as a reference.

Dr. Wan-Yee Lau

Department of Surgery, The Chinese University of Hong Kong,
Prince of Wales Hospital, Hong Kong SAR,

China
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Diagnosis / Differential Diagnosis






Hepatocellular Carcinoma:
Epidemiology and Etiology
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1AP-HP, Hopital Paul Brousse, Service de Biochimie et Biologie
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PRES Universud-Paris; Paul Vaillant Couturier

2Laboratoire de Biochimie et Biologie Cellulaire, Faculté de Pharmacie,
Université Paris-Sud 11, Jean Baptiste Clément

3Cesare Maltoni Cancer Research Center, Ramazzini Institute,
Castello di Bentivoglio, Via Saliceto, Bentivoglio, Bologna,

L2France
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1. Introduction

Hepatocellular carcinoma (HCC) is a major public health problem, accounting for about
600,000 deaths in the world in 2004 (WHO, 2008). HCC is the sixth most common cancer
worldwide with about 500,000 new cases annually, representing the third largest cause of
cancer-related death (Parkin, 2005; Ferlay et al., 2010). A slight decrease in the HCC
incidence has been reported in high-rate areas, such as China and Japan (McGlynn et al.,
2001). However, a steadily increasing trend has been reported in historically low-rate
countries, particularly the United States and some European countries, such as Italy,
France, UK and Germany (IARC, 2008a; El-Seragh et al., 2007). In particular, HCC
incidence rates doubled in the United States in the period 1985-2002, an earlier age of
onset has been observed (with a shift towards 45-60 years old), and HCC has become the
fastest growing cause of cancer-related death in men (El-Seragh et al., 2004). Interestingly,
it has been reported that in the United States 15-50% of HCC patients had no established
risk factors, such as viral hepatitis infections, heavy alcohol consumption or aflatoxin Bl
exposure (El-Seragh et al., 2007). Moreover, approximately 10% of all HCC cases in the
USA occur in patients with non-cirrhotic livers (Shaw & Shah, 2011). In Europe an
analysis of mortality rates from HCC trends in the last 20 years has shown increasing
rates for men in 11 countries and for women in 6 countries out of 17 whose data were
considered (Bosetti et al., 2008).

The observed increase in the incidence rates of HCC has been concomitant with the obesity
epidemic observed in the last 30 years in western countries. Obesity is one of the clinical

* Corresponding Author
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manifestations of metabolic syndrome and, in the last decade, epidemiological and
experimental studies have shown that metabolic syndrome and high fat diets are associated
with an increased risk of HCC incidence/mortality (Bugianesi 2007; Starley et al., 2010;
Welzel et al., 2011). However, other causes may be involved in the increased incidence of
HCC and chemical-induced liver carcinogenesis appears to be a less considered etiology. In
this chapter, we will review recent acquisitions in epidemiology and experimental studies
on HCC and will focus on chemical risk factors and possible new mechanisms of liver
carcinogenesis, in particular those concerning metabolic disruption.

2. Chemical risk agents of hepatocellular carcinoma

Most human HCC occurs following viral hepatitis (mainly HBV or HCV) infections or
aflatoxin B1 exposure caused by ingestion of contaminated food (IARC 2008a). However,
the epidemiological evidence shows that the human liver is susceptible to chemical-
induced carcinogenesis (Blonski et al., 2010; Degli Esposti et al., 2009) and the increased
incidence of HCC in patients not having established risk factors (El-Seragh et al., 2007)
suggests that some underestimated or new but still not recognized risk factors exist
(Blonski et al., 2010). In particular, many natural and artificial agents have been shown by
experimental or epidemiological studies to induce HCC (Table 1). In this section we will
review the chemical risk factors of HCC as emerging from the epidemiological and
experimental data.

2.1 Human hepatocarcinogens

Various classes of chemicals are reported to induce HCC in humans: drugs or hormonal
therapies (azathioprine, tamoxifen and estrogen-progesteron oral contraceptives) (IARC,
2011); radioisotopes or heavy metals (Plutonium-239, Radium-224, Thorium-232; arsenic in
drinking water) (IARC, 2001; IARC, 2004b); complex mixtures of polyaromatic
hydrocarbons (PAH) and combustion products (soots and tobacco smoking)(IARC, 1987;
IARC, 2004a); organochlorines such as vinyl chloride monomer (VCM) or 23,78
tetrachloride-dibenzo-para-dioxin (TCDD) (IARC, 2008b, IARC, 1997); and plant derivatives
(betel or Areca catechu) (IARC, 2004c). Recently, some psychoactive substances, like
cannabinoids, have been reported to worsen liver steatosis and fibrosis, in particular in the
presence of HCV infections (Hézode et al., 2008, Parfieniuk & Flisiak, 2008). However, no
evidence of carcinogenicity has been shown for delta 9-tetrahydrocannabinol (the principal
psychoactive ingredient in marihuana) in rats and mice (Chan et al., 1996). More research is
warranted to assess the long-term carcinogenic or co-carcinogenic effects of cannabinoids,
particularly in the liver, as assumption of them during cannabis smoking may result in
cannabinoid exposure for a large population. Finally, recent reviews have focused on a
possible underestimation of non-viral causes of HCC (Blonski et al., 2010; Degli Esposti et
al., 2009). In particular, metabolic disorders (Non-Alcoholic Fatty Liver Disease (NAFLD),
obesity and diabetes), hormonal drugs (oral contraception, tamoxifen), organochlorine
compounds, polycyclic aromatic hydrocarbons, tobacco smoking, betel quid chewing and
dietary exposures (in particular arsenic in drinking water and aflatoxin B1, a well known
hepatocarcinogen) are indicated as important contributing factors for HCC (Blonski et al.,
2010; Degli Esposti et al., 2009).
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Agents Human exposure Evidence of References
carcinogenicity

Category Type Humans Experimental
animals
Natural 1. Aflatoxins food contaminant + +
(rice, peanuts, etc.) Wogan and

Newbern 1967;
Wogan et al.
1974; Yeh et al.
1985;
Olsen et al.
1988; IARC
1993;
Soffritti et al.
1988

2. Alcohol lifestyle dependent + Hakulinen et
al. 1974;
Adelstein and
White 1976;
Hirayama
1981; IARC
1988

3. Hepatitis B virus ~ blood transfusion + + Snyder et al.
1982; Buendia
1992

4. Sterigmatocystin ~ food contaminant + Purchase and
(grain, legumes) van der Watt
1970

5. Luteoschirina food contaminant rice + Uraguchi et al.
1972

6. Cycloclorotina  food contaminant rice + IARC 1976

7. Pyrazolidinic plants contaminant + Swoboda and
Alkaloids Reddy 1972

8. Cycasin alimentary exposure + Laquer et al.
1963

9. Safrole flavouring substance + Long et al.
1963; Hagan et
al. 1965

+ = strong evidence; (+) = limited evidence

Table 1. Agents inducing Hepatocellular Carcinoma based on experimental/epidemiological
evidence (Part I)
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Agents Human exposure Evidence of References
carcinogenicity
Category Type Humans Experimental
animals
Artificial 1. Thorotrast iatrogenic (+) + Guimares et al.
1955;
Commission of
European
Communities
(CEC) 1984
2. Radioactive iatrogenic + Upton et al. 1956
colloidal gold
3. Gamma radiation occupational or + Upton et al. 1968
accidental

Gokel et al. 1976;

Koischwitz et al.
4. Vinyl Chloride occupational (+) + 1981;

Evans et al. 1983;

Maltoni et al.

1984;

Dietz et al. 1985,

Pirastu et al. 1990

5. Benzidine occupational + TIARC 1982
6. 2-Acetylamino- occupational + Wilson et al. 1941;
fluorene Teebor and
Becker 1971
7. 4-Diethylamino- occupational + Kinosita 1936
azobenzene Terayama 1967
8. Dimethyl- occupational + Magee and
nitrosamina Barnes 1956
9. DiethyInitrosamina occupational + Schmal et al. 1960
10. Steroidal oral iatrogenic (+) (+) Klatskin 1977; Jick
contraceptives and Hermann
1978;
IARC 1979
11. Androgen steroids iatrogenic (+) Johnson et al.
1972

+ = strong evidence; (+) = limited evidence

Table 1. Agents inducing Hepatocellular Carcinoma based on experimental/epidemiological
evidence (Part II)

The diversity of chemical agents that induce liver tumors in humans may be at least
partially explained by the multiplicity of molecular pathways that have been found altered
both in human and animal hepatic tumors (Degli Esposti et al., 2009; Saffroy et al., 2007).
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Hormonal-induced liver tumors, such those observed after estrogen-progesteron oral
contraceptives and tamoxifen administration, have been in part explained by promotion of
the epithelium proliferation and the generation of reactive oxygen species (ROS) caused by
estrogen reactive metabolites (Russo & Russo, 2006) and ER-dependent liver responses, such
as hepatocyte mitogenesis (Vickers et al., 1991). Liver carcinogenicity of alpha-particle
emitters, in particular Plutonium-239, Radium-224, Thorium-232, and heavy metals such as
arsenic may be explained by their ability to induce direct or indirect genotoxic damage
(Lehnert et al., 1997; IARC, 2004b). The carcinogenicity of VCM has been linked to the
capacity of its two active metabolites (chloroethylene oxide and chloroacetaldehyde) to react
with nucleic acid bases to form adducts (IARC, 2008b) and to induce p53 mutations both in
humans and in rats (Barbin et al, 1997). It is worth noting that 10-40% of HCC are
characterized by global genomic instability as shown by microsatellite analyses and that the
exact mechanisms behind this instability still need to be assessed (Salvucci et al., 1999,
Chiappini et al., 2004).

Gene polymorphisms and gene-environment interactions may also be risk factors for HCC,
particularly concerning gene coding for metabolizing enzymes (glutathione-S-transferase,
epoxide hydrolase, cytochrome p4502E1) or DNA repairing enzymes (XRCC1, UDP-
glucuronosyltransferaselA7)(Wong et al., 2000, Borentain, 2007). However, until now, these
studies have reported contrasting results. Meta-analysis and additional studies with larger
samples should be performed in order clarify the role of genetic polymorphisms in the onset
of HCC (El-Seragh, 2007; White et al., 2008).

Overall, these data clearly indicate that the human liver is sensitive to chemical-induced
carcinogenesis and that xenobiotic exposure could play an underestimated role in inducing
hepatocellular carcinomas, alone or associated with already known etiologies.

2.2 Long-term carcinogenicity bioassays as a tool to identify potential
hepatocarcinogens

Long-term carcinogenicity bioassays, mainly using rats and mice, have become a
consolidated tool for identifying potentially carcinogenic chemical or physical agents (Hulff,
2002; Maronpot et al., 2004; Soffritti et al., 2002). The two most extensive bioassay programs
in the world are those of the American National Toxicology Program (NTP) and of the
Italian Ramazzini Institute (Bucher, 2002; Huff, 2002; Soffritti et al., 2002). Although
differences in the etiology exist between rodent and human HCC, there are also significant
similarities in the genetic alterations leading to liver cancer in mice, rats and humans
(Hoenerhoff et al., 2011; Feo et al., 2009). A recent study performed a global gene profiling of
spontaneous (naturally occurring) HCC in B6C3F1 mice used in the NTP two-year bioassay
(Hoenerhoff et al., 2011). The authors identified the dysregulation of genes similarly altered
in human HCC, namely re-expression of fetal oncogenes, upregulation of protooncogenes,
downregulation of tumor suppressor genes, and abnormal expression of cell cycle
mediators, growth factors, apoptosis regulators, angiogenesis and extracellular matrix
remodeling factors (Hoenerhoff et al., 2011). The use of a pathway-centered approach has
lead to the identification of important targets that may be relevant to human HCC and,
despite differences in etiology and pathogenesis from human HCC, the molecular readout
has proved very similar, thus providing further support for applying this animal model to
the study of HCC (Hoenerhoff et al., 2011). Importantly, the results from the two-year
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carcinogenicity bioassays conducted by the NTP show that 188 out of 577 tested agents
induced liver tumors in Fischer 344 rats or B6C3F1 mice (Table 2). Interestingly, 76% of these
agents (145 out of 188) induced cancer in other sites than the liver (NTP, 2011). In particular,
concerning the use of B6C3F1 mice, it has been suggested that this model might be a very
sensitive system to detect chemicals that are likely to cause molecular events leading to
cancer (Hoenerhoff et al., 2011). Results from the long term carcinogenicity bioassay
program performed by the Cesare Maltoni Cancer Research Center of the Ramazzini Institute
reveal that, among the studies already concluded and published, 52 agents showed clear
evidence of carcinogenicity and 5 of them induced liver tumors in Sprague-Dawley rats or
Swiss mice (Table 3). Interestingly, all these agents also induced cancer in other sites than
the liver. These results confirm the finding that different strains of rats and mice present a
different susceptibility to the development of HCC (Feo et al., 2009; Maronpot 2009). It
should be noted that recent studies on genetic susceptibility and epigenetic regulation of the
signaling pathways involved in hepatocarcinogenesis in rats have shown that most
alterations responsible for a resistant or susceptible phenotype in rats also have a similar
contribution to the prognosis of human HCC (Feo et al., 2009). In conclusion, the results of
both long-term carcinogenicity studies and of genetic investigation of HCC from rodent
models may provide important insights into the mechanisms of hepatocarcinogenesis,
helping to identify some critical initiating events that lead to carcinogenesis, as well as
progression markers and therapeutic targets (Feo et al., 2009; Hoenerhoff et al., 2011).

Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
M F M F
1 Acetonitrile Inhalation  E NE NE NE No chemical industry
2 Aldrin Dosed-feed E E CE NE Yes pesticide
2-Aminoanthra-
3 quinone Dosed-feed CE IS CE CE Yes dye industry
4 1-Amino- Dosed-feed CE CE CE CE Yes dye industry
2,4-dibromoanthra-
quinone
5 3-Amino- Dosed-feed CE CE CE CE Yes dye industry

9-ethylcarbazole HCl

11-Aminoundecanoic

6 acid Dosed-feed CE NE E NE Yes car industry;
food packaging
7 Androstenedione Gavage E E CE CE Yes hormonal treatment
8 Anthraquinone Dosed-feed SE CE CE CE Yes dye industry
9 Aroclor 1254 Dosed-feed E E Yes insulator for current
transformers
10 Benzofuran Gavage NE SE CE CE Yes painting industry;

food packaging
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
11 Benzophenone Dosed-feed SE E SE SE Yes printing industry
12 Benzyl acetate Gavage E NE SE SE Yes cosmetic industry
2-Chloro-1-
13 methylethyl Gavage CE CE Yes dye industry;
ether pharmaceutics
Bromodi-
14 chloromethane Gavage CE CE CE CE Yes water contaminant
15 1,3 Butadiene Inhalation CE CE Yes chemical industry:
plastic and rubber
16 2-Butoxyethanol Inhalation ~NE E SE SE Yes painting industry
17 Chloral hydrate Gavage SE No drugs treatment
18 Chloramben Dosed-feed NE NE E CE No herbicide
19 Chlordane Dosed-feed NE NE CE CE No pesticide
20 Chlordecone Dosed-feed CE CE CE CE No insecticide, fungicide
21 Chlorendic acid ~ Dosed-feed CE CE CE NE Yes plastic industry
Chlorinated paraffins:
22 C12 Gavage CE CE CE CE Yes combustion products;
60% chlorine oils
Chlorinated paraffins:
23 C23 Gavage NE E CE E Yes combustion products;
43% chlorine oils
24 p-Chloroaniline Gavage CE E SE NE Yes dye industry
hydrochloride
25 Chlorobenzene Gavage E NE NE NE No chemical industry;
solvents
26 Chlorobenzilate ~ Dosed-feed E E CE CE Yes insecticide
Chlorodi-
27 bromomethane Gavage NE NE E SE No water contaminant
28 Chloroethane Inhalation E E 1S CE Yes chemical industry;
anaesthetic
29 Chloroform Gavage CE NE CE CE Yes chemical industry;
anaesthetic
30 4-Chloro-m Dosed-feed CE NE NE CE Yes dye industry

phenylenediamide
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
31 4-Chloro-o Dosed-feed CE CE CE CE Yes dye industry
phenylenediamide
32 Chloroprene Inhalation CE CE CE CE Yes chemical industry
33  5-Chloro-o-toluidine Dosed-feed NE NE CE CE Yes dye industry
Dosed- Yes
34 C.I Acid red 114 water CE CE dye industry
Dosed- Yes
35 C.L Direct blue 15 water CE CE dye industry
36  ClI Direct blue 218 Dosed-feed SE NE CE CE  Yes dye industry
37  CI. Disperse bluel Dosed-feed CE CE E NE  Yes hair colouring
38 C.I. Disperse yellow 3 Dosed-feed CE NE NE CE Yes dye for clothes
39 C.L Pigmentred3 Dosed-feed SE SE SE NE Yes dye industry
40 C.L Basicred 9 Dosed-feed CE CE CE CE Yes dye industry;
monohydrochloride clothes, paper,leather
Cinnamyl
41 anthranilate Dosed-feed CE NE CE CE Yes synthetic flavour
42 ClI. solventyellow 14 Dosed-feed CE CE NE NE Yes dye industry
Topical
43 Coconut oilacid ~ application NE E CE CE Yes cosmetic industry
diethanolamine
44 Coumarin Gavage SE E SE CE Yes  pharmaceutical use
45 p-Cresidine Dosed-feed CE CE CE CE Yes dye industry
46 Cumene Inhalation  CE SE CE CE Yes chemical industry
47 Cupferron Dosed-feed CE CE CE CE Yes chemical industry
48 Daminozide Dosed-feed NE CE E NE  Yes plants growing
regulator
49 D& Cred9 Dosed-feed CE E NE NE Yes cosmetic industry
50 D & Cyellow1l  Dosed-feed SE SE Yes cosmetic industry
51 Decabromodiphenyl Dosed-feed Se SE E NE Yes plastic industry
oxide
52 Decalin Inhalation CE NE NE E Yes industrial solvent
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
53 2,4 Diaminotoluene Dosed-feed CE CE NE CE Yes dye industry
54 1,2 Dibromoethane Gavage CE CE CE CE Yes gasoline additive;
pesticide
55 2,3 Dibromo-1- Topical CE CE CE CE Yes pesticide
propanol application
56 1,4 Dichlorobenzene Gavage CE NE CE CE Yes moth killer; deodorant
57 2,7 Dichlorodibenzo Dosed-feed NE NE E NE Yes pesticides
dioxin- contaminant
58 p,p'-Dichlorodiphenyl Dosed-feed NE NE CE CE No insecticide
dichloroethylene
59 2,6- Dichloro-p-  Dosed-feed NE  NE CE CE No chemical industry
phenylenediamine
60 1,2- Dichloropropane  Gavage NE E SE SE Yes chemical industry
61  1,3-Dichloropropene  Gavage CE SE IS CE Yes pesticide
62 Dicofol Dosed-feed NE NE CE NE No mitecide
63 Dieldrin Dosed-feed NE NE E NE No insecticide
64 Diethanolamine Topical NE NE CE CE Yes  chemical industry
application
65 Di(2-ethylhexyl)  Dosed-feed NE NE CE CE No polivynil plastic
adipate
66 Di(2-ethylhexiyl)  Dosed-feed CE  CE CE CE No polivynil plastic
phthalate
67 Di(p-ethylphenyl) Dosed-feed NE NE NE E No insecticide
dichloroethane
Topical
68 Diethyl phthalate  application NE NE E E No plastic industry
69 34-Dihydrocoumarin =~ Gavage SE NE NE SE Yes pharmaceutical use
3,3- Dosed-
70 Dimetoxybenzidine water CE CE Yes dye industry
dihydrochloride
Dosed-
71 1,4 Dioxane water CE CE CE CE Yes dye, cosmetic

and plastic
industry
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
72 5,5- Dosed-feed E NE NE CE No pharmaceutical use
Diphenylhidantoin
73 2,5-Dithiobiurea Dosed-feed NE NE NE E No film material
74 Elmiron Gavage NE NE SE SE Yes pharmaceutical use
75 Ethylbenzene Inhalation CE  SE SE SE Yes  chemical industry
76 Ethylene thiourea ~ Dosed-feed CE  CE CE CE  Yes  rubber industry
77 Eugenol Dosed-feed NE NE E E No flavouring
compound
78 Fluometuron Dosed-feed NE NE E NE No herbicide
79 Formamide Gavage NE NE CE E No pharmaceutical use
80 Fumonisin B1 Dosed-feed CE NE NE CE Yes toxin
81 Furan Gavage CE CE CE CE Yes  polymers industry
82 Furfural Gavage SE NE CE SE Yes food additive
83 Glycidol Gavage CE CE CE CE Yes plastic industry
84 Goldenseal root ~ Dosed-feed CE  CE SE NE No  homeopathic use
powder
85 HCblue 1 Dosed-feed E SE CE CE Yes hair colouring
86 HCred 3 Gavage NE NE E IS No hair colouring
87 Heptachlor Dosed-feed NE E CE CE Yes insecticide
88 1,2,3,6,7,8- Gavage E CE CE CE No pesticides
Hexachloro contaminant
dibenzo-p-dioxin
89  Hexachloroethane Gavage NE NE CE CE No  chemical industry;
veterinary use
90 Hydrazobenzene  Dosed-feed CE  CE NE CE Yes dye industry
91 Hydrochlorothiazide Dosed-feed NE NE E NE No pharmaceutical use
92 Hydroquinone Gavage SE  SE NE SE Yes rubber and film
industry
93  5-(Hydroxymethyl)-2  Gavage NE NE NE SE No food additive

-furfural
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
94  Indium phosphide Inhalation CE CE CE CE Yes electronic industry
95 Isoeugenol Gavage E NE CE E Yes flavouring
compound
96 Isophorone Gavage SE NE E NE Yes solvent
Topical
97 Lauric acid application NE NE NE SE No  pharmaceutical use
diethanolamine
condensate
98 Leucomalachite green Dosed-feed E E SE Yes dye industry
99 Malachite green ~ Dosed-feed E NE Yes dye industry
100  2-Mercaptobenzo Gavage SE  SE NE E Yes rubber industry
thiazole
101 Methyl carbamate Gavage CE CE NE NE No texil industry
102 4,4-Methylenebis  Dosed-feed CE CE E CE Yes dye industry
(N,N-dimethyl)
benzenamine
103  Methylene chloride Inhalation SE  CE CE CE Yes  chemical industry
44" - Dosed-
104  Methylenedianiline water CE CE CE CE Yes  chemical industry
dihydrochloride
105 Methyleugenol Gavage CE CE CE CE Yes flavouring
industry
106 ~ 2-Methylimidazole Dosed-feed SE  CE SE SE Yes  chemical industry
107 Methyl isobutyl Inhalation ~ SE E SE SE Yes solvent
ketone
108 2-Methyl-1-nitro ~ Dosed-feed CE CE CE CE Yes dye industry
anthraquinone
109 N- Gavage NE NE CE CE Yes  adhesive industry
Methylolacrylamide
110  Methylphenidate  Dosed-feed NE NE SE SE No pharmaceutical use
hydrochloride
111 alpha-Methylstyrene Inhalation SE  NE E CE Yes plastic industry

112 Michler's Ketone = Dosed-feed CE  CE CE CE Yes dye industry
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
113 Mirex Dosed-feed CE CE Yes insecticide
114 Monuron Dosed-feed CE NE NE NE Yes herbicide
115 beta-Myrcene Gavage CE E CE E Yes  cosmetic industry
116 1,5-Naphthalene =~ Dosed-feed NE CE CE CE Yes  chemical industry
diamine

117 Nithiazide Dosed-feed NE CE CE E Yes veterinary use
118 5-Nitroacenaphthene Dosed-feed CE  CE NE CE Yes dye industry
119 3-nitro-p- Dosed-feed NE NE CE NE No pharmaceutical use

acetophenetide
120 5-nitro-o-aniside = Dosed-feed CE CE E CE Yes dye industry
121 o-Nitroanisole Dosed-feed CE CE CE SE Yes  chemical industry
122 6-Nitrobenzimidazole Dosed-feed NE NE CE CE No film industry

Yes/N
123 Nitrofen Dosed-feed IS/NE CE/NE CE CE o pesticide
124 Nitromethane Inhalation NE CE CE CE Yes engine fuel
125  2-Nitro-p-phenyl = Dosed-feed NE NE NE CE No hair colouring
enediamine
126 3 Nitropropionic acid ~ Gavage E NE NE NE Yes  chemical industry
127  p-Nitrosodiphenyl- Dosed-feed CE NE CE NE No rubber industry
amine
128 o-Nitrotoluene Dosed-feed CE CE CE CE Yes dye industry
129  5-Nitro-o-toluidine Dosed-feed NE NE CE CE Yes dye industry
130 Oxazepam Dosed-feed CE CE Yes pharmaceutical use
131 4,4' Oxydianiline =~ Dosed-feed CE CE CE CE Yes metallurgic
industry

132 Oxymetholone Gavage E CE Yes pharmaceutical use
133 Petachloroethane Gavage E NE CE CE Yes  chemical industry
134  Pentachlorophenol Dosed-feed CE CE Yes insecticide

Dowicide EC-7

135  Pentachlorophenol Dosed-feed CE SE Yes insecticide
technical
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
136  Phenazopyridine  Dosed-feed CE CE NE CE Yes pharmaceutical use
hydrochloride
137 Phenylbutazone Gavage E SE SE NE Yes pharmaceutical use
138 Picloram Dosed-feed NE E NE NE No herbicide
139 Piperonyl Dosed-feed NE NE CE NE No insecticide
sulfoxide
140 Polibrominated Dosed-feed CE CE CE CE No engine fuel
biphenyl mixture and

(Firemaster FF-1) Gavage

141 Primidone Dosed-feed E NE CE CE Yes pharmaceutical use

142 Probenecid Gavage NE NE NE SE No pharmaceutical use

143 Proflavin Dosed-feed E NE E E Yes pharmaceutical use
hydrochloride

144 Propylene glycol Inhalation E NE CE CE Yes solvent

mono-t-butyl ether

145 Pulegone Gavage NE SE CE CE Yes cosmetic use
Dosed-
146 Pyridine water SE E CE CE Yes  chemical industry
147 Riddelliine Gavage CE CE CE CE Yes  food contaminant
148 Salicylazosulfa- Gavage SE SE CE CE Yes pharmaceutical use
pyridine
149 Selenium sulfide Gavage CE CE NE CE Yes cosmetic use
150  Stoddard solvent  Inhalation SE NE NE E Yes solvent
(type 11C)
151 Binary mixture PCB ~ Gavage CE Yes  chemical industry
126/153
(TEF evaluation)
152 PECDF Gavage SE Yes  chemical industry
(TEF evaluation)
153 PCB 118 Gavage CE Yes  chemical industry

(TEF evaluation)
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
154  PCB mixture PCB Gavage CE Yes  chemical industry
126/118
(TEF evaluation)
155 TCDD Gavage CE Yes  chemical industry
(TEF evaluation)
pesticide
156  3,3'4,4' Tetrachloro Gavage CE CE CE CE Yes contaminant
azobenzene
157  2,3,7,8 Tetrachloro Gavage CE CE CE CE Yes herbicide
Dibenzo-p-dioxin contaminant
158 1,1,1,2 Gavage E NE CE CE No solvent
Tetrachloroethane
159 1,1,2,2 Gavage E NE CE CE No solvent
Tetrachloroethane
160  Tetrachloroethylene  Gavage IS Is CE CE No stain remover
Inhalation CE SE CE CE Yes
161  Tetrachlorvinphos Dosed-feed NE CE CE CE Yes insecticide
162  Tetrafluoroethylene Inhalation CE CE CE CE Yes  chemical industry
163 Tetrahydrofuran Inhalation SE NE NE CE Yes  chemical industry
164 Tetralin Inhalation SE SE NE E Yes  chemical industry
165  4/4'-Thiodianiline  Dosed-feed CE CE CE CE Yes dye industry
166 2,4-& 2,6- Toluene Gavage CE CE NE CE Yes  chemical industry
diisocyanate
167 o-Toluidine Dosed-feed CE CE CE CE Yes dye industry
hydrochloride
168 Toxaphene Dosed-feed E E CE CE Yes insecticide
169 Dioxin mixture Gavage CE Yes  chemical industry
(TEF evaluation)
170 PCB 153 Gavage E No  chemical industry
(TEF evaluation)
171 PCB 126 Gavage CE Yes  chemical industry

(TEF evaluation)
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Agents Route of Evidence of Carcino- Human exposure
exposure carcinogenicity® genicity in
other site
N. Type Rats Mice
172 Triamterene Dosed-feed E NE SE SE No pharmaceutical use
173 1,1,2-Trichloroethane = Gavage NE NE CE CE Yes  chemical industry
174  Trichloroethylene Gavage NE/IS NE CE CE No solvent
175 2,4,6-Trichlorophenol Dosed-feed CE NE CE CE Yes insecticide
1,2,3-
176 Trichloropropane Gavage CE CE CE CE Yes solvent
177 Triethanolamine Topical E SE No  chemical industry
application
178 Trifluralin Dosed-feed NE NE NE CE Yes pesticide
179 2,4,5-Trimethylaniline Dosed-feed CE CE E CE Yes dye industry
180 tris(2,3- Dosed-feed CE CE CE CE Yes engine fuel
Dibromopropyl)
phosphate
181  tris(2-Ethylhexyl) Gavage E NE NE SE Yes engine fuel
phosphate
182  Turmeric, oleoresin  Dosed-feed NE E E E Yes pharmaceutical use
(curcumin)
Dosed-
183 Urethane water CE CE Yes  chemical industry
Dosed-
184  Bromochloracetic water CE CE CE CE Yes  water disinfection
acid byproducts
Dosed-
185  Dibromoacetic acid water SE SE CE CE Yes  water disinfection
byproducts
Dosed-
186  Dibromoacetonitrile water CE SE CE CE Yes  water disinfection
byproducts
187 2,6 -Xylidine Dosed-feed CE CE Yes dye industry
188 Zearalenone Dosed-feed NE NE CE CE Yes micotoxin

a Data from: http:/ /ntp.niehs.nih.gov/
b CE= clear evidence; SE= some evidence; E= equivocal evidence; NE= no evidence; IS= inadequate
experiment

Table 2. Chemicals industrial agents associated with tumor induction in liver based on long
term carcinogenicity bioassays performed in Fischer 344 rats and B6C3F1 mice males and
females by the National Toxicology Program (NTP) USAa
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Agents Route of exposure  Evidence of carcinogenicity =~ References
N. Type Rats Mice
M F M F
1 Vynil Chloride Inhalation + + - - Maltoni et al.
1984
2 Trichloroethylene Ingestion - - NS NS Maltoni et al.
Inhalation - - + + 1986
3 Benzene Inhalation E (+) NS NS Maltoni et al.
1989
4 Tamoxifen Ingestion E E - - Minardi et al.
Ingestion + + NS NS 1994
5 Aspartame Ingestion - - + - Soffritti et al.
2010

Table 3. Agents inducing Hepatocellular Carcinoma identified in the framework of the long
term carcinogenicity bioassays program performed by the Cesare Maltoni Cancer Research
Center of the Ramazzini Institute

3. New risk factors of hepatocellular carcinoma

The epidemic of obesity has been correlated to an increased risk of various types of cancer
(Kaidar-Person et al.,, 2011). In the last few decades, experimental and epidemiological
studies have shown a strong correlation between obesity or its related co-morbidities and
HCC incidence or mortality. In this section we will review the data linking metabolic
syndrome and HCC risk, as well as some recent results published in the literature
suggesting novel paths to be explored in liver cancer etiology.

3.1 Metabolic syndrome and hepatocellular carcinoma: Experimental data

Although no long-term carcinogenic bioassays have been specifically performed to
investigate the carcinogenic potential of a high-fat diet, some recent studies provide
interesting clues, in particular concerning liver carcinogenesis. A 20-month study on
C57BL/6] male mice fed with a high fat western style diet showed that treated animals
developed NASH (non-alcoholic steatohepatitis) at 14 months while at 20 months primary
liver dysplastic nodules were found (VanSaun et al., 2009). Similar results were found by
another group which showed that a high fat diet induced NASH and HCC in C57BL/6]
mice but not in A/] mice (Hill-Baskin et al., 2009). Interestingly, the switch from the high-fat
to low-fat diet after 100 days of administration until the end of the experiment (400 days of
life) in C57BL/6] males prevented the development of obesity by the end of study and
reversed the progression of the disease (Hill-Baskin et al., 2009). Again, a study using a
diethylnitrosamine-initiated hepatocarcinogenesis model on Sprague-Dawley rats showed
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that animals fed with high-fat diets had an increased incidence of preneoplastic liver foci
after 6 weeks compared to control animals (Wang et al., 2009).

These data may represent an early warning as to a possible liver cancer epidemic in coming
decades. While obvious measures to contrast obesity have been undertaken in the last few
years in many countries (WHO, 2006; Ministere de la Santé et de la Solidarité, 2006; White
House Task Force on Childhood Obesity, 2010) and need to be strengthened, the impact of
chemical indoor and outdoor pollution on obesity and HCC risk has been poorly studied
and may play an underestimated and synergistic role. In this chapter, we will focus on
chemical agents recognized as liver carcinogens and on novel mechanisms of
hepatocarcinogenesis, in particular concerning metabolic and endocrine disruption.

3.2 Metabolic syndrome and hepatocellular carcinoma: The dimension

Metabolic syndrome and its characteristic manifestations, such as obesity (or central
obesity), insulin resistance/type 2 diabetes, dyslipidemia or hypertension, are the most well-
studied emerging risk factors of HCC (Bugianesi 2007; Starley et al., 2010; Welzel et al.,
2011). In a recent US study, increase in Body Mass Index (BMI) results in a statistically
significant increasing trend for HCC mortality both for women (highest calculated RR 1.68,
CI 0.93-3.05, p for trend 0.04) and for men (highest calculated RR 4.52, CI 2.94-6.94, p for
trend <0.001) (Calle et al., 2003). Other studies have shown that obesity is a risk factor for
developing HCC, increasing the risk from 1.5 to 4 times (Moller et al., 1994; Wolk et al., 2001;
Oh et al., 2005). Diabetes has been also shown to be an independent risk factor for HCC,
with an increase in the risk ranging from 1.8 to 4 times in Swedish, Danish and Greek
cohorts (Adami et al., 1996; Wideroff et al., 1997; Lagiou et al., 2000). Recently, metabolic
syndrome has been reported to be more common in persons who developed HCC (37.1%)
than in persons who did not (17.1%, p<0.0001) and it was significantly associated with
increased risk of HCC after multiple logistic regression analyses (OR=2.13; 95%CI=1.96-2.31,
p<0.0001) (Welzel et al., 2011). It is worth noting that a concurrent increase in the incidence
and prevalence of NAFLD has been observed with the obesity epidemic (McCullough, 2004;
Williams et al., 2011). NAFLD is a spectrum of liver disease ranging from simple steatosis to
non-alcoholic steatohepatitis and cirrhosis (Bugianesi, 2007). The prevalence of NAFLD in
the general population is estimated to range from 17 to 33% (McCullough, 2004). However,
a recent prospective study on 328 persons (average age 54 years) reported that the
prevalence of NAFLD was 46%, the global prevalence of NASH was 12.2% (Williams et al.,
2011) and 2.7% of patients presented advanced NASH (fibrosis graded more than 2). The
results of this study confirmed previous reports, as NAFLD and NASH were more
frequently diagnosed in overweight/obese males, with a history of hypertension and
diabetes (Williams et al., 2011); it suggests that NAFLD and its complications may be more
widespread than previously reported. Importantly, some studies and several case reports
have shown a direct relationship between NAFLD and HCC (Page and Harrison, 2009). In
a Danish cohort study, the risk for primary liver cancer among NAFLD patients was
elevated with a standardized incidence ratio of 4.4 (CI 1.2-11.4) (Serensen et al., 2003). In a
US single center case series, NAFLD accounted for 13% of the cases of HCC (Marrero et
al., 2002). Moreover, at least 67 cases of HCC arising in a context of NASH have been
reported and in 33% of cases HCC seems to have arisen in the absence of cirrhosis (Page
and Harrison, 2009). In this context, it is of major concern that NAFLD is becoming the
most common cause of liver disease in children and adolescents (Sundaram et al., 2009). A
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large pediatric autopsy study found a NAFLD global prevalence of 9.6%, with 38%
prevalence in obese children (Schwimmer et al., 2006). The prevalence of fatty liver
increased with age from 0.7% in 2-4 year olds to 17.3% in 15-19 year olds (Schwimmer et
al., 2006). Of even greater concern is the higher initial incidence of fibrosis or cirrhosis
reported in pediatric cases than in adults: a study of obese children with liver steatosis
and elevated aminotransferases found NASH in 88% and fibrosis in 71% of patients
(Nadeau et al., 2003; Rashid & Roberts 2000).

3.3 Endocrine disruption: Linking metabolic disorder to cancer etiology in the liver?

Endocrine disruption is a term coined in the 1990s which refers to the hormone-like effects
of various synthetic chemicals present in the environment (Wingspread consensus
statement, 1992; Kavlock et al., 1996). Since then, most laboratory and epidemiological
research conducted on endocrine disruptors (ED) has focused on reproductive system
pathologies, such as decreased sperm quality, malformations of male genital tract
(cryptorchidisme or hypospadia), prostate and breast cancers, and on thyroid dysfunction
(Soto & Sonnenschein, 2010). However, in the last decade, several ED, such as derivatives of
alkylphenols (i.e. 4-nonylphenol), phthalates, polybrominated diphenyl ethers (PBDEs) or
organotin compounds (i.e. tributyltin), have been shown to alter adipose tissue development
and to promote fat accumulation in both adipose and liver tissues (Masumo et al., 2002;
Grun et al, 2006; Griin & Blumberg 2009). Thus, some ED may also be addressed as
“obesogens” and more generally considered as metabolic disruptors, suggesting that the
various pathophysiological effects of ED may be due to pleiotropic effects on multiple
metabolic pathways and that analyses of toxicological effects should not be limited to the
endocrine system, but extended to all organs and tissues, with particular attention to
adipose tissue and the liver (Griin & Blumberg, 2009; Casals-Casas & Desvergne, 2011).

Most data on the potential carcinogenic effects of ED derive from studies based on evidence
of estrogen carcinogenicity. Estrogen carcinogenicity was experimentally demonstrated on
the mouse mammary gland as early as the 1930s by Lacassagne (Lacassagne, 1936). In
humans the most notorious case of estrogen carcinogenicity is diethylstilbestrol, a synthetic
estrogen prescribed to pregnant women to prevent miscarriage in the 1940s-early 1970s.
Diethylstilbestrol has been associated with an increased risk of developing clear-cell
carcinoma of the vagina and breast cancer in daughters of exposed women (Herbst et al.,
1971; Goodman et al., 2011; Palmer et al., 2006). Other ED, such as bisphenol A, tamoxifen or
2,3,7,8-tetrachlorodibenzodioxin, have been shown to alter mammary development and to
induce precancerous and cancerous lesions in rodents (Vandenberg et al., 2008; Fenton et al.,
2002; Soto & Sonnenschein, 2010). However, information on the potential carcinogenicity of
ED for the liver is still elusive while the marshalling of epidemiological and experimental
evidence for a potential carcinogenic effect by ED in the liver remains to be properly
addressed. Interaction with nuclear receptors (NR) is one potential mechanism that may be
involved in any pathological effects of ED on the liver. Indeed, many NR are signally
expressed in the liver and have been reported to play an important role in liver diseases,
such as steatosis and HCC (Wagner et al., 2011). Since many ED are small lipophilic
compounds, their effects are thought to be mediated mostly by direct interaction with NR,
modulating downstream gene expression (Casals-Casas & Desvergne, 2011). However,
activation of various receptors, such as G protein-coupled membrane receptors, is also
possible, as reported at least in the case of the well-established ED Bisphenol A (Chevalier et
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al., 2011). The NR superfamily encompasses 48 members and ED are able to alter the
signaling pathways mediated by many of them, including estrogen and androgen receptors,
thyroid hormone receptor (TR), glucocorticoid receptor (GR), mineralcorticoid receptor
(MR), retinoid X receptor (RXR), peroxisome proliferator-activated receptors (PPARs), liver
X receptors (LXRs), farnesoid X receptor (FXR), constitutive androstane receptor (CAR), and
pregnane X receptor (PXR) (Arrese & Karpen, 2010; Casals-Casas & Desvergne, 2011). The
ability of ED to interact with various NR at nanomolar concentrations explains the diversity
of induced metabolic perturbation and the increased effects observed particularly when fetal
and neonatal exposures occur (Heindel, 2003; Soto & Sonnenschein, 2010; Casals-Casas &
Desvergne, 2011). It is worth noting that in addition to sex steroid receptors, this receptor
superfamily includes transcription factors playing a central role in integrating metabolic and
developmental signaling pathways (Wagner et al.,2011). In particular, data from knockout
mice showed that functional PPAR-alpha or FXR are essential in the regulation of hepatic
lipid metabolism, as deletion or deficiency of them induces hepatic steatosis in mice.
Moreover, PXR and CAR (NRs for which many xenobiotics are ligands) promote hepatic
lipid storage by decreasing fatty acid beta-oxidation (Wagner et al., 2011). Importantly, FXR,
CAR and PXR are also variously involved in HCC formation. FXR knockout mice suffer
from chronic bile acid-induced chronic inflammation and are prone to develop HCC, while
CAR and PXR are important in the liver proliferative response, although their exact role in
liver tumor promotion is not clear (Yang et al., 2007; Wagner et al., 2011). These data suggest
that important interactions exist between NR signaling, lipid metabolism and liver
carcinogenesis. This hypothesis is supported by recent findings showing a direct implication
of impaired lipid metabolism in the development of hepatocellular carcinoma in animal
models. A recent study showed that mice double mutants (due to a growth hormone-
activated signal transducer and activator of transcription (STAT5) and GR) developed liver
steatosis that progressed to hepatocellular carcinomas (Mueller et al., 2011). Altered
STAT5/GR signaling was associated with insulin resistance, high reactive oxygen species
levels and increased liver and DNA injuries; that it function correctly was essential for
maintenance of lipid homeostasis (Mueller et al., 2011). A second study showed that
transgenic CAR -/- mice fed with a NASH-inducing diet are protected from
diethylnitrosamine-induced hepatocarcinogenesis (Takizawa et al., 2011). These results
suggest that the nuclear receptor CAR might play an important role in promoting
hepatocellular carcinomas against a background of NASH. Interestingly, human HCC have
been associated with altered lipid metabolism, in particular choline and phospholipid
metabolism with an increased synthesis in lysophosphatidic acid, which may provide a
mitogenic and proliferative microenvironment through activation of G-protein-coupled
receptors (Skill et al.,, 2011). Moreover, stimulation of lipid biosynthesis and perpetuating
chronic hepatic metabolic disease by activation of the transactivator of stress proteins HSF1
promotes HCC development in mice (Jin et al., 2011). Finally, an interesting paper based on a
microarray analysis of a hepatitis-induced HCC murine model showed that pro-inflammatory
cytokines may promote HCC predominantly in males causing the loss of a gender-identifying
hepatic molecular signature (Rogers et al., 2007), suggesting that HCC may be associated with
liver-gender disruption in male mice and supporting the idea that endocrine disruption may
have broader effects than those reported in reproductive and sexual organs.

Although the scientific data on ED and their effects on liver disease are mostly anecdotal, a few
toxicological studies have shown that perinatal exposure to Bisphenol A (BPA) or organotin
compounds alters not only adipogenesis in rodents, but also increases both the expression of
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lipogenic genes and lipid accumulation in the liver of animals exposed (Somm et al., 2009;
Griin et al., 2006). Ecotoxicological studies have shown that ED may bioaccumulate and induce
altered gene expression in the liver of various animal species (Ter Veld et al, 2008). In
particular, BPA, PCBs and PBDE were shown to bioaccumulate in fish livers caught in Italian
seas or US lakes (Mita et al., 2011; Pérez-Fuenteaja et al., 2010) and nonylphenol (NP) was
reported to induce the expression of female specific proteins in male lizard livers (Verderame
et al., 2011). Although the relevance of NR stimulation to human liver cancer is still unclear,
this is a well-known non-genotoxic mechanism of rodent liver cancer, in particular concerning
PPAR-alpha activation (Ren et al., 2010). Interestingly, it has been shown that rodent
carcinogens show higher in vitro potency for human NR than do non-carcinogens (Shah et al.,
2011). NP was shown to activate human CAR in vitro and in vivo using transgenic mouse
models (Hernandez et al., 2007). Moreover, CAR is involved in hepatic injury and in the
development of HCC in a dietary model of NASH, probably by its cell proliferation promoting
activity (Takizawa et al., 2011).

Available data on ED-induced hepatic alterations and on their potential action on systemic
and hepatic lipid metabolism suggest that ED may have a role in the establishment and
progression of some liver diseases, in particular NAFLD and HCC. However, systematic
research aiming to investigate interactions between endocrine/metabolic disruption in liver
disease/carcinogenesis is still lacking. We will report on some recent advances in the
identification of common new subcellular targets in metabolic disease and liver
carcinogenesis, with a particular focus on mitochondria and endoplasmic reticulum
alterations and their cross-talks with NR signaling perturbation.

4. Molecular aspects of hepatocellular carcinoma

HCC is a cancer caused by a variety of etiologies, including HBV and HCV infection, alcohol
over-consumption, aflatoxin Bl exposure and chemical agents. Thus, it is not surprising that
a variety of HCC-associated molecular alterations have been detected and no universal
molecular signature is definitively associated with all hepatic tumors, either in humans or in
experimental animals (Degli Esposti et al.,, 2009; Pei et al., 2009). In particular, in humans
HCC alterations are classically reported in four genetic pathways, namely p53,
retinoblastoma (Rb), TGF-beta pathway and Wnt-beta-catenin pathways (Laurent-Puig,
2001; Saffroy et al., 2007). However, the carcinogenic process in the liver looks to be more
complex, as a recent review on omics-based studies seems to suggest (Pei et al., 2009). In
particular, comparative genomic hybridizations, high-throughput methods used to identify
deletion or amplification in genomic DNA, have shown chromosomal aberrations in
fourteen human chromosomes, not uniquely associated with viral infections (Pei et al.,
2009). Various studies have also reported epigenetic alterations in HCC, in particular
hypermethylation and subsequent silencing of some tumor suppressor genes (Pei et al.,
2009). Microarray studies have been performed on both mRNA and microRNA (miRNA),
but no consistent expression signatures seem to arise, due to alleged differences in
technology and experimental design (Pei et al., 2009). All together, these data reinforce the
view that the development of HCC, and probably all cancer types, involves multiple factors
and interactions at a molecular level. While meta-analysis and integration of -omics data
could prove a helpful approach for biomarker identification in cancer (Zender et al., 2006;
Ludwig & Weinstein, 2005), it seems urgent we adopt a comprehensive framework
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including pathophysiological and developmental aspects of the disease with consistent
molecular, biochemical and biophysical interactions (Soto & Sonnenschein, 2004).

As we reported in the previous section, the case of endocrine and metabolic perturbation in
liver disease and carcinogenesis offers a useful starting point for discussing newly identified
or potential carcinogenic pathways and future directions to clarify the complex picture of
hepatocellular carcinoma and, maybe more generally, of cancer.

4.1 New aspects of hepatocarcinogenesis: Metabolic disruption and altered cellular
homeostasis

Alterations in the metabolism of cancerous tissues have been found since 1930s. Warbug
(1930) described that, even in the presence of oxygen, cancer tissues had acquired an
irreversible glycolytic metabolism. Increased glycolysis proves to allow the utilization of
glycolytic intermediates into the various biosynthetic pathways, including nucleoside and
amino acid synthesis, required by highly replicating cells (Potter, 1958, Vander Heiden et al.,
2009). This feature is also described in rapidly dividing embryonic tissues, even though they
are able to switch to oxidative metabolism as proliferation ceases and cells differentiate,
suggesting that cancer development may be understood as altered embryonic development
(Barger & Plas, 2010, Cooper, 2009, Soto & Sonnenschein, 2004). As a result of Warburg's
observations, defects in mitochondrial function have been suspected as contributing to
cancer development and progression (Chatterjee et al., 2011). Recently, not only
mitochondria but also endoplasmic reticulum have been found to be implicated in
controlling the lipid metabolism, in particular in the liver. Thus, since reprogramming of the
energy metabolism has been rediscovered as a hallmark of cancer (Hanahan & Weinberg,
2011) while alteration of the lipid metabolism seems to be associated with HCC
development, the role of mitochondria and endoplasmic reticulum in metabolic disruption
during liver carcinogenesis forms a testable hypothesis in the context of liver carcinogenesis.

Mitochondria are key organelles both for energy (ATP) production (by oxidative
phosphorylation of components of the tricarboxylic acid cycle and lipid beta-oxydation) and
for integration of pro-survival/pro-death signaling in cells of every tissue and organ. These
functions are essential in determining cellular and tissue homeostasis. In the last decade, a
lot of research has focused on the role of mitochondria in liver diseases and mitochondrial
dysfunctions have been described both in NAFLD and in HCC (Begriche et al., 2006; Chang
et al., 2005; Sato, 2007; Rector et al.,, 2010). A recent study compared liver histology and
function in the obese rodent model Otsuka Long-Evans Tokushima Fatty (OLETF) rat with
its lean homolog LETO rat (Rector et al., 2010). The ultrastructure of hepatic mitochondria
proved to be impaired and the total mitochondrial content decreased in OLETF rats.
Moreover, mitochondrial and total fatty acid oxidation were already reduced as early as the
fifth week of age in obese animals, before hepatic steatosis and insulin resistance were
observed, suggesting that mitochondrial dysfunction may be a very early event in the
natural history of NAFLD (Rector et al., 2010). Various mitochondrial alterations have been
reported in patients with NASH. Megamitochondria with ultrastructure abnormalities have
been found in NASH patients (Caldwell et al., 1999a; Sanyal et al., 2001). Severe depletion of
mitochondrial DNA (mtDNA) has been also reported in patients with NASH or hepatic
fibrosis (Caldwell et al., 1999b; Ducluzeau et al., 1999). mtDNA depletion may contribute to
impairment of the respiratory chain, a common feature in drug-induced and primary NASH
(Begriche et al., 2006). It should be noted that in primary NASH impairment of the
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respiratory chain is concomitant with an increase in beta-oxidation flux (due to insulin
resistance), leading to production of a high level of reactive oxygen species (ROS) (Begriche
et al, 2006). Increased ROS generation by mitochondria has also been observed in
genetically obese ob/ob mice (Yang et al., 2000) and in rat fed on a choline-deficient diet, a
model of steatosis and NASH (Hensley et al., 2000). An increased production of ROS in fatty
livers induces lipid peroxidation and subsequently reactive aldehyde formation (Begriche et
al., 2006). ROS and aldehydes may further damage mitochondria, generating a vicious circle,
and increase the expression of pro-inflammatory cytokines, such as TGF-beta, TNF-alpha,
IL-8 or Fas ligand, worsening liver injury (Pessayre & Fromenty, 2005). Mitochondria are
also involved in hepatocarcinogenesis. A decrease in mtDNA-dependent cytochromes with
disturbed electron transfer has been reported in liver carcinomas, with a subsequent
increase in ROS production that can induce nuclear gene mutation in carcinogenesis (Sato,
2007). Moreover, a higher frequency of somatic mutation in regulatory and coding regions
of mtDNA has recently been reported in HCC compared to adjacent non-cancerous tissue
(Yin et al., 2010). Interestingly, an experimental study showed that long-term administration
of L-carnitine, a key molecule in fatty acid transport to mitochondria, decreases the
occurrence of hepatic preneoplastic lesions in Long-Evans Cinnamon rats (Chang et al,,
2005). These data reinforce the idea that mitochondrial dysfunction, and in particular its role
in lipid catabolism, is involved in hepatocarcinogenesis. It is interesting to note that some
chemicals with endocrine disruptive properties have been shown to target mitochondrion
functionality in various tissues and organs, including the liver (Kovacic, 2010). In particular,
five-month exposure to 10-50 ppm diethyl phthalate induced liver impairment, triglyceride
accumulation and mitochondrial proliferation in Wistar rats (Pereira et al., 2006). Since
phthalates are plasticizers present in plastics used for medical reasons, such as storage bags
for blood conservation or instruments for dialysis, it is interesting to note that liver biopsies
on dialyzed patients show peroxisome proliferation (Ganning et al., 1984) and that phthalate
leakage from blood bags has been proposed as potentially pro-inflammatory (Rael et al.,
2009). Furthermore, male mice treated perinatally with 160 or 480 mg/kg of BPA for 14 days
showed an increase in cell death mediated by the mitochondrial apoptotic pathway in the
testes (Wang et al., 2010). While the hepatic effects on the liver were not evaluated in this
study, these results suggest that BPA may directly or indirectly target mitochondria. Other
evidence of ED toxicity in mitochondria is provided by results showing that tamoxifen
decreased ATP production in a model of isolated perfused rat liver (Marek et al., 2011) and
that it impaired mitochondrial respiration, increased cytochrome c release, mitochondrial
lipid peroxidation and mitochondrial protein nitration by stimulating mitochondrial nitric
oxide synthase (Nazarewicz et al., 2007). Importantly, although epidemiological studies
available in humans did not identify any increased risk of liver cancer in women who were
administered tamoxifen for breast cancer, several experiments have shown that tamoxifen
induces hepatocarcinomas in rats when administered at high doses (Maltoni et al., 1997;
IARC, 2011). Another reported ED and human carcinogen, 2,3,7,8 TCDD, has been reported
to induce cytotoxicity and mitochondrial dysfunction in isolated rat hepatocytes (Aly &
Domenech, 2009) and to mediate tumor progression by activating signaling pathways
similar to mtDNA depletion (Biswas et al., 2008). In this context, it would be helpful to
consider the interactions between mitochondria, lipid metabolism and nuclear receptors in
order to improve our understanding of liver disease and carcinogenesis. In point of fact,
several members of the nuclear receptor superfamily are lipid-sensing factors that affect
many aspects of lipid metabolism (Alaynick, 2008). PPARs, LXRs, interacting with their
transcriptional coactivator PPARgamma Coactivator 1 alpha (PGC-lalpha) have been
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shown to regulate insulin sensitivity and lipid metabolism (Alaynick, 2008). Interestingly,
PGC-1alpha is a known regulator of mitochondrial biogenesis and also able to modulate
hepatic steatosis (Puigserver et al., 1998; Sonoda et al., 2007; Wu et al., 1999). Moreover, the
mitochondrial protein ANT, a translocase that provides mitochondria with ADP allowing
ATP synthesis, has recently been shown to be essential for the functioning of PGC-1 alpha
(Kim et al., 2010) while another NR, the estrogen-related receptor alpha (ERR-alpha),
important for adaptive energy metabolism (Villena & Kralli, 2008), has been shown to be an
effector of PGC-1 alpha, regulating the expression of genes involved in oxidative
phosphorylation and mitochondrial biogenesis (Schreiber et al., 2004). Thus, PGC-1 alpha
may be a key molecule linking NR signaling to mitochondrial function and activity. Finally,
it is important to note that ED and other NR ligands may also act independently on the
receptor action and mitochondria can be a direct target of this mechanism, as proposed for
PPAR agonists (Scatena et al., 2004). Hence, it has been suggested that characterization of
reciprocal influences between mitochondria and PPAR physiology would be fundamental
for a better understanding of cancer biology (Scatena et al., 2008).

Endoplasmic reticulum is an organelle responsible for protein synthesis, folding,
maturation, quality control and trafficking, as well as for Ca2* homeostasis. Every condition
that stresses its folding ability, such as an excess of protein synthesis or alteration of energy
availability, causes a physiological response called Unfolded Protein Response (UPR). UPR
activation aims to increase the folding capacity of endoplasmic reticulum by inducing
transcription of chaperons and by globally decreasing protein synthesis (Schroeder &
Kaufman, 2005). In recent years, it has been shown that endoplasmic reticulum plays a
central role in the multi-organ coordination of systemic metabolism through the integration
of synthetic and catabolic pathways (Kammoun et al., 2009b, Hotamisligil, 2010). Obesity
and diabetes have been shown to induce ER stress in both adipose tissue and the liver
(Ozcan et al.,, 2004, Kammoun et al., 2009a). Puri et al., examined the role of endoplasmic
reticulum stress in human NAFLD, showing UPR activation in liver biopsies from patients
with NAFLD and NASH compared to subjects with the metabolic syndrome and normal
liver histology (Puri et al.,, 2008). Moreover, free fatty acids (FFA) may be important
mediators of cell dysfunction (lipotoxicity) not only through death receptors or the
mitochondrial-lysosomal pathway, but also via endoplasmic reticulum stress (Alkhouri et
al., 2009). Endoplasmic reticulum stress and activation of the UPR are also present in solid
cancers, often characterized by hypoxia, nutrient starvation, oxidative stress and other
metabolic deregulation, factors that cause endoplasmic reticulum impairment (Li et al,,
2011). Depending on the duration and degree of ER stress, the UPR can provide either
survival signals by activating adaptive and antiapoptotic pathways, or death signals by
inducing cell death programs (Schroeder & Kaufman, 2005; Li et al., 2011). In hepatocellular
carcinoma, higher accumulation of the Bip/GRP78 and nuclear localization of ATF6,
characteristic of UPR activation, were found in moderately to poorly differentiated human
HCC tissue samples (Shuda et al., 2003). Although direct demonstrations at a molecular
level are still lacking, the cross-links between endoplasmic reticulum stress, NAFLD and
HCC seem to be numerous and future research should address this potential new
carcinogenic pathway. However, endoplasmic reticulum seems also to be a target of
endocrine disruption. Recently, BPA has been shown, in a murine liver cell line, to increase
the gene expression of various actors involved in endoplasmic reticulum stress, such as
C/EBP homologous protein, caspase 12 and GRP78 (Asahi et al, 2010). This ties up
interestingly with a microarray study in which activation of genetic networks involved in
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endoplasmic reticulum stress was also detected in mouse testicular Sertoli cells treated with
BPA at a concentration of 200 microM (Tabuchi et al., 2006). Furthermore, a number of ED,
such as nonylphenol, octylphenol, bisphenol A, and butylated hydroxytoluene, have been
shown to inhibit endoplasmic reticulum Ca?* ATPase pumps in a low micromolar
concentration (Hughes et al., 2000), suggesting that alterations in endoplasmic reticulum
homeostasis may be a common action mechanism by BPA in various different organs. In this
connection, some recent papers have highlighted a possible direct interaction between nuclear
receptor signaling, lipid metabolism and endoplasmic reticulum stress. A protein deacetylase
(SIRT1) has been shown to positively regulate the nuclear receptor PPAR alpha (Purushotham
et al., 2009). In particular, hepatic-specific deletion of SIRT1 impairs PPAR alpha signaling and
SIRT1 knockout mice develop hepatic steatosis, liver inflammation and endoplasmic reticulum
stress (Purushotham et al., 2009). Moreover, the endoplasmic reticulum stress-induced
transcription factor ATF6 has been shown to suppress insulin gene expression through the up-
regulation of a transcriptional partner of nuclear receptors, SHP, in pancreatic beta-cells and in
pancreatic islets of OLETF rats (Seo et al., 2008), suggesting that endoplasmic reticulum stress
signaling may also act via NR signaling. As for mitochondria, while no extensive data are
available, interactions between endoplasmic reticulum homeostasis and NR physiology have
been shown and may play an important yet still under-explored role in the initiation and
progression of liver steatosis and HCC. Perturbation of this network by ED is possible,
although more research is needed to address the effects of environmental concentrations and
to identify the biochemical pathways affected and any long-term pathophysiological
consequences, in particular in liver carcinogenesis.

5. Conclusions

In this chapter, we have reviewed some recent acquisitions in HCC epidemiology, in
particular regarding the association between obesity and metabolic syndrome and HCC
incidence and mortality. We have also reviewed the evidence for liver susceptibility to
chemical-induced carcinogenesis, in both rodents and humans, and have shown that long-
term carcinogenicity bioassays are a useful tool for identifying potential hepatocarcinogens.
In the last part of the chapter, we suggest that endocrine and metabolic disruption, a
mechanism involved in the toxic effects of various chemicals, might be a plausible and
testable hypothesis in the pathophysiology of NAFLD and its progression toward HCC, in
particular concerning the alteration of mitochondria and endoplasmic reticulum in the liver
and other tissues. We suggest that long-term carcinogenicity bioassays are a valuable
approach to integrating pathological end-points, such as tumor induction, and the analysis
of early chronic alteration in tissue and cellular homeostasis, such as mitochondrial and
endoplasmic reticulum dysfunctions. This approach could provide important insights into
chemical-induced carcinogenic mechanisms, in particular for non-genotoxic carcinogens
such as most endocrine disruptors. Moreover, the comparison of experimental results with
human biopsies of neoplastic and pre-neoplastic lesions, such as NASH, in well-
characterized patients may help to develop specific early markers towards identifying the
population at higher risk of HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most prevalent type of primary liver cancer, the fifth
most common type of solid tumor, and the third highest cause of cancer mortality
worldwide (Parkin et al., 2005, Motola-Kuba et al., 2006). On the other hand, nonalcoholic
fatty liver disease (NAFLD) is now recognized as one of the most common liver disorders
(Lazo and Clark, 2008). The subclinical nature of this disease has prompted research to
improve its diagnosis and prevent its progression to nonalcoholic steatohepatitis (NASH),
liver cirrhosis, and HCC. An increasing number of reports indicate that NAFLD is the key
link between obesity and HCC (Chavez-Tapia et al., 2009, Mendez-Sanchez et al., 2007). It
has been suggested that most cases of HCC involve progression of NASH to cirrhosis
(Caldwell et al., 2004). In 1980, Ludwig et al. described NASH as an advanced form of fatty
liver disease. They defined it as a well-recognized clinical pathological syndrome that occurs
primarily in obese women with diabetes mellitus and has histological similarities to
alcoholic liver disease in the absence of heavy alcohol consumption (Ludwig et al., 1980).
Some reports suggest that 10-24% of the populations of various countries have NAFLD. The
prevalence of NAFLD is higher among obese and diabetic patients (70-86%). NASH is
estimated to occur in 10% of NAFLD patients. NASH has been posited as a possible cause of
cryptogenic cirrhosis (CC) (Bellentani et al., 2000). Patients with CC also develop HCC
(Caldwell et al., 1999). In this review, we discuss the associations between obesity and
cancer, between metabolic syndrome and NAFLD, and between NAFLD and HCC.

2. Obesity and cancer

The World Health Organization defines obesity as fat accumulation in adipose tissue to the
extent that health is impaired. For epidemiological purposes, overweight is defined as a body
mass index (BMI) greater than 25 kg/m?2 and obesity is defined as a BMI greater than 30 kg/m?2

Epidemiological studies provide convincing evidence of an association between obesity and
cancer of the esophagus (adenocarcinoma), pancreas, colorectum, breast (postmenopausal),
endometrium, and kidney (WCR, 2007). The largest meta-analysis to date involved 282,000
patients from prospective observational studies and more than 133 million person-years of
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follow-up. It showed that a high BMI is associated with a high incidence of cancer. The
association is modest and risk estimates range from 1.1 to 1.6 for an increase in BMI of 5
kg/m?2. For people with an average BMI (23 kg/m?2), a 5 kg/m? increase in BMI corresponds
to a weight gain of 15 kg (men) or 13 kg (women). The associations between obesity and
cancer are sex and site specific but are broadly consistent across geographic populations
(Renehan et al., 2008). Emerging evidence suggests that weight loss after bariatric surgery
reduces the incidence of cancer (Sjostrom et al., 2009). Furthermore, a prospective study of
900,000 adults in the United States showed that obesity accounts for 14% of all deaths from
cancer in men and for 20% of all deaths from cancer in women (Calle et al., 2003) (Fig.1).
Men and women with a BMI greater than 40 kg/m?2 have death rates 52% and 62%,
respectively, higher than those of people with normal BMlIs. This indicates that obesity also
affects the outcome of cancer and this finding is supported by studies showing increased
perioperative mortality rates for obese people (Li et al., 2009, Meyerhardt et al., 2003,
Haydon et al., 2006, Dignam et al., 2006). There appears to a sex differential with respect to
the risk of developing cancer: men have a higher risk than women of developing cancer
when their BMI is elevated (Renehan et al., 2008, Moore et al., 2004). This may be due to
hormonal differences or it may indicate that BMI is a poor index of central adiposity in
females. As females generally only deposit adipose tissue centrally when the total volume of
deposited fat is elevated, overweight BMIs do not correspond with visceral fat volume in
females to the same extent as in males, which may account for the differences in cancer risk
observed when BMlI is used to determine obesity status.
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Fig. 1. Mortality from cancer in obese men in the USA.

The highest relative risk was observed in liver cancer. It is also important to note that
gastrointestinal tumors are associated with the highest relative risk of death according to
BMI and obesity.

In studies in which measures of visceral adiposity such as waist circumference (WC) or
visceral fat adiposity (VFA) were used, visceral adiposity was associated with an increased
risk of cancer (Moore et al.,, 2004, Wang et al., 2008, Steffen et al., 2009); it is a stronger
predictor of cancer than BMI (Moore et al., 2004), and the cancer risk is similar for males and
females (Moore et al., 2004, Wang et al., 2008). Large-scale studies on visceral adiposity
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across cancer sites are needed to clarify whether there is a clear differential effect of visceral
versus subcutaneous obesity. Visceral adiposity (and not subcutaneous adiposity) is
associated with development of features of metabolic syndrome (a proxy for a
dysmetabolic profile in viscerally obese patients) (Donohoe et al., 2010). Most of the
components of the syndrome, alone (Cowey and Hardy, 2006, Giovannucci, 2007) or in
combination (Colangelo et al., 2002, Bowers et al., 2006, Trevisan et al., 2001), have been
individually linked to cancer at various sites. A prospective international population-
based study of 580,000 people (the Me-Can Study) is under way to identify whether
metabolic syndrome is independently associated with cancer. Initial findings suggest that
a combination of components of metabolic syndrome is associated with colorectal cancer
(men RR, 1.25 [95% CI, 1.18-1.32]; women RR, 1.14 [95% CI, 1.02-1.18]) (Stocks et al.,
2010), endometrial cancer (RR, 1.37; [95% CI, 1.28-1.46]) (Bjorge et al., 2010), bladder
cancer in men (RR, 1.1; [95% CI, 1.01-1.18]) (Stocks et al., 2010), and pancreatic cancer in
women (RR, 1.58; [95% CI, 1.34-1.87])(Johansen et al., 2010).

3. Metabolic syndrome and NAFLD

Metabolic syndrome is a condition characterized by a cluster of symptoms, including
glucose intolerance/insulin resistance, abdominal obesity, atherogenic dysfunction,
dyslipidemia (low concentrations of high-density lipoprotein cholesterol and high
concentrations of triglycerides), elevated blood pressure, a proinflammatory state, and a
prothrombotic state. It increases morbidity and mortality, especially in respect of
cardiovascular disease (Reaven, 2002, Grundy et al., 2004). NAFLD can be considered the
hepatic manifestation of metabolic syndrome (Fig. 2) (Rector et al., 2008). NAFLD is strongly
associated with metabolic syndrome; 90% of patients with NAFLD have more than one
feature of metabolic syndrome and 33% have three or more features (Marchesini et al., 2003).
Furthermore, the risk of steatosis increases exponentially as the number of components of
metabolic syndrome increases (Marceau et al.,, 1999). NAFLD has been consistently
associated with obesity (60-95%), type 2 diabetes (28-55%), and dyslipidemia (27-92%)
(Bugianesi et al., 2005). Metabolic syndrome is associated with liver disease, which may
progress and become severe. In addition, the likelihood of developing NASH increases with
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Fig. 2. Triglyceride synthesis and NAFLD.

Triglyceride synthesis increases in states of energy excess. Insulin resistance and
hyperinsulinemia increase lipolysis of triglyceride depots in adipose tissue, amplifying the
delivery of free fatty acids Free Fatty Acids (FFA) to the liver. Insulin further stimulates liver
triglyceride synthesis while inhibiting fatty acid oxidation, inhibiting the production of
very-low-density lipoproteins.
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the severity of obesity (Bugianesi et al., 2005, Marchesini et al., 2003). There is a universal
association between NASH and insulin resistance regardless of BMI, suggesting that insulin
resistance is a central factor in the pathogenesis of NASH (Chitturi et al., 2002). The elevated
expression of tumor necrosis factor-alpha (TNF-a) in the liver observed in NAFLD may
represent a link between insulin resistance and hepatic steatosis. TNF-o has been proposed
as an important component of peripheral insulin resistance in obesity and type 2 diabetes. It
is linked to increased oxidative stress and cell death in the liver, and potentiates the
development of liver fibrosis and progression to NASH (Jiang and Torok, 2008).

4. NAFLD and HCC

It is clear that cirrhosis is linked to the development of HCC regardless of the underlying
etiology of liver disease. The exact mechanism responsible for the development of HCC in
NASH remains unclear, although the pathophysiological mechanisms responsible for the
development of NASH associated with insulin resistance and the subsequent inflammatory
cascade likely contribute to the carcinogenic potential of NASH.
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Fig. 3. Proposed pathogeneses of HCC in NAFLD/NASH.

Obesity, diabetes, and insulin resistance are strongly associated with hyperinsulinemia,
which can trigger upregulation of IGF-1, activation of IRS-1, increased FFA release,
increased secretion of TNF-o, IL-6, leptin, resistin, and NF-k, and decreased production of
adiponectin. Suppression of p53 and activation of JNK-1 result in cell proliferation and
decreased apoptosis, which in turn result in HCC. ROS are also important in the
pathogenesis of HCC. IGF-1, insulin growth factor-1; IRS-1, insulin receptor substrate-1;
FFA, free fatty acid; TNF-o, tumor necrosis factor-alpha; IL-6, interleukin-6; NF-«, nuclear
factor-kappa; JNK-1, Jun amino-terminal kinase-1; HCC, hepatocellular carcinoma; ROS,
reactive oxygen species.
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Obesity and diabetes are risk factors for NASH and CC and have been implicated in
multiple cancers, including HCC (Bugianesi et al., 2007). Insulin resistance associated with
obesity, metabolic syndrome, and diabetes results in increased release of FFAs from
adipocytes, increased secretion of proinflammatory cytokines such as TNF-a, increased
secretion of interleukin-6, leptin, and resistin, and decreased secretion of adiponectin. These
processes favor the development of hepatic steatosis and inflammation (Fig. 3) (Bugianesi et
al., 2007, Harrison, 2006).

Hyperinsulinemia upregulates the production of insulin-like growth factor-1 (IGF1), a
peptide hormone that stimulates growth through cellular proliferation and inhibition of
apoptosis (Page and Harrison, 2009, Calle and Kaaks, 2004, Ish-Shalom et al., 1997).
Insulin also activates insulin receptor substrate-1 (IRS-1), which is involved in cytokine
signaling pathways and has been shown to be upregulated in HCC (Tanaka et al., 1997).
The mannose 6-phosphate/IGF2 receptor (M6P/IGF2R) is involved by regulating cell
growth and functions as a tumor suppressor. Mutations resulting in loss of
heterozygosity for this receptor have been detected in 61% of patients with HCC
(Yamada et al.,, 1997). Adiponectin is an anti-inflammatory polypeptide specific to
adipose tissue that is decreased in insulin-resistant states and has been shown to inhibit
angiogenesis via modulation of apoptosis in an animal model (Ukkola and Santaniemi,
2002, Brakenhielm et al., 2004). In an insulin-resistant state, these factors promote
uninhibited cell growth and appear to play a significant role in the development of HCC
in patients with NASH.

NASH is also associated with oxidative stress and the release of reactive oxygen species
(ROS), which likely contribute to the development of HCC. An insulin-resistant obese
mouse model demonstrated that ROS production is increased in the mitochondria of
hepatocytes with fatty infiltration and that oxidative stress may be implicated in hepatic
hyperplasia (Bugianesi et al., 2007, Yang et al., 2000). During carcinogenesis, epithelial
hyperplasia and dysplasia generally precede cancer by many years (Bugianesi et al.,
2007). C-Jun amino-terminal kinase 1 (JNK1) has also recently been linked to obesity,
insulin resistance, NASH, and HCC. JNK1 is a ubiquitously expressed mitogen-activated
protein kinase. Obesity is associated with abnormally elevated JNK activity (Hirosumi et
al., 2002). In hyperinsulinemia, FFA, TNF-a, and ROS are potent activators of JNK, which
in turn phosphorylates IRS-1 (Hirosumi et al., 2002, Gomaa et al., 2008). Evidence
suggests that statins significantly decrease the risk of HCC in diabetic patients,
presumably because of their anti-inflammatory properties (El-Serag and Rudolph, 2007,
Huether et al., 2005, Kawata et al., 2001, El-Serag et al., 2009). Interestingly, atorvastatin
therapy has been shown to acutely decrease expression of JNK and other inflammatory
cells in patients with abdominal aortic aneurysms (Kajimoto et al., 2009). That statin
treatment reduces JNK expression may explain, in part, the decreased risk of HCC in
diabetic patients who receive statin therapy, although this has yet to be proven. Further
studies linking statins and JNK activity with NASH and HCC may enable the
development of therapeutic drugs for the prevention and treatment of NASH as well as
HCC secondary to NASH. There is a lack of randomized controlled trials on the benefits
of bariatric surgery for patients with NASH and obese patients in terms of prevention of
HCC (Chavez-Tapia et al., 2010). (Fig. 4)
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5. Conclusion

The most common cause of liver disease in developed countries is NAFLD, which includes
NASH and its associated complications. The prevalence of NAFLD and NASH is likely
higher than previously estimated and is associated with the growing epidemics of obesity
and diabetes. There is increasing evidence showing that NASH may progress to HCC. The
overall prevalence of HCC in patients with NAFLD remains low, although the incidence of
HCC in developed countries is rising. HCC secondary to NASH typically develops when
cirrhosis is present, although rare cases of HCC arising in cases of NASH without cirrhosis
raise the possibility that carcinogenesis secondary to NAFLD can occur in the absence of
advanced liver disease. The connection between NAFLD and progression to HCC is
becoming clearer, and the increasing burden of NASH, diabetes mellitus, and obesity is
becoming heavier. Community awareness of the potential for this disease to progress to
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HCC is critical. Complications of NASH are expected to increase with the continuing
epidemics of obesity and diabetes. Once a diagnosis of cirrhosis is made, screening for HCC
should be pursued. Given recent epidemiological data on diabetes, thought should be given
to the use of statins for NASH patients, particularly those with diabetes and hyperlipidemia.
Further research is urgently needed to better elucidate the signaling pathways that result in
HCC when insulin resistance is present. Studies evaluating potential targets for the
treatment of NASH and HCC, including those targeting JNK activation, should be actively
pursued.
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1. Introduction

Rather than obliterating the need for histopathologic examination, the availability of
modern imaging modalities and efficient antitumor therapies heighten the importance of
timely and accurate histologic diagnosis of hepatocellular carcinoma (HCC). More than ever
before, there is now real hope of curative intervention for HCC discovered in an early stage.
Thus, a key diagnostic role is assigned to histopathology whenever radiologic findings are
inconclusive. While classical micromorphologic (cytologic and architectural) features are
still at the heart of histopathologic evaluation, there is ongoing effort to complement
histologic findings with the analysis of characteristic immunohistochemical (IHC) markers.
In all modern pathology centers, IHC has become a cornerstone of the diagnostic process.
The aid provided by immunomarkers is particularly resorted to when ambiguous cases are
encountered. This review focuses on the role of IHC in one of the major differential
diagnostic dilemmas related to HCC: the benign versus malignant problem. The question of
malignant character may arise either when evaluating biopsies of suspicious nodules
obtained from high-risk patients, or when analyzing tissue from hepatocellular tumors
discovered in a non-cirrhotic background. Accordingly, the review will separately discuss
the problem of small nodular lesions in cirrhosis, and the issue of large tumors arising in the
normal liver. In our attempt to summarize state-of-the-art expert opinion, we have largely
built on two outstanding reviews (Park, 2011; Roncalli et al., 2011), and tried to provide an
update on recent progress made in the field.

Since it is very challenging to propose a logical and non-overlapping classification of all IHC
markers, molecules will be presented in an alphabetical order. Brief introduction of each
marker at its first mentioning will be followed by evaluation of its diagnostic utility, with
regard to both benefits and potential pitfalls.

2. Differentiation of HCC from small precursor lesions
2.1 Dysplastic nodules and small HCC: Definitions and the role of biopsy

It is now commonly accepted that, at least in the setting of chronic hepatitis, HCC evolves
through several stages of premalignant lesions. In the current view, HCC may either evolve
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directly from microscopic (< 1 mm) clusters of atypical hepatocytes called dysplastic foci, or
arise within macroscopic lesions termed dysplastic nodules (DNs). The following definitions
conform to the latest recommendations by the International Consensus Group for
Hepatocellular Neoplasia (2009). DNs with no or minimal cytologic/architectural atypia are
referred to as low-grade (LG) and are unlikely to be immediately precancerous, while those
with marked atypia (that is nevertheless insufficient for the diagnosis of HCC) are termed
high-grade (HG), and often harbor overtly malignant subnodules. The term large
regenerative nodule (LRN) has also been in use; however, LRN cannot be confidently
discriminated on a purely morphologic basis from LGDN, and due to its supposed
polyclonal origin it is not considered as a distinct step in the hepatocarcinogenic process
(Libbrecht et al., 2005). Finally, small HCC (sHCC) is a histologically malignant tumor below
the size of 2 cm, and may present as a vaguely or distinctly demarcated nodular mass,
denoted as early and progressed sHCC, respectively.

Unlike dysplastic foci that are too small to be detected by any radiological technique, DNs
and sHCC may often be clearly distinguished from the surrounding parenchyma by
ultrasound. Hence, ultrasound screening has become an integral part of surveillance for the
high-risk populations, i.e. for hepatitis B carriers and cirrhotics with various etiologies.
According to the international guidelines (Bruix & Sherman, 2005) based on the Barcelona
Clinic Liver Cancer Group recommendations, nodules discovered by ultrasound, if smaller
than 1 cm, are followed up strictly and monitored for enlargement; nodules between 1-2 cm
are subjected to examination by two contrast-enhanced dynamic imaging modalities; and
nodules greater than 2 cm are examined by one dynamic imaging technique. Being a
hypervascular tumor with dominantly arterial blood supply, typical HCCs show
enhancement in the arterial phase followed by washout in the portal venous phase. Nodules
between 1-2 cm with characteristic imaging findings by two methods, and nodules greater
than 2 cm showing typical vascular pattern by one method, are treated as HCC. On the
other hand, nodules with atypical vascular pattern or inconsistent radiologic findings
require confirmation of benign versus malignant character by biopsy.

2.2 Individual markers for the discrimination of dysplastic nodules vs. small HCC

alpha-Smooth muscle actin (a-SMA) is a cytoskeletal component specific to cells with smooth
muscle differentiation, including vascular smooth muscle cells and activated hepatic stellate
cells. Hence, a-SMA immunostaining can be used to highlight both arteries and capillarized
sinusoids. Although a-SMA IHC alone is not informative enough to solve the problem in
question, it may help recognize unpaired arteries (i.e., arteries not accompanied by other
portal structures) characteristic of DNs and sHCC (Park et al., 1998; Roncalli et al., 1999),
and reveal pericytes around capillarized blood vessels.

Agrin is a large heparan sulfate proteoglycan deposited in biliary and vascular basement
membranes of the liver (Tatrai et al., 2006). Since it is missing from the sinusoids of the
normal liver and cirrhotic regenerative nodules, but appears in the wall of HCC
microvessels very early during malignant transformation, the presence of agrin associated to
microvascular structures is suggestive of HCC. Applying semi-quantitative evaluation
criteria, agrin IHC discriminated sHCC from DNs with a sensitivity of 87% and a specificity
of 97% (Tétrai et al. 2009). The chief practical difficulty with the use of agrin IHC is positive
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labeling of ductular reaction and, although with lesser intensity, transitional cells
differentiating from ductular cells into hepatocytes. Agrin-positive basement membranes on
the periphery, or occasionally in the interior, of regenerative nodules due to the presence of
reactive ductules and active parenchymal regeneration may confound the untrained
observer. Thus, evaluation of agrin IHC requires some caution and expertise, and agrin
immunopositivity is indicative of HCC only when it colocalizes with vascular markers such
as CD31 or CD34. On the other hand, positive labeling of reactive ductules may be seen as
an advantage, since the presence or absence of ductular reaction in and around a nodule is a
diagnostic factor per se (see Cytokeratin-7 and -19 below). Agrin IHC has been tested on
resected specimens but not on core biopsies; hence, its performance with small samples is as
yet unknown.

Annexin A2 (ANXA2). Annexins, calcium-dependent phospholipid-binding proteins with
multiple functions in the regulation of vesicular trafficking, cell division, and apoptosis, are
known to be differentially expressed in many forms of human neoplasia (Mussunoor &
Murray, 2008). ANXA2 is upregulated in several cancer types but silenced in others; in
HCC, it is overexpressed by tumor hepatocytes, as well as by endothelial cells of tumor
neovessels (Yu et al.,, 2007). Increased ANXA2 expression was observed in proliferating
benign hepatocytes, but not in sinusoidal endothelial cells, during liver regeneration
(Masaki et al., 1994). Accordingly, diffuse vascular endothelial staining of ANXA2 was seen
in 28/34 (84%) of HCCs but 0/7 DNs, whereas diffuse sinusoidal CD31 staining was
observed in 43% of the same lesions (Longerich et al., 2011). Thus, diffuse vascular ANXA2
staining was proposed to be specific to HCC, and was successfully applied to improve the
diagnostic accuracy of the GPC3 + GS + HSP70 panel (see below).

CD31/CD34. CD31, also known as platelet endothelial cell adhesion molecule-1 or PECAM-
1, is a member of the immunoglobulin superfamily, and acts as a cell adhesion and signaling
receptor on hematopoietic and endothelial cells (Newman, 1997). Pathologists routinely use
CD31 for the immunostaining of vascular endothelia (e.g., the vasculature of tumors), or
tumors with endothelial differentiation. CD34, a glycoprotein with poorly defined functions
(proposed roles include regulation of adhesion and proliferation), is expressed on
endothelial cells, as well as on hematopoietic and tissue stem/progenitor cells (Nielsen &
McNagny, 2008). Although in clinical practice CD34 is used as a stem cell marker for the
separation of hematopoietic progenitors, and as an immunomarker it has broad applications
in pathology elsewhere (e.g. in the differential diagnosis of mesenchymal neoplasms, see
Ponsaing et al., 2007), in the present context it is merely regarded as a vascular endothelial
marker alternative to CD31. Normal sinusoidal endothelium is nearly devoid of these
markers, in contrast with capillarized sinusoids, unpaired arteries, and HCC microvessels
that all exhibit CD31/CD34 immunopositivity (Couvelard et al., 1993; Park et al., 1998).
Normal liver is at one end of the spectrum, with virtually no CD31/CD34 immunostaining
except for portal blood vessels, and typical HCC is at the other extreme with complete and
ubiquitous CD31/CD34-positive vascular pattern. Thus, CD31/CD34 IHC may in theory
facilitate distinction between regenerative and dysplastic nodules, as well as between DNs
and HCC. However, an abrupt jump in the number of CD31/CD34-positive capillaries was
observed between LGDN and HGDN, while the transition from regenerative nodules to
LGDN and from HGDN to HCC was rather smooth. CD31-positive capillary units were
significantly more abundant in HGDN relative to both cirrhotic regenerative nodules and
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LGDN; however, HGDN did not differ significantly from HCC in this respect (Roncalli et
al., 1999). Similarly, CD34 immunostaining was shown to increase gradually from normal
sinusoids through capillarized sinusoids to neovessels, but failed to discriminate between
HGDN and HCC (Park et al., 1998; Tatrai et al., 2009). In conclusion, endothelial markers
may confirm suspicion of malignant character, but without exact cutoff values determined
for each lesion type they are hardly diagnostic on their own (Park, 2011). In addition,
similar to a-SMA, endothelial markers may be suitable for the detection of unpaired
arteries (see above).

Cyclase-associated protein 2 (CAP2) is the human homologue of CAP, a protein originally
isolated from budding yeast and only poorly characterized in mammals; in the yeast, CAP is
known to associate with both the adenylyl cyclase complex and actin cytoskeleton. CAP2
levels were found to increase gradually during the process of hepatocarcinogenesis. CAP2
was overexpressed in early HCC relative to noncancerous and precancerous lesions, and
further upregulated in progressed HCC (Shibata et al., 2006). In the normal and cirrhotic
liver, smooth muscle cells strongly expressed CAP2, but normal hepatocytes were negative,
and only weak staining was occasionally seen on the periphery of regenerative nodules.
Precancerous lesions were either negative or only focally positive (5-10% of total area
immunostained), whereas all early HCCs exhibited some CAP2 positivity, and 40% of them
showed rather diffuse (70-100%) CAP2 immunostaining (Sakamoto, 2009). When examining
nodule-in-nodule type early HCC lesions, the more advanced component exhibited stronger
CAP2 reaction. While these results are encouraging, neither sensitivity and specificity values
nor data on biopsy specimens have been reported.

Cytokeratin-7 and -19 (CK7/19). In the context of liver histology, CK-7 and -19 are
cholangiocytic cytokeratins that highlight bile ducts and reactive ductules. Stromal invasion,
i.e,, invasion of (pre)malignant hepatocytes into the portal tract or septal stroma, is one of
the earliest signs of hepatocellular transformation, and the scarceness or lack of outer and
inner ductular reaction (DR) due to invasive growth has been reported to sensitively reflect
malignant character of hepatic nodules in both resected and biopsied specimens (Park et al.,
2007). The recognition of stromal invasion may be especially challenging in biopsy
specimens and in well-differentiated, vaguely nodular sHCC where invasive growth is focal
and obscure. The authors propose that visualization of CK7-positive DR may help resolve
this diagnostic dilemma. By scoring the intensity of DR semiquantitatively on a scale
between 0 and 4+, most non-invasive lesions (diagnosed as such by trained experts) scored
3+ or 4+, while overtly invasive HCCs typically scored 0 or 1+. In our own calculation,
considering 0 to +2 as “missing or scant DR” and 3+ to 4+ as “present or florid DR”, the lack
of strong CK7-positive DR identified histologically invasive lesions with sensitivity and
specificity parameters as follows: 83% and 97% (inner DR in resected nodules); 67% and 98%
(outer DR in resected nodules); 95% and 90% (biopsied nodules). As expected, well-
differentiated, vaguely nodular type HCCs proved to be the most problematic because they
often had significant amount of (probably residual) DR both within and around.

Enhancer of zeste homologue 2 (EZH2). As the catalytically active subunit of the polycomb
repressive complex 2, EZH? is responsible for histone methylation-mediated gene silencing,
and has been reported to be upregulated in a variety of human cancers (Xiao, 2011).
Overexpression of EZH2 was detected in both HCC cell lines and tissue samples, and
siRNA-mediated knockdown of EZH2 decreased tumorigenicity of human HCC cells
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xenografted into nude mice (Chen et al., 2007). In a testing cohort containing 121 HCCs and
121 nontumorous liver tissues, nuclear EZH2 immunoreaction was observed in 66% of
tumor cells but only 2.4% of nonneoplastic hepatocytes, and by selecting an appropriate cut-
off value, discrimination with 96% sensitivity and 98% specificity could be obtained (Cai et
al., 2011). Subsequently, in a validation series consisting of core biopsies, EZH2 alone was
able to discriminate between nonmalignant nodules and HCC with a sensitivity of 78% and
a specificity of 93%. In fact, EZH2 as an individual marker outperformed both GPC3 and
HSP70 in this study, and additional refinement of diagnostic accuracy could be achieved by
combining EZH?2 with the latter two markers (see below).

Glutamine synthetase (GS) is a metabolic enzyme that converts glutamate and ammonia into
glutamine, a main fuel for tumor cells. In contrast with the normal liver where GS
expression is restricted to pericentral and periportal hepatocytes, most HCCs exhibit
upregulation of GS (Christa et al., 1994) and diffuse, intense cytoplasmic GS
immunostaining (Di Tommaso et al., 2007). This is thought to be due to overactivation of the
B-catenin pathway, since GS is among the target genes of P-catenin (Zucman-Rossi et al.,
2007). Expression levels of GS were found to increase in parallel with HCC progression
(Osada et al., 1999). GS as an individual marker yielded 70% sensitivity and 94% specificity
in discriminating resected benign vs. malignant nodules in cirrhosis (Di Tommaso et al.,
2007). Over 50% of tumor cells were strongly GS-positive in the majority of HCCs, including
early tumors; however, to gain more sensitivity, GS immunostaining was already
considered homogeneous and positive with little more than 10% of immunoreactive cells.
Similar diagnostic efficacy was obtained with biopsy specimens (GS as an individual
marker, sensitivity: 59%, specificity: 98%) (Di Tommaso et al., 2009).

Glypican-3 (GPC3), a glycosyl-phosphatidylinositol anchored cell surface heparan sulfate
proteoglycan, is overexpressed in the majority of HCCs (Zhu et al., 2001), and is currently
accepted as the best-performing individual IHC and serum marker of HCC (Capurro et al,,
2003; International Consensus Group, 2009). GPC3 regulates multiple growth factor
signaling pathways including those of Wnts, Hhs, IGF, FGF2, and BMPs, and is therefore
thought to be directly involved in HCC pathogenesis (reviewed by Akutsu et al., 2010).
Being an oncofetal antigen, it is absent from the healthy adult liver and becomes re-
expressed upon hepatocytic transformation only. GPC3 immunostaining in malignant
hepatocytes may present as granular or strong diffuse cytoplasmic pattern, and may also
appear on the cell membrane. With the detection threshold set very low (lesions with a
single GPC3-immunoreactive cell were treated as positive), a sensitivity of 77% and a
specificity of 96% could be achieved when discriminating sHCC from benign hepatic
nodules in resected specimens (Libbrecht et al., 2006). The same values were 83% and 100%
for needle biopsies. Of course, like with any other method, some lesions were in the ‘grey
zone”: occasionally, foci of hepatocytes with marked atypia and GPC3 positivity were
discovered in HGDNs; and a proportion of HCCs, especially the well-differentiated and less
aggressive ones, remained negative in spite of maximum possible sensitivity. Di Tommaso
et al. (2007, 2009) applied somewhat stricter criteria for positivity (threshold was set at 5%
immunoreactive cells), and could nevertheless nicely reproduce previous results, achieving
74% sensitivity and 96% specificity on resected specimens, and 71% / 94% on core biopsies.
Wang et al. (2010) found 83% of HCC needle biopsies to be GPC3-positive. Impressive as
these values are, GPC3 IHC also has its potential pitfalls and, not coincidentally, GPC3 is



54 Hepatocellular Carcinoma — Clinical Research

currently recommended for use in combination with one or more additional markers (see
below). As much as 40% of early HCCs arising in cirrhosis may be GPC3-negative (Wang et
al., 2006). On the other hand, Abdul-Al et al. (2008) and Shafizadeh et al. (2008) pointed out
that focal positive staining for GPC3 in active chronic hepatitis C is not an infrequent
finding, and may correlate with the acquisition of a fetal-like phenotype during hepatocytic
regeneration. Intriguingly, other authors claimed that cirrhotic nodules were invariably
negative in core needle biopsies (Anatelli et al., 2008). In a high case number tissue
microarray-based study, 9% of non-neoplastic and 16% of preneoplastic liver samples were
GPC3-positive (Baumhoer et al., 2008). Thus, while the utility of GPC3 is undisputed,
awareness of its limitations in terms of both sensitivity and specificity is advisable.

Heat shock protein 70 (HSP70). The 70-kDa member of the heat shock protein family was
identified as the most abundantly upregulated gene during HCC progression by a gene
expression array comparing early vs. progressed components of nodule-in-nodule type
lesions (Chuma et al., 2003). Overexpression of HSP70, observed in other cancer types as
well, enhances proliferation, and confers resistance to attacks of the immune system and
apoptosis (Khalil et al., 2011). In IHC studies, HSP70 was strongly expressed by
cholangiocytes that hence served as internal positive control, but not by normal hepatocytes,
and only faintly and focally in cirrhotic nodules. The intensity of HSP70 immunostaining
seemed to increase in parallel with the transition from DN through early HCC to progressed
HCC (Chuma et al., 2003). Sensitivity and specificity of HSP70 alone in discriminating
HGDN from early HCC was 78% and 95% in resected specimens (Di Tommaso et al., 2007).
The criterion for positivity was nucleocytoplasmic staining in at least 5% of lesional
hepatocytes. In needle biopsies, however, HSP70 recognized malignant nodules with a
sensitivity as low as 48% (Di Tommaso et al., 2009). The fall in sensitivity was probably due
to scattered focal positivity in highly differentiated lesions which made them especially
prone to sampling error.

2.3 Marker panels for the discrimination of dysplastic nodules vs. small HCC

Agrin + CD34. The discriminative power of agrin IHC could be slightly improved by taking
into account the CD34 immunostaining pattern of small nodular lesions. By handling only
those nodules as malignant that exhibited complete immunostaining with both agrin and
CD34, sHCC could be identified in 87% of the cases, and 100% specificity was attained
(Tatrai et al., 2009).

Clathrin heavy chain (CHC) + formiminotransferase cyclodeaminase (FTCD). These two potential
markers were identified by 2-dimensional fluorescence difference gel electrophoresis, and
validated by IHC on a tissue array containing 83 HCC and 68 non-tumor liver tissue cores
(Seimiya et al., 2008). CHC, as a member of the clathrin complex, is a ubiquitous protein
involved in membrane trafficking and mitosis; however, CHC has also been shown to
regulate p53 function, and is a gene fusion partner in several human tumor types (Ohmori et
al., 2008; Blixt & Royle, 2011). FTCD, a bifunctional enzyme that couples histidine
degradation to folate metabolism, is also present in every cell type but most abundantly in
the liver (Mao et al., 2004). CHC was found to be upregulated and FTCD downregulated in
early HCC relative to the surrounding parenchyma (Seimiya et al.,, 2008). Although the
sensitivity of either CHC or FTCD alone was not sufficiently high for the detection of HCC
(52% and 61%, respectively), a sensitivity of 81%, beside a specificity of 94%, could be
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achieved by combining the two. The authors reported additional gains in efficacy when
combining the novel markers with GPC3, and their findings were further evaluated in
respect with CHC by Di Tommaso et al. (2011) who tentatively added CHC to the widely
accepted 3-marker panel GPC3 + GS + HSP70 (see below).

GPC3 + EZH2 + HSP70. This panel of markers was recently shown to discriminate needle-
biopsied benign and malignant nodules with a sensitivity of 81% and a specificity of 100%
when cases with 2 positive markers out of 3 were regarded as malignant (Cai et al., 2011).
This efficacy was significantly superior to that of any single marker alone, and better than
the standard 3-marker panel with GS in the place of EZH2 (see below).

GPC3 + GS + HSP70: the standard 3-marker panel and its derivates. Combination of these three
markers was first proposed by the Roncalli group (Di Tommaso et al., 2007), and has been
quickly acknowledged as the best IHC panel for the discrimination of early HCC against
benign nodules (International Consensus Group, 2009; Roncalli et al., 2011). With any 2 of the 3
markers being unequivocally positive, early HCC could be distinguished from HGDN with
72% sensitivity and 100% specificity in resected specimens, and 59% sensitivity and 100%
specificity in needle core biopsies (Di Tommaso et al., 2007, 2009). In both cases, sensitivity and
specificity were significantly improved as compared to the application of any of the three
markers alone. Recently, inspired by the results of Seimiya et al. (2008), the group tested the
added value of including CHC (see under 2.2) as a fourth marker into the diagnostic panel (Di
Tommaso et al., 2011). Extension of the 3-marker panel to a 4-marker panel by the inclusion of
CHC was shown to yield a further gain in diagnostic efficacy. E.g., by taking 2 positive
markers out of the 4 as indicative of HCC, sensitivity of detection of sHCC in core biopsies was
improved from 47% to 64%. To the same end, Longerich et al. (2011) complemented the 3-
marker panel with ANXA2 (see under 2.2), and achieved 74% sensitivity coupled with 100%
specificity in discriminating any benign lesion from HCC in resected specimens.

GPC3 + phenol sulfotranferase 1 (SULT1IA1). SULT1A1 is a xenobiotic metabolic enzyme
selected by 2-dimensional polyacrylamide gel electrophoresis and confirmed as HCC
marker by Western blotting and IHC (Yeo et al., 2010). By IHC, SULT1A1 was found to be
downregulated in roughly half of HCCs. By combining the results of GPC3 and SULT1A1
(the IHC-based diagnosis is HCC if GPC3 is positive or SULT1A1 is negative), sensitivity
could be improved from 72% (GPC3 alone) to 79%. SULT1A1 was shown to differentiate
between LGDN and HCC, but its utility was not specifically addressed in the discrimination
of HGDN vs. sHCC.

3. Differentiation of HCC from benign liver tumors

3.1 Focal nodular hyperplasia and hepatocellular adenoma: Entities with distinct
pathogenesis and clinical behavior

Focal nodular hyperplasia (FNH), as also suggested by its name, is not a true neoplastic lesion;
rather, it is a polyclonal hyperplastic, tumor-like reaction to an intrahepatic vascular
malformation or alteration (Schirmacher & Longerich, 2009). With an incidence of 3% in the
total population, FNH is the second most common benign liver tumor after hemangioma.
Classical morphologic features of FNH include a central stellate scar with abnormal arteries,
and surrounding nodules separated by fibrous septa and florid ductular reaction. FNH,
unlike HCA, is not prone to malignant transformation or hemorrhage; however, its
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differential diagnosis by contrast-enhanced imaging techniques may be difficult under
certain circumstances, making resection and pathologic examination necessary.

Hepatocellular adenoma (HCA) is 10 times less frequently encountered than FNH; it may
nevertheless call for urgent attention due to the risk of hemorrhage and, especially in the p-
catenin-mutated subtypes, transformation into HCC. Molecular classification of HCA has led
to the identification of three groups: 1) classical HCA with inactivating mutation of hepatocyte
nuclear factor 1la (HNFla); 2) ‘atypical’ HCA with activating mutation of p-catenin; and 3)
inflammatory HCA with inflammatory infiltrate and occasional activating mutation of p-
catenin (Bioulac-Sage et al., 2007a). Less than 10% of all HCAs lack any characteristic profile
and hence remain unclassified. Inflammatory HCA presents the highest risk of bleeding, while
B-catenin-mutated HCA harbors a strong tendency toward malignant transformation, and
approx. 40% of cases actually progress to HCC (Schirmacher & Longerich, 2009).

Current recommendations on IHC-assisted pathologic differential diagnosis of FNH and
HCA have recently been covered by Bioulac-Sage et al. (2011); the present discussion is
mostly based on this excellent review.

3.2 Individual markers and their combinations for the discrimination of HCC vs.
benign liver tumors

Agrin. (See section 2.2 for introduction.) Agrin, just like CD34, is diffusely positive over the
entire vascular network of HCCs, whereas the expression of agrin is more restricted than
that of CD34 in HCAs lacking significant atypia. Thus, agrin IHC is more selective in
discriminating typical HCA from HCC when compared to CD34. Strong and ubiquitous
vascular agrin immunostaining was present in 26/27 HCCs but only 7/30 HCAs, with 3 of
the 7 diffusely agrin-positive HCAs exhibiting marked to severe atypia (Tatrai et al., 2009).
By quantitative evaluation of agrin immunostaining, HCA could be distinguished from
HCC with a sensitivity of 80% and a specificity of 89%.

Annexin A2 (ANXA2). (See section 2.2 for introduction.) ANXA2 alone did not work as
accurately in the discrimination of HCA and HCC as in the differentiation of benign vs.
malignant nodules: the vascular network of 6/19 (32%) of HCAs showed diffuse ANXA2
immunostaining (Longerich et al., 2011). However, when combined with the 3-marker panel
GPC3 + GS + HSP70, false positives could be eliminated, and satisfactory diagnostic efficacy
was obtained (all benign lesions vs. HCC, sensitivity: 74%, specificity: 100%).

p-Catenin is the major target of Wnt signaling and a key transcriptional regulator with well-
known functions in hepatic oncogenesis (reviewed by Dahmani et al., 2011). Activation of
the p-catenin pathway may accompany both benign and malignant hepatocytic
proliferation; mutations of P-catenin, however, are specifically found in the high-risk
subtypes of HCA, as well as in up to 50% of HCCs. Overactivation of the -catenin pathway
is hallmarked by aberrant nuclear and/or cytoplasmic P-catenin immunostaining. Such
positive nucleocytoplasmic p-catenin staining is absent from FNH but, although often
weakly and focally, found in -catenin-mutated HCA and HCC.

CD34. (See section 2.2 for introduction.) In both FNH and HCA, some sinusoids experience
altered perfusion, and a shift toward arterial supply favors the neoexpression of CD34.
CD34-positive, arterialized sinusoids are seen to radiate away from portal tract-like
structures in FNH, and surround small tumor-supplying arteries in typical HCA
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(Theuerkauf et al., 2001). On the other hand, in the majority of HCCs, and also in some cases
of ‘atypical’ HCA (i.e., HCA showing marked cytologic and/or architectural atypia), the
entire capillary network of the tumor is diffusely CD34-positive. Although not sufficiently
specific on its own, the above features make CD34 a useful ancillary marker when applied in
combination (see Glypican-3 in this section).

C-reactive protein (CRP) and serum amyloid A (SAA) are acute phase proteins upregulated in
inflammatory HCA, and as immunomarkers they have been shown to specifically identify
this subtype of HCA (Bioulac-Sage et al., 2007b). Both are absent from FNH and non-
inflammatory HCA, and only rarely positive in HCC.

Glutamine synthetase (GS). (See section 2.2 for introduction.) GS immunostaining, restricted to
1-2 cell thick hepatocyte plates around hepatic venules in the normal liver, is greatly
broadened in FNH, resulting in a map-like pattern of large anastomosing immunopositive
areas (Bioulac-Sage et al., 2009). Hepatocytes in the immediate vicinity of fibrous septa and
arteries usually remain unstained. Although this is a typical finding, it may be less evident in
rare cases with excessive steatosis or sinusoidal dilation. As a contrast, GS immunostaining is
either missing or reminiscent of the normal liver in B-catenin non-mutated HCA, and diffusely
present over the entire area of both -catenin-mutated HCA and HCC. Thus, large, contiguous
bands of strong GS immunopositivity with interspersed negative areas, together forming a
map-like pattern, are indicative of FNH, whereas diffuse GS labeling, either homogeneous or
heterogeneous, suggests B-catenin-mutated HCA or HCC.

Glypican-3 (GPC3). (See section 2.2 for introduction.) When evaluating tumors developed in
the non-cirrhotic liver, sensitivity issues regarding GPC3 come to the foreground. HCCs that
arise in a cirrhotic background, especially those reaching a progressed stage, are
overwhelmingly (in up to 90% of cases) GPC3-positive, whereas 36% of HCCs discovered in
normal livers were found to be GPC3-negative (Wang et al., 2006). A significant proportion
(up to 50%) of well-differentiated HCCs are actually devoid of any GPC3-staining, which
calls for extreme caution in the interpretation of GPC3 results, and warns against
overestimation of its potency as a single marker in the HCA vs. HCC problem (Shafizadeh et
al., 2008). Diffuse GS staining often observed in B-catenin-mutated HCA further obscures
the fuzzy borderline between atypical HCA and well-differentiated HCC, and makes the 3-
marker panel GPC3 + GS + HSP70 which is so helpful in cirrhosis virtually useless in this
situation. Coston et al. (2008) proposed that GPC3 should be combined with CD34 to help
identify HCCs with no or little GPC3 positivity but complete CD34 labeling of the
vasculature; however, atypical HCAs, too, may show complete CD34-positive pattern.

Liver fatty acid binding protein (LFABP) is a target gene of the liver-specific transcription factor
HNFla (Akiyama et al., 2000); consequently, its expression is practically lost in classical
HCAs that harbor biallelic inactivating mutations of HNFla (Bioulac-Sage et al., 2007b).
LFABP, on the other hand, is produced by normal hepatocytes, and its expression is
retained in both FNH and HCC. Therefore, negative LFABP staining of a tumor against a
background of LEABP-positive liver parenchyma is highly indicative of classical HCA.

4, Conclusion

IHC markers discussed so far are summarized in Table 1 (DNs vs. sHCC) and Table 2
(benign hepatocellular tumors vs. HCC).
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Like in many other situations, biology knows no black and white, but the pathologist must
come up with ‘yes’ or ‘no’. There may be cases, both small nodules and large tumors, that do
not embarrass a liver specialist who spends his whole life with examining hepatocellular
lesions, but may perplex a less trained observer. For the latter, IHC markers, and marker
panels in particular, which are unambiguous to interpret and offer clear guidance, may be
invaluable. Moreover, cumbersome cases always turn up that puzzle even the most
experienced specialist, who must then seek for external confirmation of his intuition.

Labeled Typical pattern
Marker | structure in Non-malignant Sens. / Spec.
HCC nodules Small HCC
wall of no or few unpaired | many unpaired
a-SMA unpaired P y unp ND
. arteries arteries
arteries
ductular reaction
. blood vessel .. . . all blood vessels o o
agrin positive; sinusoids L resected: 87% / 97%
walls - positive
negative
tumor
hepatocytes proliferating endothelium Cano o
ANXA2 and endothelial | hepatocytes positive| also positive resected: 84% / 100%
cells
most sinusoids all blood vessels
CD31/34| endothelium | negative, unpaired ositive ND
arteries positive P
tumor smooth muscle cells tumor cells
CAP2 positive, hepatocytes . ND
hepatocytes . positive
negative
inner / outer missing DR in om0 o .
CK7/19 none ductular reaction | and around the resected: 8306 / 9801)’
- needle: 95% / 90%
(DR) positive nodule
EZH?2 tumor few hep.afcocytes most tul_npr cells needle: 78% / 93%
hepatocytes positive positive
positive staining
tumor restricted to diffuse positive | resected: 70% / 94%;
GS - Iy o N
hepatocytes periportal and staining needle: 59% / 98%
pericentral areas
tumor tumor cells resected: 74-77% / 96%;
GPC3 hepatocytes negative o needle: 71-83% / 94-
hepatocytes positive 100°%
HSP70 tumor b;?t?l;dié d;i)t:lfess tumor cells resected: 78% / 95%;
hepatocytes postiive, aepatocy positive needle: 48% / 94%

ND, not determined

negative

Table 1a. Individual markers for the discrimination of benign vs. malignant nodules in
cirrhosis. See text for abbreviations and references.
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Marker panel Spec./ Sens.
agrin + CD34 resected: 87% / 100%
CHC + FTCD tissue array: 81% / 94%
GPC3 + EZH2 + HSP70 needle: 81% / 100%
GPC3 + GS + HSP70 resected: 72% / 100%; needle: 59% /
100%
GPC3 + GS + HSP70 + CHC needle: 64% / 100%
GPC3 + GS + HSP70 + ANXA2 resected: 74% / 100%
GPC3 + SULT1A1 resected: 79% / ND

ND, not determined

Table 1b. Marker panels for the discrimination of benign vs. malignant nodules in cirrhosis.
See text for abbreviations and references.

Typical pattern
Marker
FNH HCA HCC
. . . . vascular network: no or vascular network:
agrin sinusoids negative . . e
incomplete positivity complete positivity
ANXA2 ND vascular network: focal vascular network:
positivity complete positivity
o . . leocytoplasmi
. no aberrant staining in | nucleocytoplasmic staning nucieocytoplastnie
P-catenin hepatocytes in p-catenin-mutated HCA staning in f-catenin-
mutated HCC
b t arteries i . Sy - .
aberrailt arierles M SCal| ginusoids in arterial inflow | entire vascular network
CD34 positive; some 1 1
sinusoids positive areas positive positive
. ositive in inflammatory .
CRP/SAA t 4 _ ly posit
/ negatve HCA; negative in others rarely positive
GS positive in map-like negati.ve, or positive in diffusely positive
pattern restricted areas only
. . itive in t
GPC3 negative negative posthive i turhor
hepatocytes
negative in HNFla-
LFABP positive mutated HCA; positive in positive
others

Table 2. Markers for the discrimination of benign vs. malignant liver tumors. See text for
abbreviations and references.
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Optimally, an IHC marker of HCC should show an unequivocal and consistent staining
pattern, either positive or negative, throughout the entire malignant lesion, and thus produce a
sharp contrast against the non-malignant background. Also, optimal sampling should cover a
representative area of the lesion, include some surrounding tissue for reference and, of course,
provide high-quality tissue. Although no individual marker meets these strict criteria, and
sampling is not always ideal, combining IHC markers has been shown to increase diagnostic
success rates even in needle core biopsies where both sample size and quality are limiting. The
3-panel marker consisting of GPC3, GS and HSP70 proved to be a powerful tool in the
discrimination of HGDN and early HCC, and extension of the panel with additional markers
such as ANXA2, CHC, or EZH2, has been shown to further improve diagnostic accuracy.
Conventional markers such as CD31/CD34 or biliary cytokeratins, as well as emerging
candidates like agrin or CAP2, may also find application when any doubt remains. Similarly, a
characteristic pattern of IHC markers, some indicating malignant hepatocellular
transformation and others reflecting arterialization of tumor sinusoids, may greatly facilitate
pathologic differentiation of benign hepatocellular tumors vs. HCC.

However, dubious cases will continue to occur, and no degree of certainty can be too much;
hence, the quest for new IHC markers is unlikely to come to an end soon. And, since HGDN
and early HCC, just like atypical HCA and well-differentiated HCC, probably lie along a
continuum of malignant behavior, the ultimate elimination of the word ‘borderline” from
our vocabulary may remain a hope.
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1. Introduction

Hepatocellular carcinoma is one of the most common malignancies worldwide, and its
incidence is growing in association with viral and nonviral chronic liver diseases (Sherman
M, 2010). Hepatocellular carcinoma is a lethal cancer, and improved survival relies on the
detection of early tumors smaller then 2 cm, which are less likely to have dissemination (Di
Tommaso, 2011). The diagnosis of hepatocellular carcinoma is based on a multidisciplinary
approach, including imaging modalities and serum markers, such as alphafetoprotein (Zhou
L 2006). However, such diagnosis still rests on the incontrovertible histological evidence
obtained by CT scan or echo-guided needle biopsy. Radiology is the main technique used to
detect hepatocellular carcinoma in the setting of cirrhosis; the typical imaging shows
hepatocellular carcinoma bigger then 2 cm in more than 90% of cases. When the radiological
features of hepatic liver nodules in cirrhosis are not typical, the American Association for
the Study of Liver Diseases (AASLD) guidelines recommend the use of liver biopsy. The
potential risks of bleeding and seeding due to liver biopsy can be minimized with very thin,
20- to 21-gauge needles, so this invasive technique is recommended now and will be
recommended in the future for approximately 50% of dubious hepatic nodules between 1
and 2 cm in size. Indeed, the cumulative experience of several internationally recognized
hepatology centers (Bolondi L, 2005)(Forner A, 2008)(Sangiovanni A, 2010)(Leoni S, 2010)
has shown that 30% of 1 to 2 cm nodules are not malignant. Recently, Leoni et al. have
reported that the application of international guidelines, even with three imaging
techniques, leads to a false-negative rate of 20% for nodules ultimately shown to be
hepatocellular carcinoma (Leoni S, 2010), whereas Sangiovanni et al. (Sangiovanni A, 2010)
have documented in a single-technique scenario that 55% of patients will need to undergo
biopsy for a final diagnosis. Thus, biopsy has a very crucial role when radiology fails and
pathologists are asked to document malignancies in lesions that are also the most difficult to
ascertain (Sherman M, 2010). Regarding the application of needle biopsy for small liver
nodules, the American Association for the Study of Liver Diseases recommends that biopsy
should be performed for nodules less than 2 cm if their radiologic findings are not
characteristic of hepatocellular arcinoma, whereas biopsy is not needed for lesions showing
characteristic radiologic findings (Bruix J, 2005). This recommendation has been supported
by prospective validation (Forner A, 2008) (Bruix J, 2011). Core liver biopsy is definitely
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superior to fine needle aspiration, because the specimen obtained is suitable for the
assessment of both architectural and cytologic features. Furthermore, the tissue block
obtained provides materials for marker studies. Fine needle aspiration is usually adequate
for the evaluation of large lesions that are likely to be moderately to poorly differentiated,
where diagnostic criteria are easier to evaluate (ICGHN, 2009). An International Working
Party of the World Congresses of Gastroenterology proposed a consensus nomenclature and
diagnostic criteria for hepatocellular nodular lesions (International Working Party, 1995).
The International Working Party classified nodular lesions found in chronic liver disease
into large regenerative nodule, low-grade dysplastic nodule, high-grade dysplastic nodule,
and hepatocellular carcinoma; this nomenclature has been widely adopted. In addition, the
International Working Party introduced the concept of dysplastic focus as a cluster of
hepatocytes with features of early neoplasia (in particular small cell change or iron-free foci
in a siderotic background) measuring less than 0.1 cm, and defined small hepatocellular
carcinoma as a tumor measuring less than 2 cm (International Working Party, 1995). More
recent studies support the division of small hepatocellular carcinoma into two clinico-
pathological groups that have been termed early hepatocellular carcinoma and progressed
hepatocellular carcinoma. Early hepatocellular carcinoma has a longer time to recurrence
and a higher 5-year survival rate compared with progressed hepatocellular carcinoma
(ICGHN, 2009).

2. Morphological features

The histological appearance of hepatocellular carcinoma has been described in detail over
the years and criteria for diagnosis and nomenclature have been clarified (Lopez JB 2005).
Distinct morphological features have been reported and, in the majority of cases,
hepatocellular can be identified by routine haematoxylin-eosin stained sections, that show a
malignant lesion with evidence of hepatocellular differentiation (ICGHN, 2009). The
hepatocellular carcinoma’s cells are variably similar to the normal liver cells, depending on
the degree of differentiation (Ishak KG, 2001). The nuclei are usually hyperchromic and
irregular with prominent nucleoli and a high nuclear/cytoplasmic ratio. The tumor cells
usually have distinct cell membranes and a moderate amount of eosinophilic, finely
granular cytoplasm and may contain a variety of cellular products, mimicking normal and
pathologic liver cell function (Goodman ZD, 2007). The cytoplasm could give a clear cell
appearance due to the presence of cytoplasmic fat and/or glycogen. Cytoplasmic Mallory
bodies and hyaline globules, representing alpha-1-antitrypsin storage, lightly eosinophilic
ground-glass-like cytoplasmic inclusions, due to fibrinogen and other plasma proteins can
be found. Bile pigment may be present in tumor cells or in dilated canaliculi, that can be
easily observed even in hematoxylin eosin stained sections (Goodman ZD, 2007). The cells of
hepatocellular carcinoma generally try to grow in ways that mimic the cell plates of normal
liver, producing well-recognized growth trabecular pattern (Ishak KG, 2001). The
histological picture could remember the early architecture of embryonic and foetal liver (fig.
1), suggesting the hypothesis that carcinogenesis follows liver developing ontogenesis. The
architectural feature show different growth patterns. Most often the tumor grows in a
trabecular pattern with thickened cords of cells separated by vascular sinusoids, mimicking
the cell plates and sinusoids of normal liver; a rapid growth of the tumor cells causes the
plates to become thickened and contorted, producing trabeculae that are surrounded by
endothelial cells. The trabeculae may contain very dilated canaliculi, producing a
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Fig. 1. The architecture of a human embryonic liver at 8 weeks of gestation compared with
the growth patterns of hepatocellular carcinoma.

pseudoglandular pattern, in other fields, trabeculae may grow together, compressing the
sinusoids and forming sheets of tumor cells, producing a solid or compact pattern
(Goodman ZD, 2007). Early hepatocellular carcinoma has a vaguely nodular appearance and
is well differentiated. Progressed hepatocellular carcinoma has a distinctly nodular pattern
and is mostly moderately differentiated, often with evidence of microvascular invasion
(ICGHN, 2009). Small lesions with malignant potential show only subtle differences from
the surrounding parenchyma, making them difficult to assess reproducibly. The
International Working Party criteria of 1995 have led to remarkable progress in global
standardization of nomenclature of liver nodules (International Working Party, 1995).
However, although these criteria have been widely adopted, their application is challenging
in equivocal lesions. Perhaps the most significant problem is that most histologic criteria are
arrayed on a gradual spectrum and cannot be easily summarized as “present or absent”.
Additionally, the number of criteria suggested in the literature are too numerous to achieve
interobserver consensus, and the diagnostic weight carried by each of these criteria is
uncertain. Frequently, criteria used for malignancy in other tissues, such as mitotic activity
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and cellular atypia, are not represented to a significant degree in well differentiated
hepatocellular carcinoma. In addition, the liver lacks a layered structure as seen in the
gastrointestinal tract, it is difficult to determine the presence of destructive growth in early
hepatocellular carcinomas. Despite these difficulties, current histologic criteria for these
nodules clearly yield reliable diagnoses at both ends of the spectrum; most pathologists will
correctly identify nodules up to low grade dysplastic nodule as benign, whereas even small
well differentiated hepatocellular carcioma with distinct nodular pattern or small
moderately differentiated hepatocellular carcinomas will be correctly identified as
malignant. The remaining gray zone includes high grade dysplastic nodule and early
hepatocellular carcinoma. In evaluation of these lesions, the presence of stromal invasion is
a useful criterion of malignancy. Accordingly, pathologists can decide whether the
equivocal tumor is hepatocellular carcinoma or high grade dysplastic nodule by recognizing
the presence or absence of tumor cell invasion into the intratumoral portal tracts. When
obvious stromal invasion is not found in an equivocal tumor, the lesion may be diagnosed
as either high grade dysplastic nodules or early hepatocellular carcinomas without
detectable invasion (ICGHN, 2009). The diagnosis of stromal invasion is subjective and may
require the assistance of histochemical (Victoria Blue or reticulin stains) and
immunohistochemical stains (keratin 7 or 19) for differentiation from pseudoinvasion (Park
YN, 1998). Biopsy diagnosis of equivocal nodules remains a challenge, because minute
biopsy specimens may not contain intratumoral portal tracts, thus precluding the detection
of stromal invasion. Similarly, the detection of unpaired arteries, mitoses, and various
immunohistochemical markers are prone to sampling error (Senes G, 2007). Connective
tissue stroma is typically sparse, and reticulin fibers are absent or reduced, being found only
at the periphery of trabeculae. In contrast to most other malignant epithelial neoplasms,
hepatocellular carcinoma is soft and the lack of a desmoplastic stroma is a helpful diagnostic
clue (Goodman ZD, 2007). A subset of tumors, that has been named fibrolamellar
epatocellular carcinoma, differs from other types of hepatocellular carcinoma in clinical
features and prognosis (Craig JR, 1980)(Soreide O, 1986). Fibrolamellar carcinoma is a
unique type of liver carcinoma that arises in non-cirrhotic livers of young individuals
(Torbenson M, 2007). Its etiology is unknown. Histologically, the tumor is made up of large
polygonal cells characterized by abundant granular eosinophilic cytoplasm, large
vesiculated nuclei, prominent nucleoli and abundant stroma composed of lamellae of
collagen. Lamellar bands of fibrosis are present within the tumor and can be seen in both
primary and metastatic tumors (Ross HM, 2011). Rarely, hepatocellular carcinoma will
produce abundant stroma, producing the scirrhous pattern of hepatocellular carcinoma
(Goodman ZD, 2007).

3. Immunohistochemistry

Immunostains can be used to study hepatocellular carcinoma and to distinguish
hepatocellular carcinoma from other focal lesion or other malignancies, especially
intrahepatic cholangiocarcinoma and metastatic adenocarcinoma (Ishak KG, 2001)(Varma V,
2004). As the cells of hepatocellular cacinoma attempt to mimic normal liver cells, they may
produce any of the cellular products that can be found in hepatocytes both in health and in
disease, and, if present, these are readily demonstrated by immunostaining. Unfortunately,
they are not specific and many of these can also be found in tumors other than
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hepatocellular carcinoma (Goodman ZD, 2007). There are no stains that can absolutely
distinguish well-differentiated hepatocellular carcinoma from hepatic benign lesions, such
as hepatocellular adenoma or dysplastic nodules, and similarly, no single stain can always
distinguish poorly differentiated hepatocellular carcinoma from poorly differentiated
cholangiocarcinoma or metastatic adenocarcinoma. However, selected immunostains, taken
in the context of other morphologic features, can be very helpful in establishing the
diagnosis of hepatocellular carcinoma in difficult cases.

The polyclonal antiserum to carcinoembryonic antigen (pCEA) is useful in demonstrating
bile canaliculi (fig. 2), both in normal liver and in hepatocellular carcinoma, due to the
presence of a CEA-like cross-reactive substance called biliary glycoprotein I (Saad RS,
2004)(Goodman ZD, 2007) (Onofre AS, 2007) (Lau SK, 2002).
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Fig. 2. Immunohistochemistry for pCEA and Hep-Par 1.

HepPar-1 (Hepatocyte Paraffin 1) is a monoclonal antibody that reacts with an epitope of
liver mitochondria, with a typical granular pattern (fig. 2) in most liver specimens (Lugli A,
2004)(Minervini MI, 1997) (Leong AS , 1998) (Zimmerman , 2001). It also sometimes reacts
with other normal or pathological structure, such as renal tubules and intestinal epithelium
as well as with intestinal metaplasia in the stomach and esophagus (Goodman ZD, 2007). It
produces positive staining in the vast majority of cases of hepatocellularr carcinoma (Saad
RS, 2004)(Siddiqui MT, 2002) and only a small percentage of other tumors, including some
cholangiocarcinomas and metastatic adenocarcinomas from the stomach and other sites
(Terracciano LM, 2003), but when used in the context of morphology, clinical setting and
other stains, HepPar-1 is very useful in distinguishing hepatocelluar carcinoma from
other malignancies (Wang L, 2006). The scientific literature reported cases of
hepatocellular carcinoma negative for HepPar-1 (Sugiki T, 2004), probably due to the
uneven distribution of HepPar-1 in hepatocellular carcinoma, as reported by our group
(Senes G, 2007). What's more the degree of positive staining could varies from case to case
(Goodman ZD, 2007): some tumors have a very patchy distribution of positive cells,
which can be easily missed in a small biopsy.

Glypican 3 (GPC3), a cell-surface heparan sulfate proteoglycans that is secreted into the
plasma, is a member of the glypican family of heparinsulfate proteoglycan linked to the cell
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surface through a glycosylphosphatidylinositol anchor (Filmus J, 2001). Glypican 3 has been
suggested to play a negative role in cell proliferation and an apoptosis-inducing role in
specific tissues (Cano-Gauci DF, 1999). The gene is frequently methylated in various tumors
and cell lines, suggesting a tumor-suppressive role in tumorigenesis (Di Tommaso, 2007). It
is also overexpressed in hepatocellular carcinoma (Zhu ZW, 2001). Glypican-3 has recently
become established as a serum and tissue marker for hepatocellular carcinoma, both at
messenger and protein level (Capurro, 2003)(Libbrecht L 2006) (ICGHN, 2009). At the
beginning, by using a home-made antibody, glypican 3 weak and focal staining was
observed in hepatocellular carcinoma precursor lesions and a diffuse staining in the vast
majority of hepatocellular carcinomas (Yamauchi N, 2005). Glypican-3 immunoreactivity
has a reported sensitivity of 77% and specificity of 96% in the diagnosis of small
hepatocellular carcinoma; therefore, glypican-3 positivity is a strong argument for
malignancy but the absence of immunoreactivity does not help in the differential diagnosis
(Libbrecht L 2006)(ICGHN, 2009). The staining pattern is usually cytoplasmic but may be
membranous or canalicular. The monoclonal antibody from Biomosaics (IG12 clone) at a
dilution of 1:50 to 1:100 as amplified with the new short polymer systems (Advance [Dako],
Novolink [Novocastra], and Super-picture + [Zymed]) yields reliable results. Since glypican-
3 staining may be only focal, additional markers or a panel of markers may be necessary.
Glypican-3 staining must be interpreted in context, because it may also be seen in
regenerating hepatocytes in a setting of hepatitis and in melanocytic lesions (ICGHN,
2009). A recent work from our group (Sollai M, 2011) sowed immunoreactivity for
glypican-3 in the fetal human liver, caracterized by a strong immunostaning during the
first month of gestation and by a progressive decrease, ending with a very weak
expression at birth. This work may add new data to the theory of strict similarities
between cell programs utilized during development, silenced at birth, and re-activated by
tumor cells during liver cancerogenesis.

HSP70 (heat shock protein 70) belongs to a class of genes (heat shock proteins) implicated in
tumorigenesis, in the regulation of cell-cycle progression and apoptosis (Garrido C,
2001)(Helmbrecht K, 2000)(ICGHN, 2009). Most hepatocellular carcinomas are associated
with chronic inflammation and fibrosis, acting as stressful conditions that lead to heat shock
protein synthesis. HSP70 is, in particular, a potent antiapoptotic survival factor (ICGHN,
2009); it was reported as the most abundantly up-regulated gene among a set of 12,600
genes in early hepatocellular carcinoma (Chuma et al, 2003). Furthermore, it was
significantly overexpressed in progressed hepatocellular carcinoma as compared with early
hepatocellular carcinoma, and in the latter as compared with precancerous lesions. HSP70
immunoreactivity was recently reported in the majority of hepatocellular carcinomas,
including early and well-differentiated forms, but not in non-malignant nodules (Di
Tommaso L, 2007), thus suggesting its use as a marker of malignancy. HSP70
immunoreactivity (SC-24 clone, dilution 1:250 to 1:500 amplified with short polymer
systems; Santa Cruz Biotechnology, Santa Cruz, CA) is nucleocytoplasmic and mostly focal
with 70% sensitivity for hepatocellular carcinoma detection in surgically resected specimens
(Haussinger D, 1985).

GS (glutamine synteatse) catalyzes the synthesis of glutamine from glutamate and ammonia
in the mammalian liver (Haussinger D, 1985) where it has been shown to be restricted to
hepatocytes surrounding the terminal hepatic venules in the murine and human liver
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(Moorman AF, 1988, 1989). It is known that glutamine, the end product of glutamine
synteatse activity, is the major energy source of tumor cells (Reitzer L], 1979). Based on
findings on experimental hepatocarcinogenesis, GS positive tumor cells are believed to be
derived from GS positive hepatocytes that have been affected by carcinogens. Thus, GS was
suggested as a specific marker for tracing cell lineage relationships during
hepatocarcinogenesis (Gebhardt R, 1999). Most importantly, GS is a target gene of p-catenin
so that its overexpression is associated with mutations of P -catenin or with activation of this
pathway (Christa et al, 1994)(ICGHN, 2009). Then up-regulation of GS mRNA, protein, and
activity has been demonstrated in human hepatocellular carcinoma (Christa et al, 1994).
Interestingly, a stepwise increase in GS immunoreactivity from precancerous lesions to early
and to advanced hepatocellular carcinoma was also reported, proposing for GS a role in the
promotion of the metastatic potential of hepatocellular carcinogenesis (Osada et al, 1999).
The monoclonal antibody from Chemicon International (clone MB302) at a dilution of 1:500
to 1:1000 and amplified with a new short polymer system yields reliable results. In order to
increase its specificity as a marker of malignancy, GS immunostaining should be diffuse and
strong, a pattern that can be seen in 50% of hepatocellular carcinomas, including early forms
(Haussinger D, 1985).

CHC (clathrin heavy chain) is an endothelial marker overexpressed in hepatocellular
carcinoma (Seimiya M, 2008). CHC was chosen because it is an endothelial marker, it works
well as an internal standard for non parenchymal liver cells and, as already suggested in a
surgical series, is overexpressed in the cytoplasm of malignant hepatocytes (Seimiya M,
2008). In contrast, most non malignant hepatocytes were reported to be negative or to have
weak to moderate staining intensity (Seimiya M, 2008).

Alpha-fetoprotein is frequently elevated in the serum of patients with hepatocellular
carcinoma, even when the tumor is negative at immunostaining (Zhou L, 2006)(Wang L
2006). In most published series, it has been found in less than an half of hepatocellular
carcinomas: for that reason, it is less useful for diagnostic purposes (Goodman ZD, 2007)
(Chu PG, 2002) (Onofre AS, 2007) (Lau SK , 2002).

Cytokeratins are sometimes suggested as a means of tumor classification, especially
cytokeratin 7 (Maeda , 1996)(Chu , 2000)(Durnez A et al 2006) and cytokeratin 20 (Chu P,
2000) (Faa G, 1998), but in rare cases the tumor cells display aberrant keratin expression,
suggesting that the staining pattern should be interpreted with caution (Fanni D, 2009).
Cytokeratin 7 can be present in some hepatocelluar carcinomas, as well as cytokeratin 20,
the latter in a minority of case. For that reason, cytokeratin 7 and 20 profiles are not very
useful in the diagnosis of hepatocellular carcinoma (Goodman ZD, 2007). Cytokeratin 8-18
(Porcell , 2000) (Van Eyken P, 1988), cytokeratin 19 (Maeda T, 1996)(Van Eyken P, 1988) as
well as the staining with a pancytokeratin cocktail (AE1/AE3), that usually produces
negative or weak staining, are less frequently used (Goodman ZD, 2007).

CD34 is present and demonstrable in endothelial cells of large blood vessels and most
capillary beds throughout the body, with the exception of normal hepatic sinusoidal
endothelium. The trabeculae of hepatocellular carcinoma are surrounded by endothelial
cells which phenotypically resemble capillary endothelium and are usually positive for
CD34. On the contrary, normal hepatic sinusoidal endothelium and benign hepatocellular
lesions typically have CD34 positive sinusoids only in areas that receive increased arterial
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blood: cirrhotic nodules tend to be positive only around the periphery of regenerative
nodules and focal nodular hyperplasia may show immunoreactivity for CD34 restricted to
the sinusoids bordering fibrous septa (Goodman ZD, 2007). A diffuse, regular CD34
positivity of sinusoids can be helpful in distinguishing a cirrhotic nodule from a well-
differentiated hepatocellular carcinoma. The staining for CD34 in hepatocellular adenomas
is variable: this means that caution should be taken in the interpretation of CD34 reactivity
in well differentiated tumor lesions, because a positive stain does not necessarily indicate
malignancy (Varma V 2004)(Gouysse G, 2004).

CD68 is a transmembrane glycoprotein located within lysosomes and endosomes. Thus,
macrophages as well as other cell types rich in lysosomes/endosomes are CD68-positive
(Ross HM, 2011). The staining pattern of CD68 was explored in the epithelial cells of both
fibrolamellar and typical hepatocellular carcinomas In the romer, CD68 reactivity was found
in the majority of cases, whereas it was absent in classical hepatocellular carcinoma (Ross
HM, 2011).

4. Differential diagnosis

The diagnosis of hepatocellular carcinoma is sometimes very straightforward, not requiring
anything other than hematoxylin eosin stained sections, whereas in most cases it requires the
proper evaluation of several fine histological features, the reticulin framework, and the type of
neo-vascularization. Two types of benign lesions enter into the differential diagnosis of
hepatocellular carcinoma: hepatocellular adenoma in a noncirrhotic liver, and dysplastic
nodules in the setting of cirrhosis (Ishak KG, 2001)(International Working Party, 1995)(Theise
ND, 2002). The most frequent problem is distinguishing poorly differentiated hepatocellular
carcinoma from other malignancies, especially metastases but also from poorly differentiated
cholangiocarcinoma. A large cell carcinoma with eosinophilic cytoplasm, prominent nuclei
and nucleoli may well be hepatocellular but that diagnosis should not be made without
definite evidence of hepatocellular differentiation. Bile, recognizable canaliculi on
haematoxylin-eosin or CEA stain, a positive stain for alphafetoprotein, a granular staining
pattern with HepPar-1, or a trabecular growth pattern allow a diagnosis of hepatocellular
origin of tumor cells with more or less certainty. However, the very rare cases of liver
metastasis from a gastrointestinal adenocarcinoma with hepatoid features should be excluded,
particularly when no other evidence of hepatocellular differentiation is found (Porcell , 2000).
The tumor could be metastatic than primary in the liver, especially in the absence of cirrhosis.
Cholangiocarcinomas and metastatic adenocarcinomas typically have a desmoplastic stroma,
in contrast to hepatocellular carcinoma. A tumor with abundant stroma is almost always an
adenocarcinoma, with the exception of the rare fibrolamellar type and even rarer scirrhous
type of hepatocellular carcinoma (Craig JR, 1980)(Soreide O, 1986). Other metastatic malignant
tumors may also be confused with hepatocellular carcinoma, in particular those characterized
by large tumor cells with abundant cytoplasm, including melanomas (especially amelanotic)
carcinoids, some poorly differentiated neuroendocrine tumors and renal cell carcinomas.

4.1 Hepatocellular carcinoma versus hepatocellular adenoma

Hepatocellular adenoma typically develops in women in the reproductive age group, and is
often associated with oral contraceptive steroid use. Microscopically, they are composed of
benign-looking hepatocytes arranged in sheets and cords without acinar architecture.
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Adenoma cells are usually larger and paler than nontumor hepatocytes of the surrounding
liver, due to increased cytoplasmic glycogen and/or fat. The nuclei of the tumor cells are
typically uniform and regular, the nuclear/cytoplasmic ratio is low, and mitoses are almost
never seen (Tab. 1). A well-developed reticulin framework is usually present in the tumor
(Goodman ZD, 2007). The sinusoids, with flattened endothelial lining cells, are usually
compressed, thus contributing to the sheet-like appearance. Sometimes the sinusoids are
dilated, a finding which can be mistaken for peliosis hepatis. Bile ducts are not found in
hepatocellular adenoma, but ductules and progenitor cells may be present. The presence of
dilated sinusoids and ductules has caused some tumors to be classified as a telangiectatic
variant of focal nodular hyperplasia, but molecular studies have shown these to be a variant
of hepatocellular adenoma (Paradis V, 2004).

4.2 Hepatocellular carcinoma versus dysplastic nodule

Dysplastic nodule is the term used for a benign lesion that can be confused with
hepatocellular carcinoma (International Working Party, 1995)(Theise ND, 2002)(Hytiroglou
P, 2004). These are nodules in a cirrhotic liver that are macroscopically distinct from the
surrounding cirrhotic nodules. They are usually larger than surrounding nodules and may
be detected by imaging studies. They may also differ in colour or texture and may bulge
from the surface of the liver (Goodman ZD, 2007). Distinguishing a well-differentiated
hepatocellular carcinoma from a regenerative nodule or from a dysplastic nodule may be
very difficult, particularly in small needle aspiration or core biopsies (Libbrecht L 2006).
Histological examination is required to distinguish a dysplastic nodule from a small
hepatocellular carcinoma (Tab. 2), and they are further classified as low-grade or high-
grade, based on morphologic features (Goodman ZD, 2007).

Low-grade dysplastic nodules

Low-grade dysplastic nodules are sometimes vaguely nodular but are often distinct from
the surrounding cirrhotic liver because of the presence of peripheral fibrous scar. This is not
a true capsule, but rather condensation of scarring as is seen around all cirrhotic nodules
(ICGHN, 2009). Architectural changes beyond clearly regenerative features are not present;
these lesions do not contain pseudoglands or markedly thickened trabeculae. Unpaired
arteries and portal areas are sometimes present in small numbers (Park YN, 1998). Nodule-
in-nodule lesions are not present. Low-grade dysplastic nodules are composed of liver cells
that are minimally abnormal, showing mild increase in cell density with a monotonous
pattern, and they have no cytologic atypia, though they may have large cell change,
formerly referred to as large cell dysplasia and or atipia (Anthony PP, 1973). The
nuclear/cytoplasmic ratio is normal or slightly increased and there are no mitoses. The large
cell atipia is charcterized by slightly nuclear pleomorfism (aneuploidia), multinucleation,
abundant cytoplasm, mixed with normal hepatocyte. Steatosis may be present and there
may be Mallory bodies (Goodman ZD, 2007). Low-grade dysplastic nodules may have
diffuse siderosis or diffusely increased copper retention (ICGHN, 2009). Iron may be
increased or decreased compared to the surrounding cirrhotic liver (Goodman ZD, 2007).
Among members of the consensus panels ICGHN, 2009 there was no serious difficulty in
differentiating Low-grade dysplastic nodules from early hepatocellular carcinoma. At the
opposite end of the spectrum, distinction between Low-grade dysplastic nodules and
large regenerative nodules was often found to be difficult or impossible. Therefore, there
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is currently consensus that distinction between these two diagnostic categories cannot be
made confidently by morphology alone and remains a task for the future. Fortunately,
this distinction does not appear to have significant practical consequences at present
(ICGHN, 2009).

High-grade dysplastic nodules

High-grade dysplastic nodules may be distinctly or vaguely nodular in the background of
cirrhosis, although they also lack a true capsule, similar to low-grade dysplastic nodules;
however, they are more likely to show a vaguely nodular pattern than low-grade dysplastic
nodules. An high-grade dysplastic nodules is defined as having architectural and/or
cytologic atypia, but the atypia is insufficient for a diagnosis of hepatocellular carcinoma.
These lesions most often show increased cell density, sometimes more than 2 times higher
than the surrounding nontumoral liver, often with an irregular trabecular pattern (ICGHN,
2009). Small cell change, also known as small cell dysplasia or atipia is the most frequently
seen form of cytologic atypia in high-grade dysplastic nodules (Watanabe S, 1983). Small cell
atipia refers to clusters of cells with features that suggest increased cellular proliferation.
Hepatocytes show small or regular size, with hypercromic irregular nuclei, nuclear groove,
anphophilic cytoplasm, nodular pattern, decreased reticolin small cell change. Plates more
than two cells thick, pseudogland formation, cytoplasmic basophilia, higher
nuclear/cytoplasmic ratio, nuclear hyperchromasia or an irregular nuclear contour are the
most suggestive diagnostic elements (Goodman ZD, 2007). These features often confined to
one or more foci within the nodule, giving the appearance ‘nodule-in-nodule’ formation
(Goodman ZD 2007). This form of atypia may also occur in small hepatocellular foci outside
of high-grade dysplastic nodules; the term dysplastic focus (International Working Party,
1995) may be appropriately used for such lesions. Large cell change may or may not be
present in high-grade dysplastic nodules. Unpaired arteries are found in most lesions, but
usually not in great numbers. A nodule-in-nodule appearance is occasionally found in high-
grade dysplastic nodules, and subnodules often have a higher labeling index of proliferating
cell nuclear antigen or Ki-67 than that of high-grade dysplastic nodules parenchyma. When
a nodule with largely high-grade dysplastic features contains a subnodule of hepatocellular
carcinoma, the subnodule of hepatocellular carcinoma is usually well-differentiated with a
well-defined margin. The diagnostic discrepancy between high-grade dysplastic nodules
and early hepatocellular carcinoma was frequent at the first consensus meeting, but it
remarkably improved at the second meeting, due to the recognition of stromal invasion as a
diagnostic criterion for the differentiation of high-grade dysplastic nodules from early
hepatocellular carcinoma (ICGHN, 2009). If areas of questionable invasion are present,
immunostaining for keratins 7 or 19 may be useful; if such stainings demonstrate a ductular
reaction, the focus is considered a pseudoinvasion and does not warrant a diagnosis of
hepatocellular carcinoma (Park YN, 2007). It is generally accepted that high-grade dysplastic
nodule are precursors of hepatocellular carcinoma based on several lines of evidence,
including morphologic features intermediate between low grade nodules and hepatocellular
carcinoma, the presence of foci of hepatocellular carcinoma in otherwise high-grade
dysplastic nodules, and follow-up showing progression to malignancy in a few cases. In
some cases in clinical practice, it may be impossible to distinguish a high-grade dysplastic
nodule from a well differentiated hepatocellular carcinoma, especially in needle biopsies.
The current ability to increase the survival of patients with hepatocellular carcinoma relies
upon the surveillance of cirrhotic patients. Surveillance allows hepatocellular carcinoma
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precursors (dysplastic nodules) and malignant tumors to be recognized at an earlier stage
making cure possible. Radiology plays a major role in hepatocellular carcinoma diagnosis
because hepatocellular carcinoma is characterized by neoarterial vascularisation with a
typical imaging pattern. Current international guidelines have restricted the use of the liver
biopsy to the characterization of hepatocellular nodules which remain diagnostically
equivocal after imaging. Thus pathologists are today facing very challenging and often well
differentiated lesions, leading to difficulties in distinguishing high grade dysplasia and well
differentiated hepatocellular carcinoma. In this scenario novel concepts obtained through
international consensus have been proposed with emphasis on hepatocellular carcinoma of
small size (up to 2 cm) which includes 2 distinct types, the early and progressed hepatocellular
carcinoma (Roncalli M, 2011). High nuclear/cytoplasmic ratio of tumor cells is the most
reliable sign of malignancy, even when the nuclei are not atypical, and this feathures, in
combination with trabecular or pseudoglandular growth patterns distinguishes well-
differentiated hepatocellular carcinoma from benign hepatocellular lesions (Goodman ZD,
2007). One of the main features used in this distinction is stromal invasion, which is usually
not present in needle biopsy material (Park YN, 2007). Sampling errors in the biopsies may
significantly influence the final diagnosis. It is indeed these small and limited tissue samples
that pathologists rely upon, to make real diagnoses. The differential diagnosis of small, well-
differentiated hepatocellular nodules mainly rests on fine histological criteria which can be
difficult to adequately evaluate on tiny samples (Goodman ZD, 2007).

Early or small well-differentiated hepatocellular carcinoma

Early hepatocellular are vaguely nodular and are characterized by various combinations
of the following major histologic features (Hytiroglou P, 2004)(Kojiro M, 2006)(Hytiroglou
P, 2007):

1. increased cell density more than 2 times that of the surrounding tissue, with an
increased nuclear/cytoplasm ratio and irregular thin-trabecular pattern;

varying numbers of portal tracts within the nodule (intratumoral portal tracts);
pseudoglandular pattern;

diffuse fatty change; and

varying numbers of unpaired arteries.
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Among these features, diffuse fatty change is observed in approximately 40% of cases
(Kutami R, 2000). The characteristic features of early hepatocellular carcinoma are
sometimes seen in larger tumors. Including well-differentiated tumors that measure over 2
cm and thus do not qualify for the designation of small hepatocellular carcinoma set forth
by the IWP. The prevalence of fatty change decreases along with increasing tumor size;
therefore, fatty change is uncommon in tumors larger than 3 cm. Fatty change is also
uncommon in moderately differentiated hepatocellular carcinomas. Any of the features
listed above may be diffuse throughout the lesion or may be restricted to an expansile
subnodule (nodule-in-nodule). Most importantly, because all of these features may also be
found in high dysplastic nodules, it is important to note that stromal invasion remains
most helpful in differentiating early hepatocellular carcinoma from high dysplastic
nodules (ICGHN, 2009).

Pathologists today are asked to provide timely and conclusive diagnostic reports for the
management and therapy of radiologically equivocal hepatocellular nodules found in small
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biopsy samples. Although the traditional hematoxylin-eosin-based morphology remains the
milestone, integration with biological information is required to make biopsy interpretation
more objective and reproducible. To support the morphological criteria, additional and
more objective criteria of malignancy, such as stromal invasion and the composite
expression of a number of tissue biomarkers (translated to clinical practice from expression
studies of human hepatocarcinogenesis (Chuma M, 2007)(Paradis V, 2003)(Nam SW,
2005)(Llovet JM, 2006)(Wurmbach E, 2007)(Di Tommaso L, 2007), have been proposed. Some
have already been validated, as recently emphasized by Roskams and Kojiro (Roskams T,
2010), and their use in clinical practice has been suggested in the recent update of the
AASLD practice guidelines (Bruix ], 2011). Indeed, the use of these tools can make
pathologists, even those not specialized in liver pathology and in the diagnosis of liver
tumor, more confident in the fine diagnostics of this challenging field. This is particularly
true for small hepatocellular carcinoma, which is the most curable form and is particularly
difficult to recognize with imaging. Non invasive imaging techniques were successful in 1-
to 2 cm hepatocellular carcinoma detection in patients with cirrhosis in only 33% of cases
(Forner A, 2008). In these cases the application of a panel of putative markers, such as
glypican3, HSP70 and GS was thought to help to address the diagnostic challenge (Di
Tommasi 2007). Hepatocelluar carcinoma is supported by the immunoreactivity of at least 2
markers while lack of immunoreactivity does not conclusively rule out malignancy. When
morphological features suggest a non-malignant nodule an immunonegative profile is
expected. In these cases, the staining of 2 markers should prompt reconsideration of the
diagnosis. The panel may also be useful in clinically obvious but tangentially or minimally
sampled tumors. It should be noted that in this setting the sparse peripheral neoplastic cells
that might have been insufficient for a conclusive diagnosis of malignancy on hematoxylin
eosin can easily be highlighted by the panel (Di Tommasi, 2009). The endothelial marker
clathrin heavy chain (CHC) has been recently suggested to be diagnostically useful as well,
particularly in combination with GPC3 (Seimiya M, 2008); its value was initially tested in
surgical specimens (Seimiya M, 2008), and really also in liver biopsy samples (Di Tommasi
2011). A homogeneous series of small hepatocellular carcinoma no more then 2 cm in
diameter and, for comparison, non small hepatocellular carcinomas sampled by a fine-
needle approach (20-21 gauge) were immunostained for CHC with the aim of determining
whether the addition of a novel marker (CHC) to the previously validated panel could
increase the panel’s diagnostic accuracy in the detection of small hepatocellular carcinoma
(Di Tommasi 2011). The performance of the 4 markers’ panel was superior to the
performance of the same panel without CHC (the 3 markers” panel). With staining at least
two markers, the accuracy was 97% and 84.3% in non small and small hepatocellular
carcinomas, respectively, superior to the accuracy of the panel without the addition of CHC
(86% and 76.9%, respectively). For small hepatocellular carcinomas, the addition of CHC to
the panel consistently increased the sensitivity from 46.8% to 63.8%. Interestingly enough,
for non small hepatocellular carcinomas, in cases in which the liver nodule was sampled
with a 20 to 21 gauge needle, the accuracy of the novel panel (97%) was higher than the the
previously reported (78.4%) with a 3M panel in an analogous hepatocellular carcinoma
series sampled with 16- to 18-gauge needles. This means that the addition of CHC not only
counterbalances the putative loss of sensitivity of thinner core materials but also increases
the diagnostic accuracy. Although the use of a 4 markers’ panel is more elaborate and time-
consuming for pathologists, the unitary cost of an additional immunoreaction to the panel is
much less expensive than confirmatory additional imaging (Sangiovanni A, 2010) or repeat
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liver biopsies. When hepatocellular carcinoma series were dissected into subpopulations
according not only to size but also to grading (G1 versus G2/G3), the panel accuracy
remained excellent and greater than 90% for G2/G3 hepatocellular carcinomas, regardless of
the size. This datum confirms that the performance of the 4 markers’ panel is optimal when
tumor differentiation is compromised; in other words, the individual markers of the panel
cooperatively stain hepatocellular carcinomas that have progressed. Unfortunately, these
are cases for which the pathological diagnosis can be rendered on morphological grounds
without the use of staining beyond hematoxylin eosin. Interestingly, although the tumor
size was not an issue in G2/G3 hepatocellular carcinomas, it was a major issue in well-
differentiated (G1) hepatocellular carcinomas. Indeed, in this hepatocellular carcinoma
group, which is the most difficult to evaluate in routine clinical practice, the accuracy of the
panel was still excellent in non small G1 hepatocellular carcinomas (93.9%) but dropped to
67.4% in small G1 hepatocellular carcinomas. In the latter, the sensitivity for hepatocellular
carcinoma detection was 50%, with 100% specificity, and the performance of the 4 markers’
panel was much better than that of the 3 markers’ panel. In addition, we noticed that a
consistent fraction of these tumors showed negative staining (6/30, 20%) or one marker only
(9/30, 30%). The most likely (though speculative) explanation for these conflicting results is
that G1 hepatocellular carcinomas greater than 2 cm and G1 hepatocellular carcinomas
smaller than 2 cm are not the same disease. An international agreement between Eastern
and Western pathologists has recently been obtained for a new hepatocellular carcinoma
entity: very well-differentiated, no more then 2 cm, hepatocellular carcinoma (which is also
called very early hepatocellular carcinoma) (International Consensus Group for
Hepatocellular Neoplasia, 2009). This is the earliest described and well-differentiated form
of hepatocellular carcinoma and is likely the morphological link between high grade
dysplastic nodule and hepatocellular carcinoma that has progressed. Very early
hepatocellular carcinoma type is very difficult to recognize on imaging because of the
immature vascular supply. A consistent fraction of the small G1 hepatocellular carcinoma
cases likely belong to this very early type. The phenotypic profile of these cases is clearly
distinct from that of other hepatocellular carcinomas of the present series, and this provides
indirect proof of an earlier disease. Indeed, the small G1 hepatocellular carcinomas were less
likely to be stained with the combination of the panel markers, their profile being
intermediate between dysplasia (usually not staining) and hepatocellular carcinoma that has
progressed (mostly staining). It is, therefore, reasonable to assume that when an
hepatocellular carcinoma is just born, its phenotypic profile is not yet settled (e.g., the
vascular support), and these markers are individually and progressively acquired and
detectable. The most represented marker in small G1 hepatocellular carcinomas seemed to
be CHC (58.8%), followed by GS (41.2%), HSP70 (17.6%), and GPC3 (11.8%). This means that
in small G1 hepatocellular carcinomas, CHC is the most overexpressed marker. Thus, its
evaluation, particularly in tumor core biopsy samples, is important, needs attention, and
requires preliminary individual training. In particular, as for all the other markers under
study, its staining should decorate putative malignant hepatocytes, and should appear as
antigen overexpression in comparison with surrounding, adjacent nonneoplastic
parenchymal cells. The prospective evaluation of nodules that remain diagnostically
uncertain after biopsy could be very valuable for assessing the diagnostic strength of the
present panel. Clearly, the search for additional and early markers has just started and is far
less than completed. In conclusion, in core biopsy specimens of hepatocellular carcinomas
sampled with a 20-to 21-gauge needle, the addition of CHC to a panel composed of GPC3,
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HSP70, and GS increases the overall diagnostic accuracy in both small hepatocellular
carcinomas (from 76.9% to 84.3%) and nonsmall hepatocellular carcinomas (from 86% to 97%),
and there is an important gain in sensitivity in the detection of small hepatocellular carcinomas
(from 46.8% to 63.8%). Absolute specificity was obtained only when two of the four markers
were positive (regardless of which ones). Accuracy for hepatocellular carcinoma detection was
not affected by the tumor size in G2/G3 hepatocellular carcinomas (>90%). In G1
hepatocellular carcinomas, tumor size played a major role in discriminating cases, with higher
accuracy for nonsmall hepatocellular carcinomas (93.9%) and lower accuracy for small
hepatocellular carcinomas (67.4%); likewise, the sensitivity was 88.2% for nonsmall
hepatocellular carcinomas and 50% for small hepatocellular carcinomas. This results suggest
that small G1 hepatocellular carcinomas include early tumors characterized by a relatively
silent phenotype and the progressive acquisition of the markers is under study. The use of the
present panel of markers supports the recognition of both small and nonsmall HCCs in the
diagnostic pathology of challenging cases sampled by core biopsy (Di Tommasi 2011).

The combination of more than one putative marker of malignancy raises the overall
accuracy. Glypican 3, HSP70 and GS have been found to be valuable in the differential
diagnosis of hepatocellular carcinoma. A 3 markers’ panel composed by HSP70, GPC3, and
GS was demonstrated to be very useful in distinguishing between dysplastic and early
malignant hepatocellular nodules arising in cirrhosis (Di Tommaso, 2007, 2009). When
applying a panel of these three markers (GPC3, HSP70, and GS) to resected small lesions,
the finding of any two positive markers had a sensitivity of 72% and a specificity of 100% to
detect malignancy (Di Tommaso 2007, 2009). The diagnostic accuracy of this 3 markers’
panel in liver biopsies of hepatocellular nodules has not been yet tested (ICGHN, 2009).

Immunohistochemistry should not be use as a diagnostic tool without consideration for
morphology; on the contrary, it should always be carefully considered and dictated by
morphology, and should serve as an ancillary tool to support a diagnostic conclusion.
Hepatocellular carcinoma is often characterized by marked morphological and phonotypical
intratumoral variability. Senes et al (2006) observed a striking variability in the degree of
differentiation of the tumor cells among the 17 different sub-nodules detected in a case of
hepatocellular carcinoma. Moreover, even the expression of the immunohistochemical
markers utilized in this study varied greatly among different tumor regions (Senes et al
2006). As a consequence, in the case that, before the surgical resection, a needle biopsy had
been performed, it was hypothesized that the interpretation of the bioptic core could have
lead to different diagnoses, depending on the different tumor region sampled. This case
underlines a previously unreported major role for sampling variability in the interpretation
of needle biopsies and the possibility that, in clinical practice, when a very small fragment of
the liver tumor is obtained by an ultrasound guided biopsy, immunoreactivity of the
observed tumor cells could not sorely represent the distribution of tumor markers in the
whole neoplasm, leading to sampling variability related diagnostic mistakes, not only for
defining tumor grading but even in the differential diagnosis between primary and
secondary liver tumor.

4.3 Hepatocarcinoma versus other malignant neoplasia

The differential diagnosis between hepatocellular carcinoma, cholangiocarcinoma and
metastatic colorectal adenocarcinoma may be difficult when only based on morphology
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(Terracciano , 2003). In fact, a subset of extrahepatic adenocarcinomas of different origin
may show a solid “hepatoid” pattern virtually indistinguishable from hepatocellular
carcinoma (Porcell , 2000). Similarly, metastases to the liver from various hepatoid variants
of extra-hepatic neoplasms and other primary hepatic tumors, such as cholangiocarcinoma,
may be mistaken for hepatocellular carcinoma (Varma V and Cohen C 2004). On the other
hand, undifferentiated hepatocellular carcinoma may mimic poorly differentiated tumors of
different origin, while its tubular and adenoid variants may be indistinguishable from
cholangiocarcinoma or from metastatic colorectal adenocarcinoma. Furthermore, some of
the unusual morphologic variants, including clear-cell, pleomorphic, and sarcomatoid
variants, may be mistaken for metastases. The current literature shows that difficulties in
histological typing of liver tumors, particularly in the differential diagnosis between
hepatocellular carcinoma and cholangiocarcioma and metastases can be minimized by using
immunohistochemistry (Varma V and Cohen C 2004)(Ma CK et al 1993). For that reason, in
these cases, immunohistochemical analyses are often required (Stroescu , 2006). The panel of
antibodies utilized to solve this differential diagnosis includes (tab. 2): cytokeratin 8-18
(Porcell , 2000)(Van Eyken P, 1988) Hep-Parl (Leong AS , 1998) (Zimmerman , 2001) (Lugli
A, 2004)(Minervini MI, 1997), glypican 3 (Yamauchi , 2005) (Libbrecht L 2006) (Zhu ZW et al
2001) (Capurro M et al 2003), cytokeratin 7 (Maeda , 1996) (Chu , 2000) (Durnez A et al 2006),
cytokeratin 20 (Chu P, 2000)(Faa G , 1998), cytokeratin 19 (Maeda T, 1996)(Van Eyken P,
1988), CEA (Saad RS, 2004)(Goodman ZD, 2007) (Onofre AS , 2007) (Lau SK , 2002) and
Alpha-fetoprotein (Onofre AS, 2007) (Lau SK , 2002) (Zhou L, 2006)(Wang L 2006). Among
the numerous diagnostic immunohistochemical markers studied, alphafetoprotein (Wang L
2006), cytokeratin 7 (Durnez A et al 2006), cytokeratin 20 (Chu P et al 2000), cytokeratin 19
(Van Eyken P et al 1988), Hep-Par-1 (Zimmerman RL et al 2001)(Siddiqui MT et al 2002) and
glypican 3 (Libbrecht L 2006) (Zhu ZW et al 2001) (Capurro M et al 2003) have been found
to be the most valuable in the differential diagnosis between hepatocellular carcinoma and
metastatic tumors. Immunoreactivity of tumour cells for cytokeratin 8-18, Hep-Par 1 and
glypican 3 is considered suggestive of hepatocellular carcinoma; a diffuse immunoreactivity
for cytokeratin 7 and cytokeratin 19 favours the diagnosis of cholangiocarcinoma; diffuse
positivity for cytokeratin 20 and negativity for cytokeratin 7 are normally associated with
metastatic colorectal adenocarcinoma. The sensitivity and specificity of the monoclonal
antibody Hep-Par-1 for hepatocellular carcinoma are considered very high; as a
consequence, the usefulness of this marker in the differential diagnosis of hepatic tumors
is widely accepted (Chu PG et al 2002)(Saad RS et al 2004), although it stains normal
hepatocytes as well. Moreover, expression profiling of primary hepatic tumors has
demonstrated that glypican 3, a membrane-anchored heparan sulphate proteoglycan, is
markedly expressed in hepatocellular carcinoma, particularly in well differentiated cases
(Yamauchi N et al 2005). In spite of the availability of such armamentarium, daily
experience shows that diagnostic mistakes can occur more frequently than generally
expected. Indeed, some cases of hepatocellular carcinoma have been reported do not show
immunoreactivity for Hep Parl (Sugiki T et al 2004), nor for glypican 3 (Zhu ZW et al
2001). We reported a case of hepatocellular carcinoma with a peculiar
immunohistochemical profile, characterized by the association of the typical
immunoreactivity of hepatocellular carcinoma with a diffuse and strong positivity for
cytokeratin 20 (Fanni D, 2009), generally considered typical of metastatic colorectal
adenocarcinoma. The reason for this heterogeneity in immunoreactivity of hepatocellular
carcinomas could be related to multiple factors: different etiology, variable degree of
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differentiation, size of the bioptic core and sampling variability (Maharaj B et al 1998).
The differential diagnosis of these lesions is often difficult, especially because of the scant
material obtained by needle biopsy (Zhu ZW et al 2001).

5. Fibrolamellar carcinoma

Despite the distinctive clinical and histological features of fibrolamellar carcinoma, this
entity can be a diagnostic challenge, because of lack of consistency of the diagnosis of
fibrolamellar carcinomas due by pathologists (Ross HM, 2011). Even among experts, weak
reproducibility was seen in the histological diagnosis of primary liver tumors with fibrous
stroma in non-cirrhotic patients and a consensus diagnosis was achieved in only 32% of the
cases (Malouf G, 2009). A large difference is seen in the average age of diagnosis for cases of
fibrolamellar carcinoma published in the peer reviewed literature versus cases diagnosed in
the SEER database, a difference most likely explained by inconsistencies in making the
diagnosis of fibrolamellar carcinoma (El-Serag HB, 2004). Histologically, a common
diagnostic pitfall is the overinterpretation of intratumoral fibrosis as being diagnostic of
fibrolamellar carcinoma. In addition, another common reason for misdiagnosis is a
misperception that most cases of primary liver carcinoma in children and young adults are
fibrolamellar carcinomas, leading to overdiagnosis of fibrolamellar carcinoma in this age
group, especially with tumors arising in livers without underlying disease (Ross HM, 2011).
To improve the reproducibility of the histological diagnosis, over the past several years
immunohistochemical stains that may be of assistance have been searched. The role for
immunohistochemical markers as an aide in the diagnosis of fibrolamellar carcinomas has
been previously explored but sought for additional markers among the currently used panel
of antibodies available in most hospital laboratories (Vivekanandan P, 2004)(Klein WM,
2005). Fibrolamellar carcinomas show routinely strong immunoreactivity for CK7, while
only about one third of typical hepatocellular carcinomas are CK7-positive (Klein WM,
2005)(Abdul-Al HM, 2010)(Ward SC, 2010). Further analysis of previously reported gene
expression studies showed a modest increase in the expression of CD68 (Kannangai R,
2007). The immunohistochemical profile of fibrolamellar carcinomas was further extended
to include CD68 staining, because of the routine availability of CD68 in most hospital
laboratories: this approach can be helpful in routine surgical practice. CD68 staining among
cases from four different institutions have been shown that metastatic tumors do not lose
their CD68 positivity (Ross HM, 2011). A distinctive pattern of immunostaining for CD68 in
fibrolamellar carcinomas was demonstrated. Nearly all cases showed a granular, stippled
pattern, or a dot-like pattern of positivity. This staining pattern is highly sensitive for
fibrolamellar carcinoma, but is not specific. In terms of its possible role in routine clinical use,
given its high negative predictive value, a diagnosis of fibrolamellar carcinoma in a primary
liver carcinoma that is CD68 negative should be strongly re-considered to ensure that
fibrolamellar carcinoma is the appropriate diagnosis (Ross HM, 2011). In addition to the
fibrolamellar carcinomas, this distinctive pattern was also seen in a minority of conventional
hepatocellular carcinoma in both of hepatocellular carcinomas arising in cirrhotic and non-
cirrhotic livers. Although not statistically significant, a larger percentage of conventional
hepatocellular carcinomas that arose in non-cirrhotic livers showed CD68 staining. Whether
this represents dysregulation of similar biological pathways is unclear. Also of note, CD68
positivity was seen adjacent to necrosis and CD68 staining in this context should be
interpreted cautiously. Another point that bears emphasis is that none of the cases in the



The Histomorphological and Immunohistochemical Diagnosis of Hepatocellular Carcinoma 81

control groups that were CD68 positive had the typical histological features of fibrolamellar
carcinoma. Thus, combining the histological findings with CD68 would likely increase the
specificity of CD68 staining for fibrolamellar carcinoma. The reproducibility of the
histological diagnosis of fibrolamellar carcinoma can be substantially improved by careful
attention to the full pattern of histological features, including large polygonal tumor cells
with abundant eosinophilic cytoplasm, large vesiculated nuclei, large nucleoli, and lamellar
fibrosis (Torbenson M, 2007). Moreover, most cases should be CK7 positive (Klein WM,
2005)(Abdul-Al HM, 2010)(Ward SC, 2010) as well as CD68 positive (Ross HM, 2011). In the
absence of CK7 and/or CD68 positivity, a diagnosis of fibrolamellar carcinoma should be
carefully re-considered. These findings also extend our understanding of the biology of

Morphologica | Hepatocellular Hepatocellular | Low grade High grade
1 feature carcinoma adenoma dysplastic dysplastic
nodule nodule
Cirrhosis 80% Absent 100% 100%
background
Portal space | Variable Absent Present Present
Bile duct Variable Absent Present Present
Isolated thick | Present Present Rare Rare
wall arteries
Tick trabecular, Sheet-like Regenerative | Irregular
Architecture | pseudo-glandular or feature trabecular
solid pattern pattern
Nodularity Present Not specific Absent Nodule in
nodule
Reticolin Absent Present Present Increased and
irregular
Cytological Present Focal Absent Present
atipia
N/C, nuclear | Variable Focal Large cell Small cell
pleomorphis dysplasia dysplasia
m
Nucleoli Present Absent Absent Absent or small
Steatosis Present Present Absent Absent
Mitoses Rare Absent Absent Absent
Stromal and | Present Absent Absent Absent
vascular
invasion
Ductular Variable Absent Present Present
reaction (Ck7
e Ck19)
CD34 Diffuse Variable Variable Variable
Ki67 High Low Low Variable

Table 1. The morphological features that differentiate the hepatocellular carcinoma from
hepatocellular adenoma and from dysplastic nodules.
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fibrolamellar carcinomas. Their oncocytic appearance has typically been attributed to
cytoplasmic swelling by numerous packed mitochondria, as seen in electron microscopy
studies. The CD68 positivity indicates that fibrolamellar carcinomas also have increased
lysosomal or endosomal accumulations in their cytoplasm, which may suggest that
abnormalities in endosomal/lysosomal trafficking are characteristic of fibrolamellar
carcinomas. Overexpression of CD68 protein occurs at the level of both mRNA and protein
(Ross HM, 2010). Of note, one previous study examined a case of fibrolamellar carcinoma
and found it to be CD68-positive when using clone KP1 but not clone PG-M1 (Kaiserling E,
1995). They also reported that fibrolamellar carcinoma was weakly positive for Ki-M1P and
3A5, and negative for an anti-lysozyme antibody (Kaiserling E, 1995). These authors also
reported that the non-neoplastic liver in a case of biliary atresia was CD68 positive (using
clone KP1) and that, based on electron microscopy, immunoreactivity correlated with
lysosome-like granules as well as electron dense structures representing probably bile
components. Thus, some caution is likely warranted when staining a tumor rich in
cytoplasmic bilirubin for CD68, as the bilirubin may be stored in lysosomes within tumor
cells. In sum, CD68 immunostaining is a sensitive marker for fibrolamellar carcinoma that
may be of use in routine diagnostic surgical pathology. In addition, it may be of use in
research studies by helping properly classify cases of fibrolamellar carcinoma. This is of
importance because it can help ensure a uniform biological entity, being investigated by
different groups, as the incorporation of non-fibrolamellar carcinoma cases in such studies is
unlikely to improve our understanding of the biology of this disease.

Immunohistochemical | Hepatocellular Cholangiocarcinoma Metastatic
markers carcinoma colorectal
adenocarcinoma

Alpha-fetoprotein
pCEA

Hep-Parl
Glypican 3
Cytokeratin 8-18
Cytokeratin 7 - + -
Cytokeratin 19 - + -
Cytokeratin 20 - -+ +

|+ |+ +]+
1
1

Table 2. The panel of immunohistochemistry that helps to solve the differential diagnosis
between the hepatocellular carcinoma from other malignant neoplasms
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1. Introduction

Gadolinium ethoxybenzyl diethylenetriamineoentacetic acid (gadoxetic acid disodium, or
Gd-EOB-DTPA, Primovist, BayerSchering, Germany) is a liver cell specific contrast agent,
with which dynamic phase images can be obtained to assess arterial blood supply or arterial
flow to the liver tumors, in addition to hepatobiliary phase (HBP) images that yields high
accuracy in the detection of liver lesions [1-3]. In other words, Gd-EOB-DTPA behaves as
non-specific extracellular contrast agent in the early dynamic phase, and as a tissue-specific
contrast agent in later phases. Evaluation of vascularity helps in part differentiate various
liver lesions, applying our previous experience of Gd-based extracellular contrast medium
[4-6]. It is sometimes difficult, however, to make differentiation only from findings of Gd-
EOB-DTPA-enhanced MR (EOB-MR) images, because of insufficient arterial enhancement
due to small dose of Gd-EOB-DTPA used (25 ¢ mol/kg), and lack of “equilibrium phase
images” in the conventional sense of the word [1].

On HBP images, because most of the liver lesions, except for some hepatocellular lesions,
uptake little Gd-EOB-DTPA, they are uniformly considered to present as hypointense areas
in contrast to the well-enhanced normal surrounding liver parenchyma [1-6]. However, it
has already been reported that most of the liver tumors do enhance on the HBP images
[1,5,6] possibly through several different mechanisms. Both liver metastasis and
hepatocellular carcinoma (HCC) exhibit 20-30% higher signal intensity on HBP as compared
to precontrast images [1,6]; the presumed mechanism for the former is contrast
accumulation in the abundant fibrous interstitium or stroma, by similar mechanism as that
of conventional extracellular Gd-based contrast medium [7], and that for the latter is either
cellular uptake of Gd-EOB-DTPA by the neoplastic cells or interstitial accumulation, or both.
Focal nodular hyperplasia (FNH) is well known to show 150% higher signal [1,6] because of
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the characteristic cellular uptake of Gd-EOB-DTPA by the tumor. Hemangioma becomes
50% higher in signal on HBP [1,6] possibly due to contrast retension in the blood pool in the
sinusoidal space in the tumor.

We therefore hypothesized that patterns of signal intensity on HBP images, when assessed
in detail, may vary according to the types of liver masses and also that it may be of some
help in the characterization of each entity. Thus, we conducted this study to elucidate
whether qualitative assessment of signal intensity on HBP of Gd-EOB-DTPA-enhanced MR
(EOB-MR) is useful in differential diagnosis of liver masses, in addition to the assessment of
patterns of blood supply on the dynamic phase images.

2. Materials and methods
2.1 Patients

Between June 2008 and November 2008, 65 patients underwent Gd-EOB-DTPA enhanced
MR in our institute. Medical charts and radiological images, including MR and CT images,
were retrospectively reviewed, and liver lesions were recruited according to the inclusion
criteria as shown below. Our institutional review board approved this study without
requiring specific informed consent for this study because of its retrospective nature.

Inclusion criteria of the lesions are as follows: 1) image quality is not degraded due to any
artifacts, 2) confirmation of the etiology of the lesions is obtained either pathologically or
clinicoradiologically. Exclusion criteria were: 1) poor image quality due to artifacts, such as
motion, respiratoy, or susceptibility artifacts (lesions visualized in the edge slices of the
imaging slab where considerable signal drop was noted were also excluded) 2) lack of final
confirmation according to our definition as shown below. Clinicoradiological criteria of the
liver masses were as follows: hypovascular hepatocellular nodules (groupl) were defined as
those nodules which were detected on ultrasonography (US) in patients with hepatitis or
cirrhosis, and showed no hypervascularity on dynamic MDCT which were obtained within
four weeks from EOB-MR, or on dynamic phase of EOB-MR. Hypervascular hepatocellular
carcinoma (HCC) (group 2) were defined as lesions which exhibited typical early
enhancement and subsequent washout (lower density than the surrounding hepatic tissue
on portal venous or equilibrium phase images) [8] on MDCT in patients with hepatitis or
cirrhosis, or those which accumulated lipiodol after transcatheter treatment in patients who
had previously had pathologically proven HCC. Hemangiomas (groups 3) were defined as
those for which conventional MR or dynamic CT had shown typical findings [8,9], and
remained unchanged over one year. Metastases (group 4) were defined as those nodules
which progressed on the follow-up imaging studies including CT/US in patients with
pathologically proven primary malignancies. FNH (group 5) were defined as those nodules
which strongly enhances on the arterial phase and becomes similar density on the
equilibrium phase images of MDCT, and also associated with at least partial uptake of
superparamagnetic ironoxide (SPIO) confirmed on T2- or T2*-weighted MR images [8].

2.2 MR and CT technique

MR examination was performed in a 1.5 T clinical unit (Achieva Nova Dual, Philips Medical
Sytems, Netherland). T1-weighted chemical-shift gradient-echo images (CSI) were initially
obtained under breath-holding using the following parameters; repetition time (TR) 165
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msec, eho-time (TE) 2.3 and 4.6 msec, flip angle (FA) 75 degrees, 256 matrix and slice
thickness/gap=7-8/1 mm. Then dynamic scan was performed using three-dimensional (3D)
T1-weighted field-echo images with fat suppression (T1-high resolution isotropic volumetric
excitation: THRIVE) (TR/TE/FA=4.7 msec/2.3 msec/15 degrees, 4 mm thickness with gap -
2 mm, 224 matrix) and test injection method. First, the injection rate was determined
according to each patient as the whole amount of contrast (0.025mmol/kg) was injected at 3
sec (fixed injection time), and additional 0.5 mL Gd-EOB-DTPA was injected at that rate for
test injection, followed by an injection of 20 mL saline. Single-level, sequential, axial, turbo
filed-echo (repetition time/echo time = 13.4/1.47, 60° flip angle) were performed every 1
second for 60 seconds at the level of the center of the aorta at the level of celiac artery using
as large a region of interest as possible. A time-signal intensity curve was generated using
the software package on the MR imaging system. The time delay from the commencement
of the test injection to the arrival of Gd at the abdominal aorta was recorded as arrival time
of the aorta (Tao). According to the previous literature [10,11] and to our personal
experience, the optimal arterial dominant phase (T) was roughly calculated using the
following formula: T = Tao + 9 - 1/2 (acquisition time). Dynamic MR scanning was
performed with THRIVE before and at T, T + 30, 90, and 240 seconds after the beginning of
bolus administration of Gd-EOB-DTPA.

Subsequently, two types of T2-weighted images are obtained. First, tubo-spin-echo sequence
with breath-holding (TR/TE/echo-train=10000/120/59, slice thickness/gap=7-8/1 mm) and
then, 3D T2-weighted imaging with fat saturation (VISTA; TR/ TE/echo-train=2000/99/79)
was performed with respiratory navigation; slice thickness and gap=3 and -1.5mm, scan
time approximately 8 min). Then, diffusion-weighted images were obtained with
TR/TE/FA=1500/72/90 degree, b factors 0 and 1000, 3NEX, and respiratory navigation. In
15 minutes, hepatocellular phase images were obtained with THRIVE in the axial and
coronal direction, the same sequence as one used for the dynamic study.

CT was obtained with a 64-row multidetector CT (Aquilion 64, Toshiba, Tokyo, Japan) with
the following parameters; 120kVp, auto-mAs, 0.5 mmx64, pitch 53, reconstruction 2 mm
thickness. After unenhanced scanning of the upper abdomen, 600 mgl/kg iodinated contrast
medium (lopamiron 370, Bayer-Schering, Germany) was injected in 30 sec via superficial
venous branches of the upper extremities, and arterial dominant phase (40 sec delay or
delay determined by bolus tracking method), portal phase (70 sec delay), and equilibrium
phase (240 sec delay) imaged were obtained.

2.3 Assessment

Signal intensity of the liver lesion on HBP was qualitatively graded into five categories
using surrounding non-tumorous liver parenchyma and the inferior vena cava (IVC) as
reference tissue; H (higher than the surrounding liver), I (similar to the liver), L1 (lower
than the liver, and higher than IVC), L2 (similar to IVC), and L3 (lower than IVC). Visual
comparison of the mass to IVC was made primarily within the same slice as the target
mass is located, but when IVC is too small in size and hard to evaluate its signal intensity
at visual inspection, the adjacent slices available were referred to. Two radiologists (SK,
KY) interpreted the axial HBP images of 54 patients, and disagreement was resolve by
consensus. Signal pattern was compared between the groups using ANOVA with post-
hoc test.
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In the early stages of multistep hepatocarcinogenesis [12,13], some hepatocelllar nodules
including regenerative nodules (RN), dysplastic nodules (DN), early hepatocellular
carcinomas (eHCC) or well differentiated hepatocellular carcinomas (wHCC), have been
known to exhibit high signal intensity on T1WI, either related or unrelated to fatty
metamorphosis [14-17]. Therefore, there could be a hypothesis that signal intensity before
contrast administration may influence signal intensity on the postcontrast image. To test this
hypothesis, we correlated SI on HBP in groups 1 and 2, namely hypo- and hypervascular
hepatocellular nodules, to the incidence of lesions exhibiting high signal intensity (H) on the
precontrast THRIVE image using Spearman’s rank correlation. Because fat suppression is
applied to THRIVE, high signal on precontrast THRIVE indicates non-fatty component with
short T1 characteristics, such as copper or iron accumulation [14-16]. Also correlated was to
the presence of fat on CSI, namely presence of signal loss on out-of-phase images [17] as
compared to in-phase images.

3. Results

Among the 65 patients, 10 patients were excluded because these did not meet the incluson
criteria. In one patient, there were a combined-hepatocellular and cholangiocellular
carcinoma that were surgically resected and pathologically confirmed, but this was
excluded because of its too small number that would not tolerate statistical evaluation.
Finally 154 liver nodules in 54 patients consisted the study population for this study. There
were 41 men and 13 women, with age ranging from 32 to 92 years old (mean 67). The details
of the recruited 154 liver masses are as follows: groupl (n=45) 9 were pathologically proven
by biopsy (4 dysplastic nodules, 2 well-differentiated carcinoma, 1 well to moderately
differentiated carcinoma) and remaining 37 were clinicoradiologically proven: group 2
(n=78) 10 were pathologically proven either by biopsy or surgery (3 well differentiated
carcinoma and 7 moderately differentiated carcinoma) and remaining 68 were
clinicoradiologically proven: group 3 (n=13) all lesions were proven clinicoradiologicallly:
group 4 (n=17) all were clinicoradiologically proven (primary lesion for 7 masses was
colorectal carcinoma, that for 4 was gastrointestinal stromal tumor, that for 3 was breast
carcinoma, and that for another 3 was renal cell carcinoma): group 5 (n=2) all FNH nodules
were confirmed clinicoradiologically.

The details of signal pattern of the four groups are shown in Table 1. There was significant
difference between the groups (p<0.05, Kruscal-Wallis test). The difference was significant
between group 5 and other 4 groups (p<0.005, ANOVA with Bonferroni-Dunn’s post-hoc
test). Namely, the lesions showing high signal intensity on HBP are considered to suggest
the diagnosis of FNH. None of the FNH nodules in this series had typical central scar. Using
high signal intensity on HBP as a sign of FNH, 100% sensitivity, 97% specificity, 33%
positive predictive value, and 100% negative predictive value, were obtained. There were
one and two lesions that showed high signal intensity on HBP in groups 1 and 2,
respectively. There was no such lesion in groups 3 and 4. Among these nodules,
hypovacular hepatic nodule (n=1) can be discriminated from FNH by its hypovascular
nature (Fig.2). The two lesions in group 2 (hypervascular HCC) can be discriminated from
FNH by the presence of its fibrous capsule and/or nodule-in-nodule appearance (Figs.3 and
4). Thus, combining all findings of EOB-MRI, 100% sensitivity, 100% specificity, 100%
positive and negative predictive values, were achieved.
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Group 1 Group 2  Group 3  Group 4 Group5

(n=56) (n=78) (n=13) (n=17) (n=2)
H 1 2 0 0 2
I 5 5 3 0 0
L1 19 21 2 9 0
L2 16 31 4 0 0
L3 5 19 4 8 0

Group 1: hypovascular hepatocellular nodules,

Group 2: hypervascular hepatocellular carcinoma, ~Group 3: hemangioma,

Group 4: metastasis, Group 5: focal nodular hyperplasia

H: higher signal than that of the surrounding liver tissue,

I: similar signal intensity as that of the liver,

L1: lower than the liver, but higher than the signal of inferior vena cava (IVC)

L2: similar signal as that of IVC

L3: lower signal than that of IVC

Differences were significant between group5 and groups 1, 2, 3, and 4. ( p<0.005, ANOVA with
Bonferroni-Dunn’s post-hoc test)

Table 1. Signal intensity of various liver lesions on hepatobiliary phase images

4. Discussion

Qualitative diagnosis on EOB-MR is usually achieved by combining information obtained
from precontrast conventional MR images (signal intensities on TIWI and T2WI, chemical shift
imaging, and diffusion-weighted images), and enhancement pattern on the dynamic phase
images [1,24-6]. It is sometimes challenging, however, because of insufficient arterial
enhancement secondary to the small dose of Gd-EOB-DTPA used (25 ¢ mol/kg) in contrast to
conventional Gd-based extracellular contrast medium (0.1 mmol/kg). In addition, since
hepatocellular uptake of Gd-EOB-DTPA occurs shortly after Gd-EOB-DTPA administration
[1], there is no “equilibrium phase” images on EOB-MR in its strict sense of the word, which
precludes simple application of our previous diagnostic experience based on Gd-based
extracellular contrast medium. Our results suggested SI on HBP images may help differentiate
FNH from other liver nodules, particularly combining findings on other pulse sequences.

High signal intensity on HBP was suggested to be characteristic to FNH, which is
concordant to the previous reports [1,6] (Fig.1). Although few, however, there were several
non-FNH nodules that showed high signal intensity on HBP. High signal intensity of one
hypovascular hepatocellular nodule may be attributable to high signal intensity on
precontrast T1-weighted image, which are sometimes observed in dysplatic nodules or early
HCC, due to cooper or iron deposition [12-14] (Fig.2) or fatty metamorphosis [15]. Because
EOB uptake have been reported to be almost constant regardless of the grade of HCC, if the
precontrast signal intensity is high, that would be directly reflected on the SI on HBP [16].
The differentiation of this nodule from FNH was easy, because of its hypovascular nature as
seen on the arterial phase of dynamic study. High SI of two hypervascular HCCs (group 2)
on HBP may be attributable to its cellular function of Gd-EOB-DTPA uptake, typically
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known as green hepatoma [17, 18]. One of these two was easily discriminated from FNH by
the presence of fibrous capsule seen as hypointense rim on the arterial phase image or on
HBP (Fig.3). The other one was associated with a typical nodule-in-nodule appearance [8],
which also helped differentiate this from FNH (Fig.4).
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Fig. 1. 43-year-old asymptomatic woman with minimal liver dysfunction. The mass in the

left hepatic lobe has remained unchanged for over three years and clinical diagnosis of focal

nodular hyperplasia (group 5) is made.

A. Precontrast image of the dynamic study. The lesion exhibited similar or slightly lower
signal intensity as compared to the surrounding liver tissue (arrow).

B. Arterial phase image of the dynamic study of gadoxetate (EOB) enhanced MR. The
lesion is strongly enhanced (arrow).

C. Hepatobiliary phase image shows homogeneous uptake of EOB within the mass.

D. Precontrast T2*weighted images (TR/ TE/ FA=266msec /9.2msec /30 degrees)
revealed an almost isointense or slightly hypointese mass (arrow).

E. T2* weighted images after administration of superparamagnetic iron oxide (SPIO). The
signal intensity of the lesion is partially reduced (arrow) suggesting uptake of SPIO.
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Fig. 2. 58-year-old woman with a histology-proven early hepatocellular carcinoma (group 1)

who had been followed up for chronic hepatitis C.

A. Precontrast THRIVE image. A nodule with similar or slightly higher signal as compared
to the surrounding liver tissue is seen (arrow).

B. Arterial dominant phase THRIVE image after injection of Gd-EOB-DTPA. No
significant enhancement is observed (arrow). MDCT obtained at the same period also
fail to show arterial vascularity (not shown).

C. Hepatobiliary phase image of THRIVE image. The nodule exhibit almost similar or
slightly lower signal intensity as compared to the surrounding liver tissue (arrow)
(I-L1).
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Fig. 3. 54-year-old man with a clinicoradiologically proven hypervascular hepatocellular

carcinoma (group 2) which was treated with transarterial chemoembolization.

A. Precontrast THRIVE image. A nodule with similar or slightly higher signal as
compared to the surrounding liver tissue is seen (arrow).

B. Arterial dominant phase THRIVE image after injection of Gd-EOB-DTPA. Significant
enhancent is observed (arrow). MDCT obtained at the same period also showed arterial
enhancement (not shown). Note hypointense fibrous capsule.

C. Hepatobiliary phase image of THRIVE image. The nodule exhibit higher signal
intensity than the surrounding liver tissue (arrow) (H). The fibrous capsule is partially
seen.

Thus, using combined all findings on EOB-MRI, we could achieve 100% sensitivity, 100%
specificity, 100% positive predictive value, and 100% negative predictive value, in
discriminating FNH from other lesions. Our results, however, suggest the difficulty in
differentiation among other 4 categories using SI on HBP, namely hypovascular hepatocellular
lesions, hyper vascular HCC, hemangiomas, and metastasis. For the differentiation among
these entities, findings on other sequences, including dynamic phase images, T2-weighted
images, diffusion-weighted images, and chemical shift images, may be important.
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Fig. 4. 75-year-old man with a pathologically proven hypervascular hepatocellular
carcinoma (group 2).
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A. Precontrast image. A large heterogeneous mass is seen in the right hepatic lobe.

B. Arterial dominant phase image after injection of Gd-EOB-DTPA. Significant
enhancement is observed in the central component of the mass (star), whereas
peripheral components shows only faint enhancement (arrows).

C. Late phase image of the dynamic phase. Each component of the mass shows various
enhancement pattern, resulting in so-called nodule-in-nodule appearance (star and arrows).

D. Hepatobiliary phase image. The predominant central part shows apparent high signal

(star) (H).

There are several limitations in our study, in addition to its retrospective nature. First, the
biggest limitation is the lack of pathological proof in the majority of the liver masses
enrolled in this study. Particularly, lesions in groups 1 and 2 are considered quite
heterogeneous: nodules in group 1 may include DN, eHCC, wHCC, and some RNs and
mHCGC; lesions in group2 may include wHCC, mHCC, and pHCC. The results could have
been different if only histology-proven lesions are recruited. Another limitation may be the
adequacy of the use of signal intensity of IVC as a reference tissue to assess the relative
signal intensity of the liver masses. Because of the possible flow effect, signal intensity of
IVC could be inconsistent. We therefore measured SI of IVC in the first several patients and
confirmed there are less than 10% signal difference in IVC between the slices except for the
edge slices of the scanning slab. This may partly be attributable to the sufficient saturation
pulse used in THRIVE sequence we used in this study. One needs to be careful of this issue,
therefore, when other sequence is used for HBP images of EOB-MR, in which spatial
saturation pulse is insufficient. Other reason for the usage of IVC as reference tissue is that it
is almost always visualized in the images of the liver and therefore easy to be used for direct
comparison. Ideally speaking, quantitative measurement of enhancement ratio of HBP
image vs precotrast images would have been performed, but we preferred practical method
to evaluate the HPB images which would help differentiate liver nodules in daily practice.
Third, the time delay of 15 minutes for HBP imaging may be somewhat short as compared
to the previous reports [1-6]. Because it has been reported that HBP persist from about 10 to
40 minutes after injection of Gd-EOB-DTPA [1,6], and our preliminary assessment revealed
no significant difference in the lesion detection between 15 and 20 minutes delay images
(unpublished data), we adopted 15 minutes delay for HBP in our institute for clinical
demand in terms of patient through-put. It is still possible, however, that different results
may be obtained if HBP images were obtained in 20 minutes or even later.

In conclusion, signal patterns on 15-minute-delay HBP images are different between FNH
and other liver nodules, including hypovascular hepatocellular nodules, hypervascular
HCC, hemangiomas, and metastases, and are useful in differentiating these nodules.
Combining all EOB-MR findings, 100% sensitivity, specificity, positive and negative
predictive values were achieved in differentiating FNH from non-FNH.
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Differential Diagnosis of Hepatocellular
Carcinoma on Computed Tomography
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1. Introduction

Focal liver lesions (FLL) are common pathological findings in patients investigated for
different gastrointestinal and other diseases. After detecting FLL radiologically, their clinical
differential diagnosis is very important.

The precise identity and description of blood circulation of FLL is essential for differential
diagnosis by computer tomography (CT). This is why the evaluation of the effectiveness of
CT diagnostic criteria in diagnosing FLL is a relevant problem of theoretical and practical
radiology, gastroenterology, surgery and oncology.

Multislice spiral CT is a perfect imaging modality to evaluate large area in a short time and
visualize lesion optimally with an injection of contrast media (c/m). Scanning may include
unenhanced images (without c/m), arterial, portal venous and delayed phases. The speed of
contrast injection and optimal scanning protocol are crucial to separate all phases, what is
very important in differential diagnostics of FLL.

It is important to optimize scanning time delay in order to achieve qualitative liver CT
images. This can be achieved in few ways, including fixed time delay, “bolus” test and
automatic scanning technology. In most hospitals and clinics contrast enhanced CT is
performed simultaneously with the same scan delay .

To evaluate focal liver lesions Foley and Mallisee suggested triphasic multislice CT. When
the whole liver is scanned in 10 sec. or even less, it's possible to achieve different liver CT
images in particular time. In arterial phase (25-30 sec. after ¢/m injection) you can see the
ramification of arteries without portal blood addition, contrary in portal veinous phase ¢/m
flows into portal vein. This phase is in 45-50 sec. after the ¢/ m injection starts.

In daily practice additional venous phase images are not necessary, however it could help in
doubtful cases. This phase starts in about 70-120 sec. after IV “bolus” injection. As
concentration of non-ionic ¢/m, including iodine, inside and outside the artery is probably
the same, some FLL have tendency to “disappear” in this phase. Despite that, this phase is
very useful in differentiating cholangiocarcinoma (I-CCC) from other FLL. Delayed phase is
important in differential diagnosis of cholangiocarcinoma and hemangioma.

Murakami et al. described double CT scanning in arterial phase. Analyzing early and
delayed arterial phase CT images, the so called pseudo-tumours can be found that is a great
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problem for the patients with liver cirrhosis. But the importance of this method is
controversial nowadays, so it is not included into the CT scanning protocols.

In contrast enhanced CT, faster injection (4-5 ml/sec.) is recommended, which guarantees
earlier and brighter peak of enhancement in the arteries, and also improves temporal
separation of arterial, portal veinous and venous phases.

Concentration of c¢/m is also very important in contrast enhanced CT. Data from few
sources confirms the hypothesis that the concentration of c¢/m improves greater
enhancement and hypervascular liver lesions diagnostics.

Multislice spiral CT has a few advantages in abdominal imaging: gradual and minor
inspiration and breath hold decrease body movements and ensure higher quality of the
images. With improvement of CT scanners optimization of scanning is necessary to
maximize the ability of getting new CT images.

Few studies suggest that multiple-phase CT scans are useful in differentiation and blood
supply evaluation of solitary liver lesions. This is why CT scans should be evaluated
separately in all phases.

There are multiple FLL types. Even such condition as fatty liver degeneration which is not
considered as tumour should be differentiated. This is the reason why all FLL must be
classified to make their diagnosis as objective and precise as possible.

Based on the literature, incidentally found <2.0 cm liver lesions of unknown origin, are
benign in 75% of all cases, but USA scientists say, it is only about 50%. Scientists from Italy
state that <1.5 cm FLL, diagnosed in people with extra-hepatic malignant process are benign
in 80% of all cases.

From radiological point of view FLL are classified to hyper- and hypovascular, and also
cystic and solid.

The aim is to describe the most important contrast enhanced CT diagnostic criteria for
differentiating solid FLL.

2. Most common benign focal liver lesions

Liver cysts are the most common FLL, and they are usually detected incidentally during
common follow-up. Liver cysts have specific US, CT and MRI features, so the radiological
diagnosis is always clear, usually not complicated and it is not a medicine practice problem.
This is why the diagnostics of liver cysts is not discussed in this paper. The diagnostics of
non-cystic lesions is much more important and topical.

2.1 Liver hemangioma

Liver hemanioma is the most common (after liver cysts) benign liver lesion presenting 0.4-
20% of all liver tumours. Normally it is solitary, well-defined vascularized lesion that can
reach 20.0 cm in size. Hemangioma is composed of multiple vascular channels surrounded
by endothelium cells with thin fibrotic stroma. Large hemangiomas are usually detected in
older patients, with an average age of 54 years. Giant hemangiomas have non-homogenous
structure because of fibrosis, necrosis, and cystic zones.
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On unenhanced CT scans hemangiomas are hypodense with well-defined boarders.
Calcification is rare (10-20%) and usually detected occasionally. Calcifications have rarely
been reported in sclerosed or hyalinized and giant hemangiomas. The calcifications can be
marginal or central; large and coarse; or multiple, small, and punctuate (e.g. phleboliths).
Massive calcification of hemangiomas is extremely rare. The finding of a non-enhancing
liver tumour with calcification should not preclude the diagnosis of hemangioma.

Performing contrast enhanced CT (in 2-15 min. after the injection of contrast media)
peripheric nodular enhancement with centripetal fill in is observed. An early enhancement
of FLL even before contrast media appears in the aorta is typical for hemangioma.
According to several authors, globular enhancement in hemangiomas is seen with 88% of
sensibility and 84-100% specificity. The lesion is filled-in with ¢c/m depending on the size of
hemangioma (fig.1).

©) (d)

Fig. 1. Typical hemangioma. (a) Precontrast axial CT images demonstrate a hypodense
lesion in the right hepatic lobe. (black arrow) (b,c) Arterial-phase and venous-phase images
show progressive, peripheral nodular enhancement of the lesion with centripetal fill in.
(arrow) (d) Delayed-phase images show that the lesion is isodense compared to the
surrounding liver parenchyma an appearance that suggest persistence of contrast material
within the lesion. (arrow)
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Small hemangiomas (42% of hemangiomas are <1 cm) enhance rapidly and intensively in an
early arterial phase (about 16% of all hemangiomas). The smaller the lesion, the faster it fills
in with ¢/m.

This sign makes it more difficult to differentiate hemangiomas from other hypervascular
tumours: islet cell metastases, small HCC, etc. Small hypodense hemangiomas are
particularly problematic in patients with underlying malignancy. Some metastases can also
have peripheral globular enhancement. Leslie et al. noticed that up to 8% of all cases
metastases can show the same enhancement pattern. Another important differential
diagnostic sign of hemangioma is attenuation equivalent to that of the aorta during all CT
phases. Another valuable sign in differential diagnosis of hemangioma and malignant liver
lesion is peripheric hypodense rim at the periphery of the mass. It indicates malignant
neoplasm and is never seen in hemangiomas.

Large hemangiomas usually look like heterogenic lesions that enhance normally, however large
hemangiomas with scar tissue do not enhance gradually, thus, there are non-enhanced areas.

In the late phase (10 min. after injection of contrast media) hemangiomas become isodense
to surrounding liver parenchyma. This is one of the most important signs in differential
diagnostics of hemangioma (fig.2)

(b)

Fig. 2. Atypical hemangioma. (a) Portal venous- phase; there is no visible enhancement in
the lesion (b) Delayed-phase CT image shows that the lesion is isodense compared to the
liver (circle).

Sometimes in the late phase slight peripheral enhancement may be seen. This way of
contrast uptake is typical of hialinized hemangioma that, according to some authors, is the
last stage of the development of hemangioma. These hemangiomas must be differentiated
from malignant tumours of the liver. Percutaneous biopsy is indicated in these cases. In the
late phase small hemangiomas (<1 c¢m) are still slightly hypodense, but hypervascular
metastases become contrast-free.

In case of liver steatosis hemangiomas are usually iso- or hyperdense. On unenhanced CT
images hemangiomas are isodense to hepatic vessels. Thrombosed, fibrosed or
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degenerated areas are specific to large hemangiomas and are hypodense compared to
hepatic vessels.

Though centripetal fill in is specific to hemangiomas, this finding is not pathognomic;
sometimes hepatocellular carcinoma (HCC), cholangiocarcinoma or even liver metastases
may have the same features. What is more, early peripheral nodular enhancement can be
found in some focal nodular hyperplasia or vascular abnormalities.

Liver hemangiomas are differentiated from focal nodular hyperplasia (FNH) in up to 23% of
all cases, however two or more different lesions may be found in the same liver. 33% of
multiple FNH should be differentiated with hemangioma. When the tumours have typical
CT features, the diagnosis can be made with confidence.

Large heterogeneous hemangiomas must be differentiated from all liver lesions that have
scars: FNH, hepatocellular adenoma (HCA), hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma. Large hemangiomas usually demonstrate cleft-like central or eccentric
areas of scarring that constitute areas of fibrosis, sclerosis (i. e. hyalinization), cystic
degeneration, or thrombosis. These areas have variable shape and size and usually do not
demonstrate delayed contrast enhancement (fig.3).

Fig. 3. Large hemangioma. Contrast-enhanced CT images show the typical enhancement
pattern of hemangioma.
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The essential criteria of evaluation of liver hemangiomas CT images are as follows:
hypodense or isodense lesion on precontrast CT images;early peripheral nodular ring
enhancement in arterial phase with centripetal fill-in in portal venous phase; and isodense
lesion in the delayed phase. Based on these criteria our study shows that CT scanning is 91
% sensitive and 93 % specific.

2.2 Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) is the hyperplasic process of liver, characterized by
normal histological view of liver structure, but abnormal arrangement of it. FNH accounts
for 1-8% of all primary liver tumours and it is the second most common benign liver
neoplasm (after hemangiomas). FNH is diagnosed mostly in women (80-90%) in their
twenties-fifties. Oral contraceptives are very important for the development of FNH,
particularly the growth of it, but not formation de novo. In men FNH can be diagnosed in
those taking anabolic steroids or having testicular tumour.

Fig. 4. Focal nodular hyperplasia with deformation of the liver margin . (a) In the arterial
phase the hypervascular lesion with a hypodense central scar appears. (b,c) In the portal
venous phase CT image FNH is iso- or hypodense to the liver. (arrow)
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Etiology and pathogenesis of FNH are unclear. Histologically it is characterized as neoplasm
with star-shaped central scar, surrounded with nodules of hyperplastic liver cells and minor
ile ducts. In 95% of cases FNH is well-defined solid tumour with clear margins and central
scar with blood vessels coming from it. Normally FNH is less than 5.0 cm in diameter and
they are usually diagnosed not smaller than 3.0 cm.

On non-enhanced CT images FNH appears as hypodense (42-57%) or isodense (40-48%)
lesion without well-defined borders and sometimes with more intensive hypodense central
zone. If the lesion is isodense, the “mass’ effect may be the only criteria for detecting FNH. In
15-33% of patients, unenhanced CT images show the hypoattenuating stellate central scar
with a central core and radiating fibrous septa. FNH is often subcapsular and that can
complicate the course of adjacent vessels.

One third of FNH grows exophyticly and deforms contours of the liver (fig.4).

In arterial phase FNH enhances rapidly and becomes hyperdense (89-100%) because of
vascularization of hepatic arteries (entering the FLL). In this situation hypodense central
scar is seen clearly .

In portal venous phase the difference between FNH and normal liver parenchyma
decreases, and later lesion becomes hypodense except for the central scar which is
hyperdense in this phase (usually this scar is formed of efferent central vein) (fig.5).

(@) (b)
Fig. 5. Focal nodular hyperplasia. (a) Arterial phase CT image shows homogeneous
enhancement of the lesion, except for the central scar. (arrow) (b) Contrast-enhanced CT
image on the portal venous phase shows isoattenuating enhancement of the lesion
compared to the liver. (arrow).

Although the typical CT features of FNH are characteristic, atypical features may be seen in
more than half of cases. Multiple focal nodular hyperplasias occur in about 20% of patients.
Atypical FNH may show less intense enhancement, unusual appearance on non-enhanced
central scar and pseudocapsular enhancement on delayed images. In these cases it is very
difficult to differentiate FNH from other benign and malignant lesions, such as HCA, HCC,
hypervascular liver metastases of FLC.

A central scar is histologically present in almost all patients with FNH. However, it may be
subtle and extremely small and is identified with the use of CT in 30%-50% of cases.
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Presence of a central scar is clearly related to the size of the lesion. 35% of small FNH (<3
cm) and 65% of large FNH (>3 cm) demonstrated central scar. FNH lesions smaller than 3
cm in size may be more difficult to distinguish from other hypervascular lesions. The scar is
typically thin and small and is hypodense compared with the rest of the FNH on
unenhanced images, hepatic arterial and portal venous phase images. On delayed phase
images, the scar often becomes hyperdense because of retention of contrast media (fig.6).

Fig. 6. Large atypical focal nodular hyperplasia. (a) Arterial phase CT image shows
lobulated enhancement with a thick irregular scar of the lesion. (b,c) In the portal venous
phase, FNH is slighthy hypodense to the liver. The central scar shows contrast
enhancement. Pseudocapsule is evident.

Although central scar is very specific for FNH, it can also be seen in other atypical malignant
liver lesions, such as gigantic liver hemangioma.

Pseudocapsule is one of atypical FNH signs (8% of cases), which is usually seen in liver
steatosis because of the peripheral fibrosis of liver under pressure. Pseudocapsule may be
more dense than the liver or FNH. Pseudocapsule should not be regarded as a sign of
malignancy.
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Internal haemorrhage or necrosis is seen in less than 6% of all cases. Calcification, fatty or
necrotic zones are not common findings in FHN.

In some patients with hepatic steatosis, FNH is still isodense or hypodense on non-enhanced
CT images; in rare cases, this may be due to fatty infiltration of FNH. Hypothetically,
intralesional steatosis in focal nodular hyperplasia can be expected in several types of
hepatic injury associated with steatosis, such as alcoholic toxicity, obesity, diabetes,
malnutrition, and protein malabsorption.

FNH-like nodules in the cirrhotic liver are usually hypervascular, and they can mimic HCC.
Although CT images give you precise diagnosis of FNH in most cases, rarely, a false-
positive diagnosis of FNH occurs in cases of fibrolamellar hepatocellular carcinoma, as well
as in cases involving other well-differentiated variants of hepatocellular carcinoma. The
essential FNH criteria of evalution are as follows: slightly hypodense lesion with brighter
low density zone in the centre on unenhanced CT images; strongly homogenous
enhancement with hypodense central zone in the arterial phase; and isodense zone with
central hyperdense zone in the venous phase. CT scanning is 78% sensitive and 89% specific.

2.3 Hepatocellular adenoma

Hepatocellular adenoma (HCA) is a rare benign liver lesion, which in 80% of cases is a
solitary well defined tumour with a capsule. Oral contraceptives and steroids are one of
the reasons of HCA development. HCA are more common in women in their twenties-
forties. The difficulty of differential diagnosis of FNH and HCA is further compounded
by the fact that both types of lesion typically occur in fertile women with a history of oral
contraceptive use, who may be asymptomatic. People with glycogen metabolism
disorders and haemosiderosis, as well as anabolic steroids taking males, are at a greater
risk of HCA development. By the way pregnancy is one of the HCA risk factors. Normally
HCA are 8-10 cm sized; in 70-80% of cases they are solitary tumours, however multiple
adenomas can occur (sometimes >10 cm). HCA are difficult to differentiate from other
hypervascular liver tumours.

Adenomas are more likely to contain areas of heterogenicity, fat, necrosis, hemorrhage and
calcification rather than FNH. Adenomas are well defined (85% of cases), non-lobulated
(95%), sometimes encapsulated (30%) and rarely calcified (10%).

While adenomas are also benign, they have a low-grade-malignancy potential, may bleed
spontaneously, and are usually resected if they are large or if the diagnosis is doubtful. The
diagnosis of this benign tumour is important as there is a possibility of rupture.
Approximately 50% of tumours demonstrate intratumoural haemorrhage and can present
with haemoperitoneum followed by hypotension and shock.

HCA can transform into hepatocellular carcinoma.

Adenomas consist almost entirely of uniform hepatocytes and a variable number of Kupffer
cells, most of the adenomas in our experience are nearly isodense compared to normal liver
on unenhanced images, portal venous, and delayed-phase images.

Diagnosis of HCA based only on CT scans is complicated, although a few specific HCA
signs can be described. On precontrast CT images fatty HCA inserts may look like
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hypodense areas, and acute subcapsular haemorrhage looks like hyperdense areas. Necrosis
and haemorrhage are detected in nearly 25% of HCA.

On contrast enhanced CT images in arterial phase you can see intensive peripheral contrast
enhancement, which is caused by subcapsular vessels of the lesion. Central part of the lesion is
filled with contrast media (cm) pretty fast as well. The lesion becomes hyperdense, however
we can see washout and in portal-venous and late phases HCA becomes isodense. HCA
showed more wash-out in the portal phase and 22% of the HCA may be hypodense (fig. 7).
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Fig. 7. CT images of large hepatocellular adenoma. A big lesion is seen in S6, deformes
hepatic inferior border and goes down up to the level of the right kidney (a) Coronal image.
(b,c) Axial images. Hepatic CT arterial phase (a,b) shows slightly heterogeneous
enhancement of the tumor. (c) Portal venous CT phase: tumor becomes isointense and
homogenous.

These features are typical to the lesions that are smaller than 3.0 cm in size. In some cases a
thin capsule can be identified. Small adenomas enhance faster than normal liver tissue. In
about 80% of cases HCA demonstrated homogeneous or nearly homogeneous enhancement,
except for the acute or previous haemorrhage or fatty tissue in it.

In patients with liver steatosis HCA is hyperdense in all phases.
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The differentiation of adenoma from hypervascular metastases may be difficult or even
impossible. Most hypervascular metastases are multiple and will manifest as lesions or
portions of lesions that are hypoattenuating or hypodense compared to normal liver
parenchyma on unenhanced images, portal venous, and late-phases. It is crucial to identify
if there is a primary tumour, for example, pancreatic or kidney carcinoma. In the age group
of women, who are usually diagnosed with HCA, breast or thyroid carcinomas are the most
likely to be the primary tumours.

The essential HCA diagnostic criteria are as follows: isodense lesion on unenhanced CT
images; diffuse homogenous enhancement in arterial phase; isodense lesion in venous
phase. Contrast enhanced CT shows 71% sensitivity and 93% specificity.

2.4 Rare benign focal liver lesions
2.4.1 Angiomyolipoma

Aniomyolipoma is a benign mesenchymal tumour that usually involves the kidney and rarely
the liver. Lipomas or angiomyolipomas have been found in 10% of patients with tuberous
sclerosis but can occur in patients without the disease. Angiomyolipomas can be diagnosed in
patients of different age and sex, but are more common in women. The lesion can be of different
size and may be solitary or multiple. Extremely rare cases of hepatic angiomyolipomas with
spontaneous rupture, tumor recurrence, and vascular invasion were reported.

Hepatic angiomyolipomas are composed of varying portions of fat, epithelioid and spindled
smooth muscle cells, and thick-walled blood vessels. The imaging features of hepatic
angiomyolipomas depend on the relative proportions of the tumour components. It is
difficult to diagnose hepatic AMLs with low fat content. Occasionally, it is difficult to
distinguish hepatic AMLs from other fat-containing hepatic tumours, such as HCC with
fatty metamorphosis, lipoma, and liposarcoma. The feeding blood vessels can be seen in
other hypervascular lesions such as HCC and FNH, but the vessels in those cases usually are
located in the periphery of the lesion.

(a) (b)
Fig. 8. Angiomyolipoma in S2 of the liver. (a) Nonenhanced CT scan shows a hypoattenuating
fat-containing lesion in the left liver lobe. (arrow) (b) Arterial phase CT image shows slightly
heterogeneous hyperenhancement in the vascular area of the lesion. (arrow)
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On contrast enhanced CT images, hepatic angiomyolipomas strongly enhance in the arterial
phase and enhancement persists in the venous phase, depending on the vascularisation of
the tumour. Such hepatic angiomyolipomas should be differentiated from HCCs and
cavernous hemangiomas (fig. 8).

2.4.2 Liver hamartoma

Liver hamartoma is a benign mesenchymal cystic tumour, consisting of gelatinous
mesenchymal tissue with cyst formation and remnants of normal hepatic parenchyma. The
tumour may have either mesenchymal predominance (a solid appearance) or cystic
predominance (multiloculated cystic masses). On CT images mesenchymal hamartoma is a
well defined lesion with hypodense central part and septa. Both solid and cystic areas are
seen (fig.9).

Fig. 9. Mesenchymal hamartoma of the liver. (a) unenhanced CT images: we see cystic
lesions in S7 (b) enhancement of the septa in portal venous phase. (arrow)

2.4.3 Liver TB granuloma

Liver TB granuloma is the most common manifestation of upper abdominal
parenchymatous organ tuberculosis and its incidence has also been increasing. There are
three morphological types of liver TB: miliary tuberculosis of the liver associated with
generalized miliary tuberculosis, primary miliary tuberculosis of the liver and primary
tuberculoma or abscess of the liver. More than half of the patients present with
hepatomegaly.

Radiological findings of hepatic tuberculosis are not specific. On CT images liver
tuberculoma appears as an unenhancing, central, low density lesion due to cessation
necrosis with a slightly enhancing peripheral rim corresponding to surrounding
granulation tissue. Calcification can also be observed. TB granuloma should be
differentiated from necrotic tumours, such as metastatic carcinoma and hepatocellular
carcinoma (fig. 10).
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Fig. 10. Liver tuberculosis. Contrast enhanced CT image shows a large irregular miliary
confluent calcification. The liver is dicreased in size with irregular margins.

3. Most common malignant focal lesions

Malignant liver tumours are one of the most common oncological diseases all over the
world.

It is still unknown why some of the liver cells become malignant; however it is well-known
that people with differently damaged liver are at a greater risk of developing liver cancer.
The highest risk of liver damage is for those infected with hepatitis B and C viruses. These
and other diseases can cause liver cirrhosis, which induces scarring of liver tissue. When the
tumour develops in cirrhotic liver, patient’s survival and recovery rates are tragically low;
and the only treatment option in this situation is liver transplantation.

Malignant liver tumours are more common in men than women (2.7:1) (based on USA data).

According to American Cancer Association (ACA) in 2007 liver tumours were diagnosed de
novo in 13650 males and 5510 females.

ACA says liver tumours are among 20 most common oncological diseases in the USA.
Though World Health Organization (WHO) states that liver cancer is the third most
common mortality reason.

In Japan since 1995 the incidence of liver tumours has also been rising, and mortality from
liver tumours is up to 30/100000. About 30000 Japanese people die from liver cancer
annually .

In some African and Eastern Asian countries liver cancer is the most common type of
malignancy.

According to Lithuanian Cancer Registration Department the rate of liver cancer was
132/100000 in 2001 and 162/100000 in 2005. Primary data on liver cancer in 2010 shows
general morbidity of 142/100000: among them 94/100000 - males, 48/100000 - females.

In 2005 liver cancer caused 174/100000 deaths, 89/100000 of them - males and 85/100000 -
females.
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3.1 Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the most common malignant liver lesion caused by
hepatocytes damage. Very often HCC is diagnosed in patients who already have some
underlying liver disease, such as chronic viral hepatitis, alcoholic cirrhosis,
haemochromatosis, etc. With growing population of people with hepatitis C and the
disease’s tendency to become chronic or cause liver cirrhosis, there is no doubt hepatitis C
will become the most important HCC risk factor.

HCC is more common in males than females (4:1) in their fifties-seventies. In some African
and Asian countries HCC rate reaches its maximum at 40 yrs.

When the fibrosis is concentrated focally, a finding, often referred to as a focal confluent
fibrosis, can create mass lesions that simulate tumours on cross sectional images. These
lesions often radiate from the porta hepatis and are wedge-shaped and widest at the
capsular surface. The most common sites for confluent fibrosis are the anterior and medial
segments of the liver, but it can be present anywhere else. The reliable finding in
differentiation of confluent fibrosis from HCC is associated atrophy of hepatic parenchyma
with capsular retraction (fig.11).

Fig. 11. Liver fibrosis. (a) Arterial phase CT image shows heterogeneous area in the right
liver lobe, liver capsule retraction. (b) The portal venous phase CT image shows a
hyperenhancement of the fibrotic area. Dilated bile ducts in the left liver lobe.

HCC can be solitary, multifocal or diffusely infiltrating, what is least common. Multifocal
HCC may look like multiple small foci or one dominant large tumour with multiple satellite
nodules. HCC classification can also be based on its growth characteristics. Highly
differentiated tumour grows slowly, meanwhile tumour with low grade of differentiation
demonstrate aggressive growth patterns.

HCC has a tendency to spread locally involving portal (30-60%) and other hepatic veins
(15%). Portal vein is usually involved when the tumour is infiltrative. Intravenously
growing tumour must be differentiated from thrombi, based on HCC arterial or venous
signal depending on recanalization.

Serum AFP levels are often elevated in patients with large tumours, and the serum AFP
level is frequently normal in patients with small tumours.
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CT is highly accurate in the staging of HCC, as the number of lesions, segmental anatomy,
regional adenopathy, vascular tumour invasion and metastases can be detected easily.

On unenhanced CT images HCC looks like a hypodense lesion. It often happens that small
HCCs are not detected on precontrast CT. In HCC, however, there may be metamorphosis,
necrosis, periodic changes or haemorrhage; therefore, it is usually heterogeneous attenuation,
especially in large HCCs. Fatty metamorphism usually occurs in high grade differentiated
HCC and on unenhanced images it looks as a hypodense lesion. In some instances, increased
attenuation within the HCC may be due to haemorrhage or calcifications.

Focal hyperdense fragments (calcification areas) or diffuse hyperdense changes (iron
accumulations) inside the neoplasm are extremely rare (5-10%).

Optimal liver CT scanning protocol is based on accumulation of contrast substance in
arterial, portal vein and venous phases during spiral CT.

Fig. 12. Hepatocellular carcinoma. (a) Arterial phase CT image shows a typical
hyperenhancement of the lesion. (arrow) (b,c) HCC shows washout in portal venous phase.
Pathologic diagnosis of this tumor was moderately differentiated hepatocellular carcinoma.
(arrow)
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The most common HCC sign in arterial phase is enhancement or persistent enhancement
and wash-out in portal veinous and venous phases on CT or MRI (fig.12).

Intensive enhancement in HCC is caused by a good vascularization of the tumour. In early
arterial phase, the lesions enhance homogeneously or heterogeneously, while most of the small
HCC lesions enhance homogeneously. Areas of internal necrosis or fat may remain hypodense.

In the portal venous and equilibrium phases, the contrast media is moving from the
intravascular to the intercellular space. The wash-out is rapid because HCC contains less
intercellular space than the surrounding liver parenchyma.

The imaging characteristics of HCC vary greatly with the size of the lesion.

Diffusely infiltrating HCCs may be difficult to detect on CT during any enhancement phase
(fig.13).

Fig. 13. Diffusely infiltrating hepatocellular carcinoma. (a) Hepatic arterial phase CT image
shows slighly heterogeneous mass in the right lobe of the liver and hyperattenuating
enhancement of the hepatic parenchyma. (b,c) In the portal venous phase and delayed phase
CT images, the tumor shows washout.
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Pathologic diagnosis of the tumor was diffusely infiltrating hepatocellular carcinoma.
Well-differentiated and small HCCs more often had atypical enhancement features.

Small HCC (<3 cm) can be hypovascular, do not enhance intensively or show no enhancement
at all in arterial phase. In 10% of all cases enhancement is not intensive due to high
differentiation degree of HCC. In this situation HCC is easier to identify in portal veinous and
venous phases, when hypodense HCC foci are seen due to contrast wash-out (fig. 14).

Fig. 14. Atypical hepatocellular carcinoma. (a,b) Arterial and portal venous phase show an
atypical finding with no enhancement in the lesion. (arrow) (c) Delayed phase image shows
no visible enhancement of the tumor. (arrow)

If HCC is big (> 5 cm), it is identified as a heterogeneous tumour in arterial phase. In these
cases additional diagnostic criteria can be identified, it helps to diagnose HCC: in 40-60% of
HCC cases a picture of mosaic tumour is seen; lesions of portal or hepatic veins,
characterized by defects of vascular lumen filling, are seen in 33-48% of all cases; central scar
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consisting of collagen, fibrotic and sclerotic tissue and internal fatty components are seen in
2-21% of all cases (fig. 15).

£

Fig. 15. Hepatocellular carcinoma with portal vein invasion. (a, b) Contrast-enhanced CT
image shows the typical enhancement pattern of hepatocellular carcinoma. Invasion of the
right portal vein is confirmed. (arrow) (c) On the coronal CT reconstruction, the portal vein
is filled with hypodense tumor thrombus, which demonstrates a small amount of
enhancement. (arrow)

The capsule, limiting all of the tumour or a part of it, is identified in 30-67% of HCC cases.
The capsule is seen as hypodense rim in arterial phase, it enhances in late venous phase.
Capsule is more common for the tumours with lower differentiation than those highly
differenciated; it is also more common for medium sized (3-10 cm) tumours. Peripheral
enhancement in solitary hepatocellular carcinoma (>3.0 cm in diameter) is also uncommon
in images obtained by helical CT. Firstly, encapsulated carcinoma pseudocapsule usually
shows an enhanced rim, arterioportal shunting around the lesion usually shows very dense,
wedge shaped or triangular, peripheral enhancement in hepatic arterial phase and less
enhancement in portal venous phase. This sort of enhancement should be differentiated
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from other focal liver lesions, such as hepatic metastases, hepatic abscess, hepatic
inflammatory pseudotumour and hepatic cavernous hemangioma (fig.16).

Fig. 16. Hepatocellular carcinoma with satellite nodule. The large tumor is defined on the
right liver lobe and small satellite nodule in S7, with capsule retraction. (arrow) (a,b)
Contrast enhanced CT images show the typical enhancement pattern of hepatocellular
carcinoma. (c) Delayed phase image shows washout of contrast media. A hyperdense rim
(white arrow) is present at the periphery of the tumor.

Quick contrast wash out from HCC increases the specificity of CT and allows distinguishing
HCC from hemangiomas, hypervascular dysplastic nodules, small arterial portal shunts,
which mimics HCC because of contrast uptake in arterial phase. Small hemangiomas can
appear with flash filling during the arterial phase and thus simulate HCC. These lesions
always show enhancement on delayed-phase images, whereas HCC exhibits a washout of the
contrast material, becoming either isoattenuating or hypoattenuating relative to liver tissue.

CT has some lack of specificity in distinguishing HCC from tumours such as metastases,
focal nodular hyperplasia, and hepatic adenomas. In general the clinical and radiographic
setting indicates which of these is likely in a given patient, as these tumours are rare in
cirrhotic liver and HCC is uncommon in the healthy liver.



124 Hepatocellular Carcinoma — Clinical Research

The essential HCC diagnostic criteria on CT images are as follows: hypodense area on
unenhanced CT images; homogenous or heterogeneous enhancement in arterial phase; rapid
wash-out in venous phase. Based on these criteria CT is 84% sensitive and 93% specific.

3.2 Intrahepatic cholangiocarcinoma

Intrahepatic cholangiocarcinoma (I-CCC) is a malignant tumour of bile ducts” epithelium,
which affects minor branches of intrahepatic bile ducts.

Usually I-CCC is a disease of young people that can be caused by primary sclerosing
cholangitis, secondary cholangitis, congenital liver cirrhosis, Caroli disease etc. There is no

Fig. 17. Intrahepatic cholangiocarcinoma. (a) Unenhanced CT image shows well defined
hyhpodense lesion with calcification. Sattelite nodule is also seen. Atrophy of the left liver
lobe. (b) Arterial phase CT image shows poorly enhancement of the lesion; tiny septations
show enhancement. (c) Portal venous phase shows increased and persistent enhancement of
the lesion.
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strong evidence that intrahepatic stones can or cannot cause I-CCC, however this disease
can be caused by recurrent cholangitis that leads to mucosal hyperplasia, adenomatous
changes or carcinoma. I-CCC represents about 15% of all primary liver tumours. By growth
types cholangiocarcinoma is classified into mass-forming, periductal infiltrating and
intraductal.

On unenhanced CT images I-CCC is seen as solitary not encapsulated hypodense lesion
with irregular margins. Hyperdense areas inside the lesion look like calcification (fig.17).

In both arterial and portal venous phases the most important sign is the enhancement of the
capsule limiting jagged edges of the tumour. The tumour itself enhances very slowly. This is
why CT imaging in arterial and venous phases shows no difference. Tumour tissue
enhances only in delayed phase. Deformation of tumour capsule can be seen in 20% of all
cases, dilatation of intrahepatic bile ducts is seen in 20-60% of cases (fig.18).

Fig. 18. Mass forming intrahepatic cholangiocarcinoma. (a) the lesion enhances
hetreogeneously in arterial phase;(b,c) persistent enhancement is seen in portal venous
phase. (arrow)
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Mass-forming cholangiocarcinoma is characterized by a homogeneous sclerotic mass with
an irregular lobulated margin, typically in the absence of haemorrhage or central necrosis.
Uptake of c¢/m in the late phase is closely related to the amount of interstitial space in the
fibrous stroma. Peripheral masses are sometimes associated with capsular retraction. About
80% of all lesions enhance in the late phase.

Diffuse periductal thickening and increased enhancement due to tumour infiltration, with
an abnormally dilated or irregularly narrowed duct and peripheral ductal dilatation is
typical for periductal infiltrative type. This is one of the least common types of
cholangiocarcinoma. Most of hilar cholangiocarcinomas are of this type. Periductal
cholangiocarcinoma tends to be localized to one segment or lobe and manifests with ductal
dilatation, a finding that is indicative of biliary disease. This is a very important sign
differentiating this type of cholangiocarcinoma from periportal lymphangitic metastasis or
from the extrahepatic tumour. Metastases are usually localised in a few liver lobes and do
not cause ductal dilatation (fig.19).

Fig. 19. Intraductal infiltrating cholangiocarcinoma. CT scan images show diffuse ductal
dilatation in the both hepatic lobes with no visible intraductal mass.
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On precontrast CT images intraductal cholangiocarcinomas appear as a lesion within the
dilated bile duct that is hypo- and isodense compared to surrounding liver tissue. After
administration of contrast media, the intraductal tumour shows enhancement. This type of
tumour can be distinguished from HCC invading the bile duct on the basis of identification
of the mass outside the ductal system, hypervascularity at dynamic imaging, the presence of
a prominent fibrous capsule or pseudocapsule, and other imaging features favouring HCC.
This type of intraductal tumour may also be confused with an intraductal mass-like stone.
The absence of enhancement and the high attenuation on unenhanced CT images are useful
in making the diagnosis of an intraductal mass-like stone, whereas an enhancing polypoid
mass with asymmetric adjacent bile duct wall thickening is suggestive of an intraductal
tumour (fig.20).

(b)

Fig. 20. Intrahepatic stone disease. (a,b) Arterial and portal venous phase CT images show
dilated intrahepatic bile ducts in the left liver lobe with hepatolithiasis (arrow).

The diagnostic criteria of I-CCC on CT images are as follows: hypodense or isodense lesion
on unenhanced CT images; slight peripheral enhancement in arterial phase; that emerges in
venous phase. Based on these criteria CT imaging is 78% sensitive and 89% specific.

3.3 Metastases

Liver is the second most common (after lymph nodes) organ, where different malignant
tumours metastasize. 80% patients with extrahepatic tumour are expected to have liver
metastases. Multiple hepatic metastases are way more common (>90%) than solitary ones
(<10%). Both liver lobes are more likely to be affected (77%) than the right one (20%) or the
left one (31%) alone. Lesions may be infiltrative, expansive or miliary. Liver metastases may
be hypovascular or hypervascular (fig. 21).

Few lesions may look completely different in one patient due to variations in cellular
differentiation, fibrosis, necrosis, haemorrhage, and blood supply. This is typical for
metastases from renal cell carcinoma, carcinoid, choriocarcinoma and some types of lung
cancer. Majority of authors differentiate hypervascular liver metastases from FNH and
HCC. Primary tumours that are the most likely to metastasise to the liver are ophthalmic
and pancreatic (70-75%), breast, gall-bladder and extrahepatic bile ducts, colon and rectal
(about 60%), and stomach (about 50%).



128 Hepatocellular Carcinoma — Clinical Research

Fig. 21. Hepatic metastases from GIST. Multiple large masses show heterogeneous
enhancement, intralesional irregular necrotic areas are seen.

On contrast enhanced CT images characteristic of enhancement of liver metastases is
determined by the primary tumor. Most liver metastases are hypovascular. This is why
they look hypodense on CT images, especially in portal venous phase compared to
normal liver parenchyma. Central hypodense area caused by tissue necrosis may be seen
on CT images (fig.22).

o 0.0 degrees O
Fig. 22. Hepatic metastasis from colon carcinoma. (a) Arterial phase CT image shows a

hypodense lesion with biliary duct dilatation in the left liver lobe (arrow). (b) Portal venous
phase image: the lesion is hypodense to the surrounding liver parenchyma (arrow).

Peripheral hyperdense border rim can be visualized due to peripheral afferent blood vessels
or hyperemia of liver tissue. The borders of metastases may be sharply defined, ill-defined,
or nodular, and their shape may be ovoid, round, or irregular.

Hipervascular metastases (RCC, pancreatic carcinoma, sarcoma or melanoma) enhance
more or less homogenously intensively in arterial phase. Normally arterial phase is crucial
in evaluation of metastases as hyperenhancement is caused by hepatic artery supplying
blood to the tumor (fig. 23).
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Fig. 23. Hepatic metastasis from renal cell carcinoma. a) Arterial phase CT image shows
peripheral contrast enhancement, with hypodense centre of the lesion. (b) Portal venous
phase CT image shows a slightly hyperenhancement of the lesion. (c) Delayed phase image -
metastatic lesion is hypodense. Central part of the lesion shows necrosis.

However, sometimes metastases can enhance atypically.

In Van Leeuwen study, 11% of colorectal metastases enhanced heterogeneously, and about
60% of metastases from hypervascular tumours did not enhance at all. Metastases may
develop calcification that is detectable by CT in the presence of mucin, necrosis, and
phosphatase activity (fig.24).

This is typical for metastases from mucin adenocarcinoma, such as colon, pancreatic, and
stomach cancer. Sometimes in case of mucin producing tumour cystic metastases may be
found in the liver. On CT images they look like foci with peripheral ring enhancement. In all
unclear cases differentiation from common liver cysts is required (fig. 25).

It is very important to differentiate peripheral enhancement in FLL, especially metastases,
from nodular peripheral enhancement in first few seconds of arterial phase that gradually
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becomes more intensive in portal venous, venous and delayed phases. This character of
enhancement is typical for liver hemangiomas. It is a reliable sign of non-malignant lesion.

0.0 degress
e

(a) (b)
Fig. 24. Metastatic melanoma. (a) Contrast-enhanced CT image during hepatic arterial phase
shows a multiple hyperattenuating hepatic metastases. (b) On portal venous phase we see
washout of contrast medjia.

Fig. 25. Hepatic metastasis of neuroendocrine tumor. (a) On arterial CT phase, a large
hypervascular tumor is seen as hyperattenuating mass with central necrosis. (b) In the
portal venous phase tumor becomes isodense to surrounding liver parenchyma; necrosis
remains hypodense.

Arterial-venous shunts, liver perfusion abnormalities and focal or diffuse fatty degeneration
can also mimic metastases, so radiological differential diagnostic with these lesions is
necessary.

In differential diagnostics of HCC and metastases it is very important to identify the
following CT diagnostic criteria of hypervascular areas: hypodense lesion on unenhanced
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CT images; intensive enhancement in arterial phase and rapid wash-out (hypodense lesion)
in venous phase. Based on these criteria CT scanning is 85% sensitive and 86 % specific.

3.4 Rare malignant tumours

Even though these tumours are relatively rare FLL, they also should be differentiated
radiologically. These are fibrolamellar carcinoma (FLC), epithelioid haemangioendothelioma
(EHE), primary liver lymphoma and biliary cystadenocarcinoma.

3.4.1 Fibrolamellar carcinoma

Fibrolamellar carcinoma (FLC) presents only 2% of all liver tumours and is mostly
diagnosed in young women without chronic liver disease. According to available sources,
FLC should be differentiated from benign FNL, such as FNH, large haemangioma, and
sometimes - HCA. It is challenging to differentiate FLC from HCC when the lesion
enhances heterogeneously. This is why the late phase is so important: it visualises
hypodense homogenous FLC.

Fibrolamellar carcinoma is another hypervascular tumour occurring in young adults and it
usually contains a fibrotic scar. However it is not difficult to differentiate it from FNH. FLC
is usually a large (>10-cm), heterogeneous, lobulated mass with broad central or eccentric
scars and radiating septa. Calcifications are found in 68% of FLC, and obvious signs of
malignancy such as lymphadenopathy (65%), metastases, and biliary and vascular invasion
are found in the majority of cases. Calcification is typical of FLC, with a reported incidence of
35-68%. Calcifications may be punctate, nodular, or stellate and are usually small (<5 mm),
few (one to three in number), and almost always located near the centre of the tumour. FLC
demonstrates a central scar in up to 20-71% of cases. It is typically large and may be broad or
stellate, eccentric or central. Invasion of the hepatic vessels or bile ducts was also found to be
an important differentiating feature, but it may be seen in less than 5% of cases of FLC.

3.4.2 Epithelioid haemangioendothelioma

Epithelioid hemanioendothelioma (EHE) is a rare and highly malignant tumour with
vascular component that develops from epithelioid endothelium cells. On unenhanced CT
images epithelioid hemangioendothelioma is hypodense compared to normal hepatic
parenchyma. EHE usually localises in lateral liver parts and is formed of fibrotic
hypovascular central nucleus and peripheral hypervascular rim that is still seen in the late
phase. Capsular retraction is frequently present, and calcification is occasionally seen.

3.4.3 Lymphoma

Primary hepatic lymphoma is an exceptionally rare disease, representing less than 1.0 % of
all extranodal lymphomas. Lymphoma of the liver is considered primary in the absence of
extra-hepatic involvement or in cases of predominant hepatic presentation. Hepatic
lymphoma is more commonly encountered in patients with cirrhosis, mostly secondary to
hepatitis C, AIDS, systemic lupus erythematosus and in transplant recipients being treated
with immunosuppressive drugs. The prognosis appears to be favourable in patients
diagnosed and treated early, unless there is an underlying disease. In 57% of all cases
primary liver lymphoma is solitary tumour. On CT images it is seen as hypodense
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homogenous lesion of variable size and enhancement. Secondary lymphoma tends to
present as multiple lesions in most cases, but can also show a single lesion or diffusely
infiltrate the liver. CT features of hepatic lymphoma are non-specific and do not allow
differentiation from other solitary or multicentric hepatic tumours (fig.26).

Fig. 26. B cell lymphoma. Arterial phase CT image shows a large heterogeneous tumor in
the right lobe with hypodense central necrosis.

3.4.4 Billiary cystadenocarcinoma

Billiary cystadenocarcinoma is a malignant tumour, developed from billiary cysadenoma
(fig. 27).

Fig. 27. Biliary cystadenoma in S1 with biliary ductal dilatation. Contrast-enhanced CT
image shows a hypodense lesion in the liver without contrast enhancement. A partial
septation of the lesion is present.

It is a large cystic tumour that is usually septated, but may be unilocular. The cystic spaces
contain mucinous or serous fluid. On CT images both cystadenoma or cystadenocarcinoma
are well defined cystic lesions that do not enhance. We can see an enhancement of the wall
and septa of the tumour. Calcifications and soft tissue components are possible.
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4, Conclusion

Contrast enhanced CT is a powerful imaging technique for the accurate diagnostics of HCC.
Arterial and portal venous phases are important in evaluation of FLL. Delayed phase is
essential in differential diagnosis of benign and malignant lesions. These imging techniques
should be optimized for the evaluation of suspected HCC. Typical CT features may help in
differentiating HCC from other liver lesions.

Contrast enhanced CT is important technique for the accurate diagnosis of HCC. Optimal
scanning protocol is essential. Delayed phase should be always included in scanning
protocol.
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1. Introduction

Hepatocellular carcinoma (HCC) is the 7th most common cancer worldwide and remains the
third leading cause of cancer deaths (Yang and Roberts 2010). It has a 5-year survival rate of
less than 11% even in developed nations (Garcia, Jemal et al. 2007). The 5-year survival rate
drops from 26% to 2% in patients with localized versus metastasized cancer (ACS, 2010).
The poor prognosis is due mainly to late detection with the methods currently available.
Thus, a better screening method to detect HCC at its early, curative stage is needed to
improve its outcome. One of the major etiological factors associated with HCC development
is chronic infection with hepatitis B virus (HBV). In developing countries, 59% of liver
cancers are attributable to HBV and, in developed countries, 23% of liver cancers are
attributable to HBV (Garcia, Jemal et al. 2007).

The contribution of HBV to the pathogenesis of HCC is believed to be multifactorial
including the possible role of HBV mutants. A double mutation —an adenine (A) to thymine
(T) transversion at nucleotide position 1762 and a guanine (G) to adenine (A) transition at
nucleotide position 1764 (1762T/1764A) —in the HBV genome has been found in 50% to 85%
of HCC tumor tissues (Hsia, Yuwen et al. 1996; Baptista, Kramvis et al. 1999; Arbuthnot and
Kew 2001; Hannoun, Horal et al. 2002; Kuang, Jackson et al. 2004; Kuang, Lekawanvijit et al.
2005). It has been shown that chronic HBV carriers with the HBV 1762T/1764A double
mutation have an elevated risk of HCC and that the risk increases with increasing viral load
of the double mutation (Yuan, Ambinder et al. 2009). Thus, the HBV 1762T/1764A double
mutation is an important risk factor for HCC for people infected chronically with HBV
(Chen, Iloeje et al. 2007; Yuan, Ambinder et al. 2009).
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This double mutation appears to be associated with enhanced viral replication and
increased severity of liver inflammation, which may contribute ultimately to the
development of HCC (Laskus, Rakela et al. 1995; Takahashi, Aoyama et al. 1995; Baptista,
Kramvis et al. 1999; Hou, Lau et al. 1999; Pang, Yuen et al. 2004). Furthermore, this mutation
has been associated with decreased circulating HBV e antigen (HBeAg) and is thought to
trigger the host immune response to HBV infected hepatocytes leading to increased
apoptosis and regeneration. This could contribute to host liver injury and progression to
HCC (Yang, Yeh et al. 2008). Previous studies have shown that the HBV 1762T/1764A
double mutation can be detected in plasma samples from patients with HCC (Zhang, Gong
et al. 2002; Kuang, Jackson et al. 2004; Kuang, Lekawanvijit et al. 2005; Yang, Yeh et al. 2008);
the results of these studies suggest that the HBV 1762T/1764A double mutation is a
potential biomarker for the early detection of HCC in long-term carriers of HBV.

Some of the available methods for detection of this double mutation involve PCR
amplification of the target sequence followed by direct DNA sequencing(Baptista,
Kramvis et al. 1999), PCR followed by restriction enzyme digestion(Takahashi, Aoyama et
al. 1995), mismatched PCR coupled with restriction fragment length polymorphism
analysis(Hou, Lau et al. 1999), or short oligonucleotide mass spectra analysis (SOMA)
(Kuang, Jackson et al. 2004). These methods are not feasible for clinical use as they are
either time-consuming, labor intensive, or insensitive due to the excessive HBV wild type
DNA molecules in the sample.

The authors (Su, Wang et al. 2004; Su, Wang et al. 2005; Su, Wang et al. 2008) and other
researchers(Botezatu, Serdyuk et al. 2000; Serdyuk, Botezatu et al. 2001; Chan, Leung et al.
2008; Melkonyan, Feaver et al. 2008) have shown that urine contains DNA from the
circulation. This circulation-derived urine DNA, transrenal DNA, is fragmented mostly into
segments of fewer than 300 base pairs (bp) (designated as low-molecular-weight urine
DNA) and can be used to detect tumor-derived genetic mutations. The authors have also
shown that the preferential isolation of low-molecular-weight urine DNA from total urine
DNA and its use as the substrate enhances the sensitivity and specificity of the urine test for
detecting tumor-derived circulating DNA markers (Su, Song et al. 2008). Moreover, the
authors have shown that the concentration of circulation-derived DNA in urine is
comparable to that in blood (Su, Wang et al. 2008).

As mentioned, the HBV 1762T/1764A double mutation was detected in the plasma of
patients with HCC (Kuang, Jackson et al. 2004; Kuang, Lekawanvijit et al. 2005; Yang, Yeh
et al. 2008). To the authors” knowledge, none of the previous studies have attempted to
detect the HBV 1762T/1764A double mutation in urine. Urine is an advantageous bodily
substrate in HCC screening as it proves absolutely noninvasive, opportune for collection
in remote geographic areas such as developing countries, and further requires no special
facility or equipment apart from sterile collection containers, as compared to the
requirements for serum or plasma collection. Thus, it was of interest to see if the HBV
1762T/1764A double mutation sequence could be detected in the urine of patients with
HCC who were infected with HBV.

Our study involves development of two PCR-based assays for detecting this HBV
1762T/1764A double mutation. The first assay comprises of a real-time PCR assay
(HybProbe_DM) utilizing hybridization probes and an oligonucleotide clamp containing
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locked nucleic acids (LNAs). This LNA clamp complementary to HBV wild type DNA can
reduce interference from HBV wild type to allow for increased sensitivity for detecting the
HBV double mutation. However, Sikora et al.(Sikora, Zimmermann et al. 2010) and
Shekhtman et al. (Shekhtman, Anne et al. 2009) suggested that polymerase chain reaction
(PCR) assays targeting template sequences of 50 nucleotides (nt) or less are necessary to obtain
a sensitivity greater than 50% in order to detect DNA of interest in urine derived from the
circulation. Thus, a second assay containing a 2-step nested PCR assay (HBVDM_40) with a
target template size of 40 bp and incorporation of locked nucleic acid was also developed. Both
assays were then tested to detect HBV 1762T/1764A double mutation in urine of HBV-infected
patients with HCC. The HBV double mutation was detected in the urine by this two-step PCR
assay and suggest that it is necessary to minimize the targeting template size to have sufficient
sensitivity to detect circulating DNA markers in urine.

2. Assay design and development

The goal of our study is to develop an assay suitable for urine detection of the HBV
1762T/1764A double mutation. We outline two approaches taken. The first is a real-time
PCR-based assay utilizing fluorescent hybridization probes along with a LNA clamp
complementary to HBV wild type DNA, as described previously (Ren, Lin et al. 2009). This
assay allows real-time quantification of HBV 1762T/1764A double mutation DNA as well as
PCR product characterization through melting curve analysis. The LNA clamp increases
sensitivity of this assay by inhibiting HBV wild type DNA amplification allowing detection
of HBV 1762T/1764A double mutation. However, this assay contains a 133 bp amplicon size
and may not be suitable to detect low molecular weight urine DNA. A second assay was
developed targeting a template size of 40 bp. This assay does not contain real-time
capabilities and is a 2-step nested PCR assay. The use of LNA is also incorporated, but
rather than appropriating a wild type clamp LNA was incorporated into the PCR primers to
allow for selective amplification of the HBV 1762T/1764A double mutation DNA. The
assays’ design and development are highlighted below.

2.1 HybProbe_DM assay

This assay was validated by PCR and direct DNA sequencing. The PCR (186 bp) utilized
primers SeqFwd and SeqRev that lay outside of HybProbe_ DM assay (Fig 1). The
HybProbe_DM assay was designed on a LightCycler® 2.0 platform. The sensor and anchor
hybridization probe are labelled below. The LNA clamp is a 16 nt oligonucleotide
complementary to HBV wild type DNA and contains 10 LNA (Fig 1).

Plasmid containing 186bp segment (from positions 1642 to 1827 of the HBV genome) HBV
wild type DNA and 1762T/1764A double mutation were constructed using pPCR-Script
AMP SK(+) vector (Stratagene, La Jolla, Ca). The amount of plasmid DNA was determined
using a Nanodrop™ 1000 spectrophotometer (Thermo Fisher Scientific, Wilmington, DE) at
260 nm absorbance and confirmed by ethidium bromide staining agarose gel with a known
quantity of 100-bp molecular weight DNA standard (New England Biolabs, Ipswich, MA).

These plasmids served as control templates in the testing of these assays. The real time PCR
assay was assembled in a final volume of 10 ul containing 1X reaction buffer, 0.5 unit of
LightCycler® FastStart Taq polymerase (Roche Applied Science, Indianapolis, IN), 0.4 uM of
each PCR primer (LC Fwd and LC Rev), 2.5 mM MgCl,, 500 ng/ul, BSA, 200 pM dNTP, 0.2
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uM Sensor, 0.2 uM Anchor, and 2 uM HBV wild type-specific LNA-containing oligonucleotide
(Ren, Lin et al. 2009). The reaction was incubated in the LightCycler II (Roche Applied Science)
at 95°C 10min to activate the Taq polymerase, followed by amplification at 95°C 5's, 65°C 15 s,
52°C 10 s, and 65°C 10 s for 45 cycles. Both the Sensor and the LNA clamp are phosphorylated
at the 3’ end so that they cannot function as primers.

Seq Fwd >
1631 - ccaggtcttg cccaaggtct tacacaagag gactcttgga ctctcagcaa

>
1681 - tgtcaacgac cgaccttgag gcatacttca aagactgttt gtttaaagac

Sensor L7 6? 1764 Anchor

|
1731 - tgggaggagt tgggggagga gattaggtta aaggtctttg tactaggagg
5'-GGttA aAGGTcTTtG t-NH

LNA oligonucleotide

(Anchor continued) LC Rev

<+
1781 - ctgtaggcat aaattggtct gttcaccagc accatgcaac tttttcccct
-

Seq Rev

Fig. 1. HybProbe_DM oligonucleotides design. HBV wild type DNA sequence (GeneBank
Accession #X04615) from positions 1631 to 1830. Positions and direction of oligonucleotides
are denoted by marked arrows and LNA-containing oligonucleotide is listed with LNA
denoted by capital letters.
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Fig. 2. Differentiation of the HBV 1762T/1764A double mutation from the HBV wild type
DNA by melting curve analysis and the wild type clamp. (1) HBV 1762T /1764 A (300
copies); (2) HBV wild type DNA (300 copies); (3) H2O only; (4) HBV wild type DNA plus
LNA clamp; (5) wild type: HBV 1762T/1764A equal molar mix; (6) wild type: HBV
1762T/1764A mix plus LNA clamp.
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Sensitivity was validated using varying ratios of mutant in HBV wild type DNA
background in the presence of LNA clamp. A minimum of 10 copies of mutant HBV DNA
was detected (Fig. 2) and a mutant/wild type ratio of 1:3000 (Fig. 3).
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Fig. 3. Sensitivity of LNA-mediated clamped real-time PCR for the detection of HBV
1762T/1764A double mutation. Amplification curves of HBV 1762T/1764A double mutation
at (1) 3000 copies; (2) 300 copies; (3) 30 copies; (4) 10 copies; (5) 5 copies; (6) 0 copy (H20
only). The PCR was carried out in the presence of 30,000 copies of HBV wild type DNA and
2 pM of wild type clamp.

2.2 HBVDM_40 assay

This assay was developed to suit urine detection criterion. To detect HBV double mutation
in the small fragmented DNA templates of urine, a two-step nested PCR assay targeting a
40-bp DNA fragment from the nucleotide positions 1743 to 1787 of the HBV genome was
developed with the sequences and location of primers displayed in Fig 4. To enhance the
amplification specificity of the mutated sequences, two LNAs were incorporated into the
forward primer of the first PCR at the mutation sites, positions 1762 and 1764. An artificial
tag sequence was added to increase the size of the first amplicon. Thus, the nested primers

1723 1733 1743 1753 1762 1764 1773

1 1783
| | | . |
L AARGR TG GRGGRG T T G ERGERGAT T AGET TARAGGT C T T I TAC TAGEAGEC T TAGGCATARATIGGTCIGTICA

1t PCR | goecttogtggtgtgatagaggagattaggttaaloht

(76 bp) € tactaggaggctatangoaccacaccacgaagags
2nd PCR St gat gt gataaggad =
(62 bp) €| ctgtaggcaccacaccacy

Fig. 4. HBVDM_40 assay showing locations and sequences of the primers for the first and
second step PCR reactions. The nucleotide sequence of the HBV wild type genomes
(GenBank accession # X04615) from 1723 to 1805 is listed and the target sequence of the
assay (40 nt) is highlighted. The LNA nucleotides in the forward primer of the first-step PCR
are at positions 1762 and 1764 (indicated by capital letters). The tag sequences of each
primer are italicized and underlined.
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for the second PCR reaction could be designed to contain most of the tag sequence. DNA
isolated from a hepatoma cell line, HepG2 (American Type Culture Collection, Manassas,
VA), that is free of any known hepatotropic viruses(Javitt 1990), was used as a negative
control for HBV DNA.

To determine the sensitivity and specificity of the HBVDM_40 assay, a serial dilution of
HBV 1762T/1764A double mutation positive control plasmid construct ranging from 1,000
copies to 1 copy per uL was prepared. The 1762T/1764A double mutation serial dilution
standard, 1,000 copies of wild type plasmid DNA, and 5 ng HBV-negative control HepG2
DNA were then tested using the HBVDM_40 assay. The first PCR was assembled in a final
volume of 20 pL containing 0.5 U HotStar Taq (Qiagen, Valencia, CA), 1X PCR buffer, 200
pM dNTPs, 1 pM of each primer, and DNA templates. The cycle profile was 95°C for 15 min
to activate the Taq polymerase, followed by 95°C for 30 sec, 62°C for 30 sec, 72°C for 30 sec
for 30 cycles, and a final extension for 4 min at 72°C. The PCR product of the first PCR
reaction was diluted 1 to 1000, and 1 pL of the dilution was used as the template for the
second PCR reaction. For the second step of the PCR reaction, the reaction was assembled in
a final volume of 20 pL containing 0.5 U HotStar Taq (Qiagen), 1X PCR buffer, 200 pM
dNTPs, 0.5 pM of each primer, and DNA templates. The cycle profile was 95°C for 15 min to
activate the Taq polymerase, followed by 95°C for 30 sec, 55°C for 30 sec, 72°C for 30 sec for
35 cycles, and a final extension for 4 min at 72°C. The PCR product was analyzed in a 12%
polyacrylamide gel using the TrackIt™ 25 bp DNA Ladder (Invitrogen, Carlsbad, CA).
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Fig. 5. Sensitivity and specificity of the HBVDM_40 assay. Serial 10-fold dilutions from 1
copy to 1000 copies of HBV 1762T /1764A double mutation positive control plasmid DNA
and 1000 copies of the plasmid DNA containing HBV wild type sequences, 5 ng of HepG2
DNA, and H,O were subjected to the HBVDM_40 assay. PCR products of the second-step
PCR were analyzed in 12% polyacrylamide gel, stained with ethidium bromide, and
visualized by photographing under a UV-transilluminator. The location of an expected 62-
bp amplicon is indicated by the arrow. The TrackIt™ 25 bp DNA Ladder was used to
indicate molecular weight markers.
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As shown in Fig. 5, this two-step nested PCR assay could detect specifically as few as 10 copies
of the HBV 1762T /1764A double mutation. No detectable PCR product was obtained from the
water, 1000 copies of HBV wild type plasmid DNA, or 5 ng of HepG2 DNA. Overall, both of
these assays display similar sensitivity (10 copies of HBV 1762T/1764A double mutation).

3. Assay comparison in patient testing

The assays were subjected to 15 HCC patient samples. Patient information is listed in Table
1. For a negative control, urine samples from 31 subjects (18 men and 13 women; average

Code Age Gender HBV- HCV-  Stageof = Tumor size by AFP level

infected infected HCC Ultrasound or CT ~ (ng/mL)

2K 53 M + ND Il 5.5cm 22.04
3K 74 M - ND | 11 cm 12.68
5K 29 M + - Il 7 cm 24302
6K 71 F + ND 1]l 3cm 667.1
7K 65 M + - Il 2cm 6.2

8K 57 M + ND I 16 cm 18032
10K 56 M + - Il 2.8cm 4.68
17K 70 F - + | 2.7cm 820.6
18K 67 F + - Il 5cm 3.53
19K 64 M + ND ] 6 cm 6.98
20K 57 M + ND | 25cm 4.03
21K 64 F - + | 5cm 6.71

25K 60 M + ND ] 5.5¢cm 1.78
26K 48 M + - Il 3.5cm 6101
27K 58 F + ND Il 23cm 789.8

F, female; HBV, hepatitis B virus; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; M, male;
ND, not determined

Table 1. Clinical Information for patients with HCC. Participants with diagnosed HCC were
recruited from the National Cheng-Kung University Medical Center liver clinic. Patients
with cancer were enrolled from surgical or oncologic services (prior to initiation of
chemotherapy, radiation therapy, or surgery). Eligible patients with HCC were tested for
detectable hepatitis B surface antigen, and 11 out of 15 patients with HCC were found to be
positive. AFP, alpha-fetoprotein; CT, computerized tomography; F, Female; M, male; HBV, hepatitis
B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ND, not determined
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age, 41 years, range 18-73 years) who were negative for any liver disease, including
infection with HBV or hepatitis C virus, were collected. These patient samples were
obtained under institutional review board approvals. Total urine DNA from each urine
sample was isolated and fractionated for the low molecular weight urine DNA fraction
using carboxylated magnetic beads (AgentCourt Bioscience Corporation, Beverly, MA) as
described previously(Su, Song et al. 2008). DNA isolated from 15 urine matched HCC
tissues was tested for HBV wild type, to confirm the pathological information provided and
for the appearance of the 1762T/1764A double mutation.

HBYV infection status indicated in the patients’ records was confirmed by performing the
HybProbe_DM assay with HCC tissue samples, in the absence of the LNA clamp, to allow
amplification of both wild type and mutated sequences. The tumor tissue DNA was isolated
by proteinase K/SDS treatment followed by phenol/chloroform extraction and ethanol
precipitation. As expected, of the 15 HCC tissue samples tested, 4 samples (3K, 8K, 17K, and
21K) did not contain any detectable HBV DNA; this result was consistent with the
pathological records provided (Table 1). The tissue DNA was then tested to detect the HBV
1762T/1764A double mutation using the HBVDM_40 assay and the HBV double mutation
HybProbe assay. The results are summarized in Table 2.

HybProbe_DM assay detected 8 of 11 (72%) and the HBVDM_40 assay detected 9 of 11
(82%) HBV-infected HCC tissue DNA samples for HBV 1762T/1764A double mutation. This
is consistent with previous findings whereby 1762T/1764A double mutation was found in
50% to 85% of HBV-infected HCC tissues (Hsia, Yuwen et al. 1996; Baptista, Kramvis et al.
1999; Arbuthnot and Kew 2001; Hannoun, Horal et al. 2002; Kuang, Jackson et al. 2004;
Kuang, Lekawanvijit et al. 2005). Subsequently, the low molecular weight urine DNA
isolated from 15 corresponding urine samples was subjected to both the HybProbe_DM and
HBVDM_40 assays. As expected, the HBV double mutation HybProbe_DM assay, targeting
133 bp of the region of interest, was not sensitive enough to detect the DNA marker that is
within fragmented, circulation-derived transrenal DNA (< 300 bp). Only one urine sample
(6K) from the 11 patients with HCC who were infected with HBV was positive for the HBV
1762T/1764A double mutation by the HBV double mutation HybProbe_DM assay (data not
shown), whereas 8 HBV-infected HCC urine samples were positive for HBV 1762T/1764A
double mutation by the HBVDM_40 assay.

Interestingly, there were two urine samples (5K and 18K) that were HBV 1762T/1764A
double mutation positive whose matched tissue samples were negative for HBV
1762T/1764A double mutation. It is possible that the 1762T/1764A double mutation
detected in the urine samples was derived from the HCC tissue that was not part of the
paraffin-embedded tumor tissue sections obtained.

Although the sensitivities of both the HBV LNA-mediated clamped HybProbe_DM assay
and the HBVDM_40 assay are similar, 10 copies per assay, the HBVDM_40 assay is more
suitable for detecting HBV 1762T/1764A double mutation when the urine DNA substrate
was used, due to the smaller target template size. The maintenance of similar sensitivity in
such a short amplicon is attributed to the LNA molecules incorporated at the sites of the
mutations in the forward primer to amplify selectively the 1762T/1764A double mutation
sequences. This substitutes the role of the 16nt LNA clamp in the HybProbe_DM assay that
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used in order to inhibit amplification of wild type sequences. Through this approach the
target template size can be shortened and suitable for urine detection of circulation derived
DNA markers.

HBV Double Mutation HBV Double
HybProbe Assay Mutation_40 Assay
Subject HBV Tissue Urine Tissue Urine

2K + DM - DM DM
3K - - - - -
5K + WT - DM DM
6K + DM DM DM DM
7K + DM - DM DM
8K - - - - -
10K + WT - - -
17K - - - - -
18K + WT - - DM
19K + DM - DM -
20K + DM - DM DM
21K - - - - -
25K + DM - DM -
26K + DM - DM DM
27K + DM - DM DM

aEach DNA sample was tested twice. Positivity is defined as both assays positive.
DM, HBV DNA 1762T/1764A double mutation sequence; WT, wild-type sequence.

Table 2. Detection of HBV double mutations in HCC tissues and matched urinea
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4, Discussion

Individuals infected with HBV are a high-risk group for developing HCC. They need to be
screened regularly for HCC. However, the latent period between contracting HBV infection
and developing HCC ranges from a few to 30 years (Kim, Lee et al. 2000). Currently, the
alpha-fetoprotein blood test and ultrasonography are the only screening methods available.
Given the cost and the technical expertise required for blood collection and
ultrasonography, a noninvasive, urine-based screening method is highly preferable and
likely to have higher compliance than serum assays or imaging. It has been suggested that
the HBV 1762T/1764A double mutation is a potential predictive marker for HCC because of
its association with 50% to 85% of HBV-associated HCC and its detection in the circulation
of patients infected with HBV who were either diagnosed with HCC at the time the blood
was collected or who developed HCC a few years later (Kuang, Lekawanvijit et al. 2005).

To the authors” knowledge, this is the first report of the detection of HBV 1762T/1764A
double mutation in the urine of patients with HCC and infected with HBV. This finding was
achieved by developing a PCR assay that targets a template size of 40 bp optimized for use
with transrenal DNA and is the first step toward developing a urine test for screening for
HCC in individuals infected with HBV. The source of the HBV 1762T/1764A double
mutation DNA detected in the urine of patients with HCC is unclear. It is possible that the
HBV 1762T /1764 A double mutation DNA is derived from the breakdown of DNA from the
HBYV infectious particles in circulation, from the closed circular form of the HBV genome, or
from the integrated HBV genome released from infected hepatocytes. Because the DNA
substrate is the low molecular weight urine DNA fraction (less than 1 Kb), the authors do
not think that the HBV 1762T/1764A double mutation DNA detected was derived from
infectious HBV virions in urine or in the circulation. Previous studies by the authors have
shown that low molecular weight urine DNA co-migrated with DNA of 1 to 2 nucleosomes
isolated in serum, which suggests that the source of this low molecular weight urine DNA is
mostly from apoptotic cells (Su, Wang et al. 2004). It has been suggested that the turnover of
hepatocytes in liver infected with HBV is increased, mostly by apoptosis. The authors thus
speculate that the HBV 1762T/1764A double mutation detected in the urine of patients with
HCC who were infected with HBV might originate from apoptotic infected hepatocytes.

In this small pilot study, the association of the detection of HBV double mutation sequences
with the size of the tumor (Tables 1 and 2) was not found, perhaps because the sample size
was too small. In this cohort, only 1 (20K) of 11 HCCs from patients infected with HBV was
a stage I tumor. Interestingly, HBV double mutation was detected in this stage I tumor (20K,
tumor size 2 cm), but not in 3 higher stage tumors [10K (stage II, tumor size 2 cm), 19K
(stage III, tumor size 6 cm), and 25K (stage III, tumor size 5.5 cm)]. A larger number of
samples are needed for this comparison. As discussed earlier, the amount of tumor DNA in
urine could be due to the amount of apoptosis of the tumor. With heterogeneity of HCC, the
rate of apoptosis might vary from tumor to tumor. Other physiological conditions such as
hydration of body could also contribute to the concentration of circulation-derived DNA in
urine. Nevertheless, it is encouraging that 9 of 11 urine samples from patients with HCC
who were infected with HBV were positive for HBV double mutation by the HBVDM_40
assay, suggesting that this assay could be included in a urine test for HCC screening for
patients infected with HBV. The assay developed in this study is not robust enough to be
used in clinical settings for routine screenings. Nevertheless, the HBV 1762T/1764A double
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mutation was detected in the urine by this two-step PCR assay; this study showed that it is
necessary to minimize the targeting template size to have sufficient sensitivity to detect the
circulating DNA marker in urine. The development of a high-throughput quantitative assay
for this marker to translate this finding for clinical use is in progress.

It would be of great interest to compare the detectability of the HBV double mutation DNA
in urine with that of the current screening methods, the serum level of alpha-fetoprotein and
ultrasound. Although the sample size is small (n=15), 3 (7K, 18K, 20K) of 6 urine samples
from AFP-negative (< 20 ng/mL) patients with HCC who were infected with HBV were
positive for the HBV double mutation by HBVDM_40 assay. The HBV 1762T/1764A double
mutation would need to be evaluated in a large-scale study to determine how early in the
disease process of HCC this marker appears in the urine by screening the urine from
patients with hepatitis, cirrhosis, or HCC who were infected with HBV. Thus, the specificity
and sensitivity of the marker alone for HCC screening can be determined.

The use of urine for cancer detection shows promise for potential clinical applications in
HCC screening. Current literature has implicated other HBV mutations as potential HCC
screening markers. A mutation in the precore region is of interest. Not only has this
mutation been shown to be genotype specific but also to play a role in HBeAg secretion by
forming a premature stop codon. Precore variants can be first detected around the time of
HBeAg seroconversion and potentially prevent HBeAg synthesis without prohibiting
production of infectious HBV virions (Kao 2003; Yang, Yeh et al. 2008). A particular precore
region mutation involves position 1896 a G to A substitution (G1896A), however it depends
on the nucleotide present at position 1858 as it forms a stem structure. As a result, this
G1896A mutation rarely occurs in HBV genotype A due to pairing with dominate C1858 not
T1858 as seen in other genotypes. The impact of this mutation is still in question. Studies
have shown this mutation to be associated with a more aggressive disease such as
reactivation of chronic HBV while others have shown the opposite where there is a better
prognosis with the occurrence of this mutation (Kao 2003; Yang, Yeh et al. 2008).

Other mutations at position C1653T in the enhancer II region and position 1753 T to C/A/G
in the core promoter region have also been found. However, the mutation at 1753 was not
found to be significantly associated with HCC development, but the core promoter mutation
at 1753 were found to correlate with HCC development. The C to T mutation at 1653 alters
the X protein possibly contributing to hepatocarcinogenesis and shows increased frequency
with progression from chronic hepatitis to cirrhosis (Yuen et al., 2008). Although the link
between the core promoter mutations and development of HCC is still unclear, it is thought
that these mutations play a role in altering pregenomic secondary structure that enhances
viral replication and this has been demonstrated by increased HBV DNA levels in patients
with core promoter mutations compared to those with no core promoter mutations.

Lastly, mutations in the PreS/S have been of interest. S mutations involving glycine to
arginine substitution at position 145 (G145R) have been shown to play a role in immune
escape by altering HBV envelope proteins. PreS deletions play a role in forming the
hepatocyte binding site, transportation out of the hepatocyte and are essential for virion
assembly (Llovet and Lok 2008; Nguyen, Law et al. 2009). These mutations are thought to
occur during pathogenesis of HBV infection and transmitted vertically. Thus there is a
potential for these mutations to serve as HCC screening markers.
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In HCC screening, it is important to take into consideration the HBV genotypes as they have
a role in the clinical outcome, treatment efficacy, prevalence patterns of HBV mutants and
the geographic spread of HCC. There are known genotypes A through H with specific
geographic distribution. HBV genotypes B and C are predominant in Southeast Asia.
Genotype C has been found to be associated with more severe liver disease with higher
frequency of HBeAg, higher serum HBV DNA levels, delayed HBeAg seroconversion,
higher frequency of basal core promoter mutation, and lower response rate to interferon
therapy compared to genotype B. However genotype B is associated with development of
HCC in younger populations. Genotype A which is frequent in North America Europe,
India, and parts of Africa holds a predominant nucleotide at position 1858 and as a result
incur less frequent precore mutations. While genotypes B, C, and D which hold a
predominant nucleotide T at position 1858 is more frequent in the Mediterranean and Asia
have a much higher frequency of precore mutations. Genotypes F is found in South America
while genotypes E (Africans), F (aboriginal populations of South America), H (Amerindian
populations of Central America), and G (HBV carriers in France, Georgia, USA, and
Germany) are less well studied (Kao 2003; Yuen, Tanaka et al. 2008). Furthermore, in
Caucasian and Indian populations genotype D is associated with greater risk of HCC
development compared to genotype A indicating host factors in combination with genotype
can play a role in HCC risk.

Moreover, HCC, like other cancers, is extremely heterogeneous and has a complex etiology,
even within the HBV-infected group (Buamah, Gibb et al. 1984; Bressac, Kew et al. 1991;
Arbuthnot and Kew 2001; Block, Mehta et al. 2003; Boyault, Rickman et al. 2007; Aravalli,
Steer et al. 2008; Hoshida, Nijman et al. 2009). Any single DNA marker is unlikely to have
sufficient sensitivity and specificity to detect HCC such that it can be used as a stand-alone
diagnostic test. Thus, a panel of multiple genetic and epigenetic markers, such as HCC-
associated HBV mutations, as discussed above, mutations in p53 and CTNNBI1 genes
(Bressac, Kew et al. 1991; de La Coste, Romagnolo et al. 1998; Miyoshi, Iwao et al. 1998;
Huang, Fujii et al. 1999; Legoix, Bluteau et al. 1999; Terris, Pineau et al. 1999; Wong, Fan et
al. 2001; Taniguchi, Roberts et al. 2002; Edamoto, Hara et al. 2003; Kirk, Lesi et al. 2005;
Zhang, Rossner et al. 2006; Boyault, Rickman et al. 2007; Hussain, Schwank et al. 2007;
Cieply, Zeng et al. 2009; Jain, Singhal et al. 2010) and aberrant methylation of p16, APC, and
GSTP-1 genes (Lee, Lee et al. 2003; Jicai, Zongtao et al. 2006; Katoh, Shibata et al. 2006; Su,
Lee et al. 2007; Chang, Yi et al. 2008; Gao, Kondo et al. 2008; Harder, Opitz et al. 2008; Su,
Zhao et al. 2008; Feng, Stern et al. 2010; Hernandez-Vargas, Lambert et al. 2010; Jain, Singhal
et al. 2010) could be assembled that cumulatively result in a level of sensitivity and
specificity for HCC screening that is superior or complimentary to alpha fetoprotein and its
L3 glycoform or to ultrasound imaging, the methods currently used for HCC screening.

5. Conclusion

With the current technology in assay development, it is feasible to design assays targeting
clinically relevant mutations in HBV for HCC screening. Given the heterogeneity of HCC
and the genotypes of HBV, the challenge lies in developing a panel of assays which can then
give a better performance than current screening tests. Also, given the long window period
between HBV infection and HCC development, it is important that the test be as non-
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invasive and cost-effective as possible. The urine based tests can meet both of these
demands and are also suitable for developing nations with fewer resources. The next step
should be to test-drive the performance of the assays for HBV mutations in a larger study
population. This will allow evaluation of these mutations as diagnostic biomarkers and
investigate their association with HCC development, prognosis, treatment efficacy and
overall survival.
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1. Introduction

Hepatocellular carcinoma (HCC) usually shows a typical gross appearance and the gross
classification and gross diagnosis of resected specimens is performed as routine clinical work.
In the authors’ institution, many surgical cases of HCC are encountered, including rare and
unusual cases. This chapter documents the gross classification, features and diagnosis of usual
and unusual HCCs with representative gross photographs and a review of the literature.

2. Gross findings

The gross appearances of HCCs are affected by various factors such as tumor size, tumor
thrombus in the portal and hepatic veins, intrahepatic metastasis, necrosis and hemorrhage.
Well-differentiated HCC often produces bilirubin and the tumor color will be greenish after
formalin fixation. On the other hand, poorly differentiated HCC usually shows a whitish
coloration on gross appearance. If the tumor is accompanied by steatosis, the tumor will be
yellowish in color. HCC frequently presents with a nodular appearance showing fibrous
capsules and septa. The occurrence of capsule and septum formation is closely related to
tumor size. Both capsule and septum are unusual in small HCCs less than 2.0 cm in
diameter. In the majority of HCCs over 2.0 cm in diameter, the tumor grows expansively
and a capsule and septum are formed.

3. Gross classification of usual types of HCC
3.1 Eggel’s classification

Eggel’s classification [Eggel, 1901] was proposed more than 100 years ago, and has been
widely used for the classification of autopsy cases, rather than surgical cases. This system
classifies HCC into three major types according to gross appearance: nodular; massive; and
diffuse. Nodular type consists of a single or multiple discrete nodular tumors with clear
demarcation. Massive type is a large mass replacing almost the entire right or left lobe.
Diffuse type is characterized by diffuse proliferation of numerous minute cirrhosis-like
tumor nodules throughout the entire lobe or liver.
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Fig. 1. Gross appearance of massive-type HCC in Eggel’s classification.

3.2 Subclassification of nodular HCC

Eggel’s classification is not applicable to many surgically resected HCCs. In order to cope with
surgically resected HCCs, the Liver Cancer Study Group of Japan (LCSGJ) divided nodular
HCC into three subtypes: simple nodular type; simple nodular type with extranodular growth;
and confluent multinodular type [Kanai et al., 1987; LCSGJ, 1987]. The category of small
nodular type with indistinct margin, as the typical gross appearance of early HCC, has
recently been added to this subclassification [LCSG], 2000]. Several investigators have reported
the predictive value of this subclassification, with favorable outcomes for simple nodular type
compared to the other two subtypes in terms of recurrence and survival after hepatectomy
[Hui et al., 2000; Shimada et al., 2001; Inayoshi et al., 2003].
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Fig. 2. Schema for subclassification of nodular HCC on gross appearance

3.2.1 Small nodular type with indistinct margins

Grossly, small HCC less than about 2 cm in diameter can be classified into two major types:
a small nodular type with indistinct margins (vaguely nodular type); and a distinctly
nodular type [Kojiro & Nakashima, 1999]. The distinctly nodular type can be classified into
one of the three subtypes: simple nodular type; simple nodular type with extranodular
growth; and confluent multinodular type. On gross observation of the small nodular type
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with indistinct margins, distinguishing an obscure tumor nodule from surrounding cirrhotic
liver is sometimes difficult. Histologically, most tumors of small nodular type with
indistinct margins consist of uniformly distributed well-differentiated cancerous tissue
showing a characteristic replacing growth at the tumor boundary. Although portal tracts are
retained within the nodule, the number is markedly reduced [Nakashima et al., 1999]. Many
of the retained portal tracts are deformed due to varying degrees of tumor cell invasion,
designated as “stromal invasion”, and this stromal invasion is regarded as the most helpful
clue to distinguish small well-differentiated HCC from high-grade dysplastic nodules
[Kondo et al., 1994, Tomizawa et al.,, 1995, Nakano et al, 1997]. Vascular invasion and
intrahepatic micrometastasis are not usually observed in small nodular-type HCC with
indistinct margins. Well-differentiated HCC of the small nodular type with indistinct
margins has thus been designated as “early hepatocellular carcinoma”, to separate this
particular type of HCC from the classical form of HCC [Kojiro, 2006, 2007].

Fig. 3. a) Gross appearance of small nodular type with indistinct margins. b) Characteristic
replacing growth at the tumor boundary (hematoxylin and eosin (HE), x20).
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3.2.2 Simple nodular type

This is a well-demarcated nodule, frequently surrounded by a fibrous capsule. Grossly,
extranodular tumor growth, intrahepatic metastasis, and/or vascular invasion are not
observed. The inside of the tumor often shows a mosaic appearance due to fibrous septa.
Small HCC of the distinctly nodular type is also included in this category.

Fig. 4. Gross appearance of simple nodular type. A fibrous capsule and mosaic appearance
due to fibrous septa are apparent.

3.2.3 Simple nodular type with extranodular growth

When a tumor of simple nodular type shows varying degrees of extranodular growth
beyond the capsule, vascular invasion, and/or small metastases near the nodule, the tumor
should be categorized as simple nodular type with extranodular growth. This criterion is not
concerned with tumor size. Small tumors showing simple nodular type with extranodular
growth sometimes need discrimination from confluent multinodular type and large tumors
showing simple nodular type with extranodular growth sometimes need discrimination
from massive-type HCC.
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Fig. 5. Gross appearance of simple nodular type with extranodular growth. a) Small tumor
of simple nodular type with extranodular growth. b) Large tumor of simple nodular type
with extranodular growth. This type of tumor sometimes needs discrimination from
massive-type and/or confluent multinodular-type HCC.

3.2.4 Confluent multinodular type

This is a tumor resulting from the joining together of a few to numerous small tumor
nodules. No fibrous capsule is seen covering the entire tumor in this type and portal tracts
are frequently entrapped between agglomerated small tumor nodules. The incidence of
vascular invasion and/or intrahepatic metastasis is higher than in simple nodular types.
Large confluent multinodular-type tumors sometimes need discrimination from massive-
type HCC.



160 Hepatocellular Carcinoma — Clinical Research

Fig. 6. Gross appearance of confluent multinodular-type HCC. a) Small tumor of confluent
multinodular type. b) Large tumor of simple confluent multinodular type. No fibrous
capsule covering the entire tumor is present.

4. Unusual gross types of HCC
4.1 Scirrhous HCC

About 5% of HCCs show a scirrhous growth pattern characterized by marked fibrosis along
the sinusoid-like blood spaces with varying degrees of atrophy of the tumor trabeculae
[Kurogi et al., 2006]. These tumors are subclassified as scirrhous HCC according to the WHO
classification [Bosman et al., 2010]. Macroscopically, scirrhous HCCs are greyish-white,
solid, lobulated, and unencapsulated, but well demarcated, stellate-shaped fibrosis is
common. The gross appearance of scirrhous HCC mimics intrahepatic cholangiocarcinoma,
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combined hepatocellular and cholangiocarcinoma, and fibrolamellar carcinoma. Scirrhous
HCC is histologically distinguishable from fibrolamellar carcinoma, because the cancer cells
do not differ from those of ordinary HCC. Scirrhous HCC should also not be confused with
diffuse fibrosis (scirrhous change) in HCC, a well-known feature of cases treated by various
anticancer therapies such as chemotherapy, irradiation and chemoembolization.
Preoperatively, scirrhous HCC is often misdiagnosed as intrahepatic cholangiocarcinoma or
metastatic carcinoma on diagnostic imaging, because of atypical imaging findings due to the
diffuse fibrosis [Kojiro, 2006; Bosman et al., 2010].

Fig. 7. a) Gross appearance of scirrhous HCC. Stellate-shaped fibrosis is present. b)

Histology of the scirrhous HCC. Marked fibrosis (blue) is apparent along the sinusoid-like
blood spaces. Cancer cells are no different from ordinary HCC (Azan staining, x100).
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4.2 Fibrolamellar HCC

The clinical and pathological features of fibrolamellar HCC (FLC) were first described by
Edmondson [Edmondson, 1958]. The term “fibrolamellar carcinoma” was proposed by
Craig et al. [Craig et al., 1980], and has been adopted worldwide. FLC shows marked
geographic variations in incidence, and is extremely rare in Asian countries, including Japan
[Magata et al., 2001]. Soreide et al. [Soreide et al., 1986] reviewed 80 cases of FLC (including
their own 9 cases) reported between 1980 and 1986. This entity most frequently occurs in
noncirrhotic livers of adolescents or young adults with a mean age of 23 years; only 6% are
over 50 years old. Two thirds of the cases of FLC involve the left lobe and prognosis is more

T e i

Fig. 8. a) Gross appearance of fibrolamellar hepatocellular carcinoma. White fibrous septa
forming a central scar, lobulated appearance, and greenish coloration due to bile production
can be observed. b) Tumor cells display abundant polygonal and deeply eosinophilic
cytoplasm and characteristic lamellar fibrosis is observed (HE, x200).
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favorable than that of classical HCC. Grossly, the tumor is well demarcated but
nonencapsulated and is light brown, tan or gray. The tumor is occasionally partially
greenish due to bile production. Glistening white fibrous septa, sometimes forming a
central scar, give the tumor a lobulated appearance. This gross appearance mimics focal
nodular hyperplasia. Histologically, this particular type of HCC consists of tumor cells
growing in sheets or small trabeculae, which are separated by fibrous collagen with a
characteristic lamellar pattern of variable thickness and frequent hyalinization. Tumor
cells display abundant polygonal and deeply eosinophilic cytoplasm and a distinct
nucleolus. Intracytoplasmic inclusions, such as “pale bodies” that show
immunohistochemically positive results for antifibrinogen and PAS-positive globules, are
frequently observed [Ishak et al., 1999].

4.3 Green HCC

Nodular-type HCC accompanied by prominent bile production shows a yellowish
coloration on a fresh specimen and deep greenish coloration after formalin fixation. Such
tumors are generally called “green HCC”.

Fig. 9. Gross appearance of green HCC.

4.4 Pelioid type of HCC

Peliosis hepatis-like blood-filled cavities are frequently observed in HCC. HCC with this
finding is generally called “HCC with peliotic change” or “pelioid-type HCC” [Ishak et al.,
1999]. Another characteristic of HCC with peliotic change is that all tumors are completely
or incompletely encapsulated. Several cases of extensive pelioid-type HCC have been
reported [Kim, 2007, Hoshimoto, 2009, Kai, 2011]. Grossly, extensive pelioid-type HCC
mostly consists of well-defined black-nodular components. Histologically, peliotic change is
distinguished from hemorrhage by the presence or absence of degenerative changes and/or
necrosis. In general, degenerative changes and/or necrosis are observed around
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hemorrhage in HCC tumors. On the other hand, the tumorous tissue around peliotic change
is not at all degenerative or necrotic, and blood is localized within the spaces with clear
margins. However, when peliotic change becomes extensive, rupture may occur and
hemorrhage may develop [Kojiro, 2006].

Fig. 10. a) The gross appearance of pelioid-type HCC. The tumor comprises well-defined
black nodular components and white nodular components. b) Histologically, extensive
pelioid change is apparent in the tumor tissue (HE, x25).

4.5 Intraductal growth type of HCC

Rarely, HCC shows growth into the hepatic bile duct and/or common bile duct, causing
progressive obstructive jaundice. In 1972, Lin [Lin, 1972] designated such cases as “icteric
HCC”. The reported incidence of icteric HCC varies from 0.2% to 5.4% in patients with HCC
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[Kojiro et al., 1982; Huang et al., 1998]. Although intraductal tumor growth of HCC was once
considered rare, advances in diagnostic imaging have revealed many cases of HCC presenting
with intra-bile-duct growth [Kirk et al., 1994; Soyer et al., 1995; Wang et al., 2002]. Patients with
the intraductal growth type of HCC rarely show no obvious intrahepatic tumor. Postoperative
pathological examinations confirm the bile duct nodules causing obstructive jaundice as HCC.
This type of HCC is difficult to diagnose, and only a few cases have been reported [Long et al.,
2010]. In some cases, massive hemorrhage in the bile duct (hemobilia) forms due to tumor
growth and can cause rapid death on rare occasions [Kojiro, 2006]. Huang et al. [Huang et al.,
1998] stated that the prognosis might be improved if surgical resection of the tumor cast is
performed at an earlier stage. In fact, many cases have been reported with good prognosis
after tumor cast resection [Chen et al., 1994; Lau et al., 1997; Hu et al., 1999].

Fig. 11. a) Gross appearance for the intraductal growth type of HCC. This case shows no
obvious intrahepatic mass lesion. b) Tumor cells with blood clot in dilated bile ducts (HE, x20).
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4.6 Spontaneous regression of HCC

Spontaneous massive necrosis or regression of HCC is a very rare event. The precise
mechanisms underlying spontaneous regression of HCC remain unclear, but various factors

Fig. 12. a) Cut surface of the resected liver in a case of spontaneous regression. Yellow-white
nodular lesions and brownish lesions coexist. The HCC measuring 11 cm in diameter
showed a significant reduction to 3.7 cm after angiography. b) Coagulative necrosis and
inflammatory granulation tissue are apparent in the nodule and small foci of viable HCC
cells are observed in another specimen (HE, x40).
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have been speculated to play a role, such as alcohol withdrawal, androgen withdrawal, and
intake of herbal medicines [Gottfried et al., 1982; Lam et al., 1982; McCaughan et al., 1985].
Secondary stimulation of cytokine production by tumor necrosis or bacterial infection has
also been suggested to contribute to spontaneous regression [Watanabe et al., 1994;
Markovic et al., 1996]. Another important factor might be insufficient blood supply to the
tumor, possibly due to rapid natural tumor growth, spontaneous arterial thrombosis,
thickened fibrous capsule or gastrointestinal bleeding [Suzuki et al., 1989; Gaffey et al., 1990;
Tocci et al., 1990; Imaoka et al., 1994; Nakajima et al., 2004]. A few cases of spontaneous
regression of HCC after angiography have been reported [Takayasu et al., 1986; Kai et al.,
2010]. The characteristic histology in these cases is coagulative necrosis of tumor cells and
inflammatory granulation tissue surrounding the coagulative necrosis. Grossly, yellow-
white nodular lesions reflecting coagulative necrosis and brownish lesions reflecting
inflammatory granulation tissue coexist.

5. Differential diagnosis by gross appearance

Various tumors and tumor-like lesions can arise in the liver. Some of these tumors show a
similar gross appearance to HCC, but some are easily discriminated from HCC on gross
appearance.

5.1 Intrahepatic cholangiocellular carcinoma

Intrahepatic cholangiocellular carcinoma (ICC) is also grossly classified into three types:
mass-forming type; periductal infiltrating type; and intraductal growth type. Within these
three types, the mass-forming type is grossly nominated as a differential diagnosis of
classical HCC. This differential diagnosis is usually easily achieved based on the
characteristic gross appearance of mass-forming ICC, such as a lobulated, firm and solid

Fig. 13. Cut surface of the mass-forming type of ICC.
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gray to gray-white mass without a fibrous capsule and often with central necrosis or
scarring. Scirrhous-type HCC sometimes mimics mass-forming ICC. Intraductal growth-
type HCC often mimics intraductal growth-type ICC and discrimination based on gross
appearance is difficult.

5.2 Cholangiolocellular carcinoma

Cholangiolocarcinoma is a rare neoplasm with a reported incidence of 0.8-1.0% among
primary liver cancers [Steiner & Higginson, 1959; Shiota et al., 2001]. Cholangiolocarcinoma

Fig. 14. a) Gross appearance of cholangiolocellular carcinoma. b) A tubular cordlike
anastomosing pattern (as the so-called “antler pattern”) of tumor cells (HE, x100).
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is now considered to be derived from Hering’s canal or stem cells, which have intermediate
features between hepatocytes and bile duct epithelium [Shiota et al., 2001; Kojiro, 2006].
Grossly, cholangiolocarcinoma is whitish in color and solid, not encapsulated, and
resembles cholangiocellular carcinoma. Histologically, tumor cells display eosinophilic
cytoplasm with ovoid nuclei, and mild atypia, and adopt a tubular cordlike anastomosing
pattern (so-called antler pattern). These cell cords are continuous with liver cell cords at the
tumor boundaries, showing a replacing pattern.

5.3 Hepatocellular adenoma (HCA)

HCA is a benign liver neoplasm comprising hepatocyte-like tumor cells. The incidence of
HCA is about 3-4 per 100 000 population in Western countries [Rooks et al., 1979], but is

Fig. 15. a) Gross appearance of hepatocellular adenoma. Focal peliotic change is present. b)
The nodule consists of tumor cells with abundant hydropic cytoplasm and little atypia
arranged in a trabecular pattern.
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lower in Japan and Asian countries. HCA predominantly occurs in females in the third
and fourth decades of life, and a close etiological relationship between HCA and oral
contraceptives has been described [Ishak & Rabin, 1975]. Patients taking androgens for
Fanconi anemia or acquired anaplastic anemia are also at risk [Velazquez & Alter, 2004].
Nonhormonal risk factors include glycogenosis type 1 (von Gierke disease) or 3 (Forbes
disease), galactosemia, tyrosinemia, familial polyposis coli, and hepatic iron overload
with B-thalassemia [Shuangshoti & Thaicharoen, 1994]. Obesity has recently been shown
to be a risk factor for a particular HCA subtype [Bosman et al., 2010]. Grossly, HCA is
found in the normal liver as a well-demarcated, single or multiple solid tumor. Many
HCAs are not encapsulated, but some are partly or entirely encapsulated. The tumor is
yellowish and solid, sometimes associated with necrosis and hemorrhage and/or peliosis
hepatis-like (pelioid) change and the tumor may be divided by fibrous septa. HCA
developing close to the liver surface can protrude outside the liver, and is thus susceptible
to rupture. Histologically, HCA consists of tumor cells with abundant hydropic cytoplasm
and little atypia arranged in a trabecular pattern of one- or two-cell-thick plates, or round
eosinophilic tumor cells in a thin trabecular pattern. However, because the sinusoid-like
blood spaces of the tumor stroma are compressed by the swollen, hydropic tumor cells,
the trabecular pattern is often obscured and the tumor takes on a solid appearance. The
tumor contains many arterial and venous tumor vessels, and pelioid change is frequently
observed.

5.4 Focal nodular hyperplasia (FNH)

FNH is not a true neoplasm, but rather a regenerative hyperplastic response of
hepatocytes, secondary to localized vascular abnormalities with a marked female
preponderance [Wanless et al., 1985; Fukukura et al., 1998]. This lesion was reported as
liver cell adenoma for many years before the disease concept of FNH was defined by
Edmondson in 1958 [Edmondson, 1958]. In two-thirds of cases, FNH is solitary [Wanless
et al, 1989]. Most lesions are asymptomatic and discovered incidentally during
laparotomy, autopsy or imaging studies for unrelated symptoms. Although it can now
be precisely diagnosed by various imaging modalities, FNH is still considered one of the
common lesions in the differential diagnosis of HCC. The size of FNH varies from a few
millimeters to over 10 cm in diameter. Grossly, FNH is usually well demarcated, but not
encapsulated. Most tumors are located close to the liver capsule, and 4.6-20% are
reportedly pedunculated [Ishak, 1975; Klatskin, 1977; Luciani et al., 2002]. One of the
characteristic gross features of FNH is the presence of a central fibrous scar with
radiating fibrous bands dividing the tumor into lobules. The reported incidence of a
central scar in FNH is 49-62.8% [Nguyen et al., 1999; Kojiro, 2006]. Histologically,
classical FNH lesions are composed of benign hepatocytes arranged in a trabecular
pattern of one- or two-cell-thick plates. The central scar consists of dense fibrous tissue
with many artery-like or vein-like anomalous blood vessels and ductal proliferations.
Hyperplastic features of hepatocytes in FNH comprise increased cellularity with an
increased nuclear cytoplasmic ratio, an irregular thin trabecular pattern, and a
pseudoglandular pattern. Areas showing prominent hyperplastic features mimic well-
differentiated HCC.
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Fig. 16. a) Gross appearance of FNH. A faint central fibrous scar is apparent in this case. b)
Artery-like anomalous blood vessels are observed in benign hepatocytes (HE, x40).

5.5 Hepatocellular neoplasm with massive histiocyte infiltration

HCC usually contains various degrees of histiocyte infiltration. In the authors” institution, a case
of unique hepatocellular nodule with infiltration of abundant histiocytes not previously
described has been encountered [Kai, 2010]. This case involved a 73-year-old Japanese man with
diabetes mellitus and mild obesity without viral hepatitis. Histologically, the nodule consisted
of hepatocyte-like tumor cells and abundant foam cell-type histiocytes that filled up a sinusoid-
like space and formed central loose fibrosis. The tumor showed characteristics of hepatocellular
adenoma, but contained a focal HCC-like lesion. Similar hepatic nodules have not been
reported and most of the clinicopathological features and pathology remain unknown.
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Fig. 17. a) Gross appearance of hepatocellular neoplasm with massive histiocyte infiltration.
The nodule was solitary, and the cut surface was whitish with a partly necrotic yellowish
area. A white myxoid fibrotic area was found at the center of the nodule. b) The nodule
showed a two-cell pattern: hepatocyte-like cells with rich eosinophilic cytoplasm and little
nuclear atypia; and light-pink cells considered to be foam cell-type histiocytes (HE, x100).

5.6 Primary squamous cell carcinoma (SCC) of the liver

Primary SCC of the liver is very rare. Adenosquamous carcinoma of the liver is also rare
and reported only sporadically. Various theories have been advanced concerning the
pathogenesis of SCC of the liver. Chronic inflammation of the bile duct and various
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Fig. 18. a) Gross appearance of primary pure SCC of the liver in a patient with no history of
prior liver insult. b) The nodule consists entirely of SCC tissue with or without keratinization.
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Fig. 19. a) A cross-section of inflammatory pseudotumor. Small, white nodules without
fibrous capsules are observed. b) The tumor comprises chronic inflammatory cells,
predominantly representing plasma cells (HE, x200).
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congenital cysts of the biliary tract have been proposed as etiological factors and continuous
irritation due to chronic infection, followed by metaplastic changes in the biliary epithelium,
has been thought to lead to neoplasia [Clements et al., 1990; Nieweg et al., 1992; Banbury et
al., 1994]. On the other hand, some investigators have suggested that adenosquamous
carcinoma could arise from squamous metaplasia of adenocarcinoma cells [Barr and
Hancock, 1975; Tomioka et al., 1987]. Primary SCC of the liver without history of prior liver
insult suggesting development from squamous metaplasia of adenocarcinoma cells has
recently been reported [Naik et al., 2009]. Gross appearance depends on the presence or
absence of congenital cysts. The mass lesion in that case appeared as a solid, whitish firm
mass without fibrous capsule and with a necrotic area of keratin deposits observed inside
the nodule.

5.7 Inflammatory pseudotumor / inflammatory myofibroblastic tumor

Inflammatory pseudotumor is defined as a benign, non-neoplastic mass consisting of
fibrous tissue and proliferated myofibroblasts and fibroblasts, with marked infiltration of
chronic inflammatory cells, predominantly comprising polyclonal plasma cells,
histiocytes, and macrophages [Coffin et al., 1995]. Lesions of known cause, such as
healing abscess, tuberculosis, and parasitic infestations, and post-traumatic granulation
tissue, are excluded from this category. Patients with hepatic lesions generally complain
of recurrent fever, malaise, abdominal pain, vomiting, and/or diarrhea, but those clinical
symptoms are not specific. The morphology of inflammatory pseudotumor apparently
differs according to the stage of inflammation when the lesion is detected. Grossly, the
lesion appears as a yellowish or whitish nodule with relatively clear margins and a
widely varying diameter, usually within the range of 1-3 cm. Histological appearance
also varies considerably, sometimes consisting of nonspecific inflammatory granulation
tissue with prominent plasma cell infiltration, sometimes associated with necrotic foci,
and sometimes appearing as a scar-like fibrous nodule with mild inflammatory cell
infiltration [Kojiro, 2006]. Phlebitis involving peripheral portal or hepatic veins is often
seen. Rarely, major hepatic and/or portal veins or the vena cava are involved by
phlebitis mimicking malignant tumor [Broughan et al., 1993; Kai et al., 2007]. Lately,
IgG4-related disease has been identified as an important subgroup of inflammatory
pseudotumor [Zen et al., 2004, 2007]. Inflammatory myofibroblastic tumor has recently
been considered as a possible neoplastic counterpart of inflammatory pseudotumor
[Coffin et al., 1998], based on the finding that approximately half of inflammatory
myofibroblastic tumors show an ALK gene translocation [Lawrence et al., 2000; Bridge et
al., 2001; Chan et al., 2001].

6. Conclusion

This chapter documented the gross appearance and pathology of various types of tumor,
along with a review of the literature. We believe that the observation of gross features
with contrasting pathological and clinical findings is helpful in clarifying the nature of
tumors. In rare cases, a picture of the gross specimen is necessary for case reports. Careful
storage of good-quality images of gross specimens is thus important in daily clinical
work.
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1. Introduction

Pure laparoscopic hepatectomy is thought to be a less invasive procedure than conventional
open hepatectomy for the resection of hepatic lesions (1). Recent development of devices
facilitates expansion of the indication of the procedure (2, 3). At the present moment,
common advantages of laparoscopic surgery, such as early recovery and discharge with
smaller postoperative pain and earlier intake, have been reported (4). However, specific
advantages and/or disadvantages of pure laparoscopic hepatectomy for the settlement of
the indication have yet to be sufficiently discussed.

On the other hand, at the treatment of hepatocellular carcinoma (HCC) with liver cirrhosis,
considerations for the control of invasive surgical stress, especially to impaired liver, should
be placed besides oncological therapeutic effects. Patients with severe liver cirrhosis have
various (overt and preliminary) symptoms, such as 1) deteriorations of protein synthesis
and metabolism, 2) congestion of GI tract, ascites, pancytopenia due to portal hypertension
and hypersplenism, 3) susceptibility to infectious diseases and hepatopulmonary syndrome
(hypoxaemia) due to increased shunt vessels (5). Cirrhotic patients have high morbidity and
mortality at undergoing anesthesia and surgery (6) and the risk of abdominal operations
increases according to the preoperative Child’s class of the patients (7). Hepatic resection for
severe cirrhotic patients, even minimum, often develops refractory ascites which leads to
fatal complications (8, 9). In Japan, the criteria based on 3 parameters (the presence or
absence of ascites, total serum billirubin level, and indocyanine green retension rate at 15
minutes (ICG R15)) have been widely used for patient selection of hepatectomy (10).
Nowadays, surgical resection, local ablation therapy or transarterial chemoembolization is
adapted to each HCC patient with liver cirrhosis depending on the tumor condition and the
liver function.

However, not small number of HCC patients with severe liver dysfunction exists who is not
able to undergo those treatment modalities due to liver function, tumor size and/or
localization, especially after repeat treatments for the disease. Furthermore, not small
portion of patients need the repeat treatments for multicentric metachronous lesions
occurred in chronic impaired liver. For thosee patients, “less invasive” pure laparoscopic
hepatectomy may provide a good option.
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2. Pure laparoscopic hepatectomy for HCC patients with liver cirrhosis- our
experiences

From May 2005, 21 patients with hepatocellular carcinoma and chronic liver disease
underwent pure laparoscopic hepatectomy. There were 6 out of 21 patients had severe liver
cirrhosis (Child-Pugh B/C and ICG R15 of 40% or above) (Table 1). These 6 patients and the
other 14 patients (Child A and ICG R15: 10.1- 27.4 (median: 13.4) %, excluded the patient
with HCC and rectal carcinoma) were compared in operating time, intraoperative blood
loss, day of oral ingestion started, day of drain removal, total dose of drain discharge from
the operation day to post operative day 3, complication, and postoperative hospital stay.

Age, Background Child-Pugh TB/DB PT Alb  Tumor location, Postoperative
Sex  liver disease (ICGR15 (%)) (mg/dl) (%) (g/dl) Tumor size (mm) Complication

64, M B,C B (42.8%) 1.3/03 79 3.2 S4 and 2-3, 44 Cholecyctitis
53,M B B (41.2%) 1.5/04 75 34 S5-6, 28 no
68,F C C (58.2%) 22/05 58 26 S8, 13 no
40,M Alc B (52.5%) 1.7/04 74 28 S6-7, 20 no
50,M C C (48.9%) 21/10 66 27 S5,18 no
75,F C B (42.5%) 1.3/08 63 3.2 S3, 30 no

Table 1. Patients with severe liver cirrhosis who underwent pure laparoscopic hepatectomy
B: type-B viral hepatitis, C: type-C viral hepatitis, Alc: alcoholic hepatitis

For 6 patients with HCC and severe liver cirrhosis who underwent pure laparoscopic
hepatectomy, the operating time was 140-341 (median: 232) minutes (for other patients with
mild/moderate liver cirrhosis: 216-528 (295) minutes), the intraoperative blood loss was
uncountable-213 (median: 58) ml (for other patients with mild/moderate liver cirrhosis:
uncountable -696 (43) ml), the day of oral ingestion started was postoperative day 1-3 (median:
2) (for other patients with mild/moderate liver cirrhosis: day 2-3 (2) ), the day of drain
removal was postoperative day 3-6 (median: 4) (for other patients with mild/moderate liver
cirthosis: day 4-6 (5)), the total dose of drain discharge from the operation day to post
operative day 3 was 279-1990 (median: 820) ml (for other patients with mild/moderate liver
cirrhosis: 141-1275 (416) ml), and the postoperative hospital stay was 11-21 (median: 17) days
(for other patients with mild/moderate liver cirrhosis: 9-254 (20) days). One patient developed
postoperative complication of cholecystitis among 6 patients with severe liver cirrhosis, and 2
patients developed postoperative complication of ileus and refractory ascites among other 14
patients. There was no post-operative mortality in both groups. These results of perioperative
course were comparable without statistically significant difference in the two groups.
Perioperative course of HCC patients with severe liver cirrhosis who underwent pure
laparoscopic hepatectomy was favorable and comparable to that of the other HCC patients
with mild/moderate liver cirrhosis. (A case is shown in figures 1-5)

Also, repeat pure laparoscopic hepatectomy (and combined treatments) for patients with
liver cirrhosis and multicentric/ metachronous HCCs was feasible and safe with advantage
of less post-operative adhesion. (A case is shown in figures 6-10)
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Fig. 1. A case with hepatocellular carcinoma and severe liver cirrhosis treated with pure
laparoscopic hepatectomy

50 years old man with type-C severe liver cirrhosis (Table 1, patient 5) developed 2 cm
hepatocellular carcinoma (HCC) at the undersurface area of the segments 5, revealed in
computed tomography (plain (A), arterial phase with contrast (B), venous phase (C)) and
ultrasonography (D).
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Fig. 2. Intraoperative findings of the case in figure 1 (1)
The liver was highly atrophic with large shunt vessels in the round ligament and the hepatic
flexure of the colon was migrating into the subphrenic space.

S
Fig. 3. Intraoperative findings of the case in figure 1 (2)
There were mild adhesions around the tumor. Dissection of the adhesion was performed,
but not the mobilization of the liver. Since the liver was highly atrophic and the tumor was
located deeply in the subphrenic space, mobilization of the liver was necessary for safe
resection of the tumor under laparotomy. However, with laparoscopy, good direct vision
and safe resection was obtained without mobilization.
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Fig. 4. Intraoperative findings of the case in figure 1 (3)

(A) After intraoperative ultrasonography, shallow cut in the surface area of the liver was
made with harmonic scalpel.

(B) In the deeper area of the liver, dissection was performed with CUSA, monopolar and
bipolar electric cautery. Thicker vessels were clipped or ligated and divided.

(C) The tissue with good coagulation with bipolar and monopolar was cut with scissors.
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Fig. 5. Intraoperative findings (4) and resected specimen of the case in figure 1

The operation time was 140 minutes and intraoperative blood loss was 100ml. His post-
operative hospital stay was uneventfull and 11 days. Pathologically, the tumor was
moderately differentiated HCC in well differentiated HCC. He is alive without recurrence at
16 months after surgery
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Fig. 6. A case with multicentric metachronous hepatocellular carcinomas and liver cirrhosis
treated repeatedly with pure laparoscopic hepatectomy

69 years old woman with type-C liver cirrhosis developed 2 cm HCC in the segments 3 and
1.5cm in the border of segments 2 and 3, revealed in computed tomography (upper, arterial
phase with contrast (A), venous phase (B)) and underwent pure laparoscopic hepatectomy

(lower, arterial phase with contrast (C), venous phase (D)) in 2008. Pathological findings of
the tumors were moderately (S3) and well (S2-3) differentiated hepatocellular carcinomas.
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Fig. 7. A case with multicentric metachronous hepatocellular carcinomas and liver cirrhosis
treated repeatedly with pure laparoscopic hepatectomy (2)

In 2010, she developed 2.5 cm HCC at the undersurface area of the segments 6, revealed in
computed tomography (plain (A), arterial phase with contrast (B), venous phase (C)) and
ultrasonography. She also had two small hypovascular lesions in the borders of segments 3
and 4, and of segments 4 and 8.
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Fig. 8. Intraoperative findings of the case in figure 7 (1)

Adhesions were observed at the resected area of the liver (A) and the port site (B). There
was shunt vessel formation in the port site adhesion. Two small hypovascular lesions in the
borders of segments 3 and 4, and of segments 4 and 8 were ablated with US-guided
intraoperative MCT (C).
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Fig. 9. Intraoperative findings of the case in figure 7 (2)

There were also adhesions at the undersurface area of the right lobe of the liver after
laparoscopic cholecystectomy performed 8 years ago (A). Dissection of the adhesion, but not
the mobilization of the liver, exposed the tumor (B). After intraoperative ultrasonography,
shallow cut in the surface area of the liver was made with harmonic scalpel (C). In the
deeper area of the liver, dissection was performed with CUSA, monopolar and bipolar
electric cautery. Thicker vessels were clipped or ligated and divided (D).
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= T R
Fig. 10. Intraoperative findings of the case in figure 7 (3) and resected specimen of the case
in figure
The operation time was 168 minutes and intraoperative blood loss was 30ml. Her post-
operative hospital stay was uneventfull 9 days. Pathologically, the tumor was moderately
differentiated HCC. She is alive without recurrence at 6 months after surgery

3. Discussion

Mirnezami et al recently reported systematic review and meta-analysis for short- and
long-term outcomes after laparoscopic and open hepatic resection, with twenty-six studies
met the inclusion criteria with a population of 1678 patients (60% of the patients had
malignant liver tumor) (11). In their study, laparoscopic hepatectomy resulted in longer
operating time, but reduced blood loss, portal clamp time, overall and liver-specific
complications, and length of post-operative hospital stay. No difference was found
between two groups for oncological outcomes. The benefits of laparoscopy may be
particularly great for cirrhotic patients, given the potential for lower levels of parietal and
hepatic injury and the preservation of venous and lymphatic collateral circulation. The
safety and feasibility of the laparoscopic approach and its short-term benefits for HCC
have been demonstrated by a few series to date (12-19). Tranchart et al recently reported
laparoscopic resection of HCC for selected patients gave a better postoperative outcome
without long- and short-term oncologic consequences from their series (42 each
laparoscopic- and open-hepatectomy patients, with more than 96% Child A patients and
mostly anatomical resection) (20). In our experience, perioperative course of 6 HCC
patients with severe liver cirrhosis (Child B/C and ICG R15 of 40% or above) who
underwent pure laparoscopic hepatectomy was favorable and comparable to that of the
other HCC patients with mild/moderate liver cirrhosis.

Early postoperative recovery and discharge with smaller postoperative pain and earlier
intake are advantages in pure laparoscopic hepatectomy for severe cirrhotic patients as the
other laparoscopic surgery. On top of that, we consider that relatively small amount
(median 230 ml/day) of drain discharge of severe liver cirrhosis patients, some (case 3, 5, 6
in table 1) of whom had mild or controllable ascites before surgery, was the other benefit of
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pure laparoscopic hepatectomy for these patients in our series. Pure laparoscopic
hepatectomy might have possible advantage of minimal postoperative drain discharge
(ascites) which leads to lower risk of disturbance in water/electrolyte balance and
hypoproteinemia. These disorders could trigger fatal liver failure. There are also reports
which described little development of postoperative ascites on laparoscopic hepatectomy
(14, 17). In case of pure laparoscopic hepatectomy for severe cirrhotic patients, this feature
could be the most remarkable specific advantage for postoperative course. Patients who
undergo hepatectomy are exposed three different types of stresses, 1) general surgical stress
for whole body depends on operating time, amount of bleeding etc, 2) reduced liver
function due to resected liver volume, 3) injury for liver parenchyma and environment
around the liver by surgical procedure (destruction of the collateral blood and lymphatic
flow caused by laparotomy and mobilization of the liver and, also, mesenchymal injury
caused by compression of the liver). We consider that the reduction of the third type of
stress mentioned above with pure laparoscopic hepatectomy leads to lowering the risk of
refractory ascites, resulting in reduced risk of successive complications and smooth recovery
for HCC patients with severe liver cirrhosis.

Liver surface HCC with severe liver cirrhosis is not the good candidate of percutaneous
ablation therapy due to the concern about hemorrhage, tumor dissemination, and injury of
adjacent organs. There are reports of microwave or radiofrequency ablation therapy under
mini-laparotomy or laparoscopy for those tumors as safe and less invasive procedure (21).
However, surgery should obtain better control for the tumor located in the surface area with
minimum reduction of liver function, as Buell et al described (22). We think pure
laparoscopic hepatectomy for those tumors with minimum invasiveness could be
established as a feasible and more effective treatment modality. The tumor located deep in
the liver with severe cirrhosis should be good candidate of percutaneous ablation therapy.
The resection of the tumor located in the surface but bare area of the liver should need
dissection of the attachments and mobilization of the liver. For these tumors, transpleural or
retroperitoneal approach may need to be considered for reducing invasiveness. For the
extension of the indication, hand-assisted laparoscopic hepatectomy with the incision for
hand port in the lower abdomen (2), robotic hepatectomy (23), and single-incision
laparoscopic hepatectomy (24) might be a good option as conventional pure laparoscopic
hepatectomy, although further investigation is needed.

In conclusion, our experiences suggest that pure laparoscopic hepatectomy for HCC patients
with severe liver cirrhosis has specific advantage of minimal postoperative ascite production
which leads to lower risk of disturbance in water/electrolyte balance and hypoproteinemia.
The procedure minimize destruction of the collateral blood and lymphatic flow caused by
laparotomy and mobilization of the liver and, also, mesenchymal injury caused by
compression of the liver. It restrains the complications, which lead to the postoperative
serious liver failure, such as massive ascites. Severe cirrhotic patients with tumors on the
surface of the liver, in case of difficult adaptation of percutaneous ablation therapy and/or
local recurrence after repeat treatments, are the good candidates for this procesure.
Furthermore, repeat pure laparoscopic hepatectomy (and combined treatments) for patients
with liver cirrhosis and multicentric/ metachronous HCCs was feasible and safe with
advantage of less post-operative adhesion and the procedure could be good option of
bridging therapy to liver transplantation for the patients with severe liver cirrhosis and
small HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and the third
leading cause of cancer-related deaths. More than 80% of HCC cases are from the Asian and
African continents, and more than 50% of cases are from mainland China. It is estimated
that more than 50% of liver cancers worldwide are attributable to HBV and up to 89% of
HBV-related HCC are from developing countries. Recently, increasing trends in HCC
incidence have been reported from several Western countries, including France, Australia,
and the United States, mainly because of the rising incidence of HCV (McClune & Tong,
2010). At least one million new cases of HCC occur annually and mortality from this disease
remains high (Munoz et al., 1988; Rustgi, 1987; Simonnetti et al., 1991). Surgery, including
hepatectomy and transplantation, remains the main curative strategy for hepatocellular
carcinoma. The history of hepatic surgery is strongly involved with the history of use of
bleeding-control during hepatic operations. In the early 1900s a small but significant step
forward was made in liver surgery by J. Hogarth Pringle, who in 1908 described a method
for digital compression of the hilar vessels to control hepatic bleeding from traumatic
injuries. Credit for the first anatomic liver resection is usually given to Lortat- Jacob, who
performed a right hepatectomy in 1952 in France. Wang Chen En in 1961 was first to report
a successful hepatic resection for liver cancer in China.

Blood loss during liver resection is one of the most important factors affecting the
perioperative outcomes of patients undergoing liver resection. It has been accepted that
intraoperative blood transfusion is a risk factor for tumor recurrence, and that infiltrative
tumor type, surgical margin <10 mm and intraoperative blood transfusion are independent
prognostic factors for overall survival.

1.1 Background

Blood transfusion has been found to be a highly significant factor which influences outcome
of hepatectomy, and major bleeding and major blood transfusion during major hepatectomy
are of especial importance.
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The long-term survival of patients with hepatocellular carcinoma after hepatectomy
depends on tumor staging, hepatic functional reserve before operation and history of
blood transfusion. Preventing major intraoperative bleeding and avoiding allogeneic
blood transfusion can significantly improve the disease free and overall survival rates in
HCC patients. Rui et al,, reported (Rui et al.; 2004) that major hepatectomy without
allogeneic blood transfusion can reduce postoperative morbidity and recurrence rate of
patients with HCC.

1.2 Selection of patients for right-trisectionectomy of huge liver tumor

Up to now, treatment of huge liver cancers is still very difficulty due to poor outcomes and
higher mortality and mobidity (Hanazaki et al, 2001; Regimbeau et al, 1999). Since the middle
of last century the right trisetionectomy (previous trisegmentectomy) has been used for huge
hepatic neoplasms which involve the right and left medial sections of the liver (Quattlebaum
1953). Starzl described and clearly defined in detail a safe technique for right trisectionectomy
(Starzl et al 1975). Most reports have indicated that right trisectionectomy is effective for
extensive hepatic malignancy, based on patients who have had long-term survival after this
operation (Sugiura et al., 1994; Yamamoto et al 1995). Rui reported on a retrospective series of
patients in which thirty three cases of right trisectionectomy were all performed under
normothermic interruption of the porta hepatis at single time for huge primary liver cancer.
The 1-, 3- and 5- year survival rates after right trisectionectomy were 71.9%, 40.6% and 34.4%,
respectively. Among the 33 cases of right trisectionectomy, 2 cases did not utilize allogeneic
blood transfusion and had good recoveries (Rui et al., 2003). Up to now, the longest cancer free
survival in our series is 23 years. This patient is still alive in Beijing.

The feasibility of right trisectionectomy for a given patient must be carefully evaluated
according to the following criteria: (1). Tumor(s) (including less than 2 satellite nodules)
limited to the right lobe and left medial portion of the liver. There must be no evidence of
cancer invasion in the left lateral segment; (2). Tumor mass must have clear borders or a
pseudocapsule, and there must be no tumor thrombus in the trunk of the portal vein and
hepatic vein, but liver resection remains the only therapeutic option that may offer a chance
of cure for HCC with PVTT (Lau WY et al 2008). There were 17 cases (51.5%) with tumor
thrombi in the right branch of the portal vein in our right trisectionectomy patients (Rui JA
et al 2003). (3). There must be no evidence of distant metastasis; (4). Compensatory
enlargement of the left lateral section should be obvious; (5). The Child-Pugh classification
of liver function must be “A” and the indocyanine green retention rate (ICGR 15) at 15
minutes should be lower than 15 % before surgery; (6). During the Child-Pugh classification
of liver function is “A” and ICGR is less than 15%, the remnant liver volume can be at least
25% of whole liver. The CT volumetry can be utilized to determine the liver and tumor
volume before surgery (Mandli et al 2008).

2. Surgical technology for major hepatectomy without allogenic blood
transfusion

Major hepatectomy has recently been defined as a resection of four or more liver segments
(Reddy et al., 2011) which differs from the former definition of “resection of three liver
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segment”. Based on the evaluations of CT volumetry and liver functions (including Child-
Pugh classification and ICGR test) the major hepatectomy under single time interruption of
porta hepatis (continuous Pringle) can be done safely.

Control of hemorrhage is the key factor in liver resection for HCC. Blood loss of more
than 1000 ml is defined as major bleeding. In patients with risk factors for bleeding, it is
necessary to take effective steps in order to minimize intraoperative blood loss in
hepatectomy for patients with HCC, so that allogeneic blood transfusion can be avoided.
Surgeons play an important role in avoiding allogeneic blood transfusion and thus
improving the prognosis of these patients. Rui performs major hepatectomy without
allogeneic blood transfusion via a number of surgical techniques, including normothermic
interruption of the porta hepatis at a single time and application of supplementary
instruments. Moreover, the surgical procedures characterized by single time interruption
of the porta hepatis for major hepatectomy, including right trisectionectomy have been
used in more than thirty county and town hospitals located in thirteen provinces in China
and have been demonstrated to be feasible and successful.

2.1 Surgical procedures characterized by single time interruption of the porta hepatis
is requisite for major hepatectomy without allogeneic blood transfusion

Foster said: “Surgical technique is an art form. It can be very personal, based mostly on
experience, or it can take a cookbook approach. For many standard operations, we follow in
the ruts created by our teachers, perhaps adding a nuance or two called forth by an unusual
situation or by a creative mind. Unfortunately, many years ago when I needed help, there
was no available to teach me to operate on the liver.” (Foster, 1989).

179 cases of hepatectomy for huge HCC were performed in our hospital from January 1995
to December 2002. Among these patients, 155 (86.6% ) cases were males and 24 (13.4%)
females, with ages ranging from 15 to 77 years (mean * SD, 56.3 + 13.7 years). 138 (77.1%)
were hepatitis B surface antigen (HBsAg) positive and 144 (80.4%) had liver cirrhosis. 165
patients (92.2%) were evaluated as grade A and 14 (7.8%) were grade B in the Child-Pugh’s
classification prior to surgery. Tumor sizes ranged from 5 to 30 cm (mean + SD, 7.9 + 4.6 cm).
Serum alpha-fetoprotein (AFP) in 63 patients (35.2%) was higher than 400 ng/ml and 75
patients were TNM stage 11, 60 were stage 111, 37 were stage IVa, and 7 were stage IVb. These
hepatectomies were all performed under single time normothermic interruption of the porta
hepatis. Interruption of flow through the porta hepatis lasted 15 to 40 minutes (mean + SD,
25.3 + 6.8 minutes). The ultrasonic dissector (CUSA System 200) was applied for dissecting
hepatic parenchyma. These hepatectomy procedures included right trisectionectomy in 23
patients, left trisectionctomy in 4 patients, extended right hepatectomy in 11 patients,
extended left hepatectomy in 3 patients, central hepatectomy in 4, right hepatectomy in 30,
and left hepatectomy in 14 patients. The postoperative complication rate was 10.6%
(19/179), and operative mortality was 1.1%. Postoperatively, overall and cancer-free
survival rates at 1, 2, 3, 4 and 5 years were 82.0%, 56.7%, 51.1%, 46.2% and 40.2%; and 73.1%,
53.2%, 46.0%, 44.5% and 38.1%, respectively (Zhou et al., 2007). These results demonstrate
that hepatectomy applying normothermic continuous single interruption of the porta
hepatis, but not intermittent multiple occlusions of hepatic inflow is safe and tolerable for
selected patients with HCC including many who also have cirrhosis.
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At the same time, no damage to the liver has been found by either the electron microscopic
examination of liver tissue biopsies or by liver function tests within 20 minutes of single
time normothermic interruption of the porta hepatis. Our clinical practice has shown that a
single time 20-42 minute normothermic interruption of the porta hepatis is safe with use of
skilled surgical technique. Since 1984 we have applied single time normothermic
interruption of the porta hepatis for all surgical hepatectomy procedures. We have carried
out one hundred cases of hepatic resection without mortality under single time
normothermic interruption of the porta hepatic in a period of 4 years (1984-1988), and our
subsequent surgical mortality has been shown to be less than 1.3%.

Diminished bleeding by applying single time interruption of porta hepatis serves to avoid
allogeneic blood transfusion during liver resection. We have conducted a retrospectively
study of 51 patients who received hepatectomy without allogeneic blood transfusion. Of
these patients whose ages ranged from 24 to 77 years (mean 46.5 years), 40 were men and
11 were women. Clinical diagnosis showed primary liver cancer in 29 patients, metastatic
liver cancer in 6, hepatic hemangioma in 10, and benign hyperplasia in 6. TNM staging of
the primary liver cancer showed 15 patients were stage II (51.8%), 10 patients were stage
I (34.5%), and 4 were stage IVa. The mean tumor diameter was 8.7 cm (range 6.5 to 18
cm). Preoperative Child-Pugh classification for liver function was grade A in 34 patients
(66.7%) and grade B in 17 (33.3%). Surgical procedures included right trisectionectomy in
2 patients (3.9%), right lobectomy in 6 (11.8%), left lobectomy in 7 (13.7%), medial
hepatectomy in 3 (5.9%), and trisegmentectomy in 33 (64.7%). The mean operative time
was 181 minutes (range 90 to 300 minutes). Single time normothermic interruption of the
porta hepatis was applied in all procedures, with a mean interruption time of 16 minutes
(range 8 to 35 minutes). The ultrasound dissector (CUSA System 200) was used for
dissecting parenchyma of the liver, and intraoperative ultrasonography was used for
localization of tumors. The mean blood loss was 755ml (range 400 to 2000 ml) . Thirty-
two patients (63.0%) accepted autologous blood transfusion (mean volume, 326 ml; range
200 to 600 ml). Pathologic examination showed hepatocellular carcinoma in 27 patients,
mixed hepatocellular-cholangiocarcinoma in 2, liver metastasis of malignancies from
colorectal cancer in 6 patients, hepatic cavernous hemangioma in 10 patients, and hepatic
focal nodular hyperplasia in 6. At the same time there were 60 patients in the control
group who received hepatectomy with allogeneic blood transfusion, including 48 cases of
primary liver cancer. Blood was transfused routinely if the haemoglobin level fell to <
8g/dl Fresh frozen plasma was transfused if the prothrombin time rose to >30s. As a
result the operative mortality and morbidity rates in the study group (without allogeneic
blood transfusion) were 0%, and 9.8% respectively, while in the control group (allogeneic
blood transfusion) mortality and morbidity were 3.3% and 28.3%, respectively. Cancer
recurrence within three years was discovered in 9 of 51 pateints in the study group. The 1,
2 and 3 year cancer recurrence rates in the study group were 24.1%, 27.6%, and 31.0%,
respectively; while in the control group 27 of 46 patients had tumor recurrence in the
same period, and the 1, 2 and 3 year recurrence rates were 43.5%, 54.3% and 58.7%,
respectively. Significant differences (p < 0.05) were present between these two groups
(Rui et al.,, 2004) demonstrating the advantages of major hepatectomy applying single
interruption of porta hepatis without allogeneic blood transfusion.
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2.2 Application of supplementary instruments
2.2.1 Intraoperative ultrasound

Intraoperative ultrasonography (US) of the liver provides the surgeon with useful real-time
diagnostic and staging information that may result in an alteration of the planned surgical
approach. Current applications for intraoperative US of the liver include evaluation of
tumor staging and metastatic survey, guidance for metastasectomy and various tumor
ablation procedures, documentation of vessel patency, evaluation of intrahepatic biliary
disease, and guidance for whole-organ or split-liver transplantation. To obtain the most
useful information with intraoperative US, the sonographer must use a dedicated transducer
and a scanning method appropriate for the purpose of the examination. Motohide applied 3D-
US in 24 patients undergoing hepatic resection, and found that this technique allowed easy
visualization of the tumors and vascular anatomy. It is thus considered to be an efficient and
safe navigation system in liver surgery (Motohide et al., 1998). In addition, application of
intraoperative US of the liver with current transducer resolution permits the identification of
lesions larger than 2 mm. Sensitivity of more than 90% has been documented for detection of
lesions in the liver, with positive and negative predictive values of 90% and 78%, respectively
(Guimaraes et al., 2004). Since 1983, we have utilized intraoperative ultrasonography of the
liver for patients with liver tumors. The sensitivity is more than 90% in our series which is
consistent with what reported by Zacherl (2002).

2.2.2 Ultrasound dissector for dissecting parenchyma of the liver

Since November 1992 we have applied the ultrasonic dissector (CUSA system 200) for
dissecting hepatic parenchyma, instead of using the previous finger fracture technique.
Combined application of single time interruption of the porta hepatis and ultrasonic
dissector can reduce intraoperative bleeding in liver resection. The advantages of applying
this technique are: (1) It can reveal small vessels and segments of the biliary tree which are
less than 2mm; (2) It allows damage to the portal vein and hepatic vein to be diminished
resulting in less blood loss; (3) It promotes quick portal hepatic dissection and tumor
resection. However, the disadvantage may be prolongation of operating time.

Fan reported that they performed major hepatectomy in 69 patients with the assistent of the
ultrasonic dissector, and found that it is better than the crushing clamp and finger fracture
technique in hepatectomy for hepatocellular carcinoma (Fan et al., 1996).

2.2.3 RF (radiofrequency) assisted liver resection technique

Milicevic et al reported that the sequential coagulate-cut, RF-assisted liver resection
technique is a safe liver transection technique associated with minimal blood loss and it has
facilitated tissue-sparing liver resection (Milicevic et al., 2007). Navarra reported RF-assisted
liver resection (Navarra et al., 2004), in which the median resection time was 47.5 minutes
(range 30-110) with median blood loss of 30 mls (range 15-992) and mean pre-operative and
post-operative hemaglobin values of 13.5 g/dL (SD + 1.7) and 11.6 g/dL (SD + 1.4)
respectively. No blood transfusion was registered, nor was any mortality observed. There
was one post-operative complication which was a sub-phrenic abscess. The median post-
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operative stay was 8 days (range 5-86). Long reported: Over the past few years, a new
technique for liver resection assisted with radiofrequency has been developed at the
author’s hospital, expanding the role of radiofrequency in liver surgery from mere tumor
ablation to routine hepatic resection ( Long R Jiao et al 2008 ). Ayav concluded that major
hepatectomy using RF can decrease the rates of blood transfusion, postoperative liver
failure, ICU admission, and postoperative stay. Moreover the price is significantly lower as
compared to total vascular exclusion (Ayav et al., 2007).

3. Advantages from single time interruption of the portal hepatis without
allogeneic blood transfusion in hepatectomy

3.1 Advantages from single time interruption of the porta hepatis

Since there is a lack of donors for liver trasplantation, liver resection continues to be the first
choice for patients with resectable hepatocellular carcinoma with liver cirrhosis but
compensated liver function. Univariate analysis has shown that the presence of portal vein
tumor thrombosis and satellite nodules, high TNM stage, high Edmondson-Steiner grading,
and blood transfusion are all associated with worsened prognosis (Zhou et al., 2007).

In a period of 8 years (from January 1995 to 2002) we successfully performed major
hepatectomy in 81 patients with HCC combined with cirrhosis applying normothermic
continuously single interruption of the porta hepatis. The mortality and morbidity rates
were 1.2% and 24.7% respectively, indicating that the procedure can be carried out safely.
Less blood loss and shorter operating time have been achieved in our cohort.

The significance of intermittent hepatic inflow occlusion for safe hepatectomy has been
generally recognized (Man et al., 2003). Some surgeons have argued that intermittent
interruption of flow through the porta hepatis leads to less liver injury during hepatic
resection than with continuous flow interruption (Belghiti et al., 1999). Belghiti and Pol
reported that the mean ischemic time under intermittent interruption of flow through the
porta hepatis for hepatectomy was approximately 40 min (Belghiti et al., 1999; Pol et al.,
1999), which is far longer than the mean ischemic time of 20.6 min that we reported with a
single interruption of the porta hepatic for major hepatectomy. Our experience is similar
to results of a recent prospective, randomized clinical trial from Italy (Capussotti et al.,
2003). It is established that major hepatectomy under normothermic continuous
interruption of flow through the porta hepatis is well tolerated by HCC patients,
including those with liver cirrhosis, when the interruption time was well controlled. Thus,
intermittent interruption of the porta hepatis may not be necessary (Zhou et al., 2007). It is
easily understood that compared with intermittent multi hepatic inflow occlusions,
continuous single interruption can simplify procedures, shorten operating time, and
reduce blood loss, especially during transaction of liver parenchyma.

It is well known that reperfusion injury following ischemia is a clinically important process
that contributes significantly to tissue damage (Mitchell & Cotran, 2003). Single time
interruption of the porta hepatis during liver resection not only diminishes blood loss, but
also attenuates reperfusion injury following ischemia as compared with multi-interruption
of the porta hepatis.
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3.2 Advantages of avoiding allogeneic blood transfusion

We have successfully performed major hepatectomy applying single time normothermic
interruption of the porta hepatis in 51 patients without allogeneic blood transfusion, and
have effectively limited intraopertive bleeding. It is evident that postoperative complications
of major hepatectomy can be markedly reduced, recurrence rate can be decreased, and
mortality can be decreased by avoiding allogeneic blood transfusion. Our results confirmed
the conclusion that perioperative allogeneic blood transfusion is responsible for a relatively
poor prognosis.

Poon reported that in a prospective study of 377 patients over 10 years, absence of
perioperative transfusion is an independent favorable prognostic factor for disease-free
survival, and improves survival results after resection for HCC (Poon et al., 2001).

3.3 Immunomodulation and blood transfusion

It is known that allogeneic blood transfusion-associated immunomodulation has been
associated with alterations in immune function in transfusion recipients, including
decreased ratio of helper T-lymphocytes to suppressor T-lymphocytes, attenuated
function of natural killer cells, defective antigen presentation, and reduction in cell-
mediated immunity (Blajchman, 2002). Perioperative allogeneic blood transfusion may
play an important role in suppressing the host immune system, for example by decreasing
natural killer cell activity (Hanna et al., 1980; Herberman, 1984) and/or increasing
suppressor T-cell activity and inhibition of lymphocyte transformation, thereby
diminishing specific and non-specific immune responses. These effects are possibly due to
the cytological and immunological factors for tumor recurrence after blood transfusion
allowing for progression of residual cancer and leading to a poor prognosis (Kaplan et al.,
1984). Therefore, it is suggested that avoiding intraoperative and perioperative allogeneic
blood transfusion is beneficial to patients with resectable HCC, particularly to those with
large tumors (Rui et al.,, 2004; Sugita et al., 2007). For a better prognosis including
prevention of recurrence and metastasis, and prolongation of survival time, the surgeon
must master skilled surgical techniques, and apply suitable surgical procedures and
supplementary instruments for hepatectomy, especially for major hepatectomies. In
summary, hepatectomy without allogeneic blood transfusion is advantageous to
diminishing surgical complications and improving the prognosis of HCC patients (Kaplan
et al., 1984; Rui et al., 2004).

4. Case report

Case 1: A 15 years old boy was diagnosed with hepatocellular carcinoma, and a right
trisectionectomy was performed with single time interruption of the porta hepatis. The
resected tumor weighted 2000 gm (Figurel). The postoperative cancer free survival time was
6 years and the patient died of non-neoplastic disease.

Case 2: A 57 years old woman was diagnosed with hepatocellular carcinoma, and a right
trisectionectomy was performed with single time interruption of the porta hepatic in 1988.
The resected tumor weighted 2200gm (Figure2). She is still alive in Beijing 23 years after
right trisectionectomy without recurrence.
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Specimen

Fig. 1. The resected tumor tumor weighted 2000 gm from a 15 years old boy. This patient
was operated for right trisectionectomy under single time interruption of the porta hepatis,
and postoperative cancer free survival for 6 years, died of noncancerous disease.

Fig. 2. The resected tumor weighted 2200gm with a diameter of 15X18cm from a 57 years
old woman. This patient was operated for right trisectionectomy under single time
interruption of the porta hepatis in 1988 and is still alive in Beijing 23 years after right
trisectionectomy.

Case 3: A 24 years old man was diagnosed with hepatocellular carcinoma. A right
trisectionectomy was performed under single time interruption of the porta hepatis, loss
blood of intraoperation 1500ml, accepted autologous blood transfusion 600ml, without
allogeneic blood transfution. The resected tumor weighted 2500 gm (Figure3). The patient
was discharged from hospital after recovery at 32 days after operation.
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Fig. 3. The resected tumor weighted 2500gm with a diameter of 17.5X13.7cm from a 24
years old man. This patient was operated for right trisectionectomy under single time
interruption of the porta hepatis without allogeneic blood transfusion and discharged
from hospital after recovery at 32 days after operation. The pathologic disnosis was
hepatocellular carcinoma.
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1. Introduction

Hepatocellular carcinoma (HCC) is typically diagnosed late in the course of patients
with chronic liver disease and cirrhosis. Hepatic reserve of the patient, as indicated by
the Barcelona Clinic or Child-Pugh staging system, can be helpful in determining
therapeutic options. Because of rapidly evolving new treatment options and varying
availability of therapeutic approaches to individual patients attempts in generating
algorithmic approaches for the treatment of patients with hepatocellular carcinoma may
not be applicable to all situations. General treatment options can be divided into
surgical or non-surgical approaches. Non-surgical approaches may be liver directed
(such as transarterial chemoembolozation, percutaneous ethanol injection, radiofrequency
ablation) or sysytemic therapy. Systemic palliative therapy of HCC has not been used
routinely for a number of reasons; First, due to high rate of expression of drug
resistance genes, including p-glycoprotein, glutathione-S-transferase, heat shock
proteins, and mutations in p53, HCC has been considered a relatively chemotherapy-
refractory tumor. Second, systemic chemotherapy has been difficult to be tolerated by
patients with significant underlying hepatic dysfunction and may have less efficacy in
patients with significant cirrhosis. Third, clinical investigations of chemotherapy in
advanced HCC have been undertaken in diverse patient populations (Asian versus
North American/European) making the interpretation of the results difficult for the
overall population. Recently there has been a resurgence of interest and enthusiasm for
systemic therapy of HCC with the emergence of data showing benefit from several
targeted therapies.

This chapter will focus on the non-surgical systemic treatment of HCC which includes
chemotherapy, immunotherapy, molecularly targeted therapy, hormonal therapy,
Immunomodulatory/antiangiogenic therapy and ongoing clinical trials of new targeted
agents.
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2. Chemotherapy/immunotherapy
2.1 Single agent regimens
2.1.1 Antracyclines

Although there is no approved treatment for HCC in the United States, the European Union,
or elsewhere in the world, doxorubicin has been commonly used as a first-line
chemotherapy treatment for this disease. First approved by the US Food and Drug
Administration in 1974 for breast cancer, doxorubicin has been the subject of multiple
clinical trials in HCC. Early encouraging response rates as high as 79% of doxorubicin single
agent (Olweny et al.1975) has not been supported by later studies. Most studies have
reported an objective response rate around 20 percent with doxorubicin doses of 75 mg/m?
Despite the modest objective response rate one clinical trial involving 106 patients has
shown that doxorubicin had a small survival advantage compared to best supportive care
alone (median survival 10.6 versus 7.5 weeks)(Lai et al.,1988) While the clinical trials that
occurred from 1977 to 1990 performed in HCC with doxorubicin as a single agent at doses
ranging from 40 to 75 mg/m2 demonstrated a survival range from 3.0 to 4.1 months, (Ihde
et al., 1977; Johnson et al., 1978; Falkson et al., 1984a; Falkson et al., 1984b; Colombo et
al., 1985; Melia et al.,1987; Kalayci C et al., 1990) a more recent trial comparing single agent
doxorubicin to nolatrexed showed a median survival of 32 versus 22 weeks in favor of
doxorubicin (Gish et al.,2007). The higher than expected survival in both treatment groups
might be due to advances in the management of patients with HCC including better
supportive therapies, such as growth factors and greater expertise in the treatment of
patients with cirrhosis. A limited number of phase III studies note higher response rates but
no survival benefit with doxorubicin monotherapy compared to non-oxaliplatin 5-FU-based
regimens and single agent etoposide (Choi et al., 1984; Falkson et al., 1978; Melia et al.,1983).

Both epirubicin and mitoxantrone have an approximately similar level of antitumor efficacy as
doxorubicin (response rates 10 to 25 percent) (Pohl et al.,2001; Dunk et al.,1985). In contrast, the
single agent activity of pegylated liposomal doxorubicin (PLD) is limited (Lind et al., 2007).

2.1.2 Fluoropyrimidines

Although there is extensive hepatic metabolism, 5-Fluorouracil (5-FU) has been utilized in
the treatment of HCC with acceptable low toxicity and efficacy. Adequate doses have been
able to be administered in the setting of hepatic dysfunction or jaundice. Response rates
with 5-FU monotherapy have been low. However, when given in combination with
leucovorin, response rates as high as 28 percent have been reported (Porta et al., 1995).

While single agent treatment with the oral fluoropyrimidine capecitabine (Patt et al., 2004)
has shown an encouraging 25% response rate in one small study, a lower objective
response rate (three partial responses among 50 treated patients) was noted in a subsequent
larger phase II study evaluating the same dose of capecitabine in combination with
oxaliplatin (Bogie et al., 2007).

2.2 Interferon alfa immunotherapy

Although interferon alfa has shown activity in preclinical models against HCC, several
clinical trials have shown inconclusive results. An early Chinese randomized trial of 75
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patients suggested superior response rates and better tolerability of interferon alfa
compared to single agent doxorubicin (Lai et al., 1989). In another randomized trial, 75
patients with inoperable HCC were randomly assigned to receive interferon alfa 50
mU/m? intramuscularly three times weekly or best supportive care. Reported median
survival was significantly improved in the interferon group (14.5 versus 7.5 weeks) with an
objective response rate of 31 percent. Treatment was well tolerated with fatigue being the
most common side effect requiring a dose reduction in only 34 percent of patients (Lai et al.,
1993). On the contrary in a second trial utilizing a much lower dose of interferon alfa 3 mU
three times weekly for one year versus symptomatic treatment only 6.6 percent of patients
achieved a partial response with no survival benefit (Llovet et al., 2000).

Other chemotherapy and immunotherapy single agents with reported modest activity
(mostly partial response and/or disease stabilization in HCC include irinotecan,
gemcitabine and thalidomide (O'Reilly et al., 2002; Yang et al. et al., 2000; Lin et al., 2005).

2.3 Combination chemotherapy and immunotherapy regimens
2.3.1 Folfox

In an Asian trial of 371 patients with advanced or metastatic HCC modified FOLFOX-4 was
directly compared to single agent doxorubicin (50 mg/m?every three weeks) the median
survival in the FOLFOX arm, was 6.5 versus 4.9 months, p = .00425. FOLFOX was associated
with  better median PFS, objective response rate, and disease control rate, 53 versus 33
percent. Although the FOLFOX group had higher sensory neuropathy, most cases were mild,
and there were no significant differences in the rate of grade 3 or 4 toxicities(Qin et al., 2010).

2.3.2 Xelox

Bogie et al. evaluated capecitabine (1000 mg/m?2 twice daily for 14 of every 21 days) in
combination with oxaliplatin (130 mg/m?2 every three weeks), there were only three
partial responses among 50 treated patients (objective response rate 6 percent) Stable
disease in 29 patients led to a disease control rate of 72 percent. Median overall and
progression-free survival was 9.3 and 4.1 months, respectively (Bogie et al. 2007).

2.3.3 Gemox

In a phase II study involving 32 cirrhotic patients with previously untreated advanced HCC,
gemcitabine (1000 mg/m?2 by fixed dose rate infusion) on day 1 was followed by oxaliplatin
(100 mg/m?) on day 2, with both drugs repeated every two weeks. The objective response
rate was 18 percent, and an additional 58 percent had disease stabilization. Median survival
was 11.5 months. Treatment seemed to be more effective in patients with nonalcoholic
rather than alcoholic cirrhosis (Louafi et al., 2007).

2.4 Gemcitabine plus pegylated liposomal doxorubicin

In a phase II trial, 41 patients were treated with gemcitabine (1000 mg/m?2 days 1 and 8) plus
pegylated liposomal doxorubicin (30 mg/m?2on day 1) every 28 days. There were three
complete and seven partial responses (overall response rate 24 percent), the median TTP
was 5.8 months, and median overall survival was 22.5 months. Treatment was well
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tolerated, with grade 3 to 4 toxicity limited to neutropenia (17 percent) and
thrombocytopenia (2 percent) (Lombardi et al. 2011).

2.5 Gemcitabine and cisplatin

Parikh et al. evaluated the combination of gemcitabine (1250 mg/m?2on days 1 and 8) and
cisplatin (70 mg/m?2 on day 1 of every 21-day cycle) was associated with an overall response
rate of 20 percent (Parikh et al., 2005). Grade 3 to 4 toxicities included anemia (37 percent),
neutropenia (13 percent), thrombocytopenia (7 percent), transaminitis and mucositis (3 percent
each). A second trial using a slightly different dosing regimen (cisplatin 25 mg/m? on days 1
and 8, gemcitabine 1000 mg/m? on days 1 and 8) reported a more favorable toxicity profile but
a lower response rate (one partial response among 15 patients (Chia et al., 2008).

Other combination regimens include cisplatin plus doxorubicin with response rates 18 to 49
percent (Lee et al., 2004; Czauderna et al., 2002), cisplatin, mitoxantrone, and continuous
infusion 5-FU with objective response rates 24 to 27 percent in two different studies (Yang et
al., 2004; Ikeda et al., 2005), cisplatin, epirubicin and infusional 5-FU with a response rate 15
percent (Boucher et al., 2002;) cisplatin, doxorubicin plus capecitabine with a response rate
of 24 percent (Park et al., 2006).

2.6 Combination of chemotherapy with interferon-alfa
2.6.1 The PIAF regimen

The immunomodulatory cytokine interferon alfa has been utilized in combination with
different chemotherapy drugs in the treatment of HCC. One of the most aggressive
combinations of this drug involves cisplatin, interferon alfa and infusional 5-FU, the so
called PIAF regimen. Leung et al. evaluated this combination in 50 advanced stage HCC
patients and found an objective response rate of 26 percent. Overall median survival of the
entire population was nine months and eight of the resected patients remained in complete
remission from eight to 26 months. Toxicity was mainly myelosupression and mucositis
with no treatment related deaths (Leung et al., 1999). In another trial 188 unselected patients
with chemotherapy-naive unresectable HCC were randomly assigned to doxorubicin
monotherapy (60 mg/m?2every three weeks) versus PIAF (cisplatin 20 mg/m?2 on days 1
through 4, interferon alfa 5 MU/m?2 subcutaneously on days 1 through 4, doxorubicin 40
mg/m?on day 1, and 5-FU 400 mg/m?2 on days 1 through 4) (Yeo et al., 2005). Objective
response rates and median survival favored the PIAF regimen but the difference did not
reach statistical significance. Toxicity was more in the PIAF arm, with more pronounced
myelosupression and hypokalemia (Yeo et al.,2005).

Although the role of PIAF regimen in the treatment of HCC remains unclear, it may be
considered for patients with a good performance status and liver function.

2.6.2 5-FU plus interferon alfa

Patt et al. evaluated 43 patients with advanced HCC on a regimen of infusional 5-FU (200
mg/m?2 daily for 21 of 28 days) plus interferon alfa (4 mU/m2 three times weekly and
found an objective response rate of 33 percent(Patt et al.,2003 (Patt et al., 2003). Two of four
patients with HCC who were subsequently resected had a complete histologic response.
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Despite the presence of cirrhosis in 71 percent of the patients with HCC, toxicity was
moderate, with grade 3 or 4 stomatitis, fatigue, and hematologic toxicity in 33, 5, and 9
percent of patients, respectively. A similar level of benefit (objective response rates between
33 and 50 percent, one-third to one-half complete) has been seen with combinations of
systemic interferon alfa with intrahepatic arterial 5-FU in patients with advanced HCC and
major portal vein thrombus (a contraindication to transhepatic arterial chemoembolization)
(Sakon et al., 2002; Ota et al., 2005; Nagano et al. 2007). A weekly bolus regimen of 5-FU 750
mg/m2 plus interferon alfa 9 MU three times weekly however, was much more toxic and
ineffective in a small series of 10 patients with no sustainable responses (Stuart et al., 1996).

3. Molecularly targeted therapy

Existing evidence points to the possible role of epidermal growth factor receptor
(EGFR)/EGF (HER1) signaling pathway in the carcinogenesis of HCC (Huether et al.,2005;
Hung et al., 1993; Yamaguchi et al., 1995; Myaki et al., 2000; Schiffer et al.., 2005; Hopfner et
al., 2004; Wu et al., 2003; Ito et al., 2001; Thomas et al., 2005). These data have led to the
clinical trials evaluating the role of biologics such as erlotinib and cetuximab in HCC
patients. HCCs are highly vascular tumors with high levels of expression of vascular
endothelial growth factor (VEGF), thus suggesting a possible therapeutic role for agents
targeting VEGF and/or the VEGF receptor (VEGFR). Similarly the Raf/MAP kinase
pathway has been implicated in HCC tumorigenesis (Huynh et al.,2003) with a potential
therapeutic role for drugs that inhibit Raf kinase pathway. There is a constant research to
find less toxic more active targeted treatments in this disease.

3.1 Sorafenib

Efficacy of sorafenib, an oral small molecule tyrosine kinase inhibitor, was first noted on a
phase I trial (Liu I et al., 2006; Strumberg D. et al., 2005). Further studies did not suggest a
high level of objective tumor shrinkage but provided stable disease (Abou-Alfa GK et al,,
2006). Eventually SHARP trial confirmed a survival benefit compared to best supportive
care alone. SHARP trial randomly assigned 602 patients with inoperable HCC and Child-
Pugh A cirrhosis to sorafenib (400 mg twice daily) versus placebo (Llovet et al., 2008).
Overall survival, the primary endpoint, was significantly longer in the sorafenib-treated
patients (10.7 versus 7.9 months), as was time to radiologic progression
(5.5versus2.8months). Treatment was well tolerated with manageable side effects. These
results established sorafenib monotherapy as the new reference standard systemic treatment
for advanced HCC. In another trial 226 Asian patients with Child-Pugh A cirrhosis and no
prior systemic therapy for HCC received sorafenib 400 mg twice daily versus placebo
(Cheng et al., 2009). Patients receiving sorafenib had significantly better median overall
survival (6.5 versus 4.2 months) and TTP (2.8 versus 1.4 months). The treated group in the
Asian trial had a shorter survival duration than the control group in the SHARP trial (6.5
versus 7.9 months), despite the fact that both trials used the same entry criteria. Patients
accrued to the Asian study were more ill at the start of therapy than those in the SHARP trial,
with a generally worse performance status and more advanced stage of disease (Raoul et al.,
2008). Preliminary data suggest that patients with hepatitis C virus (HCV) infection as the
etiology of their cirrhosis may have a better response to sorafenib as compared to those with
other etiologies of the HCC (Huitzel-Melendez et al., 2007; Bolondi et al., 2008). However, the
available data are scant, and further study is needed to establish the influence of underlying
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liver disease on sorafenib treatment responsiveness. With the advances in our understanding
of the pathophysiology of this disease and the development of new biomarkers, we may be
able to better identify patients who might benefit most from sorafenib treatment.

3.2 Sorafenib plus doxorubicin

The benefit of adding sorafenib to doxorubicin was studied in a phase II trial in which all
patients received doxorubicin (60 mg/m?2 every 21 days), and they were randomly assigned
to sorafenib 400 twice daily for a maximum of six cycles or placebo (Abou-Alfa et al., 2010).
Combination therapy was associated with a similarly low objective response rate (4 versus 2
percent with doxorubicin alone), but a significantly longer time to tumor progression (6.4
versus 2.8 months) and median overall survival duration (13.7 versus 6.5 months). The side
effect profile was not significantly worse with combined therapy.

The degree to which this improvement represents synergism between sorafenib and
doxorubicin remains to be defined. Before this approach can be considered standard, this
combination must be compared to sorafenib alone in a large-scale phase III trial, which is
ongoing.

3.3 Sunitinib

Sunitinib is another orally active TKI that targets a variety of TKs in addition to VEGFR,
including platelet-derived growth factor receptors (PDGFRs), KIT, RET, and FLT3. Antitumor
activity is suggested by the following early observations:A phase II study included 37 patients
with unresectable HCC who were treated with sunitinib (50 mg daily for four of every six
weeks) and assessed by monthly CT scans (Faivre et al.,2009). There was one confirmed partial
response, and 35 percent had stable disease for over three months.

3.4 Small molecule TK inhibitors

Small molecule TKI, erlotinib has shown some activity in phase II studies of advanced HCC
patients with tumors expressing EGFR/HERI. Philip et al. treated 38 patients with advanced
HCC, one half of whom had prior chemotherapy using 150 mg of erlotinib orally daily on 28-
day cycles. Twelve patients out of 38 (32 percent) were progression free at six months while
three had a radiographic response that lasted for two, 10 and 11 months respectively. (Philip et
al., 2005). The median survival of the entire cohort was 13 months. A second trial included 40
patients with previously untreated unresectable HCC who received erlotinib 150 mg daily as
monotherapy (Thomas et al., 2007). There were no objective responses, but 17 achieved stable
disease with 16 weeks of continuous therapy. The median overall survival was 11 months.
Additional studies with other receptor TKIs, both as monotherapy and in combination with
cytotoxic chemotherapy are ongoing.

3.5 Bevacizumab

Bevacizumab, a monoclonal antibody against the VEGF, has been shown to be active in
HCC. In one study involving 46 patients with locally advanced HCC single agent
bevacizumab was given at 5 mg/kg or 10 mg/kg every two weeks.(Siegel et al.,2008) An
objective response was documented in six (13 percent, one complete), and the median
progression-free survival was 6.9 months. The most common grade 3 or 4 toxicities were
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hypertension (15 percent), thrombosis (6 percent) and major bleeding (11 percent). A similar
level of efficacy was seen in a second trial, reported in abstract form only (Malka et al.,
2007). Using bevacizumab 5 to 10 mg/kg every 14 days, there were three partial responses
and 13 disease stabilizations among 30 patients, and six had to discontinue therapy because
of variceal bleeding.

3.6 Erlotinib plus bevacizumab

In a study of bevacizumab (10 mg/kg every two weeks) plus erlotinib (150 mg orally daily,
continuously), was associated with a response rate of 25 percent and a stable disease rate of
37 percent. The median progression-free and overall survival durations were 9 and 15.6
months, respectively (Thomas et al.,2009). These results appear favorable compared with
those reported in phase II and III trials of sorafenib as a single agent (median survival 6.5 to
14 months). Randomized trials are needed to confirm the superiority of erlotinib and
bevacizumab over other systemic regimens.

3.7 Bevacizumab plus gemcitabine plus oxaliplatin

In a small phase II trial 30 patients received gemcitabine (1000 mg/m?) followed by
oxaliplatin (85 mg/m?2) on days 2 and 16, plus bevacizumab (10 mg/m? on day 1 of the first
cycle and thereafter, on days 1 and 15 of each cycle) (Zhu et al., 2006). The objective response
rate was 20 percent, the six-month progression-free survival rate was 48 percent, and
median overall survival was 9.6 months. Whether any combination regimens are better than
bevacizumab alone will require a randomized trial.

3.8 Cetuximab

Early results suggest activity for cetuximab in combination with GEMOX (Louafi et al,,
2007). In a preliminary report of 44 patients who received gemcitabine 1000 mg/m? on day 1
and oxaliplatin 100 mg/m?2 on day 2 every 14 days, in combination with cetuximab (400
mg/m? initially, then 250 mg/m?2 weekly), there were eight partial responses, and the total
disease control rate (partial response plus stable disease) was 65 percent. Treatment was
well tolerated with only one grade 4 toxicity (thrombocytopenia) and no grade 5 toxicities.
Grade 2 and 3 neurotoxicity occurred in 16 and 5 percent of patients, respectively.

4. Hormone therapy
4.1 Tamoxifen

HCC known to express hormonal receptors and the striking gender disparity observed in
the incidence of hepatocellular carcinoma has suggested an important role of sex hormones
in HCC pathogenesis. Though the studies began as early as in 1980s, the precise role of sex
hormones and the significance of their receptors in HCC still remain poorly understood and
perhaps contribute to current controversies about the potential use of hormonal therapy in
HCC(Kalra M et al., 2008). Several prospective randomized trials and a systematic review of
tamoxifen in patients with advanced HCC have failed to show a survival benefit or
improved functional status (Castells et al., 1995; Chow et al., 2002; Nowak et al., 2004;
Barbare et al., 2005). One possible reason for the lack of efficacy may be the presence of
variant ERs in some of these tumors (Villa et al., 1996; Villa et al., 2001). Tamoxifen may also
function as a potential inhibitor of p-glycoprotein, the MDR (multidrug resistance) gene
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product, and this has led to trials of tamoxifen combined with various chemotherapeutic
agents. Unfortunately, these studies have also failed to demonstrate any benefit for the
addition of tamoxifen (Cheng et al.., 1996; Raderer et al., 1996).

4.2 Megestrol

Unlike tamoxifen there has been some modest benefit with the use of megestrol in some
studies involving patients with HCC. In a study of 24 patients with advanced HCC who were
randomly assigned to megestrol (160 mg daily) or supportive care only, median survival was
significantly better with megestrol (18 versus 7 months) despite no objective responses(Farinati
et al., 2001). In another study, one of 37 patients receiving megestrol (160 mg daily) for at least
60 days had a partial response, while two others had a significant decline in serum alpha-
fetoprotein (AFP) levels (Chao et al., 1997).

4.3 Octreotide and lanreotide

In a review of four randomized controlled trials (three of which were high quality trials)
published in 1998 or later with a total of 373 patients only one (126 patients) suggested that
octreotide could improve survival and quality of life of HCC patients, whereas the other
two(189 patients) suggested octreotide did not have survival benefit in HCC; moreover, none
of the three trials indicated that octreotide has significant beneficial effect on tumor regression
or decrease of tumor mass. Nonetheless, serious adverse effects were not reported in these
included trials. In order to detect a realistic treatment advantage, further larger well-designed
multicenter randomized trials will have to be conducted(Jia et al., 2010).

Lanreotide is a long acting somatostatin analog that is available in a depot formulation that
has comparable efficacy to octreotide when injected intramuscularly two to three times per
month. Although limited antitumor activity has been suggested in nonrandomized studies a
randomized trial of lanreotide versus placebo in 272 patients with advanced HCC failed to
show any advantage for drug treatment in terms of progression-free or overall survival, and
treatment was associated with worse quality of life (Barbare et al., 2009).

5. Inmunomodulatory/antiangiogenic therapy
5.1 Lenalidomide

Last but not he least, Lenalidomide, an immunomodulatory analog of thalidomide, an anti-
angiogenic agent with inhibitiory effects on basic fibroblast growth factor (FGF) and vascular
endothelial growth factor (VEGF) has shown promising and in some patients dramatic
activity. FGF is an important growth factor in HCC. In a phase II study to determine the
activity of lenalidomide in Second-line HCC therapy, patients with advanced HCC who
progressed or were intolerant to sorafenib were treated with lenalidomide 25 mg orally days
1-21 of a 28 day cycle until disease progression or unacceptable toxicity. A preplanned interim
analysis was undertaken when study enrollment reached 13 out of the total planned 40
patients. Of the first 13 patients, the median age was 66 years (44-86 years). Eight patients were
Child-Pugh A, 3 patients were B, and 2 patients were C. Nine patients had extrahepatic
disease. Five of 13 patients (38%) had a > 50% reduction in AFP including one patient with a
reduction in AFP from 56,900 to 5 ng/mL. Two patients had radiographic partial responses
including one patient with complete resolution of all areas of enhancement. Treatment was
well tolerated with grade 3 neutropenia seen in 2 patients (Safran et al., 2010)
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6. Active clinical trials in HCC

Clinical trials for patients with Advanced Hepatocellular Carcinoma (HCC) are listed below.
The list of clinical trials includes treatment trials currently recruiting in the United States.
Further information regarding each clinical trial can be reached at www.canliv.org/Doctors--
amp;-Researchers/Active-Clinical-Trials

e  Sorafenib and TRC105 in Hepatocellular Cancer

e A Study of LY2157299 in Patients With Hepatocellular Carcinoma

e Axitinib For The Treatment Of Advanced Hepatocellular Carcinoma

e A Study of Ramucirumab (IMC-1121B) Drug Product (DP) and Best Supportive Care
(BSC) Versus Placebo and BSC as 2nd-Line Treatment in Patients With Hepatocellular
Carcinoma After 1st-Line Therapy With Sorafenib

e A Study of the Effectiveness and Safety of AMG 386 and Sorafenib to Treat Advanced
or Inoperable Hepatocellular Cancer

e Study of Bavituximab and Sorafenib In Patients With Advanced Liver Cancer

e Global Study Looking at the Combination of RAD001 Plus Best Supportive Care (BSC)
and Placebo Plus BSC to Treat Patients With Advanced Hepatocellular Carcinoma.

e Efficacy and Tolerability of ABT-869 Versus Sorafenib in Advanced Hepatocellular
Carcinoma (HCC)

e A Study of IMC-A12 in Combination With Sorafenib in Patients With Advanced Cancer
of the Liver ABT-888 and Temozolomide for Liver Cancer

e A Randomized, Placebo-controlled, Double-blind Phase 2 Study With OSI-906 in
Patients With Advanced HCC Bevacizumab and Erlotinib or Sorafenib as First-Line
Therapy in Treating Patients With Advanced Liver Cancer

7. Conclusions

In this chapter we tried to summarize systemic therapy options for patients with advanced
unresectable disease who are not candidates for locoregional therapy. This is a constantly
evolving field. In general, efficacy with conventional cytotoxic chemotherapy has been
modest at best, and the duration of benefit is limited. Although few randomized trials have
been conducted, no single regimen seems to be superior and no drug or regimen has been
unequivocally shown to improve survival. Newer data on the efficacy of molecularly
targeted agents has been promising offering the potential for prolonged survival.
Participation in ongoing clinical trials testing new therapeutic strategies is the best option
for patients with advanced unresectable disease. For patients who are not eligible for a
clinical trial or for whom protocol therapy is not available initial therapy with sorafenib 400
mg twice daily is the first line recommendation. To improve tolerability starting at 200 mg
twice a day and increase the daily dose in 200 mg increments approximately every five days
until the target dose is reached is a feasible option.

The efficacy of cytotoxic chemotherapy is at best modest in patients with HCC, and in
general, the duration of benefit is limited. No single regimen has emerged as superior to any
other, although few randomized trials have been conducted. Despite objective responses
that are occasionally complete, median survival in all of these studies has been short (4.4 to
11.6 months), with the exception of those in which resection/transplantation is attempted
after chemotherapy. There are insufficient data to routinely recommend any standard
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regimen. Systemic chemotherapy may still be considered for patients whose tumors
progress while on sorafenib and whose performance status and baseline liver function are
sufficient to tolerate it. The side effect profile of any chemotherapy regimen should be
considered carefully in patients with advanced liver disease and a short life expectancy.
Cytotoxic therapy should be reserved for medically appropriate patients with adequate
hepatic function and preferably administered within the context of a clinical trial.
Reactivation of viral hepatitis may occur in patients with HCC who are undergoing
intensive systemic chemotherapy, so it is important to monitor and maintain antiviral
medications during treatment.
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1. Introduction

During the last years, many local and regional techniques have been introduced, helping,
together with surgery, to treat the hepatocellular carcinoma, and contributing to an
important improvement of disease free survival and overall survival of patients affected by
this disease. These techniques, suitable also for metastatic lesions, can be performed as
exclusive ones or following surgery, and help controlling tumor progression even when it is
over any possible surgical approach.

Local and regional therapies can be divided into two groups: in the first one we can consider
the techniques using heat to obtain their effect, in the second one we consider those using
chemotherapic drugs to obtain necrosis of the neoplastic tissue. Necrosis can be obtained
through the energy produced by radiofrequency probes, through the alcohol or acetic acid
injection or through the injection of embolyzing substances, also together with
chemotherapic drugs, into the hepatic artery. Last but not least, the injection of yttrium
labeled microspheres is available. These are injected into the hepatic artery and are able to
cytoreduce the tumor through a local irradiation.

2. Description

The most important techniques nowadays available are:

2.1 Percutaneous ethanol injection

This is the oldest technique, and it consists in the percutaneous injection of absolute ethanol
into the lesion using a fine needle provided with one or more infusion holes. Ethylic alcohol
is able to induce a neoplasm coagulative necrosis through cellular dehydration and protein
denaturing. Moreover, it causes vascular thrombosis with occlusion of the small vessels
which normally feed the tumor. This is a feasible technique for small lesions under 2
centimeters of diameter. Considering these lesions, ethanol has demonstrated its ability to
induce a necrosis of more than 95 % of the tumor volume. This result is absolutely similar to
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the one obtained with more recent techniques like radiofrequency ablation, which on the
contrary gets better results if used on bigger nodules. In facts, in case of lesions 2-5 cm of
diameter, PEI is able to produce a necrosis of just 50% of the neoplasm volume, and this
percentage becomes inessential in case of even bigger cancers. On the contrary, even today
PEI grants a curability percentage similar to that given by radiofrequency or advanced
percutaneous techniques if we consider little HCCs.

Difficulties shown by PEI in treating medium and big lesions are characteristic of the
injected drug: ethanol is not able to diffuse equally into the tumor, as it can not degrade the
fibrous septa which are diffused into the nodule. In a 33% of cases these septa may cause a
variable distribution of the drug in the lesion, and then a higher risk of relapse of disease.
Moreover, big nodules are often well supplied of blood, and also blood circulation may
determine a rapid ethanol wash out from the injected site, lowering the therapeutic effect of
PEL Even if PEI is a ultrasound-guided technique, the needle might be inserted in the
peripheral part of the nodule, and then its farthest zones might not receive an adequate
concentration of drug. In the end, percutaneous ethanol injection has a limited diffusion
outside the lesion, and then it's not amenable to grant an adequate volume of oncologic
safety based on healthy hepatic tissue around the tumor. This area has normally the highest
probability to hide satellite nodules!23.

Percutaneous ethanol injection is a safe technique, easy, usually well tolerated and feasible
also under local anesthesia in outpatients. Sometimes some sessions of therapy are required
to achieve a positive oncologic result: most of the protocols schedule eight sessions, once or
twice a week, for a whole amount of one or two months of treatment. Complications are
linked to the particular kind of technique and to the treated organ: hepatic hematomas,
hemoperitoneum, and alcohol diffusion in the blood vessels are the most probable of them,
anyhow they are rare and easy to control. Worse complications are described in the
Literature in a 0-2% of cases. Among them the tumor seeding along the needle path is
included, and this event may happen during all the percutaneous treatments of neoplasm
lesions!4.

3 years and 5 years survival after exclusive treatment are respectively 22% and 0%

2.2 Percutaneous acetic acid injection

Technically similar to the previous, acetic acid is able to enter easily into the cells, dissolve
its lipids and destroy collagen. Acetic acid is used in a solution, and its efficacy rises as its
concentration rises, until a plateau is reached when the concentration of drug is about 50%.
This level has been defined during studies on mice, the exact one in humans has never been
detected. Acetic acid has a cytotoxic effect three times higher than ethanol, and this is the
reason why it reaches the same therapeutic result needing a lower number of sessions,
improving patient’s comfort and minimizing the risk of complications. PAI is in the end
useful also for bigger lesions than those treated with PEI, as acetic acid spreads into the
nodule through the collagen destruction!?.

In spite of these qualities, PAI is nowadays almost abandoned, turning to the advantage of
modern techniques. There are many reasons for this: a remarkable risk of toxicity for
intravascular diffusion of acid, considerably higher than the one linked to ethanol, risk of
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tumor seeding along the needle path4, high level of pain (higher than the one linked to PEI)
and then all the risks linked to the puncture of a high vascularized parenchyma, like the
hepatic one, typical of every percutaneous treatment.

Percutaneous acetic acid injection seems more effective than PEI under a therapeutic point
of view: the low pH characteristic of the acid is able to destroy any septum into the nodule,
and so tumor necrosis is more homogeneous and safe. For this reason, PAI is healing as
much as PEI and radiofrequency ablation if we consider small volume lesions, granting
percentages of necrosis close to 95% if nodules are less than 2 cm of diameter56. In this case
and in selected groups disease free survival rate is 100% and 92% respectively at 1 and 2
years (Ohnishi et al.), noticeably higher than the one linked to PEL

3 years and 5 years survival, on the contrary, after exclusive treatment are respectively 40%
and 0%?®.

2.3 Radiofrequency ablation

Radiofrequency ablation is a technique that induces tissue necrosis through cellular
dehydration following a local heat growth. During this procedure, the patient is a part of a
real and proper electric circuit, which comprises a generator, a needle to be inserted into the
neoplasm, a wide surface plate to be used as an electric outflow, and of course patient’s
tissues. Heat growth is directly depending on tissue impedance against electric flow,
measured in Ohm: as it is quite high, in the immediate surroundings of the entry point into
the patient (the needle) a frictional verifiable thermic increase develops. It causes a
coagulative necrosis of treated tissues, with a curative effect. Radiofrequency waves swing
between 300 KHz and 2500 MHz, and the amount of necrotized tissue is depending on the
heat, the time of exposure and the needle caliber.

A key point for a good radiofrequency procedure is the possibility to control the level of
temperature reached during the treatment. In facts, a 55 degrees local temperature, kept for
4-6 minutes, is able to cause an irreversible cellular damage and then apoptosis. A 60-100
degrees local temperature causes an immediate tissue coagulation, as like as the one caused
by an electrical scalpel during hemostasis, and then a mythocondrial and cytoplasmic
enzymes damage, with a sudden cellular death. A temperature over 100 degrees induces
tissue vaporization and carbonization.

These different reactions must be considered under the point of view of the different ability
damaged tissues have to transmit electricity. At a first time a neoplastic carbonization might
seem a valid and final result, but it's fundamental to consider that a carbonized tissue has a
higher resistance to electric flow than a damaged or healthy one, and then it provides a
protective effect to the surrounding structures, which are shielded from any electric
exposure. This is the reason why the technique is ineffective if a tissue carbonization
happens around the needle.

The system allows to control the temperature reached into the area under treatment, thus
avoiding this event. The temperature effective to treatment ranges between 55 and 100
degrees. Needles contain a probe, and any thermic growths are recognized through the
continuous measurement of system impedance, direct function of heat growth and tissue
change of state. In case of growth, this may be controlled through reducing the energy given
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to the patient. Due to this, the complete time of treatment might grow up from 4-6 minutes.
In our clinical experience, the medium length is about 10-12 minutes, but in some centers
sessions lasting up to 30 minutes are performed.

Radiofrequency ablation therapy is a good option in hepatocellular carcinomas either
alone, or in combination with surgery, and, even having different technical principles, it is
a valid and modern alternative to percutaneous ethanol injection. It is able to reach the
same results even through a lower number of treatment sessions, also for lesions more
than 2 centimeters of diameter, or metastatic. Especially in these cases this technique has
its best advantages in comparison to PEI, and represents a step forward in comparison to
other percutaneous procedures.

Using a single needle, the volume of treated hepatic tissue is quite narrow, about 1.8 cm3.
This volume may be enhanced using more powerful generators and needles chilled with
saline, which allows a tissue impedance reduction and a growth of heat diffusion and
energy delivery. Then, the use of multiple needles or single hooked needles is possible57.

Using these devices, the treated volume may rise up to 3 cm?3 and over. It's better in any case
to use a single hooked needle, as it grants a similar treated volume if compared to multiple
needles, but it has a bigger treatment evenness.

Fig. 1. Radiofrequency over resected liver
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Radiofrequency is a versatile technique. It may be provided as an exclusive treatment,
through percutaneous needle insertion, or it may follow surgery during an operation as a
way to treat satellite lesions or to eliminate metastatic liver nodules during non hepatic
surgery. Radiofrequency ablation as an exclusive technique may be provided under local
anesthesia or conscious sedation. In some centers radiofrequency is used during surgery as a
way to treat the surgical resection surface: it allows a coagulative necrosis of surface cells,
thus providing a bigger oncologic safety than that obtained through resection itself.

Radiofrequency has a number of possible complications, linked to the needle insertion into
the nodule and to the necrosis following the treatment. Complications described in
Literature are, in order of probability, hepatic hematomas or hemoperitoneum needing
blood supply, hepatic abscesses caused by necrosis infection and needing percutaneous
drainage, thermic bile duct damages needing biliary drainage, hemothoraxes, bowel
perforations caused by needle mispositioning, necrosis of organs close to liver due to
thermic damage (especially when treating superficial liver lesions), hepatic failure.
Neoplastic seeding along the needle path is quite high as a risk (about 2% of procedures),
but it can be avoided keeping the system working during the needle extraction, and then
performing a real and proper radiofrequency ablation over the tissues which have been in
contact to the needle itself. To reach a good result, a temperature of about 75 degrees is
important.
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Fig. 2. A typical lesion suitable for radiofrequency during surgery
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The strongest limit of this procedure is the presence of blood vessels more than 5 mm of
diameter nearby the target lesion. Vessels can reduce the treatment efficacy through heat
loss, and may be impossible to reach the 55 degrees temperature mandatory for the
technique to be effective. Moreover, even if it's more effective than the previously described
techniques, also radiofrequency is affected by the presence of collagen septa into the
nodules: even if it's true that heat can destroy collagen, these septa can shield the tissue
behind them form thermic effects. This is the reason why it's always impossible to predict
the exact final amount of treated volume.

In the end, the only possibility to be certain to avoid any tumor relapse is to be sure to have
destroyed every neoplastic cell. This is of course impossible. Heat damage induces the
production of tissue growth factors by the cells surrounding the damaged ones, and these
substances are the most important factors of disease relapse if any tumor cell survived the
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Fig. 3. A lesion suitable for percutaneous radiofrequency
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procedure. This is the reason why 3 and 5 years survival rates after exclusive treatment are,
respectively, 56-83% and 40-52%. Anyways, these rates are similar to surgical ones in case of
surgery following disease relapse. This is the reason why, in these cases, nowadays
radiofrequency ablation is a valid exclusive treatments.

2.4 Cryotherapy

It consists in positioning a cryogenic probe into the nodule and then in its freezing up to a
temperature between -100 and -196 degrees by using liquid nitrogen. The procedure lasts
about 15 minutes until the tumor and healthy surrounding tissue frostbite is reached,
through the development of cytoplasmic ice crystals, the cellular volume growth and the
break of cytoplasmic membranes. Cold as a therapeutic agent against hepatocellular
carcinoma makes also use of a particular cellular response to temperature decrease:
cryoablation is able to inhibit cellular growth by stimulating a sort of cryoimmunity and by
producing cytokines activating the natural killer cells, able to control tumor proliferation.
This activation, typical of cryotherapy, is not visible in any other therapy against HCC.

Cryotherapy allows to visualize with millimetric precision the limit between treated area
and surroundings during routine radiologic controls. Low temperature action in facts is
extremely zone-specific, and as it grows over the freezing limit for hepatic cells, it's possible
to meet healthy tissue, not damaged and well distinguishable from the treated area. So
knowing exactly how much volume has been treated allows to plan possible further
procedures.

Cryotherapy, very promising, is now performed in the operatory room as a surgical time
during hepatic resection. This is due to the dimension of probes, bigger than those of
radiofrequency ablation. Technical evolution has brought to project and production of
thinner probes, available for percutaneous use. This could make this technique available
also for non-surgical patients in the immediate future?.

Any of the two different approaches has of course pros and cons. Cryotherapy during
surgery is made considering the possibility to explore all the parts of the abdomen and of
the liver, looking for satellite nodules. Then, it’s possible the exact positioning of the probe
into the tumor, even if it is in areas not reachable through percutaneous puncture or close to
other organs. Percutaneous cryotherapy is possible also for outpatients, allows a rapid
recovery and an easy pain control. Percutaneous treatment requires two therapy sessions?10.

A real comparison between cryotherapy and the most used percutaneous technique -
radiofrequency - is difficult to be done. The most important reason is the fact that nowadays
radiofrequency is performed mostly as an exclusive and percutaneous technique, while
cryotherapy is still a therapeutic option during surgery. Anyways, there is a number of
capabilities which might make it even more effective once reached an adequate technical
ability. First, cryotherapy induces the production of a group of cytokines inhibiting cellular
growth, while radiofrequency induces the production of substances stimulating the relapse
of disease. Second, cryotherapy shows an exact limit between treated and non-treated areas,
and then allows to control the adequacy of treatment, while radiofrequency creates a shaded
border. Third, during cryotherapy it’s possible to verify, using ultrasounds, the blistering of
ice crystals, and then assess the efficacy of therapy. Fourth, the procedure can be performed
using multiple needles, without modifying the shape of the treated volume.
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The most important complications typical of this procedure are the same of all the other
percutaneous techniques. Using smaller probes than those used during intra-operatory
approach (about 3.5 mm of diameter) has minimized the worst complication following
cryotherapy, which is the rupture of the frozen area and then the following bleeding. Even if
this event is possible after any cryogenic probe insertion, the probability of it is directly
proportional to the dimension of the used needles. Another complication is the local and
systemic thermic shock, with MOF and disseminated intravascular coagulation. In
Literature this event has a risk of 1% of incidence using the old needles, close to 0% using
the new smaller ones.

As this is a new technique, and as it is now performed during surgery, it's difficult to
provide survival rates linked to its exclusive use. Anyways, in the Literature some Authors
show a 3 years survival of about 35%11.

2.5 Chemoembolization (TACE)

This technique is performed through puncture of the common femoral artery and retrograde
reach of a selected branch of the hepatic artery, or percutaneously through puncture of an
infuse-a-port previously inserted into the right vessel. It consists in injecting resin
microspheres linked to a chemotherapic drug (a cocktail of Mitomycin C, Adriamycin and
Cisplatinum) or alone (in this case is correct to call the procedure not chemoembolization
but only “embolization”). These spheres close the artery which provides blood to the liver
volume in which there is the tumor. Occlusion causes an ischemic necrosis of the nodule and
of the healthy surrounding tissue, and the presence of the chemotherapic drugs allows a
lasting treatment. This technique is indicated especially for multifocal neoplasms, normally
more than four nodules, but is useful also for a lower number of big lesions, or in any case
of non surgical diseasel2.

The possibility of using TACE for treatment of all the non surgical patients makes it good
for those who would have a light risk of liver failure in case of surgery, and this is the
reason why this technique is a good option for all the Child B and C patients. More
indications are the absence of vascular and periepatic infiltration and no extra-hepatic
spread of disease. In all these cases, also according to the BCLC score, chemoembolization
might be considered as a first line treatment for hepatocellular carcinoma.

During the first therapeutic trials, in order to gain a complete treatment, big volumes of
hepatic healthy tissue were embolized together with the neoplasm. This could bring to a real
risk of organ failure, especially in those patients with low liver function. This is the reason
why technological evolution has helped physicians to embolyze liver arteries in an always
more selective way, thus trying to perform selective procedures, even less invasive. The
collaboration between CT scan techniques and intra-operatory angiography allows the
selection of just the sub-segmentary arteries bringing blood to the lesion. Nowadays also
the digital angiography is available, able to give clear images during the procedure,
tridimensional if needed. Superselective chemoembolization, as it is performed in very little
vessels, requires a new carrier of the chemotherapic drug. So, in this case it's impossible to
use the standard resin microspheres, but a different material, once used in radiology for
hepatic contrast images and no longer in use, which is Lipiodol. This material, thick and
able to link to HCC cells, has a disposition to settle and stay into the treated area, and it can
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also be easily recognized also during a CT scan control without contrast because it is a
radiological contrast by itself!3.

As said, chemoembolizing treatment is generally performed linking a drug to a resin
microsphere. This process is obviously not necessary to obtain just the embolization of the
blood vessel going to the tumor. There is a debate in the Literature whether there is a real
need to link the drug to the resin, or not, as the resin alone is able to close the vessel and
maybe to eliminate the lesion. Some studies show an almost comparable 3 years overall
survival between the first and 